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Thermal Decomposition Energy of Liquid Crystalline Epoxy

Seung Hyun Cho*'

ABSTRACT: A liquid crystalline thermosetting epoxy was synthesizes with DGE-DHMS and 1-Methyl Imidazole. To
investigate thermal stability, activation energies for thermal decomposition were calculated via Flynn-Wall-Ozawa
method and Kissinger method with the data obtained from TGA analysis. The result showed that there were no
differences in thermal decomposition behavior between liquid crystalline phases and isotropic phase and also the same
thermal decomposition mechanism was applied to the entire process.
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Table 1. Elemental Analysis Results for DD-A

C(%) H(%) N(%) O(%)

Theoretical value 75.16 6.39 1.75 16.70
Actual value 73.79 6.88 1.17 18.16
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Fig. 1. Synthesis scheme for DD-A

Table 2. Transition Temperatures for DD-A

Transition temp(°C) 83 135

Transition state  Smectic — Nematic ~Nematic — Isotropic

@ o) ©

Fig. 2. (a) smectic phase at 40°C, (b) Nematic phase at 110°C, (c)
Isotropic phase at 150°C
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Fig. 3. TGA scan of DDA-MI system
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Fig. 7. Activation energies for decomposition by Flynn-Wall-
Ozawa method
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Fig. 8. Activation energies for decomposition by Kissinger
method

Tl A HolAi uieh o] TGA A1§S B3 A4
Q23 Astol U7} vl g ghow b
o2 2 1) &4 Aol e gl Bl 4

off
b i

q

Liaw %01] 40]-‘33 acrylated diglycidyl ether of bisphenol-
So] o Eal B4 3}o|| 1] 2] = 152.67~378.19 kj/mol, DGEBA
o] A 129.38~202.01 kJ/mole] 7} Zr=t} Lee 52
DGEBA/4,4’-methylene diamine systemoj| 4] Z}2} t}-2 ®HH
o= S4B ko A] ghZ 182-222 kJ/molo]far B
13tH oy, Lu 52 methylene diamine® 2 7 3}5
diglycidyl ether of bisphenol®] 7-¢- 101-202 kJ/mol= 4,4’-
amino phenoxy hexane® @ 731382 w]2] 47-89 kJ/mol: t}
Eo W= Holohal HAskitH(15-17]. o] e} o] DDA
systeme] 23] A3 o 1] A= GAKE o EA] S0 A
v gAsh i Ash MBS o YR W &
ek

o

ot {
tlo
ue ok
4

4.4 =

B i) A8k )y o £l DGE-DHAMSE
F & 1-Methyl Imidazole& F=FH] 2:19] H|& =2 ZH7}
gtﬁ oligomer FE| 2] A2 NA o ZA| DDAE
olo] oS 15k F TGAS ol 83t s
Ana S5 o AS ANel T An2A o
RER R EERE LT ERRE
3ol 2H88H1 - Selsta AL
AR G ol EA] SRS Zhat v)w3
wo e mlch
2 23] cropat fillerS A7kt A7 A
Y5l E5A) = 2] matrix® A 9] theFsl &
U AR ot

ﬂoll' ]101' r01'

ox 2 ox

ol Ol-fﬂ
=i B—L

ol
X o

&m&rﬁ‘:m

o

Mo Mr dr Mz mlo ot ok U.?L'

ok
o g U oL
= o 44 o ﬂ
et
>

~
il > ol
e M

olo ot
1
N

REFERENCES

1. Lu, M., Shim, M., and Kim, S., “Thermal Degradation of LC
Epoxy Thermosets”, Journal of Applied Polymer Science, Vol. 75,
2000, pp. 1514-1521.

2. Li, Y,, Badrinarayanan, P, and Kessler, M., “Liquid Crystalline
Resin Based on Biphenyl Mesogen: Thermal Characterization’,
Polymer, Vol. 54, 2013, pp. 3017-3025.

3. Hirn, B., Carfagna, C., and Lanzetta, R., “Linear Precursors of
Liquid Crystalline Thermosets”, Journal of Materials Chemistry,
Vol. 6, 1996, pp. 1473-1478.

4. Lee, J., Shim, M., and Kim, S., “Synthesis of Liquid Crystalline
Epoxy and Its Mechanical and Electrical Characteristics-Curing
Reaction of LCE with Diamines by DSC Analysis”, Journal of
Applied Polymer Science, Vol. 83, 2002, pp. 2419-2425.

5. Harada, M., Hamaura, N., Ochi, M., and Agari, Y., “Theraml
Conductivity of Liquid Crystalline Epoxy/BN Filler Compos-
ites having Ordered Network Structure”, Composites: Part B,
Vol. 55, 2013, pp. 306-313.

6. Akatsuka, M., and Takezawa, Y., “Study of High Thermal Con-
ductive Epoxy Resins Containg Controlled High-order Struc-
tures”, Journal of Applied Polymer Science, Vol. 89, 2003, pp.
2464-2467.

7. Giamberini, M., Amendola,
Cryastellne Epoxy Thermosets’, Molecular Crystals and Liquid
Crystals, Vol. 89, 1995, pp. 9-22.

8. Moon, H., Kim, K., Hwangbo, S., and Cho, S., “Thermal
Decomposition Activation Energy of Liquid Crystalline Epoxy

E., and Carfagna, C., “Liquid

Composite with Zirconia Filler’, Textile Science and Engineer-
ing, Vol. 52, 2015, pp. 206-214.

9. Flynn, J., and Wall, L., “A Quick, Direct Method for the Deter-
mination of Activation Energy from Thermogravimetric Data’,
Journal of Polymer Science Part B: Polymer Letters, Vol. 4, 1966,
pp. 323-328.

10. Yao, F, Wu, Q,, Lei, Y., Guo, W,, and Xu, Y., “Thermal Decom-
position Kinetics of Natural Fibers: Activation Energy with
Dynamic Thermogravimetric Analysis’, Polymer Degradation



Seung Hyun Cho

11.

12.

13.

14.

and Stability, Vol. 93, 2008, pp. 90-98.

Oh, J,, Lee, J., and Ahn, W,, “Non-isothermal TGA Analysis on
Thermal Degradation Kinetics of Modified- NR Rubber Com-
posites”, Polymer (Korea), Vol. 33, 2009, pp. 435-440.

Gavrin, A, Curts, C., and Douglas, E., “High-temperature Sta-
bility of a Novel Phenylethynyl Liquid-crystalline Thermoset,”
Journal of Polymer Science Part A: Polymer Chemistry, Vol. 37,
1999, pp. 4184.

Frich, D., Economy, J., and Goranov, K., “Aromatic Copolyester
Thermosets: High Temperature Adhesive Properties”, Polymer
Engineering & Science, Vol. 37, 1997, pp. 541-548.

Penco, M., Sartore, L., Bignotti, E, D’Antone, S., and Landro, L.,
“Thermal Properties of a New Class of Block Copolymers

15.

16.

17.

Based on Segments of Poly(D,L-lactic-glycolic acid) and Poly(e-
caprolactone)”, European Polymer Journal, Vol. 36, 2000, pp.
901-908.

Liaw, D., and Shen, W, “Curing of Acrylated Epoxy Resin
Based on Bisphenol-S”, Polymer Engineering & Science, Vol. 34,
1994, pp. 1297-1303.

Lee, J., Shim, M., and Kim, S., “Thermal Decomposition Kinet-
ics of an Epoxy Resin with Rubber-modified Curing Agent’,
Journal of Applied Polymer Science, Vol. 81, 2001, pp. 479-485.
Lu, M., Shim, M., and Kim, S., “Thermal Degradation of LC
Epoxy Thermosets”, Journal of Applied Polymer Science, Vol. 75,
2000, pp. 1514-1521.



	열경화성 액정 에폭시 수지의 열분해 활성화에너지
	1. 서 론
	2. 실 험
	2.1 합성
	2.2 경화
	2.3 에폭시당량(Epoxy Equivalent Weight, EEW)
	2.4 열분해특성분석

	3. 결과 및 고찰
	3.1 DD-A 액정성 확인
	3.2 열분해특성 분석

	4. 결 론
	References


