
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3.1.1 Polymers

3.1.1.1 Polyamide 12 (PA 12, Nylon 12)
The PA 12 is commercially available under the product 

name Grilamid L25 natural 6112. It was supplied by EMS-Chemie (ASIA) 
Ltd. The polymer is in opaque-white pellet-bead form. The melt volume-flow 
rate is 20 cm3/10min (at 275°c, load 5 Kg). Density is 1.01 g/cm3. Melting 
point is 178°c.

3.1.1.2 Natural Rubber (NR)
The NR grade STR 5L was purchased from Rayong 

Bangkok Rubber Co., Ltd. in solid bulk form. Number average molecular 
weight (Mn) and weight average molecular weight (Mw) are 106,270 and 
518,984 g/mol, respectively. The density is 0.9 g/cm3.

3.1.1.3 Styrene-Ethylene-Butylene-Styrene Block Copolymer
(SEBS)

The triblock copolymer, SEBS, was supplied by Shell 
Chemical Co.,Ltd. This copolymer has styrene end blocks and hydrogenated 
butadiene mid block reassembling an ethylene/butylene copolymer. Three 
types o f SEBS: Kraton G1652, Kraton G1650, and Kraton G1657 were used.

Kraton G 1652 contains about 30%wt styrene and the 
molecular weight is 79,000 g/mol.
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Kraton G 1650 is a higher molecular weight version of 
Kraton G1652 with very similar physical properties except higher solution and 
melt viscosities. It contains 30%wt styrene as Kraton G1652. The molecular 
weight is 104,600 g/mol.

Kraton G1657 contains 13%wt styrene. The molecular 
weight is 142,400 g/mol.

3.1.1.4 Styrene-Ethylene-Butylene-Styrene Block Copolymer 
Grafted by Maleic Anhydride (SEBS-g-MA)

The SEBS functionalized with 2%wt maleic anhydride 
onto the hydrocarbon chains o f the mid block, which designate as SEBS-g- 
MA, is Kraton FG1901x where molecular weight and styrene contents are the 
same as those of Kraton G 1652 (Horiuchi et a l, 1997). It has 29%wt styrene 
(Oshinski et al., 1992, 1996) and 1.8%wt maleic anhydride. The Kraton 
FG1901x was also supplied from Shell Chemical Co., Ltd.

3.1.1.5 Polystyrene (PS)
Polystyrene is a general purpose grade with the 

commercial name STYRON™ 656D. It was supplied by Dow Chemical Co., 
Ltd. The polymer was in opaque-white pellet-bead form; melt volume-flow 
rate = 8 cm3/10min. (ASTM D1238 Cond G. Mn and Mw are 57,618 and 
218,468 g/mol respectively. The density is 1.05 g /cm3.

3.1.2 Reagent

3.1.2.1 Dicumyl Peroxide (DCP)
The DCP (commercial grade) used as an initiator was 

purchased from Fluka. This material was used in form of small white opaque 
flakes with melting point 39-41๐c .
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3.1.3 Solvent

3.1.3.1 Toluene
Toluene was purchased from Lab-scan Co., Ltd. The 

solvent was in clear liquid form with boiling point 110.6 ๐c  and was used as a 
solvent for NR and PS.

3.1.3.2 Methyl Ethyl Ketone(MEK)
Methyl Ethyl Ketone was purchased from Lab-scan 

Co., Ltd. The solvent was in clear liquid form with boiling point 79.6°c and 
was used as a solvent for PS.

3.1.3.3 Isopropanol(IPA)
IPA is commercial grade from Lab-scan Co., Ltd. was 

used as a solvent for SEBS-g-MA.

All materials were used as received.

3.2 Equipment

3.2.1 Brabender Plasticorder
The polymers were mixed in a Brabender Plasticorder (internal 

mixer) model PL 2000 using mixing head type พ ร  0 that have 60ml mixing 
chamber (filled 80% of chamber capacity) with standard rotor type. 
Temperature and torque profiles were recorded during mixing. All the tests 
using Nylon 12 were made at 180 °c, 70 round per minute (rpm). Blending 
conditions for PS-NR mixing were performed at 150 ๐c  and 50 rpm.
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3.2.2 Two-roll Mill
A Lab tech LRM 110 Two-roll mill was used for masticating 

NR at room temperature.

3.2.3 Compression Press
The blended samples were pressed by Wabash V50H 

compression press. The steps used in the process for this study were started 
by heating a mold at 190°c without pressure for 5 min. Then, the mold was 
pressed at 190°c by 10 tons force for 10 min. And then, the molding were 
cooled under pressure to room temperature with cooling rate about 20°c/min. 
The mold used was a picture-frame type made from stainless steel coated with 
chromium. Thickness o f the mould cavity was about 3 mm.

3.2.4 Gel Permeation Chromatography (GPC)
GPC chromatograms were performed by Waters GPC 600E 

attached with RI (Waters 410) and u v  detector (Waters 486). Three columns, 
Styragel HR0.5, HR4E, and HR5E were connected in series and used THF 
(HPLC grade) as the eluent. The flow rate was maintained at 1 ml/min 
throughout the experiment. It was used for the determination of PS and NR 
molecular weights.

3.2.5 Fourier Transform Infrared Spectrometer (FT-IR)
FT-IR spectra were carried out on Bruker FRA 106/S 

spectrometer using deuterated triglycinesulfate detector (DTGS) at the 
resolution o f 2 cm '1 (32 scan per sample).

3.2.6 Differential Scanning Calorimeter (DSC)
Glass transition temperature (Tg), melting temperature 

(Tm), crystalline temperature (Tc), and crystallization energy o f the blends was
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d e t e c t e d  b y  N e t z c h  D S C  2 0 0 0  d i f f e r e n t ia l  s c a n n in g  c a lo r im e t e r  f r o m  2 5 ° c  to  

2 0 0 ° c  w i t h  t h e  h e a t in g  r a te  o f  1 0  ๐c / m i n  u n d e r  n i t r o g e n  p u r g e  f o r  T g a n d  T m. 

T c o f  n y l o n l 2  in  t h e  b le n d s  w a s  a l s o  d e t e c t e d  b y  D S C  f r o m  2 0 0 ° c  to  3 0 ° c  

w it h  t h e  c o o l i n g  r a te  o f  5 ° c / m i n .

3 .2 .7  S c a n n in g  E le c t r o n  M i c r o s c o p e  ( S E M )

A  J E O L  J S M  5 2 0 0 - 2 A E  ( M P 5 2 0 0 1 )  s c a n n in g  e le c t r o n  

m i c r o s c o p e  ( S E M )  w i t h  m a g n i f i c a t io n  1 0 ,0 0 0  t im e s  w a s  u s e d  a t 2 5  k v  to  

i n v e s t i g a t e  t h e  m o r p h o lo g y  o f  t h e  b l e n d  s u r f a c e s  a f t e r  c o a t i n g  b y  g o ld ,  a  

c o n d u c t iv e  m a t e r ia l .  F o r  th e  p r e p a r a t io n  o f  th e  b l e n d  s u r f a c e s ,  t h e  s a m p le s  

w e r e  c r y o g e n i c a l ly  b r o k e n  a f t e r  d ip p in g  in  l iq u id  n i t r o g e n  f o r  1 5  m in  a n d  th e n  

t h e  r u b b e r  p h a s e  w a s  r e m o v e d  b y  e t c h in g  w i t h  t o l u e n e  a n d  9 0 % w t  

t o l u e n e / 1 0 % w t  i s o p r o p y l  a l c o h o l  m ix t u r e  f o r  n o n - r e a c t iv e  a n d  r e a c t iv e  

c o m p a t ib i l i z e r  r e s p e c t i v e ly  f o r  a t l e a s t  5 d a y s  a t r o o m  te m p e r a tu r e .

3 .2 .8  T r a n s m is s io n  E le c t r o n  M i c r o s c o p e  ( T E M )
T E M  a n a ly s i s  J o e l  m o d e l  J E M - 2 0 0 C X  w i t h  1 2 0 k V  w a s  

e m p lo y e d  t o  id e n t i f y  th e  m ic r o s tr u c tu r e  a n d  m o r p h o lo g y  o f  t h e  b le n d s .  T h e  

s p e c im e n s  w e r e  s t a in e d  b y  o s m iu m  t e t r a o x id e  ( O S O 4 )  b y  s u b m e r g in g  in  1%  o f  

O s 0 4 in  a q u e o u s  s o lu t io n  f o r  2 4  h r . T h e n ,  t h e y  w e r e  e m b e d d e d  in  s p u r  r e s in  

b y  m o ld in g  a t  70°c f o r  8 h r . T h e  s a m p le s  w e r e ,  la t e r , c u t  in t o  v e r y  th in  

s e c t i o n  a b o u t  9 0  n m  t h ic k  u s in g  a n  u lt r a - t h in  m ic r o t o m e .  F in a l ly ,  th e  

s p e c im e n s  w e r e  p l a c e d  o n  c o p p e r  g r id  a n d  i n v e s t i g a t e d  b y  T E M .

3 .2 .9  I n s tr o n  U n iv e r s a l  T e s t in g  M a c h in e
T e n s i l e  p r o p e r t ie s  o f  t h e  b l e n d s  w e r e  c a r r ie d  o u t  b y  a n  In s tr o n  

u n iv e r s a l  t e s t in g  m a c h in e  m o d e l  4 2 0 6 .  A l l  s p e c im e n s  w e r e  t e s t e d  a c c o r d in g  

t o  A S T M  D 6 3 8 - 9 1  a t  th e  g a u g e  l e n g t h  o f  5 0  m m , t h e  l o a d  c e l l  o f  1 0 0  k N  a n d  

th e  c r o s s h e a d  s p e e d  o f  1 0  m m /m in .  T h e  s p e c im e n s  w e r e  p r e p a r e d  b y
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c o m p r e s s io n  m o ld e d  in t o  a  3  m m  t h ic k  s h e e t .  T h e n ,  t h e y  w e r e  c u t  in t o  b o n e  

s h a p e .

3.3 Methodology

3 .3 .1  M a s t ic a t io n  o f  N R
T h e  N R  w a s  m a s t ic a t e d  o n  a  t w o - r o l l  m i l l  ( L a b  T e c h ,  L M R  

1 1 0 )  f o r  1 0  m in  a t  r o o m  te m p e r a tu r e . T h e  m o le c u la r  w e i g h t  o f  t h e  m a s t ic a t e d  

N R  w a s  f o u n d  t o  b e  M n a n d  A /w a r e  1 0 6 ,2 7 0  a n d  5 1 8 , 9 8 4  g /m o l  r e s p e c t iv e ly .

3 .3 .2  P r e p a r a t io n  o f  P S / N R  โ6 0 /4 0  % w f l  R e a c t i v e  B l e n d s
T h e  P S / N R  b le n d  th a t  w a s  u s e d  a s  a  c o m p a t ib i l i z e r  ( t h e  th ir d  

p h a s e )  in  a  N y l o n  1 2 /N R  b le n d  w a s  p r e p a r e d  in  t h e  B r a b e n d e r  P la s t ic o r d e r  

( P L - 2 0 0 0 ) .  F ir s t ly ,  t h e  c h a m b e r  w a s  h e a t e d  u p  t o  150°c a n d  r o to r s  w e r e  

r o ta te d  a t 50 r p m . S e c o n d ly ,  P S  w a s  f e d  in  t h e  c h a m b e r  t o  m e l t  fo r  3  m in .  
T h e n ,  D C P  w a s  a d d e d  a n d  m i x e d  fo r  3  m in ,  T h e n ,  N R  w a s  f e d  in t o  th e  

c h a m b e r  a n d  m i x e d  fu r th e r  f o r  a n o th e r  4  m in .  F in a l ly ,  t h e  c h a m b e r  w a s  

o p e n e d  a n d  t h e  P S - N R  b le n d  w a s  ta k e n  o u t  o f  t h e  c h a m b e r .  T e m p e r a tu r e  a n d  

t o r q u e  p r o f i l e s  w e r e  r e c o r d e d  a lo n g  b l e n d in g  s t e p s .  I n  o r d e r  t o  f in d  a n  

o p t im u m  c o n t e n t  o f  D C P  in  t h is  b le n d ,  D C P  a m o u n t  w a s  v a r ie d :  0.5, 1, 1.5, 2  

p a r t  p e r  h u n d r e d  (p h r )  in  [ P S /N R ] ,  [ 6 0 /4 0 ]  b l e n d s .  A l l  b l e n d s  w e r e  s e t  to  

o c c u p y  8 0 %  o f  c h a m b e r  v o lu m e .

3 .3 .3  P r e p a r a t io n  o f  [ N y l o n  1 2 /N R ] /C o m p a t ib i l i z e r  B le n d s
B le n d in g  p r e p a r a t io n  w a s  a l s o  c a r r ie d  o u t  b y  t h e  B r a b e n d e r

p la s t i c o r d e r  ( P L - 2 0 0 0 ) .  F ir s t ly ,  c h a m b e r  t e m p e r a tu r e  a n d  r o to r  s p e e d  w e r e  s e t  

a t 180°c a n d  7 0  r p m  r e s p e c t iv e ly .  T h e n ,  8 0  % w t  o f  N y l o n l 2  w a s  f e d  in t o  th e  

c h a m b e r  a n d  m o l t e n  fo r  3  m in ,  t h e n ,  2 0  % w t  o f  N R  a n d  c o m p a t ib i l i z e r  w e r e  

a d d e d  a n d  m i x e d  fo r  a n o th e r  5  m in .  L a s t ly ,  r o to r s  w e r e  s t o p p e d  a n d  th e  b le n d



w a s  t a k e n  o u t  o f  t h e  c h a m b e r . T e m p e r a tu r e  a n d  t o r q u e  p r o f i l e s  w e r e  r e c o r d e d  

a lo n g  w i t h  e a c h  b l e n d in g  s t e p .  A l l  b l e n d s  w e r e  a l s o  s e t  t o  o c c u p y  8 0 %  o f  th e  

c h a m b e r  v o lu m e .  N e x t ,  th e  b le n d s  w e r e  f o r m e d  in t o  a  s h e e t  b y  W a b a s h  V 5 0 H  

c o m p r e s s io n  p r e s s  m a c h in e .  V a r ia t io n  o f  t y p e s  a n d  c o n t e n t  o f  c o m p a t ib i l i z e r  

w e r e  s h o w n  in  T a b le  3 .1
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Table 3.1 V a r ia t io n s  in  t y p e s  a n d  c o n t e n t  o f  c o m p a t ib i l i z e r  in  [ N y l o n  1 2 /  

N R ] /C o m p a t ib i l i z e r  b le n d s .

N a m e  o f  b l e n d  c o m p o s i t io n s N y l o n  1 2  
(p a r ts )

N R
(p a r ts )

C o m p a t ib i l i z e r
T y p e a m t  (p a r ts )

[ N y l o n  12 / N R V 1 6 5 2  1

8 0 2 0

K r a t o n  G 1 6 5 2

1
[ N y l o n  1 2 /N R 1 /1 6 5 2  2 2
[ N y l o n  1 2 /N R 1 /1 6 5 2  4 4
[ N y l o n  1 2 /N R 1 /1 6 5 2  8 8
[ N y l o n  1 2 /N R 1 /1 6 5 2  1 6 1 6
[ N y l o n  1 2 /N R 1 /1 6 5 0  1

K r a t o n  G 1 6 5 0

1
[ N y l o n  1 2 /N R 1 /1 6 5 0  2 2
[ N y l o n l 2 / N R ] / 1 6 5 0  4 4  Î
[ N y l o n  1 2 /N R 1 /1 6 5 0  8 8
[ N y l o n  1 2 /N R 1 /1 6 5 0  1 6 1 6
[ N y l o n l 2 / N R l / 1 6 5 7  1

K r a t o n  G 1 6 5 7

1
[ N y l o n l 2 / N R l / 1 6 5 7  2 2
[ N y l o n  1 2 /N R 1 /1 6 5 7  4 4
[ N y l o n  1 2 /N R 1 /1 6 5 7  8 8
[ N y l o n  1 2 /N R 1 /1 6 5 7  1 6 1 6
[ N y l o n  12 /N R V  1 9 0 1  1

K r a t o n  F G 1 9 0 l x

1
[ N y l o n  1 2 /N R 1 /1 9 0 1  2 2
[ N y l o n  12 /N R 1 / 1 9 0 1  4 4
[ N y l o n  1 2 /N R 1 /1 9 0 1  8 8
[ N y l o n  1 2 /N R 1 /1 9 0 1  1 6 1 6
[ N y l o n  12 /N R l / [ P S / N R l  1

[ P S / N R  B le n d ]

1
[ N y l o n  1 2 /N R 1 / [ P S /N R 1  2 2
[ N y l o n  12 /N R l / [ P S / N R l  4 4
[ N y l o n n / N R l / r P S / N R l  8 8
[ N y l o n  1 2 /N R 1 /[ P S /N R 1  1 6 1 6
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3 .3 .4  P S / N R  b le n d s  C h a r a c te r iz a t io n

3.3.4.1 Determination o f  Gel Content
A f t e r  b l e n d in g ,  % w t  g e l  o f  t h e  b le n d s  w e r e  m e a s u r e d .  F ir s t ly ,  s a m p le  w a s  

d i s s o l v e d  in  t o lu e n e  ( 2 % w t )  a n d  s t ir r e d  f o r  a  w e e k  t o  g e t  c o m p l e t e  d i s s o lu t io n .  
T h e n ,  t h e  b l e n d  s o lu t io n  w a s  f i l t e r e d  b y  w e i g h t e d  f i l t e r  p a p e r  ( W h a t m a n  N o .
4 )  u n d e r  v a c u u m . T h e n ,  t h e  w e t  f i l t e r  p a p e r s  c o n t a in in g  g e l  w e r e  d r ie d  a t 

1 10°c f o r  a t l e a s t  5 h o u r s  t o  e n s u r e  s t e a d y  d r y  w e i g h t .  F in a l l y ,  t h e  f i l t e r  p a p e r  

w it h  g e l  w a s  w e i g h t e d  a n d  % w t  g e l  w a s  c a lc u la t e d  b y

P S  p a r t . F ir s t ly ,  a  s a m p le  w a s  d i s s o lv e d  in  m e t h y l  e t h y l  k e t o n e  ( s o lv e n t  f o r  P S  

b u t  n o n  s o lv e n t  fo r  N R )  a n d  s t ir r e d  f o r  a t  l e a s t  3  d a y s  t o  g e t  c o m p le t e  

d is s o lu t io n .  A  b l e n d  s o lu t io n  w a s  t h e n  f i l t e r e d  b y  a  f i l t e r  p a p e r  ( W h a t m a n  N o .
4 )  u n d e r  v a c u u m . T h e n , P S  p a r t  ( s o lu b l e  p a r t)  w a s  e v a p o r a t e d  in  p e t r id i s h  a n d  

d r ie d  a t  80°c f o r  a t  l e a s t  5 h o u r s  to  e n s u r e  s t e a d y  d r y  w e i g h t .  F in a l ly ,  

p e t r id i s h  w i t h  P S  p a r t  w a s  w e i g h e d  a n d  o b s e r v e d  b y  F T - I R  s p e c t r o s c o p y .  
% w t P S  p a r t  w a s  c a lc u la t e d  b y

* 1 0 0  ( 3 .1 )Blend weight

3.3.4.2 Determination o f  PS part
T h e  b l e n d s  a f te r  f i l t e r in g  t h e  g e l  o u t  w e r e  m e a s u r e d  fo r

% PS part = ( 3 .2 )Blend weight
T h e  s e p a r a t io n  p r o c e d u r e  f o r  % G e l a n d  % P S  d e t e r m in a t io n ,  w a s  s h o w n  in  

F ig u r e  3 .1 .
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Figure 3 .1  T h e  s e p a r a t io n  p r o c e d u r e  f o r  % G e l a n d  % P S  d e te r m in a t io n .
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3.3.4.3 Thermal Characterization
F o r  [ P S /N R J /D C P  b le n d s ,  t h e y  w e r e  s c a n n e d  b y  D S C  

f r o m  30°c t o  120°c w it h  t h e  h e a t in g  r a te  o f  1 0  ๐c / m i n  u n d e r  n i t r o g e n  p u r g e .  
T h e  m id  p o in t  o f  th e  s lo p e  c h a n g e  o f  th e  h e a t  c a p a c i t y  p l o t  in  th e  s e c o n d  s c a n  

w a s  d e t e r m in e d  a s  t h e  g la s s  t r a n s i t io n  te m p e r a tu r e  (T g ) .

3 .3 .5  [ N y lo n  12 /N R l /C o m p a t ib i l i z e r  C h a r a c t e r iz a t io n

3.3.5.1 Morphology Characterization
B le n d  m o r p h o lo g i e s  w e r e  p r e d ic t e d  b y  u s i n g  a  

s p r e a d in g  c o e f f i c i e n t .  F r o m  H a r k in ’ร e q u a t io n  a n d  s t u d ie d  b y  S E M , a n d  T E M  

in  o r d e r  t o  f in d  d r o p  s i z e ,  c o r e  s i z e ,  s h e l l  s i z e ,  a n d  in t e r f a c ia l  t h ic k n e s s .  T h e  

s a m p le s  p r e p a r e d  f r o m  c o m p r e s s io n  m o ld in g  m a c h in e  ( u s i n g  7 5  g  o f  s a m p le  

c o m p r e s s e d  a t 190°c a n d  10 t o n  p r e s s u r e  f o r  12 m in )  w e r e  t a k e n  t o  s t u d y  th e  

m o r p h o lo g y .

3.3.5.2 Mechanical Characterization
F o r  th e  s t u d y  o f  m e c h a n ic a l  p r o p e r t i e s ,  t h e  s a m p le s  

w e r e  p r e p a r e d  a t th e  s a m e  c o n d i t io n  a s  m o r p h o lo g y  c h a r a c t e r iz a t io n .  T h e  

t e n s i l e  s t r e n g th  a n d  t e n s i l e  m o d u lu s  o f  b le n d s  w e r e  d o n e  b y  I n s tr o n  u n iv e r s a l  

t e s t in g  m a c h in e .

3.3.5.3 Thermal Characterization
T h e  [ N y l o n  1 2 /N R ]  b l e n d  w e r e  s c a n n e d  b y  D S C  fr o m  

2 5 ° c  t o  200°c w it h  th e  h e a t in g  r a te  o f  1 0  ° c / m i n  u n d e r  n i t r o g e n  p u r g e  f o r  T g  

a n d  T m. T c o f  n y lo n  1 2  in  th e  b le n d s  w a s  a l s o  d e t e c t e d  b y  D S C  f r o m  200°c t o  

30°c w it h  t h e  c o o l i n g  r a te  o f  5 ° c / m i n .
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3.3.5.4 Crystallinity Characterization
T h e  [ N y l o n l 2 / N R ]  b le n d s  w e r e  s c a n n e d  b y  D S C  fr o m  

200°c t o  30°c w it h  t h e  c o o l i n g  r a te  o f  5 ° c / m i n  u n d e r  n i t r o g e n  p u r g e .  

% C r y s t a l l in it y  w a s  c a lc u la t e d  f r o m  t h e  a r e a  u n d e r  c r y s t a l l in e  p e a k  o f  n y lo n  1 2  

a f t e r  e q u a l iz e d  w e i g h t  o f  N y l o n  1 2  in  a l l  b l e n d s  t o  b e  t h e  s a m e  a s  p u r e  

n y l o n l 2 .  % R e la t iv e  c r y s t a l l in i t y  w a s  c a l c u la t e d  b y

%Relative Crystallinity = Equalized area under crystalline peak
of Nylon 12 in the blend X  100 (3-3)

Area under crystalline peak of pure Nylonl2
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