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APPENDICES

Appendix A Preparation of Benzoxazine Monomer by Solventless Method

Aniline based benzoxazine monomer

CH

o~ YA Vo w2 Htie +ancro
CH,4
Bisphenol A Aniline Paraformaldehyde

Table AL Experimental data of precursors for aniling based henzoxazing synthesis

Precursors Reaction
Bisphenol A -~ ~ Aniline  Paraformaldehyde  time
Mole 0.06 0.24 0.12
e 8% 3003 .13 %) min

Weight @) 1370, 721 1118
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Fluorinate based benzoxazine monomer

CFs
HOO QOH + 2QNH2 + 4 HCHO
cfs
Hexafluorobisphenol A Aniline Paraformaldehyde

Table A2 Experimental data of precursors for fluorinate based benzoxazine synthesis

Precursors

Reaction
tl)-llsegﬁgrl]%?rg Aniline  Paraformaldehyde UM
Mole 0.06 0.24 0.12
M. %24 3003 0313 30 min

Weight (o) 20.17 72 1118



Appendix B Preparation of BST by Sol-Gel Process

Precursor materials
1. Barium acetate Ba(CHjCOO)z, d = 2.468 g/cm3
2. Strontium acetate Sr(CHsCOOy
3. Titanium tetra-n-butoxide (CHs(CHz)3 0 )aTi, d = 0.998 g/cm3
4, Methanol
5. Glacial acetic acid

Table B1 Experimental data of precursors for BaojSrojTiCh

Precursors

Barium acetate Strontium acetate Titanium tetra-n-

Ba(CHIC00)2  Sr(CHICO0)2 (o E(Lé:tﬂxzi)%%)m
Mole 0.00882 0.02058 0.0294
M.w 225.42 205.71 340.36
W eight (g) 2.25 4.23

Volume (ml) - - 10
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Appendix C Glass Transition Temperature (Tg) of PBA-a Measured by Dynamic
Mechanical Analysis (DMA)

3 3 0.5
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Figure C1 DMA analysis of aniline based polybenzoxazine.

Glass transition temperature (Tg) of aniline hased polybenzoxazine and is
detected at the maximum of the loss modulus, G" which is around 144.2°c.
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Appendix D Sol-Gel BST Powders Characterization

XRD charaterization

Table D1 The identification of XRD peaks analysis of the sol-gel BaosSro?Tios
powders calcined at 1000°c

20 0 hkl
22.6 11.3 100
32.12 16.06 110
39.62 19.81 11
46.10 23.05 200
51.86 25.93 210
571.30 2865 21
67.24 33.62 220

SEM micrograph

e D1 SEM micrographs of sol-gel Bao3Sr0.7TiCss powders calcined at 1000 °c

Figur
80 min.

for



Appendix E Calculation of BST Volume Fraction in Composites

89

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

[ = volume of BST powder
(volume of BST powder +volume of BZZ powder)

(Mi//)l)
(MI//)1)+(A/I}1//)|I )

where mi and ei (5.17 g/cm3are the mass and density of BST powder and Mh and Pn
(123 glcm3) are those of benzoxazine monomer

Table E1 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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Appendix F The Dielectric Constant and Loss tangent at Different Frequencies

Table FI The dielectric constant of polybenzoxazine and BaosSro;7TiCs ceramic

Meteral 03 1 Frequefgsy K 06 107
PBA-2 1% 46T 43 4R 4L
PRA-f 15 41 407 39T 39T

BST ceramic 326 308 297 297 292

Table F2 The dielectric constant of untreated BST- polybenzoxazine composites

Meteral 03 1M Frequelnocsy i 06 107
30 wi%h BST 74 6% 68 620. 60
50 W% BST 1230 966 108 1047+ 928
80 Wt% BST 81 7B Bl BB U9

Table F3 The dielectric constant of silane treated BST- polybenzoxazine composites

. Frequency (Hz)
Meterils M 4 15 106 107
30 wit% BST 080 947 917 88 87l
50 % BST 0® 1267 15 1B 96

80 wt% BST 239 4075 4106 4039 405



Table F4 The dielectric constant of benzoxazine monomer treated BST-
polybenzoxazine composites

Mieteral 0 14 Frequelno%y i 06 107
30 W% BST 602 5% 58 58 580
50 1% BST 115 1108 1025 1006 857
80 wt% BST 049 3004 385 3B 3797

Table F5 The dielectric constant of phthalocyanine treated BST- polybenzoxazine
composites

Meteral 0B 1M Frequelnocsy " 0617 107
0 with BST 05 68 . 647 613 5%
50 wioh BST U7 1% 104 01 87
80 with BST N6 WU WO NS I8

Table F6 The loss tangent of polybenzoxazine and BaojSrojTiCh ceramic

. Frequency (Hz)

Materials M8 4 105 106 107
PBA-2 0056 00348 00289 00242 00233
PBA-f 00091 00050 00075 00074 00126

BST ceramic 03570 00763 00224 00126 00451

91
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Table F7 The loss tangent of untreated BST- polybenzoxazine composites

Material 03 104 Frequelnocsy i 06 107
30 Wt% BST 00578 00383 00363 00297 00272
50 W% BST 00L 00484 00195 00427 00978
80 Wit BST 0118 00606 00264 00346 0123

Table F8 The loss tangent of silane treated BST- polybenzoxazine composites

Meterial 0 1M Frequefocf,y (TZ) 06 107
30 with BST 00564 0038 00289% 00242 00233
50 with BST 0018 0007 0081 00383  0.0427
80 W% BST 00517, 00446 00277 . 00312 00624

Table F9 The loss tangent of benzoxazine monomer treated BST- polybenzoxazine
composites

. Frequency (Hz)
Materials 0% W 15 106 107
30 wtth BST 00035 00097 00119 00127 00165
50 Wit BST 00005 00188 00M8 00219 00451

80 wt% BST 002 00447 0029 00306 00534
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Table F10 The loss tangent of phthalocyanine treated BST- polybenzoxazine

composites

Materials

30 wt% BST
50 wtb% BST
80 wt% BST

Frequency (Hz)
103 104 105 106 107

00325 00087 0015 00155 00155
00128 0007 00109 00304 00351
00632 00406 00203 00189 0.0527
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