
C H A P T E R  I I I  
E X P E R I M E N T A L

3.1  M a t e r i a l s

3 .1 .1  P o ly m e rs
3 . 1 . 1 . 1  P o l y a m i d e ! 2  ( P A 1 2 ,  N y l o n l 2 )

T h e  P A  12 is  c o m m e rc ia l ly  a v a i la b le  u n d e r  th e  
p r o d u c t  n a m e  G r i la m id  L 2 5  n a tu ra l  6 1 1 2 . I t w a s  s u p p l ie d  b y  E M S -C h e m ie  
(A S IA )  L td . T h e  p o ly m e r  is  in  o p a q u e -w h ite  p e l le t - b e a d  fo rm . T h e  m e lt  
v o lu m e - f lo w  ra te  is  2 0  c m 3/1 0  m in  ( a t  2 7 5 ° c ,  lo a d  5 k g ) . D e n s i ty  is  1.01 
g /c m 3. M e lt in g  p o in t  is  1 7 8 ° c .

3 . 1 . 1 . 2  N a t u r a l  R u b b e r  ( N R )

T h e  N R  g ra d e  S T R  5L  w a s  p u r c h a s e d  f ro m  R a y o n g  
B a n g k o k  R u b b e r  C o ., L td . in  y e l lo w  s o lid  b u lk  fo rm .

3 . 1 . 1 . 3  S t y r e n e - E t h y l e n e - B u t y l e n e - S t y r e n e  B l o c k  C o p o l y m e r

( S E B S )

T h e  t r ib lo c k  c o p o ly m e r ,  S E B S , w a s  s u p p l ie d  b y  S h e ll 
C h e m ic a l  C o ., L td . T h is  c o p o ly m e r  h a s  s ty re n e  e n d  b lo c k s  a n d  h y d ro g e n a te d  
b u ta d ie n e  m id  b lo c k  r e a s s e m b lin g  a n  e th y le n e /b u ty le n e s  c o p o ly m e r .  T h re e  
ty p e s  o f  S E B S : K ra to n  G 1 6 5 2 , K ra to n  G 1 6 5 0 , a n d  K ra to n  G 1 6 5 7  w e re  u se d .

K ra to n  G 1 6 5 2  c o n ta in s  a b o u t  3 0 % w t s ty re n e  a n d  th e  
m o le c u la r  w e ig h t  is  7 9 ,0 0 0  g /m o l.

K ra to n  G 1 6 5 0  is  a  h ig h e r  m o le c u la r  w e ig h t  v e r s io n  o f  
K ra to n  G 1 6 5 2  w ith  v e ry  s im ila r  p h y s ic a l  p r o p e r t ie s  e x c e p t  h ig h e r  m e lt  
v is c o s i t ie s .  I t c o n ta in s  3 0 % w t s ty re n e  as  K ra to n  G 1 6 5 2 . T h e  m o le c u la r  
w e ig h t  is  1 0 4 ,6 0 0  g /m o l.

K ra to n  G 1657  c o n ta in s  1 3 % w t s ty re n e .  T h e  m o le c u la r
w e ig h t  is  1 4 2 ,4 0 0  g /m o l.



1 0

3 . 1 . 1 . 4  S t y r e n e - E t h y l e n e - B u t y l e n e - S t y r e n e  B l o c k  C o p o l y m e r

G r a f t e d  b y  M a l e i c  A n h y d r i d e  ( S E B S - g - M A )

T h e  S E B S  fu n c t io n a l iz e d  w i th  2 % w t m a le ic  a n h y d r id e  
o n to  th e  h y d r o c a r b o n  c h a in s  o f  th e  m id  b lo c k , w h ic h  d e s ig n a te  a s  S E B S -g -  
M A , is  K ra to n  F G 1 9 0 1 X  w h e re  m o le c u la r  w e ig h t  a n d  s ty re n e  c o n te n ts  a re  th e  
s a m e  a s  th o s e  o f  K ra to n  G 1 6 5 2  (H o r iu c h i  e t  a l ,  1 9 9 7 ) . I t  h a s  2 9 % w t s ty re n e  
(O s h in s k i  e t  a l ,  1 9 9 2 , 1 9 9 6 ) a n d  1 .8 % w t m a le ic  a n h y d r id e .  T h e  K ra to n  
F G 1 9 0 1 X  w a s  a lso  s u p p l ie d  fro m  S h e ll  C h e m ic a l C o .,  L td .

3 . 1 . 1 . 5  P o l y s t y r e n e  ( P S )

P o ly s ty re n e  is  a  g e n e ra l  p u r p o s e  g ra d e  w ith  th e  
c o m m e rc ia l  n a m e  S T Y R O N ™  6 5 6 D . I t w as  s u p p l ie d  b y  D O W  C h e m ic a l 
C o .,L td .  T h e  p o ly m e r  w a s  in  o p a q u e -w h ite  p e l le t - b e a d  fo rm ; m e l t  v o lu m e -  
f lo w  ra te  =  8 c m 3/1 0  m in . (A S T M  D 1 2 3 8 ) . M n a n d  M w a re  5 7 ,6 1 8  an d  
2 1 8 ,4 6 8  g /m o l r e s p e c t iv e ly .  T h e  d e n s i ty  is  1 .05  g /c m 3.

3 . 1 . 1 . 6  M a l e i c  A n h y d r i d e  ( M A )

M a le ic  a n h y d r id e  ( la b o ra to ry  g ra d e )  th a t  u s e d  as  a 
r e a c t iv e  f u n c t io n a l  g ro u p  w as  p u rc h a s e d  fro m  A c ro s . T h is  m a te r ia l  w a s  u se d  
in  fo rm  o f  sm a ll  w h i te  o p a q u e  f la k e s . T h e  m o le c u la r  w e ig h t  is  98 g /m o l.

3 .1 .2  R e a g e n t
3 . 1 . 2 . 1  D i c u m y l  P e r i x i d e  ( D C P )

T h e  D C P  (c o m m e rc ia l  g ra d e )  u s e d  a s  a n  in i t i a to r  w a s  
p u rc h a s e d  f ro m  F lu k a . T h is  m a te r ia l  w a s  u s e d  in  fo rm  o f  s m a ll  w h i te  o p a q u e  
f la k e s  w ith  m e l t in g  p o in t  3 9 - 4 l ° c .

3 .1 .3  S o lv e n t
3 . 1 . 3 . 1  T o l u e n e

T o lu e n e  w a s  p u rc h a s e d  f ro m  L a b - s c a n  C o .,  L td . T h e  
s o lv e n t  w a s  in  c le a r  l iq u id  fo rm  w ith  b o i l in g  p o in t  1 1 0 .6 °v C  a n d  w a s  u s e d  a s  a 
s o lv e n t  fo r  N R  a n d  P S .
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3 .2  E q u ip m e n t

3 .2 .1  B rab en d er P la stico rd er
T h e p o ly m er  w a s  m ix ed  in  a B ra b en d er P la stico rd er  (in tern al 

m ix er) m o d e l PL 2 1 0 0  u s in g  a m ix in g  head  ty p e  พ 5 0  that h as 6 0  m l m ix in g  
ch am b er  ( f i l le d  80%  o f  ch am b er ca p a c ity ) w ith  standard  rotor typ e . 
T em p eratu re  and torq u e p ro file  w er e  record ed  d u rin g  m ix in g . A ll th e  te sts  
u s in g  N y lo n l2  w er e  m ad e at 1 8 0 ° c ,  70  round per m in u te  (rpm ). B le n d in g  
c o n d it io n s  for P S /N R /M A  m ix in g  w ere  p erfo rm ed  at 1 5 0 ° c  and 50  rpm .

3 .2 .2  T w o  R o ll M ill
A  Lab tech  L R M  110 T w o -ro ll m ill  w a s  u se d  for  m a stica tin g  

N R  at roo m  tem peratu re

3 .2 .3  C o m p ress io n  P ress
T he b len d ed  sa m p le s  w ere  p ressed  b y  W ab ash  V 5 0 H  

c o m p r e ss io n  p ress. T h e step s u sed  in  the p r o c e ss  for  th is  stu d y  w ere  started  
b y h ea tin g  a m o ld  at 1 9 0 ° c  w ith o u t p ressu re for  5 m in . T h en , th e  m o ld  w as  
p ressed  at 1 9 0 ° c  b y  10 ton s fo rce  for 10 m in . A n d  th en , th e  m o ld in g s  w ere  
c o o le d  u n der p ressu re  to  room  tem peratu re w ith  c o o lin g  rate ab out 2 0 ° c /m in .  
T h e m o ld  u sed  w a s  a p ic tu re-fram e ty p e  m ade from  s ta in le s s  s te e l c o a ted  w ith  
ch rom iu m . T h ic k n e ss  o f  the m ou ld  c a v ity  w a s  ab o u t 3 m m .

3 .2 .4  D iffe r e n tia l S ca n n in g  C a lo rim eter  (D S C )
G la ss  tran sition  tem peratu re (T g), m e lt in g  tem p eratu re (T m) 

and c r y sta llin e  en erg y  o f  the b len d s  w ere  d e tec ted  b y  P erk in  E lm er D S C 7  
d iffe r e n tia l sca n n in g  ca lo r im eter  from  - 2 0 ° c  to  2 0 0 ° c  w ith  the h ea tin g  rate o f  
1 0 ° c /m in  under n itro g en  purge.

3 .2 .5  S ca n n in g  E lectro n  M ic r o sc o p e  (S E M )
A  JE O L JSM  5 2 0 0 -2 A E  (M P 5 2 0 0 1 )  sca n n in g  e lec tro n  

m ic r o sc o p e  (S E M ) w ith  m a g n ific a t io n  1 0 ,0 0 0  t im e s  w a s  u sed  at 25  k v  to
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in v e s t ig a te  the m o r p h o lo g y  o f  th e  b len d  su rfa ces  a fter  c o a tin g  b y  g o ld , a 
c o n d u c tiv e  m ateria l. For the p rep aration  o f  th e b len d  su r fa ce , the sa m p les  
w ere  c r y o g e n ic a lly  b rok en  after d ip p in g  in  liq u id  n itro g en  for  1 hour and th en  
th e rubber p h ase  w a s  rem o v ed  b y  e tch in g  w ith  9 0 % w t to lu e n e / 10% w t 
iso p r o p y l a lc o h o l m ix tu re  for rea c tiv e  c o m p a tib iliz e r  for  at le a s t  5 d ays at 
room  tem peratu re.

3 .2 .6  In stron  U n iv ersa l T e st in g  M a ch in e
T e n s ile  p rop erties o f  th e  b len d s w er e  carried  ou t b y  an Instron  

u n iv ersa l te s t in g  m a ch in e  m od el 4 2 0 6 . A ll sp e c im e n s  w e r e  te s te d  a cco rd in g  to 
A S T M  D 6 3 8 -9 1  at the ga u g e  len g th  o f  50  m m , th e lo a d  c e l l  o f  100  k N  and the  
cro ssh ea d  sp eed  o f  10 m m /m in . T he sp e c im e n s  w ere  p rep ared  b y  c o m p r e ss io n  
m o ld ed  in to  a 3 m m  th ick  sh eet. T h en , th ey  w ere  cu t in to  b o n e  sh ap e .

3 .2 .7  Izod  Im p act T estin g  M a ch in e
Im p act property  o f  th e  b len d s w a s  s tu d ied  b y  an P en d u lu m  

Im p act T ester  (Z w ic k  m od el 5 1 1 3 ) . A ll sp e c im e n s  w er e  te s te d  a cco rd in g  
A S T M  D 2 5 6  w ith  the p en d u lu m  2 1 .6  J. T he sp e c im e n s  w ere  p repared  by  
c o m p r e ss io n  m o ld ed  in to  a 3 m m  th ick  sh eet. T h en , th ey  w er e  cut in to  
rectan gu la r  sh ap e.

3 .2 .8  D y n a m ic  M ech a n ica l T herm al A n a ly s is  (D M T A )
R h e o lo g ic a l p rop erties  w ere o b serv ed  b y  R h eo m etr ic

S c ie n t if ic  D M T A  in three p o in t b en d in g  m od e (stra in  co n tro l, te n s io n  d efo rm  
m o d e). T h e sp e c im e n s  w ere p repared  as sam e as im p a ct te s t in g . R h e o lo g ic a l  
p rop erties  w ere  o b serv ed  b y  v a ry in g  tem peratu re, fr e q u e n c y , or stra in  v a lu es  
to stu d y  the re la tio n  b e tw een  tem p eratu re, fr eq u en cy , and stra in  w ith  the  
m o r p h o lo g y  and p a rtic le  s iz e  o f  b len d s.
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3 .3  M e th o d o lo g y

3 .3 .1  M a stica tio n  o f  N R
The N R  is m asticated on  a T w o-roll m ill (Lab T ech , L M R  110) for 

10 m in at room  temperature.

3 .3 .2  Preparation o f  P S /N R  [60 /40  % w f)/M A  R eactive  B lends
The P S /N R /M A  blend that is used as a com patib ilizer (the third 

phase) in  a N R /N y lo n l2  blend is prepared in  the Brabender Plasticorder. Firstly, the 
cham ber is heated up to 1 5 0 ° c  and rotors are rotated at 50 rpm. S econ d ly , PS is fed  
into the cham ber to m elt for 3 m in. Then, D C P is added and m ixed  for 3 m in  
fo llo w ed  by M A  and m ixed  further for 3 min. Then, m asticated  N R  is  fed  into the 
cham ber and m ixed  further for another 4  m in. F inally, the cham ber is opened  and 
the P S /N R /M A  blend is taken out o f  the chamber. Tem perature and torque profiles  
are recorded along b lending steps. A ll b lends were set to occu p y 80%  o f  cham ber 
volum e.

3 .3 .3  P S /N R /M A  Characterization
3 .3 .3 .1  D e te r m in a t io n  o f  m e l t  f l o w  in d e x  o f  P S /N R /M A  r e a c tiv e  
c o m p a t ib i l i z e r

M elt f lo w  index o f  P S /N R /M A  reactive com patib ilizer  
w as determ ined by m elt f lo w  index tester (2 0 0 ° c , 5 kg). The reactive com patib ilizer  
w as flow ed  pass m elt f lo w  index tester and determ ined m ass f lo w  rate every 10 
m inutes.

3 .3 .3 .2  D e te r m in a t io n  o f  p e r c e n t  g r a f t e d  m a le ic  a n h y d r id e  o f  
P S /N R /M A  r e a c t iv e  c o m p a t ib i l i z e r

Percent grafted m aleic anhydride o f  P S /N R /M A  reactive 
com patib ilizer w as determ ined by Carbon 12 N M R . The area o f  the peak is the 
percent grafted m aleic anhydride.



14

3 .3 .3 .3  T h e r m a l  c h a r a c te r iz a t io n  o f  P S /N R /M A  r e a c t iv e  
c o m p a t ib i l i z e r

For P S /N R /M A  blends, they w ere scanned by D S C  from  
- 2 0 ° c  to 2 0 0 ° c  w ith  the heating rate o f  1 0 °c /m in  under n itrogen  purge. The m id  
point o f  the slope change o f  the heat capacity p lot w as determ ined as the glass  
transition tem perature (Tg).

3 .3 .3 .4  D e te r m in a t io n  o f  g e l  c o n te n t
After b lending, % wt gel o f  the b lends w as m easured. 

Firstly, sam ple w as d isso lved  in toluene (2% wt) and stirred for 2 days to get 
com p lete  d issolution . Then, the blend solution  w as filtered by w eigh t filter paper 
(W hatm an N o . 1) under vacuum . Then, the w et filter papers contain ing ge l w ere  
dried at 110°c for at least 5 hours to ensure steady dry w eigh t. F inally , the filter 
paper w ith  gel w as w eigh t and % wt gel w as calculated.

3 .3 .4  Preparation o f  [N ylon  12 /N R l/C om patib ilizers B lend s
The Brabender Plasticorder also carries out b len d in g preparation o f  

N R /N ylon /C om p atib ilizers. Firstly, cham ber temperature and rotor speed  are set at 
1 8 0 ° c  and 70 rpm respectively . Then, N y lo n l2  is fed into the cham ber and m olten  
for 3 m in , then, m asticated N R  and com patib ilizer are added and m ixed  for another 4 
m in. Lastly, rotors are stopped and the blend is taken out o f  the chamber. 
Tem perature and torque profiles are recorded along w ith  each  b lending step. A ll 
blends are also set to occupy 80% o f  the cham ber vo lu m e. N ex t, the blends were 
form ed into a sheet by W abash V 50H  com pression  press m achine. V ariation o f  
types and content o f  com patibilizer w ere show n in Table 3.1.
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T a b le  3.1 V ariations in typ es and contents o f  com patib ilizer in  
[N y lon l2 /N R ]/C o m p a tib ilizer  blends.

N am e o f  blend com p osition s N y lo n  12 
(parts)

N R
(parts)

C om patib ilizer
T ype Am t (parts)

[N ylon  12 /N R J/l 65 2  1

80 20

Kraton
G 16 52

1
[N y lo n l2 /N R ]/1 6 5 2  2 2
[N y lo n l2 /N R ]/1 6 5 2  4 4
[N ylon  12/N R J/l 652  8 8
[N y lo n l2 /N R ]/1 6 5 2  16 16
[N y lo n l2 /N R ]/1 6 5 0  1

Kraton
G 16 50

1
[N y lo n l2 /N R ]/1 6 5 0  2 2
[N y lo n l2 /N R ]/1 6 5 0  4 4
[N ylon  12/N R J/l 650  8 8
[N ylon  12/N R J/l 65 0  16 16
[N y lo n l2 /N R ]/1 6 5 7  1

Kraton
G 16 57

1
[N ylon  1 2 /N R J /l65 7  2 2
[N y lo n l2 /N R ]/1 6 5 7  4 4
[N ylon  1 2 /N R J /l65 7  8 8
[N ylon  12/N R J/l 657  16 16
[N ylon  12/N R J/l 901 1

Kraton
FG 1901X

1
[N ylon  12/N R J/l 901 2 2
[N ylon  12/N R J/l 901 4 4
[N y lo n l2 /N R ]/1 9 0 1  8 8
[N ylon  12/N R J/l 901 16 16
[N ylon  12/N R ]/[PS/N R J 1

[P S /N R  Blend]

1
[N ylon  12 /N R ]/[P S /N R ] 2 2
[N ylon  12 /N R ]/[P S /N R ] 4 4
[N ylon  12 /N R ]/[P S /N R ] 8 8
[N y lo n l2 /N R ]/[P S /N R ] 16 16
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T a b le  3.1 (C on t.)  V ariations in  types and contents o f  com patib ilizer in 
[N y lon l2 /N R ]/C o m p a tib ilizer  blends.

N a m e o f  b lend com p osition s N y lo n  12 
(parts)

N R
(parts)

C om patib ilizer
T ype A m t (parts)

[N y lon  12 /N R ]/[P S /N R /M A ] 1

80 20
[P S /N R /M A

B lend]

1
[N y lo n l2 /N R ]/[P S /N R /M A ] 2 2
[N y lo n l2 /N R ]/[P S /N R /M A ] 4 4
[N y lo n l2 /N R ]/[P S /N R /M A ] 8 8
[N ylon  12 /N R ]/[P S /N R /M A ] 16 16

3 .3 .5  [N ylon  12/N R l/rP S/N R /M A 1 Characterization
3 .3 .5 .1  M o r p h o lo g y  c h a r a c te r iz a t io n

B lend m orphologies w ere predicted by using a spreading  
co effic ien t from  H arkin’ร equation and studied by SE M  to find drop size , core size, 
shell s ize , and interfacial thickness. The sam ple prepared from  com p ression  m old ing  
m achine (using 75 g  o f  sam ple com pressed  at 1 9 0 ° c  and 10 ton pressure for 12 m in) 
w ere taken to study the m orphology.

3 .3 .5 .2  M e c h a n ic a l  c h a r a c te r iz a t io n
For the study o f  m echanical properties, the sam ples w ere 

prepared at the sam e condition  as m orphology characterization. The ten sile  strength  
and ten sile  m odulus o f  b lends w ere done by Instron universal testin g m achine.

3 .3 .5 .3  T h e r m a l c h a r a c te r iz a t io n  o f  [ N y lo n  1 2 /N R ] /[ P S /N R /M A ]
r e a c tiv e  c o m p a t ib i l i z e r
For [N y lo n l2 /N R ]/[P S /N R /M A ] b lends, they w ere 

scanned by D S C  from  - 2 0 ° c  to 2 0 0 ° c  w ith the heating rate o f  1 0 °c /m in  under 
nitrogen purge. The m id point o f  the slope change o f  the heat capacity p lot w as  
determ ined as the g lass transition temperature (Tg).
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3 3 . 5 .4  D e te r m in a t io n  o f  c r y s ta l l in e  e n e r g y  o f  N y lo n l2 /N R /  
[ P S /N R /M A ]  B le n d
C rystalline energy w as observed  by d ifferential scanning  

calorim eter (D S C ) from  - 2 0 ° c  to 2 0 0 ° c  for tw o steps. C rystalline energy from  
polym er p rocessin g  step w as observed at first heating step (first crystalline energy) 
and theory crystalline energy w as observed at second  heating step (secon d  crystalline  
energy).

3 .3 .6  [N ylon  12 /N R l/C om p atib ilizer Characterization
3 .3 .6 .1  I m p a c t  te s t in g

For the study o f  im pact properties, the sam ples were 
prepared at the sam e condition  as m orphology characterization. The im pact strength  
o f  b lends w as done by Izod im pact testing m achine.

3 .3 .6 .2  D y n a m ic  m e c h a n ic a l  c h a r a c te r iz a t io n
For [N ylon  12 /N R ]/C om patib ilization  b lends, they w ere  

observed  dynam ic m echanical properties by D M T A  w ith  frequency sw eep  and 
tem perature sw eep  m ode. For frequency sw eep  m ode, b lends w ere scan isotherm ally  
from  0.01 to 100 rad/sec.
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