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CHAPTER I  METHODS FOR PROCIESSING PLASTICS

1. Plastics cre men-made moterials. Accovrding to the American Society

of the Plustics Industry, Incorpor~ted, an nccepted definition for a plastic
is o meterinl "consioting tholly or in pnre of combinn iong ot corbon OXypoh,
hydrogcn, nitrogen and other organic -~nd 1nor;olc clements which, whilce solid
in the finighed st-tc, nt some ot ge 1n ito wonuiacture ig mde liguid, nd
thus ¢ poble of boeing tformed into varlous shencees ot usuclly through the

cpplicition, cither siaply or togerher, of heot and pressure'.

2. Within *he fromework of 1hig definition, plastics ore celiher thermo=-
plastics vhich Lecome soft when heotod ond hardened when cooled, or thermo-
setting rusing vhich set into permnnent shepe when hoot nd pressure are
appliced to thems Bocruse of this basic difference in physical propertics,
different techniques lor hiundling and proccssing thermoplostics ~nd thermo-

gsots have been deviscd,

Thermoplastic procecsing

3. Injection moulding ic -n import-nt mcthod for forming objocts from

thermoplustic products. During thi: procoss, the resin ie fed into o hopper
(sec figurc 1) which lends 1uto  henting ch~mbere  The plungcr pushcs the
plastic through the hoting chamber and the proviously hard pellet or powder
goftens to - fluid st te. A nozzle ~t the ond of th¢ chouamber injecte the
fluid plastic under precoure into o coolud mould., ¥hilc travellaing, thiough
the mould, the fluid motori 1 molidifics ropidly ~nd 1e ojectel from the

mould ~utomantic~lly or i «jocted by hond from loas =ophigticted oquipmun'.

4. Blow mouidiag ilso roquires the use of Jhormoplastices It wes developod

in order to colve th. problem of fouric.ting bott) .mghipud objuctes In
essence, thoe process -3 1llustrated in figurc 2 concisie of uxtruding - s mi-
molten tuoc (prrison) betveen tuo m tehod moulds. The moulds wre thun clos.d
and o~ stro~m of ~1r - rotches the porison to mout ‘he confligur~tion of the
mould. (in anelcgy iould be *he inscriion af -+ limp delloon into o bottly,

followud Ly the :ddition of ar 1ato the balloon.,  he o.lloon airetches

until 1t hits the confining w1l of the bottive) The solid bettle, or other
complox shope, coels in the mould and ie ejected.
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Figure 1
injection moulding
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5. Eetrupion is used to form thormoplastics into continuous shepos guch
as film, shect, rod, tuboe, profiles and filamontr. Ixtrusion is .lso used
to onclosc wire with o thermoplosiic, The mrjor difforonce botucen xtrusion
and injeetinn meulding . tho ¢ an the former procoss  he fluid pliaiie 1
forced ‘hrouwgt ~ dic which 1¢ 1n the sl pe of the degired ohject, Often the
extruded object 16 roclud by puselag 10 through - quench Lo, Ory 2t e fod
onto » moving belt wvnich resulv in cir coeoling of il oxtruded object (see

figuro 3).

6. thermoforming, :rother important procesc for *hermopl: <tics, 1s the

method of forming sh pce rom hot pl-stic shoctg, There cro many methods of
thermoforming, e.g. cavaty forming, plug—-sssist forming, plug=nnd=-ring forming,
and =lip forming.  The process invelves heaiting o thermopl:stic shecet over
cavity wnd applying suction or prescurc to ilc shect, an act which forees the
gomi-rigid shcet into the configur-iion of the mould., The sume ond result con
be achicved by using o male and fomale mould rather thon applying pressurc or

suction,

Thormosct processing

1. Compression moulding ic the mout common method of shaping thcrmosetting

rosins. This process conrisis of forcing the resin into the desired shiape by
applying hcot nnd pressure "o the moterial 1 the mould (sce figure 4). A

trio of ecriticcl fretore, tompeontiure, pressure and time, causce the thermo-
sctiing rccin to undergo o chemie 1 chnge in which the resin solidifica into

permancent shupe.

8. Tronsfcr moulding differs from compression moulding in that the thermo-

setting resin is heoated to the plisticity point before it reaches the mould
and is then plunged into a closed mould.  'This method woe deviced to cousce the
fabrication of complex shapes with deep holes or metal inserts.  the liqueficed

plastic flows around mectal parts wiithout resulting in the motel shifting

position.
Other proccsses
9. Casting consists of pouring = fluid plasiic composition into an open or

closed mould. The mass is then cured at o different tomperature deponding on




ID/%8.21/2
Page 8

WOULDING PO R i

CONVEYOR

MECHANICAL SCREW

MOUT D PFUNGEK
+ é L4
|
. { GUIDE PIN
L1 !
t' P g 3 F
Pl 3 [ . -
RN S .
( [ § e N / ~d
SERE f’ F * MOULDED
ol - -
SN S W - PLASTIC
- i b
- - b arnd

MOULD CAVITY




ID/WG.27/2
Page 9

the particular plastic cast and is removed from the mould. Most of'ten,
oasting is used to produce a precise thickness of film and/or sheet. Plag-

tios can also be cast onto moving drums or belts and then stripped off,

10, Coatlng 1s red '0 apply a plastic to the surface of another material
such as wood, paper, metal or fabric, The methods used coneist of knife or

epread coating (ree figure 5), spraying, brushing or roller coating.

Figure
Coat1ng

COATING

COATING KNIFE

COMPOUND
COATED SHEET

SHEET TO AF
COATED

v

m*,, /

Spread coating allows the material being coated to puiss over a roller and
under a blade. The plastic 1s placed on the material in front of the blade
and is spread over the substrate surface. Thickness is controlled by the
speed at which the substrate is drawn under the knife and the position of
the knife.

11. Calendering is uced to process thermoplastics into film and sheet or
to apply thermoplastics to fabrics or textiles. Calendering consists of
passing the thermoplastir between rollers which squeeze the plastic into

a gheet or film., The thickness of the film or sheet is contirolled by the
space between the rollers. Surface effects can result by modifying the

roller surface,

12, The previous section dealt with the various important methods for

manufacturing plastic products. The following list indicates the typical
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febricated products vhich can be manufacturcd using thesc processes.

Process

Thermoplastics

Injuction moulding

Blow moulding

Extrugion

Thormoforming

Thormoscets

Comprcssion and trangfer moulding

¢

Other processe:s

Casting

Corting .

Calondering

Representitive fabricated products

Pinc fiitings, plumbing fixturces,
dishoe, lighting fixturcs, gears,
boitle caps, bLicveruge cascg, small
cont.incrs, shous, shuticre,
valves, vitle, loys

Dottle., 1oyz, dvcts, carrying

Cudug

Pipe, conduit, tub.s, uvire
covering, iandow frimes, films
ror food '7..p, shuct [or s-cks,
SLrapping

Cupe «ud lids, blister containers,
shoe uppers, ‘roys, cigng

~adlesy switch gears, vacuum tube
bages, coil housings ~nd bobbins,
resistors, termincl bonrds,
connectors, disher, closurcs, buttons

Large ge r3, hewvy chect

donitary foodboard, proteciive
prpers, impregnotod textiles

Table cloths, show.r curtainsg,
rain couts
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CHAPTER II  RAW MATERIALS FOR PLASTICS

13. This section discusscs briefly the wide range o8 plastic materials
available, and the key propertics, :pnlicatinns, and mojor werld-wide

Es

supplicrs of ¢ach,

14, Currcntly ‘here are lmost 4U m-jor pl wstic reterinle toing utilized.
Fony more arc beiny developed in roscopch 1obor torier wia o yot are teo
exotic for commercinl cxploraticn, Becuse mony of the co=callcd "rommon
core materials" irc difficult Lo procuss, rcquire egpecitl t.chaology, highly
skilled cnd cxperienced persconnel, -nd high o pi1tnl investiment in procceesing
equipment, thc cmphasis in this section wili ve plocud on the pl-sties that

would most likcly bc utilized 1n > dovelopiag countirye.

Thermopl-otics

15. Acrylonitrilc-buicdicnc—ciyrone (133) was devcloped in 1948, 1t is

a tough m:terinl 1'h outst udivg impct rezistonce combincd with high mechan~
ical strength wnd dimcusior-l gt .biliiy. It clso posscsscs cxcellent hoat
resistant qu-litics, crom 60°7 o 175-712°%.  Typical usee includs pipe -nd
pipe fittings, zutomotive p.rts, tote boxus, telcphone housingn, wd appliznc.

cases. Thc chemistry of ABS is 28 follows:

Acryloniiriic
Benzene ~ Ethyl N s Styrone BS
Ethylene "7 benzene ’ - i )
Futadicne

16. Acetal rcesins is o material developed ir 19%. It is a very rigad
plastic without being brittlc which retuns its rigidity undor o widc waricty

of conditions. Othcr outstanding properties include great strong*h, oxeccllsnt
dimensioncl stability and rusiliuncc. Repexted impact loading usually docs
not affect the acetsl resins., This balonce of properties his chused considers
able devélopmont of ncetels 3 . metal-repl.coment plostic, Typicsl uses
inélude plumbing parts, cutomotive ~sscmbly partz, turminal blocks, gears

and bushinge and valves. The chemigtry of zcctals is ns followss
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e, Lingsiduge io » majer mtertal in the field of foamed plastics,
wilafie b0 rigd omd Cleaable forme. Koy propertics include toughness
ol ek posigt ome, dhesion, chemie~l rosistoncy ond ingul-tion
e taristic e, TYPieal apes Lnclado Ca4siionlng, clothing and “ppliance
isamd et b Bliog, %0 Muetap ) P ris ord ioyr. The urothane fimily 1is
Proadec.d from She £ .t iae o f wlyieocy ot with reactive aAydrogen=
tomtaini g compounds  a.p, 5 rile,

ewodl y trpe of thermoplastics fipst

A

it pulecwd ik 137, They op Birong ad reaiat abragion, offering - wide
Ponge of selewr, Muy clse howve eseellont sluetrical propertics and are
Fonist et e wmitbering, The “@irwness - ‘oma from ‘ho,r bility to be
womaf o taped 18 meny Prremt  fl.yibl. (vl etomers), rigid or fowuncd,

TPosd sees (Moaed on ke emet imperiaat in the piastic group, polyvinyl
“Wiaeiba) e tove, Flasible File md ebe Lt {cegs ratncots ind chower

cout hae ), Bomoyr- gb Furords, floor tiles, = pdon Mvec, pipe and plumbing
Fevopnge ad ene: »d - ,lg ingul s tien.  The peopertica of polyvinyl chloride
P ) ame weornad by fhe mewmt of ﬁuué;%n dded or the uaount or type of
oo gt sacd. PW ia produced by th pelrsirization of vinyl chloride
ke,

Bagmss.

B, Tees tev fiw e der hemos.tting rosing used for moulding parts.
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ik the sowy i of mcl Wisc, Aok e primarily used in moulding houso-
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Pt sgPllcctisRe,  La topwms ef widig! ws gu, thy momt important rosing
Fo e phemclios Gisvassad B )ew,

F4 0 Placimal ios . 2 Lrgest el wme Therews,t rezlta nd -mong the

i best i Vhoe bows | apus LA, Pesslics g s'roag, hard resing which
AT ety sl 1 Lo T Y g i ond g ﬁf}%f‘. Prunolics we algo
Rempoad Poaiet 2t ald P Gmown [sp hedr sxczllemt imsul iting properties.
FP A i ame s vmtamebils 443t phe tar Besds, pplisnce hondlus and
b, elba et L gee ud waing wmeBine git- topg, Frherolic resins are

LR bt o laged Pae R g Pradeiomp, Thig is seeompl ished by loading
e Faniat 800 wreene Tilloss swen i wead (low, cotion floek, -sbeston,




ID/WG.27/?
Page 15

glass fibre and paper. Phenolic resin is produced by the condensation re-

action bctween phenol ond form-ldchyde in the prescnce of & citalvst,

28. M-ny of the koy clomentc of the previous discussion ~re summarized in
Anncx 1 which brings toguthor raw maicriale and their relative costs, pro-

cessing methods ~nd supplicrs.

-

A TR e v cehn A
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CHAPTTR III AGRICULTURAL USt3

29. The use of films in agriculture represants a potentially important appli-
cation for plastics. Hereover, ‘he uge of plustice in agriculture has been
used as a means of improvins farm cfficiency. This is particularly important
with reference to developing countrie:r, siace (a) arricult re is very often
the only major industry in the country, (1) the major "cash" excort is produce,
and (c) food production in the country is or highest importance for the sug-

tenance of the ponpulation,

30.  The important role 4hat plastic plays in agriculture has been empha~
sized by the many "plactics in agriculture” conferences which have taken place
throughout the world - nine 1n France, one in Jastern Germany, three in Italy

and seven in the United Stuates of America,

31. ifr. F. Buclon, General vecretary of ihe Comité des Plastiques en
Agriculture in raris, Irance, has indicated that in 1765, 130 million French
francs were spent on plastics applications in the agricultural field. Of thia
amount, 75 million was for packaging (nee Chapter IV) and 35 million france
for agrisultural covering materials.  Jince many asricultural problems are
common to developed courtrier ag well as deve'oping countries, we will examine
the successiul applications in the former to gain insight 1into possilile appli-

cations for {he latter.

32, The main aeoricultural ovjective is to maximize lelds at the lowest
T y
possible cost. 1.1 o=der o accomplish this goul, tae plant environment must

be balanced in gach a v2y as to bring aout the Gesired results, Therefore,

the enrironminta) factors of soil, water, light, temperature, nutrients and
carbon dioxide must be in proper alignment. Plastics can help maximize the

balance of these factors,

Reservoirs and liners

33. The usc of plastic for reservoirs aad liners has been successful in the

United States and Isra=]. The objective of the application is to reduce seep~

age and leakage from pond; and irrization ditches. The materials usually
employed are PVC op Polyethylene sheets of 10-20 r= thickness. The United States
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Table 1
RAmsridution of film type for plastic sreenhouses

in four countries

Digtrivutiou
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Bla tize UsA Crance  Ltaly USSR

PFelyetiyione 20 49 36 100
g;n bt } 10 10 } 7
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30-50 micron polyethylene film, grey or black. The quality of the film is not
demandinz aad thus makes an ideal potential fabricated product for a develop-

ing country oriented towards agriculture.

Silage covers

46. Silage covers madc from black polyethylene film 0.05-0.25 mm thick are
used in Turope and the United States. The investment required for these silage
containers is much lower than that for permanent silo structures. DBritish
Visqueen has developed a new technique called vacuumn gsilage. In this process
air is pulled from the haystack and the possibility of fermentation spoilage

is reduced. Silage bags are also used on smaller farms.

iiscellaneous applications

47. Nurgery wrap. 1 flat polyethylene tilm is used to wrap the bottoms of
plants and flowers,

48. dater cisterns. Water cisterns are thermoformed from high-density poly-
ethylene sheat,

43.  Potp. Plastic pots can be used as a substitute for earthen products.
Plastic 1s more desirable because the interior pot temperature is higher and
the need for watering is reduced.

f2urces of additional information

0. T™e uee of plastics in aericultire has seen developing rapidly because
plastion belp reduce Lato r cogta and/or 1ncrease crop yields. dovcrfhclosa,
in srder Yo ~~~vince the farmor of the advantaces of plastics, it is desirable
for so-operative offurts 1o he initiated tetween the fabrication interests and
the s¥.oultural winistries of the roveraaents involved., Help is available
from sy wiilirg sowrces, swme of which are:

Insternational "lastic igriculturel Cenmitties

;; % !¥§ﬁi
Paris ' in, Prance

?U@ Wy

o . “owt sendia;
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Instituto Nazionale Studi Industrializzazione Agricultura
Milan, Italy

United Jations

Food and Agriculture Organization (FAO)

Rome, Italy

Israel llinistry of Agriculture
Tel Aviv, Israel
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CHAPT™ IV DPACKAGLIG "ATTRIALS

1. Packaging ig considered to e onc of the larzest -.arkets consuming
plastic materials. Various experis have estimated that approximadely 2.500
million pounds of 11ffereat types of plastic ra aaterials in a variety of
forms ~overing ¥ distinct compogitions of matter were used by the American
packaging industry in 1)65, This is expected to rrow to approximately

2900 million pounds by 1775, Table 2 shows the different types of plastics
on the marxet in the !nited States. Jy 13/5 films are expected to lose some

ground owing to the growth of plastics congumption in the area of rigid

zontainere
Table 2
on_the United State $, 1367 and 1
Distribution
(per cent of total market)
Blastic 1267 0
est,
Containers By 15
Tilme 45 40
Closures 6 5
Coatings 17 16
Foans 2 4

52.  The plastic rav materials which will predominate in the fabricated pro-
®eets ares are polyethylene, polypropylene, polystyrene, polyvinyl chloride,
esllophan 2 and Saran. These materials combined account for )2 per cent of
$he resin used for packarinr in 165 and will account for 3% per cent in 1975,
(™is indicates that the packazin- market is served mainly hy commodity-type
plastios and that nons of the new $1271ality angineer: iz materials will be of
iaportance ia this fieid.)

33  In ke developed wirld severs] TaUr packeding trends are evideat which
heve and will eontinue to 'ave a BAl°L impact on the use of plastice in packag-
ing. These trends are in ot techndiozy and warketinr.

&/ Cellephane is based om a naturel proguct (cellulose) and is in the striet
Sonee 504 2 plawtic) nevertheless, acet discussions on this sudject imclude
eollophans in the plastice spheve.
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54. Among the technical trends, in-plant fabrication is playing a1 increas-
ingly important role in the world-wide packaging industry, e.g. in-plant dairy

packaging, vinezar and wine packanTines,

55. Irradir' ion and freeze drying of foods (probatly a common commercial pro-
cess by 1980) will have & major impact on the kinds and forms of packaging

materials used.

56. The marketing trend of mass merchandisinz (e.g. supermarkets) until re=

cently limited to Jorth Ameriza, is taki.g hold in many other cultures.

57. Promotion through various media such as television is having a marked

effect on the use of all types of packagins materials.

58. Vending is already important and its popularity continues to grow as a

means of automated sellingz.

59. The followinsg sections will discuss various major packaging applications
and an assessment of the likelihood of entablishing profitable fabrication

enterprises in developing countries with respect to the markets discussed.

Films for food packasring

60. The packagzing markets in thc United States, Turope and Japan have been
using increasing amounts of film for both food and non-food packaging. The
typical end uses for film in food packazing are:

Candy

Baked goods

Presh produce

Meat, poultry and fish

Dry foods and snacks
Frozen foods

61. An examination of the above list of film uses in developed countries re-
veals only a few which might be considered potential opportunities for a de-
veloping country. Obviously, the appropria‘te applicationc are dependent on the
cultural orientation and habits of the populace, food preferences and fetishes,
and the degree of in-country production of the particular product. Tach of

the above product-packaging opportunities will Le discussed in turn, with empha~
#is on those considered to be potentially feazible in developing countries.
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62.  In 1365 the market for candy ia the "mited States wae spprssiamtely
US$2,000 million representing about 4,%0 million pounds of varisus prodestis.
Candy-wrap materials are renerally custom chomen for the particular pachaging
problem. The materials should be moisture-proof, abrasion resistant and srease
resistant. In addition, ‘hey should tranamit n) taste to tie candy . hen
filns are used to packare candy, many types of STiipment and packazing methods
are employed, for example, overwrap, direct wrap, fomm-fill and seal, Jtrip

packaging and vacuum packaringe,

63. The overwrap of film has proven a 200d match for the properties of poly-
ethylene and polypropylene films. The trend has been towards the ise of stiffey
(.925-.935 density) fiims in order to achieve cellophane-like handling om pack~
aging equipment. The major films used for all types of candy products, include
ing gum, nuts, candy bars etc., ape cellophane, low-density polyethylene and
oriented polypropylene film. [he major manufacturers of IVErwrappiiT equipment
are dattle Creek Packaging (Jattle Ureelk, ‘ichizan), Hayssen Janufacturing

17

(Sheboygan, isconsin) and TN Packaginz achinery Mivision { jew fork, dew York),

64. Assumine that the volume 13 8 'ficient to warrant production, the estab-
lishment of a low-density polyethylenes filn 2xtrision operation 13 the likely
choice for a developing country since the investment necessary for cellophane
would be much zreater. daturally, 1t ig doubtful that a small developing country
could justify a film plant just to serve a small 1ocal candy operation. It is
more likely that Justification would come in a variety of ena uses from differ-

ent markets ag described below.

Baked goods

65.  Baked goods are packaged in order to prolong the freshness of the product
and to keep it sani*ary. Polyethylene has replaced cellophane and waxed paper
in the United States as the preferred packagings material for bread. A recent
trend te baggiag bread loaves 13 also notizeatle. U310 (United States Industrial
Chemicals) and wordite have 1ls: been succesaful 1in promoting the stronger and

clearer polypropylene films for tread wrap;.ing. The non-plastic packazing
material suffering the greatest because of this transition has been waxed paper.
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The films generally used for processed meats are polyester,

nylon, cellophane,
and plasticized PVC.

Both nylon and polyester have good thermoforming draw

properties. A combination of Saran-P/-Saran has also been successfully pro-

moted using automatic vacuum packaging machines (Flex-Vac made by Standard

Packaging). Such equipment can cost as little as U

581,000 for manual types
or US$35,000 to 345,000 for hizh-volume

fully ~utomatic decigns.

14. Prepackaszed poultry is sold elther fresh or frozen,

for 30 per cent of aj} poultry sold on the United Utates retail market. TFresh

poultry is packazed in 3 combination of tray and film.

Fresh poultry accounts

Low-density polyethylane

ar along with the traditional use of cellophane
overwrap. ;

has become increasingly popul

75+ “ryovac L, developed by ¥ R. Grace (Cryovac Division), is an irradiated
polyethylene film with shrink properties,

with frozen poultry processing,

through a shrink tunnel. The film shrinks tightly around the bird and success-~
fully resists puncturing, This is then followed by freezing.
76.

for packaging meat or poultry. Low-tenperature
requirement,

This film in bag form is associated
The bird is stuffed in the btag and is passed

Requirements for fish packaging materials are less critical than thosge

toughness is the osgential
Fish is usually overwrapped using a tray and film,
¢.2. in the paccaging of shrimp, the product isg
ethylene bays.
utilized.

In some cases,
placed in a low—density poly-

Polyethylene bags and cellophane are the predominant films

17. Since food packaging and marketing usually pe
of development and the meat packa-

ging would not he a national investment for plastics fabrication for the fore-
®seable future in most

{uire a rather advanced stage
popular accertance of supermarket retailing,

of the African and Asian countrieg,
e2onom r having relatively

sihilities for

o foods

8.

However, in an
large meat packaging plants, o.g. Argentina, the pos-
using plastics should Le investigated.

Cereals, macaroni products, suzar, fiour, coffee, tea, salt etc,, are

Zenerally classified as "dry foods"™. The consumption of these foods in develop~

ing countries is culture oriented and more citen than not
A primitive packages. [fven in the United States,
are not used for these products. For the

» these foods are sold
large amounts of plastic film

most part, paper, glass, and cartons
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predominate in the dry foods packazing market. :levertheless, where products
such as flour, salt and suzar are sold in Open markets, plastic sacks could
conceivably be used. In hot and damp climates, moisture barriar properties
wouid be desirable, and . less industrialized countries, polysthylene sacks

mizht be more practical than plain paper bars.

9. In the lnited States, where climate conditions are more varied and less
severe than in many of the developing world, dry foods products require packa-
ging materials vhich afford freedom from dirt contamination and moisture. Two
thousand million units of several different types of suzar forms (powder, LT AN
lated, cubes etc.) are sold in the United States in either uncoated or -ocated
bags or cartons. The main functions of the packaging used for dry foods is to
protect the contents, and to carry an advertising message and establish bLrand

identity.

20. ilevertkeless, 1in countries whers bazaar marikets are common, the plain op
printed bag could easily be produced and used for packasinzg. The investment
needed for filwu cxtiusion and bagr-makins equipment 18 only a fraction of the
huge investment necessary to produce paper and Loard products. For axample,

in Thailand 1n 1964, approximately nine million pounds of polyethylen: ilm was
manufactured, and nost of it was ugsed fop oags., The bLags vere used for PAC K-
zing a wide assortment of bazaar itens. Previously, paper was used, but the
Government decided to discourase this practice for sanitary reasons. Horeover,

polyethylene bacg are legs expensive than paper lugs.

I'rozen foodg

81.  The number and tynes of foods that can be fresh frozen have grown te
enormous proportions. In the iUnited States and other estern countries, the
refrigerator and/or freezer is taken for rranted. Plastics, principally low-
density polyethylenc Lass for vegetables and fruite, 1e cn accepted mode of
packaging, althoagh, the major packaging material, current and future, is the

plastic or wax-coated box,

82.  Phillips Petroleun (Sealright Division) has been attempting to .ncrease
the demand for the high-density polyethylene thermoformed tray. However, this
package has been only sporadically popular owing 1o many protlems involved -

cost, sealing, and the necd for specialized equipment for filling and sealiag.
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9. Soveryl basis reobiens must Yo owvercoms Vifope econtainer dlow moulding
wosegtes for Seveloling eountries can be comsidered. Manufscturers >f cone
ventiiongl senisiners must be willing to comsider _lastic containeres as 3 Sul=
Floment o their ~roduet lire rather than a comoetitive rodust, 'reover,

pecRere 28 ‘e wiliins 12 uBSe lastic, "Mis 13 egpier sl than dons. Ths

e »f iastic >ften repiires sdditional Lnvestacnt (OF new fillin, equi mont,

9. Goesial roblems will ale> exist. "ir exam 'e, in Terael, tottle dewmaits
e & roblem. vem corrugated ~artons sometimes carry de ofii8, whereas .| ap-
tis Matt a8 are aonratyurnable, Von-returnable iottles are a convenience and
PIRBPRiLT ZEFTY & CPEMLIGE CTiEe 1O compensats the _ackar for the extira sost.
rsmlly $90n & sonven.ence comes ~fter industrislisatinm. An affluent societ;
i willimg %o ey more for somveniense, a luxury whica s develoning ceuntny
sannt af fard,

.  Pelyvingl ohierife M been develo.ed i larre degres in Tarore, wherews
Bisbudons ity pelyethylone i3 the rveforred material for blow moulding in the
i V08 3tates., Ia Framce, 'esieur and 'ils ( aris and Le Nevre) have develo ed
TV Bettles for saiad 21! usinc Simcle Jarison, sir-gtatioe Ui ment, he
"Wrrish rocest e r.ite wusual Bince (t Iavolves the sxtrugion of parisor
Viteg and 2 subseruent resale 10 the Bottle maker, whars the tubes are Fehaais!
and formed in s "arriok wilti leeetation machine. Kaitex ‘arke { igr-elar-
Sigb e, Poderal Ter.i'ie of Cernan:) ffere #in'e r 'oible mould Axchines
Saitable far rocessing . Migsid 2 extrudes mipe slowl: tamm (vl ethylene

ia srder 13 avoid decom weition dwin, 13 overheatin

¥).  Aother interesting develoment by V. Tmumana A, C. (Zurieh, Switsariend)
whieh had Reen oromoted in lersel 18 called " e 0 ac”, [t sonsiste of folded
7 sheet whizh is welded int) bottles as the we® emer o8 a8 & oot uous Seet
The bottles are daing .sed for salad ~ils and Aress .ngs.

i, The resin m.st o ular in the nited Jtates for tlow mouldin. (8 high-
donsity iolyetaglene (dems 'ty over 7.7)). S ecialt tailsred rradee must be
wed 4o onding on the ~voduot deing sachaged. or exami le, if am imToper

resin is used, dotergents wil ostress-creck the lastic bottle.
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At shonld o noted that doveloping countries are no‘ed for population advances
fawr emseeding their "roduction growth possihilities. Nevertheless, the dats in
table 4 doee point out the potential for rrowth,

T %b £ & t"
Sommption of leed an. cinc in tue world, .%64

G onsump)tion

(ke per capita)

: .
Dwepe 42 35 3.0
dorth Ameries 1 4.8 5.5
C Sean 137 4.7 82
latin Amaries am 0.6 0.6
iries (enxeluding ¢ . 0,06 0,02
Boath Afrvies)
boia (oseludirg 1,6M6 ’ 0.08 0.08
J apan)

J2ME3eY Dets fuamished 'y the Zime Development Assceiat.on.

L2, "™we woeduction af the code products and parts i1s another indication of
t-hamtriaii atiom. i jordine %8 the line Devalo,mert Association, the most
astable waduction 18 takin: "lace i1r [alia and South America. These, ol
Pr0e, are aress where indostrialisstion i1a proFTressing .

7. The setemtial for srowih in the indastrial segnent in developing countries
it Large a8 evidewed by the sroamh that hes airead taken olace, An sxample of
SAis grewth 18 tited in tadle 5,

| a2 il
TAT, segiond’ 3) %3
vorl 3} p# 144

B
Jeupees inited fgtiome 1#FS) adeeirial Yol 2 e
Tow Toew, 5.77 Gales .1 LS A B

d Beickes “nina fainland ], Aastralia, engolin, Jew Zealwrd, “estern Samca,

LV Bsisdee Aidasia, hiss (Mainlaad), Famgrlia, Sorth Korea, orth 7iet-iem.
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122, The YAF" region index of production sdvanced 2.6 times, comrered teo 1.8
times for the world. Durins the same decads, .atin America, containing seversal

industrialized countries, increased industrial outwut by 0 per ecent.

123, The remainder of this section will discuss areas of jotential oppertumity

in develoning countries for the production of fabricated plastic coapsments feg
industrial end uses,

Apolignoes
124, 1In developed economies, the use of plastics for various arplianes app-

lications has reached enormous oroportions. Table {6 indicates the ecomsumption
of various plastic resins for apP 1ance avtlications,

4 1]

b)

oY &
milliom
{apact styrene 16%
"‘gnolicn

Tolypropylene and rolyethylene
Urethans

"elamine and urea
"olycarbonates, delrin, phenoxy
Nylon, *eflon etc,

sinforced ‘olvester
MMﬂ{mwhﬂ,!mzwv)

Elzzasssass

Tatal

Soyrce: Comniled from figures from A.V, Karnath, Arthur D. Little, lae.,
Tambridze, “aam., 'S4
125. It can be 2oncluded from tanle ¥ that /) ,er ~ent of t.e plasties aned i
appliances are ;riced indar T ., ¥ er pound, 7 er cent between F.0. W gl
0,50 and 1) Ler cent above 3.3.% er und. 't the meterials sonsidered,
Americar a ;liance industry lastics ex er‘s conciede that the industiry mye
an averase price of 3 0.1} cer pound for clastice. (Mus figure refers e
1764, Today this would be slightly lLower,)
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T Ghsuid ww ecied that mams f VA8 shewe parts were wee aade frea steel (e.g.
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M. Be sesl gt Fren grshemiaast wse T seial saFts o selective replace-
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astenshile wofuser, thete doveloments would not have reached such a sophisti-
sated state, [t should be clear that this kind of develorment is beyond the
uresent firancial and technical ability of the average custom moulder in the
dovsls . irn. wor. d, ‘ith the interest a.d co-operation >f firms sxvorting semi-
apdeni el cars, 1t 18 conceilvable taat some Hf the -arts ~ould be roduced from
plastio ia the devels . iny country. India, for examcle, roduced 73,000 par-
senger and commercial veilcles in 175, Some »f the narts necessary for the
Jeas and "and {overs are made within the country, but moet are imported. On
the other nand, the Yue Loong 'otor Company i1n Taiwan manulactures 55 ner cent
of the .arts necessary for the sroduction of theii 4,000 vehicles. Such a firm
should be encouraged to investizate the ovoortunities for the manufacture of
plastic parts. Jeveral other develo 1ag countries also produce small quan-
tities of vehicles: however, larve 'lastic notential is not foreseen since

the small volume of excensive parts does not allow for tool amortization.
Calendering operations for vinyl upholstery should be considered and investi-
gated or vell as for urethane foam for crash pads and seat stuffing.
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135, The consumption of plastics in constr.~tion continues to grew ia the iadus-
trialised nations, It ies likely that tne develioping countries will be able te
make use cof the vast amount of perforrance and market data that has deen collect-
ed by the numerous fabricators and end users wh: have used piastices in construc-
tion. The well-established position »f plastics in 2onstruction can e apprecia-
ted by 1954 data in table ? whrich indicate that plastics in construction accounted
for 5,400 million of the 23,700 million pounds of plastics produced in the wc 'I4,

Total ratinated total

(million 1) (mill
United States of Amerios 9,700 2,40
Cermany (Ped. Rep. of) 3,700 32%
Japan 2,350 80
United Kingdom 2,000 X0
Italy 1,500 3%
France 1,120 285
USSR 1,200 29
Canada 440 110
Eastern Oermany yro 2]
Netherlands 350
Sweden Y20 Y
Others (Poland,
Czechoslovakia, Belgium,
Australia, Argentina) 75 10
Inda 1% A%

Total 23,700 3, &%

13, The share of plastics used in construction as & pereentage »f t2igl wewid
production is expected to increase as 'milding sodes ip rarisee SouRtPFios PoPwil
the use of plastice 1n new areas, »r example, it has >een selisateod that Vhe

United States could consume 5,000 =zillise to £,000 siliior pownde % 1770, whied
id more than 1oulle the usage ir 14,

137. The impressive data om plastics ir ocomstractiion are 2uiy seanisgPel f o
developing country can pick out those applizetions whish appear 15 iV Lheir




1298 .01 12
Page M

mrvont and fotese situatian, IV Mo boun ougueeted timt plastics san Vo wood
is salf-help Mousing is sombisation wilh indigonowe nateriais, This will sllow

waskiiled labousers $2 ereet aomes wilh 2 Sisime sf supesrvision, Per enample,

$ar sz 12V swar % Bomes were “uiil ir the “aribhean from plastic stracturel

sampomente, Whiis spalyeis point st tRgt the posuiatida rises in developiag

sngntPies wad thereflire Asenrss 3 Nuye demand Psp Lowenaet pia#t1c MOUBLRL,

they fall ts ses some of the (e 5 vi%us sarrieres 12 the establishment of an

indastry Sased » supplying plastice frr nowmes,

™e oariancea 1B Llabour availie

splaty, Aieteientiw asd smreeting ¢ystess, roads and taskin {(eredit ﬁmﬂﬂ)

pose  LEPePlant CafTirs 0 Godt L 8 A v

L omatpwlti o walETlai, 1t BeemME

clont, Woweser, ‘aat plastil il sompenerts, i Lhey are 1o Le accepted

1n deveisping sewmtPins, wil' Bove 13 find their start in the cities, Produets

weah 88 pipe, ombsit, wire and 2 5le lasulation, sl electrical fittings are

Jready esetabiisned 1= tamy Reveloping soumtries, Jeecad penerations of plastie

el bding PPodacts sach a8 floer tile, wall soveringe, lishating fittures, and

tecnpadive (amisates >wili Lacrease wsspe of plasties sonsidersily. [n partiou-

in#, TF golymer production o Likely ts .enefit greatly, simce it is ased in

5 +f the ' arpest »olame ape’ Loalloms,
-y

| ¥, Tome af the develspme ;v siastiss ased in constiruetlion are outlined

selow, Simce mmmy sf these applicatisms say net be feasicle for developing

smamirion it ‘he near Tuture, some atlemtion should be paid to improvesenis

in prossesing, inikg and installing af products that are already in use,

sach a8 pipe and conduit, [hie could nelp increase the penetration >f plasties

\s mgigtisny narvets as a rewult of lower cost wnd ease af installation and

randling, e fo.iowing are the syplioations for plastics “ithin the oongt Fade

tisn industry and the specific matlerials in wee for each,

Slasing, sky!ights
Buiidins pannsis
Paints, 7oatisgs

Flyesod, scards

Jire soating
*lectirioal devices
Lig ting Tintures
Decorative Lamdnated
Enil tile

Matsrials

PYC

der., U b W, P, PYA, P8,
£3, "0, Algyl

&R M,
4K ™,
Sar., U AN "3, PO

LR e
s




4, Wl

Fegn V7
Al Asaticee
Wall coverings ”e
Poer nove “tag Pyc
Moisture, insulation barriere LIP7, P97, 3
Pipe “Y¥, TS, KDFI, LDPT

Below are listed the various fabrication methods ('r p.asti. prodests in e
struction and the ty ical prolucts #hich result,

Lr2gess

wtrusion
cavgr.r 0 moreture and inmalatior
berriecs, ziding

In jection moulding Pipe fittings, laghting Tintupes,
wall ttie, plunbing fixtu »a

MFlow moulding RNeg.

Laninating Dacorative laminates, plywvood

Casting Aerylic sheet

Calendering Ploor tiie, wall coverings, »ther
home decorating products

Compression nouldiag Electrical fixtures

Plas) |
1)Y9. Plastic pips haa bocome an important replasement of traditiosal piping
naterials sueh o3 stecl, azbestos, cement and copper thrmughout the world,
Light-weight and lov-cont qualitiez, ezcallent chemical resistance, sase of
fabrication and low 1 ves.. 2t compared %o metrllic and other pipe producing
plante have collectively ren responsivle iur the growing acceptance of pisatic
pipe. HMajor applications include irrigatine, ~11 ard gus [ oduction and distpl-
ution chemical lines, Arainage, electrical conduit and many related uses,

¢/ Kexe
”y - Pibpe glars rein’osced plastice
LDPE - Lowwensity polysthylens
s - Bigh-lemaity polvethylens

- Polyving i ohlorids

- Folys. wooo

= Farlonitril 2o lut ad) ene-otyPOne
- Pheno! (-

Jrea ¥ Yk amine

Azryiic

- Palyvirylaceiats

- Stryrene- Gilalions

-
L]

FIREITE

B



188, 5 lewesi, nmzﬁ-ﬁmim;ﬁwmmmm
Ieeiier pipe fimmeters »an B2 soed and She pipe A seeiiy wemdisd and sumegersal
frm place %o pimse, Southeast bois Pas seed poastis pipe seremai ety . i ol
ingtallod asariy wme ®iiiiwm pousdes »f pipes e gied gl webe ametiem. iy R
LME for slectriss. >amdsi® sod waler 'rassperiatiom, Taiges Al I
tham Co2 Miliiom pownde »f pipe (saisly "V | fir emver pipe wled it hewdilg sove e
rpments, Sis misss and ireigatiw of Pubber piantations., "Ne ulippises b ks
iood abaut 7 miliim pownde f PV awsd pelyetnglsme pipe fsr shamisai, eates -d
elestpion] lines,  hika (Teiwan] i2 ameng the argest spesifier of plastis pipe,

[

bl [ bo Aomil T or poands g o F T r weue e ap licatims,  “wiftes issvenbed
1te seage substantinily p 1L, [aresly recmuse wf imereased lomamd fre walet
and agricultural pipinz, A0 smalywis 2f :thar deove . oped sad developing soumiries

showe Lhe same iBEreas iRy Pe . iance » piastiz pipe.

Ldi. ¥hile some courtrice ame severa! types of tnarmoplasiics (priyethglere e,
ADS amd polypropylens), the newer .sers ~f piastiz pipe tead o favour e ank/ee
pelyethylene, Raw matoriale are realtly avatlabie for sstrusiom >F the pipe 20l
e imported, olyethylene pipe 12 rated for %8 low-esst, | irMtewmight pealities,
good low temperature impact properties, flesisiiity, snd shemical resistance,

Tte main drawbacks are relatively low strength ani structural rigilivy, low
softening point aad low resistan~e > Lipad nydrocartons, [sproved, aigher
tensity materials have zreatly improved tha trermal snd sechamizal prepertiies

of P pipe., he flexivility ~f % pipe, which permits lersths i 10=F0 feet

ar lomger, 17 & majr advantage, since few jointe are needed, 'V (waplastic.sed)
pipe is rigii and exhitits excallent chemical resistance, gl weathering propefs
vies and does not gupport comtusticn.,  The latter property e partioalar'y i
portant for use ar & comstruciion saterial, [n recent years, ssveral “OMPaRles
nave Adevelopel mechanical ;- ining tystems which have replaced solvent weiding
tecrmiques that Peq.ire a ionger period »f Lime o set, A very bigh strengih,
nigh molecular weight polyethylene pipe 1s made 1r the ‘mite-l tates n special
equipment, Allied “hemical and “"hillipe Petrolewm supply bOth resin and equiipment,
™e Plastics "ipe Inatitute of the Joclety of the "lastise [ndustry ~an provide

substantial data n many aspects 5f the "'mited States pips Dusiness, whizh in
1966 consimed over 2950 milliomn pounds of various plasties for pipe and fittings,
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. TEes e e pideee Fw weag s plae
e By ol Lag W b+ T aBUR 99 Semede of s bed peipetig iene page | | WSS
miren’ LA 5 LEERI% WMESE 18 piss seeeeal,  THANe Setsuen §eswee
Ea. ST L

e Taelgec oy For setsmale, JApe b8 Sembii; PeRd AR Ee FRaR MRt suiui PSS  paew
Bermen, e poadpst i F Fitiuagn repoens smasBesel iy b Pms  prassbamet
s o Saies Gl Leaane badl . SRS, TR St SRen Gy PP Bace pape b e i
e’ Fitiiaps, “are Bset e Laken Siewe EuReBalons | $hembaste st TFres sewntey
2 congmtry, En epeee eheen wrsy o2 cFf.pemia Pesis L2 eealabie, NEteriel

#ogte sam €% | e Lowered sy proesatilg SR PeSLad WASE Figm, L iileee seBn e
sbbod (o.g, comluit] Vo suduss ssete sver fupther,

144, Mt yl metheeryiate, polpeartenntes wnd PV anwe hoen whel o8 ~1asing Wtee

rFiale in the ‘Mmited Tiatee, [ maamy imdustpial plamites were 8 Righ desves of
Lol resiibamen s Pogaited, T has csen chiewes, Fethesryiste asd peiyeer-
Gomate Leaespadin’ sheet Rave Sean oad mainiy For regiacemert [ gisse, al-

Lucrug® increasnd ssage 12 Lading place i sew Tonstmelion, Bts offer seversl

adsaniages ver rlaser  lighi-weigat, sase of fabrisation amd 2 pedsation |
% Pl age .

14%. Dours and window frames sade frem rigid V0 are pogular ia naay souniries,
™e wind w frames are iseenmii.ed from estruded prefiles., [a the United 3tates
LAyl ot e windows (removable windows f:r winter «se) ‘ave sade iMmportiant ‘aine
agaiast al@miniw, The uwe 17 structural (“prime ) vuilling "es ceen limited
because of buiiding crise, #oodeving! comiimations sech a8 tiose develnped
By Ve Aaderser sindow ampai Nave als. receissd acceptance, Mat of tiase
spplications are we.] laseloped 1n severasl uropeass courtiries, Toam ioors
are tiarmcformed ~ver woordes frames (9,., Joochal, .ulas, [taly); in tne United
Ztates most f toe protacte are srtreted, Peutesunaka ((saka, /2068 ) has nade
doore by lamiratiag caleniere! =% plies of viRy: saeel, Cosbinatiom of
11fferent plastice are zles seing introdueced Lz severs. couniries. Mor esample,
e ritad "tate: fire 3rudiced 3 fver based om » -pound Tramed polystiyrens eere
ard severs! poumds »f fienitie and risid vingl,




(. Mase $4ie anls Foun P wumgnisaer wnt segnigane, fillese (saletes
seronnte, sehesten i, Jiastisisese, 1habiiisere i pegemis ere fiadiag greiel
rBPlEInE ba WSS sgEag MRMIPIee., lume armegiance has svwn Sesn re-eived 4
Mot oPPUROus Saunt o1 ad where MSt s and cement 1iiee we restils evmiisbie,

Y aewasni WAPE Freue efe piambiag b EaBbac selowbeting eguipeeni e ik
capneition o 8 samee of me b: Lisee Wil spuare Teet per reas., Lowes
acgt Sile BE# Recame e mms o arl: sesilelle swiag Vi e wecsparutiwm o gl
Fiiine Lephingw.,  amisate: wed Toanml corms ol s plating e sppeal ing ™mrfece
con® 8 Lawenogd seee tuds o salewbers 9 Reusle estreders,

LR, Teenpnieogy Foe sudbabiisniag o+ Tisar tiie »papstion 15 svsiisble from GANg
aatimg, 4§ wenber «f sompapiss will ppovids 3 seplets "pachage” inelading
Ence-lil, plamt feeige st startonp, and will adsise n resins and plasticisere,
ran ipreemst-tindastri L/7 | wiz, Frway ) has el with several LAY, semmt~

Figs intevpated ik peelecing fiser tils,

[, Tevers]l Tirms 15 (erse. mase floar Sile oy diffesent prosesese, In 1969
five fiome spitacel ‘Haff tmwa 3f tile, »f ohish 60 peseest wns salondernd,
Y pepeent csaied smd 1% perzent egztmded,

(%, kn Jurwpe & mte o7 feit wei 13 spread-ecsied with viagl pleastiesl, Tese
prodasts, however, ade aetl 120 sristure resivtamt,

131, Plastie pipe and FiViinge Mave besn used esteneively %o replase seslallle
sateriais for drain, waste and vent pluaking systems., Mih PYC and ANS ase
wsed, Folyviayl diehloride hes Deen intreduced fer 2 tenpereture plumbiag

iines,

152, "an; sther sanitary fecilitieos frem plastic are weed aswund the werild,
Is "wreps, toilet taniks and a2ther internal parts are iajectiss noulded free
Bizt-ingect polystvreme, pelypregyions o7 PVC, Sinks and bathtubs are fabei-
seted frem aery.ic and pelyseter resine and find sajor uwse in prefabriceted
hnes and rsilers a8 2 replacement for caet ires tuce,
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LY, Tempeeesion sowlesd pheneliee have boen wsad for over T4V years in sleoe
Leisal sanes, sovers, sothele and switohes, industrial switch gear and wirkng
iarices, Teimal.gy e readily available for tue samufactiure of thees compenents,

B, Clastize have Seen weed in lightline fistures mainly o2 light ecomirelliag
v cen (refractars, louwwers), light sodifiers (diffasers, walle, punels) end
porh trapamitters (migone, firectiomal sisme), Tmdwr Lizhtinr favours pely=
shyrana, PF , wathy imethacryiate siyrere sopolmers, and s2ie ted thermosels
La.2. porlgesters ), In outdoer apolications, sefylics, 2ellilssizs and polyeaps

toms tes have sees preforred becauss »f teir superior properties,

15%, Falystyrene is bt e large:t vwolume materisl used in lightiee fixtures iR
the ‘mited “dates simce 1t can e esadily 1mjection woulded 1nte 3 variety of
shapes amd patterss at [ow ccet, Viay! copolvmers are .sed for Laminous
cerlings, while acrylic eopoliyowers are aaed in many >utdour li#ht systems,
Mie Tlasties for LIZting Committee of ths Jociety of the Mlastice Industry
P} i the mited 3%ates can previde datas and tectaictal information sn thie
narket,

ity Mbreglase reiafermed polyester cotlinge sre alee found in the Mnited

”ggitgii

ameis and_sendxiches

i77. Flastis pamels and samdwinh constructios have bewn sugreeted as interiss
partiticas apd ~uter walls for teve] ping >ountries, In particular, foas plas-
tic panel board may lenmd itseif to comcorete or adebe riock omstruction,

P

i%, Jamdwich parels ase bees oonatructed ia caFiovus ways fros two eolid PVC
#urface s sets wilh foan or romeycoomt interiore 5r fros tie foamed core comw

bimed wit! skins of somn-plastics, thar variatioms inelude polystyrese fous
te.weer sr atest s ceme.t pane. (e,7, Titreex, Paris, “rance), a paper~polystiyreas
fram-paper Sombinationm 824 1n the Mmited States, and a steel sin sendwied with
a polysilyiens sores marssted by IV ia Jritsin,

L



IS, 2772
. &

V57, Bomeyconbs are s iaportast core meteriai. ™my are a fTebricsted wilalee
stmecture sade frow siumiine, slainlese stesl, reinfrssved plastisr and paper,
€ tris greupe, iraft paper, either clain of iwpregmated wild phanclis resia,
;sed cxtemsively, e luxral Tarporation (Cerisy, Talifireia) das wete
Y orqsnal sandwich comatrect omg from shres pelis of Shis plastisc sheel wilh
maycomb iaterirr, Corsiderad.e work ia $3:3 Teited Ttates m pelystiyrens foe

re sandwich panels for coastructior has been undertakes W 1% Ligper Compuny
Ciitisburgy, Peamaylvaria .

1“5, Plastie foems have serome isgortant scterials of Wildiag tamistisn, Wile
e tymeg 3T f1om 2re available, the polystiyremne and uwrethane types ape waed ia
Certoet qaap¥itics am moat aounltrice,

i, Twe foame are avy'lsble 3 ra~d, seft, rigid sy (lenible forms, Their sell

structur: car be ov=n, <lowved, intevecanesting »# momeintereomneeting. Phey

vy e purchased ss e truded doards or 8 liguide whie)h ecan he framed or spraged
e I 1%y sbout four gillion square feet of pelystyrens Msam and eight

riilinrn sqpeare fest of [ lyuret’ ~e8 (oar was used 1r wall 1amulation in the

wited Ttates, T¥her tasvwsi argplizatisr s inelsde nips coverings, basher

#*

For metal #iding, ad Wrir rhell moncorels

. darioue mets e oar. oed te vake foam inswlation, Polystyrere can be o3~
ped BTG Batat o1 oar ra e lsagthe, widiis and thichnesses, (v the pelysiy-
4

o el br @testeme qlde 4 11 o Thoada™ iete uuw.‘/ In some types of oome-

ctrom, eXLamdtitle ol atyreme ~sn be Tnamed tirectly betweer sandwich [acinge.
ystyreme foa i hay alv) besr uded a0 a concre.e Uiiier 85 reduce the weight
Tt gt acture (redecine 876 wrd sost of Hthier supperting wnite) and providiag

srter inmalaticn aguinst souw 1 and heat,

e Prlyurethens foses sudh 8 jolyetyre ¢ are easily foamed 1n place and cen

fremead pte s, F tie lnited Jtates, polyuretisne foams Lased v 1o leeme

cmyimate are witaly Lced,  Tata iw the use of foams im construction are avalle
a t: foom tre 574 ~pr e Joormal af Celliles Piaetins in nited States v

Eliraty n frargr.oa 4'1=8tituta Techmigues & Tetmle (PTITY),

—- -

L/ Tacker toard is .sed -8 & backirg for alumirium sidins, It is reguired fee
turt rez,rtince, loagitedine’ etiffncos, vound doadening, corvesism pretestiien,
water Fe.itiaace (.4 thermal ims latiom, [t also perwmits the see of thimmer
alaminla® than ropeaily regmired,

Tee tasriz wre 2.4 Froom ~lyatrress desdz on laizizz 2 pases: Dpirceoapbon

o B = - F Y
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GurNs Wi CEEIER PENNCR
A, Coowne piastic predurts are wemiiy the Tisvd Se e prudmed W
MBrientors of piastics  [areraniinai ‘onie shows, | terstare. wd e
BDOBELOA LM Protide Sews CREE Sl Tai s on WS APEENES LA coNgEIg produts .
A Wvisging oty Wust taip reets smough SAmmed be e RIS Vo sail MM
WrIad of prodets Lint car We Foeris@8ed  "his i9 BN LAY Smsd Lhes Sone
Bvever, s appPencs hatl e Yees sewsessfu is Ao e LT STEE S PN
0 POpiare Lapurtel comadBer pPedurts Lhat BESe SSLL. i shed GRPREtE  This
Mvious Mnrstegy ine st Seen sasily adupted v sule e oping ouRAPL 8
tidee Lhe Lscal Pebvrizetew e aet ahie s GARE 2 preduet sgpei vaieet s¢ Lewes
ba semt thas tre impurted pradet TRy agsic reflicks toe Ly cows wf 8

bW st mtarinia Sese

363, Shees, tamts brushes, "daly Meifers , ad eye giseces are suampics of
CERSURe? produris Lael Kave heen ronverted frem imported to Lewally fadriseted
Produnts by several developing cowtries buring the Laet five rears. Injee
Sien epulded Punit wre romponents pails, sad >ther Ltems are presontly wnder
SRS ideretion by scme Foumtries

Mb. Viagl srews apd sandais are 6857 consume? predueis ia Asis, Sowth and
Contral America omsumptior of PV snoes, salioetively, vas several ailliem
pounds in Thaiiamd, the FPuiiippimes and Teivan (ineluding export). Zisrce i
vostlaent sad Lechmology are reiatively miaimm., over THPOCitY 18 FONEOE LS
Shis indusiry Come of the Lmportest producers inelude the Bata hoe Lompay
(Thailend), Maiayes Flastics and Camel [odwstries (Mmlaysial, Farwmoust Viayl
Products Compary, Mariia Fiastics, seneral Pubber asd Fiastics, Asme Pudber
(Philippines), Fsi dwa FPlastics Compeny (Taiwes), Bate Shoe Company aad
Earia Mabber Compasy (Faristas).

6T, In many of trhe coumtries, low prices nave forced some firme owt of pre
turtion. Jost equipment i3 capeBle of prode ing i.5 2.0 Rmillion shoes
mally, and & fov producers cap quichiy profuce encugh o outstrip demand.
Bhoe Moels wre irjection mouldel from high impect polystyrere or ARG, of im
sPpecial cases . from & thermoformed sais Filled with rigii fomm. Bresthatle
Weers which lock like iestber, are saial; PV, it Corfam (E.!. DndPopt) hee
andes regid gains in the United States. improved breetiable FV¥C yyper materials
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[ il Motes i pesfarates T suaut s:ins t ey wsiee

M. T astificiai Mawer induss sy seamtod o soadly MO eiiiien of
SNt miwme Por e Bang fong soomamy o4 | A Possuruiio Labew seut end
& Bigh Sagres «f crend i Mmnend mve Seen retgome ihie Pur She Leadiag posities
oMtainnd w Boang Foamg By 0™ v s seriashed thet ey LK Gdllioe pecgnde
of guipetigieme Wi e some Puw fiowons, Pryits and s%ner artifisiel

R IR e sk W dm ow oF Pler setmla we d chommg Leoslade Arv i Pleiad

Flowars amd L. ad Pong ompang ¢ - CrRg e e s gw Toeely S peevide
SEPRIt syt rtamition for stbar sevmtsiee Sowerer, the abililyy s predese
basee artifizial products ot oqei vaiont oF swer sa0t (s e guarestes of enles.
The RPNt dmemads MNyling, *olowrs and guality ia ANy arees .

L &)

59 The tap anrbet is tuge is eset .f Lhe fevelupad sowmtrice. In W
Rited Mates, 1r srampio, the v oeale valee ves BSL, X0 sillies ia 198,
There are iargs bt . catiwm piaets with 1% sowiding od cotrasion mmehiaee ,
@ UL a8 Wil one mas speretiss SEP.ying *Ris Bueimers in the nited
Mates. fomg fomg id A Lepertest euporter sf toys s ey ev. ¢ % milliens
prmde of piastics were Wtiiised Polystyrene gemers.ly sccowmts for seet

of Lhis wolume (about 4 per cemt) rollowed by pelyetiglene (1% per comt) amd
FYC, particaiariy fur 4o} heads amd infiat tis.. The $ci. marset is the
Largest segment of tie toy bdusiness in the Uk ted tates and eisevhere. The
Alls are generally sowided trow FVC piadtiso, :e0in8. Jisce mey Loy aahere
have Lhair swr pisatics PRbricat om FWeTRLions, the martet for coustries
“ishing Lo emport s oM idered gy smmilec than gross dmta would ind; cate.

The cost of moulds coan be Fite 2xpenaive (s this marhet, particualrly vhea
Thngiag consamer tastes mmde o product besle'e.

i70. Teoth wrushes fedviceted frem Righ density polpetigiens, celluione ase~
tate and plytyrens are marte o i» coumtrion swehk a0 Thailand and Malagels.
wmmmmmiuhqmﬂm.
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5 JUNE CR—" Mg Yhe Tirs pvoup af plagtie roducte o be frobricoe
il B aew sioeties tabastey, ™are .pe - Wal®itude of itema *het cl-ossify
W bouaeenPes « iy gh FME, ¥oFa, e cuba "Frye, tPinkimg cupe ad so on,
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\nnex 2

Annex 2

Selected major producers of raw materials for plastics

Producer

Thermcplastics

Acetal Resins

Celanese Corporation

E. I. DuPont Corporation
ICI, Ltd

Farbwerke Hoechst, A.G.

Polyplastics Co., Ltd

ABS

Marbon Chemical Co.
Uniroyal
Farbenfabriken Bayer, A.G.

Anchor Chemical

Ugine

Mazzuchelli Celluloide, S.A.
Toyo Reyon Co., Ltd

Acrylics

E. I. DuPont Corporation
Rohm & Haas Corporation
ICI, Ltd

Altalor

Resart

Sumitomo Chemical

Cellulosics

Celanese Corporation
Tennessee Eastman Co.
Farbenfabriken Bayer, A.G.

Daicel Ltd

Nylon

Allied Chemical Corporation
Celanese Corporation

I. E. DuPont Corporation
ICI, Ltd

BASF

Toyo Rayon Ltd

Address

Newark, llew Jersey (USA)

Wilmington, Delaware (USA)

London, England

Frankfurt/ﬁain-ﬂoechst, Federal
Republic of Germany

Oseka, Japan

Washington, West Virginia (USA)

Naugatuck, Connecticut (USA)

Leverkusen, Federal Republic of
Germany

Manchester, England

Paris, France

Castiglione Olona, Italy

Tokyo, Japan

Wilmington, Delaware (USA)
Philadelphia, Pennsylvania (USA)
London, England

Paris, France

Mainz, Federal Republic of Germany
Osaka, Japan

Newark, New .ersey (USA)

Kingsport, Tennessee (USA)

Leverkusen, Federal Republic of
Germany

Osaka, Japan

Morristown, ilew Jersey (USA)

Newark, lew Jersey (USA)

Wilmington, Lelaware (USA)

London, tngland

Ludwigsnafen/Rhein, Federal Republic
of Geruany

Tokyo, Japan




Tl or/o

Producer

Polyethylene (High~density)

Allied Chemical Co.
Celanesc Corporation

E. I. buPon. {urporation
Phillips Pelroleum Co.
Farbwerke licechst, A.G.

Shell Chemical Co.

Solvay & Cie

Mitsui FPctrocremicals
Industries

Polyethylenc (fowv-density)

E. I. buPont Corporation
Union Curbide Corporation
U.S.I. Cucmical Co.

ICI, Ltd

BASF

Celene, G.A.
Sumitome Chemicel

Polypropylene

Avisun Corpors*ion
Eastmen Ch=imical Products
Enjay Chcmical Co.
Herculez, In..

Farbuerke llocchst, ALG.

ICI, Lud
Monteshell D’etrochimica, S.A.
Mitsui Chemicrl Co.

Polystyrenes

Dow Cherical Co.

Rexall themical Co.
Sinclair Xoppers Co.
Union Carbide Corporation
BASF

Dow Chemical, 3.A.
MonsantoBussois
Askai-Dow Ltd

Address

Morrisimm, New Jersey (USA)

Newark, New Jersey (USA)

Wilminglon, Delawvare (USA)

Bartlesville, Oklahoma (USA)

Fraukiur o/ vain-Hoechst, Federal
Republic of Germany

London, England

Milan, Italy

Tokyo, Jupan

Wilmingten, Delaware (USA)

Hew York, iew York (USA)

New York, iow York (USA)

London, Fngland

Ludwi¢shafen/Rhein, Federal Republic
of Germany

Milan, Italy

Osake, Jepan

Fhilad~)phia, Pennsylvaniae (USA)

Kingsjcrt, Mennessee (USA)

New Yorx, iew York (USA)

Wilmington, Delaware (USA)

Frankfurt/lain Hoechst, Federal
Republic of Germany

London, ¥n:land

Miden, Italy

Yokyo, JTaran

Midland, Michigan (USA)
Paramus, Jew Jersey (USA) ,
Piitsburgh, Pennsylvania (USA) |
Wew York, lew York (USA) '
Indwigshafen/khein, Federal Republic

of Germany
Milarn, Itsaly
Paris, France
Tokyo, Jepan




Producer

Polyurethanes

B. F. Goodrich Chemical Co.
Mobay Chemical Co.
Reichhold Chemical Co.
Farbenfabriken Bayer, A.G.

Tekeda Chemical Industries Ltd

Vinyls

B. F. Goodrich Chemical Co.
Borden Chemical

Diamond Alkali Co.

Union Carbide Corporation
BASF

ICI, Ltd
Pechiney-Saint~Gobain
Japan Geon Co.

Thermosets

Phenolics

General Electric Co.

Hooker Chemical Corporation
Durez Plastics Division
Union Carbide Corporation
BASF

La Bakelite, S.A.
Plastugil
Sumitomo Bakelite

D/ ¢ 271/2
Anues D
P.ge 3}

Address

Cleveland, Ohio (USA)

Pittsburgh, Pennsylvania (USA)

White Plains, New York, (USA)

Leverkusen, Federal Republic of
Germany

Osaka, Japan

Cleveland, Ohio (USA)

New York, New York (USA)

Cleveland, Ohio (USA)

New York, New York (USA)

Ludwigshafen/Rhein, Federal Republic
of Germany

London, England

Paris, France

Tokyo, Japan

Pittsfield, Massachusetts (USA)

North Tonawanda, New York (USA)

New York, New York (USA)

Ludwigshafen/Kiein, Federal Republic
of Germany

Bezons, France

Paris, France

Tokyo, capan
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