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Abstract: Recently, microwaves have been used for desulfurization because they can selectively dissociate C—S and S—
S bonds present in vulcanized rubber. In this study, we investigated the changes in structural and physical properties of
EPDM (Ethylene propylene diene monomer) rubber by irradiating it with microwaves for different durations. The surface
chemical composition of the irradiated EPDM rubber was analyzed by FT-IR, XPS, and EDS analyses. It was confirmed
by XPS that C—S and S-S S2p peak heights greatly decreased when microwave irradiation was performed for more than
5 min. In the EPDM sample irradiated with microwaves for 10 min, the number of S—O bonds significantly increased owing
to oxidation. As the microwave irradiation time was increased, SEM images showed cracks and voids on the EPDM surface.
The 20% decomposition temperature of the EPDM rubber sample was investigated by TGA, and it was found to be about
435.23°C for the EPDM rubber irradiated for 10 min. The crosslinking density of the EPDM rubber was determined by
measuring the degree of swelling, and the highest value was observed for the E5 sample irradiated for 5 min. The degree
of swelling of the E10 sample irradiated for 10 min was lower than that of the E5 sample. These results indicate that when
irradiated with microwaves for more than a certain time, desulfurization occurs and the side chain of the EPDM rubber dis-
sociates and forms additional crosslinking bonds.

Keywords: rubbers, ethylene propylene diene monomer, microwave-processing, swelling, crosslinking density, thermal
properties, XPS
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Experimental
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Table 1. Material Composition of EPDM Rubber

Component Weight (phr)
EPDM 100
Carbon Black 90
Paraffinic oil 50
Zinc Oxide 4
Stearic acid
Sulfur 1.2
CBS 2
TMTD

Table 2. Basic Properties of EPDM Rubbers Samples

Thickness Irradiation time Power output

Sample 1D Size

EO unirradiated
E3 3 min
10x40 ) m _ 700 W
ES mm~ 5 min
E10 10 min
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Figure 1. ATR-FTIR spectra of EPDM rubbers before and after
microwave irradiation.

Table 3. Atomic Composition Ratio (%) of the EPDM Rubber
according to Treated Microwave for Different Time

Cis Oy, Sop
EO 80.93 11.98 1.67
E3 82.76 11.78 1.31
ES 87.97 13.91 0.21
E10 88.91 17.58 0.05
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Figure 2. XPS spectra, S2p level of EPDM rubbers before and after microwave irradiation: (a) unirradiated, (b) irradiated for 3 min, (c)

irradiated for 5 min, (d) irradiated for 10 min.

(d)

Figure 3. SEM images of EPDM rubbers before and after microwave irradiation: (a) unirradiated, (b) irradiated for 3 min, (c) irradiated

for 5 min, (d) irradiated for 10 min.
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Table 4. EDS Results on the EPDM Surface Before and After
Microwave Irradiation

Element  Carbon (%) Oxygen (%) Sulfur (%) Calcuim (%)
EO 87.65 4.99 1.11 1.46
E3 86.23 9.35 3.57 0.85
E5 77.12 5.50 15.06 1.96
E10 66.12 3.66 28.73 1.49
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Figure 4. Swelling ratio of EPDM rubbers before and after
microwave irradiation.

Table 5. Swelling Ratio of EPDM Rubber Before and After
Microwave Irradiation

EO E3 ES E10
343.76 432.35 443.11 391.91
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Figure 5. TGA curves of EPDM Rubbers before and after

microwave irradiation: (a) unirradiated, (b) irradiated for 3 min, (c)
irradiated for 5 min, (d) irradiated for 10 min.

Table 6. TGA Results of EPDM Rubber Before and After
Microwave Irradiation

EO E3 E5 E10
- .
20% Thermal degredation 45 ¢ 371 09 36384 43523
temperature (C)
Residue (%) 325 32 315 43.4
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Figure 6. Tensile strength of EPDM rubbers before and after
microwave irradiation.
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Figure 7. Elongation at break of EPDM rubbers before and after
microwave irradiation.
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Figure 8. Young’s Modulus of EPDM rubbers before and after
microwave irradiation.
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Conclusions
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