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APPENDIX A

Viscosity and Normal Stress of Nylon 12 and NR
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Figure A1 V i s c o s i t y  v e r s u s  s h e a r  r a te  o f  N y lo n  12 a n d  N R  a t  190°c.



No
rm

al 
stre

ss 
dif

fer
enc

e (
dyn

/cm
 )

73

1e+6

1e+5

1e+4

1e+3

1e+2

1e+1

1e+0 H-------------------------------------------------------------- 1--------------------------------------------------------------
.1 1 10

Shear rate (ร"1)
Figure A2 N o r m a l  s t r e s s  d i f f e r e n c e  v e r s u s  s h e a r  r a te  o f  N y l o n  1 2  a n d  N R  at  

190°c.

•  ■

•  •

•  NR 
■  Nylon 12



74

APPENDIX B

Dispersed Phase Determination of Nylonl2/NR Blends

Table B1 D is p e r s e d  p h a s e  s i z e  a n d  d is t r ib u t io n  o f  [ N y l o n l 2 / N R ] / S E B S  

G 1 6 5 2  b l e n d s  w i t h  0 ,  1, 2 ,  4 ,  8 , a n d  1 6  p h r  o f  S E B S .

S E B S  G 1 6 5 2 D is p e r s e d  p h a s e  s i z e  ( p m )  j

c o n t e n t  (p h r ) M e a n S .D . M in M a x
0 0 .2 6 8 0 .1 1 9 0 .0 9 2 0 .6 6 7
1 0 .3 0 3 0 .1 6 5 0 . 0 9 2 0 .7 2 5

*  ̂ 2 0 .3 5 4 0 .2 0 0 0 . 0 9 2 0 .8 9 2
4 0 .3 8 1 0 .2 6 3 0 .0 8 3 1 .1 0 0
8 0 .4 1 7 0 .2 5 1 0 . 1 1 7 1 .2 0 8

1 6 0 .5 6 4 0 .3 0 6 0 . 1 0 7 1 .3 4 0  ;

Table B2 D i s p e r s e d  p h a s e  s i z e  a n d  d is t r ib u t io n  o f  [ N y l o n  1 2 /N R ] / S E B S - g -  

M A  F G 1 9 0 1 x  b le n d s  w i t h  0 ,  1 , 2 ,  4 ,  8 ,  a n d  1 6  p h r  o f  S E B S - g - M A .

S E B S  F G 1 9 0 1 X D is p e r s e d  p h a s e  s i z e  ( p m )
c o n t e n t  (p h r ) M e a n S .D . M in M a x

0 0 .2 6 8 0 .1 1 9 0 .0 9 2 0 . 6 6 7
1 0 .2 2 1 0 .0 9 2 0 .0 8 3 0 .4 5 8  i
2 0 .1 9 0 0 .0 6 3 0 . 0 9 2 0 . 4 0 0
4 0 .1 6 8 0 .0 4 9 0 .0 8 1 0 . 3 0 4
8 0 .1 5 2 0 .0 4 3 0 .0 7 5 0 . 2 6 7

1 6 0 .1 5 3 0 .0 3 6 0 .0 8 3 0 .2 3 3
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Table B3 D i s p e r s e d  p h a s e  s i z e  a n d  d is t r ib u t io n  o f  [ N y l o n  1 2 /N R J /S E B S  

G 1 6 5 0  b l e n d s  w i t h  0 ,  1 , 2 ,  4 ,  8 ,  a n d  1 6  p h r  o f  S E B S .

S E B S  G 1 6 5 0 D is p e r s e d  p h a s e  s i z e  ( p m )
c o n t e n t  (p h r ) M e a n S .D . M in M a x

0 0 .2 6 8 0 .1 1 9 0 .0 9 2 0 . 6 6 7
1 0 .2 9 6 0 .1 5 5 0 .0 8 3 0 .7 0 1
2 0 .3 3 1 0 .1 8 2 0 .0 9 2 0 . 8 9 2  1
4 0 .3 7 6 0 .2 0 8 0 .0 9 2 1 .0 4 2  !
8 0 .4 1 6 0 .2 9 1 0 .1 0 8 1 .4 5 8

1 6 0 .4 4 4 0 .3 5 8 0 .1 0 2 1 .7 8 3

Table B4 D is p e r s e d  p h a s e  s i z e  a n d  d is t r ib u t io n  o f  [ N y l o n l 2 / N R ] / S E B S  

G 1 6 5 7  b l e n d s  w i t h  0 ,  1 , 2 ,  4 ,  8 ,  a n d  1 6  p h r  o f  S E B S .

S E B S  G 1 6 5 7 D is p e r s e d  p h a s e  s i z e  ( p m )
c o n t e n t  (p h r ) M e a n S .D . M in M a x

0 0 .2 6 8 0 .1 1 9 0 .0 9 2 0 . 6 6 7
1 0 .2 8 6 0 .1 3 7 0 .0 8 3 0 .7 7 5
2 0 .3 4 2 0 .1 5 2 0 .1 0 0 1 .0 1 7
4 0 .4 0 3 0 .1 9 9 0 .1 1 7 1 .1 0 8
8 0 .5 0 1 0 .3 2 9 0 .1 0 7 1 .6 1 7

1 6 0 .6 8 2 0 .4 4 3 0 .0 9 2 1 .8 8 3
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Table B5 D i s p e r s e d  p h a s e  s i z e  a n d  d is t r ib u t io n  o f  [ N y l o n  1 2 /N R J /P S N R 0 5  

b le n d s  w i t h  0 ,  1 , 2 ,  4 ,  8 ,  a n d  1 6  p h r  o f  P S N R 0 5 .

P S N R 0 5 D i s p e r s e d  p h a s e  s i z e  ( p m )  1

c o n t e n t  (p h r ) M e a n S .D . M in M a x  1
0 0 .2 6 8 0 .1 1 9 0 .0 9 2 0 . 6 6 7
1 0 .2 9 4 0 .1 4 8 0 .0 8 3 0 .7 3 3
2 0 .3 7 8 0 .2 2 7 0 .0 9 2 1 .1 6 7
4 0 .4 4 4 0 .2 9 8 0 .0 9 2 1 .3 5 8
8 0 .5 2 0 0 .3 2 8 0 .0 9 5 1 .8 8 3  !

1 6 0 .5 8 3 0 .4 6 4 0 .1 0 0 2 . 1 3 3  !
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APPENDIX c
Mechanical Properties of Nylonl2/NR Blends 

Table Cl T e n s i l e  m o d u lu s  a n d  s t r e n g th  o f  N y l o n  1 2

M a te r ia l T e n s i l e  m o d u lu s  ( M P a ) T e n s i l e  s t r e n g t h  ( M P a )

N y l o n  1 2 2 0 0 1 . 9 7 6 ± 1 3 9 . 4 7 4 3 6 .3 3 2 + 2 .8 6 1

Table C2 E f f e c t  o f  S E B S  G 1 6 5 2  c o n t e n t  o n  t e n s i l e  m o d u lu s  o f  8 0 /2 0  

N y lo n  1 2 /N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 , 1 6  p h r .

S E B S  G 1 6 5 2  c o n t e n t  (p h r ) T e n s i l e  m o d u lu s  ( M P a )

0 8 2 7 .4 6 3 + 8 8 .0 1 1

1 8 5 2 . 8 8 1 + 4 8 . 6 4 5

2 9 1 0 . 5 0 0 + 7 2 . 1 2 0

4 8 4 4 .3 4 0 + 9 4 . 2 0 8

8 8 0 0 .6 5 4 + 4 4 . 2 9 8

1 6 6 9 4 . 1 9 9 + 5 4 . 3 1 2

Table C3 E f f e c t  o f  S E B S  F G 1 9 0 1 x  c o n t e n t  o n  t e n s i l e  m o d u lu s  o f  8 0 /2 0  

N y l o n l 2 / N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 ,  1 6  p h r .

S E B S - g - M A  F G 1 9 0 1 X  c o n t .  (p h r ) T e n s i l e  m o d u lu s  ( M P a )

0 8 2 7 .4 6 3 + 8 8 .0 1 1

1 9 0 7 . 3 9 9 + 9 8 . 5 3 4

2 9 4 7 . 8 9 3 + 1 0 6 . 1 4 9

4 8 8 2 .3 8 6 + 9 7 .0 4 3

8 7 5 2 .3 8 6 + 6 6 . 4 4 3

1 6 5 9 9 . 1 3 4 + 1 0 7 . 0 8 4
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Table C 4  E f fe c t  o f  S E B S  G 1 6 5 0  c o n te n t  o n  t e n s i le  m o d u lu s  o f  8 0 /2 0
N y lo n  1 2 /N R  b le n d s  w ith  1, 2 ,  4 ,  8 , 16  phr.

S E B S  G 1 6 5 0  c o n t e n t  (p h r ) T e n s i l e  m o d u lu s  ( M P a )
0 8 2 7 .4 6 3 ± 8 8 .0 1 1
1 9 2 7 . 8 8 4 ± 8 2 . 9 4 3

2 9 2 7 . 0 4 8 ± 5 4 . 0 5 7

4 8 9 2 . 9 6 4 ± 7 0 . 3 3 6

8 8 1 1 .8 1 9 + 6 8 .2 0 5
1 6 7 4 2 . 6 6 9 ± 6 3 . 1 3 6

Table C 5  E f f e c t  o f  S E B S  G 1 6 5 7  c o n t e n t  o n  t e n s i l e  m o d u lu s  o f  8 0 /2 0  

N y l o n  1 2 /N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 ,  1 6  p h r .

S E B S  G 1 6 5 7  c o n t e n t  (p h r ) T e n s i l e  m o d u lu s  ( M P a )
0 8 2 7 .4 6 3 + 8 8 .0 1 1
1 8 9 7 . 3 5 0 1 4 3 . 5 3 3
2 9 5 7 .5 9 4 + 8 8 . 6 0 8
4 8 6 4 . 4 4 4 1 8 1 . 4 7 3
8 8 0 5 . 5 2 3 1 1 1 8 . 9 7 9

1 6 7 5 8 . 8 6 5 1 6 9 . 7 5 0
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Table C 6  E f fe c t  o f  P S N R 0 5  c o n te n t  o n  t e n s i le  m o d u lu s  o f  8 0 /2 0
N y lo n  1 2 /N R  b le n d s  w ith  1, 2 ,  4 , 8 , 16  phr.

P S N R 0 5  c o n t e n t  (p h r ) T e n s i l e  m o d u lu s  ( M P a )

0 8 2 7 .4 6 3 ± 8 8 .0 1 1
1 1 0 9 3 . 8 3 7 + 8 0 . 9 9 4

2 1 1 4 2 . 4 8 9 ± 1 2 8 . 6 0 3
4 1 0 7 8 . 4 7 1 + 1 3 8 . 0 1 7

8 1 0 0 4 . 6 9 0 ± 9 6 . 2 5 9
1 6 8 2 1 . 2 4 5 ± 4 2 . 0 2 4

Table C 7  E f f e c t  o f  S E B S  G 1 6 5 2  c o n t e n t  o n  t e n s i l e  y i e l d  s t r e s s  o f  8 0 /2 0  

N y l o n l 2 / N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 ,  1 6  p h r .

S E B S  G 1 6 5 2  c o n t e n t  (p h r ) T e n s i l e  y i e l d  s t r e s s  ( M P a )
0 2 5 . 5 0 8 ± 0 . 8 9 1
1 2 5 . 7 3 7 ± 2 . 4 3 1
2 2 6 . 3 4 6 ± 0 . 9 0 7
4 2 4 . 8 3 8 i l . 1 7 5
8 2 1 . 8 8 8 i l . 3 9 1

1 6 1 9 . 2 5 2 i l . 2 9 5
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Table C8 E ffe c t  o f  S E B S  F G 1 9 0 1 X  c o n te n t  o n  t e n s i le  y ie ld  s tr e s s  o f  8 0 /2 0
N y lo n  1 2 /N R  b le n d s  w ith  1, 2 , 4 ,  8 , 16  phr.

S E B S - g - M A  F G 1 9 0 1 X  c o n t .  (p h r ) T e n s i l e  y i e l d  s t r e s s  ( M P a )

0 2 5 .5 0 8 ± 0 .8 9 1

1 2 7 . 7 1 0 + 0 .7 0 7

2 2 7 . 2 1 5 + 0 .4 8 0

4 2 5 .5 3 6 + 0 .4 6 3

8 2 2 .0 9 6 + 1 .0 0 5

1 6 1 9 . 6 6 8 + 1 .2 7 5

Table C 9  E f f e c t  o f  S E B S  G 1 6 5 0  c o n t e n t  o n  t e n s i l e  y i e l d  s t r e s s  o f  8 0 /2 0  

N y l o n  1 2 /N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 ,  1 6  p h r .

S E B S  G 1 6 5 0  c o n t e n t  (p h r ) T e n s i l e  y i e l d  s t r e s s  ( M P a )

0 2 5 .5 0 8 + 0 .8 9 1

1 2 6 .7 9 0 + 0 .7 5 8

2 2 6 .8 5 3 + 0 .3 7 1

4 2 4 . 9 1 2 + 0 .5 3 3

8 2 3 .6 0 5 + 0 .9 2 1

1 6 1 9 .8 0 3 + 1 .4 8 2
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Table CIO E ffe c t  o f  S E B S  G 1 6 5 7  c o n te n t  o n  t e n s i le  y ie ld  s tr e ss  o f  8 0 /2 0
N y lo n  1 2 /N R  b le n d s  w ith  1, 2 , 4 , 8 , 16  phr.

S E B S G 1 6 5 7  c o n t e n t  (p h r ) T e n s i l e  y i e l d  s t r e s s  ( M P a )

0 2 5 . 5 0 8 ± 0 . 8 9 1

1 2 5 . 6 8 9 + 1 .1 1 8

2 2 5 . 7 7 6 + 1 .3 7 7

4 2 3 . 8 9 4 + 1 .3 4 2

8 2 0 . 1 2 1 + 1 .3 0 9

1 6 1 6 .5 7 3 + 0 .8 2 1

Table C ll  E f f e c t  o f  P S N R 0 5  c o n t e n t  o n  t e n s i l e  y i e l d  s t r e s s  o f  8 0 /2 0  

N y l o n  1 2 /N R  b le n d s  w i t h  1 , 2 ,  4 ,  8 ,  1 6  p h r .

P S N R 0 5  c o n t e n t  (p h r ) T e n s i l e  y i e l d  s t r e s s  ( M P a )

0 2 5 .5 0 8 ± 0 .8 9 1

1 2 7 . 7 8 4 ± 0 . 5 8 2

2 2 6 . 4 0 7 ± 0 . 7 8 8

4 2 5 . 3 6 1 + 1 .6 9 8

8 2 2 . 8 6 3 + 1 .5 8 4

1 6 1 7 .0 1 0 ± 1 .7 0 5
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APPENDIX D

Thermal Properties of Nylonl2/NR Blends

Table D1 T g, T m, a n d  T c o f  [ N y lo n  1 2 /N R ] / S E B S  G 1 6 5 2  b l e n d s  w i t h  0 ,  1 , 2 ,  
4 ,  8 ,  a n d  1 6  p h r  o f  S E B S .

S E B S  G 1 6 5 2  c o n t e n t  (p h r ) Tg ( ° C ) Tc ( ° C ) Tm ( ° C )
0 4 6 .3 0 0 1 4 9 .8 0 0 1 8 0 .0 0 0
1 4 6 .1 0 0 1 4 9 .5 0 0 1 7 8 .3 0 0
2 4 6 .4 0 0 1 4 9 .6 0 0 1 7 9 .3 0 0
4 4 6 .5 0 0 1 5 0 .1 0 0 1 7 8 .7 0 0
8 4 6 .6 0 0 1 5 0 .5 0 0 1 7 9 .1 0 0

1 6 4 5 .9 0 0 1 5 0 .3 0 0 1 7 8 .9 0 0

Table D2 T g, T m, a n d  T c o f  [ N y l o n l 2 / N R ] / S E B S - g - M A  F G 1 9 0 1 X  b le n d s  

w it h  0 ,  1 , 2 ,  4 ,  8 ,  a n d  1 6  p h r  o f  S E B S - g - M A .

!E B S  F G 1 9 0 1 x  c o n t e n t  (p h i Tg ( ° C ) Tc ( ° C ) Tm ( ° C )
0 4 6 . 3 0 0 1 8 0 .0 0 0 1 4 9 .8 0 0
1 4 7 .5 0 0 1 8 0 .1 0 0 1 5 0 .2 0 0
2 4 7 .9 0 0 1 7 8 .3 0 0 1 5 0 .8 0 0
4 4 8 .3 0 0 1 7 9 .2 0 0 1 5 0 .3 0 0
8 4 9 .9 0 0 1 7 8 .9 0 0 1 5 1 .1 0 0

1 6 5 2 .7 0 0 1 7 8 .2 0 0 1 5 0 .4 0 0
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Table D 3  T g , T m, a n d  T c o f  [ N y lo n  1 2 /N R ] / P S N R 0 5  b le n d s  w i t h  0 ,  1 , 2 ,  4 ,  8 ,  

a n d  1 6  p h r  o f  P S N R 0 5 .

j P S N R 0 5  c o n t e n t  (p h r ) Tg (°C) To (๐๑ Tm (°C)
0 1 4 9 .8 0 0 1 8 0 .0 0 0 1 4 9 .8 0 0
1 1 5 1 .1 0 0 1 7 8 .5 0 0 1 5 1 .1 0 0
2 1 5 0 .6 0 0 1 7 8 .9 0 0 1 5 0 .6 0 0
4 1 5 1 .0 0 0 1 7 8 .7 0 0 1 5 1 .0 0 0
8 1 5 1 .4 0 0 1 7 9 .5 0 0 1 5 1 .4 0 0

1 6 1 5 2 .0 0 0 1 7 8 .6 0 0 1 5 2 .0 0 0
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APPENDIX E

%Relative crystallinity of Nylonl2 in Nylonl2/NR Blends

T a b le  E l  % R e la t iv e  c r y s t a l l in i t y  o f  N y l o n  1 2  in  [ N y l o n  1 2 /N R ] /C o p o ly m e r
b le n d s  w i t h  v a r ia t io n  o f  c o p o ly m e r  t y p e s  a n d  c o n t e n t .

C o p o ly m e r  C o n t e n t  
(p h r )

% R e la t iv e  c r y s t a l l in i t y  o f  N y l o n  1 2
G 1 6 5 2  B le n d s F G 1 9 0 l x  B le n d s P S N R 0 5  B le n d s

0 9 8 .6 1 9 8 .6 1 9 8 .6 1
1 9 5 .8 9 9 5 .6 9 9 5 .3 6
2 9 3 .4 4 9 1 .9 3 9 6 .3
4 9 2 .1 1 9 0 .4 8 9 5 .5 8
8 8 9 .5 6 8 5 .9 1 9 6 .4 9

1 6 9 1 .2 9 8 5 .1 9 9 5 .6 6

* H e a t  o f  f u s io n  o f  p u r e  N y l o n l 2  =  5 5 .8 5  J /g
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APPENDIX F

Comparison of Nylon 12/NR Blends at 2 phr

T a b le  F I  Comparison of [Nylon 12/NR]/compatibilizer Blends at 2 phr
Blend composition [80/20] [Nylon 12/NR]
Copolymer with 2 phr SEBS-g-MA

FG1901X
SEBS G1652 PSNR05

Phase morphology
Nylonl2

se S - P via

Dispersed phase size (pm) 0.190 0.354 0.378
Dispersed phase distributio 0.063 0.200 0.227
Tensile modulus (MPa) 947.893 910.500 1142.489
Tensile yield stress (MPa) 27.215 26.346 26.407
Tg of Nylon 12 (°C) 47.9 46.4 48.1
t !  of Nylon 12 (°C) 178.3 179.3 178.9
Tc of Nylon 12 (°C) 150.8 149.6 150.6
%Crystallinity 91.93 93.44 96.30
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