
CHAPTER II 
LITERATURE SURVEY

In  th e  la s t tw o  d ecad es , c ry s ta lliz a tio n  o f  i-P P  in  th e  p re se n c e  o f  d iffe re n t 
n u c le a tin g  a g en ts  h a s  b e e n  ex te n s iv e  s tu d ie d  b y  sev e ra l au th o rs . T h e re  a re  m a n y  
fac to rs  o f  n u c le a tin g  a g en ts  th a t a ffec t th e  c ry s ta lliz a tio n  p ro c e ss  su c h  as s tru c tu re , 
size , co n ten t, su rfa c e  to p o lo g y , etc. T h e o re tic a l e x p la n a tio n  in c o rp o ra tin g  a ll o f  th e se  
fac to rs  h a s  n o t y e t b e e n  es tab lish ed . N u c le a tin g  ag en ts  c a n  b e  c la s s if ie d  in to  o rg an ic  
(e .g ., so rb ita ls )  a n d  in o rg a n ic  (e .g ., ta lc , m ica , C aCCT) ty p es. B o th  th e  d iffe re n ce s  in  
th e  ty p es  a n d  p h y s ic a l an d  ch em ica l a sp ec ts  o f  n u c le a tin g  a g e n ts  re su lt in  th e  
d iffe re n ce  in  th e  n u c lé a tio n  e ffic ien cy , w h ic h  u ltim a te ly  d ic ta te s  th e  p h y s ic a l an d  
m e c h a n ic a l p ro p e rtie s  o f  th e  p o ly m e r  co m p o u n d s.

2.1 Effect of Organic Nucleating Agents on Isotactic Polypropylene (i-PP)

In  c a se  o f  o rg an ic  n u c le a tin g  ag en ts , K im  an d  K im  (1 9 9 1 ) s tu d ie d  
n u c lé a tio n  e ffe c t o f  so rb ita l d e riv a tiv e s  as o rg an ic  n u c le a tin g  a g e n ts  o n  
c ry s ta lliz a tio n  b e h a v io r  o f  i-P P . F o r  n o n -iso th e rm a l c ry s ta lliz a tio n  k in e tic  a n a ly s is  o f  
n o n -n u c le a te d  i-P P , th e  g ro w th  p ro c e ss  w ith  s im u lta n e o u s  h e te ro g e n e o u s  an d  
h o m o g e n e o u s  n u c lé a tio n  w a s  c o n s id e red , w h ile  th e  c ry s ta lliz a tio n  k in e tic s  o f  
n u c le a te d  i-P P  co u ld  b e  d e sc r ib e d  b y  th e  g ro w th  p ro c e ss  w ith  h e te ro g e n e o u s  
n u c lé a tio n  a lo n e . A d d itio n  o f  n u c le a tin g  ag en ts  up  to  th e  s a tu ra tio n  c o n c e n tra tio n  o f  
ca. 0 .3 %  b y  w e ig h t in  i-P P  in c rea sed  th e  c ry s ta lliz a tio n  p e a k  te m p e ra tu re  b y  1 7 ° c  
an d  in c re a se d  th e  n u m b e r  o f  e ffec tiv e  n u c le i. I f  th e  c o n c e n tra tio n  o f  n u c le a tin g  
ag en ts  w a s  to o  h ig h , th e  n u m b e r  o f  n u c le i d e c re a sed  d u e  to  ag g lo m era tio n .

In  ad d itio n , F e n g  et al. (1 9 9 8 ) re p o rte d  th a t a d d itio n  o f  d ib e n z y lid e n e  
so rb ita l (D B S ) as a  n u c le a tin g  ag en t in c re a se d  c ry s ta lliz a tio n  ra te  an d  re d u c e d  fo ld  
su rface  e n e rg y  ( a e). C ry s ta lliz a tio n  ra te s  o f  n u c le a te d  i-P P  sa m p le s  w e re  g re a te r  th a n  
th a t o f  th e  n o n -n u c le a te d  sam p le , in d ic a tin g  th a t D B S  w as an  e ffe c tiv e  n u c le a tin g  
ag en t fo r i-P P . A d d itio n  o f  D B S  also  re d u c e d  th e  O z a w a  e x p o n e n t, su g g e s tin g  a  
ch an g e  in  th e  c ry s ta llin e  m o rp h o lo g y .
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2.2 Effect of CaCC>3 on Isotactic Polypropylene (i-PP)

2.2 .1  E ffec t o n  C ry s ta lliz a tio n
K o w a le w sk i et al. (1 9 8 6 ) s tu d ie d  in f lu e n c e  o f  CaC C >3 o n  th e  

c ry s ta lliz a tio n  b e h a v io r  o f  i-P P . T h e y  in d ic a te d  th a t in  b o th  iso th e rm a l an d  n o n - 
iso th e rm a l c ry s ta lliz a tio n , CaC C >3 a c ted  as a  w eak  n u c le a tin g  ag en t. In tro d u c tio n  o f  
liq u id  o lig o m e r o f  e th y le n e  o x id e  as a  m o d if ie r  a t p o ly m e r-f ille r  in te rfa c e  d e c re a sed  
th e  n u c le a tin g  a c tiv ity  o f  C a C 0 3 , as ev id e n c e d  fro m  th e  re d u c tio n  o f  c ry s ta lliz a tio n  
te m p e ra tu re  in  c o m p a riso n  w ith  th e  u n m o d if ie d  su rface . In  a d d itio n , th e  n u m b e r  o f  
n u c le i o f  m o d if ie d  C a C 0 3 d e c re a sed  w ith  in c re a s in g  c ry s ta lliz a tio n  tem p e ra tu re .

T h e  n u c lé a tio n  a c tiv ity  o f  C a C 0 3 d ep en d s  o n  its  c ry s ta l s tru c tu re  
(ca lc ite  o r  a ra g o n ite )  an d  su rface  m o rp h o lo g y . R y b n ik a r  (1 9 9 1 ) in v e s tig a te d  th e  
c ry s ta lliz a tio n  b e h a v io r  an d  m o rp h o lo g y  o f  i-P P /ca lc ite . H e  re p o r te d  th a t c a lc ite  w as  
a  w e a k  n u c le a tin g  a g en t fo r  i-P P  c ry s ta lliz a tio n . T h is  n u c lé a tio n  a c tiv ity  co u ld  b e  
in c re a se d  o r  d e c re a sed  b y  su ita b le  su rfa c e  tre a tm en t. I t w a s  sh o w n  th a t n u c lé a tio n  
a c tiv ity  o f  C a C 0 3 c o u ld  b e  im p ro v e d  b y  p h th a lic  a c id  tre a tm e n t, w h ile  it c o u ld  b e  
re d u c e d  b y  s tea ric  ac id  trea tm en t.

In  co n tra s t, F u jiy a m a  an d  W ak in o  (1 9 9 1 ) c o n c lu d e d  th a t C a C 0 3 w as  a 
s tro n g  n u c le a tin g  ag en t fo r  i-P P . T h is  re su lte d  in  th e  a p p e a ra n c e  o f  a  seco n d  
c ry s ta lliz a tio n  p e a k  sh if t o f  c o m p le te  c ry s ta lliz a tio n  e x o th e rm  to  a  h ig h e r  
te m p e ra tu re . In  a n o th e r  case , M itsu sh i et al. (1 9 9 1 ) re p o r te d  th a t c ry s ta lliz a tio n  
te m p e ra tu re  in  th e  n o n -iso th e rm a l c o n d itio n  in c re a se d  w ith  in c re a s in g  CaCC>3 

c o n te n t an d  d e c re a s in g  f ille r  size. H o w e v e r, su rfa c e  m o d if ic a tio n  o f  C aC C >3 w ith  
a lk y l h y d ro g e n  p h o sp h a te  re su lte d  in  th e  re d u c tio n  in  th e  c ry s ta lliz a tio n  te m p e ra tu re  
o f  i-P P  w h e n  c o m p a re d  w ith  th a t o f  th e  u n m o d if ie d  system .

In  1997, T jo n g  an d  X u  s tu d ie d  th e  n o n -iso th e rm a l c ry s ta lliz a tio n  o f  
h ig h  p u r ity  (3-phase an d  a - p h a s e  i-P P  an d  th e ir  C a C 0 3-fille d  co m p o site s . T h e  re su lts  
sh o w ed  th a t th e  c ry s ta lliz a tio n  te m p e ra tu re  an d  c ry s ta lliz a tio n  ra te  c o e ff ic ie n t o f  (3- 
p p  a re  h ig h e r  th a n  th o se  o f  n e a t OC-PP h o m o p o ly m e r. T h is  w as  d u e  to  th e  P -P P  
co n ta in in g  n u c le a tin g  a g e n t (a d d in g  an  e ffe c tiv e  P -n u c lea to r) , w h ic h  ac ts  as n u c leu s  
fo r p -sp h e ru lite s . T h e  O z a w a  e q u a tio n  d e sc r ib e s  re a so n a b ly  w e ll th e  n o n -iso th e rm a l
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c ry s ta lliz a tio n  b e h a v io r  o f  th e  (3-PP p o ly m e r  an d  its  f illed  c o m p o s ite s . F u rth e rm o re , 
th e  C a C 0 3 c o n te n t sh o w e d  little  o r  n o  e ffec t o n  th e  O z a w a  ex p o n e n t an d  
c ry s ta lliz a tio n  ra te  c o e ff ic ie n t o f  th e  P -p h ase  p p  in  th e  co m p o site s . T h is  m e a n s  th a t 
th e  a d d itio n  o f  C a C 0 3 to  P -P P  d o es  n o t in flu en ce  th e  m e c h a n ism  o f  n u c lé a tio n  o r 
g ro w th  o f  th e  p p  c ry sta ls .

G o ld m a n  an d  C o p se y  (2 0 0 0 ) in d ic a te d  th a t th e  p re se n c e  o f  C a C 0 3 
m a rk e d ly  in f lu e n c e d  th e  c ry s ta lliz a tio n  b e h a v io r  o f  i-P P . T h e  c ry s ta lliz a tio n  
te m p e ra tu re  o f  C a C 0 3-fille d  i-P P  w a s  as m u c h  as 1 0 ° c  lo w e r th a n  th a t o f  th e  
u n fille d  i-P P . In  ad d itio n , th e  su b se q u e n t m e ltin g  te m p e ra tu re  w a s  lo w e r th a n  th a t o f  
th e  n e a t i-P P , a  d ire c t re su lt  o f  th e  m u c h  th in n e r  la m e lla r  c ry s ta llite s .

R ecen tly , R e n  et al. (2 0 0 1 ) in v e s tig a te d  th e  c ry s ta lliz a tio n  an d  
m e ltin g  b e h a v io r  o f  i-P P  filled  w ith  C a C 0 3, BaSC>4 , an d  ta lc  w ith  v a r io u s  m o d ifie rs . 
T h e y  re p o rte d  th a t  c ry s ta llin ity  o f  th e  i-P P  co m p o s ite s  d e c re a se d  d ra s tic a lly  w ith  
in c re a s in g  f ille r  co n ten t. T a lc  w a s  a  s tro n g  n u c le a tin g  ag en t o w in g  to  its  lo w  su rfa c e  
free  e n e rg y  (ca . 140 m j - n f 2), w h ile  C a C 0 3 an d  B a S 0 4 a c te d  as w e a k  n u c le a tin g  
ag en t b e c a u se  th e y  w e re  u n a b le  to  sh ift th e  p e a k  o f  c ry s ta lliz a tio n  e x o th e rm  to  a  
h ig h e r  te m p e ra tu re  b u t o n ly  d e c re a se  th e  d e g re e  o f  c ry s ta llin ity . T h is  p a p e r  p ro v e d  
th a t  v a r io u s  su rfa c e  tre a tm e n ts  o f  th e  n u c le a tin g  ag en ts  in f lu e n c e d  th e ir  n u c le a tin g  
e ffic ien cy . S ilic o n e  is  a  m o re  e ffec tiv e  su rface  m o d if ie r  th a n  tita n a te  in  e n h a n c in g  
c ry s ta llin ity  b e c a u se  o f  g o o d  d isp e rs io n  o f  th e  f ille r  re su ltin g  in  b e tte r  g ro w th  o f  th e  
c ry sta ls .

2 .2 .2  E ffe c t o n  M e c h a n ic a l P ro p e rtie s
In c o rp o ra tin g  o f  p a rtic u la te  f ille rs  in  p o ly m e r  is  w e ll k n o w n  th a t  th is  

c an  c h a n g e  th e  p ro p e rtie s  o f  p o ly m e r  su ch  as p h y s ic a l an d  m e c h a n ic a l p ro p e rtie s . 
T h e  c ry s ta lliz a tio n  b e h a v io r  o f  s e m i-c ry s ta llin e  p p  c o m p o s ite s  is  c lo se ly  re la te d  to  
th e  m e c h a n ic a l p ro p e rtie s  su ch  as m o d u lu s  an d  im p a c t s tren g th . T h e  m e c h a n ic a l 
b e h a v io r  o f  p p  c o m p o u n d s  d ep en d s  o n  th e  p ro p e rtie s  o f  m a tr ix , s ize , sh ap e , 
c o m p o s itio n  an d  su rfa c e  c h e m is try  o f  filler.

In  1991 , M a iti an d  M a h a p a tro  re p o rte d  th e  te n s ile  an d  im p a c t 
p ro p e rtie s  o f  i-P P / C a C 0 3. T h e ir  s tu d y  c le a r ly  sh o w e d  th a t a d d itio n  o f  C a C 0 3 g re a tly
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m o d if ie d  th e  m e c h a n ic a l p ro p e rtie s  an d  m o rp h o lo g y  o f  i-P P . T h e y  in d ic a te d  th a t 
C a C 0 3  co u ld  b e  u se fu l f ille r  fo r i-P P  e v e n  a t h ig h  lo ad in g . W h e n  C aC C >3 co n te n t 
in c rea sed , te n s ile  m o d u lu s  in c re a se d  a t an  e x p en se  o f  te n s ile  s tre n g th  a n d  th e  
u ltim a te  s tren g th . Im p a c t s tre n g th  in c re a se d  w ith  in c re a s in g  f ille r  c o n te n t up  to  4%  
b y  v o lu m e  an d  th e n  d e c re a sed  w ith  fu rth e r in c re a s in g  f ille r  co n ten t. S u rface  
tre a tm e n t o f  f ille r  w ith  tita n a te  co u p lin g  a g en t en h a n c e d  th e  a d h e s io n  o f  fille r  an d  
p o ly m er, w h ic h  fu rth e r m o d if ie d  th e  s tren g th  p ro p e rtie s . In  c a se  o f  th e  s te a ra te - 
co a te d  CaC C >3 (M c G e n ity  et al. 1992), im p a c t s tre n g th  c o u ld  b e  e n h a n c e d  b y  th e  
e n e rg y  re q u ire d  to  p u ll p a r tic le  o u t o f  th e  p o ly m er. U se  o f  s te a ra te -c o a te d  CaC C >3 can  
im p ro v e  b o th  s tiffn e ss  an d  im p a c t s tren g th  at th e  sam e  tim e.

M itsu ish i et al. (1 9 9 1 ) s tu d ie d  th e  m e c h a n ic a l p ro p e r tie s  o f  C aC C b- 
filled  i-P P  w ith  re sp e c t to  th e  c ry s ta lliz a tio n  te m p e ra tu re . W h e n  c ry s ta lliz a tio n  
te m p e ra tu re  in c re a se d , im p a c t s tren g th  d e c re a sed  b u t m o d u lu s  o f  b o th  m o d if ie d  an d  
u n m o d if ie d  C a C 0 3  in c re a se d  w ith  d e c re a s in g  p a r tic le  s ize  b e c a u se  o f  tie  chain .

In  1997 , T jo n g  et al. s tu d ied  m e c h a n ic a l b e h a v io r  o f  C a C 0 3 -f illed  
p -c ry s ta llin e  p h a se  in  i-P P . T e n s ile  m e a su re m e n t sh o w e d  th a t in c re a s in g  C aC C >3 

co n te n t in  P -P P  re su lte d  in  an  in c rea se  in  e las tic  m o d u lu s , a t an  e x p e n se  o f  y ie ld  
s tren g th . T h e  fra c tu re  im p a c t to u g h n e ss  o f  P -P P  c o m p o s ite  d e c re a se d  w ith  in c re a s in g  
CaCC >3 co n te n t, b e c a u se  o f  th e  re d u c e d  to u g h e r  P -P P  m a trix  an d  th e  in c re a se  in  th e  
a m o u n t o f  w e a k e r  f ille r-m a tr ix  in te rp h ase . T h e  f ille r  p a r tic le  te n d s  to  fo rm  la rg e  
ag g lo m e ra te s  w h e n  th e  f ille r  lo a d in g  w a s  c lo se  to  20% .

M le c n ik  an d  L a  M a n tia  (1 9 9 7 ) s tu d ie d  th e  m ix in g  o f  d iffe re n t 
p o ly o le f in s  w ith  sev e ra l c a lc iu m -b a se d  f ille rs  an d  su n flo w e r o il. T h e y  s tu d ie d  th e  
e ffec ts  o f  v isc o s ity  an d  ty p e  o f  p o ly o le f in s  o n  y o u n g ’s m o d u lu s , y ie ld  s tress , an d  
e lo n g a tio n  a t y ie ld . F o u r  ty p e s  i f  p o ly o le f in s  (a  lo w - an d  h ig h -v is c o s ity  h ig h  d e n s ity  
p o ly e th y le n e  (H D P E ) an d  p p  an d  fo u r ty p es  o f  fille rs  w e re  tw o  d iffe re n t s iz e s  o f  
C a C 0 3 , a  s te a ra te -c o a te d  C aC C b an d  a  b u ild in g  g rad e  c a lc iu m  h y d ro x id e . T h e  
in f lu e n c e  o f  th e  f ille r  c o n te n t sh o w ed  th a t th e  y ie ld  p ro p e rtie s  d e c re a sed  w ith  
in c re a s in g  f ille r  c o n te n t w h ile  e las tic  m o d u lu s  in c rea sed . P o ly o le f in s  f ille d  w ith  th e  
la rg e r p a r tic le s  g av e  s im ila r  te n s ile  s tren g th  an d  im p ro v e d  e lo n g a tio n  a t y ie ld  an d
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m o d u lu s  w h e n  c o m p a re d  w ith  th o se  f illed  w ith  sm a lle r  s ize . S E M  m ic ro g ra p h s  
in d ic a te d  th e  fo rm a tio n  o f  a g g lo m e ra te s  a n d  f ille r/m a trix  ad h esio n .

G o ld m a n  an d  C o p se y  (2 0 0 0 ) sh o w e d  th a t th e  to u g h n e ss  o f  P P /C a C 0 3  

c o m p o s ite s  at ro o m  an d  lo w  te m p e ra tu re s  w as  b e tte r  th a n  th a t  o f  p p /ru b b e r  b len d s . 
T h e y  c o n c lu d e d  th a t s t i f f  p a r tic le s  h a d  so m e  a d v a n ta g e s  o v e r  ru b b e r  a t low  
tem p e ra tu res .

2 .2 .3  E ffe c t o n  R h e o lo g ic a l P ro p e rtie s
L i an d  M a su d a  (1 9 9 0 ) m e a su re d  v isc o e la s tic  p ro p e rtie s  o f  iso ta c tic  

p o ly p ro p y le n e  f ille d  w ith  sm a ll (0 .15  p m ) an d  la rg e  (4 .0  p m ) C aC C L. T h e  e ffe c ts  o f  
p a r tic le  size , p a r tic le  lo ad in g , an d  rh e o lo g ic a l h is to ry  o n  th e  d isp e rs io n  w e re  
in v es tig a ted . T h e  d y n a m ic  m o d u lu s  an d  v isc o s ity  in c re a se d  w ith  f ille r  lo ad in g , 
e sp e c ia lly  a t lo w  freq u en c ies . F o r  h ig h -lo a d e d  co m p o u n d s  a p p e a re d  a  se c o n d  p la te a u  
in  th e  s to ra g e  m o d u lu s  ( G ’) cu rv e  in  lo w  fre q u e n c y  re g io n  an d  th e  h e ig h t o f  th e  
seco n d  p la te a u  d e p e n d s  o n  p a r tic le  size , p a rtic le  lo a d in g  an d  rh e o lo g ic a l h is to ry . T h e  
seco n d  p la te a u  w as  a ttr ib u te d  to  a  fo rm a tio n  o f  an  a g g lo m e ra te d  s tru c tu re  o f  
p a rtic le s , e sp e c ia lly  fo r sm a ll p a r tic le  (0 .15  p m ).

In  1999 , W a n g  an d  W a n g  s tu d ie d  th e  rh e o lo g ic a l p ro p e r tie s  o f  
c a lc iu m  c a rb o n a te -f ille d  iso ta c tic  p o ly p ro p y le n e  u n d e r  a  s te a d y  te s t, a  tra n s ie n t s tre ss  
g ro w th  te s t, an d  a  d y n a m ic  o sc illa to ry  sh e a r  flow . T h e y  re p o r te d  th a t th e  v isc o s ity  
an d  th e  a p p a re n t y ie ld  v a lu e s  in c re a se d  w ith  in c re a s in g  v o lu m e  lo a d in g  o f  C aC C )3 

p artic le s . T h e  su rfa c e  tre a tm e n t o f  f ille r  w ith  tita n iu m  c o u p lin g  ag en t re d u c e d  th e  
in te ra c tio n  b e tw e e n  th e  f ille r  p a rtic le s  an d  th e  ex ten t o f  a g g lo m e ra tio n , re su lts  in  
v isc o s ity  re d u c tio n  an d  d e c re a se  in  th e  a p p a re n t y ie ld  v a lu es.

2.3 Crystallization in Syndiotactic Polypropylene (s-PP)

S y n d io ta c tic  p o ly p ro p y le n e  (s-P P ) w a s  firs t sy n th e s iz e  in  th e  e a r ly  19 6 0 s  b y  
N a tta  et al. b a se d  o n  Z ie g le r-N a tta  ca ta ly s is , b u t re su ltin g  in  S-PP w ith  h ig h  lev e l o f  
re g io - ir re g u la r  d e fec ts . A  m u c h  im p ro v e d  S-PP w as  su c c e ss fu lly  sy n th e s iz e d  in  1988 
b y  E w an  et al. b a se  o n  n o v e l m e ta llo c e n e  ca ta ly s is . T h e  n e w  c a ta ly s t sy s tem s m a d e  it
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p o ss ib le  to  p ro d u c e  S-PP w ith  m u c h  im p ro v e d  p u r ity  an d  y ie ld s , w h ic h  led  to  
re n e w e d  in te re s t in  th is  m a te ria l.

In  2 0 0 0 , S u p ap h o l an d  s p ru ie l l  in v e s tig a te d  th e  c ry s ta llin e  m e m o ry  e ffec ts  
in  iso th e rm a l c ry s ta lliz a tio n  o f  S-PP a fte r  p a r tia l o r c o m p le te  m e ltin g . O n  p a r tia l 
m e ltin g , th e  to ta l c o n c e n tra tio n  o f  p re d o m in a te d  n u c le i d e c re a sed  w ith  in c re a s in g  
fu s io n  te m p e ra tu re  Tf, a n d  in c re a s in g  tim e  th a t th e  sam p le  sp e n t a t a  sp ec if ic  fu s io n  
tem p e ra tu re . O n  c o m p le te  m e ltin g , th e  to ta l c o n c e n tra tio n  o f  p re d o m in a te d  n u c le i 
ap p ro ach ed  a  c o n s ta n t v a lu e  a fte r  m e ltin g  th e  sam p le  a t lo n g  h o ld in g  tim e s  an d  
su ff ic ie n tly  h ig h  fu s io n  te m p e rtu re s  (Tf > 1 6 0 °C ).

In  2 0 0 0 , S u p a p h o l an a ly z e d  th e  n o n -iso th e rm a l c ry s ta lliz a tio n  o f  fiv e  
d iffe re n t S-PP sam p le s  a c c o rd in g  to  th re e  d iffe re n t m a c ro k in e tic  m o d e ls , n a m e ly  th e  
A v ram i, th e  T o b in , an d  th e  O z a w a  m o d e ls . A ll th re e  m o d e ls  w e re  sh o w n  to  d e sc r ib e  
th e  e x p e rim e n ta l d a ta  fa ir ly  w e ll, w h e re  as th e  O z a w a  m o d e l w a s  fo u n d  to  d e sc rib e  
th e  n o n -iso th e rm a l c ry s ta lliz a tio n  k in e tic  o f  S-PP v e ry  w e ll. F o r  e a c h  S-PP sam p le , 
S-PP c ry s ta lliz e d  fa s te r  w ith  in c re a s in g  c o o lin g  ra te .

In  th e  sam e  tim e , S u p ap h o l an d  S p ru ie ll (2 0 0 0 ) s tu d ie d  th e  iso th e rm a l 
c ry s ta lliz a tio n  an d  su b se q u e n t m e ltin g  b e h a v io r  o f  fiv e  S-PP re s in s  b y  D S C . 
S u b se q u e n t m e ltin g  o f  th e  S-PP sam p le s  a fte r  iso th e rm a l c ry s ta lliz a tio n  a t a  sp e c if ie d  
c ry s ta lliz a tio n  te m p e ra tu re  ( f ro m  6 0 ° c  to  9 7 .5 °C ) e x h ib ite d  d o u b le  m e ltin g  
en d o th e rm s. T h e  lo w -m e ltin g  e n d o th e rm  c o rre sp o n d e d  to  th e  m e ltin g  o f  p r im a ry  
c ry s ta llin e  a g g re g a te s  fo rm e d  a t th e  sp e c if ie d  c ry s ta lliz a tio n  te m p e ra tu re , w h e re a s  
th e  h ig h -m e ltin g  o n e  w a s  a  re su lt o f  th e  m e ltin g  o f  c ry s ta llin e  ag g re g a te s  fo rm e d  b y  
re c ry s ta lliz a tio n  o f  u n s ta b le  c ry s ta ls  d u rin g  th e  re h e a tin g  p ro c e ss . C o m p a riso n  w ith  
so m e  o th e r  p o ly m e rs  re v e a le d  th a t S-PP c ry s ta lliz e s  m u c h  s lo w e r th a n  N y lo n  6 , i-P P , 
an d  N y lo n  66 , w h ile  it  c ry s ta lliz e s  fa s te r  th a n  iso ta c tic  p o ly s ty re n e .
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