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AbSTR/.Cî 

This paper ir> an attempt to pinpoint the chemica1 problems rrised by the 
reprocessing of oxide base fuels. Taking the reprocessing of slightly 
irradiated metallic fuels as a reference, for which long experience has bear. 
gained, a review is made of the various stages of the Purex procoss. in 
which the increase in mass and activity of the act.iiii.de? and fission 
products engenders constraints related to the recovery of fissile materials, 
their purification, the release rate an'!, in general, the operation of the 
inst.'illations. The following subjects are discussed : 
. dissolution from the standpoint of dissolution residues and iodine 
trapping, 

. extraction cycles with respect to the behavior of ruthenium, neptunium, 
plutonium, technetium and palladium, 

. the recycling of mediumactivity wastes. 
Some research topics arc suggested in this review. 
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INTRODUCTION 

The constant rise in energy demand has sparked a tremendous growth in 
nuclear programs, and this is reflected in western countries by a cumulative 
production of movf than iCO 000 tens of light water irradiated reactor fuel 
(LWR) in 1990 and nearly 300 000 tons in 2ÔC0, according to a recent INFCF. 
evaluation. Th^se quantities can be handled fay storage in safe condition*, 
or fu>::l reprocessing for the re-utilization of fissile materials and the 
conditioning of radioactive wastes for storage. The advantages £tid 
drawback» of these *wo solutions have /ormed Che subject el* many 
discussions on the international level 'jnder the auspices of the 
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ÎKFCE". It is ivorth tiotir.g that if the growth of fast breeder reactors 
(FiJR) ucing UCbFuOo m.i.x;;d oxide fuel is to materialize (allowirg the most 
efficient u:,c el natural urniii.uir. resources), reprocessing will be necessary. 
This is an essential part of the xu2'. >*ycle. 

PUKEX PROCESS APPLIED TO OXIDE FUELS 

Irradiated fuel reprocessing, which was first carried out In World War Two 
in the United States, initially based on chemical processes involving 
separation by precipitation, assumed its industrial dimension in the early 
Fifties, with the use of liquid/liquid extraction as the basic technique, 
and tributylphosphate solvent as the extractant. Today the Purex process 
is still in widespread use, irrespective of the type of fuel reprocessed, 
including uranium in metal foim, alloyed or unalloyed, oxide et':. The 
principal stages in reprocessing are the following : 
(1) Dissolution of the fuel in nitric acid. This operation is usually 

performed at boiling temperature, with the recombination of the nitrogen 
oxides formed in the reaction. It may be carried out in a continuous 
or batch process. The nitrate solution thus obtained is clarified if 
necessary. 

(2) Liquid/liquid extraction of uranium (VI) and plutonium (IV) nitrates in 
tributylphosphate diluted in a pcraffinic hydrocarbon. This operation 
is carried out in a countercurrc.t process in a multi-stage installation. 
It achieves practically quantitative separation of thf> uranium and 
plutonium from the fission products. The latter remain in the aqueous 
phase, where they are concentrated and stored. During this operation, 
the organic solvent undergoes degradation owing to the presence of the 
fission products that generate intense radioactivity. Dibutyl and 
monobutyl phosphoric acids are formed. With certain elements, they 
yield extractable compounds that lower performance or insoluble compounds 
that accumulate at the interfaces and constitute a major source of 
irradiation 

(3) Partition of uranium and plutonium by selective stripping of the latter 
in nitric medium by reduction to Pu (III). The fission products, which 
are still present in the solvent, are distributed between the uranium 
and plutonium flows. 

(4) Stripping of the uranium in slightly acidic aqueous phase. 
(5) To improve the purification of U and Pu compounds, additional extraction 

cycles a**e implemented, based on the same principles. These are 
purification cycles for uranium and plutonium. 

For several years, the leading nations have used this method to reprocess 
slightly irradiated natural uranium fuels, and have thus gained considerable 
industrial experience in : 
. the separation and purification of fissile and fertile materials contained 
in fuels from nuclear reactors, 

. their conversion to pure compounds generally oxides or metal allowing 
their rc-utilization. 

The transfer of this experience to the reprocessing of oxide fuels has 
occurred in several facili :ies on a limited scale. 

"Int-..-national Nuclear Fuel Cycle Evaluation 



TA3LK I Expari«nee 5i\ Reprocessing 1.VR Fuels 

Plant Quantity : Period 

NFS 245 1966-1972 
EUROCHEMÏC % 1966-1974 
WÏNDSCALE 9D 1969-1973 
WAIC •*» 130 since 1971 
LA HAGUE <v 350 since 1976 
TOKAI-MURA <v 100 since 1977 

ton* 

TABLE 2 Experience in Reprocessing FBR Fuels 
» 

Plant Reactor Quantity" Period 

DOUNREAY 

LA HAGUE-AT, 

( DFR enriched U alloy 
( PFR " U0 2-I'u0 2 

( Rapsodie-Fortissimo 
( Phénix 

10 
1.25 

0.908 ) 
0.177 ) 

1960-1972 
since 1980 

1969-1979 

LA HAGUE-HA0 Phénix 4.12 since 2980 

MARC0ULE-SAP 
( Rapsodie 0.05 ) 
( Phénix (enriched UO2) 2.3 ) 
( Phénix U0 2PuO 2 2.48 ) 

silice 1975 

N.B. Experimental runs made in FAR (CYRANO) since 1964 and 
KARLSRUHE (MILLI) since 1970 

••tons 

In the light of published results, the Purex prucess is basically ideal to 
accomplish this task, because it has the intrinsic flexibility required to 
achieve high performance. In designing a large capacity facility, great 
reliability is necessary to attain the fissile material separation and 
purification objectives. Another important objective is the limitation of 
releases to the environment, ir.is task is especially difficult in view 
of the high activities involved per ton of fuel (Table 3 ) . A comparative 
analysis of the composition of fuels from the different types of reactor 
reveals significant differences per ton of fuel with respect to : 
. plutonium content derived from : 

. burnups reached during dwell time in the reactor, 

. fuel design, 
. the mass of fission products and tr.'\suranium elements ; this gives the 

fuel a $ y and <* activity level that increases from natural uranium gas 
cooled reactors (GCR) to LWRs and FBRs. However, the 6 Y activity of a 
fuel is also related to its cooling time. Short half-life isotopes such 
as , s Z r and 9 5 N b make a large contributior. if cooling time is no more 
than a few months, and the lcei (inclines sharply after one year. 



Table Composition Several î.ri-;i«iis.tnd Fuel.-

Reactor G C R L W F B R 

Fuel Irradiated (MWj.fl) 
cooling time : 150 days 
F.I', mass g.t"' 
F.P. P activity.Curie.t~' 
T.U. elements-mass g.t"**: 

Np 
Pu 
Am 
Cm 

T.U.a activity.Curie.t_1 

Pu isotopes contribution 

4 COO 

4 150 
1.4 x 10 6 

22 
2 600 

4 

275 
260 

33 000 

35 000 
4.4 x 10* 

450 
9 100 

150 
35 

21 000 
4 000 

80 000 

87 000 
18 x 10 6 

180 
194 000 
2 320 

80 
170 000 
35 600 

These changes in composition havo repercussions on the chemistry of the 
process with respect to : 
. recovery of fissile materials; 
. obtaining the desired degree of purity for uranium and plutonium as 
regards fission products and transuranium elements, 

. stable operation of facilities, 

. minimization of activity releases, 

. nuclear safety and technology aspects. 
We shall attempt to evaluate these fuel composition changes in discussing 
various phases in the reprocessing cycla 

FUEL DISSOLUTION 

The dissolution of irradiated fuels in nitric acid leads to the presence of 
insoluble materials, the amount of which increases with burrup. The 
compounds present in these residues are investigated by physical methods, 
including electron probe microanalysis, X-ray fluorescence, and a and y 
spectrography. Chemical methods of analysis are also employed after the 
residues are dissolved. Klcykamp <197£>) analyzed LWR fuels dissolution 
residues by electron probe microanalysis. He showed that the bulk of the 
insolubles consists of hydrated oxides of fission products. Chief among 
these and in declining order are Ru, Mo, Rh, Pd.Tc and also 4% U0^ and 0.03 
to 0.2 7. Pu02> As in the case of LWR fuels, the main constituent elements 
mentioned above, Ru, Mo, Rh, Pd etc are also found in fast breeder reactor 
fuels, but the latter largely occur in the form of polymetallic alloys as 
described by Bramman (1968). Significant differences have, in this type of 
fuels, been found with respect to both residue weight and fissile material 
content. These determinations are difficult in view of the high activity of 
the samples, of which the specific heat may be as high as 1 W.g~', and the 
difficulty o* dissolving the compounds present, vhich are relatively non-
reactive alloys or oxides. Among the possible explanations for these 
difference';, tht fabrication characteristics of the oxide mixture and its 
plutonium content are undoubtedly important factors. A major program for 
th<? chnracr.^rizatijn of these residues is under way in different countries 
with a tvotcld objective : 



(1) To determine their physical properties (density, article sir.e 
distribution etc) in order to dcelcp separation techniques: and thus 
minimize solvent dê rti'tetion in '"ha first cycle. 

(2) To determine their chemicil composition, and especially the nature of 
the plutonium compounds present (oxide, alloys ?) to improve procedures 
for the fabrication of mixed oxide and dissolution of irradiated fuel. 

IODINE TRAPPING 

During the dissolution process, gaseous fission products piesent in the 
oxide lattice are liberated and appear in the gaseous effluents. Amen;» 
these fission products, iodine, krypton, tritium and carbon 14 :.ccoint: for 
the main activity. At present, only iodine is subjected to s>2cific 
treatment in the facilicies in operation. When reprocessing fuels cooled 
for one year or more, only the isotope 1 2 5 I which is a $ emitter with a 
half-life of 1.7.107 years needs to be considered. The required retention 
factors range from a few tens to several thousands. They may vary from 
one facility to another depending on tb? capacity of the plant, its 
location, and the risks of concentration in the environnant. Two stages 
have be considered : 
. desorption of the iodine from the dissolution liquor, 
. iodine trapping. 
Nitrogen oxides are liberated when oxide fuels arc dissolved in nitric 
acid. Dissolution is carried out in the presence of oxygen or air to 
facilitate the recombination of nitrogen oxides to HNO3. Hence the 
molecular iodine I2 is predominant. This is found preferentially i* the 
vapor phase, particularly if the distillation rate, gas/liquid ratio and 
KOx concentration are high. In the case of batch dissolution, deserption 
yields over 99 % can be obtained. The trapping process must be especially 
effective and reliable. Several methods have been described and used : 
. Scrubbing the off gases with alkaline aqueous solutions 

with mercuric nitrate in nitiic acid 
with hyperazeotropic nitric acid (IODOX Process) 

. or adsorption on solid materials impregnated with silver nitrate or 
on silver exchanged zeolithes. 

A considerable literature has grown in this field, and the behavior of 
molecular iodine in the various systems is well known. However, the 
achievement of retention factors of several thousands means that special 
attention must be paid to the secondary compounds that account for a small 
percentage of the total iodine, and which are liable to condition high 
efficiency trapping effectiveness. Among these are organic, iodides that 
have been pointed out in the literature, whose methods of formation have 
been evaluated by Japanese investigators (Tachikawa, 1971; Saeki, 1974). 
The complexity of the matter leads us to believe that this matter deserves 
thorough investigation. 

BEHAVIOR OF RUTHENIUM 

In the reprocessing of gas-cooled reactor fuels, the purification ci 
fissile materials containing Y emitters is related chiefly to the 
elimination of three fission products during the cycle : Zr, , sNb ant' 
, 0 , " I C C R u . In the case of LWR fuel reprocessing, the process is currently 
performed after long cooling times, ranging from or.3 r.o several years. 
This means that the highly radioactive pair of 3 SZt - *sNb, rwing co the 
respective half-lives of the two isotopes, has nearly completely disappears 



during the reprocess5pp. Ruthenium i06 (isotope 103 having disappeared 
also) Î3 thus the predominant clencrt to b*; considcied. The present 
tendency is also to provide for cooling times el at l'.;ast six months or one 
year tor fast breeder reactor fuels, making subsequent reprocc.csi.ng 
operations easier, but, on the other hsnd, increasing the tecal plutonium 
inventory in the cycle. Hence here also, ruthenium will play an important 
role» in the reprocessing of these fuels. Rutheniiua belongs to the platinum 
group of the periodic table and, like the other elements of '.his group, it 
possesses multiple valency states (eight degrees of oxidation). It only 
exists rarely rn nitric acid solution in the form of single ions. As 
stated above, a large part of the ruthenium present in the fuel remains in 
insoluble form in the dissolution residues, imparting high £ y activity to 
them. Species in nitric solution are in the form of complexes of nitrosyl 
ruthenium Ru(NO). At HARWELL, J.M. Fletcher and coworkers (Fletcher, 1955; 
Brown, 1961; Scargill, 1965) investigated the successive complexes appearing 
in the dissolution solution, and measured the kinetics of conversion of one 
to the other, and their partition coefficient with respect to TBP. A large 
number of Ru(NO) complexes with nitrato, nitro, hydroxo and aqur. ligands 
were pointed out, demonstrating the complexity of the systems. The puritv 
standards of uranium and plutonium products require the achievement of 
overall Ru decontamination factors around 10 7. These decontamination 
factors can be obtained by *»ucessive solvent extraction cycles. Past 
experience in the reprocessing of metallic fuels showed that in the first 
extraction cycie, decontamination factors of around 103 to lO1* are generally 
observed, which are higher than those of the purification cycles. It is 
generally considered that three purification cycles are required to meet 
specifications. Increasing with irradiation dose, the recycled solvent 
retains s avérai Ru spueies which have a tendency to remain in the organic 
phase. They may be due RuNO(N03)3(TBP)2 (Brown, 1957; Maya, 1981) or 
RuNO compounds with dilncnt degradation products. This points to a broad 
field of investigation still open to vastly improve performance and to 
reduce the number of cycles required. During the dissolution or 
concentration of aqueous solutions, fission products may be entrained in 
the gaseous effluents in the form of liquid particles that must be trapped 
in suitable equipment. On the other hand, ruthenium displays peculiar • 
behavior, approaching that of a gas. This has been attributed to the 
formation of the volatile compound RuO^ resulting from the oxidation of 
nitrato complexes at temperatures above 120°C, or even 100CC according to 
some workers. Wilson (1960) pointed out the formation of a volatile 
compound in an oxidation state intermediate between Ru(VIII) and Ru(II). 
Although these compounds only account for a small part of the ruthenium 
present, they pose a considerable hindrance owing to the possible 
accumulation of activity in certain parts of the gas circuits. Here again, 
it ii important to investigate the nature of the volatile compounds, their 
formation mechanism, and their stability in the prevailing operating 
conditions. 

U-Pu PARTITION AND Pu PURIFICATION CYCLES 

Partition between U and Pu ia generally carried out by stripping with a 
reducing solution, as Pu3 + has low partition coefficients in TBP. The •-
reductant usrV are nitric solutions of ferrous sulfamatc, tetravalent 
uranium nitrate and hydroxylivtaoniun nitrate, with the two latter compounds 
stabilized with iydrazine. Electrolytic reduction, also carried out in a 
solutiou s^jbili^cd with hydrazine, leads to cha preparation of 'J (IV) in 
.*itv by the reduction ci U (VI) at the cathode. Initiated by Schneider 
(1967), thi« was further developed by german workers. (Schmicder, 1974). 
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In view cf tht hi-;h concentrations of plutonium to be reduced, the use of 
ferrous sulfauurc» is not retour.ended, because this produces sulfuric acid 
wastes containing iron nnd th'_retore difficult to concentrate. As for the 
system using U (ÏV) , employed for several years in production plants, its 
stoichiomatry is the following : 

& + 4+ 3+ ++ + 
2 Pu + U + 2 H 20 + ?. Pu + U0 2 + 4 H 

The auuecis pha:»2 contains hydrazine nitrate which plays the role of a 
holding reductant by reaction with HNO2 : 

2 HN0 2 + N2H5 •* N 2 + N 20 + H + + 3 W^i 

Hvwever, despite the presence of hydrazine, a large quantity of U (IV) is 
oxidized, in excess of the amount required for a reduction of Pu (IV), 
incurring the risk of incomplete U-Pu separation in the partition step and 
losses of Pu in the Pu purification cycle.The U(IV)consumejioninay be due to 
oxidation in organic solution by KNO, or by oxygen according to the recent 
wotk by Kolarik (1980; The role of"the plutonium in these rëectio«-.s also 
merits a detailed study. Some Pu (III) exisc in organic phase, due to its 
partition coefficient (% 0.02 in HNO3 1 M ) . This specie can acr. as a 
catalyst, when at sufficient concentration. The equation : 

2 Pu(N0 3) 3 + 3 HN0 3 * 2 Pu(N0 3) 4 + HN0 2 + H 2 0 

combined with equation : 

2 Pu + IT + 2 K 20 •*• 2 Pu + U0 2 + 4 IT 

leads to considerable consumption of reducing agent and holding reductant. 
In the presence of high plutonium concentrations, the stripping system may 
not operate correctly. A complete study of the kinetics and mechanisms 
of the different reactions needs to be carried out. It is of great 
interest for selecting the extractor type, the operating conditions for 
plutonium purification cycles and for designing mathematical models to 
describe the U-Pu partition. This study may also benefit the 
electrolytic reduction system, in which secondary reactions are liable to 
occur. The reduction reaction of plutonium (IV) by hydroxylamine in 
nitric medium has been described by Barney (1971) and applied to the 
stripping of plutonium in the aqueous phase. Two stoichiometrics may 
be considered according to the Pu/NH.OH ratio : 

4 Pu+ + 2 NHjOH* •+ 4 P u 3 + + N20 + H 2 0 4 6 H + 

2 Pu4 + 2 N H 3 O H + -¥ 2 P « 3 + + N 2 + 2 H 2 0 • 4 H + 

The kinetic law is very complex and shows the unfavorable influence of 
nitric acidity on the reduction process. As for the U (IV) system the 
presence of hydrazine prevents the Pu(IIl) oxidation by nitrous acid. 
Here again, the mechanisms of the organic phase reactions and their kinetic 
aspect must be investigated with special stress on the effect of high 
plutonium concentration». To the extent that these re-oxidation mechanisms 
are brought u»der control, the decontamination of uranium with respect to 
plutonium (It)**) may be achieved in three cycles due to the considerable 
difference in the extractive properties of Pu-*+ and UOjJ*. Furthermore, 
»he foct of operating in nitrous aqueous phases, in the presence of excess 
hydrazine nitrate, may be considered as an incitement to additional safety 



investigations relativo to hydrazine and to its decomposition products 
(czides) formes through the use of rtiis reagent. 

B5-JAVI0R OF .NEPTUNIUM 

Research concerning the behavior of Np in the cycle has hitherto been 
directed mainly at the recovery of this element. In the specific case of 
LWR fuels, the purity standard of the uranium produced with cespect to 
transuranium a emitters is 1500 dpm per gram in thi product UF 0. In the 
process, this leads to decontarainrtion factors of l05 and I06 for 2 3 7Np 
and plutonium respectively in the uranium product. As for the other 
transuranium elements Ara and Cia, which are present in the dissolution 
liquor, their chemistry confines them with the rare earths and fission 
products in the raffinatc from the first extraction. Whnn the fuels is 
dissolved, a mixture of Np(V) and Np(VI) in nitric solution is obtained, 
richer in Np(V) if dissolution is continuous. The behavior of neptunium 
in «"he first cycle may be inferred from the work of Siddall (1959) who 
pointed out the role of nitrous acid in the oxidation of Np(V) by nitric 
acid. In an !IN0? concentration of 10~* to 10 - 3 M, a largr part of the 
neptunium can be extracted in countercurrent flow in the form of Np(VI), 
and the oxidation of Kp(V) takes place in accordance with : 

2 NpO* + HN0 3 + 4 H + % 2 r P0* + * HN0 2 + HJO 

If the solvent is saturated wi«-»i nitrous acid, the bulk of the neptunium 
remains in the aqueous phase and is eliminated with the fission products. 
In actual fact, this solution is impractical if reducing partition 
immediately succeeds co-extraction. In effect, the solvent, loaded with 
HN0«, consumes a considerable amount "f reducing agent. The behavior of 
neptunium (VI) on U-Pu partition is related to the type of reducing agent, 
acidity, temperature, phase residence time etc. It may be broken down into . 
two steps : reduction to Np(V) generally considered as rapid, reduction 
of Np(V) to Np(IV), which is slow and acid dependent. Each of these 
stages leads to an Np valency state displaying different behavior. Np(V) 
is practically inextrectible. Np(IV) is moderately extractible. During 
this operation, while the plutonium is stripped in the aqueous phase in 
the form Pu(III), most of the uranium remains in the organic phase. 
Depending on whether the reduction stops at Np(V) or reaches Np(IV), the 
neptunium follows the plutonium or urai ium respectively if, in this last 
case, extraction conditions are suitable. The kinetics of reduction of 
Np(VI) and Np(V) by U(IV) in nitric medium have attracted littled research. 
L. Salomon (1968) proposed the kinetics lows of reduction of both species. 
In view of their importance to the process, additional research seems 
necessary, especially concerning the catalytic effect of plutonium ions 
on the kinetics of the reduction reactions. Another important aspect 
concerning the chemistry of neptunium in the process is the recent 
recommendation by the ICRP" to cut the Annual Limit on Intake (ALI) for 
2 3 7 N p by a factor of 300, due to the metabolism of this isotope in the 
humen body. Special attention must therefore be paid to the chemistry of 
thi3 transuranium element in the recycling and waste treatment phases, 
where neptunium 23? constitutes an additional hazard. A similar remark 
has to be done concerning americium for which a decrease of the ALI by a 
factor 20 is commended, 2 1 , 1Am appears in the process as j 4 ,Pu daughter 
(T 1/2 13.2 years). 

" International Commission on Radiu'ogi.u 1 Protection 



BEHAVIOR OF Tc AND Pd 

Among fission products, apart from the alkalines, alkaline earths, rare 
earth elements and gaseous fission products, is a series of transition 
elements including Mo, Ru, Tc and Pd. Although they are usually present 
in the insolubles, part of these elements are found in the dissolution 
liquor. Owing to its radioactivity, ruthenium has beer dealt with separately. 
The behavior of molybdenum in ivicroquantities has been investigated /or 
several years in connection with the reprocessing of metallic fuels 
(UMo alloy), and the first loads of the DFR fast reactor. In solution, in 
molybdate form, it is eliminated in the first extraction in the !iigh 
activity vastes. The two elements Tc and Pd merit special attention, not 
because of their activity, but because of the disturbances that they are 
liable to create in the process owing to their chemical properties. 

TECHNETIUM 

Technetium is produced in light water reactors at the rate of 800 g per ten 
for a burnvp of 33 000 Mtfd/t. During reprocessing, the main activity 
consists of , sTc (0, T 1/2 - 2.105 years). TcO£ is obtained in nitric 
solution. Little information is available concerning partition of the 
isotope between the residues and the solution. This undoubtedly depends 
on the fuel and on dissolution paramaters. Siddall (1959) showed that 
Tc(VII) is extracted in TBP in nitric acid medium in the form HTc04.3TBP. 
The presence of uranium(VI) favors the extraction by the formation of a 
mixed complex, UO2NO3TCO4.2TBP. These results were confirmed by several 
authors. Maca.sek, 1975; Lieser, 1981). One can therefore conclude that in 
the co-extraction conditions, low decontamination in soluble Tc can be 
expected. However, few publications have dealt with the following slap : 
partition. In view of the redox potentials of the different pairs, tne 
reduction of technetium may be anticipated. As the chemistry of this 
element is complex, several forms are possible and are liable in particular 
to give rise to precipitation in the extractors. Although In small 
quantities, these compounds may accumulate and disturb the hyaraulic state 
of the contactor. A complete study of the system is therefore necessary. 
This leads to the knowledge of the chemical forms present, their stability 
with respect to hydrolysis, polymerisation etc. 

PALLADIUM 

This element is present in the fuel to be reprocessed in the form of six 
isotopes, of which only , 0 7Pd is radioactive (S, T 1/2 - 6.5.10s years). 
For an LWR fuel with a burnup of 33 000 MWd/t, its abundance is 1300 g per 
ton. During nitric dissolution, the element is distributed between the 
solution and the insolubles, and this distribution is undoubtedly related 
to the acidity conditions and to the chemical form of the palladium 
(oxide, alloy). In nitric medium, nitrate and nitrite complexes of Pd 
were described by Jorgenser. an-* Passman respectively. A review of 
published data concerning the behavior of palladium (II) during extraction 
by TBP reveals a few gaps, especially concerning the role of nitrous acid. 
The curve of variations in Pd (II) partition coefficients as a function 
of nitric acidity, in 30 % TBP, shows that the partition coefficient 
declines with increasing aqueous phase acidity, thus shewing 'hat only 
•mall amounts of Pd reach partition. However, unusual extraction rates 
can be observed with degraded solvents (Pasquiou, '980) and the organic 
ligands probably formed from the diluent degradation yi'.:ld a compovnd that 
is very difficult to strip by nitric acid. This behavior of palladium 



results in an hydrudvn?jaic disturbance of partition by the appeaiance of 
precipitates. They can be formed by reaction with hydrrzine which is 
present in rcuuciiv» solution or by reduction cf '?«?*"•• in finely divided 
metallic palladium. A complete review of the possibilities of interaction 
of Pd* with potent;si impurities in the. solvent will therefore ba invaluable 
in order to restrict the diffusion of palladium in the process. 

TREATMENT OF MEDIUM ACTIVITY WASTES 

The wastes produced by the process are generally divided in : 
. high activity solutions containing most of the fission products, aroericiuai 
anô cuiium present in the raffinate from the first extraction cycle, 

. iridium activity solutions mainly consisting of wastes produced by the 
purification cycles of uranium, plutonium, alkalins solutions fron solvent 
treatment etc, 

. low activity solutions. 
Special Attention roust bo. paid to eedium activity effluents liable to 
produce voluminous solid wastes. An increase in the a emitter concentra
tion of these wastes can be expected when going from CCR fuels to LKR or 
FBR fuels. In fact, the a activity per ton of fuel jumps by several orders 
cf magnitude from the first to the latter two types (Table III). Tf one 
considers only the elements U, Np and Pu, which in fact represent the 
a emitters present in the purification cycles, the cctivity per one ton 
of fuel becomes respectively 260, 4000, and 35000 curies, meaning a 
considerable increase. Added to this is the fact that the isotopic 
abundance of z" Pu in plutonium is far higher in light water reactors, 
leac'\ng t" a generation of americium 241 ^ith the passage of tine 
(T 1/2 2 l , ,Pu - 13.2 years) hence increasing a emission and the nuisance 
value of these wastes. Recycling of these medium activity solutions may 
be considered for future industrial facilities, so that U and Pu are 
combined with the main flow, either directly or by means of an additional 
cycle, while the transuranium elements : Kp, Am, and fission products will 
be combined with the high activity solutions. As for alkaline solvent 
treatment solutions, these contain salts of dibutyl- and monobutylphosphoric 
acids produced by the chemical and radiolytic decomposition of TBF solvent, 
and the amounts formed depend in particular on the specific a activity of 
plutonium (3.4 times greater in I.WRi than in GCRs). Horv/itz (1979) 
feviewed the problems raised by the reprocessing of these solutions, and 
suggested a process involving the extraction of organic acids by an 
aliphatic alcohol immiscible with water. This is the ARALEX process. The 
aqueous solution, thus rid of these compounos, can be acidified without 
th» risk of precipitating actinides. German investigators (Goldacker,1976) 
have proposed a ''salt free" process for the treatment of solvents, involving 
the use of a hydrazine carbonate compound instead of the standard Na2C03. 
The aqueous solution can then be concencrated into very small volume and 
combined with the high activity solutions. At all events, whether 
carbonate wastes or acidic wastes are involved, the csscntir.l problem is 
the presence of the phosphoric acid compounds : KDBP and H2MBP, the 
formation of which must be minimized by the elimination of TBP in the 
aqueous phases by diluent scrubs or vapor entraînaient. It is also important 
to make a complete investigation of the mechanism of the formation of 
insoluble compounds with actinides (III,IV.V and VI). Up to now the work 
relative to these compounds has mainly dealt with extraction chemistry 
concerning tho 30tirades. These investigations must be supplemented by 
otiieri into the nature of i'«>.e complexes formed with actinides and their 



properties. 

CON'CLUSION 

This review of a few problems liable to arise in the reprocessing of oxide 
fuels must not obscure the fact that experience already gained, even if 
related to small tonnages, demonstrates the feasibility ol the process in 
attaining the objectives assigned to it. However, more thorough knowledge 
of chemical mécanisais, the nature of reacting species, their properties, 
and reaction kinetics, is essential for the improvement of the process 
and equipment. This must culminate in the possibility of enhanced 
reliability and a guarantee of minimal releases into the environner.» : 
two necessary conditions for the operation of large capacity nuclear 
facilities. 
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