
17The objective of the research in this subprogram is to
expand the range of processing and mechanical
properties of commercially available polymers through
the development of blends and composites, so that
they can be used more widely and effectively in
manufacturing.

The properties of polymer blends depend upon
compatibility, miscibility, morphology and rheology. This
subprogram will contribute to understanding the
interrelationship between these parameters and
develop commercially useful polymer blends and
composites.

IMPROVED FIRE PERFORMANCE
COMPOSITIONS

OBJECTIVE
To develop polymeric cable compositions with improved
fire performance in real fire situations.

BACKGROUND
This project investigates the methods used to confer
fire-resistant properties on cable insulation and sheath
materials. It aims to introduce new technologies 
that will result in significant improvements in these
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properties, while at least maintaining the other
important design parameters, such as mechanical
strength and electrical resistivity. Improvement of fire
performance at a reduced cost will provide economic,
environmental and safety benefits. Almost all electric
cables used in the building and construction industry
must have fire retardant properties in order to prevent
ignition and spread of flames. A major part of this
project investigates methods to improve fire rated
cables which are required to provide circuit integrity to
the emergency electrical systems of large buildings
during and after a fire.

Further requirements are that the cables contain no
halogens, lead or phthalates, and do not propagate
flame or produce toxic or corrosive gases during
burning. Cable materials developed in this project will
need to meet these requirements and perform at the
same level, if not better, than current materials. The
requirement for low smoke production is increasingly
important as legislators emphasise safety in the built
environment.

PROGRESS AND ACHIEVEMENTS
Technology to produce a flexible insulation compound
that can be extruded in cable production and undergoes
chemical change during exposure in Australian standard
fire test conditions (2 hours at 1050ºC) has been
developed. This technology is capable of producing a

mechanically stable ceramic that maintains circuit
integrity during the thermal exposure and subsequent
water jet treatment.
Development of the technology involved gaining an in-
depth understanding of the changes in mechanical
properties and physical dimensions of a range of
polymers and compounded polymers during thermal
treatments at temperatures in the range 300ºC to
1050ºC. The polymeric components typically degrade
to mechanically weak powders as they decompose
below 400ºC. The mineral components added to
produce ceramic compositions typically do not react to
form mechanically strong materials at temperatures
below 800ºC, and so during heating to 1050ºC the
coatings are dislodged and circuit integrity is not
maintained. The chemistry required to overcome this
problem has been identified and is the subject of three
patent applications.
Using these technology platforms, a wide range of
components were investigated to optimise the
properties of compositions based on different
polymers. These modifications led to compositions
which met the mechanical and ageing properties
required for a cable insulation material and gave
ceramics with improved shape retention and strength
across the range of temperatures experienced during
exposure to fire.
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19A new design for fire performance cables using these
materials has been devised and is the subject of a
fourth application for patent protection. A production
multi-core cable, made using the new technologies
developed during the year, passed the AS/NZS
3013:1995 fire test, including the water jet spray stage
of the test. This prototype is considered to be a
breakthrough in multi-core circuit integrity cables.

“This prototype is considered to
be a breakthrough in multi-core

circuit integrity cables.”
A wide range of techniques was used to characterise
and evaluate cables made to different designs and
incorporating different insulation compositions. A
technique was developed to measure the voltage
breakdown and the high temperature electrical
conductivity of compositions. Field emission electron
microscopy analysis of different compositions fired at
different temperatures provided useful information on
the mechanism of formation of a strong ceramic with
better dimensional stability. Microprobe analysis gave
valuable information on the precise quantitative
chemical composition and distribution of different
elements in the ceramic layer. X-ray microtomography
was used as a non-destructive technique to study the
internal structure of cables after exposure to fire.

A pilot scale line was set up at Olex to enable the
production of smaller size cables for testing purposes,
eliminating the need to wait for the availability of
production equipment. This change greatly reduced the
cycle time between full-scale fire tests, and enabled
development to be accelerated.

ADVANCED POLYOLEFIN
COMPOUNDS

OBJECTIVE
To develop improved halogen-free flame-retardant
(HFFR) technology for polyolefins, which can be used in
polyolefin compositions for sheathing of cables, and in
injection mouldable polypropylene.

BACKGROUND
Cable sheathing formulations consist of predominately
chlorinated rubber elastomers containing antimony
trioxide and other halogenated fire retardant additives.
Replacement of these elastomers with crosslinkable
thermoplastic polymers containing non-halogenated fire
retardants is environmentally desirable. Combustion of
halogen-containing compositions potentially emits toxic

and corrosive combustion products, with excessive
smoke generated. Crosslinking of polyethylene can be
achieved through the use of peroxides or the monosil
process to provide dimensional stability for cable
sheath applications.

Polyolefin compositions used in the manufacture of
household appliances are currently based on
polypropylene because of the requirements for rigidity
at elevated temperatures. No HFFR polyolefin
compositions for these applications are currently
produced in Australia, although this situation is likely to
change because of the trend towards halogen free
formulations. This project will develop fire retardant
appliance compositions that provide an attractive
alternative to those with halogen-releasing
mechanisms. Such compounds would have the
potential to generate exports, as the regional industry is
offshore in South-East Asia.
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PROGRESS AGAINST MILESTONES

Develop the necessary understanding of
the chemistry involved so that the fire
performance of the compositions can be
optimised.

Develop insulation compositions for multi-
core cables that have the potential to meet
all the requirements for use in fire
performance cables complying with the
relevant Australian standard.

Protect the technology by lodging patent
applications.

Achieved

Achieved

Achieved
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20 PROGRESS AND ACHIEVEMENTS
Earlier research in this project had led to the selection
of three effective flame-retardants: a char promoter, an
intumescent and an absorptive filler. During the year the
focus has been on compounding various combinations
of the preferred flame-retardants in different ratios with
a polyethylene blend to prepare composition for a
specific commercial application. The technology was
adapted to make a HFFR cable sheathing compound
with the required balance of mechanical and flame-
resistant properties to meet the relevant standard. This
involved performing limiting oxygen index (LOI)
measurements, horizontal and vertical burning rates
tests (UL94 standard), and performing cone calorimeter
measurements in parallel with a range of mechanical
tests. In addition, the project team assessed the
comparative performance of commercial products used
in this application. A selected composition was
prepared on a larger scale and evaluated in a cable
production trial. This trial revealed deficiencies in the
processability of the material on the production line. No
further research will be conducted on this project and
the resources have been redeployed on other activities
with more immediate commercial potential.

“The technology was adapted
to make a HFFR cable sheathing

compound with the required
balance of mechanical and
flame-resistant properties to
meet the relevant standard.”

CERAMIFYING POLYMERS

OBJECTIVE
Preparation of ceramifying polymer compositions for
use in the manufacture of elastomer sheets, profiles
and foams. The thermal conductivity and flame
retardance of the compositions will be properties of
importance.

BACKGROUND
Most polymers burn readily when exposed to fire.
Polymer-based materials used in buildings are typically
formulated to be fire retardant so that combustion does
not propagate beyond the region exposed to flames.
When these materials are used at the boundaries
between compartments in buildings, e.g. as seals
around windows, doors, and penetrations for plumbing
and electrical services, they are usually required to
passively resist the spread of fire by acting as fire
barriers. This requirement is reflected in a wide range of
building standards which apply in various countries.

Earlier research in the Centre’s project on Improved fire
performance compositions resulted in technology for
producing flexible polymeric compositions that were
converted into ceramics, upon exposure to fire, without
shrinking. While this technology was developed for use
in cable production, it was recognised that it could also
be used to significantly improve the fire barrier
properties of polymeric materials in the wider market of
passive fire protection. To pursue these commercial
opportunities, the Centre established a spin-off
company, Ceram Polymerik. Research in this project is
aimed at adapting the technology to several
applications identified by this company as part of its
business development activities. The applications
include glazing seals and thermal insulation foamed
materials. In each case, the material is expected to be
fire resistant and to provide continued barrier
performance at the high temperatures experienced in a
fire, where all polymers will have been degraded.

PROGRESS AND ACHIEVEMENTS
The research to adapt the ceramifying polymer
technology to make a suitable glazing seal has required
further enhancements of the technology to achieve
greater flame retardancy. Systematic studies have
identified several viable approaches to meeting the
flame retardancy requirement while maintaining or
improving the properties of the ceramic formed at a
range of temperatures during exposure to fire. In
addition, the compositions are required to display
suitable processing and mechanical properties for their
use in functional glazing seals. Achieving the required
suite of properties has required considerable research
to fully understand the effects of each component on
these diverse properties. The simultaneous formulation
of the compositions and studies on processability are
being undertaken to decrease development time.
Several candidate compositions have now been
prepared, although none has yet met all the product
specifications. New compositions are being developed
to optimise performance within the cost constraints of
the application.

Polymer foams are desired for some sealant and
insulation products. Foaming of ceramifying
compositions has been achieved with several polymer
systems. Foaming of highly filled polymers is difficult,
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Optimise HFFR compositions to provide fire
performance for specific products.

Perform UL, LOI and cone calorimetry fire
tests on preferred compositions.

Design a base polymer composition to
provide the required mechanical properties
and thermal resistance for the target
application.

Prepare compositions for customer
evaluation.

Achieved

Achieved 

Achieved

Achieved
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but with suitable additives and conditions this has been
successful. Research on foams is currently aimed at
decreasing the density, while still allowing suitable
mechanical properties, flame retardance and
ceramification. Foams are being produced under static
conditions and directly from extrusion.

“Systematic studies have
identified several viable

approaches to meeting the flame
retardancy requirement while
maintaining or improving the

properties of the ceramic formed
at a range of temperatures 
during exposure to fire.”

SUBPROGRAM RESEARCH PLANS FOR 2004-05
Improved fire performance compositions. During
the next year, the research will focus on further
improving the technology to reduce the cost and
optimise the properties of the design and
compositions. In addition, supporting examples for
patents will be completed and studies to further
understand the underlying science will be conducted.

Ceramifying polymers. The development of a
ceramifying glazing seal and a building foam to meet
customer specifications will be completed. These
materials will then be prepared on a pilot scale for
customer evaluation.

Some members of the
Ceramifying polymers
project team (from
left): Mr Warick
Freeland, Ms Vanja
Pasanovic-Zujo and
Dr Kevin Thomson

PROGRESS AGAINST MILESTONES

Prepare thermoplastic ceramifying
prototypes.

Develop candidate ceramifying
compositions for use in fire protection
glazing seals.

Develop a ceramifying building foam.

Achieved

Achieved

Partially
achieved




