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ABSTRACT

Nowadays, polymer-ceramic composites are candidate malerial in
electronic application because they combine the processability of polymers with high
dielectric constant of ceramics, resulting in low processing temperature and operating cost.
In this research, a novel composite of nano BST powder- polybenzoxazine was proposed.

The powder of BST was prepared by t ethod because this method yields high

purity and homogeneity and in narrow-size distribution, And
of the traditional phenolic resin
il properties of the cured material
for specific applications ermal stability and dielectric
properties of the composil corporation of BST powder
composite. And the composite

also showed the stability of die e prog ries s Aol 3 equencies and temperatures,
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T.= Curie temperature = 9oan{iies
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A1974 1.1 AleBLanFsneee SG-BST/polybenzoxazine ABNIWAR

Frequency (Hz)

Materials = = -
10° 10 10° 10 10

30 wt% SG-BST (10 vol%) | 7.10 6.93 6.68 6.45 6.34
40 wt% SG-BST (15 vol%) |  7.96 7.63 7.28 7.01 6.84
50 wit% SG-BST (20 vol%) | 10.09 972 /| 938 9.10 8.83
60 wi% SG-BST (25 vol%) | 1254 | 1208 4 11.68 | 1134 | 10.99
70 wi% SG-BST (38 vol%) | 17.51 | 1698 | 1643 | 1602 | 1590
80 wi% SG-BST (48 vol%)«|" 2803 | 27.17 [ 27.17 | 26.50 | 25.47

A9 1.2 Fi'lﬂﬂﬂmuﬁuﬁ'gﬂ*}SB-BSI /polybenzoxazine ANINGR
, L4
‘ » ~ Frequency (Hz)
Materials FIEA R

', | 10" | 10’ 10° 107

S

30 wi% SG-BST (8 vol%) | 0.0365 | 00319, 0.0319 | 0.0244 | 0.0341
40 wi% SG-BST (12 vol%) | 0.0207 | 0.0218. | 0.0233 | 0.0267 | 0.0266
50 Wit SG-BST (17vol%) | 0.0166 | 0.0253 | 010241/ 00219 | 0.0393
60 wit% SG-BST (22 jjhi%} 0.0225 ﬁ’iﬁ'a*“trm 0.0228 | 0.0273
70 wi% SG-BST (38 vol%) | 0.0217 | 0.0210 | 0.0200 | 0.0170 | 0.0294
80 wt% SG-BST (48 vol%) | 0.0362 | 0.0189 | 0.0160 | 0.0171 | 0.0306
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Abstraci— Polymer-ceramic composites are suilable materials for
low temperature fabrication of embedded capacitor technology.
Dielectiric properties of composites can be improved by adding
amount of high dieleciric constant ceramic powders (i.e. barinm
titanate). In this study, the composites with 0-3 connectivity were
fabricated from barium titanate (BaTi0,) ceramic powders and
polvbenmyazine as a polymer mairix. It was found that the
dielectric constants of composites al [requency range of 1 kHz -
10 MHz increase with increasing the amount of BaliC(l, and
shows low [requency dependence. By adding 70w1% ol BaTiO,,
the dielectric constant at 10 MHz significantly increased from
3.56 of pure polybenzoxazine Lo 13.2 al room lemperature,
Dielectric losses of these composites are less than 0016
Subsequently, Yamada's model with a shape parameler aboul 5.2
was proposed 1o describe  the dielectric  behasior  of
BaTiOy/polybenzoxazine composiles,

Keywords- Barium titanate; polybenzoxagine; compasite; and
dielectric properties

1. INTRODUCTION

Recently, embedded capacitor technologies play important
role for miniaturization products because they have major
benefits over waditional discrete capacitors inchiding betier
electrical performance, higher reliability, small =g and
improved designed options.  lmportance  requirements for
embedded  capacitors  matenals  include  high —dieféctne
constant, low capacitance tolerance, good processability. and
low cost. |1-2]. The material for embedded capacitors should
be processed at low processing température, tough and
flexible in order 1o compatible with the printed circuit board
(PCB) manufacturing process. Polymer has generally low
dielectnic constant and it 15 difficult for them to meet the
capacitor requirements, On the other hand, ceramics have high
dielectric constant but require high, processing temperatures
131

Polymer-ceramic composites are one of the (great anterest
and the candidate materials for embedded capacitor matenials
because they combine the processability of polymers with
high diclectric constant “of ceramies, wresulting wn *low
processing temperature and cost [4]. Among the composites
studied so far, the simplesl type is 0-3 connectivity, consisting
of a three-dimentionally connected polymer matrix loaded
with ceramic particles. This type of connectivity is casy 1o
fabricate and suitable for mass production [5] However,
dielectric properties are dommated by properties of matnx
material. In polymer-ceramic compesites, polymer matnix
possesses lower dielectrnic constant in comparison 1o ceramic
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powder. The dielectric properties of composites are strongly
influenced by the ceramic phase, including content, particle,
and distribution. In addition, it can be also affected by porosity
and filler distribution, In the same way, the necessary amount
of liller should be enough more than 30% in volume in order
v change the diclectric of the composites. However, these
high gamounts of filler may make composite processing more
difficult [6].

In this study, polybenzoxazine thermosetting resins were
used as polymer matrix because they were found 1o possess
several oulstanding properties such as near-zero shrinkage

after curing, high thermal stability, and flexibility in molecular
“design. From these advantages, they were suitable to usc as

polymer natrix o composites [7]. For barium  titanate

{BaTi():) powders preparation, sol-gel method presents some

particular  advantage in obtaining the powder with high
impurity and homogeneous, through a lower temperature

process, avolding contamination of matenials [8]. BaTiO,, a

perovskite-iype eleciro-ceramic material, has been much
studhed and utihzed due to high dielectric constant and low
dielectric loss. The wide range of applications of BaTi(h
inelides capacitors i electric circuits, tunable phase shifter,
piezoeleciric actuators, nonlmear resistor and transducers.
Tgtil now, BaTiOypolybenzoxazine composites were not
studhed for thar diclectric properties. In this study, we have
measured the diclecioe properties of these composites as a
function of BaTi0: velume fraction and frequency. To explan

“and pﬁii’ct'lhe.eﬁ'm"-nf BaTi(); content on the dielectnc
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properties of composites, Yamada's model which considers
the composite composed of ceramic particle dispersed n
continuous matrix_have been proposed to compare with
experimental data |9).

11: | MATFRIALS AND METHODS

A, Benzoxazine Preparation

The synthesis_of benzoxazine 1s based on the reaction of
phenel, paraformaldehvde, and ethylenediamine at the molar
ratio of 2:4:1 respectively. Solunon of-paraformaldehyde and
ethylencdiamine in chloroform was stirred for 30 min in ice
bath, Phenol chloroform soluwtion was then added and stirred
for 30 min. The mixture was refluxed at temperature of 60°C
for | hr followed by evaporating chloroform out. High yellow
viscous solution was obtained, and dissolved it m dicthyl
cther. The ether solution was washed with 2N NaOH solution
in scparatory funnel. The ether was removed with a rotary



evaporator, and the solid products were washed by cool
methanol 1o obtain white benzoxazine powders. The
polybenzoxazine (PBZZ) are polymerized by ring opening
polymerization and initiated by heat, as shown in Fig. 1.
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Figure |. Symbesis and ring opening polymenization of polyvbensoxasine,
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Figure 2. Two-step thermal decomposition method of BaTily F"‘E"“!i"t?‘

B Nano-BarvivmTritanate Preparation

The Barium Titanate (BaTiOy) nanosize powders were
prepared by using sol-gel process. Stochiometric weight of
Barium acetate | Ba(CH,C00),, Labchem). and titanium {lv_}ﬁl

butoxide |TiO{CH}CHy)y, Aldrich) wt;n‘c “used as siunmg'

materials for sol-gel process. Barium acetate was dissolved in
acetic acid in the presence of methanol with stirnng, then the
equimolar amount of titanium (iv) n-butoxide was added mto
the mixture under vigorous strring. The clear solunon was
relately stable and became a gel in a few days. “Fhe gelowas
calcined by using 2-step thermal - décomiposition, as Shdwi in
Fig. 2, in order to decompose the solvent and crystalize the
barium titanate,
. Composite Fabrication

The required amountof BaTiO; powders wére mixed with
tetrahydrofuran (THF) to obtain BaTiOyTHF slurry. The
proper amount of benzoxazine was dissolved in THF solution,
The amount of BaTiOy powders and benzoxazine were varied
at the ratio of 30:70, 50:50, and 70:30 by weight. Benzoxazine
solution was then slowly added nto stuming BaTiOyTHF
slwrry and stirred for 60 min. This mixing solution was
subjected to ultrasonic agiation for to disperse and break

) The density of polybenzoxazine,

agglomerated BaTiOy powders, followed by stirred for 30 min
to gel well dispersed slurry. THF was removed by rotary
cvaporator and the remaining benzoxazine/BaTiO; was dried
in vacuum oven to completely remove the solvent. The
composite specimens were prepared by compression molding,
and cured at 120, 140, 160°C for 30 min, then for further 1 h at
1B0°C under pressure of 10 metric tones, The disk shape
composite specimens of 22 mm diameter and 2 mm diameter
were fabricated, and used for further measurements and
characterizations.

D.  Characterization

Founer transforms infrared spectra (FTIR) of benzoxazine
were obtamed using a Micolet NEXUS 670 system. Thermo
gravimetric analysis (TGA) was performed using a TG-DTA
Pyiis Diamond (Perkin Elmer). The mass change with
mﬂﬂ!;mg temperature was monitored  and recorded  from
S0°C 10 900°C with a heating rate of 10°C/min under N; flow
BaTi0Qy powders, and

composites were measured with a pycnometer. Crystallinity
and perovskite structure of the BaTi0; powders were analyzed
using X- Tay diffraction (XRD, Rigaku, model Dmax 2002),
. Panticle size of barim titanate was measured by a
3 transmission  eleetron microscope TEM 100 keV (JEOL,
model MIEM-1230). The distibution of ceramic powders in
_composites was ohserved using scanning electron microscope
ASEM; JSM-5200, JEOL). Finally, for dielectric measurement,
¢ specimens were coated with gold sputtering as elecrodes.
3]1: “dielectric properties of composites were measured using
H’ewlcﬂ Packard 4194A impedance/gain phase analyzer. The
Wcmmts were performed at room temperature with a
ﬁiucmy range of | kHz — 10 MHz. The diclectric constant
uf___g;lpmu:s was calculated from the capacitance by using
ihl{@ggyﬂng equation: .

':-J_\\ - = tlD
whcn: 15 the capacnnncc (F), & the free space diclecine
constant value (8.85510"" F/m), 4 the capacitor area (m’), and

o

~d the thickness of specimens,

NI RESULTS AND DICUSSION

4. Material Characterization

The structurg-af the benzoxazine was examined by FTIR.
The FTIR spectrums of benizoxazine are shown in Fig, 3. 1111:
bands that appear i the fh‘.‘qm:ni:}' region 1550-1400 cm™' are
due 1o the substituted benzene rfing’ The bands in the region
1240-1230, em ' and - 0401020, om’| correspond 1o the
asymmetric and s}l‘mtmtrlc C-0.C swetching modes.  The
region of 1150-1050 ¢ is due to the C-N-C asymmetric
stretching, while the symmetric stretching mode appears at
800-720 cm’'. Additionally, the characteristic absorption
assigned to out of plane bending vibrations of C-H at 920 cm''
was observed, indicating the benzoxazine ring formation |7].

Xe-ray diffraction was used lo structurally characterize the
crystallization of BaTiO; powders, as shown m Fig. 4. All

AU8



charactenistic peaks correspond to the tetragonal phase of
perovskite structure at room temperature. The particle size of
BaTiOy after calcining was shown by TEM image i Fig 5. It
shows that particle size of BaTi0; is in the range of 50-80 nm.

8. Composite Characterization

The decomposition temperature of composiles  was
summarized in Table 1. TGA thermogram of polybenzoxazine
and composites are shown in Fig. 6. The decomposition
temperature (Tp) is defined as the temperature with 5% of
weight loss when subjected 10 TGA test in mitrogen |4]. The
polybenzoxazine starts decomposing at around 230°C. The
decomposition temperature of composites 15 higher than
polybenzoxazine and increases with increasing the amount of
BaTiO, content,

The compositions of the composites were also confirmed
by considering residual weight of each compesite. The
residual weight increases with increasing the amount of
BaTi(y content because BaTiOy powders do not decompose at
low
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TABLE 1. Propertics of composite at varous BaTi0, content

Materials s sl
Pnl_:.'b:nzma:un-: {F_'Ei-?.l}- 253 :
_FHZZ-“B:TiiD; 30wt % (9 \-'\r.ll.".r;! - B 263 ]
E’I.‘B&Ti-l:-h 5_4]“:'55;{]_5 vol %) 188
PBZZ/BaTiO, T0wt% (M vol%) | 31 |

Figure, 5, TEM image of BaTi0); particles.

Residual weight %

Temperature (10)

Figure. 5. TGA curve of composites a1 different BaTi() volume fraction

temperature-—~The filling of BaTiOy powders improved the
thermal stability ebvaously. The increase m decomposition
témperature was attributed to the enhancement of interaction
between the polybenzoxazine matrix and the BaTiO; powders,
which limited the movement of polybenzoxazine.

The digmibution of dilferent. BaTid; powders weight?s in
the PBZZ matrix are shown in Fig.[7 (a)-(c). The white and
gray colors represent the BaTiO, powders and PBZZ matrix,
respectively. At 30 and 50wt% of BaTiO, content, it shows
that the BaTi0; distribution 15 homogencous with small wal
of agglomeration and pores. Additonally, it can be observed
that BaTi0; particle tend to form larger agglomeration at
T0w1% of BaTiOs, which may occur due lo ceramic powders
easily forms agglomerates by van der waals force.



C.  Difectric Measurement

Fig. 8 displays the vanation of the dielectric constant of
composites with frequencies. The dielectric constants of
composites increase with ncreasing BaTiOy loading, and
slightly decrease with increasing frequency. It is believed that
a decrease in the dipolar polanzation of the matrix and the
accumulation of charges at the mterface between ceramic
particles and polymer results i a large scale ficld distortion
[6, 10]. It can be concluded that the PBZZ/BaTiOs composites
show low frequency dependence. The dielectric loss 15 an im-

Figure 7. SEM image of compostes with BaTiD3 content, (a) 30wt%, (b)
Slwt%, and (c) Thwt%

500

1B — 1
&= FEEE
16 — 5 vulh BaTi0 |.
a- |B vol H-Tn.'l_:i
| —#- 24 vt BaTHO |
14 . . — -
- -
[
-
[
s 10
O
I'_I a4
o 5 - — - . o
U
= ]
a2 pr— — — = . -
|
L — -— — —— - -
1
2 I
|
1] -
| 10 ] 1000 1 CR0EKE

Freguency (kHz)

Figure 8. Vanatwon of dielectne constant values with frequency

0.020 T—
0016 .
——— N
- -
—
- ot
w - ]
g omip A
= p.
£ s
[ "
T ooos
=3
0004 e PRET
& % vl HaTiD
| & §f voll BaTi)
L= 34 vt BeTi0,
5,000 . .. . B e
| (1] (] 1 E
Frequency (kHz)
Figure 3. Vanaton of dielectne loss values with regquency
-portant parameter [ for makimg  capacnors.  Ideally.  the

dielectric foss should be as low as possible in a capacitor. The
dielectne loss of these composites at various frequencies and
BaTiOy vol% were shown m Fig 9. The diclecinic loss of
polybenzoxazine and all composites are less than 0.016.

In the past, there have been many efforts 1o develop model
for 0-3 composites [5]. From experimental data firing, 1t was
found that the expression developed by Yamada er al. can fit
wiell with the expanimental data and shown as solid curve in
Fig. 10. The dicléctric constants of the composites were
calculated by using following equation:

- :
|| s £ ) 2
|

where £ is the dielectric constant of the composites, £, and £,
are the dielectric constants of polymer matrix and the ceramic
filler, respectively, ¢ is the volume fraction of ceramic and 1



Dielectric conatant

0.1 0.z

BaTi(, volume fraction

Figure 10. Plot of Yamada's model and measured diclectrie consant for
different BaTi0y volume fraction at room temperature and | MHz. J

is a shape parameter. For the catcularim.-,q*'nna_iaﬂ-rm‘
temperature is 3.58 and 1420 rﬂpcctw’@mmwed ,
at 1 MHz. The value of | obtained & g Equation
{2) is 5.25, which demands an ellipsoid axis ratio of 1.75. It
can be seen that the experimental data a)
the theorctical calculation based on Yam
good agreement between the theoretical
experimental data indicate that the composit
connectivity and homogeneity.
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IV. CoNcLUSION

The BaTiOy/polybenzoxazine composites  with 03
connectivity were fabricated. The BaTiO; ,fuwﬁpﬁ;:wtrc
derived by sol-gel process wielding nano size  particles
dispersed in polybenzoxazine matrix; however, large of
agglomeration were found in composites at high BaTO;
content (70 w1%). It was found that increasing the amount of
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ceramic powders in composites

cant fincrease the diclectric

constant of composites. Also, the thermal stability of the
composites can be improved by adding ceramic powders.
These composites have nearly stable dieleétric constants in the
frequency range of 1 kHz — 10 MHz, which indicate low
frequency dependence of the composites. For theoretical
prediction, the diclectric results can be well fited by
Yamada’s model, indicating the'composites have a good 0-3
connectivity and homogeneity.
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Abstract. This research proposed a novel nano bapium strontium titanate (BST) powder-
polybenzoxazine (PBZ) composite as a new dielectric material. In this work, the dielectric properties
of a surface treated BST powder-polybenzoxazine composite were studied. The surface of the BST
powders were modified by using three different chemicals: 3-aminopropyl-trimethoxysilane,
benzoxazine monomer and phthalocyanine. The distribution of the BST powders in the
polybenzoxazine matrix was observed by SEM. The dielectric constants of the composites with a
function of frequency (1 kHz—10 MHz) were investigated by Hewlett- Packard 4194A. It was found
that the composites with modified BST powders showed good distribution in the polybenzoxazine
matrix, and the dielectric constantsawere also more enhanced than those with untreated BST powders.
In comparisons among the three modification methods. the compesite with the silane coupling
modified BST powder showed significantly in dieleetric constant improvement while the composite
with the benzoxazine and phthalecyanine modified BST powders displayed lower dielectric loss due
to the modified powder dispersed well in the polvbenzoxazine matrix.

Introduction

Polymer-ceramic composites are candidale dieleciric mateyial in embedded capacitor application
because they combine the processability of polymers with high dielectric constant of ceramics.
resulting in low processing temperature and operating cost [1]. Previeus study was proposed a novel
Polybenzoxazine -BST with (-3 connectivity as a new dielectric material. The results from this work
show that the dielectric constant of the composite can be enhanced much higher than that of pure
polybenzoxazine. But the composite still has high dielectric loss for using at high frequency.
However, it was reported that the unifarm distribution of ceramic filler is one of the important factors
that strongly affect the diglectric properties in0-3, pelymer-ceramie-compesites [2]. Thus the surface
modification of ceramic fillers was interesied as the method to improve the dielectric properties in
PBZ-BST composites in this research.

Experimental

A. Preparation of Benzoxazine Monomer

The synthesis of aniline based benzoxazine monomer is based on the reaction of bisphenol A,
paraformaldehyde, and aniline at the molar ratio of 1:4:2 by solventless method. The starting
materials were mixed together without solvent at temperature of 100°C for 30 min. Then the product
with high yellow viscous liquid was obtained. This viscous product was dissolved in chloroform and
washed sequentially with 0.1 N NaOH and water for three times and dried over Na;SOy. The
chloroform was then removed with a rotary evaporator and the solid products were washed by cool
methyl alcohol at least three times 1o obtain white powder benzoxazine monomer.



B. Preparation of Barium strontium titante by Sol-Gel process

Barium strontium titanate (Bag 3Srq 7T103) was prepared by dissolving 0.3 mole of barium acetate and
0.7 mole of strontium acetate separately in acetic acid, followed by the addition of methanol to each
one. The solutions were then mixed and stirred to obtain a clear solution. Then an equimolar amount
of titanium (iv) n-butoxide was added into this mixture under vigorous stirring. When the solution
became a gel, it was calcined by using 2-step thermal decomposition, as shown in Figure 1. to
decompose the solvent and crystallize Bag 3Sry ; TiO; powders.

C. Surface modification of BST powders

1.) Surface medification by silane coupling

3-aminopropyl-trimethoxysilane (1 g) was dissolved in water/ethanol (5ml/95ml) and the solution
was then mixed with BST powdes (40 g). This suspension was ultrasonicated at room temperature for
10 min and stirred at 70°C for 1 h. The treated suspension was centrifuged and subsequently washed
by ethanol and dried in a vacuum oven at 50°C. Finally, the coupling agent modified BST particles
were obtained.

2.) Surface modification by benzoxazine monomer

In this method the various thicknesses of benzoxazine coating on BST powders were obtained by
varying the benzoxazine solution coneentration at 1 wi%, 3wt%, and 5wt% in THF. The solution was
slowly added dropwise to stirring BS T particle/ THF slurry. Then the mixture was stirred for | hr and
evaporated THF out at about 70 °C_ Lastlv, treated BST was dried in a vacuum oven overnight in order
to remove residual solvent.

3.) Surface modification by phthalocyanine

0.1 wt% of phthalocyanine powder was dissolved in DMA{: solvent then added the solution into
stirring BST particle/DMAc slurry. The mixture was then stirred for 1 hr and evaporated DMAc out at
200°C. Afier that the residual solvent was removed again by drving in a vacuum oven overnight.

D. Composite Preparation

Due to the much difference between the density of aniline based benzoxzine monomer and BST
powder, the monomer and BST powder with 30wit%, S0w1% and 80wt% were firstly mixed together
by melt mixing method to prevent the separatmn between two phases afier fabrication step. Then the
mixtures were fabricated as the composite specimens with the thickness of 1.5 mm and 15 mm in
diameter by compression molding with the curing conditions giveriin Table 1.

5 T000 Table 1 Curing profile for compression
':: molding process
2 00 Temperature | Time | Applied load
% 00 - (°C) (minl) (0.25 ton)
£ j: 120 15 -
F 00 140 15 .
200 ] _ 160 15 -
10t o men 950 man ::nhn 80 min - Room 180 30 +
e S0 100 150 200 250 300 350 400 450 500 200 30 +
Time (min) 23[] 6(} +

Figure 1 Temperature program for the
2-step thermal decomposition of sol-gel BST.



Results and Discussion
A. Composite with Unmodified BST Powders

1.) BST Powders Distribution

Figure 2 SEM micrographs of the composites with (a) 30.w1%, (b) 50 wt%, and (c) 80 w1% of BST

Figure 2 (a)-(c) examines that the BST powders distribution was not uniform even in the lowest
content of BST fillers (30 wt %) and the-agglomeration and pores (represent by black color) tended to
form when the filler loading volume inereased. However, the agglomeration of BST is formed by the
high surface energy of the sol-gel BST nanoparticles.

2.) Dieleciric Properties
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Figure 3 Frequency dependence of dielectric constant and diclectric loss for the composites at
various BST contents.

From Figure 3, it can be seenthatatthe same frequency. the composite diclectric constants increased
with the volume fraction ofithe BST ceramic powders. Because| at higher ceramic filler loading
volume, the ceramics come closer then the dipole-dipole interaction increase and eontribute to higher
dielectric constanty However, the- loss ~tangents cof -all ~composites—are, mgher than pure
polybenzoxazine and tend to,increase at higher ceramic conteni. The increasing of the loss tangent
value was attributeéd to the formation of porosity in the specimens.

B. Composite with Modified BST Powders
1.) Effect of Surface Modification on BST Distribution

Figure 4 (a)-(1) reveals that the dispersion of the modified BST powders was improved comparing
with the unmedified powders and the composites with phthalocvanine and benzoxazine monomer
modilication showed better BST dispersion than the silane coupling method. Because the molecules
of phthalocyanine and benzoxazine monomer are composed ol the aromatic rings which are bulky
group due to this way they could prevent the agglomeration of BST particles.
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Figure 4 SEM micrographs of the composites with 50 wi% BST modified with (a) silane coupling

agent, (b) BZ monomer and (c) phthalocyanine.

2.) Effect of Surface Modification on Dielectric Properties of Composite
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Figure 5 Frequency dependence of dielectric constant and dielectric loss for the composites at 50
wt% BST with different surface modification methods.

Figure 5 shows that the silane coupling modilication can significantly increase in the dielectric
constant of composites. Because silane able to form chemical bond on the BST surface comparing
with the physical bonding of the others. And this chemical bonding may improve dipolar polarization
in the system resulting in the increasing of the dielectric constant. In the case of dielectric loss,
phthalocyanine and BZ monomer modification showed lower in dielectric loss due to the BST
dispersion enhancement, conseéquent - the decreasing of porosity mn.ihie composites.

Summary

The higher amount of BST powders can increase dielectric constant of the composites and also
increased the agglomeration of the powders at-the same time. However this problem can improve by
the surface modification of BST before mixing in polymer matrix. It was found that phthalocyanine
and BZ monomer modification showed lower in dielectric loss due to the BST dispersion
enhancement. Silane coupling agent not anly lowers the loss tangent but also increase the dielectric
constant of the composites due to theé chemical bond formed on the BST surface,
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