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Abstract: In this study, neat halloysite nanotube (HNT) and HNT treated with an aqueous NaOH solution (0.01 M or
5 M) were used as nanofillers. A typical diglycidyl ether of bisphenol A (DGEBA) epoxy resin was mixed with 0-4 phr
HNT then an anhydride curing agent and an imidazole-based catalyst were used to prepare epoxy-HNT nanocomposites
by curing. Mechanical properties of the epoxy-HNT nanocomposites were measured by impact tester and universal test-
ing machine and curing behavior and thermal properties of them were investigated by DSC. HNT treated with 0.01 M
aqueous NaOH solution was most effective in improving the mechanical properties of the epoxy-HNT nanocomposites.
With increasing HNT content, the peak temperature of the DSC exothermic curve decreased but the exothermic reaction
heat almost unchanged. The epoxy-HNT nanocomposite containing 2 phr of HNT treated with 0.01 M NaOH aqueous
solution showed the best mechanical properties and the highest glass transition temperature.
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Figure 1. The chemical structures of the chemicals and materials used in this study: (a) DGEBA; (b) HNT; (c) MTHPA; (d) 1-ML
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Figure 2. Functionalization of HNT via treatment with an aqueous NaOH solution.
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Figure 3. FTIR spectra of the neat and NaOH solution treated
HNTs.
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Table 1. Impact Strength and Tensile Properties of the Neat Epoxy and the Epoxy-HNT Nanocomposites with Different HNT

oY - A

Content
Sample HNT content Impact strength Tensile strength Elongation at break Tensile modulus
P (phr) (J/m) (MPa) (%) (MPa)
Neat epoxy 0 17.842.4 33.1+£3.9 5.3£2.0 1461£59
0.5 19.1£5.4 35.6+3.5 5.3%1.5 1560£112
Nanocomposites with 1 20.2+4.4 36.9+4.8 5.3+0.6 1605+208
neat HNT 20.6+4.3 38.042.9 5.8£1.0 1687+114
18.9+4.7 29.5+6.1 4.3+1.0 1633+181
0.5 22.1+5.7 36.843.6 4.8+0.4 1682+76
Nanocomposites with 1 27.145.7 39.1£3.0 59413 1789+158
0.01 M NaOH solution
treated HNT 26.0+3.4 39.9+4.4 5.4+0.6 1803+269
24.3+£53 29.9+2.4 4.3+0.7 2039+178
0.5 16.5+2.7 29.543.0 4.1+0.3 1583+205
Nanocomposites with 1 25.6+2.6 35.145.6 4.9+0.6 1705+153
5 M NaOH solution
treated HNT 22.142.7 35.6+1.3 4602 1718+92
18.2+5.3 24.6+4.3 3.5+0.4 1715+206
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Figure 4. Impact strength and tensile properties of the neat epoxy and the epoxy-HNT nanocomposites with different HNT content.
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Figure 5. A proposed reaction mechanism for a 1-MI initiated epoxy-anhydride system.'
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Figure 6. DSC thermograms for the dynamic curing of the epoxy
resin system with different HNT content: (a) neat HNT; (b) 0.01 M
NaOH treated HNT.

Z2H, Al46d A3, 202214

Table 2. DSC Data Obtained from the DSC Thermograms for
the Dynamic Curing of the HNT Filled Epoxy Resin System
with Different HNT Content

Sample HNT content Heat of Theax

P (phr) reaction (J/g)  (°C)

Neat epoxy 0 348.0 142.1

0.5 362.0 140.6

Nanocomposites 365.8 141.0

with neat HNT 2 3452 140.1

4 3423 138.5

0.5 348.8 141.1

Nanocomposites 1 3533 1402
with 0.01 M NaOH

solution treated HNT 2 350.9 140.6

4 3455 140.5
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Figure 7. DSC thermograms showing the glass transitions of the
cured neat epoxy resin and epoxy-HNT nanocomposites with neat
or 0.01 M NaOH solution treated HNT 2 phr.
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