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1. INTRODUCTION

T\¡o serii-isotropic graphites based on coaltar

oitch coke have been developed for use as a rnode

rator in HIGRs Jhis paper sumlTnrizes the dimen-

sional changes and the evolution of the physical

and mechanicaf properties of Pq&lAN arrd P3J}{A2N

graphites unden thó effect of ñeutron irradia:

t ion.

2. MATERIALS

P3JHAN and P3JF{AtN graphites based on coal

t.r iitch coke áre fanufactr-red by exLrusion
a."ordit'rg to a classical process. Their physical

and mechanical properties are described in

table T. The anisotropy factor of these gra-
phites falfs between 1'3 artd 1.4' with coeff i-

óients of therrnal- expanslon (CTE) between those

of a¡risotropic petroleum coke graphites ¡r¿
gilsocoke graphites. If the thernal conductivity
is slightly lower than that of petroleum coke

graphites, the density and mechanical charac-
ienistics ane i¡oroved due to the excellent
compatibility between the filler arid the binder

/ 1 / .

3. BEFIAVIOiTR UNDER NEUTRON TRRADIAIION

More than 1200 sanples of P3JtiAN, taken from

both the axial and radial directions, have been

iradiated in the Osiris (Saclay), HFR (Petten) '
and ORR (Oak Ridge) reactors. !\re maximurn f1u-

ence thus far reáched is L2x70' 
'n.cm-2 

QFG+ in

the case of P3J}{AN and 4x1021n.cm-2 for P3JI1A2N.
Imadiation témperatures for both graphités háve

ranged from 400oC to 1400oC.

: . 1 . !_úslq_r9g_1-9be!C99
The dimensional behavlour of P.JFIAN and

P3J}{A2N graphites is shor^¡n in figüres 1 and 2.

No silnificant effect of the impregnation has

been observed between the two graphites.

The nnximum axial shrirkage is 4,5eo aL1350oC
with a turnaroi¡-id near 7.102rn.cr.f 2 OFG. At

lower temperatures, between 500 a-r.rdrLl00oc,
shrinkage continues up to 102'n.cm-r QFG.

In the radiaf direction, the nnximlxn slrrink-

ag .e  i s  about  2 .2qo a t  1350oC and 5x1Oz 'n 'cm- t '

The turnaro,¡ld occurs at higher ffuences when

the irradiation temperature is decreased'-

Ex-oansions are observed above approxuLltely
10)2n.cm 2 6FG as new porosity is generated /2/ '

s. z . Evslcl-19!-9!-Pbvgisel-plgperlrel
The CTEs measured between 25 and 425oC,

increase s1ow1y with fluence at loiv temperatures

anci decrease at tenperatLt'es higher than 700oC'

T']-re variation does not exceed 10?o.

+ graphite danage fluence =

1.25  f luence E >  0 .18  MeV =1.85  EDN f luence

Figures 3 a¡rd 4 show the degradation of

the thérrnal conductivity of P1JIJAN graphite in

the axial a¡rd radial directioñs'respectively.
A sati.rration appears at approximately 2x10"
.r..r-2 óFG.altñóueh the déórease in conductivity
is smalier at increased imadiation ternperatr.tres'

¡. :. Yeric!19!-9!-[Es!e!19e]-Pr9Pgrrl99
-Lne rractlon

versus fluence for P.JI{AN graphite is shown on
figure 5. The increaée in the modulus of elas-
ticity is greater when the irradiation tempera-
ture ' is -Iower.

Stress-strain cr.rves have been drawn from
iradiated specimens. \¡/e observed tr¡o different
types of behavior-r depending on the irradiation
'Fmnér : i ¡1 ¡p .  pa 'vcen 500 ¿rLd 9O0oC the  graph i te

strains with a constant energy /3/, while above
900oC the energy char-rges without strain varia-
tion /4/ .

4. CONCLUSION

The pitch coke graphites studied are less
srab le  than pe l ro leum co ie  g raph i tes  o f  compd-
rable CTE and anisotrr¡py. This seems to indi-
cate that the fibr¡ous structure of the coke has
a preponderant effect under neutron imadiatiorl.
Thi c stn.h¡ of chanacterization before and after
irradiatión has allowed to specificy the condi-
tions under which these graphites nray be used
in  HTGRS.
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l'hysical and mechanj.cal prolxtrl icsj
of the PTJIIAN and P3,III 

2N gra¡rhites
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