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A study on carbon composite fabrication using injection/compression molding
and insert-over molding
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Abstract: In this study, forming of carbon composite parts was performed using an injection/compression molding process.
An impregnation of matrix is determined by ability of wet and flow rate between the matrix and reinforcement. The flow
rate of matrix passing through the reinforcements is a function of permeability of reinforcement, a viscosity of matrix and
pressure gradient on molding, and the viscosity of the matrix depends on the mold temperature, molding pressure and
shear strain of matrix. Therefore, compression molding experiment was conducted using a heating mold in order to
confirm the possibility of matrix impregnation. The impregnation of the matrix through the porosities between the woven
yarns was confirmed by the cross-sectional SEM image of compression molded parts. An injection molding process was
also performed at a short cycle time, high molding pressure and low mold temperature than those of compression
experiment conditions. Deterioration of impregnation on the surface of molded parts were caused by these injection
conditions and it could be the reason of decreasing the maximum tensile strength. In order to improve impregnation of
matrix on the surface, injection/compression molding and insert-over molding were applied. As a result of applying
injection/compression molding and insert-over molding, it was shown that the improvement of impregnation on the surface
and the maximum tensile strength was increased about 2.8 times than the virgin matrix.
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Fig. 1 Schematic of compression molding(CM) process

Table 1 Properties of carbon fabric

Model CF 3327
Type of yarn CARBON 3K
Specific weight (g/m?) 208 + 12
Density (count/in) 13
Thickness (mm) 0.27 + 0.05
Average area of porosities (mm?) 0.25
Weave type Plain
Table 2 Properties of matrix (PP)
Characteristics Test method | Value
Density (g/cm3) ASTM DI1505| 0.9
MFR (250C, 2.16kg) (¢/10min) |ASTM D1238| 70
Tensile strength at yield (MPa) | ASTM D638 26

Fig. 2 Cross sectional SEM image of compression molded
carbon composites
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Table 3 Comparison of the tensile test results of injection and
compression molded carbon composites' ™

‘ Fiber volume| Maximum tensile
o Wz fraction strength (MPa) SIDBY
Virgin resin 0.000 2841 1.40
rabe TP Sample 1 0.256 84.60 3.09
s Sample 2 0367 144.65 271
] @ Sample 3 0.480 179.27 0.60
o Sample 4 (IM) 0322 35.16 2.10
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Fig. 3 Schematic of injection molding process : (a) Injection
molding(IM), (b) Injection compression molding(ICM), (c)
. Insert-over molding(IOM) 0o /
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Fig. 5 Comparison of the stress-strain curve of injection

molded and compress molded carbon composites'' @
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Fig. 6 Pictures of samples made by different process : (a)
Virgin matrix, (b) Injection molding(IM), (c) Insert-over
molding(IOM)

Fig. 7 Cross section and surface SEM image of insert-over
molded carbon composites

m";}"r/]

&3z oﬂ /Ké

=49 Ao

(ICM : Injection
compression molding) ,:H:XHE A2k
AT AEAE B
17

'-n-ﬁﬂ:

2

o

J[Nt

—1—'0_‘_,

—_

4% APOE

(

ar
A
ox

o,

bt

o 2 do ml L |M o O (M
)
e
< n&n
ot 30 ox fo O

o 0
=) m?“ 0_;‘4
ot
il

N

N

M 32,
o}ﬂ—‘.—.r—(loir—?{—"

0.3459] A+ A= &
7@% Xqﬁ.g}o:] A1E
=+ oF 54.16 MPa©]
Muﬂ AME oHE
A AP E== oF
om}. Ak A/
1_}\1‘—‘ —-

N

L

2

o,

o, oft
0?‘~

nﬁo o
[o

To 1

.33494 A AA R

fﬂﬁ([o

S

14

ot J olt H ot o o

Table 4 Comparison of the tensile test results of injection/
compression molding and insert-over molded carbon

composites
Fiber volume | Maximum tensile
WD fraction strength(MPa) S
Virgin resin 0.000 2841 1.40
Sample 4 0.345 54.16 0.70
Sample 5
(over molding) 0.334 79.90 0.59
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%004

Tensile stress(MPa)

200~

0.0
0.00

0.2)2 0.2)3 0.;)4 0.65
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8 Comparison of the he stress-strain curve of injection

Jcompression molding and insert-over molded carbon

composites
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