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ABSTRACT : Dielectric properties and shape memory characteristics of carbon black/dielec-
trics/crosslinked polyethylene (XLPE) composite for human phantom materials were investi-
gated. The complex dielectric constants of only carbon black filled XLPE composite were in-
creased with the content of carbon black and showed the frequency dependence decreased
with increasing frequency. The carbon black/dielectrics/ XLPE composite showed the com-
plex dielectric constant increasing with the amount of dielectrics at the constant concentra-
tion of carbon black. The decrease of dielectric constant with the frequency was also occurred
by the effect of carbon black. The dielectric constant and conductivity required for the phan-
tom material such as skull and brain at 600 MHz~2 GHz could be obtained by adjusting the
composition ratio of dielectric powder and carbon black. The XLPE composites simulating the
skull and brain showed the good shape recoverability even though the relative increase of the
residual strain was found in the thermomechanical cycling test by the addition of fillers. The
solution to minimize the effect of air gap between a specific absorption rate measurement-
access probe and a probe hole on the phantom model would be proposed in this study.

Keywords: phantom model, carbor black/dielectrics/XLPE composite, complex dielectric con-
stant, shape memory, thermomechanical cycling test.
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vhEAlgo) 753 WY 2924 crosslinked poly-
ethylene (XLPE) & 7142 A&y o, olFF2
9ur| g Fobe dddlA BH 22 darH 4
A7 FAE ddgsE FEs] 8 279 /A
A Azt 22 4 FHEEAE A3 BRAEY &

2
belch £ HHEYE 2
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o BgARel W4 HE BN BARoRA B
719 WA RO B ek dloite] BAHE Az

Zbol
88 4 2t were Asgch
Al &

Hr{Z. Table 12 d&ol AgE AAEE Ye}
H ZAolrl. Crosslinked polyethylene (XLPE)+
low density polyethylene (LDPE, HY830, HAN-
WHA Chemical Co.)# 7}aAl91 dicumyl perox-
ide (DCP)& o] &-3t9 Az3tgdct. 130 fAde
SrTiO; (purity 99.9%, High Purity Chemical Co.
Ltd., Japan)$} (Ba, Ca)(Sn, Ti)O;& ALt}

- SrTiOz= 1380 CollA 3A1ZF F<t EXelsid A1

314}, (Ba, Ca)(Ti, Sn)0;x= BaTiO; (Ferro Co.,
Japan) ¢} CaSnQO; (CaCOj; : SnO,=1 : 1, purity 99.9

Polymer(Korea) Vol. 23, No. 5, September 1999



B3 71 43¢ e dAN¥EE$ XLPE 5@ 8] &4 54

%, High Purity Chemical Co. Ltd., Japan) &
0.88:0.12¢] Eu]2 WELALA Zr ballg o] &
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Table 1. Chemical Structure of Raw Materials

component structure

polyethylene low density

——CHsCH T
(PE) polyethylene O
CH,4 CH,4
crosslinking  dicumyl @ _([:_O_O_Cl_(o)
agent peroxide | |
CH, CH,
coupling 7YY o e, 0CH,CH,CH,SKOCH,)s
ent propyltrime-
e thoxysilane
sba wax CH,—<—<:H,—+;€—0—CH,—<—<':H,—>;CH,
0
wax
stearic acid CH’_(_CH’_)T‘?——OH
0
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Figure 1. Complex dielectric constants of XLPE as a
function of frequency. € and ¢ represent the real and
imaginary part of complex dielectric constant,
respectively.
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Figure 2. Complex dielectric constants of carbon
black/XLPE composite as a function of frequency
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Table 2. Melting Temperature of Pure XLPE and
Composites
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Figure 9. Stress-strain curves in thermomechanical
cycling tests; (a) XLPE at ep,,= 50%; (b) S-composition
at eya= 50%, and {c) D-composition at e,,,,=10%.
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Table 3. Tensile Modulus of Pure XLPE and Com-
posites at 130°C

component modulus (MPa)
XLPE 0.67
S-composition 091
D-composition 2.10
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Figure 11. Recovery strain versus the number of cy-
cling for XLPE, S-composition, and D-composition.
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