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The objective of the research in this subprogram is to
control the chemistry of polymerisation reactions to
reduce production costs and to create macromolecules
with structures tailored for niche, higher-value markets.

This research includes monomer synthesis, mechanistic
understanding of polymerisation processes, polymer
synthesis by living radical polymerisation, and
modification of conventional polymers by reactive
extrusion. The projects in this subprogram primarily
involve chemistry and synthesis.

BRANCHED POLYMERS

OBJECTIVE
To develop a commercially viable reactive extrusion
process for producing branched/chain-extended
polypropylene with a high elongation viscosity (melt
strength).

BACKGROUND
Polypropylene (PP) has low shear and extensional
viscosities at temperatures above its melting point.
Branched polymers such as low density polyethylene
(LDPE) can maintain sufficient extensional viscosity and
melt strength to enable their use in many processing
applications. The poor extensional viscosity and melt
strength of linear PP limit its use in many processes
such as film blowing, foam extrusion and
thermoforming, where good melt strength is required
for ease of processing.

The melt strength and extensional viscosity of PP can
be improved by introducing branching into the polymer
structure, and there are now several commercial
processes for producing branched grades of high melt

strength PP (HMS PP). The improved processing
properties of HMS PP have widened the applications
for PP.

This project has involved developing a cost-effective
reactive extrusion process for the production of HMS
PPs from standard grades of PP. The research over the
last year has concentrated on the development of a
material suitable for the production of expanded
polypropylene (EPP) foam parts for automotive
applications.

PROGRESS AND ACHIEVEMENTS
Currently EPP sintered foam parts are produced in
Australia by steam sintering imported pre-foamed EPP
beads. Australian producers of sintered EPP foam parts
use pre-foamed EPP made from grades of PP that 
are suited to lower temperature steam sintering 
(i.e. < 140ºC). Over the last 12 months the project team
has attempted to develop, via an extrusion process, a
low density PP foam suitable for sintering at these
temperatures. To achieve this, the research has
concentrated on producing HMS-PP from appropriate
grades of PP. The HMS-PP materials produced were
evaluated by undertaking extrusion foaming and
thermal sintering trials.

The research showed it is indeed possible to produce a
branched HMS-PP from appropriate grades of PP
copolymers using CRC-P HMS-PP technology. It has
further been shown that a relatively low density foam
could be produced from the branched HMS-PP using
physical blowing agents. However, it has been found,
through undertaking thermal sintering trials, that
suitable parts could not be produced from the foam due
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to the parts collapsing during moulding. Scanning
electron microscopy (SEM) analysis of the foams has
shown that the cell walls of the foams contain micro –
pinholes. This observation helps to explain why the
foam collapses during moulding. The pinholes are
believed to result from insufficient extensional viscosity
of the molten polymer and inadequate control of the
foaming process during the rapid expansion of the
extrudate as it exits the die during foaming. Further
research to address these issues is planned.

“It has further been shown 
that a relatively low density

foam could be produced from the
branched HMS-PP using
physical blowing agents.”

INNOVATIVE MATERIALS AND
PROCESSES FOR OPHTHALMIC
APPLICATIONS

OBJECTIVE
To develop photochromic ophthalmic lenses which
have a controlled rate of fading.

BACKGROUND
A major trend in spectacle lenses is towards better
technical performance of photochromic lenses (e.g.
faster switching). These lenses are made by
incorporating photochromic dyes by imbibition
(absorption) into the lens, or as a component in a
surface coating. The photochromic dyes undergo a
colour change when exposed to ultraviolet light.
Typically the dye is normally colourless and, upon
irradiation, it becomes highly coloured.

There is a need to decrease the response times of
photochromic dyes in polymeric lens systems. The
switching speed is typically adequate for the darkening
of the lens, but the fading or bleaching reaction is
significantly slower. This can lead to wearers ‘walking
around in the dark’ on entering a building from bright
sunshine. Methods for increasing the fade speed,
reducing the temperature sensitivity and increasing 
the efficiency of photochromic lenses are required. 

Dr Richard Evans
(CSIRO) and 
Dr Melissa Skidmore
(CSIRO) examining
the performance of
a photochromic dye
in a lens

PROGRESS AGAINST MILESTONES

Produce HMS-PP for the production of a
replacement for EPP imported foam.

Evaluate the technology in EPP low
temperature foaming applications.

Achieved

Achieved



This project has focused on achieving fast fade
behaviour through modification of the dye.

PROGRESS AND ACHIEVEMENTS
The research has been mainly directed towards
decreasing the response times of photochromic dyes in
polymer matrices. The progress during the past year
has been substantial and technology to achieve this
goal has been developed and demonstrated. Kinetic
studies showed that a number of the photochromic
dyes developed in this project gave rapid, near solution-
like, performance even though they were actually cast
in a rigid lens matrix. This technology was shown to be
generally applicable, with numerous examples of the
major commercial classes of dyes showing large
reductions in fade times. The research phase of this
project is now complete. Protection for the technology
is being sought through patent applications.

"Kinetic studies showed that a
number of the photochromic
dyes developed in this project
gave rapid, near solution-like,
performance even though they
were actually cast in a rigid lens

matrix."

PET WITH ENHANCED PROPERTIES

OBJECTIVE
To chemically modify and improve the properties of
poly(ethylene terephthalate) (PET) to expand its use in
packaging applications.

BACKGROUND
Substantial improvements in packaging are possible
through chemistry that can enhance the properties of
virgin and recycled PET. The Centre has patent
protection over a reactive extrusion technology for
improving the melt strength of PET through chain
branching and increasing molecular weight. This
technology can be used to develop modified PETs with
improved properties for use in a range of applications
including extrusion blow moulding. The focus of this
ongoing research is now on the commercialisation of
this technology.

PET has insufficient oxygen barrier for products such as
beer, fruit juices and some tomato products. It also has
relatively high CO2 transmission which limits the shelf
life of small-volume carbonated soft drink containers.
Existing approaches to increasing the gas barrier
properties of PET containers include inorganic coatings
and the incorporation of a high-barrier nylon layer within
a multilayer structure. These methods often need
expensive and complex processing equipment, and the
final article may be difficult to recycle. The CRC-P has
developed and protected a technology for the
production of PET with improved properties (including
increased gas barrier properties). Amongst other
applications, this technology will allow standard
processing equipment to be used to produce small
carbonated beverage PET bottles that have an improved
shelf life, are single-layered and can be easily recycled.

PROGRESS AND ACHIEVEMENTS
The Centre’s technology for modifying PET, to increase
its melt strength by reactive extrusion, is being used in
the commercial production of thermoformed trays for
food packaging by VisyPak. In addition, favourable
results have been obtained in a series of trials using this
technology for the preparation of higher molecular
weight PET grades for extrusion blow moulding of large
handled bottles. The patent protection of the technology
generated in this project has been expanded with a new
Patent Cooperation Treaty (PCT) application covering the
production of reactive concentrates. The technologies
have been licensed to Ciba for commercialisation
outside Australia and New Zealand. Ciba has produced
commercial quantities of the concentrate and
successfully completed customer trials. An optimised
concentrate product incorporating the technology
developed in this project is now commercially available.

“An optimised concentrate
product incorporating the

technology developed in this
project is now commercially

available.”
Significant progress has been made in the research
aimed at improving the gas barrier properties of bottle
grade PET through the incorporation of modifiers using
reactive extrusion. Synthetic techniques have been
further improved to allow production of some of the
modifiers on a scale sufficient to enable reproducible
small-scale preform and bottle production. Initial
injection stretch blow moulding trials have produced
monolayer bottles with gas barrier properties
substantially greater than bottles made using
conventional grades of PET, validating earlier results
obtained using film samples. The barrier properties
achieved are of the magnitude appropriate for small
beverage containers with significantly increased shelf
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PROGRESS AGAINST MILESTONES

Prepare a range of different classes of
photochromic dyes.

Establish structural requirements for fast
fade photochromism.

Lodge a patent application on fast fade
photochromic dyes.

Achieved

Achieved

Achieved



15life. Further research is being undertaken to understand
the effect of the chemical structure of the modifier on
gas barrier properties. The results of this study will
provide guidance for optimising the barrier properties of
the modified PETs. Novel barrier materials which may
provide further improvements are also under
investigation.

ADDITIVES FOR INTERFACIAL
MODIFICATION OF POLYMERS

OBJECTIVE
To design and synthesise agents for dispersing
incompatible minerals into polyolefins, and to
understand how to modify and control the surface
properties of polymers.

BACKGROUND
The use and performance of plastic materials can be
highly dependent on additives which, while added in
very small quantities, can have a marked influence on
rheological, surface and long-term properties. Such
additives can allow the processing and shaping of
desired parts from otherwise difficult-to-process
plastics. Their use can provide extended in-service
lifetimes of 10 years or more in outdoor applications
such as those encountered in products for the
automotive and construction industries. Although
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PROGRESS AGAINST MILESTONES

Develop and commercialise a concentrate
embracing the high melt strength PET
technology.

Progress the high melt strength PET
technology in new applications.

Develop gas barrier PET suitable for small
beverage containers.

Determine the effect of modifier structure
on the gas barrier properties of the
chemically changed PET polymer.

Achieved

Achieved

Achieved

Partially
achieved

Some researchers
from the PET with
enhanced properties
team (from left): 
Dr Richard Donovan
(CRC-P) and 
Dr Graeme Moad
(CSIRO)
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polymers have become accepted as an essential part of
everyday life, there is still a strong need to improve
their overall properties.

The main aim of this project is to design and develop
new additives to improve the surface properties and
compatibility of plastics with the environment and other
components such as fillers. In addition, the project
should result in an improved understanding of the
processes involved in surface modification and the
control of interfacial properties of polymers.

PROGRESS AND ACHIEVEMENTS

Novel additives have been developed that can be melt
mixed with unmodified mineral fillers and polyolefins to
promote compatibility of the filler and to form stable
polyolefin nanocomposites. These additives are
effective when used at very low levels, whereas related
research described in the literature has indicated that
much higher levels of additives and expensive pre-
modified fillers are required to achieve lesser effects.

The polypropylene nanocomposites prepared using this
new technology have a better balance of properties
than nanocomposites prepared by more established
methods. For example, they have equal or better
tensile modulus and strength, better ductility, improved
impact properties, markedly superior ageing
characteristics and better thermal stability. 

The three patent applications filed with the European
patent office to protect these findings have proceeded
to PCT applications. It is intended to refine the
nanocomposite composition so that customer sampling
can proceed towards the end of 2004.

“The polypropylene
nanocomposites prepared 
using this new technology 

have a better balance 
of properties than 

nanocomposites prepared by
more established methods.”

SUBPROGRAM RESEARCH PLANS FOR 2004-05
Branched polymers. Further research will be
conducted to improve the technology so that it can be
used to make EPP foam suitable for use in the
manufacture of sintered parts. The planned research
will also include the characterisation of some of the
HMS-PP materials produced using gel permeation
chromatography (GPC), thermal analysis and rheology
measurements.

PET with enhanced properties. Research on adapting
the technology for increasing the melt strength of
bottle grade PET by reactive extrusion to wider
commercial applications will continue. The technology
for improving the gas barrier properties of PET using
reactive extrusion will be further developed.

Additives for interfacial modification of polymers.

The research focus will shift to refining the technology,
with reference to specific applications for the
nanocomposite materials, and to applying the
methodology in polymers beyond polyolefins.

Stimuli responsive polymer additives. The wider
applications of the technology developed for fast
switching photochromic dyes will be examined.

PROGRESS AGAINST MILESTONES

Determine additive effectiveness in
forming nanocomposites.

Optimise and refine composition for
polypropylene nanocomposites.

Protect the additives, methodology and
nanocomposite compositions by filing
patents.

Achieved

Achieved

Achieved

Dr Guoxin Li (left, CSIRO) and Dr Graeme Moad (CSIRO)
determining mechanical properties of  polypropylene
nanocomposites




