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Introduction

The fow atomic l , /eight of carbon and the open crystal
structure of graphite simpli f ies the irradiat ion
damage process in that atomic displacenents may be
considered to take place at random at a rate G atons/
atom/sec in a neutron fi.ux 6. A number of models of
the clamage process have been basecl on this feature,
but nore have attempted to account for detai led
crystal dimensional change data at high doses.

In this paper, a fulf  dif fusion theory of the growth
of interst i t iaf clusters in graphite is develgped
based on an earl ier model due to Ke11y u¡ ¿1.(1)

Theory

I t  i s  assumed tha t  N¿ in te rs t i t ia l  d is foca t ion  loops
are nucl-eated at a váry smal1 dose (- 1619 n/cm2(niN))
which then proceed to grow by two dimensional dif fus-
lon  o f  newly  c rea ted  in te rs t i t ia fs  Lhrough a  f ie ld  o f
single vacancies, concentrat ion Cv. Vacancies di-s-
appear by the formation and growth of col lapsed
vacancy l ines, density N¡ cm-3. I t  is postulated that
the density of these l ines cannot increase beyond a
deflnite value Nm in the crystal latt ice which is
i  n A a ^ a n , r ^ - f  ^ f  i  - - - ^ . i  r f  i  n r  r ^ n - ^ r o 1 - , , ¡ a  e n d  d e  L e r m i n e d

by over lap of  anharmonic forces.  Vacancies are afso
al-l-owed to diffuse in the basal planes and disappear
at  col l -apsed l i -nes or  crystal l i te boundar i -es def in ing
a crystal l i te s ize Lr .  These assumpt ions fead to the
fol lowing equat ions for  the interst i t i -a1 concentrat ion
Ci and the s ingle vacancy concentrat ion Crr .

-  n2 N,  c  )Y -+ 12c,  =  G/ / ) '  ++ |  [  . , , ' .un l  . . . (1 )1  '  +  R  L ¿  v  ' J

where R is the interst i t ial-vacancy recombination
probabil i ty/col l is ion, A is a constant and y is the
fas t  neut ron  dose.
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where N¡ is the number of vacancy Li'nes/cn3.

(dc. , , /dy) . ' , . , . .  i "  the rote of  vacancy foss at  l ines
due to d i f fus ion.

(aC . / ay ) ^ ^ , , n¿ ra r i ^ -  i s  t he  t r o te  o f  vacancy  l oss  a t
bouni lar ies due to d i f fus ion.

Compar ison of  Theory and Exper iment

A  de ta i f ed  compa : ' i so .  n f  r - han r . ,  anÁ  av - ^ ¡ i ¡ en t  i s  made- : - "  " -  " . ' " x ' r
over the range J00"C to 12OO-C using data obtained in
irradiations in DtrR. and the DTDO-PLUTO Materiafs.
Test ing Reactors.  The theory,  using appropr iate
values of  the porot i tües gives good agreement wi th
the crystal dimensionaf change up to doses- 10¿¿ n/cn
(XDN) and also gives concentrat ions of  uncol lapsed
vacancies qui te c lose to exper imentaf  measurement.
At  h igher doses i t  is  found that  there are far  too
many uncol lapsed vacancies and i t  is  cfear that
recombinat ion wi th interst i t ia ls  wi th a lohr proba-
bi l i ty  is  necessary to i -mprove agreement at  very h igh
doses .

The theory has afso been compared wi th,crystal
d imensional-  changes in boron doped (Br I  to avoid
addi t ional  d isplacement damage) polycrystal l i4e and
pyrolyt ic  samples i r radiated at  43OoC and 6OO"C in
DIDO/PLU'IO. The general  behaviour is  predicLed qui te
accu ra te l y  us i ng  l oop  dens i t i es  t aken  f r om e lec t r on
m ic roscope  s tud ies .
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where  N6  i s  Lhe  number  o f  a l ons /
d e f e c L  j u m p  d i s t a n c e ,  L ,  L h e  c r y
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