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ABSTRACT

4572027063 POLYMER SCIENCE PROGRAM
Wasapol Potisuwan : Reactive Blending of Nylon 12/NR with
PSINRIMA.
Thesis Advisors: Asst. Prof. Rathanawan Magaraphan and Prof.
Alexander M. Jamieson, 78 pp. ISBN 974-9651-71-5

Keywords : Reactive Blend/ Core-shell Morphology/ Natural rubber/ Nylonl2

Polyamidel2 (Nylonl2)/Natural Rubber (NR)/Compatibilizer blends are
prepared by melt blending in Brabender Plasticorder with various content of the
compatibilizers. The compatibilizers were poly[styrene-b-(ethylene-co-butylene)-
b-styrene] (SEBS), SEBS grafted by maleic anhydride (SEBS-g-MA),
polystyrene-natural rubber (PS-NR) and polystyrene-natural rubber-maleic
anhydride copolymer (PS-NR-MA), made by free radical reaction in the
Brabender mixer. The effect ofblend composition on morphology are  died by a
scanning electron microscope (SEM) and related to the mechanical properties
(tensile properties and impact energy). Moreover, the rheological properties are

died by Dynamic Mechanical Analysis (DMA).  In [Nylonl2/NR]/
Compatibilizer blends, a core-shell morphology was formed consisting of a
Nylonl2 core and a NR shell in Nylonl2 matrix. Compatibilizer acted as
adhesive between Nylonl2 core, NR shell, and Nylonl2 matrix. The optimum
compatibilizer content in mechanical properties was found at 2 phr by weight of
[80/20] [NylonI2/NR] blend. The higher mechanical property than the SEBS and
SEBS-g-MA blends was shown in the [Nylonl2/NR]/[PSNRMA] blends that
could be due to the PS hard segment and NR crosslinking in PSNRMA blend.



PSINRIMA.)

].
(PSNR)
(PSNRMA)

(SEM)

- )&

(Reactive

] (SEBS)
(SEBS-g-MA)

Blending

[

of

Nylonl2/NR  with



ACKNOWLEDGEMENTS

The author greatly appreciate his advisor, Dr. Rathanawan Magaraphan, for
intensive suggestion and vital help through out this research and also deeply touched
Prof. Alexander M. Jamieson for his kind help and suggestions.

He appreciates EMS-CHEMIE Co., Ltd. For supplying Nylonl2 and Dow
chemical Co., Ltd. for supplying Polystyrene material. He would like to give a
special thank to Shell Elastomers for Kraton samples.

His special thanks also go to faculty of science, Rachamongkol Institute of
Technology, especially, to Dr. Sommai Pivsa-Art, for his kindness in giving him
useful information and equipment.

Special thanks are due to also to all Petroleum and Petrochemical College’s
staffs.

Finally, he would like to thank his friends for their friendship, helpfulness,
cheerfulness, suggestions, and encouragement. He is so greatly indebted to his
parents for their support, understanding and patience during this work.

This thesis work is partially funded by Postgraduate Education and
Research Programs in Petroleum and Petrochemical Technology (PPT Consortium).



TABLE OF CONTENTS

PAGE
Title Page i
Abstract (in English) i
Abstract (in Thai) \j
Acknowledgements v
Table of Contents vi
List of Tables IX
List of Figures X
CHAPTER

| INTRODUCTION 1
[l LITERATURE REVIEWS 5
[l EXPERIMENTAL 9
3.1 Materials 9
3.1.1 Polymers 9

3.1.2 Reagent 10

3.1.3  Solvent 10

3.2 Equipment 11

3.2.1 Brabender Plasticorder 1

3.2.2 Two Roll Mill 11

3.2.3 Compression Press 11

3.2.4 Differential Scanning Calorimeter (DSC) 11

3.2.5 Scanning Electron Microscope (SEM) 11

3.2.6 Instron Universal Testing Machine 12

3.2.7 lzod Impact Testing Machine 12

3.2.8 Dynamic Mechanical Thermal Analysis
(DMTA) 12



CHAPTER

3.3 Methodology

3.3.1
3.3.2

3.3.3
3.3.4

3.3.5

3.3.6

Mastication of NR

Preparation of PS/NR [60/40 % wt]/M A
Reactive Blends

PSINR/IMA Characterization
Preparation of [Nylon12/NR]/
Compatibilizers Blends

[Nylon 12/NR]/[PSINR/IMA]
Characterization
[Nylonl2/INR]/Compatibilizer
Characterization

RESULTS AND DISCUSSION
4.1 PSINR/MA Blends Characterization

411

412

4.1.3
414

Torque study of PS/NR/MA Reactive
blend

Gel content of PS/INR/MA reactive
compatibilizer

Thermal Properties of PS/INR/MA blend
Determination of Content of Grafted
Maleic Anhydride

4.2 [Nylon12/NR]/[PSINR/IMA] Characterization

421

422

423

Torque study of [Nylonl2/NR]/
[PSINR/IMA]

Thermal Properties of Nylonl2/NR/
[PSINRIMA] blend

Crystallinity of Nylon 12/NR/
[PSINR/MA] blend

4.3 Mechanical Properties of [Nylonl2/NR]/
compatibilizer blend

PAGE

13
13

13
13

14

16

17

18
18

18

21
21

22
23

23

25

26

28



CHAPTER

43.1 The Effect of PS/NR/MA compatibilizer
on the impact properties

4.3.2 The Effect of PSINR/MA compatibilizer
on the tensile properties

4.4 Dynamic Mechanical Characterization for

[Nylon12/NR]/compatibilizer blends

4.4.1 Effect of Temperature in
[Nylon12/NR]/compatibilizer blend

4.4.2 Effect of compatibilizer Content in
[Nylon 12/INR]/compatibilizer blends

4.4.3 Effect of Type of compatihilizer
in [Nylon12/NR]/compatibilizer blends

V' CONCLUSION
REFERENCE

APPENDICES

APPENDIX A Impact strength of [Nylon 12/NR]/
compatibilizer blends

APPENDIX B Mechanical properties of Nylon 12/NR
blends

APPENDIX ¢ SEM micrographs, dispersed phase size,
and TEM micrographs of Nylon 12/NR
blends

CURRICULUM VITAE

28

33

34

35

39

45

57

59

63

63

66

68

18

Vil

PAGE



LIST OF TABLES

TABLE

3.1 Variations in types and contents of compatibilizer in
[NylonI2/NR]/Compatibilizer blends

41 Melt flow index of PS and PS with DCP (at 3rdminute)
and MA (at 6thminute) (200°c and 5 kg)

42 TmAHf Toand AHGf [Nylon 12INR]/[PSINRIMA]

with various [PSINR/MA] content

PAGE

15

20

26



LIST OF FIGURES

FIGURE

11

1.2

4.1

4.2

4.3

4.4

4.5

4.6

4.1

4.8

4.9

4.10

411

4.12

4.13

Schematic description of the different possible
morphologies in a 1/2/3 ternary blend

Possible reaction among maleic anhydride and

polyamide that can take place during processing
Temperature and torque profiles of PSINR/MA reactive
blend (50 rpm, 150° C)

Temperature and torque profiles of PS/NR blend

(50 rpm, 150° C)

PSINRIMA reactive hlend dissolve in toluene

Heat flow of PS/NR/MA reactive compatibilizer

Carbon 13 NMR for PS/INR/MA using CDCls as a solvent
Temperature and torque profiles of [Nylonl2/NR]/
[PSINR/MA] reactive blend

Heat flow of NylonI2/NR/[PS/NR/MA] blend

Heat of fusion of Nylon 12 crystalline in [NylonI2/NR]/
[PSINR/MA] with various [PSINR/MA] content

(from Nylonl2 80% ofblend)

The tested specimen from Izod impact testing machine.
Sample was not thoroughly broken into two pieces

Impact energy of [Nylon12/NR]/compatibilizer with ¢
types of compatibilizer at various content of compatibilizer
SEM micrographs ofthe cryo fracture surface ofthe [80/20]
[NylonI2/NR] blends at various [PS/INR/MA] content
Dispersed phase size and distribution of [NylonlI2/NR]/
[PSINRIMA] reactive hlends with various PS/INR/MA content
Effect of compatibilizer content on tensile stress of
[NylonI2/NR]/compatibilizer blends with various

content of PSNRMA in comparison to PSNR and FG1901X

PAGE

18
20
21
22
23
24
25
27
29
29

3l

32

33



FIGURE

4.14

4.15

4.16

4.17

4.18

4.19

4.20

421

4.22

4.23

4.24

4.25

Effect of compatibilizer content on tensile modulus of
[Nylon12/NR]/compatibilizer blends with various

content of PSNRMA in comparison to PSNR and FG1901X
Storage modulus of [Nylon12/NR]/[PSINR] with

[PSINR] 2 phr content reactive blend at various temperature
Loss modulus of [Nylon12/NR]/[PSINR] with

[PSINR] 2 phr content reactive blend at various temperature
Tan delta of [Nylon 12/NR]/[PSINR] with

[PSINR] 2 phr content reactive blend at various temperature
Storage modulus of [Nylonl2/NR]/[PSINR/MA] with
[PSINRIMA] 2 phr content reactive blend at various
temperatures

Loss modulus of [Nylon 12/NR]/[PSINR/MA] with
[PSINRIMA] 2 phr content reactive blend at various
temperatures

Tan delta of [Nylonl2/NR]/[PS/INRIMA] with

[PSINR/MA] 2 phr content reactive blend at various
temperatures

Storage modulus of [Nylon 12/NR]/[PS/NR] reactive blends
at 30°c with various [PS/NR] contents

Loss modulus of [Nylon12/NR]/[PS/INR] reactive blends

at 30°c with various [PS/NR] contents

Tan delta of [NylonI2/NR]/[PS/NR] reactive blends

at 30°c with various [PS/NR] contents

Storage modulus of [NylonI2/NR]/[PS/INRIMA]

reactive blends at 30°c with various [PS/INR/MA] contents
Loss modulus of [Nylon 12/NR]/[PSINRIMA]

reactive blends at 30°c with various [PS/NR/MA] contents

X

PAGE

37

38

38

39

41

41

42

43

44



FIGURE

4.26

4.21

4.28

4.29

4.30

431

4.32

4.33

4.34

4.35

4.36

Tan delta of [NylonI2/NR]/[PSINRIMA]

reactive blends at 30°c with various [PS/NR/MA] contents
Storage modulus of [Nylon12/NRJ/SEBS and
[Nylon/NR]/SEBS-g-MA at 2 phrand 30°c

Loss modulus of [NylonI2/NR]/SEBS and
[Nylon/NR]/SEBS-g-MA at 2 phrand 30°c

Tan delta of [Nylon12/NR]/SEBS and
[Nylon/NR]/SEBS-g-MA at 2 phrand 30°C

Storage modulus of [Nylon12/NR]/SEBS G 1652

(Low MW SEBS) and [Nylon12/NR]/SEBS G 1650
(High MW SEBS) at 2 phr and 30°c

Loss modulus of [Nylon12/NRJISEBS G 1652

(Low MW SEBS) and [Nylon12/NRJ/SEBS G 1650
(High MW SEBS) at 2 phrand 30°c

Tan Delta of [NylonI2/NR]/SEBS G 1652

(Low MW SEBS) and [Nylonl2/NRJ/SEBS G 1650
(High MW SEBS) at 2 phrand 30°c

Storage modulus of [NylonI2/NRJ/SEBS G 1650

(High %wt PS SEBS) and [Nylon12/NRJ/SEBS G 1657
(Low %wt PS SEBS) at 2 phrand 30°¢

Loss modulus of [Nylon 12/NRJ/SEBS G 1650

(High %wt PS SEBS) and [Nylonl2/NR]/SEBS G 1657
(Low %wt PS SEBS) at 2 phrand 30°c

Tan Delta of [Nylon12/NRJ/SEBS G 1650

(High %wt PS SEBS) and [NylonI2/NR]/SEBS G 1657
(Low %wt PS SEBS) at 2 phrand 30°c ¢

Storage modulus of [Nylonl 2/NR]/[PSINR] (60% PS),
[Nylonl2/NRJ/SEBS G 1650 (30% PS) and
[NylonI2/INRJ/SEBS G 1657 (13% PS) at 2 phrand 30°¢c

PAGE

44

46

47

47

49

49

50

5l

51

52

53



X1

FIGURE PAGE

4.37 Loss modulus of [Nylon12/NR]/[PSINR] (60% PS),

[NylonI2/NR]/SEBS G 1650 (30% PS) and

[Nylonl2/NR]/SEBS G 1657 (13% PS) at 2 phrand 30°c 53
4.38 Tan Deltaof [NylonI2/NR]/[PSINR] (60% PS),

[NylonI2/NR]/SEBS G 1650 (30% PS) and

[NylonI2/INR]/SEBS G 1657 (13% PS) at 2 phrand 30°c 54
4.39 Storage modulus of [Nylonl2/NR]/[PSINRIMA],

[NylonI2/NR]/[PSINR], and [NylonI2/NR]/

SEBS FG1901X at 2 phrand 30°c 55
4.40 Loss modulus of [Nylonl2/NR]/[PSINRIMA],

[Nylonl 2/INR]/[PSINR], and [NylonI2/NR]/

SEBS FG1901X at 2 phrand 30°c 56
4.41 Tan deltaof [NylonI2/INR]/[PSINRIMA],

[NylonI2/NR]/[PSINR], and [NylonI2/NR]/

SEBS FG1901X at 2 phrand 30°c 56



	Cover (English)


	Accepted


	Abstract (English) 

	Abstract (Thai) 

	Acknowledgements


	Contents



