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In an introdustory cheptor the cuthors discuss the reasons
for the repid inorcese in the conaumption of plastics, show how
thio is broken down Letweon different types and how the consunp-
tion por oppite has varied over o mmber of developed nnd doves
loping countries. Thoy cmphesise thet consumptivn rofers to
plastios processed not to plastics products consumed, the latter
wuld be the idoal figure but informaticn is not avnilable.

Flowsheots arc noxt given showing how tho major plastiocs
are obtained from thoir rew materials.

The major part ¢f the papor thon deals with tho use of
plastics Qtn different applisations and industrics.
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ond we Jplv
The cuthor dorls with scil lnprovcucnt, irrigetion, anlching,
protection of fruit, hot icuses, sile lininge cndy of course,
packeging of agricultursl products.

(v) 00}
The growth in the usc of cynthetio fibros, trertaont with or
ooating of fabrics with plrgtios, locther substitutes end in
partiouler, footwonr applicctions ~re declt with.

Hony tablos are given showing tho growth of plagtics in Muilding
end the drockdown of their cpplicotionss It &8s notod thet wmass
produccd tuilding nntericls: brioks cto. onn only b replaced
%0 o very liuited oxtent., ‘he inportence of flocring rs on
epplicetion ic strcssed whilc nejor scctors docl with the wso
of plastics for: in insulotion end plesties in water supply.
Unconventionel nothods of oonstructicn in which plestics are

locd=becring rre discussod.

(‘) pLPCs Figal cusineorin k

Hero the uso of plostios for cleotrionl cocomsorics of all types
is discussed while ~ wajor meotion docle with the usc of plnstics
in onbles.

e informntion clresdy given wader the building scotion ie
saplified and the properties of the mnjer plrstios givon in

this respoot. Dotonils of some nore genersl appliocation aro givon.

(o)

31 %

(f) AR AP OVINE OF lal

This scotion doals with the production of plywocd, chipboaprd
a8 woll =e cd=hoe cpplications, Ponetration of wood orvites
by plastios is disousscd cnd soie ettontion givea to surfaoe

inprovements.




ID/W3.34/30 SUIBLRY

Pege 3

(g) Varmpisnes cnd coctinge

(n)

'i )

The chenge over from oil type vornishes o symthotic resin
besod vornishes is discuseed, PVC coatings, wood vornishes
and weter soluble stoving ennacls rre given cttemtion.

Trbles showing the bdroakdown of proknging metorials in
Hest Gomucny ~nd cf plastics in perdiouler in thelr
difforent appliocction in UB. arc followsd by a bedef
desoripticn of the types of plastics paokaging, the
pleatios used cnd the mothods by vhich they are converted.

 fome cttention is given to "one wey" (shrow ramy) plestios.

hg

plastics in reilway oocches and moter vehioles do

Y,§ N

Une 6'{

ipplicction in small boat construction cnd as ascessorics in

larger vessels cro oonsidored. The petenticl of plestios in
the airoraft industry is briefly uentioned.

L
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1. Introcducticn

Problems of immense importance arise in view of the slarming growth of
our planet's population and of wnmistakable srends to raise the living stan-
dard of inhabitants of developin; countries. Leasures for the provision of
food and clethins and for the creation of adequate living space have become
an absclute necessity. In the following the extent to which plastics can
contribute to the solution of these eminently important problems will he

jnvestigated.

wven if plastics show oxtreordinarily great differences regarding
ohemical structure, physicel properties, forms of delivery, applicabilities
and, though they are widely and readily adaptable to partiecular needs, & fev
faciord can bhe singled out es sharacteristic. llaking 8 general and comparative
yaluation the following main facts detersi ¢ the use of plastics:

a) lower in weizht and mcre rowigtant to fracture or temperature §

. changee than glass and ceramics,

b) more insensitive %o humidity and chemical influences but at
the same time less strong and more sensitive %0 temperature

than steel,

o) non-swelling and more resistant to deocay, mi.cro~organisms
and insects than wood,

d) better thermal and slectrical insulating properties than

some of the traditional ma*barials.and.

o) the ability to be dyed in the material whish dispenses with

coating and varnishing.

Even if the price of plastics per Kg nay be higher thar that of ira-
ditional materials soue economic advanteges result trom the low specific
weight and from the fact that intermediate products can be manufactured
in standard sizec or in prectically endless lengtns and that finished parts
can be produced uy non-cutting methods practically without any waste. Be-

sideg it snculd nct Le left out of consideration that different from other

industrial raw materials, the market prices of plastics show 3 distinetly
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falling tondency (in Wastern Germany the price of polyethylene dropped
in the period between 1955 and 1965 by 68 § that of polystyrene by 60 )}
and the price of PVC by 48 ).

The great majority of current plastics are obtained by polymeri-
sction, polycondaensetion or polvaddition of low molecular substances of
potroclemical origin. As a matter of fact '95 /) of the totzl output of
USA = <ho woirldis biggest manufacturer of plastics - is produced from
petrochemical rov materials. A similar trend can be recognized also in
nther highly devolopsd countries though standards attaincd in thoso couny
4rios are not cveryvhere the sanme,

In the yea: 1967 world production and consumption of samtﬁaﬁe' fi=
boos var 2,9 million tons, of synthetic rubber 3,5 million tons and of
plasuies 1% million tons. The porcentage breakdown is given in table 1.

As oan be seen from table 2 the average -onsumption of plastice per

¢ oapita is very differont. Wherees in VWestern Germany the average coasump=
tion was 31 kg in 1966 a-1 36 kg in 1967 most of the developiny countries
Jove s annual consumption which is less than 0.5 kg. That means that one
quartcxr of the world population sonsumes more than 4/5 of the total pro-
&wtion of plastios, while the remaining 1/5, i.e. about 3.6 million tons,
i3 Givided among ths rest ol the humen race (i.e. about 2.5 thousand
mi1lion puoople).
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Table 13 Breakdown of the total gonsumption of m.nthetics

s) Plagtics
Classs % of total amount;
Polyolefins 26
Polyvinyl chloride 25
Polystyrene (including
copolymers with styrene) 12
Aminoplastc 11
Phenoplasts 8
Unsatuiated Polyesters 7
Aorylic resins 2 ,
spoxy resins 1 =
Othere j 8
®) Zibres
Wool
Cotton
Cellulose based
nar-made fibres 11.5
Bynthetic fi\we’y 4.6

y Ws‘" imlm' Pelymag,,eclmo#c}n, Polycarbonates, Poly-
urethan as well as Polyvinylaloohol and its derivatives.

&/ Total world consumption smounts to 19.6 million tons.

Y The "Synthetic fidres” inolude Polyanides (48 ),

linear P;Bmm (24 %), Aorylic fivres (19 %) and
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Table 2: Consumption cf pla.stics‘}lg diffeggr!t countries
(kie per capits)

Western Gurmany 21.5 26.2 1.2 3.3
USh 15.7 24.b 28.3
Belgium 14.5 2B 27.6

Sweden . 14.4 24.8 21.5
Austria 11.6 i7.1 20.0 22.8
Japsn 8.1 4.1 18.1

The Hetherlends 10.6 16.4 17.7

Prarnce 9.7 13.9 17.6

Great Britain 10.2 15.1 17.4 19.6
Italy 13.2 12.¢9 16.0

German Democratic Republio 10.5 '
Csechoslovakis 9.9

United Arsb Republie 0.3

dorocco 0.2

India 0.1

The figurcs refsr to plagtics raw materials processed in the respective

couniries; imperted finighed rrociets have not oeen included.

It i€ sbvious that in starting yrojustion of plastics in a developing
gountry emphasis should Pirpt of all be given t¢ the mest important plas-
tics (Pclyclefins; Palymers of vinvlchioride; Polymers, Copalymere and
Terprlymers of styrene; Aminoulasis; Fenoplasts and unsaturated Pely-
esters). The staiemeits in the fellowine sections are, therefore, con-
fined to applications for which tho above Senticrad materials are suit-
able. Other plastics, if required fer special applications, wouid have to
be imported.

On the inllowing pase n simelified scheme for the preduction of the

most importani plastics is cutlined. Toe scheme ie simplified inasmuch

- inere have not been included all intermediate

ag for reagscns of ©

products. In each case oniy one preauciion method is queted. There exists,
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hovever, a ;reat number of such:

Vinylchloride can be obtrined alse by acanu of tha addition of Il
to acetylins,

8tyrene cun alre Lo uade frea venzens and acetylene or frow ben~
sene ard ethyloas chloride,

The tecunical ard ceoorowizal effecls o the use of plastics can
be very diffcroni, [n ne caua does their sain sicaificance lie in the
fact ihat tan- cen dircotly roplece trcditionzl anterials which are
not ai all or ouly in insuflicient juaatitics aveilable in the respec-

tive develonins ccuntry. Ta use of pla~tics is much acrs importunt
in cases waciz Jhoy bring sbout edvanies. s by simnlification cr ratio-
nalisation of uarl-ing nroo98c2u and particularly in those cases whepre
they make it poseibla to cora with problswc wiich would be incoluble
using traditional mnteriale. It shoull ba cloarly pointad out that
combinations of ur=ditional malerinls with plactics can compensate
deficiencies and bri.z forth fully the valusble spaeific proporties
of boih raterials.

If only the needs of davoloping scountries were ~onsidered,
& more extencive ure of plosiice appsars to be appropriste in the
following bre-i103 of national wironomy:

Securing foc’ supply, using pilasticrs in agrioultuve and
Clothing and oloeins,

Creation of 1liring and working epace-using plasties in
building oonstruciion. This includes water-supply systems,
sleotrical-en jineering, thermal insulation, adhesives,
varnighes a d conting materials.

Plastic 2-atainers for varioue applications,

™e use of plasties in transporiation,

Protection ageinst corrosion with the help of plastios,
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2. The most impcriant plastiss and their verisus applications

2.1, égriculturc and hater Suppls

The culiivation »f crops in new arees and the intensification
of agricultural preduction ars of crectest importance in view of the

gteady growish of the world population. Plastics can be a valuable help
1/ .

i

in attaining those znals.®

emsecially clayey soils can be loosened,

s

Heavy and closed,
better zerated , rendered more permeable to v ter and more easil,
cultivated by plougiing in Tlukes of cxpanded closed-cell polysiy~
rene xnown €. g. ag ’”tyroa&ll“,g On the contrary, open-cell foams
of plastics, particularly those spom condensation procucts of urea ond
and formaldehyde, wot altogether qifferently; they behave like peat
acoumulating water and aubritive salts and releasing them little
by little %o the planes‘g Thus dry and sterile sandy soils can be
exploited which are ...i able to be cultivated at all without guch
additionz! agents. Under the trede name “Hygromull® foamable con-
densation products of upres and rormaldehyde cre brought into the
merket. They contaia the least nossible emeunt of unreacted formal-
dehyde beenuse the iatter damages or even prevents the generation
of soil bacteria. Since Hiyerornllt i3 wade on the spot {rom
liquid intermediates, there 3r¢ Do traneportation problems bar-
ring often the vse of peat, Nesults of large scale expreriments
have beeu reported - for instance from Sgudi Arabia, First a 35 om
thick layer of larae suady eni} -ms removed, then a 5 om layer
of upea foan was sprayed on the jround end this l-jyer waa ocvered
with the scil, whieh had beeun removed. Citrus *rces developed
there superbly and without any losges, whoreas in eontrol ex-
periments, without o fozm layer about 50  ¢f the planted trecs
died. Soil tests proved that after 3 weeks ol ex;ssure‘tv S
light (486£ in snadow) the foan layer still econtained 2.6 litres
of water por :?.é/ rrosicn A the topmost and layer cculd be re~
duced by sprayin; 3 plostic film on it, e. g. [rom urce formal-

dehyde condencaticn products. Dark-coloured films increase the soil
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teaperature by about ao Lo 6Cz‘},wi1;r5 & 1iont cetcured filns fa-
vourably influence grorta and ripenin: Ly means of light reflection-é/.
Near Antucrp drif*t sud arens wor» a7 tistastcrily mode Jrecn in a
few weeks by crrayirg fnem with Scomobic urca-formaldehyde condon-
saticn produc’'s, water, mutritive salis and griss or lupine seeds.

A further step leads to the cultivatisn metaod known as "Pla-
stoponicc" where a urea-ferasldshyde foan takes over the role of
bumus and is the carrier of nutritive salts, of trace clements and
of water which is indispensable for tne growth of plants.® if
such cultures iro grown in tower-iype sreenhouses, complete auto-
mation of the cultivation process can be accoaplished; the plant
boxes are sarried by a paterncster throush 211 floors of the towepr
going at the lower turning point throursh z vath which sﬁpg,}lies then
with the necessary amounts of water ard nutritive salts.

For the watcring of agricultural areas pulyvinyl chloride op

polyclefin pipec were succesefally used, Due tc their low weight

ard easy laying {polyethylene and crooved polyvinylchloride pipesn
oan be delivered wound on drums in any langth so that pipe joints
are unnecessary) installation cen be carried out by untrained per=
sons, An attempt was made at growing under exiremely wnfavourable
oonditions i. e. in the Sahara desert, cultures at minimal water
expenditure laying in the soil flexible plastic pipes with holes
at regular intervals. The plunts were set so that the kncbs of the
roots were placed directly over the hoies of the pipes. Thus the
supplied water served almost completely to bencfit the plant and
evaporation losses were raoduced to a minimum.™

Perforated or slit polyvinylchloride or polyolefine pipes
are successfully ured for drainag purposes. Compared with tradie-
tional oley tubes they are eubstantially lower in weight and can
be laid at the spaed of 2 km per hour.a

Pipe-lines carrying milk from mountain farms or alpine
pastures directly to the dairies in the valley are an interesting
applioation of plastic pipes. If not used for the transportation




1D/WG. 34/ 30 oRev,!

Page 10

of milk, the same pipc-line can serve ag the means of supplying wa-
ter to the dairy.s

Plastic shecting i& extensively uscd for the cultivation of
fruit and veretables or on plantations because it helps to acoele~
rate grewth and 5 increase °rop yields, For instance bun~aes of ba-
nanas hanging on the tree are en 1msed in a coloured polyethylene ho-
ae tied off at the tcp and open at the lower end increasing growth
by 20 to 25 4. During ehz;sment the plastic hose provides efficient
protection against damage. Ry eovering the plants to be cultiva~
ted or the hotbeds with transparent PVC-sheets grewtn is furthered
by the acoumulation of heat and humid.ty as well as an efficient pro=
tection against wind and thus the harvest time is advanced by 2 to
4 weeks; eventually even an additional sultivation and harvesting
¢yole may be inserted TP . Using perforated sheeting laid on

~ balf-arc type mounting supports the resulting ‘unnel~shaped cove=_

ringe assure good ventilation besidese the above menticned effsct

By covering cultivated soils with black "mulching eheets" the
heat and hunidity balance of the aecil is feveurarly influcnoed, in-
crustation of clayey soils as a result of heavy rainfalle is pro-
vented and weed growth is repressed. loreover, 3. g. in the oulti=-
vation of strawberries, the berries are protected against contact
with tho ground and thus cannct be conteninated by sand or carth

_l/ E’/ . Surpms*ns' cucesss with mulching was also attain.d in
t$he cultivation of tomateesf cucumbers, beans snd lettuce as shcwn

&n the following table 3.
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!
UBiny tinck ' L 1 L

Plant speciss - :
NGO * S v Prlegheet iy
(T‘/hect are ) (4 hnnr o) Tanron inh
Bush veans 3-75 4.8 &
Lima beans 5.72 3. A8 £6
Cucumbers 14,80 35, 40 140
Towatoes 8.29 20.50 148
Plastice also play an important rart in the constrvetion of

hot=houses. Transparent plastic shects siret

plastic frames and preperly assembloo serve as a

beds or fer hrt-houses of light consiruction. In

over wooden op
covering for hot=
crder to improve

resistance to wind, the use of trangparent PVC-sheets reinforeed
with meshed plactic The
troublesome problen with asteel frameuork construc-
tions can be solved

threads or notal vwires is rec:::mendeziai
of corrosion
either br coaling the steel purte with poly~
ethylene or PVC or by using glass reinforced pclyester instead of
ﬂul.}j/

heat losses can be reduced thus zchieving considerable savings in
heating aazis.w

If traneparent PYC sheeis are

retched under the glasing,

For hot-water heating of stable hot-houses pipes of polyet lens '
of high density or of polypropylene can be successfully used.™ ”

The hitherto quoted applications have brought sbout results
which would have not been attzined witnout the use of plastics.
Qertainly such improvements often invelve considerable expense.
However, it should not be overlouked that *the cultiveticn of addi-
tional areas and the increase in yield are rssuits to be achieved
et any price, if famine with all its consequences, a nightmare for
a great part of the world's population is to Le removed. In this
connection dikings of polders planned und partly accomplished with
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foresight in the detnorlads are wcrth mentioning. Bven if the costs
are enormous, they will prove 2 SuCcCess and should bte repaid in the

future.

Furthermore, nunercus applications of plastics aim at the
retionzlizat.on of Inbour in aoriculiure. Since 1t would be i
posgibl: v quot: ull of them a fou intereeting examples only are
given in this report. orage gilos of concrete are lincd with plag=
tios to prevent the eftuetl of fermentation acide on the concrate or
entire silos are made of glzes reinfax ced poljester,l For the cove~
ring of the top plastic sheels cr plastic coated fabriea from fully
gynthetic fikbven ara*}%edmé/ The required pressure and sealing from
the outside is ettaoined by filling thesc eortainer~lika constructions
with water. For agricultural equipment such as vats, baskeis, buckels

and troughspolyethylens is especially recomiended becouse its low

*weight reduces physical labour con81derably.16 Owing to their oor-

rosion resistance plastics are preferred for gtable and feading
equipment too. lLarge milk and wine containers are made from glass
reinforced pelyester crnted or notv onated with PVC and even some-
times covered with a layer of polystyrene foam which assures good
thermal insulaticn, F.othermore numerous parts and coverings cf
agrieultur=l machines nre made of nlastics thus aveiding damage
caused by corvosion in cas: of scarce mttendance or of no Fervice
at 2ll. Thanks tn good emer, .oy-Tunning charneteristics a satis-

et 17/ 18/
factory functicring is assured, ~i/ -

Finally, plastics alsc play an important part in the packing
of materials for agrioculture and in tae packing of agricultural
products. At present fertilizers ore delivered exclusively in bags
made of plastics or woven from polyolefine ribbons which, contrary
to paper and Jute bags used in the pasi, arc resistant to deeay.
Bags woven from pins.ic ribbons, however, have t¢ be coated with a
film of the same material to be moisture-resistant. Also such bags
are test suited for the delivery of 2 apricultural products like

X 1/ .
potatoes, onicng, orcad and forage corn.~ [or fruit, tomatoes
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and eggs decp-dravn 1;gerts of P7C~fcils ~r. peferred. Jilk cans

made of polyethylens and pelyprepylene sre widely used,

However, the cpinions of the sersuncrs are net BNninous.
For saall packing bags »f pelyethylenc coated rapir, noxeg of
coated rordbonrd as well as polyethylerc betties crme more and
more into considuraticon. The luotiur werve na Twlil-woy op cne-

way packingo ond have alrecady gained a ceprteir tupertance in USA
but involve additicnal expenass.lq Butter and chocee are expedient-
1y packed in FVC op polyethyiene shests with or without an aluminium
coatinz. The selec*.cn has te be mnde according te the particular
requirements resncding light protection, permeability to wator va-
pour, oxygen and fermentation gases.gQ Those quastions will be

discuseed in detail in mection 2.5 (Packaging and Containers).

NuN.t Kunststoffe in der Landwirtschaft. Pflasterverare
beiter 19 (1968), 603,

Baumann H.t: Lodenverbesserung 4it Kung tharz-Schaum-
stoffen. Kmststoffe 33 (1965),389.

3( Baumann H. Plastoponik, eir noues Kulturverfahren
fuer aride Gebiete. Kunststoff-Rundschau 3
(1962), 169.

W.¥er Kunstotoffechaun zup Begruenurz von Somdflaccben,
Kunststoffe-Plastics 14 (1967), 23.

Pischer l.: Bin neues erfolgreiches Verfshren sur Festi-
gung urd Begruemy:; scteriler Ood~ und Sand-
flaechen unter Verwendung ven Hygsromull. Kunst-
stoff-Rundschau 14 (1967), 133.

& BB Flugsandbekaempfung durch aufsespritzte Kunststoffe
Folie. Kunststoffe-Plastios 11 (1964), 82.

N.Not Turmgewaschshaeuser mit Verzlasung aus GFK.
Kunstatoff-Rundschau 12 (1965), 58.
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Clothing and Foctwees

The futu-e cvath r the nao of elstilns and footwear will

ridfs . pulation because

be greator thon “he rnvre

the pise in

~un be predicted and
hoped tor Teiodi onn v o R TUTares ur hend cspecially

in develonin< crat~io . Foeoanotance Looaon ve expected that in
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1980 the demand for textiles and leuther will surpass by chout 30 7
the production estimated on the basis of rresent conditicns. Among
natural textile fibres the producticn of wosl ¢ nnet be raised pro-
portionally to the denmund because the poscibilities of animal
breeding are limited by the amount of forcge which will be at
disposzl, An eossential help in the supply of toxtile row materials
can therefore be expeoted mainly from cotton - insofar as suffi-
cient oultivable areas are aveilanle and,the local climate permits
cultivetion at all -, and from synthetic fibres. The figures in
the following taole 4 show the generzl trend of the consumption
of textile fibree,

Table 4i  VYorld consumption of textile fibree hetweon

AP YR . 163 A6 3961

Total oonsumption (1000 ) ;
ef that 9800 15100 13400 19200 18900

Cotton (in %) : 75.5 68,6 62,5 61.5 60,2
Wool (in %) 10.6 9.5 8.2 8.0 T.7

Rayon and synthetic
wool made of celluloss (in 7)) 13,4 ~17.2  18.3 17.5 17.5
Synthetic fibres (in %) 05 47 110 13,0 14.6

Among synthetic fibres the consumption of polyamide~fibres
#8111 ccoupies the first place but their yearly rate of increase
dropped oonsiderably in the last fow years whercas the rate of ine
oresse of polyester fibres has almost maintained ite position so
Shas optimistio predictions for the futurc are justified. Those
Srends oan olearly be seen from the figures in the following
table S,
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foble 53  Annual rate of increase (in %)
of the most important gynthotic fibres

1963/64  1964/65  1965/66  1966/67

—‘1_”-‘““

Polyamide + 23 + 17 + 13 + 10
Acrylnitrile + 43 + 33 + 18 + 17
Polyester + 33 + 34 o+ 33 + 28

The present report should deal, however, exclusively with
plaastics in the narrower sense.

Low weight fabrics are coated with plastiocs, preferably with

plasticized PVC and processed to work clothe: aad waterproofs. Bx-
tremely low weight raincoats are made of sheets using predominant-

1y plasticized FVC or less often low density polyethylene.s The
main problem is to obtain an adequate hreathing activity, 1. €.
good permeability to air and water vapour which is deoisive for
a pleasant “'wear feeling". Nevertheless, it hes to be admitted
that this goal hos not yet been galved satiefactorily in epite
of numerous efforts. It is also difficult to estimate at present
to what extent fibres of polypropylene brought to the market in
the last fow yoars will be used for clothing.

For knockabout winter clothing toxtile fobrics, possibly
PVC coated ocombined wiin polyurethane soft elastic open cell
foam have been successfully uaed.?' Thanke to the good insula~
ting prog:rties of the foam ogninst the cold the fabrics can be
of relatively low weight and price. Such combinations weighing
250 to 300 grams per squtre moter are equivalent regarding in-
sulation capacity, touch and wear ocomfort %o winter cloths of
7150 grame per square meter. The impregnation of couting with
PVC makes such textiles rainproof. Accessorics for the clothing
industry like buttons, petent fosteners, buckles, zippers ato.
are made of plastics, e. g on the basis of polystyrene, with
stability of shapse.
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Plagtice hove attaincd creat cigre Tooie o Lo e Cube
stitutes, Mainly plasticiced 170 Shocts e weren or wniteed fabrices
coated with PVC coae 1nte conssloratyon, Gome 0 eioneol Yike
being herd to the touch and Lolttiovesn w0 L L rLlurol nowe

now been overcene and etandars preoteev o Lihoob e UL market

falfill resrding aprearanec -nd v iy 40 tho roniirevepis

maie by cag-nokers of fivet-clare vocceini, Cwoorad v oapimnd
leather they display srveral -dvaniases suob ro woor eenictance,

ee8y cleaniny with witar and conp ae w1l as “he
dyeirg. As » consequencs the wearing out by SC urivy 10 Loew

visible than on ceoloured or patent notural leatncr, The ouoply
of "artificizl leather® in »olls »f unifern widin nLus, i7 come
pared with natural hides, the advirtsge thotl there are practi-

cally no cutting losees.

For the shremnitin: indueiry materials cascd on PVC ov poly-
eothylene are also impertant. Certain iimitationz, however, have
to be taken into account becausc ir svite of all endeaveurs it

is at present still imvossible to recch the waler wbscrption
eapacity and the permeability te air and water vaprur of animal
leather. Therefore "artificial leather doer not catizfy fully
the requirements of upper leather of soliid and knockebout shees,
Nevertheless, it ie used successfully for lowwei ht ladies shoes,
sendals and gym and beach shocs bacmuse in thzee ‘arges tio problem of
ventilation is eclved hy perfnratire or by dissseting the upper
part of the shoes intc a network or strap!::’/ Y 2/ . Artificial
upper leathers developed recantly are pirduced from paiyurethanes,
Their ‘radc names are "Corfé.m", orlex™, "Xylac® eic.

Snow shoes and weather beots are masnufactured fram plasti-
cised PVC - by injection moulding oy by the dipping precess -
usir different compesitions for the upper parts and the soles.

5 They are absolutely fit for normal use becauuc it is now
poseible to reduce brittleness ot lov ‘eare ntures to such an
extent that shees stand at -10°C in a sr3cially developed
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tosting mechine 100,C00 barnda withoui the formation of ora.okl.'w
Rubber csuld oaly madneain 18 place, in iae manufacturo of hoavy
work shoes to to wcan ot evtoemely low tempcratuvres. 1t should be
mentionod thai FVC--booes con bo merulactured such that they are
pernanertly Tosiseris W0 mireral cila. Jork shoos of the type of

the fumous ducsh wooren shoes are made of 1 elastic palyetbylam.w
Crosslinke * polyasterless ie airo used by tha choemaking industry.

The m~in fieldc of anpliceiion fo~ plastics - ospecially
polyrinyl chlovide »nd polynthylons - ove component parts and
apoerncorios of choer . . inped ant intermedicte soles, stiff ocap
and hecl pucts tut =dove 21l goles and heels.® at present Boles
and hecls =ra oftun muds in ong pise: znd consint almost emclusive=
1y of plnztisiced PIC with or withoui “he sddition of nitrile rubber.
They heie Lone ~242d 47 much an axdent 4hat 0. g, the British shoe~

+ making irdéumiry eiill furaienei in 1945 82 5 of its total pmﬂ.&
of shoes with luai™ow celes wadreas 30 yeers leter only 15 # of
200 sillion wrins ore broughi on Vo i market with leather lolehy
High and gleniop hox's for ledier shees viich have Yo stand an
ovoreirain cva nae of nlantics r~inforced with metal inlarts;y
normally polyaccsule ans polyemidar, hut somctimos algo polypropy-

8/ cf |
lene =~ 230 pol osloaT Ty e VL 3¢ Tov ihal purpose.

Mo pigailisease of pl antiee for the shoemaking industry con~
gigts not oaly [ tho cndng wily impertant bvroadening of the raw
material base, bot Limy dn she favt sihat with their help it is
posuible te rrdved tae rumbos of ©:besquont woerking nparations
and to raiionsiive the neafacturive process. Beach sandals of
polyetly leng ov ¢” PYC ar undo fully autematically in one wor-

king operai:icn on iunjection moulding macnines. Polyvinyl ohloride
goles are  ucd, weldeld or dircobly iajoctod onto the upper part
of t *» s vhangno ihe Iroiening oL a jcashor sole according to
traditional %}::‘ e mstlcds recquirer uot less than 20 single

5,

operaiions.:
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Refer<nces to section 2.0,

Drasoiiler Avt Hirtschaf-liche Ferti,o o v lvenbekleidun:
aus PVC-Folien, Hunotstoffe T (19030, 107,

y N.N.t Die Herstellunz scinounstofiverbunderor Jcxtilien,
Mitteilungen 4, chem. Porschunegzaincvitvico 4. dirtschalt
Oesterreichs 21 (1367), 170

y NeH.$ Scnuhindustrie uss retionsiisieren., hunststofinuarkt
15 (1e64) #.7, 3. ,

y N.N.s Kunststcffe in der Schunintustrie, siitteilunger d.

' chen. Fforschungsinstitutes d. Jirtschall Oeeterraichs

22 (1%t), 2z,

N.N,t PVC fuor Schuhwerk. Plastics Today (Deuteche . usgabe)
Nr. 28 (April 1966), 2-4.

NeN.: Beve looglichkeiten fuer die Plostic-dchuhfabrikation
wit volleutomsten. Ku.-tsteffe-Plastios 14 (1967), 189,

Pischor Ui, & Jochn L.t Die Belasiungen und Entwicklungsmoeg=
lichkeiten fuer Geleuke und Brandsohlen bei Damen—
schuhen. Plastverarbeitcr 16 (1965), 208,

Crilow 4.t Verarbeitung von Polypropylen (Daplen) zu Sehuh-
abssetmer. Allgomeine u. praktische Chemio 19 (1968), 47.

ﬂ Bog K.t Vergziessen von ungesacttizten Polyesterharzen. Kunste
stoffe 57 (1967), S5.
y N.N.: Touch of beauty for heels. idodern Plastics 42
' (March 1965), 107.
w N.N.t Duteh ™ooden shoes" are molded of EVi. Modern Plastics
- 43 (November 1965), 53.
w K.N,3 lew market for crosslinked polyethylene-foam footwear,
, Modern Plastios 45 (February 1968), 72.
- })/ Sehesfer Ph.: Kaeltefosto PVC-Kurstleder fuer Winterschuhe
Runstetoffo 57 (1967), 160,
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2.3, Creation of living and Working Spacej Building Construction

The possibilities of the application of plastios in building
construction are cxtraordinarily manifold. Indeed it can be seen
from the following table 6 that 20 to 30 % of the tctal preduc~
tion of plastics in highly developsd oountries go 1o the buile-
ding trade and as a consequsnce 14 oomes to s condiderably high
eonsunmption per oapita.

w Pepcentage portion of building construotion of
total consumption of plastios; Quotas of plastics

Portion of building tredes  Quotes per oapitat

161 1968 1966 a9

Western Germany 19 28 n %7
Italy 19 28 3 48
France 22

Oveat Britain 12 19 2 Nt
usA 17 20 22 &2

As far as the application of plastics in building con-

traction is concerned two fundamentally different ways must be
considered: plavtios are either used ipstead of traditional mate-
rials in traditionsl building conatruction cr new methods of buil~
ding oonstruoction are introduced allowing full exploitation of the
specifio properties of plastios, e.g. low weight, good tensile
strength even with thin wall thickness, low thermal condnotivity,
high corroeion and weather resistance. Zespecially the second way
of application ococuld become important for the construotion of
smaller buildings in develsping countries as will be discuased
later. »
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Agglggtion ¢f plastics in traditional ccnstruction nethods

The following table 7 wives an approximate survey cf the 1mpcrtance of
plastics in US building construction,

mvl%;gg'ﬁ@‘%?’% A &3
8073891d N N
poozoutes sgel o
suises Lxodg -
sxejgeftod " QO
N e I ] 1
; P N o
s3aetdou -
sygetdousy, LKLY
Se3RATIep esornyy -
sutEeX o17.ix0 e
sewreny eanAy e 9
stej00ue4y o
sejwuoqIeofro “ N o~
sxemlyod-g
sexlisftog ] R -1
- [ “ 4 N gg
opnoTye TAIAftod B ;
sutzetofy =5 & "

xx/ About 33,000 tors -re other materials, mainly “"asphalt tiles".

Pipings, ssnitary installations 2 12 212 1 2

Lighting
3/ 8ve icdern Plastios 45 (Jemary 1968) 105.

Blectrical inmulation

¥all fecings for i

Insulation against moisture

Various profilas

Clasing
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To give a close~uz of the financial side the next table 8
ghows the gross pruductiion values of construction units from

plastice in Vesiern Germany.
Table 8: Cross volues (in m1llion Dil) oi plastics

aned in the most important groups of ~aterials
~/

for congtruciicn - o

Flooring 191 629 632
Foam plasties 70 259 268
laminstoes ag panels 164 231 238
Pipes and sanitary insiallations 1% 152 202
Profiles 122 161 161
Building panels g8 122 11
Building wiite } e 45 110 128
Revelving shutters g & 81 8
Windows ‘ 2 11 16
Doors 4 8 10
Total Value 1,269 2,017 2,034

1t must be sa:d, however, that cheap maer—~produced construoc~
tion moterials 20 bricks, lime, sand a.d cement cak hardly be re-
placed by plastice for reason of prica. Plagiics are used almost
exelusively as non load-beoring esnetrnction uniis, insulations,
panellings etc. Plastics may even nave loslbearing functions in
constyucticns which ars appropriately adavted %o the specifie

properties of the matorial as will be ghown later.

By far the greatest pavt of plastics applied in building
sonetruction ig used for flooring mainly made of PYC. In
contrast to wooden {loors the have a dense :losed surface which
allows casy oleamning and maintainence. Plastic flooring is sup-
plied in various Cegrees of hardness and types (tiles, rolls or

corpets). Highly eirairad industrisl floors are nade of priming
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materials, e.g. also of polyesters with adequite filler.u,

In concrete construction and in the product:on of building
stones based on concrete plastics jplay o wpertant part. (f, lor
example, a particularly smooth, spcceially ratterncd, etruetured, or
profiled surfuce is degired the cencrzte forms =re lurned with rlass:e
reinforced polyester,ﬁ/ or with smooth or deep-dravm foils of rigid
PWC.# Inserts of pclystyrene foan adhera to tho conersto even after
removal of the form ("lost form) and thus directly provide the
desired thermal insulatien.éf Zmbedded blocks or hollow rieces of
polystyrene foam connected with the use of comparatively cimple
wooden forms provide construction units viich ia spite of thelr
greatly reduced weight offer high load.in: capacity. After dismant-
ling the construction the foam can b: removed, e.g. by burning
avgy, so that suitable recesses ard openings for construction oy
installation purposes will be obtained.~ Low weight conorete
building stones are uade by adding flakes or previously expanded
granmules of polystyrene foam to the cencrete.” Buildings can be
faced with glass reinforced polyester which provides = dense,
attreotive, impermesble znd water-repallent surface and makes
plaster unnecessary,

Insulating sieeis of polyethylene or soft PVC have been
swoessfully used as proteotion againsi the rising of ground=
wter, ¥

Yoan plastics are also important for thermal and acoustical
inmlation.® PFcams with predominantly closed call structure
based on polystyrens or phenclic resins are exoellently suitable
for heat or oold insulation, A 2-ow-thiok foam sheet insulates
a8 strongly as a 40-om-thiok brick wall. Foam plastics are laid
on walls, ceilings and particularly under flat roofs. Appropriate
regulations have been worked out by different suthorities.&d &
Mditional informations will be given in seotion 2.5. ("Thernal
insulation” )., Foams with open cecll structure based on urea resias
provide efficient sound absorption, especially in combination
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with plaster or stucco cluuc fixcd to ceiling and Walls.l'}/

Perforated sheets o pelystyrene foam are also recommended
for the saue purpose. Good fcotfall sound attenuation on "floating
flocr finishes' can be attained by underlaying highly resilient

1af

e Falup. o
polystyrena [am.=

In tha field of water supply and di stribution as well as that
of sauitm&; inotallations plastics are an important f‘a.ctcr.l
Drinkinz uater lines are made frouw polyetislene or PVC pipes whioh
of fer a wunber of aﬁaﬁt%&‘%% it. compariscn with traditicnal steel
pipes. Their welsht 1s mbotantially lower tius {aciliteting in=-
atallation considerably. ineir good chemical resistance prevents
ohenical attsck from inside as well as from cubside, e.gs by salty
or mershy scils. Daposition of scale fron water and of dirt in
sawer lines is preventec by

the noncorroding, smooth and water ye-
pellent irner surface of plastic pipes &0 that the) ure leBs Suss
ceptible to clag:;w-ﬁ "he preblem of warn~water lines nede of
plastic pives has not yet been antirely sclved sxper.mentelly ine
gtalled pipes o1 chisrinated PVG or of polybuiene-1 have been ztan-
dins the teegts gu.te well ap 0 the ‘“r%wat.}*-‘g PIC has been success-

fully ured for onver and Tain stters. In thin respect positive

pesalts of love teats cwrs rojorted from Dactern Jermany
Por sus lines
pipes of PVD

sorylniirile and «..L‘%Z,Ei’i carn only be 2

pines sannci be need ot all whereas

g@‘i:f: s {tapoelyners of styrene with

;o1 if the pasBing
pat

5P aromatio connowris.=

w

gas 1o prac
Complete bathroon L iocks nonsisting 5f wall fauing, bath tub,

wash pasin anc videt as %@ suit have been brought to the market in

Prar+

supply and drais need pe conmectiod. Thece units are said to have

£ Ths lhal.

satarocn units only water

s aptaliation unite which

proved to ot
eontain the pine distribuiion wyelen f r sanitary installations
and whish cre exed 1o the wall sav e tr' Llescme and 4ivt produ-

einy ashipyping wooa durien 6o unbing sater tanke for flushing
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lavatorier and siphons for sinks are made of FVC or cf polystyrene
blends, toilet seats of moulding materials bused on rhenoplasts or
aminoplasts and bath tubs of glass reinforced pelyesters or some-

e

times of polypropylene. )'

Hollow as well as massive doors are produced from nlastics
too,= In the first case franes of woed or aluniniw. sre covered
from both sides with sheets of PVC, glass reinforced polyaesters or
decorative laminates coated with aminoplasts. Ilassive doors are
sandwich constructions which consist of two covering shests glued
to a low woight core. The latter is made either of rigid foam or
of a honey comb structure. This honey comb structure may be built
from phenolic resin coated papsr or frua styrene which is thermo-
formed to r-vcial poiymeric sheets.-@/ Garags doors are also manu-
faotured s sandwich laminates preferably from zlass reinforced
polyestors. In special cases, o.g. because of lack of space, fol=
ding doors from plasticized PVC have proved guccessfull,

The traditional window constructions with wosden fre.es and
oasements are liable to warp under the influence of changing
dumidity whioh nakes, especially in new buildings, a reliable
saaling against the outside atmosphere hardly poseible; apart from
that wood 'is easily affocted by deccy in werm climates. These
diffioulties can be overcome by use of metal window vonstructions
but then rust is a very seriouc problom. Plastio vindows made from
WO or glass reinforoed polyester do not show any of these
Sages mentioned above.

Expensive oogtiaén which hove to be renowed in relativgi;;
short intervals beoome unncoessary because plastios can be dycc
ia the material. To compemsate the not negligible thermal dila=
fation of PVC and to make the frames and casements sufficiently
SMEL amd distortion~free o great nuiber of constructions have
Boen @eveloped in which a) cores of traditional materials are
ooated or surrounded with plastics or B) window frames and case-
sents are made entirely of plastics.ﬁ/ For revolving shutters FVC

is used predominantly.
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Por heat insulating layers in flat-roof construction)y foans
or polystyrene or phenolic rcsins are used;w }-?‘/ -2-?/ reinforced
PVC Toils arc applied for roof skin 28 i Tcsced polyesters for
transparent roofing glass. Applications of the latier do not only
include low weight roofs of house entries, of parking places for
bicycles 'md of fill:ng stations mde from corrugated sheet
but also single-dome or double—-deme transparant cupolas of various
sise 24 :LC/ up to trensparent roofs of nalls having large dimen~
sions. By adequate construction of the elenents stiffness and load-
bearing capacity of iho whole construotion can be increased consi-

derably. L

For nan-loaa-beanng; casing ¢f, .2, baloony parepots, COYTUEA~

ted Bheeta are used which arc normally mede of glass reinforoed poly-

estorstd but also of rigid PVC.4#

On tho wholc transparent plastios are widely applied for the
eonstruction of “translucent units®. Thase arc transparent oone
gtruction units, ec.g. partition walis, pillars, or taue like which
allow to bring dsylisht to dark rooms and/or serve as decorvative
eloments., Scroen walls of glase yeinforced polyeste Y am trang-
parent wall units coaposed of several extruded sactioary should

also be mentioned.

Interior archiitecture cnd decoration makcse extonsive use of
plastiocs.

Hall coverings arc made from IVC or polystyrene plastic flags.
Plagtioized PUC in rolls or devorative laminates in sheets are used
for coveringe and casings of large dimensions. Murniturc faoings
ere made eitior of decorative laminate sheet 22 or of PVC veneers.
Attzcament of these materials has boen fecil.vated in such a woy
that they offer themsclves for "do it yoursel”" at homo. Saall
pieces of furniture ore not rarcly manufactured entirely from pty-
rene plastics or arc asscmbled Irom single parts of such plastic
materials.éi/ Building and furniture fittings of impact resistant
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polystiyrenc, hingcs of polyprapy, coo , Thaot o w0 o SLoVTIIOUB
plastics may serve as o fovexwal e ror ooyl uor 0 pruiibl-
liti@so

Casings of facades mode of PV o sl reara e o0 ciyoster

w 3§/ oy of plootic conted vrenn 20

b
wioh laminatec; <ht fechnique oo produstoiog hen lready boon oxe
plained. 10 such laminstes sre usaed iootord o1 wngenry for the cove
ring of stecl or conerete tkelotern  thay are muae somewhot thicker,

The low weizht corc is vsoualiy o hest snsulsting jlactie foam and

the cutside foeings 1s of PVC, glass reinforced polycoter shoets,
plastic conted sircn plates, boards of minerally bonded wood-shavings,
or asbestos coment. The facing towards inside is eoften covered with
stuooo cardboari. Such units are often monufactured in considerably

, ) . 2 "
large dimensions {(up to 20 m° and uven more), havs recesses for
-

doors and windows and can therefore be rogarded us {inished products,
It {8 eoid that tho setting up of such units does net reguire more

than 1 minute per mz.

The above described .cthed may be rogarded as = transition to
unconventional ways in building construction which wiil ho dis-
ouszed in the following. ‘

Application of plastics in unconventional methods of

gonstruction "'9/

An inorecse in the amounts of plastics used in the building
trede which oxceeds the quoted extent of 20 to 30 5 of the overall
oonsumption of plastics con onl,g be achieved if traditicnal enn-

struction methods are replaced by methods allewing full exploitation
of the possibilities of plastics. IFor that purpose, however, pio-
neering trains of thought haeve to be followed which will perhaps

be acoepted more easily in developing countries because there
architecturnl tradition will not be opposed to the now concepts.

In addition there is no doubt that in smaller buildings construc-
tion units are exposed to less stress than o.g. in skyscrapers
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so that cven load-bearins functions can be fulfilled by plastio
parts. '

For temrorascy use a3 neeting halls and warehouses or for pro-
visional acconoontinns of o pgreat rusbor of people in cases of dis-
~gtor Yoclfeoupmorting irfliatable halls® are the ideal solution,

They arc nmede of rlastic ccated fabrics blein up by a slight over-
pressure of air se thnl they form an arch like a cupola. If they are
not required ~ny longer the air supply is interrupted, they collapse
and ecan be quichly nid cazily tpenuportud sonewhere olse. Their weight
is about 1 ko per m2 whereas roofing constructions of glass reinforoed
polyester Wt,‘.."h approximately 10 kg and traditional roofings about
100 kg per n”. If after crection smaller Vself-supporting inflatable
halls’ are sprayed on the inside with fozmable plastics, e.g. carba~
mide resins, thes are oven after cteopping of the overm‘esme of aiy
stiff encugn to moke o "self-supporting® igloo.=% / Bince all those
low weight constructions can be erected without a foundation they

are indeed rosistant 1o czrthquakos and neod only be secured against

being blown away by winds,

Starting from gimilor ideas habitations have been constructed
gonsisting of 2 barrel-shaped motal body which is thormally insulaw
ted by o foam lirir~ and cen be partiticned by plastic walla as re-
quested. Since such a hobitation with a living area of 70 m2 weighs
only 2.5 tona, is erceted without 2 foundation lying on the gr:)und
like a2 barrel it is

m

sisc earthquake resistznt. As further advantages

43
the builders cluim pesiztiviiy creinst tormites as well as low rric:.a}/

Out of cther noval constructions using plastices only a few
should be wentioned, Cupele shaped constructions arc assombled {rom
bands ~f polystrrene foan or wound from then and strengthenod by
automatic continous slucing or w.liding. Such a cupola can be covered
with coneretie cr with sluss reinforeed pclyesﬁte}.@/ 411 plastie
housce consist ot dwell iz units made of glass roinforced polyester
sandwich lominoicz whieh can be built together in differcnt vays. It

E

8 also pessilic that sanawich lwviinaic pancls which if necessary have

-
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streaginened boerdors nay sorve oo coverar gt oor liranso foe stool
frame structures. There iz a variuiv o wy i to wooorio cuch
dwelling unitc to houscs which bLinn nier ver el reat porinae
plans .nd varying but not oo larse 1o aone. o4 Lipen hnve
®een crectod in xlrost all wndusirizl c-untrics amd o BV UaTos
have been furniched with built-in plostic furniture, o ooritiool

observation of their uce durin, a period of sovers] soars valanble

informations have been gained on the practi~u! apnlicabelity of
W r gad 3 o
certain dwelling units.
Wi the meaticned prototypes the self-suprortin: ocustruect iongel
& N 1%

parts have to fulfil speocific functions., in othews core they are

8pocially designed Lody frame constructinns made -0 ci.ss reinforced

polyester whici c.g. bear the glazine of ched-rocfs LB/ form

the skeleton of a fillign station,-%/ for large exhiviticon halle
vault-like rocf parts resting on glass reinforcea polvester pillars
have beon arranged regularly arvund - centre past or vaulted plastic
shoets have been mounted on the stzcl network of 2 sphwerical hall

thus stiffening the whole construction very strongly.

If polyester sheets havo to bo set in metal frames it is often
practical to cast the plastic meterial directly intc the metal
frame in order tc obtain o joint botwean plastic and metal thus
protecting the lattor agwinst ruct,

Por small hobitations of the "do it yourselfi-type which
overy non-professionsl is a,bld to build hollow "bricks" of PVC are
available which are epecially shaped so that they fit into one
another and givo a good joint like the parts of =cue building~b x
toys. To make such habitations eufficiently stable the hollow spoces
of the pla.stio "oricks" are filled .ith sa.nd.il'-é-/

It must finally bemeniioned that plastios in connection with
buiiéing construciion are alsc used ac merc auxiliary materials and
therefore dc not show up in the finished buildings. Fresh concrete
is oovered with polysthylene or plasticized PVC foils 4o prevent
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prematurc drying;.ﬁ/ Temporary glazings cof carcase works with plastio
foils allow construction werks to be continued oven under very unfo~
yoursble climatic conditionc. Indeed complete buildings have been
erected under gigantic inflatable self-supporting halls whichaare

not renoved vefore completion of thoe work
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Electrical Engineering

About 50 vears ago the increas-d junlity roidrenestis of the
electrical industry led t- the discovers of “oarcl te | “he first
fully synthetic plastic. Today eiec*rical e -iuserins 1o etill
steadily stimulating improvements o1 plarti.c anrtsrools thougn

other industirial branches have becone lsading in regard o tonnage.

It is obvioue that the successtul wrd rapid increass o the
electrical industry is due t: the development of new insulating
materials and it was only when plastics vith high-grak insulating

properties became availabie that this enormous progrecs started.

It is only a small nunber of specific trarches whner: plastics
have to face considerable competition from mica, ceranic and bi-
tuminous insulating naterials, insulsting pa;:;&rs; and rubber., Even
if dielectric chargcteristics of certain plasitics are excellent they
are of moderate temperature stability and often & strongly marked
inflammability must be taken intc account. The fcllowing teble 9
gives a survey of the properties of the most imvortant insulating

materials (measured values are not reported becausc they can very
strongly be influenced by admixed materials),

Teble 9: Comparison of Blectrical Insulating llaterials

Surjernsuy

zedeg o1qeD
sy Tuoq; txeqqny |

siserdomaayr
5 090WITLT,

=)
24 2-3

Weight

Inpact Strength
Temperature Stability
Dieleotrical Properties
Moisture Resist nce

Oil Resistance

4 3-4
o4 4

PPN, |

% 1in absolutely dry oondition only
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Note: The highcst figure of the classification ccale indicates

the highest property v-iue (o= unmuitaclie).

Plastics are used in electrical engineering not nly as in~
sulating matorials but alse for couponent parts (¢.z. motor casings
from glass reinforced pelges%erz'} sllowing to acke them emaller
and more compaci vocause the electvicaily insuizsing plastic re-
duces the danger of breakdown oy surface condustion, Laminated in-
sulating materials consist of paper, cetiton fuucie ory af high
temperature stability is required, of msbestos felts, 7lass fibre
fleeces or fabrics vhich are bonded togethar with phencl-formal-
delyde resine or polyester r%%iﬁ%;g : Laa%nateﬁ materials with
pressed on or galvonized metal ceg%ing,f 2f are suitable for the
manufacture of printed circuits which play a very important par‘k
in modern swich—~ and control systems. Plexible materials of thiﬁir

i

kind are on the market too. 2

L3

Inetallation oaterials like plurs and sockets, swiiches,
junotion and distribuicr boxes as well as bodies for coile 4
are usually made of phenoplaste or caincploetc. (nly in cases
where relatively moderats thermal stability and comparatively
high inflammabilily sre of winor img&rtaﬁﬁ% styrene polymers or
sopolymers ocme into ceneiderntion.~ OStrengly strained parte of
larger dimensicons ate prefer

mde frem plees roinforcad poly~

esters whick combine 1mproved iensile girengih with rood noli=

$racking qualities.

¥

Polypropylenc v cp impact resigtant polystyrene
for the casing of storsge batteries particularly oencuge of iupact
and vibration strain which autcmouile watteries have to stand, Se=

parating shoets for ciorawe natterics nrpe Loduyg

srolugively
made from polycleus or FVC, Tho nececniay strist o iimited pormes-

ot C g

ability can b nccomplisied by pewdeor-sinterivg oo rooaplete ime

by

pregnation ol iitras flecces with synthetic ra2sine, Pores of the

required size can alse e obtrined by odains seoluble inzreaients
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to the plastic before manufacturing and subsequent dissolution.

Plastios have become important in the production of low and
high-voltage vwires and cables. Insulating wireeenamels are either
ssde of phenolic resins plasticizod with polyscetals s ap of wc.w
The polymer blend is applied as a varnish vherens PYC is sintep-
fused. Polyethylene and plasticised PVC are extensively used in the
manufacture of cables. Besides their excellent dielectrical pro-
perties these plastios are absolutely insensitive to hunidity.
Osbles of this kind do therafore not require any of the nececsary
precautionary means for paper insilated ocables and o coat of
polyethylene maies them oxcellently oapeble of baing used ae sube
marine eables.w The thermal stability of polyethylene as cable
Waterial can be substantially improved by oross~-linking the poly=-
othylone molecules with peroxides so that wush cables work eatis-
faotorily even under inoreassd thermal ﬁm&w Horeover, tiw
application of plastios for insulating cables allows the sone
struction of various special types which would otherviss be Y
possible. If e.g. metallic sodium is ambedded in a polyethylone
sheathing the weight ef&ﬁacﬁhm&ﬁmﬁemtﬁﬁy
IS is out of question that , in consequenpe of climination of the
treditional lead sheathings, ocablen covered with plastices are very
substantially reduced in weight so that transpertation and instele
lation costs are lower. Osble sheathings cf PYC can be acde oil
resistant which is another obvious advantage in ocuparison to
rabber cables,

In addition to the abcvc mentioned asdvantages ‘'t should be
noted that the use of plastis insulated cables helpa to rati%aﬁi?n
viring and to establish eleotrical sonneetions olear of spraya,®

~ Inmlating tubes or sheaths for the installation of olaotprie
oonduite are for the most part mede from rigid MT & frem pely-
ethylone in order to avoid the troublescme corrcoion uf rwtallic
insulating tubes which is due tc 2 reaction with moptar or Gop-
erete. &/
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Inmulating varnisies, porticularly those for impregnation of
e 19/ ,
windings , Plastic borded magnets = insulaling taped y and

varioues small parts (o.z, 1nmulating oorews oo nute) 2an only be

senticned.

j’ fogeon 0.1 Verstoorkie hansiste
‘ Bu-atatc i =t :

4

#

t und rsen ssble, bdewn
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(XS MJamulads
e problen of thermal insulation has alpeady been discussed
ia seetion 2.3. ("Building Construotion') as it is important for
8 protection of buildings against heat and cold. Muoh higher do-
sands are mode however, as far as cooling and particularly deep-
fEoesing eystene are conoerned, The following qualities are re.
(s) miniman Meat oconductivity within the whole temperature
ronge that muet be oxpected during application,

(b) maximum diffusion resistance against water vapour,

() good dimensional stability to provent subsequent
formation of oavities which could effect thermal
insulation,

(4) good thormal stability as well as good compatibility
with adhosives and sonling compounds, and

(o) high resistance against humidity, oxidetion and
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As heat insulators plastir fcams based on polyestyrene,

phenolic and urea resins come inte consideration in contrast to

traditional insulating materials 1ike cork and glass wool. At pre-

sent rigid polyurcthane fonme ars being used more and more for ther-

mel insulation applicaticn. Thoy have the advantage of being capable

of being produced on sites from their row materials.

.

A comparison of the properties of thermal insulating materials

is given in table 10.

Table 10: Propertics of thermally insulsting materd
¥ F2F T8E PR
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It can ben sean that with the cxception o7 glass wool the listed
insulating motorials do nct show great differcnces recarding thermal
conductivity provided that they arc absolutely dry. On the other
hand a high moisture content reducos the insulating property greatly.
Therefore glass wool and urea resin foam can insulata satisfactorily
only if they are protected by absolutely tight screcning {rom moist
air whereas polystyrene is scarcely affectod in this rospoct. Cone
trary to cork insulations foam plasties are distinguished by theipr
rogistance against moisture and Jicro~orgenisms., A disadvantage of
polystyrene foom is its limited thormal stability; with phonolie
resin fvm it is the smoll of phend that cannci be complatoly elimi-

In addition to the above mentioned properties favoursble
fibration strongth and sbresive resistance are required in cese of
movable cocling systems or contaimers. Nigid PVC foame aye most
sitable for that purpose but polystyrene foams ei%kiaa% too low
wnit weights have alsv proved Wsﬁfﬁhy Thooe probleas will be
discuseed below in section 2.9, (“Pransportation’),

If extreme touperature differences exist between the outside
atmosphere and the inside of the cocling mystem it is absc lutely
meoessary to use a vepour lock to srovent condensation of diffused
water vapour. Composite foils consisiing of plastic asd ~lusimiun
are vory well suited for that purpose.

& making the inmer and outer eusings of cocling mystems fyon
& desp-drawm styrenc ploetic or frem gluss veinforced polycoter as
wll as by using plastic xorews, epcoere, ote. 1t im possible to
awoid the formation of avat oondusting bridges thua LmpProVing Vi
famlating offect,

8ince the upper temporaturs limits of pilastia foume are not
very high (60° to 130°C acoording tc the type of plastion) mah
Satericle are applied mainly for thermal insuiztion: in building
oonstruotion »nd ir cocling systems. Plastic fowis cannot he uoed
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for steam linos, therwd power stations ¢to.

In some oasor therm:l inculntion 18 necossary to protect free
liquid rurfaces y~inst fpogt or against losses by ovaporation.
Hollow plostic spheres Ulciting on the liquad curface and scree-
aing it oificiently asanst the stmosphore are used for that
purpose, According tn the type of liguid amall spheres from phenolie
yesing ("microballons™) .r somewhat lorger Ones from polypropylens
are ;g;siiafiﬁy Flagtie sphores have almo proved successful o8 odowr

barriors.

)/ Wehler K.: Pnysiknliech: Orundlagen dor Haorm - und m;,
igoiierungatechniic sovie dey Hasecrdanplald;
Kunstatof f-Bundschan J %ér_;f;g};‘ 430,

=i Isclicrungen in Kuehls
T Egutschuk

it effeetivily Bleck off

;%ﬁaﬁ ;i ipecring 18 1966 )
¥
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2.6, Qluing and Improyving of Wo.d

Fopy improvement of netursl wood plastics can be uscd in different

waynt

(a) ar glues end bonding agents,
(v) as itapregnating ncterial, and

(¢) ae substrates for surface treatment.

The induetrial &uin, of woed cencerns firvst of all the pro-
@uetion of plywced preferably using uresc and phesolic resins which
oan quiskly and szfely be cured by heat trentment, These meterials
eompate wi'h ccld setting cascin ;lucs which, hcwever, are surpassed
Wy the synthotic glues in regard to quick setting, § od water ro-
sistance, and resigtivity against wildew and decay. Those propertice
are particulcoriy important for applicaticn in countrics with warm and
modst climetes. ¥ & ‘“hich of the mentioncd eynthetis glues should
b preferrcd does not only dopend on the type of wool and on its
moisture contont but ales on the type of loan materials avnilable
which can substaniinlly influence the gluing prooess, iloreuver, the
feohnology ~f this procese oan be medified in many waye. Tha glue
sy be applied as liguid or intermediate layers of papers impregno~
tod sitg aynthetic gluos may be inserted, The ~uring heat muy come
fyonm tho plztes of & press or aay be produced in the straight-glued
Joint by reeistance heating (TEGOWIRO-precese) cr by high-frequency.

The production of wocd chip “oirws proforably ubel wolor go-
Juble urea resi s oo bonding agents which oan be cured by nnat and
presurc; the neceesary hoat input ocan be ifected {rew outside op
frow insido.

Qluing of wcodun workpiccees oituer outdeors at the building
eite or in the workshop can by carricd out vith oold sctting adho-
sives based on (heaolic T arca rosins. Sor sucn purposcs, however,
e@hociver from disporeions of polyvivyloecetate are usually preforrad
owing to their nore simple and convenient handling. Ib cases where

proquiremenis of adhosive strength and weather stability nre very
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high, o5 tno oottt oot beote v o wapporiang roofs,

bridgs construstiovs, e St b oin s dues @ J. fied wmath

resoroin sr ~oriied, .

For lons., ononiptiets o oot rocerer pe have boeun engeged in

the prooier Lonaorrans thy B Wl woed by filling
its covitien o th plaEtic . Seluiic o ot sseroaslscular substances

are, 4.3 AP 4 e B By BT e a TS 4n act ponatrate doaply

enough into the wood cven 1f vacuum o 4 pressure nre applied so that

only ihe cubur l1.ynpe il receatly satisfactory

SCRDMET S, Qigt

styrene, “Linh s of ooearesls o1 by

irradiation uith Josna-v paye. & are ased for the ife

provement of wood=libna baogrds.

fechnoloric:l processes uwhich inprove wood surfaces, 0.g&
ing, Jardness apd resistance against

goratchos or moisturc wnd ghonlenls, Besone wmportant.

ho Aisenosed in socticn 247, shoete
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posite muterizls can oo

?1&5’%16 furls or
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with glue. heat and under
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resin 10 srianl voenaing
visible. lletal Feris ne topr laying mRte ;"éé'f{‘g%?‘? provisicns for

a possible meapture crohings botwonsn TH6 teriznt ol the out-

tyra offer first

of all the alvantaae Lot car po cblained vailch are very
attractive, dnrabloy ond Fa TR e 3 12 no doubd
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propertios of the materinle, The narrowy dapk-ooliuped lines
vistble on tho cut udres (f the ecvoring matorials wre fion vaod
of deoodative cleacnt by dnsirmoro. A% a mattoer o fact prowuctr
of wood covercd with plastios aro widoly used fer tae imterice
decoretion of dwolling housos, ehins amd ratlwwve ad in the
furatture incusiry.

Shorwocd (LWt Syntbotic adlesiver fof $he » dworking
industrics. Runstst. ffo-Flastice Jg (1965}, 15T,

Bane A4 Holsvericiasngstochniton in Orosabpit cdion.
Mhnweicn ﬁ {‘i ; 5);; iﬁ’;

loppin J. & Hiterboiters llovure Ustoresshuncon s i
morsung dor Proeagiit b1 dcr Srenp ﬂkm}m@
ﬁafiz; Rohe urd llorkster? 2§ ( 1966, 57,

Bollt Rosoreinclerceing 3+ lanimaated w4 bridge eune
struction, Dritish Plasties B 71270}, ©5h

Bl Soft wood gote tough. odern Plasties 44
(Harch 1%7), #

B.B.P. 1, 250,407 BASP,

Teheha Cy: Sberfloechorvepwotunr vu % laworkstoffen.
Mhaeeion § (1555), A,

Clad W, 2 i‘-ﬁi%ﬁﬁﬁi*f‘fg Vareuston vou B lzuwerioteit=la
flacohon mitl Tor nlast-Folicn, Runstetcffy
55 (1955)# 194,
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S8imailerly to wood wiilnh can be coated with luminates frouw
thermoseis or uvith foils of thermenlants inctead o beirs rarniched
steel or light-raial plates ~nd st 1pc can be coated with placiica
apd pubrcquintly peeccerel an the - nald wets, el folding, vending,
punvhirg, ~omaing, ou.sing, etc. fion: the plettics u.2d for this
purpues
oarried oul oy arcouding the rlastic in liqu'd o, by sinteping 5

FTpe

ceadn Mo Lied € licwed by polrethrlena, Coniter eon b

8 powies Jermy oo by oellisme oo poupeiae _toadle foils on Wb motal
!‘@‘f&%ﬁ&;’é g a‘tms e RN a2 wuseesded e far that in 107 ia
UBA premusbly o0 ! of the %etal metel pl e constaption vili be
furtiay provescc | {n the areroate Sieae  acn) e meSt Lpoviant
Bppidoat oo stete Du L e, eoLooaneyey e pag vlater o badliae

OOLa vl onT, S tiia Oep opreseroco: maewld Ly oquete 5
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aside. 17 cooared vk b farurly uaed voral vareiohas synsbedie
QAR ave Coplincuither v oaregter cude ot aml wasisting .
Hopeover, thiy Bues §5 Aeomias
#alverts 1t 331 prosmae soroerts pirraw
W shalicnly bonde’ foo w el g awd
PRIn. In cotor @5 suoha BN Labna o0 e pRlveacimiies of stspias
; S%M*%;%p BFE Y Ve et L akuren igg; S e ERinie.

sl ne tesr o e velotile

way wiil

I tations o7 Flee o L wmhers tieaw aF L Bals
roducst aninat Ay FLERY s ood o7 2107 pesing ol
oured viNA aslde. oo of anpvarsted o ipeeta r e lsid e
base. O thie lagor o Zisan of e T e w0 arintsd by seas
of p rhie repreduntion. Pimally 2 aazpre b, mard sl sepatohe

MR Ntans vornigh Yoyar (0 praeel R a9 vTeoss. Buelh il tatiere
?

S

W aften u-d in grrian wealesiisy oF Jowpitupe,

Bite e Yo 4 oir Ran diy 1 flovanle ow alee mhyoies
dogisally dumgerous sol mtr 1od w baw dowlupran’ of watep 30luble

£
4
"

R




ID/WG, 34/30 JRev !

Page 46

stoving enavels made of phenolie-, urea- or melanine resins modified
with ammonius or a... €alts of acid mac. cmolecular materisls, e.g.
polyaerylic acid cr 2%y’ vesing which poraess COOH=groups. The trens
fermation in.o a hard ond inschwnle 7 w31l us infusible varnish is
effeeted by - O il trectment at Incev \sod tenperature, e.g. also

by infracen ndiot. cn < guach v cheo are used as rustproof priRing

and as s.ngle-lgrer vorr ieminge of ;ﬁﬁi’?&kﬂé o talds

Dispersion: bascl on gopolymers of styrens with tutadions oF
ine 2ils ave sultabls ae ecatings for porous materials
gkt 1ilm B . on the romtram, & limited gus perasabi ity
- awr o aRRTIOR WF 107 @in%;ﬁa &f faooies of which
ponaite havs basn peLartes”

3.0, & Deegsy O u “ateanh by #99 wual sf 9&#%’?3@‘&13@“
osbgoae, loeetsep AreRav AL f1e5°Y, 139,
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§ Wlpert & Sporoki iieue Werkstoffo fuer hoohbeanspruchte
' Gberflocchen. Chemischo Worke Hucls, Bpeschuepe
"Kunststoffe aus Muolc i Jauwesen'.

In thiz bronch which can be .ppropristely subdivided imto con-
oy paokin s, transport packings, and ¢ontainere of larger die
masions plastics huve reachod o remarkable position. Table 1l
gives & survey of the Westera Jerman pociaging indusiny.

Bhiedls Precidowm of Gross i‘s}*ﬁi of the Westorn Jerman

bl 1957 85 - 1,44

e 9 89 - 208
hod 251 2,9 - 10,7 #
Pbrics M Oy - 12,5 4

Proz She total sount n 1567 the faot arises shat cauch Wewtemm
Sorman spomt 151 DK for pookings imeludin =ere than 26 BX for
plastie pecicinzs, These expenaer [rosunpose, however, 5 relatively
Mgk standnrd of living whioh for the tim bein; smnnct bu expooted
ia developing countries, (ne of the mcst important ARMGUEORtS fo-
vouring plastic packings 18 shat thoy can be ured o8 g3
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of the paokaging of tertnin sorte f choose or of the vacuun packa-
ging of ocoffes, fnts, ete.y The vartoug types of transparent paoke
inge lmowm as boll-, blister-, skin-, strotoia-, ~nd ehrink-filno
poskings allow tc pack cbjectm attractively and koep them vieiblo

%o the oustomer at the samc tiae. In enﬁ*xa cases the (o1l clings
%90 th objeat like a transpurent gkmg-"

large sacks far contuntz cf 25 Kg, 50 kg oF aven more srv made
of foils fyen plosticized @y pelyolefinn or of woven strips
foen strotobed pclyclofline,  In eontrast to the fopmorly used
m o gaw sarke thote amde ~f pinstiors hove the vt . x of

palaary resistivity lanircted with = o1}, of bein wetepe
m toc. Conmumption has already rosnied s sonsidopable depres and
hovs & hixh pato of srewth. In 1576 Seendinavis clowe sxpeots a
Gt for 650 nillion saskad

Npere mnd oar boarde ax well as motal pistes wre conted with
O imte ocasiderstion. s “oapariscn with the “orseply weed waa
WA paraltin soatings those Beie (ron plaBtiOf suow ianpevod hest
hebility and bresion resi rtanas & &/ Pager sroduots gosted with
plastios, o.:. drimcing oure, pesiagin: of Aiik, s of deup-Trecan
PIvisicns, have seined great 1Toovtance, atal plates used fup Sk
edmetion of tine for premcrvis are oo sted Witk poL Aviins, e,
@ Wtk varnishas tased n prege 0 T wlamise & ;;zmzy

Qupe amd bomee sk w0ll ar ihely lids eem b oomalnetured fron
PN plastios oy differont procomsi’ asthods)

7 Lol boacbie ol Wt realas
el GURed AR Soated ates] oalde (e

RabRARLALE i i BRikilt itk e fepsed by injaotien op
Mow meuldine or thasefopod oo iet posdisve praduote fpd thess
mtestale.
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Rigid PVC 1p proooescd bosidoc blow ﬁﬂﬂﬂiﬁ‘ mainly by
shormofcraing (as aedrringy bioking, oF urdur v&c\mﬁ)n

™o mert appr priate aethod of precessing (e deterained mod
only in awscordance with the ohosen piastic but also with respect
te the fi:..1 shose of *the ppoduct apd putioularly t 1te well thicke

—

Reoeptacles of | roer dimonsi ne, 12 conigtere and barrels,
if not consisting ~f -lore peirniarced pelyester, ave preferably
sade Crom polyotly wne oy b owesenldans e o PP BAntaTing.
Maorg  thers tyric examplon ave Jx trel e&mﬁ&:& bticwegoulded
and beer %wgéﬁg wEwrons cithof reeoptacive wied in zm;
aprdoulture and householda, 6.0 tubs, Suckots, vats, bashots ebne,
are wade oI = lyolefing,

lappe contuinere havisg = voluss of several thouseand litwes
wiuelly consiet of sises veinforeed solverter o 11 wmie of other
plamtios arc peiri i with iwﬁ% Zuch eonmtoiners are used
aither for the teesn rtoticp of Ligeides, w spplication wiieh will
e disonase? in motior L. 9., Br fur storase o{ simerel oil produsts,
wine, chentsnt srodustz ate, Fep thoess stovagh purpeses glass reine
forend gl seter cortainers aavw s volew of 10 u? war: pat in
oporaticndd Cintainers with cxtresely MR capesitios which oam
e felded up dor cmty cossist o0 ayathetic fabries oosted with
Waitable ploaties, a.g. PYC

o
14
B
VW
i
#
il
¥y

Iu wecont year: mosiel atiastion Bhe tven given Yo tiw problem
of SlchBE ¢t o ttios made of polyetglone or rigid PG, The mems
frequentl, wod sl carene setnd e blowsacylding. Apart froem
Wat deoodr o o 1Y naives are wlded to a eumniute botsle, O

e wlo o toshog o)

phareareutioal snd coe oo productes ap well as eifégﬁ;g m
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&re brought 1o tho narket in plassio bottler al cat oxclucivol:,
A B4k dottle aede f high donsity polyetnylene  ioh. nly 28 srams
Weress s glase bdottle of tho mame wolusc waighs 790 é;l*%ﬁg.&i
Bottles produccd fros PVC wops sccesrrully uced Cor wine, salad il
and vinegar. Frttlos suitable fop toop ape mamloctured fr o PVO

too. Caleulati ns of viability, hewover, HIfor fa= counter te
oountry beoauss specific docncmic oonditions 4etomitpe *o it oge
tent the higher srimo-ecats of plastic bett us can be comp neatod

W other sawings, o.g. elimination of petum: treni ort, of cleaning
and of losses b breakage ae veil as b 2 posetblc mducti - of trane
Pofation coste. in 1969, for instanes, Pranes tud 5 wer il nued of
00 millicn plastic Gottice, smcy thee (4 mili,... fop [ T TN |
ol 25 atllicn for wvine. MV 1 tne A the pomeailed B 18 Lompack®

Rla of empty bottice by manufooturing, filling and closiag of
SA3k botties 1 une operatice tn the dairy Atewif, 4

Bloppere and sorev caps as w1l ne o o rhe seme irts 2ok
sideration a8 bettis o) ‘%ﬁf%ﬁgj Stopport ande o7 Wyoletinge apre
wmally hellew & that the smicoad Air ia the hollow apno. fops
B olastic ushicn. Borew onps are mdy f Shesmosot woulding we-
Welale or styrens pelysorve, Snsp lide apd tear- ff losures ame
peducod frou p@&ﬁitﬁﬁmﬁf “or srewn verk sanle dowblid YT op
pelyotdylons foiis ape ment mitatla,

Pimaily spoeial wothods Jor e vakn i o particuiaely
fragile grcde shenld o Particnat, Bk Lk eetls e oithmr wapped
I8 foam plastic reile 8¢ .y jut int. polystorene fous bios v
hepe of which e exaotly djustad ve the o act %o b w@g
A 1a5Y, te oooplote the exsaplos, air fiiled vage sode of ¢ foile
should be senticned that osn Be uped Ior o ohicnine shivpin: begon,

As 3 satter of prineiple ay icteraction totwoon the pekag o
goode wnd the puoking cnterial must b pEoveriod, Thie fact hae
% oarefully oonsidered in caoh oacs With respact L. Gu. tumpera-
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14/ W.1.: Polyethylens jerryocan gets ok. Modern Plastics 41
(February 1964), 86.

15/ N.M.: Blow molded polythene storage drums vie for
markots. ilodern Plastics 44 (September 197),62,

26/ N.N.: European machinery - blow molding. Modern Plastics -
ﬁ (s@ptembel’ 1%8)' 1650

11/ N.N.: Polythene liners for bulk beer storage. British
Plastics 40 (1967), S6.

28/ W.N.s Kunstetoffvohaolter mit grossem Tassungsvermoegen.
Kunststoff-Rundschau 14 (1967), 41.

19/ W.N.1 Grosse Bohaeltor aus Glasfesorkunststoff. Kunste
stoff-Rundschau 14 (1967), 636.

O W.N.: Faltbarer 1,5 Hillionen Liter Tank. Plastverarboiter
,lz (1%6)' a51. :

8/ N.N.3 Neua Pinwognilohflasoho. Kunststoff-Rundsohau
13 (1968), 251.

22/ Handt if.1 Entwioklung bei PVC Flaschen in Europa.
Chenische Rundschau 20 (1967), 1.

2/ Hansen C.: Dus Bottle Pack-Verfahron sum Abpacken von
Fluessigkeiton in Kunststoff-Flaschen. Kunst:
stoffe 38 (1968), 217.

24/ N.N.: Xlassische Flaschenverschluesse oghaupten sich.

- Kunststoffmorkt (Pebruary 1964), 2.

25/ Zuefle W.1 Die Aphrolanfolis. Kunststoffe-Plastics %!
(1966), 19. ’

26/ Beutter W.: Verpackungen sus Hartsohawistoff. Kunst-
stoffe-Plastics 14 (1967), 19.

The application of plastioe in the field of transpoertation
renges the construction of oars, shipe, and aircraft to the pro-
duotion of transport containers and other cuxilicry means of irans-
portation.

Plastios used as structural elomonts in railway carrisge occn~
structions are always roinforced with fibreglass and are spplied for
the streanm-lined carriago onds of high-speced trains and for the
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doors of such Coarry o, cr LT oo Lo carrieros wae produced
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of wood, clay, gypoun or glass reinforced polyester arc sufficient
thus saving tool costs of approximately 75 J in comparison tc deep=
drawing moulds used for the fcrming of sheet ircn piates. This is
of special interest in regard to cost-pricos if only small series
productions arc considered. dorecover, the use of glass reinforced
polyester :llows to intogratc o greater number of constructional
units 3o that assombly is substantially raticnalized and less exe
pensive.« Bosides tho above mentioned advantages of low weight ‘and
low mould ocosts carriage bodies and parts, c.g. rigid rcofs, fen-
dors, truck cabins, etc. made of plastics, cffer a coneiderable
roduction of noisc due to their improved shock absorption and
exocllent corrosion resistance. Danmages by breakage which ocan be
éxpected in cases of relatively vehomont ccllisions only oan easily
be repaired vith polyester rosin and glass fabrics. Tho above dose
oribed technique is preforably enployed for specially constructed
carriage bodies for sports cars. anbulances; caravans, bLuscs, dow
livery trucks, etc.

Plastics aro of particular interost for the ccnstruction »f
tank lorries. A 20 m3 transport tank of glass reinforced polyoster
woighs over 2 tons less than a steel tank of the same size which
makes possible to inerease the offcotive loading cepacity by 10 .5
retaining the samo aotor and undercarriage.# B8y coating plistic
Sanks with rizid foam of polystyrone or PVC the toaperature of the
contont can ba kept stable against changes of the vutside tomporas
ture. This is espoeially impertant for the transportaticn of milk
and wine. In such cases the uscd plastic foan has tc¢ satiefy
very high requircments regarding resistance to vibraticn., Furthor-
@ore, vibrations as a consoquence of driving cn uneven reads must
not causc abrasion op erunbling of the plastie foan. Henoe poly-
vinyl chloride or polyothylene foams of higher volume weights are
preforred for such purposes.
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Loats are reeudactured almost exclu-

Among watersralt
gively from glass veintorocd nolyoviore too body respectively the
upper part made in one piece, Lnoll oaipod oonstructicnal parts
make the usual ribs digpencuble and oy inecrporstion of closcd-
cell rimid ooy she otaffnoas 2o well oo tie seoworthiness of

watercrafts 1o ineressod oo muen an extant ihat even under severe

gonditicug thoy can Lo iy used as 1ifeboats. Doats of more

than 20 2 length have siresdy o butit and are in operation: first

. i3/ ..
drafts for 60-u~long boots have boen worked ¢ *Jiér smaller loads

boat bodies are uzde of deop-drawm otyrenc te polymers (ABS).

- 1
vollapeible boats o produced frem polypropyle ~e,—j§

ious evuipient for lergor ships (esg. lifeboats, rafts,

L
life jackets, rendors ard buoys) if nenufactured from closed-cell
rigid foams of PVC or oolystyrenc thus obtaining a high carrying
capacity which is not impaired cven if the outside skin is dapagod.

Plastios ere alse used Tor indcor squivoent in a similar way as has

been outlined in the sectiong dealing with building construction ar]

with railway corviages.

and 8612{1 {.v; &éalklh}mkl- La “ %nsv!?
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are of special Lol

industry therofure thousands
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Zsiong the means of transportation special constructions nade
of plastics are very important, Machines, machine parts, rad tools
are packed in a corrosicn-proof way with tho help of shrink foils,
oasting rosins, or by spinning them with vinylchleride polyners, 18
One~vicy fruit cascs made of polystyrene foam have the advantege of
particularly low weight.l Pallets made of glass roinfrreed polye
estor can boar a cargc which weighs 40 times their own weigh‘t.zc
Bottle cascs made of polyolefine or of impact resistont polystyrens
are distinguished by high resistivity against sheck‘gl/ Shrink foils
of polyothylene are used for wrapping bulky goods togothor with the
pallet,S¥ To transport petrolcum products by water hoso-like cone
$ainors made of plastie coated fabrics have been devoloped whioch
float up and can be towed by a tug~boat,

Refarencee to section 2.9,

N.N.: Sixty-six RP car-onds roplace steslesave railroad
45 per cents. .lodern Plaostics 45 (.areh 1368), 23.

RuMet Rekcrd in GFK. Kunststoffe-Plastics 45 (19638), 141.
NuN.: Integrating a foan line into over-all oroduction.
“odern Plastics 43 (April 1366), 9%.

N.Nev Kunststoffo iu amcrikarischen Fehracugbau. littoilungon
dos chem. Porschungsinstitutes d, dirtschali Oeetorroichs
22 (1968), 16.

Reiohharser R.t Kunststuffs im Automobilbau. technica 1963,
1181,

Domininghaus H.1 Kunstst-ffe in Kreftfahricup, Industrio=
dnzoiger 88 (1966), Si.

K.lle3 Gowapende kunststoifen tcegepast bij carossarien van
autobusscn. Plastice 20 (1947), 430,

Hll.3 Citroen "lahari” mit Xorosgeric aus Cycolac. Kungte
stof{-Rundschau 15 (1368), 423,

R.Hes Kunststcffo in dar ldlehwirtochaft. 'attes lunccn des
chom. Forschungsinstitutes d. Wirtschals Oucterreichs.

20 (1965), 142.
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10/ N.M.: Weinveancoor® in 6F-Tankuagen. Konststoff-Rund-
echea 15 (19580, 200,

1_1/ NN, Tunztotetineet faehrt durch boennendes Oel -~ Dignungs-
pﬂucﬁu o Tuew den Tankesin "fzinsatz vestanden., Plast-

@
verareitoxr LS

}._2/ N.M.t Lotscnvercioboot Lltotios o Stapel gelassen,
Kaastotol Sundscha 1) (1564), 318,
13/ Wimmers Y.J.: Ovorueginoen biy de tocpascing van glase

vargierkt Lolynster voor de bouw ven groten schepen.
Plastica 13 (1955}, 453,

(AU;’H;:& 4 :,\))’ 13{3‘»

" H.H.ot Stowsbls boa' thonks to polypronylene. Nodern Plastios
A (,:?Ea:r ;’;S}mvj. 92.
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k Tabulg Mcsgsis of Applicztions of the Most Impertant Plastics

A trief survey mhall now sua up the various fields cf applications making
use of the following abbreviations:

A SHPGL06000000LLICEEIEIISIIVIERERTS Agrimaltm
1) 1 BEOSOLEOIRINETICLINGISLOISIGEORSS Clothiag
4 Sessssvsccsernvusssransenseses FoOtWwear
B $000svccasssesnsseseccnnsscaee Building Construction
E Qi(ll!.f‘t..n.‘tict.tiotctctlv Equipnent of rooms inoluding furniture
] ctoccﬁttonunuuntfc6uwooo Household ,
R Sessssvnsssserersecrrcnvscnses Refpigeration
» sessserusssrssseriessnseneses BlOOtrical Engineering
¢ Sessscnvssnsrassvessasserseeee Oluing and inproving of wood ,
v $88ssnesserssssncsscavenssees varnishes and coating materials
o thttttasntnotnueurutuic Packaging
- é igﬁctntuﬁuﬂnﬂitunnu Containers
. ttiifﬂst‘tin;niuuiﬁtaautu Transportation
b, 3 ttrtvtitunntutcvif:tcuu mnm neang of ‘W‘m

1.

. Sheets ' B,B,Bs,C
Pipes 1 A5,%e
Profiles | t 3,3,Be
Hollow axtioles . P,C
Deep-drewn pieces’ 1 B,H,P
Fosun .t BAC,?
Coatings s G
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3.1.2. Plasticized PVC

Coverings s B,H,T

Foils A,C1,B,E,HG,P
Flexible tubings t A,H,Ee ?
Profiles B,E
Coatings, cheathing C1,F,2,B,H,Be,G,P,T

Solutions and
“digpersious 3 ¥V

-e

-

-

320 ogtions of olyolefins (volyethylens, polypropyiens)

4,B,Xe
4,C1,B,H,P,Tn G s B
4,01,8,8,1,8,F,T -
4,5,P,C o]

A,8,E,P

Foils

Injection vmgﬁzggé parts
~ Hollow articles
 Pobriocs

Costings, sheathings

R T

3.3. Applications of houo- and copolyper

Honomer styrene : G

Dispersions s

Pipes | 3 B o
" Injection goulded parts 3 C1,5,B,H,%,P7Ta
- DPs drewn pieces 4 RP,T8 o
 Posns S L g '+ A,B,R,,C,T,Ta

]

4. Applications of phenol-formeldehyde resing

liquid resins and solutions 1 aO,V,P

Poans 1 B,R,¢C,T
Youlded parts 3 C1,B,E,H,2e,P,T
Lominate® ¢t B,E,H,Ee
Coatings :t G,P
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3.5, Applications of urea-formaldehyde- and nelamia-fcrmaldehyde

pesins , _ - vt - ——
Liquid resins and sclutions ¢+ G,V,P

Foanu 3 AR

Nouldod parts ¢ C€1,B,2,1,F,P

Laminaters t B,E,H,P

Coatinzs t G,P

3.6. jApolioations of unsaturated polvesters
Liquid resins and sclutions + G,V,
Shaotc (glass reinferced) : 3,%,%,Ee,T

Noulded parts | o

"* Sverything mentiencd in this reper. has olearly shcwn that plastion
oover a very brocd field of applications end ¢an, thercfore, contribute to
& wubstantial incresse in the siandasd of living of the inkabitants of
developing coutries. In & critieal snelysis of that problem however, cer~
tain deoisiva facts sheuld not ba laft ocut of consideraticn,

: The plasiic industry is usually subdivided imto tue plastic producing
and the plastio procerming industry., ™ £irst ~ae or~duces the plasties
 Baialy from l-w @ locular pericetsuionl substances the -sus the proseseging
+ industry memufactures semiproducts as well as fiaizied articles from the
plastice,

Betucen the ohemical industry and the pPlastio producing irdustry
there exist strong lisis because ¢.8+ the suppl of the necessary raw
and suxiliary materiils has to be secured ase w21l as have the by-produczts
of the ayathasis of rlaatice to be utilized rrofitably. The simplified
sohens zivea in tha iatreducticn of this report shows the sutlines of

wach links. If the ryntheais of plastice is rade from the moet simple
basio materials +le siastaic preduci. s industry due %o the high ccsts for




ID/WG. 34/30.i02v!
Pag+ 62

the plants requires high capital investments even if at big plants the

mumber of employees, and as a consequence the amount of wages paid, is

rela‘ively small. In the plastic processing industry if fully automatic \
plants arc disregarded the situatien 1s reversed: moderate ~apital invest-

mentc are confronted with relatively high amcunts of wages. Whereas the pro-
duction nf plastics kas actually to be run on a large scale in order to re-

main cempetitive at 2ll, small and medium sized processing factories are

quite able to compete,

In view of such circumstances and in order to secure adequate sales
the best soluticn for a developing country weuld be to begin with the
setting up »f a placstic processing industry working with imported plastios,
A pilastic preduci-g industry diould be established only if the precon~
d4tions for seoured sales are fulfilled,

Another soluticn would be to produce certain plastics in the respesotive
country itseif from imported raw materials and to deliver theam t¢ the pro-
cessing industry of the country. Thus phenolic resins could be made of phencl
and formaldehyde and finally unsaturated polyesters from glycol, msleic acid,
phtalic acid and moncmer styrene.

If, however, a plastic induetry which was as much as possible self-
sufficient shou'.d be sstablished based on crude oil or natural gas it seems
$0 be most appropriate to start with the synthesie of polyolefins because
apart from the clefin which is polymerized only emall guantities of addition
agents are nceded.Hence, the polymers which ccme into oondideration are poly-
ethylene of low or medium density and polypropylene.

The establishment of a self-sufficient producing industry for PVC is
mach more difficult because the supply of chlorine requires an alkali chlo-
ride electrolysis yielding considerable emounts of sodium hydroxide and bee
SaMSe¢ on an average 200 to 250 kg of plasticizers per ton of PVC are needed
for the procesing. Further chemical plants would be necessary for the mami-
faoture of those plusticizers from domestic raw materials.
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The production of styrene polymers is even more difficult because be-
sides the h-acpolymer certain quantities of copolymers with butadiene
and/or aorylonitrile are also always required. Those moncmers have to be
gynthesized from olefins obtgined from petrochemical raw materiale and
ammor ‘& by means of various multistage processes.

The self-sufficiont production cf phenolic and urea resins os well
a8 of unsaturated polyesters meets with similar difficulties regarding
the production of the different monomers.

The solution to all these economical problems could be considerably
facilitated if Buropean and American concerns were to co~cperate and reach
matual agrecaents making possible the exchange of products e.3. polyolefins
or polyvinyl chloride for other raw materials like plasticizers, phenol,

- oarbamide, maleic acid eto. Thus tochnically and economically sound pro-
duotiocn could be established in the respective developing country without
prohiditive finsacial burdens and unecomomical manufacturing processes
both remulting from an excossive splitting of the sanufacturing schedules,

£
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