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Preparation and application in composites of high toughness epoxy resin
GAN Shunchang,ZENG Liang, JIANG Qinggeng, LIU Wenhao, YANG Haiyang, HUANG Anmin, PENG Chaoyi
(Zhuzhou Times New Material Technology Co.,Ltd.,Zhuzhou 412007, China)

Abstract : To investigate the effects of different nano core-shell toughening particles on the properties of epoxy resins and
their composites, three nano core-shell toughening agents were selected and combined with a homemade modified anhydride curing
agent to prepare epoxy infusion resin composites with high toughness. Before curing, the appearance, density, viscosity and epoxy
value of the prepared epoxy resin composites were comparatively tested, and it is found that the viscosity is particularly affected by
the toughening agents. The mechanical and thermal properties of the epoxy cured composites were tested at different temperatures
using a differential scanning calorimetric analyser and a universal materials testing machine. The mechanism of resin toughening
was analysed by scanning electron microscopy (SEM). The epoxy resins were prepared into high toughness epoxy resin/glass cloth
composites by vacuum infusion process, and the properties of the composites at different temperatures were tested. The results show
that the glass transition temperature of the modified resins using nanocore-shell tougheners exceedes 140 °C, showing good heat
resistance. In particular, the resin using MX125 as the toughening agent achieves a tensile strength of 96.2 MPa and an impact
strength of 36 kJ/m? at a low temperature of —50 °C. Comparative testing of modified resins with different nanoparticle contents
reveal that the impact toughness of the modified resins is optimal when the mass fraction of nanoparticles is 15wt%. SEM observa-
tion of the microstructure of the resin section show that when the resin is fractured by impact, the nanoparticles form cavities or
residual particles on the surface of the resin section, which helpes to improve the toughness of the resin.

Keywords : epoxy resin ; nano core-shell toughening agent ; synthetic resin ; composite; modification
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Tab. 1 Basic properties of epoxy infusion resin

Density/  Viscosity/  Epoxy value/
Samples  Appearance (@ cm’}‘:) (mPa- s))/ [mg - (}I 00g) "]
1 Milky white 1.21 5120 0.501
2f Milky white 1.22 12721 0.513
3* Milky white 1.21 5031 0.499
4 Colorless 1.19 2751 0.620
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Tab.2 Basic properties of cured epoxy infusion resin

Items 1 2! 3
Appearance White White White
Density/(g*cm ) 122 124 123
Hardness (Shore D, 25 °C) 81 82 81
Glass transition temperature/°C 1442 146.5 1432
Tensile strength/MPa 96.2 844 882
Tensile modulus/MPa 3121 3029 3018
=50 Elongation at break/% 4.7 4.1 4.1
°C Flexural strength/MPa 162 143 151

2902 2659 2653
36(C*) 32(C*) 34(C*)

Flexural modulus/MPa
Impact strength (unnotched)/(kJ+m™?)

Tensile strength/MPa 81 72 70
Tensile modulus/MPa 2621 2429 2418
23 9C Elongation at break/% 7.1 6.5 6.7
Flexural strength/MPa 122 103 101
Flexural modulus/MPa 2402 2259 2353
Impact strength (unnotched)/(kJ-m™)  41(C*) 36(C*) 37(C*)
Tensile strength/MPa 66 61 63
Tensile modulus/MPa 2221 2029 2118
70 °C Elongation at break/% 7.5 6.7 7.0
Flexural strength/MPa 65 61 60

2302 2159 2253
55(C*) 43(C*) 49(C*)

Flexural modulus/MPa
Impact strength (unnotched)/(kJ+m )

Note: C* means forms of complete destruction(the same as in the

following table).
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Tab. 3 Basic properties of cured epoxy infusion resin with different

nanoparticle contents

Items 1"-1 172 1°-3 1"-4
T -
Appearance ranspar White White White
ence
Density/(g+cm ) 1.19 1.20 1.22 1.23
Hardness (Shore D, 25 °C) 86 84 81 79

Glass transition temperature/°C 131.2 1359 1442 1433

Tensile strength/MPa 78.5 91.2 96.2 89.2
Tensile modulus/MPa 3426 3215 3121 2789
Elongation at break/% 32 4.1 4.7 3.9
—50°C  Flexural strength/MPa 112 145 162 132
Flexural modulus/MPa 2 756 2867 2902 2927
Impact strength
(unnotched)/(kJ-m )
Tensile strength/MPa 71.3 76.6 81 73.1
Tensile modulus/MPa 2987 2598 2621 2456
Elongation at break/% 4.2 6.1 7.1 7.3
23°C  Flexural strength/MPa 135 123 122 131
Flexural modulus/MPa 2 987 2798 2402 2457
Impact strength
(unnotched)/(kJ-m™)
Tensile strength/MPa 63.2 64.2 66.2 61.1
Tensile modulus/MPa 2457 2378 2221 2243
Elongation at break/% 4.5 6.8 7.5 7.2
70 °C  Flexural strength/MPa 67 63 65 67
Flexural modulus/MPa 2 678 2456 2302 2289
Impact strength
(unnotched)/(kJ-m )

X BEMOR AR B RE R , TG A4 R R 5

=

21(C*)  29(C*) 36(C*) 27(C*)

32(C*) 36(C*) 41(C*) 45(C*)

37(C*)  42(C*) 55(C*) 56(C*)

(c) 1*-3
BT AR ARAE T 5 e A PR IR WTTET TR 1 000 15119 SEM [A]
Fig. 1 SEM images of fracture surface of epoxy resin with different

(d) 1-4

nanoparticle contents (x 1 000)
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Fig. 2 SEM images of fracture surface of epoxy resin with different
nanoparticle contents (x10 000)
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Tab. 4 Basic properties of epoxy resin/glass cloth composite plate

Items 11 12 1%3  1%4

Tensile strength/MPa 653 693 742 676

Tensile modulus/GPa 242 221 232 212

_50°C Elongation at break/% 3.1 4.7 43 4.2
Flexural strength/MPa 853 834 841 832

Flexural modulus/GPa 246 230 232 210

Punch-type shear strength/MPa 342 398 457 443

Tensile strength/MPa 612 687 709 668

Tensile modulus/GPa 23.1 226 223 223

239G Elongation at break/% 2.8 4.1 43 4.6
Flexural strength/MPa 813 841 834 823

Flexural modulus/GPa 233 219 229 218

Punch-type shear strength/MPa 397 432 467 438

Tensile strength/MPa 531 548 563 531

Tensile modulus/GPa 222 216 222 209

70°C Elongation at break/% 3.7 43 42 4.7
Flexural strength/MPa 762 782 799 773

Flexural modulus/GPa 228 212 223 212

Punch-type shear strength/MPa 346 398 432 397

Fig. 3 Basic process of preparing epoxy resin/glass cloth composite plate
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