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Abstract
Doo-ngam, N.!, Rattanadecho, P.! and Klinklai, W.?
Microwave pre-heating of natural rubber using a rectangular wave guide

(MODE: TE, )
Songklanakarin J. Sci. Technol., 2007, 29(6) : 1599-1608

This paper presents an application of microwave radiation for pre-heating of natural rubber-
compounding with various sulphur contents. The natural rubber-compounding was pre-heated by micro-
wave radiation using a rectangular wave guide system (MODE: TE ) operating at frequency of 2.45 GHz
in which the power can vary from 0 to 1500 W. In the present work the influence of power input, sample
thickness, and sulphur content were examined after applying microwave radiation to the rubber samples.
Results are discussed regarding the thermal properties, 3-D network, dielectric properties and chemical
structures. From the result, firstly, it was found that microwave radiation can be applied to pre-heating
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natural rubber-compounding before the vulcanization process. Secondly, microwave radiation wag ve
useful for pre-heating natural rubber-compounding that has a thickness greater than Smm. Thirdly, Cross.
linking in natural rubber-compounding may occurs after pre-heating by microwave radiation though
Fourier Transform Infrared Spectroscopy(FTIR). Finally, there a little effect of sulphur content on temper.
ature profiles after applying microwave radiation to the natural rubber-compounding. Moreover, naturg]
rubber-compounding without carbon black showed a lower heat absorption compared with natural rubber.
compounding filled carbon black. This is due to the difference in dielectric loss factor. This preliminary
result will be useful information in terms of microwave radiation for pre-heating natural rubber-compoung.
ing and rubber processing in industry.

ry

Key words : microwave pre-heating, natural rubber-compounding, rectangular wave guide
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Table 1. Admixture of natural rubber-compounding (unit : phr)

Raw material

Formulal Formula2 Formula3 Formulad4

STR 20 100
ZnO 5.0
Stearic acid 1.0
MBTS 0.8
DPG 0.2
Sulphur 1.5
Carbon black 10

100 100 100
5.0 5.0 50
1.0 1.0 1.0
0.8 0.8 0.8
0.2 0.2 0.2
2.0 25 3.0
10 10 10

Note: phr (part per hundred part from rubber by dry weight)
MBTS (Dibenzothiazyl disulphide)

DPG (Diphenyl guanidine)
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Table 2. Dielectric properties
Raw material Relative Dielectric Loss tangent  Penetration depth
dielectric loss factor (€”)  coefficient (tand) (cm.)
constant(g’)

NR®-01©@ 2.043 0.000002 0.000001 27
NR-02 2.161 0.000004 0.000002 25
NR-03 2.017 0.000009 0.000004 27
NR-04 2.272 0.000004 0.000002 24
NRC®-01 3.790 0.007 0.002 16
NRC-02 3.330 0.006 0.002 18
NRC-03 3.375 0.011 0.003 18
NRC-04 3.269 0.009 0.003 18

Note: (a) Natural rubber-compounding without carbon black
(b) Natural rubber-compounding with carbon black

(c) Amount of sulphur (phr)

£, Ao free space permittivity (F/m)

8: fio relative permittivity (F/m)

tand f1o loss tangent coefficient
E  fo anuduanyliih (V/m)
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