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Aging Characteristics and Mechanism of Nitrile Butadiene Rubber for Transformer Sealing in

Humid Environment
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Abstract: A large number of seals made of nitrile butadiene rubber (NBR) are used in power equipment to ensure the safe
and stable operation of equipment. In a hot and humid environment, the performance of seals is easy to deteriorate due to
aging, and shows different aging characteristics. In order to research the aging characteristics and mechanism of NBR,
NBR samples were selected to carry out the comparison tests of wet heat aging and hot air aging. The weight, compres-
sive permanent deformation and mechanical properties of the samples were measured during the aging process, and
samples were analyzed by Fourier transform infrared spectroscopy (FTIR), thermal analyzer and scanning electron mi-
croscope (SEM). The results show that the mechanical properties of NBR are significantly reduced after wet heat aging
and hot air aging, and the compression set of samples in the hot and humid environment is significantly higher. In hot air
aging, chain breaking and crosslinking of NBR are very active and eventually reach equilibrium. Different from the hot
air environment, the hot and humid environment is advantageous to the migration of additives such as antioxidant protec-
tion. In this process, NBR loses the protection of additives such as antioxidants, thus NBR is more easy to aging because
of cross-linking and oxidation, and permanent deformation is more likely to occur when it is affected by external stresses.
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Table 1 Basic parameters of NBR
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Table 2 Sample test settings of nitrile butadiene rubber
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Fig.1 The mass loss of NBR with aging time
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Fig.5 The elongation at break of NBR varies with aging time
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Table 3 Weight loss ratio of NBR and peak DTG temperature

under nitrogen atmosphere

LR 01/C /% 0:/C @2/%
KM 290.4 11.07 468.4 46.08
85°C, 4d 2913 11.02 468.4 4538
85°C, 8d 299.7 10.90 470.9 44.87
85°C, 12d 288.7 9.93 468.1 46.19
85°C, 16d 287.6 10.08 470.7 44.70
85°C, 20d 289.2 9.94 468.3 47.50
85°C, MIXHEE
R 2922 8.99 469.9 47.08
85%, 4d
85°C, MIXHEE
TR 290.0 8.50 469.3 48.40
85%, 8d
85°C, MIXHEE
TR 293.0 7.99 468.0 48.68
85%, 12d
85°C, MIXHEE
R 293.5 7.32 469.1 48.64
85%, 16d
85°C, MIXHEE
TR 292.5 7.51 468.5 48.11
85%, 20d

F 4 HAHE T NBR K HE A & DTG AR
Table 4 Weight loss ratio of NBR and peak DTG temperature

under oxygen atmosphere

LR 05/°C 3% 04/°C ®4/%
K2, 508.0 245 665.0 3535
85C, 4d 491.8 229 6322 35.68
85C, 8d 5023 2.89 6275 35.49
85°C, 12d 504.7 2.70 633.4 35.58
85°C, 16d 498 402 613.1 36.52
85°C, 20d 5013 333 600.4 36.29
85 °C, HAXTIRSE
R 5067 295 605.7 36.04
85%, 4d
85 °C, HAXTIRSE
R 5034 3.04 601.1 36.54
85%, 8d
85 °C, HAXTIRSE
R 4903 287 618.7 36.67
85%, 12d
85 °C, HAXTIRSE
R 5074 3.00 606.7 36.00
85%, 16d
85°C, i
XS 3.20 600.7 35.47
85%, 20d
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Table 5 Weight loss ratio of NBR in different weight

loss stages

2RSS /% (watw3)/%  @i%

KA 11.07 48.53 35.35

85°C, 4d 11.02 47.67 35.68

85°C, 8d 10.90 47.76 35.49

85°C, 12d 9.93 48.89 35.58

85°C, 16d 10.08 48.72 36.52

85°C, 20d 9.94 50.83 36.29

85 C, AHXHEAE 85%, 4d 8.99 50.03 36.04
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