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CHAPTER I  METHODS FOR PROCESSING PLASTICS 

1. Plastics are man-made materials. According to the American Society 

of the Plastics Industry, Incorporated, an accepted definition for a plastic 

is a material "conaiating -rholly or in par i  of combina ions of carbon oxygen, 

hydrogen, nitrogen and other organic and mor^uic clonan'-; which, while uolid 

in the finished stalo, ai corno at- go in ite manufacture is m do liquid, and 

thus capable of being formed into various shapes a.or; ' usually through the 

application, cither singly or together, of heat and preasure". 

2. Hithin the framework of this definition, planticn ire either thomo- 

plasticr, which become soft when heated and hardened when cooled, or thermo- 

setting resins uhich sot into permanent shape "hen hea t  nd pressure are 

applied to them.  Because of this barde difference in physical properties, 

different techniques for handling and processing thermoplastics and thermo- 

sots have been devised. 

Thermoplastic processing 

3. Injection moulding ie Ji  important method for forain« object* from 

thermoplastic products. During thi:  procoss, the reain is fed into a hopper 

(see figure l) which loads into  heating chamber. The plunger pushes the 

plastic through »he hewing chamber and the previously Iv-rd pellet or powder 

softens to a fluid ct-a.  A nozzle at thu ani of thi chamber injerte the 

fluid plastic under precbur. into .- cooled mould.  Wale travel Un*, through 

the mould, the fluid materi 1 nolidifiej r-pidly an--» is  eject..! from the 

mould automatically or la .j.^wd by h -.nd from Kss sophisticated equips. 

4. Blow moulding also requires the uae of «hewjplau ice.  It *«aa devel 

in order to calve the problem of fc.bric.tinf bot-1 .-shaped object«. In 

essence, the procesa aa illustrated in figure ? consist» of w*tn*êinc •• s,ni- 

molten tuoe íparison) between t„o ra.tchod auleti.  ¡He «ouiit tf* tlu* ci>m,,i 

and a stream of air - rot eh».« the pari »on to mut  Mw configuration of • «*. 

mould.  (An omlogy nould bo the insertion of - U«if> bfillooi» into * botti«, 

followed by the addition of -.ir iato the balloon.  A« »K-11OO« »trotoà»» 

, - %      » i. *  ,i  „»„<*•. «i « T ••••ti -i*" «•*»•» feß* »!-'. ì  t%« soliA botila« or otlM-r until it hite the commina **_ii o» -,«**. pò*«*«./ .»*• »-»•»» »» • » 

cofflplox shape, c«ol» In tbo mmûê mê  lo ojootoá. 

JPvi 
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5*   I!» true ion te ueod to for« th^rnoplMtiee into ooniinuou« ahupo« such 

*« fil», sheet, rod, tuboB, profilo» and filamontr... Outruaion is -JRO unvd 

t© ondose wire with •>. thormoplnatie The major Jifforanee h,:tva.o?j .xtrunion 

caid induction moulding i, th. 1 m the former proc»ß.-* -he fluid plr.tr'ie ie 

forced ihrou¿::i - di, which le m the r.Y pe of the ¡it.sue c object. O ft on tin 

extrudod object in cooled by peeing 1; through • quench t, ah. Or, it ie fed 

onto r  moving belt trhich recul i in -ir cooling of :.h>. extruded object (see 

figuro 3). 

6.   Thcrtnoformiug, mother importent process for -huraopi: itici, is the 

mot hod of forming ah.-pes from hot pi-.„nie sheets;.,. There >iv Kiuny methods of 

thorraoformine, e.g. cavity forming, P1U¿*-MSBíC* forming, plug-and-ring formine, 

and slip forming.  'T1ho procesn involved hcxtmg •-. thormopl: otic sheet over a 

cavity md applying suction or proa cure to 'Jo ahoct, ,ui «ict which forcee the 

Bomi-rigid sheet into the configuration of the mould. The acuno end roeult can 

bo achieved by using a male and fórnele mould rather than applying proasuro or 

iuction, 

Thormosc t processing 

7»   Compression moulding i a the moni common method of shaping thermosetting 

rosins. This process concisi,;; of forcing the resin into the desired ßhupe by 

applying her.t .and pressure *o the rrteri il m '-lie mould (sec figure 4), A 

trio of critici fee tore, templar, lure, pi'esr.ure and time, causes the thermo- 

setting recin to undergo a chomic- 1 ch n^e in which the rosin ,solidi fien into 

permanent ahupo. 

8. Transfer moulding differ::- from compression moulding in that, the thermo- 

setting renin is heated to the pi. siicity point before it reaches the mould 

and is then plunged into a cloned mould.  This method was devi cod to ease the 

fabrication of complex shapes with deep holes or met il insorge.  ïho liquefied 

plastic flows around metal parts without resulting in tho motal shifting 

position. 

Other processes 

9. Casting consists of pouring a. fluid plastic composition into an opon or 

closed mould. The mass is then cured at c,  different temperature depending on 
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%hê  particular plMtic cast and is removed from the mould. Most often, 

•Mtinf it used to produce a precise thickness of film and/or sheet.  Plas- 

ties can al BO be cast onto moving drums or belts and then stripped off. 

*0, Coating lB ,F?«d So apply a plastic to the surface of another material 

•ueh as wood, paper, metal or fabric. The methods used consist, of knife or 

tpread coating (see figure 5), spraying, brushing or roller coating. 

Figure 5 

Coating 
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fOATE D 

TX**-'**—r-~' 

ES lata 

COATING 
KNIFE 

COATED SHEET 

IDLER 
ROLL 

Sprtad coating allows the material being coated to piss over a roller and 

undtr a blade'.  The plastic is placed on the material in front of the blade 

and is spread over the substrate surface. Thickness is controlled by the 

Bpttd at which the substrate is drawn under the knife and the position of 

tht knife. 

11, Calendering, is uned to process thermoplastics into film and sheet or 

to apply thermoplastics to fabrics or textiles. Calendering consists of 

patting the thermoplastic between rollers which squeeze the plastic into 

a sheet or film. The thickness of the film or sheet is controlled 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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fabricated products uhich can be mrjiufacturcd using those processes. 

Proceas 

Thermoplastics 

Injuclion moulding 

Blew moulding 

E*tru3ion 

lliarnofonning 

fhormoscts 

Compression and transfer aouiding 

Other procosao; 

Casting 

Co '.ting 

Calendering 

Represen tr, ti ve fabricated products 

Pine fiU ìn^s,   plumbing fixtures, 
dioh'.T,  lighting fixtures,  gears, 
bot,tic  capr,  beverage eise s,   small 
confc-'incrr;,   snous,   shutters, 
vnlvv.£?,   vi'lz,   toy? 

Bottle,   toyy,   duct-.,  carrying 

Pipe,  conduit,   tufaos, vare 
covering,  *.'xndov francs,   films 
for food '.T.'-p,   3k>.-:  for sacksf 

c ¡, rapping 

Cups «'Jid lids,  blister containers, 
shoe uppers,   trays,   signs 

Handles,  switch gears, vacuum tube 
bnooE,  coil housings and bobbins, 
resistors,  terrain: 1 boards, 
connectors,  diche:-:,  closures,  buttons 

Large gcT-i,  heavy sheet 

Sanitary foodboard,  protective 
papers,  impregnatevi  textiles 

Tr-ble cloths,   show." curtains, 
r.ain coats 
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CHAPTER II      IÎAW MATERIALS POR PLASTICS 

13. This section discusses briefly  the vado reuige of plastic aat«rialt 

available,   and the key proportion,   applications,   and major w*rld~%rid# 

supplì ore: of »rich. 

14. Currently  there arc   \Lr.ost  40 rra .jor pi .aUc  r*;.tenais being utilized* 

Many more are bein^ developed in research 1 "bor.aorie;.;   „aa _ .1 yot. -jv   tro 

exotic for commercial  exploration.     Bun une  n ny of  the  so-called Hcommñ 

core materials" ur<¿ difficult   lo process, require  special  t_ch*iology*,  highly 

skilled and experienced personnel,  and high c pi tal   investment   in proectsiag 

equipment,   the emphasis  in this  suction i-ali  bo  pi  red on tha piasti©«  that 

would most likely be utilized in  ; iwVelopi ie; country. 

Thernopl' mif:£ 

15. Acrylonitrilc-buwcdiono-r tyr\.iic (A33)  was develop«! in 1940*    t% if 

a tough material  -.a ih out st •^.dir¿^r impact rucist-ncu co«bi»od with high «©cfca»- 

ical  strength and dimenniora 1   stability.    It  also  possesses excellent hwM 

resistant qualities,  from 60°a to ily~?12 P.     Typical  ur.^g includo pipo a*É 

pipe fittings,  automotive  p.rtrsf   tote boxes,   telephone bobinen,  vid appliance 

cases.    The chemistry of ABC iy  as follows: 

AcrylOtti tri le 

-> bontono TfctodrMraaUfln—    Styr««#     A. ABS 
Benzene 

Ethyleno ' 
Dutadiom» 

16.      Acetad resins is a material developed ir. 1956.    It is a v^ry rigid 

plastic without being brittle which retains it» rigidity under a nidc imristy 

of conditions.    Other outstanding properties include great strong,  excellent 

dimensional  stability and resilience.    Repeated iopact loading ujnialljr do«« 

not affect  the ace tal resins.    This baiane o of properties has caused coAtider» 

able development of acctr.ls aa  a metal-replacement  plastic.    Typical mm 

include plumbing parts,  automotive assembly parts»  tumi nal block«, fear« 

and bushings and valves.    The chemistry of acétale is a» follow»! 
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~*UPï. *•  ,,«»t   «i riutkl« hn.    I^y proMTtU» wcl«to touiliM«. 
•# •fc*.» r M.» *,,    A*«»««,  ~4u«e-J   Militi«,   -i motion 

>•• »V..»M!, ..    î,P4. ^   rf„. ir.,l-t c«,Äll|, clotiun« and    ppUanoo 

'•      îkmU   '»   '* - ri*r«c ^U» «««4^ /  t/ps of tfc.r-opU.tic. fi*.* 

"«4» •# **..,.    -^    l^ H ^ «icaut al*'.rica  prop.rtie. and are 
• ,.*..*.  .. *..*.„„..     %. *tr..M.     -«M  fro. th**r   .Mixt, to be 

mm mm* i^Hmi i. tfc* pKatic group, polyvinyl 

-.**  *•.}, p**^,.   r-.*-.r<Ut  Hmw  uu%  ^M.;n ^^  pifK; ^ pluftbinf 

>U*# «M«,    m *• ppwtM»«4 ky t^ p»lv*j»iiau*i @f vivl ohlorid. 

•»t* 
*-#% *UH»# 44U1/I fMfeuw, itei^Ue«, •.lami« aaé «*>. 

*-•»*• «^p^i.  »»^.^    i,  .»«fc. »f -»*,.* ,_Ä ^    »w    ,.  . 
t   *-à« w>«t iKportofit rosin« 

"*• *-•»  «l«ir  -t-,iiÄ.   innijtj«, pro^p-tie,. 

*,*»  pp.«*..*««««.   >»» t, «c^a^ ^ 10M4B* 

* w«« i»«wv c««»«« fkoek9  zmk®ë%Q9, 
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glass fibre and paper. Phenolic resin is produced by the condensation re- 

action between phenol and formaldehyde in the presence of a catalyst. 

28.   Many of the key clónente of the previous dircucsion aiv summarized in 

Annex 1 which brings together raw materials and their relative costs, pro- 

cessing methods and suppliers. 
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CHAPTER III    AGRICULTURAL US^S 

29.      The use of filrM in asriculture repres,nts a potentiaUy impor%m% 

oatxon for plastics.    Mcreaver,  the uoe of pitico in agriculture has bM„ 
used as a means of improving  f-tr^ off,«;,^.        m, provin,,  lar, ..ff ] ciency.    f,i13  ls particularly  important 
«th reference to develop^ country,   Bi;lc. (,.,,  ^„^  u vejy oft>n 

the only „10J0r lndustry  ln  the 00uatryi   (1]) the major „cMhii ^  is ^ 

and (o) food production in the country is of highest importance for th. .u.- 
tenance of fcho population, 

30. The portant   „l0 that ?Urtlo ^   .„ ^.^„^ ^ ^ ^^ 

sized by the „any  -piattic. in apiculture" conferences which have tA.„ plw 

throughout the „orld . „tn. ia Prance> orie in ^tem ^^ ^ ^ ^ 

and seven in the United States of America. 

31. ». F.   Rucio»,   Genera]  Secretary of ine Comité des Plasty,... Tr 

âSoffllture i„ .arie,   îWe.  haa indicated that  in W5,  130 „„^ 

francs „ere spent  on  plastics applications  in the apicultura!  field.     Of »hi» 

amount,   75 «Mlion „as  for pac.c^n, (,, Chapter U)  and ß million  franc. 
for agricultural  covering -natp.-iai«        s„.„ 0 -^»^als.     Jince many agricultural problems  are 
common to devdoped »tri« as ,eU  as t»^ oountr.es,  „e „m  )H.iM 

tne succimi  applications  ln tae fomer t0 ^  ^.^   .^ # 

catione  for the  latter. 

32.       The «in acculturai  objective  is to maximize yields at the lowe.t 

possible cost.     I, o,der to accomplish this  Soal,   tne plant environment »u.t 

be  oalanced in sich ,. v,y as to brin, about  the desired results.    Therefore 

the environmental  factors of soi!,  „ater,  lisM,   temperature,  nutrient, „„ 

carbon dioxide „vust  be in proper aliment.     Plastics can help maximi» th. 
balance of these factors. 

ReservoJ.r_a_audJ inera 

33.       The uso of plastic for reservoirs inri  ii„am, u      v. ofc-rv01rs raad liners has been successful in th» 
United States and Israel.     The objective of the application 1, ,0 r^uc. .^ 

a^e and leakage from pond; and irriSation ditches.    The mat.n.1. ueu^iv 

employed are PÏC or polyethylene sheets of 10-20 « thiol•«.    Th. Unit.« i,.,M 
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TM? 1 
for Dlastic rreenhoi ases 

in four countries 
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30-50 micron polyethylene film, grey or black.    Tho (juality of the film is not 

demanding and thus makes an ideal potential fabricated product for a develop- 

ing country oriented towards agriculture. 

Silage covers 

46.      Silage covers made   from black polyethylene film 0,05-0.25 ram thick are 

used in Europe and the United States.    The investment required for these silage 

containers is much lower than that  for permanent silo structures.    British 

Visqueen has developed a new technique called vacuum silage.     In this process 

air is pulled from the haystack and the possibility of fermentation spoilage 

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

"liscellanaous applications 

4/'      2Wf+nr *i:aB-    A flat polyethylene  film is used to wrap the bottoms Of 
plants and flowers, 

4^.      Wjttr cisterns.    Water cisterns are thermoformed from high-density poly- 
ethylene ehest. 

49«      ¿Sil*    Piwtic pots can be used as a substitute for earthen products. 

Plastic i» »ore desirable because the interior pot temperature is higher and 
the a»«d for watering i a reduced. 

fPMTPt of •ddl.Uonal  infornatori 

50. Ik« «M ef fla»Ue.« in a#rio,atare has ;*«n developing rapidly because 

pleeUee awl* t**ie« ut* r cost* má/or increase crop yields, nevertheless 

%m mmm *# r— *ñmm %km tmmmf of the *4vanUc*s of plastics,  it is desirable 
im »*^»*tiw .ff.*, %m bm M%im%94 bmtmmmm %lm UhricmUm lRUm9U 1>4 

!*• «4V.e«i««pai IWUIPIM <,f is« «overssMiit« issued.    Help is available 

fwm mm »1111« SM«IN>««(  mmm ef Aioli «ret 

t#**r**&i«Mt  riesjti*  <eTrte%ll»s%l   '«ssiitte« 
>*  *ee H «mi 
^^^»e  ^ #•t  wwWÊ0!e 

IIP.   %#t *,» 
is»,   ^»«eeeAàet 
Atem«   ît-*»f 
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Rome,  Italy 

Israel Ministry of agriculture 
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CliâPm 17    PAC!CAOIiJG I'IT^RIALS 

51.      takaflfté* is considered to 'je ana of the lar-est -.¡arkets consuming 

siasiie «at«riala.    Various experta have estimated that approximately 2.300 

•ill ion  pounái of -iiffersnt  types of plantío r,r- materials m a variety of 

r»nw -sowing 10 distinct compositions of matter were  used by  the American 

pmkmg%m% industry  m U6%     This is oxpectsd to _jrow to approximately 

'„•MO Million pounds  by  irrj.     Table 2 shows the différant types of plastica 

« tus wut  in the United States.     .Jy 19/5  films are expected to lose some 

gnu*«- m,xng to the growth of plastics consumption in the area of rigid 
90fttai*«T* 

Table 2 

FUfM+f Qft *fc» tfeits4 3tat«, P*cfc**iaff »arkat. Iff? and IQJK 

Distribution 
(per cent of total market) 

BMH9 1967 1975 

Containers 30 ^c* 
fils* 45 ^ 
Closures 5                           r 
Coatings 11 l6 
foajw 2                             A 

ft.     TV» plastic raw «atsrials which will predomináis in the fabricated ppo- 

êaste •»«•ars poljrstiqrisa*, Polypropylens,  polystyrsne,  polyvinyl chlorids, 

««UeyàsAs»/ and "aran,    These materials combinad account for )2 per cent  of 

t*s rasi« wê for pacJtvi*T m 1^ and will accost  for 3d per cent in 1975. 

(»is inaiasi«, that  là« pscna^in' markst  is served mainly by commodity-type 

plmUm «4 ìaat nona of the new spaiai ity enjinssn i* materials will b« of 
a» this ftsld.) 

Itshftlg*i  uA —restin» tp^y 

Si.     I* tas to*«««»»» world ssveral -* < ,r paciu^in* trsada ars evidsnt which 

•ill »satis**) to navs « «aj^r   i*pact   >n in« us* of plastioe i» 

is«.    Üsst tracts ar# in --.olh  tsohaol?^ and larkstiiv?. 

*   ^^*T U fe***é ** • ^*^*i PWt-e« (eslUlosM) a«d is im ths «triet 
SÜJ^A^y**? f»«»*1—> —* •*«•*•!•*• - mis m**« ¿Mí ***«IMM  **  M»» piasti«*  SfSMfS. «cessai 
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54.      Among the technical trends, in-plant fabrication is playing aa increas- 

ingly important role in the world-wide packaging industry,  e.g.  in-plant dairy 

packaging, vinegar and wine pacicatin^. 

55»       Irradir'ion and freeze drying of foods (probably a common commercial pro- 

cess by 198O) will   have a raajor impact on the kinds and forms of packaging 

materials used. 

56. The marketing trend of mass merchandising (e.g.   supermarkets) until re- 

cently  limited to   Jorth America,   is taki.ig 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 packaging materials. 

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

means of automated selling. 

59. The following sections will discuss various raajor packaging application« 

and an assessment of the likelihood of establishing profitable fabrication 

enterprises in developing countries with respect to the* markets discussed. 

Films for food packaging; 

60. The packaging markets in tho United States,  Europe and Japan have been 

using increasing amounts of film for both food and non-food packaging.    The 

typical end uses for film in food packaging are: 

Candy 
Baked goods 
fresh produce 
Meat,  poultry and fish 
Dry foods and snacks 
Frozen foods 

61. An examination of the above list of fila uses in developed countries re- 

veals only a few which might be considered potential opportunities for a de- 

veloping country.    Obviously,   the appropriate applicatione are dependent on the 

cultural orientation and habits of the populace,   food preferences and fetishes, 

and the decree of in-country production of the particular product,    "àch of 

the above product-packaging opportunities will   be discussed in turn, with empha- 

sis on those considered to be potentially feasible in developing countries. 
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62.      In i>65 ti*. MrtMt f0r e^ u ^ ^^ ftj|t#g ^ ^ 

"312,000 fflUUan r^pr^nti^ »tout  4,O0O «illl«. „«tf, #f Ww-  f 

Candy-wrap trials „. ^rally eu,t<w e|lô##f| ^ ^ ^^ __* 

probi«.    Th. «afrlal.  should b. .oi.tu^proof,  ^.« r«4.*«*^^ 
resistant.     In addition     »K«« ,L.. U  * 

fil«, are us«d to packaTe candy, .arty typ#, of Wl(BWlt ^ p«^^ ^ 

are employed,  fjr exa.pl«, «^  dir#ct mp$   fonhfm ^ ^ #"        " 

packagi m and vacuus p^cka^in^. 

«3.      The ove^ap of „,. has prov„„ . ^ M,ch f^ ^  ^^  ^ 

<.*~.H5 *•.«y)   fUns  in order to achieve o.H»^,,,. h-41 uw, « ab- 

asing ecnupnient.    The major films u„d for all   typ,, of -a•!» „_. „« 
'"*   VH"   'i '-antyr product»,   inelu4> 

lngs»    „„..,  candjf  bar3 ,<„._   m e,nofbmti   ljv_d#ngity  t,ol/.^Un# M4 

oriented polyPropylene  filn.    Th. „J0r manufactur.„ „ „. K 

are Battle Creek Packaging (Datti« Cree*     "i-h.«,.)     -, .-MP».»» 

Ueboysa„,    ilsCo„sl,)  „la ,„  Pac^in; .achinorv w  ( ,„ ^   ^ ^ 

64        *„„«„, that   the voi•. is .,,ftclrat  t0 warr^t prodantlw    th# M 

Usinent of o  tenait, Polyethylen flln „trjllon „„„.^ ,, ,h<  [u# 

choice for a devolopi,w 5ul|ntr, olnce tne iIWMtMnt  „.^  fQr „., 

would he .uch neater.     .aWrally,  lt   is do.Uf.l   tha,  a .„all  „„.„^ 

certify a film  plant   iMt  to serve a 3Mll   local  can* ovatto,,       n  i. 

-re llk.„  that Ju.ti,io.ti„ „o.ld o» t„ . wiaty or _ „..  „_ 

ent markets as described below. 

Baked goods 

65.      Baked „cods are packed in order t0 ^^ ,„, fr-hnw ^ ^ 

and   o ,eep it sa,.^.    Poi.ethyl.n. h„ „plK#d „„^ ^ ^ 

« the ,„ited States  aa  the preferred pac*a*i„c „at.n.l for fcr„d.     A  „J, 

tr»nd to baori.ig bread loaves  is also noti-.»n«      TI-  ••••    .   ^ , 

Chemicala)  and Cordite have ala-  been .-,„...r i 
olaarer „o, , »aco.a.f.,1   in pr-otm« th. .tr<m«.r ». 
clearer polyPr0py,ene fuM for fcrMd ^^.    ^ „on.plMtl0 

-t«ul auffeiia, th. „,.,„, ^^ ,f tl)i, lÄ.m- ^ ^       ' M 



i 

»tame* 

iti*»   fff   lN**tli«tMjf 

«Ni   «fe*   «•*$ H 

*•* »*»*«• 

pf«fe£« i*» %m   mt,%mé m*mm mé toi» •#*•§ t« *» %**  ,,*•**.«•*      to**»*««»*« # 

*****   i»^*i«r  w«t«»****M   iti«     r   *«^   -#»«   ,.„   ««.A«   *#  ^ 

asm«.     jj»^,#^i    rf,, *#f   -i»»***  ^ii».     ***,*»» *„*; ^•#«•«•» « 
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ft» fil«. iMiillr used for processed meats are polyester,  nylon, cellophane, 

«4 plastici*«* P7C.    Both nylon and polyester have t?ood thermoforming draw 

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

moted usin* automata vacuum packa,inS machines (Flex-Vac made by Standard 

Packaging).    Such equipment can cost  as little as US$1,000  for manual  types 

or US$35,000 to  $4^,000 for hi?h~volume  fully automatic  designs. 

74.      Prepackaged poultry is sold either fresh or frozen.     Fresh poultry accounts 

for 90 per cent  of all poultry sold on the United Gtates retail market,    Ppe,h 

Paltry is packaged m a combination of tray and film.     Low-density polyethylene 

ha. becoae increasingly popular along with the traditional use of cellophane 
©varwip. t 

75. "ryovac L,  developed by «    „. f)race (Cryovac Division),  i. an irradiated 

polgr.thyl.ne ftl. with shrink properties.    This fil* in bag fom is associated 

»Uh fro„„ poultry processing    The bird is stuffed in the bag and is passed 
throutf a .nrtnk  tunnel.    The fUn 8hrtnJtB ^^ ^^ ^ ^ ^ ^^_ 

fullr "lists puncturing.     This is  then  followed by  freezing. 

76. Be^uireaents for fish packen«: -tenais are  loss critici than those 

for packaging m„t or poultry,    low-,cerature toughness is  the Us.e„tlal 
murent.     P13h ls uaually worvrapped ijglng a  tnv ^ fum_    iB ^ 
..f.   t. the packing of shrimp,   the product  i. placed in a low^iensity poly- 

«»1« ^.     PolyethyUne  ba?s and cellophane are  the predominant fllma 

utilised. 

77.       Sine, food  packaging and marketing usually r,,,uire a rather advanced stage 

of ««lop»», and the popuiar acceptance of supermarket retailing, „at  Pa,ka- 

d«* -*üd not   b. a national   investment   for pUst.os  fabrication for the  fore- 

•"*" *"""  ín "aBt °f lh9 Af"c- «"* A.U» countries.     However,  in an 
««- - having r.la,ively large ,eat  packaging pianta,  ,,g.  Argonti„a>  the pos. 

'""""•  for ,i"in« PlMtlo, should be   lnve.tig.twl. 
te r*r1l 

T5.      :.~1., Me««i products,  .agar,   flour, coffMi ^ ^ et<j 

*~~ll, cl-m* M -dry  foods».  The consumption of these  food, in d«elop- 

" °"mtn" " °UitU" °rl*"t<d "* -« •«« than not, these foods ar. sold 

rim* r"**" *"in the united stat--^ -»-*• °f *»«« "i- « », »- *, ..... producU.    ,or th. ao,t part> weri ^ cart 
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predominate in the dry foods packaging market.     íeverthele««, whe« propel, 

such as flour,  salt and sugar are sold in open markets, plutie sack« could 

conceivably be used,,    In hot  and damp climates,  moisture barnar properties 

would be desirable,  and        less  industrialized countries,   Polyethylen« «aeks 

might be more practical  than plain paper ba*s. 

79.      In the  [Inited otates,  where climate conditions are more varied and Um 

severe than  in many of the developing world,  dry foods products repair« packa- 

ging materials which afford freedom from dirt contamination and moisture.    Tw 

thousand million units of several different types of sugar forma  (powder, gram*. 

lated,  cubes etc.)  are sold in the United States in either uncoated or coat«« 

hags or cartons.    The nam functions of the packaging used for dry food. i« te 

protect the contents,  and to carry an advertising message and establish brand 
identity, 

30.      Nevertheless,   in countries v/hero bazaar markets are common,   the plain or 

printed bag could easily be produced .and used for packen*.    The  investasnt 

needed for fil-;, cxtiusion and  ba,r-ma>cin.- ecpupmont  is  only a fraction of the 

huge investment necessary to produce paper -and board products.     For axamplt, 

in Thailand  m  1 )64,   approximately  nine million  pounds  of   Polyethylen*      U» w*. 

manufactured,   and -noct of it was used for bags.     The  bags were used for pack*. 

•Tin- a wide assortment of bazaar i tens.    Previously   paper wan used,  hut  ta« 

Government  decided to discourage this practice  for sanitary reason«,    Itoreew, 

polyethylene   bags are lese expensive  than paper  bags. 

Frozen foods 

81.      The number and types of foods that can be  fresh frosen have grmm té 

enormous proportions.    In tho United States and other Western oountrls«,  ta« 

refrigerator and/or freeser is  taken for granted.     Plastics,  principally 1«*. 

density polyethylene bags  for vegetables and fruits,   is LA accepted »od« of 

packaging,  althojgh,  the major packaging material, current and future,  is UM 

plastic or wax-coated box, 

32.      Phillips Tetroleum (Sealright Division) has been attesiptinf to  .nrrsssi 

the demand for the high-density polyethylene theraofonsed tray.    However, tai« 

package has been only sporadically popular owing to aany problems involve - 

cost, sealing,  and the need for specialized equipment  for fillinf ami saaliaf. 
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•M mm* to IIIUIü tvftot« ewitwwr Mov «ouMLiii*; 

l«?Um *a«iitrii* »«i to eanftùUrwI.    H*ftwf»atuj*«r* af o<wi- 

-%h-m*A •tm%%kmmm mm% to t«iii«# to âaMia>r Amile container* m a i«p» 

«M't  %3  ta« ir  -*-***«%  lAI»« rat tor than a e«ir*tttiw   :r>4uct.     ^r^vtr, 

*  *:*  »klitnvf  t-a ijst   -liitif.     "Hi«   i« «aftier «-%i-i than don«.    ?>>a 

«M  »f  ,'»«#»i*   *ft«i  ra^uir««  «éáitignai   inv«at«r>ru   i'or i««* ft Ut fi/   f^i fut. 

ff,       3 •=•« i »i   ..-rell««« »ili   min #»itt.     w>r  mxm  '•»   in   Tira»lf   tottlt <§•*•*># ita 

•r* •   <r'»%lMi,     'V** 3*rru¿a;t*4 ^artona i<xnt nr» --%rrv <i<* ^its,  wtM»r«a* ,.>la#~ 

ti« tottla« «r« «*»«-r*tiárn»fel«.     ton^roturnafeie botti«« »r« * confamene« a»l 

H y   *«m  • ;-e«an«*i Tm  t> ^ayaaaat»  th«  ^Ack^r for tb« «mtra eoat. 

Ir  **** • *•'***««*,•*«#   v**«a  *#t#r  nntiaatrtaLiaatt m.     4n affli**nt  #öc.i«l,y 

!• «ili%t i* t% »irt f«# •mrmimift a lujwrv «lito* a 4«v»t«r>i% §mm%tj- 

tffto«. 

•*lrr*a*I «»i«»44» ka» toan 4#y«í    •.!  to  laf»f* #•§*•* i« 

Uff •»!#•*% !••• ü tto  .*«f«rr«4 «it«ri»l far *!•« anM«*« i» «to 

«ita* »t»«««.     t« f¥a»#«»  ï*«i#i*!p «Mt ,'iii   Parti «ni U Hgivrt) to*« étvtlr«i 

*"%Ä tottl««  f«t »«i«i  ,»ii   ¿mm* mingim  ?ari*#fi#  • ii-ataU-m ««fut i**mt.     >'to 

lafVta*  "••####   i«  futí  '«M^*«!   »i*««   k%   IAVOW««  th«  «itrua i"*».   •>*   parti» 

t«s*c  «*** * *^to«v^«nt   r«««l« t«  tto tetti« aMtfutr,  wh#r«  tto  tuto«  «jr«  r#fe«%t,«*i 

•* **•"•••*   i« • *"«rr4«t aulti-.ila«0tati«* atenía*.     Kavjtoi  r%f%»   (tia#¿al«r- 

9t *«***•  Palar«;  "»«^ö**»  »f (imrmñf)   >'t«r« PIV'»   ,r •' >tn» «ful« «**itu«a 

»é*t**lt f«r  ,««»•••1«     A*,     Iin«-    *' «itiMéaa «nr» alowl¿   Itou pwl-a*% law» 

i« «rtor t» «#«n-i <!••«•..'»• liían -Mr tv  •* <w«rtoattfi   , 

F#,       • <#«*«* tatamu** 4av«l«f»ja«t  fcy  r.   te^i *.,   c.   |&*i»li# 3Wit»*rl**á 

iAi#» to« NNM 9rs«ot«4  *R  I«r«»i   tt «tila*  " •«*•=> ^»,     ri *mm%»*m *4 f*|4toá 

•#!• to««l  «fct'ià    • Mié«!  mt'» ««ttl«« m  %»m  wife «*«r •« «i « mmtk^mam &hmm% 

Tto totti«# «x« toi*# UM4 f»r «Alai nli mA \wm%í*&, 

i»,     "f^ wmín «u«t   » «lar  « th« ' nit«4 Jt»t#« f*r UM •o«aii»,'   >t  hi.^- 

tjr -9v«r 0.750).    Spacialt;   t»il«r«4 

ton««.    «cc.«^»l.        ir «saa  U,   if  M 

irti . itfwii i «if —fc tto   >l«»tf* %»«*!•« 

til p«i7««ari«M ( 

topaiwliAC •» tto 
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122. The   T:AF: region index of production «avute«! 2.6 v. — , 

times for the world.    Durinr the sane decade,  .»tin JUaerisa,  ocn%taming 

industrialized countries,   increased industrial outTut  b:v  ••<>  omr eawt. 

123. The remainder of this section will discuss areas of potential • 

in developing countries for the production of fabricated piasti© 
industrial end uses. 

»• tJ§ 

124. In developed économies, the is* of plasties far va#i«w* «©pi 

lioationa haa reached enormous proportion«, fable 6 indicate« ta* 

of various plastic resins for app lanca »plication«. 

CasjSAssPttOJi 

TîTTTiSritî 
îïpaet styrène 
'^wiolics 

Holypropylene and polyethylene 
Urethan« 
f*«laffiine and are» 
'olycarbonatss,  ielrin,   ptaaosy 

Nylon,  teflon etc. 
Isinforced  'olyester 

Others (acrylics,     fr.t spasjr) 
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%y°«;    ^°«mled fro« figuras frm A.v.  Ujm.th, tota*» §.  UMU«  tot.. 
^«•brid*et  Ms*.«.,  ÜS4 f 

125.     It can be occluded fro« tahte ê that   11 ^er ^t  of t,,a plasties m 

appliances «re ;ricad   ,nd#r   'S ,.. tf> par ss^ast,  ? :*r ^t  ••««««,   .l'aO.K) 

•ÍS'0.50 «nd  M   jmr cent   «bove    3-0. y,   ,*tr       *nà,      t  tfte  a»t«ri«la e***n 

«•arican alliance  industry  plastics «usrts conclus« tn*t  il«  iné«*try 

an average price of ••3'0. n per pvuM  far  olastiaa.    (j%l# ftfWf* rafa«« 

1^64.    Today tala would be elisati;   lavar.) 
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, *  «M*   •#•«   ***  * . ;    *f   -f   **#   #*»%«*»*%» *•%   nMMUrf   * * •tp«#i«*M  »itfc  tfc* »•• 

4*«f**«  mm**»fi*t  w*$.  **•-  ^ » • t »> IMMMí   *f **• r*«i.<«i  r-«?».U#r t» •"••»I  »••I w» 

*•   «•*   •*•*,   •   *% *#•«   '*>-*• ****!%#   «i-«*****«,     *"•*•%/.*   **f««%«««tt   l**i#7B  r#- 

iüft*,   «M   I#^^,»JH»-*   • f   >»ir*'«tf«   rmmm  tí*  %*m  ht n»)U«  i*t,jitry.     Host 

• '  **##  «*-*«*«MM«   *** *•>•».   <«M,%L«  •«**>**#+,  •.*# «*»-*»^«rmti '* -»f  »ft« «orlairti« 

famp**** > *•  t«*4#*fy  • *."# ttwv   *f Mh**M   «rt« tr« •**«  ?*í»I*IíJ mw*fmr%« 



smm,mm 

tU   ce4»a»r, %mm imwSftfMtt« woula a#t have raached such a sophiiU- 

»»•4 «fat«,     It tivxiìi tw ;liir that tais kiná of devalo-«ent is beyond the 

>i  fi*ya««i*i «ad teeftnicai abiiit;* of the average cu*to» «oulder In the 

Hi .*«.- worll.      'ith the  interest  aud co-operation of fir«* exerting seai- 

• I e-I oar«,   it   is conceivable that »o«« of the  oarts could b«  produced fro« 

t*  la IE» developing country,     indi»,  for example»   produced  lìf0O0 paf- 

atwi rxHwaercial velu elee   in 1763.    So«» of th« parts necessary  for the 

J aar« •**« '-••*!  iovere are «ade within the country,   but most are  imported.    On 

la* other hand,   the Yue uoon#{ Fötor Caspar^   in Taiwan manufactura» 55  oer cent 

•f taa  .-arte nee#>isar:' for  the  production of their 4,000 vehicles.    Such & firn 

•feowld fea encouraged to investigate the opportunities for th«   manufacture of 

plastic   parts,    deverai other develo¡ tag countries also  produce email quan- 

tities of vehicles:   however,   lar^e   »lactic potential  is not foreseen since 

the saaM  volu#e of eioensive parts does not  allow for tool amortization. 

Saleaiarini opérations for vinyl upholstery should be considered and inveiti« 

«atea e# wall as for urethame foa» for crash pads and seat stuffing. 

% 
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135* Th« oonmarption of plantíos in conetr,-t i -r continue* to frwi In tfce 

trialiiad nation*.    It  i«    lik«ly that  in« iev*lopin* coufttrtM «fill W e»l* •• 

sake ut« of th« vast amount  of performance and market da** that Hat feeeti ©# Heel- 

ed by th® numerous fabricator« and end users who hav« used piaetic«  in coast mo- 

tion«    The well-established position of plastic« in construction can i*e ayprvcta- 

t«d by 1964 data  in table ^ which indicat« that piatile«  in construction a#o#n«t*Hi 

for 5,40C» Billion of th« 2),700 Billion pound» of plattiot proétêoed IB tito tec -14« 

l*>t*l 
Cmmtry ,U3£à£.UâIL 

(Billion lb) 

United States of A*erioa t,?t» 
0«r*a«y (Fed. Rep. of) J,?oo 
Japan 2,350 
United fCin^ioa 2,000 
Italy 1,300 
Prance 1»IK> 
USSR l,?O0 
Canada 440 
Eastern Oermany l?c 
Netherlands 15© 
Sweden »IO 
Others {Poland» 
Cseohosiovakia, B»lfi«% 
Au«trai la,   Argentina) 73© 
India M0 

Total li.ìOO 

13é. Th« «Mar« of plastic« u«*d la coast ruction «t a 

production is expected to increae« a« building «eéee 1, 

th« ut« of platt io* in new area«.     *^r esaapl«,  it fta* 

Unitad Stat«« could consume %0OC  «tiliori  to ¿,J0C tiUi 

it »or« than doubl« the uta«« in  lrféi» 
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fo«4  lew l#w«p«rm% *r*   mp*rt   pfp«rti««,   n»ii-iii*/,   vi «*•»•-*}   r*«t•%«**•« 
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«%fe«t*iíU*í tel* » Mhv *•»•«*• 3f ***• ''»**•* St«t«« ftm bu«iMM,  «Äi«i t» 

Iféé nmtiri— 4 ^*«r *V aâlIiM prwém »f /«ri^i« piMtlM f>r pie« ««4 f*ttift#». 
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Annex 2 

Selected major producers of raw materials for plastics 

Producer 

Thermoplastics 

Acet al Resins 

Celanese Corporation 
E.  I. DuPont Corporation 
ICI,  Ltd 
Farbwerke Hoechst, A.G. 

Polyplaptics Co., Ltd 

ABS 

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

Anchor Chemical 
Ugine 
Mazzuchelli Celluloide, S.A. 
Toyo Rayon 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. 

Daieel Ltd 

Nylon 

Allied Chemical Corporation 
Celanese Corporation 
I.  E. DuPont Corporation 
ICI, Ltd 
BASF 

Toyo Rayon Ltd 

Address 

Newark, Wew Jersey (USA) 
Wilmington, Delaware (USA) 
London, England 
Frankfurt/Main- Hoechst, Federal. 

Republic of Germany 
Osaka, 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 

Morristovn,  New Jersey (USA) 
Newark,  New Jersey  (USA) 
Wilmington,  Delaware  (USA) 
London,   England 
Ludwi^snafen/Rhein,  Federal Republic 

of Geruany 
Tokyo, Japan 



'//; 

re 

Producer 

Polyethylene  (High-density) 

Allied Chemical  Co. 
Celanese Corporation 
E.   I.   DuPon>,  Corporation 
Phillips L'el.roJeum Co. 
Farbwerke Hoechst..  A.G. 

Shell Chemical Co. 
Solvay & Ci e 
Mitsui P( troc rend cals 

Industries 

Polyethylene  (Gov-density) 

E.  I.  DuPont Corporation 
Union Carbine Corporation 
U.S.I.  Cacmical Co. 
ICI,  Ltd 
BASF 

Celene, o.A. 
Sumitomo Chemical 

Polypropylene 

Avisun Corporation 
Eastnan Chemical Products 
Enjay Chemical Co. 
Hercules,  Inc. 
Farbwerke Hocclnt.,  A.G. 

ICI,  Ltd 
MontesheU  Tetr-ochimicH,  S.A. 
Mitsui Chemi^rl Co. 

Polystyrenes 

Dow Chen1 i cal Co. 
Rexall chemical Co. 
Sinclair Koppers  Co. 
Union Carbide Corporation 
BASF 

Dow Chemical, S.A. 
Monsanto-'Bussois 
Askai-Dov Ltd 

Address 

Morristo\r:i, New Jersey  (USA) 
Newark, New Jersey (USA) 
Wilmington, Delaware (USA) 
Bartlesvilie, Oklahoma  (USA) 
Fratiki \xr u/Main-Hoechst, Federal 

Republic of Germany 
London,  England 
Milan, Italy 

Tokyo, Japan 

Wilmington, Delaware  (USA) 
Hew York,  New York (USA) 
New York,  Mow York (USA) 
London,  England 
Ludwi^shafen/Rhein, Federal Republic 

of Germany 
Milan, Italy 
Osaki., Jepan 

Philadelphia, Pennsylvania (USA) 
Kingspr^t, Tennessee (USA) 
New YO^K,  Jew York (USA) 
Wilmington, Delaware (USA) 
Frankfurt/1.ain Hoechst,  Federal 

Republic of Germany 
London,  Fnjland 
Mi]en, Italy 
Tokyo, Jarsin 

Midland,  Michigan (USA) 
Pararnus, Jew Jersey (USA) 
Pittsburgh, Pennsylvania (USA) 
New York,  ¡Jew York (USA) 
Ludwicshafen/Rhein, Federal Republic 

of Germany 
Milan, Italy 
Pari^, France 
Tokyo, Japan 



Producer 

Polyurethane s 

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

Takeda 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. 

TI)/ '0 ?!/? 
Anue/ 2 
P"ge 3 

Address 

Cleveland, Ohio (USA) 
Pittsburgh, Pennsylvania (USA) 
White Plains, New York,   (USA) 
Leverkusen, Federal Republic of 

Ge many 
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 

Thermosets 

Phenolics 

General Electric Co. 
Hooker Chemical Corporation 
Durez Plastics Division 
Union Carbide Corporation 
BASF 

La Bakelite, S.A. 
Plastugil 
Sumitomo Bakelite 

Pittsfield, Massachusetts (USA) 

North Tonawanda, New York (USA) 
Hew York,  New York (USA) 
Ludwigshafen/Rhein, Federal Republic 

of Germany 
Bezons, France 
Paris, France 
Tokyo, Japan 






