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Introduction

Carbon-Carbon-(C/C) -Composites are usually
fabriqated by infl l tration of carbon fibres
wi th a solut ion of  a thermoset t ing res in,
rnolding the resulting prepregs to the final
shape of the composite and earbonlzing the
resin b inder .  Thus a skeleta l ,composi te v t i th
carbon brldges between the monofilaments is
obtained whlsh is densifled subseguently by
gas phase impregnation witb pyrocarbon ( HILI
e t  a l . ,  1 9 7 4 ) .  F I T Z E R  e t  a l . ( " | 9 7 2 1 1 9 7 4 )  s u c -
ceeded to use coal tar pitch as primary bin-
der precursor and to repJ.ace. the CVD impreg-
nation process .by repeated reimpregnatlon,/
recarbonization' cycles with pitch. Carbonlza-
tions of the pltch binder have been performed
under elevated gas pressure up to temperatu-
res of semicoke formation in order to provi-
de high coke yield of the pitch and good ad-
hesion between the f ibres.and the resul t ing
carbon bridges. The final mechanical proper-
ties of C,/C-conposites prepared by the CVD
and b¡r the pitch prosess have been found to
be equivalent .and correspond to lOOt ut i l i -
sation of the fibre properties.

l{ith the aim to make the C/C-composite fabrl-
cation technology more economic FITZER et aL
(1976) have found recently that the elevated
gas pressure' during baking of, pltch bonded
carbon fibre. composltes can be avolded if the
used b inder .p i tch is  modi f ied by sul fur  ad-
dition. The sulfur acts mainly as dehydra-
tion agent for low molecular aromatis con-
stituents and therefore increases the coke
yield of the pitch rrrithout preventing meso-
phase formation.

Thermosetting resins however wbich are high-
ly crosslinked and show strong adhesion at
the fibre surface have been found to be un-
suitable as carbon matrix precursor for car-
bon/carbon-composites in spite of their high
coke  y ie ld  (F ITZER e t  a l .  ,  1971  ) .  The  an i so -
tropic shrinkage of the resin matrix during
sarbonizati.on caused cracks in the formed
carbon matrix whict¡ partially run across the
f i laments.

In the present study sre tried to overcome
the shrinkage proble¡ns using polymers with
linear aromatic molecular chai.ns such as po-
lyimlde and phenolic novolaqs i{ith special
che¡nlcal composltion.

Experimental

C/C-copositea hav.e been prepared. using three
types of resins as matrix preqursors¡

a processabler. condensation type polyimide,
releaslngacetic acld durlng curlng (Resln
212 by Yorkshlre Chen¡lcals)

phenolic novolas with hexamethylentetra-
mine as hardener (Resin A)

phenolic novolac with benzenesulfochloride
as hardener (Resln B)

For the fabrication of C/C-composltes pre-
pregs have been made by impregnatlng the
f ibres wi th the mol . ten res in(as in  the case
of  the poly imide) ,  wi th a SOt-solut lon of
the res in (as in  the case of  Resln A)  or
with l iquid prepolymer (as in the case of Re-
s in B)  .The resul t ing.p. repregs have been pre-
cured,  hot  molded into laminates(3x5x150 m¡n)
and hardened under presaure. Composites vrith^
phenolic resin have been postcured up to 25o-c,
those with polyimlde resln up to 4oOoC. Sub-
sequently the composites were carbonized ln
lnert atmosphere with a heating rate of 1o-
1  50C/h .

Co¡nmercialJ.y available carbon fibres in the
carbonized (MODMOR II, SIGRAFIIJ HF) as well as
in the graphitized (MODMOR I, SIGRAFIL HM)
state have been used as reinforcement. AII
f ibres hrere non surface treated.

Resul ts

on the le f t  hand s ide of  f ig .1 the l lnear
shrinkage of unreinforced bulk samples of the
dlff¡rent resins during carbonization up to
IOOO-C is shov¡n. It can be recognized that
the unreinforced phenolic resin A and the po-
lyirnide resin have very similar shrinkage be-
haviour¡ the main part of shrinkage occuring^
in the lemperature range between 4OO and 6OO-C.
On the r ight  hand s ide of  f ig .1 the cross-
section shrinkage of composites with the dlf-
ferent resins as matrix precursors and various
fibre types during carbonization is shown.
No shrinkage has been detected parallel to the
f ibre d i rect ion.  I t  can be recognized f rom
the ffgure that polyimide matrix composltes
show higher shrinkage during carbonization
tt¡ar¡ phenolic matrix composites and hlgher
shrinkage than expected from shrlnkage values
of  the unreinforced res in samples.  This be-
haviour can be explained by preferred orienta-
tion of the l inear aromatic ladder molecules
of the polyimlde precursor parallel to the
f ibre ax is  and.  f ibre sur face which resul ts  in
preferred.transverse contraction. Furthermore
it can be seen that the amount of composite
shrinkage.depends on the type of f ibre. Es-
pecially composites with phenolic resin A ag
matrlx precursor and graphitized carbon flbres
(SIGRAFIL HM) shrink only 6t whereas those

with carbonized carbon flbres (SIGR"AFIL HF)
shrink at about 158. The low carbonization
shrinkage in the case of composites $rlth gra-
¡üit lzed flbres is a result of the poor ad-



t¡eslon between graphitized flbres and the
carbonizlng matrix nhlch causes shrinkage
gaps at the fibre/matrix-i.nterface and ie-
duces the macroscopic shrlnkage. Composite
samples with phenolic resin B as matiix
exhiblt very low carbonizatlon shrinkage be-
cause this resin forms a foam-llke structure
wlth closed spherical pores upon curing.
The effest of the carbonization shrlnkage
on the flexural strength of the composll,es
during pyrolysis up to IOOOoC is shówn in
fLg.2. It can be recognized that C/C-conpo-
sitea $rith MODMOR I-and-II-f ibres and poiy-
imide resin as matrlx precursor have strenlth
3" l l?!""s 7OO MN/nr¿ afrer carbonizarion úp
to IOOO'C without any impregnation. C/C-coir-
po: i - tes.wi th phenol ic  res ln A and graphi t i -
?_ed (IlMl-fibres have strengths of only
50 MN/nz but the structuré of ürese compo-
sites provides very effectlve inpregnation.
In C,/C-composites wtth phenotlc iesin A as
matrlx precursor and carbonized flbres
fibre breakage caused by shrtnkage stresses
has been observed by scanning electron mi-
qroscopy. Ho¡rever, no fiber damage occured
if phenoltc resin B was used because the
matrlx shrlnkage was reduced by the porosi-
t y .

The influence of 4 relmpregnatlons wlth re-
sin or pitch respectlvely on the composite
flexural strength ls showñ in table 1-.
Pltch impregnatlons have been found to be
more effective ln comparison wlth resin im-
pregnatlons. The high strength of non-impneg-
nated C/C-conposites with polylmide as mátríx
precursor can be lncreased by lO - 15t cor-
respondlng to a flnal value of g2O MN/¡n2
after 2 pitch impregnatlons,/recarbontzatlon
cycles.  Th.  h ighest  f lna l  s t rength of
1 1oo MN/ml has been obtalned ln c,7c-composi-
tes with phenollc resin A as matrix preéur-
:gT,  119 graphl t lzed(Ht t ) - f ibres a l though
this flbre/matrix combination had the lówest
strength before lrapregnation.

The lnfluence of impregnatlons on the inter-
laminar shear.strength and the lnfluence of
heat treat¡¡ents up to graphltlzatlon tempe-
ratues wi l l  be d lscussed. .

Furthe¡tmore 1t wlll be shown that the
strength of C/C-cornposltes with phenollc re-
sins as matrlx precursor can be increased
lf the carbonlzatlon shrinkage of the ma-
trlx ls reduced by addltion ót graphltlc f i l-
lers wi th sul table gra in s lze.

References ¡

E.  FITZEI{ ,  B.  TERTi IESCH, 1972,
Carbon  1o ,  p .  383

E .  F ITZER,  B .  TERWTESCH,  1974 ,
Z.  f  .ü Ierkstof  f  technlk 5,  p.  53
E .  F ITZER,  E .  HEYM,  B .  R ! ¡EE ,  1976 ,
Hlgh Tenperatures-Hlgh pressures grp.3o7
J.  l t ILL,  C.E._THOMAS, E". t . t fALxER, 1974,
Proc.2nd Int .Carbon Flbres Conference,
London,  paper 19,  p.  122

f
z

F

e

z

z

!

f
I

2

e

É
z
=

COMPOSITES

i - . t i i lÁül  . - -2

V f . j / . 1 2 S ' C l
!  t  íÉ 'c l

HTAI  TRTAT}TTIT  TEHPERATURE { 'C I

Fig.1 ¡  L inear  shr inkage of  res in bulk  samples
and cross-section shrlnkage of UD-com-
posites as functlon of HTT
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Fig.2: Room temperature
UD-composites as
final HTT
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Tab.1 : Flexural strength of UD-C/C-composites
(carbonlzed up to IOOOoC) wlthoüt and

wlth relmpregnation,/recarbonizatlon-
treatment using resin and pltch resp.
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