50 YEARS OF POLYESTER

The early years of polyester

“We, John Rex Whinfield,of Meyroyd, Hollins Lane, Accrington,
in the County of Lancaster, and James Tennant Dickson, of 26,
Ormingston Crescent, East Lothian, Scotland, both British Sub-
jects, do hereby declare the nature of this invention to be as

follows:’

British Patent Specification 578 079,
completed 50 years ago on 14 July
1942, marked the culmination of a

project that was to transform the textile

industry and affect the lives of every
man, woman and child world-wide.
While the attention of the day was
firmly fixed on the Second World War,
Rex Whinfield and his small team of
chemists were quietly working away
on an invention that invelved ‘reacting
glycols of the series HO(CH,),OH with
terephthalic acid to yield esters in a
highly polymerised condition’. The
result, of course, was a new synthetic
fibre: polyester. The importance of
polyester today is reflected in current
figures which show that annual world
production stands at around 8.45
million tonnes, representing nearly
75% of the total synthetic fibre con-
sumption.

Given the enormous success of
polyester, the story of its development
seems incongruous. Working for the
Calico Printers’ Association (CPA) at its
Broad Oak laboratories in Accrington,
Lancashire, Whinfield was assisted by
Dr J T Dickson, W K ‘Billy” Birtwistle
and Dr C G Ritchie. The CPA had
shown no interest in researching the
possibilities of a polyester fibre, and as
far as it was aware Whinfield's team
was working on a new process for
applying glazed finishes onto fabric.
Subsequently, with the very limited
resources available to the team and the
back-room nature of its work, the
phrase ‘not with a bang, but a whim-
per’ springs to mind. As W K Birtwistle
was to recall much later, ‘...there was
quiet satisfaction but no great excite-
ment when the first strands of dirty
brown fibres were drawn, and we
certainly had no idea about the signifi-
cance of what we had achieved.
Looking back it seems almost too hard
to believe that polyester was discov-
ered with just 30 bob’s worth of
apparatus!’

The foundation for Whinfield’s
discovery goes back to 1935 when a
young American chemist, Dr Wallace H

Working at the Broad Oaks Laboratories in Accrington where the first strand of polyester fibre
was drawn

Carothers, while working as director of

research in organic chemistry for the

firm E I du Pont de Nemours, discov-
ered the first synthetic fibre,
polyamide. By the time Whinfield had
started work on polyester, Du Pont had

launched nylon 66 commercially (1938)

and ICI was in the process of obtaining

a licence to manufacture this fibre in

the UK. Starting in 1928, Carother’s

work centred on a fundamental study
of the synthesis and structure of large
molecules, mainly by methods involv-
ing polycondensation processes. At this
time, ideas on high polymer chemistry
and fibre-forming structure were
vague and ill-informed, although the
work of others such as Staudinger,

Meyer and Mark was gaining attention.

For Whinfield, this period of research

was invaluable because it provided the

basis for a number of clarifying princi-
ples:

* the polymer should consist of very
large molecules, of molecular weight
no less than 12 000

* the polymer should be capable of
crystallising, this property being
possessed generally by linear

polymers provided there are no side
chains to destroy the linear sym-
metry and close packing of the
chains

* three-dimensional polymers were
unsuitable.

During his work, Carothers paid
particular attention to the possibilities
of creating synthetic fibres from
polyesters, but he soon discarded them
because of their low melting point
{below 100°C) and susceptibility to
hydrolysis, Nevertheless, his studies
laid the foundation for Whinfield to
come in and development a polyester
fibre with a higher heat threshold.
Whinfield succeeded where
Carothers ‘failed’ because he had the
perception and insight to realise that
the American’s version of polyester
could still be developed further. Where
Carothers regarded polyester to be
tow-melting, Whinfield argued that
molecular symmetry would have a
profound affect upon the polymer- and
fibre-forming properties. It was arising
from this premise that he examined the
use of isomeric benzenedicarboxylic
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acids. These acids afforded the oppor-
tunity of producing polyesters in
which the molecular symmetry was
varied at will, and led to the observa-
tion that this was indeed an important
factor affecting melting point, crystal-
linity and fibre-forming properties.
Following a systematic exploration of
this thesis, polyethylene terephthalate
(PET) was selected for commercial
development.

With the CPA still showing no
interest in polyester, the patent for the
invention was filed in the names of
Whinfield and Dickson. But the war
cast its dark shadow and publication of
the patent was forbidden by the
Ministry of Supply. Subsequently,
Whinfield left Broad Oak at the end of
1942 and was seconded to the Ministry.
Elsewhere further work was carried
out at the government-owned Chemi-
cal Research Laboratory to see if the
new polyester fibre might have war-
time uses.

In 1944, ICI met with the CPA to
discuss the possibility of taking over
development of polyester throughout
the world, except for America where
exclusive rights were assigned to Du
Pont. Three years later, Whinfield
joined ICI as director of its polyester
fibre division and started to build up

the production of the fibres in England.

The first commercial articles started
appearing in the shops in 1950 under
the brand name Terylene, the trade-
mark being a derivation of
terephthalate acid and ethylene glycol.
With its ability to look like silk or wool
— but three times as strong — together
with its good crease, shrink, stretch
and rot-proof characteristics, Terylene
soon became an attractive commodity.
ICI regarded its new product as a
premium, high-value fibre suitable for
demanding industrial applications and
for blending with expensive natural
fibres such as wool. Early advertise-
ments played upon its improved
physical characteristics and empha-
sised that it was a revolutionary
development: ‘The phenomenal sales
of Terylene convinced manufacturers
and the public alike that here was a
synthetic fibre that lived up ta every
claim made for it... Not only do they
keep their shape, keep their set creases
- even in the rain — and reject wrinkles,
they are uniquely strong and durable,
wearing long, and wearing well.’

In 1951, Whinfield carried out his
own durability test on a polyester shirt
by wearing it daily on two trips around
the world and washing it 750 times
befare it needed repair!

John Rex Whinfield in 1963

Meanwhile ICI licensed other fibre
producers all over the world, with
huge concerns in India, Pakistan,
Australia, Spain and Portugal. Produc-
tion of the fibre increased year on year:
in 1960 90% of the sails at that year's
boat show were made from polyester,
and the fabric accounted for half the
suits in Britain. By the end of 1966 the
initial patents for the polyester produc-
tion had expired and thus the massive
expansion of plants during the 1970s
occurred. By 1973 the production of
polyester had surpassed that of
polyamide which had been the princi-
pal synthetic fibre during the 1960s.
More recently, the polyester producers
have faced stiff competition as demand
for natural fibres such as cotton and
wool has risen. Fortunately, there still
exists a strong demand in the apparel
market for more “high-performance’
textiles, particularly in the area of
sportswear and leisurewear. In addi-
tion, manufacturers have concentrated
on developing end products such as
polyester microfibres, or have applied
the fibre in other speciality markets
such as the home furnishings and
industrial textiles sectors. For example,
consumption of polyester in the EC
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(1989) show that the apparel market
stood at 421 000 tonnes, home textiles
accounted for 310 000 tonnes and

209 000 tonnes was produced for
industrial applications.

Within half a century polyester fibres
have developed into a world market
product with the widest range of
applications of any other natural or
synthetic fibre. Estimates suggest that
the consumption of 8.45 million tonnes
today will rise to 13 million tonnes by
the year 2000, with industrial and
speciality markets becoming more
prominent.

Speaking at a meeting of the Brad-
ford Textile Society in 1957, Whinfield
marvejled at the ‘magnitude of
changes which are now taking place in
our textile industry’. Although he
showed foresight in the development
of polyester, one wonders whether he
could really have anticipated the
breadth of applications that exist today.
Notwithstanding this, Whinfield's
discovery illustrates how much
intelligent thought, reading of the
literature and imagination can achieve.
It is also a lesson in the optimum use of
30 bob’s worth of equipment.
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