
Constitutive modeling and finite element simulation of curing

phenomena in polymeric materials

R. Landgraf and J. Ihlemann

Chair of Solid Mechanics, Faculty of Mechanical Engineering,
Chemnitz University of Technology, Germany

Polymers play an important role in many technological fields. Besides polymeric products, there are
also applications as adhesives, filling or sealing materials, among others. Within these cases, a chemical
reaction (e.g. polymerization) causes curing of the materials from a liquid to a solid. This process is
accompanied by different phenomena, which furthermore can be attributed to different physical fields.
First, the chemical reaction is strongly temperature dependent and in most cases exothermic. Thus, heat
gets released, which can lead to an increasing temperature. Moreover, volume changes are observed,
which can be divided into irreversible chemical shrinkage due to network forming and reversibly thermal
expansion/shrinkage. Last but not least, the mechanical properties, like the stiffness, drastically change
during the curing process, which is due to the phase change from a liquid to a solid.

In this contribution, a general continuum mechanical modeling framework introduced in [5] and ex-
tended in [1] is addressed. It takes into account the main chemical, thermal and mechanical phenomena
of polymeric curing processes. The basic structure of the modeling framework is shown and specific
aspects, like the constitutive modeling of the chemical reaction and the corresponding reaction heat, are
highlighted. Moreover, different approaches to capture the mechanical behavior of polymer curing are
discussed. Here, elastic, viscoelastic, and viscoplastic models at large deformations are employed.

Finally, the modeling approach is applied to specific polymers. Here, the specified material models,
their adaptation to experimental data as well as corresponding finite element simulations are shown. The
investigations include an acrylic bone cement, i.e. an thermoplastic material applied in different surgical
processes [3]. Moreover, a duroplastic, epoxy-based adhesive [2] and an elastomeric, PU-based adhesive
[4] are addressed. Here, finite element simulations of the production process of bonded piezo-metal
composites are shown.

Acknowledgement: The financial supported by the German Research Foundation (DFG) within
the Collaborative Research Center/Transregio 39 is gratefully acknowledged.

References

[1] Landgraf, R. (2016). Modellierung und Simulation der Aushärtung polymerer Werkstoffe. Verlag
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