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Wts have .shown earl ier that tbe mechanical
r e s p o n s e  a n d  t h e  c h a n g e s  i n  m o r p h o l o g i c a l
p a r a m e E e r s  o f  a c r y l i c  f i b e r s  d u r i n g  a  b a E c b
o x i d a t i v e  s t a b i l i z a t i o n  p r o c e s s  s u p p o r t  t h e
morphological mgdel proposed by !farne!, et al.
namely r  connectéd  a l te rna t ing  reg ions  o f  \a le ra l
order and disorder in a f ibr i l lar structure"o. lÉ
d e s c r i b e  h e r e  E h e  r e s u l t s  f r o m  a d d i t i o n a l
experiments pertainlng to the norphology of acrylic
precursors  and the  progress ion  o f  chemica l  and
rnorphological changes during baEch and continuous
oxidative sEabi I ization processes.

ExPeri.rental

Ttre results reporEed here are fron experiments
conducted with f ibers spun in our laboratory by
redissolving a ccrrrerciai acryl ic f iber, Orlon-43'
s u p p l i e d  b y  D u  P o n t .  F i b e r s  o f  d i f f e r e n t
or ien ta t ions  and ex tenEs o f  la te ra l  o rc ie r  were
obtained Ehrough different cc¡nbinaticns of drawing
i n  a  h o E  h ¡ a E e r  b a E h ( H w D )  a n d  t h r o u g h  a  h i g h
t e m p e r a t u r e  E u b u l a r  o v e n ( H T D )  ( T a b l e  I ) .  R e s u l t s
s imi la r  Eo those repor ted  here  have a lso  been
oblained r.¡ iEh E¡¡o o[her acryl ic precursor f  ibers.
ltle batch stabilization experiments ltere conducted
i n  a n  a i r  c i r c u l a t e d  o v e n  a t  2 6 5 o C .  C o n t i n u o u s
stabi l izat ion uas carr ied out in an l8-foot Eubular
oven a t  Ehe same input  and oubput  ve loc i f ies  and
' r i . th  a  f la t  Eempera ture  pro f i le  (265"c) .  Tbe
progression of changes here rrere n¡cnitored through
measurement on a "process sample" obtained by
ortt ing the f i larpnt bundle at the del ivery end and
rapidly pulling bhe sanple out frc¡n the feed end.

Results and Disct¡ssion

1. Progression of Stabi l izat ion
Ttre sonic modulus and wN(D data reveal clearly

the  presence o f  a  h igher  overa l l  o r ien ta t ion  and
lateral order in the tfID fibers than in the fibers
drawn to  the  same ex tenE in  ho t  water ( t tWD)  ( tab le
J). Iloilever, when bhe progression of stabilization
is moniEored through measuremenEs of density and
elemental crcrnposit ion (f i9s.1,2), l i t t le dif ference
is seen bef\.¡een the responses in the h¡o fibers.

When acryl i .c precursor f ibers are heated to
t h e  t e m p e r a t u r e s  i n v o l  v e d  i n  o x i . d a t i v e
stabilization, rrhether dimensional constraints are
imposed or not, a tendency to$tard increase in
per fecL ion  and ex ten t  o f  Ehe la te ra l l y  o rdered
domains  occurs  in  the  ear ly  s tages  ( f ig .3 ) ,  the
extent of this increase decreasing with increasing

' o r d e r  i n i t i a l l y  p r e s e n t  i n  E h e s e  f i b e r s .  T h e
dranraEic difference seen in the initial changes i.n
sonic modulus (f i9.4) between Ehe presence and
a b s e n c e  o f  d i m e n s i o n a l  c o n s t r a i n b s ,  \ . t i t h  a
pronounced drop in Ehe absence of constraints

indicates clearly Ehe presence of an orienbeci but
less ordered fraction, in wbich a majority of cirain
seglEnts are ccnr¡ected Eo Ehe ordered o<¡nins. The
in i t ia l  d rop  in  Ehe son ic  modu lus  o f  HTD f ioers
( f i 9 . 4 )  a n d  t h e  r a p i d  i n i t i a l  r e l a x a t i o n  o f
s h r i n k a g e  s t r e s s  i n  b o E h  f i b e r s  ( f i g . 5 )  r e f l e c t
thaE some o f  Ehe less  ordered f rac t ions  do  no t
br idge the  ordered domains .  The h igher  leve l  o f
shr inkage s t ress  bu t  the  lower  shr inkage o f  HTL)
f i . b e r s  ( f i 9 . 6 )  i s  c o n s i s t e n t  L r i t h  t h e  h i g h e r
orienEational as well  as crystal l ine oroer seen Ín
Ehese f ibers.

ltle relative extents of the ordered fraction
p r e s e n t  a t  d i f f e r e n t  s t a g e s  o f  s t a b i l i z a t i o n  h a s
been seen in  the .  en tha lpy  o f  me l t ing  ob ta ined
through plasticization of the fioer with vrater. Tbe
m o n o t o n i c  b u i l d - u p  o f  s h r i n k a g e  s t r e s s  a n o
shr inkage in  Ehe la te r  sEages o f  cons t ra ineo and
f r e e  h e a t i n g  r e s p e c t i v e l y ,  a n d  E h e  r e s u l t s  f r o m
hlAxD treasurements ref lect this i¡Elting of ordered
domai.ns.
2. t4orphology of Acrylic Precursor Fibers...

Tt le fol lowing observations clearly sholt that
the  bas ic  morpho log ica l  un iE  in  o r ienEec i  acry l i . c
f r b e r s  c o n s i s t s  o f  a  r e p e a E i n g  s e q u e n c e  o f
o r i e n t e d ,  l a E e r a l l y  o r o e r e d  a n c i  o r i e n E e d  b u E
la tera l  1y  d isoroerec i  donra ins  w i th  a  s ign l f i can t
por t ion  o f  the  cha in  segments  in  the  la t te r  phase
bridging the ordereó oomains.
( i )  C l e a !  ú f A X D  e v i d e n c e  f o r  t h e  p r e s e n c e  o f
lateral ly ordered dqnains.
( i i )  C a l o r i m e b r i c  e v i d e n c e  f o r  " m e l  t i n g  o f
c rys ta ls "  when the  mel t ing  is  induced,  Ehrough
p las t ic iza t ion ,  a t  temperabures  be low those o f
degradaEion reactions.
( i i i )  Spontaneous shr inkage a t  h igh
wi thout  anv  loss  o f  the  ex ten t  o f  the
of the ordered dcrEi-ns.

lemperaEures,
or ien ta Eion

Acry l i c  f ibers  w i th  < ie rnons t rab ly  d i f fe ren t
extenls of order strow l i t t le dif ference in density,
ind ica t ing  tha t  the  pack ing  < iens i t ies  in  Ehe
l a E e r a l l y  o r d e r e d  c r y s t a l s  a n d  t h e  l a t e r a l l y
d i s o r d e r e d  " n o n - c r y s  t a  l  l  i n e "  r e g i o n s  a r e
essenEially tbe sane. Confirmation of the existence
of  a  long per iod  in  Ehe precursor  f ibers  has  oeen
obtained through SA)G sEudies of precursor f ibers
s u b s e g u e n t  t o  i m p r e g n a E i o n  w i E h  c u c l  f r o m  a
s o l u t i o n .  S e l e c t i v e  d i f f u s i o n  o f  C u C l  i n E o  t h e
d isordered phase proc iuces  the  e lec t ron  oens i ty
d i f fe rence w i th  the  ordered domain ,  resu l t ing  in
the appearance of t i re evidence for Iong perioo in
SAXS.
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Table I. High Temperature Drawn Fiber properties.
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