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Abstract : In order to effectively improve the flame-retardant properties of epoxy resin(EP), a modified cardanol-based flame
retardant containing phosphophenanthrene was prepared by dehydrochlorination, epoxidation and ring-opening addition reaction
with cardanol, cyanuric chloride, 3-chloroperoxybenzoic acid and 9, 10-dihydro-9-oxa-10-phosphenanthrin-10-oxide as raw materi-
als. Fourier transform infrared spectroscopy was used to characterize the chemical structures of the synthesized flame retardants.
Subsequently, a certain amount of 4, 4'diaminodiphenylmethane was added to cure the epoxy resin. The flame-retardant properties of
the composites were tested by thermogravimetric analyzer, cone calorimetry tester, limiting oxygen index (LOI), horizontal and
vertical combustion, and electronic scanning electron microscopy (SEM). The results show that when 5 wt% flame retardant is
added, the carbon residue of epoxy resin in the thermogravimetric test at 800°C increases from 2.2% to 19.8%. The LOI value
increases from 23.7% to 32.8%. The peak heat release rate, total heat release, peak smoke release rate and total smoke release
decrease by 34.9%,25.1%,22.2%, 32.3%, respectively. Vertical combustion experiments have shown that the flammabilityrating of
epoxy resin is increased from no to V=0 after the addition of flame retardant. SEM analysis of carbon residue after combustion

shows that the addition of flame retardant could form a dense carbon layer on the surface of the epoxy resin during the combustion
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process to prevent combustion. The above tests fully demonstrate that the synthetic cardanol-based flame retardant has excellent

flame-retardant and smoke suppression effect on epoxy resin. At the same time, the mechanical properties test on the electronic

universal testing machine shows that the addition of flame retardant has little effect on the mechanical properties of epoxy resin and

does not affect its use in many fields.
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Tab.1 TG data of EP composites with different
flame retardant contents

Sample T,,/°C T ./°C R /(% min™") Weoo/ %0
EP 327.6 390.3 18.0 22
3%PTCC/EP 183.4 388.1 13.6 15.9
5%PTCC/EP 172.4 410.3 10.7 19.8
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Sample LOI/% UL 94 Dripping
EP 23.7 No level Yes
3%PTCC/EP 26.5 V-1 No
5%PTCC/EP 32.8 V-0 No
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Fig. 4 Cone calorimeter test results of flame retardant EP composites
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Tab.3 Cone calorimeter test results of EP composites with
different flame-retardant dosages
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EP 1271 15863 74 56 214
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5%PTCC/EP 952 10328 96 41 10.7
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Tab.4 Mechanical properties of EP composites with different

flame retardant contents

Sample Tensile Elongation at  Impact str?gth/
strength/MPa break/% (kJ-m™)
EP 60.1 14.3 9.7
3%PTCC/EP 63.6 15.5 9.9
5%PTCC/EP 66.7 17.3 9.1
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