
CHAPTER III 
EXPERIMENTAL

3.1 Materials

T h e  m a ter ia ls  e m p lo y e d  in th is  s tu d y  w e r e  u se d  as r e c e iv ed :

3.1.1 Ionom er
Surlyn®  io n o m e r  u se d  as a c o m p a tib il iz e r  for th e  s tu d y  w a s  a 

z in c  gra d e  9 0 2 0  su p p lied  b y  D u  P on t. T h e  p ro p er tie s  o f  Surlyn®  9 0 2 0 ,  
io n o m e r  are g iv e n  in  T a b le  3.1

Table 3.1 M e c h a n ic a l and th erm al p ro p erties  o f  Surlyn®  ( 9 0 2 0 )  io n o m e r * .

A n a ly s is  item U n its T e st resu lt

M e lt  in d e x
2 1 6 0  g

(g /1 0  m in ) 1.0

V ic a t  so f te n in g  p o in t (°C ) 57

M e lt in g  p o in t ( ๐C ) 81

T e n s i le  stren gth  
(b rea k  73  F )

(M P a ) 2 6 .2

E lo n g a t io n  at b reak  
(7 3  F )

(% ) 5 1 0

F le x u r a l m o d u lu s  
(7 3  F )

(M P a ) 100

H a rd n ess (S h o r e  D ) 55

* D a ta  su p p lie d  b y  D u  P on t.
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3.1.2 L ow -den sity  P olyethylene
L o w  d e n s ity  p o ly e th y le n e  (L D P E ) u sed  for  th e  e x p e r im e n t  w a s  an  

in je c t io n  m o ld in g  grad e L D 1 4 5 0 J  from  T h a i P o ly e th y le n e  C o ., L td ., su p p lied  
b y  M C  In d u str ia l C h e m ic a l L td. T h e  p ro p er tie s  o f  L D P E , L D  1 4 5 0 J , are g iv e n  
in  T a b le  3 .2

T a b le  3 .2  P h y s ic a l  an d  r h e o lo g ic a l p ro p er tie s  o f  L D P E  (L D  1 4 5 0 J )* * .

A n a ly s is  item U n its T e s t  resu lt T e s t  m eth o d
M e lt  in d e x  (G ) (g /1 0  m in ) 4 8 A S T M D  1 2 3 8

D e n s ity  (G ) (g /c m 3) 0 .9 1 6 A S T M  D  1505
** D a ta  su p p lie d  b y  T h a i P o ly e th y le n e  C o ., L td.

3.1.3 P o lycarpro lactam  (Nylon 6)
N y lo n  6 e m p lo y e d  in th e  s tu d y  w a s  a lso  an in je c t io n  m o ld in g  grade  

1 0 1 3 B , su p p lie d  b y  U b e  N y lo n  (T h a ila n d ). T h e  p ro p er tie s  o f  n y lo n  6 , 1 0 1 3 B ,  
are g iv e n  in  T a b le  3 .3

Table 3 .3  C h e m ic a l an d  r h e o lo g ic a l p ro p er tie s  o f  n y lo n  6  ( 1 0 1 3 B )*  * *.

A n a ly s is  item U n its T e s t  resu lt

C o lo r (Y I) -7 .8

M o is tu r e  c o n te n t (w t% ) 0 .0 3

R e la t iv e  v is c o s i t y - 2 .4 3

E x tra c ta b le  c o n te n t (w t% ) 0 .1 5

A m in o  g rou p (x  1 0 °  e q /g ) 4 .5

C a r b o x y l grou p (x  10"5 e q /g ) 5 .8

* * *  D a ta  su p p lie d  b y  U b e  n y lo n .
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3.2 Experimental Procedures

ร. 2.1 B lends P reparation
B o th  u n c o m p a tib il iz e d  an d  c o m p a tib il iz e d  b le n d s  w e r e  p rep ared  

b y  th e sa m e  m e th o d  to  s tu d y  e f fe c t  o f  c o m p o s it io n  o f  th e  b le n d  an d  th e  e f fe c t  
o f  io n o m e r  c o m p a tib il iz e r  o n  m e c h a n ic a l p rop erty  an d  p h y s ic a l  p ro p erty  and  
m o r p h o lo g y  o f  th e s e  b le n d s .

ร. 2.1.1 N ylon  6 /LD P E  b len d  (w ithout com patib ilizer)
N y lo n  6 an d  L D P E  w e r e  d ried  in a h o t-a ir  o v e n  at 6 0  ๐c  

for 5 h o u rs p r io r  to  u se . T h e  p o ly m e r  b le n d s  w e r e  p rep ared  in  a C o llin  tw in  
s c r e w  ex tru d er  (T -2 0 ) .  N y lo n  6 /L D P E  (w ith  th e  fo l lo w in g  ratios: 0 .0 :1 .0 ,  
0 .2 :0 .8 ,  0 .4 :0 .6 ,  0 .6 :0 .4 ,  0 .8 :0 .2 ,  1 .0 :0 .0 )  w e r e  p r e m ix e d  in  a tu m b le  m ix e r  
b e fo r e  in tr o d u c in g  in to  th e  ex tru d er . T h e  m e lt  w a s  e x tr u d e d  th ro u g h  a s in g le  
strand d ie , s o l id if ie d  w ith  c o ld  w a te r  (tem p era tu re  3 5  ๐C ) an d  p e lle t iz e d . T h e  
p e lle ts  o b ta in e d  w e r e  d ried  an d  k ep t in  th e  se a le d  p la s t ic  b a g s  p rior to  
c o m p r e s s io n  m o ld in g . T h is  w a s  to  m in im iz e  m o istu r e  r e g a in  o f  th e  b len d s  
from  th e  a tm o sp h e r e . T h e  p r o c e s s in g  c o n d it io n s  u se d  for  b le n d in g  are sh o w n  
in  T a b le  3 .4

ร.2.1 .2  N ylon  6 /L D P E  b len d  (w ith Surlyn® ionom er as a 
com patib ilizer)

T h e  sa m e  c o m p o s it io n  o f  th e  b le n d s  w ith  0 .1  % , 0 .5  % ,
1.0 % , 2 .5  % , 3 .5  % , 5 .0  % , 1 0 .0  % , 1 5 .0  %, 2 5 .0  % an d  3 5 .0  % o f  io n o m er , 
w e r e  p rep a red  u s in g  th e  sa m e  p r o c e s s in g  c o n d it io n s  a d o p ted  b y  th e  
u n c o m p a t ib il iz e d  b le n d s . T h e  p r o c e s s in g  c o n d it io n s  u se d  for  b le n d in g  are a lso  
sh o w n  in  T a b le  3 .4
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Table 3 .4  P r o c e s s in g  c o n d it io n s  o f  C o llin  tw in  s c r e w  ex tru d er  (T -2 0 )  u se d  for  
b le n d in g  (w ith /w ith o u t  c o m p a tib iliz e r ) .

E x tr u s io n  P aram eter U n its O p era tin g  V a lu e
E x tru d er  T em p era tu re (°C ) -

K a n n e l I ( ๐๑ 75
K a n n e l II ( ๐C ) 2 0 0

K a n n e l III ( ๐๑ 2 1 5
K a n n e l IV ( ๐C ) 2 2 0
K a n n e l V (°C ) 2 2 0

K a n n e l V I ( ๐C ) 2 3 0
S c r e w  S p e e d (rp m ) -

K a n n e l IX (rp m ) 35

3.2 .2  C om pression M old ing
S a m p le s  for  m e c h a n ic a l and p h y s ic a l p ro p erty  te s ts  w ere  

p rep ared  fro m  c o m p r e s s io n  m o ld e d  sh e e t  u s in g  a W a b a sh  V  5 0  H  
c o m p r e s s io n  p ress  m a c h in e . T h e  p e lle ts  w e r e  p la c e d  in a p ic tu re  fra m e m o ld  
an d  th e  m o ld  w a s  p reh ea ted  at 2 4 0  ๐c  for  3 m in u te s . T h e  m o ld  w a s  th en  
c o m p r e s se d  u n d er  a fo rce  o f  10 to n s  for 3 m in u te s . T h e  c o m p r e s s io n  m o ld e d  

sh e e t  w a s  th en  c o o le d  to  4 0  °c  at c o o l in g  rate o f  2 0  ° c /m in .  T h e  te st  
sp e c im e n s  fo r  e a c h  te st  w e r e  cu t from  th e  m o ld e d  sh e e ts .

3.2.3 FT-1R A nalysis
F T -IR  sp ec tra  o f  th e  s p e c im e n s  w e r e  o b ta in ed  fro m  fd m  sa m p le s  

p rep ared  u s in g  W a b a sh  V  5 0  H  c o m p r e s s io n  p ress  m a c h in e , e m p lo y in g  th e
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sa m e  p r o c e s s in g  tem p era tu re  a d o p ted  fo r  c o m p r e s s io n  m o ld in g  o f  p o ly m e r  
b le n d s .

3.2 .4  Testing
V a r io u s  te s ts  w e r e  u se d  to  ch a ra c ter ize  and d e te r m in e  p ro p erties  

o f  th e  p rep ared  b le n d s . T h e s e  te s ts  are o u tlin e d  b e lo w :

3.2.4.1 T herm al A nalysis

3.2.4.1.1 T herm al G ravim etric  A n a lysis  (TGA)
T h erm a l g ra v im etr ic  a n a ly s is  (T G A )  w a s  u se d  to

d e te r m in e d  th e  d eg ra d a tio n  tem p era tu re  o f  n y lo n  6 , L D P E  an d  Surlyn®  
io n o m e r  to  e s ta b lish e d  th e  o p tim u m  b le n d in g  c o n d it io n s  b e fo r e  b le n d in g  w a s  
carried  o u t in  th e  C o llin  tw in  s c r e w  ex tru d er  (T -2 0 ) .

3.2 .4 .1 .2  D iffe ren tia l Scann ing  C a lorim eter (DSC) 
N e tz s c h  D S C  2 0 0  w a s  u se d  to  m ea su re  th e

m e lt in g  p o in t  an d  th e  fra c tio n a l c r y s ta llin ity  o f  n y lo n  6 , L D P E  an d  Surlyn®  
io n o m e r  to  e s ta b lish  th e  o p tim u m  b le n d in g  c o n d it io n s  b e fo r e  b le n d in g  w a s  
ca rr ied  o u t in  th e  C o llin  tw in  s c r e w  ex tru d er  (T -2 0 ) .

3.2 .4 .2  Spec tro photom eter A nalysis
F T -IR  sp ec tra  o f  th e  b le n d s  w e r e  o b ta in e d  fro m  film  

sa m p le s . T h e s e  f i lm s  sa m p le s  w e r e  p rep ared  u s in g  a c o m p r e s s io n  m o ld in g  
m a c h in e . F o u r ier  T ra n sfo rm  In frared  S p e c tr o p h o to m e te r  (F T -IR ) w a s  u se d  to  
p ro b e  th e  s p e c if ic  in te r p o ly m e r  in tera c tio n  b e tw e e n  Surlyn®  io n o m e r  and th e
b le n d s .
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3.2 .4 .3 M echanica l a n d  P hysica l P roperties Testing  Lab  
T e n s ile  p ro p er tie s , im p a ct p ro p erty  an d  h a rd n ess  o f  th e

b le n d s  w e r e  d e te r m in e d  fro m  th e  c o m p r e s se d  s p e c im e n s  fo l lo w in g  th e  te st  
c o n d it io n s  s u g g e s te d  b y  A S T M .

3.2.4.3.1 Tensile P roperties Testing
A n  In stron  U n iv e r sa l te s t in g  m a c h in e  w a s  u se d  to  

m e a su r e  th e  t e n s i le  s tren g th  an d  te n s i le  m o d u lu s  o f  th e  b le n d s . T h e  te s t  w a s  
c o n d u c te d  a c c o r d in g  to  A S T M  D  6 3 8 -9 1  te s t  p ro ced u re . T h e  re su lts  w e r e  
o b ta in e d  fro m  th e  a v e r a g e  o f  ten  sp e c im e n s .

3.2 .4 .3 .2  Im pact P roperty  Testing
Izo d  im p a c t stren gth  w a s  m e a su r e d  u s in g  a Z w ic k  

Im p a ct te s te r  a c c o r d in g  to  A S T M  D  2 5 6 - 9 2  te st p ro ced u re  m e th o d . T h e  re su lts  
w e r e  c o l le c te d  from  th e  a v e r a g e  o f  ten  s p e c im e n s .

3.2 .4 .3 .3  H ardness Testing
A  d u ro m eter  w a s  u se d  to  m e a su r e  h a rd n ess  o f  th e  

b le n d s . T h e  te s t  w a s  c o n d u c te d  a c c o r d in g  to  ty p e  D , A S T M  D  2 2  4 0 -9 1  te s t  
p ro ced u re . T h e  re su lts  w e r e  o b ta in e d  fro m  th e  a v e r a g e  o f  ten  s p e c im e n s .

3.2 .4 .4  M icrostructure C haracterization
S c a n n in g  e le c tro n  m ic r o sc o p e  (S E M ), JE O L  5 2 0 0 -2 A E  

( M P I 5 2 0 0 1 )  w a s  u se d  in  m icro stru ctu re  ch a ra c ter iza tio n . F ractu re  su r fa c e  o f  
th e  s p e c im e n s  w e r e  e tc h e d  u s in g  d e c a lin  and fo r m ic  a c id  to  r e m o v e  th e  
d isp e r se d  p h a se . T h e  sp e c im e n s  w e r e  c o a te d  w ith  g o ld  to  fa c ilita te  th e  
d e c ip a t in g  o f  ch a r g e s . In s tu d y in g  m o r p h o lo g y , th e  se c o n d a r y  e le c tr o n s  are  
d e te c te d  to  g en era te  s ig n a l an d  crea te  th e  s e c o n d a r y  im a g e  (S E I) w ith  a 
m a g n if ic a t io n  2 0 0 0  and 3 5 0 0  t im e s  w e r e  u sed .
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