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A. PDRNOLLtrT

Le  Ca rbone  Lo r ra i ne  (LC¡ , )  nas  manu fac tu red  f o r  a  l ong  t l -

me  f i ne  g ra i ne< l  g raph i t es  w i t h  h i gh  p rope r t i es '  On  t he  18 t

t ab l c  oná  no tes  t he  va lues  o f  t he  p rope r t i es  o f  g rades

3780 ,  3230 ,  i 89O  t ¡ i ch  a re  commerc ia l  p roduc t s '

To  answer  N t t c l ea r  Dne rgy  requ i r emen ts  LCL  has  p repa red  a

f i ne  g ra i nc i l  i so t r op i c  na te r i a l  g t ade  74?7  by  i sos ta t i c

m o l d i i r g .  l t t s  p o s s i b l e  t o  o b t a i n  p r i s m a t i c  b l o c k s  u s e f u l

f o r  i l T f i  and  g raph i t e  e l emen ts  f o r  f tS t lR '  I n  t he  l qLs t  case '

t he  f l uence  t aken  b l . t he  g raph i t e  can  reach  4 ' fO22  n / cn2

L ,DN*  i ns tee r l  o f  5 . 1O21  f o r  t he  HTR.  Consequen t l y '  i t  t yas

i n te res t i ng  t o  p repa re  f i ne r  g ra i ned  g raph i t es  t han  t he

c lass i ca l  nuc lea r  p roduc t s .  The  t ab le  2  g i ve  t he  va lues

o f  t h e  p r o p e r t i e s  o f  t h e E e  g r a p h i t e s '

c rade  ?177  i s  pe r f ec t l y  adequa te  f o r  HTR '  I f  ve  I ook  a t

t h e  i r r a d i a t i o n  p r o p e r t i e a  o f  U S  m a t e r i a l s  a n d  i f  Y e  c o n -

pa re  t he  p rope r t i ea  be fo re  i r r ad ia t i on  o f  t he  US  na te r i a l s

and  F rench  vó ry  f i ne  g ra i nea l  g radee  82?O and  S  126O '  ve

can  conc lude  t ha t  t hese  t vo  g rades  cou ld  be  adequa te  f o r

t he  } ISBR.

IRRADIAT IO¡ i  BBHAVIOUR

1  -  HTR -  The  g rades  3?8O UEG,  5890  and  74?7  ve re  t 7s {ed

a f i 6 i  i r r a d i a t i o n  b y  h e r n f o r s c h u n g s a n l a g e \ J ü I i c h  " "
J a p a n  A t o m i c  E n e r g y  R e s e a r c h  I n s t i t u t e  \ ¿ '  a n d  t h e

F r c n c h  A t o m i c  E n e r g y  C o n m i s s i o n  ( ó l  a t  t e n p e r a t u r e s -

be t yeen  6OOoC anc l  13OO 'C  w i t h  f l uence  r i ch i ng  5 ' 10¿ ¡

n / cm2  IDN .  G rade  ?4??  i s  t he  bes t  ¡  i t s  d i ¡ nens iona l

. i " ngu  i s  gene ra l l y  (  |  %  a t  t empe ra tu res  be t veen  6OO0C

a n d  i l 0 o o c .  T h e  o t h e r  g r a d e s  a r e  l e s s  i n t e r e s t i n g :

c o n t r a c t i o n  r i c h i n g  7  %  t o  2  Y . .

T h e  t h r e e  f i g u r e s  ( 3 ,  4 ,  5 )  s h o v  t h e  r e s u l t s  o b t a i n e d

b y  t h e  t h r e e  l a b o r a t o r i e s  a n d  f i g u r e . 6 ,  a l l  r e s u l t s

c lmpa red  w i t h  t he  same  neu t ron  un i t  I FG  :

l l ¡ G ; 1 , 8 5  E D N r v 1 r 2 5  n )  o ' 1 8  M e V .  I t r s  i m p o r t a n t  t o  n o t e

the  sha rp  evo lu t i on  o f  d i nens iom l  changes  above  11OOoC '

On  t he  o the r  s i de ,  KFA  has  s tud ied  t he  d imens iona l  cha r ¡

ges ,  vc r sus  doses  and  g raph i t i za t i on  t enpe ra tu re  o f

é raáe  2239  ( f i g .  ? ) '  (The  t empe ra tu re  i s  g i ven  by  t he

va lue  o f  magne to - res i s t i v i t y !  The  rn i n i num d inens iona l

change  i s  g i ven  by  t hé  h i ghes t  t enpe ra tu re  o f  g raph i t i -

z a t i o n .

! ' i n a l l y  J a e r i  n a d e  c o r r o s i o n r s  s t u d i e s  v i t h  u a t e r  v a p o r

and  hyá rogen  a t  h i gh  t empe ra tu res '  I t  showed  t ha t  w i t h

H2  t he  co r ros i on  was  ve ry  sma l l  w i t h  g rade  ?477 '

¿  -  I IS I IR  -  Va r i ous  g rades  o f  ve r y  f i ne  g ra i ned  g raph i t e

we i6 - i r r ad ia ted  i n  t he  F rench  l l eac to r  Os i r i a  a t  t empe -

ra tu res  o f  8OO"C  and  13OOoC,  w i t h  doses  up  t o  2 ' 7O22

n , / cnZ  EDN.  The  resu l t s  o f  i r r ad ia t i on  a re  no t  8e t

known .  bu t  we  hope  t o  have  some  o f  t hen  f o r  t he  con fe -

r e n c e .

h i t h  t h e  a i m  o f  i m p r o v i n g  g r a p h i t e t s  d e n s i t y  a n d  o f

r e d u c i n g  t h e i r  p o r o s i t y  e s p e c i a l l y  t o  h a v e  p o r e  d i m e n -

s i ons  s i f f i c i en t l y  l o r ¡  t o  have  no  pene t ra t i on  o f  f used

sa l t s ,  t hese  g raph i t es  have  been  seve ra l  t imes  imp re -

g n a t e d  w i t h  a  m i x t u r e  o f  p i t c h  a n d  r e s i n '

) ,
'  2 . tO - -  t u rn  a round

A f t e r  i m p r e g n a t l o n '  c a r b o n i s a t i o n  a n d  g r a p h i t i z a t i o n '  t h e

d e n s i t i e s ,  f o r o s i t i e s  a n t l  l a r g e e t  p o r e  d i r n e n s i o n s  h a v e

t h e  v a l u e s  g i v e n  o n  t a b l e  8 .

T h e s e  i m p r e g n a t e d  m a t e r i a l s  h a v e  a l s o  b e e n  i r r a d i a t e d  i n

the  same way.

CO}II 'IENTS

G r a d e  7 4 7 ?  i s  d i f f i c u l t  t o  o b t a i n  i n  l a r q e  p i e c e s '  C o n s e -

q u e n t l y ,  w e  d e v e l o p p e d  a  g r a p h i t e  v i t h  d o u b l e  t e x t u r e ' ( ' l )

T h .  t . " t  " d o u b l e  t e x t u r e i l  m e a n s  a  p r o d u c t  o b t a i n e d  b y

r o t a i n g  a g g r e g a t e s  o f  f i n e  g r a i n e d  c o k e '  T h i s  n a t e r i a l  i s

e a s i e r  t o  b a k e  a n d  t o  g r a p h i t i z e  t h a n  7 4 ? 7  í t s e l f '

I n  t h e  r a n g e  o f  u l t r a  f i n e  g r a i n e d  g r a p h i t e ,  i t r s  n e c e s -

6 a r y  t o  n o t e  t h a t  i t  n o u l d  b e  i n p o s s i b l e  t o  m a n u f a c t u r e

l a r l e  p i e c e s  ( r i k e  H T R  b l o c k s )  b u t  i t ' s  p o s s i b l e  t o  m a k e

¡ t o c X s -  o r  b a r s  w i t h  a t  l e a s t  o n e  d i n e n s i o n  l e s s  t h a n  t w o

i  n c h e s .

I n  t h a t  v a y '  v e '  a t  L C L '  c o n t i n u e  t o  i n p r o v e  d c n s i t y  a n d

n e c h a n i c a l  p r o p e r t i e s  o f  g r a p h i t e s '

T h e  b e t t e r  m a t e r i a l s  r u c e n t l y  o b t a i n c d  i n  t l r i s  w a y  ;

u l t r a  f i n e  g r a i n ,  h i g h  n e c h a n i c a l  p r o p e r t i e s  a n d  h i g h

d e n 6 i t y  a r e  s h o y n  r n  t a b l e  9 .  T h e s e  b e t t e r  g r a d e s  c o u l d

b e  i r r a d i a t e d  i n  1 9 7 8 .

O n  t h e  o t h e r  h a n d ,  t o  i n p r o v e  r J e n s i t y  a n d  t o  r c d u c e  p o r o -

s i t y  a n d  p o r e  d i m e n s i o r s ,  t h e  s t u d y  o f  i m p r c g n a t i o n  c o n t i -

n r o l  o .  v a r i o u s  g r a d e s  o f  g r a p h i t c  w i t h  r e s i n s ,  p i t c h  a n d

c h e n i c a l  v a p o r  d e p o s i t i o n  o f  c a r b o n  w i t h  v a c u u l r  a n d  p r e s -

s u r e  t e c h n i q u e .

A s  a  c o n c l u s i o n  L e  C a r b o n e  L o r r a i n e  p r e s e n t  m a t e r i a l s

w h i c h  c o u l d  b c  u s c t l  l o r  l l T l t  a n d  } I S D R '  L e  C a r b o n e  L o r r a i n e

g o e s  o n  t l e v e l o p p i n g  t h i F  r a n g e  o f  n a t e r i a l s  w h i c h  c o r r e s -

f o n d s  b e t t c r  t ;  i t ' s  c a p a b i l i t i e s  t h a n  t h a t  o f  g r a p h i t c s

u s e d  i n  g a z - g r a P h i t c  r c a c t o r s '

i t o r e o v e r ,  i n  c o o p e r a t i o n  v i t h  S E R S '  L C L  l t o p c s  t o  m a k e

l e s s  e x p e r i s i v e  p r o d u c t s  a t  p r i c e s  c o n v e n i e n t  f o r  I I T R '  T h i s

i s  e s p e c i a l l y  t h e  c a s e  f o r  t h e  " ¡ l o u b l e  t e x t t l r e r r  g r a p h i t e '

,\CIiNOll LIIDGIiiIII 'NT

l f e  t h a n k  A r e a t f u l l y  K I ¡ A ,  J A t t l l I  a n d  C E A  f o r  t h e  c o m m u n i -

c a t i o n  o f  t t r e  r e s u l t s  o b t a i n e d  o n  o u r  p r o d u c t s  a f t e r

i r r a d i a t i o n .

(  1 )  "Ca rbon  76 ' r  l l , lDUN- I JADDN -  Ju l y  1976

( 2 )  P r i v a t e  c o m n r u n i c a t i o n

( ¡ )  t r ¡ o te  c l ,A -N -19oJ  -  sep tembe r  1976

P.I IOTTIIT and G. ! I ICAUD
I tG raph i t e  ob tenu  pa r  p ressage  i sos ta t i que t t

"Compor temen t  sous  i r r ad ia t i on  neu t ron ique r l

( 4 )  l ¡ r e n c h  p a t e n t  n ' I i N  7 5 - 1 9 6 7 8  -  J u n e  1 9 ? 5

J .  FOURRE -  J .P .  GERVAIS  -  . ' .  } I ' I IRE
' rG raph i t e  i  doub le  t ex tu re ' r
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