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Abstract

The mechanism of the suppression effect of the extraction of microquantities of an element in

the presence of macroquantities of another element in some solvent extraction systems is

considered.

For the system of metal halide complex acids, it has been revealed that the principal cause of

the suppression phenomenon is due to the dissociation of the compounds extracted into the organic
phase. The various factors, such as relative value of distribution ratios of the individual micro

and macroelements, stability of halide complex anion are discussed, and a equation relating those

factors are derived.
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Introduction

It turns out that the distribution ratio of
individual species does not be affected, in
general, by the presence of other extractable
species. However, the distribution ratio of the
microcomponent may be affected according to

the concentration of macroelements by unequal
change of the activity coefficients of two solvent
phases® or/and by the formation of mixed
species with the macro elements.

For the case of coextraction, there are many
works reported®# for wvarious extraction
systems. Yu. A. Zolotov has reported™ some

experimental results relating to the suppression
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effect of macrolements to the distribution of
microelement. It is attempted to study further
systematically the suppression effect for the
tracer level extraction system of metal halide

complex acids.

Experimental

1. Reagents

TBP, supplied by Junsei, Japan, was further
purified according to the same method as D.F.
Peppard et. al. described®. Metallic salts,
supplied by Kanto, Japan, were all reagent
grade. °CQ, 5%Fe, “=In and 15115%Cd were
prepared by neutron irradiation at the Korea
Advanced Energy Research Institute. 12°Sb was
supplied by Radio Chemical Center, England.
The radiochemical purity was checked with their
7 specturum and some purification processes

were under taken if necessary.

2. Extraction and Radioaasay

Water jacketed double reaction cell (the volume
of inner cell was ~10ml) was mounted on a
motor driven shaking machine and the shaking
rate was controlled by means of a transformer.
The shaking speed was adjusted to~60 cycles
per minutes. The shaking period was kept to
10 min. except the case of extraction rate
determination. The concentrations of the
microelements in the aqueous solution are
estimated as 107°~107°M during the extraction
operation carried out. 3ml each of pre-equilibr-
ated organic phase and aqueous phase were
taken in the cell. The tracer was added just
prior to start actual extraction operation. After
shaking for pre-determined period, it was
transfered into centrifuge cell immediately and
the both phase were separated by double
centrifuge operation. Distribution ratio was dete-
rmined by measuring the gama activities of
equal volume of both phases using NaI(T1) well

type scintillation counter.
Results and Discussion

Table 1. shows the distribution ratios of Co
(~10"M) for the system of 50% TBP-benzene-
gN HCl in the case of absence of other elements.
(Dy) and of presence of macroelements (D),
Sb, Cd and Fe, respectively.

The concentration of those macroelements
were adjusted to 0.1M, 0.5M and 1.0M. The
magnitude of D,/D, ratio can be related to the
extent of suppression of distribution ratio of
microelements due to the presence of macroele-
ments. Table 1. shows that the values of D,/
D, increase according to the concentration of
macroelements. The sequence of the magnitude
of Dy/D,, Fe>Cd>Sh, corresponds to the
sequence of the value of distribution ratio of
individual macroelements for the respective
extraction system (Dre=~10, Dca=~5, Dg=
~4). @ In this case the distribution ratio of
Co (De=~0.89) is smaller than any of the
macroelements presence and the suppession effect
of Fe is remarkably high, reaching to the order
of 10* for the case of 1.0M concentration.

The Dy and D, of In for the extraction system
of 2595 TBP-benzene-9N HCl are shown in
Table 2. The macroelements are Co, Sb and Fe
and the concentrations of these macroelements
are 0.1M, 0.5M and 1.0M. The sequence of
D,/D; is obtained as Fe>>8b>Co. This sequence
does not correspond to the sequence of their
distribution ratios(Dsp=~1, Dpe=~0.8, D¢,=
~0. 1) which shows marked different tendency
from the results of Table 1.

Table 3. shows the D, and D, of Bi for the
systems of 5095 TBP-benezene-3N and —8N
HC), respectively.

The macroelements are Sb, Cd and Fe (1. 0M).
Contrast to the expected marked suppression
effect of which has the largest distribution ratio
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Table 1. Extraction of Co.(~10-°M) in the
Presence of Macroelements.
(50% TBP-Benzene-9N HCl system)

Table 3. Extraction of Bi (~10-°M) in the
Presence of Macroelement (1.0M).
(50% TBT-Benzene-HCl system)

Concentration|
Element of D D, Dy/D,
macroelment
0. 1M 0.708 1.264
Sb 0.5M 0.895 0. 328 2.729
1.0M 0.119 7.521
0.1M 0.762 1.177
Cd 0.5M 0.897 0. 241 3.722
1.0M 0.049 18. 306
 01M 0.681 | 0.875
Fe 0.5M 1.285 0.013 67.308
1.0M 0.0001| 8750.000
D,; Distribution ratio of microelement without
macroelements.
Ds; Distribution ratio of microelement with macr-
oelements.

Table 2. Extraction of In (~10"°M) in the
Presence of Macroelements.
(25% TBP-Benzene-9N HC] system)

Concentration
Element of Dy D: Di/De
macroelement
0.1M 2. 555 1.125
Co 0.5M 2.874 1.916 1.500
1.0M 1.854 1. 550
0.1M 2.592 1.104
Sb 0.5M 2.861 1.328 2.154
1.0M 0. 462 6.193
0. 1M 2.673 1. 080
Fe 0.5M 2.886 0.003 | 1443. 000
1.0M 0.001 | 2886. 000

among them (Dp.=~6 at 3N HCl, Dge=~10
at 8N HCD), @ Cd shows smaller D;/D, value
compared to Sb which has smaller distribution
ratio than Cd (Dca=~1.2, Ds=~0.08 at 3N
HCl, Dcg=~7, Dsy=~5 at 8N HCD ™ and
this latter sequence correspond to that of
‘Table 2.

When the extractable species are solvated
metal chloride complex acids following expre-
ssions are derived. (solvated molecules are
neglected for clarity) For the distribution

Eofnc.‘ Sb Cd i Fe

[ !

HCI I3NJ 8N 3N[ 8N | 3N | N
D; |o0.478 0.127) 0.475 0.127) 0. 475‘ 0.127

D. 0.022;  0.008f 0. 415' 0.023; 0.009 0.0008
D:1/D;|21.590| 15.875| 1. 145/ 5.52252. 778158. 750

l

equilibrium
<H+) & + (Mclm+1—) a= (HMClm+1> o
The extraction coeflicient, K., can be expressed

as

_ [BMClayde
Kee="T11#], [MCluyi -], W

where the suffix 0 and a denote organic and

aqueous phase, respectively. In the organic
phase there will be a dissociation equilibrium.
(The extent of the dissociation, of course,
depends on the dipole character of the organic
phase.) The dissociation constant, K., can be
expressed as follow;

(HMClay1) == (H") o+ MClus17)o

H*], [MCloi e
[HMCLor]o @

The distribution ratio, D., can be expressed as

Korg= [

follows;
— _LEMCIHWIJ o + [MClm+1_] ]
Dm— [MClm+1_:| a AMClm+1(cl) (3)

where amc) mi1ey is side reaction coefficient of

MCl,¢;~ and any possibility of distribution of
the chloride complex of more higher order than
HMCl,.+; is supposed to be negligible.

From the relations of (1), (2) and (3) the
following expression is derived.

[(H*]. Korg ]
QAMClm+1 (1) {1+ [Hﬂgo j @

On the other hand, if coexisting macroelement,

Dm=Kex

M*, also be distributed as similar form to the
organic phase and dissociated to some extent
the following relation is held according to the
principle of electroneutrality.

[(H*]o=[MClut1 Jo+ [M*Clns, 1o (5)
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Table 4. Variation of the Distribution Ratio of In with HCl Concentration in the Presence of
Macroelements (0.5M). (100% TBP-HCl system)

Concentration of HCL
IN N | N | 4N | N | eN
Dy 2.89 8.03 9.44 10. 39 } 10.04 10.90
D (with Co) 5.93 9.19 9.38 10.92 9.81 10.93
D;(with Sb) - — 3.28 6. 69 ) 8.05 8. 47

J

|

i

13.29
12.32
10.50

] 9N

17.41
‘ 15.01
\ 14.45

Table 5. Variation of the Distribution Ratio with the Concentration of the Extractable Species.

\ 0. 1M+ 0.3M+ 0.5M+ 0.7M+ 1.OM+ Ext.
Element J Tracer Tracer i Tracer Tracer ‘ Tracer Tracer system
Co ‘ 0.312 0.297 0.217 0.185 0. 167 ‘ 0. 156 25% TBP-9N HCl
Cd 1. 447 1.287 0.874 0.844 0.524 0.391 50% TBP-6N HCl
Fe 168. 606 125.929 82.782 2.619 ‘ 1.376 0.769 25% TBP-9N HCl
If at around 4N HCI concentration.
[IM*Clayi 1o IMClar To For the latter case, the D, curve is suppressed
“Then by the D, curve up to around 4N and after the
[H*]o=[M*Clus1~To ) range D, curve is suppressed as the case of Sh.

K and [H*], which are

.appeared in equation (4) are all constant under

Since, Kex, amcimttens

a given condition, the value of D, should be
.decreased according to the increasing of [H*],
.and, moreover, the relation (6) shows that the
distribution of microelements be suppressed by
the coexisting macroelements. Now, it may be
.easy to explain those experimental results on
“Table 1,2 and 3 with the relation (4) as the
variation of D, depends not only on the conce-
ntration and/or distribution ratio of macroele-
ments but also on the dissociation constant of
those elements in organic phase.

Reviewing the results on Table 2. and 3, it
is estimated that the sequence of the dissociation
constants in TBP phase is Fe>>Sb>>Cd>Co.

Table 4. and Fig. 1 show the D, and D, of
In as a function of HCl concentration for the
100% TBP extraction system. Here the macroe-
lements are Co and Sb and their concentrations
are 0.5M. For the case of Sb, the D, curve is
suppressed through out whole HCl range, but
for the case of Co, the two curves were intersect

/in
.. /
151 With Co 1
With St
//,
10} / /
o
g
B
2 3 )
b /
a d
) a & 8 ] i

HC! concentration (N)
Fig. 1. Variation of the Distribution Ratio of In
_ with HC] Concentration in the Presence
of Macroelements.
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Fig. 2. Variation of the Distribution Ratio with
the Concentration of Extractable Species.

This corresponds well to the report® that no
appreciable anionic chlorocomplex formation was
observed in the aqueous HCl solution of less
than 4N.

The enhancement of D is understood as
mainly due to the decreasing of the water
activity by the Co dissolved in and remaining
almost all of them in aqueous phase. (D¢,<1073
at this conditions)

It is expected from the relation (4) that the
distribution ratio of any elements will be decre-
ased if the distributed species are dissociated in
the organic phase and make the [H*] increase,
even though in the absence of other elements.

This is verified by the results of Table 5.
which shows D, of Co, Fe (25% (v/v)-TBP-
benzene-9N HCl system) and Cd (509 (v/v)-
TBP-benzene-6N HCl system) as a function
of their concentrations.

Fig. 2 shows the relative decreasing modes
of the three elements on Table 5. The graph
is drawn by taking D; of each elements at

tracer level (~10-°M) as unity., The observed
sequence of the decreasing modes is Fe) Cd)Co
which is excepted from the relation (4).

Conclusion

The extraction of microelements is suppressed
by the coexisting macroelements as far as they
are distributed:to the organic phase as a form
of metallic acid which are dissociated to some
extent. This suppression effect is a function of
the product of the distribution ratio and its
dissociation. constant of the coexisting elements
in organic phase. It is also found that the
distribution of some metallic acids is decreased
along with the increasing of its concentration
even in the absence of other elements and these.

are expressed with a simple equation.
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