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1. INTROUJCTION

Su¡face t¡eatnent of C-flbres ls needed to guaran-
tee good adhesion and stress transfer betreen
fibers and polyner ¡natrir /L,2/. Diffe¡ent oxida-
tlon nethods.are used for thls purpose and acldic
as well as a1ka1lne surface oxides are foflrpd on
the flbres. It was tried to erplain this iruprove-
rent ln adhesion by the presenie of sr¡rface oxldes
/3,1/.

mNNEf, et aL /5/' achlevedpartlalreverslblllty of
such lmproverent by renoval of the olrygen sr¡rface
conpleres durlng post heat treatnent ln vacuum.
In llD-composites, he neasured IL$S values of 55
MPa for surface treated flbres and the partlal
¡eductlon to 77 MPa by post heat treat¡ent of the
sr¡¡face treated fibres. Ttre author explalned
the resldual lmprovenent of the IISS after the
post heat treat¡rant by the BET sr:rface in his ,,
case lncreased durlng su¡face treatnent.

A nore specific proof of the contributlon of
the sr¡rface orldes to the adheslon was per-
forrned by FITZER et aI /6,7/. The author
blocked the acldlc surface groups of varloue t¡rpes
of carbon flbres (wet oridlzed in boiling HN02)
as well as of coÍmercially su¡faee treated caíbon
fibres by teals of the chenical reactlon w.lth
CHzNr. A complete lnhlbltlon of the ailheslon
trfr6venent by acidlc surface oxldes was orly
fourd for HM-flbres. In case of lfl-flbres,
however, they forncl sirnllar as DONNE'I a resl.dual
improverrent of the adheslon after chenlcal block-
lng of the suxface orldes.

Ihe present paper describes erperlmnts to erplaln
thls resldual Lnproveurent ln conrposltes wlth
Iff-flbres. Fo¡ this purpose, a carbon flbre was
selected whlch does not shor any dlfference ln
BET surface neither between non-sr¡rface treated
and surface treated states nor after desorotion
treatroent of the surface treated flbres.

2. EXPXRITTE¡TTAL
ffTiSfEEf,Elals

Connerelally available PA],I-based iff-carbon flbres
without and w"lth comerclal su¡face treatrenr
(ToRAYCA T30OU and T300S) rere used. The com-
rerclal finlsh {Es renorreal by erLractlon Ln
bolllng acetone for several days and subsequent
washing in boiling water. The drying process was
caried out fo¡ 2/r h at 13O"C rmder N2 and con-

tlnued for 12 h wrder reduced pressure (fO-2Uar)
at rpon temperature for complete desorlrtlon of
phystcally adsorbed rest-gases. The orygen sur-
face complexes were removed by post heat treat¡nent
bet¡veen 500"C a¡rd 1400oC ln separate rr¡ns (heating
rate looc,/rDln). The final heat treatment tempera-
ture of each n:n was selected from viewpoint of
the temperature ranges 1n which the special sur-
face orides are deconposed. The amor¡it of vo1atl1e
products C02, C0 and CH, was ¡masue¡d by lR-analysls.

2.2 Co¡rposite Preparatlon a¡d Testlns

Ir¡fatrl¡ resln LY556 (CIBA CEICY), a llquld epory
resln and fif972 (CIBA e'EIGf), a powdered aronatlc
dia¡nlne hardener were used as Drecursors for the
pol¡rmer natrix.

IJD nodel cornposited were preapred by dry winding
and subsequent resln impregnatlon under N2. The
composites with a fibre content of 60 vollf were
characterlzed by their lnterlenlnar shear strength
values (II^SS), uslng the short beam test.

? PÍ.<IIT Tq

a*. t *""" tbe a.norrrt of decoxq)oslt1on products
forr¡ed durhg heat treatnent wlthin tenperature
ranges up to 1/,00oC. In accortl,ance wlth lltera-
ture, C02 is forned uralnly between 30OoC 8nd 4t0"C
a¡rd betwéen F0oC and 85O"C. fhese tenperature
ranges were conflnrcd fo¡ non-surface treated as
ye11 as surface treated carbon flbres.

For C02 a second ¡narünrn was for¡rd at 80OoC, agaln
for both fibre t¡rpes. C0-formatfon sbows an
addltional myfunut ln the 1ow teuperature reg{on
aror¡rd 350oC a¡rd a fu¡ther lne¡ease at tenoeratures
above 100OoC. Both these effects car¡not Uá er-
plalned by thennal. tlecorpositlon of the o)rygen
surface coupleres. The flrst C0-nax1¡m¡n at 350oC
ls e:rplained. by a secondary reaction of C02 wlth
the carbon flbre surface accordlng to the 

-

BOUDOUARD-equilibrlu¡n and ls thus correlated wlth
the anormt of C02 forrnation

The a.mrmt of respectlve vo1at1le products nen-
tioned above, tllffers between sr¡rface treated a¡rd
rrrtreated flbres by the factor of 2 or 3 ( see
Tab. 1). On the contrary to this result, the
lncrease of C0 fornatlon at temoe¡atures above
lOOOoC is equal fo¡ flbres rith and withoub
su¡face treatrent. fhis indicates a secondary
reaction; for instance, between the carbon fibres
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Fig. I .  Desorptlon.products, C02, C0 and CH¿.of
untr€ated (U) and surface treated (S)
carbon fibre T30O.

and glass conpornds of the eample support. Thls
explanatlon ls experlmntal confl¡ted by a long
thernal post heat treatrent of HM-flbres at 1200eC
up to 12h. A stea<ly CO-fortatlon was observed
durlng thls long-tlne heating pe:ci.od. A1so, thls
CO-forrmtlon cannot be explained by cleconposltion
of o:rygen conporl¡ds rithln the o:rygen-free HM-
flbres. A sü¡iIar erplanatlon can be considered
for the CHr-forrnatlon, narnely a secondary reaction
w-ith hydropen.

The anount of volatlle products C02, C0 and CH¿ ls
conptrled in Tabl.e 1 together with the nitrogen'
content of the fibres before and after heat treat-
nent as well as the IISS clata of IID eonposites
wlth the respective fibres. One cen recognize
the lrprovenent of adheslon by surface tr"eatlrent
of the flbres, but also the residu¿l lñprovement
afber heat treatrnent of surface treated carbon
flbres.

Flg. 2 shows ln rrcre detall the correlatlon betneen
IISS 1n couposites and analytlcal r€suJ'ts concerrl-
lng the post heat treated flbres. These results
can be sumarlzed as follows:

a ) the lup¡overent of 1ISS by the counerclal-
orldatlon t¡eatrrent can be reversed coupletely
by heat tr€atnent up to 1OOOoC. No resldual

Table 1. Anor.utt of Desorpted Gases C02, C0 and CH4
Drfng Heat Treatrrent of HT Carbon Flb¡e
T300 Up to Flnal Tenrperature T, Fibre
Nltrogen .Content and Resultlng IISS.
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nfg. 2. Inflluence of desorpted C02, C0 and flbre

nitrogen content on the residual II^aS.

lnproverrent of adhesion is formd.

b) The dec¡ease of IISS improvernent by surface
, treat&ent occurs ln the post heat treatr¡ent

tenrperatr:re ralge between 300"C and 450"C.
It can be dlrectly correlated with the msln
COr-fornatlon as decomposition product.

c) There ls a nlnor further reduction of IISS
lmprovenent above 500oC to 1000oc ln the order
of 4 MPa, indlcatlng that the surface groups
whlch tlecompose to C0 have only a ninor lnfluence
on adhesion lmprovenent by surface treatnent.

d) There 1s a drastic decrease of IISS by post
heat tr"eatmnt above 1000oC of surface treated
as well as non-surface treated T300 flbrEs to
residual IISS arowld 30 MPa after heat treatment
up to 1/.00oC.

e ) There is a sur¡lrising correlatlon between this
ttrop ln IISS and nitrogen lost f¡orn the
lfT-carbon fib¡es.

¿. DISCUSSION OF TI{N RTSULT.S

As ÍEntloned 1n Chapter 2, BET su¡faces of the
urtreated fibres as well as surface treated and post
heat t¡eated flbres have not changed end were
reasu¡ed w1-i.}' 0.32 n2/g. Therefore, an effect of
the BEI sr¡¡face on the changes ln ILSS valuee ca¡r
be ercluded quantitatlvely. Only afber long post
heat treat¡rent (some hours) above 120O"C 8n i
lncrease in BEI su¡face was ¡neasured.

It ls not yet descrlbed ln llteratu¡e, that the
inprovement of adheslon of lfT-fibres can be co¡t-
pletely reve¡sed by post heat treatnent. The
e:qrerimental results shoun above lndicate that
the lnproveroent of aclheslon by surface treatnent ls
caused nostly by the surface grouPs which decompose
below 500"C and forrn C0^ as cleconpositlon proaluct.
Although the forred ctec6rnpositlon produets carmot
describe the type of su¡face groups decomposed,
this CO2-forrnatlon seems to be caused nainly by
thernal-clecoupositlon of carborylic groq)s' These
flndings confirm former discussion in llteratr:re,
that the fua¡rrovenent of fI^aS by surface treatment
is doninated by acidlc surface orygen corqlleres.

In all literature data on the adheslon between
carbon fibrcs and pol¡rrer rnatrix nate¡141s, the
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neasured fISS can be sp11t into tno parts:

a) basle adheslon, whLch is rreasured alter desoro-
tion treatroent or blocking of the reactive su¡-
face groups.

b) the contributlon to the fISS caused, by the sur-
face treatrnent.

Ihe baslc adheslon ln conposlted sith HM-flbres is
reported Ln the ar.ea of 20 Mpa. The basic adheslon
1n HT-flbres ls 1n the area of 6O-80 Mpa. ft res
shown pr.evlo,¿ely /7/, that thls basic adheslon in
ftf-fib¡es can be reduced to a lower lln.ft in the
order of 30 MPa. At that türe, 1t was cliscussed
that the basic adheslon of lfT-flbres, if conpared
rlth l{M-flbres, ls caused by surface orldes, always
present ln HT-fibres. As it ls shown here.
rErtr€ated tff-flbres wlth IISS of ZB Mpa can be
r€duced to baslcally 30 Mpa only by hest treatnent
above lOOOoC.

Ttis decr€ase can be correlated with the decrease
in nitrogen content. It seeros therefo¡e probable
that the resldual nitrogen content in t{T-iibres
cause thls resldual adhesion ln the range of
60 MPa to 80 MPa.
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