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The development  of  h igh st rength cont inuous
f ibre mater ia ls  f rom t i 'ght  weight  e lements
enables us to fabricate high performance com-
posl tes having mechanical  propert ies s imi lar
to st,eel , but at the same time a density
which is f ive ti.mes lower.

I n  f i g .1  t he  t ens i l e  s t reng th  and  YOUNG's
modulus of commercially available contin¡¡ous
Iow qensi ty  f ibre mater ia ls  is  shown. The
black areas correspond to the 'd i f ferent  va-
r ie t ies of  carbon f ibres.  I t  can be recog-
nized that  carbon f ibres wi th s t4ength^up to
4OOO MN/m2 or  mo<¡ul l  above 5o '10{  MN,/m¿ can
be fabricateo. For room temperature applica-
t ions most  of  these f ibre mater i .a ls  are a l -
reaoy successfu l ly  used,  main ly  as re infor-
c ing component  in  epoxy matr ix .  Boron f ibres
are a lso tested as re inforcement  for  a lumini -
um. l iowever at present there is no structural
appl icat ion of  f ibre re inforced composi tes
aL-elevated temperature say above 15ooc,  be-
cause the. true potentfal and applicabil ity
of  temperature res is tant  f ibre re inforced
composi tes is  not  yet  known suf f ic ient ly .

Therefore we studied the fabrj 'cation, the
chemical stabll ity and the mechanical pro-
per t ies of  unid i rect ional ly  f ibre re info¡ced
éoniposites wlth the s¡ost promislng fLbre/
matiix combinations at ambient and especial-
ly at elevated temperatures, that means uP
to 5OOoC in air. The study includes carbon
f ibre re inforced phenol lc  res ln and var lous
poly imide res ins,  carbon f lbre-  and boron
ÍiUie reinforced aluminium and carbon-carbon
(C/c)-  conposi tes.  carbon f lbre re inforced
epoxy cornposites PrePared frgrn a com¡nercial
C/Epoxy-prepreg (FIBRUDUX 911) have been te-
sted for comparison with composites with
high temperature res is tant  polymer matr ix .

2.  Exper imenta l

The potymer matrix composiles have been fa-
br icated by impregnat ing sur face t reated
carbon f ibre yarns wi th res in solut ions and
wet wlnding then into the shape of prepregs.
the prepregs have been precured and subse-
quently hot moldeci to receive bars
(2x5x16 o ¡nn¡) ¡rhich have been Postcured up to
the f ina l  s t rength.  three d i f ferent  k inds of
poly i rn ide res ins have been used:  Resin 212
is á processable condensatlon polyirnide
which re l .eases acet ic  ac id dur ing hardening;
P 13 N is  a prepolymer which undergoes in i -
d izat ion at  cur ing temperatures between
21o -  26oac and crossl inkage of  the nadic
acid encigroups above 29oec,. Kerimid 6ol is
a poly-b ismale in imide.  the '  phenol ic  res ln
consists  of  a novolac,  which has been harde-

ned with hexamethylentetramine.

The C/C-composi.tes which have been used for
tests at elevated temperatures were prepared
by l iqu id in f i l t ra t ion of  the carbon f ibre
yarns wi th mot ten coal  tar  p i tch (sof tening
point  63oC) as carbon matr lx  precursor .  The
f lbre content  was contro l led by hot  presslng
the ln f l l t ra ted carbon f lbres in to lamina-
tes.  The laminates were baked up to 55OoC
under elevated nitrogen Pressure and sub-
sequently upto 14OOoC under atmospheric pres-
sure. The porous carbon composite frame-
work obta ined af ter  carbonlzat i .on was re im-
pregnated with pitch and recarbonized four
t imes which is  suf f ic ient  to  reach maxlmum
strength.  Fur ther  deta i ls  on th is  technlque
have  been  pub l i shed  by  F ITZER e t  a l ,  ( 1972 )  ,

Boron fibre reir.forced aluminium samples
have been prepared using co¡nmerclally avai -

lab le tapes wi th B4C-and SiC-coated boron
f ibres.  In  these tapes the f ibres are held
in posi t ion on an a lu¡n ln iu¡n fo i l  (6061) by
plasma sprayed a luminium (6061).  The taPes
were combined in an eutect ic  bonding Procesa.

Carbon f ibre re inforced a luminium comPosl tes
have been prepared by in f l l t ra t ion of  sarbon
fibres which l,\¡ere coated with nlckel or sll-
ver as wettlng promoter wlth moltgn alumi-
nium at temperatures of about 7oo-C. The ln-
f luehce of  the d i f ferent  s tet t ing agents on
the composite fabrtcatlon process and the
composi te propert ies as wel l  as the ef fect
of  SiC,  T iN,  T iC-coat ings on the carbon f i -
bres as d i f fus ion barr lers between carbon
and aluminium durj-ng compeslte fabricatlon
and especia l ly  dur ing appl icat ion at  e leva-
ted temperatures wl l l  be d iscussed.

3 .  Resu l t s

In table 1 the room temPerature Propertles
of  the d i f ferent  s tudied composl te mater ia ls
are compi led.  I t  can be recognlzed that  the
f lbre st rength is  a lmost  complete ly  ut i l ized
j ,n the case of  C/epoxy- ,  C/phenol lc- rB/a lu-
minium- and C,/C-composites. The lncomplete
f ibre st rength y ie ld for  composi tes wi th
poly imtde matr lces is  caused by a res ldual
porosi ty  due to the re lease of  condensat ion
products or traces of the used hlgh polar
solvent  dur ing postcur lng.

The inter laminar  shear s t rength ls  very h igh
in epoxy and phenolic matrlx composltes and
comparatively low for polyimidrmatrlx com-
posi tes.  In  the case of  a lumini ,um matr ix  com-
posi tes in ter laminar  shear s t rength ls  so
high that. the short beam test could not
cause delaminat ion.  The g iven values there-
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fore have to be regarded as mintmum values,
the real shear strength is lylng hlgher.

The flexural strength of the composites as
function of the test temperature is shown ln
fLg.2. It can be recognized that C,/epoxy
composites loose their strength^completely
up to a te6t te¡nperature of 2OO-C. C,/Resln
212-composl tes show a bet ter  s t rength reten-
tlon espesially between 2oo and 3oooc. Most
surprlslng ls the excellent elevated te¡r¡pe-
rature strengt¡¡ of C/phenbllc-conposltes
which ls slmllar to that of B,/aluminlu¡n-com-
posltes. As can be recognlzed the absolute
room temperature strength of B/alumini.um-
compoaltes exceeds that .of C/alumlnir¡m-com-
posltes but. the dlfference ln strength va-
nishes at a test temperature of 45O-C. The
strength ot C/C-cotnposltes doea not decrea-
se at all wlth increaslng test temperature'
thus belng superlor to all other composlte
materlals at temperatures above 4oO"c. The
fracture behaviour of the different compo-
site materials at room temperature and at
el.evated temperature wil l .be discussed.

Futhermore the behaviour of the composites
durlng long ..t ime exposure In alr at eleva-
ted temperatures under Etatic f lexural loa,l
will be shown. It tutns out, that lmpr.ove -
ments of the mechanlcal temperature resistan-
ce of B/al¡.¡¡¡lnlr¡m composltes can be reallzed
by age hardening of the matr!.x. The chemi-
cal.ly caused temperature l lmlts wil l be
pointed out by mlcroscopic analysis of heat
treated composltes and the dependence of the
composite strength on the tarrier functlon of
B4C-and SlC-protectlve coatlngs on the boron
f ibres wi l l  be d iscussed.

Thermogravimetriq measurements of the oxida-
tion behavlour of C/C-composltes at elevated
temperatures in aj.r have sholdn that these
composites are sensitive against oxidation
already.at, temperaturea above 35ooc. Methods
for improvlng the oxióation resistance of
C/C-co¡¡posites have been studled which allow
an appllcation of C,/C-composites 1n oxidl-
zing at¡nosphere up to soooC.
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Tab. l ¡ Mechanlcal room tempera
ture properties of unl-
dlrectionally f ibre re-
inforced composltes

0 1 0 2 0 3 0 ¿ o 5 0
Y0UNES MODULUS [10'MN/m¿l

F19.1:  Tensl le  s t rength and YOUNGTs modulus
of hlgh performance flbre materlals
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F ig.2:  F lexural  s t rength of  unid l rect ional ly
fiber relnforced composltes aa
function of test temperature
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