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p r o p a n e  d ia n h y d r id e  a n d  /> p h e n y le n e d ia m in e ,  a n d  d o d e c y la m in e -  
m o n tm o r i l lo n i te .  F o u r ie r  t r a n s f o r m  in f ra re d  s p e c t r o s c o p y ,  th e r m o g r a v im e tr ic  
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o f  e le c tr ic a l  t r e e  g ro w th  b y  c la y  p a r t ic le s .  M o re  im p o r ta n t ly ,  a d h e s io n  
b e tw e e n  th e  f i lm s  a n d  s i l ic o n  w a s  in c re a s e d  w ith  in c r e a s in g  c la y  c o n te n t .



V

ACKNOWLEDGEMENTS

T he au thor w ould  like to  th an k  all p rofessors w ho have tendered  
invaluable  know ledge to  her at the P etro leum  and P etrochem ical C ollege, 
C hu la longko m  U niversity . She w ould  like to  th ank  her บ .ร . advisor, Prof. 
Johannes พ .  Schw ank, w ho orig inated  th is thesis and guides her th rou gh  the 
research  w ork . She w ould  also  like to  express her special g ratitude to  her 
T hai advisor, D r. R athanaw an M agaraphan , w ho no t only approved  th is 
w ork  bu t also  gave her a great deal o f  advice and constructive suggestions 
th roughou t the w ork. In  addition , she w ould  like to  give sincere  th ank s to  
M r. John พ .  E llis for his m any suggestions in gas perm eab ility  and adhesion  
test.

She w ishes to  thank  A ssist. Prof. M ana S riyudthsak and M r. 
K w an ch a i A n o th a in a rt from  D ep artm en t o f  E lec tric a l E n g ineerin g , 
C hu la longko m  U niversity , for th eir help  in resistiv ity  m easurem ent.

In addition , she w ould  like to  th an k  the entire  co llege m em bers and 
all her friends at the P etro leum  and P etrochem ical C ollege, C hu la longkom  
U niversity .

L ast bu t no t least, she w ould  like to  give her sincere apprecia tion  to 
h e r fam ily  fo r th eir love, understand ing  and financial support th a t gave her 
the encouragem ent to  com plete th is research.



TABLE OF CONTENTS

PAGE

T itle  Page i
A bstract (in E nglish) iii
A bstract (in Thai) iv
A cknow ledgem ents V

T abl e o f c  ontents vi
L ist o f  Tables ix
L ist o f  F igures X

CHAPTER
I INTRODUCTION

1.1 P roblem  Statem ent 1
1.2 B ackground 2

1.2.1 P oly im ide-S ynthesis and P roperties 2
1.2.2 C lay F iller 4
1.2.3 N anocom posite  7

1.3 O bjectives 8

II LITERATURE REVIEWS 10

III EXPERIMENTAL SECTION
3.1 M aterials 19
3.2 E quipm ent 21

3.2.1 W ide A ngle X -ray D iffrac tom eter (W A X D ) 21
3.2.2 T herm ogravim etric  A nalyzer (T G A ) 21



CHAPTER PAGE

3.2.3 A tom ic A bsorp tion  S pectroscopy (A A S) 21
3.2.4 F ourier-T ransform  Infrared  S pectroscopy (F T IR ) 21
3.2.5 G as P erm eability  T ester 22
3.2.6 E lectrical R esistiv ity  M easurem ent U nit 23
3.2.7 U niversal T esting  M achine 23
3.2.8 O ptical M icroscope (O M ) 24

3.3 M ethodology  24
3.3.1 P reparation  o f  O rganophilic-C lay  F iller 24
3.3.2 C haracterization  o f  O rganophilic-C lay  F ille r 26
3.3.3 P reparation  o f  P oly im ide-C lay  N anocom p osite  27

T hin  F ilm
3.3.4 C haracterization  o f  P oly im ide-C lay  29

N anocom posite  F ilm
3.3.5 Property  M easurem ent 29

3.3.5.1 G as perm eab ility  30
3.3.5.2 E lectrical resistiv ity  31
3.3.5.3 A dhesion  32

IV RESULTS AND DISSCUSION
4.1 C haracterization  o f  O rganophilic-C lay  F iller 33

4.1.1 F T IR  33
4.1.2 W A X D  36
4.1.3 T G A  37
4.1.4 A A S 38

4.2 C haracterization  o f  P o ly im ide-C lay  39
N anocom posite  T hin  F ilm s
4.2.1 F T IR  39

v ii



v in

CHAPTER PAGE

4 .2 .2  W A X D  4 0
4 .2 .3  T G A  41

4 .3  P ro p e r ty  M e a s u r e m e n t  4 2
4 .3 .1  G a s  P e r m e a b i l i ty  4 2
4 .3 .2  E le c tr ic a l  R e s is t iv i ty  4 4
4 .3 .3  A d h e s io n  4 6

V CONCLUSIONS 49

REFERENCES 50

APPENDICES
A p p e n d ix  I 54
A p p e n d ix  11 55
A p p e n d ix  III 58
A p p e n d ix  IV  59
A p p e n d ix  V  6 0

CURRICULUM VITAE 61



IX

LIST OF TABLES

TABLE PAGE

1.1 T h e  s p e c ie s  in  s m e c t i te  c la y  g ro u p  5
4 .1  T h e  F T I R  a b s o r p t io n  b a n d s  a s s ig n m e n t  o f  s o d iu m  3 4

m o n tm o r i l lo n i te
4 .2  T h e  F T I R  a b s o r p t io n  b a n d s  a s s ig n m e n t  o f  d o d e c y la m in e  35
4 .3  T h e  F T I R  a b s o r p t io n  b a n d s  a s s ig n m e n t  o f  d e d e c y la m im e -  35

m o n tm o r i l lo n i te
4 .4  C la s s i f ic a t io n  o f  m a te r ia ls  b a s e d  o n  e le c t r ic a l  r e s is t iv i ty  4 6



X

LIST OF FIGURES

FIG URE PAGE

1.1 T he tw o-stage synthesis o f  po ly im ide from  2,2 -b is[4-(3 ,4- 3
d icarboxyphenoxy)pheny l]propane dianhydride (B PD A )
and /?-phenylenediam ine (PD A )

1.2 T he tw o-d im ensional m odel illustrating  the arrangem ent 5
o f  each com ponent in a unit o f  clay m ineral

1.3 D ispersion  behavior o f  m ontm orillonite  6
1.4 T he schem atic illustration o f  the three possib le  types o f  8

po lym er-clay  com posite
3.1 T he b rugger gas perm eab ility  cell 22
3.2 A  diagram  o f  electrical resistiv ity  m easurem ent un it 23
3.3 A diagram  o f  preparation  m ethod  o f  o rganophilic-clay  filler 25
3.4 A  diagram  o f  characterization  o f  organophilic-clay  filler 27
3.5 A  diagram  o f  preparation  m ethod o f  po ly im ide-clay  28

nanocom posite  film
3.6 A  diagram  o f  characterization  o f  po ly im ide-clay  29 

nanocom posite  film
3.7 A  diagram  o f  property  m easurem ent 30
3.8 A  sam ple for electrical resistiv ity  m easurem ent 31
3.9 A  sam ple for adhesion test 32
4.1 T he F T IR  spectra o f  (a) sodium -m ontm orillon ite , 34

(b) dodeccylam ine, and (c) dodecylam ine-m ontm orillon ite
4.2 T he W A X D  pattern o f  (a) sodium  m ontm orillon ite  and 36

(b) dodecylam ine-m ontm orillonite



XI

FIGURE p a g e

4.3 Schem atic draw ing o f  the rep lacem ent o f  inorganic exchange 37 
cation  by organic cations

4.4 T G A  therm ogram s o f  (a) sodium  m ontm orillonite , 38
(b) dodecylam ine, and (c) dodecylam ine-m ontm orillon ite

4.5 F T IR  spectra  o f  (a) dodecylam ine-m ontm orillonite, 39
(b) po ly im ide, and (c) po ly im ide-m ontm orillon ite

4.6  W A X D  patterns o f  (a) po ly im ide and (b) po ly im ide- 40
m ontm orillonite

4.7 (a) T E M  o f  polyim ide-clay  nanocom posite  film  ( 3 w t%  41
o f  c lay) and (b) schem atic o f  exfoliated nanocom posite

4.8 T G A  therm ogram s o f  (a) polyim ide film  and 42
(b) po ly im ide-clay  film  (3 w t%  clay)

4.9 M ontm orillon ite  content and film  th ickness dependence o f  43 
0 2 gas perm eab ility  o f  po ly im ide-clay  hybrid

4.10 A  m odel for the path o f  d iffusing gas th rough the po ly im ide- 43 
clay hybrid

4.11 E lectrical resistiv ity  m easurem ent o f  po ly im ide-clay  44
4.12 E nergy  bands in an insulator 45
4.13 (a) T he chem ical structure o f  y-APS and hydro lysis reaction  47 

and (b) its bonds w ith  the substrate and poly im ide m atrix
4.14 Shear strength  betw een poly im ide-clay  hybrid  and silicon 47 

w afer
4.15 Ionic bond betw een y-APS and silicate layer 48
4.16 Surfaces o f  (a) po lyim ide-clay  film  and (b) silicon w afer 48 

after break


	Cover (English) 

	Accepted 

	Abstract (Thai) 

	Abstract (English) 

	Acknowledgements 

	Contents 


