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**•*   #i|i    ^t#^^lf    ,r^    ^    ^.^»t      ,f   ^   4M-«***-*   ^^%|#» 

*--*• k««tl«i»    ^   tfe    gM^.    *t   4M.«»   **»    t»mi^inf 

*<*>•. «t*Mt**   .$ ifc..  ^^^««»^  tu fc|^  ^m^m>   -m*m *#••* 

»»«*•* r^»4# %.  w*} %#«# -u^f«* *•*#* m«»   Hrtti^ii», t*- 
*«%ll«t»-*     f   *«**   ^«»i-,*-*.   ft**,»«»-   #«v«*».«   *u^«   ^,h   K4^t 

I» 1»^r«   »•     «-*   -i  «««wW^rr   *-    *l^   th,   »r^t»     f   «   ..«if)   i^t^f^f^ |n 

It *i*%r IMI  r.f *,/•./  •^m%fU9 »*t»  %».  ia«,«f,t ««^»••'»^ r.,f pr^^MMia« 

la^Mitrt  §• « •*, i,t  rmtmmi •    t^*   *^ffc*.    r t^  «MIMTV .    *»-,.  «i K  Utitvtt- 

IH«* i»e«t«« »ft <-*f,tt«i '- •   -4T--. .-   M*»I f-r*i#. -t'hviii».    f^r«H*f»rrt tu« 

ml*» vf   «v«%lfk»|     r*V  »|«ft*4*   t»   «latt^lt*!   ftttl»»l%||tt«kily   «IHD  th*  nktrrui» 

|»«tt   fiftii*»*    ^f   H»|*riitll»(| *«4»,       fflhtt   «SMMllulk   of  Ln. ft 



Itti 

firn i» Mettent 

#*t¡ v t* 



I» UP   * ««rtr***»»  «      »--   *      i.**,    .   **,     mm-'     *      »•* »t--*   Hf  l**«s|ntt»4ih¡' 

i|-f«#   %f   í# >    %'w t kf ,    . <•     f     '*       *        ,        **•     .       * «Hutu»* t *'«§*       #   I*»*. 

Mrttoiti-*« **rt*  ***»   -   -*  *v~-t  »-**•-«--   *f    *#n'*i,jf ***•   #^p*-.    ff**MN»l« 

Mil   •*   f*fe#* - «t«-I   •»••    f#   -   •**«*      ft*******   **.»* #   « 4M%«f*%t*4 *?   !*##   -#§•«•- 

•If*   •     Mjr   tM»   ***   l»m>-   -•»-*%*   <-^i*    -   *      ¡urne* -*     MM»    >f "tw**#   ff » •#•- 

ttli'M  «Menili,      *"-#   *-***»4    .   «t       ^.^*t»v    # , •   ^n*   l   49   *c .   |*fr- «T   f****» 

|#   #»f   j#-»tur i ty|   #t<%#«        |>>r**    t'«;*« »I m •       »1*1 ?.. •«    %#•»    f*f   **« if 

t«   » i -f   -.I,  |»  t  <#•%#-»#   . * «Itr^i  ***"**%#'   t»%-##** *   «  t     fe*«*     r *•** 

f f <p   '*t.     »•     »   #»* V   **< *   --•*<%;   . **   r 11 *K»  -»     f   rf   i»i-gr*i-t 

i#* tM.fe*«ti"f 'ff- **•« •» *«t • I ##x «if/ f **** t ,tr.íH'f • * •• *• -<* <• '• f 

il*»» «***- f i**- -••« -«%*• ** 4^t**» V-* f • » ä, ' r« , , 11 f^, * rr »<*» 

#»n%§itiP#   -ih-*t-   »,   --urt*  « fa*ir -»    «..  < »       * «*..*;   »>it*ii»i».  *-    f 

I«   t'       t»   »It-»      --f    ••   ä*% Ì :**       »Ir      i    ï'**«i»v    %*       »t » *    .    » *#-    *   ««kt 

I^Nfi*»   «-tr»i'4|f>,      |*t-.Jt*:!    J^ f<      «intnt.-    *tt   «%'**.t  •    «^      **.»-«• f   tf-%*    , 

I« ¿AriP(«NR   **•    *«*««1    »»-•'••I. •   *• *     *B4  *•#* **i   t*1*   * %»*»*   «   H*#       «%*•*• 

liilMl   ^^i    •««••ml    *   Ì *«»   f«^|-    ^p <<rv>< »   »-«I«»* *   t     -'  #**  f«.   te «ir   r*if    ni   ri< 

«li   Itti'   ri»i«^4  ^t*4it-î   pr-,-.^0%ê,     .'iff^fs «w   ?   i*  jüT*-* I*«* •   *-*»',   i*M> tt* 

iitttrifrdii *» r ;• «N- «»   #«ii%»inif   f i-,*» i*r *x -««ftt-.à *-* i*! f*# i*». 

*Mri»%jr  i»  »tf»i*g**«    M.;  #» * *^ »* «   .f i*» 4     |i  ^r*t§|.»*%     i« -.ttt»-»t   *H *-*•*•* 

irl*«» fc"^»«i, -  th#t*t^6 ft^#t$-» fit-ts-nt; r »«*»#»%r»   -•*» i--*-** t%,   *»t%4y»* 

^f» %tt« it^-4i>e    -f furt»-«**f  H '•**«-rî   i"-».¿t**  *-  «•-. 

|f »41 «i. •« tw|fteg| .* '«liiri* s,      gr «i    «f • t»e*t.-1 ^.mDtr^c  ^r-*  «•»»*  UJtà 

(Udiirt *^terií?«> fri**   fir-.i*.  «ai^ fi.ti «1  *r *  *r*t.ffr  (*i  »**»i-       «fjB»*»i-#. ft»f 

Ml«  <Wd  th*.   9m  a^«tl   rtttt^^n*   -s"*»  t».'*h Uh  m-*   %*   r*-ff. »*-rt   t*»-    4*Ji|^l#t, 

Wtti\« fi»tlntie*  v>v«wfilittj> *h* witur*. «*>•   *P-**^»«    f •!«*•*t.   nirtimirt«« i* 



,1   ili««*   iw4««t rv. 

KiMltf,»! ,» ÉflilaJttai, â JàiÉiri fajín- 

-I    ft«**    *#- - 

fêl i^ü |»^-*»--iî *    f fattori?-«*«-    ?1<*MI*<,. 

'»•-n*«* *    ** -r*    * ******   « ii*»*t-» u*itt»try.    lut»*** ***%*%»% i* 

,' »ff   »n     *•**•• - "  *     f*.     »        -•»*•«     f   •**§*•<* »if i» -«i*»*   th*.   0 <9% immun 

#*-.TNi#«§irnt    4»    *»"%      tir   •«#»*    »»•.#*   tu»   u*lt<*t»   fe*    -f   11»   %,-lt-HMI    iH 

.  »H.,  t» *m*ff i„-« »*»*• r*«»-, -ti    %**.   0 »tristi «t«    f t*iM*trf t» u» ««m» 

•»*,     '*l«i|ti   .-****«   Is       #   |y*t*. *  triUmt   **m*MêHm  ******  * = '   ******  %%»§iftmi 

nitori«,    i^wr, •**# f ***«•*#%• n**» r*-^llt<^ t**t **>- •**#*•* **f « flu»» 

***»» # * ri».»t« fc*w *I4«4 «tw ifwitii -*f tita fè•**!•• laiMiftry 

t   r>,iif  t»i*«i*-•-  i«|k r% pt ^vnmm* *»*    ft--* tii-   ftf*i  »t«f,    •%i#rî 

»à»      «il      Acr.')i««t.   th.     -»c»rt«:^i   *^^rt    *f   flftltf»«-*   ftf«^vlt,      ff-r   e»«^4«t   I 

«,t,tr»   *   «lit   f - t-  I,   |*r«     r   ill    -f  tfc»   »"^»f*   W»s»   --*  l^**r*»4  >l-%#l$» 



• fit , 

l|'«.   *#  ifc»    n»4n**f»»    *•*«#     f   *»<•«**•   f>rtrt   wi   - *«•* rl   f\ ;r  *     fe*4t»   f   r   *• 

lit»'  '   »fc"*i«l^ii* *   i«   i»*t»    1   »•   •••*»   ' <*m%f .***«      *»**»«-r   i*t»fient»   r  #i«. 

**+ ~*m*   t-9   l**»"^  f. r  4-^nt    *-f   -»   •*•<*! ft?  WM"**!.     ***»»»   ^f      ^W*   I   ',«   |-AT* 

«m » p»# *<m*   >f r»*** •«*««**   •»*«» «aitimi **ï **• «Ptatint M* .»%•*- 

êwmi turici %v.  t*tt*.r #t*#t*    r »Mwptrf ***•«**. 

,«i «a»**«*» * %*•    mm *f ill» w^i«Mt^t^ •-•*  t%m%f%t r* ft**«*  «t  m* 

.»f   «M*»-*ft- »»      *T    tW'H   r      f   «v.»tnHt    » «4 i«    t*   «-¿J*-«*«»«*    iftl   t*-eftftt<**41jr 

UNI*     *«*~ r* •*   rr r   f r   »I»    •    *f     «     *     **     ntirf»\>t i»* «     • »*• ilf   i»|i*c<rt*- 

•f* Ml*'**   *M *<•#•»«* i.   i»n--    *  *   '».ifi   *t   r «*»j  « ^   r r«-*-i »    •***   I»*»1 -i»t«    r 

t» ft lagr» -t i *** s***t*U' i«#*-«i»«t= *»ifc *- ir, f*-«*ti-« mm* '- -if%rljr 

»4 fti *w %• «-h «**r% I" ri^h* f*r*%t*k» it» ar»u-r » t;f *•»*• ^ fc*^*h 

i,    t*vf*«i0*c ilf   *• tr«imt««<   *»• f *«****'"*  f*fcr.-**i«r-  iniv»ntr**« lftjp».-i*#t** 

«•§  les **l1t   iMftTtf iti«f Ijr  «*»- r     llur   |-*»#lj^ftf   t*   r^ l-.li**l>   i-^t   *fc*   i«rt**w * 

«4Mf I.   «ti«t mi-i th*  *n»ri*t  ftftAT^ntij   i*r*-. »      .UK *i#5 tft'*-  li m-  fHmtvi« 

|»»»4l*t*«   --   f»t-r|.%t  r  nffcue«   »ïi     if^t-ti*     ,ri       ¿«jM'titi  r.  th*t   Ijn^fi«- 

|# *H.ii»ti'«f,   * «K  •» »*l Ut*   '»'»*«   *•   -t   Vi«  t     %lt*tft  »t»*1'**''«'  •»**• «-«-*•  tH*l> 

tty   ./»frru.   ntu.  |»n#f'*lM»» •»    - m* **jmit«#     f    >ff«#r*l*   *nt*-rt-*i«t  ftjMf 

II*«   .f t«**«* ftt  «ftt.-r*«i« *fcí Mf.t^n«**»'     f t*»*   tw-1  Ï**»*  h**  f,t'*r' iwi*^* 

in the  &*<*%*. - f <mmt   r»ttr*--n*. r»    •|«,r*ti«ét »n   -ii*r<rt*tif   -•§•*'*!***« 

it» «it.    Ot-v«n*k»tit  r««tfi#|| «•   *  iHf* -ft»     f i>i*»ttc  r««* »t*rri*l» h*v* 

MM»ti«« «f • nMfc«mr pi«t«iM .»«Mtnr *   *•*» ^**«irt 
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lU.     The shortage of skilled wmûn s*ii#rt tiri «tssiptcf* mm *mm • aftjitr 

lem for developing plastica fnbric«ti<f. ir»4«»iri*#»    U*e*J  fat* i •«*<*# *#f*i t» 

use poor moulds, and exttn U -1 -kiiv-ry •ir*     ft-^n nrr**^t»  i-*i«fwf Uinr.  in 

export markets,    Tht.  i     r qu'¿i*y  ni,-*   ì»l»v*«rjr  pr>l>l*-*s ni»--   l#»«r«    «••  th# 

chances thet  piasticr. will  rr¡l*..'      t*if>r tMi*tt«tl>-  in ihv  .%«B%rjr      As * I1*" 

suit,  firms mußt often  irap^rt  n ul-l»  fr c %>r'--*vt*    M »v»r, »ml* tt-"h«ft#i 

firms rire often -lifl'irult t<   •«.. *,">  wjn   and th*-   fshri'-st.-r say n-'t §*-*  vfest fct 

thinks he  in  paying  f'r,      )n.   L.PT*. «"UÍdi-.g    r«rati--t.  fi«?  t    mît  fw «onü* 

for imported moulds btf.-r    '-far*iri# ri%m   ^*«r%ti r»*« 

15«      Establishing ru.uld-v.kii.f- fnc-.mif«  i*  üsp> rttnf   f-r t'»* ir*1"**!-. '*f • 

plastics fabrication industry.    ?hií   *.R prinanly Mí c1uc*ttF«uU  prrHs«, 

since mould makers raubt h.   .-arcfuUy •rainfd,     **«'¥**r%l 4#wl.fiw <»-iis* tries 

have employed foreign specialist» %•:•> prepuse wnd en-ewt« »ucb » progriMH» 

Organizatiotis such as the SFI  (?-oei« ty • f th? Filatici  Industry), in the U»4t«d 

States of America, GKV  in the Fiderai KepufeUr    T Ocratny,  and Iff (British 

Plastics Federation)  in  the   Unit««,!  Kingdt« can  help  i -c*U:   ra^tnM«-   pi/raoon«!. 

Since it takes a period of ti at- for tin.  firtt  traine*»« to  tucri'ii fully f.'Sffclst« 

su.^h a programme and begin working,   it say h.» advisablt   in the swantinr t> 

tain assistance on specific p**Muet s fro« experienced »mid «Saar» in   --tiler 

countries. 

16,      The combination of trained «ould asJtsrt and m wtli"»«^uipf*Md 

shop is an inportant contribution to th* growth of the» indus try«    On«, «MCültry 

was able to establish nould-makin« facilities tiy inviting a foreign *r>ulder to 

invest in a shop, provide know-how for the der^lqping country, *®à wtmuttKtwn 

moulds for his own firm, 

»porting M B 

17.      The export of fabricated plastics üivn often be negotiatsi Is fWMWfcf arsa*, 

depending ov. trade relationships and geography«    Many devsloping countries hSflre 

found that proiucts which cannot u>- sold in their own  Land can b#- exported an 

the continent where différents  in  purchasing power or product d(.4MUnd  previe« 

a ready market.    By taking advantage of these opportunities, ».-eonome» of 

production can often be reduced to allow the «ventual penetration of local tortstê» 



P«i< li 

il»      ttüM« n«a%4t ts)t«fM%l«W)*l Ltd,» |<4ntl|f ^w«**t by öood Shoo« Ud.  and 

%Êm PMHifw ^**r» i>« rnnpfttty,  i« «w» «twißpte»    (kW, Hhwvr Li U hr.n a plastic 

fm**t«fTr "*  Afw#h-, iv»»mii*», nuil «» inj--ni«» st-uJdin? piatii it Mombaa«, 

i§ wtii**fc t--»rr>¿   HI*   •*'n,r*-i prtrW   i«*rryc«Uiis,  r. fuat  Imo,  bt-er und soft 

Èri a*- «-r^t«.»«,    /,r, "*-r f*c»ory n* %**»•»%*?   rmnuf in ur«/» pipe-, consumer i testa. 

prt»t#*l fiol)r«-thy»•*«* t5,m«»  tr«i   . i*   in;  .lt»cf rtrni   •*<*••• at»<>r i es. 

!#•      8hr«a *^ii »«Il  ir, ».tir 'Jht*.d H*|n»biic • f T>;n»am«if but chairs »re 

«fttnly  ir. *e«y* #w»ì ¿«wat i \ **>-r* restaurant»  -in«i hotels eon afford the 

priera (ototrfyrt lJMf.f*0.    on U«  otlur h'4ìdt e*,ft   Ir ink and beor crates 

find minor WHyptiW ir. Ke-txya, twt « aatiafactory   .xport aarktt in Ethiopia, 

ttw taatoi -unì arv«r%l Mi4Ut- koat countries»    Other products  ire sold in 

M»l«Ml    NMl   f«J*Ì«. 

IO.      MMì£ AW pittatiti fatorietiora h«r« aiasud tha rbvious markets close to 

product ion faciliti«« tocan««.- of th«ir concentration on markets in oajor 

LíM4 <*o*mtricr.   --r bemuse cf the  lack of l^cal demand. 

mmt clastic yyts for packaginfi 

Î1*      Hu%tr% ettali .-s  u^u^-] ly cor. -.lei-, rain*,  th*.   pr- ducts thnt  lend theaselves 

§# aJapCNTt«    M.JWW. r,  *   íiiJ'tcr. Büirk A  f«->r -l«-v* l.^piíi^g c untries  is often in the 

pittatic  <?««po«*,'î.tr   *fmt   ou  t-<   us»     iti  c-njunctien  with non-plastic exports. 

rlMtastfftf *• -*1 primary   -x*»pl*;.    fountr. -*r» v-xp-ìrtinp fruit can supply formed 

poJjr«tyr-..n*' pi.-kinp  f\?r  imiti i*.  fruita, whìl«.   f.-irrK 1 f-elystyrene trays can be 

for hark r  fruit»»     ?••• oavd polys tyr».*n«   car. also U.   user1  for protecting 

•itiv«  i-'ftnaavntt, appi ione«?«,  and    th<*r products which must be shipped 

ioiMC <tist •»,.•/••*.     ' rur   liii*r->   '*'¡ a< an  isp»>rt.e,nt savings for products such as 

detergen*s.     ""V  s«    -ipi rtur.iti« s - .'-   *,»pvcinlly attractive because the  fabri- 

cator d--w«e  rs •   fi«v    »!       •>! r-ti^t ' ur« «     f time   Mid money  in developing overseas 

MUrfct tt.    Usuai íy ih-   n'.j  -  \r Men  i •  convincine tin- .-Xpert tr that plastics 

con »«art r«-'ii   »nvitiK '   »'•  •' ^f-ri-. r, T,      dieting ri'-M.. ¡Is,    Only actual testing 

«ad i^ppr^val by the pwrch»Hv-r  ( it.p< rt••r) <<~>.u pr« ve   it« utility in many cases, 

tS»      toaM i«v»iopiai! covtntri^a ont^nd thnt rt search and developsent is too 

Mttly«    During the early »*rioa e,f ^r-jvth this nay bt trut.    ifcist fabrication 

or« owned by -xt« or a few indi vidimi» who cannot justify expenditures 
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on new product development, quality control, or process improvement. The 

nature of demand at the beginning nay not require sophistication in any of 

these areas. Hoover, as fabricators increase exports into new markets, they 

bcßin to compete with countries who have expende . time and money to make their 

products meet market requirements. A iependence on suppliers of raw material 

to accomplish this work has not been an effective answer fcr most firms. 

23.  Where individual firms cannot meet the financial and technical require- 

ments of a research and development programmo, the Government often can. A 

technical centre with appropriate testing equipment, laboratory facilities, 

pilot processing equipment, and polymer research resources (particularly in 

compounding could make an important low-cost contribution to the government 

and/or participating firms. Trad- associations have been successful in accom- 

plishing these aims while still permitting the individual processor to maintain 

his proprietary freedom. The Plastics Pipe Institute of the SPI in the united 

States has made remarkable strides by pooling the individual talents of fabri- 

cators for the good of the industry. 

Education 

21».  The education of workers, technical people and management is an integral 

part of maintaining competition In plastics. While the popularity of "packaged" 

plants reduces the initial need for intensive exposure to changes in materials, 

equipment, and products, it soon becomes apparent that further training is 

needed to keep the progressive trend from reversing in the future. Various 

approaches to this problem have been sought by developing countries. Assist- 

ance from the suppliers of raw material, governmental and world organizations 

(e.g. UNIDO), and enrolment in plastics training courses offered by several 

countries are some of the obvious answers. One important help is the current 

literature and publications on plastics. Further data on new products, materi- 

als or equipment can usually be obtained at little or no cost from the respec- 

tive sources. Some cf the recommended publications are: 

Modern Plastica ("Jnited States) 
British Plastics or Plastics (United Kingdom) 

Kunststoffe or Plastikverarbeiter (Federal Republic of Germany) 
Japan Plastics Age (Japan) 
Poliplasti or Materie Plastiche (Italy) 
Plastiques Bâtiment (France, construction) 

International Plastics Engineering (United Kingdom, equipment) 
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Modern Packaging (united States, packaging) 
Packye Ifrfiineering (United States, packaging aachinery and design) 
Reinforced Plastics (United Stetes) 
Journal of Cellular Plastics  (United States, foams) 
Plastics World (United States, largely applications oriented) 
3PE Journal  ÍUnit-i Ftat.-s,  t^hnical,  resins, processing, other) 

25.      Contact should >e r^. with -r.y    f st-verrj. institutions that  have plis- 

tics training progrsancs.    Those  incipit- tht   Fifties Institute, which has 

formulated curricula etc. tr preparo individuala for processing 'md rarinton- 

ancc jobs  in the United Kingdoc.    The SPE (Society of Piasti- Engineers) and 

the SPI in the United States also have vast educational resources. 
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CHAPTER II   PLASTICS PROCESSING EQÜIPMEST 

26. Any group organized tc produce fabricated plastic products must of neces- 

sity become expert in the types, capabilities and relative economics of plas- 

tics processing equipment,    /dthough this  review is not designed to discuss in 

depth the mechanical sid€  r.T the plastics  industry, this  section will briefly 
lis cuas: 

(a) Major trends  in plastics processing machinery; 

(b) Key and reliable sources of machinery and expert advice; 

(c) Comparative cost of various types of machines and auxiliary 
equipment, 

27. The selection of machinery usually begins by deciding the type of fabri- 

cating operation desired.    In the United States and throughout most other in- 

dustrialized countries,  plastic product fabricators often specialize in one 

area of fabrication,  e.g.  moulding or extrusion.    Thio specialization continues 

with respect  to thermoplastic versus  thermeset plastic moulding.    On the other 

hand, th-re are scores of businesses where many typ«s of operations coexist 

within the same plant.    For example, moulders often have thermoplastic and 

thermoset moulding equipment or moulding and extrusion operations in the same 
factory. 

28. Once a decision has been reached, it is usually quite easy to secure 

expert and reliable advice on setting up operations from the major plastics 

resin suppliers.    The advice sought  can include help in choosing the correct 

equipment for the business sought or expected and the choice of equipment 

supplier.    If the financial situation  is viable, credit is often extended by 

the resin supplier on initial purchase of re* materials.    The resin supplier 

"-Iso analyses recent equipment trends  as the following paragraphs indicate. 

Injection moulding and extrusion machinery 

29. The reciprocating screw injection moulding equipment has taken ov«r the 

field from the plunder machine.    Th*-  -»ldor plunger machines metre the resin      • 

to the plasticatine cylinder by measuring a fixed volume in a special volu- 

metric feeder.    Th.   reciprocating screw machine plasticate^  the. resin by the 

action of the  screw whil,   the screw noves backward in the cylinder.    The screw 

then mat the material through the nozzle by moving forward.    Moat plunger 

type, are usually ordered at the present time in small sizes, making 
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theo impractical for screw machines. Another trend taking pinci is the in- 

creased usage of larger capacity machines. This hau result, «i fron Un evolu- 

tion of snail plastic fabrications to those wishing severa] ^-.unls. V\ry 

often the large applications recult from custom moulding of appliance, auto- 

motive and houseware part/, 

30. In the extruder fi-ld, t ... ILOSL r.ceat technological chances him also 

come about in th.. screw design area, , #f> the develop, nt and use of multi- 

stage screws. An important e ìsideratì.r; te ^member in discussing extruder» 

is the fact that optimization of product quality usually requires that the 

screw be custom-tailored to the kind -.f r. sin utilizai. 

The roe- f ormi np  equi pmcu t 

31. Little recent technological change has occurred in the field of themo- 

forming equipment,. Most of the brctk-throughs in thernoforning have resulted 

in new and novel kinds of mould designs. 

Blow moulding equipment 

32. Notable in this field is the -mphasis on designing equipment geared to 

specific applications. For example, the Uniloy division of Hcov.r Ball and 

Bearing has developed a successfully marketeu machine for in-dairy moulding 

of milk bottles. The best machines on the market offer reciprocatine screv 

parison extrusion or continuous parison extrusion operated in connexion with 

a multiple-mould system. 

Thermoset moulüng equipment 

33. The most exciting development to take place in this segment of the in- 

dustry is the advance of the reciprocating screv injection machine. This 

equipment will eliminate in the future the nee Ì for the slower compression 

and transfer moulding machines in plants having the necessary volume to jus- 

tify the increased expense,  In terms of cost, automatic compression costs 

the least, reciprocating screw is medium-priced, and screw transfer is the 

most expensive. 
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MICI   HIT 
( Effective Fmm October 6,  1966} 

»ECIMOCATING SCREW INJECTION MACHINE 
»iti» 

THREE   ZOSl    ¡'VHuMFTFH   CONTROL (MODEL 272P WHEELCO  OR  JP  WEST* 
Mjl'ft   AlTOMATir   UH.   l.ritRK'ATION   SYSTEM 
GENERA!    PURPOSE   SCREW   WITH   NUN-RETURN   VALVE 
ELECTRu    MO ¡OR   SCREW   DRIVE 
STANDARD   NOZZLE 
HYDRAULIC   SYSTEM   ELECTRIC   MOTOR 
POWER   OPERATED SINGLE   POINT   DIE   HEIGHT ADJUSTMENT 
SCREW-TECTOR   ELECTRO-MECHANICAL  SAFETY  SYSTEM 
LOW   PRESSURE   CLOSING          $50,750.00 

EE 

SÎANBABO   OPTIONAL   IQUIFMINT 

Ifetsi« Temperature Control 

*"»rstet Control in cabinet, heater band and open extended standard or nylon nozzle $275 00 
Pyrometer Control in cabinet, heater band and open extended standard or nylon notile 465^00 

Standard Nozzle 1/2" or 3 4" radius 

Extended Standard or Nylon Nozzle 1 /2" or 3/4" radius  100* 00 

li KVA Transformer to reduce incoming voltage to 220 volt, single phase for heating 
circu.tand 110 volt for control circuit ( second breaker kit not required) ....       450.00 

Hopper Magnet 

One < 1 ) set of Wedgemount Mounting Pads ( 10 )    ' ' ' °        170 00 

1-3/4" dia. General Purpose Screw (does not include Non-Return Valve)   ... 775 00 
General Purpose Non-Return Valve comprising Tip, Sleeve and Sleeve Seat  250* 00 
1-J/4" dia   PVC Screw ( less Smear Tip)    .... „„-' nft 

PVC Tip      ....   825-00 

PVC Nozzie   ....'.        10°-00 

  55.00 

Screw Pull Back ( see Supplement for Sequence )    400 00 
Center Hydraulic Ejector ( see Supplement for Sequence )  1 750 00 
P1«U Type Hydraulic Ejector < see Supplement for Sequence )  1,800. 00 

Stop Arrangement for intermediate platen positioning     225 00 
Sierico Wa.er Saver Valve installed  125 00 
Screw Feed Throat  Thermometer                                        oc"AA «•»   ,   ¿SO. Otl 
Color requirements other than standard ( vista-green )           150 00 

Key Res..: Electrical Cycle Counter   100 00 
Intrusion Mold K it            :""' „" 
       250.00 

Core Pull Arrangement "A"  1 100 00 
Core Pull Arrangement "B"  1* 100 00 
Core Pull Arrangement "A" or "B" < selective)  1 250 00 

( See Supplement for Core Pull Sequences) 

Export Box.ng Charge         1,500.00 

Prices for special electrical or hydraulic requirements will be furnished upon request. 
Ail prices NET F. O. B. Cleveland. Ohio.   Subject to change without prior notice. 

VAN DORN PLASTIC MACHINERY COMPANY 
A Division of Vtn Dorn Company 

tee» tAST ,,.» stater •   cttvtuND.OHio 44.04   e A«* cooc z,e *NO« ie. MM . TCICK 
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CHAPTER III    END PRODUCTS 

Categories 

37. Table 1 lists typical products made by plastics fabricators in 

developing countries categorized by end products sector. 

Consumer products 

38. Housewares,  toys,  combs,  tooth-brushes,  soap dishes and a multitude of 

other hoiup and personal products made from polystyrene and polyethylene make 

up this group.    Since most countries import these products,  there is usually 

an    established market which eventually reaches enough volume to justify 

local production. 

Packaging 

39. film and bags for a wide range of products including food, textiles, 

fertilizers and protective wrapping are sold to meet the specific product 

needs of the country. For example, polyethylene wrap hat, been an important 

business for packaging bananas in several South and Central American countries, 

while in rubber producing countries, it has been used, for a protective cover 

for camelback rubber. 

Construction and industry 

40. Wire and cable insulation has become an important application in many 

developing countries with the growth of power generation. 

Agriculture 

41. Plastic piping and, to a lesser extent, film for water conservation ana 

mulching have been established in many areas. 
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L^duc.tß m^de^^^astiçe.f¿br¿Qfttori jfl, fojalqfifcW cçwtr^ f 

Product 
Plastico 

used 
Major méthode Of 

fabrication 

PVC 

Housewares PE,P3 
Tableware PE(PS 
Toys FE,PS 
Tablecloths IE,  FVC 
Curtain PE, 
Jewelry PS 
Buttons ?£ 
PI o wore FE 
Soap dishes P3 
Garden hose PVC 
Wallets PVC 
Lampshades PE 
Shoes PVC 
Too th-brujshes PE: 

Packaging; 

?iiiTo and bugs 
Pood PE 
Cheoicals PE 
Textiles PE 
Fertilizers PE 
Industrial products   PE 

Others 

Caps,  closures PE 
Bottles PE 
Cup.s PS 
Boxes PS 
Industrial containers    PE 

Construction and industry 

Pipe PE, PVC 
Conduit WC 
Wire and cable insulation PE, FVC 
Floor tile PVC 
Upholstery PVC 
Chairo PE 

agricultural 

Pipe 
Liners-water 
Mulching film 

Cell Acetate 

PE, PVC 
PI 
PE 

IM, Hi 
IM 
IM 
Cal Ext 
Cal Ext 
IM 
IM 
IM 
IM 
Ext 
Cal 
Ext 
IM 
IM 

üxt 
Ixt 
Ext 
Ext 
Ext 

IM 
BM,  IM 
Vac form 
IM 
BM,  IM 

Ext 
Ixt 
Ext 
IM,  Cal 
Cal 
IM 

Ixt 
Ext 
Ext 

Key: IM   - Injection moulding 
BM -   Blow moulding 
Ext -- Extrusion 
Cal - Calende "ing 

Vac form - Vacuuir. forming 
PE - Polyethylene 
PS - Polystyrene 
PVC - Polyvinyl chloride 
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Product demand 

42. It i« inttreatln« %o  note that the industrial a«totor 1» of*«n 

instrumental in creating enough du mai..1 for plastics, thereby making production 

économies MO ru attractive and permitting lo^ur prieur, to be charged for »on- 

sumer items. Without tnio influence: :>r, volume, prieur pricee may remain too 

high during the first years of local polymer production, resulting in finished 

product! that arc priced out of the reach of a large segment of the economy. 

Population growth can be a misleading indicator of consumer demand because of 

the disparity in the distribution of income. On the ether hand, when indus- 

trialization requires plastic-coated wire and cable, plastic conduit, piping 

and related products, the demand for polymer increases substantially without 

the time consuming promotional efforti- needed to cell consumer items. 

43. Another vay of viewing product demand is to u¡?e three areas of plastics 

Uè e aB a planning guide:  - ) consumer, b) in the industriell sector, replace- 

ments for producto made from established materials (e.g. paper, glass, metal), 

and c) existing growing applications such as wire and cable insulation. In 

many oases, 170 tends to dominate the industrial "replacement" category, 

polyethylene and FVC the existing industrial applications, and polyethylene 

and polystyrene the consumer segment, as table 2 indicates. 

Table 2 

Consumption of thermoplastics by demand sectors in 
developing countries 

Demand    (percentage) 

Product area 

Consumer 
Industrial  replace- 

ments 
Existing applications 

44. In addition to competing with long established materials, plastics 

compete with each other. It is not uncommon for a plastic dominating one 

market to be replaced by another plastic, thereby affecting plant capacity of 

'olyethylene FVC 

10 

F olysty rene 

30 35 

30 40 25 
»   40 50 40 

Intcrplastic competi -tion 
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th*. sub«tJtut«¿d nMurW.    *fiir» r.rvurr no»t «Hur. wh^r, »íiher ¡«r i*'tt of  Un 

pricu-pr^p* r*>  v anal ¡rr  th< t  had iin-'U-d   »r-     i   •   TUTíU   >b"r.j** r i*   s *v •• 

of íinoth«.r ¡i -.¡'¡c     1   i   • xnr | W ,   i   -    1   pr^-durti^n .-!   i. ,yith,\let»    i», v'tt» 

country L.fidt.   it  '.-hi.'."«i< r  ih-*.f p'>i,yr-tyn ¡,«   í^r i^-Vi.r I   n" ír*r Hvtw.    ¿v  l'- 

abilita of hi^¡~dem?ity p- I vi ihyìia.e  at e-uivaieni price» t.-  rt>r«n*. w.at- 

wolcomod beeauía   •.>! th«   a> *..d for ,i¡.en,-iaed riffidity, 

4% Certain applieatior¡B  r-.-c  :aa\   i:,nun«,   t<    interplartic   ia»n,|M.. U iloti   Ira» 

others.    For crampi,,, PVC hau bevn  uj;e-d   iluont  ^ycnutuvily  i'ur floor tí i» , 

phonograph recordu,   fiia. and eheot for uphnlrtury,  polyethyUn*   domnMon 

p£i,ckaging filrr,  f-r  í>a>d and soft ^oods, vhiK polyetyn r^ usually  i«  f-und  u, 

inexpensive consumer i tur,s u    In   >ther narketc for und products cucii ae win. 

and cable,  loth FVC and polyethylene  are used.    Similarly,   roth plattier  an 

ueed for plactie  pipe.    (Polyethylene does not compote  in ri<"id,  hi^h proesun 

irrigation.)     Plov; moulded polyethylene har replaced injection moulded 

polystyrène in a number of consumer pro'uetn. 

46.        Even in the planning stages,  it is important to understand wkre 

competition can arise.    In fore oats tine potential  coneuciption by end USö  for 

future polymer production,  several  count ri «-r. have failed to take these  sub« 

stitutions into acc.ount  and the recuit h is  teen overcapacity. 
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CHAPTER IV   gmOPMENT OF THE PLASTICS INDUSTRY IN 
LAFTA COUNTRIES 

Consumption and production 

47. Available data show a  steady itici.„-eu in the  consumption of plasties 

by LAFTA countries since the   1950s.    Similarly,   there has been a marked rist 

in the number of fabricators,   a declining dependence  on imports of finished 

goods,  polymers,  and intenaediatoe,  and a gradual expansion of exports. 

48. During the 1955-1956 period,  the LAFTA region processed about   35,000 

tons of plastics and imported about 50,000 tons,  an apparent consumption of 

85fOOO tons.     By the mid 1960s,   the same group of coun+ries was producing 

about 1551000 tons and importing about 85,000 tons,   for an apparent consumption 

of 240,000 tons.    During this  interval,  imported resin and finished goods 

decreased from 58 por cent  to  about  36 per cent. 

49. In all of these countries,  polyethylene,  polystyrene and polyvinyl 

chloride were the largest volume plastics.    Backward integration has centred 

around these plastics as a result. 

50. The establishment of petrochemical complexes to supply chemical inter- 

mediates for poly     .• production has been limited to the higher population, 

higher GT«P countries  (Argentina,  Mexico and Brazil),  where  end use  demande 

has or will  re; ch levels suitable  for supporting a petrochemical  investment. 

Other LAFTA countries have  selectively started a backward integration based 

on current and projected end use  growth,  availability of raw materials and 

capital.    Fertilizers have  been the first step for some countries.     In I967 

Dow Chemical and Petroquímica Chilena announced plans to build three plants, 

each with annual capacities of 15,000 tons,  to produce vinyl chloride monomer, 

PVC polymer and polyethylene.     Similar plans are under study by other LAFTA 

countries. 

51. Even in countries that have established extensive polymer operations, 

specialty resins continue to be  imported since the volume does not  justify 

internal production.    For example,  in I965, Argontina produced approximately 

thirteen polymers, and imported eleven as table 3 indicates. 



lullü } 

tSÚiOEÍ 
Producid                       Imported 

Polyethylene i -,7                                  1,6*7 
PVC and copolytaer» 17,iix.                                358 
Polystyrene* ict4iO                            439 
ácryiIon 1,600                                 136 
Polypropylene 5»                           599 
Urea fomiti dohydít 5,600                            236 
Polyvinyl  vétate 4,500 
álkyde, r.riK-ice 4,000                                léT 
Plumo 1  formal duhydc 3,900 
Polyurethruu. is 1,000 
Po lye s tv re- 1,500                                  26 
ite 1 an i ne f o nml dehyéc 1,200 
IpOJI^ 300                                54 
Polyvinyl alcohol 193 
Gelluiosicß 2,5B 

Qjrmrth of ttanipplMUo» 

52. Recent dnt-\ (BCJ  tilk   4)  indi cite-,    that nearly 240,000 toni of 

polyethylene,  polyvinyl  ihl -ride  -Mid polyrtyrvnc were consuraod by ei#it 

i#AFTA countries.    A'x^ut 54 per cent WIF  produced doccstionily and 46 per 

cent wae imported. 

Tabic 4a 

Plastic congiaaption in selected LAFTA eountrJQg 
(thousnndr  of tone) 

Eetirc.'ited Estimated 
Plastic consumption        Production        Imports    197¿ consumption 

Polyethylene 95 50 45 364 
PVC 94 68 ¿6 313 
Polystyrene 50 39 11 137 

Total 239 157 82 814 
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Table 4b 

Estimated plastic consumption distributed by country 
_~(thousands of tons) 

fitoinfry 
Argentina 
Brazil 
Chile 
Columbia 
Mexico 
Peru 
Uruguay 
Venezuela 

Total 

PVC 

17 
35 

7 
5 

14 
8 
2 
6 

94 

PE 

19 
16 

6 
5 

28 
5 
3 

ii 
95 

PS 

10 
14 

5 
3 
9 
2 
2 

50 

Total 

46 
67 
18 
13 
51 
15 

7 
22 

239 

Polyethylene 

53. Low-density polyethylene accounts for about 8O-90 per cent of the 

polyolefin  Jemand.    Film is the na.jor application-   an estimated 50 per cent of 

production is converted into baf.s for packaé:ing vegetables,  dried foods and 

meat.     Other  foods  such as salt,   rice  and noodles?  are also  packaged in this 

manner.    Shipments  of banana  stenx wrapped with polyethylene shrouds  contributed 

to the  expansion  of the  film production in  several  banana producing; countries, 

as did fiJn.  for protective covering of camolback rubber in a number of rubber 

producing, areas. 

54. In 1965 there were five producers of polyethylene in the LAiTA countries. 

(See table 5.)    The figures on these countries do not include recent plants. 

Table 5 

Production and consumption of polyethylene in selected 
LAFTA countries,  I965 

, tnousands of tons) 

Country Production 

Argentina 18 
Brazil 18 
Chile 
Columbia 
Mexico 14 
Peru 
Uruguay - 
Venezuela — 

Installed 
capacity 

25 
35 

18 

Imports 

1 

6 
5 

14 
5 

11 
11 

Total 
consumption 

19 
18 
6 
5 

26 
5 

11 
11 
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55»      Th« growing conewBption of polyethylene fini«h©d products in Argentina, 

Brazil and Mexico has been aided by low-cort domestic sources of ethylene fron 

petrochemical operation-.    The  development of the  Brazilian polyethylene 

industry is  of particular interest for developing countries  tec-».use of the use 

of sugar cane alcohol as  the 3curce of ethylene.    The  accompanying figure 

presents thin process in diarrar   forr.. 

56. The avaiUtility of cane   - UDhol  for pre due ir.»- e. thy Une can be 

economically  advantageous  to  a country without  enou*:h remand for the product» 

recniired to support a petrochemical venture,  or f r a 1 ountry without petroleum 

r*Bôrves.    In  Brazil,  Union Artide  do  Brazil   S¿ built  a  3 tan capacity 

ethylene plant in Cuhrtáoo  in  l^n based or. a  s»u*v'.r oane  alcoho]   procese.     By 

the end of I967,  capacity  had reached approximately  ?7 tona. 

57. Ethylene U produced iror. ethanol by catalytic dehydration (ethanol is 

converted from the alcohol). There are several advantage*- to this approach. 

Investment ìF relatively l->v (the orignal pl^nt cectr atout oiSt400,0Cr) and 

the operation crm be run with modest labour reonireaeiitr (the neni-automotic 

plant in Brazil used only two operatore and a port-tine nupervisor per shift). 

Expansions car. reportedly be mad«, without additional labour. The efficiency 

of the plant  is about 90-94 per cent,  and ethyl  alcohol ie recovered 

and recycled. 

58. The economic  limits of this process are likely to vary from country to 

country.    Some countries indicate that 25,000 and 40,OCX) tons per year are the 

minimum and maximum parameters.     Beyond the moxiuum   »imit,  naphtha cracking 

may be cheaper.    (Union Carbides  first ethanol  dehydration unit  in India has 

been converted to Naphtha cracking.)    The other major producer of polyethylene 

in Brazil, Electrote.no,  har   also   used ethanol  owim:  to  shortages of ethylene. 

As ethylene  becomes  available  fror, pet rochet, ic al unitr,  it  ie often cheaper 

to divert the production of alcohol  to other usee. 
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Polyvinyl chloride 

59. The consumption of vinyl chloride polymers in the LAFTA region wan about 

94,000 tone, almost erjuivalent tn  the p iyethylonc donand.    However,  different 

markets  accounted  for most  of thiz  vol:.:,.:,   c.fr.   wire   and catle inflation, 

electrical conduit,   calendered fi L;.   u.d sheet,   coated  fabrics,  shoe e  and 

recorde.    Wire  and cailt  ic  the  i ar.-cst  application cate.r.ry .->! this  ^roup. 

60. The  production  of polymers- has proposed  rapidly with twelve   producere 

in eight countries having a coinUned inrtalied capacity ;.f vr,000 tone. 

Based on production of 6b,000 tour,  ;>lant   utilization  was about ?0 per cent. 

Several new plants will be producing by 1970. 

Table  6 

Production and consumption of polymers in selected 
LAFTA countries,   196 e; 

Country 

Argentina 
Brazil 
Chile 
Columbia 
Mexico 
Peru 
Uiaiguay 
Venezuela 

Nutnbor of 
producers 

3 
3 

2 
2 
1 

Production 

17 
35 

2 
14 

I net.-a L(Jd 
capacity 

21 
40 

13 
23 

Imports 

7 
3 

8 
2 
6 

Total 
consumption 

17 
35 
7 
5 

14 
8 
2 
6 

61. The varied approaches used in the manufacture of PVC monomer and 

polymers by LAFTA countries illustrate tho importance of raw material avail- 

ability,   location,  plant  size  and co on.    The  first PVC  producers in  Brazil 

manufactured monomer from acetylene,  using hoth produced chlorine,  caustic 

soda and «mailer ,>anV.ties of calcium carbide.     The  first plant in Peru (about 

5,000 tons) was  baaed on ethylene  from ethyl  alcohol;   Glorine was  obtained 

fron a chlorine-caustic  plant. 

62. In Columbia,  acetylene  iron a local  calcium carbide plant was  used for 

the  first vinyl chloride monomer plant.    In Mexico, vinyl chloride was imported 

prior to the installation of the Peraex monomer facility (20,000 tons per yoar). 
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63.      It 1B not uncoranon for producer to Incorporate now technology when 

capacity rauot be increased.     For example,  oxychlorination nay be integratoci 

Into the existing facility  in certain cacee.    Ethylene from cracking operations 

can replace alcohol  ethylene,  and surplus hydrogen chloride can be used with 

ethylene» in an oxyrhlorination unit. 

Polystyrene 

64.      Approximately 70-60 per cent of the ^0,000 tons of polystyrene consumed 

is injection moulded into consumer iteras;  rust of the remainder is extruded 

inte  sheet and vacuum formed inte refrigerator liners ani miscellaneous house- 

hold ite-ras.    Some    if the moulded items  include  bottle caps,  pens,  toys, 

compacts and EC on.    Induct ri al  components mad.,  in a few countries include 

radio and television cabinets,   toilet e^atc,  and other items. 

t>t>.       In iupontina,   Brazil,   Chil«,  Columbia,   and kexico,  twelve  firms 

accounted for about   V/,0üC tons of polyncr and 4,000 tons of imported material. 

Peru,   UruKU,iy and Venezuela  imported ali   reeded material  totalling 9,000 tons. 

66.       It is  interesting   to  note  thi-t  in  Brazil   cm. monomer producer  (Cia 

Brasilcira dc Estirono)  has  supplied the needs of three polymer producers 

and the Petrobas synthetic rubber plant. 
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CHAPTER V    1EVEL0PKEMT OF THE PLASTICS INDUSTRY IN 
THE ECAFE REGION 

Fabrication 

67. .  The patterns of development in Pl--iirB  fabrication arc parallel to 

those found in other developing area*.    A fey.  fabricator? tend to dominate 

production;   polyethylene,   FVC and polystyrene  are the key materials processed 

and are  targets  for backward  intonation.     Difference?  arc   f und in  the types 

of product« made,   -v-il-bi Li t.y .-,f raw r.atoriaia,  -.nd socio-economic patterns 

relative to LAIT,; countries. 

68. Usin¿: five  countries  as  an example  (fualaysia,  Thailand,   Pakistan, 

Republic of China and the Philippines)   the host   ivaiHUe  dota indicate thr.t 

consumption of plastics  increased fron 0,000 t,nR (almost .-11  imported)  in the 

1955-1956 period to well   over 62,000 tons  by 1965-1966.    Estimated consumption 

by application and plastic illustrates the structure of end product demand in 

these countries,  as shown in table 7. 

Polyethylene 

69. Packaging is the key market in most of th^ SCAFE sectores. Conversion 

of film into bags for fertilizer is responsible for much of the recent growth 

in film production. This, of course, is related to increased fertilizer 

production. Packa^im- r,f textiles, su^r, chemicals and food articles 

constitute most of the remaining demand.  Caps -nd bottles arc a smaller outlet 

but the demand is growing.  Blow moulded containers -.re relatively new. 

Products packaged include liquid wax. Folyothylcno-lined canals have been 

used for conservation in a few countries, e.,j. Indi-. Wire and cable insulation, 

flexible pipe and a variety of moulded consumer products form the bulk of 

remaining usage. 
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Milül 
Eättanted conatasptlon of plastics In elected ECAfl countries.  1964-1^6^ Plastics In celectcd 

(millioru-  rf pounds) 

gnl WÏ Mal we V „M.í^pij. Thailand Pakistan 

Containers 
Film 
Cable insulation 
Pipe 

Polyethylen»,  ( i >w -and hi*sb-dem~ity) 
0« j 

4.5 
0.5 

v/ Noç 
Moulding, othur^ 2,5 

Total        8 

l.C 
4.0 
0.5 
0.5 
1.0 

0.5 
9.5 

1.0 
2.0 

13 

0.5 
6,0 

0.5 
2.0 

9 

Republic 
of China 

2.0 
9.0 
1.0 
0.5 

14 

Floor til« 
Shoes 
Pipe, hose 
Cable insulation 
Film and sheet       . 
Mouldings, other-/ 

Total 

Mouldings 
Packaging 
Foams 
Appliances 

0.1 
1.5 
2.0 
1.0 
0.4 

5 

1.5 
0.5 

Total 

Net- K«C 
4.0 1.0 
2.5 1.0 
2.0 2.0 
5.0 • 

Jkl 1.0 

14 c 
J 

Pohrs^yrcne 

2.0 
0.5 

0.5 
3 

3.5 

0.5 
4 

Iteg 0.5 
3.0 3.5 
1.5 6.0 
3.0 1.0 
0.5 12.0 

-UH 17 rO 

9 40 

2.0 f.5 

Q«5 

3 

a/ The BO figures include exporte. 

h/ Since the  1964-1)6^ period, there have been new producers (e.g. of floor 
Ulo) oí  products not  shown hex*  by vclvne.    There have also been significant 
decreases  in consumption for -,ther items (e.g.  shoes)  in sooe countrfe., 
while products  such as rope- and cord,  not  shown here,  have risen substant- 
ially.    Therefore,  these data should be used only as a guide or "profils" of 
rssin consumption. 

Polyvinyl chloride 

Film and she«;t 

70.  Calendered sheet and cloth ire unod for upholstery in automobil©«, f©y 

furniture, and for exported products such as baby pants, raincoats and 

leather cloth. 
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Shoo 

71. Vinyl sandals arc a well-established consumer product.    They are moulded 

by shoo firms (c.j.  Beta Shoe Company) -r.d independent fabricators.    Over- 

capacity occurs often in this industry,  resulting in severe price competition. 

Calendered vinyl-back-.d cloth  for shoe uppers ir aloe produced in some areaa. 

Wire and cat!.,  insulation 

72. The expansion of hyrlrcelectric power in developed and developing 

territories has increased demand for insulated wire and cubic in power, 

telephone,  he uochold and related systu'.B.    Electric  utilities account  for a 

major share of extrusion.    Heavy imports of wire and cable, have held back 

the expansion of polymer production in oonie aroac. 

Pipe and conduit 

73. Rigid ouUr pipe iß widely accepted for water tranaraission.    In Malaysia, 

it is used m tin mine-,  and for irrigation of rubber plantations.    The 

consumption of electrical conduit has increased with the growth of wir«, and 

cable installations.    Other extruded products such as poultry feeders aro 

marketed. 

Floor tilo 

74. Several countries have shown preference for vinyl floor til« in ami 

housing.    Others such as China (Taiván) profor cement. 

Polystyrene 

75«      General-purpose grades of polystyrene are used in a variety of consumer 

itens including combs, housewares, flowers, toys, advertising; displays, tooth- 

brashes,  tumblers,  and packaging.    GmaiUr Quantities of high-impact resins 

aro consumed in a few countries for appliances, including vacuum formed 

refrigerator liners, uoulded radio cabinets, air conditioners, and other 

components.    Polystyrene  foam has been sold in small anounts for cold 

storage applications. 
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Flagtlcs industry in Thailand 

76. The plastics industry in Thailand has grown dramatoally in tho last 

fifteen years.    During this  period,  tho  number of registe „-ed fabricators has 

increased from ICES than tun to over ?'jQ.    Production is directed towards 

consumer items and packaging.    la  1966 an estimated 39,000 tone of finished 

plastic products imported and produced locally were consumed.    This compares 

with 2,000 tons of consumption in  191)^—19^6. 

77. End products using imported resin as a component  include insulated wire 

and cable,  coated paper,  glues and resins,  and paint.    Finished plastic 

products imported were toys,   footwear,  novelties,  signs, and furniture 

surfacing.    Products  fabricated fron plastic  raw materials  includo  toys, 

containers,  dinnorware,  novelties,  electrical  fittings,  expanded polystyrene 

products,  rope,  tape,   drinking str-iws,  footwear,  rigid and flexible pipe, 

and film and bags for packaging.    Table 8  indicates consumption by end use. 

Table 8 

Consumption of finished plastic products in Thailand. 1^66 

End use 

Films and Bags (packaging) 
Flexible  film and shoet  g >ods 
Moulded or extruded toys,  novelties, 

containers,   trays 
Rope,   cord and tape 
Pipe  and hose 
Insulated wire and cable 
Electrical  fittings 
Paint  (polymer content) 
Furniture,   lanin ited sheets 
Signs .and novelties 
Expanded polystyrene  products 
Moulded footwear 
Polyurethane  foam insulation 
Adhesives and coatings for wood and paper 
Cellulosics 

Total 

Consumption 
(thousands of tons) 

11 
6 

6 

5 
2 
2 
0.5 
0.4 
0.4 
0.3 
0.2 
0.1 
Neg. 
3 
2 

39 
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Backward integration 

78. In many EC~FE countries,   the development of a petrochemical  industry 

is still 'several years away.     The  Jemand must  be  strong enough  to  support 

several end UFO product  oreas  (O.íT    platico,   synthetic fibres,   detergents, 

rubber)   based on petrochemical   feedstocks.     Optimum plant economics  for 

intermediate  are   important  so  that  the  finished products can compete  in 

domestic  and oxr.ort markets. 

79. Countries  such as  India,  Pakistan and Iran have been able  to  relate 

increasing demand in petrochemical consuming end use markets to  justjfy the 

establishment  of petrochemical  complexes.     Indio  ir ar. interesting case 

history for developing countries,  since  prior to  the installation of naphtha 

stream crackers,  organic  chemicals ai  non-petroleum origin won,  used  to 

supply «rowing end product  demand.    These  include  fermentation alcohol 

(e.g.   from molasses),  eoal-derivcd aromatic?,   and acetylene  from 

calcium carbide. 

80. The production of intermediates  and end products  from non-petrochemical 

sources is highly desirable  for a developing country.    In addition to  their 

availability,     they can usually  be manufactured in small  miantities with 

respect  to  investment.    This is  important when end use markets  are  still too 

small  to  justify a high  i vestment petrochemical  complex.    Furthermore,  a 

material  such as alcohol  can  bo  converted into ethylene without   by-products 

(e.g.  propylene,   butadiene).     A petrochemical venture would have  to  secure 

outlets  for these  by-products. 

81. When one  considers  lonr-rar^o plans,   the  production of non-petrochemical: 

may not be  desirable  for a developing country.    The high cost of production 

is a major problem.    Ethylene  produced from     alcohol has boon much more 

expensive  than ethylene  from naphtha in many countries that have  utilized 

both methods.     Similarly,   acetylene  derived  from naphtha is usually 

cheaper than calcium carbide  sources,  and petrochemical  benzene   less expensive 

than coke  oven benzene.     Because  of the high-cost  feedstock  (ethylene  from 

alcohol),  prices of polyethylene were relatively high and consumer goods could 

not be fabricated in the volume hoped for. 
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8*.      T, build a !ow-coEt product b,s0, petrochemical foodetock* „. --1 

nccessar,.    m0 is particularly true if pl,Etic ond produots „ to •* o
y 

imported products       i, lron M . .,     „rt + 1 replaco 
. lr0L' "t-1*  -ctt•. wool and other iteas.    At one 

'.    , r US,35°   "] •""»*• th.so naterials.    Competitively 
priced plnotic r-r-'dusts;  m   ,iEC „,„,,,.   , ^. ^ "iveiy 

export Q„r*a. ' f0r P^1"^1- 1» the world 

docu, ^/^f^^ of * •»«»ch^lo.l industry in India le „ell 

T „•    r     x ^«"P^-^s ,re now m operation,  e.g. UCIL 'Union Carbide 

largely for internal needs fir«.*«,,-,,.      ,     •    ,   % 
hi,* Duritv l '  'ÜCOn0ls)-    ^^ for butadiene and hi^-punty l*nz,ne ^ ^ Btii4y>    ?ho pn)duction 

complex is indicated in table 9 IL 

Table Q 

Production capacity for WOPTT   COED1OY ^ TW<|4W 

Product 

Ethylene 
Ethylene oxide 
Ethylene glycol 
Diethyleno glycol 
Polyethy]one glycol 
Ethylene dichlorido 
Vinyl chloride 
PVC 
Ieopropyl -Icohol 
Dimethyl ketone 
Diacetone alcohol 
Methyl  isobutyl ketone 
2-ethyl hoxanol 
N-butyl alcohol 
Butadiene 
Benzene 
LPG,  other liquid fuels 

Capacity 
(ton/year) 

32,500 
4,000 
1,000 

750 
1,000 
3,000 
8,000 

16,500 
2,000 
7,000 
2,000 
3,500 
7,500 
5,000 
7,000 

13,500 
55, (XX) 

84.      It is  interesting to note (tzhir. tc\  +u *     -,     , 
t noxe ^tablc 10> that plaeticD were the faata.t 

^ E^ont of thc petrocHoMcal-eone^ ond uaos in the lea££ 
Plan for petrochonicl development in India. "»«-»»«• 



IDArG.27/3 
Page 35 

Table 10 

Ih in seized inauri.,!   Bemirita  ,     _   .. 
 --^    segmenta m TnHla> 1060.1071 

i^ad uflf Product i Oí 

196Q-r.6! 
Plastics and 

resins ¿ç 
Surface coatingf; 55 
tye-etuffs ' 5¿ 
Synthetic fibres Ne*. 
Synthetic 

detergents i#2 
Synthetic rat-bor Neg. 

ljCb-Vjr^ 

14 
140 
94 
20 

20 
50 

Annual compounded 
¿rrov.'th rate 

(percentage' 

42 
15 
10 
25 

38 
20 

S2ä£S£:    Data furnish«* by the Pi^t Unit««! v •, 
on the DBvio^t 0f P.t^ch^icll ÌÌf11?J"**"*«*'0"*1 *•*»••* 
Countries, Teheran, 1964.r°Cße"liCal Cusirles In Bevtloplrif 

â/ Estimated. 
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CHAPTER VI      TECHNOLOGY I» PLASTICS 

Sources of technical   inform   'ion 

85.       It is tieft surprising th   . cour.ric.:  aekir^  technology to produce 

polymers often turn ;o countries  "'m\  h-v.* been important source» of im- 

ported polymer and  finished product,.-,     r'ar example,   J „pan  ie   1 leader  in 

vinyl   technology and  a  supplier of recia to SCAFI? countries.    M ,ny cf the 

ne'-1 plant?  in  the ECAFE regio;:   are b .sed  on Jap '.nene  technology which ie 

often provided as a complete  "pack.-\'.re" «cnc-'-hoH,   plani, design  \nd start-up. 

Some of the new PVC pi TU,:: which began with the aid of Japanese technology 

during the  I965-I967 period are  miioaed  l.a t-blt   11. 

T..L-1 0 11 

Ree ipiontti of J •'.panepe PVC echnolosy m Asian 
.m4 nan, Hü

S 

}-^l 

Country Year ( tons/ye; O. Licenser Recipient 

Philippines 1965 á,OüO Shin-Et cu Mnbuhay Rubber 
Republic of 

Chiari 1966 4 i. , ooc Shin-Etsu China Plastici 
Republic of 

China I966 11,000 Kangafuchi Yee Fong PI  stice 
Republic of 

China 1965 8,500 Sumitomo Cathay Chemical 
Republic of 

Korea I967 12,000 3hin-Etsu Koyoei Vinyl 
Republic of 

Korea I966 7,000 Chisso kiehon Plastics 
India im 7,000 Shin-2tsu Delhi Cloth and Mills 
Palei 81 M 1966 6,000 3hin-2teu Reyez-O-Khalid 

86.      Note that plant size  tende to be in the 6,000-8,000 ton per year ranfe. 

Countries with established markets (e.g.  wire  and cable)  ouch    s China (Taiwan) 

or the Republic of Korea c *n support larger nna> -Hâtions.    Tie ability  to 

captively fabricate polymer into  finished product«-,   is important  m reducing 

selling costs and planning production schedules.     'The Reyez-O-Khalid plant 

(Arokey Chemical Industries) converts about 45 per cent of its PVC production 

to pipe and about  35 per cent  to calendered sheet. 
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«t.      fable 12 fiw« the extent of ¿aurica«  stiviti©» in producine? polyr-tyrene 

and P?C in various countries.    Some *ny« in which the3# venturer- «.-•, be  financed 
ITO illustrated in table lì. 

United States of ¿«orici tcennie ,1 nid i: several countries 

Country 

Argentina 

Äonsnnto argentina 
îpako 

Brazil 

Companhi". Bri.iileira 
de Pl-gUco3 Koppers SA 
Geon io Bruii 

Chilo 

Pinti tiquinic 

Indi 

Bandai Koppers Ltd 
Polychcra 
Chemie lii r.nd Plastica 

Israoi 

fler:trochcraioal 
Frutaron 

Columbi- 

Dow Columbia 
Petrocnùmic-i Colurabinr 

liexico 

Monsanto Mexicans 
Union Carbide Mexicana 
Qoon de Hoxico 
Monsanto Mexicana 

Peru 

H.  R. Once 

Republic of China 

Tai Ta ChomiciU 
Lings Petrochemical 

Polvrrur 

Polyptyrentì, 
Polystyrene 

Polystyrene 
P»C 

Polystyrene 

Polystyrène 
Polystyrene 
PfC 

Polys tyr suo 
PVC 

Polystyrole 
PfC 

Polystyrene 
Polystyrene 
PVC 
PVC 

PVC 

Polystyrene 
Polystyrene 

PVC 

Supplì ar of knoif-how 

?!ons*:.nto 
Koppers 

Koppers 
B. P. Goodrich 

Krydott others 

Koppers 
Dow 
B, P, Goodrich 

U.S. know-ho'? 
r. P. Goodrich 

Dow 
Diamond ¿1 kali 

Monsanto 
Union C.-rbidc 
B. 7,  Goodrich 
Monsanto 

W. Ë, Grace 

Mobil Chemical 
Cosden Oil 
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Table I3 

FJaaBeinsT »elected poly» -r vontures in Argentina. 

Company 

Ip ko 
Í K'>pperr.) 

"•ion s an to 
Ardent in- 

ri -st ico 
Bernardo 

lepori il 

Polymer 

Polystyrene 
Ethylene 

Po lye thy lofio 

Origin o:"        C..rat .1 
<,^ichnolofc,      invented 

Kopp#r? 

Kopper§ 

UC  21 mill. 

US  $13.4 
fui 11 • 

Financial 
structure 

51,' US capital invostment 
49$ Argentine capital 

Loin,  Import-import Bank, 
W. ahington li.C. 

Polystyrene      Mona*» to US $1 mill.        100)2 foreign  investment 

Polystyrene 

Polyothylone 

Interari 40 mill* Poson I," tional  invostment 

Foreign capital ICI, 
others 

£5.7 mill. 
US  $16.1 

mill. 

Norena-Pl-^st Methyl  meth— 
aery late 

Internal,        13.B mill, 
with help Pesos 
from 
lit»ubiôhi 
Rayon 

ICI 

Argentino capital 

Source 1    Gatti, P.,  R.   Jcltrannno and E. Paatfuinelli (1964) Ua induatria 
petroquímica en la República Argentina, First United Rations 
«•••MaaasMsMftssssMiBSMBSBsassj^ * 

Interregional Conrort-nce on the Development of Petrochemical 
Industri co in Developing Countries,  Teheran, PIT/CH!M/C0NF.47. 

Wer technology 

88.      fhe plastic« industry is witnessing a serios of important break-throughs 

in polymer and fabrication technology.    Moat  of the now polymers that have or 

will be in*roduced  are high-priced ungineoring materiale that will   find little 

demand  in developing1 countries.     It  ic cone jivble that  in the  future some of 

'huso nr y bicorni, 1 \rge—volume.,   lo\«-co^t resins which might provide opportunities 

for f-bnc.uon into products for export.     Por e-anplo,   poly-1-butunc has vory 

f ivouriblc proportion  for film,  pipo and l'iru,   \nd cable insulation.     Chlori- 

nated  polyethylene   is  an  important component   of several   PVC sy G terns  used  for 

floor til«,  pipe,   sheet   and containers.    Ionome-rs have made strong headway 

in packaging, and 4-methyl-l-pentene is being used for laboratory waresv 
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electrical and packaging products.    Some of the never high temperature 

polymers includo  polysulfone and nolyphcnylinsoxide (FPO).     Noteworthy nylon 

materials are nylons 11   -jid 12,  vrhich compete in sever-1  nylon 610 markets 

and  spocir.lty   ar..    •.    It   is  interesting  r0 noto  th^  considerable work has 

been done by  the   northern  Regien  1  Hes^roh Labor  torv  (Peoria,   IlUnoio) 

on  the synthesis  of nylon  a  fro:-,  soy-bean oil   (nylor^  11   and  610 -<re  commer- 

cially made   from  castor ojl), 

89. Many  firrar,   TU   -Uempting  ^o  miroduc.  nlsstics  rhich  combine the bost 

properties of  t-.-o mitcrials.    Blond-  cf   -crylic   uui polyvinyl  chloride,   poly- 

carbonate and ABS  are «.xamplea.     Gl .^-reinforced  thormopl -.s* ios have only 

begun to find  uno.    Various   type^  of other  fillers,   including asbestos,   ~nd 

metallic fibre«    tro providing   •  whole   spectrum of n.v product  opportunities. 

90. Polymerization procensos  oro  also under modifie tion.     Solution grades 

of high-density  c-olyothylene  aro  being  replaced by partici,.-   from resins  in 

blow-moulding  aad  eventually  m seleCed  injection moulding applications. 

In the  future,   ¿-as-ph se  polymcriz   tion could lcv.r production costs even 

more.    Copolymers of ethylene nth other monomers  (e.g.  hoxene-l)  are pro- 

viding better olefin rosins.    Bulk polymoriz tion of vinyl  chloride his boon 

adopted by      number of countries. 

91. Fabrication equipment  and systems  are also undergoing a period of 

^avancement.     R edi-tion offer- exciting possibilities  for curing and en- 

hancing properties.    Cold  forming has  recently -ttracted considerable 

attention.     Advantages of   this  proche   include the ability   to m ko  heavy 

vailed p^rts   th-t   ordinarily could net   bo rm.de on  plastics  equipment,  high 

production ratos,   louer tooling cost«,   reduction  of  trimming,   elimination of 

sprues or weld lines,  and  ability 10  fabricate high molecular weight  polymers. 

Reinforced  thermoplastic  sheet   that  can be  stamped ha boon   introduced  m a 

few countries.     F'icrowaee carini: of reinforced polyesters may  reduce  joining 

time considerably.     The injection blow moulding and extrusion  casting of 

composite  films   also are  import mt   advancements. 

92        Even  the   technology cf basic rav maten : IR  IS  undergoing changer,.     The 

Office of Coal   Rosoirch (Department  cf  th^  Interior)   in  the  United St .tes'has 

sponsored Project  COSD (Char Oil  Energy Development)   to develop an economic 

process for converting coal   to a gas,   a  liquid,  -.nd  a solid,   and  to upgrade 

the coal substance  and decrease the delivered cost  of coal  energy.    The same 
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••poney  has '-Iso sponsored work on the conversion of coal to more valuable 

fuels. This is noi ncr, ¡unce oil war made from coal in Germany (about 

(j  million tons - ye ar) during fh„ Second World War. However, continued 

advances in coil conversion involving hydrogen", t ion, gasification and oxygen 

manufacture provide hope that economic •lly feasible operations will be able 

to take dv-ni-ge of the coal resources -valable in many areas.  Further- 

more, there is a possibility "that pétrochimie.Is could be produced some day 

-t investment-C th-.t would be very attractive in comparison to conventional 

refinery système. 

93.  Although the myriad of new polymers, fabrication and polymerization 

processes -.nd changing feedstock technology may not bu of benefit in the 

immediate future for most developing countries, the possibility of in- 

corporating only one or t<?o new ideas may be well worth the time spent 

studying these recent advances. 
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