
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  E S C O R 1M ac id  terp oym er
E S C O R ™  terp o ly m ers are trade n a m e o f  p o ly e th y le n e , p o ly (a c r y lic  

a c id ), and  p o ly (m e th y l acry la te) co p o ly m e r s . T h ere are 3 grad es o f  E S C O R ™  
terp o ly m ers  (E S C O R ™  3 1 0 , E S C O R ™  3 2 0  and  E S C O R ™  3 2 5 )  w h ic h  are 
su p p lie d  b y  E x x o n  C h em ica l C o m p an y . E S C O R ™  3 1 0  terp o ly m er  is  a 
ran d om  terp o ly m er  that c o n s is ts  o f  8 7  % w t o f  e th y le n e , 6 .5  % w t o f  a cry lic  ac id  
and  6 .5  % w t o f  m eth y l acry late. It p ro v id es  e x c e lle n t  a d h e s io n  to  a v a r ie ty  o f  
p o lar  and  n o n -p o la r  m ater ia ls . F or e x a m p le , E S C O R ™  3 1 0  can  b e  u se d  a s  an  
a d h e s iv e  f i lm  for in d u str ia l la m in a tio n s  or to  b o n d  e la s to m e r s  to  fa b r ics  and  
m e ta ls . It ca n  a lso  b e  u sed  for e x tr u s io n  c o a tin g /la m in a tin g  and  c o -e x tr u s io n  
a p p lic a tio n s  w h ere  b o n d in g  o f  p o lar  to  n o n -p o la r  m a ter ia ls  is  cr it ica l. It 
d e liv e r s  th e  h ig h e st  se r v ic e  tem peratu re and m o d u lu s  o f  a ll th e  E S C O R ™  acid  
terp o ly m er. It is  u sed  as h ea t-a ctiv a ted  a d h e s iv e  sea la n t c o m p o u n d s , T P O s  
w ith  im p ro v ed  a d h e s io n  to m eta l parts, e n g in e e r in g  th er m o p la st ic  im p act  
m o d ifie r , and  c o m p a tib iliz e r  for p o lar  and  n on -p o la r

E S C O R ™  3 2 0  terp o ly m er c o n s is ts  o f  7 6  % w t o f  e th y le n e , 6  % w t o f  acry lic  
a c id  and  18 % w t o f  m eth y l acry la te. It p ro v id e s  e x c e lle n t  a d h e s io n  to  a va r ie ty  o f  
su b sta n c e s  and o th er f ilm  c o m p o n e n ts , su ch  as a lu m in u m  fo il ,  p o ly o le f in ,  
p o ly ca rb o n a te , P E T , etc . A p p lic a t io n s  for  th e se  terp o ly m ers  are t ie  re s in  fo r  b lo w n  
f ilm , t ie  r e s in  for  e x tru s io n  co a tin g  and la m in a tin g , O P P /E S C O R ™  3 2 0 /n y lo n  
la m in a te s , and P E /E S C O R ™  3 2 0 /a lu m in iu m  fo il  la m in a tes .

E S C O R ™  3 2 5  w a s  em p lo y e d . E S C O R ™  3 2 5  terp o y m er  c o n s is t s  o f  
7 4 % w t o f  p o ly e th y le n e , 2 0 % w t p o ly (m e th y l acry la te) and  6 .0 % w t p o ly (a c r y lic  
a c id ). It p r o v id e s  e x c e lle n t  a d h esio n  to  a va r ie ty  o f  p o lar  and  n o n -p o la r  
m a ter ia ls  and a lso  h as th e  h ig h e st  m e lt  in d e x  and is  th e  so f te s t  o f  a ll the  
E S C O R ™  terp o ly m er. A s  a m o d ifier , E S C O R ™  3 2 5  im p r o v e s  to u g h n e ss , 
f le x ib ility , and th e a d h es io n  ch aracter istic  o f  p la st ic  c o m p o u n d s . A p p lic a t io n s
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o f  th e  terp o ly m er are en g in eer in g  th erm o p lastic  im p act m od ifier , 
co m p a tib ilizer  for d issim ilar p o lym ers, a d h esio n  p ro m o ter  fo r  in sert m old ed  
p o ly o le fin  parts, and h eat activated  seals.

Table 3.1 T h e ch aracteristic  o f  E S C O R ™  acid  terp o ly m ers

Resin properties Test Based on U n its  (S I )
Escor1M acid terpolymers

310 320 325
M elt In d ex E x x o n  M eth o d G /1 0 m in 6.0 5 .0 20.0

D e n s ity E x x o n  M eth o d g /cm 3 0 .9 4 1 0 .9 5 3 0 .9 5 0
A cid  num ber E x x o n  M eth o d M g  K O H /g 45 4 5 45

P eak  m eltin g  
tem p era tu re

E x x o n  M eth o d o p  ( O Q 2 0 1 ( 9 4 ) 1 6 9 (7 6 ) 1 6 3 (7 3 )

P eak  crysta llin e  
tem p era tu re

E x x o n  M eth o d o p  (O Q 1 6 5 (7 4 ) - 1 2 0 (4 9 )

3 .1 .2  E A A  co p o ly m ers
E A A  is an e th y len e-acry lic  acid  ran d om  co p o ly m er . Its  a tta ch ed  fun ction a l 

g ro u p s p ro v id e  sp ec ific  in teraction  w ith  o th er p o lym ers. E A A  c o p o ly m e r  is a so ft, 
to u g h , transparent and sim ilar to  lo w  d en sity  p o ly e th y le n e  (L D P E ) at large  
e lo n g a tio n  and lo w  v isc o s ity . E A A 1 -E A A 5  c o p o ly m e r s  su p p lied  fro m  th e E x x o n  
C h em ica l C o m p an y  are u sed  in  th is thesis.
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Table 3 .2  C o m p o s it io n s  in  m o le  fra ctio n s for fou r gra d es o f  E A A  c o p o ly m e r s

G rade E th y len e A c r y lic  A c id
E A A 1 0 .9 8 8 0.012
E A A 2 0 .9 7 4 0 .0 2 6
E A A 4 * 0 .9 7 4 0 .0 2 6
E A A 5 0 .9 6 1 0 .0 3 9

* E A A 4  h a s a lo w e r  m o le c u ar w e ig th  than  E A A 2

3.2 Experimental Procedure

3 .2 .1  P o ly m e r  B le n d  P reparation

3 .2 .1 .1  B lending
B le n d s  o f  E S C O R ™  3 2 5  terp o ly m er  an d  E A A  c o p o ly m e r  

(E A A 1 , E A A 2 , E A A 4 , and E A A 5 )  w ere  p repared  at ratio  o f  0 /1 0 0 , 5 /9 5 ,  
1 0 /9 0 , 2 0 /8 0 ,  3 0 /7 0 , 4 0 /6 0 , 5 0 /5 0 , 6 0 /4 0 , 7 0 /3 0 , 8 0 /2 0 , 9 0 /1 0 , 9 5 /5 , 1 0 0 /0  b y  
u sin g  a  C o ll in  c o -ro ta tin g  tw in  sc r e w  k n ead er Z K -2 5  (2 5 m m x 3 0 D ). S c r e w  
sp eed  o f  5 0  rpm  w a s  em p lo y e d . A l l  p r o c e ss in g  p a sse s  w e r e  carried  ou t u s in g  
th e  p r o c e s s in g  c o n d it io n  as sh o w n  in  F igu re  3 .1 .

Z o n e  1 Z o n e  2 Z o n e  3 Z o n e  4 Z o n e  5 Z o n e  6

125 °c 125 °c 127 °c 12 7  ๐c 130 °c 130 °c

Figure 3.1 P r o c e ss in g  c o n d itio n .

T h e  extru d ate  w a s  c o o le d  in  th e  w a ter  (~ 2 5 ° C )  and cu t in to  p e lle t  form  b y  a
P la n etro l 0 7 5 D 2  p e lle tizer .
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3 .2 .2  S p e c im e n  P reparation
A  sa m p le  w a s  p ressed  o n  a W a b a sh  V50H c o m p r e ss io n  m o ld in g  

m a ch in e . T h e  step s  u sed  in  th e  p r o c e ss  for  th is  s tu d y  w e r e  160°c w ith o u t  p ressu re to  
p reh eat 8 m in u tes  and 160°c w ith  15 to n s  fo rce  fo r  3 m in u tes . M o ld  w a s  c o o le d  
d o w n  u n d er  p ressu re to  32°c. T h e m o ld  u sed  w a s  a p ic tu re-fra m e typ e  m o d e  
s ta in le s s  s te e l

3.3 Characterization of Polymer-Polymer blends

3 .3 .1  M ec h a n ica l P rop erties

3 .3 .1 .1  T e n s ile  p rop erties
T e n s ile  p rop erties su ch  as Y o u n g ’s m o d u lu s , T e n s ile  strength  at 

break  and  E lo n g a tio n  at break w e r e  m easu red  u s in g  an In stron  U n iv e r sa l T e stin g  
M a c h in e , M o d e l 4 2 0 6  A S T M -1 7 0 8 . A t lea st f iv e  s p e c im e n s  p er b le n d  sa m p le  w ere  
te sted  u s in g  a cro ssh ea d  sp e e d  o f  1 3 0 m m  m in '1.

A . Y o u n g ’s m o d u lu s  and  te n s ile  stren g th  at break
Y o u n g ’s M o d u lu s  and T e n s ile  stren g th  at b reak  w e r e  m easu red  

a c co rd in g  to  th e  A S T M  D -1 7 0 8  te st  p roced u re. T h e  lo a d  c e l l  o f  1 0 0  k N  and 2 0 0  
m m /m in  c r o ss -h e a d  sp e e d  w ere  u sed  for a ll te sts . D u m b b e ll sh ap e  s p e c im e n s  w ere  
cu t from  c o m p r e sse d  sh e e ts  u s in g  a p n eu m a tic  p u n ch , and th e s p e c im e n  d im e n s io n s , 
w er e  a s  fo llo w :  w id th  o f  n arrow  se c t io n  w a s  4 .7 5  m m  and  th e g a u g e  len g th  w a s  
2 2 .2 5  m m .

B . E lo n g a tio n  at break
E lo n g a tio n s  at break w ere  m easu red  a c c o r d in g  to  A S T M  D -1 7 0 8  

te st  p roced u re . T h e  lo a d  c e ll  o f  10 0  k N  and 1.3 m m /m in  c r o ss -h e a d  sp e e d  w ere  u sed  
for a ll te s t  sp e c im e n s . D u m b b e ll sh ap e sp e c im e n s  w er e  cu t from  c o m p r e sse d  sh ee ts  
u sin g  a p n eu m a tic  p u n ch , and th e sp e c im e n  d im e n s io n s , w e r e  as fo llo w :  w id th  o f  
n arrow  s e c t io n  w a s  4 .7 5  m m  and th e  g a u g e  len g th  w a s  2 2 .2 5  m m .
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3 .3 .1 .2  H ardn ess
H ard n ess o f  th e  b le n d s  w er e  m ea su red  u s in g  D u ro m eter  (S h o r e D ), 

a cco rd in g  to  A S T M  D -2 2 4 0 . T h ic k n e ss  o f  s p e c im e n s  w e r e  7 .9  m m . T h e  resu lts  
w er e  o b ta in e d  from  m ea n  v a lu e  o f  f iv e  m ea su rem en ts  carr ied  ou t o n  e a c h  sam p le .

3 .3 .1 .3  G loss
G lo ss  o f  th e  b len d s  w a s  m ea su red  u s in g  B Y K  G ardner G lo ss -H a z e  

R e fle c to m e te r  at 2 0 °  and 6 0 ° , a cco rd in g  to  A S T M  D - 5 2 1 . T h e  resu lts  w e r e  averaged  
from  f iv e  m ea su rem en ts  o n  ea ch  sa m p le  to  ob ta in  a  m ea n  v a lu e .

3 .3 .2  T h erm al P rop erties

3 .3 .2 .1  T herm al p ro p e r tie s  o f  p o lym er  b len d
T h e th erm al b eh a v io r  o f  the E S C O R ™  3 2 5 /E A A s  b len d  sa m p les  

w a s  d e term in ed  o n  a P erk in -E lm er D S C 7 . A  sa m p le  o f  9 ±  0.1 m g  w a s  se a le d  in  
c la m p ed  c lo s e d  a lu m in u m  sa m p le  p an s. N itr o g e n  g a s  w a s  u sed  as a p u rge  gas. T h e  
h ea tin g  and  c o o lin g  p rogram  are as fo llo w :

T h e  sa m p le  w a s  h ea ted  from  3 0 ° c  to 1 4 0 ° c  at h e a tin g  rate o f  8 0 ° c /m in  and  
c o o le d  d o w n  to  3 0 ° c  at c o o lin g  rate o f  5 ° c /m in  and  reh ea ted  it a g a in  from  3 0 ° c  to  
1 4 0 ° c  at h e a tin g  rate 5 ° c /m in . T h e first h ea tin g  sca n s  w er e  carried  o u t to  erase any  
therm al h isto ry  o f  the sa m p le  and  th e  m e lt in g  tem p era tu re (T m), E n th a lp y  o f  fu s io n  
(A H f) w e r e  c o lle c te d  from  th erm ogram  o f  th e  se c o n d  scan .

3 .3 .3  C ry sta lliza tio n

3 .3 .3 .1  C rysta lliza tio n  stru ctu re
X -ray  d iffra c tio n  pattern s o f  a ll E S C O R ™  3 2 5 /E A A s  b len d s  w ere  

ob ta in ed  u s in g  a  R ig a k u  R in t2 0 0 0  d iffra cto m eter  eq u ip p e d  w ith  a graphite  
m o n o ch ro m a to r  and a C u  tu b e  for gen era tin g  a C u K a  rad ia tion  ( 1 .5 0 4 6  A ). F irst,
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th e  sh e e t  sa m p le s  w er e  erased  their  h isto ry  o f  p o ly m e r s  u s in g  D S C  at h ea tin g  rate 
5 ° c /m in .  T h en , th e  sh e e t  sa m p le  w a s  p ut o n  a  g la ss  s l id e  sp e c im e n  h o ld er  u sin g  
v a sa lin e  as b in d er  b e tw e e n  sa m p le  and g la ss  h o ld er . T h e  s p e c im e n  w a s  ex a m in ed  
b e tw e e n  5 ° -3 5 °  2 9  at a sca n n in g  rate o f  2 °  2 0  /m in  in  0 .0 2 °  2 0  in crem en ts . C u K a  
rad ia tion  w ith  A. =  0 .1 5 4  n m . w a s  u sed  as th e  X -ra y  so u rce  and  o p era ted  at 4 0  k v  and  
3 0  m A . T h e  d ig ita l ou tp u t o f  the p rop o rtio n a l X -ra y  d e tec to r  and  th e go n im eter  
a n g le  m e a su rem en t w a s  sen t to  an o n lin e  m ic ro co m p u ter  for  s to r in g  th e  data.

T h e X R D  patterns o f  th e  cry sta llin e  and  a m o rp h o u s sca tter in g  in  
th e  d iffra c tio n  pattern  w ere  sep arated  from  ea c h  o th er  and  w er e  u sed  for  
d eterm in a tio n  th e d eg ree  o f  crysta llin ity . T h e d eg ree  o f  c r y sta llin ity  (Xc) is  eq u al to  
th e  ratio o f  th e  cry sta llin e  sca tterin g  area to  th e  to ta l sca tter in g  area, b o th  cry sta llin e  
and  am o rp h o u s.

3 .3 .3 .2  C rysta lliza tio n  beh avior
A  P erk in -E lm er S er ie s  7 D ifferen tia l S c a n n in g  C a lo r im ete r  (D S C 7 )  

w a s  u se  to  f o l lo w  n o n iso th erm a l and iso th erm al c r y sta lliz a tio n  o f  3 d ifferen t grades  
o f  E S C O R ™  a c id  terp o ly m er and E th y len e  acry lic  ac id  c o p o ly m e r s  (E A A 1 -E A A 5 ) .  
T em p era tu re  ca lib ra tio n  w a s  p erfo rm ed  u s in g  in d iu m  as a stan dard  that h as the  
th erm al p rop erties; T °m =  156.6°c and AH°f =  2 8 .5  J g '1. T h e  c o n s is te n c y  o f  the  
tem p era tu re ca lib ra tio n  w a s  ch e c k  ev e r y  o th er run to en su re  r e lia b ility  o f  the data 
ob ta in ed . S a m p le s  o f  m a ss  9 ±  0.1 m g  w er e  se a le d  in  D S C  p an s. N itr o g e n  g a s  w a s  
u sed  as a p u rge  gas.

In th e  n o n iso th erm a l ex p er im en t, the sa m p le s  w e r e  h ea ted  fro m  30°c at 
sca n n in g  rate o f  80°c m in"1 to 150°c, and w ere  h e ld  at 150°c for 5 m in  b efo re  
c o o lin g  at a d es ired  co n sta n t c o o lin g  rate, ran g in g  from  5 to  50°c m in"1.

3 .3 .4  R h e o lo g ic a l M ea su rem en t
P e lle ts  o f  p o ly m e r  b len d s  o f  E S C O R ™  3 2 5 /E A A s  w er e  c o m p r e sse d  in to  

c ircu lar  d isk  o f  1 -m m  th ick n ess . A n  A R E S  R h eo m etr ic  D y n a m ic  A n a ly z e r  R D A -II  
w ith  c o n e -a n d -p la te  g e o m e tr y  w a s  u sed  for m ea su r in g  r h e o lo g ic a l p ro p erties , storage  
m o d u lu s , lo s s  m o d u lu s  and tan Ô. M ea su rem en ts  w er e  carr ied  o u t at 130°c and to
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m a k e  su re that the b eh a v io r  o f  th e  te st  sp e c im e n s  w er e  in  lin ear  v is c o e la s t ic  range, 
freq u en cy  and  strain  a m p litu d e  w ere  v a ried  in  th e  ran ge b e tw e e n  0.1 to  10 0  rad/s to  
ob ta in  a su ita b le  range o f  th e  torq u e. T h is  v a lu e , h ig h er  th an  th e  m e lt in g  tem perature  
o f  ea c h  p o ly m e r  b le n d s , w a s  c h o se n  a a l lo w  ad eq u ate  d u ration  o f  th e  ex p er im en ts  
w ith o u t n o t ic e a b le  d egrad ation .

3 .3 .5  D y n a m ic  M e c h a n ic a l P rop erties
T h e  d y m a m ic  m ech a n ica l p rop erties o f  E S C O R ™  3 2 5 /E A A s  w ere  

m ea su red  w ith  S o lid  A n a ly z e r  R S A II (R h eo m etr ic  S c ie n t if ic  p r o v id e d  th e  storage  
m o d u lu s  ( E ’) , lo s s  m o d u lu s  (E ”) and tan Ô. F ilm  and fib er  fix tu re  w a s  u se d  to m ou n t  
th e  sa m p le s  and  3K  tem peratu re s tep s  w ere  u sed . A l l  e x p e r im e n ts  w e r e  m easu red  
w ith  a fre q u e n c y  o f  10 rad /s and a strain  rate o f  0 .1%  and  w ith  sta tic  fo rce  tracin g  
d y n a m ic  fo r c e . T h e tem peratu re range stu d ied  w a s  from  -150°c to  150°c and the  
sa m p le  w a s  h ea ted  at rate o f  1 0 ° c /m in .
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