
1. Introduction

All  polymeric carbon f ibers have an ínternal-
pore structure. The size, shape and open or
closed nature of these pores are instrumental
factors r¡hich determine the effectíve f iber den-
sity lr i thin a composite. Since conposíte thermo-
set resins can penetrate into these pores the
technique of measuring effect ive f iber density
rnust ut i l ize an exceLlent penetrat, ing test f luid
and be capable of providing very precise density
values. A density gradient technique, which
uti l lzes benzene as the penetrat ing f luid, was
developed to meet these requiretnents [1],  I f  the
carbons aton spatial arrangement of al l  polymeric
carbon f ibers is similar, the measurement of
f lber density is in real l ty a study of the inter-
nal pore structure [2].  Comercial carbon fabric
CCA3-16418, produced by the l{ i tco Corporation,
Gardena, Cali fornla ¡¡as used to study the rela-
t lonship of the pore structure and f iber density.
Thfs paper analyzes the effect of fabric oxida-
t ion and residual moisture on f iber density
values ¿s determined by the density gradient
technique.

2. E:cperimental

Oxidation and absorption specimens were 2tt
sqtr¿rres placed into tared aluminum dishes for
handLing. Al l  specimens were pre-dried for 16
hours at 105oC under vacuum to reubve residual
f iber moisture. The speciurens were quickly
removed from the oven and weighed to obtain the
lnit ial  specimen weight. After weighing, the
specimens nere returned directly to the vacul¡m
oven. Ocidatfon specimens were moved direct ly
frorn the vacuum oven to a large muffle furnace
previously stabi l ized at 450"C. At 5 minute
intervals the specinens rtere removed from furnace,
weighed inmediately and returned to the vacuum
oven. A test chamber for moisture absorption
study nas prepared by f i l l ing a descicator jar,
to within 2 cm of the base plate, with dist i l led
water. Specimens were moved direct ly into the
descicator from the vacuurn oven and were left in
this approx. 100% R.l l .  environment for 25 hours.
Each specimen lras removed individual-ly from the
descicator and placed on the balance pan. The
specimen was al lo¡¡ed to desorb by evaporation
unti l .  the desired pre-detentined absorption
value was reached. At this point disc specimens
¡¡ere introduced lnto a beaker of pure benzene.
The beaker ¡¡as then exposed to 5 minutes ultra-
eonic agitation and the speclnens introduced
dlrectly into the density gradient coLunrr.
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3.  D iscuss ion

The objective of this study was to determine
factors ¡¡hich could induce carbon fabric density
variabi l i ty and subsequently effect the f inal pro-
duct composite density. A BEÍ surface area and
pore  s ize  s tudy  by  E.  B .  S tuar t ,  and T .  Is ing  o f
of the University of Pit tsburgh indicated the
presence of type 1 isotherm micropores I ' ¡hich are
cons t r i c ted  or  cap i l la ry  connected  vo ids  [3 ,4 ] .
The open or closed nature of these voids to a
penetrat ing composite resin could signif icantLy
affect the composite structure density. To
analyse the nature of the internal pore structure,
specimens were oxidized up to 4% and fíber density
measurements made by the density gradient techni-
que. Fígure 1 presents the f iber oxidation effect
on density. '  The density values presented are al l
based on 30 minute exposure time in the gradient

column. .The inÍt ial  port ion of the ttStt curve is
interpretated as a cl-osed pore skin layer which
is removed by about 0.887. oxídatio¡ at point | tAtt.

This relates to the removal of 3004 of skin
carbon structure. After removal of this [skintt

the internal pore structure is penetrated by the
intruding fluid and the apparent fiber density
increases accordingly. The density effect of
oxidation, in excess of point t tBtt is much less
than the A to B rate and aPpears to be asymtoti-
caL. The dramatic oxidation effect in f iber
density demonstrates the importance of oxygen
free lfTIfI. Our fiber density accePtance linit is

1.490 gms/cc. This can be exceeded by 0.71"
ox ida t ion  and rüou ld  requ i re  0 .3  to  0 .6  f t . J  a i r
per yard of fabric depending upon the fabric
weight and C0 or CO2 reaction.

The effect of residual moisture on f iber
density was determined by pre-f i1, l ing the inter-
na1 pore structure !'tÍth measured weight 7" water
and measuring the aPParent fiber density. The
technique ernployed ensures the residual' fiber
moisture is not surface moisture but molecules
of water trapped within the constr icted internal
pore structures. The experimental data is com-
pared to theoretical calculat ions in Figure 2.
The theoretical l ine is based on a lr t .% addit ion
to the init ial  f iber density i .e. the apParent
f iber density with L7. by wt. l rater is 1.458 +

0.015 =  1 .473 gms/cc .  Th is  assumes no  ne t  vo lume

change associated with the L% wt. addit ion. The
small s!-ope variance gÉ experimental aod theore-

t ical data can be associated with a sl ight f iber

swell ing effect which would increase pore Penetra-
t ion or experimental.  error. The sLope change of

experimental data at 47. residual moisture
indicates pore saturation.
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The rayon based carbon f iber we have studied

r¿ . ;  r ece i ved  su f f i c i en t  HTHT  to  pa r t i a l l y  c l ose

: . : :  p1 ' ro lys is pore structure.  JenkÍns and

L¡r 'a=rra have recent ly  speculated that  a l l

: ¿ : : on  f i be r s  a re  r e ta ted  t o  g l assy  ca rbon  i n

5 : : ' r c t u re  and  po re  deve lopmen t  [ 2 ] .  Ou r  s t udy  on

: : - Lu lose  based  f i be r  i s  i n  ag reemen t ,  howeve r
: - :  t empe ra tu re  r ange  o f  po re  c l osu re  f o r  ce l l u -

- : : ¿  c a r b o n  o c c u r s  i n  t h e  1 . 2 0 0 o C  t o  l . 7 0 0 o c
:¿ : ¡e  as  compared  t o  700oc  i o  1 ,200oc  i ange  f o r

: : ' : ' ; enE iona l  g l assy  ca rbon  l 5 ] .

Conc lus i ons

The  ca rbon  f , i be r s  t es ted  have  a  sem i -pe rmeab le
: . : r  abouE  3004  t h i ck  and  po rous  i n t e r i o r  co re .

l -¿  sk i n  po re  s t r uc tu re  i s  pe rmeab le  t o  t he  sma l l

. ¿ :e r  mo lecu les  and  impe rmeab le  t o  t he  much  l a r -
: : :  no l ecu les  o f  benzene  o r  t he rmose t  r es i n .
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