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STYRENE POLYMERS 77

The polymers formed from styrene with either isoprene or butadiene
are transparent despite their two-phase structure, this difference from
a conventional mixture of incompatible polymers being caused by a
limitation on the size of the domains. These domain sizes are no
greater than about 200 A, which is much less than the wavelength of
visible light, so that there is very little light scattering and the block
copolymers are transparent, even though the refractive indices of the
two phases are significantly different.

Elastomeric block copolymers are often blended with other thermo-
plastics to obtain useful compounds. The block copolymer can be
either the minor or major constituent. An example of the former would
be a blend with polystyrene to give a tough material when incorporated
in polypropylene. Even at a level of 10%, the impact strength is
improved not only at ambient but also at sub-zero temperatures,
without any significant diminution in the rigidity. Examples of the latter
would be blends with polyolefins or other flexible ozone resistant
thermoplastics (such as ethylene-vinyl acetate copolymers). These
blends often have excellent ozone resistance, which is only fully
developed in injection moulded or extruded samples.

The block copolymers are not affected by water, alcohol or dilute
acids and alkalis but are soluble in ketones, esters and many
hydrocarbons. Their solubility is the basis of some of their most
important applications in adhesives, caulks and sealants, but they
cannot be used where 0il or solvent resistance is required.

3.11.3 Unsaturated polyesters

This class of materials falls in the group of thermosetting resins which
are cured during the processing stage so that the finished product takes
on a three-dimensional structure and is not liable to softening at
elevated temperatures in the Ssame way as the thermoplastics. The
polyesters are formed by condensing a glycol with both unsaturated and
saturated dicarboxylic acids at one and the same time, the unsaturated
acid providing the sites within the molecule for the ultimate cross-linking
which occurs during the curing stage. The relative amounts of the
unsaturated and saturated acids determine the density of the sites at
which cross-linking will occur subsequently, and also controls the
brittleness of the resin. The polyester resin, with a low degree of
polymerisation, is mixed with a reactive diluent, which is normally
styrene. Curing of the material during processing requires a catalyst and
this is blended into the resin mixture.

e T



78 STYRENE POLYMERS

A whole range of glycols and acids can be used, but 1,2-propviene
glycol is the most important and gives resins which are less crystalline
and more compatible with styrene than those formed using ethylene
glycol. Maleic anhydride is frequently used as the unsaturated acid with
phthalic or isophthalic acids providing the saturated component. Fire

the acid number, and it is stopped when this falls to 25-50 (the acid
number is the number of milligrams of potassium hydroxide equivalent
to the acids present in one gram of the resin). After cooling the
polyester, it is blended with styrene (about 30% by weight) and
inhibitors added to stabilise the product.

At this stage, the material containing about 30% of unpolymerised

The cross-linking reaction is carried out after the resin has been
applied to the reinforcement, usually glass fibre, which is required to
give adequate mechanical strength 1o the finished product. It is

applications.

3.11.4 Miscellaneous polymers

There have been many studies of the polymers of styrene derivatives
and some of these are now well established for certain special
applications. For example, the polymers of m- and p-methyl styrene
(vinyl toluene) are used in surface coatings,
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Processing and fabrication with styrene-based
polyester resins

5.1 INTRODUCTION

Polyester resins are cross-linked with styrene to produce thermosetting,
insoluble and infusible products. The cross-linked resins are usually
brittle, and the need to provide reinforcement with glass fibre for almost
all purposes has led to the development of a number of distinctive
fabrication processes. About 5 or 6% of all styrene produced in the
world is used in the production of cross-linkable polyester resins; this
amounts to about 650,000 tonnes per annum for the countries from
which statistics are available, i.e. those outside the socialist blocs. The
control of styrene fumes in the fabrication of products involving
polyester resins has been a major problem in the past, although the
extent of this problem depends very much on the exact process used
and, equally, on the precise conditions of operation. The need to
control styrene fumes is now generally recognised, together with the
need to minimise airborne dust and glass fibres in the same processes.

A special feature of the glass—polyester laminating industry is that
most of the organisations concerned with fabrication are small, and the
solutions appropriate for larger concerns are too expensive for the more
typical operator. Small companies are especially concerned with the
two processes most closely associated with styrene fumes, i.e. hand
lay-up and spray-up. As Table 5.1 shows, these are by far the most
important polyester processes in Western Europe; the practicability of
these processes is a major advantage of unsaturated polyester resins.
Further examination of available figures for 1976 shows that there are
wide variations between countries. Fifty-five per cent of all glass
reinforced plastics material is fabricated by spray-up in Sweden, but
only 7% in Germany where the emphasis is on press moulding, and in

109
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