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Emulsion polymerization is an important industrial process used for the production of latexes and stable aqueous dispersions which are used in the preparation of adhesives, coating and paints. Emulsion polymerization has a free radical mechanism which is highly exothermic and therefore presents serious potential hazards. Much useful information regarding the thermodynamics and kinetics of the process can be obtained from calorimetry and this can be used to improve its efficiency and safety.

In this work the emulsion polymerization of methylmethacrylate (MMA), with a monomer–water ratio of ~1:1 has been studied. The reaction kinetics of MMA polymerization in common with that of other acrylic monomers is characterized by a self-acceleration phenomenon (gel effect) that can lead to potentially dangerous runaway events.

An initial study of the process was made using Differential Scanning Calorimetry (DSC) with a T.A. Instruments 2920 heat flow DSC. This made it possible to investigate the process quickly and cheaply under a wide range of conditions, and gave preliminary thermodynamic and kinetic data. Since DSC experiments are made under very different conditions from those used in the industrial process, subsequent experiments were made in a reaction calorimeter where the effects of stirring and heat exchange are taken into account.

The computer controlled reaction calorimeter used in this work has a 2 litres jacketed stainless steel reactor and has been assembled from commercially available components. Batch and semi-batch experiments in the temperature range 60-90°C have been carried out.

The differential heat balance equation for a jacketed, stirred batch reactor is
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In these experiments the heat capacity CP has been calculated from the properties of the reagents and the heat exchange coefficient (UA) was obtained from a calibration made before and after the reaction. It was found to vary little during the course of the reaction. The chemical heat flow is calculated from the heat balance equation taking into account variations in the stirrer torque. The conversion vs. time profile can be obtained by integrating the differential heat balance equation.

Samples were periodically withdrawn during the reactions and the conversion was obtained gravimetrically using ThermoGravimetric Analysis (Hi-Res TGA 2950). The results are in good agreement with those obtained calorimetrically.

In conclusion as far as process safety and product quality are concerned semi-batch operation has some advantages over batch operation. Rapid temperature increases were found in some of the batch experiments leading to potentially dangerous runaway events. In addition fouling of the reactor walls occurred and in some experiments masses of solid polymer were produced which interfered with the stirring system.
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