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Design and Properties of Low-Viscosity Mixed Anhydride
Cured Epoxy Resins

CHEN Kexiang'?, XIANG Rui'®?, TENG Haoqing'?, MA Pengchen'?, WANG Shaohong?, AN Le!®,
MING Xiaoging'?, ZHANG Yanfeng'2, WANG Tiejun'®
(1a. School of Chemistry, 1b. School of Aerospace Engineering, Xi’an Jiaotong University, Xi'an 710049, China;
2. School of Mathematics Physics and Optoelectronic Engineering, Hubei University of Automotive Technology,
Shiyan 442002, Hubei, China)

Abstract: Epoxy resin has many advantages. However, as a matrix resin for composites, epoxy resin has the weakness of
high viscosity, poor fluidity and low processing time. Considering the high viscosity and poor storage ability of the traditional
epoxy prepolymer, we designed an epoxy resin formulation possessing both certain mechanical strength and fluidity. We
utilized a low-viscosity trifunctional epoxy compound, N,N-diglycidyl-4-glycidyloxyaniline (AFG), and a solid-liquid mixture
of low-eutectic anhydrides, specifically 4-methyl tetrahydro phthalic anhydride and 1,2,3,6-tetrahydrophthalic anhydride, as
the epoxy monomers and curing agents, respectively. More importantly, when stored at room temperature for 3 h, this mixture
exhibited a low viscosity (1000 mPa-s), which was attributed to the solid-liquid mixed anhydrides remaining in a liquid state

at room temperature without recrystallizing. Then, a series of epoxy resins were designed by controlling the mole ratio of
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epoxide groups to anhydride groups. These resins were analyzed through mechanical property experiments and thermal
analysis. The results showed a wide range of adjustable crosslink density in the epoxy resin, from 2 000 mol/m* to
6 000 mol/m3, and the establishment of a relationship between network, mechanical, and thermal properties of the epoxy resin.
This epoxy resin was successfully applied to prepare composites by the unidirectional tape prepreg process. Moreover, the
ester bonds can be triggered with transesterification behavior under the zinc( Il ) acetylacetonate catalyst with hydroxyl group.
Therefore, epoxy resins can be completely degraded by ethylene glycol at 180 °C for 6 h. A wide range of mechanical and
thermal properties can be achieved by controlling the ratio of epoxide groups to anhydride groups in epoxy resins, which
provides a certain reference for the development of low-viscosity epoxy resins.

Key words: epoxy resin; mixture anhydride; low viscosity; crosslink density; mechanical testing
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Fig. 2 Trategies for low-viscosity epoxy resins: Blending THPA with MeTHPA to extend the room temperature liquid time

W 3(a) s, A& T 10 Fl n(MeTHPA): n(THPA) 8 B 1 [ 1R & BR IEF, 1R 4 e P A i, 25
TRVSHD, W 4k H R ASAE J1 . Hih n(MeTHPA): n(THPA)=6:4 KR & FREF/E /A Rl G RETE B IR F4EfF 1h iy
WA (B 3(b)), A HE—H i MeTHPA 119 it BE AR A B A (W A7 0T 8], (L MeTHPA [ £k 551 [ 4k 1) 34 480
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Fig. 3 (a) Photographs and (b) time for mixed anhydrides to remain in a liquid state at room temperature; (c) Viscosity-time curve of epoxy
resin prepolymer at room temperature
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Fig. 4 (a) FT-IR spectra of epoxy resin; (b) Comparison of AFG-MT 4 and AFG-MT ¢

(a) (b)
AFG-MT
=8 100 —— AFG-MTg,
AFG-MT, 4 — ——— AFG-MT,
____‘_'___,—'—l-'__ N
AFG-MT , _ 80} ——— AFG-MT,
—_ < ——— AFG-MT, ,
g \ AFG-MT) \__// é 60 | — AFG-MT, ,
E | ——— AFG-MT, ¢
o
AFG-MT 4 / = ool
2 =
L L L L ] 0 L L L ]
50 100 150 200 250 200 400 600 800
7/C d 7/C
1.0 -(C) 106 .( )
—— AFG-MT 4; —— AFG-MT, , —— AFG-MT 4; —— AFG-MT, ,
sl ——— AFG-MT; AFG-MT, 4 105 ——— AFG-MT; AFG-MT, 4
' —— AFG-MT,g; —— AFG-MT ¢ £ —— AFG-MT,; AFG-MT, ¢
——— AFG-MT,, 2 ——— AFG-MT, ,
0.6 Z 10}
= g
£ g
04 g;n 103 F
g
0.2} A 102 F
0 : : 10! : : : :
100 150 200 250 100 150 200 250
7/C 7/C

K5 FERNEAY (a) DSC; (b) TGA; (c) tan 6; (d) fHAERL L HiZk
Fig. 5 (a) DSC; (b) TGA; (c) tan J; (d) storage modulus curves of epoxy resins
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Fig. 6 (a) Tensile test; (b) compression test; (c) bending test; (d) torsion test of epoxy resins
% 109 MPa, AR A %000 25 5L (16 6(d) ) R, A8 LU T H AWM s, AFG-MTo4 HA B S 85 YN AE, 15
T H A AR Y S0 %5 B A A TAL S, AH A T A IR S BE B A — & B SR, Bl & SCIK 2 B i — 2D 3
i, MORRE WL ARG, IRBTAN T AR TE RE ) AR 25 o R IR 00 phl B S (R 1) KRB, A AR R BRI
I (I 10 kI/mm?), 7200 FF 30 A e, 33 U PR R 48 s IO A B 4%

1 EMNE R T E R RE | DO AR AL IR AN S I

Table 1 Mechanical properties, glass transition temperature and crosslink-density of epoxy resins

Tensile Elongation at Bending Compression Shear Impact Cross-link
Sample T,/C
strength/MPa break/% strength/MPa  strength/MPa  stress/MPa  toughness/(kJ-mm?) density/(mol-m™)
AFG-MT,, 60.7+0.9 3.8+0.2 160.8+3.9 137.6+1.9 66.9+1.3 8.33+0.75 93 1976
AFG-MT 6 69.8+0.9 4.7+0.2 165.843.3 140.5+1.5 52.443.0 8.21+0.43 127 3224
AFG-MT4 85.2+1.2 6.5+0.2 162.5+3.8 151.7+2.6 72.0+2.8 7.74+0.82 137 4179
AFG-MT, o 67.5+1.3 5.1+0.1 152.4+3.1 167.6+3.5 52.1+0.9 6.54+0.51 150 4399
AFG-MT, , 52.2+1.2 3.6+0.2 136.243.5 179.4+1.6 52.6+1.0 4.97+0.45 177 5738
AFG-MT, 4 47.8+1.8 3.4+0.2 112.343.6 203.3+2.7 40.2+1.1 3.18+0.45 186 6334
AFG-MT, ¢ 31.1+1.2 1.9+0.1 103.1+4.0 221.2+1.6 43.5+0.4 2.48+0.51 178 6355

X EE 7 FRAR A () S 2E PR RE A BT 85 5 (% 1) F % n(Anhydride) : n(Epoxide) ¥4I, #4 4} b i 55 72 3L %
W/, 22 4% TR TR I 5 T 125 0 R IS 0 B A T A EE 1, AL sk A R 1 3 B A A A IR B R IR 4 v, Herh AFG-
MTo.s B it J B H e P o foft D7 28 5 2 R D S i 22
24 FRAKEEEME

LA T VAR R Y T R e S TR W B, AR G B AFG-MT o 7R 8 21 S8R i SR 1A, SR BB 1) 2y TR
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