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Abstract :  Carbon yarns and conposiÉes were subJected to creep
r¡nder Eenslle loading at 2000oc to 3000oC. Changes in nlcro-
structure accompany changes ln the aPParent nodulus of fll¡a-
rents and coEpoglteg, ag upasured by a vlbrating bearn tech-
nl-que. Dlscussed are examples of decreased aPPalent nodulus
after high teop€racure creep and thelr 1@llcations for de-
gree of flber-natrlx lnterfacfal bondlng.

'  
Int roduct lon

Carbon flbers and coopoelBeg are lncreeslngly

betng used ln appl fcat lone requlr lng screngch and

coughnese at  excrenely h lgh teúPeratures.  But

because hlgh-oodulus,  h lghly aLlgned carbon f lbers

have large thernal  expanslon anleotropy,  lncorPor-

at lng thern lnto carbon-carbon composf ies requlr lng

exCreme proceseing temperatures lnduces large

lnternáL streages ln the ¡rater la l -  chat  can lead Eo

damage and f laws.  Stress re laxet lon can occur at

htgh tenperalure by creeP, ihe raÉe for whlch

depends on teoPeraEure and t t reaa.

The preeenc lnvestlgatlon focuseg oo changes

cauaed by creep under unlaxlal tenslon 1n unldl-

rectlonal cooPosltes of II't3000 PAt{-based and P55

nesophase-pltch-baeed carbon yarn rl¡h a carbon

rat . i *  produced f ron a l5V pl tch Precursor.  Those

changes were nonl tored by nicroBcoPy and elsat lc

propert leg neasureúenC8 u81n8 v lbrat fng beao

techn lques .

Exper loental

Creep exPer lnents were conducted wfth t
apecla l ly  modl f fed hlgh teoperacure furnace"

Sanples of unldlrectlonal carbon-carbon conPosl¡e
yarn sere prepared froo HX3000 yarn snd l5V pttch

by lnmerslng yarn tn Del ted pi tchr  then calc ln ing

1t  uD to 1000"C at  a s low heat lng rate under lnert

alnosphere. The looped-end samples sere then

tested ln tenslon fn lhe creep apparacun. SauPles

exhlbi ted creep ratea lncreaslng wfth teúPerature

above 2000"C and falled belo¡¡ 3000oC. Scannlng

electron nlcrographs of  a saople near the polnt  of

fat lure are presented tn Flg.  l .

In concras!  t .o other neEhods of  neasur lng

elast lc  propert les uslng v lbrat lonal  regonancer¿-*

ve explol . ted Ehe relat lvely good eLectr lcal  con-

duccfv lEy of  carbon f lbers and of  rhe unld l rec-

t lonaL composl t .e eanples,  both unpyrolyzed and
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F igure l .  Exanple of  natr lx  cracklng and
f l l .amenc necking.

fu l ly  heaE-tr€ared.  VlbraElonal  modeg rrere

excl ted by passlng an oscl l la t lng current  chrough

the sanple ln ¡he Preaence of a oagneclc fleld of

approxfnately 3 kG provlded by a snall cobal¡-

san¿riuo alloy negnet. Reaonance was observed by

neana of a low-power optlcel nlcroscope. The

experlúent ls dfagrarnrned ln Ftg. 2. The beao ls

supported t ' l th polnted electr lcaL conBacts '
reduclng the nunber of physlcal conteccs frlth the
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Flgure 2.  Schemat lc of
v i b ra t l on .
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sanple to ¿wo fron the four requlred for  the
p lezoe lec t r l c  Eechn lque .  S lnp le  v l b rac l ng .bea ra
theory t ras used for  analyzlng the resul tsr '  and
beame of  reccangular ,  round, and other croas
sectLons r¡ere lreagured.

Resul ts and DiscussLon

After  E¿rafnlng co fa l lure a!  approxl .oately
3000"C, the HH3000- l5V unfdi recclonal  coDpoalce
8aúple contalned nuneroua Eranaver{¡e oecrix crackg
spaced regular ly  a long che f l laoent  d l rect lon,
s ln l lar  Eo thore fn Ftg.  l .  Pl laoencs wfthfn the
oatrlx cracks narro¡ted subs¡an¡Lally, by a faccor
of 3 or mre, ln concraa! ro the WCA-A240 end P55-
A240 conpoette saoples.l there ls also 8 rdde
range tn the degree of narrowlng of flla¡¡encs
wlthln rhe cracks, rhough sooe fllaoentg weEe
apparenl ly  unaf fected.  Thle d l f ference oey
lndlcete var l -at lon ln the degree of  lncerfacla l
bondlng beErreen fllaoenc and maErlx, ae ¡rell as
poeelble breaks 1n f l laoents wl th ln the coúPó8l te.
Thus,  l t  rould be poeslb le for  atreas cranafer  co

be nonunlforr¡ among the fllanente, such that the

streases 0n the Dost narrowed f1la¡rencs sould be
greater  lhan those on the unaf fected onea.

Inter f6clat  debondtng ln these nater la le ls

evldenced by t.hetr ablllty co underSo substenttal

bendlng at rooú cerPereture lflthout fracture. In

contraat to IICA-A240 and P55-A240 coúpoaltea'
ehlch undergo brlttle fraccure ln bendlng at rooo

tenpersture after undergofng htgh teüp€rature

creep, ¡he HH3000-l5V 88úple of Ftg. I could be

bent !o approxitately a l-fn. radlua, ag shottri ln

F1g. 3,  aa a conaequence of  the t ranaverse oatr lx
nlcrocrack atruccure ánd Ehe r¡eakened or oodtfled
lnter factal  bondlng.  oscenslb ly '  dur lng bendfng'

Ehe stra ln le accool lodated by s l ldtng of  f l la¡¡ents

wirh ln the secclons of  natr tx hold lng che f l la-

mentg logetherr  8o Ehat st resaee on the f f lanents

and oatr lx  do not  cauge f raccure.  The Eranaverse
rnlcrocrack¡ ln the oatrlx ¡ake on a redge ehape,
rnovlng lo¡¡ard each other aE the fnner fibers and

novlng away fron each other at th¿ outer flbers.
There seene to b€ enough lnter facla l  f r lc t lon EhaE

the gaúple reoalne sooenha! rtgld and w111 hold
lts ohape upon befng flexed bacl¡ and forch eeveral
thes. The aoount of bending that cao be accoomo-
dated by th l8 structure can be eat loared by

calculaclng Ehe radlue of  curvature shen che

nLcrocracks forro wedges lhac are Just touchlog at
the lnner f lbers.  Thle radlus R le approxlúateLy
(assunlng a,  b ) )  c)  ab/2c,  wtrere a le bundle

dlaneter ,  b 1s average dlstance becween olcro-
cracke, and c Ls average olcrocrack rldth. For

a -  I  m, b .  0.31 Í tm'  end c '  0.00463 rm (eee

rlg. 3), lhe nl.nLnun bend radius ls about 34 m,

close lo thac observed.
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Flgure 3. Postcreep sanple of HU3000-I5V shoslng
bendlng and lnter facfal  s l tPping at
rooú tenperacure.

Elast lc  modulus along the f lbers was calcu-
lated from the measured frequency and the dlnen-
glone and nass of  Ehe sarnple,  using the fornula
for  the lonest  f lexural  node of  a s inply supported
beam:

.  -  r . s o  (  e r )  l / 2
-  

¡  ( c t 4 ) L l Z

r t rere EI  le f lexural  st l f fness (dyne-co2),  q la
üaa!¡  ter  uni t  length (g/cn),  and L ls  beao length
( c ' n ) . )

Table I 1s a comparlson of flexural rnodulus
neaaurenents for  sanplee of  55-15V, boch as-
fnpregnaled and af ter  ealc ln lng at  I000oC under
lnert  gaa,  and for  Hü3000- l5V as-hPregnaced and
after  creep to 3000oC (see Flg.  l ) .  Inc luded are
€nc1üates of  the nodulus aa a percentage of  t .he
rule-of-n lxtures (ROM) modulus,  neglect lng che
o¿cr lx modulus and assuolng the fo l lonlng ProP-
e r t l es  o f  Bhe  f l be r s ¡  P55 - -10  un  d l an . '  55  Mpa l ;
Hl t3000--7 uo dlao. ,  50 MpEl.  In contrast  to che
ocher sampl€s,  which have a subsEantfa l  f ract lon
of  lhe RoM nodulue,  . the apparent  nodulus of
H1l3000- l5v hae greacly decreaeed af t .er  htgh
teúpereture creep,  r ¡h ich rey furcher lodicace
lnter facla l  debondlng,  d lseugaed above on rhe
basls of  che bendlng observat lons.

Table l. Average Flexural Modulug

( l )

Modulue.
(üpsl) ZRoll

Diaf t reter  Densl ly
(o¡¡)  (g/c¡¡r )

P55- t5V
As-iúpregnared 10.8
1000 'c  17 .  I

HH3000- l 5v
As-lDpregnated I 1.2
3000"c  1 .3

0 . 7 6 7  1 . 5 2
0 . 7 0 1  . 1 . 2 3

5 6
7 6

3 5  0 . 4 8
l l  0 . 7 8 3

I . 5 2
1 . 3 8

Greezczuk analyzed a Pert la l ly  debonded
unldlrectlooal coúpoelte and rePorted how che
f lexural  at i f fneeg Eay be lor¡er  than for  a fu l ly
bonded coopoal te.o Uslng th l t  argunenc'  and f ron
a few etuple geonetr lc  aaauaPt iono and by acal lng
Eq. ( l ) ,  l t  can be escsbl lshed thet  a unid l rec-
c l .onal  cor lpoeLte,  1f  debonded longf tudlnal ly  lnto
n tdenElcal  lndependent yarn bundles,  each of  f re-
quency f t  and oodulus E,  has approxlnately lhe
san€ f req-uency aa a fu l ly  bonded conPosl te wlLh
r¡odul .us E/n.  By th ls argunent,  for  example,  che
f inal  sanple 1n Table I  would exhlb l t  the equlva-
lent frequency tf lt roere fully bonded and had a
nodulue of 1.3 llpel or lf lr rtere debonded lnto
n -  f /0.11 -9 eub-bundles,  each t r l th ROl ' f  uodulus
( 1 1 . 8  ü p s f ) .

Conelus fons

Hlgh tenpera¡ure creep of  unfdl rect lonal
carbon-carbon compogltes has been showtr to glve

r lse to changes Ln nlcrosEruccure and apparent
el ,ast ic  modulus,  ¡ ¡h lch can lndlcaEe cracklng and
f  l laoenc-natr lx  debondlng.

This nork 1s sponsored by the Offlce of Naval
R€search under the di rect lon of  Dr.  L.  H.  Peebles.
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