
I I  i i i  1 1 1  I I I I  I I ’ I  
3 4 4 5 6  0 3 6 3 5 3 0  9 

, 

ORN L-2987 
UC-4 - Chemistry-General 

COULOMETRIC DETERMINATION OF URANIUM 

IN POWER-REACTOR-FUEL-DISSOLVER SOLUTIONS 

B. B. Hobbs 

OAK RIDGE N A T I O N A L  LABORATORY 
operated by 

U N I O N  CARBIDE CORPORATION 
for  the 

U.S.  ATOMIC ENERGY C O M M I S S I O N  



P r i n t e d  i n  USA. P r i c e  $Oe50 . A v a i l a b l e  from t h e  

O f f i c e  of  T e c h n i c a l  Serv ices 

Department o f  Commerce 

Washington 25, D.C. 

LEGAL NOTICE 

T h i s  repor t  wos preporsd as  an account  o f  Government sponsored work. 

nor the Commiss ion,  nor ony person o c t i n g  on behal f  o f  t h e  Commiss ion:  

A .  Mokes any warranty  or representation, expressed or impl ied,  w i t h  respect  t o  the accuracy,  

completeness,  or u s e f u l n e s s  of  the in format ion c o n t a i n e d  i n  t h i s  report,  or thot  t h e  u s e  o f  

any information, apparatus, method, or process d i s c l o s e d  i n  t h i s  repor t  may not  i n f r i n g e  

p r i v a t e l y  owned r ights ;  or 

Assumes any l i a b i l i t i e s  w i t h  respect  t o  the use of, or for  damages r e s u l t i n g  from the use of  
any information, apparatus, method, or process d i s c l o s e d  i n  t h l s  report.  

A s  used i n  the above, "person a c t i n g  on behal f  of t h e  Commiss ion"  i n c l u d e s  a n y  employee or 

contractor  of t h e  Commiss ion,  or employee of  s u c h  controctor ,  t o  t h e  e x t e n t  t h o t  such employee 

or contractor  of t h e  Commission, or employee of s u c h  contractor  prepores. d isseminates,  or 

prov ides a c c e s s  to, any in format ion pursuant t o  h i s  employment  or cont ract  w i t h  the Commiss ion,  

or h i s  employment  w j t h  such contractor. 

Nei ther  the U n i t e d  Stotes, 

5. 



. 

ORNL- 2987 

C o n t r a c t  N o .  W-7405-eng-26 

Analytical  C h e m i s t r y  D i v i s i o n  

COULOMETRIC DETERMINATION OF URANIUM I N  POWER-REACTOR- 
FUEL-DISSOLVER S O W T I O N S  

B. B. Hobbs 

DATE I S S U E D  

NQV 1.8 I960 

OAK R I D G E  NATIONAL LABORATORY 
O a k  R i d g e ,  Tennessee 

operated by 
UNION CARBIDE C O R P O M T I O N  

U.S. ATOMIC ENERGY COMMISSION 
f o r  the 

. 
3 4 4 5 6  0361530 7 



. 

t 



0.0 

1.0 

2.0 

3.0 

4 .O 

5 00 

6.0 

7.0 
8.0 

iii 

TABLE OF CONTENTS 

ABSTRACT 

INTRODUCTION 

1.1 Purpose 

1.2 Scope 

INSTRUMENTATION AND APPARATUS 

2.1 Titration Cell Assembly 

2.2 Extraction Vessel 

2.3 Pipet Assembly 

2.4 pH Meter 

2.5 Coulometer 

EVALUATION OF THE METHOD 

3.1 Dissolver Solutions 

3.2 Performance of the Equipment 

3.3 Procedure for Analysis 

DATA 

4.1 Standardization of Equipment 

4.2 Synthetic Dissolver Solutions 

4.3 
DISCUSSION 

CONCLUSIONS 

ACKNOWLEDGEMENTS 

REFERENCES 

Analysis of Radioactive APPR Coupons 





3 

. 
-1- 

0.0 ABSTRACT 

a 

Radioactive and nonradioactive solut ions,  similar t o  those t o  be found 

i n  power-reactor-fie1 reprocessing, were analyzed for uranium. The procedure 

consisted i n  three  main steps;  a separation of  the  uranium from the  d isso lver  

solut ions diverse ions by means of t r i ( i s o - o c t y l ) m i n e ,  an acid s t r i p p i n g  

of the  uranium from the  organic layer ,  and a quant i ta t ive  reduction of 

uranium(V1) by use of a control led-potent ia l  coulometer. 

The r e s u l t s  obtained ind ica te  t h a t  power-reactor-f'uel-dissolver solut ions 

can be analyzed f o r  uranium t o  within +1$. 

. 

c 
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1.0 INTRODUCTION 

1.1 Purpose 

The purpose of t h i s  inves t iga t ion  w a s  t o  provide a method for  the 

precise,  accurate,  and rap id  determination of  uranium i n  power-reactor- 

fuel-dissolver  solut ions.  Because of the radioact ive nature of  these 

solut ions,  t h i s  method a l s o  had t o  be both adaptable t o  the remote handling 

of materials and apparatus i n  the  High-Radiation-Level Analyt ical  F a c i l i t y  

(HRLAF) and i n s e n s i t i v e  t o  t h e  high l e v e l s  of r a d i a t i o n  of the  d isso lver  

solutions.  

1 .2  Scope 

This repor t  deals  pr imari ly  w i t h  the  adaptation t o  the remotely con- 
4 t r o l l e d  analysis  of radioact ive solut ions,  of a method f o r  t h e  determina- 

t i o n  of uranium i n  power-reactor-fuel-dissolver so lu t ions ,  The method of  

ana lys i s  cons is t s  e s s e n t i a l l y  i n  a solvent ex t rac t ion  of uranium,' an a c i d  

s t r ipp ing  of t h e  uranium from the  organic layer ,  t h e  addi t ion  of ascorbic 

a c i d  as a reducing agent f o r  i n t e r f e r i n g  contaminants and as a complexing 

agent for uranium,2 and a quant i ta t ive  reduction of  the  uranium(V1) by use 

of a control led-potent ia l  coulometer. 3 

The development of  the  method and the  r e s u l t s  of i t s  appl ica t ion  t o  

nonirradiated so lu t ions  have been previously reported4 and w i l l  no t  be 

discussed herein.  

2.0 INSTRUMENTATION AND APPARATUS 

Sketches of t h e  equipment used ins ide  the  c e l l  of  the HRLAF are shown 

i n  Figs. 1 and 2. 
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Figure 1. Remote P ipe t ing  Apparatus. 
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* 

-5 - 

2.1 T i t r a t i o n  C e l l  Assemblx 

This i s  an assembly very similar t o  the  ones used previously for radio- 

a c t i v e  I t  consis ts  mainly of a flat-bottom, g lass  c e l l  and a c e l l  

cap t o  hold i n  place the e l e c t r i c a l  connections and t h e  electrodes.  The 

c e l l  assembly used a l s o  included a miniature g lass  e lectrode and a ground- 

g l a s s  sleeve j o i n t  i n  the  degassing l i n e .  

2.2 Extraction Vessel 

The ex t rac t ion  v e s s e l  i s  made o f  40-mm diameter g lass  tubing and a 

three-way stopcock. 

motor. I n  the  lowered posi t ion,  it can be removed from the  holder. 

2.3 Pipet  Assembly 

It i s  r a i s e d  and lowered beneath a f ixed s t i r r i n g  

The p ipe t  assembly i s  a 1 - m l  volumetric p ipe t  mounted on a r i n g  stand 

by means of  a rubber stopper. Rubber tubing i s  connected t o  the stopper 

and i s  l a i d  through an access hole t o  the outside.  

syringe, the  sample can be drawn up i n t o  the  p i p e t  o r  drained from it. 

2.4 pH Meter 

By means of a hypodermic 

A model G pH meter i s  incorporated i n t o  the electrode system by means 

of' e l e c t r i c a l  connections t o  the glass and reference electrodes.  

2.5 Coulometer 

The ORNL Mark I11 control led p o t e n t i a l  coulometer vas used for t h e  

t i t r a t i o n s .  

3.0 EVALUATION OF THE METHOD 

3.1 Dissolver Solutions 

The radioact ive solut ions used i n  the  data  co l lec t ion  were not repre- 

sentat ive,  with respect  t o  concentrations and a c i d i t y ,  of the  dissolver  
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solutions expected in the reprocessing of power-reactor fuels. 

used were dissolutions, made by the Pilot Plant Analytical Control Unit, 

of irradiated Army Package Power Reactor (APPR) type fie1 coupons. 

radioactivity of each of these coupons was estimated to exceed 100 r. 

coupons themselves were taken from two fuel elements pulled from the APPR 

at two-thirds of the core life. Estimates of the fuel burn-up in the 

coupons ranged from 2 to 35$; the coupons were cooled approximately one 

year before they were cut. 

The solutions 

The 

The 

The concentrations of uranium and stainless steel were different for 

each solution because the weight and the uranium content were different 

for each coupon. 

200 ml and had an acid concentration of approximately 4.0 E .  

reasons, the uranium concentration of these solutions varied from 0.6 to 

2.0 mg/ml. 

Each of the solutions was diluted to a final volume of 

For these 

Typical dissolver solutions expected in the reprocessing of reactor 

fie1 will have a uranium concentration of approximately 5.0 mg/ml, a 

stainless steel concentration of 70 mg/ml, and an acid concentration of 

3 to 4 g. Consequently, in order to have a more nearly representative 

dissolver solution, three of the irradiated APPR coupon solutions were 

concentrated inside the HRLAF cell prior to analysis until approximate 

typical concentrations were attained. 

Each of the coupon solutions was analyzed by the Pilot Plant Control 

The results of these analysis gave reference values against which Unit. 

the results determined by this method could be compared. 

analysis used by the Pilot Plant Control Unit was: 

The method of 

1. A separation of the uranium from the dissolver solution using 

hexone as the extractant. 
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2. 

3.  An ammonium thiocyanate spectrophotometric determination 

Evaporation of an a l i q u o t  of t h e  hexone. 

6 

of uranium i n  t h e  residue. 

3 . 2  Performance of  the  Equipment 

Generally speaking, the  coulometric c e l l  and the  ex t rac t ion  apparatus 

performed w e l l .  However, the  pipet ing apparatus w a s  not i d e a l  equipment 

f o r  precis ion pipet ing.  The aqua reg ia  content of the  samples prevented 

the  use of the ORNL model Q-1348 remotely control led p i p e t t o r .  Instead, 

a 1 - m l  volumetric p i p e t  w a s  used t o  measure the  t es t  aliquot,. The extent  

of drainage cf t h e  p ipe t  would sometimes vary, and frequent ca l ibra t ion  

of it was necessary. - 

A corrosion r e s i s t a n t  p ipe t  similar t o  t h e  ORNL model Q-1348 i s  present ly  

under t e s t  and i s  expected t o  improve the  accuracy and precis ion of obtaining 

a sample a l iquot .  

3 . 3  Procedure f o r  Analysis 

The procedure used for  the  determination of uranium i n  s t a i n l e s s  

s t e e l  (APPR type) dissolver  solut ions w a s  as follows: 

1. Pipet  1-ml a l i q u o t  i n t o  a so lu t ion  of 5 ml monobasic aluminum 

n i t r a t e  containing 5 drops of a 5% aqueous so lu t ion  of hydroxylamine hydro- 

chloride.  

2. S t i r  the so lu t ion  b r i e f l y .  

3. Add 5 ml of a 576 so lu t ion  of tr i( iso-octy1)amine i n  xylene 

and e x t r a c t  t h e  uranium for f i v e  minutes. 

4.  Separate the phases; then discard the  aqueous phase. 

5 .  S t r i p  the  uranium from the organic phase with 5 m l  of a 0.05 

HCIOB - 0.5 )-I H2S04 so lu t ion  and drain the  aqueous phase i n t o  the  coulometric 

c e l l .  
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6. Repeat Step 5. 

7. Add 6 drops of a sa tura ted  aqueous so lu t ion  of ascorbic  a c i d  

t o  the  coulometric c e l l .  

8. Add t h e  mercury cathode. 

9. With t h e  coulometric c e l l  i n  pos i t i on  f o r  t i t r a t i o n ,  a d j u s t  

t he  pH of t h e  t e s t  so lu t ion  t o  4.0 * 0.5 by adding %OH dropwise. 

10, Deaerate t h e  so lu t i an  and then t i t ra te  the  uranium a t  a 

control led p o t e n t i a l  of -0.400 v o l t  vs  t h e  S.C.E. 

A l l  volumetric measurements, except t h a t  of t h e  t es t  a l iquot ,  were 

made outs ide the  HRLAF c e l l ;  the  measured volumes were then t r ans fe r r ed  

i n t o  the  c e l l  by t h e  use of 30-ml g l a s s  b o t t l e s .  

4.0 DATA 

1.1.. 1 Standardizat ion of Equipment 

I n  order  t o  obta in  a bas i s  f o r  t h e  prec is ion  and accuracy t o  be expected 

from t h e  remote handling of t h e  equipment and using t h e  method described, 

a uranyl n i t r a t e  standard so lu t ion  w a s  used f o r  ca l ib ra t ion .  

This uranium standard w a s  made by dissolving a weighed amount of 

uranium metal, of known pur i ty .  After the  so lu t ion  w a s  made t o  a known 

volume, the uranium concentration of it w a s  v e r i f i e d  by a potent iometr ic  

ana lys i s  using f e r r i c  s u l f a t e  as t h e  t i t r a n t .  7 

1. For p ipe t ing  and general  functioning of the c e l l  assembly, 

a 1 - m l  a l i quo t  w a s  p ipeted d i r e c t l y  i n t o  10 m l  of 0.5 H2S04 as t h e  

supporting e l e c t r o l y t e .  The so lu t ion  w a s  deaerated, and the uranium w a s  

reduced a t  -0.250 v o l t  v s  t h e  S.C.E. 
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Average r e s u l t s  of 26 determinations: 

Uranium, m g  
Taken Found Error 

3 980 4.001 to.55 
Standard deviat ion = 0.4% 

Limit of e r r o r  = 0.8% 

2. For a l l  phases of remote handling, a 1 - m l  a l i quo t  was ca r r i ed  

through t h e  procedure given i n  Sec. 3.3 above. 

Average r e s u l t s  of 1 5  determinations: 

Uranium, m g  
Taken - Found Error 

3 9 980 3 947 -0.8% 

Standard deviat ion = 0.5% 

Limit of  e r r o r  = 1.0% 

4.2 Synthetic Dissolver Solutions 

Two uranium-containing s t a i n l e s s  s teel  so lu t ions  were analyzed. The 

compositions of these  so lu t ions ,  i n  uranium and s t a i n l e s s  steel, were made 

t o  co r re l a t e  with those so lu t ions  of  APPR coupon material (See. 3.1) ;  they 

were : 

Uranium, 304 Sta in l e s s  
mg/ml S tee l ,  mg/ml Acid, & 

MC-20 0.658 10 3.8 

JC-25 0.863 10 3.8 

The uranium content was again determined by t h e  method described for  

standards (See. 4.1) . 
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In order to make these solutions more nearly representative of a typical 

dissolver solution, they were concentrated outside the -HRLAF cell, and the 

final solution was analyzed inside the cell; the procedure given (Sec. 3.3) 

was followed. Results of these analyses are given in Table 1. 

4.3 Analysis of Radioactive APPR Coupons 

Five radioactive APPR coupon solutions were used to investigate the 

radiation effects and adaptability of the procedure and equipment to radio- 

active solutions. Because of the low concentration of uranium in these 

solutions, data are given on both the dilute and the concentrated solutions 

of two of the AFPR coupon solutions, on the dilute solutions of two additional 

samples, and only on the concentrated solution of the remaining coupon solution. 

Ifhere it is indicated that a solution was concentrated, this concentration 

was done inside the hRLAF cell. 

For comparison, the results obtained by the Pilot Plant Control Unit 

(Sec. 5.1) are also given. Results of the analyses are given in Table 2. 

5.0 DISCUSSION 

The data presented in the preceeding section indicate that Power 

Reactor fiels dissolved in a2ua regia (DARFX) , can be accurately analyzed 
by the method previously given. 

to be greater than in the solutions that were analyzed, which seems probable, 

there is reason to believe that, percentage wise, accuracy and precision 

wi 11 improve. 

If the uranium concentration should happen 

In no instance of this particular investigation did there seem to be 

A l l  cases of error greater than either a chemical or procedural failure. 

d 
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Table 1. Results of Analysis of  Synthetic Dissolver Solutions 

Acid molarity of t es t  solut ions,  4 g 

Volume of t e s t  a l iquot ,  1 ml 

I 
k- Volume of Test  Relat ive L i m i t  P 

Solution, ml Number of Uranium, mg Standard o f  I 

T e s t  Solution I n i t i a l  F i n a l  T e s t  Aliquots Taken Found Error Deviation Error 

MC - 20 100 25 I2 2.632 2.623 -0.3% 0.5% 1.0% 

JC-25 25 10 8 2.158 2.167 +0.4$ 0.3% 0.6% 



Table 2. Results of Analysis of  Radioactive APPR Coupons 

Acid molarity o f  t e s t  solution of coupon, 4 pI 

Volume of t e s t  aliquot, 1 m l  

(b) Uranium Found 
Vol. of No. of Test i n  Test Aliquot Rel. (b)  L i m i t  
S o h .  of Aliquot s (average), mn Std. of 

Coupon Coupon Cauqn. m l  Analyzed Spectro h to- Dev., Error, 
Number Weight, g, I n i t i a l  Final Coulometricall?r metric ray Coulometric Diff., % 76 76 

40 2.9683 200 200 15 1.992 1.981 +0.6 0.5 1.0 

43 2.9683 200 100 10 3.984 =, .922 +1.6 0.5 1.0 rc 

94 1.7239 200 200 5 1.093 1.049 +4.1 0.5 1.0 

94 1.7239 200 67 7 3 279 3.128 4.6 0.3 0.6 

I 
P 
I 

52 2.6792 200 200 12 1.846 1.858 0.6 0.6 1.2 

56 2.7161 200 200 8 1.636 1.667 -1.9 0.3 0.6 

116 1.1097 200 100 12 1.596 1.564 +2.0 0.9 1.8 

( a )  Average of two determinations. 

(b)  For coulometric data only. 
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1c 

t h a t  presented i n  the  data were t raceable  t o  e i ther  a mechanical f a i l u r e  i n  

equipment, f a i l u r e  of an electrode, or e r r o r  i n  remote handling. Improve- 

ment i n  the  design of the  remote equipment and development of b e t t e r  

techniques for operating the remote equipment would improve the  r e l i a b i l i t y  

of the system. 

A s  f o r  the  r a p i d i t y  of analysis ,  one hour i s  usua l ly  required f o r  each 

complete determination. 

Although the  inves t iga t ion  w a s  l imited e n t i r e l y  t o  APPR type dissolver  

solut ions,  the  da ta  presented are he lpfu l  i n  predict ing t h e  accuracy and 

precis ion of the ana lys i s  of other  types of radioact ive dissolver  solut ions.  

Table 3 shows the  e r r o r  previously obtained f o r  the determination of 

uranium i n  severa l  synthet ic  nonradioactive reactor-fuel-dissolver solut ions.  

From these data  and from the  data obtained from the  ana lys i s  of radioact ive 

APPR type f u e l  an e f f o r t  i s  made t o  pred ic t  the  accuracy and precis ion t h a t  

can be expected from the determination of  uranium i n  these various types 

of f u e l  solut ions.  

A s  o ther  types of radioact ive dissolver  solut ions become avai lable ,  

it i s  planned t o  e s t a b l i s h  the accuracy and precis ion for the  determination 

of  t h e i r  uranium content by the  use of  t h i s  method. 

6.0 CONCIMSION 

By use of  the  method described i n  t h i s  report ,  no reason can be forseen 

why power-reactor-dissolver solut ions cannot be accurately analyzed for t h e i r  

uranium content. On an experimental bas i s ,  as discussed i n  t h i s  report ,  the  
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Table j. Error  Obtained for the Determination of Uranium in Synthetic 
Dissolver Solutions of Various Reactor Fuels 

Nonradioactive 
APPR Type with Stainless 
Dissolver Nonradioactive Steel and Cold 
Solutions with Stainless Fission Product Remote Handling of 

( DAREX) Steel Contaminants Contaminants Radioactive Material 

S.D. Error S.D. Error - -  S.D. Error - 
+O .05% 0.4% 4.5% 0.9% -0.5% 0.5% 

CONED Type 
Dissolver Nonradioactive 
Solutions with Cold 
(De,jacketed) Nonradioactive Fission Products *Remote Handling 

S . D .  Error S.D. Error - -  S.D. Error - 
+o .2$ 0.4% -0.4% 0.5% (U.04) ( u . 0 8 )  

Nonradioactive 
CONED Type with Stainless 
Dissolver Nonradioactive Steel and Cold 
Solutions with Stainless Fission Product 

( DAREX) Steel Contaminants Contaminants *Remote Handling 

S.D. Error S.D. Erro r  - -  S.D. E r r o r  - 
+O .2$ 1.0% +1.0$ 1.8% ( e . o $ )  (a.070 

Yankee 
Atomic Nonradioactive 

Solutions with Cold 
1 De,jacketed) Nonradioactive Fission Products *Remote Handlinp 

S.D. Error - S.D. Erro r  S.D. - Error - _ I _  

0 0.3% -0.3% 0.6% (~1.0%) ( u . o % )  
Nonradioactive 

Yankee with Stainless 
Atomi c Nonradioactive Steel and Cold 

Solutions with Stainless Fission Product 
(DARM) S tee1 Contaminants Contaminants "Remote Handling 

S.D.  Error - S.D. Error S.D. - -  Error 

+O .5$ 0.3% +0.5$ 0.5% ( u . o % )  ( u . o $ )  

Foreign 
Research 
Reactor 

Nonradioactive 
with Cold 

Solutions Nonradioactive Fission Products *Remote Handling 

S.D. Error - S.D. Error S.D. - -  Error 

+o . 1% 0.3% -0.3% 0.6% (u.08) ( u . o % )  
~- 

* Predicted. Based upon the results obtained from the remote handling of 
APPR type f'uel. 

. 
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r e s u l t s  should genera l ly  be within 21% of  the  t r u e  value. 

more rout ine  bas i s ,  r e s u l t s  w i l l  not  be as accurate,  bu t  as far as can be 

determined, t h e  method described i n  t h i s  r epor t  o f f e r s  the b e s t  combination 

of  r ap id i ty ,  accuracy, and precis ion.  

Perhaps on a 
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