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Paper

Development of Highly Thermal Conductive Liquid Crystalline Epoxy
Resins for High Thermal Dissipation Composites

Youngsu Kim**%*, Jin Jung*, Hyeonuk Yeo*, Nam-Ho You*, Se Gyu Jang*, Seakhoon Ahn*,
Seung Hee Lee**, Munju Goh*'

ABSTRACT: Epoxy resin (EP) is one of the most famous thermoset materials. In general, because EP has three-
dimensional random network, it possesses thermal properties like a typical heat insulator. Recently, there has been
increasing interest in controlling the network structure for making new functionality from EP. Indeed, the new
modified EP represented as liquid crystalline epoxy (LCE) is spotlighted as an enabling technology for producing
novel functionalities, which cannot be obtained from the conventional EPs, by replacing the random network structure
to oriented one. In this paper, we review current progress in the field of LCEs and their application for the highly
thermal conductive composite materials.
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Fig. 1. (@) Mesogenic epoxy monomer (b) twin mesogenic
epoxy monomer molecular structure [8]
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Fig. 2. Typical mesogenic groups [8]

(a) 4,4"-Diaminobiphenyl (b) p-phenylenediamine( p-PDA)

(c) m-phenylenediamine(m-PDA)  (d) 4,4-diaminophenylethane(DDE)
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(e) 4,4-diaminophenylmethane(DDM)  (f) 4,4-diaminophenylsulfone(DDS)

Fig. 3. Typical amines used as curing agents
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(a) 4,4'-Biphenol diglycidyl ether (BPE)
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(b) 3,3',5,5'-tetramethyl-4,4'-biphenyl diglycidyl ether (TMEn)

(C) Diaminodiphenylmethane (DDM)

Fig. 4. Molecular structure of BPE, TMEn (n =4, 6, 8), DDM [7]

Table 1. Thermal conductivity of TMEn/DDM, BPE/DDE [7]
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(a) Diglycidyl ether of terephtalyidene-(bis-4-amino-3-methylphenol)
(DGETAM)
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(b) Diglycidyl ether of bisphenol A (DGEBA)
NH,

(c) m-phnylenediamine (m-PDA)
Fig. 5. Molecular structure of DGETAM, DGEBA, m-PDA [9]

Table 2. Curing condition of DGETAM/m-PDA, DGEBA/m-PDA [9]

; - Pre-cure Post-cure
Epoxy Curing agent Thermal conductivity Epoxy (Temperature, Time) (Temperature, Time)
TME4 DDM 0.96 W/mK 80°C.2h
TMES6 DDM 0.89 W/mK DGBEA 80°C, 60 +180°C, 2 h
TMES DDM 0.85 W/mK 180°C. 305 120°C.2h
BPE DDM 0.30 W/mK DGETAM(LC) +160°C, 60 s +160 °C, 40 min
DGEBA DDM 0.20 W/mK DGETAM(I) 200°C, 60 s 200 °C, 30 min
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(b) 4,4'-diaminoiphenylethane (DDE)
Fig. 6. Molecular structure of DGETAM, DDE [11]

Table 3. Thermal properties of DGETAM/DDM by magnetic field
[11]

Without Magnetic field (10 T)
magnetic field H,~ H Lf
Thermal conductivity
4 . 32
(W/mK)* 0.43 0.89 0.3

Thermal diffusivity
(10%em2s)’ 256 545 193
Specific heat (J/gK)* 1.26 1.26 1.26
Density (g/cm®)? 1.34 1.29 1.30

“Thermal conductivity (K): K = &% p * ¢ (k Thermal diffusivity, 0:
Density, c: Specific heat)

YThermal diffusivity was measured by laser flash method (LF/
TCM-FA8510B, Rigaku)

9Specific heat was measured by laser flash method (LF/TCM-
FA8510B, Rigaku)

9Density measured for the cured DGETAM/DDE sample bulk
sample

®Parallel direction to the applied magnetic field

DVertical direction to the applied magnetic field
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