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In—situ ultrasonic monitoring of curing process and kinetics of
unsaturated polyester resin
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Abstract: In order to explore the changes in ultrasonic amplitude of unsaturated polyester resin(UPR) curing system at dif-
ferent temperatures, the curing process of UPR was online monitored by ultrasonic transmission technology. The
dynamic changes of sound velocity, energy storage modulus, relaxation time and gel time were obtained. Then
the dynamics equation of the curing reaction was obtained. The results show that the higher the temperature, the
faster the change of sound velocity and energy storage modulus, and the larger the final value. Meanwhile, the
curing relaxation time and gel time decrease with the increase of temperature. In addition, the curves of curing
degree obtained by the ultrasonic method and DSC method are highly consistent. The activation energies obtained
by the two methods are 38.14 kJ/mol and 45.3 kJ/mol, respectively. Finally, the kinetic order of the curing reac-
tion of UPR determined by DSC is 0.92. In conclusion, the combination of the ultrasonic method and DSC
method not only proves the accuracy of ultrasonic results, but also provides an precise online monitoring technol-
ogy and quantitative method for the UPR curing process, thus providing theoretical guidance for the UPR pro-
duction.
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Fig.1 Diagram of experimental device for on-line monitoring of

resin curing reaction by ultrasonic wave
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Fig.2 Principle of oxidation—reduction chain initiation

process in unsaturated polyester resin
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Fig.3 Principle of chain growth process of unsaturated polyester resin
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Fig.4 Principle of chain termination process of unsaturated polyester resin chain
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Fig.5 Ultrasonic longitudinal wave monitoring spectrum

during curing reaction at 30 °C
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Fig.6 Changes of sound velocity with curing time during
isothermal curing at different temperatures
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measurements and DSC analysis
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