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1. ]NTRODI]CTION

The search for nuclear graphites having
a behaviour that is sufficiently stable and
isotrrcpic under neutron irradiation has led
nlanufactulers to use isotropic cokes or to can'n7
o l r l  j s o s t ¡ l i c  n - e s s i n p  o f  a  f  i n e  s r ^ a i n  c o k e /' ' ' '  b _  * - "

nitoh mixtrne- Tn the forrnercase there is a
¡ - ' É c i ^ . . r * . .  . . ' -  - , , ^ ^ r , , i n p  e o k e  w h j l e  i n  t h e  s e c o n du ' ! y  , , '  D U P P r )

case the marufacturing cost is rathen high.

CORNUAULT et aI /L/ have shov¡rL that the
mcn^qnñ¡:. nnonpn' i.es of el-ectro-g-I"aohites"  b _ * r " '

depend nrainly on the nature of the coke used,
characterized by i ts apparent di latab-Ll i ty
0¡ (axi, : l  e\T)ans ion nf :  cr¡ l  indnin: l  eneCiLnen
m ¡ . l o  ¡ n r l e -  q ¡ e e  i a l  e o n d i t í o n s  / ? /  / 3 /  s L a r l i n s
with finely crushed coke).

The nn i rc  ina l  i rd r :s l  r ia l  fonmins  nrocesses l¡ r ¡ !  t  ¡  ¡  * " b  r _

( F y l r l q i o r  ' o r  n r c s s i n o )  i n f e n d e r l  € n n  l h e  n u f ¡ u -

lacture of graphite from carbonaceous nüxtr.res,
ca¡ be considered as uniaxial because they tend
to orient the grains of coke in the same direc-
t i n n  T h a r a  a w j c f  h ^ , , ^ , , ^ -  * , I f  . i r v : - l  r, loweVe F:  mu I  t lax lar  Torf l l rng
ñ n ^ . é q q é q  r ^ r h i c h  n : r q c  i h e  m a i  n q  t o  t ¡ e  r - - r ^ - 1 "
t  .  v L L r r L v  -  - - - -  o -  * - - . -  o r  r u v r r u y

or ienled so fhat no prefemed direct ion is appa-
-ont. Annr pr lhe difFerent mult idirect ior¡ l  qrn-

césses oné can nurnber isostat ic pressing, e)dru-
sion with alternative pressing, and pre-extrusion
: f  e r  rn l  l i  n le  enrsh t rps  o f  a  f ine-p- r ' ' a ined cured
nnodnc - I f  is -hrq nossihle lo DreDane lrktcro-
s c o n i c a l  l v  i c o l ¡ 6 ¡ i ¡  m : n h r ' f e s  f n o r  a n r r  g g L g

6 '  * v "  '

and in parl icular, from cokes as anisotropic as
needfe cokes. An addltional advantage of these
iqo l rnn ic  sna¡h t  le "  'q  i  h= f  t l -ev  h ¡ r ¡e  low coef -"  a '  *v '

ficients of thernÉl expansion (CTE) which lead
to }ov¡er thernal slresses.

2. E}FERTI'{ENTAL PROCEDT'RES

Isotro¡ic sraohites nnde from severaf
l  \ n e q  o F  c n l ' e q  (  n :  t c h  : n d  ¡ e '  m  I  e r  r m  c o k e s  )  w i  f  h

.rn aDDarenr di latabi-I iLv ransins from 1.20 a¡d' J  _  -  ' ó - " ó

l - 6 0  l - ¡ r ¡ e  h e c ¡  ¡ ¡ p ¡ ¿ ^ a d  ] -  ¡  r r q i n o  n ' l t i , l i f e c L i o -

n ¡ l  f ^ r t r  i '  o  n m c e q c e c  A l  I  n F  ' \ - . -  - . ) h  i  
' é S

have been fabricated frrcm a mlxbure composed of
typical coal tar pitch (KS = 92oC) and crushed
coke. The maxinxn grain size of the coke is
' . 6  

m  é y . é n i  f n n  l h o  r a 4 c  P 7  1 3 0  n F  ' . ' h - l c h  L h e

naximum grain size is 0.4 mm. Al1 of these
products were cured at 10O0oC and have been
im--eor. t  -¡ l  nnce n¡ I  w: ¡a w t -h n i tcl-  l -cf Ofe
m : n h i t : - ¡ ' i n r  ¡ t  ? 7 n n o a  ¡ - d  n t l r : F : . . 1 ' : O n .

3. PFrySTCAL AND MECI],AN]CAL PROPERTIES OF TI{E

The main ch¿racteristics of these pr.oducts
are shohrr on Table I. One may note that all the
m ¡ n h i + e c  ¡ - o  : q ñ - m n i e  r . . t . f .  . a c r e c i  f ^  L h o J . -" H ^ '  "

ma1 expansion. They have lower CTE tharr gra-
nh i  r  ec  n -ér ,Fnar l  fmn 

j  
só l  ro r : ¡  cokee I  i  ket - " " - -

g i lsocoke (CTE about  5  to  6 .10-b  oC- ' ) .P?J I IAN

: n r i  P  , lHA  N  m¿rh i  f ec -  nnen¿ned  f r on r  n i t ch  co leL ! , v  '  a v r u  
- ,  

" " '  I  
'

t r r ¡  nn i ?u l ' e r - t n r s i on .  . r . c  l ecq  i qn fmn i c ,  p j ¡ gh i

imnrcm:f  innq c:nniccl  out  befone ÉrraDhi t izat ionb - * t r "

enabfe one to obtain high densities and rlrecha-
nic.ll- characteristics comparable to those of
conventional graphites.

4. BEHAVIOLIR UNDER NEUTRON IRMDIATION

The irradiation of these graphites have been
camied out in the fast neutron r'eactor Rapsodie
(Cadarache), between B00oC and 1400oC and at fast
f l r rences  r ;n  to  1  - ' l  1 ¡22n ¡ - -2  ó fG+.  Tr  add i t ionu y  L v  , . ,  Y r v .  ¡ ¡ ¡  \

tó  |hp  m¡nh i teq  no fed  ¡L ¡or ¡e -  ¡wo f  ine  r. . . .-  ¿raln lso-
fmn i r  manh i tes  l .e f  .  S .  l l3 l '  and  S,  1365)  mar ru-
factured by Le Carbone larraine Co (Table l)have
been irradiated.

The dimensional changes as a function of
ffuence are shown on Figures 1 and 2 and fead
to the following renLarks :

- the product PZ 130, which is distinguished from
PZ I4A by the grain size, exhibits greater ani-
solr.opy and l-arger axial dimensjonai change.

-  the  non imnnesn, ' te . l  n rnd ' re -e  P7 Lr r -  -  PZ 138 and
p 7  l l J l  r r n d c n o n  i e n l n o n i c  c h ¡ n q e q  b u ¡  e n ¡ n d  : i

. lower  f luences  and a t  h igher  ra tés  lhans ing ly
or doubly impregnatod poducts.

- the graphtre PZ 140 based on anisotropic petro-
leum coke has a nrore stable behaviour than
PZ 143 graph-ire rftrde flrcm n'ore jso-ropic pitch
coke.

-  the  produc ts  S .1134 and 3 .1365,  in  sp i te  o f
the i r  f in - r  teKture ,  exh ib l t  d imens iona l  cha¡gcs
equ ivd len t  Lo  Ih -  above g taph i res .  However ,
their behaviour is not as good as other fine
q r ' ¿ i n e d  s r a o h i L e s  / 4 / .  O n ^  w i l L  n o ' '  t h e  b e t t e ró _  - r " -  _  - '

dimensional stability of the petroleum coke
graphlte in spite of its lower density.

-  i n  oano r : l  t ho .o  i so l noo i c  s ra ¡h i r es  a ¡ . e  I 11Ofe
: f :h la +h:n P . rua\  ¿¡ j  P"JHA"N except for  the" * " :  - " * ' : 1 " . ' " "  

J
non xnpregnateo prooucts.

The CTE of the impregnated gralhites do not

c h a n g e  g r e a ' J y  i r  e o n f r a . '  ¡ o  t h o - ' o f  n o n  i m p r ' -

gnated graphites which undergo farge variations.

The  r f o r -nn l  con ju . '  . v i 1y  o f  t he  i r p regna ted

graphites drops very rapidly as a function of

fluence and then saturates at a level varying
¡ccn r / . ' no  t n  t l - o  q t ¡ r e  n f  i r i t ' :  I  r - .  . l  i L i za t i on ." ' r " * : 1  / '  ' - ' ^ '

At f luences greater than 1.2 TA"n.cnt- Qt-C' the
thernnl conductivity undergoes a second degrada-
tion whi-ch occurs at hj¡',her fluences if the gra-
p l i i t e  l u s  a  b e L l o  , ; f a D i I ; t y .

+  p raoh i t .  da f t r se  f l ¡ a ¡ep :b * - r - . ' . . - * . * . o - - -

1.25  f luence E >  0 .18  ] ' IeV =  1 .85  EDN f luence

z 3 8



5. CONCLUSION

The use of multidirectional_ forrning processes
enables one to obtain isotropic graphites from
anisotropic cokes. Under neutron imadiation
these graphite exhibit isotropic behaviour.Their
dimensional stability is lower than that of gra-
^ L . '  + ^ -  L - - ^ /  ^ -  i  ^ ^ + - ^ ^  1  ̂  ^ ^ 1 - ^ ^y¡*Le¡ ud>eu urr r>wufopiC cokes or rade by iso-
static pressing of fine grained coke/pitch rLü-
tr.rres.
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Table I - Physical and mechanicaf properties of irolnopic graphites

(1) apparent di latabi l i ty of coke
(2) U = r¡'riaxiaf fornr"ing process, M = nmltiaxial fornring process, S = special forming process
(3) measured on t'diabolo'r specimens
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