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'Eaaavs on the application of plasiics | \ R S Lenk 1961
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Material selectinn, materials classificaticn and ihe dlace of

plastics among the materials

The cultural and sccial evoluticn of Man is iie direct conseguence of
tecihnclogical zivances zade possibie as a resuli of discovering and
exploiting f:esh material resources. siarting with stone, iis ccaveraion
to 3imple implsrents and its employzent as 2 constructicnal element, the
uz2 of timber for majcr loadbearing structurzl and domestic purposec, the
discovery that shaged clay car bes fired and converted to brick and peottery,
the realisation that animal and vegetable fibres can be used asz nrides,
tanned o leather, spun and woven into tex*iles fcr the manufaciure of

g2rments, ard the art of extracting mezals from ores.

The discovery cof each of thee:» groups sparked o?’ inventions which
trovided the seeicorzn for new technclogies. GSupplementing and/sr supersedirg
earlier technologies, these transfcrmed the brutish existence ¢f the
primitive hordes of savages, bringing about the changes which eveniuzlly
reculted in the emergence of civilis.d communities which were zble 5 erjoy

3 longer life apan of better quality and enhznced securiiy.
)

The zain pointe of %ue congequences of this progression may be summarised as
followg:

{41) A greater irdependence from the vagaries of +he immedia‘e envircnmant
and the ability to survive under citherwise hostile climatic ccnditions;

‘4i) A progressive recduction in the drmidgery involved in securing a
continuing surply of food and other essentials of life;

(i11) The need for specialised skills, the resulting 2Zvisicn of labour

and the evolution of larger social groups wiihin which individuals became

increasingly dependent upon co-operation witn othera:




(iv) A cortinuous improvement in productive eificiency, making it possible
for people to devote an increasing proportion of their lives to pursuiis

other than those required to scratch a bare existercs;

(v) The emergence of a successful and sochisticated social structure in

place of the primitive mores of the savage. Its cutward signs created wealth,

a respect for the rights and a concern with the welfare of its individual members .
under government by law with the free consent of the majority; under such

conditions of felicity- unfortunately not widely enjoyed even today- people are

at liberty to engege in the pursuit of happiness such as the enjoyment of

artistic, intellectual and recreatiocnal activities.

Clearly, the process of te~hnological evolution was painfully slow, even

imperceptible within the lifespan of generations of prehistory and the misty J
shrouds of millions of years following the emergence of our species are only

sketchily illuminated by conjecture based nupon a few lucky archaeological

finds of primitive stone tcols and detritus. However, cne may te safe in

agsunming that each major advance, such as the invention of the wheel, produced

not only a wave of adaptation throughout the totality of humen activity, but

also catalysed and accelerated successive developments doth in scale and ir

scope.

However, there is a reverse side of the coin: Any wajor technological
breaktarough (to use a2 well worn clichée) also gemerates problems to which
society must adjust psychologically without becoming disoriented and desiroying
itself through "future shock". This requires, above all, time and therein lies
the dilemma: The rate of technological progress is clearly beginning to exceed
the rate at which our species can adapt to it. The "industrial revolution”,
the "new products revolution" based upon the availability of new materials
developed by the chemical industry, the microchip and the advances in a
electronics, and, above all, the awsome destructive as well as the creative

capability made possible by nuclear technology have produced and are still




ic adjustzment spasas. Il I3 undoubtedly time to digest,
take stock and reflect tather than charge furiner on. There i3 no
irmediate answer, but an answer will be found, provided time is given a

chance. Perhaps this is the moment when poeis and dreamers hold the key

to the future rz+her than the scientist, tecunolcgist, or social engineer. ‘

2nd whez2 do plasticé coze in? Plastics differ from all *he othexr

paterials in that they are essentially synthetic preductz of the chemical
industry whica in its mcdern form is itself barely 100 years old. At

pregent the chemical indusiry uwroducses the feedstocks for plastics marufacture
from frsgil raw materials, principally oil and coel. These are resources
which nature accumulated over millions of yeers and which man is using up in
a matter of decades. IIf the stream of suitable feedstocks is to continue
when foscil resources are exhaugted it is :ecessaxry to develop continuous
cropping metnods vased upen the careful hustandry of.the eartnh's surface

(both land and sea) as well as upon the continuous aveilability of cheap

and abundant 3olar energy. Such methods ars a2lready outlined ard include
bicmass fermentaticn for the production of ethanol and other basic starting
materials, and a reaprraisal of the potentialities of renewable pclymeric
intermediates such as cellulecse, svaxch, lignig\and proteins. Whatever the
problems of tapping new resources, we may be confident that these will be solved
before we run out of oil and ccal altogether. The continuasd availability of
the products of organosymthesig, including plastics’may therefore e taken

for granted.

It is suggested that the entire spectrum of structurzl and engircering
zaterials can, in essence, be arranged in seven categcries of which plastics

and rubbers conatitute the most recent cres.

1 Store and "reconstituted stone" (comcrete);

2 Fired clays (brick, ceramics), enamels and glass;

3 Metals (inecluding alloys);
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4 Timber and timber products such as block- and particle board and
plywood;
5 Fibres of all kinds (wool, cellulose, silk, metal wool, rock and
slag wocl, glass wecol and synthetics) as well as all the webs derived
from them such =3 textiles, fleeces, felt, paper and beard;
6 Expanded materials, rigid and flexible foams, sponges and corik;

7 Plastics and rubbers.

Of those seven clases the first three are inorganic and all the others except
some fibres are organic in nature. Ancillary groups or materials inciude a
variety of bonding agents, as well as assorted amcrphous solids zrnd "goos”

such as resins, gums, tars, pitches, waxes and greases.

Dealing briefly with each of the first six groups in turn:

1 Stone and concrete have high density, excellent heat resistance, nigh
compression strength and considerable corrosion resistance. They are zls0
incombustiblie. Stone is hard to handle and difficult to transport and its
shaping 2nd conversion into a useful form is both hazardcus and wastefui.
Although concrete can overcome many of these disadvantages, it has & low
aesthetic rating and takes a considerable time to dry out, cure and attain

its ultimate strength.

2 Brick is an o0ld and excellent building material, unrivalled in its
durability, appearance, compressive strength and ease of handling and
transportation. Other products of fired clay are ceramics which make useful
vessels, especially when they are glazed to become impervious to liquids such
as water, oils, grease and household chemicals, but their mechanical strergth
is limited by poor impact resistance. Enamels are used as surface ccatings

for metals, especially steel, rather than as materials ir their own right.




Their glo5s is very atizactive at first, but deteriorates in time as a
result of cleaning with abrasive scourers. Glass, esrecially plate glass,

is a fairiy recent material of construction, although it has been used for
artistic purposes for thousands of years. Like its group companions 1t is
made from cheap starting materials, but its ccst has increased rapidly due
to its high energy content. Glass is unrivalled when z combination of
atrength, heat resistance, cnemical irertmess, weathering resistance,
dimensicnal stability, rigidity and special optical oroperties {(4ransparerncy,

translucency or opacity) is required.

3 Metals are characierised by tneir high density {(steel: 7.8, although
alupinium is only 2.2), high temperature resistance, high tensiie and

impact strength and high thermal and elecirical conductivity. They very
greatly in tneir ease of extraction and hence their cost, as well as in their

ccrrosion and general chemical resistance.

4 Timber is a renewable resource. It ia preeminently 2 materizl of
conatruction with good tensile and compressive stirength in the fivre direction
and it has great aesthetic appeal. It is no longer cpezap and its conversicn
tends to be labcur intensive and wasteful., Some of its waste rroducts can,
however, be used for bleckbcard, chipboard and particle beard menufacture in
combination with suitable mecdern adhesives, whilst woodflour way be used as

a filler for thermosetting resins such as pnenolics and UF resins. Multiaxial
gtrength may b2 achieved by cross-grain iamination (élywood). The main
disadvantages of timber are its susceptibility tc bloattack by insec:s,
rodents, rots and fungi, its generally poor weather resisiance necessitating
repeated protective surface coating an@/or impregnaticr, its tendency to

burn actively in a fire and its dimensional instability under varying

conditions of temperature and numidity.,




5 Fibres and webs constitute a distinct class of their own, even though,
chemical.y, they might arguably be includéd among cellulose-based materials,

glasas, wool, metals, stone, proteins and plastics. The uniqueness of fibres

lies in their physical form and in their uniaxial nature. Morecver, their

production history bestows special morpholcgical anq/or orientational -
anisotropy and this results in characteristics which are far more important

than their chemical affinity with the bulk form, whatever that may be. Who

can deny that wcol, cotton, nylon and polyester fibres have more ia common

with each other than, sazy, cotton has with cellulose film, paper with wood,

rock wool with stone, metal wool with cast iron, or a nylon stocking with a

moulded nylon gear wheel?

6 Expanded plastics and solid foams, sponges and cork are zll materizls ’
with extremely low density. They may be rigid or flexible and may have an

open cr closed cellular structure. Altermatively, *the cells may have degen-~

erated into mere struts (as in sponges) while still retaining the capacity to

scak up liquids by capillary action. Closed cell structures, on the other

hand, are completely nonabscrptive. The characteristics of +nis group are
self-evident and, ags with fibres, derive from their physical form rather than

from their chemical compogition: They all have extremely low densities and

excellent thermal and electrical insulating properties. The 2lastomeric

cloged cell types are widely used for cushioning and upholstery while the

more rigid ones are found in thermal insulation and in certain forms of

packaging. The justification of grouping together man-made polymeric foams

such as foam rubders, FU, PS, PVC, PF and UF foam with cork and sponge into !
a category of its own is analogous to that given for fibres earlier on:

Por all practical purposes a refrigeration insutating layer of PS closed

cell foam resembles cork imuch mcre than, say, a presentaiion container for

a choice orchid moulded from clear PS moulding material; and a car washing

sponge from cellulosic sponge material resembles an oldfashioned tath sponge

of marine animal origin much rather than a piece of celluleose packaging film




or a cellulose acetate moulding.

T Despite the fact that plastics and rubbers include materials which do
differ considerazbly in their combination of properties, they do nevertheless
constitute a unique and cohesive group of moterials with chzracteristics
which each member of the class possesses to a greater or lesser degree:

(1) Pl;stics ha§e low densities, typically ranging from about 0.9 (poly-
olefines zo0 1.4 (PVC). Many of them occupy the range between 1.05 and 1.2;
the cne ex eption is PTFE with a density of 2.2.

(ii) On the basis of strength-to-weight ratio plasiics are rexexrkabliy strong,
especially in tensicn, but they do exhibit considerable creep under static
lcading.

(1i1) Altkough plastics may be either tough or brittle (depending on the
specimen geometry, the conditions of testing and the type of applied stress),
most uncrosslinked or lightly crosslinked plastics may gé "toughened" by
compounding with suitable addltives such as plasticisers, by the milling-in
of sui*able synthetic elastomers, or by the modification of the feedstock
moncaers (internal plasticisation, or copolymerisation).

(iv) S8eing organic materials, all plastics are combustible. But while

some are ceadily set alight and may burn actively, others are self-extinguishing

by nature .r as a result of special flameproofing treatment.

(+) In ¢eoneral, plastics will withstand prolonged exposure tc elevated
temperature: up to a point defined by their chemical stability or resistance
to demoulding. This may be as low as about 70°C (plasticised PVC), a little
higher for LDI'E, or well above the boiling point of water for PP, PMMA,
pclycarbonate and peolyacetals. In the case of Nylon 66 it exceeds 200°¢
substantially and enables a moulding to maintain its mechanical properties
unirpaired for long andi uninterrupted periods of time, while certain
polyaramides can be used at temperatures exceeding 300°C and do not decompose

until the temperature exceeds 500°C.




(vi) Plastics and rubbers are poor conductors of heat and electricity

and are thus eminently suitable for the purpose of thermal and electrical
insulatior.

(¥i1) Plastics may be produced in an infinite range of colours and surface
f£inishes and many of them can be obtained in a transparent, translucent or
opaque form, depending on the designer's preference or specification.

(viii) Plastics are tasically inexpensive owing to the relative cheapness

of feedstocks and the large and continuous rature of the unit production
operations. The cost of manufactured components from the base polymers tends
to be low because of the simplicity, rapidity and efficiercy of standard
conversion operations such as extrusion and injection moulding. It is true
that some speciality grades such as PITE and polyaramides loox very expensive
at first sight. But even here the cost is really small when considered in
relation to performance. Savings often recoup the initial outley meny times
over ther a suitably designed component of the correct material choice ensures
continuocus troublefree running of a production line without costly interruptions
cr maintainance shutdowns due to the failure of a comporment previously made
from a "cheaper" material. Higher materials ~osts are also easily justified
where weight (and hence fuel) can be saved. This applies especially to the
aircraft and aerospace industries. Iastly, a high materizl cost may te
perfectly acceptable provided that it enables cne to accomplish an essential
engineering design objective which cannot otherwise be attairsd.

(ix) Plastics generally do not present a toxicity hazard.

(x) Plastics per se are not attacked by insects, rodents, moulds, fungi
or bacteria. Some have outstanding weather and UVL resistance while others
can be programmed to degrade under certain conditions within a specified time

$7 as to avoid environmental pollution through the accumilation of litter.
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Finaliy, it should be said that an enormous numdber of optimised design
solutions have been developed which are based upon a combinatiqp of

materials right across the spectrum of groups as well as within a given
category. This can be achievéd, for erample, by the use of bonding agents.
Plastics and metals, plastics and timber, plastics ané paper plastics and
plasterboard, laminates involving metals in sheet or foil form and foam
sandwich structures are commonplace, while many a sophisticated gadget contains
numerous components made from a variety of different meaterials combined in a

gingle integrated functional unit.

Following this cursory review of materials we now need to consider whai
criteria are to be used in oider tc arrive at a sensible cdecision when
selecting the might material for the manufacture of a cocmponent waich will
serve a clearly defined purpose. We shall indeed go into some detzil when
considering specific fields of application such as building, packzging, transport,
agriculture, etc. For the present moment, however, let us ezarmine gereral
guidelines.

(i) We first need to be perfectly clear as to e functions wnicn the
intended product is to perform. This enables us to draw up a list of
proverties which the component must possess, vhat properties miéht be desirable
thougn not absclutely indispensible, and what a&verse characteristics must be
avoided at all cost. Some idea of this may already be in the designer's
mind, especially if a similar product ‘s already on the market and needs
improving. 1Is the shorifall in performance really the result of faulty material
selection or is it merely a defeét in engineering design? If nothing of the
kind exists as ye%, is this due to the nonavailability of & suitable material
of construction or to the absence of any demand for the product? And if +the
latter, is there any likelihood that such a demand will arise naturally or
can be (and should be?) stimulated? The answers to questions such as these
will indicate which of the seven groups of materials enumerated above or

what combination of them might be the first choice.
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No prejudice should be allowed to cloud one's judgment which might either

favour or discriminate against any particular group.

the answer, then this must be honestly and gracefully aclmowledged.

If plastics are not

But

if it appears that a good case for plastics can 1> made out, then we enter

upon the next phase:

(11) Which plastic?

the highest ratio of performance to coat.

The quick answer to this is:

the one which has

It is ixrportant to point out

here that anything that is better than "good enough" is often really bad,

inasmuch as the consumer is made to pay for something better than he really

reeds. Many illustrative examples of the simple txuth of this statement
can be given and we shall raise the matter again when we discuss the
application of plastics in packaging. If the level of performance is

defined, then the acceptable cost is that which the market can bezr.

The

customer is willing to pay for just so much mechanical strength, rigidity,

flexibility, thermal or electrical properties, durability, ease of installation

and maintenance, appearance, etc.;

and many other properties that might have been added - be required.

but in no one instance will all of these -

Moreover, those that are requizred will not necessarily rank of equal importanca.

One must therefore apply weighting factors with which to multiply a rating of

performance in each respeét on an arbitrary scale.

Supposing we wish to

decide on a preference between materials A4, 3 and C on the basis of their

overall performance with respect to properties X, Y and Z.

Assuming that the
top quality on a 10-point scale is 10 and the respective weighting factors

are 4, 3 and 1 respectively, then the following table may be drawn up:

Material; (Material x weighting factor)

Properwy; (veigning | \
factor)
X (4) 5 (36)
Y (3) 6 (18)
/ (1), | 6 (6) 1
Total point; rating_'- . e |

7
6

7

B

(28)
(18)

53

(1) |

)

: 4

\n

)
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Result: Material A is clearly the first choice, although this may yet
have to be revised in the light of other considerations such as

availability, processing limitations, etc.

(i:i) What method cf processirg is indicated? Ir many cases there is

but cne answer to thig, but in others there may be a choice such as
moulding a gear wheel cr machining it from stock, and injection moulding
or vacuum forming a drinking cup. The company commissioning the review
may not be able or willing to embark upcn a process for which it is not
ejuipped cr in which it lacks evpertise; if that coupany wiskes to go into
procduction nevertheless it may have to accept 2 process which is less
efficient or consider using an alternmative material which represerts a
gecond choice but which is better suited to the facilities available to

that ccmpany.

(iv) Wnilst it is essential to consider the properties of materials in
relation to the expected vexrformence of the end product it m..t 2alsc be
remember~d that constraints may exist not onl;" in the primery operation,

but also as regards any after~treatment and finishing., The processing
constraints generally involve the chemical stability and the flow

properties of the polymer which, in turnm, depend on time, temperature, shear
stress, applied pressure and cowposition (including additives, if any).
After-processing such as hot- or cold drawing often have 2 tremendous effect
on the morphology and anisotropy of the product, on the equilibrium moisture
content or on the dimensional stability in service, while finishing operations

may decisively affect the appearance and may be eessential, yet costly.

(v) Any production hazards such as toxicity, flammebility or explosion risks
must, of course, be totally eliminated before even considering setting up 2
production line. ZEqually, cne rmst consider the environment of the

production site: pcllution with gageous and liquid waste products must be
prevented and solid waste should preferably be recovered and reworked, or at

least be safely disposable.
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The site itself has to be provided with the necessary services such as
water, power, effluent treatment and disposal, transport and telecoymunication
facilities, storage space and a supply of staff who possess or who can be
taught the relevant skills. The wcrkforce will need to have housing
available within commuting distance and technical and managerial staff may
need to be recruited from more distant places if necessary.
(vi) On launching the product one has to decide cn the orgenisation of
sales, product promotion and technical service.
(vi) What is the estimated time (or level of production) before
(a) the anticipated initial production loss period is at en end, and
(b) the product yields a profit equal to the average profitability of
all the company's prcducts?
Furthermore, what surplus profits beyond that point must then be made in
order to enable the company to recover its research and development outlay
and to provide the capital for the next venture? This is a particularly
tricky question: There is clearly a temptation to cash in on what may be
a monopoly, but greed does not pay in the end, since it attracts otiers to
enter the field and to compete for the market by undercutting the price. The
correct solution is to reduce prices and to keep up profits by an increase
in productivity; eventually this will return the new product to the average
profit level of the company's other operations. Clearly, it is a sound
policy to do this before any extermal pressures are applied, since the company
can always then be confident that it can remain both technically and

commercially ahead of its reputable competitors and keep the "cowboys" out.
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(viii) No expert in material selection will ever fail to consider the
pcasibility of optimising his choice by using a combination of materials.

In this he resembles the virtuosc organist who artfully and cunningly
selects the right comtination of stops in oxder to achieve just the required
overall effect. The building and packaging industries as wzll as the design
of a number of household durables afford many examples and case histories in

this respect which are most instructive.

(ix) It is strorgly recommended that case histories of earlier attemrts

at the intended design as well as related designs be carefully studiad, if
any such exist. It is a salutary and often sobering experience to look at
scme harrowing stories of misapplications ostensibly cue to bad luczk, but,
more likely, to incompetence on the part of the designer duve %o nis lack of
understanding of materials. Examples of these litter the gartage heaps of
industrial enterprise. They warn us of the piifalls which threaten the
unwary and teach us humility since, however knowledgable one may be, there

are always lessong to be learned.




2  PLASTICS IN BUILDING gy R.S.LeEnK

When considering what properties are required to make a material
suitable for building applieztions the answer can only be given in

the most general terms. Obviously, a home should provide the highest
possible degree of comfort in return for the money paid by those who
live in it. 3But this, in turn, is not easily gquantifiable; moreover,
the notion as to what is good value (or what is acceptatle) is highly
susceptible to changes in performance expectation and prevailing fashion.
Before we can attempt an answer to the guestion what the building
industry really wants one must recognise that a building is a complex
conglomerate of often quite independent autonomous systems with close
internal group affinities. The only feature thzat they all share is
the fact that they each make a unique contribution to the whole.

All systems must therefore be mutually compatible within the building
in exactly the same way as all the branches of a tree integrate

harmoniously in the overall structure of a tree.

Each system presents the designer with particular problems and therefore

with the opportunity of coming up with specific and relevant answers.

But 1t is first of all necessary to identify the various systems which

comprise the essentials of the building indusiry. We propose to list

these as followa:

1 Foundations;

2 Primary loadbearing structures above ground level;

3 Flooring;

4 Water management (supply, distribution, stcrage, waste water,
surface water and sewage disposal);

5 Sanitary ware;

¥ LCP\[R\GHT gl | ]




2.1

6 Jther "services" {ras, elecirizal; lighilug, tealting, vaniilatlon, olod’

7 Curtain walling, infill panels and cladding (erterrnal and
internal);

8 Partitions and doors;

9 Windows;

10 Thermal and acoustic insulation;

11 Roofing.

Feundaticns

It may be taken for granted that the primary requirement fcr satisfactory
foundation is a structure such as wock or concrete which is eminently suited
to support heavy static loads over long periods of time without cracking,
distorting, shifting or corroding and which is relatively inexpensive.
Plastics in bulk are obviously quite unsuitable to perform these functicns,
Bowever, plastics do have an ancillary role in foundaticn work. Conecrete
needs to be protected from rising moisture and from any soil chemicals
such as sulphates which this may carry in solution. It is therefore
ccmmon practice fto cover the hardcore base wi-h a heavy du!’ tarrier

film of polyethylene, 2 function wnich was only moderately satisfactorily
performed by bituminised parer in earlier days. Polyethylene film is

also used to provide a curing membrane and to protect freshly laid
concrete against rain; it is left in position until the fcundation slab
has hardened and can be allowed %o dry out naturally. Heavy damp course
membranes which prevent rising damp from creeping up the brickwork by
capiilary action also generally incorporate polyethylene film, usually
sombined by lamination with bituminised felt and metal foil. 1In the

past bituminised felt has been used for this purpose by itself, although
in superior type btuildings more efficient but much more expensive

alternatives such as slate and lead sheeting may be found., It might be




stated in passing that polyethylene film is alsc used extensively
to provide weather protection once the main elements of the primary
framework hzave been set up, so that the workforce can ccntinue

nperations under what might be described as factory conditions.

Primary Loadbearing structures

Since plastics are no%, in general, suitable for sustaining heavy and
continuous loads it follows that they cannot compete successfully with
traditional materials such as stone, brirk, reinforced concrete, metal
or timber for the construction of beams or struts. The only exceptions
here are certain lightweight one-storey (or, at most, two-storey)
buildings such as temporary or demountable stiructures (site offices

and shelters assembled from prefabricated glass-reinforced polyester
units) and somewhat unusual "space structures" such as goedesic domes
and folded-skin wall/roof designs; the latter are interesting, exciting

and speztacular in appeérance, but quite rare.

As in the case of foundations, however, plastics can be used to grezt
advantage in combination with traditional ma.erials in composite
structures and as ancillary items in the production of concrete component
units. Leaving laminated structures until later (see 2.6) we should

mention the follcwing:

The surface treatment of metals and concrete to minimise or eliminate
weathering and corrosion in concrete and metals as well as weathering,

rotting and bio-attack by moulds, fungi and woodtoring insects in timber.

The construction of suitable moulds in the production of concrete shapes,

This may take the form of small thermoformed moulds for patterned




2,3

concrete slabs (UPVC), shuttering or the lining of timber shutiering

(UPVC), or large assemblages of tote-box-like units for the constructicn
of floor/ceiling structures from concrete reinforced with tensicned steel
bars or wires. This technique is used for multistorey buildings and the
units are recovered for re-use after the huge slab has been hoisted into

its correct position.

The use of moderately plasticised PVC as "water stop” expansior/contract-
ica joints between adjoining concrete s.iabs in order to prevent ihe
penetration of water in vertical concrete wall slabs and in horizental
slabs such a3 are being cast in roadbuilding, renlacing bitumen. In

this application there are alternatives of weather and ozone resistant

‘synthetic rubbers, but they are considerably more exgensive and are

only used when the highest perfermance requirements must be met;

Epoxidised bitumen surfacing of roads when wear and hence freguent
repair work (with the consequent disruption of traffic and roise and
dust pollution must be minimised and when the considerable extra ccst

is justified.

Flooring

The traditional materials of decorative flooring such as wocdblock and
ceramic tiling continue to have a great deal to recommend them for mainly
aesthetic reasons, but they are expensive. Apart from carpeting, which
is not, strictly, a building component any more than furniture, the only
alternative of the pre-plastics age was linoleum, usually laid on
floorboards with or without some intermediate layer of felt, board,

or the like,




The requirements of an acceptable flooring materizl are: good abrasion
resistancg, resistance to water, oils and household chemicals, non-slip
surface properties and scope for artistic design at reasonable cost.

These requirements are fulfilled to an admirable degree by a number of
plastics of which the most important is PVC. 1In its slightly plasticised
form it is available in tile form in a vast variety of colours and patterms,
with plain or embossed surface and-with or without a backing which may be
jute or some cushioning material such as a closad cell rubber, PVC or
polyethylene foam, The cost of such tiles varies greatly, depencing upon
quality. The cheapest of them contain large amounts of fibrous and/or
powder fillers such as wood flour, chalk, slate dust and fibrous materials.
The most expensive of them are 2lmost devoid of fil’er and are semi-itrans-
lucent, thus creating a marble-like effect in depth, as well as having
excellent staining resistance. Sometimes abrasive fillers such as
carborundum are included in the compound in order to improve non-slip
properties, especially for stairtread and nosing. PVC flooring also comes
in the form of continuous rolls which are slightly more plasticised and
which are fitted like wall-to-wall carpeting. Continuous PVC flooring
tends to be cheaper than tiles of fair quality and'as in the case of
tiles, it is possible to create a wide range of artistic effects,
ineluding woodgrain and ceramic tile simulations. The cost can be kept
down by making up a laminated structure with a transparent, thin (but

hard wearing) non-slip top layer, followed by the decorative layer and

th: bulk thickness of PVC, the latter being often filled with an
inexpensive mineral filler such as iron oxide. A cushioning layer of

PVC microfocam may also be present.

Alternative flooring materials consist of carpet tiles made up of

synthetic fibres (PP, nylon, polyester, acrylic, or a combination of
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these), natural fibres suck as hogs' bristle, cotion or wool (usually

mixed with syrthetics) which are bonded together onio a suitable
supporting layer of PVC or rubber and which are usually alsc provided

with some cellular cushicning.

Ia the industrial field there nay be exira requirements cf resistance to -
heavy duty traffic, special chemical resistance. These are met by the

use of synthetic rubber tiles of chlorosulphonated polyethylene ("Eypalca™)

¢r by trowelling of a special cold-curing polyurethane cement which sets

to an extremely hard-wearing continucus layer. Such surfaces may be

called fer in aircraft hangars, forklift truck lanes or abattoirs,

because they are also easily kept clean by hosing and flushing into '

a suitably sited drainage systen.

Water and ¥Effluent management

The efficient supply, storage and disposal of waier and liquid waste

is an essential requirement of modern living. The days when housewives
had to laboriously carry water (of sometimes dubicus purity) from the
street pump in buckets and when the slcps were thrown unceremcniocusly
out of *he window into an open sewer running along the middle of the
street without so much as shout of "Gardy-loo" are happily gone. We
mst, however, pay tribute to the astonishingly advanced standards of the
Romans who built impressive aqueducts, bathhouses, public lavatories

and the sewerage system of the cloaca maxima, although the supply of -
piped water to Roman dwelling units was by no means universal. Unfort-
unately the Roman water supply and plumbing system fell into disrepair
as the Roman legions withdrew from their crumbling empire and few
attempts were made by the barbarians of the dark ages or the feudal

rulers of the middle ages to set any standards of cleanliness and




sanitation that would be acceptable to civilised man today, with the

result that disezse was rife, infant mortality high and the expectation
of life shert. This changed with the industrial revolution when large
numbers of rural worlers streamed into the cities and the situation
threatened to get out of hand. Pipes and sewers were laid using
glazed earthenware and metal pipes. An assured supply of pure water and
the safe disposal of sewage to every house in densely populated areas
as well as in small rural communities had to await the emergence of
suitable materials which were also linked to an efficient mass production
technology before the principal requirements in this field could be
fulfilled., These are:
1 Acceptable first cost;
ii  simple and quick installation with a minimum of preparatory
work, and
iii reliable and maintenance-free running over the entire expected
functional life oé the building in the confidence that the system
will neither corrode nor be subject to mechenical failure during
a freeze-up in a cold wintry spell.
Although traditional materials were able to fulfil those requirements to
o satisfactory degree, the construction of water supply and water disposal
systems presented considerable difficulties in many ways: Jointing,
leakproofing and thermal insulation presented problems to which the
answers were often untidy and inelegant, the installation work was labour
intensive and therefore expensive and it was quite impossible to conceive
of a "fit-and-forget" system which could be guaranteed to be fre: from
any risk of corrosion. Also, it began to be realised that lead (which
had been widely used in water supply pipes from Roman times onward)
constituted a toxicity hazard, whilst iron and steel pipes tended to

corrode rapidly and, though not injurious to health’caused the water to




become tainted and stained with rust. It was cnly with the emergence of

plasties that the complete solution of all these problems became

available,

In order to ersure the absence of any leaks specizl atienticn must be
paid to the joints. These are normally welded joiiits in the case of
metal tubes and gasketed tituminous or mastic joints in the case of
glazed earthenware or spun ccncrete pipe. These methods ¢f jointing

are also available and indeed appropriate t¢ plastics pipes in some
situaticns, but where temperatur: fluctuation occur this is not usually
the ccrrect soluticn., Plastics have a much higher coefficient of thermal
expansior. than matéis or ceramics and this must be allowed for in the
désign, for example, of guttering and other rzinwater goods as well as in

above-ground waste ripes.

Let us first look at water supply pipes. Princiéal'supply pipes may te
gseveral foot in diameter. They usually supply a water tower frem which
a branching mains distribution system goes to individual houses. Such
distribution pipes are invariably laid underground. The supply line
from the reservoir to the water tower is alsoc usually duried in trenches
and covered with earth. Traditional materials such as mild steel or
cast iron are joined by welding and rest on concrete supporis in order
to ensure that they do not shift and ecrack. Thig is also true for
glazed earthenware and spun concrete pipes which are traditionally used
in sewerage systems, except that the joints here involve gasketing with
bitumen, mastic and rubber. Moreover, the units come in short lengths
and therefore require many joints for even quite short runs, and they
are highly vulnerable to chipping and fracturing., The laying of such

instal.iations involves expensive trenching and preparation of concrete




support structures and is very lavour-intensive. UPVC pipe, in conirast

comes in very long lengths, with well designed joirnts, is free from corrcsion
ard may be simply lifted and dropped into a trench by a gang of workmen
without heavy 1ifting tackle or specially construcied supports. Moreover,
UPVC is sufficiently flexible to accommodate some curvature and éhange

of direction. Scmetimes welding is additionally resorted to, in which
case electrically heated bands are preferred to the use of a hot air
welding tcrch and welding rod. In underground pipes expansion joints are
not necessary since they operate under constant temperature conditions,
PVC compounded for the extrusion of water supply pipve contains no toxic
ingredients while lead piping (which has been fairly extensively used
until recently) has been recoznised as a health hazard, especially in

soft water areas. Containing no extractables of any kind/the usge <f UFPVC
pipe ensures that the quality of the water it supplies is exactly the

szme as that which entered into the system at the socurce. This is also
true for A3BS, an alternétive material which is sometimes used but which

is more expensive. PVC is especially suitable for large mains supplying
offshore islands from the mainland. Unlike the traditional pipes, FVC
pipe may be loosely anchored and even allowed to float intermittently over
what might te the shifting sands or the pebbly subsoil of a tidal causeway,
Indeed, no outside piped water supply to the island of Benbecula in the
Quter Hebrides could be installed until UPVC mains water supply pipes

became commercizlly available.

When considering hot water systems one must bear in mind that the

coefficient of thermal expansion of plastics is much greater than that
of metals and that longer runs of hot water piping must therefore have
coiled or omega-shaped sub-sections designed to take up the strain and

prevent failure due to the excessive stresses that would otherwise be
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thin walled copper pipe, have retained their hold in this applicatiion,

mainly on the grounds of cost. lastics alternatives such as chlcrinated

PYC do exist, btut this material is expensive and offers no technical
improvement over copper to justify its choice; on the other hand, the
serviceability of FP hot water pipe and even of a hot water tank -
conatructed from the same material has proved its technical suitability

by standing up to iong-term running under the most demanding field

cenditions, even with boiling water.

For rainwater goods, UFVC is now the natural choice, having superseded
the traditiornal materials., It is cheaper than any other materia. on
installed cost as well as on first cost, is free from corrosion and

has more than adequate impact sitrength; defective portions may be

readily sawn off in the unlikely event of damage in trarnsit or during
on-site handling; it requires no painting or corrosion protection. The
surfaces are smecoth,and gentle radiusing takes the place of sharp corners
and welds. This enhances the efficiency of downpipe and guttering for
coping with large flows during heavy downpours, tecause of reduced
friction and vortex formation; it also reduces the tendency for dirt to
accumilate, makes occasional cleaning out easier and discourages birds
from building their nests in the gutter. WNone of the traditional materials
(cast iron, asbestos/cement pipe, zinc pipe or lead gutters) exhibit
anything even remotely approaching this impressive combination of
properties. The tremendous success of UFVC in this application has
impressed builders and architects as well as the general public to such
an extent that the initial reluctance to try out these "new-fangled" mat-
erials in other applications has greatly diminished and the introduction

of plastics for application in other "services' syst:ms has been greatly
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facilitated. The confidence and goodwill thus geined imposes ar

obligation on the plastics indusiry to cffer only well designed products
verfectly suited to fulfil their intended functions and, above all, to
refrain from making ill-founded claims on behalf of plastics when other

mzterials are clearly better suited to a given application.

The need to take note ofand accomrcdate the high coefficient of thermal
expansion in plastics has already been mentioned in the context of hot
water systems. This also applies to rainwater goods. It is essential
that runs of guttering be provided with suitably gasxeted expansion
joints which are r;ndered leakproof , for example, by means of a
weather resistant micropcrous rubber seating. This prevents

distortion cr fracture due to seasonal changes in the ambient iemperature
which may be as much as several tens of degrees. To a lesser extent

this also applies to soil and stackpires in the foulwater and greywater

effluent systems.

Turning to the latter, fiied joints arc the rule since thermal expansion,
as with water supply lines, can be discounted when the pipes are buried
in the soil. These joints are similar to those used for water supply,
but the requirements of absolute leazkproofness are very much more
stringent for obvious sanitary and epidemiological reasons. Fortunately
PVC and ABS pipes and their associated jointing methods as already
described are at least the equal of(and probably superior t@ those used
for spun concrete or glazed earthenware, and certainly very much simpler
and cheaper. In fairness and for historical reasons it should be stated
that bitumen~impregnated and coated fibre pipe with carefully machined
"hammer-home" male and female Joints has been in use for at least a

century and has proved to be exceedingly well suited for underground

1




sewerage lines. Unfortunately it has never been possible to produce

an integrated system complete with a full range of fittings aad hends
in this ma%erial, althcugh bends in injection moulded black PP have been
preduced into which the pipes could be harmered home. 4 major disadvantagé
of pitch/fibre pipes is the slow and messy methed of manufacture and 4he
subsequent machining of the ends, It is for this reason that these pives
have largely disappeared Trom the market. Existing lines are retzained
because they are invariably found to be in excelient condition even

and_
though they may be many decades $T37because they can be readily combined

with fittings made from PP, FE, UPVC or ABS,

The importance of fittings cannot be overstated. No pipe system is
functional without a set of the most diverse fittings *hat the various
installations may require. Expansion joints have already been mentioned
and they may simultanecusly fulfil the fuuction of fixing brackets.
Injection moulded end pieces and corners for gut£ering are available

in black PP, The same material is also widely used for small inspection
covers, cleaning access covers and grilles, while stréiners, collection
manifolds, sedimentation boxes, sewage farm aeration fittings ard the
like are generally moulded from either PP, FE, PVC or ABS. These
fittings are standardised parts which have been designed to extremely
high standard of engineering sophisticatiO!bso that they clip onto or
otherwise integrate smoothly with the pipes and gutters with which they
connect. This contrasts with the crude bolting, screwing and
nailing which is so characteristic for fixing and connecting the older
type metal structures. However, even here plastics have occasionally been
able to belp out. Thus, the winding of PIFE tape round screw jointed
metal pipe makes a perfect water proof connection which can be easily

undone and reconnected; the oldfashioned plumbing method relied on sisal
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twine and red lead compound which, with luck, was leakproof, bus which

required a tradesman's services for its maintenance. Whilst this cited
example m2y be considered somewhat trivial, it does illustrate
particularly well how the use of plastics can solve many a tricky problem
and do away with messy and often unsatisfactory alternatives}another
instance of which is the use of putty and mastic for the leakproofing

of rainwater gutitering made in cast iron,

We finally consider storage tanks and cisterns. Galvaniced and welded
gtee! sheei has been the traditional material for cold water storage

tanks in the loft. However, even with a generous protective coating

of cheap bitumen the tanks camnnot te relied upon to exceed a life-span ‘
of 10 years befcre serious corrosion sets in and causes l#ekage arnd possibly V

costly damage to plastered ceilings. Mocrover, the replacement of ihe
old tank often presents difficulties owing to the restricted size of
many loft trapdoors, to'which an assortment of defunct rust water tanks
in many an older type house bears silent yet eloquent witness. 1In such
a situation a thickwalled replacement tank,injection moulded in brack
polyethylene/provides an excellent solution. These tanks are circular
and have a slight downward taper as well as a thickened rim in order to
provide improved rigidity. It can be squeezed through the access opening
and will spring back to its original shape when it is released. Whilst
galvanised steel tanks are certainly cheaper, the premium paid for the
plastics tank is well worth the freedom from having to worry about
possible future overhead flood disasters. All tanks of whatever
constiuction are fitted with a ballvalve cutoff mechanism, with elbows
and floats which provide scope for the use of nylon, FP arnd PVC
respectively, while the lids are often made from a rigid plastics foam

material. This, as well as other forms of frost protection in tanks
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2.5

water pipes will be discussed under the heading "foams". Apart from
the lcgistics of installation there is really no a priori constraint
upon the size or shape of a tank. Provided that it is lined with a
plastics sheet material of suitadble wnich can be put together in a
reliably leakproof manner, the supparting loadbearing funciion may be
performed by a retaining tank made from any material (notably plywood,

boxboard or particle board, or metal shesting).

Eot water tanks are invarizbly made from thinwalled ccpper sheet, but
beads or granules of expanded pclystyrene, synthetic fibre wool,
polyurethane foam waste or kapok are mzde into tailored quili-like

lagging with a flexible FVC covering to provide thermal insulaticn.

Cisterns are really small storage tanks for flushing layatory pans.

A5 one time they were made from cast iron, a particularly ugly choice
0.’ crude design which soon became dirty and rusty. The earliest
plastics cisterns were ccmpression moulded in thermo-setting‘(mostly
phenolic moulding materials)’but these went out when injection moulded
PP cisterns tecame available. Nowadays the up-market lavatory cisterms
are made from glazed earthenware to a variety of elegent designs which
match the rest of the bathroom/lavatory suiie, while the PP cistern
offers a cheaper alternative which is both technically adequate and
aesthetically acceptable., All types of cisterns are fitted with a

PP siphon and float and with a lever and valve coniroil mechanism which

incorporates moulded nylon parts.

Sanitary ware

This system constitutes the logical extension of what has been discussed

. . X o . A
in the preceding section and does indeed represent the raison d'etre of
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of every hot and cold water supply and waste weter disposal system.

The principal items involved are baths and sinks, but there are a number
of smaller ones such as taps and valves, drirnking fountains, urinals and
toilet seats, towel rings, toilet paper holders and soap dishes which

are fitted to the wall.

The principal requirements for this type of application are:
i Mechanical stability, adequate rigidity, impact resistance and
resistance to abrasion;

ii  Resistance to hot (even boiling) water, hot fats and oils, to
common household chemicals such as detergents, antiseptics,
ammornia and hydrochloric acid, and to common solvents;

iii  Good azesthetic appeal combined with an acceptable price structure;

iv  Ease of installztiong

v The expectation of a long service life with a nminimum of maintenanee
and with no deteri;ration in either appearance or technical
performance.

Although some of the traditional materials have performed tolerably well
in some respects, they are far from ideal in others. Thus, the glazed
earthenware deep kitchen sinks of pre-war days quickly lose their glossy
smoothness due to the constant and unavoidable need to use abrasive
scourers for cleaning; this also applies to enamelled cast iron or
enamelled steel baths, Furthermore,these materials are irreparably
damaged by chipping whereupon they become a definite safety hazard and
a source of infection. Last, but not least; they offfer little scope
for attractive design and are awkward to handle and instal, The
introduction of stainless steel sinks certainly represented an excellent
solution in all these respects, although it causes noisy clatter when

cutlery is tipped into it and this may be objectionable in institutional
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and administrative buildings if the kitchen adjoins areas where only
very low noise levels may be tclerated. Since in such buildings (and
increasingly also in private dwellings) dish-washers are almosti
invariably used nowadays, stainless steel sinks have beccme standard
items of ecuipment, although integrally thermcformed acrylic sink/drainer
units dolrepresent a géod alternative. Acrylic sinks do, however,

come into their own in bathrooms and in vanity units which are
frequently installed in bedrooms as well as in bathrooms. Here the
superior aesthetics and design scope of acrylic sheet, sometimes
combined with flat surfaces of decorative melamine laminate, come into
their own. This is also true of thermoformed acrylic baths which have
the further advantage over enamelled steel or tiled pits in that they
do not feel cold on contact with the body and keep the tathwater hot
for much longer owing to the low thermal conductivity of plastics.
dcrylic surfaces do not stain readily and are ccnveniently and
efficiently cleaned with a soft damp rag. BEven when scratched the
surface can be polished up and restored to ité original glossy condition
gince the colour goes riéht through the thiclkmess of the sheet. It is
not however, recommended that cigarettes be stubbed out on an acrylic
surface since this will leave a burn mark behind. This is one reason
why floor-mounted multiple urinal units have not fcund favour in public
lavatories, despite their intrinsic cleanliness and‘why individual
urinal bowls are preferred which are fixed to the wall. Both floor-
mounted and wall mounted urinals are generally made from ceramic
materials which are well designed to serve their intended purpose.

Wall mounted acrylic urinals are certainly feasitle but. they cannot
easily compete with the former on cost. Much the same is true for
drinking fountains, but the concept of multi-unit construction from

acrylic sheet has been successfully applied to children's handbasins
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in school and day nursery washrooms, taking advantage of the simple
installation and the absence of joints beiween individual units which

make cleaning more difficult and which may harbour infective germs.

Toilet seats, traditionally made from wood, are almost entirely made
from plastics nowadays. The cheapest and least attractive of these
are moulded in black (or at best maroon, dark brown or dark green)
phenolic, but generally the seats, as well as their lids, are made
from U/F moulding material. They come in pastel shades as well as in
strong colours and are designed to match the bowl and the cistern as
well as the rest of the bathroom suite in such an attractive way as to
give a touch of luxury, class, elegance and distinction to the most
functional room in the house apart from the kitchen. ILavatory seats have
also been made from flat acrylic sheet which is cut intec a horseshce
shape. Such seats are mainly found in hospital toilsis owing to their

simplicity and cleanliness.

Associated with sinks of all kinds are traps and "greywater" effluent
piping which eventually feeds into the main effluent system. Various
metals such as steel and brass have been used for traps, but here we

face the usual jointing problem. Nowadays clean traps which can be

easily unscrewed by hand are injection moulded from PP, or occasionally
from PE or ABS, and their traditional competitors have become virtually
obsolete. The waste pipes that connect with it is also generally extruded

froem PP, ABS or UPVC.
Realising that acrylic sheet and acrylic moulding material fulfil all

the requirements for application in the sanitary field (with the only

exception of universal solvent resistance, which is, in any case, rather
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extreme), it was not surprising that acrylics should also be considered
for moulding kitchen and bathrocm tap handles. A long tize age these
were sometimes made frcm porcelain, but they are now merely quaint
though cften attractive reminders of bygone days and may te valuable

as antique curiosities. Simple brass or iron handles were once commor,
but eventually these were replaced bty itaps and handles made from stieel
which were subsequently chrome {or even gold plated)in order to add
distinction to the product. The up-market prcduct range also

ineludes taps machined from marble, but simple elegance at moderate

cost can be achieved with taps made from acrylic moulding material

which comes either water white and crystal clear or in a variety of
clear, translucent or opaque colours. The bodies of the taps themselves,
and especially mixer taps for hot and cold weter, are available in
acetal moulding material which is moderately priced and suitable for
many engineering applications which require that the part should have

a reasonable degree of heat resistance.

As regards small bathroom and toilet accessory fittings such as towel
rings, towel rails, toilet paper holders and soap dishes, here a
wide range of materials including glzss, ceramics, chrome- and gold
plated metal compete with plastics. The actual choice may even bte a
combination of two or more of these, but if plastics are selected,
then the most attractive of these is unquestionably acrylie, although

PVC, PP or PS are occasionally bought because they are cheap.

We see that acrylics virtually dominate much of the sanitary ware field,
ag far as the application of plastics {s concerned. This is entirely
due to the unique combination of properties of this material which

fulfil the principal requirements <o an astonishing degree. It is
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perhaps surprising that it took quite a long time before the application
of acrylics for this epplication really took off., This may to some
extent have been due to some unfortunate earlier experience with
pedestal wash-basinsg moulded from glass fibre reinforced polyester.
Although the material is excellent in meny ways and eminently suitable
in other applications the product was prematurely marketed before the
crucial importance of a generous gel cozt was appreciated. In due
course the glass fibre which remained exposed owing to an insufficient
barrier layer of polyester resin begen to "wick in" water, set up large
internal stresses and eventually the basin disintegrated with a bang.
This material has never again appeared in the sanitary were market.

Worse than that, the traumatic experience queered the pitch for plasties

in building for a long time. When acrylic baths and sinks were

——

eventually successfully introduced and found to be much more amenable

o mass production techniques there was no chance of 2 ccreback even

for a well made glass fifre/polyester product whose "wet hand layup"
method of shaping and long cure time mede it labour-intensive and
unccempetitive on price as well. Since then, however, glass reinforced
polyester material has become an important material for other applications,

as we shall see presently.

Before leaving the subject of sanitary were it is worth mentioning some
new ideas in bathroom construction in which thé bath, the basin and

all the fittings are conceived as parts of a single integrated floor/wall/
ceiling structure made up from large thermoformed acrylic or UPVC sheet,
although the earliest prototype was in glass fibre reinforced polyester.
Units of this kind would have all their plumbing, electrical wiring and
air conditioring components attached to the outside and they would be

cocooned in a reinforcing layer of cured polyurethane or polyester resin.
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They would te factory prefatricaied and would mersly need to be put on

2 tc erakls each one to te transported and hoisted
into the gap in the building designated to receivé the bathrcom. It
would finally be hocked up to previzusly installed supply and waste
points, the outside wall would be duilt to close the gap and a small
trap door opening to the outside of the unit would afford access for
periodic inspection and maintenance. Protoiypes of such units have been
mzde to demonstrate the feasibility of the project, but it never got

commercially off the grouid, mainly because certain ccnstraints of

present-day building regulations cculd not be overcome.

2.6 Ges and electricity suvoly, lichting, heating and ventilation

As regards ges supply vipes the situation is simple; Undersground

supply pipes carrying natural gas are suitably made from UPVC. Where
coal gas is used PVC pipe can only be used if the aromatics content of
the gas is low. Actual gas pipes within buildings must always be made
if metal (mild steel, copper or brass) because of their non-flammability
and mechanical strength and their ccnsequent safety to mechanical damage

or in a fire.

In the electrical field plastics serve as insulants for the conductor

and as a protective covering for both lighting and power cables, Although
PVC is a polar polymer and has a high loss peak, this only appears at

a frequency range of suitably plasticised PVC which i1s far removed from
that of the usual domestic A/C supply. Plugs and sockets are mainly made
from UF moulding material with brass inserts c¢f the conductors and

fixing serews, ZEarlier on phenolics were used for this purpose, but

they tended to "track" and leave a carbonised conducting path which

constituted a severe fire hazard,
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Rigid PVC is used in conduit and junction boxes, sometimes replacing
steel tubing. The concCept of combining conduit with skirting board is
an ingenious development into which sockets have also been integrated.
The skirting board is in fact extruded PVC of hollow box profile.

It clips onto prepositioned moulded mounts. There are also moulded
male and ferale corner pieces. The wires are threaded through and the
neat installation also replaces traditional timber for the skirting
which can therefore neither rot nor reauire painting. It usually

comes in white or cream.

Lighting is concerned with optics rather than electries., In most cases
aesthetics play a major role, although price is certainly also relevant.
Light transmission requires transparency, diffusion translucency and
shading opacity. Here acrylics,flexible PVC sheet and polystyrene

compete with glass in lighting fittings and false ceilings. Acrylic
fittings come in a numbe; of forms of which the box shaped channels of
extruded, embossed and postformed covers for fluorescent tubes is perhaps
the most familiar. A similar application of glass is practically out of
the question because of its weight, cost and lack of design scope. A
rather novel method of lighting relies on the unique ability of acrylic
castings to transmit light even fhrough bent rod and this unusal method

of illumination has been used in prestige buildings, hotels and conference
halls, Another excellent use of acrylic sheet involves the construction
of a false ceiling supported on a suitable steel grid into which the
material is fitted. The lighting elements are concealed behind it and

the pattern of illumination is established by using a number of translucent
sheet scattered among a majority of opagque ones. Illuminated ceilings can
alternatively be designed using double-skin panels in which translucent

flexible PVC sheet are stretched over a mild steel frame with the skins
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about 3 inches apart and then placed in the grid. The flexible FVC
system is particularly suitable where a clean and dust-free aimosphere
is required. In such installations (food factories, electronics
assembly floors or aseptic ampoule filling shops) a slight flow of

filtered air is maintained and a corresponding amount cf

air escapes
through suitably positioned vents. Rigid acrylic sheet, on the other
hand, is more suitable for car showrcoms, fashiornable restaurants,

entrance foyers and reception lounges and this system is considerably

more expensive than that based upcn flexible FVC sheet.

Although lampshades have been made from zll serts of matleriel from
nonwoven and woven sheet material, glass, metal, coiled and adhesively
bonded CAB extruded rod, skin, parchment and moulded plastics such as
PS and PP, we need not consider these any further because they are
furn _shings rather than building compcnents. The only final point
that shculd be made is that they should allow for proper ventilation
not only to prevent their own deterioration due to the heat generated
by the light source, but also because they may affect the ceiling

of the room.

Heating and ventilation are best considered together, Plastics are
not suitable for the constructien of heating appliances which are,

in any case, irrelevant in the present context. However, the ducting
of warm air and the removal of stale or polluted air is very well
performed by plastics such as extruded UPV(, rigid PVC sheet which is
made into box shaped length by bending and extruded UPVC profile
which clips together in helical fashion and so yields a duct waich

is flexible and of adjustible diameter. The requirements of such
gtructures is that they should be moderately heat resistant, light in

weight and easily installed, cheap and unobtrusive, Materials other

22




2.7

than PYC such as ABS and PP present alternatives, but among materials
other than plasiics only aluminium sheet ccmes into the reckoning and
that has the disadventage for hot air ducting that it conducts heat
and thus causes losses en route, while in ventilation it tends to be
noisy due to poor vibration damping. In both these respecis plastics
do, of course, perform much better. In industrial premises and

large kitchens fume hoods and exhaust fans are installed where much
the same choice of materials exists, the hoods being welded up from
sheet; fan impellers on the other hand, are largely injection moulded
from nylon or polycarbonate rather than from pressed and enamelled
gsteel, but extractor and ventilation fans are,,again,gadgets rather

than genuine building constituents.

Plastic warm air dueting is likely to become very important in the
future when we may look forward tc the utilisation of waste heat from
industrial processes fér neighbourhood heating schemes and greenhocuse

heating purposes.

Wall construction

Since plastics are generally not suitable for primary loadbearing
purposes it follows that their use must be resiricted to systems in
which the load they are expected to sustain is little .nore than that
corresponding to holding up their own weight. This still leaves a
major application potential in curtain walling, infill panels and

cladding.

A curtain wall is a wall that is hung from a2 transome high up on a

building and reaches much of the way down to ground level. 4n infill

panel is an area element which is fixed to the loadbearing skeleton




of a btuilding on all sides of the panel in weatherproof fashicn. :
Cladding involves the covering of an existing surface structure. If
used in exterior wall constructicn the principal requirements are:

- Good weatherability (water, UVL and possible salt spray resistance);

Resistance to spread of flame and fire peneiration;

- Accommodation of thermal expansion and contraction while maintaining
weatherproofing, especially round the margins;

-~ Good aesthetic appearance;

~ Minimum maintenance, especially removing the need fcr frequent
cleaning, painting and anticorrosive treatiment;

~ Reasonable installed cost;

~ Adequate rigidity.

A number of plastics are suitable from the weathering point of view,
ineluding acrylic sheet, UPVC, glass-fibre reinforced polyesters and f
epoxies, melamine laminates and phenolic-impregnased board. Of these

acrylic sheet is undocubtedly the most pleasing to lock at, although stone

set in epoxXy resin and melamine laminates can also be made to be very

attractive to the eye., TUPVC and the older thermosets do not burm

actively and there is no risk of spread of flame, but they are not immne

to fire preparation, while acrylic sheet and polyesters (unless specially

flameproofed) will fail to get a top level fire rating under the existing

gtringent building regulations. Costs vary and phenolic impregnated

board is certainly cheap, though not particularly attractlve, wkile

acrylic sheet probably represents the other extreme. The most important

requirement (resistance to fire penetraticn) is achieved by means of

composite consiruction in which the plastic sheet provides the aesthetics,
weatherability and freedom from maintenance, while rigidity and resistance

to flame penetration are provided by combining the surface layer (which

24




nay be quite thin) with underlying layers of traditional materials
such as metal sheet, a layer of concrete or plasterboard, pessibly
UF-bonded particle board, etc. Such complex laminated structures

may be quite thick and should he symmetrical in order to maintain
dimensional stability. A layer of rigid foam material may also be
included in order to add to the thickness and thus to the overall
rigidity without increasing the weight very much, whilst contributing
the very acceptable property of good thermal insulation at moderate

cost.

Cladding involves the covering of an existing wall structure of rough
timber or breeze block with interlocking and/or overlapping sheet either
in the form of a cunningly profiled extrudate or a suitably thermoformed
(b1t essentially flat) shape. Weatherproofing is achieved by means of
suitably designed fixings and expansion joints, using flexible foam,
rubtber gaskets or mastic compounds. External cladding is exemplified

by the replacement of "ship lap" timber fascias with FVC extrusions

which are shaped to look like timber but which require no painting and will
never rot. Some injection moulded or vacuum formed sheet structures such
as fakelalpine window shutters permanently ard immovably fixed next to the
windows are a2lso really a kind of cladding. Cladding has at times been
extensively used inside buildings since this, combined with suitable
backup fixing systems such as simple timber battening, can produce very
attractive decorative effects ahd do away with plastering, painting and
wallpapering while providing a surface which is also easily cleaned.
Internal cladding can simulate runs of timber and timber panelling and
this effect can be achieved with extruded and interlocking UPVC or

with 'reaction-moulded" rigid nolyurethane tiles, Acrylic sheet can also

provide hLighly pleasing effects - at a price.
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2.8

Finally, i% should not be cverlooked ihat vinyl wallpapering also
represents a significant advance in the quality of internal decoration,
although, in the context of wall construction it is confined to a thin
surface layer. The same is true for "cocooning systems" involving the
integral multiple spray cozting of walls and ceilings with a solvent-
Pase? PVC formulation. Following such treatment(for which professional
contractors are availabl%}the room may be hosed down, assuming, of course,
that the wall-floor joint as, indeed, the flooring itself, is also water
proof. This can be a considerable boon in hospitals, schools and
institutional buildings, atattoirs, etc.,in short, wherever a high
standard of cleanliness is required, where disinfectiive treatment may

have to be carried out and where sterile conditions should be maintained.

Partitions znd doors

Partitions are really intermal walls of a kind, but they differ from
walls proper in that they are usually rather zore flimsy and often light
enough to be demountable. Demountable partitions are particularly
useful for subdividing large floor areas into separate office units,

The principal requirement is a combination of adequate rigidity and
handling strength with lightness in weight, so as to enable one to

alter the layout rapidly and easily., A number of fixing systems are
available,usually involving metal brackets and bolts. Rigidity combined
with light weight is achieved by means of laminated structures in which
thin decorative and easy-to-clean plasiic surface layers are laminated
to hardbeard, plywood, building bcard or aluminium sheet and form a
sandwich structure containing a core of rigid foam or resinated paper
honeycomb. Such a sandwich also provides good thermal insulation and

may be fitted with windows, if required.
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Doors are really hinged partitions and although they are commonly
made from timber or hardboard fixed ito a timber frame they can also

be made parily (and even almost entirely) from plastics.

Swinging and sliding docrs (the latter possitly including a suitable
plastic extrusion acting as a guide channel) can be made in much the
same way as the partitions just described, but folding doors are often
popular because the are space saving; they are usually made from
rigid metallic strip with a covering of attractively patterned flexible
PVC. Some doors, room dividers, screens and portable partitions are
made from specially textured acrylic sheet set into a suitable high-
quality timber frame and they can look very elegent indeed, with the

acrylic available in all colours, translucent as well as opaque.

Plastics have also been used for door furniture such as handles, knobs
and finger plates, but these are generally low quality products which
cannot compete with metals and ceramics except on price. However,
nylon hinges are a successful alternative to metal hinges which neither
rust nor creak and spring-loaded rotatien door-closing fittings made

from nylon sre also an example of good desigr.

The most interesting development in door construction, however, is
represented by an idea developed by en Italian company which exirudes
rigid PVC to a remarkable degree of accuracy. 4 specially designed
interlocking boxshaped profile slides laterally into the neignbouring
length of extrudate and all the successive lengths which made up the
width of the door are locked tcgether by means of two or three metal
bars which are running horizontally across and which are fixed by

countersunk screw nuts at the ends, £Since the extrusions can be of
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2.9

different colours, this gives the customer a chuice of 2 single
colour or multicolcured patterns. Such doors can also be fitted with
window sutouts and extra rigidity could be achieved by the injeciiecn
of low density polyurethane rigid foam into the hollows of the

extrusions.

Windows consist essentially of twc elements: A pane which admits
daylight and a2 framework for mcunting the pane. A further frame fixed
to the opening in the wall ieceives the framed pane which may in turn
be either fixed or cpenable *y some form of hinge, pivot or sliding

mechanism.

Dealing briefly with the pane first: Glass is the established material
for this ‘and plastics cannot compete with glass except in rather unusuai
circumstances. Glass is excellent in that it has a high light
transmission coefficient, is rigid, weather resistent, relatively
eagily cleaned and not too expensive., The major drawback of glass

is its susceptibility to brittle facture and fragmentation and the
dangerous nature of the resulting sharp fragments. Another disadvantage
lies in its high coefficient of thermal conduction which causes
condensation on the inside. A clear plastic such as acrylic or
polycarbonate sheet is a potential alternative; it has all the
advantages of glass, plus easier handling due <o lower density, is less
prone to cracking under moderate loads or to fragmentation and broken
pisces, if any,dc 5 have dangerously sharp edges., There is also

less condensation and better heat insulation. But acrylic sheet,

like all plastics has a high coefficient of thermal expansion which

cannot easily be accommodated in the design of a window pane with good
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see-through properties and it is certainly more expensive than glass.
Acrylic sheet is therefore cnly used in locations where safety is the
prime consideration, for example for the glazing of intermal corridor
windows which enable nursing staff to observe potentially violent
mental patients in their padded cubicles, or of cell windows of
potentially suicidal detainees. Polycarbonate sheet is used where
the pane is intended to provide a meximum obastacle to vandals ard

intruders.

¥We now turn to the window frame and surround. The traditional materizls
here are wood and metal. Both are good materials with many desirable
properties, but they also exhibit undesirable ones., The requirements

for an ideal window frame structure are as follows:

i  Adequate mechanical strength and rigidity;
ii  Unaffected by rain, salt spray, UV radiation and heat levels such
as might be reachéd after a number of hours' exposure to the sun
on a hot day. (This mignt be 760 or higher, depenéing on the climate);
iii Iﬁs design potential is such as to ensure a dimensionally stable
product;
iv A low enough water vapour permeability to precliide condensation
of within the structure;
v Sufficiently low thermal conductivity to prevent condensation
along the frame within the building and to minimise the lossg
of heat to the outside;
vi It should not require painting or any other protective or decorative
surface treatment but should neveritheless look attractive and remain
8o with a minimum of cleaning;

vii It should be easily installed and competitive in price;
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viii Tre pane should be capable of being neatly, easily and replaceadbly

fitted in, giving a perfect and durable weather seal.

We can immediately pick out the shoriccomings of wocd: It relies ch a
paint ccat for its protective weather barrier. This barrier is neither
permanert nor does it stop water vapour from penetrating and condensing
in cold weather, thus encouraging rotting. It is true that certain
hardwoods do not require painting and weather well, but these are very
expensive. teel windows frames have been on the market for quite a
long time, but they toc need painting and are liable to corrosion even
with the best anticorrosive treatment such azs galvanisation and special
undercoats. Aluminium window frames have, indeed, largely overcome the
prcblem cf reinting and corrosion and they do lock attractive. They
share the desirable proveriy of gocd strength and stiffness in narrow
sections with steel window, but like 2ll metals, they kave a high
thermal conductivity and thus cause condensation inside the room. In the
case of aluminium (which is extruded) the channels can be filled with
polyurethane foam and this helps the condensation protlem and equally

importantly, contributes to minimising heat losses to the outside.
When considering alternatives which eliminate the shoriccmings of traditional
materials it is seen that UPVC in the shape of a suitably designed

integrated system of multiple and complex box-profiled exirusions which

are easily assembled together can provide a near-idezl answer. Such
extrusions can be made strong and stiff enough (if necessary with metal

bér reinforcement) to withstand the modest stresses that are likely to arise
in service; accumulation of moisture within the structure may be ruled

out since one no longer relies on a thin and vulnerable as well as

rather impermanent paint coat to provide a water as well as a water

vapour barrier. The thermal conductivity (already low, as in all plaétics,
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but possibly raised when metal bar reinforcement ise present) ie
easily boosted by filling the channels with polyurethane foam. UTPVC
weathers well, needs no decoration or maintenance and has adequate
thermal stability; dimensional stability (ip. allowing for thermal

expansion and contracticn) is achieved by skilful design.

A number of highly sophisticated TFPVC window frame systems are now
on the market; they include top and bottom hung windows, sliding
windows and windows which can be made to open on vertical and
horizontal pivois which makes it easy to clean the outside frox

inside the building.

The one marginal disadvantage (literally) cf UFVC window frames is that
they need to be fairly wide in order to achieve the necessary sirength
and stiffness., This means that the frame may constitute a disproport-
ionately large surface'area of the opening and so limit the amount of
light that can enter through the window. This makes UPVC-{ramed
windows unattractive for small openings and aluminium frames are then

preferred.

lastly, we consider the method of fixing the pane to the frame. Both

wood and metal generally pely on putties for the weather joint. This
is both messy to apply, it needs to be painted and it has a very
limited service life since it soon cracks or contracts away from the
pane or wood, thus allowing moisture to penetrate and cause rotting
or corrosion. Both UPVC and aluminium window systems use elaatomeric
glazing bars made from butyl rubber which zlso has excellent ozone

resisgtance,
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2.10

Thermzl and acoustic insulation

2.10.1 Thermal insulaticn

Tn modern housing it is common practice to reduce heat losses by

means of cavity wall constructicn, double glazing, loft insulation and
(sometimes) underfloor insulation. The reduction of heat losses through
cavit; walls can be made substantially more effective by eliminatirg
convection of the air in the cavity, provided always that this does
not cause dampness. Rising damp can be prevented by a reliable and
permanzntly efficient damp-proof course. Given such a damp-proof
course it is sensible to f£ill the well caviiy with a material which

is not prene to water sorption and of the traditional materials i<

is only mineral wcol which is suitable for this purpose. However,

it is not easily injected into brickwall cavities. There are two
alternatives offered by plastics: (i) small beads of expanded
polystyrene and urea-formaldehyde (UF) foam. Polystyrene beads tend
to settle with time leaving empty spaces at the top and also contribute
to the fire loading of the building owing o their flammabilify, but
UF foam is easily injected under pressure and fills all the voids
reliably even in remote cormers. UF foam is nonflammable and although,
in itse=lf, it is weak and friable, it is never subjected to mechanical
stresses which might cause it to collapse into a powder. The one
disadvantage of UF foam is the fact that it takes some time to cure
and dry out and during that time the unpleasant and slightly irritant
odour of formaldehyde is very noticeable inside the building. Some
authorities suspect that formaldehyde is a health hazard, but if so,
then most of the medical and zoology students would be at risk since
they have to work for hours over biclogical material which has been
pickled in and reeks of formaldehyde; there is not the slightest

evidence that this is the case., It is, ol course, best to inject the
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cavities during the actual consiructicn of the building and
is handed over, sco that ventilation and the passage of time eliminate

this particular draw back before the occupier moves in.

Some prefabricated buildings use sandwick panels in their wall
construction and these usually contain a core material of expanded
plastics. Polyurethane rigid fcam is a possible choice althougn
its use is not encouraged under the building regulations for various
re~2ons which centre on its behaviour in & fire., However, an
excellent alternative is phenolic (FF) foam, & very rigid core material,
eminently suitable to act as a fire-resistant core material for glass
reinforced polyester or epoxy laminates. Such siructures are not
cheap, but they are light and easily erected, demounted and transperted
to alternative sites. Buildings of this kind have teen developed by
British Railways as temporary sheliers for electrical switchgezr
equipment along the permanent wey and similar structures are zlso useful
for travelling site offices, estate sales offices, circus box offices
and the like,

\
For loft insulation glass wool of adequate thickness ig still the
preferred material because of its safety in a fire, even though it is
unpleasant to lay between the rafters, must not be trodden on and
gathers dirt which cannot be removed. Fowever, the lagging of pipes
and tanks in the loft is nowadays largely done with moulded rigid
polyurethane foam and this is a much neater and efficient methcd

than using felt,

The vse of polyurethane foam as a minor but useful component which

greatly reduces heat losses through window frames (especially those
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up from exiruded zluminium sections, but also those mede frem UFVC)

bas alresdy teen menticned in the preceding section.

Thermal insulaticn at floor level is good practice in solid concrete
flosr corstruciions which incorvorate a piped hot water underfloor
heating system. This may well become exceedingly important in the
future whten cne may expect neighbourhcod heating systems tc become
widesprezd and in which wasite heat frem industrial processes will be
largely recoverad 1cor stace heating purposes. Since the actual heatl
involved is not hign and since there is no particular fire hazard it is
possible to use virtually any type of closed-cell foam material of

good mectanical properties and polystyrene foam would seem to be a good

choice because it is not too expensive and provides an additicral bonus

as a further barrier to rising dampress. Iits good electrical properties, }

furthermore, would make it possitle to consider its use in undexfloor I

heating systems tased on an electric power circuit.

Bouseholders can sometimes significantly reduce their heating bills by
gimple dc-it-yourself methods. The laying of cork tiles is an excellent
example ¢f this and this can obviously be extended tc wall tiling which

is also very atiractive., Alternatively, rolls of thin expanded polystyrene
sheet material atiached to walls before applying the final decorative
finish such as wallpaper or = sprayed finish will also be highly effective

in conserving heat.

Pinally, it is clear that thermal insulation works both ways: Not only
does it minimise heat losses from the inside, it also keepa the inside
comfortably cool when the outside temperature is uncomfortadly high.

Thermal insulation is thus of the greateétimportance in climates which

are extreme in either direction.




2.1

2.10.2 Acoustic insulation

Whilst it is undoubtedly highly desirablie o protect residents from
"noise pocllution" - an increasing.y objectionatle feature of the jet

age - it must be stated that plastice nave little to contribute that
is of any major assistance here. Acoustic insulation requires pass
and plastics generally (and expanded tlastics in particular) have very
little of thzt. ETowever, although plastics foan maileriels constitute
quite 2 negligitle accustisc barrier, ihey can be used to bring abous

a modification and redistiribution cf irensxzitted scund rather than any
gignificant reduction thersof. Thus sheete ¢f polystyrene foam laid

:

between a ceiling and the flocr above will srread localised impact-
induced noises from the tep, such as the movement of furniture or
>y

hea footfall, so *hat it is less acutely verceived in any one pLace
y J T

below. With the added zdventage zf the therzmal insulation thus provided
it is certainly good przaciice to include this feature in mulifi-storey

flat construction at very sma2ll cost.

Other examples of sound medificaticn are the trevention of echoes
in couacert halls and the atten nation of vitrzticns and reverberation
especially in sparsely furnished corridors., This may for example,
be achieved by means of drzpes and carpets, tut ithe actual choice of

maeterials is not ¢f any particular imporiance, although these materials

are usuzlly of a fibrous nature.

Roofing
The principal requirements of a satisfaztory rocf siructure are that
it must keep rain and snow out and thet it must withstand the wind

forces which tend fo dislodge i*. How these functions may be fulfilled

depends entirely on the actual roof design. Trzditionally roofs cf
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dwellings and of public buildings are plarar structures, usually

inclined but occasionally herizontzl, but curved roofs such as turrets,
domes and cupolas are also not infrequenily enccuntered, especially in
architectural showpieces such as houses of worship, ruseums cr castles,
Pitched rcofs are by far the most common. Their consiruciion is based
on a timber frazme which is subsequently covered with interlocking and
overlapping tiles, although metal sheeting has also been used. The tiles
are usually made from concrete or baked clay, Althcugh slate is an
excellent material it is expénsive nowadays since it is not extensively
quarried any more owing to the severe heazlth hazard which iis manufacture
entails for the workers. Primitive rural communities can be fcund where
houses are thatched with straw or similar materials, or with itimber
tiles, all of which are difficult to maintain. A heavy roof is desixable
gince it is well able to withstand being lifted by suction in a gale and
it is clear that plastics are nct favcurably placed to compete in this

field.

Flat roofs are easy to construct in principle, but care must be taken

to ensure the effective removal of surface water and the preventicn

of seepage and dampness., Such roofs are usually of 2 complex layered
structure where slabs of explanded polystyrene contribute thermal
insulation, zinc oxr copper sheet may be included and where the major
weatherproofing is generally achieved by the use of heavy bitumen-
impregnated roofing felt topped by molten asphalt and a layer of mineral
chips, with a slight incline for leakprcof drainage into a2 gutter. The
supporting framework is usually timber joints which are in turn boarded

over with timber and perhaps a layer of building board or plasterboard.

An integral multiple coating of solvent based FVC is a possible
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alternative to bitumen waterzroofing, but it is expensive arnd ccmes into
its own mainly when dealing with curved surfaces which are difficult

(and therefore even more expensive) ito construct or to repair.

It is clear that 2 massive use of plasties in roofing can neither be
»
expected or recommended either at present or in the foreseeable future

-

and that th

(1]

rcle of plasties in this zpplication must of necessity remain
an ancillary one. The use of polystyrene foam slab in flat roof
construction has azlready been menticned, as has the spray ccating

with a2 solvent solution of PVC. Anrother use which is as widespread as it
is sensible is the replacement of bituminised paper roofing felt below

the roof tiles with flexible PVC sheet. Tnie is simpler fto fix since it

is less easily damaged and it is also gquite inexpensive.

However, when it comes to roofing of an altogether different kind such as
space siructures, foldea plate structures, barrel vaults, geodesic domes
or the roofing in of large spaces such as swimming pools, stadia,
neighbourhocd shopping precincts cxr terraced plazas/traditional nethods
are obviously incapable of helping in f’nding an acceptable solution.
There is Socope here for plastic sheet materials such as transparent,
translucent or opaque acrylic or PVC as well as for sheet made from
glass fibre reinforced polyester, provided that the fire prevention
specifications of the building regulations can be met. The thermo-
forming of acrylic sheet also opens up scope for daylighting inserts
into roofs such as domelight, lantern lights or arched corrugated sheet;
the latter is also available in GRP, while corrugated PVC sheet is

often used for simple and inexpensive porch canopies. GRP has also been
used for the prefabrication of decorative turrets and steeples for

churches or mosques.,
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Anothker idea which is well worth pursuirg is the possitiliiy of
conceiving a roof as a water storage area in tropical climates, TUsing
butyl rubber it is quite reascnable to consider water economy, under-
roof space cooling, and the exploitaticn of abundant solar energy for

generating hot water for demestic use together with the usual functions

of a traditional roof. This opens up quite exciting possibilities.
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PLASTICS IN PACKAGING

Introduction

Packaging as an indusiry was nonexistent until mass retail trading becane
the norm of contemporary iiving. It is the prcduci of a consumer oriented
society. Earlier on the modest needs of a relatively unsophisticated
population were mainly met by home production and supplemented by the casual
viegits of pealars and tradespeople. Shops - in the sense of retail depcts
with a modest range of lines may have sprung up in major pcpulation centres
at times but «ere always at risk in violent times, especially during periods
of famine whic.i 'sre only 211 too common. However, when townspecple could
ne longexr grow their own fcod in the surrounding countryside as a result of
the greatly increased rate in the growth of the population, and when law
and order could be enforced effectively,a pattern of trading became gradually
establishedrin which thr customer went out to buy rather than wzit for <he

seller to offer his wares &t the doorstep.

However, small stores - whether in town or in a wvillage - faced the problem
of stock conservatiion with & minimum of quality sacrifice, especially in

highly perishable goods such as milk, fish and meat.

The emergence of supermarxets has largelf solved these problems. Modern
packaging has developed in step with the mass production of standardised
consumer items, principally food, drinks, cosmetics, toiletries, detergents
and certain hardware items; it made its impact through the medium of th=
supermarxet, but has also penetrated into the residual small-scale retail
trade which still haes a significant role to play in smeller and more

isolated communities.




If we were to designate any packaging materials as ticral"™ we would
have to name pottery vessels, wooden casks and baskcts, as well as sacks fron
woven matecials and scme glass containers. Thesg served to keep win:, oil,
vinegar, grain, flour, salted fish, salted mezt znd salted vegetatles, un-
guents and potions. IZxcept for crude lids to Jars and rots and simple

stoppers and bungs for flasks and casks there were hardly any effective

closures.

When regular shops became establisned the evident need for an acceptable
wrapping material was met by paper wnich had become a cheap mass produced
commodity and which was soon converted into bags and sacks intce which the
retailer dispensed from bulk stock which was kept in free stancing open
woven sacks, in drawers or in tins and jars. Apart frem the gquestionabdle
hygiene of such storage, there was the additional hazard of centamination
by scoops, hands and scale pans, When sheet metal became widely avallable
it became possible to combine standaxd portion pre-packaging, the nain-
tainance of product quality and some expectation of Ireedoa frcm conianm-
ination. This was supplemented by the mass production and thusz the
substantial reduction in the cost of glass bottles. Howsver, ihe Cecisive
break-through came with the emergence of plastics which competed with, some-
times combined with and often superseded metzl, glass, paper, board, sacking

and ceramics.

What, then are the revolutionary changes that new marketing methods (i.2. the
emergence of supermarkets backed up by a2 virtually new dbranch of industry
concerned with packaging) have brecught about? These may be itemised as

follows:

i The effective protection of meichandise from mechanical damage;




ii & far reaching reduction in the risk of contamination;

iii  the optimisation of medium or long term quality retention as
a result of “barrier packaging", i.e, the prevention of the
passage of gases, vapours and iiquids out of or into the
merchandise, and as a result of "“open refrigeration" of
retail packs;

iv  easier quality control, e.g, by date stamping;

v  uniform appearance, atiractive presentation by self-
advertisement on self-serve shelves by means of the full
exploitation of the graphic arts and design of shape;

vi & saving of labouxr ir: the actual dispensing operation by
pre-packaging - partly on the premises and partly in the
factory.
The nett effect of these changes is a massive reduction in diseases caused
by contaminated focd, the efficient and therefore cheaper distridbution
despite the extra cost involved in pre-vackaging, the convenience (and
especially the time saving) of supermarket shopping and the substantial
reduction of waste. Nor shculd it be cverlooked that fast transport cn a

global scale has made exotic and/or out-of-seascn lines available a2t a h

cost that is generzlly far from exorbitant. '

In most (though not all) cases cost is a decisive factor in package design,
with the result that one tends to "undexrpackage'" rather than "overpackage"
on the grounds that anything that is better than just good enough is bad

since it makes the customer pay for sométhing which he does not want.

It is a general guideline that the contents of & package must have no
deleterious effect on the packaging materiz . and thet, conversely, the
merchandise must in no way te itainted by tre latter. The criteria of
toxicity 2re naturally most iigorously enforced when foodstuffs, cosanetics

and pharmaceuticals ccme into ccntact with the packaging material.

A rigorous classification of packaging would include the following

headings:~




Plexible packaging

Wrappers and bags

Coated papers, coated film and coated aluminiur foil
laminates

Sacks

Netting and string

Overwrapping

Seni-rigid packezing

Cartons (including liquid proof cartons) and trays
Corrugated board and functionally related structures
Collapsible tubtes

Rizid containers

Bottles, tubs, jars
Metal boxes ard cans
Other boxes and crates

Drums, kegs and barrels

. Closures

& Palletisation and "containerisation"

However, we need to simplify this classification in order to’'keep it
within the manageable Younds of an eadsay rather than to allow it %o expand

[
into an exhaustive monograph.

Accordingly, the subject will be treated under the following eight
headings:

1  Ursupported, supported (ie, lanipated) and coated film or sheet for

flexible packaging (wrapping, bagging, sacking) including heat
sealable film for retail pre~packaging;

2  small moulded containers (tubs, jars, beakers, trays, boxes, capped
tubes and vials, etc.) for factory and "in-house" pre-packaging.




3 Bottles and cans for drinks, sauces, detergents and chemicals;

4 drums and kegs; bulk containers.

5  Couwponeni devices for mechanical and/or therral protection in transit
(e.g. foan liners, foam packs and blister packs);

6 larger scale structures for easy handling in transit and for convenient

display minipulation (crates, pallets, tote boxes);
T closures;

8 Gathering arnd bundling devices such as overwrap shrink file, tape,
netting and string.

Each of these categories demand the fulfilment of the criteria peculiar io
it. We therefore proceed to review the apsctrum of available materizls in

the light of the packaging function which they are expected to fulfil.

3.1 FPlexible packaging

Before the advent of polyethylene the market was virtually dominaied by '
wrapping paper, paper bags and paper sacks. Some specizlity papers such as
"egreaseproof" are still fairly wi&ely used because they are convenient

for selling freshly sliced zeats znd similar producte at a delicatesseé
counter; greaseproof paper btags have z2lcso superseded newsprint as a
wrapping material for chips. 3Zut it is abundantly clear that the flexible
packing market is dominated by polyethylene film, although pelyethylene is
also ccmbined with paper by extrusion-lamination and although papers may
also be coated withfor laminated tc)other materials. While polyethylene is
the single most important plastics material in flexible packaging it is not,
however, the only one. Polypropylene film has also secured an appreciable
gshare of the market and so have speciality film and coatings based upon
poly (vinylidene chloride ~ PVC{z) as well as the cling film obtained by

copolymerisation of ethylene and vinyl acetate (EVA).

Materials other than plastics and paper in flexible packing include

aluminium foil, an excellent barrier materizl, but cne whose obvious

mechanical weakness and puncture-proneness is often boosted by combination




with paper or polyethylere. When aluninium foil is combined with paper
the adhesive layer may be a polymer latex type achesive, or a hot meit
adhesive such as microcrystalline wax which latter further.contributee
greatly to the excellence of the resulting barrier material, but it is
also obvious that such a structure is expensive and must therefore te
justified by the absolute precedence of quality considerations cver those

of cost.

When paper dominated the packaging field it did so because it wag, if not
the only, then certainly the cheapest material, Thir is no longer the case.
Moreover, althcugh its fibrous nature undoubtedly makes it remarkadbly
strong in tension (if not in tear), the szme characteristic makes it
generally freely permeable to gases and liquids., It is not, therefore
suitable where tarrier properties are required, unless its porous

structure is modified by a coating process. One such coating process uses
paraffin wax (old fashioned bread wrap) which had modest heatseal preperties
or a better heatsealing wax as in milk carton stock. Much better heatseal
properties are, however, available if a polyethylene coating is given by
means of extrusion lamination, or if polyethylene of a low molecular weight
("polyethylene wax") is used either on its own or in admixture to other
waxes and resins. The use of paper as a component of a laminated structure
also contributes opacity to the package, as well as easy printability and
if the print is coated over subsequently it can neither be rubbed off nor
contamirate the contents of the package. In addition‘fa tarrier and heat~
seal properties a coating may also contribute gloss, scuff resistance, or

release characteristics.

One of the most successful methods of semi-bulk packaging, especially of

granuiar or powdery products - is the use of multi-ply'sacks of kraft paper

which are glued, stitched and/or taped at one end and which may have self-




sealing easy-fill siftprocf sleeves., The strength of this package is
excellent and they may be stacked to considerable heights, tut it is often
desirable to protect the contents from moisture; this is achievel by
coating the innermost ply intermally with polyethylene; advantage can ther
also be taken of the heatsealability of the polymer layer at the boitom and

at the top of the sack before and afier filling respectively.

Eowever, multi-ply kraft sacks are no longer as ccmmon as they used to be
since heavy gauge polyethylene film has become competitive in price and

strength and does, of course, provide its own intrinsic barrier properties.

Jute sacks and sacks from other coarse natural fibres such as sisal used
to be common in pie-war days when a variety of'goloniailproducts such as
dried spices and pulses and a veriety of other ilems wers shipped in them
and displayed in grocers' shops. These sacking materials are smelly and
unhygienic, they tend to rot and they are easily torn and not very suitabdle
for stacking since their é%ﬁiﬁé%ﬁ?%%L%e desired. Woven sacks of very great
strength, excellent stackability, non-slip charecteristics, reasonable
siftproofness and acceptable cost (because they are retuznmable) can be
produced from polyethylene film which is slit into ribbons of moderate
width and then cold-drawn and reeled up like yarn., Such sacks do not rot
and they can, of course, have the contents protected from the ingress of

moigture by the provision of an internal or external lining sack made up

from layflat polyethylene film,

When packaging foods, pharmaceuticals and cosmetica it is necessary to ensure
that the packaging materizl ccntains not even a itrace of a toxic component.,

The materials mentioned above are all perfectly acceptable in this respect.

It is now necessary to consider how specific barrier properties can be




achieved.

ii

iii

Water resistance. All the plzsiic packagirg films (PE, FP,

pvct.,, EvA, A€ foil) are excellent from this point of view,

and ig is also true for papers suitably coated with or

lamirated to them. Sclution and/or dispersion coating may

be carried out on paper or cellcphane using various vinylidene

chloride baged materials, copolymers involving vinyl chloride,

acrylics, styrene and butadiene,and solution coating with -
cellulose nitrate is gtill widely practised for ckhocolate

papers and bexboaxd.

Water vapour resistance. The ultimate in water vapour resistance
is obtained by the use of PVCf, film (e.g. "Saran" of DuPont) and
solution or latex type materials based upon vinylidene chloride
copolymers. In the case of coatings it is essential to ensure
that these are free from pinholes and tais is achieved by the
successive application of multiple microlayers. The polyolefines
also have very gond water vapour resistance, as has, of course,
aluninium foil which is often used as a diaphragm under the lid
of irstant coffee jars.

0il and grease resistance, This is of very great importance in
the packaging of cheese, meat, fish, potato crisps and similar
fried products. The ou*standirng materizl in this respect is,
agein, PVCA, as a film or a coating on a suitable substrate,
with the pogyolefines scme considerable way behind, especially
vwhen longer term storage at possibly slightly elevated temper-
atures is a possible hazard, It is interesting to note that
many materials which have poor water and water vapour resist-
ance often have very good oil and grease resistance; examples
here are PVacetate, PValcohol (a clear but expensive and rarely
used film materizl), and even starch, casein, alginate and
natural gums.

- It is most important, however, to realise that in most casea the tarrier

properties required involve water, water vapour and grease resistance

simultanecusly and if heat sealability is an added requirement, as well as

a high degree of odour and gas impermeability, then the choice is virtually

restricted to PVC£2 and various combinations involving aluminium foil, with

a
the polyolefiné;Yﬁoor seconds.

iv

Odour and gas imperueability. This has just been referred
to. The importance of odour impermeability is obvious
when food is to be stored in refrigerators without the

risk of tainting(or being tainted by)other items, Gas
impermeability is particularly important in the long-temm
refrigerated storage of vacuum packed red meats which
should retain their fresh look and of vacuum packed cheeses
which would otherwise deteriorate.
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Although release ccated papers are widely used as backings for adhesive
tapes and labels (a not insignificant aspect of the packaging process)
they are also employed in flexible packagir;, in a sense, when they serve
as easily removable base wraps for cakes and other bakery products and for
sticky foods such as dates, figs cr crystallised fruii. The best material
for this purpose is a greaseproof paper spraycoaied with an exceedingly

thir f£ilm of silcone which is coxpletely non~toxic and very effective.

Small moulded containers

Small moulded ccntainers are a highly characteristic feature of the moderm
packaging ecene., Glass beakers and pottery dishes with suitable covers are
gtill seen as contaziners for, say, mustard cr meat and fish pastes and
although tins {with a suitable interrmal corrosion resistant polymer coatirg)
retain an impressive share of canned fish and cooked meat packaging the
paékaging of refrigerated dairy produce such as ice cream, margarine,
butier, cooking fats, soft cheeses, yoghurt and the like almost invariably
involves corntainers and lids which were made in circular or rectangular
shepe from polyethylene by injection moulding. Nesting egg trays which
have long been and are still guite commonly made from cellulose pulp
slurries by a wet moulding process, a3 well as trays for "in-house" pre-
packaged and overwrapped meazts, fish, fruit, vegetables and miscellaneous
sundries, ard moulded layer dividers for crated fruit are now frequently
replaced by similarly shazped siructures mculded from polystyrere or foamed
polystyrene sheet which provides enhanced protection, notably against the

bruising of fruit in transit,

Plastics maierials are finding increased application in toothpaste tubes

and tubes and pillow packs for small condiment pertions and for shampoos;

cosmetic creams and shoe creams are frequenily packed in plastics compacts




rather than sz2ll metal tins with lids; the use of small bottles and vials
for pills and liguid pharmaceuticzls is nc longer moncpelised by glass but
involves polyolefines, polysiyrere, polycarbcrate and thermoplasticsv_efj.tts

blow mouldings, blister packs and vacuum packs,

ZBottles. cans and other containers for liguidsg, granules and powders

The glass botile and jar has long been the principal type of container for
liquids and granular products of many kinds. Glass has the advantages of
chemical inertness, non-toxicity and transparency, although it can, of
course, also te obtained translucent or opaque if required; glass is stiff
and sirong and maintains its shape for long storage periods evern hen its
cortents are kept under pressure as is the case in sparkling and carbcrated
drinks, Glass affords fair scope for design and bottles are ezsily
labelled using suitable adhesives; glass bottles and jars are easily

bandled on fast operating automatic filling machines.

Glass is very widely used for alccholic ard non-alccholic (including
carbonated) beverages, for milk, and flavoured milk products, cream, cooking
oils, liquid detergents, household chemicals, jams and marmalade, horney,
pickles, mayonnaise, salad dressings, ketchup, sauces, instant coffee,

dried milk and powdered milk substitutes, lotions, cosmetics, medicines,
amineral oils, liquid fertilisers, pesticides, solvents, chemicals for
laboratory use and for the packaging of a host of other merchandise.

However, glass suffers from three major disadvantages:-

i It is extremely vulmerable to mechanical damage and when it
breaks the fragments are sharp, often jagged, pointed and

highly dangerous.

ii It is no longer as cheap as it used to be, even allowing
for inflation, because its marmufacture - though by no means
laboux~intensive - involves an extremely high energy input.

iii It is heavy, particularly in the thickness required to ensure
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that the sirength is sufficient to reduce the probability
of accidental breakaze to an acceptable level.

Metal cans or tins represent yeil another traditional packaging material.
They are much less prone to mechanical damage than glass, although they
may become dented and misshapen as a consequence of a knock. They are well
able to withstand themmal shock and are therefore widely used for filling
with hot liguids and eemiliquids straigzht from the cooking process. They
are then hermefically sealed so that the contents are safely protecied from
coptamination and tampering. In this latter respect they have the advantage
over glass in that they do not require & separzate closure system such as a
screw cap, screw 1id, bung or crown cap. Bowever, tinplate is prone to
corrode; intermal protection by a coating process using a polymer based
lacquer is therefore mendatory in oxder o ensure that corrosion neither
causes the contents to become tainted nor allows loss through leakage or
access of air and airborme ccptaminants. Polymer coztings, including
cellulose-based lacquers are effective in preventing corrcsion even when
the cans contain such acid products as fruit juicee, vinegar and processad
fruit, but metal containeéé%gﬂk£ﬁog;%;posed to alkeline lyes and concen~
trated salt solutions; there itc, however, an exception in this respect
which also zpplies to other containers which are sufficiently rigid bui
which zmay be affected by their contents: they may simply be provided with
a loose liner bag, say of polyethylene which contzins the merchandise
safely sealed in, so that the latier never comes into actual centact with
the container proper. The use of metal cans and tins extends quite as
widely 28 the use of glass and extends further into the medium and large
container field such as fuel cans, drums bins, storage tanks and mobile

tankers.

The advent of plastics and the price competitiveness of many plastics has

resulted in 2 considerable displacement of both glass and metal from the




packaging scene. Many of the ifems mentioned earlier on caan and have been
successfully packaged in plastics btottles and jars. Before plastics couléd
do 80, however, it was necessary to eusure that the actual materials
selected were reliably non-toxic, chemically and envirormental-stress-wise
unaffected by the contents and of sufficient intrinsic rigidity to permit
a bottle or jar to be designed which could be shaped into a container of
adequate stiffness ard dimensioral stability at economically acceptable

wall thickress.,

Polyethylene, followed by its high density variety and polypropylene,opened
the way and are still by far the most important plastics for making bottles |
and jars from plastics. However, PVC has been used for motor oils, anti- f
freezes and detergents, and some engineering plastics, notably polycarborate

and PET polyester have latterly been intrcduced into markets which have an

enormous potential for plastics in competition with glass, The obvious

advantages of plastics botiles and jars in general are their lightness in

weight and hence their convenient inclusion in the shopping basket, their

much greater intrinsgic safety and their ready disposability. For non-

returnable ("single trip") containers they are much cheaper than glass.

It is interesting to consider the practical example of the milk bou.:le.

When milk is marketed by doorstep delivery the bottle in which it cozes is
invariably made from glass., The package is cheap because it is recovered
when empty, washed, sterilised and reused many times before it eventually
breaks or needs to be discarded because it has beccme unfit for further
service. Doorstep delivery of milk is common and traditioral in the TK

and represents a consideradle boon to housebound people such as the elderiy,
the disabled or the housewife wi*h a number of small children to look after.

However, competition from the supermarkets has had the effect of many

people contracting out of dcorstep delivery for a number of reasons which




reflect the weakness of the system: (i) If the milk is delivered while
the occupant is out on business it remains outside and is exposed to the
sun, to fouling by animals and birds and to pilfersge; (ii) it advertises
the householder's absence from the premises; (iii) empties have to be
washed and they often clutter up the doorstep for much of the dzr and night;
(iv) it is inconvenient to check on the till and to wait for the appearance

of the millman in oxrder to clear the account.

The small or casual milk consumer therefore tends to btuy his supplies from

the supermerket where milk is inveriably sold in wax or plastic coated

cartons or heatsealed polyethylene bottles and where it is date-stamped and

kept on refrigerated shelves. The loss of doorstep customers has tended

{0 impair the efficiency of the milkman eervicé and many milk rounds have

been abandcned; others are trying to compensate by reteiling not only milk |
and milk products but also soft drirks, groceries, bread and vegetables from '
their trolleys. %t when a2 milkman begine to transform himself into what

amounte to a travelling supermarket, then there is also a tendency for

supemarket packaging techniques to be adopted and the glass milk bottle is

likely to disappear in the long tem from this particular field in which it

has enjoyed an undisputed monopoly position for so many decades.

The story of the milk bottle has been dwelled upon at such length because
this particular batile of materials subseguently caused a critical reassess-
ment of glass for botile and jar manufacture in comperison with the
extrusion - and injection-blow-moulded containers which had become available

in plasties.

The replacement cf glass bottles for vegetable oils, vinegar, siuces, or

liquid detergents presented no major problems, with a choice c¢f the well-

krown polyolefine grades. But when considering wines, epirits and




carbonzted drinks a nusmter of issues had to be dealt with btefore the market
could be considered ripe for competiticn with glass or (as in the case of
beers and certain types of soft drinks) metal cans., What was needed was a
material which, unlike the polyoclefines, could withstand the considerzble
internal pressures - especially of carborated seft drinks and spaxiling
wines - without the shape of the bottle being seriously affected. Poly-
carbonate, polyacetal and latterly (and most importantly) moulda le
thermoplastic polyesters (PET) are now available. There is nsébrior;reason
why teers, soft drinks, wines and spirits should rnoi te pnt into plastics
bottles, provided, of course, that the materials from which the boitles

have been moulded are toxicologically uncbjecticnable., PET injecticn-blow-
moulded bottles are now frequently used for cartormated soft drinks,
Sparkling wines pose no different problem and when it comes to ordinary

and icexpensive table wines from the various wine lakee of Burope, Australia,
South Africa or California there is the added inceative of cheaper frans-
portation in the light plastics bottles, so that one may expect to see the
total replacement of glass bottles in the down-market wire trade in the not
to0o distant future. There is, of course, nc long-term experience of PuT
bottles or their contents when it comes to the potentially long-term cellaring
of treasured vintages, so that both producers ard disiributors, as well as
the ultimate customers are understandably reluctant to depart frem the
traditional conservative practice of bottling such precious and rnoble liquids |

in glass.

There is no technical reason why whatever is the correct plastics material
should nct be used for any product whicn is to be filled into a bottle, jar,
tin or can. The actual choice is almost invariably made on a cost basis,
except in the extremely rare cases where absolute and total reliability takes

precedence over cost consideration, i.e, in certain applications involving

medical, surgical, military, or aeroepace appliances and supplies, Polyethylene




bottles, squeeze bottles and vials with diaphregm closures have been used
fcr storing sterile injection and transfusion supplies such as vaccires,
sera, znaesthetics, blood, plasmz, saline solutions and the like in reliably
aseptic refrigerated storage for extended periods of time and for immediate
.availability on call. Screw top bottles, including those of the child-proof
variety are more and more frequently made from PET rather than glass, while

polycarbonate boitles are often wused @§ small aerosol AKSMSBPS»

Finaliy, it is of interest to mention two more unusual methods for blowing

bottles which are uniquely applicable to plastics starting materials.

The first is the blowing of boitles from TPVC sheet which is fclded over where
the base will eventually be, intrcduced into a multiple split mould in which
the sides and shoulders are joined by a heat seal of matching metal surfaces
leaving a slit at the top through which air is intrecduced under pressure
which forces the thermosoftened walls o: the as yet flat sheet out against
the cooled internzl walls of the mould. In order to attain the required
rigidity the bottle is designed with both hoops and veriical ribs. Scrap
beyond the fin-iike flash all round is cut off and eventually reprocessed
into sheet. Thnis bottle making rrocess is integrated into the filling and
labelling process and the top is finally heat ealed., The botile is opened
by snipping the top with scissors at an angle to form a pouring spout and

a slit-like cap injection mouwlced from PP is slipped over to provide ;
friction-fit closure teiween use. Such sheet bottles were first developed in
France where they were used for olive cil, fruit juice and smell portions of
cheap wine. In the UK the processa was cperated for a limited number of
vineger bottles for export, btut it suffers from the need fto use pre-formed
sheet material which made it uneconcmical., The basic concept, however is

interesting in that it has affinities with vacwum (or rather pressure)

forming and fuses together what are essentially two "half-bottles".
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The second method of bottle blowing has considerably greater potential and

is of much more recent origin. It is still an extrusion-blow-moulding prccess
involving the formation of a parison, but the parison itself is a sandwich
structure of three layers of coextruded polymer melts in which the core is of
an entirely different material from the cuter and inner layers and which is
included in order to enmhance the strength and/or rigidity. The supply of the
core material can be stopped during the initial and final steges of parison
fomation, so that the top and bottom flash material is of one kind only arnd
can be readily recovered and reprocessed. By skilful material selecfion this
method enables cne to use a core material which may well be more expensive
but which nevertheless prcduces an overall cost saving if the bottle shows
improved or equal performance with correspondingly less polymer materials
used for moulding it. The method of coextrusicn im as yet in its infancy,
but is certain to be applizd widely in the future, and will not be confired

to bottle tlowing alone.

Drums and kegs. BPBulx containers.

Drums coue in any size up to several hundred gallons capacity. We prefer to
regerve the term "drum" for a cylindrical metal container with a metal pressure-
£it 1id or a lia held in place by a suzped toggle-tightened rim band, while
we define a "keg" either zs a laminated plywoed or as a cylindrically or
gpirally wound laminated fibreboaxrd siructure with & 1id which is ueually
shaped to slip fairly tightly over a euitably recessed top section of the
container itself; some people refer to the latter structure as a "fibre drum".
Ag an alternative to the method of closure just described, small kegs often
have plastic snap-fit lids, usually injection moulded from polyrropylene or
UPVC. Typical small kegs with plastic lids are centainers for ground pepper,
gvices, dried herbs and powders of all sorts from dried garlic to bicarbonate

of soda, and from peoldfish food to baby powder, rooting compound, bone meal




or pyrethrus. Both drums and kegs are often pro?ided vith a fitting
internzl liner which may be attached or left loose. Cormonly made from
pclyethylene film or occasionally from rotationally moulded polyethylene

cf e
poKIder, the contents, whether of a corrosive sclid or eégh) iquid kind,
are safely kept away from contamination by the container proper and are,
conversely, unable to corrode, soften or otherwise damage the latter. Kesgs
and drums are thus very sultable containers for transporting and storing
industrizl heavy chemicals such as mzleic and phthaliec arnhydrides, flzke
caustic soda, sodiuxz carbonate, szltis, mineral oils and latices in semi-
bulk quantities. Wooden barrels are now archaic. DPlastics cannot compete
with metals)plywood and laminated peper board in the main structure, but it
is possible to include plastic film layers in cylindrically wound fibre
kegs in order to improve the barrier properties of the board laminate.
Internal plastic liners have already been mentioned and this principle is
also extended to the lining of the inner surface of sieel 1ids of metal

drums.

It is, however, possible to extehd the concept of the large drum to even
larger dimenzions, i.e. to containers for static bulk storage or to mobile
tankers. These are often (but not necessarily) cylindrical iﬁgtructure

and are usually made from sheet metal. Depending on the contents (fuel oils,
petrol, solvents, water, milk, liguid fertilisers, molten phenol, salt
solutions and other(bften highly aggressive)liquids) they are lined with
glass, heavy geauge plastic sheet, or a plastic or rubber coating, but they
are also themselves occasionally made from spirally wound monofilament-

reinforced polyester or epoxy resins, especially when they are expected to

withstand scue pressurisation.

e 1
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Devices for the mechanical and theral proteciion of zoods in transit

These are essentially cushioning devices fcr which waste staple fidre, 2z,
crumpled paper, cotion wool and other primitive stuffing materials were used.
Certain paper and board products such as corrugaited paper and beard and
paper honeycorb constituted a tremendous step forward when they cezme onto the
narxet, but when it was realised that cellular plastics and quilied polyethy-
lene film laminate containing air butbles of uniform size could be used hers
to great adva tage the safe transportation of goods of a delicate nature was
tremendously facilitated. Small items such as waiches, photographic, opitical,
scientific and surgical equiprent, 2s well as pracision tools cculd be packed
into a contour-moulded split brick oféigid polystyrene foem; a carton sleeve
is then slipped over and the package‘is finally made into a postal or rail
parcel by overwrapping with kraft paper and possibly finally securing with
tape or string. Such a parcel can be thrown about with impurity and will ke
ropped into the custcmer's leitter box without much risk of damasze to the
contents. Blister film from polyethylene can be equally effeciive. Poly-
styrene foam can also ve used for "squaring cff' corners and edges when
larger components are crated in heavy shippi.s containers mazde from tizmver,
but cellular polyethylene is a far less vulnerable cushioning material in
this context, although it is also considerably more expernsive. Polysiyrene
foam chips are extensively used for space filling purposes, tut it should
be noted that with large items tne mechanical protection other than internal
cushioning ir provided by the crating. There is no doubt, however, ihat the
use of modern packaging materials has made the packing and unpacking of large

consignments both tidier and more convenient.

Foam matcrials such as cellular polystyrene in thick slabs, or poljurethane

sprayed onto and foamed in situ either on the surface of metal containers

or injected into the space between an outer and inner rigid container have
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5een rost uselful in affording protecticn ageinst frost danage or the effect
¢f standing under the tropical sun for long periods. The thermal insulation
can prevent the coagulation of latices in drums and it ean maintain thenol
in the molien state in road or rail ianker transit. The thermel insulation
gtatic tanks marginally comes into this category, tut is besi considered
in a context of building and ccnstruction. What can be said, however, is

that these foam meterials ax

1V}

vastly superior cn the grounds of cleanliness,
weight, convenience, cost andi performance to felt or blankéts. A thermal
protecvicn layer does, however, almosi always reguire a master structure which
provides the necessary mechanical strength aand rigidity in transit. On
notzble exception here iz the transport of fresh fish packed in ice on boaré
ship or in the port where it is landed: The itragditicnal wooden boxes leak,
become dirty and emelly end refrigeration is not nearly as efficient as it
ought to be. IDoxes with integral lids, often hexazonal in shape, are moulded
from peclystyrerne foam of sufficient density to be reasonably streng for a
single;trip journey, are fully leakprcof, clean and the ice keeps for z very
long period’ao that the fish is fresh when it reaches the store where it may

be neatly displayed frcm the same bex, if the fishmonger chcoses to do so.
1Y 23

Crates, valiets, tote boxes-
3

Crates have become big business when bottles began to be mass produced and
milk, beer and soft drirks begen to be distributed on 2 vast scale. The
earliest crates were made up from wood. They are heavy, awkward to handle,
liable to chip and break, and expensive, Netal crates Zrom stout steel wire
were ccmaon for milk delivery, but they are noisy. What was needed was a
relatively lightweignt crate, strong enough, with clean surfaces and pref-
erably a positive bottle grip which could be stacked without danger of

collapse through creep over a reascnable period of storagej which should nest,

if possible in order to facilitate the collection of ezpty crates and which




should not allow glass boftles in it to clatter noisily, Neturally such a2

crate should also be reasonably cheap 1o produce,

The first plastics crates were injecticn moulded from Polyethylere of high
density, later from FP because of iis enhanced rigidity, later s%t:11 fron
propylene copolyrerised so a3 to Improve its impact resistance especially
during cold spells, and subsecuenily also frem UPVC and even nylon 2nd pcly-
carbonate. The materizl, design and stirength properties vary accordingly,
but they are tzilored to the specific performance requirements. Plastic
crates have now completely displaced metal and wecoden crates and the only
alternative for bottles is the corrugated toard box which is certainly
cheaper, but which is designed as a disposatle container for cne trip only.
The latter, however, also serves 28 a container for cane and +tins, a use for

which crates were never intended.

Palletisation is 2 modern m=thod of bulk handling in +trarsit arnd s+orage.
Pallets were (end still are) mostly made from stout softwood and are used as
a base for stacking eacks which may, in turn be held on the pallet by means
of a FE layflat film overwrap. Pallets have, however, alsc been made from
nylen by injection moulding and from GHP by a wet layup technique, although

this has not becomme common practice.

Crates have 2lso been used for transporting live poultry., Such crates have
been designed such that they flatten out when not in use and are quickly
asgembled by raising the hinged gide flaps which then make a snap fit and
are covered with a suitable matching latticed, lid. The sides and base are
also of a lattice conmstruction to save weight and the whole structure is

injection moulded in polypropylene, taking advantage of the famous flexible

integral hinge which the use of this material makes possible.
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Tote boxes are rezally only large and usually rather shallow boxes which are
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renspeort merchandise from the store to the supersarket display
shelves by mesans of a trolley which can stack a number of them at a time.

Tote boxes ars also used in the harvestiing of certain crops, especially those
which are immediately transported to processing plants or distritution centres

for further packaging.

Closures

Closures are components which ensure the leakprocf or sifiproof packaging
of liguids, grenulates and powders in bottles or jars, irrespeciive of
whether they are in the normal upright position or nmot. Traditional
nmaterials are wooden bungs in casks (now rarely, if ever enccuniered) an
cork, the common closure for wine and spirits bottles. When glass bottiles
and jars were moulded to provide a screw thread top metal lids and caps
were widely used to provide a closure which wes in turn protected from
corrosion by s oftern pclymer-coated paperboard insert or lirer. It was
soon rezlised that there is no reason why screw top caps and lids sheould
not be moulded from plasiics and a variety of plastics found application in
this field, beginning with thermoseis such as phenolics and axzinoplastics.
These are still used, but they are brittle and their prcduction rate is
linited, so that thermoplastics, principally the polyclefines and TPVC have

taken a large share of the mariket.

Metal tins still use maiching prezs-fit metal 1ids, especially for paints,
varnishes, putty and mastic compounds, but also for the packaging of instant
coffee and similar granulated or powder products, i,e., for containers of
the "drum" type. In the case of smail "kegs" (see section 3.4) it is by

no means uncommon o find that the cylindrical body made from paper board

has a rolled top into which a plastics 1id rather than one made from metal
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is pressed to afford a firm closure which can, however, be readily remcved
and replaced, a8 required. Any rigid plastic is suitable focr this purpese,
but FP, HDPE, UPVC and high impact polysiyrene are ccmmen mzterials. Scme
bottles with outward rolled tops have cork-gasketed metal crowns which are
clipped on as part of the bottling process, tut polyolefinea have peneirated
into this market as a2 result of the develorment of a special design featurirg
a rip-off parting strip. The capping of cork-stoppersd wine bottles with
metal foil or a plastic shrink czp (often of cellulcse acetate) is mainly
intended to serve the interests of zesthetics and hygiere, tui plagtics
stoppers with friction~grip ridges which may be additionally secured by wire

are now commonly seen, especially in the botilirg of sparkling wines.

Caps for small bottles and vials containing tablets can be cunningiy designed
to be childproof closures when moulded from plastics; other designs irclude
kmirled caps with an integral intermal spring-like attachment which serves

a3 a spacer and cushion and so replaces the traditionzl piece of cotton

wool. It is obvious that the closure s an essential component of packaging
and that its design must be part of the overall structural concept rather

than an afterthcught in the design of a bottle or jar.

Gathering and bundling devices

These include a miscellany of essentially uniaxial structures, such as siring,
monofilament, netting,tape and strips of film., String has traditionally been
made from sisal and oéher naturally occurring fibres of considerzble strength,
but fast extrusion of polystyrene and other thermoplastics through tape di.s
with stretching and lateral twisting has resulted in synthetic string of
excellent quality which is now widely used for tying and bundling purposes.

Narrow tapes are similarly used for bundling and additional protection of

wocden crates, cardboard boxes and the like and they can be made from axially




drawn exirudaies of polyprcpylene as well as from steel strip. Special

gadgels are available to dispense, tighten 2nd leck the iape in position.

of polyethylene or polypropylene layflat film czn be used to wrep a stack of
sacks filled with merchandise to its pallet base and this can be even ocre

firmly unitised by subseguenily heat-shrinkirg the film.

Finally, neitting has assuzed considerably imporiance in packazinz and has
superseded the use of paper and woven sacks and cartons in many packzging
zpplications. Typical examples are "stocking" packs of oranges and other
citrus fruit, nets for sprouts, cabbages, onions, carrots and other root
vegetables, potatoes and nuts. Although these nets‘can be made from cottion
fibre, it was only after the invention of a fast and highly efficient
extrusion process involving the slitting, stretching and special manner of
extrusion of polypropylene that this packaging material assumed substantial
importance. It is true that the retting provided no mecharical protection,
but this is not of primary concerm in connection with the types of merchandise
just listed, where effective display and convenient hendling are the first

considerations.

SUMMARY

The packaging industry has arisen as a result of modern productiorn and
marketing methods in a2 sophisticated industrizl consumer society which is
geared to mass production. Many of the traditional materials have ceased to
be used, others have been modified or combined with new ones. Of the new
materials without which the whole development would never have come off the
ground plastics are the most important. Within that group in turn polyethylene

is by far the most important in the film market, followed by polypropylene.

Injection and blow moulded containers made from polypropylene, FVC, PE, ABS




PET and other thermoplastics have competed successfully with glass and meial
in many applicalions, especially in the fcod products and refrigerated storage
fields. The packaging industry extends from small items to huge struciures
such as those represented by tarkers, with intermediszies of ihe pulk, semi-
bulk and retail type as categorized in the aforegene. Ancillary items such
‘28 closures, cushioning, thermally protective and bundling ard gathering
devices also involve plastics which have often replaced traditicral materials
(if any) with ccnsiderable advantages in performarce, aesthetics and cost

savings, or have been ccmbined with traditicnal materials in order to expleit

and optizise the advantages of eacn type.




4. Flagtics in Armiculiis

For the purpcse of this essay the term "igriculiwrz" is unders*onsd 3o include l

"Eorticulture" (ie forced growing). l
l
i

Lgricuiiure has Tecen ihe single wmost imporitant activity of man ever since he abandoned

he life of a hunier and zatherer and succeede d ln domesticating toth plants and

animals in corder to ensure a continuous supply of food without being excessi ively

dependznt upon the vegaries of good fortune.

Modern agriculiure haes benefited from the industrial revelutfon and the subsequent

technological develcpments. These have led to a far readk rechanisstion, the virtuzl ;

elimination of back brezking drudgery, an astonishing reduct ion in the labour ccntent

rO'UJ

pay v

and a simulianeous enormous improvement in the quality of its produce
ssible to exercise a high dezree of contr
le climatic conditions could be rrolonged
rencent of the latter, whilst modern irans
ible to greatly extend the rangs of readily
an acceptable cost.

With the advent of plastics it becznz D
the growing envircnment so that favoura
the normal seasons and even created ind
and storage facitities have made it pos
available foods that can te marketed at

ttrey has reccgnised nine aspecis of vital interest to agriculture to which we zzy
add a tenth. mhese mzy overlap in some cases but they do nevertheless provide &
convenient bagis for breazking the field down iInto conveniently manageable catesories
as follows:
i growing aids
ii Disease and pest conirol
iii Water management
iv Fertiliger management
v Crop conservation
vi Livestock rearing
vii Preduce collection and transportation
viii Toocls, machinery and ecguirment
ix Buildings and structures
x Soil stabilisation

This subdivision is in itself indicative of the status of modern agriculture when
compared with that which characterised the indusiry even as recently as 100 years zago.
Thz horse was still a major energy source; artificial fertilisers were only just
beginning to be available at a reasonable price; machines (such as they were) were
unsopt.isticated; the industry was labour intensive; foods out of season were cut of reach
of ali vut ire most wealthy, and large tracts of land were fotally unproductive due to
either being waterlogged or parched, The fact that similar conditions still pertain in
many underdeveloped countries is of major concern to the internatiouzl community since
this causes hunger, disease and conflict.

It is true to szy that the gratifying eff c;ency of moderm agriculture would not have
been reached, had not Dolymer materials become available to make their unique
contributions under each of the ten headings enumerated above.

D N Buitrey, Plastics & Polymers 37 (127) 65, Feb 1969
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Polyethylene can zlso be used fcr doudleglazing in order to resirict heal losses ard al
as a black film to reduce da; 115; ting and to thus retard ripening and flowering ir =
to get produce just risht for marketing or exhibiting at specified targel dates.

Black polyethylene sheet is 2lso used for mu]ching. This can have z nunter of desirable
effects such as; (i) preventing excessive moisture loss, (ii) discouraging the growth

of weeds beiween the seedlinggwhich come up through holes in the sheet and (iii) keeping
crops such as strawberries clean by preventing soil contact of the fruit without the

use of laborious, messy and only moderaudv efficient procedures such as pillowing wizin
straw.

ing, the supply of water and CO, gas to the plants is Gucled through
plastics piping. ¥VC, PP and PE are commonly usei, put PE layflat film is also
frequently employed as a flexible and cheap supply line. Plastics zre, of course,
widely uszed for plani pots, seed treys, growing toxes, watering troughs and irzigzticn
equipment.

In greenncuses heat

4.2 Disease and pnest control

Tis is a most important aspect, especially where single crops are repeatedly grown on a
wide acreage and where the soil must be rigorously sterilised to prevent infection Tty
virusgs moulds, mildews, werme and insects. Few locations are as susceptible to

poter+ially catastrophic cuibreaks as the Channel Islands where much of the land is
covered by tomato houses and where disease can spread like wildfire once it is allowed

to become established in one place. Sterilisation is effected by chemicals an@/
steam, but plastics film and thermzlly insulating foams are used to blanket the socil
and so prevent the premature escape of fumigahts and excessive ccndemsaiicn of steam.

Spray equiprment including prezssure containers, randles, nozzles and connecticns is
comonly made using PP and PVC while pump-housings are moulded in various engineering
plastics sush as nylon 66, polycarbenate, polyaulp)qores, polyester or polyimigde. :

Netting of PP alsc plays a useful part by protecting orchards and soft fruit agzinst
the vandalisation of fruit buds and blossome as well as against the depredaticns on
dazage

the part of certain species of birds who feed cn seeds and young plants or who
the gardeu.

fruit crops in




2.3 Water menarcment

This includes 2 number of protbtlems, such as:

I Heservoir construction and storage tanks

ii Distribution piping o irrigation peints and cattle drinking troughs
i1 rzinage
iv Bvaporztion control

A4.3.1 Reserveoir construciion and storage tanks

The simplest way to ensure thzt no waier is lost from a reservoir by seepage is to line
the dug out an@/or tankel up area with a suiiable membrane. D~1yeth§,'1'=>ne, 2VC and butyl
rubber snee,;ng ave all been used for this purpcse, polygthylene is cheapest, but it
.ust be protec md agzinst mechanical damage and degradation by UV radiation znd it ne
10 be sizply end reliably jointed. Mechanical proteciion is achieveld by laying the fi
over 2 lzyer of soft sznd and covering it with soft sand and round pebbles of medium to
larseplz@; protection against UV is effected Dy ensuring that the film is never exposed
30 sunlight where 1t comes up at the banks; jointing is effected by sandwiching mastic
between overlaps and folding the joints over,using more mastic between layers. FVC film
has better UV resisiance p“ov1ded it is properly formulated, while black btutyl rubter
sheet is best in 21l respects and can be welded - but it is dearer than the other two
materials.
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0-20,000 1 capacity are used in appreciable nunbters cn UK

S and tbey are precently meinly ceanstructed from gelvamnised steel.
er, that here is a potential ocutlet for rotaticnally moulded

s

Water storzge tanws of
farms arnd smaTIEOIding
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4.3.2 Distripution piping

This is, in principle, no different from domesiic water supply, except that the pressures
are usually lowsr and that the consecuences of leaks appearing are less llxely to be
gerious when they occur on agricultural land. PZ piping is populer because it is
sufficiently flexible to be coiled and pzid out by a "mole plough', a machine which digs,
lays the pipe, covers it (lezving a neat scar) and does this in one fairly rapid pass
over the terrain.

4.3.3 Drainace

Here rigid FVC piping is laid underground with a slight incline. The pipe has lateral
slots thriugh which the drainege water enters. The pipes lead to a collecting diich.

4.3,4. Evavcration control

Regervoirs and tanks which might rapidly dry up in tropical climates can be largely
prevented frem doLng 80 by covering them with layers of hollow spheres moulded from a
plastic that can witnstand UV light and which are prevented from being blown away by
netting of some xind.

The use of soil covers has already been mentioned when considering mulches.

4.4 Tertiliser management

This involves both transport and ctorage of solids as well as of liquids in individual
unita and bulx container

Se




4.4.1 Trangoort ond sicrase o

Solid fertilisers are generally surrlisd as free flewing granules rather {han powlders
and are conveniently prerackaged iIn plain or gusseted [{lexible sacis in 25 or S0 k7 lo-
Tnese sacks are usually mede of heavy gauge D polyethylene, occasionally Ircu FVC and,
less cemronly, frem tutyl rubber. The cheice partly depends on whether these sacks are
to be stacked under cover or whether thay are 1o be capable cf withstanding weathering,
particularly degradztion upon exiende” exposure to UVL in the open. Even polyethylene
wnich is very susceptible tc¢ UVL degradatiorn can, however, te satisfaciorily protectiad
Tty the inclusicn of suitable amcunts of cazben black. FVC sacxs are lizble to
embrittlement due o Icss of plasticiser and the sizbiliser system may centzin tszic
compounds. Care should therefore be takan lest empties de reused for the siorzge of X
animal feeod, unless the formulation cf the FVC is such as 10 justify ar explicit

statement on the package which declares it free from all itoxic comporents
sacks ustally contain carbon black. They zre the dearest, but they do o

e

er
toxic ingredients and have excellent statill uj and flexibility.

Large users of fertilisers may wish to szave
supplies by the tarker locad which is then &
site. These mey be constructed of suitable tr

are not subject to corrosinn by the fertiliser prozected bj a °u¢tab_e 1i .
as provided by az waterproof cover. Specially maae containers can te made by the
rotationa?! casting of birs similar to the large water storaze tanks menticned in seciicn
4,3.1., except that they must, of course, be doistur proof.

4.4,2. Transvort and storage of liquids

Liquid fertilisers have both advanitages and disadvantages. Thelr advantages zre:

o

i They are ready for application by spray equipment after sultable diluticon
with water, as nercessary.

i1 They are cheaper than the dried product for obvious reascns.
iii They almost invarisbly ccme by the tanxer lcad and thus enjcy the zdvantages
of bulk hand.lng.
Their lisadvantages, on the otiier hand, are that
i They require 2 designa%ted tanx which is not available for any other storzge
purposes.

ii They entail the cost of transporting water whicn partially cancels cut the
savings of not having tc evaporate solutions in order %c c¢biain the granular
equivalent.

iii Care must be taken to check and adjust the concentration vefore use.
iv Special dispensing squipment is required for applying the liguid feriiliser

to the land.

As far as storage is concermed, one is again confronted with problems which are, in
essence, no different from those involved in the bulk storage cf dry chremical fer

except that it is obviously even more important that the siorage tank is both lea k and -

rzinproof.

4.4.%. Compost and manure

t ig worth while, in thig contexi, to mention natural fertilisers, such as compoct and
animal zanure,




gardeners. The availzbility of suiiatle
well as specially designed and easily emecteqd
helping to convert crganic vegetatle 2
“

tables have for centuries heen kuown to be
g:dble land. Indeel, it wzs the only means

til the rescent advent cf readily available
chemical 1k g marnure is zlready at hand as a waste
product 1t is cheap, but it is neither plentiful nor chemicelly or physically consisient;
moreover, it is smelly and awxward to colleci, transport and disiribute. TFarmers in
both develoved and underdevelopsd couniries can now benefit from Improved manure maaage-
meny 2etho requ;ring sultatle cc“ualne“s and machinery which in many cases involve the

. an A
use of p 3 tanks, liners,pi pea.%oulaed parts. Central to these methods is the

X c
concept that rav animal dunz is = vzluable starting material which must not be allowed
to go to waste and which, afier avplying simple bicfermentation techniques, can yield
appreciable quantities of energy in the form of fuel gas as well as & manure of the most
convenient consistency which is 2lso more conveniently handled.

Burspsan farmers have wlways constructed stables such as to recover liguid manure using
gatiers, drems and underground collectiion pits, whilst the semi-solid material wes
labericusly swept up end compested in the opsn. The use of water hoses has tended to
save a great deal of manpower for this disagreeable task and “as made it peossidle to
maintain fzr beiter sanitary conditions which greatly impr.ved the hezlth of stock and
reduced the risk of infzction. However, it als: entaileld the loss of a wvaluable rescuxce
and generzteld a serious effluent dicposal problem. This kas led to entirely novel
concepts of animel austandry, especially in the field of pig breeding and ezg and poultry
production., Special circular piggeries di ided intn sector: with feoding and watering
troughs are provided with a grille type floor through which all the droppings fall Into
an underground pit. Heating and ventilation ensure that tsual smells are virtually
abzent and the drcppings are continuously processeld into organic fertiliser.

Tne consiruction of suitable collection and storage Zevices for poulu 7 Nanure 1s, as
in the case of pig rearing, part of quite revolutionary livestock rearing methods which
would have been impossible to develop without the aveilability of plastics and which
will e meore fully lescribed in section 4.6.

A A.A, TFertiliser avplicetion

bonthe
Fertiliser , %nﬁ application eguipment, like spray end other dispensing scuipment for
pest control nowadars often features moulded werking poerts, particularly nczzles, cver
corrodable waetals. Technieal advantages of such engineering plastics as nylon, acetel,
thexmoplactic polyester moulding material. pclysulphones (and occasionally PTFE) are

considerable.

4.5 Crzp conservation

Crop conservation is an essentizl aspect of agricultural planning since crps, once
laboriously and successfully raised arnd harvested must obviously be protected ageinst
spcilage. Spoilaze ig the ineviiable consequence of irsufficient prtection against
the elements znd/or pnllution and infestation.

e
The ccrrect measures conservation cbvicusly depend on the type of crop. In the case of
fresh fruit and vegetable produce the traditional methods of chemical conservation by
pickling and salting are nowadays supplemented and virtually swamped in imporiance by
canning and deep freeze methods.
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ottles, drums, darrsls, et:.)
ly, but it is well to recall
heir own and in combination wi

More importanily, kowever (and much more germane to agriculiure) conservaticn nesds 4

be considered as a siorage preblem of cash crops on the farm or a2t a depct. The
principal crops involved here are grain, pulses, coffee, ccccea, tobacco, root vegaiables
and cnimzal feedstuffs such as sileage and hay.

Grain stores zust bte ccnsiructed 50 as

and humidi<y contrdl, including the prev e

germinaticn or the growth of moulds “’GJ must also provi

insect infestaticn; this may be =cnlev=d elther vy mechani

as fumigztion, or a cembination of both., The TX Ministry of Cverseaz Develc:

a Tropical Stored Product Centre which is spacifically concermed with ihe prcb
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involved. One of the soluiions developed involves a preuzatic grzin silo

rubber sheeiing{abcui 12 ir high and capable of sioring 1000 tons of gral

up to cuite a& emzll size when deflated. Much mere elaborate rigid structur

huge ccncrete constructions are, of course, available, but they are very exp

COHStllCt and require careful intermal cortrol and logging in order to —Dep
2 goca ccndition,
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grain irn

Hand-shelled prcduce such as nuts, ccconuts, coffee and cocoa beans preseni similaxr
problems, except that depots tend to be of more modest capacity. Tobacce enjcys some
chemical protecticn once it is cured, but it need% rizrorous protecticn against mculds
in the early processing suébssl$nc;hd1ng careful humidity control.

Root crope and tubers (votatoes, carwois, cnicns, sugar beet, twmipe, eic.) are
normally stored for limited pericds noi exceeding a season and they need proteciion fren
frost damage ~nd/cr dehydration, as well as from mould and rodenis.

Cne of the more successful methods of "clamping” crops of this type is tlanke! “oll
layering which involves the use of clean dry sirna and polypropylere netiing as well as
location in ccol and covere-. barns., It iz esser.ial here to maintain zn ez:eculve
separation so as to prevent extensive spread of rot if individual pieces become affected.
Similar principles - though achieved by layered box crating as well as within - layer
individual separation - are used for the storzge of apples, pears and citrus fruif and
the separators are eitner made ! :rom caxcébecaxd or frem FE foil.

Jn storzge houses f‘o*‘ tropical fruit,especially banznas, it is often necess
or acceleraue rluelng in order to rngu;aue the market supply position. Thi
sometimes bte achidved by means of 2thylene cxide gas and if this is used tb
clearly eszential to control the gasecus atmosphere by enclosure in a suit:
materizl such zs plagtice film or sheet.

Silage and rick constructiorn for animal feeding relies almost exclusively on the use of
polyethylene film, with such a sories as extruded closure zips and fasten,n
such as netiing. The use of plastlcs film and zips in silage m=2king nas been
by R P Walley (Technical Sales Director, Stephens Agricultural plastics Ltd) at
Eastbourne Corference of Plastics in Agriculture in April 1968,while tiie use of
plastics in netting for agriculiural uses was degcribed by K W Carley cf Eridpori—
Gundry Ltd 2t the same conference.

In the case of silage cuccess depends on the prevention of aerobic fermentaticn. This
can acnieved by erclosure of the ensiled charge in a zippable pillow con<tructed frou
polyethylene sheet which can be evacuated by a simple pump through a valved sleeve and

which can te topped up with freshly cut grass at suitable intervals. The resulting
gilzge iz highly nutritive, palatable to cattle and ensures a much higher yield of

— e




feed per wnlt avez of cropeed grass land than fraditionzl haymeking or tractor - »slled
ccodressicn nathods.
Fal - - ~ - ~ armdm AL R - L : 3 -
As for the proftection of +traditic YIULCES, & cover of pulyetnylene film is an obvious
and simple device tc prevent nutrients from being wached oui by rain and the saf
de-mesh polypropylene neiting thrown over end

positioning cf the film is ensured by wi
welghed down with stones 2

Pinally, the importance of fibrillated film (mostly P5) for bzler twinz should not be
o"eTWocz;nf since 1t accounts for an appreciable velume of trade.

4.0. Livestock rearing

Eere we distinguish bstween egg production, poultry rearing (including hztcheries),
animal houses such as piggeries and stabling, and temporzry catile sheliers in the

4.6.1. Ber producticn

The battery system has led to the desiszn of cage uni®s in rows and tiers which awe
largely made cf moulded plastics and which in~orporaie devices for supplying food ani
water to the birds,collecting and washing the eggs, for removing the droppings (znd
then collection and conversion to mznure) and for maintaining hyeiene with 2 maxinmum
of automation and hence with a minimum of labour. These are almost entirely based on
plasticy materials, especially polypropylene. The moving belting for egeg and manure
collection is wmade from polyester film.

outer controlled
5. However, young
T warm “nd have

Pig rearing is also larzely carried out under semiauiomaied and ¢
conditicns and reference to this has aiready been made in s i 4.
Digs are particularly susceptible o pneumcnia and they need to be kep:
to be carefully protected from draushts.

The construction of suitadle pigbreeding and - rearing houses regquires substenticl
capital investiment and uses a lOu of structural GFP in combi patlon with polyurethane
foam reinforcement and insulation: the resulting efficiency and eare of nmanagement is
impressive.

All stabling can, of course, take adventage of certain aspects of plastics in building
(see essay 2) especially internal "cocooning" with plastics (wnlch facilitates cleaning
by hosing down), the use of expanded plastics for thermal insulation, plastics for
daylight centrol, draught control, hesting and ventilation ducting and water supply
structures

Animal shelters iIn the field are often simple tent-like siructures and consist of little
more tnan a layer of polyethylene filwm sandwiched between polypropylene nettiing and
layed over a suitable framework of poles with or without side walls of some sorl; they
give considerable protection to cattle and sheep under severe weather conditions,
especially in exposed hilly and mcuntainous terrain where the znimzls may not be easily
shepherded.

The transportation of live pouliry is often done in collapsible (ie flattenatle) moulded

cages which are rezdily moulded in PP and which zre provided with integral hinges for
the side wz2lls and top.

4.7. Proiuce collection and transporiation

Produce collection is largely but not exclucively bound up with packaging.

. . . . s -l
The collection of field crops may fnvolve on-site packaging direct icr the mexket

'




(eg in crates and toie bexes) or an intermediate stage of transport and 3
factory. The Tacltery coerziicn mzy be confined fo clemning a ”/0“ further p
for wholesale or retzil dis*mitution; alternatively it may be a conversicn T g
as canrirg, freezing, exiracticn, relfining.
The iyoe of oparation of the latter Xind will deternins the metnod ¢f gatherinz., Wher
large acale cenversions are carried out the methad of f*ei —tc-factory hapdling and
transportation will reguire that pacxaging and handling costs b2 at 2 minirum. This

£ any) nust be returnable rather than dispesable and in thet

3 W

means that containers (
n

case large plasiics containers will be a sensible long term investzent praferatle ic
wooden crates which are heavy and quickly beccme dirty, and cheaper - after a pericd -
than single-irip cardboard boxes. GLhe returnable piastics centainers are often hinged
and collapsible for ezsy return of empties. .
+f a crop such as sugar beet is leaded oy rbe argen 1t is desira™le to stack produce
as high as pcssible and prevent spillage throush bouncing off bty a cover of PP netting.

The long distance shipping of frssh prcduce by air or by express trzin i

£ it arrives at ;to des*;nat’or in vrime ceonditicr.. This can te ensure
air conditioned ccompartments, bhut ihe use of perfc rated poly ethylene—fil@—l
bts!

corrugated board ovoxes or bores pade up from FS {ozm sendwiched tetwean two laeyers of
kraft paper by specizl extrusion laminaticn are raticrnel aliernatives which have becn
rroposed for peckaging & nuaber of oil it ttuce zne
tha F
& -

other luxury i
st

c )
enas such as out-of-sezson le
¢5t possible lon

good quality cut flowers for g distance shipping.

4.5 Tools and machiner
This is an area where the velus of plastics 1s indisputzble and yet ccmparative listle
use of them has been zade in relaticn to the volure of equiprent produced. Zngineexing
plastics such as the znes mentioned earlier or have indeed been used in maﬂj working

2

t

1
Tk
parts wnere their corrosicn resistarnce has mainly been exploited. Otherwise the u

of plastics has been nainly confined to handles for smell tocls, guards, nets, ¢
material for linings or w~eather protection and small mculdings, tressure centainers f
relatively small spray ccntainers and the likxe. Xowever, there are now numerous gardenis
accessories available which centain a large provertion cf plastics. These include

hover mowers, pumps and rocxer-iype irrigation equizment. lechanical gathering devicer
for nuts and 7lives have recently come ontc the market.

W3

The need for fuel econcmy irrough welght saving is likely %o tilt the materiazls cholice
balance more in favour of plastics when it comes to farm maehinery, a dovelopment wnich
ig lixely to proceed in pavallel with the increzsed usge of plastics in the automotive
industry.

With the need of special corrosion resistant pumps and containers in the relatively
new practice of ny rcponics there 2130 seems to te a2 future outlet for ccmponents

moulded in plastigh

4.9, Tuildines and Cenctruction

ready been referred to in secticns 4.5 and 4.5 which dealt with ciorage a.ad
andry respeciively.

As for tne farm nouse L1iself, the same considerations zpply as those which were dealt
with in detail in essay two (Plastics in Zuilding).

Ag for greenhouses, however, discussed in section 4.1, it should te added that it is
also possible to construct air-supporied structures from flexible tranzparent film
material by maintainirg a 32311 nominal air pressure by means of a pump and so erect

o
a tent-like hangar-type greenhouse with scarcely any external support other than
anchoring to the ground.




Cne of zcitins prospecis is what may ticn ¢ od
rroductica. Ruthrnsr has treposed the construction of high-rise acrylic-glizzed tovers
witnin which the climzte is controlled sc as to optimise conditions for spec.f.-
crops. Seedliings in individual pets are ilutroduced end advance up and dcwm at @ rate
wnich ailows one to harvest the fully grown cadbage on ssuliflover (or whatever) ai the
;ar end ¢f the moving belt in due course. Thals may well involve hydroponics

(ie growirz in soil-less culture media) and would, for the first iime in ithe history cf
rmznkind, mane“arablé/fa:ming independent of the weathe Furthermore, such an
arrangedent is idezlly suited to make use of waste heat from power siations and
incustrizl processes, an idea which has zlready besen explcited in greenticuses for tha
reising of tomatces near power staticns in the TK.

I+ is frue that all manner of additives, especizlly of the organic and nutrient king
also improve and stzabilise the scil siructure.

However, there are two situations where the problem is of an zltogether different order
of magnitude.

i Coastlines where the pounding of heavy waves ercde a low lying ccastline.
ii Semidesert areas where storms tend to blow away what little scil may te

available fur the growing of any kind of plant.

The best defence in both cases is the establishment of hardy plants whose roots czn bind
the soil tcgether and give it mechanical cohesion such as to enable it to confront the
elements with a better chance of preservaticn.

There are two examples of how this can be achieved:

i Tre “"planiing” of PP tuftis along the sandy shores of the Ayrshire coast which
stabilised the soil sufficiently to enable simultaneously planted seeds of
haxdy grasses to root and become estatlished.

ii The grid-like dripping of an aqueous UF resin on the shifty wind-dlown sands

of the Negev deseri. It was observed that wind makes sand grains jump and propagete
another jump by the grain which it hits ("szltation"). This propagation is stopped

when the grain hits a spot which had been "seeded" with UF resin. The heat of the sun
evaporates the resin which then pertially cures and bonds sand grains together into a
kind of pebble. Not only does this prevent the formation of sand dunes, it zlso provides
nitrogenous fertiliser for any seeds of hardy scrub which can thus establish itself and
become the beginning of a developing flora (and, uliimately, a faunz) in what was a
desert zrea. All that is additionally needed is carefuld irrigation and soil management
to achieve what has been the dream of maeny: the reclamation of the desert for

rroductive egriculturzl use.

4,11 Conclusion

This review has revezled many facets which have transformed traditional agriculiure and
which are still in the early stages of exploiting the full potential of food production
which has been created as a consequence of the development and application of plastics
in this oldest of all of man's industries.




7.5 el el
5. PLASTICS IN ROAD TRAMSPORT. R.S. LK Copyrisnt 1921,

HTRopucToN -

‘'ne major components of internal combustion engines and tne transmission (with the
important exception of the tyres) of xoad vehicles =zre invariably designed using
metals as the structural materials, Plastics cannct serve in a major load or
thrust bearing capacity for the motor industry any more than they can replace stezel,
timber, brick and reinforced concrete in building and construction. Plasiics can,
however play an important anzillary role in the design of minor components both
under the bonnet and elsewhere, components which may be associated with the engine
and with the transmission sysiem as well as with other systems, a role which cannot
be fulfilled by metals for a number of reasons. Indeed, it is no exaggeration to say

that the motor industry as we know it today would not have got off the ground at all

had it not been for the timely discovery of fibre reinforced phenolic resins by Zaexelanz

in the first decade of this century.

As regards plastics the motor industry makes even more siringent demands Tbecause
ot’additional requirements of thermal and dimensional stability over considerably
wider temperature ranges; moreover, the stressing rates and the stress acceleration
which occur under dynamic conditions impose even greater material limitations in engine,
transmission and bodywork design than the largely static lcads impose upon material
selection problems under the conditions which dominate structural engineering design
in building.

Plastics have nevertheless f{ound occasional use for siructural purposes in tuildings
of a special type such as stressed skin and folded plate structures, barrel vaults,
geodesic domes and related space structures. A previous essay also mentioned that more
modest structural applications of reinforced plastics for temporary and transportable
buildings of modest size are entirely feasible 2nc cost-effective. An analogy for this
exists in the automotive industiry in the construction of car and cab bodies which is
often based on reinforced plastics when tooling up with presses and production
lines which require a huge capital investment: The outlay is only Jjustified for mass
production of tens or hundreds of thousands of uniis per annum, Reinforced plastics
are functionally very suitable for making body panels and the production method and
simple machinery involved and,~ most important - the relative cheapness of the latter,
favours these materials for the production of models with. modest annual sales,

Such models - unlike their building equivalents - are not just unusual, architect-
urally experimental or of strictly limited functional wutility,,but they constitute
an important and well definable range of products including the following: Prototypes,
sports and racing cars, recreational vehicles, invalid carriages, lorry cabs, and
occasionally publie vehicles such as single decker buses and ambulances; the list can
even be extended to cars manufactured or assembled in sume overseas countries where
there is, as yet, only a limited demand for private vehicles and where import cosis

and currency problems justify setting up production facilities locally,




If one extends wnal so far mainly referred to the conveyance of people (%e they
passengers or drivers) to the iransport of goods it is clear trai the construciio
of containers for general or rparticular classes of merchandise neadc to te considersd
together with the overall design of lorries. In a sense, this is an intrusion of
the concept of paczaging into the bulk transport field and is nct even restricted
to road transpert, but extends to "shipping" generally, a term which is ccmmonly
used nowadays to include transportation by any means, but especially by rail, czrgo
boa* and air in addition to transport ty lorry. )

‘hen looking at private and public rocad vehicles, however, cne identifies fur

classes of material usage which are associated with impcriant functions other than

rther
1
the basic (chassis) structure, power generation and itransmission. [%e systems that

immediately spring to mind are: fuel supply and storage, lighting and electrical
aystems, mechanical devices such as handles, door furniture, winding gear and
catches, air conditioning (including heating, ventilation =nd cooling), general
comfort (including vibration and noise damping), safety devices and the aesthetics
of interior trim, external finish, weather proofing and corrcsion proteciion,

"he application of plastics in road transport will therefore be considered under
the following secticnal headings:

Plastics for bodywork

Prototypes, sports and recreational vehiuvles
Buses, ambulances, invalid carriages and lorry cabs
Integral and demountable containers for bulk delivery by lorry

Plastics asgociated with the engine and transmission systems.
€

Plastics for secondary mechanical functions {elsctrical gear wheels, pumps,
handles, catches, etc.)

Plastics in electrical systems

Ignition and sperking plug protection and suppressors.
Lighting and conduit

Sound zad vibration danping
Plastics for fuel systems
Plastics in alr conditioning {heating, cooling, venitilation,
Safety devices
Exterior finish, weatherproofing and corrogion protection
Interior trim.
The use of rubber and reinforcing fibdres for c(yre moulding as well as the
design ané wse of rubber hose has been excluded from this review since these

important structures are best treated in their own right.
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5.1, LASTICS IN 30DYWCRX

The major incentive for the replacezsni of metals by plastics in czr bodies is

weight saving and a corespording izprovemeni in fuel eccnor but there axe

J]

other consideraticns which further improve the case

1
- low capital expenditure on moulding equipment and pcwer expenditure during
the moulding operation;

- Easy modification of moulds for custom specification on desigm improvemernt
end the use of semiskilled laboury

- Simple finishing;
-~ o need feor rustproofing;
- Good mechanical properties and ezse of repair;

- A high degree cof design fresdeom;

These advantages are the more tronounced the smzller the numbers in & production
run. For prototypes one could rot rossibly consider setting up a2 metal sheet
press, neither is this economically sensible for racing cars, sports models

and bodies for private cars made locally for a restricted maxrket, Iven lorry
cabg, ambulences and single decker buses have had their bodies mzde from glass
reinforced polyester (GRP) because thes economy of the wet~lay-up nouldirng
favours this method over thai involved in meXing znd assexbling t-ossed steel
panels for short production runs. The brezl-even point has been a matter of

etween 10,000 znd 50,000 units

[o8

much dispute, but may be teken to bz scmewhere

per annum,

When & large volume of production is envisaged and the high cost of press tools
and energy can be spread cover, say 100,000 + units per ammum the wet-lay-up

method and not even low-prescsure accelerated ¢uring methods can any longer

be considered. The process is too slow, too messy and too wasteful as regards

factory floor space to ccmpete with the highly efficient and computerised

pressing and assembling methods which characterise modern volume car production.

5.1.1., PROTOTYPES, SPORTS AND RECREATIONAL VEHICLES

There is sbsolutely no alternative to reinforced polyesters for the constructicn

of models for car engineering design purposes. The mould and the process of
moulding are cheap, simple and quick, and modificationc needed in the light of,
say, wind tunnel experiments or indicated by miner changes in the stylist's
judgment are readily accommodatad. This exiends further into the field of
racing car design, do-it-yourself kits for car enthusiasts, custom-building to
special requirements and small producticn runs (generally of less than a few

1000 units- per annum).




i

&

Thig idea furiher exiends *c¢ rescreational on custom-zmcdified vehicles such =2s

[0}

i
motor caravars znd trailers scme of which ars designed with integrzl sleeping,
living, kitchen, waghing znd szniizry fecilities. Eere additicnza

ghould be given to pariicular haza=ds such as flammsbility in

of the material cof construciicn and some grades of pclyesters

designed for such applicaticns.

It is worth noting, in this context, that very similar thinking governs the
approach to the design of beats and small cabin cruisers, since these Iulfil
-

an analegous recreationzl functicn on waier as caravans and irzilers do on

the road.

b

Conventicnal private cars such as the 3L Mini, certain Ford end Vauxnzll
nodels, and others, have been made uging GEP bedy penels. These were moulded
and assembled on site and under licence in Turkey, Brezil and elsewhere in
order to avoid the need of imports frem Rard currency areas, as well as in
order to reduce transport costs and create lccal empleyment. This may
involve quite a substantizl production volume and could#%he precurscr cof a
modern pirssed steel car production facility in & developing couniry with a

owing intermal and potentizlly regzicnal expori market.
P J g v

Pinally it sheuld te said that the reinforced plastics range is nct confined
to glass fibre reinforced polyeasters and that even thermcplasiics have teen

used in the production of body panels for certain nmodels.

Thus, epoxy resin is an alternative to polyesters wnich has superior
mechanical and intrinsically flameresistant preperties, although it ;S
considerably more expensive. PFurthermore, glass fibre is net the only
reinforcement material availatle and carhon fitre, boron fibre and polyarapides
such as "Kevlar" (Du Pont) fibre have been pit forwari as azliernatives which
provide a remarkable improvement in mechanical girength over glass fitr

reinforcement, although, agein, unfortunately at great additicral coet.

A number of companies have experimented with thermoformed AES skins injected
with polyunrethane which latier gets into a rigid self adhesive cors., The
resulting sandwich panel naz considerzble sirength. Single-ply bedy panels
of the cladding type have Deen usged in airpcrt runabtout vehicles of which a2

versicn of the Citroen Dyane and the "Mini Moke" are examples.




§

‘design freedom makes it pos

Zote2. 4D LORRY CAZ5
Buzes have bszen known to be bullt from GRP by ihe wet-lazy-up msthed on a2 steel

chzssis whnere even the floor siructuxe comprised an airerafi-type floor sarndwich
th

The GLC has been rroducing iis own ambulances in the szme way. The main

reason for prefering GRP here was the frequently

H

ring reed for repairs

~
o]

to scratched and dented panels due to damege sustained In emergency ruch
conditions and the ezseé and cheapness with which this cowld be carried cut in
the lozal authority's own ccach building shop,

Lorry cabs ars largely made from GHP panels nowadzys. They ere not usuzlly
nade in the numbers charactistic for larze volume produciion privete cars, sc
that the econoric considerations discussed zbove apply. Moreover, the greater

. . L ) .
poseible to include features which greatly enhace the
A
driver's and mzte's comford, a most important consideration in view of the
long trips and the consequent fatigue to which intermaticnal routiers are

exposed nowzdays.

5.1.3. CONTATITERE FOR BULK DELIVEY

Containers for bulk delivery mz2y be an irtesrel pert of 2 ially designecd
platforn on wheels which is articulated to the "mechanical lLorse' cr power
unit congisting of the engine and driver's cabin. One example of such a unit
would be the familiar cone for the delivery of ready-mixed concrete. In this
cese plastics do not feature to any significant extent. Another example is
provided by the (usuzlly slightly inclined) liquid tankers carrying petrol,
fuel oils, liquid fertilisers, solverts and other liguid chemical sclutions,
water or milk., Such tankers are normally constructed from steel and are
internally lined with glass, rubter or suitable plastics. They are always
designed to cerry just oneGn:one of geverzl clesely related)products such
as, say, toluene and xylene, because the lining material is selected tc
erable it (i) to protect the container proper against corrosicn and chemical
attack from within and (ii) 4o ensure that the liquid carrier does not leach
out any significant amounts of extractables which might either conteminate
the contents or damage the lining. In this context the role of plastics is
confined to that of a protective internal coating. £Additionally, however,
some liquid tankers (eg ihose carrying molten phenol or agueous dispersions)
are provided with an externel insulating leyer of rigid polyurethane foam in
order to provide thermal insulation and prevent the contents from freezing

golid or coagulating in frosty weather. In such cases it is customary tc

[
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some modest heat resistance. It is custeomary to proifect the insulating
hex

‘u m
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freom mecharnical cdemasze by giving it a furt
o

Occasicrally cylindical tanXs are

The principal disadvaniaze of tankersz of this kind is that they fulfil no
useful function on the return itrip other than the obvicus one ol teing
available for the next cne-way journey. This may be tolerated for very
large bulk lcads wuch zs petrol tankers, tut the liguid volume is nore
modest it is worth considering the use of demountable contaziner: which nay
be hoisted onto a flat truck, secured in piace by boliting or lashing and
which will thern quite provably be of a nonmcylindrical shape. OSuch

containers may be of suitably lired steel or ¢f CRP. Special spnerical containers

_\._.3 )

liquid CO2 linuid air, eic) and the laiter will then require the excellent

with a flat platform are made from sieel or filement-wound GRZ for extremely
cerrosive chemicals for pressurised ligquids and for liquid g2se liguid
therzmal insulation cf an z2dditionzl foamed polyureihane jacket provided with
an external protective layer agzinst mechaniczl damage to the foam layer.
Since trhe =zmpiying of such containers i1s hazardous the full tottle is

exchanged for an erpty one at the point of destination
If milk is transported in bulk the ceontainer must be sterilised by stean under
pressure and the lining wust be able to withstand an infinite number cf

so that glass rather than plastics cr rubters are rreferred lining materials.

Experiments have been carried out with flexible containers in the shape of
valved pillows made up of nylon and polyester~bzsed woven fabrics of great
strength which are impregnated and/or coated, laminated and made reasonably
secure against accidental punciure. OSuch pillcws are tren lashed to the
flat truck. Although a flat load cannct te stacxed up for reascns of
stability and the danger of surging when the vehicle cgiers, the flexible
pillow hae the advantage of being capzable of rolling up aftor enpiving, so
that the truck is free to tike another paylcad crn the reiuxrn juurney end is

not regtricted to itranspcrting just one type of commodity.

-

Open and semi-cpen tank cars for use cn rzilways zs well ag road trucks have
been integrally designed for granular products such ag cereals, for cruched
ores, hops, stable manure, raw hides, refuse, etc., but the scope for the

use of plastics here is almost negligible.
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Some of the mosi modern so-called bulk containers for conteiner ships
{especially the refrigsrated variely such as those buying frozen meat from
South America) have teen mzde from a number of

materizls and often feaiure a sariwich cozmbinztion of steel liners with
W

rigid polyurethans or polystyrene foam ccres, GRP s

8
(4]
W
ot
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blockboard, pariicle board, herdtoard, »lywood, liners cf rigid PVC or AES,

211 with the objective of optimising thermal insuistion (where necessa:y)

J
and mechanical performance, as well zs fuel ecconormy in transport by weight

{oy
saving, especially when the individueal bulk contzinsrs have to be transported

by road trucks during eny significant length of ifs journey.
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ezch an” with thirtr-sis ~rips moulded con the rir to nrevent the ivre
from creerin~, In this connection ore mi~ht also mention & nlastics
vheel meoulded from =lass- and carion fibre reinforces’ roivester ~hich
is clained to e strorcer thon & wheel with steel snoles; it is -ort
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- Tuiten odies, carturetter sprcers, Jistrituticn zad s-ariiin-~
~lu~ covers and moulde.: ccolins~ fons fror rhenolic naterizl;

- Jusheg, ktraclzets, speedo rears, rater rumn teerines, crorlupetion
comronents, f2n nullers, coolin~ fznz, landbralie cover sleeves
and coor strilter mecheniems fror nvlong
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~ Zteerings columns from =0 (AUDI 30, 1073);
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ann stecring vheel covers from CiLy g

- /feceelerator redals, bree cvlinder nlu~s and -ear +neels Tor sorll
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elecitrical motors irerm T
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- llo=loss ccolinr systems involwvinge the use of ar overflo hottle
moulled fron IBDED;

- Steering ceolumn szddle bracikets, vindscreen and brake flvicd containsor
Craize evlinder plurs and defroster nozzles from HDPE or =7

- lAccelerzter necdals with

chanre
- Thrust washers, ~e2™linlizge bushes,

pivets fror PTri, expleoitiny to the
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£.2.2.Plastics Tor irir, finisgh, accessories, confeort and safetwe,
The major preczorticn ol &1l the slastics in the -~gnular volums

- - 8] Y M - = -
trim, notably seat, head rast, back rest and arm rest covers, deor
nandle nads anc internal Jocr cladding, The FYC iz hezvils nlagticize

vz tterned desimns, but it is werth notine in veassin~ that %2 fih-e

2 rinor coniributicn in this field =znc

that sdditional nrectective and comfort-erhancing seats covers
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cz2llulocsics for the extericr ztevinr~ encrel recause of its surerior
¢ hesion, chin impact resistance, ceneral rechanicszl =ro-ertics (es--
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recistance and its corrosion nrotection virich these rnronerties ~uarontoe

to & rnisn decree,
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Teturninrs to interior comicrt and accommocda’ .on: Seat stccks repres-

ert 2 suostantial deacweisht in a cor, Various enrsinesrin- tTlzs
.eel Lzsed stoclis, includin~ nolrearhonate, D20, TIT, ~lass Tille”

n7lon or nolvacetal end rlziss filled nolvmrowlene,

ernd frow doura-moulded G502 (127C), hile the air intalie -rilles of
the 1075 AUDI -rere mode from nylon and its instrument cols, ~ucts arc

~~iiles Tor air conaitionine, z2s well os thic -love comrarchiont, hrvo oo
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MARTINE APPLICATIONS OF PLASTICS R S Lenk

Copyright 1932

Iatreduction
Man has been "messing earound in boats™ since the d@wn of prehistory.
- Why? There are many answers to this question - some simple, some more

complex.

It is an inmate characteristic of man to rebel egainst the limitations
imposed by his envirommenit. FHe feels irked and challenged by ihe physical
barriers by which nature would restrict his dominion to the dry lard.
Lackiﬁg fins he will nevertheless want to swim faster than e fish; lacking
wings he will nevertheless want to fly higher then a bird;' and if no
living creature has ever been known to go to the mocn and to explore

space and time he will nevertheless attempt to do just these things. It
can thus be argued that the first reason why man shculd wish to make
himself master over the wzters is his psychological need to prove to
himself that ingenuity and perseverance can succeed against the odds of
apparent physical disadvantage. The simple answer to "why?" therefore is
engrained in the Lucifer in man, his quest for knowledge, his thirst for
adventure and his shear cussedness. This is epitomised in the answer
given by Eunt and Hillary when asked "why climb Everest?": "Because it

is therel"

Having discovered that.the navigation of rivers, lakes and oceans could be

accomplished - albeit initially at considerable risk - other human traits

asserted ﬁhemselves to command that this activity should and must be
pursued with the utmost vigour:
i greed - the desire to acquire new territories, if necessary by
conquest;
ii the urge for security - the need to escape from demographic, social,

political or economic pressures in the old homeland;

—_————




iii the exercise of power - the desire to dcmazate the main water
ways and sea lanes in order to conitrcl the flow of wealth aad
resources and to deny a share of these to a potential rival.

iv the attairment of affluence by trade and the estabiishment cf
regular communications;

v altruisim laced with self-interest - the desire that the free
interchange of material and spiritual rescurces should lezd to the

elimination of proverty and the promotion of universal felicity.

let us now consider what made it possitle that man should succeed in
taking to the water. As usual, success in reaching new and ambitous
goals involves the catalytiz association of the creaticn of new materials
on the one harnd 2nd the development of the appropriate technology to

exploit their potential to the fuil.

River craft, rowing boats and small sailing craft were initially largely
confined to the close proximity of the land for obvious reasons of safevr.
Such craft included hollowed~out tree trunks, coracles, kayaks and craft
made from balsa wocd, papi%s and ﬁlanks of timber. The pitch-caulked
sailing ships and long boats of the Vikings and other redoubtable
mariners and raiders did, however, ventur; far out to sea .. The naval
achitecture of the Phoenicians and the Graeco - Roman world and its .
successors (the Turks, Venetians, Geuoese, Florentines, Spaniards,
Portuguese, French, Dutch and English) was impressive in its power and
majesty. Their merchant vessels were providing effective transportation
of spices, silks and other highly prized Bastern commodities, But, being
poweied by gallery slaves as an alternative to sails,they were poorly
aanozuvrable and rather clumsily inefficient. The advanced design of
sailing ships, reaching its pinacle in the fest clippers of the early
19th century and the subsequent invention of steém and nuclear powered

engines, however, demanded a complete rethinking in the methods of naval




architeciure and the umaterials this reguired. Steel became a structural

mzterial and the 20th century saw the rise of plastics. The latter had

a large bearing on the design of 21l manner of craft.

The principal advantage of plastics for use in marine constructicn are:-

i
ii
iii

iv

vi
vii

viii

Veigh’ saving;

A high strength—to—weight ratio;

Low waste in component manufacture;

A& high degree of design freedom and scope for creating intezral
situations;

Freedom from oorrosion

Reduction in service and maintenance costs;

A high potential for fuel economy;

Water resistance;

The elimination of painting and primitive methods of caulking .

The choice of plastics materials for ship construction is largely confined

to reinfcrced plastics such as glass reinforced polyesters (GRP). The

same material is also the most imporitant for smeller vessels such as boats,

cabin cruisers, sporting and recreational craft, but there do exist

alternatives wvhich will be mentioned in the following.

There are, howéver, many other ways in which plastics have enabled man to

master the navigation of rivers, laker and oceans and to make them the

backdrop of his activities - his traffic lanes, his hunting grounds, his

scene of sitruggle, his working place and his playground.

In order to analyse this further the following categorisation of the

marine use of plastics is proposed:

6.1

Rowing boats and their accessories; dinéhies, small powered craft
and cabin cruisers; sailing dinghies and sailing yachts; sailing

accessories; surfing, windsurfing and waterskiing equipment.




6.2 Shipbuilding

6.3 Hovercraft

6.4 Typically marine equipment and fittings for ships
6.5 "Hotel uses" and fittirngs for passenge: liners
6.6 Fishing and anglirg equirment, lobster pots, fishermer's apparel,

wet suits and diving gear

€.7 Buoyancy arnd lifesaving equivment

Rowinz boats and their accessoriesg, dinrhies, smcll powered craft and

cabin cruisers: sailing dinghieg and sailine yachts; sailing zccessories;
surfing, windsurfineg and water skiing equipment

To make a glass fibre boat of 30 ft length or more one needs a female
mould with a parting layer (eg, of polyvinyl alcchol) on which a gel coat
is sprayed, follcwed by a layer of glass Sepm and resin and succeasive
layers of 2 ounce glass mat impregnated with resin until the structure is
thick enough. Each layer of resin and glass weighs about 4 lbs/éq. yard
and is 2bout 1/16 inch thick. The required total thickness depends cn
the length of the boat. To make a boat which conforms to Lloyd's
requirements one layer is required for every 10 ft of length plus ore for
the residual fractional footage. The layup is cured witiout heat or
pressure being applied. The hull is stiffed with bulkheads made of
marine plywood or GRP. These are secured while the hull is still in the

mould.

The advantages of such a constructicn over the conventicnal timber
structure are:-
i It is not attacked by dry rot, wet rot or marine borers such as
shipworm and needs no painting or sheathing;
i1 The hull is homogr.maus, there are no potentially leaky seams

and the material dces not sweat;

ii1 Underwater fastenings ar. unnecessary, The engine can be mounted




by building the fuel tanks in such a way that they can serve as
engine bearers and this also minimis.: vibration; alternatively,
it can be mounted on 1-inch ply girders which are secured like
the bulkheads. Such a mounting can ta.ke & thrust of 6 tons per
ft run. |
. iv  The hull is more durable - it does not deterioraie over the years;
v  Repairs are easier: A 2 ft hole can be restored in 24 hours by
semi-skilled labour - a2bout one-tenth the time required by a
eraftspan for repairing a2 similarly damaged wooden bozt;
vi  Although barnacles and algae will adhere to the surface, these are
cleaned off much more easily;
vii The hull does not absorb water on launching and hulls of 30 fi or
more weigh less than a corresponding wooden boat. A 56 ft tound

bil ge hull built to Lloyd's requirements weighs 5,000 lbs nett,
~

ineluding frames while the timber equivalent would weigh twice
a8 much;
viii Design features such as double curvatures can be uncorporated which
) are impossible in timber boats
ix Cost advantagezs: To cover mould amortisation six 30 £t boats must
be made to break even on wooden hull construction, With larger
boats the number is even less: two for boats 50-60 ft 1ong/ and even
longer ones make it economical (compared to wooden hull construction)

to make a mould even for just one moulding. The cost of raw

materials for a GRP hull 56 ft long is less than that of the timber

costs of a wooden hull} to which latier one would also have to add

the cost of paint and fastenings.

In order to mazintain consistent and optimum guality it is essential to
carry out the wet layuP in carefully temperature and humidity controlled

conditions and to make regular and rigorous control checks on the materials.
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The success of boai builﬁing in GRP is illustrated by.the followiné evidence:
The 11th Internatioral Boat Show at Earls Court, London in 1664 shewed
that 20.5% of craft on show were built from this material, while in
1965 the figuré rose to 39.1% using improved lamination techniques
and resins, This included imctor cruisers and a2 few smaller
runabouts, a prototype mini-hovercraft and sectional boats which
could be stacked on a car roof, By 1972 plastics had virtually
obtained a monopoly position over wood, especially for powexr
boat racers, The use of isophthalic polyester resin reinforced
with polyaramid fibre has mede it possible to build a flatewater
amateur racing cance for the marine market which halved the weight

of the boat to 33 1bs (Sawyer Canoce Company ~ ~C"Q”\ PI‘OW IV, 1979)

Araldite epoxy resins have been used both for mould construction and for
hulls and this included catamarans and trimarans, A 34 £t working

catamaran was built by Prout Marine of Canvey Island to Lloyd's specification
from GRP in 1971, while an 85 £t GAP hull of a motor yacht was completed

by Ealmatic of Eavant in only 12 weeks (1972). It had wood decks, an
aluminium superstructure and twin Rolls-Royce diesfl engines goinﬁ gpeed

of 12-195 knots.

A sea truck ~ a light working craft with a hull of heavy duty GRP - has
been developed by Rotork Marine of Bath (1971). It rides un a cushion of
foam and is intended for use as a fast fire boat, It is made in a single
moulding and is protected in vulnerable areas to form a "starframe back-
bone", - This backbone(or chassis) incorporateé a 12 inch deep wedge section
of GHP around a polyursthane foam core which £1lls the frame cavities and
provides the main loadbearing hull/deck platform, giving diagecnal and
torsional rigity as well as longitudinal and lateral strength. The bottom
is of double thickness extra heavy duty GRP with five reinforced rubber

strips to withatand constant beaching on rough ground. The deck is




compesed of point lcad resistant GRE;integrating the hull chassis ard
forming the sealed platform. Fine chippings are incorporated in the

firal GRP layings giving a hard non-slip surface. Tests on the Thames
showed thai the craft is capable of speeds 3 to 4 times as fast as present

. London Pire Brigade fireboats due to the "eir lubricated" hull principle.

Air is rammed under the square prow end trapped by the side gkegs as the
h craft moves forward. The air mixes with the water and at speeds
exceeding 10 mph creates a cushion of foanf }:xhich the main load~-bearing
section of the craft rides. It will ride comfortably at full speed over
waves 3 ft high., In rougher waters the speed has to be reduced but the
ride remains fairly smooth. The polyurethane foam fiiling of the hull
makes it wnsinkekable. It can carry 4,000 1bs of load, and up to

7,000 1lbs in an emergency so that it has ro difficulty in carrying two
Coventry-Climax-powered pumps capable of pumping 2,000 gallons per
minute of river water to riverside fires., Cabin struclures 'mcluale. 2 small

wheelhouse and a fully enclosed craft. These sea trucks are operating -

in many European and overseas countries.

Important though GRP structures are, they are by no means the only ones.
Thermoplastics have also entered 'the market. Crude flat bottomed chine
craft consisting essentially of four pieces of rigid PWC sheet welded
together have been uvsed in shallow pools of amusement parks and fair-
grounds. Thick walled rowing boats sin ter -moulded by the Engel process
from black polyethylene have been used as getabouts in the fjofds of

Noxrway.

Polypropylene has been used for the moulding of hulls for sailing dinghies,
Two large injection mouldings (made in 7 minutes) are welded together and
fitted out to completion in another 3 hours, Apart from the mast and

boom and some smaner fittings each of these "Toppers" (made by Rolinx

assembled by LJ'G keard. Engineering and marketed by Dunhill Boats of




Basingstcke) is built entirely from plastics materials. The cordage is

made from nylon, polyprorjlene and/gr polyester fibre and the sail is made

from polyester fitre. The polypropylene marinme structure Is claimed to

have the following adventazes cf a GR® for this szmall dinghyt! It is more
robust in that it can fall frem 2 car rcof without suffering serious

damage and is said to be better zble to withstand the inevitable mocks
sustained during sailing; being self—cdéured it requires no painting or .
finishing; it is lighter and more consistent in weight from boat to

boat; safety is improved since polypropylene floats/so that it cannot

become waterlogged. The centre board and ru&&gr blade axre injection

moutded in a coupled-glass-reinforced grade of polypropylene structural

foam and are more efficient than the structures which they supersede;

moreover they reed no finishing, The mast, bocm and tiller extension are

- made from aluminium, but virtually everything else is made Ifrom plastics,
/

including the mast step cup, bocm gooseneck, eyes an?c?eats which are made

from nylon.
Power boats have also been made from thermoformed CAB sneet in the USA.

For the enthusiast who can't afford a whole rowboat (or for a pair of
incompatible shipwreck survivors in a single lifeboat), half a boat is
better than none (or one) - provided that each half has a pah'of oars and
is made by sandwich construction of two skins of vacuum formed ABS and

a filling of clesed-ceil polyurethane foam. More seriously however, the
largest of these boats is just over 12 £t long, will take an outboard
motor of up to 35 hp and -eat four, Smaller boats (down to abcut 7% ft

length) can be adapted as sailing dinghies,

Oars and canoce paddles have been made in plasti~s, An cutstanding example
of design excellence is a high performance canoe paddle (8tfer Sports of

Northampton, 1973) with an ABS blade and a PVWC-coated aluminium shaft




filled with expanded polystyrsre for bucyancy. The blade is the first with

a curved profile to be made by irjection moulding in ABS.

The West Gzrman four-mzn sailing team vhich won a gold medal in the 1972

Clympics used a carbon and glass fibre reinforcement tape to strengthen
; those whith are |

their oars aségiiéas of the boat)sutjected to high loads. This produced

a weight saving of 15% over the conventionally built craft.

Inflatables have beccme popular., Initially these were considered to be
little more than toys, but they have since been developed into quite
sophisticaied craft, equipped with outboard motors and/or sails and
made very safe as 2 result of improved puncture resistance and
compartmentalisation. A high-speed inflatable has been developed by
designer David Still which has proved its superb harndling qualities in

the rough waters of the Solent.

The 1% ton craft has an inflaiable seat and flotaticn collar, a2 beam of
10% £+, a length of 2% ft and is the largest craft that hadvbeen built
up to 1577. It is also the first craft {o be dies&l powered turbo-~
charged 4-cylinder Ford engine developing 150 bhp at 2500 rpm; power is
transmitted by 2 Dowty hydrojet without endangering people to exposed
propellers ox being lizble to damage in shallow waters, so that it is
eminently well suited to a multi-purpose role of crash-rescue-personnel-
carge carrier. It can carry 30 seamen without loss of handling or

stability.

Surf{boarding and windsurfing have become sporting pastimes.A The equipment
is invariably based upon a rigid foam core sandwich structure., Its
constructicn is so simple and obvicus as to make a description the choice
of skin and core materia. 3 superfluous, One might add, however, that
Qindsurfing on skates, roller skates or wheel-based chassis is also

possible, so that an essentially water-based fun activity can concei.ably be




6.2

transplanted to sandy shores and stretches of esuitable windy flatland.

Water skis kave been moulded in GRP. They are popular with both beginners
and experts. They have a large plan;}ng area which helps novices and a
high gloss finish and thin edges which give the expert increased speed
and greater dimensionzl stability with fast turns. The skis are hollow

and float and their constructicn is strong and durable.

Shipbuildinz

This is largely an extension of the experience gained with GRP in smaller

craft.

One of the earliest developments was the scaling up of boat building

from the 80 ft limit(ﬁnposed by initial strength considerationé)to 200 ft
and displacements of up to 900 tons. This was achieved by a design of the
Brisiol Aeroplane Plastics Ltd reported in 1966 ard exploited in
ccoperation with the Vesper Thorneav?roft group based oné;andwich

A

construction with GRP skins,

The mould is constructed of sheet steel and is in 3 parts: The

mould and the side panels are fixed {o the floor of the building shed;

the hull mould slides on runners and fomms the launching trolley for tue
finished vessel; the stern mould is also moveable and is taken out of the

building before launch.

The huil mould is assembled, the interior scurfaces are cleaned and a
polyvinyl alcohol release f£ilm is laid on.. Instead of the usual gel coat
the hulls are skinned with a special resin reinforced with fine strand
mat with a base layer of glass tissue. The hull is then built up using
automatic dispensing and impregnating equiprent mounted cn a gantry which

runs the length of the shop. The Woven glass mat is run through a roller

—t r———



and - trough urit where it is thorcughly inpregrated with resin, It is laid -
cn the surface of the outer skinnirz by hand rolling, the operatives

3tanding on platforms slung under the ganlry. As the cloth is laid on

so the dispenser unit traverses the width of the hull. The celluler

Filling is next applied, followed by the inner skin (in the same way as

the outer). Flat panels for dulkheads and decking are similarly bﬁilt

on flat moulds. The hull and ribs are hend~built on shaped moulds and

are then fitted into ths hullras are the bulkheads and decking.

When the hull is cormpleted the stern mould is run away and the side
panels of the widship section (hinged at the ket level) are swung

downwards. Launching is done stersfirst, using the hull mould as a

launching trolley. a
The moulds are then reassembled ready for construction of the next hull,

Early prototype work led to the construction of the 53 ft long EMS Wilten,
a GRP - hulled minehunter which proved thzt GRP construction could offer
upkeep savings of 2% or more. The idea cf sandwich construction,
however, was later al andoned in favour of a single-skin GRP laminate

made up of isophthalic polyester resin and 800 g/inz woven kovings.

The work eventuzlly culminated in the commissioning in 1978 of HEMS Brecon.
Although of modest length (66 £+) it is the first of nine vessels of the
Royal Navy's new Hunt class which incorporates many new features, not
least of which is itg economy in first and maintained cost and its
mineprocfnes8yto its non-magnetic properties, with corrosion resistance

thrown in for good measure.

The fire performance cf samples showed an initial flash-over as the outer
resin skin burns off and becomes virtually self-extinguishing when the

first layer of glass fabric is exposed.




In the meantime GRP hzd also begun to be used for the comstruction of
fishing vessels., According to Hallett and Simpson (Plastics & Polymers
36 (121) of February 1963) initial cocts are higher than for weod by
about 12% and higher thén for steel by about 3% up to 83ft lengths, but
this is more than compensatedgg; savings in mzintenance and payload

capacity.

According to the authors GRP sclid laminate ccmpares favourably with
sandwich consiruction ecconomically as well as technically, especizlly

with respect to impact strength,with no significant sacrifice in corrcsicn

4

resistance and therxzal insulaticn. Easerience in South Africa has led
from modest beginnings to a point where orthodox ship construction
methods hzve been replaced by new techniques for integrating fremes,
decks and bulkheads as already shown before. Tﬁe persornel of the ship-

yards cornsists of § trained laminators and % shipwrights, carpenters and

engineers, Ccmprehensive quality control is necessary.

The work has resulted in the prcduction of 83 ft sirgle-screw pilchard
catchers and in various designs of 146 ft ships (naval 2s well as fishing)
ag well as a 200 ft cargo ship. Much of the pilchard is reduced to fish
meal. Steel holds are highly susceptible to corrosion by liquids and
gases and require complete rebuilding within 18 months. Wood may last
fér 2-3 years, GRP holds have shown no sign of deterioration after

4 year's service.

About 30% of the total construction costs are for the GRP(?aking steel

as a bas%; other constructional materials compare as follows (19638 prices):

Steel 100
Oak 150
GRP 300
" Aluminium . 350
Tealk 600
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The ratic of direct labour to materials costs in GRP ships was stated to
be about 1:3 arnd this was expacted to reduce to something like 135

eventuzlly.

4is for shipyard investiment, the ahcillary services for GRP are cheaper,
the handling of structures is easier =nd the proportion of highly skilled
labour required is less. The mculds are expensive (£30,000 o 40,000
for a ccmplete set of permanent moulds at 1968 prices), but these will,

with care, produce up to about 100 ships.

Fovercraft

Small hovercraft have already been mentioned, but large size commercial
hovercrafi have become standard seaferry vehicles and their development
cwes & great deal to plastics. In this connection one must refer to

rigid light weight PVC foams which have provided the core material not only
for special eircraft sendwich siructures for light weight and considerabie
strength but also for racing vessels. The initial impact which this

type of sandwich structure made in wartime applications was in 1966 when
Derek Kelsall used it on his boat "Toria", ths 42 ft sloop-rigged

trﬂ“araﬁ which won the 2,000 mile Reund-Britain race. This was followed
by the 57 £t "Sir Thomas Lipton" which won the 1968 Transatlantic Si.gle-
Handed race by so wide a margin that its skipper Gecffrey Williams was

ready to return home before any of his rivals had even reached Rhode Island.

It was next used in a 5-berth twin-hulled power boat, the Jaguar 27
skippered by Terence Compton which competed in the Round~Britain Power

Boat. Race during the following year.

The PVC foznm coie sandwich construction with GRP skins was then adopted
i " :
for the Hovermarine 2 60-seater sidewzll hovercraft which was described

in detail by A-Marchant (Reinforced Plastics, December 1968). Unfortunately




this picneering company had to go out of business dispite the excellence
of its design and engineering achievements because of unuercapitzlisation,
but hovercraft have since become & familiar sight on the car ferry routes
linking 3ritain with the continent, less than 2C years after

Sir Christoprer Cockerell first demonsirated the basic principies of the
air cushion system(which wag not even restricted to water but which

could also perform equally effectively on flat land and pcoterntially

on sail%.

The major reason for selecting GEP for the sitressed-skin giructiursz in
preference to aluminium was based on a comparison of production costs,
riveting of 2luminium being twice to seven times as expensive a3z the
ranufacture of a GRP structure by wet lay up. Cn the otker hand, GHP

has lower stiffaess in shear and compression,so that more material has to
be used - but the savings are still considerable. GRP requires ro
anticorrosion measures, shows no serious envirormental effects (2 small

loss in strength due to. immersion may be discounted) and little, if any

mainterance is required on the structure during the life of the craft.

The cabin floor is a sandwich panel of aluminium alloy honeycomb faced
with GRP skins of epoxy resin and woven cloth reinforcement because of
the need for high shear, compression and tensile strength as well as good
stiffness. It is bonded to the vertical frames of GRP-faced PVC foam
sandwich panels which also provide further ccmpartmentalisation of the
buoyancy area., The fremes are bonded to the bottom skin which is further

reinforced by a stiffener formed in GRP over a polyurethane foam core.

The use of GRP is thus justified for the primary and secondary structure
and it is only left to the design engineer to adapt the materials to his
needs. The structural design ard manufscture are discussed in some detail
(loc. cit.) but we need not go into such detail here. Suffice it to say

that when the:hull gtructure is ready it is fitted out and this involves

|
i




Thus, plastics are used for the cooling water sy-tem. The main

compenents are intake scoops (GRP) moulded into the side of the crafi
below water level. These carry the water through filters and 1% - 2 inch
ABS pipes to points where it is vsed for cooling the engine and for
lubricating the propulsion shafting which runs in rubber bearings. The
use of ABS piping has been sc well dccumented in building and cther
applications as to require no further justification here, but éhe light
weight and non-corrodability :ompared to metal altermatives assume
special significance here as well as in the bilge pipe system of the

craft.

As for the seats, upholstery and internal trim, these are "hotel-

applications” to which we will return in Section 6.5.

The window pares of all the windows except the wheelhcuse forward
windscreen (which is manufactured from toughened glass) are mede from
acrylic or polycarbonate sheet which is 2% times lighter than glass and

also more economic, particularly where a cuxrved window is required.

Perhaps the most important area of any hovercraft is the flexible skirt,
It is attached round the entire structure for peripheral type craft and
at the fore and aft ends for side wall types crafi. It contairs the
pressurised air for the cushicn when inflated by the fan system. Any
obstacle passes through the skirt by deflection, whereupon the air
pressure immediately forces the skirt back so that the pressure is
maintained. So far the best material for the skiit hag proved to dbe
neopr_ene rubber reinforced with woven fabrics ffcm high-sirength man
made fibreg - priqvpipally nylon, The material must withstand constant -
deflection and correction of the skirt as well as manceuvring "off-

cushion" against water pressures, Attachment is by polyester fibre ropee
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in conjunction withk mouldied nylon and metal componenis on the main

structure. There is still much scope for improvement in perforuance

through material and design advences¥,

The fan runs at 29C0 rpm and provides the cushion pressure. It is zan all-

GRP construction, comprisirg fan blades built from GRP-skinred expandad -
hich is

ﬁ%éTSEEéed into the back and shroud plate. On the plate of polysstex

woven - roving lamirnate a lzyer of continuous glass filament " roving"

is added to provide the sirength necessary to withstand the centrifugal

and hocp siresses. Scme tendency to corrosicn on the leading edges can

be reduced by the addition of a capping strip of polyurethane rubber sheet,

As for the future:- 1
1 The search for better skirt materizls and designs must continue since

the main reasons for failing of seals on cress-channel ferries have

been identified as tearing and break down of rubber-té—fabric

adhesion by severe flexing under wet conditions.
2 The use of new reinforcing fibres such as psig;amide, borew or carbon

- fibre would certainly produce even greater strength, especially in |
conjunction with epoxy resins, but it remains to be seen whether the

considerable increase in cost can be justified (possibly by

enabling a substantial sealing up of the craft).

Typically marine equivment and fittings for ships

These may include components found in other applications as well but which
fulfil a specific function in ships which is not quite parazlleled

elsewhere. Some examples of thege are as follows:-

* Reference: E.R,Gardner (4von Processed -Polymers Lid): "Hovercraft and
their skirts" (FPoundation Lecture of the 'Plastics & Rubber Inatitute, ,
Brighton 1977) ‘ ! |




Bs2last suction nipss

These are pipes of fairly large diamater and>are used for flooding and
emptying bzallast tanks. They ray be immersed in rea water for long
pericds and iron pipes corrode badly under such conditions. Polyethylane
pipes are adeguate except where a2 section may pass throuzh tanks filled
with o0il, in which case a secticn of iron piping may be needed znd this
presents jointing problems. Polyacetal may be 2 more suitable all-round
material, but glass reinforced epoxy resin pipes have been found most
suitable, despite their subsiantially higher cost, since this material
perrits the pipes to operate ai higher working pressures. Pipes of up
to 20 inch diameter can sustain a pressure of 25 psi at a fast flow rate
and show negligible wear when the water is heavily laden with sand, as
may be the case in some estuarine waters. They are therefore used fer

the rapid flooding and emptying of ballast tanks in Admiralty vessels,

A major problem is the avoidance of damage to the pive by welding sparks.

This has been solved by epplying a metallic paint for protecting the pipe
during ship construction snd stripping the paint off thereafter. The
smooth bore of plastic pipes mekes pumping more efficient and gives one
the option of using a pump of lower power than the one which would have

been needed in conjunction with conventional piping materials.

Air vent pipes

These are small bore pipes running vertically from double boticmed tanks

to the weather deck. They may be either polyethylene or UPVC.

Sounding pipes

These are made from UPVC or ABS and serve to check the water level in

tanks,

Washdown pives for warships for radicactive decontamination

These can be made from UPVC, tut glass reinforced epoxy resin pipes have
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2lso been installed for this purpeze by the US liavy.

Srock zbsorbinz. Butyl rubber fenders

These assist in berthirg giant tankers without damage and come in a
nurber of cylindical lengths, with spigois and tapered and pieces hé&ltn

position by a chain fitment. f

Various apvlication of foamed plastics .

Prlyurethace and Polystyrene foam sandwich structures in combination with
epoxy Tesin or neoprene skins give excellent thermal insulation and
prevent condensation on the deckhead below where glass wool (previously
widely used in ski?s) has proved ineffective. This applies particularly

to locations with steamy atmospheres such as galleys and gangways.

Steel rudders are hollow structures in which ccrrosion mey allow water to
penetrate to the inside and cause more rapid damage than would appear
visually frem the outside, as well as causing a serious loss of
manceuvrability. This is prevented by the injection of polyurethane foam

into the cavity.

Stabilisers are also appropriately filled with polyurethane foam, mainly

in order to largely damp out vibratiom.
These applications are found in the "Cawberra" and in the "British Mariner®.

Polyurethane and polyatyrene fcams have been used extensively for the
insulation of refrigerated holds., The advantages of in-situ foaming are
obvious, but the cost is greater than that of the conventional glass wool. -

Nevertheless, shipbuilders favour the plastic foams because of their

tidyness and reliability., More recently rigid PW structural foam has
been introduced for thermal insulation under extreme low temperature
conditions where the material still ' retains excellent resilience and

mechanical properties; +thus, the tanker "Methane Progress" which was used

f
|
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to transport liguid methane from North Africa to the UK used a UPVC foam

d'ei\ii 1]
o h - . . .
of 2% 1b/b£~f§ff§; sheathinz under deck and for insulating the tarks at e

temperature of ~170°C.

Other examples of the widespread use of foams (notably rigid polyureihane
foam) zre found in the motor ship "Ioric" which has ebout 24 tons of foam
in it and the "Crianz" with over 50 tons of foam, 2 large proporticn cf
‘which is used for ccmposite lighﬁJyeight structures including bulkheads,
partitions and doors, but this applicaticn belcnzs perhaps to the category

"hotel applications". (see Seciisn 6.5)

Rudder =114 sternm tube bearings

Fabric laminates bonded with phemnolic resin has been widely used for this
purpose. It replaces the scarce and expensive ccnventicral lignum vitae,
an extremely dense but rare timber material now under preservaticn in the
Anzzon rain forests. The phenolic laminate has a high compression
strength, long wear and good dimensicnal stability and iis use has been

established since zbout 1950.

Ventilators
Cowl and mushroom type ventilators in GRP with UPVC trunking have been

approved by Lloyd's and the Ministry of Transport.

Navigaztional aids

Without going into detail on sophisticated instruments many of which
(notably Radar and Sonar equipment) contain plastics components one
should mention a variety cf components which invelve the use of acrylics
and polycarbonate such as spray and wind deflecters and optical equipment
especially of the kind used for lenses navigation lights, telegraph

/
covers and other signalling devices.




These are, of course, just small craft which have been discussed in great
detail earlier on. However, they are prcperly included esgain here

because they are essential items which every ship musi carry as part of

its equipment. The first recorded insiance cof the replacement of traditional
timber based lifeboats by GRP lifeboats was the installation of 20 lifebcats
on the "Criana" in 1958, Since then GRF has become stendard, the principal

adventage being the reduced cost cf maintenance and freedom from decay.

Lifeboaets for use on oil tankers are, however, designed altogether
differently. They are made from sieel ard are covered by a FF resin bonded
layer of asbeatos, so that they can safely convey the crew through a sea

of burning oil.

These boats must withstond a temperature of 1,000°C for 5 mirutes and
thereafter remain structurally intact. Protection against heat and fumes
is afforded by a closely fitting steel cancpy coated with the heat
absorbing resinated asbestes layer which is further lined with drapes of
asbestos cloth. Although the resin will burn off in the intense heat,
this itself will absorb energy ("lifesaving ablation", similar to the
concept used in space re-entry rocket nosecones). or else the resin will

contribute to the overall thermal protection as a carbonised layer.

6.5 "Hotel uses" and fittings for vasgencger liners .

The term "hotel uses" implies that the application of plastics in this
context is of a "building"” nature and that the ship 1is seen essentially as
a floating establishment catering for the accommcdation of passengexs '

under conditions of varying degrees of luxury.

The increasing tonnage of plastics used in ships is largely accounted for

under this heading and it is therefore appropriate to analyse these uses
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There are scme striki
the building industry and shipbuilders. The former has long been
characterised by an ultra-ccrservetive stance fto inncvation in the chcice
cf materials and metheds of construction;;.. although this ossified

attitude has now largely given wey to more enlighterned thinking it has

" »
been a hard siruggle to overcome the prejudice against new-fangled
ideas which were ens%}ned in often unnecessarily restrictive building
regulations and codes cf practice. XNaturally, safety (especialiy as
regards siructured soundness and fire hazaerds) must a2lways be a first
concern and this applies to shipbuilding no less than to duilding on land.
But shipbuilder;' attitudes have always tended to be sympatheiic to
inroveticn where this held oul the propects of weight saving, with the
consequent advanteges of higher payloads/lower fuel costs, higher speeds
and thus faster turncver rates, as well as technical advantages such as
naoncorrodability and scope for reduction in painting and other maintenance
costs. Moreover, the shipbuilder tends to work cn commié%on to the
specifications of the eventual owner who is very conscious of maintenance
cost, while the builder of houses (especially the estate developer who
caters for the speculative market) is more concerned with cutting first

costs than with m-.inienance costs which will not involve him cnce the

house has been gold.

Some typical examples of this are given below:~

Decorative laminates

Two most impressive examples here are (i) the fitting out of the 8,000 ton
cargo liner "Centau=" in which come 100,000 sq ft of decorative melamine

laminate has been used for the bulkhead surfaces and cabin walls, ceilings

and shower compartments’as well as for furniture and (ii) 130,000 sq ft of




the same rwaterizl in the TUnicn Castle vessel "Reina del Mar™",

Foam sarndwich structuxes

These have already been discussed in section 6.4 where thermal insulation
+0 .
is involved, but here this is extended further, partitions and dcors where

A

the main aim is weizht savirg whilst maintaining high regidily.

Sexvices

Water and waste-water piping and electrical conduit and insulation have
been accepted in building, but even more widely so in shizs, including,

in some casas,for hot water pipes. The same is true for sanitary fittirgs
such as baths, sinks, washbasins ard toilet fittings,including lavatory
gseats and bowls, as well as for cisterns esnd tanks and a wide variety of

devices for lighting and illumination,

The ICI publication "Plastics Today" No. 34 (February 1970) reviews the

use of plastics in the Cumard liner "Queen Elizabeth 2", a ship designed
to perform a 5-~day Atlantic schedule and to be capable of - passing
through the Panama Canal whilst offering resort facilities of the highest
class for cruises to most of the world's major perts. is made it
essential to reduce weight and save space whenever pessible., The most
widely used plastics are PVC and GRP, dbut acrylics, nylon, polyolefines
and fluoropolymers are encountered in many places and virtually every
ccommon plastic is found somewhere in the ship. Specially designed

components include acrylic rooflights, decorative screens, sta.rway

balustrades in GRP (capped with PVC) deckhead louvres, coverings (including

carpeting), furniture and upholstery materials and PVC stern shaft seals,

To convey an idea of the scale of these applicaticns the following figures

[ ¥

may be pondered over:-

Vinyl flooring 5,0C0 sq yd

Chairs upholstered with vinyl cloth 10,000
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weaker and therefore much more easily daaaged. Moreover the latter tend

T

Wiring clips {¥ylon and PVT) 500,000

Restaurant chairs upholstered with
vinyl cloth and gliding on pads
which incorporate fluorine

polymers 1,300
Acrylic beths 200
stendard acrylic cebin lighting
fittings 1,300 )
Injection moulded chairs
(polyprepyléne) 300
PVC electriczl conduit 61 miles
PW skirting extrusions 30 miles

Acrylic lighting diffusers
(extrusions) 1 mile

Pishine and ancling eguipment. lobster pots, fishermen's apparel, wet \S
suits and divinz gear.

With the advent of man-made fibres and monofilament it was obvious that

rope, netting and cordage for fisheries purposes would be made from these

materials in preference to the traditional natural fibres which are

to Yot and are much more difficult to maintair in serviceable condition.

Angline equinment encompasses a large variety of items. The most obvious

are angling rods which are mede from polyester or epoxy resins by

filament winding of glass or carbon {ibre reinforcement., Although this

is not a large tonnage market it is a highly lucrative one, since angling
is an enormously popular pastime on which the enthusiast is prepared to
spend a great deal of money in search of the rod best suited to his
particular individual requirements, The same is ftrue of fiching reels
where sirength and corrcsion resistance are the key properties required.
Glass f£illed nylon is therefore chcsen for mouldi~g the spool, end plates

and components of the centrifugally operated governors (K P Morritt, 1td).




The rsel only requires a minimum of Iubrication. The excepr icnally high
. ; 3 : " 3'h : ; . .
strengtq/welght ratioc gives a very sirong reel Wil guick and low-inexti=z
starting ard fa2st free running. The hard durable gicss finish cf tkre
nylen is particularly importani for the end plates because it ensures thad
nr,

there is no risk of their chipping cr cracking. The line itself is

almest invariably nylon moncfilament.

Aucillary equipment for anglers include catch-storing nets for fish and all
marner of artifical fly for which verious plastics of diverse colours and

moulded shapes are aveilable,

Turning to fish farming rather than fish huntirz an interesting develcpment
is worth mentioning which wes first reported in VDI Nachrichten cf
March 9, 1979:
On an area of 320 m2 36 bath-shaped containers have been erectad
which hang on a2 ste2l framework in three tiers. The containers
ar: woven polyester(boated witﬂ plasticised PVQ)which are welded
together as flexible hanging tanks by high frequency welding.
The total v&mne of water is 140-150 m3 and acccmmcdates more
than half a million high grade fish, mostly trout., The operaticn
obviously involves careful control of feeding, oxygernation and
veterinary hygiens, as well as sophisticated breeding techniques,
The top tier holds the young fish (4-8 cm), the centre one

intermediate sizes (8-15 cm) and the bottom one the marketable

product (up to 30,000 fish with a total of about 7,000 kg).

The advantages of this method of fish farming are: cheapness
and simplicity of the basie layout, the absence of sharp covers
and edges which could damage the fish ard the smooth surface
which discourages the lodgment of dirt, bacteria and parasites,
The fabric is 0.7 um thick and has a weight of 700 g/hz. It is

exposed to a maximum long term tensile stress of 3 kN/E cm.,




There is no reascn why this technigue shculd nst be extsnded to

cther fish including sali water especies,

Lobstexr traps

While basic economics may be the prime mover in & switch frem conventional
raterials to plastics, the changeover c¢ften also lead to a ccmplete
redesign o. the original product with the result thet performance
improvements ar: zchieved while costs are lowsred, The new high density
polyethylene lobsier trap introduceé in Canada ia 1964 is a siriking

case in point. It has an expected sexvice life of 8-10 years compared to

the 3 years for conventionzl trzps and a number cof importarnt design

advantages besides.

The trap is dome shaped, with a2 vertical entry for the lobster. This
gives enhenced bottom stability and allows lobsters to enter from any
direction. The entry is clcsest to the bait and is made of thin fingers
of FE which are resilient and yield to the lcbster attempting to enter,
but spring back into place and close off the entry. The opening czn
spread to 9 inches and can therefore trap much larger lcbsters than the
conventional traps which have 4 inch diameter entry hoops. A4 small exit

port on one side allows undersize lobaters to escape.

The new trap incorporates a guick-release bait container which can hold
whole or mashed bait. This allows fishermsn to use cheap fish trimmings
and other low cost bait and represents e large saving. It also preventis

ground feeding fish from pcaching the bait,

The igloosshaped <iraps come in four seciions. The base (which has a mild
steel ring which snzps into ig, has a tow eye welded on and is coated with
epoxy resin to prevent rusting ; the bait box which snaps inio the centre
of the base; the dome-shaped body which twists onto the base and is held by

mating lugs; and a top section with the entry port which is hinged to the




bedy and cleses witk two latches.

Each port nests ssparately when transported and the irzp can be baited
and assembled in seconds. This enables many mcre trsps 0 be carried in
a standard lobster boat than before and 300 to 350 "igloocs™ can be hauled

ard positioned in orne trip.

The "igloo" weighs 25 1bs, ccmpared to up to 100 1b for the conventicnal
trap. The dcme shape and ballast arrangement eas well as the slight
bucyancy of the polymer ensure that the traps setile on th2 sez bed in an

upright positicn.

More than 40 million 1lbs of lcbster are landed in an averzge sezson, so
that this is a most important factor in the econoxmy cf ithe Zastern

Seaboard of North America.

There are scme 4 million lobster traps set there, 2.4 millicr of them in
Canadian waters, The traps have been developed and are marketed by

Markland Works Litd of Amherst, Nova Scotia.

Pishermen's apparel

The traditiomal oil cloth gear has now been entirely superseded by capes,
trousers and hats and gloves made from PW which is heavily plasticised
with suitable plasticisers so as to ensure long term low temperature
flexibility under arctic conditions, The external weather protection is
supplemented by electrically heated undergarments which may contain a
proportion of man-made (eg, - 2crylic) fibre in e woollen mixture. Suitably
designed rubber boots, Wellingtons or waders complete the outfit of outer

garments,

Wet suits
Wet suits are generally made in one piece of skin-fitting rubber with

waterproof zips., They are fairly thick and very effective in preventing
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wdue losses in body heat. These are cupplemented by integral gleves
and paddling fins, Special helmets wiih acrylic visors also incorporate

2 nuzter of plastics and rubber components, especizlly for scuba diving

attachoents.

Divirng Gear

For just-below-ithe-surface underwaier swimming ncthing more is required
than a rubber-gasketed well fitting and therefore reasonably waterproof
acrylic sight piece, rudbber fins and a snorkel. Snorkels are primitive
breathing éevices snzbling the swimmer to draw air without surfacing.

They ars cozmonly made from polyolefines or PYC.

For scuba diving at moderate depths the diver nesds a wet suit (see above)
erd & supply of air contained in cylinders carried on his back. The
eylinders - usually two in number - zre carried in a harness with cylinder
straps cade of acetal ccpolymer. The bucklse on the woven nylon harmess
are elsc moulded from acetal copolymer. The cylinders are equipped with
non-return valves and regzulatsrs, and hand wheels moulded from acetal
ccpolymer (Submarine Products Ltd). The flexible hose znd gaskets

linking the a2ir supply to the helmet is btased on specizl high quality

rubber reinforced by metal wire,

At greater depths special pressure-resistant suits and helmets are
required. Deep sea diving eguipment incorporates a number of plastics

and rubtber components, but the consideration of this lies beyond the

ambit of this review.

Buoyancy and lifesavins esuivment

Lifeboats have already been discussed under sect’on 6.4, It is, howev.r,
appropriate to draw attention to a capsule specially designed for

launching from a considerable height from an offshcre oil rig in an




emergency. Tais is the Brucker Survival ca sul. ¢ lenticular shape

v Py

which is namsd after its inventor, an American zeronaatical engineer (1553).

The capsule is of 14 ft diameter, accommcdaies 28 people in comafori and

53 in an emergency. It is made in fire—rgsistant GRP inpregnated with a
radar-reflective material and has a cenitrzal steel cclumn for added

strength. A sprinkler system wets the cutside when oil slick fires are -
encountered’while the air inside is purified and recirculated. A patented
stabiliser and a free-floating ballast system give it 2 self-righting

ability which makes it unsinkeble, The hull will witgvgtand an

explosive force of 10 tons at 35 ft. The capsule incorzporates a self-

heating system, radio telephcne, toilei and focd for 28-pecple for

5 days. t can be launched from 65 ft in less than 60 seceonds with all

the occupants on board, but it is designed to be launched frem heights of [

up to 150 ft.

The capsule is entered through two large watertight doors which are closed
by a lever control. Passengers fasten themselves by safety seat belts

for the launch which can be controlled 2t a rate of from 1 to 10 f£t/sec.
The launching mechanism is controlled from inside and no external power

or deck assistance is required.

Once in the water the craft'a own inboard engine takes over. Less
sophisticated (and therefore cheapsr) versions are available for cargo and

fishing boats and tankers.

At the other end of the scale there are, of couxrse, lifebelis, inflatable
jackets and similar devices which traditionally used cork (if not air) . :
as the buoyancy material. Cork has now been replaced by polystyxene

closed cell foam.

Other buoyancy uses of plastics include anchored marker buoys for the




charting of shipping lanes, rogaita routes and harbour and coastal waters,

These range from simple celmived hollow rigid plasiic spheres, anchored

to the boitom, to mere sophisticated floating structures emitiing ligh

cl

or raldio signals.

Finally, there is the "rocker sicpper", & device consisting of three
cymbal-shaped plastic plates cn a rope with a suitable weight at the end

which acts as 2 drogue and can stabilise boats up to 26 feet.

Suvmmary

———

The mzrine use of plastics covers a spectrum the width cf which is
wand howschold aku.rq,gle:,_.J

paralleled in no otker field of application except buildingy™ It involves

locomoticn, iranspori, hunting and farming of fish(e.nd other foods> in
freshwater and salt water, it ernhances the scope for sperting and
recreationzl activities ard makes possible the design of all the many-

faceted devices and structures that serve these ends.

' . . : . .
The writer is convinced that man's conquest of the seas, though still far
from complete, would not have been zccomplished to the extent that it has

been in the abéence of plastics and the associated cechnologies. If the

reader is similarly persuaded this essay will have fulfilled its purpose.




Plastics in Eousehold Durables

Most of ihe greatly diverze collection of gadgetz vhich are commonly incliuded
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under this hezding are the characteris

them have any traditional funciionzl parallels

oy

consumar communities. Few o
other than primitive teools inefficiently powered by human lzbour. Nost of
them fulfil purposes the desiratility or the need of which had not occurred
to people even a few decades ago and which in earlier ages would have bzen
regarded with the uitmost suspicion as the supernatural designs of wi
inspired and abetted by the devil, that "mvil Promotler of Idlenesse wnich is
the Czuse of all Corruption of Man's Tumorial Soul".* (In some cases people
hold to this day - and with somz justification - that certain items which we

forbear to specify here should be so regarded!).

Household durablez include zppliances which take the drudgery out of house-

p;

work and have replace
were once neeéed to provide for the ease, comfort, leisure and luxury of the
fortunate few who could afford to employ them. The unprecedented spread of

-

affluence in the 20th century greatly reduced the availability of cheap
domestic labour. It was brought zbout by the combination and mutually
catalytic effects of progress in materizals science, sophitic-ted design
engineering and associated processing technologies, with the result that
investnent on relizble gedgets was brought within the affordable range of
millions who were quick to recognise the advantages of time-saving efficiency,

modest running expenses and low maintenance even in the face of the escalating

energy costs of recent years,

* Adaption of a quotation from z 19th century inscription cn the gateway arch
of a school building in Hertfordshire.

the batzillons of domestic servants of bygone days which

-




The vest mejority of househs:d duratles are electrically powered. Scme of

them are mechanical gadg.:: for cleaning, food prepsraticn, gurdenirz or
craftsmant's tools. CQthers sezve for keating, ventilation cr refrigeraticn

purpcses, while yet otrher iypes of predéucis have visual and audial enteriain-
ent functions. 4 few, no*z2bly some simple kitchen accesseries, Mlfil 2

traditional function by traditicnal meaxs, tut with design izprovements made

possitle bty the advent of plastics. Whatever the catezory to which an individusl

assigned, the suitebility of the material of construction will
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deperd on a favourable combination of mechanical, electrical, thermzl and
aesthetic properties for mass production, over a reascnably predicta
guaranteed service life, together with a suitzbility for maintaining close

tolerances in mass preduction and a cost which is acceptable when set agzinst
perforrance expectations. The advent of plasiics and the ready svallabvility

of aluminium, ssainless steel and speciality glesses have led to the

elimination of severe design limitations imposed by scoe traditional materials

~

such a3z wood, the heat and mecharnical susceptibility of old-fashioned iypes
of glass and the obvious disadvantages {weight ard cerrosion problenms,
chipping;etc) as3scciated with cast iron and glazed ensmel ware. It is true

to say that without components (if not zlways entire godgets) made in plastics

particular items could rot be made at all.

We propose to subdivide the field of household durables in the following

manner:

T.1 Simple accessoriea

T7.1.1 Pans and brushes
7.1.2 Buckets and washing up bowls
7.1.3 Basins, mixing bowls, colanders and ccntainers

7.1.4 Small moulded articles (sink tidies, funnels, strainers, sieves, egg slicers,
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1.4

1.6

7.7
7.7.1
7.7.2
7.7.3
7.7.4
T.7.5

Eand powersd carpet sweepers

Coated pans

Klectirically creratad cleaning eocuipnent

Vacuum cleaners, czrpet shampoo machines and floor polishers

Wasning machines and spin driers

Sewing Machines

Electric irons

Viater sofiteners

Refrizerators and freezers

Fans and ventilators

Electrically overated food processinz ecuipment

Electric mixers, mincers, homogenisers, grinders and juice mzksrs

Tea and coffee makers

Slicers and carving knives

Cadeats far narsanal hyoiena and oeomford

Shavers (cutthrozt, safety ~ and clectric)

Eair care equipment (combs, curlers, hair driers)
Toothbrushes (hand or electrically operated)
Massage equipment

Electric blankets




t.3
7.8.1
7.8.2
7.8.3

7.8.4

7.9

7.10
7.30.1
T.10.2
7.10.3
7.10.4
7.10.%
7.10.6
7.10.7
7.10.8
7.10.9
7.10.10

7.10.11

7-11
T.11.1
7011.2

Te11.3

Avdin 2nd vigazl eauismont for entertiirnment wurncsSas

Wireless
Television and television games
Sound production eguipment

Cemeras, slide znd film projectors

Telephone eauinnent

Gardening equinment ard 1oo0ls

Lawn mowers, cultivators, hedge and edge trimmers

Rolling and epiking eguipmen

Compost makers and storzge bins

Garden hose

Garden pocl accessories (fountains, waterfall)
Moulded ornaments

Trellis and fencing

Wheelbarrows

Hand tools

Craftsman's tcols such as power drills

Miscellaneous items

Typewriters
Watchea and clocks

Instruments (thermometers and barometers, hygrcmeters and anemometers)

It will be noted that furniture is excluded from this list which is already
much too long to make it possible to deal with each item in detail within the

bounds of an essay. In oxder to do justice to wireless, TV sound reproduciion




v\

end videos equiprent, for example, would arzuably require a morograph in its

own right.

We will ther=fore depari from the technigue that has characterised the

[

approach used in previous essays and desist from goirg throvgh this formidable
list on an ites-by-itex basisThis is also hoped fo spare the reacer the boredom
that might arise a2s a result of repeatedly emesrging features common to many
applicaticns., The proposed treaiment will, instead'be brief and involws 2
general discussion of plastics in the field, followed by case histories which have
been selected with a view to focus attention on particularly interesting

design problems fron which useful lessons mzy be learmed,

Piastics Materials for Household Durables

A museun of houschold durables of the 20th Century (if such existed) would
nirror the stage-by-stege progress of plastics developments over the same
period. One would recognise:-

i the era of first~generation plastics such as PF, UF and cellulosics;

ii  the discovery of condensation polymers, notably of the polyesters and
the alirhatic polyamides as well as of melamine resins

iii  the phensmenzl emergence of the vinyl type polymers such as poly-
styrene, polyethylene, PVC, acrylics and their copolymers;

iv  the preoccupation with the production of speciality grades including
polyurethanes, expanded plastics, silicone resins, ABS stereospecific
polynlefines, fluorocarbons and epoxy resins;

v  the evolution of sophisticated engineering plestics such as glass-and

carbon-fibre-reinforced plastics; polyimides and polyaramides; and
moulding-grade aroratic polyesters.

Using this materials~timescale despite the absence of clear chronologically

based dividing lines and the presence of obvious overlaps one would note,

under each numerical heading respectively:




1 the relatively few new gadgels that appeawed early on, with plastics
showing up mainly as phenolic mouldings for kncbs, temperaiurs
resistent hardles (saucepans, ivons) and as mouldings ¢f phenolis
resin-imprezrated paper fitre backs (-ad later the front housings)
of radio receivers, cellulose laquer finishes and various la“‘"ly
rovelty~type and trivial mouldings made from cellulose zcetate

the appearance of hard-wearing decorative suriaces;

FJ-
[

the emergence of large moulded items such as refrigerator lin
(usaally tber"oformcd frca cheet) from PS, ABS or PVC; acryL;
stoved finishes, melamine worktops on froni-lecading washing rac
and dishwashers, rodio aznd TV hcusings reactionemouldéed in PU ox
injection moulded in PP;

'..J-
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iv  the appearance of food processors, tea and coffee making machines with
clear ligquid holders made Ifrom ¥S, polycarbonate or acrylics;

v the introduction of high-strength, high-modulus, high-temperaztuze
resistant, electrically S“luable and highly reliable ag well as
reproducible moulded products to serve as compcnents fulfillirg
particular special requirements in machines. Such parts might ba:-
hougings, thermal and electrical insulation materials, impellers,
gear wheels, supports for electronic circuitry, low friciticn non-~
stick and "self-lubricating” items.

Selected items of gadgets and case histories

Simple kitchen utensils such as buckets, washing-up bowls and sink tidies

were first moulded from LDPE. Nowadays PP has ccmpletely surerseded FX
because of its hetlter gloss retention, surface hardness and scratch resistance.
- 4 fully integrazted range of cleaning, food preparation, tableware and other
kitchen items is marketed by various stores under a variety of traderarks.
These include virtually all the items listed under 7.1 except coated pang

and baking trays which feature non-stick PTFE on an aluminiun tase.

Cagings and h-=ing

e

The most widely used material here is ABS because of its good impact resigtance,
high softening point and good surface finish., Thermosets are confined to

Trezlly high temperature applications., Specifically electrical applications

ineluding motor covers.




Morphy Ricl s "Vaniiy" baixiryer has an ABS shell. Vecuum cleaners (both
cf th2 barzcl end upright varieiy) make extensive use of 435 fur ile base

casing and the part comtaining ihe dust-bag., ABS, incidenta2lly, is also used

he

[

tsachments, while nylon is used for the cooling fans end

[+

for the brush

internal brush bodies.

The carrying case and base, with detachable extension table is injection
moulded for Singer gewing machines in high impact PS. Most housings of hand-
held or stand-mounted powar operated mixexrs, food processors, tea and coffee
brewing machines, power machire tool motors for hobby or zarden use are alsoe
injection moulded in ABS, poliycarbonate oxr acetzl. One of the first of
those wzs the Kenwood mini-mixer which containe 14 injection moulded componan
The dust-pan of hand-operated carpet swsepers is also made from ABS vhile the
body is of medium~impact PS5 dairdryers and eleciric shaverz have AB3 or
polycarbonzte hovsings but additionally feature other plastics components
The hcousing of the "Weymaster" kitchen scale, as well as the pan and pinion

2

assembly is moulded in acetal copolymer while the demestic hand-operated

"Spong" mincer has a hopper and barrel moulded in unchippable nyleon.

The drier of the Hotpoint washing machine consistg of a container of PP

which is welded to the top cover of the same material.

Impellers

The Kenwood A1212 dishwacher has an impeller which must operate satisfactorily

2t 100°C and be unaffected by detergents. It is therefore noulded from acetal

copolymer which satisfactorily mezts the specified performance rcquirements.

L washine machine with an injection moulded structural-foam-coupled slass-

L.

reinforced PP drum had been shown in prototype by Philips at the IDEA

Sc
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exhibition in Birmingham in 1979. The tant weighks 6.3 =5 and is though
to be the biggest single-shot meculding in this material. It replaces siecl
and has a purmber of advantages: It runs more guietly, has good themal
insvlation, is lealkproof, ron-corrsdable, resistant to toiling water and

detergenta, has the required sirength characteristice and is cheaper than

a vitreous~crnamelled drum.

Meds for professional heirdrvers on stards have beasn made in a number of

plastics and the various designs were discussed in Modsxm Plasiics o

£
December 1964:

i cellulose acetatq/@ropionate noods give a clear unobsiructed view
of the surroundings, The inner deme has drilled-in vent holea for

heat diesipation; h
ii  ABS hoods can be given a textured surface for pleasing effects and |
has a telescopic air stack which fits into the hood when the unit

is carried about., The motor-hcusing is in AES;

iii  Polystyrerne hoods, stack and bese are injeciion mculded, vent
holes are drilled in. The stack snzp-fits into the hood, telescopes
and folds in for carrying;

iv  PE hcode are blow mculded into a2 concertina configuration and can

be compressed for packing. A pleated spirzl serves to circulate
the ail‘.

The Hairdryer "Superb" made by Salon (Nelson) Lid., features nine different

plastics, according to "Plastics Today" (ICI Fublication)?

The rear and visor hoods are made from acrylic sheet. ™his was chosen for
rigidity and strength, good aesthetice and resiatance to chemicals used in
hairdressing operations. The baffles which fit into the vigor hood are

injectiog_moulded in acrylic.

Six components are made from FP:

The visor hinge arms
The swivel access panel




The hood ixing knob
The thermcstat conire
The therxostat sten connector

Tha (""109"’11'_‘-‘\ hood locating cellar.

5

e reasons for this choice of material is the recuired shock and hezt
resistance. The thermoseis used earlier on tended to breask after a while.
HMoreover, the dimansional accuracy (especially for the hcod=locating collax)
are imporiant in relation to the marking~ on the time znd heat cycle conirol

kncbs and this is very readily achievaed with TP.

Nylon 66 is used for four components:
The terminal block and the suppressor clip in tha electrical
circuit

The hinge mechanisn in the visor hood
The c¢lips to hold the baffles within that hood

PF is used for the fan impeller and the moitor deck because of the required
combination of strength, heat resistance and rigidity. Colour is not
important because the components are not seen. In the extermal thermosetiing
cemponents, however, colour obviously does majiier and the heat control kncdb
and boss handle are therefore moulded in UF which enables one to achieve
vwhites and pastel shades as well as strong or dark colours. Both components
contain metal inserts which grip tightly on shafis and these are in turn
tightly gripped in the moulding so that a thermosset is preferable to 2 thermo-

plastic., The heal control knob should alsgo be rezdily lacquerable to cover

the coloured scale markings and this is poscible with the thermosets.

PVC is used for the injectior moulded cable slecves which are standard in haixr-

dryers. It is also used for covering the gmall caps for the fixing screvs

which therefore need not be plated.

PE is used for an oil filler cap with a captive closure and CAB (with metallic

decoration) is used for trimming the rear hood.




rie story of the "Superd" haixdryer is most instructive.

Gear wheels and counlings

Thegse are made in PP (or occasion2lly in PE) when chemical resistance is

needed, wnile nylon zrd acetal are used when the mechanical requirements zve

high (tut still low ensush not to demand the use of ne tals).

Watches Acetal resin has been used to produce the outer casing for a range
of watches made in France. They are injection moulded, They are claimed ic
be not subject to stress cracking, are szid To be scratch resistant an

deformable,

An even more interesting range of comporents zmculded in acetal copolymer are
the minute wheel, escape wheel and ancher, hairspring holders, bearing and
moverent rings of some Tissot watches. These parts are of pinhead-size oxrder
of magnitude and are injection noulded to closge tolerances without requiring
subsequent finishing operaticns. Although not many tons of polyzer go into
this application, it is an interesting one because it illusirazes the hignh
precision which can be achieved when moulding polyacetal and because producticn

is simpler and cheaper than with metal parts. Morecver, the polymer ccmponentes

require neither lubrication nor are they subject to unduz wear or corrssicn.

Furthermore, they are antimagnetic,

Telervhones

Telephones nowadays come in a variety of shapes and sizes, Their casings,
hand and earpieces had been compression mould in PF or UF for many years,

put acrylic moulding materizl, ABS and acetal resins have superseded the
thermosets, Acetal is also used in coin-operated kiosk telephones, including

73 items such as: fastening screws, handle, coin insertion plate, coin lead-in,




coin ckegker, coin fumne2l, visible coin storez:, coin switch, coin cee-szw

bridge, castinz tube, refund ube,

checkexr plates, snap leck, relay tlock eni itc snep lock, Lattery and iis

terminals, impulse unii, credit counter, call b=ll, insert block, distributex
bar, hoox swiich-over contact, totaliser counter, cach box fraze, push-butson

v

deblocking for the hook and spring clazps for micre-telephone czhle,
The telephcnes have been instzlled by the Swiss Pest 0FFice in 1566.

Typawriters

ettt et ot it

Y S

For its Linsa 88 Typewriiter {Oliveiii chose AES as the meterial from which
the bodywork is mculded. It is tough, impact resistant ani absorbs shocksz =nd
vibrations, has excellent dimensional stability and a2 hand glossy gurface. It
resists typewriter fluias, typists' ccsmetics and scuffirg. llarke disappear
with lightv polishing and the colcur possibilities arse unlimited, The typinz
letter surfaces are likewise suitably moulded in AES or polyczrbonzie zmd in
Mzolipall" nodels the golfball is nowadeys moulded in an engineering thermo-
plastic vhich may be a moulding grade pclyestar. Pcrizble typewriters zluzes

invariably have carrying cases and/or covers cf PP, acetal or polycarbonzie.

Summary

The enomnous diversityof household duravles makes it d@ifficult to pregent

a detailed cover of thz wide range of products which come under this heading.

L List of classified items is therefore given and the subsequent itreatment is
confined to a discussion of materials and examples illusirating why the »ies

of plastics and their associz*:d technology have given us the zeans of enjoying
conforts in the home which earlier generations could not have envicaged ac

being within the need of the most wealthy, let along the general public.
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Introduction

Advences in n“dlclne ~ wiiich for the purposzs cf this esszy is deemed o

include surgery, dentistry, vrosthetics and 211 genexal aspects of health
> v ¥ X

care as well as extending into the vsterinary field - depend on the

9}
i)
[

nuiually catalytic effects of ths develcpment of suitable material
the emergence of a technology capable of exploiting those materials, In
that respect edvances in medicine do not differ from advances in any

cther field of application., There are, however, two othsr factors present
here. One factor which contributed decisively to the efficiency of beth
diagnosis and treatment is the introducticn of electronic devices,
espacially for monitering purposes tefore, during and after surgery.

Electironic dsvices are a distinctive feature of the present age and zre zs

n telecormmunicaticns and the

e

indispensible in mcdern medicire as they are
instrumeniaticn of automated mzmufacturing processes. The second factor
is unique to medicine: it is the tremendous growth in the understanding

Y,

of the mechanics c¢f natural processes which has come about in what ars

globally referred to as the "1life sciences™ and which include such specialise

subjects as pharmaceutics and biochemistry, biophysice, embryology and
genstics, oncolesy and the study of growth and ageing processes, physiolegy
bacteriolozy, parasitology, viroclogy and immunology, as well as the
anztomy and etiology of morbid ccnditions. The study of these in term

demands sophisticated equipment and techniques which involve the use of

speciel materials.

Medicins presents a field of application where polymers are important
nmzterials and where good business opportunities for both material
suppliers and converters exist despite the fact that tonnages are not

large. Moreover, the market is virtually unaffected by the state of the

.

v
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The most spsctacular devalopments in medicine include the emerzence of the

heart/lung machine which enzbled surgeons to bypess the vilal crgans while

open-chest surgery is undertakesn, machines capable of detexifying the
blacd of a patient with failing kidney funciilcon, laser bean technigues in
Loc kY g ) g

microsurgery, organ irplan
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eye surgery, fibr

and precstheses. In 2ll these plastics ard rubbers have played a liferzlly vi

part.

The history of polymsr applicationsz in medicine goes back to Roman iimes
when straws wers used for tracheczicomy purpcses. Later a rubberised

teat was uced for this purpose. Thes Aztecs were kncwn to make btulbs and
gprings of rubber for the purpose of intrcducing fluids infto the bady.
when cellulose nitrate was mede b¥ Schonbein the uss of its ether/alechol
solution as a wound dressing ("colledich") scon follcwed, while James Syms

.

used a solvent naphtha solution of natural rubber for ccating cetton

for improved surgical sutures., Guttapercha was used for splints, rubber
for blood tubing, stcmach tubes and catheters a2z well zs for cushioning
artificial limbs, while ebonite was used fer dentures and trachecsicmy
tubes, It is hard to credit that these primitive beginnings which
neverthelsss represented a takeoff point for modern medicine tock place
a mere century ago, éfter antiseptic surgery wz3 established by Listex

nd after aseptic conditions were demanded by Macewen in Glasgow and by

Semmelwels in Vienna.

After naturzl rubber because commercially available, and especially after
the discovery of the vulcanisation process by Goodyear, rubber tubing was
beginnirg to be produced on a large scale and mome of this tubing found

applications for the draining of wournds, for administering anaesthetics

and for the emptying of body cavities such as the stomach or the bladder.

e




Hewever, ii socn basane obvicus that nztural rabber (MR) suffersd from a

numher of scrious lizmitaticrs such as:-

. is further reduced due t5 the restricticns of ztitzchment;
ii he limited storage life of NR which deteriorates rzpidly espscially

in 2 warn envirorment. Its usef1l life is further diminished when

it is subjected to repeated cycles of stcan sterilisation whan it
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becomes siicky and perishe ighly dengerous (as in
the casze of endotracheal tibes for the administration of
anaestheiics) or merely ithoroughly unplessant (as in the cass of =z

stomach tube which has to be swallowed);

iii Vulcanised rubber is an irritant to tissue. It cannot therefore
be left in place for any appreciable length of time. This implies

intermittent use which may be clinically undersirable and which

inereases the chance of infection. Permanent implants of NR are

obviously impossible.

The following are the principal requirements which must be met by any
raterial before its use in surgery can be contemplated:-
i Tt must be steriliseble by one of the standard methods such zsz:
stean autoclaving at 115° to 134°C for 30 4o 3 minutes;
Exposure to dry heat in an oven at 160° - 180°C for €0 %o 20
minutes; |

Exposure to gamma ray and electron beam radiation for 2 minizmun

dose of 2.5 Megarads;
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Expce tve 2 eunylene oxicde 25,

Tmrsrsicn ia switable antisepiic solu

erizl mmst be non-toxic and must not contain any toxic
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extracizbles. Cenerzlly the foodsiuffs packaging ccde spplies busl
in scme countries (US4, Gertary) the compound must not contalin any

other thzn specifically approved znd listed inzredients.

Yeither must the material be p"“cgsnié. Pyrogenici
of causing 2 significant increase in the blocd temperaiure Iollowin
implantaiion, despite the absence of any identifiable exiractzbles.
Mis iz important especially in trznsfusion s=ts ard standard Tests
consist of obgserving whether a maximunm permitied increase in the

solution of the

[ N
o]
w
5]

rectal temperature is exceeded aftier a ca

extraction-treated material is intravenously injected into rabbits;

iii When introduced into tissue the materiazl musi not cause any lccal
irritation. Tests normally involve inplantation of the material
into the muscle tissue of a laborztory animal zand observation of

the effect cver scme months;

iv The material shculd be suitable for mcdern preoduction techniques

such as extruszion or injection moulding;

v The product zhould have a good surface finish and appropriate
mechanical properties/especially a suitable balance of rigidity,
flexibility and elzsticity. It is also useful if the materizl

is capable of being welded or cemented into complex assemblies.

In the light of these requirements it is comnvenient to deviate from the
method of classification of uses employed in other fieids and to examins

the way in which specified polymer types have been used to perform

particular tasks in ihe field of medicine.
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PS5, GIP, epoxy resins, EVA, acstal, PU, thermcnlay

mzterials znd silicone elastoma2xs have found specialised applications,
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imposes a lcad of up to 25 x the bedy weight on the knee joint. IDven top

guality steel can fracture undzr these condi

g.1 PVC

ite the fact that it is generally
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employed in & plasiiciszd conditicn and that the number of permitted

cisers and stebilisers is cevercly limited, fcr toxicological

[EY

plast
reasons, to, for example, acetyl tributyl citrate on the one hand, and zine
and caleium compounds on the othsr., This makes it difficult to cbtain a
good balence cf haxrdness, reszilience and tensile properties and medical

grade plasticised PVC compouni is nct employed for any other mouldirg

purpeses,

Typical structures made in placticised PVC are:

Ansesthetie airways and tracheosicmy tubes for patients who require an

artificial channel during an operaeticn cor as a »esult of a breathing defect,

An airway (vhich is linked o a face mask) can be boiled batween uses and
reused often without becoming sticky or perishing, a2lthough it will

gradually lose plasticiser and become insufficiently flexible.

Tracheostomy tubes mazy stzy in the windpipe for years, a necessary

——




The endotracheal tubes for the administration of anazstihisvice were
originally made from XR, but are now exclusivsly zzde from PVC., Thege
tubes are curved and often slightly tajpering, with hevelled ends to

facilitate inserticn., The cuter end is attached to the machine via an
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adzptor. Small- x

these remove ..y .scunulating liguids.

Other tuhirg: The greatest use of PYC is in itubing for catheters,
stomach pumrs and canaulas. A tube is cften stitched into a wound fer
drainag~ purposes and left in place until healing is well under way. It
is interesting tc note that PVC iubing cof BES sofiness 60 or more can

be sterilised at 13000 without cde te_lor*t’on previded that pechanical

stresses are avcided.

Many designs exist f~r urethral catheters for emptying the blzdder, They
differ in length, the shape of the fip and ithe position of the drainzge
holes. As distinct from rubber catheters they can be left in place forx
months which is invaluzble especially for paralysed patienis, The tube
should be long enough to be coiled several times (5 ft) which ensures
that bacteria do not enter; it is directly linked to a collecting bottle

and causes hardly any inconvenience to an smbulatory pztient other than

taving to cazrzry the bottle arourd with hinm.

PVC tubing is uged for joinirs onte hmrdsivmvice gsyringes, for snuetion
machines and transfuszion sets. Some of this special *ubing is made by

the casting of plastisol2 vather than by extrusi-n. Stcicach tubes have

]
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one end closed end smoothly rounded, with 2 to & lateral holes fox

suction or aspiration. The end carries a metal marler so that the tip

wall thiclmesses than used to be customary in rubdber tubing.

Special~purpose feeding tubes include indwelling tubes for infants which

w

(&}

mey siay in place for weeks and months, as well as muliiple tubes for use,
eg, after partial gastrectomy; en ordinary storach tube keeps the gastiric
rexnant empty while 2 longer cne reaches into the intestine =o that f

can be passed throuzh without coming into contact with the operation area.
~

Cannulee. These are tubes.carrying blood - eg, to and from hear/lung and
kidney machines., They have to be =tough, kink registant and have a smooth
internmal firnish to prevent damaze tc the blood corpuscles. They should
also be transparent (or at least translucent) and azre fitted with filters

of woven ny.on fabric to remove any clotz that mignht form during sterage.

PVC film has been used for sterile preparation of skin prior 1o a mirnor
operation., The film is attached by means of a sterilising adhesive dispenszd
from an aerosol container. The sw zeon mzkes the incision throush the
film. The adjacent skin is completely 2ad permanently isolated from the
area of operation, tatty fringes of skin are avoided at the periphery

-

and the wound is finally stitched up throuzh the film which is not

removed until the stitches are dus te come out,

4 controlled envircnment bag from flexible PVC sheet for postoperative

wound treatment has been developed. It involves enclogsing the traumatised

part in a transparent beg in w.ich aseptic condi*ions are maintained and the




PTC in artificzl restoration of the face., PVC Is an excellent material

tion of natural tissue,
gyptiars while the
Chinesa us2d wax fox restorations. MNcses have also been made from weod,
clay and leather. Leaving aside eyes (which will be dealt with under
"acrylics") we will concentrate here on noses and ears. Between the wars
the first were made from silver and painted,the secend frem vulcanite.

Noses wexre made in aciylic, but both ncse and ear prc-~theses are nowadaye

almest always made from soft PVC. The types of defecis that need {o be
H
remeded may be ccngenital and recuire preparztive ccszetic s - ; belfore
A
the prosthesis can be fitted. A mastisol or double sided adhesive tape
is used for retention. Occasionally an ear or a ncse prothesis is attached

spectacles. Acgquired defects may be the result of disease or accident

and may vary a great deal in size znd ccmplexity, from a nose o hzif =

ct-

face; end may incorporate dentures, eyes, eyelids and eyelashes.

8.2 Polyvethviene (F3)

This material is less versatile than PVC but is particularly useful where
chemical inertness Iz required without high temperaturs resisiance being

necessary.

YE can be used for permanent implants. Typical examples of this includen

the replacement c¢f the ear osaicles in certain types of .deafness and

artifical tear ducts. Since they cannot be avtoclaved chemical or

radiation methods must be used for sterilisation purposeu.




X-ray exzmination ¢f the
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one passes thrcugh the pylorus into the duodenum.

Special thin walled tubing is also used for artificiel lininge for the

cesophazus in cases of inoperable cancer.

nylon *ubing with nylon - cemznied moun

Eich densi*tv F@ is not often used. Its kigher scftening point has
. =]

ot

¢ indicatad

bore

contributed little that is worthwhile/rememberine that PP
anywsy when enhanced heat resis ¢d. However, it was ussd as
the acetabular ccmpcnent in early work on & prosihesis for the totzl

replacement of the hip, the crtheopaedic surgecn preferring inis mzieria
to. PP, After a number of alternatives involving devices which Feaziured
acrylics, vitallium metal, PIFE end silicone-impregmated FIFE In varicus
combinations had failed rather disastrously, Cheraley in 196
reverted to EDPE (this time on siainless stael) as an alternative 4o

vitalliwm on itself. The merits ¢f the two laticr systisms are discussed

3

in depth in an article by MAR Freeman entitled "Plastics in crthopaedies”,
(Brit J of Hospital Medicine, Mey 19€%, p 1007). Cold-curing acrylics are

e
an essential

(')

used to cement the pr:sthesis to bene and this is

ES

vt Cx

£ 4

technique feor the successful tcicl jeint replacemsn the hip (and
possibly the kmee), as well as of firgers (sce later), The wear of plastics
materials in artificial hip Joints, with special ence to HDPE and

PTFF has been reviewed by J Charaley (Flastics & Rubber, 1 (2), 59,

April 1976). The wear rate with ihke latter material is unacceptably
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noises and can distrzcet the surcgson's concentraiion in delicate opera
TP stands steam autoclavirg and (unlike nylon) dees not siain, It is
a2lsc cheaper than nylen mouldings end the low density is useful. A numder

of other accessories (claxps and hinged forceps) are 2lso in comnen thestr:

120y

use. FP is rnot much uszed for cammulation tubiny because it iz tco st

for intravancus work.

thatic apnlication

However, there zre somes important specizl pros

developments featuring PP, Thus, hinged firger jcints have been implanted

into about 100 patients ( J S Calnan, Flastics & Fukber 1 (2), 91, soril
1976). Because the hinged area occupiss only a small area, the space
beccmes filled with scar tissue and to overccon2
bulb wes fitted over it. BErezkage of the hinze cecurred in 1055 and

of the bulb in 20% of the cases. Tne integral hinge deszign has therefore
been 2handoned and replzced by a joint with a P? head clipped into e PP-
hooded sccket; although problems mzy arise due to small particlé

sequesttation this may net be important in non-load bearing joirnts. An

|
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alternative is a similar joint with a stainle: 122d on a PP post

which zbuts cntc a nylon cup, but this desiszn terds to zqueak in usa eand

is more difficult to produce. Cemeniirg of the zhzft to the bone is achiewed
usirg é c:1d cvre eovrlic ceprnt ook we ba: meer exter ivély uvzed v

dentistry; c¢liniecal e~xperince has shown that there waes little reaction to

that cement by either the bone or the polymeric cc-,onent.

10




The regulrexenis for a saticfaciory Juint ave listed as follows:
i tability during move
ii an adzguats rangz o
the type which
x2ii geood wearing propex
iv allowing solid
v minimal tizsue
vi reascnable cheapness,

that particular feature.

Most importani, the medical professicn had bscome very conlident that PP
is an excsllent permarent implant materizl as 2 result of earliex

experience with PP for ths replacemant of the mitrzl heart valve.

The "Portex" PP heart valve wes develcped at Harmerszith bhospital in the
mid-sixties. A& "kit" of 5 different sizes, together with gaug
costs zbout the same as z single valve of the earlier US design based on
woven PTFE, The valve is a self-retaining flep valve with low inefula
characteristics and provides a large ratio of blood flow between 1t and

the retaining ring. The flap incorporztes three retaining feet which

hock under the rsizining ring desigmed such that the area does not beccme
prene to thrembus formation. The valve kit comes in sterile autoclaved
packs in transparent rigid plasticy containers and is wrapped in nylon

film,

The performance of artifical heart valves has been reviewed by A K Yates

i

(Brit J of Hospital Medicine, Hovember 1969, p 4). He stated that the

early American PIFE fabric valves (which had been coated with FU or
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I{ 2z elec sulvad & nuoher of problaos eucovaiered in the desizn of

L Hinds (Plastics Todey Mo. 10, Winter 1930/1, publishel by ICI) reports

largs inferior vena corva ) at the corresi rote without recuiring o

gravity drip fesd, sc that the patient can carxry it about with him and
changs the pouch himaclf. As distinct ZIroz PVC there is, of courss, no
problem involvirng the poiential extraction of plesticizer, fThe pouches

are sterilised with ethylen2 oxide gas befors filling. The sysisn can

give extra years cof 1ifs to patients whose alinentzry canzl has bosn

deraged beyond repoair and their survival iz nst necessarily restricizd

to a hespitalised existence.

8.5 Acrvlics

Acrylic cements have alrecly been mentionsd in comnection with the bonding

of polyoclefins to other subsiratss, nctably bone 2nd metals.

The mest importazni use of acrylics, however, is undoubtedly for prostheiic

applications of which artificial eyes and dentures arc probably tne best

known.
Lrtificial eyes. These do not, of coursze, restore sight, but they do

canouflage a persoun's afflicticn, especially whan only one eye is affected

and can therefore confer ccnsiderzble psychological banefits and self

confidence e, Thege eyes, with a hard~painted matcning iris
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One of th2 most opeclaculnr (in overy senac of th2 word) epplicatiecns of

ecrylics Cavelop>d xucently ic In the 2lelld of con

linked cast aorylics copolymer which is machined inte lanzes i conform to the

crhihalmic optician's preacription. Wien immerzed In veter the lonses guell 4o f
forz = hydrogel containing en ensuat of water which ray exsead €700 of ths %otal

waeight, witheul any exiractables being leached o 1

transparent and resembles mubbter Jn Lts mechanical p

in ita touzghness, The abrozion resistance i3 of
formvlations have rezulted in th2 supply of hydrogzls suitazble as lenzas for exi-
endiad wear with parfect safely and without cavsing irritation cxr any other discon-
fort to the wearsexr, Cleaning is easy and the lennes zre stored &n wiler when they
are not irsertesd in the eye. Although the cosi per unit weight of the cast zerylic
is high it iz a negligible proportion of the cosi cof ithe iensa 23 supplied afier

adding the matkup of ths lemse makar and ths dizpenesing opilciar.




light emerging I

aaversely., This is of

particular ipperiance in delicate microsvr

e bank for

A stora
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box made ur ofclean cast zcrylic sheet joined with tress screws and

having 2 light acrylic cover., This sits in an outer box of similer

ci-
.
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% irch thick acrylic sheet with a vacuum-fit heavy ecrylic top lid

two containers are insulatod by glass wool and dry ice is also placed
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into the space botwzen them to refrigerat

sterilised with ethylenc cxide gas befere being placed in lonz tubes

inside the box which iz 2 £t high.

Miscellaneous items. There include the following:

- Thermoformed baczine’s frcm clsar cast acrylic sheet inobstetlric waris,
- Baby incubator cover:z from similer moulided sheet materiazl;

- Processing units from vhite czst aerylic cheet for X ray

departments (Vietoriz Hoepital, Worksop, Notts.)
- An "icterometer"”, & simple device for estimating quickly the depth
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cailitate roceonsitzueiion £

lesne mabbirs with

nave bean produccd andl thes: have b=en us:zd fo

genzration of finger joint prostheses which have succsedsd where earlier
desiens had often f£2iled (s22 befors). (Plastics & Rudbbor Weekly,
Lugust 29 1581). Silicome liquidshave been used for pzosthesze follewing
mammayy SN avIon
8.7 Ivlon

M P
¥ylon is readily extruvded into layflat film and thin welled fubing and it

is in these medical applicationz thzt the film material is commonly encountarcd,
It is elso used for the mouldingz of adaptors, connectors end the like.

Tts water ebsorption is advantitazgecus for several reasons.
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a gezled pack during antocleving and allows moisturs 1o escaps tharealier

without trapping water of condenzztion within., Sterile racks wrapped in
nylon film are invaluzble for smergencies and field surgical use

because they can be stored and kept sterile indefinitely. 43 a moulding

rylon prevenis the build-up of static electricity. INylom 6 is feirly

0

flexible &rd reasonably iranslucent if thin, but rylon 11 is scmetine
preferred for intravenous cannulation becauses of iis zrealer flexibility.
Very smzll bore nylon tubing is well establiched for intravenous work -

ores down to 10 thou diameter and less are availatle and thesze are both

o

stiff enough yet sufficiently flexible to be ircerted into small vessels
withcut causing damaze to the tissue lining. oluticns of nylon in cresocl
can be used for cementing together complex azsermblics of the material.

¥ylon tubing is used for the introduction of liguids under high pressure

for the radiological examination of blood vessels, It has also been used

17
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9, Plastics in Lizhiing, Disolay and Blecirical fvvlicaticns

Introduction

The combination of lighting, display ard olecirical erpplicaiions is

justified on the grounds that they are generally assoclated with and e
to the elecirical properti
specific componenis, The cnly excedtion ig found in the case o
for information and advertising, butl even here it is desirable to Yave

option of providing for a power suprply for internal illumination if th

structurs is to fulfil its intencded funeciion et nignt as well &s quxin

the daylignt hours. Electrenie devices guch as monitering, testinz, co

1

and laboretory gedgets, ceamputers and the like for commercial and indus

use are largely excluded from censideration undér the present heading,

though vlastics do play an important parmt there, especizlly for housirgs
& DOY P ’ 3 g

and bazic support sitructures, zs well as for electirical insulaticn.

Suffice it {0 state that this type of sophisticated eguipment iz the

ties which feziure impertznitly in the dezign of

-

product of the same age as that which gave rise to the entirs specirum of

both general purpos. and speciality man-made materials, so that mz
selection is naturally and instinciively Z=mvoked from the moment

device concorned is first put on the drawing board.
o

are crne or more of the following:

| ad

1) Approprizte electrical propertlies such as low conductivity, low

dielectric loss, high electric stance a2nd non-

Opticael pre._

Adeguate mechanical strength and tcughness, especially w

well as good weathering and environmental s




N

&) ¥onflamzahility snd a poasure of heatl resisiancs;
) Jeceptable matarigls end proceszing coste;
6) Meximum scope four funoitionsl and aesthetic design purposes.
L. ’
> 4 3 ey £ v oa ] T
In many of the applications mrierial e2lternatives to carefully szlecied .

papers. Glass and ceramics have good mechanical strength and excellent

thermal propsr

Ragics

heat rocistance; their mechanical strength (espzeianlly on 2 weight Tasis)
can be high; their flexural medales can be such (

as o pro&ide either nigh rizidity or high flexibility 28 may be required
in each pariticular applicaticn, Not least, a range of "lfough" plastics

ere available which will rot readily fracture on impact lecading and so

negiigence, accidental impaci or mindless vardalizm. Mcreover/their
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The following classification of the field is propcsed:

9.1 Lighting

9.1.1 Indoor illumination .
Shades and diffusers

Translucent ceilings

"Piped" lighting

Casingd for fluorescent tubes

9,1.2 Outdoor illumination

o S 2 -y
Street lighticng




s

9.3 Tlectrical and elestronic insulaiion

High Volta

se i

Batteries

o




The objeciive of lighting is cbvicusly the provisicn of the correct level
of illumination ard is therefore intimately tound wu with opiieu. However,

ES

problers arise in interpreling wha
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affect cne'a approash especinlly when applied to indoor and outdocr

illumination problems.

9.1.1. Indoor illumination

1

Indoor illumination principelly involves lighting fittingz for domestic,
public end institutional locations. Acrylics, polysiyrene and PVC are
extensively used here, but other materials such as pclycarbonate, cellulose
acetate/tutyrate (CAB), acrylic copolymers and polypropylune (FF) are also
frequently found in this application. The key elements revelve arcund
performance criteria such as light transmission, heszt resistance and UV
resistance,

The lighting indusiry represents an important ocutlet for plastics, the bulk

ol

being polystyrene for indoor institutional lighting. Glass is the principal
traditional competitor and thz main problems confronting plastics is the
heat produced by an incandescent lamp and the UV rays prcduced by 2

fluorescent cr mercury lamp,

b

For light shades a straightforward transparent material iz obviocusly &
non-starter 2nd traditicnal opague materials such as ceramics and metals
have & continulzng role to play. However, svery transparent plastic can
also be nzde translucent or opague and if translucency is required plastics

only corpete with opal glass and certain woven or non-woven fibrous sheet

materizls. It is here that sesthetics rule supreme and that the advent of

plasticg have crened up &n enormous sgcope for structural design <o suit




individual tostes, especially in the domestic lighting fittings market. A
hﬁge variety of ceiling fitling and pendant shades as well as shades for
standzrd and table lamp zre on the ma-kei, DProvided that they are made from
a sufficiently heat resgistant materizl shades for incandescent lamps can be
made from plastics, while in the case of UGV producing lighi source {which is
relatively ccol) U7 resistance is obviously more important and this mey
require the use of yet other plastics. Impact resistance is another
criterion which will govern the particular cheice ¢f plastic that mey dbe

recommended. Among the commonly used types the following order of preference

is commonly agreed:

Impact resistence: Polycarbonate; CAB; acrylics

Heat resistance: Polycarbonate; acrylics; PP, CAB
UV resistance: Acrylics; Folycarbonate, CAB
Cheapness : Polystyrene (PS), PP, Aerylics, CAB, Polycarbonate

+ should, however, be borne in mind that heat resistance may be less criticzl
when the design incorporates generous venting anq/or a shade of sufficient

size to assure that it is kept well away fron the incandescent light source.

Spirally wound celluloeic shades were among the earliest bowl-shaped plastics
shades but they are no lo ger frequently seen. Injection moulded and
rotationally moulded s’ ades frem PP have good thermal resistance tut the;

look &8s cheap as their are. Acrylics, mostly in the form of extruded channels,

are widely used as diffusers for fluorescent tubes,

False ceilings come in 2 variety of designs and may include units of
translucent flexible FPVC panels, or panels of transiucent and opague acrylic
sheet to provide the desired degree of illumination in exhibition, conference
ard concert halle, hotel foyers, restaurants and prestige show-rooms. This has
already been referred to under the heading "plastics in building", as has

cast acrylic rod of large diameter as a decorative source of cold and low

level lighting which exploits the unique ecapability of FMA




to "pipe" light. Thnis Is sometimes used as a supplemenlary lighting

device in erder to achnieve particular srtistic effecis as specified by the

intericr architsci or designer.

H

Light diffusers may be consiriucted cn an open siructure principle as an

aliternative to Solid or perforated strictures. Such rather skeletzl (yet _ |
often very attractive) designs may take the form of grilles and honeycoxbs

and mey be mculded or assembled from extrusions. Such grilles arnd honey- .
combs can be based on one of the plastics already mentioned or on a variety

of others such as nylon, polyursthanss, polyestiers, acetal or UF, ithe mzin

criterior of suitability being rigidity with long-term dimensicnzl stability,

attractive appearence znd reasonable cost., Flastics ccmpete here with wood

and metals on the basis of subjective a=zsthetic preference.

An important design trend is the moulding or embossing into plasiics of
prismatic lenses that can direct and control light distribution, with
visual aesthetic features build in so zs to supplement the functicnal
requirements. Censidering the number of prccesses available for use with
plastics (rotably blow moulding and thermoforming, in additicn to injection
moulding) the incorporation of a2 variety of lense effects or shape
variations is much easier with, say, acrylics than with glass. The heat
resistance problem associated with high-intensity lighting becomes more
manageable with larger panels which are further away from the incandescent
light source. Another way of dealing with the heat resistance problem of,
say, PMMA, is the replacement of the homopolymer by a copolymer which
includes methylstyrene since the latter has a heat distortion point of

up to about 130%.

In outdoor illumination the choice of materials is very significantly .
influenced by the efficiency of light transmiesion in zddition to the

general requirements of heat, impact and UV resistance. Here FMMA is

outstanding with 94% transmission,.followed by clear CAB (90%) and




polycartonate (86-8%5%), waile

a2 translucent viiie CAB glcbe can give up o

eC{ trensmission, depending on formulation and thickness.
¢ -y > S

G.1.2. Outdoor illumination

Effective sireetl lighting is an importani social requirement for urban

rhang

r-;-

copmeniities. In addition to g the amenities of a'logality it amaizics

[{+]

the flow of traffic at night and reduces rozd accidenis. The choice of

lastics ma ev*als which are suitable for iransparent eor transiucent covers,

.I.

2nopies and optical sistems is essentially conflned to the ones with ike

[rd
Ul

bect light transmission, i.2. zerylies (virtually cxclusively L),
pclycarbenate (PC) and CAB; ihese are a2lso the ones best able to withsiend
long term weathering (including exposure to UV light) and are superior io

glass in their impzct resistance and toughness in the face of vandalism.

Heat rezistance problems may well be more severe in outdoor than in indoor
applicziions because the required lighting intensity may be very high and
this will naturally affect the uwltimate materizl choice., (P3 (wnich has 2

large share of ihe institutiicnal indoor market Dbecause it is relatively
chea;band PP are never used for outdoor illumination because of their pocr

UV and weathering resistanc%l

CAB has been extensivelr ased for sireet lighting fittings in the USL, and
PC as well as PMMA La e been pcpular in Burope and Japan. FPMMA is in
general use in mos: countries and in the UK it is virtually exclusively used
for this purpose., The extireme clarity of the base material with an
absorption of light of less than 0.3% per cm has made'it possible to

develop opal formulations for sireet lantexrns where accurate lighi control
is unnecessary. The tengile strength of PMMA at 20%¢ is TMN and this

makes it posgible to manufacture covers of adequate strength to withstand

the stresses imposed by strong windg and fracture by accidental impact

from sheet not thicker than 4.5 mm, Morasover, vhen the sheet is heated

and stretched during manufzcture the toughness is further enhanced dne to




orientaticn. If fracture doss occur the cover will not disintegrate like
glass. Tha increased salety which this affords is particularly welcoma in
large covexrs such as those for flucrsscent lamp fittirgs: In scme cases

such mechenical damage as has been inflicted can even be repzired.

~n
-
On . - .
The tensile strength of FIMA at 86°C is still a respectable 2.8 MU m
o - -2 (o] R .
its flexurzl sirengih at 20°C us 11.25 MI and at - 40°C FMMA is still

tough rather than brittle in its failure mechanism and these properties

are very welcome in street lighting covers and canopies,

0 . . ; . s sa s . -
Above 80 C FTM1A sheet tends to distort. This 1limit is not normally reached
with fluorescent tubes orx sodium vapour lamps, but when designing a ecover
for incandescent light sources it is generally advisable to check that

. 0
the service temperatvure dees not exceed 807C,

Plastics generally (and FMMA sheet in particular) have an important
advaniage often glaszs in that there is no risk of breakages due to thermal
shock when sleet ¢r snow falls on the hot cover. As regards the actual
conversion process, the shaping of cast FMMA sheet is quite straightforwaxd.
Cn heating the material to 150 - 160°C it vecomes rubbery and can te
shaped by mechanical means or by a low pressure or sucticn and the tools
required are quite inexpensive. This makes it economically feagibvle to
make up simple moulds (e.g. by carpentry) for production runs of small or
moderate batech sizes. Moreover, machining is easy and can be accurate

and this is exploited when producing light-contzolling refractor plates
which are found in a number of street lanterns. The prisms are cut in cne
operation by means of a multiple drilling cutier, the refractor plate is
cemented to the inside of the cover using an acrylic prepolymer cement and
the optical system is thus hermetically sealed zgainest dirt, rain and
water vapour as well as against the corrosive gases present in polluted

urban or industrial atmospheres. According to W E Harper (British Industry

& Engineering, May/June 1960), $treet lanterns can be categorised under




- . Y -

3 headinzs depending on the lighting function which they are intended to

fulfil:

i) ZLaniterns for city and itown centres
ii) ZIanterns for major traffic routes

iii) Ienterns for mincr roads

The first type of lantern is designed to give a high amenity valve in
illvpinating brildings and open spaces znd this is best ackieved with
diffusing type fittings with a2 good colour-rendering light scurce without
necessarily afforlding accurate light conirel at the same time. Thus, the
City of London has instzlled twin lanterms, each with foux SO—waﬁt flucrescent
tubes mounted vertically on a concrete column. The lamps are shielded by
diffusing acrylic covers which are capped at each end by decorative metal
caps. Another type of lantern towering t2ll over a pedestrizal-crossing
bollard refuge uses an zexrylic cover of a lightly diffusing type and has a
canopy of aluminivm shect. The cover fiis inté 2 ithreaded zluminiur a2lloy
casting and can be used with two 250/400—watt high-pressure mercury vapour

lamps or two H500-wett incandescent lamps.

For the lighting of major traffic rout:s opticzl efficiercy is the first
consideration. The maximum amcunt of light mﬁst be directed 2t the road
surface at an angle that produces good visibility without glare. Since
colour rendering is of little importance here sodium lamps sre widely used
because they are twice 23 efficient as fluorescent tubes and mercury vapour
lamps, and seven times as efficisnt as incandescent lamps. Moreover, sodium
vapour lamps have much lower brighiness than the other light sources and
thus produce much lesg glare. The light from these lamps is controlled and
directed by specular aluminium reflectors or prismatic refractor optics, the

latter being preferred because of easier maintenanca, Where good colour

rendering as well as low brightness are desired fluorescent lamps are used;

thus bowls from scrylic sheet measuring 180 x 40 x 40 cm have been mounted in




2 snitably angied resition on top of a tall suprort column carrying a

fluorescent light scurce , Befrzcior lenterns for use with 200—watt»sodium

vapour lamps have been construcied on an integraied princirle, the shapsd

towl cf clezn acxylic sheet with machined refractor plates being cemented

to an opague acrylic canopy with an acrylic prepolymer cement. , ]
Lenterna for minor roads are intended to assist txaffic and provide genera

lighting for pedestrians. A large variety of decigns is available which

depend in some measure cn the actual lighting lavel demanded, tut opal

acrylic sheet diffuser bowls combined with an opague canopy of the sanme

material and enclosing smell fluorescent lamps ere often seen in neighbour-

I

hoods which have been developed ur redeveloped in recent years.

In Charleroi(Eelghm% the housings of siresat lanmps - often diecast

aluminimum -~ has been replaced by mculdings in glass filled nylon. The
housings are 57t (213 m) long, and the mouldings include mounting points
for the reflectors, for the elecirical fittings and for the acrylic lamp

bowl.

9.2, Disvlay

Display has two principal objectives:

1) To advise, direct and insitruct riad users;
2) To advertise to and influence the general punlic,

Thegse two objectives have a number of features in common:
1) The stmictures involved are erected in prominent positions in the
open wi..re they are subject to the weather and to the effects of .

atmospheric pollution.

ii) They are usually (though not invariably) illuminated so that they

can function at night az well es during the day light houxrs, Thie

means that they are usually connecied to a power source.




Por display rurposes cast/écrylic cheet 8tands out as the material which

possesses 211 the combined propertiies reguired In this application to a

degree which i& upsurpassed by any cther plastic material or by glass,

Before the advent of plasiics signs of &ll types were made up in timber or
enamel-glavsd sheet metal and if they were illuminated the light scurce was

-

external 1o the message and often expozmed to ths elements,

The use of cast acrylic sheet in this appiicaticn was reviewed by P E
Collins ("Plastics Today" No 23, Jan 1965, ICI publication) with special
refersnce to the pnderson report (Traffic Signs for Motorways, E ¥ § 0,

1962) and the Worboys repori (Traffic Signs H M S 0 1983).

Road signs and signals are recognised &3 an essential part of traffic
engineering., They need to be conspicucus at 2ll times and in 2ll weathers.
They must therefore be prominently positicned. They must also te internally
illuminated. Internal illumination provides iwo impertant advantages ovex
externzl illumination: The first iz the same as that already ncted in
street illumination, namely cleanlinesz and protection of the light source
from the aggressive influences of the environment; the gecond ies the fact
thet intermzl illumination ensures that the message is often still clearly
discernable through dirt and snow when extsrnally illuminated signs have

become totally illegidla,

Free standing and well-fixed road signs are cften lentil shaped, with a
slim clock~glass-type opal cast acrylic sheet on one or both sides. This
still provides plenty of space for the fluoreszcent tubes inside. The
message is reverse printed or painted on the inside. The light trensmission
depends on the sheet thickness end on the coloration recipe and an increase
in the first can be balanced by changes in the second, so that internally
{lluminated signs and fascias can have the same specified brightness and

congtant tranemisgion in all the installation., Furthermore, this applies

to a wide range of colours,




In the advertising fieid cne is cenfronted with essentially the same
problems as those encountersd with rcad signs, but the scope is wider. Thus,
the requirements are individual rather than standardised ones and the vexricus

items such as signs, slogens, logos, fascias and display columns are cusicm-

crafted rather than mess produced.

Modern shopping precincts, whether of the open pedesirian plaza or ihe arcade
type have attractively designed and illuminated shop fascias, direéﬁion
finders and poster sites. Shop fascias and ovrientaticonal signs are ccumenly
made from cast, opal acrylic sheet; possidbly of different colours for
background and message, while paste-up poster columias have occasionally

been replaced by columns of similar sheet material which is internally
illuminated and to which the posters are affixed internally and thus protected
from being effaced. TUnfortunately the column iteelf iz not wandal procf.

An excellent example of a modern shopping precinet genercusly equipped with
cast:acrylic signs and fascias is Birmingham's bull ring centre which has a
retail market, a fish market, depariment stores, supermarkets, 140 retail
shops, banks, offices, car park.,and a bus station, all clearly identifiable

by illuminated signs and fascias,

VWhen it comes to advertising cn a scale which excecds the modest shop front
sign or‘illuminated display coluun poster one of the mest impressive-is
that which advertises the Dageus Nyheter and Expressen newspapers from the
top of the Dagens Y7heter skyseraper building in Stockholm. In actual fact
it is not one but many signe - cne for each letter of the longer newspaper

title - fourteen in all, including one for the space between the two words.

The overall display area is 42 x 2 m and each letter consists of a metal

box mounted on a vertical shaft on which it -rotates, the drive being provided
by 8ix 5 h.p motors. As the fourteen bexes rotate they alternmately spell

out the names of the two papexrs by displaying the faces covered with

translucent opal cast acrylic sheet that carry letters and spaque metal-

covered faces for the blanks., The acrylic sheet i¢ spray-vainted on the




outsida to Blank out 21 except the letter itself. Each box conizins ten
4C-vwatt and ten Z0-vatlt fluorescent tubes which illuminate the letders by

night., The nsnes are alternatively svelled out every 20 seconds and they can
I A

be_read plainly from 2 distance of 3 km away.

9.3, Electrical insulation

In the preceding section dealing with lighting and display cptical and
aesthetic propesrties were the decisive factors, although mechanical, thermal
and weathering properties 2lso played a part. Flecirical properties of the
hicghest order were not essential,although intermal illuminatien made it
necassary that wires and fi{tings should alwzys be safely enclosed and

properly protected from dirt and moistiure.

In electrical insulation the emphacsis is a2lmost entirely on the elecirical
properties ani appearance is almest elways irrelevant, provided that the
design is functionally right. Ths exception is in plugs, sccketz and switch
housgings which should elso look neat, should be easily cleaned and be
preferably white or cream in colour. The natural material is UF resin or
rubber, the former being by far the most important. Being a thermoset, TP

is not affected by moderazte heat and although phenolics have higher heat
resistance they are elsc 1iablc to "track" and good practice éoes not ccnsider
then safe for mains us.. Izmpholders are often made from similar UF compounds,
with brass fittings, but the colours ere not important and the mouldings are
either white or brown or black. Such fittings eventually fzil rainly due to
thermel degradation but they have nevertheless completely replaced the earlier

(and much better) ceramic/brass holders because they are so cheap.

Wire coating for domestic lighting and power supply wzes once done with
natural rubber but is nowadays achieved by means of plasticised FVC.
Although FVC is a polar polymer iis dielectric loss factor is unimportant
provided that it is confined to a relativély narrow peak at frequencies far

-
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renoved from those useld in domestic maing circuits. The loss pe§k can be
shifted about by variations in the plasticiser content, but exposure to
elevated temperatures will also shift the absorpticn peak to higher
frequencies and it is necessary to ccnsider the three-dimsnsional temperature
frequency spectrum of dielectric loss in the light of the expected service
conditions (including ageing) before specifying the insulant formulation.

Cne strand or several sirands of cocated wires are often combined into cables
by sheathing. The sheathing layer is intended to protect the insulated

wire from mechanical damage during installation and in service and it is not
necessary for it to be a particularly good dielectric. Plasticised PVC,

being highly abrasion resistant, is commeonly used, but for field telephone

lines laid over rough ground a nylon covering is sometimes preferzed.

In both telephone cables and in other low voltage applications such as small
condensers and the like specia.ity papers (including, for example, papers
from non~cellulosic fibres such as polyester and polyaramide fibres) and
films from certain polyners such as nylon 11 or thermoplastic polyesters
have been used to twist round insulated conductors prior 4o covering cables

or 2s separators in coils, condensers and capacitors.

The coaxial cables for television aerials need to be as nearly non-polar as
possible since they do not operate at a constant frequency and polyethylene
is therefore used to insulate the conducting core. The insulating material
is, in turn, covered by a woven network of copper wire in order to provide a
screen protecting the core from being disturbed by stray and induced currents
and this sc?een is in turn protected against damage due to zbrasion by a

covering sheatn of (usually) brown plasticised FVC,

In telecommunication cables polyethylene plays an absolutely vital part.
Thus,a modern PE-core submarine telephone cable requires an ultra-low-loss
dieiectric to minimise the number of repeaters which are a major factor in
the heavy cost (S Matsuoka & L D Loan, Plastics & Polymers, October 1975,

p 188), but other properties dependent on demsity and molecular welght

|
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such as retraction, mculdabiliiy and adhesion to the central conductor uezd
to be considerzd as well. The cable jackei also consists of PE, it must
conform to mechanical performance criteria which minimise stress cracking znd

degradation in siorage and guaraniee a service life of at least 25 years.

A modern submarine cable can carry several thousand conversations on a
single pair of conductors by multiplexing over a wide frequency range. It
is mainly for this reason that polar polymers like FVC could not even start
to be considered, guite apart from tke dielectric hotchpotch which a PVC
compcund represents. Indeed, even ordinary FE still has much too high a
dielectric loss factor and special grades are marketed for cable use which

have been made under virtually aseptic conditions,

The causes of dielectric loss in PE are to some extent due to weak dipoles
at the chain ends,to branches and to residuzl vinyl greups, but the major
factors are due to polar impurities such as catalyst residues and
antioxidantc; dramatic improvements have been achieved by the introduction
of . symmetrical phenolic antioxidants with a very wezk dipole. The
introduction of better catalysts and methods for removing the residues has

helped to reduce losses (at 30MHz) by about one-half.

The effect of pressure or the permittivity also needs to be considered,
since thecable will be under ceonsiderable hydrostatic pressure on the ocean
floor. Because the loss farztor i# so-low the permittivity of the dielectric
is virtually independent of the frequency. Knowing the density and
compressibility it is possible to calculate the permittivity using the

Clausius~Mosotti equation.

Satisfactory stress crack resistance is generally found to be obtained

when using a polymer of MFI 0.3, but this does not make for easy processing,

When the cable is laid it must support its own weight between the ship and the
bottom. The necessary strength is provided by the central steel strand,

but in order to ensure structural integrity the layers surrounding the

————r—. “ -
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centre must have good adhesion across the section, the most critical veing
the adhesion between the conductor and the dielectric; it has been found
that contraction during cooling in cable menufacture and a low degree of

orientation lead to improved adhesiom.

The dielectric is surrounded by an ocuter metallic conductor (copper or
a2luminium) which, in turn is covered by the outer ext?uded Jaecket of FE;
the latter is intended to protect the outer conductor from abrasion and
wrinkling during manipulation. It does not, of course, have any special
dielectric properties, but it must be resistant to environmental stress
cracking and to UV and thermal influences in storage. This requires a
suitably stabilised jackel of appropriate thickness and stiffness.
Polyethylenes must have a tensile modulus exceeding 1,03 kN mm-2 as a
jacket since polymers of lower tensile modulus give rise to conductor

failure. The modulus, in turn, increases by about 30% as the density of

the polymer increases from 0.95 to 0.962.

For the repeaters (which are necessary at intervals to boost the alternmating
signal) components of high reliavility are agein required. Plastics with low
water absorption are preferred and any thermosets used must be fully cured

in order to ensure that no corrosive gases ars later evolved. Various
polymers were used including PMMA and Oxrlon - reinforced diallylphthalate
(DAP) and these were followed by reinforced DAP which proved to be a more
readily processable material. The most recently designed repeaters
additionally use glass reinforced poly(butylene terephthalate) (FBT) as

part of a shock and vibration absorption system which replaces the metal

used earlier.

Returning to cable and wire covering the technique of irradiation-cross-
linking has begun to be used for wires in telephone central offices, radio
and television receivers and all manner of other static or mobile electrical
and electronic equipment. Irradiation croselinking improves a number of

properties including thermal, chemical and flammability resistance and
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dramatically improves the mechanical properties above the crystalline melting
point of the plastic. (D C Alexander, Plastics & Polymers, October 1975,

p 195).

PVC is probably the most commonly sold polymer in irradiated insulation
systems. In locomotive, automotive, aircraft and nuclear plant control cables
irradiated polyoiefius have begun to replace 2 variety of rubbers and
plastics such as conventional PVC, nylon, silicones and lacquers for
insulation purposes. The service requirements for modern cables have been
reviewed by H F Nye (Plastics & Rubber 1, (2), 87 April 1976) who poinis

out that these requirements diverge considerably, depending on the precise

service conditions.

Thus, cables for 1ifts present some unusual design probléms: they must
withstand constant flexing with relatively small bending radii, and
variations in suspended length, and some 1ifts operate a2t considerable speed!
These cables, moreover, must not twist, they musi not throw ocut of the shaft

and must also have some flame retardence end grease resistance.

In X-ray equipment small-sized flexible cables must be abde to withstand
voltages of up to 150 XV (dc) or 75 kV (ac). In these cables a highly
flexible earthed screen ir included, with additional cores to energise the

equipment. An abrasior resistant sheath is finally applied.

Power cables for overhead travelling cranes require special flexibility.
Mobile trolleys or reeling drums are used to reduce the problem to
manageability, but the cables must have grease as well as abrasion resistance
and eince they carry heavy currents (even though the voltages do not exceed

1 kV) they may not be able to dissipate heat sufficiently when running in

& confined space, so that they require insulation and sheathing materials

that are capable of withstanding somewhat elevated operating temperatures.

Electric are welding cables require mechanical properties of & high ordexr
to withstand damage on industrial sites and they must be flexible, yet

reasonable 1ight s that they do not cause fatigue fto the operatcr of
| |
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hand-held equipment. The cable will get hot and the welding operation
must be phased to allow accumulated heat to dissipate, The cables are
nowadays insulated and sheathed with a single exiruded eand fairly heat-
and tear-resistant layer of chlorosulphona.teiPE or e’chylene/propylene

elastomeric copolymers.

The use of ;Qla.stics in switchgear and both high and low voltage insulation

hes been reviewed by Rothwell and Manley ( Trans.& J Plast. Inst, 29(82),

149, Aug.1961).

Nylon (and especially the moisture resistant and virtually amorphous nylon 1),
polycarbonate, acetal and PP, as well as phenolic resins have been found
sufficiently strong to replace metals for certain operating parts. Nylons

and acetals are used for gears ard bearings because of their low coefficient
of friction and their solvent and corrosion resistance, while polycarbonate

has been used for insulating poppet valves which have to resist a rigid

succession of blowss

Micro-switch housings in clear thermoplastic polyester moulding material
have come into use because of their excellent dielectric and stress-crack

resistant properties, especially when metal inserts are involved.

Cable terminals esre often moulded in a variety of plastics and moulded
cases of up to 660V rating have been moulded in phenolic. Cable tails are
separated at the crutch by a PVC moulding and are passed through a FVC
cover made by dip coating, The flanged cones are compression moulded from
HDFE, The assembled terminal is filled with a thiokol-modified epoxy
resin using a pressure gun and such a terminal is particularly suitable

for cables which have been insulated and sheathed with thermoplastics.

Most of the electronic control equipment is associated with switchgear.
Such equipment may be encapsulated for mechanical support and environ-

mental protection., Epoxy resins are preferred because of their low
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shrinkage but since many componenis (notably transistors) should not be
exposed to temperatures exceeding 7o°c the curing agents used must not
generate a high exothemand any fillers included should have good thermal
conductivity; aluminium oxide gives a good compromise befween the conflict-~

ing reguirements of thermal conductivity and electrical insulation.

Sometimes a cold-curing silicone rubber is used for coating subassemblies
so that some components can be recovered by splitting the encepsulating
block in the event of partial breazkdown of multicomponent assemdlies. If
the silicone rubber also contains nitrogen~filled phenolic “microballoons”
this system additionally affords a high degree of protection against

mechanical shock,

Phenolic laminates have been used as a base for printed circuits, although

a variety of speciality thermoplastics (e.g the newer polyesters) have

begun to compete in this application. Where the insulating level is low and
the danger from moisture is slight foamed resins (PU and PP) or the
inclusion of glass or FP microballoons have been found suitable. Foamable
encapsulants may use plastics moulds which are retained as permanent casings,
$uch moulds can be made from a variety of plastics (e.g. PS or acetals)
which are selected for their mechanical, thermal and solvent resistant

properties,

High voltage applic:z'aions involve mouldings which mey range from modest to

massive size,

Epoxy and polyester resins which are readily moulded into complex shapes
without the application of high pressures and which ere of sufficiently
low initial viscosity to be able to impregnate fine wire coils have been
widely used since 1947 because they do not lose volatiles dur.ing the curing

process and because of their excellent electrical and mechanical properties.

Suitable flexibilisers such as dodecenyl suceinic anhydride have been used
to reduce the tendency to crack around metal inserts, but pyromellitic

enhydride is sometimes preferred because it increases the heat distortion
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point; however, because its melting point-is 266°¢ pyromellitic anhydride is
difficult to incorporate and it is therefore sometimes used in combination
with maleic anhydride. There are a number of other anhydride alternatives
all of which have their devotees and which confer advantages with respect to
either cost o flame retardance or the pot life of the liquid resin. Amine
hardeners were widely used for low voltage applications, but the exotherm is
too high to allow one to make large casiings and these hardeners are also

highly toxic substances which should be avoided.

Advances in epoxy formalations have led to improvements in heat reéista.nce.
This includes epoxylated novolaks and more heavily crosslinkable polyepoxides.,
Hixing of the casting resin with silica cheapens the material and improves
the resistance to tracking, while at the same time reducing shrinkage. It

is essential to cast components under a high vacuum to prevent void

formation and to rigorously exclude traces of moisture since moisture causes
premature gelling, Distortion and crakcing are avoided by precocating the
conducting copper parts with soft PVC. In medium voltage applications
(440-660V) PMMA and PTFE are preferred because they depolymerise to gaseous

monomers.,

Electromechanical applications involve such structures as circuit breaker
driving rode and busbar supporits and they are largely made from glass fibre
reinforced materials, although poly(phenylene sulphide) and, more recently,
poly(ether imide) resins have become important here (P& R W 27.2.1982.) *
In matched-die mouldings (which are pressed at 50-150 psi) polyesters with

a filler - rich formulation involving mats and preforms are generally used,
For simple and fairly flat shapes (such as driving links for contact breakers)
woven cloth impregnated with epoxy resin provides ths best control of the
glass/resin ratio, but this is not suitable for comple : mouldings,

Pilament winding processes are mainly used for tubes and eylinders with

closed ends, epoxy resins being preferred because they are best able to

_____ _ I




The latter material, incidentally, has also replaced glass in the
reflector of medical lamps for operating theatres because of its
infrared light transparency and heat resistance (up to 200°C) under
load. (A special dichroic coating on the reflector surface allows
the I.R. rays to pass through the light reflector and so protects
the patient from exessive heat.
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resist high internal pressures without leakage due to better cohesion

between the resimous matrix and the reinforcing fibre.

As regards switchgear, epoxies are widely used in indoor eirbreak circuit
breaker panels which may, for instance, be rated at 1600 amp and 11 kV.
The resin is used as an impregnant in .rotatable cranked bushings for
earthing a cable or a busbar through the circuit breaker (or, conversely,
for establishing the service i:oeition). The roof barriers of the arc -
chute are made of polyester/glass and the joints between the comnectors

are covered with resin after assembly.

In order to avoid exposing live busbars or cable connections to explosive
atmospheres when the contact breaker is withdrawn, an isolator is placed
between the circuit breaker and the terminals. The isolator consists of
six high-voltage and low-voltage connectors which are cast into a single
block of resin whose circular flanges are machined to close tolerances so
as to ensure a ﬂame;:roof path where it fits into its cylindrical metal

casing. The corresponding plug contacts of the circuit breaker are also

cast in a single block of resin.

The complicated arrangement of conductors could not be readily insulated
with anything other than epoxy resin in the limited space available. The
busbars are lightly insulated with a plastic which is stripped off when
alterations are required, The wound primary current transformer is '
insulated with epoxy resin in each phase and is given a sprayed metal layer
on the outside which is comnected to earth through a neon lamp which
provides a live~line indication.

In indoor air-insulated oildbreak switchgear both feeder and busbar orifice
insulators are cast in epoxy resin and they also form a post for supporting
the busbar. The main busbar insulation is air, but an additional coverage
of extruded FVC is given which can stand the full test voltage. The

turbulators are made from nylon € and the driving links are moulded from
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woven glass roving preimpregnated with epoxy resin, The current and

voltage tranaformers are also insulated with epoxy resin.

Dough moulding is used for many electrical switchgear items for various
reasons. (i) the processing time is short; (ii) the process is suitable for
long production runs; (iii) fairly accurate dimensions can be achieved;

(iv) the material has reasonably good mechanical and electrical properties.

On the other hand, the shapes are limited because of the use of a compression
moulding method and it is best to limit the method to low voltage applications.
There is also a tendency for the moulding to crack in thick Qections;

although this does not necessarily seriously impair the mechanical properties,
trouble may arise under radial electricel stress from discharges at the

eracks. Polyester dough mouldings are therefore limited to where the main

electricd stress is across the insulator surface, e.g. in busbar supports.

Cracking does not occur with the more advanced epoxy dough moulding compourds

because these have a longer cure time, lower shrinkage and better adhesion of

the matrix to the disperse phase than have polyesters,

One of the most familiar examples of the massive use of cast epoxy resins and
outdoor circuit in the electrical field is their employment in alternator
terminal bushings for transformer stations. A skeleton structure consisting
of alternate layers of corrugated paper of suitable flute depth, and
aluminium foil, is b_-ilt upon the conductor. Casting is then carried out

in & high-vacuum autoclave and the filled moulds are 'transferred to ovens
and cured as usual, The finished insulation is identical to conventional
cast epoxy resin,'but has suitably shaped creepage paths and the shape
(incorporating flanges) .i8 obtained by & single casting process. A number

of detailed descriptions of the design and manufacture of similar high
voltage equipment is found in 'thc Technical Note entitled YAraldite in
stress-graded insulators" published by CIBA in March 1966,

Finally, mention must be made of batteries. These are often quite large

mouldings and involve separators ae well as casings and screw top fittings.

! |
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They represent a large market, especially in the automotive field and the
original ebonite and phenolic containers have now been almost universally
replaced by mouldings made from FP. These batteries are cleaner and
lighter in weight than the earlier types and are much less prone to leak
electrolyte and cause corrosion under the bonnet or to crack. Nylon ?1 or

PP are used as sepmtors’ and the screw tops are moulded in PP or PVC.
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SUMMARY

The use of plastice in lighting, display and electrical applications covers

& wide range of products many of which require highly specialised technigues

and materials in order to fulfil widely differing functions. In general, a
¢ . combination of good optical thermal, mechanical and electrical properties

as well as chemical and environment stress crack resistance and good

dimensional stability are required.

The large choice of materials presented to the designer by the polymer
scientist, techmologist and engineer makes it possible to produce consumex
items and industrial components of great compleiity and sophistication for
which no traditional type material could possibly be used.

It is a field in which even marginal improvements on existing materials
still holds out very worth while prospects for substantial advances in
performance arnd market economics in an age ﬁhich constantly looks for ways
to enhance the quality of life and which is, at the same time, acutely
avare of the need to make the best use of far from unlimited energy and

manpower resources,




Postscript

Future plastics - future applications
(L personal view)

In the preceding nine essays problems of material selection were presented
in gene:fal terms and this was followed up with a review of the use of
plastics and their- advantages and limitations in what were considered to
be the most important, the ;nost interesting and/or the most illustrative
fields of application. Apart from the most obvious applications such as
building and packaging the choice of fields was inevitably slightly arbitrary.
Thus, a good case could be made out for further eitend.ing the coverage,
for example tos

- plastics in clothing and footwear;

- plastics in railways;

plastics for aircraft, rocketry and space applications;

plastics in sports and leisure equipment;

plastics in toye and educational aids;

plastics as art and craft materials.

However, the indiscriminate stretching of the theme will ultimately become
tiresome to author and reader alike, all the more so when the method of

treatment must remain essentially the same throughout.

When all is said and done there arises the pertinent question: "Whither
plastics now?" It is always invidious to try end predict the needs - let
alone the means of their fulfilment - of future generations. Even assuming
the absence of any unexpected emergence of an entirely new class of materials
(and the Victorians certainly did not visualige the discovery of the plastics!)
one cannot be confident that an apparent trend over a few docgdes is
sufficiently characteristic to enable one to extrapolate it to the medium

(1et alone long-term) future. Looking at tonnages it would appear that a




plateau has been reached, although this will ultimately be raised to a
higher level as the underdeveloped countries catch up. Looking at types,

on the other hand, one can certainly add that the "heroic age" of plastics,
that is to say the time of the great researcher of Carothers, Staudinger
and others and the discovery and proliferation of the vinyl type polymers

is over , This was a period which covered a mere two to three decades. Since
then there has certainly been a steady itrickle of speciality polymers such
as the fluorocarbon and silicon polymers, polycarbonate and acetal polymers,
the polyaramides, poly (phenylene oxide), the polysulphones, poly (ether
ketones), poly (etherimides), etc. However, it was more a question of
£illing in the remaining ric?xes rather than touching off another big move of
innovation, with the possidle minor exception of filler reinforcement

technology as exemplified by the development of carbon and boron fibres.

The position today is that speculative research is expensive and the ex-

pected rewards when set against the risk are uncertain. Moreover, there is now

comparatively limited scope left for new products in the plastics field.

Not many people expect that another multi-kilotomnersuch as PVC or Polyethylene,
ther comparable (in wolume significance) to,,

or cvenlYmo"re modest bulk polymersY say, acrylics or nylon still await

discovery, if only because any alternatives to already existing plastics would

have to be significantly superior in service and/or substantially cheaper

to produce in order to justify a substantial and fairly long-term invesiment.
Some speculative research and development work for speciality products of low
production volume in electronics, aerospace and military applications (where
performance is of greater importance than cost) will doubtless continue,
although presumably mainly at tax payers' expens c.n e this presupposes that
the nations which presently lea& the world in scientific sophistication,
technological expertise and commercial and managerial skills will also
continue to hav gy access to essential raw materials and to the

necessary energy resources, when it cannot necessarily be assumed that the

family of Man will behave in a way which will ensure the preservation of
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existing standards Or, indeed, the survival of the species itself.

If we camnot therefore expect any impending revolutionary sdvance in materials
technology comparadle to the dursting upon the scens of say, the vinyl type
thermoplastics, what are the prospects for more modest yet important progress?
(1) nm is continuing scope for “tailoring® of plastics to particular
éﬂiuﬁm, the improvement of existing grades and some diversifi-
cation of grades within a particular range of the same chemical type.
This can de achieved by variations in compounding, blending and

copolymerisstion (including block and graft polymerisation) and processing
: ndifiut;m.

- (34) Meu.mtmun&forwmmpou-mor
synthesis, polymerisation and conversion methods in an effort to
obtain the best possible product at the lowest cost. In the past
cost reduction has often been achieved by scaling up, but in a climate
of overcapacity this is not likely to yield much in the near future.

(111) Tt is alvays important to re-exsmine suitability criteris and to
investigate the possibility of combining plastics with other types
of utcrid- in an effort to exploit to the fullest possidle extent
the cost/performai.ce efficiency of each component within the overall
structure.

(iv) There may well be a renewed realisation that cellulose is "a polymer
that grows”, that is to say, that it derives from renewable (ie, non-
fossil) resources. This shonld lesd to an important resurgence in the
production of cellulosics. By the same token, it could well be that
starch will also provide a starting material for useful polymeric
products. '

(v) As regards the material and enexgy base for plastics and the organic
chemicals industry generally, the exploitation of bdiomass and waste
utuiut‘ion should hold cut good prospects Jor achieving and ul-
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ot tisately eliminating our dependence on oil and coal.

tend to
murh.mchntrnimtohm,mmm:mw
design nthorthmonthc‘dimofmclm of materials.
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