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Fig. 1 Thermal conductivity of various types of materials.
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Fig. 3 Thermal conductivity of polyethylene.

Fig. 4 Thermal conductivity of various types of polymers at several

types of stretching ratio(4s, Ay and Ziso: thermal conductivities in
the stretching direction, in vertical direction to stretching, and
in isotropic state, respectively.
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Fig. 5 Thermal conductive simulation by equilibrium molecular
dynamics.
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Fig. 6 Comparison of thermal conductivity of polyethylene at various
types of crystallinity, with the result in simulation.
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Table 1 Comparison of thermal conductivity of liquid crystalline

polymer under applying of magnetic field, with the results in
simulation.

Used liquid crystalline epoxy resin

Liquid crystalline epoxy compound Hardener
WAEEE (T2 vyE— ) BRESH VT IR (—0)
V—écu:).—o%o—@-@-o@o%cug)p—v HzN—@—CH;—@—NHz
o o

Thermal conductivity (W/(m-K))

Direction of evaluation Estimated
Measured

(Crystalinity: 50%)

Magnetic direction (Z axis) 0.72 0.76
Vertical to magnetic direction (X axis)  0.21 0.26
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Fig. 7 Chemical structure of PBO.
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Fig. 8 Thermal conductivity of several types of liquid crystallme

polymer at various types of orientation degree.
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Table 2 Thermal conductivity of injection molded part of liquid
crystalline thermoplastics.
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Machine direction (X) 0.3
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Fig. 10 Thermal conductivity of liquid crystalline acryl resin in
several types of orientation styles.
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Fig. 9 Thermal conductivity of liquid crystalline epoxy resin cured at several types of magnetic field strength.
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Fig. 11 Thermal conductivity of main and side chain type of liquid crystalline PBO.
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Fig. 12 Chemical structure of used twin mesogenic epoxy resin
(TMEn) and hardener (DDM).

Table 3 Thermal conductivity of liquid crystalline epoxy resin in
several types of composition.

Composition Thermal conductivity

(Epoxy resin/hardener) (W/(m-K))
BPE/DDM 0.3
TMES/DDM 0.85
TME6/DDM 0.89
TME4/DDM 0.96

Orientation  Fypected domain
direction structure
Amorphous fiois -clsar
structure botdary
~J/

Crystal -like

Fig. 13 Schematic image in highly thermal conductivity of twin mesogenic liquid crystalline epoxy resin.
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Fig. 14 Thermal conductivity of a composite estimated by Bruggeman
model.
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Fig. 16 Thermal conductivity of liquid crystalline epoxy resin (hardenner:m-PDA) filled with BN; Experimental data (DGEBA (O), DGETAM
((isotropic (<), liquid crystalline (#))), data estimated by Bruggeman and Maxwell models.
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Fig. 17 Thermal conductivity of liquid crystalline polymer composite
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Fig. 18 Photograph of polarizing optic microscope of liquid crystalline

polymer composite with MgO, and schematic model (a) bridge
style, (b) LC domain.
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Fig. 19 Thermal conductivity of liquid crystalline epoxy resin filled
with BN in the plate direction of the sample.

Table 4 Applicability of data in the liquid crystalline epoxy resin composite with larger than 30vol% of Al,Os, to our model and “apparent thermal

conductivity” estimated by our model.

. Treatment of filler . Measured thermal Apparent thermal
Measurement direction . Correlation . ..
Shape L surface with . conductivity (Am) conductivity (4a) Aal A
in disc sample . coefficient
coupling agent (W/(m-K)) (W/(m-K))
Spherical Thickness Non-treated 0.983 0.228 0.366 1.61
Spherical Thickness Coated with amine type 0.997 0.228 0.424 1.86
Spherical Disc plate Non-treated 0.986 1.84 0.467 0.25
Spherical Disc plate Coated with amine type 0.999 1.84 0.510 0.277
Plate Thickness Non-treated 0.974 0.228 0.595 2.61
Plate Thickness Coated with amine type 0.865 0.228 0.427 1.87
Plate Disc plate Non-treated 0.974 1.84 0.878 0.477
Plate Disc plate Coated with amine type 0.915 1.84 1.175 0.639
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Fig. 20 Thermal contraction resin composite reinforced with several
types of fibers (@: polyethylene, A: glass, &: ALOs, A: carbon,
O: PBO).
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Fig. 21 Schematic concept of application of materials for thermal management.
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