
พ น  (1 9 8 7 ) su g g ested  a  re la tio n  b e tw een  in te rfac ia l te n s io n  an d  in te rfac ia l 
th ick n ess . S ta tis tica l m ech an ica l th eo rie s  o f  p o ly m e r in te rfa c es  le ad  to  th e  re la tio n s

712 a X.1/2

w h ere  L  is th e  in te rfac ia l th ick n ess  an d  X is th e  F lo ry -H u g g in s  in te ra c tio n  p a ram ete r. 
T h e re fo re , w e hav e

Y12 a L"1

th u s, 7 1 2  sh o u ld  be  in v e rse ly  p ro p o rtio n a l to  L. H o w ev er, a  le a s t-sq u a re  re g re ss io n  o f  
th e  ex p e rim en ta l d a ta  g ives

.. _ 7 XT -0.86Yi2 "  7.6L

w h ere  Yi2  is in  m N /m  an d  L  is in  nm .

2.1 C o re -s h e ll  m o rp h o lo g y  d e v e lo p m e n t in  t e r n a r y  b le n d s

T h e  p o ly m eric  te rn a ry  b len d  sy stem  re fe rs  as a  p o ly m e r b len d  th a t co n sis ts  
o f  th re e  p o ly m e r co m p o n en ts  in  w h ich  o n e  co m p o n en t w ith  lim ited  a m o u n t m ay  ac t 
as a  co m p a tib ilize r. T h e  fo llo w in g  w o rk s  rev iew  th e  o b se rv a tio n  o f  th e  in te rface  and  
m o rp h o lo g y  d e v e lo p m en t in  te rm  o f  shape, size, in te rface  reac tio n , m o lecu la r 
s tru c tu re , and  co rre la tio n  b e tw een  su rface  tension , free  en e rg y , an d  sp h erica l size. 
M o re  im p o rtan tly , th e  co re -sh e ll m o rp h o lo g y  w ith  an d  w ith o u t su b in c lu s io n  w ere  
o b se rv ed  and  d iscu ssed  fo r th e  re la tio n  to  m ech an ica l p ro p ertie s .

O sh in sk i e t  a l .  (1992) rep o rted  th a t in  N y lo n 6 /[S E B S /S E B S -g -M A ] u sing  
n y lo n ô  8 0 % w t an d  v a ry in g  th e  w e ig h t ra tio  b e tw een  S E B S /S E B S -g -M A , th e  p a rtic le  
s ize  o f  d isp e rsed  p h ase  w ere  v a ried  fro m  0.05 to  5 pm . T h e  p a rtic le  s ize  d ec rea sed  
w ith  in c reas in g  S E B S -g -M A  co m p o sitio n . O nly , th e  p a rtic le  s izes  in  th e  ran g e  o f  
0.1-1 p m  sh o w ed  h ig h e r Izo d  im p ac t s tren g th  th an  th o se  h a v in g  u p p e r o r  lo w e r size. 
A nd , th e  S E B S -g -M A  b len d s  sho w ed  th e  h ig h e r im p ac t s tren g th  th an  S E B S  b lend .
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In  1994, T an g  an d  H u an g  sh o w ed  tha t, w h en  th e  c o m p a tib iliz e r  u sed  w as 
e ith e r a  b lo c k  o r g ra ft co p o ly m er, each  w as p re sen t a t th e  in te rfa c e  an d  as  m ice lle s  in  
m a trix  o r  d isp e rsed  p h ases. A  g rea te r q u an tity  ad d ed  o n ly  led  to  le ss  e ffec tiv e  
p a r tic ip a tio n  as a  co m p a tib ilize r. M o reo v er, a t lo w  c o n c e n tra tio n  o f  the  
co m p a tib iliz e r , each  m o lecu le  o ccu p ies  m o re  in te rfac ia l a re a  th an  a t th e  h ig h e r 
c o n c e n tra tio n  w h ere  th e  m o lecu les  a rran g e  th em se lv es  m o re  co m p ac tly  in  the  
in te rfac ia l area.

P a rk  an d  Jo  (1 9 9 6 ) s tu d ied  th e  reac tiv e  co m p a tib iliz a tio n  o f  im m isc ib le  
P S /P A 6  b len d s  u s in g  P S  m o d ified  w ith  M a le ic  A n h y d rid e  (M P S ). T h e  s tu d y  sh o w ed  
th a t, a lth o u g h  th e  c o n te n t o f  M A  in  th e  M P S  is low , th e  M P S  ac ts  e ffec tiv e ly  as  a 
re ac tiv e  co m p a tib ilize r. T h e  co m p a tib iliz in g  ab ility  o f  th e  M P S  w as v e ry  d ep en d en t 
o n  th e  m o le c u la r  w e ig h t o f  th e  M P S . T h e  h ig h  m o le c u la r  w e ig h t M P S s w ere  m ore  
e ffec tiv e  in  red u c in g  an d  s tab iliz in g  th e  d o m ain  size  o f  d isp e rse d  p h ase  th an  the  
re la tiv e ly  lo w  m o le c u la r  w e ig h t M P S .

G uo e t  a l .  (1 9 9 7 ) sh o w ed  th a t th e  ca lcu la tio n s  b a se d  o n  th e  m o d e l su g g est 
th a t in te rfac ia l ten s io n s  p lay  th e  m a jo r ro le  in  e s tab lish in g  th e  p h a se  s tru c tu re , 
w h e rea s  a  less  s ig n ific a n t (bu t still im p o rtan t) ro le  is p lay ed  b y  th e  su rface  areas o f  
th e  d isp e rsed  p h ases . T h e ir  m odel is b a sed  on  th e  co n c e p t th a t th e  p h a se  m o rp h o lo g y  
o f  a  m u ltic o m p o n e n t p o ly m er sy stem  w ill be  th a t w h ic h  has th e  lo w es t free  energy . 
M o reo v e r, th e  p h a se  s tru c tu res  o f  m u ltip h ase  p o ly m e r b len d s  c a n  b e  ch an g ed  by  the  
a d d itio n  o f  su itab le  in te rfac ia lly -ac tiv e  ag en ts  su ch  as  b lo c k  o r g ra ft copo lym er. 
F in a lly , th ey  fo u n d  th a t th e  d riv ing  fo rce  to  m in im ize  th e  free  en e rg y  w as ap p aren tly  
so s tro n g  th a t th e  p h ase  s tru c tu re  h av in g  th e  lo w est free  e n e rg y  lev e l is  fo rm ed  ev en  
u n d e r th e  n o n -eq u ilib riu m  m ix in g  co n d itio n .

In  th e  b len d s  o f  P A 6  and  P C  w h ere  P A 6  is th e  c o n tin u o u s  m a trix , th e  add ed  
m a le in a ted  p o ly m e r (S E B S -g -M A  an d  P S -g -M A ) re a c ted  w ith  th e  am id e  en d  g ro u p s 
o f  P A 6 , and  th is  in te rfac ia l reac tio n  in d u ced  the  ch an g e  o f  th e  fo rm a tio n  o f  th e  tw o  
d isp e rse d  p h ase  fro m  th e  stack  fo rm atio n  to  the  cap su le  fo rm a tio n . (H o riu ch i e t  

a l ,  1997)
A sth an a  an d  Jay a ram an  (1 9 9 9 ) show ed  th a t a  p o ly m e r reac tio n  at the  

in te rfac ia l in  reac tiv e ly  co m p a tib ilized  p o ly m er b len d s  le ad ed  to  a  red u c tio n  in 
p a rtic le  s ize  o f  th e  d isp e rsed  p h ase  as w ell as a  re d u c tio n  in  in te rfac ia l tension .
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M o reo v e r, rh eo lo g ica l o b se rv a tio n s  sh o w  th a t b e s id e s  a  re d u c tio n  in  in te rfac ia l 
ten s io n , th e re  is an  ad d itio n  re lax a tio n  m ech an ism  lead in g  to  e n h a n c e m e n t in  the  
s to rag e  m o d u lu s  o f  th e  reac tiv e  b len d s  as co m p ared  to  th e  case  o f  th e  n o n reac tiv e  
b lends.

Jeo n  and  K im  (1 9 9 8 ) s tu d ied  th e  75/25  % w t p o ly  (b u tly te rp h th a la te )  and  
p o ly s ty re n e  (P B T /P S ) b len d s. T h e  s tu d y  sh o w ed  th a t th e  d isp e rse d  p h a se  d iam ete r 
in c reased  w ith  an n ea lin g  tim e  and  th e  irreg u la r sh ap e  d o m a in  b ecam e  spherica l 
w ith in  30  ร in  o rd e r to  red u ce  th e  in te rfac ia l tension . W h en  th e  P S -g -M A  w as added , 
th e  d ro p  size  d ec rea sed  w ith in  a  sh o rt tim e . C arone  e t  a l .  (2 0 0 0 ) sh o w ed  th a t fo r 
P o ly am id eô  and  N R  b len d s , ad d itio n  o f  M A  to  N R  a t ro o m  te m p e ra tu re  p r io r  to  
b len d in g  w ith  P o ly am id eô  led  to  an  in  situ  g raft co p o ly m e r fo rm a tio n . M ale ic  
A n h y d rid e  m o lecu le s  reac ted  w ith  b o th  N atu ra l R u b b e r an d  P o ly am id eô  m a trix  
d u rin g  p ro cess in g . T h is  g ra ftin g  reac tio n  red u ced  p a rtic le  s ize  d ram atica lly .

In  1997, S ch n e id e r e t  a l .  s tu d ied  the  to u g h en in g  o f  p o ly s ty re n e  b y  n a tu ra l 
ru b b e r-b a se d  co m p o site  p a rtic les . T h is  w o rk  w as fo cu sed  o n  th e  in flu en ce  o f  the 
m o rp h o lo g y  o f  co m p o site  n a tu ra l ru b b e r  (N R )-b ased  p a r tic le s  o n  th e  to u g h n e ss  o f  
p o ly s ty re n e  (PS). T h e  re su lts  su g g ested  th a t co re -sh e ll p a rtic le  co n ta in in g  PS 
su b in c lu s io n s  in  th e  ru b b e r co re  are  w ell su ited  for th e  to u g h e n in g  o f  PS . T h e  hard  
she ll a ssu res  ad eq u a te  stress  tran sfe r  a t fast d e fo rm a tio n  sp eed  and  th e  rig id  
su b in c lu s io n s  ren d er th e  ru b b e r p a rtic le s  cap ab le  o f  s tab iliz in g  a  g en e ra ted  craze  
s in ce  th e  in co rp o ra ted  ru b b e r p artic le  do  n o t d eb o n d  fro m  th e  m atrix .

O h lsso n  e t  a l .  (1 9 9 8 ) sh o w ed  th a t th e  50 /50 , P P /P A  m e lt m ix in g  b lends 
w ere  m ad e  u sin g  up  to  2 5 %  o f  th e rm o p la s tic  e la s to m er as  a  co m p a tib iliz e r , e ith e r 
S E B S  o r S E B S -g -M A . E v en  at h ig h  co n cen tra tio n , u n m o d ifie d  S E B S  w as fo u n d  to  
be  a  p o o r  co m p a tib ilize r. O n  th e  o th e r han d , S E B S -g -M A  sh o w ed  a  s tro n g  ten d en cy  
to  d ev e lo p  a  sep a ra ted  P P /P A  in terface . T h e  to ta l su rface  a re a  o f  P A  p h a se  seem ed  
to  in c rea se  w ith  in c reas in g  S E B S -g -M A  con ten t. T h e  th ic k n e ss  o f  th e  in te rp h ase  
lay e r (sh e ll th ick n ess) a lm o st s tays co n s tan t and  is in d e p e n d e n t o f  th e  c o m p a tib iliz e r  
co n cen tra tio n . T h e  in te rp h ase  layer th ick n ess  w as e s tim a te d  to  be  ab o u t 15 nm . A t 
h ig h  co n cen tra tio n s  o f  S E B S -g -M A  (1 5 %  and  2 0 % ), th e  P A  d o m a in  from  th e  large  
in te rp h ase , h e ld  to g e th e r  by  a  th e rm o p la s tic  e la s to m er in te rp h ase  n e tw o rk .
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W ilk in so n  e t  a l .  (1 9 9 9 ) s tu d ied  th e  P P /[P A 6 /S E B S ] b le n d s  h a v in g  v a rio u s  
ra tio  o f  P A 6  : S E B S . T h e  7 0 /3 0  P P /P A 6  b len d  sh o w ed  v e ry  c o a rse  m o rp h o lo g y  and  
p o o r m ech an ica l p ro p e rtie s . In  7 0 / [ l5 /15] P P /[P A 6 /S E B S ] iso la te d  d isp e rsed  p h ase  
o f  P A 6  an d  S E B S  w ere  ex h ib ited . U s in g  th e  reac tiv e  c o m p a tib iliz e r , S E B S -g -M A , 
P A 6  w as en cap su la ted  by  S E B S -g -M A  an d  th e  im p ac t s tre n g th  w as in creased .

In  1999, L u z in o v  e t  a l .  sh o w ed  th a t fo r th e  te rn a ry  P S /S B R /P E  b len d s , the  
av e rag e  n u m b e r o f  P E  co res  p e r S B R  p h ase  d ec reases  w h e n  th e  P E  co n te n t in  S B R  is 
in c rease , an d  fin a lly  o n ly  o n e  P E  su b p h ase  is o b se rv ed  in  S B R , th a t  a c tu a lly  fo rm s a  
she ll a ro u n d  a  P E  co re  and  p ro v id es  th e  d isp e rsed  p h a se  w ith  a  co re -sh e ll 
m o rp h o lo g y .

H D P E /P S /P M M A  te rn a ry  b len d s  w as s tu d ied  by  R e ig n ie r  an d  F av is  (2000). 
It sh o w ed  th a t th e  en ca p su la tio n  p ro cess  o ccu rred  v e ry  ea rly  in  th e  c o m p o u n d in g  
o p e ra tio n  and  rem a in ed  stab le  in  tim e . T h e  m o rp h o lo g y  o b se rv e d  w a s  c o m p o sed  o f  
a  H D P E  m atrix , a  PS  d isp e rsed  p h ase , and  P M M A  su b in c lu s io n  w ith in  th e  PS  
d isp e rsed  phase .

X in g  e t  a l .  (2 0 0 0 ) sh o w ed  th a t re trac tio n  o f  d e fo rm e d  d ro p  m e th o d  
(D D R M ) w as b a sed  on  th e  b a lan ce  b e tw e e n  th e  in te rfac ia l fo rce s  an d  v isco u s  forces.

T h e  m o rp h o lo g y  and  m ech an ica l p ro p ertie s  o f  te rn a ry  b le n d s  c o n s is tin g  o f  
PS  m a trix  an d  P O /S B R  co re -sh e ll d isp e rsed  p h ases  h av e  b e e n  s tu d ie d  b y  L u z in o v  e t  

a l .  (2 0 0 0 ). T he รณdy  sh o w ed  th a t p o ly o le fin  (P O ) fo rm ed  co res in  S B R  d om ains. 
U p o n  in c reas in g  th e  v isco s ity  o f  P O , th e  size o f  th e  co res  an d  th e  S B R  d o m ain s 
in c lu d in g  th em  in crease . M o reo v er, th e  ex ten d  o f  th e  s tre ss  tra n s fe r  fro m  th e  m a trix  
to  th e  co re  th ro u g h  th e  she ll dep en d s on  th e  m o d u lu s  o f  th e  S B R  layer.

L u z in o v  e t  a l .  (2 0 0 0 ) sh o w ed  th a t th e  u ltim a te  m ech an ica l p ro p e rtie s  o f  the 
te rn a ry  b len d s  co n ta in in g  S B R /P E  an d  S B R /P S  co re -sh e ll d isp e rse d  p h ase  are c lo sed  
to  th e  p ro p e rtie s  o f  th e  P S /S B R  and  P E /S B R  b in ary  b len d s , re sp ec tiv e ly . H o w ev er, 
a t co n s ta n t co n ten t o f  th e  m a trix  (PS ; 7 5 % w t), th e  S B R /P E  c o m p o s itio n  o f  th e  c o re ­
sh e ll d isp e rsed  p h ase  h ad  s tro n g  in flu en ce  on  th e  m ech an ica l p ro p ertie s .
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