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Abstract: In the present study, the effect of milled glass powder and liquid-type nitrile rubber (NBR) on the
thermal stability of phenolic resin and the dynamic mechanical properties of glass braid/phenolic composites
has been investigated by means of thermogravimetric analysis and dynamical mechanical analysis. It was found
that both milled glass power and NBR filled in the waterborne phenolic resin significantly influenced the ther-
mal stability of phenolic resins and the storage modulus and tan delta of the composites. The presence of glass
powder increased the thermal stability of the phenolic resin, whereas the presence of NBR resulted in the
weight loss in the specific temperature range. The thermal stability of the phenolic resins without and with
the fillers was dependent not only on the cure temperature but also on the cure time. The variation of the
storage modulus and tan J of strip-type glass braid/phenolic composites was also influenced with the in-
troduction of glass powder and NBR to the phenolic matrix as well as by the cure conditions given.
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Table 1. Typical characteristics of phenolic resin used in
this work

Charicteristics Phenol-formaldehyde

Resin Type Resol
Non-Volatiles, % T4~78
Viscosity, cps 800-1600
pH 7.0~8.0
Water, % 12~14
Flash Point, °C > 93
Storage Life at 25°C 30 days
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A E: A3eE 90, 100, 110, 120 2 150°C; 73 3}AI17F
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Figure 1. A comparison of the thermal stabilities measured

for uncured and cured phenolic resins showing cure time

effect.
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Figure 2. A comparison of the thermal stabilities measured
for phenolic resin filled with milled glass powder resins un-
cured and cured for 30 min at various temperatures.
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Figure 3. TGA thermograms of (phenolic + glass powder)
resins without and with NBR.
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Figure 7. Variation of the storage modulus of glass braid/
(phenolic + glass powder) composites cured for 30 min at
various temperatures. The ratio of glass braid to mixed phe-
nolic resin is 1 (50 : 50% by weight).
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Figure 9. Variation of the storage modulus of glass braid/
(phenolic + glass powder + NBR) composites cured for
30 min at various temperatures. The ratio of glass braid to
mixed phenolic resin is 1 (50 : 50% by weight).
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Figure 10. Variations of the tan & of glass braid/(phenolic

+ glass powder + NBR) composites cured for 30 min at
various temperatures.

110°Coll A A3t EJdAsRY o, ds2=r}
E=TE 160°C ol AFedES] W} Fo] A
Aoz Attt 60 73tk AE 307 gk A
Bl d ), 160°C o] Al log B’ Fke] Ws} & =
A FlEHA ZHLE 110~130°C Ale]ollA HAH
S Zte Y3 BAFdy 2% 160~380°C At
ole] 2o AFEPE Y= 60 X A
sHgk 7397k 309 B8 Af-E v A Y
o 28y 90°CellX AslE ol A glass braid/
@lEFA + FEEL + NBR) B3AFe AgeA
E ol glass braid/(H=FA + fFEED) SAAE
Hoh ofzt vre Zlow EIFAY. ol FA ud
L3 NBRO] 2~ER FElo] ERAEY FAH F

o

3L

b

Journal of Adhesion and Interface Vol.8, No.4, 2007

Glass Braid/¥=5%] H@ARS] 5982 457 21

12.0

10T

0 100 200 300 400 500
Temperature (°C)

Figure 11. Variation of the storage modulus of glass braid/
(phenolic + glass powder + NBR) composites cured for
60 min at various temperatures.
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Figure 12. Variation of the tan ¢ of glass braid/(phenolic

+ glass powder + NBR) composites cured for 60 min at
various temperatures.
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