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Int  roduc!1on

Carbon flbere have unlque nechanlcal prop-
ert les thac perEl t  the deelgn and appl lcat lon of
cor0poslces for  epectal  l lghE\¿elght ,  h lgh strength
aod et l f fnese purpoaes,  eepeclal ly  at  htgh
teepe ratures.

The propertlee of composl¡e8 oade wtth gra-
phlte flbers have not kept pace nlth the flber
developuent.  In recenl  yeers the f lber st rengthe
approach 700 Ksi and the oodulue 140 üsl ¡¡hlch le
aloogt ¡heoretlcel conpared to graphlte sfngle
crystal  propert les.  In contrast  the cooposlcerg
srrengths are 30 Kei and qodulf are ln the range
of l0 Ms1. Poealble reasona for  thege dlecrepan-
clee have been sEBrlhr ted to f lber lnhonogene-
f t ies,  yarn nteal lgpnenc,  and bonding betseen
f l laoente and natr ix . ¡

Lf tc le at tent l .on has been glven co che lnf lu-
ence of  natr lx  ú lcrostructure bet¡reen f l lqpenEE
and  ya rns .  Ea r l l e r  wo rk  by  F t t ze r ,  ec  a l . , ¿  haa
ehor¡n e hlgh ut l l lzat lon of  f lber oechenLcal  pro-
pert les can be obtained ln unld l recclonal
coEporlteg wl.th e carbon úatrlx. More recently,
the thernal expenalon, energr aboorpllon and frac-
Cure toughnegg have been sho¡rn to b€ lndependent
of  Ehel  n icrosBructuraL characcer lst lcs of  Ehe
uatr lx ."  In a l l  these gtudies,  re lat lvely large
sauples were used. Consequently a Dore exact
Lnterpretat lon of  the caugee of  lhe var laClons ls
df f f iculc because of  large nuobers of  posslb le
conpet lng fecEor8 Chat could lnf luence the
resul t8.  Therefore Ehls lnvesElgat lon was under-
taken ueLng very euall sauples and ¡¡eagurlng oodu-
lua of  e last lc l ty  (E) ae a funcclon of  heat  t reeE-
llenc aod sauple slze.

Approach

The abl l t ty  of  f lbere,  n i th l -n a conposl te,  to
equal ly  share sEresses depende on the re lat lve
nodulus dlfferences b€trreen lhe flbers and che
l [a!rLcea ( lnc ludfng the ! .nter face bondlng).  The
Dore graphLtf .c  Ehe natr lx ,  the greater  Che abl l t ¡y
Eo dietr lhr te the forces betwgen f lbere resul tLng
ln thelr  lnproved ut l l lzaEfon.-  The dynanic E was
selected as a eenel . tLve lodlcator  of  the f tber-
matr lx  lnteract lon.

Technlques for  prepar lng and easur lng E of
the samples were developed Eo nln ln lze thelr  s lze
wlEh lnEent of  deten¡ ln lng the elast lc  nodul i  of
the "bui ld ing block" of  a composl te,  nanely a yarn

erf th ics assoclated natr ix  or  a few yaros and Che
lnterBClElal  üaCrtx.  In Ehls Danner an at¡eopt
wag oade to Dlnln lze the larger defec¡s that  occur
beteeen yarns or  p l lee,  thereby fnprovfng Ehe
ab t l t t y  t o  l n t e rp re t  t he  resu l t s .

3¡peft.."Se!,r"-!h"99_

Dynaulc ¡odulue r.as deternined by paselng an
alternatlng curren¡ along Ehe exÍe of the r¡aEple
ln che presence of  conacanl  natneBl .c f le ld perpen-
dlcular  to Ehe direct lon of  the current .  The
resultlng lnteractl.on betneen these cwo flelde
placed e Eransverse force on the sanple.  By
al ter lng the f requency of  the curren! ,  the v lbre-
tl.onal reaonanceg of che saople rere decermlned.
By knowtng the üass and geooetry of the saople,
the nodulus could be calculaced.  Ver l f lcaclon'of
lhe EeBhod ¡ras deterolned by preparlng snall earn-
ples of  graphice,  type ATJS, and f iuding E E.o De
L .2  Ms l .  as  conpa red  t o  . l . I  f o r  l a rge  t ensL le
eanples.  -

Sl¡gle yarn saoplee ¡¡ere taken fron a fully
proceseed and graphltlzed 3D carboo-carbon co¡[poE-
1ce, soven ry ru¡, proceesed by GE and character-
Lzed by SORI.o Saople elzeg were about
0 . 0 1 0 " x 0 . 0 1 0 " x 1 . 3 4 " .

A1l  sanples were exaol .ned olcroscoptcal ly  for
evldence of  a graphi t ic  atructure.  These sanples
nere caChodlcal ly  etched end obeerved r¡ t th the
SEU. Purtheroore,  the heáB treated samples were
exaDlned by X-ray dlffractlon Eo detemine if any
appreclable d l f ferencee occurred fn the dOOZ
epaclngs. tlodulus valuee were rasured for tñé
purpose of  decernin lng t f  E for  yarns is  s1ul1ar
to E for  bf l le ts,  nhen the volune of  f fbers Le
taken lnEo account by the rule of ulxtures.

Laulnates uade f¡on plles of IJCA cloth and
prepregged nlth a resqle resln ¡¡ere heat treated
for  15 úlnutes co var lous stages of  processfng and
cut lnto thln beao samples. These saruplea were
measured by v lbrat lonal  regonance t lethode to eval-
uat€ the i .nf luence of  racr l .x  ü lcro6tructure.
Sanp1e  s l zes  r ¡ e re  . 080 "  x  . 039 "  x  2 .0 " .

Pcsul ts

The value of  E for  part  of  a s lngle yam
bund le  ( . 010 -  x  . 005 "  x  1 .34 " )  t aken  f r om a  p ro -
ceesed three dlmen6lonal  b l l le t  (x-dl rect lon) was
compared Eo the value for  large tensl le samples.)
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The ¡olcrostructural examinatLon ehoúted the

Datr lx  betseen f ibers to be t raPhl t lc  n lEh a

theath- l lke a¡ruccure around the f lber8.

The 2D laotnace resules ere an!¡narlzed ln the

following table
E (nsl )  p(g/cc)  dzoo(A)

l .  Pos t  cured  ( l40oC)  1 .9  1 .3ó
2.  Pyro lyzed ( r000"C)  l .15  r .19
3 .  2 1 0 0 ' c  0 . 2 9 5  r . 0 4
4.  2300 'C 0 .40  1 .09
5 . 2 4 0 0 " C  0 . 7 5  1 . 0 9
6 . 2 5 5 0 ' C

f l larente up co 2l00oC. T 'he cont lnued lncrease of
E above th ls tenperature is  at t r lbuted to the
Datr lx  and f i lanents beconlng ¡nore graPhi t lc .
ThLs coublnatLon of  f lber and úeBr lx produces a
st l f fenlng of  the coryoslce.

In concluslon,  a Dethod has been developed
for neaeurlng the E of sanples r¡lEh a cross 8ec-
E lon  o f  one  ya rn  ( r . 010 "  x  . 010 " ) .  Th l s  sna l l
s¡DpLe technlque shons that graPhlcizatlon heac
treatuent of the úatrf.x alters the E values ln 2D

conposl tee.  Both these reeul tg deoonstrete fur-
ther study le neede¡l to under8land betler the
lnfluence of the úalrtx on che physlcal propertleg
of the yarna or the h"rflding blocks of the con-
poslCé.
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Mfcroatructural exauinatlon sho¡ted r¡trong lndlca-
c lons of  graphlctc atructure arouod the f lber8
af ter  the 2400oC heat t reacnent tenperature (Hf i ) .

Dlscueslon and Concluslooa

The E value for the slngle yarn froo the 3D
bl l lec ls  more thao a factor  of  four h lgher than
for  u.¡ l t l  yarn specl t ¡ens pul led in tenglon.  Fron

nlcrostruclural exaolnellons of lhe slngle yarn

speciDeos lE would apPeer that aPProxinately 572
ls f l l led wfth f lbers.  I f  the ru le of  üLxtures ls

obeyed, E ghould be 3l uot whereas the Easured
value 1e about 37 ü¡1. Ttre couparlson, allhough

not exact ,  1¡  suf f tc lent ly  c lose to lndlcate che
ffleEents ln the yarn ere belng utlllzed to a hlgh
degree.  Accordlng to thfs resul t ,  the Datr lx  to
flber bonde nust be good and the Eatrlx 1s capable
of  ¡ rensferr lng loade beEneen f lber8.

The 2D cooposlte etudy ehowed IITT does effect
the EátrLx r¡hfch tn turn al ters the coEPosl !er8
propert les.  A s l lghc drop ln the r¡odulus la aeen
af¡er  l000oC pyrolyals.  A fur ther drop 1o B of
about a factor of four occurg betr¡een l000oC and
2100'C. The lnLt la l  drop ls  due to ghe carboniza-
Elon of the úatrix, and the eubeequent change
acconpanLee the approaeh of SraPhltfzatlon. Th18
deoonstrates that the Bodulut of the flb€18 ls
belng less fu l ly  ut t l tzed.  The loss of  Eatr ix
materlal reducee the tranafer of load beEweeo
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