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Abstract

Thermally expandable microspheres are polymeric core/shell particles in which
a volatile hydrocarbon is encapsulated by a thermoplastic shell. When these
microspheres are heated, they expand and increase their volume dramatically.
This volume increase is retained upon cooling, leading to a density reduction
from around 1100 kg m-3 to about 30 kg m-3. Since the development in the early
1970´s, microspheres have been used extensively by the industry as a foaming
agent or light weight filler.

In this thesis, microspheres with a poly(acrylonitrile-co-methacrylonitrile)
shell have been synthesized through free radical suspension polymerization.
The microspheres have been characterized with respect to particle morphology
and expansion properties in order to deepen the understanding of the
microspheres.

It was found that the monomer feed ratio and the polymerization
temperature are very important parameters with respect to the expansion
properties. Excellent expansion could only be accomplished when polymerizing
at 62 °C, with the acrylonitrile feed, fAN, being around 60 mol%, even
though core/shell microspheres are formed over a much wider range of fAN.
Furthermore, no expansion was achieved when polymerizing at 80 °C, even
though no noticeable differences were found, compared to the corresponding
sample polymerized at 62 °C.

It was also shown that the expansion properties can be modified by
replacing the encapsulated hydrocarbon by another hydrocarbon with a
different boiling point. Not only is the boiling point important, the structure
of the hydrocarbon is also important. Isooctane which is highly branched was
found to give superior expansion compared to linear or cyclic hydrocarbons
having a similar boiling point.

Crosslinking of the polymer shell has proven to be very important for the
expansion properties. Both the amount and the structure of the crosslinker are
important parameters. Especially the maximum expansion can be improved by
the crosslinking of the polymer shell. This originates in an increase in the shape
persistence of the expanded microspheres at elevated temperatures. By the
combination of crosslinkers that are incorporated separately into the polymer
shell, the onset temperature of expansion can be increased significantly.

Finally, the surface of microspheres has been modified by grafting
poly(glycidyl methacrylate) from the surface by ARGET ATRP. Given that the
reaction conditions are appropriate, such modifications can be performed with
only limited effects on the expansion properties of the microspheres.
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