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SUMMARY
I t  w a s  f i r s t  s ho w n tha t  t r a ns c r ys ta l l i za t i o n c a n b e  i nd uc e d
i n s ynd i o ta c t i c  p o l yp r o p yl e ne  ( s P P )  w he n a  c a r b o n f i b e r  ( CF )
o f  hi gh- mo d ul us  ( HM)  i s  e mb e d d e d  i n the  me l t  o f  s P P
c r ys ta l l i z i ng und e r  q ui e s c e nt  c o nd i t i o ns .  H i gh- te na c i ty
c a r b o n f i b e r  ( HT CF ) ,  o n the  o the r  ha nd ,  d i d  no t  c a us e
t r a ns c r ys ta l l i ne  gr o w th.  Co a t i ng o f  HMCF  b y s i l i c o n c a r b i d e
( S i C )  s to p p e d  the  t r a ns c r ys tal l i za t i o n o f  s P P .  T he
d i f fe r e nc e  i n the  mo r p ho l o gy o f  the  t r a ns c r ys ta l l i ne  l a ye r
b e tw e e n i s o ta c t i c  P P  ( i P P )  a nd  s P P  w a s  r e v e a l e d  b y p ha s e
c o nt r a s t  l i ght  ( P CLM) ,  s c a nni ng e l e c t r o n ( S E M)  a nd  a to mi c
fo r c e  mi c r o s c o p y ( AF M)  ta ke n f r o m the  e tc he d  s ur fa c e  o f
s i ngl e  f i b e r  mi c r o c o mp o s i te  s p e c i me ns .

1. INTRODUCTION
T r a ns c r ys ta l l i za t i o n c a us e d  b y he te r o ge ne o us  nuc l e a t i ng
a ge nts  i n s e mi c r ys ta l l i ne  p o l yme r s  i s  a  w e l l - kno w n
p he no me no n.  E s s e nt i a l  p r e r e q ui s i te  o f  t r a ns c r ys ta l l i za t i o n
i s  the  p r e s e nc e  o f  a c t i v e  nuc l e i  o n the  s ur fa c e  o f  the
s ub s t r a te s  ( e . g. ,  f i l l e r s ,  r e i nfo r c e me nts )  i n hi gh d e ns i ty.
T he  c l o s e l y s p a c e d  nuc l e i  h i nd e r  the  l a te r a l  e xte ns i o n o f
s p he r ul i te s  w hi c h a r e  the n fo r c e d  to  gr o w  i n o ne  d i r e c t i o n,
na me l y p e r p e nd i c ul a r  to  the  s ub s t r a te s ’  s ur fa c e .  S i nc e  the
d e ns i ty o f  the  nuc l e i  o n the  s ub s t r a te s ’  s ur fa c e  i s  hi ghe r
tha n i n the  b ul k p o l yme r  a  c o l umna r  mo r p ho l o gy,  te r me d  to
t r a ns c r ys ta l l i n i t y,  a p p e a r s .  T r a ns c r ys ta l l i za t i o n w a s  f i r s t
r e p o r te d  i n 1 9 5 2  [ 1 ]  a nd  b e c a me  to p i c  o f  nume r o us  s tud i e s  up
to  no w .  T hi s  p he no me no n i s  r e v i e w e d  fo r  i s o ta c t i c
p o l yp r o p ye ne  ( i P P )  i n r e fs .  [ 2 - 5 ] .  Ne v e r the l e s s ,  i t  i s  no t
ye t  fu l l y  und e r s to o d  w hi c h a r e  the  c o nt r ol l i ng fa c to r s  o f
t r a ns c r ys ta l l i n i t y ( w hy gi v e n f i b e r s  i nd uc e
t r a ns c r ys ta l l i za t i o n a nd  o the r  no t ) .  T he  s t i l l  o ngo i ng
i nte r e s t  o n thi s  p he no me no n i s  fue l e d  b y the  b e l i e f  tha t  the
r e s ul t i ng i nte r p ha s e  mo r p ho l o gy ma y p r o mo te  the  s t r e s s
t r a ns fe r  f r o m the  ma t r i x to w a r d  the  r e i nfo r c e me nt  a nd  thus
polymer ic  composi tes of improved mechanical  per formance c a n
b e  p r o d uc e d .  I t  s ho ul d  b e  und e r l i ne d  he r e  tha t
t r a ns c r ys ta l l i n i t y d e v e l o p s  o nl y i n q ui e s c e nt  me l t .  In



240

s he a r e d  me l t  no  t r a ns c r ys ta l l i za t i o n b ut  c yl i nd r i t i c  gr o w th
( i nd uc e d  b y α - p ha s e  r o w  nuc l e i  [ 5 ] )  o c c ur s .  Cyl i nd r i t i c
c r ys ta l l i za t i o n i s  a  s p e c i a l  v a r i a nt  o f  s e l f  nuc l e a t i o n.
Ac c o r d i ng to  the  a utho r s ’  kno w l e d ge  no  r e p o r t  w a s  p ub l i s he d
o n the  t r a ns c r ys ta l l i za t i o n i n s P P .  Wha t  i s  the  r e a s o n
b e hi nd ?  T hi s  i s  l i ke l y a n e f fe c t  o f  the  p r e s e nt  c o mme r c i a l
s P P  gr a d e s  ma nufa c tur e d  b y me ta l l o c e ne  c a ta l ys ts .  T he y
p o s s e s s  mo d e r a te  ta c t i c i t y,  s te r e o -  a nd  r e gi o r e gul a r i t y a nd
thus  the  us ua l  s ub s t r a te s  a r e  una b l e  to  ge ne r a te  the i r
t r a ns c r ys ta l l i za t i o n.  Ke e p i ng i n mi nd  tha t  the  mo s t
s t r a i ght fo r w a r d  e xp l a na t i o n o f  t r a ns c r ys ta l l i za t i o n i s  the
e p i ta xi a l  o v e r gr o w th o n s ui ta b l e  c r ys ta l l i ne  s ub s t r a te s  [ 6 -
7 ] ,  a s  l o ng a s  s P P  o f  hi gh ta c t i c i t y i s  no t  a v a i l a b l e  the
r i ght  p o l i c y i s  to  fo c us  o n the  s ub s t r a te s .  T he  hyp o the s i s
o f  th i s  w o r k w a s  tha t  c a r b o n f i b e r s  ( CF )  w i th the  hi ghe s t
c r ys ta l l i n i t y a nd  mo s t  p e r fe c t  c r ys ta l l i ne  s t r uc tur e  ma y
t r i gge r  t r a ns c r ys ta l l i za t i o n i n s P P .

2. EXPERIMENTALS
The sPP used was provided by Fina Research (Feluy,  Belgium)
a nd  s ho w e d  the  fo l l o w i ng c ha r a c te r i s t i c s :  ta c t i c i t y ( r r r r  b y
nuc l e a r  ma gne t i c  r e s o na nc e ,  NMR) =0 . 6 8 ,  Mw =1 2 8  kg/ mo l ,
M w / M n =1 . 6 5 ,  me l t i ng a nd  c r ys tal l i za t i o n te mp e r a tur e s  ( b y
d i f fe r e nt i a l  s c a nni ng c a l o r i me t r y,  DS C)  1 2 4  ° C a nd  6 3  ° C,
r e s p e c t i v e l y.  F o r  c o mp a r i s o n p ur p o s e  a n i s o ta c t i c  P P  ( i P P )
homopolymer  (Novolen® 100N, BASF, Ludw igshafen, Germany)
w a s  us e d  i n f i l m fo r m ( thi c kne s s : 5 0  µ m) .
P o l ya c r yl o ni t r i l e - b a s e d  hi gh- te na c i ty ( HT CF ,  Id e mi ts u Ko s a n
Co . ,  Chi b a ,  J a p a n)  a nd  me s o p ha s e  p i tc h- b a s e d  hi gh- mo d ul us
c a r b o n f i b e r s  ( HMCF ,  p r o d uc e d  a t  the  C l e ms o n Uni v e r s i t y,
Clemson, SC, USA)  were used as heterogeneous nucleants .  The
l a t te r  w a s  a v a i l a b l e  i n r i b b o n a nd  c - s ha p e  fo r ms ,
r e s p e c t i v e l y ( F i gur e  1 ) .  No ne  o f  the  CF s  c o nta i ne d  a ny
s i z i ng o r  s ur fa c e  f i n i s h.  S o me  HMCF s ,  o n the  o the r  ha nd ,
w e r e  c o a te d  b y s i l i c o n c a r b i d e  ( S i C )  v i a  a  c he mi c a l  v a c uum
d e p o s i t i o n ( CVD)  p r o c e s s .
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Single fiber  microcomposi tes were produced by “sandwiching”
the  CF  b e tw e e n tw o  f i l ms  o f  i P P  a nd  s P P  ( p r o d uc e d
p r e v i o us l y)  w hi c h w a s  he a te d  to  e r a s e  the  me l t  me mo r y ( Tf )
p r i o r  to  c o o l i ng to  the  i s o the r ma l  c r ys ta l l i za t i o n
te mp e r a tur e  ( Tc ) .  T he  fo l l o w i ng c o nd i t i o ns  w e r e  s e t  fo r  s P P
a nd  i P P ,  r e s p e c t i v e l y:
T f =1 8 0  [ 8 - 9 ]  a nd  2 0 0  ° C [ 5 ] , ho l d i ng t i me :  5  mi n
T c =1 1 0  a nd  1 3 3  ° C,  ho l d i ng t i me :  c a .  1  h.
T he  a b o v e  Tf  v a l ue s  a l o ng w i th the  ho l d i ng t i me  w e r e
d e f i n i te l y s uf f i c i e nt  to  d e s t r o y a l l  nuc l e i  a nd  p r o d uc e  a
me l t  o f  “ b l a nk me mo r y” .
T he  c r ys ta l l i za t i o n o f  the  q ui e s c e nt  me l t  w a s  o b s e r v e d  i n a
hot s tage (THM S600 of Linkam, Water fie ld,  UK)  under  crossed
p o l a r s .  S i ngl e  f i b e r  mi c r o c o mp o s i te s  w e r e  a l s o  p r o d uc e d  b y
p l a c i ng o ne  f i b e r  o n the  P P  me l t  s ur fa c e  p r i o r  to  c o o l i ng to
T c .  T he s e  s p e c i me ns  w e r e  l a te r  e tc he d  c he mi c a l l y a c c o r d i ng
to  the  p r o c e d ur e  o f  O l l e y a nd  Ba s s e t t  [ 1 0 ]  i n o r d e r  to  s tud y
the  i nte r p ha s e  mo r p ho l o gy b y p ha s e  c o nt r a s t  l i ght  mi c r o s c o p y
( P CLM;  Le i tz ,  We tz l a r ,  Ge r ma ny) ,  s c a nni ng e l e c t r o n
mi c r o s c o p y ( S E M, ;  J e o l  5 4 0 0 ,  T o kyo ,  J a p a n)  a nd  a to mi c  fo r c e
mi c r o s c o p y ( AF M;  Na no S c o p e ,  D i gi ta l  Ins t r ume nts ,  S a nta
Ba r b a r a ,  CA,  US A) .  T he  to p o gr a p hy o f  the  e tc he d  s a mp l e s  w a s
s c a nne d  ( c a .  1  Hz)  i n ta p p i ng mo d e  o f  the  AF M.

3. RESULTS AND DISCUSSIONS
Transcrystalliz at ion
F i gur e  2  d e p i c ts  ho w  e f f i c i e nt  α - p ha s e  nuc l e a nt  the  HMCF  i n
i P P  i s .  T hi s  i s  c o nfo r m w i th o ur  p r e v i o us  r e s ul ts  [ 5 , 1 1 ] .

HMCF  d o e s  i nd uc e  t r a ns c r ys ta l l i za t i o n i n s P P  ( F i gur e  3 a )
w he r e a s  HT CF  no t  ( F i gur e  3 b ) .
T he  thi c kne s s  o f  the  t r a ns c r ys ta l l i ne  l a ye r  i n b o th s P P
( F i gur e  3 a )  a nd  i P P  ( F i gur e  2 )  i s  ma tc he d  w i th the  s i ze  o f
the  s p he r ul i te s ,  a s  e xp e c te d .
T he  nuc l e a t i o n e f f i c i e nc y o f  HMCF  d i mi ni s he s  a f te r  S i C
c o a t i ng ( F i gur e  4 a ) .  In c a s e  o f  p o o r  S i C - c o a t i ng the  no n-
c o a te d  ( “ b a r e ” )  s i te s  s t i l l  p r e s e r v e  the i r  nuc l e a t i o n
a b i l i t y  ( F i gur e  4 b ) .  Co ns i d e r i ng the  fa c t  tha t  HMCF s  e xhi b i t
the  hi ghe s t  c r ys ta l l i n i t y a nd  mo s t  p e r fe c t  c r ys ta l l i ne
l a t t i c e  s t r uc tur e ,  o ne  c a n c o nc l ud e  tha t  t r a ns c r ys ta l l i n i t y
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i n s P P  d e p e nd s  a l s o  o n c r ys ta l l i n i t y p a r a me te r s  o f  the
s ub s t r a te ,  v i z .  HMCF .  T hi s  a s s ump t i o n s ho ul d  b e  c he c ke d ,
ho w e v e r ,  b y a s s e s s i ng the  c r ys ta l l i n i t y p a r a me te r s  o f  HMCF .
F ur the r  i nv e s t i ga t i o ns  a r e  a l s o  ne e d e d  to  c l a r i fy the
me c ha ni s ms  o f  t r a ns c r ys ta l l i ne  o v e r gr o w th ( w he the r  o r  no t  o f
e p i ta xi a l  o r i g i n [ 6 - 7 ] )  .  Re me mb e r  tha t  S i C  i s  c r ys ta l l i ne ,
a s  w e l l .  T he  l a c k o f  t r a ns c r ys ta l l i n i t y w i th S i C - c o a te d  HMCF
hi nts  tha t  the  r e q ui r e me nts  o f  e p i ta xy ( l a t t i c e  ma tc h i n the
c r ys ta l l i ne  s t r uc tur e  b e tw e e n the  s ub s t r a te  a nd  p o l yme r ,
p o l yme r  d e p o s i t i o n o nto  the  s ub s t r a te  e tc . )  a r e  no  mo r e  me t .
T he r e fo r e ,  p r o v i d i ng the  HMCF  w i th v a r i o us  c r ys ta l l i ne
c o a t i ngs  w o ul d  b e  a  v e r y us e ful  s t r a te gy to  c he c k the
c o nt r o l  p a r a me te r s  a nd  me c ha ni s ms  o f  e p i ta xi a l  gr o w th.

I t  i s  w o r th e mp ha s i z i ng the  d i f fe r e nc e  i n the  s p he r ul i t i c
mo r p ho l o gy b e tw e e n i P P  ( F i gur e  2 )  a nd  s P P  ( F i gur e s  3  a nd  4 ) .
In i P P  w e l l - d e v e l o p e d  s p he r ul i te s  a r e  p r e s e nt  w he r e a s  i n s P P
a  d i s o r d e r e d  f i ne  s p he r ul i t i c  te xtur e  c a n b e  r e v e a l e d .
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Built -Up of  the  Transcrystalline  Laye r
T he  d i f fe r e nc e  i n the  t r a ns c r ys ta l l i ne  mo r p ho l o gy b e tw e e n
s P P  a nd  i P P  b e c o me s  p e r t i ne nt  w he n v i e w e d  b y P CLM a f te r
e tc hi ng.  F i gur e  5  c o mp a r e s  the  P CLM p i c tur e s  i n i P P  ( F i gur e
5 a )  a nd  s P P  ( F i gur e  5 b ) ,  r e s p e c t i v e l y.  F ur the r mo r e ,  the  f i ne
s t r uc tur e ,  v i z .  l a me l l a r  a r r a nge me nt ,  w i th i n the
t r a ns c r ys ta l l i ne  l a ye r  i s  a l s o  d i f fe r e nt  b e tw e e n i P P  a nd  s P P
w hi c h i s  the  o utc o me  o f  d i f fe r e nc e s  i n the  c r ys ta l l i ne
s t r uc tur e  a nd  c r ys ta l l i za t i o n b e ha v i o ur  b e tw e e n i P P  a nd  s P P .
In i P P  b o th nuc l e a t i o n s i te s  a nd  i mp i nge me nt  l i ne s  b e tw e e n
the  “ uni d i r e c t i o na l l y”  gr o w i ng s p he r ul i te s  c a n w e l l  b e
o b s e r v e d .  F i gur e  5 a  s ho w s  a l s o  the  l a me l l a r  l a y- up  a nd  i t s
o r i e nta t i o n.  By c o nt r a s t ,  the  f i ne  s t r uc tur e  o f  the
t r a ns c r ys ta l l i ne  l a ye r  i n s P P  i s  muc h l e s s  r e s o l v e d .  T he
l a me l l a r  l a y- up  o f  the  s P P  ( d i s o r d e r e d  b und l e s  o r  f i b r i l s )
i n the  v i c i n i t y o f  HMCF  s e e ms  to  b e  v e r y s i mi l a r  w ha t  w a s
o b s e r v e d  i n s o me  s i te s  o f  the  b ul k ( s e e  F i gur e  7 a )  w hi c h a r e
l i ke l y a ggr e ga te s  o f  l a r ge  s i ngl e  c r ys ta l s  [ 1 2 ] .
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T he  S E M p i c tur e  ta ke n f r o m the  i nte r fa c i a l  r e gi o n o f  the
s P P / HMCF  mi c r o c o mp o s i te  s ho w s  tha t  the  th i c kne s s  o f  the
t r a ns c r ys ta l l i ne  l a ye r  i s  c a .  1 0  µ m ( F i gur e  6 ) .  F i gur e  6
s ugge s ts  tha t  the  o r i e nta t i o n o f  the  l a me l l a e  i n the
t r a ns c r ys ta l l i ne  l a ye r  d i f fe r s  f r o m tha t  o f  the  b ul k.  T hi s
b e c o me s  o b v i o us  i n the  AF M p i c tur e s  ( c f .  F i gur e s  7  a nd  8 ) .
T he  AF M s c a ns  ta ke n b y a mp l i tud e  o s c i l l a t i o n r e v e a l  the  ma i n
d i f fe r e nc e  b e tw e e n the  t r a ns c r ys ta l l i ne  r e gi o n a nd  the  b ul k.
In the  i nte r fa c i a l  t r a ns c r ys ta l l i ne  r e gi o n the  s P P  l a me l l a e
s e e m to  b e  l a r ge r  a nd / o r  a l i gne d  d i f fe r e nt l y f r o m tha t  o f
the  b ul k.  A  f l a t - o n typ e  o v e r gr o w th [ 1 3 ]  o f  the  s P P  o n the
HMCF  s ub s t r a te  c a n b e  s up p o s e d  b a s e d  o n F i gur e  8 .  T he
mi c r o b e a m X- r a y s c a t te r i ng te c hni q ue  i s  t r us te d  to  s he d
l i ght  o n the  l a me l l a r  a r r a nge me nt  i n the  i nte r fa c i a l  r e gi o n.
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4. CONCLUSIONS
Ba s e d  o n thi s  s tud y p e r fo r me d  o n c a r b o n f i b e r  ( CF ) - i nd uc e d
t r a ns c r ys ta l l i za t i o n i n s ynd i o ta c t i c  p o l yp r o p yl e ne  ( s P P )  the
fo l l o w i ng c o nc l us i o ns  ma y b e  d r a w n:
i -  t r a ns c r ys ta l l i za t i o n o f  s P P  c a n b e  t r i gge r e d  b y hi gh-

mo d ul us  CF  ( HMCF )  s ho w i ng the  hi ghe s t  c r ys ta l l i n i t y a nd
mo s t  p e r fe c t  c r ys ta l l i ne  s t r uc tur e .  S he a thi ng the
s ur fa c e  o f  HMCF  b y S i C  s to p s  the  gr o w th o f
t r a ns c r ys ta l l i za t i o n.  T hi s  fa c t  ma y b e  t r e a te d  a s  a n
i nd i r e c t  e v i d e nc e  fo r  the  e p i ta xi a l  o r i g i n o f
t r a ns c r ys ta l l i za t i o n.

i i -  a c c o r d i ng to  o p t i c a l ,  s c a nni ng e l e c t r o n a nd  a to mi c
fo r c e  mi c r o s c o p i c  i ns p e c t i o ns  the  l a me l l a r  a r r a nge me nt
i n the  t r a ns c r ys ta l l i ne  l a ye r  d i f fe r s  f r o m tha t  o f  b ul k
i n s P P .  F ur the r  i nv e s t i ga t i o n b y us i ng mi c r o fo c us  X- r a y
s c a t te r i ng a r e  no w  i n p r o gr e s s  i n o r d e r  to  c l a r i fy the
c ha r a c te r i s t i c s  o f  the  l a me l l a r  gr o w th.
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