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Studies on mechanical and thermal properties of epoxy composites

containing zirconia impregnated halloysite nanotube filler

Su Hyun Kim

Department of Industrial Chemistry, The Graduate School.

Pukyong National University

Abstract

Epoxy resins are widely used in various industrial fields due to their low
cost, good workability, heat resistance, and good mechanical strength.
However, they suffer from brittleness, an issue that must be addressed for
further applications. Among them, halloysite nanotubes (HNTs) have high
thermal and mechanical properties due to the geometric structure of the
nanotubes and are widely used as fillers for improving the properties.
However, when it is added to epoxy resin, the improvement of dispersibility
is not significant. In order to improve the mechanical and thermal properties
due to the interaction of zirconia with epoxy resin, we loaded HNTs with
zirconia.

In this study, zirconia was impregnated on HNT with different loadings
using zirconyl chloride octahydrate as a precursor. Mechanical strengths and

thermal strengths of epoxy composites with these fillers were investigated.

Zirconia impregnated HNTs (Zr/HNT) were characterized by X-ray

- Vil -



photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and tunneling
electron microscopy (TEM). Hardening condition of epoxy composites were
discovered using differential scanning calorimetry (DSC). Thermal strength
of epoxy composites were studied by thermomechanical analysis (TMA).
Mechanical strengths of epoxy composites were studied by universal testing
machine (UTM). Such as flexural strength and tensile strength were
investigated using UTM.

Mechanical and thermal strength of epoxy composite with Zr/HNT were
improved comparing to those of epoxy composite with HNT. They were

also increased as the zirconia loading on HNT was increased.
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Glycidyl ether epoxy resins

R—MNH—-CH;—CH—CH:

Glycidyl amine epoxy resins

Figure 1. Two main categories of epoxy resin.
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3-1. As # A<

Halloysite nanotube(HINT)% Dragonite HP (Applied Minerals) A3
S AREE o Zre] AF-A= Zirconyl chloride octahydrate (A]ZLm}
=g AADE ARESFAT Al FA] FA= ol FA] FEFe]l 187 gleqd]
diglycidylether of bisphenol A (DGEBA, EPIKOTE 828, R HWE|HANHE
Abgston, AstAls A2dA Aol ol E Al A9k Aol
A WHg3HA] & dicyandiamide (DICY, DICYANEX 1400F, of o]t
HzAhE A&t & o FA] FAjef AstAe vbS HAFSE 9
3 e ERAAE ol FEA 1,1-dimethyl-3-phenyl urea
(AMICURE UR 7/10, dlo]Z2Y =& Ab&3} it

3-2. AFFXA L A=Y
3-2-1. HNT 4713 =54

Zr/HNT & %2 3o =m Azxstdrt. 23 759 Zirconyl
chloride octahydrates i3] &3llA1z1 ¥ HNTE F3te] 3-4 A7t
¢ wyk skt 90 °C 2ol A sk sk Axg H 230 °C oA 1
AlZE, 500 °C oA 641 A sklEh ZrO,s ©A1% HNTE Zr/HNT
2 #Z718tgen HNT SHv=2 sto] 2, 4, 6 wt.% ZrO,& HX|5
t}.
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Table 1. Composition of epoxy composites

Filler content [wt.%] 0 2.5 5 75 10 12.5 15
EPIKOTE
100 100 100 100 100 100 100
828
Binder DICY 11.24 11.24 11.24 11.24 11.24 11.24 11.24
12DMI 0.21 0.21 0.21 0.21 0.21 0.21 0.21
) Zr/HNT
Filler 5.71 11.72 1806 24776 31.85 5450
(2 wt.%)
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Table 2. Composition of epoxy composites

with different filler contents

Zr content (wt.%) 2 4 6
EPIKOTE
100 100 100
828
Binder DICY 11.24 11.24 11.24
12DMI 0.21 0.21 0.21
Filler Zr/HNT 24.'76 24.76 24.76
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3-3. Zr/HNT &4 &4
3-3-1. &9 &4

HNT 9ol ZrO,8 &4 3 A4 5 gzl #1sl Field
Emission Transmission Electron Microscope (FE-TEM, JEM-2100F),
X-ray diffraction (XRD, Rigaku Ultima IV) ¥4<& 333t}
Zr/HNT oA zirconium oxide®] At3} ]S X-ray photoelectron

spectroscopy (XPS, AXIS NOVA, Kratos)E Ab&3to] =43t}

3-3-2. Morphology ¥ 4H &4

HNT®}  Zr/HNTe9  =A7]9F  Y4Ae  JelE  Field Emission
Transmission Electron Microscope (FE-TEM, JEM-2100F)< %A

sl shelch,

3-4. AFA E&A 24 HIt
3-4-1. 94 54

o Z Al A& WEAlS Differential Scanning Calorimeter (DSC,
TA Instrument, Model-Q2000)& ©o]&3le] B3 HA
w71 25 - 250C7HAl 10 C/min®] & £=2 FAAT
aelar TMARA A AL A Avr]E o835t 5 mm x 5
mm x 3 mm (Zo] x Z& x FA)¢ A7|Z AxsAi, 4 2%

Hol= A4 B97] FtoA 2 T/mineZ 300C7HA 58 AlA
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3-4-2. 71AH Z=

ANZFA HEAY A AR ESAEsS s
universaltestingmachine (UTM, 5982, Instron)Z& A}-&3le] =43}
2945 AQAE obd] 17 43 o] ASTM DI9OM i+2Q1 %-of
60 mm x 25 mm x 3 mm (Zo] x & x F/A)e ZA7|Z A2t al

NFFE AP g ofgf 29 59 o] ASTM D 638 114 <¢1 150

z
3
3
z
3
w
z
3
™
4

] x & x FA)9 A7|Z A3
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Figure 4. Images of flexural strength specimen.
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Figure 5. Images of tensile strength specimen.
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4. 43}

4-1. Zr/HNT 24 84
4-1-1. 89 2 388 54
4-1-1-1. FE-TEM, EDS

At [EDSE F3 Zre] EAS =gl & ¢
o] mlgke]”7] witol] EDS ZAHoNAE vwFo=2 JeETh %
o

314 @ F ARl Zrel wt%7h EAERSE
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3 (d)

Figure 6. TEM images of (a) HNT, (b) 2 wt.% Zr/HNT, (c) 4 wt.%
Zr/HNT and (d) 6 wt.%. Zr/HNT.
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Figure 7. TEM EDS spectrums of (a) HNT, (b) 2 wt.% Zr/HNT, (c)
4 wt.% Zr/HNT and (d) 6 wt.%. Zr/HNT.
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Table 3. Element composition of HNT, and 2, 4, 6 wt.% Zr/HNT

using TEM-EDS

Sample O (Wt.%) Al (wt.%)  Si (Wt%)  Zr (wt.%)
HNT 54.76 22.22 23.01

%r/WHtI'\(I)/% 5095 22.50 23.75 2.80

;r/WHti\(I)/% %y 22.17 22.83 4.43

gr/WHti\(I)/% 20:63 21.75 22.55 5.06

_27_



4-1-1-2. HNT X 9H 9 ZrO; &4 2 AstAdH &<

9 8 oA obEl A#E A ¥ HNTS Zi/HNTS XRD 237t
FrAFetth = A g F vk o= XRDZA A ZrO, A4 =7}
WEbEA] eok7] wjEo] HNTER A A S ol FAY a4 UA
2L ZrO,7F HNTHRH ] & 249 && o v 3ok

XPS #A A= ZrO.2ol BA A58 ZrO,d e 2 A3t o] Fo H=
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Figure 8. X-ray diffraction patterns of (a) HNT, (b) 2 wt.%
Zr/HNT, (c) 4 wt.% Zr/HNT and (d) 6 wt.%. Zr/HNT.
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Figure 9. X-ray photoelectron spectra of 2, 4, and 6 wt.% Zr/HNT.
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Figure 10. DSC data for epoxy resin and epoxXy composites.
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Table 4. Curing temperature (T.w)of each epoxy composite

calculated from Tpeqc and Tonser

Composite Tpeal C)  Tonsel(C)  Teure(C)
Pristine epoxy 181.22 160.21 170.72
Epoxy + HNT 5 wt.% 178.56 160.55 169.56
Epoxy + Zr/HNT 5 wt.% 176.32 161.17 168.75
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Figure 11. Dimensional change curves of epoxy composites with

(a) HNT and (b) Zr/HNT fillers with different filler contents.
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Table 5. Thermal properties of epoxy composites with different fillers

and filler contents from TMA analysis

Filler T, (C) ai(um/m C) a(um /m C) a/a
content

(Wt.%) HNT ZrHNT HNT ZrHNT HNT Zr/HNT HNT  Zr/HNT
Pristine 146.14 82.32 184.7 2.24

2.5 14533 14357  74.70 79.29 177.0 176.2 2.37 2.22
5 14230  141.15  73.00 73.72 169.8 173.8 2.33 2.36
7.5 14129 14489  72.18 68.86 183.2 175.5 2.54 2.55
10 134.86 14842  68.68 60.94 160.7 167.1 2.34 2.74
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Figure 12. CTE of epoxy composites with different fillers and

filler contents.
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Figure 16. DSC data for epoxy resin and epoxy composites .
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Table 6. Curing temperature (7.,.) of each composite calculated from

Tyeac and Tonser from DSC analysis

Composite Tpeak (C) Tonser (€)' Tewre (C)
Pristine epoxy 181.22 160.21 170.72
Epoxy + HNT 175.04 157.14 166.09

Epoxy + 2 wt.% Zr/HNT 172.02 156.92 164.47
Epoxy + 4 wt.% Zr/HNT 169.42 155.58 162.50
Epoxy + 6 wt.% Zr/HNT 172.82 156.85 164.84
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Figure 17. Dimensional change of epoxy composites with

neat epoxy, HNT, 2, 4, and 6 wt.% Zr/HNT.
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Table 7. Thermal properties of epoxy composites with neat epoxy,

HNT, and 2, 4, 6 wt.9% Zr/HNT

Composite Below T, T, () Above T,
Neat  epoxy 75.86 133.48 164.6
HNT 72.59 140.21 171.2
2 wt.%  Zr/HNT 60.64 148.25 167.1
4 wt%  Zr/HNT 63.95 144.31 157.2
6 wt.%  Zr/HNT 64.62 145.63 170.2
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Figure 18. Coefficient of thermal expansion (CTE) of epoxy

composite (CTEs of each composition were calculated from the linear

sections of the curves in the range of 60-120 °C).
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