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Abstract The liquid—liquid extraction behavior of uranium(VI1 from aqueous nitric acid 

media with dodecyltolylsulfoxide(DTSO)has been studied over a wide range of conditions． 

The extracted species appear to be U02(N03)2-2DTSO．It was found that the extraction was 

increased with increasing nitric acid concentration up to 5 mol／L HN03 and then decreased， 

and the extraction of uranium(VI)decreased with increasing temperature．So it can be deduced 
that the process of extraction is exothermic and the enthMpy of the extraction obtained is 

△日 =一16．3 kJ／mo1． 
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1 Intr0ducti0n 

i-n—butyl phosphate (TBP)has been 

used for several decades as the most successful 

extractant for recovery of uranium from spent 

nuclear fuel(c．f． Purex process)． However， 
there exist two serious disadvantages：(11 the 

selectivity is not high，and(2)radiolytic degra- 
dations of TBP give rise to mono and dibutyl 

phosphates，which increase the extraction of fis- 

sion products resulting in a decrease in the over— 

all decontamination factors obtained_I J There— 

fore，it’8 necessary to search and develop some 

new extrac tants instead of TBP．Sulfoxides con— 

rain the S= O group，and have man y advan — 

R 

tages，such as thermal stability，low toxicity，po- 

tentially enomous and economical supply，non— 

corrosivity,nonvolatility an d good coordination 

ability．So sulfoxides have been considered as 

potential extractants for use in nuclear applica- 

tions for many years．【。 引In this paper．we will 
report our results on the extraction of uranyl ni- 

trate from nitric acid with dodecyltolylsulfoxide 

(DTSO)in toluene． 

2 Experimental 

2．1 Synthesis of sulfoxides 

The sulfoxide used in this study was not 

commercially available，it was synthesized and 

purified in our laboratory： 

R 

R口  o+NaBr 

where R．R are alkyl radicals．The final prod— 

uct8 were purified by recrv8taUization and dis— 

tillation under vacuum．The purity of products 

is checked by elemental an alysis，IR spectrom- 

etry and NMR spectrometry．The purity of do- 

decyltolylsulfoxides is>96％． 

2．2 Instrum ents and reagents 

Vibrator fmade by Yancheng Science In— 
strument Factory,Jiangsu Province，vibration 

frequency is about 4．58 Hz)，temperature con— 
troller(precision：士1 K)，752 type UV grating 
spectrometer(Shanghai Third Analysis Instru— 
ment Factory)． 

Toluene(AR，made by Reagent Factory, 
Qilu Petrochemistry Company Research Insti- 

tute)，uranyl nitrate(AR，made in China)，ni— 
tric acid(industry super purity，Shanghai First 
Reagent Factory)． 
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2．3 Experim ental methods 

Except temperature experiment，the ex- 

perimental temperature was controlled in 

298士1 K．Apart from acidity experiment．the 

experimental acidity is controlled in 2．0 mol／L． 
Distribution experiment：extraction coef- 

ficients were determined through shaking two 

phases with the sa3Tle volume up to equilibrium． 

In all cases，two phases were shaken mechani- 

D = 

cally for 15 min to ensure the equilibrium．Ura_ 

nium (VI)concentration in aqueous solution 
was assayed with photo spectrometer[a]

， and 

uranium (VI)concentration in organic solution 

was calculated from the difrerence between t()- 

tal quantity and that in aqueous solution．Dis． 

tribution coefficients(D)of the uranium(VI)is 
defined as 

total concentration of the uranium(VI)in the organic phase 

total concentration of the uranium(VI)in the aqueous phase 

3 Results and discussion 

3．1 Influence of nitric acid concentration 

In order to examine the variation of Du as 

a function of aqueou~nitric acid concentration， 

the extractability of U(VI)in toluene was sys- 
tematically examined by chan ging HN03 con— 

centration from l to 7 mol／L in 0．25 mol／L 
DTSO (see Fig．1)．It can be seen from Fig．1 
that with increasing aqueous nitric acid mo- 

larity，the extraction of u(vi)first increased 

up to a maximum at about 5mol／L and then 
decreas ed． The initial increase of DIJ·may be 

caused by the salring．out e ct of nitric aid． 

W ith further increasing nitric ac id molarity．the 

concentration of free extractant decreased as a 

result of coextrac tion nitric acid．The decrease 

of DTJ at higher acid molarities may also be at． 

tributed to the formation of the less extractable 

complex anion，such as[UO2(N03)3]一．Further 
extraction studies were conducted in 2 mol／L 
HNO3 aqueous medium． 

3．2 Influence of salting．out agent 

The results are indicated in Table 1． It 

uranium(VI1 with DTSO cuts down rapidly as 

strong complex anion(c2Oi一)concentration 
in aqueous solution raises in extraction system． 

This is because the complex anion(c2O 一)and 
uranium(VI)form hydrophilic complex which 

may make distribution ratio of uraniumf VI1 de． 

CreaSe． 

Table 2 The effect of complex anion 

c0ncentrati0n on uranium distribution ratio 

0 
Tso 0·25 mol／L； D2l抖 = 4．00×10 m。l／L； 

No 3=2．00tool／L；T=2984-1K 

3．4 Variation with extractant concentra． 

tion 

If extrac tion reaction is supposed as fol- 

lows： 

uoi++2No；+nDTSO(。1 

垒 UO2(NO3)2．nDTSO(。) 

shows that the distribution ratio of uranium ．⋯ ． 
(VI) increaLse8 rapidly aLs ammonium nitrate quilibrium 

concentration in aqueous solution increases． 

Table 1 The effect of salting—out agent 

c0ncentrati0n on uranium distribution ratio 

0
Tso=0．25m。l／L；G【0uo

2 
=4．00×10一。mol／L 

G吕No3=2．00mol／L；T=2984-1 K 

3．3 Influence of com plex anion 

The results are presented in Table 2． It 

shows that the distribution ratio of extrac tion 

constan t 

Kex= 
[UO2(NO3)2·nDTSO](。1 

[uo；+]IN03] [DTSO]~、 

Distribution ratio 

D=KexIN03] tDTSO]~o1 

(1) 

(2) 

(3) 

The effect of DTSO concentration on Du 

is shown in Fig．2． The plots of lgDu us 

Ig[DTSO](。)give a slope of 1．82 which is close 
to 2，so the extracted compound should be 

UO2(NO3)2·2DTSO． 
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CHNO3／mol·L一 

Fig．1 The effect of nitric acid 

concentration on distribution 

ratio 

TSO 0．25 tool／L；T=298+1 K； 

c【0u0 21。+=4．00×10一。md／L 

tolylsulfoxides f’xtrartion of uranium(VI、 165 

lg[DTSO](0、 

Fig．2 The effect of DTSO con* 

centration on distribution ratio 

No 3=2．00tool／L；T=2984-1 K； 

coU 02】，+ 4·00x l0 mol／L 

3．5 Effect of temperature 

Fig．3 shows the plots of lgKex t，s 1／T for 
0．25 mol／L DTSO systems．According to ther- 
modynamic equations a,q follows 

we get 

·gKex- 一 + c 

1／T x 10一 ／K一 

Fig．3 The effect of temperature 

on extraction equilibrium 

C~TSO=0·25 tool／L；Of,NO s=2．00 

tool／L；C~uo，l，+=4·00xl0一。mol／L 

1028．857 cm_。after extraction．This indicates 

that the oxygen atom in DTSO can directly 

form a coordinate bond with U(VI)，which may 
reduce the characteristic extending vibration of 

S=0 group．Furthermore．it is vetified that the 

extrac ted compound exists in organic phase． 

AG。=一RTlnKex (5) Rej rences 

△G0= △日0一 T ．△S0 

AG。= 一3
．67kJ／mol 

AH。= 一16
．3kJ／mol 

AS。= 一42
．4J／(mo1．K1 

(6) 1 Pal S A，Shulda J P，Khopkar P K et a1．J 
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The result shows that the reac tion of ura- 

nium(VI)extraction with DTSO is an exother。 
mic reac tion，low temperature is beneficial to 

extraction reaction，thus uranium can be ob- 

tained by distillatory method． 

3．8 IR spectrum 

To study the bond characteristic of the ex- 

trac ted compound，we detected the dliferent IR 

spectrums of the organic phase before and after 

extraction with DTSO。toluene．The character。 

istic absorption peak value of S=0 group before 

extrac tion is 1045．788cm一1．but it decreased to 
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