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ii BNWL-793 

TBP AND DBBP SOLVENT EXTRACTION RECOVERY AND P U R I F I C A T I O N  OF Bi(NO3)3 

ABSTRACT 

Equi l ibr ium data are presented  f o r  e x t r a c t i o n  of bismuth from 
n i t r i c  a c i d  s o l u t i o n s  i n t o  d i b u t y l b u t y l  phosphonate and t r i b u t y l  phos- 
pha te  s o l u t i o n s ,  
f o r  a so lven t  e x t r a c t i o n  process  that  should be capable  of producing 
h igh-pur i ty  bismuth s o l u t i o n s ,  T h i s  e x t r a c t i o n  process  appears  w e l l  
rsuited for  recovery of bismuth used i n  product ion of Po210 by neut ron  
i r r a d i a t i o n ,  

These data were used t o  c o n s t r u c t  a s tudy  flowsheet 
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TBP AND DBBP SOLVENT E)[TRACT.KOfI RECOVERY AITD PURIFICATION OF B i (  TT03)g 

G o  L, Richardson 
i J ,  i J ,  Schulz 

INTRODUCTION 

Neutron i r r a d i a t i o n  o f  bismuth produces Po21o according t o  t h e  
r e a c t i o n s :  

1 210 B 210 
5a4d '  obp0 * + on -* 83Bi 209 

83Bi 

I n  t h e  process  p r e s e n t l y  used(.') f o r  t h e  s e p a r a t i o n  and recovery of  polo- 
nium from i r r a d i a t e d  bismuth, -the bismuth f r a c t i o n  i s  d iscarded ,  If 
polonium product ion inc reases  s ign i f ' i can t ly ,  economic cons ide ra t ions  dic- 
t a t e  t h a t  t h e  bismuth be  recov'ered and reused,  
t h e  bismuth r e q u i r e s ,  however, t h a t  it be t reated t o  remove neutron- 
a c t i v a t e d  i m p u r i t i e s  which, because of t h e i r  high r a d i a t i o n  dose rate,  
would complicate  t a r g e t  f a b r i c a t i o n  and handl ing,  

S a t i s f a c t o r y  r ecyc le  o f  

( 2 )  Bismuth n i t r a t e  i s  e x t r a c t a b l e  by s e v e r a l  common s o l v e n t s o  
Accord iwly ,  a l i q u i d - l i q u i d  so lvent  e x t r a c t i o n  process  has  been pro- 
posed i n  which t h e  d e s i r e d  bismuth p u r i f i c a t i o n  would be  accomplished 
by e x t r a c t i n g  it away from t h e  a c t i v a t e d  i m p u r i t i e s ,  This  process  would 
be  compati'ble wi th  and complementary t o  t h e  d i b u t y l  c a r b i t o l  e x t r a c t i o n  
process  proposed for-large sca.le polonium product ion ,  (3) Two s o l v e n t s ,  
d i b u t y l b u t y l  phosphonate (DBBP) and t r i b u t y l  phosphate (TBP), appear t o  
have s p e c i a l  merit for t h i s  ap.pl icat ion;  both have been i n v e s t i g a t e d  i n  
l a b o r a t o r y - e q u i l i b r a t i o n  s t u d i e a ,  The r e s u l t s  of t h e s e  experiments and 
a conceptual  f lowsheet f o r  a TRP bismuth e x t r a c t i o n  process  are t h e  
s u b j e c t s  of t h i s  r e p o r t ,  

Equi l ibr ium d a t a  presented  show t h a t  e i t h e r  DBBP or TBP, 
d i l u t e d  2 t o  5-fold wi th  an i n e r t  d i l u e n t ,  can be used t o  e x t r a c t  b i s -  
muth q u a n t i t a t i v e l y  f r g m  n i t r i c  a c i d  s o l u t i o n s  
d i s t r i b u t i o n  r a t i o s  ( X a 9 s )  are d i r e c t l y  p ropor t iona l  t o  t h e  so lvent  con- 
c e n t r a t i o n  i n  t h e  organic  phase and i n v e r s e l y  p ropor t iona l  t o  t h e  n i t r i c  
a c i d  concent ra t ion  i n  t h e  aqueous phaseo A t  a g iven  so lven t  concentra- 
t i o n ,  t h e  bismuth E i ' s  i n  DBBP are s e v e r a l  f o l d  h igher  t h a n  i n  TB?; how- 
eve r ,  a d d i t i o n  of  a s a l t i n g  agent such as aluminum n i t r a t e  (A") t o  t h e  
TBP equi l ibr ium system yieldis bismuth d i s t r i b u t i o n  r a t i o s  n e a r l y  
equiva len t  t o  t h o s e  obta ined  i n  t h e  salt-free DBBP system, 

The organic-to-aqueous 

S u i t a b l e  bismuth e x t r a c t i o n  process  f lowsheets  can be prepared 
f o r  e i t h e r  s o l v e n t d  I n  t h e  p r e f e r r e d  process ,  however, t h e  e x t r a c t a n t  
i s  a s o l u t i o n  o f  TBP (30 ~ 0 1 % )  i n  a normal p a r a f f i n  hydrocarbon (UPH) 



d i l u e n t ,  
t h a t  bismuth can be recovered from t h e  so lven t  by s t r i p p i n g  wi th  more d i l u t e  
n i t r i c  a c i d  s o l u t i o n s .  Also,  t h e  p r o p e r t i e s  and r e a c t i o n s  of  TBP are b e t t e r  
known t h a n  t h o s e  of  DBBP because of t h e  many yea r s  it has been used as an 
e x t r a c t a n t  i n  t h e  atomic energy indus t ry ,  

A TBP e x t r a c t i o n  process  has t h e  advantage over  a DBB? process  i n  

A conceptual  f lowsheet  f o r  t h e  TBP e x t r a c t i o n  process  i s  shown 
i n  Figure 1, 
d i b u t y l  c a r b i t o l  e x t r a c t i o n  of polonium) i s  ad jus t ed  t o  114 - NTN and fed t o  
t h e  c e n t e r  of a dual-purpose so lvent  e x t r a c t i o n  column, 
e x t r a c t e d  i n t o  t h e  organic  phase and proceeds up t h e  column countercur ren t  
t o  a low-acid 1; AT?” scrub  strearn which removes any weakly e x t r a c t e d  metal 
ions  from t h e  s o l v e n t c  
p ing  column where t h e  bismuth i s  s t r i p p e d  i n t o  a 111 - TIN03 aqueous phase,  
The aqueous r a f f i n a t e  from t h e  e x t r a c t i o n  column i s  concent ra ted  and re- 
cycled t o  t h e  feed  s t r e a n  t o  provide t h e  necessary  AITIT sn l t ino ;  strencrth,  
Excess A”, equ iva len t  t o  t h e  amount added t o  t h e  scritb, i s  d iscarded ,  
Although judged feasible by McCabe-Thiele ope ra t ing  diagrams, , the process  
has  not  y e t  been demonstrated under countercur ren t  cond i t ions ,  

E X T R I ’  RETU 

The feed ( i n  t h i s  ca se ,  t h e  aqueous r a f f i n a t e  r e s u l t i n g  from 

The bismuth i s  

The b ismuth-conta inha  so lvent  passes  i n t o  a s t r i p -  

Aqueous s o l u t i o n s  conta in ing  T3i(  V O 3 )  3, HpT03, and fiUT were pre- 
pared from reagent  grade chemicals ,  
t a c t e d  (nechan ica l  s t i r r i n g )  f o r  10 lrin a t  e i t h e r  25 o r  50 O C  with  an 
equal  volume of t h e  appropr i a t e  e x t r a c t a n t  e 

Por t ions  of t h e s e  s o l u t i c n s  were con- 

Cx t rac t an t s  were prepared by d i l u t i n g  as-received DBBP ( V i r g i n i a  
Caro l ina  Chemical Co,) and TBP (Commercial Solvents  Coo)  t o  t h e  d e s i r e d  
volume percent  w i t h  NPIix, 
water p r i o r  t o  usea  

E x t r a c t a n t s  were washed wi th  3 vol% Fa2CO3 and 

Bismuth i n  aqueous and organic  phases vas determined spec t ro-  
phot ornet r Z c ally a f t  e r  ax t  r a c t  ion  of  t h e  yellow d i  e t h y l d i t h i o c  arbonnt e 
complex i n t o  isoamyl a l coho l ,  
which conta ined  bismuth w a s  deterirlined, a f te r  a d d i t i o n  o f  sodium tar t ra te  
t o  complex t h e  bismuth, by t i t r a t i o n  wi th  s tandard  aqueous NaOH us ing  t h e  
d e r i v a t i v e  mode of an automatic  record ing  t i t r a t o r ,  This  t i t r a t i o n  g ives  
t h e  sum of  t h e  “ 0 3  and bismuth; t h e  HD03 concent ra t ion  i s  found by sub- 
t r a c t i n g  tw ice  t h e  bismuth mola r i ty ,  

7JiCric a c i d  i n  aqueous and organic  s o l u t i o n s  

RESULTS AIJD DISCUSSION 

Equilibrium data f o r  t h e  e x t r a c t i o n  of bismuth and n i t r i c  a c i d  
i n t o  20,  30, 40, and 50% DBBP amd T P  so lven t s  are presented  i n  Tables  I 
through VI, These data show t h a t  DBBP i s  a much s t ronge r  e x t r a c t a n t  f o r  

WPII i s  t h e  IIanford des igna t ion  f o r  a mixture  of normal p a r a f f i n  hydro- ’ 
carbons,  p r i n c i p a l l y  C1o through C14. 
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TPJLE: T 

DBBP EXTRACTION OF B ~ ( I > I O ~ ) ~  AXD 111~0~ AT 25 O c  

I n i t i a l  aqueous: 0.5 and 1 ;i B i ,  1 t o  6 HFC?IO3 

A. 20 Volume 7; DBBP-IIPH 5. 30 Volume 5 DBR?-I?II 

Equi l ibr iun  Aqueous Equilibrium Organic n i s t r i b u t i p  FQuilibriun Aqueous Equilibrium Organic 
B i  HN03 B i  Ratio, 3%- mi0 3 B i  HW03 B i  

M - ?f - I4 -- - Ni - !4 1moj b i  -- -- e :.I - - - u KNo3 M - -- 
0.894 
1.75 
2.59 
3.51 

5.70 
4.66 

0.918 
1.72 
2-59 
3.59 
4.41 
5.46 

0.368 
0.386 
0.446 
0.473 
0,460 

0.856 
0.511 

0.932 
0.986 
0.951 
1.011 - 

C. 40 Volume % DBBP-NPH 

0.848 0.211 
1.59 0.274 

3.25 0.340 
4.12 0.385 
4.93 0.454 
0.874 0.643 
1.40 - 
2.36 0.831 
3.32 0.801 
4.19 0.848 
4.96 0.944 

2.40 0.31s 

0.042 
0.174 
0.292 
0.429 
0.554 

0.051 

0.328 
0.463 

0.631 

0.166 

0.570 
0,601 

0.144 
0.344 
0.578 
0,816 
1.01 
1 .21  
0.121 
0.324 
0.466 
0 790 
1.02 
1.19 

0.178 

0.141 
0.161 

0 108 
0,081 
0.055 
0,200 
0.189 
0,141 
0.106 
0.076 
0.070 

0 299 
0.274 
0.233 
0.185 
0.136 

0.383 
0.336 

0.228 
0.161 
0.122 

0 092 

0 299 

0.047 
0.099 
0.113 
0.122 
0 119 
0.111 
0.056 
0.097 
0.127 
0 129 
0.129 
0.110 

0.170 

0.241 
0.251 
0.245 
0.245 
0.138 
0.231 
0.197 
0.238 
0.242 
0,240 

0,216 

0.484 
0.417 

0,228 
0.176 

0.234 
0.203 
0.143 
0.111 
0 6 071 

0.316 

0.108 

- 

1.42 
1.00 
0.733 
0.544 
0.353 
0.203 
0.596 
0.462(e) 

0.295 
0.190 
0.129 

0.360 

(a) 

( b )  

Calculated from i n i t i a l  aqueous and e q u i l i b r i a 7  organic analyses. 
Calculated from i n i t i a l  aqueous and equilibrium aqueous malyses. 

0.832 

2.50 
3.41 
4.23 

0.848 
1.81 

1.69 

5.13 

2-55 
3.49 
4.35 
5.18 

0.309 
0.325 
0.378 

0.453 
0.491 

0 397 

0.766 
0.758 
0,864 
0.852 
0 914 
0 979 

D. 50 Volume 5 DBBP-PH 

0.642 - 
2.45 0.220 
3.22 0.261 
3.97 0.325 
4.67 0.490 
0.876 0.557 
1.67 0.591 
2.37 0.682 
3.27 0.681 
3.99 0.787 
4.72 0.864 

1.62 0.176 

0.085 

0.435 
9.633 

0.251 

0.816 
0.?63 
0.110 
0.299 
0,468 
0.666 
0.815 
0.958 

- 
0.423 
0.694 
0 927 
1.20 
1.16 
0.182 
0.376 
0.655 
0.868 
1.14 
1.36 

0.242 
0.226 
0.189 
0.143 
0,101 
0.058 
0 290 
0.246 

0,149 
0.114 
0.080 

0 203 

0.381 
0.328 
0.280 
0,240 - - 
0.453 
0.424 
0.359 
0.313 
0.248 
0 191 

Dis t r ibu t ipn  

0.102 
0.149 
0.174 
0.186 

0.188 

0.165 

0.193 

0.130 

0.184 

0.187 
0.191 

0,185 

- 
0.261 

0.288 

0.208 

0.267 
0.265 

0.283 

0.303 
0.249 

0,225 

0.286 
0.288 

0.783 
0.695 

0.361 
0.500 

0.223 
0.118 
0.379 
0.325 
0.235 
0.175 

.,.. 
0.125 
0,082 

2.51''' 

1.27 
1.86 

0.920 
0. 662(b) - 
0 813 

0.526 
0 717 

0.460 
0.315 
0.221 
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A. 20 Volume $ DBBP-NPH 

Squilibrium Aqueous Equi l ibr iun Organic 
B i  m103 B i  

E a -- Y 
"03 

M - - 
0.855 
1.67 
2.65 
3.59 
4,54 
5.52 
0.893 
1.86 
2.66 
3.57 
4.45 
5.53 

0 398 
0.484 
0.438 

0 477 
0.477 
0.882 
0.881 
0.936 
0.951 
1.01 
0.953 

0.461 

C. 40 Volume 5 DBBP-PIPE 

- 
1.68 
2.48 
3.24 
4.14 
4.96 
0.956 
1.67 
2.52 
3.24 
4.12 
4.87 

0.254 
0.282 
0.315 
0,375 
0.388 
0.429 

0.728 

0.859 

0.633 

- 
0 o 979 
0.952 

0.163 

0.601 

- 
0 471 

0,674 
0.735 - 
0.311 
0.474 

0.682 
0,600 

0.729 

0 207 
0.458 
0.713 
0.911 
1.14 
1.28 
0,228 
0.425 
0.984 
1.17 
1.14 
1.29 

0.108 
0.103 
0.056 
0 033 
O , O L ?  
0.011 
0.153 
0.117 

0.046 

0.019 

0.079 

0 031 

0.240 
0.211 
0.169 
0.127 
0.086 
0.058 
0 324 
0.290 - 

- 
0.118 
0.035 

TABLE I1 

DBBP EXTRACT1C)TI OF Bi(!1003)3 AND YNO3 AT 50 O C  

I n i t i a l  aqueous: 0.5 and 1 2 B i ,  1 t o  6 2 WIG3 

3. 30 V o l m e  % DBBP-IPH 

Distr ibut ion 

Iimoz_ B i  

0.184 0.271 
0.186( a ) O .  213 
0.178 0.128 
0.167 0.072 
0,148 0,036 

0.167 0.133 

Ratio, E:- 

- 

0.133 0.023 - 0.173 

0.178 0.084 
0.168 0.048 
0.153 0.031 
0.132 0.020 

0.275 0.945 
0.273 0.748 
0.287 0.537 
0.281 0.339 
0.274 0.222 
0,258 0.135 
0.238 0.512 
0.255 0.338 
0.391 - 
0.278 0.134 
0.264 0.039 

0.362 0.217(a) 

(a) Calculated from i n i t i a l  aqueous end equilibrium aqueous analyses. 

Equilibrium Aqueous Zquilibrium Organic 
B i  FINO3 B i  

H Y -- E y3 -- 
0.945 

2.58 
3.28 
h,26 
5.23 

1.67 
2.56 
3.37 
4.25 
5.22 

1.75 

0.841 

0.312 
0 a 334 
0.388 
0.426 
n,lr27 
0.450 
0.791 

0.881 
0.905 
0.947 
0.952 

0.831 

3.  50 Volume $ DBRP-?JPH 

- 
1.62 
2.34 

3.86 
4.64 
0.813 
1.56 
2.33 
3.04 
3.87 
h.72 

3.09 

0.198 
0.220 
0.264 
0 331 
0 372 
0.455 
0.621 
0.656 
0.724 
0.785 
0.870 
0 902 

0.205 
0.388 
0.603 

0,872 
1.04 
0.180 
0.401 
0.600 

1.05 

- 

0.790 
0.946 

0.261 
0.533 
0.834 
1.09 
1.35 
1.56 
G.235 

0.769 

1.33 
1.54 

0.507 

1.75 

0.178 
0.153 
0.114 - 

- 
0.028 
0.237 
0.194 
0.147 
0.104 

0.044 
0,066 

c). 289 
0.267 
0.230 
0.175, 
0.119 
0.082 
0.406 
0.360 
0.292 
0.241 
0.173 
0 127 

Dis t r ibu t ign  
Ratio, S 

~ m ~ l j  si- - 
0.217 0.571 
0.222 0.458 
0.234 0.294 
0.232( a)0.174( a )  
~ ~ 2 ~ 5  ~,11?4(a)  
0.199 0.060 
0.214 0.300 
0.240 0.233 

0.234 0.115 
0.223 0.070 
0.201 0.046 

0.234 0.167 

11 

0.297 1.46 
0.329 1 .21  
0.356 0.871 
0.352 0.541 
0.349 0.320 
0.355 0.180 
0.287 0.654 
0.325 0.549 
(2.342 0.403 
0.345 0.307 
0.343 0.199 
0.326 0.141 



TABLE 111 

TBP EXTRACTION OF Bi(IT03)3 4JID Im03 AT 25 O C  

A, 30 Volume $ ~ P - ~ ~ P H  

0,2 
0 * 3  
0.3 
Om3 
a *  3 
0.5 
0 * 5  
0.5 
0.5 
0.5 
O b 7 5  
0.75 
0.75 
0.75 
0. 5 
1.0 
1 e o  

1 , c, 
1.9 
1.3 
1.75 
l e 7 5  
1.75 

0,103 
0 , 096 
0,095 
0,323 
0,293 
0,103 
0.311 
0,510 
0 e 698 
0.958 
0.033 

0,460 
0,295 

0 710 
0,093 
0 , 110 
0 , 296 
0.509 
0 . 68? 
1,oo 
0 e 109 
0 a 300 
0 667 

l , o  
l , o  
1.0 
l , o  
1,0 
l , o  
l , o  
l , o  
1.0 
1.0 
l,o 
l , o  
1.0 
l,o 
0.0 
0,o 
0.0 
0.0 
0 , o  
0,o 
0,o 
0.0 
0,o 

0,961 
1.98 
3,04 
4.04 
4*97 
5.99 
1.08 
2.32 
2.92 
I+.  01 
5.07 
5.90 

0,533 
0 * 519 

0,500 
0 e 492 

0.540 
0,528 

1.064 
1 007 

1,006 
1,045 
0,956 
1,093 

0 , o  
0 , o  
0.0 

0.0 
0,o 
0.0 
0,o 
0,o 
0,o 
0,o 
0.0 

0.0' 

Equilibrium Aqueous 
€IIJO? Bi(TTO2). 

0,087 
0,123 

0 , 121 
0 e 149 
0,244 
0 , 264 

- 

0,286 
0,260 
0 276 
0,336 
0 e 378 
0 , 384 
0,410 
0 0 387 
0 920 
0,885 
0.930 
0 * 911 
1,Ol 
1,38 
1 , 4 4  
1.63 

0 e 837 

2.40 
3t12 
3*95 
4,RO 
0 839 
1.57 
2.35 
3.10 
3.98 
4*77 

1.69 

0,021 
0.023 
0,021 
0 150 
0 143 
0.033 
0 , 166 
0.340 
0,524 

0 (I 043 
0 187 

o , a27 

0 , 361 
0,530 
0 e 079 
0 * 079 
0 253 
0 , 414 
0,606 
0 , 844 
0 , 0742 
0,245 
0 , 600 

0 8 320 
0 o 311 
0 a 356 
0 , 419 
0,463 
0 478 
0 , 768 
0 e 789 
0,344 
0 , 881 
0 , 914 
0 * 979 

Equilibrium Organic 
HNO. Bi( NO? 19 

0,113 
0 * 177 

0 e 179 
0,151 

- 

0.256 
0,236 
0,214 
0,240 
0,224 
0 , 414 

0 , 366 
0,340 
0 041 
0 , 189 
0.180 

0.372 

0.213 
0,213 
0,209 
0,324 
0.307 
0 I 337 

0 316 
0.560 
0.856 
le03 
1.29 
1 ,47  
0 304 
0 542 
0,843 
1.10 
l a 3 3  
la50 

0.085 

0 , 076 
0 e 070 

0 e 1 4 1  
0.148 
0,072 
0 136 
0 . ~ 3  
o 178 
0,218 
0,0507 
0.113 
0,151 
0.171 
0 e 036 

0.063 
0 e 078 

0 , 018 

0 a 103 
0 e 137 
0.0202 
0,0566 
0 , 104 

0.132 
0 * 121 
0,085 
0,073 

0,028 

0 , 161 

0,046 

0 , 242 
0,215 

0 , 114  
0 073 
0 e 050 

2: 
HNO3 R i  

1.30 
1 , 4 4  

1 , 4 0  
1,Ol 
1.05 
0.894 
0 784 

- 

0,923 
o , 811 
1.23 
0 , 984 
0,953 
0 829 
0 , 106 
0.205 
0,203 
0 , 223 
0 234 
0 , 206 
0,235 
0,213 
0,207 

4,05 
3.04 
3,62 
0 904 
1.04 
2*18 
0,819 
0.437 
0 , 340 
0 , 258 
1.18 
0 , 604 
0 , 418 
0 323 
0.456 
0 , 228 
0.243 
0 , lSl i  
0,170 
0 , 162 
0.272 
0 e 229 
0.173 

0,378 0.413 
0,332 0.389 
0,356 0.239 
0.329 0.174 
0.327 0,099 
0,307 0*05? 
0.362 0,315 
0,345 (3.269 
0.359 0,191 
0,356 0,12? 
0,334 0,030 
0,316 0,051 
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50 Volune ;i TB? i n  IIPN 

0,533 
0 0 519 
0,492 
0.500 
0.540 
0.520 
1.007 
1.064 

1.045 
1.086 

0.956 
1.093 

0.961 
1.90 
3.04 
11, 011 
4.97 
5.99 
l.0ij 
2.02 
2.32 
4.01 
5.07 
5.90 

0 + 921 
1 . 5 1  
2.38 
3.1'7 
4.01 
4.77 
0.749 
1.49 

2.94 
3.81 
4.75 

2.25 

0 297 
0,589 
0,864 
1 .15  

1.52 
0 352 
0.643 
0.919 
1.19 
1 . 4 1  

1.35 

1 - 5 7  

0.116 

0 I O& 
0.055 
0.036 
0.023 
0.103 
0.163 
0.128 
0 .  O m  
0.052 

0 103 

0 e 032 

0 322 
0.389 
0.363 
0.363 
0.336 
0.318 
0.470 
0.430 
0.409 
0.406 
0 e 370 
0.331 

0.325 
0.2145 
0.210 
0.133 
0.0'31 
O.Ol i6  
0.233 
0.li:G 
0,142 
0.088 
0.351 
0.032 

20 0.942 0.431 0 + 133 0.053 0.141 0.120 
30 0.862 0.401 0,lPll  0,007 0.210 0.217 
40 0.081 0.350 0.226 0 e 123 0.257 0.343 
50 0.037 0.320 0.334 0.132 0.393 0.413 

20 0.824 0.934 0.155 0.oA4 0.180 5.000 
30 0.899 0.828 0.191 0.142 0.212 0.171 
40 0.851 0,783 0.210 0,201 0.247 0.257 
50 0.833 0.768 0,304 0.242 0.362 0.315 

TABLE VI 

XFWCT OF ANN CONCE?JTRATIOI~ ON E ~ ' R A C T I O Y  OF si(i?o,)3 I:TT'~ 30;; TBD, 25 O c :  

I n i t i a l  Aqueous Equilibrium Aqueous Equilibrium Organic 
B i  B i  

0 

0.078 0.188 
0.123 0 293 
0.127 0.336 
0.1113 0.362 
0.138 0 358 
0.15h 0,1407 
0.155 0.442 



b i snu th  than  T3P. IJnder t h e  sane cond i t ions ,  t h e  bismuth d i s t r i b u t i o n  
r a t i o s  rnn,Ted r r o n  2.5 t o  l5-fold hiEher v i t h  DBX? t han  w i t h  T9P, t h e  
lower fi,pre be inz  obta ined  a t  high bismuth and n i t r i c  a c i d  concent ra t ions .  
On t h e  o t h e r  hand, n i t r i c  a c i d  e x t r a c t i o n  w a s  s l i g h t l y  Zrenter  i n t o  TBP 
than  i n t o  DR3P i n  t h e  presence of bismuth, nppnrent ly  r e f l e c t i n g  t h e  in-  
c reased  competi t ion wi th  hismuth i n  t h e  D3Bp s y s t e i .  

A t  t h e  macro concen t r a t ions  oc bismuth used  i n  most oc t h e s e  ex- 
p e r i n e n t s ,  t h e  bisriuth d i s t r i b u t i o n  r a t i o s  incre-tsed proport ion-i te ly  t o  
t h e  l , 5  t o  1.8 nower of t h e  so lvent  concen t r a t ion  ?or both W39“ arr? m?”. 

I ’ i t r i c  i c i d  ciis t r i b u t i o n  r a t i o s  increased  linearly v i t h  t h e  so lvant  con- 
cent r ‘ i t ion ,  
t han  those r t t  25 O C .  IJnder n i? i lz r  cond i t ions ,  hcwever, n i t r i c  : x i d  d i s -  
t r i b u t i o n  r d t i o s  increased  with tcrper‘Lture.  S i - z i l n r  t e n ? c r ? t u r e  e f f e c t s  
are observed ia  i i r i n i i i ~ - z i t r i c  ~ c i d - Y P - d i l u e n t  syste-w. The inverse  te--  
p e r a t u r e  e f f e c t  o:i bisriuth e x t r a c t i o n  can be uscd t o  i?iniviize t h e  v31uTe 
o r  strippi11:; s o l u t i o n  r equ i r ed  t o  reqove 1)is’Tluth f ro?  t h e  so lvent  phzse,  

3isrlutki d i s t r i b u t i o n  r a t i o s  z t  50 OC: were 30 1 0  )+Or’  1 o m r  

pi c h z r a c t e r i s t i c  and i npor t an t  fez t i i re  or e x t r ? c t i o n  of bisnut’n 
by 110th TBP and I)3I37 e x t r z c t a n t s  i s  t h a t  h i snuth  d i s t r i b u t i o n  r a t i o s  de- 
c rease  i J i t h  increased  clqueous ph:ise n i t r i c  acici concent ra t ion .  [ Tn more 
rariilizr case, e.;:. , 
behzvior  is  observed , ]  The inverse dependency of bismuth e x t r a c t i o n  on 
aqueous phttse acidi t ; .  i s  i l l u s t r a t e d ,  for t h e  D K P  n y s t e ~ ,  by t h e  data 
p l o t t e d  i n  ? i , p re  2, rind, f o r  t n e  ‘:E3 sllstern, by t h e  r e s u l t s  i n  “able 111, 

o r  I)T3?jn e x t r a c t i o n  of TJ32(:i03)2, , just t h e  oppcisit,- 

I O  

1 . o  

0 . 1 0  

I n i t i a l l y  0.5 f l  
Bi 

I n i t i a l l y  1.0 fi 
B i  

0.01 0.1 : 1 . o  

E q u i l i b r i u m  HN03, A q u e o u s  P h a s e  

FIGURE 2 
Bismuth Distribution Ratios in 30% DBBP 

25 OC 

. . . . . - 



The l i m i t e d  data i n  Table I11 i n d i c a t e  t h a t  t h e  bismuth d i s t r i b u t i o n  r a t i o s  
cont inue  t o  inc rease  as t h e  aqueous phase a c i d i t y  i s  lowered t o  0 0 4 2  KNO3,  

The inve r se  a c i d  dependency e f f e c t  wa6 a major reason f o r  us ing  
t h e  TBP system t o  i l l u s t r a t e  t h e  flowsheet development descr ibed  i n  t h e  
fol lowing s e c t i o n s ,  
muth and low i n  n i t r i c  a c i d  concent ra t ions  i s  h igh ly  desirable for t h e  suc- 
ceeding conversion t o  bismuth metal ( o r  o x i d e ) ,  
r e a d i l y  i n  t h e  TBP systern, 
r equ i r ed  t o  lower t h e  b i sxu th  d i s t r i b u t i o n  r a t i o  below O025 i n  t h e  32% DBBP 
system; whereas only ill- XU03 i s  r equ i r ed  i n  t h e  305 TBP system (Table  1111, 

A f i n a l  so lvent  e x t r a c t i o n  product s o l u t i o n  h igh  i n  bis- 

This  can be achieved most 
From Figure 2 ,  it i s  ev ident  t h a t  42 HNO is 

N i t r i c  a c i d  a lone  does not provide s u f f i c i e n t  s a l t i n g  s t r e n g t h  i n  
t h e  TBP system, b u t  bismuth d i s t r i b u t i o n  r a t i o s  approaching t h o s e  obta ined  
wi th  DBBP can be obta ined  by t h e  a d d i t i o n  o f  Al~f .T0 The e f f e c t  of  aluminum 
n i t r a t e  s a l t i n g  i s  i l l u s t r a t e d  i n  Tables I11 and TJI, ’lost of t h e  develop- 
ment work was done w i t h  2-2 R?TT, but  lower concen t r a t ions  can probably be 
used wi th  l i t t l e  l o s s  i n  e f f i c i e n c y ,  

One of  t h e  major advantages of an ATTIT-salted f lowsheet  i s  t h e  
a b i l i t y  t o  ope ra t e  at  l o w  n i t r i c  a c i d  concen t r a t ions  without  p r e c i p i t a t i n g  
BiON03, as d iscussed  i n  t h e  fol lowing s e c t i o n ,  Low-acid ope ra t ion  permi ts  
a t ta inment  of bismuth d i s t r i b u t i o n  r a t i o s  5 t o  10-fold h ighe r  than  t h o s e  
obta ined  with 12 IING3 i n  e i t h e r  t h e  AHTJ s a l t e d  o r  unsa l t ed  s y s t e a ,  
AlTN g r e a t l y  inc reases  t h e  n i t r i c  a c i d  d i s t r i b u t i o n  r a t i o s  e a t ta inment  of 
a low-acid system i s  not  a t  a l l  dif?icui t - -even wi th  feeds  conta in ing  more 
a c i d  than  bismuth, 

S ince  

CORRELAFIOTT OF LRBORAT0F.Y DISTRIBUTICQJ DATA 

The l i m i t e d  amount of  equi l fbr ium data obta ined  i n  t h e  l abora to ry  
conf i r aed  t h e  f e a s i b i l i t y  o f  t h e  DBBP and TRP e x t r a c t i o n  processes ,  bu t  ‘z 

rnethod f o r  e x t r a p o l a t i n g  and smoothing t h e  data  was desired f o r  flowsheet 
x-y c l i . a G r z i n  stage calculatLons hcc3rdin<ly,  f o r  t h e  preferred 305 T”3P 
system, empi r i ca l  equat ions were developed which c o r r e l a t e  t h e  expe r i  r e n t a l  
data reasonably w e l l  over t h e  range o f  condi t ions  s t u d i e d ,  

The empi r i ca l  equat ions  are based on t h e  observa t ion  t h a t  p l o t s  
of t h e  bismuth and n i t r i c  ac id  d i s t r i b u t i o n  r a t i o s  ve r sus  t h e  equi l ibr ium 
n i t r a t e  concent ra t ion  i n  t h e  aqEeous phase ( n e g l e c t i n g  t h e  n i t r a t e  c o n t r i -  
bu t ion  of  UU?) are s t r a i g h t  l i n e s  on logar i thmic  papero  
shown i n  F igures  3 and 4, 
a r e  l i s t e d  below, toge the r  wi th  t h e  es t imated  range o f  cond i t ions  over which 
they  are app l i cab le :  

Such p l o t s  are 
The empi r i ca l  equat ions  der ived  from t h e s e  p l o t s  

No APJIJ P resen t :  

Applicable  range : 0 08 t o  0 , 8hT B i  ( T103 
0,4 t o  1 , 6 F H ~ 0 3  - 

HNO3 E: = 0021 ( appa ren t ly  unaf fec ted  by presence of  bismuth) ( 2 )  
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The s u b s c r i p t  aq i n  t h e s e  equat ions r e f e r s  t o  t h e  equi l ibr ium 
aqueous phase. 

I n  add i t ion  t o  t h e  ranges of  bismuth ind  n i t r i c  a c i d  concentra- 
t i o n s  shown, t h e  p r a c t i c a l  opera t ing  l i x i t s  f o r  t h e s e  equat ions  I r e  zlso 
dependent on t h e  aqueous s o l u b i l i t y  of bismuth a t  low a c i d i t i e s .  
s o l u b i l i t y  o f  bismuth i n  n i t r i c  a c i d  has been presented  i n  Seference 2 
and i s  repea ted  i n  Fii;ure 5 ,  a.lonr: with t h e  bismuth s o l u b i l i t y  es t imated  
f o r  t h e  1E NdN-III??3-Bi(:J03)3 system. The l a t t e r  curve i s  based on t h e  
assumption t h a t  t h e  bismuth s o l u b i l i t y  i s  denendent p r imar i ly  on t h e  ?H, 
which is lowered cons ide r sb ly  by t h e  add i t ion  of ATIlT. Thus, t h e  s o l u b i l i t y  
curve i s  drawn f o r  t h e  A?JY system on t h e  assumption t h a t  ? r e c i a i t a t i o n  
occurs  i n  both s y s t e m  a t  t h e  same . The pFI data  f o r  t h e  ATVJ s y s t e i  were 

iqnored,  Data p o i n t s  fror? t h e  e q u i l i b r a t i o n  experiments,  i n  which no 
p r e c i p i t a t i o n  was observed, a r e  included i n  t h i s  p l o t  and t end  t o  c o n C i m  
t h e  e s t ima t ion  procedure,  

The 

obta ined  from t h e  Reactor IIandbook ( eJ‘ ; t h e  e f f e c t  of b i s w t h  on t h e  DH W ~ S  

1 0  

0.10 

0 01 

nno,  

FIGURE 5 
Bismuth So lub i1 i t . y  i n  the HN03-ANN-H20 System 
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STUDY FLOWSHEET FOR TBP EXTRACTION OF BIS!JRJTII 

A s tudy  flowsheet i s  shown i n  Figure 1 f o r  t h e  TBP bismuth extrnc-  
t i o n  process ,  
r a f f i n a t e  from t h e  d i b u t y l  c a r b i t o l  polonium e x t r a c t i o n  process .  
sa l t  s t r e n g t h  w a s  chosen f o r  t h e  e x t r a c t i o n  (1A) column t o  permit r e l F t i v e l y  
h igh  so lven t  loading  and t o  minimize bismuth r e f l u x  i n  t h e  scrub sec t ion .  
The bismuth i s  s t r i p p e d  from t h e  so lvent  i n  t h e  1C column wi th  1FI "03 .  
Higher a c i d i t i e s  would be more e f f e c t i v e  but  would inc rease  t h e  Froblem of 
removing t h e  a c i d  i n  subsequent metal conversion s t eps .  A small amount o f  
a c i d  i s  added t o  both  t h e  1 A X  and 1AS strems t o  a s s u r e  s u f f i c i e n t  a c i d i t y  
t o  avoid bismuth s u b n i t r a t e  p r e c i p i t a t i o n .  

The " r a w "  feed composition i s  r e p r e s e n t a t i v e  of t h e  bismuth 
A 111 ANN 

Bismuth and n i t r i c  a c i d  operat inf :  diajirams based on these? param- 
eters are shown i n  F igures  6, 7 ,  8, and 9. 
t h e s e  diagrams are based were obta ined  by t h e  c o r r e l a t i o n  method presented  
ear l ie r .  The ope ra t ing  diagrams show t h a t  t h r e e  t o  four  stages of counter- 
c u r r e n t  con tac t  should be s u f f i c i e n t  t o  reduce t h e  b i snu th  l o s s e s  t o  l e s s  
t h a n  2% i n  t h e  r n f f i n a t e  streams of both columns. ?Tote t h a t  both n i t r i c  
a c i d  and bismuth s t a g e s  must be s tepped o f f  s imultaneously.  
constituents are present in macro amounts and extract simultaneously, the 
equi l ibr ium p r o f i l e  of each of t h e s e  i n  t h e  column w i l l  a f f e c t  t h e  equ i l ib -  
rium p r o f i l e  of t h e  o t h e r ,  

The equi l ibr ium data on which 
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DECONThl IIBA?'IOIl OP BISi UTI1 FRO! I I! ?'URTI-L'ICS 

The i n p u r i t i e s  of  most concern i n  t h e  r ecyc le  of bismuth w e  
t h o s e  t h a t  
Van Tuy l (5 j  has  c a l c u l a t e d  t h e  concen t r a t ion  of  i m p r i t i e s  t h a t  y i e l d  dose 
rates of 100 mP,/hr a t  t h e  s u r f a c e  of  t h e  i r r ad ia t ed  t n r c e t  element a c i  '2 

func t ion  of coolin,? ti% a f t e r  r e a c t o r  d i scharec .  His d s t a  are t.zbulntecl ir ,  
Table V I I ,  The r a d i a t i o n  histor:r  w9s not  spec iy ied ,  b u t  t h e  r e s u l t s  ':re 
i n d i c E t i v e  of t h e  impur i ty  l e v e l s  t h a t  are t o l e r a b l e .  

vhen neutron a c t i v a t e d ,  c o n t r i b u t e  t o  high r a d i a t i o n  dose r a t e s .  

The e x t r a c t i o n  of  t r a c e  impurities i n  t h e  bismuth-TBn s y s t m  
has not  been s t u d i e d ,  but  c e r t a i n  inf 'erences can be made fro? t h e  known 
behavior  of metal n i t r a t e s  i n  Y!ln e x t r a c t i o n  sys?,ew, Tn n;encral, n c t s l l j  c 
i ons  i n  t h e  nliiq four  and p lus  s i x  valence s t a t e s  R r P  nll;+n - . r + r i - + q h l p  Sn 
T3P, " lost  of t h e  a c t i n i d e  e l e i e n t s  f a l l  i n t o  t h i s  cateTory,  'Yost t r iv- i lezt ,  
metal ions  %re  not e x t r a c t a b l e ,  with t h e  n o t s b l e  excegt ion of b iswtkl  m 3  t h e  
rare e a r t h s  which a r e  e x t r s c t a b l e  i n  l o w  ncic! s y s t e m  w i t h  A 3  s a l t i n ? ,  "lono 
and d i v a l e n t  i ons  a r e  e s s e n t i a l l y  nonex t rac t ab le ,  Data i l l u s t r a t i n ?  t h e  ex- 
t r a c t a b i l i t y  of vz r ious  i e t a l  n i t r z t e s  i; ?resen?nd i r -~  r?2kle ' I I I I ,  ( d ,  
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TABLE V I 1  

ACTIVATIOII  OF IY?URITICS IY? BIS':PH TAPGET ELTEXTS 

( P a r t s  P e r  ' l i l l i o n  Which R e s u l t  i n  100 mP,/hr S u r f a c e  Dose S a t e  
at Cool ing  Times Shown) 

Element 5 days  1 0  days 30 days  60 days  90 days 

Co 0 , 0012 0 I 0012 0.0012 0 ,0013  0.0013 

- 
T a  0.0074 0.0085 0,011 0.013 0, oiG 

4 3  0 , 021 0 e 021  0.022 0 ,024  0,026 

Sb o.ooa1 0.0097 0.013 0 ,018  0 025 

Zn 0.26 0.26 0.28 0430 0.33  
Fe 1.6 1.7 2.0 2.5 3.1 

C r  2 .1  2.4 4.0 0.5 19. 
Cd Oe97 3.5 18. 29 47 e 

c u  20. 120  1 * 130.  * 140 , "  150." 

A s  0.17 3e9 
w 0.29 9.3 
r 10 9.8 35. 
Na 0.36 92 e 

** ** ** 
** ** ** 

** ** ** 
** ** ** 

I & ,  R1, T i ,  'In, r I i :  g r e a t e r  t h a n  1000 ppm. 

* L i m i t  due  t o  Zn65 r a d i a t i o n ;  o t h e r w i s e  l i m i t  is g r e a t e r  t h a n  

Yore t h a n  1000 ppm r e q u i r e d  f o r  100 n ? / h r  s u r f a c e  dose rate. 
1000 ppn. 

** 

TABLE V I 1 1  

EXTRACTION OF 'IISCBLI~IZOUS NITRATES IITTO TB? SOLU'?IO*I? 

TRP D i s t r i b u t i o n  P a t  i o ,  
I on Aqueous-Phase Composi t ion  vo13 ( d l i t e r  orp,.)/(g/ liter aq. 1 

~ r + 3  
~ r + 3  
cu+2 

1 5 .  
1 5  
30 
60.  

100. 
100. 
100. 

1 5  
12 .5  
1 5  e 

30 e 

0.0003 
0 ,0003  
0,000 
0 ,0002 

0.0001 
0.0001 
0.0004 

0 .005  

0 ,0003 
0 ,0003  

0.0003 

0 003 
0,00006 
0 ,00006 
0.0001 



A more gene ra l  s tudy(7 )  using 100% TBP and t r a c e r  elements showed 

a r s e n i c  (Ea  = 0 , 2 ) ,  tungs ten  ( E a  = 30) and molybdenum (Ea = 
t h a t ,  of t h o s e  impuri t iEs of  i n t e r e s t  t o  b i s y t h  r ecyc le ,  only s i l v e r o  
( E l  = 0.02) 
0102) appear t o  have d i s t r i b u t i o n  r a t i o s  high enough t o ’ b e  of concern, 
Under t h e  same condi t ions  (1; €IN0 ) ,  t h e  bismuth d i s t r i b u t i o n  r a t i o  was 
about 2. Assuming t h e  same r e l a t l v c  d i s t r i b u t i o n  r a t i o s  hold i n  t h e  ANN- 
s a l t e d ,  30% TBP system, g r e a t e r  t han  99% of a l l  of‘ t h e s e  impur i t i e s  except 
a r s e n i c  and tungs ten  should be removed with 3 stages of scrubbing i n  t h e  
1 A  column, Polonium, i f  p r e s e n t ,  should fo l low t h e  bismuth. Further  de- 
contamination from many of t h e  impur i t i e s  may be obtained during t h e  con- 
vers ion  of t h e  bismuth n i t r a t e  so lu t ion  t o  bismuth metal ,  p a r t i c u l a r l y  i f  
t h e  bismuth i s  f i r s t  p r e c i p i t a t e d  as BiOi’T030(3) 

3 
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