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Resin Optimization for Manufacturing Carbon Fiber
Composite Mold

Moon Woo Choi*, Mong Young Huh*'

ABSTRACT: Carbon fiber composite molds offer high workability and high design flexibility due to their lightweight
structure and ease of forming, making them a promising option for industries that use large molds, such as aerospace
and automotive. In this study, the thermal resistance and thermal conductivity of carbon fiber prepregs were analyzed
based on the formulation of multifunctional resins and thermally conductive additives. The thermal conductivity
additives used included flake graphite, synthetic graphite, conductive graphite, and fumed silica, with thermal
conductivity variations compared according to their content. The multifunctional epoxy resins YDPN638, PA806,
300P, and SCT150 were blended with BPA-based epoxy, and their glass transition temperature (Tg) was measured. The
analysis revealed that resin formulations containing conductive graphite in YD128, 300P, and SCT150 achieved the
target thermal conductivity of 3 W/m-K and the target glass transition temperature of 210°C, confirming their
potential use as resins for carbon fiber composite molds.
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(a) (b)

Fig. 1. Molecular structures of (a) Phenol novolac, YDPN-638 (b) Tetraglycidyl diaminodiphenylmethane, PA-806 (c) Triglycidyl p-amino-

phenol, SE-300P (d) Tetraphenylmethane novolac, SCT-150
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Table 1. Resin/curing agent compositions

BPA Epoxy Mult]iafllj(r)li;ional C;l;i;g Catalyst
YD-128 | YD-011 Name Portion| DICY | DCMU
(phr) | (phr) (phr) | (phr) | (phr)
1 80 20 - - 5 2
2 56 14 YDPNG638 60 5 2
3 56 14 PA-806 60 5 2
4 56 14 SE-300P 60 5 2
5 56 14 SCT-150 60 5 2
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Table 2. Resin/Filler compositions

Epoxy Filler
YD-128 IPDA Name Portion
(phr) (phr) (phr)
1 100 23 - -
2 100 23 Flake Graphite 50
3 100 23 Synthetic Graphite 50
4 100 23 Conductive Graphite 50
5 100 23 Fumed Silica 2
a

~ o00
N

Fig. 2. Sample preparation of (a) Thermal transmission (b) Ten-
sile strength (c) Flexural strength (d) ILSS
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Table 3. E' Onset and Peak Tan & of 6 samples

Ist curing 2nd curing
E (?Cr:l)s et Peak Tan § E (?g)s et Peak Tan §
1 113.84 135.96 121.18 139.96
2 124.55 139.08 148.45 164.60
3 145.56 209.30 213.08 233.60
4 152.25 198.23 202.73 226.20
5 177.4 197.62 223.17 247.60
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Table 4. Thermal Conductivity of 4 different Fillers

Table 6. Thermal Conductivity by Content of Flake Graphite and

Conductive Graphite
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(phr) Conductivity Graphite Conductivity
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Table 5. Thermal Conductivity of WSN 3K, 12K (phr) | (ph) Graphite |E’ Onset| Peak |Conductivity
Fiber Volume Thermal (phr) (0 Tan 8 (W/m-K)
Sample Fiber Fraction Conductivity 1] 40 60 0 197.5 | 2256 0.830
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Table 8. Tg and Thermal Conductivity of SCT150 added prepreg

YD 128 PA806 SCT150 Conductive Graphite Tg Thermal Conductivity
(phr) (phr) (phr) (phr) E’ Onset (°C) | Peak Tan § (W/m-K)
1 40 20 40 0 195.8 239.7 0.822
2 40 20 40 40 198.9 242.9 3.023
3 40 - 60 40 203.7 226.3 3.005
4 30 - 70 40 227.7 263.2 3.006
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Table 9. Comparison between commercial prepreg and CFRP mold prepreg

Tensile
Tensile Strength Standard Tensile Modulus Standard Strain Standard
(MPa) deviation (GPa) deviation (%) deviation
Control Group 550.47 12.33 59.88 3.48 0.97 0.09
(TAK WSN 3K) : : : : : :
Experimental Group 516.88 32.73 61.05 34 0.84 0.07
(3K prepreg)
Flexural ILSS
Flexural Strength Standard Flexural Modulus Standard ILSS Standard
(MPa) deviation (GPa) deviation (MPa) deviation
Control Group
2. 74 49.41 2 . 1.54
(TAK WSN 3K) 782.36 38.7 9 3.26 59.88 5
Experimental Group 767.38 26.24 4971 1.66 48.62 1.46
(3K prepreg)
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