
CHAPTER V
EFFECT OF THE SURFACE MODIFICATIONS TO MICROWAVE 

DIELECTRIC PROPERTIES OF THE NOVEL COMPOSITES

5.1 Abstract
F or m ic r o w a v e  su b strate  a p p lica tio n , the h ig h  d ie le c tr ic  c o n sta n t and  lo w  lo s s  
tan gen t are required  but fro m  p rev io u s  w o rk , the p o ly b e n z o x a z in e  -  B S T  c o m p o s ite s  
that w er e  prep ared  b y  c o m p r e ss io n  m o ld in g  e x h ib ite d  the h ig h  d ie le c tr ic  co n sta n t  
an d  lo s s  tan gen t. T h e  m a in  ca u se  o f  lo w  lo s s  tan gen t is the p resen t o f  a g g lo m e r a te d  
B S T  fd le r  in  p o ly m e r  m a tr ix  w h e n  cera m ic  v o lu m e  fraction  in c r e a se s . In ord er to  
s o lv e  th e  in c o m p a tib ility  p ro b lem  o f  th e  c o m p o s ite , th e  su rfa ce  m o d if ic a t io n  m e th o d  
w a s  su g g e s te d . In th is w o rk , the su rfa ce  o f  B S T  f ille r  w a s  treated  w ith  three d iffe r e n t  
c h e m ic a l a g e n ts  su ch  a s  3 -a m in o p r o p y l-  tr im e th o x y  s ila n e , p h th a lo c y a n in e  and  
b e n z o x a z in e  m o n o m er . T h en , s tu d y  the su rfa ce  m o r p h o lo g y  and  m ic r o w a v e  
d ie le c tr ic  p rop erties  o f  th e  treated  c o m p o s ite s  co m p a re  w ith  u n trea ted  c o m p o s ite s . It 
w a s  fo u n d  that at all o f  c era m ic  co n ten t, th e  treated  c o m p o s ite s  s h o w e d  that B S T  can  
d isp e r se  w e l l  in p o ly m e r  m atrix  w h e n  co m p a re  w ith  u n treated  c o m p o s ite s  and  
co n tr ib u te  to lo w e r  in  lo s s  tan gen t. For the d ie le c tr ic  c o n sta n t, s i la n e  c o u p lin g  a g e n t  
is  th e  b est c h o ic e  in th ree  c h e m ic a ls  b e c a u se  it c o u ld  im p ro v e  th e d ie le c tr ic  co n sta n t  
o v e r  than  th e o th ers. W h ile , th e  lo w e r  v a lu e  in  lo s s  tan gen t w e r e  fou n d  in  th e  
c o m p o s ite s  o f  p h th a lo c y a n in e  and b e n z o x a z in e  m o n o m e r  treated  B S T  p o w d er .

Keyword: P o ly b e n z o x a z in e , B ariu m  stro n tiu m  titan ate , m ic r o w a v e  d ie le c tr ic  
p ro p erties , su r fa ce  m o d if ic a tio n , a g g lo m e r a tio n
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5.2 Introduction

N o w a d a y s , th e  p a s s iv e  e le c tr o n ic  d e v ic e , c a p a c ito r , t e c h n o lo g y  p la y s  an  
im p ortan t ro le  for th e  m in ia tu r iza tio n  p rod u cts. T h e se  d e v ic e s  w il l  req u ire the  
e x c e lle n c e  e lec tr ic a l p erfo rm a n ce , h ig h e r  r e lia b ilit ie s , sm a ll s iz e  and im p ro v ed  
d e s ig n e d  o p tio n s . R e c e n tly  resea rch es  h a v e  s tu d ied  th e  p o ly m e r -c e r a m ic  c o m p o s ite s  
b e c a u se  th e se  m ater ia ls  can  c o m b in e  c e r a m ic ’s e le c tr ic a l p rop erties  and  the  
m e c h a n ic a l f le x ib ility , c h e m ic a l s ta b ility , and p r o c e s s in g  p o s s ib ility  o f  p o ly m e r s . In 
p o ly m e r -c e r a m ic  c o m p o s ite s , p o ly m e r  m atr ix  p o s s e s s e s  lo w e r  d ie le c tr ic  co n sta n t in 
co m p a r iso n  to  cera m ic  p a rtic le s. T h e  d ie le c tr ic  p ro p erties  o f  th e  c o m p o s ite s  are 
stro n g ly  in f lu e n c e d  b y  th e c era m ic  p h a se , in c lu d in g  co n te n t, p a rtic le  s iz e , and  
d istr ib u tio n . In a d d itio n , it can  b e a ls o  a ffe c te d  b y  p o r o s ity  an d  f ille r  d istr ib u tio n . 
T h ere are m a n y  research  w o rk s  w h ic h  stu d ied  the d ie le c tr ic  p rop erties  o f  the  
p o ly m e r -c e r a m ic  c o m p o s ite s  w ith  d iffe r e n t typ e  o f  p o ly m e r  m a tr ix es  and c era m ic  
f iller . B a riu m  S tron tiu m  T ita n ite  (B S T )  is  the o n e  ty p e  o f  ferro e lec tr ic  ceram ic- 
m ateria ls  that w a s  g e n e r a lly  s tu d ied  in  th e  p o ly m e r -c e r a m ic  c o m p o s ite s  d u e  to  its  
h ig h  d ie le c tr ic  co n sta n t. F or p o ly m e r  m atr ix  p h a se , th e r m o se tt in g  p o ly m e r  su c h  as  
p o ly im id e , p h e n o lic  resin , e p o x y  and  p o ly b e n z o x a z in e  are w id e ly  u sed  in  
te le c o m m u n ic a te  e le c tr o n ic  a p p lic a tio n  b e c a u se  their  h ig h er  th erm al s ta b ility  and  lo w  
v is c o s ity  p ro p erties  [1 -3 ].

T h e  in c o m p a tib ility  b e tw e e n  th e  p o ly m e r  an d  c e r a m ic  p h a se s  is  th e  m ajor  
p ro b lem  w h ic h  u su a lly  o c c u r s  in  th e  c o m p o s ite s  in  form  o f  the c e r a m ic  
a g g lo m e r a tio n . M o st  o f  p o ly m e r s  h a v e  th e  h y d r o p h o b ic  su r fa ce  w h ile  c e r a m ic s  w ith  
resid u a l h y d r o x y l grou p  are the h y d r o p h ilic . T o  m o d ify  th e  p ro p erties  o f  p o ly m e r -  
cera m ic  c o m p o s ite s , m a n y  a d d it iv e s  h a v e  b e e n  d e v e lo p e d . A m o n g  th e se  ad d itives., 
c o u p lin g  a g e n t h a v e  o b ta in ed  m ore  in te r e s tin g  d u e  to  th eir  sp e c ia l structure, w h ic h  
h a v e  tw o  d ifferen t fu n c tio n a l gro u p s, o n e  is  attracted  to  p o ly m e r  and  o th er o n e  is  
attracted  to c era m ic  su rfa ce . C o u p lin g  a g e n ts  are u su a lly  u se d  for  in o rg a n ic  f ille r s  
co n ta in ed  p o ly m e r s  to  im p ro v e  th e a d h e s io n  b e tw e e n  filler s  and  m atrix . M a n y  
research  rep orted  that th e  u n ifo rm  d istr ib u tio n  o f  c e r a m ic  f ille r  is  th e  m a in ly  fa c to rs  
w h ic h  in f lu e n c e s  o n  the d ie le c tr ic  p ro p erties  o f  th e  c o m p o s ite s  furth erm ore, th e
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d ie le c tr ic  p ro p er tie s  o f  th e  p o ly m e r  m atr ix , th e  c era m ic  c o n ten t and  th e  p o r o s ity  o f  
th e  c o m p o s ite s  [4 -6 ] .

5.3 Experimental

5 .3 .1  S u rfa ce  m o d if ic a t io n  o f  B S T  P ow d er
S u rfa ce  M o d if ic a t io n  b y  S ila n e  C o u p lin g
D is s o lv e  the 3 -a m in o p r o p y l-tr im e th o x y s ila n e  1 g . in w a ter  5 m l: e th a n o l 

9 5  m l s o lu t io n  th en  m ix e d  that so lu t io n  w ith  B S T  p o w d e r s  4 0  g. T h is  su s p e n s io n  w a s  
u ltra so n ica ted  at room  tem p era tu re  for 10 m in  and stirred  at 7 0 ° c  for 1 h. T h e  treated  
su sp e n s io n  w a s  cen tr ifu g e d  and  su b se q u e n tly  w a sh e d  b y  e th a n o l an d  dried  in a  
v a cu u m  o v e n  at 5 0 ° c .  F in a lly , the c o u p lin g  ag en t m o d if ie d  B S T  p a r tic le s  w er e  
ob ta in ed

S u rfa ce  M o d if ic a t io n  b y  B e n z o x a z in e  m o n o m e r
D is s o lv e  5w t%  o f  a n ilin e  b ased  b e n z o x a z in e  m o n o m e r  in  T H F . T h e  

so lu tio n  w a s  s lo w ly  ad d ed  d rop  w is e  to stirr in g  B S T  p a r tic le /T H F  slu rry . T h en  the  
m ix tu re  w a s  stirred  for 1 h. and  ev a p o ra ted  T H F  ou t at ab o u t 7 0 ° c .  L a stly , treated  
B S T  w a s  d ried  in  a va cu u m  o v e n  o v e r n ig h t in  ord er to r e m o v e  th e res id u a l so lv e n t.

S u r fa ce  M o d if ic a t io n  b y  P h th a lo c y a n in e
D is s o lv e  0.1 w t%  o f  p h th a lo c y a n in e  p o w d e r  in  D M A c  so lv e n t  th en  

ad d ed  th e so lu t io n  in to  stirr in g  B S T  p a r t ic le /D M A c  slu rry . T h e m ix tu re  w a s  then  
stirred  for 1 h. and  ev a p o ra ted  D M A c  o u t at 2 0 0 ° c .  A fte r  that th e  resid u a l so lv e n t  
w a s  r e m o v e d  a g a in  b y  d ry in g  in  a v a c u u m  o v e n  o v ern ig h t.
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5 .3 .2  C o m p o s ite  P rep aration
T h e  c o m p o s ite  b e tw e e n  p o ly b e n z o x a z in e  b ased  an d  B S T  c e r a m ic  

(B a o jS r o jT iC E ) w ere  p rep ared . O w in g  to  th e  m u ch  d iffe r e n c e  b e tw e e n  th e  d e n s it ie s  
o f  tw o  su b strate , then  m ix  th e b e n z o x a z in e  m o n o m e r  and  B S T  p o w d e r  w ith  3 0 , 4 0 ,  
5 0 , 6 0 , 7 0  and  8 0  w t%  b y  m e lt  m ix in g  p r o c e ss  to  p reven t the sep a ra tio n  o f  2  p h a se s . 
A fte r  that, th e  m ix tu res  w a s  fab rica ted  a s  c o m p o s ite  sp e c im e n s  w ith  th e  th ic k n e ss  o f
1 . 2  m m . an d  2 . 0  m m  in d ia m eter  b y  c o m p r e ss io n  m o ld in g  w ith  c u r in g  c o n d it io n s  
w h ic h  g iv e n  in  T a b le  5 .1 .

Table 5.1 T em p era tu re  p r o f ile  for c o m p r e ss io n  m o ld in g  p ro cess

T em p era tu re  ( C ) T im e  (m in u te ) A p p lie d  lo a d  (1 5 0  k g .)
1 2 0 3 0 -
14 0 3 0 -
16 0 3 0 -
18 0 3 0 -

2 0 0 3 0 +
2 3 0 6 0 +

5 .3 .3  C h a racter iza tio n s
T o  m ea su re  and c o n firm  th e  s u c c e s s fu l fu n c tio n a l g ro u p s o f  th e  

su r fa ce  m o d if ic a t io n  o f  B S T  p o w d e r  F ou rier  tra n sfo rm a tio n  in frared  
sp e c tr o p h o to m e te r  (N E X U S  6 7 0  F T IR ) w e r e  u sed . A ll sp ectra  w e r e  reco rd ed  w ith  
ab so rb a n ce  m o d e  in  th e  w a v e  n u m b er ran g e  o f  4 0 0 - 4 0 0 0  c m ' 1 an d  3 2  sca n s  p er  
r e so lu tio n . F or th e d ie le c tr ic  p rop erties  o f  th e  treated  c o m p o s ite s  a s  fr e q u e n c y  
d e p e n d e n c e , th e  d ie le c tr ic  p rop erties  o f  th e  c o m p o s ite s  w ere  m e a su r e d  at r o o m  
tem p era tu re  (2 5  C ) w ith  an  A g ile n t  E 4 9 9 1 A  R F  Im p ed a n c e /M a te r ia l A n a ly z e r  
(A g i le n t  T e c h n o lo g ie s  In c ., U S A )  at fre q u e n c y  ran ge o f  1 M H z -  1 G H z  and  w e r e  
in v e s t ig a te d  at -5 0  to 1 5 0 ° c  for tem p era tu re  d ep en d a n t. M icrostru ctu re  and  su r fa ce  
m o r p h o lo g y  o f  B S T  p o w d e r s  and th e c o m p o s ite  w e r e  o b se r v e d  b y  a  sc a n n in g  
e le c tr o n  m ic r o s c o p e  (S E M ; H IT A C H I ร -4 8 0 0 )  at v o lta g e  o f  15 k v .  A n d  th e
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d is tr ib u tio n  o f  c e r a m ic  filler  in  th e  c o m p o s ite s  w a s  o b se r v e d  b y  a sc a n n in g  e le c tr o n  
m ic r o sc o p e  (S E M ; H IT A C H I ร - 4 8 0 0 )  at v o lta g e  o f  15 k v .

5.4 Results and Discussions

5 .4 .1  C h a ra cter iza tio n  o f  p o ly b e n z o x a z in e -m o d if ie d  B S T
5.4.1.1 Surface m odification  o f  B S T  pow der  

B S T  p o w d e r  treated  w ith  p h a th a lo cy a n in e
F ig u re  5.1 s h o w s  th e  F T IR  sp ectra  o f  th e  P h th a lo c y a n in e  treated  B S T  

p o w d e r . It w a s  fou n d  that at th e  reg io n  o f  1 5 9 6  c m ' 1 -  1 5 6 2  c m " 1 s h o w  the 
ch a ra cter is tic  p eak  o f  th e  aro m atic  r in g s o f  th e  p h th a lo c y a n in e . T h e  p eak  at 1 4 4 4  cm ' 
1 refer  to  c = 0  s tre tch in g  m o d e  o f  th e  carb on ate  io n  im p u r itie s  (  C O 3 2') and  th e  peak  
at 5 5 2  c m ' 1 attr ib utes to  the T i - 0  stre tch in g  v ib r a tio n  o f  T iO ô octah ed ra l o f  th e  B S T  
p o w d e r . T h ere  are n o  p eak s that co r r e sp o n d in g  to  th e  b o n d  form a tio n  o f  C -S r  or C -  
B a that m e a n  th e p h th a lo c y a n in e  d id  n ot form  th e  b on d  o n  th e  su rfa ce  o f  B S T  o n  the  
o th er  h an d , p h a ta lo c y a n in e  ju s t  c o a te d  on  the B S T  p a rtic le s.

Figure 5.1 T h e  F T IR  sp ectra  o f  B S T  treated  w ith  p h th a lo c y a n in e .
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B S T  p o w d e r  treated  w ith  s ila n e  c o u p lin g  agen t
T h e  d ie le c tr ic  p ro p er tie s  o f  th e  c o m p o s ite s  w e r e  im p ro v ed  b y  e n h a n c e s  

th e  d isp e r s io n  o f  B S T  f ille r  o n  p o ly b e n z o x a z in e  m atrix . T h e  su rfa ce  w a s  B S T  w a s  
c h e m ic a lly  m o d if ie d  w ith  3 -a m in o p r o p y l tr im e th o x y  s ila n e  b y  tak in g  a d v a n ta g e  o f  
h y d r o x y l gro u p s (-O H  gro u p ) w h ic h  d e te c te d  on  th e su rfa ce  o f  B S T  p o w d e r . T h e  IR  
sp ectra  o f  3 -a m in o p r o p y l tr im e th o x y  s ila n e  treated  B S T  p o w d e r  as sh o w n  in F igure
5 .2 .T h e  a b so rp tio n  band  at w a v e  n u m b er o f  8 5 5  c m " 1 a ttr ib u tes to  th e  ch a ra cter istic  
o f  S i-O -S i unit from  th e h y d r o ly s is  o f  s ila n e . A t  14 4 9  c m " 1 o f  a b so rp tio n  band  refer  
to  c = 0  stre tch in g  m o d e  o f  th e  carb o n ate  io n  im p u r itie s  ( C O 3 2") and th e  p ea k  at 5 5 9  
c m " 1 b e lo n g  to th e  T i - 0  s tre tc h in g  v ib ra tion  o f  T iO ô octah ed ra l o f  the B S T  p ow d er . 
F rom  th is  resu lt, it c o n fir m s  that the s ila n e  c o u p lin g  a g e n t w a s  h y d r o ly z e d  and  
rea c ted  o n to  th e  su r fa ce  o f  B S T  p a r tic le s[7 ] .

Figure 5.2 T h e F T IR  sp ectra  o f  B S T  treated  w ith  3 -a m in o p r o p y l tr im e th o x y  s ila n e .



82

B S T  p o w d e r  treated  w ith  a n ilin e  b a se d  b e n z o x a z in e  m o n o m e r  (B A -a )  
T h e sp ectru m  o f  B S T  p o w d e r  c o a ted  5 w t%  B A -a  m o n o m e r  sh o w e d  th e  

a b so rp tio n  band at 1 2 0 3  c m " 1 w h ic h  b e lo n g  to a sy m m e tr ic  s tr e tc h in g  m o d e , an d  at 
11 08  c m " 1 co rr e sp o n d in g  to C -N -C  stre tch in g  m o d e  o f  th e  B A -a  m o n o m e r . T h e  IR  
p eak  at 1 4 4 4  c m " 1 refer  to c = 0  s tre tch in g  m o d e  o f  the ca rb o n a te  io n  im p u r it ie s  
( C 0 32") and  at 5 5 2  c m " 1 attr ib utes to  th e  T i - 0  stre tch in g  v ib ra tio n  o f  T iO é octa h ed ra l  
o f  the B S T  p o w d e r  as sh o w n  in F ig u re  5 .3 . It w a s  in d ica ted  that th e  B S T  p a r tic le s  
w a s  a lrea d y  co a ted  b y  B A -a  m on o m er .

Figure 5.3 T h e F T IR  sp ec tra  o f  B S T  treated  w ith  5 w t%  B A -a  m o n o m e r .
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5.4.1.2 M icrostructure o f  P B A -a/trea ted  B S T  com posites and  the  
effect o f  surface m odification on B S T  partic le  d istribution

T h e  su rfa ce  m o r p h o lo g y  o f  P B A -a /tr e a te d  B S T  c o m p o s ite s  
w h ic h  u sed  for s tu d y  th e e f fe c t  o f  su r fa ce  m o d if ic a tio n  o n  B S T  p artic le  d is tr ib u tio n  
w a s  sh o w n  at F igu re 5 .4  for 3 0  w t%  and  F igu re 5 .5  for 8 0  w t%  (a )-(d )  w h ic h  is  
u n trea te d -c o m p o site s , s ila n e  c o u p lin g  ag en t treated  c o m p o s ite , p h th a lo c y a n in e  
treated  c o m p o s ite  and B A -a  m o n o m e r  treated  c o m p o s ite , r e sp e c tiv e ly . F rom  the  
resu lt, it w a s  sh o w n  that the d isp e r s io n  o f  the treated  B S T  in  p o ly m e r  m atrix  (at 
e v e r y  f ille r  v o lu m e  fra ctio n ) is b etter  than un treated  B S T . T h e  c o m p o s ite s  that 
treated  w ith  p h th a lo c y a n in e  and treated  w ith  the B A -a  m o n o m e r  e x h ib ite d  that th e  
B S T  p a rtic le s  can  d isp e r se  (d e -a g g lo m e r a tio n )  b etter  than  th e c o m p o s ite s  that treated  
w ith  s ila n e  co m p o u n d . T h e se  can  e x p la in  in term  o f  m o le c u la r  stru ctu re b e c a u se  the  
m ain  structure o f  the p h th a lo c y a n in e  and b e n z o x a z in e  m o n o m e r  c o n s is t  o f  the  
aro m atic  r in g s (b u lk y  gro u p ) so  it re la ted  to the m o le c u la r  p a c k in g  e f f ic ie n c y  
d ecr e a se  and  o b stru cts the cera m ic  p a r tic le  to c o m e  c lo ser !8 J .

Figure 5.4 S E M  m icro gra p h s o f  P B A -a /B S T  c o m p o s ite  at 3 0  w t%  o f  B S T  w ith  (a )  
u n treated  B S T , (b ) s ila n e  treated  B S T , (c )  p h th a lo c y a n in e  treated  B S T  and (d ) B A -a  
m o n o m e r  treated  B S T .
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Figure 5 .5  S E M  m icro g ra p h s o f  P B A -a /B S T  c o m p o s ite  at 8 0  w t%  o f  B S T  w ith  (a )  
u n treated  B S T , (b ) s ila n e  treated  B S T , (c )  p h th a lo c y a n in e  treated  B S T  an d  (d ) B A -a  
m o n o m e r  treated  B S T .

5.4.1.3 M icrow ave d ielectric p roperties o f  the untreated  an d  treated  
surface o f  the P B A -a /B ST  com posites

E ffe c t  o f  fr e q u e n c y  d ep en d en t
F or th e fre q u e n c y  d e p e n d e n c e , it w a s  m ea su red  at 1 M H z  to  1 G H z  an d  

ro o m  tem p era tu re. T h e d ie le c tr ic  c o n sta n ts  w ith  d if fe r e n c e  su rfa ce  trea tm en t a g en t at 
v a r io u s  c e r a m ic  lo a d in g  fro m  3 0  w t%  to  8 0  w t%  w er e  o b se r v e d  at F ig u re  5 .6  - 5 .1 1 ,  
r e sp e c t iv e ly . T h e  resu lt fro m  F ig u re  5 .6  - 5 .11  sh o w s  that th e  s ila n e  c o m p o u n d  can  
im p r o v e  th e  d ie le c tr ic  co n sta n t o f  the c o m p o s ite s  co m p a red  w ith  o th er  su r fa ce  
treatm en t a g e n ts . B e c a u se  s ila n e  c o u p lin g  a g en t act a s  m o le c u la r  b r id g e s  b e tw e e n  
p o ly m e r  and  c e r a m ic  f iller , lea d  to  th e  c o v a le n t  c h e m ic a l b o n d s a c r o ss  th e  in ter fa ce  
o f  p o ly m e r  and  cera m ic  p h a se  so , th e  p o la r iz a b ility  c o u ld  b e e n h a n c e d  and a lso  
in crea se  d ie le c tr ic  c o n sta n t. In c a s e  o f  lo s s  tan gen t, F ig u re  5 .1 2  -  5 .1 7 ,  
p h th a lo c y a n in e  and  th e b e n z o x a z in e  m o n o m e r  c o u ld  h e lp  B S T  f ille r  p rev en t  
a g g lo m e r a te  w h ic h  lin k  w ith  th e  S E M  im a g e . M o r e o v e r , im p ro v e  an a d h e s io n  that 
lea d s  to  th e  d e c r e a s in g  o f  lo s s  ta n g en t o f  th e  c o m p o s ite . T h e  lo w e r  in  d ie le c tr ic  lo s s  
w a s  d u e  to  th e  d isp e r s io n  e n h a n c e m e n t o f  p h th a lo c y a n in e  and  b e n z o x a z in e
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monomer, consequent in lower of porosity in composites which could be generated
from the segregation of difference surfaces between polymer and ceramic [9].

Figure 5 .6  F r e q u en cy  d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t for th e  3 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t agen t.

Figure 5 .7  F r e q u en cy  d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t for  th e  4 0  w t%  B S  l 
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t ag en t.



86

Figure 5.8 F req u en cy  d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t fo r  th e  5 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm ent ag en t.

Figure 5.9 Frequency dependence of dielectric constant for the 60 wt% BST
composites with different surface treatment agent.
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Figure 5.10 F r eq u en cy  d e p e n d e n c e  o f  d ie le c tr ic  con stan t fo r  th e  7 0  w t%  B S T  
c o m p o s ite s  w ith  d iffe r e n t su r fa ce  treatm en t ag en t.

Figure 5.11 Frequency dependence of dielectric constant for the 80 wt% BST
composites with different surface treatment agent.
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Figure 5.12 F req u en cy  d e p e n d e n c e  o f  lo s s  ta n gen t for the 3 0  w t%  B S T  c o m p o s ite s  
w ith  d iffe r e n t su r fa ce  trea tm en t ag en t.

Figure 5.13 Frequency dependence of loss tangent for the 40 wt% BST composites
with different surface treatment agent.
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Figure 5.14 F req u en cy  d e p e n d e n c e  o f  lo s s  ta n g en t for  th e  5 0  \vt%  B S T  c o m p o s ite s  
w ith  d ifferen t su rfa ce  treatm en t ag en t.

Figure 5.15 Frequency dependence of loss tangent for the 60 wt% BST composites
with different surface treatment agent.
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Figure 5.16 F req u en cy  d e p e n d e n c e  o f  lo s s  ta n g en t for  the 7 0  w t%  B S T  c o m p o s ite s  
w ith  d iffe r e n t su rfa ce  treatm en t ag en t.

Figure 5.17 Frequency dependence of loss tangent for the 80 wt% BST composites
with different surface treatment agent.
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E ffe c t  o f  tem peratu re d ep en d en t
In c a s e  o f  tem p era tu re d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t an d  lo s s  

ta n gen t for  the c o m p o s ite s  at v a r io u s  cera m ic  c o n ten t fro m  3 0  w t%  - 8 0 w t%  and  
w ith  d ifferen t su r fa ce  treatm ent a g en t at 1 G H z as sh o w n  in  F ig u re  5 .1 8  - 5 .2 9 .,  
r e sp e c t iv e ly . T h e resu lts  sh o w e d  th e  con sta n t o f  d ie le c tr ic  c o n sta n t w ith  tem p era tu re  
in c r e a se  w h ile  d id  n ot sh o w  the f lu c tu a tio n  in  lo s s  tan gen t to o . It refer  to  th e  su rfa ce  
trea tm en t a g en ts  d id  n ot separate or ch a n g e  to  th e  v o id  that m a k e  the lo s s  ta n gen t  
w a s  c o n sta n t. T h is  ca n  c o n c lu d e  that for h ig h  freq u en cy  a p p lic a t io n  (1 G H z ), the  
tem p era tu re d id  n ot a ffe c t  to th e  d ie le c tr ic  p ro p er tie s  o f  th e  treated  c o m p o s ite s  in -5 0  
°c to  1 5 0  °c ran g es or it m ea n s that the su r fa ce  treatm ent a g e n t d id  n o t sep ara te  or 
c h a n g e  to  th e  v o id  w h e n  tem peratu re in c r e a se [1 0 ] .

Temperature (°C )

Figure 5.18 Temperature dependence of dielectric constant for the 30 wt% BST
composites with different surface treatment agent.
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Temperature (°C)

Figure 5.19 T em p era tu re  d e p e n d e n c e  o f  d ie le c tr ic  c o n sta n t for the 4 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su rfa ce  trea tm en t agen t.
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Figure 5.20 T em p era tu re  d e p e n d e n c e  o f  d ie le c tr ic  c o n sta n t for th e  5 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su rfa ce  trea tm en t agen t.
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Figure 5.21 T em p era tu re  d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t for th e  6 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t ag en t.
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Temperature (°C)

Figure 5 .2 2  T em p era tu re  d e p e n d e n c e  o f  d ie le c tr ic  c o n sta n t for th e  7 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t ag en t.
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Temperature (°C)

Figure 5 .2 3  T em p era tu re  d e p e n d e n c e  o f  d ie le c tr ic  co n sta n t for th e  8 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t ag en t.
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Figure 5.24 Temperature dependence of loss tangent for the 30 wt% BST
composites with different surface treatment agent.
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F ig u r e  5 .2 5  T em p era tu re  d e p e n d e n c e  o f  lo s s  ta n gen t for th e  4 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su r fa ce  treatm en t agen t.
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Figure 5.26 Temperature dependence of loss tangent for the 50 wt% BST'
composites with different surface treatment agent.
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Temperature (°C)

F ig u r e  5 .2 7  T em p era tu re  d e p e n d e n c e  o f  lo s s  tangent for th e  6 0  w t%  B S T  
c o m p o s ite s  w ith  d iffe r e n t su rfa ce  treatm en t a g en t.

Temperature (°C)

Figure 5.28 Temperature dependence of loss tangent for the 70 wt% BST
composites with different surface treatment agent.
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F ig u r e  5 .2 9  T em p era tu re  d e p e n d e n c e  o f  lo s s  tan gen t for  th e  8 0  w t%  B S T  
c o m p o s ite s  w ith  d ifferen t su rfa ce  trea tm en t ag en t.
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5.5 Conclusions

S u rfa ce  m o d if ic a tio n  p r o c e s s  is  the o n e  m eth o d  w h ic h  ca n  s o lv e  th e  
in c o m p a tib ility  p rob lem  b e tw e e n  th e  c era m ic  f ille r  and  p o ly m e r  m atrix  in  
c o m p o s ite s  and  resu lt to  h ig h er  d ie le c tr ic  c o n sta n t. T h e  s ila n e  c o u p lin g  a g en t, 
p h th a lo cy a n in e  and b e n z o x a z in e  m o n o m e r  w er e  u sed  for su r fa ce  m o d if ic a tio n  
m eth o d  in  th is  w ork . It w a s  fou n d  that th e  P o ly b e n z o x a z in e -tr e a te d  B S T  c o m p o s ite s  
s h o w  the b etter  d isp e r s io n  o f  the treated  B S T  c e r a m ic  on  p o ly m e r  m atrix  c o m p a re  
w ith  untreated  B S T  c o m p o s ite s . F or th e  d ie le c tr ic  p rop erties , s ila n e  c o u p lin g  a g en t  
c o u ld  im p ro v e  the d ie le c tr ic  co n sta n t to  h ig h e st  v a lu e  co m p a red  w ith  o th er su r fa ce  
treatm ent a g e n ts  du e to  th e  c o v a le n t  b o n d s  w h ic h  o c c u r  b e tw e e n  in te r fa c e  o f  p o ly m e r  
and  cera m ic  p h a se  that lead  to  tota l p o la r iz a b ility  o f  th e  c o m p o s ite s  in crea se . W h ile , 
p h th a lo cy a n in e  and b e n z o x a z in e  m o n o m e r  c o n s is t  o f  aro m atic  r in g s  (b u lk y  g ro u p ) in  
th eir  structure that co u ld  p reven t th e  B S T  c o m e  c lo s e r  and c o n tr ib u te  to B S T  d e 
a g g lo m e r a te  in  p o ly m e r  m atrix  r e su lt in g  in  lo w e r  d ie le c tr ic  lo s s . A d d it io n a lly , the  
d ie lec tr ic  co n sta n t and lo s s  tan gen t o f  th e  m o d if ie d  c o m p o s ite  w e r e  in d e p e n d e n c e  o n  
freq u en cy  and tem peratu re. In c o n c lu s io n , the su r fa c e  treatm en t o f  B S T  f ille r  in 
p o ly b e n z o x a z in e  c o m p o s ite  im p r o v e s  d ie le c tr ic  p rop erty  at m ic r o w a v e  fr e q u e n c ie s .
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