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Abstract 

This paper presents an application of microwave energy 

for preheating of natural rubber-compounding with different 

amount of sulfur. The rubber was heated by microwave energy 

using rectangular wave guide system (MODE: TE10) operating 
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at frequency of 2.45 GHz which a power can vary from 0 to 

1500 W influence of The power input, sample thickness, 

heating time and components of the rubber samples on the 

thermal properties, 3-D network and chemical structures. Were 

clearly investigated. Furthermore, it was found that the pre-

heating of rubber by microwave energy can improve the cross-

linking better than he conventional methods. Different amount 

of sulfer does not effect to temperature profile. Natural rubber 

compound without carbon black (low dielectric loss factor) 

result in a lower heat absorption on comparison with case of fill 

carbon black (high dielectric loss factor). The results from this 

study can be applied for rubber vulcanization industries. 

Keyword: Microwave Pre-Heating, Rectangular Wave Guide, 

natural rubber-compounding 

1.

 100,000 

 [1]  

 (vulcanization) 

 3  (3-D network) 

crosslink 

 (vulcanizing or curing agents) 

 (conventional 

heating method) 

 (  0.3 - 300 

(GHz)  30 . - 0.3 .) 

 (Natural 

Rubber Vulcanization) 

(Dipoles)  (Interaction)  (Dipoles) 

 (Internal 

Heat Generation) 

[2]

[3]
[4]

 [5] 

 [6] 

 [7]

 (multi-mode) 

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

TSF010

1009 TSF010

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



 (single mode:10) 

2.

2.1 

 5  8  (C5H8)

 (isoprene) 

 cis- 1, 4  Configuration  

 1[8] 

 1 

polyisoprene  

 Hevea

 (Guayule) 

 2 

[8]

 1 

                [8] 

 (phr) 

 (  2 ) (rubber) 100 

 (sulphur) 2.5-3.5 

 (activator) 1-5 

 (accelerator) 0.5-2.0 

 (filler) ( )

 (plasticizer, peptizer) 5-10 

 (antidegradant) 1-2 

 2 

2.2 

2.2.1 

2.2.2 

 (Density of Microwave Power 

Absorbed, Q (W/m3)) 

 [2] 

 (1)  [9] 

2
0

2
0 tan2 EfEQ rr     (1) 

Compounding design

Mixing

Sheeting on two-roll mill 

Forming 

Vulcanization

Finishing

The 20th Conference of Mechanical Engineering Network of Thailand 

Suranaree University of Technology 

ME NETT 20th

TSF010

1010 TSF010

18-20 October 2006 , Mandarin Golden Valley Hotel & Resort Khao Yai , Nakhon Ratchasima

School of Mechanical  Engineering , Suranaree University of Technology



E
f

Dielectric Constant 

0

permittivity  tan  Dielectric Loss Tangent 

Coefficient

 (1) 

, Dielectric Loss Tangent 

Coefficient  Dielectric 

Constant  Dielectric Loss Tangent Coefficient 

(Specific Heat)  (moisture content) 

3.

(STR 20)   (carbon black 

grade N330) 

 2  3 

1, 2, 3

 2      (  : phr) 

 1  2  3  4 

STR 20 100 100 100 100 
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NR-01 2.043 0.000002 0.000001 

NR-02 2.161 0.000004 0.000002 

NR-03 2.017 0.000009 0.000004 

NR-04 2.272 0.000004 0.000002 

NRC-01 3.790 0.007 0.002 

NRC-02 3.330 0.006 0.002 

NRC-03 3.375 0.011 0.003 

NRC-04 3.269 0.009 0.003 
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