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HCYP-mLL DISSOLUTION QF HIGHXY-JLRRADIXIXJJ 2O$ pU02--80$ U02 
FAST-REACTOR FUEL SF'ECIMENS 

J. H. Goode 

ABSTRACT 

Hot-cell studies were made at  QRML on prototype fuel 
specimens t o  define possible problems i n  the head-end step 
i n  processing fue l  from Fast Breeder reactor. The fue l  
consisted of stainless-steel-clad Pu%-U% (20$--&3$), 
swaged or  pelletized, made and i r radiated by General Elec t r ic ' s  
Vallecitos Atomic Laboratory. 
high as 99,000 Mwd/metric ton. 

The i r rad ia t ion  levels were as 

It w a s  found that shearing the elements i n to  short pieces 
and dissolving the  core with n i t r i c  acid was preferable t o  
chemical decladding w i t h  su l fur ic  acid solutions because of 
excessive (1.5%) losses of uranium and plutonium. Also, 
about 6 6  of the fission-product cesium dissolved i n  the 
sulfuric acid; the decay heat f r o m t h i s  cesium could cause 
problems i n  waste management. 
dissolved i n  less than 5 hr i n  a l l  concentrations of n i t r i c  
acid greater  than 3 M. 
the  reaction, which xs a d i s t inc t  advantage. Undissolved 
residues consisted of core oxides and fission-product Mo, 
Z r ,  Pd, Ru, and R h .  Feed c la r i f i ca t ion  would be required t o  
remove these solids prior to final recovery of the  f i s s i l e  
material  by solvent extraction. 

More than 9% of the Fu02-U% 

No fluoride was needed t o  accelerate 

INTRODUCTION 

The recovery of f issi le matxrials from the spent f u e l  of proposed 
reactors should be studied as soon as a def in i te  design has been established, 
since ~~E'oreseen problems i n  f u e l  reprocessing might aLter the  economics of 
the fue l  cycle. 
end process f o r  preparing f u e l  f o r  purif icat ion by solvent extraction, 
include d isso lubi l i ty  of irradiated fuel i n  n i t r i c  acid systems, losses 
of uranium and plutonium during processing, the  e f fec t  of burnup on d is -  
solving rates of the fuel,  the so lubi l i ty  of high concentrations of f i ss ion  
products under process conditions, the amount and composition of insoluble 
residues, radiation effects on process chemistry, and corrosion problems 

These problems, which would affect the  choice of a head- 
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i n  3 t o  $ hr. 

AERE, who found tha t  high-fired Pu02 and Pu02-rich solid solutions were 
insoluble i n  boil ing 8 ,M HNO 
completely soluble. 

Russell also mentioned the work of N. H .  'Brett et &., of 

while U02 and U02-rich sol id  solutions were 
3' 

Uriarte and Rainey, at; ORNL, studied the dissolution of unirradiated, 
high-density U02, B O 2 ,  and U02-Pu02 and found that  mixed oxides containing 
as much a5 35% Pu02 could be dissolved in boiling n i t r i c  acid alone pro- 
vided that  the Pu02 was i n  so l id  solution i n  the U02.' They also derived 
equations for  calculskions of' instantaneous dissolution rates of sol id  
solutions of the mixed oxides. 

Cleveland s., at GE-VAL, prepared the Pu02-U02 f o r  these prototype 
Fast Breeder fuel  specimens as a solid solution by coprecipi'tation of 
ursrjiwn and plutonium from n i t r a t e  solutions with aamonium hydroxide and 
subsequent reduction w i t h  hydrogen. Gerhart , also of GE-VAL, indicated 

that fine part ic les  of the irradiated fuel speclsrens used i n  these ex- 
periments were completely dissolved for burnup analysis i n  12 
w a r m i n g  t o  60"12,~ However, the work here was with pelleted or swaged co- 

precipitated oxides, not powders. 

RNO by 3 

I wish t o  acknowledge the invaluable assistance of J. W. Ulhnam, of 
%he Claemical Technology Division Long-Range Planning Group, in negotiating 
for the  irradiated specimens f'rm GE-VAL, H.  W. Alter, S. C. Furman, 
J. M. Gerhart, and K. Kelty of GE-VAL, and G. C. Banick, of GE at; Oak 
R i d g e ,  arranged for t ransfer  of the specimens and supplemental information. 
R. E. Rainey assisted i n  the i n i t i a l  planning OF the  hat-cel l  experiments, 
which were conducted by technicians R. C. Shipwash and G. E. W o o d a l l .  
M r .  Jorgen Klitgam.4, of the  Danish Atomic Energy Commission, 011 loan t o  
Oak Ridge Matima1 Laboratory from the Eurochemic Company, Mol, Belgium, 
assisted in supervising the experiments. 

by the  groups of J. H. Caoper and C. E. Lsmb, spectrography by W. R. Musick, 
mass-spectrometry by 5. R. Sites, and r8diochemistry by E. I. W y a t t .  

Ionic analyses were performed 
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ORNL DWG 65-7798 
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Fig. 2 .  Typical Fast-Breeder Specimens. 
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ORNL DWG 65-7799 

Specimen ZT- 1-S 

99,000 mwd/metru ion 

Heat Flux 1-52 x 10 6 BTU HR-’ F? 
Temperature of Clodding Surface 126OOF 

Burnup 

Fission- Gas Re lease 48.1 % 

Fig, 2 ,  Seetfoning Diagram far Specimexa V-1-S. 
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Central voids were observed i n  a l l  but four of the  specimens. 

OD swaged specimens indicated that these voids appeared at a heat f lux of 
Q,50 t o  0.57 Btu hr - l  ftW2; no such relat ianship was found f o r  pelleted 
fuel. 

mechanism of formation w a s  grain growth brought about by s inter ing and/or 
vaporization and redeposition, ra ther  than by nreltiw. Most of the 

specimens showed radial and circumferentfal cracking, but no fragmenting. 

Data 

Large columnar grains surrounding the  voids indicated tha t  the 

F o m t i o n  of fission-gas bubbles within the  fuel grains w a s  indicated 
by a spongy s t ructure  i n  the fuel, similar t o  tha t  observed when UQ2 is 

i r radiated under high-performance conditions. 9 

Table 1 summarizes t he  his tory of the  specimens 'before they were sent 
t o  ORNL fo r  studies and evaluations of possible head-end processing. 

4.2 Procedure 

Two head-end processes were t r i e d  here: (1) removing t he  s ta in less  
s t e e l  cladding by dissolving it i n  boiling 6 M %S% (Sulfex Process), 
followed by dissolving the mixed-oxfde fuel i n  n i t r i c  acid; and (2) leach- 

ing  the f u e l  from the  sectioned cladding with n i t r i c  acid t o  simulate the 
"Shear-Leach" head-end step in fuel reprocessingw4 Losses of uranium and 
plutonium t o t h e  su l fur ic  acid solution of the cladding were determined 
for each specimen d e c M  by the  Sulfex process. 
ing experiments, the  empty, washed, stainless steel cladding w a s  dissolved 

At the end o f t h e  leach- 

in sulfur ic  acid t o  determine losses of uranium or plutonium. 

The leaching experiments were m&e at a re la t ive ly  constant volume 
and ac id i ty  by adding n i t r i c  acid a.f%er each rate-study sample had been 
removed. 
separately from the U02 insulator pe l l e t s  i n  order t o  simplify the ex- 

periment 8. 

Where possible, individual f u e l  pe l l e t s  (V02-Pu0,) were dissolved 

4.3 Cladding Removal with Sulfuric Acid 

"he weighed specinens (Fig. 3 )  were placed i n  suff ic ient  6 ,M R2SOb 
t o  r e su l t  i n  a 100-gll i ter  solution of stainless s teel ,  and then refluxed 
for  3 or 4 hr t o  dissolve the  cladding. The cladding on all specimens 
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PHOTO 80411 

Fig. 3 .  Sectioned Specimens Before DecIa..rPdin@; or Leaching 
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!I!a$le 1. Reactor Histories imd Densities of the Oxide Fuel Used i n  the Leaching Experiments. 
- 

Density Fission 

Specimen Burnup Discharge Irrad Heat Flux Temp - Release 
Rumbe+ (Mwd/Wric ton)  Date ($ meor.) (Btu hr-l ft-2) (OF) 

Before Cladding Gas 

IV-3-P 
111-3-P 

VTI-3-P 
VI-2-P 
IX-1-P 
ffff-2-I? 
v-3-P 
v-2-P 
m-4-s 
V I  XI- 4 - s 
x-1-s 
v-4-s 
V I I I - 1 - 4 3  
VI-1-s 
VEX-1-S 
V-3.43 

7-22-60 

7-22-60 

11-5-60 

12-11-60 

11- 5-60 
11-5-60 

3.2- 11-60 

12-11-60 

7-22-60 

11- 5-66 

la-5-60 

U-11-60 

11-5-60 
E-11-60 

11-5-60 

12 -13-60 

89.0 

92.3 
96.0 

9680 

as.5 
94J 
94.5 
95.8 
75 
75 

75 
75 
75 

75 
75 
75 

0.69 

1.02 

1.24 

0.79 
1.23 

1.50 

1.28 

1.58 

0.53 
0.50 

0.91 

0.86 

1-07 
1.00 

1.44 
1.52 

990 
820 

3.080 

lo60 

1030 

1170 

1130 

ax80 
a0 
820 

930 
1180 

l14U 
1220 

1260 

52.4 
56.3. 
44.0 

37.4 

44.2 
v, 

38*3 
28.8 
27.8 
7163 
31.1 

71.7 
€6.4 
48.2 
36.1 
48.1 

- 

P denotes pelletized fuel; S deYlcrtes sw a 
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Table 2. Uranium, Plutonium, and Cesium Content of Sulfex 
Decladding Solutions 

Soluble Loss - Percent of Total Specimen 3 D U P ,  
Number Mwci/'me.t;ric ton U PLa cs Y 

IV-4-S 
m-3-P 
x-1-s 
VII-3-P 
v-4-s 
Ix- 1-P 
VII-2-P 
v-3-P 
V I - 1 - S  

VII-1-s 
v-2-P 
Average 

9,000 

10,900 

36,300 

38,900 

47, Goo 
49, goo 

42,700 

54,400 
69,100 

70,300 

77,400 

1-01 

0.21 

1.18 

0.61 
4,32 

0.41 
0 -  57 
1.36 
1-79 
0.59 

3 DO9 

l a 5 5  

1.06 
0.54 
1.86 
0.38 

0.67 

1.28 
0-  53 

2.35 
1.68 
0,20 

4.50 
1.54 

28.2 
11.4 
47.2 

51.5 
73.1 
47.7 
46*4 
62.0 

93.7 
45.8 
68.0 

49- 5 
- 

4.4.2 Fission-Product Solubi l i ty  

Chemical analysis of the product solution from leaching the  99,000- 

Mwd/metric tun  specimen f o r  3 hr i n  5 
concentrations of 125 and 29 mg/ml, respectively. 
analysis of the solution i s  given i n  Table 3* 

product elements per mE were found by this method; adding 0.272 mg/ml 

137Cs (calculated from 137Cs and i t s  specific act ivi ty) ,  a t o t a l  of 3.60 
mg of fission products per mJ. was found. 
products and 0.25 g of f i ss ion  gases are f o m d  per gram fissioned, and 
a 6$ yield of 137Cs, t he  t o t a l  concentration of f i s s ion  products i n  solu- 
t i o n  should be about 0.272/0.06 x 0.75, or 3.20 mg/ml. 
reasonable agreement with the results of the spectrographic analysis. 

RNO showed wanfum and plutonium 3 
The spectrographic 

About 3.33 mg of f i ss ion  

Assumiw 0.75 g of sol id  fission 

"his value i s  i n  
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Element 

4.3 
750-l5ao 

4.6 
3.7 
127 

400-8MI 
eel" 
60s 

400-mo 
24 

20-50 

100-500 

20-50 

10- 50 

6.4 

Total 3.331 

h.k ,3  Insoluble Residues 
__I 
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The residue from the core and cladding weighed 226 mg or about 8$ of the  
weight of the U02-FQ023 and 3.7$ of the  t o t a l  specimen w e i g h t .  It con- 
tained 0.8 mg of U + Pu (0.039 of the total) plus 120 mg af Fe, 54 mg of 

Cr, 17 mg of N i ,  3 mg of Mn, 2 mg of No, 1 mg of Cu, and 0.5 mg of  A l ,  

totalling 198 mg of metals (not oxides). 
w a s  due t o  ruthenium and cesium. 

The ganrraa actdvjtty of the  residue 

Capsule VI-1-s (69,100 md/metric ton) w a s  a l so  deerad for 3.5 hr, 
and the core dissolved in 7 - M HN03 for 1 hr.  
60 m g  (O.%# of the t o t a l  specimen weight and 2.4% af" t he  core weight). 
It contained 3.4 mg of W + Pu (0.15s 09 the t o t a l ) ,  1 mg each of Fe, C r ,  

The residue weighed about 

NI, about 3 mg Mo, 0.2 mg of Z r ,  and traces of other elementsc 

I n  general, it appears that the  insoluble residues from t h e  leaching 
of U02-Pu02 (Fig. 6a) consist of small amounts of undissolved oxide and 
''dead" fission-product Mo, Zr, Pd, and Rh, along with sone Ru ganmrs 
ac t iv i ty .  
pal ly  insoluble cladding and "stainless-6teel" oxides plus undissolved 
core and inactive f i s s ion  products. It thus appears t ha t  s a w  form of 
feed c l a r i f i ca t ion  is  required before solvent extraction or ion exchange 
is 

The heavier residues from declad U02-P"02 (Fig. 6b) are princi-  

applled t o  recover the uranlwn and plutonium. 

4.4.4 Change in Isotopic Composition of Fuel as a Function of I r radiat ion 

The isotopic composition of the uranium in  the f'ue3. before i r rad ia t ion  
was 46.2% 235?J and 53.3% 238U; t ha t  of the  plutonium was 94.24 239Pu and 
5.w 240Pu . The overall camposition of the unirradiated mixed oxides was 

18.81% 239fi, 1.2@ 240Pu, 37.864 235W, and 42.13% 238," 192 Figure 7 
shows the  small change i n  isotapic composi.t;ion of the uranium and plutonium 
as a function of i r rad ia t ion  level and indicates that GE-VAL successfully 
obtained the desired high burnups while mlntaining a re la t ive ly  constant 
%:I3 r a t i o  through enrichment of the  uranium %o about 5@ 235U+ 
of the heavier plutonium isotopes is c lear ly  sham in Fig, 7. 

Growth 
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239pu , 
w ,- 238 

a-m 
@+--=-e t 235u i/ 

0.01 0 (I 20 40 60 80 i OQ 
-3 IRRADIATION (Mwd/metric ton (utPu)xlO ) 

Fig. 7. Change i n  Isotopic Comp0siP;ions of Uranium and Plutonium 
as a Function of I r radiat ion Level. 
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5.2 Dissolutioa Rates 

*The experiments on irradiated f u e l  spec 
resuLts with ~13irTadfated oxides: that sol id  solutions of 

I )  1% is axso 
awn from previous work that flusride fs required i n  addi%ion %cs nitric 

aeia when aissolviw 
02” This i l l u s t r a t e s  a problem in f u e l  prseessing. 

Bf great care is not used in fuel fabrication to enswe the formation. of 
81 sol id  solu%ion of W02-Pu02, the processor m y  be unab2.e t o  dissolve the 
.sue1 in a t a  aesi 

Ur-iarte and R~iney’ shawed that a l a n u m  can- CorK3SiV@ 

DO% be added %o complex the fluoride, and %hm reduce corrosion, since 
the aluminum f luoride camplex is so strong that the fluoride ion is not 

available to accelerate the reaction between Pu02 and n i t r i c  acid. 

d fo r  use wit21 pure nitric acid ra ther  %ban .$;he more 
mixture. %- 

5.3 Fission Product Solubility and Dissolution Residues 

The fission products from U02-Pu02 irradiated t o  99,000 Mwd/metric 
ton were soluble in a 5 M KNO -4.53 M U02(N0 
with the  exception of small amounts of Mo, Zr, pd, and Rh. 
residue may smount t o  2 or 3$ of the weight of the care 
moved from the  fuel solution before reprocessing by solvent extraction or 
ion exchange. 

-0.12 M Pu(N0, 1 solu%ioa, - 3  c 3 2  3 4  
This insoluble 

and must be re- 



1 
20 



21 

1 

I 

11. J. H. Goode and J. R. Flansry, Dissolution of Irradiated, Stainless 
Steel.-Clad Th02z0 i n  Fluoride-Catalyzed Nitric Acid Solutions: 
Hot-Cell Studies on Pelletized, Arc-Fused, and Sol-Gel Derived h i d e s ,  

QRNL-3725 (January 1.965). 

E. 3. F. Rider and C. P. Ruiz, 'r>etermination of A t a m  Percent Fission i n  
Uranium Fuel," i n  Progress i n  Nuclear Energy, Series M 2, 1-3, 
pp. 25-60, Pergamon, New York, 1962. 

13. D. Davies g., Emission of Volatile Fission Products from UO 

AEXE-R/4342 (June 1963) 

1 





1. 
2-4. 

5. 
6-7. 

8-37" 
38. 
39. 
40. 
I+l. 
42. 

43-47 ' 
48. 

ORNL- 37 54 
UC-10 - Chemical Separations Processes 

fo r  Plutonium Faid Uranium 
TID-4500 (44th ed.)  

INTERNAZ; DISTRIBLPCION 

Biology Library 
Central Research Library 
Reactor Division Library 
O R N t  - Y-12 Technical L i b r a r y  
Document Reference Sec Lion 
Laboratory Records Departrne n t  
Laboratory Records, O m  R.C.  
R. E. Blanco 
3'. I,. Cul-l-er 
D. E. Fcrguson 
11. E. Goeller 
J. €1. Goode 
C .  E. L-mb 

49. C .  E. Larson 
50. H. G. MacPherson 
51. R. R. Rainey 
52. E. M. Shank 
53. 14. J. Skiruler 
54. J .  W .  Ullmann 
55. T.  N .  Wasliburn 
5'6. A. M. Weinberg 
5'7. P. H .  Emnett ( consultant) 
58. J. J. K a t z  (consultant) 
59. C .  W.  J. Wende (consultant) 
60. C. E. Winters (consultant) 

61. E.  L. Anderson, Atomic Energy Comnission, Washirigton 
62. 0. T. Roth, Atomic Energy Commission, Washington 
63. H. W. Alter,  Vallecitos Atomic Laboratory, GE 
64.  S. C.  Ibrman, ValZecitos Atomic Laboratory, GE 
65. J. M. Gerhart, Vallecitos Atomic Laboratory, GE 
66. J.  A. Bucknam, Idaho Falls 
67. L. P. Hatch, Brookhaven National Laboratory 
68. A. M. P l a t t ,  Pacif ic  Northwest Laboratory 
69. R .  E. Tornlinson, Pacific Northwest Laboratory 
70. D. S .  Webster, Du Pont, Aiken, South Carolina 
7 1 .  S .  Lawroski, Argonne National Laboratory 
7 2 .  W. H .  L e w i s ,  Nuclear Fuel Services 

7 5 .  Research and Development Division, A X ,  OR0 
76-31-4. Given dis t r ibut ion as shown i n  TID-4500 (44th ed. ) under 

Chemical Separations Processes f o r  Plutonium and Uranium 
category (75 copies - CFSTI) 

73-74. Jorgen Klitgaard, Mol, Belgium 


