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Introductlon
A ner¡ class of carbon f iber reinforced carbon com-

posites utf l lz lng pltch-based carbon f ibers are be-
ing developed for appl lcat ions that require hlgh
strength at temperatures greater than 3000oC. These
applicatlons, such as rocket nozzles, aircraft
brakes, and reentry vehicle nosetips, have depended
upon rayon-based carbon f ibers, but l t i th uncertalnty
of future rayon supply, alternate f lbers are needed.
Pltch-based carbon f iber 1s one alternative.

The knowledge of processing and weavlng variables
on the propert ies of carbon-carbon composites has
advanced substantlal ly in the past fert year8. How-
ever, because the broad base of knowledge about car-
bon-carbon composites was developed for rayon-based
fibrous relnforcement, Í t  does not necessarl ly apply
to pitch-based cornposltes. Therefore, 1t is t t ie pur-
pose of this work to determlne the effects of car-
bonlzation and graphit izat lon temperatures, pyrolysis
pressure, and type of carbon matrix on the rnechanical
p roper t les  o f  p l tch  f lber  compos i tes .

Experimental
Unlon Carbide Corp. (Parma, Ohio) manufactured the

fiber used for the corposites for this study.
The flber was woven into twelve three-dlmenslonal

performs ln which the fiber lúas arranged in three
nutuaLly orthogonal dlrectLons designated X, Yr and
Z. Flgure I shows the dimenslons of a unit  cel l  of
the preforns 1n which the distances betr¡een f lber
bundles are lndicated. The preforms' woven by Fiber
Mater ia ls ,  Inc .  (B iddefordr  Ma ine) ,  were  5cm x  5cm x
l3cn .

To determlne the effect of process variables on
the nechanlcal propert les of pitch f iber composltes,
a basel- lne process and eleven variat ions were se-
lected to isolate process effects. The basel ine pro-
cess lnvolved impregnation rúith pertroleum pltch'
A240 (Ashland 0i1 Co., Ashland, KY) fol lowed by in-
Lt ial carbonization up to 9000C and graphit izat ion
to 2600oC in an inert atmosphere. This r¡as fol lowed
by repeated lnpregnatlon, carbonlzatLon to 535oC at
34 .5  MPa (5 ,000 ps l ) ,  and graph i t i za t ion  to  2600oC.
Approxlnately six such cycles were required to reach
a density L.95 glcc. Table 1 surnmarizes the com-
posites that nere fabrlcated.

The mechanical propert ies determined on each com-
posite lncluded tensl le, conpressive, and f lexure
strength, modulus and strain. These measurements
r¡ere made at room temperature in the Energy Materials
Tes t ing  Labora tory  (F iber  Mater ia l -s ,  Inc . ) .

Results
Gf,Ittical data for the composites are su¡n¡narized
on Tabl-e 2 which list the naximum, minimum, averaget
standard deviat ion, coeff icfent of variat lon, and
number of data points for each tyPe of test. Results
lndicate there are wide ranges of some propert les
such as  x /Y  f lexure  modu lus ,  26 .3  to  120 GPA (3 .81
to  17 .4  msf ,  Cv  =  0 .39) .  However ,  some proPer t ies ,
such as tensl le strength, varied a srna1l amountr 154

to  L97 Wa (22 .4  to  28 .6  ks i ,  Cv  =  0 .06)  fo r  a l l  p ro -
cess variat lons.

Discusslon
In order that the effect of each process variablee

on the rnechanical properties, two parameters were
selected to compare the composites for thelr reslst-
ance to thermal stress and impact. A thermal streaa
p a r a n e t e r .  -  o . K  w h e r e

'  E . o  o = s t r e n g t h
E = modulus
K = thermal conductivity
s = coeff lcient of therr

expanslon
has been used to rank graphltes. I f  the assumptioo
is rnade that the conductlvlty and expansion of theee
rmterials are independent of process variablesr thea
r  =  o l E ,

Irnpact reslstance is
area under the stress
€ = total strain. For
nence _ o-' 2 E

approximately equal to the
s t ra in  curve ,  t  =  o (e l2 ) ,

brl t t le rnaterials e = ole,

Each parameter atas calculated for aLl composites
at the various test conditfons. The effect of each
process varlabl-e !¡as determined by comparJ.ng the
parameters for that process variable with the nean
and standard deviat ion of_al l  conposltes by tbQ
e q u a r i o n s ,  r .  =  y l t  -  t \  r ,  _  y / I  -  I  \-  / - t \ s ) ' -L , f )

N 
----- 

N
In both equations a posit ive number indicates a cor
poslte better than the average of a1L the conpos

The effect of each processing variable on the
anical propert ies of pitch f lber composites is shor¡
by pl-ott ing R, the average of T' and f ' ,  as a
function of the process variables. Flgure 2 sho¡¡s
the effect of the type of m¿Itr ix on the propert les
of the composites. Petroleum pltch (A240) and coal
tar pitch (15V) are approxirnately equal but the 1or
sul-fur petroleum pitch (LS24) is much worse. Also'
the cornposites with CVD carbon are better than thoee
without f t .  CVD carbon gave the composites essentl-
al ly the same tensi le strength as the composites
without CVD carbon (77. Less for LS24 and 6% more for
A240), but l-ower rnoduli  (- LiL for LS24 and -L67. fot
L240).

The irnportance of the lnit ial  carbonization ter
perature ls shown in Flgure 3r whlch indicates that
1or^r temperature 1s better than high init ial  carbonf-
zatlon temperature.

Flgure 4 shor¿s that there is a sl ight upward treod
of R for graphit lzat ion temperatures above 26OOoC
(27% hlgher than the basel lne). However, lower
graphit izat ion temperatures has a definite adverse
affect. Higher graphit izat ion temperatures gives
better a1-ignrnent of graphite crystal l i tes.

The effect of pyrolysis temperature pressure Is
shown in Figure 5. I t  is apparent that pyrolysls at
pressure less than 34.5 MPa (5000 psl) yield compos-
ite propert ies worse than the average. 0n the other
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hand, for pressurea greater than 34.5 Mpa there Ls
l1 t t le  d l f fe rence up  ro  103 MPa (15 ,000 ps l ) .

Suuu¡ary and Concluelons
It has been found that carbon-carbon coryoaltes re-

lnforced r i th pttch-based carbon ffbers can be fabri-
cated lr i th r¡Íde varÍat lone of processfng condl.t lons.
The trende ln ther¡nal streas and inpact resigtance
lndlcate that conpoeítes rúith CVD carbon are better
than thoee conpoeltee lrfthout ft. The CVD carbon ap-
peara to ¿ffect the augnDent of graphite layer
planee; that fs, the preaence of a enal1 anormt (Vf-
0.11) causes lese forn¡tLon of htghly aligned grapñ-
lte or "sheethr along the ffber ¿xLs. The fnLtlal
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carbonfzatl.on t€nperature, although only ueed once
durlng the fabrfcation of the cornposltes, has a slni-
Llar effect on graphlte altgnnent¡ lower carbonizatlon
temperaturea cauae less f lber daur4ge. For example
the ¡ensl le strengths for the 600"c, 900"C and the
1200-C couposftes were the sane (t2Z) whereag the
1200"C conposlte te 3271 stff fer than the 600"C com-
pos f te .

There appearp to be a threshold graphftlzatlon ter
perature (2600"C) and a threehold pyrolyeÍe preaeure
(34.5 !fPa; 5,000 pel) above ¡rhlch l f t t le change in
ther¡al stress and lnpact resLetance f6 apparent.
Below thoee thresholds there are strong adveree
ef fec ts .
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Fig. 3 - R vs Pyrolysis Tenp.
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Flg. 5 - R vs Pyrolyefs Pressure
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Table 2 - Mechanical Property Sumary

Fig. 4 - R vs Graphltfzatfon Te4.
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