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Technetium has been neglected for a long time in reprocessing nuclear fuels, but 
recent studies have emphasized i ts anomalous behaviour : i t is f a i r l y extracted by 
TSP and I t catalyses hydrazine decomposition by n i t r i c acid. With today's 
increased burn-up fuels a low technetium decontamination factor is expected and 
reoxidation risks are enhanced In the uranium-plutonlum par t i t ion . 

This paper deals with an examination of technetium behaviour and an attempt to 
l imit the risks using sl ight modifications or the flowsheets. 

Technetium extractlor : 

Pertechnetic acid, the heptavalent state found in the fuel dissolution liquor, is 
extracted by TBP. From 3M n i t r i c acid extraction by 30 % TBP-dodecane Is however 
rather low (D(Tc) » 0.1) and of l i t t l e Importance in Purex systems. The main 
extraction process is «ext rac t ion with extractl&le cations. I t was observed the 
f i r s t time by SIDDAU, [ l ] with uranyl n i t ra te : technetium extraction is enhanced 
by the formation of a uranyl pertechnetate complex in the organic phase. 

Since SIDDALL's work other cations were found to give the reaction which Is the 
most effective with tetravalent metals like thorium [ 2 ] , plutonium (3] and 
zirconium [<•]. 

In the Purex process, the main elements Involved in technetium extraction are 
uranium, plutonium and zirconlua. Literature data as well as our own measurements 
indicate that the reaction Is roughly described by : 

M(N0,) n • TcOj l M0Ô • M(NO,)_., TcO„ 
3 "org aq 'aq } " ' Hc 

and expressed by 

K. [ M „ J 
D«CTc>. KM ft . i o r . « J 

"A • t« aql l » 0 3 aql 
D y t l C f » Ay 

where KA is the dissociation constant Tor HTcC,, i f we suppose that technetium is 
at a trace leve l . 
The linear dépendance of the part i t ion coefficient on the organic concentration of 
the cation is shown on the figure 1 for the three metals. 



Fig.1:Variation of the Technetium partition coefficient fro» 
AS UNO- with the organic concentration of the metal. 

We measured the following values for the extraction constants : 
KPU " 163 11 zr 2500 

If we try to estimate technetium extraction in the Pure* process we must take Into 
account the abundance and the extractlbillty of these metals. Uraniua and 
plutonium are both quantitatively extracted but zlrsonlum, which is slightly 
extractive (figure 2), is removed from the solvent by scrubbing. 
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Fig.2:Zirconium extraction by 30X TBP. 
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Pif.3:Stsndard flowsheet for FUR reprocessing f i r s t extraction. 

IT we consider » typical f irst extraction flowsheet for reprocessing standard PWR 
fuels (figure 3) the uranium and plutonium profiles are rather flat in the scrub 
section and the f irst extraction stage and they decrease sharply in the following 
extraction stages (figure » ) . Zirconlusi profile i s very different. This FP is 
fairly extracted in the absence of r i ss t ie Materials (80 f yield In the extraction 
stages) and effectively stripped in the scrub. 
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fig.4;Crganic concentrations profiles for a standard flowfheet. 



•e obtain therefore a zirconium accumulation with a peak height retching sixfoil 
Ihe Teed concentration. 
Hence, in the extraction section, technetium is quantitatively cocxtracted with 
zirconium (D(Tc) being greater than 1) and is hardly removed from the solvent in 
the scrub section because of the coextractlon with uranium and to a lesser extent 
with plutonium (D(Tc) > 0.35). 
Thus Uniting technetium extraction may be achieved by complexlng zirconium in the 
aqueous phase in order to decrease Its extractibility (5]. We proposed to use 
oxalic acid which also complexes plutonium and uranium. 
Equilibria constants however show that zirconium coaplexatton by one or two 
oxalate is favoured : 

Zr»* Pu»* UO,** 

Log ft, 10.5 8.7 5.8 

Log B, 21 16.9 6.9 

It is therefore possible to adjust the oxalate addition to a level permitting a 
quantitative zirconium complexatlon without any decrease of the fissile material 
extraction : the optimal oxalic to zirconium molar ratio R stands at 2 (figure 
5). 
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Fig.5: Influence of the oxalic to zirconium ratio on the extraction of 
technetium and plutonium. 



Counter-., jrrent runs were performed with a standard flowsheet but a United number 
or stages (extraction : 6 and scrub : ?). Oxalic acid was added to the feed. 
Différent R ratio values up to 2 were tested and the technetium DF Increased up to 
fourfold which means a significant reduction or the hyarasirte consumption In the 
U/Pu partition. 

[H,C,OJ 
R -

[2r] 

DF 
Tc 

0 
0 . 5 
1.5 
2 

1.2 
1.3 
3 .7 
5.1 

A higher DF 3eems rather Impossible because of trie slight technetium coextraction 
with uranium. 

Technetium behaviour In plutonium reduction 

WILSON and GARRAtttï [6] indicated that technetium catalyses hydrazine 
decomposition by nitric add. From our own measurements In Pure* conditions 
(figure 6) the reaction may be considered in first approximation as zero order 
with respect to hydrazine concentration ; but its rate depends largely on the 
technetium concentration. 
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Fig.6: Decomposition of hydrazine in 11» HNO, at «0*C(Pu present). 



A -stabilizing igerit is however necessary when uranous nitrate Is the reductant and 
none is better than hydrazine. In order to keep stable reducing conditions we have 
to change the reductant. HydruxylaMonlun nitrate (HAN) Is suitable for the 
partition and can be used without hydrazine because at its little nitrous 
scavenging power. Figure 7 shows It is unaffected by the presence of technetium. 
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Fig.7: Stability of HAN in 1.5» m o , 

The use of HAM Is therefore another good answer to the technetium prooiem in the 
U/Pu partition. 
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