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The mechanism of the deterioration process of an adhesive composed of nitrile rubber(NBR)
and epoxy resin is discussed based on the techniques of differential scanning calorimetry (DSC),
transmission electron microscope (TEM), FI-IR and GC. An accelerated test of the adhesive

was carried out at 120°C and 100% relative humidity.
adhesive was mainly due to degradation of the NBR domain.

It was found that the deterioration of the
The glass transition temperature

of the adhesive became lower and the staining ability of OsO4 for the NBR decreased with time.
The degradation of the NBR was accelerated by decrease in the antioxidant content during cur-

ing step of the adhesive.
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Fig. 1 TEM photographs of the adhesive, (a) before
the accelerated test and (b) after the accelerated test
for 300 h

The darkest field, gray field and the brightest field
indicate NBR rich domain stained with OsQs, epoxy
resin and void. After the accelerated test for 300 h,
NBR rich domain is shown lighter contrast than that
before the accelerated test.
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Fig. 2 DSC curves of the adhesive

The temperature indicated 7.

——: before the accelerated test; ----- : after the
accelerated test for 100 h; - . after the accelerated
test for 300 h

Table 1 T of the adhesives (Sample A) and epoxy
resin (Sample D) before and after the accel-

erated test

1,/C

Adhesive
(Sample A)

Epoxy resin
(Sample D)

Before the accelerated test 46.8 135.9
After the accelerated test for 100 h 41.7 147.0
After the accelerated test for 300 h 35.1 147.2
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Fig. 3 FT-IR spectra of the adhesive before and after
the accelerated test
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Fig. 4 FT-IR spectra of the thin film of NBR before
and after the accelerated test
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Table 2 The IR absorption intensity ratio of the
functional groups in the adhesive (Sample
A) before and afer the accelerated test

The IR absorption intensity ratio of each functional group to
that of phenyl group (Sample A)

>C=C{ Nitryl group Ester group
Before the accelerated 1.55 0.356 0.728
test
After the accelerated 1.47 0.300 0.658
test for 100 h
After the acceleated 1.44 0.261 0.572

test for 300 h

The reference IR absorption intensity is phenyl group.

Table 3 The IR absorption intensity ratio of the
functional groups in the thin film of NBR
(Sample C) before and after the accelerated

test

The IR absorption intensity ratio of each functional group to
that of methylene group (Sample C)

Nitryl group

>c=c<
Before the accelerated test 1.11 0.436
After the accelerated test for 100 h 0.729 0.321
After the acceleated test for 300 h 0.686 0.170

The reference IR absorption intensity is methylene group.
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Fig. 5 GC/FT-IR chromatogram of the extract from
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The peak 1 and 2 show antioxidants(2,4-di-tert-butyl-

phenol and 2,4,6-tri-tert-butylphenol). ®
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Fig. 7 Relationship between curing time at 100C
and proportion of the residual antioxidant in compari-
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(a): 2,4-di-tert-butylphenol; (b): 2,4,6-tri-teri-butyl-
phenol; O: adhesive (Sample A); &: conglomerate of
NBR (Sample B); [1: thin film of NBR (Sample C)
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