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ABSTRACT

Following the discovery of PTFE in 1938, and its
commercialisation in 1946, the chemical industry has
sought products combining the very desirable thermal,
chemical and dielectric properties of PTFE together
with the ability to be melt processed.

A range of fluorinated copolymers based on TFE
have been commercialised, starting with FEP in 1960
and followed by PFA and modified ETFE in 1972. Of
these products FEP and PFA match the chemical and
dielectric properties of PTFE (PFA possibly giving a
higher performance in some high temperature areas) -
whilst modified ETFE provides desirable mechanical
toughness not available from the completely fluorinated
products.

FEP, PFA and modified ETFE can be processed by
conventional thermoplastic processes, with the resulting
cost savings (compared to the special techniques used
for PTFE) opening some new markets. Whilst there is
interaction between the fluorinated copolymers and PTFE
it seems likely that components of simple shape will
continue to be made from PTFE, with new application
development taking advantage of the melt processability
of FEP, PFA and modified ETFE in the design stage (eg.
long lengths of wire and cable, injection moulded parts
of more complex section).



DEVELOPMENT

Fluorinated plastics have outstanding chemical
thermal and dielectric properties owing to the great
stability of the fluorine-carbon bond. The best known
and most widely used of this family of plastics is
PTFEf (polytetrafluorethylene) discovered in 1938 and
commercialised in 1946. PTFE requires special processing
techniques and ever since its own synthesis, chemists
have looked for ways to produce a melt processable
fluoroplastic that would give the same outstanding
properties. One possible candidate, pCtfe (polychlorotri-
fluoroethylene), was in fact synthesised in 1934,

4 years before the discovery of PTFE, but though
still in production today has never achieved really
wide usage.

As early as 1941, chemists had produced fluorinated
copolymers based on TFE (tetrafluoroethylene), but the
first such product to give properties similar to PTFE
was FEP (fluorinated ethylene propylene), a copolymer
of TFE and HFP (hexafluoropropylene). This product, first
sold commercially in 1960,differed in only one essential
property from PTFE, that of long term service temperature.
FEP has a continuous rating of 205"C vs PTFE at 260°C, but
a true thermoplastic can be processed by virtually all
conventional plastics converting techniques, though a very
high viscosity puts a limit on the speed of processing.

Further research led to the introduction in 1972 of
PFA (perfluoroalkoxy) resin, a copolymer of TFE and a
fluorinated vinyl ether. The introduction of this product
was most significant as PFA matches the performance of
PTFE in virtually every facet, its service temperature
rating being identical to PTFE at 260"C. With a better
retention of mechanical properties at high temperatures,
PFA could conceivably outperform PTFE in some areas.

Whilst FEP and PFA are the only fluoroplastics that
can be directly compared to PTFE, it has long been evident
that the use of fluorocarbon plastics could be extended
were a mechanically tougher version available. Early work
to this end was done on Ethylene-TFE copolymers and some
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patents filed in 1941. However then® as more recently,
manufacturers discovered that the properties of straight
(unmodified) ethylene-TFE copolymers were not satisfactory,
the lack of stress crack resistance being the greatest
single drawback.

In 1972 a modified copolymer of ethylene and tetra-
fluoroethylenef showing vastly improved stress crack
resistance was introduced commercially. It is meeting
industry needs where dielectric properties close to those
of PTFE together with excellent chemical resistance and
rated service temperature of up to 155"C are required
(see notes on ageing). Another fluorinated polymer, a homo-
polymer based on VF2 (vinylidene fluoride) offers a good
degrree of mechanical toughness together with good chemical

resistance f although not offering the solvent resistance of
modi fied ETFE.

The importance of this group of mechanically rugged fluoro

plastics is underlined by the substantial investments being
made by the chemical industry in the production of products
for a wide variety of applications. The commitment of

resources to the production of copolymers based on TFE exceeds

that being devoted to the "parent" PTFE,

For the purposes of comparison, a property chart (la and

Ib) is attached listing the chief characteristics of PTFE,
FEP, PFA and modified ETFE.



STRUCTURE AND PROPERTIES

The molecular structure of the four above mentioned
products is shown in chart (2). The very high molecular
weight of PTFE, and the long straight chain structure
results in a melt viscosity so high that PTFE is not
processable as "normal” thermoplastics. In the case of
FEP and PFA the addition of side chains to the molecules
can be seen, the lower melt viscosity rendering these
products melt processable. For both products, the
complete "fluorination" means that the molecular struc-
ture is as well protected as PTFE and the resulting
properties very similar. In the case of FEP the melting
point is down to 270"C (from a "gel" point of 327~C for
PTFE) and service temperature to 205°C, However for PFA,
the existence of the oxygen atom, spacing the side chain

away from the main backbone , relieves a great deal of
stress in the molecule and the polymer does not reach its
melting point until 305°C.(Chemical molecules "vibrate"

as their temperature is increased. In the tightly packed
FEP molecule this vibration results in a high stress

level in the links between the side chain and backbone, and

in simple terms, to the dropping of the melting point).

The oxygen atom remains protected by the sheath of
fluorine atoms,and the thermal stability of the carbon-
oxygen bonds is at least equivalent to a carbon-carbon
bond. Thus PFA, whilst being melt processable, has thermal
stability at least equivalent to PTFE. The results of
ageing tests on PFA, run for 20000 hours and more at 285"C,
show the mechanical properties and stress crack resistance
to have improved with time, a remarkable performance.

Modified ETFE gains its melt processability from the
ethylene components in its structure. This product is avail-
able in grades of various viscosity, in some cases allowing
processing at rates closer to polyamides than to the
fluorocarbon family.



PTFEf FEPf PFA are quite exceptional among plastics
in ageing properties,"hen a service temperature of 2607C
is stated for PFA, it means that it can be exposed at
that temperature for an unlimited time without loss of
properties. For a plastic that ages any service temperature
rating should be accompanied by a definition of what
percentage of original properties can be expected after
a given period of time. Thus modified ETFE has a service
temperature of ISSA"C based on retention of 50% of its
original elongation after 20000 hours exposure at that
temperature. PVDF, ECTFB and other polymers require
similar definition.



PROCESSING

The ease of processing is the key to the development
of the copolymers discussed. FEP, PFA and modified ETFE
can be processed by most standard thermoplastic techniques
Commercial processes in Europe include

Melt extrusion - Tubing
Wire coating
Monofilaments
Rods and sheets

Injection moulding

Transfer moulding

Compression moulding

Powder coating

There are substantial differences in the processing of the
above products, and these differences are related to melt
viscosity. The chart 3 shows the relative viscosity ranges
available and it will be understood that whilst the lowest
viscosity versions of modified ETFE are nearly as easy to
process as polyamide, the high viscosity versions of FEP
and PFA have to be transformed more slowly. Be that as it
may, the fact is that FEP, PFA and modified ETFE are all
melt processablef PTFE is not. The advantages over PTFE

in cost of transformation and flexibility of design are
enormous and it seems inevitable that a larger and larger
proportion of new applications for fluoroplastics will be

met by the melt processable products.



APPLICATIONS

There is, of course, considerable overlap in
applications between PTFE and the fluorinated copolymers,
and where both products meet the functional needs of the

application then cost of the finished part will dictate
the choice of raw material. It is the writer's opinion
that in the foreseeable future PTFE will continue to be

the preferred material for most simple shapes, owing to
its basic cost advantage. Rods, tubes (apart from long
lengths), sheets and all but the largest quantities of
components of simple shape will be made from PTFE.

However melt processing has clear advantages in the
production of long lengths of extruded shapes (eg. wire
and cable, some hosej, the production of complicated
shapes such as linings of valves and fittings for corrosion
resistance purposes, and the injection moulding of parts
that would require considerable machining from stock
shapes of PTFE. In addition FEP, PFA and modified ETFE can
be melt bonded to themselves permitting the assembly of
structures in much the same way as is done with, for
example, polypropylene. Modified ETFE has a degree of
mechanical ruggedness not enjoyed by PTFE, FEP or PFA and
as a result can be used in areas where fluorocarbons have
previously been considered desirable but not strong enough.
Typical applications include industrial wire and cable and
solid (as opposed to lined) components for the chemical
industry.

The following examples give some idea of where fluorinated

copolymers have been used to fulfil functions not readily
met by PTFE.
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2) Cable Spacers

FEP was chosen for the injaction-moulded
cable spacers of one of the world's largest high-
frequency coaxial cables because of its melt process
ability f its wunvarying dielectric constant, and its
low dissipation factor. The heat resistance of FEP
(up to 205”~C in continuous wuse) is also required,
because the temperature of the inner conductor can
reach 140°C.

2) Flexible Printed Circuits

FEP's low dielectric constant is also of value in
a British-made flexible printed circuit used in radar
equipment, because this reduces crosstalk. The circuits
are part of a computer encoder which receives information
from computer keyboards and translates it into electrical
impulses which are relayed to memory stores



3) Roll Covers of FEP

FEP roll covers help reduce downtime in textile
finishing industry when heat-shrunk over drying cylinders
The roll covers provide an easy-tO“Clean surface leading
in turn to less product waste, improved quality of work,

and no mark-off from one batch to the next.



4) Electrical Connector - Insets

Inserts for electrical connectors made by a Swiss
manufacturer exemplify at once the easy injection mouldabi-
lity of PFA, the excellent electrical insulation properties,
and the resistance to high temperatures.

5) Lined Equipment for the Chemical Industry

Easy processing by transfer moulding as well as out-
standing resistance to most chemicals, high continuous
service temperature, good mechanical and surface properties
make lining of chemical equipment such as valves, pumps,
pipes and fittings one of the favoured areas of application
of PFA.



6) Liguid Level Control

The housing of this English-made float switch is made
of modified ETFE, It acts as a level control in a variety
of fluids. The fluoropolymer has been chosen for easy
injection mouldability into parts which retain good elec-
trical and mechanical properties in most fluids even at
temperatures as high as 155~C for continuous service, and
up to 20QOC for a limited duration.



7. Wire and Cable Insulated with modified ETFE

The largest single area of application for modified
ETFE is as wire insulation. Typical multiconductor cables are
shown in Photo 8. A typical application is for the insulation
of heating cables attached outside pipelines leading from

piers to oil storage tanks in a Dutch port. The cable
outer jacket of ETFE is designed to withstand a cable
temperature of 140"C, well below the 155"C maximum
continuous service temperature rating. In addition,

ETFE does not absorb moisture and resists corrosion
due to brackish water and polluted air. Finally, the
toughness of the modified ETFE means that the insulation
can take a large amount of physical abuse (Photo 9).



CONCLUSION

The availability of the melt processable fluoro-
plastics FEPf PFA and modified ETFE complements the
wide range of PTFE types produced. When choosing the
type of fluoroplastic for the manufacture of a given
part, the design engineer must decide which resin
combines the characteristics in processing and use

best suited to the mechanical, thermal, chemical and
electrical requirements of the particular application
he has in mind, including such factors as form

dimension, number of parts, dimensional tolerance
and price.

ICE:jg
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