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Abs t rac t .  The re  a re  t r r o  d i s t i nc t  t ypes  o f  d i s t r i bu t i ons  o f
strength anong types of  etched carbon f ibers.  Soure types of
f i be r s  have  a  s t r eng th  wh i ch  changes  aB  t he  su r f ace  i s  e t ched
eway .  Fo r  oEhe r  f l be r s ,  s t r eng th  g rad iencs  r r e re  no t  obse rved .
T l r ese  s t r eng th  d i s t r i . bu t i ons  a re  r e l a ted  t o  m i c ros t r uc tu res .

in

Carbon f ibers of ten ghow a var iat ion in
axia l  propert ies acroas the f iber d lameter nhich
l eads  t o  modu lus  g rad lenc [1 ,2 ]  and  res i dua l
g t r egses [1 ] .  Th i s  pape r  d i ecueges  t he  s t r eng th
d i s t r i bu t i on  o f  ecched  f i be r s  and  t he  re l a t l onsh iP
to mlcroscructure.  Hercules Hl lS,  l lTS'  AS-4 and
AS cerbon f lberg and Unlon Carbide T-300 f iber
were th inned by electrocheoicál  etching.  I t te
strength of  e ingle f i laoente vere neasured at
a  gauge  l eng th  o f  25 .4 r ¡n  by  ue lng  t es t  cond l t i ons [2 ,3 ]
tha¡ a l loved recovery of  the pr inary f racture
surface.  The fa i led f i lanent  ends were obeerved
us in i  SEM.

The surface layer of  carbon f iberg of ten
has  h i ghe r  l oca l  nodu lus [4 ] .  f t e  s t r eng th  e1 l l
change upon removal  of  the outs ide layer,  and
the  E t reng th  d i s t r i bu t i on  w i l l  depend  on  t he
nagnl tude of  local  modulus,  residual  atresa end
f las mechanlgm. The strength dlst r ibul ion of
etch€d Hl lS,  8Ts,  AS-4,  AS and T-300 f ibers are
shown  i n  F i g .  f ( a ) - ( e ) .  The  g roup  mean  va lueg
were  p rope r l y  conpa red  us i ng  Ba r t l e t t r s  t es t '
A N o v A ,  D u n n e t t ' s  t e s t  a n d  t h e  t - t e s c [ 5 ] .  F o r
HMS f i be r s ,  ( r i g .  1 (a ) )  t he  mean  s t r eng th  o f
as - rece i ved  f i be r  i s  h i ghe r  t han  when  e t ched .
Th l s  f i nd i ng  i s  r e l e ted  t o  t he  s t r uc tu re  o f  HüS
f i be r  and  t he  e f f ec t  o f  r es i dua l  s t r ess  d i s t r i bu t i on
with in the f iber.  Becsuae those layers of  h igher
local  ¡nodulus are etched avay gradual ly ,  the
averaSe nodulus of  the renaining f iber becomes
sma l l e r .  S imu l caneous l y ,  t he  res i dua l  s t r ess
ig re l leved and the surface compregsive atreas
becooes snal ler .  In terms of  a f la¡¡  uechaniem,
most of  the f raccure gurfsceg of  th is h lgh nodulus
f i be r  ehowed  g rose  i n t e r f o r  vo i ds  ( see  F ig .  2 (a ' b ) )
and f racture is  bel ieved to or ig inate f ron these
vo ids .  Assun lng  cons tan t  s t r a i n  a t  f a i l u re  f o r
Ehe f law, the strength drope as the high modulug
sheath is  etched away. The mean strengths of
r h e  g r o u p  p a i r s  ( 2 , 3 ) ,  ( 3 , 4 ) ,  ( 4 , 5 )  a n d  ( 5 , ó )

showed then to be the same. The strength of

HMS flber drops upon surface sheach renoval and
then  s tays  consEan t  ( as . shown  i n  F l g .  f  ( a ) ) .

HTS carbon f iber has less modulus gradlent  [4]
and a lor¡er HTT than EhaE of HMS fibers; therefore,
less residual  st ress ls  expecEed. The strength
distr ibut ions of  HTS f ibers are shown in Ffg.  f (b) .

F i g .  I  The  S t reng th  D i s t r i bu t i on  o f  Ca rbon  F ibe rs
(a )  r {Ms  (b )  HTs  ( c )  AS-4  (d )  T -300
( e )  A s

Although Bhe noninal rean values of strength
in etched fiber groups are hlgher than those
of as-recelved f ibers,  thoy are not  s lgnl f fcant ly
d i f f e ren t  s t a t l s t i ca l l y .  The  f r ac tu re  su r f aces
o f  HTS  as - rece i ved  f i be r  (F i g .  3 )  showed  t ha t
f a i l u re  i n i t i a t ed  f r on  a  eu r f ace  f l aw .  No  ge r i ous

in te r i o r - vo i ds ,  as  i n  H I1S  f i be r s ,  we re  obge rved .
S ince  l ess  r es i dua l  s t r ess  i s  p resen t  and  no
ince rna l  f l a r¿g  a re  appa ren ! ,  f r ac tu re  i s  l i ke l y
t o  i n i t i a t e  f r om f l avs  on  t he  su r f ace .  The
sl ight  increase in strength miSht be due to removal
o f  f l a vs  upon  e t ch ing ,

The nodulus gradient  of  type A (AS-4,  AS
and T-300) f ibers are among the lowest  of  the
f i be r  t ypes [4 ] .  S i . nce  t he  HTT  o f  Eype  A  f i be r s
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( a )  ( b )

l le.  Z SEl l  f ractography of  l l l lS Carbon Fiber
'  

( a )  Ae - rece i ved  (b )  E t ched

i s  o n l y  l l 0 0 o C ,  t h e  e f f e c t  o f  r e s i d u a l  s t r e s s

is expected to be loe.  The group nean gtrengthg

o f  AS-4  a re  a l l  equa l  (F i g .  1 ( c ) ) '  The  g rand  nean

s t reng th  i s  3 .47  GPa  (504  Ks l )  ac ross  t he  d i enece r

doun  t o  a  r ad ius  r a t i o  o f  . ó5  w i t h  a  poo led

s tanda rd  dev i¿ t i on  o f  1 .04  GPa  (150  Ks i ) .  The

same  resu lEs  as  w i t h  AS-4  f i be r s  a re  f ound  i n

T -300  f i be r s .  Howeve r ,  t he  s t r eng th  o f  AS  f i be r s

díd not  fo l low che aaoe t rend a8 other tyPe

A f lbers such ag AS-4 and T-300- Ttre uean strength

o f  AS  ag - rece l ved  f l be r s  i s  on l y  2 .45  GPe  (355

Kei) ,  which i8 quf te lou coupared to nenufecturer 's

d a t a .

In general ,  there ere tuo diat lnct  tyPeg

distr fbut ions of  st rength aDont tyPes of  etched

carbon f ibers.  HMS have a Etrength gradlent

uhen etch€d, whi le type I1 and tyPe A do not '

These  s t r eng th  d i t t r l bu t i ons  a re  r e l a ted  t o

the mlcrostructure of  the f ibers.  For l l l lS f ibers

w i t h  a  sk i n / co re  s t r uc tu re '  t he  s t r engch  i 9

higher aE the surface'  then degrades to¡ ,ards

the core,  as the surface layer wag renoved.
I n  add i t i on ,  due  t o  t he  re l i e f  o f  r ea ldua l  s t t ees '

the decrease fn modulus end the exPoaure of  the

inter lor  f lar¡s to the gurfece af ter  etchinS'

the etrengch of  the etched f iber decreageg.

Incer lor  voide are found fn Hl lS f ibere which

a re  t he  ma ln  f a i l u re  l n i t l a t o r  ( see  F ig .  2 ) '

For type I I  and tyPe A no s lgnl f icant  var iat ions

sere observed in f iber st rength as the surface

layer was removed. Surface f lar¡s are the mein

f a i l u r e  i n i t i a t o r  ( s e e  F i g .  3  &  4 ) .  F i n a l l y ,

no ser ious inter ior  voids sere found in type

I I  and  t ype  A  f i be r s .

F l g .  3 The  f a i l u re  i n iE iaced
from surface f lar¡  for
HTS e9-received carbon
f i be rs .

f ig.  4 SEl l  f ractography of  es-recelved
carbon f lber shoving f racture
pá ¡ t e rn  o r l g i ne t i ng  e t  su r f ace
f  l aw .
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