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SEPARATION OF URANIUM ANE, DIBUWL PHOSPHATE CONTAIJTED 
IN 30 VOL % TRIBUTYL PHOSPHATE SOLVENTS 

J. C. Mailen 
0. K. T a l l e n t  

ABSTRACT 

A number of s o l i d  so rben t s  were t e s t e d  f o r  t h e  removal 
of uranium and d i b u t y l  phosphate (DBP) from 30 vol  X t r i b u t y l  
phosphate  (TBP) so lven t .  The removal w a s  r equ i r ed  t o  r e s u l t  
i n  s e p a r a t i o n  of t he  uranium from the  DBP wi th  a c l ean  uranium 
product .  
DBP, l eav ing  t h e  uranium i n  t h e  cleaned so lven t  f o r  recyc le .  

The p r e f e r r e d  mode of ope ra t ion  w a s  t o  remove t h e  

A method f o r  removal of DBP from t h e  so lven t  while  
a l lowing  t h e  uranium t o  remain in t h e  so lven t  was not found. 
Both c a t i o n  r e s i n s  and d i e thy lene  triamine p e n t a a c e t i c  a c i d  
(DTPA) depos i ted  an g l a s s  beads p r e f e r e n t i a l l y  removed t h e  
uranium, leav ing  t h e  DBP i n  t h e  so lven t .  The DBP could then 
be r e a d i l y  removed by a number of s imple t r ea tmen t s ,  and the  
uranium could be recovered by e l u t i o n  wi th  a c i d i f i e d  TBP. 
Both hydroxide-form, anion-exchange resins and a c t i v a t e d  alu- 
mina (used wi th  dry  s o l v e n t )  removed uranium and DBB. It is 
p o s s i b l e  t h a t  t h e  DBP and uranium could be s e p a r a t e l y  e luted 
from t h e s e  so rben t s ,  but  it was not s u c c e s s f u l l y  t e s t ed .  

1 e INTRODUCTION 

Solvent  c leanup p r a c t i c e  i n  &rex p l a n t s  is t o  sc rub  t h e  contaminated 

t r i b u t y l  phosphate (TBP) so lven t  with a sodium carbonate  s o l u t i o n  before  

r e c y c l e  t o  t h e  so lven t  e x t r a c t i o n  system. This  procedure removes the  

a c i d i c  so lven t  degrada t ion  products ,  i nc lud ing  d i b u t y l  phosphoric a c i d  

(HDBP) and monobutyl phosphoric ac id ,  and t r a n s f e r s  the m e t a l l i c  con- 

taminants  t o  t h e  aqueous phase as carbonate  complexes. 

Purex so lven t  at t h e  Oak Ridge Y-12 Plan t  i s  not  c leaned on a r o u t i n e  

b a s i s .  The so lven t  is discarded  a t  about I-month i n t e r v a l s  because of 

t h e  bui ldup  of DBP which causes  o p e r a t i o n a l  d i f f i c u l t i e s .  Recycle so lven t  

always con ta ins  about 20 g uranium/L and has -0.01 I Pi DBP a t  d iscard .  

u s e  of sodium carbonate  scrubbing  a f t e r  d i f f i c u l t i e s  have been encountered 

is u n s a t i s f a c t o r y  because s e r i o u s  emulsions between t h e  o rgan ic  and sodium 

The 
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ca rbona te  phases are formed. Continuous cleanup usfag  sodium carbonate  

would be feas-l-ble but would r e q u i r e  recovery of s i g n i f i c a n t  q u a n t i t i e s  

of enr iched  uranium from t h e  sodium sarbonatmranium-DBP aqueous sc rub  

s o l u t i o n .  I n  t h e  absence of some so lven t  cleanup technique ,  t he  process  

r e q u i r e s  much ope ra to r  a t t e n t i o n ,  s i g n i f i c a n t  cleanup of equipment on 

monthly i n t e r v a l s ,  and probably produces an i n f e r i o r  product. The d e s i r e d  

t r ea tmen t  method would (1) use  a s o l i d  so rben t  t h a t  would p r e f e r e n t i a l l y  

renaove the  DBF, l eav ing  t h e  uranium i n  the s o l v e n t ;  o r  (2) use a method 

t h a t  would s e p a r a t e l y  remove both the  DBP and uranium, y i e l d i n g  a c l ean  

uranium product.  We prepared a series of s o l i d  s o r b e n t s  which have 

p o t e n t i a l  f o r  t h i s  s e p a r a t i o n ,  performed scou t ing  tests t o  determine 

which s o r b e n t s  provided s e p a r a t e  removal of DBP, and conducted tests 

i n  sma1.l packed columns us ing  t h e  promising so rben t s .  

2. EXPERIMENTAL 

2.1 EXPECTED REACTIONS 

It is expected t h a t ,  before  r e a c t i o n  w i t h .  a damp s o l i d ,  t h e  com- 

ponents of t h e  o rgan ic  phase w i l l  f i r s t  have t o  d i s t r i b u t e  t o  t h e  aqueous 

l a y e r  on t h e  s o l i d  sorbent .  T h e r e a f t e r ,  t he  r e a c t i o n s  wi th  t h e  so rben t  

w i l l  be t h e  ones expected f o r  t h e  same components i n  t h e  aqueous phase. 

I n  a d d i t i o n ,  if a component such as u rany l  n i t r a t e  should r e a c t  t o  form 

a n  i n e x t r a c t a b l e  compound, t he  uranium would be trapped i n  t h e  aqueous 

l a y e r  of t h e  sorbent .  An example would be r e a c t i o n s  t h a t  r e p l a c e  t h e  

n f t r a t e s  with o t h e r  an ions ;  t he  r e s u l t i n g  compounds would l i k e l y  not be 

e x t r a c t a b l e .  Sorbents t h a t  are a c t i v e  i n  t h e  dry  s ta te  ( t h e  p r i n c i p a l  

example i s  a c t i v a t e d  alumina) m y  remove components d i r e c t l y  from t h e  

so lven t .  

2.2 SCOUTING TESTS 

The a b i l i t y  of  a number of s o l i d  so rben t s  t o  remove uranium amd DBP 

from 30% TBP i n  normal p a r a f f i n  hydrocarbon (WH) was i n v e s t i g a t e d  i n  

small-batch e q u i l i b r a t i o n s .  A -0.01 - M DBP s o l u t i o n  w a s  prepared by 
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adding HDBP con ta in ing  about  3 * 3  mol % monobutyl phosphoric a c i d  t o  30% 

TBP-NPH. This  s o l u t i o n  w a s  then contac ted  wi th  a uranyl  n i t r a t e  s o l u t i o n  

con ta in ing  5 g of uranium/L (0.02 - M uranium) In  H20 (pH = 3) t o  prepare  

a uranium-DBP test s o l u t i o n  con ta in ing  -0.01 DBP and 4 , O l  - M uranium. 

These concen t r a t ions  ( r a t h e r  than the  process  concen t r a t ions  with -10 

t i m e s  as much uranium) were used t o  s i m p l i f y  the  a n a l y t i c a l  procedures .  

P r e f e r e n t i a l  removal of DBP would have been followed by tests us ing  a 

h i g h e r  uranium:DBP r a t i o .  One-half of t he  uranium-DBP s o l u t i o n  was d r i ed  

by sparg ing  with 1 volume of dry a i r  per  min per volume of s o l u t i o n  f o r  

-5 h a t  40°C. This procedure has been shown t o  r e s u l t  i n  q u i t e  dry  

s o l v e n t  (removal of - >97% of the  water from water -sa tura ted  s o l v e n t ) .  

It is expected t h a t  some s o l i d  so rben t s ,  e s p e c i a l l y  a c t i v a t e d  alumina, 

w i l l  have h ighe r  c a p a c i t i e s  i f  water is excluded. Most of the  s o l i d  

s o r b e n t s  w e r e  t e s t e d  by two methods: d r i e d  with dry so lven t  and damp 

wi th  w e t  so lven t .  The d ry  so rben t s  were d r i e d  a t  -1OO"C, except  f o r  

a c t i v a t e d  alumina t h a t  were d r i e d  a t  -200°C. The damp so rben t s  were 

s t o r e d  i n  a "des i cca to r "  wi th  a l a y e r  of water i n  t h e  bottom for s e v e r a l  

days be fo re  use. Complete s a t u r a t i o n  of so rben t s  wi th  a high c a p a c i t y  

f o r  water may not have been achieved;  l a t e r  tests with a c t i v a t e d  alumina 

exposed f o r  longer  per iods  gave poorer  r e s u l t s  than those  from t h e s e  

scou t ing  tests. Some so rben t s  requi red  p repa ra t ion ;  t h e s e  procedures  are 

as fol lows.  Sucrose was depos i ted  on 12-28 mesh s i l i c a  g e l  by d i s s o l v i n g  

100 mg of sucrose  i n  3 mL of H20, soaking t h e  s i l i ca  g e l  i n  t h e  s o l u t i o n ,  

d r a i n i n g  t h e  s o l u t € o n ,  and dry ing  the  s o l i d .  Diethylene t r iamine  penta- 

a c e t i c  ac id  (DTPA) (0.216 g )  was d i s so lved  i n  10 mL of H20 by inc reas ing  

t h e  pH t o  -7 t o  i n c r e a s e  the  s o l u b i l i t y ;  1 mL of d r i e d  Dowex 21K anion 

r e s i n  i n  t h e  hydroxyl form was then added, soaked ove rn igh t ,  and then 

dra ined .  The pH of the  s o l u t i o n  inc reased  t o  7.70 a f t e r  contac t  wi th  

t h e  r e s i n .  Zirconium o x y n i t r a t e  (0.5 g ) ,  d i s so lved  i n  5 mL of H20, was 

contac ted  wi th  2 g of Norton 2-900 molecular  s i e v e  over  t he  weekend; t he  

s i e v e  was dra ined ,  and then r in sed  wi th  5 mL of H20. The anion-exchange 

r e s i n s  were obtained in t he  c h l o r i d e  form. They w e r e  converted t o  t h e  

hydroxide form by pass ing  1 E NaOH through a packed column of the  r e s i n  
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u n t i l  a nega t ive  c h l o r i d e  r e s u l t  was obta ined  wi th  a s i l v e r  n i t r a t e  tes t ,  

The r e s i n  was then r in sed  wi th  water u n t i l  t he  e f f l u e n t  water w a s  near  

n e u t r a l .  The n i t r a t e  form w a s  produced by pass ing  1 I M NaN03 through a 

bed of hydroxide-form r e s i n ,  followed by r i n s i n g  wi th  water ,  

E i t h e r  1 g (most s o l i d s )  o r  1 nnI, (ion-exchange r e s i n s )  of s o l i d  w a s  

con tac t ed  wi th  10 mL of t he  a p p r o p r i a t e  so lven t  (dry  so lven t  with dry  

s o r b e n t ,  w e t  so lven t  w i th  damp s o r b e n t )  by shaking fo r  1 min t h r e e  times 

over a 10-min period. The t r a n s f e r  of uranium c o l o r  from the  o rgan ic  

phase was noted. A por t ion  of t h e  o rgan ic  phase w a s  s t r i p p e d  with water;  

i f  t h e  DBP had been removed l eav ing  the  iiraiiium i n  the  o rgan ic  phase, t h e  

uranium would s t r t p  wi th  water. In those  cases  where t h e  uranium w a s  

q u a n t i t a t i v e l y  removed by con tac t  with the  s o l i d  s o r b e n t ,  t he  c o l o r l e s s  

s o l v e n t  w a s  contac ted  wi th  a u rany l  n i t r a t e  s o l u t i o n  i n  water. The 

presence of KDRP i n  t he  so lven t  causes e x t r a c t i o n  of uranium. The q u a l i -  

t a t i v e  obse rva t ions  O€ uranium removal by the  s o l i d s  and presence OK 

absence of WDBP i n  t r e a t e d  so lven t  were as fo l lows  (Table 1). 

The only s o l i d s  t h a t  showed promise f o r  t h e  removal of uranium 

and/or  DBP were cation-exchange r e s i n s ,  anion-exchange r e s i n s  i n  t h e  

hydroxyl form, and a c t i v a t e d  alumina. The ion-exchange r e s i n s  must be 

used damp, The anion-exchange r e s i n s  removed both uranium and DBP, but 

t h e  c a t i o n  r e s i n  removed only t h e  uranium. Note t h a t  removal of the  DBP 

a f t e r  removal of t h e  uranium and recovery of t he  uranium from t h e  c a t i o n  

r e s i n  should be r e l a t i v e l y  easy. The scou t ing  tests i n d i c a t e d  t h a t  

a c t i v a t e d  alumina could be used e i t h e r  dry  or damp, but later column 

tests showed t h a t  t h e  c a p a c i t y  for both uranium and DBP a r e  reduced by 

t h e  presence of water. 

The promising s o l i d  s o r b e n t s  were then t e s t e d  i n  small packed 

columns . 
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Table 1. Qualitative results of shake-out tests 

Uranium removal DBP removal 
Solid sorbent Wa Db Wa Db 

Dowex 1-X4c;  anion; C1- 

Norton Z-900d; Na+ 

Sucrose on silica gele 

Dowex 5OW-X4';  $ 
Florexf (attapulgite clay) 

Hydrous Zr oxideg 

Dowex 21Kc + DTPAh 

Dowex 21Kc; anion; OH- 

Activated aluminai 

Silica gele 

BIORAD AG Mp-ij; anion; OW- 

Amberlyst A-2bk; anion; OH- 

Zr + molecular sFeve 
Amberlyst A-26k; anion; C1- 

Dowex 21KC; anion; C1- 

BioRad AG MP-1; anion; NOS- 

d 

No 

No 

No 

Yes 

No 

No 

No 

Yes 

Yes 

No 

Yes 

Yes 

Slight 

NDk 

No 

No 

No 

No 

NO 

No 

No 

No 

No 

No 

Yes 

No 

No 

No 

No 

No 

ND 

ND 

No 

No 

No 

No 

No 

No 

No 

Yes 

Partial 

NO 

Yes 

Yes 

NO 

ND 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Partial 

No 

No 

No 

No 

NO 

ND 

ND 

aDamp solid and damp solvent used i n  test. 
bDry solid and dry solvent used i n  test. 
C50-100 lnesh (Bio-Rad Laboratories, Richmond, Cal i f . ) .  

d0.16 cm diam x -0.6 cm long; pore size -7 A (Norton Co., 

e12-28 mesh, Grade 408 (Fisher Scientific Co.,  Fairlawn, N.J.). 
fFlorex AA-LVM, 4-0 mesh (Floridin Co., Pittsburgh, Penn.). 
&100-200 mesh (formerly available from Bio-Rad Laboratories, 

hPrepared by and obtained from D. 0. Campbell and S .  EL Buxton, 

iAlcoa F-l  type, 60-120 mesh (Aluminum Co. of America, Pittsburgh, 

j 20-50 mesh (Bio-Rad Laboratories, Richmond, Calif. 1. 
k14-50 mesh (Rohm and Haas Co., Philadelphia, Penn.). 

Worcester, Mass,). 

Richmond, Calif,). 

Oak Ridge National Laboratory. 

Penn. ). 

t de t e rmined . 
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Uranium i n  t h e  s o l v e n t  w a s  analyzed by s t r i p p i n g  t h e  uranium ( p l u s  

any DXP and n i t r i c  a c i d )  from the  s o l v e n t  wi th  an equal  or g r e a t e r  volume 

of 0.5 - M ammonium carbonate.  

complex (Fig. 1) i n  t h e  aqueous phase,  which is determined spec t rophoto-  

m e t r i c a l l y  us ing  t h e  absorbance a t  450.4 nm. The a b ~ o r b a n c e  w a s  found t o  

be l i n e a r  f o r  concen t r a t ions  up t o  0.01 - M uranium. The molar concen t r a t ion  

i n  the  aqueous phase i s  given by t he  absorbance (1-cm path l e n g t h )  d iv ided  

by 25.1. The molar a b s o r p t i v i t y  was determined from uranium s t anda rds  i n  

t h e  same. spectrophotometer used f o r  t he  ana lyses  (Model 200, H i t ach i  Co., 

Tokyo, 'Japan). Under most cond i t ions ,  uranium forms a 1:l complex wFth 

DBP i n  TBP s o l u t i o n s . 2  

only about 0.01 - M uranium i n  t h e  c u r r e n t  tests is i n  agreement wfth the  

r e s u l t s  of Kahn and Vander Wall. E x t r a c t i o n  of uranium by TBP and DBP-TBP 

s o l u t i o n s  w a s  i n v e s t i g a t e d  t o  develop a s i m p l e  naethad for analyz ing  

s o l v e n t s  f o r  DBP. A 0.02 - Ea aqueous u rany l  n i t r a t e  s o l u t i o n  (pN -3) w a s  

con tac t ed  wi th  an equal volume of c l ean  30% TBP. The uranium d f s t r i b u t i o n  

c o e f f i c i e n t  was 0.0526. Uranium d i s t r i b u t i o n  coeff Pc ien t s  were then 

determined f o r  organfc  phases con ta in ing  0.001, 0.0025, 0.005, and 0.01 - M 

DBP. Assuming t h e  uranium-DRP complex w a s  I : l ,  t h e  f r e e  DRP was calcu- 

l a t e d  f o r  each case. F igure  2 shows a p l o t  of t he  d i s t r i b u t i o n  of uranium 

t o  t h e  DBP complex ( e x t r a c t e d  uranium c o r r e c t e d  fo r  e x t r a c t i o n  by TBP; 

d i s t r i b u t i o n  c o e f f i c i e n t  of 0.0526) vs t h e  f r e e  DRP concent ra t ion .  The 

p l o t  .f.s approximately l i n e a r ,  with a s l o p e  of 314. An unknown s o l v e n t  can 

be contac ted  wi th  a s t anda rd  uranyl  n i t r a t e  s o l u t i o n ,  and t h e  e x t r a c t e d  

uranium can be determined. The c o r r e l a t i o n  g iven  in Fige  2 ,  p lus  t h e  

e x t r a c t l o n  of uranium by TBP, a l lows  t h e  c a l c u l a t i o n  of the  DBP content .  

When t h e  o rgan ic  phase i t s e l f  i n i t i a l l y  con ta ins  uranium, its Concent ra t ion  

must tx! determined t o  know t h e  t o t a l  uranium i n  t h e  system. To determine 

both the  uranium and DBP i n  a 30% TBP sample ,  the s o l u t i o n  i.s d iv ided  

i n t o  t w o  p a r t s .  The uranium i n  one por t ion  i s  measured by s t r i p p i n g  wi th  

ammonium carbonate  solilt i o n  and de termining  the absorbance. The o t h e r  

p o r t i o n  i s  contac ted  wPth an equal. volume of the s t anda rd  0.02 - E.I urany l  

This s t r i p p i n g  produced t h e  u rany l  carbonate  

m e  f a c t  t h a t  a 0.01 ~ . -  M HDBP s o l u t i o n  e x t r a c t e d  
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ORNL DWG 86-18 
I 1 

460.4 nm 
MOLAR ABSORPflVlTY = 25.1 

400 500 
WAVELENGTH (nm) 

Fig. 1. Absorption spectrum of uranyl carbonate. 
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n i t r a t e  s o l u t i o n .  This s o l u t i o n  i s  s t r i p p e d  wi th  ammonium ca rbona te ,  and 

t h e  uranium i s  determined by absorbance. The DBP concen t r a t ion  i s  then  

determined by the  fo l lowing  BASIC program: 

10 INPUT "WHAT IS THE ABSORBANCE OF THE FIRST CARBONATE 
STRIP" ; A1 

20 INPUT "WHAT IS THE ABSORBANCE OF THE CARBONATE STRIP AFTER 
URANIUM EQUILIBRATION" ;A2 

30 UT=O .05 26" ( 0.0 2+A1/ 25.1 ) 

40 C D ~ ( A 2 / 2 5 . 1 - v T ) / ( O . O 2 + A 1 / 2 5 . 1 - A 2 / 2 5 . 1 ) / ~ ~ ~ - U T + ~ ~ ~ ~ . l  

50 PRINT "THE DBP CONC. I S  ";CD;" MOLAR" 

60 PR1NT:PRINT: 

70 GOT0 10 

Note t h a t  t h i s  a n a l y t i c a l  method may only be used when t h e  n i t r i c  a c i d  

and n i t r a t e s  o t h e r  than  u rany l  n i t r a t e  are near zero. 

2.4 SMALL-COLUMN TESTS 

The column used in t h e  tests is shown i n  Fig. 3. The bed w a s  

conta ined  i n  an 8-mm-OD, 6-nrm-ID g l a s s  tube wi th  a jack- leg  and could be 

immersed i n  a beaker of hea ted  water f o r  e l e v a t e d  temperature tests. I n  

a l l  cases the  so lven t  passed through the  beds was in tended  t o  be -0.01 - M 

i n  both uranium and DBP ( i n  one test the  DBP concen t r a t ion  w a s  found t o  

be -0.015 - M i n  t h e  f eed )  and was prepared as desc r ibed  i n  Sect.  2.1. 

2.4.1 Loading 20-50 Mesh Bio-Rad AG MP-50 

Small-column tests used 1 mL of 2C-50 mesh BIO-RAD AG Mp-50 macro- 

po rous  c a t i o n  r e s i n  (H+ form) t o  treat -1 m l  per  min of so lven t  con ta in ing  

-0.01 - M uranium and DBP. Tests were conducted a t  22" ( d u p l i c a t e s )  and 

52'C. F igure  4 shows e f f l u e n t  concen t r a t ions  of t he  two load ing  tests 

a t  22'C. S i g n i f i c a n t  removal of uranium and no d e t e c t a b l e  removal of DBP 

were found. F igure  5 shows t h e  uranium and DBP c o n c e n t r a t i o n s  i n  t h e  

column e f f l u e n t  i n  t h e  t es t  at 52°C; aga in ,  uranium loaded on t h e  so rben t  

wi thout  t h e  loading  of DBP. Uranium removal ha l f - t imes  were -20 s a t  



1 0  

6 

Fig. 3.  Apparatus used i n  small-bed t e s t s .  
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52°C and -40 s at 22OC. The apparent  c a p a c i t y  of t h e  r e s i n  was -0.35 

mmol uranium per  mL of r e s i n  at 22OC and 0.56 mmol uranium p e r  mL of 

resin at 52°C ( s t a t e d  c a p a c i t y  is 1.86 meq/mL). A later t e s t  repea ted  

t h e  loading  of t he  cation-exchange r e s i n  a t  50°C (Figs .  6 and 7).  In  

t h i s  case the  volume of sorbent  w a s  decreased t o  0.75 mL, and the  flow 

rate w a s  decreased t o  0.5 mL/min - an i n c r e a s e  of 50% i n  t h e  res idence  

t i m e  of t h e  so lven t  i n  the  sorbent  bed. DBP was not removed. The 

e f f i c i e n c y  of uranium removal w a s  s i g n i f i c a n t l y  improved over  t h a t  i n  

t h e  earlier tests, with the  half- t ime reduced t o  -10 s and t he  apparent  

c a p a c i t y  of the  bed inc reased  t o  -1 mmol uranium per  mL of r e s i n ;  t h i s  

va lue  r e p r e s e n t s  approximately the  t h e o r e t i c a l  c a p a c i t y  of the  resin.  

In a l a r g e r  bed, where the  res idence  times are l a r g e r  r e l a t i v e  to t he  

ha l f - t imes  f o r  removal, t h e  s e n s i t i v i t y  t o  flow rate m y  be less. 

2.4.2 E l u t i n g  20-50 Mesh Bio-Rad AG MP-50 

E l u t i o n  of t h e  uranium loaded i n  t h e  52°C t es t  was approximately 50% 

complete by passage of 80 mL of 30% TBP con ta in ing  0.06 I M HNO3 a t  a f l o w  

ra te  of 1 mL/min at  22OC (Figs .  8 and 9). Uranium e l u t i o n  at 22°C from 

loaded c a t i o n  r e s i n  w a s  t e s t e d  i n  d u p l i c a t e  us ing  30% TBP which had been 

e q u i l i b r a t e d  wi th  2 - M HNO3 (0.36 - M HNO3 i n  t h e  30% TBP) (F ig .  10). 

E s s e n t i a l l y  a l l  t h e  mobLle uranium had been removed with t he  passage of 

80 mL of so lvent .  The inc reased  a c i d i t y  of t h e  so lven t  s i g n i f i c a n t l y  

inc reased  t h e  removal rate; a f u r t h e r  i n c r e a s e  by ope ra t ing  a t  e l eva ted  

tempera tures  should a l s o  be poss ib l e .  

2.4.3 Loading 60-120 Mesh Alcoa F-1 Activated Alumina 

Columns con ta in ing  1 mL of damp ( e q u i l i b r a t e d  with water -sa tura ted  

a i r  f o r  about 6 weeks) and 1 mL of dry  60-120 mesh Alcoa F-l a c t i v a t e d  

alumina were t e s t e d  at  22°C f o r  t h e  removal of uranium and DBP from damp 

and dry  so lven t  (d r i ed  by sparg ing  wi th  a i r  a t  60°C), r e spec t ive ly .  

F igure  11 shows the  cumulative loading  of uranium and DBP vs e f f l u e n t  

volume f o r  t he  damp sorbent  and so lven t  test. Uranium w a s  found t o  load 

p r e f e r e n t i a l l y ,  with e s s e n t i a l l y  no loading  of DBP. The t o t a l  capac i ty  

f o r  uranium w a s  (0 .1  mol/g .  F igure  1 2  shows the  cumulative loadings  of 

uranium and DBP f o r  t he  dry sorbent  and so lven t  tests, Both uranium and 
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DBP were loaded i n  approximately t h e i r  r a t i o  i n  t h e  s o l v e n t  ( s o l v e n t  

r a t i o ,  DBP/U = 1.17; so rben t  r a t i o  = 1.24). S i g n i f i c a n t l y  g r e a t e r  

c a p a c i t i e s  f o r  uranium and DBP were obta ined  wi th  t h e  dry  system. 

2.4.4 E l u t i n g  60-120 Mesh Alcoa F-1 Act iva ted  Alumina 

Uranium w a s  e l u t e d  from loaded a c t i v a t e d  alumina us ing  30% TBP 

s o l v e n t  con ta in ing  0.36 - M HNO3. These r e s u l t s  are shown i n  Fig. 13. The 

uranium w a s  more e a s i l y  e l u t e d  than  from t h e  cation-exchange r e s i n ,  with 

an  i n i t i a l  c o n c e n t r a t i o n  i n  t h e  s o l v e n t  of about twice t h e  amount t h a t  

w a s  found when e l u t i n g  t h e  cation-exchange r e s i n .  The volume requ i r ed  t o  

e l u t e  t h e  r e s i n  was a l s o  reduced by about one-half. 

2.4.5 Loading a Column Containing DTPA on 3-mm Glass Beads 

A column of 3-mm g l a s s  beads coated wi th  -0.2 g of d i e t h y l e n e t r i a m i n e  

p e n t a a c e t i c  a c i d  (DTPA) (pH a d j u s t e d  t o  -7) w a s  t e s t e d  f o r  t h e  removal of 

uranium and DBP from t h e  s o l v e n t  (Fig. 14). A t  about 40 mL of e f f l u e n t ,  

t h e  tempera ture  of t h e  column w a s  i nc reased  from 22" t o  50°C. A t  t he  

lower tempera ture ,  t h e  loading  of uranium and DBP w a s  minimal; at t h e  

h i g h e r  tempera ture ,  t h e  loading  of uranium w a s  s i g n i f i c a n t l y  increased .  

This  material appears  t o  be usab le  f o r  p r e f e r e n t i a l  removal of uranium 

from t h e  uranium-DBP mixture.  Removal of the  loaded DTPA from the  column 

i s  very simple because it  is water so lub le .  Passage of a small amount of 

water (10 t o  20 column volumes) through t h e  column removed a l l  t h e  

c o a t i n g ,  w i th  i t s  uranium, from t h e  column. 

2.4.6 Loading Dowex 21K (Hvdroxide Form) 

A s o l v e n t  con ta in ing  -0.01 M uranium and -0.015 M DBP w a s  used t o  

load  a hydroxide-form anion r e s i n  (Figs .  15 and 16). The r a t i o  on t h e  

r e s i n  w a s  approximately t h e  same as t h a t  i n  t h e  feed  so lven t .  

- I 

2.4.7 Misce l laneous  Tests 

L i t e r a t u r e  in fo rma t ion3  i n d i c a t e s  t h a t  DBP can be removed from n i t r i c  

a c i d  s o l u t i o n s  con ta in ing  uranium by e x t r a c t i n g  t h e  DBP wi th  2-ethyl- 

hexanol.  This  r e fe rence  i n d i c a t e d  t h a t  e x t r a c t i o n  occurs  by hydrogen 

bonding of t h e  HDBP t o  t h e  hydroxyl of t h e  a l coho l .  The e x t r a c t i o n  i s  

most e f f e c t i v e  when t h e  n i t r i c  ac id  c o n c e n t r a t i o n  i s  g r e a t e r  than  3.5 E. 
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Brief  scout ing  experiments examined t h e  p o s s i b f l i t y  t h a t  DBP 

could be sorbed on sucrose  ( s i l i c a  g e l  s u b s t r a t e )  or  c e l l u l o s e ;  both of 

t h e s e  materials conta in  l a r g e  numbers of hyJroxyl  groups The s o l v e n t  

used i n  t h e  tes ts  contained about 0.01 I M each of uranyl  n i t r a t e  and DBP. 

The sucrose-coated s i l i c a  g e l  w a s  t e s t e d  wi th  a s o l v e n t  of low a c i d i t y  

and wi th  a s o l v e n t  e q u i l i b r a t e d  wi th  1 o r  4 I M n i t r i c  aci-d. 

( a d j u s t a b l e  p i p e t t e  f i l t e r s )  was t e s t e d  wi th  R s o l v e n t  of low a c i d i t y  and 

a s o l v e n t  e q u i l i b r a t e d  wi th  4 - M HN03. DBP was not p r e f e r e n t f a l l y  removed 

i n  any tes t .  A similar scout ing  experlrnent t e s t e d  D u o l i t r  CS-100 

(Diamond Shamrock Chemical Go., Cleveland Ohio). This  material  d i d  not 

p re fe rp i i t  i a l l y  remove DBP, 

C e l l u l o s e  

It is known t h a t  i ron  forms a r e l a t i v e l y  s t r o n g  DBP complex. A 

cation-exchange r e s i n  (BLO-RAD AG Mp-50) w a s  loaded wi th  f e r r i c  i r o n ,  

treated with ammonium hydroxide t o  p r e c i p i t a t e  t h e  iron, and washed with 

water t o  remove t h e  excess  ammonia. Solvent  conta in ing  uranyl  n i t r a t e  

and DBP (22OC,  with  a f l o w  r a t e  of 1. mL/min) was then passed through a 

column c o n t a i n i n g  1 mL of the t r e a t e d  r e s i n .  The cumulative sorbed 

uranium and DBP are shown i n  Fig. 17. Uranium w a s  p r e f e r p n t i a l l y  loaded 

w i t h  an apparent  c a p a c i t y  of 0.14 m o l  per mL of resln. This  va lue  

r e p r e s e n t s  about 40% of t h e  c a p a c i t y  (under similar c o n d i t i o n s )  of t he  

u n t r e a t e d  cation-exchange r e s i n  f o r  uranium. It appears  l i k e l y  t h a t  t h e  

i r o n  w a s  i ne f f ec t ivc?  and occupied some of t h e  s o r p t i o n  si tes on the  

r e s i n .  

Tests wi th  anion-exchange r e s i n s  i n d i c a t e d  t h a t  t h e  c h l o r i d e  and 

n i t r a t e  forms of t h e  r e s i n  could not remove DBP from t h e  s o l v e n t .  This 

i n a b i l i t y  t o  remove t h e  DBP is l i k e l y  due t o  the  r e l a t i v e l y  s t r o n g  

bonding of c h l o r i d e  and n i t r a t e  t o  t h e  r e s i n .  Kesin in t h e  hydroxide 

form s u c c e s s f u l l y  removes DBP but a l s o  removes t he  uranfum. This  uranium 

removal is thought t o  be caused by t h e  removal of n i t r a t e  from the uranyl  

n i t r a t e  complex, resul t t n g  i n  t h e  p r e c i p i t a t i o n  of uranyl  hydroxide on 

t h e  rchsfn. A test  w a s  performed us ing  t h e  anion-exchange resin i n  the  

carbonate/hicarbonatcL form. The r e s i n  was prepared by suspending the 

hydroxide-form r e s i n  i n  water and sparg ing  wi th  CO2 f o r  about 1 h. The 
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pH of t h e  water  ( i n i t i a l l y  measuring 8 t o  9) w a s  decreased t o  about 7 a t  

t h e  end of sparging.  This  r e s i n  w a s  t e s t e d  and found t h a t  i t  had removed 

both  t h e  DBP and t h e  uranium. 

It may be p o s s i b l e  t o  s e p a r a t e l y  e l u t e  uranium and DBP from a sorbent  

t h a t  l oads  both components such as hydroxide-form, anion-exchange r e s i n s  

o r  a c t i v a t e d  alumina. HDBP can be e x t r a c t e d  from a c i d i f i e d  aqueous so lu-  

t i o n s  containi-ng both uranium and DBP by 2-ethylhexanol. E l u t i o n  of the 

DBP by 2-ethylhexanol ( c o n t a i n i n g  -0.7 _. M w N O 3 ) ,  followed by e l u t i o n  of t h e  

uranium by 30% ( c o n t a i n i n g  -0 .6  - M HNO3),  was attempted. 

on t h e  hydroxide-form, anion-exchange r e s i n  and t h e  a c t i v a t e d  alumina 

dur ing  t h e  t rea tment  with a c i d i f i e d  2-ethylhexanol, and i t  w a s  removed by 

t h e  t rea tment  wi th  a c i d i f i e d  TBP. Both of t h e s e  observa t ions  were 

v i s u a l ;  ana lyses  f o r  t h e  components i n  t h e  e l u a t e s  were not successfu l .  

The uranium stayed 

3 .  SOLVENT CLEANUP MATHEMATICAL DEVELOPMENT 

The fol lowing development assumes t h a t  a s m a l l  s ides t ream w i l l  be 

withdrawn from the s o l v e n t  e x t r a c t i o n  system and passed through a packed 

column t h a t  w i l l  remove n e a r l y  a l l  of t h e  DBP from t h a t  p o r t i o n  of t he  

s o l v e n t .  A s ides t ream treatment  would be p r e f e r a b l e  f o r  t h e  i n c o r p o r a t i o n  

of a new treatment  i n  an e x i s t i n g  p l a n t  s i n c e  t h e  ongoing, necessary 

o p e r a t i o n s  of the  p l a n t  would be a f f e c t e d  only s l i g h t l y .  A d d i t i o n a l l y ,  

i f  t he  s o l v e n t  t reatment  system shou1.d f a i l ,  as by plugging of t h e  

column, it  could be a u t o m a t i c a l l y  bypassed. This  f e a t u r e  would e l i m i n a t e  

any p o s s i b i l i t y  of a major d i s t u r b a n c e  t o  t h e  o p e r a b i l i t y  of the p l an t .  

For  a system without  so lvent  c leanup,  t h e  rate of change of t h e  

c o n c e n t r a t i o n  of DBP is given by: 

dC/dt = n/v,  

whe 

C = c o n c e n t r a t i o n  of DBP i n  main inventory ,  mol/L ( z e r o  s u b s c r i p t  

t = t i m e ,  h; 

n = rate of DBP product ion,  assumed c o n s t a n t ,  mol/h; 

V = t o t a l .  inventory  of s o l v e n t ,  L. 

i s  i n i t i a l  concent ra t ion)  ; 
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Integration gives: 

C - Co = nt/V. 

For a system with solvent cleanup, the rate of change of the concentration 

of DBP is given by: 

dC/dt = n/V - CF/V, 
where 

F = solvent flow rate to cleanup system, L/h. 

Rearranging gives : 

dC/(n-CF) = dt/V* 

Let x = n - CF, 
then dx = -FdC, 

and 

at t = 0, C = Co, and x = n - COF ; 
at t = t, C = C, and x = n - CF. 

Substitution gives: 

dx/-Fx = dt/V. 

Rearranging gives: 

dx/x = -F/V dt. 

Integration gives: 

ln[(n - CF)/(n-CoF)] = -Ft/V. 

Simplifying, 

-Ft/V 
C = n/F + [(CoF-n)/F]e e 

After an extended period, the equation sirnplif ies to : 

C = n/F. 

The solvent extraction system of the Y-12 Plant is estimated to reach 

4 .01  - M DBP in about 30 d of ~peration.~ 

containing an inventory of 100 L, this concentration would require a 

rate of DBP production, n, of 0.0015 mol/h. If a sidestream of 5% of 

the inventory per hour is passed through a solvent cleanup system (the 

For a hypothetical system 
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c leanup system assumed t o  remove -100% of t h e  conta ined  DBP), t h e  equi- 

l i b r i u m  concen t r a t ion  of DBP w i l l  be 0.0003 mol/L. Without cleanup 

t h i s  l e v e l  would be reached i n  20 h. 

Th i s  s i m p l e  examination of t he  system demonstrates t h a t  t rea tment  

of more than  5% of the  inven to ry  per hour does not- produce s i g n i f i c a n t  

f u r t h e r  improvement i n  so lven t  q u a l i t y .  Fu r the r ,  l a r g e  amounts of 

uns t r ipped  uranium are p resen t  i n  t h e  so lven t  stream t o  be t r e a t e d .  

The only  systems found which separately remove uranium and DBP from the  

s o l v e n t  remove the  uranium p r e f e r e n t i a l l y .  The. use of such a system (an 

example i s  c a t i o n  exchange followed by DBP removal) on the t o t a l  so lven t  

flow would r e q u i r e  handl ing  impractical amounts of uranium. Thus, systems 

t h a t  remove the  uranium p r e f e r e n t i a l l y  a r e  plot s u i t e d  f o r  use i n  systems 

which cannot t o l e r a t e  a s ides t r eam t rea tment .  

4 .  CONCLUSIONS 

The t e s t s  performed show t h a t  i t  is relative1.y easy  t o  p r e f e r e n t i a l l y  

remove uranium from s o l v e n t s  con ta in ing  uranium and DBP, but q u i t e  d i f -  

f i c u l t  t o  remove DBP p r e f e r e n t i a l l y .  The c u r r e n t  methods could be used 

by reiiioving t h e  uranium (as by a cation-exchange r e s i n )  arid then  us ing  

e i t h e r  an anion exchange r e s i n  i n  t h e  hydroxyl form o r  a convent iona l  

t r ea tmen t  wltb a b a s i c  s o l u t i o n  t o  remove t h e  DBP. The uranium could 

then  be recovered from the  cation-exchange r e s i n .  Such a method may not  

be s u i t a b l e  f o r  t he  Y-12 f a c i l i t y  because of a c c o u n t a b i l i t y  requirements 

(sampling the  uranium content  of the  cation-exchange r e s i n  would r e q u i r e  

e l u t i o n  of t h e  uranium). Such a system would be most u s e f u l  f o r  t h e  

t rea tment  of a sidestream, as i l l u s t r a t e d  i n  Sect. 3. 
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