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Fig. 2 ATR-FTIR spectra of the NR vulcanizates with different kinds of antioxidants aged at 100°C

a) Without antioxidant; b) Sm( Il ) complex; ¢) Antioxidant MB; d) Antioxidant 4010NA
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Fig. 3 Absorbance ratio ( Ac=g/Acy, ) of the NR

vulcanizates with different kinds of antioxidants aged at
100°C for varying time

a) Without antioxidant; b) Sm ( III ) complex;
Antioxidant MB; d) Antioxidant 4010NA
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Fig. 4 TG-DTG curves of the NR vulcanizates with different

kinds antioxidants in air (A) and nitrogen (B)

a) Without antioxidant, air; b) Sm (III) complex, air; c)
Antioxidant MB, air; d) Antioxidant 4010NA , air; e) Without
antioxidant, nitrogen; f) Sm (III) complex, nitrogen; g)

Antioxidant MB, nitrogen; h) Antioxidant 4010NA, nitrogen
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Table 1 Thermal characteristics of the NR vulcanizates in nitrogen and air
Mass loss (% )
Antioxidants Medium T, (°C) 10 15 20 T (C)
T (C)

Without Air 312.0 286.8 306. 1 322.0 328.3 348.2

antioxidant nitrogen 348.9 295.0 335.3 348.2 356.0 377.0

. Air 336.6 295.0 313.7 324.7 335.1 360.6
Sm( Il ) complex .

nitrogen 349.5 306.4 338.1 350.2 357.4 377.0

L. Air 314.4 292.3 313.2 322.3 331.7 351.5
Antioxidant MB .

nitrogen 349.2 305.6 338.0 349.6 357.0 377.0

Antioxidant Air 328.0 292.9 313.0 323.7 331.0 355.1

4010NA nitrogen 351.8 290.4 338.9 351.4 359.5 380.9

T, : onset degradation temperature; T : DTG peak temperature
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Fig. 5 TG-DTG curves of the NR vulcanizates

a) Without antioxidant; b) Sm(III) complex
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Table 2 Apparent activation energy E for the NR vulcanizates by

Kissinger method

Antioxidants E (kJ-mol ™) InA r
Without antioxidant 80. 837 11.39 0. 9903
Sm( 1) complex 93.231 12. 46 0.9962
Antioxidant MB 85.283 11. 81 0.9925
Antioxidant 4010NA 87.818 11.96 0. 9962
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Table 3  Apparent activation energy for the NR vulcanizates as function of fractional mass loss ()

Without antioxidant

Sm( ) complex

Antioxidant MB Antioxidant 4010NA

o
E (kJ/mol) r E (kJ/mol) r E (kJ/mol) r E (kJ/mol) r

0.05 105.51 0.9940 110.91 0.9905 109. 54 0.9959 110.55 0.9929
0.075 115.75 0.9990 126.10 0.9924 120.48 0.9985 120.74 0.9945
0.10 114.44 0.9961 121.36 0.9922 119.61 0.9978 119.92 0.9991
0.125 113.59 0.9925 118.74 0.9987 117.74 0.9937 118.47 0.9995
0.15 111.88 0.9986 117.98 0.9915 112.80 0.9929 114.72 0.9969
0.175 114.76 0.9924 118.72 0.9914 116.21 0.9913 116.83 0.9947
0.20 118.80 0.9941 122.84 0.9957 120.39 0.9946 122.01 0.9916
0.30 120.42 0.9959 125.66 0.9913 122.52 0.9973 124.12 0.9990
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Fig. 6 Plots of apparent activation energy E versus fractional
mass loss
c)

a) Without antioxidant; b ) Sm ( I ) complex;
Antioxidant MB; d) Antioxidant 4010NA
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ANTIOXIDANT EFFECT OF SM( [ ) COMPLEX
WITH 2-MERCAPTOBENZIMIDAZOLE
IN NATURAL RUBBER VULCANIZATES

XIE Chan, JIA Zhixin, LUO Yuanfang, JIA Demin

(College of Materials Science and Engineering, South China University of Technology, Guangzhou 510640)

Abstract A novel kind of Sm( Il ) complex with 2-mercaptobenzimidazole was prepared. The antioxidative
properties and mechanism of the Sm( [l ) complex in the natural rubber (NR) vulcanizates was investigated
by attenuated total-reflectance Fourier transform infrared ( FTIR-ATR) spectroscopy and thermogravimetric
analysis. The thermo-oxidative stability of the NR vulcanizates was found to be improved markedly by the
addition of the Sm( Il ) complex. The FTIR-ATR results showed that the Sm( Il ) complex retarded aging and
allowed the oxidation products to increase more slowly. The Sm ( I ) complex had no effect on the thermal
decomposition of the NR vulcanizate, but it improved the thermo-oxidative stability significantly. The
antioxidant effect of the Sm( Ill ) complex was superior to that of antioxidant MB and antioxidant 4010NA. It
could be attributed to the thioether bonds which can decompose the hydroperoxide and the Sm( IIl ) ions which
can capture and inactivate the oxy radicals. The apparent thermo-oxidation activation energy ( E) of the NR
vulcanizates was calculated by the Kissinger and Flynn-Wall-Ozawa methods, respectively. The results showed
that the NR vulcanizate with the Sm( [l ) complex had higher thermo-oxidation activation energy than that of
the samples with antioxidant MB and antioxidant 4010NA.

Keywords Sm( Il ) complex, 2-Mercaptobenzimidazole, Natural rubber, Antioxidant, Mechanism, Kinetics





