
| : t0Gi l¡ i  I- l  - ;1..  I .üiADL*TIOrf 0¡ '  C.iRt0l. t¡ l i : t3Oli  C0i.F0:IT: l" i

, l  J l ialker, t  F Pai.n and l  t  i toscoe, UoD(pif),  Ar,¡ i¿],
Aldennaston, ReadÍng .tG7 4pR, ; lngland

In t  roduc t ion

¡ 'e  have prev ious ly  uescr ibed inves t iga-
t io:rs of car 'con-carbon conposites exposed to fast
:-eutrons in the l i . . ILiLD 5i l , i ,  l ight rvater moderated
reac tor  ( l  ,Z ) ,  The ; ropcr ty  im: . rove i . ien ts  ob ta ined,
t ire structural modif icat ions anC t ire potential use
of these roaterials in nuclear energy generation and
aerospace warranted further r¡ork.

ixperi¡nental-

Carbon-carbon conpos i tes  o f  th ickness
varying fron 1 rnm to 10 mm were prepared. using PAif
based IIT and I ' i i i  f j ,bres and rayon basecl cloth. The
conpo si te struc turi:,s r¡ere u.i-ridi re ctional 1y re-,  / - - - - - \  ^ó  - .i n fo rced ( l J l : i I ) ,  0 " - i0o  c ross-p l ied  and a IL  c lo th .
Densif icat ion i^ras by chernic: i1 vapour deposi-t ion
(CVU) or resin re-i¡opregnation (n¡p) .  Using tr,ro
d.i f ferent f i .bres, two structures a:tcl  two densif ica-
t ion  rou tes  y ie lded e igh t  d i f fe ren t  cornpos i tes  under
evaLuation plus one troven cloth coroposite. The
propert ies measured are dinensional stabi l i ty, long-
itudinal and transverse f lexural strength, rnodulus,
shear strength and inpact strength after elposure to
fas t  neut ron  doses  vary ing  f rom 101? to  1d0 , r  cm-2 .

r ixperiments have been doite to study t ire
effects of exposure in air and in inert at inosphere.
The effect of teroperature i-s also being studied. So
far only moderate tenperatures have been used eg lóf
and 250oC but these cover a range vrhere interesting
effects are obserwed using other graphites.

One of the problens i .n this trork is t i re
activation of impurj-t ies by themaf and epi-then:ra1
neutrons causíng handling dif f icult ies during post
exposure evaLuation. A r ig is under design which
wil l  íncorporate boron carbide a¡rd cadni.um shielding
to reciuce the residual act ivi ty. The use of boron
carbide to provide f, -heating and. he U-un flow for
cool ing also asslsts in achieving dif ferent exposure
temperatures.- Observations using I lT f ibre exposed.
to 10lY n cm-¿ r¡ i t i i  and without shi.elding, sholred
that for boron carbide the activi ty after 1 00 days _
renoval from the reactor was reduceci fro¡n J.B x 10-o
to 4.5 x 1O-7 cvries/g/1019 n crn-2 ani l  fgr cadmium
was^red.uced. from 7,1- x lO-7 to 1.6 x 1O-7 cuñes/g/
10 ,v  n  cn-z ,  reduc t Íons  o f  8 .4  :  1  and 4 .8  :  1
¡ o c  r r o n *  i  r ¡ o  I r r

Results

an exposure of approxirnately 1 o2O n .^-2 seems to be
a threshold for t i re U{I-I IT-:VD naterial,  below uhich,
property j-mprovenents occur al ld above which the high
concent ra t ion  o f  in to rs t i t i .a l  c lus te rs  d is rup t  the
structure bringing severe reduction in nechanj.cal
r r ¡ n n a ¡ f  i  a c

Table 1 gives the dimenslonal changes lvi th
exposure for the nine coroposites und.er evalu¡¡t ion.
In almost every case ld:ere change occurred i t  r¡as a
shrinkage. Tire one small  length increase is thought
to be due to measurenent error. i : , leasurements were
made to arr accuxacy of 0.0005 in. but chunges of
0 .001 in .  o r  less  have been ¡ecorded as  zero .  The
shrinlcage in length of Ul{I  conposites, in }ength
and breadth of cross-pl ied composites and no cha¡ge
in de,oth suggest that the f lbres are changed rn
length but not in diameter. The structural evidence
in l¡iÉure 2 llrii.icated. ':-:a.t at exposures arorrnti 1020
n cm-¿, there r"¡as large expansiorr in tire c-axis
direct ion r¡hicir r¡ould be expected to manifest
i tself '  as an increase in dianeter. The absence of
dirnensional cLrange perpendicular to the f ibres
suggests that the c-axis expansion may be acconmo-
d.ated in cyl indrical pores or I ' l rozorrski cr¿ichs in
t ire f ibres thenselves or within the cyl indrical
natr ix she¿ths surrounding the f ibres. , Ihe former
effect would l-ead to changes in f ibre propert ies,
the latter to chanües in conposite propert ies and
nay account for the increased. shear strength and
reiruced impact strength previously reported.

The i{T fibre length appears to shrink
nore that the l l l l  f ibre length; at an exposure of
1020 n c¡n-2 almost tr .¡ ice as rnuch. -, lhereas the,  ^^ ^^ó ---U'f IjIIf rr'r¿ 9o-!O"-1lT conposites appear not to shrink

at 10ró n cr-rr the 0o-90o-Hl. i  and. lorv rnodulus cloth
conposites shrink sl i-ghtty. This rnay be due to the
lor^¡er shear strength of the cross-plied. Hl, and
woven cLoth  compos i tes .  o r  inc reased c rys ta l l in i t y .

Tab le  1  a lso  shovs  tha t  the  RI I ,compos i tes
shrink sl ightly less than the C'/D composites. There
are t lo possible reasons for üris; the f irst is that
t l te pyrocu.rbon delosited by the CVD process has been
shom to be oriented preferential l¡ '  qi¡rr i ts a-axis
¡xrra11el to the fibres and rnay be shrinking in a
si-milar nanner. The glassy carbon fro¡n t ire resin
is  no t  v re11 or ien ted .  , lhe  second reason is  tha t
the I i IP conposites are general ly-of sI i¡¡ ir t Iy
l r igher  de i rs i ty  ( t  .e  c f  j .5  e  

"^ -5 ¡  
than the  CVD

composites and al-so have higher shear strengths
(¡t l  cf 20 iJi  m-2). Tirus t irey resist i l re tendenc¡i
for the f ibres to shri ! : .

Further detai ls of the necl:anical
i :ropert ies of the composites after e:cposure r. i i11 be
giveir at the Conference.

! ' igure 1 shol¡s the effect of exposure in
a i r  a t  1509-250oC to  fas t  neut r rcn  doses  up  to  1 .5  x
1020 n c*-2 on the f lexural strength and. nodulus of
U l { I - l lT4UD conpos i tes .  Both  proper t ies  inc reased
stead i ly  up  to  approx imateLy  5  x  1019 n  cm-2  then
both  fe l l  abrup t ly  such tha t  a t  1 .5  x  1020 n  cm-2
their values ¡rrere less than the unirradiated values.
Figure 2 shous some structural data obtaj-ned by
neutron t l i f fract ion on the sa-¡. ' re material aftcr
similar exposures. The apparent dOOe increased.
steadi ly ¿rnd the apparent l"  decreased up to 5 x
1Ol )  n  cm-¿,  then the  ra te  o f  change increased
sharply. Linder the condit ions of this expcrinent
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