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Performance stability of phenolic epoxy resin coatings under high-dose electron beam irradiation
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Abstract : The linear phenolic prepolymer was synthesized via acid-catalyzed polycondensation, followed by nucleophilic
etherification and epoxy cyclization to obtain phenolic epoxy resin. It was used as the main film-forming material and compounded
with solvents, fillers, additives, and curing agents to prepare a radiation-resistant protective coating with comprehensive protective
performance. The synthesized phenolic epoxy resin was characterized by nuclear magnetic resonance, Fourier transform infrared
spectroscopy, and thermogravimetric analysis. The coating based on this resin exhibits an adhesion strength of 7.97 MPa without
electron beam irradiation, and after exposuring to an electron beam irradiation dose of 1x10” Gy, the adhesion strength remains
above 8 MPa, demonstrating excellent radiation resistance stability. After soaking in 7 types of chemical media including acids, alka-
lis, and organic solvents for 10 days, the coating exhibits good chemical resistance, with the adhesion decrease not higher than
22.05%. After salt spray corrosion testing, artificial aging testing, and high-temperature (120 °C) testing, the adhesion strengths of
the coating are 5.49, 9.12, 9.68 MPa, respectively, showing excellent environmental adaptability. In the wear resistance test, using a
750 g rubber grinding wheel, the average wear rate is only 20.04% at 500 revolutions. The developed phenolic epoxy resin and its
coating possess excellent comprehensive protective properties, meeting the protection requirements in complex working conditions
involving multiple factors such as electron beam irradiation, corrosion, high temperature, and friction.
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Fig. 1  Synthetic route of phenolic epoxy resin
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Tab.1 Mass fraction of each component of radiation-resistant coat-

ing based on phenolic epoxy resin
%

Material Primer Topcoat
Phenolic epoxy resin 23.50 40.90
O-xylene(initial stirring) 15.00 8.00
Bentonite 1.00 1.75
Titanium dioxide 14.40 17.50
Talcum powder 26.30 6.10
Mica powder 13.70 16.50
Polyether-modified polysiloxane 0.25
Benzyl alcohol 1.00 1.75
200" solvent oil 0.50 0.20
N-butanol 3.60 2.15
O-xylene(viscosity regulation) 1.00 4.90
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(c) Proposed mechanism for influence of electron beam
irradiation on coating performance
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(c) Appearance after temperature resistance test
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Tab.2 Coating resistance test data

Items Sample A Sample B Sample C

Mass before wear/g 58.106 1 58.046 3 58.2149
Mass after wear/g 58.080 0 58.024 2 58.188 6
Mass loss/g 0.026 1 0.0221 0.026 3
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