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Fig.1 Schematic diagrams and photography of the experimental setup: (a) schematic diagram of the whole setup;
(b) schematic diagram of the sample mounting regin; (c) optical photograph of the setup
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Fig. 2 Typical spectra of methacrylate materials before Fig. 3 Schematic diagram of the cantilever beam
and after photopolymerization configuration for shrinkage stress measurement
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Fig. 4 Data acquisition interface: (a) real-time development of shrinkage stress; (b) real-time
development of degree of conversion; (¢) dynamic development of shrinkage stress with degree

of conversion; (d) typical NIR absorption spectrum
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Fig. 6 Real-time development of the degree of conversion for the various

specimens with different concentrations of the nano-silica particles
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concentrations of the nano-silica particles at low concentrations of 0 to 4 vol%
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Coupled tests of shrinkage stress and polymerization
kinetics during photopolymerization

WANG Kun', NI Ke', LI Bei’, WANG Zhengzhi'
(1. Department of Mechanics, Wuhan University, Wuhan 430072, Hubei, China;
2. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: Photopolymerization is a complex chemical and physical reaction. Under a specific light
irradiation, photoinitiators decompose into active free radicals, which initiate the polymer chain
growth and transform liquid monomers into solid polymer products. During the photopolymerization
process, as the degree of conversion (i. e. , the ratio of reacted monomers to the total monomers)
increases, the volume of the material decreases, leading to the development of shrinkage stress within
the material and at the material/substrate interface. In practice, the shrinkage stress can induce
adverse effects such as interfacial damage and material fracture. Therefore, in order to effectively
control the development of the shrinkage stress, it is crucial to explore the dynamic correlations
between the degree of conversion and the shrinkage stress. In this study, we have built a cantilever-
beam based setup combined with in-situ near-infrared spectroscopy and realized simultaneous and
synchronous measurement of the degree of conversion and shrinkage stress during
photopolymerization. Both parameters can be measured in real time at a high frequency of up to 10Hz.
By adopting typical dental resins (Bis-GMA/TEGDMA compound) as the testing materials, we have
studied the effects of incorporating nano-silica nanoparticles on the polymerization kinetics of the
dental resins. The degree of conversion of the composite resin is found to increase with the increase of
the nanoparticle content, which consequently leads to an increase in the elastic modulus and hardness.
As a result, the final shrinkage stress of the composite also increases as more nanoparticles are
incorporated into the resins. The coupled testing setup for the shrinkage stress and polymerization
kinetics is believed to provide a powerful tool for studying the dynamics of photopolymerization.
Experimental data captured from this setup are helpful in revealing the mechanisms of the shrinkage
stress development and can guide the design of photopolymers with superior mechanical properties.

Keywords: photopolymerization; degree of conversion; shrinkage stress



