
CHAPTER I 
INTRODUCTION

T o  d e v e lo p  n e w  p o ly m e r ic  m a ter ia ls  fo r  b o th  s c ie n t if ic  an d  c o m m e r c ia l  
p r o g r e ss , p o ly m e r  b le n d in g  is  th e  c o m b in a t io n  o f  tw o  or m o r e  th a n  tw o  k in d s  
o f  a m o rp h o u s  p o ly m e r s  to  g e t th e e x c e lle n t  p ro p ertie s  o f  e a c h  c o m p o n e n t.  
B le n d in g  p r o c e s s  u su a lly  carried  o u t in m o lte n  sta te  or in  s o lu t io n  state  
b e c a u se  in  th e s e  s ta te s  ea ch  p o ly m e r  c o m p o n e n t  w il l  h a v e  m o r e  c h a n c e  to  
co n ta c t  an d  m ix  to g e th er . A t  e q u ilib r iu m , a m ix tu re  o f  tw o  a m o rp h o u s  
p o ly m e r s  m a y  e x is t  as a s in g le  p h a se  m ix e d  s e g m e n ts  o f  tw o  m a c r o m o le c u la r  
c o m p o n e n ts  at m o le c u la r ly  m ix e d  le v e l  c a lle d  m is c ib le  or c o m p a tib le  
b le n d in g . In th e  o th er  c a se  it m a y  sep a ra te  in to  tw o  d is t in c t  p h a s e s  c o n s is t in g  
p r im a r ily  o f  th e  in d iv id u a l c o m p o n e n ts  w h ic h  ca n n o t b e  m ix e d  or d is s o lv e d  
e a ch  o th er  c a lle d  im m is ib le  or in c o m p a tib le  b le n d in g . A n  in c o m p a tib le  b len d  
ca n  b e  c o n v e r te d  to  a c o m p a tib le  b len d  b y  a d d in g  a c o m p a tib il iz e r , c h e m ic a ls  
or a d d it iv e s  w h ic h  is  ad d ed  in to  p o ly m e r  b len d  to  h e lp  m ix in g  b y  e x h ib it in g  
in ter fa c ia l a ttra c tio n s in b e tw e e n  sep a ra te  p h a se  o f  im m is ib le  b le n d .

L o w  d e n s ity  p o ly e th y le n e  (L D P E ) is a g en era l p u r p o se  p la s t ic , w h ic h  is  
a p o ly e th y le n e  c o n ta in s  a lk y l su b stitu en ts , or sh o r t-c h a in  b ra n ch es  o n  th e  
ch a in  b a c k b o n e . T h e  d e n s ity  o f  L D P E  is 0 .9 1 2 - 0 .9 3 5  g . /c m 3 an d  T m is  1 0 5 -  
1 1 5 ° c .  L D P E  is a c h e m ic a l r e s is ta n c e  m a ter ia l e s p e c ia l ly  to  p o la r  c o m p o u n d  
an d  lo w  p e r m e a b ility  to  w a te r  an d  m a n y  a q u e o u s  s o lu t io n s . L D P E  is  to u g h  
an d  h ig h ly  d u c t ile  o v e r  a w id e  tem p era tu re  ran ge.

N y lo n  is  an  im p ortan t e n g in e e r in g  p la s t ic , w h ic h  c o n ta in s  a m id e  grou p  
in  th e  m a in  ch a in . N y lo n  u s e s  are v a r io u s  d e p e n d  o n  th e  v a r io u s  ty p e s  o f  
n y lo n , th e  p ro p er tie s  and th e  a d d itiv e  a d d in g  in  th e  p r o c e s s . N y lo n  6 h as  
v a r io u s  p ro p e r tie s  su c h  as g o o d  m e lt  f lo w , e a sy  to  p r o c e s s , w a te r  s e n s it iv e ,  
h ig h  r ig id ity , w e a th e r  and th erm a lly  res is ta n t and g o o d  barrier p ro p ertie s . T m 

o f  n y lo n  6 is 228°c.
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In th is  resea rch , y lo n  an d  L D P E  w il l  b e  b le n d e d  to g e th er . H o w e v e r ,  
th ere  are s o m e  p r e v io u s  s tu d ie s  sh o w n  that n y lo n  an d  L D P E  b le n d  (P .M . 
S u b r a m a n ia n ,  1 9 8 5 )  g a v e  in c o m p a tib le  b len d  b e c a u se  th e  stru ctu re  o f  L D P E  
and n y lo n  h a v e  v e r y  d iffe r e n t  p o la r ity . L D P E  c o n ta in s  o n ly  n o n p o la r  e th y le n e  
g ro u p s b ut n y lo n  co n ta in s  p a rtia lly  p o la r  a m id e  g ro u p s in  th e  p o ly m e r  ch a in s .  
Io n o m e r , S u r ly n , th e  p o ly m e r  c o n ta in  b o th  L D P E , w h ic h  is  n o n p o la r  part, 
c o p o ly m e r iz e d  w ith  m e th a c r y lic  a c id , w h ic h  is  p o la r  part, w i l l  b e  in tro d u ced  
to  c o m b in e  th e  tw o  c o m p o n e n ts  to g e th er . In b le n d in g  o f  th e s e  tw o  p o ly m e r s  
c o m p a t ib il i ly , th e  e x c e lle n t  p ro p ertie s  o f  tw o  p o ly m e r s  ca n  b e  o b ta in ed  
e f f e c t iv e ly  an d  th e  p ro d u c tio n  c o s t  ca n  b e  red u ced .
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1.1 Theoritical Background

1 .1 .1  L o w  D e n s i ty  P o ly e th y le n e  (L D P E )
L o w  d e n s ity  p o ly e th y le n e  (L D P E ) is a p o ly e th y le n e  w h ic h  co n ta in s  

a lk y l su b stitu e n ts , or sh o r t-ch a in  b ra n ch es  o n  th e  c h a in  b a c k b o n e . T h e  
b ra n ch es  o f  L D P E  c o n ta in  2 -8  carb on  a to m s. T h e  u n it c e l l  o f  L D P E  in the  
c r y s ta llin e  p h a se  is  o r th o rh o m b ic , and  c o n ta in s  fou r  e th y le n e  u n its . T h e  
p o ly e th y le n e  (P E ) c h a in  is  in  lin ear  z ig z a g  fo rm , w ith  a r e p e a tin g  u n it o f  o n ly  
o n e  e th y le n e  u n it. T h e  sh o r t-ch a in  b ra n ch es  p resen t in  h ig h  p ressu re  
p o ly e th y le n e  d isru p t c h a in - fo ld in g  and red u ce  cry sta llin ity  to  4 0 - 6 0  % , T m to  
1 0 5 -1 1 5  ๐c  an d  d e n s ity  to  0 .9 1 2 - 0 .9 3 5  g /c m 3. T h e  im p o rta n t p ro p er tie s  for  
b le n d in g  p r o c e s s , w h ic h  h a v e  to  b e  c o n c e r n e d  are c h e m ic a l ,  p h y s ic a l and  
r h e o lo g ic a l p ro p er tie s . In c h e m ic a l p ro p ertie s , L D P E  is  c h e m ic a l  r e s is ta n c e  
m a ter ia l e s p e c ia l ly  to  p o la r  c o m p o u n d s  d u e  to  its m o le c u la r  stru ctu re  co n ta in s  
o n ly  n o n -p o la r  m o le c u le s .  L D P E  is  lo w  p e r m e a b ility  to  w a te r  and m a n y  
a q u e o u s  s o lu t io n s . It can  b e  s lo w ly  a tta ck ed  b y  s o m e  c h e m ic a ls  su ch  as 
o x id iz in g  a g e n ts , a lip h a tic s , a ro m a tic s , and  c h lo r in a ted  so lv e n ts .  T h e se  
c h e m ic a ls  w i l l  m a k e  L D P E  s w o lle n  at ro o m  tem p era tu re , an d  L D P E  can  b e  
d is s o lv e d  a fter  tem p era tu re  is  ra ised . S o m e  c h e m ic a ls  su c h  as n itro g en ,  
o x y g e n ,  an d  ca rb o n  d io x id e  can  p a ss  th ro u g h  L D P E  film  b ut p o ly (v in y l id e n e  
c h lo r id e )  an d  p o ly a m id e . In p h y s ic a l p ro p er tie s , b o th  s t i f fn e s s  and y ie ld  
stren g th  d e p e n d  o n  tem p era tu re  and c r y s ta llin ity , as in d ic a te d  b y  d e n s ity . A t  
a m b ien t tem p era tu re , s t if fn e s s  in c r e a se s  lo g a r ith m ic a lly  as d e n s ity  in c r e a se s  
from  0 .9 1 0 - 0 .9 5 0  g /c m 3. A t h ig h er  tem p era tu res , th e  s t i f fn e s s  d ro p s v ery  
sh a rp ly . A t n o rm a l u sa g e  tem p era tu re , th e  y ie ld  stren g th  is  n o t stro n g ly  
d ep e n d e n t o n  s tra in in g  rate b e c a u se  o f  th e  h ig h  d u c tility , b u t b e c o m e  m ore  
d e p e n d e n t as tem p era tu re  d e c r e a se s . L D P E  is  h ig h ly  d u c t ile  o v e r  a w id e  
tem p era tu re  ra n g e . It is n o t u sed  in c o n t in u o u s  a p p lic a tio n  o f  h ig h  stress  
req u ired  b e c a u se  o f  c reep  and stress  r e la x a tio n  o ccu rs  s lo w ly .  B o th  p rop erties
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w ill  in d u c e  L D P E  to  b e  s lo w ly  d e fo rm  u n d er c o n sta n t stre ss . L D P E  is to u g h . 
It e x h ib its  g o o d  im p a ct stren g th  o v e r  a w id e  tem p era tu re  ra n g e  b e c a u se  
fa ilu res  are o f  th e  d u c tile  ty p e  e x c e p t  at e x tr e m e ly  lo w  tem p era tu re . L D P E  

ty p ic a lly  h a v e  b r ittle  tem p era tu re  b e lo w  - 7 0  ๐C; v a lu e s  as lo w  as - 1 1 8  °c. 
V a r ia tio n s  in  c o o l in g  rates a ls o  re su lted  in d if fe r e n c e s . S a m p le  im p e r fe c t io n  
in c r e a se s  th e  b rittle  tem p era tu re . T ra n sitio n  tem p era tu re  u su a lly  d e c r e a se s  
w ith  in c r e a s in g  m o le c u la r  w e ig h t  an d  b ra n ch in g . D e g r e e  o f  c r y s ta llin ity  and  
sp h e r u lit ic  stru ctu re  d e p e n d s  o n  th erm al h isto ry . T h erm a l a g in g  in c r e a se s  
sp h eru lite  s iz e ,  w h ic h  n o r m a lly  in c r e a se s  brittle  tem p era tu re . T h e  te n s i le  stress  
su b s ta n tia lly  lo w e r  than th o se  sh ort t im e  rupture w il l  m a k e  L D P E  h as  
s tr e s sc r a c k in g  o v e r  lo n g  p e r io d s  up  to  m a n y  y ea rs . In r h e o lo g ic a l  p ro p ertie s , 
p o ly e th y le n e  u n d e r g o e s  sh e a r -th in n in g  b eh a v io r . T h e  m o lte n  sta te  P E  m a y  be  
c la s s if ie d  as a p se u d o p la s t ic  m ateria l and its v is c o s i t y  d e c r e a se s  w ith  
in c r e a s in g  sh ea r  s tress . M o lte n  P E  e x h ib its  e la s t ic  p r o p e r tie s  o v e r  a w id e  
tem p era tu re  ra n g e , su ch  as d ie  s w e ll  and  e la s t ic  r e c o v e r y  w h e n  s tress  is  
r e m o v e d . A t  lo w  sh ea r  ra tes, d ie  s w e l l  in c r e a se s  as m o le c u la r  w e ig h t , lo n g  
ch a in  b r a n c h in g  an d  sh ear  rate in crea se . M e lt  fracture d e p e n d s  o n  th e  le n g th  o f  
b ra n ch es .

1 .1 .2  P o ly a m id e  (n y lo n )
N y lo n  is  an e n g in e e r in g  p la s tic  r e s in s , w h ic h  h a s p o ly a m id e  

stru ctu res a s sh o w n  b e lo w .

d ia c id ,  d ia m in e - b a s e d la c ta m - b a s e d

F ig  1 .1  T h e  r e p e a tin g  u n it o f  p o ly a m id e  (n y lo n )
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N y lo n s  can  b e  c la s s i f ie d  as e ith er  s e m i-c r y s ta l l in e  or a m o rp h o u s  
p o ly m e r s . E a ch  k in d  o f  n y lo n  h a s d ifferen t p ro p er tie s , w h ic h  are su ita b le  for  
d ifferen t u sa g e s . T h e  s e m i-c r y s ta ll in e  n y lo n s  are w h ite , c h e m ic a lly  and  
h y d r o ly t ic a lly  sta b le . T h e  f la m m a b ility  in c r e a se s  w ith  a lip h a tic  carb on  
in c r e a se . S o m e  p h y s ic a l p ro p er tie s  o f  s e m i-c r y s ta ll in e  n y lo n  ca n  b e  im p r o v e d  
b y  a d d in g  s o m e  f ille r s , su c h  as m in era l- an d  g la s s - f i l le d  w h ic h  ca n  im part 
c reep  re s is ta n t p ro p ertie s  to  n y lo n . N y lo n  h a s g o o d  m e lt  f lo w  an d  rapid  
c r y s ta ll iz a t io n  rate m a k in g  it e a sy  to  p r o c e ss . A m o r p h o u s  n y lo n  r e s in s  are 
m o re  d if f ic u lt  to  p r o c e ss  th an  se m i-c r y s ta ll in e  n y lo n  re s in s  b e c a u s e  th e y  can  
h a v e  lo w e r  h e a t-d e fe c t io n  tem p era tu res  and s t if fe r  m e lt  f lo w  th an  f i l le d  s e m i
c r y s ta llin e  n y lo n  r e s in s . H o w e v e r , a m o rp h o u s n y lo n  re s in s  h a v e  le s s  p r o b le m s  
th an  se m i-c r y s ta l l in e  n y lo n  r e s in s  b e c a u se  w a r p a g e  is  r e d u c e d  an d  d im e n s io n  
s ta b ility  are e x c e lle n t .  N y lo n s  h a v e  v a r io u s  p ro p er tie s , w h ic h  are e f f e c te d  from  
v a r io u s  stru ctu res and a d d it iv e s  a d d ed . F or e x a m p le , n y lo n s  are w a ter  
s e n s it iv e  p o ly m e r s  d u e  to  th e  h y d r o g e n  b o n d in g  ch a ra cter  o f  th e  a m id e  grou p . 
T h e  a m o u n t o f  w a te r  d e p e n d s  o n  th e  a m id e  g ro u p s, w h ic h  p resen t in p o ly m e r  
ch a in . W a ter  a b so rp tio n  d e c r e a se s  w ith  d e c r e a s in g  a m id e  g ro u p s  c o n c e n tr a tio n  
in p o ly m e r  b a c k b o n e . W a ter  ca n  a cts  as a p la s t ic iz e r , w h ic h  r e d u c e s  te n s ile  
stren g th  an d  m o d u lu s  w h ile  in c r e a s in g  e lo n g a t io n  at b reak  an d  c o n se q u e n t ly  
to u g h n e ss . N y lo n s  are a ls o  h ig h  r ig id ity , w ea th er  an d  th e r m a lly  re s is ta n t and  
g o o d  barrier p ro p ertie s .

1 .1 .3  I o n o m e r
Io n o m e r  is  th e  g e n e r ic  term  for p o ly m e r s  c o n ta in in g  in terch a in  

io n ic  b o n d in g . T h e se  io n ic  c r o s s lin k s  o c c u r  ra n d o m ly  b e tw e e n  th e  lo n g  ch a in  
p o ly m e r  m o le c u le s  to  p r o d u c e  so l id  sta te  p ro p er tie s  u su a lly  a s s o c ia te d  w ith  
h ig h  m o le c u la r  w e ig h t . T h is  is  m ea n  that io n o m e r s  or io n ic  p o ly m e r s  are th e  
p o ly m e r s  w h ic h  c o n ta in  p en d a n t sa lt  g ro u p s a tta ch ed  to  th e  p o ly m e r  ch a in s . 
T h e p en d a n t sa lt  g ro u p s o f  io n o m e r s  m a k e  th e  p o ly m e r  h ig h e r  p o la r ity . T h e
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c o m b in a t io n  o f  lo w  c o n te n t  and lo w  p o la r ity  b a c k b o n e  r e su lts  in a c la s s  o f  
c o m m e r c ia l p o ly m e r s , w h ic h  c o n tin u e  to  b e  s c ie n t if ic  in terest. T h e  p en d a n t  
io n ic  g ro u p s in tera ct to  form  io n -r ich  a g g r e g a te s  c o n ta in e d  in  th e  n o n p o la r  
p o ly m e r  m atrix . T h e  r e su lt in g  io n ic  in tera c tio n s  s tr o n g ly  in f lu e n c e  p o ly m e r  
p ro p er tie s  an d  a p p lic a tio n s . T h e  io n ic  in tera c tio n s  and r e su lta n t p o ly m e r  
p ro p er tie s  are d e p e n d e n t o n  th e  ty p e  o f  p o ly m e r  b a ck b o n e; io n ic  fu n c tio n a lity  
( io n ic  c o n te n t) , 0 -1 0  %; ty p e  o f  io n ic  m o ie ty  (c a r b o x y la te , su lfo n a te , or 
p h o sp h o n a te );  d e g r e e  o f  n eu tra liza tio n  (0 - 1 0 0  % ); and ty p e  o f  ca tio n  (a m in e , 
m eta l, m o n o v a le n t , or m u lt iv a le n t) . A  c o m m o n  c o m m e r c ia l io n o m e r  is  S u rlyn  

A ® , a c o p o ly m e r  o f  e th y le n e  an d  a b o u t 15 % o f  m e th a c r y lic  a c id . A b o u t  33  % 
o f  th e  m e th a c r y lic  a c id  c o m o n o m e r s  are n eu tra liz ed  w ith  s o d iu m  h y d r o x id e  to  
p ro d u c e  th e  so d iu m  sa lt. Io n ic  b o n d in g  p r o v id e s  a to u g h  m a ter ia l P o ly  
(e th y le n e -c o -m e th a c r y lic  a c id )s  in tro d u ced  b y  D u  P o n t in 1 9 6 4  w e r e  th e  first 
io n o m e r s  w h o s e  p h y s ic a l p ro p er tie s  w e r e  r e c o g n iz e d  as a c o n s e q u e n c e  o f  
p h a se -se p a r a te d  io n ic -r ic h  d o m a in s . T h e  n u m b er  o f  io n ic  g r o u p s  e x is t in g  in  
c lu s te r s  is  s tr o n g ly  d ep e n d e n t on  p o la r ity  o f  th e  p o ly m e r  m atr ix , o n ly  
m u ltip le ts  are f la v o r e d , w h e r e a s  w ith  in c r e a s in g  io n ic  co n te n t , c lu ster  
fo rm a tio n  is  fa v o r e d . A lth o u g h  P o ly (e th y le n e -c o -m e th y lic  a c id )  io n o m e r s  h as  
lo w  c o n c e n tr a tio n s  o f  m e th a c r y lic  a c id  in to  th e  e th y le n e  b a c k b o n e  h a s little  
e f f e c t  on  p ro p er tie s , th e  n eu tra liza tio n  o f  th e se  grou p  are m o r e  d ra stica lly  
in f lu e n c e . B u lk  p o ly (e th y le n e -c o -m e th y l ic  a c id )s  are n e u tr a liz e d  o n  tw o -r o ll  
m ill at 1 5 0 -2 0 0  ๐c  b y  a d d itio n  o f  a q u e o u s  so d iu m  h y d r o x id e  or  o th er  b a se s  in  
w a te r  to  th e  f lu x e d  c o p o ly m e r . A s  th e  w a ter  ev a p o r a te s , th e  m e lt  v is c o s ity  
in c r e a se s  m a r k e d ly , an d  w h e n  su f f ic ie n t ly  n eu tra liz ed , th e  io n o m e r  can  b e  
str ip p ed  o f f  th e  m ill in th e  sh a p e  o f  a to u g h , f le x ib le  sh ee t.
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F ig  1 .2  T h e  stru ctu re  o f  c o m o n o m e r  u n its  in S u r ly n  A®

T h e  a c id  g ro u p s p r o m o te  e x c e lle n t  a d h e s io n  to  v a r io u s  su b stra tes  and  
in c r e a se  a b ra s io n  r e s is ta n c e , b u t im p art c o r r o s iv ity . T o u g h n e s s  and f le x in e s s  
are o u ts ta n d in g  an d  are m a in ta in e d  at lo w  tem p era tu res . P u n ctu re  an d  im p a ct  
r e s is ta n c e  are th e  o th er  to u g h n e s s  c h a ra c ter is tic s  o f  m a ter ia l. S tre ss  cra ck  
r e s is ta n c e  in c r e a se s  w ith  in c r e a s in g  c a r b o x y l co n ten t. O p tic a l c la r ity  is  g o o d . 
E le c tr ic a l in su la t io n  p ro p er tie s  are ch a ra c ter is tic  o f  z in c  io n o m e r s . T h e y  h a v e  
g o o d  d ie le c tr ic  p ro p ertie s  o v e r  a b road  fr e q u e n c y  ra n g e . B e c a u s e  o f  io n ic  
b o n d in g , s o d iu m  or z in c  sa lts  o f  m e th a c r y lic  a c id  c o p o ly m e r s  e x h ib it  
p ro p er tie s  s im ila r  to  th o se  L D P E  o f  h ig h  m o le c u la r  w e ig h t . Io n o m e r s  c o n ta in  
p o la r  g r o u p s , w h ic h  re la te  to  th e  so lu b ility  and a d h e s io n . G la ss  r e in fo r c e m e n t  
in c r e a se s  h ea t an d  creep  r e s is ta n c e  s ig n if ic a n t ly . A d h e s io n  to  a lu m in iu m  fo il  
and m eta l is  a n oth er  c h a ra c ter is tic  re la ted  to  c a r b o x y l co n ten t. M o st  
c o m m e r c ia l io n o m e r s  c o m p ly  w ith  F D A  re g u la tio n s  for  fo o d  co n ta c t.

1 .1 .4  P o ly m e r  B le n d in g
T o  b le n d  tw o  p o ly m e r s  to g e th er , th ere  are tw o  m e th o d s  for  

p rep a r in g  b le n d s . T h e se  are m e lt  m ix in g  and so lu t io n  c a s t in g . In m e lt  m ix in g ,  
care m u st b e  ta k en  in s o m e  c o n d e n sa t io n -ty p e  p o ly m e r s , in te r c h a n g e  rea c tio n
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m a y  o c c u r  d u r in g  m e lt  m ix in g  g iv in g  a c o p o ly m e r ;  a s in g le -p h a s e  structure  
can  b e  re su lted  w h ic h  m a y  g iv e  th e  im p r e ss io n  that th e  tw o  p o ly m e r s  are 
p h y s ic a lly  m is c ib le  w h e n  th e y  m a y  n o t b e . In so lu t io n  m e th o d s , o fte n  u se d  for  
sm a ll q u a n tit ie s  or for p o ly m e r s  n o t a m e n a b le  to  m e lt  p r o c e s s in g , o ffe r  o ther  
o p p o r tu n it ie s  for  m is le a d in g  resu lt. B le n d in g  tw o  p o ly m e r s  c a n  re su lt  in tw o  
d iffe r e n t  b e h a v io r s . T h e s e  are im m is c ib le  b len d  and m is c ib le  b len d . In 
im m is c ib le  b le n d , th ere  is  p h a se  sep a ra tio n  c a u se s  lig h t sc a tte r in g  or lim ited  
tra n sp a ren cy . H o w e v e r , s in c e  th e d o m a in s  m a y  b e  sm a ll r e la t iv e  to  th e  
w a v e le n g th  o f  lig h t  or h a v e  s im ila r  re fra c tiv e  in d e x e s , th u s l im it in g  th e ex ten t  
o f  lig h t sca tter in g . C o n v e r s e ly , a m is c ib le  b le n d in g , a b le n d  w ith  a m isc ib le  
a m o r p h o u s  p h a se  m a y  a lso  c o n ta in  a c r y s ta llin e  p h a se , w h ic h  sc a tter s  lig h t  and  
re d u c e s  tra n sp a ren cy . T h e  s im p le  m e th o d s  u su a lly  u se  to  d e te r m in e  w h ic h  
b len d  is m is c ib le  b le n d  or im m is c ib le  b len d  is th e  g la s s -tr a n s it io n  b e h a v io r  o f  
a p o ly m e r  b le n d  and it is  e x a m in e d  b y  th e  th erm a l, m e c h a n ic a l, d ie le c tr ic , or 
s im ila r  te c h n iq u e s . F o r  m is c ib le  b len d , it w i l l  sh o w  a s in g le ,  c o m p o s it io n -  
d e p e n d e n t g la s s -tr a n s it io n , r e f le c t in g  th e  m ix e d  e n v ir o n m e n t o f  th e  b le n d , and  
for  im m is c ib le  b le n d , it w i l l  s h o w  tw o  tgS ch a ra c ter is tic  o f  e a c h  p h a se .
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