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ABSTRACT 

Simulated Consolidated Edison reactor me1 pins (95.5% Th02-u308 
pellets encased in 304L stainless steel) were dissolved one-by-one 
according to the Sulfex and Darex flowsheets in Ni-o-ne1 and titanium 
vessels, respectively, 25 pins by each process. With boiling 
5 M HN03-2 M HC1 (Darex), dissolution of the cladding was complete in 
ea;h cycle wyth uranium losses of 0.1-0.4$. 
core pellets (which were about 8 6  of theoretical density) in boiling 
13 M HNO3--O.04 M NaF-0.04 M Al(NO )3 was also complete in each case. 

of solutions. 

Dissolution of the !Fh02-U308 

No 'i;roblems arose from passivation a f stainless steel or cross-contamination 
Two modifications of the Sulfex process were tested: (1) decladding 

with ZOO$ excess of 6 M H2S04, and (2) initiating the reaction with 
6 M %SO4 and diluting-to 4 M sulfate shortly thereafter. 
losses to the decladding solGtion were generally between 0.2 and 0.54 
irrespective of the technique, but were as high as 0.94 in the presence 
of a ThO2-U 0 heel. Tine uramium losses were directly related to the 
amount of h 2!? e present. 
boiling 6 M H2S04 and reaction was initiated by contacting the pin with 
a piece of-iron. 
Darex tests, presumbly because of sulfate contamination. Under the 
flowsheet conditions only 98-999 of the core was dissolved in each cycleo 

Uranium 

In most cases the f'uel pins were passive to 

Core dissolution was less efficient than in the 



- 3 -  

CONTENTS 

1.0 Introduction 

2.0 Results 

2.1 Decladding 

2.2 Core Dissolution 

3 .O References 

4 

4 

6 

9 

12 

. 



- 4 -  

1 .0  I.T!ITRODUCTION r. 

This report  gives data on buildup of end caps and uranium losses  during f 
decladding of s t a in l e s s  steel-clad Th02-U308 pe l le t s ,  t he  rate of core 
dissolution, and the  e f f ec t  of cross-contamination of solutions i n  cycl ic  
tests of the  Darexl and Sulfex2 processes. 
experiments were conducted as part of a corrosion study a t  Bat te l le  Memorial 
Ins t i tu te ,  the r e su l t s  of which are being reported separately.3 
obtained i n  the  Battelle tests were forwarded t o  ORNL, where they were 
analyzed t o  obtain the  data reported here. 

"he decladding and dissolut ion 

Solutions 

A t  ORNL the  solutions were sampled i n  preparation f o r  analysis  by 
J. F. Land. The analyses were made by the groups of G. R .  Wilson and 
W. R.  Laing of the  ORNL Analytical  Chemistry Division. 

2.0 RESULTS 

Simula-ted Consolidated Edison reactor f u e l  pins, consisting of 44.2 g 
of 95.5% Th02-u308 p e l l e t s  (about 8% of theore t ica l  density) encased i n  
25 g of 304L s t a in l e s s  steel, were dissolved according t o  the  Darex 
(Fig. la)  and Sulfex (Fig. l b )  flowsheets. The Darex dissolver was 
titanium and the  Sulfex, Ni-o-nel. The decladding time was 3 h r  i n  each 
process. I n  each pin was a wad of Bow001 t o  simulate the  presence of a 
thermal insu la t ian  plug. Twenty-five pins were dissolved, one-by-one, 
by each method; however, only 
aaalyzed. Solid residues were allowed t o  accumulate i n  successive cycles. 

portions of the  resu l t ing  solutions were 

The Darex process appeared superior chemically t o  the  Sulfex process 
i n  that no problems arose from passivation of s t a in l e s s  steel,. cross- 
contaaination, or i n s t a b i l i t y  of solutions-. Uranium losses; fo r  comparable 
decladdklg times, were essent ia l ly  iden+,ical, but dissolut ion of the  
s t a in l e s s  steel  was complete i n  a shorter  time with the  Darex process. 
Complete dissolution i n  boi l ing 5 M HlTO3-2 M H C 1  of the s t a in l e s s  steel 
pins of t he  type used i n  t h i s  study has bee; achieved i n  le& than 1 hr; 
however, in contrast, the  s t a in l e s s  steel was not completely dissolved 
after 6 h r  digestion w i t h  6 - M H2SO4.2 

f" 

The volume of waste decladding solut ion i s  nearly the s a m e  f o r  each 
process. The declsdding conditions chosen fo r  the Darex tests were 
arbitrary, and the s t a in l e s s  steel concentration i n  the  waste solut ion can 
probably be increased. The so lub i l i t y  of s t a in l e s s  steel su l fa tes  i n  
s u l f h i c  acid l i m i t s  the  stainless steel  concentration i n  the waste solut ion 
t o  essent ia l ly  t h a t  obtained i n  these studies.  I n  the  event of high uranium 
losses t o  the  decladding solution, recovery by solvent extract ion is  much 
easier with Darex than with Sulfex wastes because the  Darex solution i s  
eas i ly  processed i n  the  standard t r i b u t y l  phosphate-extraction system. 
Sulfate-bearing wastes must be great ly  di luted with n i t r i c  ac id  before 
extract ion with t r i b u t y l  phosphate, or a secon extractant  such as an  amine 
must be introduced in to  the  extraction system. $ 
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Decladding 

Fuel Pin 

3 hr, b.p. 

. 

Off-gas 

t 
Wash Wash Core Dissolution 

100 m l  H20, 1st Digestion 2nd Digestion 50 m l  H20, 
3 portions 5 hr, b.p. 3 hr, b.p. 2 portions 

UNCLASSIFIED 
Core Dissolvent ORNL-LR.DWG. 42426 

13 MHNOR-0.04 M NaF-0.04 MAI(NOq), 

Core Dissolution Dec laddi ng 
3 hr I 

Wash 

.I' J 
155 -m I 50 ml 

Wash 

a) No d i lu t ion  
b) Di luted to 4 M S O d  

after - 4 0 %  o f  

Decladding Reagent 
5 21 HN03-2 MHCI,  - 

500 m l  

a) 200 m l  H20, 1st Digestion 
3 portions 

b) 100 ml H70, 5 hr, b.p. 3 hr, b.p. 

i 

SS Dissolved 

U I O S S  0.2-0.4% 

- 
3 portions 

I I I I  Intermediate 1 
0.9 M T h  

90 D pm CI-  
8.7 M H+ 

To Feed Adjustment 
and Solvent Extraction 

UNCLASSIFIED 
Core Dissolvent DRNL-LR-DWG. 42425 

Fuel Pin I I I I 
I I I I 

Decladding Reagent 
Preheated 6 MH2SO4 

250 m l  

SS 60 g/ l i ter  

U loss 0.1-0.9% 
504' 3.6 M 

Intermediate 
0.9 MTh 

TO Feed Adjustment 
and Solvent Extraction 

(b) 

Fig. I .  Flowsheet for (a) Darex and (b) Sulfex decladding o f  Consolidated Edison fuel elements. Sirnuloted fuel pin: 44 g o f  95.5% Tho2 - 4.5% U3O8 pellets c lad w i th  25 g o f  type 304 stainless steel. 
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If the Sulfex process is  t o  be used, adequate washing techniques must 
be devised. 
(Sect. 2.2), but a l s o  the presence of n i t r a t e  i n  the decladding solut ion 
must be avoided. The minimum-volume Sulfex process, decladding w i t h  
6 M €$SO4 and d i lu t ing  the waste solution w i t h  the  wash water, appears 
inoperable unless the spent decladding solution can be filtered hot. 
it is allowed t o  cool, a precipi ta te  of s t a in l e s s  steel su l f a t e  i s  formed 
which must be removed by washing before core dissolut ion begins. 
studies should be concentrated on processes i n  which the  decladding solut ion 
is  di luted prior t o  f i l t r a t i o n .  

Not only must su l f a t e  be kept out of the  core dissolvent 

If 

Fbture 

If a decladding procedure is  used, complete dissolut ion of the core 
before the next decladding operation is mandatory t o  avoid higher uranium 
losses,  
(&94$ of theore t ica l )  pellets i s  d i f f i cu l t ,  and tha t  the presence of i ron 
a i d s  i n  the dissolution. 
dissolut ion technique because cross-contamination by small amounts of 
solutions does not appreciably affect dissolut ion rates i n  the  decladding 
and core dissolut ion cycles. 
are the f a c t s  that no hydrogen is  evolved during decladding and that  the 
decladding solut ion can be adjusted t o  recycle chloride and n i t  i 

Work now i n  progress5 shows that dissolut ion of hi&-density 

Only the Darex system lends itself t o  a t o t a l  

Other inherent advantages of the  -rex process 

acid- 
s-taiuless steel n i t r a t e  solutions fo r  use i n  subsequent cycles, g-8 
2.1 Decladding 

Darex Process. I n  each Darex cycle dissolut ion of the s t a in l e s s  steel 
cladding, including end caps, was essen t i a l ly  complete i n  3 hr. The only 
exceptions were runs i n  which 400 ml. instead of 500 ml of decladding 
solut ion was  used. 
conditioas, the waste solut ion contained an average of 45 g of stainless 
s.teel per l i t e r .  
bo i l ing  5 M HNO3--2 M HC1. 
minimize problem.. associated w i t h  passivation of s t a in l e s s  steel and 
end-cap buildup. 

A f t e r  d i lu t ion  wi th  the wash water according t o  flowsheet 

In no case was a stainless steel specimen passive t o  
The use of %rex decladding would therefore 

In the 25 Damx cycles, the uranium loss t o  the decladding solut ion 
varied randomly between 0.1 and 0.4% (Table 1). 
with those obtained i n  s tudies  a t  0RNL.g A l l  Daxex cycles %ere iden t i ca l  
except for  the first three runs where 400 ml of bo i l ing  5 M EN03-2 M HC1 
was used for decladding instead of the  $00 ml used i n  the  %her 22 &so 

These losses  are ident ica l  

Sulfex Process. The amount of end caps increased slowly with increasing 
number of cycles. Under the  best operating conditions, runs 11-25 where 
the ac id  was di lu ted  t o  4 M sulfate shor t ly  after the react ion was started, 
the end cap residue increased gradually from about 3 t o  7 g (Fig, 2 ) .  
This corresponds t o  about 8@ dissolut ion of the s t a in l e s s  steel present 
at  the start of each cycle. When ac tua l  f’uel assemblies are reprocessed, 
the buildup of end caps may not be serious because of t he  lower r a t i o  of w e i g h t  
of end caps t o  w e i g h t  of tubing i n  the gg-in.-long Consolidated Edison 
fue l  pins.” With either Sulfex procedure given i n  Fig. 2 the waste 
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Fig. 2. Weight o f  end caps as a function of Sulfex dissolution cycles. New 
p in  containing 25 g of stainless steel added i n  each cycle. Dissolution started with 
200% excess o f  6 M H2SO4; solution diluted to 4 M sulfate after about 40% o f  the 
stainless steel hod dissolved. 
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Fig. 3. Uranium loss to sulfuric a c i d  decladding solutions as a funct ion o f  
weight o f  T h o 2 4 3 0 8  remaining from preceding core dissolution. 
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solution contained about 60 g of stainless steel per liter. 

Table 1. Stainless Steel Dissolutian and Uranium Losses in 11 of the 
25 Cyclic Tests of Darex Flowsheet f o r  Consolidated Edison Power Reactor Fuel 

Decladding solution: 5 HN03-2 - M HC1 
Decladding time: 3 hr 

Stainless Steel 
RUIl Dissolved, '$ Stainless Steel Conc. Uranium 

Ti-la 69.2 51.4 
4 96.8 116 
6 98.6 105 
8 100 99.0 

NO By Weight By Analysis in Waste, g/liter Loss, $7 

11 100 102 
14 100 105 

36.7 
52.4 
46.1 
43.4 
44.4 
46.1 

0.16 
0.20 
0.24 
0.17 
0.24 
0.27 

18 100 104 45.3 0.41 

0.41 
19 
21 100 99.4 43.0 
23 100 99 -8 43.0 0.28 
25 100 99.4 43.0 0.31 

100 99 99 43.1 0.31 

"only 400 ml of decladding reagent used. 

In nearly all cases the stainless steel was passive-"to boiling 
6 M H2SO4 although the nitrate concentration in the undiluted waste solution 
wax less than 0.009 M (Table 2). 
than 0.01 
stainless steel .*,11 
heating the acid to boiling in a glass vessel before adding it to the 
Ni-o-ne1 dissolver. 
of stainless steel end caps and residue may have resulted in dissolution 
of sufficient stainless steel to cause passivation of a fresh fuel pine2 
In all but two cases passivation was easily broken by touching the fuel pin 
with a nail or scratching it with a file. 
depassivated in this way were dissolved in Darex tests with no difficulty. 

An initial nitrate concentration of greater 
is requi7ed to cause passivation of nonoxidized, unirradiated 

The passivation problem was alleviated somewhat by 

Heating of the acid in the dissolver in the presence 

The two pins that could not be 

Uranium losses in the Sulfex ex eriments varied randomly from 0.1 to 
0.98 (Table 2). In studies at ORNL,g where only one pin was dissolved 
before the dissolver was cleaned out, losses were 0.1-0.2$. In the cyclic 
tests, however, a heel of Th02-U308 core pellets was always present during 
decladding \owing to the inefficiency of core dissolution (Sect. 2.2). The 
uranium losses were directly related to the amount of ThO2-U3O8 present 
during decladding (Fig. 3). 



- 9 -  
Table 2. Decladding of Simulated Consolidated Edison Fuel Pins 

by the Sulfex Process 

Decladding time: 3 hr 

a 

NO3’ Concentration 
Stainless Steel Stainless Steel in Undiluted 

R U  Dissolved, a Concentration in Decladding Uranium 
Solution, pI Loss, 

DecWiri@; soIution: 6 5 ~ 0 4 ,  2 0 6  excess 

N - 1  84.4 76.4 46.0 
3 81.3 79.1 59.7 
6 81.1 76.2 57.6 
9 70.7 69.2 49.8 

0.006 0.12 
0.005 0.25 
0 0077 0.44 
0 e 0087 0.89 

Decladding solution: 6 4 E$O4 200$ excess, diluted to 4 M - SO4= 

11 87.9 
12 86.8 
14 91.0 
16 84.4 

18 84.6 
19 83.1 
21 81.5 
23 81.1 
25 80.5 

84.4 
84.2 

81.0 
88.3 

83 97 
77.6 
71 -9 
81.1 
76.5 

42 -6 
52.6 
65.3 
65.6 

64.0 
58.6 
71.0 
69.6 
72.6 

0.020 
0.0040 

0 a 0049 
0.0050 

0 e 0047 
0.0056 
0.0038 
0.0050 
0.0046 

0.76 
0.21 
0.21 
0.23 

0.42 
0.42 
0.27 
0.46 
0.26 

a 
based on total amount of stainless steel present at beginning of each cycle. 

In the first 10 Sulfex runs, decladding was achieved with @ 200$ excess 
of boiling 6 M %SO 
volume of water use k to wash out the dissolver. 
solution was diluted to 4 M sulfate after about 4 6  of the cladding had 
dissolved, and the dissolv& was then washed with 0.4 volume of cold water. 
After core dissolution, the wash water was boiled to help remove nitrate. 

and the resulting solution diluted with only the 0.8 
In runs 11-25 the decladding 

2.2 Core Dissolution 

Darex Process. In the &rex tests, dissolution of the core was complete 
As predicted from previous rate in each cycle under flowsheet conditions. 

studies,2r12 91-95s of the core was dissolved in the first, 5-hr, digestion 
with a 2 0 6  excess of boiling 13 M HNO3-0.O4 M NaF-0.04 M Al(N0 ) 

randomly from 40 to 90 ppm. 

(Table 3) .  
The chloride concentration in the-product of tEe first dissolution 3 a  aried 
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Table 3. Dissolution of 95.546 Th00-4.5$ U3O8 Core Pellets aftar Darex - 

Decladding of Simulated Consolidated Edison Fuel Pins i n  Cyclic Tests 
Pe l l e t s  : 'Q 8 6  of theore t ica l  density 
1st 5-hr core digestion: 200$ excess of bo i l ing  13 M m03- 

0.04 - M NaF-0.04 - M Al(N03); 
Cl- conc. 1n H+ Conc. i n  

Pe l l e t s  Dissolved, $ Product of Product of 
RUKI 1st Total under 1st Digestion, 1st Digestion, 

M NO 0 Digestion Flowsheet Conditions PPm - 
T i - 1  

4 
6 
8 
11 

14 
18 
19 
21 
23 
25 

93.3 
91.8 
95 -8 
93 -8 
91.0 

94.0 
93 -4 
95 99 
95 *2 
95 -2 
95 09 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

42 
68 
48 
64 
40 

66 
48 
65 
75 

ij 
"/ 0 

'8.70 
8.68 
8-55 
8.38 
8.73 

8.61 
8.68 
8.61 
8.51 
8459 
8.61 

Sulfex Process. Core dissolution after decladding with su l fur ic  acid 
proved much more d i f f i c u l t .  Only about 8 6  of the core dissolved i n  the 
first, 5-hr, digestion with 200$ excess of boi l ing 13 M HN03-0.04 M NaF- 
0.04 ,M A1(N03)3 (Table 4). 
two digestions.  
by contamination of the core dissolvent with su l f a t e .  A s  the  su l fa te  
concentration i n  the core dissolvent increases, the r a t e  of core dissolut ion 
decreases.13 
markedly decreases the  reaction rate. It i s  postulated t h a t  su l f a t e  ion 
reac ts  a t  the surface of the p e l l e t s  t o  produce a very insoluble14 f i l m  of 
thorium su l fa te ,  through which diffusion of reactant and/or product ions is  
probably slow. 

In  only one case was dissc&tion compleTe af'ter 
The diminution i n  dissolut ion r a t e  was probably caused 

As l i t t l e  as 0.05 t o  0.1 - M su l f a t e  i n  the  core dissolvent 

The presence of su l f a t e  i n  the core dissolvent i n  the first 10 runs is  
Even though the decladding solutions were filtered while eas i ly  explained. 

s t i l l  hot, a prec ip i ta te  of s t a in l e s s  steel su l f a t e s  formed and was not 
completely removed by the subsequent water wash. 
from 6 t o  4 M sulfate should have produced a solution which could be cooled 
t o  room tempgrature without precipi ta t ion,e  and was generally the case. 
However, suf f ic ien t  su l f a t e  may have been sorbed by the  Kaowool and p e l l e t s  
t o  cause the observed decrease i n  reaction rate. 

In  runs 11-25 d i lu t ing  

c 
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I n  nearly a l l  cases the solution obtained a f t e r  the  first core 

digestion contained a prec ip i ta te  with a su l f a t e  content of about 4 6 .  
correlation of the extent of core dissolution and the weight of prec ip i ta te  
was obtained. 

No 

Table 4. 
a f t e r  Sulfex Decla,dding of Simulated Consolldated Edison Fuel 

Ping i n  Cyclic Tests 
Pe l le t s :  804$ of theore t ica l  density 
1st 5-hr core aigestion: 

4 - - 4 . 5 9 &  U308 Core Pe l l e t s  

206 excess of boi l ing 13 M HN03- 
0.04 - M NaF-0.04 - M Al(N03)3 

Pe l l e t s  Dissolved, $I Soh= Conc. i n  
R u n  1st Total under Product of 
NO Dige s t ion Flowsheet Conditions 1st Digestjon, ,M 

N - 1  
3 
6 
9 
11 
12 

14 
16 
18 
19 
21 
23 
25 

1.5 
68.8 
77.0 
67.2 
86.0 
77 -4 

80.2 
87.0 
80.1 
66.2 
75 *o  
80.4 
80.2 

1.5 
94 97 
98.3 
90.5 

99.8 
100 

99.6 
97.7 
98.2 
96 09 
99.1 
98.9 
99.9 

0.61 
0.04 
0 053 
0.04 
0.04 
0.10 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 



- 12 - 
3.0 REFERENCES 

1. Monthly Progress Report for  Chemical Development Section B, 
July 1959, Om-CF-59-8-60 

2. L. M. Ferr is  and A. H. Kibbey, "Laboratory Development of the  
Sulfex Process f o r  the Dissolution of Consolidated Edison Power 
Reactor Fuel, 'I ORNL-2714 (Oct. 16, 1959) . 

3. C. L. Peterson, P. D. Miller, J. D. Jackson, and F. W. Fink, 
"Constructibn Materials fo r  Various Head-End Processes for  the 
Aqueous Reprocessing of Spent Fuel Elements, BMI-1375 (Aug. 28, 
1959) * 

4. KO B. Brown and C. F. Coleman, Progress i n  Nuclear Energy, Sere 111, 
Process Chemistry, Vol. 2, Chap. 1-2, Pergamon Press, New York, 1958. 

5 0  L o  M. Ferr is  and A. H. Kibbey, ORNL, unpublished data. 

6. Monthly Progress Report f o r  Chemical Development Section B, 
May 1959, oRNL-C~-59-6-64, P O  12. 

7. T. A.  Gens, ORNL, personal comunication, August 5, 1 9 8 .  

8. J. M e  Holmes, ORNL, personal communication, August 10, 1959. 

9. Monthly Progress Report for  Chemical Development Section B, 
May 1959, ORNL-CF-59-6-64, p* 9. 

10. J. W. Ullmann, ORNL, "Consolidated Edison Data Sheet," April 4, 1959. 

11. M. E. Brennan e t  al., "Fuel Recovery Process f o r  the SIR Mark A," 
mPL-933 (July 17, 1953 ) 

12. W. D. Bond, "Dissolution of Sintered Thorium-Uranium Oxide Fuel 
i n  Ni t r ic  Acid-Fluoride Solutions, I' ORNL-2519 (Oct . 28, 1958). 

13. Monthly Progress Report for  Chemical Development Section B, 
June 1959, ORNL-CF-59-7-65, p. 9. 

Koppel and Holtcamp, Z. anorg. Chem., 69: 274 (1910). 14. 



! 

q 

J 

-13- ORNL - 28 22 
UC-10 Chemistry-Separation Processes 

for Plutonium and Uranium 
TID-4500 (15th ed.) 

INTERNAL DISTRIBUTION 

1. C. E. Center 
2. Biology Library 
3. Health Physics Library 

4-5. Central Research Library 
6. Reaq tor Experimental 

Engineering Library 
7-26. Laboratory Records Department 
27. Laporatgry Records,, ORNL R.C .. 
28. A. 4. Weinberg 
29: L. B. Emlet (K-25) 
30. J. P. Murray (Y-12) 
31. J. A .  Swartout 
32. E, H. Taylor 
33. E. D. Shipley 

34-35. F. L. Culler 
36. M. L. Nelson 
37. W. H. Jordan. 
38. C. P. Keim 
39. J. H. Frye, Jr. 
40. S. C .  Lind 
41. A. H. Snell 
42. A. Hollaender 
43. K. Z. Morgan 
44. M. T. Kelley 
45. T. A. Lincoln 
46. R. S. Livingston 
47. A. S. Householder 
48. C. S. Harrill 
49. C. E. Winters 
50. H. E. Seagren 
51. D. Phillips 
52. W. K. Eister 
53. F. R. Bruce 

54. D. E, Ferguson 
55. R. B. Lindauer 
56. H. E. Goeller 
57. C. W, Hancher 
58. R. A. Charpie 
59. J, A. Lane 
60, M. J. Skinner 
61. R e  E. Blanco 
62. G. E, Boyd 
63. W, E. Unger 
64. A. T. Gresky 
65. C, E. Guthrie 
66. J, W. Ullmann 
67. K, B. Brown 
68. K. 0. Johnsson 
69, J. C. Bresee 
70. P. Ma Reyling 
71. L. M. Ferris 
72. A, H. Kibbey 
73. A. R. Imine 
74. J. R. Flanary 
75. A. E. Goldman 
76. W. H. Lewis 
77. C. D. Watson 
78. D. L. Katz (consultant) 
79. I. Perlman (consultant) 
80. M. Benedict (consultant) 
81. C. E. Larson (consultant) 
82. H. Worthington (consultant) 
83. J. H.Rushtoh fconsitltant) 
84. ORNL - Y-12 Technical Library, 

Document Reference Section 

EXTERNAL DISTRIBUTION 

84. R. A. Ewing, Battelle Memorial Institute 
85. Division of Research and Development, AEC, OR0 

86-599. Given distribution as shown in TID-4500 (15th ed.) under Chemistry- 
Separation Processes for Plutonium and Uranium category (75 copies - OTS) 

1 


