Co o Vol. 30, No. 6, 350-355 (2017)
mposites DOI http://dx.doi.org/10.7234/composres.2017.30.6.350
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

Phenylcyclohexyl mesogenic moietiesS TS0t 1 QXA XM
Ol ZAl +X[2] 7HL

Holat. 7gas . nRR~

Development of Highly Thermal Conductive Liquid Crystalline Epoxy
Resins Bearing Phenylcyclohexyl Mesogenic Moieties

Iseul Jeong*, Youngsu Kim*, Munju Goh*"

ABSTRACT: The new liquid crystalline (LC) epoxy was designed by substituting the phenylcyclohexyl (PCH) mesogen
moiety with an alkyl chain at the 2,5 position of the diglycidyl terephthalate. The mesomorphic properties were
evaluated by differential scanning calorimetry (DSC) and polarized optical microscopy (POM). All LC epoxy
derivatives exhibited an enantiotropic smectic phase upon heating and cooling process. The LC phase temperature
range was widened by mixing the eutectic mixture of LC epoxies. Interestingly, the cured LC epoxy exhibited the
highest thermal conductivity of 0.4 W-m™.K. The novel LC epoxy with high thermal conductivity might be used as a
composite material for electronic and display devices.
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Fig. 1. (@) The molecular structure of DGEBA epoxy resin and
typical liquid crystalline epoxy resin (b) DGETAM and (c)
DGP30n (n = 4, 6, 8) [9,17]. Reproduced with permission
from ref. 9. Copyright 2017 Royal Society of Chemistry
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Fig. 2. (a) Phase transition temperatures of DGETAM and DGP30n
(n =4, 6, 8) epoxy and (b) polarized light microscope
pictures of DGP306 [9]. Reproduced with permission
from ref. 9. Copyright 2017 Royal Society of Chemistry



352 Iseul Jeong, Youngsu Kim, Munju Goh

7 &30t} Fig. 10] DGEBA, DGETAM} DGP30n, (1 =
4,6, 8)9] BAT2E et

Al BAHA] of|Z A 2] mesomorphic £E42 POM ¥ DSC
=5 oa 2kttt A, DGETAMZ} DGP30n (1 = 4, 6,
8)0] 4}7lo] S1EE DSC 248 B Bhelat 4 9l ITh(Fig.
2a). DGP3049] Aol 2= 71 & W2t apgof A 2+zt
K — 146°C (3 J/g) — Sy — 154°C (95 J/g) — I} T — 102°C
(95 J/g) — Sy — 88°C (1 Jg'') — Ko|t}. T3 DGP3062] A
Aol 2= 7Hd W W7k 3pgefA| ZH2F K—119°C (1]g") —
Sy — 124°C (78 Jg'') — 19} T — 94°C (76 Jg'') — S —
89°C (1 Jg") — Ko DGP308] 4ol &=t 7k Bl 1
ZF B oAl K— 77°C (1]g") — Sy — 89°C (32 Jg") — 1
&} I— 74°C (30 Jg') — Sy — 19°C (2 Jg') — KoJt}. 017]
A K, Sy, I= 242} A A}, smectic A3} isotropic A2 LHE}
Wiz, o)l 2ot Ak dgn Hels 3 Qo A
5}Ict. Fig. 2boj 4] DGP3062] HgAw| 7 AzlE vret
%ith. DGP3062] POM A}Zlo)|A] fan-shape textureZ} IHHE]

om, RE DGP30nS 7} W Wzt Alo] W 25}
% smectic A& LERTE

A BN RRE £ FAEEE A7) Faais o
Habo] 2 MRS Dol $AT ARES 2E Ba
PR EREERBEEERRE SRR
off Aol A FBkAl A Bzt IeH19]. e 7] &
o A AL oA EAl= A Aol 2= H ezt

Fol B} Wk A BAISHS e NS o) AR AIA
Sy o= 4rlo] 57] ek Biol gt 3, AMg 7}
B3k 2= W7t ok WA BAIZE Hojgith B Aol A
H/det ZH2ke] DGP30no| "J%‘{P smecth*Ja UERH AT
NHTZEL 10°C o] h W9 F& AL BIWck. L &
© B9l 451 3 B Ho] AYE Holehn 5
(a) System name Mixing ration
System 1 DGP304 : DGP306 = 1 : 1 (mol ratio)
System 2 DGP304 : DGP308 = 1 : 1 (mol ratio)
System 3 DGP306 : DGP308 = 1 : 1 (mol ratio)
System 4 DGP304 : DGP306 : DGP308 = 1: 1 : 1 (mol ratio)
(b) system 1 K - Se 1
System 3 K I-, So {
System 4 K _ Se 1
60 80 100 120 140 160

Tempature [°C]

Fig. 3. (a) The mixing ratio of DGP30n (n = 4, 6, 8) epoxy resin
and (b) the phase transition temperature of each system
[9]. Reproduced with permission from ref. 9. Copyright
2017 Royal Society of Chemistry
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Fig. 5. (a) DSC thermogram results of System 2 and p-PDA, (b) optimal pre-cure isothermal heat, (c) DSC thermogram of epoxy resin
after pre-cure, and (d) optimal post-cure isothermal heat, (e) DSC thermogram of epoxy resin after post-cure [9]. Reproduced
with permission from ref. 9. Copyright 2017 Royal Society of Chemistry
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Table 1. Curing conditions and thermal conductivity of DGEBA/
m-PDA, DGETAM/m-PDA, and system 2/p-PDA [9,17,19].
Reproduced with permission from ref. 9. Copyright 2017
Royal Society of Chemistry

Thermal
Pre-cure Post-cure .
Conductivity
DGBEA/ 80°C,2 h
80°C, 60 > 020 W m' K
m-PDA C 60 +180°C, 2 h m
DGETAM/ | 180°C,30's 120°C, 2 h o
m-PDA | +160°C, 60's | +160°C, 40 min| C-0 WV ™
tem 2
System 2/ |10, 30 min | 180°C, 30 min | 0.40 W m K-\
p-PDA

(a) (b)

< End type Epoxy > < Side type Epoxy >
—o—©—<\i>—c-‘ e, OB, .
%m@aﬂ O
cunng lcuring
i -
H-[
, \ -

Fig. 6. (@) Molecular alignment of the end type epoxy and (b)
molecular alignment of the side type epoxy [9]. Reproduced
with permission from ref. 9. Copyright 2017 Royal Society
of Chemistry
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