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Abstract: The positive temperature coefficient (PTC) behavior observed in semiconductive polymer composites for
power-cable applications is closely associated with structural changes in the conductive network induced by temperature
increase. Previous studies have investigated PTC behavior through approaches such as hybrid filler systems, surface mod-
ification of conductive fillers, and crosslinking. However, a quantitative analysis that defines the stability of the con-
ductive network as a continuous material parameter and directly links it to the temperature-dependent behavior of volume
resistivity has not been sufficiently established. In this study, semiconductive composites based on ethylene—butyl acrylate
(EBA) were examined by measuring volume resistivity, storage modulus (G’), and loss factor (tan J) under identical tem-
perature conditions. The temperature dependence of the storage modulus was defined as an indicator reflecting structural
changes in the conductive network, while the tan § peak observed in the softening region was introduced as a sensitivity
parameter representing the nonlinear amplification of electrical response. The results confirm that rheological softening
and the rapid increase in volume resistivity occur within the same temperature range. Based on this correlation, an PTC—
VR model incorporating the volume resistivity at 30 °C (VR;p:c), the normalized storage modulus ratio, and tan & peak
as key variables is proposed. The proposed model extends the interpretation of electrical PTC behavior to a framework
that enables quantitative explanation and prediction through viscoelastic characteristics.

Keywords: semiconductive polymer composites, positive temperature coefficient, volume resistivity, storage modulus,
power cable materials, positive temperature coefficient-volume resistivity model.

"To whom correspondence should be addressed.
dhkim@sch.ac.kr, ORCID®0009-0007-5932-2943
©2026 The Polymer Society of Korea. All rights reserved.

535


https://orcid.org/0009-0007-5932-2943
https://orcid.org/0009-0007-5932-2943
https://orcid.org/0009-0007-5932-2943
https://orcid.org/0009-0007-5932-2943

536 At - ol -

M B

AT A1) FEE S5t tlR HolEE FEoR A
2 ask AR o 7kl W, 57 Qlzeel oy
Sut A AAHOR F0% /1% I TS Ytk 53]
223t (high voltage, HV) ¥ =379 (extra high voltage, EHV)
ReElo|Be] AHaol Z/lekaM , walsh 4eiE Alole) A
A BES ddstelal 7] A ARAS Sustr] gk vt
AFe] 92 vS FR8EAA ok 3%k A

© dukzo® tro] i AAE FEE o FoA
H3] FEepA] gt olH e =4 x| &

18,
2
o
il
lo

AHZT o2 283}, HHedES =2 poly(ethylene-co-butyl
acrylate) (EBA) = poly(ethylene-co-vinyl acetate) (EVA)S
7IHko. 2 &}, 50-70 phr <] A3 7ML (carbon
black, CByS F43st] A= WESAE FAstt.!?

Al &S M= B3RS 20 AAA e
HAojztEo), 2= Aso wE A H A M3}l = positive
temperature coefficient(PTC) 54J¢] F-Q35lt} AA| 48
St AlolEe] EAIE A 2 Al oF 90 °CollX 2=,
ek Bl oa AR7F Ao R Weke e A ke
AAZFo® A 130 )C7HA T = ATk o] A ollA
v vlEY 20| AR E(G)e] HAshar, 7HEEY Q)
7+ Bt A7t STkeld e AR7F ofshear, o A3t AlA
Ago] FA3] 25shs PTC ddo] Yehdt} s o]2f st A
AR e F7hs RiedFe] A ¢35} 7158 AsAA dA
Zoll A1 AA Hs A71H 2EHASE I o 9

oje} T2 Aol A7 AA 7HEHow whEE A,
AAZ Wil E2-271% 2EH 27} FAEo] A It
71597, A 913 (break down, BD)E ©]o]d 7FsAo] &
7¥it. &, PTC Aol A UYehe Wiex3e S714
S e aueks, A7) ¢t AelEe] e A
AsHAI = Stk Mt REExdSe] PTC AsS B840 R
ol alal dl&sh= A2 YAl EE LAl AA B A=A
HrtollA F25k Ao}

71Z2] PTC A% 7= ASTM D991¢] 7|9kt )| 2] 3}—
SE(VRT) A 2 el o)) giek, e o) e
30-130°C W19] =5 23 FAsloF sp, A=A %
% AJejo} £ Qs 240 et 34 WAL 2 0
Stk VRT A3 24 38 274 A3 43 el
FEFE W= W, DMA 7|9 H22 olHE A714 HE: W
ol YIS A ot B} M| AN =2 F7PH
7Fssith. B3k o]2lgh H AXAFS] 25 oFE A
A SAske o 2 B A= JESAY] 723 WelE

)
2o

a9

Zan, 45048 A45, 2026\

AFH o2 s|XskA] i}’

AYATEL S5 ] A28, Ff 394 /1 2 A
AA| S 7hardl] e EYA 74 &30 e 4 2 7]
SFEFA Qg Mo el M YIESA B3] 714
5 gkt 428 53 PTC A%52 A= YEYZ FelA
A8 gtk o] ATEL Ax YEYA Wyt PTC A%<
IS HAF o HESA S she] 43
4 AREE Bl o] & AFA Y 25 oE HEH F
HAo 2 AAS A Rdd F853] A=A &8ht).

B Aol xE AEAo] 88 EBA 7|¥h vl B ES
Ao ®, FHsH EAI(G, tan 0)2F A A Z A (VRge0)
< A3 PTC-VR 2EE A}, FU3 &% 271604
AAA T A BHES S50, A BHEG)Y] 25
o)lEE Iy 7F Hat 74 S E Ax AR 24 <
A W3E dkdele A% B4 ARE Fosi 2 1
g g A XA} DMA AHVEeZ AL RE 7.2 9
7HA2] VR(T) AsS d&5S 4= o, 71=29] VR-T A3 =
7 w2l vl a8 A a4 e AlFsi.

ME. 2 AFore dgA -8 W] EAlge] 7]
A]472] (base resin)Z ethylene-butyl acrylate(EBA) &5 %=
(BA 17 wt%, MFI 7.0 g/10 min)Z ARSI} AeA =4
A 2= furnace black type®] 7}LE-2(carbon black, CB)
40-70 phr& A3} ¢ 7F2Al = dicumyl peroxide(DCP)
£ 0, 1, 2phre] Al 7F4] S A8s150M, o= S
59| 7t P Mg MELA A mxlE 9T
H|wal7] 9ol

ME MZ. 2 AHe F Tl £d AL S8 Az
v 1=

A A GA A EBA®F CBE kneader mixer (5 L lab-
scaleyg ©|-8-3ld 130-140 °C2] 2% HH]olA <F 15 min &
QF 12} o2t oW kneader Wi 2%+= DCP9
foz Baj MALE(QF 120-125°C) Bl Tomg nu
7} (partial crosslinking)S WA|517] $1&l 12} & A
A= DCPE FY3HA e¥Slth. o|= EBA mlEg|2e] CBE
T3 EAT)3L, AeA) ES A 725 YAsR= A
ojt}. 12 T FA S 2HE o3 pellet 23+ EH <] A
58 ARSI

T iR DA = 12 E-olA] -2 EBA/CB pelletS
100 °CE FAE two-roll mixerell FY3F 3, DCPE A 7}35}
o 5min &<t 22} EHS FYSIATE 100 °C= DCP| &
3 A SERT FESE) e rolug o] Ao F
7R 7S AR WA S e PRI T 2
Zx71eth 8 5min®] ¥ A|7Hs<t DCP7 H3AE

rlo



Table 1. Sample Composition

Sample EBA CB DCP
C40D0 100 phr 40 phr 0 phr
C40D1 100 phr 40 phr 1 phr
C40D2 100 phr 40 phr 2 phr
C50D0 100 phr 50 phr 0 phr
C50D1 100 phr 50 phr 1 phr
C50D2 100 phr 50 phr 2 phr
C60D0 100 phr 60 phr 0 phr
C60D1 100 phr 60 phr 1 phr
C60D2 100 phr 60 phr 2 phr
C70D0 100 phr 70 phr 0 phr
C70D1 100 phr 70 phr 1 phr
C70D2 100 phr 70 phr 2 phr
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Figure 1. Volume resistivity vs. Temperature (PTC behavior).
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Figure 2. Storage Modulus (G') vs. Temperature.
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Figure 4. Comparison of Measured vs. Predicted VR (PTC-VR Model Validation).
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