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Introduct ion

Al though the surface propert ies of  h igh perfor-
mance carbon f ibres are of  technological  importance,
many  aspec t s  a re  s t i l l  no t  f u l l y  unde rs tood  ( l ) ,
part icular ly  the rnechanism whereby the inter laminar
shea r  s t r enS th  ( I LSS)  o f  f i b re / r es i n  compos i t es  i s
enhanced  by  ox i da t i ve  su r f ace  t r ea tmen ts  ( 2 ,3 ) .  I n  an
at tempt to fur ther e lucidate the surface character-
is t ics of  PAN based f ibres and their  interact ions
with the type of functional- groups which may be pre-
sen t  i n  r es i n  sys tems  t he  i nves t i ga t i ons  repo r t ed
here were undertaken.
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High modulus (HM),  h igh strength (HT) and type A
carbon f ibres both untreated (u)  and surface t reated
(s)  by the manufacturer  were invest igated along wi th
a ser. ies of  HM f ibres oxid ised in 68% fuming ni t r ic
ac i d  f o r  pe r i ods  o f  9 ,L2 ,25  and .  50  hou rs  f o l l owed  by
r igorous extract ion in r . rater .

Ni t rogen adsorpt ion measurements were carr ied
out gravimetr ical ly  using a Beckman RIIC LM6OO VM
microbalance,  buoyancy ef fects being reduced to a min-
imum. Adsorpt ion-desorpt ion measurements were made in
the  range  O .O1- I .O  p /po  a t  78K  a f t e r  degass ing  t o
< 1O-5 torr  at  temperaÉures up to 95O"C.

Oxygen chemisorpt ion was also performed gravi-
metr ical ly  at  34O"C fo l lowing the 95OoC degassing.  N2
was gradual ly  admit ted to 90 torr  and af ter  equi l i -
brat ion 02 v/as added to br ing the totaf  pressure to
l l -O torr .  There was a rapid establ ishment of  the buole
ancy ef fect  (previously assessed dur ing the N2 admiss-
- tons) fo l lowed by a s lower weight  increase due to corn-
plex format ion.  Under these condi t ions weight  incr-
cases of  !1.2 Vq could be measured reproducib ly.

The Microscal  f low calor imeter was used to fo l -
low the adsorpt ion of  organic solutes;  i ts  mode of
ope ra t i on  has  been  desc r i bed  i n  de ta i l  p rev i ous l y  ( 4 ) .
I leat  ef fects produced by adsorpt ion of  components
from a carr ier  f lu id which f lows over a bed of  adsor-
bent  are detected by thermistors and displayed as
peaks  on  a  po ten t i ome t r i c  r eco rde r .  Equa l  quan t i t i e s
of  chopped f ibres were careful ly  inserted into the
calor imeter and compacted as near ly as possib le to the
same degree pr ior  to measurement.  Solvent  \^ras then
f lowed over the f ibres at  a precisely contro l led rate
and smal l  quant i t ies (usual ly  20 V9")  of  a solut ion of
known concentrat ion were in jected into the stream.
' Ihe areas of  the exothermic and endothermic peaks
produced by adsorpt ion and desorpt ion of  species at
1-he . inter face v/ere measured by planimetry.  n-butanol ,
n-buty lamine,  n-butyr ic  acid and l -2-epoxypropane
dissolved in n-heptane (O.O37 M) were the major
adsorbates invest igated.

Resul ts and Discussion

Degassing in vacuum at  e levated temperatures
brought a-bout  appreciable weight  losses of  a l , l  f ibres,
the amount increasing wi th increasing temperature.
'-fhe vapours emitted were consistent with the removal

of  t rapped carbonizat ion products as suggested pre-

v iously (5) .  Ni t rogen isotherms on these f ibres were
of  type I I ,  and were displaced to h igher amounts
adsorbed and exhibi ted sharper 'knees'  af ter  degass-
ing at  e levated temperatures.  Figure 1 s l r<¡ws l -he
amount adsorbed on the HM-u fibres degassed at var-
ious temperatures,  p lot ted against  the amounts ad-

sorbed on the room temperature degassed sample at  the
same relat ive pressure (de Boer (6)  type of  analysis) .
The intercepts indicate the development of  micro-
porosi ty dur ing heat ing.  Simi lar  resul ts were obtain-
ed wi th a l l  types of  f ibres and the microporosi ty
created by heat ing at  95O"C increased af ter  surface

oxidat ion.

l - ññn ¡ r i nn  f he  i so the rms  o f  t he  HM f i b res  ox i d -v v ¡ u r q !  ¡ ¡ ¡ Y  v ¡ ¡ v

ised in n i t r ic  acid wi th the untreated f ibre in the
same r^ray, shor¡rs that oxidation produces no mi-cro-
porosi ty but  increases the external  surface area.The
comparat ive plots show a decrease in s lope at  h igh
amounts adsorbed suggest ing some mesoporosi t l r ,  but  no
hysteresis r ¡ ras apparent  in the adsorpt ion isotherms.
The commercia l  sur face t reatments produced no s igni-
f icant  change in the surface areas of  a l l  types of
f ibres.The act ive surface areas of  the untreated
f ibres increased in the di rect ion

type A > type HT > type HM ,
were markedly increased by the manufacturer 's  surface
treatment and to a much greater  extent  by ni t r ic  acid
oxidat ion (HM f ibres).  I t  wi I I  be dernonstrated that
the f ract ion of  the surface which is  'edge'  surface
also increases dur ingr th is type of  surface t reatment.
' I n  t h i s  r espec t  t he  e f f ec t  r esemb les  t he  change  i n
act ive surface area of  graphon dur ing al r  oxidat ion
observed by V{alker and Janov (7) .

F i d r r rF  2 l a )  shows  a  mode l  t r ace  ob ta i ned  f r om
the calor imeter fo l lowing the in ject ion of  a rever-
s ib ly adsorbed species into the solvent  st ream. The
adsorpt ion and desorpt ion peaks are of  equal  area.
In ject ions of  n-butanol  and l -2-epoxypropane solu-
t ions into the n-heptane solvent  st ream produced
effects approximat i -ng to th is model  ,  but  \ " / i th f ibres
of  low act ive surface area the adsorpt ion peak area
vras somet imes smal ler  than that  of  the desorpt ion
peak as a resul t  of  the endothermic heat  of  d i lut ion
becorning appreciable in comparison w.ith the heat of
adsorpt ion.  Adsorpt ion of  n-butyr ic  acid could not
be detected on any f ibres,  whi ls t  n-buty lamine was
adso rbed  ve ry  s t r ong l y  and  i n  pa r t  i r r eve rs i b l y .  The
trace obtained wi th th is Iat ter  species was as shown
in  F igu re  2 (b ) i  a  l a rge  exo the rm ic  peak  was  f o l l owed
by a t iny desorpt ion peak.  The second and subsequent
adsorpt ion peaks were smal ler  than the f i rs t ,  these
being of  reproducib le area af ter  the th i rd in ject ion.
In ject ing n-butanol  af ter  the n-buty lamine adsorp-
t ions resul ted in no change in the peak area,  indica-
t ing that  the i r revers ib ly he. Id buty lamine is  on
di f ferent  s i tes f rom those on which the alcohol  ad-
sorbs revers ib ly.  Hovrever,  r^rhen the n-butanol  was
in jected into a f lowing stream of  n-buty lamine solu-
t ion no adsorpt ion could be detected.  This suggests
the revers ib ly adsorbed amine and alcohol  adsorb on
the  same  s i t es ,  t he  am ine  be ing  p re fe ren t i a l l y  he ld
the re .
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Whi l s t  t he re  i s  ev i dence  o f  a  ve r y  sma l l  i n c re -
: :e in the n-butanol  peak areas as the external  areas
- :  t he  HM n i t r i c  ac i d  ox i d i sed  f i b res  i nc rease ,  t he
:reas of  the f i rs t  and the subsequent revers ib le
=\othermic buty lamine peaks are rnagni f ied great ly  by
- : . i s  t r ea tmen t ,  F i gu re  3 .  The re  may  a l so  be  a  ma rg i -
- .a l  decrease in the epoxypropane peak areas.  On the
: :mmerc i a l l y  su r f ace  t r ea ted  f i b res  t he  n -bu t y l am ine
: cak  a reas  a re  a l so  i nc reased  marked l y  bu t ,  as  ob -
,= : r ved  ea r l i e r ,  t he  ex te rna l  a rea  i s  una f f ec ted -  I n
: - I  cases  t he  n -bu t y l am ine  peak  a reas  cou ld  be  co r -
:31-ated wi th the act i -ve surface area measurements,
:  d i f ferent  re lat ionship apply ing to each type of
: x i da t i on  se r i es .

n -Bu t y l am ine  adso rp t i on  has  p rev i ous l y  been
:: r re. Iated wi th the anount of  acid ic surface com-
: l ex  on  ca rbon  su r f aces  (B )  and  i t  seems  reasonab le
: :  assume that  these are the s i tes for  adsorpt i -on of
: i i s  spec ies .  I f  t h i s  i s  so  t he  resu l t s  sugges t  t ha t
-- : re f ract ion of  the act ive surface which is  covered
: j '  the acid ic type of  complex increases wi th oxida-
-- ion t ime in n i t r j -c  acid (HM-f ibres) and is  a lsro
:reater  for  f ibres t reated by th is method than those
: : r f ace  t r ea ted  by  t he  supp l i e r .

The re levance of  these resul ts to the mechanlsm
::  enhancement of  the ILSS of  composi tes by surface
-, reatment processes wi l I  be commented on at  the
: .eet ing.
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