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Abstract

The approach to the search for efficient solvent extraction systems for fission rhodium is substantiated
experimentally on the basis of characterization of the prevailing forms of rhodium differing in charge sign
(cationic, anionic and neutral) in nitrate-nitrite solutions and their reactivity toward the coordination and
anion-exchange extractants. The most promising processes are those involving coordination extraction of the
[Rh(NO,)5(H,0),] form, which is relatively stable in nitric solutions and can be obtained by nitration of the
initial solutions. Rhodium is solvent extracted by 96—98 % from the solutions containing this form within short
time of contact between the phases in the region of low acidity. It is shown that the joint recovery of
rhodium and palladium and their high separation from a number of the accompanying fission elements can be

achieved using alkyl aniline.

INTRODUCTION

It is reasonable to carry out the recovery
of fission platinum metals (Rh, Pd, Ru) and
Tec during reprocessing the spent nuclear fuel
(SNF) by inclusion into glassy matrices in order
to increase the reliability of localization and
storage of radioactive wastes [1]. In addition,
SNF is considered as a potential renewable in-
dustry-caused source of the indicated plati-
noids [2, 3]. Unlike palladium and ruthenium,
in the solvent extraction processing of SNF,
rhodium is completely conserved in high-level
wastes (HLW) of PUREX process after the re-
covery of the main actinoids into TBP. This is
due to the low reactivity of complex forms of
rhodium in the nitrate-nitrite medium of HLW
(diversity of forms with potential ligands NO, ,

, H,0, OH", inertness in the reactions of
their substitution, tendency to form polynu-
clear forms). The status of rhodium in HLW

remains almost unknown till present, and it
cannot be subjected to a prior: prediction.

In the works carried out previously, search
for extractants for rhodium was performed with
model solutions (as a rule, nitrate ones) which
do not provide a full imitation of HLW be-
cause of the presence of radiolytic HNO, (up
to 10 mmol/1 [4]). As the data reported in [5-
11] suggest, no efficient extractants for rho-
dium recovery from nitric media have been
found yet. In addition, uncertainty concerning
the state of Rh(III) in the initial solutions may
be seen in these works. The major part of the
reported data are considered to be related to
solvent extraction of rhodium from the solu-
tions of its aquaion [Rh(H,0)s]*" (dissolution
of hydrated rhodium (III) oxide in HNO;) [6—
11]. However, the data obtained recently pro-
vide evidence that the main species for HNO;
concentration below 5 mol/l are polynuclear
oligomers with p-OH and p-NO; coupled bridg-
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es [15]. In [5], the initial solution was obtained
from RhClg; it most likely contained a mixture
of aquachloride forms on unknown composi-
tion. In nitrate-nitrite solutions, the uncertain-
ly of a set of [Rh(NO,), (H,0)s _ ,,]™ 97, 1 <
m < 6, on the one hand, is due to a method of
obtaining initial solutions for solvent extrac-
tion (nitration by nitrogen oxides or NaNO,,
dissolution of K5[Rh(NO,)s] salt) and conditions
(HNO; concentration, temperature, duration of
the procedure); on the other hand, it is due to
the processes of aquation of nitro complexes
[16, 17] during the storage of these solutions
and during solvent extraction itself; in turn,
the rates of these processes are dependent on
the acidity of the aqueous medium and on
temperature. So, from the viewpoint of the
definiteness and reproducibility of the com-
position of nitric solutions containing rhodium,
the available literature data on solvent extrac-
tion are to a substantial extent chancy.

The goal of the present work is experi-
mental substantiation of the approach involv-
ing determination of the predominant com-
plexes among the [Rh(NO,), (H,0)s _ ,.]™ = ¥~
and [Rh,(u-OH, p-NO,), _ ,(H,0),, 4 )" 7 2*
forms in nitrate-nitrite media, creation of these
forms in imitate solutions, and search for sol-
vent extraction systems of the coordination
and anion exchange classes for the recovery of
rhodium from these solutions.

EXPERIMENTAL

The reagents used in the work were: HNO;,
NaNO;, NaNO, AgNO,, (NH,);Mo,0,, (¥H,O
La(NO3)3 (BH,O(“kh. ch.” = chemically pure
grade), RhCl; [(#H,0 (“ch.” — pure grade) and
metallic Pd (99.9 %), Sb (Su-000), Se (“os.ch.” —
22-4 specially pure grade) and Te (TV-4). Some
compounds were synthesized according to the
known procedures: H,MoO, [IH,O according to
[18], Na,[RuNO(NO,),OH] according to [19]. Tet-
ra-n-octylammonium nitrate (TOAN), tri-n-oc-
tylaminoxide (TOAO), di-n-hexylsulphide
(DHS), di-n-hexylsulphoxide (DHSO), triphe-
nyl phosphine (TPP), tri-n-octylphosphine ox-
ide (TOPO) and tri-n-butyl phosphate (TBP,
“ch.”), para-n-octylaniline (OA) and technical-
grade alkylaniline (AA, with C,—C, alkyl) were
tested as extractants. Diluents for the extrac-

tants were toluene, nitrobenzene (“kh.ch.”),
metanitro(trifluoromethyl)benzene (MNTFMB)
and technical-grade triethyl benzene (TEB) con-
taining 99.2 % of the mixture of isomers.

Standard nitric solutions of the elements
were prepared by dissolving the weighed por-
tions of metals in concentrated (for Pd and
Sb) or diluted (for Fe, Se and Te) HNO;; weighed
portions of the salts (AgNO;, La(NO;); [(BH,O
and H,MoO, [H,0) were dissolved in a 3 M so-
lution of HNO;. In the case of ruthenium, the
weighed portion of Na,[RuNO(NO,),OH] was
decomposed under boiling in a 8M solution of
HNO; for 1 h; then the solution was evaporat-
ed till humid salt and dissolved in diluted HNOs.
For rhodium, the reference solutions of defi-
nite composition were freshly prepared solu-
tions Nayg[Rh(NO,)s] [20] in water (type A),
Nas[Rh(NO,)5;(H,0);] in a solution of 3M
HNO; (type B) and a mixture of [Rh,(H-OH,
H-NO,)(H,0)s]*" and [Rh4(U-OH,u-NO,),(H,0), "
in a solution of 3M HNO; (type C). For inter-
mediate forms of rhodium, since individual
solutions cannot be obtained, we estimated the
trends of changes in rhodium solvent extrac-
tion from a mixture of forms as the mean
number of coordinated ions decreased
within the range between the references.

Solvent extraction was carried out in tubes or
in thermostated separating funnels with the phase
volume ratio r equal to 1. The phases were mixed
by intense manual jogging for T = 5min or by
means of mechanical rotation of the tubes in a
thermostat with the frequency of 2—4 s~ with
lengthy contact between phases.

Concentrations of elements in the conju-
gated phases were determined by means of
atomic absorption with HITACHI Z-8000 in-
strument in flame or with a graphite atomizer.
Spectrophotometric investigation of the aqua-
tion of [Rh(NO,)s]*” was performed with Spe-
cord M40 instrument, potentiometric measure-
ments in solutions were made with Anion 410
ionomer using a glass electrode ESL-63-07 and
a silver chloride reference electrode EVL-1M
3.1 with the electrolytic bridge filled with the
aqueous solution of KNO,.

In order to determine the equilibrium con-
stant of HNO; extraction with alkyl aniline
(Kag), we applied the two-phase potentiomet-
ric titration procedure placing 50 ml of the
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TABLE 1

Solvent extraction of rhodium from solutions I-IV based on 3 M HNO; solutions. Cpy, mg/1l: 385 (I), 180 (II), T = 1 h

Extractant Diluent T, K Solution Cgp, mg/l1 Egy, %
Solution of 0.05 M TOAN Toluene 295 I 36 0

I 20 0
Solution of 0.05 M OA Toluene 295 I 36 0

I 20 0
Solution of 0.05 M OA Nitrobenzene 323 IIT 470 4

v 180 70
Solution of 0.05 M OA MNTFMB 323 II1 470 0

v 180 56

aqueous solution of 3.2 M NaNO; and 1 ml of
the solution of 1.15 M AA in triethyl benzene.
A mixture of phases was titrated with an aqu-
eous solution containing 3.2 mol/l NaNO; and
0.096 mol/l HNO; with a step of 0.5 ml The
effective potential of the aqueous phase E;
was measured directly in the emulsion after
the addition of each portion of the titrant.
The measuring system was calibrated by tit-
rating 1 ml of TEB under identical conditions.
During calibration, the equilibrium and ana-
lytical concentrations of the added acid coin-
cided with each other: ((H*] = CHNOS), and the
dependence of the effective potential on pH
was linear (E,; = a — b UpH) with the deter-
mined parameters a = (215.2 = 0.5) mV and b =
(55.5 = 0.3). On this basis, using the E_; values
measured during AA titration, we calculated
the equilibrium values of pH = (a — E.)/b in
the aqueous phase, and then the equilibrium
concentrations of the bound and free AA forms
in the organic phase, respectively: [LHNO;], =
(CHNOS - [H*])/r and [L], = C~[LHNO;].. . The
K,g value was determined as the arithmetic
mean of the set of values of the constant
which were determined in the points of the
titration curve for the conditions when the
[L],/C;, ratio is 20 to 80 %. The error of the
constant was characterized by the confidence
interval for the confidence probability 95 %
for the number of measurements N = 14.

SOLVENT EXTRACTION OF POLYNUCLEAR AQUAFORMS
OF RHODIUM FROM SOLUTIONS

Nitric solutions of the B type (see above)
were prepared by two methods. The solutions I
and II (Table 1) were obtained as a result of

two sequential stages of treatment of the sol-
id solution Rh : Pd = 1 : 1 in concentrated
HNO,, solution III was obtained by the de-
composition of Nasg[Rh(NO,)¢] in concentrated
HNO; in an open system, followed by dilution
with water [15]. The main forms of Rh(III) in
these solutions are represented by a mixture
of two- and three-nuclear cations [Rh,(H1-OH,
H-NO)(H,0)g]*", and [Rhy(H-OH,u-NOy),(H,0),]".
In solution IV, which is a product of nitration
of solution III by nitrogen oxides, a substan-
tial part of polynuclear forms was decomposed
with the formation of a mixture of mononuc-
lear lower nitro forms [Rh(NO,), (H;0), - m](m -
m < 3. Rhodium is not recovered from solu-
tions I-III (see Table 1) by an anion-exchange
(TOAN) or coordination (OA) extractant, in-
cluding an increase in the concentration of OA
by an order of magnitude or temperature ele-
vation from 295 to 323 K. At the same time,
after the decomposition of oligomers, the co-
ordination extraction of rhodium from the so-
lution of a mixture of lower nitro aquacations
proceeds up to 60—70 %.

So, a search for solvent extraction systems
for rhodium recovery from nitric solutions seems
not very promising. Such solutions require spe-
cial preliminary treatment in order to destroy
the polynuclear forms of rhodium, in particu-
lar by nitrating the solutions with nitrogen oxi-
des without adding new salt components.

SOLVENT EXTRACTION OF THE ANIONIC
AQUANITRO FORMS OF RHODIUM

In the row of complex anions
[Rh(NO,),,(H,0)4 _ ,,J™ 7, 4 <m < 6, an indi-
vidual solution A can be obtained for the high-
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Fig. 1. Changes in the extinction coefficient € of the aque-
ous solution during spontaneous aquation of [Rh(NOZ)G]S_
at T =295 K (v = 38 000 cm™}).

er nitro form (m = 6) in neutral aqueous medi-
um. A stepwise spontaneous aquation process
goes on with time in such a solution:

[Rh(NO,),(H,0)s _ "™ + H,0
~ [RA(NO,),,, - 1(HyO)5 - 4~ " 71 (1)

where 1 < m < 6. Spectrophotometric investi-
gation showed that the consumption of
[Rh(NOZ)e]Sf during aquation (Fig. 1) is described
by the kinetic equation for a first-order irre-

TABLE 2

versible reaction. It was found that the rate
constant for the 1st step of aquation (m = 6) is
ky, = 236 10°° s™' and half-life is t,,, = 80 h.
These data were used to calculate the molar
fraction of [Rh(NO,)s* (as) during estimating
the depth of aquation in the solutions exposed
for some time before extraction in order to
obtain a mixture of nitro forms in them.

The anion exchange extraction of rhodium
generally corresponds to the equation

{[Rh(NO,),,(H,0)q - ' ™}, + (3 — m){QNO},
~ {Q; - W[RR(NO,),,(H,0)5 - .1},
+B-m Yy )

In addition, the ions formed during
aquation participate in a competitive exchange:

{ }w + {QNOS}O - {QN02}0 + { }w (3)

In weakly polar organic media, the salts
of quaternary ammonium bases (QAB) exist
in the form of associates (R,NX),. As suggest-
ed by the data for other QAB salts [21, 22],
for the case of 0.05 mol/l TOAN solution (Q =
{RN),X,_}", R = CgH,;, X = ) in tolu-

Solvent extraction of rhodium from aqueous solutions of the anionic forms of its aquanitro complexes
Croan = 0.05 mol/l, Cpyg = 0.34 mol/]l, Crgp = 50 vol. %, T =295 K, T =1h

Extractant Cgp, mg/I1 Cranoss mol/1 oy Dgy, Egy, %
TOAN 92.5 0 0.818 460 99.8
0.5 054 35
1 0.19 16
2 0.05 5
3 0 0
TOAN 185 0 0.997 >500 100
0.818 460 99.8
0.242 141 99.3
0.058 167 99.4
0.014 153 99.4
0.003 83 98.8
0.001 53 98.1
TOAN + DHS 185 0 0.997 >500 100
0.058 230 99.6
0.014 230 99.6
DHS 185 0 0.997 0.12 11
0.058 0.12 11
0.014 0.19 16
DHS + TBP 185 0 0.997 0.28
TBP 185 0 0.997 0.12 11
0.242 0.19 16
0.058 0.16 14

0.19 0.19 16
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TABLE 3

Effect of [Rh(NOZ)ﬁ]g_ aquation degree on solvent extraction of rhodium by the solutions of 0.05 M TOAN
and 0.05 M OA in toluene with the addition of sulphaminic acid into the system. T = 295 K, 1 =1 h

Experi- Extractant Rh/SAF t, days Cgrp, mg/l1 [Rh],, mg/] Dg,
ment No.

1 TOAN 0 1 130 <1 >130

2 0 9 130 14 83
3 0® 9 130 112 0.16
4 1 4 150 79 090
5 2 22 180 86 11
6 2P 1 130 60 12
7 4 22 170 73 13
8 6 22 170 60 18
9 8 22 162 45 26
10 10 22 162 40 30
11 10°¢ 1 108 64 0.69
12 12 22 160 35 36
13 12 36 160 74 12¢
14 74 65 0.14°
15 OA 0 1 130 105 0.24
16 1 4 150 122 023
17 2 22 180 130 0.38
18 2P 1 130 103 0.26
19 4 22 170 118 044
20 6 22 170 122 039
21 8 22 162 122 033
22 10 22 162 116 040
23 10°¢ 1 108 88 023
24 12 22 160 115 039

Note. t is the time from the preparation of solution till the start of solvent extraction

# 3 mol/l HNO; was added into the aqueous phase directly before the start of solvent extraction.
> The solution was heated for 20 min at a temperature of 323 K.

¢ The solution was heated for 2 h at a temperature of 368 K.

4 ¢ The 1st and the 2nd steps of extraction, respectively.

ene, the association degree p should be much
larger than 2 (Cgox = Croan/p)- As it could be
expected, rhodium is well recovered from fresh
aqueous solution of NagjRh(NO,)s] by the ani-
on-exchange TOAN; however, extraction is
sharply suppressed when NaNO; is added into
the aqueous phase, and decreases gradually
during the aquation of [Rh(NO,)s]*” (Table 2).
The effect of NaNO; is due to the shift of
equilibrium (2) to the left under the action of
an increasing concentration of ions. A
decrease in recovery with aquation can be ex-
plained according to eqn. (3) by binding the
extractant in more strong ion pairs QNO,, as
well as by the additional formation of

ions in the oxidation of by the dissolved
oxygen. Nevertheless, for a small extent of
aquation (for 3—4 days), the fraction extracted
exceeds 98 %, in spite of a ten-fold decrease

in the distribution coefficient Dg,. By elimina-
tion of the effect of nitrite ions due to their
interaction with sulphaminic acid (SAA), a trend
to increasing rhodium extraction is observed
during aquation as the SAA/Rh ratio increases
(Table 3). However, for a large aquation ex-
tent, which is achieved by lengthy exposure
of the aqueouos solution of Nag[Rh(NO,)4] or
its heating, the fraction of the forms with m < 4
not recoverable with TOAN increases in the
material balance for Rh (see Table 3). The co-
ordination extraction of rhodium with OA,
DHS and TBP from the aqueous solutions of
aqua nitro complexes is inefficient due to the
slow kinetics of the process. The observed (non-
equilibrium) distribution ratios Dg,* change
within the range 0.2—-0.4 independently of the
composition of the forms varying during aqua-
tion (see Tables 2 and 3).
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So, the anion exchange extractants are un-
suitable for the recovery of complex anions
[Rh(NO,),,(H,0)4 _ ,]™ ¥~ (4 <m < 6) directly
from nitrated HLW because of the high con-
centration of nitrate ions in these solutions
(about 2—3 mol/l). Deep denitration of HLW
can hardly be reasonable from the technologi-
cal viewpoint. In addition, QAB salts are not
selective with respect to rhodium. Some per-
spectives can be expected for the coordination
and mixed extractants; however, in order to
verify the situation, additional investigations
of the versions of solvent extraction systems
and of the conditions for the processes involv-
ing them are required.

SOLVENT EXTRACTION FROM SOLUTIONS
OF TRIAQUATRINITRO RHODIUM

The [Rh(NO,);(H;0),] form is relatively sta-
ble. A decimolar solution of this form in 3 M
HNO; remains almost unchanged for at least a
week [17]. Because of this, any acidic nitrate-

nitrite solutions of rhodium (III) including HLW,
with different compositions of the forms, can
be drawn to the state at which the only pre-
vailing form in solution is cis-[Rh(NO,);(H,0)4].
The solutions of B type were obtained as a
result of the treatment of Naj[Rh(NO,)s] with
diluted nitric acid and contained 0.1 mol/1 Rh;
before solvent extraction, they were diluted
till the required concentrations of Rh and HNO,,.

The results of testing rhodium recovery from
[Rh(NO,)4(H,0),] solutions with some coordina-
tion extractants under different conditions are
shown in Fig. 2. The concentrations of HNOy
and extractant (L), diluents (S), temperature
and duration of solvent extraction were var-
ied. The recovery with the indicated O- and
N-containing weakly basic extractants, inde-
pendently of the degree of their protona-
tion, is possible only according to the coordi-
nation mechanism, because the initial form
[Rh(NO,)4(H,0)5] is electrically neutral; only
cationic forms of rhodium are probable to ap-
pear during its aquation. This is confirmed by

Fig. 2. Coordination extraction of rhodium from nitric solutions of [Rh(NO,);(H,0);] (Cg, = 206 mg/l): a — toluene,

C;, = 0.1 mol/l; b — nitrobenzene, C;, = 0.45 mol/l, Cygp = 50 vol %; 1 —

Cino, = 05 mol/I, T = 293 K, T =1 h; 2 —

Civo, = 3 mol/l, T =293 K, T=11h; 3 = Cyyo, = 3 mol/, T = 203 K, T = 28 n 4 - Civo, = 05 mol/L, T = 323 K,

1=11 5~ Cipyo, = 3 mol/L, T = 323 K, 1=1h
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TABLE 4

Solvent extraction of rhodium with 1 M OA solution in triethyl benzene from nitric solutions of [Rh(NO,)s;(H,0)s].

Cpp = 200 mg/l, T = 5 min

Experiment No. T, K CHNog, mol/1l [Rh],, mg/1 Egy, %
1 291 3 135 32
28 132 34
3ab 120 40
4 0.5 107 46
5@ 107 46
6P 118 41
7 342-326 3 120 40
8° 118 41
9° 0.5 13 93
10 6.0 97
11° 7.0 96

# HNO; solutions saturated preliminarily with OA were used.

® Recovery with pure TEB (without OA).

¢ The aqueous phase contained 2.5 mol/l NaNOy along with 0.5 mol/l HNOs,.

an increase in the fraction extracted occurring
due to an increase in the duration of phase
mixing and temperature elevation. An excep-
tion is the system with DHSO for which the
fraction-extracted values for 1 and 24 h are
the same and decrease about 2 times while
temperature rises from 293 to 323 K. In addi-
tion, DHSO recovers rhodium from the solu-
tions with higher acidity 3—4 times better,
though the fraction extracted is not high: about
18 %, which is also opposite to the trend for
the systems with other extractants. The highest
recovery characteristics in test experiments
were observed for TOAO, TPP and OA at ele-
vated temperature (see Fig. 2). Octyl aniline
and its analog alkyl aniline were chosen for
more detailed investigation.

Rhodium extraction with a solution of 1M
OA in triethyl benzene for a short time of
contact (5 min) was studied. In some experi-
ments, the dilution of a standard solution B
till the necessary concentration of Rh and the
acid was carried out with the solutions of 0.5
and 3 mol/l HNO; saturated preliminarily with
OA. Before solvent extraction, these solutions
were kept for one day for the reaction be-
tween [Rh(NO,)s(H,0);] and AO distributed into
the acid to proceed. The results are shown in
Table 4.

Solvent extraction with pure TEB (experi-
ments No. 3 and 6) provides unambiguous evi-

dence of the presence of a heterogeneous equi-
librium of OA (L) distribution between the
phases:

rapidly

{L; {L} (4)

Since OA is a primary amine and possesses
base properties (see below), the acid-base equi-
librium also occurs in the system:

rapidly

{L}o + {H+ + }s {LHNOS}O (5)

The occurrence of process (5) is confirmed by
a decrease in the fraction extracted with an
increase in the acidity of the aqueous phase
(experiments No. 1, 2 and 4, 5; 7, 8 and 10,
11; 8 and 9), which is explained by a decrease
in the concentration of non-protonated form
of OA, while does not participate in
rhodium extraction process (experiments No. 9
and 10). The absence of the effect of prelimi-
nary saturation of the aqueous phase on the
mean rate of solvent extraction (Eg,/T) indi-
cates that the equilibria (4) and (5) are rapidly
established (experiments No. 1 and 2, 4 and 5,
7 and 8, 10 and 11). Since the initial form of
rhodium [Rh(NO,);(H,0);] and the coordinat-
ing OA are electrically neutral, the extractab-
le complex should be also non-charged in a
weakly polar medium of the diluent (in par-
ticular, it is known that in chloride systems []
(where L is dialkyl sulphide) is extracted with
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thio ethers [23]. The corresponding system of
equilibria is as follows:

{[Rh(H,0),(NO,);] + 3L},
SO ([RRLy(NO,), )., (6)

rapidly

[RhLy(NO,)s]}, {[RhL3(NO,);]}, ()

The occurrence of the process (7) and its high
rate are indicated by similar efficiency of the
recovery of rhodium complexes with OA from
aqueous solution into pure TEB and into the so-
lution of OA in TEB at different temperatures
and HNO; concentrations (experiments No. 3, 6
and 7, 8). Therefore, only one of the stages of
the sequential substitution of coordinated water
by L can be slow for the total reaction (6) which
limits the solvent extraction rate.

So, the example of OA shows that extrac-
tants based on alkyl substituted anilines are
able to extract rhodium from nitric solutions
of [Rh(NO,)4;(H,0);] quantitatively and rapid-
ly, but only at elevated temperature and low
acidity of the aqueous phase. Technical-grade
AA is cheaper and more readily available for
practical application.

EFFICIENCY AND SELECTIVITY OF SOLVENT EXTRACTION
WITH ALKYL ANILINE

The constant of heterogeneous acid-base
equilibrium (5) determined on the basis of the

Eef’ mvV
160

120-
80
401 1

04

-40- A

A

2

-80 T T T T
14 1.8 2.2 2.6 3.0
-lg Cuno,

Fig. 3. Calibration curve (1) and the curve of two-phase
titration of solution of 1.15 M AA in triethyl benzene by
a 0.096 M HNO; aqueous solution (2) at T = 291 K and
I= 3.2NaNO,.
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Fig. 4. Effect of the equilibrium pH of the aqueous phase
on solvent extraction of rhodium from nitric solutions
of [Rh(NO,);(H,O)s] by the solutions containing 1.15 mol/1
alkyl aniline (1, 2) and 1.15 mol/Il alkyl anilinium nitrate
(3) in triethyl benzene (Cg, = 200 mg/l, T = 308 K, T =
5 min): 1, 3 — the 1st step of solvent extraction, 2 — the
2nd step.

data for two-phase titration of AA with nitric
acid (Fig. 3) K g = [LHNog]O/{CNaN03 OH 0L}
is (1.43 = 0.02) 10 M2 at 291 K and ionic force
I = 3.2NaNO;. As suggested by K,y value, alkyl
aniline extracts the acid in the amount of
Cyno. - [H] = Cyr from the aqueous phase. In
excess of AA (CHNOS < Cy7), the acidity of the
aqueous phase decreases till pH of water.

A strong dependence of the rhodium fraction
extracted from nitric solutions of [Rh(NO,);(H,0)s]
on the equilibrium concentration of [H*] in
the aqueous phase calculated taking into ac-
count equilibrium (5) is shown in Fig. 4. Solvent
extraction was carried out in one and two steps,
and also with the use of two initial solutions
of the extractant (C;, = 1.15 mol/l) taken in
the form of the free alkyl aniline (L) and trans-
formed preliminarily into alkyl anilinium ni-
trate (LHNOs;). In spite of this, all the experi-
mental points form a unified dependence. Max-
imal rhodium fraction extracted (96—98 %) with-
in 5 min at 308 K is observed within a limited
range of acidity: 1.2 < pH < 3.5. A decrease in
the fraction extracted in the region pH < 1.2
qualitatively corresponds to a decrease in the
concentration of free AA, which is connected
with the acidity of the aqueous phase by the
equation Cyyo, ~ [H'] = n(Cy, — [L],). In order
to reveal the reasons of a sharp decrease in
the fraction extracted at pH > 3.5, it is neces-
sary to carry out special investigations. It may
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TABLE 5

Separation effects for the solvent extraction of metals by a 1.15 M AA solution in triethyl benzene
from nitrate-nitrite solutions containing 3 (I) and 1 mol/l HNO, (II). T = 308 K, T = 5 min

Metal Cy 8/1 1g Dy* 18 Brnw

I i I i
Rh 0,21 -0.11 1.79 0 0
Pd 0.52 3.82 3.94 -4.0 -2.2
Ru 1.00 -0.28 0.53 0.2 13
Ag 0.05 0.36 0.40 -0.5 14
Sh 0.013 -2.33 -1.64 2.2 3.4
Te 0.30 -4.30 42
Se 0.02 <-28 >2.7
Mo 1.6 <20 >1.9
La 2.5 <17 >1.6
Fe 1.2 <-34 >3.3

be assumed that a reason is the start of hyd-
rolysis of [Rh(NO,)4(H,0);] and the formation
of non-extractable polynuclear forms of Rh(III).

Factors of rhodium separation from a num-
ber of elements present in the HLW (Bgy, 1)
were estimated on the basis of efficient dis-
tribution ratios Dy, determined for the ex-
traction with alkyl aniline from individual ni-
tric solutions of the elements. Rhodium was
present in the initial solution in the form of
[Rh(NO,)4(H,0);]. About 10~ mol/1 NaNO, was
added into each nitric solution of other ele-
ments before solvent extraction. The results
shown in Table 5 indicate that one can per-
form deep separation of Rh from non-pre-
cious elements and partially from Ru and Ag
using AA. Palladium is extracted with AA 2—4
orders of magnitude better than rhodium.
Separation of Ag and Pd from Rh can be
achieved at the stage of stripping within a
short time because these metals, unlike rho-
dium, are rapidly and completely stripped
with ammonium.

CONCLUSION

The analysis of literature data and the re-
sults obtained in the present study on the ex-
traction oppositely charged and neutral aqua
nitro forms of rhodium allow concluding that
a neutral form cis-[Rh(NO,)4(H,0);5] is promis-
ing for the solvent extraction recovery of rho-

dium from nitric solutions. It is this form for
which the coordination extraction is possible
due to the substitution of water molecules by
extractant ligands (organic sulphides, phos-
phines, aromatic amines, etc.) or due to the
addition of oxygen-containing ligands to (phos-
phoryl-containing and other organic oxides) to
water molecules. Solvent extraction of this form
is unaffected by the concentration of nitrate
ions; however, in order to achieve high rate,
elevated temperature is required. In some cas-
es rhodium fraction extracted is higher than
90 %. Among the tested extractants, alkyl ani-
lines are promising. Solvent extraction occurs
via the coordination mechanism and is charac-
terized by high selectivity of the recovery of
precious metals (Pd, Rh, Ag, Ru) with respect
to non-precious ones. Rhodium separation from
palladium and silver is possible at the stage of
stripping of the latter two metals with ammo-
nia. A substantial disadvantage of alkyl aniline
is the fact that high rhodium fraction extract-
ed (96—98 %) within a short time of contact
between the phases (5 min at 308 K) is achieved
only within a limited range of aqueous phase
acidity: 1.2 < pH < 3.5. The data obtained on
solvent extraction of rhodium can be consid-
ered only as the start of investigations which
are to be continued.
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project No. 1052—98. The authors express their grati-
tude to Prof. A. V. Belyaev (Institute of Inorganic
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aration, to Prof. M. A. Fedotov (Institute of Cataly-
sis, SB RAS) for monitoring of the composition of
rhodium forms in solution by means of NMR, and to
V. N. Andrievsky (Gidrotsvetmet Institute, Novosi-
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