
Evolution of Structure and Properties in
Continuous Carbon Fiber Formation

A comprehens ive  s tudy  o f  the  evo lu t ion  o f
sEructure and properties in Lhe formation of carbon
fibers from acrylonitrile based precursors is being
cronducted in our laboratories. trle report here scne
o f  t h e  r e s u l  t s  r e g a r d i n g  E h e  e f f e c t s  o f
s E a b i l i z a t i o n  c o n d i t i o n s  o n  t h e  f o r m a t i o n  o f  a
consolidaEed carbon fiber structure. ResulEs from
a s ludy  o f  p rogress ion  o f  carbon izaEior ¡  in  a
conEinuous proc€ss are also described.

E)<Perinental

T\iro precusor f ibers were used in this sEudlr
one thaE was spun in  our  labora tor ies  f rom a
copo lymer  o f  acry lon i t r i le  w i th  3 t  i tacon ic  ac id
(precursor I) and oEher a co¡¡nercial precursor-
o i f f e r e n t  l e v e l s  o f  o r i e n t a E i o n a l  a n d  l a E e r a l
orders were obtained Ehrough va¡ious cqnbinaEions
of  d rawing  th rough a  ho t  waEer  ba th  (HwD)  ano a
h igh  Eempera ture  tubu la r  oven (HTD)  (Tab le  l ) .
ConLinuous oxidaEive stabi l izat ion r¡as carr ied out
i n  a n  l 8 - f o o t  l i n e a r  o v e n  w i E b  v a r i o u s  a s c e n d i n g
t e m p e r a E u r e  p r o f i l e s  ( l ' a b 1 e  2 ) .  T h e  r e s u l  t s
reported here are from a conti .nuous carbonizaEion
process  w i th  the  tempera ture  pro f i le  as  shown in
f ioure  l .

T a b l e  l .  P r e c u r s o r  I  D r a w i n q  C o n d i t i o n s .
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Resul ts and Discussion

It¡e results from the SEM observations of cross
sectiorE of carbon fíbers produced by conEinuous
carbonization at I foot,/min. of precursor I fibers
stabi l ized with dif ferenL teÍperature profi les are
g iven in  tab le  2 .

A  ho l low core  is  seen f rom the  carbon f ibers
rirhen the f ibers are incompl ete I y stabi I  ize<j as a
r e s u l  t  o f  1  o w e r  s t a b i  I  i z a t i o n  t e m p e r a t u r e s ,
e s p e c i a l l y  w i t h  t h e  h i g h e r  d e n i e r  f i l a m e n t s .
E¡(tensive study hriEh Ehis precursor shc'h¡ that it is
lrec€ssary to carry out the sEabilizaEion EreabnenE
unti l  a cri t ical density of 1.52 gmlcc. is reached
in  th is  p recursor  to  avo id  the  fo rmat ion  o f  a
bo1 low core  in  the  carbon f ibers .  A  ho l  low core
develops in bhe carbon fibers also when the speed
of  the  carbon iza t ion  process  is  inc reased ' r i t i l
apparently u¡el I  stabi l izeci f i i rrs (TaoIe 3). Tne
f o r m a E i o n  o f  a  h o l l o w  c o r e  c a n  b e  c a u s e o  b y
burning-off of an incorpleEely stabi l izeo core as
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Figure 1.  Elemental  Composi t ion and
Proq ress ion  o f  Ca rbon i za t i on .

M. Balasubramanian,
G e o r g i a  I n s t i E u b e  o f

Sanple Dravr Ratio Total Fina I

M.K. Jain anci A.S. Abhirar¡an'
Technology, Atlanta, GA, 30318

()

. .900.
fL

l¡l
F

r c  2 . 5
ID 2 .5

1 . 8
2 - 7

4 . 5
6 . 1

2 . 1 6
2 . 2 2
I  . 5 5 z

o

fl

I
ó

300.

a

e 3.0
to

F

u.
()
I

T a b l e  2 . Proper t ies  o f  S tab i l i zed
Precursor  I  F ibers .

SAI.4PLE IEI"iPERAT{.JRE DPF DEbEITY tnüfÍ{
Prof ile(t) gmlcc C\IRE

rB 250-275-275 2.34 1.515
250-275-300 2.29 1.525
250-215-325 2.25 1.535

rc 250-275-300 2.19 1.495
275-300-325 2.24 1.51s
275-300-350 2.24 1.530

rD 250-275-275 1.62 I.525
250-275-300 .-1 : 57 I .535
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TAKE-UP RES. TIITE hoLIfX DIJNSI?Y soNIc
SPEED AT I2OOOC cl]RE 9m/cc ¡IJDUIIJS
fEztnin. min. (SEü) qpd
o io6 l

Tab le  3 .  Carbon iza t ion  a t
D i f fe ren t  Speeds. h i g h e s t  L e m p e r a t u r e  ( f i g u r e  4 ) .  T t r e  d r o p  j . n

dens i ty  wh ich  occurs  w i thóuE a  change ln  sonLc
velocity and electr ical resistance, is 

-prooably 
oue

to the conversion of some of the micrópores from
the accessible to inaccessible ones. l;nis aspecc
wi l  I  be  s tud ied  L / i th  bET iso thenns ano mercurv
poros i ty  measurements  ano t i re  resu lcs  w i l l  oá
presented at Ehe conference, along with adcjitional
resulEs frc¡n carbonization at ]600on
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wel I as the rapid developenrent of a rigio skin anci
Ehe subseguenE oeveloperoent of the cároon f iber
structure irn¡ards from Ehe skin. These two aspects
are being str¡died currently in our laboratories.

H i .gher  o r ien ta t iona l  o rder  as  we l l  as  lower
den ier  per  f i lament  in  the  precursor  leao to
superior mec'hanical properties of the carbon fiirrs
(lbble 4). ltot¡Ever, the highesE Eensile strengEhs
obLained fron precursor f r¡ere still lor¡er than the
fibers from the cormnercial precursor f I .  , fhe
surface of carbon f ibers made fro¡n precursor f
displayed defects in the form of pits, presurmbly
resulEi.ng from contaminaEion during tfe fornution
of these precursor fibers.

Elsnental composit ion ano propert ies sucn as
son ic  modu lus  and e lec t r i ca l  res isEance change
rap id l_y  in  the  carbon iza t ion  process ,  reacn i ;g
their final values al¡nosE irnnediately upon reachirrg
Ehe highest temperaLure (figuresl-3). the apparenE
densiLy of carbon fioers also increases rapiély in
carbonization but it reaches a relative maxirrum as
soon as lhe maxinn¡n terrperature is reacned, wiln a
s ign i f i can t  d rop  upon cont inueo heat ins  a t  the
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F i g u r e  3 .  E l e c t r i c a l  R e s i s t a n c e  a n d
P r o g r e s s i o n  o f  C a r b o n i z a t i o n .
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F i g u r e  4 .  D e n s i t y  a n d
P r o g r e s s i o n  o f  C a r b o n i z a t i o n
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Figure  2 .  Son ic  l lodu lus  and progress ion
o f  C a r b o n i z a t i o n .

T a b l e  4 .  P r o p e r t i e s  o f  p r e c u r s o r s  a n d  C a r b o n  F j . b e r s .

SAMPLE PRECT'RSOR FTBER
DENSIry DPF lEIJACITY
9m/cc aÉ

EI¿ST]C S'TABILIZATIOTT
MODULUS .I]EMPMAfl]RE

9d (oc)

BON FTBER

9n/cc 9F
ss¡Ic

MOTIJLUS

9F
r A  1 . 1 8 0  2 . 2 5  2 . I
r B  1 . 1 ? 5  2 . t 6  3 . 1
r c  1 . 1 7 5  2 . 2 2  3 . 4
rD 1.185 1.55 4.4
r r  -  0 . 9 2  5 . 3

78
90

u4
t44
r27

85?
1060
I  109
I  339
i  210

27s-300-32s
250-275-300
275-300-350
250-275-275
250-275-275

1 . 6 6 0  l . 1 6  4 . 5
1 . 7 0 5  l . l 3  6 . 3
1 . 6 7 0  1 . 1 0  1  . 4
1.?.15 0.83 8.1
I . 7 1 0  0 . 5 7  l 8 . s


