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ABSTRACT: Dielectric properties and shape memory characteristics of SBS composites filled
with carbon black as conductive filler and (Ba, Ca)(Sn, Ti)O3 or SrTiO; as dielectrics were in-
vestigated for the development of phantom model. SBS/ carbon black composite showed an
increment of complex dielectric constant with increasing the content of carbon black and the
frequency dependence that the dielectric constant decreases with the frequency. The com-
plex dielectric constant and the conductivity of SBS/carbon black/dielectrics composites in-
creased with the increase of dielectrics and the characteristics of the frequency dependence
also occurred by the effect of carbon black. Phantom materials with the dielectric properties
and the conductivity corresponding to human tissues for the measurement of specific
absorption rate (SAR) within the frequency range of current mobile phones (775 MHz~
2 GHz) could be developed by adjusting the composition ratios of carbon black, dielectrics and
SBS and by controlling the characteristic of frequency dependence of composite. From
thermomechanical cycling test good shape recoverability could be obtained in SBS composite
even though the residual strain was increased by the effect of filler.

Keywords: phantom model, complex dielectric constant, conductivity, shape memory.

98 Polymer(Korea) Vol. 25, No. 1, January 2001



e 29 A FE A% SBS/=AM/HAA 34 BEHRY FHASE 47

N OB

¥4 AugAdele) gz ool IMT-2000
o 24 27 Mujay T HHE Aot o)H
d JREAA FEEd g rdEsFes F
7teHe FoiAdsy] SogiE WAHE Az} |
%, 09y B ol 1YY, FF, /19AEH F
of fdo] ¥ & ks A7 A3yt Rau=He F Al
U Al dehda ok matd 24 AR
d 2 Qo] edxx glor, oz g
o AAH7 A v {3 o] Y =97}
s ANd Aol

Azvhe] QA ¥ F¥E B3] AAAM=
AR =28 oA QA =Ho] AF F F5
8 duAz AYPE uFSE (SAR, specific
absorption rate)& AZs}s|o} sh=ul Axlud <
HE =2A7= 4Ll 7537 dEdl AA
J R¥4sle B4E A As, § 98 xdE ol
3] dysin Yok’

d#2<Q SAR &4 w9 shuel AsF &3]
Ay et 99 Asd wArle g 2 A
Ve BYol EAdtoiol Art. o] uf dry WY B
do] B4 2 Z2HE AT 7S WY =Y
vg] 7H33A Hed, ol AjlTele ¥ade
2§37 Bgoiy EHl dojzo] RAFHM, o
dojye] AMAE2z FEFozH AAH £
ZA4d ¥EFEe] Fd HrisEle L/E {EsA
ot weA e HEFFE 3L ddMe
o] diojgg Ao} Tt oA H23ls)
A ZIAFA 2N A7 B4E e ARE
o]§¥ & glovh, 34 Zau Fo] o 105 T
Adolde® zH=  poly(methyl methacrylate)
(PMMA) S22 F4E A5+ J4E 52
%7} 100 Col38 YepE 9 o] ¥g )’

a#ez B dFdAe ¥ 94388 A5 E
Z¥= styrene-butadiene-styrene copolymer (SBS)
& 7|14 #AZ A3 Ee ApH 545
A OY mdE FAN) HEl 2T FH4A Al
ohe B JEEYE HEE B RAE
& ZARIGCH, 33AA Aol o2 P38 54
& G 2N dA AHE 7@ WY 2l =4

#2lof Aj257 A1% 20018 149

Table 1. Chemical Structures of Raw Materials
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Table 2. Properties of Ketjen Black EC

properties value

surface area (BET) (m?%/g) 1000
particle size (nm) 37
volatiles (%) 0.5
density 191

Table 3. Properties of Ceramic Powders

properties SrTi0; (Ba, Ca)(Sn, T1)O;
& at 900 MHz 120 16000
tan & at 900 MHz 1~2 5
resistivity (© + m) ~101 101
density (g/cm?) 5.1 5.8
specific heat (J/kg K) - 420
mean size (zan) 10.996 9.388
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Figure 1. Complex dielectric constants of SBS as a
function of frequency.
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Figure 2. Complex dielectric constants of SBS-carbon
black composites with the content of carbon black.
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Figure 3. Conductivity of SBS-carbon black compos-
ites with the content of carbon black.
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Figure 4. (a) Dielectric constant and (b) conductivity
of SBS/carbon black/(Ba,Ti)(Ca,Sn)O; composites as a
function of frequency. The amount of carbon black is
constant to 8 vol% in all compositions.
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Figure 6. Conductivity of SBS/carbon black/SrTiO,
composites as a function of frequency.
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Figure 7. (a) Dielectric constant and (b) conductivity
of epoxy-carbon black composites with the content of
carbon black.
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Figure 9. Stress at maximum strain for SBS at dif-
ferent temperature.
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Figure 11. Stress at maximum strain for SBS com-
posites for different content of filler.
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Figure 12. Recovery strain versus the number of cy-
cling of SBS composites for different content of filler.
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Figure 13. Feature of phantom-model simulating
human skull with shape memory characteristics by
using SBS composites.
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