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Abstract: The shear fatigue behavior of vulcanized natural rubber (NR) under constrained condition
was investigated by Gel Permeation Chromatography (GPC), Attentuated Total Reflectance-Fourier
Transform InfraRed (ATR-FTIR) spectroscopy, and Gas Chromatography-Mass Spectrometry ( GC-
MS).

one-dimensional compression load, and then oxygen aging occurred. At the same time, some of the

The results showed that in the shear fatigue process molecular chains were first broken under

low-molecular mass degradation products and free state fillers migrated and agglomerated at the stress
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concentration regions.
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Fig. 1 Illustration of the four-plate shear specimen
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Fig. 2 Photograph of the oily products from

vulcanized NR in the shear fatigue process
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Table 1 GPC test results of raw NR and oily

products in the fatigue test

Raw NR Oily product
M, 399577 17158
M., 827853 37530
M, 1367279 71826
M, 1986737 114320
M, 760389 33721
M,, /M, 2.07 2.18
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Fig. 4 FTIR test results of the oily

products and unfatigued NR
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Fz2 HBRYGC-MSARER
Table 2 The results of oily products in GC-MS test

Peaks Retention time/min Compound Ton current density/ %
1 3.495 Toluene 0.06
2 5.676 2-Hexene,2,5,5-trimethyl- 0. 04
3 6.758 5.9-Dodecadien-2-one, 6, 10-dimethyl-, (E,E))- 0. 06
4 7.758 Cyclohexanone 0.09
5 8.303 9-Octadecene 0. 05
6 8.991 Butane, 1, 1-oxybis[ 3-methyl- 0. 10
7 10. 607 Isopropoxycarbamic acid,ethyl ester 0. 87
8 13.586 Naphthalene 0.16
9 14.234 Benzothiazole 0.28
10 14. 815 Dodecane, 4 ,6-dimethyl- 0.33
11 15. 191 Dodecane 0.24
12 16. 584 Tridecane 0. 36
13 17.733 Pentadecane 0.76
14 17. 888 Hexadecane 0.49
15 18. 305 Heptadecane 1.14
16 19.121 Octadecane 0.47
17 20. 281 Nonadecane 1.61
18 20.769 Heneicasane 1.77
19 22.553 Docosane 2.21
20 23.054 Pentadecanoic 5.93
21 24. 607 Tetracosane 1.49
22 24.981 Octadecanoic acid 4. 86
23 25.970 Acetic acid,ocatadecyl ester 0. 40
24 26. 319 2,8-Phenazinediamine 2.24
25 29.699 1,2-Benzenedicarboxylicacid, mono-(2-ethylhexyl) ester 22.5
26 33.399 9-Octadecenamide 2.95
27 35.309 Benzenamine, 4-octyl-N-(4-octylphenyl) - 35.05
28 35.557 Benzenepropanoic acid,3,5-bis (1,1-dimethylethyl)-4-hydroxy-.octadecyl ester 7.69
29 37.577 Phenol, 2, 2-methylenebis[ 6-(1,1-dimethylethyl)-4-methyl 2.73
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