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1 . Introduction

The use of graphite for components in nuclear-

f j -ss ion reactors has resul ted in a large number of

studies of  the ef fects of  neutron i r radiat ion in

t h i s  ma te r i a l .  (Fo r  r ev i ew  see  [ f ] . )  Mo re  recen t

suggest ions IZ]  t f rat  graphi t ic  mater ia ls could be

used in a controlled thermonuclear reactor nobt

require that  addi t ional  studies of  part ic fe

in ject ion be made. In part icular ,  the ef fects of

helium atoms within graphite, which could result

from either ion injection or the transmutation of

fast  neutrons and carbon atoms, should be invest i -

gated.  In contrast  to the extensive studies of

metals in th is area (see [ : ]  for  example),  very

I i t t le  work has been reported on graphi te.  Mazey

and. Barnes [4]  ¡on¡arded s ingle-crystal  f lakes

with various ions, and showed that twinning occurs.

Ekern et  af .  fSl  i r radiated graphi te- f ibre c loths

with loo tev ¡¡e+ ions to a dose of 3 x lo18 ions/

cm2 at  var ious temperatures.  Scanning-electron

microscope observations revealed flaking on room-

temperature irradiated sarnples, but no damage was

detected for irradiations at 4oo and BOooc.

Transmission electron microscopy is  a more

sensi t ive technique for  reveal inq damage, and the

aim of the present work is to study by means of

opt ical  and T.E.  microscopy the ef fects in graphi te

of He-ion bombardment for a range of bombardment

temperatures,  ion energies and ion doses.  Damage

effects have been observed,  and th is note presents

a preliminary report of the observations made to

date; it will- be expanded upon at the conference.

2.  Exper imental  Procedure

Both natural ,  s ingle-crystal  and pyrolyt ic-

graphite (supplied by Union Carbide) specimens were

used. The former were bo¡obariled in an unthinned

state for  observat ion of  surface features using

opt ical  rn icroscopy.  Trans¡oission el -ectron micro-

scopy (at lOo kv) was undertaken on single crystal

specimens repqátedly cleaved after injection and on

pyrolytic sanples which were cleaved, mounted on

supportinq grids and studied in the TE¡'l prior to

injection. The latter treatment ensured that any

structural effects observed were d.ue to the ion

bombardment

The specimens were injected with 
eHe- 

ions j.n

the Heavy Ion Accelerator at AmEr Harbtell, for ion

energies in the range 70 to IOO kev and injection

temperatures between 2O and 7OOoC. No notj-ceable

ion-induced features were observed for ion doses
= 1916 íons/cm2, and heavy erosion occurred for

doses :  5 x lo lS ions/cmz. .^Accordingly,  only doses

in the range 5 x lolT to loru ions/cm¿ have been

used for this study.

3 .  Resu l t s

An opt ical  micrograph of  a s ingle crystal

iniected at 2ooc with loo kev ions to a dose of

1018 ions/cm2 is shown in Fig. l .  This unpol ished

surface was f ree of  imperfect ions before

irradiation, and it can be seen that the ions have

resul ted in twínning on a f ine scale,  as reported

ear l ier  in [  ] .  Tr^t inning of  th j -s form was observed

for  a l l  in ject ion temperatures,  but  contrast

associated with bulging of the surface between the

twins was apparent for temperatures : 3oooc. The

effect  is  more marked for  h igher doses and energies,

and an example for loo keV ions at SoooC and a dose

of 1o1B ionZ/cm2 is shown in Fi9.2.  Numerous

observations suggest that increasing the energy and

dose widens the twins,  and that  an increase in the

in ject ion temperature increases the t$t in densi ty,

up to 3oooc but marginally decreases it above 3oooc.

These trends are very weak, however, and are not yet

supported by quantitati.ve measurements. TEM

analysis of the twins shows that most twins inter-

sect the basal plane along either the <1oÍo> or
< I I 2o>  d i r ec t i ons ,  . "  
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In the pyrolytic samples cleaved before ion

injection, the density of tr^¡ins produced by ion

bombardment is much less than in the unthinned,

s ingle crystals,  and tvr ins are almost  absent f rom

very thin areas. At high irradiation temperatures,

Iarge bl is ters are formed. An example of  a pyrolyt ic

specimen injected at TOooC with 70 keV ions to a dose

of loró ions/cm' is  shown in Fig.3.  The bl is ters

take the form of well-defined domes which produce

characteristic bend-contour Patterns. In addition to

the large blisters, ion-induced damage on a much

f iner scale can be seen in the matr ix  and bl is ter

dome, and thís is  current l -y beinq analysea [Z] .
Blistering effects are observed at lower bombardnent

temperatures, but as the temperature is reduced, the

bl is ters become srnal ler  and are less wel t r  def ined.

There is a good correlation between the surface

bulging seen in the opt icat  microscope (Fig.2)  ani t

the contrast observed in the TEM. An examPle for a

natural-crystal sanple bombarded aq 5oooc with 1oo

kev ions to a dose of  1ol8 ions, /c i r2 is  shol{n in Fig.4;

the bend contours between the twins are clearly seen

and they correspond to irregularly-shaped domes. It
j -s  not  yet  known i f  these are actual ly  b l is ters '  nor

is it known to l¡hat extent twins and bli.sters are

related or how they affect each other. In some areas

at  7oooc,  b l is ters are observed at  twin intersect ions

and twins are seen around the perimeter of individual

b l i s t e r s .

4.  conclusion

The important ner,, result rePorted here is that

bl is ters are produced in graphi te by the in ject ion of

the ions;  a resul t  now wel l -establ ished for  metals.

The bl is ters are part icular ly  wel l  def inei l  at  h igh
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in ject ion temperatures and are accompanied by

defects d ist r ibuted on a f ine scale.  Further

analysis of  these,  the damage produced at  low

temperatures and the possib le inter-re lat ion be-

t \ , reen gas content ,  twinning and bf is ter  format ion

is in progress and wi l l  be reported at  a l -ater  date.
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