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FABRICATION OF HIGH-URANIUM-LOADED U3O8-Al 
DEVELOPMENTAL FUEL PLATES 

-I- __l_________l_l-_-- 

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

ABSTRACT 

A common p l a t e - t y p e  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  
U308 d i s p e r s e d  i n  aluminum and c l a d  wi th  an aluminum a l l o y .  
There is an impetus t o  reduce t h e  235U 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  u ses .  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  p a p e r  d e s c r i b e s  work a t  OEUL t o  de t e 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 materials and t echn iques  and t h a t  
can be expec ted  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 w t  % 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  aspects 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  % U3O8-Al (3.1 Mg U / m 3 )  as 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  tes t .  T h 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 u s i n g  c u r r e n t  f a b r i c a t i o n  t echn iques  and materials. A s  
t h e  oxide l o a d i n g  i s  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  areas 
and e x t e n s i v e  s t r i n g e r s  of oxide and voids  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  areas as f i s s i o n  gases  c o l l e c t  du r ing  
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 w t  % 
U3O8-Al  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  l o a d i n g  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 
scann ing  are a p p l i c a b l e  t o  t h e  h i g h l y  loaded p l a 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 a t  t h e  cladding-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 mm (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 la t e s  w i t h  c o r e  
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 s h a r p e r  r a d i u s  
than  is 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  w i t h  ear l ier  d a t a  and shou ld  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  t empera tu res  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 releases 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 U3O8 do no t  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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safe  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  tes ts  t o  t h e  r e q u i r e d  burnup, w e  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  uranium l o a d i n g  i n  U3O8-M d i s p e 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  materials 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 materials i n  g e n e r a l  u se  are uranium 

a lumin ide  (UA1, w i t h  x x 3)  d i s p e r s e d  i n  aluminum and uranium-aluminum 

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 

uranitim e n r i c h e d  t o  93% i n  2 3 5 U  t o  o b t a i n  h igh  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 ,  while  m a i n t a i n i n g  l o w  volume f r a c t i o n s  

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

e n r i c h e d  uranium f o r  nonpeace fu l  u s e s  has  provided an impetus  f o r  r educ 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 t e s t  r e a c t o r s  t o  less than  

20% 235U.  

uranium l o a d i n g  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 .  T h i s  r e p o r t  

p r e s e n t s  t h e  r e su l t s  of work a t  ORNL t o  de t e rmine  t h e  maximal uranium 

l o a d i n g  f o r  t h e  'J308-Al 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 p r w e n  materials and t echn iques  and ( 2 )  be 

expec ted  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  UA1, i s  being conducted a t  t h e  Idaho N a t i o n a l  Eng inee r 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 N a t i o n a l  Laboratory.  

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  

The maximal uranium l o a d i n g  i n  aluminum-based f u e l  t e s t e d  and 

q u a l i f i e d  as r e a c t o r  f u e l  is  t h e  55 w t  % iT (65  w t  % U308-35 w t  % A l )  

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) 

Reactor .  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  w i t h  a c o r e  l o a d i n g  

of t h e  U3O8 f u e l  w i t h  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 

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

t a i n  expe r imen t s ,  but  were not f u l l y  e v a l u a t e d .  2, 
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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 oad ings  

i n c l u d e  those  concern ing  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 .  

l o a d i n g  are 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 € i c u l t y  i n  forming ( cu rv ing  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  co re  du r ing  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  wi th  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  examinat ions  sen- 

s i t i v e  t o  t h e  h i g h e r  l oad ings  are r ad iog raph ing  and x-ray scanning  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 .  

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

i s  dec reased  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 ,  

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  A l - U 3 0 8  t h e r m i t e  

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

The f a b r i c a b i l i t y  i s s u e s  wi th  i n c r e a s e d  

The expec ted  

FABRICATION PKOCEDURES 

The f a b r i c a t i o n  t echn iques  used i n  t h i s  i n v e s t i g a t i o n  were e s s e n t i a l l y  

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 procedures  c o n s i s t  of 

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

2 .  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 , 
3. degassing t he  compacts at 590°C at an a b s o l u t e  p r e s s u r e  less than  7 P a  

(0.05 t o r r )  f o r  1 h t o  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 ,  

4 .  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,  

5. assembl ing  t h e  degassed compacts i n t o  frames and weld ing  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 l a d d i n g  t o  t h e  frame and compact by hot  r o l l i n g  a t  490°C 

(914°F) 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%, 

6. 

7 .  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  tes t  f o r  b l i s t e r i n g ,  

8. 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 8 6 . 5 % ) ,  
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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 

10. 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, 

c l e a n i n g ,  and i n s p e c t i o n s  f o r  d imens iona l  r e q u i r e m e n t s ,  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  were 

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

624.8 mm (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 demonst ra t ion .  

NONDESTRUCTIVE TESTING 

Radiography w a s  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  w i t h  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 w t  % "308. Two r a d i o g r a p h s  of d i f f e r e n t  i n t e n s i t i e s  are 

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 b o r d e r s  and one s u i t a b l e  f o r  

examining t h e  core .  

Transmiss ion  x-ray scanning  w a s  used 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  t e c h n i q u e  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 reg ion .  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 rea l  uranium l o a d i n g  examined, which w a s  

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 .  

TJ l t rasonic  t e s t i n g  w a s  used t o  examine t h e  p l a t e s  f o r  unbonded 

r e g i o n s .  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 la tes .  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  

select  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  w i t h  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  areas showed i n  

t h e  trace i n  each  i n s t a n c e .  
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DOGHONING 

Dogboning i s  t h e  c o r e  t h i c k e n i n g  that .  occu s a t  t h e  ends f t h e  c o r e  

d u r i n g  r o l l  bonding. T h i s  c o r e  t h i c k e n i n g  i s  of concern f o r  two r easons .  

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  ove 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 t empera tu re  concern is more of a problem i n  i r r a d i a t i o n  

t es t s  where t h e  end of t h e  t e s t  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  plates ,  t h e  c o r e  ends are 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 t he  co re .  

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

f o r  U308-Al d i s p e r s i o n s .  However, dogboning i n c r e a s e s  wi th  U3O8 c o n t e n t  

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 w t  % 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 

t aken .  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 as it is p res sed .  Th i s  t echn ique  has been proven t o  reduce 

dogboning e f f e c t i v e l y  wi th  UAl,-Al d i s p e r s i o n s .  

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  U3O8-Al d i s p e r s i o n s ,  w e  f a b r i c a t e d  

75 w t  % U 3 O 8 - A l  plates from compacts with a doub le  taper of 0.2 and 

1.0 rad (11" and 5 5 " )  over  7.6 nun (0.30 i n . )  as 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")  

ove r  4.6 rmn (0.18 i n . ) .  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 w t  % U308-Al 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 )  ove 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  U3O8 d i s p e r s i o n s  up t o  

75 w t  % by use of t a p e r e d  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 u s i n g  un tape red  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 .  

To determine t h e  ef f ec- 
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Table  1. Maximal Dogboning and Minimal Cladding Measurements f o r  
Min ia tu re  U308-Al Di spe r s ion  Fue l  Plates 

Maximal Dogboning (Core Minimal 
Thickening)  Observed, % Cladding Thickness ,  nun 

Thic  kne s s -- --- I- u3°8 
Content  

by Metal- Observed 
lographyb (mm> wt ' P l a t e  Cladding Core by X-raya 

60.0 

65.0 

65.0 

65.0 

65.0 

65.0 

70.0 

70.0 

70.0 

70.0 

75.0 

75.0 

75.0 

75.0 

77.5 

80.0 

82.5 

82.5 

82.5 

100.0 

100.0 

100.0 

1.52 0.38 

1.27 0.38 

1.52 0.44 

1.27 0.25 

1.52 0.38 

1.52 0.32 

1.52 0.32 

1.52 0.38 

1.52 0.44 

1.27 0.38 

1.52 0.38 

1.52 0.44 

1.27 0.38 

1.52 0.32 

1.27 0.38 

1.27 0.38 

1.27 0.38 

1.27 0.25 

1.52 0.38 

1.27 0.38 

1.27 0.25 

1.52 0.38 

0.76 

0.51 

0.64 

0.76 

0.76 

0.89 

0.89 

0.76 

0.64 

0.51 

0.76 

0.64 

0.51 

0.89 

0.51 

0.51 

0.51 

0.76 

0.76 

0.51 

0.76 

0.76 

10 

27 

15 

23 

22 

9 

14 

27 

16 

24 

24 

24 

26 

18 

39 

38 

38 

12 

28 

75 

16 

29 

10 

46 

2 

24 

23 

3 

14 

27 

15 

38 

17 

19 

48 

21 

46 

35 

66 

17 

40 

110 

30 

50 

0.30 

0.25 

0.38 

0.15 

0.30 

0.25 

0.23 

0.28 

0.30 

0.28 

0.28 

0.30 

0.25 

0.20 

0.25 

0.30 

0.25 

0.18 

0.15 

0.00 

0.10 

0.13 

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 i n g  d a t a  as 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 t h i c k n e s s .  

hThe maximum of a set  of f i v e  p l a t e s  ( a s  determined by x-ray 
scann ing)  w a s  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  examinat ion.  Dogbone i s  
determined by measuring t h e  m i n i m a l ' 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 s  t o  de te rmine  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 .  
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MECHANICAL INTEGRITY 

I '  

The mechanical i n t e g r i t y  of c l ad  c o r e s  wi th  i n c r e a s i n g  U3O8 c o n t e n t  

w a s  judged q u a l i t a t i v e l y  by t h e  appearance of t h e  m i c r o s t r u c t u r e .  

F igu re  1 shows two po l i shed  c r o s s  s e c t i o n s  of a c l a d  d i s p e r s i o n  of 75 w t  % 

U308-Al. 

t i n u o u s  phase. A t  h i g h e r  volume f r a c t i o n s  of vo ids  p l u s  U3O8, l a r g e  

p l a n a r  a r e a s  wi th  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  t h i c k n e s s  d i r e c t i o n  

occur red .  These areas could accumulate  f i s s i o n  gas  du r ing  i r r a d i a t i o n  and 

develop  a b l i s t e r .  Thus, a l though t h e  exac t  l oad ing  t h a t  could l e a d  t o  

f a i l u r e  i n - r e a c t o r  i s  not c l e a r ,  we chose t o  l i m i t  t h e  load ing  t o  75 w t  % 

U3O8 f o r  t h e  f i r s t  i r r a d i a t i o n  experiment .  Th i s  c o n c e n t r a t i o n  y i e l d s  a 

uranium d e n s i t y  i n  t h e  f a b r i c a t e d  co re  of 3.1 Mg/m3. 

The aluminum mat r ix  is on t h e  verge  of becoming the  d iscon-  

The cause of t h e  p l a n a r  a r e a s  of vo ids  and U3O8 is  t h e  par t ic le  

breakup and s t r i n g e r i n g  t h a t  occurs  du r ing  r o l l i n g .  

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

morphology could de l ay  the  onse t  of par t ic le  breakup and thus  minimize 

s t r i n g e r i n g .  Such changes i n  ex i s t . i ng  and proven materials a r e  o u t s i d e  

t h e  scope of t h i s  i n v e s t i g a t i o n .  

P rev ious  work8 showed 

FABRICATION VOIDS 

Voids formed dur ing  t h e  r o l l i n g  of d i s p e r s i o n  f u e l  p l a t e s  p l ay  an 

P rev ious  work2, 

impor t an t  p a r t  i n  the i r r a d i a t i o n  performance of t h e  p l a t e s  by a l lowing  

room f o r  s o l i d  s w e l l i n g  and f i s s i o n - g a s  accumulat ion.  

has  i n v e s t i g a t e d  t h e  i n f l u e n c e  of s e v e r a l  parameters on void volume and 

has  shown t h a t  oxide c o n c e n t r a t i o n  has  t h e  s t r o n g e s t  e f f e c t .  The void  

volumes ob ta ined  i n  t h i s  s t u d y  are shown i n  F ig .  2 and a g r e e  w e l l  w i t h  

those  r e p o r t e d  earlier. The p la tes  wi th  t h i c k e r  c o r e s  have s l i g h t l y  lower 

void volumes. The void f r a c t i o n  must be cons ide red  when c o r e  l o a d i n g s  are 

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 h e  p l a t e s  is cons ide red .  T o t a l  

ox ide  p l u s  void volume f r a c t i o n  appea r s  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 .  
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* Y-160220A 

Fig.  1. 
Aluminum i s  on t h e  Verge of Becoming Discont inuous.  
( b )  L o n g i t u d i n a l .  

M i c r o s t r u c t u r e  of 75 w t  % U3Oq i n  Aluminum Reveals  t h a t  
( a )  Transve r se .  
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Fig.  2 .  The Void Content of U308-Al Cores Depends on t h e  Concen- 
t r a t i o n  of U3O8 and t o  a Lesser Extent  on t h e  Core Thickness .  

FORMING 

Many f u e l  element d e s i g n s  f o r  r e s e a r c h  and tes t  r e a c t o r s  r e q u i r e  t h a t  

t h e  p l a t e s  be curved t o  a r a d i u s  of c u r v a t u r e  of about 140 mm (5.5 i n . ) .  

The a b i l i t y  t o  form t h e  p l a t e s  t o  t h i s  c u r v a t u r e  wi thou t  c o r e  c r a c k i n g  i s  

of concern as t h e  load ing  o r  t h e  c o r e  t h i c k n e s s  i n c r e a s e s .  To determine 

i f  t h i s  forming is a problem, w e  f a b r i c a t e d  f u l l - s i z e d  p l a t e s  t h a t  con- 

t a i n e d  75 w t  % U30g-Al ( t h e  h i g h e s t  c o n c e n t r a t i o n  proposed f o r  t h e  f i r s t  

i r r a d i a t i o n  t e s t )  and c o r e  t h i c k n e s s e s  of 0.51, 0.76, and 0.89 mm (20 ,  30, 

and 35 m i l s ) .  These p l a t e s  were r o l l e d ,  f u l l y  annea led ,  and then  suc- 

c e s s i v e l y  formed t o  smaller r a d i i  of c u r v a t u r e  wi th  i n t e r i m  v i s u a l  and 

r a d i o g r a p h i c  examinat ions f o r  c o r e  c racks .  No c r a c k i n g  w a s  observed a f t e r  

forming t o  t h e  smallest a v a i l a b l e  r a d i u s  d i e .  T h i s  d i e  produced a r a d i u s  

of 84 nun (3.3 i n . )  i n  t h e  p la tes .  Subsequent m e t a l l o g r a p h i c  examinat ion 
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of t h e  p l a t e s  confirmed t h e  absence of c r a c k s .  F i g u r e  3 shows t h e  c r o s s  

s e c t i o n s  of t h e  t h r e e  p l a t e s .  We do not  a n t i c i p a t e  any problems i n  

forming w i t h i n  t h e  l i m i t s  i n v e s t i g a t e d .  

THICKEK CORES 

A p o t e n t i a l  method of i n c r e a s i n g  t h e  uranium l o a d i n g  is  t o  i n c r e a s e  

t h e  c o r e  t h i c k n e s s  of t h e  p l a t e s .  To de t e rmine  t h e  f e a s i b i l i t y  of t h i s  

approach we f a b r i c a t e d  m i n i a t u r e  f u e l  p l a t e s  c o n t a i n i n g  75 w t  % U3O8-Al 

d i s p e r s i o n s  w i t h  a c o r e  t h i c k n e s s  of 1.52 mm (60 m i l s )  and overal l .  p l a t e  

t h i c k n e s s  of 2.29 mm (90 m i l s ) .  No problems were encountered i n  t h e  

f a b r i c a t i o n  of t h e s e  p l a t e s .  The dogboning w a s  less than  i n  co r re spond ing  

t h i n n e r  c o r e s  - bo th  i n  a b s o l u t e  magnitude and pe rcen tage .  These p la tes  

e x h i b i t e d  on ly  4% c o r e  t h i c k e n i n g  as measured m e t a l l o g r a p h i c a l l y .  No 

a t t e m p t s  w e r e  made t o  form a c u r v a t u r e  i n  t h e  p l a t e s  s i n c e  they  were not 

f u l l  width.  P l a t e s  of t h i s  t h i c k n e s s  may posses s  s u f f i c i e n t  s t i f f n e s s  so 

t h a t  forming w i l l  not  be necessa ry .  

Fig.  3 .  Cross S e c t i o n s  of 75 w t  % U308-Al Cored P l a t e s  Reveal no 
Cracking A f t e r  Being Formed t o  a Radius of 84 mm. Core t h i c k n e s s e s  are 
0.89, 0.76, and 0.51 mm from top  t o  bottom. 
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THERMAL C O N D U C T I V I T Y  

Thermal c o n d u c t i v i t y  i s  impor tan t  i n  de t e rmin ing  t h e  o p e r a t i n g  

t e m p e r a t u r e  of t h e  f u e l  c o r e  and depends s t r o n g l y  on ox ide  concen t r a t ion .  

The thermal  c o n d u c t i v i t y  i n  t h e  t h i c k n e s s  d i r e c t i o n  was measuredlo f o r  

m i n i a t u r e  f u e l  p l a t e s  t h a t  con ta ined  from 60 t o  82.5 w t  % U308-Al. 
Disk  samples  6.35 mm (0.25 i n . )  i n  d i ame te r  were c u t  from a r e a s  of t h e  

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  u n i f o r m i t y  by eddy-current  

measurements and radiography.  The thermal. c o n d u c t i v i t y  measurements were 

made i n  a compara t ive  h e a t  f low a p p a r a t u s ,  which has  been d e s c r i b e d  

p r e v i o u s l y . l l  

w i t h  t h e  t o t a l  ox ide  p l u s  void volume f r a c t i o n  i n  t h e  co re ,  as can be seen 

from t h e  d a t a  p re sen ted  i n  Fig. 4 .  The thermal  c o n d u c t i v i t y  v a l u e s  

o b t a i n e d  i n d i c a t e  t h a t  c e n t e r l i n e  o p e r a t i n g  t empera tu res  w i l l  no t  l i m i t  

t h e  f u e l  l oad ing  f o r  most r e s e a r c h  r e a c t o r  a p p l i c a t i o n s .  

The thermal  c o n d u c t i v i t y  of t h e  f u e l  c o r e  c o r r e l a t e s  w e l l  

ORNL-DWG 8018645R 
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Fig. 4. Thermal Conduc t iv i ty  of U3O8-Al  Core Region Depends S i g n i f i -  
c a n t l y  on t h e  Volume F r a c t i o n  of u308 + Voids. 
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THERMITE REACTION 

The phase assemblage Al-U308 i s  a nonequ i l ib r ium mixture  and tends  t o  

r e a c t  wi th  h e a t  e v o l u t i o n ,  a p rocess  known a s  a t h e r m i t e  r e a c t i o n .  

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  

t empera tu res  up t o  500°C (932'F) v e r y  l i t t l e  r e a c t i o n  occurs .  Opera t ing  

t empera tu res  of t h e  f u e l  p l a t e s  i n - r e a c t o r  are much less than  t h i s ,  o f t e n  

less than  100°C (212OF), so  t h a t  t h e  p o t e n t i a l  t h e r m i t e  r e a c t i o n  w a s  

i n c o n s e q u e n t i a l  excep t  i n  t h e  event  of a loss -of -coolan t  a c c i d e n t  

i n v o l v i n g  f u e l  meltdown. I n  view of t h e  p o s s i b i l i t y  of a meltdown, 

s t u d i e s  were under taken  of t h e  i g n i t i o n  t empera tu re  and magnitude of h e a t  

evo 

t h e  

t h e  

f ue  

and 

u t i o n  f o r  u se  i n  s a f e t y  ana lyses .12  These e a r l y  s t u d i e s  showed t h a t  

peak energy release occurs  i n  t h e  55 t o  75 w t  % U3O8 range ,  which is 

reg ion  of i n t e r e s t  f o r  t h e  c u r r e n t  developmental  high-uranium-loaded 

. There fo re ,  we r epea ted  t h e  i n v e s t i g a t i o n  of i g n i t i o n  t empera tu re  

maximal h e a t  release f o r  t h e  composi t ions  of i n t e r e s t  u s i n g  d i f f e r e n -  

t i a l  thermal  a n a l y s i s  and h e a t i n g  of m i n i a t u r e  f u e l  ~ 1 a t e s . l ~  

observed i g n i t i o n  t empera tu re  of around 900°C (1650°F) a g r e e s  w e l l  w i th  

p rev ious  s t u d i e s .  The energy releases, however, were much lower t h a n  pre-  

d i c t e d  and i n  g e n e r a l  are low compared wi th  t h e  energy  r e q u i r e d  t o  i n i -  

t i a t e  them. The h e a t i n g  of m i n i a t u r e  f u e l  p l a t e s  t o  as h igh  as 1400°C 

(2550°F) showed no v i o l e n t  thermal  e f f e c t s ,  e x p l o s i o n s ,  o r  obse rvab le  gas  

release. We conclude from t h e s e  tests t h a t  i n c r e a s i n g  t h e  U 3 O 8  l o a d i n g  

does not add a s i g n i f i c a n t  chemica l  r e a c t i o n  haza rd  t o  t h e  o t h e r  con- 

s i d e r a t i o n s  of safe r e a c t o r  o p e r a t i o n .  

The 

CONCLUSIONS 

We have recommended 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  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  tes t .  Th i s  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  l o s s  of mechanical  i n t e g r i t y  as t h e  

aluminum m a t r i x  becomes d i s c o n t i n u o u s  a t  h i g h e r  l oad ings .  We o f f e r  t h e  

f o l l o w i n g  conc lus ions  and comments wi th  r ega rd  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 w t  % U3O8-Al cored  f u e l  p l a t e s :  

1. F a b r i c a t i o n  is e a s i l y  accomplished wi th  c u r r e n t  technology and 

materials. 
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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 be e a s i l y  so lved  by u s i n g  t a p e r e d  compact ends.  

3 .  Cur ren t  radiography and x-ray scann ing  t echn iques  can be used. 

4 .  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  sound conductance a t  t h e  cladding-core i n t e r f a c e .  

5. Core t h i c k n e s s e s  up t o  1.52 mm (60 m i l s )  can be f a b r i c a t e d  wi th  

good r e s u l t s .  

6 .  F u l l - s i z e d  p l a t e s  w i th  c o r e  t h i c k n e s s e s  up t o  0.89 nun (35 m i l s )  

can  be s u c c e s s f u l l y  formed t o  a r a d i u s  of c u r v a t u r e  of 84 mm (3.3 i n . ) ;  

t h i s  is a s h a r p e 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 .  

7 .  Void c o n t e n t s  a g r e e  well w i t h  ear l ie r  d a t a  and should accommodate 

f i s s i o n  p roduc t s .  

8. 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 r a t i n g  tem- 

p e r a t u 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 .  

9 .  Measurements of t h e  energy releases 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  U3O8 l o a d i n g  does not add a s i g n i f i c a n t  chemical  

r e a c t i o n  haza rd  t o  o t h e r  c o n s i d e r a t i o n s  of s a f e  r e a c t o r  o p e r a t i o n .  
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