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Abstract: The effects of fillers on the mechanical and thermal properties of glass/novolac
composites have been studied. The matrix polymer and reinforcement were novolac type
phenolic resin and milled glass fiber, respectively. Three different fillers, such as calcium
carbonate, aluminum oxide, and wood powder were used for glass fiber reinforced
plastic(GFRP) manufacture. Gravity, moisture content, tensile and flexural strength were
measured to analyze the mechanical properties of GFRP and the final composites was burned
in the electronic furnace at 1000°C to confirm thermal properties

GFRP containing aluminium oxide shows the highest thermal stability with 329 of weight
loss at 1000C for one hour. GFRP containing calcium carbonate shows the maximum flexural
strength (146 MPa), but that containing wood powder dose the highest tensile strength (65
MPa). Conclusively, we found that the characteristics of final composites strongly depend on
several factors, such as types of materials, contents and chemical affinity of fillers. Therefore,
it is very important to set up the combination of fillers for GFRP manufacturing to improve
both mechanical and thermal properties at the same time.
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Table 1. Specification of phenolic resin

Resin Appearance MP(T) Flow(mm) Gel Time(sec)
Light Yellow 81 3 52 (155C)
) Powder
Phenolite
1364 Moisture(%) Hexamine(%) 60(+)Mesh 200(-)Mesh
0.44 9 0 98.6
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Fig. 2. Schematic diagram of molding process.

Table 2. Molding conditions of glass/novolac composites prepared with various compositions of

phenolic resin and milled glass fiber

Sample No. Phenolic resin Glass fiber Calcium carbonate Carbon black
PM-1 830.3 g (41%) 303.8 g (15%)
PM-2 9315 g (46%) 2025 g (10%) 870.8 g (43%) 20.3 g (1%)
PM-3 1032.8 g (51%) 101.3 g (5%)

Table 3. Molding conditions of glass/novolac composites with various types of fillers.

Sample No. Calcium carbonate Wood powder Aluminum oxide
FI-1 425.3 g (21%) - -
FI-2 - 4253 g (21%) -
FI-3 - 4253 g (21%)

Phenolic resin : glass fiber = 587.3 g(29%) : 992.3 g (49%)
(added 1% carbon black)

Table 4. Molding conditions of glass/novolac composites prepared with various compositions of

wood powder and calcium carbonate

Sample No. Phenolic resin Glass fiber Calcium carbonate Wood powder
CW-1 324 g (16%) 101.3 g (5%)
CW-2 2228 g (11%) 2025 g (10%)

—X—————1 5873 29% 992.3 49%
CW-3 g (29%) g (49%) 1215 g (6%) 2025 g (15%)
CW-4 203 g (1%) 303.8 g (20%)

(added 1% carbon black)
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Table 5. Characteristics of glass/novolac composites prepared with various compositions of
phenolic resin and milled glass fiber

Sample Specific Moisture Flexural Tensile Strength
No. gravity content(%) Strength(MPa) (MPa)
PM-1 1.891 0.32 69.511 28.292
PM-2 1.707 0.32 77.294 12.840
PM-3 1.648 0.30 75.371 16.293
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Table. 6. Characteristics of glass/novolac composites with various types of fillers
Sample Specific Moisture Flexural Tensile
No. gravity content(%) Strength(MPa) Strength(MPa)
FI-1 1.964 0.8 146.102 66.803
FI-2 1.670 0.78 119.113 65.442
FI-3 2.023 0 135.216 49.620
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Table. 7. Characteristics of glass/novolac composites prepared with various compositions of

wood powder and calcium carbonate

Sample Specific Moisture Flexural Tensile

No. gravity content(%s) Strength(MPa) Strength(MPa)
CwW-1 1.851 0.36 94.118 37.724
CwW-2 1.891 0.38 112.018 66.655
CW-3 1.796 0.40 108.049 68.307
CW-4 1.750 0.64 119.113 65.442

_19_



T anbrusmel e
. [] b L] L 28 i)
— BR
w] & s
——f—— MIE¥
5 W » 4‘1
% P ’:‘;ﬁ
" iy
g e ?fj_;;’”’
e
— S

Fig. 3. Combustion results for glass/novolac

composites prepared with various

compositions of phenolic resin and
milled glass fiber.
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Fig. 4. TGA thermogram of glass/novolac
composites prepared with various
compositions of phenolic resin and
milled glass fiber.
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Fig. 5. Combustion  results of  phenolic

composites with various types of
fillers.
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Fig. 7. Combustion results of glass/novolac
composites prepared with various
compositions of wood powder and

calcium carbonate.
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Fig. 8. TGA thermograms of glass/novolac
composites prepared with various
compositions of wood powder and

calcium carbonate.
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