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Received_May 30, 2016 Abstract In this study, carbon/phenol composites were prepared from carbon fiber pre-
Revised June 20, 2016 form and phenol resin by RTM(resin transfer molding) process. And changes in the prop-
Accepted_September 12, 2016  grtjeg of the composite according to the pre-treatment of phenol resin was mainly studied.
RTM process conditions were deduced from viscosity and thermal analysis of phenol resin
which were rheometer and thermogravimetric analyzer(TGA). RTM process was per-
formed under various injection and molding temperature. Characterization of the prepared
C/P composites were evaluated by various analysis. Morphology of composites was ana-
lyzed by Micro-CT(MCT), Mechanical properties of composites were measured through
the flexural properties. As results, volatile impurities of phenol resin were effectively re-
moved at resin pre-treatment temperature of 100°C and composite was sufficiently cured

TCF 28-4/2016-12/239-245 at molding temperature of 180°C.
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Figure 1. Schematics of carbon preform design.
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Figure 2. Schematics of RTM process.
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a 3PL/2bh2 ....................................... (1)

a . flexural stress

P I maximum load

L . support span

b : width

h : thickness

a= Ldm/4bh3 ....................................... (2)

a : flexural modulus of elasticity

Table 1. Manufacturing conditions of carbon/phenol composite by RTM process

Sample-1 Sample-2 Sample-3 Sample-4
Resin Temp. (C) 80 100 120 100
pre—treatment Time (min) 30
Temp. (C) 80 100 120 100
Resin injection
Press. (MPa) 0.3
Temp. (C) 180 180 180 160
Curing
Time (min) 90
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Figure 3. Complex viscosity of phenolic resin.

b : width
h : thickness
L : support span

m : slope of the force—deflection curve
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Figure 4. TGA thermograms of (a) raw and (b) treated phenolic resin.
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Figure 5. Micro—CT images of preform and car—
bon/phenol composites by RTM,
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Figure 6. Complex viscosity of phenolic resin during
isothermal curing at temperature of 120C.
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Figure 7. Porosity of preform and carbon/phenol
composites by RTM.
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Figure 8. Flexural strength of carbon/phenol com-
posites by RTM.
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Figure 9. Flexural modulus of carbon/phenol com—
posites by RTM.
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Table 2. Density of preform and carbon/phenol com—
posites by RTM

Sample Sample Sample Sample

Preform -1 - -3 -

Density

3 0.53 1.2084 1.4814 1.311 1.453
(g/cmd)
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Figure 10. DSC curve of phenolic resin and car—
bon/phenol composites.



RTM S0l ot BtA/1E 220l HZE U S4 24

A Zote A2 eyttt B Sample-49] 75
3 J&7t Sample—29F H]S29l -0 & o] R0l
o= Btk 7F e} s EO| FE5HA UErET,
ol 3t A HAAME JF Al A2 7|0 A
o7 ArHEHY, S Huy 32 A3 roM 4P
X183t Sample—49] 7 th2 Al =of| ]3| n]73}Y
o] th4= ZAff5hm | o] 3t n] s} o] Ajto =z &
&3to] 71 A1H 549 AstE gt Aot

Figure 10 #li& 22 Sample—2 ¥ 49] DSC

B4t & A3tHE Sample—29] E4 A vt9}

2] Sample—49] E4 23T} A n] =] Z5}E 2] 535t 5|

= 29 W peak”t YEt= AS &1 & = QUL
4. 2 E

2 AN = HE =] B4 B3R Az Y

A BNS B8 RTM 2A4L o] &3t & a

5

P ao) Az e 2k}

o ood
2
o
rfo
H
i
e
i)
o
o,
2 o
é
N
i,
Iz
o
=2
il

S sEol 71AA 54l 27
7113 AE & 5 e, 7B EY] HEE
SEANEY 7AA BE7t FEE AR et
Eg A A2k o]t A B R AH &
ol tha AshE S o 4 gl en o] AsttR Tt of
HAA ok ool ofs WA Antg ARt

ZALo| 2

# APE FYsATL AWgaA o) A9 o

References

1. K.D. Potter, The Eearly History of The Resin Transfer

Moulding Process for Aerospace Applications, Compos-

10.

245

ites Part A: Applied Science and Manufacturing, 30(5),
619(1999).

S.T.Lim and W. L. Lee, An Analysis of The Three-Di-
mensional Resin-Transfer Mold Filling Process, Com-
posites Science and Technology, 60(7), 961(2000).

A. Shojaei, S. R. Ghaffarian, and S. M. H. Karimian,
Modeling and Simulation Approaches in The Resin
Transfer Molding Process, 4 Review Polymer Compos-
ites, 24(4), 525(2003).

B. Chen, E. J. Lang, and T. W. Chou, Experimental and
Theoretical Studies of Fabric Compaction Behavior in
Resin Transfer Molding, Materials Science and Engi-
neering A, 317(1), 188(2001).

Y. Yan, X. Shi, J. Liu, T. Zhao, and Y. Yu, Thermoset-
ting Resin System Based on Novolak and Bismaleimide
for Resin-Transfer Molding, J. of Applied Polymer Sci-
ence, 83(8), 1651(2002).

J. 0. Park and S. H. Jang, Synthesis and Characterization
of Bismaleimides from Epoxy Resins, J. of Polymer Sci-
ence Part A: Polymer Chemistry, 30(5), 723(1992).

T. Kruckenberg and R. Paton, “Resin Transfer Moulding
for Aerospace Structures”, Springer Science and Busi-
ness Media, New York, pp.197-226, 2012.

M. K. Kang, W. L. Lee, and H. T. Hahn, Formation of
Microvoids During Resin-Transfer Molding Process,
Composites Science and Technology, 60(12), 2427
(2000).

J.S. Leclerc and E. R. Leclerc, Porosity Reduction using
Optimized Flow Velocity in Resin Transfer Molding,
Composites Part A: Applied Science and Manufacturing,
39(12), 1859(2008).

S. S. Kim and D. C. Park, Characteristics of Carbon
Fiber Phenolic Composite for Journal Bearing Materials,
Composite Structures, 66(1), 359(2004).

Textile Coloration and Finishing, Vol. 28, No. 4





