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FABRICATION OF HIGH-URANIUM-LOADED u 3 0 8 - ~ 1  
DEVELOPMENTAL FUEL PLATES 

G. L. Copeland and M. M. Mar t in  

ABSTRACT 

A common p la te - type  f u e l  f o r  r e s e a r c h  and t e s t  r e a c t o r s  is 
U3O8 d i s p e r s e d  i n  aluminum and c l a d  w i t h  an  aluminum a l l o y .  
There is an  impetus t o  reduce t h e  2 3 5 ~  enr ichment  from above 90% 
t o  below 20% f o r  t h e s e  f u e l s  t o  l e s s e n  t h e  r i s k  of d i v e r s i o n  of 
t h e  uranium f o r  nonpeaceful  uses .  Thus, t h e  uranium c o n t e n t  of 
t h e  f u e l  p l a t e s  has  t o  be i n c r e a s e d  t o  m a i n t a i n  t h e  performance 
of t h e  r e a c t o r s .  Th i s  paper d e s c r i b e s  work a t  ORNL t o  de te rmine  
t h e  maximal uranium l o a d i n g  f o r  t h e s e  f u e l s  t h a t  can be f a b r i -  
c a t e d  wi th  commercially proven m a t e r i a l s  and t echn iques  and t h a t  
can be expected t o  perform s a t i s f a c t o r i l y  i n  s e r v i c e .  

We f a b r i c a t e d  developmental  f u e l  p l a t e s  w i t h  c o r e s  con- 
t a i n i n g  from 60 t o  100 wt % U308 i n  aluminum e n c a p s u l a t e d  i n  
6061 aluminum a l l o y  and e v a l u a t e d  them f o r  a s p e c t s  of f a b r i c a -  
b i l i t y ,  n o n d e s t r u c t i v e  t e s t i n g ,  and expec ted  performance. We 
recommend 75 w t  % U308-A1 (3.1 Mg u/m3) a s  t h e  h i g h e s t  l o a d i n g  
i n  t h e  i n i t i a l  i r r a d i a t i o n  t e s t .  Th i s  upper l i m i t  is based on a 
q u a l i t a t i v e  assessment  of t h e  mechanical  i n t e g r i t y  of t h e  c o r e  
made by us ing  c u r r e n t  f a b r i c a t i o n  t echn iques  and m a t e r i a l s .  A s  
t h e  oxide  load ing  is i n c r e a s e d  beyond t h i s  p o i n t ,  p l a n a r  a r e a s  
and e x t e n s i v e  s t r i n g e r s  of oxide  and vo ids  develop,  which l e a v e  

... l i t t l e  s t r e n g t h  i n  t h e  t h i c k n e s s  d i r e c t i o n .  ' F u e l  p l a t e s  may 
t h e n  b l i s t e r  over  t h e s e  a r e a s  as f i s s i o n  gases  c o l l e c t  d u r i n g  
i r r a d i a t i o n .  

Cur ren t  s i z e  p l a t e s  are e a s i l y  f a b r i c a b l e  t o  t h e  75 wt % 
U308-A1 c o r e  l o a d i n g  by c u r r e n t  f a b r i c a t i o n  t echn iques .  Dogboning 
i s  a  p o t e n t i a l  problem a t  t h i s  load ing  f o r  some a p p l i c a t i o n s ;  
however, t h i s  can be e a s i l y  so lved  by u s i n g  t a p e r e d  compact 
ends. Cur ren t  . n o n d e s t r u c t i v e -  radiography and t r a n s m i s s i o n  x-ray 
scanning a r e  a p p l i c a b l e  t o  t h e  h i g h l y  loaded p la t . e s . .  U l t r a s o n i c  
t e s t i n g  f o r  nonbonds is marg ina l  because of t h e  a b r u p t  change i n  
conductance at  t h e  c ladding-core  i n t e r f a c e .  P l a t e  t h i c k n e s s  can 
be i n c r e a s e d  i f  d e s i r e d ;  we f a b r i c a t e d  75 w t  % p l a t e s  . w i t h  c o r e s  
up t o  1.52 rn (60 m i l s )  t h i c k .  We s u c c e s s f u l l y  formed a r a d i u s  
of c u r v a t u r e  of 84 .nun (3.3 i n . )  i n  75 w t  % p l a t e s  wi th  .core 
t h i c k n e s s e s  up t o  0.89 mm (35 m i l s ) .  T h i s  is a sharpe.r  r a d i u s  , 

than  i s  r e q u i r e d  f o r  most r e s e a r c h  r e a c t o r  e lements .  
Void c o n t e n t s  of t h e  high-uranium-loaded p l a t e s  a g r e e  

. .- w e l l  wi th  e a r l i e r  d a t a - a n d  should s e r v e  t o  accommodate f i s s i o n  
p roduc t s .  Thermal c o n d u c t i v i t y  measurements i n d i c a t e .  t h a t  
o p e a t i n g  temperature-s f o r  t h e  c o r e s  w i l l  be w i t h i n  a c c e p t a b l e  
l i m i t s .  Measurements of t h e  energy r e l e a s e s  from t h e  t h e r m i t e  
r e a c t i o n  show t h a t  t h e  h i g h e r  l e v e l s  of U308 do not  add a  s i g n i -  
f i c a n t  chemical  r e a c t i o n  hazard t o  t h e  o t h e r  c o n s i d e r a t i o n s  of 
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s a f e  r e a c t o r  o p e r a t i o n .  Thus, assuming s a t i s f a c t o r y  performance 
- .  i n  i r r a d i a t i o n  t e s t s  t o  t h e  r e q u i r e d  burnup, we  a n t i c i p a t e  being 

a b l e  t o  i n c r e a s e  t h e  uraniuul l o a d i n g  i n  U308-A1 d i s p c r s i o n s  t o  
t h e  3.1 Mg u /m3  l e v e l .  

INTRODUCTION 

A d i s p e r s i o n  of uranium oxide (U308) i n  aluminum and c l a d  i n  aluminum 

a l l o y  is one of t h r e e  f u e l  m a t e r i a l s  commonly used i n  p l a t e - t y p e  r e s e a r c h  

and t e s t  r e a c t o r s .  The o t h e r  two m a t e r i a l s  i n  g e n e r a l  use  a r e  uranium 

a lumin ide  (UAlX w i t h  x = 3 )  d i s p e r s e d  i n  aluminum and uranium-aluminum 
. 7 . . .. ,- . , - : : L { - , ~ ,  w ;. a l l o y , .  both  c l a d  i n  aluminum a l l o y .  These f u e l s  have g e n e r a l l y  used 

uranium e n r i c h e d  t o  93% i n  2 3 5 ~  t o  o b t a i n  high neu t ron  f l u x  and s p e c i f i c  

power and/or  extended f u e l  l i f e ,  whi le  m a i n t a i n i n g  low volume f r a c t i o n s  , . . 

- - of f u e l e d  phases.  Recent emphasis on reduc ing  t h e  r i s k  of d i v e r s i o n  of 

enr iched  uranium f o r  nonpeaceful  u s e s  has  provided a n  impetus f o r  reduc ing  

t h e  enrichment l e v e l  of t h e s e  r e s e a r c h  and te,st r e a c t o r s  t o  l e s s  t h a n  

20% 2 3 5 ~ .  The lowered enrichment r e q u i r e s  an  i n c r e a s e  i n  t h e  t o t a l  

uranium l o a d i n g  t o  main ta in  t h e  performance of the '  r e a c t o r s ,  T h i s  r e p o r t  
. - 

p r e s e n t s  t h e  r e s u l t s  of work at ORNL t o  determine t h e  maximal uranium 

l o a d i n g  f o r  t h e  U308-A1 d i s p e r s i o n  t h a t  can (1) be f a b r i c a t e d  by u s i n g  . , 

e s s e n t i a l l y  t h e  commercially proven m a t e r i a l s  and t echn iques  and ( 2 )  be 

expected t o  perform s a t i s f a c t o r i l y  i n  r e a c t o r  s e r v i c e .  A concur ren t  

program f o r  t h e  U A l X  i s  being conducted at  t h e  Idaho N a t i o n a l  Engineer ing  

Labora to ry  and f o r  h i g h e r  d e n s i t y  f u e l  compounds (e.g., U3Si) a t  t h e  

Argonne Nat iona l  Laboratory .  

The maximal uranium load ing  i n  aluminum-based f u e l  t e s t e d  and 

q u a l i f i e d  - a s  r e a c t o r  f u e l  i s  t h e  55 wt % U (65 w t  % U30&-35 w t  % Al)  

d i s p e r s i o n s  developed a t  ORNL f o r  t h e  P u e r t o  Rico Nuclear Cen te r  (PRNC) 

. - . Reac t0r . l  The PRNC r e a c t o r  o p e r a t e d  s a t i s f a c t o r i l y  wi th  a c o r e  l o a d i n g  
. ..:. 

- . .  . . 
. . . . . . .. - of t h e  U308 f u e l  wi th  t h e  uranium e n r i c h e d  t o  t h e  20% l e v e l .  Thus, t h i s  

p o i n t  s e r v e s  as. a base  f o r  f u r t h e r  i n c r e a s e d  load ing .  Even h i g h e r  loaded 

- t e s t  p l a t e s  of up t o  100 wt % U308 have been f a b r i c a t e d  a t  ORNL f o r  c e r -  

, t a i n  exper iments ,  but  were not  f u l l y  e ~ a l u a t e d . ~ , ~  .' +,: :  
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L r : , ? ~ ~ ~  T ;  :it +..- . The t e c h n i c a l  i s s u e s  t h a t  r e q u i r e  e v a l u a t i o n  a t  t h e  h i g h e r  l o a d i n g s  
* - 

i n c l u d e  t h o s e  concerning f a b r i c a b i l i t y ,  n o n d e s t r u c t i v e  e v a l u a t i o n ,  and 

expec ted  performance i n - r e a c t o r .  The f a b r i c a b i l i t y  i s s u e s  w i t h  i n c r e a s e d  

l o a d i n g  a r e  i n c r e a s e d  c o r e  end t h i c k e n i n g  (dogboning) , i n c r e a s e d  void  

f r a c t i o n ,  p o t e n t i a l  d i f f i c u l t y  i n  forming ( c u r v i n g  t h e  p l a t e  is  r e q u i r e d  

f o r  most element d e s i g n s ) ,  mechanical  i n t e g r i t y  of t h e  c o r e  d u r i n g  f a b r i -  

c a t i o n ,  and ' t h e  a b i l i t y  t o  f a b r i c a t e  p l a t e s  w i t h  t h i c k e r  c o r e s  as' a means 

of i n c r e a s i n g  t o t a l  uranium load ing .  The n o n d e s t r u c t i v e  examina t ions  sen- 

s i t i v e  t o  t h e  h i g h e r  l o a d i n g s  a r e  rad iograph ing  and x-ray scann ing  f o r  

homogeneity and u l t r a s o n i c  t e s t i n g  f o r  bonding e v a l u a t i o n .  The expec ted  

performance i n - r e a c t o r  a s  t h e  oxide  c o n t e n t  i s  i n c r e a s e d  and t h e  aluminum 

i s  decreased  depends p r i m a r i l y  on t h e  mechanical  i n t e g r i t y  of t h e  c o r e ,  

= r  .,rA7.:i;.. - - t h e  thermal  c o n d u c t i v i t y ,  and t h e  i n c r e a s e d  p o t e n t i a l  f o r  A1-U308 t h e r m i t e  

r e a c t i o n s  i n  core  meltdown a c c i d e n t s .  
. . 

- - FABRICATION PROCEDURES 

- The f a b r i c a t i o n  t echn iques  used i n  t h i s  investigation-were.essentially 

t h o s e  used f o r  y e a r s  i n  both developmental  work and commercial f a b r i c a t i o n  

of aluminum-base d i s p e r s i o n  f u e l  p l a t e s .  4-6 The p rocedures  c o n s i s t  of 

1. weighing and b lend ing  t h e  component powders f o r  each f u e l  compact, 

c o l d  p r e s s i n g  a t  a gage p r e s s u r e  of 414 MPa (30 t s i )  t o  form t h e  g reen  

compacts, 

d e g a s s i n g  t h e  compacts a t  590°C a t  an  a b s o l u t e  p r e s s u r e  l e s s  t h a n  7 Pa 

(0.05 t o r r )  f o r  1 h t d  remove p r e s s i n g  l u b r i c a n t s  and absorbed g a s e s ,  

c l e a n i n g  t h e  frames and cover  p l a t e s  f o r  r o l l  bonding - t h i s  c o n s i s t s  

of c a u s t i c  e t c h i n g  f o r  6061-6061 aluminum a l l o y  c l a d d i n g  bonds, 

assembling t h e  degassed compacts i n t o  frames . . and welding on t h e  cover  - 

p l a t e s  t o  form t h e  r o l l i n g  b i l l e t ,  

bonding t h e  c ladd ing  t o  t h e  frame and compact by ho t  r o l l i n g  a t  490°C 

(914OF) t o  a r e d u c t i o n  i n  t h i c k n e s s  of 85%, 

a n n e a l i n g  a t  490°C f o r  1 h t o  s o f t e n  and a l s o  t o  t e s t .  f o r  b l i s t e r i n g ,  

c o l d  r o l l i n g  t o  a r e d u c t i o n  i n  t h i c k n e s s  of 10% ( t o t a l  r e d u c t i o n  i n  

t h i c k n e s s  of 86.5%), 

. *  
. . . . -. 
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. ,..>. 2-. ... -r: r ,  , '  . . , - . I  I I - : %  , , , .-- . -  9. h e a t  t r e a t i n g  t o  t h e  "0" temper f o r  6061 a l l o y ,  and 

I 1.0. f i n i s h i n g  o p e r a t  i o n s .  - c o r e  l o c a t i o n ,  p l a t e  s h e a r i n g ,  machining,  

I c l e a n i n g ,  and i n s p e c t i o n s  f o r  d imensional  r equ i rements ,  f u e l  

homogeneity, and u l t r a s o n i c  nonbond i n d i c a t i o n s .  

Three s i z e s  of p l a t e s  wi th  s e v e r a l  d i f f e r e n t  c o r e  t h i c k n e s s e s  "ere 

f a b r i c a t e d  d u r i n g  t h i s  work. I n  terms of wid ths  and l e n g t h s  t h e  mini- 

p l a t e s  were e i t h e r  31.8 by 73.1 mm (1.25 x 2.88 i n . )  w i t h  28 by 69-mm 

(1.1 x 2.7-in.) c o r e  o r  50.8 by 114.3 mm (2.00 X 4.50 i n . )  w i t h  45 by 

99-mm (1.8 X 3.9-in.) core .  F u l l - s i z e d  t e s t  r e a c t o r  p l a t e s  71.1 by 

624.8 nun (2.80 X 24.60 i n . )  w i t h  61 by 597-mm (2.4 X 23.5-in.) c o r e  were 

f a b r i c a t e d  f o r  t h e  forming demonstra t ion.  

-. NONDESTRUCTIVE TESTING 

. . .  
Radiography was used t o  examine t h e  p l a t e s  f o r  c o r e  c o n f i g u r a t i o n ,  .. , 

c o r e  and edge border  dimensions,  h igh-dens i ty  i n c l u s i o n s ,  f u e l  p a r t i c l e s  i n  

t h e  edge and end b o r d e r s ,  and q u a l i t a t i v e  assessment  of f u e l  homogeneity. 

Radiographs s u i t a b l e  f o r  t h e s e  purposes were o b t a i n e d  wi th  no d i f f i c u l t y  a t  

l o a d i n g s  up t o  100 wt % U3O8. Two rad iographs  of d i f f e r e n t  i n t e n s i t i e s  a r e  

r e q u i r e d :  one s u i t a b l e  f o r  examining t h e  edge borders  and one s u i t a b l e  f o r  

examining t h e  core .  

Transmiss ion x-ray scanning was use'd t o  e v a l u a t e  t h e  homogeneity of 

t h e  f u e l e d  r e g i o n  of t h e  p l a t e s .  T h i s  fechn ique  e n a b l e s  q u a n t i t a t i v e  

measurement of t h e  f u e l  l o a d i n g  over  t h e  e n t i r e  p l a t e ,  i n c l u d i n g  t h e  dog- 

bone region.  With s u i t a b l e  c a l i b r a t i o n  s t a n d a r d s ,  good r e s u l t s  were 

o b t a i n e d  up t o  t h e  h i g h e s t  a r e a l  uranium l o a d i n g  examined, which was 

3.2 kg/m2 f o r  a  75 w t  % U308-A1 c o r e  of 0.89 mm (35 m i l s )  t h i c k n e s s .  

U l t r a s o n i c  t e s t i n g  was used t o  examine t h e  p l a t e s  f o r  unbonded 

reg ions .  The d r a s t i c  change i n  conductance a t  t h e  c ladding-core  i n t e r f a c e  

makes t h i s  t e s t  d i f f i c u l t  . f o r  t h e  h i g h l y  loaded p l a t e s .  However, u l t r a -  

s o n i c  t e s t i n g  d i d  prove t o  be a  s c r e e n i n g  t e c h n i q u e  t h a t  was used t o  

- s e l e c t  t h e  b e t t e r  p l a t e s  from s e v e r a l  o t h e r w i s e  i d e n t i c a l  , p l a t e s .  S e v e r a l  

p l a t e s  wi th  known b l i s t e r s  were t e s t e d ,  and t h e  b l i s t e r e d  a r e a s  showed i n  

t h e  t r a c e  i n  each i n s t a n c e .  
. . - . . . . ' . i  



. . 
5 

-,.. ;- Fc;.., >:? . - . . .. . 
. -  1 :::::. YE....;' 
1 Z:i;rP TEfi T 1TL.E 

DOGBONING 

Dogboning i s  t h e  core  t h i c k e n i n g  t h a t  occurs  at t h e .  ends of t h e  c o r e  

d u r i n g  r o l l  bonding. Th is  c o r e  t h i c k e n i n g  is  of concern f o r  two reasons .  

F i r s t  is  t h e  t h i n n i n g  of t h e  c l a d d i n g  o v e r  t h e '  dogbone. Secondly,  t h e  

h i g h e r  f u e l  c o n c e n t r a t i o n  could  r e s u l t  i n  e x c e s s i v e  t empera tu re  d u r i n g  

i r r a d i a t i o n .  The temperature  concern is more of a problem i n  i r r a d i a t i o n  

t e s t s  where t h e  end of t h e  test p l a t e  may be i n  t h e  h igh- f lux  r e g i o n  of t h e  

r e a c t o r  core .  I n  f u l l - s i z e d  p la tes , ,  t h e  c o r e  ends a r e  u s u a l l y  i n  t h e  

lower f l u x  r e g i o n s  of the ,  core .  

For f u e l  l o a d i n g s  i n  use  up t o  now, dogboning has  not  been a problem 

f o r  U308-A1 d i s p e r s i o n s .  However, dogboning i n c r e a s e s  w i t h  U308 c o n t e n t  
. . -- 1 . A = . : ; . ;  . . . -and could  p o t e n t i a l l y  l i m i t  t h e  load ing  f o r  some a p p l i c a t i o n s .  The . . 

dogboning produced by t y p i c a l  f a b r i c a t i o n  sequences  f o r  s e v e r a l  c o r e  . . .  . 
. " .. . . 

t h i c k n e s s e s ,  c l a d d i n g  t h i c k n e s s e s ,  and f u e l  l o a d i n g s  is  shown i n  Table  1. =.- ~:, ,. . 

Dogboning does i n c r e a s e  w i t h  U308 c o n t e n t  and d e c r e a s e  w i t h  i n c r e a s i n g  

c o r e  t h i c k n e s s .  For c o r e  t h i c k n e s s e s  of 0.51 mm (20 m i l s ) ,  U308 c o n t e n t s  

up t o  75 wt % should always e x h i b i t  dogboning less than  40%. . 

I f  i t  is  d e s i r e d  t o  d e c r e a s e  t h e  dogboning, s e v e r a l  approaches  may be 

taken.  The most e f f e c t i v e  approach is  probably  t o  t a p e r  t h e  ends of t h e  

f u e l  compact a s  it is pressed.  Th is  t echn ique  has  been proven t o  reduce 

dogboning e f f e c t i v e l y  w i t h  UAlZ-A1 d i s p e r s i o n s .  To de te rmine  t h e  e f f  ec- 

t i v e n e s s  of t h e  t a p e r e d  c o r e s  i n  U308-A1 d i s p e r s i o n s , . w e  f a b r i c a t e d  

75 wt % U308-A1 p l a t e s  from compacts w i t h  a double t a p e r  of 0.2 and 

1.0 r a d  (11° and 55O) over  7.6 mm (0.30 i n . )  a s  used i n .  t h e  manufacture  

of t h e  Advanced T e s t  Reactor  p l a t e s 7  and a s i n g l e  t a p e r  of 0.3 r a d  (18') , . 

over  4.6 mm (0.18 in .  ). Both types  of t a p e r e d  compacts e s s e n t i a l l y  , ' 

e l i m i n a t e d  dogboning f o r  t h e  75 wt % u 3 0 8 - ~ i  p l a t e s .  The r o l l e d  c o r e  

' diminished smoothly from f u l l  t h i c k n e s s  t o  about  0.1 mm (4  m i l s )  o v e r  a 

l e n g t h  of about 75 mm (2.9 i n . )  i n  t h e  f i n i s h e d  p l a t e .  Thus, i f  d e s i r e d ,  

dogboning could  be e s s e n t i a l l y  e l i m i n a t e d  f o r  U308 d i s p e r s i o n s  up t o  
: . - .  . .  . . .  

..r - ,,:.= , 75 wt % by use  of t apered  compacts. For many a p p l i c a t i o n s - ,  t h e  l e v e l  of 

dogboning o b t a i n e d  by us ing  un tapered  compacts w i l l  no t  be d e t r i m e n t a l  t o  

. t h e  performance of t h e  f u e l  p l a t e .  

. -. . i -:t .I , 
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. , .. - r :  !. '* ;;!! Table 1. Maximal Dogboning and Minimal Cladding Measurements f o r  

,f- 
- Miniature-U308-A1 Dispers ion  Fue l  P l a t e s  

Maximal Dogboning (Core Minimal. 
Thickness ,  mm 

. u3°8 Thickening)  observed,  % . Cladding 
Content Thickness  

Wt % - P l a t e  Cladding Core by X-raya 
by Metal- Observed 
lographyb  . (mm) 

aMaximum observed w i t h i n  f i v e  p l a t e s  f o r  t r a n s m i s s i o n  x-ray scan- 
n ing  d a t a  a s  c o r r e l a t e d  wi th  e q u i v a l e n t  aluminum.step-wedge th ickness .  

b ~ h e  maximum of a  s e t  of f i v e  p l a t e s  ( a s  determined by x-ray 
. scann ing)  was s e l e c t e d  f o r  m e t a l l o g r a p h i c  examination.  Dogbone is  

determined by measuring t h e  minimal c l a d d i n g  on both s i d e s  and sub- 
t r a c t i n g  from p l a t e  t h i c k n e s . ~  t o  determine c o r e  t h i c k n e s s .  The p e r c e n t  
dogbone i s  r e l a t i v e  t o  t h e  nominal c o r e  t h i c k n e s s .  -. 

?' 8 . .  ' 



MECHANICAL INTEGRITY 

The mechanical i n t e g r i t y  of c l ad  cores  with i nc reas ing  U308 conten t  

was judged q u a l i t a t i v e l y  by the  appearance of t h e  micros t ruc ture .  

Figure 1 shows two pol ished c ros s  s e c t i o n s  of a  c l ad  d i spe r s ion  of 75 w t  % 

U308-A1. The aluminum matr ix  is' on t he  verge of becoming the  discon- 

t inuous  phase. A t  h igher  volume f r a c t i o n s  of voids  p lu s  U308, l a r g e  

p lanar  a r e a s  with l i t t l e  o r  no t e n s i l e  s t r e n g t h  i n  t h e  th ickness  d i r e c t i o n  

occurred. These a r ea s  could accumulate f i s s i o n  gas during i r r a d i a t i o n  and 

develop a  b l i s t e r .  Thus, although t h e  exac t  load ing  t h a t  could l ead  t o  

f a i l u r e  in - reac tor  is not c l e a r ,  we chose t o  l i m i t  t h e  loading t o  75 w t  % 

U3O8 f o r  t he  f i r s t  i r r a d i a t i o n  experiment. This  concen t r a t i on  y i e l d s  a  

? i  - -uranium dens i ty  i n  t h e  f a b r i c a t e d  core  of 3.1 ~ ~ / m ~ .  

- .-', The cause of t he  p lanar  a r ea s  of voids  and U 3 0 8 . i ~  t he  p a r t i c l e  
. .  . . . ., . .. 

breakup and s t r i n g e r i n g  t h a t  occurs during r o l l i n g .  Previous work8 showed . .. . 

q u a l i t a t i v e l y  t h a t  i nc reas ing  the  p a r t i c l e  s t r e n g t h  o r  changing t h e  

morphology could delay the  onset  of p a r t i c l e  breakup and thus  minimize 

s t r i n g e r i n g .  Such changes i n  e x i s t i n g  and proven ma te r i a l s  . a r e  o u t s i d e  

t h e  scope of t h i s  i nves t i ga t ion .  . 

FABRICATION VOIDS 

Voids formed during t h e  r o l l i n g  of d i spe r s ion  f u e l  p l a t e s  p lay  an 

important p a r t  i n  t h e  i r r a d i a t i o n  performance of t he  p l a t e s  by al lowing 

room f o r  s o l i d  swel l ing  and f iss ion-gas accumulation. Previous work2 * 

has i nves t i ga t ed  t he  i n f luence  of s e v e r a l  parameters on void volume and 

has  shown t h a t  oxide concent ra t ion  has t he  s t r o n g e s t  e f f e c t .  The void 

volumes obtained i n  t h i s  s tudy.  a r e  shown i n  Fig. 2 and agree  we l l  wi th  

, those repor ted  e a r l i e r .  The p l a t e s  with t h i c k e r  cores  have s l i g h t l y  lower 

void volumes. The void f r a c t i o n  must be considered when core load ings  a r e  

. #  . 
c a l c u l a t e d  and when f a b r i c a b i l i t y '  of t he  p l a t e s  is considered. T o t a l  

. . . . L a .  

I ::. - oxide p lus  void volume f r a c t i o n  appears  t o  be t h e  c o n t r o l l i n g  f a c t o r  i n  

f a b r i c a b i l i t y .  



Fig. 1. Microstructure of 75 wt % U308 i n  Aluminum Reveals that 
Aluminum is on the Verge of Becoming Discontinuous. (a )  Transverse. 
(b) Longitudin. 
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Fig. 2. The Void Content of UgOs-kl Cores Depends on the Concen- 
t r a t i on  of U3O8 and to  a Lesser Extent on the Core Thickness. 

FORMING 

Many fue l  element designs for research and t e s t  reactors require that  

the  plates  be curved to  a radius of curvature of about 140 nrm (5.5 in.). 

The a b i l i t y  to  form the plates to  t h i s  curvature without core cracking is 

of concern as  the loading or the core thickness increases. To determine 

i f  th i s  forming is a problem, we fabricated full-sized plates  that  con- 

tained 75 wt  % U308-A1 (the highest concentration proposed f o r  the f i r s t  

i r rad ia t ion  t e s t )  and core thicknesses of 0.51, 0.76, and 0.89 mm (20, 30, 

and 35 mils). These plates were rolled,  fu l ly  annealed, and then suc- 

cessively formed t o  smaller r ad i i  of curvature with interim visual  and 

radiographic examinations for  core cracks. No cracking was observed a f t e r  

forming to  the smallest available radius die. This die  produced a radius 

of 84 mm (3.3 in.) i n  the plates. Subsequent metallographic examination 



F 

of the plates  confirmed the absence of cracks. Figure 3 shows the cross 

sections of the three plates. We do not an t ic ipa te  any problems i n  

forming within the l imits  investigated. 

THICKER CORES 

A potent ia l  method of increasing the uranium loading is to  increase 

the core thickness of the plates. To determine the f e a s i b i l i t y  of t h i s  

approach we fabricated miniature fue l  pla tes  containing 75 wt % U308-81 

dispersions with a core thickness of 1.52 mm (60 mils) and overal l  p la te  

thickness of 2.29 mm (90 mils). No problems were encountered i n  the 

fabr icat ion of these plates. The dogboning was less  than i n  corresponding 

- th inne r  cores -both i n  absolute magnitude and percentage. These plates 

exhibited only 4% core thickening as  measured metallographically. No 

attempts were made t o  form a curvature i n  the plates  since they were not 

f u l l  width. Plates of t h i s  thickness may possess suf f ic ien t  s t i f fness  so 

tha t  forming w i l l  not be necessary. 

- 

.g. 3. Cros! 9 75 w t  % U308-A1 Cored Pla Reveal no 
~g After Bei~ I a Radius of 84 mm. Core t :nesses a r e  

0.89, 0.76, and 0.51 mm from top to  bottom. 
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THERMAL CONDUCTIVITY 

Thermal conduct iv i ty  is important i n  determining t h e  ope ra t i ng  

temperature of t he  fue l ,  core  and depends s t r o n g l y  on oxide concent ra t ion .  

The thermal conduct iv i ty  i n  t h e  th ickness  d i r e c t i o n  was measured f o r  

min ia ture  f u e l  p l a t e s  t h a t  contained from 60 t o  82.5 wt % u3o8-~1. lo 

Disk samples 6.35 mm (0.25 in .  ) i n  diameter were cu t  from a reas  of t he  

f u e l  p l a t e s  t h a t  had been s e l e c t e d  f o r  uniformity by eddy-current 

measurements and radiography. The thermal conduc t iv i t y  measurements were 

made i n  a  comparative hea t  flow appara tus ,  which has been descr ibed  

prev ious ly . l l  The thermal conduct iv i ty  of t he  f u e l  core  c o r r e l a t e s  wel l  

wi th  the  t o t a l  oxide p lus  void volume f r a c t i o n  i n  t h e  core ,  a s  can be seen 
- , ' -'i r7 ., , , , - f rom t h e  ' d a t a  presented i n  Fig. 4. The thermal conduc t iv i t y  values  

obtained i n d i c a t e  t h a t  c e n t e r l i n e  ope ra t i ng  temperatures  w i l l  not l i m i t  . .  

t h e  f u e i  loading f o r  most research  r e a c t o r  app l i ca t i ons .  .. . , 

-. . . ORNL-DWG 80-18648~1 

VOLUME FRACTION ( U3 O8 + VOIDS I 
Fig. 4. Thermal Conductivity of U308-A1 Core Region Depends S i g n i f i -  

c a n t l y  on the  Volume F rac t ion  of U308 + Voids. 
. . .  a - .  . 



THERMITE REACTION 

The phase assemblage A1-U308 i s  a nonequi l ibr ium mixture and tends t o  

r e a c t  with hea t  evolu t ion ,  a process  known a s  a thermi te  r eac t ion .  

However, t h i s  r e a c t i o n  has been of l i t t l e  concern s i n c e  a t  f a b r i c a t i o n  

temperatures  up t o  500°C (932°F) very l i t t l e  r e a c t i o n  occurs.  Operat ing 

temperatures  of the  f u e l  p l a t e s  in - reac tor  a r e  much less than t h i s ,  o f t e n  

l e s s  than 100°C (212"F), so t h a t  t he  po ten t ia l '  t he rmi t e  r e a c t i o n  was 

inconsequent ia l  except i n  t he  event of a loss-of-coolant acc ident  

involv ing  f u e l  meltdown. I n  view of t he  p o s s i b i l i t y  of a meltdown, 

s t u d i e s  were undertaken of the  i g n i t i o n  temperature  and magnitude of hea t  

evo lu t ion  f o r  use i n  s a f e t y  analyses.12 These e a r l y  s t u d i e s  showed t h a t  

- . . . . . . 
. . , - . - . - ! ' ;  - t h e  peak energy r e l e a s e  occurs i n  t h e  55 t o  75 w t  % U308 range, which is  

t h e  region of i n t e r e s t  f o r  t h e  cu r r en t  developmental high-uranium-loaded 

f u e l .  Therefore ,  we repeated t he  i n v e s t i g a t i o n  of i g n i t i o n  temperature  

and maximal hea t  r e l e a s e  f o r  t h e  compositions of i n t e r e s t  using d i f f e r e n -  

t i a l  thermal a n a l y s i s  and hea t ing  of min ia ture  f u e l  p l a t e s .  l3 The 

observed i g n i t i o n  temperature of around 900°C (1650°F) agrees  .- wel l  with 

previous s tud i e s .  The energy r e l e a s e s ,  however, were much lower than pre- 

d i c t e d  and i n  genera l  a r e  low compared with t h e  energy requi red  t o  i n i -  

t i a t e  them. The hea t ing  of min ia ture  f u e l  p l a t e s  t o  a s  high a s  1400°C 

(2550°F) showed no v io l en t  thermal e f f e c t s ,  explosions,  o r  observable  gas 

r e l ea se .  We conclude from these  tests t h a t  i nc reas ing  t h e  U3O8 loading  

does not add a s i g n i f i c a n t  chemical r e a c t i o n  hazard t o  t h e  o the r  con- 

s i d e r a t i o n s  of s a f e  r e a c t o r  operat ion.  

CONCLUSIONS 

We have recommended 75 w t  % U308-A1 (3.'1 Mg u/m3) a s  the  h ighes t  
. . 

loading t o  be t e s t e d  i n  t h e  i n i t i a l  i r r a d i a t i o n  t e s t .  This  l i m i t  i s  based 

on a q u a l i t a t i v e  assessment of the l o s s  of mechanical i n t e g r i t y  a s  t he  
... 

. - aluminum mat r ix  becomes discont inuous a t  h igher  loadings.  We.of fe r  t h e  

fo l lowing  conclusions and comments with regard t o  f a b r i c a b i l i t y ,  t e s t i n g ,  

and use of 75 wt % U308-A1 cored f u e l  p l a t e s :  

1. Fab r i ca t i on  is  e a s i l y  accomplished with ,current  technology and 

ma te r i a l s .  
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2. Dogboning i s  a  p o t e n t i a l  problem f o r  some a p p l i c a t i o n s ;  however, 
. . 

t h i s  problem can he e a s i l y  solved by using tapered  compact ends. 

3. Current  radiography and x-ray scanning techniques can be used. 

4. U l t r a son ic  t e s t i n g  f o r  nonbonds is marginal because of t h e  abrupt  

change i n  sound conductance a t  t he  cladding-core i n t e r f a c e .  

5. Core th icknesses  up t o  1.52 m (60 m i l s )  can be f a b r i c a t e d  with 

good r e s u l t s .  

6. Fu l l - s ized  p l a t e s  with core  t h i cknes se s  up t o  0.89 m (35 m i l s )  

can be succes s fu l ly  formed t o  a  r ad ius  of curva ture  of 84 mm (3.3 i n . ) ;  , 

t h i s  is a  sharper  r ad ius  than is  requi red  f o r  most research  r e a c t o r  

elements. 

7. Void conten ts  agree wel l  with e a r l i e r  d a t a  and should accommodate 
- . - -. -. - f i s s i o n  products.  

8. Thermal conduc t iv i t y  measurements i n d i c a t e  t h a t  ope ra t i ng  tern- . . 

pe ra tu re s  w i l l  be w i th in  acceptab le  l i m i t s .  

9. Measurements of t he  energy r e l e a s e s  from t h e  thermi te  r e a c t i o n  

show t h a t  t h e  h igher  U3O8 loading  does not add a  s i g n i f i c a n t  chemical 

r e a c t i o n  hazard t o  o t h e r  cons idera t ions  of s a f e  r e a c t o r  opera t ion .  
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