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Preparation of cycloimidized melamine and application of flame-retardant epoxy resin
WANG Jingjin, WANG Xia, CHEN Ran, YANG Chen,ZHOU Changlin, WANG Lei
(College of Materials and Chemical Engineering, Key Laboratory of Inorganic Nonmetallic Crystalline and Energy Conversion Materials,
China Three Gorges University, Yichang 443002, China)

Abstract : Melamine (MEL) has become a hot topic in the field of flame retardants due to its advantages such as high thermal
stability, hydrolysis resistance, low migration, high carbonization, and low price. However, the highly chemically stable aromatic
structure of the conjugated six membered nitrogen heterocycles result in low reactivity and difficulty in further modification. To
further expand application of the melamine system, MEL and 1, 2-cyclohexanedioic anhydride (HHPA)were used as raw materials
to prepare cycloimidized melamine derivative (RFR) and applied in the field of flame-retardant epoxy resin (EP). By adjusting the
reaction molar ratio of raw materials, time, temperature, solvent, and other factors, the process conditions for RFR were optimized.
Meanwhile, the structure of RFR was characterized by Fourier transform infrared spectrum (FTIR), nuclear magnetic resonance, and
elemental analysis. Subsequently, by mixing cycloimidized melamine derivative with EP and thermal curing with 4, 4-diaminodiphe-
nylmethane , the flame-retardant EP was fabricated. Finally , comprehensive evaluation of the structure, mechanical properties, resid-
ual carbon content, and flame retardancy of flame-retardant EP was conducted by means of limiting oxygen index (LOI), vertical
combustion, universal tensile testing machine, FTIR, thermogravimetric analysis and scanning electron microscopy (SEM). The
results show that when the mass fraction of RFR is 7.5%, the char-forming rate increase by 20.5% compared to unmodified EP, the
LOI of flame-retardant EP reach 26.3%, and the flame retardant grade reach UL 94 V-1 level. From the perspective of flame-
retardant mechanism analysis, this flame retardant synergistically exerts both condensed and gas-phase flame retardancy through the
triazine skeleton and cycloalkyl side groups.

Keywords : cyclo-imide ; melamine ; epoxy resin ; flame-retardant ; char-forming
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Tab.1 Mass fraction of flame-retardant EP composites
%

Sample E51 RFR DDM
EP-0 65.50 0.00 34.50
EP/RFR-1.5 64.52 1.50 33.98
EP/RFR-3.0 63.55 3.00 33.45
EP/RFR-4.5 62.57 4.50 32.93
EP/RFR-6.0 61.58 6.00 3242
EP/RFR-7.5 60.61 7.50 31.89
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Tab.2 Process optimization design of RFR

/38 SEM HE4 T T35 S

No. n(HHPA):n(MEL) 7/°C t/h Solvent  Yield/%
1 2:1 100 2 DMSO  62.81
2 2:1 110 2 DMSO  71.92
3 2:1 120 2 DMSO  78.30
4 2:1 130 2 DMSO  75.75
5 2:1 140 2 DMSO  65.94
6 2:1 120 4 DMSO  92.86
7 2:1 120 6 DMSO  92.87
8 2:1 120 8 DMSO  93.01
9 2:1 120 10 DMSO  92.81
10 1:1 120 4 DMSO  63.42
11 3:1 120 4 DMSO  93.61
12 3:1 120 2 DMSO  88.83
13 2:1 120 4 DMF 76.55
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Tab.3 Elemental analysis of RFR

Element C content/% H content/% N content/%
Theoretical value 50.38 5.34 32.06
Measurement value 49.72 5.34 31.57
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Fig. 4 FTIR spectrum of flame-retardant EP
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Tab.4 Flame retardance and mechanical properties of

flame-retardant EP

Tensile Elongation
Samples LO1/% UL%4
strength/MPa  at break /%
EP-0 21.1 no rate 26.23 16.17
EP/RFR-1.5 21.9 no rate 33.78 16.75
EP/RFR-3.0 22.8 no rate 40.11 17.29
EP/RFR—4.5 24.2 no rate 48.26 18.66
EP/RFR-6.0 254 V-2 51.97 19.04

EP/RFR-7.5 26.3 V-1 55.19 19.43
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