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part one what are plastics’

Maost people know something about plastics because these
materials are being used more and more to make many of the
things we see and wse. Lock around in your own home or in
the local hardware store and you will see many articles made
from plastics: dishes, tableware, clectric light switches, wash-
basins, floor coverings and curtaing, and bottles and con-
tainers of all shapes and sizes. Plastics are the new materials of
the twentieth century; unlike wood, animal and vegetable
fibres, metals and minerals, they are made by man, Even more
extraordinary, they can take the place of all these conven-
tional marerials. Like an sctor who can play many different
puarts, they are versatile; 8 teacop can now be made of one
kind of plastic instead of china clay; even parts of aircraft
engines have been made of certain plastics instead of metals.
In the last thirty years a great new industry has grown up.

Although plastics are now commonplace, many people
do not know what they are or how to distinguish one from
enother. Often it is thought that plastics are just one material
called ‘plastic’, but this is quite wrong. The plastics are really
& group of materials and their properties vary greatly, Some
are zoft and flexable; others are hard and can be worked as if
they were wood or metal. Some are especially useful because
they resist ecids and other chemicals. Some are important
because fibres can be made from them to be used in textile
manufacturing,.

Plastics are usually solid at ordinary temperatures, but at
some stage in their manufacture are made capable of being
casily sheped, or plastic, This is the origin of the name
‘plastics’, The shaping of plastics materials into useful articles
it usually done by applying heat, or pressure, or both.

The characteristic properties of all plastics arise from the
great size of their molecules. The molecules of plastics are
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very much larger than the molecules of ordinary chemical
substances. The molecules of water, for example, are formed
of 3 atoms, those of sulphuric acid 7 atoms; and even those
of ordinary sugar (sucrose), which has the chemical formula
C,:H 0, contain only 45 atoms. The molecules of plastics,
by contrast, are made up of about 1,000 to 100,000 atoms -
a quite different scale of molecular size,

Plastics are made by man. A few are made by modifying
natural substances;, such as cellulose, which already have
large molecules. Most of them are made by the chemical
process of building up the large molecules from simple
chemical substances. With a few exceptions, plastics are com-
pounds of the element carbon combined with one or more of
five other elements: hydrogen, oxygen, nitrogen, chlorine,
and fluorine.

The group of substances with very large molecules 1o
which plastics belong are called polymers. The word polymer
derives from two Greck words meaning many unis, and is
an apt description of the large molecules which are formed by
the linking together of smaller, often identical, molecular
units, There are many different types of polymers. Some
occur in nature - for example, proteins, starch, wool, silk,
cotton (cellulose), and rubber. Others are man-made, and, as
well as the plastics, include synthetic fibres and synthetic
rubbers. To understand plastics we must take 2 close look at

the chemistry of polymers.



part two how polymers are made

The polymer chemist applies his knowledge of the rearrange-
ment of atoms and the breaking down and building up of
molecules to the study of very large molecules called macro-
molecules. How is it possible to make these very large
molecules artificially ¢

Some polymers result from the complex chemical processes
which take place within the animal body or the living plant.
Only a few of these natural polymers can be converted into
plastics. But it wos from the study of natural polymers such
as Tubber that the idea originated of making large molecules
by linking small ones together.

In the plastics industry, there are two chief methods of
making large molecules. The object is to vse a chemical re-
action, called polymerization, to make a large number of
small molecules, called the mowomer, link together to form a
large one. The processes for Polythene and nylon exemplify
respectively the two different methods.

Polvethylene, or simply Polythene, is a white waxy solid
obtained by polymerizing ethylene gas (C.H,). This gas is
one of the simplest hydrocarbons and is present in the products
obmained from the cracking of petroleum (see the Background
Book, Petrolenm).

When heated at 100-300°C under pressures of several
thousand atmospheres, the molecules of ethylene gas join

Manufactunng Polythene -
sirands of palymer leaving the
cooling bath; Sebsaguenily tha
Erands ara oul wp into small
gramuled Ted grocassEng Info
finishad arbicles

Sialy




Linking iogether of efhylans
mmclecuted 1o farmy Polyihens,

H H'H
H H H i "
X L |
H=—(. H—C H—
T b .1
C—H {Z—=H 'li'—H
| |
H H H H
ethylene modeciales
form in molecules, As in many polymerization re-

actions, the presence of a small amount of catalyst makes the
reaction very much faster.

The chemist represents the polymerization of ethylene s
above, About 1,000 or even 10,000 molecules may link to-
gether to form a long-chain molecule,

The ides that very long molecules could result from the
chemical linking of many identical small molecules, a process
described a5 addition polymerization, was first suggested by
the German chemist Hermann Staudinger, for many years
professor of chemistry in the University of Freiburg, He began
his work on large maolecules about 1922 and was the first 1o
wse the term ‘macromolecales’. He was the founder of polymer
chemistry,

Many of the most important industrial plastics - for
example, PVC and Perspex, as well as Polythene — are made
from simple chemical substances by addition polymerization,
The simple substances that can polymerize in this way have
oné property in common: there is a dooble-bond between
two carbon atoms ; these are called wsaturated moleculer. This
then is the first method of making large molecules.

In the second method small molecules that have a mutually
reactive group at each end are linked together, as in the reac-
tion for making nylon. This was discovered by the American
chemist W', H. Carothers, snother famous pioneer of polymer
chemistry. His method depended on the reaction of organic
bases (amines) with organic acids. Amines contain the reactive
amine group —NH., and organic acids contain the reactive
carboxyl group —COOH. When a mixtare of an amine and
an organic acid is heated, the two groups react: water is split
off and amine and acid combine to form a larger molecule
called an amide.
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The key to Carothers’s discovery was that he used reactanis
each of which contained two reactive groups - a diamine and
a dicarboxylic acid. These can be represented by the general
formulae:

HN B NH,
dlanina

HODC R COHEH
dirazbowylic amd

where R and R’ are shorthand symbaols for the hydrocarbon
part of the molecule berween the reactive groups.

When a mixture of these two reactants is heated, they com-
bine in the normal way, as follows:

HN ERKH, + HOOC R QO0H — 1 R NHOQC R CO0H 4+ HgO

The interesting point here is that the product still contains
WO reactive groups — an @mino group at one end and a car-
boxyl group at the other, Thus the first product can react
further - with more acid at one end and with more amine at
the ather. When this happens, the product sull has reactive
groups at each end and can therefore continue reacting. The
regction goes on and on, The chain formed pets longer and
longer, Eventually a very extended long-chain molecule
results, called, in this example, 8 polvamsde. It containg a
large number of the chemical units —HN R NH COR' CO—
all joined end to end.

Ordinarily nylon is the polyamide made by starting with
hexamethylene diamine (H,;N(CH,)NH,) and adipic acid
(HOOC(CH,),CO0H), It is often called nylon 66, which is a
short way of showing that the diamine and the diacid used to
make it each contain six carbon atoms in the molecules,
Nylon 66 was the most important of several polyamides dis-
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covered by Carothers during his researches which began in
1928, He died ninc years later at the age of forty-one, but not
before it was seen that nylon was a commercial success. As a
yarn for making stockings it entered the American market in
1940, Shortly afterwards, because of its toughness, nylon also
began to be used by the plastics industry.

The reaction of two moelecules to give a larger molecule,
with the spliting off of a small molecule {usually watet), is
called a comdersation regetion. The use of this kind of reaction
to build up polymers (as in the nylon process) is referred to as
polycondensation, A number of plastics and synthetic fibres arc
made in this way. Starting, for example, with ethane-1,2-diol,
{also known as ethylene glycol, used by the motorist as an anti-
freeze agent for his radiator) and terephthalic acid; the poly-
mer obtained is a polyester called polyethylene terephthalate
- berter known by its commercial name, Terylene.

As you can see from the above equation, the large Terylene
molecules are built up in a way similar o the nylon molecules
— although here carboxyl groups are reacting with hydroxyl
groups { — OH) instead of amines,

Terylene was discovered in Britain in 1941 by Whinfield
and Dickson and is now produced an a very large scale, chiefly

Taking & sample of nylon fior use as a fibre,

polymierag it is being AR A : -
dissharasd st Errae bine: _ This distinction berween a fibre and 2 plastic may be con
Britizh Nylon Spinners fusing. Many synthetic fibres - for example, nylon, Terylene,

and Orlon - are made from plastics, but are specially pro-
cessed to form threads. From the threads fabrics are made
which have many of the properties of the polymer and also
properties due o their fibre strocture such as strength,
resistance to creases, or the ability to dry quickly.



part three the structure of polymers

We have picrured polymer molecules as being made up of
very long chains of simple chemical units, usually 1,000 or
more of them in an actual sample, If we could take a photo-
graph of the polymer, the picture maght look like a tangled
ball of many long separate pieces of string. To get a3 more
realistic picture we would have to use a motion camera, be-
cause the molecules of & polymer, like all chemical molecules,
are in & state of motion. The molecular chains possess kinetic
energy, and are vibrating snd rowating and sliding over one
another, rather like a lot of live cels in a bucket.
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In polymers the molecular movement tends to be hindered
by the entanglement of the long chains with one another. But
there is also another restraming influence on the movement
of the molecules, from the intermolecular attractive forces.
These forces are much weaker than the chemical forces which
bind atoms together 1o form molecules, and they are really
effective only when the molecules are very close together. For
example, it is because of these cohesive forces between mole-
cules that, under appropriate conditions, gases condense o
liquids and liquids change to solids. The existence of inter-
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molecular forces of attraction in long-chain molecules is one
of the important factors that influence the properties of
polymer materials,

Thermoplastics — When a polymer like Polythene is heated,
the molecules gain energy and move about more vigorously.
The chains therefore become further separated and the inter-
molccular ateractive foroes are weakened. As a result the
Polythene becomes softer and more flexible, and on further
heating turns into viscous liquid. When the Polythene is
cooled, the molecular chains come close together again and
attract one another more. The material solidifics and becomes

stronger and stiffer.
With polymers like Polythene made up of long-chain mole-
cules, the process of softening on ing and hardening on

cooling can be repeated almaost indefinitely (provided that the
polymer 15 not heated so strongly that it decomposes),
Plastics which have this property are known as thermoplastics.
Other examples of thermoplastics are PVC and nylon,

Amorphous and crystalline structures = A closer study of the
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internal make-up of Polythene and of other long-chain poly-
mers shows that the arrangement of the molecules is not
always completely disordered and random, It is found that in
some samples of Polythene, for example, several chains or
parts of chains tend to run parallel to one another for all or
part of their length, giving a more orderly or closely packed
assembly. These regions of orderly alignment of the chains
are described as being crystaliime, in contrast to the regions of
disorder which are called amerphons. In the crystalline regions
the attractive forces between the molecules are greater be-
cause the chains lie closer together over a longer distance.
Therefore the molecules cannot move as freely over one an-
other and the mechanical strength of the material is greater.

The degree of arderliness in the molecular structure of
polymers provides a basis for their broad classification into the
three main groups — rubbers, fibre-forming polymers, and
amorphous resins. When the intermolecular forces are weak
the polymers tend to be completely amorphous and the mole-
cular chains shide easily over one another, Such polymers are
soft, flexible, and easily stretched; they are dassified as
rubbers. Polymers in which the forces are strong have a high
degree of crystallinity and are particularly suitable for making
fibres, Thermoplastics come somewhere in between, and
many of them are partly amorphous and partly crystalline.

The distinction between the three groups is not a hard and
fast one. Whether nylon 1s called a fibre or a plastic depends
on what it is used for. Sometimes the degree of crystallinity
of a polymer can be partially controlled, and in this way the
material can be made spedally suitable for a particular use.

Because 3 knowledge of molecular structure helps to ex-
plain the properties of polymers, the study of this subject is
of greatr importance to the industries making rubbers, fibres,
and plastics. Many techniques are now available for increasing
this knowledge, such as X-ray spectroscopy, electron micro-
scopy, light-scattering, and measurements of viscosities of
polymer solutions.

Thermuosetiing plastics = Some plastics behave quite differently
from the thermoplastics when they are heated. A good example
is the material commonly known as Bakelite, This is really a
trade name for a type of plastic made by the chemical con-
densation of phenol (C,H,OH) and formaldehyde (HCHO).
It was by causing these rtwo chemicals 1o react together that the
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first fully synthetic plastics were made over fifty years ago by
the Belgian chemist Leo Backeland. The word Bakelite is
derived from his name. Similar products with different trade
names are now made by many firms in the plastics industry.

When a large number of maolecules of phenol and form-
aldehyde are heated together under the right conditions, with
a suitable catalyst, they undergo a condensation reaction
form polymeric chains similar to those in thermoplastics,

The product is separated 35 3 brownish powder which,
when mixed with other ingredients, is known as PF moulding
powder, PF being the initial letters of phenol formaldehyde.
{ Several plastics are commonly known by their initial fetters.)
PF powder is used to make shaped articles by putting it into
a moulding press and subjecting it to further heat and pressure
for a shor time; the powder is changed to a hard glossy solid
which takes up the shape of the mould, Unlike thermoplastic
materials the PF plastic cannot be softened again by heating,
but remains a hard infusible solid, Plastics like this, which
can be softened only once during the moulding process, are
said o be thermo-setting.

The reason why plastics of this kind “set’ and become hard
when heated is because chemical links are formed between
the polymer chains at various poings along their length. This
process, known as ecross-finking, Brmly binds the chains to one
another throughout the mass of the matersal. The result 1=
that instead of an assembly of separate long chains, the poly-
mer consists of a three-dimensional network in which each
original chain molecule i chemically linked with all the
others. The whole mass of the polymer is, in effect, one
enormous mobecule. We could almost think of the casing of
one of the older type of telephone réceivers, which were made
of a PF plastic, as a single visible giant molecule.
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Many other kinds of thermoserting plastics are now pro-
duced by the industry. Some of the more common ones are
made, like PF, by condensing formaldehvde with another
chemical. Two plastics of this type are urea-formaldehyde and
melamine-formaldehyde. They have the advantage over the
phenol-formaldehyde materials of being light in colour, They
can therefore be pigmented to give decorative pastel shades
for such things as tablewars, electric fittings and radio
cabinets.

Molecular munipulation - In the early days of polymer
chemistry people tried to find ways in which molecules could
be made to link together. Their work led to the two main
methods already described — addition polymerization and
condensation polymerization. The properties of the resultant
were then examined to see whether the polymers
might be useful, Nowadays, this hit-and-miss approach has
been largely superseded. In a methodical process the mono-
mers are chosen beforehand to give the polymers the kind of
ies, strength, density, softening point etc, that are
wanted. This new ence i one of the most exciting
developments in present-day chemistry. Its success depends
on an understanding of structure.
Molecules which undergo addition reactions have the
general formula:

G
~ i e

The molecules polymerize to give the following kind of
structure::

byboy
The carbon chain —C—C—C—C— is common to all
addition polymers. It is the atoms (or groups) a, b, %, and ¥
which distinguish the addition polymers and which confer
their different properties on them. If a, b, %, and ¥ are hydro-
gen atoms, the polymer is Polvthene

H HHH

]
L.

Ifa, b, and x are hydrogen atoms and y is a chlorine atom, the
polymer is PVC

H H H
. 1

ol
lfu;b,m?ﬂxmhytlmgmamgmdyisahmmrjng,m:
polymer is polystyrene

H HHH

Aéﬁé
If a, b, x, and y are fluorine atoms, the polymer is polytetra-

fluoroethylene

FoR FF

SR

By carefully selecting a, b, X, and v, the chemist can make a
polymer with the kind of properties that he wants,

Many molecules which will undergo polycondensation
reactions have the general formula HO—A—OH and
H—B—H or, occasionally, H—A—0OH in which case the
substance will polymerize with itsalf.

The molecules polymerize to give the following kind of
structure:

—i—B—5%—B— {+HyO]
Here it is the groups A and B in the chain (as well as any
attachments to these groups) which distinguish the conden-
sation polymers and which confer their different properties
on them.

If A and B are the condensation products of hexamethylene
diamine and adipic acid, the polymer is nylon

__HH‘E:_:].'E_ —-ua:u-mm-

—

A B

If A and B are the condensation products of terephthalic acid
and ethane-1,2-diol, the polymer is Terylene

=

——— — e
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Bymﬁ:l]y&dmﬂngﬁmd B, the chemist can make a polymer
with the kind of properties that he wants. He can vary the
properties in the following ways:

By controlling the length of the polymer chains and there-
fore the softening point of the polymer.

By untangling the twisted maolecular chains and bringing
them into g state of alignment (usually by stretching the
polymer) and thereby increasing the intermolecular forces.
This process is especially important in the prodocton of
fibres.

By using special catalysts (developed by Professor Ziegler
in Germany) to control the positions of the side groups in the
polymer chains and so produce much closer packing of the
polymer molecules,

By controlling the molecular weight the softening point of
a polymer can be varied. The molecules of a simple substance
are all equal in size and they all have the same molecular
weight, For example, the molecules of water all have a mole-
cular weight of 18 and the molecules of cane surar all have a
molecular weight of 342. But in a long-chain polymer,
althoigh the molecules all have the same basic strocture, they
are not all of exactly the same length. During polymerization,
chains of varying lengths are produced, so that it is necessary
to speak of the “average' molecular weight of the sample of
polymer material. The average molecular weight usually
depends on the conditions during polymerization. The higher
the average molecular weight, the hipher the softening point
of the polymer.

In whart follows, several different plastics are listed and
their various propertics are described. These plastics be-
tween them illustrate some of the ways m which the modemn
chemist is able o manipulate molecules,




part four
some common uses

Plastics, ar we have seem, are a group of substances which can
be easily moulded by applving heat and pressure. This 15 why
they are such versatile materials for the mass production of
shaped articles of mary kinds. As well as their useful
mechamical properties = strength, toughness, flexibility and w0
on — plastics have many otfer valuable charactersstics, Many
plastics are wery reststant to chemical aftack by atmospheric
oxygen of ov corrostoe fguids, There are other plastics which
have excalfent electrical properries and these are widely weed
i bhe electrical mausiry as imswdlating materials, Some omwe
their usefuiness fo thefr transparency and optical clarity.
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most cominen co-polymers of styrene are those with buta-
diene, They form the basis of the most common synthetic
rubber known as SBR (styrene butadiene rubber). Another
form of polystyrene with which you are probably familiar is
expanded polystyrene, The honeycomb  structure of this
materinl is filled with 3 gas and all gases are very good heat
insulators, Thus expanded polystyrene is extensively used in
the building trade, to keep houses warm and w keép re-
frigeeated stores cold, Tt also makes 8 resilient packaging
material. Yoo may use it in the chemistry classroom for
constructing molecular modeds.
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Polythene

Troo podvalienes = Unsaturated hydrocarbons with one doulbbe
oonud in the molecule are called alkenes, or, 10 mie themr ald
chemical name, olefns. From them, by addition polvmerca-

possible o el polvalkenes,

of industrinl importinee ethidene and poly

L8[l

Pubyrficies { pofvetfodon [he polymerization of ethvlene gas
o Eive a waky solid polymer has already been desemibed. The
dizcoveryof polyethlene in 1933 was an aocident: Ty huppened
in the Winmngion |laboratones of LG L during & rescarch
programme o study the effect of very high pressures on
CHemiIcn; priions. In one of rhese CXPErImEnTS :'|-.'--|'.||||;
ethivlene, o small pmount of an unosual white solid was ob
tamned which proved to-be pobethylene. Tnowas foond o have
mieresting properiics. [T was resistant to chermicals, coukd: be
minilded:-by heat and pressure and was-a very good elecincil
instlator. By 1939 Polvthene fas f camie 15 be called) was
made on & commercetl scile ds an insulator foF submiErmme
cabbies, which vesnll one of its mest oseful appheations
During the Second World War, all the Polythene made
was- usedd - for military: purposes. Badar equipment ovwed i
developmint to the fact that Palvihene was just the nght Kind
of Taterial tosolve the problenis of clecncal mrulanon, Adter
thie"Wiir muny, other mdusirial and domestic apphcatons
e found Tor thas useiul plastics marterial. Prodocoon went

up At norapd: mte gnd, wath g oworld-wide annunl producioon

o over tvo mullen fons, it & probably the commonest plistics
muterial

Polythéene 48 normally made sncthe fomm of small chipe
which can be fed into sarous types of moulds -t make such

shepid articles as bowls, buckets, woterings cang, and bottle-




SIOPPETs Pobythene con also be converted into 1 fexible film
which is tough and waterproof. This film, which is uséd for
wrapping foodstufts and other produscts; s the biggest single
application of Pobythene, Incrensing amounis are elso being
used for making squecze botties and containers of many kinds,
gnd in the mamufactuee of piping. Polythene prpes hoe &
great adimntage over mesal pipes becmrse -ty can be wilded
guickly and do not burst in frosty weather.

In 1653 Professor Zicgler, working oo palymerization
problems in Germany, discovered that ethylene could be poly-
merired at stmospheric pressurs by using  specil orpano
medallic camalysms (sce photographs:-on page 1), The solid
Polythene made in this wiy i very sumilar o that made by
the high pressure process, but it is more crystalline, has o
maore closely packed chnin: structure and & thereiote more

dense. This newer material is komowm as ‘low pressure’ of

b density” Polythene. Unlike high pressure Polvthene, it
docs not soften at the tempeératire of boling water and. s
especially useful for moking articles that need stetilizing
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Nyfowr = In I*art I1, the polyamide nylon 66 was given as an
example of o palymer made by the method of polyconden-
sateom. Actually a number of different polvamides are now
made commercially for use as fibres and as plastcs, and the
term ‘nylon’ 15 wsed a5 4 general name for all these marerials.
They ure distinguished by numbers, which stand for the
number of ‘carbon atoims o the diamine and discid wnits
[rom which the polymers are built up.

For plisncs purposes; two man types of nvlon ace made in
this country. One is nvlon 66, The other is nylon 610 [six-
ten} which 15 made from hexamethylene diamine (6 carbon

atoms ) and sebacic acid (10 carbon atoms), Ancther type of

nylin, devéloped manly in Germany, 5 known as nylon 6.
This i made by a polycondensation process in which an
amino-acid 1 condensed with itself. It is possible o do this
because an amino-acid hes o different reactive groap st each
nd of the molecule - an amino group at one end and & car-
oyl group at the other, The ammo-aad from wwhich ovlon 6
is made is aminocaproic acid (HN(CH,,COOH). These
three nylons are the most important ones in the plastics in-

dustry. Orher avlon compositions ore maode by blending to

gether the standard nylons, so thar it is possible to get nylon
procfucts with o varied mnge of propertics.

Mylon 66, the original member of the: group; is4 tough
wixy solid with a high mechanteal strength, It 15 a very tsefl
material for the manutaciure of lightweight gear wheels and
other mechine components. I is also used o make curtain
rails andd runners, which are durable, non=rustng, and do no
need o be lubricated.

In the form of filoments much thicker thun the vecy fine
threads veed 10 make stockings, nvloda i2 woven inte cond and
ropes which dre very strang, durable, and hight, Nylon fila-
ments juseally nvlon G100 are also used for muaking bristles
for many kinds of brushes




Some of the veriad uses of




Other plastics

Other plastics - Although the list above mentions most of the
commonest plastics; there are many others of importance.
Ome of these is polytetrafiuoroethylene (PTFE) which is simi-
lar to Polythene except that it has fluorine atoms in place of
hydrogen. Because of its extreme inertness, it will resist the
attack of the most corrosive acids. Another is polyurethane
which is produced as a foam - either a rigid foam, which is
used for heat insulation, or 2 flexible foam, which is wsed for
cushioning, Others are the thermosetiing resins which, apart
from their extensive use in paints, form the basis of the
modern adhesives which are supplied 25 a tube of resin and a
tube of crozs-linking agent. Every few years more new plastics
come into prominence and nowadays, with a much greater
insight into the nature of polymers, the chemist can go about
his work of creating new plastics much more methodically.
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Polwinethane is.a thermaseting
ptastic. In the chamical reaction
o maks the palymer, carbon
dicoeida |5 given off, causing the
podymar 1 axpand info & foam,
In the foreground of tha
phatogragh k= tha maxing haad
which scuirts the taactarts for
making polywathans into tha
wray Banaath. Tha flaxibia foam
shoyn here s used chielty 2= 8
cashigning material or for
Backing codta. Akpd foam 15
wsad chinfly for heat insulation,
Sfhal! Chamicad Company




part five the plastics industry

The making of plastics materials and their conversion into
finished products and usable articles is the work of the plastics
industry. The industry is composed of many different kinds
of companies. Those that make the polymers are called manu-
facturers of plastics raw material and they are essentially pant
of the chemical industry. There sre also a large number of
fabricators or convertors who change the raw materials into
finished products by moulding, extruding, and a variety of
other processes. The makers of the spedal plant and equip-
ment used in these processes are also regarded as part of the
plastics industry, The industry as s whole is, therefore, a very
complex one and overlaps the chemical and engineering
industries.

Making the raww matertals — The carrying out of polymerization
reactions on an mdustrial scale, which is the job of the mang-
facturers of plastics raw materials, is a much more complicated
business than making small amounts of polymer in the
Inboratory. Since the properties of plastics depend very much
on their chemical structure, plastics materials must be made
of a constant and reproducible composition,

Industrial polymerization processes require a great variety
of plant and equipment. For example, the making of Poly-
thene by the original process has 1o be done in plant able o
withstand very high pressures of 1,000 atmospheres or more.
In a PVC plant, the vinyl chioride monomer is polymerized
in pressure vessels, called autoclaves, in which the volatile
monomer, mixed with water, has to be stirred continually
during the reaction. In the manufacture of clear acrylic sheet,
the liguid monomer, containing a small amount of catalyst, is
run into glass moulds at ordinary pressure and polymerized
by heating the moulds in large ovens under carefully con-
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trolled conditions. These few examples of the kind of plant
used in making plastics show that this section of the industry
mvolves not only chemical processing on a large scale but also
much engineering and technological skill.

Many menufscturers of plastics raw materials in this
country and abroad belong o large cherndcal
These companics almmakema.njrnfmcmnmmmmd
organic chemicals which are used to make polymers and
which are derived very largely from the cracking of petroleum
isce the Background Book, Petrolewm).

Making the firished goods - The products of the plastics raw
materials manufacturers are sent to the fabricators in a variety
of forms. They may be powders, small chips or granules, and
occasionally viscous liguids. Some plastics materials are made
in such semi-finished forms as sheet, film, rod, or tubing.
Many different processes of plastics technology are used by
the fabricating and converting section of the industry to
change these materials into usable products.

The usual way of making shaped articles from plastics is in
some form of heated mould under pressure. The commonest
types of moulding processes are compression moulding,
mjection moulding, blow moulding, and vacuum forming.
Plastics can also be extruded through shaped holes to produce
such equipment as piping. Some nt these processes are shown
in the illustrations. The required may ©ost
several thousands of pounds, and the plastics materials,
compared, for example, with wood, are expensive. But so
efficient are the machines ar turning out precisely shaped
articles at a very quick rate that articles made from plastics
are uwsually cheaper to buy than similar articles made from
other matersals.
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Another way of using plastics materials is in the manmu-
facture of what are called reinforced plastics. ‘These are pro-
ducts of high strength made by impregnating such materials
as paper, wood, cloth or glass fibre with plastics, and bonding
them together by heat and pressure into one solid structure.
In lamimated plastics, for example, the bonded marterial is in
the form of layers of paper, cloth, or some other fabric, and
the bonding material is commonly a phenol-formaldehyde or
urea-formaldehyde polymer, Laminated plastics are used to
make partitions and pancls for the building industry, elec-
trical panels and components, table-tops, and other forms of
decarative coverings. Many plastics can be made into finished
articles using methods similar to those for wood and metal-

The growth of the plastics mdustry — The plastics industry Is
now regarded as one of the basic industries in the economy
of any industrial country. Its products are needed by practic-
ally every other industry.

One of the most striking things about the plastics industry
has been its rapid rate of growth, especially during the last
twenty-five years. The first man-made plastic was produced
about 8 hundred vears ago. It was made by Alexander Parkes
of Birmingham and he called it Parkesine, It consisted of
cellulose nitrate mixed with castor oil and 2 solvent. A few
years later an American called John Hyatt brought out an
mmproved form of cellulose nitrate plasticized with camphor.
“This plastic became known as cellinloid. Neither of these early
plastics was completely synthetic. They were chemical modi-
fications of cellulose, a polymer occurring naturally. As
mentioned earlier, the first fully synthetic plastic (Bakelite)
was made just over fifiy years ago.

Until 1939 the plastes industry remained fairly small.
Thirty years ago the annual production of all plastics in this
country was only about 10,000 tons. Since the war, very many
new plastics materials have been made and many new uses
have been found for already established products. Production
of some of these has expanded very rapidly indeed, and the
making of plastics has now become big business.

In Britain nearly 750,000 tons of plastics raw materials
were produced in 1963, with a total value of over L170
million.

Many other countries have fourishing plastics industries.

&

shiowvn alacirlcsl aguiprd
mada of Hakelito boing lified

Tharmoeaming plashcs,
&, Comprasspa moolding — &

wio-rincs mould lu hestsd waih Fian @ comprassion maoukd
staaf and the lowne half is Babelite Lid
filbad weith 8 pellel at tha
':l'll}ll'l"'l"'_.ﬁi-_":l'.il'li.] [gp retirtpie| r.".l'h'l'd‘ﬂ

The paliat sotteas. tha uppor half
of the mauld i3 compresded ¢n

{e the lowees. and the powderia
forcad into the mould shope
Cross-linking necurd and tha

mould opens 10 aject tho
finished artiale. The photograph




A Laminaton is 8 procassing
meiliod that con ba uged for
Bath tharmopleste mnd
nemnoasting plastics. Tha
plestics matorinl can ba
impEregnaed on- 1o paper (53
ahiavwn Mend] or (1§ can be ussd
[enmeswhat liks giual 1o hond
levers of glezs fibra, chipbosand.
or cloth,

Hakelive Lig

trimming knifa

dia
rubber-covared

; Polythana antars here
f £

wind-up real for

papery Palythana
Leminate

@ ___ﬁ'h pressure roll
b AN ,@ - piper pay-off rol

watnr-conted
irim backing moll
chill rali
cold water inket —

3l



A bilitard ball, buttons, curtain
g, und papsr knils mads from
Parkaging, the firet plastics
miatelialsParkesing, made by
Sdwander Falkes pial oear g
nundrod years g, is simsiarto
cetludald.

Crowin Colpnognid. Soinoe
ek

The United Kingdom is ar present fourth among the leading
producers, after the United States, West Gtmmj,anqjupin.

Russia, who started late in the making of plastics but claims

to have made nearly 600,000 tons in 1963.
The total world production of plastics marerials in 1963
was probably not far short of ten million tons.

The futsire of plastics — Tt seems fairly certain that the rapid
growth of the plastics industry will continue for many years
to come. New plastics continue to be discovered and new uses
found for existing plastics. In some large industries — agri-
culture, motor car manufacture, and building which already
use a large tonnage of plastics - there are many uses to which
plastics have vet to be adapeed. One motor car may at present
use up to 35 Ih'l:pf‘plul:i::,ﬂﬁgg;;ﬂihi:h could certainly be
increased. o

It has been confidently predicted that by 1970 the produc-
tion of plastics in Britain will reach well over one million tons
a vear. By 1980 this figure may well be doubled. A Russian
scientist has forecast that in about twenty years the produc-
ton of plastics may surpass that of steel.

Whatever may be the accuracy of these predictions, it
seems certain that more and more applications of plastics will
be found as scientists, technologists, manufacturers, archi-
tects and builders, and other interested people, explore
further the nature and properties of these materials. The
search will also continue for materials with improved proper-
ties, which will stand up to the more testing requirements of
the exploration of space and of nuclear power.
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Queestions

1. List at least owenty articles n your house that are made
from plastics materials, If you can, give the names of the
different materials. _ .

2. Qutline some of the properties of polymers that distinguish
them from other subsiances,

4. Which plastics materials would you choose to make the

following articles, and why ¢

a, Outdoor piping for carrying cold water

b. A raincoar

¢. An ashrray

. A boule that can be sterilized

& Windows

f. A squeeze botile

g. Insulating material for a cold-storage room

k. A bottle for containing concentrated acids

i. Cheap packaging maeerial

4 What would you expect 1o be the structure of polymers

made from the following monomers

a. Owalic acid (HOOCCOOH) and ethane-1,2-diol
(HOCH,CH,0H)

b, Vinylidene chloride (CH,~CCl,)









