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ABSTRACT 

Di-n-butyl - phenylphosphonate (DBPP) and di-sec-butyl  - phenylphosphonate 

(DSBPP) were inves t iga ted  a s  poss ib le  s u b s t i t u t e s  f o r  t r j -n -bu ty l  phosphate - 
(TBP), t h e  reagent  p resen t ly  employed i n  the  reprocessing of uranium and 

thorium nuclear  r e a c t o r  f u e l s .  The phenylphosphonates form complexes with 

uranium and thorium t h a t . a r e  mostly insoluble  i n  t h e  a l i p h a t i c  solvents  

commonly used a s  d i l u e n t s  f o r  TBP b u t  t h a t  a r e  soluble i n  o ther  d i l u e n t  

types,  f o r  example, aromatics and CC14. Therefore, the  phosphonates were 

d i l u t e d  wi th  aromatics and t h e  TBP was d i l u t e d  with both  a l i p h a t i c  and 

aromatic d i l u e n t s .  

DSBPP-aromatic so lu t ions  showed advantages over TBP-aromatic so lu t ions  

dur ing ba tch  contact  wi th  n i t r i c  a c i d  systems i n  the  following respects :  

h igher  uranium e x t r a c t a b i l i t y  (,1.2 t o  1.8 times h igher) ;  b e t t e r '  s t a b i l i t y  

t o  r a d i a t i o n  and chemical degradation (1.3 times b e t t e r ) ;  higher sepa- 

r a t i o n  of uranium from thorium ( u / T ~ ,  10 times higher)  and from f i s s i o n  

w r ~ d u c t s   gross 8, about 2.4 times higher;  u/gross y , about 1.4 times 

h igher ) .  Plutonium e x t r a c t i o n s  with DSBPP and with TBP were nea r ly  iden- 

t i c a l .  

 he' TBP-aromatic solvent  combination a l s o  showed advantages over. the  

TBP-aliphatic solvent  combination i n  regard t o  r a d i a t i o n  s t ab- i l i ty  (2.4 

t imes b e t t e r ) ,  'uranium e x t r a c t a b i l i t y  (1.5 times b e t t e r ) . ,  plutonium(,IV) 

e x t r a c t a b i l i t y  ( twice  a s  good), ~ / ~ r o s s  y separa t ion (3.1 times h igher)  

and ~ / ~ r o s s  f3 separa t ion (2.4 times h igher) .  The comparison of the  DSBPP- 

aromatic solvent  combination with TBP i n  t h e  usual a l i p h a t i c  d i l u e n t  i s  

consequently much more favorable  t o  DSBPP than comparison with t h e  TBP- 

aromatic. 



DBPP-aromatic ' solutions ex'tkacted . uranium, thorium, plutonium, and 

fission products better than did TBP in either diluent system. The uranium- 

thorium separability .wa,s between those of the two TBP systems, and the 

uranium-gross f3-7 separability was a50ut the same as for the TBP-aromatic 

but better than the TBP-aliphatic combination. 

Under irradiation the DBPP-aromatic was sli'ghtly more stable than the 

TBP-aliphatic, but not as stable as the TBP-aromatic. 

Countercurrent batch testing with simulated Purex feeds verified the 

single-batch contact data pertaining to uranium extractions with each 

reagent system and also verified the differences between &P-aliphatic and 

TBP-aromatic systems. 

A more complete evaluation of the cumulative effect of the several ~L 

factors involved ( stability, selectivity, extraction power) in comparing 

the reagent-diluent systems must be obtained by testing in equipment 

* . I  
capable of treating feeds of much higher fission product activity levels ; 

(about a hundred times higher). 

DSBPP can be recommended for extractions from nitrate systems where 

separation of uranium from thorium is required. 

The higher uranium extractability shown by DSBPP and by DBPP in com- 

parison with TE3P suggests their use to permit lower aqueous nitric acid or 

nitrate salting concentrations'in a uranium recovery operation, for example, 

to effect reduction in chemical costs and/or to alleviate problems in 

n l t , r i c  acid evaporation and recovery from high-level radioactive waste 

solutions. 
* 

. Since use of aromatic instead of aliphatic diluents with TBP improves 

its uranium extractability and fission product separability, such diluents 

$ .  
can ke considered where the performance of the TBP-aliphatic combination 

is marginal. 



1. INTRODUCTION 

Present reactor fuel processes for the recovery, separation, and de- 

c~ntaminatio~ of ~ranium-~lutonium~~~ ' (~urex Process) ,' thorium-uranium 233 

(Thorex and Interim-23 processes) ,2'3 and (TBP-25 process), 
4 

are based on solvent extraction by tri-n-butyl -. phosphate (w). This re- 

agent, normally diluted in aliphatic solvents is successfully and routinely 

used in the production-scale handling of uranium and thorium fuels irradi- 

ated up to 1000 ~wd/ton and with relatively long cooling times before proc- 

essing. Solvent exposures to radiation are usually in the range 0.02 to 

0.2 whr/ii ter . 
It is anticipated that future power reactor fuels will be irradiated 

to as high as 10,000 to 20,600 Mwd/ton and that in the first cycles of the 

Purex or Thorex type processes, the organic reagents will'be exposed to, 

aqueous feed solutions that will be about 10 times more radioactive than 

present-day feeds. Laboratory tests of simulated systems employing sol- 

vent exposures in the range 0.5 to 1.0 whr of gamma radiation per liter 

60 
(CO provided the radiation) showed tKat increased radiation induced the 

decomposition of the extracting phase and consequently produced decontami- 

nation difficulties, particularly with' respect to the ruthenium fission. 

product. Similar studies in the range 4 to 25 whr/liter showed a marked 

reduction (2 to 25 times) in the decontamination from both ruthenium and 

zirconium-niobium fission products, significant losses of plutonium and 

other products, and severe emulsification with attendant difficulties 

after phase contacting. 



Scope of the Report 

In the future processing of the much-higher-activity feeds, it seems 

that the available solvent extraction systems may be pushed to the limit 

of their capabilities. For these reasons, attention is being paid to the 

development of alternate extractant-diluent combinations with better sol- 

vent qualities. For example, numerous studies have been and are being 

made of the properties of various diluents. This report, however, is 

concerned principally with the extractant portion of the solvent and, in 

particular,with the properties of certain neutral organophosphorus ex- 

tractants. Emphasis was placed upon seeking increased radiation stability 

and separability of uranium from its fission products without an accompa- 

nying large increase in uranium extractability. 

Since early indicated di-sec-butyl - phenylphosphonate (DSBPP) 

to be a likely candidate, it was studied in some detail and its behavior 

compared with that, of di-n-butyl - phenylphosphonate (DBPP) and TBP by a 

series .of laboratory batch, and countercurrent e x t r a c t i ~ n  .experiments at 

tracer levels. The batch countercurrent. extraction experiments studied . 

product recovery and the decontamination achievable under conditions cur- 

rently used in the first cycle of the Purex process. The individual.batch 

~. 
extractions, however, covered a considerable range of organic reagent con- 

centrations and aqueous-phase nitric acid concentrations in order to define 

more widely the conditions for the optimal employment of DSBPP (and DBPP) ' 

in a.variety of potential extraction systems, some of which depart sig- 

nificantly from those in present use. 

Much of the data reported here have appeared in previous reports 5-8,21-26 

and a paper.9  elated. studies have also been reported by ORNL and other 

laboratories. The'high extraction ability of neutral organophosphorus 



compounds with one or more alkyl groups bonded directly to the central 

phosphorus atom has long been known. Aowever, attempts to utilize 

certain commercial types as alternatives to TBP were only partially suc- 

cessful 15,16 because nearly all metal-ion extractions were increased with 

little or no improvement in the decontamination of uranium from other metal 

ions. The depression of thorium extraction by neutral extractants that 

have secondary alkyl branching has been noted at ORNL~-' and Savannah 

18 . 
~iver .17 These and other reports describe uranium extraction. properties . 

as well. Application of this type of reagent to uranium-thorium separation 

processes, for example, Interim-23 and u~~~ purification, has. also been 

suggested 13,15 and tested. Di-2-amyl 2-butylphosphonate was studied as 

an alternative to TBP by ~iddall,~' who cites its high uranium extracta- 

bility and better ability to separate uranium from niobium-zirconium. The 

high extraction power allows uranium recovery from feeds with lower-than- 

usua1,nitrate concentrations but necessitates stripping at elevated temper- 

atures in order to decrease the large volume of strip solution required at 

0 
. 30'~. Increasing the temperature to 70 C decreased the uranium extraction 

coefficient by a factor.of about 2.8 (extraction with TBP in the same 

temperature range decreased by a factor of but 1.5), but the ratio of the 

aqueous to the organic flow was still about 2:l. 

2. BATCH TESTS: COMPARISON OF DISTRIBUTION COEFFIClENTS 
(URANIUM, THORIUM, PLUTONIUM, AND FISSION PRODUCTS) 

AND SEPARATION FACTORS AS FUNCTIONS OF , 

NITRIC ACID CONCENTRATION IN AQUEOUS PHASE 

2 .l. Extraction Tests 

In scouting tests, approximately 1 - M solutions of tri-n-butyl - phos- 

phate (DP) , di-sec-butyl - phenylphosphonate (DSBPP, prepared as described 

in Sec 5. ), and di-n-butyl - phenylphosphonate (DBPP, made by the Victor 



Chemical works) i n  e i t h e r  Amsco 125-82 o r  xylene, were washed wel l  with 

0.2 - M Na,C? so lu t ions  and then batch c o n t a c t e d w i t h  f i s s i o n  product- 
L 

spiked aqueous s o l u t i o n s  containing about 11 g ' o f  uranium per  l i t e r ,  

5 g of thorium per  l i t e r ,  and varying concentrat ions of n i t r i c  acid.  

Plutonium e x t r a c t i o n  behavior of t h e  same reagents  was a l s o  t e s t e d  i n  n i t r i c  

a c i d  s o l u t i o n s  conta in ing 0.1 t o  0.2 g of plutonium(IV) pe r  l i t e r ,  b u t  not  

o t h e r  metal ions. The purpose of these  t e s t s  w a s  t o  determine t h e  e f f e c t  

of a c i d i t y  and/or s a l t i n g  wi th  I-INO on d i s t r i b u t i o n  c o e f f i c i e n t s   able 1, 
3 

Fig.  1) and on t h e  U/X ( X  = elements o the r  than uranium, e.g., Th, Zr-Nb, 

Ru, 'and RE'S)  .separat ion f a c t o r s   a able 2, Fig. 2 ) .  A summation of the  

observations o f . s i g n i f i c a n c e  follows. 

1. Thorium e x t r a c t i o n . w i t h  DSBPP was very much lower than with TBP, 

and t h e  usanium.extract ion w a s  somewhat higher. A s  a  consequence, t h e  

U/Th (uranium-from-thoriuu~) separa t ion f a c t o r  with DSBPP was higher than 

wi th  TBP. When both  reagents  were used i n . a n  aro-matic (xylene),  t h e  r a t i o  

of f a c t ~ r s  was. about 10 throughout t h e  a c i d i t y  range 0.2 'Lo 2.4 M HNO 
3 ' 

2. DSBPP and TBP, bo th  i n  xylene, had near ly  i d e n t i c a l  plutonium(IV) 

e x t r a c t a b i l i t y  i n  t h e  a c i d  range 0.5 t o  2.0 M HNO The dependence of ex- - 3' 

t r a c t i o n  on a c i d i t y  was high, varying approximately with (HNo )2 5. In  
3 

t h e  same range of a c i d i t y  uranium and thorium ex t rac t ion  varied more nea r ly  

wi th  (HNo ). Data f o r  plutonium ex t rac t ion  zbove about 2 M HNO were not  
3 - 3 

obtained,  b u t  both  uranium and thorium showed maximum ex t rac t ion  i n  ,the 

range 4 t o  6 M HNO - 3' 

3. The aromatic d i l u e n t  (xylene) f o r  TBP, r a t h e r  than a l i p h a t i c  

Amsco 125-82, i n  t h e  range 0.2 t o  2.5 M HNO increased i t s  e x t r a c t a b i l i t y  - 3. 
f o r  uranium (1.5 t imes),  f o r  plutonium (2  times) and i t s  separa t ive  a b i l i t y  

. ~ / ~ r o s s  B-y (2.4 t o  3.1 t imes) .  



Table 1. Distribution Coefficients . D:: Batch Equil ibration 

Organic phase: 1 - M reagent i n  indicated di luent  

Aqueous phase: (1) 0.047 M U l l g / l i t e r ) ;  0.021 M ~ h ( 5 ~ / l i t e l ) '  
B counts min-1 m l q ;  1.84 x 107 

y counts rnin'l m l - l ;  4.2 x 106 Zr-Nb y 
counts min-1 uiL-1; 6 3 x 105 RU y counts 6 min-1 uiL-1; 8.3 x 10 TRF: p counts min-1 
ml-l; HNO3 as  indicated.  o or a l l  test6 
except those with plutonium) 

(2) -0.0006 M ~ u ( 0 . l - 0 . 2 ~ / l i t e r ) ;  HNO as  ? indicated.  o or plutonium t e s t s  on y)  

Equal volumes of aqueous and organic-phases; 10-min contact; 
motor-driven turbine mixers i n  open cyl indr ical  separatory fun- 

, nels; room temperature 

Y a 
Element Equilibrium 

or Aaueous TBP i n  TFP i n .  DSBPP i n  DBPP i n  
Activity mG3 (MI ~msco  125-82 Xylene Xylene Xylene 

Th 

Gross p 

Gross y 

Ru Y 

Zr-Nb y .  

ma B 

PU(.IV) 

a. Total r a r e  earths.  
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Fig. 1. Uranium, thorium, and plutonium distribution coefficients. (Feed 
compositions and test conditions given in  Table 1.) Additional data for uranium 
and thorium not appearing i n  Table 1, but reported previously6 has been in- 
cluded. Test conditions slightly different, but allow valid comparison. 



0 0 Table 2. Separation Factors, D (u)/D, (x )  : Batch Equi l ibra t ion 
a- 

1 - M reagent i n  indkcated d i luen t  

u Separation f ac to r  (SF ) calcula ted from. X 
extract ion data, Table 1 

Element E q u i l i b r i u m  
or  Aqueous .TBP i n  T B P i n  DSBPPin DBPPin 

Act ivi ty  , HN03 (M) Amsco 125-82 Xylene Xylene Xylene 

Th 2.4 12 22 C) L 3~ C) 12 
0.65 14 28 290 ' 2 1 
o .,18 ' 22 42 262 

Gross 0 2.4 1640 4560 6300 2310 
0.65 371 860 2080 1228 , . ,  

0.18 182 375 868 482 

Gross 7 2.4 1185 3260 5730 2530 . .  ~ 

0.65 371 1290 2630 1328 
0.18 186 535 l o  50 610 

. .. 
485 1420 1550 Ru Y 2.4 * .  

34 
.:i 

0.65 5 1 322 
18 

. .. 
0.18 15 30 35 .I 

Zr-Nb 7 2.4 607 1030 1180 1000 
0.65 1000 1100 2800 14 30 
0.18 44 5 348 920 . 1530 

- - - - 

a. Total r a r e  earths. 



0 0 

0-O 

- 

0 ' 

- 

Thorium 

I 

I Zr-Nb Gommo ( 

UNCLASSIFIED 
ORNL-LR-DWG 74979 

Ru Gmmo 

I 

n 
TRE Beta 

I . -. . . -.. - - - . .  . 

' EQUILIBRIUM AQUEOUS H N 0 3  (M) 

Fig. 2. Separation factors, uranium from other metal ions 

(Calculated from extraction data of Table 1 and Fig. 1). 



4. When both DSBPP and TBP were employed in an aromatic diluent, 

the former had somewhat higher uranium and somewhat lower fission product 

extractability. The resulting ~ / ~ r o s s  B-y separability of the DSBPP was 

2.4 to 1.4 times higher in the range 0.2 to 2.5 M HNO - 3' 
5. When DSBPP-xylene systems were compared with TBP-Amsco systems 

(similar to solvents in process use), there was a wider gap between their 

separative abilities, ~ / ~ r o s s  f3-y. Again, the factors varied in the 

acidity range 0.2 to 2.5 M HNO For ~ / ~ r o s s  p they were 5.6 to 3.9, and 
- 3' 

for ~ / ~ r o s s  y they were 7.1 to 4.8. 

6 .  Gross fission product decontamination was limited at different 

acidity levels by different fission products. The literature describes 

tests in relatively simple aqueous systems to show that the extraction of 

zirconium increases with acidity,29 while the coefficients of the extracting . 
, 

ruthenium decrease with increasing acidity. Although the 

actual behavior of these elements is characteristically erratic (see Sec 

2.2, scrubbing).zirconium-niobium would be expected to.limit the gross 

fission product decontamination at high acidity (e.g., 3.0 N), and ruthenium 

would limit the decontamination at low acidity. The total activity level 

in these tests, set by safety considerations, was not high enough to per- 

mit the desired accuracy in analytical results. Some of the fission pro- 

duct (particularly for zirconium-niobium and .the rare earths) data may, 

therefore, be limited by analytical error. The data of Table 1 are never- 

theless in'fair agreement with the above expectations. Raising the acidity 

from 0.2 to 2.2 N HNO increased zirconium-niobium extraction by factors - 3 
of 3 to 8, but decreased ruthenium extraction by factors of 4 to 10. Rare 

earth extraction changed less, increasing by only 1 to 2 times in this 

acidity range. The nonlinear variations in the U/X separabilities at 



d i f f e ren t  a c i d i t i e s ,  whether they were r e a l  or the products of' ana ly t ica l  

e r ro r ,  compensated t o  produce ~ / ~ r o s s  B-y separations t h a t  varied regu- 

l a r l y  with ac id i ty .  

7. There a r e  higher r a r e  ear th  d i s t r i bu t ion  coeff ic ients  with the 

reagents i n  xylene, a s  compared with TBP-Amsco. The order of reagents i n  

separation a b i l i t y ,  U/RE, varied with ac id i ty  (molarity of the HNO i n  the 
3 

aqueous phase). Separation f ac to r s  w i t h  the  three reagents i n  xylene were 

everywhere poorer than t h a t  with TBP-Amsco except around O.'( M HNO with - 3 

DSBPP-xylene and around 2.4 M HNO with TBP-xylene. As w i l l  be shown i n  
- 3 

Sec 2.2, t h e  r a r e  ear ths  a r e  e ~ t r a c t e d ~ r e v e r s i b l y ,  and aqueous scrubbing 

i s  e f f ec t ive .  I n  ac tua l  process systems, the use o f h i g h  extraction re-  

agent saturat ion with uranium.is known t o  afford a major.suppression. of 

r a r e  ea r th  extraction,  and, i n  view of the low extract ion coeff ic ients  f o r  

r a r e  ear ths ,  no d i f f i c u l t y  is  expected i n  the separation of uranium from 

r a r e  ear ths .  

8. DBPP i n  xylene had generally higher ex t r ac t ab i l i t y  f o r  each metal 

than did TBP i n  e i t h e r  xylene or Amsco; i t s  u/Th separab i l i ty  was between 

those f o r  TBP-Xylene and TBP-Amsco and i t s  ~ / ~ r o s s  B-y, separab i l i ty  was 

about the  same a s  t h a t  f o r  TBP-xylene, but  b e t t e r  than t h a t  f o r  nP-Amsco. 

.The high uranium and thorium ex t r ac t ab i l i t y  might permit i t s  use f o r  re-  

- covery of thorium and uranium233 i n  processes such as  the  Thorex process. 

9 .  The higher uranium ex t r ac t ab i l i t y  with both DSBPP and DBPP suggests 

t h e i r  use would permit lower aqueous HNO or  n i t r a t e  s a l t i n g  concentrations 
3 

i n  a uranium recovery operation; t h a t  i s  t o  say, the  use of DSBPP and DBPP 

would e f f e c t  a reduction i n  chemical costs  and/or a l l ev i a t e  problems i n  

HNO evaporation and recovery from highly radioactive waste solutions.  If 
3 



simultaneous plutonium recovery i s  required,  t h e  l o s s  of plutonium ex- 

t r a c t a b i l i t y  . ( ~ i g .  1 )  a t  lower a c i d i t y  i s  an important f a c t o r  f o r  con- 

s ide ra t ion .  

10. The higher uranium e x t r a c t a b i l i t y  with DSBPP-xylene, TBP-xylene, 

and p a r t i c u l a r l y  with DBPP-xylene requ i res  more severe s t r ipp ing  condi t ions  

than a TBP-Amsco combination would need i n  a similar system ( see  Sec 3.2). - .  

The d a t a  of t h i s  sec t ion  a r e  summarized more concise ly  i n  Table 3 i n  

terms of ex t rac t ion   a able 3, P a r t  A )  and separa t ions   a able 3,   art.^) 

achieved i n  t h e  system.where the  aqueous HNO concentrat ion w a s  about 
3 

2.4 - N. This i s  a condit ion t h a t  approximates t h a t  of the  l a s t  ex t rac t ion  

s tage  (lowest uranium loading, h ighes t  f i s s i o n  product e x t r a c t i o n )  o f  . a . 

general  process operation. I n  addi t ion ,  i n  support of po in t  9, t h e  concen- 

t r a t i o n  of HNO t h a t  permitted t h e  uranium d i s t r i b u t i o n  c o e f f i c i e n t  wi+h . . 3 

each reagent  t o  be 20 (approximately equal  t o  t h e  value observed i n  con- 

d i t i o n s  of a codecontamination cycle of the  Purex process)  was determined 

by in te rpo la t ion  from the  p l o t s  of Fig. 1 (e.g., f o r  the  system DSE%PPT,, 

xylene and HNO = 0.9 M ) .  Also, t h e  U/X separa t ion f a c t o r s  a t  each of 
3 - 

these  reagent-ac idi ty  combinations a r e  t abu la ted   able 3, P a r t  .c). The 

n e t  U/FP p-y separa t ion f a c t o r  w a s  l a r g e s t  with. DSBPP-xylene, lowest with 

DBPP-xylene, although in no case d i d  they vary g r e a t l y  f r o m ' t h a t  shown by 

the  TBP-Amsco combinations. A s  discussed i n  point  6 above, t h i s  r e f l e c t s  

t h e  changes i n  zirconium-niobium, ruthenium, and r a r e  e a r t h s  ex t rac ta -  

b i l i t y  with a c i d i t y .  The super io r i ty  of DSBPP i n  t h e  separa t ion of 

uranium from thorium Is c l e a r l y  evident .  Though t h e  data ,  f o r  the  reasons 

mentioned e a r l i e r ,  a r e  subject  t o  a n a l y t i c a l  e r r o r ,  they i n d i c a t e  t h a t  

reductions of a c i d  o r  s a l t  i n  aqueous feeds  may be poss ib le  wi th  changes 



Table 3. Summary of Batch Extraction Data 

Selected from Tables 1 and 2, or 
by interpolat ion from Fig. 2 

Extractant Phase ( 1  - M i n  reagent) 

TBP i n  Amsco 
Product ( x ) ~  125-82 TBP i n  Xylene. DSBPP i n  Xylene DBPP i n  Xylene 

4- 

0 
A.  . .Distribution Coefficients,  Da, Equilibrium Aqueous m0 = 2.4 M 

3 - 

- 

0 0 
B. Separation Factors, Da (u)/D, (x ) ,  Equilibrium Aqueous HNO = 2.4 M 

3 - 

0 0 0 
C. Separation Factors, Da (u)/D, (x),  ~ ~ b i l i b r i u m  Aqueous HNO fo r  Oa (u) = 2 6  

3 

P U ( W ) ~  1.4 2 *9  2 -9 10 
~h 12 25 280 20 

FOP* (B,Y) 1400 2200 3000 1350 
nu( r>  . 500 300 300 
~r-Nb(7) 600 1000 2300 1400 

TRE( B) 1100 700 800 400 

(2.4 - M H N o ~ ) ~  (1.4 M HNO ) (0.9 - M HNo3) (0.~7 M h o g )  - . 3  - 

a .  X = elements other than uranfum. 
b. Calculated from separate batch extractions,  %"able 1. 
c. These a re ,  the n i t r i c  acid concentrations required t o  make D: equal 20. 
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i n  d i l u e n t  and/or reagent ,  except perhaps when l imi ted  by t h e  required  

plutonium recovery, s ince  i t s  extr 'act ion var ied  s t rong ly  with a c i d i t y .  
. . 

2.2. Scrubbing Tests  

The previously discussed data, , .obtained from ba tch  ex t rac t ion  t e s t s ,  

allowed comparisons of p o t e n t i a l  U/FP separa t ion f a c t o r s  a t t a i n a b l e  with 

t h e  four  ext rac t ion.mixtures .  However, it  i s  known from process experience 

t h a t  t h e  p o t e n t i a l  may not always be  rea l i zed .  Speci f ic  f i s s i o n  products 

such a s  ruthenium and zirconium-niobium a r e  most o f t en  character ized i n  

aqueous feed so lu t ions  by severa l  t roublesome'species t h a t  behave i n  d i f -  

f e r e n t  ways and a r e  sometimes s t rongly  a f fec ted  by various organic i m -  

p u r i t i e s  i n  the  e x t r a c t a n t  (e.g., by degradation products from t h e  hydrol- 
I .  

. . I , :  

y s i s  and r a d i o l y s i s  o f .  reagents and .d i luen t s ) .  Therefore, a more compiete . . . ., 
. . .  

p i c t u r e  of an t i c ipa ted  'process behivior  can be obtained i n  batch  tests by 

observing t h e  r e s u l t s  of supsequent aqueous scrubbing of the  organic ex- 

t r a c t s  from t h e  ex t rac t ion  cycle.  

Therefore, a s e r i e s  of such scrubbing-cycles t e s t s  (on organic e x t r a c t s  

from the  previously described t e s t s ,  and employing aqueous n i t r i c  a c i d  so- 

l u t i o n s  a t  t h e  same HNO concentrat ion a s  those used i n  the  i n i t i a l  ex- 
3 

t r a c t i o n  s t e p )  were performed t o  e s t a b l i s h  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  

and U/X separa t ion f a c t o r s  f o r  p e r t i n e n t  f i s s i o n  product f r a c t i o n s .  The 

U/X separa t ion f a c t o r s  a re  summarized i n  Table 4. The numbers i n  paren- 

theses  a r e  separa t ion f a c t o r s  obtained a s  described i n  Sec 2.1 and quoted 

from Table 2. 

The u/z~-Nb and U/RU separa t ion f a c t o r s  i n  t h e  scrubbing s t e p  were a 

t e n t h  t o  a hundredth of those f o r  the  ex t rac t ion  s tep .  This behavior i s  

t y p i c a l  of process experience and i s  q u a l i t a t i v e l y  i n  accord with t h e  



Table 4. U/X Separation Factors i n  Scrubbing Tests 
with 1 M Extraction Reagents 

0 
U/X Separation Factors Da ( u ) / D ~  (x) 

Product X TBP i n  Amsco TBP i n  Xylene , DSBPP i n  Xylene DBPP i n  Xylene 

a 
2.4 M HNO - 3 

R ~ ( Y )  42 ( 4851b 32 ( 1 4 2 0 ) ~  (1550) 
z r - m ( y )  145 ( 607) 154 ( 607) 248 (1180) 87 (1000) 
Gross 7 165 (1185) 224 (3260) 270 (5730) 195 (2530) 
Gross p 179 (1640) 258 (4560) 323 (6300) 385 (2310) 
T W O )  1065 (1150) 1070 (1450) 714 ( 8323 880 ( 810) 

a 
0.7 M m - 3 ..,..-,, -...-- " 

~ u (  Y) 4 ( , 3 4 )  4- ( 51) 4 ( 322) 
~ r - m ( 7 )  13 (1000) 20 (1100) 24 (2800) 36 (1430) 
Gross y 9 ( 371) 12 (1290) 18 (2630) 35 (1328) 
Gross (3 10 ( 371) 13 ( 860) 15 (2090) 51 (1228) 

R U ( Y )  2 (  18) 2 ( 151 3 ( 30) 0 ( 35) 
z r - m ( y )  5 ( 445) 7 ( 348) 5.- ( 920) - 6  (1530) 
Gross y 3 ( 186) 4 ( 535) 4 (1050) 9 ( 610) 
Gross a @  11. ( 182 ) 5 ( 375) 4 ( 482) 10 ( 482) 

" TRE(B) ( 442') 50 ( I50> 376 ( 390) 

a .  Acidity of aqueous scrub solut ion and of the  i n i t i a l  aqueous .feed. 
b. Numbers i n  parenthesis a r e  values obtained i n  previous extract ion t e s t  

 a able 2 ) .  



e x t r a c t i o n  chemistry of zirconium-niobium and ruthenium. For example, 

t h e  most ex t rac tab le  species of ruthenium c o n s t i t u t e  only a por t ion  of 

0 t h e  gross r i t h e n i ~ m . ~ '  Thus, while t h e  observed ruthenium Da may be low, 

t h e  c o e f f i c i e n t  f o r  the  .extracted species  'may be much higher. The l a t t e r  

c o e f f i c i e n t  i s  more near ly  represen ta t ive  of t h e  scrubbing coef f i c ien t ,  

and a low scrubbing decontamination f a c t o r  (DF) i s  observed. ' In  add i t ion  

to 'probable  s imi la r  behavior, zirconium i s  much e a s i e r  t o  e x t r a c t  than 

0 
niobium, and i t s  Da w i l l  be higher than t h a t  observed f o r  the  zirconium- 

niohiiirn combination, and t h e  scrub DF w i l l  be lower than t h a t  achieved 

during ex t rac t ion .  Indeed, the  POSE B jnd y DF1s r e f l e c t  these  trends.  

It should be remembered t h a t  while these  c o e f f i c i e n t s  have been obtained . . 

i n  the  absence of any l a rge  e f f e c t s  due t o  t h e  degradation products of ' t the 

reagent  o r  d i luen t ,  small amounts of solvent  impur i t ies  o r  degradation',  

products car1 cause ex t rac t ion  of f i s s i o n  products, p a r t i c u l a r l y  zirconium, 

and such a c t i v i t y  .is d i f f i c u l t l y .  s t r ipped  by d i l u t e  ac id .  

The r a r e  e a r t h  data  i n d i c a t e  nea r ly  revers ib le  e x t r a c t i o n . i n  t h e  0.2 

and 2.0 M KNO s t r ipp ing  t e s t s .  - 3 

A p l o t  of the  scrubbing d a t a  would resemble Fig. 2 ( ~ e p a r a t i o n  f a c t o r s ;  

from ex t rac t ion  t e s t s ) ,  except f o r  t h e  order of magnitude of most of t h e  

f a c t o r s .    here a r e  small d i f fe rences  favoring DSBPP over TBP ' (both i n  

xylene),  somewhat l a r g e r  d i f fe rences  between TBP-Amsco and TBP-xylene, and 

mildly e r r a t i c  behavior with DBPP. 
. . .  

3. LABORATORY COUNTERCURRENT TESTS : COMPARISON OF 
URANIIJM, HNO3, AND FISSION PRODUCT DISTiilBUTION 

BETWEEN TIB ORGANIC AND AQUEOUS PHASES 

3.1. Extrac t ion and Scrubbing Tests 

Labora-tory batch countercurrent  t e s t s  with t h e  t h r e e  reagents were 

made i n  order t o  provide f u r t h e r  comparisons and evaluations of t h e i r  



process appl icab i l i ty .  The aqueous solutions,  organic extractants ,  and , 

l i qu id  flow conditions were established t o  simulate those employed i n  the 

ex t rac t ion  s tep of the  codecontamination cycle of the Purex process. TBP 

was t e s t ed  in  both Amsco 125-82 and xylene, DSBPP was i n  xylene, and DBPP 

was i n  a mixture of Amsco 125-82 and xylene.  h he DBPP-uranyl n i t r a t e  

complex.had previously been shown t o  be soluble i n  di luents  of lower aro- 

matic content than permitted by DSBPP.) Aqueous solutions and volumetric 

flow r a t i o s  were iden t i ca l  i n  a l l  cases. The t e s t  conditions and r e s u l t s *  

a r e  ,recorded i n  Tables 5 and 6. 

The l eve l  of f iss ion.product  a c t i v i t y  permitted i n  the  laboratory 
. . 

i n  which the experiments were run was too low for. the f i s s ion  product f3 

and y determinations t o  be of significance. i n  any of the scrub stages above 

the second. For example., i n  the t e s t  with TBP-Amsco the gross f3 a c t i v i t y  of 

-1 -1 
the 6 th  scrub s tage organic phase (about 2000 'counts min m l  ) .was shown 

by means o$ a p a r a l l e l  t e s t  with no f i s s ion  product spike t o  be en t i r e ly  

accounted fo r  by the a c t i v i t y . o f  the natural  uranium decay chain. Accord- 

ingly,  no f i s s i o n  product da ta  are  reported . for  the  upper scrub stages. 

In  order for  s ign i f i can t  scrub data t o  be obtained the t e s t s  must be run 

in a f a c i l i t y  i n  which the f i s s i o n  product a c t i v i t y  l eve l  may b e  IncYeased, 

preferably a hundredfold + 

In comparisons w i t h ' T B ~ - k s c o  as  the reference case, the data i l l u s t r a t e  

. . 0 
higher uranium extract ion fac tors  (El?, = D C ~  x the O/A flow r a t i o )  with the 

TBP-, DSBPP-, and the  D B P P - X ~ ~ ~ ~ ~  extractants .  This i s  evident i n  the 

l a s t  scrubbing stage (6-SC), the aqueous feed point o r  f i r s t  extract ion 

stage ( 1-EX) , and pa r t i cu l a r ly  i n  the t h i rd  extract ion stage ' (3-EX) . The 

differences  between extract ion fac tors  i n  t h i s  l a s t  extract ion stage r e f l e c t  



Table 5. Comparison of Uranium and HN03 Extraction in 1.0 M DSBPP, TBP, and DBPP: 
Countercurrent Tests 

0 0 0 
Uranium in g/liter; HNG~ in N; EF = DC x FRa (EF = extraction fact~r; 

9 DC = distribution-coeflicien?; FR = flow ratio). 
Aqueous Feed: 434 g U per liter 1.11 TJ HN03, 1.35 x 107 oss B. co.~nts 

3 min-l ui~-1, 1.83 x 10 gross-7 counts min-1 d- !f? 3 

Aqueous Scrub: 2.0 N HNO3; flow ratio: (feed.:scrub:organic volume ratio) = 
1/0.75/4.75; 2.5 volume changes 

Uranium Extraction HN03 Extraction 

1 M 'DP- 1 M TBP- 1 - M DSBPP- 1 M DBPP- 1 M TBP- 1 M TBP- 1 - M DS3PP- 1 M DBPP- 
Stage ~mzco xvlene Xylene 80 Amsco/20 Xylene ~Gsco xylene Xylene 80 Ams~o/20 Xylene 

P 
4 

6s-oa 83.6 92.6 97.4 90.0 0.10 0.12 o. lb 0.10 . 
6s-A 30.1 20.6 21.0 18.4 1.87 1.85 1.89 1.94 
(E@) (17.6) (28.4) (28.4) (31.0) (0.34) (0.41) \ (0.47) (0.33) 

%raniurn or HN03 analyses in sixth scrub stage: A = aqueous phase, 0 = organic. In other entries in this 
column lE = first extraction stage, etc. 



Table 6. Cornpartson of Gross 3 and 7 Extraction i n  1.0 M DSBPP, TIP,  and DBPP: 
Countercurrent Tests 

0 C Gross j3 A d  y i n  count; mine' m l - l  x = .DCa x T'R, 
Aqueous Feed: 434 g  liter, 1.11 N HNO3, 1.35 x 107 grpss j3 

counts min-l r n l - l ,  1.83 x 107 y counts rnin-1 mI- -  , 
Aqueous Scrub: 2.0 N AN0 ; flcw ra t io :  (feed:scrub:organic 

volume r a t i o )  = 1/5.75/2.75; 2.5 volume chenges 

Gross. p Gross y 
- 

1 M TBP- 1 h1 TBP- 1 M DSBPP- - - - 1 M DBPP.- 1 M TBP- 1 M TBP- 1 M - DSBPP- 1 M DBPP- 
Stage Amsco Xylene Pjlene 80 hs;o/20 Xylene &co ~ y l e n e  . Xylene 80 ~rnsco/20 Xylene 

a 
Gross &+ analyses i n  second scrub stage: Ax = acuecus phase, 0 = organic. In c.ther en t r i e s  i n  t h i s  column, 
1E = f i r s t  extract ion.s tage,  efc.  



the  previously observed d i f fe rences  i n  t h e  uranium ex t rac t ion  c o e f f i c i e n t s  

f o r  t h e  reagents  a able 1). Adjustments could have been made t o  lower t h e  

aqueous HNO o r  s a l t i n g  s t reng ths  wi th  t h e  xylene-diluted reagents  without 
3 

sus ta in ing  product losses  g r e a t e r  than those  experienced with TBP-Amsco. 

bs indicated  previously i n  the batch e q u i l i b r a t i o n  d a t a   a able 3),  operable 

s a l t i n g  s t reng ths  should decrease i n  the  order TBP, DSBPP, and DBPPJ 

The lower e x t r a c t a b i l i t y  of the gross €3-emitting f i s s i o n  products i n  

DSBPP, the  somewhat higher e x t r a c t a b i l i t y  i n  DBPP, and t h e  lower EFt s 

(ex t rac t ion  f a c t o r s )  with xylene d i l u e n t  a r e  i l l u s t r a t e d  i n  t h e  e x t r a c t i o n  

f a c t o r s  of Table 5. 

Similar  ex t rac t ion  t rends  appear i n  .the da ta  f o r  the  gross 7-emitting " .  

? .  . .  
f i s s i o n  'produc'Ls. . In  both  t h e  gross B and y cases ex t rac t ion  f a c t o r s  of , . . . . . 

. , 

uni ty  a r e  being approached r a p i d l y - b y  a l l  reagents  and e s p e c i a l l y  by DBPP 

and TBP a s  e a r l y  a s  the  2nd scrub stage.  This could s i g n i f y  l i t t l e  po- 

t e n t i a l  f o r  f u r t h e r  decontamination, b u t  again, t h e  a n a l y t i c a l  l i m i t  i m -  I .. . 
.,.. .; , 'L. ., . '< '  - I. : 

< :.I' 

posed by t h e  low a c t i v i t y  l e v e l  of t h e  feed does not  permit conclusive . ,?,  , :.. '. ,. ,;..'. 
. , 

support of t h i s  observation. 

Because of t h e  low l e v e l  of f i s s i o n  product a c t i v i t y  i n  . the aqueous 

feed and the  l ack  of uranium analyses i n  t h e  intermediate scrub s t ages  it 

was impossible t o  ca lcu la te  accura te  DF's (decontamination f a c t o r s )  

f o r  uranium from X metal tons f o r  any ,stage o ther  than. t h a t  a t  ' the  feed 

po in t  (1-EX). These appear i n  Table 7. 

A s  predic table  from t h e  previous batch  ex t rac t ion  data ,  t h e  decon- 

tamination decreased i n  the  order DSBPP-xylene, TBP-xylene, TBP-Amsco, 

and DRPP-Arnsco-xylene, 



Table 7. Uranium-frcm-Fission product Decontamination 

Factors at the Feed Point 
. . 

See Table 5 for test conditions. 
EFU (1 + EFX / 

D F  = - EF Il+EF 
\ U,I ' 

1 M TBP in 1 M Tl3P in 1 - M DSBPP in 1 M DBP;P-~O/~O 
Activity ~msco 125-82 slene Xylene ~msco 125-82/xylene 

Gross y 300 . 310 49 5 119 

Gross f3 455 512 635 105 

3.2 .. Stripping, Tests 
Table 8 shows data from'two simple countercurrent str.ipping tests with 

DBPP; these te'sts were designed'to give an estimate of its required organic- 

extract: strip-solution flow ratio. 
. . 

Although the uranium concentrations. in the two organic phases were 

s~~ewhat~below process ,conditions, the 'data suggest a useful 1 M-DBPP: 

strip-solution ratio of. 'a'bout 0.5, with 0.007 'to 0.01 M. HNO in the aqueous 
- 3 .  

phase. In comparison, the usual Purex process employs nearly equal volumes 

of organic and strip phases. The volume of strip solution can.be reduced 

by stripping at elevated, temperatures. The present tests do not include 

a demonstration of this, but it is known that uranium extraction coeff'lcients 

with organic phosphorus reagents generally decreasz with increasing tempera- 

ture. (Siddall, for example, showed2' a decrease in uranium extraction 

with di(2-anyl)-2-butylphosphonate by' a factor of"2.8 when the temperature 

was raised from 30 to 70'~. ) uranium losses of less than 0.001$ and 0.02% 

were experienced in 'five stripping stages after extraction without and with 



f i s s i o n  product spike, respect ively .  Essent ia l ly ,  no U/FP decontamination 

was achieved i n  s t r ipp ing  (DF's ~ / ~ r o s s  p and ~ / ~ r o s s  y, about 1.1). 

No t e s t s  were made with DSBPP because t h i s  reagent has lower uranium 

e x t r a c t a b i l i t y  than DBPP  a able 1 )  and the  s t r i p  volume t ha t  it requires  

w i l l  be sma l l e r and  w i l l  approach t h a t  required by TEE'. 

Table d. Counte.rcurrent Str ipping from 1 M DBPP 

Test  1: Organic Extract :  1 M DBPP; d i luen t ,  Amsco 125-82 
an5 xylene (80 vols t o  20 vols).; 
64.6 g u / l i t e r ;  0.06 M - H N O ~  

,' 

Aqueous Extract:  0.007 - M HN03 

Test 2: Organic Extract :  1 M DBPP; d i luen t ,  Amsco 125-82 
and xylene (70 vols t o  30 vols) ;  
74.4 g  liter; 1780 p counts min-l 
m l - l ;  4440 7 counts min-1 m l - l  

Aqueous Extract:  0.01 - M HN03 + .  I' 

Flow r a t i o :  organic feed: s t r i p  solut ion = 1:2 . . .* 

Volume changes: 2.5 

Test 1 Test 2 . < . .  .* 

Gross B Gross y , . 
u HN03 u HN03 (counts (counts. 

. .$ . 8 .;:. 

( g / l i t e r )  - M ( g / l i t e r )  - M min'l ml'l) mine' d'l) 



22 . 

11. ALTERNATIVE DILlTENTS 

The combined favorable  comparisons of DSBPP with TBP i n  regard t o  
. . 

r a d i o l y s i s  s t a b i l i t y ,  f i s s i o n  decontamination, and uranium ex- 

t r a c t a b i l i t y ,  may be  considered t o  be.somewhat o f f s e t  by the  unfavorable 

comparison regarding i n s o l u b i l i t y  of the  ~ D S B P P * U O ~ ( N O  ) complex i n  a l i -  
3 2 .  

phat ic-  d i l uen t s  such as Amsco 125-82. Xy1ene;though e f f ec t i ve  i n  regard 

t o  t h e  s o l u b i l i t y  of t h e  ~ D S B P P * U O ~ ( N O ~ ) ~  complex, i s  not  des i rab le  f o r  

--0 -. . 
process  app l ica t ions  because of i t s  low f l a s h  po in t  (63 I?). . 

A b r i e f  inves t iga t ion  of a l t e rna t i ve  commercial d i luen t s  indicated , 

' that  Solvesso 100, a high-aromatic .hydrocarbon f r ac t i on  with a f l a s h  . . 

poin t  of 1180~, afforded complete s o l u b i l i t y  of t he  ~DSBPP*UO~(NO ) corn-. 
3 2  

plex.  Among other  commercial d i luen t s  t e s t ed  v i t h  regard t o  s o l u b i l i t y  

of the  complex, it a l s o  appears t h a t  carbon te t rach lor ide ,  Esso heavy- 

aromatic naphtha, Amsco G, Solvesso 150, diethylbenzene, and diisopropyl-  

benzene a r e  poss ibly  use fu l  candidates, whereas other solvents such a s  

S h e l l  140 and Amsco 110-15 incompletely dissolve  the  complex. 

Batch equ i l ib ra t ions  of TBP dissolved i n  ~rnsco 125-82 or  ~ o l v e s s o  100 

wi th  an,aqueous uranium so lu t ion  containing f i s s i o n  products showed again 
/ 

the  separat ive  advantages r e su l t i ng  from the  use of an aromatic d i luen t  

 a able 9 ) .  I n  t h e  Solvesso-100 d i l uen t  DSBPP again had higher U/FP fiepa- 

r a t i v e  a b i l i t y  than d id  TBP. 

A b r i e f  countercurrent  t e s t  with DSBPP i n  Solvesso 100 shared no 

deleter ' ious physical  o r  chemical e f f e c t s  from the  use of the  aromatic 

d i l u e n t  , with the  expected good decontamination of uranium from f i s s i o n  

products . 



Table 9. uraniurn/Fi ssion-~roduc t Separation Factors 

Aqueous phase: 3 N HN03, 10.1 g U per l i t e r ,  ., 

10 g Th per l i t e r ,  f i s s ion  product spike 

~ ~ u e o u s / o r ~ a n i c  phase ra t io :  1. 

0 0 
Separation Factors D.(U)/D~(F.P.) 

Reagent Gross p CSOOG 7 

The highly branched a lky l  chains of Solvesso 100 make it susceptible 

t o  chemical at tack.  A search f o r  chemically s tab le  simple aromatic d i -  

luents with sui table  physical properties is  a pa r t  of another study. 31 

Preliminary indications from t h a t  study favor the  use of alkylbenzenes 

t h a t  have sui tably high f l a s h  points,  f o r  example, - n-hexylbenzene. 
? 

5. RADIATION STABILITY , 

The pure phenylphosphonates poss,ess radiat ion s t a b i l i t y  higher than 

t h a t  of TBP by v i r tue  of t h e i r  protective benzene s t ructure .  The s t a b i l i t y  

( i n  terms of G values, the number of molecules acid  formed during i r r ad i -  

a t ion  to ta l ing  100 ev of absorbed energy; with respect t o  the  formation of 

acidic  decomposition products) has been determined27 f o r  the three re-  

agents (no di luent  or  HNO present). The G values f o r  the  pure TBP, 
3 

DSBPP, an& DBPP of 2.3, 0.54, and 0.78 indicate  r e l a t i v e  radiat ion s t a -  

b i l i t i e s . o f  1:4.3:2.9, respectively. . 

Of pertinence, however, t o  process use i s  the  s t a b i l i t y  of the  reagent 

when carr ied i n  a di luent  and i n  contact with an aqueous radioactive acid 



60 feed. Tests simulating this condition have been made in CO . irradi- 

a t i o n ~ . ~ ~  The reagents were dissolved to a l - M concentration in the indi- 

cated diluents, HNO was extracted, and the reagent-diluent-HN0 phase was 
3 3 

irradiated. The G values, again with respect to the formation of acidic 

decomposition products, for TBP-Amsco, TE3P-Solvesso 100, DSBPP-Solvesso 100, 

and DBPP-Solvesso 100 were 0.75, 0.31, 0.24, and 0.51 with relative sta- 

. bilities of 1/2.4/3.1/1.5. The stability of TBP was improved by a factor 

.of 2.4 when the'aromatic dililent, Solvesso 100, .was used instead of Amooo 

, , 125-82.. Aromatic diluents had been noted previously 22,28 to afford a 

measure of radiation protection to TBP, but it is apparent that little or 

no improvement was realized by dissolving thc phenylphosphonate in Solvesso ' 
I 

100, rather than in Amsco 125-82. Where the pure DSBPP, for example, was 

more stable than pure TBP by a factor of 4.3, dissolution of both in the 

aromatic diluent decreased this advantage to a factor of' but 1.3. The 

. corresponding factors for DBPP were 2.9 and 0.6, respectively. 

Di-sec-butyl - phenylphosphonate was synthesized by the reacti'on of . 

'sec-butyl - alcohol with benzene phosphorus oxydichloride in the presence 

of pyridide. Reagenls wel-e used in molar proportiono ac c e t  forth by 

Kosolapoff (Organophosphorus Compounds, John Wiley and Sons, New York, 1950): 

sec-butyl alcohol, 6.75 moles; pyrf dine, 6.75 moles; benzene phosphoruc - 
oxydichloride, 3.38 moies; and 1200 ml of benzene reacted to yield the . 

phenylphosphonate according 'to the following equation : 



The - sec-butyl alcohol, pyridine, and benzene were t ransfe r red  t o  a 

5 - l i t e r ,  three-neck round-bottom f l a s k  equipped-with a r e f lux  condenser, 

dropping funnel, and e l e c t r i c  s t i r r e r .  The flask'was. liept cool while t he  

reagents were mixed and throughout the  synthesis by surrounding the  f l a s k  

with crushed ice.  The benzene phosphorus oqd ich lo r ide  was added dropwise 

t o  t he  solut ion over a period of 2 . h r .  The mixture was then hydrolyzed 

by bo i l ing  with 3 - M H C 1  f o r  1 h r  under t o t a l  reflux.  The organic and 

aqueous phases were separated, and the organic phase was repeatedly washed 
I 

with quarter  volumes of 2$ aqueous NaOH and then equal volumes of .water. 

The product w a s d i s t i l l e d  a t  127 '~  and 315~. The y ie ld  was about 87$, 
\ 

analyzing 61.8$ C, 8.7% H, 11.2% P, a s  compared t o  the  t heo re t i ca l  

7. CONCLUSIONS 

DSBPP can be recommended f o r  extract ions  from n i t r a t e  systems where 

separation of uranium from thorium i s  required. In  addi t ion i t s  radiat ion 

and chemical s t a b i l i t y  and a b i l i t y  t o  separate uranium from f i s s i o n  products 

are s l i g h t l y  higher than those of TBP under comparable conditions. 

DSBPP and DBPP have higher uranium ex t r ac t ab i l i t y  than does TBP, 

suggesting t h e i r  use would permit lower aqueous HNO or n i t r a t e  s a l t i ng  
3 

concentrations i n  a uranium recovery' operation, 'i.e., t h e i r  use could 

e f f e c t  a reduction i n  chemical cos t s  and/or a l l e v i a t e  problems i n  HNO 3 
evaporation and recovery from high-level radioactive waste solutions.  

It i s  necessary t o  use an aromatic d i luen t  with both reagents. t o  r e t a i n  

s o l u b i l i t y  of extracted metal s a l t s  i n  t he  organic ex t rac t .  

Use of aromatic instead of a l i pha t i c  d i luen ts  with TBP improves i t s  

uranium ex t r ac t ab i l i t y  (1.5 times higher),  plutonium e x t r a c t a b i l i t y  (2 



times higher) and uranium/gros s p-y separability (2.5 to 3.1 times. higher) 
I 

and should be considered where the performance of  the TBP-aliphatic com- 
a. 

' .  bination is marginal. 
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