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ANION EXCHANGE SEPARATION OF URANIUM FROM REACTOR DISSOLVER SOLUTIONS 

E L. Blevins 

I. PURPOSE 

To develop a method f o r  the determination of uranium i n  c e r t a i n  
reac to r  d i s so lver  solut ions  which i s  accurate,  precise ,  p r ac t i c a l  f o r  
use with highly radioact ive  mate r ia l s ,  and which can be e a s i l y  run with 
remote f a c i l i t i e s .  

11. EXPERIMENTAL 

A.  Instnunentat ion 

The "Mark I" Controlled-Potent ial  Coulometric T i t r a t o r  w a s  used 
f o r  these  t e s t s .  The t i t r a t i o n  c e l l  is composed of a 50 m l .  beaker from 
which the  t op  pa r t  has been cut  u n t i l  it is approximately 1 1/2" ta l l .  
This is  covered with a Teflon cap through which the  e lec t rodes  were f i t t e d .  

B Preparation of Resin Column 

Dowex A 1  x 8 (200-400 mesh) r e s i n  was used i n  these  experiments. 
P r i o r  t o  use the  r e s i n  w a s  t r e a t ed  by waehing consecutively with t he  follow- 
ing reagent s : 

1. H20 
2.  Acetone 
3. Alcohol 
4. 6MH61  
5. 5 KOH o r  NaOH 
6. 6 H C l  
7 .  H ~ G  

However, i f  ana ly t i c a l  grade r e s in  can be obtained, the  treatment 
s t ep  may be el iminated.  Next, the  columns were prepared using approximately 
3 r n l  . of r e s in  f o r  each. 

C .  Procedure 

1. Take an a l i quo t  of the  sample (1-5 m l  depending on concentrat ion 
of U )  and evaporate t o  dryness. Do not bake. 

2 .  Take up i n  1 0  m l .  of 0 -1 M H SO and evaporate t o  dryness again.  - 2 4  
3 .  Take up i n  approximately 15  m l .  %O, and add 20 drops of a 5% 

NH20H-HC1 so lu t ion .  

4. Wash the  column with 20 m l .  of 1 .0  M H2S04 solut ion and 1 5  m l  - 
of 0.01 M_ H2S04 so lu t ion .  



5. Transfer the  sample t o  t h e  column. Wash with 30 m l .  of 0.01 
M_ H2S04 solut ion.  

6. Add 10 m l .  of 10 M - HC1 solut ion t o  the  column, then 10 m l .  of 
6 M - H C 1  solut ion.  

7 .  Elute i n t o  the  t i t r a t i o n  c e l l  with 35 m l  H 0 containing 1 drop 
of conc, H C 1 .  

2  

8. Evaporate t o  dryness, then take up i n  10 m l .  of 0 . 5  M H SO 
solut ion.  - 2 4  

9 .  T i t r a t e  coulometrically a t  +0.085* v vs SCE and at -0.325 v 
vs SCE . 

10. Note the  readout voltage f o r  the  reduction e l ec t ro ly s i s  a t  
-0.325 v and ca lcu la te  the  amount of u r a n i u ~  t i t r a t e d .  

+ Note: This t i t r a t i o n  ( a t  + 0.085 v vs SCE) reduces any t races  of Fe+3 t h a t  
might have ca r r i ed  through the  separation.  

111. DISCUSSION AND RESULTS 

The t e s t s  run during the  course of t h i s  experiment were t o  determine 
whether U(VI) can be successfully separated from the  other  components of 
s t a in l e s s  s t e e l  type reac tor  d i s so lver  solut ions  by an anion exchange column 
and, subsequently, t i t r a t e d  coulometrically. For t h i s  purpose, a synthet ic  
s t a in l e s s  s t e e l  d issolver  solut ion w a s  obtained from B.  J .  Ginocchio of the  
following composition i n  d i l u t e  aqua regia :  

18-20% C r  
8-10% N i  

2% max. Mg 
1% ma. .  S r  
0.0874 max. C 
0.8$ max. Co 
60-61$ Fe 
6-7% U 

According t o  the  data  of Kraus and Nelson (1) the  HC1 system appeared 
t o  be the  most convenient t o  use since U ( V I )  i s  both quantatively adsorbed 
and e a s i l y  e lu ted  from t h i s  medium. However, the  use of anion res in  i n  the  
chloride form presented some problems a s  the  study progressed. The f i r s t  
problem was due t o  the  f a c t  t h a t  t h e  concentration of chlor ide  i n  the  e luent  
could not be t o l e r a t ed  i n  the coulometric t i t r a t i o n .  An anodic current  was 
noted during the  p r e t i t r a t i o n  when an overtolerence of chloride ion was present.  
'ilherefore, a s e r i e s  of standards was run containing varying amounts of chlor ide  
with the  following r e su l t s :  
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TABU I 

Effect  of Chloride Concentration on the Coulometric T i t r a t i on  of Uranium* 

H C l  Added P re t i t r a t i on  Potent ia l  
(microl i ters)  (vo l t s  ) Mg . U Found $ Error 

300(0.35 r ~ r )  none 12.01 0 .g l  

500(0.58 M )  - none 12.04 1.08 

1000(1.2 M )  - none 12.05 1.17 

+ A one m l .  sample containing 11.93 mg U/ml  i n  10 m l  . of 0 .5  M - H2S04 was 
t i t r a t e d .  

The data  i n  t h i s  t ab l e  indicate t h a t  the  e r r o r  increases as the  chloride 
concentration becomes grea te r  and only about 0.25 M chloride i n  the  c e l l  can 
be tolerated.  After  unsuccessful attempts t o  sepa?ate the  chloride by preci-  
p i ta t ion ,  it was decided t o  evaporate the  e luent  and redissolve the residue i n  
0.5 M - H ~ S O ~ .  

The work of Kraus and Nelson a l so  indicated t h a t  U(VI) and Fe(111) cannot 
be separated with anion res in  i n  an H C 1  medium. This i s  a necessary s t e p  since 
~e (111) cons t i tu tes  an interference when present i n  any considerable amount 
(7 200 Clg) during a coulometric t i t r a t i o n .  Therefore, the  U(VI)  i s  converted 
from the su l f a t e  form t o  the  chloride a f t e r  it has been adsorbed on the  column, 
since the  Fe(111) does not adsorb from the  su l f a t e  medium. C ~ ( V I )  which pre- 
sented another interference was eliminated by reduction with NH20H.HC1 before 
passing the  sample through the  column. 

The r e su l t s  of t h i s  study a re  shown i n  the  following table :  

Precision of Resin Separation - Coulometric T i t r a t i on  of Uranium 

Mg. U Mg. U No. of Relative Standard 
SEtmple Taken Found T i t r a t  ions Deviation, $ 

U Std. 11.93 11.89 9 0 .3  

U Std.  2.65 2.64 7 0 - 5  

Syn. Dissolver 8.88 8.92 12 0.2 

Syn. Dissolver 0.854 0.855 14  0 -7  



IV . CONCLUSION 

Uranium can be successfully separated from s t a in l e s s  s t e e l  type d i s -  
solver solut ions  with anion res in .  The method presented here appears t o  
be accurate and precise f o r  concentration ranges of 0.8 - 12 mg. ~ / m l .  
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