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In t roduc t  i  o+
The commercr -a r  exp lo i ta t ion  o f  carbon f ib res

t " . t "  
" "  

t h e  d i s c ó v e r y  o f  e f f e c t i v e  m e t h o d s  o f

in " r " " " i t  g  the  in te r fac ia l -  shear  s t rength  be tween

the  sur faóe o f  the  cy l indr ica l  f ib re  and the  com-

pát i ¡ fu  mater ia f  w i th  wh ich  they  are  combined '  to

io t *  t  comPos i te  rna ter ia l .

S ince  the  s t ruc tu ra l -  charac ter is t i cs  o f  ca tbonf

epoxy  compos i tes  a re  usuaf l -y  eva lua tec l  by  mea-

; ; ; i ;g  th l  shor t  bearn  shear  s t rength  (a  measure

át  in ie r laminar  shear  s t rength) ,  i t  i s  impor tan t

to  cor re l -a te  the  shear  w i th  the  bonc l ing  be tween

the  f ib res  and the  mat r ix  mater ia l - '

Knowledge o f  the  a tomic  s t ruc tu re  o f  the  sur faces

of  carbJn f ib res  is  there fore  essent ia l  and the

sur face  s t ruc tu re  has  recent ly  been s tuc l ied  by

* t " "  ap" " t romet ry  and 1ow tempera ture  adsorp t ion

; ; "Ñr - ; ;á  .s r  tv  l l l l r " '  ana  For t ,  ' r r  (1 ) '  rhe  a to -

mic  compos i t ion  o f  the  ex terna l  sur face  o f  carbon

f ib res  ñas  a lso  been inves t iga tec l  by  the  app l ica-

t i o n  o f  h i g h  e n e r b y  p h o t o e l e c t r o n  s p e c t r o s c o p y

(eé i l ) - ¡y  Ia rber ,  á* i r t ,  Evans  anc l  rhomas (z )  ana

w i t h  A u g e r  e l e c t r o n  s p e c t r o s c o p y  b y  c o n n e r i  ( 1 ) '

Exper imenta l
B#f r ! . "=  ; i  po lyacry lon i t r i le -based f ib res  l ¡e re

examln ld  v iz .  Torayca TJ0OA,  Torayca M{04 '  Toray-

ca  T20OA,  Cour tau lds  HM-S,  Cour tau fds  A-St  Cour -

tau fds  HT-S.  They  can be  d iv idec l  in  th ree  groups t

named Type 1 ,  Type 2  and Type J  d 'epent l lng  on  the i r

mechan ica f  p roper t ies .  Type 1  are  the  h igh  modu-

fus carbon f ibres Courtaulds I{M-S and Iotayca

l l4O¡ .  fyp"  2  a re  the  h igh  tens i le  s t rength  carbon

i i ¡ t " "  óáur tau lds  HT-S and Torayca T '00A '  Type l

á re  the  h igh  s t ra in  carbon f ib res  Cour tau lds  A-S

áná to t "y "á  rzoo-q .  A  tov  o f  carbon f ib res  cons is ts

o f  2OOO,  Toraycar  and 100O0,  Cour tau lds '  ind iv i -

dua l  para l le l  f i l aments  each on ly  B- !  pn '

¡.  rremi"vl indri"ca1 mi-rror anal-yzer (Vacuurn Genera-

i o t =  g l ó  c M A )  f i t t e d  v i t h  a  m i c r o f o c u s  e l e c t r o n

g" " -C i rc  J2) 'was  used fo r  Auger  s tud ies '  In  o rder

To t i " i * i re  poss ibJ-e  in tens i ty  var j -a t ions  o f  the

l . rg " " - . ig t  a ls  due to  the  geomet r ica l  ex tens ions

of  the  carbon f ib res ,  the  e lec t ron  beam (É=f  f -L* )

r^ ¡as  a l lo r , ¡ed  to  scan w i th  h igh  ve loc i ty  across  a

Iarge area. Thus al l  Auger spectra shown' are

, , r " i r ,g "  resu l ts  f rom a  sur face  area  equa l  to

2x2 mm.  Concent ra t ion  grad ' ien ts  were  s tud ' ied  by

s imu l taneous ion-e tch ing  o f  the  samples '  t r 'o r  th is

purpose an  argon- ion  beam was used w i th  an  ion

eu: r ren t  dens i ty  o f  20  ¡ rA /cm'  and an  acce le ra t ion

^ /
v o l t a g e  o f  2  k e v  ( 1 . 2 ' l o -  

' o  
J ) '  T h e . p r o f i l e  s t u -

d . ies  were  nade to  a  depth  o t  Jo  nrn  (5oo Á)  '  l r l

measurements  were  per fo rmed a t  a  p ressure  o f

1o-7  la .  Th is  p ressure  v ras  a t ta ined w i thout  any

bake-out of the vacuum chamber'

R e s u l t s  a n d  D i q c u s s i o n
The Auger .p""""o"ff i  examinatiott  q?t" the con-

""ntt" i ion 
grad.ients for oxygen, sulfur ancl

ch lo r ine  to  a  depth  o f  JO nrn  ( ¡oo  Á)  fo r  the  s ix

"árbon 
f ib res .  TLe concent ra t ion  grad ien ts  fo r

; ; t ; " "  in  the  s ix  carbon f ib res  are  present  in

i ¡ -á "1"  fo r  su l fu r  in  f ig  ' l  b  and fo r  ch for ine  in

i iá  f " .  I t  rnay  be  no tec l  tha t  the  oxygen conten t

o f  Torayca type 
'1  and type 2  carbon f ib res  in -

c reases 'w i tn  tne  depth  in  the  carbon f ib res '

fyp"  ¡  f ib res  have a  h igh  oxygen concent ra t ion

on-  t f t "  f ib re  sur face  and the  concent ra t ion  d 'e -

; ; " ; ; ; " ^ ; ; l t r  aeptn  to  a  depth  o f  !  n rn  ( lo  Á)  in

; ; ; - i i ; " ; .  Th is  migh t  be  because these f ib res

have la rge  sur f ,ace  roughness '  They  are  no t  so

r^ re f l  c ryJ ta l l i zed  and so  they  have a  la rger  sur -

face ar-ea than the other four carbon f ibres' The

concent ra t i -on  o f  ch lo r ine  in  the  s ix  f ib res  is

" "á t fy  
cons tan t .  The ch l -o r ine  comes probab ly

f rom Lx ida t ion  o f  the  f ib res  v i th  hypoch l -o r i te '

i t  i s  o f  in te res t  tha t  su l - fu r  i s  p resent  in  a l l

the  carbon f ib res .  0n  the  sur faces  there  is  no

su l - fu r  except  fo r  the  Torayca type,1  f ib re '  In

a l t  the  o thér  carbon f ib res  the  su l fu r  concen-

t ra t ion  inc reases  w i th  depth  in  the  f ib res  to

á¡ " " t - lo  
" *  

( too  Á)  and is  then cons tan t '  Su l -

fu r  has  been found in  PAN-based carbon f ib res

ear l ie r  by  Ka ln in  (+ )  0 .2 -o .3  / " ' ,  L iberman and

Ñ " i " "  f ! )  f o u n d  a b o u i  0 . 0 5 - 0 ' l  / "  í n  t h r e e  c l i f -

f e r e n t ' i y p " "  o f  ? A N - b a s e d '  c a r b o n  f i b r e s '

Sod iun th iócyanat -so lu t ion  is  used as  so lvent

fo r  the  po l ¡ ' rner isa t ion  o f  the  acry lon i t r i le '

i t  
" u " * " - l i l e l y  

t h a t  t h e  u s e  o f  t h i s  s o f v e n t

resu f ts  in  some res idua l  su l fu r  in  the  carbo-

n ised f ib res .  Such a  hypothes is  rvoufd  a lso  sug-

ges t  a  cons tan t  su l fu r  concent ra t ion  w i th in  the

f ib ¡e .  The present  Auger  examinat ion  conf i rms

th is  as  i s  demonst ra téd  ty  f ig  1b '  The low su l -

fu r  concent ra t ion  a t  the  sur face  o f  the  f ib res

e s p e c i a l l y  f o r  T y p e  1  a n d  T y p e . 2  p r o b a b l y  a r i s e s

f rom the i r  heat  t rea tments  dur ing  nanufac ture '

Remova l  o f  su l fu r  and ch lo r ine  is  d i f f i cu l t  i  f

l f te 
" lr f  

tur and chlori-ne atons are situatecl be-

tween the  graph i te  basa l  p lanes  and no t  in  ca-

v i t i e s .  f n é  ¿ i s t a n c e s  b e t w e e n  g r a p h i t i c  b a s a f

p l a n u "  i n  c a r b o n  f i b r e s  a r e  b e t w e e n  O ' 3 4 1  t o

288
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F ig .  1 .  The concent ra t ion  grad ien t  fo r  (a )  oxygen,
/ h \  o ' . 1 f . . ¡  ¡ / . )  n h l - o r i n e  i n  c a r b o n  f i b r e s  d e d u c e d
\  u r f  D u f  r  u r  t

f rom Auger  e lec t ron  spec t roscopy  examinat ion .

- -  E , C

2 e o


