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Research of Thermal Properties for Liquid Crystalline Epoxy
Composites with Tin Oxide Filler

Ha Nuel Hyun*, Seung Hyun Cho*"

ABSTRACT: A liquid crystalline thermosetting-epoxy-based composite was fabricated using diglycidyl ether of 4,4"-biphenol,
tin(IV) oxide as a filler, and sulfanilamide as a curing agent. To investigate the thermal behavior, Thermogravimetric
Analysis and Laser Flash Apparatus were performed using 3.0-7.0 wt% Tin(IV) oxide. The result showed that the

activation energy and thermal conductivity were proportional to the amount of added filler.
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Diglycidyl ether of 4,4'-bisphenol(DGEBP) Sulfanilamide

Fig. 1. Schemetic image of crosslinked junction with BP and
SAA

off AFAIZ|7F 2707} e B e GRS 1282 2453
L= o k22 AFR-3}91 1 Tin(IV) oxide:= 3, 5, 7 wt% H|
&= vlo]A ) Yir uf1yE v o]-g-ato] 1247F A
Al & 2gut e st BAF 3 HZE ol 27
o 150°C 11A]7F 52t A 3l53tt). Fig. 10]] BP, SAA 9 o]
So| 3%t $25 Boit

24 84 24

Scanning Electron Microscope(SEM): thi-2- wido g 3
B3l & Carl ZeissAFe] SEM(SIGMA)S o] &3] o]u]z]|2
AUt Tin(IV) oxide 3-7 wt%E ZH2F RAMAIA 43} 3t 9
2 )0 Tk g Bstelrt.

Energy Dispersive Spectormeter (EDS): Matrixt}] 2] Tin(IV)
oxide®] M 2415} flsf EDSEAS 4=335}3itt. SEM
I BpRE7FA| 2 ZeissAto] SIGMAS ARS8l o™ WD+
8.5 mm, 7F5H4E 20 kv2 AAs}o] ol A& Al

Differential Scanning Calorimetry(DSC): Perkin-Elmer
ALe] DSCE o] -&sto] Az 7|5 shof A 10°C/mine] &=
2 20-200°C712] ZA3}c}.

Cross-polarization ~ Microscope(POM):  NikonA}9]
OPTIPHOT-POLS AME-5}11 1L, heat-stageS o|-8-5)0] ErF
1°C/min®] &2 58, Yzsto] A ARIS f3ich

Thermogravimetric Analysis (TGA): METTLER TOLEDO
AF] DSC/TGA1S AFg-3fo] R Aa7|H dfol|A] 25-1000°C7}
2] 243k} 7F MZ T} 5, 10, 20, 40°C/min®] 29 &%
2 S5t o] =wollAet Ut o 23] o
YA E AAitstlct14].

Laser Flash Apparatus (LFA): NETZCHA}®] LF4572 A}
&oto] dAE=E SHskth A4 7] el A DSCE
AHESto] 10°Co 4] 40°Ce] % ol A AgS =

ok, Aol e] BehiES E4s) AAEES Tt

s
o

3.

Y
rhu

3.1 B E ofZAle] 4EA ol

o] B0l 42} 20| DSCo} POME AFE-3to] 125°Col
A 159°C Afolollx] AL Ll A ERlsherh14].
o1 Fig. 2, 30| LheR ik,

3.2 Fillere] 24t €101

EDS} SEM& o] §3to] A ahl of ZA] Bghrjo] 4]
Tin(IV) oxide®] HAM4-& 2helaod =), Fig. 4014 Ho]=
uko} o] A Auko] Tin(IV) oxider} H4kel A& 8helat

% gt

3.3 TGAE 0183 Ys B4a olLx 5%
TGASHL 5, 10, 20, 40°CY] 52 &2 25°Cof|A] 1000°C



Research of Thermal Properties for Liquid Crystalline Epoxy Composites with Tin Oxide Filler 27

Peak = 159.89 °C

3

2 - |
Peak;‘g.ﬁﬂ C

1

AN, LA

0 - =
i c Area=85.1760ig |

Area= 35611 Jig
Delta H = 35.6113|J/g Delta H =85.1757 Jig

Normalized Heat FlowEndo Up (A/g) — —

80 80 100 110 120 130 140 150 180 170 180
Temperature (°C)

Fig. 2. DSC thermogram of BP

Fig. 3. POM image of BP; 150°C
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Fig. 4. SEM and EDS Image of BP-SAA-Tin(IV) oxide System:
Tin(IV) oxide 5 wt%
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Fig. 5. TGA graph of BP-SAA-Tin(IV) oxide 5 wt% system
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Fig. 6. Flynn-wall plots of BP-SAA-Tin(IV) oxide 5 wt%
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Fig. 7. Kissinger plots of BP-SAA-Tin(IV) oxide 5 wt%
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Fig. 8. Activation energy of Flynn-wall method; BP-SAA-Tin(IV)
oxide
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Fig. 9. Activation energy of Kissinger method; BP-SAA-Tin(IV)
oxide

Table 1. Activation energy (kj/mol)

Filler 3 wt% Filler 5 wt% Filler 7 wt%

Kissinger|Flynn-wall Kissinger| Flynn-wall| Kissinger | Flynn-wall

3% | 144.0 148.8 142.8 153.1 119.0 130.4

5% | 142.8 153.1 154.9 164.7 120.0 132.0

7%| 145.6 155.9 160.5 170.0 121.1 132.5

10%| 149.9 159.9 166.2 175.4 123.4 134.7

0.335
@ BP_SAA
0.330 4 A © BP_SAA_SnO, 3wt%
v BP_SAA_SnO, 5wt%
A BP_SAA_SnO, 7wt%
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Fig. 10. Heat capacity of BP-SAA-Tin(IV) oxide
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Fig. 11. SEM Image of BP_SAA_Tin(IV) oxide system

4.7 2

N o ZA] BPE A5t A7 H 02 243 B
ZF= Tin(IV) oxideE ZAA| 2 Aeisto] AL @ AIA| 7]
3 QR Qs I35} oY= =A5}T, LFAZ o]
|l dHeeE SAsHIch 21 A3t Filler 9k S7te]
off 27] g ﬂ“ﬂ Oﬂl—VlL 5wt% ANA LA E e
H o= AS g
I3k o= ?I’—_.E* 57}01] E}EP ﬁller7} eﬁ% BEE Y
wo| AT GAEET} 26t Ao R upofo] Ho, wt
2ol 2443} ol J A &] 7% Fig. 119] EDS o|H]| %]
‘il"* = o o) o5t 74t HHE Ao g

EdA R Gd=eet WEAES SAlO
+ fillere] AN HOY 712 A2 S
—2—5 | gFepoll whel AZs 243} oy
Aow FHE

of
N
N
>
N
N
10
:qg
_L4

B vl gEapAne xnetd 209 A9
© 2 435U THINRF-2018R1A2B60004512).

REFERENCES

1. Lu, M.G,, Shim, M.J., and Kim, S.W., “Thermal Degradation of
LC Epoxy Thermosets,” Journal of Applied Polymer Science, Vol.
75, No. 12, 2000, pp. 1514-1521.

2. Li, Y,, Badrinarayanan, P, and Kessler, M.R., “Liquid Crystal-
line Resin Based on Biphenyl Mesogen: Thermal Characteri-
zation,” Polymer, Vol. 54, No. 12, 2013, pp. 3017-3025.

3. Park, JJ,
composites,” Journal of the Korean Institute of Electrical and
Electronic Material Engineers, Vol. 29, No. 12, 2016, pp. 796-
802.

4. Liu, ], Wang, C., Campbell, G.A., Earls, ].D., and Priester, R.D.,

“Mechanical Properties of Epoxy Alumina Multi-

10.

11.

12.

13.

14.

16.

17.

. Venkatesh, M., Ravi, P, and Tewari, S.P,

“Effects of Liquid Crystalline Structure Formation on the Cur-
ing Kinetics of an Epoxy Resin,” Journal of Polymer Science Part
A: Polymer Chemisrty, Vol. 35, No. 6, 1997, pp. 1105-1124.

. Yeo, H., Islam, A.M., You, N.H., Ahn, S.H., Goh, M.]., Hahn,

J.R., and Jang, S.G., “Characteristic Correlation between Liquid
Crystalline Epoxy and Alumina Filler on Thermal Conducting
Properties”, Composites Science and Technology, Vol. 141, 2017,
pp- 99-105.

. Schultz, WJ., and Chartoff, R.P, “Photopolymerization of Nem-

atic Liquid Crystal Monomers for Structure Applications:
Molecular order and Orientation Dynamics,” Polymer, Vol. 39,
No. 2, 1998, pp. 319-325.

. Kim, Y.S,, Jung J., Yeo, H.U,, You, N.H,, Jang, S.G., Ahn, S.H,,

Lee, S.H., and Goh, M.J,,
Conductive Liquid Crystalline Epoxy Resins for High Thermal

“Development of Highly Thermal

Dissipation Composites,” Composites Research, Vol. 30, No. 1,
2017, pp. 1-6.

. Hirn, B., Carfagna, C., and Lanzetta, R., “Linear Precursors of

Liquid Crystalline Thermosets,” Journal of Materials Chemistry,
Vol. 6, No. 9, 1996, pp. 1473-1478.

. Lee, J.Y,, Shim, M.J., and Kim, S.W., “Synthesis of Liquid Crys-

talline Epoxy and Its Mechanical and Electrical Characteristics-
Curing Reaction of LCE with Diamines by DSC Analysis,” Journal
of Applied Polymer Science, Vol. 83, No. 11, 2002, pp. 2419-
2425.

Su, W.-EA., Chen, K.C., and Tseng, S.Y., “Effects of Chemical
Structure Changes on Thermal, Mechanical, and Crystalline
Properties of Rigid Rod Epoxy Resins,” Journal of Applied Polymer
Science, Vol. 78, No. 2, 2000, pp. 446-451.

Kang, S.S., Lee, S.H., Jang Y.S., and Park S.C., “The Electrical
and Optical Characteristics of ATO Films Prepared by RF Mag-
netron Sputtering Method,” Journal of Korean Ophthalmic
Optics Society, Vol. 15, No. 4, 2010, pp. 299-305.

Moon, H.J,, Kim, K.H., Hwangbo, S.J., and Choi, S.H., “Ther-
mal Decomposition Activation Energy of Liquid Crystalline
Epoxy Composite with Zirconia Filler;” Journal of the Korean
Fiber Society, Vol. 52, No. 3, 2015, pp. 206-214.

Choi, J.R., and Park, S.J., “A Study on Thermal Conductivity
and Fracture Toughness of Alumina Nanofibers and Powders-
filled Epoxy Matrix Composites,” Polymer Korea, Vol. 37, No. 1,
2013, pp. 47-51.

Moon, H.J., and Cho, S.H., “Thermal Decomposition Behavior
of LCT Composites Using Boron Nitride Filler;” Textile Science
and Engineering, Vol. 53, No. 4, 2018, pp. 293-298.
“Isoconversional
Kinetic Analysis of Decomposition of Nitroimidazoles: Fried-
man method vs Flynn-Wall-Ozawa Method,” The Journal of
Physical Chemistry A, Vol. 117, No. 40, 2013, pp. 10162-10169.
Kissinger, H.E., “Reaction Kinetics in Differential Thermal
Analysis,” Analytical Chemistry, Vol. 29, No. 11, 1957, pp. 1702-
1706.

Flynn, J.H., and Wall, L.A., “General Treatment of the Ther-
mogravimetry of Polymer,” Journal of Research of the National
Bureau of Standards-A. Physics and Chemistry, Vol. 70A, No. 6,
1996, pp. 487-532.



	산화주석을 함유한 열경화성 액정 에폭시의 열적 특성에 관한 연구
	1. 서 론
	2. 실험 방법
	2.1 시료 및 시약
	2.2 Diglycidyl ether of 4,4’- Bisphenol(DGEBP)의 합성
	2.3 에폭시 경화
	2.4 특성 분석

	3. 결론 및 고찰
	3.1 합성된 에폭시의 액정성 확인
	3.2 Filler의 분산성 확인
	3.3 TGA를 이용한 열분해 활성화 에너지 측정
	3.4 LFA를 이용한 열전도도 측정

	4. 결 론
	후 기
	REFERENCES


