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The report will cover a radically new approach to the problem of rhodium recovery from HLLW after the
transformation of kinetically inert poly-aqua cation of trivalent rhodium (which is not recoverable by the majority known
extractants) to Rh (IV) form by chemical methods. Presented are the research results of Rh (IV) extraction from nitric acid
solutions by several extractants that are of considerable current use in noble metals and radiochemical industries (tri-n-butyl
phosphate, dioctylsulphide, tri-n-octylamine, quaternary ammonium bases). High level of rhodium extraction has been
found for the above extractants: for several systems, for example, tri-n-octylamine - diethylbenzene, rhodium distribution
coefficient achieves high values (10-plus), as well as the sufficient extraction kinetics. Rhodium extraction increases with a
decrease of the acidity, a rise in phase mixing time and in the following series: tri-n-butyl phosphate -> dioctylsulphide ->
quaternary ammonium bases —> tri-n-octylamine. Rh (IV) can be easily reduced to non-extractable Rh (III) by such
reductants as Fe (II), HCOOH, C6H8O6, NH2OH, N2H4 et al, that may be applied for the re-extraction process.

Rhodium - the most valuable fission platinoid - accumulates in the spent fuel from NPP in
considerable amounts and is concentrated mainly in nitrate high level liquid wastes (HLLW), resulted
from fuel extraction reprocessing. It is expected that rhodium exists in these solutions in the state of
kinetically inert poly-aqua cation of trivalent rhodium which is not recoverable by the most known
extractants, including tributylphosphate.

Ligand exchange inertness in a major coordination sphere of Rh(III) aqua-cations is a cause of
failures in rhodium extraction recovery from moderately acid nitrate aqueous solutions by such
extractants as di-alkyl sulphides, di-alkyl sulphoxides, tertiary and quaternary alkylamines, neutral
alkylphosphates. Sulphur-containing extractants (di-alkylsulphides, organic sulphoxides) are quite
interest for rhodium(III) extraction. The advantages of these extractants are connected with their
potential ability to recover all platinum metals from HLLW, at least those the most valuable - rhodium
and palladium. It makes it possible to produce platinum metal co-concentrate by extraction method.
However, these extractants are characterized by very slow reaching the equilibrium (under the
extraction by rhodium(III) di-octyl sulphide a distribution factor achieves a value of 1,7 during 30
minutes of mixing and temperature of 100°C) [1] that exclude their application in counter-current
mixer-settlers equipment. Moreover, re-extraction is of a problem.

Extraction of Rh(III) nitrite complexes proceeds effectively by tri-octylamine (a distribution
factor is up to 25), but to achieve the adequate extraction the solution is to be neutralized up to pH>2
[2]. It is rather difficult to ensure such conditions for HLLW. Moreover, solution nitration (to convert
rhodium(III) in a form of nitro-complexes) results in the chemical destruction of the extractant. During
extraction of Rh(III) nitrite complexes in 50% di-isoamyl-phosphonate in the presence of 1.6 M
Al(NOs)3 and 1M NH4NO3 the distribution coefficient of 1.3 [3] is achieved, but introduction of
salting-out agents is undesirable, since this will result in an increase of volumes of radioactive salt
wastes.

One may assume that change rate of platinum metals is connected with d-electron
configuration. It has been known [4] that d6-configuration is the less labile one and is typical for
trivalent rhodium. On the other hand, it is well known (for the other d-metals) that d5-configuration is
much more labile. This is precisely the configuration which tetravalent rhodium ion possesses, that
makes it possible to hope a priori for more high rhodium lability in this state. If this is the case (there is
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no information on this matter in the literature), then the extractability of Rh(IV) should be higher than
thatofRh(III).

It should be noted that such differences in the ligand exchange rate of iridium (rhodium
analogue in the platinum group metals) have been already applied in the refining technologies of
natural noble metals. Trivalent iridium (d6 configuration) is not extracted by typical extractants.
Oxidation of the given form by gaseous chlorine in acid medium results in tetravalent iridium (d5

configuration), which is extracted by various extractants [4].
Our results show that high level of rhodium recovery from nitric acid medium may be achieved

by rhodium(III) -to-rhodium(IV) oxidation. As this takes place tetravalent rhodium may be practically
quantitatively and quickly recovered by organic extractants from nitric acid medium [5].

The attack of Rh(III) solutions by strong oxidizers having the oxidation potential higher than
1.8 V and electrolysis result in blue-violet solutions near anode with maximum absorption in the range
of 550-570 nm [6-10]. It has been shown [11-13] using EPR-method that this absorption spectrum
belongs to tetravalent rhodium. Rhodium oxidation state in the oxidized solution has been also verified
by ourselves earlier [14] using spectrophotometric titration by tetravalent uranium.

In the acid medium with the acid concentration (H2SO4, HNO3, HCIO4) of 0,1^-20 M tetravalent
rhodium is presented in two forms being in equilibrium - [Rh(H2O)2(OH)4]° H [Rh(H2O)3(OH)3]+, and
Rh(IV) in the molecular form exists only if acidity is lower than 1 M [3]. Taking into account that
[Rh(H2O)2(OH)4]° has zero charge less amount of H2O groups in the inner coordination sphere, one
may expect that this compound will be recovered in the organic phase better than [Rh(H2O)3(OH)3]+.
Hence, it more logically to look for conditions to recover rhodium in the form of the neutral molecule
at the acidity less than 1 M.

The stock solution of rhodium(III) nitrate was prepared from rhodium ("pure") tetrahydrate tri-
chloride according to the procedure described in the patent [15], involving rhodium tri-iodide
precipitation (under the action of KJ), dissolution of RJ1J3 black precipitate in the mixture of
concentrated nitric acid and hydrogen peroxide. The spectrum of the resultant bright yellow solution
was chracterized by the maximum at 400 nm and the extinction coefficient of 53 1/mole.cm. The
resultant rhodium(III) nitrate solution was oxidized by solid sodium bismuthate during 10-15 minutes
at 25°C. The absorption spectra of stock Rh(III) solution and the resultant Rh(IV) solution are
presented on the Fig. 1 below.

The research on the kinetics of Rh(IV)
self-reduction in nitric acid performed using
spectrophotometric method by observing
Rh(IV) own absorption band at 550 nm
showed that at [HNO3] < 1 M the rate of this
reaction is subject to the second order equation
relative to rhodium ions and is slightly
retarded by hydrogen ions as follows:
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where k2 = 2,5 + 0,5 1 °'4/mole °'Vin at 20 ° C.
In the range of [HNO3] = 1 -*• 3 M the reaction
rate is subject to the first order equation
relative to rhodium ions and is accelerated
with the acidity increase.

In this case the reaction rate equation
may be presented as follows:
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d[Rh(IV)]
dt

= k,[Rh(IV)][H + i0.2 (Eq.2) Fig.l. Absorption spectra of Rh(III) (1) and Rh(IV) (2)
solutions in 0.5 M nitric acid at 25°C.

where ki= 3,52T0"31 °'2/mole 0|2min at 20°C.
About 20% of Rh(IV) is reduced within 1 hour in nitric acid. Time of Rh(IV) semi-reduction at

20°C derived from the expressions (Eq.l) and (Eq.2) is given below (for [Rh(IV)]0= HO"3 M):
[HNO3], M 0,5 1,0 2,0 3,0
X1/2, hour 4,4 6,7 2,8 2,6

Rh(IV) reduction in perchloric acid proceeds more slowly.
The most probable reason of Rh(IV) reduction is its disproportionation that results in Rh(III)

and more higher oxidation state of Rh, for example, Rh(VI) [7,8], i.e.:
3 Rh(OH)3

++ H + = 2Rh3 ++ RhO4
2" + 5H2O (Eq.3)

The feasibility of these reactions is thermodynamically justified by the proximity of the potentials of
rhodium ion couples, for example, couple potential Rh(IV)/Rh(III) (1.40V) and Rh(IV)/Rh(VI)
(1.46V). Since in the experiment we observe only Rh(IV)-Rh(III) transition, then there is reason to
believe that Rh(VI) resulted from reaction (Eq.3) is quickly reduced by water, for example, according
to the following reaction:
2 RhO4

2' + 2 H2O + 6H+ = 2Rh(OH)3
+ + O2 + 2H2O (Eq.4)

Such a reaction is thermodynamically feasible, since couple potential H2O/O2 (E =1,229 V) is less
positive than that of Rh(VI)/Rh(IV).

Summing up the reactions (Eq.3) and (Eq.4) we may derive the stoichiometric equation for the
overall reduction reaction of Rh(IV):
4Rh(OH)3

+ + 8H+ = 4 Rh3+ + O2 + 10H2O (Eq.5)
The direct Rh(IV) reduction reaction by water is also feasible.

Having regard to Rh(IV) relative instability the extraction was carried out in the presence of an
oxidizer - solid NaBiO3. The extractant was preliminary treated by NaBiO3 to avoid Rh(IV) reduction
by the extractant or its impurities. Various extractants were used for extraction: 100% tri-
butylphosphate (TBP), 50% di-n-octyl sulphide (DOS) in the mixture of tri-ethyl benzene (TEB)
isomers, 40% tri-n-octylamine (TOA) in the mixture of di-ethyl benzene (DEB) isomers, 10%
tetraoctylammonium nitrate (QAB) in TEB from 0.5 M HNO3 at 25°C, phase ratio O:A=1:1 and phase
mixing time of 1 and 10 minutes. The results are given in the Table 1 below.

Table 1. Rhodium extraction from nitric acid and perchloric acid solutions of Rh(IV) at
[HNO3]=0,5 M and [HClO4]=0,5M, t = 25°C, O:A=1:1, [Rh(IV)]0= 1,5*1,75.103M

Extractant and
diluent

100% TBP

50% DOS in TEB

40% TOA in
DEB

10% QAB in
TEB

Distribution factor

Rh(IV) Rh(IV)+Rh(III) Rh(IV) Rh(IV)+Rh(III)

Phase mixing time (min)
1 10 1 10

Nitric acid solution
0,88

1,2

2

1,0

2,7

11

48

19

0,44

0,5

0,76

0,5

1,2

2,7

31

9,8

1 10 1 10
Perchloric acid solution

1,2

0,8

1,5

1,3

1,7

2,9

3,3

1,8

0,34

0,76

0,76

0,2

1,4

2,1

1,7

0,5
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Acidity decrease and phase mixing time increase result in the rise in Rh(IV) distribution factor
in these systems. As evident from the tabulated data Rh distribution factor rises in the range of
TBP<DOS<QAB<TOA and achieves the values of 10 and 31 correspondingly (as for total rhodium)
for QAB and TOA during 10-minute contact.

The discrepancy in the distribution factors for Rh(IV) and for total rhodium (Rh(III) + Rh(IV))
may be probably explained by the reason that during the period of standing of Rh(IV) stock solution
after its preparation up to extraction (normally 1-2 hours), a portion of Rh(IV) has been reduced to
Rh(III) which distribution factor is much lesser than that of Rh(IV). This fact is very important in case
of using nitric acid solutions and is to be considered for the development of conditions for Rh(III)
oxidation and Rh(IV) post-extraction.

With regard to higher resistance of Rh(IV) in perchloric acid in comparison with nitric acid that
we have arrived earlier, it would be of much interest to compare Rh(IV) extraction from these acids
under the same conditions. Comparing data on Rh(IV) extraction from HNO3 and HCIO4 (see Table 1),
we can see that on the whole the distribution factors are closer to each other, except Rh(IV) extraction
in QAB and TOA during 10-minute mixing where recovery from HNO3 is much more higher.

Rhodium re-extraction may be performed to an aqueous solution by reductants able to restore
Rh(IV) quickly to Rh (III) that is non-extractable by these extractants, for example, ferrous iron,
hydrogen peroxide, tetravalent uranium, hydrazine, hydroxylamine etc. The kinetics of Rh(IV)
reaction with these reductants has been investigated in our work earlier [14, 16-20].

Thus, rhodium extraction in a form of Rh(IV) is supposed to be promising line of inquiry in the
field of searching for a system to recover rhodium form nitric acid media. In so doing we achieve the
following conditions:

more higher rhodium recovery at the same phase mixing time;
a decrease in phase mixing time in comparison, for example, with extraction of rhodium by
alkylsulphides;
less salinization of radioactive liquid wastes;
less danger of extractant destruction;
more simple re-extraction conditions.
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