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coatings (EP-WR) in ultraviolet (UV) and low temperature environments were studied in this work. The Q235 steel was used as
the base material, and the coating was sprayed on the substrate surface with an airbrush. The two coating systems were put into a
drying oven and kept at 60 ‘C for 1 day, and then were placed at the room temperature for 6 days to ensure that the organic
solvent inside the coating was completely volatilized. The failure behavior and mechanism of epoxy coatings were studied by
means of ultraviolet radiation and low temperature exposure, open circuit potential test, electrochemical impedance test, infrared
spectrum test, surface characterization (SEM), and adhesion test. The results showed that the failure of the epoxy coating failed
in the low temperature environment was mainly due to the large difference between the thermal expansion coefficient and the
metal substrate, which resulted in the stress caused by the difference in volume between the coating and the metal substrate. The
EP-WR coating produced tiny holes on the coating surface, resulting in the unsmooth coating surface. The ultraviolet (UV)
environment changed the chemical structure of the coating surface, leading to the formation of the holes, cracks, and other
microscopic defects within the coating. The electrochemical test results showed that the protection ability of the two coatings
decreased in the ultraviolet (UV) and low temperature environment. The open circuit potential of the two coatings decreased and
fluctuated with the extension of aging time, indicating that the electrochemical activity of the system increased, and the
protection performance decreased. In the ultraviolet (UV) environment, the modulus values of the EP-Zinc and EP-WR coating
decreased to 10° Q-cm® and 107 Q-cm?, respectively. In the low temperature environment, the modulus values of the two
coatings decreased to 10° Q-cm?” and 10° Q-cm?. In addition, adhesion played an important role in the failure behavior analysis of
coatings. In the low temperature environment, the adhesion of the EP-Zinc coating decreased from 5.92 MPa to 4.97 MPa, and
that of the EP-WR coating decreased from 6.51 MPa to 4.94 MPa. This indicated that the damage to the interfacial bonding
strength between the coating and the substrate was relatively small in the low temperature environment. In the ultraviolet (UV)
environment, the adhesion of EP-Zinc and EP-WR coatings had similar changes, and both of them showed a large decrease with
the extension of ultraviolet irradiation time, among which the EP-Zinc coating adhesion decreased from 5.92 MPa to 2.02 MPa
and the EP-WR coating adhesion decreased from 6.51 MPa to 3.44 MPa. FT-IR results showed that both EP-Zinc and EP-WR
epoxy coatings produced similar characteristic peaks in 1 708-1 736 cm™' in the UV environment, which was the stretching
vibration peak of carbonyl group in saturated aldehydes, ketones and acids, indicating that aging occurred. However, no new
bond was formed in the low temperature environment. The failure of coatings in low temperature environment is mainly caused
by the change of physical factors, and the failure of coatings in ultraviolet environment is mainly due to the change of chemical
factors.
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Tab.1 Basic parameters of two kinds of organic coatings

System  Resin/hardener ratio Time of stirring Diluent
EP-Zinc 3:1 1h C8H10
EP-WR 35:1 1h CgHyp
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Fig.2 Impedance spectra of coatings after aging in UV environment for different time: a) Nyquist plots of
EP-Zinc (0-12 d); b) Nyquist plots of EP-Zinc (18-24 d); ¢) Nyquist plots of EP-WR (0-12 d);
d) Nyquist plots of EP-WR (15-24 d); ¢) Bode plots of EP-Zinc; f) Bode plots of EP-WR
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Fig.4 Impedance spectra of coatings after aging in low temperature environment for different time: a) Nyquist plots of
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Fig.8 Morphologies of EP-Zinc and EP-WR coatings after
aging in UV environment for different time
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Fig.9 Morphologies of EP-Zinc and EP-WR coatings after aging in
low temperature environment for different time
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