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Cagpla Sed, e Olefing Selentitfic Research [nstitute qnd the Actrophysion

Htvervitory ot Shanrhio,

iy Prec Symponl en neld 0 total of 04 meetings 8 which 74 naneps werao
A/
i i O . ' . N
£ SEIRTAT TR I cheepecent abion of Lhe prpers wao Fol owed by oo diooanoion
2L ee s e e cn ol o bttt Lve Lhemn.
T he Uynvorr o e sttonded ey 0 parbicbpreite from U memier sbables ol
three paterrcdt vyl et bomsse Buebt peteochenionl concaltamts from efsht
minbries et e ipated b the o wors of the Svmnoniogn. frnoddition, 10 abgarver:

and experts Prom e petescnemics ] inductrios oad setent i Ui ronesreh oot bt e
o the UOH cnd UL orcervers and experto from 1) countries were precent. A

ligt of purticiponts in given in snnex l.

e Phe TNTDY pecretoriot and members of the Oreanicine Sommitlee for the
Oreimizat o of the Petrochemicol Sympooiam of the VSSR nrovided the sapportinge:
gervices for the Symposian.  Teddine petrochemion] exnerts from both developin:
and developed countries cerved aoocectionn] chatrmen nd technicn! rapnoptenra.
The draft report of the Svmposiam was prepired by o committee compocsed of the

cectiond cheirmen, techiriien]l ropportears, particioot ing members of DO ol

gpecitlists from foth developing and developed countries, with Mdr. A. Shabh Mowoos

ne Ghitrmon. the repert was adopted by othe Symposioam b bto coneladinge cession,
Ve The Sympoat .am wie opened by Mr, No 1. Sorokin, Chuirmin of the Opeaniving:

Committee, Deputy Minister of the Ministry for the Oil-Procec.ing -ind
Petrochemicnl Tnducstries of the "155R. Mr. R. 0. lamiilov, President of the
Academy of Sciences, Av00R, was ununimously elected Che.orman, and Mr, M. Richardo
(Trinidad and Tobruro) wis elected Vice=Chuirmin, Mr. M. O, Yerghere, Chiet of
Fertilizers, Pesticides nnd Petrochemicils Industry Cection, UNIDC, wie appointed
Director of the Symposium for " NINO and Nro A. 0. Litvinenko, Accictant Head of
Division, Ministry tor the Oi1l-Processing and Uetrochemicsl Industries of the
USSK as Director on behilt of the host Government. Sectiondl chooirmen ined
technicul ragpporteurs were appointed in order to ficilitite Lhe Jdicoussions

and the prepuration ot the report.

10, A selection of the messages und statemenias niddreased to the Symposium
£ ¥,

)

12 presented in annex . The Symposium wis cloced by Mr. [omailov,

i/ The working papers circulated at the Symposium are listed in snnex 3.
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CHAPTER 1

PRESENT STATUS AND IMIPUIRE PROSPECTS OF b PETROCHEMICAL INDUSTRY
IN DEVELOP NG COUNTRIES AND REGTONS

The over-sll plctare

11, The Symposiun began with o dicenaaion of slenificant developments in
petrochemical technolopy since the firat Petrochenical Sonference in Tehran
in 1364, Papers prepared by the 'mited Nations regional economic commissions,

followed by individusl contry papers were precented desoriting:

(1) Progress made in petrochemisal development in the regsion or
country since the 16 Tehran Sonterence;

(b) The present citwbion md fatare nrogpects for production,
songumpt ion and trade in petrochemictls proectes 1o 13805

(c) The frotors affectiage petr yrhemic ] development;

(d) The kind of externil assistance regquired, including thuat trom
the fnited Notione and prereticalarly from (RIDD

e

17, The recent technoloriosl proagress 10 primary petrochemicals produaction
has been ~entred on redacing manafsotaring costo in the two sl processes,
numely, shteanm craokinge for olefina ad aromaticos and cataivtis reforming for
aromatics.  Prosress hag teen mdde in reducing cupital o cost oand power consump-=
tion and in tnereasins yields of fesirable end produsts, However, in most
capes, the yield of desired products does not exceed “0O per cent.  The iden
of v "petrochermical refinery" desipgned to produce mainly baste petrochemicals
pather than mainly fuels ac in o normal refiinery his recently been proposed,
In oty come new plnta in Puerto Rico and 1n Italy (Priollo and Hl"U'ldlSl)

qre spproachine the petrochemicl refinery tden.

1, Recent progress in the prodaction of oxygenated produnts, plastics,

pubbers and Tibres was reviewed. OSome of the products are discussed in more

detnil in later chapters of this report,
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16, Hacooaae of the varred sooampls o et sppn ce e e Wittt thy
lack of reiiable information v the pregion oo s Whoi e, Lt wan rather dithy '
to smmaraee the demond, However, ttempts owere moade o S8 ARSI SE TS ELPS UL N .
for plastion, syatketos Cvives, syathatps rocbers no oome alper ety b .
althnoush the definitt o of o ampty o o Nt neep st g astataet et e,
Although ot wie b praarat e b ot o ther e gbyye pmnoart e
petrochemiode by aabregion, certain otservat: ws sild be made,  tolvelbyiene,
nylon, dodesyl tensene d carton bLaor seen U te b o or et ey
North Afry oo, whiyle ol iotierote PY Fd Jester Propes gt othe o
predom nate g Aent Megoo, e proet ter Ll f o : S
Afrion,. Pogrires sk P Pl ey o atey ! SR R A R
sregntfiice aet potent gl ol P he petr chamy PR IR e it ey *
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the principal piaaties will re om0y Ty o ntret ey Dy
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17, In 1w, world resapyen oo ade g owere et pmnitest b ebin s Tor b
barrels, or nearly ewrnt Times the antomted tilure LS S B A LIS Freperde;
of natura pan tnoressed very oot pt anty iy over the ane pery o1, beoadeoo by oy
of cpade ol oan T Wi T omtiiroer v, whitoh o . R e b imen Uhe |
flé{'ﬂ!‘é. ?‘jng\’!‘t 3 S B TER BN S R R N St Phise Prerghi ooy 1Y B it el y & it ae”
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the North 1o well-endowed, the Doutt pe cbivel, ryoooet the kot Abroan
subregion the least wnd o wed, The preond ey cintpiers e ey AnieEaloa,
Congo (B by oabon, bityoa, Morocooy Nigeria, Duncooa ol the
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WE e Ay et RETCI ST VR Pepdtoatesd L opoamible pavestment of 3400 million
P 1t amd oan crdational B o millron between 100 and 19RO,
At g gl Yo BB
. Theo woerid sot 0 The prpigatre ot the nart pioayed by the nountries .
e regry oy ety e Meeorpeng anp e Uor Any o opnd the Bar oot
BUUARE L it P dee e P e et e scraeng g b prebi bt e b thie alter eroup W f
Grantries e i ; te Presoy st o et U o demernd o plastios,
bt g oot srtet o Uibrer gnd syvalhelos raonber and o detorpenta,
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insecticides und carbon black were nlso discussed. The sources of pw miterinl,
namely, crude o011, naphthu, nnd natui) gag, In ench 2ountry of the regrion wore

congideread,

-y .

A Cuarrent, prodaction figares for plactioe, cynthetio fivras ud ayntnet i -
ribber were siven for tnoce countries in the regrion th! prodoeea them, e wel
ag the nuamber nd capacity of the plunts in ewnh countrye Import md axport
figmres for the more siegnificant aountries in the recion were presented,
followed hy 1 detailed deseription of the plans £or expansion tn the countrios

25, The various factors af fecting the development of petrochemicgls were next

examined, inelading the demand for end produnts and the procasoine Ladastries
necessury, dicposal of co-producta, avallability of raw materials, Plrmeid
resources, enyrineering desien, know-how and troainine of peroonnel,  The rate
of expurision of conmumption of end producty expected in She deocoade |0 0o] MO
was then discusoed, and the new plants necessary to meet thic srowth, Losether
with the anticipated mosts o produstion and inveatme. neesnry, wore fopo-
cast,  Whether developine countries woudd e 4t le Lo sateh world prices fop
various petrochemingl products was aloo dicousaed,  The Symponiam corctdepod
the posorbility of oroamine the prodaation of pr LTy nrodiac b ab et pg)

Tosution: md oy mined ectimites of the trancport casta oinvalued,

6.  The demund for petrochemicils in the FOANE region L orising sharply. 1t
is estimated that, in 1)%, excludine the developed nountries in the region,
the demund for the basic plastios cpolyethylene, PV polratyrene il poly-
propylenc) will reich Sy IO, 000 tonsy for synthet o fiipes, 000 000 tons; fop
synthet i rabber, 335,000 tong; und for detereent., LRGN Lo Growth rates
are high in the reoston and averure o camdl ative 14 per cent for omany coantrios,

Rut here lso, this depends on the srowth of consamer indusbrieds.

8l

2 substantial additions]l prodaction cnpacity must be developed in the
region Lo meet demind.  This amonnte to 1,675,000 tons/yeur for Lhe brosie
plasties; 460,000 tong/year f{or synthetin 'ibres; 040,000 toue/yenr op
synthet i~ rubbers; and 350,000 t()rm/‘yo;xr' for synthetie detergenta, Inoadditioon,
substant iul amointe of monomer production will be required, Howerar, Loporto
of both finished products and monomers {rom the developed ot rim of Che

region us well an from other countries will conl i Lo Lo TRIBERTRELIVE AR
oH, Finally, tables were drawn up for ench coutry in the pesion o Wy
Yy f :
the estimated demand 1n 1990 for the principal plosticg, Ciores ad oynthet e

riubbers, together with delervents and boasic pelro themi valay othe ety
' : ; !
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pedpitrent to LGy et mbe e el g e Attt Phe peeeatr bty of oant
ventarar, U ey ampley cover ol et e Vet vy et oar eh e o e adun -
tvon vy et Py oW wny ar inend et s et e et Lt oot
Loabin Ruoem

i, e e teot arer of peod ot oy Forenms bradey g paren? D alspit oty
proctad peed et poproecterd cer by, et ey bermne 7ot the pagion
cgpd Lhe prodda oy wWere b el i Che erm et sl Towend 1o The iabeowo it Lery
,‘:3,!";;.;(5":«‘71?0"2 [ Phogn ettt pb b b e rmoaater DY e L» BEEEE R SR ST T toy
Latin Amert . 004 o0 the chemo Dot as e b T Re et
Wy, [ bree @y the deve, pomen! Ut gt ook ] pvpd ety hos teen dyreanit,
with probarty v i b Pentloarg pProwW DTt st coue i e rgre o Vioper centoover
the perion Lt =i 5 i e ety et bactdbied ctapacity of over
USRS I ETRTUNNE SN YSUCINSTES CUNARR SIS CRNPEICE RN E) LIS B TREAL SRR B N toane et g pertre
i‘v;’l(‘,ﬂxl“'x'i‘.‘, Priccobopdirgm il ore Thoerte Uigrares Ll oale o ppoees s et
pabst it ation, which redieed the goore 1 pmvart o e 5 o e cent
Petween 11 vt 1 o They alao ctiow, o Ste onie diatid, Conobaerst e teanrio-

Fogrel progrpece, bogrether With heavy dependen o on Lhe pyternal sector tor

Wit of 4 cdeip=cat pestonad development pobioy oo by freld nd, on the

ather beendy, v chiagre L the st tare of prodastion whih 1w tendirge o

become vertt » ol ly tnterrated from the Dinnd prod ot downs b the Bavce mdberinl s,

Whlie *hic opocesa b eone further tn some contrbrs, o o SRRt

Hpqsil e Mexioo, She otners intend to follow the same course.

3l Repion i1 development hoae depended on the srester or lesaer demand for
apecific proaps of tonched prodacte an the domectis markets hae the produac-
tion of unmorii ot wnr developed, vartuiealarty i Mexieo oiomtd o, LNoregponge
to the prowth of demoul tor fertilizersy ad the prod potion b et and
olefin hydrocarebons, which ranked nex® pnowmportance, expanded 1 respouse Lo
the demand for platt i, textiles d paintos Tt should e noted, howsver,
firat, that tnct o bed capacity conoets 4 consideratle wamber of omadd
plante mmu e taringe the same prodacts, often wn the oane chantey and, second,
that intreregsionst trade o o comparatovely new departare, sorsbicrted i

amall eale omd reneraily tnvolvings marginad percentgres ot product o,

LR The Symponiam wie of the opinton that developient ot the petrochemieal

indugtey b Caited to reach the levels envisaged 1 the nat o andustrial

development plans, cinee 1t ks not had the expes’ affect on the economy
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worls mopree? (IS N SFE N FAR SHFER RS A8 B  A Potne avaet s peteachemioal pndactey
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SO D e AT RIS ST B e gt o B e ey vagp, he inte-
Sraty on b e bt p o e el 0t sy retoe netbon ot devel spaagt ceptin
tribetries ~ poart o cbarly potrochemi gl - ain e {0 mkes poasible prodaction
aneor e ie thatoupe TecRes o Ly et ecanomy sl by ot red,

i PUols et ten tht the se bt ety o b petrochemiealy,

L abine oy wi b re o 10 e e v i 1 af whitoh about

To o ma b i wy tone i year wi ere agd R Lonnsuery propy tene,
Boggrt

EAR P Ny ttie Mast o e o the richiest perions 1n the world as regarda
raW ptery o o peteactiemy sl bt s mgrket Pop o petreachesioals 1t o1a of
minor pmpert oo, he Syempocpam drocaoesed the sytoation in each country in
the rerion Wit reepet o gt neteolean aad o aatarsl e resonreen, its existing
peteochient b opradb iy 0t e, e 1o pl e Por the fotare,
4, Mhe orprens by o b et athienmnt b Withiin the roeran i he nxpef?tfed to
tiooraane betwees F 0 i | mEampt ron oty tia 1o expected Lo inerease
from 4 voaanbde DLy tone a1 ' P e e 1Mo that of synthetie
ribber P o ot o o e o fyeary erd it o senthet e fibres from
POy e o i ﬁ::L‘/‘“” tPe M b wnt A eawn cap chowt e the ethylene,
mathono b, teviiene . perlymers, svncthebye Cytper et opar bers and other chemieals
the regr oo e et Ty neadooe by srd 1y Lty The carreant and
fratire sreet s Par i epent oot ies s pabters aet Uibren were datoansed
Porme o0 oot coamtry pad o the rogc o, The ratier tire puports of the

Fary e cantries were ivern o o maade toopotenty b pabber prodaction,
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il Suppentions were made for action on u vt ionn ]l biwris, such ao tarit't

mod L it ions, Lo allow exchongre of prodocte and sboandarediation of quatily by

the vorions techniesl institutes. Aotion on o resrional ool wan bhen donlt

wibin, inoloerin bLhe coblime ar W qobnab o poied o o it oty GOl DU,
poibire b lon of bt s Plarloee ahe pesel b peed it o chenidn conld

. L .
ot mtibhon wouild be

i Yorrar Py ot ~ . A Yo [ oy B vrevie by t it
Lo brepescod Uoartoatd v Drey tadk o waventment of

[t AU othie bine, petrocheniosd conversion of o tars ]l resonrcen obhier than

fertilizer production hardly exists In the countries of the Middie kast, which

i 1

bave the lareent crade otl recerves oo the world, Boortieprare, more bhan

ey cor of the naboeead e pebeeed feomarely Uharen we owever, melro-

pere ol ppeedae ey ey of Shem Bareds o Tiddle Mootern crode oil, are tmported

Prom ol ovar the world. i the b, of Lmapopt Clemren Copaw reberiale for
plactior, cyathetie ratver e centhe e Phiren b the Pt yonre, o ot

Cor copito o comranntion of 0o ke Coor Uoanide 4 MHiar does ot el ade

1

et on o seoeesoed plact len, rabhers od fibrer. ) The eraction ot o
bt b o] oo tex brazed onorebarn b renoarees wes cemrerbed, Mol low g

L oriven modiel, the mein petrochemnto! prodioert, eed thelr gerivativer coald be

cpcdead b e Middle Bact Lo meel Pomert i denend et the Sonond
Begolopment becades  Doanption e exnestod b Ctain the raeme o of 0 Lo 1D Ky
E et chiemion e por capibie by D Phooe, preodiechion bnothe Hiddle Bt
Wil orroe Loopinyniret s linare of plicstioog b t m;'/;;(“:ir' ot aynthetic

TR NE SRR LERNRT S VS BRI me/venr of gynthetic flores by 11D

.
Woaotorn Barope

P Pheo paptd sorowth in the plusties qnd eynthet o resing bnduastry L
Mo tern Marope woet cbroceed, [+ the member comtries of the Sounmdl for

Vot g Bevoneento Auncisboanee ’ "'?":’A\, thermoaettine ~omposibions have hoad, up

foo o, oetrent chare e bhe total preodaet ton, whitle the prodicetion of thermo-—
ploectier, cindy palvotetine, e Lo dovelor in the near fatuares Pecmaie of
bhe choptboee of crade oiloin the UTEA coantries, other thrm bhe 0HR and
Romoani, anbebant il pmporbs wpe nerestaliy. e povition of each oountey in
Ehie penpect woe cderererad, Texty Che abore pesched 1 ensh TEA country in
Che prodiacebion cf plesn e end centhie bl resine e port bendarly thermoplasting

Freoe oL oehonnoc b vireer W ot bdereds The exports nd imports of plasties

ot oaynthetr recins ot theee cowtbrion, sre not overy shenilienot, w1 Lhowrh

Covpempt Lon oW ow eeddi oeadias b, However, the preodetion off pelrochemionls




in the CHMEA countries ind Yugosluvine will have renched o substontinl volume by
170, amounting to 1,673,000 tons of plastics and synthetic resine, of which

6?»(),()()() tong will be of PVC and 494,000 tons will bte of polyethyleone,

Western Burope

A40.  The growbth in production and conoumption of, :md trade in, the principal
petrochemical basic materinalsa in Barope over the vears 164 through 1967 and
forecasts of the demand 1n 1370 and 137% were discagsed.  Sountries were
grouped under three henddinge:  Buropean Beonomic Community (E )“J), Furopean
Free Tride Accociation (BERTAY and others.  The f£ollowine bisic materials were
onsidered:

(1) Bthylene, =nd the various products made from il - polyethylene,
ethylene oxide, ethylbenzene, vinyl hloride, cthyl laoohol,
ncetqbdehyde, nd othera (linenr =lecoholy and wlefing, ethylene-
propylene rabters, ethyl chloride; and 5o ong

(b) Propylene, -nd the varions produacts made from 1L = aerylonitrile,
polypropy lene, cumene, propylene oxide, oxo—aleoholo, Lsopropyl
1leohol nd others [propylene teimer nd et eamer and cynbhetic
glycerine);

() Butodiene, md the yarioas peodacts made from 1t = styrene
butndiene rutter (3%R), polyrutdiene, nitrile ruvver,
aervionitri o=t ot adione—otyrene (AX5 recine and others (butadiene

trimer ndd tetrabydrorhthd i ahydride)s

i

(d) Hertvene, and the varto e prodecto mde from 14 - camene, ethyl-
benzene, cyolonexane, doadeyl vencene, chilorostenzene, maleis
anhydride and otheres Dnitrotensene, diphenyl nd oo ony;

(e) Parig—xvlene, with come dracanaton on the fatare of polyester fibren,
Present indicationg are thit there shoald be omotncrease of 00 per cont per
year over the 1736/=1170 period, bat o rediction to 13 to 1] per cenl ner year
between 173/0 and 1274 my become inevitable, Sk o olaekening—off period 1o
not unugul at'ter o few years of rapid expanoion.  Accordins Lo data trom the
Economic Commission for Burope (ECE), the produ-tion of ethylene derivabives
will reach 12 million tons in 1)/%; oropylene derivatives, L./ million tono;

and butadiene derivatives, 1.16 million tons.

North Americg

Al.  The North American synthetic organic chemical industry was originally
based on conl tar, distillates for aromatics, wood distillater nnd fermentition
for aliphatic compounds. Acetylene was available from caletum corbide, ond

the ndvent of aracking in the oil-refining itndustry node olelins v tnble v

that in the years before the Second World War there wis o shift b thene
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materinls ng the starting point for aliphatic chemicnls. [mmediately after
the war, supplies from refineries began to bLe supplemented by the cracking of
natursl s ond, g the mo=-refining indastry grew 1p alongside the oil-
refinine inductry, the chemioad and oll companies began to intesrate their
operations to make the moet efficient nse of the onn and Tigquid otreams
avallable,

Al The Symposim exomined the wrowth of the North American petrochemicnl
industry ond digenaced the ~hanews Tikely to tave place np to 1980, 'The
indugtry concieots mainly of the mited Btates industry, aince the Oanadian
and Mexionn Choilities reprecent only 1 emall part of the total. The survey
wie confined Yo exiot e prodacts of moor tmportomee, since there does not
appenr to be anvthins in the laboratory abage that can beeome million=-tono-
per-year produst by 1180, The emphnois 1o likely to be on larger plants and

process improvements in oo continuine effort to keep nosts down,

A3, At present, dorth Amerii hoao about 0 oper cent of world population and
about 40 per cent of world petrocheniaal production,  Althoweh srowth rates
are expested to remain hien (oo the ( to ) per cenl r"m;?o), the North American
share of the total 1o experted to £all us other countries expand existing

Al

facilities nd inotall new oneus.  Growth roates wiil be somewhat variable,
with the highest fimaren in the polymers freld, tab virtuslly no petrochemical

will aetually decrenase in outpal tonmige daringe the period under review.

Country poaipers

Algeria

11 Alserin posgsesses major resources of liguid and gaseous hydrocarbons,
and it hag been decided to brse industrialization on these resources.  About
4 docen projects have teen stadied, and most of them are being implemented.
ALl of thepe projents are mooor ones and should absorb much of the Algerian
market,  Anoooremalt, Alserio omay be ible to teade in petrochemicils with

both developed ond developlne coantries.
e Alrert: 1o ceriowly examining 11 sobemes of eo—operntion which would
be o et ol renetit ood e oresty to pluce its modest expertise ut the disposal

G devel e coatries. Opecinl ustitctes have slready been crented to solve

prodaction provlemes Alreris ipprecinfes the teshnical assistance 'INIDO provides

v it ond b osoiving market by problems,




Gabon

At No petrochemio:inl industry oxiasta in this countey st procont, bodooror .
atudien have been maade ot the relatively aboocdant row matop iy obe Lor ebe ot o
. N . N 4 .
Tewn, nobaral pran and 0 heavy rosidie from oo ol rePineey be The mpotor
concerned nre:
(1) orde petroiem = prodaction of Do bl bon torie g o
Pesmi bbb Loy b Doy recerver erbimeibed b b o g b g gy
(erorb for bont 5w b the paerent o pate ot unrt o, i
(h) Henvy residaes — production of 10,000 tong/ve vy i two ar three

yeurs bthe coguesily will cortalnly be doinbody s pres e
fivefold;

(¢) Reserves of ratarad srae = 0000 mii b 0 Lo ens into ot
only mao o acoociated with ople Howevery s ot b ned o el b
fields unconnected with oLl mast oo te Liken wato wooomt s e
present tobal outpibt o 347 milloon wy bt ondy 0 i boon o e

being nged commercially.

47, Among the projects envisaged are the production of 60O tona/ aw of

ammcinia and the production of 700 tons/day of” ren oy the Stamioarton
s/

process (Netherlands), An investment of 11 biilion SKA frovese wonld te

required., Another project is 1 mill for the vrodustion of synthetie fitre

for weaving, with an outpuat of .0 to 6.4 tons/day, with + market oriented

fownrds the 'lariff ilnion of Central Africa.  Thin would eropiire i favestnon!

on the order of 1.% billion SFA frincs,

48, Studies for other projects are being andertaken. tne o dipecled towards
the use of the ecrude kerosene fraction to produce solvents 1n the small ol
assocliated with a refinery. Another Lo the ase of refinery residues to jaoduce
synthetic detergents and petroleum coke, [(The ALUCAN plaat for the elociroivi,

of alumina at Edéa in Cameroon consumes 30,000 tons/vear of petrolewn coke,)

49. The primary problems Habon taces are the amiallnesy ot the markel nnd tne

lack of capital and national technicirans,

Morocco
50. Although petrochemical industries ure nonexistent in Morocno, the

consumption of petrochemical products is increasing rapidly {700 per cent
between 1991 and 1968), In this same period the import of petrochemicalas

(excluding finished products) amounted to %30 nillion, A proiect

2/ In eurly 1970 the rate of exchange of the CFA (central fran: urea) franc
wac 2,78 to the dollar,




for proda e cvathet e Prires Dpotoamade tooand ;“»‘Lv‘(“‘t“f".') 1o ander
cornsiderat b,
Sl v ot omeag ey bt tien encoantered pn the rangd fnatallation of
et racnen radtrien re vart e o teching corang snd the naence ut
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techng 1ans o crtpe for rocesr ch oo the aae of placties o agrioultare
At in the canstrgction andantny.
Nigrerl
Fle Sivoe oo petroohemee ol cndastrey ve! exiots oin Nireris, present emphasis
Lo b reot ooandace ot res oarces fromowhicie chemy ol fertilicers and
phopm e e peote teprseds S atratiee twed o poct o pertormance ind
progect e e e ape vrovted on the nreoadctron, Lol conaampt ron,
Trsiate s ooyt Cp et rcde ot gt aread meey wmport of PYS
ERCH TR P Yy \ RIS I vetdey, ot aody ond Tugaefied
vt r ey, coopdrate e it reesens Yerty ! Fitare proopects
TEr poldeere g w L 1 (S ! Pt e whes coech propents mlehit
bt et s DL, 4% " ' pep s ooitered wero anocivoed ool the aaoiatanse
oy i red ot e fe e, Coepe thepe et ape ot trainlner, evirlas-
fuonoeedognt ot 3 reet e of prodactey o canltal reparenents. The
Piow et srenty i bererament offer. o encourgre the rapid estublish-
et ol oih vany beex werpe fesno il fid,
QT
. A dres plant wath cooaty ot 00 tons/day, noing natarsl gas, will
vt prontoe! IO EE NI E | milar oone will come on stream oo the
c T O Prterctrwe cear ot tor ol and opae withia the country is
Proi i ity
e Maorobagr et Ry retinine capscity totads Tomilhion tons, with a
bt SUEEEFTUNS . Cone venr. Trade o1l prodaction Lo inereasing atoa
AN S per et ey, sed othere million Long of refining capac-
Coy et el gt npedaction an by, The naphthe snrplus will
oat by : . Yo onashbhe e o be oased to sapply i oplant
et e o etnytens Dineladings 0,000 tong of polyethylene




and 10,000 Long of Py yearly. PFacilities for the production of chlorine

and chuptic sodq can be incorporated,

5 Present fertilizer requirements are (00,000 Luns/ycnr, and more fertiliser

plants are needed to olose the export sap.  During the five years 170 Lo 1o/

a fertilizer plant with an oulpal of 400 tons/duy ig to be completed,

Ceylon

56, No seriong thought has been given to the development of chemicol indug—
tries. In view of the lack of demand, it would be wneconomic to enter this
segent of industry, and especially to begin to produce synthetic fibres nnd
plastics,

Y7 However, lwo myior steps townrds the oreation of o petroleum inductry
were mentioned, The First government-owned petroleum refinery, which is
expected to meet the country's entire domestic demand for petroleum products,
hias been ectablicheds [t iv proposed to set ap an qwmonia plant for the

manufacture off ures from shemissl niphtha from the refinery. This plant is

experted Lo go into production vy 177 and to meet the country's total require-
ments for nitroren fertilizers,
Htte [tois wloo planned to inestall o 10,000-ton LPG piant and 5 10,000-ton

sulphur-cxtraction plant by the end of 1)/0.  The protlem for a country like
Ceylon is not to ~ateh up with industriglized moantries itn the development nd
generation of new technology tut rather to atilize offestively the best tech-
nology availables  In o small country like ZCeylon, Dekine nataral oas and oLl
the petroleum refinery should be wide to yield the meximan vialue for both
primary und secondary prodactos As oo first step, the cotaolichment of
finishing plants is anticipated, for eximple, {for polymerizidion of imported
caprolactum to yield nylon, whih i¢ used incressingsly in the textile industry,

In Ceylon, lack of capital, o limite! lo-ul market, low-priced compelition
from highly industrislized rountries and a lack of technical know-how cind
trained perconnel ire among the many obstacles that must be overcome Lt o

petrochemical industry is Lo be established.

Indis

ER The details of the first petrochemt i complex tosed on two refineriec

in the Bombay aren that are alresdy 10 operation were provided,  This complex

includes: two crnckers; and dowa-ot o plants for polyvethylenc, polystyrene,




pve, polyester fibre, aolvents (eetone, tenzena, vabanol eted ), plasticizers,
nhemical intermediates, coch e Shthl b mhydeide, phenol snd J—othyl hexanol;

and o fertiliver piant olongs with o met oo et od o oarbon v ber it

0. A comsol Lduted chert wee presented orsine dette of petrochenieads and
the intermediates from whi b they are grodieed, rneld Wi thove from non-
hydrocarton codarces., Some Of the fature plane for the develannent o tha
industry were tadicated, along with entimited demand prtterns tor i ""."i 1’4 and

(RIATARERD

61, The status of the second petrochemicol complex i the dujnreat aren, whi~h
ig developing aroand = sovernment refinery, wW.o decrrited 1n detsil. d few of the
units in thio complex, incelading some for fertilisers, o ldex plant prodasins
benzene, toliene und xylenes (':*'K'X), and o ophithal o anhydride plamt taoed o
ortho-xylene, hiave nlready been on penm. Several other prosecto, rneld wiings
plimts to produce caprobacbin, polvecter, dimethyl terentthn ! e CDMTD, ortho-
and para-xylene, are under conetriaction cnd the rect, boeed om ethylene
production, nre schedaled for completion within the rnext five verss This
complex was planned inouch o way tht the import filie for mapntenamese of the
unitas atreandy antabliched or ander Py lementshron oald be radaced toomoanimear
through the ace of basie chemioale from thiv progeste The compiex o oxperted
Lo provide the vit:l intermediates for ayvnthetie fitre anita ety tnoaperie
tion in different parte of the country, i addit e Lo oxprandinges the ooty
of plastic polymers and providing bl intermedi tes for b vhorneeot el
and pesticide industries. Mention wie made of future ptane for other complexes

in different ovarts of bndis anch o those i Bapount Hald i and Madroo.
* *

Thegse are not likely Lo come on strequn tetfore 117

6. A picture of the present qnd Tature production of nitrogen fertilivers
baged on n:xpht,hu/n:it,ur'::l w was precented,  The specinl featuren of petro-
chemical industries and the seneral conetraints encounterad in therr development
and the solutions tfound were clresved aad elatorated,  The capilal-tutensive
nature, the sophisticated technolosmy, the comparatively Lapgre—an ved econonie

wiite and the need for oo complex tecanme of the tnterdependent natare of down=—

atremm unito vig=ld-vic Fhe mein olefin plant were made clenr.

6, The problems oo siated with the srowth of the petrochemiesl industry 1n
developingr countries och e Tudiy, nd their protacle vecarremnse i other
dovelopinr countrien were concidered.  The qeoiabanoo, based onoacpred

]

experience, that Tadioo o COffor UNTDO was descaribed, aad the Lype of nssis—

Papeee reqatred from BHEo e indicated,
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" Lo bt Kyve=te o Nt Development Flang 146370900 through l”‘,/l I

e e tar b develapment o poart sl iy the irirense ol rice production.
P ool pman ot o =opie et e LR, St oae the terttliver vl pesti-
pader CaTT e, e bgT rhven et oyt il reparteliong e oo wnder

W SRR I A BRTE T S EE S A e o LEe petr cmemie o pmtaibny Lo adentify nd

ol oate 1o tent el opetr cpemitoo procerta b oraer foodraw ap o mocter plun

fap Cotare geve; prment Cotne g L

AR St e o gty o eebatively smnlbomarket tor petrocnemical producte,

bk o tnte actrst e ol pat b atiiities are problems the doverament frces,

i L ol ne Roapelm Investmend Lawy withoits incentives,
Woe e et tn sttt i Sorenrn caplital o to [ndoresin,  laprovement

Lo antroastr oot e et paidber atiboties s sonbinandsly velny cerrriod oal
Py e ot trelr bmport enee i b biataing guncenstal development.  The creation
U ogpeet 1o dn o the Pl ubwgrer of prepuration, and this will no

ot entioce fotape economls devebopment.

tol, Wpom the gorat of view ot row miterinlo and the potential market, the

petpcchemp ol ey promicig Catare, espenially Lf the expected
Dope e Lo the srrees nbpomdl prodact e taken into considerations  To obtain
Phe okilfedg Datonr pepateed Fop the petpochenionl industey 1o uot expected to
be very Sty A caatant o b roanter A workers hoave soquired experience

Lo the refineries d oin the fertiliver and other inductries, With proper

trocning, they will conctitute on Wequite cupply of ckilled l:bour,

i, Ay Lrepairies resardinge toreismn invertment choild te addressed to the
Department oo tndactrey, byl Reton Girin 6, Dinkarts, Indonesin.

e Indictries toeed on the recovery of sulphar and 1te use in the manufacture
of cilpharis seid, ammonin aulphate fertilizers and synthetic detergents are
dready in existences  The mormitastare of ammonin, nitrice acid nd nitrogen

feptilicers from row melerislbe derived from pelrolean hie alao reen established.

‘e The procpects Por petroonemiool developmernt, such e the moanatfacture of

cort i variotier of et Dotk plaotioen

} svntheti~ adhecives for the

corotbrey e oxpand e plywood tdastre, bl qrd aryl hydreoenrbons, acelylene
vt obin terne connold voet te Poreoaat accuratelye Netailed curveyoe of the

mwotent il rpowth of the induatries that will congume these chemioc:ils are




- 25 -

necessiary. A complete feasibitity study may have to be andertaken in collab-
oration with forcign experts before concrete steps onn te taken to expand the

petrochemion! indastry.

Pakistan

14, The petrachemical industry 1o still Lo ite very early stages,  Exisbing
} ; y 4

cnpacity 1o bimited to one small PYO plant baged on imported coaterun carbide,

one polyethylene plant toged on indigenous molnones and two ures formaldehyde

plante based on indigenous uren und imported formaldehyde,

, , . p N

14 Weot Pakictan hae 16 x 10

. I ,
Buct Pakistan 1O x 10 ft7. Natural gas has so far been aced only Lo mike

D]
- J
't~ of proven natural gas reserven and

nitrogen fertilizers and as fuel for power generntion. In East Pakictan, the
jovernment iu considering a scheme costing 38000 million for producing annually:
PVC, 40,000 tons; acrylonitrile staple, 12,000 tons; ncrylonitrile fitament,
4,000 tons; polymethyl methylacrylate, 4,000 tons; canstic sodw, 40,000 tons;
bleaching powder, 1,000 tons; methanol, 37,000 tons; ammonium sitlphate,
P8,000 tons;  nures, 320,000 tons; and surplus acetylene, 3,000 tons. In

West Pakistnn, where o sizable quantity of naphthu 1o available from the
refineries, - ccheme for using naphtha to produce 70,000 tons of ethylene in
the first phase is currently under consideration by the Government, The main
products envisaged and their annual production ares polyethylene, 10,000 tongs;
PVC, 14,000 tons; polypropyleae, ©,000 tons; caustic sodn, 13,000 tonsg;

dodecyltenzene, 4,000 tons; and vinyl chloride monomer, 16,500 tons.

15 The capacities are higher than indigenous demand, and sot~tant ul export
is envisagred to ulilize excess capacity. Although capnhcities to be built would
ve ahead of demund in order to rednce production costs, domestic demand is
expected to yrow rapidly once domestic produstion is underwny. There is a
hidden demind for end-use products such as wires and cables, electrical
conduits, packing materials, flexible sheets, pipes in roof construction,

footweanr, roated textiles, synthetic glass and fibres.
6 Despite the availabitity of cheap raw materinds "about 16 cents per
4
1,000 ft of gas in East Pakistan, tor example!, limiting fuotors in the
development of the petrochemical industry have been the need for heavy invest-

ment and for high capacities and ~onsequient dependence om0 highly competitive

export market, not to mention the usual bottlenecks such as the lack of trained




manpowers  Gaclotouiee from oy pertie dbarly o Gncemtigr export markets

et posami bt ot e torm oot ac e Pooenpre moarkots winild be most we liome,

Yo b larppiaes o aduaeed paplaly in the moaa et are ot comaanption

.

A i aber prodasts baoed o petrochemi ol raw mateprisie, Tt oW anvesti-
b Che et diity o aebtting oap o petrachemp ol omplex toap bhe manatestare
W bent s raw moaterials centred o paphithoas ok e pioeh Wit RN
Ly Vo e e iene,  he dovernment ope portpripn e prpect by the

development o0 timovptastey throrn Lhe Soard of Tnvestments, whicoh b baen b
arprandoced o Patpsehanp oy s Tommit e sroaed ot members from the v bie el the

private gest o,

Argenting
e Sine the fipst Thmited Nations Interregionnil Petrocheminnl Symposiam,

the Argentine peir chemio! indistry hoao prown ot the remirkatle rate of

£r7 per cent per year, ek e o erong prodoattion oatpat of 317 million in

1965, as compared with 8 e tionoan oed, However, this aatpat ot oot cench

the level tht ~oid hiave teen sypected 11 relation o the incresce in the
eroas natioerd prodact, Tareels etmine mach wf vhias prowth wis atbritatatle

to import cabotibatione ohe et Pice years appedr more promisigs i view of
o pecently iopied petroachemionl desree (o, A0 e whieh, mongr other things,

b established pricer for feedstocks fo te sapplied ty the State, ot Tevels

eqitl Lo those provailing on the intertitiongl markets,  his shoald dlow
local production to ~ompete, by 1o /176, with imported prodacte penaring
duties of only [0 Lo A0 per cent, v P, Apgenting expects toote ael -
cufficient in petroleam and natarsl oo, The petrochonical induastry will thus
have n solid buse on which to ctand.  The main impediments to 1to development
are the fo11 wing: oosts duae Lo ecoonomies of senle and tdle cuapaclity resulting
from the relatively omall and greopraphically isolated market; economic and
politicsl problema reanlting from the sutstitution of synthetic fibres and
plustics for cotton, wool, 'md leather, ull of which are significant natural-

resource induaatries.

Holivia

T, Uolivia io very clowse to implementing 1ts first petrochemical projects.
Holivia hog o ogood supply off raw miteriala import it for the petrochemical

industry, especially natuaral gus, For greiter etfficiency, the Andean rountries




{ih)l wvic, b iley, Tolomt 1 oand Perdd have spereed to plan the prdactey o o

pegion ) tapsire he characberieto proilars of the teoe developed coantrioes
and the peccbrar traep o rbatnon prot Ter ot e e e oo prot temt e be
golved, An ool o it rate Yorbilcer edpiooive et opr e b bownras

the Forme m ety White vart car acternatives ednet P opr o nee i U b
regsLonsl marret,

Pratdd

R0 e rolame of Moot lian prodaction and consamption, toth present and oan
the nesr iture, of petroleon paw miterials snd of b arad iy, ot wall o of
Pastie petrochent ol prodacta, wan deserived,

"1, Sinee Lty fraeal oand credit oincentives hooso teen extended oo the
shemi il intastry Cinedoadine petrochemionla . Theae nave reen boeplled Ty
agency of tne Miaiotrs o Debatryoad Tommerce, B oxes e e o o the

chemical industey = SEIQUIND A Tist of the petroochemiea preoests s et
by GEIQUIM woae presented. Many off thece prosesto are Sipedy oan o aperatyoti,

The otagre of development Hf others wae ndicter,

82, In Pite a6, the Sovernment decutded Lo rrenfe oonew company: Petrotrds
Quimics J.A. = Petropaioa, o« cavidiaey of Potrobrr et wholly oomtrabted oy
it, with the um or promoting the petr chemic:l inductry directly or through
its association with other Fraszilian or forepgn privite enterprioe, even with

a minority participition, hig wis not permitted to Potrobrds tteeils Ao

result of this policy, varioaw pragects are now beinyr midart aken oo aoant
A h

ventures between Petroquisi and private investors,
I

83, The production caphoities, the main raw materinls reqoired nd the btoeae
petrochemical products o existinr plants and also G those nder constraotion
were listed. These dats indicate that Upazil should have nosecare sipply ot

basic raw materials for the local petrochemical industry nt leust antit the

mid-le of the next decade.

Chile

84. Current investment in petrochemicals in Chile 1s sbout 340 millions Lt
is planned to increase this to $150 million in the perioi 127 to byt This
investment would be provided by the Government Tmainly theodrh Petrogaimie,
Chilena S.A.), by private enterprise and by forepm interest.s, Potropilmes
Chilena S.A. was set up in May 1366 and consisto ot the o lowlngr divicionn:

Development, Technical, Commercial, Finunce, Administration nd berconnel,

3




[n 126%, the Chilenn [natitute of Plastics wags et up lurpely through the

inttintive of Petrogquimicn Chitenn 3.A. This institute represents the

interests of both procecsine ind otriecs and thooe mikirgr the rintl products,

LN "o omopket Uop plantion rensed Pive aad o halt fimes hetween 1963 and
Vo, et thie rate of dnerenee i+ expested to be miintrined wp to 1973, This

woald meoan s e enrt Lore of plantion 132 af 6 to [ kg per ooplbi

SN i e openient lone nove teen stadying and planninge for some time the
fove! spment of petrocheminals o whole, and s v oresall, complex is now

arier constroction wbo the San fleente ref'inery in the Soncepeidn arei. A plant

H

belonsine oo RIAL Empreas Yacionald del Petrdleo) will hiuve n anreedld capacity

‘

A G e ot et Tene, A0, 000 o K0, 000 tons of propylene and 10,000 tons

[} i

W tadieno.,  Lroae axpected b bte onoustream enrly in 1700 he ethylene will

o ed g the chipe! raw mwiteritl Cor the production of vinyl chloride, poly-

Alhy lene oot ving o oacetates The fiprat two, with sapaeities of 14,000 and
y / . . , . y o . ,
LR o ey, roapeshively, will re streqan by mid 1J)id. o provide the

hlorine,  chiorine ot aody plhat i being iatalted ty Petrompiimica

Wilen . ehe Ln LR oatpng areig oo ol et ooperating alao in 1’0, The oaustic

o Wil b wed tor v el lophane, tonb, deterrent, textilen and el bu-

Tave,  he obhiorine will ve Siditionddl wen in cellulose, dring ing-witer and

Wlopine terioitires, Lo aian nlaned to prodiuce vinyl ncetate from ethylene

el et e o peetinn e o e tong/venr, higher Gleohols by the Hyo
' . 1 3 (.

H

Sy

T, 000 tons/year of n=tutanol

0 i . I
nre s o ()I"‘;‘r.'.’“?!:i? 11 “,,':J,!‘(!.‘,l“, PR B ap t o

\

1 [
et =othy o negnanod

BNAT G ocleo treatime nbara s i fhe Marellan sren wnd prodncing from
Lt 1P oand methone snd ethine for other petrochemins]l ases s srmmornis, urei
4nd ethylene dichloride, An qromatics plant to onot vet considered justified.
Polveaster chips will, nowever, be meate “rom imported dimethy! terephthnlate,

dnocilkylate plont tHr the manadnet cring of detergents and possibly o plant for

phthalic anhydride will te onatroted Tater,

" opecrad tment of exports nd technologiots wag discassed, bevelopment

.
will deperndd too Do extent oon tmported know=how,  Ruw materinl cun be
crely obLained from exiat b refinericn, coupled with planned extensions;

the oaporeibies and present oatpud of these refineries were iudicnted,




f)() -

Mexico

. The Mexircan petrochemicon] induastry dates from 1795, The industry v

reealatbed by law osnd io o divided into oo patTic and 0 private cector.s Prodae-
Lion 1o widely divernified, Tlexio companies, wonliy with forelem technion]
qusictance, bailt the inctallations, The Mexican Petroleqm Instit e nnd o

priviate enterprice sre developine their own technolorier, and oaceesn iIn the

.

noar futare 1 confidently expented,

Puerto RHico

0, Pherts Rico has economic problems quite wimilar to those confronting
many developing countries today. Tts experience in fostering the development
of procesuing industries and the substantinal enonomic progress it has achieved

shoild offer some miidance for other developinr coumtrien,

9l When it bee.n to undertake economic development on o orginlved boois,
Puerto Rico, like many developing nountries, hWod no indirenons mineral resouroesn
and wan overpopultteds  The initial attractions of fered to Lmdictry were tnx
exemptions nnd the availability of lTow-cogst (rat mokilled) latoar.s By encour-
qeing the estutlichment of petrochemicsl core industrien that o ld proadusce
low=cost chemical raw mileriinls or intermedintes, the Sovernment [uid the basis
for the sibaseTient development of varions down-gstrenm processing plents. The
petrochemins] industry in Paerto Rico dates from 1995, when two o1l refinerien
producing conventional fael products or the locul markel nd for export onoo
modest soale where inotalled., AL present, major refining and petrochemicnl
complexes have been cstublished around core plants of the Sommonwenlth Oil,
Phillips Petroleum, and !nion Curbide companies, and vet another hns been

started by the Dun 011 Compiny.

9. The progress to date in Puerto Rico has proved the validity of the

concept of developing the petrochemirtl industry in stages, gtarting with the
basic refinlng/petrochcmicn] core facilities. Petrochemical raw materinls and
intermedintes nre now being exported, but the pattern has alrendy been eababi-
lished for increasing down-stream utilization in Puerto HRico. Developing
countriss now considering petrochemical installations shonld review the merity
of this approach versus the possibilities of starting initinlly with nnounwieldy
and excessively cupital-intensive integrated petrochemicnl complex, kuch otep
could be taken on an economic biasis without foreclogsing any of the cuboequent

down-stream processing possibilities, when and if such furthier incballations

were economically justifiable,




93, Puerto Rico's esood fortune in having o competitively priced source of

paw materiale within olove rench, o obrong Larifi=tfree oxport mirket on the
nited Staten meinloand and e entat Iiohed md growings Loca ]l conaumer—roods
morket ioorarety enocod 1y devel LT coanbries,  Lhowie 8 smrectad, however,

v

bhat the crescbion of pepriorer ]l markets wolld o come cnnes permit bhe et ba-

tyon of ;’n:ztr'»t"rmzn‘lrt'x\. faribitien of coonomic aive.  he advantoeren Lo be groined

by corord i Japlicabion or oot ection of sevaral amll oanito ore obvious.

Admittedly, the corarenit ot ditferent caonbries Lo the pooliwge ot their markets
for Lhis pirpone ol {oprobat by hove bo e conbingrent onooim A baneoas pooling
of resources nd curpeement s Lo redics protective Loapi e and cazbomis Fach
aoantry providine port Wobhe morkel for opetr yahemio e masl hve 1tncentives

For portioipatins oo perionnl co-operative eftort in other wayst

RN e ocoomie clevelopment af e dad nd

"

atcyro e been dominnted by
fhe srowih o of Lo petrolean production d refining centor, paeilities exist

i

fop bbe prodaocbion o wide rore of petr cohemion by el oudis gromot Lo,

TOTEE UTR N FIA PR Joherme, ol trimer, fetramer aned di=loobatylencs Totaral

cee dar atiliood tor the prodaction o Lpmored, aren ceudomm vt calphates
Cpiabded ot Totonno fwithn pon cbation ot one il o ek o apprecinble
domes bl omarkol, oo Phegd the prootiebion o pebr voemies o Lo tmost oxolin=-
sively for guporte e overnment fis intvrodieed vapioa inatitutional

N

mesoures (el eline penerons boog bodedaya Lo help the Loty Lo oexpand,

1. oo b condi b bonn oxigh for the pelros emienl indaetry, cupenially

4 i1y

qa regards the Guai bbbty ot raw materiats, ho progpects tor further

devel opmers hrve aloo been srrest by enfioneed by recent diccoveries of auboton=-

Lial pumbibien of i, oil and condensote on Trinidad Ty sodth-eant const,
Lomgr=Lerm plans for the optimam bl \zabion of these resonrces are being drawn

HDPe

Hrugniay

90, There nre no bisic or intermedinte petrochemical industries in Uruguay.
One of the main reasons for this is the limited market. Other reasons include
the laek of natural resonrces, infition, the lnck of A spenific policy of

promot i the pelrochemt vl Dd st ey and daffioadties of wecens to technology.

The marke o 0 tranily oft ek S Apeent iy, md oo the Ardenn region have the

diuadyimbogre Pt Dot dict e muot be coveres rench them. [f, however,




within the Liabtin American Free Trade Angociabtion CLARTAT S perctiis me oo
were creited Lhat woild allow o el areced aad hormont o deve b opmont 0 menner
sountries, rumiay might pire Lo grdertake potr ochemy oyl o pre ety ey
hag an adeqeite tafrateact re, o certaln despes b ot s e e it

g omertified Tatear ree,

Yenevuel

9 The Moocon complex i carabobo obate inclodes s fertiiicer plandowrth oo
gl et i by o bt Dhg e bona g oan Pidobrral explosiryes plioant o witho
avnunal o capae ity o gt by e silorine—c ot phant o wibh o earad
capacity of 10, o tans L chiorine aned VD, 0 o of ke A new Pertailoer
plamt wibth ool apit oty bl 1t oreinet ool Spoan Thioo ompiei,
New progecte o an tne My ' muytex in st cbote anelade o ceoker proeda e
ing oannaa by by, Cune of ety lene and 0, b o neape bene s et
chlorine—sods plant with o oanriesl oanae by o el tona T orrne and
40,000 tona of suda,

I, A namber of vent ires are teing carried on ointly o with o Yorens partaer,
They inclads o dodesyl tenzene plant with oo oty LT o

‘nd 4 phthali: smhydride plamt with oroevo b e T S O RN P S A £
plants re in Tarabobo atute, Procesten qorgtoentures, it sttty
include ¢ polvethylene plant with an vt ~apnot! L LT S beb
plant with an e Cpprt iy ot 00 et e e ap g monomep
plant with an cirveed capaei by off B0 it bone g e e e abes eirt owWith o
annnaal capati by of a0 one o of e i iy P ot areny
polyisoprens plant with e ooyt ty ot Tty

99, Venerael o companies are alo poartreinstbrss iy potorent res atr ovad,
Two such enterprices are in Tolomilar TR EETUNE ITER IPTIT SRR AN T O A A

capacity of 16,500 tons and fertilizer ploant with o el apaeni by o
142,000 tons., Aaother joint venture is in the Domuinioo epat Lies o fertibocer

mixing plant with an annwvil capanity of Wy Qo) hean,

[raq

3

100, While lraq haw o petrochemical indushrey oo Fortilizer plant ot P,

: tong/year capacity i oander o matrantion), itoie on the threshold ot devel p-

ment in thio sector, miidel ines for development tepro voen et el pone

reports prepared by conunltants daring the Lot Cow yenre, These renoartey,

atill nwnder stady, deal with the pospitality T petat ek b peteorem ol




by b e gt feptiliers senthetis rabter, svrthetin detergento

arpd artom b, Gim omee s e ] Ldieee petpashemicn! indittriens has become
R LT N R L N S B AR 4 SV LU S 5 SRR S swiver dereoul Sop o pebreochemioen! opr IGEETAR A
A te e ot o erd e o ot e et b ter b b ud orefinery

orer, Why . Gt e Proce pnd et ries. et peodae i Tow-

o b 0 et e oo BTty e the nogt Taepmede oot bd teete bhe
Pt 4 e e e e i b ey rapbd petey Lt oo expected to
resci ot oy on SR A v et Dishment of 4 co—operative Arab
proooct e teen propooaty o e sheild be lapme eno ot Lo be enonomic
Gt t s mest 0 ear the demeopd of tre mempers of fhe Aral Ummon Market that

Lo now pider cert oo conslderstion, The dmportance of NI apsistance in thig

reppest Wi omphaont e

Leboron

The npetrochemina!l industry is practically nonexistent in Lebnnon nd
no definit: nrooacts are planned for the immediate tatare.  The possibility of

eat bl lenes the adastry wae diotioced e well ag the role treet Lebano sould

plaw in the devel wnment of un Arad penr wihemioal ladactry.e  Ceocwe of Lhe

Dimpted home marget ol the swence of creie olloand notaral e, bow felt
bhet o e oiese potrocnemioe o oindaotry aoadd ot develop satoode an

SRS Pitra e letanon haa osetentifio wd technroct atart oof high

i

deve lopment
cnlitre s well wr low=cont atilities, there 1o o shortage of feedotock: 1n
[

the outpat f exicting refineries and o Lk of private snd pablic capltals

Foarthermors, the oil—=prodacing Aral coantries gre nol expected Lo inveust in

Letooaon on ooy sppreciatte aosie.s The maln ontriboition thoo Letrnon could

moake o the dovel spment o sf o Ared petrochemiond

Dedaetey 1o oin selentific
resesreh, the neceauity for which oo been emphvciced, [t we nyrmrested that
* o A

an Arab centre for petrochemic:l rerenrch te cothrlished in Lebnnon,

Sy T

Lo, Opade ol s oaveilatde otk feom Virkads o lraq) and from loas ] proaduction,

- e . . ; , ) SO
Mhe apecitio pravity of the Datter 1o trom Don bo CAUAPT, and 1te sulphur

content bt highe  Ameceiated e po aloe orailaide foropetre hemina ]l prodiac-

fiovr. The fieat retfiners woan ocbor biched b D, e ocapeett by By st heen
Cvepnaed Prom ot T e e L L e e e . e e
Trisv g Yy b o Pl Do renr, oL vy Lrietrennta Lo

creld of middle distobbcten, With e comprres prer sl phare prodiae il ug qnd tarther

N P N A N %3 ¥ . N N . - v » { v 3 N H B
eXPoatlon S In VIew.s  fan ammesovan b ite plant owoll otart seoebotion an 1) 0.




The rapid rate of inarease of fertiliver consumption indisutes the noed fop

additionnl nitropen cupacity, probably in ares.  The primary emphacic 10 oon

Y

increasing fertilizer production and the hydrogenation of the besvye Oyrian

H

scrude otl.  TH 15 enviawred that ﬁH,UHL>9vwmf/v0ur A ethviene woll be produced

in the tnitial obee of 9 petrochenic:] ~omplex,

HOOR (Azﬁerﬁuxij-n1llul-;c;.13aw'iul ob Hepaolin (AZGDR))D

103, 'The foundstion of the petrochemiaa] industrey of Averbal inn wos 1aid in
the 19705, Bxtensive dcselapment of petrochemicgl soience and industry took
pluce in the I'Vos and 100o, During the last two denaden, the pyrolyols of
Dil and cnoimye-hend eanolines and middle wnd heawyy petrolenm dictiltaten have
been extensively inventiesuted, and  new and improved pyrolynis technolosmy, o
well a4 new intesrated ncoheme for the dtilization of 11 prrolycis prodasts,
hae been elaborated,  The recaltis of these tnvestimations have fououd wide
commersisl application.  The technology for the prodiction of high=parity
ethylene and propylene huo been developed.,  n the tanis of thece prodacts,

Inrge-ncale processes for producing polymer s and other val it le petr ohemingl

prodacts hove been elaborated, for inotance, direct ethylene hydrati o,

\

1040 Important staudies have been underbtuken with o view t o turther developinge
the aynthetis rabber indastry,  These inolade stadies on the proad B
butadiene 'md looprene by catalytin dehydrorenstion of ol proaeaaiwr

the development of the technoloagy for ethylene-proypvliens roter prowiccbiion ol
the elxboration off mxidative dehydrogenstion procescen,  foeriod pn's

have carried out investiegntions on hydronarbon oxidastion ant idytpve ammono-
lvsis (production of nerolein, mateie and phthal s anhydreides, obnylone and
propylene oxides, nerylonitriles)., The production of chloro—orsee s compodrd:
has ansumed great importance in Azerbal jan'e petrochemicnl anduastry.  One of
the new trends io towards the production of polymeric materinla. ihis involves
the elabteration of o new and original technology for polyethylene production,

using oxidation aatalysts,

Czechoglovakin

105, Petrochemical production started in 1961, when the large-scale import of
crude oil from the DGR begun. Crade oil and nabaral gae coming by pipeline
now provide the raw material basis for the petrocheminal inductrye  The prodas-

tion of petrochemicals 1 recent yenrs hag been divided 1nto three booria gron

(1) production of olefing in two separate small-nupusity it witn down—abrea

.
.




petrochemical processes praduning aynthetic ethanol g {tW

voale

I

styrene, ethyvlene oxide and ol

() aumenc-pheno!l nd polyprapylene baoed

qued o ethyvlene and oxo-alocholog

R ;){“,\I'}"" 1 OYEe,

ethylbenzene and
and

Bataellene 1o oextranted

From the 1 o=fraction and te aced Por conthetis pabber prodactong The prodie-
tion of apomet Lo Yreom opetroloan cen diethylene sl doextprection. Pensene

P e Pop et lien cone ot omene nreod ction, Paraexy lene ethylbenene
are preprred v mixed xylenen, ataral o ran oo anod g facdotonk to prodace

synthesis pae Hr ammonis and methonol prodactiong

of acatylene.

with eventusl co—prostantion

106, o enaure o caprly of raw o woterisla for o the prodoction of plhet et
other chemicnix e the perist ap to DD 1t will be neceaoary tooerost,
no—operation With nethiboarine sembries, twe Inren etiylene ity with o Latal
capacity of 0000 Lo el nne tone/yenr of ethylene, nd to inrence the
production of existine wiita,  Tew plonts will te erented, oth high=donoity
polyethvlene, vinyl ~hloride, 7inscl wcetate, aeptaldelydey polypropeiene o
acrylonitrile, tnoed on ethvlene nd propylene,  honew sromatics-recawvery plunt
has been erectod, in:ludine denikylation of tolene. Renvene will te el fop
the prodaction Hf cuprolactam,  The prodfortion off ammenia ia boote tripted in

the same reriod, soing ateam retfarmine of rwdloipal vas
H L] 3 f

fuel oil.

107,  An important part of

the petronhemical units already

sropartisd oxidation of

tnatalled 1n

fzechosloviakia wis developed, engineered und executed by Ozechoslovak lnsti-

tutes and companies,  The machine induaot

and foreirm-lirensed petrochemic:l procesces such
synthetic ethinot and PV0 produstion
tion, [I'rocessing development hus

styrene rubbers and for polystyrene.

Poland

108,

N

plants for the production of

have been built, Existing capacity nnd

attain o production of 7,000 t,wylp;/dttv o1,
processes bred on crude oll have been developed,

capacity rose to

of 13.5 million tnnn/yewr hefore 13'°%,

The nse of petrochemical raw material in Poland began in 1164,

inotallatione

Hetining and

rv Jdelivered equipment for their own
as olefin production, ammonina,
and atyrene and polystyrene foum prodiuc-

been achieved for modified types of butadiene-

Several

ammonis, methanol and ncetylene from natural gag

voming on atream will
petrochemicil

Petroleum refinery

million tons/yerr in 1967 and ig expected to nttain a level




bl

109, The tiret small plant £or stean arackings rophthn went 1t npaeration

i
¥60y and the production of polyethylene, ethylibenvene, ~amene phencl and
anelone Wt Leptir, he xylener e the plttformer were Lilized topr bLhe
manute b e o DT e npo b g ot pedyester Vibren,

P16 In 1o/ Py the prodaetyone ot e olefine wil b rench only 100,000
tons/venr o0 ettt lenn g ! L I T TR FS TR TRt plenes The prodio-
tion of b pdrene wild rogrere Ppoy gt ! I /(?f(‘ o imeeln by o
Hovwdry "o pr oY, Bothe thrve-year pla Dol=1 0 0 gow chenm-cr ek g plont
With o cnpe bty ot il Lo s o ?,wn,h/,.‘c';!' foethyiene Lo Lo te erected,

After Lo o cecond ook plont with the coame capicity will e noeded, 1o
the planned devel apment of petrochemical prodacte, perority will te miven Lo
polvolefin placticg, synthetic fitres, various resing and new kinds of gynthetie

rutter,

Romani

[The Iwo man lines of development, baged on two raw material sources, methane
and petroleam refinery products, onn be distinguiched 1n Romunia'c petrachemiced)
industry.  Une peodiction of ammonis, vinyl chloride, trichloroethylene, ncetin
acid, vinyl wcelate vl 1te polymers re baeed on methme,  Petroleam refinery
gas 1o uwed to prodice dgopropy ! benvene, which 1o oin oantermedinte for the
productinn of phenol-ncetone and of gynthebis ratter, aud for pyrolyaig for

the produstion of high-purity ethylene qnd propylene, which o then treaneformed
into polyethylene, ethylene oxide, eslycols aud phens'. Lipud petroteun prodacto
are now used nu raw materials for the prodiuction of ethylene, In v relatively
short time the petrochemical industry of Komania has stimulated industring)
production in generasl and technical achievements in all areas of the national

economy .

Yugoslavia

112. 'The problems of the basic organic chemical industry in Yugoslavin, which
is represented by plastics, synthetic fibres and organic chemicals, and which
wags developed according to forward and backward integration models, wis
degcribed, (Grogs production of the basic organic chemivals in Yugooslavin,
together with production of the final products and intermedintes, 1ncreased in
1963 from 73,996 tons to 204,340 tons in 1965, The mojor part of thic outpat

took place in the plastics field, together with the plasticizers needed in

compounding plastics, In 1968, about 88,3 per cent of the total bagcic organie




shemisnl prodaction consisted of ploastiog nnd intermediaten of the first and

aesond roneratyon,  Cheoe intermedintes are mainly wed e the ayvithesia of
ploactioe ad plastieizers, Aot to o earbon content, Vanebavopr vyt ron
ot Pipntesenora by Ctepmediater o bamed B0 oper cont on hydrooartons e om
petrolon et 1oper cent Ppon el by 1T, atter completion of the romatios

plant now vder conct et the hydroosebons from petrolenm will nmosnt to

Hy opap cent of the totaloonrbon conbent,

H

11%.  All the problems encoantered in fhe esrly otage of development ot the
bisic oppnic chemioal pndustrey in Yigronluvin arose becuuse the prines of
organie chemiile were songideratly higher than those produced Ly the developed
countries. Owiwe to import Tiversbization Lfter the eonomic retorme, the non=
competitiveness of indigenous producstion was not only retlected in the world
market bat lvo in the domestio mirket.  he non-compeb b iveness off L Lgenous
production wig dae Lo interns] conditions in Cnmonlavie whisho e different
from those in the countries that oontrol the world prices tor chemleala, A
Jimited domesti~ murket does not justity large=cnapanity installations or major

noncentration of prodiction in complexes. Youron v enterprives thns found

themaelver wnatle to compete wWwith the mior wortd SOmpanLes,

114, More ~ritinal than the » vt ot boaoie prodasbion Wi the vchortage of
capitaly planta erected had Lo e Flnmeed by domestin wnd foreign lonns, The
termn of theae loans were often very rigid ond mode 1t impomaitle Loy parsiue
flexible price policy. Ihurther pirchages oft licenceo il know=how not only
absorbed considerat le amounts of yrelgn currensy baboaboo inare wed the final
price of the product, Diite part from bhic, there was neither 1 conoiotent
development programme nor an wequate economin policy Loointegrote petrochemical
technolomy inton the Yigostay co momio strootare,  One grest dicadvantagre for
4 developing coumtry io thut it i not possible to predict the recol b of
further development in industrislized conntries.  Thao, when b wan decided 1n
1960 to erect Lhe AT and OHLES planto, Lt wag naloulated that, by thoonings the
Leohnolomy et by Gred ey prodeine b rescorbl o ety 7 Lrastovi

worild be ale to meet bhe prices thed srevallinges i ononst Biropenn rnbries.

However, tetore Bhese conplogen wero ompletod, the worbd prices of thelr
prodacbs bestul Lo qeorenge cienitoranbive  Dhobe ow by ke beomee gllern-
Dione cod Lioar boo et the elanbs Lo Pheone ney coedlbiodas Hease Liedlsenous
prodibion b been patoan L Lot i wmnpekal ot prices codoiderat Ly arove

Llhioae o fhe Donorted oraaebs thot had previously supplied the needs of the

aposoaabe tndastry.

x




115 Yuposlav experience has shown that, ander the conditions of free
market and of decentralized inveostment decisiona, the growth of o domeotie
basic oreanic chemical industry in oo developing countey con only fe ahieved

i

by usine economic polioy o oan tngbrament Lo meaintain cerlbain price level

for oreminic chennoal prodacts, This price level moct be wdicted Lo vapmon e
with the current rate of exchange, with tariffs und with the prevarting foreiya
trade position.  This would provide o certain degree of stability -nd enable

the optimum ~rpacity to meet the fixed price to be established md thi reduce

the commer-ial ricks to normal limits.

Peo My 19700 Yroslavin s expected to achieve the statug of anoindawtriadly
developed contry, with o nutional income nearing 7,000 per capitn,  luringe
the period ap to 13850 411 fields of industry that use products of the chemiil
industry no their raw materis] will be develped. This emphnioizes the neceas-
sity for further development of basic organo snemintls and, 1n purticalar the
manufacture of plastios, synthetin fibres, aynthelic rubters and 4 series of
organl: lintermediates., [t in expected, however, thiat the futiure economin
policy of Yuroslavia will bLe much that it cnn play o really areative role in
the dynumi~ development of the world petrochemion) industry,  One of the faetors
that must be emphasivzed is the importance »f joint ventures in the development
of the petrochemical industry in Yusoslavia - an opportianity exints ffor foroien

and Yugoslav enterprises to work together to build up the Yugoslav industry,

Spaln

117. The presentation on the development of the petrocheminnl industry in
Spain tncluded the following points: present sitwition of the industry, with
a tabulation of installed sapacities for all petrochemical produnts; future
prospects, with a tabulation of plants under construction und short—ringre

projects; major problems; and the need for technical and financinl ngsistance,

T

Purkex

118, The first petrochemicul complex in Turkey began operating in Dnotober 1907,
It is located in Yarimeca, abont % kilometres from Istanbal, and telonge o
Petkim Petrokimyi A.S,, o Tarkish state company thit has been entrusted with
the task of estatlishing and operatine the petrochemicdl indactrey in Tarkey,
The Yarimea complex comprises fourteen mits, which wre Ly be ralivad in
three phuses. The first-phise units will g0 Lnto peraticn one Ly oone, oo

completed, as follows: o naphtha steam ~cracker produc ey T rds v/ yonre
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of naphtha; polyethylene anit prodacing 12,000 Lnns/‘ve:xr‘; 4 vinyl chloride
monomer anit produacing 7,000 tona/yenrs  # polyvinyl chl oride unit producing
26,000 tnns:,/j,feur‘; Y ehlorine-alkall anit producing [EATRES tmnsy/;y'ﬂ.'u' of chlorine

and Ty R0 tnn::./ye:ir‘ ot cqustic sodas  and o dodecyl benvene arit produacing

10,000 t-‘\,m:/};e’xr'.

119, Tha rapid development of the murket his nececsitiated the expinsion of all

the first-phaoe aito except the dodecyl benzene untt, “he expanded capacities
. I '

of these ntte will be i follows: naphtha steam aracker, 260, 000 tong/year of

naphthing polyvethylene ot S 000 Loy s,:../*/e'u" vinyl chloride monomer unit 54, 600
¥ f ' 1) L £ 1 3 1) 1)

fong/veary P i, et m;z/;xew.r‘; ~hlorine—alks bl anit, 4,000 *mn::/ye::r-

af chlorine cepl T bonefvenr ol et eadn. The antts that are Lo be

v

iroorporited o

e Capimen complex in the second phase nre on ol town:

marbon §lank anilt, gt tano/venrs atyrene anit, 5,000 tona/year; poly-

atyrene ot s b ran Ty Lot adiene extroaction it 120500 twn::/ enr;
. J . ' ] ] / '

'
R ) . . / . . A o ) ) . . .
GHR anit, cf, 0 toan/yeney RH anit, PR R0U tons/year; acrylonitrile unit,
10,000 oy s e ety coaprolactam anit, 5000 tm:‘./_ye:w; polypropylene
R LI TRt e Lo it AN b, 10,000 to wlranp
RSN AN BT R TR g el A L L, y U ONG/Yehle
170, o omeet the boresaing denond of the Tirkioh market, o cecond complex,

paraliel with the Yarimes ~omplex, io planned.  This second complex 1o to be
in [zmir and io to ke completeit by the end of 1175, The anits of the [zmir
complex nre to be the ol lowinge i l=prodaeth it low-dencity polyethylene
unit, A4,t00 !...-n:t,/;,rc'zr'; nish=denuity polvethy! e by, A0, 00U t,»m:;/;.’e'm;
polypropylene wnit, 5,000 bone/yenry  PUO anit, 65,000 tons/venr;  etnylene
oxide unit, 46,000 Lm;:/yewr; ethylene glycol nnit, 30,000 Lw»m'.,/,ve:xr';
triethanol anine anit, 000 tong/renry  DME anit, A, 000 bonsZpears nd

5

phthalic mbvdeide ity 00,000 tons/venr.  There will wloo be the tollowing
intermedinte anite: noaphtha ctenm cracker, B0, 000 boret/venre ot aphthn
6H, 600 tona/year of ehlorine;  viny! shloride monomer, 4,000 Tﬂu-':./.verxr; and
atyrene [t 500 tw.vzt'./;:mr. "he aromiatic separation facilities wi'l vield para-

xylene, 7,000 tons/year;  ortho-xylene, o 00 tnns:/}./e.'a,r'; and benzene,

R0, 800 tons/veur.

Digcussion

171, Dbevelopings ~oruntries fall into three trond ocategories. The first

category conoiote o of countries with largre petroleum resources, limited domestic

markets and oo iy fhwvourable balance=nf=payme:its position, which enahles




them to invest in enpital-intensive petrochemical planta, the prodacty of whi o

must be exported. ‘{he protidem or there countries jo v, tdernt iy tho notpeo-

chemicala for which axpart moarkebs cog Lo fognd o b CEAR I TR AR NI

gain o ocecare position in there morket,

!

may he btuilt, B secord b o ot o vintrpes

i

domest o murkets d e v by o mood aapply of o apl Lt e, RECERRRITUNEN W

v

is how to realize the polential market ot an early dite oo bhat prodaction il

IR N
for petrochemicils can be qocclerated and viable plants erected,  Soanbries
Ineking both o darge potentinl domestic murkel and saitable raw maberiiale 4]
into the third =atesory. 1L may still be posaitle for come of these coantries
to manutuctire celenbed petrochentedd prodacta, b Lhone Proete mny have Lo

be of hieh vilie, ma She coutry shoald te in o favourable position Loy rodaco

theun,

oy b

U Daring the last five years, developine ©ooatries have prowsrenced rapiadly
in knowledpe nd ‘vuterstana.ne of the protlems of promoting petrochemicgl
mannifactura,  The roslity of market ot idins oulertaren hy aevelopimgr crvotrios
has improved vaistly.  Howsver, oooichbance o ab ol inges aeport mirkets o petyro-
chemical prodicts is often cequired. his 1s especi lly trae for fabricnted
articles, for which expoot murkets may be wore promioiiue oot ribatantindly
more remunerstive, Tt 1o neresaary to tdentify o uwt what 2an be sold and where
and to learn how to develop o cound mirket stratesy to penetrate and hold

export marketa,

17230 Developiwr o cuntries have begun to prepire sound feasibility reports,
using modern technigques of economin nd finuneinl malysis. Since more iu

now kiown thout petrochemicai i cesses nd their relative economic merits,
several developing countries are in o bebter position than ever to select
products nnd processes.  lowever, i resl need is felt {Hr the regular pibii-
cation of detniled information on processes available in other countries, the
names of process licensers, and plants built elsewhere in the world using thes
processes. This would greatly assist developing countries to tinke ndvantage

of the competitive situation in developed countries with respect to the purchnae
of technology, nd thus enable them to negotiate the purchase of technology on

ressonable term:a.

17 A number of process licensers from developed countries continue to impose
conditions that restrict the freedom of the licensee to export products manu-

factured on the basis of their processes., This policy acts as a particularly
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severe constraint on the rapid development of petrochemici]l minufacture in
developins countries, «nd Mmited Yations orenizations conld render valuable
quairbance P developings cotrien by ot adying how process licencers might be

percisded Looelimbte thene rocte TR TEIN

[0, Devert developines oo oitries Bere poarcheeed ploante Lhat cnnnot operate
qt their desisiod apacity, cinee the tonie decin 1o often fanlty ndy, more

often, bodly nianted to Tocal raw mntorinla, operating skills wnd other rele-

vant tooal conditiors., Uhe e sf proper preparstion of bid Jdocuments
that take 1oto eeoant dmportont Torad conditions woey emphasized. Some devel-
oping aomntries heve retcched Lthe atwgre of preparing bid decumento themselves,

and they, ooowell e United Mations orgnmizations, coald help other developing

countries to rench thio otare quinkly,

106, Many developings ~oqantries foe o oaeate ohorbaere of foreign ourrency,

and thio severely inhitite the rapid development of the petrochemical industry
evenl thoogh other »oaplitions are “wvoaravles An oanndlysis of the forelipn
currency cont of petrochemicsl plunts erected in the last five years in

certain developime »ovntries shows tredh as mach s 1o to 70 per cent of the
toti]l coot of sach peojects is Por oversess engineering desipn und constraction
gservines payable in toreign carrency, My developing comtries now have o
auttiaient mumber of highly trained Lechnologiats and emgrineers to ectablish
engrireerim: denien oryonizationg that shoddd inoressingly be ahile Lo provide
engrineerine decirn nd conotraction cervices in the country, This would save
substantial wmomts of Porelen carrensy. Witk the moch Tower level of salaries
and wages 1 developing ~oantrien, 1t would e make posoible substantial
ceonomies in the tobal oot of o project, thereby wmproving its competitive

position,

177, The eatablichment of domestic engineering deslgn nd construction firms
leads to o oignificant inerease in domestins procurement of' equipment. These
firms provide ~hallengsing - therefore anbictying employment opportunities
far the highly educioted and tralned local scientists and enginecrs and are
vitnl to the development ot domestic technology., Developing countries should
study thiv important sren.  Asnistance in guch ventures should be availlable
from other developiny countrier who have established such firms and from

ntted Nationg oreagications,

108, Mogt developine countries now entering the field of petrochemical

nnutcture face o shortage of skilled manpower. [t is expensive to obtain




such manpower from developed cowmntries, and process licensers seldom meke il

possible tfor troinine bo Lake place in oversess plont., Choa s wel bevremog g e
Lraining progeamme, eotad biched well in advanee of preoad ot
eh assiabanee b Lhie o aren v pe o b ine D e nibed b iong oreeon va—

3

Lrome oo well o0 Teowe otner developioer ooy vien o oL o s redy erocte

ebrotbeniconl planty ool eotab b iched broiniar pe e cgnae
} ,

PRI AR T IEOTS I RN A Lt

s

179 Bxrortenre in cortain develop e o hrie

i

'

technologmy thr come pelroctiomion] procerces, mons o which sre of Lmmediato

tnterect to developlne nowitries, wan be dovelopod pelatively inespensively,

[t han slao teen foand thab mere parchise of overcens technolomy 1 not enodrh,

Knowledge nna teasio soientifie anderstandins of the teoolony re reqaired Lo

1

adapt whad be o parchaoced to Tonod condibions arioinge Prom soeh sl lare s

operibion i mointersee methods, vpecifiontion of Toel row materral opd
equipment nd bbb ton o bv=preodacbse Sont b cligr techinal ol dovetopmen

i

Lo required 0 orviste oboolescernce cod the parchinse of oversens sooistare ol

high conte hils adapbation sod bechmologiag] development ecensitl cher bhe

establichment of domerstic resenrch and development thoilities b i eqply
shage of petrochemionl mandfactarey et Taited TRrbions orend cnb o shoald

aonsider Low they might be able Lo asuinl developinges 2ooambriers o seh ef foets,

120, Subtetantial reductions o cost cun be achieved i developinr cointries:

Py

tf the yrectation period of petrochemical projects, which 1o cbill moeth Tonger

thon in developed combries, ann ve oud down, Thera wre several well-devel opedd

techniquens that oo help in thic respect, nd experts in this ares coqld ve

made available by Hoited Nations orpamizations.

131, Stndies carried ogb recently by the Vnited Mations economis commigsions
indicate that region:l co-operation in joint ventores by member coantries onn
bring tangible advimtares, Muoh detailed work o otill required in proparinyr
detailed projent reports nmna finding acceptable moluations to o namber of compli-
cated protlems, such ao prdterns of ownership and managpement, offtake rreemcnt
tariffs and, pocoibly, trade balances,  Abtention won deown to pant orecolations
of nited Matilons meetings calline on developed countries o lower tari e Lo
encouryge imports from developing o oomtriea.  lower Luriffs on their exports
would certainly nuoaist developine coantries Lo achieve vinble prodaction plant:
by increasing anit sives., Developing coantries nre corncerned thal constroaints
in economic development may inhibit the erection of vintle anite ot o enrely

diate und tnat the gnp between the developed and the developing countries appenrs

to be incrensing.
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BASIC PRVROCEEMICAL PRODHCTS AND RAW MATBRIALS

Prodiucti o of ofel o = waln developments e Do

132, The rapidly expundins fomind for placties, fiires i deteorrqents ig
leading to the plannine ana erection of extremely haich=capacity olefin plantg.,
In the industrialized cowtries, cuch plante reach outputs of 300,000 to
350,000 tons yeur, Relationg belween produceras snd concamers ot the

basic petrochemiecnl raw miterials as well 4s some of the intermediutes have
been planned 5o that 1t 1g possible to use thege hiph=capacity units in such

a way that all of their products can be fully used with the maximum of

economy .

133, Long=digtance transport of etnylene, propylene and €, fractions, either

4
by pipeline or by ship, is becomine asual 1u many developed ~oantries, nd
developing countrice should take full advantagre of the techniques available.
The demand for btoth ethylene und propylene i increasine rapidly, but it
appears likely that lone=term demind for these products will settle down at

a ratio of upproximitely 2:1.  Thic ratio can be readily obtained by fairly
severe conditions of pyrolysis. Kthylene is now belny used for vinyl chloride,
acetaldehyde and vinyl acetate, al: of which were previnusly made from
acetylence. Propylenc is bteing used increasingly for polypropylenc and, in
addition, acrylonitrile, which was previoucly made from acetylene, but which

is now being made almost entirely from propylene.

134. With the increase in the capacities ol ethylene and propyiene production,
it appears that all requirements for butadiene will be served by extraction
from tne 01 fraoction mxture. Considerable atiention is therefore being paid
t¢ the most economic methods of separalings the (}/1 fractions, such as advances

in butadienc extraction by different solvents, particularly ‘emethyl pyrrolidone,

and the extraction of 1sobutylene by sulphuric acid. New methods are being

worked out for the direct polymerization of the oulefinic and diolefinic




compounds in the C4 fraction, which may prove particularly suititle fop

14

developing countries. An economic use of the C/3 fraction at'ter removil ot
the butadiene is particularly important go that all the Ly—products -~ on toe
utilized. The time may come when gelective polymerization of olefing from

mixed gas stream will be possitile by the use of different catalysts in ceries,

Production ot acelylene and acetylone=cthylene mixlures

135, Development in the field of astothermiec axidatisn hao beern coneentrited
on the poooibtility of acinge crude o1l directly ae the raw materisl.  "hie b
resul ted in mixed acetylene o ethylene production ns basic intermedigtes {or
down=gtrewm procesaes, 1t mukeo popaible the Jdireet usge ot erwde o1l e 0 raw
material. 1t openc the way Lo the rel tively ~hesp prodact ton o ety lene

as o raw miterial Tor plants when the use of cethylence 1o not practicatie.  ihe
most important procecses are the HIP procece

and the nrocesses developed by Hadische Anilin und Soda Fabriken (FASK). 1

is possible by ithese methods to obtain 40 per cent of the €. fraction from ihe
primary crude. Some details of the processes and, n pirtiroul.r, sdvinces male

in recent years are pgiven below.

130, Production of ethylene from crude oil using a fluidized=bed process
involves preheatirn: crude oil and injecting it into a fluidized ted of pelroleum
cokey its efficiency in comparison with the older processes 1s appreciable, With
this new method, 3.6 tons of erude o1l are required for the production of 1 ton
of ethylene, while ag co=products .9 tong of propylene wrg G tons ot the

C4 fraction containing 1% per cent bty weight of buticdlene e obtained,
production of acetylene and ethylene using the submerged=tlame process

burning oxygen underneath the surfuce of the o1l us o recult of which croacking:
of the 01l at a very hiyh temperature (close to the flume temperitare]) takes
place. The largse volume of oil pregent orings about rapld gquenchines off the
products of cracking, and bence much of the acetylene produced ot o very high
temperature is congerved. PFor the production of 1 ton ot scetylene and 1,18 tonn

2
of ethylene, 8.7/ tong of crude oil and 5.1 thousand m of oxypren are required,

137.  The cracking of crude oil by the HIT process io otill in the development
stage. The principle lies in the combustion of the tail pug from the crackiog
operation with oxygen followed by the 1njection of a gseccondary stream of the
hydrocarbon fraction to be cracked. The temperalure ic controlled by the

quantity of hydrocarbon injected, which itself determines the acelylene=ethylene




ratio. Clder processes for the manufacture of acetylene include those in which
natural sas or struicht=run naphtha 1o cracked by the hedt developed from the
incomplet Combuction of the raw miterial with oxyeren. A much hicher yield

oF neetyiene oo hvdroeart ol paw vt orind e enm be sbtaine ©oby the bgdrogen—
CLeCIPIo ure proacoey Dy iroeten L ape g poenrrier o, el Cechriigques are

available for avotdine oot el vurnins aof the eloct pode,

Advancer in down=trean processos

138, Acetaldehyde ie one of the more important chomienls riow made {rom

ethylenc rither than acetyliene., New processes are aviailable for praducing:
acetlaldehyide from cthylene Ly one= or Lwoesba - procesies, daines oxyien or
airy recpectivels. The othobone [oooxtoaived by opad boiiun sl ts {pallondium

.

chloride) in wpueoun golutlon, the palladium chloride tein reduced to 4 metal.
The metal 1o then re-converted 'c palladium ehloriie vy cupric chloride, which
is reducel to cuprous chloride., “he cuprous chloride is Lhen re-=oxidined by
oxygen to cupric chloride. In the sincle-stare process, cthylene and OXyiren

are pacse: into 4 overtical rewctor containing: 4 entalyst solution, rerencration
of the caralyste tukine place continously. In the fwomstiie-e process, 4ir 1s
used to regencriate the cutalyst in o separate reactor, and the oxidation of
ethylene is carried oul with air, Plunts for the production of acetaldehyde

from ethylene have ulrendy reached 4 combined capacity of 1.z million Lons/wear.

139, Vinyl weetite has for many years been made [rom acetylene and acetilc
acid, tut processes for 1ts production from ethylene, acetic acid and cxysren
are now aviatlable, In the Hoechot method, the pulladium salt catalytic route
is used by which acetaldehyde ig obtained ag a co=product . Ethylene and
oxXygen are reacted ot 1007 1o 13070 ut 4 prescurce of 30 to 40 atm in the
presence of the calalyst dicoolved in agueous acetic acid. In the Hayer

me thod, cthylene qnd oxyren are recycled throurh o vaporizer in which they

pick up acelic neid vapour, Prosh oxyiooen is added, and lhe raseous mixXture

g

. S e . : : |
1s passed ab 14O 1o DROD s 0 10 s cver wono e petal eatalyst.  The

total capaciticos of aperatinge units or those under construction are already

250,000 tons veur,

140, In the pact five years, the Hils process for the mmufacture of ethylene
| o ’ n y

oxide has been improved, s~iving better yields, a longer life of the catalysts,

and some other :wlvintiyres.  The ethylene is oxidized with air in the gas phase
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on a stationary silver catalyst at 2507 Lo 350°C ol an eleviied prossure i
two gtarmes.  The heat of reaction ig dissipated by the evaporation of witer

contained in the jacket space of the catalys!t reactor,

141, Juct as ethylene 1g oxidized Lo acetuldehyoe, propylenc i oxidived Lo
acclone, Propylene and o catalyst solubion are fed in'o o conlinous reaclor
gystem in which virtually all of the propylenc 1o converied lo acelone in g
single stagre. The reaction tukes place it i Tow pressure at about 1007¢.
Air is used as the oxidizing :yrent, and the rcuaclion 1¢ so efficient that lLhe

alr leavings the reactor is almost completely oxyren=frec.

147, A new process 1o available for the manufucture of acetic acid by the
oxidation of nermal butene., Direct oxidation tends to produce undecirable
by=productoy fut this tomdeney bis teen avercome by the preliminar, formation
of butyl acetnte,  lNormal butene 1o treated with excess acetic acid in the
liquid phase at high temperature and pressures in the presence of finely
divided catalyst suspended in the reaction mixture and recycled. The butyl
acelate in acetic aci ! solution thus formed is oxidized with i ut elevated
temperatures and prescures during the ligquid phase, with o hiy” recycle, to

yield acetic acid.

Advances in aromatic production

143. The increase in the proportion of aromatics made from oil as compared
with aromatics made from coal hus continued Lo increase., ‘hug, between 1958
and 1960, the proportion of benzene made from oil inerecced from 50 per cent.

to 85 per cent; in France, from virtuuily nit to el per cent, The over-all
demard for uromitics has algo incrcased. Consumpltion 0 bengene for 1960, 1969
and the estimate for 1970 in Lthe inited States, the Puropean Economic Community
(EEC) and Japan arc shown in the followins tables:

1960 19065 1970

Lhousand Lons

USA 1,562 2y OHU 3y 00
EEC 608 1yl 1,910
Japan 387 240 vea

The major products made from benzene arc styrenc, phenol und cyclohexane,
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144. Consumption figures for ortho= and pira=xylenes are riven below.

Ortho=xyleneg Para=-xylencs
1965 poe 1964 1970
pui S e

e tony

USA 50 200 Loe 500

EEC 140 250 130 400

Ortho=xylene is mainly used for the production of phthalic anhydride, and

para=xylene for polyester fibres.

145. Aromatics tfrom petroleum are produced b two miin routes. The first as

by cataly'ic reforming of suitable naphtha. This process ig aleo used to
proodee b cheoetune cmooline. e secomd te obtained in the stenm cracking of

naphiha to produce pyrolyo Lo aeoline with aromaties as g by=produact.

146, Catol, ic reformins produces hicher proportion of xylenes, while
pyrolysig ;o line cortoulng more bennenc, e 1atter aloo containg olefing
and diolefine “hat muot be catalyticnlly hydroreited bitore removiil of the
paraffins, Fr ctlonation Lo ot oo saticfectory method of separation, owing

Lo the formaitic. of weeotropie mixtures. anlvent exraction is, however,
widely practice .. "he rrincipnl colvento used wre cihylene rlyool, aulpholane
and lemethyl pyrrodidone andy to oo leoser cytent, dimethyl sulphoxide and

%

formyl morpholine. ALl of thece preferentially fosolve the aromalios.

147 . Assumine o 0 ner centoarometic content in the input, sulpholine can
extract 90 per cent  the benzone, Gf per cent of the toluene nnd 96 per cent
of the xylenc. Fenuene, toluene and the trvee xylenes torether can be readily
separated by fractlion Clang, et ethylbenzene oanote ceparated trom the xylenes
by supertrictiomitivn. { the ‘hree xyleves, the ortho can te separated by
fractional distillation from the other two, but the toiling points of the metla

and the para lie too closc ‘orether to te separated 1n this way.

148. Para=xylene can be scparated by freezing oul, but only about half of

thie compound cab be geparatoed iv 4 sinele pass.  The residuc 15 therefore
igomerized by a catalytic process ucinge, for example, noble metals or a silica=
alumina catalyst. Hydrogen 1o needed wi'h the first catalyst to prevent
deposition of carbon, but Lt has the dvantigee of also 1somerizing ¢ thylbenzene .
Rocently a new process has appearcd, ol led Essotormings, which uces u cheaper
catalyst with lony Tite. It needs hvdrogen, tut 1t does not ioomerlize
cthylbensene, which muet ve removed by suporfrurﬁlnwutinn Lo prevent accumu=

1ation. ‘he ilgomerication rourhly rectores the value of the isomers to their

orieinal val tes, and the whole procegs cab be repr ted,
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149. "wo entirely new processes for the separation of xylenes have been
announced. In the Jupan Gag Chemical Company process, i complex iv Cormed
between meta=-xylene and boron trifluoride, and the other isomers can be
separated by fractionation. ‘the Purex process (lnmiversul 0il Products) uses o
gsolid absorbent to extract para=xylene inclead of freewines il out. 1L bLikes
out all the para=xylene present, but isomerization is still needed Lo mike wae

of the meta=xylene. 'This process may prove Lo be cheaper than the ronventional

crysialliznlion process.

150. Unfortunately, the production of benzene, tolucne und xylene, parlicularly
on the basis of the reforming process, by which the sreater amount of sromatics
ig produced, does not correcpond to markeb demand, Moo 1ittle bensene v forme i,
and a Tarre part of the toluene, the demand for which 0 solvent or chemical
raw material ic relatively omall, is dealkylated to benzene. This i carried
out by submittines the toluene fraction, mixed with hydroren, to u femperature

of 6500 to 75HOC il oa pressure of 200 to 1,000 L in", Methane is the

principal by-product.

151, 'Iwo new processes for dealing with the toluene arc disproportionation
and transalkylation., Disproportionation (Sinclair Research Inc. wid ioyn
Rayon) convert:s the tolucae to benzene and mixed xylenes, ‘ransalkylation

converts toluecne and 4 trimethyl benvene to mixed xylenes,
L3

152, New units for the production of aromatics are belirns brousht on stream ot
frequent intervals in the developed countries. 1t 1. belicved that production
units are operating at aboul JO per cent capacity in the 'nited States, and
from time Lo time the possibility ot cocarcity has caused concern in many
countries. 1t is expecled that the !nited States (incluldine Puerto HlCo)

will increasec its capacity by 90 per cent between 1964 and 1970, that is, to
1.5 million tons. In Western Burope, produclion capacity for aromatics mighl
be estimated at 1.9 million tons in 1905 and should exceed 3 million tons by
1970, Coal carbonization ig still a major method of producing benzene in thel
Federal Republic of Germany and ir the CUVEA countriec. Work 1o in progress

in the United States to develop a viable process tor the hydrogenation of coal,
and preliminary results show a 60 per cent yield of an oil that ean then be
treated by conventional oil processes., I'his process, which has been developed
by Hydrocarbons Research Inc., carries out the hydrorenation of o pulverized

coal and oil slurry in a bubbling catalyst bed (cimilar to a flird=bed speration).



gome advances in down=gtream aromatic procegsed

1593, Some developmen! work e been solnge onoin bhe production of chemical
intermediat e, A new procedd for the production ol diphenylol propane has
been decerie ! nowhich phicnol ard weetone are condenseid in the presence of
LonoeXchiroe rering with certuain widitaves. Hicheye LU0 Alpheny el propane
i produced with 11t tle ty=product Formabions the renct lon mixture 10 non=
corrosives the procens ir eontinuouss and, owins Lo tetier ennveroion of

phen:i, there Lo lenn needa o0 recye LT, Dipheny Lot propane i aaed for the

production of epoxy resing ol polycartonntes.

194, Mivinylrenrone v merin by sed 1 bhe prodaction S jon—exchange resing,
but it cia wloo be used to crosa-link with other monomers. Thig compound 19
normally produced by the catalytic dehydrogenation of diethyl tenzenc, but
co=producto are formed that are separabtle only with difficullty. An improved
process has been Jeveloped thal invelves the followings cteps? (1) oxidation
of diethyl ‘Penuenc %o digcetyl benuene 1n the liquid phase, usimy’ coball

o, , . Do
Vos o (1) resuetion of dlacetid benzene

¢ ,
stearate an a citalyst at 11007 to LA
to the correspotviineg ii=hydroxyethyl benzenc by hydroge wition in presence of
a suspended=bed nickel cutualyots (c) gehydration of the di-hydroxyethyl

benzene to divinylhenzenc over magnesium sulphate.

155. The production of synthetic . lycerinc by {he hot chlorination of
propylene or from the same startinge material via scrolein ig well known, A
method gtarting from propy lene oxide hug been developed in which the starting
material is isomerized to 111yl alcohol over lithium phosphate and other
components., he allyt alcohol, itoelf a useful intermediale, ic then oxidize.:
directly to gslycerol by hydrogen peroxide 1n presence of a tungstic acid

catalyst.

Surlacu=active agente

156. Many curface=active agents arc based on synthetic alcohols. Three
different nrocesses are under development for the production of fatty alcohols
from paraffin by oxidations

(.1) pParaffing are oxidized to fatty acids in the presence of manganese
calalyste Thepe bty actds nre reduced to alcohol by hydrogen

e

under pressure.
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(b) Some higher falty alcohol: are produced ag by=products o he
production of fatiy aclds by the oxidation of paraftins:  Lhore
alcohols are concentrated in the anouponifiatle Fraction, which

5 separitoed from the aeid by cryotallizo o, Thene sle ool
are abogd YO per cent primary and G0 opoer eont nee o e, e
loolnted throoeh thelr boric acid notere.,

(c) Secondary wdecohole cnun te produced by the firee. oxiiiiion of
rormel parafting 1n Lhe presence of toric eir.

157. Primary wleohols ure procecsed to alkyl oolphatess aidphonie el b,

[BANRt

oleum, chlorosulphonic weld, ouceons sulphar trioxide a1 crhers are wed e
sulphonalinge arenta,  “pom Y0 o to 0 per cent of the sleohols oo converted,
dependin:: apon the culphona ing weont woe 't Secondury lechols and 1)
nicohols from 2ther capemifiablen wre moct rewiily converted into surthee=
active wrenta by froatment with malele anhedride o forn the wnoester, and
the monoesters nre then trested with oolts of sulpharie weids Thic gives olkyl
sulphosuceinates, the ierree of conversion beims 20 to 94 per cent. On the
basis of the wtove=mentioncd surfiace=nctive arents, formulations have been
worked out for the manufacture of liquid, paste and powder synthetic letlergsentu

for domestic and industriual use.

Factors aftectine the production of bas'~ petrochemicals and
intermedictes i developing countries

158. Factors uffecting: the production of basie petrochemiculs and intermediatles
in developing countrics incluide:

(u) "he wvallatility of raw materials, such ac naphthu from o refinery
or natural sas.

(b) The market and price for ‘he range of petrochemicales 1t 13 proposed
to make. Tt 1o of little use to put up a steam cracker bused on
naphtha if there is a ;ood market for ethylene but not for propylene,
On the olher han:d, if ample cupplies of ethane and propane are
available, such as from natural egas or even from the distiilation
of crude petroleum, cracking under these marke! conditions may be
worth considering, owing to the much hi,~her proportion of ethylene
produced.

(c) The possibility of export at remunerative prices, 1f the home
demand ig insufficient,

(d) he willingness of the Government to give protection through
tariffs or restrictions on iamports ir sultable cusen.,

(e) 'The availability of a suitolle site, for example, one near o
refinery or with hartour facilities and with adegquitle process
water, power supplies and meanc »t disposing of etfluento cheaply.

(f) The availability of either skilled labour or labour capable of
being trained easily.




Of) 'he nogsibility of obtalning the necessary capiltal, including
farel o cxahnen, either throush local participation, with or
Wilhoo rovernment sappor!, or Lhrowssh foreism participation,

.. dnoa aoinloventire. [ the latter cane, the fforeron

i

;>, (e) i (e).

(h) 'ne wvailaonbioty Co toehnicn] process i Riows=now in the desired
ffield o poviconable charee,

(1) ‘he poosidl
raw material, Por oxampley drphenylolpropatie from phenol uand
deotone,  Donoidornbie snvingns b oretlon exchangre will result if
the interme diato proda’ 1o produced boconlly prither than imported.

partiolyant may acictoan

Phy T ek e an intermediate product from imrerted

Acsoucins petrochenienl processes

159. Work haso been aebively rocrenains o netter methods of evaluating
petrochemicul processed. Convent totcel eval e pon standards such ag payout

Lime do not bake into sccount the {11 Lite of the project. Hetler results

are obtained by o method fheet sets ot the capital gaoed wrainst the net income
anticipated over the tife of the prooont. Heither of these methods, however,
Likes inbe aceoun' the time value A money.  Money due to be paid or recelved
in fen yelrs time 1o worth lonn anw, owiigm bo ihe interest that could bte carned
over the intervening period.  Thio ia .aken into account by the digcounted cash
flow method in which the vilue of recipts and payou! over the tiletime of o

v

pro ject are giocounted bhaek cooomern year. vy triat and error, the Jigenunted
rete is found that enablen receipts and payoato gust to balance over the
extended lite ot the project, "he hicsher the lincounted rate N earnings power
of the process, the more jelvantireous it will be. The idew can be readily
understood if 1t is realized that money roceived in the first five years of a

ten=year project 1s worth more Lhan the came money received durins the last

five years.

160, When co=operalion amongs gseveral plants in the same or 41ifferent countries
Le beimgs considerad, L Lo ouseful 4o have o tool by which the most economical
way ol Lpancsferringe raw miberials, intermediates ete. {rom one plant to another,
taking into nccount such ictors af £XCess production, the means of transport
available and the marke! in varlouas areas, can be assessed. A mathematical

model his heen demongirited that enatles protlems of this type to be solved.

Discusgsion

161. The wdvisability of acetylene production was discussed, and it was

sureested that the submersrod=rlame process might be used for making both
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ethylene iind acetylene no o base raw material for compinies Witk eorens o
crude oil but littla or no refinery capacity.  The calpheoe conbent mrht

prove to be o problem ne the Timit on the crade 1o 0010 per cent, neophoaemn

L]
procecoe for producingr ncetylene win concidered, bat 1L wae potnted sl thal

this proces: ix only ot the pilot=plant cbares The TP procesn,wbien perctbed

Al

bo give mix imunm ot pat, sriven aoratio of ety lene tooethylone of Srnn

These high=temperstire processes are nob grently «ffecton v the oot apesi=
fiocation of the crade oile The woe of Lutalar Corpees for elbhylewn armckers
was digcusced, woud 1t owes explained thot raw meterials o the range of ethone

to gas oil cun be used,

162, With reapect Lo the product ton of apomaticno, b Wi exploine b that the
Y t

Aioproperiionition of foluene o normal Ly carrled at in the e phace over oo

flutdebied catulyut.  On the subject of falty weli production, 10 wes expluled
that fatty acids ure produced from either hari paraffine with o meltines point

. .0 , : . . :
above 50 € or soft paraffins separuted by the urew process from a rag oil

.

fraction. Development 1s in hand for the production of higher alcohols.




CHAPTER 3

ILASTICS

163. The rapid growth of the plastics industries during recent years has had
a tremendous impact on the industrialization of many developing countries.
Indeed, the horizon for grovth ig unlimited for both indusirialized and
developing countries, and thore is great scope for the production of plastics
raw materiale. At present, the average arnual congrmiption of these materials
in developing countries 1s only from 0.0 to 1 kg per capllta, cinece most of
the plastics products consumed are imported in semi-finivhed or finiched form.
This means that the developmeni of some of the major plactics such ag poly-
ethylene, polyvinyl chloride and polystyrene in developing countries must be
considered very ceriousiy. Surrent developments in technelosy, the areas of
constraint and the trend of product application must therefore be studied
carefully. On the other hand, the production of monomers ig a field that

developing countries should approach with some caution.

Advances in the techrology o1 the prcduction
of monomer: and polymers

164. The manufacture of wonomers requires modern cophisticated technology.
Proiuction units must normally be large i1 order to be economicji only rarely
can a small plant justify iteelf. Difficul ties occur if an expensive raw
malerial ig used, as the production of winyl chloride has well demonstrated.
The use of calcium carbide ac a raw material - the preferred method until a
decade or so ago - has proved to le much too expencive. Raw materials derived
from petrochemicals such as me thane, ethylenc or acetylene have become gradually
less expensive, and vinyl ehloride ie now normally made either from acetylene
or ethylene of petrochemical origin,  he production of viny! chloride by the
ethylene route 1in particular 1o now predominanty and, with the development of
the oxychlorination process, wtilivation of by-product hydrogen chioride can

be fully realived. "There are, hovever, alternative methods of using ethylene.




It can be chlorinated by replacement, producing vinyl chloride without

cracking stage, while the hydrogen chloride produced by thin or other

processes can be oxidired separately by a modern version of lteacon's process,

165, Many factore, leoe often diccunced, cuch as licences and technical know-
how, can increare cocte, Developing countries have found that engineering
design and malntenance can be very eypensive. DUome countrier are trying to

establish their ovn engineering groups.

1t6., Technology in the polymer fleld 1¢ changing rapidly. High-dencity
polyethylene han gone through several ctages: «colution polymeriration,
SOlUtiOH/BUSPOLUth mixtures, and sucpension syctems only (for blow moulding
and, rerently, biov—iniecting moulding).  Gac-pnace polymerication sppenrs o
be cheaper and has already been commerrialired for producing polypropylienc.

In the manufacture of lov-dencity polyethylene, the advantagec of fube reactors
over autoclaves are still being debated. Although autoclavec have a higher
conversion factor, tube reactors give better heat-transfer «fhciency, permit
higher pressures to be used and, owing to the absence of moving parts, simplify
maintenance. HKadiation *~chniques can be uced to cross-link po ‘yvethylene
articles normally after extrusion, thus preventing stress cracxing., Levelop-
mente are 1n progrecs that may eventually lead to the polymerication ot ethylene
by radiation techniques. This should substantially reduce the caprtal coste

of plants,

167. A novel technique is being developed for the bulk polymerization of vinyl
chloride, Polymerization is generally carried out at 40" 1o 7000, starting at
5 to 12 kg/cm?. Powerful agitation is needed, and plant consiruction is rather
c¢ritical. 'n comparison with polymers made by the conventional methods, bulk

3

PVC possesces a higher viscosity and 1ts absorption rate for placticirere in

i

thus greater. It aleo requires a shorter periond of gelation during procecuing,
It is more iransparent, the "fish-eye" problem having been solved., Reoecarch

is continually in process to make 'VO more competitive,

168, Although poiystyrene 1o well established in many developing countries,
in many casec this polymer must be produced from imported monomer., Betore a

new project ic undertaken, the delivered cost of monomer and the povoitiiity

of correlating production of polystyrene with the production ot slyrene
butadiene synthetic rubber must bte very carefully accertalned, he necessary

technology and know-how for the production of general-purpone prrades hap

very often veen self-developed. I'roduction of more spesiralived lmpact and
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Bt nentorec e tant tapee b omore aitticaity Thue, one of the problemse tor
Phe evelapite corotry e tooaecide the roamier U prrades recuwrod toocover
She omarwet . rioviboe maltipaapose e e pment hac been degipred that permi b
e 1 & H ey M ¢ touir g R

LTl R M ronlne orn tant U ienyt eveioped, and gy iae pargne o o
CHCHILNC PO LI L e v T e beve rerine can be deead Por desalinatng:
vater, o trhen i veae ccer by lbat oy b e the aes g eat o ot vater
that hae & To@e, tevn el e, amlne exchargte anc extraction of ranin
from vosniiony after eacnig out the poorer arer, ‘Aary o tne o eariler typen
FErC panes oot aopho T et U S R AR URECE I SEVAESE R A IS I S RO T
B oeTnEr-llo it A, ot Lo mere recent ceary many nen LNper have teen
deve Tape e b et L S T el T ey e i) e oamn baehyde, polyothylene—

polyamite, o v even cpecin phenon forma ehy e resinge,

170, Nev p scietine are corne aeveloped,  Polpmethyl pentene-l 1s already

made on o a comeorelal ceale, [t oo very Loy aenoity and good transparency,

heat-resiotan ar electricenl properties,  folybutene-1 also shown greant
promive tut 10 ot ounsder development,
171, tolzmers o thoa hiph heat vecactanes are teings developed, but thege

wually need cpecialired procercigs equipment,  Polyimide made from pyro-
mellitic dianhyari o ant an aromatic diamine 1 a typical example., lolyphenylene
oxide ha¢ oo heat recictance and eiectrical propertier and, combined vith
polyvtyrene, 1o tecominy a commercial plactic material., Most ol these 1ncor-
porate techriaues too cophiisticated to be of immediate interest to developing

countriec, tut 1t iy umportant that progrecy in thiv field be noted.

170, Water—eol-ale pooomers cuch ae polyacrylamides, polyethyleneimine and
polyethylene oxide are = ther recent corrercial development. 'They nre used

in water treatment, in moting and in petroleum recovery. Injection-mouldable
saturated polyvevters {plare-filied) exhitit excellent properlies as engineering
plastice and chould te of interest to developing countries that have the

appropriate raw materialo,

173, "he placticr-processing industries have also undergone revolutionary
changes. The trend 1¢ towards automation in machine operations in order to
increase procuction gpeed, to maintain product uniformity and to reduce
rejects, larailel with this progrecu, the use of control or sensing devices
for monitoring the quality of products ig also gaining popularity. In one

ingtance, installation of thickness gauges in calernders has saved millions of




dollars arvually becauce o the pmprovement 1v et e ioncy nra reduct o of

i' A

off—auslity progucte,  The deciyrne o0 brecdh Loanamon i macbig e

y Lo

mouidirg aachibery or vacwae form g Ceripnent el the [1Ke Bave teon bag ores

to the puyrioal propertios ot the jooiymer e Preenred, Bic deveiopment
hao aode s Lo the o tieni by b ce oot g the vt cotapment o prode oo,
but e Doy s the gunlity of findched proaaets 10 decicive 1 marke! compet -

ti1orn, the correct cejection vil 1o critienl,

‘ypical applivationc of piastics products of gpecial
irterect 1o cdevelopitg countrier

174, Application of plasticr in aprieaiture 10 certsinly of interest to
developing cowrtries vhore economies are baced on arriculture.  Such applica-
tion vill arnereace aprievitural proctietion ang vill oaleo provide o oreasdy market
for plactice. Thue, the efficiency of Irrigatio cnn Lo improved or the natare
of wo1le meartied,  lor instance, the ploughirg of cloved-cel | polyetyrene foum
1nto the soil makes 14 more permeatle Lo water. Plastic cheets are noed 1n o
variety of vaye to protect the provth of crope, Difficulties iy trrieatonge
candy coile hove leen overcome by placing plactic materiale underneath the top
sotbl.

I70. The ever—increaring use of polyethylene ar 1V cheete in the packags g
of arricuitural proaucts and fertilizere hae chayrgred the proture of hard-fitbre
concumption,  Vlacstis containers gsive tetler performance durir: otorse,

vacke for fertitirzers to be used in humid climates are probably tert made of
FVO, but polyethylene linings containing carbor tlack are also effective.
Crosc—linked polyvethylene filme are uned for vrapping, Silos for grain storage

can be constructes from reinfsrced polvecter resias,

17 Plastice have made important contributions in the field of constructior
materials, !'rea—formaldehyde resins and, to a lescer extent, phenol formal-
dehyde resinc are irndispensable to the plywood and chipboard industries,

I'VU and fibre-reinforced unsaturated polyesters (FRP) are the common plastics
used for corrugated cheets and parel producte, Vond-plastic composites have
teen paining in the market for raraquet flooring, Inlyethylene, PVC and FRP
are economl” materials for tules and piping, and many different plastics are

used extensively as electrical inculating materiale,

177, Furniture made from injection-moulded polystyrene, cast polyurethane

or FKI' laminates will play an important role in the future. TPolyethylene

.

foams have just begun to gain ground in the manufacture of toys and household




applicances avd vl compete ith polyvetyrene Ponms ae dneuloatygr material

inorefrigeratior,  Tairteo oand surtace o g bavend on mlkode, acrybioe,
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upeaturated potoonr e pe s DponeT are sinene Veoomrd centhererocictart s Dpecinld
Copmntiat iors crpl meet the emmtad o SeTVICO mraer ceverprely corrocive or

high-temperature conialtions,  Hoatew poiyotirene fiim nas ceen developea for
printine purperer,

1L veeree U thedr strengsthy anrany bt Dt o veqght, pinrtiors have

Mare Leec 1o She trardpert vector, PRTope oy teed 1r the conctruction of

vehicles for roncs, Tall, vea and a.r trancport. Phe o tdings of omal

boate do oooma or appyiioatoon an thiv tred, Vego, poluiers hove deern used Lh
moiten famm o produce flirer ana vebs, folloribe the opun=tonsdlngs procesas,

Surh rete have et apriication ag vallpaper or ae aigposatle linen for

hospitalr,

Factore affecting the development of the plagtics 1nductry

179,  ln plannire for tneir piacties induwetries, developirng cowntries should
conelder carefwily the sclve ane na‘ure of tocal and cyport demara, avallability
of rav materis!ye o COMParatlive corverpion pracaiites, Fefopte enoubd ateo

be made to provuce finished products at a rremium price to repiace imported
consumer soode.  Che ectatiivhmert of plagtics inauetries can te Linked v ith
the pmprovement of 11ving slandarie; the production of placties tor hovcehold
appliancer, food packaeingg, coretruction materiale ang wwe inoagriculture can
be vitally important for toth the national economy @ evport prometion, 1t

i necegsrary to emphacive that ondy talanced production ana market planning

will justily the huge investiment required for ectatlivhing the petrochemical

and polymer industries,

190, Extrusion mouldings, injection moulding and tlow moulding are the predomi-

nant procecoings techniques for making Cinigshed articles.  Many developing:
countricr have cuccegstully desiymed thelr owr equipment in order to save
foreirn exchanye and eapital investmenty but, owirgs Lo the tack of precicion
or expericnce in moul d=makinge indugstries, ac well an to inadoguate quality

control, the finiched products have been anable to ~ompete on the ilnternational
market, ant hich rateo of rejection and wigte have resul ted in non=economic

operation. [t 1o thus important to improve mould=making practice and to

iricrence the flexitility of processing facilities in developiny countries.




151,

developing countrics arice from coral and ecoromie Coneir ol e
countriec, Althouesh 11 1o imroreit ie o eumrert o

tion for all cavcs, thne pooling of limite.d mangover ang

Many protlems that could impede the provth of ploet o

Pl ot ey

ar mats 1 a T e
within A givern country o1 peggoe mAaY o e vy 1 LT
A ucetul propovni in Lo ctart vith plaction that RN SRS SR AR |

and earily adaptalle tochniones bnom cownb e or 1o o0 where ket

nical

that 1s, from polymer procecsing to polymer and monomer marnulaet

facilities are tavouratie, ‘iragual i Pdeup by taceenrd tegsratiog

LT,

considered as the local plastice 1nauctry grovs,

182, The following suggestione for Juture levelorment have

183, The subject of the economic piant si1re wae of considerable interest o

moet participants in the Symporium. While it ¢ well known thnat

cosis and production cocts per unit of product d

increases, simple comparison: can be very micleading, 1 the ' pme facotor g
fully taken into account, incluwding not only the time regquires Por o caretruet porn

but also the time needed to get the plant into

capacity, the real advantage of very large plant 1o not oo grent oacomiemd

suggestions: tor tuture deveiopmont

teern made:

{

H

in developling countries;

(b) "rogrammes for economic bateh cyveling for efficient oty

of polymeriration equlpment

(e) Disceminatior of information or nardling and
in bulk or in tankers;

(d) Syetemati o rtudies of formulation protiemy 1 developirg

i

(a) The ectatlichment of polymerl ation contral techniaquers to le

; 3
Yooy
H
1
i b

tilivation

i traneport of monome e

RERFEIR T SENEIGH

(e) Promotion of high-strength plactic filme for wwe 1o foon packag e

i

and agriculture;
(f) Modification of polymers by prafting and croce—linkir g

(‘g) Kesearch 1v the uce of plactiees and composite materiale tor
prefatiricated housing and furniture;

(h) Cost reduction in the production ot plactic toam:;

(i) Studies of polymer flow charactericticr during the moulding procecs

and evaluation of streccer in finiched articlegs,

Discussion

[l

speration approncbiirgs ful

the capitai

ecreace i produc iy volume

appear from the first, cimple calculation. [t therefore appears that thepe
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CHAPTER 4

SYNTHETT W1 ERED

Recent developments

185. World production of synthetic fibrec has increased sharply since 1964,
At that time, the share of true cynthetice war 9.% per cent by weight of the
total fibre market, but by 1067 1t had ricen to 16 per cent and at precent

it is closer to .0 per cent. In actual coveriny power, the ucefulness of
synthetice ic even higher tecaure of their lighter weight., ‘letveen 1964 and
19677, the growth rate wir thout 20 per cent per rear, cimilar tH previous
growth ratec; nctuil production woae D.%C million tons in 1 "0 Dince then,
the growth rate hauec veen over 0 per cent. However, “0 per cent o’ the totnl

world production in 1906/ wie in Wertern Burope, the ihiirted Otrotes and Jopon,

186, In developing countriec, the growth rate of demand in tourteen countries
for which data are available for 19e4 and 1967 showe wide variation:, trom s
little as 7.0 per cent to as high ac ©5 per cent per year. In many casers,
however, the lower rate has been attributed to ambaguity in definition of
synthetic fibre consumption, but actual demand growth in developing countries
has been high. In come developing countries, the demand hav reached Jeveln

of % kg per capita, vhich corresponds to Burcpean concumption, although, in

general, concumption in developing countries it substantially lower,

[§ . . . A
187. While a nunter of developing countries now produce pynthetic fibreo

!

imports otill account for 6O per cent of consumption i1n thece countries,
Although polyamider sti1ll occupy first place in world production of cynthetic
fibres and their production has grown in abrolute terms, their share dropped
from 5% per cent in 19u4 to 4% per cent in 166&,  'The chare of polyecter
fibres in world production, on the other hand, har grown from [0 per cent to
&9 per cent, while that of acrylice and other synthetic fibrec har remaired
stationary at 18 to 19 per cent and Y per cent, respectively. It iv probable

that the share of the polyesters will rise still further in futurc. ‘'The




ctpucture of fitre use 1n developing cowntries 1, however, aiffieutt to
ectimate and iv often taced upon local factore, cuch as the hivtorical

development of the market arna bmport rectyictyons.

[k, "he crve of ponthetie Ulire plante, av ditterent ated from moromer plante,
ie not ereal chen comparc: v1th other branches ot the petrochemical 1ndustry.
huo in 0, the average cioe 1n ‘he Jnited Dtales wan L, to0 tons/yeary  1n

' ¢ ] A '

N

. . N I \ / . 5
Tapat, o, 0t tonevear;  1nooestern Burope, 7,00 tone/yveary  and an Factery

Furope, /4,00 Ewnrfyvar. [y developing courntrier, plants are cmaller, averaging
about 1,000 tone/year,  The increase in oe1ve of the avernre plant hap beern

only atout ‘0 per cent pince [0 even in developed conntries,  Monomer plants,
on the other hand, have grown cubotantially larger, ©1th the recult that only

a fer developing countries, e colombia, [ndia and Mexico, have plants under

construction, although projects are beirgs planned v other developing countries,

Production of monomere oi vpecial interest
Lo deve oyl —

-
—
-

189, The main monomers of 1nterest | devedopingr countries are caprolactam
(for nylon-0), acrylonitrile (foy acrylic tibren) and dimethyl terephthalatc/
terephthalic acid (DMW/TFA} ard ethylene glyeol { for polyester fivres).

World production of caprolactam, acrrion) trile and DMT 15 all concentrated in
the developed countries, with the exception of 17,000 tons/year of caprolactam.
In the production of caprolactam, the main raw materials continue to be
cyclohexare und phenol, although a process has been developed in ltaly that
wses toluene.  Althougsh eycloherane 1o now replacing phenol, with the changing
pogition of the availability of hydrogen in refineries, phenol may regain its

posliion,

190, The proceuser used in 1964, with a few exceptions, produced as a
by-product 4 to ' tons of ammonium sulphate per ton of caprolactam, With
inerea. ing difficaltien in celling ammonium sulphate, ceveral processes have
been developed that charply reduce ammonium sulphate production (to around

. tone per Lon of caprolactam) or replace it with nitrophosphates and, 1in

some cazen, eliminate *the production of by-product fertilizerc altogether.
Cne of 'ne procecces that hac been developed vubrtantially since 1904 1s the
photonttropation of crotohexane (114 procecy) developed in lapan, the details
of vhich were giver to the Uymposiun.  the advantage of the procecs 1s that it
produces cyclohexanone oxide from cyelohexane 1n a single step. It produces

only hall as much ammoniwn culphate as conventional processes,




191, In the production of acrylonitriie, propylene hae aimoc!t Lotal 1y popiaee
acetylene, Ulrce 1A, a procese ucing acetaldehyde hae feer

Federal Republiec o Germr v, tar 11 b no teen aoe o wi

propyloene 1o Pikely b the preferred raw ontepial fop

of the propyvicne route involves the product ton of qeeond

acld as ty=products, bat ocabotentodl o eUarhs ure sene ned

production of these ty=preducts,

190, In the production of monomers for polvesters !such ar

main procesces, the Uitten, li=Centary wnd Henkel proce. e,

the preferred procecs i the Witten process, “he development ot hiph—-purits
terephthalic acid has resulted in the introduection of newer procecees baresd

upon this material.

103, Among mornomers for other fibres may te mentioned the raw matoriale for
vinylon fibres, vhich are obtained from vinyl acetate and methanoi The tformer
is still produced substantially from acetylene, although ethylere o nov being
widely and increasingly uced. Among other monomers are propylese and vinyd
chloride; these are prod red in the same manner as for plastic. | except for

more rigid specificatione,

Froduction of filres of special interect to developiy: countries

194, Developirg countries continue to be intererted mainiy in onylon, polyester
and acrylic fibres, although there has been come increace 1 Lhe production of

PVC, polypropylene and vinylon fi'~ec. There ic alvo s srowligt intorest gy

more specialized fibres such as f1'rec that more closel, recemile o1k “he

production of nylon-u and nylon-tG i based on welloert ot ished Ferrhinn e,
While other nylons are being produced in the developon countrier, theoe gre
not currently of interest to developing countrice., e development o the
USSK of a continuous process for the direct spinmirg of nylon- var pepoptedd

to the Uymposium. This procecs, which applies vacuum demonomeri nt o be

bypass more complicated steps, produces high—quality induetrial oare,

plant with a capacity ot 4.% tons/day e in operation in the

claimed that investment costo for producing the polimer are oot b Cooerd

below those of conventional procecuesn,
195. No vpecial developments were reportod in the
polyester fitreus, but the production of theoe )by,

Polyester staple 1t increaringly being bLle




use iz being made of polyeuster filament in industry (e.g. for tire cord).
olyester tfitres continue to be manufactured by the ester interchange me thoda
or by the direct ecterification method, depending on whether MY or TPA 1w
uced. In eariier procerves, the production of polyerter chipe before apinning
was ugual, tubl new techniosl methode have been developed tor the melt-splnning
of the polymer without chips and this can be combined with continuous polymer—

ization methoas,

19¢.  In the production of acrylic f1bres, new solvente are toing wed,  Among
solvente 1n use are MEF, UMAAL DMSO, ethylene carbonate, lhorganlc saltl golue-
tione, such ar sine chloride, DY g AL continae to te wihiell uased, but
the newer -wlvent: re of paportiaiee,

107, The proguction of polyving ! aleohol (virylon Uirre, currently largely
confined to “apan, 1s of vome interest to other countrier,  Althoush 1t hav
many advar oo, o wchoan Letter molvture atvortenc: ang e obient durnatality,
it hac come i ocadvantages, cuch ac jower voftening point anaer vet heat and
rather poor c.aotielty, L dapal, vingion luoomenly wee o bor pnauntrial
purpouses Tatout ©f per cent'. Itoae alwno videly ucea for wtitity clothing,

A part of the marvket for vinylon hae teen replaced tn othe: synthetie fibres,
but vinyion 1v otil] making inroads into new areas cach an paper-making,
golutle fitres, and cliklike fibreo,

108, With the grovin of the PYC plastior indurtry in developlng countries,
the product.on of 107 fitre, a lov-cort fiire, iv of interect, However,
conventional VO filrer have drawbacks that have rectricted their field of
application, Among theoe draviacks are poor chrivkage and heat-recictance,

A nev development 1n 'ain, detandy A f vhich vere siven to the Symposium, 18
the marufacture of a new (U0 fitre vith cidctantialiy amproved dimensional
gtability wuter heat, cnieved by the intromction ot o low—temperatire
polymeri.ation technique, wtoliving catalyste cuch oy organic hydroperoxides,

sul phuroue mitydride and =n slkall or Glkaline earth aleoholistes

109, Uiree Lwd, there has teen a cubotantial development in the production
of polypropyiene fitren, althouwsh net vo muwch 2u was ol one time predicted,
She most important e of thevre fibrer av for tfloor overingm:.  Combining the

factors of the ciae avaiblability

ot polypropylene resing the sumple conversion
procecs from rerin to tiire and low—coct pligment drenry with the technieal and

economical :pe~ts of the needie—punch procecs, the polypropylene needle—punch

carpat now meety Lthe regquiremento tor low—cost flo  coverings., In 1907,
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about 7O million mo of floor coverings were muade of polypropytenc, rrec ot
to more than 13 per rent 5! the total carpet prodaction oo the Tter T
and Earope. There Tomares oot b there e o rl L e

tuture applieation o the developis vt

L , ] ;
of crlklike Siires, Progres Pt res Bnve Do qeen LA S T D S,
Slater oo i Tapai Tecent Doy e ve it boncho e et et

the textiye o0 ik trore s bve toen e Vied, S R S LR T A HERE RS
recent sdvar er rn PLire Proci U o B Trocer b oo e, St
procduction of more SrikiiEe Trirer tn g o ! PN ‘
Prbres slrvendy 1o s oyt nelw pelymers, e 0 0 o e ey
Prbrer are obtarned by Uhe modrt ot pon o e o N R I T 4 '
hexagona D chepere Vg onn Vhlamer t proctered D0 v cpirdrt prooee 1.
criklike, avo aory o folament leoaleo o proraa b oy o el iRe Ui, erote

fibre, vhyoh 1o mde froe polyetinlere oxvier anmtol a0 5 ver v kD ike fb
Acrylonitrile-protein copolymer fibtre 1o mase by chemieal by oo e nat
protein v acrylonitriles The precerce of rovtural pretern makes 10 s
cantly differcrt from other silkiike fitres,

RS »

Gl Ly ton and polverter are the moct poyiar o
owing to 1te sott texture, 1o cuitatle for kuittinng:, andg polyerter, tooauce o
1t excellent blendinges properties, 1o ronlacinge mi aral fiires, Recently, the
ugse of tabries mode from textured polyester yarn b toen lnereacins rat iy,

Nylon has many inductrial uses, but polyester hae come o te preferped 1oaplte

of its higher price.

200 Although the production of textiles or uther materials from cynthetc
fibres cannot otrictly be considered a part of the petrochemical induntry,
the use of radically new techniques, cuch as web fomation, 10 of intereet
to the _ndustry. With the appecrance of the new vynthetic high polymers and
fusible polymers, e.g. polyolefiry, polyesters, and polyamides, modern
processes of wel formation have been iaveuted., "The poraible application an

developing countries of one of theuse, the spun-bordding process, wao hocussed,

The dircet web-gspiluning process has a promicing tuture 1n view of 11t economic

advantages,




Cugrgrectione for the ectatlpchmer b oot a ppnthetie tibre industry

G4, The ecbtoolichment oo corrtbaet o U pretiactrnoinoa v veroplng country
precents cortapn pranre P Corpe that ere conew el ol Prerornt Yrom bhoro
precenten o cther petro Bl L e trTier. Soennthetio vibre prenebryoay

often aeperotent apon the growthoofb Chae dewthoe drerwe e g rteoaboiihy o

aboorh new DI Teq T nel ape Tt o, e fipet eorertanl ctep, there-
¢ } :

fore, 1o not o ondin oo rurver e Lottt textilo-procerriny Pty bed alon o

provide the inveotment oo red Cor moai oy then, f4er, the pnvectment

doer not have to te large; for mnetance, the corversion of a fyo0h-rpindle
cotton—gpinning wat to the uee of polyecter-cotton tlende requirer less than
100,000, tut the nececnary forergr: exchange and other faciliticn muet te
provided. lende of natural and synthetic fibree are of special interest

to developlrng countries,

“04. The next ctep i the manufacture of the fibres themselves. leveloping
countrier chould concentrate first on the conventional cynthetic fibres {nylon
and pojyertnrf and, in colder climates, acrylics. The development of more
exntic f1tres must valt witil a market for these fibres existe. Uynthetic
fitre plante can te ectatliched that uce imported chipe or, where foreign
exchange prodlems exict, 1mported monomers, and can be of relatively cmall
¢ive. lowever, the production of a good grade of fitre baced on tho use of
ectabliche : procecees 1v important. The textile industry judges fitres by
their aquality, ant the production of poor-quality synthetlico would retard the

grovth of the 1ndustry.

205, In intesrating the fitre inductry back to petrochemicals, the final
gtep it the prouuction ol monomers. Monomer plants are rather large, and
the production of monomers 1c posalble only where a subgtantial growth of

the industry has taken place. Thus DMT plante with a capacity of less than
05,000 tons/year and usually not less than 50,000 t(ms/yi ar re selidom
ceonomic. Cne method ot overcoming this difficulty 1o to et up monomer
facilitie:r verving more than one country, such as thore being planuned between

Iyan and Vakictan and between other countriev of the ECAFE region.

Dlscusgsion

SOt.  'The Symposium drocussed whether developing countries should commence

[

fibre product:on baced upon tmported monomers or produce both the monumer

and the filre. faced on the experience of some developing countries, such
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ac India, it was felt that the import of monomers in the firet inctance vould
be advaniageour, oince thin would permit cubstantial vavives i Yorel
exchange to be made and marketo need to be crosted,
CU7. The cive of polymer plavic wac diceacved, [0 ovar pointed oad that the
covt of producing nylon, for Dnctarece, 1o oalaut Ot 0 per cert hisher i

. . R / \ .
a untt vith a capacily of 1,000 tone /year than 1o a it three bomes g0 arye,

cince vynthetic tibres can bte vold at premiwum prices 1nomoct deve bop g
countries, 1t var felt that a tegivning couwld to made oven with plants of
cmall capacitier, cuch ac 1,000 tom:/;,'ear' for nylorn and 000 t-m;',’/.v,o:n' for
polyecter,  lnterect wat chovn in the porcitle integration of taciliticr forp
producing cilklike falbrice at relatively low capacitics with exicting: cmall
polyecter ana nylon plante. It war noted that thic i+ feacitle with a

relatively lov capital investment,

00 Competition between fibres was diccussed, and it was felt that, whilce
nylon will cortinue to be important in the filament tield, polyecter will te
increacingly important in the field of blends with natural fibrec and will
win a greater chare of the market. With regard to tire cord, wvhere polyester
is now making some inroads, it was feltl that, in gencral, nylon will continue
to be preferred for heavy-duty tireo,

209. 'There was much discussion of the production of polyvinyl alcohol (vinylon)
fibre. The suitability of vinylon as a cubstitute for long-ctaple cotton was
discuseced, However, vinylon is not cpun commercially beyond 5 connte, and
experiments in India chowed that, when mixed with medium-clapie cottons, 1t
1s not gspinnabtle beyond 90 counts., Consequently, only industry will continue
to uce 1t ac a subgstitute for cotton, although competition from nylon and

polyester will limit 1ts use in certain fields, cuch ac production of tire cords,

210, The likelihood that new fibres will be introduced that wight compete
with the principal existing synthetic fibres was discucced. 1[4 war feit that
current filrec meet moct of the demand, and their prices are falling; thuo
new fibres would have difficulties in breaking into the field, However,
there 1o a market for silklike fibres, and their production will grow. While
the prices of come of thece, such as benvoate fibres, are higsh ot precent,

costs are likely to come down as production increacec, VWith regqard to the

competition of synthetic fibres with rayon, it wac felt that rylon and




- Ot -

polyester are making o bstantial inroads upon rayon filament, particularly
in the industrial field, However, polynosic rayon staple ic holding 1to

own in the cotton blend market.

©11. FKeen silvcuccion took place on other papero precented to the Sympooium,
in particular the paper on the 1.0 procesu for caprolactam becauce the

detaily of thiv proceus were revealed for the first time in public at the

Symposium.
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CHAPTER 5

SYNTHETIC RUBBERD

Recent developments

212, Major developments have occurred in ail aspecto of the rubber industry

f AR)
that is, in the production, procescirg and uce of both natural and vynthetic
rubbers. The ratio of cynthetic to natural rub:ber has continued to increace,

and in both the I'nited Stater and the TUUH approximatel;

o

per cont oof all

rubber used ic synthetic., The growth rate for total vorid rutver conmanption

is approximntely 4.6 per cent per year, with synthetio rubber srowing ol

Yol per cent and natural rubber at .4 per cent, In developliy countries bthe
rrowth of roabber consumption ito considerably srester: o Indla, Por exonple,
the srowth rote Lo between two and three timen the world woerigre, Ire msiny
devel hping countries the markets are largely uncnturated, coud prrowth o detor-
mined by avaitlability of raw materinls, procesoing cepuipment nd moprenent

and operating ataff,

112
i

. In recent years many changes in technology have reculted trom the need
to improve efficiency and reduce cogts in both production and fatrication of
rubbers, and automation has frequently led to increaced prodoctivity. Thir
has created a need for high-quality rav materiale vith a high tevelr o8 oy
tency, as demonstrated by the quality (in convicterey ana provervat. ity of
modern ctyrene-butadiene rubbers (OBR) and aloo ty the ctepr taken ty the
natural rublber producers to improve quality. Corntinuowuse mixirg har ceen

introduccd by one company, and tire companies have reached z hipgh depree of

«
s

automation in tire bullding. In the productinn of mechanioal goodiy antection

moulding and continuous vulcanization are being videly adopted,

214, In t.ore manufacture, the level of rubler in a paccergeor fire haw

decreased through the increared ure of both orl-exterced Ui and 1e-

polybutadiene. This combination of rutbers permits higher loadirgre of carton

tlack and o1l in tread compounds articularly with *he (ntemed:ate ctructure
p ' J

furnace blacks, In truck tires, the most significart development 1o the uue




of the dusl tread. The portiou of the tread in contact vith the road is
formulated to bte resiptart to o abracion and chunk g, vooth the under tread
being hiphly recilient o ooraer foceprimreo e ket rub o=t “Hie development,

vhiieh preplares o vingie tread of Ptk Teviient T eTy poermite the uee

ot n caloteartially higher Tevel o of vynthetio o raiaoer P lad g S, 0 ok
. 4 . 1 \
tire tromid, Yo averagse composltion of the o sl bypeaid w1t the dual tread
. + [ [y . N b 4 ; "y y b)Y ey ISEE
Lo natural rutier D00 por cently 2lo-poasi adlene 0T per contyoand e

,/

(55 per cent ), compared it naturnl ordber T70 per cently cip-polybutadiene

{0y per cent) for cinrle=tread conctruction’,

‘

S5, Yperinalised new polymers have teern developed, including rubbers vith
sreater reciuntance to extreme conditione cuch ne high temperatures, exposure
to gpecial lubricanti, Thece inclide polyacryiater, silicone and fluorinated
polymeri, [ e tamily of runbery polymer:s, catled themoplactic rutbers,

hao been introduced, theve products can be procceeed Like thermoplactices and

yet behave i1ke rutier on cooling.  thus far their wee has bteen limited to

3 8]

applicatione where temperatures do not rive above o0 Lo pfon s further

improvemente are ponclitile.

“1e,.  Another majior trend during recenl years Lo leern the tlending of rubbers

and plastioe Lo achieve cpec.al properties, Come examples are the uee nf cle-

am——

lyetyrene and the blendiygs

polytutadicne with clyrene to grive hiph=tmpact poig

of nitrile rabtere with TVS to achieve impact recictance; the nitrile rutlbers
act av a ron-miprotory placticiver in the TV, pere have been many develop-
ments in the freld of cynthetic laticer, al many new types and applieations
have ariven. e stems trom the fact that tne application of latices
involver lquid handllrge eaqulpment inntead of the heavy high-chear equi pment
weed in rubber and plastics protencing. tatex techrnology 1o therefore one
of the major ways in which the rubber industry ie cimplifying 1te nperations,

New latices, particularly cartoxylated types of Db and nitrile rubter, and

\

new methods (preccure agglomeration) for the manufacture of high-colldo

latices have been introduced in recent year:.

€

“electen technologier [polymer production) ot special

Lnteract to developirg conrtren

17, Many factory aro importart in the celeotion Hf terrnonlogries for the
} F

.

vuthetio rulber inodevel opivge rountriec,  Tnhese factors

production of o
ine lwde the atility of the process 1o produce a range of rubbers that will

‘were; the availability of

e

Yy TA

~
N

permit a reduction in owmports of specialt

3 v
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local raw materials, including eatalysts and other chemicaley the atpiies p
the process to use lecally manufactured components and vpare partc; the

reliability of the procece; the vulrerabi ity of the procerc to vy oo
monomer purity; ami the cpecithis nature awd nroe of bhe mareet 1o e gy

The technologies that regulre concauderation for tavre placte are e torp

the production ol't civ—-polyicoprene; cire—polybuatdicne; R N T R O
colvtion SR/ low clo-polytsitadienes  emuloior UHF Srutmdiene pabioy b by
and nitrile, Other technologies, to produce ethyiene propy one feyop o e,

butyl rubber and polychloroprene, wvhich has vpecialiced wer, chonid e

constidered only as the irnductry develops,

e Dle—polyreoprene has Leern widely convldered ac o omoms of proviair,:
highly recilient rubber for large tires, particularly v aress vhore there
teoa decire to become irdeperndent of rnatural midter, Civepolvicoprere aleo
offers a technical advantage to the wwver, in that ito viceoorty b, ot

nov, beer more tightly controlled thar the ratural croaucd srvod b mgs g ool
L t v t

the premactication time required in procercings nat-ral rubior, oo, i
polryivoprene 1o not without ite dicadvartager,  Tor evample, 140 oo

ctrength and tack are lov, which maker the fabrication of Lives moere ditbieald,
1 ‘he mort important acpect of cle—polyivoprene prodat con 1o omat arens
of the vorid 10 monomer coot and avarlability., ALl current iy kiovn proceroes

recuit 1noarn 1coprene monomer that 1r congiderat 1y more e, oneive Uha,
tutadiene,  burther developmente muet te expected, tut 1t eems Likeiy that
until o new proceccer are developed and applied oy g very larpre coale, pooprene
will be an expensive monomer, i polyisoprene i axoencive polymer rel oot e

to SHR and polytutadiencs  Owing Lo new techniquen for orodacines nabardd ribter
thiat have lowered production costs nd are suitable for ase o Moalyoio,
Indonesia, -Indin, West Africs and other developing arews, the dosivdility of
using technologsienl regourcen to replace o prodact Lhot can be prodacad eom

natural resources musl be queshionod,

Je0. 0 The porition of cis-polybutadiene differs from that ot ERE R EERN T VAT
that the monomer will be available from ~teun crickers, Ulo-oroel bal arene

concumption has grown very rapidly during the last tive R

butadiene improvesr the abracion resistance of pas. er ey g | Sy
in blende with SIB and natural rulber. 4 hae aloe o1ra pomteet i

groove-cracking probiem that wac encountercd Ly Jorte oo o oo e

M




»21, A major problem with polytutadiene continues to be the tendency of
tires, especially larpe onev for bures, trucks ete., to chip and chunk, "This
tendency hav reculted inovery low uee of polytmtadiene n ocervice requi ring

a proporiion of Mot fothe—road” driving or of driving on poor roade, L 1lo-

polytutadiene can e wed to tent advantage for tireo Pos trucks and bugesn

employed cortimously In highway driving and for North American paesenger

.

car tires, lecawe the vet traction (skid revistance, of tirev decreuses

5

with increacing clre=pocytutadiene content, it 1¢ounlikely that we of clo-

S PRt

wolvibatadiene vl Lnereare bevorid the level in North America., lun Burope
po N 1

chere roai are froguentiy vet and traffiie dens ity 1 high, polybutadiene 1s

e evern oo than i Lorth Ameriea, oving to the empharie on road catety.
. Cheepeosbtadiene acd other polyvtutadienes are belng ueed L 1nereasing
anoa by o components ot oarcacy compotnide 1no bothotruck and fw tires, ‘They

have tolter ocoramio proportior and e’ character vtioe than natural rubber
compout e 0 Lo atso Prenaenty et in carcass compounds to reduce the

tender o L ral TLbier Sompotdiid Lo eoften with cxtronded wee at high

temperaturer, v i1l the precent, wvery fittie polyiutaitene nos reen used
outidde the tire cegmernt of the rutter Dnducte, Pt oondly other major use

N W : n i N e T &
aro mpact oo fiPier torocertonn prrade of hiph=lupact polyvrtyrenc,

. everal prooorees an availatle tor the garctacture ot cre=polytiutadiene
} J 1

e

coverig norange ol _dcecontent oand Lith come arftferencer in properties, High

~a

cle—poliiataniene taced oo the cotalt procers hae been found to provide the
Lot proceciln properties aned, inopartioular, toogEve teant "bagping” when
Ple compoidens are miloe iy hin copederat. . g particularly amportant In
arear where the retal b emapmesnt was aevtymed around natural rubber, 1.e.
with high frictoon rats miliv. the titanlum-catalyrea polybutadiene 1s
cuperior to the frthiam-satalired polymer, tut iv wferior to cobalt-catalyzed

i procecoing lebatour,

A

CU4, lecently, @ ctronge trend to the awe of oil-extended polylutadiene has
toker piace, av throwh this rowte maximun advantage can be taken of high
lovels of o1l wit Elark to rede compound covtye without racrifice of proper-
ties, Cving to the relationchip tetween solution vicensity and molecular
welpht tound with the sovalt eyeten, it 1 founa more economical to produce
of leextended BE o fhe cotatt coetem than an the titaniim oyetem, [t is also

pogsibile to o vary properties of polybutadiene in the cotalt rycstem through

\
s

changes 11 reaction condirtion ardl therety produce polymers that act like
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titanium polymers where this is required. In this way, the cobalt syotem

becomes extremely usgeful in producing polybutadiene for a rarnge of end uces

tiatioe g

25 To determine the decrrability ot building a polvbutadieone plant, 1t e
necevsary to asvenn road conditions and the nature of road traveportation
syetems in g developing country., Ao a region developr, a cio-poisbutadiene
piant will be require.d, but a more versatile plant is usually required nt

firct,

J06. Although the Alfin procecs might be considered as a potential route to
additional rubber for developing countries, it must be recognired that it hasn
yet Lo prove itself on a commercial ccale, and the rutbters available from this

process have not been ndopled and vused by any of the major rubber companies,

In time, however, this nrocess myy become tmportant.

S7T. wince the growth of a developing country'ec rubber concumption depends

on all segments of industry - rubber 1o needed for bicycle componentis, foot-
wear, belting, hose and automotive products ete, - a combination proceco of
the solution or emulcion SEH/PH type muct aloo be given cerious congideration,
The solution typre of ShH/Ph plant is versatile in that it 1o able to produce
random-type UHH for the tire industry, blork-itype UIE for footwear and poly-
butadiene for tires, Experience with thece random Ubke chows that they have
good dynamic propertiecs and that their atrasion recistance iu equal to that

of conventional UK, Difficulty in procesging han been a verious disadvantage
to date; although the procens can be modified to make cacler-mixing polymers,
these modified products show low green vtrength and bt lding tack, which makes
the building of tirec more difficult, particularly when high standarde of
quality and uniformity are required., '“he block-type UHie produced for
application in moulded products such as footvear shoy good moulding behaviour,
but, because they have lov green strength, conciderable difficultien are
encountered in mill mixing, anl production rates arc adversely atftfected, Thus,
the solution 5BRs have interesting and useful properties, but they are not
interchangeable vith conventional OBE without the use of upecial compounding
and procecsing technology,

CUBL Polylutadiene produced in thre combined solution SBH/HR syotem i

similar to the lithium type of polybutadiene and hao relatively low cig
content, North American experience with this type of product chows that 1t

can be widely used wherever the high cic typee are uced; but becaune of the

lower cis content, it dynamic properties are slightly poorer, and its mixing




and extrusion in blends with both natural rubber or with CHii are also clightly
reduced and recult in clower throughput becauce of clower mixing and because

tread extrusion run hot, vecarionally eoouring CCOTCUITT.
] f f

& Fpom the ctamipoint of the manutacturnes procecs, the combived solutiorn

. fos \ N - . N .
Sl SR procece rermite conelderatle Flesitility, Howover, the rhangses from

PR i

polybutamene Lo Ok requare a chort period of shutdown (up to a few days,

1

deperedlrgT on the equipment 1notal L) Letyeen types. The prosess fe ateo

capatle of using 1 lute ctreamy of tutadienc, provided approprinte recycle
facil ties do not result 1in concentration of impuritien in fhe 1 luente, It

le aluo important to recognize that thie procesy Seer orranome bal 110 catalyeta.
Corcequentiy, althowrh dilwie tutadiene han been weed, tne tutadiene must be
free from polar impurities, inclwding moroture. ldeally, av with all the
orgavometal Lo cyetems, iriclwhing the Ziegler-latta catalyoty weed to produce
the high :L;—pulglutadlenem, the lect control of the process i achieved with
raw materials of high and conesictent purity. ‘the procest ie thercefore

cencitive to upceto, for oxmple, in the cracking operutions providing the

moncmers,

0, The alternstive combin o bLlon procesi, which 1o the conventionnl emulslon

(AN

procecy for producing DiE, ar well ae emuicion polybutadiene, 1¢ aleo extremely
versatile, 'The cyctem 1o capable of producing a wide ra ge of uncytended and

oil-extended polymer: that are well known 1n inductry and for which the proceog

o

i "
h
i

and application technologries are well defined, Hore recently, {urther research
hio yielded SRR with = superior combinstion of processing dynsaunic and conven-
tional phyoreal propertien, coupled with an nnnscwially high degree of product
aniformity. [These improvements huave resilied in reduced mixiiys cyeles and
Loproved extriusmion ribes, which hiave permitted nn increase in the effective
cpaeity of tire factories without ndditional oquipments 'he crester uniformity
0 paw miterial has alse contribubed bto inereasing productivity n tire bulild-
Ly throaech bthe reduction of reject rites. pecnnse of these chuayres in SRR
product dquality and bthe recent changres in the desimm of truck tires (where o
combination tread o ousceld, ftor exumple, un Abrusion-resioctant wenring surface
faood on SHH/neuprenc ruiter (NR) or SMH/HH/NH over 1 hishly resilient under
tread taoed on NRoor HH/‘E(\ the nse of SHER Lo increasing cubotantially in

Yopth Americi. These fac'ors will nlso be relevant in developing countries,

provided that the equipme:lt for producing the dunl tread 1o installeds




<1, 'the emulcion system also permits the production of polytutadiene, i

polymer hac an ever lower cir content than the tithium-catalyred proaa-t
produced alonge with colution OPF, L can be procecved carl iy oo contriintor

come dmprovement o the alracion recactance of Clorndr with toln rataal iy
ardd DR Thiie Dmprovement 1noalrasion rocsrtance, hovover, beonob oo preat ac

with the high clv-polyiutadiene or polybitaviene of the fithiun Toype.

S ic. the emudlvlon eyectem i the cimplect of alt cynthelie ratber procencer to
operate ard control efficiently, and 1t aleo permits the greatect variation in
monomer purity.  lecause the polymeriration mediun 1o oan aoveows emuleion,
colvent recovery 1o eliminated (together with volvent torver), ard continuous
frade changes are in widecpread uce, thuc encuring minimun upcets to polymer-
ivation chain conditione, {In many plante, the continiour srade chmgre 1
atoo very altractive from the economic viewpointl, ne the non—gtandard materia)
produced during n grade chargre can be segreratea but ot !l noed oo "ot't-
cpecificstion™ rubiber for lecs critical applications.) An emuleoion poly-
bucadiene procers becomer very attractive in combination with SHE beeaure,
duritg 1to manufacture, the "eiripping' coiumn, ased for separatins unreucted
styrene, 1o not required, Dince the column muet be rleancd periodically,
polybutadiere can be produced during there periodr without curtailing the
polymerivation reactors and finiching cyrteme,  The capacity of the prant v
therety increaced, A further advantage of thic procegs 1w that, ar the need
arices for epeclialty products such ag¢ nitrile rubbers for oll-reciotant
applications or latices for tire cord and textile and paper coatingse, the
technology to produce such polymers can be acquired and wed with minimum

additional investment,

© 4. 'The potential to produce latices, which is provided by the emuliion
system, also permits advantage to be taken of the recently developed techuology
for producing high-solids latex by pressure agglomeration., 'hiro techrnology
permits entry into applications in moulded and cpread foam 1n addition to the
use of conventional latices in carpet and fabric backinge, adheciven, tire

cord dipe etc,

nD

234, 1t 1s obvious that no single rubber can be specified ar the most nultable
for production in a given country. The choice of rutber must be baced on the

local requirements of the market, with the country's plans for over-all ecornomic

development taken into conslideration,




Selected techniques of special interest to developing countries

for proceccing ard fatricating cynthetic rubbers

m15,  Developmente in the proceceing and fabrication of rubber continue to

provide increavced operating effiniency tarough the introduction of new methods
and the optimiration of the older onews, he advantage of latex technology in
making 1t poccinle tooue cimple equipment for fabricating rubber has already

been noted: thie trend 1o continuing.
, ,

"Mb,  In raber mixing, high—speed/high-pcessuro Banbury mixers permit sub-
atantinl reduction in mixing cyoles, together with improvements in dispersion.

r

This provides riubber vileanizates ot higher muality. process based on the
Banbury mixer is by ibo nature o toabeh procesa, but o very high degree of
automation io now dsed in modern mixingg rooms, with sutomatic weighing and
filling equipment nnd automatic tke—off facilities. One North Americar
company has introduced continuous mixing (Intermix) in its latest tire plants
and claime rediuced capitnl and operating costs for this new process, which

can be adapted to a range of mixing ciapacitles.

©7,  Extruders have been developed further, and cold-feed extrudevs are now
widely uceid. The dual tread for tyuck tires is a further example of extruder

developmente,

IaI]

&. he use of injection moulding of rubber, although extensive, is in
general confined to producto that permit long production runs. In certain
applications it offerc benefits by reducing the cogts for moulde, as fewer
of them are required. Many different injection-moulding presges are now

available commercially,

019, Continuous vulcanization of extruded sections 1s also being more widely
used. "The technology was developed by the Rubber and Plastics Research

A p Y
Association at Shawbury, !nited Kingdom, a research institute partly financed

by industry.

240. A number of improvements have been made in tire retreading (e.g. the
Orbitrend process). Tire retreading ic particularly important, as the most
complex part of a tire 1s the carcass, and 1ts reuse, through retreading, can

be a highly economic means of increasing the effective production capacity of

a developing country's tire industry.




Possible areas of applicat'on of usynthetic rubbers
of special interest to developilng countries

241. 'The main areas of application for cynthetic rubbers are well knowng
some examples are tires, conveyor and transmiccoion teltingr, hose, rollers,
including printing rollers, footwear, and chemical-plant Tindgre.  ilowever,
several new applicationc have teen dev loped, ard come of these are extremely
important for countriec wiching to acquire the latect technology ac quickly
ac postible, Carpet manufacture provides an excellent example o1 a new
application. Using carboxylated SER latex to lock the tufto, n munutacturer
cun berin to produce tufted carpets without having to progress through woven-

carpet technology.

242, The mogct interesting major areas of application are:

(a) Construction - rutber window weals, flachings, waterproofing
membranes for foundations and roofing and adhesives, ALl of
these applications are important for improving the efficiency
of construction and for minimising bullding maluntenance,

(b) Furnichings - upholotery (oushioning, curled harr or foam),
mattreccer, car ceats, carpet backings [tufted carpets), carpet
underlays (foam), furniture ‘high-impact polystyrene av a cubeti-
tute for woou), he attractiveness of there applications dopends
on local conditions; for evauple, a courtry vithot timber may
find high-impact polretyrene, vhich ueee rubber to pan, ampact
strength, very important, Tountries with nengenows coarse
fitrec [coconut, animai hair vill protatly prefer to e fatex-
impregnated curled hair for cuchioning, vhereas thooe witho!
these fibres may prefcr to uce latex foam for thie parpore,

(c) Agriculture - rubber memtranes for grain oiloc, for arriyation
ponde, ditches and dame; 1itex for corl ctabilication fwind
erosion).

(d) Plastics modification - polystyrene (regular and hiph wmpact) for

furniture, packagings, V0 modification with matrile rut here, AR
manufacture and modification {rmtrile ratters

Factore affectiiy the covnthetic rutier pnduciry

inodeveloplng voantn e

243, The establishment of a synthetic rubter pnaustry in developing countriec
is an extremely complex undertakiiyr, and many Pactors muct be considereda.
Since the synthetic rubber producers in the developed countries operate oroa
large scale and the markets in developing couniries are cmall, no developlig

country can establish a cynthetic rubber industry and operate it profitatiy

without taking measures to protect it from competition. Juth meavures miay te




justitfied 11 the evtablichment ol the industry makes the best use of available
recources {rom the standpoint of the over-all ccovomic development of the

country.

A0 Dince producers pnodeveloping coantrics lack the oxperience v meeting
quality ctodarde ard tn omarketing for ewport that producers 1n developed

rormtries have acquired, 1t 1o unlbikely that a plant 1o 2 developing country
Vi1l be atle fo evport ite products profitably, It wmurt theretore depersd on

1

ito domectic market, The oive and rate of grovth of thie markel 1o very

clovely linked to the over-a U economic development of the country, ar
refleated in mproved dictriiution of agricultural and mining producty, the

vee of road-truce U

—

arncport in addition to rail trancport and the establich-
ment of ar antomolive inductrie Dlnee the coretruction ot ac large a plant
ar pourlile 1o redured, it 1 nececoary to forecacrt the implicatione of
coonomic e lopment o the demand for rubler. [t v not cufficient to
extrapolate current grovih rates o pulber conrumption, sinee restriction of
rutber tmports may have Veern the factor determinivg the rrovih of inductries
conramine rubber, hyomang raven srowth rates have teen rapld an £oon as
produnte have terome trec iy avaliatle from a domestro producer.  In a similar
way, the ectablichment of oa foment e avdtomobile producer or assembler creates
opportura tres for the domertr o oproootion of components and cpare parts., This

car provide arn untoreccern increase 1n consumption,

at 1y

CAt, hroadartion o the market, 1t 10 aloo necensary to conalder the resources

for succereiul proauction,  These include the availlability of:

a) Moderr tecohelogy toominimive detays i construction, start-up and
market acoeptarcee Dand future improved techuology);

(b)Y A ctrongs Cpapmet=produe iy industry coupled vith local engineering
srtaff toomin ce foreipn currency cxpenditures;

() raw materiaic;

{d) Expertencon or readily trainatle manpover for management, super-
vivion, operati o and malntenance of the industry;

faY W N Lo o ;

fe) Fevourser Dor Sralblng ctaft,

Ae agoictance 1y liwe .o to re reqared an ensuring the availavility of some or
all of the atove recoiyeer, 1t e ateo impartant to cousider factors affecting
the licene s of tochooom anes patents, rovernment policies regarding joint
vertuyer, focalopartiocapation, repatriation of profite, protection of foreign
e tore 1n the et fonationalivation, and the natnre of protection to be

provided Lo the Thu oty




Discussion

c4e. There was considerable discuccion on 1soprene monomer ard Clo—polyicaorrene
p poily pret
manutacture 1r the UOOE,  looprerne monomer is produced 1r the "OUV L ath

dehydrogenation of amylener and from 1ootutylene and formaldehy e, he oo

srve of a plant based on 1sobutylene var given ac Trytit to o SRE SRS

IRISES]

fhie VOOR har developed a technology for producing bruck tiree made ot oot

syrthetie rutter; the proportion of rynthetic rubter weed 1n all
to 70LY per cent by 19, Ac an alternative to producing syntheto i

polylsoprene, 1t wac cgyrented that aavanced techniques may make it Pl bge
to produce natural ritier more cheaply than cynthetic ribber for Mol Hears,

A7 With respect to specialty rubber production, 1t was ctated that, oinee
the volume of concumption 1o vo cmall, it ir not practical to prod.e highiy
specilaliced rutbers, such ac the flaorinated rabbers, in developl - connbries,
I't might be decirable, hovever, to produce latices in order to vive on the

»

relatively high transport cocts of thece forms of ruller.

D45, The importance to - developing country of obtaining teshr dogy and not
just righte to use a patent was emphasized, It was aloo strec.ced that ever
when a basic patent expirec, improvement pitents are often still vilid,
Consequently, efforts must be made to ottain the latect ‘echolopy {and patents )
avallable; otherwise the prouucer in ¢ developing cotmtry viil find himoelf at

a further disadvantage with respect to cost and quaiity.
749,  The need to base synthetic rubber indusiries on ver.atile plants was
emphasized,

250, It was suggested that, since *the value of petrochemicale in oo tfiniched

rubber product is low, it may be more advantageous { v 4 developins country to
devote 1ts resources initially to building up a rubior-fatricating imiuctry
rather than a petrochemical indus*ry. However, certrnin countrien have rmport
rectrictions that make it extremely difficult to ituiid up a manttacturit,e
tndustry based on imported raw materials., [t ic therefore still decirab o,

in some areas, to bulld plants that may not be competitive irn production cort

relative to existing plants of large producers.




CHAPTER 6

GROWTH OF THE PEIHOCHEMI AL [NDUSTRY
DURING 'THE Skooih DR ELOPMENT DECADE

251, Attempts at projecting world Aemnd o petrochemionls have been made by
the United Nationg resion) economi: ommisoions and oy Karl ot Ronite of
Farbwerke loechst AG (for NIDOY.  The results of these projections are
presented in the followine tables. The tibles ineclude estimates of projected
congumpt ton of petrochemicnals for 175 and 100, divided into resions and into
different groipn of petrochemicale. More cpecificadly, the Rénit report
(tables 1 nnd } denls with the developing countries of the world, divided into
the developing countries of Africa, the Americas nnd Al

LD

2H0.  Dntn derived from the Ronits report for the different regions of the
world -ould be uced ng o bosis for giving o rough eatimate of world demund for
petrochemicals in 175 and 1980, However, the two uets of datn wiven by Rdnitz
and by the regionsl economioe ~ommicsions re, itnomoust onoes, nelther comparable
nor ur.iformly olasuifieds  For thie reacon NTDO shoold eviluate in depth the
congistency and comparability of’ the data given in the two sources.

Y3

43, According to the Wity otady, totad world consumption of mojor thermo-
plastics will amount b 1% million tons in 1975 nnd to 60 miilion tong in 1980
(see tanle 1). Of this total, the consumption of major thermopliustics by the
developing countries will smount to 2.8/ million tons in 1975 and to 991
million tons in 1980, No data for the total world —onsumptilon estimates of
synthetic rubber have been prepared by RBnitz. However, estimites of consump—
tion of gynthetic ribber by the developing countries nre avirlable,  These
amount to 430,000 tons in 1975 and 672,000 tons in 1950, The estimated con=-
sumption of synthetin [lbres by 11l the developing ~ountries will amount to

996,000 tons in 1)/ and to 1.93 million tons in 1980. 'Total world consumption

of synthetic fiires is not glven.




i

19 -

*(pUBTUT®BW ) BUTIUD PUT SIBTIIUNOD YHYD WCJIS S8ArST] BpNIOXS SVANFIJ SACIE Y, 90N

.

*(0QIND £3 peuotssTumco Lpngs peystigndun) 6961 Jequeideg -
‘w0861 03 dn saTajunog SutdoTeas] oyl ul AIjsnpu] TeoTWLAUOCII8d dU; J0J SdATI00dSadd,, ‘zatuQy *H i

s e s e e T Oc)j.-}ﬂ >0W)J-\ﬂ @HLDZ Hﬂpﬂp

PRra oo ese oo Oc@mw@fwu ..n.,...u:ﬂ..ﬂm. pPIIom 88Ul JO 3S8Y

O°TEP*1  Cvard 0 V165 0roagts S9Td3UNGO HULQ08ASD 1B3C,

adoanyg

*
—
O
—
)
—
[
*
¥
[
.
[80)]
<
O
.
<t
™y
<t
u
-
=~
Ond
Cd

fol8 0*2. o°gtb G162 Ceovz'l BISY
T SeoTJoWy oyl

<%
<3

o o O O
.
o O
[T
—~

Coav LTl BOTIJY

.
(@
Q]
~
O

.
[HEY

O

.

.

.

.

.

.
22!
(

¢

{
:4
u”
r..4
i)
R
—t
*l
@]
a
P
—
[

O,;
SOJIq1J CT318UIUAYG SRR SC1A0% Tl Lde it Gl n UT S9TJ3UN0U JUutdo[aAs(

- Tl = . . b ey b

SLr T YR L TOUT S8TaLUYLL FUTIC /AT

(7 UT Si.7Dlual (U8 [tolWelcrdied owce JO UCTLdUMSUCO pojoedxy




*(0QINN Aq pauoyssiuuod
4204334 3y} 404 saal}dadsuddy ‘ZHIUQY "H 48N 1330

LRG| 03 dn sansidnog butdn|anaf ay} ut A41snpuyj (EILWA

Aprys paysiande”

Tl Sl 2°828 £7Ll1 1700 ALl 2°68
— a—

G467 8°9¢ { A Jaysafiogd

A At Y04




- 81 -

Tible 3

Expeclted concumption of gome petrochemicea! end nrodact in the
P

dovelopingr coanbreies n Do ol |
(?}’ v ¥ H L 3

WA R :

POV P ‘o

regmion regioone— Sler Wt

175 1 K 14 |t L RE (S

Major
thermoplastics A R L Hon g S eyt A0
synthetic
f\i,: roes o v @ ()(J-(Jal :().() ('C)Q(“' ! ;H'a X l’\\’l.() s s 0 ‘\"() ’al
.}",’Y"i*.:'ifltllf‘ Y"Ik‘twiﬂ‘ X ?}3{101) ”1)[’).() /1(}.() i i"'/i 11(,)./ s e “1‘ . '

Soareont Unpabliched studies prepared for UNIDO (Rakn Symposium) by ECANE,
SOA and HNESOHR,

o Trugy Jdordan, Kuwaiilt, Lebanon, Saudi Arabin and Syria.
-’

Tiauble .

Growth of instulled coupoacity o0 Lot potrochemicnls
i Lot i Amorieon

(th“w:' R E \

arowth of

[notalboa ety installed copaeity,

DA Ly i=191"
Ammonin At Tyl At e
Butadiene B0 0 HA.0
Henzene S0 L6 o (0
Ethylene 3443 [ A PO
Methanol 555 BN E
Noiphthalene 16.8 lol
Carbon black 117.1 11s5
Prcpylene 36,0 8908

Carbon gulphide 19.5 -

{ t
Toluene 1()0.(,)%/ 11 '”T)/ /
Xylenes $9, 0= BOe

Total 1,530, ( Ayhiho

i/ Firires for Mexico only; for 111 other countries ineluded i
bencene~toluene—xylenes (RMX) under benzene,

b/ Bigures for Frasil, Zolombisa and Mexiso only; for oll other countries
included s MY under benzene,

U




254, The estimated investment requirements of the developing countiries are

given in table 2. According to these figures, the total capital required by the
developing countries in the two periods, 1970-1975 and 1975=1980, is as follows:

1970-1975 lQ]ﬁ—IQ8O

million Jdollars

Major thermoplastics 575.0 1,56.0
Synthetic rubber 48.0 80.0
Synthetic fibres 1,196.7 1,203.5

While the fipgures in table 2 give orders of magnitude of the investments
required during the development decade, they should be further scrutinized
and correlated by !INIDO. Tables 3 to 7 give projections prepared by the
regional economic sommissions and the United Nations Economic and Social

Office in Beirut ({INESCR).

255. lsing both sonrces, it appears that only figures for Africa are compar-
able. The figurec for 1975 and 1980 as given by the Economic Commission for

Africa (ECA) and by Rdnitz are gummarized below:

ECA Ronitz
thougnd tong
197% 1 R 150
Major thermoplastice N SRR ST S fole PO
Synthetic rubber e 1040 .o oo
Synthetic fibres #r.4 0 14047 64,0 120.0

256, It must be borne in mind that figures for consumption of plastics,
synthetic rubber and synthetic fibres are subject to serious misinterpretation
unless it is made quite clear whether consumption refers to raw materials only

or includes products made from the raw materials or, for example, the plustics

contrined in such imported goods as motor cars and engineering equipment.
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Tiable 5
Consumption of pebtrochemicai:s in Wentern Buarope
in 1970 and 1004/
{thowmmd tons)
Ethylene derivatives 10 1975
Polyethylene 3,175 6,500
Ethylene oxide D75 1,790
Ethylbenzene 507 900
Vinyl chloride T35 1,570
Synthetic ethanol 250 350
Acetaldehyde . 263 450
Othersg/ 210 430
6,115 12,000
Propylene derivatives
Acrylonitrile 50 1,730
Polypropylene 350 970
Cumene 360 500
Propylene oxide 275 A41Y
Oxo alcohols 650 1,115
Isopropyl alcohol 485 600
Othersg/ 365 420
3,235 5,150
Butadiene derivatives
SBR 420 650
Polybutadiene 210 320
Nitrile rubber 38 60
ABS resing 32 10
Othersg/ 45 60
144 1,160

Source: Unpublished studies prepared for IINIDO (Baku Symposium) by ECE.

g/ EEC, EFTA and other countries in Western Europe.

Q/ Mainly tetramer, trimer and synthetic glycerine.,

Q/ Chioropene, adiponitrile, trimer etc.




Table 6

Production of petrochemicals iLn the CMEA
countries and Yugoslavia
Tihousand tong)

Plastic:s nd aynthetlc

resing L,0/ 3.0 ces .
PVe 62640 coe cee
Polyethylene 4940 see e
Polystyrene 14849 318.0 ces
Propylenc 395,0 £19.0 1,551.0
Ethylene 1,000.0 - ces

(1966) = 300.1

V7.0

Amino plastics

pcetylene (1766) =

J. Miiller, "Development of plastics
in the COMECON countries and Yugoslavin

Source:

v ID/WG.34/6.

Pable
— .

Investment repilrements for She development of

pobrochomic st 1L and 1370
Tt Lion dollars)
FCARE
Afrien region
L/t [PEL 1975 1980
Petrochemicnls A0 6,0 - -
Plagticg - - - A(0.0
Synthetic fitres - - - 319.0
Synthetic rbber - - - 116.5

el

Jource: npublished studies
20

ECAFE,

Lebnnon, Saudi Arabia and Syriae

3/ Iraq, Jordan, Knwilt,

from the petrochemical industry

UNESOB
a
region—/

197¢ 1980
30040

prepared for UNIDO (Baku Symposium) by ECA and




CHAPTER 7

WAYS 1N WHICH UMIDO COULD ASSLUT THE PETROCHEMICAI. INDUSTRY

257. During the Symposium, diccuscions were held with the participan

from developin~ countriec concerning pouosibie UNIDO ascictance to Lthe petro-
chemical industiry in their countriec. A x.im:umom,il digtrituted during the
Symposium oullined the main toplco for theso discussiong under the tollowing:
three hendingera: (1,) plannim and lmplementation of petrochemical tacilitieny
(b) assistance in solving problems ¢ nnected with the operation of petrochemi-
cal plantsy  and {¢) assistance towards the inctallation of small petrochemical
plants for which UNIDO/INDP could provide the toreijm-currency ~omponeni, In
the courge of thege discagsiong, the problems confronting o perochemical
induglry in the country represented by each participant from . developing

country were reviewed one by one, and ways in which [NIDO could assict in

solving these problems were considered and recommendalions drawn up.

258, "The discussions were carried oul with the underctandings that, on their
return to their home countries, the participants wonld be ingtrumental in trying:
Lo generate official requests for UNIDO assistance trom their Sovernments, Lo
be channelled throwrh the INDP resident representalivec. 1L was understood

that such requests would not be binding on UNLDO; one o the parposes of the
discussions was to aggist UNIDO to obtnin information on the needs of the
develuping countries und to determine priorities for lLechnical assislance to

member countriea,

759. ‘The moin sectors of the petrochemical industry in which HNIDO can assist
the developing countries are indicatel below, together with the number of
requests and the source of financing of the ascictance. The abbreviations
ugsed are for United Nations Development Progr: wmme: /S special Mund prosects

(TNDP /SI'), for Special Industrial Services (SI3) and for accistance under Lhe

regular progsramme (TA).

6/ IDMG.34 /78, Sec annex 2.




[t should be noted here thnat, for the sake of easier classification, the
training component is understood ns inciuded in the group hendings.

Group 1: Covering the gsector from preliminsry fencibility studies to

vinkable proiects, backed by market research nd economic
. b o

studies.  (DIDR/SE, 2y SIS, L.

Group 't Market research, murketing, techuicnl cervice to sales
promotion and markebing, INE/oK, vy Bls, 6.

Group *: trocest and product selection, S, 4

Group 1: Prepuration of tender specifications and evaluation of tenders.

ceges .
‘)E;i, /e

Group 5: Omull petrochemicnl plunts for which HN[UO/H?DP could provide
the foreign—currency CoOmponetil. ”HDY/SF, !

Group 6 Muteriils tuepection for petrochemical plants ander
construction., 516, 1.

Group 't lnerescing aperating efficiency of petrochemical facilities,
S5y, Ly TRy T

1

Group ¢+ Krfluent=disposal problems for operatings petrochemical plants,
Sro, 1.

Group : [Promotion of finaneingr, identification of purtners for joint
venturea, HI5, 2.

Group 10: Legsl aspecty of establicshing joinlt ventures and of invest-
ment promotion, BI5, 1.

Group 11: P'rocess engineering design in the petrochemicnl industry.

oL

260, Tn conclusion, the discussions held with the participants of 75 devel-

oping countries led to the identification of 13 HNDP/SF projects, 8 3I5
projects and 3 TA projects under the regular programme, for i total of 44

projects,
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; CHAPTER 8
¥

CONCLUSIONS AND RECOMMENDATTIONS

Development of the petrochemical industry in dcveloping countrieg

261. The Symposium recommended that in eatablishine a petrochemical industry,
developing countries should unidertuke dedailed marke!l otudies for Ctlil products,
including the impact of the production of such end products on more convelie
tional materials. When the necessary services are not aviailable wi'hin a
country, the services should be obtained from other developings countries that
have already prosressed in the estublishment of their petrochemiesd industries

and have faced similar problems.

2062. The Symposium susrested that developing countrier wiching 1o e tablich

a petrochemical industry could sreatly benefit trom the experience in this fireld
that other developing countries have gained and 'rom information on revieilable
processes. ‘The Symposium thercfore, sugrested thal:

(a) Country papers at future conferences shoul i pluce more cmphictle on
discussing problems faced in the establishment of potrohemiod
industries and the measure: underiaken to ol ve themy "N1DO ap
regional commissions such s ECAPE wnd BCLA shoul d prepoare peports
on experience in ec!bl iohine petrochemicnl inbisiries 10 celented
developing countries rather thour only staricticnl datv.

(b) The 'mited Nations Contironce on raie an i Development (TNCUAD)
and 'NTDO should collect datia on the imporo and exportc —f petpo-
chemicals in developing countries.

(¢) A mechanism should e worked out for collectine i calabosue of
processes and for publichingr, on i reyular basic, detailed infors
mation on processes aviilable for licenuine-,

263. 'The Symposium recommenided thut feveloping: countries offer facilities for
undertaking pre-investment studies, feasitility wed detailed projeet reports
i E } o ?

engineerin:s decisn and construction, plant commicsl nin- and operat 1o, and

researct und development to other devel pins coantries,

264. The Symposium emphisive: ‘he 1mportance of wbeepaat e tralninges an all

branches of the petrochemical industry. 1' recommendod that developiry:
p B




- "R -

countries thatl have established petrochemicual plants should provide facilities
for irainine personnel from other developing countries. 'The use of facilities
4L opecialized ingtitutions in developed countries, such as the speclalized
pubber inetitetos in the inited Kingdom, France and the Soviet imion ig als

{ imporiance,

S, Diseussions duringe the Symposium clearly indicated that developing
countries plannines laree invesiments in the petrochemical industry chould
develop thelr own decin, fatrication and construction engineering facilities
step by step. o build up the technical know=how und to reduce over-all sosts
of prejecto, countrics embarking on petrochemical pro jects should build up a

nucleug of lesicn enrineering tacilities.

P66 . The Symperium emphuagized the importance of adequale repairs and mainte-
nance in the petrochemical industry and endorsed the efforts of UNIDO in the

field of repaires and maintenance in developing countries. It recommended taat
NIDO take up iu depth the problem of repair and maintenance of petrochemical
plants and assist developing countries by training maintenance and ingtrument
er -ineers abrowi and possibly by sending o mobile team of maintenance experts

to developin,” couniries to advise project managers.

o677, I'' be economic, plants of the main petrochemical industrieec = basic
petrochemicals, plactics, synthetic fibres and synthetic rubber - must be large.
he demand in many of the developing countries is not creat enough to justify
larre=scale production, and the Symposium recommerded that regional development of
the industrics be considered. In this connexion, the Symposium sugrented that

INTDO undertake o study ot the problems and cost of transport of petrochemicals.

268 . To mee!l the criterion of “economic size", many countries arc congidering
developing industries mainly based upon exports. Several participunts at the
Symposiwn curested that exports of petrochemicals at marginal costs will be
poscible only if o substantial home market exists that can meet the base
production cousta. Only in exceptional cases, as 1in oil=producing countries
with their uspecialized raw materials, onn lirge-ccnle plants intended exclu-

sively for export be considercd.

560, In view of the resolutions of the fnited Nations Ceneral Assembly to the
offect that computer technology should be introduced into developing countries
where appropriinte, o position supported by the Advisory Committee or Science

and Teehnolosy, and on the buos ot the dizcuscions of the Symposium, 1t 1is

pecommended Lhat sdeveloping countries encourage the use of computer technology




in research and in design of petrochemical plants, using assistance from UNIDO

if necessary.

Bagic petrochemicals

270. Several developing countries possegs congiderable reserves . { natural
and associated gas containing substantial fractions of ethane, propane and
higher hydrocarbons. The Symposium recommended that, as these fractions are
of special economic advantage in the production of ethylene, permitting entry
into the field of petrochemicals without investment in a nunber of down=stream
processes, countrieg with such resources should pay special uttention to their

utilization.

271. 'The Sympogium noted the development of processes for the production of
olefins from relatively inexpengive and readily available raw materials such
as crude oil and fuel oil, and recommended an examination of such procesges

by countries where conventional raw materials are not ensily available nnd

especially where manufacture of products such as PVC ig Jdesired.

272. The Symposium suggested that, in view of delays in bringing large olefin
plants up to capacity, the economics of smaller ethylene plants 1in relation to
larger plants should be re—examined, especially in the context of optimum

integration of such plants with refineries and with down-=gtream processing units.

Intermediates for the plastico rrniduntiry

273. The Symposium noted that present trends are for the use of ethylene in
the manufacture of vinyl chloriie, rather ‘han acetylene, except under excep=-
tional circumsctances, und interration of facilities with ammonia and methanol
production. The Sympnoium algo noted the satisfactory commercialization of a
number of oxychlorination procecses using ethylene, which eliminate the problem

of disposal of hydrochloric acia.

274. The Symposium noted the satisfactory commercialization of processes for
the manufacture of vinyl acetate from ethylene that should be of special

interest to developing countries in view of the wide range of application for

this product.




Plastics industry

275. The Symposium noted Wwith interest the results achieved in research on

the production of polyethylene based on radiation techniques.

276, The Symposium noted that the relatively newer plastics have s0 far
succeedel in capturing only specialized markets of relatively low volume.
Polyethylene, PVC, styrenc plastics and polypropylene continue to dominate
the thermoplastics market, with rates of growth in developing countries often
exceeding thoge nf developed countries. The Symposium suggested that devel—
oping countries concentrate, in the firgt instance, on the manufacture of

these thermoplastics.

277. The Symposium ncted that gubstantial improvements in the properties of
plastics have been achieved at relatively low cost by the use of reinforcement
materials and blends. This means that developing countiries can limit production
to a relatively small number of basic plastics and yet diversify the range of

use of such plastics.

278. The Symposium recommended that developing countries: (n) establish
facilities for research on polymerization technology, formulation of plastics
and compounding and for quality control of finished products; and (b) pay
special attention to setting up adequate facilities for the plastics—processing
industry such as product design and shops for the manufacture of moulds and

dieg and for their maintenance.

279. The Symposilum recommended that, in planning the establishment of the
plastics industry, developing countries pay special attention to the use of
plastics as substitutes for scarce traditional materials and also take into
account particular congumption patterns of such traditional materials in

their own country, which are often different from materials in other countries.
This replacement has a special role to play in the gubstitution of imports,

not only of plastics but also of such products as steel and non=ferrous metals

and could lead to substantial savings in foreign exchange.

Synthetic fibres

280. The Symposium recommendeid that, belore embarking on large-scale synthetic
fibre production, developin countries should carefully survey existing textile=—
production facilities from the standpoint of their ability to absorb synthetic
fibres. Investment required for modifying such plants or for building new

facilities should be made available to the textile industry.
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281 . The Symposium suggested that developing countries entering the synthetic
fibre field could start by establishing relatively small synthetic fibre plants
based on imported monomers. They should however, concentrate at I'irast on the
manufacture of the high=volume fibres such as nylon, polyester and, in colder

climates, acrylic fibres.

Syrnthetic rubber

282, Several developing countrics arc located in regions where natural rubber
is produced but where demand for synthetic rubber is inereasingr, The JSymposium
recommended that UNIDO undertake a study projecting, couwntry bey country, the

economic advantages of natural rubber relative to synthetic rubber.

283, Current technologiecs in the synthetic rubler field are desiyned Por rela=
tively large plants., 'he Symposium felt that 1l 1v techrolopieally possible

to tet up economic small plants and supyrested that apecialived companies el
institutes be approached to do this, in association, when pogseible, with

developing countries.

284 . 'The Symposium emphasized that the stimulation of rubber demand in o

developing country is possible only through co—operation between the rubber

companies i the rubber producers and recommended that instintional facile=

ities be provided in developing countries for this purpoue.

085, The Symposium felt thnt an exchunge of Inturmition between countries cuch
as Argentinn, Hrasil, ITndin wnd Mexico with other Jdeveloplng countries would be
of help 1n planning synthetic rubber industries in the latter countriess 1t
recommended thiit UNIDO call an expert group meeting to consider pocsibilities

in this connexion,

United Nationg Second Developmen! Decnde

286. The Symposium noted with interest the work beinge undertaken by the Hnited
Nations in establishime data for the projections of production, congumption and
investment in petrochemicals. It recommended Vet TNIDO convere a meeting of

experts to correlate available data from thic Symposiam and nther sources.

IIN1DO technical asslgtance

287. The Symposium noted the interest shown ty jevelopinge countries in

technical assistance projects and welcomed action by fNIO te initiate such




projects. It recommended that member countries and UNIDO expedite completion

of formalities and the implementation of the projects identified during the

Symposium without undue delay.

PRB ., The Symposium discusced the pogsitilities of obtaining UNIDO aggsistance
and help in a number of fields. Amorny: the more important recommended for
congideration by !N1DO were:

(a) Preparation of market studies in clogse co=operation with local
organizationgs, applicatinn of end products and pre=~investment
studies for specific projects and recommendations on availability
of consulting services;

(b) Guidance in the selection of processes, process licensers,
engineering design and location of plants;

(c) uidance in formulating plans for building up the petrochemical
industry step by step in countries where capital investment and
financial factors nececcitate this approach;

(d) Examination by 'INIDO of cuidelines for the establishment of plants
of the minimum capacity that 1s economic under the specific
conditions of various countries;

(e) Assistance by UNIDO after start=up, such as continulng technology
for process, marketing and product application;

(f) Assistance in settlng up abroad exhibitions of finished products
from developing countries;

(g) Help in establishing and maintaining quality controls in products
such ac synthetic fibreg and finished plastic products and in
establiching stundards for these products;

(h) Advising countries on the establishment of research and develop=
ment centres for various brancheg of the petrochemical industry;

(i) Studyiny the protlems of plants in developing countries that ure
in difficulties becnuse of obsolescence or other problems;

(i) Help in the solving of problems of disposul or further proczssing
of by=proiducts and surplus intermediates;

(k) Advising on the problems of the handling of petrochemicals, safety
repulations and waste disposuly

(1) The establishment of training programmes in petrochemical technology
in developing countrics that have already progressed in the petro=-
chemical industry in order to obtain information on the experience
of those countries,

289, The Symposium rccommended that financing institutions such as the

International Finunce Corporation (1FC) or the Asian Development Bank

be approache! for assistance in financing petrochemical projects 1n developing

courntries.
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Co—operstion with the Interna'ional Atomic Ener-y Arone, (]ARA)

290, the Sympooiuam owyrested Chat "N UG convene @ omoent ine an thie Vet

Procegoire fridnstry b o enrly date,
291 . The Dympooiium no'ed wWith interest the tovelapmont o

i

redination tochnlgues
for various petroehemical proeescses.  The Symponium

I morecommendod oont b

co=operalion with IABA in developings cuch processes, which ure of special

interest to Jdevelopirgr countries.

Regearch and Jdevelopment

292. 'The Sympogsium recommen-ded that continded ationtion be paid Lo research

and development in the field of petrochemicaln, inelwiines work 1 the qevelopinges

countrieg, arnd owrrested thot exchoanee of information and dite tn this connexion

would be of rreat advantagzre, parbicutarly amons developines countrics,
293 . The Oymposilum recommended tha' URIDU moake cagmecent ions ta ot

LY

approprivte
United Nutionc wrencien, 5o that o techno=cconomic cval cition of The pelroe

chemical industry could te¢ carried out by recional centres.

Future meetingg and other getivitieop

294 . The Jymposium welcomed the fuct that (6100 hol o conferences and

sympociuma on the pelrochemical indasiry b resalar anteryvds and recommeridoed

Y

that a future confercnce e held within three to fouar ye @ o Dwgmprestod

Locatirone for the conference were exico, Alperi, trog ol Indi,
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“he United Nations Second Vevelopment Decade

In December 1967, 'the Gencral Assembly of the iUnited Nations voted
unanimoisly to ctar! preparations tor a Second Development Decade, commencing
1n 1971 . S.acepent recolations o the deneral Assembly have spelled out
the procediurce o be tollowe:n in preopiringe o strivteyry tor ‘his decade, which
will help to ensure that during these ten years major and permanent progress
will be resictered by the two thirds of the werld's population who live in
developires coantries.  The SA=nation preparatory committee entablished by the

Gerneral Ascemi-iy b completed Ut first round of sulstantive discugsions,

A= the oryunisation primarily respousibile tor the industriilization of

the developiy countries, "KIDD will pirticipite in the collective el'fort of

the "nited Nations tenily.  However, 1t should be noted that "NIDO has not had
time during 1t three vears of existence to accumulate information and studies
of 4 basic naiture on the general problems related to the industrialization of

developing countries,

However, "WIDO is adopting a sectoral approach to design the perspectives
of development v sone 5f the main branches of industry. These "prospscts”
will be prepared, wing prajective methods s well ss direct inform:tion on the
existing plants and future projects. Uuring this Symposilum, papers have been
presented by the economic commissions and countries of the various regions
giving figures for the present production and future projections for 1979 and
1980, In addition, “NIDO commissioned a study by Mr. K.H. Ronitz of Farbwerke
Hoechst A6 to determine how indeperclent estimates and projections will compare
with regrional and country estimates. In chapter 6 of the 3Sympcsium report we
have endenvoured to summarize the regsional projections and the Ronitz projec—
tions. ‘Thege Jifferent proections must be reconciled, and this work will be
done by N1, Eotimates of capltal resuirements have also been made and will
be presented by NMr, Jowhari of UNESOE. UNIDO will undertake similar studies in
the fertilizer tield and will proiect capital requirements ap to 1)79 and 1980,

In addition to these projectilons and capital requirements estimates,

UNIDO nlso propeses Lo prepare the following studies:

(a) Heview ot the past! trends an, problemss

(b) Perspectives of development ne they appear from the experience of
exigting projects, already under way or planned;




(c) Developments in technolosy, transport, economieg of scale and input
structure affectinge fulire trends i Locntion, protuct MiXy raw
materials ete.s

(d) Policy recommendiutions to be cuprric] o, wbothe country Tevel g
at the international level ,

The IInited Nations Industrial Development bourd, dupine 1ie thipd qerion
in Vienna, adopled u resolution dectding thut the work of “NiDO in weeelert e
industrial development in developluy countrics for the Second Development Doc e
should receive hish priority, particularly in the leon developed of Lhe devele-
oping countries. UNIDO is carrying out thig resolution, and part of our work

in this Symposium has been in this direction,

Closing statement of Mr. K. A. Tiseynov

The Interregional Petrochemical Symposium on the Development of the
Petrochemical lndustries in Developing Countries organized by UNIDO will end
today. The work of our Symposium has been fruitful . Problema directly reluted
to the development of the economy and improvement of the standard of living
In developing countries have been colsidered anid discussed, and important

recommendations have teen maue,

One of the remarkable features of the symposium wes that i1t wae a wide
international forum, with many people from many different countrics ikl
part. [t was a pleasure for us that Azerbai jan was selected ag the meetirg:
place for this Symposium, and we have tried to do our best to make the work

of the Symposium really effective,

The programme of the Symposium 1n Haku permitted our sccienticte to
participate in its work and to acquaint our saests with the work that has been
carried out by our scientiste in developing the petrochemical inductry in
Azcrbal jan. We consider such creative co—operation of people from many
ditferent countries to be of real value, and we are ready to contribute our

eftforts for its continuation.

May [ express the wish to all participants of the Symposium that the

recommendations adopted will be realized and that their valuable work will

hiave successful results.
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Closing statement of Mr, A, G, Litvinenko

Today we are considering the renilts of the Interregionnal Petrochemical
Symposium on the Development of the Petrochemical Inductry in Developing
Countries. We are sure thit the Oymposiun will ply v oignificant part in

the development of the world petrochemionl industry.

I should like to emphasize that it would have been impossible to organize
the Symposium at such 2 high level without the help of 411 participants,
consultants, observers and adminiastrative staff of the Symposium and without
the hospitality of the people of Raka and of the petrochemical enterprises of
the Azertaijan SOR.  We chall long remember the meetings that have taken place

here in the ~ourse of the Dymposium.

All participants 1n the Symposium have done their best either in organizing
the Symposium or in ~reating the kind of good atmosphere in which the work of

NTDO ~an be 2arried on. I thank you all very much.

n behalf of the Orpanizing Committee I wish all participants a safe
journey home ind success in the development of petrochemical industries in

their respective countries,

Closing statement of Mr. R. 0. Ismailov

First of all, [ wish to thank the representatives of UNIDO for making all
the necessiary arrangements for the sucrcessful finctioning of the Symposium,
[ shonuld like to thomk 211 participants of thig Symposium who have given time
and eftort to tte oreanieation and operation, I hope that the results obtiulned
and the relations qmores ol participaints were feitful and they will help all
participants in their work simed 1t the development of petrochemical industries
in their respective ~oantries,

The very thict thit % pipers were contributed by participants from 36
countries priven i wder of the neope of the Uymposium. Bach of these papers
i certailn to evoke conaiderable interest among solentists and specialista,
The present situation ana progpecte of petrochemical inductries have been
discussed.  The pariicipants of the Symposium have had an opportunity to visit
gome petrochemical enterprises of Azerbal jan and sclentific resecarch institutes

workin: in thic fiel.d.

I hope the new perconal contacts made will prove of real value.

SRR ——



In conclusion, I wish to thank once more all participante and organtsin-

staff and declare the Symposium closed,

Tloninge statement of Mr. M, o, Japrirhove

Al this concludine: cession of the Symposium it is m duty, privilere and
0 y J } a

pleasure Lo siy a few wordg.

First of all, I wish 'o thank the Oreanisinge Commitiee of the USSR
the Averbai jan 501 for their kind “o-operation and hard ork to Frivge thic
Symposium to 4 succegsful conclusion, Ao oall ot Jow know, Miniater Dorokin
has been with we ti111 the lant day avd nac helped we in many i f'frenlt

sliuations. Minister Guseynov, Deputy Minister tabuyev and Deputy Minigte
Mamedov have teen of ;reut assistance duringe the Symposium. o Mp. Litvinenko,
who was the key man in the Oryranising: Commitice, nd his comworkors I extend

our “congratuta'iome and appreciation., Cur vpecial thanke are o Lo Mp, fhmedov,
Chief of the Foard of Forel: 1 Tourism under the Couricil of Ministers of

Azerbal jun, who lLook particular care of those of us whe vecame 111 or who

needed assistance with their travel planga,

I spite of some difficulties and persoril inconverion ey Che participanto
from developin: countries and Lhe purticipants and otververs from frvelope |
countrics have co=operited and have contributed crestly U Lhe sueacs of Che
Symposium. | would like Lo apolosise w0 Phem fop iy perconad ineonvenience;
or difficulticr cxperienced durive the Symposium.

Az you Krowy 'hiv Symposia - ieen Pineed by b eonipit o long of

the member countrieg to Yhe Philted St tons oand Che walioitary conribet on a1

the TISCK Lo (NIDe.  he Limey effors i mone; Spentoean ol one ey oy
the results of the Symposium.  There ioo erowine el Pros tht he e tatepe
ritio of such larce BYMpOs L cnodld be dvintaees o 4 p Spennoring any tar

meetingc, 1 hope that the PAPTICI DUt Irom eyl nies e o pien by B
ible Lo venetit from the papers presented, the dioeacsions tha Poll et
the contucts they have mude ddrine che Sympooioan. Some coomeest b one o been
iede for possible technicnl nnaict-uiee Lt Lhe petr opomeg ] Prepdo o I,
We shall ecertainly £o1low dpothese wmpnrentlns Uros b N e by e b
Look forward to voup CO=CPErAtIon 1n devel pine theoe | ofeeos e o petpn

4

QYour respective countries., We ohall ali ookt rWArt ol cxpect oyl

5 S0 2N

JOU Lo madntain contacts with UNIUC help as e the eoniant pointy In your




respective coun'ries. Many of the participants from the developed countries
have contrivated thelr valuatle time wnd experience to this sympucium. | wish

to thank them and request them to continne Lheir eo=cperation with UNTDO,
Ceoare eopeelially cratotad o the divtingeuiohed partieipants U'rom the

(55K, the deedemiclans, selentists, ongineers ued chemicte who contributed bo

the wutatunce of Yhe Symposium.

Yo the President of the Academy of Sciences
ot Azerisaun and Chairman of the Symposium, Mp, lemailov, we are extremely
srateful for receiving permicsion to hold the Symposium in Lhe hill of the
Academy of Sciencen.

Next, I should like to thank all our congul tants, seclionanl chitirmen,
seclion:l co=chuirmen, rupporieurs and the technical co=directior for Lhe able
way inowhich they cirried out their functions. ut tor their hard work and
co-operation we could not have carried out the progpramme 11 +ime =i prepared

the draft report.

B8

Foomy enlloarues from GNITDC and from the USSR clde, | wish to say that
their co=operition and wosiclance have helped in completing: our work in time
satisfuctorily, Durine the last two duys they had to work hard and long hours

to compile 'nud reproduce the draft report. [ expreas my eratitude and thank-

fulneas to them.,

“he interpreters and the supporting staff from the ISSR and the Azerbal jan
SUR have done o wonderful job in their extremely diffircult tusks, and [ wish to

thank them and record our appreciation of their co=operation.

I also wish to thank the authorities of the faku refinery, the authorities

of the off=chore drillin:- facilities in the Cugplan Sea, the olefins und petro-

chemicil recearch inasti‘utes and the authorities of the Sumgait refinery and

petrochemical plunts for arrancine vieits and fop their hsopitulity.

(L9 ) . o) er I T, . . o B s R N 2 4
‘0 the honourable mayors of Raka and samgalt 1 oconvey the apprecintion of

all participants of the Symposium for their hospitality,

To all participants of

the Symposium [ extend my warmest greetings and
hope you will have a4 pleasant trip home.
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