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1. INTRODUCTION

The search for nuclear graphites having
a behaviour that is sufficiently stable and
isotropic under neutron irradiation has led
manufacturers to use isotropic cokes or to carry
out isostatic pressing of a fine grain coke/
pitch mixture. In the formercase there is a
difficulty in supplying coke while in the second
case the manufacturing cost is rather high.

CORNUAULT et al /1/ have shown that the
macroscopic properties of electro-graphites
depend mainly on the nature of the coke used,
characterized by its apparent dilatability
O3 (axial expansion of a cylindrical specimen
made under special conditions /2/ /3/ starting
with finely crushed coke).

The principal industrial forming processes
(extrusion or pressing), intended for the manu-
facture of graphite from carbonaceous mixtures,
can be considered as uniaxial because they tend
to orient the grains of coke in the same direc-
tion. There exist, however, multiaxial forming
processes which cause the grains to be randomly
oriented so that no preferred direction is appa-
rent. Among the different multidirectional pro-
cesses one can number isostatic pressing, extru-
sion with alternative pressing, and pre-extrusion
after multiple crushings of a fine-grained cured
product. It is thus possible to prepare macro-
scopically isotropic graphites from any coke
and in particular, from cokes as anisotropic as
needle cokes. An additional advantage of these
isotropic graphites is that they have low coef-
ficients of thermal expansion (CTE) which lead
to lower thermal stresses.

2. EXPERIMENTAL PROCEDURES

Isotropic graphites made from several
types of cokes (pitch and petroleum cokes) with
an apparent dilatability ranging from 1.20 and
3.60 have been prepared by using multidirectio-
nal forming processes. All of these graphites
have been fabricated from a mixture composed of
typical coal tar pitch (K8 = 92°C) and crushed
coke. The maximum grain size of the coke is
1.6 mm except for the grade PZ 130 of which the
maximum grain size is 0.4% mm. All of these
products were cured at 1000°C and have been
impregnated once or twice with pitch before
graphitization at 2700°C and purification.

3. PHYSICAL AND MECHANTCAL PROPERTIES OF THE
PRODUCTS

The main characteristics of these products
are shown on Table I. One may note that all the
graphites are isotropic with respect to ther-
mal expansion. They have lower CIE than gra-
phites prepared from isotropic cokes like
gilsocoke (CTE about 5 to 6.107°% °C™'). P JHAN

and P,JHA.N graphites, prepared from pitch coke
by nofmal”extrusion, are less isotropic. Pitch
impregnations carried out before graphitization
enable one to obtain high densities and mecha-
nical characteristics comparable to those of
conventional graphites.

4. BEHAVIOUR UNDER NEUTRON TRRADIATICN

The irradiation of these graphites have been
carried out in the fast neutron reactor Rapsodie
(Cadarache), between 800°C and 1400°C and at fast
fluences up to 1.7 10%2n.cm™2 ¢FG*. In addition
to the graphites noted above, two fine grain iso-
tropic graphites (ref. S.1134% and S. 1365) manu-
factured by Le Carbone lorraine Co (Table I)have
been irradiated. ’

The dimensional changes as a function of
fluence are shown on Figures 1 and 2 and lead
to the following remarks :

- the product PZ 130, which is distinguished from
PZ 140 by the grain size, exhibits greater ani-
sotropy and larger axial dimensional change.

- the non impregneted products PZ 135, PZ 138 and
P7Z 141 undergo isotropic changes but expand at
lower fluences and at higher rates than singly
or doubly impregnated products.

- the graphite PZ 140 based on anisotropic petro-
leum coke has a more stable behaviour than
PZ 143 graphite made from more isotropic pitch
coke.

- the products S.1134 and S.1365, in spite of
their finer texture, exhibit dimensional changes
equivalent to the above graphites. However,
their behaviour is not as good as other fine
grained graphites /4/. One will note the better
dimensional stability of the petroleum coke
graphite in spite of its lower density.

~ in general, these isotropic graphites are more
stable than P,JHAN and P JHAZN except for the
non impregnatéd products.

The CTE of the impregnated graphites do not
change greatly in contrast to those of non impre-
gnated graphites which undergo large variations.

The thermal conductivity of the impregnated
graphites drops very rapidly as a function of
fluence and then saturates at a level varying
according to the state of initial praphitization.
At fluences greater than 1.2 10%2n.cm™” ¢FG, the
thermal conductivity undergoes a second degrada-
tion which occurs at higher fluences if the gra-
phite has a better stability.

£ graphite damage fluence =
1.25 fluence E > 0.18 MeV = 1.85 EDN fluence
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Table I - Physical and mechanical properties of isotropic graphites

Ref. Coke o, orming] Pitch | Density] CTE AnTso-| Resistivity | Tensile Strength
graph. nature Process| Impreg. —3]= 525 “6o—1| TYODY (U2 cm) daN. cm™?
g.om=fe 910 7°C tapsa | (3.
| @ axial radial] A | axial radial|l axial "’ radial
P3JHAN Pitch coke 3.0 U 1 1.73 3.05 4,21 1.36 900 1185 135 95
P3JHA2N Pitch coke 3.0 U 2 1,79 3.08 4.23 1.35 800 1060 175 110
P2 130 (Regular Petrot, 4 1 1,74 {3.00 3.80 |1.26 | 885 1070 | 205 150
leum coke -
4 135 (Premium Petr. |4 o 0 1.61 |2.40 2.65 |1.10 [1220 1m0 | - 95
needle coke
FZ 138 }Regular Petr. | 2.1 M 0 1.57 3.20 2.90 0.90 1340 1140 - 100
PZ 140 (Regular Petr. | 2.1 M 2 1.75 3.25 2.95 0.91 875 780 150 110
PZ 141 [Pitch coke 3.6 M 0 1.59 b.,15 4.15 1 1650 1520 - 105
P7 143 {Pitch coke 3.6 M 2 1.81 4,90 4.65 0,95 1100 1040 165 150
S. 1134 |Petr. coke - S 1 1.65 3.12 3.12 1 1500 1500 - -
S.1365 [Pitch coke - S 1 1.79 5.06 5.28 1.04 1500 1500 - -

(1) apparent dilatability of coke
(2) U = uniaxial forming process, M = multiaxial forming process, S = special forming process
(3) measured on "diabolo" specimens
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Fig 1. Dimensional changes at 1000°C Fig 2. Dimensional changes at 1300°C
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