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Abstract : The effect of various material parameters on PTC phenomena was studied for the
composite systems of PE and carbon black in the temperature range of 20°C and 180°C. The
PTC characteristics were affected more or less by material parameters such as carbon black
content, polymer composition and its network formation by crosslinking reaction, and the in-
terfacial condition between polymer and carbon black. It was observed that PTC phenomena
can be obtained in the lower temperature region by the addition of low molecular weight spe-
cies such as PE wazx, and carnauba wax, EVA. For the better reproducibility in the PTC phe-
nomena the crosslinking reaction of polymers by electron beam irradiation was more effec-
tive than the surface treatment of carbon black by coupling agents such as silanes and tita-
nates.
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Fig. 1. Sample part of the PTC thermistor.

Polymer{(Korea) Vol. 19, No. 6, November 1995



7ta 2 AR wE HDPE/7IRE 2d B389 PTC &4

A3)elM o T)e ¥l op e sMa o
Hogye BME 4 gla 10CHY BAMIZALE &
o] A4S sior gtk YR o AJHLE 29
Aeoleg X= Lol dT/dx=00]1, AIF2%
Aen goug x=00]4 T=Toolth o] F
AoZRE A (1)& Runge-Kutta®] o2
o 2 HERH A (2)9 (3)& ol &t

%]
v

Alge] Ful. o2t (A AERs (F)UHTH
glofA Az 2zaefe] HDPEE AH&sHGIT:.
AR FHAZ H71% 712 B9 E 42 Ketjen
Co.9] Ketjen blackg& A}-83lgd o HDPES} &
7] Hell 80°C AFL oA 48A17H5<t -
Al FEE AASIATE AMES A9 FHE B
o] 242 Table 17} Table 201 UeRASiTH.

HDPE¢} 72 Edleo] RidE F4AIFI
PTC34el Yehte 25495 Hsl7] S8 A
Brigke] 41 Zojolgal ¢ (PE wax), car-
nauba €42} ethylene vinyl acetate (EVA)&
7 AgStE o, APATAEA silaned A-
1120 ( y-aminopropyltrimethoxy-silane,  Uni-
on Carbide Co.)&} titanaterd] KR338X (Union
Carbide Co.)& z+z} AL

A)He MZE, HDPES} 712 B3-S YA FAIH]
2 B3y § YRS o] &38led 647 51k 714
Hoz EHAATE oy 24 FAE 2late] At

)

g
=
2}
]

Table 2. General Properties of Ketjen Black
(Ketjen co. Japan)

Properties Ketjen black
Grade EC
DBP absorption(ml/100g) 360
particle size (gan) 30
Surface area BET(m?/g) 800
Ash (%) 0.1
Moisture( %) 0.5
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Table 1. General Properties of Sample Resins

HDPE PE wax Carnauba wax EVA
Grade Daehan Yuwha E 308 Sasol wax H1 2442 J 102
Density(g/cm?) 0.964 0.94 0.92 0.93
Melting point(C) 138 84~108 83~87 104~112

Eolof 41979 A6% 19959 114

791



e
£
2

Fig. 2. Schematic diagram for PTC measuring
system (a : counter electrode, b : sample, ¢ : measuring
electrode, d : guard ring, e : oven, f : DC power supply,
g . ammeter).

i k-
|
: . - - . - . . l‘———_
f _’\
77\,
electrode scale bar electrode

temperature measuring point

Fig. 3. Construction of temperature measuring sup-
porter.
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Fig. 4. PTC curves for various carbon black content
in HDPE.
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Fig. 5. PTC curve with low molecular weight additive
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Fig. 11olli= A28 zAlge] wpa PTCEA9)
o] ueht 2ledl 5, 8, 10 MRad& 2713}
et Bl AFsls ozl dabe] JeRy glug]
°l& HDPEQ 7lw%v} Z7}st7) ufRolabn
AtE ¥}

Fig. 12& Ax47145718 o] 88 7la
B HPE NG Aot 2o Y

& gt

o o
2

Y
ne

g

55| silaneo] } titantate #d 2 §HA)
HDPE/7H2 &# AdAels 7jAs Hoy
& TEH IS By

Fig. 13 HDPE/7}& 2# 30 wt%
10 MRad & ZAKH AJWe] 3
I ARZE YERR Aot}
20, 40, 50, 70VE 7}%%
AR Al dbgho] & Yz
AR Aol Iﬂra} AR
< PTCEAo] Y=

Fig. 14+ Fig. 139) A~Dg) pointel] o3}
o Y3 2ol BULERTE YEhH Ao)
olgdeg FHe Hu2rE Axl

HE U mo ot

v}

RO ! ?> o
Brorr
»

o
rir

r:i - r-?L'
flo o
e
T of
Q{J
R4
30
v

N
~

N

795



180 —u—{P1st
e ~—&~— DOWN1st
—4A-—UP2nd

|
!
160 - Y= D?V/N?ﬂd !
—— P
—~— OCWN2rg |
T
140
c
Q@
€ 120 =
=
g
=
] 100
b Lo
b b
E b
20 - -~
2 v
E} v
ey -
[} o] -
S 65 - ,‘$::
vkn
40 sefen
#2",’..’
oo
ety
20 — = PR ’v. u }

r—t——g—g-e=peyal” |
L p=—p——p=——gp=p-1-tfi [‘
Q

T T T I
122 140 150 180 200

T T T T T T
o 20 49 50 30 1CC

Temperature(°C)

Fig. 12. Reproducibility curves with electron beam ra-
diation (10 MRad).

Measured

Calcuiated

Current (mA)

] 0 100
Veitage(V)

Fig. 13. V-1 characteristics By experiment and calcu-
lation.

Epjo} @itk 28U Ad 2 253 ‘°ﬂ ERES
A7e) mofo) AThFoltitE

796

200

Temperature(°C)

Cistance{cm)

Fig. 14. Temperature distribution of each point (A-
D) in Fig. 13.

w27 97) wlPolein AL E).

2 2

1. A71" Ad#¢l HDPE7} A7)AEAL g
A He dAIZHETe 7HE E¥9 T 30wt
% ©1 Tt

2. HDPERT} @& &4 25 & Zh= carnauba
¢, PE ¢~, EVAS} 22 A& }"at 28 3

7kt 100°C el A7|xFe] aF o= F7}
8l crest pointE JERJ o™ 1%«] Fe =
Asle] A2y GelAle) PTCHEAS 28 5 U9

=

3. HDPE/7H2 £ =8 E <2/328&
gHEsty A7 T W A@A ] 2 e
A ggtomz o9 sAE S5t MR A
o AARAAY L F 7 BYPE ARSI
A 24}, silaneA], titanateAd) £MZ F&

Polymer(Korea) Vol. 19, No. 6, November 1995



7ha 9 AWxze] ug HDPE/7HE 2d By g9 PTC §4

@4 & FeERAAUT

4. HDPE/7}2 2& Xx1o] Aoz =3
SEEFHY o|2AA LEEFEO] B AXF
FEA3IYT}. o] ZXRE| AR LERFO| o
o] 7bsdted Az HASY §& FYAM F&

BE 4e + Utk

o v o ok

}

r

2 EHE

1. M. Narkis, A. Ram, and F. Flashner, Polym.
Eng. and Sci., 18(8), 649 (1978).

2. M. Narkis, A. Ram, and F. flashner, J. Appl.
Polym. Sci., 22, 63 (1978).

3. Kazuyuki Ohe and Yoshihide Naito, Japanese J.

Appl. Phys., 10(1), 99 (1971).

. J. Meyer, Polym. Eng. Sci., 13, 462 (1973).

. J. Meyer, Polym. Eng. Sci., 14, 706 (1973).

6. M. Narkis, A. Ram, and F. flashner, J. Appl.

(S

E2i0f A 199 A6% 19953 11¢

Polym. Sci., in press.

7. E. Vernet, U. S. Patent 2, 978, 665 14/4/61.

10.

11.
12.

13.

14.

15.

. B. Wargotz and W. M. Alvino, Polym. Eng. Sci.,

7,63 (1967).

. K. Ohkita and N. Tsubokawa, Carbon, 10(5),

631 (1972).

TARAR, “H-3 25 EFZOEM", p. 3, B LE
$rint, 1972.

J. Meyer, Polym. Eng. Sci., 13, 462 (1973).

W. M. Hess, R. A. Swor, and E. J. Micek, Rub
ber Chem. and Tech., 57, 959 (1968).

, A4, wrdd, Polymer (Korea), 17(2),
128 (1993).

M. Narkis and A. V. Tobolsky, J. Appl. Polym.
Sci., 13, 2257 (1969).

M. Narkis, A. Ram, and Z. Stein, Polym. Eng.
and Sct., 21(16), 1049 (1981).

2e

797



