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ABSTRACT : EPDM(Ethylene-propylene-diene-terpolymer) compound reinforced with carbon black having four different
particle size, acetylene black(thermal conductivity carbon black), and silica were manufactured by internal mix and open
mill. To investigate the effect of particle size of filler and filler type on far-infrared vulcanization, intermal temperature
of compound, degree of curing, infrared spectroscopy, and thermal analysis were measured. The thermal conductivity of
far-infrared vulcanized EPDM compound increased with increasing particle size of carbon filler, but hot air vulcanized
EPDM compound is not affected by particle size. The thermal conductivity was increased in the order of carbon black<
silica < acetylene black(thermal conductivity carbon black).

Keywords : far-infrared vulcanization, EPDM, reinforcement, thermal conductivity, far-infrared absorbability
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Table 1. Classification of Continuous Vulcanization

. |Heat transfer ..
Classfiacation mass Characteristics

the oldest vulcanzation method

Hot air . - applicable for very thin walled
Lo Hot air .
vulcanization articles
- low energy efficiency
- heat of the dielectric loses
UHF Ultra high | - depending on reinforcement
vulcanization | frequency | - expensive vulcanization
equipment
- lower extrusion rate compared
LCM _ .
. Liquid bath to conventional processes
vulcanization

surface contamination
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Table 2. Specification of Reinforcing Filler
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Table 3. Formulation of EPDM Compounds

Component |EPDM |Filler| ZnO |St/A|P-3| S8 | TT | M

Composition
[phr]

100 | 80 5 1 |50 1 1.5 1

N
Tlok
2

Y HI-E Table 39] wlige] wheba QIE)E A
(Moriyama Co., Model D3-10 Dispersion mixer, 2.0L)°{|4] 104
P EFOHE 25 120 T)3k] CMBE Alxetal 2 U
(Yasuda Seiki Co., Model 191-TM, 6")°llA] 5&37F & 3ta}od
FMBE #|x313ith

Type Code Particle size (nm) | Nitrogen adsorption (mz/g) DBP adsorption numer (cc/100g)
ISAF(N220) 20-25 115 114
Furnace black HAF(N330) 26~30 79 102
FEF(N550) 40~48 41 122
SRF(N774) 61~100 29 72
Acetylene black A-black 30~40 69 190
Precipitated silica Z-175 15~20 150-200 250~310
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Figure 1. Schematic diagram of vulcanization equipment.
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Figure 2. Temperature dependency of far-infrared emission power.
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Figure 3. Temperature of EPDM compounds with various carbon black by different vulcanization method(thickness: 1mm) at 250 C.
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Table 4. Analytical Data Based on DSC Thermogram of Unvul-
canized and Vulcanized® EPDM Compound with Various Carbon
Blacks(80phr) by Different Vulcanization Method

Code ISAF | HAF | FEF SRF
AH, (J/g) 1263 | 1.196 | 1.149 | 1.030

Far-infrared
AH | vulcanization

/g Hot air
vulcanization

0.40 0.35 0.33 0.28

0.78 0.73 0.71 0.63

* thickness: 3 mm; vulcanization condition: 250 Cx3 min
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Figure 4. DSC thermograms of unvulcanized EPDM compound
with various carbon black(80 phr) under No.
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Figure 5. Degree of curing of EPDM compounds with various
carbon black(80 phr) by different vulcanization method(thickness:
3 mm; vulcanization condition: 250 Cx3 min).
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Table 5. Analytical Data Based on DSC Thermogram of Unvul-
canized and Vulcanized®* EPDM Compound with Various
Reinforcing Fillers(80phr) by Different Vulcanization Method

Code FEF A-black Z-175
AH, (J/g) 1.149 0.923 1.117
Far-infrared 0.33 0.16 0.22
AH | vulcanization
J/ i
(Vg) | Hot air 0.71 0.55 0.69
vulcanization

* thickness: 3 mm; vulcanization condition: 250 Cx3 min

I fari-infrared vulcanization
80 1 1 hot air vulcanization
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Degree of curing at 250°C(%)
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Figure 9. Degree of curing of EPDM compounds with various
reinforced filler(80 phr) by different vulcanization method(thick-
ness: 3 mm; vulcanization condition: 250 Cx3 min).
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Figure 10. Degree of curing vs. thermal conductivity of EPDM
compounds with various reinforced filler(80 phr) by far-infra-
red(thickness: 3 mm; vulcanization condition: 250 Cx3 min).
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Figure 11. FT-IR specta of unvulcanized EPDM compounds with
various reinforced filler(80 phr).
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