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EXTRACTION OF ZINC, CADMIUM, LEAD BY EMULSION LIQUID|
MEMBRANES 6-1

J.Draxler, R.Marr, Institute of Chemical Engineering,
Technical University Graz, Austria

In the 2Zinc-producing industry there often exist waste waters
containing high concentrations of zinc and impurities, such as
Cadmium and Lead. We investigated the applicability of Emulsion
Liquid Membranes for the simultaneous removal of these and other
metals. The principles, mechanism and applications of the
Emulsion Liquid Membrane Process is described elsewhere (1),
therefore we will only report on the removal of these metals.

A number of extractants are known for the extraction of zinc,
but few for Cadmium and Lead. Therefore the investigations were
first centered on the choice of a suitable extractant, which
will extract simultaneously 2n, Cd and Pb, under the given
conditions. In sulfate solutions, organophosphorous extractants
seemed to be the most promising, but at a pH of less than 2,
which is either given in the feed solution or is achieved by the
ion exchange, only sulfur-containing organophosphorus extrac-
tants will extract Cd and Pb to a sufficient amount. At first we
chose Di-(2-ethylhexyl)dithiophosphoric acid, which is already
used in a liquid membrane process for the recovery of 2Zinc (2).
The results of a typical batch scale experiment are shown in
table 1.

Table 1

Extraction of 2n, Cd, Pb in a batch experiment

time(min) 0 2 5 10
2n (mg/l) 820 147 13 1552
cd (mg/l) 14 0,1 0,02 0,02

Pb (mg/1) 2,1 0,09 0,03 0,01

As can be seen from this table all three metals could be
removed sufficiently within ten minutes. 250 g/1 sulfuric acid

was used as stripping acid and zinc was concentrated to 41 g/l.
So far the results were very promising, but the problem now was,
that Cd and Pb were not concentrated in the stripping phase.
Only 1,1 mg/l cd and 0,4 mg/l Pb were measured in the stripping



phase, which means, that these metals are concentrated in the
organic phase and would accumulate there in a continuous process
and inhibit the zinc-transport. It is true that Cd and Pb are
stripped at high concentrations in the organic phase, but the
zinc-transport is stopped long before this stripping will take
place.

Because of these results an improvement could only be made on
the stripping side, and table 2 shows the results of some
stripping experiments where various acids and acid concentra-
tions were used.

Table 2

Stripping of Cd and Pb from an organic phase containing

4000 mg/1 cd and 2000 mg/l1 Pb (phase ratio 1l:1)

Ccd (mg/l) Pb (mg/1l)

H.SO,, 5n 2

H.SO,, 10n 5 2

H.,SO,, 15n 37 3

H.SO,, 20n 2400 precipitation of PbSO,
H.SO,, 25n 3800 precipitation of PbSO,
HCl, 5n 2170 860

HC1, 10n 3950 1900

HBr, 5n 3000 2000

This table shows, that only sulfuric acid with a concentration
higher that 20n (980g/1) and hydrochloric- or hydrobromic acid
can be used for a sufficient stripping of Cd and Pb. But,
unfortunately, neither of these acids can be used directly in
the liquid membrane process. The highly concentrated sulfuric
acid not only shows a very high osmotic pressure gradient, but
also decomposes the extractant very quickly, and a stripping
phase containing chloride or bromide ions can't be reused in the
Zinc-winning process.

The only possibility to solve this problem seemed to be a
combination of a 1liquid membrane and a solvent-extraction
process. 2inc, Cadmium and Lead were removed -from the waste
water by the liquid membrane process as described above, but
before reusing the organic phase for the preparation of the next
emulsion, a part of this organic phase was stripped in a mixer-
settler by hydrochloric acid. By this procedure a constant low
level of Cd and Pb in the organic phase could be achieved, which



only slightly affected the =zinc-transport. Table 3 shows the
results of a continous process in a pilot-plant (60 1/h), where
a third of the organic phase was continuously stripped by a 5n
hydrochloric acid.

These results were very satisfying, but peyertheless we didn t
use Di-(2-ethylhexyl)dithiophosphoric acid in the next pilot
Table 3

Results of pilot-plant experiments

column height(m) 0 0,75 1,50 2.:25 2,80
Zinc (mg/1) 810 103 33 13 2,3
Cadmium (mg/1) 8 215k 0,6 01 0,04
Lead (mg/1) 2,0 055 0,1 0,04 0,02

plant tests, which were done in another zinc-producing industry.
We used Di-(2-ethylhexl)monothiophosphoric acid and expected an
easier stripping and a better stabilty of this extractant. This
waste water contained less Pb, but a lot of other metals. The
experiments were made in a counter-current extraction column
with an active height of é6m and a throughput of the waste water
of 200 1/h. The results of the first day are shown in table 4.
The initial pH was 3,7 and the final pH was 2,0. The throughput
of the organic phase was 20 1l/h and 2 1/h of the stripping
phase, which consisted of 250 g/l sulfuric acid. Because of the
used phase ratios an enrichment factor of 100 could he expected,
if the metals are completely transported.

Table 4 .
Average results of the first day (mg/1).
Zn cd Fe**Fe*°® Pb Cu Co Ni Mn
Feed 210 213 61 96 0,6 0,5 0,30 0,28 16,7
Raffinate 0,3 0,02 61 86 0,008 0,01 0,30 0,29 16,8
Strip 19600 0,2 46 930 4,5 0,043 0,12 0,16 6,0

As we can see in table 4, 2n, Cd, Fe(III), Pb and Cu are
completely removed from the waste water, whereas Fe(II), Co, Ni
and Mn are not removed. Beside these metals, Mg, Ca and Na were
also not removed. Looking at the stripping phase we see, that
only Zn and Fe(III) are completely stripped. Contrary to the
experiments with Dithiophosphoric acid also Pb is stripped
quantitatively, as we could see later when solid PbsSO, precipi-



tated. By Preliminary batch scale experiments we expected, that
Cd and Cu are also stripped by 250 g/l sulfuric acid. But this
was not the case, as we can in table 4. Therefore we didn t
change anything and operated the pilot plant several days under
the same conditions. During this period only the concentrations
of 2n, ¢d and Cu changed, whereas the concentrations of all
other metals remained constant. These variations are illustrated
in figure 1, which shows the 2Zn-concentration in the raffinate
and the Cd- and Cu-concentration in the stripping phase. Zn in
the stripping phase and Cd and Cu in the raffinate also remained
constant.

The results are very interesting. After two days of operation
the Zn-concentration in the raffinate incresed, as was expected
because of the accumulation of Cd and Cu in the organic phase.
For about the same time as the Zinc-concentration remained very
low in the raffinate, Cd was not stripped. But suddenly within a
few hours Cd was stripped to an extent (700mg/l) much higher
than the value expected by the mass balance (200mg/l). Several
hours later the Cd-concentration in the stripping phase
decreased to about 200 mg/l and remained constant. Together with
this decrease of the Cd-concentration in the stripping phase,
the Zn-concentration in the raffinate decreased to 5 - 10 mg/l
and also remained constant. The Cu-concentration in the
stripping phase increased gradually and reached the expected
value after four days.
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Zn in raffinate
=s=me= Cd in stripping phase
=== Cu in stripping phase

Fig. 1. concentrations of ?n,Cd,Pb during pilot run



After all concentrations remained constant for two days, the
extractant concentration was enhanced from 4 to 5% at the
beginning of the 6th day.. The purpose was to make more
extractant available for the 2Zn-transport, and improve the Zn-
values in the raffinate. The result was, that the 2n-concentra-
tion in the raffinate was immediately reduced to 0,3ppm, but
that again no Cd and Cu was stripped. Several hours later all
concentrations increased again and after one day reached the
same values as were before with 4% extractant. The only
difference was, that the Cadmium in the stripping phase
gradually reached the equilibrium concentration without a
maximum. It seems that a higher extractant concentration has no
significant influence on the separation of the metals. Other
possibilities to reduce the 2Zn-concentration in the raffinate
were not investigated, because it is planned to treat the waste
water in two stages, and it is expected that the 2n-concentra-
tion can easily be reduced to the required value of 0,5ppm, when
no €Cd and Cu are present in the second stage. Probably this
value can also be reached in one stage, when Cd and Cu are
continuously stripped by hydrochloric acid, as described above
with Dithiophosphoric acid as extractant.

Conclusion

In two pilot plant tests in the Zinc producing industry it was
tried to remove all heavy metals from different waste water
streams. In the first test Di-(2-ethylhexyl)dithiophosphoric
acid was used as extractant and Zn, ¢Cd and Pb could be removed
quantitatively from the waste water, but only 2n was stripped by
sulfuric acid. To avoid an accumulation of C€d and Pb in the
organic phase, a part was continuously stripped by hydrochloric
acid to keep a constant low level of Cd and Pb in the organic
phase, which does not affect the Zn-transport.

This stripping by hydrochloric acid has not necessarily be done
when Di-(2-ethylhexyl)monothiophosphoric acid is used as
extractant, because Pb is stripped easily by sulfuric acid, and
Cd and Cu are stripped when having reached a certain 1level in
the organic phase. But in this case the Zn-transport is slightly
worsened, so a hydrochloric acid stripping is suggested when
very good Zn-separations have to be achieved.

References
1. Marr R., Kopp A./ Int.Chem.Eng.gg(l). 1982, 44-60.
2. Draxler J., Marr R. # Chem.Eng.Process. 20. 1986, 319-329,



BATCH EXTRACTION FROM A BINARY SOLUTE MIXTURE USING EMULSION LIQUID

€. C. Wangl. A. L. Bungel. R. D. Noblez. lDepartlent of Chemical Engineering
and Petroleum Refining, Colorado School of Mines, Golden, Colorado, USA
2Departnent of Chemical Engineering, University of Colorado, Boulder, Colorado, USA

Introduction. Emulsion liquid membranes (ELM) are double emulsions formed by emulsi-
fying two immiscible phases and then dispersing this emulsion in a continuous exter-
nal phase under moderate agitation as shown schematically in Fig. 1. The emulsion
globule consists of a continuous membrane phase with many encapsulated small (0.1 to
5 um) internal phase droplets. The solute to be extracted from the external feed

solution transfers through the thin liquid membrane phase to the internal phase

For the ELM system of interest here,
the solute dissolves in the membrane phase
at the external surface of the emulsion
globule, diffuses across the membrane, and
enters the internal phase by simple phase

partition. Removal of solute in the in- —_—
ternal phase with a reaction forces exten- :“ﬁ 5 :'., Lo
sive solute extraction by enhancing the :__Eézeg
emulsion capacity for solute. As shown in

Fig. 1, a basic internal phase solution fig_& Schematic diagram of ELM
promotes extraction of acidic compounds preparation

such as phenolics. Similarly, an acidic
internal phase will extract basic compounds like amines

Emulsion liquid membranes are well-suited to toxic chemical removal. One obstacle
to the application of this technology is inadequate quantitative predictions of
extraction performance in the presence of multiple extractable contaminants. When
more than one solute diffuses through the membrane, competition for the avallable
reagent occurs. In their experimental work, Terry et al. have observed that a more
reactive solute can force a less reactive solute back into the bulk solution when the
supply of internal phase reagent is inadequate [1). This phenomenum has also been

predicted by a multicomponent reversible reaction model described by Baird et al.[2].

While the importance of extraction of multiple solutes from solution is obvious,
only a small number of experiments have been reported(1,2]. Baird et al. [2] suc-
cessfully predicted their measured ELM extraction rates from mixtures of aniline and
p-toluidine using the reversible reaction model. Unfortunately, the reactivities and
solubilities of these components are too similar to provide a definitive test of the
model. In this paper, we present experimental results from ELM batch extractioﬁ of
binary solutes. We have specifically chosen compounds for which differences in
reaction equilibria are large. These results will be compared to the predictions
from the reversible reaction model using only independently measured or estimated

parameters.



Theoretical Development. It is important that any realistic ELM transport model

adeguately describe the system's composite nature and the combined effect of reactio:
kinetics and phase equilibrium. The model should incorporate the fact that the
reaction occurs in the internal phase only, while solute diffusion occurs in both
phases of emulsion.

Recognizing that the high membrane viscosity probably prevents internal phase
droplet circulation, Ho et al. [3] treated the internal droplets as immovable point
sinks for the solute. Diffusion through the globule then effectively can be char-
acterized as transport through a continuum with some average of internal and membran
phase properties. Their advancing front model postulates that the diffusing solute
instantaneously and irreversibly reacts with the reagent in the internal phase,
creating a reaction front which divides the globule into reacted and unreacted
regions. Using perturbation techniques, Ho et al. were able to solve their mathema-
tical equations analytically. The advantage of the advancing front model is.its
analytical form which only requires independently determined parameters. However, b
requiring the stripping reaction be irreversible, the advancing front model consist-
ently overpredicts the solute extraction rate. The assumption of reaction irreversi-
bility also inhibits the prediction of multi-solute extraction when the supply of
reagent is limited.

The reversible reaction model proposed by Bunge and Noble [4] extended the advan-
cing front model by assuming that the solute-reagent reaction is reversible and tha:
the local reaction equilibrium applies throughout the globule. Reaction reversibility
excludes the assumption of an advancing front as well as reacted and unreactec
regions inside globule. At any point inside emulsion globule, the solute concentra-
tion is determined by the diffusion rate and the reaction and phase equilibria
Because some unconsumed reagegg is present throughout the globule, the determination
of an effective diffusivity becomes a complicated matter. For single component
extraction, Bunge and Noble proposed a procedure to estimate the enhancement of the
internal phase diffusivity induced by the reagent reaction. Baird et al. [2] pro-
posed a method for predicting enhanced diffusion in the presence of multiple extrac-

table solutes. These procedures are discussed next

Effective Diffusivity. In both the advancing front and the reversible reaction

models, molar diffusivities for solute in the membrane and the internal phases are
estimated using the Wilke-Chang correlation [5] and physical properties of each
phase. The composite nature of the emulsion globule is taken account by using the
Jefferson-Witzel1l-Sibbit equation [6]. However, because the product diffusion in the
internal phase induces an additional solute flux, the reversible reaction model also
includes a factor, r, which describes the apparent enhancement of the internal phase
diffusivity and is given below :

KCj
(1 + KCAm/Kim)Z 7

y =1+

where C,, is the solute membrane concentration, Cgl is initial reagent concentration

K is the stripping reaction equilibrium constant, and Ky; is phase distribution
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coefficient between membrane and internal phases. Since r is concentration depen-
dent, an integral technique is used to find an average effective diffusivity
Depending on system conditions, the estimated effective diffusivity, Degg: can be 1§
to 2 times the effective diffusivity calculated from the advancing front model Dadv
which does not include any reaction enhancement. The dimensionless time used to
compare experimental data and theoretical results from both models, 8 = Dt/Rz, is
based on the solute molar diffusivity in the membrane phase as estimated by the
Wilke-Chang equation. Effective diffusivities in the mul ticomponent extraction model

are estimated by a similar procedure

Experimental Procedure. Five organic acids with significantly different reaction an

phase equilibria were selected for .our multicomponent ELM extraction study. Their

reaction equilibrium constants, K and phase distribution coefficients, Kpp: at

eq’
25 °C are given in Table 1. The Kab for each solute is measured by equilibrating the
aqueous solution with S100N (a middle distillate supplied by Exxon, USA) in a wrist-
action shaker. The solute concentrations in the initial and equilibrated solutions

were determined by a UV-visible spectrophotometer or titration

Table 1. Phase Distribution and Reaction Equilibrium Constants for Extracted Solutes

Acetic Acid | Phenol | m-Cresol | Benzoic Acid |Phenylacetic Acid
Kb 0.005 0.6 o 0.7 0.3

Keg | 1.8x10% | 11,000| 9,800 [ 6.5x10° 7.6x10°

The membrane phase (100 g) was prepared by dissolving 3 grams of Paranox 106 (a
nonionic polyamine surfactant, Exxon, USA) into S100N. A LiOH solution (50 g) and
the membrane phase were added to a blender and mixed for two minutes at the low
setting. The membrane volume fraction of the resulting emulsion was about 0.7. Part
of this emulsion (90 g) was added to 0.9 L of deionized water stirred at 500 rpm
using a rotary mixer mounted vertically. The volume fraction of emulsion was about
0.9 of the total volume. After the size of emulsion globules stabilized, a small
volume (5-10 aL) of concentrated solution (single or multi-solute) was added. Bulk
phase samples wére taken at different extraction times and analyzed by using a UV-
visible spectrophotometer or titration. Sauter mean diameters (2R) of the emulsion
globules were determined photographically from a sample of at least 500 globules

The detailed experimental procedure can be found elsewhere [7].

Results and Discussion. Single component extractions of all five organic acids shown

in Table 1 were performed. Figure 2 shows experimental data for two of these, the
extraction of benzoic acid (0.00825 M) and the extraction of m-cresol (0.00825 M) by
a 0.25 M LiOH internal phase solution. The reduced concentration of solute relative
to the initial value is designated as Y. These data are compared with predictions
from both advancing front and reversible reaction models. It is apparent that the

advancing front model overpredicts the extraction rates in both cases.

1



More than 20 runs were done for the

R [I{:gglﬁ:g:g?a M 0 A Benzoic multicomponent extraction study. The
R fm =0;7 Acid | cexperimental conditions covered differ-

- R:S;i?aible‘ o 0!!—01‘0!01 ent solutes (both binary and ternary
Reaction mixtures) and initial solute and strip-
b & E:ggoio ping agent (LiOH) concentrations.
e o Figure 3 shows data and reversible reac-
o 'Advank 8 --___ tion model predictions for the benzoic
ol Pront Model i acid/m-cresol binary pair at 0.5 M LiOH
1 1 ]

<] concentration. By comparing Fig. 3 to
Fig. 2. Single component extraction of E £
— Fig. 2, we see that the extraction rate
benzoic acid and m-cresol

- of m-cresol is decreased by the presence
1 %:Ofﬂ fg.g M of benzoic acid even when the reagent
Y b :0:9 concentration is proportionally the same

in both cases. The model predicts the
*r\_0m—Cresol(0.00825 M) | .ane trend.

- L.\$;aBenzoic Acid (O, 00825M)
LI g The influence of benzoic acid pre-
sence on the m-cresol extraction rate is
“r more dramatic when the LiOH concentra-
- tion is reduced to 0.25 M, as shown in

o Fig. 4. As the extraction proceeds,
Fig. 3. Binary extraction of benzoic

acid and m-cresol by 0.5 M LiOH

the already-extracted m-cresol is forced

out of the emulsion globules by the more

reactive benzoic acid. The reversible
v reaction model successfully predicts

this trend. However, the fit between

CJ the model and data is not good. This

?JAO g;gigiglAéci)aO(()g?gggZS) discrepancy may be caused by the proce-

dure used for estimating effective dif-

. [LiOH}O. 25 HN fusivities for the multicomponent extra-

fo =0.7 ction. A better procedure for deter-

b 30.9: ry = mining effective diffusivities for multi-

s

Fig. 4. Binary extraction of benzoic solute extraction is presently under

acid and m-cresol by 0.25 M LiOH development.
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LIQUID MEMBRANE TRANSPORT SYSTEM8 FOR METAL EXTRACTION

B.A,Purin, V,P,Chibizov, L.D.Kulikova, Institute of Inorganic
Chemistry, Latvian SSR Academy of Sciences, Riga, USSR

Various liquid membranes - of bulk, impregnated, or emulsion type
occupy & special place in membrane technology.

An impregnated membrane (di-ethylexylphosphorous acid in n-dodeca-
ne) was used in laboratory assembly for extracting copper from galvan-
ic waste. One stage may yield as much as 99.9 p.c. and may be condens-
ed as copper sulphate up to I50-200 g/1,

Extraction and concentration of chromium from sewage water passes
through peak value due to functional defects of the impregnated mem-
branes,

In addition to the application of impregnated and bulk-type liquid
membranes placed between two porous films we propose & number of ori-
ginal schemes and devices (modules) worked out by us for extraction,
transfer and concentration of metals including the use of porous tubes
as well as of packages of flat-sheet film chambers,

The principal difference of these schemes and devices consists in
thin-layer flow across the outer surface of extraction and reextrac-
tion chambers.

The second principal difference of the worked out schemes and devi-
ces consists in a possibility of simultaneous extraction and reextrac-
tion processes in one and the same assembly. The latter is made in
such a way that it permits circulation in the closed system to three
liquid volumes : to the feed and the strip solutions, as well as to
the organic phase - the 1iquid membrane.

Replacement of the feed or strip solution by some other specially
selected aqueous solutions permits separate extraction and reextrac-
tion, In addition to the other characteristic features of the scheme
under discussion, and unlike impregnated membranes, no washing out of
the liquid membranes from the pores takes place. There is also a pos-
sibility of wide-range variation of the interphase contact area of the
feed and strip side of the membrane. The scheme solves also the prob-
lem of providing continuous flow on joining the block of modules to
the technological system. The effectiveness of the device in compari-
son with impregnated membranes, is demonstrated by the examples of
extracting and concentrating chromium from sewage. In the course of
one stage 99 p.c. of chromium was acted and concentrated up to I50
g/l.
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Application of an electric field to the transport systems opens new
functional possibilities for liquid membranes.

A study of platinoid metal reextraction ueing surface pressure iso-
therms /[X/ shows that an increase in tre-amine content in the organic
phase (with toluene as diluent) leads to the formation of a mixed lay-~
er in which chlorine ions are gradually replaced by palladium anions,
Full replacement is achieved at 0.I Mole content.

It is practically impossible to transfer platinoid metals from the
organic solvents on the amine salt base into the diluted mineral acids.
This task can be solved by application of an electric field to a liquid
membrane containing system based on amine salts in the organic diluent.
Carrying out the reextraction processes by passing the current incres-
es significantly extraction degree of platinoid metals, leading to sim-
plification and growth in the yield of the process.

We have elaborated an original scheme of applying an electric field
to a membrane system., It is effected by passing:a current of varying
polarity through the aquaeous solutions circulating in the system of
extraction and reextraction chambers which act as liquid electrodes.

The polarizing electrodes located in the collector-electrolyzers
are shaped in form that allows electrodeposition in the cathode cham-
ber and metal refining in the anode chamber,

Thus electrochemical extraction by means of liquid membranes is com-
bined in one process with hydrometallurgical procedure, which saves a
large amount of electric energy.

0f particular interest may prove to be processes based on nonstatio-
nary electric regimes, such as, for instance, asymmetric altermating
current,

Reference
I.Serga V.B,, Kulikova L.D., Popov A.N.//Izv.AN SSSR., Ser.Khim. 1986.
No 2., P.207-213.
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PECULIARITIES OF LIQUID MEMBRANE EXTRACTION IN MULTIPLE [ 6-4 I
EMULSION

E.V.Yurtov, A.S.Golubkov, T.V.Guseva, M.Yu.Korolyova,

E.I.Grabovskaya, Mendeleev Institute of Chemical Technology,
Moscow, USSR

Liquid membrane extraction is performed by different methods. In
general liquid membranes can be classified into three types: bulk,
supported and emulsion one, In the latter case the distribution of
substances occurs in multiple emulsion. The substance is extracted
from an external phase across & liquid membrane into an internal
phase of the multiple emulsion,

The addition of surfactants to stabilize this system is necessary.
The type and concentration of surfactants affect the procescses in the
system to a great extent. The 1liquid membrane thickness of the mul-
tiple emulsion is much narrower than that of the other types of the
membrane extraction process. This value of thickness (8 m=0.4}1) can
cause great influence of interface phenomena on quasi-equilibrium and
kinetics in the multiple emulsion system and on the stability of the
emulsion,

The value of s*ecific interface of liquid membrene is equal to
(S/V)m= 106-107m' that is considerably greater than that of the com-
mon bulk extraction which is (S/V)e= 1-5m’1. The high value of specific
interface dispersion of extraction system and the presence of surfac-
tants cause some peculiarities of membrane extraction in multiple
emulsion discussed below.

1, Adsorbtion at the interface of emulsion. Adsorbtion takes an im-
portant plase in the processes at the interface of emulsion. In gene=-
ral the total amount of species which is extracted from external phase
(Qg)of multiple emulsion consists of three parts: the amount of spe-
cles which is extracted into the internal phase (Qi), the one which is
in 1iquid membrane (Qm) and the one which 1s adsorbed at the membrane/
internal phase interface, the latter being larger than external phase/
membrane interface

Qe= Qet+ Gn+ 12 S, )

where [~ - specific adsorbtion;
S - membrane/internal phase interface square,

The value /oS can not be neglected. Adsorbtion can take place not on-
1y at initial membrane/internal phase interface but at the interface
of microemulsion which is formed in liquid membrane with the aid of
masstransfer. This phenomenon occurs in case of extraction of choles-
terol from biological liquids which possesses surface-active proper-
ties. The value of cholesterol capicity of emulsion calculated from

15



the cholesterol solubility is 1.2 mg cholesterol/ml emulsion. But
emulsion capicity determined experimentaly is equal to 2.9 mg cho-
lesterol/ml emulsion, that is 2.5 times as much as mentioned above,
This difference is due to adsorbtion of cholesterol at the interfa-
ce of emulsion and microemulsion.

2, Formaetion of microemulsion, The presence of surfactants in liquid
membrane can yield the formation of micelles and microemulsion. Mass-
transfer in multiple emulsion is a factor promoting these phenomena to
a certain extent to take place. Micelleformation in the process of
membrane extraction of 1lizin and cholesterol is proved by the presence
of microemulsion in the 1liquid membrane after separation and by elect-
ron microscopy of emulsion with the method of "freezing-spalling"
(Pig.1) before and after extraction.
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Fig.1. The structure of the emulsion

and size distribution of droplets of

the internal phase of emulsion:

~ before extraction;

- after extraction; 0 100 200 size,nm

A
B
1 - droplet of the internal phase of the emulsion (d=0.%ﬂ);
2 - a droplet of the microemulsion (d=15nm);

3 - membrane

The value of interface of emulsion before extraction was 0.9-107m'1
and after 15 min extraction it increased to 67%. Droplets of micro-
emulsion form a structural-mechanical barrier near the interface. This
barrier beilng the obstacle of coalescense of droplets stabilized the
emulsion. Phenomena of increasing stability of emulsion after extrac-
tion of 1izin was mentioned earlier [1] , Microemulsion which occurs
in a 1iquid membrane stimulate exchange of many components between
external and internal phase. Thus water transport into internal pha-
se causes swelling of the emulsion during extraction.

Jo Using kinetics factors in separation and concentration of subs-
tances, For better separation and concentration of substances it 1is
not advisably to bring process in multiple emulsion to the quasi-
equilibrium, It is resonable to use the extraction rates difference
of main solute and other substances presented in the system.

16



Using selective carrier the transfer of main solute in membrane
will be faster than the one of impurities or water transfered by
microemulsion.,

The nature and concentration of surfactants, properties of liquid
membrane (e.g. viscosity), temperature, nature and concentration of
carrier, phase ratio in the initial extracting emulsion affect the
difference of rates of transfer and consequently the efficiency of
usage of kinetics factors.

The comparison of experimental rates of the main solute extraction
by carrier and those of micellar water transfer shows that the ext-
raction with carrier is much quicker than the emulsion swelling. That
is why the optimization is useful (Pig.2),

c*102)

Fig.2. Optimization il o4 B
membrane extraction | [
time: 4 l 0.8
C=concentration of main 3

solute in the internal * ' c 0.6

emulsion phase; 2 : 104
B-generalized function | B

of desirability 1 | 0.2

It’opt
(o] 30 60 €) min

4. Unsteady diffusion in membrane extraction, Model development of
membrane extraction is possible on the basis of quasi-steady or un-
stesdy diffusion. The first version is simpler and in the case of the
second one the anaelitical solution is often impossible so that it is
necessary to use special methods in each case.

As far as multiple emulsion this matter is concerned with the fact
that many diffusion processes ar3a not brought to quasi-equilibrium in
experiments owing to emulsion unstability. Nevertheless the main dif-
ference between unlinear and linear models can be observed far away
from points which are used for indentification of model parameters. So
it is necessary to bring the process to the quasi-equilibrium state.

This can be illustrated by the process of 1izin extraction. It was
discribed by the quasi-steady diffusion model and the advancing front
model based on the principle of unstesdy diffusion. The composition of
extracting emulsion was the following:
membrane - di-2-ethylhexyl phosphoric acid (10 %v.),

surfactant (10 %v.),
oil (80 %v.),
internal phase - 1N HOl solution.

2. 3ax. 365 17



1iz° 4
10°,
M/1
5 -
41 s2=8.8-10"% sB=1.6-10"%
X Fo(M1)=0,32 Fo(M1)=0.23
31 s8=1.6-107% TN\ Fo(M2)=1.13 Fo(M2)=13.83
FO(M1)=0023 Ft=9.12 Ft=9,12
2{ Pe(M2)=0.23 ‘
F4=9,55 |
1 4
0 55 100 150 € ,min

e.... the advancing front model (M1)

. _ the stationary diffusionally
controlled transport model (M2)

- eXperiment

Fige3es Lizin extraction modelling: Sé-dispersion. Ft-tabular Fisher
criterion, Fc-calculated Fisher criterion, Cliz-concentration of
1izin in the external phase

As shown in Fig.3, the advancing front model (unsteady diffusion)
adequately reflects the whole process and the adequacy of the sta-
tionary diffusionally controlled transport model can be observed on-
ly in points of the kinetics curve which are far from the quasi-stea-
dy state of multiple emulsion.

The determination of the realationship of masstransfer coefficient

JB from the 1lizin diffusion coefficient D can be presented as

5
B o =5 D045, ()

where V - volume of external phase;

S - membrane/external phase interface.
Such realationship confirmed the point of view concerning unsteady
diffusion of lizin in liquid membrane.
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ELECTRODIALYSIS THROUGH EXTRACTION MEMBRANE

L.N.Moskvin, A.G.Shmatko, Leningrad State University, Leningraa,
USSR

The use of extraction membrane for electrodialysis, together with
such evident advantiges, like acceleration of substance transport
through the layer of extragent, compared with dielysis itself, has the
number of serios problems., The possibility of overcoming these prob-
lems may be connected with the future development of method itself,
Obviously, that the general solution for all types of extragents and
extraction gystems is a difficult and very unlikely to be quikly sol-
ved problem. Therefore, let us consider only definite, but practicaly
very important case of extraction transition metalls anion complexes
from highly concentrated mineral acids solutions or/and there salts
with the help of neutral oxigen- containing extragents. The physico-
chemical properties of such systems allow to drow some conclusions,
which may simplifay the correct description of :electrodialysis, We may
consider, that in such case the delivery of extracting metall acido-
complexes (microcomponent) to the surface of membrane occur by diffu-
sion, and at the same time the concentration profile of mineral acid
(macrocomponent) near membrane is practically undisturbed., At high ve-
locity of interphase distribution in systems with neutral extragents
the appearence of kinetic limitations is possible in the case of slow
formation of extracted complexes of transition metalls in aqueous me-
dium. In organic phase the components dissociate with the formation of
unit charged anions of mineral acid and acidocomplex and there antiion
~ solvated cation of hydroxonium, It is clear that, the transport of
components through the layer of extragent takes place by means of ele-~
ctromigration, - Under these conditions we may evaluate the input equa-
tion for flow demsity 3, of extracted microcomponent through membrane
in atationary conditions:

2 2
J IC,-& tiCo _ ity _[(ticz At C1)2* tg_aCZ]/g

t2Kss FLy |\t,Kzy TFL, t,Kgy

where i- electric current density; P- Paraday'sonumber; C, and 02 -
concentrations of micro- and macrocomponents; Ke1' coefficient of ele-
nctrodialysis selectivity of liquid membrane for the microcomponent
when i +»03; L1- effective coefficient of microcomponent's transport
from volume of the solution to the organic phase; t1 and t2~ electro-
migration numbers of ion's transport of micro- and macrocomponents.

In the region of small current densities these equation may be sim-

plified: i
5, = t, €
1=

T, 1R S
F t,Cz/tsz1*C.
where t1-u1/(u1+ ut); to=up/(ug+ u *)s K,1-(Kd1¢1u1)/(Kd2£2u2) That
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is the selectivity and transport properties of 1liquid membrane will
be defined by equilibrium physico-chemical characteristics: coeffici-
ent of distribution Kgi' degree of dissosiation Ly mobility uy of
component in extragent.
At high electric current density, ths transport’s velocity of aci-
docomplex will reach its maximum value:
‘j1=L1C1= M C1 »

fitef

where 4= D./§ ; 4= f1(D?Xtr/E1)O‘5; & — pourousity of the membrane
material, It may depend on conditions of delivery of components to the
surface of membrane through the diffision layer § ,as well as from
constants of the formation (k) and decay (k) of extracted complexes,
if only forms of the element existance in aqueous and organic phase
are different.

Calculated on the base of these model depedence 3q - i in the case
of Pt (IV) and 2n (II) chloride complexes transport through impenated
by three-butylphosphate (TBP) membrane are in a good agreement with
experiment (Fig.1). The microcomponent transport's velocity is limited

by its diffusion through unmovidel

Ji108 layer of aqueous phase with the

L] L

M/m?s thickness of about 35-40 pm. Just
10t opposite , the transport of Fe(III)

tetrachloride complex (Pig.1) is

significantly limited by the stage
> of its formation in the closest to
the membrane layer of aqueous so-
lution [1] . The value of consta-

0 = 04, A/m? nts of the formation and decay
FPig.1. Acidocomplexes transport [PeC14]- complex, calculated from
from 1M HGl: 1-Pt(IV); 2-2n(II); expersmental dates are in inter-
3-Fe(III), cMe=1O-3H val, wich is characteristic for the

values of exchange speed by lygands
of Pe(III) aquachloride complexes [2] . In the region of maximum mie -
rocomponent transport density the membrane is loosing its selectivity
(Pig.2). The development of rather fine Kinetic effects, connected
with slow reconstruction of metall's ion coordinate sphere may be con-
sided as invariability of physico-chemical properties of extracting
system in the case of electromembrane process with impregnated memb-
rane. The attempts to prevent the organic phase loosing from pourous
matrix by way of two cellophane films leeds to the sharp decrease of
microcomponent extraction (Fig.3), and may be explained by the incre-
ase by order the diffusion's resistivity through these polymer. Elec-

trodialysis transport throVgh membrane impregnated by neutral extra-
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Fig.2.8electivity of TBP-membrane Fig,3.Output versus current of
for extraction from 1M HC1: Zn(II) (1M HC1l, TBP-membrane)
1- Pt(IV); 2- Zn(II); 3- Fe(III). 1- impregnated; 2- cellophane
Cye=10""M films. Cp =2 10" M

gent is often,complicated by oversaturation by water of the organic

phase (Fig.4). The increase of water concentration above the equilib-
rium value is known for other systems of liguid membranes — it is the
layer of organic on the bottom of U-shape tube [3] and between two

cellophane films [4]. In the process of selective extraction of tran-
sition metalls anion complexes the appiarence of external quality of
water inside of TBP-membrane takes place from the side of anodic cha-
mber, Therefore, the most probable
explanation is, that the transport CWO'M
of water molecules occur by means 207r
of hydrate-solvate sphere of hyd-
roxonium cation. The change of

extragent's surface structure, 10r

connected with the formation water -
microemulsion, roughly decreases 2
its selectivity. Thus, the use of (S 0 N 2

the electric current of opposite 1,mm

polarity leeds to sharp decrease Fig.4. Contents of water in TBP

of microcomponent transport, beca- after electrodialysis in system°
use in these case the properties 1M HC1l - TBP - 1M HC1, 1(A/m?):

of extragent have been changed - 113 2-4,23 3- 0

(FPig.5.). Therefore, if oversatu-

ration by water of the organic phase were from the side of initial so-
lution, impregnated by TBP membrane could not be used for extraction
of transition metalls' acidocomplexes, In fact, the change of extra-
gent's anodic side propertjep is displayed by slow decrease of micro-
component transport (Pig.6.). The sharp faill of liquid membrane se-
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TBP - 2M HCl. 33, 3, - flow demsity  i= 6.5 A/m%; C,_=1072M; memb-
before and after the use of opposite rane thickness 2.6 mm

electric current. Czn=10

lectivity, caused by penetration of increased quantity of water up to
opposite side of interphase border, takes place after passing of‘103 =
5403A'h1m2 of electricity.

Therefore, in spite of the differences in the construction of 1li-
quid membranes on the base of oxigen-containing extragents, the change
for the worse selectivity-transport properties in the process of elec-
trodialysis substance separation is connected with the change of phy-
sico-chemical properties of organic phase, namely with its oversatura-
tion by water. To find the conditions, excluding this effect, means
to determine the conditions of practical application of extraction me-
mbrane of a given type.
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SOLUTES RECOVERY FROM AQUEOUS SOLUTIONS BY CREEPING FILM 6-6
LIQUID PERTRACTION

Z.A.Lazarova, L.A.Boyadzhiev, Institute of Chemical Engineering,
Bulgarian Academy of Sciences, Sofia 1040, Bulgaria

The mass transfer through liquid membranes is a brand new and in-
tensively studied separation process.Liquid membranes or liquid per-
traction gave rise to an enormous interest among the specialists in
chemical engineering in a world scale,due to the potential possibili-
ties for simultaneous and efficient separation,extraction and concen-
tration of valuable substances from industrial and natural dilute so-
lutions,waste waters,etc.

Recently various perspective techniques were developed for accom-
plishing of mass transfer processes in three-phase liquid systems.
Most studied among them are the double emulsion method (DEM) [ 1,2]and
the solid supported 1iquid membranes (SSIM) [ 3,4] .The main problems,
hindering now the wide application of these methods are associated
with the difficulties in destruction of emulsions,as well as with the-
insufficient stability of the liquid membranes during the prolonged
and continuous operation.In order to overcome these shortcomings of
the known methods a new alternative method,called liquid creeping
£ilm pertraction (CFP) was developed [ 5,6 ] in the Institute of Che-
mical Engineering in Sofia,

Liquid Creeping Film Pertraction
The principal diagram of the proposed method is shown in Fig.1.The
two aqueous phases,the treated one

(denoted by "F") and the receiving . C___T:___Eli-
one (denoted by "R") flow down along R
the hydrophilic vertical porous pla- L L (jw
nes.These planes are supports of the ;} §§E ;sf ? E:
liquid phases.They are situated at “A-NB-N- A--
small distances from each other. The S :5 éi‘é S:\\\S— é :S- S
whole package of alternatively arran- AN N- -4 -
ged F- and R-supports is dipped into = f\: E\E = E:
the organic phase "S".The latter Bl 3§1 N- G-
plays the role of a liquid membrane i N-G-N- = i;J
between the phases F and R. \—) I I

The aim of the present study is R [ [ [ 3
to demonstrate the possibilities and

advantages of the CFP-method for re-
covery of useful or toxic substances
from very dilute aqueous solutions.

Fig.1
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Experimental

Model Systems

For the study of the creeping film pertraction the following 1i-~
quid systems were used:(I) - phase "F" — aqueous solution of phenol
with an initial concentration xg=|15 g/m3 and pHg=5.0.phase "S" - a
mixture of normal paraffines (a 011-013 - fraction),phase "R" - 0.1 N
aqueous solution of NaON; (II) - phase "F" - aqueous solution of ZnSO
with concentration of zinc ions Xg=3.97 mol/mj,pH§=4.0,phase "S" - 2%
(vol,) solution of D2EHPA in normal paraffines,phase "R" -~ 2N H2804
aqueous solution; (III) - phase "F" - aqueous solution of CuSO4 with
initial concentration of Cul* x§=1.6-4.5 mol/m3,pHg=4.0,phase nsr -
1% (vol.) solution of ACORGA P-5100 in normal paraffines,phase "R" -
3N H2804 aqueous solution.

Experiments on Mass Transfer and Results
The experiments were carried out on 3 different pertractors with
main geometric characteristics given in Table 1.

Table 1

Epparatus 1 Apparatus 2 Apparatus 3
width of the
supports (cm) 6.0 6.0 10.0
heigt of the
supports (cm) 18.0 42.0 42.0
thickness of the
"F"—gupports(cm) 0.1 0.4 0.4
thickness of the
"R"—gupports(cm) 0.05 0.05 0.4
porosity of the
"F"ogupports(%) 70 85 85
porosity of the
"RM_gupports(%) 55 55 85
number of the
"R _gupports(-) 3 3 3
number of the .
"R"-gupports(-) 4 4
distances between
the supports(cm) 0.3 0.3 0.6

It was established,that at a constant initial concentration Xg
of the transferred solute in the phase F and at a certain linear ve-
locity of this phase UF,the degree of extraction E (given as E=1-XF/
x;) is essentially influenced by the circulation velocity Us of the
organic membrane S.The results for the phenol pertraction show that
the efficiency E increases with about 50%,when the organic phase S
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circulates,independently on the linear velocity UF of the water film
F (cf.Fig.2).Moreover,the increase of US leads to a more complete
extraction of zinc and copper ions from the solution F (cf.Fig.3 and
Fig.4).0bviously the diffusion resistance of the membrane phase S is
eliminated by the intensive circula- 1.0 ——y

tion of the latter.Computations were

carried out by means of a developed
mathenatical model for the creeping XE/X?
£ilm pertraction{ 7 ] .They show,that

at the pertraction of cupric ions in 0.1
apparatus No3 at circulation veloci- L PR— -
ty US=2.8.1O'3m/s the mass transfer g 4l OLUS‘Olm/SI
resistance in the membrane phase S _Fig.2. 1-U =0 15.107 m/s’
(1.e. 2/mgky) becomes less than that 2-Up=0.11. 10 m/a 305510
in the phase F (i.e. 1/kF) whereas the )
resistance in the receiving phase R

(1.e. mR/kaR) is about five orders of X /XF
magnitude less than 1/k,.These results 0.01
are summarized in Table Z.The maximum
necessary circulation velocity for the 0001 L

0.1

considered model systemsis 3.5.10™> 0 02 0LUgi0 [mis ]
m/s,independently of the system and Fig.3. Up=0.24.10"3n/s
the membrane thickness. 1.0
The results evaluated from the
pertraction of copper ions in the X?/x%

three apparatuses by means of the ma-
thematical modelling are given in Ta-
ble 3.It is evident,that the overall 0.1 g = OLuyol"”ﬂ
S
=1/(1/k
coefficient of pertraction KP /0/ F Fig.d. 1_XF_4 2m01/m ;

+?/ka§+mR mgkp) 1is in the range of(1.2- =" _3 2mol/m>; 3-x %5 4mo1/m3
6.0%10 m/s and Kpa F/S varies within

0.75.10"2s~" and 17.4.10"%s7" .4 con- Table 2
parative experiment with the same mo- Xé=1.82 mol/m3.up=l.5-10-ﬁ/s
del system ,but by DEM-method shoved, Up7.107%n/8,1/k;=2.55.108/m
that at phase ratio V/V,=20

ph FJ R K'PEF/S Ug R{kaR 2/kaS

=3, =1
was 2.4.10" 78" ,and for VF/VR=50, - G
6.10"%s~" [ 6].1t 18 obvi- 1.7.10 31 5.49.10

*2p/s 2.8.1071 14 1.44.10°
ous,that at higher phase ratio the i i 4
3.9.10 8 7.18.10

CFP-method is more efficient than the 25 4
double emulsion method. Follhio 1 5.03.10
Moreover,in contrast to the DEM-
and SSIM-methods,the CFP-method gives stable and reproducible re-
sults during 2000 hours continuous operation.
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Table 3

Ep 8p/s5 Kpap/g

Pertractor Nol | (1.2-6.0).107%| 2857 | (3.42-17.4).1073
Pertractor No2 (1.2-5.4).10—6 625 (0.7‘5—3.37).10'3
Pertractor No3 (2.'7—6.0).'!0-6 625 | (1.68-3.75).107>

Conclusions
The experimental study on the pertraction of phenol, zinc and co-

pper from diluted agueous solutions shows,that creepimg film pertrac-
tion is an effective liquid membrane method ,notable for the higher sta-
bility of the mass transfer process at continuous operation.

It is established,that CFP is a liquid membrane method,more suita-
ble for production of high-concentrated solutions R,since it enables
higher volumetric mass transfer coefficients KPaF/S at higher phase ra-
tios of aqueous solutions F and R than those attained by the DEM-me-
thod.

It is proved,that at no circulation of the membrane phase the
mass transfer resistance is in the latter one.The intensive circulati-
on of this phase leads to a shift of the mass transfer resistance to
the trated aqueous solution F.

Notation
X - solute concentration , g-/m3 or mol/m3;
k - mass transfer coefficient , m/e;
K,- overall mass transfer coefficient , m/s;
m - distribution coefficient , -
a - specific interfacial area, s";
U - linear flow velicity, m/s;
V - phase volume, w.
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SOLVENT EXTRACTION AND SUPPORTED LIQUID MEMBRANES: {‘?;"1
DIFFERENCES, SIMILARITIES AND THEIR RELEVANCE IN THE i
DESIGN OF PRACTICAL MEMBRANE SYSTEMS

P.R. Danesi

International Atomic Energy Agency, IAEA's Laboratories, A-2444,
Seibersdorf, Austria

Supported Liquid Membranes (SLM) represent a new methodology for metal
ion separation and/or concentration which is particularly suitable for
radionuclides present at high dilutions in aqueous solutions. Some major
advantages associated with the use of SLM are listed in Table 1. The
transport properties, theories and applications of SLM's have been
extensively described (1 - 3].

Table 1. Advantages of SIM separations

© High selectivities

© Ions can be pumped "uphill"

© Fluxes are higher than with solid membranes

© Lower capital and operating cost

o Expensive extractants can be utilized

° High separation factors are achieved in a single stage
° High feed/strip volume ratios

The design of a practical SLM requires the detailed knowledge of the
solvent extraction chemistry of the system involved. Distribution ratios
of the various metal species between the aqueous feed and strip solutions
separated by the membrane amd¢ the organic phase utilized as 1liquid
membrane, have to be known. Moreover their exact dependence on the
various concentration parameters and diluent nature, as well as the
kinetics of the reactions, must be available. This information, although
necessary, is not however sufficient to design a practically usable SLM.
In addition the system must be chemically inert with the respect to the
microporous polymeric material used as support for the organic phase.
This means that organic solvents such as chlorinated hydrocarbons,
nitrobenzene or low molecular weight aromatic hydrocarbons are in general
unsuitable. The single-stage nature of ordinary SLM processes also
requires the use of more selective extractants then in most solvent
extraction processes. Some other chemical and physical characteristics
required by the carriers (extractants) and diluents of SLM's are listed
in Table 2. The diffusional behaviour of the system must be also well
characterized. The @iffusivities of the carrier and cacrrier-metal
complex in the membrane phase must be sufficiently high ta ensure
sufficiently fast processes as there is a practical limit to the minimum

thickness of usable supports. Polymerization reactions in the organic
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Table 2. Characteristics of Carriers and Organic
Diluents for Coupled-Transport through SIM

Carrier Diluent
© High selectivity © Low polarity
© Negligible water ° Low viscosity
solubility
© High solubility in ©° Low volatility
the organic diluent
in the free and © Chemically compatible
complexed form with porous support
material

° Weak surfactant

° High organic/water

interfacial tension
phase must be controlled in order to avoid too viscous organic media ana
the formation of too large diffusing species which would slow down the
transport rate. The geometry and hydrodynamics of the system represent
other factors of primary importance. Diffusion layers have to be
minimized without negatively affecting the mechanical strength of the SLM
and reducing the contact time of the fluids with the membrane. The
theoretical aspects of the mass transfer properties and their coupling
with the relevant chemical reactions, must be well understood. 1In
addition, to ensure long life-times of the SLM the used porous supports
must have high hydrophobicity and small pore radii. Small pore radii are
necessary to maximize the capillary forces responsible for the entrapment
of the organic phase into the support. (Fig. 1A). High hydrophobicity of
the support and high interfacial tensions are also beneficial for the
stability of the SLM as they prevent the dislodgement of the organic
phase from the support when the membrane is subjected to large osmotic

gradients (Fig. 1B). The solubility of water into the liquid membrane

N e .
A2, S pajap—
Water /. /" Organic

8
4
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—x—

' >

Fig.1

must be much lower than with traditional solvent extraction systems as
water transport has been shown to negatively affect SLM llfo;l.:imes. A
schematic description of SLM's having different interfacial tensions and
abilities of solubilizing water, in the presence and absence of an
osmotic pressure gradient, and the correlation of these factors with the
SLM stability is presented in Figure 2.
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The work highlights in a qualitative and quantitative way, utilizing
available physico-chemical correlations, the similarities and differences

existing between SLM's and solvent

extraction systems and gives

guidelines for the practical selection of solvent extraction systems most

suitable for supported liquid membrane applications.
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OPTIMAL REGIMES OF FACILITATED TRANSPORT FOR MULTIPLE

SITE CARRIERS

Aysen Kirkképrit, Richard D. Noble, Department of Chemical Engincering, University of Colorado,

Boulder, COUS A

Introduction: Facilitated, or carrier-mediated transport is an acceleraled separation process due Lo
carriers used in a liguid membranelayer. Carrier molecules chemically bind with solute molecules,
transport themn through the liquid membrane layer and release them on the other side. Some appli-
calions of facilitated transport through liquid membranes are: transporting O; through hemoglobin
solutions and removing CO; from life-support equipment. Removal of acid gases (CO; and I1,5)
from natural gas and recovery of CO and If; are additional applications of [acilitated transport B
and 2).

Kemena et al. (3] used A + B = AB (A:solute, B:carrier) reaction mechanism in their model to
determine the optimum dimensionless equilibrium constant Lo obtain the maximum facilitation factor
for a given inverse Damkohler number (¢) and mobility ratio (a). Their analysis covered the entire
range between diffusion-limited and reaction-limited mass transport. The existence of the maximum
was deinonstrated. They also showed thal the facilitation factor would increase with increasing a,
dccreasing € and has a maximum with increasing dimensionless equilibrium constant.

In this study, two different models, explaining facilitation through liquid membranes, were studied

for the entire range between diffusion-limited and reaction-limited mass transport.

Model 1 — Site Access is Sequential Model 2 — Site Access is Independent
&
A+B [ AB (1) A+ B | AB:  (3)
[} A3
A+ AB T B (2) A+ B T AB (4)

The objective of this study is to determine the range of the dimensionless equilibrium constants
which will produce the maximum facilitation factor, F for both of the models. The uses of the
results include screening of possible carriers, selection of solute concentration and comparing actual
to optimal performance.

Theory: The model formulation yielded four second order differential equations for both of the models.
After considering some simplifying assumptions, these governing mass transport equations for the two
models were solved numerically. The dimensionless variables in the equations were then optimized to
yield the highest facilitation factor. The boundary conditions on the non-volatile speciesrepresent the

fact that they are constrained to stay within the membrane. The boundary conditions on A indicate
the maximum concentration gradient across the membrane. The dimensionless variables are: a

is mobility ratio of carrier to solute, /i is dimensionless equilibrium constant, Cj is dimensionless
solute concentralion and X is dimensionless membrane thickness. €, and ¢; are the inverse Damkohler
numbersand give a measure of the relationship between diffusion and the reverse reaction rate. Small
values of ¢; and ¢; indicale a diffusion limited process and large values indicate a reaction limited

process.
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_Results and Discussion:Before presenting the results, it is worthwhile to give a mathematical defi-

nition of the facilitation factor, F.
dCy ]
o _7-"AIX=1 (for a given a)
7 dcy
_?X‘"l,\'=1 (for a =0)

_Model 1: The forward rate of the 2"¥ step should be higher than reverse rate in order to obtain

as much A;B complex as possible. It is the A;B transport which will make this process more
efficient than a single step process The results of [ calculations for given K, K,, €, €2 and a
valucs demonstrated the same approach. Increasing /3 at constant /{; has a larger effect on [ than
increasing K, at constantX,. F also increases with increasing a, since a is proportional to the total
carrier concentration. Figure 1 demonstrates the existence of a maximum in F for a=100. Both € ’s
and K ’s were set equal to allow this result to be plotied graphically. As expecled the maximuam I
is larger and more pronounced as ¢, and ¢, decrease (move toward reaction equilibrium) at constant
K, and K; values.The same result was also shown by [3]. Because, as k; and k¢ increased, ky and ks
also increased to keep &, and K; constant and the whole process becomes more elficient. As a result
of these intepretations and numerical results, it can be concluded that 2™ step is a more important
step (but not desirable as a rate limiting step) than 1** step. F depends on the 2" step more than
1 step, since the product of the 2™ step is carrier molecules transporting 2 solute molecules instead
of 1 as in 1 step. 1" step is necessary and important since it is the initial step for the 2™ step and
it has to be efficient.

Model 2: Since both active sites react independently and they both have the same chemical
structure, ¢;, and K, should have the same effect as ¢; and K; does on F. a should have again an
increasing effect on F'. F calculations for model 2 showed the same result (Figure 2). Kemena et al.

{3] pointed out the sane result for their single step model.

F F
900 90.0 € =€2210"3
£y=€5=10"2
80.0 - 80.0 [~
700 - 70.0 |-
60.0 - 60.0 [~
50.0 |- 500 |- — =y 21072
ol /_\z,=cz=10‘2 400 |- /
300 |- 30.0 -
€y =£5=10""
n 200 |- //
20.0 / =gy =10""
100 |- 10.0;{s
o £ @ 0.0 —
00 20 40 60 80 100 K=K 00 20 40 60 80 100 Ky =K,
I X : ) I i 1=K
Fig.1. F vs. (K, and K;) for Fig, 2. F vs. (K and [) for
different ¢ ’s (Model 1). different € 's (Model 2).
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For model 1; as ¢; = ¢; decreased, optimum K, decreased and optimum K; had a minimum value
at certain ¢; = ¢; value. These minimum values were also observed for different a values. The samc
trend was also found in [3]. Optimum F values of model 1 are higher than the results of |3 for
the same € and a values. Figure 3 is a four part map which shows optimum K,, optimum K, and
corresponding optimum F values for different a and ¢; = ¢; values.

For model 2; optimum K; (= optinum K3) had minimum value for decreasing ¢; = €3 at diflerent
a values (Figure 4). Figurc 5 shows the corresponding optimum F values for different a values.
Optimum K, (=optimum K;) and optimum F values are higher than the results of {3] for the same
e and a values.
where
€, = | Diffusivity coefficient of carrier-solute complex ] / | k2( membrane thickness )]
€2 = Diffusivity coellicient of carrier-solute complex | / | k¢( membrane thickness )]

Ky

[ k1 (initial solute concentration )] / ka
K3 = | ks(initial solute concentration )] / k4
a = [( Diusivity cocflicient of carricr-solute complex )( Initial carrier concentration )] / {( Dilfusivity

coeflicient of solute )( Initial solute concentration )}

VLK,

2 8 9 8 8 9
nmouwonwouwonn
z8353"

oPLl
Fig.3. (a and € ’s) vs. (Optimum K, optimum K; and optimum F) (Model 1).

Both of the models gave optimum K, and optimum K, between 1 and 10 for 103 < ¢, ¢, < 1

and 1 < a < 100. Optimum K; and optimum K, are very important parameters in choosing the
types of carrier. 1 to 10 is a good range to choose carrier type.
It should be noted that sitnilar results were obtained for both inodels when ¢, is different than

€. So, the conclusions are also valid for this situation.
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Conclusions: The optimization of two different models have been performed to find the maximum
facilitation factor and corresponding dimensionless equilibrium constants Xy and K, for given inverse
Damkohler numbers ¢; and ¢;, and mobility ratio @. Optimum K, and optimum K; values varicd
from 1 to 10. Results of both models are important in terms of arranging the experimental conditions

and comparing the experimental results with the optimum conditions and optimum resuits.
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CALCULATION OF CARRIER FACILITATED MASS TRANSFER IN
EMULSION LIQUID MEMBRANE PERMEATION COLUMNS

D. Lorbach, R. Marr, Institut fiir Verfahrenstechnik, Abteilung Ther-
mische Verfahrenstechnik, Technical University Graz, Austria

Emulsion Liquid Membrane Permeation is a relatively new technology and
first industrial applications are realised at present. Most of them are
in the field of hydrometallurgy especially in the field of zinc removal
from aqueous solutions /1/. The interest in emulsion liquid membrane
technology has been caused because of the capability to remove aqueous
pollutants to very small concentrations with a reasonable pay back time
of investment costs. For easier design of pilot plant experiments and
for easier scale up a simulation model was developed for the recovery
of copper from aqueous solutions which is shortly described in this
paper.

A mass transfer model has been developed for carrier transport in
emulsion liquid membranes earlier /2,3,47 which uses the instationary
diffusion equation for the description of mass transfer in the emulsion
globules. This model is now used for the simulation of experimental re-
sults of copper removal from aqueous solutions in a counter-current con-
tactor with emulsion liquid membranes.

Mass transfer in an emulsion globule is comparable to the diffusion
and reaction problem in a solid catalyst with complex kinetics. The
mass transfer model which has been already proposed /3,47 to describe
carrier facilitated transport into an emulsion globule uses the follow-
ing assumptions:

- Emulsion globules are stabilized by an effective surfactant and
thus coalescence and redispersion is suppressed in any emulsion liquid
membrane permeation apparatus. Once an emulsion globule is formed it
has a life time in the apparatus according to the residence time of the
emulsion.

- The diffusion of the metal-ions to the external interface of an
emulsion globule is described by the two film theory while the diffusio-
nal resistance of the protons from the interface into the continuous
phase III is neglected.

- The reaction between the metall-ions and the organic carrier
(Acorga PT5050) is assumed to take place at the interface between
phase III and the organic phase II (the continuous phase of the emul-
sion). Thus this reaction can be described by interfacial reaction
kinetics.

- The reaction stoichiometry is as follows:

Cu + RH == CuR, + H (1)
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-~ The kinetic equation of the extraction reaction is of the follow-
ing form. . v 1.75
Jeul”. (RS 1 [CuRz]. ([H])

r = . = . ) - (2)
ex £ ( [H])O.ZS Kex [ﬁ]'

The concentrations in equation (2) are interfacial concentrations at
interface III-II:

- The diffusion of the metall-carrier complex into the emulsion
globules can be described by the general diffusion equation which has
to contain an additional reaction term to describe the stripping reac-
tion. This stripping reaction is supposed to be a pseudo-homogeneous
reaction in the emulsion globules and no additional diffusional resist-
ances are anticipated at the interface III-II. In addition the stripp-
ing reaction is very fast for the copper system so that chemical equi-
librium is assumed between phase II and phase I.

The above outlined mass transfer model can be applied to counter-
current phase contact if the following three phenomena can be calcu-
lated: 1. the copper concentration in the continuous aqueous phase III,
2. the pH (free proton concentration) of the continuous phase III, 3.
the lifetime of an individual emulsion globule at any stage in the
column. The first two problems can be solved by relatively simple mass
balances for a thin slice of the column which allow the calculation of
the concentration profiles for the copper ions and the protons in phase
III. If the dispersion model is used to describe axial mixing effects
of the continuous phase the resulting equation which is describing the
Cu2+—concentration reads

atleal), a(feu])?
v - —_— D - —2' =
¢ dz = dz
= N.4 J' R%.8 ( [cu) . - LCu]*) £, (R) AR (3)
¢ : *FCu’ Cc () 1
0

and the proton concentration can be calculated as a function of the
metal-ion concentration.

The most difficult problem to solve is the calculation of the resi-
dence time of an emulsion globule in a column which is necessary to
calculate the time derivative of the instationary diffusion equation.
To solve this problem a convective dispersion model /5] was used for
the dispersed phase (emulsion) and the time derivative in the insta-
tionary diffusion equation could then be replaced by the following ex-
pression:

(4)
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In the above expression Vr 1is the rise velocity of an emulsion globule
relative to the column. Vr is dependant on the emulsion globule diame-
ter. With a convective dispersion model axial mixing of the dispersed
phase can only be accounted for if a globule size distribution is used.
The instationary diffusion equation combined with the mass balances
of the continuous phase can be solved very effectively with the method
of lines /6/. This method reduces the instationary diffusion equation
for mass transfer in the emulsion globules (parabolic PDE) to a system
of ODE's. The mass balance equation for the copper concentration in the
continuous phase (2nd order ODE) can be reduced to two 1St order ODE's.
The resulting system of ODE's describing emulsion liquid membrane per-
formance in a counter
current stirred column
3.0 S B R R TETT TS can be solved by stand-

. ard methods. If axial

e mixing effects of the

4 dispersed phase are in-
cluded in the simulation
procedure the calcula-
2.0 F tion time increases with
the number of globule
size classes. An effec-
tive integration routine
: (e.g. Gauss-Legendre

Column Height, [m]
T

= Quadrature) for the inte-
gration of the integral
in equation (3) can cut
the calculation time sub-
stantially.

Calculated results of

il U O O O P O o L 5 L 3 O VU

o] 0.20 0.40 0.60 0.80 1.00 1.20

the above presented simu-
lation model for emulsion
cu?*-Concentration (g/1) liquid membrane permeation
are shown in Figure 1 for

X Vyot®0.00452 [m/s)
> Vo =0.00842 (n/s) the permeation of copper

from agqueous solutions.

The calculated results

are represented by the lines

and single points represent
experimentally measured results. The agreement is quite good if one
takes into account that all parameters of the mass transfer model are
not fitted to these results but were independantly determined in a con-
stant interface stirred cell and in an single drop apparatus /37.
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Conclusions from the present work are that indeed emulsion liquid
membrane performance can be described by the instationary diffusion
model. The assumption of non coalescing emulsion globules holds also
for emulsion liquid membrane operation in counter current stirred

columns.
Nomenclature
B .. transport coefficient of copper - cont. phase, m/s.

Cu"*

[cu] ... concentration of copper, kmol/m?

@usz. concentration of the copper-carrier complex, kmol/m?
D._ .... axial dispersion coefficient, m/s,

f??R).. globule size distribution,

H .... concentration of the proton concentration, kmol/m?,
kf.. .. reaction rate coefficient, m3'25/kmolo‘75/s.
Kex"" equilibrium constant, extraction reaction,

NP olelele number of emulsion globules/unit volume.

Togrore reaction kinetics-stripping reaction, kmol/m?/s.

R e ohsio radius of emulsion globule, m.

[RH] ... concentration of the organic carrier, kmol/m?

ke ove « Eime 8.

Wi oge = o & superficial velocity - continuous phase, m/s,

W i e rise velocity of an emulsion globule relative to the column, m/s,
Z...... axial coordinate, m.

Literature

1. Draxler J., Marr R./ Chem. Eng. Process., 20 (1986). 319-239.

2. Teramoto M., Takihana H., Shibutani M., Yuasa T., Hara N./ Sep. Sci.
Technol. 18 (1983). 397-419.

3. Lo:bach D., Bart H., Marr R./ Ger. Chem. Eng., 9 (1986),321-327

4, Lorbach D., Marr R./ Chem. Eng. Process., 21 (1987). 83-93.

5. Lo et al. Handbook of Solvent Extraction, John Wiley & Sons, New
York, 1983

6. Finlayson B.A. Nonlinear Analysis in Chemical Engineering, McGraw
Hill, Inc., New York, 1980

-37



ION EXCHANGE BBTWEEN AQUEOUS AND ORGANIC PHASES IN
ELECTRODIALYSIS OF LIQUID MEMBRANES - SOLUTIONS OF
TRIOCCTYLAMINE SALTS IN HALOCARBONS

A.N.Popov, S.K.Timofeyeva, Institute of Imorganic Chemistry,
Academy of Sciences of the Latvian SSR, Salaspils, USSR

When transfer of anions through the liquid membranes - solutions of
salts of tertiary amines in polar halocarbons - takes place, and elec-
tric current passed through it, a number of pecnliarities is observed
distinguishing this process from that of membrane extraction. The ex-
tractable ions are transferred by electric field from the source aque-
ous phase through a liquid membrane to the receiving aqueous phase in
the traditional scheme [1] . Moreover, an organic phase, into which the
extractable ions have been extracted, preliminarily, may be used as a
liquid membrane. Electrodialysis of such membranes is an reextraction
method of ions from nonaqueous phase[2], it is formally similar to the (
process of demineralization using solid ion-exchange membranes.

Comparison of the efficiency of the two system of electrodialysis
in the present study is made on the example of extraction of ClOZ ioms .
by liquid membranes - salt solution of n-trioctylamine (OctBNHX, where ;
X - C17 or ClOZ) in o-dichlorobenzene and I,2-dichloroethane. The mea- 1

sure cell schematically is shown bellow. 7
chamber "c" |liquid membrane chamber "a" -
Ngs0, MX Oct 3NHX MX MgS0, Pt &1
©Ft: 1m0 H,0 o-dichlorobenzen HyO Hy0 .
or E:
o-dichloroethane

MA-4T I 2 MK-41 :
where M - Kf Na™, H’, MA-4I, MK-4I are solid ion-exchange membranes. 1
P
€

A liquid membrane with the thickness of 2~IO'3m, the area of 7,5:10
was inserted between two vertical hydrocellulose films. A liquid
membrane with open vertical interfaces supported by adhesion forces in ¢
teflon, was applied in some experiments. The electrolyte cell, electre ¢
nic circuit, and the experimental procedure employed for the voltammet .
ry of the liquid membrane were described previously[Z]. -

The overpotential of ion transfer through the interfaces does not
exceed some volts[}], which is negligible in comparison with the ohmic ¢
drop of potential on the membrane, which amounts to hundreds of volts.
The ohmic resistance of nonaqueous phase completely determines the va- ,
lue of current passing through the membrane. During the electrodialysiiy
process, the concentration of ions in the membrane and, actually, its P
ohmic resistance may change considerably due to the limited volume. It 3
leads to non-linearity of the dependance of the current and the potew ¢
tial. Ion concentration in the organic phase is determined by the rathg

of anion flux through the interface and electric conductance of the g
membrane. The voltammogram is linear when the current corresponds t
to the conductance of organic phase volume. v
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For example, the dependance of the current and the potential in
transfer of C1~ ions through the membrane - solution of OctBNHCI in
o-dichlorobenzene - is linear, the initial lengths of voltammograms for
other systems are linear, as well (Fig.I-3). It is interesting to note,
that in all cases replacement of the neutral salt of the aqueous solu-
tion for the corresponding acid in chamber "a" does not alter the type
of voltammograms. It leads to a suggestion that the proton does not
participate in electricity transfer through a membrane, containing a
salt of trioctylamine.

The electric conductance of OctBNHCIO4 is approximately 5 times lar-
ger than the electric conductance of solution OctBNHCI in o-dichloro-
benzene. The type of voltammograms for the membrane, containing
OctBNHClO4, considerably depends on the concentration of cwz ions in
the source phase. However, the initial linear lengths of the dependan-
ces coincide and have a slope typical for the system containing I,0 M
of HClO4 solution in chamber "c¢" (Fig.Z). Such a coincidence points to
the fact that electricity through the membrane in these cases is trans-
ferred only by anions, and electric conductence of the membrane entire-
ly determines the value of the current. Due to lessening of the concen-
tration of ClOZ ions in the source solution fact the ion flux from the
aqueous phase into the organic one becomes smaller than the current
passing through the membrane volume. Moreover, protons start to parti-
cipate in the current transfer through the interface I. These protons
are created by deprotonization of trioctylamine cations. A large cur-
rent rise follows after this process, when the current has passed
through its maximum, the concentration of the ion-exchanger in the memb-
rabe diminishes to the value corresponding to the ion flux from the aqu-
eous phase (Fig.ZI-3). Presence of the excess of a background electroly-

te in chamber "c" leads to i, Am?
- the suppression of migration - ‘Tv%l" r
- - . i 1 il
current of ClO4 ions into the ,%,’%’,”0’”4 4
membrane. The total current funag
of univalent anions through 0,5MNaz50¢

-3%0 approximately twice lesser

HCLO4+
the interface I diminishes =

twice[4] , due to which a peak
on voltammograms corresponds

75

potential on the membrane. At T gy

T

i low concentration of the elec- 0 400 I

* {rolyte in the aqueous phase, Fig.I.Voltammograms of the liquid memb-

-%a peak of current is not ob-

Tane. HClO4 concentration (M): I-1,0;

2-0.0I; 3-0.01; 4-0,033; 5-0.066; 6-0.1.
served on the curves, but hys- Curves (1,2) were registrated in back-
teresis is typical for the ground electrolyte absence. Rate of po-
voltammograms (Fig.Z). tential sweep on the membrane 6 V/s
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Evedently in the given case an ejection of OctBNH+ cations from the
organic phase into the aqueous phase occurs. This transfer is followec

by the appearance of emulsion.
The change of pH in chamber "c" begins only with a steep current r:

se (curve I, Fig.2.). Electric

MO o, Afme
o 1{®
gIMACE
6 )
0-dichlorp| |90
Banzern
QIMRCL
5 J o N
- 'l 110
4 65
1 2
3 . uv
200 40 o0

Fig.2. I-voltammogram of the liquid

membrane; 2-change of pH in chamber "c";
3-current efficiency for C1l0
extraction. Rate of potentia

6V/s

i sweep -

charge (shown by the shaded area in

Fig.2) having passed through
the membrane, corresponds to
the change of H* ion concen-
tration in chamber "c". The
end of pH change coincides
with the end of reextraction
process of ClOZ ions from th
organic phase. Further cur-
rent through the membrane is
transported only by Cl ions.
A large increase of the cur-
rent passing through the mem
brane, corresponding to the
appearance of the peak, is
followed by acceleratiom of
the reextraction rate of C1lO
ions from the organic phase

volume. Substitution in chamber "c¢" of neutral solution for a corres-
ponding acid practically does not influence the type of voltammograms,
as well as the nature of current transfer through the membrane. Inter-
actdon of trioctylamine in the neutral form and the acid in the region
of interface I is negligible, which apparently is connected with the

i, Afm?

Fig.3. Z-voltammogram of the liquid
]EEE:Ehg; 2-change of C10, concentration
in receiving solution. Ra

al sweep

0 UV

§4
&
R

-1,2V/s

%e of potenti-

low proton concentration in

this layer caused by passing
of electric current.

The constant of reextract
ion rate (length II of curve
2, Fig.3) is higher than the
constants of transfer rates
of c1oz ions through the
membrane (lengths I and III
of the same curve). Thus,
the impact of electric cur-
rent is the most effective
in reextraction of ClOZ ions
from the organic phase. The
presence of ClOZ ions in the

receiving solution (chamber
"a") does not influence the

reextraction rate of these



anions. In fact, it allows to apply electrodialysis of such membranes
for concentration of perchlorate ions.
Qualitatively extreme dependance of the current and the potential,
apparently may be described from the view péint of percolation theory.
Reextraction of ClOZ ions from the organic phase with a current ef-
ficiency near IO0% is performed according -to the scheme given in Fig.4.
In this case current through ixw”, At
the interface aqueous solu- e
tion of an alkali/membrane
is transferred exclusively
due to the neutralization
reaction of OctBNH+ cations.
Current through the opposite
interface is transferred by
reextractable anions. In con-
trast to liquid reextraction =
by an alkali, these process- = = .
es turn out to be spatially Eifict: Voltamograms of the liquid men-
divided by the liquid membre- gu14 jn the membrane (M): I-5- 10'6; 2~
ne. The dependance of the 5 10-5; 35 {0-4; 4-5 ¢ 10-3. Rate of
current and the potential is potential sweep - 12 V/s
described by the equation:

uy

i= g ~%c _t exp(-0,5 gWF 1172 2), (2)

where i - the current density, g - the rate of potential sweep, 1 -
the thickness of the membrane, W - the equivalent conductance of the
electrolyte in the organic phase, F - Fargday's number, Co - the ini-
tial concentration of alkylammonium salts.

Curve (2) passes through a peak

= I/2 (3)
imax" Co(gWF) exp(-0,5)

and the peak current of which is proportional to the concentration of

alkylemmonium salt. Linear dependance (3) can be used for quantitative

determination of the amine salt in the organic phase.
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A THREB-PHASE LIQUID EXTRACTION THEORY I 6-11 l

L.P.Kholpanov, K.V.Avetisyan, V.A.Malyusov, Institute of
New Chemical Problems, Academy of Sciences of the USSR,
Chernogolovka, USSR

A growing interest to membrane extraction is due to high intensity
of extraction and separation of substances in this process ﬁ]. From
existing ways of practical realization of certain interest is the per-
tractor with flowing down liquid films [2].

The process goes as follows: the substance is transported from the
phase F to the phase R. These two phases are separated by the third
phase S that does not mix with the former ones which are usually of
a similar nature. Thus, the process of extraction takes place between
the phases F and S, and the process of reextraction is between phases
S and R. In these conditions one gets the possibility to shift an
equilibrium in a desired way with the minimum volume of intermediate
phase S. In contract to supported liquid membranes, where at least one
phase is motionless, in pertractor with flowing down films are three
liquid phases are in motion. It guarantees high rate of mass transfer
for all stages of substance transport from the phase F. In the pert-
ractor liquids F and R under the influence of gravity are flowing down
over the hydrophile surfaces of vertical plates forming a packet. The
transport liquid S is not soluble in liquids F and R, it also flows
down under the influence of gravity. In spite of the fact that in the
pertractor with flowing down films the mass transfer intencity is 1
to 2 orders greater than for supported liquid membranes, a detailed
investigation of three-phase extraction with flowing down films is not
done yet. A theoretical analyses was made without taking into account
the real hydrodynamic features or the distributed component concent-
ration profile for each phase [3].

This report is based upon a numerical solution of Navier-Stocks
equations for hydrodynamically stabilized region. A distribution of
velocities and thickness of films flowing down under the influence of
gravity as a function of liquid flow rate and a distance between the
plates of pertractor packet is obtained. From a numerical solution of
convective diffusion equations for each phase in a conjugate treatment
concentration profiles in longitudinal and transverse directions of
the pertractor are found. In the process of numerical solution a "im-
plicit triangle" scheme was proved to be stable for conjugate problem
and real profile of velocities.

We shall consider a stationary flow of three liquid films along the
coordinefe x which coincides with the direction of gravity accele-
ration g when the first and the third films are flowing down along

the plates while the second one is filling the space between them;
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The value of each quantity we shall denote by a letter and a number
following it so that the number will mark the phase. The number can be
replaced by letter I (index) which value will be indicated. If the va-
luelis not indicated or the index is omited it takes the value 1,2,3,
The absence of the summation index value also means its variations
from 1 to 3. leentlonal values we shall mark by accent circonflex.
For example, p1 is the density of the first phase, ZQI q1+q,2+q~
is the total hydrodynamic flow rate, etc.. We shall onsider as fixed
values the distance between plates ( so that > I ﬁ ), the irri-
gation density, phisical and chemical properties of liquids and equi-
librium constants at interphase surface. These properties of liquids
are supposed to be the same at all extent of pertractor.

In a coordinate frame (fig.1) the equation system for variation of
momentum and mass transfer, with the remarks made above,takes the form

>

Moo G2y g3 6 i

U B A Lol awaﬁIg (1)
H
TRIEREE -53—1=0;
BI 3ch a*er
é:.. F S R UI[ I) c —y,zfg ﬁ:zz s (2)

Fig.1. The coordinate frame

The boundary conditions for (1)-(2) are the following ones:

A A A A A
it =0 then c!-c,,, c2=0, ¢3=0. (3)
At plates surface at y’ =0 ana 613 =0 we have

when yi=ﬂ we have ll{ D g;: 0 (4)

603
653

At liquids P and S interface we have

when §3 =0 we have UJ 0 =0. (5)

when gf=i7\.f(gg=u) we have ﬁf=ﬁ2 g;: 26u2 ) (6)

d=mic2 | ﬁf—y—= 5z ; 7

and between phases S and R we have
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when §2=ﬁ2[lé3 hS) we have 02=(13 Jllgg;z" -‘/{1‘3%‘;, (8)

t2-M263, D02 . 3023 (9)

Initial and boundary conditions (3)-(9) should be completed by the
demand of flow rate conservation in each phase:

[

JaI@ndgr=3r, 1-1,23. (10)

0

Eqs.(1)-(2) with initial and boundary conditions (3)-(9) and flow
rate continuity condition (10) form a mathematically closed problem
which makes it possible to calculate hydrodynamic characteristics and
mass transfer for three-phase liquid extraction as well as the effec-
tive length of pertractor with flowing down films,

To solve the hydrodynamic problem we used the following dimention-
less variables

qI=qI20I; ml=Ay/Zl;
TI=pIHY/SRIZ4T; RI=hIfl; §I-yIf; ()
-pZAIZAL/HY;  aI=u Ay,

It follows from eqs.(1) that asuf/ 3g13=0, which brings to the
conclusion that the velocity profile in each phase forms a parabola

ul(yl) =AyI*+BIyI +IT. (12)

Parabola coefficients for each phase can be obtained from the solu-
tion of nonlinear equations system

[M=r3=0; mi(2Athi+Bi)=m2B2;
m2(2A2h2+ B2) + m3(2A3h3+83)=0;
Ath{* +Bih{+{ =T2; (13)
A2h2%+B2h2+I'2 =A3h32+B3h3I+3;
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(/3)ATRI® + (/2)BIRI* + [ThT = g1
hi+h2+h3=1; TH+2miAl =T2+2m2A2;
T2 +2m2A2 =T3+2A3m3.

For the solution of the diffusion problem we used the following
dimentionless variables:

GL-Alyl; &=afZQU/s01; &-6l;
Q1(G) = ulyDABL- Zqy/Arz I, o
ef=Diha/Doht;  e2-D3h2/B2h3 .

With these variables eqs.(3), initial and boundary conditions take
the form

LLI[Q}I)S(;I 32;112 E.'.gll hI] amg ‘ (15)

when X=0 we nave (f =4 c2=C3 =U :

when IA‘, 2() we nave ad/ ayl 0 when 33 =( we have 603/69310
when 3"—"[52;0) we have Cf= M'C2 Ef[ﬁd/ ﬂy‘) &2/ 65;2
men Y2=1(y3=1)  we nave c2=M2c3, R(dc3/dy3)=-3c3/By2.

A system of differential equations (15) with boundary conditions
(16) and velocities profile (12) has been solved numerically with im-
plicit differential scheme with use of trial run method.

A complete information about the films flow in pertractor has been
obtained in the process of solution. The same information about mass
transfer can\be obtained for three-phase film extraction.
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DEVELOPMENT AND TESTING OF A PILOT ELECTRODIALYSIS PLANT
INVOLVING THE USE OF A CATION-EXCHANGE MEMBRANE, ON THE
BASIS OF MATHEMATICAL SIMULATION OF MASS TRANSFER THROUCH
A MEMBRANE

A.M. Batyukhnov, Yu.V. Karlin, V.I. Panteleev, I.A.Sobolev,
Scientific and Industrial Complex "Radon", Moscow, USSR

The ion-exchange membranes used in electrodialysis are known to be
less selective to like-charge ionic impurities [1]. The selectivity
can be increased by carrying out electrodialysis with liquid membranes
containing extractants, complexing agents, and macrocyclic compounds
which are selective to certain ions [2].

The study of processes that take place in electrodialysis through
liquid membranes are yet in the initial stage. For practical use of
this promising method it is necessary that profound studies be made in-
to problems like theoretical description of mass transfer through lig-
uid membranes when electric current is passed through them, selection
of an electrodialysis scheme involving the use of a liquid membrane
(1M), and development of reliable production equipment for the reali-
zation of the given method.

This report contains the results of our studies aimed at developing
a pilot electrodialysis plant involving the use of a IM. Aqueous sol-
utions of Na and Sr nitrates were used as test systems for studying the
processes of mass transfer and ion separation through a LM.

In choosing the IM composition, we were guided by the following: (a)
the distribution coefficient of Sr2+ ions between the organic and ag-
ueous phases Dg,. = Cgr/cgg_ie high enough (DSI,) 10); (b) the IM is
selective to Sr<t ions; (c) the LM diluent is least fire and explosion
hazarous and is not very toxic; (d) the LM diluent badly dissolves
water and has density very different from that of water so as to ensure
fast separation of the aqueous and organic phases.

The literature data and the results of our preliminary studies re-
veal that perchloroethylene (PCE) is the most suitable diluent. The sol-
ubility of water in PCE equals 0.04% at 25°C Eﬂ.

The extractant was chosen by studying the characteristics of extrac-
tion of Sr and Na from 0,01 M aqueous solution of their salts at 25°
(pH 6.0) by PCE-based liquid membranes using the following reagents:
HEDEHP, V-acid, DB18C6, DC18C6, PEG, picric acid and others, and also
their mixtures.

The selectivity of IM for Sr in preference to Na was estimated by
the Sr and Na ions separation factor K%: = DSr// DNa' The experiments
have revealed that Sr is best extracted with HEDEHP, and the addition
of DC18C6 to a PCE solution of HEDEHP causes DSr and K%: to increase
abruptly (synergistic effect).

In further experiments the LM had the following composition: 0.05 M
HEDEHP + 0.05 M DC18C6 solution in PCE. Here, Dg,. = 460 and Kgi = 1200.
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Table 1. Stripping of Sr and Na from a liquid membrane at 25%%

No | Solution DSr Kﬁ: o | Solution DSr xgr

1 0.1 M HNO3 0.04 | 0.04 8 |1.0M Ca(N03)2 0.57 0.67

2 1.0 M HNO3 0.67 | 0.91 9 |0.01 M Ca(N03)2 +

3 5.0 M HNO3 0.80 | 2.11 0.1 M HNO3 0.28 0.30
4 0.1 M HC1 0.04 | 0.04 10 |0.01 M BaCl2 0.02 0.014
5 1.0 M HC1 0.52 | 0.74 11 |1.0 M Ba012 0.57 0.51

6 5.0 M HC1 0.66 | 0.89 12 10.01 M BaCl2 +

[ 0.0 MNC_)})Z 0.02 | 0.016 0.1 M HNOI 0.23 0.20

This liquid membrane was used to strip Sr and Na ions from an organic
phase by aqueous solutlons of different composition. In this case,

aq
sr = Cs /cSr and KNa = DSr/DNa

From the results listed in Table 1 it is concluded that even con-
centrated solutions of acids and salts do not enable sufficiently com-
plete stripping to be effected.

For mathematical simulation of mass transfer through a liquid mem-
brane, we considered the system shown in Fig. 1. A model was construct-

ed for the simplest case - when one aqueous ¢, "
solution of salts of singly charged cations MAn 5
M* and N* (source solution, s) is separated Cuir ——ah
from the other (receiving solution, r) by a

liquid membrane, 1, layer. The M’ ions were 5 g °NR

assumed to be formed in the IM phase of a MAn™ "N. 0

complex of type MLR, and the Nt ions, in a 4

complex of type NR (here, L is a neutral

carrier and R is a cation-exchange carrier). 4 . =i

It is generally agreed that the carrier L is
present in excess in IM and its content eq-
uals cL, and the diffusion coefficients of

Pig.1. Model of a liquid
membrane system

complexes and the carrier R are equal (DMLR DNR = D Die
The following expressions were obtained for M* and N+ ions currents
passing through a membrane:

ih c. - -ib_
C

: Dy R * ZFDy R 2FDy
MIR ~ Th oS - = |5 (1)

1 + —M1———Isq— 1 + 1 —.Sll_.

T

Ky €, Cy QCL e

ih ih

- DR CR . “SR CR - HER
Jyp = | (———— - ; b2

1 + K# CL -E§- 1+ X% CL _—
where jMLR and JNR are the currents of MIR and NR complexes passing
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through the liquid membrane; h is the thickness of IM; CR is the total
concentration of the carrier R™ in IM; i is the electric current den-
sity; F is the Faraday constant; ¢S ana T are the concentrations of
ions in the source and receiving phases, respectively, and Kg is the
M and N* ions separation factor.

The proposed model makes it possible to estimate the effect of ex-
ternal factors (electric current density, concentration of carriers in
1M, membrane thickness, etc.) and the membrane extraction process im-
plementation conditions on the separation ability of a concrete device.
In particular, it has been ascertained that the passage of electric
current through IM increases the rate of mass transfer process, but at
the same time impeirs the equilibrium and separation characteristics
of the prooess.

The used laboratory-scale electrodialysis cell consists of two cap-
rolon pressure plates with platinated titanium electrodes. The plates
have collectors for the incoming and outgoing solutions. Between the
plates are arranged cation-(MK-40) and anion-exchange (MA-40) membranes
and 1.2 mm thick polyethylene frames. The latter form the working cham-
bers. The bulk IM is separated from the aqueous chambers by MK-40 mem-
branes. Each chamber has a polyethylene net - vortex generator. The ef-
fective area of the membrane equals 70 cmz. Each solution is circulated
through a closed circuit consisting of a reservoir for solution, pump,
rotameter, cooler, and respective chambers in the electrodialysis cell.

In different experiments the near electrode chambers were washed
with 8 or r solution and also with HCl. The mass transfer processes
have been studied in electrodialysis cells of different designs. Best
results were obtained when the anode chamber was washed with the source
solution and the cathode chamber, with HCl solution. Figure 2 shows the

10 10
Fig.2. R and T curves of Sr for different n. Duration of experi-
ments - 30 minutes

dependences of recovery R = (CS/Cg)x100% and transfer T = (C¥- Cg)/
Cg x100% ratios on time and;the number of purification cycles, n. It
is evident that with the increase in n, as IM saturates, the recovery
ratio decreases insignificantly and the transfer ratio increases and
attains a value R in this experiment.

The separation of Sr2+ and Na‘ ions was also studied. It was found
that in all regimes under which electrodialysis was carried out the
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separation of ions was practically not observed. According to the data
of different experiments, K%: varies between 1 and 2. Theoretical anal-
ysis as well as the analysis of experimental data on extraction, strip-
ping and electrodialysis have revealed that integration of extraction
and stripping processes is the main cause of lack of selectivity in
the considered systems. Affinity of IM to a definite type of ions,
which plays positive role at the extraction stage, adversely affects
the stripping stage and impairs the conditions of mass transfer of the
preferable ion from the organic phase into the receiving phase.

A two-stage scheme has been suggested for selective separation of
Sr from solutions. First, extraction is carried out in a conventional
manner. Then the saturated IM is pumped into the electrodialysis cell
where stripping takes place. The separation coefficients for Sr2+ and
Na* ions, obtained by this method, were between 20 and 40 for Sér vary-
ing from 10 to 20, which is much more than the values of DSr attained
in conventional stripping (Table 1).

@@[Cﬂ?jsfﬁfiw'ﬁ%@
LT

Fig.3. Schematic diagram of electrodialysis plant (A- MA-40;C~MK-40)

Figure 3 shows the pilot electrodialysis plant with IM. Here, the
labyrinth-parallel flow of currents with minimum electrical current
losses ensures favourable hydraulic conditions for the process, i.e.
pressure differences between the neighbouring chambers are minimum.

Tests have shown that the plant performs well when 0.1 M test sol-
utions of Na and Sr nitrates are purified in 20 cycles (Kﬁ: = 12.7).

Plant's performance data

Electrode material Platinated titanium
Pressure plates material Caprolon
Flow capacity of each circuit, 1/h 100
Source solution chambers 5
Liquid membrane chambers 5
Receiving solution chambers 5
Anion-exchange membranes MA-40 4
Cation-exchange membranes MK-40 10
Effective area of membrane, mm 200x400
Membrane distance, mm 1.2
Output in terms of final component, mole/h 1.0
References

1. Grebenyuk V.D. Electrodializ. Kiev: Tekhnika, 1976, P. 160.

2. Igawa M., Saitou K. et al.//Chem. lett. 1985, P. 861-864.

3. Laskorin B.N. et al.//Papers at All-Union Conf. on Extraction. Ab-
stracts. Riga: Zinatne, 1982, Vol. 1, P, 99-100 (Russian).

4. 3ax. 365 49



LABORATORY SET OF DEVICES FOR LIQUID MEMBRANE PROCESS ﬁ
6-13

A.§vec, Department of Nuclear Chemistry, Faculty of Sciences,
Komensk§ University, Bratislava, Czechoslovakia

The preparation and extraction use of liquid membranes as well as
their desintegration for the purpose of an enriched inner solution
acquisition and the valuable membrane material recovery rather com-
plicate the extraction processes in both laboratory and industrial
scales, It seems necessary to control and supervise main physical ex-
perimental conditions at least, to reach their reproducibility.

A conventional turbine-type impeller/emulsifier has been construct-
ed for the emulsions preparation /i7/. The diameter $21 mm of its rotor
with 3 blades and the number of 30 grooves on the working part of 1its
stator give a shear velocity 6.6 m/s and frequency 9 kHz under revolu-
tion speed of 100 r.p.s. (6000 r.p.m.) usually used. The speed of re-
volution is measured by means of a photoelectric sensor and stabilized
by a feedback controller.

The extraction itself in laboratory conditions is often performed
in ordinary beakers in which emulsions are gently stirred by means of
a magnetic or mechanical stirrer. It is suitable if the stirrer revo-
lutions can be checked and set occasionally at least. Especially for
laboratory magnetic stirrers, a contactless tachometer with range up
to 10 r.p.s. based on an inductive sensor has been constructed. The
meter can be used for mechanical stirrers too if a small permanent
magnet 1s fixed on the shaft.

Bringing in contact of small amounts of emulsions with large vol-
umes of water solutions by extraction preconcentration processes is
performed with advantage in a flow-through arrangement /2/. The equ-
ipment is very versatile in rearrangement and enables easily to change
number of stirred compartments and their volumes. The stirrer revolu-
tions are rather important experimental parameters ensuring the disper-
sion of emulsions in a solution and preventing them from settling in
undisturbed regions. In spite of it, some types of emulsions manifest
a tendency to flock and stick to immovable parts of the equipment. The
simpliest way how to prevent it seems to remove any immovable parts,
such as baffles and separators, from a vertical cylindrical extractor.
Two types of stirrers were developed to stirr its volume: one with
four spindle-shaped rotors driven by a 25 W asynchronouos motor with
a mechanical variator (type MR 25 produced by VEB MLW Freital, GDR)
and another one, an axial inertial stirrer driven by a step-motor
which velocity, acceleration, direction and amplitude of motion was
controlled by a microprocessor.

Physical methods of the emulsions desintegration are preferred even
in a laboratory scale because they do not influence the composition
of the final product - imner solution. In our laboratory a desintegra-
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tion method using a h.f.-h.v. Tesla transformer has proved. The device
with power consumption of 15 W affects the emulsions directly through
glass walls of laboratory beakers and test tubes. The device produces
on its output electrical impulses with damped oscillating courses of
appr. these parameters: number of pulses ca. 400 per second, pulse
energy 8 mJ, peak voltage 10 kV, basic frequency 250 kHz, damping de-
pending on a load. Its eqﬁivalent circuit can be imagined as a serial
resonance circuit with following parameters: L = 4 mH, C = 100 pF,

R = 1 kQ. Its successful exploitation initiated an investigation of
its working conditions which could be eventually transferred in an
industrial scale. There were established three main characteristic
features of such a device:

i, There is a critical value of the electric field intensity Ek which
is necessary for the coalescence appearance,

ii. The conditions for a local overcoming of the critical field in-
tensity are favourable in an inhomogeneous electric field even at lo-
wer overall voltage comparable with a homogeneous field,

111, After overcoming of the critical value it is necessary to pre-
vent an uncontrolled electric breakdown spread between electrodes:

it can be done by a suitable geometric arrangement of the electrodes
and, in an AC electric field, using electric insulation too.

These knowledge were known partially from literature /3/. A coaxial
electrode arrangement according to the FPig. with an insulated outer
electrode has been proposed and analysed. Let us assign an emulsion
permitivity 81 and the permitivity of the insulation material used
£2. The intensity of the electric field in an emulsion depends on

the radius r from the axis of symmetry according to a relationship

E = U p

T 3 T
r (1n =2 1 2)

+=— 1ln — Ez
where ry<r<r, and U is the volt-
age applied between inner and outer C
electrodes. As the emulsion contains
water, its permitivity E.‘ is large ~
and it would seem patural that the in-

T & |
sulation material permitivity £, should
be comparatively large too. How= -
ever, the critical field intensity is

overcome nearby the inner electrode surface first and the emulsion de-
composition is manifested by its local conductivity increasing /47.
From the point of view of backward influence on the electric field
configuration, this phenomenon is equivalent to an increasing of the
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inner electrode diameter. The electric field intensity close by the
inner electrode surface (r = r1) changes with its radius T, after
the equation

(1 lnr—f -—g-—; lnr—-:) U

ar- T r |2
2. &1 o
[r1 (1 _1+ s—ln Tzi

This equation points out that for
1 ne
r1<r2~expé—2 lnr2 - 1)

the field intensity decreases with increasing of the radius r, and vice
versa, For
r, —r, and/or 82>> & 7

the exponential term reaches a value 1/e, i.e. the value valid for ba-
re coaxial electrodes /5/. A fair utilization of the space between the
inner eledtrode and the insulation is reached fulfilling a condition
51/62'1n(r°/r2) = 1, when all the space is at disposal for the emul-
sion destruction. The voltage applied between electrodes influences the
working space if kept in a range
r r 5y

F.kr.'(ln -’Tf +§—;1n ;§)<U<Ekr2exp(§—; lnT: - 1),
where E, is a critical value of the electric field intensity. Under
condition given above we obtain Ey-r,-(1 + 1n(r,/ry)) <U<Ey.r,.
These relationships were partly identified experimentally in a system
consisting of a central electrode with O.D. 1.2 mm made of a stainless
steel injection needle and of a cylindrical glass vessel with I.D.
16 mm made of a thin-wall (t=0.5 mm) injection ampoule provided with
an aluminium armature. Testing emulsions consisting of 0.1 M HCl in-
ner solution and a 3% SPAN 80 dissolved in toluene were broken down
with 80% efficiency and voltage applied not exceeding 250 V / 50 Hz
in several minutes. An apparent power consumption was only 5 mW per
10 ml of emulsion. The influence of other physical and chemical para-
meters is studied now.
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SWELLING OF EMULSION IN LIQUID SURPACTANT MEMBRANE PROCESS

YAN Nian-Xi, SHI Ya-Jun and SU Yuan-Fu (Y.F. SU)

Chemical Engineering Research Centre
East China Institute of Chemical Technology, Shanghai 200237, CHINA

The emulsion swelling is one of the significant problems in the application
of liquid surfactant membrane process to commercial scale separations. The
swelling not only dilutes the internal phase and makes the recycle of the
emulsion difficult, but also changes the properties of the emulsion (e.g.
viscosity, density, phase ratio, etc.) so that the design and the operation of
an equipment become difficult. The swelling is caused by two factors: one is
water permeation due to the osmotic pressure gradient between two sides of the
membrane, the other is the entrainment during mixing. In this paper, a model

for water permeation was developed and the factors affecting the swelling were

experimentally studied.

Permeation Swelling Model, Up to now, Colinart et al [1] has proposed a model
based on the assumption of water-surfactant associations, while Fujinawa et al
[2] proposed a model according to the osmotic pressure gradient, but the
changes of the interfacial area for water permeation was neglected. In fact,
the emulsion volume changes a lot with time due to the swelling. Therefore,
the changes of the interfacial area must be considered. In this paper, the

assumptions applied for establishing the model are given as follows:
1. The swelling is only caused by the water permeation.

2. The static pressure difference can be ignored compared to the osmotic

pressure difference between two sides of the membranes.
3. The breakage of the emulsion are neglected.

The water permeation rate through the membranes can be described by the

following equation:

1 4V D,C.V

T'—i=&(dl’-dx)n (1)
AV1 dt RTAX

where AP and Ax are the static and osmotic pressure difference respectively.
Ignoring AP with Ax = v¢RT (Ci - CeL one can obtain
2

y-1 1 b ay<-by-c
|-=-—-——(1+Ri-—) 1n ———— +
a 2a L a a-b-c

1 b2+2ac 2ay-b-./ b2+bac 2ay-b+a/ b2+bac 1

+ — - b(1+R__)||1n - 1n — (8)
oad ielno. | o i 2a -b- Jb2+hac 2a -b+./b2+l.acr

where a = 1+R°i/ﬁ_ s Dim 1+R01-Rmi(1+Rei/ﬁ ), ¢ = Rmi(1+Rei)n

The parameter B represents the ratio of the concentration of the internal

phase to that of the external phase. For 8=0 or 8> «», the above equation
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can be simplified. Predicted results in Fig. 1 show that y increases with
increasing B , but when B <1, the emulsion shrinking will happen. Rmi
affects y in two respects., Firstly, raising R . results in the increase in
membrane thickness and will decrease y; secondly, the permeation area will
increase with increasing Rpj due to the increase in emulsion volume at
constant Rei, and this will lead to the increase in y. Predicted results
indicate that y increases with increasing Rpj implying that the later effect

is more important,
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Experimental The experimental apparatus and the procedure used were the
same as reported in a previous paper [3]. The W/O emulsion was prepared by
using kerosene and paraffine as the membtane solvent, Span 80 (sorbitan mono-
oleate) or E644 (polyamine) as the surfactant. The emulsion was then dis-

persed into the external phase. The changes of the emulsion volume with time

were measured.

Results and Discussion

1, Effect of concentrazion gradient, As shown in Fig.2, the percentage

swelling increases with increasing the concentration in internal phasej;
if the internal is water, and the external is 3M NaCl, the emulsion shrinkes,
this is in accordance with the model predictions shown in Fig. 1; and when
the internal and the extern:zl phase have the same concentration, the swelling
caused by entrainment is much smaller compared with that caused by permeation.
This indicates that the effect of water permeation on swelling is more im-

portant than that of the entrainment,

2. Effect of the membrane viscosity, The viscosity was adjusted by adding

different amount of liquid paraffine to kerosene. Results indicate that
the swelling decreases with increasing the viscosity due to the decrease in
Kg. Raising the membrane viscosity can restrain the swelling but will lead
to the slow extraction rate and makes the breakdown of the emulsion difficult.
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3. Effect of surfactants and carriers, The higher the concentration of the

surfactants and carriers, the more the emulsion swelling. Similar results
have also been reported by other authors [3-6]. These may be explained by the
formation of the complexes between water and surfactant or water and carriers
at the outer interface of the membrane and the complexes transport through the
membrane into the internal phase so that the swelling can be accelerated. The
effect of Span 80 on swelling is much larger than that of E64L as shown in
Fig.3. It suggests that different surfactants have different capacities in
transporting water molecules. The rate constants of permeation swelling in
Table 1 calculated from the model indicate that Ks increases with increasing
the concentration of internal phase, and the oxygen-containing surfactants or
carriers have more effects on permeation swelling than nitrogen-containing

surfactants or carriers.

4. Effect of entrainment , As can be seen from Table 2, when Span 80 is used,

the entrainment swelling is larger than that when E644 is used. This is
consistent with the effect of the surfactant on permeation swelling as dis-
cussed above., Also it can be seen that if the electrolyte solution is used,
the entrainment is depressed, especially when Span 80 is used. It is our con-
jecture that the electrolytes reduce the thickness of the electro-double layer
at the membrane/entrained droplet interface, and the droplet is easy to
coalesce to form larger one which can be settled from the emulsion. Thus,

the entrairment decreases.

Repeated coalescence and redispersion promote the entrainment swelling as
shown in Fig.4. Since line b is in parallel with line c, it is deduced that
the entrainment is only dependent on the times of coalescence and redispersion
but have nothing to do with when the coalescence and redispersion happening.
From these results it is concluded that the multistage mixer-settler seems

unsuitable for the liquid membrane operations.
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TABLE 1. Rate constant of permeation swelling

Run Internal External Surfactant Carrier Kg x 10" (m/s)
1 1M NaOH H0 E6L4Y — 4,98
2 2M NaOH H50 E6L4 = 7.34
3 3M NaOH H30 E6LL _— 9.03
L LM NaOH H0 E64b4 — 12.8
5 3M NaCl Hp0 E6LY - 9.12
6 3M NaCl H20 Span 80 — 88.5
7 H20 3M NaCl E64b — 10.8
8 3M NaOH H20 E6LY4 TBP 13.8
9 3M NaOH H 0 E6LL NS03 10.8
10 3M NaOH H,0 E6LL DIBK 10.3
11 3M NaOH H0 E6LL N1923 9.95
12 3M NaOH H,0 E6LkL DBC et
13 3M NaOH H50 E6LL N235 8.57
K/P =4, Cg=U¥, Cc=1% Ry =2, Rey=1/3, N= 0400 r/min.
TABLE 2, Entrainment swelling
3 Internal | External 75 (%)
urfactant B Haee
3 P 10 min 20 min 30 min 40 min
E6LY4 H0 H,0 2.74 3.70 3.98 4,38
E6L4L 3M NaOH 3M NaOH 3.98 3.47 3.40 L.42
E6LY 3 NaCl 3M NaCl 2.21 4,42 3.56 3.26
Span 80 3M NaCl 3M NaCl 6.40 16.3 16.2 137
Span 80 Hp0 H0 16.8 21.3 24,0 24.2
K/P = 4, CH = L%, Rpi = 24 Rew = 1/3%5 N = 4OO r/min.
Notation
A - permeation area, m2. T - temperature, K.
(¢] - solute concentration, kmol/m3, V - volume, m~.
Cq - solubility of water in V1 - partial molar volume of water,
membrane, kmol/m3. m3/kmol.
Ce - carrier concentration, wt¥%. X - distance, m.
Cg = surfactant concentration in y - Vi/Vio.
membrane, wt%. B - Cio/Ceo.
Dy - Diffusivity of water in ng - (VE/VE,-1) x 100%.
membrane, m¢/s e v - number of ions dissociated from
Kg = D1C1Ciov12|h¢/hx, rate con- a .molecule of a solute.
stant of permeation, m/se. x - osmotic pressure, Pa.
K/P - volume ratio of kerosene to T - 3Kgt/Rq, dimensionless time,
paraffine, @ - osmotic coefficient.
AP - pressure gradient, Pa. s
R - gas constant, J/kmol<K. §Ub5c§1§;:ernal phase,
Rq - radius of emulsion drops, m. E - emulsion phase.
gei - ze°§¥i°‘ i - internal phase.
ew =~ "Eo/‘eos m - membrane phase.
mi = Vmo/Vio. 2 o - initial value.
t - time, s, min.
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ENCAPSULATED-PHASE LEARAGE DURING EMULSION LIQUID
MEMBRANE EXTRACTIONS

A.L. Bunge', D.L. Reed', and R.D. Noble?, 'Department of
Chemical Engineering & Petroleum Refining, Colorado School of
Mines, Golden, Colorado, USA; 2Department of Chemical
Engineering, University of Colorado, Boulder, Colorado, USA

Introduction. A liquid membrane can be created by using the organic
phase of a water-in-oil-in-water emulsion to separate two aqueous
phases as shown schematically in Fig. 1. This type of double emulsion,
called emulsion liguid membranes (ELM), can combine the extraction and
stripping steps of solvent extraction into a single operation. For
example, a solute in the agqueous feed can be extracted into the mem-
brane phase and subsequently stripped into the encapsulated agueous
phase.

External
Phase Internal
Phase

Droplets
(0.1=5 mro

Figure 2 illustrates acid stripping

of copper from an anionic water-
insoluble complexing agent (indicated
by the clockwise circular arrows) which

originally extracted copper from the 011 4
Surfactant Emulsion

aqueous feed. In this process, the Membrane Clobule
movement of cupric ions from the feed Fig. 1. Schematic diagram
to stripping solutions is balanced by of ELM
of ELM countercurrent hydrogen ion
transfer.

When leakage of the encapsulated Cd:\1 //rCﬁ‘
phase occurs, previously extracted so- 2H>// ‘\\2H‘

lute, as well as stripping reagents are
released into the feed stream, thereby
reducing the ultimate efficiency of the Fig. 2. Liquid membrane
extraction. To promote large accumu=- extraction and stripping of
lations of solute in the internal copper

phase, large reagent concentrations
are used. Consequently, the fraction
of internal droplets leaked can be
small (1 to 5%) and still profoundly

affect performance. Clearly, the ;&5336
amount of leakage expected and its Ef;fﬁ
minimization within operational con- ¥
straints are important considerations Fig. 3. Mechanisms of ELM

for industrial applications. While leakage
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there have been many previous studies of drop coalescence and
stability in 1liquid-liquid dispersions, most are not pertinent to
these relatively stable ELM systems.

Internal droplet leakage can arise through at least the two
mechanisms diagrammed in Fig. 3. 1In the first case, droplets are
rubbed off of the globule surface. For example, the oil membrane
separating a trapped surface droplet from the bulk solution can thin
and finally rupture releasing the droplet’s contents. This mechanism
might be promoted if osmotic swelling occurs as a result of water
transport through the membrane.

A second mechanism is breakage of a larger emulsion globule into
two or more smaller globules. In the process of tearing apart and
forming new interfaces, some droplet leakage is likely. Teramoto et
al. [1] report considerable leakage when the emulsion was dispersed at
the start of their experiments. They attributed their observations to
either initial leakage as globules formed or to internal phase solu-
tion that had never actually been encapsulated.

We have studied encapsulated-phase leakage during studies of ELM
batch extractions of copper. Using lithium salt as a tracer, leakage
was measured as a function of time for (1) two surfactants, (2)
varying surfactant concentrations, and (3) different volume ratios of
encapsulated and membrane phases. The effect of the complexing car-
rier species (LIX) when copper is and is not present was also investi-
gated.

Experimental. The oleic membrane phase was prepared by stirring
the prescribed amount and type of surfactant and the copper complexing
agent into about 100 g of oil (S100N, an isoparaffinic, middle distil-
late from Exxon, USA). The surfactants used were two commercially-
available nonionic polyamines, ECA 5025 (formerly called Paranox 106)
or ECA 4360 (both from Exxon, USA). Differences in the two surfactant
formulations are not evident from the chemical information sheets
provided by the manufacturer. The complexing agent was the purified
liquid ion exchanger, LIX65N (2-hydroxy-5-alkylbenzophenone oxime from
Henkel). The internal aqueous solution of 3000 ppm lithium (as
Li,s0,) and sulfuric acid in varying amounts (0.0, 0.5, 1.0 or 1.5 M)
was encapsulated into the oil membrane phase by combining the pre-
scribed amount of aqueous phase with about 100 grams of membrane
phase in a commercial blender (Waring) at low speed for two minutes.

This emulsion was poured into one liter of solution under agitation
in a two-liter, unbaffled glass reaction vessel equipped with a sam-
pling port. Typically, a two-inch diameter turbine impeller, placed
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vertically in the reaction vessel, was rotated at 500 rpm using a
variable~speed Lightnin stirrer.

Encapsulated-phase leakage was easily calculated from atomic ab-
sorption measurements of lithium in the bulk agueous solution. Ex-
traction experiments for lithium demonstrated that lithium does not
partition into the membrane phase. All experiments were conducted at
room temperature. Additional details are given elsewhere [2,3].

Results and Discussion. Comparative leakage and copper extraction
experiments with equal weight percents (2.6 %) ECA 5025 and ECA 4360
were performed. Experiments with ECA 4360 showed greater encap-
sulated-phase leakage than those with ECA 5025. More importantly, ECA
4360 significantly interfered with copper extractions. Some inconclu-
sive evidence suggests that ECA 5025 may actually enhance copper
extraction [3]). Consequently, all further studies were conducted
using only ECA.

Figure 4 compares percent leakage for 5 concentrations of ECA 5025.
In these experiments, no copper or LIX was present, the volume frac-
tion of emulsion to total volume (f,) was 0.9, the membrane fraction
of the emulsion (fy) was 0.63, and the sulfuric acid concentration was
1.5 M. The leakage rate was nearly constant over the time period
studied, decreasing as surfactant concentration increases. Increases
in surfactant above 3 weight percent offered no further stabilization.
When extrapolated to zero, all of the leakage lines appear to inter-
cept near the origin, indicating insignificant spilling of internal
solution that was not fully encapsulated during emulsification.

As shown in Figure 5, the

percent leakage depends strongly ’

on the volume fraction of mem- N . o«
brane indicating the expected -%?ﬁg%mn B
correlation with decreasing 2- . . .
membrane thickness. In our - 23 FIC i
experience, leakage rates great- ; = !

ly increase when the membrane § o i ¢ .
fraction of the emulsion becomes ' . . I
less than 0.5. The data in Fig. ? i a

5 were measured in the absence * o ) o= : ; s 8 H :; .
of copper, 3 weight percent i ; i i g s 0

surfactant, a fp of 0.9, and o8 - e o, e~ =

1.5 M sulfuric acid.
Not surprisingly, the pre-

Time (minutes)

sence of the surface-active LIX Fig. 4. Percent leakage for 5
carrier alters globule concentrations of ECA 5025
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stability. Figure 6 reports leakage for four cases: (1) no LIX and no
copper, (2) no LIX and 854 ppm copper (added after 60 minutes), (3)
0.1 M LIX and no copper, (4) 0.1 M LIX and addition of 854 ppm copper
(as indicated at 45 minutes). For all three experiments shown in Fig.
6, the surfactant concentration was 3 weight percent, f, was 0.9, f_
was 0.63, and H,SO, was 1.5 M. More encapsulated phase leakage is
observed when LIX65N is present in the membrane phase. However, when
copper is added after 45 minutes, the droplet leakage rate dramatical-
ly decreases. This phenomenon has been observed consistently in our
copper extraction experiments [2,3]. Interestingly, encapsulated-
phase leakage is reduced by copper addition even when no LIX65N was
present. The mechanism of this stabilizing affect is unclear. We are
continuing to conduct leakage studies especially as related to osmotic
swelling.
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SLM-dearadation bv emulsion formation _GT
-1

A.M.Neplenbroek, D.Bargeman, C.A.Smolders,
University of Technology, Twente; P.o.box 217, 7500 AE Enschede, Holland

A new hypothesis about the instability mechanism of supported liquid
membranes (SLM's) is advanced: emulsion formation due to lateral shear
forces. Experiments confirm that the removal of the LM-phase from the pores
in the support is strongly affected by the salt concentration and the flow
velocity of the water phases parallel to the membrane surface.

Introduction , The use of SLM's has recently been introduced as a promising
alternative to traditional solvent extraction. Some advantages ascribed to this
separation method, in which the extraction liquid is immobilized in the pores
of a microporous support, are:

- little loss of extractant takes place; this makes it possible to use
more expensive extractants;

- ions can be pumped "up-hill" in a single stage;

- the diffusion velocity through the liquid is high (as compared to that in
solid polymeric membranes).

Despite these advantages SLM's are, at this moment, not widely used for
practical separation processes. One of the main reasons, that SLM's have not
yet left the laboratory, is the instability or the uncertain life-time of SLM's.

Not much has been published on the possible causes of SLM- instability.
Besides trivialities like solubility of the LM-phase in the water phases and
removal of the LM-phase from the pores in the support by a too large pressure
difference over the membrane, an osmotic watertransport mechanism has been
put forward by Danesi et al.([1]) and Fabiani et al.([2]). In this model the
LM-phase is supposed to be removed from the pores by a flow of water through
the membrane as a consequence of the combined effect of the solubility of
water in the LM-phase and an osmotic-pressure gradient over the membrane.

We seriously doubt that the solubility of only a few percent of water in the
organic phase can result in an osmotic waterflow, because there is no
continuous pathway present for the water phase in the membrane, necessary
for the osmotic forces to be effective. Therefore we believe that another
mechanism must be responsible for the LM-phase removal from the pores and
we think that the formation of emulsions can explain a lot of instability
phenomena in the SLM-papers mentioned above and in other SLM-systems. We
will illustrate our theory with experiments based on the removal of decanol
from the pores.This solvent is chosen because it produces SLM's with a
relatively instable character.

Experiments and results . The experimental set-up is shown in figure 1A.

In figure 1B the dimensions of the permeation module are presented; the water
phases are flowing in a tangential mode along the membrane. To prevent the
molecGular dissolution of decanol in the waterphases, all the water phases

were saturated with decanol before starting the experiments.
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a =48 mm
Volume F= Volume S= 130 ml b=25mm
1= membrane module 3= pumps
c=18 mm
2= buffer vessels 4= flow meters
Eig 1A. _Experlmental set up £lg 18. _Dimensions_of the
membrane module

In the experimental permeation tests the SLM's were composed of AccurelR-
supports (Enka; thickness: 90um; porosity: 75%; average pore size: 0,1 um),
decanol was used as solvent and quaternary ammonium salts (10 w%) as
carriers. The compositions of the feed and the stripping phase, both flowing at
a volume velocity of 2,3 mli/sec. through the cell-halves, were 0,0025 M
NaNO, and 4,0 M NaCl respectively.

All the membranes showed fairly similar instability-effects. Independent of
the kind of carrier that has been used, the SLM's started to leak after 40 to 60
hours; this was expressed as a sudden increase of the chloride- concentration
in the feed and some watertransport from the feed to the stripping phase.

In a period of 7 days about 80 % of the LM-phase had been removed from the
membrane. The same phenomena occurred when no carrier was used. Also
stopping the flow in the stripping phase part of the cell had no influence on
this behaviour. However, when there was no flow of the feed, the membranes
showed no chloride transport in 14 days and only 40% of the decanol was
removed from the pores in that period.

This was the basis for further research on the conditions by which decanol is
being washed out of the pores. To increase the instabilty effects CelgardR-
supports (Celanese; thickness:25 um; porosity: 45 %; pore dimensions: 0,04
um) are used. In order to exclude the effects of a possible direct water

transport through the membrane, the feed and the stripping phase were taken

at identical compositions. No carrier is used. The quantity of decanol, removed
from the support (at the contact areas between SLM and water phases) during a
period of 7 hours was determined as a function of two variables: j the salt
concentration of both water phases and jj the volumetric flow through the
cell-halves.. Figure 2 shows the influence of the NaCl- concenration in the
water phases on the decanol-removal at a constant water flow of 5,5 mi/sec.
Figure 3 shows the removal of decanol from the SLM's as a furction of the
water flow velocity, at a constant NaCl-concentration in the water phases of 0,5 M.
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Discussijon and conclusion . Figure 2 and 3 clearly show that for the

removal of decanol from the pores in the support no osmotic pressure gradient,
and therefore no direct water transport, is necessary. The washing out effects
of the LM-phase are caused by a high flow rate of the water phases combined
with a low salt concentration. In accordance with the permeation experiments
this will lead to a leaky membrane.

The dependence of the loss of decanol on the water flow rate and on the salt
concentration indicates that we are dealing with emulsion formation. This is
confirmed by two simple experiments. When an amount of decanol is hand
shaken for a while, in a test-tube, with a 4 M NaCl-solution we see that the
demixing almost immediately results in 2 clear phases. On the other hand , in a
similar experiment, the separation of demi-water and decanol gives a turbid
water phase, that clarifies very slowly. It is not difficult to realize that the

rapid flow of a water phase with a low salt concentration in a SLM-proces has,
at the interface with the organic phase, the same effect on emulsion formation
as the shaking activity in a test-tube experiment. This emulsion formation at
the low salt-concentration feed side will lead to SLM-degradation. Presently
we are involved in developing SLM's with stabilities wich are of practical
importance; the first results are promising.

Beferences

1. P.R. Danesi, L. Reichley-Yinger and P.G. Rickert//Journal ot membrane
science, 31 (1987),117-145.

2. C. Fabiani, M.Merigiola, G. Scibona and A.M. Castagnola// Journal of
membranes science, 30 (1987),97-104.

63



PERTRACTION IN A DISPERSION CONTAINING A SOLID ORGANIC | 6-17
SOLVENT

P.NekovAr, I.PathévA, M.Mrnka, Prague Institute of Chemical
Technology, Prague, Czechoslovakia

In pertraction /17 through liquid membranes a continuous aqueous
phase is contacted with an emulsion, in which a second aqueous phase
is dispersed in an organic phase. This composite emulsion is stabili-
zed by surfactants.

We tested an analogous arrangement of this process with solid pa-
raffin as an organic solvent., In the melted solvent a reaction agent
was dissolved and the second aqueous phase was dispersed. After cool-
ing solid particles were formed, which contained small 1iquid drops.
When pertraction had been finished, the solid dispersion was again
melted and organic and aqueous phases were separated.

An expected disadvantage of pertraction with solid particles is
that the process is slower than emulsion pertraction., We have compar-
ed the rate of pertraction with the solid dispersion with both the
transfer rate in a solid phase and the rate of emulsion pertraction.

A dispersion was prepared at 65-70°C by mixing an aqueous solution
of a stripping agent, the melted paraffin and an organic reaction
agent, The emulsion was poured in orifices of a pre-cooled porcelain
plate, Cylindrical solid particles were formed and eventually cut in
pleces,

We investigated pertraction of sulfuric acid from anequeous so-
lution to a second aqueous phase containing sodium hydroxide and mea-
sured the process rate. Organic phase contained technical trialkylami-
ne (TAA) as a carrier, dissolved in paraffin. Cylindrical particles
(5x5 mm) were used, bases of cylinders were glued by pure paraffin.
Pertraction proceeded in a batch arrangement in a mixed vessel. The
initial compositions of phases are given in Tabl.1. Results of experi-
ments are shown in Pig.1, where o, - concentrations of sulfuric acid
in 1i1quid phase (measured) and g, - in solid phase (computed) are plot-
ted against time, In the same Pigure oé - measured concentrations of
hydroxide in the aqueous phase formed after melting of the particles,
are plotted.

Por the descoription of the process, the advancing front diffusion
model was used /[2/. A solution of the Fick's second law for cylindri-
cal symmetry with the pseudo-steady-state assumption leads to the fol-
lowing equation describing the movement of the reaction front

4T = 2%1n 2% - 22 4 1, (1)
where the dimensionless time and the dimensionless position of the ad-
vancing reaction front are

T = qup Doy ¢ / B2 qg Z=s/R (2)
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Fig.1. Pertraction of H,S0, (syst.1)
Fig.2. Sorption of H,S0, (syst.2)

Table 1, Initial compositions of phases

System | Cont.aqueous Gilobules Globules/
phase — TAA | disp.aqueous cont.phase
phiEpe (xg/m3)
1 0,01M H2804 11% 47%(2,75M NaOH) 32
2 0.006M 112.'5504 21% —— 107
9 0,002M K201207 11% 51%(0.1M NaOH) 95
H,50,(pH 1.6)

Here R is the cylinder globule radius, the radial coordinate of reac-
tion front is Z,Qyp is the concentration of transported component in
the globule at interphase per unit mass of dispersion, qg 1is the equi-
valent concentration of the internal reagent per unit mass of disper-
sion,t is time. A material balance yields

V(c°-c) /may=1-22 (3)
where V is the volume of the continuous aqueous phase, m is the mass
of the solid dispersion, ) is the molar concentration of component A
in thecontinuous phase, °A° is the original value of thie concentrati-
on,

FProm the experimental data, theeffective diffusion coefficient was
estimated, as D,,=1.8 x 1010 n25=', The 1ines in the Pig.1 correspond
to this value of the diffusion coefficient,

To compare the rates of diffusion, the globules without the disper-
sed water phase were tested. The compositions of the phases are given
in Tabl.1 (system 2), the resultes are plotted in Pig.2. According to
penetration theory, the equation deescribing the solute transport is

1n(s,% o) = 4mK/RV) (Dt /m)/2, (4)
Prom the experimental equilibrium data the distribution ratio K = QAR/
6, = 1.5x 10'2 m3k3'1 is approximately conetant in the region of con-
centrations used, Prom the experimental data the value of the diffusi-
on 18 D = 7.3 x 10°'2 p%"1, The 1ines in the Pig.2 correspond to the
squation (4) and this diffusion coefficient.
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Pig.3. Pertraction of chromium in emulsion /3/
Fig.4. Pertraction of chromium (system 3)

For comparison, the diffusion coefficient of sulfuric acid in wa-
ter in infinite dilution, computer from Nernst equation, is p° = 2.6 x
1072 n%s"7,

To compare the process with solid particles with emulsion pertrac-
tion, the results of Hochhauser and Cussler /3/ were used, These
authors pertracted chromium (VI) from an acid solution to a solution
of sodium hydroxide with tridodecylamine as a carrier. Their results,
published in graphical form, are shown (after unit conversion) in Fig.
3. Solute A is taken as H201207. Resultes of our analogical measurements
are given in Fig.4. The initial composition of phases is given in Tab.
1 (system 3).

Using a simplified film model, Hochhauser and Cussler found the ef-
fective value (DA/L)gp=3 + B X 1078 m3s~', A is the interfacial area
and L is the membrane thickness., With an analogous arrangement of ex-
periments and with the same model we estimated for solid dispersion
(DA/L) gp=2.5 x 10™2 w3s™'. In this case we used particles of an irre-
gular shape having a mean size of 0.5 - 3 mm,

For illustration we present results of flow pertraction in a cas-
cade of four mixed prismatic vessels, with 6x6 cm square bases. The
continuous phase flowed through the cascade, while globules of the so-
1id dispersion remained in the vessels. In Fig.5 the results of the
measurements are shown under the following conditions: the continuous
phase volume in each vessel 216 ml, the mass of the solid dispersion
in each vessel 10 g, the volumetric flow of the continuous phase 0.6
ml 3'1, the original molar concentrations of the solute in all vessels
cAios O. Sulfuric acid was added to pH 1.6, In Fig.5 are shown time
dependent concentrations of the solute (taken as H201207) in the con-
tinuous phase in the first vessel and in the output from the cascade.

We tested systems with solid reaction agents which would be unsui-
table for emulsion pertraction. We investigated pertraction of Cu2+
from ammoniacal solution (pH 9) of CuSO4 to a solution of sulfuric
acid (1M) and pertraction of NH4 from a solution of NH4OH to a solu-
tion of phosphoric acid (1M) with stearic acid as a carrier. The com-
position of globules was 29% dispersed aqueous phase., In these systems
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Fig.5.Flow pertraction of chromium
in stage cascade (system 3)

Table 2, Pertraction with stearic acid

system| A vo n/V t cp q
mol m™> kg o> min mol m™> mol kg'1
4 o] 4.1 80 60 2.3 0.022
5 NH4+ 76.1 100 45 60.7 0.150

pertraction with solid dispersion was easily realized. The conditions
of batch pertraction and the results are shown in Tab.2.

Results of experiments have shown that the realization of this pro-
cess was easy. An obvious disadvantage is that the process is slower
than the pertraction in liquid. However, the process has the following
advantages: no surfactants are necessary, the dispersion is stable, a
long contact time is possible, the decomposition of. the solid disper-
sion is easy, the separation of the phases is easy, volatile organic
solvents are not needed and solid extraction agents can be used. Such
pertraction could be an alternative separation process for concentra-
ting of compounds present in aqueous solutions in low concentrations
in cases when a long contact time causes no inconvenience or is even
appropriate.
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RECOVERY OF GERMANIUM FROM MODEL AND FLY ASH LEACHING [ 6-18 '
SOLUTIONS BY THE EMULSION LIQUID-MEMBRANE TECHNIQUE

W. Gutknecht and X. Schugerl, Institut of Technical
Chemistry, University of Hannover, F.R.G.

The distribution coefficients of germanium between aqueous and
organic phases were determined by means of several commercial
liquid ion exchangers with regard to the recovery of germanium
froh aqueous leaching solutions. The complex formation was in-
vestigated with regard to its reversibility in three-phase
stirred cells.

Because of the lack of the direct reversibility of the com-
plexes, the extraction of germanium with CCl, from HCl-solutions
- a process which is well known from the analytical chemistry - ,
was transferred to the three-phase-stirred cells.

Oonly few detergents are stable at the high HCl concentrations
necessary for the extraction. Paranox 100 turned out to be the
most suitable detergent for the formation of emulsion liquid mem-
branes under these conditions. This made possible the use of the
emulsion liquid membrane technique for the recovery of germanium.
Fig. 1 shows that the maximum achievable degree of germanium ex-
traction strongly depends on the HCl concentration in the feed.

A complete extraction in a single stage equipment is only pos-
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Fig. 1. Maximum achievable residues of germanium as a
function of the HCl-concentration
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sible by at least 9 M HCl. In Fig. 2, the concentrations of ger-
manium in the feed, organic and strippig phases are shown at 9 M
HCl as a function of the extraction time, measured in a three-
phase stirred cell with very small interfacial areas.

Technical fly ash leaching solutions were used also. In Table
1, the compositions of two solutions are given that were used for
the extraction investigations. For the germanium extraction, the
following system was used:
organic phase: 9.0 vol- % CCl, , 0.4 vol-% PARANOX, 15.0 vol-%
xylene and 75.6 vol-% EXSOL D 80.

Stripping phase: 1 M NaOH.
Ratio of aqueous to organic phase = 2:3.

Fig. 3 shows the germanium residue in the leaching solutions 1
and 2 (see Table 1) and in a model solution with 100 ppm Ge. The
variation between them is due to the concentration dependence of
the germanium distribution coefficient. During these extractions

only germanium is extracted. The accompanying elements remain in
the leaching solution.

The influence of the holdup of the emulsion phase, the compo-
siti»n of the stripping and membrane phases as we;l as the stir-
rer speed on the degree of extraction was investigated using
emulsion liquid membranes in a laboratory stirred tank.
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Table 1. Composition of the leaching solutions

metal concentration solution 1 solution 2
Ge ®g/1 85.0 300.0
Cu g/1 26.3 19.4
Zn g/l 10.9 11.2
Fe g/1 11.9 5.61
As g/l 4.3 11.9
Mo g/l 0.9 0.63
Na =g/1 440.0 340.0
ca ng/1 200.0 122.0
Al ng/1 300.0 139.0
si mg/1 23.0 58.0
Ag ng/1 14.0 4.0
c1” mol/1 7.0 7.0
Mg g/1 3.2 1.9
Hy0* mol/1 7.0 7.0

Practically a 100 % extraction of germanium was obtained with-
in some minutes without any coextraction of the accompanying ele-
ments (Cu, Zn, Fe, Ag, Mo, K, Al, Si, As) which are present at
much (partly by one to two order of magnitude) higher concentra-
tions in the leaching solution than in germanium.
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MEMBRANE EXTRACTION OF NITRIC ACID i6-19

S.Yu.Ivakhno, D.B.Kadosov, V.V.Varlamov, Mendeleev Institute
of Chemical Technology, Moscow, USSR

Introduction. The LM technique is considered as a novel separation
and concentration method.

The purpose of the work is to study both experimentally and theo-
retically the nitric acid membrane extraction process and to analyse
the possibility of LM technique application for the purpose of nitric
acid regeneration from waste solutions.

Theory. One-dimension molecular diffusion of nitric acid in a non-
-stirred system consisted of two semi-infinite aqueous phases divided
by & plane IM could be described by a system of parabolic differen-~

tial equations:
D 2630 3;2 D, iG=9L,
" at zax vdxt  Jt
Let's suppose that the reactions of transported complex formation
and destruction at the LM boundaries are both instantaneous. The ini-

tial and boundary conditions are formulated as follows

)

C« = C«o’ Ez= 0, Cs = at ‘SC
aC ﬂﬁ. .a.CZ 22
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It's possible to resolute (1) with regard for (2) anslitically by
means of Laplas operation technique. The expressions obtained for
the solute quantity transferred across the LM boundaries look rather

complicated
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Still they are useful for computer calculations.

In some particular cases wich are generally realized under experi-
mental conditions eqns.(3) could be simplified. At o{,&1 and «,<<1
the second one comes in the form

2qr2
_oliCwD2 } _ g«CQS 2di Cod 2 1) ex (_ D0’ ‘ )
M23 - S -t 6 Jg[,._ ',?1 nz P 5 62 i (4)
After the expiry of some transition time ‘{:£= 3’65; it becomes a
linear function with the slope {9d= (D2 | 1pis remote part of
the kinetic curve corresponds to the quast=stationary regime.

Ifo(,»1 and dz»1 the transport rate is limited by the solute
diffusion in the source phase. The relative kinetic function

M = 2CwoV Ds \/'gir (5)
could be linearized in coordinates M(\/ﬂ .
For the LM process simulations in cases of source and receiving

phases stirring a formal mass transfer equation

}(%+ﬁﬁz+dj§3)=(ﬂw (6)

has been applied.

Experimental. TBP or TAA were used as H]\IO3 carriers. Permeation
measurements in three-phase systems with solid supported or bulk IM
were carried out in conductometric diffusion cells with stirring
and without one. For the stirred cell with solid supported IM par-
tial mass transfer coefficientsﬁ, =ﬁ3= 0.04 cm/s had been deter-
mined previously according to the method described in [1] « A IM
matrix was selected among Nucleapore, PALL or ASYPC(R membranes.
Experiments on HNO, regeneration from waste water were carried out
in the pertractor with the bulk LM,

Results and discussion. The distribution coefficients of HNO3

between its aqueous solutions and TBP in n-decane were first deter-
TBP HND3

mined:of; = 0,07 - 08 at (' = 0.4 - 2.0 M, (;g= 0.01 = 0.2 M. For
the unstirred system I-[.'!\IO3 transport is satisfactory simulated by
eqn. (4). Transition time being very short (€0.03 s.), kinetic curve
looks as a straight line coming practically from the zero point.
Diffusion in the IM is the rate-limiting step. Permeation proceeds in
the quasi-stationary regime. These conclusions are the more valid
for the stirred ayerl:em,,l*ll\lo3 flux being insensitive to the mixing
intensity.

Diffusion coefficients determination by the slope Osz;(t) -
-function results in the similar values Dz'm'=(1-3—1.7)'10- cm’/s
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for all matrixesmtmested with d)O.ZJl o« If d< 0.2}4 diffusion appears
to be hindered,])z -’values being significantly reduced. Some increase
in these values at low TBP concentration in membrane phase is pro-
bably due to the wearening of the moving particles interaction with
each other as well as their interaction with the matrix walls. It's
worthwile to point out thatn‘ -values calculated by means of
Wilkie-Cheng correlation method are few times overestimated.

For the transport systems with TAA as a carrier and alkaline re-
ceiving solution06$>1 and cQ) 1, HNO3 diffusion in the source phase
limiting the overall permeation rate. The process rate was found to
be independent on the matrix porosity due to the continuous organic
liquid film formation on the solid supported membrane surface. It
was also shown that under the definite conditions the spontaneous
interfacial convection could be developped in a LM system with TAA.

As far as HNO3 regeneration from waste solutions by means of IM
technique is concerned the better results (extraction degree more
than 95%, concentration factor more than 5) were obtained for TAA
membranes as compared with TBP ones. An aqueous suspension of cal-
cium hydroxide was utilized as a receiving phase in this process.

Symbols

R and B - dimensionless parameters; C1 ’ Cth- solute concen-
tration in phases 1, 2, 3, respectively, g/cmB; [;o- initial
solute concentration in phase 1, g/cm3; Dy D,_,Ds- solute diffu-
sivity in phases 1, 2, 34 respectively, cm /s;d - matrix pores
diameter, s } - flux across membrane, g/cm2-5'1; L¥ - liquid
membrane;Fﬁ;, s - solute quantity transferred across membrane
boundaries, g/cm2; a - compound parameter, g/cm3; t - time, s;
X - distance coordinate, cm; du and O(z - distribution coefficients;
}L and jg - mass transfer coefficients in phases 1 and 3, respecti-

vely, cm/s; 6 - membrane thickness, cm;

Reference
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+ +
TRANSFER RATE AND SEPARATION OF s:-z and Cs BY I 6-20 I

SUPPORTED LIQUID MEMBRANES UTILIZING S1ZE-SELECTIVE

SYNERGISTIC CARRIERS

A. Ramadan® and P.R. Danesi®

International Atomic Energy Agency, IAEA's Laboratories, A-2444,
Seibersdorf, Austria

In the present work we describe for the first time a SLM containing
synergistic carriers, one of which is a crown-ether, suitable for
practical alkali metals and alkali earths separation from strong acid
aqueous solutions. The exemplary SLM reported here in detail separates
Sr2+ from Cs* from 0.2 M mlo3 solutions.

SLM Description and Results The membrane utilizes the two commercially

available compounds shown in Figure 1, dissolved in n-dodecane, as
carriers. One of the major novelties of this new SLM system is
represented by the possibility of using n-dodecane as diluent for the
carriers. Diluents of this type are necessary to ensure the proper
stability of the SLM ([1]. Chlorinated diluents, nitrobenzene and low
boiling point aromatic solvents cannot be used in practical SLM systems
as they chemically attack the support and have physico-chemical
properties leading to unstable liquid supported membranes. In addition,
this new SLM is particularly interesting since McDowell et al. (2] have
shown that the synergistic effect appears to be size-selective, i.e. in
many cases it is the greatest when the crown-ether cavity corresponds to
the diameter of the ion being extracted (transported). A new family of
practical SLM's, with a broad range of selectivities for alkali and
alkali earth metals which can be adjusted by the proper selection of the

crown-ether cavity size, is therefore available.

The design of a suitable SLM system requires high extractability into
the membrane phase of the cation to be separated at.the feed side of the
membrane. On the contrary much lower extractability must occur at the
strip side of the membrane to assure a sufficiently large concentration
5radienl; inside the membrane. Selected distribution ratios (D) of Cs’

+

and Sr between l-[llo3 solutions and n-dodecane solutions of the

carriers are shown in Table 1. The experimental distribution data

a Permanent address: Hot Laboratory Centre, Atomic Energy

Establishment, Cairo, 13759 Egypt

b Senior author, to whom correspondence should be addressed.
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Extraction of Sr

TABLE 1

2+ 2+

and Cs by HD,

from HNO, at 25°C

CE and their mixtures in n-dodecane

3
a)
Organic Phase: 3 x 1073 M CE, no HD
Aqueous Phase D (sr2+) D (Cs*)
-3 -4
HNO, 0.2 M 2.5 x 10 4 x 10
HNO, 6.0 M <1 x 1073 <107
b)
Organic Phase: 0.2 M HD, no CE
Aqueous Phase D (srz‘) D (CS*)
HNO, 0.2 M 17 1.8
-2 -2
HIO3 6.0 M 1.7 x 10 1.3 x 10
_c)
Organic Phase: 0.2 M HD, 3 x 103 M CE
Aqueous Phase D (Sr2+) D (Cs’)
3
I-IHO3 0.2 M 1.7 x 10 1.8
-2
HNO, 6.0 K 1.2 1.3 x 10

indicate that selective extraction of Sr
place from [HNO.,] = 0.2M when CE is present.

and HD on Srz

have shown that the extraction-stripping reactions can. be to a first

approximation and in a limited concentration range described by the

equations:

(a) Sc2* 4+ (HD)p + CE

(b) Cs* + (HD)g + CE

extraction is evident.

SRS
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The synergic effect of CE
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SUPPORTED LIQUID MEMPRANE CARRIERS

CoMr CyHyy  DIGDUYUNAPHIWALEPE
SULFONIC ACID
SOH HD
DICYCLOHEXYL
18 CROWN 6
ce
Ionic Diameter CE Cavity Diameter
se?t 2.26 R
2.6 - 3.2 %
cs* 3381k
Fig. 1
L]
FEED STRIP
(WNOyJ=02M| [HD]=02M |[HNO,]=6M
[CE=3.107M
n-dodecane
Sr2+ o5 4
on
cuo-w@uoo
cs* —
Fig. 2_

Scheme of Supported Liquid Membrane
(SLM) used in this work

-3 i

10 - 5 _3 10 15
tz10 (s)
Fig. 3

Semilogarithmic plot of the feed
conc. of Sr2* and Cs* vs time (s)
Ct = conc. at time t, Co = conc.
at time zero

The bar indicates organic (membrane) phase species. The SLM systems,
based on the chemistry described by equations (a) and (b), is
schematically shown in Figuré 2. Reaction 1 is responsible for the
extraction of the cations into the SLM at the feed-SLM interface.
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Reaction 2 for the stripping of the cations from the SLM at the SLM-strip

interface. The flux of Sr* jons from feed to strip is accompanied by a

counter flux of H+ ions from strip to feed. The results of a typical

transport experiment are shown in Figure 3 as semilogarithmic plotzs log
+

(Cilco) vs t (sec). ct and Co are the concentration of Sr or

Cs in the feed solution at time t and time zero. As the radiotracers
1370: and 855:‘ were used, the concentrations of SI:Z+ and Cs* at
the various times were measured radiometrically and simultaneously by a
multichannel analyzer. The equipment and measuring procedures were the
same as those described in references [3]). The support for the liquid
membrane (Celgard 2500%) was a flat-sheet 2.5 x 10> em thick
microporous polypropylene film with effective pore size of 0.04 microns
and 45% nominal porosity (c), manufactured by Celanese Plastic,
Charlotte, North Carolina, U.S.A.

The geometrical membrane area (A) was 1.80 t:m2 and the volume of feed
and strip solutions (V) was 4.0 cma. The transport data have been
analyzed according to the theories and models developed by Danesi (3],

using the equations:

A.c
(c) 1n (Cy/Cy) = P ———t,
v
D
(d) P = —m—————y
DA, + 4,

P is the cation permeability coefficient (cm/sec), D is the metal cation
distribution ratio at the feed side and A‘ and Ao are diffusional
parameters described in [3]). From equations (c) the following

permeability coefficients were calculated: P (Srz*) = 2.4 x 10_3

(cm/s8ec) and P (c-’) = 9.8 x 10-5 (cm/sec). The corresponding SLM
separation factor, P(Sr2+)IP(Cl+). is 25. The data indicate that in

a single contact 99% of the initial Srz* can be recovered, together with
15% of the initial cst. Better selectivities can be obtained by
adjusting the concentrations of CE, HD and Hlloa.

The exemplificative results shown here demonstrate the great potential

2+

of these SLM's for the recovery and separation of Sr and cs' from

l'lIIO3 solutions in system of analytical and industrial importance.
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ELIMINATION OF ZINC FROM A NICKELSULPHATE SOLUTION BY LIQUID
MEMBRANES

M.Verhaege , M.Ryckeboer , M.Vanhullebusch,
Laboratory of Non-Ferrous Metallurgy, University of Gent, Belgium

INTRODUCTION

Liquid ionexchange membranes have been proposed as an attractive new
technology for the elimination and recuperation of metals from dilute
solutions. Our attention was drawn on a problem concerning zinc removal
from a nickelsulphate solution.

The nickelsulphate solution contained 58 g/l of nickel as nickelsul-
phate with 600 ppm zinc as an impurity which had to be removed.
Precipitation of the zinc, or treatment by solid ionexchange lead to
unsatisfactory results. The use of liquid ionexchange to solve the
problem was considered.

In this paper the results obtained from laboratory experiments using
the liquid membrane technique are presented. Both solid supported- and

liquid emulsion membranes were tested.

SOLID SUPPORTED LIQUID MEMBRANES

It is known from the literature that zinc shows a good permeation beha-
viour in the system : zinc-di(2 ethylhexylphosphoric) acid - sulphuric
acid (1-2). These findings were confirmed by our experiments on this
permeation system (3). From these former results, obtained with a pure
zincsulphate solution, it was shown that with the support used (Accurel
tubing 1.2+41¢6 ; porosity 75 %) and a membrane composition of 30 vol Z
DEHPA in kerosene, complete removal of zinc was possible at a reasonable
flux. The same kind of experiments were performed with the nickelsul-

phate solution.

Experimental

The permeation system was constructed with the support mentioned earlier.
The microporousihollow support, impregnated with 30 vol Z of DEHPA in
Shellsol K, was:fitted into a glastube of 6 mm diameter and had a

length of 105 cm. The feed solution (500 ml: 620 ppm Zn ; 58,4 g/1 Ni)
was pumped in a recycling mode through the innerside of the tubing while
a 2 M sulphuric acid stripsolution (50 ml) was recirculated at the other
side of the membrane. The initial pH of the feed solution was 5,47.

For this run no pH adjustments were done. The plugflow velocity of the

feed solution in the tubing was 1 cm.sec-l.
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Results

The results are shown in

figure 1 [(Me) is in ppm] Log (He), aitt
During the experiment

the hydrogen ion con- 3.5
centration of feed
solution steadily
increased as mass-
transfer took place.
The pH dropped from
5,47 to 2,09 at the

20 60 100 140 180

end of the experiment.

The obtained dat .
el odratnecticatal Fig.1., log metalconcentration as a func-

were treated by re- on of time.Membrane: 30 vol,% DEHPA in
Shellsol K. Recycling mode without PH_,

SuEasion Englyeis snd adjustment. Lin.flow velocity: 1 cmes

from the slope of the

curve the initial

flux was calculated

and showed to be 136 ug.cm_z.hour_l. At the end of the experiment the

strip solution contained practically all of the 2zinc:6,2 g/1 (Final

zinc concentration in the feed was 3 ppm) but also 5,9 g/l of nickel,

which is 1 7Z of original amount of nickel in the feed solution.
Another run under constant pH conditions of the feedsolution was

started. A similar permeation module as for the first run was used.

300 ml of feed and 100 ml of 2 M stob stripsolution were circulated

through the system.

The feed solution was 4,9 log (Me), ;zo -

pumped with a plugflow

velocity of 3.4 o IsEaT >4

through the tubing

and the pH in the feed 3

vessel was kept at a 1.9 B 2

constant level A

(pH = 4). 0.9

The results are shown " " " L " " L)
510 20 30 40

in figure 2.

Fig.2._ log metalconcentration as a func-
tion of time.Membrane: 30 vol.% DEHPA in
Shellsol K. Recycling mode.1
Lin.flow velocity: 3.4 cmes

Constant pH:
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The zincflux calculated from these data showed to be 520 ug.cm-z.h‘l_

The final concentration of zinc in the feed was 5 ppm and the nickelcon-
tent was 56,9 g/1, which means that 1,9 Z of nickel was coéxtracted under

these conditions.

LIQUID EMULSION MEMBRANES

Liquid emulsion membranes for the treatment of diluted zinc solutions also

received considerable attention in the literature last years (4,5,6).

A first series of ex- ppa Za2¥
periments using this 14
type of liquid membrane

® 3 vol X SPAN 80 ; S vol X DEHPA
was done with a pure PR

10 s 3ol X SPAN 80 ; 10 vol I DEHPA
zincsolution contai-
ning 600 ppm zinc as

zincsulphate. Various

membrane compositions

were tested. Figure 3 2
shows the results ob- i ; 5 _t(ntn)
tained with SPAN 80 » ‘0 % s

4 di-2 ethylhexyl- Pig.3. Evolution of 2inc in the feed as a
an SEAeLY) unction of time. Diluent: Shellsol K.
phosphoric acid in Emulsion: strip/solvent =1/2. Emulsion/feed
Shellsol K. The emul- = 1/5.Initial zinc concentration: 600 ppm

sion contained 2 M

sulphuric acid in a ratio acqueous to organic phase of 1/2. The ratio of
emulsion to feed was 1/5. These results show that zinc can be almost com-
pletely eliminated from the feed using this tehnique : down to 2 ppm with
10 Z DEHPA and less than 4 ppm with 5 Z DEHPA. The same kind of experiments

were also done with the

2+

feed under considera- Lt

tion. Figure 4 shows “

the results obtained. ® 3 vol X SPAN 80 ; 5 vol  DEHPA
With the emulsion mem- ® 3 vol X SPAN 80 ; 3 vol X DEHPA

branes used, at the

phase ratios mentioned,

the final concentration

of zinc that could be

t(min)

10 20 30 40

obtained was 20 ppm UR— s b trabi 4
Pig.4. olution of zinc concentration in

with 5 vol iz 'DEHPA e feed as a function of time. Peed: 620

and 12 ppm with 3 vol % ppm Zn; 58 g/1 Ni. Emulsion: strip/sol-
vent = 1/2; Bmulsion/feed = 1/5
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DEHPA in the liquid membrane. This is considerably higher than the concen-
trations obtained with the pure zincsulphate solution. This is due to the
fact that coéxtraction of nickel takes place which leads to a faster and
more drastic drop in pH of the feed solution.

After electrostatic splitting of the loaded emulsion, the strip solution
was analysed for zinc and nickel. With the membrane containing 5 vol Z DEHPA
we found 5050 ppm zinc and 4795 ppm nickel. For the membrane with 3 vol Z
DEHPA, the concentration of zinc and nickel was respectively 4540 ppm and
2700 ppm. A considerable swelling of the emulsion was also noticed :

77 vol Z for the membrane with 5 vol Z DEHPA and 100 vol Z for the one
with 3 vol Z DEHPA.

CONCLUSIONS

It was shown that the elimination of zinc from a concentrated nickelsulphate
solution is possible using liquid membranes. With supported liquid membranes
almost complete removal of zinc is obtained.

Using emulsion membranes, batch experiments showed that the final concentra-
tion of zinc in the feed under consideration is higher than with supported
membranes and stagewise contact either in mixer-settlers or column extrac-
tors should be used for complete removal of zinc.

Further experiments should be carried out in order to look for higher

selectivity in both permeation systems.
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SUPPORTED LIQUID MEMBRANES FOR. COPPER EXTRACTION
Fan Zheng, Zhang Xiu-fen and Su Xiao-san,
Institute of Chemical Metallurgy, Academia Sinica,

Beijing, CAINA

INTRODUCTION

Solid supported liquid membrane is a new separation technique.Comparing with liquid
surfactant membrane, sopported liquid membrane aviods the problem with the stability
of emulsion, demulsion and flooding.Because extraction and strip can be carried out
simutaneously, there is no problem with loading.This technique is suited for very dilute
solutions and has very high enrichment factors.Therefore,it has become attractive in
the field of hydrometallurgy and waste water treatments[1-6].

The goal of the present work was to investigate the effects of liquid pH, flow rates

of solutions and concentrations of carrier in the membrane on the flux of copper by
using a flat sheet supported liquid membrane,and to propose a calcultional method for

copper permeation.

EXPERIMENTAL
The membrane solution used for copper permeation was N539-keroseme.

A flat sheet film (Selgard 2400, thickness is 25 um, porosity 0.38 and
OH NOH pore diameter 0.02um)was used as a
N530 RO~ -C supporter of membrame solutions.

Fig.1 shows the experimental device.Meabrane

extractor consisted of a rectangular tank
having 0.26ce in wide, 17cn in length, and

autonatite 4cm in high.There was a channel surroun-
titrator o N .
ding the membrane where it contained mem-

brane solution to stabilize the membrane

pump properties.

:%gfp 80 u%ion The membrane solutions were recycled
1

from the reservoils through the module
with two microtube pumps.After a knowa
time, solution concentrations in reservoils

were sampled (sample volume=0.05nl), copper

reservoir of concentrations were analyzed by colorinme-
feed solution i
ter.The volumetric flow rates were 0.0104

-08.025 m/s for feed solution,and 0.025-

_Pig 1. Liquid membrane circult 0.0375 m/s for strip solution.The pH of
feed solution were varied from 1.5 to 4.0,
and pH=1.0 for strip solution in the
experiments.pl were controled by auto-
matic titrators with soldium hydroxide and sulpburic acid.The concentrations of
carrier were varied from 0.1 to 0.35 in volume, The temperature of the experiments
was kept at 25C.
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RESULTS AND DISCUSION
The perseation flux of copper, N,can be caslcuistod fros the measurement of Cu con-

centrations vs time.Experimentally determined values for Cu flux varied from 0.01 t0
0.0281kmol/m s,depending on flows, pi of aqueous solutions and concentrations of
carrier.

1.Bffect of phH

Fig.2 shows the relationship between pH of feed solution and flux keeping ReE and
ReS constant.The flux of copper can be found to be elmost independent of pH when pH
>3.The Cu flux is propotional to pA when pH<3 for the feed solution.When pH of extrac
tion solution equals to that of strip solution,the perseation rate is certainlly zero.

3
o
REL
f Ree =479
}.S Res =129

1r b
x =0.2
X ¥

o] i s n i A

1 2 3 % 5

pHE
Fig 2.Permeate flux of Cu as a
function of pHg

2.Bffects .af ReR

The experimental results are shown in Fig.3.The increases of ReE drematically
reduced the Cu flux.

The extraction and stripping of complex CuR2 can be represented by a reversi-
ble reaction [7]

cux-r 2HR, e« CuR2, + aH"A- )

The chemical reactions occur in aqueous zones adjaceat to the interfaces, where the
subscript A and O denote the aqueous and organic pbases,respectively[8,9].Since the
increase of feed flow rate reduces the thickmess of boundary layer, the reaction space
decreases. It might be the reason that permeation rate is controled by chemical reac-

tion instead of diffusion resistance in the bouabary layer of extraction side.

‘W

NM(MOl/crr?s )
‘N

Res = 95.8
1t pHe= 3
| ¢ =02
o PN AR S VRN S S
p.o] ] &0 &0 00
Ree

Fig 3.Effect of Reg on flux of Cu
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3.Effect of ReS
The experimental results are shown in Fig.4.It is clear that the flux of copper in-
creases with imcreasing ReS.The process might be controled by diffusion of Cu in the

boundary layer of strip side.

4.Bffect of carrier concentrations

28} R =47.9
He: 3 It can be seen in Fig.5 that there are two regions:
¢ =02 u flux maintains constant whea® >25 X;Cu flux decrea-

se with @ increasing when ® >25 %.This might result
from the effect of viscosity of membrane solution.

NX10% Mol/cm2 5)
Y N
[«3 ~N

s}
80 100 120

Res DATA TREATMENT

P—luz;r;:;“ e The reaction zones located at the interfaces with
thicknesses of JEndd‘s,which denote extraction and
strip zones respectively.I'ertheuou,I’E and "S vary

3 X r i inversely as ReE and ReS, where

- P —— o de Ug Ps de Uy Py

0 R ) e = R P R - N

§ P ! il es Ps » el g

i Ree =47.9 Assuming that the diffusion of complex CuR2 in the

g ik Res = 86.2 | meabrane solution is a control process comparing with

e~ 3 other components,and it can be represented by follow-
) . ing equation:

0 K] 2X 3 4 N= kt([CuRz)Ei—(CuRZJSi). (2)
Pig 5. Effect of ¢ of flux of Cu Tanakashi[6] proposed the equations for extraction
and stripping reaction rate of Cu with LIX6SN:

-8 ++
rg=6.9x10"°(cu™)g; ((RH) g3/ (H ) g;), @
)

r== -5x10”B(CuR2J81[H+JSi.
Considering thul[Cu'?Eils independent of Cu flux according to the experiments, we

use [CulZ}minstud of [Cu ), .Therefore,above equations can be modified as follows:
% 2 b +5C
rg = kE[RHJgi/((cuREJEi[H JEi)’ ()
a +4€
I‘saks[cuﬁsti(H Jsi. (6)

The basis equation for the flux of cupper permeation can be obtained from equation
(5),(6) and (2),assuming the partition coefficients of CuR2 in two interface are con-

stant:
ot
L (€]
N 1+8 »
where

o = (RH)®/ReEP(H*)S , A =Resi/(u*)e, ®)
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Because ReS>>1, and [Il"']sdid not change in our experi-

ments, the equation can be written by using pH instead

of [H‘*]B-e obtained

)
%2t
d B
’el (rH)G (PH) g (9) 3 |
Nef[f— = K—m——————=—. 3;
O, °
A RGB R eg 8 o\ %
3
The experimental data can be treated based on above < [ g 1
equation. A
After regration,a sime-emperical equation was ob- X y . ) ]
tained: 3 2 3
Nexp X 10Mol /e s )
le e 3°Reg c194 _Pig 6.comparison of experimental
N=3.66 = : PH< 3 and calcultated results
. =
3! 729 90022 a0
- R g-az'r
=14.7 = . pH> 3
Q.72 022
1:‘e..‘!: ‘Pu o

The comparison between experimental and calculated results is shown in Fig.6.

CONCLUSION

The flux of cupper is strongly effected by feed flow rate for the solid supported
liquid membrane with N530. It can be explained that the reaction takes place in the

space near the membrane surface.Therefore, the velocity effect on Cu flux has to be

taken into account.The sime-emperical equation proposed under the condictions may

be used to predict cupper flux for solid supported liquid membrane.

NOTATION

a,b,c,d, e,k — constant, & — thickness [a],

de — hydreulic diameter [an]. # ~ viscosity [Ns/m ].

F — surface [m2]. P _ density [kg/m?].

kt — mass transfer coefficient of CuR2 [m/s) P - concentration of carrier
k — constant of reaction rate, Subseript

N — flux of cupper [kaol/mes], E ~ extraction.

r _ rate of reaction [kmol/us]. S - strip.

Re — Reynold number. i — interface,

u _ velocity [m/s].
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NONFERROUS METAL EXTRACTION BY CARBOXYLIC ACIDS l 6-23 i
IN APPARATUSES WITH ION-EXCHANGE MEMBRANES

A,A,Zharmenov, M.Zh.Zhurinov, S.E.Dusembaeva, Ph. B.Alzhanov,
Chemical-Metallurgical Institute, Kazakh SSR Academy of Sciences,

Karaganda, USSR
Extraction separation of heavy nonferrous metals was studied in

detail by means of carboxylic acids from both theoretical and practic-
al points of view. At Chemical-metallurgical Institute of Kazakh Aca-
demy of Sciences there was developed an extraction technology to uti-
ligze valuable components from spent copper electrorefining solutions
with naphthenic acid solution in kerosene /1/. It has been succesaful-
ly tested on Balkhush mining-metallurgical plant. The technology has
not been yet introduced because metal extraction by means of carboxy-
lic acids is accompanied with salt formation in the raffinates by the
reaction

MeSO, (wat.) + 2 HR (org.) + 2 NaOH (wat.,) —>

MeR,(org.) + Ne,50, (wat.) + Hy0

utilization of which is a complex task.

Later on this technology was elaborated: electrodialysis method has
been used for alkali and acid regeneration frog raffinates. Combina-~
tion of two- and three-chambered electrodialyses resulted in sufficient
energy consumption decrease (1000-1400 kwhr / t NaOH) with high salt
decompesition (90-95%) /2/. The investigation in twenty two-chambered
electrodialysis apparatus shewed that working with raffinates energy
consumption is 7-10 % higher due to the presence of dissolved naphthe-
nic acid in comparison with synthetic sodium sulphate solutions.

Recently the processes with ion-exchange membranes, namely, the
method of extraction in membrane apparatuses, have been widely deve-
loped. The authors have studied 1liquid extraction of copper, nickel
and sinc with decane and mbenszine solutions of capreic and naphthenic
acids in electrochemical system with ien-exchange membranes (Fig.1).

HR MeSO
- . . +

H — 1_0__ Fig.1. Blectrochemical 1liquid
-

extraction scheme




The Figure shows that contrary to a simple extraction metal recovery
into extract is carried out without any neutralizing agents. Suffi-
ciently high electrical conductivity of water-organic suspension is
ensured by 0:W (3-5):1 system voltage being 10-40 v. Cell voltage
depends also on current density varied in the range of 100-200 A/m2
and on extraction chamber thickness. Electric power consumption
amounts to 2000-6000 kwhr/t of extracted metal with its current effi-
ciency 85-98 and 90-99% extraction rate.

This method was tested for copper and nickel separation out of the
precipitates of sulphate-ammonium technology of electrolyte refining
from nickel. The precipitate was dissolved in water with solid-liquid=
1:3 ratio and ions of copper and nickel were separately extracted from
the solution in electrochemical membrane cell by 1 M solution of naph-
thenic acids. After the extraction the remained in the solution ammo-
nium sulphate can be recycled for nickel deposition from the electro-
lyte (Pig.2). High-grade copper and nickel vitriols are produced out of
the reextracts.

copper electrolyte (NH )2504

(from refining \\\,,///,

cycle ickel precipi-
t

filtrate- a puri-
H,0

fied electro- Ni(Cu)(NB4)2(SO4)
lyte( in electro- pr‘cipitato
refining cycle) lsolubili:ation

HR solution nfE

electromembrane 2
extraction Cu&Ni®*

u //
H,S0, °i Ry Nimmm‘)z 0,

N\
extraction Teextrection] (o01.)

Cu2+ Ni2+
l!lr (-lo1. )cuso4 l (-il. )Niso4
HR

J

Pig.2. Principal technological cop-
per and nickel extraction scheme
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MASS TRANS®ER OF CHROMIUM THROUGH A LIQUID MEMBRANE 6-24

S.¥eiss (1) and A.Castaneda Zepeta (2) Mexico (1) "Carl Schorlem-
mer" Technical University of Leuna-Merseburg, GDR

The liquid membrane process (IMP) with a surfactant and a carrier
is a promising process for separating metal cations of low concentra-
tions from aqueous solutions. The present contribution contains in-
vestigations for the separation of chromium from aqueous solutions,
which is of great importance in the electroplating industry.

Experimental

The following system of materials was chosen:
External phase III volume V3, aqueous solution of 0103.
Membrane phase II volume V5, n-decane with soluted tri-n-octylamine
(TOA) as carrier and Rofetan OM (an ester mixture of unsaturated na-
tural fatty acids with a chain length of Cig to 022) as surfactant.
Internal phase I volume V1, aqueous solution of NaOH,

Analysis of chromium was carried out by titration with a 10% aque-
ous solution of potassium iodide. Generation of emulsion: V1 and Vs
were stirred by a double-bladed propeller stirrer (diameter 20 mm) in
a conical device of 0.2 1 volume, Contactor for mass transfer: V1 +
V2 + V3 were stirred by a glass stirrer (diameter 55 mm) in a cylind-
rical device of 0.75 1 volume. Temperature 22% 1 2.

Test programme with the parameters investigated

Parameter investigated Range Value*
pH value of the external phase 1:5¢6003.5 1.8
initial concentration c, of Cr®* in Vy,kg/af0.1...0.8 0.4
carrier concentration in the membrane
phase vol% 1176056 3.0
surfactant concentration in the membrane
phase vol% Oedesc1.9 1.5
concentration of NaOH in the internal phase [0.1...1.0 0.15N
volume ratio V3 H V1 564450 10
volume ratio V1 2V, 0.2...1.0 1
generation of emulsion:contact time, s 60...1800 60

rotations, 8~! 33...60 33

rotations in the contactor with mass
transfer, s-1 1.5...6.0 3.3
¥ If the parameter in question is not investigated.

The mass transfer in the contactor involves the following reac-
tions 1 : "
+ 2= + -
2(Cglyq) 58 + 2H" + Cr, 07 wa [(Cgliyq) 8H" 7, Cr, 07
Interface III-II from left to right side and interface II-I opposite.
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It 18 a cocurrent transport (metal ions and H* ions from the external
phase into the internal phase).

The samples were taken from the contactor after 1, 3, 5, 10, 20 and
30 minutes. The results were represented in diagrams for times up to
10 minutes, since contact times of more than 10 minutes only resulted
in minor changes.

Results

The system of materials being selected, essential factors affecting
the mass transfer in the external phase, membrane phase, internal pha-
se, and the effect of the volume ratios will be discussed.

External phase

At high concentrations of H ions (pH<3), few dichromate ions are
present, and the reaction with TOA can take place £27. pH values of
1.5 to 2.2 are recommendable, cf. Pig.1. At high initial concentrati-
ons of Cr, mass transfer decreases with increasing time of contact,
since the driving force is reduced by the reagent consumed, cf. Pig.
2. As regards the technological design, a countercurrent column is
recommended. Plotting 1ln c/c, = £(t) for small contact times up to 5

minutes gives straight lines of different slopes. This is in corres-
pondence with the results obtained by other authors, cf. [3J and [47.

Fig.1. Influence of pH value, other parameters see Table

Fig.2. Influence of initial concentration ey of Cr6+, other

parameters see Table

Membrane phase

The selection of the carrier and the surfactant has a great influ-
ence on mass transfer and macro drop stability in the contactor. When
the carrier and the surfactant have been defined, the concentrations
are of importance. Increased carrier concentration promotes mass trans-
fer, since a greater amount of ions react at the interface, cf.Fig.3.
At carrier concentrations greater than 4 vol%, the stability of the
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Fig.3. Influence of carrier concentration, other parameters see Table

Fig.4. Influence of surfactant concentration, other parameters see
Table,

emulsion is greatly disturbed. A greater surfactant concentration in-
creases the macro drop stability, which promotes mass transfer, cf.
Fig.4.

Internal phase

NaOH and N32003 were tested as reagents for the internal phase.
Best reBults were obtained with NaOH, The effect of the NaOH concen-
tration is represented in Fig.5.

1.0 o 0.1 N NaOH
c/co v 0~4 N
X x1.0N
\x\x___-—-—‘x
*~\~ Fig.5. Influence of concentration
V of NaOH in the internal phase,
°\0\_o other parameters see Table
t 5 10 min

Volume ratios

The ratio V3 : V1 is the decisive factor which determines the pos-
sible enrichment of the transferred metal in the internal phase. In-
creasing ratios V3:V1 and V3 : V, have a negative effect on mass
transfer, cf, Pig.6. In many cases, a constant ratio V3 2V, of about
10 is favourable for an increasing ratio V3 : V1.

Breakdown of macro drops

The choice of the system of materials is the factor which has the
greatest influence on the breakdown rate. In systems of materials
showing a tendency towards macro drop breakdown, an increasing volume
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PiE.G. Influence of volume ratio V3 : V1, other parameters see
Table,

a: Vo: V, =1
2 1 0/, 1 .
b: Vy: Vp = 10 vol-% Vs Vz'zo .
al 4/4—”————

2 T //15'
Pig.7. Breakdown rate Z at 2 A x//v 10 o
—_— e
Vo : V4 = 1 vs. contact time - v"/’°

O

t, external phase 0.2 N NaOH, . 4 revol.pers
internal phase water distilled 7.7  FR ZE RE e G

; ) ;Omin

ratio V3 : V2 and increasing mechanical load through the mechanical
energy applied lead to an increased breakdown rate, results for the
investigated system see Fig.7.

Modelling
The following conditions were established for modelling:

1. Reactions at the interface proceed rapidly, hence no resistance
exists: This has been confirmed by kinetic investigations with the
help of radioactive tracers.

2. The liquid membrane is considered as a plane layer.

3. Diffusion in the membrane phase is the decisive resistance.

The efficiency G of metal in the absence of macro drop breakdown is
represented by
DAc 2

G=1-%=1-e-stwiths=1v—32— (1)
o

Including the breakdown of macro drops, the mass flow of the metal
dM/dt is composed of two expressions:

WPy - Wy (2)
ot dat at
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The model based on equns. (1) and (2) is represented in detail in
[5]. The model contains an adaption parameter s, see equn. (1), and
two adaption parameters for different initial concentrations of Cr.
Good agreement between experimental and calculated values was achie-
ved.

Conclusions

1. Nass transfer of chromium with TOA as carrier and Rofetan OM as
surfactant is favourable under the conditions shown in Table in
the last column., The separation of chromium after 5 minutes time
of contact is more than 95% at initial concentrations up to 0.5
kg Cr per m3.

2. LMP involves mass transfer in the contactor and separation of the
emulsion as important process stages. The separation of the emul-
sion is strongly affected by the nature and the concentration of
the surfactant. This enables the conditions to be varied to a
certain degree, in agreement with point 1.

The authors thank Prof. Miihl for helping to select the systems of
materials,
Symbols used

A (o) -~interfacial area.

c (kg/mB)-Cr+6 concentrations of the external phase at the contact
time t.

c (kg/m3) cr*® concentration at the interface.

co (kg/m3) initial concentration of Cr* +6 of the external phase,

D (m2/s)diffusion coefficient.

I (m ) - width of the diffusion layer.

M (kg) - mass transfer of Cr+§

t (min) — contact time.

Z  (vol%) —breakdown rate.

Indices

b - breakdown.

mt — mass transfer.
1 — internal phase.
2 — membrane phase.
3 — external phase.
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FACILITATED TRANSPORT OF Aqg(I) TRROUGH SUPPORTED LIQUID L 6-25
MEMBRANES CONTAINING CYANEX 471 AND DEMPA MIXTURES

Maria Mufioz and Manuel Valiente (*)
Dpt. de Quimica. Quimica Analitica - U,A,B.
08193 BELLATERRA (Barcelona), Spain

Henry freiser
Dpt, of Chemistry. The University of Arizona
TUCSON, Arizona 85721, U.S.A.

Organic cumene solutions containing mixtures of Cyanex 471 (up to
4% w/v) and di-2-ethylhexyl-phosphoric Acid, DERPA, (up to 4t
v/v) supported in flat porous films (teflon) have been employed
as liquid membranes to pump silver {ons against thelir
concentration gradient between two agueous solutions of different

composition.

Using batch experiments, the membrane system (extraction and
stripping process) was studied under a variety of chemical
conditions including strong silver complexing agents (i.e, EDTA,
thiosulfate, thiocyanate and ammonia), which, in all cases, strip
the metal from the organic silver-loaded solutions,

In spite of these results only NH3 aqueous solutions (0.25 M)
were able to properly function as stripping solution when the
liquid supported membrane was placed to work in the separation

experiments.

Potentiometric measurements were used to monitor the silver mass
transfer process, More of 90% of the silver was separated in less

than two hours,
The results of these experiments also includes the effect of

reacting species concentration as well as the hydrodynamic
conditions employed., The influence of the diffusion process in
the mass transfer rate is also discussed,
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THE USE OF A CATALYZED EXTRACTION REACTION IN THE SEPARATION
OF PALLADIUM (II) BY SUPPORTED LIQUID MEMBRANES CONTAINING

CYANEX 471

Nela Hidalgo and Amalia Masana,
Dpt. de Quimica. Col.legi Universitari de Girona - U,A.R,.-
17071 GIRONA, Spain

Manuel Valiente (*)y
Dpt. de Quimica., Quimica Analitica.- U.A.B,
08193 BELLATERA (Barcelona), Spain

Henry Freiser and Sargon J, Al-Baziy
Dpt. of Chemistry. The University of Arizona
TUCSON, Arizona 85721, OU.S.A.

Mass transfer of palladium through ligquid supported membranes 1is
accompl ished by using Cyanex 471 (tri-ieobutyl-thiophosphine)
disolved in cumene as carrier, The use of a catalyzed extraction
reaction based on the ligand trans-effect (1) has overcome
previous reported lack of succes in applying Cyanex 471 to the
extraction of Palladium (II) by supported 1liquid membranes (2),
The study {includes the choice of appropiate conditions to both
aqueous and stripping solutions. Feed solutions containing
PA(1I) 10E-5 to 10E-4 M, SCN- 10E-4 to S.10E-5 M and pH=2.5 were
employed against stripping solutions of general composition: 0.01
to 0.1 M B8CN- and pH=2.5. In both solutions chloride
concentration was kept constant at 1.0 M through all the
experiments. The membrane consisted of Cyanex 471 {n cumene
solutions up to 10E-3 M supported in a flat porous teflon
membrane (Millipore).

The effect of chemical parameters (i.e. concentration of the
reacting species) as well as hydrodynamic conditions ({i.e.
stirring speed) in the mass transfer raté are discussed,
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STUDY OF THE MASS TRANSFER PROCESS ON THE SEPARATION OF 6-27
Ti(IV) BY A SSIM USING TRIBUTYLPHOSPHATE (TBP) IN CUMENE
AS A CARRIER

M.Valiente, M.Munoz and A.Fernfndez, Quimica Analitica Universitat
Autonoma de Barcelona 08193 Bellaterra (Barcelona), Spain

A solid surported liquid membrane process has been employed on the
separation of Ti(IV) from high concentrate chloride solutions. This
process is based on the Titanium extraction by TBP dissolved in cumene.
For this purpose, a Millipore flat membrane (GVHP09050) of 125 m
thickness and 75% porosity has been used. The feed solutions consis-
ted on mixtures LiC1l-HC1 up to 10M total chloride concentrations con-
taining up to 140 ppm of Ti(IV) while the stripping solutions were
charged with Mg(NOB)z. The carrier, consisting on TBP-Cumene organic
rolutions (TPB ranging from 40 to 80% v/v and 4% dodecanol as modifier),
was8 placed in the lyophilic membrane support.

Under this conditions the study has been undertaken in order to
characterize the mass transfer process of Titanium. The influence of
cnemical and hydrodynamic parameters on the Titanium mass transfer
tate has been determined. In this sense, the Titanium concentration,
the hydrochloric acid concentration, the TBP membrane content, the

nterfacial contact area and the rpm of the impelers have been varied
n order to determine their contribution. The results, expressed in
terms of Titanium permeability, point out that the determining step
on the mass transfer is due to the diffussion process at both aqueous
and organic films.
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LANTHANIDE EXTRACTION BY LIQUID EMULSION MEMBRANE BASED ON[E___]
Di-(2-ETHYLHEXYL)PHOSPHORIC ACID et

M.R.El-Sourougy, S.M.Khalifa, E.E.Zaki, H.F.Aly,
Hot Laboratory Centre, Atomic Energy Establishment, P.O. 13759,
Cairo, Egypt

Since the introduction of liquid emulsion membrane by Li[l] ’
the technical applicability of this Liquid-Membrane-Permeation
(IMP) process and its economic superiority to solvent extraction
was found feasible for several pilot plants for recovery of ura-
nium [2] , copper [[3] , mercury [u] and zinc [[5] from liquid
streams. IMP is commonly regarded as a rate process, which is
controlled only by the residence time in the mass transfer
apparatus contrary to solvent extraction which is equilibrium
limited process. In conventional solvent extraction, the pro-
cesses of extraction and stripping are separated, whereby in
IMP these two steps are combined to one single step. This is
achieved by producing a water-in-oil emmlsion.

While the main work reported on the use of liquid surfac-
tant membrane is directed on the separation and preconcentra-
tion of uranium, copper, mercury, zinc, chromium and cobalt
(1-7] , few papers [B-10] were published on the extraction of
the lanthanides by this techmique. In this respect, Jiang et
al [8] and Zhu et al |_9] carried out limited investigations on
the extraction of Eu(III) and La(III) from HCl media using IMP
containing HDEHP. Teramoto et al.[10] , studied the extraction
of selected lanthanides from hydrochloric acid medium using the
mono-(2-ethylhexyl) ester (PC-88A) as a carrier. The present
investigations cover the extraction of several lanthanides from
nitric acid medium using HDEHP as active carrier. The diffe-
rent parameters affecting the transport of these elements were
studied and discussed.

Experimental

Di-(2-ethylhexyl) phosphoric acid (HDEHP) was obtained as a
practical reagent from Fluka AG, Switzeriand. Tween-£5, a non
ionic surfactant, was supplied from Shell Company, Egypt.
Cyclohexane was El-Nasr Chemical Company product, Egypt. All
other chemicals and reagents were A.R. grade and obtain2d from -
Merck.

The emulsion was prepared by mixing 25 cm3 of O.1M HDEHP in
cyclohexane with 1 cm5 of Tween-85. To this solution, 25 cm3
of the stripping aqueous nitric acid solution was added follo-
wed by vigorous mixing using stirring at a rate of 5000-7000
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rpm for 20 min. provided with a special desigmned bladed impel-
ler.

The extraction experiments were carried out in a thermosta-
ted glass vessel and the mixing was achieved by magnetic stir-
rer at 150 rpm. The concentration of the different lanthanides
was determined complexmetry by EDTA and Eriochrome black-T as
indicator or radiometrically using the respective radioactive
tracers.

Results and Discussion

Liquid membrane permeation process using the liquid cation
exchanger HDEHP can generally proceed through the following
steps; 1i- diffusion of the metal and counter ions through the
stagnant film of the external aqueous phase, ii- complex for-
mation between the metal cation and the liquid cation exchanger
at the external surface of the W/O emulsion drop; iii- diffu-
sion of the complex and chelating agent in the peripheral oil
layer of the W/O emulsion drop, iv— diffusion of the complex
and the chelating agent through the interstitisl oil membrane
phase and v— stripping ot the metal at the interface between
the o0il membrane phase and the internal aqueous phase droplet
containing the stripping solution.

Based on this basic concept of the process, the different
factors affecting ths transport of lanthanum was investigated
to understand the transport process. Unless otherwise stated,
the concentration of the lanthanide ions in the outer phase was
,0'8 gm metal per litre of O.1M HN05 solution, the aqueous phase:
emulsion phase volume ratio was 20:1 , the stripping solution
in the aqueous phase was 1M HNO5 and the working temperature
was 30+1°C.

Effect of Aqueous : Emulsion Phases Ratio

The effect of aqueous to emulsion phase ratio on the extrac-

tion of lanthanum is given in Fig. 1. In this respect, after
5 min, the extraction percent (% E) decreased by increasing the
aqueous phase volume. After 1 Omin, the % E for 5:1 aq. 3

mul. decreased, whereby the sequence for the uptake remained
he same. The decrease in % E with increasing the aqueous
vhase volume is in agreement with basic principles of solvent
extraction. The decrease observed for the 5:1 ratio suggests
that with high residence periods for small aqueous volume the
emulsion could disturb the chewical compositions of the aqueous
phase with subsequent decrease in the % E of lanthanum.
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Fig. 1. Fig. 2

Effect of Inner Phase Concentration

The effect of nitric acid concentration on the emulsion phase
was studied and the obtained results are represented in Fig. 2.
It is clear that by increasing nitric acid concentration into
the emulsion phase as stripper, the % E increases up to 1.0M
HNO5 followed by slight decrease when HNO5 molarities reach 1.5

M.

Such decrease, again, can be related to the diffusion of the

acid to the aqueous solution with subsequent decrease in the ex-
tractive power of the pepbrane, HUEHP, active layer.

Effect of Outer Phase Aéid Concentration

Vecreasing the nitric acid molarity in the aqueous phase in-
creased the % E of lLanthanum within the first 5 mir of the ex-

traction; Fig. 3.
reversed.

After 15-20 min, the extraction sequence was
This can be explained in terms of the diffusion of

the stripping aqueous solution in the emulsion to the outer

aqueous phase.
tused to the outer phase.

Subsequently, the metal ions will be back dif-

100 = out: Int

—-o—o- 001: 1.0.
8o 2 -—0- 0.05:1.0

%E 60 i -0~ 0.1: 1.0
40 i
2

20 -

y i A 1

5 10 M5 20

Time, min Fig. 3
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Effect of Metal Ion Concentration

Increasing the metal ion concentration decreased the % E;
Fig. 4. At high concentration, 0.8-1.0 g La/L, however, the
% E slightly changed.

100 p= Metal Ion con.,

-0—o- 0.5 g/1
-0 0.8 g/1
%E g0 F == 1.0 g/1

80 o

20 -
p L L 'l
5 10 157 20
Time, min Fig. &4

Effect of Temperature

By decreasing Temperature, the lanthanum extraction percent
increased; Fig. 5. This is in parallel to the solvent extrac-
tion of lanthanides by HDEHP where the extraction increases by
increasing temperature [C117.

Transport of Different Lanthanides

The transport of the lanthanides : La, Sm, Gd and Er and
their analouge : Sc and Y were investigated; Fig. 6. The % E
of the different metals took the sequence : Sc > Er > Sm D> Gd
Y La ) Y. This sequence was changed to Sc > Sm} Er > Gd ) ILa
> Y at a reaction period of 20 min. This shows the kinetic
contribution in the sequence of extraction.

100 ’- Temp. C° 100 [

——O— 5.0 ‘L—"I—'-f-_-‘- Sc
80 ¢ 8o |- Sm
- 15.0 a2 i
%E 60 [ —b=dm 30.0 % 60 | / =
a2 —o——0— /
40 f~ / 40 § la
/—o /Q v
20 B 20 P
1 i 1 ] L L I 1
5 10 15 20 5 10 15 20
Time, min Time, min
F‘-Ei Fig. 6
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Conclusion

The aforementioned investigations show that from nitric
acid solution, different lanthamides can be extracted by liquid
emulsion membrane using HDEHP as a carrier. The extraction is
varied by different variablcs affecting the extraction and
stripping as will as the rate of the transport process. Model-
ling of the permeation process is required taking into account

the leakage of the metal ions to the agueous feed phase, espe-
cially when the time of transport is relatively high.
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A STUDY ON THE RECOVERY OF URANIUM IN PHOSPHORIC ACID BY LIQUID
SURFACTANT MFMBRANE

JAE-HYUNG YOO, KWANG-WOOK KIM, AND HYUN-S0O PARK

KOREA ADVANCED ENERGY RESEARCH INSTITUTE
CHUNG-NAM, DAEDUK DANJI, P.0.BOX 7, South Korea

1. Introduction

Since it was known that the wet-process phosphoric acid is containing a con-
siderable amount of uranium originated from the phosphate ore, a few studies
have been performed for the recovery of uranium from the phosphoric acid solu-
tion. (3)

In this work, the separation of uranium from the synthetic solution of pho-
sphoric acid containing a certain amount of uranium by the surfactant liquid
membraane process was carried out, and a model of mass transfer of uranium was
made based on the extraction-stripping system. In most of the existing models,
the rate-controlling step was considered to be complex formation and/or diffu-
sion across the membrane, and decomplexation of stripping was assumed to be
instantaneous. However, it was found that stripping is also a rate-controlling
step in the recovery of uranium from the phosphoric acid. (4) The results that
mass transfer rate is increased with the temperature imply the above phenomenon
because the complexation of uranium by DEHPA-TOPO used in this system as a carr-
ier 18 favored by low temperature, whereas stripping is favored by high tempera-
ture.

In the model presented here, therefore, both the diffusion of uranyl complex

and stripping were considered as the simultaneous rate-controlling steps.

2. Uranium Transfer Mechanism

The uranium recovering mechanism by liquid surfactant membrane process is
based on the reaction in both membrane and internal phases. Uranium can be
effectively extracted with the synergistic combined extractant of di (2-ethyl
hexyl) phosphoric acid (DEHPA) plus tri-octyl phosphoric oxide (TOPO) by forming
a membrane-soluble complex as follows:

2+

vo,

+ 2(X), + R2T0X,(HOR + 2ut, )
where HX = DEHPA, R = TOPO.

The uranyl complex permeates through the membrane to the internal phase boundary,
where it is stripped by reduction with ferrous iron contained in the internal

phosphoric acid as follows:
3+

2 e 4 art =o't 4 2redt + a0, (2)

o, 2

The introduction of fluorides into the internal solution was found to incr-

ease both the extent and the rate of uranium (VI) reduction by iron (I). (1,2)
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3. Experimental

Before extraction W/O (water in o0il) emulsions were prepared by adding an
appropriate amount of internal solution drop by drop to the mimeral oil (SN-100)
containing the complexing agent (DEHPA-TOPO) and surfactant (SPAN 80) with
vigorous stirring.

The emulsion was added in the external solution without uranium under the
agitation of 200-300 rpm and then concentrated uranium solution was poured ins-
tantaneously. In the W/O/W system, the reduced uranium can be leaked out from
the internal phase to the external phase by the breakage of emulsion. Hence,
2g/1 of NaClO3

uranium (IV) to uranium (VI) which is an extractable form by the extractant.

was added in the external solution in order to oxidize the

The sizes of the emulsion drops were measured by a photographic method, and
the concentrations of uranium and leaked iron in the external phase were analy-
zed by means of the inductively coupled plasma-optical emission spectroscopy
(Plasmascan Model 710),

The change of iron concentration with time was used for determining the brea-

kage rate of the emulsion.

4. Development of Model

4.1 Effective mass transfer coefficient

In the stripping process, the mass flux of uranium into the internal phase
can be expressed by
k E Cy

J =m0 = RaGy, 3)

where k is the mass transfer coefficient when the reducing agent is absent in
the internal phase whereas E is the enhancement factor in the presence of chem-
ical reaction, and q is the distribution coefficient (org/aq) of uranium at the
interface 2. The parameter kE/q(=Ka) in the above equation (3) is defined by

the effective mass transfer coefficient.

4.2 Mathematical description

The uranium concentration in the external phase can be described as the

following equationt

aC,

‘Ve% _— {4!112 ®, f)r-R} - nf {%11{3 ®51l (4)

Ce = Cgo (t = 0)

the second term of the right-hand side in equation (4) indicates the leaking
out rate of the internal uranium by the emulsion breakage.
Since n and E} are expressed as follows i

3V, 3
d - g R 2
n = "'—‘3, Ci = 3 focir dr »

4RR R
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Equation (4) can be rewritten by

Ve dC 3D 3C 30
e e

= - R e = R g )
vg dt R r R Jo

On the other hand, the concentration of uranyl complex within an emulsion drop

can be described as follows :

ac, 1o ? o acm) Ka . -
P P T e
at 2 or r -6 °

Cy(o,r)=0 (t=o0), Cy(t,R)=mC, (r=R), ;;E =0 (r=o)«

The uranium accumulation rate in the internal phase has the stoichiometric
relationship with the consumption rate of the reducing agent, that is,

dcy 1 dcp Ka

e oo & (¢ M

dt b dt [

If the equation (7) is substituted in equation (5), the following equation can

be derived
dC, Vy rDp  3C, KaZ T

et g (—)[— —) g - 'TfR] c, dt }rZ dr]. (8)
dt Ve R or K= 0 Q

Ce = Cgp (t =0)

5. Computer Simulation and Results

Equations (6) and (8) were solved numerically by means of the Crank-Nicol-
son method.
The value of Ka was determined by the curve fitting with the experimental and
predicted results.

The experimental condition and the corresponding values of the system parame-

ters are summarized below :

External solution : 5M H3PO, (500 ppm U, 2g/1 NaClO3)

Internal solution : 5M H3PO, (1M F, 15g/1 Fe2+)
Experimental w/0 =1/1 (¢ = 0.5)
condition Va/ve = 1/3

Viscosity of liquid paraffin = 10 cp
Surfactant = 5 wtZ SPAN 80
Stirring Speed = 210 rpm

Temperature = 60°C
£ 9.1 x 10%/sec
Dp = 1.5 x 1076 em?/sec
Ka = 1.4 x 10" %/sec

Values of

Parameters

The predicted and experimental results are compared with the changes of
V4/Ve in Fig.l. The dotted line illustrates the rate of mass transfer without

regarding the resistance of stripping. As shown in this figures, the
predicted and experimental results are in fairly good agreement,
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Fig.ls Comparison of the experimental
and predicted results for the
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Fig.2e Contour map of the initial mass
transport rate with the parame-
ters of D/R? and Ka.

Fig.2 shows the contour map of the initial mass transfer rate with the simu-
ltaneous changes of Dm/R2 and Ka. These parameters have the same unit, which
indicates both of them are measures of the relative influence on the mass trans-
fer rate. As shown in Fig.2, they have nearly same extent of influence.
However, the rate of mass transfer is more sensitive to the size of Ka as the
value of D/R2 is increased, which means the effect of resistance of the stripp-

ing step.

7. References

(1) C.F.Baes #JR.J.Phys. Chem. §Q, 805 (1956).
(2) C.Plaza, M.Lamache //Electrochimica Acta. 26. 45 (1981).

(3) F.J.Hurst, D.J.Crouse, K.B.Brown/Ind. Eng. Chem. Process Des. Develop.
11(1). 122 (1972).

(4) H.C.Hayworth, W.S.Ho, W.A.Burns, Jr.,and N.N.Li//Separation Sci. Tech. 18
(6). 494 (1983). a8

(5) J.W.Frankenfeld, R.P.Cahn, N.N.Li//Separation Sci. Tech. 16(4), 185 (1981).

104



MEMBRANE EXTRACTION OF AMERICIUM 6-30 |

B.F.Myasoedov, A.P.Novikov, T.I.,Trofimov, Yu.M.Kulyako and
M.S.Milyukova, Vernadsky Institute of Geochemistry and Analytical
Chemistry, Academy of Sciences of the USSR, Moscow, USSR

The most effective separation methods of transplutonium elements
(TPE) are based on search and use of conditions for their stabiliza-
tion in unusual oxidation states /1/. In particular, the methods have
been developed to obtain stable compounds of Am(IV), Am(V) and Am(VI)
in solutions of various inorganic complex forming agents for americi-
um purification from other TPE by solvent extraction. The main disad-
vantage of solvent extraction application in this case is, as a rule,
a high reduction rate of americium in organic phase. This limitation
can be overcome when using extraction through thin organic membrane
with subsequent reduction reextraction into receiving aqueous solu-
tion.

To optimize the process of americium membrane extraction combined
with americium oxidation it is necessary to solve a system of equati-
ons describing the kinetics of redox-processes in phases and specific
features of mass-transfer through membrane. An exact theoretical solu-
tion of such system of equations is quite difficult to obtain. Never-
theless published previously empirical parameters, calculated from the
data on kinetics of americium oxidation im various media and kinetics
of interphase transfer in two- and three-phases extraction systems,
can bte used for practical aims.

In the present work the kinetics of induced by amines and alkil-
phosphoric acids membrane transfer of various valent forms of ameri-
cium from phosphate, polyphosphate and polyphosphotungstate solutions
has been studied., Electrolysis of a solution and registration of its
absorption spectrum were carried out simultaneously using spectroelec-
trochemical cell /2/, The membrane extraction cell consisted from two
compartments separated by a supported liquid membrane. Cirtulation of
donating and receiving solutions provided by peristaltic pump.

A typical kinetic curve of the process dispiaying Am(VI), Np(VI)
and Cm(III) distribution in system of 1M HCIO4,10'2M H3PO4 - 0,5M
HDEHP, decane - 1M HCIO4, H202 is shown in Fig. The kinetics of mem-
brane extraction of americium depends on the rate of its oxidation to
the hexavalent state. This fact and low stability of the latter in or-
ganic solutions results in a comparetively slow rate of mass transfer
through membrane. So the value of permeability coefficient of americium,
which is proportional to the slope of linear dependence (see Fig. ),
is some lower, than that of neptunium, the oxidation rate of which on
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these conditions is high. At the same time the permeability coeffici-
ent of americium essentially exceeds that of stable in trivalent state
curium. As specific rate of membrane extraction of Am(III) and Cm(III)

-1n(1- 0¥ /6®)

1.
2.

3.

24400

A

0 60
t, min

Typical kinetic curves
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in the discussed system are
very close /37, the higher ob-
served membrane flux of ameri-
cium as compared to that of
curium(III) proves that name-
ly organic complexes of hexa-
valent americium give the main
contribution to its mass trans-
fer through membrane.

Thus, membrane extraction
proves to be a quite perspec-
tive method for selective iso-
lation of transplutonium ele-
ments during the chemical pro-
cessing of irradiated targets.
For practical realizing of
this periodical process
simple but reliable and re-
motablycontroled equipment
can be create,

Lebedev I.A., Myasoedov B,F., // Radiokhimiya. 1982.Vol.24.P.700.
Kulyako Yu.M,, Trofimov T.I. et al.//Radiokhimiya. 1587. Vol.29.

P.494.

Novikov A,P., Myasoedov B.,F. // Solv.Extr. and Ion Exch. 1987.

Vol.5. P.117,

106



LIQUID MEMBRANE EXTRACTION OF ANIONS FACILITATED 6-31
BY ALIQUAT 336

P.Rajec,Ngo Manh Thang,Departement of Nuclear Chemistry Comenius Universi-
ty,Bratislavo, Czechoslovakia

The liquid membrane processes are widely used for cationic metals.Only
a few works have been reported involving separation of anionic species.From the
practical point of view metals which form stable anions were studied [1-4].An
experimental investigation was presented on the facilitated transport of Cr042"
Cr,0,%,CeCl, ", CrCls2,CrCl, >, ZnCly 7, 2nC1 2" ReO, ", TcO, ",V (VI).Aliquat 336
was used In all cases as a carrier.The liquid membrane idea for evaluation of
anions by anion sensitive electrodes was used for several years [5].

This paper deals with emulsion membrane extraction of anions ( Tc04',Cl_,
SCN” ) facilitated by Aliquat 336 with various anions in inner solutions.

The surfactant SPAN 80 was product Atlas Cemical Industries;Aliquat 336
(methyl tricapryl ammonium chloride) was a product of General Mils,n-alkanes
came from (USSR).Other chemicals used were of analytical reagent grade.

A turbine type impeller of our own construction [6] was used for prepara-
tion of the liquid membranes with volume of membrane : inner solution ratio =
1: 1 and at mixing rote 4 000-5 000 r.p.m. for 10 min.The extraction in mul-
tiple W/O/W emulsion was performed In a glass vessel filled with 25 or 50 c:m3
of outer solution strred with a magnetic bar ( 50 mm x 10 mm ) stirrer at 200-
450 r.p.m.

The radionuclide 99mTc was used as a tracer for the metal.The concentra-
tion of SCN” In solution was determined as a complex with Fe3‘ by ghotome-
tric method.The concentration of Cl™ in solution was determined by photometric
method with the mixture of Hg (SCN)Z,Fe3’ [7].

Results of the membrane extraction of pertechnetate with Allquat 336 as a
carrier in systems where co-counter fons in a striping solution and a feed solu-
tion was SCN” or ClO4- at different concentration has been described in our
paper [8].The maximum yield in membrane extraction of Tc04' were calculated
from extraction data at the condition similar to extraction of pertechnetate in
a boundary feed-membrane;membrane-strippe solution.The situation is change for
the syétem in which the membrane extraction of pertechnetate Is performed
with competition of NOa- in outer solution.In fig.1 results of emulsion membra-
ne extraction of pertechnetate from 0.1 M HNOa in outer ( feed) solution and
1M NaCLL1 M Nc|NO3,1 M NaClO4,1M KSCN in Inner solution with membrane
0.5 % Aliquat 336,3 % SPAN 80 in n-alkane are sumarised.The extrabllity of
pertechnetate Increases In order from Cl™ < NO3'<CIO 4'< SCN".The comparison
with solvent extraction shows no advantage of membrane extraction from the
point of the lons preconcentratlon.lt is evident that in the system where anion
Is with low extrablllty in the stripping solutlon,the membrane extraction appear
to be only on extraction without any effect of the inner phase.The maximum pre-
concentration efficiency s reached for SCN” and ClO,” anions In Inner solutions.
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The minimum on the curve can be seen in the case of SCN™ and ClO4_ stri-
pping solutions.It was caused not by breaking of the emulsion but mutual tran-
sport of ions from one phase to another one.The kinetic nature of this
phenomen can be presumed.

According to Gindins ‘results [9]the extrability of anions with quarternary
ammonium is in order Cl~ N03_ ClO4- and can be correlated with &°hy ar.
of anions.The position of SCN™ and Tc04' in this series is very close to perchlo-
rate.

In fig.2 the results of membrane extraction of SCN™ (0.01 and 0.001 M) are
shown.Preconcentration was good namely in the solution with lower concentra-
tion of SCN™.

log (1-R) ¢

N -1.0
0 0 20 t/[min] 0 5 10 ¢/[min]

_Fig.1. Membrane extraction of pertechnetate :Membrane 0.5% Aliquat 336 in n-
alkane, 3% Span 80;outer solution ** "TcO,” in 0.1 M HNO, (VV;=0.1,
VM:V"=1)

_Fig.2¢Membrane extraction of rhodanide:membrane 0.5% Aliquat 336 in form
CIO4',3% SPAN 80 in n-alkane;inner solution 0.1 NuClO4 (V":Vl=0.1
VM:V"=1);outer solution 1-0.01 M NaSCN , 2-0.001 M NaSCN

In fig.3 the emulsion membrane extraction of chloride is presented.Membra-
ne consisted of Aliquate 336 in the form of CIO4' with 3% SPAN 80 in n-alkane.
1M NchlO4 was used as inner solution.The recovery of chloride membrane ex-
traction increases with decreasing of Cl~ concentration.This dependance Is in
accordance with concentration difference between outer and inner solutions.In
the case of Donnan equilibrium the recovery should be higher.These results can
be interpretated by a strong CIO4- in outer solution Influance on distribution
ratio DCI' in the boundary of outer solution and membrane.No transport of Cl~
from outer to inner solution throug liquid membrane ( 0.5% Aliquat 336;3% SPAN
80 )in the case of 1 M Nc:lNO3 inner solution was observed.

Fig 4,5 show the emulsion membrane extraction of chloride from solution
with various concentration of NaCl with the membrane consisting of 0.5% Ali-
quat 336 ;1.5 % LIX 64N;3% SPAN 80 and inner solution 0.2 M Nc:NO3 and 0.2 M
CH3COONa respectively.The presence of LIX 64N as a additive has positive
influance on the transport of Cl .Acetate anion with hydratation energy higher
than ClI” and lower extraction constant [9] is suitable to secure gradient and
the exchange reaction.The preconcentration of chloride Is in accordance with

108



] 10 20 t/fmia)
Fig.3, Membrane extraction of chloride :Membrane 0.5% Aliquat 336 in form C104'
3% SPAN 80 in n- alkane;inner solution 1 M NuClO4 (V":VI=O.1 ,VM:V"=1)

outer solution:1-0.1 M NaCl,2-0.01 M NaCl,3-0.001 M NaCl,4-0.0001 M NaCl

-2 . s -2 . N

0 5 10 ¢/[min] ) 5 10 ¢ [mid)

Fig.4.Membrane extraction of chloride: Membrane 0.5% Aliquat 336,3% SPAN 80
1.5% LIX 64N in n-alkane;lnner solution 0.2 M NoNO3 (V“:VI=O.1
VM:V"=1);outer solution 1-0.01 M NaCl,2-0.001 M NaCl,3-0,0001 M NaCl

Fig.5.Membrane extraction of chloride :Membrane 0.5% Aliquat336 ,1.5% LIX 64N,
3% SPAN 80 in n-alkane;inner solution 0.2 M CH3COON0 (V":VI=0.1

VM:V"=1);outer solution 1-0.01 M NaCl,2-0.001 M NaCl,3-0.0001 M NaCl

Donnan equilibrium.The explanation of LIX 64N influance on the transport of
chloride is under the study.

It has been demonstrated,that the liquid emulsion membrane extraction can
be used for preconcentration of anions.LIX 64N additive enables to used a stri-
ppand with high hydratation energy.Future work is needed to investigate the
role of LIX 64N on anion transport across the membrane.
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SEPARATION OF BENZENE FROM CYCLOHEXANE BY FLOWING LIQUID MEMBRANE AND I 6-32
REMOVAL OF HEAVY METAL IONS BY SPIRAL-TYPE FLOWING LIQUID MEMBRANE MODULE

Masaaki Teramoto, Hideto Matsuyama, Hitoshi Takaya, Tomokichi Yonehara

and Yoshikazu Miyake, Kyoto Institute of Technology, Kyoto, Japan

Separation of various solutes by supported liquid membranes (SLM) is very attractive
because of their high selectivity and permeability. However, SLM is not always stable
because the membrane solution absorbed in the pores of the porous polymer support
membrane dissolves in the feed and strip phases. In this paper, we present a new type
of liquid membrane, that is, a flowing liquid membrane (FLM) in which the liquid
membrane solution containing a carrier flows in a thin channel. FLM was found to have
both high stability and high permeability compared with the conventional SLM .

We carried out the separation of benzene from cyclohexane by FLM. Furthermore, a
spiral-type flowing liquid membrane module was developed, and it was found that they
could successfully separate and concentrate heavy metal ions such as Co(II), Ni(II),
Cr(VI) and 2Zn(II).

Separation of Benzene from Cyclohexane The experimental apparatus is shown in Fig.1.
The aqueous liquid membrane solution containing silver nitrate as a carrier flows in a
thin channel between the feed phase (benzene, cyclohexane or their mixture) and the
strip phase (dodecane), and these phases are separated by microporous PTFE membranes
whose pores are filled with the organic solution. Because the solubility of benzene in
the aqueous membrane phase is low, and also because the diffusional resistance through
the pore is much higher than that through the flowing aqueous membrane phase, the
overall resistance in the present membrane system is much lower than that for the case
where hydrophilic porous membranes are used . Figure 2 shows the effect of the flow
rate of membrane phase, vy on the mass transfer coefficient of benzene in the membrane
phase, kMB obtained from the physical permeation experiments using water as a membrane
solution. kMB is proportional to Yy to the power of about unity. When VM is high, the
mass transfer coefficient is about 20 times that of SLM . Therefore, FLM has
excellent mass transfer characteristics. Figure 3 shows the effect of AgNO3
concentration on the permeation rate of benzene and cyclohexane when SLM (0.12mm,
cellulose filter paper) was used. Since Ag* reacts with benzene reversibly, but does
not react with cyclohexane, the permeation of benzene is selectively facilitated. As

increases, the permeation rate of benzene J, increases

the concentration of AgNO B
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Fig.2.Relation between k'n and v,
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because the facilitation factor increases. The physical permeation rate of cyclohexane
JC also slightly increases due to the incraese in its solubility in the membrane phase
under the condition that [AgN03]+[NaN03]=A mol/dm3. The flux ratio JB/JC reaches about
600 when [AgN03]=A mol/de. The effect of v on JB and J, obtained by FLM in which
water was used as a membrane phase is shown in Fig.4. In this case, the diffusional
resistance in the membrane solution phase is dominant, and so both JB and Jc are about
20 times those of SLM. Figure 5 shows the relation between vy and the permeation rates
when [AgNOBLis 4 mol/dmj. The dependence of JB on vy is less than first order because
the contribution of the resistance in the organic phase appears as JB increases. So

the selectivity decreases with increasing Vi However, JB/Jc is still as high as about
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membrane solution: 4 [M) AgNO3
400 even at high Ve Both JB and Jc are also much larger than those through SLM. As
shown in Fig.6, the fluxes are almost kept constant for more than 10 days, suggesting
that FLM has excellent stability.

The permeation rates were analyzed on the basis of the mass transfer with chemical

reaction [1]). The calculated results shown by the solid lines in Figs.3-6 agree well
with the experimental results.
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Removal of heavy metal ions by spiral-type flowing liquid membrane module
The schematic diagram of the module, which is the modification of the spiral-type
supported liquid membrane module [2], is shown in Fig.7. The support films and mesh

spacers were spirally wound around the tubes through which feed, strip and membrane
solutions were supplied. Two modules, module A and B were produced. Module A
(support: microporous polypropylene, total length of support: 4.8m, diameter of the
module: 9cm, height: 19cm) was used for the removal of Co(II) and Ni(II), and wodule B
(support: microporous PTFE, total length of support: 8m, diameter : 12cm, height: 19cm)
for Cr(VI) and Zn(II).

Figure 8 shows the effect of the feed flow rate, vp on [COJFout/[colFin when PC-884°
dissolved in dodecane was used as the membrane solution. Although the experiments were
carried out in a once-through mode for the feed solution, more than 99% of Co(II) was
successfully removed when [c°]Fin was low. The cause of such high recovery is that at
low cobalt concentration, diffusion of cobalt in the feed phase limits the permeation
rate. Another important cause is that the flow pattern of the feed phase is
approximately plug flow. Figure 9 shows the effect of the feed concentrations on
[C°]Fout/[c°]Fin and [Ni]Fout/[NilFin in the simultaneous permeatiom of Co(II) and
Ni(II). Since the distribution ratio of cobalt is much larger than that of nickel,
cobalt is selectively removed when the feed metal concentration, [M]Fin is high and the
diffusional resistance in the membrane solution phase is dominant. On the other hand,
when [M]Fin is low, the permeations of both cobalt and nickel are almost limited by the
diffusion in the feed phase, which results in low selectivity. As shown in Fig.10, as
VM increases, kMB reaches the constant value regardless of VM because the rate is
limited by the resistance through the pores of the two support membranes. As M
decreases, the resistance in the stagnant film of the membrane solution phase becomes
large and kM decreases. In this region, the diffusional resistance in the membrane
solution phase can be controlled by adjusting Ve This is one of the advantages of the
flowing liquid membrane. Figure 11 shows the effect of v, on [M]Fout/[M]Fin under the
condition corresponding to the data showing lowest selectivity in Fig.9. When vM=0,
the resistance in the membrane solution phase becomes large, which brings about the

decrease in the permeation rates of metal ions. However, the degree of the decrease of

I0° i
E : T
F-~ 3050p, k-
M -

£ wlt 4
3 ; [Colg;,=52ppm 3
= + ]
- - ~

3 —
'5‘ 10 2 = cal. .
microporous s E: 3
membrane N PHE;,=5.86 .

Fiq.7,Spiral-type flowing liquid membrane module. 10-3 PR 0 I O S0 e (T W BT

F:feed solution, M:flowing liquid membrane, 0 50 100 150
S:strip solution v [cm3/miq]
.

Fig.8.Ef
g.8.Effect of ve on [co]Fout/[CO]Fin
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nickel is larger than that of cobalt because nickel has much lower distribution ratio
than cobalt. So the selectivity improves with increasing Ve The solid lines in

Figs.8,9 and 11 are the calculated results based on the design equations of the module
(2,31
As shown in Fig.12, Cr(VI) (carrier:TOA) and Zn(II) (carrier:D2EHPA) were also

successfully removed by modul B, and the ratio oka[H*]F(=[H*]Fin- (8% ) toZk[Cr]F

Fout
(={Cr)

Fin_[cr]Fout) is about theoritical value of 2.
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REQUIREMENT OF STANDARD TEST SYSTEMS AND STANDARD HETHODS[:EEEE:]
FOR PERTRACTION INTO EMULSIONS

5.Schlosser and E.Koassaczky, Department of Chemical Engineering,
Slovak Technical University, 812 37 Bratislava,
Czechoslovakia

Pertraction (permeation) through liquid membranes is a separation
process which has been introduced from laboratories into pilot plants
or even to industry. This is especially the case of liquid emulsion-
type membranes. Various types of mechanisms of separation effect and
mass transfer through liquid membranes of different kinds have been
discussed in works [1-3].

In Fig.l is depicted the three phase system in pertraction into
emulsions. The fact itself that a double dispersion is under discussion
indicates the complexity of the system. The emulsion which is in an
intensive contact with the feed must be sufficiently stable what ne-
cessitates the utilization of suitable surfactants. The stability of
these emulsions in the pertraction is ensured by a relatively rigid ad-
sorption film on phase interfaces (see Fig.l). It was shown that the
resistance of this film against mass transfer is significant [3-6]. Its
properties influence both the stability of the emulsion during per-
traction [ 7) and the breaking of the emulsion in an electric field[ 3,
4,7 ] . The adsorption film is in fact the fourth phase of the pertrac-
tion system. Its properties significantly influence the course of per-
traction. llass transfer in this four-phase system can be further in-
fluenced by the kinetics of chemical reactions on the phase interfaces
and/or in the volume of the phases.

Emulsion  Surfactant
globule molecules

Membrane  Stripping
phase solution

Fizs1, Scheme of the pertraction into emulsion
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The characterization of such a complex system as well as the model-
ling of mass transfer in it are very difficult. The obtaining of all
necessary data is very laborious and beyond the power of individuals
or small teeams., At present, accessible results for various systems ha-
ve been obtained under unsufficiently defined conditions and are far
from being complete. This fact does not allow for instance to combine
results of various authors and to use them in testing pertraction
models.,

Hence, it seems to be useful to take steps to standardize the test

systems as well as the methods for studying pertraction. Standard-
ization together with the obtaining of reliable data would help in:
a. the study of the mechanism of mass transfer in pertraction and its
modelling
b. the comparison of equipments and their scale-up
c. the comparison of various surfactants
d. the comparison with other separation processes.
Experiences gained by standardization of test systems for solvent
extraction [8-10] could be utilized,

Nowadays in separation of aqueous solutions there seems to be a need
to use test systems especially for two types of pertraction. In the
study of pertraction without chemical reaction in the membrane especia-
1ly ammonia, phenol or amines (e.g. aniline) are employed as permeants.
From the viewpoint of application,the pertraction of ammonia into emul-
sion of phosphoric acid is prospective. This system would be a suit-
able test system.

Pertraction with chemical reaction in the membrane, most often with
coupled counter-transport, has been used in separation of metals. Among
the preferably studied metals belong copper, zimc, uranium and cobalt.
Pertraction of zinc has been already commercialized [1]. Zinc and bis-
(2-ethylhexyl)phosphoric acid as a carrier are more serious candidates
for the test system in the solvent extraction [9,10] « Therefore, it
will be suitable to consider this system also for the pertraction.

Hydrocarbon solutions of the emulsifier and if need be a carrier
(ligand) and an additive are used as the membrane phase. Various hydro-
carbons and/or their mixtures (e.g. isoparafimic or kerosene fractions)
are employed. It is suitable to use the dodecane fraction of n-alkanes
which is better defined and easily accessible. This fraction together
with n-dodecane for the basic measurements seems to be a suitable can-
didate for test systems of both types of pertraction.

The problem is the standardization of the emulsifying agent. Hither-
to, practically only technical products were utilized. These are un-
sufficiently defined, Most often sorbitan monooleate (SPAN 80) and
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polyamine of succinimine type ( e.g. ECA 4360! were used. The former is
unsuitable from the point of view of industrial application. The prop-
erties of polyamine ECA 4360 from various batches significantly differ
[4,7] « In the first stage, until more suitable surfactants are at dis-
posal it would be a solution to organize the distribution of samples
from one deposited gretaer sample, probably ECA 4360, In pertraction
but also in the breaking of the emulsion in an electric field the
properties of the emulsion from freshly prepared membrane phase signi-
ficantly differ from the steady properties after several regenerations
of the membrane phase, see Fig.2 and 3.

Recently the interest in separation of hydrocarbon mixtures by per-
traction through aqueous liquid membranes has increased. Therefore,
it is necessary to pay attention to a suitable test system also in
this area,

For the characterization of the pertraction system one needs to
know not only the properties of the bulk phases, their volume ratios
and size distribution of drops in the emulsion as well as size dis-
tribution of globules of the emulsion but also the properties of the
adsorption films. The properties of the emulsion, e.g. its stability
depend also on the age of the emulsion what is related to relatively
slow adsorption kknetics of the surfactants.

The breaking of the emulsion and its swelling during pertraction
affect the course of pertraction. Less attention is paid to the chan-
ge of pH in the feed solution which influences the concentration
of permeant and/or its distribution coefficient. The latter often
depends on the surfactant type and its concentration [4,11]. The sur-
factant can affect also the kinetics of the chemical reaction on
the phase interfaces.

0.3i T T
Swi% ECAI
Bwt% AFS+ |

Fig,2, Influence of the number
of regenerations of the membra-
ne phase on the batch pertrac-
tion of ammonia into the emul-
sfon of phosphoric acid.
Conditions as in paper [ 7]
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Fig,3, Influence of the number of
regenerations of the membrane
phase on the normalized initial
rate of the batch deemulsification
in an electric field 20 kV, 50 Hz.
Conditions as in paper (7]

Both the geometry of the pertractor and the frequency of the mixer

significantly influence the pertraction kknetics. Similar conditions
are in the preparation of the emulsion. The standardization of these
equipments would be also profitable especially with regard to obtain-
ing data for their scale-up.

This paper cannot involve all problems in their complexity.
The main aim is to evoke interest in this topic and inspire a dis-
cussion,

REFERENCES

1.
2.
3.

4.

56

6o

JeDraxler and R.Marr// Chem.Eng.Process. _g911935).319.

R.Marr, A.Kopp.//Chem.Ing.Tech. 52(1980). 399.

5.Schlosser, E.Kossaczky//J.Radioanal.Nuclear Chem. Articles.
101 (1986). 115.

8.Schlosser, E.Kossaczky/ Preprints ISEC’86. V0l.III,P.935,
Minchen, Sept.1986.

8.Schlosser, E.Kossaczky. New view on mechanism of mass transfer
in pertraction into emulsions /in Slovak // Preprints 14th Conf.
OSCHI. P,121-8. Jasnd, May 1987.

S.Schlosser, E.Kossaczky, V.Hayden. Interfacial phenomena in per-
traction thraugh emulsion-type liquia membranes, Paper N D4,2,
10 p.// 9th Int.Congres CHISA’87. Praha, Aug.1987; submitted for
publication in J.Membr.Sci.

17



7. 8.Schlosser, E.Kossaczky, Liquid membranes stabilized by poly-
meric surfactants // Synthetic Polymeric Membranes. p.571-80.
W.de Gruyter Co., Berlin, 1987.

8. T.Mi%ek, R.Berger, J.Schroter /eds. //Standard test systems
for liquid extraction. 2nd ed., EFCE Publ.series N 46. Rugby,
1985,

9. MeJoSlater, The possible use of D2EHPA/metal as a liquid-liquid
extraction test system, paper presented at the EFCE Working Party
meeting in Prague, April 1987.

10. H.J.Bart, M.Koncar, R.Marr. Problem of test systems in reactive
liquid-liquid extraction. Paper N D6.2 /9th Int.Congress
CHISA’87, Praha, Aug.1987.

11. R.S.Baird, A.L.Bunge, R.D.Noble// Am.Chem.Eng.J., 33(1987), 43.

118



METAL
EXTRACTION



EXTRACTION METHODS OF SEPARATION OF RARE EARTH ELEMENTS | 7-1 |

G.V.Eorpusov, Institute of Physical Chemistry, Academy of Sciences
of the USSR, Moecow, USSR

Only on the 60-8 due to development and introduction into practice
of highly efficient extraction-separation methods it has become possi-
ble to obtain large quantities of individual Rare Earth Elements(REE)
with unique properties that provides their usage in most modern fields
of science and technology.

On the early 50-s there appeared real foundations to develop indu-
strial extraction technology of REE separation. This happened after
pﬁhlication of pioneer papers by Warf, Peppard, Wiver et al., which
presented high extractive efficiency of Tributylphosphlate (TBP), the
forefather of a large class of organophosphoric extractants.

In the USSR systematic study of REE separation began in 1951 at
the Institute of Physioal Chemistry of the USSR Ac.of Sci. Primary
investigations were aimed at developing the methods of separation of
radioactive REE; since the middle 50-s8 this transformed into separa-
tion of natural REE. These years were marked by investigations of the
basic regularities of REE extraction by TEBP in acid and neutral nit-
rate systems, as well as designing multi-stage extractors; various
methods of extraction processes were worked out and their mathemati-
cal description was presented. All the REE of the Ce subgroup were
obtained in the individual form.Some of the above results were pub-
lished inthe period 1959-1965 [/1-67.

In the early 60-s the Institute of Physical Chemistry in coopera-
tion with some other institutions worked out and intraduced an indus-
trial technology of REE extraction. This technology is being continu-
ously developed since then.

At present extraction methods provide industrial production of all
the individual REE up to 99.999 and more per cent purity and are the
dominating technological processes in the USSR and abroad.

Successful realization of REE extraction would not have been poss-
ible unless the complex approach have been applied, viz. investigati-
on of the extraction system and extraction methods, designing of
multi-stage extractors, development of definite technological proce-
sses of REE extraction from different types of raw material.

The main difficulty in REE extraction technology is associated
with extraction of elements in their three-valency state. A possibi-
lity to transfer three-valent lantanides into two- and four-valency
state would provide ideal conditions for their selective extraction.
Unfortunately, only two elements, i.e. Ce(IV) and Eu(II), are compar-
atively stable in water solutions in oxidized and reducted states
without stabilization.
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Various position of Y within the lantanides row in various extrac-
tion systems also presents a possibility of its selective isolation.
Under certain conditions Ce(IV) can be extracted by nearly all the
applied extractants. But for practical purposes one can confine him-
self to simple extractants, such as TBP and D2EHP /[7-97.

Industrial extraction purification of Eu(II- by D2EBP after its
reduction by amalgamated Zn was performed during the processing of
basthnezite in the USA /107,

There exist two ways to solve the problem of Y extraction from the
lantanides group. The first one is based on successive isolation of
this element in two extraction systems with different Y position in
the lantanide extraction row (Fig.1-3). This method is preferable in
complex processing of raw material.

The other method coneists in selective isolation of Y in case its
position in the extraction row comes out of the lantanide group; this
method is based on simultaneous working of minumum two reagents in one
or in different phases. Selective extraction methods are most valuable
for obtaining high-purity Y out of its concentrates. To realize the
first method it is necessary to have in one phase a mixture of two
reagents with reverse dependence between the change of lantanide dis-
tribution ratio value and their atomic number under condition of simul-
taneous shift of Y location towards heavy lantanides for one reagent
and towards light lantanides for the other. It is evidently seen in
case of extraction by a mixture of quarternary ammonium bases and car-
boxylic acids in the nitrite medium (Fig.4,5) /i1/.

For the second case it is necessary to have similar dependences
between distribution ratio changes and the lantanide atomic number
under condition of simultaneous shift of Y disposal within the extrac-
tion row and the row of complex formation. For example, the extraction
systemss TBP-NHANCS-Ln013 127, S0-NH,NCS-LnCl4 [137; phosphonate-
LnBr3-L13r 2475 HDZEHP-EDTA-Ln013 5] (Pig.6).

The well-known "Talspick™ process of separation actinides and lan-
tanides is based on this principle.
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If one disregards the general technical requirements for extrac-
tants, which should be obligatory observed, then the choice of corres-
ponding extraction system for REE separation in their main three-va-
lency state must be determined by three technological factors, namely
the value of the neighbouring elements separation factor (in producing
pure substances) should not be less than 1.5 (since the necessary
number of separation stages sharply increases); The extractant loading
should not be less than 25-30 g/l but it is better to have 100-150 g/1
(Ln203). Unfortunately, we don't have a universal extractant equally
effective for the whole REE group, thus different extractants and
extraction systems are used in separation processes. Practically all
technological problems of separation can be solved by one and the
same extractant, for example TBP, if a series of various systems is
used, viz. 1. TBP—Ln(N03)3; 2. TBP-Ln(N03)3-H(N03)x; 3. TBP-Ln(NOB)B-
HNO3; 4. TBP-Ln(NO3)3-EDTA; 5. TBP—LnCl3-NH4NCS. But for practice, it
is much better to have two or even four reagents TBP, HD2EHP, quarter-
nary ammonium bases, and carboxilic acids, which present four differ-
ent classes of agents. Some extractants require corresponding deluents
and modificators to be used to ensure higher adaptability and stability
to extraction systems.

Every extractant has its peculiarities, its chemistry, and its
optimal applicability when it will demonstrate its highest selectivity.
We also should take into account the peculiarities of chemical behavi-
or of lantanides in their long row of 15 elements. In standard cases
more effective extractants will demonstrate higher selectivity since
they easierly enter the inner lantanide sphere destroying the hydratic
sphere and forming corresponding solvates or complexes (for example,
helato-forming reagents). (Fig.7-9). Increasing of lantanide salt con-
centration and introducing salting out agents which dehydrate lanta-
nide ions with natural increasing of difference between their activity

coefficient,as well as total saturation of the organic phase and,corres-

pondingly,with increasing of selectivity(Fig.10-13).For low effective
extractants the whole selectivity effect is reached due to affecting
the water phase. The selectivity of extractants which have two reac-
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Fig.1-13. Main regularities of the extraction of rare earth elements

tion groups forming different types of extraction complexes, is cont-
rolled by more complicated factors. For example, organophosphoric
acids (see separate communication). Application of mixed systems
(extractant-water soluted complexone) in separation processes also
manifests its peculiarities. Such systems will be examined in detail
in a separate report. The main condition in reaching maximum selecti-
vity of extraction systems with complexones is to use either low-sele-
ctivity extractants or extractants with reverse relation of changing
of distribution coefficient values within the lantanide row as compa-
red with the complexone. At present we have rather large set of ext-
ractant systems to solve the problem of REE separation. Though the
task of obtaining of more effective and selective extractants still
remains urgent for specific problems in the technology of REE separ-
ation.

The process of REE separation can be performed only as a multi-
stage process with application of corresponding multi-stage extrac-
tants. The experience shows that the most reliable type of the extrac-
tor is a mixer-settler/16/.Extraction apparatus of a mixer-settler type
(regardless of vue method of mixing the phases, transportation among
the stages and settling regime) should meet the following requirements:
all the stages must be hydraulitically independent, each stage should
have a regulated overflow of the heavy phase; the mixer chamber should
be isolated from the settler chamber and should have a naturally
forced emulsion overflow. Taking into accound the positive role of
high sluggishness of REE separation process from the point of view of
analytical monitoring, control and stability of the working regime of
the extraction casoade, we consider a box mixer-settler with large
containingvolume the most suitable construction. The latter condition
is extremely necessary when applying the method of total reflux and
other non-stationary methods in which accumulation and extraction of
pure components is performed Just from the extractor's cells. For
certain operations centrifugal extraction apparatus, also of a mixer-
setter type, can be applied very effectively.
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The main method of REE separation is a continuous countercurrent
process (Fig.14). But in many cases preference should be given to non-
stationary separation processes such as the process of total reflux
(Pig.15,16), fractional countercurrent with various collectors for
purified components either in the form of measuring tanks at the cas-
cades outflow or special devices in the chain of extraction stages [’I?]
(Fig.17,18). In certain cases it is useful to apply the method of semi-
countercurrent separation (Fig.19).

Table 1. Values of separation coefficients of rare earth elements
for typical extraction systems [’Ia-alﬂ

LnI/LnII TBP - Ln(N03)3 Carboxylic acids
450 g/1 In,05 150 g/l In,0, |Versatic Secondary branched
5N AL(NO,), In(NO;), Ln(NOl)j LnCl,
Ce-La 1.9-2.0 2.5-3.2 2.9 - § 2.6
Pr-ce 1.6-1.7 108-2-0 105 109 2.0
Ed-Pr 104-105 1.8‘200 1-3 109 2.0
| Sm-Nd 1.9-2.2 2.8-3.0 2,2 2.7 2.4
TBP -HNO, 'HD2EHP |Quarternary
ammonium bases
&M HNO, 11M HNO;  11.5M HNO, |1(H0y);/Ln(NO05)
h-nd 2 - 100 2 - 90 4- 20 5?2-;0—0 il
Bu-Sm 1.30 1.45 1.85 2.0-1.9 1.5=1.9
Bd-Bu 1.18 1.30 1.70 1.8-1.7 1.4-1.8
R > 2221 12 (o2 2Bl s
- TOPO, TTMHPO |
4773 .
Ln(N03)3 In(NO )1 anl3 NH4NCS,an;3
Gd-Eu 1.4 1.8=1, 1.5 1.8
Tb-Gd 2.3~1.9 4.6-4.1 6.8 2.8
Dy-Tb 1.9-1.6 2.8-2.6 3.2 2.5
Ho-Dy 2.4-1.9 2.0-2.2 2.5 2.9
Er-Ho 2.5-1.9 3.5=-2.5 3.0 4.0-2.2
m.h 2.4-1 07 2. 5-300 3-0 308-3'0
Yb-Tm 3.5-2.5 2.0-2.5 3.0 3.5-2.8
Lu-n 2 -&-2 -ﬂ 2. 5-2-9 jli 30 5:30 5

Despite the differences in composition of primary raw material
there are standard operations to be obligatory performed. They are the
following: 1. Isolation of pure sum of REE; 2. Group separation along
the borderss Sm-Nd, Gd-Tb, Br-Ho; 3. Selective extraction of Ce(IV)
and Bu(II); 4 Isolation of Y; 5. Separation of lantanides in their
main three-valency state.

Por techmological processing of REE there can be used different
extraction systems, different extraction methods and different seque-
nce of separating operations. Eventually it is defined by conjuncture
requirements, composition of the raw material and sometimes by some
specific conditions of the interprise performing the extraction
process.
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REGULARITIES IN NIOBIUM, TANTALUM AND TITANIUM EXTRACTION
FROM SULPHATE SOLUTIONS

A.I.Nikolaev, N.I.Kasikova, V.G.Maiorov, V.V.Yakshin, Institute
of Chemistry, USSR Academy of Sciences, Apatity, USSR

7-2

Extraction and separation of niobium, tantalum and titanium from
sulphate solutions containing no other ligands except sulphate ions is
of great interest because of the high stability of the solutions.

In the present work we used as extractants the neutral oxygen-con-
taining solvents - tributyl phosphate (TBP), petroleum sulphoxides
(Ps0), phosphoric acid hexabutyltrisamide (PAHBTA) and trialkylphos-
phineoxide (TAPO), and organophosphorus acids - di-2-ethylhexylphos-
phoric acid (D2EHPA) , octylphenyl-2-ethylhexylphosphoric acid
(OP2EBPA), dioctylphenylphosphoric acid (DOPPA), and isododecylphos-—
phetanic acid (IDDPA). All the extractants correspond to the "commer-
cial" grade. In some of the experiments we used purified D2EHPA.

In studying the extraction of metals we observed marked differences
in equilibrium attainment time. For metal extraction by using neutral
extractants TBP and PSO stirring within less than 5 minutes proves
sufficient, whilst in the case of TAPO and PAHBTA a longer time is
necessary(Fig.1a). The time of equilibrium attainment in the extrac-
R
80 R%
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20

7 T8 6 20 24 0 s 4 Aok
Fig.1. Extraction kinetics of metals

a) by 20% TAPO of Nb(1) and Ti(2) from 1M stO ; b) by 10% DOPPA

of Ti(1) and Nb(2) and by 30% IDDPA of Ti(3) from 1M HZSO4;

c¢) by D2EHPA of Ti(1,2) from the solutions of Ti080, and
(NH,),T10(S0,), in 1M H,S0, and Ta(3) in 3M H,S0,; (1,2) 50%

D2EHPA, (3) 20% D2EHPA in o-xylene

L n :

2 6 10

tion of titanium with DOPPA and IDDPA is, correspondingly, 20 and 24
hours (Fig.1b).

When using D2EHPA, both "commercial' and "purified", we noted
marked differences in equilibrium attainment time. A complete extrac-
tion of niobium, tantalum and titanium by D2EHPA is achieved after 30
min of stirring. When extraction is carried out by the use of a pure
extractant, equilibrium sets in slowly (Fig.1c). This appears to be
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associated with the formation of condensed films at the interface.

We have studied the effect of the HZSO4 content on metal and acid
extraction. With the content of Hé 804§4M no sulphate ion is observed
to be present in the extracts of organophosphorus acids. Under similar
conditions the extraction of 52804 in TAPO and PAHBTA is 1-4%. The ag-
ueous solution containing about 10M H2804, up to 4% of HéSO4 goes over
into organophosphorus acid extracts and up to 8-12% of stoq in the
case of TAPO and PAHBTA.To an even greater extent is extracted HESO4
by PSO and TBP. Extraction of HZSO4 by TBP rises from 9 to 37% with an
increase of the H2804 content in the solution from 4 to 10M. An incre-
ase in Heso4 extraction by PSO from 8 to 43% occurs with an increase
of the H2SO4 content from 1 to 6M.

Extraction of titanium(IV) by PSO in the absence of a free acid is
insignificant (4.1) and is observed to increase up to 92.1% under 6M
H,80, (Fig.2a, curve 1). A high extraction of titanium by TBP occurs

R%
4
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2
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Fig.2. The effect of H2804 concentration on metal extraction

a) by PSO of Ti(1), Nb(2), Ta(3), Ti(III)(4);

b) by 20% TAPO of Nb(1), Ti(2), Ta(3);

c) by D2EHPA of Nb(1,3), Ta(2,4), Ti(5,6).Extractant: 50% D2EHPA
commercial(1,2), 20% D2EHPA(3,4), 100% D2EHPA(5), 50% D2EHPA(6)

under a significantly higher content of H2SO4 (about 11M). Niobium and
tantalum extraction by PSO within a wide range of Haso4 concentrations
from 1.5 to 5.0M exceeds 80%(Fig.2a, curve 2,3). Extraction of tita-
nium(III) (Fig.2a, curve 4), as could be expected, proceeds much wor-
se than that of titanium(IV). A high degree of extraction of niobium
by TAPO and PAHBTA from solutions with a low concentration of HZSO4
points to the possibility of extraction of hydrolized niobium forms.

Metal extraction by TAPO and TBP from solutions with a single metal
is observed to increase in the series Ta<Ti < Nb. Maximum differences
in metal extraction by TAPO have been recorded under about 2M H2804
(Fig.2b). In the case of metal extraction by PAHBTA the extraction of
niobium and tantalum is much higher than that of titanium. Irom the 8M
H2SO4 solution as much as 9.7, 90.1 and 25.4% of niobium, tantalum
and titanium is extracted, correspondingly.
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Metal extraction by IDDPA and commercial D2EHPA is insignificantly
dependent on the stou concentration and amounts to 94-100% for HZSOH'
2-10 M (Fig.2c). Dependence of metal extraction by purified D2EHPA
upon the 32304 content is more sophisticated (Fig.2c). A minimum at
the curves within the 2-4M H2SO4 region can be explained by complica-
tions in the mechanism of metal extraction.

With the 32304 concentration rising from 0.5 to 10M the extraction
of titanium by DOPPA and OP2EHPA declines from 41.5 to 5.7 and from
86.3 to 14.6% respectively. Niobium extraction by DOPPA and OP2EHPA
declines less perceptibly (from 97 to 43.1 and 95 to 81.9% respecti-
vely), thus pointing to the possibility of metal separation.

The identified differences in the kinetics and conditions of niobi-
umn and tantalum extraction disappear when we go over from solutions
containing a single metal to process solutions. One of the main rea-
sons behind changes in the behaviour of metals proves to be the forma-
tion of mixed sulphate complexes of niobium and titanium. We have de-
monstrated the relationship between the TiO2 e Nb205 ratio and the
degree of extraction of niobium into the extract. In case the molar
ratio T102: NbZO declines from 6 to 2 the niobium extraction by PSO
from 6M HZSO4 solutions increases from 78.2 to 93.5% and that by TBP
from 10M H2804 solutions - from 68.6 to 91.2%. From process solutions
the extraction by TBP is observed to increase in the series Ta< Ti<
Nb. From the 8 M stou solution the degree of extraction of niobium,
tantalum and titanium by TBP amounted to 81.9, 6.5 and 32.1%, res-
pectively., PSO, similarly to IDDPA and D2EHPA, proves to be a col-
lective extractant of the three metals.

Of great practical interest appears to be the extraction of metals
under the ratio of phase volumes Vot vaq‘ 1. This enables solution
flows to be reduced and metals to be concentrated. The degree of con-
centration of metals in the case of extraction by 40% D2EHFA is about
8 times and in the case of 20% IDDPA - 4,6 times.A high extraction of
niobium, tantalum and titanium by TAPO, PAHBTA and PSO continues to be
retained up to the ratio Vo: Vo = 135 (extraction - 62.5-87.7%).

An additional concentration of metals is possible at the stage of
their stripping by fluoride solutions. As regards D2EHPA-extracts, a
particularly complete stripping of metals is achieved with the use of
HF and NHL}F solutions. Prom PSO-extracts titanium and iron can be more
easily back-extracted, compared to niobium and tantalum. The use of HF
solutions and their mixtures with H2804 enables titanium to be separa-
ted from niobium and tantalum., Separation is observed to be particul-
arly effactive under the molar ratio F : Ti>6., Tantalum is back-ext-
racted from PSO-extracts with a much greater difficulty than niobium
is. This creates prerequisites for the separation of the metals.

The composition of niobium, tantalum and titanium complexes extrac-

ted from sulphate solutions has not yet been adequately investigated.
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Methods of electromigration and chemical analysis enabled to find out
that titanium is extracted by PSO predominantly in the form of a comp-
lex acid H2Ti0(SO4)2.The molar ratio in the extracts SO4:Ti=1.4030.24
in the case of extraction from a 0.9-1.8 M H2504 solution and 0.04-0.1
M Ti. Data obtained by infra-red spectroscopy confirm the hydrate-sol-
vate mechanism of titanium extraction by PSO. An insignificant displa-
cement of the band of the 8=0 group due to PSO (from 1070 to 1000-980
cm_q) is an evidence against the coordination of the oxygen of the S=0
group towards titanium. With an increase of the titanium content in
the initial solution there is observable in the spectra of the ext-
racts either a broadening or dissipation of the bands referred to ti-
tanium complexes. This points to the polymerization of the complexes
being extracted and is confirmed by an increase of titanium extrac-
tion with the growth of its concentration in the aqueous solution.

The methods of saturation and dilution were employed to find out
that in the case of titanium extraction from 0.2-10M H2504 solutions
there are isolated into the extract the complexes with a molar ratio
HA : Ti = 2, where HA - D2EHPA or IDDPA. On the evidence of the satu-
ration and dillution methods, niobium and tantalum are extracted from
the 8-10 M H,SO, solutions in the form of complexes with a molar ra-
tio HA : Nb(Ta) = 3(Fig.3). On the basis of the infra-red spectros-

4D copy data it was concluded that sul-
18 [ , ! phate groups are absent in the com-
16 position of extracted metal comple-

xes. Alongside of metal complexes,
HESO4 goes over into the extract.
This assumption is based on the ap-
pearance in the spectra of the plank
and metal-containing extracts of ab-

2 _ sorption bands from two main frequ-
)4 -qlz-qlz i W 20 < o encies \)3 and y 4 8t 1200-1100 cm™
Lt Lg(D2EHPA] and at 580 cm™' from a high-symmet-
-Q6 - rical sulphate ion: belonging to
j;‘ HZSO4 and the absence of absorption
J:_ bands typical for sulphate groups

associated with metals. In the in-
frared spectra there are likewise
observable absorption bands at 980-
960 en™1 due to an isolated Me = O
bond. Account being taken of the
chemical analysis and infra-red spectrascopy data, the composition
of the complexes corresponds to the formulae TiOA2 and Nb(Ta)OAB.
The identified regularities point to the possibility of an effec-
tive separation of niobium, tantalum and titanium from sulphate so-
lutions by the use of P-, P-N- and S-organic extractants.
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ON MAIN FACTORS AFFECTING THE EFFICIENCY '::::::]
OF LANTHANIDES EXTRACTION SEPARATION .
A.I. Mikhailichenko, A.V. Elutin, E.B. Mikhlin, M.A. Klimenko,
V.P. Karmannikov, E.G. Goryacheva, State Scientific Research
and Design Institute of Rare Metals, Moscow, USSR

Lanthanides mixtures separation efficiency depends to the great
extent both on the structure of the extractant applied, and on an
aqueous phase composition and on other parameters varying widely for
each system. Among them we can name the concentration of the lan-
thanide salts, salting-out agents, mineral acid, the components
relation in the initial RE mixture, temperature, etc. In the pre-
sent work on the basis of a great amount of experimental data the
effect of the above mentioned system parameters on the separation
factors value (J@ ) in different extraction systems is described.
In addition, several general mechanisms are emerged and applica=-
tion limitations are presented relative to various parameters for
different RE subgroups, different types of extractants and its
mixtures.

Metal concentration. Extraction with neutral oxygen-containing
extractants from weakly acid neutral solutions is widely used for
RE separation [1, 2] « On increasing the lanthanide nitrates and
salting-out agents (lithium, aluminium, calcium, etc.) concentra-
tion, the selectivity in relation to light elements (La-Sm)! inc-
reases while in relation to heavy elements (Ho-Lu) it decreases,

Typical plots of separation factors of cerium and lanthanum against
the RE concentration in aqueous phase during the tributyl phosphate
(TBP) extraction are shown in Pig.1.

FPig.2 presents the plots of the RE separation factors of the

B # ety

30 -
]

25 P { 20

aor
2

15

ot~ . T, 10f BmrOF =S g i

0 M0 200 300 40 300 T T N A

Cc
aQ’g/l Corg/corg max'?é

Piga1. The plot or against Fig,2. The plot of RE separation
?E%‘Hﬁ concentration., &ﬁ% extrac- T t s against the extractant
tant is TBP. The concentration of loading degree: 1 - Nd/Pr (TBP);
L1(n02)5,qn: 1«03 2 =0,67; 3~ - Ce/La (DAMP); (3 - with

67

Al(n (No3)a); & - Bu/ld (TEE); 5,6 -
(TBP); (6 - with A1(NOz)z)
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cerium subgroup versus loading of the organic phase for TBP and
diisoamyl methyl phosphonate (DAMP), The higher the loading of the
organic phase, the greater is.ﬁ « Having the same loading the se-
paration factor doesn't much depend on the aqueous phase composi-
tion. For neodymium-praseodymium and samarium-neodymium pairs the
data for the systems with and without a salting-out agent are pre~
sented by a common curve for each pair of elements (curves 1 and
3). For cerium-lanthanum and praseodymium-lanthanum pairs the sys-
tem data with a salting-out agent are presented by separate, but
close curves.

During the RE nitrate extraction with neutral phosphororganie
compounds (NPOC) in the form of waterless trisolvates Ln(N05)5-3S
the value of the separation factor is determined by the following

equation: :5_3 J/rgaz 4 Vs 0zg
S Ki ft1ag/ Y200

where K - extraction constants, r - the corresponding activity coef-
ficients. From the equation it follows that even a small difference
between the activity coefficients of the lanthanide salts in aqueous
phase for RE nitrate solutions and in solutions with salting-out
agents may affect greatly the value otJe, because the ratio
y:ﬁ,ﬂq/ k/_t_‘l,aq is a part of the equation in the fourth power.

On increasing the concentration of RE salts and salting-out agents
the light lanthanide separation factors increase in the process of
extraction with monocarboxylic acids of normal and branching struc-
ture, quarternary ammonium bases (nitrate and thiocyanate solutions),
NPOC, sulphoxides and tertiary amines. However, the picture observed
is not always the same; thus, in the phosphororganic acid systems
a significant increase of metal concentration in aqueous and orga-
nic phase results in an abrupt decrease in selectivity due to the
change of the formed complexes composition.

Temperature. In case with the extraction process with neutral
extractants J@ somewhat decreases while the temperature increases.
This can be attributed to the fact that on increasing the atomic
number the extraction exothermicity (=~ A H) increases.

The temperature increasing effect is much smaller than the oppo-
site effect of the RE concentration increase, as shown in Table 1,

Temperature increase from 20° to 80° at the same concentration
(400 g/1) results in decrease of (3 by about 1%, while concentra-
tion increase from 300 to 600 g/l at 60° results iJlJBincreaae by
75-80%. In fact, RE concentration increase up to S00~600 g/1 Loy0y4
(which is possible only at a high temperature) gives, in general, a
significant positive effect, especially during the extraction with
TIBP,
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Table 1
Separation factorSJBNd/La during the extraction with 100% TBP and
triisobutyl phosphate (TIRP)

+© G 1(2232&/% — T _— " Tnapji i
60 300 0.43 4,1 0.45 4.9
20 400 0,41 Sett 0.40 6.4
40 400 0.39 5.3 0.39 6.2
60 400 0.39 5.0 0.38 5.8
80 400 0.38 4.7 0.38 5.5
60 500 0.32 6.4 0.33 7.4
60 600 0.29 7.2 0.30 9.0

Relative composition of the RE mixture, The effect of the relative
composition of the elements mixture can be easily traced as to lan-
thanides binary mixtures. From Table 2 and Fig.3 it follows that the
effect of the composition of the elements initial mixtures is most
clearly expressed in extractant maximum loading region or close to
it (at a high RE concentration in aqueous phase or in the presence
of a salting-out agent).

On increasing the better extracting component share in mixture
in different systems there might be possible both an increase and a
decrease of the separation factors. Thus, in the studied systems
there's an increase of /3 values for neutral extractants TBP and
DAMP, and for acid (HDEHP, carboxylic acids) and basic (trialkyl
benzilammonia nitrate and thiocyanate) extractants one can observe
an opposite picture [3.4]. While using NPOC and trioctyl methyl

Table 2
Separation factors for binary RE mixtures
Initial The content of the better extracting
Extractant solution ] component in mixtur
composition 23
Nd/Pr
TBP 200 g/1 Ln205 1.25 [1.27 | 1.27 1.28 | 1.30
300 " 1,42 |1.43 | 1.45 1.48 | 1.50
400 " 1.56 [ 1.58 | 1.64 1.72 | 1.75
223A%{§0§?§05+ 1,62 [1.63 | 1.67 1,74 | 1.76
Eu/Nd
TBP 400 g/1 1,63 [1.62 | 1.66 1,71 | 1.74
Ce/La
DAMP 400 g/1 Ln203 2.12 |2.14 | 2.20 2.31 | 2.37
:ggAg{%oggioa* 2.35 |2.36 | 2.39 2.45 | 2.52
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Figgﬁ. The plot of the separation _Fig.4, The plot of the lanthanum
actors against the content of nitrate distribution coefficients:

the better extracting element in 1=-1MDOMP; 2 - 1 M TOMAN; 3 -
the initial mixture: 1 - Nd/La, 0,5 M TOMAN+0O,5 M DOMP; m-xylene
TBP; 2 ~ Tm/Er, HDEHP, 3 - Er/Ho,

Sm/Gd, TAMAN+TAPO; 6 - La/Nd,

TAMAN

ammonia nitrate (TOMAN) mixtures the directivity of f3 changing tor
TOMAN-TBP and TOMAN-DAMP, on the one hand and TOMAN-trialkyl phosphi-
ne oxide (TAPO) where alkyl - C?—C9 or isoamyl, on the other hand,is
opposite. A possible cause for this phenomenon lies in the fact that
in mixed systems with TBP and DAMP the extraction is carried out ac-
cording to anion-exchange type, and in the system with TAPO accor-
ding to solvation type because TAPO has the highest extractive power
in NPOC series.

Extractant mixtures, In some cases the use of extractant mixtures
allows to rise not only the extractivity, but also the selectivity
of the extraction systems [5—7]. On this purpose the lanthanides ex-
traction with TOMAN and NPOC mixtures has been investigated.

Nitric acid effect on the lanthanum distribution coefficients is
shown in Fig.6. The maximums on all the curves are conditioned by
the influence of the two factors. At weak acidity Dy, increases with

the increase of the same ion (NO3) concentration. With the acidity
increase the lanthanum distribution coefficients decrease which is

conditioned by the decrease of the extractant free concentration
due to the competative extraction of HNO,.

Fig.5 presents data on neodymium nitrates distribution for iso-
molar TOMAN and DOMP mixtures. Similar curves were obtained for
lanthanum, terbium and lutecium. In the whole studied measurement
interval of the organic phase composition the lanthanides distri-
bution coefficients are higher than the additive quantities DLn
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Biéigﬁ coef%?cients: 1 - DOMP; sition effect on samarium and
2 - TOMAN; 3 - additive curve; gadolinium separation factors in
4 ~ TOMAN+DOMP, the total mix— the process of extraction with
ture concentration (1 M) is TOMAN and NPOC mixtures in m-
constant; aqueous phase - 0,02 M Xxylene: 1 - DOMP; 2 - TBP;
Nd(N05)5, 3 M LiNO3, pH=3,0 3 - TAPO

for individual extractants, that is one can observe a synergistic
effect.

Lanthanum distribution coefficients increase in the TBP < DOMP <
<< TOMAN < TAPO series; for neodymium, terbium and lutecium one can
observe another sequence: TBP < TOMAN < DOMP < TAPO. The TOMAN chan-
ge of the position can be attributed to the DLn decrease with the
rise of the lanthanide atomic number during the TOMAN extraction,
while for NPOC one can observe an increase of this value.

Table 3 presents the maximum values of the synergistic effect
during the lanthanide nitrate extraction with TOMAN and NPOC in m-
xylene. The maximum synergistic effect in every system under inves-
tigation corresponds to the presented component ration in the ext-

ractant mixture.
The extraction reaction may be presented in the following way:
3+ = ' — ' «DO ]
Ndaq+3No? aq’DOHPorg+R3R NNO3org {[R3R NJ[Nd(NOa)4 MR] org
Samarium and gadolinium separation factors are presented as a
function of a TOMAN mole fraction in mixtures with neutral phospho-

rorganic compounds (Fig.6). Lanthanide separation factors with the

Table 3
The maximum values of synergistic effects in NPOC and TOMAN system

- Elantaaﬁum : :eodzmi:m - ~ terbiugpoc: luteci:m :
max | TOMAN max | TOMAN max TOMAN Emax TOMAN
TBP | 4.8 ]2.5:1 | 6.3 [2.5:1 | 2.8 [2.5:1 | 2.2 |2.5:1
DOMP S.4 2¢5:1 9,2 11 3,0 1325 251 T2
TAPO 10,5 A 15.9 e 3.4 1125 - -
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Jlable 8
Lanthanum-140 and actinium-227 separation factor during the extrac-
tion with TBP, TAMAN and their mixtures (aqueous phase: 3M NH“NO,S)

Extractant concentration, M E = Dmix/(Dﬂ*DZ) La/Ac

TEE TAMAR Tanthanum actinlum

0.8 - - - 1.07
- 0.8 - - 2.36

0.6 0.2 1.06 0.87 3.02
Oo4 O.4 1.09 0.80 3.28
0.2 0.6 1.19 0.76 3+55

same TOMAN content in mixture change in the DOMP+TOMAN >TBP+TOMAN >
> TAPO+TOMAN series.

Synergistic effect observed during RE extraction with TOMAN and
TBP mixture might be used for RE separation lanthanum and actinium
in particular. Lanthanum and actinium separation factor attains its
maximum value while using the 25% TOMAN mixture (Table 4).

The results reported show that the extractant mixtures have been
found to be potentially interesting in view of the searching of se-=
lective extraetion systems for RE separation.
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THE SOLVENT EXTRACTION OF RARE-EARTH AND BASE METALS BY| _ ]
DIALKYL ALKYLPHOSPHONATES i:

J.S. Preston, A.C. du Preez, and A.J. Jacobs
Council for Mineral Technology, Randburg, RSA

Neutral organophosphorus compounds are useful in the commer-
cial solvent extraction of zinc, gallium, uranium, and the rare-
earth metals. In this study we have synthesized a series of
dialkyl alkylphosphonates, RPO(OR'),, and investigated their
extraction properties towards zinc(II), gallium(III),
indium(III), iron(III), and aluminium(III) in chloride media:
towards uranium(VI), thorium(IV), and cerium(IV) in nitrate
media; and towards yttrium(III) and the 1lanthanides(III) in
nitrate and thiocyanate media. The phosphonates used comprise a
number of pure analogues of well-known commercial reagents (e.g.
dibutyl butylphosphonate and dipentyl pentylphosphonate), a
series of isomeric C,¢ compounds containing n-alkyl groups, a
series of isomeric C,;, compounds containing branched butyl
groups, as well as some compounds that contain cycloalkyl groups.

Solubilities of extractants. The solubilities of the extrac-
tants, measured in 1,0 M sodium chloride solution at 20°C by a
turbidimetric method [1], are shown in Table 1. Some trends in
the solubility data that may influence the selection of
extractants suitable for commercial use can be identified. Thus,
as expected, the aqueous solubility decreases markedly through
the homologous series of n-butyl, n-pentyl, and n-hexyl
phosphonates (compounds a, b, and c¢ in Table 1). Under certain
circumstances, such as with high concentrations of extractant in
the organic phase and aqueous solutions of low ionic strength,
the use of the 1lower members of this series may become
impractical on account of the high losses of reagent incurred to
the aqueous phases. The incorporation of branched alkyl groups
into the extractants causes increased solubility, especially when
more than one branched chain is present (cf. compound a and
compounds d to g). In the series of isomeric n-alkyl compounds,
solubilities decrease somewhat when one of the alkyl groups
contains the majority of the carbon atoms in the extractant
molecule, compared to when these are more evenly distributed

between the alkyl groups (cf. the C,, compounds a and h, and the
C,¢ compounds j and n). The presence of cyclic aliphatic groups
in the extractants can result in marked increases in their
aqueous solubilities (cf. compounds k and 1).

137



Table 1. Solubilities of dialkyl alkylphosphonates in 1,00 M
sodium chloride at 20°C

Phosphonate R R Solubility (mgf~!)
a n-C,H, n-C,H, 629
b n-CgH,, n-CgH,, 316
c n-C¢H,; | N-CgH,, 82
d i-C,4H, n-C,H, 760
e S-C,H, n-C,H, 767
£ t-C4H, n-C,H, 736
g s-C,4H, S-C,H, 1211
h n-CgH,, | C,Hg 261
i n-C,H, n-C.H,, 102
3 n-C¢H,, | n-CgH,, 108
k n-CgH, , n-C,Hg4 102
1 c-CgH, ¢ n-C,H4 499
m n-C, oH,,| n-CjzH, 99
n n-C, ,H,¢ C,Hg 97

Extraction of uranium(VI), thorium(IV), and cerium(IV) from

nitrate media. Slope analysis studies on the extraction of
uranium(VI), thorium(IV), and cerium(IV) from sodium nitrate
solutions by dialkyl alkylphosphonates(L) indicate the formation
of extractable complexes of the types U0, (NO,),L,, Th(NO,;),L,,
and Ce(NO,) ,L,, respectively, as found in earlier studies using
tri-n-butyl phosphate [(2,3]. Where only two molecules of
organophosphorus 1ligand are incorporated into the extracted
complex (uranium and cerium), the extractability of the metal is
little affected by the steric complexity of the ligand, higher
extractions sometimes being obtained with compounds containing
branched alkyl groups, by virtue of their enhanced electron
inductive effect compared with n-alkyl groups. In contrast, the
extraction of thorium is significantly decreased by increasing
the steric complexity of the organophosphorus ligands, resulting
in much higher separation factors for uranium over thorium (8%)
with the more sterically hindered compounds (Table 2).

Table 2. Distribution coefficients and separation factors for the
extraction of uranium(VI) and thorium(IV) from 1,0 M
sodium nitrate by 0,15 M dialkyl alkylphosphonates in

toluene.
Phosphonate R R! D, Drp Bry
a n-C,Hq n-C,Hq 12) 0,36 32
d i-C4H, n-C4Hq 26 0,14 185
e s=C,4H,4 n-C,4H4 26 0,07 368
£ t-C4H4 n=C,H4 15 0,02 787
g s-C,aHg s-C4Hq 41 0,02 2149
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The importance of steric factors in the extraction of
thorium(IV) by dialkyl alkylphosphonates is confirmed by the
linear correlations obtained between the distribution
coefficients (as well as the uranium/thorium separation factors)
and the Taft steric substituent constants (4] for the alkyl
groups R in the isomeric series of phosphonates RPO(n-C4H40), in
which R = n-butyl, isobutyl, sec-butyl or tert-butyl (Figure 1).

3 T
U/Th
2 - 4
: X @ u
Fig.l.Correlation between o
extraction of uranium and o
thorium and steric constants 5 (e -
of substituent isomeric = N
butyl groups o 0 7
o
Th
-]._ -
=) 1
-2 = 0

Steric substituent constant

Extraction of yttrium(IIT) and lanthanides(III) from nitrate
and thiocyanate media. Previous studies [5,6] on the extraction
of yttrium(III) and the lanthanides(III) from 1M sodium nitrate
by solutions of dialkyl alkylphosphonates (L) in toluene showed
the extracted complexes to be uniformly of the type Ln(NO,4) 3L,

in which the nitrate groups were presumed to act as bidentate or
monodentate ligands depending on the size of the central Lnd®*
cation. Studies on the extraction of these metals from 2M
potassium thiocyanate solutions have now shown that the extracted
complexes are of the type Ln(NCS),L,, where x = 3, 4, or 5,
depending upon the size of the Ln®* cation (Table 3). In the 1M
sodium nitrate system, extraction of the lanthanides was found to
reach a maximum close to the middle of the series (at samarium or
europium) and the extraction of yttrium was found to be similar
to that of the heavy lanthanides erbium or thulium in all cases.
In contrast, no such maxima occur in the extraction of the
lanthanides from 2M potassium thiocyanate solutions, and the
extraction of yttrium more closely follows that of the lighter
lanthanides neodymium or samarium (Figure 2).

139



100
KNCS
S+ -
x:u
ke ¥ Fig.2, Extraction of rare-
S 50 o earth metals from nitrate
g and thiocyanate media by
&5 di-n-butyl n-butylphosphonate
NaNO;
S -
Y
N O VOO (] Y VS R R U S ) N
la Pr Pm Eu Tb Ho Tm Lu

Lanthanide

Table 3. Values of coefficient x in the complexes Ln(NCS),L,
extracted by dialkyl alkylphosphonates and tri-n-butyl

phosphate
Extractant Value of coefficient, x
La Gd Y Yb
Tri-n butyl phosphate 4.9 4.0 4.1 3.6
Di-n-butyl n-butylphosphonate 3.9 3.6 3.6 3.0
Di-n-butyl s-butylphosphonate 4.1 3.9 3.8 3.0
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SYNERGISM IN LIQUID-LIQUID EXTRACTION OF RARE
EARTH IONS

7-5

E. Herrmann, 0. Navrdtil, Nguyen xuan Lang, J. Suzova and
V.A. Khalkin, Martin-Luther-University Halle-Wittenberg (GOR),
J.E. Purkyne University Brno (EsSR) and Joint Institute for
Nuclear Research, Dubna (USSR)

Previously (1] we have shown that tetraphenylimidodiphosphate,
(PhD)zP(U)-NH-P(O)(DPh)z, is a monobaslg acid,_TA, wich forms
dimeric species in benzene (K2 =2 . 10° 1.-mol” "). Ions of rare
earth elements, M3+, are extracted from mineral acid solutions

according to equation (1),
3 -3 +
M(;) * LSy o) == M5 P R (1)

if the acid concentration is smaller than 4 M. The extraction
constants Kexl increase with dicreaigng iongg radii of M3+. I¥
was concluded from results of “H-, C- and” "P-NMR investigations
[ 2] and x-ray structure analysis [ 3] that in the complex ex-
tracted the metal ion is six coordinated via the oxygen atoms
of phosphoryl groups, and is able to increase the coordination
number by molecules with donor atoms (e.g. acetone).

As expected from these results, a synergism in the extraction
of M}+ from mineral acid solution using mixtures of HA in benzene
with tributylphosphate (TBP) or trioctylphosphine oxide (TOPO),
respectively, has been observed.

As demonstrated in Fig. 1, the distribution ratios, D, of
La3+, NdB*, 5m3+, Eu3+ and Tb3+ rise, reach a maximum, and than
decrease if the initial concentration of TBP increases. No
synergism has been obtained for Tm3+ and Lu3+. TOPO behaves si-
milar as TBP in the extraction of M3+ from hydrochloric acid
solution. Contrary to TBP, in the case of TOPO the maxima of D
are about one order of magnitude higher and appear at lower con-
centration. A maximum was found even for Tm3+.

The curves, 1g D vs. 1g cTGPD,change dramatically, if the
aqueous phase contains nitric or perchloric acid (Fig. 2 and 3).
At higher TOPO concentration a minimum is to notice. The mini-
mum is deeper and afterwards, the increase has a steeper slope,
if HClO4 is used.

According to Fig. 3 we distinguish three different parts in
the extraction curves: I - a first increase of the D values up

to a maximum, II - a decrease, and III - a second increase
after the minimum.
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The synergism (part I) occurs in consequence of reaction (2)
in the organic phase:

MA; (o) * Loy &= MAsl(g) (Ky31? (2)

(L = TBP, TOPO). So we have to write in part I besides equation
(1) the extraction equation (3):

3+ _— +
My * 1.5 (HA)5 () * Loy ™ MAsL(qy * 3 Hewy (3

with the extraction constant Kex}
The decrease of D values (part II) is owing to a competition

reaction of L with (HA)Z:

(HA), gy 4 B Ligy == 2 HAL(O). (4)

By BIP-NMR spectroscopy we determined the following equilibrium

N =) = .
constants: Kya 1opp = 829(12) 1-mol and K S 2.0, 1

21 HA.TBP
mol ~. The main reaction in part II is:

3+ +
M(w) + 3 HAL(O) == MA}Lm @ (3-m) L(O) + 3 H(w) (5)

with the extraction constant K The coefficient m is equal to

3+ exa'_ : 3+
For lutetium in both systems and Tm

in the TBP system it is lower than one. At high concentration

one for most of the M

of L beside MA3L a complex MA}L2 is formed, especially by
lanthanum,
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The equilibrium constants Kexl and K131 are summarized in

Tab. 1. From these results it is possible to calculate K

ex3
and Kexd: Kex} : Kexl K131 4 -1.5 (6)
Kexs ™ Kex1 K131 * XHa-ToPO* @7
Table 1. Equilibrium constants for extraction of M3+ from
HX solution by HA/TOPO in benzene
) =26.1:9 -1.5, . 10-% -1
A: Kexl <10 %1 mol ; B: Kl}l 10" "mol™ "1
K| HX La Nd Sm Eu Tb Tm Lu

A|HC1 |[0.080(6)]0.35(1)|0.69(1) | 0.80(2)J1.1(1) | 6.4(2) | 33(6
HNO5 [0.076 0.34(1)|0.65¢1) | 0.81(3)]1.4(4) | 6.2(B)
HC10,( 0.084(1)| 0.41(4)]0.76(13)| 0.85(4)|1.3(2) | 7.0(4)

B|HC1 8.5(3) 12.2(4)]12.5(14)| 14.7(7)|11.6(5) 0.93(6)| 0.05
HNO 5 7763 9.4(7)|12.4(5) 14.7(9)]11.8(9) 0.87(7)
HClUA 8.2(3) 9.7(5)|12.2(6) 14.9(7)|10.8(3) 0.84(5)

S

Whereas Kexlrises with increasing atomic number from lanthanum
to lutetium, K131 has a small maximum at about europium and
decreases from terbium to thulium and lutetium rapidly. The
decrease is the consequence of smaller ionic radii of heavier
lanthanoids, which not allowed an easy coordination of L to MA

In part III of extraction curves in Fig. 2 and 3 nitrate
and perchlorate ions are coextracted:

3

Miny * ¥ HAL gy + O-y) X{yy + 2 LoF2MAXs Lo oy *+ Y Hey
(L = TOPO; y = 2 and 1; if X = N0;,than z =0 and 1; if X =
0104, than z = 1, 2 and 3).

Equationes for calculation of maxima and minima of D values
are obtained.
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GENERAL MODEL OF EXTRACTION OF LANTHANIDES EY
ASSOCIATED EXTRACTANTS IN FRESENCE OF COMPLEXONS
A.A.Kopyrin, M.A.Afonin, V.V.Projaiev, Lensoviet Institute
of Technology, Leningrad, USSR

Use of complexons for extraction separation of lanthanides
(Me) by alkylammonium salts (Am) and tri-n-butylphosphate (TBP)
increases separation coefficients of rare earth elements (REE).
These extractants are associated because of hydrogen bonding
(4m) and dipole-dipole interaction (Am, TBP) [ 1-3].

The behaviour of REE is an implicit function of association
of extractant and of stabitity of all complexes in the organic
and aqueous phase. The knowledge of the reactions equilibrium
constants gives mathematical model of extraction. It should be
noted there are a great number of reactions of extracted comp-
lexes with extractant in the organic phase, interaction of lan-
thanides with NOZ-ions (caused by presence of high concentration
of salting-out agent) and with complexons in the aqueous phase,
considerable number of components in the extraction system. All
these factors do not allow (by simple analytical method) to ob-
tain the dependence of distribution coefficients D and separati-
on coefficients on the concentrations of reagents and on the ex-
traction conditions.

The present study was aimed at creation of the extraction mo-
del and application programmes pack for computation of extrac-
tion equilibrium.

Reactions in extraction system. The association of extractant

is as follows (A=TBP or Am): _ _
A+ C-0q & 4. )
In eqs.(1).ﬁi is association equilibrium constant. It is calcu-
lated by means of the FORTRAN-Programm EASD [ 4] from cryoscopic,
osmometric and IR-measurements. The extraction of lanthanides
from nitrato-medium becomes complicated by formation of comple-
xes of variable chemical composition [5,6]:
[Me(No_;)J 4/72] 4/-1

m is the number of coordinated molecules of extractant and r is
the number of solvated molecules of extractant. Usually m is
equal 2+3. The reactions of extraction of lanthanides are as fol-
lows: i

. - / —_—
Meana), + A L& [ieiig), 2e7 4, . (2)

b m o+ r
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The extraction constants ( f%; ) have been calculated by means of the
FORTRAN-programme TASER [S] from extraction data of systems with high
concentration of salting=-out agent (up to 8 M LiNOs) In this program-
me the activity coefficients of all species are supposed to be equal
to 1. Lanthanides react with NO; -ions in the aqueous phase:

Lo s
Mot v p MG L re) (%)

wP)
The constants /BM@ have been obtained from extraction data. There is
also acid-base eguilibrium of the complexon (HkL) in the agueous phase.

” -
[K‘ +?//+—-'££//7ng. (%)

As a rule the lantnanides form normal and protonated complexes with
complexons [7]: 5

Me 2t 0T L e 7T,

Me 3?4/ (-+/'//* ;é’:_‘z Mely s (5)
Dissociation constants of complexons and stability constants of lantha-
nides with complexons have been determined from EMF-titration data of
solutions with high concentration of Nog ~ ion (up to 8 M LiNOB; 7 M
NHQNOB).

All the constants required for calculation of D have been deter-
mined by independent experiments.

The extraction model. To calculate D it is necessary to find equili-
brium concentrations of extracted species in organic phase and the
analogous concentrations of complexes of REL in the aqueous phase.

Use of matrix writing allows to compactly record laws of mass ac-
tion, conservation of mass and conservation of electric charge. The
elements of last column of stoihiometric matrix A are decimal loga-
rithms of stability constants of species formed from basic species.
The rest of the columns are the stoihiometrical coefficients. The ele-
ments of vector X are decimal logarithms of concentrations of basic
species, the last element of vector X being equal to 1. The elements
of vector EC are decimal logarithms of concentrations of formed speci-

es.
The law of mass action with law of conservation of electric charge
are as follows:

/ x X = fC. (®)
The law of conservation of mass is as follows:
A x 0+ 10% = ¢,. (7

The sign "T'" means the matriX is to be transposed. Record 10X .
is
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Dependence of separation coefficient of Ce(III), BEu on
pH of aqueous phase and on initial concentration of Pr(N03)3
Extractant: 0,2 M MDOA'HNO3 in benzene. Aqueous phase 7 M
LiN03. Initial concentrations of Ce(III) wnd Eu are equal
to 0.0167 M

a vector Y. The elements of vector Y are obtained as follows:
Yir) =m0 P | r=q2.. (8
In egs. (7) Ca' is the vector of analytical concentration of basic
species.
The last row of eqs. (7) is not taken into account while summing
up. As follows from egs. (b) and (7):
AT x 0% + w* =¢,. 9
The existence and uniqueness of a solution of eqs. (9) is proved
in article [8]. We used the method of Fletcher and Powell [9] for
solving of eqs. (9) by means of FORTRAN-programme EARNEL. This pro-
gramme allows to calculate equilibrium concentrations of all the spe-
cies in extraction systems consisting of 3 complexones (EDTA, DTPA,
NTA), 8 lanthanides, and one of 6 possible extractants (TOA, TBP,
MDOA, TGA, TAA, TIA).

The verification of extraction model. The verification of model has
been made for different combinations of lanthanides in micro-and
macroconcentrations. For example the separation coefficients of mac-
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roconcentration of Ce (III) and Eu in the extraction system with va-
riable concentration of Pr and variable pH have been computed by
means of programme KARNEL, The results of computing (hard lines)and
experimental data (circles) have a good agreement (see Fig.).

This mathematical model and programme KARNEL has been shown to

allow satisfactorily describe the influence of various factors (na-
ture and concentration of extractant, complexon, RLEL, salting-out
agent) on distribution of lanthanides in multicomponents extracting
systems with assotiated extractants and complexons.

1.
2e

b4e

5

6.

7

8.
9.
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MODELLING OF THE EXTRACTION OF RARE EARTH ELEMENTS 8Y HIGH MOLECULAR
WEIGHT AMINES

M. Cernd, J. $tastovd, V. Rod
Institute of Chemical Process Fundamentals, Prague, Czechoslovakia

High Molecular Weight Amines (HMWA) can extract rare earth elements efficiently
only in the presence of extraction supporting electrolytes. It is caused by difficult
complexation of lanthanoids in aqueous phase. They form nitrate adducts in acid en-
vironment which are extracted as HMWA anions. From all amines the ammonium salts are
the best extractants for lanthanoids from nitrate solution. The formation of the ad-
dition product can be described by the chemical reaction:

n R;NNO3 + Ln(N0,) Kei" (RN)3Ln(NO3) 5, 7 )
where Ln(N03)3 denotes all snecies that can react with RdN.N03 to extracted complex,

Undissociated Ln(N03)3 is in equilibrium with nitrate anions in aqueous phase:

Ln®* + 3 N0; —2— Ln(NO,),. (2)
The supporting electrolyte increases the concentration of NOS ions in aqueous phase
and shifts the equilibrium (2) to the right. The supporting electrolyte, ammonium
nitrate in this case, is dissociated according to the equation (3):

NH,NO i N} + NO3, 3)
The value of the extraction constant KexM and of the stoichiometric coefficient n de-
pends on the atomic number of the lanthanoid. The value of KexM monotonously decrea-
ses with the atomic number if a quaternary ammonium nitrate or a tri-n-octylammonium
nitrate are the extractants(]). The stoichiometric coefficient depends on  coordina-
tion number of the element and is higher for lighter 1anthanoids(2).

HMWA are excellent extraction agents for inorganic acids. Consequently, it is ne-
cessary to take into account the coextraction of HNO3 if RE elements are extracted
from acid environment. Nitric acid formes addition products with quaternary ammonium
nitrate by consecutive reactions

- K -
RGN0, + HNO, LXALE- RyN-NO; (HNO) ’ (4a)
RgN.NO;(HNO) + HNO; —=2AZ_ R /N"NO,(HNO,), - (4p)
Undissociated form of HNO3 is in equilibrium with nitrate ionts:
K
A -
HNO; ——= H* + NO3 . (5)

The supporting electrolyte enhances HNO3 extraction as well, because it shifts equi-
librium (5) to the left side.

The aggregation of amine salts in the organic phase was taken into account since we
are dealing with the system with a high dipole moment of the strong basis and a rela-
tively low permitivity of the solvent.

Three elements of rare earths (lanthanum, neodymium and gadolinium) were selected
for the extraction according to (1). Coextraction of HNO3 described simultaneously by
reactions (4a) and (4b), was investigated in the system with lanthanum. The great deal
of equilibrium measurements was performed with tri-alkylmethylammonium nitrate in xy-
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lene, prepared bycnverting Aliquat 336 with HN03. The nitrate of tri-n-octylamine
was used in additional experiments. Two levels of total concentration of extractant
were used in experiments: 0.2M or 0.05M. The lanthanoid nitrat concentration in the
aqueous phase varied from 0.001M up to the solubility limit. Ammonium nitrate was ad-
ded to total nitrate concentration 4M or 8M. The acidity of the aqueous phase was ad-
Jjusted to pH=2 by nitric acid. In the investigation of HNO3 coextraction,the pH value
was set to 1.9 or 0.9. The extraction of HNO3 alone was studied in the concentration
range 0.001M to 2M at nitrate concentration 4M and 8M. The equilibrium concentrations
of RE elements in both phases weredetermined complexometrically after a stripping of
the organic phase with diluted HN03.
The extraction constant KexM of the extraction of the RE elements by (1) defines
equilibrium: -
et _ M
nNS+MC —= M, K
S A
S "MC
The concentration of the undissociated nitrate of RE elements SMeC in eqn. (6), can be
expressed by means of dissociation constant KM and nitrate anion concentration oyl

. (6)

exM

3 3

uc = Kwenceu /(T + Ky e 7

The extraction constants for equations (4a) and (4b) are defined as:
K

= exAl 37 T T

= —— Kexat = Ca1/ (S5 cpc) » (8)

- exA2 5 = s

A+ A0 —= A2, Kexaz = (Ca=Ca1)/(ZCp3Cpc)- (9)
The equilibrium concentration of the undissociated complex CAC in (8) and (9) is:

Cac = S Cp/(Ky +cy)e (10)

Concentration of nitrate anion N in (7) and (10) can be determined on the basis of
analytical concentrations of acid Ca and lanthanoid M by solving egn. (11) and (12)

- - 2 - - '
oy = (KK + \/(KAH(EL) + 4 (cpky + g qKeL = Kakg - P) W 20 ()
3 2
P = ((1-cgy rKg Kaky=CaKe Kakuley + (KatKg -3cp)ey + (Kg Ka-cgy 1Kg -Kacp-3cyKe, -
= 3cyKpdey - Kgy Kaleg preat3cyl (Kyey) . (12)

obtained from material balances of nitrate, acid and lanthanoid in aqueous phase.

Equilibrium concentration of the extractant Eg in (6) and (8) is the concentration
of the amine salt in the form which really participates in reaction,i.e. monomeric
form. Because of lack of direct information about non-ideal behaviour of the organic
phase, the extent of the aggregation which blocks extractant for the lanthanoid extrac-
tion was described by the so called series model of polymeration(a):

& = T 0 K (13)
where C. is concentration of the extractant in monomeric fcrm.
Concentration of the free amine Eg; (including monomer and polymer as well) is related
to the total amine concentration in systengig;;by mass balance:
Cp = Cgr-nicy- (Cp+Cpy) /2, (14)
where the last term accounts for the amount of extractant bound with HN03.
Equations (6) to (14) describe extraction equilibria in the systam containing RE
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element and nitric acid. The general mathematical model reduces to the description of
the extraction of nitric acid alone and an RE element alone for special cases.

The experimental data were fitted by the proposed model by means of a nonlinear
programming system DEMING(Q). This system used maximum 1ikelihood method of parameters
estimation in implicite models and takes in account that all variables are measured
with errors. The parameters of the model, stoichiometric coefficient n, extraction
constants KexA]' KexAZ and KexM were estimated from the dependences of analytical
concentrationsof La, Nd and Gd (EH,CM) and nitric acid (EA,CA) in both phases, as
well as dissociation constants of the nitric acid Kas of the supporting electrolyte
KeL and of the rare earth nitrates 1/Ky. The calculation indicated that parameters of
the model are strongly concentration dependent, which can be expected with regard to
the non-ideality of both phases. The primary salt effect (salting-out of amines) va-
ries with a change of total supporting electrolyte concentration (from 4M to 8M).
That is why the estimated values of parameters for each experimental data set are va-
lied only within narrow range of experimental conditions.

Measured and calculated data are plotted in Figure 1-3. A typical set of estimated
constants, related to data in Figure 1, is given in Table 1. The stoichiometric coef-
ficient 3 was found for La and Nd extraction, while the value 2 for Gd extraction. It
follows from the values of polymeration constants Kp that the aggregation of the ami-
ne nitrate has an important effect in the concentration region (about 5 % wt. of the
amine) used in practice. Isoterms of the extraction of HNO, alone in Figure 2 show
that their shape is changing in the presence of the supporting electrolyte. The iso-
term is S-shaped in the system without NH4N03, which indicates a low value of the ex-
traction constant of the first HNO3 addition step and higher value of the second. On
the other hand, the figure indicates that the extraction constant of the first sten is
kigh and that of the second is negligible if NH4N03 is present in aqueous phase. Si-
multaneous extraction HNO3 and RE elements is illustrated in Figure 3. Estimated pa-
rameters from the coextraction experiments indicate two opposite roles of HN03. Nit-
ric acid supresses polymeration in the organic phase,thus the fraction of monomer in
free extractant is increased,but simultaneously coextraction of HNO3 has a negative
influence upon extent of RE element extraction,as amine nitrate is bound by HNO
The optimum acidity of aqueous phase was found around pH = 2.5.
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0cs T T r
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003

Fig. 1,

Extraction of RE elements by
0.18M nitrate of Aliquat 336
in 8M NH4N03
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Fig. 2. Extraction of HNO; by 0.18M Fig. 3, Extraction of lanthanum by 0.18M
nitrate of Aliquat 336 nitrate of Aliquat 336
Table 1. Estimated parameters of the model of RE elements extraction
Element Extraction Stoich, Dissociation Polymeration Total
RE constants coeff. constants constants nitrates
3
Kexm-10 . n KeL N 1/ ; , Kp .
(m3/kmo1) (kmol/m>) (kmol/m”) (m°/kmo1) (kmol/m”)
La 2.4 3 0.44 1.6 15. 4,
La 297.0 3 1.16 1 000.0 15. 8.
Nd 151.9 3 0.04 6.6 15. 8.
Gd 0.1 2 0.44 7 155 8.

The proposed model is suitabie for the RE elements and HNO3 extraction by tri-n-
-octylammonium nitrate in the presence of L1‘N03 as well. The stoichiometric coeffi-
cient n=4 and two steps addition of HNO3 was found in this case.

Symbols used
c,c~concentration in org. and aqueous phase, resp. K —dissociation constant,

Kex" extraction constant, n - stoichiometric coefficient,
Subscripts

A,A1,A2—acid analytical, first step, second step (H+ or HNO3 in org.).
AC  — extractable complex of acid (HNO3 aq.),

EL — supporting electrolyte (NH NO; aq.),

M — lanthanoid analytical (Ln®* aq. or Ln in org.),
MC — extractable complex of lanthanoid (Ln(N03)3 aq.),

2 — polymeration,

S,SF  — amine monomer, free (quaternary ammonium nitrate),

T - total value,
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SYNERGIC EXTRACTION OF RARE EARTH IONS WITH HEH/EHP AND PMBPY 7<8

Degian Li and Wei Niu, Changchun Institute of Applied Chemistry,
Academia Sinica, Changchun, China

Although 2-ethylphosphonic acid mono-2-ethylhexyl ester(HEH/EHP,HL)
is an excellent extractant for the extraction of rare earths[l], the
synergic extraction of rare earth ions by HEH/EHP and 1-phenyl-3-methyl-
-4-benzol-pyrazolone-5(PMBP, HA) from agueous mineral acid is not well
understood. The synergic extraction of rare earth ions(III) including
La, Nd, Gd, Dy, Er, Yb, Lu and Y by HEH/EHP and PMBP in benzene has
therefore investigated in detail.

The species of synergic extraction have been determined by slope
analysis method. The equilibrium constants and the thermodynamic func-
tions of the synergic reactions have been calculated. The studies of
IR and NMR spectra were carried out for the synergic extracted complexes.

Extraction of rare earths(III) with HEH/EHP and PMBP alone

The extraction mechanism of rare earths from HNO3 solution by
HEH/EHP has been studied[z), and the extraction reaction is as follows:

Ln®* + 3(HL) (o) S Ln(HL,) 500y + 36" M

and the equilibrium constant K,, can be expressed as
[Lacm,);) )8 )% o, ¥ [#]°

K1o= 3 3 = 5 ’ (2)

[t ]lm) 32,y () ,]%,,

n
where Y=1+§lﬁn[N03]n,p represents the overall stability constant of
rare earths with nitrate anion ions.

The extraction reaction of rare earths by PMBP has been reported to
be much nore[}-E]-However,the extraction reaction of rare earths by
PMBP under present experimental conditions has been represented by the
following equation, viz.

3+ Kea .
Lo”" + 4HA( ) #" LnAz.HA( ) + 3H (3)
and the equilibrium constant K02 can be expressed as
#13 +13
[LnAB.HAJ(o) (w']° pln']

' lmly,, Tl

K (4)

where D2 stand for the distribution ratio of rare earth ions with PMBP.
Synergic extraction of rare earths with HEH/EHP and PMBP
As seen from Fig.1 and Fig.2, the synergic effect of rare earths in
HEH/EHP-PMBP system has been shown. It has been found that the species
of the synergic extraction alone with the different rare earth(III).
The mole ratio of HEH/EHP and PMBP is approximately 1:2 for the light
rare earths; and 2:1 for the heavy rare earths approximately.
* The Project Supported by National Natural Science Foundation of China.
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Mechanism of the synergic extraction of rare earths(III) with

HEH/EHP-PMBP

The synergic extraction reaction of rare earths with HEH/EHP-PMBP
from nitrate solution can be assumed as follows:

Lo®* + m(HL) 5oy + B HA (o) S"Ln(HL,)phn o) + (mem)H' (5)
and the equilibrium constant K‘2 can be expressed as
[Ln(HLZ)mAnl(o)fH"J(“"'“) By ¥ [u*y(mn)
K12=[ 3 = [} (6)
+ m n m n
Ln?* 1oy J 5o [ual? NG AN LN §:7Y [

where D12 repredents the distribution ratio of the synergic extraction
of rare earths with HEH/EHP and PMBP. Then the synergic extracted
species has been determined by the method of slope analysis. Results
shown in Fig.3 and Fig.4 suggest that the coefficients of the symergic
reaction is m=1, n=2 for Nd3+ and m=2, n=1 for Yb3+ and Lu’* respecti-
vely. The value of (m+n) can be confirmed to be 3 in Fig.5.
Accordingly, the synergic reaction of rare earths(III) with HEH/EHP-
PMBP can be expressed as

K
Na?* & (HL) (o) + 2(HA) (o) 2 “NA(HL,).Ay(o) + 3H', ?)

K.l

Lot + 2(HL) 50y + (HA) () Ln(HL,) oAy *+ 3K (8)

where Ln=Yb3: Lu3+. The equilibrium constant Klz can be represented by
the Equation (9),(10) viz.
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+13 +13
[Nd(}ﬂ,z).Ae(o; (w*] D,, ¥[u']
K12,Nd T3 = = = y (9)
+
(va®* 3 Lm0y DeEndE,, [(HL) ] oy [HAG,)
- + 3
Crn( ) .4 ( g*)> D, ¥ [H']
K = = . (10)
12,Ln 3 n 5
e
[BRSA UC: PN PN -7\ P L) 1 oy [(HAT )
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Calculation of the equilibrium constants and thermodynamic functions

Under the experimental conditions, according n:pn[e], the equilib-
rium constants of the synergic reactions can be calculated to be
L°5K12,Nd='°'?°7’ LogKla’Yb=l.oul and LogK12’Lu=o.87k respectively,
The thermodynamic functions of the synergic extraction reactions were
measured to be AH]2=6.133KJ.E01-1,AGO=—h.832KJ.m01-' and aS°=36.77

in terms of the slope in Fig.6 at 25°C.

IR and NMR spectra of the synergic extracted complexes

Results obtained from the IR and NMR spectra of the synergic extra-
cted complexes have been shown that ligand both PMBP and HEH/EHP are
the solvating molecular exist in the synergic extracted complexes.
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EXPERIMENTAL DETERMINATION OF THE DISTRIBUTION RATIOS FOR RARE[::::]
EARTH NITRATES IN 50% TBP WITH DIFFERENT DILUENTS AND ITS o
MATHEMATICAL MODELLING

R.Knappik, R.Eichler, Dresden, GDR

The extraction of Rare Earth(SE) nitrates of the elements La, Ce,
Pr, N4, Sm, Eu, Gd, Tb, Tm, Lu and Y was experimentelly investiga-
ted by using 50% tri-n-butyl phosphate(TBP) as extractant and a mix-
ture of n-alkanes(Pares Paraffin) or of aromatic hydrocarbons each
in a boiling range of 453 to 493 K,

Varying in a wide range the concentration of the Rare Earth nitrat-
es in the aqueous phase from O to 2.5 moles/l, the salting concentra-
tion from O to 1 mole/l magnesium ni-

trate, and the concentration of the Dge [ © X g=10 moli

nitric acid from O to 3 moles/1 the %l : :mf;;::ﬁ

distribution ratios (D;) were deter- L=

mined. The separation faoﬁg;a and qua- 12 /f\&’ =
si-equilibrium constants (K;) of the 10 o TN

Rare Earths are calculated. o /ﬂ\ N\
Based on the experimentelly determi- N kY
ned and balanced distribution data | /-/o/\k NN
for the systems consisting each of a 04t /a/:// O, \\‘3
macro-component and of the other SE 0z b vdfyﬂ \‘O\C\
as micro-component the mathematical Yo

modelling of the distribution ra-
tios and separation factors was ob-
tained (see figure 1).

The distribution coefficients, sepa-
ration factors, and quasi-equilibrium
constants of the corresponding macro-

La Ce Pr NG Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Fig.1. Distribution coeffi-
cients of SF at different
aqueous equilibrium concen-
trations of Lanthanum in

component were then expressed as po-
diluent Parex Paraffin

wer function of the aqueous and of
the organic SE total concentration,

From this the distribution ratioa and separation factors in any
desired mixtures can be calculated combining the equations for the
macro-components according to their mole fractions. The obtained pre-
cision is good.

The mathematical presentation of the system expanded by acid and
magnesium nitrate was obtained in the same way founded on the three-
dimensional distribution isothermes of the macro-components and of
the nitric acid at constant magnesium concentration. The salting con-
centration was either 0.5 or 1 moles/l (see figure 2).

The distribution ratios and the separation factors were calculated
as a function of the concentrations of the nitrate and of the free
extractant for some selected Rare Earths. The equations were lineari-
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Pig.3. Position of Yttrium as a function of nitric acid concentra-
tion and Cerium as macro-component

ly correlated to the mole fractions for the calculation of mixtures
consisting of several SE. The obtained precision is sufficient. As
expected the presentation of Yttrium in the equation systems is com-
plicated since the position of Yttrium in the extraction sequence is
more significantly altered either by the equilibrium concentration of
the Rare Earths as by the nitric acid concentration, too ( Pig.3 )z
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37p, 45sc NMR COMPARISON OF MECHANISMS OF RARE METAILS
FXTRACTION BY SOLVENT EXTRACTANTS AND ONES INTRODUCED
IN TVEX POROUS MATRIX

V.Yu.Korovin, S.B.Randarevich, Yu.I.Kuzovov, V.I.Savel'eva, A.B.Ko-
mnarov, Institute of General and Inorganic Chemistry, Academy of
Sciences of the Ukrainian SSR, Kiev, Mendeleev Institute of Chemical
Technology, Moscow, USSR

The materials of new type known in the USSR as solid extractants
(TVEX) [1) and as Levextrel [2] abroad are of high interest nowardays.
These materials represent porous polymer matrix with extractant intro-
duced during its synthesis. It was interesting to study TVEX matrix
influence on the rare metals extraction.

Figure 1 illustrates the main porous characteristics of the TVEX
styrene-divinylbenzene (SDVB) matrix according to data of mercury po-
rosimetry and nitrogen adsorption. The data received show that the
average pore radius of the TVEX now widely used (50-60% TBP and 20-25%

DVB) equals 150 A.

A
31 2 118
Tne linewidth in the P NMR J1a
spectra of TVEX-TBP is 1,5-2,0 ti- 1;
mes exceed the linewidth in spect- 12
ra of liquid TBP. This fact testi-
fies that the extractant exists as i
liquid in the polymer matrix. 0— Tw 20 30 20 %DVB

The constant phosphorum emissi- QFi&J. The dependence of the

on intensity along the diameter of surface area (1), pore volume (2)

TVEX bead's cross section show the
uniform distribution of extractant

in the porous matrix. This probab-

ly distinguishes TVEX from the SDVB

and average pore radius (3) for
TVEX~TBP 60% to the bead's centre

impregnate, which is characterized

by TBP concentration lowering to the centre of the bead.

IR- (the absence of functional groups' vibration shifts) and 31P
NMR (the absence of chemical shifts relatively liquid TBP) data and the
value of the extractant's adsorption heat on the matrix, equaled 45+
0,1 kJ/mol reveal that TBP is confined in the TVEX matrix by the phy-
sical adsorption. The dependence of equilibrium extractant's distribu-
tion between aqueous phase and TVEX matrix has typical S-form. This
fact shows that the part of TBP has created the polymolecular adsorbed
layer on the matrix surface.

The study of exchange of free and coordinated to the different me-
tal ions TBP results the fact that the whole extractant in TVEX matrix
is able to create the solvate bonds with the extracted component.
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Thus, the extractant in the TVEX matrix (50% TBP and 25% DVB) exists
as liquid in pores with average pore radius 150 X. The extractant is
uniformly distributed in the whole bead's volume,
sical adsorption and accessible for the reaction with the removal com-
ponent. Hence, the physico-chemical properties of extractants introdu-

confined by the phy-

ced in TVEX matrix have not been changed and the main mechanisms of
solvent extraction remain for TVEX.

Our investigations show the absence of differences between the ex-
traction of Zr and Hf [3] (Fig.2), La and Ce [4] by solvent extraction
and by TVEX on their base.

However,
TVEX matrix is higher as compared with liquid TBP under the Sc extrac-
tion from hydrochloric solutions (Fig.2).

We have investigated the mechanisms of Zr, Hf and Sc extraction by
liquid TBP and by TVEX-TBP using the NMR method in order to make clear
the reasons of the differences between solvent and TVEX extraction.

One can observe the signals of free and coordinated with metals TBP
m in the NMMR spectra of Zr, Ff and
Sc extracts {Fig.3a). The average

it was determined that the extraction capasity of TBP in

solvate number
Sc on TBP have
cording to the
TBP signals in

(ASK) of Zr, Ef and
been calculated ac-
relation between

every isotherme po-

int. The value of ASY for Zr and
1f equals 2,0+0,1 both for ligquid
TBP and TVEX-TBP. This fact testi-
fies that Zr and Hf have been ex-

01 02 02 04 05 06 Cs Y

Fig. 2, Extraction isotherme of
Sc (1) from 8M HC1l, Zr (2) and Hf
(3) from éM HNOy by liquid TBP (o)
and by TVEX-TBP(e)

tracted as disolvates by liquid
TBP and by TVEX-TBP.

ASN value for Sc extract is within the 1limit of 2,7-3,5 for liquid
TBP and within the 1limit of 1,3-1,7 for TVEX-TBP. These facts reflect
the different mechanisms of Sc extraction by liquid TBP and by TVEX-
TBP. According to 455c MR spectra (Fig.4) Sc has been extracted by
TVEX-TBP as two complexes and by liquid TBP as four ones. According to
[5] Sc chloroaquacomplexes' mixture is in hydrochloric solutions. The-
refore extraction equilibriums for TVEX are

[ScClB(H2O)3];q.+ TBP, . = [ScC13(H,0),(TBP)] or.t Hy0pq. (1)

[S¢C15(H,0) ) :q.+2TBP0r.= [5¢C15(H,0) (TBP) ) ¢ +2H0p o (2)

and for liquid TBP are o
o
lSCCIB(H2O)3]aq.+2TBPor.=ISCClB(HZO)(TBP)Zlor.+2H20aq.

[ScC15(H,0)4] gq- +3TBP . =[ScC13(TBPY [ +3H,0q

(2)
(3)
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€C1, (b) after Sc extraction from (b) after Sc extraction from 8M
8M HC1 HC1

[5cC1,(H,0),] ;q.+4TBPor.+H;r. = [5¢C1,(TBP) ) J +H303r'+3H20 )

[SeC1,(H,0),) ;q.+5TBP°r. +2H] . =[SeC1(TBP);] ﬁ; +H303r. +HCL, o +3H20m(15)
The differences between mechanisms of Sc extraction cause apparently
the higher capasity of TBP in TVEX. One may note that while using TVEX
there are no complexes in organic phase, which contain more than two
TBP molecules in coordinated sphere. The creation of such complexes in
porous TVEX matrix is somewhat impede because the average pore radius
equals 150 &, as mentioned above.

Thus, the TVEX matrix is not only inert carrier but it can change
the mechanism of extraction of aimed component in some cases.

To compare the influence of the inert diluent and TVEX matrix on
the extraction mechanisms is of great interest. For this purpose the
composition and structure of Sc complexes extracted by pure D2EHPA (HY)
0,3 M HX solution in CCl4 and TVEX-48% HX have been studied by 31P
and 4550 NMR method.

One broad signal has been observed in 45Sc NMR spectra of all ex -
tracts. Its position (3 p.p.m. relatively [Sc(H20)6]3+) shows that
there are no Sc complexes with Cl-ions in the first coordinate sphere.
There are 3 signals in 31P NMR spectra of extracts received: free HX
signal, signal of HX combined with Sc by one link (HXmon), signal of
HX reacted with Sc by two links (HXbid). Hence, it is possible to use
31P NMR method to determine the ASN of HX and the relation between bi-
dentate and monodentate HX molecules in polymer complexes created in
extracts. Taeking into account the absence of Cl-ions in the extraction
complexes the data obtained allow to determine the composition and the
structure of the compounds removed (Table 1).

Table 1 shows that the mechanism of Sc extraction has been changed
under the influence both of HX dilution and its introduction in TVEX
matrix. There are different reasons evoked this fact for the examed
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Table 1. The ASN value and most probable structure of Sc extracts

Extract ;M HC1 |HX/Se ASK HXbid Structure of the extract
! HXmon
!
Pure HX 1 [17,68 5,90 0:1 [SeX4 (1) 51°
8 10,93 5,53 1:6 the mixture of [ScX;(HX);)® and
HX X X X _HX
~ | PN 1/
)Ic\ }?\
 x x7 X H
0,3M HX so- 1 3,83 3,15 1:1 HyO X X Hy0 |
lution in I~ !/X\SL/X\* S f/x
ccl, Hx;\\x/\\x 5
Hy0 Hy,0 Hy,0 H,0
8 2,96 2,96 2:1 X x
HZO?(() C=-H,0
X \xxx/
N\
°€5'X>\'séx
X""\\X \
HA0 H>0
TVEX-FX T 15,95 1,17 0:9 [SC(H20)5X12+
8 5,50 2,68 1:30 [Sc(H20)3X3]°

cases. The CCl4 dilution of HX involve the dielectric constant lowe -
ring and assosiation of polar complexes with the polymer structure.
The creation of forms such as (ScXB(HX)3l° and the polymer complexes
(Table 1) is somewhat difficult in TVEX matrix. This fact determines
the Sc extraction as [Sc(H20)3X3]° and [Sc(H20)5X12+ by TVEX.

Thus, the investigations carried out show that the presence of po-
lymer matrix may change the extraction mechanism in some cases. We may
observe the influence of polymer matrix for the metals which simulta-
neously are extracted in a few forms.
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EXTRACTION OF TECHNETIUM (VII) WITH TRIBUTYLPHOSPHATE 7 1
-11

FROM CONCENTRATED CHLORIDE SOLUTIONS

H. PITSCH K., FES-C, Universidad Nacional Autonoma de Mexico, MEX (present
address : Rhéne-Poulenc CRA, 14 rue des Gardinoux, F-93308 Aubervilliers)

C. POITRENAUD, INSTN, Centre d'Etudes Nucléaires de Saclay, 91191 GIf-sur-Yvette
Cedex, F

It is well known that pertechnetic acid and pertechnetates of different
metals are extracted by tributylphosphate (TBP), either diluted or not (1-4).
The object of this work is to show that it is possible to predict distribution
coefficients of technetium from rather complex solutions, using a modern interpreta-
tion of salting-out effects which has been exposed in details elsewhere (5-6).
According to this theory, the activity coefficient of any species in the aqueous
phase may be expressed by the ratio between a function of the water activity in
the system characteristic of the species and the total concentration of species

in the aqueous phase :

y; =
on the other hand, the activity coefficient of any species in the organic

phase depends only on the water activity in the system :

¥y = fi (aw).

As a consequence, any reaction in aqueous solution as well as any distri-
bution equilibrium may be characterized by a function of the water activity, related
to the concentration equilibrium constant for any specific medium defined by the
values of a, and 0 :

Kc = G (aw) . 0&

General experimental conditions were : temperature 22 °C, technetium
concentration 1.5 x 10-5 M, TBP 30 % v/v in dodecane, water activity between .6
and 1, which means a maximum concentration of nearly 6 M for. 1:1 electrolytes

and 3.5 M for 1:2 salts, HC1l, NaCl, LiCl, CaCl2 and MgCl, were used as salting-

2

out agents. Extraction of hydrochloric acid was taken into account. Other salts
99 i

did not extract. ™pc was used as a y-tracer to measure the distribution

coefficients.

We first checked the mechanism of extraction. Experiments at constant
a, o and concentration of technetium but varying TBP/dodecane ratio in the organic
layer showed that the extracted species contained four TBP molecules in the case
of extraction from 1l:1 electrolytes and three TBP when the extraction was performed
from alcaline-earth chloride solutions.

Experiments realised at constant a,o and TBP concentration showed

'
that during extraction from HCl1l, NaCl and LiCl solutions the distribution

coefficient was independent of the amount of technetium in the system, whereas
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with CaC12 or HgCl2 as salting-out agents D was linearily related to the

concentration of technetium in the aqueous phase.

On this basis the following distribution equilibria are proposed :

re = + + + .+
M + TCO4 +4 TBP _ﬁll'l‘cO‘(‘l‘BP)4 ) M =H , Na ,Li ,

2
M D 5 &

Sext = “u) (mam)*

w2t o4 Tco, + C1” +1 TBP =—— MTcO, CL(TBP), * w2t = Mmg?t o+ ca?t,
3
ca D.o

Sext = (1) (TEPY 3°

We further extracted technetium from series of solutions of each salting-
out agent at varying concentration and from ternary chloride solutions. The results
of the distribution experiments involving HC1l, LiCl and MgCl could be explained
taking in account only one interference reaction in the aqueous phase : the
formation of pertechnetic acid. The water activity functions corresponding to
the three distribution equilibria and the formation of HTcO4 were determined.
When sodium or calcium chloride was involved, results could only be explained

assuming the formation of the weak complexes NaTco4 and CaTcOZ in the aqueous

layer. Corresponding water activity functions are reported.

Confirmation of these results was obtained by measuring distribution
coefficients of technetium between aqueous layers containing at least three salting-
out agents and 30 % TBP in dodecane and comparing the results with calculated
values by means of the following expression based on the previously determined

water activity functions :

3

(chee [+ Gope () + oG5y (58)) LEBRYYo, fua) + 6 (o) Lo tnamy

o4

D =
1+cﬂm+cud_[t_¢_g_1+c(:a_[gl
<] o [¢]

Fitness within 8 & between calculated and experimental values was obtained
for the distribution coefficients that varied in a range from .l to 200. Further
experiments on extraction of technetium with tetraphenylarsonium chloride confirmed
the present results on the stability of the complexes NaTcO, and caTco’ in concen-

4 4
trated aqueous solutions.
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EXTRACTION OF TcO4~ IONS FROM BASIC SOLUTIONS OF UNI~AND BIVALENT
METAL IONS USING CROWN COMPOUNDS T=12

MUAYED G.JALHOOM
Department Of Analytical Chemistry, IABC, Tuwaitha , Baghdad ,Iraq

Crown compounds have been used in our laboratory for the
radiochemical separations of some fission products from irradiated
uranium samples .From picrate media Cs, Sr and Ba could be separated
selectively using liquid~liquid and extraction chromatographic tech~
niques {1,2] .From HCl and NaOH media iodine I and Tc are separated
selectively as H'DB16C6I,C1” and Na*DB18C6 TcO4~ [3,4] .Efficient
separation-fOt Tc could be achieved from HpSO4 solutions as
H*crownTcOy H3S04 [5) ,where n depends on the initial H2804 con~
centration in the aqueous phase .

Basic solutions proved to be ‘good media for the selective
seprartion of Tc from irradiated uranium samples .In this work the
distribution coefficients (D) of TcO4~ ions are determined in the pre~
sence of several Uni-and bivalent metal hydroxides using various crown
compounds dissolved in 1,2~dichloroethane (DCE). Hydroxide solutions
of Li, Na, K, Mg, Ca, Sr and Ba are freshly prepared and standardized
by acid~base potentiometric titration .The hydroxides of Rb and Cs are
prepared by passing chloride solutions on a strong anion exchange
resin .NH499Tc04 is converted to H99Tc04 by passing on a strong cation
exchange resin and determined potentiometrically .

The activity of 99Tc was assayed using liquid scintillation counting
technique .

The extraction equilibria may be represented by the following
relation :

MOt 4+ (n~2)TcO4™ + zZOH™ + mLg < > [M1n+('1‘co4')n_z(or§ lo see(?)

z may equal to 1 or zero. The values of 1,m and n depend on the crown
cavity size ,substitutions, organic solvent , charge density of the
cation and on the relative concentrations of metal : crown [(4,6] . At
lower concentrations of the univalent metal hydroxides (0.004M) ,Fig.i
shows the relation of log D vs ionic diameter (I.D). Generally the
extraction increases with the cationic size reaching a maximum with
Nat(I.D=1.90°A)~12C4 and k* (I.D=2.66°A)~other crowns .

The maximum at K+ has already been proved due mainly to the matching
of sizes, however 12C4 and 15C5 are smaller than Nat and K* respec-
tively .The ratio of diameters Nat: 12C4 and k*: 15C5 are equal to
1.41 and 1.36 respectively . A sandwitched structures for 12C4
has been reported (6] .
The extraction of 0.004M H*Tc04' by the various crowns has also been
studied .The order of D values are found to be DB24C8 (0.201)~ DCH18C6
(0.188)> 18C6 (0.021)~12C4 (0.021) > 15C5 (0.011) > DB18C6 (0.0042) .

The relation between log D vs I.D was reconsidered at higher con~
centrations of the cations (Fig.2) .Two main features can be extracted
from this fiqure : first ,is the sharp increase of D values ; second
is the change in the sequence of extraction by the various crowns.
This may be attributed to the change in the stoichiometry of the
extracted species, formation of different types of associated ion
pairs (loos ,tight or corwn separated ion pairs), inclusion of more
than one small cation into the bigger cavities .It should be mentioned
that during Cs extraction systems precipitate formation was observed
with 12C4, 18C6, DB24C6 and DB18C6 .

As expected bivalent cations give lower D values because of their
higher charge densities and subsequently higher hydration energies
(Fig.3 and 4) .
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Fig.2,Plot of logD of TcQ vs 1.D-crewn-12 OCE/(K MeOH, 0-¥IM RbOH.
T 0.181M CsOH .12C4, ¥8C6, DB16C6, DB24C8-Cs’ precipitate formation.
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Slope analysis experiments showea the formation f 1:1 (cation: crown)
complexes for Cs and Sr with DB18C6 ,DCH18C6 and DB24C8 ,and 2:3
complexes with 12C4 .Previous studies (4] revealed that extraction of
TcO4” increase steadily with the polarity of the organic solvent and
with the presence of methanol in the aqueous phase .These conditions
might be utilized for the better extraction of Cs and Sr as pertech~
nitate .The simultaneous separation of Cs ,Sr and Tc fission products
is of special importance in nuclear technology .
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EXTRACTION MECHANISM OF THORIUM(IV) FROM SULPHURIC ACID ]_7 1'3'}
SOLUTIONS BY HEH/EHP | R

Dingyu Yu, Deqian Li: and Jiazan Ni, Changchun Institute of Applied

Chemistry, Academia Sinica, Changchun, China

The use of 2-ethylhexylphosphonic acid mono-2-ethylhexyl ester
(HEH/EHP,) as an extractant for thorium(IV) from sulphuric acid soluti-
on has been demonstrated by our earlier reports[l]; the present author
has previously investigated the extraction mechanism of cerium (IV)[Z]
and erbium(III)[}] from sulphuric acid solutions by HEH/EHP and it was
the purpose of this study to determine the extraction mechanism of th-
orium(IV) in the sulphate by HEH/EHP.

The partition equilibria of Th(IV) between stoh and HEH/EHP in
octane were investigated. The extraction mechanism of Th(IV) at diffe-
rent acidities has been discussed with the methods of slope, satura-
tion, IR and NMR. The equilibrium constants and the thermodynamic fun-
ctions of the extraction reaction have also been calculated.

Extraction equilibrium
The extraction of Th(IV) from its solution(0.0043M) in sulphuric
acid by HEH/EHP(0.50F) in octane at

ght line having a slope of -4 at
low aqueous acidity. It is indicat-
ed that Th(IV) can be extracted
from sulphate system by the ionex-

-0.6

1.0l °" A 25°C was examined at different acid
=) J concentrations with results shown
% 2 ) 1 , in Fig.1. The data of Fig.!1 deter-
. \ \ o mine two different extraction reac-
0.2t % e I tions. The equilibrium curve of

| \\ ,o LogD—Log[H+]aq determines a strai-
°
| | \o\

°o—— o

. °\“

1.4 F x// change reaction. The shape of the
equilibrium curve for LogD-
0.4 0 0.4 l°8[ﬂ230ﬂ Log[HZSOL‘]aq suggests the possibi-

1lity of Th(IV) extraction by other
reactions at high aqueous acidity.
Dependence on HEH/EHP concentration
= Figure 2 shows the LogD as a func-
(I)Log[HZSOulaq. (Z)Log[H Iaq tion of the equilibrium concentra-
tion of free HEH/EHP. The slopes of the plot of Fig.2(a) are 2.5 at

low aqueous acidity. For high aqueous acidity the data of Fig.2(b) also
determine a straight line having a slope of 2.5. Thus, the extraction
mechanism of Th(IV) in the sulphate system by HEH/EHP could be written

Fig.1. Effect of acidity of
equilibrium aqueous phase on
Th(IV) extraction by HEH/EHP

* To whom correspondence should be addressed,
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as follows: at low aqueous acidity, Th(IV) is extracted by a cation-
exchange reaction in which hydrogeh ion is displaced:

Th* + s/2(HL) U + uut (1)
aq > 2org. © T °3°"2org aq

and at high aqueous acidity by a solvation reaction similar to that
with neutral phosphorus extractants:

L4+ O~ 2= k.
Thaq + ZHoOhaq + souaq + S/Z(HL)aorg a HaTh(SOQ)S.SHLorg (2)
and
+ - Kn
Haq + Hs%aq + (HL)ZO!_E 2 stou.am,org (3)

The extraction mechanism for the case that the¢ organic phase is satur-
ated with Th(IV) was investigated at low aqucous acidity:
k

L+ ot +
Thaq + 2(HL)aorg 2 Tthorg + “Haq (4)
The equilibrium constant for the reaction of Equation (1) is

J =
= : =115 + -

Logk, =LogD + Log(1+ £ g;[0,7]3,) + 4Log[H']q= 5/2(Hl) p0rg (3

The calculated equilibrium constant LogK] is 4.07 ¥ 0.02.

A / 7
- [=]

E? 0.6¢" @ ; 80 r b "

_ v 5 //
x

s ¥
o

Gt X 1 0.2} 4

X o i /
-0.2 // ol ‘//o
177 -/
) /

=14 -0.6 -0. ‘
0 0 6 0 4 -1.0 -0.8 -006 -004

HL
1og [( )21(0) log[(lﬂa)z](o)
Fig.2. Effect of HEH/EHP concentration on Th(IV) extraction
(a) LogD-L : X- -
) LogD-Log[(HL),),., ¢ X- 1.6N H S0, o- 2.2N H,S0,
(b) LogD—Log[(HL)z]org : x= 13.1IN H,50, o- 12.1N stou

Dependence on temperature

The extraction of Th(IV) from its solutions(0.0043M) in 1.3 and
1.6N H,50, by 0.50F HEH/EHP in octane at temperatures (15-35°C) is
shown in Fig.3. From this the value of enthalpy change (aH) in Equa-
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Fig.3. LogK] of extraction of Th(IV)
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tion(1) was estimated to be approximately -20KJ .mo1” " (—19.?KJ.mol_‘

in 1.5N Hy50, .nq -20.7KJ.mol™'in 1.6N H,50,). This value is less than

for the thorium(IV) extraction by HDEHP[A], but it is in the similitu-
des of the cerium(IV) extraction [2].The value of the corresponding
free energy(aG) and entropy change (4S) can be calculated as appro:i-
mately -22.2KJ.mol~" and ?.5J.m01'1.K'] respectively.

IR and NMR spectra
The IR and NMR spectra were carried out for the extracted complex
of thorium(IV) with HEH/EHP. The data of the IR and NMR are in good

agreement with the obtained extraction mechanism of thorium(IV) by
HEH/EHP.
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EXTRACTION OP ZIRCONIUM WITH MIXTURRS OP ORGANIC REAGENTS|

A.I.Zebreva, P.I.Lobanov, N.N.Andreeva, T.A.Pasinkova,
Kazakh State University, Chemical Paculty, Alma-Ata, USSR

Organic reagent of different classes have been used for zirconium
extraction, But zirconium extraction with extractant mixture has nut
been studied so far. It has been reported that zirconium extraction
with mixtures of tribytylphosphat (TBP) and di-2-ethylhexylphosphoric
acid (D2EHPA) leads to a sharp increase in the distribution coeffici-~
ents of metal /1I/.

The present paper reports the results of zirconium extraction with
extractants mixtures and comparison of extraction with individual
extractants. Extractants used were mixtures of neutral (TBP) and acid
(D2EHPA) reagent,mixtures of synthetic fatty (SFA),higher carboxylic
(HCA) and higher isomeric (HIA-2) acids with TBP and D2EHPA and
trialkylamin (TAA).

Zirconium content in the aqueous phase has been determined spektro-
photometrically using Arsenazo III and on the organic phase X-ray
fluorescently measuring zirconium radiation in solid extracts at X-ray
spectrometer PW-I4I0/20 Philips Firm.

It has been investigated the effect of aqueous phase acidity, the
concentration of reagents and metal, the temperature on the
distribution coefficients of zirconium in the systems studied.

The addition of TBP to SFA and HCA allows to extract zirconium
from a more acid medium (Fig.I). At pH I,0 quatity extraction of metal
into the organic phase is observed. 1gD I

The increase in zirconium concen- L
tration from I-I0~*to 2.I0™%at cons-
tant value of acidity of the aqueous 1,0
phase does not change the extent of
extraction and the distribution
coefficients of the metal. -1,0f

Temperature change from 283 to
3I3K for SFA-TBP mixtures and from _Fig.I.Dependence of distribution
333 to 363 for HCA-TBP mixtures coefficients of zirconium on the

increases the distribution coeffi- PH of the aqueous phase. Curvel-
IO vol% TBP in SFA; Curve2-

IOvol,% TBP in HCA; Curve3- SFA

cients of zirconium from 85 to I40
and from 94 to I65 correspondingly.

Adding D2EHPA to SFA, HCA and
HIA-2 leads to zirconium extraction from acid media (Fig.2), the dis-
tribution coefficients being'VIOB. High values of zirconium distribu-
tion coefficient are also attained in extraction from acid media
(Fig.2,curve 4) with mixtures of TBP-D2EHPA.
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Fig.2.Dependence of dis-
tribution coefficient of
zirconium on the pH of
the aqueous phase.Curvel-
DZ2EHPA-SFA;Curve2-D2EHPA-
HCAj3;Curve3-D2EHPA-HIA-2;
Curve4-D2EHPA-TBP

Table I.The optimal condition zirconium

Adding TAA to SFA, HCA, TBP does not
change the extent of extraction and the
distribution coefficient of zirconium com-
pared to individual extractants,

Changing concentration of D2EHPA in SFA
and HCA from 5 to I5 volume per cent causes
changes in the extent of zirconium extrac-
tion from 85 to 99 %. Further increase in
reagent concentration does not change
extraction.

When zirconium concentration changes
from 2-I0 *to 3.I072mol/1 the distribution
coefficients remain almost constant,

Separating phases in the case of HIA-2-
D2EHPA mixtures is less distinkt compared
to SFA and HCA mixtures, mixtures SFA-
D2EHPA being more suitable technologically.

Optimal condition for zirconium extrac-
tion with extractants mixtures are given
in Table I.

The behaviour of acce-

extraction ([2r] - B-Io'amol/l) ssory elements (iron,alu-
Extraction conditions ninium, tivanum,nagnesium
Extractant scandium and rare earth)
cHNO,,M,pH L T,min| have been investigated.
HCA PHI,5 233-363 3 The separation coeffici-
’
SFA-TEP pH 1,0 293-203 5 ents Zr/Me have been
HCA-TBP oH 31,0 333-353 5 determinated.
SFA=D2EHPA HN031-8 M| 283-213 3 Different extraction
HCA-DZEHPA HNOLI-8 M | 333-363 3 system have been compared
and more perspective ones
HIA-2-D2EHPA| HNO,I-5 M | 333-353 2
3 have been chosen procee-

A number of physico-che
gated the compositionof mi

ding from selectivity
extraction.
mical methods have been employed to investi-
xed zirconium complexes and to explain

synergism observed in certain systems,

Back extraction of zirconium has been studied and regeneration con-
ditions of mixtures used have been established as well as the effect
of concentration and reagent nature on the process metal re-extraction,
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EXTRACTION AND SEPARATION OF NIOBIUM(V) WITH
3-HYDROXY-2-METHYL-1-(4-TOLYL)-4-PYRIDONE 7-15
B.Tamhina and A.Gojmerac Iv8ié¢, Laboratory of Analytical Chemistry,

Faculty of Science, University of Zagreb, Strossmayerov trg 14,
41000 Zagreb, Yugoslavia

In our previous paper [1-3] the extraction and separation of niobium(V),
zirconium(IV) and hafnium(IV) with 3-hydroxy-2-methyl-1-phenyl-4-pyrido-
ne (HX) were described. We now report the extraction of niobium(V) with
3-hydroxy-2-methyl-1-(4-tolyl)-4-pyridone (HY). This extraction has the
advantage over the extraction with HX [1] because it is feasible from so-
lutions without the presence of large amounts of chloride or thiocyanate
ions. Niobium(V) can be quantitatively extracted with HY dissolved in
chloroform from aqueous hydrochlo-
ric or sulphuric solution in the range
0.8-2.0 M hydrogen ion concentration

Table 1. The dependence of
niobium extraction on chloride ion

(Fig.1.) if chloride concentration is eaneantration

less than 3M (Table 1.). With incre- Conc. LiCl SE

ase in chloride ion concentration in (M) HC1 Hy804
the range 3-6 M the percentage of = 99.6 99.5
extracted niobium gradually decrea- 0.5 99.7 99.7
ses, but with increase in chloride con- 1.0 99.6 99.5
centration above 6M the percentage of 1.5 99.6 99.6
extracted niobium increases again and 2.0 99.7 99.6
at a chloride ion concentration higher 2.5 99.7 99.7
than 8M niobium(V) is quantitatively 3.0 99.2 99.4
extracted from hydrochloric acid so- 4.0 98.0 95.3
lutions. From sulphuric acid solution 5.0 95.2 89.0
and at a chloride ion concentration 6.0 92.8 73.2
higher than 8M maximum niobium ex- 7.0 95.3 78.3
traction is about 83%. The absorption 8.0 99.2 79.5
maximum of the extracted complexes 9.0 99.6 82.3
depends on chloride concentration 10.0 99.7 83.2
and lies between 310 and 350 nm

(Fig.2.). With an increase in chlori-

de concentration it is shifted towards higher wavelengths. In the range
of chloride concentrations less than 3M the absorption maximum of the ex-
tracted complex is in the range 310-320 nm. With a chloride concentration
between 3 and 5M the absorbance at 310-320 nm gradually decreases and,
simultaneously, another absorption maximum appears at 350 nm. At a
chloride concentration higher than 6M the absorption maximum of the or-
ganic phase is at 350 nm. At this wavelength there is no shift of either
the absorption maximum or the absorbance values with increase in chlori-
de concentration. The absorbance of the organic phase obtained at excess
of chloride in the aqueous phase is stable for about 30 minutes. With pro-
longed standing the absorption maximum appears at 310-320 nm and the
absorbance values at 310-320 nm increase with time. After 120 minutes,
the maximum at 350 nm is still visible and after one day, the spectrum
shows a maximum at 320 nm only (Fig.3.). These results suggest that
niobium(V) can be extracted with HY in the form of two different comp-
lexes depending on the chloride ion concentration in the aqueous phase.
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The compositions of the
extracted niobium(V) comp-
lexes have been studied by
radiometric and spectropho-
tometric methods. Distribu-
tion studies (Fig.4.) show
that at a low chloride con-
centration or without the
presence of chloride in

the aqueous phase nio-
bium(V) can be extracted
as a complex with two HY
molecules bonded to a

log conc. H* (M) single niobium atom and

at a high chloride concen-

Fig.1. The dependence of the percentage of extra tsiitlal '9s iy niixed Shilpne
ig.1. P n P xtrac-

tion (a) and the distribution ratio (b) of niobium on HY complex with one H.Y
initial hydrogen ion concentration; O, A\, 10 M c1”;  Molecule bonded to a sing-
@ . without addition of CI” le niobium atom. The ra-

tio of niobium to HY was
also determined on the basis of the dependence of niobium extraction on
its initial concentration in the aqueous phase and spectrophotometrically
by Job’s method. The results also indicate that niobium can be extrac-
ted as a complex with two HY molecules bonded to a single niobium
atom or as a mixed chloro complex with one HY molecule bonded to a
single niobium atom. It was not possible to determine the ratio of nio-
bium to chloride in the mixed chloro-HY complex, but the ratio was de-
termined at extraction of niobium with HX as a mixed chloro-HX comp-
lex [1 ]J. Comparison of these results and the results :described here

0 1
log conc. H* (M)

shows the compositions of the mixed Nb-Cl-HX and Nb-Cl-HY complexes to

be identical. On the basis of all the results obtained we suggest that comp-
lexes having the stoichiometries Nb(OH)3Y, and Nb(OH)3ClY can be quan-

titatively extracted. The formation of these complexes may be shown as:

Nb(V)(aq) + 3HyO + 2HY(g) T Nb(OI3Yp(q) + 5H{aq) (1)
Nb(V)(aq) * 3HzO * Cl{aq) * HY(5) 2 NB(OH)3CIY (o) + 4H{aq) (2)

The formation of the complex at low chloride concentration or without chlo-
ride in the aqueous phase shown in eqn. (1) is fundamentally different
from extraction of niobium with HX. With HX niobium is quantitatively ex-

A A

0.7 ¢+ 08

0.6 08

0.5 07t

0 Fig.2. '.I‘he dependence of the 06}
absorption spectra of the orga-

03 nic phn.se on chloride ion con- 05}
centration

0.2 04t

Fig.3. The dependence of the

absorption spectrum of the or-
ganic phase on time of standing X
300 350 400 300 350 400

A (nm) A (nm)

011 03
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tracted only as mixed ligand complex [1]. Based on the absorption spec-
tra of the extracted complexes (Fig.2.) it is also suggested that the mixed
ligand complex produced from a high chloride concentration in the aqueous
phase shown in eqn. (2) with maximum absorption at 350 nm by prolonged
standing reacts with the excess of undissociated HY molecules [4,5] in the
organic phase giving more stable Nb(OH)3Y, with maximum absorption at
310-320 nm:

Nb(OH)3ClY(°) + HY(O) 2 Nb(OH)3Yy(,) + HCl(o).

@-

/Slope =2

3 i "
-4 -3 -3
log conc. HY (M)

Fig.4. The dependence of the distribution ratio of nio-
bium(V) on initial HY concentration; €, O, &, without
addition of CQ1; O, O, @, 10 M CI”

The extracted niobium(V) in the presence of an excess of chloride or
without the presence of chloride can be quantitatively stripped with 10M
HCl or 5M HyS0,. At optimum extracting conditions only citrate, tartrate,
fluoride and oxalate minimize niobium extraction. These anions mask nio-
bium(V) but do not interfere if present in moderate quantities. Citrate
and tartrate may not exceed a 100-fold amount and fluoride and oxalate
a 10-fold amount with respect to niobium(V).

The different behaviour of niobium(V), zirconium(IV) and hafnium(IV)
in extraction with HY can be exploited for their separation. From 1-2 M
HCl solutions niobium is quantitatively extracted (Fig.l.), while zirco-
nium and hafnium remain in the aqueous phase [ 6). The separation of zirco-
nium and niobium is of large practical importance because of the radiochemi-
cal equilibrium “°Zr/”’Nb. The separation of zirconium and niobium was tes-
ted using 95zr/951b and that of hafnium and niobium using a mixture of

1Hf and 95Nb.
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COMPARISON OF EXTRACTANTS FOR SEPARATION OF NIOBIUM AND

TANTALUM FROM FLUORIDE-SULPHATE SOLUTIONS B4l

A.I.Nikolaev, E.V.Shevyreva, V.G.Maiorov, E.G.Il'in, Institute of
Chemistry, USSR Academy of Sciences, Apatity, USSR

For the purpose of extractional derivation of niobium and tantalum
compounds use is exclusively made of fluoride, predominantly sulphate-
~fluoride systems. These elements give rise in an aqueous solution to
stable, well-soluble fluoride complexes which differ significantly
with respect to chemical properties. Fluoride solutions are likewise
favourable for the purpose of extractional separation of tantalum and
niobium from accompanying impurities. Sulphuric acid affects the equi-
librium of different complex fluorides in the solutions and increases
the selectivity of metal separation.

A great many organic substances have been studied as extraction re-
agents for separation of niobium and tantalum from fluoride solutions.
As regards technological purposes, there has been demonstrated the
possibility of using more than 60 extractants: amines and other nitro-
gen-containing reagents, phosphorus- and sulphur-containing reagents,
ketones, aldehydes, alcohols, ethers, etc.

In practice the choice of potential extractants is restricted on
account of numerous and conflicting requirements being put to a comme-
rcial extractant. The choice of an extraction reagent is determined by
the aggregate of its characteristics - stability, solubility, fire-ha-
zardous properties, toxicity, cost, availability, etc. The problem pu-
rsued in the search for optimal extractants for niobium and tantalum
is to bring together the complex of requirements to organic solvents
and those put to the end product obtainable in extraction and the spe-
cifics of processed technological solutions,

In the present work we have investigated a comparative selectivity
of seven extractants for the separation and purification of niobium
and tantalum: tributylphosphate (TBP), phosphoric acid hexabutyltris-
amide (PAHBTA), trialkylphosphineoxide (TAPO), petroleum sulphoxides
(PS0), cyclohexanon (CHN), methylisobutylketone (MIBK) and trialkylami-
ne (TAA). All these extractants are either promising or available com-
mercial reagents belonging to neutral oxygen-containing solvents, ex-
cept for TAA which is an ion-exchange extractant. We made use of ext-
ractants of '"commercial" grade.

The employed extractants are the ones particularly well explored »y
as for the purpose of separation of tantalum and niobium from fluoride
media., Highly interesting is the study of their stability.

A particularly widespread extractant of niobium and tantalum proves.
to be TBP. The collapse of TBP upon contact with acid solutions is co-
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mmonly associated with a progressive hydrolysis in the series:
(Bu0)3P0 —_— (Buo)zP(O)OH — BuOP(O)(OH)2 — H3P04

Making use of NMR spectral data at the nuclei > 1P and 19F, chemical
analysis and potentiometric titration, we have studied the process of
TBP collapse upon contact with fluoride-sulphate solutions under con-
ditions of niobium and tantalum extraction. We have discovered the fo-
rmation of all TBP hydrolysis products of the aforementioned series
and of the fluorination products of TBP, phosphoric acid and acid et-
hers of butylphosphoric acids (Fig.1,2).

The concentration of products of TBP collapse was found to be in-
creasing with time. It is related not so much to the number of cyc-
les in the use of the extractant as to the time of contact between TBP
and the fluoride-sulphate solutions. Thus, on the evidence of labora-
tory data, for 170 cycles of an accelarated extraction-stripping of ta-
ntalum from process solutions the organic phase contained 0.1M of dibu-
tylphosphoric acid (DBPA) - one of the principal products of TBP colla-

pse. In a real process under a smaller number of extraction-stripping
cycles the return extractant contains 0.3-1.0M DBPA.

Accumulation of TBP collapse products leads to a higher viscosity
of the organic phases, a deterioration of the hydrodynamic characteri-
stics of the process, and contributes to the formation of precipitates
and crud at the interfase principally due to the formation of iron bu-
tylphosphates. Phosphoric acid under stripping goes over into the aqu-
eous phase ahd contaminates niobium and tantalum compounds with phos-
phorus. The phosphorus content in niobium and tantalum oxides increa-
ses dozens of times in the use of a return extractant.

Fig.1. NMR spectra for 19?:
aqueous solution of HF and
H3P04 (1); (BuO)BPO-extracts
from the solution (M): 5.0 HF,
6.0 H2304, 1.3 HBPOQ (2,4);
from the solution (M): 5.0 HF,
6.0 H,S0, (3). BExtracts: fresh-
ly-prepared (2) and the ones
matured in contact with an acid
aqueous solution for 30 days (3,
4); A’ - H,PO;F, BB’ - (Bu0),>
POF, CC* - BuOPOFb, DD’ - HPOzg
E - HF W% W B o 5 f0 55 M0 8

12. 3ak. 365 177



s9us Fig.2. MR spectra for 7 P:
(BuO)5PO (5); (BuO)BPO—extracts
from the solution (M): 5.0 IF,
6.0 H,80, (2,3); from the solu-

tion (M): 5.0 HPF, 6.0 H,S0,, 1.3
L ) H5P04 (1,4). Extracts: freshly-
—t A prepared (1) and ones matured in
contact with an acid solution for
20 days (2) and 30 days (3,4);
AM'A" - HFO,F,, BB® - HyPO;F, CC’
- (Bu0)POF(OH), D - HzPO,, E -
BuOPO(OH),, F - (Bu0),PO(OH), J-
(BuO)3P0

a
p——

uﬁ.

Under conditionsof niobium and tantalum extraction CHN is subject
to a condensation reaction. Using the method of gas-liquid chromatogra-
phy it was shown that cyclohexylidencyclohexanon is formed:

The rate of formation of the condensation product increases with
the rising acidity of the aqueous solution. Accumulation of this pro-
duct is accompanied by a decline of the extractional properties of the
organic solution and a higher viscosity of the extract (Fig.3).

The extractional properties of PSO under comparable conditions
were observed to be changing less perceptibly.

The extract left to stand for 250

;;Mf/‘ e days was found to increase in viscosi-
ty more than two times for a sample of

w00 a0 L low-viscosity PSO. Simultaneously the

il ratio of phase volumes Vo s Vaq was ob-
served to increase with time.

e ~sa k

s00 Lo- 1

Pig.3. Variation of the CHN content

400 Maalk ° 2 in the extractant and of Nb separation
in time

o 73 zi; Z ’ 55 aays CHN concentration, g/l (1); separation
of Nb, % (2)
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A higher stability, compared to TBP was observed in TAPO. This is
associated with a lower reaction capacity of P-C bonds in TAPO in
contrast to P-N-C bonds in PAHBTA and P-O-C bonds in TBP. Under con-
tact conditions, similar to those of TBP, no TAPO hydrolysis and flu-
orination products were observed in NMR spectra of the TAPO extracts.

High stability of triisobutylphosphate(TIBP) and triisoamilphospha-
te (TIAP) was observed under niobium and tantalum extraction from flu-
oride-sulphate solution. With respect to stability TIBP and TIAP occu-
py an ‘intermediate: position between TAPO and 'BP, whilst their extrac-
tional capacity is at the TBP level. This enables us to recommend TIBP
and TIAP as more suitable extractants, as compared to TBP.

Comparison of extractant selectivity was made with respect to nio-
bium and tantalum separation from a process solution containing (B):

5 HZSO , 0.96 Ti, 0.13 Nb, 0.05 Ta. A successive extraction of tanta-
lun and niobium was made after hydrofluoric acid had been introduced
in the solution.Optimal conditions of tantalum ana niobium extraction
must be different for different extractants. However, the results ob-
tained permit the extractional efficiency of the reagents used to be
evaluated. A decline of extractional properties for neutral oxygen-co-
ntaining extractants is observed in the series: TAPO > PAHBTA > PSO >
TBP > CHN > MIBK. The extractional efficiency of TAA is observed to be
close under the investigated conditions to TA®O, PAHBTA, PSO.

It could be expected that the purity of the isolated specimens of
niobium and tantalum oxides would increase in accordance with the af-
orementioned series of extractants, i.e. the weaker the extractional
properties, the greater should be the selectivity of the extractant.
This has found confirmation with respect to the extraction of the main
impurity elements — niobium in the case of tantalum extraction and ti-
tanium in the case of niobium extraction. However, with respect to ot-
her impurities this regularity fails to be rigorously observed. A par-
ticularly low content of the magority of impurities is observed to ta-
ke plase in the specimens of niobium and tantalum oxides separated
from MIBK-extracts.

The isolation of tantalum and niobium by all the extractants is ac-
companied by significant purification from impurities. An additional
purification of niobium and tantalum can be achieved by washing the ex-
tracts with aqueous solutions. Making use of the obtained washing con-
ditions for TBP, TIAP, CHN and MIBK extracts, there were isolated nio-
bium and tantalum oxides in which the content of 16 controlled impuri-
ties declined to values below 0.001 mass.%. With the growth of the
extractional properties of extractants the possibiljty of obtaining pu-
re niobium and tantalum compounds becomes difficult.
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INVBSTIGATION OF THE EXTRACTION BEHAVIOUR OF HIGH TANTALUII 7=-17 !
AMOUNTS AND OF THE COMPOSITION OF TANTALUM COMPLEXBS BY THEIR

BXTRACTION INTO METHYLISOBUTYLKETONE FROM HP-H280A MIXTURES

0. Grossmann
Zentralinstitut fiir Festkdrperphysik und Werkstofforschung
der AdW der DDR, 8027 Dresden, DDR

The determination of trace impurities in pure tantalum requires
the matrix seperation 171, 2_7 in most cases. In the present work
tantalum was extracted by methylisobutylketone (MIBK) from Hn45soh
solutions / 3 - 5 / and these investigations were acomplished by the
study of the compsition of extracted tantalum complexes.

The solution were prepared as follows: 0.5 g of Ta were dissol-
ved in 5 ml of a mixture of concentrated HF and HN03 (3:1), eva-
porated to dryness and dissolved in 10 ml of the HP—H2$0“ mix-
tures again.

The distribution of tantalum at its extraotion into MIBK in
dependence on HF and HQSOA oconcentration is shown in Fig. 1. The
increase of the stob concentration at the same HF concentration
causes the increase of the tantalum distribution ratio. Fig. 2
shows the tantalum distribution ratio in dependence on the tanta-
lum concentration. According to this, the two-fold extraction of
tantalum from the solution containing 2.5 M of HF and 4 - 5 M
Hasok allows to remove the tantalum to sufficient extent. The
distribution ratio of tungsten at the extraction from the solution
containing 5 M of stoh equals to 0.04 and diminishes to 0.01 in
the presence of 4 M “2304' The distribution ratios of the investi-
gated trace elements at the extraction from the solution containig

2.5 M HF and 4 M steh are given in Table 1. Together with the

Table 1. Distribution ratios of the trace elements at the

extraction of tantalum as matrix

Me D Me D Me D Me D

cs 5-102 zn 1-103 v 5.10% Mo 0,12

Cu 410" ca 1-10" ¢ 4-10% ¥ 0,01

Ae 2+103 6a 1:102 Mn 1 -10% Ba 110"
ca 4103 1In 2-:102 e 6.103 as 0,2

Br 4«10 2r 7¢10™ oo 45 10°% Au & 907
Ba 1-10"2 Bt 7-10% N1 1-10% Re 1,0
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EJg+:). Distribution ratio
of tantalum in dependence on
HF and H2$0b concentration

tantalumfluorocomplexes also HF, stoh and H20 are extracted into
MIBK phase / 6, 7_/.

The composition of the tantalumfluorocomplexes is investigated
by the modified equilibrium shift method by Bent and French [§7 .
log DHe =K + n log 17HA_7°. The extraction equilibrium of the tan-
talum can not be shifted by the change of hydrofluoricacid concen-
tration, but only by the change of sto“ (Fig. 1). In the solution
with the ration of P~ : Ta<:8 - 9 the hydrolysis of tantalum

occures and the precipitate does not dissolwe even in concentrated
Hasob. In presence of free HF in the water phase the hydrofluoric
acid will be extracted into MIBK phase /7/. With the assumption

of formation of only one tantalumfluorocomplex in the water and
organic phase and under consideration of the HF distribution

ratio Dyp [17 the equation for the total concentration of fluoride

in the organic phase CF can be written as:

o
Cro = n LTaPn_/o + / _/o o
(c - nC ) » D
c =n /TaF__7_ + Frot Tto0t HP.
PD = n—’" o : >
* ur

The index 'tot' means total concentration in the initial water

phase., If the values of CF A cTa HF

as well as LiaFg?o and D
at several nzso“ concentra%ggna argoﬁnown, then the theoretical
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Fig. 2. Tantalum distribu-
tion ratio in dependence
on the tantalum concentra-
tion

]

i 1
10-3 10-1 10 .
Chea, mg-ml”
concentration of HF in the organic phase CF can be calulated for

several ligand numbers n. The comparison ofoplots of theoretical
values of CF vs. LE’PE7° with the experimental values of Cp
determined bg titration of F~ in organic phase allows to maks a
_7h(n—5)- Fig. 3 shows
the experimental points lie on a straight line with the slope

of 7.9, that means, that tantalum will be extracted into MIBK as

H3TaFB complex.

conclusion about the ligand number in L?aFn

The determination of the solvation number of tantalum complex
was done by straight line slope of the function log DTastn&@ﬁBQQ)
in a solution of 2 M HF, 4 M HESOA and 0.056 M Ta, the dilution of
MIBK was done by bengene. The solvation number was determined to 4,
Fig. 4. The determination of water in the organic phases by its
tiration with Fischer reagent allows to determine the hydratation
number of extracted complex to 8. The IR-spectra of organic phase

L a wide

containing tantalum show in the region of 3700 - 3350 cm
absorption band which belongs to OH-groups of strong fixed water.
The maximum of C=0 band is shifted from 1725 to 1710 cm-1 and 1is

probably overlaped with the absorption band maximum of H30+1ons

Fig. 3. Determination of the
ligand number in tantalfluoro-
complex

002 903 qo¢ 00s
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1g{M 8 K],

Fig. 4. Determination of
the solvation number of
tantalum complex

at 1700 cm_1. Thes results allow to assume that the extraction of
tantalumfluorocomplex occurs according to the extraction mechanism
of strong acids 1_9, 10_7. Therefore the composition of the
tantalum complex in the MIBK phase can be written as:

Py -

HBO $ 7H20 o H2TaF8 * 4 MIBK.
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SOLVENT EXTRACTION OF TUNGSTEN(VI) FROM HYDROCHLORIC ACID
SOLUTIONS IN THE PRESENCE OF TARTARIC ACID 7-18

* * *
Taichi Sato 1, Toshiaki Takayanagi 1 and Keiichi Sato 2,
*
Alcan International, Kingston Laboratories, Ontario, Canada ?

and Faculty of Engineering, Shizuoka University, Hamamatsu,

*
Japan 192

The extraction of tungsten(VI) from hydrochloric acid solutions
in the presence of tartaric acid has been investigated using tri-
butyl phosphate, trioctyl phosphine oxide, dihexyl sulfoxide, tri-
octylamine and trioctylmethylammonium chloride in benzene.

Introduction

Solvent extraction of tungsten(VI) from acid solutions has been
studied by some researchers. However, since the solubility of
tungstates to mineral acid is generally low, there are only a few
limited literatures. De et al. [1] examined the extraction from
hydrochloric acid by tributyl phosphate (TBP), and Palant et al.
[2] extracted using trialkylamines from aqueous solutions at pH2.
In order to obtain further information on solvent extraction of
tungsten(VI), the extraction from hydrochloric acid solutions in
the presence of tartaric acid added to prevent the precipitation of
tungstates has been investigated by using neutral organophosphorus
compounds (tributyl phosphate, TBP; trioctyl phosphine oxide, TOPO),
sulfur-containing compound (dihexyl sulfoxide, DHSO, RZSO) and high
-molecular weight amines (trioctylamine, TOA, R3N; trioctylmethyl-

ammonium chloride, TOMAC, R3R'NC1).

Experimental
Chemicals, TBP (Daihachi Chemical Industry Co., Ltd.) was purified
by usual method {3] and TOPO (Hokko Chemical Industry, Co., Ltd.),
TOA and TOMAC (Koei Chemical Co., Ltd.) were used without further
purification. DHSO was synthesized by oxidation from dihexyl
sulfide (DHS, Daihachi Chemical Industry Co., Ltd.). The synthe-
sis was carried out as follows: 1) 35 cm3 each of acetic acid and
acetic anhydride and 20 cm3 of aqueous solution of hydrogen per-

*
1To whom correspondence should be address as follows : 3-11-9;
Higashi, Shibuya-ku, Tokyo, 150 Japan or Alcan International,
Kingston Laboratories, P.O.Box 8400, Kingston, Ontario K7L 424,

Canada.
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oxide in 30 % was added to 50 cm3 of DHS dropwisely for during 1 h;
the mixture was cooled with ice, and then the resulting mixture was
stirred for 3 h at 0°C. 2) After end of the reaction was confirmed
by TLC, DHSO extracted into chloroform was washed at first with

water and with 10 % sodium carbonate, and finally with water again,

3) white crystal got from the removal of chloroform by evaporater,

A stock solution of tungsten(VI) was prepared by dissolving
g in deionized
water, and diluted to a selected concentration of hydrochloric acid

sodium tungstate at the concentration in 1 g dm~

in the presence of tartaric acid. Aqueous solutions containing
sodium tungstate in 0.1 g dm'3 were generally used in the present
examination. All chemicals used of analytical reagent grade.

3

Extraction and analytical procedures, Equal volumes (15 cm™ each)

of the aqueous and organic phases, placed in 50 cm3 stoppered coni-
cal flasks, were shaken in water bath maintained by thermostat at
20°C, except the examination of temperature effect. Preliminaly
experiments showed that the equilibration was completed for 10
min. The mixture was centrifuged and separated, and then the ali-
quots of both phases were pipetted to determine the distribution
coefficient (the ratio of the concentration of tungsten(VI) in or-
ganic phase to that in aqueous phase, E;). Tungsten(VI) in or-
ganic phase was stripped with aqueous solution of sodium hydroxide
in 2 mol dm~3
(VI) in aqueous solution was determined spectrophotometrically (4]
: 2-4 cm3 of agueous solution containing in below 1x10™° mg dm'3

for all extractants. The concentration of tungsten

was transfered to 10 cm3 volumetric flask; to this, 4 cm3 of 7 %
tin(II) chloride in concentrated hydrochloric acid was added, mixed
well and placed for 20 min in a thermostatted water bath at 60°C;
it was cooled by cold water,then1 cm3 of 20 % potassium thiocyanate
was added and diluted with water; after it was placed for 10 min

at room temperature, the absorbance of the yellow colored solution
was measured at 400 nm using water as a reference. The solutions
of tin(II) chloride and potassium thiocyanate were prepared when-
ever the absorbance was measured, and spectrophotometric measure-
ment was carried out with a Hitachi 340 UV-VIS recording spectro-
photometer using 1x1 cm glass cell.

Infrared spectrophotometry The infrared spectra of the samples

prepared by evaporation of the organic diluent were measured on
the Japan Spectroscopic Co., Ltd. grating models IRA-1(4000-650 cm
1) ana IR-F(700-200 cm™') using a capillary film between thallium
halide plates or polyethylene films.
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Results and Discussion
Extraction isotherms, When tungsten(VI) is extracted by TBP, TOPO,
TOA and TOMAC in benzene from aqueous solutions containing hydro-

chloric acid in the presence of tertaric acid, the extraction ef-
ficiency for tungsten(VI) is in the order TOPO DHSO TOMAC TOA
TBP, but the shape of those extraction curves resemble each other.
The distribution coefficients rise steeply with increasing aqueous
acidity to maxima which occur at initial hydrochloric acid concen-
trations in 9, 6-7, 8, 7-8 and 8 mol dm-3 for TBP, TOPO, DHSO, TOA
and TOMAC, respectively, and then fall. When hydrochloric acid in
the aqueous phase is partly replaced by lithium chloride, the var-
iation in the distribution coefficient with the total chloride con-
centration is essentially the same as that with hydrochloric acid
concentration although the distribution coefficient by TBP is lower
than that in the presence of hydrochloric acid alone at the same
concentration owing to hydrolyses. These imply that the controll-
ing factor is the total chloride concentration. Log-log plots of
E; vs. [TBP], [TOPO], [DHSO] or [TOMAC] at constant hydrochloric
acid concentrations give the straight lines with the slopes of 2
for TBP, TOPO and DHSO and of 1 for TOA and TOMAC: at 5, 6, 7, 8
and 9 mol dm-3 HCl, 2.3, 2.1, 1.9, 1.7 and 1.5, respectively, for
TBP; 1.7, 1.6, 1.7, 1.6 and 1.7 for TOPO ; 1.8, 2.2, 1.8, 1.9 and
— for DHSO; 0.98, 1.13, 1.01, 1.05 and 1.03 for TOA; 0.96, 1.01,
0.93, 0.93 and 0.93 for TOMAC. From this it is seen that the dis-
tribution coefficients by TBP, TOPO or DHSO and by TOA or TOMAC
have the second- and first-power depecdencies, respectively, on
the concentration of extractants.

Hence it is expected that the extraction equilibria by TBP,
TOPO, DHSO, TOA and TOMAC are expressed by the respective follwing
equgtions:

WO,C1,(a)+2TBP(0) ¥»WO,Cl, 2TBP(o), (1)
WOZCIZ(a)+2T0PO(o)-*W02C12 2TOPO, (2)
WO0,Cl,(a)+2R,S0(0) #WO0,C1, 2R,SO(0), (3)
w02c12(a)+R3nnc1(o)aR3NHw02c13(o) ) (4)
and wozclz(a)+R3R'Ncl(o)s=R3R'Nw02C13(o)+C1 (a) (5)

where (a) and (o) denote aqueous and organic phases, respectively.

The formation of the extracted species according to Egns. (1)
-(5) is supported by the stocchiometry due to the loading test of
tungsten to the organic phases and infrared spectral results for
the organic extracts. 1In the extraction from aqueous solution at
the concentration of hydrochloric acid in 6 mol dm_3 with 0.002 mol
dm_3 TOPO in benzene, the molar ratio [W)/[Cl]/[TOPO] in organic
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phase apploaches a limiting value of 1:2:2 as the concentration of
tungsten(VI) in aqueous phase is increased. Additionally several
times repeated extractions of tungsten(VI) from fresh aqueous solu-
tion containing tungsten salt at the concentration of hydrochloric
acid in 7 mol dm_3 with 0.002 mol dm_3 TOA or TOMAC in benzene gave
the [W]/[Cl1/[TOA) or [TOMAC)] of 1:3:1 in the organic phase. The
infrared spectra of the organic extracts exhibit the following ab-
sorptions: for TBP, the W-Cl absorption band at 277 and 243 cm ~;
for TOPO, the W=0 stretching band at 955 and 910 cm-1, the w02

bending mode at 380 cm_1 and the W-Cl stretching absorption at 312

and 250 cm-1; for DHSO, the W=0 stretching band at 925 and 895 cm~
, the WOZ bending ?and at 450 cm'1 and the W-Cl stretching frequency
at 325 and 260 cm ; for TOA, the W=0 stretching band at 960 and
890 cm-1, the w02 bending band at 435 and 400 crn-1 and the W-Cl
stretching vibration at 335 cm-1; for TOMAC, the W=0 stretching
band at 970 and 915 cm°1, the WO2 bending band at 445 cm-1 and the
W-Cl stretching band at 365 em ',

In these extraction systems, however, the extraction ef-
ficiencies of every extroctants for tungsten(VI) are lowered with
increasing the amount of tartaric acid aded, but the presence of

tartaric acid prevents the precipitation of tungsten salt.

1

Temperature effect, Distribution data of tungsten(VI) extracted

from hydrochloric acid solutions in the presence of tartaric acid
by TBP, TOPO, DHSO, TOA and TOMAC in benzene as a function of
temperature indicate that the distribution coefficients for
tungsten(VI) by those extractants decrease with rising tempera-
ture, although the exothermic effect on the extractions is in the
order DHSO > TBP > TOPO > TOA > TOMAC.
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EXTRACTION AND SEPARATION OF NOBLE METALS WITH DIFFERENT 7-19 I
CHELATING AND SOLVATING N- AND S-CONTAINING EXTRACTANTS

Peter Mihl end Karsten Gloe,
Zentralinstitut fur Festkdrperphysik und Werkstofforschung,
Akademie der Wissenschaften der DOR, Dresden - DDR-8027, GDR

Noble metals and their compounds are widely used in electronic
and chemical industry, Therefore a recycling of those metals
from secondary sources is very important, Liquid-liquid ex-
traction is e useful method for the concentration and separa-
tion of such metals., Extractants with sulfur donor atoms effect
an important progress regarding an increased selectivity in
comparison with amines or TBP,

This paper gives results on the extraction of silver, gold,
palladium and mercury with oxygen, sulfur and nitrogen con-
taining extractants from type 1-4.

NH Bn R
7NN /s 7
< >—c C-N <: :>-SO -NH-C-N
0 \ “Bn N
S S
] . jl
NN-dibutyl benzoyl thiourea N-benzenesulfonyl thiourea

R'R2=H, Alkyl,Aryl
o YV

3 oxa thia alkanes 4 thia aza alkanes
XY.Z=05 X.Y.Z = ONR
R= Bu,Hex R = BuHex,H

Gold(III), silver(I), palladium(II) and also mercury(II) are
extracted with the acidic chelating extractants 1 and 2 from
strong acidic solutions and can be easily separated from base
metals /31, 27. Distribution ratios of about 10° from 1 M miner-
alic acid are observed even at relative low extractant concen-
trations. Stripping is possible in presence of complexing
agents forming strong water soluble complexes,e. g. thiourea,
or by direct reduction to metals from the organic phase.
Palladium(II) forms normal 1:2 complexes with 1,whereas the
silver complex with 1 has the composition AgR * HR in the

188



logDAB /c.m T 0 sam losDPd
/ CHO 0§ S S 0 0GHy
Cakts’ 8 0 0 Mooz ! /”’F Gﬁ{i?ﬁ&
g e $ B
(s N SCoHn '
(Cabtpy §
’ r o =
GHo 3 NGk
(S "‘ LA
i
My G S OcHy s
5 :
(a CaCi
-2
= B [ ) 20
" 1 t, min
o8 CL(orR) i
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thiaaza alkanes

organic phase. Investigations on solid complexes gave also
such results /3/. Gold(III) forms with 1 a mixed complex in
which 2 chlorine atoms and one cnelating group are bonded,
similar to the results of ZOLOTOV et al., /4/ at thiopicoline
amides.,

Favourable extraction properties show the neutral sulfur con-
taining compounds 3 and 4 with respect to noble metals. Some
results are given in Fig. 1 for silver with such extractants,
In relation to dialkyl sulfides the introduction of further
sulfur atoms in the molecule leads to a higher extraction of
silver. A dioxadithia alkane shows the best extraction power
from all the investigated compounds. This result is caused by
the formation of very stable four-dentate 1:1 complexes.

In case of gold(III) the order of extraction for various com-
pounds from type 3 and 4 is quite different, The highest
distribution ratios are determined for compounds, which con-
tain only sulfur donor atoms,

It is well-known, that dialkyl sulfides are excellent extrac-
tants for palladium(II). Their disadvantage is the slow kinetics
of the extraction reaction, Our investigations with oxaaza
alkanes show, that these compounds are not only effective ex-
tractants for palladium(II), but have also a fast extraction
kinetics. The results are illustrated by Fig. 2 /5/. The ex-
traction of palladium(II) with the dithiamonoaza alkane is
greater than in the case of dialkyl sulfide which is represen-
ted in higher D-values by more than 1 order of magnitude; the
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extraction equilibrium is reached in a few minutes. It is
pointed out, that the extractant molecule is an intramolecular
accelerator fcr palladium(II). Probably the first step is the
phase transfer of the PdCli- anion via a complex with nitrogen
coordination, and the second step is the formation of the stabk
sulfur bonded metal complex in the organic phase.

In contrast to gold(III) and silver(I) mercury(II) prefers
nitrogen donors. Therefore high complex stability constants
and high extraction constants are determined for diaza and
triaza alkanes /&/.

Another point of investigation results from the idea, that

C = C double bonds in sulfur-containing extractants can act as
additional coordination centre for noble metals. The extraction
properties of alkylalkene sulfides as extractants have been
tested for silver, mercury and palladium and compared with
dialkyl sulfides. The remarkable higher extraction yield for
such unsaturated sulfides show the contributions of the C = C
bond to the stability of the formed metal complexes. A depend-
ence of the extraction ratios on the distance of the C = C
bond from the sulfur donor atom is oberseved caused by the
stability of the formed complex in connection with the ring
size of the considered chelate complex /7/.

The investigations carried out were the basis for the develop-
ment of processes for the recovery of noble metals from se-
condary sources, The increased volume of waste material from
microelectronics contain favourably silver, palladium, gold,
ruthenium and different base metals,e. g. copper, rickel,
bismut, lead.

A special leaching process, combined with a solvent extrac-
tion route for noble metals and the separation from the base
metals has been developed.
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A STUDY ON EXTRACTING OF HEXACHLOROPLATINUM AND
TETRACHLOROPALLADIUM ACIDS WITH SALTS OF TRI-n-OCTYLAMINE
AND ORGANIC ACIDS

7-20

V.V.Belova, A.I.Kholkin, P.Muhl, K.Gloe, V.N.Kholkina,

T,V.Khomchuk, Institute of Chemistry and Chemical Technology of
Siberian Branch of the USSR Academy of Sciences, Krasnoyarsk,

USSR; Central Institute of Solid State Physics and Material Research
of GDR Academy of Sciences, Dresdem, USSR

Tri-n-octylamine salts as platinum metals extractants are well known
have been thoroughly investigated, the complexity of these extraction
systems has been shown in [1]. Additional effects appear when salts of
tri-n-octylamine and organic acids (RBNHA) as extractants are used.

This paper studies extraction of H2Pt016 and H2Pd014 from chloride
solutions by different RBNHA salts. RBNHA solutions in toluene obtai-
ned by mixing equimolar amounts of R3N and HA were used for extraction.
The following organic acids were used: p-tret-butylphenol, caprylic
acid, di-(2-ethylhexyl )phosphoric acid ( (RO)QP(O)OH )y S5~-tret-~butyl-
2-hexadecyloxibenzenesulphoric acid (RSOBH). Fig.1 shows the dependen-
ces of distribution coefficients of Pt and Pd on the acidity of the
aqueous phase when extracting by RBNHA solutions, and for comparison,
by R,NHC1 solutions in toluene at constant concentration of chloride
ions. When using tri-n-octylamine chloride as extractant, pH increase
doesn’t vary DPtand DPd values, though in the presence of organic ac-
ids pH increase results in significant decrease of the distribution
coefficients of Pt and Pd. In the regions of comparatively high acidi-
ty (1-3 M HC1l) the Dpy and Dpg values don’t depend on acidity under
the conditions of constant chloride-ion concentration, this fact cor-

hl
2 P

Fig.1. Extraction of H,PtClg (a) and H,PdCl, (b) with tri-n-octylami-
ne salts as a function of aqueous phase acidity

1,6- R3NHCI; Pri-n-octylamine salts: p-tret-butylphenolate (2,7), cap-
rylate (3,8), di-(2-ethylhexyl)phosphate (4,9), alkylsulphonate (5,10)

Opy=1,97-1073 M, C_ =3,0-103 M, € _=0,025 M, Cygy+ Cpycy =3+0 M
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responds to anion-exchange process (taking into account possible in-
teraction in organic phase) in accordance with the equation:

2= ; = ! -
[ue1, ) 75q) + 2 RoNHCL-mHA( oy s=2 (RyNH),[MCL]mHA(,) + 2 Cl(gq) +
#(em = n) HA( y) )
where x = 4,6,

The data on the chloride-ion distribution in systems with various
R3m1A salts depending on aqueous phase acidity confirm the anion-ex-
change mechanism of extraction in the region of cHCl> 1 M, It has be-
en experimentally shown (Table 1) that under these conditions nearly
all tri-n-octylamine is present in the form of RBNHCI (with the exce-
ption of the system with RSOBH). The DM values in systems with RBNHA

Table 1. Extraction of HCl with tri- decrease compared to the

n-octylamine and organic acid salts distribution coefficients
of Pt and Pd for RBNHCl,

RBNHA CesM | CypysM | PH CCI(o)'M probably due to the pre-
valing influence of the

p-tret-bu- | 0,025 6,98 | 0,0016 P S
tylphenolate 5,57 | 0,0095 nteraction of R,
0,58 0,024 with HA compared to the
’ ’

2,3 0,025 interaction of (R3NH)2MCL1
with HA. In this case

caprylate 0,025| 0,50 0,021
1,0 0,022 (2m - n)> 0 in Equation 1,
’ ’
2,0 0,022 In the region of low
L) )
di-(2-ethyl-| 0,030| 0,50 0,022 | @aueous solution acidity
hexyl)phos 1,1 0,027 and in the presence of va-
- y L
phate 2,3 0,029 rious organic acids, tri-
9
alkylsul- 0,050 0,58 0,0043 | B-octylamine forms R, NHA
phonate 1,1 0,0046 | 8alts due to their speci-
?
3’5 0,0063 al stability in heteroge-
L )

neous extraction system
because of the orgaenic cation and anion hydrophobity, At this, the com-
ponent distribution between the phases is determined by the mechanism
of acid binary extraction. Taking into account possible interactions of
the binary extractant with extracted compounds in organic phase the ex-
traction equilibrium is described by the equation:
2 H?aq) + [mc1 ] f;q) + 2 RyNHApHA () #== (R,NH),[MC1 J-nFA ) +
H{2p - n + 2) HA( Yy (2)
where p, n and m-values can vary. Comparison of Equations (1) and (2)
shows, that in binary extraction of HthCIG and H2Pd014 (not as in anion-
exchange extraction) the distribution of Pt and Pd depends on activity
of hydrogen ions in aqueous phase which is confirmed by the experime-
ntal data of Fig. 1.

Under the condition of constant ratio of coefficients of component
activity in aqueous and organic phases obtain from Equation (2) the fol-
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lowing expression for concentration constant of binary extraction

of H_MC1_: ”
2 bd . p2p-n+2
- _ (o) ®Ha(o)
HMC1 ’ (3)

2
¢ a2 -2
M(aq) " Heq) OR 1A (o)

where

lg D, = 1g X +21gC - (2p-n+2) 1g C - 2 pH. (4)
M HMC1 RylHA () HA (0

Therefore, at binary extraction the DM may be influenced not only by
varying CR NHA and pH of aqueous phase, but by varying the correlati-
on of two “extracted compounds in organic phase, e.g. by adding extra
amount of HA. Thus, in stripping platinum metals with water from orga-
nic phase, containing the mixtures of HA and (RBHH)2MCIX, the increase
of organic acid concentration results in significant raising of pla-
tinum and palladium extraction in aqueous phase, and contrary to stri-
pping with 3 M HC1l solution, when stripping follows the anion-exchan-
ge type. On the ather hand, it has bcen shown experimentally that in-
creagse of chloride -ion concentration doesn’t affect DM under the co-
nditions of binary extraction.

One of the main problem in studying binary extraction is the prob-
lem of extraction power of binary extractants of various compositions.
Paper [2] showed that in extracting mineral acids with binary extrac-
tants with different anions and the same cation the binary extraction
constant is determined mainly by the acid dissociation constant of or-
ganic acid. The experimental data (Fig.1) show, that in binary extra-
ction region (pH 2+5,5) the extraction power of binary extractants
in the series "caprylate > di-(2-ethylhexyl)phosphate > p-tret-butyl-
phenolate > tri-n-octylamine alkylsulphonate" corresponds qualitative-
ly to the decrease of acid dissociation constants of corresponding or-
ganic acids, except for the system with tri-n-octylamine p-tret-bu-
tylphenolate. This can be explained by good stability of tri-n-octyl-
amine chloride solvated with phenole, and also at relatively high
pH-values (5-7) of aqueous phase (pKa of p-tret-butylphenol~10),
which leads to decregsing binary extractant concentration and of pla-
tinum metals distribution coefficients. To understand the binary ex-
tractants solvation, the stripping of HC1l with water from organic pha-
se at various ratios of RBNH01 and HA (FPig.2) has been studied. It is
clear from the obtained data that the increase of the HA concentration
leads to equilibrium shift:

H{aq) + Cl{aq) * R3WHA"PHA( ) === RoNHC1-mHA( ) + (p-m+1) HA(y  (5)

tending to binary extractant forming and stripping of platinum metals
in systems with RSOBH and (RO)ZP(O)OH. All amount of chloride-ion is
displaced in aqueous phase at RBNHCI:HA ratio - 1:1 and 1:2, which

corresponds to the formation of R3NHA for RSO3H and RBNHA-HA for
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Stripping of C1,%

CHA/CRBNHCI

Fige2. Stripping of chloride-
ions with water from the mix-
ture RBNH01 + YHA in systems
with p-tret-butylphenol (1),
caprylic acid (2),
(RO),P(0)OH (3), RSO5H (4).

(o] = 0,025 M
RyNHCL; sy, 7

abnormal position of

di-(2-ethylhexyl)phosphoric acid.
The solvation of tri-n-octylamine
alkylsulphonate with organic acid
molecules is seemingly slowed down
due to the hydration of alkylsulpho-
nic acid in contact with aqueous
solutions. Incregse of HA concent-
ration in the mixtures of tri-n-oc-
tylamine chloride and caprylic acid
doesn?t affect chloride-ion distri-
bution. The decrease of the chloride-
ion stripping in addition of p-tret-
butylphenol to RBNHCl is probably
connected with the strong interac-
tion of RBNHCI with HA in organic
phase. It?s due to the formation of
stable solvates RBNHCI'mHA that the
DM values are low under the conditi-
ons of anion-exchange extraction
(Fige.1). The same is true for the

tri-n-octylamine p-tret- _Table 2. Distribution of Pt and Pd in
butylphenolate in the the system (RBNH)ZMCIX+HA in toluene-
low acidity region. Pla- water

tinum metals stripping HA Cua:Crp_nyt Extraction,®
with water in systems 3 Pt Pd

with salts of tri-n- p-tret-bu-

octylamine and orga- tylphenol 1:1 2,66 < 0,6
nic acids is given for caprylic

comparison, where acid 1:1 3,07 <0,6
RBNHCI doesn’t form. (RO)ZP(O)OH 1:1 36,5 19,0
As it can be seen from

Table 2, the extracti- | RSO3H 1:1 70,5 96,0

on power of binary ext-

ractants in this case correlates with the values of acid dissociation
constants of the corresponding organic acids.
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A STUDY ON THE KINETICS OF EXTRACTION OF PALLADIUM(II)
WITH N510 FROM CHLORIDE MEDIUM

Qisheng Song, Sixiu Sun, 2ili Gao, Huifa Gai and Jinglan Shen,
Department of Chemistry, Shandong University, Jinan, CHINA

7-21

The kinetics of extraction of palladium(II) with N510(2-hydroxy-5-
sec-octylbenzophenone oxime) from chloride medium was studied by using
two phase fully mixed method.

1. Determination of the apparent extraction rate equation

According to the experimental results, it can be seen that the big-
ger the shaking speed of the system is, the faster the extraction rate
is, but when the shaking speed is over 300 oscillations/min, the ex-
traction rate has nothing to do with it, then the extraction kinetics
will be related with chemical reaction mechanisms other than diffusi-
on mechanisms.

Supposing the extraction is a first order reversible reaction with
PA(II):

PA(II) =i§TPd(II)(°) (1)

then the extraction rate of Pd(II) can be exptessed as follows:

- ARAIDT _ g /pa(ID] - Ky/[Pa(IDT, » 2
dt

where Kf and Kb represent the total forward and backward rate cons-
tant respectively, the footnote (o) indicates the organic phase and
the aqueous phase has no sign.

The relations between Kf, Kb and the concentrations of the compo-
nents are shown in Fig.1, Fig.2 and Fig.3,where HL represents the mo-

lgKy 1gK, lgfg 18K,
-3 i ""5.2 /0/ | -6
N 4
P4 -3} &
341 ﬁxfg 1-5-6 — - o—o— | _7
6 il
"'3-8 [ /° q - ) |
i i 1 1 1 1 1
-2.3  -1.9 1gHL],, -0.8  -0.4 0 0.4 1g (1

Fig.1. The relation between Kf, Kh and the concentration of HL in

organic phase.

£177: 1.00 mol-dm™>; /BE*7 : 2.00 mol-dm™>;
[?dClgf]o : 1.00¢107% mol°dm'3; Temperature: 25°C.

Fig.2. The relation between Kf, Kb and the concentration of H*

in aqueous phase.

[?d01§i]° : 1.00.1074

[C177 : 1.00 mol-dm™

mol'dm—B; Temperature
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Pig.3. The relation between Kf, Kb and the concentration of Cl1~
in aqueous phase. /E'7 : 1,00 mol-dm™>) ZEL](OL : 0,0100 mol-cm'B;
[PdClif/o : 1.00-1074 mol-dm'3; Temperature: 25°C

nomer of N510, [?dCIET]O represents the initial concentration of
Pd(II) in aqueous phase. It is evident, in these figures, that Kf is
directly proportional to [HL7(°) and inversely proportional to /C177
but independent of [A'7, K, is directly proportional to m72 a3

but inversely proportional to Iﬁki(o), 80 equation(2) can be shown as
follows:

a/Pa(1I) -7=1 2 =73 mr 7=1
= T-7=kf@d(n)7m1_-7(o) 177 -k 2 o177 g Rd(ng?),

where kf and kh represent the apparent rate constant of forward reac-
tion and backward reaction respectively. kf = 10'1“585'1 and
ky = 107825 po174.4m'%2.8"! wae measured at the temperature of 25°C.

2. Deduction of the reaction mechanism

The measurement of interfacial tension of N 1o-kerosene/water sys-
tem indicates that as [HLZ(O) 18 over 1.00 10” -mol-dm™> the interface
is saturated with HL, then the interfacial concentration of HL will
not be increased with the increase of LHLJ(O), however Fig.1 indicat-
es that in the range of ‘5.92-10-3 to 2.62.10-2 moledm™> [Bgf(o) still
has a first order effect on the forward reaction rate, so the extrac-
tion rate has nothing to do with the interfacial concentration of
HL, then the interfacial mechanism can be eliminated. Referring to
the extraction mechanism of Pd(II) with other hydroxy-oxime of the
same kindy /1,2/ the extraction mechanism for this system can be
deduced as follows:
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lSKf ngb
=3k
\o b ‘505
-3.50
-1—6
Fig.4. The effect of temperature on \
Kf and Kb g
lc1l: 1.00 mol-dam™3;[H*): 1.00 \
mol- dm =2k [HL] y: 0.0146 mol-dm'B; -4 @,
o -4 =3 \ 4-6.5
(rac2~]: 1. 00-30-% mol. an . " )
Far2 3.4 1000/7T
Ky
HL(°)2 —> HL, fast (4)
pac14';= Pd013 + C17, fast (5)
P4C1y + HL Y" PdC1,L” + HY 4+ c1” slow (6)
PACL,L” + KL ;—_l PaL, + HY + 2017, tasti (7
_4.
PdL, === PdL,(.y, fast (8)

where equation (6) is the rate-determining step.

3, Effect of temperature on the extraction rate

In the range of 10°C to 40°C, the effect of temperature on Kf and
Kb is shown in Fig.4.

According to the Arrehnius formula:

-aB

1gK, = s 5 cq s (9)
2.303RT
-AE

S I (10)
2.303RT

whereABf andAEh represent the apparent activation energy of the for-
ward and backward reaction respectively, it can be obtained thatlkEf
= 35,2 kdJemol” ,AEb = 68,2 kJ°mol” o their difference chiming in with
the extraction equilibrium constant K . = -32.6 kJ-mol~' »37.
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THE EFFECT OF POLYNUCLEAR COMPLEX FORMATION ON THE EXTRACTION E:I
OF PLATINUM METAL ACIDO COMPLEXES IN SYSTEMS CONTAINING SALTS

OF AMINES AND QUATERNARY AMMONIUM BASES

S.N, Ivanova, I.A. Druzhinina, A.P. Zubareva, 0.V. Shuvayeva,

L.M. Gindin, Institute of Inorganic Chemistry of the Siberian Branch
of the Academy of Sciences of the USSR, Novosibirsk, USSR

Salts of tertiary amines and quaternary ammonium bases are effec-
tive extractants for extractive separation of platinum metals from mo-
derately acid solutions. Quantitative regularities of the extraction of
stable complex platinum metal anions in an excess of extractant were
found in /317, The extraction constants of MLi'complexes in different
extraction systems are given in Table 1 where K1 =[R4NL]0'[010Z]aq /
[R4N01o4]o'[L' ]aq is the exchange constant of simple anions, K, =

S Dﬁ[L-]gq/[R4NI£ and K, = Dy[010;] gq /[R4N01o41§ . The extraction

Table 1. The extraction constants of °f33hree chargedcomplexes
ML~ with R,NL, R,NC10, (1-12) and. MLg™( M = Bh, Ir, Ru)is

R,NHL (13-18), (R = CBH17); JVI: 4,0

198

under these conditions in-
significant. The separat-~

=2 2
No | ML, Ky X5 K3 = K3 K3 | 1on of metals was found
q PtPg- 9,9-10"1 3.6-10° 3.5-10"11 | to be affected by their
2 | P2 [9.9- 109 1.5.100 1.4.1079 tendency to form bi- and
5 — 3 S5 polynuclear halogen-
3 | BtClg 8.4 10—6 Ex'p>0 1850 bridged complexes under
4 | 1rc12-[8.4-107°| 4.8-10° 3.4:-1077 | a 1igand shortage /2-3/.
2- -6 6 ~4
PtC1l 8¢4-10 o0~ o4
5 ‘21 4 < S(BlIo sA=310 This is particularly cha-
6 PdCl4- 8.4-10 4.8'106 3e4. 10-4 racteristic of Pd (II),
7 [BtBr2=|3.1.16% 5.5.10° | 5.3.10" | RR(IID), Ru(III),
2- -4 8 1 Ir(III). In the extract-
8 IrBr6 3.1+10 862-10 7.9-10
e al 4 8-106 = ion in halogenide systems
9 PtBré 3.1-10 . ° ¢ 1.7:10 acting as a ligand in the
10 | PdBry~[341-10 34410 3026 organic phase is the ani-
11 PUE- 2,2-1072 5-2,107 2.5_104 onic part of the extrac-
2- =2 5 2 tant.
12 | PtJ 2.2°10 « 710 1.8-:10
4 3 T As a result, the
13 | PaCly = 4.7-10 - equilibrium shifts to-
14 |pac12" = 1.1.16*
% ° 4 - wards formation of poly-
15 | PdB 4 = 4.7-10 . - nuclear species as the
16 PdBr42- = 1718 E concentration of the metal
17 PdJ4 N 8.8+ 102* - increases and that of the
18 PdJ4 - 5.7-10 - extractant decreases.
*Diluents : 1,2-dichloroethane, toluene



The stability of these species,the rate of their formation and destructi-
on depend on the nature of the diluent,the central atom,and the ligand
(Table 2 where Keorm = Caim CE / Cion ). For Pd this process proceeds
quickly. The compounds RCBH17)4N]é?d2L6]( L =Br, J ) and [(CBH”)3
NHJéPd2L6]( L = Cl, Br ) were isolated and the equilibrium

K
form,
2(R4N)2Pd014 = R4N01 + (R4N)2Pd2016 (1)
was studied spectrophotometricelly ( Fig. 1 ). For the complexes

(RBNH)Z&dZCIG] there is an Table 2 . Formation constants of binuc-

increase in the formation Tear Pd-complexes in nonaqueous solvents

consta?t with increasing. Complex i:ﬁiac Solvent Kform]
solvating power of the di- pm
luent (Fig. 2). The distri- |(R3VH)pPdyJdg |RSNHT G, H,C2, 2.9-10

bution data shown in Table (R3NH)2Pd2Br6 R NHBr C6HSCH3 3,2.1077
3 confirm the existence in (R4N)2Pd2Br6 R4NBr C2H4012 1.4-10'2
the extraction systems of [(R4NH),Pd,Cl¢ [R,NHC1 CoH,CL, 2.3-1072
binuclear compounds along (R3NH)2Pd2016 RBNHCl CeHgCH, 3,2.1072
with mononuclear species. (R3NH)2Pd2016 RBNHCl CgH, 50 9.3-1074
All of the diluents used (R NH)ZPd2016 R5NH01 CBHGO 2.1-‘10'3
showed en increased con- (R3NH)2Pd2016 RNHC1 (C,H,C1),0 6.3-1077

tent of Pd in the orga-
nic phase ( TOAHC1l:Pd <2), This makes possible to change the compo-
gsition of the extracted compounds and the extractant capacity by chang-
ing the solvents. For metals in the oxidation state of III determi-
nation of the stability constants is difficult because of the small
reaction rates of (1). Earlier it was shown that Rh(III) ig extracted
with tetraoctylammonium in the form of ((CgH,;), N] fRh,C1c}

Its stripping with 3 to 6 mol /1 of hydrochloric acid

- 2-

(R4N)3Rh2019 + 2H,0 + 4 Cl =3 R4NCL + 2 Rh(H20)C15 (2)
proceeds slowly being limited by "depolymerization" in the organic
phase. In an excess of extractant the rate of Rh back extraction is

C-10%: 1 65 2 -12; 4k

3 - 1834 2435 -30; Y

6 =36 7 42;8 i " W
/'T.

=54310 -60;11~ ac

Fige 1. The electronic absorption Fig. 2. Lg Kpoo for (R3NH)Pd2

spectra of equilibrium mixtures of Clg 8218 f;nctign ofEthe(d%Iu-
ent solvating power E, -
R,NBr, (R4N)2Pd2Br6 and (R4N)2PdBr4 CoH,Cly, 2 - CgHgCHg, 3= CgHy,0,

in C2H4012 4- C3H60' 5- (02H401)20

199



Table 3. Solvent effect on the
composition of the extracted
Pd-compounds. de- 0.3 g-ion/1,

CTOAHCL = 003"10‘/1
e

Diluent (29%%2&)0
Methylisobu-

tylketone 1.30
Tetrachloro-

ethylene 1.40
Toluene 1.60
Dichloroethanq 1.67

Aﬁ()

4,00

A4

025 Pl

120 M0 360 ¢min

Fig. 3. Kinetic back extrac-
iigi curves of Rh with 3M HC1l

from toluene solutions of
(R4N)3Rh2019 s P, °C: 15(1),

20(2), 25 (3), 30(4)

T

[

-

s
T T T s
0 10 20 30 f hour

Fig. 4. The effect of solvent
“on the Rh back extraction
rate. 1.-nitrobenzene, 2.-
dichloroethane, 3- toluene,
4. - toluene + 40% caprylic
acid, 5., -dichloroethane +
10% 2-ethylhexanol, 6.-
methylhexylketone

independent of the HY, c1”, Rh;- con-
centrations (k = 3.7-1072 8”1, t =
= 25°C). Pig. 3 shows kinetic back
extraction curves at different tem-
peratures. The dependence of the
rate constant on I/[R4NCI] is a
straight line. This permits us to
write the following law for the
rate : W = k113h2]+ kIthz]/[R 4NC]].
The values of kI and kII are given
in Table 4. Fig. 4 shows the effect
of solvent on the rate of Rh back
extraction. Back extraction of Rh
with concentrated HC1l occurs in the
form [Ru, 01413

(R4N)3 hacl9 +3C1l = 3R4NCI +

+ Rn,C13” (3)
und further "depolymerization" takes
place in the aqueous phase in two
stages. This 1is confirmed spectro-
photometrically and by kinetic
studies.

The rate constants of the first "de-
polymerization" stage in the back-ex-
traction liquid and in the solutions
af ECH3)4N]3Rh2019 are close to each
other (1.51-1072 &~ " and 1.36-1073
5'1, respectively). The rate cons-
tant of the second stage is

6-107% &1 ( for Cgy= 11 mol/1, t=
= 25°C ). The reason for the occuren-
ce of the slow stage is the presence

b . Rate constants of Rh back
extraction in the system
(R4N)3Rh2019 - toluene- 3 mol/l1 HCl

toC kp,8 X1y, mot- 8"

15 [(7.6%0.7)-10"° [(8.9%.9)-10° |
20 [(1.5%.1)-107% | (1.4%0.1)-10"7
25 [(3.3%0.1)-1072 | (2.2%0.1)-10"7
30 [(6.2%0.6)-107° | (3.5%0.1)-10"7
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in the organic phase and in the back extraotion liquid of Rh species
with a nuclearity greater than 2 which have high distribution coef-
ficients but are unstable with time. This explains the presence of
a maximum in the dependence of the Rh distribution coefficient on the
extraction time for freshly prepaired solutions (Curve 1, Fig. 5 ) .
A similar but more complex behaviour is also observed for ruthenium.
The most probable scheme of the process is as follows :

3RGNCL + RuCly 3 %7 = (RM),RRCLy o+ 317 (4)

Dissolution of (Rh013)n in a toluene- Dyl
R4NCI mixture gives rise to a compound of
the composiiion [(CgHyq),N] 4550 (Rn401,,] . Its
structure was studied by X-ray method, NMR 4
103py spectra were measured ( for (R 11)4_1!3 2
O[Rh30114]- 95.5 m.p., for (R4N)3 Rh,Clg L
- 120 m.p ) relative Rh(tacac)3 4] . 2

The increased extractability of polynuc- m—ﬁfﬂn
lear complexes is of interest for extraction Fig. 5. Kinetic Rh
of metals from aqueous solutions but at the e'ff%tT:ron curves. 1 -

same time it complicates its separation. But fromfreshly prepared
samples, 2 - from aged

"depolymerization® of the solution prior samples,3- back ext-

to the extraction and the use of more hydro- rection with 3mol/1 HC1

4

phylic diluents allow the separation process in these systems to be
made fully reversible.

In some cases the polynuclear complexes are formed in the back
extraction. Thus, in contrast to Pt, back extraction of Pd with di-
luted HNOB and H0104 is less effective. This is explained by a shift
in the reaction equilibrium :

2(R4N)21’d014 + 2c10; == (R4N)2Pd2016 + 2 R4N0104 + 2 C1” (5)
towards formation of binuclear Pd complexes as a result of decreased
ligand concentration in the organic phase. In the back extraction of
Ir using reducers, a ligand shortage also results in the formation
of polynuclear complexes whose back extraction proceeds very slowly.

Thus, the study allows a substatiated approach to the choice of
systems in the extraction and back extraction of platinum metals.
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PLATINUM GROUP METALS EXTRACTION WITH OXYGEN CONTAINING
EXTBACTANTS

LeN.Moskvin, A.M.Orlov, State Research and Design
Institute of Rare Metal Industry, Moscow, USSR

There are two problems on the way of wide application of oxygen
containing extractants for separation and extraction of platinum
group metals, namely unreproducibility of results of different re-
searchers and relatively low distribution and selectivity ratios [1]
The reasons for the absence of reproducibility can be best regarded
on a system: chloride solutions-tributylphosphate (TBP). The highest
variance of extractivity results for chloride complexes with TBP is
registered for Os (IV) and Ir (IV). To find out the reason of this vari-
ance we used iridium and osmium chloride complexes solutions prepared
by diluting metallic samples primarily activated with thermal neutrons
in indirect electric field. Two series of osmium and iridium samples
were prepared varying hydrochloric acid concentration, temperature
and retention time. Judging by absorption spectra they seemed absolute-
ly identical and corresponded to OaCl6 -2 and Ir016 '2. At the same
time distribution ratios of osmium and iridium identified in the
cource of extraction, reextraction and back extraction differed by two
orders. Element identification in aqueous and organic phases was based
on.KZEpectra of corresponding isotopes. Test solutions were prepared
on the basis of primarily activated metals. Thus low kinetics of iso-
tope exchange between different forms of their presence in solution
while introducing a radioactive tracer could not be a possible reason
for error. Thus the existence of variance of acquired data can be ac-
counted for only by the existence in solution of several osmium and
iridium complexes with different extraction properties.

To prove the correctness of this assumption in the present study
we made an attempt of extraction-chromatographic separation in the
same system HCL TBP. In all instances there were prepared several
fractions of one element. The difference of chromatograms within the
series of the solutions is confined to variation in individual compo-
nent concentration. With osmium absorption spectrography shows
washing 0s(H,0),C1, o 0sCl, -2, Os(H20)015 ~2 sut of the column
(Fig.1, a). In the case of iridium along with similar complexes in
the first fraction Ir(III) compounds were detected. The chromatogram
showed as well a peak for previously unknown Ir(IV) compound - pre-
sumably dimere complex (Fig. 1,b). These results are in agreement
with the existing understanding of extractability of a complex depen-
ding on its loading with oxygen-containing extractants. It must bde
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A'1030.p.m.
6 M HC1 0.2 M HC1 H2O 4M HoSO, ¥+
0.1 Hél 3M HC1 0.1 M HC1

s — —

1

K A, AEAS/AN VS
10 20 30 A/ 5 © 20 25
Fig.1. Extraction-chromatographic separation of chloride and
aqua-chloride complexes 0s(IV): (a) 1 = 08(H20)2014 °;
2 - 0sC1g “2; 3 - Os(H 0)Clg ~ and Ix(IV); (b): 1 =
Ir(III) + Ir(H,0),C1, °; 2 - dimere ; 3 = IrClg s
4 = Ir(H,0)Clg -

noted that there is a considerable difference in distribution ratios
of individual complexes (Table 1).

It is also necessary to dwell on amnother possible reason for data
variance on extraction, particularly, for iridium. To stabilize iri-
dium in the form of Ir(IV) compounds the usual practice is to saturate
the solution with gaseous chlorine. The study of Ir(IV) chloride comp-
lexes extraction behaviour in HC1-TBP system showed deviations of dis-
tribution data for static extraction and extraction with chromatography.
Attachment of chloride complexes to a column proved much lower than it
could be expected from extraction data. To clarify this phenomenon we
carried out a series of experiments. In the cource of it distribution
ratios of iridium (IV) in 3 M HC1-TBP were determined under diffe-
rent conditions of aqueous and organic phases saturation with chlorine

(Table 2).

The above data show sharp rise in chlorine solubility in TBP-HC1 sys=
tem in comparison to that in solvents taken separately. The presence
of chlorine in the system noticebly decreases distribution ratio. Sa-
turating solutions with chlorine can be used for extractive and

Table 1. Values of D for chloride and agua-chloride complexes,
Ir(IV) and O0s(IV) in system 6 M HC1-TBP

Complex | [0s (4,0,u,1° | [0sCl1? | [0s(u0)cl)" [T204.0),1,) (T2 ) * | (.00
0,067 53 250 <1,0 23 =200
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Table 2. Ir(IV) extraction in 3 M HC1-TBP system in the presence
of dissolved chlorine

Conditions of aqueous and organic phases 012 OLs DIr
chlorine saturation (m)

1. Beparately before contacting 0,07 2642

2. In contact during 10 min 0,8 4,640,2

3. In contact during 15 min 1,1 340+0,2

B. No saturation - 28+2

extraction-chromatographic separation of various PGM mixtures. So
the influence of Cl; coextraction will tell on distribution ratios not
only of iridium but other PGM as well.

Thus the reason for data variance for PGM extraction with oxygen-
containing extractants becomes clear. For correct data interpretation,
first of all, reliable data on PGM relative contents in aqueous solu-
tion is necessary. The fact that absorption spectra in the visible
range are identical is not sufficient to testify that solutions have
identical contents. Maximums for absorption of auqa-chloride and chlo-
ride complexes within visible range are very close, their relative con-~
tents can be up to 10 per cent and even above 10 per cent. Thus their
direct spectrophotometric identification is absolutely impossible.

The analysis of reasons for unreproducibility of data of PGM extrac-
tion with oxygen containing extractants has an important practical
consequence. Slow kinetics of ligand substitution complicates stabi-
lizing PGM in a definite form in solutions, sometimes this stabili-
sation is absolutely impossible. Thus one must probably withdraw from
attempts to work out an extraction technology for individual separa-
tion of PGM in the form of one fraction. Instead having reliable in-
formation on extraction behaviour of individual forms of elements it
seems in principle possible to design a process aimed at separating
a number of fractions corresponding to relatively stable states of an
element in a primary solution.

The second problem on the way of PGM extraction with oxygen contai-
ning extractants is that of providing high values for distribution
ratios and selectivity ratios. In accordance with currently existing
ideas of the process of PGM extraction with oxygen containing extrac—
tants the presence of a maximum on the curve representing D - depen-
ding on HC1l concentration for chloride complexes is accounted for by
couter-~action of increasing concentrations of hydrogen and chloride
ions. Negative influence of chloride ions in their competition for the
extractant is obvious. Explaining of determining effect of hydrogen
ions concentration by the formation of cation hydrosolwates seems arbit-

rary. The data on electrodialysis of platinum and palladium chloride
complexes through liquid extraction membranes based on TBP show the
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determining role of the process of suppressing dissiciation of corres-
ponding halogenometallides of hydrogen [22. Thus the optimum composi-
tion of aqueous phase used for the extraction of PGM chloride comp-
lexes with oxygen containing extractants must correspond to require-
ments for maximum possible chloride ion concentration with reference
to prevention of intra-sphere substitution of ligands and relatively
concentration of oxygen ions which promotes suppressing the second
stage of hydrogen halogenometallide dissociation. In general these
conditions must be realised on mixtures of hydrochloric acid with

any other strong acid having lower extractability than that of hyd-
rochlorid acid. Fig.2 presents the curves for distribution ratios

of Pt016 -2(1) and PdCl4 -2 (2) extracted from solutions with

TBP (a) and n-heptanol (b).

lg D lg D

2 4 6 y+ g-ion + .ion

H E_I__ 2 4 ¢ H ET___

Fig.2, PtClg ~2 (1) PaCl, ~2 (2) extraction from 0,1 M HC14H,S0,
with TBP (a) and n-heptanol (b)

Along with high values of distribution ratios the extraction
systems in question have another advantage: decreasing of chloride
ions concentration in solution brings about a considereble decrease
in D-value for the majority of basic metals, Under optimum conditions
the selectivity ratio for PGM versus other most typical byproduct
elements exceeds the value of 404[31. This value corresponds to the
level of values achieved when using nitrogen and sulphur containing
extractants, at that the proposed systems have obvious advantages of
full reversibility of extraction process.
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EXTRACTION OF GOLD (III) FROM HYDROCHLORIC ACID BY DIISOPROPYL

7-24
ETHER-n-ALCOHOL MIXTURE

Du.Maljkovié and Da.Maljkovié, Faculty of Metallurgy, University of Zagreb, Sisak,
Yugoslavia

Strong changes of phase volumes, resulting under certain conditions in the change
of the number of phases (third liquid phase formation), the effect of diluent, syner-
gistic enhancement, strong sensitivity to small temperature changes and mutual influ-
ence of metals have been observed in the course of extraction of metals as chlorome-
tallic acids by diisopropyl ether or solvents containing diisopropyl ether (IPE). The-
refore the systems which could be presented with the general formula: MeCl3-HCI-H20—S,
where Me is Fe(III), Ga(III) or Au(III) and S is solvent containing IPE, are very in-
teresting. Good results of extraction can be attained with pure IPE as solvent if ini-
tial concentration of hydrochloric acid exceeds 7 mol-dm'3 [1,2] . Then, under proper-
ly chosen conditions, the third liquid phase with a very high metal content appears.
At a lower initial acid concentration e.g. 5 rnol-dm'3 the system is under no circum-
stances a three-phase one and extraction with pure IPE is much less effective. In that
case good results of extraction can be obtained with a mixed solvent producing a syn-
ergistic effect. As earlier results of iron(III) extraction by mixed solvents IPE-n-
-pentyl alcohol [3] and IPE-n-hexyl alcohol [H] show synergistic enhancement of ext-
raction, it appeared advisable to undertake also the extraction of gold(III) with the
above mixed solvents.

EXPERIMENTAL

IPE was purified and distilled. Other chemicals and solvents used were of analyti-
cal reagent grade.

The separation were made in 15 ml separation funnels having a calibrated stem and/
/or in 15 ml graduated cuvettes. The systems were prepared by vigorous shaking of com-
ponents and placed in water bath with a termostat kept by automatic control at 20.0%
$0.05°C. The shaking was repeated in the same manner at 15 min intervals for 1 h. The
initial volume ratio of the organic phase to the aqueous phase (r i) was always 1.0.
The volume of the equilibrated phases were determined before sampling. Sampling for a-
nalysis, by pipettes thermostated at the temperature of extraction, was carried out
directly (from the cuvette) or after removal of the separated phases (fram the fun-
nel). The concentration of metals in the samples of the aqueocus phase and in pretrea-
ted samples of the organic phase was determined by ICP spectrometry, by complexometric
titration (for larger quantities of iron), and gravimetrically (for larger quantities
of gold).

RESULTS AND DISCUSSION
Investigation of the effect of initial hydrochloric acid concentration in the sys-

tem Auc13-HC1-H20-IPE on phase volumes shows that the system transforms from a three-

' A=
-phase one to a two-phase one (at initial acid concentration ch1-10.0-10.5 mol-dm )

206



Fig.. -
= T - °

Gold(III) concentration in equilibrated g

phases vs. initial acid concentration. "g‘ 0.5 %

System: AuCl3-HCl-H20-IPE, - @- HEAVY ORG. PH.

i o diS ] _o-
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INITIAL HCL CONCN., mol:dm™3

;Cl='10.5-11.2 mol-dm'3) along with a continuous

increase in tne aqueous phase volume. Fig.1 shows the change of gold(III) concentrati-

and then to a homogeneous system (at c
on in equilibrated phases in dependence on initial acid concentration.

With increase of initial acid concentration gold(III) concentration in the heavy
organic phase decreases at first slightly (7.7-9.3 mlvdm'a) and later on more remar-
xably until the heavy organic phase disappears. In the light organic phase gold(III)
concentration slightly decreases in the full range of initial acid concentrations,
while in the aqueous phase it increases at first slightly and later on (9.3-10.6
:nol-dm'3) more strongly. By proper choice of initial acid concentration (e.g. 8
mol'dm'3) it is possible to obtain the partial distribution ratio between the heavy
organic phase and the aqueous phase (Dc)gq higher than 500.

Fig. 2 shows the change in volume fraction of organic phases in dependence on alco-
hol content in mixed solvent. At a given initial acid concentration (5 mol-dm-3) the
composition of mixed solvent does not affect significantly the organic phase volume,
in distinction from the system with a higher initial acid concentration (8 mol-.dm'a).

Fig,2. e
. >
Volume fraction of organic phase vs. - o—0— 2-—-2
initial concentration of n-hexyl alcohol é 0.5 t&—= —4a A ’
in mixed solvent. g “7/  OA -ORG. PHASE
System: AuCl3-HCL-H,0-IPE-CH,(CH,)sOH, g 6/,' ® - HEAVY ORG. PHASE
- vdm=3 ! © - LIGHT ORG. PHASE
cAu-0.15 mol«dm ~, § 0.1 L i
i =l . -3 I —— A - A
ch1-5.0 mol dm - (&) 0 25 50 5 100
=8.0 rm:bl.-dm'3 (o) INITTIAL ALCOHOL CONCN., % VOL.
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Fig. 3 shows the effect of composition of the mixed solvent IPE-n-hexyl alcohol on
gold(III) extraction. As in iron(III) extraction under identical conditions a synergi-
stic effect was observed, but in contrast to iron(II1) extraction pure alcohol was fo-
und to extract gold(III) better than pure IPE.

The synergistic effect was much more expressed in the case of gold(III) extraction
than in the case of iron(III) extraction. For instance, in the extraction with IPE-n-
-hexyl alcohol mixture the maym:ude of synergistic enhancement was about 9 for
xron(III) (maximuu value at c -40% vol, ) and about 1600 for gold(III) (maximum value
at c -50’1-)

The effect of mixed solvent composition on the extraction of iron(III) and
gold(III) was also investigated in the system containing both metals in equimolar con-
centrations at 5 lnol-dm':‘I initial acid concentration. Fig. 4 shows metal content in

L Ll T T |O
O - Fe(III) 4
[0  D- Au(IID) o/o *
1 Fig.u.

A\) Iron(III) and gold(III) content in the
] aqueous phase vs. initial n-hexyl alcohol
O

§

concentration in mixed solvent.
System: AuCl3-FeCl3-HCI-H20-IPE-013( i, ) 5OH,
c:ie=0.'|5 mlrdm-3,

c:'lc1=5 .0 mol vdm™3

METAL CONTENT IN AQ. PHASE, ppm
8

Al i i A A

] 3 50 75 100
INITIAL ALC. CONCN., % VOL,
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the equilibrated aqueous phase depending on mixed solvent composition. The magni tude
of synergistic enhancement was about 1900 for gold(III) (maximum value at e;1c=50$).

Gold (III) extraction with n-pentyl alcohol and with the mixed solvent IPE-n-pentyl
alcohol was investigated. The results were compared with the results of extraction in
systems containing n-hexyl alcohol. Table gives the calculated distribution ratios
for pure solvents and their mixtures and the magnitude of synergistic enhancement (AD).

Distribution ratios for different pure solvents and their mixtures and magni-

tude of synergistic enhancement. System: AuClB-HCl-HZO-IPE-CH3(CH2) nOi-l
i U TS S )
(n=4 and 5), =015 mol-dm °, cHCl‘S'O moledm
IPE - 10% { IPE - 30% IPE - 10% | IPE - 30%

SOLVENT IPE | n-pentyl |n-pentyl |[n-pentyl|n-hexyl n-hexyl n-hexyl
alcohol alcohol alcohol |alcohol alcohol alcohol

Distribut.
ratio Dc 65.6 792.3 2178.6 291.8 419.7 1505.6 323.1

AD u34.9 1821.1 31.0 1116.8

AD =D - (D +D )
<l e Calc

The effect of temperature on phase volume in the systems containing n-pentyl alco-
hol and n-hexyl alcohol was investigat:ed in the range 15—140°C. In these systems no
significant effect was observed in constrast to systems without alcohol.

High distribution ratios as well synergistic enhancement were found at moderate acid
concentration. It can be concluded that the systems investigated are very promising for
gold(III) extraction and deserve more detailed examination.
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EXTRACTION EQUILIBRIA OF GOLD(III) WITH A MIXTURE OF Li 7-25
PRIMARY AMINE N1923 AND MONOALKYLPHOSPHORIC ACID P538 IN KEROSERE

2ili Gao, Sixiu Sun, Huifa Gai, Maokul Yang and Jinglan Shen,
Department of Chemistry, Shandong University, Jinan, Shandong,
China

The mechanism of the extraction of gold(III) (CAu=4.OO~10'4mol-dm"3
from 1.00 m01~dm'3(Na,H)Cl solution with a mixture of primary amine
N1923(§:>CH-NH2.§+R=C19_23,B) and monoalkylphoric acid P538
(RO-PO(OH) 5y R=C4, ;o H,A) inkerosene at 25°C has been studied. The
experimental results are as follows.

1. The determination of an aggregation number of amine salts,BHCL,
formed by reaction of N1923 (B) dissolved in kerosine with hydrochlo-
ric acid from aqueous solution have been performed by two phase emf
titration. When the concentration of N1923 in organic phase is in
the range of 0,001-0,01 mol-dm'B, the formation of an aggregate as
trimer was observed, by assuming the ideal behavior of each species
in organic phase. Th§ reaction eq. can be mndt?en as

I
B(oy + H' +C17 == (BHCL)(,, 3(BHCL) () <% (BHC1) .,

where fog K + lLog 3P3 = T.46.

2., The extraction results of Au(III) with N1923 kerosine solution
(CBHCI(°)=0.003-O.O19 mol«dm~3) Show that the extraction mechanism is
anion exchange reaction described by eq.(1):

K
a(BHCL) 5(4) + AuCl™ 2&  (BH)AuCl (3a-1) (BHC1) (o) + C1~ (1)

where a=1.31 £og K x=4.30.

3. The extraction equilibrium of Au(III) with a mixture of P538
(CH_a(0)=0-0.05 mol:dn™>) and N1923 (Chrgy ( 4y =0-0-06 mol dm™>) in
kergsine can be repreaen}?d by

a' (BHCL) 3 ) +AuCly ==X (BH)AuCL, (3a'-1) (BHCL)()+C17 (o,

A
(BHCl)3(°)+(H2A)g(°) - (BHCI)B'(H2A)S(O)’ (3
and C®BHC1 o) = 3£TBHCL) ;7 ) +3/TBHCL) 4 (H2A)£(o)+33'[h;7(0)3
> 3[1}3}101)3 (0)»,3[(131{01)3 (H2A)g7(°). (4)
C§2A(0)=q[(H2A)g7(o)+q/1BHCI)3-(H2A)g7(0). (5)

From eqs. (2)-(5) and C1™ = 1.00 mol-dm'B, the eq. (6) can be obtain-

ed: 1/ - -1/ _,

o a -1 /p=1 . a 150
CBHCI(O) = B(D/KGX) +3q /J5 (D/Kex) +1 -CH2A(O) (6)
The experimental results show that the plots of C§HCl vs.

o - (9)
CHZA(O) gave a good straightili?e ?t constant D’CAu(o)? cAu1' The
values of intercepts b=3(D/Kex) 8", and slopes, s=3q" [ﬁ' (n/
Kex)_1/a' + 1/ are changed by varying the values of D. Therefore,

the values of a', K q can be calculated, thus a=1.66j £ogK;,=5.14

i
ex?
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and g=4.75. From this, it can be seen that the extracted species,
(BH)AuCl4'(BHCI)4, in this system is larger than that formed in the
system containing N1923 only, and that P538 does not enter into it.
The acidity in aqueous phase does not affect the extraction equilib-
rium of Au(III).

C?°> stands for the initial concentration of species in organic
phase, l-](o) and / / stand for the equilibrium concentrations of
species in the organic phase and in the a queous phase respectively.

Reference
1, Grinsterd R.R. // J.Phys.Chem. 1968. Vol.72. P.1630.

A EQUILIBRIUM AND KINETIC STUDY OF THE EXTRACTION OF Au(I)
FROM AQUEOUS THIOUREA SOLUTION BY HDEHP AND HEH(EHP) 7-26~

Z2ili Gao, Sixiu Sun, Liangqin Guo and Jinglan Shen, Department of
Chemistry, Shandong University, Jinan, Shandong, CHINA

Equilibrium and kinetics of extraction of Au(I) from aqueous thio-
urea solution by HDEHP and HEH(EHP) in various diluents have been in-
vestigated respectively at 25°C. The initial concentration ranges for
each component in these systems are: C‘,;’u=(0.4'\l1.2)~10'3 mollfm'B;
CHa(o) (HA denotes HDEHP or HEH(BHP))=0,05~0,5) mol.dm™>; Gy (T de-
notes CS (NH,)5)=(0.2~3)1074; €$1=0.1~1.0 mol-dn™; pH=2~5. Con-
centration of Au(I) in aqueous phase was determined with the method
of HDEHP extraction-TMK colorimetry.

Results of extraction equilibrium studies show that: extraction
process is a cation-exchange reaction and is expressed by equation(I)

AUTZ + 2HoAn( o _-K—_",I AuT, HA, 2HA( ) + H' (1)
chloride ion not aenter into the extracted complex. IR spectra of this
extracted complex can further prove that anion AuT enters into it.
This extraction mechanism is unchanged in various diluents. Values of

Koy obtained are listed in Table.

Equilibrium constant for the extraction of Au(I) by HDEHP
& 10-3

and HEH(FHP) Chru(1) :31.00 1077, Cyggy = 0.40, Cp = 0.10,

CHp(o) = 050 mol-dm™~)

Diluent Kerosine | n~-Hexane CCl4 Benzene CHCI3 MIBK

HDEHP %4.16 -1.18 [-1.20| -1.34 -1.54 -1.83
HEH(EHP) -2.18 -2,22 |=2.30| -2.58 -2.68 -3.07
54 7.8 8.2 8.6 9.15 9.3 8.4

¥ solubility parameter of n-Dodecane

211



By treating the relation between the extraction equilibriua cons-
tant and the solubility parameters of diluents with Regular solution
theory the following equations are obtained.

log K, HDEHP = -0.2433+3.958;-17.2, (2)
log Ko, HEH(EHP) = -0.2183 = 3.1954-14.5. (3)

In these equations there is an exception for MIBK, since there is
the stronger interaction between MIBK and the extractant in the orga-
nic phase so it can't be treated simply with Regular Solution Theory
2.

Results of studies on the kinetics for the extraction process show
that the extraction of Au(I) by HDEHP(EHP) (or HFH(EHP)) from aqueous
thiourea solution is a first order reaction. The variation of K and K
with varying the extractant concentration and the acidity of aqueous
phase can be obtained respectively by using the pseudo-first order
approximation, from the knowledge of the interfacial activity of
HDEHP and HEH(EHP) two interfacial equations can be obtained as fol-
lows:

K
+ i . +
AuTy + 2HA(4) . AUT,-HAp 4y + H, (4)
3
. .s& . .
ATy Hhy(g) + 2 Bohp(o) T, AUT,'HAp'2HA(g) + 2HA(y). (5)

Equation (5) may be considered as the rate-determining step for the
extraction by HDEHP, By using the steady-state approximation, Kr and
Kb can be obtained as

K, = KK M(i) [Her/ (o) 71, (6)
Kb = K—2[RA](1)' (7

where K = K, /K_,.

EqQuations (6) and (7) are in accordance with the results obtained
from the thermodynamic studies. Equations (4) and (5) may be conside-
red as the rate-determining steps for the extraction by HEH(EHP) Kf
and Kb obtained can also explain the experimental results i.e.

2
o B [H2A27(o)
t K ZH] + K2m2Ag7(o)
K u o= K ‘H‘J(i)
ol 1[*’7 + Kplih,Te o (8)
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RHENTUM EXTRACTION BY PHOSPHORUS- AND NITROGEN-CONTAINING |:]
ORGANIC REAGENTS T7-27

N.M.Mescheryakov, V,V.Yakshin, V,F,Travkin, V.V.Golovko, All-Union
Research Institute of Chemical Technology, USSR Atomic Energy
State Committee,Vernadsky Institute of Geochemistry and Analytical
Chemistry, Academy of Sciences of the USSR, Moscow, USSR

Nitrogen-containing organic reagents have found the greatest appli-
cation in the extraction chemistry of rhenium. Alyphatic amines are of
gtreat importence among them, mainly the tertiary alkylamines derived
from C7--C9 alcohols. Since, the capabilities of these extractants
have been exhausted in the most cases, the further increase of effec-
tiveness of rhenium extraction may be accomplished by involving more
perfect structures of phosphorus- and nitrogen-containing organic re-
agents.

It is to be noted, that a lot of rhenium extraction processes are
carried out as a sulfuric acid variant, thus rhenium-containing sulfu-
ric acid solutions became the object of studies.

The results of the investigation (Table) have shown, that out of the
whole series of studied extractants, the priority has given to quater-
nary ammonium base (QAB) (See NN2 and 3, Table). The distribution co-
efficients DRe for QAB are tens of times as much as those for neutral
organophosphorus compounds (NOPC) (See NN5-7, Table) and for several
orders higher than for cation-exchange organic reagents (NN 10-12).

According to the data on rhenium extraction (VIIL), one can obtain
the reactivity series, showing the extractants dtrength increasing
from phosphorus- through phosphorus and nitrogen- towards nitrogen-
confaining organic reagents.

However, high distribution coefficients of QAB considerable hinder
the stripping of rhenium. The concentrated solutions of mineral acids
are necessary to be used for a complete rhenium reextraction from satu-
rated QAB, otherwise this will effect unfavourably the economics of
the whole recovery process., The optimal structure of the extractant of
rhenium will be such a compound with DR less than 10-20. In this case
(NN 4, 7, Table) the extraction and stripping processes will be supple-
ment one another,

Cation-exchange organophosphorus reagents (NN 9-12) under the cho-
sen conditions have DRe value 0.,01-0.001. Teking into account the re-
activity of these extractants when recovering molybdenium as a constant
companion of rhenium (sulfuric acid solutions with pH=2-3), one can re-
commend with a good reason these compounds for preliminary selection
of molybdenum,
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Bxtraction and stripping of rhenium(VII) with
phosphorus~ and nitrogen-containing organic reagents

nitric acid

2% NH,OH,

Notes: Re (VII) concentration
Phases ratio: O:W=1:1; Contact time:T
5 min ; Organic reagents concentrations: NN 1,4+11 - 0,1 mol ,
NN 2, 3, 12 - 5 %; Temperature: 20 %c; strip. solution:

in a sulfuric acid solution: 550 mg/1l;

extr.

=5 min., T

pH 1.1 pH 3.0 pH 4.5 pH 6.2
Extractant
Dextr. Dstrip Dextr. Dstrig Dextn Dstrip.Dextn Dstrip
1 2 3 4 5. 6 7 8 9
1.Trialkylamine 220 187 17.5 44.5 3rep 245 2.1 6.6
2.Trialkylmethyl- 366 0.0031 1110 0.003 240 4.107> 980 1.107%
ammonium nitra-
te
3.Trialkylmethyl- 366 0.0030 555 0.001 1200 g-10"4 980 5-10'4
ammonium carbo-
nate
4.0ctaalkyltetra- 3.8 0.0840 10.1 0.036 9.2 4.107° 8.65 2.10™°
aminephosphoni-
um bromide
5.Tributylphos- 0.03 16 0.049 32.5 0.13 0.18 0.043 0.67
phate
6.Disoamylmethyl- 0.0018 10.8 013 23.2 0.006 8.3 0.017 3.60
phosphonate
7.Trialkylphos- 3.3 415 0.0023 120 0.023 0.81 0.058 0.70
phineoxide
with different
radicals
8.Phosphoric 0.046 47 0.0240 25,9 0.110 0.44 0.046 0.39
acid hexabu-
tyltriamide
9.Dialkylphos- 0.070 3.1 0.0210 24.4 0.044 0.51 0.060 0.74
phinic acid
N0.Di-2-ethylhe- 0.025 20 0.0015 0.25 0.038 0.11 0.042 0.81
xylphosphoric
acid
11.Dioctylphe- 0.030 21.7 0.0020 0.33 ©0.060 0.18 0.048 0.87
nylphosphoric
acid
12.Poly-2-ethyl- 0.012 13.1 0.0086 47.5 0.110 0.11 0.053 0.26
hexylphospho-

strip.”

According to the obtained results some advantageous phosphorus- and

nitrogen-containing organic reagents have been determined, allowing to

select rhenium (VII) from sulfuric acid aqueous solutions with subse-

quent recovery of pure ammonium perrhenate salts.
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EXTRACTION OF Ni, Co, Cu WITH DI(2-ETHYLHEXYL)

7-28
DITHIOPHOSPHORIC ACID AND ITS SALTS

A.I.Kholkin, V.I.,Kuzmin, G.L.Pashkov, O.A.Logutenko, V.V.Sergeyev,
I.Yu.,Fleitlich, L.Ya.Savkina, A.M.Kopanyov, L.M.Gindin, Yu.B.Kle-
tenic, Institute of Chemistry and Chemichal Technology of Siberian
Branch of the USSR Academy of Sciences, Krasnoyarsk, Institute
"Hydrotsvetmet" of Ministry of Non-Ferrous Metallurgy,
Novosibirsk, USSR

Di(2-ethylhexyl)dithiophosphoric acid (DTPA) and its salts are pro-
mising metal extractants in particular, extractants based on DI'PA can
be used for separeting of Co and Ni, extracting and concentrating of
Cu,DTPA is a strong acid, it can extract metal cations from strongly
acid media. One of the important properties of this extractant is its
ability to reversible oxidation-reduction, it is evident at the extra-
ction of Co and Cu. DTPA is weakly hydrated in organic solvents and is
present mainly in monomeric form.

Fxtraction of Ni(II) with DTPA. This process isn't complicated by
oxidation-reduction. The mechanism of the process is of cation-exchan-
ging type, it affects the dependence between Ni-distrioution coeffici-
ents and hydrogen ion concentration (Fig.1). Based on data on organic
phase saturation with Ni and on metal distribution as a function of
extractant concentration (Pig.2), the conclusion is made that the pro-
cess of extraction of Ni with DTPA is described by the following equa-
tion

2 —
§i *(aq) + 2HA( )& NiAy () + 2H+(aq). (1)

The electron spectrum analysis of Ni-extracts shows that N1A2 has
square-plate structure and low-spin configuration, Diamagnetism is con-
firmed by the measurements of magnetic susceptibility of extracts.

g Dyy

18Dy
30

10

s 1g CH+(aq) 20 0 0 0 1g CHA(O)

Pig.1. Extraction of Ni with 0,5M solution of DTPA in decane from
nitrate (1) and chloride (2) solutions J = 4,8 mol/l

Pig.2, Ni-distribution coefficient as a function of DTPA concentra-

tion in decane at extraction from 1,26M solution of HCl con-
taining 0,05mo0l/1 of FicCl,

0,5 o

215



Extraction of Co(II) with DFPA., It's known that labile compound of

cobalt(II) - CoA, - is formed in the first step of extraction in or-
ganic phase, This compound is unstable, it's transformed into inert
difficultly-backextracted compound of Co(III) =- CoAy - in the presen-
ce of oxygen and excess of DTPA. The ratio of oxidized cobalt amount
to absorbed oxygen amount is found by volumometric measurements. This
ratio corresponds to the process

2 -
Co +(aq) + BHA(O) + 1/402 COAB(O) + 2H+(aq) + 1/2 H20. (2)

It's found that reducing propeties of DTPA become more evident in
the system being investigated. Thus, the absorption bands of Co(II)-
complexes appear in electronic absorption spectrum after some time
passed after high dilution of extracts containing Co(III). The redu-
cing of Co is connected with reversible reaction

2CoA; ¥=2C0A, + Ay, 45 (3)
where A, - disulfide (RO) P‘S-— S,P(OR)z. The kinetic dependence,

showing the reverse reaction-
n interaction of CoA2 with di-
sulfide is shown in Fig.3.
z The rate of Co-oxidation de-
pends on various aspects. It
decreases significantly under
addition of oxygen containing
electronodonors in the soluti-
on: alcohols, tributylphospha-
te. Secondary amine (CBH17)2NH
Fig.3. Optical density of absorption is found to stabilize thermody-

al

< 14

o 2 4 t,h

of cobalt dithiophosphate solutions namically Co(II), displacing
as a function of time: equilibrium (3) to the right
1 - CoA, (1073 mol/1) nearly in general,

2 - Coh, (1073 mol/1) + Ay (0.4 mol/1)

Separation of Co and Ni, DTPA can be used both for extraction of Ni
from Co-solutions and for reverse process, Extraction continues for
0,5=2 hours in the first case, so equilibrium with Ni is created, and
Co isn't oxidized yet, it's extracted much worse (FNi/Co ~15) . Much
higher distribution coefficients are obtained using DTPA mixtures
with diheptyldithioethane (fyj/co ~500). On the other hand, the extrac-
tion of Co from Ni-solutions becomes possible using DTPA mixtu-
res with oxygen-containing compounds because the extraction rate of Ni
is slowered and the extraction rate of Co remains high, It's found
that the values of Byj/co 200 can be obtained at short phase contact.

Extraction of Cu with DTPA salts., It's known that Cu can be selec-
tively extracted in the wide range of acidity with dialkyldithiophos-

216



phoric acids. However, the Cu-stripping in these systems is impossible
due to high stability of extracting Cu-complexes,

Binary extractants - salts of dialkyldithiophosphoric acid and of
quaternary ammonium bases - were investigated for selective extrac-
tion of Cu from sulfate Fe-containing solutions. The extractants were
obtained by mixing equimolar amounts of di(2-ethylhexyl)dithiophos-
phoric acid and tetraoctylammonium salt in organic solvent and by wa-
shing organic phase in water.

The extraction with binary extractants differs from the cation-ex-
changing extraction of Cu with dialkyldithiophosphoric acid, it's cha-
racterized by coextraction of Cu-cation and sulfate-ion (bisulfate-
ion at extraction from acid solutions) in organic phase:

2+ 2- =
Culaq) * 5%(aq) * 2F4MA(o) = (RgM 250 (o) + Coha(o)- o

The results of extraction of Cu and Fe with 0,6 M solution of trial-
kylmethylammonium di(2-ethylhexyl)dithiophosphate in kerosene with

the addition of TBP (10%) are shown in Fig.4. The decreasing of effec-
tiveness of Cu and Fe separating was observed at pH increase with Cu,

Fe being independent, therefore ex-

changihg extraction of these metals g %
doesn't occur. It seems to be connec- 3 i
ted with the formastion of anionic gf
Fe(III) sulfate complexes at these %0 ©
pH-values of aqueous phase and their & i
extraction with tetraalkylammonium
salt. Extracted Fe is easily washed 1
off with dilute sulfuric acid eolu-
tions, Cu remains in organic extract ' ! ' ’ ' pH
practically on the whole. Fig.4. Effect of pH of water
The investigations showed high ex- phase on extraction of Cu(1)
traction rate of Cu for various ex- and Fe(2) and the values of
tractant concentrations, the time of Pcy/Fe(3) at extraction with
equilibrium obtaining is not more 0,6 M solution of trialkylammo-
than 1,5 min, nium di(2-ethylhexyl)-dithio-

The presence of sulfate-ion in or- phosphate in kerosene (10% of
ganic phase and the stability of bi- TBP)
nary extractant in two-phase eystem

create the conditions, under whish Cu can be stripped out by cation
bonding in aqueous phase,e.g. at settling of Cu hydroxide (solid phase
stripping) or by reaction with ammonia:

o 2- 2-
Cubp(o) + (R,F),80,( ) + 4 NH4OH(aq)<—/Cu(NH3)4/(aq) +50,7aq) *
2 RyNA( ) + 4 H,0. (5)
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More than 90% of Cu is stripped for three countercurrent steps with
10% ammonia aqueous solution at Vozvaq=3:1, Cu concentration in orga-
stripped product reaches 45 g/l, residual Cu concentration in orgamic
phase being equal to 2 g/l (Fig.5).

Oxidation-reduction disproportion-
ing of Cu(II)-dialkyldithiophospha-
te with formation of Cu(I)~-dialkyl-
@ 3 dithiophosphate and disulfide takes
place at extraction of Cu with bi-
nary sxtractant as well as in sys~
0 tem with initial dialkyldithiophos-
: phoric acid. Extractant isn't dest-

N

. ructed at extraction-stripping cyc-

o 10 20 o s C

Cu(aq)*8/1 le due to reversibility of the pro-
Fig.5. Isotherm of Cu-stripping cess, In particular, no changing of
with ammonia water solutions extractant capacity and other ex-
from organic phase, %: 5,0 (1)3 traction propefties was observed
10,0 (2)3 15,0 (3) in 10 extraction-stripping cycles.

Thus, the obtained data show,
that the extractant capacity, the extraction rate of Cu, the separa-
tion coefficient ﬁCu/Fe’ the binary extraction rate are significantly
higher than these for extractants of hydroxyoxime type. The extractant
can be used for selective extraction of Cu from sulfate Fe-containing
solutions with consequent ammonia stripping. The possibility of ext-
raction of Cu from acid and strongly-acid solutions makes perspectives
for extraction of Cu not only from ore-leaching solutions, but also
for selective extraction of Cu from galvanic and etching industrial
solutions, at regeneration of waste Cu electrolytes, for concentrating
and obtaining pure Cu product from eluates, obtained in sorption sys-
tems for processing of Cu-containing products. In the case of the high
concentration of the silica-contained compounds in the initial aqueous
solutions the formation of the stable emulsions is observed. In order
to process such solutions it is worth-while using the combined schemes:
on the first stage - the ion-exchange for the recovery of the copper
from the ore-leaching solutions, for example, as for oxide copper
ores, on the second stage - extraction with the binary extractant so
as to obtain the commodity copper product from the eluates.

Copper can be extracted from ammonia stripping product in powdered

form by reducing to metal form with sulfur gas or in form of solid
complex salt Cu(NH3)4SO4-H20 by blowing with ammonia.
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SYNERGIC EXTRACTION OF TETRAHEDRAL AND OCTAHEDRAL
COBALT(II)

S.M.Khalifa, H.F.Aly, M.R.El-Sourougy and S.I.El-Dessouky,
Hot Laboratory Centre, Atomic Energy Establishment, P.0. 13759,
Cairo, Egypt

In synergic extraction, the aqueous phase composition plays
a main role in achieving the synergic phenomenon [1-67]. The
presence of certain chemical composition in the aqueous medium
was found to be required for the formation of the synergic spe-
ciles to be extracted C?]. In previous publications symergic ex-
traction of divalent cobalt by the systems thenoyltrifluoroace-
tone (HITA)-crown ether [87) and HITA-amine [[97] was investigated
using perchlorate aqueous media. In the present work, the ex-
traction of tetrahedral amd octahedral divalent cobalt from
nitrate buffer aqueous media is investigated using mixed extrac-
tants of 8-hydroxyquinoline and amine or crown ether in chloro-
form.

'Experimantal
Radiotracers and Chemicals

The radiotracer used, Co-60, was prepared by neutron irradia-
ting of A.R. grade cobalt carbonate for 48 hours in the ET-RR-1
reactor [10]. The irradiated material was divided into two
parts. One part was dissolved in a minimum amount of perchlo-
ric acid, leading to the formation of octahedral cobalt species
Ellj. The other part was dissolved in a suitable amount of 1:1
hydrochloric acid forming the tetrahedral cobalt species [[117.
The solutions were adjusted to constant ionic strength of 0.1
by sodium nitrate. The octahedral and tetrahedral cobalt struc-
tures of the solutions were confirmed spectrophotometrically.

8-hydroxyquinoline (HOX) and sodium nitrate were A.R. grade
and obtained from Veb Labor. Chemie Apoldd. 15-crown-5 (15C5)
was purchased from Fluka AG, Buchs SG. Dibenzo-18-crown-
6(Dbl8C6) was supplied by Aldrich Chemical Company. Dibenzyl-
amine (DBA) was Light and Co Label. Tridodecylamine (TDA) and
chloroform were supplied ftrom Prolabo, Italy. The different
extractants and the diluent were used without any chemical
treatment.

The extraction procedure and the radiometric assay were
dome as previously reported [8,9].
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Results and Discussion

Synergic Extractien of Divalent Octahedral Cobalt

The extraction of octahedral Co(II) was investigated by the
system 8-hydroxyquinoline (HOX)-crown ether (dibenzo-18-crown-
6(DblBC6) or 15-crown-5 (15C5). The extraction was performed
by a chloroform solution of the respective extractants from nit-
rate buffer aqueous medium. Different enhancements in the ex-
traction were obtained with the respective extractant mixtures
used, Fig. 1-A. On the other hand, when the extraction was
carried out for the tetrahedral cobalt species no enhancement
was obtained by the same extractant mixtures, Fig. 1-B . The
different parameters affecting the extraction of the octahedral
cobalt by the different extractants from the aqueous medium at pH
5.2as well as at diff.pH,s were elucidated and the daba Were re-

presented in Figs. 2-5. Based on slope analysis of the extrac-
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tion experimental results the stoichiometric formulae of the ex-
tracted species were found to be Co(OX)2 and Co(OX)a.CE ; CB =
Dbl8C6 or 15C5, for the chelate and the synergic species extrac-
ted of the octahedral cobalt, respectively. The different cons-
tants for these species are summarized in Table 1, together with
the maximum synergic factors [[127].

Synergic Extraction of Divalent Tetrahedral Cobalt

The extraction of tetrahedral Co(II) was investigated by a
chloroform solution of HOX and dibenzylamine (DBA) or tridode-
cylamine (TDA) from nitrate buffer aqueous solution. In paral-
lel, the extraction of the octahedral Co(II) was also tested .
The enhancement in the extraction was only obtained for the
tetrahedral Co(II), Fig. (6-A), while no enhancement was obtai-
ned for the octahedral Co(II) extraction; Fig. 6-B . The dif-
ferent parameters affecting the extraction of the chelate and

_ m—zf 4 octa

. ?~?\\\ o tetra J

Fig.6. Extraction of Co(II) by HOX
am and their mixtures
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sypergic species of the tetrahedral Co(lI) were elucidated;
Figs. 2-5.

The stoichiometric formulae of the extracted chelate and
synergic species of the tetrahearal cobalt were found to be
(Io(OX)‘2 and Co(OX)a.am (am=DBA or TDA), alternatively. The d4if-
ferent constants for the extracted species as well as the maxi-
mum synergic factors are given in Table.

Bxtraction of octahedral and tetrahedral divalent
cobalt by 8-hydroxyquinoline (HOXY) and HOX=crown
ether or amine ¥

Coastant™**

Bpecies 108 Ky | -log K,y | log B, | B.r.***
Octabadral extraction
CO(OI)Z 6.43
co(OX)2.15G5 3.17 3.27 6.7
CO(OX)Z.DbLBCG 2.3 4,13 65
Tetrahedral sxtractior
Co(OX)z 9.02
Co(0X),.DBA 5.53 349 | 75
00(01)2.TDA 4 .46 4,56 380

* The standard deviations (13] in K,; and K,, are + 2%
and in 821 are + 3%,

,(&F (P

*k Eyg = ) Koy = — L Bax‘fz‘l"
[Eox] [Eox}? fT] K
. [co(0X),] = (co(0x),.L] L=CRor am, ***gp. . Dgox + 1,
[ce?*] [eo?*] Dgox + D1

Conclusions

The extraction constants obtained show the following :

a) Octahedral cobalt is highly extracted than tetrahedral co-
balt by HOX, where K20 for octahedral cobalt, 5.7x10"7, is
much higher than the corresponding value for tetrahedral co-
balt extracted, 9.6x10'10. This can be explained by the
restricted stable tetrahedral configuration to form a che-
late compound with the bulky oxime anion. This is contrary
to the octahedral structure, where the two oxime anions can
chelate cobalt by substituting the four water molecules sur-—
rounding the middle plane of the octahedral structure.

b) The mixed extraction constant, K21, for the octahedral cobalt
extracted as Co(OX)Z.CE is also higher than of the tetrahed-
ral cobalt extracted as Co(Ox)a.am; Table 1 . This is due

to the cooperative extraction of both the cobalt chelate and
adduct of octahedral extraction.
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c) The formation constant, B21, of the tetrahedral cobalt extrac-
ted as Co(OX)a.am is relatively stable than the octahedral
cobalt extracted as Co(OX)Z.CE. This is reflected by the
high synergic factors obtained for the extracted tetrahedral
cobalt species. The formation of the adduct between the CE
and the octahedral oxime cobalt chelate could be achieved
through substitution of the CE with one of the water mole-~
cules on the perpendicular axis of the octahedral molecule,
where a square pyramldal configuration for the adduct is for-
med. "“he high B21 values for the tetrahedral cobalt adduct
can be related to the relatively high hydrophobic property
of the octahedral cobalt adduct which contains one water
molecule compared to the tetrahedral structure.

Further thermodynamic and structural elucidations are under
consideration to add more verification for the previous conclu-
sions.

References

1. Healy T.V. // J. Inorg. Nucl. Chem. 1961l. Vol. 19. P. 314
and P. 328.

2. Irving H. // Solvent Extraction Chewistry of Metals .

Macmillan, London, 1966. P. 91.

3. Taketatsu T.T., Toriami N. // J. Inorg. Nucl. Chem. 1969.
Vol. 31. P. 2235.

4, Aggett J. // J. Inorg. Nucl. Chem. 1970. Vol. 32. P. 2767.

5. Subremanian M.S., Pai S.A. // J. Inorg. Nucl. Chem. 1970.
Vol. 32. P. 3677.

6. Tikhomirov V.I., Ionov V.P. // Radiokhimiya 1967. Vol. 9.
P. 427,

7. Deptuls C., Minc S. // J. Inorg. Nucl. Chem. 1967.
Vol. 28k P. 159,

8. Aly H.F., El-Dessouky M.M., Khslifa S.M., Navratil J.D.,
Shehata F.A. // Solv. Extr. Ion Exch. 1985. Vol. 3(6),867.

9. Aly H.F., Raieh M., Mohamed S. (Khalifa S.M.), Abdel-
Rassoul A.A. // J. Inorg. Nucl. Chem. 1978. Vol. 40.P. 567.

10. Hamudas I., El-Mofty O., El-Mashad Y., El-Nagdy M. //
Proc. 3rd. Intern. Conf. Peac. Uses At. Energy, Geneva
1964 . A/Conf./28/P. 453.

11, Phillips C.S.G., Williams R.J.P. // Inorganic Chemistry.
Part II. N.Y.. Oxford University Press, 1966.

12. Khalifa S.M., Zakareia N., Shehata F., Aly H.F. //
J. Radioanal. Nucl. Chem. 1984. Vol. 82/1. P. 75,

13. Eckschlager K. // Errors, Measurements amd Results im
Chemical Analysis. London, 1969.

223




A STUDY OF THE EXTRACTION KINETICS OF COBALT(II) THIOCYANATEI 7-30
WITH PRIMARY AMINE N1923 BY GROWING DROP METHOD

Sixiu Sun, Zili Gao, Huifa Gai, Yuanjun Liu and Jinglan Shen,

Department of Chemistry, Shandong University, Jinan, Shandong,
CHINA

The extraction kinetics of cobalt(II) thiocyanate with N1923 kero-
sene solution has been studied by growing drop method at 25°C. The
schematic diagram of experimental apparatus 1is shown in Pig.1.The expe-
rimental results shown in Fig.2 to 6 indicate that the rate-determin-

ing steps of this extraction process may be the following interfacial
reactions:

X
Co(SCN)2 + SCR™ 4+ N1923,HSCN 4 f’ (Co(SC§)3.HSCN.N1923)Zi),
-1
- 2
(Co(SCN)B.HSCN.N1923)(i) + 2N1923.HSCN(°)__E
(Co(scw)4 (N1923)2)(0) + N1923 HSCN(,4y + SCN-

the formard initial rate of this extraction process can be expressed
as follows:

K/Co(sCN),/ /SCN~/ /N1923 HSCN](O)
K_, + K/[F1923 HSCN/(O)

Rf =

where K = 1 2[N1923 HSCNY(i),[',7(i) denotes the interfacial concen-
tration,

The activation energy of this process was calculated to be
15.1 kj-mol~".

Fig.1. Schematic diagram of experimental apparatus for growing
drop method
1 —extraction cell with a volume of 150 cmy

2- capillaryy 3~spillover tube;
4—three way cockj 5 - glass cock
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Pig.2. The curve of Bog(A/t) =1.6
ve.Pog /[CoZ; /SCK™Z1.00M; pH3.13; i~ a/
J81923.HSCN] ( ;) 0.046M 3 -1.8 /./
m o
5 g
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Pig.3. The curve of Bog(A/t) vs.Bog/SCNZ/; /CoZ0.0540M;pH2.46
IN1923 HSCN/ () 0.046M

Fig.4. The curve of REog(A/t) vs.pH /Co/0.0540M; /SCN™/0.508M;
[r1923 HSCNZ( ) 0.046M

=1.5
=1.5 ~
Ft)
? 3
“ o
'} \i\\} ~§
w® . S i b
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-]
3.0 3-2 3.4 1000/T -1'5 -1.0

log N1923.HSCN

Pig.5. Effect of temperature on the extraction rate
fto/ 0.0540M; pH2.45; /SCN™/ 0.508M; [F1923 HSCN/ ) 0.046M
Pig.6. The curve of Log(A/t) vs. Log/N1923 HSCN](O)
[Co7 0.540M; pH2.45; /SCN™7 0.508M
Note: 1. The A is the absorbance the organic phase loading Co(II)
and is used to express the concentration of Co(II) in organic phase.
2, [ 7 and [ 7(o) denote aqueous and organic phase species

respectively,

Reference
1. Hughes M.A.//T.Zhu. Hydrometallurgy. 1985. Vol.13. P.249.
15. 3ak. 365 225



STUDIES OF Co(II) IONS EXTRACTION WITH MIXTURES OF CARBOXYLIC

=31
ACIDS AND ALIPHATIC ALCOHOLS IN SULPHATE SYSTEMS 7

S.Kopacz, J.Kalembkiewicz, J.Szantula, Department of Inorganic
Chemistry, Ignacy Lukasiewicz Technical University, Rzeszbw,
Poland

The extraction of Co(II) ions from sulphate solutions with alipha-
tioc (n-hexanoic, n-octanoic and n-decanoic) and aromatic (benzoic
and o-toluic)acids and with their mixtures with aliphatic (n-amyl,
n-heptyl, n-nonyl) alcohols has been studied. It has been found that
aliphatic carboxylic acids extract Co(II) ions from the aqueous into
organic phaee, whereas aromatic acids do net extract Co(II) from sul-
phate solutions, besides sparingly soluble deposits prepicitate them-
selves in the system studied /i-3/.

Extraction of Co(II) with mixtures of carboxylic acids
and aliphatic alcohols in sulphate systems

Extractant Complex Opt .pH R% } Kex
1 2 3 .
Hexanoic acid
in decane CoR,* 2HR 5,5 - 6,5 95 | (1,7840,2)+10"12
Octanoic acid
in decane CoR,*2HR 5,5 = 6,5 95 (2,!32_10.2)“!0'12
Decanoic acid
in decane CoR, ¢ 2HR 5,5 = 6,5 95 (5,01;0.3)'10'12
Hexanoic acid
with heptyl al-
cohol in decane| CoR,°HR 6,5 = T,,5 95 (3.0510,38)'10'6

Benzoic acid
in benzene no extr, 2 -8 (o] -

o=Toluic acid
in benzene no ‘extr. 2 -8 (0] -

Benzoic acid
with amyl alco-
hol in benzene | CoR,-2HR 7,5 55 | (3,78+0,18) 10~ 10

o-Toluic acid
with amyl alco-
hol in benzene CoR2-2HR 7,0 55 -
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An addition alcohol to the extraction solvent brings about the
synergic effect, particulary apparent in case of benzoic and o-toluic
acids, and enables the extraction of Co(II) ions over a wide pH ran-
ge of the aqueous phase., It has been proved that the extraction of
Co(II) ions is not considerably affected by the kind of alcohol used.

The composition of Co(II) complexes in the organic phase were de-
termined. The presence of Co(II) complexes of CoRézﬂn and CoR2°HR com-
position was found in the orgenic phase, Since alcohol is not contai-
ned in the composition of Co(II) complexes in the organic phase, but
morely affects the monomer - dimer equilibria of carboxylic acids, an
indirect in influence of the other extraction reagent on the synergic
effect was assumed. This is particularly apparent in case of aromatic
carboxylic acids.

Co(II) ions extraction with simple and complex extraction solvents
containing acid (HR) and alcohol into a mon polar solvent (n-decane,
benzene) was described appropriately with chemical equations and the
values of the concentration constants of the extraction were calcula-
ted (Table).
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COPPER, NICKEL, COBALT AND ZINC EXTRACTION BY
ORGANOPHQS PHORUS ACIDS

G. P. Giganov, V.F.Travkin, A.A.Pushkov, V.V.Yakshin, V.V.Kravchenko,
S.B.Kotukhov, V.P,Lanin, M.V,Loseva, Mendeleev Institute of Chemica
Technology, State Research Institute of Nonferrous Metals, Moscow,
USSR

Organophosphorus acids,mainly D2EHPH,are widely used for the ext-
raction of metals, It is common knowledge that these reagents are al-
so employed for the extraction of heavy non-ferrous metals: copper,
zinc,cobalt and nickel. For example,D2EHPH is recommended for separa-
ting zinc from copper [1] and cobalt from nickel. The latter two me-
tals are being separated in production quantities &,j] . Up to now
primary attention has been focussed on the extraction properties of
D2EHPH,but recently there have appeared a number of reports on the
successful employment of some other more effective organophosphorus
acids which are either stronger or weaker than D2EHPH B,SJ

This paper considers the properties of dioctylphenylphosphorus
acid (DOPPH) - (i - CgHyq - ), PO(OH) which is a stronger acid
compared to D2EHPH. The constant of acid dissociation pK is 1.39 for
DOPPH whereas it is 2,23 for D2EHPH [4] . In addition,we j
dered the properties of dialkylphosphine acid (DAPH) - RZPO(OH) where
R - 05-08. Acid properties of this reagent are weaker than those of
D2EHPH, The extraction of Cu?*,Zn*,Ni%* and Co?* with organophosphorus
acids occurs in accordance with the cationexchange mechanism,and the-
refore the acidity of the aqueous phase (in equilibrium state) will
have a pronounced effect on metal extraction. The growth of aqueous
phase acidity will suppress the extraction,and the stronger reagents
will more efficiently extract metals from the stronger acid solutions.
In this case the extractability of metals from acid solutions increa-
ses as follows: DAPH < D2EHPH < DOPPH,

The isoterms of extraction of zinc,copper,nickel and cobalt from
sulphaté solutions at pH-4 with 0.35 M DOPPH in kerosine are shown
in Fig.1. One can see that the extraction of metals into the organic
phase is increased in the following order: Ni(II) < Co(II) < Cu(II) <
Zn(II). A similar dependence is also observed when D2EHPH and DAPH
are used.

Temperature requirements during the process are very important
factors affecting metal extraction with acid phosphororganic reagents.
Our experimental results (Fig.2) show that a rise in temperature le-
ads to an increased extraction of copper and cobalt into the organic
phase,whereas the dependence of nickel extraction on temperature
changes in the studied interval is insignificant. This leads to the
increased effectiveness of metal separation. When DOPPH is used the
separation factors are 8 Cu/Ni = 5,3 and 15.2 at 20° and 63°C,respec-
tively. For the cobalt-nickel pair 8 = 3.0 and 4.6 at 22° and 62°C.‘
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Fig.1. Isoterms of Me2* extrac- Pig,2, Dependence of Cu(I),Co(2)
tion with DOPPH 2n(I),Cu(2), and Ni(3) extraction with 0,35M
Co(3) and Ni(4) DOPPH in kerosine on temperature

at pi 2

respectively. Such dependence of cobalt-nickel separation effective-
ness on temperature can be explained by the existence (in the orga-
nic phase) of metal complexes with organophosphorus acids: octahed-
ral MeA, 2H,0 (the 0, symmetry group) , tetrahedral MeAz(Td) or plane-
tetragonal MeAz(D4h). With a rise in temperature the fraction of bet-
ter extracted nonaqueous complex CoAz(Td) or the Cqu(D4h) complex
increases,which leads to the increase of copper and cobalt extrac-
tion into the organic phase. Such a transfer for nickel,and likewise
the growth of DNi,becomes possible only at much higher temperatures.

If one takes into account that the formation of polymer complexes
18 possible in the organic phase,especially the nickel one,then we
may find at the stripping stage the presence of the kinetic separa-
tion factor for the copper and nickel and also for cobalt and nickel.

The effect of phase contact time on the separation efficiency for
cobalt and nickel has been studied in centrifugal extractors [6] .
The experimental results have shown that the kinetics of extraction
of these metals with acid phosphororganic reagents is rapid. The va-
lues of separation factors (8) for cobalt and nickel are weakly de-
pendent on the phase contact time during extraction and stripping of
the metals. At the same time,in the case of DAPH the effectiveness
of the organic phase scrubbing depends on the phase contact time (see
Table 1).

The process of cobalt and nickel separation with DAPH has been
tested in mixer-settlers. The number of stages used in the process:
extraction - 4;scrubbing - with a cobalt-bearing solution = 2;strip-
ping with a sulphuric acid solution = 2,
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_Table 1. The effect of the phase contact time (7 ) on the effec-
tiveness of the extraction stage (E) and B Co/Ni for DAPH ( 0:A =
1:1, t = 21°).

Extraction:0-0,35M DAPH in kerosine;A-pH=3.5-3.8;C0-0.42 g/1,Ni-
26.5 g/1
Scrubbing:0-0,35M DAPH,Co-0.42 g/1,Ni-0.84 g/l;A-pH=2,3-2,9,Co-
1.7 g/1
Stripping:0-0.35M DAPH,C0-0.9 g/1,Ni-0.13 g/1;A-H,50,-50 g/1

Extraction Scrubbing Stripping

% | £°° | EM |sco/ni| Zx [ECO | £ |8 co/ni| 2y | %° | BN lsco/mi
03 0081 0-84
.0

0 6.5 0.4 0,77 0.01 1.2 0.4 0.42 0.08 6

1 0.76 0.84 7.2 1.0 1,00 0.02 2.4 1.1 0.49 0.09 6.

3.7 0.95 0.89 8.5 2,8 1,00 0,06 6.5 4.4 0.61 0,12 6
10.5 1,00 0.98 9.4 11.6 0.88 0.15 15.0 12,0 0,78 0.18 5

23.6 1,00 0.89 9.3 27.7 0.83 0.43 40,0 24.6 0.88 0.25 4.2

9.5 52,3 1,00 1,00 113.0 29.9 0.88 0.26 4.0

82,7 1.00 0.38 3.2

48.7 1,00 0.9

Note: Value E for extraction and scrubbing has been derived from the
organic phase,and for stripping - from the aqueous phase. Ea(Ci-cf)/
(Ci-Ceq),where Ci,Ceq and C, represent initial,equilibrium and final
concentrations,

The extraction of cobalt from a sulphatic solution containing Co-
1.33 g/1 and Ni-34.2 g/1 has been as high as 96.4%. The product so-
lution with the content of Co-104 g/l and Ni-0.27 g/l can be used for
electrolytic processing of cobalt.

Thus,our experimental results have shown that it is possible to
employ acid phosphororganic reagents for the separation and concent-
ration of copper,zinc,nickel and cobalt,when they are all present in
aqueous solutionse.
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EXTRACTION FROM AMMONIACAL SOLUTIONS OF ZINC AND CADMIUM 7-33
WITH OLIGOMERIC REAGENTS

Ve.I.Bukin, S.V.Trubnikov, A.M.Reznik, Lomonosov Institute of
Fine Chemical Technology, Moscow, USSR

In recent year the method of lixiviating nonferrous metals from
their ores with the use of ammonia is finding increasing applicatiom.
lo fully utilize the advanteges of this method, it is necessary to
find more efficient and readily available extracting agents. Among
them are oligomers derived from alkylphenols.

For extracting zinc and cadmium from ammonia solutions where these
metals are in the form of soluble ammoniates, we have developed some
alkylphenol oligomers. As nitrogen-containing oligomers we took p-t-
butylaminophenolformaldehyde oligomer and as sulfur-containing
oligomer - p-t-butylphenol and alkylphenoldisulfides (Fig.1 ).

o oH o
1. HoCH,—(Q)—— CH,OCH, —@— cuzlmcaz—«@— CH,NH,,
CoHg CaHy H

49
oH OH oH oH

2. @—s-s—@ 3. @——s—s—@ R - Gy — G
Caly CaHg R R

Fig. 1. Chemical formulas of alkylphenol oligomers: 1 - p-t-butyl-
aminophenolformaldehyde; 2 - p-t-butylphenoldisulfide;
3 - alkylphenoldisulfide

In determining the main regularities in the extraction of zinc and
cadmium, we have investigated the extraction with the aid of 2-3;_-
butylphenoldisulfide trace amounts of radioactive isotopes,Zn 5
Cd115m‘ Preliminary results show that equilibrium was attained in 5
minutes. The extraction was carried out in separating funnels, the
ratio of phase volumes being ome.

Measurements showed that the angular. coefficient of the relation-
ship between the logarithm of the partition coefficient and the pH
of the media for both metals equals two (Pig. 2). The logarithm of
the partition coefficient as the function of the extractant's concent-
ration in toluene was also close to two (Fig. 3). It could be assumed
that in the extraction of zinc and cadmium with p-t-butylphenoldisul-
fide two protons of the hydroxyl group from the extractant become
separated. In this process the metal forms a complex with the extrac-
tant, with the molar ratio metal:extractant being { :2. This ratio
was established under saturating conditions durimg the extractiom of
the metal at macro-concentration levela.

To confirm the comp.ition of the metal-extractant complexes we
have examined the infrared and ultraviolet spectra of the extractants
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Pig. 2. Extraotion of metals (pre- Pig. 3. Metal partition as the

micro-concentrations) with ction of p-t-butylphenoldisul-
0.25M toluene solution of p-t- bu- fide concentration in toluene :
tylphenoldisulfide:1 -Cd; 2 - 2n 1 -Cd; 2 -2n

and the extracted compounds. The infrared spectrum of the starting
p-t-butylphenoldisulfide was characterized by two absorption bands at
220 nm and 300 nm, which underwent a shift imto a longer-wave region
(by 10 nm for the 300 nm band) upon the formation of the complex with
the metal. The shift in the absorption of benzene moiety during the
formation of the complexes indicates the presemce of phenolatestruc-
tures. Therefore one can suppose that the complexes are formed by sub-
stitutimg protons in the hydroxyl group of p-t-butylphenoldisulfide
by metal with the formation of a metal-oxygen bond. A comparison of
the infrared spectra of zinc and cadmium complexes with those of p-it-
butylphenoldisgltide showed a decrease in the integral intensity of
absorption band at 2940 nm corresponding to oscillations of HO-group
of the extractent. An analogous comparison of the same band of the
extractant with that of p-i-butylphenoldisulfide supports the assum-
tion that the proton in the hydroxyl group of the extractant is sub-
stituted by the extracted metal. The result of such a substitution is
the formation of a metal-oxygen bond.

In the simultaneous extraction of ammonia and macro-concentrations
of zinc and cadmium, we observed that, with an increase in the pH of
aqueous ammonia solutions the NH3 :metal ratio in the extracted com-
pounds gradually increased from O to 2. Here account was taken of the
co-extraction of ammonia ions of p-t-butylphenoldisulfide according
to the cation-exchange mechanism.

On the basis of the state of the ions of zinc and cadmium in ammo-

nia golutions and the results we obtained, the extraction process with
p-t-butylphenoldisulfide can be described as follows:

232



[l(lmB)h (H2°)6-n] (a) * 2 HaR(g) == ["(NH3) (320)2-@(“)2](0) *
+2 Hza) + (n-m) lﬂ!3(‘) + (4-n+m) H,0; (1)

where n - varies from O to 4 within the examined pH range; m - the
ammonie-metal ratio in extracted complex, varying from O to 2, depend-
ing on the pH of the extracting media; M = Zn or Cd; H R - extrac=-
tant.

Analogous results obtained in the extraction of zinc and cadmium
from ammonia solutions with a nitrogen-containing extracting agent,
p=t-butylphenolformaldehyde, indicate that Rx.(f ) can be used to
describe the extraction of these metals with a nitrogen-containing
oligomer.

A comparison of the data on the extraction of zinc and cadmium
with N- and S-containing oligomers (Pig. 4 and 5) shows that zinc is
extracted more efficiently with p-t-butylaminophenolformaldehyde
than with alkylphenoldisulfide. For the extraction of cadmium alkyl-
phenoldisulfide was found to be more efficient. The results can be
explained by the theory of mild and strong acids and bases, on the
assumption that the extracted complex contains a coordination bond :
metal donor atom of the extractant's molecule.
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/ - °~o\ \ 1
o o\ o,
o, ' ‘ I / \-
1t ° _/ ~ ° Y 2
L]
/ / 6 o 8 10 pH
* o }l
0 o I " A i LI
6/ ¢ 0 pH
L]
-{}

" - e O
Pig. 4. Extraction of metals (pre- P1§§ g;Extraction of metals with
sent &t concentration of g/l) with ution of alkyl-
0.25M kerosene solution of p-t- phenoldisulphide: / - Cd; 2 - Zn
bu‘tylgzjj.nophenglfomldehyde )

- n

The partition coefficient under optimal conditions was greater than
100 for the extraction of zinc from ammonia solutions with p-t-butyl-

aminophenolformaldehyde at 0.25M concentration, and for the extraction
of cadmium with alkylphenoldisulfide at the same concentration.
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SYNERGIC EXTRACTION OF ZINC(II) WITH PRIMARY 7-34

AMINE N AND TBP"

1923
Genxiang Ma, Deqian Li, Changchun Institute of Applied Chemistry,
Academia Sinica, Changchun, China

Abstract , The synergic extraction of zinc(II) from hydrochloric
acid by primary amine N1923 and TBP has been investigated. The compo-
sition of the synergic extracting complex and mechanism of the syner-
gic extraction have been determined by the methods of slope analysis
and constant mole. The dependence$Sof solvents and temperature on the
synergic extraction of zinc(II) and IR, NMR spectra of the synergic
extracting complex have been studied. The equilibrium constants and
the thermodynamic functions of the synergic reaction have been calcu-
lated as well.

The extraction of metal ions by primary amine alone has been well
investigated[l-}]. However the binary synergic system of primary amine
and neutral organophosphorus reagents has been reported to be much
smaller. Although the synergic extraction of some metal ions such as
Re(VII)[h], Au(CN)E[S] etc. has been ;eported, the synergic extraction

of zinc(II) with primary amine N ( 1>CHNH , hereafter referred to
1923 RE 2

as RNHZ) and tributylphosphate(TBP, B) has not been reported yet. In
this paper, the synergic extraction of zinc(II) by primary amine N1923
and TBP has been therefore investigated in greater detail.

Extraction of zinc(II) with NlQZQ from hydrochloric acid

Previous investigationq?] have shown that extraction reaction of
zinc(II) by primary amine N1923 from hydrochloric acid is as follows:

K
chlz + (RNH3C1)3(O) :l(RNH

3)3 ZnCls (q) )
The equilibyium constant K] can be expressed as
A
) [(RNH3) 5(2nC15)] (o) D (1 + 1}; B, [ca™]) -

=
[znc1,] [(Rmmgon)s) oy £o[c17)2  [(RNHCL)S] (o

Where D] stand for distribution ratio of zinc(II) with primary amine
N]923. g represents the overall stability constant of zinc(II) with
chloride ions. The subscript in parentheses, o, indicates that the
substance is present in the organic phase and no subscript, that it is
in aqueous phase.

Extraction of zinc(II) with TBP

The extraction of zinc(II) with neutral organophosphorus reagents

has been reported[é], and the extracted species is ZnClz.ZB. But under
the present experimental conditions, the extraction of zinc(II) by TBP

* The Project Supported by National Natural Science Foundation of China
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was confirmed to be negligible, that is, the distribution ratio of
zinc(II), D,, was smaller than 10”°, then the extracted species of
zinc(II) with TBP in the organic phase may be neglected approximately.

Synergic extraction of zinc(II) with N]923 and TBP

In order to ascertain the synergic effect of zinc(II) with primary
and TBP from chloride
first necessary to

amine N

1925

system, it is

know the synergic digram of zinc
(I1). Plots given in Fig.
esent the distribution(D, , ) of
zinc(II) between 1.5M HCl and mi-

1923 and
TBP in the mole fraction range of

Dtot

1 repr-

0.8}

xtures of primary amine N
0.4t
N‘923 in heptane at 250C. As seen
from Fig. 1 the Dtot.Of zinc(II)
increase to a maximum in the mole
fraction of N1923 up to 0.25 app-
roximately and the synergic effe-
ct is observed obviously.

0

1.0 0.8 0.6 0.4 0.2 0.0

XRNH301
Fig.1. Plots of Dy .7 Vs XRNHéCI
at CHC1=1.5M, .-RNH;CI-TBP; o RNH391

Dependence of solvents on the synergic extraction of zinc(II)

As seen from Table 1. the distribution ratios of zinc(II) with prim-
ary amine N]923 and TBP in various solvents have changed largely, and
the distribution ratios of zinc(II) have increased with the dieletric
constants of solvents in aromatic hydrocarbons and their derivatives
but decreased with the dielectric constants of solvents in the nonarom-
atic hydrocarbons and their derivatives.

Table 1. The distribution ratios of zinc(II)
with RNH3CI-TBP in various organic solvents

Aromatic hydrocarbons | Nonaromatic hydrocarbons
and their derivatives | and their derivatives
Sollgang Benzene| Xylene gi;:g;a HeptaneOctanet::Zggoifa ggi;r°'
cepiecaniE () B 2.6 34.82 |1.924 |1.948| 2.238 | 4.806
reatobuttont 279 | 0.432 | 4.25 |1.35 |1.32 o0.159 [0.0421

Mechanism of the synergic extraction of zinc(II) from chloride

system with primary amine N1921 and TBP in heptane

As seen from Fig.2,3, Longz increase linely with Log[RNHBCIJ(O) and
Log[TBP](O) with slope of 1. Considering the polymerization degree of
amine salts in octane[Z] and reaction (1), the synergic reaction of
zinc(II) can be represented by the following reaction, viz.

Kiz
ZnClZ + (RNH}CI)3(O) + B(O) # (RNH3C1)3'ZDCIZ'B(O)
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The addition reaction of synergic extracting complex in the organic

phase can be represented by the following reaction, viz.

+ B E’%RNH €l1),.2nCl.,.B
(0) - =B 2°7(0)

(RNH3c1)3.Zn012(0)
log D12 —
o
0 'd
P
/
,//// e
-0.4 ./ ./
/
.///
-0.8} /:
=1.6 -1.2 -0.8
Log[RNH5C1] .y
Fig.2. Plots of Longz vs

Log[RNH3C1](o) at constant

[TBP](,y a-0.04M;

Calculation of

0-0.08M

log D12 | )
7
Var'd
° ./
ot ///’.//
/ 4
-0.4 ,/////
&£
I. N &
-1.6 -1.2  -0.8
Log[TBP](o)

Fig.3. Plots of Longz vs
Log[TBPJ(o) at constant
[RNH3C1](,)8-0.08M;0-0.12M

equilibrium constants of the synergic reaction and

addition reaction of zinc(II) with primary amine N

1953 and TBP

From the published data for 47](,,:5.35, 8,2.76, §3=1.07, 8,=0-27)

the extraction constant K]=101‘?5 calculated from the data obtained
under the experimental conditions and pertinent values of LogD]Z,
Log[RNHBCI](O) and Log[TBPJ(O), the equilibrium constants of synergic
reaction and addition reaction of zinc(II) can be calculated as
Logl(‘2 =3.09 LogB12 =1.34 respectively.

Calculation of the thermodynamic functions of the synergic reaction

log D12
0.2} Fi
/.
-0.3
/
/
“0-4/33

Fig.4e Plot of LogD1
at constant [TBP](O)
[RNH;C1] ) y=0. 14M

3-4 1/T'103

vs 1/T
=0.06M,

Fig.4 is the plot of LogD12 against
the reciprocal of the temperature. The
value of enthalpy change (AHIZ) for
reaction (3) can be calculated to be
- 15.91 KJ.mol~' with the slope of
830.7. The values of the corresponding
free energy (AGO) and entropy change
(a8°) can be calculated as -17.63
KJ.mol™' and 5.77 J.mol~'.x™' at 25%
respectively.

Studies on the IR and NMR spectra

of the extracted species

As seen from Table 2. the RNHy
group is still present in the synergic
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extracting complex. The shift of the P=0 stretching frequency from
1281ca~" in the ligand TBP toV(P=0): 1254cm™' in the RNH;Cl-TBP and
]Zl]c-_l in the synergic extracting complex indicates that the P=0
group is involved in bonding. This could be attributed to the coordina-
tion with metal through the oxygen atom of P=O group. In addition,

it has been shown in the proton magnetic resonance spectral data that
RNH; group still exist in the synergic extracting complex. In a word,
from what have been interpreted above, it can be confirmed that RNH301
and TBP participate in the formation of synergic extracting complex.

Table 2. Observed vibrational frequencies of
RNH;Cl, TBP and synergic extracting complex

V CH or
NH JasNH JBNH vP:O VP-O-C Notes
1.V N-H -1
3000 | 1605 | 1512 15 overlapping ,
RNHBCI vs,b, sh 5 s 7= == at about3000cm.
2. Little shift
160 1 12 1030 of 4 _N-H or
RNH,C1-TBP " > 205 o4 > .N-ﬁsfrequency
3 o G 5 v6,b,5h | ply be due to
the interaction
RNHBCl- 1605 1505 [ 1211 1022 of RNHBCI, IBP
"
-TBP-2nCl, & s s ve,b,sh | 3¢+ Vp_g.¢ 1nc-
1udin8Vp_o‘C)
2963 1281 1030
TBP - . - and V‘P)O-C is
vs, sh B V8, b,8h [ contral value,
Legend: s, strong; vs, very strong; b, broad; sh, shoulder shape;
v, stretching; 5, bending or deformation.

Conclusions

The synergic effect of zinc(II) with primary amine Nl923 and TBP
in heptane is obvious. The dependence of solvents and temperature on
the synergic reaction of zinc(II) has been studied. The mechanism of
synergism has been determined by the methods of slope analysis and
constant mole. The thermodynamic functions and equilibrium constants
and IR, NMR spectra have been carried out.
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EXTRACTION MECHANISM OF ZINC(II) FROM THIOCYNATE 7-35

SOLUTION BY N1923
Shaoming Le, Deqian Li: Jiazan Ni, Changchun Institute of Applied
Chemistry, Academia Sinica, Changchun, China

The extraction mechanism of zinc(II) from thiocyanate solution by
ternary amine has been reported[l], but the extraction of zinc(II)
from thiocyanate solutions with primary amine has not been reported
yet. The authors in present paper have studied the extraction of
zinc(II) from chloride solutions by primary amine N1923[:2], In order
to investigate the dependence of different inorganic anions on the
extraction of zinc(II), the extraction mechanism of zinc(II) from
thiocyanate solutions by primary amine ng23 has been studied. The
extracted complexes of zinc(II) from thiocyanate solutions with both
free amine(RNHa) and its nitrate salt(RNHBNOB) have been confirmed.
Moreover, the equilibrium constants and thermodynamic functions of both
reactions have been measured and calculated. The IR and NMR spectra of
the extracted complexes have been investigated as well.

Extraction of zinc(II) from thiocyanate solutions with free amine

As seen from Fig.! LogDf, according to the method of Moriya[}],
increases with Log[SCN'] and the slope of straight line is 2, which
suggest that the species of Zn(SCN)2 in the aqueous solution has been
extracted into the organic phase.

log Df o’ logD al
1.8 | ! 0.4} A/o
/ /A
0 A
b 0 (o)
! (o]
i [N
0.6 | 9 0.4}
(o]
I b
-0.8¢
[}
S |
o —Tetl -1.3 log[RNH,]
21(0)
-0.6 i A . Fig. 2. Effect of RNH2 concentra-

-0.8 -0 5 =0.2 longCN ] tions on Zn(SCN), extraction
a-[scN~]=0.653M, [zn° *] 0.0522M;
Fig.1. Plot of LogDf vs Log[SCN"] o-[scN~)=1.018M, [2n°*]=0.0815M.

* To whom correspondence should be addressed.
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[Zn2+J(o),M

Fig.3. Method of continuous 0.03 f J?g\
variation to determine compo- //l Q\o
sition of extracted species 0.02 ¢ ° i R
(constant SCN~ conc.) 0.01 | // ! S
1" | N

— 1 i

0.02 0.04 0.06 0.08 CZn2+,MM
0.08 0.06 0.04 0.02 CRNHe,M

Plots given in Fig.2 are straight lines having a slope of 2. The re-
sults prove that a mole Zn(II1) combines with two mole free amine RNHZ.
Results shown in Fig.3 and Fig.4 indicate that the mole ratio of

free amine RNHZ, Zn(II) and SCN™ is 2:1:2 in the extracted species.

From what have been interpreted above, the composition of extracted
complex is(RNHZ)ZZn(SCN)2 and the extraction reaction of Zn(II) from
thiocyanate solutions with free amine RNH2 can be expressed as

ZRNHE(O) + Z.n(SCN)2 '-(':’ (RNHe)zzn(SCN)Z(O) ()

and the equilibrium constant K] can be represented by the following

equation, viz.
D(1+$gi[scn'li)

= (2)
"8 [RNHZJfo) [scN~12

where g represents the overall stability constant of Zn(II) with thiocy-
anate ions. The values Bi of Literature[l;]was adopted.

[an"'](o) M

0.03( ¢
Fig.4. Method of continuous / ‘\\

\

]
|
variation to determine compo- 0.027 J/) : o\\\
gition of extracted species 0.01} |
(constant RNH, conc.) 7 d

0.02 0.04 0.06 0.08 Cpy2+
0.08 0.06 0.04 0.02 Cgoy~,M
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Extraction of Zn(II) from thiocyanate solution with RNH.SNO3

Plots shown in Fig.5 and Fig.6 suggest that the mole ratio of
RNH}NO}’ Zn(I1) and SCN~ is 2:1:4, Results indicate that the compositi=-
on of the extracted complex could be (RNHB)ZZn(SCN)u. In order to asce-
rtain the composition furtherly, the effect of RNH3N03 concentrations

[2n2*] (o), (Zn(II)](°5103.M
5.0}
4.0} 6/0\\\0
0.015[  Jios, o N
/: \0\ 3.0 / \
0.010 J °\}\ 0
: i 2.01/° \\\\\
0.005 | i o_
LA . or
0.02 0.04 0.06 0.08 02n2+,M " " X L " P
0 08 0.06 0.04 0.02 Cpu wo x 0.01  0.03  0.05 Cp,2+,M
33" 0.09 0.07 0.05 Cgoy—sM
Fig.5. Method of continuous Fig.6. Method of continuous varia-
variation (constant SCN conc.) tion (constant RNH3N03 conc.)

on the distribution ratio of 2n(II) has been shown in Fig.7. Plots
given in Fig.7 are straight lines of slope 1. Considering the polymeri-
zation degree of RNH3N03 in the organic phase, then the reaction can be
expressed as

- K -
(RNH3N05)2(0) + Zn(scn)k 2 (RNHB)ZZn(SCN)u(O) + 2No3 3

and the equilibrium constant K2 can be represented by the following
equationa
-4i -12
D(1+ N
( Epi[sc 1) [N03]

K (4)

: ==
2" g, [ernugno), 1 (o) [5V7]

Calculation of equilibrium constants and thermodynamic functions

The equilibrium constants of Reaction (1) and (3) according to Equa-
tion (2) and (4) have been calculated to be LogK‘=3.15, LogK2=0.602.

Fig.8 is the curves of relationship of LogK to the reciprocal of the
temperatures, Results indicate that Reaction (1) and (3) give out heat.
The thermodynamic functions of Reaction (1) and (3) have been measured
to be aH=-8.06KJ.mol™', aG=-16.86KJ.mol”' and 55=29.53J.mol”'.K~' for
the RNH,-Zn(SCN), system; aB==4.12kJ.mol~', 4G=-5.07KJ.mol~' and
8523.19J.m0l” K ' for the RNHBNOB-Zn(SCN)2 system at 25°C respectively.
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Fig.7. Effect of RNH3N03 concentra- Fig.8. Relationship of LogK
tion on the distribution ratio of to the reciprocal of the
zn(11)o- [scN"Je0.795M, [2n2*]=0.0814M; temperatures o~ RNH,=Zn(SCN) ,;
a- [SCN™ J=0.580M, [Zn2+]=o.o626M L RNHIBNOyZn(SCN)2

IR and NMR spectra of the extracted complexes

In order to obtain the formations of the structures in extracted
complexes, the IR spectra of two extracted complexes have been studied.
Results suggest that free amine RNH coordinates with Zn(II) in the ext-
racted complex (RNHZ)ZZn(SCN) and amine salt cation ion RNH3 still
exists in the extracted complex (RNH ) Zn(SCN)“

In addition, the H NMR of the two extracted complexes have been in-
vestigated. Results are in good agreement with the IR spectra's.

Conclusions

The extraction mechanism of zinc(II) from thiocyanate solutions by
primary amine N]923 has been studied. It has been found that zinc(II)
can be extracted from thiocyanate solutions with both free amine (RNHZ)
and its nitrate salt (RNH3NO3) by different extraction mechanism. It
belongs to extraction mechanism of solvated complex using free amine as
extractant and the extracted complex is (RNHZ)EZn(SCN)Z formed with Zn-N
coordination bond. While the RNH3N03 is used as extractant, the extrac-
tion mechanism is anion exchange reaction. The equilibrium constants and
the thermodynamic functions of both reactions have been calculated. The
IR and NMR spectra of the extracted complexes also have been investigat-
ed.
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EXTRACTION OF TIN ANC COPPEE FROM HYDRCGCHLOLIC ACID
SCLUTICN BY IBK

7-36

CAI chui-Hong and SU Yuan-fu (Y.®, SU), Chemical Engineering
Research Centre, East China Institute of Chemical Technology,
Shanghai 200237, China

For the recovery of tin in hydrochloric acid solution, the preci-
pitation /1,27 and replacement/ 3,47 methods are usually employed in
industry. It has seldom been reported the use of extraction method in
industry. However, the sevaration of tin by solvent extraction seems
promising and may sometime replace the conventional methods. Reddy /57
studied the extraction of Sn2+ from hydrochloric acid solution by
sulphoxide. In the separation of tin and indium with TBP from hydro-
chloric acid solutions, M, Golinski /67 indicated that the distribu-
tion coefficient under optimum conditions (7-9N HC1l) are about two
orders of magnitude higher than the maximum value of indium D;n3+‘
With 0.,1M acetylacetone-benzene, percentage extraction of Sn2 is
75% at PH6 /77, Sn4+ is almost completely extracted with 1% oxime-
CHCl3 at PH2,2-5.5 /B7. The present investigation is aimed at the
utilization of the "ash" produced in the chloride volatilization of
cassiterite, i.e., to recover tin and copper by solvent extraction.

Feed solutions were prepared by dissolving analytical grade rea-
gents in hydrochloric acid of different concentrations. The concent-
rations of tin and copper were corresponding to the resulting aqueous
hydrochloric acid solution obtained from the chloride volatilization
of cassiterite /27. Solvent used was methyl isobutyl ketone (MIBK)
which was purchased in Shanghai market. Equilibration was carried out
in separating funnels by contacting the agueous and organic phases
for ten minutes which were found to be sufficient. Then the concentra-
tion of tin and copper in aqueous phase were determined by EDTA titra-
tion and atomic absorption spectrometry.,

RESULTS AND DISCUSSION

1. Time required to attain equilibrium

Table 1 shows that the time required is less than one minute, There
is no difference for Sn or Cu or a mixture of both metals in the aque-
ous HC1l solution,

Table 1., Variation of concentration for different time of equilib-

ration
time, sec. 30 60 120 300 600
£Sn*E Kmol/w3 x 103 95.5 95.5 95.8 95.8 95.5
£ Cu?*7E Kmol/m3 x 10° 2.28 2.33 2.17 2.28 2,28

Aquebus, /Sn4+7, 0,102 Kmol/m3; /Tu2+7, 0.152 Kmol/m3; ZHC17,6M;|
Solvent, MIBK; Phase ratio, 1; T, 283 K.
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2, Effect of temperature on equilibrium

As shown in Fig.1, experimental results indicate that distribution

coefficient of tin (DSn4+) decreases with increasing temperature. The
increase in temperature from 10 to 70°C brings about & rise in Dcu2+
values from 0.016 to 0.032. From Fig.1, it is obvious the lower the
extraction temperature, the higher will be the separation factor,
P= DSn4+/DCu2+. It is also obvious that to carry out the extraction
below the ambient temperature may be uneconomical, if not necessary.
Therefore, operation at a temperature between 20 and 30°C seems ap-
propriate, and the separation factor is still high enough, i.e. 300-
500 (Fig.2), to separate these two metals with reasonable number of
theoretical stages.

15~ —H4.0

1200~
o rtﬁ
+ 10 3.0 T 2
= L3 :--

n':’ ,(,: =_ 600
C!o ':E
Sk —12.0 s

(] 200!
i i i 1 1.0 ! 1
273 293 313 333 353 273 293 313 333 253
T, K T, K

Fig.1. Effect of temperature on Dg 4+ and Dy 2+. Aqueous, rsn*ty,
0.102 Kmol/m3; £Cu2*7, 0.152 Kmol/m’; [HC17, 6M; Solvent, MIBK
Fig.2. Effect of T on 13(Sn4+/0u2+). Aqueous, [Sn4f7, 0,102 Kmol/mB;
Z£cu*7, 0.152 Kmol/m>; /HC17, 6M; Solvent, MIBK

3. Effect of HC1l concentration

Fig.3 indicates the effect of HC1l concentration on distribution of
tin and copper between MIBK and aqueous solution. Both Dg,4+ and D, 2+
increase with increasing HC1l concentration., At 1.2N HC1, Dg 4+ = 0.833
and Dy, 2+ = 5 x 107% thus = 1670; at 6.8N HC1, Dg 4+ = 21, Dy 2+ =
3.5 x 1072 and $ = 600. In order to have a fairly large Dg 4+, it
would appear preferable to use high concentration of HCl, But at a
concentration of B.5N the organic and aqueous phases become complete-
ly miscible. Hence 3-4N HC1l is considered appropriate. Due to easy
separation of cu?* from Sn4+, the following has been emphasized on
the extraction and stripping on tin.

4, Bxtraction isotherm

The extraction isotherm of sn** ana sn?* is shown in Fig.4. The
curve of Sn4+ is always slightly higher than that of Sn2+, particular-
ly at higher concentration of tin. The relatively small differences

of extraction between Sn4+ and Sn2+ can be explained by two opposing

243



g
)

Cuz* x 102

(Sn}!. Kool/m>

\n
1

L
%.5:10-3

-
o

" | i 1
2 L 6 8 0 0.025 0,050 0,075 0.100 0.125
[6C1])aqv # [sa]g. Kmol/a’
Fi§.+3. Fffect Sg[ﬂcu on Dgpd+. Aqueous, £5n**7, 7.88x1072 Kmol/m3,
£LTu"7, 6.06x10"° Kmol/m”; T, 283 K; Solvent, MIBK
Pig. 4. Extraction isotherm of Sn** and sn®*. Aqueous, /HC17, 6M;

Solvent, MIBK; T, 283 K

factory i.e. the Sn4+ ion probably has a higher tendency to polymeri-
se than Sn2+ on one hand, but the former possesses greater ion poten-
tial than the latter on the other, The resulting effect is that Sn4+
appears a little better extracted than Sn2+. At low concentration,
i.e. below 2,5 x 10'3 Kmol/m3 in aqueous solution, the isotherms csn
be seen in the enlarged diagram as indicated in the same figure,

At the low concentrations of both Sn4+ and Sn2+, the extraction
isotherms seem practically straight lines, the slopes of which are
20 and 13 respectively.

5. Choice of stripping agent for sn**

It can be seen from the Table 2 that deionized water is a better
stripping agent for Sn4+ than alkaline or acidic solutions due to the
absence of precipitation and good phase separation with high percen-
tage stripping. As it is known at PH values > 4.7, hydrolysis for
Sn4+ will occur., ¥hen the loaded solvent is stripped with deionized
water, it would seem that Sn4+ might tend to hydrolyze. In fact, this
phenomenon does not appear, because MIBK also extract HCl from aqueous
phase and during stripping the deionized water picks up HCl1l as well
as Sn4+ and the resulting aqueous solution has a PH less than 4.7.

Table 2, Choice of stripping agent for Sn4+
stripping agent time of phase stripped aolution, % stripping
separation, sec Kmol/m

Ho0 30 0.151 91%3
2% NH3~H80 precipitate 0.155 99.7
0.67M NaOH precipitate 0.145 93.7
0.5M HC1 30 0.146 94.2
O.EMHNOB 30 0.143 92r15
0.MH2S precipitate 0,142 91.7
0.5u fact 30 0.134 86.8

[Sn*+7 in loaded solvent, 0.155 Kmol/m3; Solvent, MIBK; Phase ratio,1;
T, 298K,
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6., Effect of temperature on stripping for snt*

Effect of temperature on stripping for Sn4+ from the loaded sol-
vent with deionized water is listed in Table 3. Percentage stripping
of Sn4+ increases with increasing temperature. When temperature is
higher than 60°C, precipitates appear due to hydrolysis.

Table 3. Effect of temperature on stripping st

temperature, K 293 298 303 313 323 333
stripping, % 94.8 97.3 98.5 99.5 99.8 Pre:igi-

ate
1/DSn4+ 18,2 36.4 64.5 195 602

Stripping agent, deionized water; Phase ratio, 1;
[Sn4f7 in the loaded solvent, 0.155 Kmol/m>,

T« Change in enthalpy in extraction and stripping of snt*

Fig.5 and F1g.6 show the plots of log Dg 4+ and log(1/Dg 4+) vs.
1/T. The plots show good straight lines with slopes of 1.83 x 103 and
-4.86 x 103 respectively, The enthalpy changes of extraction and strip-
ping were found to be -3,62 and 9.82 Kmol/mol respectively.

1.0 Slope 1.83x103

Slope -4.86x10°

1 i it 1.0 L i i i
3.0 3.2 3.4 3.6 3.1 3.2 3.3 3.4
T x 100 YT x 105+

Fig.5. Log Dg,4+ vs.1/T. Aqueous,[Sn4f7, 0,102 Kmol/m3;1H017, 6M;
Solvent, MIBK

Fig.6. Log(1/Dg 4+) vs. 1/7. £50*7 1nloaded solvent, 0.155 Kmol/mB;
Stripping agent deionized water; Phase ratio, 1
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EXTRACTION OF METALS USING LIX26 EXTRACTANT

V. Ramesh, Microanalytical Laboratory, University Department of Chemiocal
Technology, Matunga, Bombay, India and G.N. Rao, Chemistry Department,
Indian Institute of Technology, Delhi, India

The major breakthrough in solvent extraction studies is the development of
reagents known as chelating extractants [1). Among these extractants, compounds
marketed under the trade name "LIX" reagents has assumed great importance in
the hydrometallurgy of copper [2]. In the present manuscript extraction of copper(ll),
antimony (III), zinc (II), cadmium (II), cobalt (II), nickel (II), manganese (II), pa-
lladium (II), lead (II), iron (II) and rhodium (III) using LIX26 extractant (substituted
8-hydroxyquinoline) has been investigated. Such a study would be helpful in providing
basic information required for some separations and in the development of new

analytical methods.

The extraction procedure and the mechanism of extraction has been given in
detail in our earlier paper [3). Presented in Table 1 are the data on the extraction
of metals with 1% v/v LIX26 extractant in MIBK. The slopes of log D vs pH plot

for some metals have been mentioned in Table 1. The slopes of the plots of logD

Table 1. Extraction data of some metals using 1% v/v LIX26 extractant in MIBK

Metal pH1/2 pH for comp- | Shak- | Slope pH1/2(0.01M logk
value lete extraction | ing value oxine) [4] €x

time | (logD vs

(min) | pH)
Mn(I1) 6.75 279 30 2.0 6.66 - 10.66
Colll) |  5.00 6.7 30 1.8 5.08 = %16
Ni(II) 6.15 7.8 30 1.72 3.16 - 9.6
Cd(In) 6.95 8.6 60 1.93 6.65 - 11.05
Zn(11) 5.40 6.7 30 1.73 5.20 - 7.95
Cu(Il) - 1.5 -9.0 5 - 1.77 -
Pb(1I) 6.40 8.5 30 2.1 6.04 - 9.95
Sb(III) &S 1.5 30 - - -
Fe(Il) 3.8 5.0 60 1.88 - - 4.76
Pd(1I) 1.0 - 30 - <« -
Rh(I1I) - 25% extraction | 120 - - -

vs log (LIX26) concentration in most systems is equal tom2. The log Kex values
have been calculated for some metals using the experimental values of D and LIX26
concentration. Concentration of LIX26 extractant (a substituted 8-hydroxy quinoline)
by indirect estimation has been found to beev 0.038M. The pH isotherms of LIX26
extractant with these selected metals are shown in Fig 1. The order of extraction
of metals by LIX26 extractant as a function of pH,, value is as follows : Pd(II)
<Cu(l) < Sb( < Fe(ll) € Co(ll) < Zn(ll) < Ni(l) € Pb(II) < Mn(ll) < €K).
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Except for Ni(II) and Cd(II)
all the extraction data for LIX26
systems agree well with oxine
systems [4). Since LIX26 resem-
bles oxine in its extractive prop-
erties towards metals, it seems

reasonable to support that similar- - U

ities exist in their properties. —o— Co (I}
- Ccul I

There is also a good agreement == Fa ( I1)

between extraction studies bet- _:'_:':l(:::

ween LIX26 and Kelex 100 ext- —Oo- Pb (I
—~— Pd (1D

ractants. The extraction behaviour ei- RN (1D
-—-Sb (1IN

of these selected metals by e Zn(ID

LIX26 extractant can be briefly

summarised as follows (i) Copper

(11), antimony (III) and palladium

(I) are extracted from acidic

solutions. Antimony (III) gets

extracted aroung pH9 using 0 1 i 1 A A

oxine, whereas with LIX26 an i 3 3 K ’ "o pM

effective complete extraction Fig.1. Percentage extraction versus pH plots
is possible around pH 1.5.Palladium

is extracted from highly acidic solutions thereby providing high selectivity in the
recovery and purification of palladium. Effective separation of palladium is also
achieved from nickel using this extractant (ii) Complete extraction of copper (II),
manganese (II), nickel (II), zinc (II), lead (II), cadmium (II) and iron (II) by using LIX26
extractant is around pH 8.6, though copper (II) is also extractable from acidic sol-
utions.

Thus a single extraction at pH 8.6 from a dilute solution of metals into a smaller
volume of the organic solvent will be a rapid and effective method of preconcen-
tration of metals before atomic absorption spectrophatometric determination [5].
Preconcentration of some selected metals Cu (II), Ni (II), Pb (II), Cd (II), Mn (ID),
Zn (II) and Fe (II) present in diluted water and urine samples using samples using
LIX26 extractant (1% v/v in MIBK) followed by their determination using atomic
absorption spectrophotometer have been investigated. Results of preconcentration
of trace metals present in water and urine samples are given in Table 2 and 3.

A ten times enhancement factor has been obtained in all the cases for the pre-
concentration of trace metals in water sample. Direct aspiration of the organic
layer (MIBK) does not improve the detectability of measurement ($2.5) as compared
to aspiration of aqueous layer into atomic absorption spectrophotometer. In the
case of trace metals inurine sample:an actual enhancement of 2.5 times was observed
in cases of all metals except manganese and lead (four times dilution of urine sample).
Even after preconcentration, the lead and manganese contents in urine sample was

not detected by flame atomic absorption spectrophotometer. All the results agree
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‘T_able 2. Results of oreconcentration of trace metals in water by extraction
with 1% v/v LIX26 extractant in MIBK.

Metal Back Extraction Direct aspiration
Initial Final Initial Direct Final conce-
concentration | Concentration concentra- ntration
(»gml-1) (mgml -1) tion (mgml -1) | (wgml -1)

Mn(I1) 0.042 0.42 0.02 0.21

Ni(II) 0.1 1.0 0.04 0.4

Pb(II) 0.1 1.0 0.04 0.38

Cu(1I) 0.022 0.22 0.022 0.22

Cd(I1) 0.08 0.69 0.032 0.31

Zn(I1) 0.02 0.2 0.008 0.1

Fe(ll) 0.002 0.018 0.001 0.011

Table 3. Preconcentration of trace metals present in urine sample extraction
into 1% v/v LIX26 extractant in MIBK and back extraction into 8M HNOJ.

Metal Standard value Amount after In dilute In actual
of trace metals Preconcentra- urine solu- urine sam-
in urine (ugml -1) tion (mgml -1) | tion (pgml-1) | ple (mgml -1)

Mn(II) 0.001 - 0.01 - - -
Pb(II) 0.1 - - -
Ni(ID) 0.05 0.1 0.01 0.04
Cu(In) 0.05 0.2 0.02 0.08
Cd(1n) 0.001 0.01 0.001 0.004
Zn(11) 0.5 3.65 0.365 1.46

well with the data reported in the literature [6). MIBK is chosen for this work

as it is the ideal solvent for monitoring the metal concentrations by atomic ab-

sorption spectrophotometer.

It

LIX26 is a very cheap extractant as compared with many analytical reagents.
is for the first time that the utility of this commercially available extractant

has been exploited, which had been used extensively for hydrometallurgical ext-

ractions earlier.
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MODELLING OF EXTRACTION AND SEPARATION OF d-TRANSITION ELEMENTS, l 7-38 l

FROM ACIDIC MEDIA BY SYNERGIC COMBINATIONS OF AROMATIC POLYIMINES AND MICELLAR
CATIORIC EXCBANGERS

X. VITART , C. MUSIRAS,
Commissariat A 1l'Energle Atomique - IRDI/DERDCA/DGR/SEP/SCPR,
BP N°6 - 92265 Fontenay-Aux-Roses, FRANCE

A review of solvent extraction literature reveals considerable interest in d-tran-
sition elements extractions, especially those belonging to the VIII group of the
periodic classification. Historically, extractions and separations are difficult
because of the poor selectivity of available reagents, slow kinetics and pH control
conditions.

In an effort to adress this problem, we investigated synergic mixtures, containing
cationic exchangers such as dinonylnaphtalene sulfonic acid (HDNNS), plus a neutral
polydentate nitrogen donor ligand, such as bipyridine or others aromatic polyimines.

SOgH

TPTZ

2.2'bipyridine

Fig.t . HDNNS, bipyridine, phenanthroline, TPTZ (tripyridyltriazine)

The prospects of this system, which performs good extractions and separations from
acidic media (0.1N - 2N), have been described previously (1). This system looks like
synergic combinations, requiring HDNNS, such as the system presented in (2). Th‘e main
difference, in our case, is that the ligand is water soluble.

The system is characterized by a mechanism in two steps. On the one hand, comple-
xation of metallic cations, in acidic media, is operated by polyimines. This is the
limiting step, from a kinetical point of view. On the other hand, extraction is per-
formed by cationic exchanger, HDNNS, forming inverted micelles in the diluents we
used (tertiobutylbenzene or CCl‘).

Our aim was to identify and to quantify the chemical equilibria involved in the
system, in order to elucidate the extraction mechanism, to explain its selectivity
and to predict numerically the behaviour of a multicomponent system where few metals
are initially present in aqueous media. Reactions in aqueous media were investigated
within three aspects : kinetics of complexes formation with aromatic polyimines (es-
pecially when inert complexes are involved, such as ruthenium and rhodium in nitric
acid medium), stability of metal complexes in acidic media and ionic associations

between complexes and mineral anions present in acidic media. This last point
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explains partly the selectivity of the system : the logarithms of the stability cons-
tants of these outer sphere complexes are linear functions of the corresponding heats
of hydration of the anions. This ability of polyimine complexes to form ion pairs has
been already studied (3) (4) (5) (6). The strength of the ion pairs, with a same
anion, decreases in the ligand order and the central cation order according to phen >
bipy > TPTZ (order of the shielding effect of the ligand) and Pd(II) > Rh(III) >
Ru(II) > Ni(II) > Co(II) > Fe(II) (order of the soft character of the cations).

The behaviour of HDNNS was studied with numerous experimental means (I.R. spec-
troscopy, U.V. visible spectrophotometry, osmometric measurements, Karl Fisher water
determinations in the organic phase , numerical treatments of extraction experimental
results etc...), the micelle and the quantification of equilibra involved :

(FDNNS), < 6 ADNNS pK = 21.12,  FDNNS < H* + DNNS™ pKa = 2.07

The micelles contain a large amount of water in their cores : 48 water molecules.

HDNNS shows little ability to separate individual metal ions from each others. The
selectivity is due to the ligand.

Ligand extraction was studied, previously to metal complexes extraction, since the
general mechanism of the system proceeds as competitive extractions of cationic
species in aqueous media (protonated forms of the free ligand, cationic metal com-
plexes, HY).

The modelling of different extraction experiments leads us to give an explanation
to the mechanism of extraction. Let us take the modelling of bipyridine extraction as
an example (Figure 2).

H,0 T H* + OH- K; = [0] [or-] = 102+ pK; = 14 m
m TR+ D K, = 0,0085 pK, = 2,07 (@
(D), 2 6mD K, = 7,586 10-11 pKy = 21,12 (3)
bipy H* < bipy + H* K, = 3,8 10~ pKy = 4,42 (4)
bipy H* + NO,- < bipy HNO, Kygg = 0,0105 PK,o = 1,98 (5)
bipy HNO, = bipy HNO, K, = 0,79 pK, = 0,1024 (6)
bipy < bipy K, = 205 log K, = 2,3 €))
bipy H* + HD < bipy HD + H* K, = 16500 log K, = 4,22 (8)
bipy H* + 6HD = bipy(HD), + H* K, = 8,95 104 log X, = 24,952(9)

Fig.2. Modelling of bipyridine extractiom by GDNES from nitric acid medium

For low [llgand]/[HDNNSJ ratios, cationic species are azolubilised by micelles
(equation (9)). At higher ratios, until ligand saturation conditions in the organic
phase, micelles are destroyed and cationic species are extracted as associations with
the monomeric forms of the extractant (equation (8)). This mechanism was observed in
complexes extractions.
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Figures 3 and 4 show two examples of metals separations, fllustrating the two
kinds of ligand selectivity.

0,

[Ru] = [Rh] = 1074 M

404 4
[bi,py]fx_ee = 5), 10 M

(HNO;1

30

104

[wNog] N

[HDNNS] = 0.1 F [HN03]varies

[HNO3] = IN [HDNNS lvaries

1 A

[Honns] ¢

Fig.3 . Ruthenium/rhodium separation from nitric acid media

The selectivity of this system is owing to fonic associations, in aqueous media,
between bipyridine complexes of ruthenium and rhodium with nitrates, which are more
important for rhodium complexes than for ruthenium ones. Ion pairing decreases the
charge of metal complexes and significantly influences extraction by a cationic

exchanger.

Nickel II complexes with bipyridine are stable in acidic media (H,SO, IN for ins-
tance), cobalt II ones are not. Since only polyimines complexes are significantly
extracted, the effect of selectivity, due to the ligand, is quite obvious for extrac-
tions from IN sulfuric media. Selectivity over cobalt (ratio of distribution coeffi-
cients) ts about 15. Experiments, illustrating the effect of varying acidities, show
two areas of selectivities : when [H’] S 0.15N, cobalt is most strongly extracted. In
such conditions, cobalt is complexed by bipyridine and the modelling of the extrac-
tion system shows that such complexes extraction constants are greater than the
nickel complexes ones. When [H*] 2 0.15N, nickel is more strongly extracted since its
complexes with bipyridine are stable and the cobalt ones are not. When [H*] - 0.15N,

the balance of these two effects induces coextraction of nickel and cobalt.
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THE STUDY ON EXTRACTION OF INDIUM WITH MONO-2-HEXYLOCTXYL

PHOSPHORIC ACID FROM SULFURIC ACID MEDIUM e

Liu Xing Zhi, Shong Yu Lin, Wu Sheng, Department of
Chemistry, Liaoning University,

Shen Yang,

Long Hai yan, Shanghai Institute of Organic Chemistry,
Academia sinica, Shanghai, China

Mono-2-hexyloctyl phosphoric acid MZHOPA was made in Shang Hai
Institute of Organic chemistry. The study on the extraction of indium
with M2H0PA has been reported at home and abroad. In order to study
the effect of difference in chemical structure of a kind of acidic
phosphoric acid extractant on extraction behavior of indium, in our
paper we have investigated the factors of acidity, concentration of
extractant etc, effect on extraction of indium with M2HOPA, compared
with (2-ethyl hexyl) phosphoric acid /HDEHP/ and 2-ethyl hexyl
phosphoric acid mono (2-ethyl hexyl) ester /HEH(EH)P7, The extrac-
tion equilibrium reaction can be confirmed by slope method; extrac-
tion of Indium was made by saturation method; IR, NMR spectrum were
received the mechanism of Indium extraction with M2H0PA wes studied.

At the same time, we studied the questions of MZHOPA extraction of
indium to separate it frum accompanying rare metals.

1. Effect of the acidity extractant concentration on the
extraction.

The extract behavior of Indium with M2H0PA, HDEHP and HEH(EH)P
in different acidity is shown in the Figure.

E,%

100

RN
IR
\\\ o L

L
3 2 1 M 2 3 4 5 b 70

(8,80, 7, N
Relationship between hydrochloric
acid concentration and extraction
percentage
aqueous phase: [In3_+] = 0,01M
organic phase: 1-0.1M HEH(EH)P,
kerosene; 2-0.,1M HDEHP, kerosene;
3-0.1M M HOPA kerosene
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On the basis of the Figure,it is shown that the extraction percen-
tage decreases with increasing acidity, the extractability of indium
was found tc decrease in the order: MQHOPA>HDEHP>HEH(EH)P. It can
be explained by two aspects that the acidic group and substitute
radical of the extractant effect its acid nature. So we established
that the extraction was carried in acidity lower than 0.5N, the back-
extract in higher acidity extent. For back-extraction of indium we
used 12N H2804+3ust the right amount of TBP one-two times, or 1N
HCl+just the right amount of TBP one time, and back-extraction was
carried completely, After the extractant TBP was used three times,
its decreasing percentage was 0.2%. HDEHP was back-extracted by 6M
HC1, HEH(EH)P by 2-3N H2304 two times to back-extract completely.

The acidic nature of MZHOPA was higher therefore the extractability
increased, the back-extraction was not easy.

In the same acidity extent, the extraction percentage of Indium
increases as the extractant concentration increases, The extractant
concentration of 0.,1M was fit for our experiment.

II, Separation of In and rare metals with accompanying elements.

The extraction properties of MZHOPA to commonly countered elements
have been measured at different acidities. It resulted that zn(II),
Cu(II), Co(II), Ni(II), C4(II), Ge(IV) as well as alkali and alkaline
earth metals were not extracted except In(III), Ga(III), TI(III) and
PFe(III) at extractive conditions. So before extraction making Fe(III)
being reduced primerily, and if suitable back extraction agents were
chosen in back extraction stage, for example, Ga was back-extracted
using N H20204 at first, and owing to In and TI not being back-
extracted Ga was separated. In organic phase In that was back~extrac-
ted by using 12N H2804 or 1N HC1+TBP (back-extraction percentage
99,5%) was parted from TI, The last of TI was back-extracted one
time using 2N NaCl from organic phase,

III, Determination of the constitution of the extract complexes
and the mechanisms

1. Slope ratio method

The molecular weight that was measured using VPO method at diffe-
rent conoentrarion of MZHOPA in n-hexane indicated that 0.,1M M2H0PA
existed as sexamer mainly in n-hexane solvent and expression was
(H2A)6. It was obtained that the line slope oome close to 3 by slope
ratio method experiment and calculation., So the equilibrium: equation
of MHOPA extracting In was: In>* + (H)c(0) = In(HA);.3HA + 3H',
The composition of the extract complex was In(H1)3.3H2A.
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2, Saturated method and equimolar series method

The experiments indicated that the molar number ratio of MZHOPA
with In3+ was 3:1 in saturant organic phase. So the composition of
saturant extract complex was In(HA)3.3H Ao

3. IR and MR (° P 15 and H )

To study bonding properties of In complex its IR and NMR were
measured., The IR spectrum of the extraction agent at 3500-2400 cm
and 1660 cm™ ' showed strong and wide stretching and bending vibra-
tion band of P-OH bonding and it indicated that the molecule formed
sexamer by hydrogen bond association. Moreover the strength of the
P-OH bonding absorption band of the saturant extract complex reduced
remarkably and 1660 em™! absorption peak disappeared. Separately,

the characteristic peak of the P=0 bond at 1180 cm_1 moves about

25 cm'1 downwards and the characteristic peak of the P-0-C bond at
1030 cm”~! moves 15 cm™' upwards. It indicated that the H of P-OH in
MZHOPA polymer was substituted by In ion and coordination reaction
of H with P=0O took place and the vicinal P-0-C bond was affected by
these factors,

In 31P15 spectrum o value of extract agent P nucleus moves from
1.2 ppm to 3.4 ppm of the extract complex. It indicated that the
electron density of the PaO bond in extract complex went up and the
shilding effect strengthened because of the intension of giving elec-
tron function after In being coordinated. So the resonance peak moved
high field and value reduced. This represented that coordination
function of In with P=O bond took place. 1H1 spectra data were conso-
nant with the results of IR and 31P15 spectrum,

-1

All results as said above indicated that M2H0PA existed as sexamer
form mainly in n-hexane solvent. H of P-OH bond in extract agent was
replaced by In3+ and coordinated with P=0 bond and was extracted to
organic phase, The composition of forming saturant extract complex
was In(HA) +3HpA. The H of three moleculer P=OH bond in the sexamer
molecule of MZHOPA exchanged with In3 and coordinated with P=0 bond,
and other three molecules existed in the extract complex as inter

associate,
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THE EXTRACTIONS FROM ALKALINE SOLUTIONS OF ALUMINIUM(III)
BY ALKYLATED HYDROXYQUINOLINE AND OF VANADIUM(V)
BY LONG-CHAIN ALKYL QUATERNARY AMMONIUM COMPOUNDS

T-40

* * *
Taichi Sato' ', Keiichi Sato 2, Hiroyuki Oishi*? and Yoji
*
Takeuchi 2, Alcan International, Kingston Laboratories, Ontario,
Canada“»1 and Faculty of Engineering, Shizuoka, Hamamatsu,

*
Japan 1,2

The extractions from sodium hydroxide solutions of aluminium
(III) by 7-(5, 5, 7, 7-tetramethy-1-octen-3-yl)-8-hydroxyquinoline
(Kelex 100) in kerosene and of vanadium(V) by trioctymethyl-
ammonium compounds (R3R'Ncl and R3R'N0H) in benzene have been ex-
amined under different conditions.

Introduction

The present authors have reported the results for the extrac-
tion from sodium hydroxide solutions of zinc (II) [(1,2]. leadiII)
(1,2). gallium(III) (1-6) and aluminium(III) (5,6) by 7-(5, 5, 7,
7-tetramethyl-1-octen-3-yl)-8-hydroxyquinoline (Kelex 100, HQ) and
of chromium(vi) [(7,8]), molybdenum (VI) [8]) and tungsten(VI) [8])
by long-chain alkyl quaternary ammonium compounds. Consequently
it is suggested that the metals in alkaline solutions as the
species M(OH):' are extracted by the former extractant and as the
species Mo:- by the latter one. Therefore this paper extends the
work to investigate the extractions from aqueous sodium hydroxide
solutions of aluminium(III) by Kelex 100 and of vanadium (V) by
trioctylmethylammonium compounds in order to obtain further infor-
mation on the separation of those metalsby solvent extraction.

Experimental
Reagents , Aqueous solutions of aluminium (8] and vanadium were
prepared by dissolving aluminium (99.85 %) and sodium metavanadate
(NaV03) in sodium hydroxide solutions of selected concentrations,
respectively, and generally the metal concentrations were 0.01 mol-
c]m_3 for aluminium(III) and 0.005 mol-«:lm"3 for vanadium(V).

Kelex 100 (Schering AG), purified by twice distillations at
147-159°C under 0.25 mm Hg and at 159-161°C under 0.36 mm Hg [2],
was dillutedwith kerosene. Trioctymethylammonium chloride (R3R'
NC1l, TOMAC, Koei Chemical Co., Ltd.) of high purity was used with-
out further purification and diluted with benzene. A stock solu-
tion of trioctymethylammonium hydroxide (R3R'N0H) was prepared as
follows: 0.05 molodm'3 TOMAC in benzene was shaken with 2 mol.dm”
sodium hydroxide; the procedure was repeated five times. Other

3

chemicals used were of analytical reagent grade.

*1 Author to whom correspondence showuld be address.
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Equal volumes (15 cm3 each) of organic and aqueous phases,
placed in 50 cm3 centrifugal glass tube, were shaken with a mechani-
cal shaker at 340 rpm for a required time at constant temperatures
(24h at 30°C for Al1(III); 5 min at 20°C for V(V)), except for the
experiments on temperature effect. Frequency of the shaker was de-
termined in order to avoid diffusion control of the rate. Pre-
liminaly experiments showed that equilibration was complete in 24h
for aluminium and 5 min for vanadium. After the mixture was quickly
separated by centrifuge, the concentration of metal in both phases
was assayed: aluminium and vanadium in the organic phases were
3 HC1l on addition of
2-ethylhexyl alcohol and 1 mol-dm_3 HCl, respectively; the concen-

stripped many times repeatedly with 2 mol-dm~

trations of both metals in the aqueous solutions were determined
by EDTA titration using Xylenol Orange (XO) as indicator [9]. The
concentration of sodium extracted into organic phase was measured
by atomic absotption spectrophotometry using Hitachi Ltd., Model

170-50-A after stripping it into aqueous phase with 2 mol dm_3 HC1

8 HN03. The concentration of chloride and the water

or 2 mol-dm”
content in the organic phase were examined by Volhard's and Karl-
Fisher's methods. The distribution coefficients, E;, were calcu-
lated with the data at equilibria as the ratio of metal concen-
tration in organic phase to that in aqueous phase,

Infrared and Raman spectrophotometries, The infrared spectra of

the organic extracts prepared by evaporation in vacuo of solvents
(n-hexane for aluminium extraction; benzene for vanadium one) used
as diluent were measured on Japan Spectroscopic Co., Ltd. grating
models IRA-1 (4000-650 cm™') and IR-F (700-200 cm ') using a capil-
lary film between thallium halide plates or polyethylene filmes.
The Raman spectra of the organic extracts were measured on a JASCO
Laser Raman Spectrophotometer Model R-300 usings a source of Ar-
laser.

Results and discussion
Extraction of aluminium(III) by Kelex 100. The extraction of alu-
minium(III) from sodium hydroxide solutions by Kelex 100 in kero-
sene at 30°C was examined in comparison with the extraction from

mixed solutions of sodium hydroxide and sodium parchlorate with
0.025 mol-dm_3 in kerosene. The distribution coefficient decreases
with increasing the concentration of sodium hydroxide solution,
and is not affected when a part of sodium hydroxide is replaced by
sodium perchlorate, indicating that the extraction of aluminium

proceeds through ion exchange in which hydroxide ion is liberated.
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The log-log plots of E;vs[NaOH] at the constant concentrations of
Kelex 100 in kerosene give straght lines with slopes of -0.55,
-0.62, -0.72 and -0.83 for 0.025, 0.05, 0.1 and 0.2 mol'dm_3 Kelex
100, respectively. However, as it is observed that at a constant
total sodium concentration the distribution coefficient is inverse-
ly proportional to the hydroxide concentration, those slopes are
expected to approach unity, taking the mean activity of sodium hy-
droxide in aqueous solution into consideration. Further the Raman
spectra of aqueous solutions of aluminium(III) is sodium hydroxide
exhibit the absorption at 621 cm—1, suggesting that the species of
aluminium(III) exists in a point group of Td as Al(OH); 1079,
Since Kelex 100 exists as HQ at sodium concentration below 6

mol. dm™3

[2), it is presumed that the extraction of aluminium(III)
from sodium hydroxide solutions by Kelex 100 proceeds by the fol-
lowing cation-exchange reaction

AL(OH), (a) + nHQ(o) == AlQ H_ (o) + OH (a) + 3H,0(a) (1)
in which (a) and (o) denote the aqueous and organic phases, re-
spectively. The Log-log plots of E;vs[Kelex 100]) give straigh
lines with a slope of 3. Accordingly, it can be inferred that
n=3 and extraction equilibrium can be formulated as

Al(OH),(a) + 3HQ(o) == AlQ;(o) + OH (a) + 3H,0(a). (2)
This is supported by continuous variation experiments: in the con-
tinuous variation of aluminium concentration in the organic phase
as a function of initial concentration of Kelex 100, using fixed
total concentrations of initial aluminium and Kelex 100 of 0.05 mol-
dm'3 each at a constant concentration of sodium hydroxide in 0.6 or
6 mol»dm_3 at 30°C, the organic aluminium concentration exhibits a
maximum at a mole fraction of 0.75([HQ]init j 3[Al]init aq). In
the extraction of aluminium with 0.05 mol:dm Kelex 100 in kero-
sene at a constant concentration of sodium hydroxide in 6 mol-dm'3,
the loading test of aluminium to the organic phase suggests that
the molar ratio [Al] : [Kelex 100] : [Na] : [H20] in the organic
phase approaches a limiting value of 1 : 3 : 0 : 0 with increasing
initial concentration of aluminium in the aqueous phase, consistent
with the formation of the species AlQB, although the organic phase
is not yet saturated by aluminium loading even at the initial aque-
ous aluminium concentration in 1 mol-dm'3. The formation of the
species AlQ3 is also confirmed by infrared spectral result of the
organic extracts : the Al-O and Al-O stretching bands appear at
665 and 360 cm_1, respectively ; the C=N and C-O stretching ab-

sorptions which appear at 1580 and 1405 cm-1, respectively, for
free extractant shift to lower frequencies ; the OH stretching and

bending bands at 3360 and 1280 cm_1, respectively, decrease in in-
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tensities in comparison with those for free extractant. From this
it is considered that the species formed in the organic phase pos-
sesses the structure in which oxine group coordinates to aluminium

though oxygen and nitrogen.

Extraction of vanadium(V) by TOMAC. 1In the extraction of vanadium

(V) from sodium hydroxide solutions by TOMAC in benzene at 20°C,
the distribution coefficient decreases with increasing the hydro-
xide ion concentration in aqueous phase and then its decrease be-
comes gently at [NaOH] >3 mol-dm_3. In the extraction by TOMAC,
however, from the variation of chloride concentration in the or-
ganic phase the formation of the species R3R'N0H cannot be neg-
lected during the extraction process, although the chloride form

is more stable than the hydroxide one as expected from the energies
of hydration of chloride and hydroxide ions [11].

On the one hand, the distribution isotherm of vanadium by R3R'
NOH in benzene reveals an enhancement of the extraction of vanadi-
um by R3R'N0H in comparison with that by R3R'NC1, corresponding to
the order of substitution of anion [12]. 1In the extraction of va-
nadium(V) at [NaOH] < 6 mol-dm_3, the dependence of distribution
coefficient on sodium hydroxide concentration indicates a typical
extraction behaviour through anion-exchange reaction which shows
the monotonous decrease in the distribution coefficient with in-
creasing the concentration of hydroxide ion in aqueous phase. 1In
contrast, a slight increase of the distribution coefficient is ob-
served at higher sodium hydroxide concentrations, but this anoma-
lous rise does not occur in the extraction from potassium hydroxide
solutions. 1In addition, when the extractions from aqueous vanadium
(V) solutions ranging from 0.001 to 0.02 mol-dm'3 at the concen-
tration of sodium hydroxide in 10 mol-dm-1 are carried with 0.05
mol dm_3 R3R'NOH in benzene 20°C, only a little amount of sodium
(5.5-7.0)(10—6 mol-dm-3) is extracted into the organic solution.

As the organic vanadium concentration increases from 2.17x10’4 to
8.97)(10_4 molvdm_3, the molar ratio of the concentration of sodium
to that of vanadium in the organic phase decreases with increasing
the concentration of vanadium(V) extracted. This means that sodium
ion is not a constituent of the species formed in the extraction
from aqueous solutions of sodium hydroxide above 6 mol~dm'3. These
facts, however, suggest that the sodium cation in aqueous phase af-
fects the chemical potential of vanadium ion in aqueous phase, and
accordingly that the existance of vanadium(V) in potassium hydrox-
ide solutions is more stable than that in sodium hydroxide ones.
Furthermore three times repeated extractions of vanadium(V)

from fresh aqueous solutions containing 0.005 mol.dm_3 sodium
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metavanadate with 0.01 mol‘dm-3 R3R'N0H at a constant sodium hy-
droxide concentration in 0.2 mol'dm°3 give the limiting molar ratio
[R3R'N]/[V] in the organic phase of two. Additionally the infrared
spectral data of the metal-satureted organic extracts exhibit the

V-0 stretching band at 930, 860, 815 and 780 cm'1, the V-0 bending

band at 335 cm'1 and V-0-V stretching absorption at 640 cm'1.
According to Newman et al [13]), the species of vanadium in sodium
hydroxide solutions exists as VOS, V03' and V2 ;'. However, since
the infrared results suggest the presence of the extracted organic
species vzo;’, it is deduced from the loading test that the species
(R3R'N)4V207 is formed in the extraction of vanadium(V) from sodium
hydroxide solutions by R3R'N0H.

Hence it is postulated that vanadium(V) is extracted into the
organic phase through the reaction

v,037a) + 4R;R'NOH(0) = (R4R'N),V,0,(0) + 40H (a) (3)

In contrast, for the extraction of vanadium from aqueous alkaline
solutions by tetraoctylammonium chloride, Ivanov et al [14]) have
reported that the species H4V100;8, Vaog- and vzoi' are extracted
at pH 1 - 8.5, 8.5 - 10 and 10, respectively.

Effect of anion on quaternary ammonium salts., When the extraction
3

of vanadium(V) from aqueous solutions containing 0.005 mol dm~
sodium metavanadate in 0.2 mol dm'3 trioctymethylammonium salts,
replaced by anions such as NOE, SCN;, H50; and clo;, in benzene at
20°C, it is seen that the extraction efficiency of quaternary am-
monium compounds for vanadium(VI) is the order OH > Cl™ > HSOi >
N03'>C10; >SCN~, corresponding to dimension of equilibrium constant
[17).

Temperature effect, The extractions from aqueous solutions con-
taining sodium aluminate in 1 rnol-dm'3 sodium hydroxide of alumi-
nium(III) with 0.1 mol~dm'3 Kelex 100 in kerosene and sodium
metavanadate in 0.5 mol~dm-3 sodium hydroxide of vanadium(V) with
0.05 mol-dm—3 R3R'NOH in benzene were carried out at temperatures
between 10 and 40°C. These gave the results that the distribution
coefficients decrease with rising temperature in both extraction
systems. Thus the values of heat of reactions (change in enthalpy,
- AH) in Egns. (2) and (3) are estimated as 43.4 and 44.1 KJ mol"1
for aluminium(III) and vanadium(V), respectively.

Extraction rate., As the extraction of aluminium(III) from sodium
hydroxide solutions by Kelex 100 is relative slow to attain to the
equilibrium state, a kinetic investigation is carried out under

non-equilibrium conditions to order to elucidate the mechanism of
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reaction in this extraction system. As the result, it is pre-
sumed that for the extraction of aluminium(III) from sodium hy-
droxide solutions by Kelex 100 in kerosene the slow rate is main-
ly attributable to the formation of action of activated species
such as Na'[AL(OH);], OH™ and Na'-Na*[Al(OH);].
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EXTRACTION PURIFICATION OF ALUMINIUN SOLUTIONS FROM IRON [ 7-41

A.I.Kholkin, I.Yu,Fleitlich, K.S.Luboshnikova, G.L.Pashkov, G.K.Ku-
lmukchamedov, L.V.Zelentsova, P.Muhl, K.Gloe, Institute of Chemis-
try and Chemical Technology of Siberian Branch of the USSR Academy
of Sciences,Krasnoyarsk,USSR; Institute "Hydrotsvetmet", Institute
of Inorganic Chemistry of Siberian Branch of the USSR Academy of
Sciences,Novosibirsk, USSR; Central Institute of Solid State Phy-
sics and Material Science of GDR Academy of Sciences, Dresden, GDR

One of the problems of acidic processing of the aluminium contai-
ning raw material is the purification of solutions from iron which
passes into the solution with aluminium during the process of leaching

The effective extraction separation of iron (III) and aluminium is
possible in the systems with monocarboxylic acids, &K -ramified acids
(VIC) having some advantages in comparison with the acids with normal
structure. In the VIC systems coefficients of separation and solubi-
lity of forming of carboxylates of iron in the organic phase are re-
latively higher

Fig.1 shows the results obtained in extracting of iron from the
solutions of nitrate, chloride and aluminium sulphate. As one can see
in the Figure the extraction considerably depends on the nature of
anion of aluminium salt. The decrease of the distribution coeffici-
ents of nitrate solutions to chloride and sulphate solutions and the
corresponding shift of the dependences 1lg DFe on pH corresponds to
the increase of the constants of complexation of iron (III) in aque-
ous solutions in the anion series N05'<01'<.so§’ « At the same pe-
riod the separation coefficients of iron and aluminium diminish,
which can be explained by the lesser influence of complexation on the
aluminium extraction because of lesser stability of the corresponding
complexes. For the nitrate solutions the separation coefficient of
iron and aluminium amounts~3-105, for chloride ~7°103, for sulphate
~2-103. The comparison of the data, obtained in the process of iron
extraction from FeCl,solution of 0,12M (curve 3) and in the presence
of 2M AlCl3 (2) shows that the aluminium salt contributes to the con-
siderable growth of the distribution coefficients of iron in spite of
considerable increase of the concentration of chloride-ion and in-
crease of complexation Fe in aqueous solution. Probably, in this case
the predominant influence is caused by the increase of the activity
coefficient of cation Fe owing to the lowering of water activity in
adding greatly hydrated aluminium salts (salting out action). The con-
siderable shift of dependences 1g DFe on pH to the lesser pH when ex-
tracting from aluminium solutions, and also the development of the
leaching conditions under which the solution practically doesn't con-
tain the excess of mineral acid creates the conditions for the effec-
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Pig.1. Extraction of iron by 2 M so- Fig.2., Extraction of iron (1,
lution of £,« -dialkylmonocarboxylic 3) and aluminium (2,4) by VIC

acids (09-019) in decane from nit- of the fraction C5—Cq at tem-
rate (1), chloride (2) and sulphate perature 80°C from nitrate (1,
(4) solutions, containing 2g-ion/1l 2) and sulphate (3,4) soluti-
Al, 0.12 g-ion/1 Fe; 3~ chloride ons (2.0g-ion/1 Al;

solution without aluminium 0.16g~ion/1 Fe)

tive purification from iron by monocarboxylic acids without adding
alkali into the system. The usage of monocarboxylic acids without any
diluents allows to extract at high temperature (40-80°C) without co-
oling leaching solutions. When the extracting with VIC fraction 05-09
(Fig.2).under these conditions the value of the separation coeffici-
ents Fe-Al practically doesn’t change, and the phases decompose con-
siderably better. Verification of puritying solutions of leaching
sinter of nephelin sienits from iron by extraction was successful,
The special interest represents the hydrochloric-acid way of proces-
sing of aluminium containing raw material in connection with highte-
ned reactional ability of alumina which is got according to this me-
thod, For the purification of chloride solutions from iron it is ad-
visable to use binary extractants - the salts of organic acids and
amines (or the quaternary bases).

The study of extraction power of binary extractants of different
composition (on the base of monocarboxylic acids of normal and £ -ra-
mified structure and also alkylphenols of different structure) showed
that these extractants efficiently extract iron from chloride alumi-
nium solutions in accordance with the reactions:

Hfaq) + PeCly(aq) +RyNHA(,) === R,RPeCl, ) + Bh(,)

H’(’aq) + PeCl(yq) + RyNHA () == RyNHFeCl, () + HA(,)
The distribution coefficients Dy, ranged from 60 to 300 (see the table)

When studying the stripping of Fe from the organic phase by the

water it was indicated, that in the systems with binary extractants
the stripping considerably improves and the distribution coefficients
decrease when using trialkylamine salts (R-C7-CB) in comparison with
quaternary ammonium salts (Fig.3,4), when using alkylphenolates of va-
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Extraction of iron by 0,3M solutions of rious structure as binary
organic salts of trialkylamine from chlo- extractants in comparison

ride solution with carboxylates (Fig.4)
54g/1 Al, 3.5¢/1,Fe, pH 0,18,0:Aq= 1:1 and also when adding of
T T y o the excess of monocarbo-
Amine salt Fﬁ(a‘ﬂg}’f(m Dpe |eq. | xylic acid or alkylphenol
Chloride [0.01 |3.44 b340 |0.29| ‘Fi&+4,5). The strip-
d-monocarboxylate £0.01 |3.55 |340 |0.31| Pingin the systems with
Caprylate k.01 |3.41 p340 |0.29| DiNeTY extractantson the
4 -monocarboxylate® | 0,0116[3.33 | 287 [0.27 Pads & p-allylphens] da
2,6-d1-tret.butyl- more effective in compa-
phenolate k0.01 [3.43 P340 |0,27| rison with sterically
4-tret.butylpheno- hindered ortho-substitu-
late 0.0572|3.39 [ 59,2|0.28| teq phenolates. Owing to
4-isooctylphenolate 0,057 |5.7 132 | - the great stability of
2-cumylphenolate 0.0124]13.45 287 10.29| the amine salt R.NHA in

*the solution in VIC systems with binary ext-
ractants, more concentrated reextracts in comparison with amines were
obtained. When using the monocarboxylic acids as the solvent the ex-
traction can be held at high temperature. In this case the energetic
expenditures are decreased, the cooling of the solutions after the lea-
ching doesn’t need. The extraction isotherms of Fe under the optimal
conditions are shown in Fig.6. For the purification of solutions from
12 g/1 to 0,01 g/1 Fe it is quite enough 2 stages of the extraction.

On the basis of the carried out researches two variants of techno-
logical schemes of extraction purification of aluminium solutions from

3 2

~
~
3 y 3
5 ~
0 } e
Vz P
[

[ &

c

1

0 0 20

C
F »8/1
o 4 8 Cpgraqyr/l Sinal

Fig.3., Stripping of Fe in the Fig.4. Stripping of Fe in the
systems with 0.3M trialkylbenzyl- systems with 0.3M trialkylamine (1)
ammonium chloride (1) and binary and binary extractants : 2,6-tret.-
extractants: 2,6-tret.butylpheno- butylphenolate (2), ot-monoalkylcgr-
late (2), J-monoalkylcarboxylate boxylate (3), caprylate (4), p-cu-
(3), caprylate (4), 4-tret.butyl- mylphenolate (5), 4-tret.butylphe-
phenolate (5) in gasoline nolate (7) in gasoline, o.-monoalkyl-
carboxylate in the VIC (6)
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Fig.5, Stripping of Fe in the Fig.6. Extraction isotherms of Fe
systems with 0,3M trialkylamine by 0.3M solutions of 4 -monoalkyl-
(1) in gasoline, with trialkyla- carboxylate TAA in VIC, t=80°C (1),
mine phenolate (2), in presence p-isooctylphenolate TAA in gasoli-
of excess 4-octylphenol: 0.3M(3), ne, t=25°C (2). Content of Al -
0-5M (4), 0.6M (5), 1.2M (6) 54g/1, HCl- 40g/1
—
Leaching solution after the boiling- Extragent
out (54g/14130-12g/1 Fe, 40g/1 HC1, (0.3M .carboxylate TAA in mono+
220-270g/1 C1, t=60-80°C) carboxylic acids)
] ¥

Extraction of iron
+=60-80°C, n=2 st., O:W=1:1
! )

Solution (£ 0.01g/1 Fe) Extract (10-12g/1 Fe)

¥
+{For isolation of A1203]

Solution HC1l (5-10g/1)
¥

Stripping of iron
t=50°C, n=3 st., O:W=1:1
*

Stri roduct solution
(208605/1 Fe) Extractant (€ 0,1g/1 Fe)
For isolation of Fe, 0, gnd

273
HC1l (into circulation)

Fig.7. Principle technological scheme of purification of aluminium
chloride solutions from iron by the solution of binary extractant in
monocarboxylic acids

iron with the help of binary extractants were worked out. Under low te-
mperature (20-30 oC) as extragent 0,3-0.5 M solution of p-alkylpheno-
late in gasoline was used, and under high temperature (50-80°C) 0,3-
0,5 M solution of trialkylamine in monocarboxylic acids was used.

The technological scheme of iron purification is represented accor-
ding to the second variant at the Fig.7.
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ALUMINIUM SULFATE EXTRACTION BY PRIMARY AMINES 7-42

A.M.Chekmarev, S.V.Chizhevskaya, M.Mrnka, D.Shretterova, E.V.Belo-
va, Mendeleev Institute of Chemical Technology, lMoscow, USSK;
Prague Institute of Chemical Technology, Prague, Cssr

The problem of finding alternative row material sources for alumi-
nium production can be solved by way of waste products of some metal
treating processes such gs hydrometallurgical treating as well as by
way of aluminium-containing wastes reprocessing, e.g. slags and ashes.
Solvent extraction is a much promising method for this.

Methods of aluminium extraction from sulfate solutions by alkyl
phosphoric acids have been described in some papers (1). Some others
autors (2,3) established that aluminium sulfate was not extracted by
tri-n-octylamine, TOA from sulfuric solutions, though in the presence
of uranium aluminium was extracted in the form of a mixed complex (3).
When aluminium is extracted from its sulfate solution in nitric acid
with fluoride addition it is only the fluoride complex Ang' that
passes into the organic phase.

During the experiments carried out according to a joint program de-
veloped by the Mendeleev Institute of Chemical Technology and Prague
Institute of Chemical Technology it was established that neither ter-
nary nor secondary amines extracted aluminium sulfate from aqueous
solutions.Primary aromatic amines (paradodecylaniline, alkylanilin,
dimethylanilin, benzylaniline) don't extract aluminium from these so-
lutions as well.Long-chain aliphatic primary amines (Primene JMT) be-
haved well enough as extractants.The use of aliphatic amines with
shorter chains resulted in the formation of stable unseparated dis~
persions, which could be prevented by introducing considerable
amounts of octanol (up to 25%).

In connection with the results mentioned above the extraction of
aluminium sulfate with Primene JMT was studied in detail.

Sulfate aluminium solutions in water and sulfuric acid were prepa-
red by dissolution of the exact amount of Al2(SO4)3-18 HEO.The alumi-
nium concentration was determined by back complexometric titration
using 0,01 M solution of plumbous nitrate with xylenol orange as in-
dicator. For determining the water concentration on extracts Fisher
method was applied. Primene JMT manufactured by Lachema, Brno was
used without any additional purification.Benzene was used as diluent.

The IR-spectra were recorded on Perkin-Elmer 325 midel in the
wave length range 400—4000 so™? using AsCl glasses. The extraction
was carried out by shaking test-tubes plugged with ground-in stop-
pers for 30 min. at room temperature and the phase ratio 1:1.
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The effect of water phase acidity.The results of extraction at va-
rious sulfuric acid concentrations are given in Table 1.It can be easi-
1y seen that the highest concentration of aluminium in extract is ob-
tained when it is extracted from water solution. The addition of ex-

cess HyS0, leads to the eli- Table 1. The influence of acidity
mination of aluminium extra- of aqueous solution on the extrac-
ction.The same results were tion of aluminium sulfate using
observed in the case of ex- 0,24 M solution of Primene JMT
tracting ammonium alums &anitial = 0,145 gr-ion/1
from water and acidic solu- - \
tions.This indicates that E{szOq], Bal[zgﬂed °°n°entrl'ﬁ8'i°n/ 1
the nature of the initial < 4 =&

—_ 0 0.043 0,102
aluminium compound doesn't

. . . 0.5 0.136 0.009

exercise any appreciable in- e g
fluence on the extraction, =2 0'14 0.0oz
the acidity of the aqueous &9 2 =
phase being the determining # - Sulfuric acid was not added into
factor. solution.

The effect of aluminium and amine concentrations.The data obtained
when amipe solutions of different concentration (in the form of free

base) were brought into contact with aqueous solutions of aluminium

sulfate are shown in Fig.1. fhl]org geion/

The initial aluminium concen- X amine concentration:

tration in the aqueous phase 0.6 1e 0,24 M
361 2. 0,46 M

is given on the x-coordinate

since the equilibrium aqueous 0,32 3; O.9E%MO:_
concentration in some initi- tanol
al points approaches zero 0.28 \\\

due to the practically comp- 0,24 \\\\
lete extraction.In all cases I
the maxima points correspond
to the formation of compounds 0.16
in the organic phase which

contain from 2 to 3 amine mo- 0.12

les per one metal mole. The 0.08 A

shape of the curves can be R é/ \\\\v
S

accounted for by the follow- 0.04 ©. 1

ing. It is known that alumi- i o L

nium sulfate in aqueous solu-

0 0.4 0.8
tions undergoes hydrolysis &J]initial, g-ion/1
with formation of complex Fig.71. The influence of Al and amine
hydroxosulfates and sulfurie concentration on aluminium sulfate
acid.Assuming that the ave- extraction
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rage extent of hydrolysis remains approximately constant in the stu-
died range of concentration, the amine: aluminium proportion in satu-
rated extracts (approximately 2~3 amine per 1 aluminium) can be acco-
unted for by the fact that the amount of H2SO4 yielded as the result
of sulfate hydrolysis is sufficient for the complete transfer of the
free base into the form of amine sulfate which acts as the extractant.
Tre increase of the sulfate aluminium concentration should result in
the appearance of free sulfuric acid in the system which can force
out the metal from the organic phase due to competition extraction.
Besides the presence of H2SO4 excess in the aqueous phase should de-
crease the extent of aluminium sulfate hydrolysis, which can prevent
the extraction of aluminium.

The results of the sulfate aluminium extraction by a free base and
amine which was initially brought into contact with HZSO4 of various
concentrations confirm the assumptions concerning the extraction me-
chanism,The introduction of stoq into the amine sharply reduces the.
extraction of aluminium (Fig.2).It has to be mentioned that the trans-
fer of the hydrolysis forms of alumi-

L::Liiﬁé; 1.free base nium sulfate into the organic phase
2. sulfate is accompanied by coextraction of con-
0=3 3. bisulfate siderable amounts of water. The water
0.2 ///’4>\\\ concentration in the organic phase
q\\\\l changes equally with the aluminium
0.18 &\\o concentration.No unextracted forms of
; aluminium sulfate are obtained in the
Sl 2 aqueous phase and the extent of aque-
0.06 ,,,._——---"“—"3':::; ous phase exhausting depends only on
ATt the number of contacts with the ext-
0_ 0.2 0.4 0.6 tractant.
[A1) initial, g-1ion/1
Fig.2. The influence of ex- The Effect of the Solution Initial
tractant composition on the Characteristics.When extracting the
extraction of Al; 0.5 M elements with the pattern of behavi-
solution of amine our complicated by hydrolysis the ini-

tial caracteristics of the solutions
often play an important role, viz retention time, temperature, the
initial compound nature, etc.(in other words all the factors which in-
fluence the hydrolysis equilibrium).To this end the initial solutions
were subjected to ageing through prolonged retention as well as to hea-
ting, crystallizing the saturated aluminium sulfate solutions by means
of slow evaporation in vacuum and multicristallizing at elevated tem-
peratures. As it turned out it was impossible to shift the stable hyd-
rolysis equilibrium in water solutions by means of the above factors.
Imspite of the fact that the IR-spectra and x-ray phase analysis show-
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ed a difference between the reactive aluminium sulfate and the compou-
nds obtained after crystallization in vacuum, we could not find the
difference between their solutions - there was no change in aluminium
extractability. At the same time our experiments in the Lewis cell
showed a difference in the behaviour of fresh and aged solutions and
different samples of the reactive sulfate.

In the Lewis cell the extraction of aluminium was first characteri-
zed by turbidity of the organic phase, after that a thick interphase
film appeared in the interface and crystalline sediment settled in the
organic phase. The sediment was dissolved as the kinetic curve was rea-
ching the plateau. The increase of aluminium concentration in the orga-
nic phase can be achieved by raising pH of the initial solution up to
3.5-3,6 as a result of introducing an appropriate amount of N32003
(Fig.3).It can be seen that the curves are practically similar. The ca-
racter of the curve for the solution with a higher pH confirms the exi-
stence of some range
of aluminium sulfate

concentration with the 0.20 1T -01M Na200
m?chanism of ex?rac-. 0.16 ; was added to
tion suggested in this I solution
paper. §0-12¢

All the above re- w
sults were obtained *0.08¢ \\\‘ e

- \ 0\
for the amine of tech- 200.04|
nical grade. At the g
— A A =Y A

same time it was found El 0.2 0.4 0.6 0.8

that the high boiling [a] g-ion/1

fraction formed during Fig.3. 0.1 M Na2003 adding influence on
vacuum distillation was aluminium extraction by 0,23 M amine
characterized by a high- solution

er ability for extrac-

tion. According to our point of view the difference is associated with
the presence of alcohols in the technical amine, which have, as a rule,
lower boiling points than amines.
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MECHANISM OF GALLIUM EXTRACTION FROM HYDROCHLORIC
ACID SOLUTIONS T-43

E.I.Ponomareva, Z.S.Abisheva, I.A.Blaida, A.S.Kasymova and
A.M.Reznik, Institute of Metallurgy and Ore Benefication, Kazakh
SSR Academy of Sciences, Alma-Ata, USSR

During processing of some intermediate products of chemical indus-
try and non-ferrous metallurgy acidic solutions containing gallium are
formed. Solvent extraction is the effective method of its recovery[ﬁ].

The most interesting for the extraction are halogenous complexes of
gallium especially /CaCl ] anion, which can effectively be extracted
with neutral organophosphorous and anion-exchange extractants[1 2]

Kinetics and mechanism of extraction processes of micro- and macro-
quantities of gallium in the systems Ga-HC1l-TBP and Ga-HC1l-TOA in ke-
rosene (decanol as modifier) taking into account interphase phenomena
at work were studied.

Lewis diffusion cell (specific interface (a) equal 0.125 sm™') was
selected as the study technique. The plateau on the graph of the ext-
raction rate dependence RO (mol‘sm'2-sec'1) on stirrer’s Reynolds num-
ber and linear character of function Roaf(a) indicates either the pre-
sence of microheterogeneity zones and automodel regime of the process,
or the fact that the extraction rate is limited by the chemical reac-
tion at work at the interface or by masstransfer with a quick reaction
[3],Extractants concentration increase on the boundary with 4 moledm™>

solution of HC1l (Fig.1) results
in marked lowering of interface
tension ( 0 ) which evidences
about its surface activity con-
ditioned by bifilar character
of TBF and TOA molecules, De-
pendance of 6  on metal con-
centration (CGa) in aqueous
phase has more complex charac-
ter, Adsorption isotherm calcu-
lation (G) according Gibbs equ-
ation: G = -(1/RT)(?24 /2 1aC)

1 L
0.4 0.8 1.2 1 6 has showed that in that region
C t ,[hol dm ?] &
. 1 extr of concentration where lowering
0.15 .45 0, 75" 6 a
[mol % %] of was observed gallium

complexes adsorption on inter-

Fig.1. Dependance of C; on the bo- face was taking place. Further
undary of interface: TBP(1),TOA(2)- increase of metal concentration

HCl on extractant concentration; in original solutions brings to
TBP(3),TOA(4)-HC1-Ga on gallium the increase of interfase ten-
concentration sion, that seems to be caused
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by the formation of ion associates of gallium complexes[@].

Because of formation of higher surface concentrations of extractant
and metal in the systems studied phase status of adsorption layer,
orientation character of molecules in it influence on the gallium ext-
raction kinetics/3].

We can get some idea about the contribution of the chemical reacti-
on rate into the overall extraction rate taking account of the change
of energy activation (E ) values., So, in case of TBP, EA values for
micro- (1,610 ) and macroconcentratlons (573°10 -3 moledm 3) of gal-
lium, equal to 30,6 and 34,8 kJ°mol” respectively, can probably be
attributed to the decisive role of the chemical reaction rate of the
formation of the complex being extracted. In case of TOA with the dec-
rease of metal concentration (E values decrease from 23,01 to 16,17
kJemol 1) the contribution of masstransfer rate of the complex forming
in the diffuse layer into the overall process rate seems to increase,

Independently from the type of extractant used chemical reactions
going in the systems studied are of the first order with respect to
gallium. The values of Ks (rate constant of surface chemical reaction
of formation of extractable complex) received during transition from
micro- (K <1073 emesec™! for TBP and TOA respectively 2.50+0.19 and
1,6840.08) to macroconcentrations (1.86+0.04 and 0.86+0.08) of the ex-
tracted metal have a tendency to decrease., This seems to be caused by
the formation of larger associates of gallium complexes hindering mass
transfer across the interface. S-like character of emulsion stratifi-
cation curves inherent to the systems with the structural-mechanical
properties serves as the convincing evidence. Increase of EA and ent-
ropy values together with metal concentration increase evidences to
this, This is connected with the expenditures of additional energy for
the activated complex formatiom. In this case extract electroconducti-
vity increase is observed evidencing that different ionic associates
are current-conducting particles apart from single ions[4].

Dependances of process rate on concentration of hydrogen ions and
extractant are given on the Fig. 2,3.

The orders of proceeding chemical reactions according to acid for
the systems with TBP and TOA at CHC1> 2 mol'dm-3 are equal to unity.
Absence of Ro dependance on CHCl evidences about zero order of reacti-
on according to hydrogen ions, at more lower meanings of HCi concent-
ration in the system with TBP, This is an indication of the gallium
extraction mechanism change by TBP connected with the participation of

[GBCl¢]- or GaCl, in the formation of extractable complex, At the sa-
me time besides indicated molecules protonated form of extractant con-
sisting from three molecules of TBP is taking part in elemental act of
chemical interaction (Fig.3).
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1
4.0|
5.0L 2
6.0
7.0l 3 Fig.2. Effect of HCl concentra-

tion on the initial extraction
- rate: TOA (1,3) and TBP (2,4)
o when Cg., 1073 mol.dm™3:
. O -573 and @® -1,6

0o 0.2 0.4 0.6 0.8
1g Cycy

On extraction with TOA change of the mechanism is observed during
transition from micro- to macroconcentrations of gallium about which
the orders of extractant equal to 0,5 and 1, respectively, are eviden-
ced, Substitution of diluent for nitrobenzene confirms the results
received (Fig.3).

Considering strong tendency of emine salts to association [5]1t is
possible to suggest that in complex formation reaction are taking part
in the case of macroconcentrations of metal dimer molecules of TOA ad-

sorbed on interface and at microconcentrations of metal - monomeric
molecule of TOA.

Fig.3. Effect of extractant con-
centration on the initial extrac-
tion rate: TOA-nitrobenzene (1,4),
9.0| TOA-kerosene-decanol (2,3,5),

TBP (6,7) when Cgp, *10™>mol® dm™:

1 1 . ©-203; O-573; © -84; O -1,6
1.1 0.7 0,3
'18

extr
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On the basis of the research done the following suggestions about
the step-by-step mechanism of the gallium extraction process from chlo-
ride solutions with TBP and TOA were made: adsorption of extractant
molecules, oriented by nucleophilic groups to the aqueous phase on in-
terface; formation of the protonated forms of extractants; slow step -
formation of the extracted gallium complex on interface; its masstran-
sfer into the organic phase volume. The reaction of the extracted com-
plex formation TOA with gallium microquantities seems to be shifted to
the diffusion layer adjoining aqueous phase,

Kinetic equations of gallium extraction process from hydrochloric
acid solutions by TBP and TOA can be represented in the following way:

for the Ga microconcentrations

Ry = 0.741 ¢ 16VTO/RY [4¥] [Gacy, 7] [Ry8] 043,

Ry = 83,07 e™30600/RY [y¥] [eac1, 7/ map /P,

for the Ga macroconcentration

Ry = 15.082 ¢”2301/RY [4%] [aac1, J/Ry0]

Ry = 278.5 e 24820/RT ry*] [ec1, 77 1me]3 .

From the point of view of practice the extractants studied are cha-
racterized by a high selectivity and capacity, and the surface charac-
ter of processes established gives an apportunity for their intensifi-
cation,
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EXTRACTION MECHANISM OF IRON(III) AND ALUMINIUM(III) FROM 7-44
PHOSPHATE SOLUTIONS BY PRIMARY AMINE N]923

Degian Li, Dachun Liu and Honghuei Wang, Changchun Institute of
Applied Chemistry, Academia Sinica, Changchun, China

Primary amine N]923(§;>CHNH2, hereafter referred to as RNHZ) is an
excellent extractant for“extraction separation of thorium(IV), ceri-
um(IV), rare earth elements(III), and iron(III) [1,2]. The present ar-
ticle is the results on the extraction mechanism of Fe(III) and Al1(III)
from phosphate solutions by primary amine N1923.

Extraction mechanism of iron(III)

The partition equilibria of Fe(III) between phosphate and RNH3N03
in benzene were investigated. Figure.l shows the effect of phosphate
concentration on Fe(III) extraction by RNH3N03' The data of Fig.! de-
termine a straight line having a slope of 2.0, which suggests that the
species of Fe(POh)g' in the aqueous solution has been extracted into

the organic phase. Figure 2 shows the LogD as a function of the equi-
librium concentration of free RNH3NO3 in benzene. The slope of the plot
of Fig.2 is 1.0. The results on the determination of molecular weight
of RNHBNO3 in benzene prove that the polymerization degree of RNH3N03
in benzene is 3. Thus, the extraction reaction of Fe(III) in the phos-
phate system by RNH3N03 could be written as follows:

3+ B — =
Fegqa * 2POhaq *(RNH;NO3) 5., ~==(RNH3)sFe(PO, )., * MO032q ()
N a
&, &
St A

0.6 | /////
0.7

oaf /.

o2} / /"

0.0 . B a a -
-2.1 -2.0 1.9 -1.8 log[P0;]  =1.0 -0.8  -0.Elog[RNH,NO,] .

Fig.1. Effect of POZ' concentration Fig.2. Effect of RNH;NO, concen-

N

on Fe(III) extraction by RNH3NO4 tration on Fe(III) extraction
organic phase: O, 10M RNH3N03 aqueous phase: 0,05M HNO)’
aqueour phase: 0.1M HNOB. 0.24M Poi', 2.9 % 102 Fe(III)

3.7 X107°M Fe(III)
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Extraction mechanism of aluminium(III)

The extraction equilibrium data of aluminium(III) from phosphate
solutions were obtained by RNH}NO3 in heptane as a function of PH,
P03°, metal and extractant concentrations. The composition of the extr-
acted complex and extraction mechanism have been determined with the
methods of slope, IR and NMR spectra. The relationship between LogD
and PH was investigated(see Fig.3). It may be seen from Fig.3 that LogD
increases as increasing of aqueous PH. Plots given in Fig.4 represent
the relationship between LogD and L°5[RNH3N03]org at different Al1(III)
concentration. As seen from Fig.4 the slopes of the plot are 1.0. Thus,
the extraction reaction of AL(III) in the phosphate system by RNH3N03
can be represented by

3+ 3= I
Al(mHZO)aq + ZPOA‘alq + (RNH3N03)3°r8 S (RNHS)BAI(Poh)z'"ﬂaoorg*BNOSaq
(2)
logD J logD
-0.6 } °
0//6' ~0.4 ///"
/ o/
5 ° _ » ///
=140 / -0.8 P
l. /
7
-1,4 " - -1,2 " e ;
]

1.0 1.5 2.0 pH -1.2 =1.0 log[RNHNO.]
Fig.3.Relationship between LogD Fig.4.LogD against Log[RNH5N03]°rg
and PH at different AL(III) concentrations
organic phase: 0.24M RNH3N03 0: 0.,011M A1(III)
aqueous phase: 0,021M Al1(III), 0: 0.021M A1(III)
0.11M POE'

The results of IR and NMR spectra show that the extracted complex
of A1(III) with phosphate of primary amine is ionized. These data are
in satisfactory agreement with the extractiop mechanism of A1(III) by
RNHBNOB.
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EXTRACTION OF Fe(III) FROM SULFATE SOLUTIONS WITH TERTIARY
AMINES AS SOLVENT*

Wu Zhichun, Yu Shuqgiu, Chen Jiayong (Chia-yung),

7-45

Institute of Chemical Metallurgy, Academia Sinica, Beijing, China

Work have been carried out rather extensively on the removal of
Fe(III) in sulfate solutions by extraction with amines as solvent.
Primary and secondary amines have often been used while practically
no work has been done with tertiary amine as solvent(1-5). T'ny UL
'work, we have found that tertiary amine can be used to extract Fe(III)
very effectively in the pH range resulting partial hydrolysis of
ferric ions. 1In addition, the iron extracted into the organic phase
can be stripped rather easily with dilute sulfuric acid or even with
water. Mechanism of extraction of Fe(III) by tertiary amine from

sulfate solutions is presented in this paper.

The method of saturation capacity was used first to determine the
empirical formula of the extraction species. Solutions of 0.1066 M
tri-n-octyl amine (TOA) in benzene were used to contact a number of
times with fresh ferric sulfate solutions of different pH to saturate
the organic phase with iron. The concentrations of Fe(III) and soﬁ'
in the organic phase are listed in Table 1. It can be considered that
the mole ratios of TOA: Fe(III): soﬁ‘ are 2:1:2. Based on the
aqueous solution chemistry of ferric iron and electric neutrality
principle, the extraction species can be represented as
(TOAH)2 Fe(OH)(SO4)2.

Table 1. Experimental results of concentrations of Fe(III) and
soi‘ in the saturated organic phase
N15°C, 0.1066 M TOA in benzene

pH 1.75 1.91 2.09 2.13  2.48  2.53
Fe(III),M 0.0521 0.0451  0.0462 0.0503 0.0519 0.0473
s02” , m 01060 0.1052  0.1021 0.1104 0.1146 0.1063
(TOA)/ (Fe) 2.05 2.36 2.31 2.12  2.05  2.25
(TOA)/(S037) 1.01 1.01 1.04 0.97  0.93  1.00
(S027)/ (Fe) 2.03 5.38 2.21 2.19 2.2 925

With the consideration of hydrolysis, complexes formation and
polymerization of Fe(III) in sulfate solution, the extraction of
Fe(III) into the organic phase can be expressed as:

nFe?* .+ (n/2)(3-1) SO.” + ni H,0 + nm/2 (R3NH) ,SO

((R3NH)mFe(OH)i(SO

—

-—
4(0) &=

" L
4)(3+m-1)/2'n(o) * P B

* Patent Applied for, China Patent Office,
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The equilibrium constant Kex of the above reaction can be expressed

as: +yni
(((R3NH)mFe(OH)i(SO4)(3+m_i)/2{n)(o).(H )

K = (2)

ex )
3+.n 2-.n(3-1)/2 nm/2
(Fe™ ") (SO4 ) ((R3NH)2SO4)(O)

where n = degree of polymerization of iron,
m = number of R3N molecules associated with Fe3+,
i = number of OH groups in the extracted species assoicated
with Fe,
o stands for organic phase in subscripts.

The coefficient of distribution of Fe(III) D is defined as:

D= CFe(III)(o)/CFe(III) L4y
Assume there is only one extraction species in the organic phase,
then:

(¢)
Fe(o) = n ((R3NH)mFe(OH)i(SO4)(3+m-i)/2)n(o) (4)
Cpe = (F&2*)(1 + 8,/(u*) + B,/ (5% + 8,,/(Fe?*) (") +

2

2- 2-
Byy (SO37) + B, (5027)%) (5)

where B1, 82 .... are equilibrium constants of hydrolysis and complex

formation reactions as given below and their values can be found in

the literature(9~8);
Fe3+ + H20 — Fe OH2+ + vt 5 61 (6)
re* a 2 HO — Fe(OH); + 2 H 82 (7)
Fe3* 4 soi‘ === Fe 50, , 8g1 (8}
Fe’* + 2 502 === reiso,); , 8 g1 (9)
3+ 4+ +
2 Fe’" + 2H,0 —== (FeOH)," + 2H , 6, (10)

By substituting Equations 3 and 4 into Eq. 2 and taking logarithm,
we obtain:

3+
log (cFe(o)) = log (DCFe(III)) = log (nKex) + nlog (Fe™ ") +
(n/2)(3-i)log (S027) + ni pH + nm/2 1og(RyNH),80,) (o) (11)

If equation 1 represents the reaction involved in the extraction
of Fe, coefficients n, m and i can be determined by carrying out a
series of experiments. Fig. 1 and 2 represent some of the experi-
mental results. From the slopes of the straight lines in these
figures, Values of n, m and i are obtained as 1.85, 1.82 and 0.97

respectively. Equation 1 can be written as:

3+ 2- K
2 Fe + 2 SO4 + 2 HZO + 2 (R3NH)ZSO4(O) —eX
+ 24" (12)

((R3NH)2P90H{SO4)2)2(0)
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Fig.1, Effect of Fe
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It can be seen that the composition of extraction species is the same
as that obtained by the method of saturated capacity.
Effect of temperature on equilibrium of the following reaction

was studied and it was found it is an exothermic reaction.

3+ 2- + e q
2 Fe* + 45077+ 2 H' + 2 H)0 + 4 RN\ == ((RyNH),.FeOH(S0,),) 5(y(13)
The heat of reaction was found to be -93.4 kJ/mol (pH 1.76), -99.6

kJ/mol (pH 1.13)and -102.1 kJ/mol (pH 1.76) respectively (10-50°C).

From the UV spectroscopy, the extracted species has been found to
have a strong absorption peak at ~ 295 nm and a broad shoulder type
absorption peak at ~ 335 nm. These peaks are consistent with the
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reported absorption characteristics of Fe-OH and Fe(OH)2Fe respective-
ly(3_7)-It has also been found that the presence of excess amount of
amine sulfate has no influence on the spectroscopy of ferric iron
extraction species. Using primary and secondary amines as solvent, the
presence of excess amount of amine salt has a strong influence on the

spectroscopy of extracted species(3).

It can be considered that the
extraction mechanism of tertiary amine toward Fe is different from that
of primary and secondary amines. The tertiary amine can extract the
partially hydrolyzed species of Fe3+ by adduct formation while the
primary and secondary amines can extract both the hydrolyzed species
and the unhydrolyzed iron.

As only the hydrolyzed form of ferric iron can be extracted by
tertiary amine, the iron extracted into the organic phase can be
easily stripped by solution with acidity higher than that required
for partial hydrolysis of ferric iron. 1In contrast, the iron in the
organic phase with primary and secondary amines as solvent is very
difficult to strip. It was reported(3) that when the UV spectra of
secondary amine loaded with ferric iron sulfate in the presence of
excess amount of amine sulfate was studied, the absorption peak of
hydroxy-ferric complexes was disappeared with the appearance of the
absorption peak of FeSOZ and Fe(SO4)£(3)

The infrared spectroscopy indicated that the sulfate ions are a
bidentate ligand to the iron atoms. It also indicated that the species
contain bridge forming hydroxyl grotips“o) . Based on these studies,
the structure of the extracture species can be represented as shown in
the following figure.

SOF F\SO4(R3NH)2
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STUDY ON THE EXTRACTION OF IRON(III) WITH P538 IN KEROSENE 74?'

Sixiu Sun, Zili Gao, Jinglan Shen, Departmert of Chemistry,

Shandong University, Jinan, Shandong, China

Honglin Zhang, Department of Chemistry, Qufu Teachers University,

Qufu, Shandong, China

P538(ROP(0)(OH), R = Cyp = Cqgs» behaves a strong extraction abili-
ty for iron(III) and has been used to remove iron(III) existing as an
impurity in production of Haoz. The extraction of iron(III) from nitra-
te solution with P538 in kerosine has been studied at 25°C in this pa-
per. The experimental results were drawn in Fig.1 and 2. The extrac-
tion equilibria are proporsed as follows:

1) at higher loading, e.g. Cy , /CFe 04:3 (Fig.1):

3+ ?-(HZA)J(O) . FezAgHA)4(O) + GH ]
2) at lower loading, e.g. CHZA o/cFe,o>3 (Fig.2)

3-(321\)3(0) = Fe(HA)B(O) + BH ’

where and CFe o denote total concentration of P538 and Fe(III)

in organic phase, respectively.
From these experimental results, the apparent extraction equilib-

rium constants were calculated to be 10 ' ° 6 for equilibria 1 and
106'84 for 2, and the apparent polymerizition number (J) of extrac-
tant (P538) can also be estimated as 1.5-1.7 when its formality is

less than 31073,

ey
m 20 3, s
ol t0 ! L
“&‘) o 4.0 7
o ~ v
":'\ 1.5} k%u
o S
o 3,
a o 3.0
1.0 &
~ leUp '3
N
'o 2.0t /
(]}
By 7z
0.5 -3.0 2.5 % _ . i
.0 =ce. g 305 :?.O -2.5
los(CHZA-mFe,o) 108(CH2A = FG,O)

Pig.1. The experimental results at lower loading (C§2A/0F6'0>.3)
Pig.2. The experimental results at higher loading (CEZA/CFe 0< 3)
e 14
Note: 1.xdenotes the experimental points at higher loading

(CHZA Fo,0< 3)3
2. cPe.a denotes the total concentration of Pe(III) in

equilibrium aqueous phase; CH and cPe,o the total con-
centration of P538 and Pe(1113A in equilibrium organic

phase, respectively.
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THE STUDY OF EXTRACTION OF Cr(III), Mn(II) ARD Pe(III)
IONS WITH ALIPHATIC CARBOXYLIC ACIDS IN SULPHATE SYSTEMS

USING COMPUTER TECHNIQURS

S.Kopacz, T.Pardela, Department of Inorganic Chemistry, Igmacy
Lukasiewics Technical University, Rzeszbw, Poland

The extraction of Cr(III), Mn(II) and Pe(III) with capronic, cap-
rylic and caprynic acids into n-heptane from sulphate solutions has
been studied.

On the grounds of the partition data compositions of the complexes
of the ions investigated in the organic phase were calculated and the
applied calculation methods discussed. It was found that the composi-
tion of the complexes of extracted metals is independent of the kind
of carboxylic acid and is equal: (CrBB'2HR)2. (MnR, *2HR) 5, (FeR3)3
(Table ). It was painted out that the discrepancies in the inter-
pretation of the results obtained by different authors are often due
to different assumptions or disregard of the characteristics of the
functions describing the extraction process.

The EKSTRAKTOR computer program in Pascal language was applied to
analyse experimental data. The composition of the complexes was de-
termined using a method based on the dependence of pHO. on phase com-
position, It was proved that the method can apply to any division co-
efficient values, i.e, when D # 1 and pH £ pHy, 5+ Calculation for
same different values of partition coefficients and their correspond-
ing pH values was carried out. The determined composition of the com-
plexes was checked using the KFX-TORT simulation programme in Pascal
based on the law of mass action. A new way of collecting experimental
data in cation-exchange extraction with carboxylic acids based on the
KEX-TORT simulation program was proposed.

Extraction of metals with carboxylic acids in sulphate

systems

Metal Carboxylic acid Complex Kex
n-Hexanoic 3.18'10'22

Mn(IT) n-Octanotic (MnR,-2HR), | 2.54+10720
n-Decanoic 3.43-10'20
n-Hexanoic 2.56-10'18

Cr(III) n-Octanoic (CrR4-2HR), 3.56+10""
n-Decanoic 2.60-10" 19
n-Hexanoic 2.9‘5010-16

Pe(III) n-Octanoic (FeR;) 2.25.10" "1
n-Decanoic 1.11-10'10

281




A STUDY ON THE EXTRACTION OF SODIUM WITH P538
Sixiu Sun, Zili Gao, Zhimei Jing and Jinglan, Department of
Chemistry, Shandong University, Jinan, Shandong, Chine

7-48

The partition equilibria of sodium between chloride or sulfate aqu-

eous solution and P538 (monoalkylphosphoric acide)-kerosine have been
investigated by using sodium ion selective electrode., The experimen-

tal results (Fig.1 to 4) show that the extraction mechanism of both

gsystems is as tollows:

Nat 4 4(HpA) j( o) ==(NaHA (43=1)H,A) (5 + H'

and the equilibrium constants determined are 10"1+24 ana 10-1'48,
respectively. logD ———
4
logD /
0.5} s
* -4.0
i
> ey
o
-0.5 ‘/ o//‘ / /
S LA /st -5.01 4
>y L SR /
o
P R L o
/ /S /
-lud .
5 L 5 pH -1.0 -0.5 logC§ A
2

Fig.1. The ourves of D vs. pH in NaCl system
C§y= 1.00-10°M; Cf,a (MX0.3164 0 0.218;2 0.170; o 0.127;

¢ 0.0797
Fig.2. The curves of ?sz. CﬁaA in NaCl system
Cﬁz‘ 1.00:10 ~; pH O

LogD
-3.0f

logD
0.0} /}’ -4.0

//;:° -5.0} ;

=Dl 3.0 3.5  4.0pH 1.6

0 1080
Fig.3. The curve of3D vs.pH in Na2304 system.
. Cﬁazso 510 °M. Cﬁ A 0.316 M ,
Fi..Th .\O .o 2 =
4 e curve of D vs LHaA in Na2804 system cnaaso45'°° 10
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THE EXTRACTION OF ALKALI METALS WITH ALKYLPHENOLS
AND THEIR MIXTURES WITH CROWN-ETHERS

A.I.Kholkin, I,Yu.Fleitlich, N.D.Kuznetsova, L.M.Gindin, I.L.Kot-
lyarevsky, L.K.Nikiforova, K.Gloe, P.Muhl, Institute of Chemistry
and Chemical Technology, Siberian Branch of the USSR Academy of Sci-

ences ,Krasnoyarsk,USSR; Central Institute of Solid State Physics
and Materials Science, Academy of Sciences of GDR, Dresden, GDR

For extractive separation of cations with the same electronic struc-
ture and different sizes it is preferable to use of steric effects at
forming of extracted compounds. Thug, the phenol derivatives with or-
tho-substituents are the most effective for the separation of Cs, Rb
and other alkali metals [1] « Effective separation of alkali, alkali-
ne-earth and other metal salts is also obtained in the systems with
crown-ethers and the selectivity of theseextractants is determined
mainly by conformity of the extracted salt cation size to the mac-
rocycle cavity diameter [2] .

The results of the researching of the extraction of alkali metals
with alkylphenols and their mixtures with crown-ethers are presented
in the paper. The systems with p-alkylphenols are studied to com-
pare them with the systems with ortho-substituted phenols that
have been studied previously [1] .

The composition of extracted compounds. The state of extractant s
been studied previously for the studying of extracted phenolate solva-
tion in organic phase. The activity coefficients of p-tretbutylphenol
in CCl4 have been determined by the infrared spectroscopy method(Fig.1)
The obtained data point out considerable self-association of the ext-
ractant in organic solutions and pronounced interaction of water, phenol
it must be taken into account at determining the solvation extent by
metal distribution data at different extractantconcentrations. Fig.2
shows that the determining of solvation numbers without taking phenol
ean—PH 1 3

ol

-H 2 4
-0t

-9

0 020406 08 Cyap) -5 A9 05 4Cra §Cuo T

Pig.1. ¥ HA(o) 88 8 function Fig.2, (lghy - pH) as a function
of p-tretbutylphenol concentra- of lgCHA(o) (1,2) and of

tion in CC1, (1), the same in lgCHA(o)'z\HA(o) (3,4) at the ex-
the presence of H,0 (2) traction of Rb(1,3), Cs(2,4) with

p-tretbutylphenol solution in CCl4
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selfassociation in organic phase into account ( which is often in
the literature ) leads to wrong results. The solvation numbers, ob-
tained by (lg DM -pH ) as a function of extractant activity logarithm,
are close to 7, that is remarkably higher than for the systems with
steric hindered phenols.

The hydration numbers of approximately
3 and 2 are obtained at the studying
of water behaviour at low concentrati-
ons of Rb and Cs phenolates respecti-
vely (Pig.3). Significant increasing
of water concentration takes place at
increasing of phenolate concentration
(and at decreasing of phenol concen-
tration). Abnormally high metal dis-
Fig.3. Water distribution at tribution coefficients are observed
the extraction of Rb (1 ) and in the same region. The micelle for-
Cs (2) with 0,8M solution of mation of phenolates and the water
p-tretbutylphenol in CCl4 solubilization in inner micelle cavity
occur evidently under these conditions.

Phenolates dissociation in organic phase is possible at the use of
polar solvents. As it can be seen in Fig.4, the character of 1lg DNa
as a function of pH at the extraction of Na with 1M thymol solution

in isoamyl alcohol points out ex-

fﬂﬂm' tracted compounds dissociation in
2 1 organic phase (1). The calculated
A0y values of activity coefficients
st 3 are shown in PFig.5, the dependen-
ces are typical for 1-1 electro-
20} lytes in non-aqueous solvents.
-25

The effect of phenol nature.
Two factors can be marked qualita-
Fig.4. The extraction of Na with  4y,01y which affect the substitu-
1M thymol solution in isoamyl al- 4.4 phenol extractability: the va-
cohol from 0,5M (1) and 3,0M (2)
Ng4Cl solutions. 3,4 - are calcula-

® #s B B5pH

lue of constant of phenol dissoci-

ation (the presence of electrophy-
ted for 0,5M and 3,0M NaCl respec- 1j. gybgtituents) and the steric
tively without taking ion associa- effects in forming of pheno-

tion into account lates and their solvation (volu-
metric ortho-substituents). Thus
o-bromphenol (K, =3,6:10710), o-naphtol (1,4:10710) and f -nephtol

(2,3-10'10) have higher extractability of Cs, Rb, K in comparison with
p-alkylphenols (5.10~11).
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The highest separation coefficients
of alkali metals are observed in the
systems with volumetric radicals in
ortho-position, e.g. with 4-tretbu-
tyl-2-benzylphenol and 4-tretbutyl-
2-allylphenol (see the table). How-
ever, the distribution coefficients
of Cs and Rb for ortho-allylphenol
are very low, it hindered the use
of ortho-allylphenol.

05

0 01 07 03 O0A Cu i

Fig.5. The activity coefficients

of Na phenolate in organic phase
at cNa(init)=O’5 mol/1 end
3,0 mol/1 (solid points)

The calculated sepdaration coefficients of Cs and Rb in the systems

with phenols of various structure

Extractant pH range -18D¢4 P ce/RD
4-tretundecyl-2-bromphenol §11,0—12,0 1,5-1,3 4,0-1,8
3-phenyl-1-naphtol 111,8-12,5 | 1,4-1,3 6,6-2,7
4-phenyl-2-naphtol { 11,0-12,0 | 1,6-1,4 3,5-1,5
4-tretnongdecylphenol 12,2-13,2 | 1,6-1,4 2,5-1,6
4-tretbutyl-2-benzylphenol 12,0-13,0 | 1,6-1,4 6,5-2,6
4-(tricyclo-4,3,02'9non-8-y1)phenol 12,0-12,8 | 1,8-1,5 3,2-1,4
4-tret butyl-2-allylphenol 12,5-13,5 | 2,8-2,2 6,5

The extraction of alkali metals with mixtures of alkylphenols and

organic acids. Synergistic effects were observed at the extraction of
Cs with the mixtures of n-caprylic acid, & -monoalkylmonocarbonic acid,
D2EHPA and dialkyldithiophosphoric acid with steric hindered phenols
due to the solvation of extracted salts with phenol molecules. Syner-

gistic and antagonistic effects take

place at the extraction of Rb de-

pending on the acid nature and pH water phase.

The systems with the mixtures of crown-ethers and alkylphenols are

characterized by significant interaction of extracted ML_B complexes
with alkylphenol and by formation of MA phenolate and its complex with
crown-ether MLyA, it leads to the increasing of metal distribution co-
efficients; interaction of extragents causes the value of Dy to decre-
ase. It's hard to predict the total effect. The composition of extrgc-
ted compounds corresponds to KLCl'S1HA and CBLZCI-S2HA at the extracti-
on of K and Cs chlorides with the mixture of p-tretbutylphenol and di-
benzo~18~crown-6 (DVS=18) in chloroform from solutions with low pH-va-

lues, when alkali metal phenolates
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it's shown that sandwich compounds are formed in the cases when cation
sizes are higher than crown-ether cavity diameter. Data obtained under
the conditions of saturation are shown in Fig.6. The solvation of ex-

tracted complexes with non-dissociated phenol molecules is significant

Gt

O 00 G0F G2 0 Crg -

Pig.6. The extraction of Fig.7. The extraction of K (%1,3,5) and
KC1 (1) and CsCl (2) with Cs (2,4,6) with 0435 M p-tretbutylphenol
the mixtures of p-tretbu- (1,2), the mixture of 0,35 p-tretbutyl-
tylphenol (1 mol/l) and phenol and 0,21 M DVS-18Min chloroform
DVS-18 with various con- (3,4) from chloride aqueous solutions;
centration in chloroform 5,6-calculated lgDM as functions of pH

and leads to gynergistic effect inspite of strong interaction of phe-
nol and crown-ether in the system.

At using of mixtures of crown-ethers and alkylphenols st comparati-
vely high pH of water phase, the conditions are realized under which
metal phenolates are formed. It can be seen in Fig.7 that the presence
of crown-ether leads to significant growth of distribution coeffici-
ents in comparison with the system containing only alkylphenol. With
increasing pH values of DK and Dcs are also increase 4-5 times, it
points to phenolate formation. The fraction of metal chlorides and
phenolates in complex with crown-ether in organic phase is determined.
As it's seen in Fig.7 with the formation of phenolates the values DM
are much higher than in the systems without crown--ether, and K is ex-
tracted better than Cs. The hydration of phenolates occurs at transi-
tion from the systems with p-alkylphenols to the systems with their
mixtures with crown-ethers.

Thus, phenolate-ion forming in the systems with the mixtures of al-
kylphenols and crown-ethers provides the increasing of metal distribu-
tion coefficients, and crown- ether - the selectivity at extraction.
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LIQUID-LIQUID EXTRACTION STULIES OF MERCURY (II)CHLORIDE WITH
OXATHIAAZA ALKANES -5

J.Beger, R.Jacobi, Bergakademie Freiberg, DDR-92OO (GDR) and
K.Gloe, P.,Miihl, Zentralinstitut filir Festkorperphysik und Werk-
stofforschung, Akademie der Wissenschaften der DDR, Dresden,
DPR-8027, GILR

Mercury(II) is on the one hand a dangerously toxic element and on
the other hand a very useful metal indispensable for industry. There-
fore separation techniques for the recovery of mercury(II) from vari-
ous kinds of wastes are necessary. Liquid-liquid extraction is a very
effective and energy-saving separation method for this purpose.

Another scope of our interest is the search of ligand structure -
extraction power - relations for lipophilic multidentate neutral 1li-
gands [£1-77.

The present paper reports on the influence of the structure of se-
veral oxathiaaza alkanes and related compounds 3 - 29 on the extrac-
tion of mercury(II)chloride.

The investigated extractants are summarized together with their
physical data in Table.

Some selected examples of their syntheses are given in the formula
schema., In most cases the synthesis consists of a set of nucleophilic
reactions.

Examples for ligand syntheses

n=| R=| No_

0 IcH,.| 4
HZN/T\IIVTNHZ * xRBr— R;N,f\t'\li\NRz I 613
H R

1 CoHiz| 9

=N
S 0 OBu
~ & Csnad¥s (S
BuJ OH o muéuﬁ o u S . OBu23
: H ‘\/S\_/ —/

l
\/OH K/Cl k/S
n_| No
£\ 7% —_—t
cuft‘dl_h Bu,N s*o’h NBu, T
3

7 e

BupNH + Vg —==Bu,N SH

=25 ~ P _n | No
Br(CH B BuN S-(ChyyS Neuy 2 118
5
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All distribution experiments have been carried out under the same
conditions and are demonstrated in the figure for mono- and bivalent
. 1,10~ M. am=3 _ce10-4_1.10"2
extrigtants 1 -5: cq c1 =1+10" 'Medm 3 cextractant_s 10 "'=1+10
M+dn™’; pH 5.2 (buffer system NaOAc/HC1l); shaking time 30 min; CHCl3
as diluent,

V4 Summary of the results 1.
i - - Even simple tertiary amines and
34 f///765M35N W 1Cq gy sulfides (see fig., substances No.
I3 Dhg /;// 1 and 2) extract HgCl, from aque-
// Pt ous solution with low extent.
2 ¢ (CeHmhN  SCohys 5 - strong increase of extraction

/ ability results if a second liga-
3 o T tor atom is included into the ex-
1- J /(CGHLJZN OCrts 3 tractant molecule (see Fig.1).
/ #*(Cghrls N 2 NN(4)>NS(5) >N0(3) > K(2) > 5(1)
/ log D: 2.85 1.70 0.13 -0.80 -1,53
These mentioned extractants have
equal lipophily (Zicalky1=24).
- The interruption of NN or NS se-
quence by oxygen sharply decreases
the extraction ability.
NN(4) > NS(5) > NOOON(17) > ¥000S(18)
and also: SS(7)> S0S(14) - log D;
2.85,1.70,0.25; log D: -0,50 -0.70.
This demonstrates an only low coor-

P4
/D (CpHys)y S 1

dination action of the oxygen atoms,
T T T Otherwise the presence of an (or se-

c. = -1
: ?|chm@; veral) oxygen atoms also influences

the extraction power,

§05(14)> S(CH,) ¢S(8) > (CgH,5) ,5(29)
log D: -0.70 -1.90 -2.30
- The neighbourhood of N and S is significant for high distribution
ratios with oxathiaaza alkanes. In this cases further oxygen atoms
have no influence on the extraction.
SNS(13) A~00SNS00(23) > SONOS(20-22) *SO00NOOS (25-27) »<0SON0SO(24)
log D: 1.10 1.10 0.40 - 0.65
- It seems, that no more than two coordinated ligator atoms are ne-
cessary NN(4)= NNN(9) >> NS(6) = NSSN(15) = NSOSK(19)
~NSOOOSN(28) %NS(CHZ) 53N(1 6)
log D: 2.85 2.85 1.12 - 1.37

—_—

Given log D-values are at a concentration of 1x10™ M. dm™3.
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Com~ | Ligatoratoms| Extractant a) B.p. °C/Pa ngo
pound| No order Formula
No
3 2 N (Cg)oN Y0C, 185-190/80  1,4522
Y NN (Cg) N 'N(Ce), 171-172/65  1,4517
5 (Cg)oN8C,, 210/13 1,4675
[ NS (C,) N "8Cg 148-152/25 1,4675
2 ss CgSSCg 127/33 1,4851
] CgS~(CH,) 5-5C¢ 165/27 1,4872
9 3 N (CG)ZNN(G6)2 204-207/13  1,4592°)
10 (06)21MNN(06)2 230/13 1,4625°)
n NSN (Cg) 21("5"‘1«(06) " 218/20 1,4723
12 (Cg) NMVEWIN(C(), 221-223/27 11,4706
1 8KS c,,s"g;‘sc“ 220-224/40 1,4828
14 S08 Ces” 0 sc 145-149/27 1,4870
15 & mesN  (C,)N § 8 NG, d13-217/80 1,4909
16 (C)oN B-(CHy) -8 W(C,),  235-237/33 1,4888
12 5  NOOON  (Cg)N 000 TN(C), 195-200/25 1,6568
18 NOOGS (ce)an("o"‘o"‘o"‘:sc12 285-290/65 1,4692
19 mosN  (C,),N ' 0§ N(C,), 233-238/65 1,4863
20 soos ¢, 0 N G sC, Ri G, 165-167/13  1,4851
21 . * Oy 189-198/20 1,480
22 042 190-200/12  1,4770
23 7 ooensoo c,0 0§ W s 0o, 209/13  1,4835
B
2 osomoso ¢,0” s O {‘ S o, 215-216/33 1,4816
25 soonoos ¢80 0" N 00 sc, R:c,  200/65 1,4820
26 R Cg 220-225/90 41,4812
27 Cq,p 252-260/27 1,4800
NN/ '
28 NSO00SN (C,),i S 0 O O § N(C,), 258/40 1,4838
a) ¢ : b)
C, always mean nonbranched saturated chain Cil, 4. at 25°C,

™~ is a _CHZ'CHZ_ unit,

19. 3ak. 365 289




- Optimum distance between the ligator atoms 1is given by two methyle
ne groups. NNN(9) > NNN(10) and NSN(11) > NSN(12)
log D: 2.85 1,15 1.61 0.85

All results lead to the conclusion, that derivatives of ethylene
diamine are the most powerful extractants for HgClz, according to th
high stability constant of the extracted complex.

Nevertheless specific feed compositions or extraction and strippi
conditions can lead to a preferred use of other quoted extractants i
vractice.
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SYNERGIC EPFECTS IN EXTRACTION OF Mn(II), Fe(III), Co(II),
Ni(II), Cu(II) and Zn(II) IONS WITH MIXTURES OF AROMATIC
CARBOXYLIC ACIDS WITH AMINES INTO BENZENE

7=51

J.Kalembkiewicz, S.EKopacz, Department of Inorganic Chemistry,
Ignacy Lukasiewicz Technical University, Rzeszbw, Poland

The extraction of Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II)
jons with benzoic or o-toluic acid into benzene as well as with mix-
tures containing benzoic or o-toluic acid and 3,4-dimethylaniline in-
to benzene from sulphate solutions has been studied. It has been found
that benzoilc or o-toluic acid in benzene do not separate Co(II) and
Ni(II) ions, whereas the other ions are separated in the order of in-
creasing pH values: Fe(III) < Cu(II)< Zn(II)< Mn(II) (Pig.1). The intro-

%lo
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70|
60|
50|
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Pig.1.Extraction of 1 - Co(II), 2 - Ni(II), 3 - Mn(II), I
4 - Zn(II), 5 - Cu(II), 6 - Pe(ITII) with benzoic acid
(HAr) in benzene

Chap = 0+5 M, C

v10=2
metal” 2.5+10 °M
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duction of 3,4-dimethylaniline into simple extraction solvents impro-
ves their extraction characteristics and brings about a synergic ef-
fect in the systems studied. Complex extraction solvents enable the
separation of all the studied metal ions over a large pH range of

aqueous phase in the order of increasing pH values: FPe(III) < Cu(II)<
Zn(II) < N4(II) < Co(II) < Mn(II) (Pig.2).

On the grounds of the extraction data the compositions of metal cos
plexes in the organic phase for extraction with simple and complex ex-
traction solvents were determined /i,27. Complexes: MoR,, (PeR3)3,
(Culiz-lﬂi)2 0y, ZoR,°2HR were found in the organic phase in case of

R,
100}

90}t

80¢{

70(
60
S0,
40|
301

20¢

10}

o 1 2 3 4 5 6 7 PH
Pig.2. BExtraction of 1 - Co(II), 2 - Ni(II), 3 - Mn(II),
4 - Zn(II), 5 = Cu(II), 6 - Pe(III) with mixtures of
benzoic acid (HAr) and 3.4-dimethylaniline (Am) in benzene

-2
cm- 0.5 M, CAmu 0.25 M, cmetal = 2,510 M
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simple extraction solvents containing benzoic or o-toluic acid in ben-
gene (under those conditions Ni(II) and Co(II) ions do not pass into
organic phase).

Por complex extraction solvents containing benzoic or o-toluic acid
mixed with 3,4-dimethylaniline in bensene, the complex: CoArz'zﬂAr-ZAm
0z, FiAr,°2Am 07, (CuArz-Am)2 07, ZpAr,-HAT+Am were determined in
the organic phase (HAr - carboxylic acid, Am - 3,4-dimethylaniline).

The synergic effect observed in the systems studied is due to the
formation of mixed complexes of metal ions in the organic phase the
participation of 3,4-dimethylaniline in all the cases analyzed. The
resultes arrived at indicate a direct influence of 3,4~dimethylaniline
as an extraction reactant on the synergic effect.

The extraction mechanism of Mn(II), Pe(III), Co(II), Ni(II), Cu(II)
and Zn(II) ions with simple and complex extraction solvents was des-
cribed by appropriate chemical equations and the concentration con=-
stans of the extraction were calculated.
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EXTRACTION OF METALS WITH MONOCARBOXYLIC ACIDS 7-52

A.I.¥Kholkin, P.Muhl, L.M.Gindin, K.Gloe, K.S.Luboshnikova,
Institute of Chemistry and Chemical Technology, Siberian Branch

of the USSR Academy of Sciences,Krasnoyarsk,USSR; Central Institute
of Solid State Physics and Material Science, Academy of Sciences

of GDR, Dresden, GDR

Components in the organic phase interact differently, making qu-
antitative description of systems with monocarboxylic acids difficult.
One to the same reason experimental dependence have complicated cha-
racter, and the obtained data are very difficult to interpret. The 1li-
terature data on determining the composition of extracted species
are of numerous contradictious.

Extractant condition. Taking n-caprylic acid (HA) as the example,
using the distribution method it has been shown (see Table), that di-

stribution constants of the monomeric form increase, and dimerizati-
on in the solvents series decreases: n-decane, benzene, isoamylacet-
ate, diisopropylketone, isoamyl alcohol, that is connected with the
increasing interaction of monomers with the solvents in the given
series,

Distribution and dimerization constants Extracted compounds compo-

of n-caprylic acid sition. Formation of bi- and
— s polynuclegr extracted comple-
Holvsi Kua Ka xes in organic phase is a wi-
Decane 23%¢ 990390 despread phenomenon for the
Benzene 103%21 146%33 monocarboxylic acids. For ex-
Isoamylacetate 700%140 2,6ﬁ1,1 ample, in extracting iron
Diisopropylketonq 740%50 3,0%0,4 with the solutions of n-capry-
Lsoamyl alcohol__P1ooﬁ280 0,0%0,2 lic acid in decane in organic

phase over a wide range of
the component concentrations and pH of aqueous solutions the composi-
tion of complexes is Fe3A9-3 H20. In the range of high pH with lack
of solvent there form hydrolized complexes, which precipitate. In sy-
stems with benzene we managed to saturate the extractant in these
conditions too, and the composition of the extracted complex was
FeB(OH)3A6 (water wasn’t determined). When extracted from the nitrate
solutions in the range of low pH, iron is well extracted in the
form of Fe(NO3)2A complex, probably solvated by excessive extractant,
It should be stressed that the formation bi- and polynuclear comple-
xes essentially affects the distribution character, specifically the
tangent of the slope angle of dependence of 1lg DH on pH increases at
low pH, distribution coefficients are essentially dependent on the
concentration of metal (see Fig.1).
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Carboxylates forming in extrecting cobalt

and nickel by monocarboxylic acids are
partially dimerized in organic phase. Ni-
ckel caprylate dimerization constants somewhat
decrease in series: n-decane, benzene, CC14,
1,2,4-trichlorbenzene.

The literature data on cobalt and nickel ex-
tracted complexes solvatation in organic phase
are contradictory. According to the data on ni-
ckel extraction with solutions of the n-capry-

lic acid in decane and benzene (Fig.2), the
concentrations of the monomers and dimers of lutions. cF Y
nickel caprylate were calculated. By processing g-ion/1: 1_$_18-f:
these data, it has been obtained, that the pro- 2_5_10-2’ 3-8-10'3,
cess of extracting nickel with solutions ,_ 1.1073, 5-5.107%
of caprylic acid in decane is characterized by

Fig.1.Extraction of
iron with n-caprylic
acid from nitrate so-

the formation of monomeric forms of the nickel caprylate of the compo-
sition NiA2 and N1A2-6HA and also dimers - N12A4 and Ni2A4'8HA. Extrac-
ted species NiAz, NiA2-4HA and NiAz-GHA as well as N12A4-4HA and
N12A4-8HA are likely for the systems with benzene., At the same time

the form NiA2-4HA is realized in the systems with benzene over broad
range of concentrations of HA, but in the systems with decane the

form NiAz-ZHA , with the smaller solvatation number, is realized,

in spite of the great activity coefficients of the caprylic acid in
decane.Such behavour is probably connected with possible solvatation
of caprylates both by caprylic acid monomers and dimers, and these or

solvates are stable in the organic sol-
vents, for which the corresponding B S ="
extractant form is the most stable. & §::; ¢ 1:ﬁ
pTE i-«
345 §us
The influence of solvents on the .-.'-cs_ &%
extraction of metals with monocarbo- 0 = )
xylic acids is determined by the diffe- 2 HualGey) b BCwY%0
rences in interactions of solvents _Pig.2.Defining of solvation
with the extractant and solvents with numbers of monomers (2,4)
the extracted compounds, and es- and dimers (1,3) of nickel
pecially showa in the cases, when caprylate in the system with
the extracted compound isn't solvg- decane (a) and benzene (b)

ted by the extractant The data on

the extraction of iron with 1M cap-

rylic acid solutions in. different solvents are given in Pig.3. Essen-
tial decrease of distribution coefficients of iron with the increase
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ELS of electronodonor solvent properties indicates
05 ] the predominant influence of the extractant -
solvent interaction in these systems.

Correlation of the metal-hydrogen exchange con-
stants with the activity coefficients of the
organic acid in the various solvents is presen-
ted in Fig.4. The slope of the straight line
corresponds to the theoretical value tg&=9 .

Fig.3.Extraction of The interaction with extracted compound, re-
iron with 1M caprylic sulting in partial destruction of tri-nuclear
acid solution in deca- compound, is essential in isoamyl alcohol. By
ne (1), benzene(2), analogy, the caprylates in organic phase are
mixture nitrobenzene not dimerizated in the extraction of cobalt
+CCl4(5:1)(3), CCl4(4) and nickel in the systems with isoamylalcohol,

1,2,

4-trichlorbenzene their marked dissociation is observed. Es-

(5), isoamylalcohol(6) sential influence of extracted compounds dis-
isoamylacetate(7), di- sociation on the character of dependence lgDM
isopropylketone(8) from pH is displayed in the extraction of nat-
from 0,5M Na2so4 golu- rium (Fig.5). The activity coefficients, calcu-

tion, C

lated according to the experimental data are

Fe(init.)~®
=0,025 mol/1 given in Fig.6.
YTha
“ptﬂ -0t
-16 4 4=9 -5t
-18 20}
43 -2 BYue 25 50 55 pH

Fig.4.Correlation of ngFe-H Fig.5. Dependence oflgDNa on pH at
and lgx.HA(o) for the sys- the extraction of natrium with 2M
tems with decane (1), ben=- caprylic acid solution in isoamyl
zene(2), isoamylacetate(3) alcohol
and diisopropylketone(4)

L3
a

06
04

02

Fig.6. Activity coefficients of natrium e
caprylate in organic phase at ay °=1(1)
2

and 0,967 mol/1(2)
1

0 0% 0D 05 0 0% Cup™-
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Formation of heteronuclear carboxylates _is rather specific for
the systems with monocarboxylic acids of some metals in their combinea
presence. For example, the data obtained for extraction of iron(III)
and copper are presented in Fig.7, the data on extraction of iron(III)
and nickel are shown in Fig.8. The relationship Fe:Ni in the composi-
tion of heteronuclear complex is obtained according to the spectropho-
tometrical and extraction data as 3:1. The heterobinuclear complex of
CoNiA4 composition formes in the combined extraction of cobalt and
nickel in organic phase, that essentially decreases these metals sepa-
ration coefficients (Pig.9).

2
-5l
A f

2y

Fig.7. Extraction of iron(4) Pig.8. Extraction of iron (1-4) and

and copper (8) separately nickel (1-4) at combined presence
and in their combined with 1M HA solution in decane from
presence(1-3,5-7) with 1M HA the solutions, containing 0,02g-ion/1

solution in decane. Cg;(y144.) N1 and Pe, g-ion/1: 0,02(1); 0,05(2);
=0,05 m0l/1, Cpy(ypyy, ysmol/1:  0,10(3); 0,45(4)

0101(417); 0,03(396); 0,05(2);

0,1(1,5)

Fig.9. Dependences offlg Ni/Co
on pH, calculated according
to the data for simple sys-
tems (1), obtained in combined
presence (2)

Thus, the systems with monocarboxylic acids are characterized by
the processes of association of extractant hydro-solvates of various
composition, and also polynuclear and heteronuclear extracted compounds

because of the carboxylate-ion bidentantance, four-members cycles
tension and unstability at carboxylate-ions and cations interaction
and because of H-bonds formation.
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REMOVAL OF ACIDS FROM AQUEOUS SOLUTION OF GLYOXAL 7-53

XU Jun-Gao, YU Wei, TIAN Heng-Shui, SU Yuan-Fu (Y.F.SU)
Chemical BEngineering Research Centre

Bast China Institute of Chemical Technology, Shanghai 200237,
China

In a process producing glyoxal from acetaldehyde by oxidation with nitric
acid, the resulting aqueous glyoxal solution contains 1-3% residual nitric
acid, 12% acetic acid and small amounts of glyoxalic, glycolic and oxalic
acids. These acids have to be removed before further processing in order to
obtain a satisfactory commercial product.

Many methods have been suggested for accomplished this purpose [1-3], but
efforts to find better and more economical process remains unabated. The
ultimate aim of the present investigation is to develop a commercial solvent
extraction process to remove the undesired acids and to obtain a qualified

glyoxal product.

Experimental. Feed solutions are (1) solutions prepared from C.P.
chemicals and deionized water and (2) solutions supplied by commercial works.

Solvents used are (1) Alamine 336 or tributylphosphate purchased from
Shanghai market dissolved in odorless kerosene supplied by Shanghai Refinery
used as single extractant solvent and (2) both Alamine 336 and tributyl-
phosphate were dissolved in odorless kerosene to form mixed extractant -
kerosene solvents.

Method of Analysis = acid content was determined by acid-base titration;
and glyoxal content was analyzed by adding an excess of potassium hydroxide
to react with glyoxal and the unreacted potassium hydroxide was determined by
back titration with standard hydrochloric acid solution.

Determination of Distribution Coefficient = equal volumes of the organic
and glyoxal aqueous solution were shaken for 180 seconds at room temperature,
as preliminary experiments shew that 60 seconds are sufficient to attain

equilibrium. The volume changes of both phases were measured before and

after equilibration.

Results and Discussion

Equilibrium Relationships
1. Extraction of individual acid by a single extractant in diluent

The distribution coefficients of HNOB and HAc between Alamine 336 and
aqueous solution are shown in Figs. 1 and 2. The curves show that the
extraction of HNOB is more efficient than that of HAc and the distribution
coefficient of HNO3 decreases but that of HAc increases with increasing

concentration of the respective acid in solution,
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0,61
301 K
E/R=1
w 30
o
=
e UO.LO-
20 gg
O.ZL ‘//f—_—"
10
L .6 =% \ a1 I N
0 0.1 0.2 0.3 O,4 0.5 0.6 0.7 0 0.25 1,00 1.25 2.00
[unvo5] g [iaclaq
Fig. 1. [HNO3] . va. Pyno, Fig. 2, [HAc],q vs. Dy,
O Alamine 336:Kerosene=3:7(v/v) O Alamine 336:Kerosene=3:7(v/v)
® Alamine 336:Kerosene=2:8(v/v) ® Alamine 336:Kerosene=2:8(v/v)

1 | 1 A 1 | T
0 0.1 0,2 0.3 0.k 0.5 0.6 0.7
[#n03],,

Fig. 3. [ﬂﬂo;]“l vs. DHNO’

O TBP:Kerosene=5:5(v/v)
® TBP:Kerosene=3:7(v/v)

When TBP_kerosene mixture is used, the extraction efficiency is reversed,
i.e. HAc is more extracted than HNO3, but distribution coefficients for both

acids are always below unity (see Figs. 3 and 4.

1.00~
301 K
o E/R=1
0,75
©
=
a
e iy \‘\‘___'_
0.25
1 1 1 ]
o 0.5 1.0 1.5 2.0
[EAc]aq

Fig. 4. [HACJaq ve. DHAc

O TBP:Kerosene=5:5(v/v)
® TBP:Kerosene=3:7(v/v)
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2. Extraction of mixed acids from aqueous synthetic solution by a single
extractant
Curves 1 and 2 indicated in Fig. 5 show the influence of total acidity on
the distribution coefficient when either Alamine 336 or TBP is used. It was

discovered that extraction is inefficieat even at low acid concentrations.

3. Synergistic extraction of mixed acids by mixed extractants

Synergistic extraction of HAc and HNO; by Alamine 336 and TBP is observed
(see curve 3 in Fig.5). The distribution coefficient is 2-4 times the value
measured when Alamine 336 or TBP alone is used at low acid concentration. It

also maintains quite high values at high concentrations.

Extraction of Mixed Acids by a Solvent Consisting of Mixed Extractants

By using a solvent consisting of

Z'OF\ 301 K Alamine 336 and TBP in kerosene, HNO5

B/R=1 and HAc can be very effectively

<A
.
o

removed from the aqueous glyoxal

S
E] solution,
1.2l
% 4 1. Effect of extractant concentration
a 0.8} Experimental data show that the
2 distribution coefficient of total acidity

o
D
+

L increases with increasing concentrations
3 of both extractants. In order to avoid
L 1 entrainment and emulsification, proper

3 1.0 2.0
m"osﬂuw].q concentrations of Alamine 336 and TBP

Fige 5. [HNO"H“]‘Q o D(HNO;#HA(:) together with a modifier and odcrless

1. Alamine 336:Kerosene=2:8(v/v) kerosene should be used. The optimal

2., TBP:Kerosene=5:5(v/v)

3. Alamine 336:18P:Kerosenes2:5:3 concentrations of Alamine 336 and TBP

were found empirically to be 20¥ and 50%

by volume respectively.

2. Effect of temperature

The preliminary test was done and results are illustrated in Table 1.

TABLE 1, Effect of temperature on distribution coefficient

Temperature, K 301 315 324 333

Distribution coefficient, D 1.395 1.310 1.123 1.051

Glyoxal in aqueous solution, 1,57 Kmol/m>; Total acidity, 1.75 Kmol/m3;
Solvent, Alamine 336 : TBF : Mixed Alcohol : Kerosene = 20 : 50 : 3 : 27;
E/R, 1

From the data of Table 1 the overall heat effect of extraction which
involves complex formation and mass transfer steps can be estimated. By
assuming all steps as a pseﬁdo-macroscopic process, the relation between

distribution coefficient and temperature may be written as
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1n D = 1n Dy + (Aax/R) (/1)

where T - temperature; R - pgas constant; AHp - total enthalpy chunge;
AR, =-2.2 x 104 KJ/Kmol,
McCabe-Thiele Diagram for the Extraction of Mixed Acids

The X-Y diagram at 301K and the operating line are shown in Fig.6. The
number of theoretical stages required can be found to be about four.

Using NaOH or NapCOz as the stripping solution the solvent can be easily
recovered in a single stage.

Mixer-Settler Test

Extraction was carried out in a battery of mixer-settlers which were

made of stainless steel, the volumes of

each mixer and settler being 1.2 and 3 1-5r
301 K
liters respectively. The design of the ® E/Re1.3/1
nixer-settler was provided by 2.J. Shen £f1 of-
et al with a large traingle agitator hj 4o
>~ g}
and special phase flow compartment [4]. Lot
0.5 ‘ﬂp
Operating conditions: o
Aqueous solution, glyoxal = 1.66 Kmol/m3,
s A 1 L
(8%)= 2.00 Kmo1/m3; 5 e R
Solvent, Alamine 336 : TBP : mixed X, [#*)aq
alcohol : kerosene = 20 : 50 : 3 : 27; Fige 6. X—Y diagram for glyoxal solution
Temperature, 301K; E/R, 1 .5/1 s :;8?153:333'?:1'81‘:141:0(1 Alcohal:Kerosene ')
Residence time, 300 seconds. Glyoxal in aqueous solution, 1.57 Kmol/m”.

After continuous countercurrent
extraction in mixer-settlers of four
stages and stripping in a single stage, the overall acid removal is about 97%
and glyoxal loss about 3%. The solvent loss is about 5 ppm.

The process has been also carried out commercially in a mixer-settler

battery with success and a qualified glyoxal solution was produded.

ACKNOWLEDGEMENT . Thanks are indebted to Li Jian, Song Ke-Gang, Wu Gou-

Wei, Ling Han-Lin and Chen Zi-Wei who offered kind support and assistance to

the completion of this work.

REFERENCES
1. C. Judson King #/Proceedings of International Solvent Extraction
Conference, ISBC'80. P.66,

2. Wessendorf et al./U.S. Patent 4,065,506 (1977).

3. McCain, Jr. et al./U.S. Patent 3,860,656 (1975).

4. 2.J. Sheén, Q.Y. Zhang, B.Y. Sun, J. Li and Y.F. Su/Proceedings of
International Solvent Extraction Conference, 1983, 24-25.

301




INTRAMOLECULAR REDOX REACTIONS IN METAL EXTRACTION SYSTEMS 7-54

G.P. Demopoulos, Department of Mining and Metallurgical Engineering,
McGill University, Montreal, Quebec, Canada H3A 2A7

Introduction: It has been well documented now that in certain metal extraction sys-
tems of commercial importance, the extracted metal is oxidized: by atmospheric oxygen.
Examples of metals oxidized are: Co(II)/Co(III) loaded in o-hydroxyoxime (1),
8-hydroxyquinoline (2,3) or g-diketone (4) and Mn(II)/Mn(IIl) in g-diketone (4). In
addition to the extracted metal the extractant itself (e.g. TiBPS (5)) or the diluent
(6) can be oxidized as well by atmospheric oxygen. In reference to the latter the
cobalt (II)-catalysed oxidation of commercial aromatic diluents by atmospheric oxygen
was described in an ISEC'86 paper by Flettand West (6). It is the object of this
paper to report a new kind of redox reaction involving solely the metal ion and the
organic ligand forming the extractable complex. This type of redox reaction does not
involve oxygen and thus differs completely from the previous redox reactions reported
in metal solvent extraction.

Inner-Sphere Complexes: Some years ago during the course of an investigation in-

volving the interaction of loaded organic solvents with hydrogen under pressure for
direct metal precipitation (7) it was observed that upon heating the Cu-loaded
Kelex* 100, I, under nitrogen atmosphere (180-244°C, 12 hours) copper powder would
precipitate. A zero-order dependence on copper (II) concentration was observed.
The precipitated copper particles were extremely fine exhibiting a relatively narrow
size distribution (70% -2 + 1 um). An infra-red spectroscopic examination of the
thermally treated organic revealed a reduction in the size of the peak 3400 cm']
(representing the phenolic OH group (8)) and the simultaneous appearance of a new
strong peak at 1720 ! (representing a keto >C=0 group).

The observed changes were grossly interpreted on the basis of oxidation of the
phenolic substrate of the extractant molecule by Cu(II). Here further elucidation
of the proposed mechanism (7) ‘is attempted. Phenols are known to be oxidized with
relative ease in non-aquecus systems yielding reactive initial products which undergo
rapid polymerization (9,10). Thus upon heating,the Cu-Kelex 100 complex,I, pre-
sumably undergoes the following intramolecular reactive changes:

a) one-electron transfer yielding the neutral radical, II,and Cu(I)L

R R

O\cu/ NO . Cu—0 . o
ON/ ~o @) (On
I n, L

* Kelex 100, an alkylated derivative of 8-hydroxyquinoline, is an extractant
supplied by Sherex Chemical Co.
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b) dimerization of II to give tautomers III and IV

R. R R R
H
2L —» ' ——
O) O NO) (O
]| v

and c) disproportionation of Cu(I)L

2L 2 (I, + ol

The latter reaction is responsible for the production of very fine copper particles

The complexes of Co(II)-Kelex 100 and Ni(II)-Kelex 100 in contrast to Cu(II)-
Kelex 100 complex were found not to undergo any intramolecular reaction even at
temperatures as high as 325%. This is attributed to the lack of operation of appro-
priate oxidizing couples for the metals in question (i.e. Co(II)/Co(l) and
Ni(IT)/Ni(I) (1),

A similar intramolecular redox reaction has also been observed in the extraction
of Fe(III) from strong H2504 solutions with mixtures (2:1 molar ratio) of D2EHPA and
Kelex 100 (12). The exact composition of the organometallic complex was not directly
determined but it is postulated to be F@REET?HF where HR: D2EHPA and HL: Kelex 100.
To effect stripping of iron, from the loaded organic phase, the latter had to be sub-
jected first to hydrogen reduction at temperatures 135 to 165°¢C up to 4 hours to re-
duce Fe(III) to Fe(II) and then contact it with a dilute mineral acid solution.
During the course of this investigation it was observed that 10 to 15% of the Fe(III)
loaded in the organic phase was reduced to Fe(II) upon heating under N2 atmosphere
for one hour. Apart from the phenolic substrate of Kelex 100 (same as in the case of
Cu(II)-Kelex 100) the anion of the di-2-ethylhexyl phosphoric acid is also believed
to have been oxidized to some extent (10). Again in this case one electron transfer
is observed

e we” % R

It is of interest to note here that Doyle-@rner ard Monhemius in thefir work on
hydrolytic stripping of metal-loaded Versatic acid solutions (13) reported that
Mn(III), Co(III) and Cu(II) species were reduced to Mn(II), Co(II), and Cu(l) re-
spectively during hydrolytic stripping (ZOOOC; 3 hours). These results could again
be considered as manifestations of the intramolecular oxidation of the organic moiety
(carboxylic acid anion) by the multi- valence metal ion (10); all three couples
(one electron transfer) Mn(III)/Mn(II), Co(III)/Co(II) and Cu(II)/Cu(I) having
oxidizin? properties (i.e. e > 0). Considering for example the potential of the

z+1)7Mz+

couple M we obtdin
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M(z”) +e - HZ+ =

_ .0 RT ZE
e = g 'T‘"u;rm)w

m(z+1)+

where the activities of M** and will depend on the stability constants of the

metal-organic complexes,
7+ Vo

M+ RT = MR, . K, where R™, the organic ligand moiety

w(zt)e, (z+1)R™ = MR,y K

if ayZt < uM(z+1)+ or equivalently

K > K then e > e°.

z z+]

Thus considering the couple Co(III)/Co(II), its potential in Versatic acid solutions
(0-1igators) is expected to be high (e0 + 1.84 V) while in Kelex 100 (O,N ligators)
is expected to be very low (eo - 0.1 V) (14). Consequently oxidation of the
carboxylic acid would be favoured while the oxidation of Kelex 100 would not. It is
understood of course that the nature of the organicmoiety of the complex (i.e.
phenol, ketone, acid etc.) would equally influence the extend of the redox coupling
reaction.

Outer-Sphere Complexes: All the systems considered so far involved one-electron

transfer in inner sphere complexes (i.e. chelates and salts). Electron transfer has,
however, been observed in outer-sphere complexes as well, This is the case of gold
and platinum group metal extraction with Lix*26 (15). During the course of this work
it was found out that upon long standing of Au(III)- loaded organic samples (complex
H2L+.Auc1;, where HL: Lix 26) or upon heating (60-90°C; 4 hours) the loaded

organic phase under N2 overpressure, precipitation of Au crystals took place. Electro
chemical and spectroscopic measurements (16) revealed that the observed precipitation
of gold was the result of an outer-sphere electron exchange process. Gold(III) as a
strong oxidant would oxidize the phenolic part of the Lix 26 substrate to a keto form
while simultaneously the same would be reduced to Gold (I). Mechanistically the re-
duction of

L' auc1, + HL'er™ - Au(1)C1,” + 207 + aH' + 3C1°

gold (III) to gold (I) is envisaged to proceed in two consecutive one-electron steps
via the intermediate formation of Au(II) (17) due to its non complementary nature (18).
The two neutral radicals, L°, (Structure II) form eventually a dimer species (III,IV)
same as that produced in the Cu(II)-Kelex 100 system. The difference between the
oxidation of the 8-hydroxyquinoline nucleus by Cu(II) and Au(III) is the dependence
of the latter on pH. This effect is examined in more detail elsewhere (16). Is is of
interest to note that in addition to Lix 26, isodecanol was also found to

* Lix 26, an alkylated derivative of 8-hydroxyquinoline, is an extractant supplied
by Henkel Corporation.
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get oxidized (but to a lesser degree) by Au(III) into aldehyde (16).
Finally AuC]é via the following thermodynamically favoured disproportionation re-
action (K =5 x 10’ (17))
3AuC12' - AuCl4' + 2Au + 2C1°

yields gold crystals.
Electron exchange may be associated with simultaneous ligand exchange as well (18).

Thus upon ageing (> 1 week storage, 25°C) the ion pair (H2L+)2PtC162'.2H2L+C1- (where
HL: Lix 26) was found to be transformed to a non-strippable form (15). The following
reaction is postulated to describe the observed transformation

2=

+ + .- s + =
(HyL )2 Pt(IV)C16 S 2HLCT - Pt(II)L p ¥ 2LT + 8H + 8

In other words PtC]GZ' oxidizes 2 molecules of HL (Lix 26) to form the respective
radicals L', II, while simultaneously the reduced platinum species (PtC142-) - being
a less inert complex - undergoes ligand exchange forming a chelate complex (Fffp

Summary: Various intramolecular redox reactions observed in solvent extraction sys-
tems were identified. The electrode potential of the metal couple in question and
the applied temperature appear to control mainly the extent of the reaction. Cataly-
sis of intramolecular redox reactions in conventional solvent extraction of metals is
undesirable sirce it would result in increased extractant losses and metal lock-up.
On the other hand, the exploitation of reversible intramolecular reactions could
prove useful in preparing fine metal powders (e.g. Au and Cu) of high purity.
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AN INVESTIGATION ON EXTRACTION OF GALLIUM WITH SAB-172, TAB-194[7 55'
AND INTERFACIAL SPECIFICITY OF LIQUID/LIQUID EXTRACTS OF
GALLIUM(III)-CONTAINING SALTS OF SAB-172, TAB-194, TOA

Shong Yu lLin, Dong Zhen Jian, Departiment of Chemistry of Liao
Ning University, Shen Yang, China

In this paper, the extraction behavior of gallium from hydro-
chloric acid, sulphuric acid and sodium chlorid medium with self-
made extractant SAB-172, TAB-194 in heptane has been studied. We
investigated several factors for extraction of gallium. The mecha-
nism of Ga extraction with SAB-172, TAB-194 was extablished by IR,
NMR spectra.

We measured interfacial tension V of liquid/liquid extracted
system, in which SAB-172, TAB-194 and TOA in heptane extracted
gallium(III) from hydrochloric acid medium., By fitting a polynomial,
analytic formulae of V was gained. We calculated and discussed the
special parameter of interfacial adsorption of liquid/liquid. Some
reqular patterns were found, for example: interfacial activity of
the extracts was found to decrease in the order SAB-172 > TAB-194
> T0A, etc. The effect of organic additive, one-valence converse
ion and temperature on the interfacial activity was studied. The
salient feature of the extraction is probably that the actual
complexation of gallium ion occurs at the interface. The thermodyna-~
mical data of micellization were calculated.

The structures of the extractants are:

SAB-172: n-CqH,g
™ CH — NH — CH,CH,0H

- il
n-CyH, g
TAB-194: n-CoH,g CH ,CH,,0f
-~
~ BN o onom
n-CyHy5 2CHy
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EXTRACTION OF RHENATE BY TRIALKYLAMINE (N 8161)

Shong Yu-Lin, Zhang Xiao-Yan, Departmentm of Chemistry, Liaoning
University; Liu Chang-Ji, Organic Chemical Institute of Shanghai,

China

Tne extraction of rhenate from hydrochloric acid, nitric acid
and sulfuric acid medium by trialkylamine (N 8161) in heptane has
been studied. The extraction percentage of rhenate is greater than
95% at the concentration range of acid from 0.02 N to 0.6 N NaOH
and NaClO4 are used as back extractants. The composition of extrac-
ted species RBNHReO4 has been confirmed by slope method, equal molar
series method and sturation method. At 10-50°C temperature, ionic
strength i=0.5, enthalpy change of N 8161 extracting HReO4 is
77.82 kT/mol., At 25°C, I=0.5 the concentration equilibrium constants
for HReO4, HNO3 gCl and H, SO44were determined to be 3.98- 106,
2.32¢ 10 sy 3.31+107 and 2.21+10", respectively. The bonding proper-
ties between R3NH and HReO4 were studied by means of EHMO method,
and the results showed that ionic bond existed for RBNHRe04, that
is (R NH)i(Reo4 .

(N 8161: (06}113 —?H)—3 N)

CH3
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EXTRACTION OF RHENATE BY TRIALKYLAMINE (N 8162)

Shong Yu-Lin, Zhang Xiao-Yan, Department of Chemistry, Liaoning
University, Liu Chang-Ji, Organic Chemical Institute of Shanghai,
China

The extraction of rhenate from hydrochloric acid, nitric acid
and sulfuric acid medium by trialkylamine (N 8162) in heptane has
been studied. The extraction percentage is greater than 95% at the
concentration range of acid from 1N to 0.05N. NaOH and NaClO4 are
used as back extractants. The composition of extracted species
R3NHReO4 has been comfirmed by slope method, equal molar series
method, saturation capacity method and element analysis. At 10-50°C
temperature, ionic strength I=0.5, enthalpy change of N 8162 extrac-
ting HReO4 is 77.94 kT/mol. At 25°C, I=0.5 the concentration equili-
brium constants that HReO4, HN03, HCl and H2804 are extracted were
determined to be 2.82:10°, 4.53-10%, 4.7610°, repectively. N 8162
and its extracted species show high thermal stability.

N 8162:  (CgH, 3c':H FoN - (CH, = CH = CH,CH,CH,CH, )
\
CH, CH,CH,
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SOLUTION CHEMISTRY AND THERMODYNAMICS OF EXTRACTION
OF ORGANIC COMPOUNDS FROM AQUEOUS SOLUTIONS

A.S. Kertes, Institute of Chemistry, The Hebrew University,
Jerusalem, Israel

Liquid-liquid extraction technology for the recovery, separation

and purification of organic compounds has been known for at least

70 years. In most cases the application of the technology was,

and to a good measure still is, limited to the production of bulk
chemicals. As none of these extraction processes involves chemical
reactions, there was until recently little interest in the chemistry
of the extraction process as applied to the usually low market-value

organic products.

For the last decade or so there appears to be a renewed inte-
rest in the extractive technology as applied to organic compounds
in general, and organic nonelectrolytes in particular. Examples are
the separation and purification of speciality pharmaceuticals reco-
vered from natural sources; the recovery of ethanol from biomass; the
production of organic acids and other fermentation chemicals formed
by bioconversion of glucose via metabolic intermediates; the fractio-
nation among chemically similar solutes such as isomers, and others.
In these and similar processes, liquid extraction is proposed as an
alternative to existing separation processes such as distillation,
esterification or precipitation. With the possible exception of the
pharmaceutical industry, no extractive technology for organic chemi-
cals based on chemical interaction appears to have been carried thro-

ugh to major industrial implementation.

It is our considered opinion that the development of a techno-
logically viable cost-effective and energy-efficient process, the
extractive recovery of organic chemicals must be based more on chemi-
cal sophistication than considerations of design and other engineer-
ing parameters. The experience accummulated for the last three deca-
des on the application of solvent extraction to the inorganic field
of hydrometallurgy and nuclear technology demonstrates the all-impor-
tant role chemistry must play in the development of modern and effici-
ent separation processes. For the extraction technology to penetrate
the organic chemical industry, substantial improvements in the existing

recovery and purification technology are needed.

The existing information on the chemistry and thermodynamics of
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the transfer process of organic compounds and nonelectrolytes from
water into an organic solvent or mixtures of a diluent and an extrac-
tant is rather limited both in scope and depth. Two earlier mono-
graphs, one on the extraction of organic compounds in general [1l] and
another restTricted to phenols and their derivatives [2], cover the

Soviet literature comprehensively. An extensive compilation of parti-
tion data of organic compounds covering the literature up to 1975 is
included in a monograph [3] on correlation and semi-empirical predic-
tion of distribution ratios in water - n-octanol systems. Our, more
recent, reviews on the extraction of fermentation product carboxylic
acids [4] and low-molecular weight aliphatic alcohols [5] summarize
the state-of-the-art, and emphasize the need for a large body of reli-
able chemical and thermodynamic data. We submit that for a successful
application of solvent extraction to the recovery and separation of
organic compounds, the level of knowledge and understanding of the
fundamental chemistry involved has to reach that on inorganic salts
and complexes. A systematic collection of fundamental factual and
-numerical data is thus the order of the day.

The chemistry of extraction of most organic compounds and non-
electrolytes, but especially those which are liquid at room tempera-
ture, is complex and differs from that of inorganic salts and comple-
xes in many respects. Most differences are associated with one or

more of the following characteristics:

(i) state of the solute in the aqueous phase. While most ionic

equilibria of dissociation, association, ion-pair and complex forma-
tion are reactions well understood in aqueous solutions and quanti-
tatively expressed in terms of mass-action equilibria, the state of
nonelectrolyte solutes in water and aqgueous solutions is still far
from being described quantitatively in terms of chemical reactions
involving hydration, dissociation, aggregation or simple dimeriza-
tion. Carboxylic acid semielectrolytes are the possible exception
as for most their ionization constants are known.

As an example of the complexities involved is the state of
alcohol solutes in water in general, and those water-miscible alco-
hols in particular. Inspite of such simple solubility behavior,
aqueous solutions of ethanol, for example, show abnormalities both
in physical and thermodynamic properties. In descriptive terms, of

course, the pecularities of such solutions can be attributed to the
dual character of the alcohol and to the simoultaneously occuring
competing reactions of hydrogen bonding. In the water-rich region,
the ethanol-water mixture is characterized by a strong exothermic
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enthalpy of mixing. Exothermicity reflects the "structure- breaking"
effect of ethanol on the three-dimensional water structure. None of
these effects are known well enough, certainly not to the extent that
numerical values can be attached to the equilibrium constants of the

assumed reactions.

(ii) State of the solute in the organic phase. 1In most cases the

state of inorganic solutes in the organic phase composed of the ex-
tractant dissolved in a diluent is relatively simple. When the ex-

traction is by virtue of salt or complex fomation as in the case of
chelating agents, phosphoric and carboxylic acids extractants, the
organic phase species are mostly unhydrated and unsolvated. With the
possible exception of the salts formed between simple or complex
inorganic acids and alkylamine extractants, the organic phase species
are nonassociated and mononuclear. The transfer process can usually
be described by simple mass-action law equilibria and the relevant
constants are known with good precision. 1In some more complicated
inorganic systems in which the extraction is by virtue of solvation
as in the case of neutral extractants such as ethers, ketones, or
neutral phosphoric or carboxylic acid esters, the degree of solvation
of the neutral and undissociated inorganic species is known in quan-

titative terms of solvate-formation constants.

The state of the nonelectrolyte solute in the organic phase is
still only known in descriptive terms, in best of the cases. Taking
again the example of alcohols, specifically that of the simple binary
system of an alcohol in a normal alkane. These are the simplest con-
cievable systems suited for testing theories of ideally associated
liquids: as the alkane is the ideally nonreacting component, any devi-
ation from an ideal behavior most be governed by the alcoholic compo-
nent alone. Inspite of this apparent simplicity, the problem of al-
cohol selfassociation is far from being resolved. Hydrogen bonding
produces varying extents of alcohol aggregates, defined in a number
of different forms, and several association equilibria are superimpo-
sed upon each other. There is a stepwise formation of alcohol oligo-
mers with small stepwise equilibrium constants -though large overall
equilibrium constants-, and their quatitative determination with any
degree of reliability is not trivial. Inspite of many attempts (5]
to identify the sizes of the oligomers and to evaluate the equilibri-
um constants there is little consensus regarding the state of alcohol
solute, much less the numerical oligomerization constants.

(iii) Coextraction of water. In most cases the transfer of inorganic

compounds via salt or complex formation, or via dipole-dipole inter-
action is not accompanied by water. As a matter of fact, water coex-
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traction has no, or only marginal, effect on the chemistry of the par-
tition process.

Not so in the extractive transfer of nonelectrolytes. As a rule,
coextraction of water plays a dominant role, especially with water-
soluble or water-miscible nonelectrolytes. In many cases, separation
of the solute from water at the recovery end is very crucial. There
is little economic incentive in an extractive separation process if
it results only in a marginal enrichment of the water/solute ratio
over that in the initial aqueous solution. In order to minimize the
coextraction of water and to facilitate subsequent dewatering, signi-
ficabtly more attention is needed to understand factors affecting the

transfer process of nonelectrolytes.

(iv) Overall extractability. As a very general observation, the ex-

tractability of nonelectrolytes from water is very low. A significant
exception is that of carboxylic acids by alkylamines when the extrac-
ted species are the unionized, and possibly aggregated, alkylammonium
salts of the acid. Taking again the example of the low-molecular
weight aliphatic alcohols, typical distribution ratios into aromatic
hydrocarbons are around 0.03 and less than 0.01 into aliphatic hydro-
carbons. Extractability into reactive solvents, usually oxygen-bearing,
such as tributylphosphate, higher aliphatic alcohols and phenol deriva-
tives, is significantly higher, sometimes by as much as two orders of
magnitude. In absolute terms, however, even that extractability is

low when compared to that of inorganic compaund and electrolytes.

It is thus an important challenge to identify powerful extractants

for nonelectrolytes.

Finally, we will discuss briefly a few examples to demonstrate
the way in which distribution data for nonelectrolytes can be treated
quantitatively. The first is that of extraction of carboxylic acids
by long-chain trialkylamines dissolved in a diluent, and the other
example discusses distribution data of lower alcohols between water
and m-cresol extractant dissolved in hydrocarbon diluents.

Extraction of carboxylic acids. Citric acid, 2-hydroxypropane-1,2,3-
tricarboxylic acid, with pK values of 3.13, 4.76 and 6.40 at 25°C is
extracted from its aqueous solutions of constant ionic strength by

tri-n-dodecylamine, TLA, dissolved in toluene. Vanura and Kuca [6]
have measured distribution ratios of high precision as a function
both of the acid concentration in the initial aqueous solution and
that of the amine extractant in toluene in a wide concentration range.

The extraction process

PH,A + qTLA + rH [§) [1]

0 = TH,A)_ (TLA) (H
2 )p q
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taken to represent the interaction between the components, has ‘the
equilibrium constant

i r
K,,q,r = [(H38) (TLA) TH,0) 1 / [(H;A1® TTLATY (m,01% (2]

The stoichiometry of the extracted complex is determined from func-
tions of the q = f(p) type, where @ and p are the average
values of the stoichiometric indexes q and p, using a suitable,
rather simple, computer program. The experimental distrd bution data
were best explained by the formation of five predominating complex-
es in equilibrium having the following p,q,r stoichiometries and

equilibrium constants

= +
log K1'2,1 117 0.22,

109 K o s .17,

= +
log Kg ¢ 4 8.39 *+ 0.05,
log Kg ¢ g = 8.49,

log K)3,13,8 = 19.14 * 0.013.

Along similar lines, the extraction of succinic acid, ethane
1,2-dicarboxylic acid, with dissociation constants 4.20 and 5.64 at
25°C, from its aqueous solutions into chloroform and methyl-isobutyl
ketone solutions of Alamine 336, a Cg-Cy0 trialkylamine, was recently
studied [7]. A similar calcculation procedure, though more restricted
in the number of set of complexes taken into account, suggests that
in chloroform the predominating complex is p=q=1 with the equilibrium
constant of log K1’1 = 2.39 at 25°C. In methyl-isobutyl ketone the
best fit was obtained by assuming two complexes existing in equilibri-
um, one with the composition and constant of 1log K1'1 = 1.26, and the
other 1log K2'1 = 1.93.

*Extraction of alcohols. WQuatitative information on the extraction of

alcohols is very limited [5], their overall low extractability making

it difficult to obtain experimental data with sufficiemnt precision for
quantitative treatment. Arenson [8] has measured the distribution ratio
of ethanol from water to toluene solution of m-cresol as the extractant.
The relative high distribution ratios were attributed to the formation
of ethanol-cresol adduct according to the equilibrium

pPEtOH + qCresol = TEtOHT;TCresolig'. (31

The straight line plots of the conventional slope-analysis method
drawn with a unit slope, shown in Figure , indicate the stoichiometry
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of p=g=1 of the extracted adduct. Very similar treatment has been
recently reported for the extraction of four butanol isomers with
m-cresol [9].
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Distribution ratio of ethanol from 1 mol/L solution
into toluene as a function of the extractant concen-
tration at various temperatures
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EXTRACTION OF CARBOXYLIC ACIDS FROM AQUEOUS SOLUTION
BY MEANS OF TERTIARY AMINE EXTRACTANTS: EQUILIBRIA
AND PROCESSING ALTERNATIVES

J. A. Tamada, A. S. Kertes, and C. J. King,
Department of Chemical Engineering and Lawrence Berkeley Laboratory
University of California, Berkeley CA 94720, USA

Fermentation processes for the production of carboxylic acids
produce multi-component, aqueous solutions with  product acid
concentrations typically 10% w/w or less. Extraction of these acids
from such aqueous solutions by long-chain, alkylamine extractants
dissolved in organic solvents has been shown to be an effective
separation process on the laboratory scale [1].

An industrial extraction process for recovery of low-volatility
carboxylic acids would involve two main stages. The first is the
extraction of the acid into the solvent to produce an acid-loaded
extract and a relatively acid-free aqueous raffinate. The second stage
transfers the acid from the solvent into the aqueous product and
regenerates the solvent to be recycled to the extractor (see Fig. 1la).

A McCabe-Thiele diagram (Fig. 1b) outlines the process [2]. During
the extraction stage, the equilibrium curve must 1lie above the
operating relationship. A low solvent flow rate corresponds to a

s § F = Feed

- <] P = Product

§ t R = Raffinate

-E 5 ’_ = Water 5 s

& E Ls=gm:m Fig la. Extraction-Regeneration

RS= Regenerated SCheme for Recovery of Non-

irent Volatile Carboxylic Acids into

an Aqueous Product

0.4 Fig 1lb. McCabe-Thiele Diagram
§ for an Extractor-Regenerator
f 03} System
A
g
a
®oz2}|
]

4

o |

3 01 % Regenerator

] S

n — §e.

rEERS),
"0.00 0.04 0.08 0.12 0.16

Solute in Aqueous Phase

316



relatively large slope of the operating relationship. Thus high
equilibrium distribution of acid into the solvent phase is necessary in
order to achieve good product recovery at reasonable solvent flow
rates. During regeneration, the situation is reversed--the equilibrium
curve must lie below the operating relationship. The slope of the
regenerator operating curve must be relatively small in order to
achieve a reasonable product concentration. The equilibrium
distribution of the acid into the organic phase must be low so that
most the solute can be recovered from the solvent into an aqueous
product of reasonable product concentration. Therefore, for a
practical process, it is important to effect a downward shift in the
equilibrium line between the extraction and regeneration stages.

Equilibrium Studies. Sets of batch experiments have been performed
in which aqueous solutions of succinic acid of known concentration are
equilibrated with organic solutions of Alamine 336 of known
concentration. The experiments were <carried out at various
temperatures and in various diluents (organic solvents which dissolve
the extractant). These systems have been characterized by a chemical
modeling approach, in which p molecules of acid and q molecules of
amine are assumed to react to form one or more acid-amine complexes:

[ApBql

PA + gB = A By 4 -
P-q ﬁkq [A]P[B]4

Values of p, g, and the overall formation constant, ﬂbq, are obtained
by fitting various stoichiometric models to experimental data.

Previous experiments [3,4,5] have shown that the choice of diluent
greatly affects both the stoichiometry and equilibrium constants of the
reaction. Solvents designated as active diluents interact strongly
with the complex and enhance extraction. Examples of these are
hydrogen-bonding solvents such as chloroform or 2-ethyl-l-hexanol.
Ketone diluents also enhance extraction and seem to promote the
formation of complexes with a 2:1 acid:amine stoichiometry. Inert
diluents, such as aliphatic hydrocarbons, are poor solvating agents for
the complex and result in low distribution coefficients and possibly
aggregate formation.

ure_ Swi B = ion. Equilibrium experiments indicate
that an increase in temperature decreases the loading of the extractant
for carboxylic acid-amine systems. Miles Laboratories has developed a
process for citric acid extraction based on this principle [6]. The
acid is extracted at a low temperature, and regenerated at a higher
temperature, with a change in temperature on the order of 60 C°.
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Data showing the effect of temperature on the extraction of succinic
acid by Alamine 336, a tertiary amine extractant, in methyl iso-butyl
ketone (MIBK) and in chloroform are given in Figs. 2a and 2b,
respectively. The equilibrium curves are significantly lowered by the
temperature increase. However, a tangent pinch occurs midway along the
operating curve for regeneration, due to the concavity of the
equilibrium curve. This factor complicates design and 1limits the
effectiveness of temperature swing.

Equilibrium Organic Succinic Acid, mol/l

; i ; i i ’ 4 . 0.0 i i " i " i
? l{mo 0.04 0.08 0.12 016 0 0.04 0.08 0.12 0.18
Equilibrium Aq Succinic Acid, mol/1 Equilibrium Agqueous Succinic Acid, mol/1
Fig 2a. Effect of Temperature Fig 2b. Effect of Temperature
on the Extraction of Succinic on the Extraction of Succinic
Acid by 0.3 mol/l Alamine 336 Acid by 0.3 mol/l Alamine 336
in MIBK in Chloroform
Diluent Swing Back-Extraction. Another approach for shifting the

equilibrium relationship between extraction and regeneration involves
removal or addition of solvent prior to the extraction and regeneration
stages [7]. The primary extraction is performed with high active
diluent content in the solvent, so as to promote large distribution
coefficients. The regeneration is performed with low active diluent
content and relatively high inert diluent content in the solvent, so as
to facilitate back-extraction of the solute into an aqueous product.
In an example scheme (Fig. 3), the active diluent is distilled from the
extract leaving the primary extractor, and is recycled to join the
regenerated solvent leaving the regenerator.

Data for succinic acid extracted by Alamine 336 in a diluent
composed of in varying ratios of chloroform (active) to n-heptane
(inert) diluent are shown in Fig. 4. Removal of active diluent has a
very strong effect on the equilibrium distribution of acid. The
equilibrium line for regeneration is no longer concave downward. Thus
the tangent pinch for the regeneration process is removed, or at least
ameliorated.
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Diluent change can be used in combination with temperature swing to
compound the effects of both.
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EXTRACTION OF ETHANOL BY PHENOLS

D.R. Arensonl, A.S. Kertes? and C.J. King1

1. Department of Chemical Engineering and Lawrence Berkeley
Laboratory, University of California, Berkeley, CA, USA;

2. Institute of Chemistry, The Hebrew University, Jerusalem, Israel

Production of alcohols by fermentation results in dilute aqueous
solutions from which the alcohol must be removed and concentrated. The
cost of this separation process can be a substantial fraction of the
value of the final product. In order for extraction to become
attractive for the purification and concentration of ethanol, a solvent
of sufficient capacity must be found. The solvent extraction chemistry
of the 1lower aliphatic alcohols has recently been reviewed[1].
Equilibrium distribution ratios for ethanol are generally low. Some
example values are listed in Table 1. The phenolic, m-cresol, provides
a distribution ratio over twice as large as any other solvent listed,
including the nonaromatic alcohols and the carboxylic acids. There is
little chemical information concerning the interactions occurring in
systems where lower alcohols are extracted by a polar solvent. However
it is possible to use distribution data to determine some attributes of
these systems, which may then be used to search for better solvents or

conditions for extraction.

Table 1

Distribution ratios for ethanol, 25°C
solvent _D ref.

m-cresol 2 .17 *
quinoline 1.00 [2]
2-ethyl hexanoic acid 0.52 [3]
tributyl phosphate 0.54 [4]
2-ethyl hexanol 0.58 [4]
methyl i-butyl ketone 0.50 [3]
n-butyl acetate 0.34 [4]

chloroform 0.13 *

toluene 0.08 *

* - this work

In this work, phenols were investigated as extractants giving higher
capacity for ethanol. m-Cresol was used in investigating some
properties of the complex formed between the alcohol and the phenolic
extractant.

Figure 1 shows typical data for extraction of ethanol from dilute
aqueous solutions at 25°C, by various phenols with toluene as the
diluent. Other diluents (xylene, dibutyl ether) were used in two

cases, as indicated. Distribution ratios are reported in concentration
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units. There is 1little effect of additional substituent groups onto
the aromatic ring of the monohydroxy phenolic extractants. The extra
hydroxy group of the catechol and resorcinol provides some additional
capacity. The distribution ratio appears to be a nearly linear
function of the extractant concentration. With other diluents, the
relationship between distribution ratio and extractant concentration
changes as shown in Figure 2. This difference is a result of several
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DISTRIBUTION RATIO FOR m-—-CRESOL

competing interactions between the diluent, solute and solvent. Among
these are: competition between the diluent and the solute for the
solvent, change in dimerization constant in different diluents and
solvation of the ethanol-cresol complex. A complimentary effect is
seen on the distribution ratio of m-cresol for the same systems in
Figure 3. Previous investigations([3] have shown that high distribution
ratios are accompanied by low separation factors for ethanol versus
water. A similiar inverse relationship is seen for the mixed solvents.

From the distribution data in Figure 4 at various temperatures in
toluene, estimates can be made of the stoichiometry and stability of
the complex. The interaction between ethanol and m-cresol can be

expressed as a heterogeneous complexation equilibrium:

Ep + Cn ¥ EpCp , (1)
K —inle D[CIgn
n,m [EJQ [CJQ o (2)

in which Kn,m is the heterogeneous complexation constant; [E]s, [Clgo
and [EpChlo are the concentrations in mol/l of the agueous ethanol,
organic m-cresol and ethanol/m-cresol complex respectively; and D is
the distribution ratio, with concentrations in mol/l. The

stoichiometry of the complex can be ascertained by the slope-analysis
method. Alternately, the complexation constant for a homogeneous
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Fig,4. Ethanol distribution ratio vs. initial organic
m-cresol concentration at different temperatures; 0°C(m),
25°C (@), 50°C(A)

equilibrium can be calculated using the activity coefficients of

ethanol in addition to the distribution data:

E+ C 2 EC, il

[EClo
K =

[E]o,free[c]o (4)

where K differs from K, p in that [E], is replaced by [Elg,free- the
concentration of non-complexed ethanol in the organic phase (i.e. Kn,m
= K * Ko where Ko is the distribution ratio between aqueous ethanol and
non-complexed organic ethanol). This assumes a 1:1 complex between
ethanol and m-cresol and that the m-cresol in the aqueous phase does
not affect the aqueous activity coefficient of ethanol. From these two
sets of complexation constants, enthalpies of interaction can be
calculated. The calculated enthalpies are all of the same magnitude as

those measured for the dimerization of alcohols[5].
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THE DISTRIBUTION OF ORGANIC SOLUTES BETWEEN WATER AND SOLVENTSl 81 I

Y. Marcus, The Hebrew University, Jerusalem, Israel and University of
California, Irvine, CA, USAy R.W. Taft, University of California,
Irvine, CA, USAy and M.J. Kamlet, Advanced Technology and Research,
Burtonsville, MD, USA

In. many important processes nonelectrolytic organic solutes
distribute between water and either polar or nonpolar organic solvents
that are essentially immiscible with water. Such processes include
industrial processes for the recovery, separation, or purification of
such organic solutes as drugs, pesticides, other pollutants, etc. But
also natural processes that involve the transfer of certain chemicals
through lipid membranes, as occur in anesthesia or toxicity phenomena,
are based on such distributions. Finally, very efficient HPLC proces-
ses for the separation and analysis of organic substances are also
based on their distribution between aqueous phases and organic phases.

It would therefore be of great value if a general method were
available to predict the distribution ratios of organic -solutes
between water and organic solvents. Such predictions are now feasible,
based on a multivariable approach, that has been developed in recent
years, and has been applied very successfully to such quantities as
the solubility of organic solutes in water [1,2], or their distribu-
tion between a typical organic solvent, l-octanol, and water [3].

An extensive set of distribution ratios Kow of organic solutes has
been collected by Leo and Hansch [4], involving both small organic
solutes, with up to 10 carbon atoms, and larger ones, such as certain
drugs, and both nonpolar and polar organic solvents. The predictive
method described above requires independent knowledge or valid
estimates of certain parameters for properties of the solutes, as
detailed below. These parameters are known or can be estimated so far
for hundreds of monofunctional aliphatic and up to bifunctional
aromatic solutes with up to 10 carbon atoms. Thus a data base of about
1500 distribution ratio data, that involves 25 water-immiscible
essentially 'dry' solvents and 7 ‘'wet' solvents (that have water
contents at a mole fraction >0.13) has been obtained from this

compilation and analyzed as follows. The data are valid for 25 °C and
infinite dilution of the solute in the two-phase system.

The data for the dry solvents involving the solutes (subscript 2)
and solvents (subscript 1) were fitted to the following equations:

. L] 2 L L]
log Ko = Av (v2/100) A6H + A '*2 Av®

1 + Au'cmz'Aﬂl + AB'BmZ'Acv

1

2
= Te . . L] . LN S . .
log Koo ™ B, (vI/loo) A6Hl + A“' Lo O Ac' aip 8B, + AB' 8 PRLLIP
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The A's are fitting coefficients, V and VI are the molar and intrinsic
Iglumes, GH is the Hildebrand solubility parameter, ** and * are the

C NMR and solvatochromic polarity/ polarizability parameters, a is
the solvatochromic hydrogen bond donating ability, B is the correspon-
ding hydrogen bond accepting ability (or electron pair donating
ability), and subscript m denotes the monomeric solute, in the case
that the solute is self-associating. The differences 4 pertain to the

parameter for the solvent minus that for water.

Table 1. The fitting coefficients A  for 'dry' solvents

Solvent A_  Solvent AL Solvent AL
cyclohexane 0.36 benzene -1.62 chloroform -1.23
n-hexane -0.14 toluene -1.38 bromoform -1.17
n-heptane -0.44 xylene -0.42 nitrobenzene *
n-octane 0.03 CC14 -0.12 diethylether -0.41
trimethylpentane 0.20 dichloroethane -4.13 diisopropylether|-0.80
n-decane 0.17 chlorobenzene -1.62 hexone -3.00
n-dodecane * bromobenzene -2.78 ethylacetate -1.97
n-hexadecane -0.13 o-dichlorobenzene| 3.25 butylacetate -1.75

isopentylacetate|-1.44
* Too few data for these solvents to give meaningfull A values.

These expressions yielded sets of coefficients Av, Aa, and AB or
Av', Al and Ae that were independent of the solvents, including
aliphatic and aromatic hydrocarbons, halogenated hydrocarbons, ethers
and esters, and nitrobenzene. In the cases of the ethers and esters,
the differences Asl are essentially zero, hence the term in anp was
ommitted. The A coefficients differed for the various solvents (see
below) , but the A coefficients were nearly independent of them. No
independent terms were included in the reyressions, in order to have
the minimal number of fitting constants. The average values found for
the coefficients were A, = -1.79%0.15 (J/mol)-l, A = 7.07t0.61, and
Ag = 4.96%0.36, for 1040 data points, ranging in log Kow from -2.5 to
+3.5, with an average standard deviation of the fit of 0.17 and an
average correlation coefficient of 0.992. The values of A are listed
in Table 1. The second expression yielded Av' = 3.32%0.21 (J/mol)_l,
A" = 2.3t0.4, A ' = 4.60.2 and AB' = 7.3%0.3 for 738 data points
tested for 17 solvents, with an average standard deviation of 0.13 and
an average correlation coefficient of 0.995. Predictions for 'dry!
solvents can be made with known values of their parameters 6H1, w*lr
]

and a the above listed coefficients.

114 1%
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A sufficient amount of data have been found in the compilation [4]
for the distribution of solutes between water and certain 'wet'

solvents: tri-n-butyl phosphate and alcohols from butanol to decanol.
For these solvents, that have water mole fractions >0.13 in their
water-saturated states, the values of the solvent parameters are not
known, since they are expected to differ from those of the solvents in
the neat state. Therefore the alternative equation:
log Ky, = Av"vz/loo + A“"n*z + A "ta o 4 As"smz

was used for correlations, again with correlation coefficients >0.99,
average standard deviations of the fit of 0.11 for 320 data points in
the above-mentioned range of log Koy The A coefficients are shown in
table 2. For the higher alcohols, the Av' do yield nearly the average

Table 2. The fitting coefficients A for 'wet' solvents

Solvent Av' A“' Au' AB'

tri-n-butyl phosphate 2.62 0.40 -0.48 -2.19
l-butanol 2.47 -2.13 -0.14 -2.21
2-methyl-1l-propanol 2..23 011212 -0.12 -2.49
l-pentanol 2.79 0.03 0,21 -3.38
l-hexanol 3.00 0.09 -0.30 -3.19
l-octanol Srerls5 -0.13 0.27 -4.24
l-decanol 3.22 0.16 -0.09 -4.00

A, value given above (-1.79) when divided by L for the neat

solvents but not for the butanols or tri-n-butyl phosphate. The A"'
and A ' values are hardly larger than twice their standard deviations,
and are of low significance (except Au' for tri-n-butyl phosphate).
The apparent AB values obtained by dividing the AB' values by Aay of
the neat solvents are not constant. They increase form 5.5 for butanol
8 (4.96) for the
dry solvents. The effect of water in the 'wet' solvents thus seems to

to 9.9 for octanol, and are higher than the average A

be to decrease their hydrogen bonding donation ability, by itself
being hydrogen-bonded to them.

The coefficients for the hydrogen bonding terms (for the ‘'dry'
solvents), A, and AB’ can be used for the estimations of the basicity
of anions and the acidity of cations on the same scale as is generally

applicable to non-electrolytic organic substances, The ey values for
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2+ 2+

cations range from 5.5 for Cu to 2.3 to Hg and from 2.2 for Li+ to
0.5 for Cs*, ordered roughly in the same manner as their hydrolysis
constants. The 82 values for anions range from 3.2 for fluoride to 0.1

for perchlorate, indicating their relative hydrogen bond acceptances.
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EM'RACTION OF CITRIC ACID BY N,N-DISUBSTITUTED ALKYL AMIDES m

Wang Wenqing, Yi Min, Department of Technical Physics, Peking
University, China

The present paper suggests a process for the extraction of citrie
acid from fermentation broth with N,N-disubstituted alkyl amides pro-
duced from the fusel oil, Fusel oil is composed of approximately 80%
amyl alcohol, 15% butyl alcohol and 5% other alcohol.

Disubstituted amides are to be expected strong extractants.

R _rw § _r
R—C—Fp (I) — R~0—8; (11)
The contribution of (II) should not only weaken the carbonyl bond but
should also increase the availability of the electrons of the oxygen
atom for bond formation. A systematic investigation of the use of
N,N-disubstituted alkyl acetamide as an extractant for the extraction
of citric acid has been studied.

Table 1., Extraction of citric acid By using logarithm plot and
with N ,N-disubstituted alkyl amides continued variate method, the
| composition of extracting com-
Extractant Distribution ratio plex was proved to be
R
CH,CH,CON(C,H.) 1.57
2 < Because of the requirement
CHBCH§CON(C4H9)2 Tat®) of low solubility in water, we
CH,(CH,) ,CON(C,Hy) , 1.02 selected CHCON(CGH, ), repla-
CH,CON(CgH, ) 0.724
3 817’2 ced of CH3CON(C4H9)2, and com-
CH,CON(C, . H,,) 0.640
H3 pu 11H23)2 pared its physical properties
CHB‘(’ (§130§'(r 2 0.112 with tributylphosphate 'BP) and
CH4(CH,) (CON(C,Hg), 0.106 trialkylphosphine oxide (TRPO),

The LD 50 values of acetamides are much larger than those of neut-
ral organophosphorus extractants, e.g. LD 50 value of acetamide is
10300 mg/kg, whereas those of TBP and TRPO are 3000 and 3370 mg/kg
respectively.

Table 2, Determination of the mole ratio of DPAA to citric
acid by equimolar method

CDPAA/CH3A 1/1 2/1 3/1 4/1 5/1

Y o.
(HBA)org (M) 0,406 0.563 0.548 0.541 539
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Plots of log D versus 1/T gave a straight line. From the slope,
AH was found to be -11,5 kdJ/mol (DPAA), -15.9 kJ/mol (TRPO) and
-21.4 kJ/mol (TBP) respectively. Citric acid can be conveniently re-
covered from the amide phase by back extraction with water. The ex-
traction process is exothermic, so the extraction is favorably carri-
ed out at lower temperature (10-20°C) and strippings at higher tem-

Table 3. The extracting power and physical properties of DPAA,
TBP and TRPO

Extractant| Molecular| Density| Refractive| Solubility| Distribution
Weight dfs Index ngs in water ratio (25°C)
DPAA 199 | 0.847 |1.4495 . 1.71
TBP 266 0.973 |1.4223 0.42 0.924
TRPO 312 0.877 |1.4630 0.09 11.5

Table 4. The Comparision of Toxic Fffects of extractants
Lb 50 Acetamide K-503 DPAA TBP TRPO
mg/kg 10300 8200 - 3000 3370

Table 5. Diluent selection CH3A’°’593 M, extractant/diluent=2/1

Distribution ratio

Extractant
kerosene| butyl butyrate|ethyl butyrate| MIBK |n-hexane
DPAA 0.526 0.703 0.691 0.830 0.497
TBP 0.382 0.386 0.431 0.503 0.354
TRPO 2,63 2.92 2.86 2.86 | 2.64
. = NI S

perature (60-70°C). Provided that a proper value of distribution ra-
tio is adjusted by adding sweet odor diluent-butyl butyrate. The emul-
sification is destroyed by adding the active carbon power and suitable
amounts of sodium chloride at 80°C. The extraction percentage can be
attained 96.6% by five stages of counter-current extraction and back
extraction required to reach high percentage recovery 99% by 60°C wa-
ter at ten stages. Considering an extractant for industrial purposes,
it must have a low price and high availability such as low toxicity,
low solubility in water, low viscosity and high extracting power. We
suggest to use N,N-disubstituted alkyl amides produced from fusil

oil as an extractant and kerosene 260 as diluent for citric acid.

References

1, Jing Yu-Ming, Li Dao-chen, Su Yuan-Fu.//ISEC'83,Denver,Colorado,
UsA, 1983, P. 517.

2. Richard J, Lewis, Sr., Rodger L, Tatker. Registry of Toxic Effects
of Chemical Substances. 1978. P. 3.

329



THE ADDITIVITY PRINCIPLE AS APPLIED TO CHARACTERIZATION OF

ANION-EXCHANGE EXTRACTION OF ORGANIC ANIONS &2

E M.Rakhman'ko,G.L.Starobinets,A.L.Gulevich,N.M.Snigireva,
J.S.Prilutskaya and T.I.Borshchenskaya, Research Institute of
Physical-Chemical Problems, Byelorussian State University,
Minsk,USSR

The principle of linear free-energy relationship (LER) is widely
applied for description of anion-exchange extraction by salts of hig-
her quaternary ammonium bases (QAB) [] :

A
i
aG,

Agy Ay Ay o By Agp
ex = a (86" - a6 ™) logK, t=a (a6, "= a6, =") (1-2)
8 8

ex
where Ai and Ast are the investigated and standard anions respective-
ly;a and a' are the coefficients dependent on the solvent nature and
independent of the anion nature.

As is seen from Fig.1,this dependence takes place for a number of
simple mineral anions though the extractibility of SCN -ion is much
higher than it is to be expected from its hydration energy[Z].Besi-
des,hydration energies of this anion calculated using the LER princi-
ple appear to be different for different solvents of QAB.The main
reason for such behaviour of the SCN -ion is a change of its position
in the extractibility series,with different QAB solvents being used.
Organic anions exhibit even more abrupt disturbances in the extracti-
bility series.Fig.2.

The autors of [3] have found that diphyl anions,possessing an iono-
genic group (alkylsulphates,alkylsulphonates,alkylcarboxylates)along
with a hydrophobic moiety,do not obey the LER principle. This is exp-
lained by the fact that an increase of an ion size at the expense of
uncharged hydrophobic groups and atoms results in a sudden increase
of its extractibility and affects slightly its hydration energy.Thus,
the hydration free energy of an organic anion,with a radical being

increased only by one CH,-group,increases by 0,69 kJ/mol [4] .At the
same time for the majority of solvents the free exchange energy of
an anion decreases in this case by 3,64 kJ/mol,i.e. more than 5-fold
decrease of the exchange energi exceeds an increase of the hydration
energy.

An increase of the hydration energy with transition from Cl~ to
Cl04 —enion due to a decrease in a charge density is rather essential
and amounts to 121,3 kJ/mol [2] . But a decrease of the exchange ener-
gy,with toluene being used as a QAB solvent,equals only 30,2 kJ/mol,
i.e., it is smaller by a factor of 4 .

In that way contributions of ionogenic and hydrophobic groups of
anions to the extraction free energy are ambiguosly correlated with
the hydration free energy in an aqueous phase.Therefore,application
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of the LER principle to diphyl anions encounters difficulties,but se-
parate application of the LER principle to ionogenic and hydrophobic
groups of diphyl ions seems to be promising.

1 23 45 & i

A, el s | 8,1 /ll

v 1 %
logKny 4l A ‘:
oL a PR o ?

350 302) 250 —AHh

7.
Pig.1. Correlation 1gK, - aHy

for mineral anions. QAB solvent:
a-heptyl alcoholj;b-chloroform;
c-toluene. Anions:

1 -¢17,2 - Br~,3 - SCN',NOB';

4 - €1057,5 - 17,6 - €10,

-1 0—logCROH 1

¥ig.2. The effect ofAheptyl alcohol
concentration on ngCi.AnionB: 1 -
CHBOSOE,2-02H50805:3-C6H13000'14 -
C6H5803,5-g7ﬂ15000,6-CH3€6H4803 .
7-CBH17COO ,8 - C H19000 y 9 - _
(03H7)2NCH206H4803,10-C11H23coo 3

11-C8H170803,12-C1OH21OSOB, 13 -

C12H10505

One may suppose that an ionogenic group of a diphyl ion behaves
like inorganic anions in the extraction system.This assumption allows
simple evaluation of hydration emergies of organic diphyl anions and
their extractibility,using the additivity principle,by the following
equations:

AG:;i = AG; + ZI}‘E (3)
a6 = 2G5t - 1/:1-/;(;,‘:.5';x (4)
AG‘:stex - Aci:tu -3t (5)

log Kﬁ:t = a' (AG, - AGQSt) +I1d (6)

where Iex and Ih are the increments of groups to the extraction free
energies and hydration energies, the sign (*) denotes an ionogenic
gTroup .

An advantage of the approach proposed lies in the fact that the
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number of kinds of ionogenic groups at the great amount of organic

anions is small.Table 1 lists their exckhange constants per Cl -ion
for QAB in toluene solutions and their appropriate hydration energies
Table 1. Increments of ionogenic groups to log exchange constan¥s
and their hydration energies for QAB in toluene solutions being

used
Ionogenic group -C00~ OSOS SOS
leKg, -2,2 0,92 0,80
AGh,kJ/mol -383 =315 -318

Application of the suggested approach is restricted to anions,
the contributions to hydration energies for whose moieties are kmnown.
Predominantly,these are homologues of organic acids.For anions con-
taining the moieties with unknown hydration energies,another approach
is suggested. ;t has been found out that slopes of bilogarithmic de-
pendences ngCI - lgCROH for non-diphyl ions and inorganic groups of
organic ions have a linear correlation with their hydration energies
(Fig.3). It is probably due to rather similar mechanisms of anions
solvation by alcohol and their hydration.

The correlation is of the form:

Ay
-aGy " = 328 + 91,2 ted; (M

Table 2. The values of ngéi for QAB in toluene and hydration
energies of organic anions and SCN -ion calculated by different

methods (kJ/mol)

Anions 1gKo4 ted, | 4Gy(2) 4G, (3) 4Gy ()
0330603' 1,89 0,17 =293 =314 =345
CHs050,~ 2,35 0,06 -283 =313 -335
C,Hq0503” 3,58 | -0,13 | -255 -312 -317
C6H130305 4,90 -0,14 -225 =310 -316,5
06H13C00 1,73 0,17 =297 =379 =345
07315000' 2,33 0,19 -283 =378 =347
C7H35C00” 8,20 0,42 -150 -371 -368
CeHs504” 2,62 -0,37 -2176 3-318 -296
CH4C ¢H,50,4~ 3,21 -0,36 -264 ==317 -296
(czus)znc,,}lsso 3,72 -0,28 -251 ==318 -304
06113(1!0 ),0 6,10 -1,06 =197 ==247 -233

6H (NOZ) O 8,24 =-1,47 =151 ==197 =195
Methyl red 3,32 0,30 -259 =393 =357
Methyl orange 6,20 -0,30 -197 x=330 =302
Butyl orange 9,68 -0,50 -163 =330 -284
SCH~ 4,18 -0,43 241 - -290
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Fig.3. Correlation AGh-tgdi and AHh-tgdi for inorganic anions

As it is seen from Table 2,the hydration energies of anions -
homologues,calculated by two suggested methods,are rather close and
markedly lower than those calculated by Eq.(2).0nly for anions with
a delocalized charge (picrate-ions) the hydration energies calculated
by all the discussed methods are close. Characteristically,the value
of sH, for theSCN -ion calculated from their correlation AHh-ts°g
practically coincides with available data produced by the non-extrac-
tion method [2) .

The suggested method allows to predict the extractibility of or-
ganic anions by QAB solutions in different organic solvents by their
hydration energies.

References

1. Schmidth V.S. Extraction by Amines. Moscow:Atomizdat Press,1980.

2. Izmailov N.A. // Electrochemistry of Solutions. Moscow:Khimia
Press,1976.

3. Rekhman'ko E.M,.,Starobinets G.L. et al. //Zh. fiz. khim. 1987.
Vol.61.P.932.

4. Kakoveky M.A. // Proc. of the Institute of Mining Engineering.
1956.Vol.3.P.255.

3313



NEW EXTRACTION SYST#MS BASED ON ZINK AND ALUMINIUM
HALIDE SOLUTIONS

8-7

G.L.Starobinets, E.M.Rakhmanko, S.li.Leshchev, S.F.Furs,
T.K.Khaletskaya, Institute for Physiko-Chemical Problems of the
Byelorussian State University, Minsk, USSR

The studies of the salt addition effect on distribution of organic
substances in water-organic solvent systems have revealed that con-
centrated zinc chloride and bromide solutions strongly extract lower
homologs of organic electron-donating substances (alcohols, ketones,
ethers, etc.). It has also been found that concentrated zinc and alu-
minium helide solutions in polar organic solvents form two-phese sys-
tems including aliphatic hydrocarbons with still higher extraction of
electron-donating substances. Mineral salts being kmown to salt out
organic substances [1,@ , this phenomenon was thoroughly investigated.

The work is also aimed at studying the relation between the struc-
ture of concentrated zinc halide solutions comprehensively dwelt on
a high level in [3,4J and the extraction power of these solutions.

These works have offered direct evidences that in concentrated
solutions ZnHa.l2 moleculeszform linearly polymerrized clusters with
tetrahedral complexes ZnHal4— , in which each zinc ion is surrounded
by 4Hal™ ions and Hal -ion interacts with two zinc ions, being their
elementary links.

Distribution of different organic substances between octane and
solutions of the above salts in water, lower alcohols, acetone,
ethylacetate, etc. has been studied as well as some physico-chemical
properties of these solutions (density, viscosity, electrical conduc-
tivity, etc.).

The viscosity and electrical conductivity data so obtained confirm
the data of [3,4] .

The experimental interphase distribution constants (P) of electron-
donating substances are additive quantities allowing one to consider
the salt effect as that of hydrocarbon radical and of functional
groups.

Extraction is stronger as salt concentration grows (Table 1). For
fixed salt concentration, salination is especially strong for higher
homologs in the diethyl ether>propanol > acetone ~ ethylacetate >
methanol series which is bound up with decreasing CHZ-group increment.

In the case of organic nonelectrolytes of different classes, the
distribution constant is determined by the functional group nature.
The distribution constants were the lowest for alcohols and sulfoxi-
des due to low functional group increments.
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Table 1. Decyl alcohol distribution constants and group increments
in extraction octane - zinc bromide solution systems for different

solvents
cZnBrz, Acetone Propanol Methanol
mol/1l ICH2 IOH P ICHZ IOH P ICH2 IOH P
6.4 0.16 |-3.37 [0.019] 0.12 ]| -3.51 [ 0,005| 0.26 |-4.25 | 0,025
5.0 0.16 |-3.26 |0.023| 0.11| -3.12|0,010| 0.22 | -3.61| 0.043
4.0 0.15 | -3.02 | 0.035]| 0.10| -2,79 | 0.017]| 0.21 | -3.31|0.072
2.0 0.11 |-2.08 |0.121| 0.08| -2.25 | 0.039| 0.17 |-2.36 | 0.236

Table 1 (end)

Canrz’ Diethyl ether Ethyl acetate
mo1/1 | on, | Tou P Ten, | fom .
6.4 - - - 0.16 | -3.36 10.018
510, 0.08 | -2.29 |0.036| 0.15 | -3.10 | 0,030
4.0 0.08 ] -2.09 [0.048| 0.13 | -2.57 | 0.055
2.0 0.04| -1.24 ]0.140| 0.08 | =1.39 | 0.250

The increments of methyl, methylene and polar groups of Table 2
can be used to predict distribution constants and separation factors
of organic substances differing in the nature of functional groups.

As for the ability to extract electron-donating organic nonelect-
rolytes, the salt phase of the above extraction systems greatly
exceeds any polar phase used for separation. In concentrated
nonaqueous salt solutions the value of IOH achieves -4,0 and under
while in the systems octane - water and ethanol, water and propanol
mixtures, dimethylformamide, dimethylsulfoxide or water, the values
of IOH are, correspondingly, -1,38, -1,52, -1,76, -2,31 and -3,30.
It can easily be seen that high extraction power of salty solutions
owes to very low values of polar group increments at moderate—CHz-
group increments (0,10-0,30).

The results were used to develop the separation and decontamina-
tion technique for organic nonelectrolytes of different classes.
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Table 2. Functional group increments in distribution constant
logerithm of extraction octane - aqueous and methanol zinc bromide
solution systems

Methanol gzinc bromide solutions Aqueous zinc bromide

solutions
c c
ZuBra Ion [ Tom | Toc | Teao|Tel | Ts<|®seo | Z2BT3 Ie,| Ton |Ice0
mol/1 mol/1

6.0 10.26 }4,26|-2.42|-3,10-2.88]-2.91|-T7.25| 9.1 [0.89 [-6.46|-5.T7
5.0 0,21 |-3,61|-1.59 -2.47|-2.05|-1.81|-6.64| 7.6 0,72 -4.89|-4.24
4,0 0.21F3,31|-1.27|-2.22|-1.81|-1.25|-6.30| 5.8 [0.61 3.79|-3.05
3,0 0.18 2,78 |-0.97 -1.86 |-1,43|-0.8T7|-5.23| 3.9 [0.60 +3.45|-2.82
2,0 0,16 }-2,37|-0.76 1.57 [-1.27|-0.46|-4.34| 1.9 [0.59 }3.33]|-2.41
0 P.11F1,79]|-0.73 1,13 }-1.04|-0,34|-2.32| O [0.60 }3.52|-2.45

Production of higher alcohols by paraphine oxidation gives the
mixture of those products. This mixture can be separated by the
extraction system consisting of petroleum ether and zinc halide solu-
tion in lower alcohol or aluminium bromide in acetonitryl. The purity
of end products constitutes 98,8 to 99,9 per cent.

In production of halide alkyls from alcohols and PIB’ the reaction
mixture contains up to 3-5 per cent unreacted alcohol and 8-12 per
cent phosphide acid ethers along with the end products. Water-alcohol
salt solution treatment of halide alkyls gives the end product con-
taining less than 0,1 per cent of admixtures.

In c-tokoferol production, the reaction mixture contains together
with the main product, 12 per cent of isophytol which is removed
from the mixture by treating it with propanole zinc chloride soluti-
on. As a result, A-tokoferol containing 98% of the main product is
obtained.

Two functional groups available in a diole molecule offered the
procedure to separate two polar nonelectrolytes such as monobasic
and dibasic alcohols using aqueous-alcohol zinc bromide solution.

Low increments of functional sulfur groups offer the procedure
to desulfurize oil products by their extraction with salt solutions.
Single extraction results in 10 to 30-fold reduction of the amount
of higher sulfur-organic compounds and traces of lower compounds.

Salt phase is diluted with water to obtain extracted substance.

In this case, distribution constants of polar substances sharply
increase. The iatter are extracted by a phase of low-boiling solvent
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(methylene chloride, chloroform, etc.). Upon its distillation, a
pure polar substance is produced.

Thus, new extraction systems characterized by a unique ability
of extracting higher homologs of electron-donating substances can
be developed by using concentrated zinc and aluminium halides. It is
also pointed out that extraction and clustering of salt solution are
symbatic processes. The above data demostrate the effectiveness of
the proposed extraction systems for fine separation and thorough
refinement of different organic compounds.
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REGULARITIES OF SPECIFIC SOLVATIONS OF MONO- AND POLYFUNCTIONAL
ORGANIC COMPOUNDS EXTRACTED FROM AQUEOUS SOLUTIONS
N.L.Egutkin and Yu.E.Nikitin, Institute of Chemistry, Bashkirian
Branch, Academy of Sciences of the USSR, Ufa, USSR

Our studies have been carried out into the extractions of aliphatic,
aromatic, and alkylaromatic mono-, di-, and polycarbonic acids, phenols,
and their oxy-, carboxy-, methoxy-, phenoxy-, sulfo-, nitro-, haloid-,
and alkyl derivatives, amines, as well as some natural and semisynthetic
penicillines, macrolide and polyene antibiotics, tetracyclines, steroids,
phytohormones, vitamins, antitumour antibiotics, and other mono- and
polyfunctional organic compounds (MFOC, PFOC) from aqueous solutions.

Extraction properties and mechanisms have been investigated with
MFOC and PFOC distributed into ethers, esters, ketones, alcohols, chlo-
roorganic solvents, tributylphosphate, various sulfoxides, alkylphenols,
and mixed solvating media.

The compositions of solvates extracted have been estimated. by the
bilogarythmic method and, in some cases, by those of saturation and
isomolar series. The model extracted complexes have been preparatively
synthesized for certain systems. The results obtained have laid the
basis to postulate the regularities of solvation of MFOCs and PFOCs
extracted from aqueous solutions.

MFOC solvation. Nonhydrated monosolvates [A-S] and those hydrated out-
of-sphere have been found to form mainly in extractions of MFOCs-mono-
carbonic acids [1] and monoatomic phenols [2] with strong basic electron-
donor solvents (SBES) such as sulfoxides and tributylphosphate taken in
excessive amounts as related to the compound distributed. The similar
extraction mechanism works with distributions of haloid-, nitro-, alkyl,
methoxy-, phenoxy-, and other derivatives of phenol and carbonic acids
each containing a single proton-donor group.

Under the conditions of SBES "deficiency", the distribution of mono-
carbonic acid monosolvates occurs with the concomitant extraction of
self-associated species [3), while with phenol, there have been observed
the formation of a half-solvated [Ph2-S], a third-solvated [Ph3-sl, and
higher associated species solvated by one SBES molecule [Phn-S].

When one proceeds to extraction of strongly acidic MFOC such as sulfo-
acids [4], he can observe the extraction mechanism with SBES to suffer
radical changes consisting in the formation of highly solvated hydrated
complexes,

H -0 - H-O<:-: RSO (1

The solvation in this case has been shown to realize via the interactions
of an extragent and the hydrated hydrooxonium ion. The sum of solvation
and hydration numbers comrises four thus being in good agreement with the

solvation number for H30+.
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As one could expect, the changed type of solvating agent should lead
to changes in the extraction mechanism and in the compositions of extract-
ed complexes. However, in a series of SBES similar by their properties,
e.g. sulfoxides and tributylphosphate, the mechanism of MFOC extractions
remains really unchanged, though certain differences exhibit themselves
in the effect of an "inert" diluent, in the dependence of KO1 value of
extracted complexes on that of pKa of distributed proton-donors and,
surely, in the values of extraction constants.

With weak basic electron-donor solvents (WBES) such as ethers, esters,
ketones, etc., the MFOC solvations undergo qualitative changes. Thus,
monoselvates and self-associated species of distributed compounds can
appear alongside with some amount of hydrated disolvates in extraction
of monoatomic phenols and monocarbonic acids. The nature of deviations
of the bilogarythmic dependences of distribution coefficients from the
linear one affords the assumption of the formation of even trisovates.
Still, there has been furnished no evidence to the existence of a hydrat-
ed solvate [A3S-H20].

PFOC solvation. It should be expedient to start the discussion of
solvation regularities of PFOCs extracted from aqueous solutions with
such compounds, which contain several similar functional groups Rxn.

As a first approximation, the solvation regularities for such compounds
may be represented by an additive scheme of MFOC solvation with respect
to the number of solvated groups. Thus, in extraction of multiatomic
phenols containing "separated" OH-groups and of polycarbonic acids with
sulfoxides and tributylphosphate, there are mainly formed the extracted
complexes possessing the solvation number equal to that of the proton-
donor groups of the compounds distributed. As compared to MFOCs, no
solvated self-associates of the [An-S] type have been found for PFOCs.
At the same time, the reactions of re-solvation (2) have been observed

H
g . S— (2)

0HS H-odl 0RO,
to result in the solvates coordinatively unsaturated by the extragent
and in the hydration of a vacant OH-group. Thus, quite possible is the
formation of mono- and disolvates [5] for the system sulfoxide—CCl4—

H20— (:i};g that being dependent on the ratio of sulfoxide and resorcinol
concentra

With WBES as butyl acetate, the re-solvation (2) has not been consi-
dered typical due to the low ratio of extragent and PFOC concentrations

ion.

in the organic phase, where the maximum solvation number may reach the
doubled number of the PFOC proton-donor groups g=2n to be in good agree-
ment with the data obtained by Tcharykov [6].

Some important peculiarities of PFOC solvations of the RX  type have
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been found in extractions of o-isomers of aromatic polycarbonic acids
and multiatomic phenols as well as of cis-isomers of unsaturated dicar-
bonic acids containing o -positioned -COOH groups. The extraction of
catechol with sulfoxides [7] has been thus assertained to yield mono-
solvates only. The results obtained have been explained owing to the
idea of bidentate coupling of the sulfoxide oxygen to both hydroxyl
groups of catechol (3) to be supported by the abnormally high values
of K01=2180 .

\o—s/

= (3)
-o” '\

and by the strongly marked shifts of the SO-group absorption bands

so=40cm- in IR-spectra of isolated complexes and extraction phases.
The effect of bidentate coupling has been also observed in extractions
of catechol with methylcyclohexanone, ethers, esters, and some other
WBESs.

Of special interest have been regarded the phenomena revealed in
extractions of PFOCs possessing functional groups of different types
Ranm. It should be noted that such structures are inherent to the
most part of biologically active compounds. The formation of complexes
coordinatively unsaturated by the extragent with the solvation number
equal to that of the most acidic functional groups has been established
to occur in extractions of Ranm containing proton-donor groups differ-
ing in their acidities pKa for more than five units, while with strongly
basic electron-donor solvents (SBES) - this being precisely the case of
extractions of oxyacids, amidoacids, penicillines, antitumour antibio-
tics as variamicine and mitramicine, etc.[8,9]. The appearance of

coordinatively unsaturated solvates may be explained by the strong

dependence of K, on pKa of proton-donor groups thus leading to the fact

that at the bacgground of intensive intermolecular interactions of SBES
and the most acidic functional groups of distributed compounds, the spe-
cific solvation of less acidic functional groups turns out unrevealed
by the distribution means and exerts no influence on the dependences
of distribution coefficients on the SBES. Such a phenomenon may be
called the effect of intramolecular éompetitive desolvation. A certain
desolvation effect can be also exhibited by the so-called "inert"
diluents. With the growing energy of interactions of diluent and extra-
gent, the solvation numbers can decrease, while the coordinative unsa-
turation of the extracted complexes increases. The maximum solvation
numbers have been observed with the employment of solvating extragents
of parafinic and naphthenic hydrocarbons as diluents.

The use of WBESs as extragents results in a decreased coordinative
unsaturation of the solvates formed because the dependence curve of

ngo on pKa is of more flat character.
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The investigations of extraction of PFOCs with pKa{pKaf 5 have shown

the distribution to be usually followed by the formation of solvates
coordinatively unsaturated by extragent as it occurs in extractions of
oxyaromatic carbonic acids. Therefore, the solvation number should be
equal to that of proton-donor functional groups in extraction of such
compounds with SBES. Still, in extraction of salicylic acid with sul-
foxides, there have been only observed monosolvates formed due to the
effect of bidentate coupling, i.e. the solvation number may decrease
by a unit in extraction of o-isomers both in the case of PFOC Ranm
and of Rxn.

Peculiar regularities may be revealed in extractions of PFOCs contain-
ing both nucleophile and electrophile functional groups. Methoxyphenols,
methoxy- and phenoxy carbonic acids, and steroids have been considered
as appropriate models of such compounds. For the PFOCs mentioned above,
the regularities of specific solvation with ES and PE become quite dif-
ferent. Thus, the extractions with chloroform result in the complexes
coordinatively saturated by the extragent [10]), while those with ES
give the coordinatively unsaturated solvates formed in terms of the re-
gularities postulated for extractions of MFOC and PFOC containing proton-
donor groups only.

A mixture of electron- and proton-donor solvents used is often
accompanied by mixed solvates [Rmen-q1qu2§g formed to lead to the
appearance of synergetic effects [11].
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COMPARATIVE ANALYSIS OF CHEMICAL EQUILIBRIA IN EXTRACTION -
SYSTEMS AND NON-AQUBEOUS SOLUTIONS. H-COMPLEXES OF PHENOLS
WITH ORGANIC ELECTRON-DONORS

E.L.Smol 'skaya, N.L.Egutkin, Institute of Chemistry, Bashkirian
Branch, Academy of Sciences of the USSR, Ufa, USSR

Research workers are not unanimous in their considerations of simi-
larity and discrepancy factors in chemical equilibria realized in non-
aqueous systems and in extractions of organics from aqueous solutions.
Therefore, quite obvious turns out the necessity in the comparative
analysis of such systems to provide for a range of application of dis-
tribution methods in estimating the compositions and stabilities of the
H-complexes formed from one hand and, from the other, to justify the
calculations and prediction of extraction equilibria according to the
existing literature data on the constants of formation of molecular
complexes in non-aqueous solutions obtained by the physico-chemical
methods as IR, UV, NMR spectroscopies, etc.

Phenol (Ph) and p-fluorophenol (PFP) have been selected as the
subjects of scientific research; the molecular complexes of these com-
pounds with electron-donor solvents (ES) have been reported by many
authors.

The bilogarythmic method has been applied to the estimation of com-
positions of H-complexes formed in extractions. The constants for

monosolvate formation K have been calculated according to equation (1),

01

Y =Y, =-nY
K i 0 ass , s

01
PXSfr

With the simultaneous formation of mono- and disolvates, the depen-

gr=So~ (¥Y-¥p-n¥, gq)e (1

dences (2) have been plotted to find the stepped formation constants

Koq7 Ko2

KnaS (2)

= 025¢r*

+ K

01 01

Figure 1 gives some bilogarythmic dependences of distribution coeffici-
ents D on the equilibrium concentration of ES in CCl4 in extractions of
Ph and PFP.

As it follows from Fig., with the strong basic electron-donor sol-
vents (SBES) as TPPO, DHSO or DPSO, the angle tangent of bilogarythmic
dependences is equal to 1 to evidence to the formation of the 1:1
extracted complexes only. The same conclusions are drawn [1-7] on the
basis of physico-chemical studies of non-aqueous solutions. With the
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System ES-Ph v i
& dihexylsulfoxide (DHSO) 2
@ diphenylsulfoxide (DPSO) // o
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System ES-PFP // //6/ /ﬁ/
® triphenylphosphine oxide (TPPO) AAA‘( -
:;////r 1 &,

weak basic electron-donor solvents (WBES) as esters, ketones, etc.,

the inclination angle tangent of bilogarythmic dependences exceeds 1,
i.e. alongside with the formation of monosolvates, there may appear
higher solvated H-complexes in such extraction systems. According to
the existing literature data [1-7], the solvation number g=1 for the
analogous systems in non-aqueous media. Thus, with WBES there have been
observed essential differences in chemical equilibria realized in ex-
tractions and in non-aqueous media. The symbatic changes in H20 and Ph
concentrations in the equilibrated organic phase in extractions with
WBES afford a conclusion that the formation of highly solvated phenol
H-complexes is conditioned by the presence of hydrated solvates.

The discrepancy between the extraction systems and non-aqueous solu-
tions of phenol may probably lie either in the compositions of H-caomplexes
or in the constant values of their formation. It is demonstrated [9]
in what way the hydration factor influences the dimerization constants
of proton-donor compounds. We have failed to find out the similar data
for the heteroassociation processes resulting in the Ph-S solvates. To
solve the problem, the distribution method has been employed to estimate
K01 values of phenol and p-fluorophenol with ES for further comparison
thereof to the literature data obtained for non-agueous systems.

Table 1. Formation constants of 1:1 H-complexes of phenol and
p-fluorophenol with different ES in CCl, at 25°C

4
N H-complex Ko‘,I/mol Cited values|| N H-complex KO‘,l/mol ited values|
I |[(C.H.),SO0-PFP| 12021 10541 [4] Vi (iso-C H ) OPFP| 11.020.5| 11.2 [3]
652 107 (3] 2
1) [(C.H.) PO-PFP|1350+12 145680 [4] |lvil | (iso-C,H,),0Ph 7.94¢0.3| 8.14 [1]
Lt 1445160 (3] 372
1 |(C.H.) ,PO-PFP| 657210 870 [2] |jvini| CH,OC H_*PFP 1.604£0.05 1.05 [3]
6'5'3 37675 2.3 [b]
v (C3H7)20~PFP 7.710.1 8.9 [71 || 1x CH30C6H5'Ph 1.6 £0.1] 1.2 [5]
\) (C3H7)20-Ph 6.0£0.1 6.22 [1] X CH3C0C6H5'PFP 16.0£0.6 | 13.5 [3]
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For comparing the results obtained by different methods, one should
account for the KO1 values with respect to those of experimental errors,
which unfortunately are not often cited. Thus. for example, the rela-
tive error in IR-spectroscopy reaches 10-40% [8].

The accuracy of K01 values is high enough (Table 2), which is deter-
mined by the correct use of interphase distribution data (ES diluted so-
lutions, Y<<sn).

Table 2. Calculations of the formation constants for H complex
(C6H5)3P0-Ph by the extraction data; Po=0.45; t=25°C;

diluent - CCl4

TPPO concentration, thgzlen:2:I?;:rium K Y -POX-nVassoc
S ol i
2.1073 1.97 2.01 670

5.1073 3.57 6.36 654

5.1073 1.1 2.56 632

1.1072 2.44 7.49 622

1.1072 3.64 12.1 709

2:Ap™2 2.30 13.4 633

2.10'2 6.00 33.2 667

2-1072 13.7 6.6 670

Kor= 657110

Accounting for the above said, the examination of Table 1 shows the
constants Ko1 of heteroassociation formation to possess rather .similar
values. As for some divergency with II, III, IV, there arises no ground
for reliable conclusions, with respect to the error values, on the
essential differences of the 1:1 H-complex formations in non-aqueous so-
lutions and under extraction conditions.

With SBES as sulfoxides, the coincidence of KO1 values results from
the existence of non-hydrated monosolvates in the extraction phases [10].
With WBES, such a coincidence has been considered probable either in
the case of preferable formation of non-hydrated monosolvates since
monosolvate-monohydrate can transform into a hydrated disolvate, or in
that of similarity of the stability constant values for the hydrated and
non-hydrated monosolvates.

Since the extraction process is determined by the sum total of chemi-
cal equilibria, the available literature data on the constants of mono-
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solvate formation, with WBES, those obtained by the physico-chemical me-
thods for non-aqueous solutions, cannot be applied to the quantitative
description of distributions and to the precise evaluation of WBES ex-
tractivities if one fails to take into account the hydration and the
possible formation of highly solvated H-complexes.

At the same time, the reliable constant values for the formation of
1:1 H-complexes can be estimated on the basis of Ph and PFP distribut-
ions. The supposed observations of constants' interconnection for the
formation of non-hydrated monosolvates and hydrated mono- and disolvates
is believed to result in much extensive application of the constants
obtained by physico-chemical methods in non-aqueous solutions to the
extraction chemistry. As far as SBESs (sulfoxides, phosphine oxides,

etc.) are concerned, the K values estimated by different methods afford

01
the quantitative descriptions of extraction equilibria in rather a wide

range of component concentrations.
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SEPARATION OF COMPLEX MIXTURES OF ALIPHATIC ALCOHOLS 8-10
AND AROMATIC HYDROCARBONS BY EXTRACTION

N.M.Socolov, I.A.Borisova, V.G.Vatskova, T.M.Yakshina, A.I.Gorbunoy,
State Research Institute of Chemistry and Technology of

Organoelement Compounds, Moscow, USSR

The problem of mixture separation and isolation of pure individual
chemical substances is one of a great practical importance. Liquid ex-
traction as mixture separation technique has received recently much
attention. This arose fram the fact that this process has some advan-
tages over rectification [1].

Ethyl and n-butyl alcohols, toluene and chlorobenzene have been fo-
und wide application in different fields of chemical industry. Aquco-
us mixtures of above - mentioned solvents are formed in several pro-
cesses for production of organosilicon resins, varnishes and other
products. The purpose of this article is to study extraction of consi-
dered aromatic hydrocarbons from alcohols with which they form in the
presence of water complex triple azeotropes hardly separated by recti-
fication.

To evaluate the possibilities of this method and calculate subse-
quently the statics of process and equipment liquid - liquid equilibri-
um in tripple systems with limited solubility of components, formed by
ethyl and n-butyl alcohols, water, toluene and chlorobenzene has been
studied. We studied also the influence of butyl alcohol on equilibri-
um in ethyl alcohol - water- butyl alcohol system and the influence of
chlorobenzene in ethyl alcohol- water - butyl alcohol, water - toluene -
butyl alcohol, ethyl alcohol - water- toluene systems.

In the course of equilibrium investigation we determined separate-
ly the position of binodal and equilibrium composition lines at
293.15 K. Equilibrium compositions were analyzed by chromatograph
with relative error no more than‘7%. Some diagrams of phase equilib-
rium of studied systems are shown in Fig. 1. As mutual solubility of
water and toluene as well as of water and chlorobenzene is small and
practically equal, equilibrium data for 4-component systems formed by
above-mentioned alcohols, hydrocarbons and water are presented as
pseudotriple diagrams. Diagrams of systems formed by ethyl alcohol,
water, toluene and chlorobenzene have closed-type lamination region
which adjointed the binary sides of Gibbs triangle - hydrocarbon - wa-
ter. Diagrams of systems which contain n-buthyl alcohol, water and
above - mentioned aromatic hydrocarbons have opened type lamination re-
gion which adjointed the following sides of triangle: alcohol - water
and water - hydrocarbon.

In ethyl alcohol- water - toluene and ethyl alcohol - water - chloro-
benzene systems coefficient of alcohol distribution takes on values
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Fig. 1. Liquid-liquid phase equilibrium diagrams of systems formed
by ethyl and n-butyl alcohols, water, toluene and chlorobenzene at

283.15 K; weight %

from 4 to 30 and 48.5, respectively. It should be noted that chloro-
benzene addition to ethyl alcohol-water-toluene mixtures increases al-
cohol distribution coefficient up to 54 in the field of it's diluted
solutions. In this way, separation of ethyl alcohol from above-mentio-
ned aromatic hydrocarbons by extraction using water as extractant does
not seem to be complex.

As 1llustrated in Fig. 2 the coefficient of butyl alcohol distri-
bution decreases as it's concentration in aqueous phase increases.
The coefficient dependence of butyl alcohol distribution on ethyl al-
cohol content in aqueous phase in the systems formed by above-menti-
oned alcohols, water, toluene and chlorobenzene is shown in Fig. 2.
The analysis of results presented in Fig. 3 shows that the coeffici-
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ent of butyl alcohol distribution decreases in the prosence of aro-
matic hydrocarbons and remains constant up to 12% by weight ethyl al-

cohol concentration in aqueous phase. As ethyl alcohol content in
aqueous phase increases the coefficient of butyl alcohol distribution
increases too. By this means, addition of ethyl alcohol during extrac-
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tion of butyl alcohol will promote it's separation from hydrocarbons
by water.

Separation of ethyl and butyl alcohols from toluene and chloroben-
zene by extraction has been studied in the laboratory on standard mix- .
tures. Four-staged countercurrent process was simulated in separating
funnels in accordance with technique proposed in [2]. In the course
of experiments, proportions between extractant and starting mixture
and concentration of ethyl alcohol in it has been varied. Toluene -
chlorobenzene ratio in model starting mixtures was kept constant and
equel to 20. Raphinade and extractant were analyzed chrometographical-
ly. The experiments showed that maximum concentration of ethyl alco-
hol in raphinade of toluene and chlorobenzene mixture was not more
than 0.005% by weight. It consistent well with conclusions made on
the basis of data relative to liquid-liquid phase equilibrium of cor-
responding systems. The results obtained during studing of extraction
process are shown in Fig. 4 as dependence of butyl alcohol concentra-
tion in raphinade on the ratio of alcohols in starting mixture. As il-
lustrated in Fig. 4, extent of butyl alcohol extraction from the mix-
tures of toluene and chlorobenzene increases with increasing of ethyl
alcohol concentration relative to butyl alcohol in starting mixtures.

The results obtained
show that there is possi- F
bility of practically

1 - extractant/starting
mixture ratio
| 2 - ratio
'y

complete separation of 5 P
alcohols from hydrocar- E g 30 | !
bons by extraction using § ]
water as extractant and 3 :?
adding, if necessary, o
ethyl alcohol. g’? 20 = k1
We used above-mentio- o, . \
ned method in which we- & | \, W
ter and ethyl alcohol gd 1 RN
are used as extractants "é % \‘\
as the basis for desig- © H ‘'~
ning extraction unit of 3 é 5
SERliASEIGE] | prbdona Ratio of ethyl and butyl

for solvent regeneration

during production of si-
licone lacquers and re- Fig. 4. The results of butyl alcohol sepa-

sins. ration from hydrocarbons by extraction

alcohols in starting mixture
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EXTRACTION OF PHENOLS FROM COAL TAR OILS 8-12
K.Z2ieborak, T.Porebski, L.Szozda, S.Tomzik, Chemical Industry
Research Institute, 01-793 VWarsaw, Pplend

Coal-tar oils like a middle oil, naphthalene o0il, 1light o0il or a
wash o0il contain numerous different components Caromatic and
heteroaromatic hydrocarbons). Therefore, isolation of a highly
concentrated group of individual components (phenols, bases, etc.) is
not a simple task.

At present, extraction with an alkali solution is the method most
frequently used for removal of phenols from tar oils. This method gives
a vast amount of toxic waste materials.

The purpose of the present work is to present a new no-waste process
for the removal of phenols from tar oils involving a two-step
extraction with a diluted aqueous solution of monoethanolamine (MEA) in
the first step and with methyl tert—-amyl ether (TAME> in the second
step.

The literature [1,2] contains some data concerning MEA as the

extractant for phenols. However, the selectivity of the separation of
phenols from aromatic hydrocarbons has been found with this solvent to
be unsatisfactory. The data were presented for a concentrated MEA-water
solution.
Figure 1 shows the
90 influence of the MEA
concentration and of
12 the content of aroma-
tic hydrocarbons in

it on the efficiency

.
e 5
g :
g g
>
S °g izati
a g g of dephenolization.
o -8 ow The selectivity of
g g 5 aqueous MEA solutions
ol o0
. ~ 6 i_‘g increases as the
5 513 concentration of the
g - 4 S: amine is decreased.
© 2
—g' gg At low MEA concentra-
o o :
a - 2 Q =] tions (below 10 wt.X%)
o
y ; . this effect is rather
20 40 60 MEA,% wt small. Addition of
Fig.1. Dephenolization efficiency and water to the amine
aromatic hydrocarbon content in MEA causes in general a
as a function of MEA concentration decrease in the
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distribution coefficient K for phenols (expressed as the ratio of the
weight fraction of phenols in aqueous MEA solution to that in the tar
o0il). However, at 15 wt.Xx of MEA, the extraction efficiency was found
to rise. Between 10 and 40 wt.X%, the value of K was found to remain
practically constant. For process design purposes a 15 wt.% MEA

concentration was chosen for the first extraction step.

In Figure 2, the extraction Ce’
equilibrium curves for middle “ut. =
0il- phenols- 15 wt.% aq. MEA 333 K
systems at 333 and 293 K are 104 93 K
presented. As may be seen from
Figure 2, the effect of 51+
dephenolization is greater at : T ' '
333 K. The boiling points of 10 20 30 Cn,% wt,
phenols and MEA are rather Fig. 2. Phase—equilibrium curves
close, therefore the amine for system phenols-carbolic oil
cannot be separated by a simple MEA 15% wt.aq. solution

distillation. Thus, a reextraction step with a low-boiling organic
solvent in the second step was proposed. This solvent should meet the
following requirements: the boiling point must be much lower than that
of phenols; it must be chemically and thermally stable, possibly least
soluble in the primary solvent (MEA solution> and have a high
distribution coefficient K for phenols. The K-factors expressed as the
ratio of the weight fraction of phenols in the organic and the MEA
phases for several commonly used organic solvents are presented in
Table 1. A very low value of K obtained for benzene eliminates this
compound as a solvent. Butyl acetate hydrolyses in alkaline solutions.
From the group of ketones and ethers the best results were obtained
with methyl tert—amyl ether (TAME) (see Table 1). Some physical and
chemical data for the chosen reextraction solvent(TAME) are presented
in Table 2.

Figure 3 shows a simplified flow sheet of the MEA-TAME
dephenolization process of a middle oil. In the block diagram all the
intermediate operations necessary for the production of high-purity
phenols as well as the approximate material balance are shown.

A phenols-containing coal-tar o0il is fed to a countercurrent
extraction column, where phenols are extracted with an aqueous 15 wt.X%
MEA. To obtain hydrocarbons-free high—-purity phenols, the MEA-phenols
extract 1is washed with a naphtha fraction prior to the TAME
reextraction step. Next the phenols are reextracted with TAME and the
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MEA-water solution is recycled to the first step of the process. From
the phenols—-ether solution, the residual amine and pyridine bases are
removed by the use of carbon dioxide and diluted sulphuric acid,
respectively. Then TAME is distilled off and recycled, yielding pure
phenols as the bottoms product which leaves the rectifying column. The

process is closed with no waste and no effluents.

Table 1. Distribution factor for phenols K in different organic

solvents
Solvent Phenols content K-ce/cr Extraction
in aqueous MEA, efficiency,

% wt. % wt,
Benzene 10.4 0.5 25.3

18.6 1.2 39.2
Butyl 10.4 8.7 88.2
acetate 18.6 9.2 91.2
Methyl iso- 10.4 6.2 87.6
butyl ketone 18.6 7.5 90.7
Diisopropyl 10.4 2,5 7.8
ether 18.6 3.5 83.3
TANE 10.4 10.5 93.5

18.6 12.3 96.2
Organic solvent: monoethanolamine (MEA) 15% wt. aqueous solution

ratio—- 1:1
Temperature: 295 K
Cg»Cp~ concentration of phenols in the organic solution and in
water, % wt, respectively.

Table 2. Selected properties of TAME

Formula Value
molecular weight, kg/kmol 102
boiling point, K 359.2
density at 293 K, kg/m® 776
vapour pressure at 293 K, kPa 9.4
Polubility in water at 293 K, % by wt. 1.2
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CHARACTEZRIZATION OF PHASE EQUILIBRIUM IN LIQUID-LIQUID SYSTEMS
PARAFFINS-AROMATICS-SULPHOLANE
Filimena Poposka, Blagica Bliznakovska, Vera MeSko and Aleksandar Grizo,

Institute of Chemical and Control Eagineering,
Faculty of Technology and Metallurgy, 91000 Skopje, Yugoslavia

The process of aromatics extraction from reformed naphtas or hydrogenated
pyrolysis gasoline by selective solvents takes an important place among the
other processes in the petrochemical industry. Various organic solvents found
an efficient comercial application up to now/1-6/. Different processes in the
recovery of aromatics are developed.

In the present study, therefore, characterization of phase equilibrium in
liquid-liquid systems paraffins-aromatics-sulpholane has been carried out. The
equilibrium data of the investigated systems have not been found in the litera
ture because of the peculiarity of the applied paraffinic part of the systems
i.e. paraffinic mixture based c¢cn n-hexane. The obtained results have been com-
pared with those respective to the case when pure n-hexane was used as a para-
ffinic part. This work is a part of our extensive envestigation on the equilib
rium in the process of aromatics extraction with different solvents/7/.

Following systems were investigated:

I.1) n-hexane - benzene - sulpholane;

I.2) n-hexane - toluene - sulpholane)

II.1) paraffins - benzene - sulpholane;

IT.2) paraffins - toluene - sulpholane.

I1.3) paraffins - (benzene+toluene) - sulpholane,

The paraffins in the second group of the systems were hexane fraction (0il
Rafinery Skopje), consisting of 54 ,8% of n<hexane and 45,2% of other lower pa-
raffins (all in weight percent).

Since the systems belongig to the second group are polycomponent, the com-
ponents were classified according to their chemical similarities as: paraffin
(the first component), aromatic (the second) and solvent (the third component)
So, with this simplification, in the further investigation the respective sys-
tems wefe treated as pseudo-threecomponent ones, which enabled their analysis
by the methods valid for classic threecomponent systems /8/.

The process of aromatics extraction from paraffin/paraffins mixture was ca-
rried cut at 303 K and atmospheric pressure.

Aromatics concentration in the starting mixture was from 0-100% (by volume)
and keeping the solvent-to-feed ratio 1:1 constant.

The equilibrium data for all investigated systems are presented in the
equilateral triangle phase equilibrium diagrams.

Comparing diagrams for the systems I.1 and II.1 (figure 1) an increase of
the heterogeneous region iimited by. the binodal .curve in the case of the sys-
tem II.1 is noticeable, which certainly points at the paraffin type influence
on the equilibrium
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Fig, 1. Phase equilibrium diagrams Fig,2. Phase equilibrium diagrams
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Regarding to the systems with the same paraffinic part and different aroma-
tic (n-hexane-benzene/toluene-sulpholane) it can be noticed larger heterogeneo
us region when heavier aromatic (toluene) is present (Figure 2 ), which could
be explained as an influence of aromatic type cn the equilibrium.

The tie lines when ploted in their respective phase equilibrium diagrams
show a convergence to the solvent corner which means that, at the investigated
temperature, the sclubility of aromatics in the paraffin-rich phase (raffinate)
is better than in the sulpholare-rich phase (extract). As an illustration, only
the phase equilibrium diagram for the system II.3 with tie lines in it is pre-
sented in Figure 3.

For all investigated systems the values of the distribution coefficient (KD)
were determined. These are a tendency of a decrease with the increase of the
aroratic concentration in the stérting mixture (xAF)' Higher KD-values of
lighter aromatic are obtained.

In Figure 4. a plot of the distribution and selectivity curves is presented
for all investigated systems. The disposition of the distribution curves be -
llow the diagonal line (KD=1) is evident. The distribution curve for the system
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Fig.3. Phase equilibrium diagram Fig, 4. Distribution and selectivi-
for system II.3 ty curves for paraffins-

aromatics-sulpholane systems
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II.2 is the lowest one, while the distribution curve for the system I.1 is si-
tuated very near by the diagonal.

According to the distribution curves as well as the distribution coeffici-
ent values it could be considered greater sulpholare capacity to lighter aro-
matic (benzene).

The selectivity curves showing the dependence of the aromatic concentration
in the solvent-free extract phase (XA1) on the aromatic concentration in the
solvent-free raffinate phase (XAZ) indicate better sulpholare selectivity to-
ward lighter aromatic - Figure 4.

The values of sulpholane selectivity extent (ﬂ) were determined (as ratio
between the aromatic and paraffin distribution coefficients). The dependence
of the selectivity extent on the aromatic concentration in the starting mixture
is shown in Figure 5. Generally, for all investigated systems a decrease of
the selectivity extent with an increase in aromatic concentration in the star-~
ting mixture is evidert. Analysing the systems from the point of view of the
same aromatic concentration inlthe starting mixture the lowest values of sul-

phclare selectivity extent to aromatics appear in the case of system II.3.

)
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Fig.S. Comparison of sclvent Fige 6. Summary diagram of the
selectivity in the systeme dependence xAE=f(xAF)
paraffins-aromatics~sul-
prholane

From the sumrary diagram - Figure 6. - which shows functional dependence of
aromatic ccncentration in the extract phase (XAE) on the aromatic concentration
in the starting mixture (XAF) is evident an increase in the aromatic concentra-
tion in the extract phase with an increase of aromatic concentration in the
starting mixture. It is noticeable that at the same aroratic concentration in
the starting mixture aromatic concentration in the extract phase is the highest

in the case of system I.1. This is in an agreement with the previously deduced

conclusion about the higher sulpholane capacity for lighter aromatic.
For each of the investigated systems, the plaitpoints (P) are determined by
Treybal’s methcd /11/, shown in Table 1.
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Table 1. Plait-points for the systems paraffins-aromatics-sulpholane

System Paraffin,vol% Aromatic,vol% Sulpholane,vol%
Tt 16,0 50,0 #,0
1.2 11,0 47,0 42,0
IT.1 1959 49,0 31,5
1I.2 13,0 46,0 41,0
I1.3 16,0 49,0 35,0

It is evident that the points in which the composition of the extract and
raffinate phase equalize are very close i.e. comparing all investigated sys-
tems the aromatic concentration at the plait-point is between 46,0vol% and
50,0vol%.

In order to complete equilibrium data necessary for construction of binodal
curve the empirical ccrrelation of Hand/9/ and Cthmer-Tobias/10/ were tried.
As a criteria for agreement of the calculated with the experimental data the
value of the root mean square deviation ( @) was used. The results of the com-
parison of the calculated with experimental equilibrium data for all investi-

gated systems are given in Table 2.

Table 2. Root mean square deviation (G ) of the calculated with the
experimental equilibrium data of the systems:paraffins-aroratics

-sulpholare
System o
Hand Othmer-Tobias
I 0,0420 0,0395
T 0,0097 0,0139
Iy, 1 0,0096 0,0208
T 52 0,0025 0,0096
TIv;3 0,0063 0,0035

Good agreemert was achieved using both of the correlation in the case of all
investigated systems, which enables their furter use in order to recuse the
experiments number in the determination of equilibrium data as well as to pre-
dict them.
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DMI - A NEW EFFECTIVE EXTRAGENT FOR HYDROCARBONS 8-14
A.Z.Bikkulov, G.F.Yukhno, Ufa 0il Institute, Ufa,USSR

A new hydrocarbons extragent - 1,3-dimethylimidazolidine-2-one
(DMI) with high extractional and operating properties,superior to all
known industrial extragents ( triethylene glycol (TEG), sulfolane,
N-methylpirrolidone (NMP), phenol) is developped and studied.

DMI - a colourless liquid with faint amine odour, miscible with wa-
ter and aromatic hydrocarbons in any proportions. The physical-chemical
constants of DMI and main industrial extragents are given in Table 1.

Table 1. Physical-chemical characteristics of extragents

Thden Extragents
DMI sulfolane TEG NMP phenol

Melting point, °C 6 27515 -7,2 -24 42
Boiling po;nt, °C 224 288 287 206 181
Densgty at 20 °C,
kg/m 1052 1260 125 1033 1071
Viscosity (at tempera-|1,918 10,34 38 1,022 3,49
ture, °C), mN's/m° (25) (30) (20) (20) (50)
Heat capacity at 25 °C
kJ/(kg.deg) 1,75 1,47 2,56 1,68 2,35
Evaporation heat at
b. p., kd/kg 429 514 477 486 447
Flash-point c.c., °C |104 165 155 95 75

DMI is more thermo- and hydrolytically stable then sulfolane and
NMP (Table 2).

Table 2. Hydrolytical and Termo stability of extragents

Experiment conditions Extragent decomposition rate, %/h

DMI sulfolane TEG phenol

Sealed ampules, at 200 °C,

anhydrous samples 0,0003 0,001 0,001 0, 0005

The same samples with 5%

water (mass.) 0, 0007 - - -

Metal bombs, at 350 °C,

angydrous samples 0,01 - - -

Free air access at 150 °C 0,22 0,37 0,135 0,30

Limited air access at 150 °C|0,005 0,007 0,003 0,008

DMI and its decomposition products are corrosion non-active as for
ordinary and alloy steels and do not destroy most of the packing mate-
rials (Table 3).
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Pable 3. Materials stability in DMI medium with 10% of water

Material Temperature, Corrosion rate, | Stability
°C mm/year
Steel 3 150 0,02-0,04 stable
Steel 3 350 0,07-0,09 "
Steel 12X18H10T 150 absence absolutely
stable
Steel 15X5M 150 o "
Fluoroplast-4 150 - stable
Paronite 150 - unstable
Rubber 100 - relatively
stable
Rubber Buna 100 - stable
Rubber Viton 100 - unstable

DMI is 8lightly toxic in comparision with phenol and TEG: LDSO
1150 mg/kg (rats) and 2130 mg/kg (mice). The product is referred to
the 3rd class by acute toxicity parametres.

The use of DMI was studied during aromatic hydrocarbons extraction
from different reforming catalysate fractions [ 1], where DMI is con-

siderably superior to TEG and is just as good as

sulfolane (Table 4).

Table 4. Conditions and Results of the Reforming catalysate
extraction process (fr. 62-105°C)

TRdexes Extragent
DMI sulfolane TEG

Solvent/raw materials ratio,
mass 3 3, 2 il
Water contents in extragent, 10 0,6 7
% mass
Extraction temperature, °C 40 76-99 150
Recycle/raw materials ratio,
mass. 0,3 0,3 0,5
Extraction stages number 7/11 11 7
Recovery ratio, % mass.

benzene 100/100 100 9919

toluene 99,5/99,8 99,6 99,0
Specific consumption:

solvent, t/t 0,00025 0,001 0,0024

vapour, Hcal/t 0,514 0,520 0,640

water, m/t 47,3 41,4 54,5
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Table 5. Conditions and Results of the oil fraction selective

treatment (from West Siberian oils) process

II fraction

IIT fraction

IV fraction

Asphalt - free oil

Indexes

DMI phenol DMI phenol NMP DMI phenol NMP DMI | phenol NMP
Solvent/raw material,
vol. 1530 1,0 1o 2,0 2,0 2,0 1,8 2,4 2,7 3,0 3,4
Water contents in the
solvent, % mass. 0,6 2,0 0,35 1,0 T 1,8 2,0 2,7 0,35 2,0 0,3
Water to the bottom
of the extractor,Zmags
(to the solvent) 1,5 1,0 1,0 350 4,0 1,4 4,0 5,3 1,0 1,5 5,3
Temperature, °C 35 40 50 50-62 |50-62 58 p5-72 [65-72 86 |75-85 |75-85
Separation stages
number 3 3 3 3 3 4 g 3 4 3 3
Raffinate yield,ymass.| 71,3 62,0 69,5 | 60,6 61,8 65,0 55,0 | 62,5 76,3 59,5 61,4
Raffinate np 1,4600[1,4600 [1,4665 [1,4672 |1,4670 |1,4760 | 1,4760| 1,4765| 1,4845 1,4845| 1,4835
Sulfur contents in the
raffinate, % mass. - - 0,68( 0,73 0,86 0,95 0,98 0,99 0,98 1,03 1,07
Paraffin-free 0il coke = - = = - 0,05 0,15 0,18 0,28 0,43 0,46
Paraffin - free oil
viscosity index - - iz 91 90 102 89 85 112 95 91




During selective oils cleaning DMI is much more effective than
phenol and more effective than NMP (Table 5).

High effective DMI utilization was studied during kerosene-ga-
soil fractions extractional dearomatization L2], extractive recti-
fication hydrocarbons 04, 05 and highly aromatized hydrocarbon frac-
tions, absorptive refining of indus*rial and waste gases from acid
impurities [3].

DMI allows intensification of aromatic hydrocarbons removal from
middle oil by 2-5% as compared with NMP and furfurol and production
of a more concentrated extract. During isoprene extraction from
isopentane dehydration products DMI increases degree of extraction
by 2-3% as compared with acetonitrile and dimethylformamide. DMI
has a higher capacity in terms of 302 as compared with sulfolane,
NMP and dimethylsulfoxide and, in contrast to the latter, is not
decomposed during recovery.

The processes of DMI preparation from available raw materials is
developped and carried out on a pilot unit, in accordance with the
following schemes:

Method 1

Hocuz-.{—\-cuzou + 2 HCOOH —— “3""'{;\“'0“3 + 2C0p + 2Hy0

The calculation price of DMI 2600 roubles/to
Method 2

2 CHyNHp + CLCHzCHpCl —=— CH3NHCHoCHzNHCHg + 2 HCY

CH3NHCHZ CHoNHCHg + NHaCONHp —= HaC—Q«—cu3 + 2NHy
The calculated price of DMI 2600 roubles/t. 0
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NEW IN HIGHLY MOLECULAR PETROLEUM HYDROCARBONS

EXTRACTION BY SELECTIVE SOLVERTS
N.N. Krasnogorskaya, Ufa O0il Institute, Ufa, USSR

Deepening of oil refining and involving medium and heavy petroleum
cuts into petrochemical synthesis processes require a new approach to
separation process on the chemical composition rather than the molecu-
lar weight.

The most progressive trends in this case is the extraction process
making it possible to separate aromatic hydrocarbons concentrates with
simultaneous obtaining of refined product - raffinate according to was:
teless technology. Though easy to implement extraction is a complex |
physico-chemical process which is impossible to use without understand
ing the essence of the process it is based upon.

In order to establish the mechanism of aromatic hydrocarbons recove
ry from light and heavy petroleum cuts of various composition the ex-
tractive separation was carried on by sulfolane, watery sulfolane, N,k
dimethylmidazoline at the temperatures 303 K to 343 K.

Experimental studies were carried on using 'H-NMR, EPR - and mass
spectroscopye.

As was shown earlier [ 1] the increment of the number of paramagne-
tic particles because of excitation and (or) homolytic dissociation of
diomagnetic molecules is observed upon heating of petroleum products
(see Fig. 1).

Fig. 1. Modification of
the number PMC in gasoil
depending on temperature
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The same effect is expected to be observed in the extractive sepa-
ration process at the elevated temperatures.

In fact investigations according to EPR have shown that the excita-
tion process or homolytic dissociation is taken place alongside with
the process of hydrocarbon cuts extraction at the temperatures above
323 K as testified by the growth of paramagnetic particles. However
experiments on extraction made at temperature 303 K have shown that
under the influence of extra-agent energy dynamics of change of ext-
ract and raffinate paramagnetic properties is observed.
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Table shows the results of experiment of light gasoil extraction
of catalytic cracking and mixing of obtained extract and raffinate.
The data presented in the Table I shows that the number of paramagne-
tic centers in the discharged pattern is smaller than in the initial
product.

Extraction of light catalytic gasoil

Product Concentration PMC, '1016 spin/cm3
LIGHT gasoil 3.5 « 107
extract 6.24
raffinate 1. 10712
mix of extract and At the same time paramagnetic properties
raffinate are not observed. In 35 days it returns
to the value 3.5 « 107'X 1016 spin/cm3

The results obtained show that extraction mechanism of medium and
heavy petroleum cuts is more complicated than it was supposed earlier
[2] due to complex formation in extra-agent aromatic hydrocarbon sys-
tem.

On the basis of the carried out investigations it has been estab-
lished that the highly molecular aromatic hydrocarbons extraction
from hydrocarbons of petroleum by selective solvents the competitive
processes of excitation and (or) homolytic dissociation of diamagne-
tic molecules, recombination of radicals and complex formation - as-
sociative combination formed by the solvents are being carried out in
the system.

The advantage of the process depends on temperature, raw material,
ratio and the structure of extra-agent delivered.

The calculation of paramagnetic balance in extraction process was
carried out according to formula:

Plﬁce Ve + PMC, V

F = L 100%, where
Pmcraw Vraw
PMCe, PMCr, Plcra' - PMC in wextract, raffinate, raw, accor-
dinglyo
Ve’ Vr’ Vraw ~ volume of extract, raffinate and raw, accor-
dingly.

Fig. 2 shows the results of calculations.

Discovered regularities of change of paramagnetic particles num-
ber in extract raffinate and distributions of aromatic hydrocarbons
with substituents in o-, p- and Y- poeitions make it possible to
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obtain (using various extra-agents) products with the same content
of aromatic hydrocarbons but different in its structure that is to
obtain products with required physical properties (see Table 2)

Table 2. Extraction of light gasoil with sulfolane and
N,N-dimethylimidazoline

1
Sulfolane N,N-dimethylimidazoline

Extract Raffinate Exract Raffinate

Benzene hydrocarbons

content 98,0-99.0 98.0-99.0
Density, 420 1.0299 1.0340
Molecular composi-

tion, %
|aliphatic-benzene ra-

tion 1.6 T.0 13 5:5
proton alpha substi-

tution 40.2 23.6 41.7 23.3
proton beta substi-

tution 14.6 43.3 9.0 38.4
proton gamma substi-

tution 6.0 19.7 565 21.5
PMC, spin/cm’ h.47-10'7 2.76°10"% | 1.0-10"7 [3.67.10"°
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TERATNEFT OF INDUSTRIAL DISTILIATION RESIDUES BY THE MBANS[
OPF AQUEUS SOLUTIONS i

l.ink, Industrial Chemistry Research Institute, Department of
Industry Modernization,01-793 Warszawa,ul.Rydygiera 8, Poland

Refining of organic chemicals is probably the most popular process
in industrial ochemical synthesis.Distillation still seems to be the
mnost effective method of purification of many products and nearly all
solvents used in chemical processes.Besides of purified products disti.
llation processes produce more or less residues which generally consist
of organic products of thermal destruotion and inorganic compounds |
(catalysts,complexing agents etc.).Distillation residues are often
semi-liquid,easily solidyfying and orystallizing products so their
treatment and neutralization in industrial scale may cause many diffi-
culties.,These problems may not be even seen in a laboratory scale bdut
they appear when processes are applied in industrial scale in chemical
plant,

The One Stage Double Extraction (OSDE) method (1,2) eliminates many |
of the difficulties met in everyday industrial practice.The OSDE method
depends on a selective extraction and liquidization of distillation Te-
sidues by the means of both water and lyphophylic combustible liquid.
Water dissolves organic hydrophylic matter and inorganic substances
whereas organic liquid liquidizes organic matter,especially polymers
and other organic high boilers which are mainly responsible for solidy-
fication of the residues and clogging of bottom outlets of distillation!
vessels.When liquidization/extraction processes are over water layer
can be separated from organic phase and poured out from distillation
vesses into sewage system of the factory.Organic layer can be easily
combusted in any type of incineration installation,

Another possibility of treatment of distillation residues can be
application of aqueus solution of surface active agents (SAA method).
The SAA method let transform viscous,adhesive liquids into easy in
treatment materials.The paper describes application of the OSDE and
the SAA methods in treatment of difficult residues appearing dnring
regeneration of acetic acid in ons of Polish chemical plants.

Experimental.Discusion

In an original industrial process acetic acid was regenerated by
distillation.Liquid before distillation consisted of:acetic acid (70%
appr. ),chloroacetic acid (5% appr.),zinc chloride (10% appr.) and other
compounds.The above mixture in a quantity of about 600 l,was loaded
into a distillation vessel.When the regeneration process wae finished
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Table 1.The application of the One Stage Double Extraction method
in treatment of distillation residues <from regeneration of acetic
acid in industrial scale

Bathr Residues | Toluene | Water Others Resulte

Fo /e/ /ml/ /e/ /e/

1 140 40 350 Liquidizetion.Good
separation of phases

i 140 30 350 As above

o 8 140 30 342 28 Emulsions in both

/SaoH/ phases.

2 140 40 350 Liquidization.Good
separation of phases

2 140 30 350 As above

2 140 30 346 Emulsions in both

24
/NaOH/ phases

3 150 30 350 Liquidigation.Good
separation of phases

3 150 30 346 14 Emulsions in organio
/NaOH/ phase
4 160 30 350 Liquidization.Good
separation of phases
4 160 30 342 28 Bmulsions in organic
/NaOH/ phase
4 160 30 346 24 As above
/Na,C0,/
2773
5 190 30 350 Liquidimation.Good
separation of phases
5 190 30 346 Emulsions in organic

24
/Nazcos/ phase.

(the residues were still liquid in a temperature of distillation but
its continuation could cause crystallization,solidyfying and clogging
the bottom outlet of the vessel making evacuation extremely difficult).
the residues were poured out into containers,Samples were taken in
this moment and the OSDE or SAA method was applied and investigated.
Application of the OSDE method (Table 1) depended on adding both
water (aqueus basic solution) and lyphophylic non miscible with water
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Table 2,The application of surfaoce active agent aqueus solutions in
treatment of distillation residues from regeneration

of acetic acid

[
Residues | Vater S.a.agent NaOH | Minal pH Results

7 Y A Je/

70 200 - 30 6,1 Light brown preciti
pate of a high adhe
sion to glass

70 200 epan 35 30 6,1 Light brown preciti

/5/ ate,.Basy evacua
ion and separation

70 200 two;n 80 30 5,9 As above

5

70 200 tween 80 30 6,3 Light brown preciti
pate of & high adhe
sion to glass

70 200 kokoeall 30 6,4 Light brown preciti

/5/ gato.kuy evacua
ion and separation

70 200 kokosal 30 6,3 Light brown preciti

/2/ pate of a high adhe
sion to glass

70 400 kokosal 30 6,3 As above

/5/
70 200 tw;oz/x 80 20 4,1 Tar still present
5
30 6,1 Light brown preciti
gate.Easy evacua
ion and separation
1 - trade name of a mixture of synthetic detergents.

liquid.Iliquidiszation took place in every experiment but separation of
phases was impossible in cases of further neutralization of the obta-
ined mixture.
Application of the SAA method resulted in (Table 2) transformation
of distillation residues of tar consistence into & mixture oconsisting
of a precitipate dispersed in aqueus solution.The precitipate was a
mixture of zinc hydroxide and organic compounds in a relation depen-
ding on pH.Generally in a presence of a surface active agent treatment
of the obtained mixture (evacuation,filtration) did not cause any trou-
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bles while absence of detergent making the obtained precitipate highly
adhesive to glass caused many troubles with evacuation and further se-
paration of the mixture.

Conclusione

Distillation residues from acetic acid regeneration process can be
effectively treated by the means of the OSDE or the SAA method.

The OSDE method does not require any additional equipment when ap-
plied in industrial scale.However,a mixing device is necessary in a
vessel where the OSDE treatment is to be carried out.

Sewages free of zinc can be obtained as a result of application of
the SAA method.The SAA method requires a separation device to separate
the obtained precitipate.
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RECOVERY OF ORGANIC POLLUTANTS VIA SOLVENT EXTRACTION IN THE CHEMICAL 8-17
INDUSTRY

B. Wojtech, G. Braun, R. Steiner

Hoechst AG, Frankfurt (M), FRG

According to the guide-lines of the chemical industry active environmental protec-
tion requires a reduction of the amounts of waste water and its load of pollutants.
The object is not only to remove pollutants from industrial waste waters but also, if
possible, to recover them as valuable material. To this end solvent extraction has
been applied successfully for several decades. As will be illustrated below, the
development of new, highly efficient multicompcnent extractants exhibiting low
solubility in water has greatly increased the area of application of solvent
extraction.

A well known example of simultaneous elimination and recovery is the extraction of
phenol from aqueous waste streams. The long known Phenosolvan process, originally
using butyl acetate (distribution coefficient D = 49) and later diisopropyl ether
(D = 20) as extractant, suffered from the high solubility in water of these
extractants. Amines, especially tertiary amines, which may associate as basic
components with the acidic phenol, promised to be more efficient. Using“Hostarex A
327 from Hoechst containing trioctyl- and tridecyl amine in equal parts, distribution
coefficients from 11 to 13 were obtained for phenol contents ranging from 0.1 to
2 wt.% in the aqueous phase. Hostarex A 327 has a boiling point of over 350°C and a
solubility in water of less than 10 ppm. D may be increased considerably if the
tertiary amine is converted to an amine salt, e.g. to amine sulfate (R3NH)2504 /1/.
To limit viscosity only 70 % of the Hostarex A 327 are converted, the remaining 30 %
acting as diluent for the amine salt. With this extractant system D-values of over
800 are obtained, enabling the phenol content of a waste water to be decreased from
5 wt.% to less than 1 ppm in a 3-stage counter-current extraction plant having a
phase volume ratio (extractant/aqueous feed) of X/W = 1/2. Due to the high boiling
point of the extractant system phenol may be recovered by distillation. A
re-extraction of phenol using a sodium hydroxide solution is not necessary.

In the production of aromatic chemical intermediates large quantities of waste
water containing halogenated and nitrated phenols are involved. These substances

which are mostly toxic and biologically only partially degradable are generally
removed without recovery by oxidation or by adsorption on activated carbon followed
by combustion. Besides loosing valuable substances, the forming of dioxines during
the combustion of chlorophenols must be pretended. Solvent extraction using Hostarex
A 327 avoids this and permits nitrophenols to be removed completely from waste
waters, which could not be achieved by extraction so far. Moreover, the high
solubility in water of commonly used extractants such as methylene chloride and
methyl ethyl ketone always requires supplementary processing.

For the extraction of 4-nitrophenol from water effluents long-chained amines have
been tested (s. Table 1). Their extraction power is considerably enhanced by forming
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amine salts /2/. Using amine hydrochlorides, 4-nitrophenol distribution coefficients
of over 10 000 are obtained, even higher values (12 000) are found if the sulfate
form is employed. Thus 7570 1. Extraction of 4-nitrophenol from waste
a feed ratio of X/W = water using amines (25 °C, phase volume ratio

1/10 in a single stage X/ =1/10, *) X/W = 1/4)

contacting device will HC1 in 4-Nitrophehol in
. Extractant Feed Raffin. ;Extract D
suffice to decrease the (wt. %! (ppm) ‘(wt. %)
content of 4-nitro-
Hostarex A 327 0 576 521 91

phenol from 7000 ppm to | octarex A 327 (40 %)| 1.3 8.5 ‘ 2.89 | 3400
some few ppm or to less in n-dodecane* : |

: "'dto. in Solvesso 150*| 1.3 | 4.8 | 2.52 5250
than 0.1 ppm 1f more - yostarex A 327 1.4 6.6 7.20 [10900
than one extraction , Hostarex A 327 (70 % 0 [ %5 5.46 12130

in sulfate form)i

stage is used. ] i |

This remarkable extraction power of amine salts is the higher the more acidic the
phenol derivatives are (s. Table 2). The distribution coefficient may reach values

of over 150 000, giving a Table 2. Extraction of nitrophenols from aqueous

: solutions using Hostarex A 327 hydrochloride
residual content of the (25 °C, X/W = 1/10. *) X/W = 1/20)
phenolic compound of less

than 0.2 ppm after a single i Concentration
contact with X/W = 1/10. The | Solute Rpfitd . || Esraet D
(ppm) | (wt. %)

regeneration of the loaded i

. . 2-Nitrophenol 6.4 2.02 3150
Wil phasg e R18% be ' 4-Chloro-2-nitrophenol| 0.2 0.20 9800
performed in a single stage | 2,4-Dinitrophenol* 0.5 0.65 13000

. 2,4,6 Trinitrophenol 0.3 1.63 50970
W A 3-Trifluoromethyl-4- | 0.2 3.07  |153400

nitrophenol
L]

Chlorophenols are particularly troublesome to the biological waste water pro-
cessing. 2-Chlorophenol may be extracted with toluene (D = 9), n-hexanol (D = 130),
diethyl ether (D = 179) and methyl ethyl ketone (D = 200), respectively. But all
these extractants are too soluble in water. In a single small plant trichloroethylene
/3/ is known to be used and the ecologically unfavourable methyiene chloride is
mentioned as extractant for chlorinated phenols /4/. However, in both cases an
additional distillation and an adsorption step is needed. This is not necessary if

Bbsarsx A 827 Table 3. Extraction of halogenated phenols from

hydrochloride or “aqueous solutions using Hostarex A 327 hydrochloride
-siilFate Qs used & (25 °C, X/W = 1/10, 1) using pure amine, 2) X/W = 1/15)
extractant, which have Concentration

distribution coeffi- Solute Raffin. | Extract D

cients of over 80 000 (ppm) (wt. %)

(s. Table 3) /5/. A 2-Chlorophenol 1) 527 5.20 99
L o [ B T
content of 0.1 ppm 2,4-Dichlorophenol 49 5.17 1050

nay be reached by o Fantachioropnenct 2y | <o-02|0:017 | #8500
single step extraction.
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For other acidic organic substances 1ike carboxylic and sulfonic acids extraction
processes for the recovery of valuable substances have been developped too for a long
time, e.g. for removing acetic acid (HAc). For its extraction from diluted aqueous
wastes (< 5 wt.%) trioctylphospine oxide (TOPO) and long-chained amines, especially
trialkyl amines, were found to be suitable. Although TOPO is applied in technical
plants /6/ , the low distribution coefficient of 3 at the most and the low loading
capacity render this process quite expensive. It may be improved by using a liquid
phosphine oxide like(gtyanex 932 /7/.

The extraction of HAc with amines /8/, which give D-values of up to 4.7 seems more
attractive. The extraction power of amines still may be enhanced by the addition of
polar diluents /8-10/. Studies about the synergistic influence of alcohols /11/
showed the strongest effect with n-butanolA(D = 32, HAc-content in raffinate: 0.06
wt.%), followed by n-pentanol (D = 29), n-octanol (D = 18), 2-ethyl-hexanol (D =
16.5), isodecanol (D = 12.8). However, if HAc is distilled off the alcohols may form
esters with HAc. This does not happen if nonyl phenol is used as additive to amines
/11/. With an extractant system comprised of 30 wt.% Hostarex A 327 and 70 wt.% nonyl
phenol according to a ratio of 4 moles nonyl phenol per mol Hostarex a distribution
coefficient of over 250 is obtained. Using this extractant 99 % of HAc may be
recovered from waste waters by contacting both phases only once. As all the extrac-
tant components have boiling points above 300°C and are chemically stable with HAc
the latter may be simply distilled off.

The synergistic influence of nonyl phenol on the tertiary amine also favours the
removal of other carboxylic acids from waste waters like butanoic, malonic, glycolic
and lactic acid for which the distribution coefficients are enhanced by a factor of
10 to 100 compared to the pure amine /11/.

Aromatic sulfonic acids as well may be removed totally like phenol sulfonic acids

from mineral acidic waste waters using Hostarex A 327.

Many of the technologies of coal processing and the production of organic chemical
intermediates involve vast aqueous streams containing well water soluble heterocyclic
compounds having N as heteroatom like pyridines, piperidines and pyrrolidines. These
compounds may be distilled off but the azeotropes formed often have water contents of
up to 50 wt.%.

To extract pyridin from waste waters aromatic hydrocarbons 1ike benzene (D = 2.7)
and alcohols like n-hexanol (D = 6.1) and n-octanol (D = 2.9) have been tested.
Better extractants proved to be carboxylic acids being immiscible with water and
Table 4. Extraction of N-containing heterocycles using having distrubition
“carboxyTic acids (25 °C, X/W = 1/1) coefficients of 10 to 30 for
pyridine and e-picoline (s.

Concentr. (g/kg)

Solute Extractant Extract |Raffin.| D | Table 4) /12/. Since these
long-chained carboxylic acids

Pyridine Isononanic acid | 153.9 16.1 9.6 h i 0 £ oC
a-Picoline Isononanic acid | 183.0 15.7 [11.7 | have boiling points of 230

| a-Picoline n-Caprylic acid 97.5 4.1 123.8 | and more the solutes may be

! a-Picoline Laurinic acid 101.9 3.4 130.0 . 1 istq]
2,6-Lutidine | Isononanic acid | 95.5 | 6.6 [14.5| directly distilled off and

I

obtained free of water.
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The extraction of chlorinated hydrocarbons (CHC) from aqueous streams is not yet a
common process. Long-chained CHC or alcohols like decanol may be used as extractants.

Paraffinic hydrocarbons (CIO-CIZ) possessa lower solubility in water (<1 ppm) enab-
ling the CHC to be distilled off /13/.

On an optimal combination of waste water processing and recovery of valuable
material is reported by Michelsen /14/. From the effluent stream of a nitration plant
nitroglycerol and nitroglycol have been extracted using dinitrotoluene, which is

another common component of explosives. Therefore, the loaden extractant may be
directly recirculated to the production process.

Caprolactam may be removed from industrial waste waters using dodecyl phenol
isomers /15/. From the aqueous stream containing 2 % caprolactam 99 % thereof may be
recovered applying a phase volume ratio of X/W = 1/4.

Summarizing, it can be stated that during the last years the importance of solvent
extraction for waste water processing has increased considerably. This is mainly
caused by the development of synergistically acting extractant systems.
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RECOVERING OF BENZENESULPHONIC ACID AND
BENZENESULPHOAMIDE FROM WASTE WATERS

8-18

J.Hordcek, A.Heyberger, V.Bizek and J.Prochazka, Institute
of Chemical Process Fundamentals, Czechoslovak Academy
of Sciences, Prague, Czechoslovakia

The waste waters from the Chloramine B production contain,
besides HC1l, a considerable amount of benzenesulphonic acid
(BSAC) and its amide (BSAM), the acids being present in the form
of their ammonium salts. There are both economic and environmen-
tal reasons for recovering BSAC and BSAM from these effluents.
If sufficiently pure, they can be reused as intermediates in the
process, either as a mixture, or preferentially separated from
each other. In the present paper an extraction process is devi-
sed allowing this separation.

It has been found that BSAC can be easily separated from
acidified waste waters by means of extraction by the solution
of tertiary aliphatic amines (TAA) in some organic diluents.
Soviet commercial trialkylamine C7-C9 was used in the form of
0.4 M solution both in xylene and in MIBK.

Amine extraction of acids can be described by reaction

HY + A7+ RN & RGNHA

The following values of concentration extraction constants of
this reaction have been found:

xylene MIBK
K(HC1) 2.71 . 10° 6.18 . 10°
K(BSAC) 1.51 . 10° 3.92 . 10°

As can be seen from these values, efficient separation of acids
is possible.

In case of xylene solutions it has been found that the com-
plexes between amine and acids are able to extract BSAM accord-
ing to "physical" extraction, the mean value of distribution
coefficient being D = 11.0. Therefore BSAC and BSAM can be ex-
tracted simultaneously. Reextraction is carried out by the aqu-
eous solution of NaOH. BSAM behaves like a weak acid under these
conditions.

In case of MIBK it was found that BSAM is extracted "physical-
ly" by the pure diluent, the value of the distribution coefficient

being D = 12.7. This allows a two-step separation process. In the
first step the waste water is contacted with pure MIBK to extract

BSAM. In the second step the separation of BSAC from acidified
raffinate is carried out by contacting it with the solution of
amine in MIBK. In both steps the reextraction is carried out by
the aqueous solution of NaOH.
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FIF.1. CONCENTRATION PROFILE OF THE FIRST STEP
(EXTRACTION OF BSAM BY MIBK)

Both suggested processes were investigated in a semi-pilot-
plant vibrating plate extractor VPE [l] (length 4 m, diameter
50 mm). Simultaneously a mathematical simulation of counter-
current extraction process was carried out using the program
DOoOM [2] - The values of extraction constants and distribution
coefficients given above were used. The number of equivalent
theoretical stages realized was estimated by comparing the con-
centration profiles obtained by simulation for varying number
of equilibrium stages with those obtained experimentally.

In case of one-step process the waste water containing 0.112
M H*, 1.38 M C17, 0.0545 M BSAC™ and 0.0348 M BSAM was con-
tacted with 0.4 M xylene solution of TAA, the ratio of the or-
ganic and aqueous phase volumetric velocities being 1:4. The
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FIG.2. CONCENTRATION PROFILE OF THE SECOND STEP
(COMPETITIVE EXTRACTION OF HC1 ANO BSAC BY TAA IN
MIBK)

yield of extraction was 98.1 % for BSAC and 98.6 % for BSAM.
The extract contained 6.92 g/1 HC1 (11.8 %), 33.02 g/1 BSAC
(56.3 %) and 18.68 g/1 BSAM (31.9 %) (mass percent on the solu-
te free basis). 4 theoretical stages were realized for both
BSAC and BSAM.
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In case of two-step process the waste water containing 0.128
M H’, 1.38 M C1~, 0.0384 M BSAC™ and 0.035 M BSAM was processed.
In the first step it was contacted with pure MIBK, the ratio of
the organic and aqueous phase volumetric velocities being 1:5.9.
The yield of BSAM extraction was 97.1 %. The extractor was equip-
ped with 5 sampling probes by which separate samples of each pha-
se could be taken. In fig.l the experimental concentration pro-
files are compared with the calculation for 4 theoretical stages
(constant HETS, no backmixing).

In the second step the raffinate from the first step was con-
tacted with 0.413 M TAA in MIBK. The ratio of the organic and
aqueous phase volumetric velocities was 1:5. The yield of BSAC
extraction was 98.4 %. The extract contained 25.9 g/1 BSAC (74.2
%) and 9.0 g/1 HC1l (25.8 %) (mass percent on the solute free ba-
sis). In fig.2 the experimental concentration profiles are com-
pared with the calculation for 5 theoretical stages (constant
HETS, no backmixing).

Both processes make it possible to separate BSAC and BSAM with
high efficiency and reasonable purity. A higher degree ot sepa-
ration of BSAC and BSAM from HCl can be reached by striping the
TAA extract with the equeous solution of BSAC.
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HIGH-EFFICIENT EXTRACTION CONCENTRATION OF ORGANIC 'I‘OXICANTS
DURING THE ANALYSIS OF WATERS

Ya.I.Korenman, N.V.Makarov, V.A.Minasyants, V.N.Fokin, V.N.Danilov
and N.N.Selmanshchuk, Technology Institute, Voronezh, USSR;
Technology Institute of Meat and Milk Industry, Moscow, USSR

The decision of the problem of enviromental water protection is
connected with reliable and operative control of the toxicant content
in natural waters and effluents. The composition of natural waters is
essentially influenced by ejection of municipal and industrial wash,
as well as waters from agricultural areas, because washes from fields
along with fertilizers contain various toxic chemicals.

The most distributed industrial organic toxicants are oil products
and phenolic compounds. Being the products of metabolism of some pes-
ticides, phenols accumulate in soils and pollute underground waters.
Toxicity of phenolic compounds is due to their cumulative properties,
ability to form stable complex compounds with haemoglobin of blood to
destroy the oxyde regime of reservoirs. That is why the extreme ad-
missable concentrations (EAC) of many organic compounds are very low,
for instance, in waters they are not more than 10"1 mg/1 oil pro-
ducts, 1072 mg/1 phenol, 1074 mg/1l chlorphenol and so on [1], there-
fore it is neoessary to work out new analytical technique and me-
thods, characterized by low limits of detecting such toxicants. The
latest investigations devoted to quantitative determination of orga-
nic compounds are mainly carried out by means of the methods | 2 |,
whose sensitivity is higher than EAC of many organic toxic substances
in waters. In order to raise the resolving power of analytical me-
thods different variants precondensation (freezing-out, sorbtion, 1li-
quid extraction) are widely used.

The rational method of extraction concentration consists in the
beforeplanned (with the problem to decide in view) effects on the ex-
traction systems to raise their efficiency. Extraction concentration
differs greatly from other methods of concentration in its well-known
versatility (it may be used to determine isomers and homologues, mo-
no- and polysubstituted), in the possibility to carry out experiments
both with macro- and microconcentrations of substances, expresaness
in comparative simplicity of operations in the absence of complex
equipment. Unlike gas chromatography, it is possible to directly con-
centrate and separate not only volatile but non~volatile components
as well. Besides, there is also an additional possibility to raise
efficiency of this method of concentration (reextraction into the wa-
ter phase). In the absence of reextraction practically complete tran-
sition of the substence into the extract takes place, as the calcula-
tions show, at distribution constants D of the order of 1400-1800
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(one-time extraction, the volume ratio of water and organic phases be-
ing r = 100). But quite a few hardly extractible (i.e. easily soluble
in water) organic toxicants are lmown for which even such extragents
as higher alcohols, alkylacetates, tributylphosphate and others are in
general low effective. Additional methods of increasing extraction
characteristics are required, which, as a rule, cannot restrict them-
selves by the action of the well-kmown individual factors - salting-
out, sinergetic and solvotropic effects, the transformation of hardly
extractive compounds into the comparatively easily extractive ones and
80 on.

In this connection the advantages of means of different ways of in-
fluencing the extration system should be noted. For instance, the in-
troduction of salting-out substances into the analyzed water increases
the coefficients of phenols distribution 4-6 times on an average, the
extraction in the presence in the extragent phase of extragent of sol-
votrope reagent (camphor, benzophenone, dialkylphthalate and others)
is accompanied by the increase of effectiveness of the process by one
order. Simultaneous introduction into the corresponding phases of the
salting out substance and solvotropic reagent raises the phenolic co-
efficients of distribution 50 and more times. Such technique allows to
exffectively extract toxicants from the liquid analyzed provided that
‘distribution constants constitute the minimum of 30-40. The range of
orgenic solvents used in this case as extragents, is here rather wide
and includes also such in general little efficient solvents as hydro-
carbons. It is clear that at such concentration both volatile and
non-volatile components turn into the extract. The selectivity of de-
termination is achieved by means of sublimation and subsequent concen-
tration of volatile and non-volatile toxicants separately.

Preliminary halogenation, alkylation or nitration of the substances
being determined directly in the analyzed water samples raises the
completeness of one-time extraction, for instance, phenols from 70% to
90-93%, r = 100. As an example Table 1 gives constants of distribution
of phenol, 2-methylphenol, 2-nitrophenol, 2-nitro-6-methylphenol, 2-
chlorphenol and 2-brominephenol in the systems of water solvents of
different classes. By means of simple operations the initial compound
(phenol) is transferred into the substituted one, characterized by
much higher (sometimes by 3 orders) distribution coefficients. It is
accompanied by the increase of completeness of one-time extraction and
the decrease of limits of the further toxicant determination in the
water sample being analyzed.

In general the extraction concentration and separation of organic
substances is as follows. The salting-out agent is introduced into
the analyzed water, the water is acidified (to suppress ionization of
the distributed substances) and extracted by an organic solvent in
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which the solvotropic redgent has preliminary been dissolved, almost
100-fold concentration is achieved with one extraction (r = 100). Re-
extraction into alkalized water solution of the photometric reagent
raises the concentration coefficient 3-5 times more. The high general
coefficient of concentration(300-500) results practically in the comp-
lete transition of a substance into reextract and its subsequent pho-
tometric determination of the concentrations of 10~8-10~2 mol/1.

The method of concentration proposed has the evident advantage over
the routine distillation with water vapour, as losses during distilla-
tion are excluded, and the time of determination is considerably re-
duced. Another variant of a multifactor effect on the extraction sys-
tem consists in the extraction of the toxicant by binary mixtury of
organic solvents consisting, e.g. of an active extragent and a compa-
ratively less effective solvent. Additional increase of completeness
of the toxicant extraction occurs during the introduction of solvotro-
pic reagent into the combined extragent.

The further
analysis of the
concentrate is

Table 1. Constants of distribution of phenol and some
of its substituted between water and organic solvents

Extra- 2-Methyl- |2-Nitro- 2-Methyl-| 2-Bro- | carried out by
gents Phenol Phenol Phenol 6-Nitro- |mine- Photometric or
Phenol Phenol chromatographic
CoH,Cl,[ 4,0 23 395 1810 7 methods. The
CHCl3 1,9 17 140 2150 44 advantage of
CGHSCH3 1,6 12 180 1600 41 extraction-gas-
CCl4 0,6 4,7 82 345 34 and-chromatog-
raphic method

is in the possibility of separate determination of compounds with iden-
tical physico-chemical properties, for instance, isomers and homolo-
ques. By the photometric method it is possible to determine only the
total content of the substance. That is why the extraction gas chroma-
tographic method of analysis of oil- and phenolcontaining waters should
be considered as rather perspective for the separate determination of
related volatile components contained in waters in very small amounts
when direct chromatography is impossible.

Without preliminary concentration gas chromatographic analysis of
phenolcontaining waters allows to determine phenols with the minimum
10'3% concentration, which is quite sufficient according to the sanita-
ry hygienic norms of water purification. To low the 1limit of detection
a method based on the combination of extraction concentration with the
further gas chromatographic separate determination of phenols in ext-
racta[.B is recommended. Phenol content in the analysed waters is of

the order of 10~°% (0,1 mg/1); the chromatograph is "Tsvet-110" with
the flame ionizing detector. The use of high efficient capillary columms
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makes it possible to carry out experiments at rather low temperatures
which is especially important when separating high boiling organic sub-
stances. With the aim of selective concentration volatile compounds

are preliminary distilled with water vapour, extracted by a low boil-
ing organic solvent, transferred into the non-volatile compounds, then
the extragent is evaporated under vacuum. Thus the concentration of

the determined substances increases 103-5-103 times, organic compounds
hindering the analysis (e.i. 0il products during the determination of
phenols) evaporate with extragent vapours.

To combine extraction concentration with chromatographic separation
it is necessary that the extragent should have different holding time
as compared to the separable substances, dissolve them well and be
slightly soluble in water; alkylacetates CG'C9 meet their requirements.
For instance, extraction by n-butylacetate from water-salt solution
and gas chromatographic analysis of the concentrate makes it possible
to determine phenol and cresoles separately with quite a satisfactory
exactness (Table 2).

The preliminary extraction Table 2. Gas chromatographic determi-
concentration by hexane or tet- nation of phenols after concentration

rachloromethane with further (n=3,p = 0,9)
gas-and-liquid chromatography

or high efficient liquid chro- | Separable Contently ma/)
matography detection is used components | introduced| found| S
for separation and determina- Phenol 0,20 0,18 (0,019
tion of hydrocarbons in sea wa- | p-Cresol 0,18 0,17 | 0,016
terL_4J as well as for determi- | Phenol 0,085 0,076/ 0,014
nation of oil products in natu- | p-Cresol 0,090 0,079| 0,011

ral watera[jS].

The review of modern methods of determination of organic toxicants
in waters allows to make a conclusion about wise possibilities of ext-
raction concentration when determining traces of organic compounds
both in stationary conditions and with automatic control of quality of
natural and purified effluents.
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HYDROPHILIC EXTRACTANTS FOR THE EXTRACTION AND CONCENTRATION

OF HYDROPHILIC ORGANIC SUBSTANCES FROM WATER [ il ]

VeI.EKofanov, L.V.Nevinnaya, Dumansky Institute of Colloid and Water
Chemistry of the Academy of Sciences of Ukranian SSR,Kiev, USSR

There is a lot of organic pollutants with high water solubility in
sewage waters. They can be refer to hydrophilic substances. On some
evaluations [1] they constitute for about 70-80% of COD in purified sew-—
age water.Hydrophilic substances are characterized by presence of more
than one polar functional group or their combination. There are sub-
stances of different classes in sewage waters depending on the type
of the functional groups and their combination.

It is necessary to search the new extraction systems for extracting
hydrophilic substances from water as their partition coefficients are
very low ~ not more thamn 0,01-0,1 ~ into traditional hydrophobic extr-
actants.Their typical representatives are chloroform, diethyl ether,
ethyl acetate,isobutanol.We have chosen the way of directed changing of
water qualities in solutions with organic substances under the influ-
ence of electrolytes.The organic solvents,such as low alcohols,cyclic
ethers,amines,amides,carbonic acids,sulfoacids which are completely
mixed with pure water can be converted under the influence of electro-
lyte into extractants.We have proposed to regard such extractants as
hydrophilic [2-4].

Hydrophilic extractants lead to the increase of partition coeffici-
ent in comparison with hydrophobic ones.This fact gives & possibility
for extracting hydrophilic substances from water solutions and their
concentrating.Further increase of the degree of concentration may be
achieved due to the usage of such hydrophilic extractant?s properties
as their high polarity.It is possible to undertake homogenic derivati-
zation reactions in their media and by hydrophilic extractant to full-
£ill the derivatization of the active groups of hydrophilic organic[5]
‘substances in the presense of boron trifluoride.By this action it is
possible to run into the next step concentrating by converting hydro-
philic substances derivatives into the medium of hydrophobic extract-
ants.The choice was made among a large quantity of electrolytes which
are capable to convert water soluble solvents into extractants taking
into consideration the universe action.Phase separation was studied
in the presense of electrolyte addition as the pure salt and as its
saturated water solution.The last procedure was studied especially as
to apply in the presense of surfactants as it requied no intense mix-
ing and excluded foaming of solution.The most universal action is
attributed to potassium carbonate and fluoride,ammonium sulfate and
fluoride.
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Thece salts cause phase separation both in ‘the presense of pure
salt and its saturated water solution.The same action is characteris-
tic for potassium and sodium hydroxides.

The composition of coexisting phases was explored.Minimal quantity
of the electrolyte which causes the maximal equality of the developed
organic phase layer to that of the organic solvent added to water was
determined.The evolution of organic layer from homogenéous water-orga-
nic mixture tekes place in the presense of 0,1 - 0,2 g.of electrolyte
per 1,0 g of water in 1:1 water -~ solvent relationship.In this case
the volume of organic layer considerably exceeds the volume of added
organic solvent.By the further increase of electrolyte quantity the
volume of the organic phase sharply decreases and in the presense of
0,3 - O,4 gram of electrolyte per 1,0 g of water the volume of organic
phase differs from the volume of extractant not more than by 10 - 20 %.

The evoluted organic phase includes some water.This amount of water
in organic phase is one more criterium of hydrophilic electrolyte choi-
ce as the criterium for minimal quantity of salts on water
mass unity.By gas chromatography the quantity of water in organic phase
for different hydrophilic extractants was detected in the case of some
electrolyte usage.The dependence
of volume part of water in organic
phase (% H50 ) from the relation- %Ha20
ship between the volumes of the J
added saturated electrolyte sol- 25t
ution and water sample (V5/W,) 20 \\4"‘
is given.Fig.1 shows the example 15t 2
of the system of water-isopropa- 10} \\\\\--—_£2
nol-ammonium sulphate,potassium 5t ~\\-“‘—-q.____‘____4rﬁ

carbonate, potassium fluoride

and ammonium fluoride.The opti- 1 2 3 4 5“]@A"
mum properties from the point of X
minimal water quantity possess Fig.1.Water content in organic
fluorides.The water content in layer : 1 -(NH;),S0,32 -K5C04;
organic layer for potassium salt 5 = NH,F; 4 - KF

doesn’t exceed 2 - 5 % in opti-
mal range. The gas chromatographic determination of the partition coef-
ficient into hydrophilic extractants in the presence of different ele-
ctrolytes was performed for such hydrophylic compound as diethylene gly-
col. The aliquot parts of both layers were acylated before gas chroma-
tographic treatment. The obtained results are illustrated in Table 1.
‘The partition coefficients into hydrophilic extractants have been
increased and are in the range of 1 - 10 for the first members of poly-
oxyethyleneglycol serie.Maximal partition coefficient values for dieth-
ylene glycol into 4 from the most typical representatives of 20 studied
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Table 1. Partition coefficients of diethylene glycol

Hydrophilic extractant ] Partition coefficient
(NH,),SO K,CO kP NH.F
—__é'g__&___JLTT3 4
Acetone 3 s 0,55 0,40
Dioxane 2,6 1,8 0.50 0.38
Acetonitril 0,66 1.2 0,40 0,28
Isopropanol 252 4,4 2,0 Uyl

hydrophilic extractants were in the presense of ammonium sulphate.
According to the character of changing of the partition coeffici-
ent in homological serie of extractants shown it is possible to suppose
the existense of partition coefficient logarithm dependence on the
nupber of carbon atoms in the molecules of homological serie of hydro-
philic extractants.This dependence has the same character as shown in
[EJ for hydrophobic extractants.Such dependences for diethylene glycol
and diethanol amine in the process of extraction by the members of ho-
mological serie of alcohols ( from hydrophilic - methanol to hydropho-
bic - pentanol ) in the presense of potassium carbonate are shown in

¢ { Fig.2.'
L I'he partition coefficient
12 change of homological serie of poly-
08 2 oxyethylene glycols with general
Qar formula HO-(CHZCHzo)n-H, where n
z . - K . Vvaries from 1 to 8 has been studied.
0 1 ? 3 4 5 nCThe results show that for hydrophil-

Fig.2, Variation of partition ic extractants the other,
coefficient in homological serie typical for hydrophobic extractants
of extractants : 1 - diethanol- dependence of partition coefficient
amine, 2 = diethyleneglycol logarithm on increments in molecular

structure of distributed substance
conforms.The meanings of partition coefficient increments for one oxy-
ethylene unit in hydrophobic extractants is in the range of 0,21 - 0,23
and 0,29 - 0,31 for hydrophilic ones.This difference is the witness of
realised additional molecular interactions in hydrophilic extractants,

The usage of hydrophilic extractants is possible not only for poly-
oxyethylene glycols,but also for the other hydrophilic poly-and hetero-
functional organic compounds with hydroxy- and aminogroups.The compa-
rative data for glycerol,pentaerithritol, diethanolemine in the pro-
cess of their extraction from water solution into hydrophilic extract-
ants are shown in Table 2.Here also isobutanol is shown, which is cited
as hydrophobic extractant with maximal extracting activity in refer-
ence-books [ ?7].

The electrolyte affects extracting system changing its homogeneity
and evoluting organic layers.Further increase of the added electrolyte
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Table 2, Partition coefficients P, of hydrophylic organic compounds

Substance Hydrophylic extractant | Electrolyte| P_ | P _ in
o
i s8bu~
tanol
Glycerol Dimethylformamide (NH 4 ) 2S 0, 1.3 0,1
Pentaerythritol Dimethylacetamide | (NH,),SO, 2.9 0.4
Diethanolamine Methanol I(2CO3 29 0.19 |

quantity causes only the change of coexisting phase volumes and water
contents in organic phase without the influence on partition coeffici-~-
end values,Due to this fact there is no need in the case of hydrophylic
extractants usage to define electrolyte concentration in the layer.It
is quite enough to add such a quantity of electrolyte that will evolute
organic layer.The resulting meaning of partition coefficient will not
further depend on the quantity of salt in the system.

So we have separated a new class of extractants - hydrophilic
one for which the validity to use them in detection of hydrophilic sub-
stances im water was shown.The studied class of extractants has great
perspectives in organic assay.These extractants can be proposed for se-
paration andconcentration of polyfunctional (glycols, polyols, polyamins)
and also heterofunctional (aminoalcohols,hydroacids,aminoacids) organic
compounds.
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ISOLATION OF THERMAL SENSITIVE NATURAL SUBSTANCES 8-21
BY SUPERCRITICAL EXTRACTION
G.Bunzenberger and R.Marr, Institut fir Verfahrenstechnik,

Abteilung Thermische Verfahrenstechnik, Graz, Austria

Introduction: A major advantage of carbondioxide used as a
solvent is, that the process .can be designed at a temeprature
level which is below the temperature to which e.g. a natural raw
material is exposed in nature and where no residual solvent in
extract or raffinate is allowed. In the present work a high
pressure equipment is used where solid feedstocks are extracted
in a batch autoclave, liquid solutions can be extracted in a

counter current extraction column.

Experimental equipment. The high pressure equipment for

extraction out of a solid matrix contains of an extraction
autoclave (0,5 1) a separator (0,5 1), a solvent storage vessel
and a diaphragm pump for liquid C02. The maximum C02 flow 1is
12 kg/h at a pressure of
325 bar. All apparatus
are double coated and

temperature controlled.

KBS PXXD :(“uféc“ﬁ‘:fn The CO, undergoes a
@ VALY
CONDENSATOR  continuous cycle: the
exmmacron * C02 pump draws liquid
CO2 from the storage
SEPARATION . .
HRAFFINAT VESSEL vessel and comprimes it
ionane to extraction pressure.
) > Preheated CO, passes the
L-C0, - PuMP \ .
EXTRACT extractor and is charged

Pig.1. Plow-sheet with the solubles.
Stripping is done by
depressuring and evapora-
tion in the separator.

The stripped gas is condensed and flows back to the storage

vessel. The studies of liquid liquid systems are carried out

in a comntinuous counter current Karr type column. The column(Fig.2)

has an inner diameter of 35 mm and an active height of 1,5 m.

The 28 sive plates are raised up and down using a magnetic

coupled drive at a frequency of 30 to 300 strokes per minute.

The level of the liquid interface is observable at the top of

the column by sight glasses. With the help of the sampling valves

along the active column the concentration profile can be measured.
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As shown in Fig.1 the liquid liquid extraction

process is identical to the leaching process

except the fact that instead of a batch auto-

clave the column is used. t

Extraction of pyrethrines: Pyrethrum is a

strong natural insecticide which is non toxic
for warm blooded animals and humans. It is

obtained by the extraction of dried and 3‘?

grinded chrysanthemum flowers and contains

of 6 active esters the chrysanthemum mono-
(I) and dicarboxylic acid (II). Pyrethrines
are unstable if exposed to heat and ultra-

violet light. In all known production pro-

-

cesses the flowers are treated with a lipo-
phil solvent (mainly hexane). This extraction
results in a dark semi-liquid oleoresin
(crude extract). For raffination of this
crude extract to commercial requirements =
several consecutive process steps with high

energy consumption are neces$ary.

As known from preveous work CO2 is a selective

solvent for the pyrethrines /1,2/. So the

numerous refining steps for the crude extract

IT T T T T LI YTTTTTId

could be replaced by a carbondioxide extrac-

tion. The used crude extract (87,5 g) had

a content of 23,1 ¥ Pyr.I and 17,3 % Pyr.II.

Extraction was carried out at 100 bar and Fig.2. Extraction
40° C, separation at 60 bar and 30° C. The column

CO2 throughput was 6 kg/h. During the testing time 7 fractions
where taken out. For better distribution of the crude extract

the extraction autoclave was filled with glasballs with a diameter
of 3 mm as filling material. After a test time of 195 min a total
yield of 91 % is calculated. The residue in the autoclave had

a content of 0,6 % Pyr.I and 0,2 % Pyr.II.

Summerising an upgrading from 40K pyrethrine content to about

80% pyrethrine content takes place. The residue contains mostly
calouring and polar organic impurities. With this process a cost
reduction of more than 35% for the investment costs as well as
operating expenses for a plant with annual capacity of 3000 tons/a

pyrethrum was calculated.
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Extraction of Pyrethrine-Crude-Extract

Fraction Extr.Time Extr.Quant. Contents
(min) (g9) PyrI (%) PyrII (%)
I 5 3,8 39,5 22,5
I 15 8,8 51,3 27,1
III 30 9,4 49,4 29,8
Iv 60 13,0 46,5 36,1
v 90 5,7 34,6 36,3
VI 150 4,7 26,3 38,4
VII 195 5,9 8,6 20,8

Extraction of furfural. At ISEC '86 we presented a new process
for furfural extraction out of aqueous solution/4/. In the presence
of organic acids resinification and decomposition of furfural can
occur which leads to fowling of heated surfaces. So the main idea
of the process was to minimize the time furfural is exposed to
heated surfaces. The best solvents for this were chlorinated
hydrocarbons. Meanwhile we tested carbondioxide as solvent and
succeeded in selective furfural extraction even in presence of

organic acids. Another advantage is that there is no more need of

cmZHQIWt reextraction of the solvent out

% of the raffinate as in the case of

£ EQUILIBRIUM - LINE extraction with chlorinated hydro-
carbons.

Fig.3 shows the McCabe
Thiele construction for the ex-
traction of furfural with carbon-
dioxide at 80 bar and 40°C from
a solution with 4,3 ¥ wt.furfural.

The solvent/feed ratio was 0,8.

As shown an extraction rate of

reals
i D AT LHE more than 93 % can be achieved

with less than 2 theoretical

stages. The real operating line

in Fig.3 is derived considering

0 1 2 backmixing and mass transfer

3. .

=  Coqu [ %)Wt

Fia.3. Furfural Extracti with the dispersion model.
ig.3. Furfural Extraction
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Extraction of aroma components. As known from literature /3/

acetates and esters have a higher distribution coefficient between

water and 002 than n-alcohols. Fig. 4 shows the distribution co-

efficients m (molar basis) of the n-alcohols and n-esters in

liquid CO2 at saturation pressure at 16,7° C. The distribution of

the alcohols is about 10 times
lower than the ester with the
same molecular weight. The
equation m = e(Ci.n+Cz) fittes
the two curves with Cl=0‘9
(0,99) and Cz=-2,9 (-0,2) for
the n-alcohols(esters). This
behaviour was used for the
selective extraction of wine
flavour. A COz/wine ratio of
0,5 was used to extract the
aroma components. Although the
resulted extract has an ethanol
content of about 65% what means
an upgrading of concentration
with factor 6 the aroma compo-
nents above C5 in common are
upgraded 100 to 150-fold. These
extracts may be used for back-
addition to original wines or to
the raffinate after distillation
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REVERSED MICELLAR EXTRACTION OFP ENZYMES. 8-22

EFPFECT OF MASS TRANSFER RATE ON THE EXTRACTION EFPICIENCY
OF O{-AMYLASE

M. Dekker!, K. Van 't Riet!, B.H. Bijsterbosch?, R.B.G. Wolbert® and R. Hilhorst3

Agricultural University, De Dreijen 12, 6703 BC Wageningen, The Netherlands
1Department of Food Science, Food- and Bioengineering group
3Department of Physical- and Colloid Chemistry
SDepartment of Biochemistry

INTRODUCTION

In biotechnology there is a need for nmew protein recovery processes, which have
a high selectivity for the desired product and can be scaled up easily. Liquid-liquid
extraction of an aqueous solution with an organic solvent containing reversed
micelles is a promising process for the selective recovery of proteins from a fer-
mentation broth. A reversed micelle consists of a spherical aggregate of surfactant
molecules in an apolar solvent surrounding an inner core of water (Fig. la). The
polar environment inside such a micelle makes it possible for polar compounds, such
as proteins, to be solubilized in a largely apolar solvent (Fig. 1b).

a b

Fig. 1. a. Schematic representation of a reversed micelle.
b. Enzyme solubilized in the water core of the reversed micelle

It has been demonstrated that under certain conditions proteins can be transfer-
red from an aqueous phase towards a reversed micellar phase and back [1-4]. The
partitioning of proteins between a reversed micellar phase and an aqueous phase will
depend on several factors, among which interactions between the protein and the
reversed micelle. These interactions can be of electrostatic nature involving charged
groups of the protein and the surfactant head groups or of hydrophobic nature
involving hydrophobic parts of the protein and the surfactant interface or the
apolar solvent. The fact that electrostatic interactions play an important role is
demonstrated by the effect of the aqueous phase pH and ionic strength on the
partitioning of proteins between the reversed micellar phase and the aqueous phase
[2-6]. Differences in distribution behaviour have been used to separate a mixture of
three proteins to show that selective extraction is possible [6].

To apply the reversed micellar extraction for recovery of proteins, a continuous
forward and back extraction process can be used. Previously we have investigated
the performance of this process in two mixer/settler units as shown in Fig. 2 [3]. A
reversed micellar phase of the surfactant trioctylmethylammonium chloride (TOMAC)
in isooctane is used to concentrate the enzyme a-amylase by performing the forward
extraction at a pH value with maximal distribution coefficient (9.9) and the back
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extraction at a much lower pH value. In this way the a-amylase concentration could
be increased eight times. During the extraction a loss of 30% of the enzyme activity
was observed; 45% of the initial amount of the a-amylase was present in the second
aqueous phase, while 25% remained in the first aqueous phase after the extraction.

In this paper the modelling of the extraction is described. As predicted by this

model, activity recovery could be improved by increasing the mass transfer rate
during the forward extraction.

reversed micellar phose

Fig. 2. Flowsheet of the : i
Combined forward and back J. RM; l "ﬂ
extraction for two mixer/
settler  units, with the

reversed micellar phase <

1

circulating between the two ] settlend micer 2 saitlen
extraction units (see ref. 3 FORWARD BACK
for construction details). EXTRACTION EXTRACTION
Yo Wiat  Woin W e
MODELLING OF EXTRACTION

To be dble to describe and optimize the extraction process, a mathematical model
was formulated, which describes the concentration of active enzyme in all the
phases during the extraction. In this model both the mass transfer as well as the
inactivation of enzyme during the extractions are taken into account [equation 1-4).

dCw) Cwiin - Cwi Koi* Ay .

Wl i —— = - <(Cwi - Cwi) - kiwl*Cwi n
dt m I £ vy
dCrM1 CrM2 - Crmi Koi* A .

RMI : - . *(Cwi - Cwi) - kirm-CrMI (2)
dt T €]
dCw2 0 - Cw2 Ko2: A2 o

W2 : —— = ———— 4 ———.(CRM2 - CRM2) - kiw2*Cw2 (3)
dt T2 €2
dCrM2  CrMmi - CrM2  Ko2- A2 .

RM2: - - +(CRM2 - CrRM2) - kirm'CrM2 (4)

dt T2 1 - €

Cj : concentration of active enzyme in phase j (kg/m®);

C‘ : equilibrium ation of active y in phase j (kg/m%);
t :time (s);

5o residence time in mixer j (s);

Ko, : overall mass transfer rate constant in mixer j (m/s);

A; : specific surface area in mixer j (m?/m%);

§ hold-up of dispersed phase in mixer j (-);

ky inactivation rate constant in phase j (1/s).
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Enzyme inactivation during the extractions is due to the formation of an in-
soluble complex between surfactant molecules and the enzyme in the aqueous phase
[7,8]. This complexation is faster at higher pH; inactivation by this mechanism
therefore only takes place during the forward extraction. Although the equilibrium
concentration of free surfactant in the aqueous phase is very low, it can be con-
tinuously supplied during extraction out of the reversed micellar phase, when
complexation occurs. This mechanism is also the main reason of surfactant loss
during the extraction [3).

Because of the fact that inactivation predominantly takes place in the first
aqueous phase, the extraction efficiency should increase by lowering the steady
state enzyme concentration in the first aqueous phase. This can be achieved by a
high mass transfer rate and/or a high distribution coefficient of the enzyme during
the forward extraction.

The distribution coefficient of a-amylase was found to be increased by the
addition of a nonionic surfactant (Rewopal HVS5) to the reversed micellar phase (9].
A 12 fold increase in enzyme concentration in the second aqueous phase as com-
pared to the initial concentration of the first aqueous phase was obtained.

EXPERIMENTAL RESULTS

Mass transfer rates as a function of the stirrer speed (N,) during the forward
extraction are measured by performing this extraction in continuous mode in one
mixer/settler unit, with CRpM2 = 0 and Cwj jn = 1 g/l. The concentrations CrpMj
and Cy) oyt are measured as a function of time until a steady state is reached. By
using equation 1 and 2 both the mass transfer rate coefficient (KgjeA}) as well as
the inactivation rate constant in the first aqueous phase (kjw]) can be calculated
for this extraction (kjrm < 10°® s!). In Figure 3 the results of the mass transfer
rate measurements are given.

0.06

Fig. 3. Mass transfer rate
coefficient during forward
extraction of a-amylase to
a reversed micellar phase
as function of  stirrer
002 - speed. Composition of the
two phases is the same as
described in [9).

Ko1-A1 [1/5]

o i L
4
STIRRER SPEED [1/5]

The value of Kgj°A) is proportional to N,"’. This power of N; is in good
agreement with the theoretical value of 2.1 found for continuous-phase-diffusion
controlled mass transfer [10,11].

The inactivation rate constant in the aqueous phase was found to be 41075 s~
and independent of the stirrer speed for N; > 3 s’ At N; = 2 s'! this constant.
was lower (2:10°% s-!), which could be due to slower surfactant transfer from the
reversed micellar phase to the aqueous phase.

As predicted by the mddel, the total enzyme recovery increases with increasing
stirrer speed, since the steady-state aqueous phase enzyme concentration, which is
susceptible to surfactant inactivation, is lower.

For the back extraction a similar measurement was performed at a stirrer speed
(N3) of 4.0 s™1. This resulted in a calculated value for Kg3+A3 of 1.6-10°2 571,

To show that the total extraction efficiency of the reversed micellar extraction
will be improved by a higher mass transfer rate, the combined forward and back
extraction was performed at N; = 55 s! and N; = 4.0 s’!. The results are shown
in Fig. 4. The total yield of active a-amylase in the second aqueous phase was
about 84%, at a concentration of 17 g/l (17 times the initial concentration of the

1
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first aqueous phase). This concentration factor is within 10% of the model predic-
tion. Only 3% of active enzyme remained in the first aqueous phase after the
extraction. Surfactant losses were 2.5% per circulation of the reversed micellar
phase (67 min).

CONCLUSIONS

The recovery of enzymes by a combined forward and back extraction can be
described and optimized by a theoretical model containing the mass transfer rate
and inactivation rate of the enzyme during the extractions.

Both an increase in the distribution coefficient as well as in the mass transfer
rate coefficient during the forward extraction have been demonstrated to improve
the extraction efficiency by reducing enzyme inactivation and surfactant losses.
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SOLVENT EXTRACTION OF LACTIC ACID AND LACTATE FROM AQUEOUS SOLUTIONS

8-23
F.C. Thyrion, Chemical Eng. Institute, Louvain University,Louvain-la-Neuve,
Belgium
INTRODUCTION

In the production of carboxylic acids, processes such as fermentation yield low
concentrations of carboxylic acids in an aqueous multicomponent solution. The subse-
quent separation, purification, and concentration of the carboxylic acids is often
difficult due to the nature of the solute. Carboxylic acids interact strongly with
water, resulting in low solute activity coefficients in aqueous solution. Moreover,
the affinity of the acids for water is often manifested as low volatility of the so-
lute relative to water, which makes conventional distillation difficult.

The low aqueous solute activities result in low equilibrium distribution ratios of
the acid into most organic solvents, making conventional solvent extraction difficult
or impractical.

The recovery of organic acids from dilute aqueous solutions has been an important
industrial problem for many years. An extensive amount of papers have been published
deeling with this problem and only the last trends are reviewed here. There are main-
ly three classes of solvents which are proposed; namely carbon-bonded oxygen-donor sol-
tvents, long-chain amines and phosphorus-bonded oxygen-donor solvents. The first one
suffer from the disadvantage that it gives equilibrium distribution coefficients
(KD = wt.fraction acid in solvent phase/wt.fraction acid in aqueous phase, at equi-

librium) of order unity or less.

The other two classes of solvents take advantage of their basic nature to provide
higher values of KD.

The extractant used in this work is a liquid mixture of trialkylphosphine oxides
containing C6 and C8 alkyl groups (cyanex(:)923)[ 1]. It was designed to overcome
limitations encountered in the use of trioctylphosphine oxide ( TOPO) wich has a mel-
ting point of 47-52°C and must be dissolved in a diluent.

The main objective of the present work was to study the recovery of lactic acid
or lactate anion from fermentation broth with cyanex 923 so as to identify and in-
terpret conditions leading to the most favorable values of KD and o (separation fac-

tor defined as KD/KH ).

20
EXPERIMENTAL

Extraction studies were performed by placing known volumes of aqueous solution and
solvent in a thermostated cell equiped with a mechanical stirring device. The mixture
was shaken for 15 min. After the two layers has separated for 1/2 h, aliquot of both
phases were withdrawn and analyzed by titration (lactic acid solution) or absorp-
tion at 360 nm after addition of Fecl3 - HCl. The water solubility in extract was
measured by the Karl Fischer method.
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RESULTS AND DISCUSSION
The results obtained are tabulated in table 1.

Table 1. Extraction of lactic acid or acidified lactate at 50 °C.

Run Solute wt/% H.SO pH K 1
— e 2°74 = D
Ne (as lactic = =
— acid) M/M Lact.
Lactic acid © 2.12 z 3.06 48,3
2 Lactic acid * 4.5 s 1.79 30.15
3 lLactic acid © 21.2 = 0.72 16
4 Lactic acid 2.12 - 2.8 53
5 Lactic acid 4.5 - 1.8 48.9
6 Lactic acid 20402 - 0.71 19.5
7 Calcium lactate 4.29 43 3162 0.39 16.6
" " 3.96 5] 3.62 0.39 16.6
9 o " 3.96 .8 2.15 2.98 233
10 " " 3.96 1 1.36 2,93 190
11 Ammonium Lactate 1 o5 1,459 22.4
12 " " 1 .56 1y 71 28
13 " " 3 45 1.24 2352
14 " & 4.51 .67 1.29 1.47 27.7
) ¥
15 Fermentation broth 3r37 2 3.64 1,403
16 L4 = 3.24 .38 2.31 1.14
17 " " 3.12 357 1.28 1.89
18 v * 0.35 .67 % 4 %72
(*) E 125 &€
(*%) : Neutralization with NH4OH during fermentation - final pH = 5,32 at
15,31 %G

When considering first lactic acid extraction, it appears that an increase of tem-
perature from 25 to 50 °C has only a small effect on distribution ratio and separa-
tion factor (runs 1-3 and 4-6); a temperature of 50 °C was then choosed for next runs
since the solvent viscosity drops from 40 mPa.s at 25 °C to 13,7 mPa.s at 50°C.
Furthermore, it has been observed that an increase of temperature has a favorable
effect on decantation time. In both cases, the distribution ratio increases with a
decrease in acid concentration. For comparison, these distributions ratios and sepa-
ration factors are higher than those compiled by Sorensen and Alt [2 ] with solvents
such as ketones or alcohols where lﬁ)—values lower than 2 and a-values lower than 5

were reported. Lactic acid KD—values observed in this work are also higher than tho-
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Pig.1. Distribution curve of lactic acid at 50°C

se obtained with TOPO dossolved in kerosene [3 ] or with a mixture of immiscible or-
ganic acid and amine dissolved in a solvent [4 ] . They are comparable with l&)—values
found by ‘Ratchford et al [ 5] who tested triamyl- and trioctylamine in chloroform
or alcohols.

Fig.1 shows the equilibrium curve for lactic acid between water and Cyanex 923.
From there it can be seen that the distribution coefficient is heavily influenced by
the aqueous feed concentration.

Runs 7 to 18 were planned to study the extraction of lactic acid from acidified
lactate solutions since it is known that the acid formed during fermentation has to
be neutralized in order to prevent inhibition.

Two synthetic mixtures were studied: solution of calcium and ammonium lactate we-
re prepared by neutralization of the acid with the corresponding base.

Then aliquots of these solutions were acidified with increasing amounts of sulfuric
acid.

Runs 7 and 8 show that increasing the amount of sulfuric acid to the equivalence
(0.5 M H2804/1 M lactate) increases the distribution ratio to 1.02 but additional
amounts of acid has a more profound effect since Kp reaches 2.98.

Lactic acid doesn't ionize appreciably in aqueous solution when the pH goes under
5 of lactic acid = 3.86). Since the greatest jump of K, is
observed when the pH decreases from 3.37 to 2.15, this means that the distribution

the value of PK, (PK.

ratio is not directly related with the unionized lactic acid. (Fig. 2).

This is confirmed by results obtained with acidified ammonium lactate since at a
pH of 1.29, a K; value of only 1.47 is obtained (run 14). The differences in Kp
values and separation factors observed between calcium and ammonium lactate solutions
could be linked to the great difference in solubility of the salts formed (Caso,

4
0.2 and (NH ~ 84 g/100 gr H_O et 50 °C).

4 250, 2
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Results obtained with filtered fermentation broth (runs 15 te 18) are similar to
those issued from ammonium lactate solutions: this is not surprizing since the neu-
tralization of lactic acid during fermentation was made with ammonia.

Sulfuric acid is distributed between both phases and a distribution ratio of 0.23

has been calculated at 25 and 50 °C for solution containing 0.2 M/L H_SO,. This ob-

2774
servation explains that sulfuric acid is used in greater quantities than the stoi-

chiometric ones to displace lactate from its salt.
The solubility difference between CaSO4 and (NH4) 2804 and the partition of sulfu-
ric acid between both phases explain the higher l&) and o values found in the case

of acidified calcium lactate.
Preliminary calculation have shown that a feed/solvent ratio of 6 and six mixer-

settlers could be sufficient to recover 95 % of lactic acid (8 mixer-settlers for
99 & recovery).
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PHASE EQUILIBRIA OF AQUEOUS AND ORGANIC SOLUTIONS OF
POTASSIUM BENZYLPENICILLIN

8-24

M.C.Annesini, C.Capparucci, F.Gironi and L.Marrelli, Chemical Engi-
neering Department, University of Rome "La Sapienza'", Rome, Italy

Introduction, - Recovery of benzylpenicillin from fermentation broth
involves solvent extraction, purification and concentration steps [ﬂ.

Several extraction and reextraction stages are carried out in order
to obtain a purified penicillin solution. Butylacetate is generally used
as solvent and pH effect on the penicillin solubility in water and in
organic solvents is exploited [2]. In the last stage of the process, the
potassium salt of benzylpenicillin (KBP) is obtained by extraction with
a KOH solution.

Concentration and purification of KBP are carried out by a
cristallization process where n-butyl alcohol is added to the aqueous
solution containing ‘KBP in order to lower the evaporation temperature.

Design and operation of the process require to know the
thermodynamic behavior of water-butanol-KBP and water-butylacetate-KBP
systems.

Since very few data are reported in the literature, we are carrying
out a sistematic study on phase equilibria involving KBP and pure
organic solvents or their aqueous solutions. Some results on the
solubilities of solid KBP on ethanol, n-propanol and n-butanol at
different temperatures have been published in a previous work [3].

In this communication we report:

- experimental data on the solubilities of KBP in butanol-water
mixtures;

- ternary 1liquid-~liquid equilibrium (LLE) data of KBP ~ water- butanol
mixtures; the distribution of KBP between aqueous and organic phases
is also reported;

- dissociation constants of KBP in alcohols and water-butanol solutions
obtained from conductivity measurements.

Experimental, - Benzylpenicillin potassium salt was supplied by Fluka
with a purity claimed greater than 99%. Ethanol, n-propanol and n-
butanol were supplied by Carlo Erba with a purity claimed greather than
99.8%. Finally redistilled water was used.

KBP concentration in alcoholic and aqueous solutions was determined
by an ultraviolet spectrophotometer (Perkin Elmer Lambda5). Details on
the analytical procedure are reported elsewhere [3].

Solubilities were measured by contacting an amount of solid KBP
exceeding the saturation value with the aqueous solutions. The
experiments were carried out in a magnetically stirred flask at
temperature of 2040.1°C. After the equilibrium was achieved, a 1liquid
sample was analyzed spectrophotometrically in order to evaluate the KBP
concentration.

Miscibility gap of benzylpenicillin - water - butanol system was

determined by a titration procedure. Weighed amounts of KBP and butyl
alcohol were introduced in a thermostated glass flask at 20+0.1 °C and
the amount of water required to obtain two liquid phases was determined.
Then the titration was carried on until a homogeneous liquid phase is
obtained.
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Tie-lines were determined by equilibrating the ternary mixtures in
glass flasks magnetically stirred for at least two hours. After a
settling period, samples of each phase were withdrawn by means of a
siringe. The samples were analyzed spectrophotometrically in order to
evaluate the KBP concentration in each phase.

Specific conductance of solutions containing a known concentration of
KBP was determined by a Beckamn conductivity bridge (RC-18A) with a
measuring frequency of 3kHz. Experiments on very diluted penicillin
solutions in ethanol, propanol and butanol and water-butanol mixtures
were carried out. From conductance data, the dissociation constants K

of KBP were obtained, according to the Ostwald dilution law [4]. d
Results and discussion
Table 1 reports the solu- Table 1. Solubility of solid KBP in a-
bilities of solid KBP in queous solutions of n-butanol
aqueous solutions of bu- at 20°C
tanol at 20°C. LLE data
at the same temperature Solvent composition KBP solubility
are reported in Fig. (weight % of butanol) (mole/cm?)x10*
Finally, Table 2 reports
the values of the disso- 0.967 0.08
ciation constant of KBP 0.920 0.95
in organic and aqueous 0.911 1.42
solutions. 0.909 1.36
Liquid-liquid equili- 0.900 1.86
brium data show a raising 0.879 2.80
distribution ratio of KBP 0.871 3.09
between organic and 0.847 5.14
aqueous phases at raising 0.817 539
KBP concentration. Fur- 0.762 7.82
thermore mutual solubili- 0.676 10.80
ty of water and butanol 0.615 12.46
increases at higher KBP 0.549 14.18
concentration and com-~ 0.409 17.09
pliete miscibility is 0.321 18.68
achieved at penicillin 0.233 20.36
concentration greather 0.174 20.18
than about 8% by weight. 0.126 20.50
A thermodynamic model 0.079 21301
of these systems should 0.042 21.36
take into account the 0.017 21.26
presence of KV and BP™
ions in the liquid solu-

tion. These ions undergo the following equilibrium reaction both in
aqueous and organic phase:

KBP = K* + BP~
with an equilibrium constant Kd‘

Furthermore, in aqueous solutions hydrolysis phenomena should be
considered, owing to the presence of BP~ ion corresponding to the weak
acid HBP:

BP + H,0 =HBP + OH™ .

Hydrolysis allows to explain pH influence on the penicillin distri-
bution between aqueous and alcoholic phases in the extraction process.
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WEIGHT PERCENT OF KBP

WEIGHT PERCENT OF BUTANOL

Liquid-liquid equilibrium data for
the system KBP-water-butanol

According to these observations we propose a model which should be

able to describe the experimental data of solid liquid equilibria and
ternary LLE.

The equilibrium between solid KBP and its liquid saturated solution:

+ -
KBP(co1id)<— K + BP

Table 2. Dissociation constant of KBP

Solvent Kd (mol/cm3)x107
Ethanol 29.2
Propanol S5md
Butanol 269

Water-butanol mixtures
(weight % of butanol)

0.906 5.43
0.879 9.04
0.815 10.90
0.050 109.00




is described in terms of the solubility products Ks:
= [T =l w2
Ks—[K] [BP]yi

Therefore the model allows us to evaluate the solubility product from
solubility data if the dissociation constant Kd of KBP in pure solvents
and water-alcohol mixtures is known. Furthermore hydrolysis constant KH
of HBP in aqueous mixtures must be known at various compositions.

The proposed model can be applied also to the solid-liquid equili-
brium of KBP in organic solvents neglecting the hydrolysis effects.

Also liquid-liquid equilibrium data can be described by the propo-
sed model. In this case physical equilibrium conditions of the true
chemical species in the two phases must be taken into account together

with the chemical equilibrium conditions above described.
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MEMBRANE EXTRACTION - A NEW PRINCIPLE OF MEDICAL
OINTMENT PREPARATION @
E.V.Yurtov, G.N.Gulina, B.A.Somov, Mendeleev Institute of
Chemical Technology, Moscow, USSR

Application of chemical scientific achievments in industry and
agriculture is accompanied by the extension of human contacts with
chemicals. Liost of chemicel exercise harmful influence on human
skin causing occupational allergic dermatosis. Among various pre-
ventive and medical measures there are different protective oint-
ment which ere very important for skin protection against harmful
exposure to chemicals.

Membrane extraction principles can serve as mediczal ointment
preparetion. In many cases such ointment are more effective than
the traditional ones. The advantage of the new ointments lies in
the possibility to extract harmful substances-sensibilizators
from skin surface into ointment and to fix harmful substences in
the bulk of ointment.

Traces of sensibilizator on the skin can be absorbed by oint-
mente It prevents their penetration into a wocund or unprotected
areas of the skxin. Afterwards the ointment with the absorbate-
sensibilizator can be weshed away by water and soap. The oint-
ment consistency resembles the usual one but the protectiv pro-
perties of the new ointment are much better.

Like it is in liquid membrane extraction the extractable sys-
tem is emulsion w/o. It consists of liquid membrane with carrier
and internal phase with reagent fixing transferred solute to un-
dissociated complex.

This system forms three phases membrane extraction system with
droplets substance-gensibiligator solution at the skin or with
biological liquid in skin pores. So the latter are external feed
with main solute-sensibilizstor. This can be illustrated by Fig.1.

- ointment Fig.1,
layer e
Schemé of skin

- epidermis protection
1-sensibilizator
solution droplets,
- derma 2-sensgibilizator
transfer
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Such ointment can be applied on the skin not only before but
also after contact with sensibilizator. Ointment can extract subs-
tances-sensibilizators from skin pores.

Many ordinary extractants can be chosen as carriers. They do not
injure skin because treir concentration is small.

The preparation of chromium protection skin ointment can be
considered as a model. The general scheme of chemical processes
which occur in this system are presented in Fig.2.

Technological solution Liquid membrane | Internal phase

2= - + 2
H20+Cr207-2 HCrO4n2 H +2Cr04

HOrOG < / RN /HzDAA

gt R .NH,Crd
/ \ FD i 4 —.[CI‘(OH?)6]3+

Crzo?,'\L 2R NH" N [szz-
+
2t~ (L @ gy);0m,0,,/ [oxtom,v],
pK=12,8
pH 4=5 pH 4- 6
Fig.2. Scheme of chemical processes
QbDAA - ascorbic acid solution, H2V2: ethylenediaminetetraacetic aci@

Chromium is extracted from chromium solution by carrier - tri-n-
octylamine and then it transfers through 1liquid membrane into inter-
nal phase where chromium (VI) is reduced to chromium (III) by ascor-
bic acid. Catalyst-manganese compound is also used for faster reduc-
tion. Then chromium (III) yields low-dissociated complex with ethy-
lenediaminetetraacetic acid in internal phase.

The small chromium concentration in liquid membrane is necessary
because liquid membrane contacts with the skin. Such low coﬁcentra—
tion of chromium can be achieved by weak concentration of carrier in
liquid membrane and binding of chromium in undissociated complex in
internal phase.

The important property of ointment is stability to breaking. Obtai-
ned compositions are stable half a year and can be used after this
period.

If period of storage is protacted the ointment capicity decreases.
This can be seen in Table 1.



Table 1, Realationship of emulsion capacity from
time of storage

Time of storage, months Chromium concentration
in ointment, mg/g
0 0,957
0,03 0.955
0.23 0.953
0.36 0.950
0.50 00945
2,50 0.890
3.50 0.875
5.00 0,762

Sencibilizator absorbtion rate depends on factors but liquid
membrane viscosity is the most important. Fige.3 shows that menmn-
brane viscosity influences chromium extraction rate.
~lnix=C
1,0 L-T viscosity
e - 73,3
s = 95,7
o= 117,3 Pa.s

0,5

0 20 TZ0 180 240 T min
P§§.3. Chromium extraction rate versus exctraction time for
various liquid membrane viscosity

As shown in Fig.4, the type and concentration of surfactants
influence ointment stability.

Many other kinds of ointments against various sensibilizators
can be preparated due to shch 1liquid membrane principle. Extensi-
ve extraction equilibrium information can be used for the choice
of the internal phase composition and carrier (Fig.5).
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Fig 4.Q; g = ointment breaking vs. surfactan concentration
1 - chostacerin,
2 - gorbitanoleat,

3 - pentol
viskosity r(:‘min
Pa-s ?
400
300
B
300
200 |
200
100 |
100 |
A
A I s 'l 1 1
10 50 60 70 80 internal phase
concentration,%

Fig.5. Qj1/4— ointment breaking and viscosity vs. internal phase
concentration. A- ointment breaking, B- viscosity
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SOLVENT EXTRACTION PROCESS FOR PURIFICATION OF METHYL 8-26
RICINOLEATE DERIVED FROM CASTOR OIL

I. Chabredier, G. Cote and D. Bauer,

Laboratoire de Chimie Analytique (Unité associée au CNRS n° 437), ES.P.C.IL,
10, rue Vauquelin, 75005 Paris, France

Methyl ricinoleate is an important starting material used to prepare I1-aminoundecanoic
acid which is the monomer of Rilsan B, a nylon type of fiber. Its production is based on
the transesterification of castor oil by methanol. Castor oil is a mixture of triglycerides,
mainly of ricinoleic acid (about 85%), but also of various other fatty acids : oleic, linoleic,
stearic, dihydroxystearic, etc. The chemical formulae of the main compounds found in the

product of esterification are given below :
(i) methyl ricinoleate
CHB—[CHz]j-ClH-CH
OH

-CH:CH—[CH2]7-COOCH

2 3

(ii) methyl oleate

CH3—[CH2]7-CH:CH-[CH2]7-COOCH 3

fe1tisis) methyl linoleate

CHB-[CHZJQ-CH:CH-CH —CH:CH-[CH2]7-COOCH denoted "metiloils"

2 3
(iv) methyl stearate

CHB_[CHZJI S—COOCH3

(v) methyl dihydroxystearate
CH3-[CH2]5—(%H—CHZ-(IZH—[CHZ]S—COOCH
OH OH

3

All these compounds contain 19 carbon atoms, but are different one another either by
the number of double bonds C=C or the number of OH groups. Methyl dihydroxystearate
easily cristallizes and is conveniently removed by a mere filtration. The "metiloils" can
lead to various by-products during the synthesis of 11-aminoundecanoic acid and should

preferably be eliminated prior to this synthesis.

The purpose of this paper is to show that such a separation can be efficiently achieved
by solvent extraction by using two immiscible (or poorly miscible) organic phases, one of

which is polar and the other one non polar.

I.  PARTITION OF METHYL RICINOLEATE AND "METILOILS" BETWEEN TWO
IMMISCIBLE (OR POORLY MISCIBLE) ORGANIC PHASES

The partition coefficient of any organic compound between water and octanol can be
estimated by the REKKER's method [1]. For instance, the calculated partition coefficients
are 106'7, 108'1‘, 108'2 and 108'7 for methyl ricinoleate, methyl oleate, methyl linoleate
and methyl stearate, respectively. Such values show that methyl ricinoleate is significantly

more hydrophilic than the "metiloils", in reason of the presence of an OH group in its
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molecule. However, in spite of such a difference, methyl ricinoleate cannot be separated
from the "metiloils" by a partition process between water and octanol because all these
compounds have an extremely low solubility in water. The situation might be different by
using a two-phase system consisting in two immiscible organic phases [2 - 4].

In this work, we have investigated the partition of methyl ricinoleate [RM] and of the
"metiloils" [MO] between various couples of poorly miscible organic phases. The results are
given in Table,

Partition coefficients of methyl ricinoleate (KRM) and of the "metiloils" (K

MO)

between various couples of immiscible organic phases

KX - [X]alkane phase / [x]polar phase Wiith: X =:RM tor -MO
Extraction systems Krm KMO(*) KMO V) Kpm
Furfural / hexane 0.24 2.6 10.8
Furfural + 15% methanol / hexane 0.19 - -
Acetonitrile / hexane 0.40 4.1 10:2
Acetonitrile + 15% methanol / hexane 0.27 - -
Acetonitrile + 15% eau / hexane 0.82 1.4 11359
Acetonitrile / octane 0.35 3.6 10.3
Acetonitrile + 15% eau / octane 0.80 1.1 13.8
Experimental conditions : V(alkane) / V(polar phase) = I; V(RM or MO) / V(polar phase) =
0.1 with V = volume. ) KMO has been determined by using a mixture of methyl oleate,
methyl linoleate and methyl stearate and should be considered only as a rough estimate
of the partition coefficient of each of the three esters present in the mixture.

Examination of these results shows that the partition coefficient KMO of the "metil-
oils" is between 10 and 14 times greater than the one, KRM’ of methyl ricinoleate. Such a
difference between KRM and KMO is in rather good agreement with the estimates accor-
ding to REKKER. Moreover, it allows this time the separation of methyl ricinoleate from
the "metiloils" since methyl ricinoleate prefers the polar phase (KRM < 1) and the "metil-
oils" prefer the non polar phase (KMO > 1). It should also be pointed out that the addition
of modifiers such as water or methanol to the polar phase has a great influence on the
MO The
influence of the percentage of water in the polar phase on the partition behaviours is re-

values of KRM and KMO’ but also a noticeable influence on their ratio KRM / K
ported in more detail in figure | for the couple acetonitrile / hexane. The presence of
water has a double role : firstly, it reduces the solubility of all long chain organic com-

pounds in the polar phase, so that both K and KMO increase when the percentage of

RM
water is increased; secondly, the presence of water is favourable to the solubilization of
polar compounds, so that the above-mentioned repulsion of methyl ricinoleate is partly in-
hibited and KRM increases less than KMO (i.e. the ratio KMO / KRM increases) when the

concentration of water is increased.
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Fig. 1. Variation of Kpu, Kyq and Kpo / Kgpm s 2 function of the percentage of

water in acetonitrile, at 20°C. [non polar phase : hexane; V(hexane) / V(acetonitrile + 15%

water) = t; V(RM or MO) / V(acetonitrile + 15% water) = 0.1; V = volume]
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Fig. 2 . Variation of KRM and KMO as a function of the concentration of RM and MO

in the system, respectively, at 20°C. Extraction systems : (A) acetonitrile / hexane; (B)

acetonitrile + 15% water / hexane. For (A) and (B) : V(hexane) / V(polar phase) = I;
V = volume
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Examination of the results given in figure 2 show that KMO is independent on the con-
centration of the "metiloils" in the system, as expected from an "ideal" law partition. On

the other hand, KRM cannot be regarded as a true constant in the presence of water since

it significantly increases when the concentration of methyl ricinoleate is increased.

. APPLICATION TO THE SEPARATION OF METHYL RICINOLEATE FROM THE
PRODUCT OF ESTERIFICATION OF CASTOR OIL

An example of separation is given in figure 3. It can be noticed that at the issue of
the first extraction stage good quality methyl ricinoleate is obtained in the acetonitrile

RM = 8.48 g + acetonitrile + hexane
MO = 1.52 g + 15 % water 40 mL
100 mL

starting material

[

RM = 3.51 g
L MO = 1.48 g
A1 RM = 4.90 g X = 57.8%
MO = 0.08 g Y = 98.4%
H . acetonitrile
+ 15 % water
100 mL
RM = 1.17 g
L MO = 1.42 g
A2 RM = 2.14 g X = 25.2%
MO = 0.09 g Y = 95.9%
acetonitrile
i . + 15 % water
100 mL
RM = 0.47 g
H3 MO = 1.31 g
A3 RM = 0.64 g X = 7.5%
MO = 0.10 g Y = 86.5%

Fig. 3 . Example of separation of methyl ricinoleate from the product of esterification
of castor oil by solvent extraction. Y and X denote the purity and the yield of recovery of

methyl ricinoleate in the acetonitrile phases, respectively
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phase Al, but with a yield of recovery lower than 60%, which obliges to treat the hexane
phase HI. By increasing the number of extraction stages, the degree of purity of the pro-
duct found in the acetonitrile phases decreases in favour of the global yield of recovery.
Nevertheless a satisfying compromise can be reached. For instance, by mixing the three
acetonitrile phases Al + A2 + A3, one reaches a yield of recovery greater than 90% with
a degree of purity equal to 96%.

It should also be pointed out that all phase transfers are rapid (equilibrium attained
within less than five minutes) and that there is no problem of settling and coalescence.
Finally, . the elimination of the solvents to get the products from their solutions can be
achieved without any difficulty by distillation; that is why it is advantageous to use low

boiling point solvents.
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DISTRIBUTION OF SUBSTANCES IN WATER - ORGANIC SOLVENT -
INORGANIC SALT TWO-PHASE TERNARY SYSTEMS

V.Yu.Ryashentsev, E.S.Vainerman and S.V.Rogozhin, Nesmeyanov
Institute of Organoelement Compounds, USSR Academy of Sciences,
Moscow, USSR

Two-phase ternary systems (TPTS), formed by salting-out polar or-
ganic solvents from their aqueous solutions (Timmermans systems) can
be used for the purification and fractionation of various classes of
substances: amino acids, peptides, proteins, lipids [1-3].

In the systems studied the distribution coefficients may vary

3 to 104, depending of the properties of distributed subs-

from 10~
tance and the nature of TPTS.

The present study shows that in TPTS formed by salting-out some
aliphatic alcohols (n-PrOH, i-PrOH and t-ButOH) by neutral electro-
lytes (NacC1, Na2504), the distribution of different substances (ami-
no acids, 3-aminophthalimide [4], certain dyes and pharmacologicaly

active compounds) can be described by the following equation:

D = a ?:’

where D - distribution coefficient; % - ratio of alcohol concen-
tration in co-existing phases; a,d - constants.

Coefficient £ has been found to be closely related to hydropho-
bic properties of the distributea substance. Thus in nor- «-amino
acid series (Gly - Leu) a linear dependence is observed between the
number of CHz—groups in the aliphatic chain and & coefficient. A
good correlation is also observed between o coefficient values with
salting-out constants of amino acids reported in [5].

A further investigation of the distribution mechanism can reveal
new applications of TPTS in the purification and fractionation pro-
cesses and also can be useful for the theory of substance solvating
in mixed water-organic solution with a high salt content.
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