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A PPE N D IC E S

A ppendix  A P reparation o f  B enzoxazine M onom er by Solventless M ethod

Aniline based benzoxazine monomer

NH2 + 4 HCHO

Paraformaldehyde

T able A1 Experimental data of precursors for aniline based benzoxazine synthesis

Precursors Reaction
timeBisphenol A Aniline Paraformaldehyde

Mole 0.06 0.24 0.12
30 min- M . w . 228.29- 30.03 93.13

Weight (g) 13.70 . 7.21 11.18



85

Fluorinate based benzoxazine monomer 
CF3

c f 3

Hexafluorobisphenol A Aniline Paraformaldehyde

T a b le  A 2  Experimental data of precursors for fluorinate based benzoxazine synthesis

Precursors Reaction
timeHexafluoro

bisphenol A Aniline Paraformaldehyde

Mole 0.06 0.24 0.12
30 minM.w. 336.24 30.03 93.13

Weight (g) 20.17 7.21 11.18



Appendix B Preparation of BST by Sol-Gel Process

Precursor materials
1. Barium acetate Ba(CHjCOO)2, d = 2.468 g/cm3
2. Strontium acetate Sr(CH3COO)2
3. Titanium tetra-n-butoxide (CH3(CH2)3 0 )4Ti, d = 0.998 g/cm3
4. Methanol
5. Glacial acetic acid

T a b le  B 1 Experimental data of precursors for Bao jSrojTiCh

P recu rsors

B a r iu m  a ce ta te  
B a (C H 3C O O )2

S tro n tiu m  aceta te  
S r (C H 3C O O )2

T ita n iu m  tetra -n -  
b u to x id e

(C H 3(C H 2)3 0 )4 T i

M o le 0.00882 0.02058 0.0294
M .w . 225.42 205.71 340.36

W eig h t (g ) 2.25 4.23 -
V o lu m e  (m l) - - 10
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A p p en d ix  c  G la ss  T r a n sitio n  T e m p e r a tu r e  ( Tg) o f  P B A -a  M ea su red  by D y n a m ic  
M ec h a n ica l A n a ly s is  (D M A )

F ig u re  C l  DMA analysis of aniline based polybenzoxazine.

Glass transition temperature (Tg) of aniline based polybenzoxazine and is 
detected at the maximum of the loss modulus, G" which is around 144.2°c.
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A p p e n d ix  D  S o l-G e l B S T  P o w d e r s  C h a r a c te r iz a tio n

XRD charaterization

T a b le  D1 The identification of XRD peaks analysis of the sol-gel Bao3Sro?Ti0 3  

powders calcined at 1000°c

20 0 hkl
22.6 11.3 100
32.12 16.06 110
39.62 19.81 111
46.10 23.05 200
51.86 25.93 210
57.30 28.65 ' 211
67.24 33.62' 220

SEM micrograph

F ig u r e  D1 SEM micrographs of sol-gel Bao 3Sro.7TiC>3 powders calcined at 1000 °c 
for 80 min.
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A p p e n d ix  E C a lcu la tio n  o f  B S T  V o lu m e  F ractio n  in  C o m p o s ite s

The volume fraction of BST was calculated by using the following formula:

/  = _____________volume of BST powder____________
(volume of BST powder + volume of BZZ powder)

where M i and P i  (5.17 g/cm3)are the mass and density of BST powder and Mh and Ph 
(1.23 g/cm3) are those of benzoxazine monomer

T a b le  E l  Volume fraction of BST powder at various BST wt% in the composites

Composites Volume fraction

30 wt% BST 0.093
50 wt% BST 0.192
80 wt% BST 0.488
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A p p e n d ix  F T h e  D ie lec tr ic  C o n sta n t an d  L o ss  ta n g en t a t  D iffe r e n t  F req u en c ie s

T a b le  F I The dielectric constant of polybenzoxazine and Bao 3Sro,7TiC>3 ceramic

Materials Frequency (Flz)
103 104 105 106 107

PBA-a 4.95 4.67 4.43 4.22 4.11
PBA-f 4.55 4.14 4.07 3.97 3.97

BST ceramic 326 308 297 297 292

T a b le  F 2 The dielectric constant of untreated BST- polybenzoxazine composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 7.14 6.85 6.53 6.20 . 6.04
50 wt% BST 12.30 9.66 10.38 10.17. • 9.28
80 wt% BST 39.81 37.93 36.51 35.35 34.99

T a b le  F 3  The dielectric constant of silane treated BST- polybenzoxazine composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 9.80 9.47 9.17 8.86 8.71
50 wt% BST 12.82 12.67 12.50 11.98 9.65
80 wt% BST 42.39 40.75 41.06 40.39 40.5
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T a b le  F 4  The dielectric constant of benzoxazine monomer treated BST- 
polybenzoxazine composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 6.02 5.96 5.88 5.81 5.80
50 wt% BST 11.54 11.08 10.25 10.06 8.57
80 wt% BST 39.49 39.04 38.59 38.02 • 37.97

T a b le  F 5  The dielectric constant of phthalocyanine treated BST- polybenzoxazine 
composites

Materials Frequency (Hz)
103 104 105 106 ’■ 107

30 wt% BST 7.05 6.88 . 6.47 6.13 5.96
50 wt% BST 11.73 11.26 10.49 10.14 8.74
80 wt% BST 39.65 39.14 38.61 37.95 37.86

T a b le  F 6  The loss tangent of polybenzoxazine and BaojSrojTiCb ceramic

Materials Frequency (Hz)
103 104 105 106 107

PBA-a 0.0564 0.0348 0.0289 0.0242 0.0233
PBA-f 0.0091 0.0050 0.0075 0.0074 0.0126

BST ceramic 0.3570 0.0763 0.0224 0.0126 0.0451
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T a b le  F 7 The loss tangent of untreated BST- polybenzoxazine composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 0.0578 0.0383 0.0363 0.0297 0.0272
50 wt% BST 0.01 0.0484 0.0195 0.0427 0.0978
80 wt% BST 0.118 0.0606 0.0264 0.0346 0.123

T a b le  F 8 The loss tangent of silane treated BST- polybenzoxazine composites

Materials Frequency (Hz)
103 104 105 ■ 106 107

30 wt% BST 0.0564 0.0348 0.0289'; 0.0242 0.0233
50 wt% BST 0.0118 0.0087 0.0181 0.0383 0.0427
80 wt% BST 0.0517. 0.0446 0.0277 . 0.0312 0.0624

T a b le  F 9 The loss tangent of benzoxazine monomer treated BST- polybenzoxazine 
composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 0.0035 0.0097 0.0119 0.0127 0.0166
50 wt% BST 0.0095 0.0188 0.0348 0.0219 0.0451
80 wt% BST 0.02 0.0447 0.0209 0.0306 0.0534
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T a b le  F 1 0  The loss tangent of phthalocyanine treated BST- polybenzoxazine 
composites

Materials Frequency (Hz)
103 104 105 106 107

30 wt% BST 0.0325 0.0087 0.0155 0.0155 0.0155
50 wt% BST 0.0128 0.007 0.0109 0.0304 0.0351
80 wt% BST 0.0632 0.0406 0.0203 0.0189 0.0527
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