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Table I.  Carbon Fiber propert ies1.  Int roduct ion

I t  hras shown that for CFRC composites high-
ly heat treated carbon f ibres type HM with:
out surf ace treatment are required to actrier¡e
the translat lon of f ibre strength up to 1@t
j¡ the conposite compared with only 30 * in
case o f  non sur face  t rea ted  HT f ib res  11 ,2 ,3 ,
4) . Sr¡¡face treated C-fjl¡res belrarre ever¡ worse (see
Fig.1 ) (5) .  Such f lbres $ri th reactive surface
cause high-degree of shrinkage. Thus dange-
rous internal stresses are induced which re-
duce the f j .nal strength of the compos5.te.

Some improvement hras reported by post heat
treatment of HT f lbres up to '1970 K (6) b¡t
even then, only 35 I translat lon of the f i-
bre strength can be calculated from the
pubJ.lshed data. Therefore, systenatlc erperi-
ments were started to study the effect of
heat treatment, of HT f ibres with increasing
temperatures up to 2570 K on the f inal me-
chanical propert ies of CFRC conposites.

2. Experimental

2.1 Fibre type. Co¡nmercial carbon f ibres
type HT (HTA-7-12OOO TOHO Besflght) were

heat treated in argon at tenperatures of
1870,  2210 and 2570 K a l te rna t i . ve ly  fo r  one
hour with heating and cool ing rates of
4OO K/h. The conmerclal carbon fibre type HM
(HM-12 SIGRI) was used for comparison. The
original commercial HT f ibre and HM fibre
were pre-heated some seconds in nitrogen at
117OK to el iminate the commercial f inlsh be-
fore preparation of the composite.

2.2 Compo:ite preparatlon. With the origjnal
ffie heat treated

HT carbon flbres UD composites with 52 rrc1t
fibre content were prepared by the wet win-
ding technigue with phenolic resin formal-
dehyde type novolak (BAKELITE No.Dp 2261 as
matrix precursor. The carbonization was IEr-
forrned with a heating rate of 10 K/h up to
1270 R in argon atmosphere. The carbonized
composites were densif ied up to 4 t irnes by
inpregnation with the precursor resin and
recarbonization up to 127c. K.

3 .  ResuLts

@ The effect of heat
treatnent of the f ibres up to varied f i-

nal temperatures is compiled in Table 1.The
dens i ty  inc reases  f rom 1 .77  gcrn-3  fo r  the

Density Tensile Yó-ñgk-E1ong.
(s/cm- ' )  s t rength Modulus ( t )Fiber

I 8 7 O  K
2 2 7 0  K
2570 K
HM-I2

t .  7 9 0  2 6 9 3 . 9  2 7 6  . 6  0  . 9 7
1 . 8 8 0  2 6 0 r . 0  3 4 3 . 1  a . 7 6
1 . 9 0 0  2 7 7 8 . 3  3 6 3 . 1  0 . 7 4
1 .  8 r 5  2 5 2 r . 5  3 1 5 .  9  0  . 7 9

untreated HT f ibres to 1.9O gcm-3 afterheat
treatment up to 2570 K and is higher than
that of the commercial carbon fibres Htftlrpe,
The same is observed for the YOUNG's npdulus
w h i c h  i n c r e a s e s  f r o m  2 1 ? . 9  G p a  t o  3 6 3 . 1  c p a
again to a higher value of the commercial
carbon f ibres HM type which was used for
comparison. The tensi le strength shows a
flat minimum after heat treatment up to
277c. K. These changes of density aná mecha-
nical propert i .es are in principle in agree-
ment with l i terature data and explained bv
the thermally act ivated reorganization of '
the f ibre structure.

3 . 2
rocess

dendens i t ies  o f  the  C/C compos i tes  a f te r  f i r s t
carboni.zation and after the subsequent im-
pregnation recarbonization steps. I t  can
clearly be seen that the degree of shrin-
kage expressed as bulk density after f i rst
carbonlzation is extremely high with HT
fibre types. The lowest cross sectional
shrinkage was found for the commerclal HM
fibre type. The post-heat treatment of the
HT f ibres in laboratory scale decreases the
amount  o f  shr inkage (see Tab le  2 ) .
The densif icat ion by j .mpregnati-on/recarboni-
zation is i .n agreement with l i terature data.
But the highest density value was achieved
after four densif i .cat ion cycles with the
fibre which has been post-heat treated at
highest temperatures j .n the laboratory.

The mechanical propert ies of al l  composites
nere neasured after the f inal (fourth) den-
s i f i . ca t ion  s tep .  F ig .  3  shows the  f lexura l
strength and the YOUNGTs rnodulus. In agree-
ment with our previous results, the carbon/
carbon composite with H!{ type f ibres has a
higher f inal strength than that prepared
from HT f ibres. The strength lncrease is
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Tab le  2 .

Cross sectional shrinkage of the
composites during the carbonization
process reinforced with dif ferent
f iber  types . .

Cross Sectional. Shrinkage of the
Composite

H I - 7 - 1 2 0 0 0 :  1 4 . 7 t  
|  

2 2 7 0  K :  8 . 2 r  
I  u u - r Z :  3 . 0 r

1 8 7 0  K :  1 3 . 4 t  |  2 5 7 0  K :  5 . 4 t  I
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Fig. 3. Flexural strength and f lexural
modulus of the composítes
reinforced with dif felent f ibers
a f te r  four  dens i f i ca t ion  s teps .
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Trans la t ion  o f  f iber  s t renqth
and f iber modulus in the cómposite
re in fo rced w i th  d i f fe ren t  f iLers
a f te r  four  dens i f i ca t ion  s teps .

F i g .  2 . Densit ies of the composites after
each process  s tep .
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F i g .  5 . ILLS of the composites reinforced
with dif ferent f i_bers after four
dens i f i ca t ion  s teps .

more expressed with the post-heat treated
HT f ibre types and this although the tensi le
strength of the pure f ibres dróps by this
treatment as shown in Table .l .
Also the translat j .on of f ibre strength as
shown ln Flg. 4 is in agreement with our
previous results. Commercial Hl,t  f ibre type
shows a translat lon which is twice ot tñát
of HT f lbres. The absolute values of only
55 i  translat ion 1n case of H¡.{ f ibres is-ü
vlously caused try the precursor. 1OO t trans_
lat ion ls only found with pitch impregna-
t ion cycles. A stronger increase iñ rrans-
lat ion of f ibre strength was found with the
HT f ibres post-heat treated in laboratory
scale. Maximum translat ion of 70 t is
achleved by heat treatment around 23OO K.
The translation of the flbre modulus to ttre
co¡riposite increases with ternperature of lnst-heat treatment, too. It can be showncleárl_v
however that in case of the used phenolic '
matr ix precursor, the effect of héat rreat_
ment on lhe ¡nodulus is not so strongf as in

case of pitch based ¡natr ix carbon. Even
with the hj-ghmodulus f ibres the translat ion
of modulus of the composite is quite low as
shown previously in l l terature [¿). rn case
of_ special pitches r¡hich forrn mesophase and
well  graphit izing coke the YOUNG's modulus
of matrix contr ibutes in the same extent of
nagnitude to the modulus of cornposite (2).

Fig. 5 shor.rs the ILSS rneasured by short beam
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test. As known the adhesion between f i-bre
and matrix is best with HT f ibres and worse
wi th  HM type f ib res .  Th is  i s  con f i rmed aga in
in the medj.um range of post-heat treated HT
fibres where we have an intermediate ILSS
value which corresponds very clearly wlth the
maxlmum in translat ion of f ibre strenqth and
modu lus .

4 .  D iscuss ion

The systematic study of inf luence of the
microstructure of carbon f i .bre surfaces in
preparation of carbon/carbon composites by
the l iquid inpregnation process has confir-
med the experiences discussed in l i terature.
Namely the adhesion between matri .x precur-
sor and the fibre should be low i.n order to
avoid damages of the fibre duri.ng carboni-
zatlon. In case there ls a low adhesion be-
tween f ibre and matrix, the binder precur-
sor wi1l shrink away from the f ibre during
fj .rst carbonization. In such a way, a for-
mation of circumstancial sl i ts between f i-
bre and f irst binder coke are found which
are  idea l  fo r  dens i f iéa t j -on  s teps  by  im-
pregnat ion / recarbon iza t ion  cyc les .  In  case
of a good primary adhesion beth¡een binder
and f ibre, the binder coke shrj-nks on the
fibre but causlng hiqh degree of internal

stresses and very often also severe damages
of the f ibre i tself .  This damage canbe seen
from the low values of translat ion of f ibre
strength in the f inal composite.
The systematic study here shows holrever t¡at
post-heat treated f lbres but not at a naxi-
mum tenperature as cornmercial HM f ibres are
even more suitable for carbon/carbon compo-
s i tes .  Add j . t iona l l y  lower  cos ts  can be  ex-
pected. For the HT f ibres used in these ex-
periments the optinum post-heat treated
temperature is in the regj.on between 2O7O
and 2170 K i f  phenolic binder precursor is
u s e d .
It  is assumed but not yet experj.mental ly
confirrned, that these conclusions are also
val id. for ¡nult idirect ional C,/C composites.
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