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Expl ana l.(ir;   noten 

l'Ol'ernnof!   t,<>   Inno   ¡ :-   to  metric   tone. 

Heforeri'-e   to  dollar:;   'I)   i :•   to '¡nitod  ria fe:-   dollaro. 

¡••a i I i O!.   refer::    'o   !,hoa:;and   tn i I l ioti. 

A   one-./ear   pori,).)   that   io   not   a  oa I (indir   /ear   LO   I n-i i <• sto.l   a-   f\,||.,w... 

A   period   of   t,wo   /cars   or more   is   i rid i c a ted   a.:;   Col low:-.:      1 >'',-| ¡-.       !>,>,_] 

The  following abbreviations,  have been  need: 

"<u ì ted   Nat ion» 

R(1^ Economic  Co mm i nn i or,   for'   Africa 

EC A!-'E 

vr.y. 

"¡RHO! 

'NIDO 

Economic  <'omm i :-;• i on   for   Aon   and   the   Ear  Kant 

Economic  Comm i :::• ¡ o>,   for   E.rone 

^''•^ Economic  f,omm i ,::• ; on   for   !,a1m   America 

i,|i;TAp "M ted   *¡at i on:-   'on t'ero-H-e   on   ,rr-ade  and   Development 

i;'''" anted   Nation::   '-eve I opmen t.   :"roframme 

•MI ted   Nation:-   Economic   ani   .'curial   offo-ß   in   Me trat 

'nited   Nation;.-,   I rida:-, tri a I    ; ;eve 1 opmen t  * dv-an i /„at ion 

'.'ther  organ i za t ion:: 

'MEA,   former I v 

"lMRr'i?] Council    forV¡t,ial    Economic   Aoointanee 

European   Economic    'omnum ' t : 

European   r'Veo  Trade   Annoc rot ion 

Orfani oat ion   for  Economic  Co-operation   and   Development 

EEC 

KETA 

open 

* 



Other    ¡l-i'ffîv ¡ i t tonn 

AHP 

f;\A 

ft, • 

r\'c 

7PA 
o 

API 

.'tCt*. I oh i t!'t I 0~¡   ,t   i'i ' <" i-    -   '  - ! f«r i» 

b . t.'vi IPüI:   i .; ¡-f. 

i'fH/("!('- ! ¡' I   ,t" ,c- if . i (":f - 

'• t ti-t' i t ¡¡i i <••,»•    r ,; :er 

•1 i ¡-I; l r'r-.'-'i i ;•-,<•'  . ! -• r :    », i oreth ute 

¡J l'nellì   i    :' el  ¡tv i.ií> 

d , -net >, . i    *'.>r- •"! i !f 

(] i-not. h    !    ,• .I ;•• -X , ¡e 

<i í ¡ne th   1    terepl. iì. A . te 

f i ;>re- re i ','' >r<-f;ti   pò I ,p;;ters 

e: .1  I''    foot 

h ¡rti   temper ;'  ,r''-   o,'!   prefigure 

1 i q¡«ef i o-'   pot. role .m  ¿""in 

r- ,i ic   • ••<« * - 

'¡eopre'¡e   r ;i-t er 

pò 1   V i r. . I   '•*.!' -r i-i*1 

ntvretiC-ìi ,t, ni ¡e-i«   r a>ber 

tereph tin 1 te    ¡o ni 

ffivit.    i-, 'ie^ree;-   i¡-  :;e t,   b,y  the  American Petroleum 

1 nnt i tite 



y.v>rrwurd 

1. The  Fir.it   '!ni*«rt  *< it i ,•>.-,-   t... ,,rrf,,#i i>t)j   ^ .,,,t *,,.,-,,( ....     „.   Uu,   !kt,  (>    .,„_ 

of P«tro>'hemi'' i ¡    Ï riitnn t i'¡«n   i ft   *»t>y#S  >{-irur   "-ufitn ••-;   «M- h,.),j   ;»,     ,x-,. ,n 

November   . *< ',      ' rw   *-«•;-• ( r- •.    dH   SH--   i r ••*•*»-! ¡ d>T--    .•"   ••. • ....-,,,..,,. ,,, 

P'itli.'ht'i   id   ; »•      ,,\.\   ] if-',   rt-vt-i-   * ¡ v.»1 y ,— 

•il*.  ••   ;'••   i-i '*-! ! ;  -i   !•.   ' ,-, . :> .       •>    ,   •...•    •.,, S.I   'j   • .   .,.-   -., i .   < t 

l>«'.'>-' um,.'-.«    >rt',-,i • ¡t. ! in  ; "ì ' 't S  •• ( -   .,, \  .,.-».    , ; ,,    ,» •,,, f : ...  .     ,, .:   t. 

'!'" *">*      'I    f^>'   :••-• f .   • <•••-. i  --,¡    j n;l d" r ; • •:-.    ; .,     ...... , .¡, .......... •; • •„ 

•ipn ,  •*  iri -..   h *.•    t »••»t¡   .M Seniori    '        tt>v«S   tj-i-ï».'       .«ü1 ?'•••.-    ¡ •:   ••. ^r,    „ , 

prov      UV    Sì*»    ;'f>rv¡   •«;•       .f    t»x; M.-» •-     í    .     üivi:-..       •;     ¡ -1(.p.  y..-   .,.- • f      .,.',.. 

pr "1 . •» l-'i »y    (>t   -,     | .¡    f.h."    |ih:'*r;'     Ui<!    S¡*>    dVdS.p' !;:p(.    ; \ i .;" ' r ¡ •<.-;    ;-r 

Wí'l.'f i'i'f    id   r^'r-C if -r.     m.l    i. ••,'•• ¡ ..i,».*.», !     ,,,.«    ;•:   ,rr¡ ;•,.';     (-; i      ,,-....., ; .,,.    .    r    . 

flh t pn    f T   Sit>    • r , i -i i d»*    i!-f «'..i       f   '! ,h   :d , !   .       <     j,,,-.. ¡   ... ....       • ,••,••-. 

notj-opf.r,t i     '. -.'•     fií-M,      "Ü'»1   ';,,     .fv.-.i    f i    .•..•¡-.f  ,.u- '¡.-:•,.••        ;f      , 

ötudi    ..,   l'ip-'i''    f*?- .• .;    •••.'.•* ni»':-    "i.)   .;>'".!•    -i   ..       "'».<•   .S»:-   ..-.j-      ...    Si.-l./'r. 

lievi11  i¡ -nod. ? f   de! 1    ¡ -,   A* r,,».jr   ...   d,...,«r,,¡  , r   ,  ,, .. . . ¡    . ,,   -.;,.,..,,,    . • i ,,,.• , 

the        £f«!    V    •        }:('!•:   , ,    . ;-.. » f-       — 

3« ''t|fl   I ti? .-rr«*fì .ri i !   !'<»* r->^ru»HH.'iì   .ìy-rip d-t i-¡    • ?>   S;.-   s.y,, ¡ ..»ptn»"! *   .,*   • 

Petro.-h«mi • ,!    Imî.iHl r;«d-   IM   !Hd,d Mn^   ' ••iti, ri «•.:,   -M-,-tfi i '.M   t..v     !Ni.»     ,, 

<u>-'perst. ion  wit.h   s.»>   ;   v.M-rimt»n<    >f   t.ht.    >u\ >n   if" Jnvirtt    '<•-•• \ Stdf   H«-i- n 

1/' ^eP°rl    '*'  * ' <'   Pi'.-' 
T>evoI -jprneu'      t   ! .»< -      » ..^ 
;.,        '*         ' i 

« '*r\i S«i)   'i . t ,    •, .     ,       i . 

..ri   f he   ''•• ••• '    •••-..'      <    \ ,,< 

SM"     *. 

••4~.'A. 

¿7   l<op."'1        !     ! >i,-     id' .-1 
~*      ("Mit., ,i    "i  ,t  .   ,.,:.    ,.... !  if,'       d 



..,;: H , .i ,.[>   ! ii- ', 'ht'   p »r-T   >.;* fm 

,'!.     tl* * F'i' • 

,1      •' 

1 .).•     ' (>  -t'M i 

h »sil !   ; 

,'t     I- i •'.'       l'i  ! 

v irt  ••: i1 >-r; i ! ."•. 

•. i     • t : i ' 11 i OU 

1- ••••!    ;;!,cuî     Hui 

•!.••.•    i'.il    \>V '• 't'HiHi; 

• re "t.    < ••   -lt;VO 1 - 

•tei 'h(»!-,i''-,l 

' <v    ;> •:•-,' li  i <i 

,    irv" ;   'M n.-' 

ir-    ir»;   ;-rotori t-ed 

:!•* f      '   II«' 

•   • ¡ i; ï-.    l'cl'l Ut'TUO 

: • -n   t •:    !he 

• i •«' ..j    !" •!•   i-, it ! u' it. I'm. 



Caspi in Sea,   'Po   iMfjf'Lri;;  S" Lorit i fio  Research   Institute  and   the Ani rophy s L.-n 

Observatory    «'   ShomaKha. 

'>' •'*;i'  >'.v":i».'! <"•:   r¡"l;i    :   total   ut' ,'1   meetings   'it   whi-r.    }\   sapors  wore 
•1 / '    ' 

pros'-:» o i.—       ¡'hf   ,.[•. ;.-,..,•  , t i ;u   of   Ilio   papers   was   followed   t-y   ^ IIUV^ì-^LUU 

'«'   '".- i :ii  ••!'•<•' LìL..-    u-    . f't..-r   cadi   .• th-tant ivo   ¡.¡.un. 

'•!'-  'V/"':' ••'i  •";   woe    it tended   :••   u.   pari. i  • i.panle   f'ro'n   "; I   'nom: or   states   arid 

throe   pi» "<•>, ;• . >»ï a !   oivauLe, 0. ¡.ou-,     Kií'ht   i ¡et, roe h emi -M i   ••• >nsa ! tan ts   from   ei,'ht 

-:• -4'i t- r- i <-•:-   Part .i • i [. -'.mi    ¡ •[   ípe   ?MK  of   t ho   jv:'!!) i:u m.       in   additpu;,     i'•',   observere 

,m<i   experts   fem   • M;   peí. i" ) 'húmica 1    industries,   and   scientific   rosear 'h   Ltin t í t ;i t es 

>f   the  :'SSR   - rid   '  !     >i .'Oí'vci';:   -imi   expert-   from   i *  countries   were  present.      A 

]. i:;t   of  part loip- riti'   in  ^Lven   in  annex   1. 

"'' The "'IM'0  secretariat   and   members,   of  the  Orfani.', iru'    JommiUeo   f >r   the 

Orra ni /.at i >a    if   the   ['ot rochen, i -al   Uvrüpon L an  of   the   M3SR   Provided   the  supportite- 

sorvioes   V^<r   the   Symposi un.      I cad inj'  petrochemical   expert:-;   from  both  dove I opi.u,.' 

and   développa    'o-mtnos   nerved   at:   scoticata!   chairmen   'imi   technical    rapnnr t ear;-. 

The   draft   report    >!'   the  Sympos L am  win   preparen   by   -i    ' en-a i. 1.1. oc composed   of   the 

ne-t tonal    diairrnon,   teohaL-'i]   rapporteurs,   part ie i pa t i nr members  of  !'U|I>0   and 

specialists   fron   i oth developing  ond  developed  countries,   with Mr.   A.   Shah   N.awa.-, 

•'i£i   Chairman,      the   report   was.   adopted   by   the  Sympos i am   -it   it;;  enne I >ul In."1   session. 

K The  Sympos; ,rn  was   opened   by Mr.   N.   1.   Sorokm,   Chairman  of   trie Ornant sin^ 

Committee,   Deputy  Mini.-ter  of1  the Ministry  for  the  o il-Processin^ -imi 

Petrochemical   Industries   of  the  ''S3R.     Mr.   I?.   C.   Ismuilov,   President  of   the 

Academy  of Sciences,   A/.SSR,   wan   unanimously  elected   Clv.rman,   ana  Mr.   M.   Richard; 

(Trinidad  and   Tobago)  war,   elected  Vice-Chairman.     Mr.   M.   0.   Verrhese,   Chief of 

Pert lì i zerr,,   Pesticide:-   and   Petrochemical s   Industry   Section,   SNIDc,   was   appointe- 

Director  of  the  Symposium   for  ' c1 ! DO and   Mr.   A.   C.   Pitvmenko,   Ase i.-1 an t.   Head   of 

Division,  Ministry   for  the  01 1-Prooessinf and   Petrochemical   Industrie:-,  of  the 

USSR  as  Director'   on   behalf  of  the  host   Government.      Sectional   chairmen   and 

technical   rapporteurs  were   appointed   m   order   to   facilítete   the d i sou//1 uns 

and   the  preparation  of  the   report. 

10.       A  selection  of   the  messages and   statements  addres-ed   to  the  Symposium 

is   presented   in  annex  .'.     The  Symposium was closed   by  Mr.    I .-mai I <>v. 

jL/  The working papers circulated  at  the  Symposium  are   listed   in  annex 5. 
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CHAPTER 

PRESENT STA'H'S AND KU i'URE  PROSPECTS OK  THE PETROCHEMICAL  INDUSTRY 
  \n DCTKPOPRT; COUNTRIES AND REGIONS 

10    >vor-u i a • ture 

11.       The  Symposium  began with    «   discussion  of  significant   developments   in 

petrochemL.nl   technology   since   the  first   Potroohemieu 1   Conference   in Tehran 

in  \)ú/\.     Papers   prepared  by   the  United  Nations   regional   ammonir   -amminsions, 

followed   1..V   individual   country   papers   were   presented   des -r i PI ur: 

(a)   Progress  'nade   in   petrochemical   development   MI   the   relian  or 
country   sioioe   the   1 >c 1  Tehran Conference; 

(h)   The   Present   situati m   and   future   prospects   far   production, 
consumption   arid   trade   in  petroehem r-ul s   proic-ted   to   l')HO; 

(n)   The   factors   affection  petrochemical   development; 

(d)   The  kind  of  external   assistance  required,   including  that  from 
the  !'n;.ted   Nation;;   and   particularly   from  UNIDO. 

1?.        The   re-ent   to-hnol  >cL-ul   process   in   primary   petro-hemi -al s   production 

has  been  -eritred   on  rodas i rig munita-1 nring costs   in   the  two  t.usi'"   processes, 

namely,   sUcun on-kin^  for  olefins  and   aromotr-   and  cataiyti •  reforming  for 

aromatico.      Progress  has   teen  made   in   reducing   -api tal   e0«t   and   power  consump- 

tion   and   m   ir^roas ir^ y io Ms   of   tesirable  end   products.      However,   in  most 

eases,   the  yield    >f  desired   products  .lues  not   exceed   l0  per cent.     The   idea 

of  a   "petrochemical   refinery"   designed   to  produce  mainly   POSIC   petrochemicals 

rather  than  mainly   fuels   as   m   a   normal   refinery   has   recently   been  proposed. 

In   foot,   sonne  new   plants   m  Puerto  Rie   and   in   Italy   (briol lo  and   Brindisi) 

are   approach iug   the  petrochemical   refinery   idea. 

}',.       Recent   progress   in   the   production  of  oxygenated  products,   plastics, 

rubbers  and   fibres,   was  reviewed.     Come  oí' the  products are  discussed  in more 

detail   in   later  chapters  of  this  report. 



Regimai   aoñennment   and devel opnamt   pn v.puo '• 

14.        Paper;-,   were   proferitoli   t..<   tra'  '.ìymp<i: 1 u-,    '>rP < 1 a Me'   io*  11 ! ;•     d'   r»»»i   >n t '• 

consumption   pattern:1,   and   enti ma ted   proda • t 1 • >n    ir  wo];    m   i\\v   ììko]y   pit tern 

of   petroí-iiumi'' a 1   development,   within   oa-'h   ri v 1 • it¡,      !'íio;>>    ¡re   namri¡ ifi.'.t'd   fepiw, 

followed   tv   nammamen   f >r   individaal    - o,!iinf,r ien. 

Africa 

l'i.        The   nitaatum   in    ¡ho nt   (' >rt,y   African  ••- -antrien,   grouped  ander four 

sabrerions   (Morth,   nient,    "entrai   and   East),   wan reviewed. 

16. !'e<'aano   '"if   trie   varied    i.'iMiiij-t 1   'f,.'    <\ i      : ; r    ,    ' e •    ,. 

lack   of  roll tide   infamati >'i   < a   * ho   r»vi "1    •      >  ***      ",   •' 

to   nummar1 no   the    lomad.      However,    ,»*»>••.;• -   „IT»  - < i<    * 

for   pi ant lot,    n;*:ithet!'    futa"?:-,    ;-,yr,th-tl       r      ' »•- a: - »•      * r ». r- 

although   ira»   definiti   n   of   • JO.- *".I * -i   >•!    •'    *.?>•:•>.   :••:••!.••:-    ;  -    .a.--' 

Although    ;t   wan   rt • •   ¡.u-.ni!>   *   •   n*;'o    00 tro:   tit-   no.'iv».   i-r-r" 

petroohomi -ai i-   ty   :nhregion,    -erta in   oreervat' »IIP    - -ahí   if  made. 

• • . t .      w. a?*   * ' 

,,-   r   * ' -a    1 . t t 

r\ylon,   dorlo-'yi    tenneuo    ind    'irt   >n 

North   Afri  -a,   wh ¡ '. <•   p'lvviu. i     -u'¡ 

prfifiorii   Mate    i'i   Went    "t'ri   • -,       '"fa- 

Afri 'a.      Ku'in-i   nhoua^   * h-v,.>   ' n 

aU'tu f 1 ' >u ••(•   ani   ;   'ten? 1 , !     •!    • e,» 

Africa.      F >v  ex.o-ra lo,    1 '    i--    mi ¡  ' 

torxb;   and   fir  n.y n t h e ! 1 "   fu rae-,    ¡ 

ind .«tri i»n    uung   t»a»;;e    altr    . 

•ee"     t 

v <>:-* *> r   * 1 ' re 

ve thy! f>f¡*' 

día--, 

a t!". 1 i '.  Î  ,.' ' t\, 

the   prin • 1 pa 1   ; 1 ¡nt 1 -n   w1 

17, In 1 n< , world rendra*;- •••' Tule -I : '«or 

barrel;*-, -T nearly ouñit- ' ¡"e-o t te* en t s m ,î <*d t 

of naturai »»an 1 ri -re med v«ry nann* «»¡t 

of crude «il m 1 *'.' won il! -M i ; i • n t ¡un, wh i d 

flaire. Kxporto d' fiit i»-"i. »'»n !>•>•- Mt«. r «•?*•*•; .a 

to H(sO(i)i.|i î.istn t- the »tuft'ì«'!! »! Mi», --rvu.ir! 

and   Development   i v>{•>"'I»)   m   i «(•'.. 

: ri.'tted .t    . 

v-   ?" a-    ï «' ".      *   '    '    ' ••   - r 

i.y    •-Wl-    o(„   .-a!;*' ¡--eri   'd.       (r  d'i "t. 

¡l'i' OX    '1 "an"    ! !"ì«*    i  *' 

Onto e¡ t   o ,» M- 18. HoW«»ver,     ! to' 

the   Mort, h    i¡;   we 1 !-endow».d,    !?;»>   l'.-dti    re.itive!,   ;   "- • r ,    .'. t "a    Ki.'1   ¡ 

sut-région   the   U»»e.t   end,wet.      l'h««   ¡!f d i i»r      '.Mm««,-   ir«-: " ; ,'t-r ; i, 

lion^'i  ( ¥n%zziiM 1 1 le;,   '¡¡thon,   l.ity»,   M>>ro->o>f   ït^n 1,   ''»'m ,1   in t   tie 
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insecticides  and  carbon black  were  also discussed.     The  source-;  „f raw material, 

namely,   crude   oil,   naphtha.,   and natural   ^as,   in   each country   of   the  rodioti  wor,, 

considered. 

PA.       Current   or »due t ion  figurer;   for  piantino,   nyntheti.-   fiaron   ami   nyutneti • 

rubbur  wore f-;i von   l'or   tnone   countries   in   the   region   that    prod i >o   then,     a,-  wo ¡ j 

as   the   number   and  capacity   of   the   plants   in   each   country.      Import   -mt\   oxr.ort 

fibres   for  the  moro   n uniif ieant  countries   in   the   region   wore   pre:;eutod, 

followed   h,y  a   detailed   description   of  the   plann   for expansion   1.0   the  eoantrion. 

P'j.       '¡'ho  vari.) in   factors  affecting  the  development   el'   potroohembn, 1 o   were   next 

examined,   including   tho  demand   for   end   product.;   and   the   pr.oo.uanf  industrie:; 

necessary,   disposal   of  eo-produotn,   availability   of raw  ratona 1 :;,   finauna! 

resource:;,   engineering  desum,   know-how and   traininoci'   personnel.     The   rato 

of  expansion of   omnumpt ion   of end   product;?   expected   ioi   the  do-ado   i > '0-1 ion 

was  then  d i:;r:u:a;od,   ami   the   new plant;; necessary   to muet   thi:-.   growth,    together 

with   the   untici; ated   costs   of   production   and   iu/entmoi.t   ueoe::;:;nry,   wore   fore- 

cast.     Whether   dove] opinr countn-.n   „nid   bo   alio   t-oat-h  harbl   price:;   far 

varioun   notruohom Leal    pruduot,:;  war.   alna d i-.-cussed.     Tho   o*ym> o; i urn   • mn i derod 

the  nanoiJility    »f p-rouniru-   the  production    >V  primary   pr-dn-tn   at   antral 

location:-   and   examined   estimates  of   the   trinnnort    -inín   involved. 

?6.      The demand   for   petrochemical;;   in  the   F/dAFF,   region   in,  riw iritf sharply.      It 

is estimateli  that,   in   1 j,(),   excluding the   developed countrien   in  tho   region, 

the demand   Ï ,r   the  !o:u^  plantíos   (polyethylene,   PVI,   no lynty rone  and   poly- 

propylene)   will    roach   .", 1 10,ODD   'ori;;;   for   synthetic   t'irron,   O''.,DO<)   tonn;   for 

synthetic   rubber,   }-b,noo  tonn;   and   for determent;-,   !
1C,DOD  tori:?,     ¡rowth   raten 

are  hipdi   in  tho   region   and   average   a   cum il ut ive   1',   pier  .-ont,   for  many   eouritri on. 

Hut   here   alno,    thin  depends   'm  the   growth   of  connnunor   induntrion. 

P¡.       Substantial   additional    production  capacity   ;nu;;t   ho   dovei ojied   in   the 

region   to  meet   demand.     Thin   amount;;   to   1 , o 'h ,oü< )   tons/year  f • >r   tho   bunio 

plasties;   4M),000   ton;;/year   for synthetic   fibre:;;    ;\'1¡)t0()0   toru;/year   y.)V 

synthetic   ruhbor;   and    <,H(),0Oi)   tons/year  for   :;ynthotie  doterpentn.     In   addition, 

substantial   amount;:   of  monomer  production   will   bo   required.     However,    imnortu 

of  both   finished   products  and   monomers   from   the   developed   count nes    if   tho 

region  an  well    an   from   other   countries will   continue   to   bo  no •••soar/. 

PH.       Finally,    tables;   were  drawn up   for each  country   in   the   roou an  nh 'wiu<: 

the   estimated   demand    m   T)s<^   for   the   principal   pianti::;,    fiaron   aal   ,;y ut hot i.o 

rubbers,    t.¡pettier wi th   determents  and   basic   pet v¡ diemi o, i .: ;   *,he   -apa-ity 
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V.        Surent, i orín   wem  made  for   nation   on  a   national    l»:i¡ún,   vw.h   a-,   Lan 11 

„1o(lLf'i,v.tL<)!1;!,   I,,   allow   oxohaa^o   ..f   nn-duote   and   a Lamia rd iao. li .on   of quality/   by 

lho   variamo   teahnmal   matitatoi.     Aotiüiiori   a   regional   laaiawaa   then   doalL 

•n-    at'   a     SvjiiU   i' moi     a'   a -ioni, i ala,   .odali   pi -mai ri,-:, at¡.,   inai a¡ ¡aiy tv..,    -, a i 

i'tu:    ro.-'l   aia    ¡aa< 1 i ' '. ì. ruda" L ¡.-ai   • >!'   aatara •.   ai.;   < i .rina 

Lo    iri-maa-vi   l'.iri'VI   . .v    1 '';a,    ¡   ^    oi   laiveat'hont   af   í-ií    íüLIIU.II   va-ala   ho 

:IO> ' oaaar,y • 

V-..        Al   Una  tran,   POI. raataan i-, 1   e.mvnrnoti   of uataral    na-o¡iraa;   ..Wim-   th.m 

forti lizer  production  hardly  exiata   ir.   tao   countries  of  the- Muid'- Kast,  which 

h avo   the   larrea!,   "rado    al   roaaran-   i a   the   w>rld.      Kae'hof" 

a    ;„.,.    MMO     at'    * ho    !lat.  M'a!    ,-a;-    ! 

a,,v: i 'a !    ut' uh'' ta.,   aariy   at'  th.a:: 

f,..v;,   .,1 ;   M-,'.:r  t ¡in   vendd.     da   the   I naia   "f   iaii 

,a -i.-.Uor      avoüia!. i'   r d : or  and   aynthal ¡a   f¡: roa   La    ' 1 o•   laet   yea ra,   ari   a"taa. 

¡.or   .-apila    • aianaud LOM   at  ;    I  •    •'   k*   aaa   1 aoa   t'oaad.    I. 

• ...«anaet i .,-.   -M'   ¡a-a-oaaod   plaafiaa,   rahherr*   and   fid.ria' 

,.,,! r.. a,0,,; !.... |    >.,,-.; ¡ox   i a.aod  an   aal ira!    roa> <r"e;   Wa- 

re   I. hail 

..•od   ¡a   aatviv   t'laroa   a way.      u «vr,    notr-a- 

t.,i   ..¡i Middle   aaa!.orai    'rateai!,   aro    ''.rimer Led 

rt   f i tarara      t'  raw   in Lordai 1 a   far 

yoara, 

h i.a   aota:   red    noi   aio 

)     'l'ho ero' • t ion  at'  a 

aaa'"alen,       !''al 1 • ivj L ru' 

Lv,itl -aai.M,   tho  -nain   pot.r-vhomioal    nra,iaata  and    'heir   aertvnltvoa  eauld   he. 

j-,.".;.i   ir,   tho   Middle   Eaat.   L>   :nee!.    ¡a-oeti. :   demand   a »naia   the  do---;1 

• ,:Kaia!0. ¡ai   ie   av.„-."oa    t, ,    -Ua-iii   'no   rao'e   "f   •'    h)   1')   k¿r 

,    ..,-,i.ta   iv   I io'.      !'h t;-,   prouoatien   iai   the  Middle   Knal 

hove 1 upmost,   ao''a«k 

.,;•   potr" 'ho-a 'al a 

vi L ! !   ria.o   '• >  I '; ' , 

r n nor;   and   ' ' ,'•' ' 

i ;:;;-A,.,rir   af  pinoli ni;   M),Oho   t aie/yonr of   aynlhotio 

aia/vear  of  aynihoU"   florea   :y   1 ha). 

[violent  Europe 

1'ha   rand   >-rawth   in  Lho   nlaatlon   and   aynthotia   realm;   imi.in try   Lu 

Maaforai   Karree   waa   atroraed.       1 ri   Lho   mender   ••amino: .f   tho donnei. 1   far 

•it   r 
-'A1*      therm"r.ot L i ¡if  " anpoaif nais   have  had,    ap 

hn    t, 

• ¡ ' ' L' 

¡rod ['' ' lari,   vai ! o   t a O     îiT' •duo t. ion of   thormo- 

ìo   rio il-   t ilare.      "oeanae   »f 

a   ..'rea t.    aharo   i n 

,   aaialy    a-dy: M .h'Laa,    La   t-   dovehe     i:¡   ui< 

;1   the    '""KA    autricn,   other   than  tho   'ï.YMi   and 

'ho   ;w.;-i t i an    A' e¡. -h  •••> in try   in 

t h i a   ran*iaaa,  waa   ! 

t ht1   or alno L hai   • > f 

j'r i-i,   !Ha. r ii 'hea i. ' : 

a, i   ayulho' a-   Tea 

•. ai;-, ii'iid 1. ai   'law   • ' 

• o i oa, 

tho    'hap Laa"e    d*   • ' vnic   • • 1 

H.i'iiariL-i,    auhataiitid    ran aha   are  m: '('aar;.      die 

jovt      Lho   ataa-e   r-ea -hod   in   oaah   :r*KA  eountry   in 

,.  -,,ui   .:v,n. ho Lia   verini-  and   ra r ! i-a 1 a r ly   thoranopl an t i' 

a  waa    am- tai a red.       the   exparla    and   iaiiparla    )f   pho-tia 

ll(,..n    - )ltit.r¡.a-,   aro   not   v-ry   i- Li-nil'iaant,   a 1 fhaurh 

rap .alian.      ilowevor,   Lho   r^r->to I ion  of   pelraohemie.n 1 ; 
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in  the  CMEA countries   and Yugoslavia  will   have  reached  a   substantin 1   volume   by 

I97O,   amounting  to   lfhM,000   tonn  of  plastics  and   synthetic   resins,   of  which 

6 ..6,000   tonn will   be  of  I'VC   and  4'M,000   tonn  will    he  of   polyethylene. 

Western   Europe 

40.       The   growth   in  production  and   consumption  of,   and   trade   in,   the   principal 

petrochemical   bacie  material:;   in Europe  over   the  years   I iC]   through   1 \)o ;   arid 

forecasts   of  the  demand   in   1  >''()  and   l'f'b  were  d iseassod.      Count roes  were 

grouped   under   three  heading;-:      European Economic   Community   (EEC),   European 

Free Trade  Ace >•-. ìat ion   (EKTA)   and   others.     The  following   basic   materials  were 

considered : 

(a)   Ethylene,   and   the   Virions  products, made   from   it  -   polyethylene, 
ethylene   oxide,   e thy Itericene,   vinyl    -.blonde,   ethyl    alcohol, 
aeetnldehyde,   arni   other:.:   (linear  alcohols   and   olefins,   ethylene- 
propylene   rubbers,   ethyl   chloride;   and   so  on; 

( b)   Propylene,   and   the  Virions  products  irride  from   it  -   aery I orti tri 1 of 

polypropylene,   •• unione,   propylene   oxide,   oxo-a 1 ouho 1 s,   isopropyl 
alcohol   arid   others   'propylene;   trimer   and   IciHamer   and  synthetic 
glycerine) ; 

(c) Butadiene,    and   ? la«   vari > ¡s   pr .>dp-t,s   'nade   from   it   -   styrène 
butadiene   rai 1er   (3:-'R),   poly 1 ut ¡diene,   riitrile  rubber, 
acry ! oni t ri 1 o-¡. 11 id ierir—styreui.:   (/o'o /   resine    ¡risi   others   (butadiene 
trimer  and   tet rahydrophth il i •   anhydride); 

(d) hc.usene,   and   the   vin u;-   nr idiots  made   fr">rn   it  -  '"umono,   ethyl- 
benzene,   oy- 1 onexane,   a "ic'yl    cerisene,    ufi or ohon/.ono,  maleic 
anhydride   ana   others     u 1 .troseriseuo,   di phenyl    and   so   on); 

(e) l'ara-xylene,   with   some   diso¡ssi»n  on   the   future  of   polyester   fifre: 

Present   indications  are   that   there  should   be  an   increase   of ; :    per cent   per 

year over   the   ldo.'-l »'0   period,   but   a  red'»••"• t ion   to   I ',   to   M  nor   •ent   per year 

between   Did and   Ì ) "a   may   become   inevit.nl le.     auch   a  s laokeui ng-off  period   is 

not   unusual   after a   few years   of  rapisi  expansion.      Ac'-ordiui^   to  ¡lata   from   the 

Economic   Commission  for Europe  (ECE),   the   production of  ethylene derivatives 

will   reach  1.'' million   tons   in  l'.)7'.>;   aropylenc derivatives,   b. .'b  million  fans; 

and  butadiene  derivatives,   1 . H> million tons. 

North America 

41.      The  North  American synthetic   organic  chemical   industry wan originally 

bursed  on   coal   tar,   diet il later;   for   aromati.es,   wood  distillates   and   fermentation 

for aliphatic   compounds.     Acetylene  was  available   from   calcium   carbide,   and 

the  advent  of  cranking   in   the   oil-refining   industry  made   olefins   avallai le   ¡: > 

that   in   the years  before   the   Second   World   War  there  was,   a  shift   to  these 
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materials  an  the  starting point  Tor  aliphatic chemicals.     [mmedintely   after 

the war,   supnl icr. from  refineries  begun to   be  supplemented  by   the cracking  of 

natural    >"i:i   md,   as   the  ."us-re fining  industry grew  up al ononide   the  oil- 

rof'inin-"   i rid-;.-1, i-y,   ' hf>    'hemic-,I   and   oil   companies   began   to   integrato   their 

operations   t>  ¡Tike  »ho  'na;-!    effluent  use   of  the   gas  and   liquid   streams 

avail ah 1 o. 

4P.       The  'dymp'os i Jin  examined    the  .-'rowth   of   the   "Jort,h  Ariinricari   petrochemical 

industry   and   discussed   the   •'II-üIí'M   likely   to   take   place   up  to   1)H().      The 

industry   consists mainly  of   the 'hated  otates   industry,   since   t.he  ua.nadiun 

and  mexioan   facilities   represent    inly  u   small   part   of   the   total.     The   survey 

was  cmfined   to  existing  pr od ¡ -A,;;   af major   import arre,   since   there  does  not 

appear   to   he   anything   in   the   laboratory   nt/u'o   that,   -an   become   a   mil 1 ion-tons.- 

per-year  product  by   I  )Cit).     'I'he emphasis   is   likely   to  he  on larger plants .and 

process   improvements   in  a  con*: inn in." off >rt   to  keep costs down.. 

43.       At   present,   uorth  America  has   about   7   per   .cent   of  world   population and 

about   40   per  cent  of  world   petrochemical    production.     Although   growth   ratee 

are expected   to  remain  high   (in  the   ¡'  t>    >   per  coni  range),   Lho  North   American 

share  of   the   total   is,   expected  to   fall   as   other  countries expand  existing 

facilities  and   install   new   ones.     Mrowth   rates   will   lie   somewhat   variable, 

with  the   highest   figures   in   the  polymers,   field,    text  virtually   no  petrochemical 

will   actually   decrease   in  output   tonnage   during   t.he  period under review. 

Country   papers 

Ajeria 

•14.       Algeria   possesses major  resources,  of   liquid  and gaseous  hydrocarbons, 

and   it   lias  been decided   to   base  industrialisation on  these resources.     About 

a   dosen   projects,  have   seen   studied,   and  most   of   thorn  are   being   implemented. 

All   of   these   projects   are  major ones and   should   absorb  much of   the  Algerian 

market.      As.   a   result,   Algeria  may   be  aide:   to   trade   in   petrochemicals   with 

both  developed   and  oevoloping   -outitrios. 

p.,       Algeri,   is  seru >¿sly   examining all   schemes   oï c i-opérât ion which  would 

p,.  ,,s •;;-,!..•;!   penefit    and   is   ready   to  place   its  modes»t   expertise  at   the  disposal 

of   level uung   •-. -ìtries.     'ó poo i a 1    LI ;tif it es  have  already  been  created to  solve 

predict i oU pralems.      Algeria  appro nates   trie   technical   assistance  UNIDO provides 

ind   its    ¿il   m  mdving marke* mg  problems. 



Gabon 

4'<.        No  pet roehem i oui   industry   exists    in   this  country    it   pr< 

studios  h ivo   boeri  ^ ule  of   the  rol it i ve I,y   abundant   r ¡w  uà ; e r t 

lo mi,    ri; i turo 1   gas   'uni   a   heavy   residió   from    a,   nil   re''i nor;, ) . 

concerned  aro: 

(;i)   Cride   not "u : o-iii! -  pr-1'ni:)'-.t i 'Hi , c 

'.,:;, i I I L-''i   t " iti ;   L'i    !   H, >;    re;:(T/i'.:   es ! i HI ; t.. eo    : t     [    •    •   -, \ ' i  M   t   MU 

(enough   \'H'   -it.i'it.     ¡    yo'ii'"   ut    ilif   MVU>!¡!    ra'e      f    • u;s UM ! i u«. • ; 

(b)   Heavy   residues  -   product i or;   of  'IWMSMM   tons/year;    i r.   tw >  or   three 
years   the • •• i j > ; i • • i t,y   w i. I 1   certa in 1;/   te duOuod,   o> re ¡; .•   iu'ro,oeu 
five folil; 

(o)   Reserves,   of  ¡ia t ira 1   gas -   :  ,l .¡H>  -i i i i ¡ MI   -,     t M i •,.••   i nt •.    ¡ • • MU* 

onlty   ri;;   uss> I'M ated   with   oil.      However,   .•' as   "t!   M :ua<   :,    umilia-* 
field:-;   unconnected   w i. b h  oil   must   alsuio   taken   into   a^-.'u.nt.    . !'he 
present   total    outpit    is  4 4"-   mil lion  m"',    fit   only   , '    "ni li¡m   m      iiv 
being   used  "onirnero i a 1 ly. 

47. Among   the  projects   envisaged  are   the  producirá,  oï M >0   t oio/uay   •••V 

ammonia and   the  production  of   ''00  tons/day  oï   urea   ismg  the  .Uumi" irt> >u 

process  (Nether! amis).     An   investment   of   il   fil lion    ' H'A   frauos*^    w-iuld   io 

required.     Another   project   is  a  mill   for  the   production >>f  synthoti •   furo 

for  weaving,   with   an  outfn.it  of  ',..;'  to   (>.'.,   tons/dn.y,   with   a   market,    uuentcd 

towards   the   Tariff   Union   of Central   Africa.      This would  roturo    m   investment 

on  the  order  of  l.b   billion UFA   francs. 

48. Studies  for  other  projects   are   lacing undertaken,     "no   is  liir'oct.ed   t, '«lards 

the  use of  the crude  kerosene  fraction   to  produce  solvents,   in   the   small   units. 

associated  with a   refinery.     Another   is   the   use of  refinery   residues  to   produco 

synthetic  detergents  and   petroleum coke.     (The  AI.UCAN  plant   for  the  el o-1 roo,si 

of alumina  at  Ed6a   in Cameroon  consumer;   '.0,000  tons/year of   petroleum   a>ke.) 

49-        '''be  primary   problems  Caboti   faces   are  the  smallness  of   the  market   and   tuie 

lack   of capital   and   national   technicians. 

Morocco 

50.        Although petrochemical   industries   are  nonexistent   in  Morocco,   the 

consumption  of petrochemical  products   is   increasing  rapidly   (.''00   per cent 

between lOVl   and   \<)b?>).      In this,   same   period   the  import  of   petro'-hemi"ul s 

(excluding  finished  products)  amounted   to  $30   ni 11 ion.     A   protect 

vjJ  In  early   l'j/O   the rate  of exchange   of  the  CFA  (central   franc  area)   franc 
waL  P.'fB   to the  dollar. 
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and  10,000   Is us  of  PVO)  yearly.     Rae LI it, Leu   for  the  production of chlorine 

and  caustic   soda   >:;t:i   ho   incorporated. 

ah.       Present   fertiliser  requirements  aro   f 00, OCX)  tons/year,   and  moro   fertilise" 

planin   are  needed   to  clocó   t,ho   export   gap.      During  the   five yearn   I  «70   to   S h"-. 

a  fertiliser   plant   with   an output  of  400   tons/day   is   to   he  completed. 

Ceylon 

S6.       No serious  thought   han  been given to   the development  of chemical   indus- 

tries.      In view of   the   lack  of  demand,   it  would   he  uneconomic   to  enter   this 

segment   of   industry,   and   espee ia.lly   to   begin   to   produce   synthetic:   fibres  and 

pi ast ics. 

l.)7.        however,   two   major   steps   towards,   the   creation  of  a   petroleum   industry 

were mentioned.      ¡'ho   first  government-owned   petroleum  refinery,   which   is 

expected   to  meet   the  country's   entire  domestic  demand   for  petroleum  products, 

has   been  established.      It   is   proposed   to  sot    ip  an   ammoni a   plant   for   the 

manufacture  ol' area   from  chemical   naphtha   from  the  refinery.     This  plant  is 

expected   to  go   into   production   ¡y   1)"   and   Co  meet   the  country's   total   require- 

ments   l'or nitrogen   fertilizers. 

0-'.        H   is   also   planned   to   install   a   10,000-ton   LP!   plant   and   a   10,000-ton 

sulphur-extraction   plant   by   the   end  of  l)/0.     The   pro! lorn   for a  country   like 

Ceylon   is  not   to  c-¡toh   up  with   industrialised   countries   in   the  development   and 

generation    )V  new   technology   but   rather  to   utilise  effectively   the   host   tech- 

nology   available.      In  a   small   country   like   ''nylon,    lacking natural   gas   arid   oil, 

the  petroleum   refinery   should   be  made   to yield   the  maximum  value   for   both 

primary   and   secondary   products.     As   a   first,   sten,   the  establishment   of 

finishing (liants   in   anticipated,   for   example,   for  polymerisation   of   imported 

eaprol acta.ni   to yield  nylon,   which   is   used   inarcasi ngly   in   the   textile   industry. 

In Ceylon,   lack  of  capital,   a   limite'   lo-al   market,   low-priced  competition 

from  highly   industrialised  countries   and   a   lack   of   technical   know-how   arid 

trained   personnel    are  among  the  many   obstacles   that   must   he  overcome   if a. 

petrochemical    industry   is   to   be   established. 

India 

[/).       The  details   of   the   first   potroohemi -ii   complex  based   on   two   refineries 

in   the   Bombay   area   that   are  already   in   operation  were   provided.     This   complex 

includes:     two crackers;   and   dowa-s* ",.,.-.   plants   for  polyethylene,   polystyrene, 



PVO,   polyester   fibre,   „.Went*   (a-etone,   een.euo,   >ntnnol   etc.),   fiast,-i,ers, 

,he!ru,,,   intermedialo,,   ,,-h   a,   ,hUnli-    mhydnde,   pheno,   and   ;-e>hy,   »exanol; 

;m()   ,   fertilizer   riant   -.l-m* with ,  methaao!    mi.     -no   a    ' >rh.m   .-1,*   ,mU. 

i ¡ ;;   of  pe t r>)-hi"¡i l'i! ,    uid 

„un,-   th'H'.e   t'r"i'i   ri.iri- 

|>l'n;VHt 'Mi    .-'IVI ili' (,().        A    •,. H i i • ' * 1 iuiu ted    -hart   w 

i  -h   I hey   are   or'odu oed,    I ( 

• e   ,jf   the   i'.i t .iT-o   plan,   l'»r   the   dovei op-ent     > 

the   i*it e med i ai ci   Yv>nv  wi 
i,. 

.Mir'«:' 

ZLLrywrc   LrWl-.to.!,   a 1 on,* wil.h  ectimated  demand   Paloni«   for   1  i"/l'»M   and 

61.        The  status   of   the   second   petro-hen, Leal   complex   in   the  da.p.raf   .re;,,   whi-h 

is develops  nro,nd  -,  government  refinery,   was  debited  in  detail.   *   few  of  the 

unite   in   tht,,   o.mplox,   in-1 ud mr some   for   fertilisers,   a  ^lex   pimi   pmdu-u^ 

bercene,   toluene   and   xy i ene,   (MTX),   and   ,   pM.h-.li.   anhydride   M ant   » „ed    •• 

ortho-xyleno,   hove   already   been  on  stream.     Several    >t her pro.'.« ' t, ,    ir..-l Hin* 

plant«   to  produce   -„pro ! -, • t,.«,   polyctcr,   ^'^hyl   wrei.hMnl  .t.e   M>MT),   orino- 

and   para-xylene,   are  ander  ^m-.trH.irm   and   the   re,t,   Ì  s-ed   • m   ethylene 

production,   are   scheduled   for  -ompleUon  within   the  next   Ha/e  year.-.     This 

eomnlex wan   planned   in  such   -,   way   that    the   import   .ill,   f-r  ,,, .ntonm-.o   of  the 

urul,   already   estabiished   or   uri-ier   ,mpiemeu-at, on     oald   Ir   reda-ed   ,..   ,   minimum 

through   the   use   of   hamo   ehemioals   from   this  pro,e:t.     The .: = „nplex    ta  expected 

to   provide   the   vital   intermediate:-   for  synthetic   birre   am t ,   -iresüy   m   -.por- 

tion   in different   paris   oï  the  country,    in  sdditi-u   to   expands   the  -up, -l'y 

of  pi.-LB tie   polymer,  and   providing basi-   nitermed i a ten   Cr  ta       fhorma -e uU e;il 

and   pesticide   industrie,.     Mention was  mode  of   fatare   plan,   for  other -.„„plexos 

in  different   narts   ef   India,   sueh  a,   those   in   bar>uru,   llaldia   „mi   Madras. 

These  are  nut   likely   to  aome   on  stream   bef-re   1  ••''•. 

6;\        A  pinture   of  the  present   and   future   production  of nitrogen   fertilizer» 

based   on naphtha/natural   -a,   w,K  presented.     The   special   features   of petro- 

chemical   industries  and   the   general   constraints   e,i<, amtored    m   the ir devel opmont 

and   the  solution,   found   were   stressed   and   elaborated.     The  -api ta 1-intend ve 

nature,   the   soph isti,aled   technology,   the  eorn,n ra t ! ve ly   p.r^e-sisod  economic 

unit,  and   the   need   l'-r   a   -vmiplox   bo-.use   of  the   tut erden.mdent   nature  -1   down- 

stream  uniti-   vis-à-Vi,   the  un in  olefin   plant   wee-  made  -tear. 

(P..        The   problem,  a,,o Mated   with   the   -rowlh  of   the   oetroohem, • >-, 1    industry   in 

developing  eountrie,  ,a-h   a,   India,   and   their  proba, ¡o   re-ar-renoe   in  other 

develop,,,-  -ouuines   cere    amsnlered.      The   assistas-,   in,ed   -u   aopured 

expei-ieuae,    !hat    lud,       • ,n   offer !'N1I^  was  described,   and   the   type  of  aasis- 

tanac   re<l n red   from  !!N1   • •  a •,   imiieated. 
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(e)   Vrcv   ".niv'pr't i t i i i t,y    "  '•   s poi.-for  •: 

ex-Mi iti^e    tt i-."'i';t     f4(iî .:•"    'H¡i   t'r 

-ü'-Mvmt ••   ! M   ! f ¡ri    ¡'pi    >i r--- i i ; 
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(^r*)    llpO'l   il     ppo\/i ;' i o>L;'    >' I ,' i ht'     "t      luint     vCni'.l'e    the    V1 p"h L     I   '     •ori(i'i'*t 

in.i   irruí li'f    ^ ' l    pr.i'i i • ' i • ni,    ' fui.-;- '(•' i ' 

of   'i  '-;omp!ex; 

•' ':"!• '<    iff't»;'     itm 

."  I'  .   • t   I ifi      ili<1       *p*M"  J- 

I'fen \v itui   I'-.fulfil 

>*hm*?nt » 1'   M itiK 

e   >,o '(>;•.• i c-,    t' tv«   'i, i.iîi'1   i ! .' 

• i     'her    'por* 11 i  in 

(h)   Ki u-tri'' tri^  >>!    t ho  prM:t"".'   with   the  hr!p  ^!'   * ho   Ir in lit,   h »vfrnmon t 

t hr'nu^h   i 11-    i('fl!i'' ivi   V 1 tri    ^V'III l'i1 

f ran  hm<   iv,.'^vr-i' i ! ! y   t\-.t-il 1 Ì ^ho-i   Mirt'c   pot r "•»irmi  -il    ••miplexnn   within    i   ;'pm 

of*  three yoirv,    !'.iil"wiru'   t t,o  p- • i t  -y    ior- • f i te t   ii ..>vt>.      !'hc   tot-il   'MHI   .>f   U[fM:e 

throe  "i'iiipiex".    (»X'-ooitod   S' '<    mi I I i"h. 

06,        1 fin  W.'MH   wi'i     •mp tht«  i  ift i • i pit. i on   of   iri.y   I'TOWM   irivrn-.t.or with   t.tie 

neiifln.iî'ir.v   'p, il i f i--)! i ori;- IM   imp ! o'nont i n^  prvMf>"to   .!• > i nt ¡ y   Witti   the *J.-|1 iorin I 

l'etroohôniio'i i     'on.p.ii.v    «f !r-in.      ! r'm   wni!i)    ho)   ;pt> r-oo i .-ito  HN!lK>'¡i onii i ntunoo 

in   i'íer.t i f,y i \ikr  potent i il i nvm:1 oj-n. 
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s,,   y i >v t   y\ \,n>~ ! c i r   i i M   ;li Pevoluprneut   him,   l-)tV)/u/i>  through   MM/DM, 

• ,r)v   i)lP   itt'M'e-it-ie   v>f   ri-'c   product i i.ni. 

-r.   -...ri,...,1.i.,i    i n-i  ,.-!.f i es, 

•r i •• r 

>'    '''0"¡ i • 

;t,   •,.-,   the   t'eri L 1 i /.er  and   peut L- 

; rep¡rn t i -as   -it'"   a 1 s.-    mder 

•i i    MM <slry    L.i   alerti i l'y   and 

[.e' r    -seno ••" •t.:     i;¡    ••ni«!' draw    4'   i  master   p/iii 

I' >r   !'.. t .¿re    ie".'e ! 

ne  pr- *rn 

! i i/   reef. 

,,.,,.,   .,,„    .»•   -!:.|':l,   -,   reí-.t ivol.v   .-n.'iH   market    fr  petrochemical   producto, 

1:ií'|.i;.,r,..,.rr   •,.l,i  pali'    it i s i t i OCT   -¡re   problems   » he  novornmeuí    faces. 

.,.,.,,i   . .,   i  »      ,,('   trie   '•' '¡'«um   Investment   Law,   with   it.-   incentives, 

.,,.,-,!    ir,   -,t l.r, :i i:w   --ecu's   .-.piL-ìl   te   Irnienti;!.      Improvement 

Ul   miroir,-« <re    ,r. i   |,.:lr    ,. i ! L t . o:;   IS   />>,,!. i „,n is l.v   en i r^ -¡rr i ed   ont 

h,..(i,;e  ,,r   MMM!'   i-.ip..rí  e.-o   ir.   i n i t. t nt. i nr  successful   development.     The  creation 

.,.    ,    ..-,pi t. ,!   n,nt>-.e:    i.'   in   l. ho   t'in.l    slaves   of   preparation,   and   tins  will   no 

w..! t   entri»! 'e   I'.'  H'e  e-'onomi'    .leve 1 opinen t. 

o,..,,,,   . i¡0  .,,,.,!   .,f view  of  row  mutoriuls  and  the   potent ml   market,   the 

pot ,..,. hem !  ••:!    , neustr;   ho-   •:   promising  f.turo,   especial l.v    L f  the   expected 

¡.,-.,.,,.,..,,   ir,   u o  /i-;';-   i.-.t.nN-tl   produot   i.:   taken   into  cons i dem t i on.     To  obtain 

Hi,,   .^i Moo    |-,io-,r   re-pi i -ed   ï'-v   the   ne!, rochem i on 1    indn/try    LS   not   expected   to 

l,, Ut>r,    ii'-'d-'.!'.     A   s o -st,m! .in!    n unì or  of workers   have   acquired   experience 

1U  Hi<;   refmeries    cid   m  the   fertiliser  onu  other  industries.     With  proper 

trn.ninr,   they  will   constitute    m    niequnte  supply of  skilled   luboar. 

'( ".        Anv    mi unes   regard i n<-   ''oro um   investment   should   he   uddressed   to  the 

PHp:,rtmont    ...    Industry,   loi.   Ko! »n   '.-.i ri h   'c,   Uiaxartu,    indonesia. 

Malaysia 

'I.        Industries   bused   on  the   recovery  of sulphur and   its   use   in   the  manufacture 

nf sulphuri"   «cid,   ammonium  sulphate  fertilizers  and   synthetic  determents are 

already   in   existets'o.     The iirmdd/t .rc  of  ammonia,   nitric   :ind   and   nitrogen 

fertilisers   from   raw  meteríais   derived   from  petroleum  has   also   seen  established. 

'i'ho   prospects-   !'->r   pet r. onoiru---,!   development,   such   as   trie  manufacture  of 

.•si'!   i i n   viri et i es   o •ir!,cu   • ! i'k,    plasties,   syntheti-'   adhesivos   for   the 

•uuufry's   expanding   plywood    md.st ry,   a 1 c-1   and   arv 1   hyd r -carbons ,   acetylene 

,,,,(   ethylene  -annol   yet    te   forcasi   accurately,      "et ailed   surveys   of   the 

¡ncontia!    growth  oï   the   industries,   that,   will   consume   these   chemicals   are 



- ?5 

necessary. A complete foasibi 1 i t.v study may have to I.o undertaken in <'o! Lib- 

eration with fiinm'ii experts before concreto steps can be taken to expand the 

pet roc horn i c a !    ¡ruinât ry, 

Pakistan 

M. The petrochemical industry in still in its very early stages. Existing 

capacity 1:1 limited to one Lima I 1 P70 plant baned or. imported calcium carbide, 

one polyotnylcno plant ii:::;>ed on indigenous molasses ami two urea formaldehyde 

plaritti   haced   on   i nd i gonoas  urea   and   imported   formaldehyde;. 

74.       West   Pakistan  has  lb  x   10   '    f t '   of  proven natural   ^;is  reserven  and 
1 "       3 

East   Pakistan   10   x   10   '    ft   .     Maturai   gae  has   co  far   been   .med   only   to make 

nitro-fíen   fertilizers;  and  as   fuel   for  power generation.      In  East   Pakistan,   the 

Government    is  considering a scheme  costing $P00 million   for  producing annually: 

PVO,   SO,000   tone;     acryl onitril e  staple,   I?,000 tone,;     aorylonitrile   filament, 

4,000   tone;   polymethyl   methylacrylate,   4,000  tonn;     caustic  coda,   4P,000  tone; 

bleaching  powder,   1,000  tone;     methanol,   37,000  tone;     ammonium  sulphate, 

?8,000   tone;     urea,   3P0,000  tons;     and  surplus  acetylene,   3,000   tone.     In 

West   Pakietan,   where   a   sizable   quantity   of naphtha   is   .available   from   the 

refiner! en,   a  scheme   for using naphtha   to  produce  P0,0U0   tone  of ethylene  in 

the   first   phase   is  currently  under  consideration  by   the  Oovernment.     'The mam 

products   envisaged  and   their  annual   production  are:     polyethylene,   10,000 tons; 

PVO,   lb,()uO   tons;     polypropylene,   ';,000   tons;     caustic   soda,   13,000   tons; 

dodeeyl benzene,   b,0()0   tone;   and  vinyl   chloride monomer,   lb,000   tons. 

7a.       The  capacities  are higher  than  indigenous demand,   and  s"h"tnnt   al   export 

is  envisaged   to  utilize   excess  capacity.     Although capacities  to  be  built would 

be  ahead   of demand   in  order to  reduce  production costs,   domestic  demand  is 

expected   to  grow  rapidly  once  domestic   production   is   underway.     There   is  a 

hidden  demand   for end-use products   such  as  wires  and  cables,   electrical 

conduits,   packing materials,   flexible  sheets,   pipes   in  roof construction, 

footwear,   coated   textiles,   synthetic   glass  and fibres. 

76.        Despite   the  availability   of  cheap   raw  materials   -'about   10   cents   per 

1,000   ft '   of  gas   in   East   Pakistan,    for  example),   limiting   factors   in   the 

development   of  the  petrochemical    industry  have  boon   the  need   for heavy   invest- 

ment   and   for high  capacities  and   consequent   dependence  on   a  highly  competitive 

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

à 
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.•,.,.,-i-,:.:    -o-i'.r-l    Mi   a   naphtha- T-. -Kir.J'   pi  ni'-   w-h     ' 

r,,„     -•«,.,... i,,.^.      'he    ; ,vorri:-,<v.t    ;s   oa r» i • i pa' m,'   ' '-'''       •••      

¡r.,,_lTh   the   Xv.H   •>*'   Srfestments,   whi-h   iti   tini   h".H 

u-osed    d   members   fron-,   Mm   p il I i ••    «nd   the 
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Argent ma 

.u_        r.irl,0   tho   fjrst   'initfin   N-.ti.nui   iriterre^ional   Petroohemioal   symposium, 

the  Argentino  pe.r-'hnmi-v.l    mdisfry   h-,»  «r >wu  at   the  remarkable   rate   .»f 

(,,,,;;;;    pf >'i f t. ! < >U    Oitput    of    Î1"'    million    IM 

.,!;!,,,,   i¡,   ! »«,1.     However,   tin:-   a ,; p.4t.    Hd   not   seaoh 

xpe-ted   il relation   to  the   itfrofe   in   the 

tins   pr 'wth  wan   aUribn+u! le 

(>,"  per 'tfitii,   ¡or year,   ra frute 

1 ah1'',   as   compared   wif h   S 

the   level   lift    • > od  lavo   ; eon 

irr a us   nati, an-,!   pr>dft,    ìaf-eiv   ; or.ur, 

to   unpart   suistu* ,t i.,,.      -a,   uex<    ff-  year,   appear  mare   promising   .a   View   ,,f 

a   reaeat.lv   issaci   pot r ' -Per, i • . !   L^roe   Ola.    i:    l/r-^   whfh,   amare  ather   Urnes, 

has   established   P>u tos   f.r   foedstookn   .   ,   !fì   applied   I v   the  tUafe,   at    levels 

e,p.-t!   te   those   prevaline  <">   the   intnnntianl   markets.      Phis   should   allow 

local   production   O  empete,   ¡y   l.Vl  r'6,   with   imparted   products   hearing 

duties  of  aaly   :v   to  40   per  eerit .     <Jy    !Tï,   Arpent i aa  expects   fa   re  solf- 

„uffiment    in   petroleam   and   naiirul   Pas.     The   pet raeh.m ica 1    mdastry   Will    thus 

havc a  nal id  Lane  on  whioh   to  sta.nd.      l'he mam   impediments   to   its development 

are   the   fall -win«:     oasts   dae   to  eeanomies  of  scale   and   idle  capacity   resulting 

from  the   relatively   sma1 1   and  ^ea^raphi cal ly   isolated market;   economic  and 

political   problems  resulting  from  the  supsti tut ion   of synthetic   fibres  and 

plastics   for  cotton,   wool,   and   leather,   all   of which  are   oi^ufinant   naturai- 

resource   indi ist ri es. 

Hol i Vi a 

' í.       'íoíivia   is very  close   to  implementing  its   first  petrochemical   projects. 

Po! ivi i   has  a  ¿rood  supply   of  raw materials   impar-'ant   for  the  petrochemical 

industry,   especially   natural   ¿ras.     For neater efficiency,   the  Andean countries 



ÍBolivia,    'MU»,   '-••»! oTTit- i -*    irt.l   l'er ; ¡   have   agreed   ?.•   plan   the   i ndnst r,v   >vi   a 

region»!   Iv.u:-.      i he   'tiir rton rM •   pr* •: 1 «ï»'?;'   of   the   less   ievelop.-d    'nutnc;' 

and   Uni   !>»'¡:i ü'   * rm.'p a-tat i   -i   pr e  >>••   of   "••. iv i  :    :f'<>   • he   -. au   rru  -e-is    'o: 

solved.     At,    ;'-;'V';ii"¡  M'i'-i'.'.1   •'('['» i : i .:<:!•  f«; :  -.•iv<-   tu     ¡,'    iire-'.>u   '   w a-u 

the   h->"-<-  "  , rv.«t,   wi,i;c   o na     .;•    . , ' ITI. S* I ves   exis'    ''   r   pi-   : , • ', i   •.   f   v   the 

regional   »o¡rke*. 

Ho. :'he  •/ 0 ime   of Hrn/iliun   product, i >n   -imi  ••ans ,mpt i ou,   ¡oth   pronoiit   and   ni 

the   tie ir  f;t¡ro,   of pétrole ."i   r'iw mu torni s  and   of natimi   ..'.as,   as  wol!   as  of 

iasio   pe!, r !"he'!i: n i   predicts,   wi;'  ; i t í : * ^ ' i • 11 evi. 

H\ t        lurido   ! "'ä ,   fisca!    'tri')    -redit    i noeti t i ve;-   h o.a.   : ceri  extended   t, o   tuo 

.•hem i -il    i ud is try     i ri- • ì idi. ri,*   netmohem i.ri 1s ¡.      ' nose   nave   toe-i  h aid ! eu   :,v    HI 

IO V. íuistry     "'   înd.stry    .'Li    '• "it'ior -e,    Mut   oxu'.ira?  ,.T-,¡     >''   'he 

-   ;KÎ'-<''ÎV.      A   h.-t.   of   t he  pe* r- •-hetiii - ¡l   pivot-"'.'    tppr -ved 

'•' in,'   "1"   there   pr--o-'t o    ¡fe   u: ready    ni   opération. 

agency   "i 

e h erti ioa !    i ridus* r, 

by   uElQ'MM   was   presented. 

The   litoide  o«' development    >f  o-hers  wns   I- 

Pei r-iri:' [n   p,te   s e,'t   the   Coverumout   decided   t1   -reate    i   new  cirupmy 

Química  3.A.   -   Petmuoiisa,    »   siistdiurv   ^f  Petrems   ano  wloü;   -m* f-! ! o-ì   tv 

it,   with  the   tim  of promoting the  petr -chemin -1    industry directly   or  through 

its   associât ion  with   other   lavasi i iati   or   f-renm   private  eaten ruses,   even   uith 

a  minority   port m ip-it ion.      I'hiswas   not   permitted   t '   Pot robras   itself.     As    . 

result   of   this   poli-;/,   various  projects   arc  now   ¡ein,'   ai.1-rt.keti    u-   joint 

venturer   between  Petr-oquisa   orni  privito   i uvestors. 

PH.        The   production  capacities,   the  mom   raw materials   required   and   'he   basic 

petrochemical   products   of  ex it'tinr   pioni;-    .ti»!   also  c,ï   those    unlet-   u,us1 rnt nui 

were   Hated.     These data   indicate   that   "r.a/il   should   have  a   nee are   supply   <>f 

basic   raw  materials  for   the   local   potroehemioa 1    industry  at   leant   .mill   the 

mid-'le of  the next decade. 

Chile 

84.       Current   investment   in  petrochemicals   in  Chile   in   afoot   1*0 million.     it 

is   planned  to   increase   this   to $1S0  mi 11 ion  in   the  period   U  u  to   1 eh.     This 

investment  would   he  provided   by  the  Covernment   (mainly   through  Pet r-qui mi"a 

Chilena S.A.),   by  private  enterprise  and   by   foreign   interests.     ! et roqu itn i oa 

Chilena S.A.   was   set   up   in  May   I )t>t>   and   consists   .,?•   the   following  divisions: 

Development,   Technical,   Commercial,   Finance,   Administration  and  1 ersorme I . 



:n  I96H,   the  dhilean   Institute  of •U;t inn  was   set  up   largely   through  the 

iriiti-itLvo   -f Petroaunruon  Ohi lorn   "O.A.     Thin   institute  represent,   the 

in.) strici-,  -nui   those  making  the   fimi    products. interests   "!'  hoth   pro -essiti 

lt    r .,.  ;,!•:;,» i.--.   1U-reused   five   and   •.  h-i I f   innen   between   1963  and 

! UM 
,0   ; e maintained   up  to   1!W.     Thit 

a , 

..e  "; 1 rv.e'    ¡  'i'  p 

. „i   ii,; .   !>.»,->    if   irvronse   is   expected   U 
»    •,l''   ' •• • •    • • •   • 

.,....-.< !.,,-!   at'   Mastics    ¡y    !   i'1   of   P   to    ,'    kr £Or   0:1 pit: 

;,r!  ,..1  or.-..ii/.-.1.io!u:   nave   teen  ntudymg  and  plnnnmg   for  name   time   the 

[lMnt.   ,,f  petnonemMals   a,,   a   whole,   aud   -s   -,  result,   a   complex   in   now 

t   t.ho  Pan    'ioenfe   refinery   in   the   Oonoepoión  area.     A  plant 

i-iotial    tel   Petróleo)   will   have   an  annual   capacity 

i,--.   ; K >0   te  ',0,000   tonr,  of  propylene  and   10,000   tonn 

,   ¡e   ,m  stream  early   in   WO.      The   ethylene will 

wou 1 u   mean    :    -on 

-1 •. 

levo !  « 

under    -.oustr 

hoi oru'i n."   f' •  K'.'A'h     Kmpros 

• ..-K-    o'  (>' r:v ! en » 

t -, iip'ii1 1 t <•> vnoa ' C 

npiV ; OUO     iï, I    71 !..", 

i;u;,|    ,-   u,o   duo-   raw material    for  the   production   of vinyl   chloride,   pol.y- 

Tho   nrst   two,   with  capacities   of   It,000  and 

auu/vou-,   roupeotively,   will   ¡e  -    stream  by   mid   No).     To   próvido  the 

a   riant   1.0   being   mutai led   uy   Petrounìn,ica 

o   stari   opcraf i rig al 00   in   W'O.     The  caustic 

,;,,   determent;-,,    text ileo   and   cellu- 1    . 

1 ,iuo.       ! ho   ch !  ¡ri no   W 1 ! ! 

•i: i or11 tu;    'err/a t 1 veo.      1 

•.filarme,   a    -Monne    *a ,. ,i . 

:tii loua   .'.A.    lu   ti:e   ou":«;   area 

.„a,   wil 1    •>•   ,;aM   f.-r   ray u,    -H lontane,   so-,;, 

hv/e   additional     .ses   i ri  eel 1 u 1 one,   drink i.ng-watcr and 

,..   .,..„,   pl-uuied   to  produce  vinyl   ucetnto   from  ethylene 

,.,,-,      ..,   ,,:  .,,,.,;,•) ..•   ,,f   !' ,o0u   fonu/yeur,   higher  alcohols   by  the   1x0 

,„,„„„,,   t-r..,.n  pr-pvlouo   and   synthesis, -au   'up   to   00,000   tons/year   of  n-natunol 

• lUll      _ot hy !    fie:» uno 1 Ì . 

KuA1    -,;,  -,|....,   treating   ua! ,rO   ran   in   O.c  Magellan  area   and   producing from 

Lt   bPO  ,nd  methane  ami   ethane   for  other  petrochemical   unen   an  ammonia,   urea 

,ml  ethylene dichloride.     An   aromatic  pWtt   m  not yet  considered   ..untitled. 

Polyester    -hips   will,   ¡„wovor,   ¡e  made   <T-m   imparted   dimethyl   terephtha 1 ate. 

'm  alkylate  plant   <r )r   the man <W t .r¡ nf of detergents   and  ponnihly  a   plant   for 

phthnlM   anhydride  w l ! !   ¡0    -oustrutod   later. 

-.        n,o   rearai'meut    ,<ï exporte   and   ! eohnolagists  wan  discussed.      Development 

will   depend   to    ,   PUMO  extent   un   import.od   know-how.      Raw  material   can   he 

Pa-gely   otta,ned   from  existing re f i tier 1 on ,   ooupled  with   planned  extensions; 

,>,,,   ,.-,,••„• i tien   und   present,    K.tput    oi~  those   refineries  were   indicated. 
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Mexico 

Ha.       The  Mexican   petrochemical    i ri<1 in i r.v   dates   fr>m   Pf,1-.     "ho   industry   is 

rega luted   by   law   and   i s   divided   into   a   pilli':    ìrid   a   private  .'«'tor.     Produc- 

tion   is  widol/,'   d ¡ -/or:- i fi od .      Mexican   oviip^iien,    .-.ally   with   foreign   technical 

ass isterico,    i. ¡ili   ilio   i us ta I 1 e t i oris .      nho  Mexican  l'o t ral o am   Iustitito   arid   a 

private  en terpri so  arar   developing   their   own   toohnui ogies,   and  success,   in   the 

near   fut ire   i:-   oonf i dont l.y   exported. 

Puerto H i ao 

•)0.       Puerta  Rico han  economic  problems  quite   similar   to   those confront ing 

many  developing  countries  today.     Tts  experience  in  fostering the  development 

oí'  process ing   industries  and  the  substantiel  economic   progress   it   has  achieved 

should  offer  come guidance   for at.her developing co un1, ri er.. 

dl.        When   it   began   to   undertake  economic   development   on  a   organised   baci;;, 

Puerto Rico,   like many  developing  countries,   had  no   indigenous mineral   resource 

and   was  overpopul a ted.     The   initial   attractions   offered   to   industry   were   tax 

exemptions;   and   the  availability  of   low-cost   únt    mskilied^   laaur.      l\v   encour- 

aging  the   establishment   oT  petrochemical   core   industries   that  enfi   produce 

low-cos. t   chemical    raw  materials   or   intermediates,   the  duverumorP    laid   t lie  busi:. 

for  the  subsequent  development  of various  down-stream  processing  pi-ants,     ¡die 

petrochemical    industry   in  Puerto  Rico dates   from  1 abb,   when  two   oil   refineries 

producing conventional   fuel   products   far   the   local   market    md   \'or  export  on  a 

modest   scale  where   installed.     At   present,   major refining  and  petrochemical 

complexes   have   been  established  around  core  plants  oV   the  Oommuuwea1th  Oil, 

Phillips  Petroleum,   und  Union Ca.rhi.de  companies,   and yet   another  has   been 

started   by   the  'dun Oil   Company. 

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

concept  of developing  the  petrochemical   industry   in  stages,   starting with the 

basic  refining/petrochemical   core   facilities.     Petrochemical   raw materials  and 

intermediates  are  now   being exported,   but   the   pattern  has,  already   been estab- 

lished  for   increasing down-stream  utilization   in Puerto  Rico.     Developing 

countries   now -considering petrochemical   installations  should  review   the merits 

of  this  approach  versus   the   possibilities   of  ¡starting   initially   with   an  unwiel 

and  excessively  capi tal-intensive   integrated   petrochemical   complex.     Keoh  stop 

could  he   taken   on an   economic   basis  without   foreclosing  any  of   the   subsequent 

down-stream  processing possibilities,   when  and   if such   further   installations 

were economically  justifiable. 

i.y 
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peti lively priood non roe  of 
•ood   fortune   in hnvinf a   oornp 

tnrift-froo  export  market   ori  the 
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.„.p..   ..,.,)   —rooinoMt..-   to   rod ,eo   protective   tan of   roo.o;a,''ei.    om    o i <~t..n.... 

prv/i ¡i:i.  r,pt    d'   the  market   for  Pe t roohemima 
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for  p:ir   LO ìpo >• i'Pr   '!l    '   l t"'L        ' 

'rinidad   and    lohaf ' 

^•.iMiio   development no 

H.0t 

r ,r   the   or Mi d.i.m   o|'  •,   w 

„_:,raffino,    "•' 'hmexaue, 

,m -rinidad   and '"m-.fr»  ""•-  ¡eon  dominated   I.y 

u1o„..w,h.,r!.hopotmlcim promotion  ^   ref in, n, oooCm. 

,i,ie   rW0    -f   netr-ohomooih-,   imoidim'  aromatimo, 

i    r,    ; .. o .i " 1 one.     'laburni 
!1C,   .¡id   Timer,    t.ntr'üiicr  mid   di-i. o.,,., !  

... ,. „,;..      ir,v.   mid   amm mi  nn   o il oriate. 
;.    y.,11. ;od   ¡v.r   tuo   pro.l-.ot, <n    ••     mmmi 

,u  |it.    ,,it.; ,,n ; L,,,y    o,.ki:   an  appreoiahle 

.v,   ,,¡-   p(m,. „.-muioalo   io   Vl-mml   exola- 
rioot. i '  marmol,   o 

t   v    ,.   ¡„OM.i.ir.nd   vario io   institutional 
•-•i'./ol-'   (or  export.       ho    mvern,,mn„ 

tax   tmi.v.:'    Im  helo   tr.o   i n-1 ¡o.t ry   to  expand. 

'rinidad  mio wi Ih   'i   pop ,!••!' i • 

• •o   t hut   the  pr 'd mt 

nid'uvirci'   i. i n ! ¡d i rm i'Oiier 

mdltl,,u,   (.xi.,i,   y.r   i he   Pctroo .omma 1 i -idno try,   copeo Lad ly 
i1,.        l-.-ivo ir' o i - 

• |;,   ro^trdi-   the  m/oiho i U ty   of   rv.w motermlo 

.level opinen«,   imvo   ol;-o  icon  ^r 

t i -t 1   -piani i t i em.   oí'  fio,   oí 

l.oruï-tcrm   plono   Cor   the   opti in un 

up. 

».     iMho  ppo-peoto   Cor'   further 

of  oiihotan- e-,tly   eohunoed   hy   reoeut   dimeoveneo 

mii  .^„ienm.te   o,i   rr.uid-.d'o  mmth-eaot   ooast. 

tìu/oition of theo.e resonro.es are  t.eing drawn 

'rugua.y 

hH>. 
,.„„„,  ,,.„  „,, l,.r,,c or   tntc•c!Wl.e  petrochemical   i„d„3trieS   ir, Uruguay. 

iliio .„;,.„„  m:|hl   ,.,,,,„,„,   ,.„r  lhl„   ¡,,  the   United  „K,r,ct.     Other reasons   include 

,,,„   ,,..„  ,.r n ral   —,   U.v.ti.m.   the 1,„K »r „ epectri,   poi-,,   of 

{ì   .liffi.. iltioo   ^f -m-eim   to   teohnology. 

have the 
prom-'1- i u;'   Ine   p ol i'o.diemi 'il    ind io* ry   ami 

!"1'.'. 1 Ot     !!1  Ì-'U 

,11 ividvuit af-o 

,f   Argentina,   and   ..'   the  Andoan   reRLon 

reaoh   them.     Tf,   however, i>r  di otan mo moot   he   oovereo 
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within the Latin American i'Yoe Trulo A:--,;.>s i a1 i on . I,A!'"''• , >¡»:r -, ' .1 a,- 

were created th.-it wouM allow a halats'od and h -.r^'ii 1 a ,.- i,-se! .-pfv-.y 

countries, 'iruf-uny initfht aspire t-> ¡ndorfako poi r '• : ti«>in 1 ' ¡ : \<r • >••',• 

han an alenala: iti fra.; t t'a a t ,re, -, certain dej-reo a' iM;;"n 1. to .. 

a   'pia 1 i fi ed   ì ai..- ir-   Í' >rao. 

'/enesuel a 

<)\        The  :'.,.Ma    ->mplox    in    'arai   d-u   state   1 ri • : < io,-   a   l'or' t ì 1 sei 

t..    , »• 

annual    'apa 

atmaa 1    aapao 1 !,y     ' 

o apa a i t,v   of   ] ",  •<.•••   ! 

pi ant   wi I.h   aa    ttiri «a \ 

New   pro.to -1 s   1 n   \ ne 

it   with    ir. 

a    wt'h     ,n a   1 i    Hip     >Si '.a;; 

• ! !   pi an'    Wl t,t¡ 

a."-     >f   .•••"! 1.       ; 

1 e i ai'   set     ,p   i a   U; , s    ••'ini 

:i, a ' o   i a ' i uto    1    -ft -kor  tu 

• i o iv 

•r nay 1 one;   ana    ! 

-,    if    'i; ;   >c 1 no   an. 

•   >tu- 

• 1 ty   •>!'   a!   • ¡!.    I ' •>,   " !     tons;   an   ind . 

a   !. Mi •;   ali-i   a   ah 1 art no 

:    )!'    'h S • >v\ fi»;   and    11,     '• ' 

.pa M'.;     •'•  •       ,  —   (  au' 

••:   l   ì •  •    •  'îHpl OX    in   .'. ; i 1 

• as    '!'   e thy Ì one   and    > ', 

ehlorino-soua   plant   wi'h   an    üH. ai     'ana'ity    >• 

40,000   tomi   af   iia.la. 

')H.       A  number  of vont ,re;-   aro  heim* -arrio«!   art   punti;/  with    1   l'oroum  partner. 

They   ino! mio   a    lode-.y 1   ion.-one  plant   with   an   ann 

;rid   a   phthali'   anhydride   plant   with    m   ana al     -a; 

plant:-;   aro   iti    'arai .a! a   •.-.tatto.     ;ir«'e-'o¡¡    t.-.in*    ••'< 

include  a   polyethylene   plant   with   an 

pi ant   with   an   annaa'    -apaoÌ ty    U' 

pi ant   wi th   an   aun ia ;    -apa- i ty   ->f 

annual   capacity    u"  •   *M, ¡v>o   t-si- 

po ly isoprene   piatii   with   ali    ¡n 

99.        Venezuelan   -ampanies   are   ala •   p.r' i • i pa ' in."   ia 

Two   such   enterprises   are   in    '0 t:ni ia:     a    • ay • < a ••* ••."• 

capacity   of   1 <". ( ' .0-. ^   tans   and   a   fertiliser   plant   with 

14P,000  tons.      Another    punt   ventare   in   in   the   UMTUM 

mixing  plant   with   an  annual   capacity    d'   Knoau   t"t.-. 

» 

•inn ;•• •    " ¡pi 

a« •   ! .ms    ,.a 

•   >.->(-VM.    ta;1;-; 

Af   armi! -a i a    as 

1    o av. • i ' v      t' 

•íi ; a-iao :n at /ou- 

in 1 ¡ion un¡* W1 

ta     'f    it'.a;    and   • 

'    -mi!, .v.',    ,t 

*    With     m     r,-, 

i-; ; t!     ' (Pi 'l tv 

r ' ni. 

•iv :'f»rt 1 I 1 an' 

lim 
100. While Irai han ao petroohemi.cn 1 industry a fortili/er plmt, •»!' I !-",'• 

tomp/year -aPa-ity m ander cas t rant i oUì, it is an the threshold of devo! •• 

nt in tins sector, hudoliues for dove | apnient iia-n ¡ o-tn sa^'os * ei m SHIM 

v    - nisuHants   daritif   the   las'    fowyoars.      Id,oso   report..-, 

me 

reports,  prepare 

st i 1 1   utider   study ,   dea I   wt th   the   possiiulitv    'f  or.» .-at i 1 .-.h i su'  not r • 'neu. 
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and    •.?•!•! 

i'1", in ¡   !'   r   ' * <>,'!'   ": : 

í'f»'i m   -,t - ,*    ! •  , 

pr '   o -1   *> i.'   ; pe,   ;P 

tri•• s    t. :   "!nf     - ' 

i P   n-'w    ;n 1er   :'('! 

,,., , ...     <>rt , i , •an-,   pyriihetm   rddor,   pyithetio  determent;-, 

o   .,,,,,.   r-t-   :  , ¡Mi-if  pot r o-homi.-a!    mdaptriop   han   hoeomo 

..o;,.,,   ;-
!
v   .^••wi'iy    :<•'•! :>iii   ''>(•   pet.r ••>••} ì oír. i "i !    prnhp-tp 

¡,li-,   -,.    -.••   '¡.'-y    im'i!'    *oo,   nafra!   ."••!;'   'iri-1   rol'inery 

,<.',...:    !v    *':('.'"    i -i ¡ ..'* r¡ •v.'.      fa'l'P   prolp'm;'   1 ow- 

:>> ,     ;        '    ,      , ;   ;    . ,,    r P»    -p.'."      í'P'iPI PÍO    !. • •    PP i  Id     ¡ e -POPO    tllO 

:.;-.\-     ,.•    ,^r   •>•;:•!,'    a?      >    ••'•>r.V    rapid    !":'.';      it     IP    nXpO'tcd     to 

,,..'..»>,..   -,-,   'm.      '>o   opt pi 1 iphment   .'f  p   - '- P'orat i ve   -rah 

, -, < "    ...    ,   .v.. i ;{v • '   , • p.. • ¡ i j   pp   > p rye   olio ¡..'il   to   to  f""p >nom ir 

„., .•    • > o    ìr"--<vi   •"•!'   'pe  mom¡ erp-   -f   tho  Ari!     fmrpui  Market    tint 

,  . ,.    .   ,L.j .jor-ìt. i on.     "'he   impef asp-e    'f ''^IIW  nppintnnoe   iti   this 

renr-o^" t   woo   e".p!:ap ì POP , 

l.ef Pion 

no,.     ,phe  pet r'--hem i'Vi!   i rid un try   in  prnot i-a I l.v  nonexistent   in  Leh.anon  and 

w  definir.-   or > ;o-tn   pre   planned   for  ine   immediate   fit ire.     'l'ho   noppihüity   of 

eptml ivrimp-   the   mdp-try   wap   IIP-PPOGO   P.P   wel!   on   tho   mìe   fiat   Lebanon  oould 

pì-c/   i„   the  dovei  <m,ef    ••!"   'in   Ara:   pot r p-hem p-a 1    ladiotry.      i-eoo n-o  -I!'   .he 

limited   h«  mpPKO'    oíd   tho    noeu'e  o!'   T,ie   -ni    oui   rpit.ro 1    ."ir.,    it.   woo   fol t 

thai   p   :.e:  PIPPO   pof' ---pommai    mdoUry   mJd   not   oevefp  onto,do   a>\   Arai- 

development   rivi.     f f;,>mh   Ltiioii >ii  han   omeutifie   -md   tiyht.i o'    o.t-iff  of  hl^h 

oalibre   n;   weil   ap   fw-oont   pfiffen,   there   io   a   rdiurfifre   of   feed;-took;;   ni 

the  uitïPit     .f  exmtmp-  refinenep  -imi   o   loo*   of  private  and   pit im  capital. 

Furthermore,    tno   ,• i l-proü <o ni."  Aro     :> .ntrier   are  not   expeotou   to   invent   in 

Lebanon    u¡    eiy   appro'¡as lo   r.eaie.      i no  mam   o-nt r i ¡r.t ion   tho...   ¡.chorion oould 

make   to   fho    level --pment    -•<'   an  Ar-d   petrvhoinp":!    ind-iptry   i :'   i :i   s-aiontifio 

rene.-ir'h,   the  neoeppity   fa- winoh  ha;,   t^een  omplrn-i v.ed.     It   wn:   pii^ented   that 

-in   Aral'  oentre   f"r  petroohemio-» 1   re;-e'¡roh   he   opt-o ! i.Phed   in   Let'oiiosi. 

• i.y ria 

l-.p .     ';rado  oil    io  -iv-ii 1-ihle   ;   >th   f r >m  Kirkik   Mnq-   -ind   f r >m   lool   prodnotion. 
•> o 

The   ppooifi.^   gravity    d'   the   latter   i ;•   frvr,   io     to   p.]  AFI,   and   ltü   sulphur 

pontoni   io   hb'h.     Ap.p-,-i  .fed   fn.'   io   aîpo   avul-ole   Ï T  not r > ohem i ea 1   pr 'duo- 

! i on.      l'ho   fimi   ref por.     WPP   >>:<> o 1 i plied 

/ 

,   i i1   ),      ;'he  -'ana ' i ty   hpio.   .; o't   heen 

in--ro.-ip.iol   fr-oin   It        .     iodio;   i »p/por,       ''km."   i;-    u-e-d   t      in-rn-tpo   fe 

,.:,,P1   ,*' middle  di;-! i M  Oop,   wfh   >-• '.P'ipa'p, P,,' Pilph.r  nropti v.,   and   farther 

.Mim..-n 1 ut;   P i '• t'-it e   p 1 ant   A , i XP' PIP POI    • p    i n   vi ow. o airi   Pí' -i , • i, i on   m   ï J /O, 
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The   rapid   rute  of   inórense  of  fertilizer consumption  indicates   the  need   for 

additional   nitrogen  capacity,   probably   ui   ureo.      The  primary   erryhasis   is   on 

ine rea í5 ing   fertiliser   production   and   the   hydn vena t, ion  of   ino   \ e;o/v   Syrian 

crude   oil.      if   is  env i sagen   tint   ,10,0(M.)   tiri:7;/C'¡r    >f ethyl<;ne   wo ! I   io   produced 

in   the   initial   stage   of  a   petrochemical   complex. 

U'JGH   (Azerbaijan '•'• >v i r- •••   QQQin l ist   HepuHio   (ky.ZZli)) 

103. The   foundation   of   the   pot ro.-hem i on 1    industry   of Aserbn i.jnn  was   In id   in 

the   V)30s.     Rxtonsivo   do/elopment   ob  pe t roeherrii onl   science  und   industry   took 

pi.nee   in   the   I ooo;-   -md   i )ón;-.      During   the   loot   two  denudes,   the   pyrolysis   of 

oil   und   casing-head   gas.-l meo   und   middle   und   heavy   petroleum  disti! lutes   have 

been  extensively   i uves t igutod,   u.nd  a   new  und   improve i  pyrolysis,   teohnol j/y,   us, 

well   us.   n   now   integrated   scheme   for  the    it i I icat i ou  of -J ]   pyr > lysu s-   products, 

hus   seen  elaborated.     The   results   of   these   invest i .»-it ions   have   fo mu   wide 

commercial   oppi iou t i on.     "phe   technology   f >r   the  prediction  of  h i.gh-nuri t,y 

ethylene  ,nnd  propylene  'nus   leen developed.      \n   the  basis  of  these  products, 

large-scale   processes   for  producing polymer'   und   other vu! ni le   pet r »chemical 

products,  hove  been  el uhoruted,   for   inn tunee,   direct  ethylene   hydruti  >u. 

104. [ruf urtant   studies   have   been  undertaken   with   a   view   t     further  enveloping 

the   synthetic   rubber   industry.     These   include   studies  on   the   ¡CM ,*U   >.I  of 

butadiene  und   isoprene   by   catalytic  dehydrogena f i or,   ¡if    ,[;   pr >oess i ag   • -uses, 

the  development   of  the   technology   for  ethylene-propylene   roter   pr "i i -fiori  and 

the   elaboration  of  oxidative  dehydrogenat ion   firwesses.     A.'.eri a i nn ' s   s-ieu'.ist 

have   carrieil   out   investigations   on  hydrocarbon  oxidation    ¡un      xidufive   ummono- 

lysis   (production  of   acrolein,   rn-iloic   and   phthalio   anhydrides,   ethylene    tnd 

propylene  oxides,   aery 1 oni t ri 1 es ).     The  production of oh 1oru-orgaui •  compounds 

has   assumed   great   importance   in  A/.erba i.jun ' s   petrochemical    industry.     one   of 

the  new  trends   is,   towards,   the  production  of  polymeric materials.     This,   involve; 

the  elaboration of a  new  and   original   technology   for polyethylene  production, 

using  oxidation  catalysts. 

Czechos1ovakiu 

10b.     Petrochemical   production  started   in   l'>6l,   when  the  large-scale   import   of 

crude   oil    from   the  H'òoR   began.     H rude   oil   and   natural   gas   coming   by   pipeline 

now   provide   the   raw material   basis,   for   the   petrochemical    industry.      The   produc- 

tion   of  petrochemicals   i-i   recent  years   lias   been  divided   into   three   iasic   gr> ,p; 

(a)   production  of  olefins   in   two  separate   sma 1 1-cap ici l,y    mils   wifn   down-st reurr 
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petrochemical   processes  producing synthetic  ethanol;     (¡^   othy1 benzene  and 

styrene,   ethylene  oxide  and   gly-ols   based   on  ethylene   and   oxo-, p-ohch-;   and 

fei   cumene-pheuo!   and   polypropylene   t ased   >n\   propylene,      butadiene   is   ox t r> -ted 

fron   the  'h-i'ra-Mou   and   is    ¡¡-ed   t'.u-   rv-iHipti •   rddor   pr >d a • 11 <n.      'dio   produc- 

tion    >f   ar »na t ic   td' "-;   pet r d o .¡n,    ;.-e:-   -1 Let hy 1 eue   ."-Iv'o!    ex t ra • t i' >:¡.      ''encono 

is   'roi   ('ir  e» hv! : e:-.-one    ¡a!    - ,'icìn   :>r > 1 , • t i •1',.      P'ir'i-X," Ictio    ehi   othylbeusone 

are   prepared   fi' vn mixed   xylenes.      Mat irai   a-as   IS   a-e.!   as   a   food,-tek   t. >   prodige 

synthesis  gas   !dr  ammonia   and  methanol   proda-' t i. m,   with   eventual   co-prod . -t ion 

of  acetylene. 

>f  raw   'nitori ah-,   f ir   the   pr >d t • l Lo.n  o\'  n! is'i-s   and 

¡•e   necessary   t >  ere • ' ,    m 

co-operation  with   ne Lghb- • ¡r ! uf    sentries,   tw •   liiyn  ethylene   anils  with   a   ya-,1 

capacity   ni'   .MìO,arai   t--   b^y^'V   tons/year  of  ethylene,   and   ta   ir, •ruase   the 

production  of  existing   ¿rat.-..     'lew   pían 

lOf >. i o  ensure 

wi e  ere "-1. e : lena it,»' 

polyethylene,   vinyl    -hloride,   vinyl   a -otate,   aceta!dehyde,   polypropylene   ani 

aery] onitri 1 o,   : ased   on  ethylene   and   propylene.     A   new   a r M!inf i -s-ro - very   filant 

has  been  created,   in h aima;   io-, ! ky ' a t i .vi   d'  » d .one.      Menvone will   ¡e   .sod   f >r 

the   production   if .-apro] a-tam.      "he   pr-i.-tiori   d'  ammonia   io   to  ;e   tripled   in 

the   name  period,   using steam  re formina  oï  nat.ral   far.   or  partía!   oxidation   oï 

fuel   oil. 

107.     An   important   part   of  the   petrochemical   units   already   installed   in 

Czechoslovakia wan  developed,   engineered   and   executed   by   Czechoslovak   insti- 

tutes  and  companies.     The machine   industry  delivered   equipment   fu   their  own 

arid   foreign-) icensed   petr >ohemica 1   processes   cucii  as   olefin   production,   ammonia., 

synthetic  ethanol   and  P7C  production   and  sty rene  and  polystyrene   foam  produc- 

tion.     Processing development   han   been  achieved  for modified  typer,  of butadiene- 

styrene  rubbers  and   for polystyrene. 

Poland 

lOP.     The  use  of petrochemical   raw material   in Poland   began   in l'»64.     Several 

plants   for  the  production  of ammonia,   methanol   and  acetylene   from natural   gas 

have  been  built.     Existing capacity  and   installations   coming on stream  will 

attain  a  production   of   ',000   t ms/day   in   1 > h.     Refining  and   petrochemical 

processes   based  on  crude  oil   have  been  developed.     Petroleum  refinery 

capacity  rose  to   '   million  tons/year   m   ]•)(>)  and   is  expected   to attain  a  level 

of  n.1'1  million  tons..-'year  before   1')''.'•. 



-   o, - 

10%     Thn   first   small   pi,'int,   f ¡r   steam  ': rn'k i ng  uiphtha   went,   mto  operation   in 

ìlt<!,   : mú   the   product i in   of  poloni h.v lene,   ethy 1 ! -en/ene,   ^Htieno  phenol     uni 

acetone   wi;'.   i-oguu.      !'he   xylenes   f'r >m   the   pl ¡ ' f irme f   were;    it i li,'.od   t'>r'   the 

rnanufael. .r<>   ,,t'   IAT    f .r-   pr-'d.'ti   >n   ,>!'   p, •!,•/<;;•* -f   fiires. 

11'-.       in    I  i   '¡'l  !':,    t ho   pr "i r:! i   -n    o'! asi'     > I o f i ns   w i 1 !    reach   onjv    ! OH , o0( ; 

to„s/yoar  ••(•  .'!>,..•• !">¡<i    .'i.i   '   'y"'•   t  ,  M.,:".(.-.   »   M.•'•,'.•!!•   -f   pruylerio.       "he   proda••- 

ti"ti   ni'   i   |!. |.||i'tn;  wi1!    y auge   !"r'-";i     !  ,   >'     t        '  ,'"'-;-   t   ns;/yi;'ir   '' Iü. I I M ! v    t'r mi 

llnudry's   pi- •••o;,;-x.      In   'tie   l'i vo-y e-, r   p! m   !•!-]*',     ¡   now   ,o C-üí,- • r- i ok i ru-  pl mt 

with   -i    ':ip-. •!!.;,•   ••!'     '.';,••••!•   iti   ••••  ,-(Ki   tons/year     f  >!t.i.,v:otiu   ¡s   t>   í c   erected. 

After   I .' '' ,    "!   •-"*-•• "ori'i   Ti 'Kim'   pinrit   with   trie   s ime    •ipc-ity   will   se   noodou.      In 

the   piarmeli   dove!   uimont,   >>!'   pe t r • •••hemi''u 1   products,   p/i .»r i t.y   will   to   given   to 

polyolefin   piasti -s,   synthetic   fibres,   various   rei-, ini;  arni  new  k i mi s--   of   synthet i'- 

ru ti or. 

Romania 

111.      Two ¡m in   line«  of development,   based  on   two  raw material   ¡uwrcei;,   methane 

and  petrol earn   refinery  products,   o an  be  distinguished   m Romania's   pet roehemi'-a 1 

industry.     The   pr aduet Km   of  ammonia,   vinyl   chloride,   tri"hl orcethy 1 ene,   acetic 

no id,   v'nyl   acetate    ind   its   polymers,   are   1 used   on  methane.     I'e t r >1 e un   refinery 

g;is   is   used   to   pr.«! oc   isopropyl    benzene,   whioh   is   an   intermediate   i\<r   the 

production  ,»f  phenol -a attorie   and   oT syntheti'i   rubi er-,   and   ïor  pyrWysis   l'ir 

the  production  of high-purity   ethylene  and   propylene,   whi'-h   is   then   transformed 

into   polyethylene,   ethylene   oxide,   glycols   and   pheno'.     l.ipiid   petroleum   product; 

are  now   used   as,   raw materials,   for-   the   production   of  ethylene.      In  a   relatively 

short   time   the  petrochemical   industry  of Romania  has  stimulated   industrial 

production  in general   and   technical   achievements   in  all   areas  oï the   national 

economy. 

Yugoslavia 

llT1.     The  problems  of  the  basic   organic  chemical   industry   in Yugoslavia,   which 

is  represented  by  plastics,   synthetic   fibres  and  organic  chemicals,   ami  which 

was  developed   according  to   forward  and   backward   integration model:-»,   was 

described.     Gross  production  of  the  basii;  organic  chemicals   in Yugoslavia, 

together with   production  of  the   final   products   and   intermediates,    increased   in 

1%;   from  'Mt')')6   tons  to   ¡",'M, W)   tons   in   1%-.     The  major  part    >f   this   output 

took  place   in   the  plastics   field,   together with   the  pi astici/ers  needed   in 

compounding plastics.     In   106u),   about   BH. }  per  cent   of  the  total   basic   organic 
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petroleum  wl 1 1   amount   to 
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IH.     Ali   the   problems   eneo mtered   m   the  early   stage   of  development   of   the 

fnsio   orr.ni-    -hemP-ai    industry   in  v,u,oslnvia  arose   because   the   prices   of 

or^ru,  "hemi'als  were  -.uuaenMv   higher  than  those  pmd-rcd   by   the  developed 

nounines.     :iwi,if-   to   import   1 i. era I i su t ¡ on  after   the  eu.nomi-   reform,,    the  non- 

competiUveness   of   nul igenons  production w,:i  not   only   reflected   in   the   world 

market   hut   a ! so   in   t.iie   domestic  market.      ¡'he  nm-compet, t i veness   of   mo itérions 

production  wan  due   t_>   internal   conditions   i„  Yw^.l .vi-,,   which   -re  different 

from  those   in   the    -ountries   that   -ontr-l   tlie  world   primeo   tos  -herni-uls.      A 

limited   dómente  market   does  not    sastify   1 arge-a pao i ty   insta 1 1 , t i on«   or  major 

concentra'] on  of  production   in  complexes.     Yugoslav   enterprises   thus   found 

themselves   unut le   to   compete with   i,he   major world   companies. 

114.     More  critical    than   the   -si   of   !  ,ci«   prod ,.tion  was   the  shortage   of 

capital;   niants  erected   nad   te   io   financed   i,y   domestic    nul   foreign   Lviria.     The 

terms  of  these   loans   were  often very   rigid   and  made   it   impassible   t >  pursue  a 

flexible  price  policy.     further  puchases  of  licences  and  know-how  not   only 

absorbed   considerate   amounts   of  frolli  currency   hut   a!sc   iri-rcsed   the   final 

ice  of  the   product.     Quite  apart   from   this,   there  was   neither  a   consistent 

L nt egra t e  pe t r < «chemical 
pri 

development   programme   nor an  adequate  economic  policy 

technology   into   the   vu^slav eo momio   structure.     One  great   disadvantage   for 

:i  developing country   is   that   it   is   not   possible   to   predict   the   res,Its   of 

further  development   in   «ndustrla 1 i sed   countries.     Thus,   when   it   was   decided   in 

VX,0   to   erect   the   ^Kl   and  ^llf.   plants,   it   was  calculated   that,   by    'hoonin,  the 

-educing   at   a   reasonable    •asa'i.ty,    : n'JS 1 avLa 

auau    • ) ¡n t ri.es. then   r-rovai I uu'   ¡ci  co -. i v 

techno ! o¡-y    •• re t ¡ ¡ 

w .-¿id (.e arie to meet tue pri. •'!.• 

•OUSIOACS were 'omo 1 e ted, th. ; w-n'l I prices of their 

•      ¡i,i":   t.,  make   ai iera- 

iowever,   before   hi',: 

)r )duc. i,s.   hoga.u   lo  do 'roano  swui t i v.ut ¡y . 

'ho   Ouih;   to   th- t L .ms   ano    ¡o, .s   lo   aia;, 

sroda • t ion   lias   boon   pu t   u 

those    >f   the   i.-:::a>rl. 

processing  industry 

t     LS    U JW     l   '   •     • 

nev;    í ):ii i t ions u :,:   laid i gêneur. 

,.,. .j,,:,-,,.-;*.;. • market at prices - insiderai ly aoove 

;M. M t •'.,.. that had previously supplied the needs of the 



lib.     Yugoslav  experience  has  shown  that,   umici-   the domi it. i ora;   o!'  ,u   free 

market  .-imi  of decentralised   investment  decisions,   the growth  of  -,   domestic 

bar, ir;  organic   chemical    industry   ni a  dove 1 op ¡tu-  country  cari  only   io   achieved 

by   udirli' o,-M.ri.H:ii,--   policy   an   an   mstrament   to   maintain  a  certain  pri -e   level 

for  organi-    -n^rr, i-a 1    pt->,j ¡ata:.      I'hi:;   price    le/el   mast   1 o  ut • ,..- f,0u   f.,   harmo!tia> 

with   the  current   rate   of  exchange,   with   tarif fu   and with   the   prevailing  l'areici 

trade  position.     This   would   provide a  certain   degree  ai' stability   and   enable 

the optimum  capacity   to  meet   the  fixed  price   to   be  established  ami   thus   reduce 

the commercial   risks   to  normal   limits. 

,1(j*     -'y   Id'-'',,   Yugoslavia   is   expected   to   achieve   the  status  of  an   irid is tr i a 1 1 y 

developed   country,   with   a   national   income   nearing   i",000 £££ capita.      During 

the  period   up   to   1 .)",<-.,   all    fields  of   industry   that   use  products   of   the  chemical 

industry   as   their   raw  materia]   will   be  developed.     This  emphasises   the   neces- 

sity   for   further  development   of basic   organ'.;    ;nerni<-als  and,    in   particular     the 

manufacture  ^f  plasties,   synthetic  fibres,   nynthetio  rubbers  and   a   series  of 

organic   intermediates.      It   is  expected,   however,   that   the  future  economic 

policy  of Yugoslavia   will   be  such   that   it   o-m   play  a   really creative   rile   in 

the dynamic  devel ;pment   of   the world   petrochemical    industry.       aio   of   the   factors 

that  must   be  emphasized   is   the   importance    if   .joint   ventures   m   the   development 

oT  the  petrochemical    industry   in Yugoslavia   -   an  opportunity   exists   for   foreign, 

and  Yugoslav enterprises,   t) work  together   to   build  up  the Yugoslav   industry. 

bp.'un 

117.     The  presentation  on  the development   of   the  petrochemical   industry   in 

Spain   included   the   following points:     present   situation of the   industry,   with 

a  tabulation  of   installed  capacities   for  all   petrochemical   product»;    future 

prospects,   with  a  tabulation  of plants under  construction and   short-range 

projects;   major  problems;   and  the need   for  technical   and   financial   assistance. 

Turkey 

Ufi.     The  first   petrochemical  complex  in Turkey  began operat ;ng  in  October  ]•)(/). 

It   is  located   in Yarimca,   about   ^ kilometres   from   Istanbul ,   and   belongs   to 

Petkim Petrokimya   A.S.,   a  Turkish state  company   that  has  been  entrusted  with 

the  task  of establishing  and  operating  the   pe t r > --hem Lea 1   i ml as, try   m  Turkey. 

The Yarimca  complex  comprises   fourteen units,   which  are  t) be   realised   m 

three  phases.     The   first-phase units  will   go   luto    operati* n   me   !,;/    ,rie,   as 

completed,   as   follows:     a  naphtha sfe;un  cracker  producing  1 : ' ,';:/;   tons/year 
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of  naphtha;      -,   polyethylene   -mit   produ^   I,,000   conn/year;      a  vinyl   ohlor.de 

monomer  unit   pr-ui^in* • V^   tons/year;     M  pol.vvin.vl   -floride  unit   producing 

r6f0P0   tons/year;      >  chlorine-alkali   unit   produce  1*,'^   tons/year ->r chlorine 

•J,   ;v,VO   tons/year    >f caustic   soda;      and   a  dodeoyl   benzene   unit   producing 

10,000   tonr,/year. 

n.,.     -ho   r,j.M   development   of   the  market   han  ue-essitated   the   expansion  of  all 

tne   flr:0-phase    s.Hs  except   the  dodeoyl   Venzenc  unit,   -he  expanded  capacities 

of  these    .nits   will   I*  a,   follows:      naphtha   steam  cracker,   100,00o   tons/year  of 

naphtha;   polycthy'eno   .nit,   .":',<>"0   tons/year;   vinyl   chlor.de  monomer uni t,   ',4,600 

. if        ! 

(-   t ms./yeur;     -hi or me-a 1 ka i i     nut,    -',000   t>ns/yea] 

),1|1,'.,0.,r    ,r   --.asti-   ouìa.      The    iriits   that   are   to   be 

,.n  Yanm-a    -onplox   i.n   the  seo aid   phase   are   as   follows: 

-»y.MU   t->ns/year;     styrene  unit,   . b, TOO   tons/year;     poly- 

tyroM   ,:,-,    •• ,.   ••)   ' ms'year;     iutadiene  extra-ion  unit,   V,',.)0   tons/year; 

;   ,  !tV-/V(»-,r;      O'H   unit,   P.,00o  tons/year;     aoryl otu t r L le uru t, 

tons/year-;      :   ' 

of  "hi  -risto   and 

in • -rpora te i    ísO • 

e arbori   i ! a "k    Sì i. 

-opr^lnotam  unit,   . a.OOO   t Ms/yenr;     polypropyl ene 
'-HR  unit,    ''••, 

10,000    »r   o-,'v       t   ris  se u 

unit,   V ,0'oo   tons^/ear;     and   A:'S    mi.t,   l'YiOo   tons/year. 

]?n.      T,  meet    »se   ¡s-roasins- derisovi    •>,    the  T irkish  market,   a   se-and  oomnlex, 

parallel   with   the   Yarnnca  duplex,    i«   Panned.     TU ir,  second   „oraplox   is   to  be 

in   Izmir  und   i«   f.  be completes   by   the  end   of 1 Ob.     The   units   of  the   [/.mir 

complex  are   t>   be   the   fdlown^   f ma 1-prod .c t    ants:      low-dens,ty   Polyethylene 

uriLt,   4',o-.)0   torsp/vear;     num-density   polyethyl    ie  unit,    -.0,000   Isu.ócm; 

s   nos   f-Hi.-A,p.,r-     PV:   unit,   6'.,000   lons/ycar;     etnylene polypropylene   unit,    •'•/b.o   ton...-.>c-ii,     < •'      «an,       , 

oxide  unit,   10,000   tons/year;     etnylene  glycol   unit,   ',0,000   tons/year; 

oiamine    sii. t,   0,000   tons/year;     DMT   mit,   4o,o:,n   t-ns/yoar;     and triethars 

phthalo-   anhydr.de   .mit,   Y So^   tons/year.     There  will   als-   io   the   following 

intermediate   units:     naphtha   steam  -racker,   obO.nOO   Om./year  -f  .,,phtha   and 

(C,U)0   tons/year    .f chlorine;     vinyl   shlori.de  monomer,     »d, bsb   to,u-/year;     and 

styrene   4o,boo   t-'-ns/voar.      l'ho   aromatr-   separation   fami i tier,  wi : 1   yield   para- 

cene,   T',000   Oms/yenr;     ortho-xy1 ene,   T'/'0()  tons/year;     and   benzene, 

Rp,800   tons/year. 

Discussion 

lsu.     Developing   -».mtrior.   fall   into   three  broad  categories.     The  first 

,-,te^ory  oonsis's   ,0'   r mutrie«  with   lai^e  petroleum  resources,   limited  domestic 

markets   and   a   r- uev     i y   favourable   bal auce-of-paymsnts   position,   which  enables 
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them to   invest   in  capital-intensive  petrochemical   pianto,   tho   nr 

must   he  exported.     The  problem  1'>r   these  countries   i s 

chemicals   for  wh i • • h   export   markets    -au   1 «-»   fmi'l   ani   t, « 

í^i i il   'I    :u;"'iro    pO;;iti'»n    in    these   'Harke!,,     s  !    that    via:  :e 

may   l>e   lui lt..       'ho   :".e>' Ki'l   "a t .e,"- T'y   -on;- i s ts   •>('  "'¡a'si 

domcsti"   markets   arsi   a   reas   as¡ ! y   •<• > ni   s IPPIY   •>)'  raw i 

is   how   to   realize   the   potential   market   at   an  early  date   .-...   that   pr ni action   plans 

for  petroehemi-als   oan   he  ao-e 1 eia ted   and   viable   plmts   erected.     -OMitines 

lacking  hoth   a   ¡ar^e   potential   domestic   rn.arket   and   imitable   r tw materia I s   fall 

into   the   third   category.      It   may   st L 1 1   he   passible   for   some   of   these  countries 

to  manufacture   ;'naot(d   pet v-, -hem y a ì    proda",:;,   ';   ;t   these   pro i icts   'nay  have 

he   of  hii'h   value,   ana   the    -.ountry   shoul ñ   se   i.n   a   favourable   position   to  ; rada a- 

thera. 

IP''.     Duri ni'   the   last   five year,;,   dove 1 op i av   "• '.utries   have   processed   rapidly 

in  knowledge   and   uriderstana. rw of   tue   pro loin:-   c^'  primor ¡n/>:   pet rwhemi-'va 1 

manufaeture.      !'he  quality   op market   statics   eidertaKeri   by   aeve ì opi tu'- •• >ant r i os 

ha;-   improve«!   vtstly.      However,   assistance   Ì a  s t ;dy i as" export   market.-   r«rpoir>- 

cheminal   producto   in   often    -equired.      This   is  especially   true   for  fabricated 

art ici er,,    for  whi di   exp-'-t   market.:-  may   ho   ;:, ve   rr mii.ú uv  and   satstantially 

more   remunerative.      it   ir.   necessary   to   identify   }. ist  what   oan   he  ¡-old  and   where 

and   to   learn   hew   to   develop  ;t   noun.i   market   s traten   to   penetrate and   hold 

export  market:;,. 

1,M.     Developing " ontrien  have  he^un   to   prepare  sound   feasibility  report;-,, 

ut? ini: modern   techniques  ^^ economie   --nd   financial   analysis.     Since more  in 

now  known   about   petrochemical   pi oc:;se:;   and   their  relative  economic  me-uts, 

several   developing countries  are   in   a   fetter  punition   than  ever  to  select 

products   and   processes.     However,   a   real   need   io   felt   V >r  the   regular publi- 

cation  of  detailed   information on  processes  available   in  other  countries,   the 

names  of  process   licensers,   and  plants,   inai It  elsewhere   in  the  world   usinp;  these 

processes.     This  would  greatly  assist   developin^ countries   to   take  advantage 

oV the  competitive   situation  in  developed   countries with   respect   to   the purchase 

oV  techno 1 o^v,   and   thus  enable  them  to  negotiate  the  purchase   oí' tedinolo^/   on 

reasonable   term:-,. 

1T1.     A  number  of  process  licensers   from  developed  countries   continue  to   impose 

conditions,   that   restrict   the  freedom  of  the  licensee  to  export   producta manu- 

factured   on   the   basis  of their processes.     This  policy   acts  as  a particularly 
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severe  constraint  yin   the   rapid  -leve! opinent  of  petrochemical   manufacture   in 

devo! of) i ri,'r countries,   and   :'ni t.ed   Nati ais  organ i sa t i ons  could   romier  valuable 

assistau'e   t i  developing  ••ouilnn.'   ¡v   .' ! . ¡dy i ri,1'  h>>w   process   lioonsers   might   he 

per;1 ìadod   t •   olitüiaate   those   res' ri • !, i   MI.-. 

I,"1).      devora1   dove ! -pi ug    • a »a ' r i >\-   ha-/.;   air'based   pi a ri t :-   that   cannot   operate 

at   their  den inaiai    rapacity,   siu'o   the   raso-   design   i :•   often   faulty   ami,   inoro 

often,   badly   adapted   t>   h>enl    raw  materials,   operating skills  arni   other  rele- 

vant   lar-a 1   condition-..      ?ho   importata'e    )f proper  prepara t ;.m of   bid   documents 

that   fake   into   account   important   Ioni    'aia i t, i aria   wan  emphasised.     Hume  devel- 

oping  aaiititr'ioa   have   roaahed   the   stage   ^f  preparing   hid  document;-:   themselves, 

and   they,   a;-   we! .ited   'Jotráis  organ i /.a t i ^ii:;,   ooald   help other  developing 

countries   ta   reach   flus   stage  quickly. 

l.'O.     Many  developing   -ounlries   !'u -o   an   ao ite   shortage  of   foreign  ourrorioy, 

and   this   severely   irihi! ita   the   rapid   development   of   the  petrochemical    Industry 

even   fho tgh   other  "mditiour   are   ''uvouruide.     An   analytic   of  the   foreign 

eurreney  cost   of  petr ichemieal   plants   erected   in   the   last   five yearn   in 

certain  deve 1 op ¡ rw eu mt ri en  shows   taut,   as much   as   la   to   M0  per  cent   of  the 

total   cost    d'  such   projects   i fi   ì'or  overseas  engineering design  and   crony tract ton 

services   payable   in   foreign  currency.     Many   developing eomtries   now   have a 

sul' fi o i ent   mirri her  a!'  highly   trained   teehnol aid ritr,   and   engineers   to   er, tabi Ish 

engineer i rig design    »rgan i. y,a t, i aar   that   should   i ricrear i ngly   he  aide   to   provide 

engineering design   and   com, tract i ui  services   in   the   ooaitry.     This   would  save 

substantial   amounts    d'   f u'O i gu   aarrenay.     With   the  m ¿oh   lower  level   of  calarles 

and  wager,   in  developing ••" "matries,   Lt   would   air«,  ni'ikn   possible  subs tant La) 

economies   In   the   total   cost   oi'  a   project,   thereby   improving   it:'   'Competitive 

por i tIon. 

}?''.     The  er tabi ishrnent   of dementia  engineering denigri and construction  firms 

leadn   to  a   significant   Increase   in  domestic   procurement   oi' equipment.      These 

firmr!   provide  challenging  and   therefore  satisfying  employment   opportunities 

for  the  highly  educated and  trained  local   scientists  and  engineers  and are 

vital    to the development   of domestic   technology.      Developing countries  should 

study   tdiis   Important,   urea.      Assia-lance   In  such  ventures   should   be   available 

from  other developing countries  who have established  such   firms   and   from 

United   Mations   organisations. 

|;\M.     Most  developing   'aunt ries  now entering  the   field  of  petrochemical 

manufacture   face  a  shortage  of skilled  manpower.      It   is  expensive  to   obtain 



- /Il - 

such manpower   from  deve] -ipriti  e ountri ori,   and   process   licensers  seldom  moke   il. 

possible   t'ur   tra i ri i ri."-   to   take   placo   in  oversous  pla.ut.;.      "h¡s   a  w<> I ì -..ivm i a- 

t rv'i i tii ti,"  pro;, rumino,   est ai 1 Lsheo   wo! !    in   advance    >P   pr -a . •< i ..'.a,    IP  ,-•.  pp.p >.•,- ¡ t, v 

"-;uoh  ausi sta m o   in   this   area   uan   ¡o   .>• faine1   l'v^.-    dnfod   "io ti oris   organisa- 

tions  as  weli    'i'    fr- 'li;    M nor  dove ! upi u;r  ••>• m ' "i o;'   ',, r   :\    p    /••        roau1,   ero-tei 

pet, r i ;hem ¡cu 1     piatito    .mi   p.: Lab 1 i shed     t, ra l fi ! ri,"   p r i..-  "¡¡'Mi; •. 

]'"').     Rxrori erv-e   i ri   • :o r-1 -, ì n  dove ! o¡ i no;   •    .i!,ri<p    c-rep-p   t. >   iu-db-afo   that 

technology   l'ir   enne   pot, r'pohom i '••> !    or • •• •oi'i-n.i,   rimy   •it"  wh i 'h   uro   •'!'   immod La to 

infero:'!.   t,<>   devo I opi riv   nanfr i es ,   onn   be  developed   po I a t i ye ly   i trox PPHP i -/o ly . 

It   has  also   ooeri   found   that   more   parchase  of pyorpoap   f o"hu.> I .p-y   íP   puf   oriou.>"h. 

Knowledge  ano   íP;;P!   scientific   understand LUV o!'  the   ',o oo¡o 1 o,.-/   are   required   lo 

'i(i;i.pt  win!,   ir   purchased   tp.)   loco!    ound i. I. i mis   urisi.ru?   frmri   such   mutters   PP. 

operation  and   HIP i M fonanoo  methods,    spec L í'LPP L LOUS   of   local    row  materia!    and 

equipment   -: ri- i   utilisation  of  by-pr odao l,s.     'Imp IU . i IU'   techno ! o,"i v, i   uovolopmout 

i:-   required   '   '   o: Y i-ito  ursolesoen'o   -mu   the  pii'Phose  up   overruns   ns.-isfau-e   at 

h u?h  POP, t,.      "Pi.    adapta t i ori    imi   f eohno 1 agi ea |   development,   uoooss i ! a Ivy.-   t ho 

er;t'd 1 iplimeiit,   of  domestic   research   and   lieve 1 opinen*,   fácil i t, iep   pi   o (Vi I' I V 

sta^e of pet r 'phoin i :••>, !   manufacture,    und    oiLLou  dui Loris   .evaui oaf i PUP   should 

consider .,uw   the;;   mifrit   he  noie   Lo   ossisi   devo! o ' m!, ries   i o  such   e !'!' >rf s. 

\y\     Guio-1 ori t i u !    reductions   in  cost   euri   he  achieved   in  deve 1 op i n," ou.utries 

if   the /'ep tot i ori   per ioni   of  petroehem i .vi 1   projects,   which   io   stili   rmoh   I oui;, er 

thon   iti developed   countries,   e; m   t.o   ont   down,     onero   oro   peverol   we 1 ! -deve ! uped 

techniques   that   POP   help   iti   this   roüpoet,,   nod  exporto   in   thio   ore:  eu il.)   ne 

made ovai I or 1 e   ¡yy   'hilted   'Jotioru",   orípoo i /.at i on .;. 

1 ;1.    Studien  'lorried   oil   reoeiit!"   h,v   the  ;:nitod  hrot. i.p.p,   économie  commissions 

indicóte   that   regional   co-operation   in   ,';oir.t  ventares   hy   morn ho r   •"'iiitnoii   can 

tiring tanpnhl e   advarita^en.     Much   detailed   work   is   still    required   in   propari n¿' 

detailed  project   reports,  ana   finding   acceptahle  solatiuns   tu  a   number   of  compli- 

cated  prohlems,   such   us   patterns   of  ownership and   management,   offtoke   arreerruuit p, 

tariffs  and,   possibly,   frode   balarr-es.      Attention   was   drawn   fu   past,   resolutions 

of  united   Mafi;ms   meetings  o-a 1 1 Í uf  on  developed  conn', ries,   ¡. o   lower   turil'I's   t¡ 

encourage   imports   from  developing  p)untries.     Lower'   tariffs    m   their'  export;; 

would  certainly   ass is, t   developing countries   to  achieve   '/ioide   firoduc I Lori   ploufp 

by   inoreas,iri^  unit   s i se;;.     Developing  pountries  ore  ou'iri ;orned   that    '.constraints 

in  economic   dovei Ofmient  may   inhibit   the  érection   of  viarie  units  at   an  early 

date and  tnat   the  ¿pap  between  the  developed  and   the  developing countries  appears 

to  be  increasing. 
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CHAPTER   :-' 

BASIC   PETROCHEMICAL.  IWU^CTS AND HAW MATERIALS 

Produ "t i. a;  of   ¡> ! c!'i us iovel ••pmouts   L'l:i't!    1   H> 

132. The  rapidly  oxp-m-ii r¡,--    ¡'''riunii   í'^r  olas! ios,    fiur<>s   -ini    le 'erbori ts   is 

leading  to   the   pianai:.,- --UM   -rcnii-n  nf  UX ' rome ï y  hi .-di-capaci 'y   olefin   planta. 

In   the  industrialised   countries,   „-.a o h  plants  reach outputs  of   -UH ,00n   to 

350,00c   ton¿; year.     Relations   between   producers   and   -onsumers   of  the 

basic  petrochemical   raw materiali:; ,13  well   an  some  >>f  the   in'ermediates  have 

been  planned  so   that   it  is  possible   to  use   these  hi^h-capaci ty   units   m  such 

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

economy . 

133. IiOnr-ain tance   transport  of etnylene,   propylene and  0     fractions,   either 

by  pipeline or  by  ship,   ir,   becoming  usual    iu many  developer)  e,,untried,   -md 

developing countries   should   take  full  advantage  of   the   iechniqtios available. 

The  demand   for   both ethylene  and  propylene   is  increasing  rapidly,   but   it, 

appears   likely   that   1 nm—term  demand   for   these  products  will   se'He  down at 

a  ratio  of approximately  ?:1.     "'his  ratio   can  be  readily  obtained  by   fairly 

severe  conditions  of  pyrolysis.    Ethylene   is  now   hem," used  for  vinyl   chloride, 

acetaldehyde and   vinyl   acetate,  ali   of which were  previously  made  from 

acetylene.     Propylene   is  bcin^ used   increasingly   for polypropylene and,   in 

addition,   aery 1onitrile,   which was   previously made   from  acetylene,   but  which 

is  now  hoirie made almost  entirely  from propylene. 

134-    With   the   increase   in   the capacities   of ethylene and  propylene  production, 

it  appears,   that   all   requirements,  for  butadiene will   be  served   by  extraction 

from   tau-   0     fraction   mixture.     Considerable  attention   is,   therefore  hein/'- paid 

to   the most  economic  methods   of separatiti.-:   t.he  0     fractions,   such as  advances 

in  butadiene  extraction  by   different  solvents,   particularly   d-rnethyl   pyrrol i done, 

and  the  extraction of   isobutylene  by  sulphuric acni.    New methods are  bein^ 

worked  out   for   the  direct  polymerization  of   the  olefinic  and diolefinic 
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compounds   in   the C.   fraction,   which may  prove   particularly   sniiaHe  fur 

developing  countries.    An  economic  use  of  the  C    fraction  after removtl   of 

the   butadiene   is   particularly   important,   no   that all    the  by-produc is  ••  n   t-e 

utilized.     The   time  rna.y   come  when   ¡".elective   polymerization   of olefins   from   t 

mixed  ^ac  at ream  will   he   possible   hy   the  use   of different   catalysts   in  series. 

Production of  acetylene and   ace lylone-e thy lene  mixtures 

IV).     Development    m   the   field  of au to thermic   oxidation  has   been  concentrated 

on   the   possibili*;/   of using crude  oil   direc.t.ly   as   I he   raw  material.     "hi;-   har 

resulted   in   mixed   acetylene   oi   ethylene   [(réduction   as   basic   intermediate;-   for 

down—stream   processes.     It   maker-   pollile   the   direct    use  of   crude   oil  as   :i   raw 

material.      It   open;-   the  way   to   the  rei ¡t, ive'.v    -hoop  pr-u.c-ti >r.    .''   i-efviene 

as  a   raw material    for plants  when   the   une  of   ethylene   is   nut   prae • ieal 1 e .      ¡ho 

most   important   processes   are   the   ¡ITP   process   Jevei  o od   ly   : •'•. r¡ wore«:   •• n-'h.-t, 

and   the  urocense:",   developed  by   badisene  Anilin  und  So da Fabriken   (í-AÜK).     It 

is possible   by   these méthode  t '  obtain   4L' per  cent  of   the  (',,   fraction  from  the 

primary crude.    Some details of"   the processes  and,   in  p¡rfi-ü] a-,    ¡dvorn-es mtde 

in  recent  years are  riven  below. 

l'io.     Production  of  ethylene  from crude  oil   ueing a   fluidi s.ed-bed  process 

involves  preheating crude  oil  and  injecting  it   into   a  fluid i zed   bed  od"  petroleum 

coke;   its  efficiency  in  comparison with   *he  older  processes   is appreciable.    Witl 

this   new method,   3 .b  tons  of crude oil   are  required   for   the   produci ion  of   1   bin 

of  ethylene,   while   as  co—products  o.r    tons  of   propylene  ani   e.,b   ions  oV   the 

C.   fraction   containing   V)   per  cent   hy   weight   of  i-.ut aliene    ¡re  ont u i neu.       'he 

production   oí" acetylene  and  ethylene   asm;'   the   subrnerged-f 1 ame   ¡.roce;-;   in vol vea-. 

burning oxygen  underneath   the  surface   of   the   oil,   as  a  result  of which  crack i nr 

of the  oil   at  a  very  high   temperature   (close   to   the   flame   temperature)   take-;: 

place.     The   large   volume  of oil   present   urines  about   rapio  quenching of   the 

products  of  cracking,  and  hence  much of  the  acetylene  produced at   a  very   high 

temperature   is conserved.     For   the  production  of 1   ton of  acetylene and   1.1'-   ton; 

of ethylene,   o.g,'   tons  of  crude  oil   and   ','>.]    thousand  m"'  of  oxygen  are  required. 

13?.     The  cracking  of crude  oil   by   the   HTP  process   is.   still    in   the   development 

stage.     The   principle  lies  in   the  combustion  of  the   tail   ras   from   'he crack Ko- 

operation  with oxygen  followed   by   the   injection  of a  secondary  stream of   the 

hydrocarbon   fraction   to   be  cracked.     The   temperature   is  controlled   by   the 

quantity  of  hydrocarbon   injected,   which  itself  determines   the acety!ene-ethy 1 ene 

i 

1 



ratio.    Ol dor  processes   for   I ho manufacturo of aoetyLone  include   those   in  which 

natural  ;*as  ur  etrai"ht-ruu   naphtha   io   cracked   by   the  heat   developed  from  the 

incomplet:   ..ombus '.ion  of   í ho   raw malcría L   with  oxygen.     A  much  hi."lier yield 

•"f   ace'y. o-r,.'   l'r-:-.  hy ir   cai" :    a   raw   "la* eri a! r   oar;   !•<•    a 'air,o :   ;y   'he   hyar¡>reii- 

eiectrie   -tre   :r   caaa;;   hy :r ..--or.   ir    ;rc :   as   a  currier   /-ar,    mi   ' oehribpies   are 

available   for  avoiding ¡nnd    ana   rumina-   of   'lie   oioe'r.'de. 

Advancer   in    lown—e '.ream  pnmejGe.; 

13^.    Acetaldehyde   is  one  of   ! he more   important   chemicals  now made  from 

ethylene  rather   than acetylene,    New  processor  are  available   for  producili," 

acetaldehyde   fr^m ^'hylene   by one- or  two-,;ta,-o  processes,   usin," oxyren  or 

air,   reoper- ¡vol,;.       he   ethylene   io   • .x ¡  urei   ¡y   pai La han   salts   (palla Hum 

chloride)   m  aqueous  eolation,   'he   palla i i um chloride   be in,"  reduced   to  a metal. 

The  metal   is   thon  re-converted   'r   palladium chloride   ¡y  cupric  chloride,   which 

is  reduce i   to   cuprous  chloride.    '!'he  cuprous  chloride   in   then  re-oxidised  by 

oxygen  to  cupric  chloride.      In  the  sim-l e-sta,"e  process,   ethylene and  oxyyen 

are  passed   into   a   vor'ical   reactor  con tainin,-- a  catalyst  eolation,   regeneration 

of   the cutalys's   '..akin.-* place  coni moue ly .     In   the   two-share   procede,   air  in 

used   to  regenerate   the  catalyst,   in  a  no para te  reactor,  and   the  oxidation of 

ethylene   ir.  carried out  with  air.     Plante   for   the  production  of acetaldehyde 

from ethylene   have already   reached  a  combined  capacity  of   I.? million   tons/year, 

139.    Vinyl   acetate  hae   for  many years   been made  from acetylene  and  acetic 

acid,   but   processes   for  ite   production   from ethylene,   acetic  acid  and  exy,"en 

are  now ava i 1 able.     In   the   Hoechst   method,   the  palladium salt   catalytic  route 

is  used  by  which acetaldehyde  is oi'ained  as a  co-product.     Ethylene and 

oxygen are  reacted  at   1 ;>0°   to   no'N,  at   a  pressure  of   )0 to  /|0 aim  in   the 

presence  of   the   catalyst   dissolvei   in  aqueous  acetic  acid.      In   the   Bayer 

method,   ethylene  and  oxygen   are recycled   through a vaporizer  in which   they 

pick   up ace'ic  acid  vapour.     Prosh  oxy,;on  is added,   and   Lhe  gaseous mixture 

is   passed  at   MO°h,  ;ho'};  ......   :    • ,   ip a'-;  . Vf;r a ,,.-,.:,,  Illt!t,al   catalyst.     The 

total   capaciti.';.  nf operai, in," unite or   those under construction are already 

?50,000  tone  year. 

l/[0. In the par' five years, the Hüls procese for the manufacture of ethylene 

oxide has been unproved, riviri;; better yields, a longer life of the catalysts, 

and  some  other  advantarcs.     The ethylene   is oxidized  with air  in   the ßas phase 



on a stationary silver catalyst at ?';() to 390 G ai un elevated pressure in 

two stamen. 'l'ho heat of reaction is dissipated by the evaporation of water 

contained   in   the   .jacket   space  of   the  catalyst   reactor. 

1/J1.     .lust   as   ethylene;   is   oxidized   to  ace tuLdchyoo,   propylene   is,   oxidised   to 

acetone.     Propylene and   a  catalyst   solution  are   fed   into  a  continous  reactor 

system   in  which  virtually  all   of   the  propylene   is  converted   to acetone   in a 

single   sta^e.     The  reaction   takes   place at   a   low  pressure  at  about   100°C. 

Air  is  used   as   the   oxidizing a;-en t,   and   the   reaction   is  so   efficient   that   the 

air leavinr   the  reactor   is almost   completely  ox,y,'-en-free. 

\/\?.     A new  process   is  available   for   the  manufacture  of acetic acid  by   the 

oxidation  of  normal   but.cnc.     Iiirect   oxidation   tends   to  produce  undesirable 

by-products,   but   this   tendency   has   icon  -.¡vercome   by   the   preliminar..'   formation 

of  butyl   acetate.     Horma 1   butène   is   treated   with excess  acetic ac¡  I   in   the 

liquid  phase at   hi.^h   temperature  and  pressures   in   the  presence  of  -i   finely 

divided  catalyst   suspended   in   the  reaction  mixture  and  recycled.     The   butyl 

acetate  in  acetic  aci 1   solution   thus   formed   is oxidised with ai     at  elevated 

temperatures  and   pressures  during   the  liquid  phase,   with a hir    recycle,   to 

yield  acetic  acid. 

Advances  in  aromatic  production 

I43.     The  increase   in   the  proportion of aromatice made  from oil  as  compared 

with aromatics made  from coal   has   continued   to   increase.      ,'hus,   between   I998 

and  i960,   the proportion  of  bersene  made   from  oil   increased   from  ')() per cent 

to  Br)  per  cent;   in  France,   from v¡ "Wally  nil   tj el   per   -ent.     The  over-all 

demand   for  aromatics  has  also   increased.     Consumption     !"  benzene   for   I'doU,   1^6 5 

and   the  estimate   for  197^  in   the   on 1 ted States,   the  European  Economic  Community 

(EEC)  and  Japan are  shown  in   the   following   labile: 

12^       M       12111 
thousand   ' s,s 

USA                                 1,5e? 2,(>1)^ j, ol)0 

EEC                           òofì 1,1 y 1,910 

Japan                               387 890 

['he major products  made from benzene are r. tyrene, phenol   and  oyclohexanc. 
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144 Consumption  figures   for  ortho- and  para-x.v 1 enes  arc  riven  below. 

Ortho-xy lenes 

196[ 197"° 
: li. usano 

Para- -xyl enes 
l<K>b 

•UH 

inyo 

USA 

EEC 

SO 

140 3')0 L U) 

S0< i 

4(H) 

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

para-xylenc   for  polyester  fibres. 

145. Ar.muitior,  from  petroleum are  produced   by   two mam routes.     The   first   is 

by  cataly'ic  reforming of  suitable  naphtha.     Thin  process   is  also  used   to 

pri..i.o,. hi-b.-ont.aMP  ,-asolino.      The   second   is   obtained   in   ! he   steam cracking of 

naphtha   t,o   produce  ryrolysis   -asoline  wi » h  anomalies  as a   i,v-produe'. 

146. Cata!,.    ,c.   refmniur produces   a  hirher  proportion  of   xylenes,   while 

pyrol.yp.ir,  .-::.    Uno   contains  more   beasene .        he   latter  als-,   en-mu,  olefins 

an(1   diolofms   ^at   must   ne  cat a ly » i eally  hydroocuatod   ! < fore   removal   of  the 

paraffins.     Er    -UnruiM-m   is   not  a   satisfactory method  of   ncparation,   owin^ 

t,,   the  formati,      of asmtropie  mixtures.     Solvent  ex'saotion   is,   however, 

widely  practise,.     -ho   principal   solvents   used   are   • ahyleno   rl.vcol ,   sulpholane 

and   T-methyl    pyrr T i.done  ar,i,    t,  a   leaser   extent,    Un.M.h.vl   suboxide   and 

,- ,1,      r   i no.-,-   „».ni'oiT" t ; -, | 1 -.•    licnnlve   the   aromatici'-, formyl   morphol me .     All   -1    .hose  nr elei e... _. ,ai   ,,    a.-..   • v .. 

147. Assumine a   To  ;or  con!   aromatic  content    in   the   input.,   sulpholane  can 

extract  no  per  cent      f   the  tonano,   '»P   por cent  of  the   toluene  a.nd  <)<>  per  cent 

of  the xylene.     Hnm: ,   toluene  and   the   t V—  xylenes   together  can   be  readily 

separated  by   fraction ,- inn,   uno  ethylíenle-,,  -an  te  separated   from  the  xylenes 

by   supnrfracMouation.     ,f   'tie   • hreo  xylene,   'he  or'Ho   can   te   separated   by 

fractional   distillation  from   the  other   îwn,   but   the   boiling points  of   the  meta 

and  the  para   lie   too  close   to-other   to  lo  separated   in   this way. 

148. Para-xylene can   be  separated   by  freezing out,   but  only  about  half of 

this   compnutni  can   io  separato,   it:  a  single   pass.     the  residue   is   therefore 

isomerici   by a  catalytic process   usuo-,   for  example,   noble metals  or a  silica- 

alumina catalyst,     üydro-en   > ,  needed with  the   first  catalyst,   to  prevent 

deposition  of carbon,   but   it   has   the advantage  of also   ir.omerizin,-  o tliyl benzene 

Recently  a  new  process  has  appeared,   called  Es so forming   which uses  a  cheaper 

natalyst with   lonf-   life.     It   needs   hydroren,   but   it   does   not   isomenze 

ethylhensene,   whish must  n«.   removed   by   superfract i -nation   to   prevent   accumu- 

kl<ion.     ;he   i[;«Ti.a!io!.  roughly  restores   the  value of   the   isomers   to   their 

original   val ¡es,   and   'he  whole  process,   can   be  rep.    • ed. 
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149»     "'wo  entirely new processes for   the   separation oí"  xylenes  have   been 

announced.      In  the Japan (las  Chemical   Company process,   a complex   is   formed 

between me ta-xylene and   boron   tri f 1 uoride,   and   the other isomers,  can   be 

separated  by   fractionation.     The Parcx  process   (Universal   oil   "roduots)   uses  u 

solid absorbent   to  extract  para-xylene   instead  of  free;-,in;'  it   ou! .     it,   takes, 

out  all   the   para-xylene   present,   but   isomerizat ion  is,   still   needed   to  make  us. e 

of  the me ta-xylene.    This  process may  prove   to   be  cheaper  than   the  f-onven '• iena! 

crystal 1 i z;x t i on  process . 

150. Unfortunately,   the  production  of  benzene,   toluene and  xylene,   particularly 

on  the basis   of   the reforming process,   by  which   the greater  amount   of aromalies 

is  produced,   does   not   correspond   to   market   demani,     "'on   little   botisene   is   formed, 

and  a   1 ai\'e   p:trt    >f   t.hc   toluene,   'lie   demand   for-  winch  as  a  solven*   op  chemical 

raw material   is   relatively  small,   is   dealkylatod   to  benscno.     This   is  carried 

out  by subirti t.tin..*   the   toluene  fraction,   mixed with liydro^on,    to  a   temperature 

of 65O    to   7U0 (;  at a  pressure of  ?00   to   1,000   lb 'in''.     Methane   is   the 

principal   by-product. 

151. 'No-  new  processes   for  dealing with   the   toluene are disproportionation 

and  transalkylation.     Disproporlionation   (Sinclair Research   Inc.    uni   ,oyo 

Rayon)  converts,   the  toluene   to  benzene  and  mixed xylenes.     Transalkylation 

converts   toluene  and a   trimethyi   belisene   to mixed xylenes,. 

15?.     New units   for  the  production  of aromatice  are  beiti..:  brought   on  stream at 

frequent  intervals   in  the  developed   countries.     It   i.    believed   that   production 

units are  operatiti..' at  about  90 per  cent   capacity   iti   the  United  States,   and 

from  time   to   time   the  possibility of  scarcity  lias  caused concern   in  many 

countries.     It   is  expected   tliat  the   United States  (includiti;' Puerto Hico) 

will   increase   its  capacity   by   SO per  cent   between   1%', and   1970,   that   is,   to 

I.1) million   tons.     In Western  Europe,   production  capacity  for aromati.es  rni^hl 

be  estimated  at   1 .9 million   tons  in   19or>  and  should exceed  3  million   tons  by 

1970.    Coal   carbonization  is  still   a major method  of producing  benzene  in   the 

P'ederal  Republic  of Cermany and  in   the  ("--FIA  countt.es.     Work   is   in  procreas 

in   the  United  States   to   develop a  viable   process   for   the  hydrogénation  of coal, 

and  preliminary  results   show a 60 per  cent  yield  of an  oil   that   can   then   he 

treated by  conventional   oil   processes.     This  process,   which  has   been  developed 

by Hydrocarbons  Research  Inc.,   carries  out   the   hydrogénation  of  a  pulveri/.ed 

coal  and oil   slurry in a bubbling catalyst   bed   ; similar to a   fluid-bed  operation) 
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Some advance»   in  down-stream aromatic £££££££££ 

,,   ,,. „   i„,p.:    -.,if..- on  in   I.ho  production  of  chemical 
1<V}.     Some   .lovol-.-pmot.!   work   hu,   .-..-..  o -in, 

.   ,,.w  pr.,r.,..,.   for   '.ho   pm.lur.uon "l'  -üi-honylol   propano han intermedia' < o .     n  n< w  pr. <••....••• 
„htch  ph,,u.l   anduoCone   are condoned   m   tho   prononce of 

,    • •   .  Hi • i vi-       llMi-r    1 '•'•••   diphi.ML.vlol   propano io^-r^ohrm.--   renino   wi'h   nor!."tin   .iddi- w...     M1..J1   1 

i.,  produced  with   linio ì,y-pr».iuct   formation;   Lho  reaction -tur,   in  non- 

oorror-ivoi   tho  nroocr.r.  m   continuous;   and,   owin,  -   -U.or  conversion  M 

 .„,,   ,-„.   re..,.~r.:i".      niphen;,'lo:   pr^mc   i-.-.    ^d   for  tne 
pheno.l ,    Inoro   Lì-   icon  need   t .1    re .. 

production  of  opox;/   renino   and   polycarbonates. 

!..       ,„,.,0•,   i,  :,ran!v    »nod   in   the   production   of   .on-exohar^e   renins, 

but'U   can a,no   ho  unod   to   cross-Link  with  other monomern.     Thin  compound  in 

,.,„..   «v   the  catalytic  dehylro-cnaUon  of  diethyl   benzene,   hut normally   produced  n.v   tue  ca.,ui,y ^        M 

^L, ..re  f,•.,.   that  are  separaUe only -Uh „irrteult, >•   -P— 

process   tan  .«.., .i-lop...   thai   I..V..IVO.   -.ho followin,: ,OP-     M   «-"-n 

of „lettori   "   • -O.V1   1«   i.,   .h. >i..ui.i  >*-e,   UBí.* ooPalt 

n      t     ,   no0   t-   noV      (: )  r.oiucuon   ..f  diaeo-yi   benzene 
stéarate  an  a  catalyst  at   1U<     tu   1 ,<•(,,     V   ^ 

• •„.     M   hvdrox-othvl   hennone  l-y  hydrogénation  iti  presence  of to   tho   corresponding,   oi-hyorox,, o i„it, 

4   ,   .       „irkrl   r,.,irl;     (c)   dehydration of   the di~hydroxyethyl a suspended-neu nickel   cavai,/..',,     vw 

benzene   to  diviriyl benzene  over ma^nssium  sulphate. 

15r,       The  production of  nynthetxc  ,-i.yoerine  hy  the  hoi   ohlormation  of 

propylene  or  from  the  name  otartm, material Via   acrolein  in  well   known.    A 

mctnod   startm,  fro,  propylene  oxide   han   been developed   in which   the startm, 

material   m   isomcrized   to  ,1L.V1   alcohol   over lithium  phosphate  ami   other 

,(1  ,lUvl   ..iPtdiol,   itnelf a  useful   intermediate,   is   then oxidize, 
components.      .he  aiiyi   aiconui, 

direotI,   to Glycerol  by  nydroKcn peroxide  in presence  of a tun^tic acid 

catalyst . 

Surface—ac '• i ve  a^eu t 

W„     fcn, ourPaec-active a,e„l, are   .»„el n„ syntheUc alcohol,.     11». 

,Uf ferontprocede am  »»1» ..ovo. ,„»nt   Por tho promotion of  fatty alcohols 

from  paraffin  by oxidation: 
i   . ,   r,tn, qridn   in   the  presence   of manganese w oâta":;;=:iro.;;:.:. T^JI - ^-< - Li^. .„ t,^« 

under pressure . 
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(b) Some  higher  fatty  alcohols  are  produce i  as   by-products   m   'ho 
production  of  fatly  acids   by   the oxida'ion  of  paraffins:     tiiese 
alcohol;-; are  concentrated   in   the   msap m i fia t to   fraction,   which 
ir.  separated   ("r" -rn   the   acid   by   cry s ! a .1 L i : a! i. •:>.      :h«.-;\e  aleniate. 
are  about   '"'i'  per   cent   primary  and   :;0  por   cr.r   r.ec -n ur;.   -mi aro 
isolated   t hrourh   ; heir   i.oric  acid   er.'err. . 

(c) Secondary   alcohole,   can   re   produce!)   by   < ho    liror;   oxiia'ie:,  of 
normal   paraffino   ir;   the   prer.ence  nf  lorie  aci i. 

157.     Primary .alcohole   are   processed   to   alkyL   sMpha'es:   r, ; licioni c   acilr., 

oleum,   chi oror.nl p-hon ic   -teil,   •••areo.ir,   sulphur   trioxiio   ani  o'hers  are    ised   ar 

culphona'.ing arem r.     ! r^m  "('   to   a<6   per  coi;*,   of   the   alcohol r.   ir.   converted, 

depending   apon   the  r *1 phonn ' ino; a.-ont   urei.     Seco.a lary   alcohole   ani   all 

alcohols   from  V.her  saponii fiables   are   mort   rea-lily   convor'ed   into   r.ur face- 

act i ve  árente   îy   'natment   wi'h  mal oie  anhyuri ¡o   to   f' -rr-;   the  m moer. ' or,   ani 

the monoen'err  are   then   treated  with   nolte  of sulphurn-   a.ud.     '"hi;;  gives  a 1 ky 1 

sulphosuccinat.es,   the   degree  of  conversion  being 90   to  04   per  cent.     On  the 

basis  of   the  above-mentioned   ear face-active agents,   formulation;-,  have   been 

worked  out   for  the  manufacture  of   liquid,   paste and  powder  synthetic   letergents 

for domestic and  industrial   use. 

Factors  affecting  the  production  of  bar :c  petroc'- emica Is and 
intermediates   lti  developing coutitri.es 

I58.     Factors  affecting   the   pro ine' ion   of   basic  pe t roehenueais   and   intermediates 

in developing coun trica-   ine lu-le: 

(a) The  avallai i lity  of  raw materials,   such as  naphtha   from a  refinery 
or natural   gas . 

(b) The  market  arid  price   for   * he  range  of petrochemicals  it   is  proposed 
to make.     It   is  of  lit,tie  use   to  put  up  a  steam cracker  based  on 
naphtha  if   there   is  a  good  market  for ethylene  hut   not   for propylene 
On  the other hand,   if  ample  supplies of  ethane and  propane are 
available,   such as   from natural  gas or  even   from   the  distillation 

1 of crude petroleum,   cracking under  these  market,  conditions may   be 
worth considering,   owing   to   the much higher  proportion  of ethylene 
produced. 

(c) The  possibility  of  export  at   remunera' 1 ve  prices,   if   the  home 
demand  is   insufficient . 

(d) 'Ihe  willingness  of  the  Government   to  give  protection  through 
tariffs or  restrictions   ...n   i.nports  it   suitable  cases. 

(e) The  availability   of a   suite!le  site,   for  examile,   one  near a 
refinery  or with  harbour   facilities  arid  with adequate  process 
water,   power supplies  and means  ot   disposili/1: of  effluents  cheaply. 

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

i 



(„)    ;-hc  nor.nii.il i l.v  of ootammr  the  necessary   capital,   including 
forni.-n  oxnharo-o,   eiUr-r   t hmuHi   local   participation,   with or 

wllh,:|.   ,.y.>rnnl(MH   support,   -r   thrush   forci-n  participation, 
„   ...   ,,,  .,    .:,i„i   müiH'.      In   'he   lat.'er   nano,   the   foreign 

par'ioiru:''    may   assist    Lì.   (f),   U")   '«nd   (« ) • 

(h)   'h„    lVaila: ÜÜ.V      :'  •.   '••ohniouì   pr.o^,'   an,i   know-how   in   the    lemrc 

field   ai.  a   roasorsitde   charco. 

(x)   ..h„    pali'v    I'^KK.-an   n. » erme i i at o   product    from   inserted 
raw  Luiría!,   V-r  oxumpì-,   -1 loheny 1    l propano   from  phenol   and 
,c„,,„e.     ::..»:-.! lora: lo   .-vinos   m   r<>roL.--n   exchange  will   result    if 
Ulo   in',rrnoiiato   „r-l.c-    i,   Pataco,   h-ally   rather   than   imported. 

Assossirio'   so ' IV-CIKTM oal   Processes 

I59.     Work   han   beer:  ac-t. ivoly   ; • \~r' :T hod:?  of   evaluad ini'. 

rA„,,.„.., ,,,.[   oval ii'i.'ii  s tan lards  such as  payout petrochemical   procesML- .    Condon   laoi   tvuü 

time  do not.   take   into   account    the   full   Ufo  of   'he  pro,ecl.     Metter  results 

are  obtained  ,,•  a method  that   .eta   ,,,   , he  caprai   used a.amst   the  net   income 

• •   •     .,  !  -w   th,   life  of   the  pro  oc*.     Neither  of   these  methods,   however, anticipated  over   trie   rue  01    iato   I' 
,   .1       ,„.   .,.,1..^    a- .„„„a     N'onoy   due   to  t>o  paid  or received taker,   into    tcn^in1   ' ho   tamo   /a!„t     ,,   „1 •,-<,, .     ..•"  ,) 

.    n ,,      ,,,,.,   * -,   u,o   inirno::'   'hat   could  ho   earned in   ten year:-   : imo   is   worth   100c   n-w,   -win,     • >     ho   in,o.e., 

•    i       aa, ¡ -   !..   ••.Iron   in'o   account   by   the   discounted   cash over  the   intervenirli-  penou .     !hi...   1-   ,aktn   m ita-,an      t> 

flow rnethoi  in  which   the  value  of  recipe  and  nayoa»   ,v«r  t ho   M Tétame   oV  a 

project   are  ,1,^,1   hack   •     ,or. yeu-.       y   'rial    uil err-,r,   the   discounted 

rrtc   in   found   thai   enable.   rr:0,ip',   and   pay^ts   just   -   »-lance  over   the 

extended   life  of  the   preset.     The  higher   the   Uncounted  rate  or  earring  power 

of   the process,   the  more advanta.eoas   it   will   be.     The   idea  can  be  readily 

understood   if  it   in  realized   that   money  received   in   the  first   five year,  of a 

11        „     11..,,,   10,   r.-,mp m,inpv  received   duritu-  the   last ten-year   project   10  worth moro   duir.     ri.    -ame  „ta...... 

five years . 

,„„  1   „i,„ia   i ri   the  came or different countries 160.    When   co-operation anion;: several  plants   m   ine   „ame 

... ,-.-,.     \,. ......   .,   t -*-]   i.--  ...hirOi  the  mos*   economical is  hniru-   smoldered,    L!.   IS   uooiul    to ha^.   ,,   ,.-.   -j   »ni.. n- 

way  of   transferrin,-  raw materials,   intermediates  etc.   fru„ one plant   to  another, 

,,lkiri,r  in,,, accounl   such   factors  as  excess  production,   the  means  of  transport 

ailable  and   the market   in  various areas,   can  be  assessed.     A mathematical 

le!   lias   been  demonstrated   that   onaìles  problems  of   this  type  to  be solved. 

av 

mo 

Discussion 

101.    The  advisability of acetylene  production was  discussed,   and  it was 

surest ed   that   the  submen-ed-flame  process mi-ht be used for making both 



ethylene   and   acetylene   ac   a   our.c   raw material    for  companies  with   •¡••••n;-,:'   t > 

crude  oil    but   litt Io   or  no   refinery  capacity.     The   silphur -autoat  mu-ht 

prove   to   be   a   problem   a;-   the   limit,    m   the crude   is   M.1'    v>-v   -'MI!.       no   pbii'in 

process   far   proiiacitif   acetylene   wus   considered,   bat    it   was   pau'eJ    al   rhat 

thin   process   L;:   only   at   the   pilot-plant   stare,      "he   '!"h   p.r ••"•;•;'.,   •.•;!;cn    y ora i od 

to   £ive   maximum  c     output,   íMVCS   a   ratio  of   acetylene   f '   ethylene    of    ;o;tiO. 

These  h u-jh- tempe ru ture   proceder,   ure   not  greatly   affo-to i   ¡y   the  exa-t.   speci- 

fication   of   the  crude   oil.      "'he    <se   of   tal alar   furnace;:   for  el.hylev:   araokors 

wan   discussed,   and   i.t   was   explained   that   raw   material:;   in   the   lamm    d"  ethane 

to  gas  oil   can   be  used. 

lúe".    With   respect   to   the   pruine' ion   uf  uremu'ies,    it   was   explain«1!   'ha1    ' h- 

disproper' iotiat iut,  .>f   toluene   is   tarmali;/  carnei      ¡ì    in   i he  ,-ar   phas<-  aver   a 

fluid-bed   catalyst.     On   the  subject  of   fatty   anil   production,   i'   war;   (explained 

that   fatty  acids are   produced   from cither har Ì   paraffin;-   with  a   mei tin,-- point 

above  y0°0  or  soft  paraffins  separated   by   the  urea  process;  from a ra.c  oil. 

fraction.     Development   is   in hand  for   the production of higher   alcohols. 

À 
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CHAPTER  3 

PLASTICS 

163.    The  rapid growth of the  plastic*   industries during recent  years has had 

a   tremendous  impart   on the   industrialization  of many  developing countries 

indeed,   the horion   for growth   is  unlimited   for both   mdus tri« 1 i "/ed  and 

developing countries,   and   tb-re   i,  great   scope  for  the  production  of  plantíos 

raw materials.     At  present,   the  average   annual   oons^tion  of  these materials 

in  developing countries  is   only   from 0."  to   1   kg £cr canoU,   nru-e most  of 

the  plastics  products  eonsumea  are   imported   m scmi-f'm, shod  or  finished  form. 

This  means that   the   development   of some   of  the maior plastics  such  as  poly- 

ethylene,   polyvinyl   chloride  and  polystyrene   in  developing countries must   be 

considered very  seriously.     Current  developments   in  technology,   the  areas  of 

constraint and   the   trend of  product  appi inat,on must   therefore  be  studied 

carefully.     On  the   other hand,   the production of monomers   is  a  field  that 

developing countries  shoul «i  approach with some caution. 

Advances   in the  technology    T  the  production 
of monomers   and  polymers 

164.     The manufacture of monomers  require,  modern  sophisticated technology. 

Production units must  normally   U>   large   in  order to   be  economic;   only  rarely 

can a small   plant   justify   itself.    Difficulties occur if an expensive raw 

material   is  used,   as   the  production of  vinyl   chloride  has well   demonstrated. 

The use  of calcium  «-arUuo   as  a  rav; material   - the  preferred method  until   a 

decade  or so  ago  -  has proved  to  be much  too  expensive.     Haw matero al s  derived 

from  petrochemicals  such  as methane,   ethylene  or acetylene have  become  gradually 

less  expensive,   and  vinyl   chloride  is   now  normally  made  either  from  acetylene 

or ethylene  of petrochemical   origin.     The  pioduetion  of vinyl   ehi..rido   I y  the 

ethylene  route   in   parti-u'ar  is  novpretiominant.,   ami,   with  the   development  of 

the\^ychlori nation process,   utilisation  of   byproduct   hyur.gen chloride  can 

be   fully  realised.     There  are,   however,   alternative  methods  of using ethylene. 



>3 - 

It  can be  chlorinated  by  replacement,   producing vinyl   chloride   without   a 

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

processes  can  be  oxidized  separately by  a modern version  of  Deacon's  process. 

It/).     Many   factors,    les.s  often   discu:-,so(i,   such as-   licences  ami   technical   knov- 

how,   can   increase  costs,     'beve! oping countries, have   found   that   engineering 

design  and maintenance  can  be very expensive. Home  countries,  are  trying to 

establish   their own  engineering groups-.. 

Itti.     Technology   in   the  polymer   field   is   changing  rapidly.     High-density 

polyethylene  has  gone   through  several   stages:     solution  polymerization, 

solution/suspension mixtures,   arid   suspension   systems-  only   (for   blow moulding 

and,   recently,   ! ! ov.-i n;ioet i -m moulding).     Has-pnase   polymerization appears   to 

be   cheaper   and   has   already   been  commercialized   l'or  producing polypropylene. 

In  the manufacture  of  low-density  polyethylene,   the  advantages   of  (ule  reactors 

over autoclaves  are  still   being  debated.     Although  autoclaves  have  a   higher 

conversion  factor,   tube  reactors  give  better heat-transfer efficiency,   permit 

higher pressures  to  be  used  ami,   owing  to  the  absence  of moving  narts,   simplify 

maintenance.     Radiation 4^ehmques  cari   be used  to  eross-1 ink  p<    /.ethylene 

articles  normally  after extrusion,   ticas   preventing  stress  cracking.     bevel op- 

inent s  are   in  progress  that  may  eventually  lead  to  the polymerization  of ethylene 

by  radiation  techniques.     This  should  substantially   reduce  the   cap1tal   costs 

of plants. 

167.     A  novel   technique  is  being  developed  for the   hulk polymerization  of vinyl 

chloride.     Polymerization  is  generally   carried out  at  40     to  'JO C,   starting at 

5  to  IP  kg/cm' .     Powerful   agitation  is   needed,   and  plant   construction   is  rather 

critical.      tn comparison with  polymers  made  by the  conventional   methods,   bulk 

PVC   possesses  a  higher viscosity   and   its  absorption  rato   pür p] ar,t i <• i zers   is 

thus greater.     It  also requires  a shorter period of gelation during processing. 

It   is more  transparent,   the   "fish-eye"   problem having been  sol •'•ed.     Research 

is  continually   in  pioeess  to make  PVC  more  competitive. 

lo8. Although polystyrene is well establ ished in many deve] opi ng countri es., 

in many cases this polymer must be produced i'rom imported monomer. before a 

new project is undertaken, the delivered cost oí monomer and the possilility 

of correlating production  oí' polystyrene  with  the  production    ¡*   styrene 

butadiene   synthetic   rubber must   be  very  carefully  ascertained.      i he   t ''¡UMI';/ 

technology ami  know-how  for the  production of general-purpose   grades  lias 

very  often been  self-developed.     Production  of more  specialized   impact  and 
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(llt-t,   .,,.,-,« _r<..fi -i -»ut    f\ p< f   it-   un-tv    iitTic-./.t,     Thus,   .me   ><V  the   proliemc   for 

»he    ¡e-.-o, ipii:i'  "¡i'.!,lrj    if   to   .ii'.-i.tt'   the   ¡,!,HileT'    •''  graues   mniirnl   to   'Mvcr 

+ fj,.  ,.;•, ,•/,.< ,      ;  .,.Mì;C   •', -1 t i ï UM -,.;• e   en .i pfiiet.t   has   loot;   designed   'ha*    permit;- 

< i,e     !•',>   ;"i !      oT'oSof      * •'  e       O   Mi ;  fei , 

.   ._      * r;     y,   , v!ii!   !•;•   -'i!-'1     ••••;:'*it.! '.;-•    ¡fi'.g     i»  -'è .• ;pOd,    ami   a   vine    rriu'i''   "f    I "! - 

ey-vir^.i-e    j'efi:.;-    ,f    j.u     ava i   Mi i  i <   . hoee    rP:'ll:¡'    (""il,    if   Ufen    ¡'.er   < ¡Of a í MM t. l i ;f " 

M ma M   ;,;•,   e mh   'if   ' !f  nef ! j ! ' -a' . < •!.  ' ' î'  i fiter 

"ir.i:.e   t.vhat.go   a¡¡ ;   e >. tr?i<'t i Ki  <'1'    .rani un 

iTT"    >rof.      .'any     '    'tie   ••')]•[ l« r   types 

thai   hñf   a . i1' a f, 

from  so. •_,i . -iff   E 

i ere   ; afe ;    >:.   f 

a   cj-iiff--I 1 :. 

iioye!. i[ic:    : 

po I vain 1 l.e , 

r i 

r ag» » 

•if"      '    m   ';. f • v f'!.»      •   '  ' '•• l M M*    : i'- ¡ ;.y i : 

*    it.  iimrn    rf'ft.t   v( fur   nifii.v   ne;    typos   ita"'    t eon 

,,..  un-Mi;. ;••!•• T-,v ¡ i '   •'••'i >,   trie fjjni - e   ? \ ". ITU a ¡ • i e h;,, le ,   p< • i ve t h v 1 e ne — 

'feti   fie - i ,'i ,    rhef.   î     fotMa,   iehvuf    refi Ml". 

IV'.:.      :'.p\-    y<   .; 

made  eis  a  run::' 

heat-res iftarn 

Me!'tt:f   are   icitii"  .if ve i •.( ou.     ioiyrnethyl   pent eue-1   is   already 

•r'M-iì   fen lo.      It   has  a ver;;   l'>v   density  ami  good  transparency, 

ai e-1  o !o'-t i'i'-a'i   properties.     1 ely luto tic-i   al tin  shows  great 

promise   tut   if   .M il   under  dove l opinent.. 

171.     Inlymerf   -M!,  a  high   hent   resistano.--   aro   i e 1 ng   do vel opod,   hut   these 

usua1 !\   need   f peo ¡ -, ¡ i ; oit  pT'ooof f 1 t;;- euuipment.     îolyirnido rna>io   from  pyro- 

melliti-  diaiihyuri -e  ani an a roma tie  diamine   ic  a typical   example.     Polypheny lone 

oxide  hai'  í""» '  heat   resistance  and  electrical   properties  and,   combined  with 

polyi'tyrono,   if   î CO V.-. 1 >.g a   ^»on'iri!   pi as-tin  material.     Mo¡-t  of these   incor- 

porate  teehi.i nue f   to    fophif t mat od  to   ho  of   immediate   interest   to  developing 

countries,   lut.   it   if   ¡::;p-rtant   that   profi-ei-f   in   this   field   he  noted. 

I?: Water ut ; e pe .;.'í;er:-   fueh   a;-   M'lya-i'y 1 amides,   polyethyl eneimine  and 

polyethylene  oxido  are  ai.   ther  rr-oent  00: -orciai   development.     They  are  used 

in water  treatment,   m no: it,r   and   iti  petroleum   recovery.      In jection-moul dable 

saturated  pelyoftor;-   ; glass-f'i 1 iod)  exhibit  excellent   properties  as  engineering 

plasties  anu  should   ¡e  of   interest   to  developing countries  that  have  the 

appropri ate   raw mat cri al ¡:. 

173.     '''he  pia;:t io;--prooerising  industries  have  also  undergone  revolutionary 

changes.     The   trend  is  towards, automation  in machine  operations   in order to 

increase  production  speed,   to maintain  product   uniformity  and  to  reduce 

rejects.     Tarai lei  with this  progress,   the use   of control   or  sensing  devices 

for monitoring  the  quality   of products   is  also  gaining popularity.      In  one 

instance,   installation of thickness gauges in calenders has  saved millions  of 



TV'íl.i't 1 op   of 

Ill.-fhl ¡.e;' 

dt > ] I n T'i-'  annually   I'CMUI'C   >•(    Uro   nnpj-ovemon '    in  c f 1'i • • i » > 

off-nualriy   prouwe t r .      "\>i-   < i*»;-1 ,--r ¡ : -   "f   i r, '(•" 1 i. .r.-rno •<. ; o i 

moulding mnrhitiery   op  yae-.,;j!,   !  •tin i t,,-  <•••••.. i pmmt   ^r.-j   t h(.   ; , Kr.   hriV(,   ,,,,,,    tai;,,lv,. 

t(i   tht'   ri'.M-i-'f'i   rropor*. i.-:-    .!    U,-   j-  .yrr.er   '-   : .•   j ,-,.-, .,.-,.().     " >, 11-   ,JO\V ; ..pmeti» 

nar   <'<"'"'•   ''-   *'t¡''   ü i'i'i.'i.i !;,   .tí,   rcf-íihí'   if.r.   i'it'ht   .',;-,.; pmopt    f.p  prod\.-ti.n, 

11,1   ni"    !   '»'fr  r<;'   th('   "-.aíity   :<r   í'i r.i fiif:i   prMuv-tr   ir    i.vinvo   m   market   oompeti- 

tion,   the   I'l'iTPct   re ip.-l. ¡ ,,p  i-] , ;    ¡ ,.    -luty-ai. 

/ypjcal   ap; I i-aiiii!.:-     .f   pianile;'   producto   of   special 
interest   to   H'vel'ipi!^  >-oi,;,t ries 

I'M.      Application   of  p 1 ^-1 i <•:•   i¡¡   af-n "'. 1 ture   ir    -pT't ai r: ] y   of   interest   1o 

developing cnui. trier   chore   economi or   are   bared  on  agri ou It uro.      buch  appi ioda- 

ti oii  vi I I   i porcaro   af-r • rn <T'¡ "iuof 1 • i). aiiu   ii 

for  plartior.     Thus,   the  offf-ienoy  of   impair 

pr^v i ilo   a   read;.- market 

J mproyod  ,>r   t ho   na t uro 

ol   roi;r mom tied,     h.ir  instance,   the   ploughing of o i orod~ee 1 ]   p..)yrfyreno   p,,.,m 

into   the ¡j-il   maker   il   more   permeable   lo   water.     Plagie   sheets   are  u..yd   lu    t 

variety   of  wayr   to   protect   the  growth   of  nr>pr.     fi f f i oui t i er   in   irrig-ding 

sandy   roí ir  hayo   i pop  overcome   by   pia."ii;g plartio  rnatonals   undernea'h  the   top 

roi 1 . 

I'"1 .     The  ever-iir-reasing use   nf  polyethylene   or ! V1'   sheets   in   the   packagi ng 

of agrioui turai   products  arni   l'erti lirerr  has  changed   the   picture    ,f hard-fibre 

consumption,     blartw  containers  f'i ve   letter performance   durit:'-  storage, 

faekr   for  fertilisers  to   fe  used   in  humid  climates  rtro   probably   feri, made  of 

IV,   but  polyethylene   linings  containing carbon   ílack   ai-e  airo  effective. 

i'ronr-1 inked  510 |yc thyl ene   f i 1ms  ar^  used   for wrapping,     bulos   for grain  storage 

can  "be  eonstruetoo   from  re in fore .Mí  polyester return. 

1 7* :.     Plasties  have  made  important   contri but i mir;   in  the   field  of eonstruotr or. 

materials.     î'rea-forma 1 dehyde  resins  and,   to  a   lessor extent,   phenol   formal- 

dehyde   resins  are   indi spensable  to   the  plywood  and  chipboard   industries. 

PVO   and  fibre-reinforced unsaturated polyesters  (FRI-1)   are   the  common plastics 

used   for corrugated   sheets  arni  parie!   products.     food-plastic   composites  have 

been  gaming  in  the market   for parquet   flooring,     Fo lyethyl ene,   PVf  and  FRF 

are  economic  materials,   for tube:;  and  piping,   and many  different   plastics  are 

used  extensively  as  electrical   insulating materia 1 s. 

I??.     Furniture  macie   from  injection-moulded  polystyrene,   cast   polyurethane 

or bit!    lami nates.-,  will   play  an   important   role   in the   future.     Polyethylene 

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



appi ìearioes   r>>"ì   v i i i 

retri fera + re .      "airts   asid  surta 

ompeto    •   | t J)    r,,i i \ ;• +Vf^ti'1     foalìiS    as     IH [Mi I .'il i ti;-" unten a ! 

i ii 
i a;'<'>i a Ik- ,   aery li o-, 

• <•   a:   i   ; i'?it!i-T"!v;'! si .-it:' .      lipoma TV    -ih'!    '•}'>'•• I'--'    'ir'      'IM1 

i;u ,,   r,,,   ror.-i^f   u>  !'-r  se-e re 1 ;,   eorroen'o   or hi        ¡e 

lieu  i-.i ¡ vst\ re:,e   film  nas   ¡fi h  • icv<' \ open   l'or 

iirsra tura ' e-i   ;• • ;; >• 

formu1 a »  l>r.s     "l!. 

hifh-temp'-fa t uro   '»init, OLí 

print i i.,'  i'M'p •:•<••:-. 

'        n.ra; i!.4:.    •'!•"   : ¿ #->"- *    •«•'i.-'h+i   ! Ì^'U--;-   have 

p.;     i;-   ; r-i n¿'  usoû   i!,   'ho    •• ¡.rt r-uo-t i on   of 

vehicles   r.T  r.T,,-.,   mi,   roa aro  '•. r  transport,      ir.«   t-nciin,-   ^  sn.a 1 i 

*hi;.   !'ï o ;i.     Vaio.   p-lymors   h avo   tori,   used   m 

j',,lio;it.r   Ilio   spl.n-t onumf   proooss. 

*'    • :."MT-    Si I-O!. ;'*!,, 

many  '..:•<•:•  i.-.   "he   ' !'•-• l'-'J't   L'p '5 'T 

boato   ir  a ma.•••!'  '-pi i i-'.'t .  >>. 

molten   f>nr.   '-,.•   pr-dve   furor  ano  voir f 

aììpaper  or as  disposai le   linen  for C-ué-h  weis  have   !' HJì'I  appiioatru.  as 

hospitals. 

1-actors   affectum the  development   of  the  plastics   i industry 

o'r   industries,   neve!  pii.f  "ountrics   should 179.      hi  planiur.r   : or  tuoi r pia; 

he  suso  ai.-!  na'ure   ...f   i-nnl   ai. i  export   doma;.;:,   availability 

.,.,-,.;•,     Kff-rte   oh'1".; l'i   airo 

cornu fier sarei u; r 

of  rav materia i r   aro   comparative   '"o-orrrr   ri 

be made   to  produce   finished  pronuets  at   a  premium  prior   to  reface   imported 

connimcr foods,      the   ort a e ! ishmon*   o!'   plasties   ¡ r, distri or  ear.   t-r   ¡inkod   vith 

the   improvement   ,,f   livii.f  standards;   the   product,nTi  (1f  plartuT   for household 

appliances,   f i   pa.-kan n,',   construction materials   aie«   uso   in  agriculture   cai, 

be  vitali;.   nnportai/t   Vor  toth  the  rational   economy  ara  expori   promotion.     It 

ir   necessary   to   emphasise   that   only   ¡aianood   production  ano  market   planning 

Kill    iustify   the  hu^o   investment   required   for  ertali i ohi np   the   petioehem i ea1 

and  polymer   ; sdus* nos. 

1P.0.     Kxtruoion  moulding,   injection moulding and   blow  moulding are   the  predomi- 

nant   proccio i n,-   'echisiqucs   for making   finished  articles.     Many   dcvelopinf- 

countricr  have  successfully desi/med   their  .»Wt:   equipment   in  order   to  nave 

foreirn exchange  aril  capital   investment.;   hut,   owinr   to   tho   Lack   of   precision 

or experience   in  moul i-makins"  industries,   as  well   ao   lo   inadequate  (juality 

control,   the   finiohot  pro,lucio  have   been  uñarle   to  compete  on   the   international, 

market,   aril   hi,-h   ra'eo    -f  rejectioui  and  waste   have   resulted   in  non-economic 

operasi »si.     It   is   thus   important   to   improve  mould-makinr  practice  and   to 

increase   the   flexibility  of processing   facilities  in  developing countries. 



-ì   .:-t ni':' 1^1.     Maii.v   pT-oi ] eriit-   thai   conili   imp-.m   the   grcvt.h    ,r  p\ :¡í-\ ¡,.,. 

developing ciuîitr-t"í-   arise   from  :•<•<• \n\   and   cn-i^mio  c-rii'i   us    ,.    • 

countries.     í>lth-o.gh    it    ii-   ímtossiMo   te   suggerì   r,   ,"•. .• r, . , •.    -,,.,... 

tion  for nil   ''an-ti,   ine   pooling ,,t    [13Uteu  maiipn- or at.n  ma '. na      re 

v/ithin  a  t'ivf!.   iMi.iiiri,     T   regí..-,  may   re    ,. e   ; -,;.      <   .,  ; ..•,;,.•   ..   ,   ,,,;,, 

A   useful   proposal    i¡;   1,,,   ,-tari   sith   pins4n's   that     o,n   ¡e   pr-.. -,-; -.•*•• t   : -,   ;r:,,   , 

and  easil;,   adapta! le   loehnnu.es   i n a  .:.iur,tr,   ..r  rog...¡.  •,.•,.•,•,-  Ifl., ,.KÍ. »    ,, ,  ,,.,., 

nica]   facilities   are   favonraMe.     drauua;   ¡uiid-up  t-<v   ! a-uu- aro   r.i.vr,!,,,,: 

that   is,   from  polymer  pr-i-o-uht?  to  polymer  'it..i mot,omni- manu f.uo t un rg,  .'•.••   b 

considered  a;-,   the   local   plasties   industry   gmus. 

,n'(-i 

•'   !'T 

Suggestions   for   future   neve u'pmoi.t. 

18?.     The   following  suggest i or,;-   for   future   development   have   leer  made: 

(a) The  establishment   of polymer i sa 11 or ^«s.tml   techs i que-   to  le i sod 
in  developing count i'i es; 

(b) !rogrammes   for economic   batch  .'V'-in,-'  tor pffinriit   utili-ai ion 
of  polymerisation equipment; 

(c) Dissemination  of informât i -;.   oh  hand 1 mg :u..¡  tni,:-p,.rt   ot   monomers 
in  bulk  or  in   tankern; 

(d) Systematic   ¡-indien  of   formulation  pro: ¡em:'   in   developing   n^utd ri or • 

(e) Promotion  of high-strength  plastic   films   í'or uso   ¡,.   f....,i   packaging 
and  agriculture; 

(f) Modification  of polymers   by   grafting and  cross-! ink i r g; 

(g) Research   m   the   use  of plastics   and   .•ornp..sito  material;-   for 
prefabricated  housing and   furniture; 

(h)  Cost   reduction   m the  production   of plastic   foams; 

(i)  Studies   of  polymer flov   character! st i or  during the  mou i di up process 
and  evaluation  of stresses   in   finished  articles. 

Discuss ion 

183.     The subject   of  the  economic  plant   si-e   was  of consi derabl o   i nièrent   to 

most  participants   m  the  Symposium.     While   it   is  well   known   that   the  capital 

costs  and production  costs  per unit  of product   decrease  ft!-   pro.iue-t . .,„  voi-.jne 

increases,   simple   comparisons  can   be very  mis leaning.     if  the   'ime   f,vt..,r  ¡s 

fully  taken  into  account,   including not   only   i he  time  re.,uire<!   f..r .-,„.:•» r.--t i ,,u 

but  also  the  time   needed  to  get  the  plant   into  ..pernii .„.  aPI T ,„V -h i ng  foi 

capacity,   the  real   advantage of very   large   plants   is  not  :•., gì-, a *   as :htrili 

appear from the   first,   simple  calculation.      it   there!ore  appears   that   there 



in   ft   en;.e   for   re-ex ami rung  the  eeonomioe  of r.ma 11   and  medi uni-C i.e ii  piantici; 

plante,     '-"arc   par* i », print e   rairod   the   uueetinn  of  export   an   a  meanr   of 

(iiiïpni-n.f-    -1   r .rpu.r   promotion,      it    ìe   oi.yimr   that   t.ot   every   country   ran 

t.>pert    i + r   ;-:,!'¡'¡',;-   nMìì/tion;    there  nii,:'t   t-í- m-Ji-kot;-   n;   a   ruJrtantia]   man her 

•ory    -in-t',!    i!,vt'!-t li'T :  >r,   ir   nererrary 

that    louCi   re-::.] l'i1   n   r U'ì; i t' i on ti *    amount   ci'   ite 

r 

' 'ik'1   in account 

ut    t.'ir,-rr    ¡' .-• i r,;'     e .*. 

t.ctnir   -jn;.    ponte    ir   er'-'t.ed   that    io;,M   reouire   ri 

nroUo'M. e.   ;.•   i.-   E-ypi>r» ed.      !n   any   '"are   i,    ¡r   ¡ooerrar 

W:,rj,l   pn-,.;     !',•,:   * y,"   prod-..et. .     />    ;.>int   vento.e   vith   a   man .tv • t urcr   m  a 

deve ¡open    •oia.tr,\   may   in  worth   .him,   partmcmriy   i !'   the  manufacturer al ready 

hril.   fl,. •,-;•;•   '   -   rr.-.TKctr   in   a   t .utile»-   <>ï   ^"„ntner.      i'he   pe:- i i o ; i tv   of   developing 

;i   p 1 art cu-   i i.uur * r    me ; t o ri- 

rea! i :-"0   t hat    r .. -h   a   p> 1 i -;. 

a   hu-h   tariff  ml!   war   ou.mi-roí.      M   car 

o    ¡eau   t  '  hiè-'h  prirer   on   the   uxnor+ie  market 

ari :  ver;,    foi     -pp. >rt mi t i er   e r  ^r-r', 

F-./1.     AL-   har   n-on  :..fo o mechero    iti   thir   report,   the   plactirr   mdurtry   leude 

it re if   to.   re^n.nrti   arránceme r. t r   ajn ->n¿' nei ghUu.ri r.f  developing eountriee,   with 

one  plant   cervi t;g the  domer 1.1 c   nooor  of  three  or  four  eountriee.     ".'here   in 

a ¡co   a  rtr-'cc   oeru-e   to  am:..ire   kr.- >: -!wv   in enfi noeri np  decifri  and  equipment 

fat rim* cm   í'om   n.-iurt n a ; i m i    ouitrcn-,     i'lhi'e marc/   participante  expressed 

a Kirh   f'-r   training  fm- operativer,   it  car  eupneeted   that   "Nie' could  he  of 

accictance   iti   thir  area. 
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CHAPTER 4 

SYNTHETIC   KIHKKÌÌ 

Recent   deve I opments 

I85.     World production of synthetic   fibres has  increased sharply ni nee   \()<<A. 

At  that   time,   the chare of true  synthetics war 9.9 per cent   by weight  of the 

total   fibre market,   but  by   19b7   it  had  ri ¡'on  to   lo  per  cent  ami  at  present 

it   is  closer   to   70 per nent.      In   actual   covering  power,   the   usefulness  of 

synthetics  is   even higher  because  of  their  lighter weight.      between   iot.,1  and 

I90Y1   the  growth  rate  was   about   ?o   per  cent   per ycir,   similar   t>  previous 

growth   rates;   actual    production   was.   7.t;f    ¡mil ion   tons   in   b'K .'.     7ineo  then, 

the  growth  rate  has   'seen  over   VJ   per  cent.     However,   '*-'0   per  cent  of   the   total 

world   production   in   l'.'c /  was-   in  Western   Europe,    the  united   otates   and   Japan. 

I80.      In  developing countries,   the  growth  rate  of  demand   in   fourteen  countries 

for which  data  are  available   l'or   19nJ,  and   10' 7   shows  wide variations,   from  as 

little  as.  7.7   per cent  to  as  high  as  ob  per cent  per year.      In man;,'   <'-K-es, 

however,   the   lower rate has,   been  attributed  to  ambiguity   in  definition  of 

synthetic   fibre  consumption,   but   actual   demand  growth   in   developing countries 

has   been  high.      In  some  developing countries,   the   demand lias   reached   levels. 

of  i kg per capita,   which  corresponds  to European  consumption,   although,   in 

general,   consumption   in  developing countries   is  substantially   lower. 

I87.     While  a  number of developing countries  now  produce  synthetic   fibres, 

imports   still   account   for 00 per  cent   of consumption   in  these  countries. 

Although polyamides  still   occupy   first  place   in world  production of  synthetic 

fibres   and  their production  has  grown  in  absolute  terms,   their share   dropped 

from  lj'\ per cent  in  IO04  to  /J 7 pei   cent   in  I906.     The  share  of polyester 

fibres   in world  production,   on  the  other hand,   has  grown   from  70 pei' cent   to 

79  per cent,   while  that  of  acrylics  and  other synthetic   fibres,  has   remained 

stationary at   18 to   I9 per cent  and 9 per cent,   respectively.     it   is  probable 

that  the  share  of the polyesters will  rise  still   further in  futur;:.     The 



structure  of  fi i.re  uso   in  developing eonntri er   m,   however,   uiffieait   to 

estimate   and  ir   often   bared   upon   ¡orai    fact  >rr,   ruoh  as   the  histoneal 

development  of  the market   ano   import   rertiwtionr. 

1KK     ,,hf.   ,,,0   ,,,-  ,;,tlUiot: •   furo   plañir,   r,r   di f 1 orent , -, t ed   from monomer  plor.tr, 

ir;   not   crea!   vino,  empare:   ; i l.h  other   i rancher   of   the   retrorhomi-a!    mdurtry. 

Thuf.   in   l'"e,   the  acerare   s.i-e   in   '.he   "nited   Otates  war   I •,'.)<)   tonr/yoar;      in 

Japan,   .••'•, -oí   t oer/yoar;      in   bcrtem  burope,   7,"V)   tonr'y^n     and   m  Kartem 

Europe,   4,O0.   Omr/yoar.      !n   dove 0>ping oouutri or ,   plaidr  aro   smaller,   averaging 

about   1,000 -O.nr/year.     "ho   marcare   ir,  rire   of   the   .',vorn,rf   plani  har   boor, 

only  afoot   dì  per cent   rinoe   l'i..-,  oven   in   developed  ooontrier.     Monomer  pianto, 

on   the  other hand,   have   grown   ruhst ant,a ! ly   larger,   with   the   remi t   that   only 

a   few  developing countries,   e.g.  Colombia,   lnd,a  and Mexico,   have  plants   under 

construction,   although   projects   are   being  planned   m  o'her  developing  countries 

Production   of  monomorr   > 
to   oeyejeping 

J1L ( ' ' • i a 1     1 t ; l. ( rest 
oO ro er 

I89.     The main monomers  of   mirror I   ! 

(for nylon-o),   aery 1 oui tri 1 o   'for a; ' T",' 

.-('Piping  e ìuntrier,  are  caprolactam 

•   fibres)   and  dimethyl   terephthalate/ 

tercphthalic  ao : d  ( DMT/TIOA )   atd  ethylene  glycol   (for polyester  fibres). 

World production  of eaprolaefam,   aery ioni tri le  and   DMT   ir  all   concentrated  in 

the  developed  countries,   with the  exception  of  17,000  tons/year of  caprolactara. 

In  the   production  oV oaprol ac tarn,   the mam  raw materiali", continue  to   he 

cyclohexane  ano  phenol,   although a  procero  har   been  developed   in  Italy  that 

uses   toluene.     Although  cyclohexane  it-,  now   replacing  phenol,   with  the  changing 

position  of  the  availability  of hydrogen   in   refineries,   phenol  may   regain  its 

posi ti on. 

l'H).     The processes  used  in   1%4,  with a  few  exceptions,   produced as  a 

by-product  4   to  \    fonr  of  ammonium  sulphate  per   ton of  caprolactam.     With 

mcrea. mg difi'ioultier   in  re 1 1 ing ammonium  sulphate,   several   processes  have 

been  developed  that   sharply  reduce  ammonium  sulphate  production  (to  around 

0  tons   per  ton  e-f caprolactam)   or replace   it  with ni trophor.ph.ates  and,   in 

some  eas.es,  eliminate   +he  production  of  by-product   fértil i'/ers  altogether. 

One  of   the precorre--   that  ha;-   been  developed  substantially  since  1964   in  the 

photoui (rosati on ^l' .-yelohexane  ÍIT0   process)   developed  in  .'apan,   the  details 

of which v.cre  ^ivvi,   to   the  Oymposium.     The   advantage  of  the  process   is  that it 

produces  eyolohexanoHO  oxide   i'rom cyclohexane   in  a single  step.     It   produces 

onlv  half as much  ammonium  sulphate  as  conventional   processes. 



191.      In   the   product i on  <•>[' aery I ojii t ri ! o ,   propylene  has   almnd    t.-t-, 

acetylene.     Sin a   proco-;-   using  rn-otrj 1 iifhv>io   has   Ì 

: 11. • ! 

'•, 1 n 

T'cp   am 

,    three 

Federal   Republic     1'  •'¡ormai v,   bu*    it   has   mc    icen   .¡se:   wj ni-,    , •    ; p. 

propylene   in   ! i.ke!y   '  .   io   'In   Proferrei   nw  'nVfrn!    f-r-  many   ve!fV 

of   the   propylene  rn-.ito   involves   * h»'   nr-iao'nn  - f   -Lf-o ' .--ni ' ri " 

acid   a;-   t.y-product.St   but   • •abstau ' i i!   eff">rt..-.   '¡.re   soin..- >;n,n 

production  of   ihose   t y-proiae' s . 

lib.      In   the   production  of monomer:'   for  pol yesters   n-uoh   as  liMT   a 

main  processes,   tiie  'Jit ten,   "Tia-e'eni -if.;/   and   ; lenke!   pr-o-osa«.-,   ,••.,, 

the  pre ferrod   procer::   ir   the  Witten  process.     'Ilio   lieve 1 opnienl   ol   high-puri tv 

terephthalic   gr,(|  ha;-,   resulted   in   the   i ntroauot i on   of never prooen-,..-   lasca 

upon  this  material . 

19 \.     Among monomer:-   for other  f i 1 re;-  may   he.  mentioned   the  raw ma'erials   foe 

vinylon  fibre;:,   which  are  obtained   from vinyl   acetate  ano methanol.     The   former 

is  still   produced  substantially   from  acetylene,   although  e thy! en-   is   noi-   being 

widely  and   increasingly used.     Among other monomers,   are   propy!e-.o  ami  viny! 

chloride;   these  are  pro-:  cod   in  the  same manner as   for plastic, ,   except   for 

more  rigiti  specifications. 

Production  of   fibres  ..f s pec i al   interest,   to   developing count rie 

194.     Developing countries   continue   to   be   interested  mo iti! y   in  nylon,   polve: 

and  acrylic   libres,   although  there  has   been  some   increase   m   the   product, ¡ot, 

PVC,   polypropylene   and  vinyl on   fi:-es.     There   is   also  a   growing   intere;-'    in 

more  specialised   fibres  such  as   ÍV-es   that  more  closely   resemble  ;-ilk.     Tlu 

production of  nylon-0  and  nylon-tn   is   based  on we ! 1-o;o-, n] i ¡aV-i   t c,-hi. 1 cue-.-. 

While  other nylons  are   being produced   in the   develop-a  countries,   these  are 

not   currently  of   interest   to   developing countries.       ''ho   development.   ln   the 

USSR  of a continuous  process   for +he   direct   spinning of  nylon--    •. as   repent.., 

to  the  Symposium.     This  process,   which  applies vacuum  demononu -ri : a ! 1  a,   to 

bypass more  complicated   steps,   produces  high-quality   industrial   yarns.      A 

plant   with  a  capacity  of /].lj   tons/day   is.   in  operation   in   the   ':'.::! ,   and   it   ,-,-. 

claimed  that   investment  costs   for producing  the  polymer ^f-e ai-.ut   '•••)  pep -e- 

below those  of conventional   processes. 

19S     No  special   developments  V:CT<J   reported   in   tin   t •• -hr. > n •¡(-,-   ;'•. .f-  H-, .cue 1 ¡.r 

polyester   filres,   but   the   production  of  these   f 1 h-r'-s   is   r  sin.--  charily. 

Polyester staple  is.   increasingly  being   blended  with   natura-   id : r<n     ••<•,",  gr-a 

; or 

of 



UBO   ir,  bmngmadp  of pol.yer.tcr  l'i lammt   iti  industry   (e.g.   l'or  tire  cord). 

rolyer.ter   f.ìrer   continue   to   he  manufactured   by   the   o.ter   interchange methods 

or   by   the   direct   e..ten l'i eat i mi  method,   depending ,>.,   Miether  UMT  or   ITA   it-, 

u,C(i'.      lti  cerner  prore,re,,   the   production  of  polyes-ter  -1nF   betöre   opmnmg 

was;  urual,   lut.   i.rw   U-imi-d   methods   have   neon   developed   for  the me 1 t-s-.pinns ng 

of   the   polymer without   eh.pso  and   thin   nan   be   condoned  with  -^tnmui,.   polymer- 

//.ation methods 

are   1 ei ng urod.     Among 19o.      in  the   production of aeryli''   fibres-,   new  noWonts- 

solventi'   in  usee  are   1Mb,   DMAA,   bMSO,   ethylene  carbonate,   inorganic  suit   solu- 

tions,   s;oeh   a;-   nno   chloride.     W   onu   bbAA  continue   to   to   wiueb.'   a,eo,   bat 

ilvent.-   ":ro  of   import ¡nee. the  newer 

1r>7. ie   pri'Ouo 11 "!. r MIO v 11.;; v '. T'O •rent 1 y   largely 

mot. î-i e:-.     Ai though   i t   has- confined   to   'apan,   it;  <>f  s-.orne   intereot.   to  ..tnei 

ettei- mois-turc  ai ;-orhoney   aim   o-.--e lient   durasility, 

out     .n ¡er vet   heat   ano 

rather poor e lac ir it;, . 

purpuuer.   (about   ' \    per oe 

A  part   of  the  market 

many  advantages-,     .«on  as- 

it  has-  s-ome   -i; oauvantages-,   s-.uoh  as-   lower ¡-oftenii.g  p 

ótpai.,   vinyl Mí   io  mainiy   .s-.  '   for   n.uuuOriai 

It   is-   als-o widely  us-eo   for ut i i i ty  olothmg. 

,. vi nylon  has-   been  replaced   l y   oihoi   synthetic   fibre;--, 

bui  vmyìon   is-   s-t i ! 1   making,  inroads-   into  new  areas-   coh  ai;  paper-making, 

colui ie   fibres-,   ani  oiíkliko   fit res'. 

10&.     l-ath  the   growth  of  the  hVb   plas-tuu-   mdurt ry   m   developing countries-, 

the   produot;ou  of  To'   fibre,   a   loi-cu-t   fiore,   ¡s-   of   inieres-.t.     However, 

conventional   I W   nino-  have  drawbacks-   that  have   ros-tro-ted   their  field  of 

application.     Among  t!,    e  drawbacks-   are  pom chrirkage  and  heat-res-1 s-t ance. 

A  new  development   in   : ' a i y,   details-   of  whwu were   given  to   the  bymposa urn,   in 

the  manufacture  of  a new   bW   f i s re  with  s-..! s-tant. i a 11 y   irnpi-oved  dimens-1 onal 

stability  under heat,    .omeved   n.v   the   m\ r > hie t ion   o!'   .   1 ow-temper, t ire 

polymerization  technique,   utb! icing oatalys-ts-  ru'-h  as-   organic  hydroperoxides;, 

soulphurous-    uihydride  and   an  alkali   or  alkaline  earth  alcohólate. 

loq<     ;u,.oo   [•-«..],   there  has-   boon  a  roto tant la 1   devo 1 opmont   in   the  production 

of polypropylowe   fit res;,   although  no'   su, much  as;   was-   at   ,.liC   time   predicted, 

bhe  mos;t   important   o.-e   of there   f : brer   is-   for  l'b-r   --or;ngs-.     Combining  the 

factors-   of   the   oioe   avallai ill ty   of   polypropylene   rosan,   the   r-implo   conversuon 

proces-s;   id-m  r-u'in  to   furo  and   low-ou-t   pigment   uyeii.gwiih  the   te-hnieal   and 

economical   ;,•;--;•  of  the  need! e-puuoh proceso-,   the   co !yTropy'l ene  needle-punch 

carpot  now meets-   the  requirements.-   for   iow-cont   fl< e over rings-,.     In   19^7, 

r% 
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about  7(.  million m    of  floor  c'jverii)^;;  wei'O  rn-flo  -..•>.' poiyprapy ' one,   , -, n v  :  «n a : •,, 

to  more   thon   M   per  rent   :i!'   the   total   o,rpet   pro-ia•• ' i >;¡   aa   the     i,¡>><i   .*••*,. 

and   Europe.     'l'hère   f^arn.'    - .a, g. '.   tin1    Mr-re    u-"  .•'••:        •••':  •. !•..>.•   *'   > 

future   aap! i <••>. t i MM   i>¡   the    icvc-hipiH;'  •••iihtrav1. 

.'tV;.      la   v •>••-,<   ;. i ••;]•;',   Mi>'r>-   haa   ifm,   ;• a a : a • * i o ¡    i;    . t-u''    ,•     * !;.      ;   • ,-    •;••:••'• 

of   r 1 i k i i k<'    fiter, îiia'c    f : i !•'•• a   ha\'f •   :>••<>•.      ;>•:•<• .   u , • ¡   ••,-. i •, ,       : -.    • ¡.,       •    • , . • 

otater   ar   :   , a    "apaa .      : ••••'!.*.,. ,    ' h"   r*  : ; • i  u.sh ¡ pr   . > '   • -••    * :.. •   .-*••.   •   o••    ••• 

trio   toxia:r>     a"   riik   fiti-r   h-ra    ¡ira,    aarifif-i.        a : .•   a • •*-. ;>• ¡,v ;   ,   •.     ••> 

roaoüt    a¡v's:    .a-   i:,   fi¡r<    ¡ra„ --ti   a.   at   :   er- •• •> •.•;• i :.a   '<   aa .  a.« a ,    >a,     -¡ .      ..   :   * o, 

pi' '-h..'' 1 i. a.   • i f  n.O'f'   a i ; k • i i-a--   fanr   ; ^    pava ¡       i   a1   ¡    a.' -     -a     •;. • • ¡ ¡ •';    -, •      • ,       < 

fibres   -iirraii;,-   i¡.   ara   aa :   ¡  :   :aa;   po ¡ y;:ier •.      .";    -a .a-   • ,.      a     a:    a   -.•>   '•;• 

fihi'O!'   are    iHíiiwa   :,,    : ho   modi fi  "i* au.    if   'ho    -r a,- r< •• • ,  o     i--      *>,      ..-, ,   . » 

hexagonal   shapes.     Vaa'^i.   fiiaauea   jiarfo   : ;,   a    ir;,   rpi-aiss'   pr • •< .a-   i. 

silklikc,   na :   a 'r;,•', ¡ •   i'. ¡íIJIII'HI    la   ni:--»   pro r,<o   ¡   a;-    ,   .-   íKiike   4'iir-'.       <a      a'o 

fifre,   ahi  'h   \ ;-  made   fro-   poîyo4uy1 eoo   • >*yl e? • o'ti ,-•     i¡-   -,   ..,,••,-•   ;-i .k'::ke   f¡!r»'. 

Aoiy Ioni tri le-pro-f ,ei a  copolymer   f U re   ir  ma ie   !y   ••hemioai!;,    ;.,» a : ao   üVMO: 

protein  ara   aery Ì oni lia I e .     The   presen -c   of  natural   ¡u^'oi!,  maker   i'   rn'aife- 

aantly   different   from  other  silklikc   fi area. 

• 0! .     filili   ana   peiyeste-  ai'C   the  mo¡i   p<>pa: ,r    >!'  ai:   ryr'heti  •   titrer,     'a. ¡ u-., 

oKin^;   to   ita-   ruft   texture,    ir   suitallo   for  kiatt ¡!.(-,   ana   p< •, ;» .a"* or,   t e -aa. O    a 

its   excel lent   Uenììna-  properties,    ir   rfaìifuna  rsrisi!    Hires,     kooon'ly,   'la 

use   of  fai-ri er   maie   frorr,   t ex t. uro.1   palyes'er  yarn   has   toen   inar--aa i ta-  ra;i!l.v. 

Nylon  has   many   industrial   uses,   but   polyester  haa   come   a-   te   preforre t   m  .-.pi* e 

of  its  higher  price. 

?0't'.     Although   the  production  of  textile»  or  other material:-,   from  syntheir- 

libres  cannot   strictly   be  camsi de red  a  part   of  the  pet roehoniiaual   i ndns.t vy, 

the  UK e  of  radically  new  teehni nuer,,   auch  ai:  wcl    format i »n,   i:-   of   interest 

to  the   :.ndustry.     With  the   appearance  of the   new  ;-,\tithe t i o  high   polymers  and 

fusible  polymers,   e.g.   polyol ef i tra ,   polyesters ,   and polyamides,   modern 

processes  of web-  formation  have   been   invented.     The  porrillo   application   in 

developing countries  of one  of there,   the  spun-bonding proi-err,   wa.    dir.eusr.O'i. 

The  diront  wef-spinni ri£ process  has  a  promising  future  in view  oí*   its  economic 

advantages. 



- t./l 

j r  >,  + i      ,,.-» -,i i i .-hm,., t   .,r D  sviOhoUc   i'i Oro   i ndustry 

r< ,,-.,.-. j..,    , ;,   :i   .;. vi1 s<ipi ng  ''"'..ntry 

M       ¡i  f l'eroi: '.      f t'Olii     Ul'U-C 

-•, :.'. i¡r!. I  '    * ¡ ì fi-    1 nuns try    1 :' 

m-ius' r\   -it.-i    i t.'   .-it . : i by   to 

.(,   *-; IT'   <•.•'.•<•<, t i a !    step,   thei'O- 

i,... ,       .. 

, ¡i-'..      '"he   o;'*..'i¡ iishmciO.   '-*'  a   ;•;.':.'!.'•' i 

presents   -oidais    i-isio    {-I''-'!  :<'ms    '•''•'''     'sr'     '   '•'''l^-;", 

presentes   ¡ v     -'her  j-c-1 i-- - ->;«'::i i • • ' i !    i :.:..'r¡-v .      •••   s,. 

often   Mppoii, !«•:;!    ...pm,   tue   gmwtn cf   * h<    t'-vus    li: 

aU-ori.   new    f i : res   T'f.!„irii,f'   r.ov     .pe-ra+ i-r.s .        ne 

fore,    in   n-t   ..ni;.    î  •   ^..nrv   eMstmg   ^xMi-rJ- •( 

provi...'   th.    investía   n,,.rn!   f,.r  mo.if;,,,,'   ^.. ^*'   ih"    -vestment 

,ioer   not  have   t.,   L,-   largo;    t'-r   n.rtai.e,   the  -..vnvim-,  of  o.   « ...oO-.-pin.iU, 

,.   4      ih„   - ,.r  „f   noiv0.-trr--v!!.i.n   ì hi,.ir   requires   lein-  than ootton-spmni .ng  unit   t.-   the   u.-<   m    P"!/'UI 

Î100,000, tía the iieeessary foreur exchange and other facilities must he 

provi.led. Herein of natural ami synthetic fi broc are of special interest 

to  'level opi tig countri er . 

004.     The   next   step  it-,   the  manufacture  of the   fibres  themselves.     Developing 

countries   should concentrate   first   on the conventional   synthetic   fibres  (nylon 

and  polyester)   and,   in  colder cUmates,   acrylics.     The  development  of more 

exotic   fibres  m,st  wait   until   a market   for these   fibres  exists.     Oynthetic 

fil re  plants  .'an  to  established  that   use  imported  chips-,  or,   where   foreign 

exchange   proMcms  exist,   importen  inonomers,   arsi  can  be  of  relatively  small 

sise.     However,   the  pronation of  a  good  grade  of  fibre  based  on  th"  use  of 

establishc;   processes   is   important.     The  textile   industry   judges   fibres  by 

their quality,   an, the   production  of poor-quality  synthetics  would  retard the 

growth of   the   industry. 

;'0':-.      In   integrating  the   fibre  industry   back  to  petrochemicals,   the  final 

step   is   the   production  of monomers.     Monomer plants  are  rather   large,   and 

ihe  production  of monomers   is  possible   only where  a  substantial   growth of 

the   industry  has   taken  place.     Thus   SJMT  plants  with a capacity   of  less  than 

05,000 tons/year and  usually  not   less  than SO,000  tons/year  are   seldom 

economic.     One  mothod   of  overcoming  this  difficulty   is  to   set   up monomer 

facilities   serving more  than one   country,   such as  those  being planned  between 

Iran and   Oakistan and   between other countries  of  the E0AFE  region. 

Discussion 

Out».    The   Oymposium discussed whether  developing countries  should commence 

fibre production  based  upon  imported monomers or produce  both  the monomer 

and the   fibre.     based on the experience of some  developing countries,   such 
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a;-.   India,   it   war,   felt that   the   import   of monomers   in   the   first   instance  v:>s.i 

be  advantageous,   ti i noe  this  would permit   si.b,-tant i a ì   savings   i i.   forcu-c 

exchri>i(t'e   to   fe   made  ami  markets  licci   to   io    Tent ni. 

.'07.     The  sise   of  polymer  piatiti'  war   ti i seossed.      !*   vas   punted  -od   that    i},, • 

of   moiúa: i ng ¡OT'   instance i s   ai out. ;   peí-     'en*    ni fríe 

"t fìT ee   t , tuo.-  as 

"r >S '      oe\'o \ , .ping 

O'!.    W i  t.ii    p i act S   of 

',''•'••  ":    f >ns/year    i'ol 

iT>'e a  unit   fith   a   capacity  of   1,000  tons/year  that¡   i t.  a   ,,r 

I'd noe   synthetic   fibres  can   fe   sold  at   premi un  prices   ¡ 

countries,   it   va."   í'elt   that  a   t egi ntii r,g  conia   ¡ c>  maae 

small   oapaoi 11 os ,   such as   1,000  tons/year  i'or nyf>n  a» 

polyester.      Interest  was   olitoti   iti  the   possible   i ntograt i or:  :<ì'   tao i i i * ¡ or   l'or 

producing silklike   fabrics   at   relatively   low  capas i t íes  with   oxu'tii.,' ornali 

polyester aun   nylon  planto.      It  vas   noted  that  tino   i-   t'eaoi 1 le  with  a 

relatively   lev  capital   investment. 

.'Ob1.     Competi tion   between   fibres war   discussed,   and   it   was   felt   that,   while 

nylon will   continue  to  fe   important   in  the   filament   field,   polyester will   be 

increasingly   important   in  the   field   of  blende with  natural   fibreo  and  will 

win  a  greater  oliare  of the  market.     With  regard   to  tire  nord,   where  polyester 

it-  now making  rome   inroads,   it  war.   felt   that,   in  general,   nylon wilt   continue 

to  be  preferred   for heavy-duty tirer.. 

20Q.     There  war.  much  discussion of  the  production of  polyvinyl   alcohol   (vinylon) 

fibre.     The   suitability of vinylon  a;-,   a  substitute   for  long-staple  cottoti  was 

discussed.     However,  vinylon   ir.  not   spun  commercially   beyond   >•>••  "omits,   and 

experiments   in   India showed  that,  when mixed with medium-staple  -ottons,   it 

is  not   spinnable  "beyond   00 countb.     Consequently,   only   industry  will   continue 

to  use   it  as   a  substitute   for cotton,   although competition   from  nylon and 

polyester will   limit   its  use   in certain  fields,   such  as  production  id' tire  cords. 

210.     The  likelihood that   new  fibres,  will   be  introduced  that   might  compete 

with  the principal   existing synthetic   fibres was.   discussed.      It  was   feit   that, 

current   fibres  meet, most   of the  demand,   and  their prices, are   falling;   thus 

new   fibres would  have  difficulties   in  breaking  into  the  field.     However, 

there   is  a market   for silklike  fibres,   and   their  production  will   grow.     While 

the  prices  of  some  of these,   such as   benzoate  fibres,   aro  high  at   present, 

costs  are  likely  to  come   down  as production  increases.     With   regard  to   the 

competiti oil of synthetic   fibres, with   rayon,   it was   felt  that   nylon arid 
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polyester are making substantial   inroads upon rayon filament,  particularly 

in the   industrial   field.     However,   polynosic  rayon  staple   is  holding  its 

own in  the   cotton  blend market. 

',•11.     Keen   oisoussum  took plaor  on  other  papers  presented  to  the  Symposium, 

m parti oular the  paper or. the   ! .:•:   process  for capro Ian tain   t ecause  the 

details  of  this process were  revealed  for the  first  time  in public  at  the 

Symposium. 
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CHAPTER 5 

ÏYNTHETLf'  HUMOS 

Recent   'levo 1 opments 

21.2.     Major developments have   oocurred  in all   aspects  of the  rubber industry, 

that   is,   in  the  production,   processing arid  use  Oí' both   natural   ami  synthetic 

rubbers.     The  ratio  of  synthetic   to  natural   rubber liar-   continued  to   increase, 

and  in   buth  the  United  Utates   and  the  U22R  approximately   •- )  per cent   nf nil 

rubber used  is  synthetic.     The   growth  rate   for  total   void o   rut ser >', auuunpt ¡ on 

ir,  approximately  .1.6   per cent   per year,   with  synthetic   rubber growing .-it, 

[).'!  per  cent   and  natural   rubber  .at   2.4  per cent,.     In  dovei opnig countries   the 

growth   of  rubber eousumpt ion   is,  cons iderably  greater:      iti   Indio,   for  example, 

the growth   rate   io   between  two  and   three   timen   the  world   ovcru-e.      In nnriy 

developing countries   the markets   are  largely  unsaturated,   and  .•T>wth   is  deter- 

mined   by   availability   of  raw  materials,   procesóme equipment   oud  m m i,--erneut, 

and  operating':  staff. 

,1 i.      in  recetit  years many changes   in technology have   resulted   fr->:n   the   need 

to  improve   efficiency and reduce  costs  in  both  production  and   fat moat 

rubbers,   and  automation has  frequently  led  to   increased  productivity, 

has created a need   for high-quality rav   materiali- vith  a  high   Ice;   .,r   • 

tency,   as   demonstrated   by the   quality  (in  consistency   ana   processai. :¡t;, 

modern  styrene-butadiene  rubbers   (CBH)  and  also   by  the   stops   taker,   by  th 

natural   rut ber producers  to  improve   quality,     fioriti nv.ous  m i x i r g has   been 

introduced   by  one  company,   and   tire  companies,  have  rea'-heu  a  high  '¡o'T'o 

automation   i ri  tire   building.      In  the  production  of mechanical   gooUs,   in; 

moulding and  continuous  vulcanisation are   being widely  an< .¡ ted. 

.'1/1.      Iii  t.re manufacture,   the   level   of rubber  in a  passenger  tiro  has 

decreased  through   the   increased  use  of  both  oil-oxte!,u«"i   2,21-   ana  ois- 

polybutadiene.     This  combination  of  rubbers  permits  higher   loadings  of e 

I lack and  oil   in tread compounds,   particularly with  the   i r.terrr.eu: ate  ;-tr 

furnace   blacks..     In truck tires,   the most   significant   neve 1 "pmer.t   is   the 

1,   o! 

his 

of 

O'tliili 

arson 

ucture 

use 



i,   rontatn   with  the  road   if 
of  the   dual   i rond.     The   porti m, of  the  tro ad   u, 

o  ohunkin*-,   with  the  under tread 
formulated   to   be   mur ¡notant   to   obran i ou 

,,  hr-'i*    i ui :.i-..p.      "hii-   development, 
boinf*- hirhl.v   resilient    it.   -rder  to   -in'.••<•• o 

,,• h,.,hi,   r,,:-,; i-r.t    r.i :nr,   t-nint;-   the   uco 
whi'-n   ropiíi'M1: 

•..t i 

it.? 

tiro   tre a do 

i;.-   na tu i'al 

;•!(•       tIV'i'l 

¡o   i -j ì ì,v   hifher   levo!   o]'   oyutho 

"he  avorape   eompo1* it i <n:  o 

'   "   pò7"  cent} ,   o i ;--pp '. ; 

r -.«'i i 

.i ; i or 

'  th"   *    *- 

d uMdioi.r 

•or 

Mw   nor eoi.ti   l'or ¡u nple-troad  eonc 1 ruft i or,;. 

ll'l-:,   in   M-uok- 

tho   dual    treati 

f '-,   per on.t),   fomparod   with   i.Murai   r. por '"o* 

rovi  uri 

[   rpì' M 

y '••     o i í-_pn 1 v t>iita ti i erse 

: j   per eet. 

iave   uu-i.   developed,   ir, 'ludi np ridi oír  with 
Mb.      llpeoial i ffol  new   polymère  nav 

gelter rendatwo  to   óbreme   omhtnmr   euch  ao  hiph  temperature!-,   exposure 

ou.     "hoi-e   allude  polyaorylatoi-,   Mlioono  and  fluoridated 
to   r.peoio i un ri »••ant 

Ivmerf,   called   thermopl art i''   rM i e r;* 

be  prooe;u*od   like   thermopua! 

hun   far their uno  hat*   leen  limited   to 

polymer;*..     A  no:    family  of  runnory  poi 

Ihewo   pro.iuoti*  fan   be  pro-ciu-M   like   therniop ¡ aut i er,   and 
hat-   been   introdueed.      ¡nei.*e   7 

yet   behave   like   ruiner  on  0001 inf. 

1 mprovemc ! it f  are  poní* i b1 e . 

Mo.     Another major  treno   during reooM   yearn  haw   leen  the   Mendmp 

and  plai-twu-   M  a-Moyc   •. peMa!   propertier.     ".omo  exampleo  are 

polyhutadioue  with ufyrene   to  five  hirh-impaot   rMyi-fyrer.c 

•err wi th   1 

application;-  where  temperatile!-  do   not  ni-e  anovo  ,-,     wo  •   ,  ••,   K-. 

f  rubbers 

the   life   of   e ir- 

li.d   the   1 letuii np 

n  aehievo   imi act   7-oniM at.e e;   the  nitiolo   rul lern 

ï.ci'o   have   I een many   do-o Mp- 

' 1 • -3 t 1 on;* 

of  ni tri ; e   i 

act   an  a  uou-nupiMory   pi ant 1 ••! uo7-   m  thr 

1[1Cntr,   m   the   fi obi of   oynthM i e   latioeo,   auu many   new   type;-   and  app 

rom  the   fact   that   tho   appi i eat i on   of  latice;-. 

-toad of  the  heavy hiph-rhcar equipment 

have  a i- i i • e n.     "duo v, ' e m ; 

iiivolvei-    i iquid  handl n.¡'  equipment   i 11 

ui-ed  m  rubier and plantío;-   rr«ooi*i-in,.     latex   teehnoMpy   i <••  there foro   one 

of  the major wayn  m  Muori  the  rubier  mduntry   is,  no mpl 1 fy tup  ,ti:  operations. 

New  latioee,   particularly  earbo.yl ated  typen  of 1Mb   and nitri le  rubber,   and 

neve method:-  (preiuure   appi omcration)   for the manufaoture  of hiph-nolidr, 

latieci!  have   been  ihtrodu^cd   iti  reoent  yean*. 

-.elected   teohnolofuei-   (polymer production)   of  '-.peoial 

i lito T*-0 i " t    to    deye i npil.f'    ''! '''1-' TU '"•'• 

(he    i-olor ti 17.     Many   factor:'  oro   important   . 

,hiRtioii  of  oynthetio   rul ber   in   devo lopin/'  oountrio 

re   a  raupe  of  ridine re   that   will 

/,{'   t fo-htiolof! e;*   for  the 

'i hoce  factor*;-. 
pro 

include   the  ability  of  tho   proceri-  to  prodi 

importo of  specialty rubber?;   the availability of permit  a  réduction  ii 
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local   raw materials,   including egtalyrtf  and other chemical;-;   t.hf  ability 

the   proeerm  to  ure   loyally  manufactured  componente   ami  ¡-paro   pai'';-;   *hr 

rei i abil i t,y  of   the  prone;-;-. ;   the  vu] nera hi I ity  .if   the   pro, '<<:•;•   i.i  \-'- r-i -i * i  e 

monomer purity;   nn>I   the   ;:poi'i I H'   naturo   ani  e;eo   .if   the marke*    '      i.-  ;-or-. 

The   technologie;-   that   recuire   corei dorn t on,   I'.T   i ari..'   plan*r   -.re   * "• : • > ; • < •   f>> 

the   production   of:     e i ".-pul y i ceprene ;     o ic-poly Put no lune ;       ¡M'n,   ¡o ymrr; 

colution  'ÔI-'p/lov.'   i" ie-po ! yl-ut adi orto ;     em-,; I ;• re   ;: |-|- .'; '..tan i e>,>    r.io-r       :; 

and   nitri le.     f'ther  techno I ogi e¡-,   to  produce  ethyl e¡.i>   ri'opy   -un-   ' o r-p •.,-'; 

butyl   rubber and   pnlyohloropre.no,   which  ha;-   cpeo i a I i ;-ed  uee,-,   eh.-u M   :e 

con;-1 dered   only   a<e  the   industry   devo lop;;. 

••l'invi n ir.g 

i<T''    'lli'T' 

. 1*';.      '• ir-po ly i coprono   ha;'   leer,  widely   eoneidored   ao   a  morir.;-   , 

highly  re:-i lient   ruhher   for   1 arpe   tire;-,   particularly   it. area; 

ii-,   a   deture   to   heeome   independent   of  t;atura!   robber.       ' i ;*—1-< > 1. : i .^rmi'   a!;-o 

offer;-,  a   technical   advantage   to  the   uoer,   in  that   ito  vi e-,,.-t'y  hac,   ;.p   f- 

nov,   been more   tightly  eoutrolleil   that,  the  natural   prompt   '<hi>  ^'••' "•' * ' "• '   ''' 

the   prema ;.-t l'uat i nn  timo   required   in  pr<>'nu-;-i tie-  nat-;ral   rui : or.      •• e", r,    -i. 

po 1 y i cepreno  io   not  without   it:-  di eadvar.tagoc.      \-,¡r  example,   i4,*   ,.-!•••,•:. 

;• tro lift h  and  tack  are   loi-,   which make;-   the   fai ri eat i on  of  tire  m-m  liil't'i." 

•If'« 1 he met important acpect of o i ;--po lyi cuprei,e prvnu. •* i y, ir ::¡..-t -ima. 

oí' the worin ir monomer coot and availability. All -urroully kt. no, pro •<•:•;•< 

recult   in  an   icopreno  monomer   that   ir  confi dorai lv  more  e>., c,e i -.-c   than 

1 K' ha I ;rt adi er.e .      i'urther devo 1 opmout c  muet,   bo   expected,   bu.   it   .erme 

otiti i   new   prooorcec  are   deve ¡open   and   applied   .-;,   a   var;,   large   c-ale,   icopreno 

will    be  ari  expone, ivo monomer,   arm   polyif.opre.rio   an   oxpouei/e   i  il-'n^p  re I  , ' i \n> 

to   3 HR  arid   poly ¡miad iene.     Owing   t >   now   technique,:;   l'or   nroddeing  natami    rnli-or' 

that   liave   lowered   production   eoetr,   arni  are  ani table   for  noe   in  Muí ayna, 

Indonesia, -India,   Went   Africa  and   other  developing  a re an,   the  do;; ir ab i li. t.y    <f 

unir«-;   technological   reooureoe,   to   replace   a product   that  nan   br;   prod mod   t*r en 

natural   reeouroen muet   be  questioned. 

ca50.     The   poi-ition of  cif-polybutadiene   differs   from   that    ,!'  ¡  .tyi.   ,rc<-.,,    n 

that   the monomer will   he  available   from   .-.team  eruokerc,     bj_ 

consumption hau  grown veiy   rapidly  during' the   lart   fi\'o  •-,••, 

butadiene   improver, the  abrasion  resistance of pareen..-<• >•     ' r 

in  blende  with  ¡'.HR and  natural   rui ber 

,   '      OlM[,f 

! +. '.  nae   a,.- • i ¡err, ; 

groove-cracking problem  that  war  encountered  in » 1 r 



?n.     A major problem  with polybutadiene  continúen  to  be  the tendency  of 

Urer,   e^iall;,   1 aire  oner   for  buses,   trucks  etc.,   to  chip and  chunk.     ThiB 

tendency ha.  resulted   n, vex,;   1 OK  use  of  polybutad,ene   n.  rervioe   requiring 

a proportion  or "off-lhe-roaU"  driving or  of  dnvmg on  poor mad,,     £i£- 

pnlybutadicnc  can   ce  urcd   to   « cet   advantage   for  tires   for  trucks  and   l-uses 

employe,]  ountim.mu'.ly   i», highway  «Invilir and   for L'orth  American  passenger 

the-  vet   traction  (ckid  resistance)   of   tirer   decreases 

.nkelv   that   use  oí"  cis - 
car tires,      beo.aure 

with   i ne-rea:-it.fr Q i s-po • y ¡ utam one   Cuiitent,   it   ic  u 

polybutad.ene vili    increase   bevono   the   level   in  North America.      in  Kuropc, 

wheie   Ma-ii'   -u-(>   frequent !; 

than   in   1-rth  America,   ,-vii.g  io   the  empìr 

>.d   Mher  polyi utad, enei'   are   Lenir "ìT.I   ir.   increasing 

••areas;-    '.„iipoumis   in   tot h  tric'K   ana   l=u:-   ti rot;.     They 

nn-i  afiiir character, st cs   thai,  natural   rubber 

".n  .--aroar;-   compound;',  to   reduce   the 

unen  e-.-en 

ir 

v.-et   arci   trafile   density   ic  high,   poly butadiene   ir. 

.-  on   road  i-afety. 

;v i -ciao 1 Oì.l 

aino.j.ir   ac    ' -rnponei.tr 

have   i et * <T   reami '   proper* i' 

,-. ,mrnun ir.      '•'  :    ir   ale   l'n-r.t'i.t ¡y   use 

UMi.ler.-y   ..:"  n.v   .cai   ruiiei-  --^mp-cn-ir   t.,   soften  with  eyr-nded ure   at   high 

tempérât.,rer.        i.l i i    th<    pi-ere:.',   very   littìe   Po 

outsute   the   'in-   rogme-c   ..f   the   rad ! er   industry. 

•..   uScr  f- r o..rtain graces   .d" h 1 gh-i..ipao \   p,> ly r t yrent: 

uta :i ene  ha;-   1 ceti  used 

[:•  only  other major use 

ir   ai ai.   impa ' 

;;,vcra;   pr     r-rer  an    avasalle   fur   the  manufaoturo  ,, t cir.-po lybutadi ene, 

>,.!  v.ith   nino   oiffereneos   in proper!.er.     High 

tait   pr-.'cr--   nar   been   fourni to  provide  the 

.  tor* e .veri :.g a  range     ¡     ' i 

,. i ;._p(1 ¡y i cta-uene   iure   on   the 

~t   p  i,r  proper-ne-   an-i,   m  parti-uiar,   to  gì-!   loart  "bagging"  wher 

i t s  coiiipe.j.cr  are  mi 

area;'  where   the   nuda: or  equipi 

with high   freier  rat«  .  mi i if-      i'ho  11 i am um-catalyreu   po lybutadi ene   is 

superior   to   the   i ithium-'ata.yreo  polymer,   but   n    inferior to  cobalt-catalyze, 

in  procerr. i ng  ieha.iour. 

.- /.       wp.pj-'b      a    'l-o'   ti-cne   to   the   ure   of  oil-extended  po iyt utadi ene  has 

tcken  piace,   ai'   through   thir  Meto maximum  advantage  can   he  taken  of  high 

,        ,      .,•   ,r   ,.,,..   i-N.-k   t..  ronco  compound  costs  without   raen fice   of proper- level;,   cl    oll    ali"    '  id   rv    i."   i' -."-  '        eau i-     »u. 

itionrhip   between  solution  viscosity and molecular 

Ihi:-  eonri-iorat. - .    if  particularly   important   in 

d  enuipmoi.t  war   uengned  around  natural   rubber,   i.e. 

i'ouhu more   economical   to   produce 
tier.     '-Vi ng te   the   re lai 

weight   found  with   the    '-.¡ali   .^.-\^m,   it   ir 

p,     ..oap   r. stem  than   in   the   titanium  system.      It   is  also 

.,,,  >l(-  .^¡vuaadiehe   m   She  cohalt   ryrtem  through 

M.ditioiic   and   thereby   proiiuce   polymers  that   act   like 

nil-extended   Hb'    l 

possible   to  vary   prepori i 

changer   in   reaction 
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titanium polymers where  this  is required.     In  this way,  the  cobalt   system 

becomes  extremely  useful   in  produci ng polybutadione   for a ratine  of mid  usos-. 

??\>.     To  determine   the   desirability  of  building a  po Jy lutadi one   plant,   i!    i .• 

necessary   to  n\-ï\ei:-i-   road   fiorali ti or. s   and   the  nature   of  road   t rarspor* a * i -,-u. 

systems   in  a   developing  country.     As  a   region   develops,   a  c i ¡i-p. I;, büt a a i one 

plant  will   be  required,   but  a  more  versatile  plant   is  usually  required  at. 

first. 

:",'(>.     Although  the  Alfin  process might   be  considered  as, a potential   route  to 

additional   rubber  for  developing countries,   it  must   be  recognized  that   it  has 

yet   to  prove   itself on  a  commercial   scale,   anil  the   rubbers  available   from   this 

process have  not   been   adopted   and   used   by   any   of   the  major   rubber  companies, 

fn  time,   however,   this   oroeoss may   become   important. 

bi'7.     Since  the  growth  of a  developing country's   rubber consumption  depends, 

on all   segments  of  industry -  rubber   is   needed   for  bicycle  components,   foot- 

wear,   belting,   hose  and  automotive   products  etc.   -  a  combination  process  of 

the   solution or emulsion  ¡llìR/fR   type must  also   lie  given  seiious  consideration. 

The  solution type  of ZHli/hh  plant   is  versatile   in  that   it   is  alile   to  produce 

random-type   ZW   for  the   tire   industry,   block-type  Zìi-'   l'or  footwear and  poly- 

butadiene   for tires.     Experience  with these  random  bl-f's  shows,   that   they  have 

good  dynamic  properties,  and  that   their abrasion  resistance   is  equal   to   that 

of conventional   obR.     Difficulty   in  processing has.   been a  serious   disadvantage 

to  date;   although   the   process  can  be modified  to make  easier-mixing polymers., 

these modified  products   show   low green  strength  and   building tack,   which makes 

the  building of  tires  more  difficult,   particularly  when high  standards  of 

quality and  uniformity  are  required.     The   block-type   HI-R's  produced   for 

application  in moulded  products  such  as   footwear shoi    good  moulding  behaviour, 

but,   because  they  have   lor  green  strength,   considerable  difficulties  are 

encountered  in mill  mixing,   and production  rates  are  adversely  affected.     Thus, 

the  solution "BR s have   interesting and useful   properties,   but they are not 

interchangeable  with conventional   CBR without   the  use  of special   compounding 

and  processing technology. 

fT'8.     Polybutadi one  produced   in   this,  combined  solution SBR/RR  system   is. 

similar to  the  lithium   type  of poly butadiene  and has.  relatively   low eis 

content.     North American experience  with  this   type  of product   shows  that  it 

can be widely used wherever  the high c i s   types  are  used;   but   because  of the 

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



a„„  extrusion  in   bien,.,  with   both  natura!   rubber or with  W are   also   slightly 

«duce, and  «suit   i„  slower  throughput   .cause  of  slower mixin« and  because 

U-eau  extradons   run  hot,   oooas. onal 1;.   cau,.^  ^m-ii.r/. 

.,        rrom   tno   ,t,ndpoint   ofthM^-I^.T- ^,^-l'i- IUU'"- 

..„./„.   .„„.o,,   -mit,   cwr.erat.le   fl„H,!H;,.     H — r,   the   ohan.os   from 

pi,l-,1 utaui.no   to  bubP   renerò  a short  period  oí"  sh^.uo,,.  Up   to  a   few  „a,,, 

-iopenuin, on  the  equipment   ,nstallod>   between  t;.Tes.     "^   P—l'   i: 

,apaun  of  usxnr  -Mute   stress  oí'  butadieno,   provided appariate  recycle 

fa,p-tlr,   do  not   result   in  concentration of   impur.t:,,   . n   »ho   u.luents.     It 

r.   al.o   portant  to  rocote   that   this  process  uses  „rectal ^   oatalysts. 

,„,,„,,.,,   although  .Jilute  butadiene  has   been used,   tno   iutad.ene  must   be 

fr,o   from  polar  xmpurit.es,   includine moisture.     Idea,!;;,   as  with all   the 
</      -i--,. «M4n   fat,-, iV"1:-   used  to   produce orrar.omctai Ho   systems,   including tne   /leeler-.alta  oa.A,^t.    - I 

the  hi.h  c^-poivbutadicnes,   the   best   control   of  the  process   is   achieved with 

raw material,  «f h,,h  and  consistent  purity.     The  process   is   therefore 

,ensitive   to   „r,et,f   for  example,   in   the cracking operations  provide the 

monomers. 

•.,,      »,,o   .•llter,o,UvC  ,,»»:tll«   proco,,,   which   u-   the  «.«:t»»'.l   •ul,io„ 

,„;„'„.,, lor ^o.,,.-..,«: :••!•><. - won a, «u.,1• pO^taOce,   „ ,1,0 «tr-ely 

„en-atUe.     '!he   oyOe,„   .,  -apaOe  „f proems a - uc rh ,:e , r   .no,: tenhd  a,,< 

„U-e^nhe,, po,^,-:    that  a,, wo, i   toll«. ...   h.^tij- a,,,   r..r wh.ch   the pmo... 
. <     i^f,r,o,i       H(,•  recenti v.    further research an.i  applicatici!  technologies  are  wen   defimu.     ,01.  i-xetu ., , 

„,..  vLolded  3HH with   -,  superior  oombinution  of process^ dynamic  and  oonven- 

ti,,nl   Physical   properties,   coupled  with an  unusually hi«h decree  of  product 

uniformity.     These   improvements  have  resulted   in   reduced mLxi^ cycles  and 

L..„.r. vod   extrusion  rates,   which  have   permitted  an   increase  in   the  effective 

...,;. 1(.it.,   of  tire   factories  without   additional   equipment.     The  greater uniformity 

„rr,w  muterial   has   also  ,onlrilmted   to   increasing   productivity   in   tire   build- 

L,„  throu^h   the   reduction  -f re.,ect   rutes.     because  of   these  enanas   in S MR 

product  quality  and   the   secont   chan.es   in   the  design of   true,   fires   (where  a 

„„„„in-Ui-m   tread   io   used,   for  example,   an  abrasion-resistnut   wearing surface 

,lMd  on  SUH/neoprone  ru¡ ¡ or  (NH)   or SW/HH/NH  over a highly   resilient  under 

>rr..A  u.u,od  on  NK  or   HR/'-HÏ   the   use  of SUR   is   increasing substantially   in 

North  America.     These  f.-t.-.-r,  will   also  be   relevant   in  developing countries, 

priivuled   that   the  equipment   for  producing  the dual   tread  is   installed. 
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obi.      1 he  emulsion  system also permits  the  production  of polyhutadi ¡Mir. 

polymer hai-  an  even  lower eis  content  than the   1 ithi um-eatal ysed   prouu-t 

produced  along with   solution   '.".i-}'.      It   '-ai;   Le  piv-crci  easily  a:.:    'on'n 

ome   improvement    in  the  abrasion  res i staice  of   ¡¡cris  Kit h   ;>>t ,]Ti •;.; ! e f 

'hie   i:r!]7'')vemoj.t   in  at ration  rc^i ;• tance,   hu-sev 1 » is ¡'"rea-, as 

wi th the in gh "i;-p .tacici.e or pu ly t utaui ene th i un '•:-Tf'- 

he   emulsion  system   ir   the  l'iiapicrt   of al!   synthetic   rul L--fi- proco.u-es   to 

operate  ano  control   ef f ici ent 1 y,   and   it   aim  permit e   the  createci   variation   ¡n 

monomer purity.      because  the   polymen cat io.n me ilium   is  m.  aqueous   c;:iulcion, 

solvent  recovery   is  eliminated   (together  with  colveut   lesees),   ano omt i nuous 

grade   chancee  are   in widespread uce,   thur  ensuring minimum  upsets  to  polymer- 

isation  chain  ronditi ont-,      '• rn many  plante,   the   cont i ir ,< u,c   .-"race   ohaucv   i. 

airo  very   a 11 roc ', i ve   from   the   economic  viewpoint,   a;-,   the   r.. .n-etandard material 

prodneou  during  a   grade   change   can   he   segregatoci  but   etili    ucea  au  "off- 

epec i f ico t i on"   rubber  for   lece-  critical   application;-.)     An  emu lei on  poly- 

butadiene   process   become;-  very  attractive   in  combination with  ¡"ft.1   te>-aure, 

during  ite  manufacture,   the   "stripping"   column,   used   for-  separai in.-' unreactod 

styrene,   i ;-   not   required.     H i nee  the  column must   be   cleaned  peri odh-al ly, 

polyl'utadiene  can   be  produced   during there  period;-  without   ourtai I in,'- the 

polyrneri cation  reactor:'  and   finishing cyr-temc.     r,he  capacity  of  the  plant    is 

thereby  increased.     A   fui'ther advantage   of this  process  is   that,   an  the  need 

arises   for  specialty product;:,  euch  as  nitrile   rubl»erc   for oi 1-res ; c tant 

application;-  or  latice;-,   for tire  cord  and  textile  and  paper coating:-.,   the 

technology  to  produce  such  polymers  can   be  acquired  and uced  with minimum 

additional   investment. 

?,',.     The  potential   to  produce  latices,   which  is  provided   by  the  emulsion 

system,   also  permits advantage  to   be  taken of  the  recently   developed  technology 

for  producing high-solids   latex   by  pressure  agglomeration.     This   technology 

permits entry   into applications  in moulded and  spread   foam   in addition   to  the 

use of conventional   latices   in carpet  and  fabric backings,   adhesive;-,   tire 

cord  dips  etc. 

234.     It  is obvious that  no  single  rubber can be specified  as  the most   suitable 

for production  in a given country.     The  choice  of rubber must   be   based  on the 

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

development  taken  into consideration. 
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Selected techmnues of special interest to developing countries 
fnT. pw^enmr^ and fabricating synthetic rubbers 

T.   i     +  -, tu ^T-,«-,--.-! •--- and fabrication of rubber continue to ?>,rj.     bevel opments it. the pro< e. .1 r¡f, ana ii-ii-i^ 

provide marease.i operating efficiency tnrough the introduction of new methods 

and the optimisation of  the -Mer ones.  The advantage of latex technology in 

making it porsi sie to use simple equipment for fabricating rubber has already 

been noted; this trend is continuing. 

P}6.  In rubber mixing, high-speed/high-psessure Banbury mixers permit sub- 

stantial re.i-.ct ion in mixing cycle«, together with improvements in dispersion. 

This provides rubber vulcanisâtes of higher qunlity.  A process based on the 

Banbury rruxer is by it» nature a batch process, but a very high degree of 

automation is now used in modern mixing rooms, with automatic weighing and 

filling equipment and automatic take-off facilities.  One North American 

company has introduced continuous mixing (Intermix) in its latest tire plants 

and claims reduced capital and operating costs for this new process, which 

can be adapted to a range of mixing capacities. 

r:.V7. Extruders have been developed further, and cold-feed extrude-s are now 

widely used. The dual tread for truck tires is a further example of extruder 

developments. 

:.".&. The use of injection moulding of rubber, although extensive, is in 

general confined to products that permit long production runs.  Tn certain 

applications it offers benefits by reducing the costs for moulds, as fewer 

of them are required.  Many different injection-moulding presses are now 

available commercially. 

:M9.  Continuous vulcanisation of extruded sections is also being more widely 

used.  The technology was developed by the Rubber and Plastics Research 

Association at Shawbury, United Kingdom, a research institute partly financed 

by industry. 

040.  A number of improvements have been made in tire retreading (e.g. the 

Orbitread process).  Tire retreading is particularly important, as the most 

complex part of  a tire is the carcass, and its reuse, through retreading, can 

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

a developing country's tire industry. 
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Possible  areas  of application of  synthetic  rubbers 
of special   interest  to   developing countries 

241. The  main  areas-  of application   for  s-ynthetie   ruffe r-s  are  well   known; 

nome  examples-  are  tires-,   conveyor ami   transmit ss-u<>r:   I citing,   hose,   rol loin-, 

including  printing roller;.-,   footwear-,   and chemical-plant   linings.     However, 

several   new  applications: have   leen   dev loped,   and  s-urne  oí'   the¡-e   are  extremely 

important   for countries-, wishing to  acquire  the   lates-t   technology  a,-  quickly 

as  possible.     Carpet manufacture  providei-  an  excellent  example  •>!' a new 

application.     Using carboxylated  S HR   latex  to   lock  the   tufts-,   a  maiiuf.icturer 

can  begin   to  produce   tufted  carpets  without  having to  progress   through  wovon- 

carpet technology. 

242. The most   interesting major areas  of application are: 

(a) Construction -   rubber  window  seals;,   flashings,   waterproofing 
membranes-   for  foundations   and  roofing and adhesive:;.     All   nï 
these applications  are   important   for  improving  the  efficiency 
of construction  and  for minimising  building maintenance. 

(b) Furnishings-  -  upholstery   Ç cushioning,   curled  hair >>r   foam), 
mattress-.es-,   car  seats-,   carpet   lacking  ''tufted  carpet:-',  carpet 
underlays-   (foam),   furniture   'high-impact   po]y¡-tyrene  as-  a  suds-ti- 
tute   l'or  woou).      .he   attractiveness  of   these   applications-.   .upends 
on   local   condition;-.;    f<>r ovai.,pie,   a cour.try  wi thout   timfer may 
find  high-impact   po !ys-tyreise,   \-hich   us-e s   rut 1er  to   gain   impact 
strength,   v^-vy   important.     r'ountr.os-  with   muigenous-  oarsa- 
fibres  (coconut,   animal   hair',   will   pro! ally  prefer-  to  use   latex- 
impregnated  curled  hair   for  eus-.h 1 oni ng,   vhereas-   those  wi'hcu' 
these   fibres- may  prefer-  to  use   latex   foam   for  this-   purp^s-e. 

(c) Agriculture  -   rubber membranes   for- grairi  s-ilos-,   for-   irrigation 
ponds-,   ditches-   and  dam:-;   latex  for  soil   st/ilu 1 1 s. <t i<m   ¡wind 
erosion). 

(d) Plastics,  modification  -  polystyrene  (regular and high   impact)   for 
furniture,   packaging,   TV  modification  v,;+h  n'ril'-   ratters-,   AK' 
manufacture and modification (nitr-ile   rut i-er;-; . 

Factors,  affecting  the   s-ynthoti--   rut tor  industry 
1 n   deve i opi ¡ig  coun '.. r. <••' 

243.     The  establishment  of a  synthetic   ruiner   mous-iry   in   developing countries 

is  an extremely  complex   undertaking,   and many   factors; must   tie  eonsi deren. 

Since the   synthetic  rubber producers   in   the  developed countries  operate  on  a 

large  scale and  the markets   in developing countries  are  s-mall,   no  'icveiopmg 

country  can establish  a synthetic   rubber  nidus-try  and operate   it  profitai ly 

without  taking measures  to  protect   it   from competition.     2uch measure;- may   be 



.iustifie.i   if  the  establishment  of  the   mduntry make»-,   the   bent  use  of  availaMo 

rCiuniI,.o,   (Tom   the   standpoint   of   the   over-all   economie   dovei opinent   oi'   the 

country. 

.4,1.      un.ee   pro.i.ocir   m   developing  cornos   I ,vk   the   experience   n,  meeting 

qualH;;   standards   and   n, market mg   for  export   that   producers   in   developed 

,(,.ntho¡-   have   a-nnrod,   it   m   unlikely   that   a   plant    m   a   developing  -untry 

v-i il   he   alle   to  ...port   it,   products   profitably.      1!   :aust   therefore   depend   n„ 

Un   dornest^ market.      : he  n:-  and   rate  of growth  of  tins  market   is  very 

elonely   linked   to   the   oyor-a";   o-ouonno   development   of   the   country,   as 

reflected   m   unproved   distri i ut LOI;  of  agri mil tura 1   and  mining products,   the 

use   of  roa,-truoK   transport   m  addito,;  to   rail   transport   and   the   establish- 

ment   of an  automotive   industry,     '.'.inee   the  construetin,,  of a,   largo  a  plant 

ar  pusille   ir   required,   it   is   necessary to   foroeant   the   imrl mat i one   of 

economie   .irvol.ìi»!.'   nî:  the   demand   for rubber.     It    ,s  not   sufficient  to 

extrapolate  ,-,rTCi.t   growth   ra^en   of   ruìter consumr* ion,   H>,T   restriction  of 

runner   impede  may  have  Loon   the   factor determining Hie   growth   of   industries 

consuming  ruiior.      |t, many   -asen  growth  ratee  have   leen   rapid  as  noon  an 

produis   ha—   U-..n;e   freely  avalladle   from  a  domesfo   producer.      In  a   similar 

way,   tho  estai Ushmeid   of  a    t^eid,.'  automobile  producer or assemUer  create. 

I)IT,V,,,M!I„,   f..r  the   dornest) •   proci,.,,,  „f components   ami  spare  parts.     Thin 

,.an   próvido   a;,  unforeseen   increase   in  oonsumpt i on. 

;vlt .      h,   aduiti.H.   to   ih«- market,   it   ir.  alno  ueeennary  to  eonnider the   resources 

for  successful   rnovdtu..     " hose   include   the  availability  of: 

!^   Vt.ioru   tr-nuMogy   to  minimise   delays   it.  construction,   start-up  and 
market  ao-optanoo   { au.i   future   improved   technology); 

(hi  A   strong ocuninent-produeinf industry  coupled  with   local   engineering 
staff  ( > mu.imi-e   1'oreign  currency  expendí turen,; 

( e)   i-'av; ma te i-i aie; 

((0   Hxperion'o.i  .,r  reami;,    trainable rnanpov-r  for management,   super- 
vision,   ojera'i  -r.  and mai ntenanoe  of   the   industry; 

fe)   honour'os   f >r   'raining  staff. 

An  assistance   m   lik-  .y   t-   io   required   in ennuri ng the  ava! la ni 1 i ty  of  nome  or 

all   of   the  aiove  re;    ,.rou,   i'    m   alno   important   to  eonnider  factors   affecting 

the   Horns  ng »I'  tu:..-;  aid   patents,   government  policies  regarding  joint 

ventures,   local   par' ; u ra • ,, u.,   repatriation  of profits,   protection  of  foreign 

investors   M.   the  e- • -. *     f  nat i .nal i vat. on,   and  the  nature  of  protection  to be 

provided   to   the   me .sir;. . 



Discussion 

b/ìo.     There  war,  confi! derable  discussion  on   isoprene monomer and  o i s-pol y i corrono 

manufacture   m   ihr  ¡'CHR.     Isoprene monomer   ir.  produced   m   the  *::::!•   !o + h   ¡v 

dehydrogenation  of amylener  and   from   i rot utyl o no  and   formal dehy oo .      /ho  eo.i;. -a.- 

rise  of a   plant   fared   -m   isolutylone   v ar   given  ar   -'•;,•/;<)   to   fu, • • • ;   i,,;,,-   v<ur, 

¡'ho   i';:;;!?  har.   developed   a   technology   for  producing  truck   tires  made   onlin ¡v   ef 

synthetic   rul 1er;    the   proportion  of  rynthotio   rul 1er ured   m  ail    'mu-   i n.-re-n-ci 

to  '';.'..  per cent   hy   l;"n-;.     Ar  an  alternative   to  producing synthetic  ,- .•_ 

poly isoprene,   it   war   suggested   that   advanced   techniques may  make   if   ¡  .¡-sil io 

to  produce  natural   rubi or more  cheaply   than  rynthotio  rubber  for mat.v  ye-uv. 

'•'A".     With  respect   to   specialty   rubber  production,   it   war   rtated   that,   siu-o 

the  volume  of consumption   ir  r.o  rmall,   it   ir  not  practical   to  prod..'o  highly 

specialised  rubbers,   ruch  ar  the   fluorinated  rubbers,   in  developi:   - countries. 

It  might  be   desirable,   however,   to  produce   latiros   in  order  to  rn-e  on  the 

relatively  high   transport  (U5r.tr  of  there   formr.  of rul ber. 

'•'A-{.     The   importance  to   -   developing  country  of obtaining  tech;,   logy and  not 

just  rights  to  use  a  patent  war,  emphasised.     it  war  airo  stressed   that  even 

when a basic   patent   expires,   improvement   patents are  often  still   Valid. 

Consequently,   efforts must   be made   to   ottam  the-   latest   1 odu.olngy   (and  patent:-) 

available;   otherwise  the  producer  in  r    developing country  vu il   find  himself at 

a further disadvantage  with respect  to  cost  and quality. 

?49.     The  need  to  base  synthetic   rubber   industries  on versatile  plants  was 

emphasized. 

;:b0.     It was  suggested that,   since  the  value  of petrcne-uealr   in  a   finished 

rubber product   is   low,   it may  be  more   advantageous   Í   r a  dovei ,.p¡ f;g '-ountry   to 

devote  its  resources   initially  to  Lui.I'ling up  a rub! - r-fabneat i ng   industry 

rather than a  petrochemical   indus4ry.     However,   certain  countries  have   import 

restrictions.;  that  make   it  extremely  difficult   to   bui id  up  a manufa'-tari ¡ .,<• 

industry  bared  on   imported  raw materials.      It   is  therefore   still   desirable, 

in some area;;,   to   build plants  that may not  Le competitive   in production   -ort;; 

relative  to existing plants of large  producers. 
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CHAPTER 6 

r.nnwTH  OF THK  PKl'RQ'MWMKAL   INDUSTRY 
nrmrMC.  THF. '.1K'V:;!>  DEVELOPMENT  DECADE 

P51.     Attempts  ,t  projecting w.rl-i   ..o„„„l   ^   ^ t r^bemioals  have been .ade  by 

the  United Nation«  regional   cmom,  -u,u,,;    md   <*  Karl   II.   RönU,.  of 

Farbwerke  Höchst  Ad  (for UNIDO).     The  result  of   theo  projections  are 

presented   in  the  following   tables.     The  tables   ur-lude  estates of  projected 

i      -,   i-   r,,r.   l ),",   and   l'^'O.   divided   in* o   rofnonr,   and   into consumption nf  petrochemical s   for   1);  •   tria   i,-. , 

i       -,-!-.       Moro  -ne-ifh-al 1 '/.   the  Rönitc   report different  gr>c,s  of  petrochemicals.     Mor...  ..pe . i      •     i.< , 
T      •   „   ,,„ntpiP"   r. +'  the world,   divided   into 

(tables   1   and     )  deah)  with   the   developing coantrie.   ... w.        , 

the developing -auritnes  of  Africa,   the  Arnericas   and   Asia. 

'V       D'.t-.  derived  from   the  Rönit/.   report   for   the  different   regions  of  the 

worH   :ould  be  ,,0,1  as  ,  basis   for giving -,   rough  estimate  of world  demand   for 

petrochemicals   in  1,7',  and   1*10.      However,   the   two  «et«  of d,t,  „Wen  by   Romtz 

and  by   the  regional   economic   ^„missions  are,   in  most   cases,   neither  comparable 

. ..       n      ,,. iriP(1       Por   this  reason IINTPO  should  evadaate   HI  depth  the nor uniformly  erissitieu.      > oi    UUL..., 

consistency  and comparata 1 i ty   of   the  data given   in  the   two  sources. 

'M       According  to   the  Wait/,   study,   total   world  consumption  of major  thermo- 

plastics  will   amount   t„   V.  million  tons   in   197,   and   to 60 million  tons   in   198O 

(aee   taole   l).     Of  this   total,   the  consumption  of major   thermoplastics   by   the 

developing countries will   amount   to  ?.?•(  million   tons   in   V)V>  and   to  ',.91 

million   tons   in  hJBü.     No  data   for  the  total   world  consumption estimates   of 

synthetic  rubber have  beer,   prepared  by  Rönitz.     However,   estimates  of consump- 

tion  of  synthetic  rubber  by   the  developing countries  are  available.     These 

;moxmt   to  WOO«  tons   in   W7',   and 677,000  tons   in  ljHO.     The  estimated  con- 

sumption of synthetic   fibres  by   .ill  the developing countries will  amount   to 

.,90,000   tons   in  19,-  and   to   l.o,  million tons   in  itfJO.     Total  world consumption 

of synthetic   t'inres   is  not   given. 
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•Î•'•ir -e.::     Onpubliohed  studies prepared   for  UNIDO  (Hak.ii Symposium)   by   E0AEE, 
EOA   -mil   IINES0H. 

V    íriq,   Jordan,   Kuwait,   Lebanon,  Saudi   Arabia and Syria. 

a. M e   . 

Growth of ins t ill ed npa-iW     .|' i   i.:, i •   [) '.; t raehetniea-hi 
in I/O, L-i   Anor l. • '. ' ! 

( th<>.);:  ,-¡d     ! "ïï 

Oruwth   of 
[ nut .I 0:U    • •:-•• 

i^6;./l 0 ••" 

' t •• ì act il 1 ed   cu pao i t,y , 

Ammonia. -1 w     1       1 
•      ,.      '(   1     •   • 

Butadiene 00 . u 64.0 
Benzene ?:-).o 010.0 
Ethylene 134.3 i, oí o.;- 
Methanol V).b 04.0 
Naphthalene 10.8 /.:• 

Carbon bl, ick 117.1 11.0 
Propylene P36.0 VA'), ti 
Carbon  cu 
Toluene 
Xylenes 

! phi de 19.';, / 
100.0^/ 
09.0-^ 

i7:-'t/ oo. :¡-J 

bouree: 

Total 1,')30./ 

înpubl iished   étudies prepared   for  HNTDO 

4,404.1 

aku Symposium)   by   EO'LA. 

a/ Figure:.:   Vor Mexico   only;   for all   other  count rien   included   -a; 
bon/cao-OO aene-xyl enes  (b'PX)   under   benzene. 

b/  Figure:;   far   Brasil,   Colombia and Mexico   orOy;   for all   other countrie: 
included   ay   MTX  under  benzene. 
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254.     The estimated investment   requirements  of the  developing countries are 

given  in table  2.     According to  these  figures,   the  total  capital  required  by  the 

developing countries  in the  two  periods,   1970-1975   and  197',-!9*0,   is as  follows: 

1970-1973                       1975-19»0 
mil lion  dollars  

575.0 

48.0 

1,256.0 

80.0 

1,?03.5 

Major thermoplastics 

Synthetic  rubber 

Synthetic  fibres 1,196./ 

While the  figures   In  table  2 give orders of magnitude of the  investments 

required during the development   decade,   they  should  be   further scrutinized 

and correlated  by HN1D0.     Tables   3 to 7 give  projections  prepared by  the 

regional   economi-,  commissions   and the  United Nations  Economic  and Social 

Office  in   Beirut   (ilNESCH). 

255.     "sing both sources,   it   appears that only  figures  for Africa are compar- 

able.     The  figures  for 1975  and  198O as given by  the Economic Commission  for 

Africa (EGA)   and t>y Ron it z  are   summarized below: 

EGA RbriLtz 
thousand tons 

1') 1 '':' 

Major thermoplastics 

Synthetic rubber 

Synthetic fibres 

a •• 

I w  i mi.(j 

87.4  140.7 

1m 
4HB. 3 

65.0  1?0.0 

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 dear whether consumption refers to raw materials only 

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

contained in such imported goods as motor cars and engineering equipment. 

rx 
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Table  5 

Consumption  of  petrocherntca 1-.-,   Lu  Woltern  Europe 

(th- I'KVtnd   t, ori;', ! 

Ethylene  der i v.- t LVCLÌ Din 

Polyethy1 one 3, IVe) 

Ethylene  oxide 975 

Ethyl benzene 507 

Vinyl  chloride 735 

Synthetic  ethanol 250 

Acetaldehyde 

Others-^ 

.    ?63 

210 

Propylene derivatives 

AcrylonL trile 

PolypropyI one 

Camene 

Propylene  oxide 

Oxo  alcohols 

Isopropyl  alcohol 

Others-^ 

Butadiene derivatives 

S BR 

PolybutadLene 

Nitrite rubber 

ABS resins 

Others—' 

6,115 

750 

350 

360 

275 

65O 

485 

365 

3,235 

420 

210 

38 

32 

45 

745 

ULI 
6,500 

1,790 

900 

1,570 

350 

450 

430 

12,000 

1,730 

970 

500 

415 

1,115 

600 

420 

r;,750 

650 

320 

60 

70 

60 

1,160 

Source;     Unpublished studies prepared for IINIDO  (Baku Symposium)  by EOE. 

a/ EEC, EFf'A and other countries in Western Europe. 

b/ Mainly tetramer, trimer and synthetic glycerine, 

e/ Chi oropene,   adiponitrile,   trimer etc. 
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Source: 

Table  6 

Production  of  petrochemicals   in  the CMEA 
noun tri es arni  Yugoslavia 

( thousand   ton;;) 

1 í/" 

Plastic-   and   synthetic 
reeinn [,Oíí.O 

636.0 

494.0 

148.5 

395.0 

1,000.0 

318.0 

819.0 

1980 

1,551.0 

PVC 

Polyethylene 

Polystyrene 

Propylene 

Ethylene 

Amino  plastics   (1966)   -- 3Í-0.1 

Acetylene   (l )66 )   =   »75.0 

,,.  Müller,   "Development  of plastics   from  the petrochemical   industry 
in  the  C0ME00N  countries  and  Yugoslavia"     Il>/Wb.j4/t>. 

Investment   rc^u moments   P-T   MIO   development   of 
1.;   LU   1 ,.'/5   and   I98O 
ion  dol ! ars") 

pet raehem i 1- T- 

Afri'-'i 

E0AFE 
region 

>.u 

l jHo 

H'i'6.0 

I98O 

4Y0.0 

919.O 

116.5 

UNES0B 

S2£L 

SOB   , 
*ion—' 

12Ü 1980 

300.0 
Petrochemical s 

Plastics 

Synthetic fibres 

Synthetic rubber 

3cml.,iC,  Mnpublished studies prepared for IJNIDO (Baku Symposium) by EGA and 

Elitra. 

a/ Iraq, Jordan, Kuwait, Lebanon, Saudi Arabia and Syria. 



CHAPTER 7 

WAYS  IN WHICH UMIDO COULD ASS1UT  THE PKTROCHFMJCAi,   INDUSTRY 

?57 •     During   ihn Symposium,   discussions wore  hold with  Uie  par t, io i pan ts 

from  developing countries   concerning possible  ! TJI f )( ) ass i s t anco   !.o   the  potro- 

chemical   industry  in   Uioir  cuun trice,.     A  document,—    dir, tribu tot!  durili,"  the 

Symposium  outlined   the  main   topici;   for   thes<    discussions  under   the   following 

three  headings:     (a)  planning and  implementation  ol* petrochemical   facilities; 

(b)  assistance   in solving problems  c  nneoted  with   the  operation  of  petrochemi- 

cal   plants;     and  (c)  assistance   towards   the   installation  of  small   petrochemical 

plants   for  which UN 11)0/UN UP  could  provide   the   foreign-currency   component.     In 

the  course  of   these  discissions,   the  problems  confronting a  pe'rochemical 

industry   in   the country represented   by  each  participant   from  a   developing 

country  were  reviewed one   by   one,   and  ways   in  which  UN 11)0 could  assist  in 

solvili,";   those   problems were  considered  and  recommendations   irawn   up. 

U58.     The   discussions were  carried out  with   the  anderstandiio1-   that,   on   their 

return   to   their home countries,   the  participants  would  be   instrumental   in   tryiri; 

to generate   official   requests   for UNIDO assistance   from   their  ¡îovernmonts,   to 

tie  channelled   through  the  UNDP  resident   representatives.     It   was,  understood 

that   such  requests  would  not   tie   binding on  UNIDO;   one  of  the   purposes  of   the 

discussions   was   to  assist   UNIDO   to  obtain   Information  on   the   needs,   of   the 

developing  countries  and   to   determine   priorities   for  technical   assistance   to 

member  countries. 

?rf).     The  main  sectors of  the  petrochemical   industry  in which  UNI no can assist 

the  developing countries  are   indicated  below,   together with   the  number of 

requests  and   the source  of  financing of   the  assistance.     The  abbreviations, 

used are   for  United  Nations   Development  Programme /Special   Fund   projects 

(UNDP/SK)i   for Special   Industrial  Services   (SIS)   and  for .assistance  under   the 

regular  programme   (TA) . 

6/ I DM;. 34/78.    See annex  2. 



rt should bo noted here that, for the sake of easier class if ioat Lori, the 

training component is understood as included in the group headings. 

Group 1 ;  Hovering the sector from preliminary feasibility studies to 
uankaMe projects, backed by market research and economic 

stud tes.  M'-IIH'A'.K, •!; GIP,, II. 

Group ',':     Market research, marketing, technical servic,e to sales 
proni'd.i-.ri and marketing.  iPIltP/GK, ', ül'ü, t>. 

Group ''•:      Prices and product selection.  313, \. 

Group ]:  ('reparation of tender spec i f ieat .ions, and evaluation of tenders, 

313, P. 

Group   b:     ornali   petrochemical   plants   for  which  HfH l)0/i PUH* could  provide 
the   foreign-currency   componen!,.     PàMil/PF,    ;'. 

Group  (>:     Materials   inspect i,m   for   petrochemical   plants   under 
construct i or i.      .li.). 

Group    ':      Increasing  operating efficiency   o^  petrochemical    facilities. 
ola,   1 ;    !'A,   , '. 

Group     •.     Kff 1 uet¡t-d isposa.1   problems,   for-  operating   petrochemical   plants. 
:;i:;,  i. 

Group   j:     Promotion   o\'   financing,    identification   oí'  partners   for  joint 
ventures.     alb*,   ;'. 

Group   10:   Legal   aspecto;   of establishing  joint  ventures   and  of  invent- 
inoti t  promo 11 on.     a li:',   1. 

Group   11 :   Process  engineering design   in  the  petrochemical   industry. 

P60.      \n  conclusion,   the  discussions  held  with  the  participants   of  Pa  devel- 

oping countries   led   to  the   identification  of  13  HNDP/SK  projects,   P8 313 

projects   and   \  TA  projects  under  the   regular  programme,   for  a   total   of 44 

projects. 
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CHAPTER 8 

CONCLUSIONS  AND RECOMMENDATIONS 

Development  of   the petrochemical   industry  in   developing countries 

261. The  Symposium  recommended   that   in  establishing  a  pe trochemi na !    industry 

developing countries  shouhJ  undertake   derailed  market   studios  for  enu  product-, 

including   the   impact   of   the   production  of such  end   productif  on  more   conven- 

tional  materials.     When   the  necessary  Services  are   not,   available within  a 

country,   the   services  should  be  obtained  from other  developing countries   that 

have already  progressed   in   the  establishment of   their   petrochemical    industries 

and have  faced  similar problems. 

262. The  Symposium  suggested   that   developing countries  wishing to   establish 

a pe+rochemical   industry  could  greatly  benefit   fr an   the  experience   m   this  fiel, 

that  other developing  countries  have  gained and   Id- an   information  on   available 

processes.     The  Symposium   therefore,   suggested   that: 

(a) Country  papers  at   future   conferences   shoal J   place mor"  emphasis   >n 
discussing  problems   faced   in   the ostabl islimcnt   of  pot r »ehorni "il 
industries  and   the  measures  undertaken   to   solve   them;   ''Nllx1 or 
regional   commissions  such as  KCAFH and   KOLA  should  prepare  report..; 
on  experience   111  establishing petrochemical    n< lastrico   in   s-icctf-a 
developing  countries  rather  than only   statistical   data. 

(b) The  united   Nati ans  Conf-reuco  on traie  ani   Ikjy.dopmon'    ("NO: Ah) 
and  IîNTDO  should  collect   data on   the   impor's  and  exports   -••{' petro- 
chemicals   in   develo.ping  countries. 

(c) A mechanism  should   be  worked  out  for  co 11 ec t mg a  cutal o,~uo of 
processes  and   for  publishing,   on a regular   basis,   detailed  infor- 
mation  on  processes  available  for 1 i cens 1 io-. 

263. The  Symposium  recommended   that   developing countries offer  facilities  for 

undertaking pre-investment   studies,   feasibility  and   detailed  project   report.:;, 

engineering  design ani   c. uistruo t. io;lf    plant   commissi auna and  opera* ion,   unì 

researcl   and   development   to  other    level   ping oo ¡n ' ri <•:: . 

264. The  Symposium  emphasize !   'he   împ^r'anco   «f  adequate   training  m  all 

branches  of   the  petrochemical   industry.     It   recommended   that  developing 
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countries that have established petrochemical plants should provide facilities 

for training personnel from other developing countries. The use of facilities 

at  special i sod   institutions   m  developed  countries,   nuchas   the   specialized 

rubber   msUh'trs   in   the   United Kingdom,   France  and   the Soviet   Union  is  also 

"v.':.     Discussions  during   the  Symposium  clearly  indicated  that   developing 

eo.mt.ries   planning large  investments   in   the petrochemical   industry should 

develop   their  own  design,   fabrication  and construction engineering facilities 

step   by  step.     To   ¡.uild  up   the   technical   know-how and   to  reduce   over-all   costs 

of  projects,   countries   embarking on   petrochemical   projects  should  build up a 

nucleus  of   design  engineering  facilities. 

?66.     The  Symposium emphasised   the   importance  of adequate repairs  and mainte- 

nance   in   the   petrochemical   industry  and  endorsed   the  efforts  of   UNIIX)  in  the 

field  of repairs  and  maintenance  in   developing countries.     It  recommended   that 

UNIDO   take   up   in  depth   the  problem  of  repair    and maintenance  of  petrochemical 

plants  and  assis»   developing countries   by  training maintenance  and   instrument 

cr.-incers  abroad and  possibly  by  sending a mobile   team of maintenance  experts 

to  developing countries   to  advise   project  managers. 

?(,'{ .     'I'M   be   economic,   plants  of  the  main  petrochemical  industries - basic 

petrochemicals,   plastics,   synthetic  fibres and synthetic rubber - must  be  large. 

The  demand   in  many of   the  developing countries  is  not   -real   enough  to   justify 

large-scale   production,   and  the Symposium recommended that  regional  development  of 

the   industries   be considered.     In   this connexion,   the  Symposium  suggested   that 

UNIDO undertake  a study  of   the problema  and  cost  of   transport   of petrochemicals. 

:'68.     To  meet   the  criterion  of "economic size",   many  countries   are considering 

developing   industries  mainly  based   upon  exports.     Several   participants  at   the 

Symposium  suggested   that   exports   of  petrochemicals  at  marginal   costs  will   be 

possible  only   if a  substantial  home  market  exists   that  can meet   the  base 

production   rosts.    Only  in  exceptional   oases,   as  in  oil-producing countries 

with   their  specialised  raw materiale,   eon   large-scale  plants   intended  exclu- 

sively   for  export  be  considered. 

;>6Q.     In  view of   the resolutions  of   the  United Nations General   Assembly to  the 

effect   that,   computer   technology  should   be  introduced  into  developing  countries 

where appropriate,   a  posit ion supported by  the Advisory Committee on  Science 

and  Technology,   and   >n   the   basis   of  the   discussions   of the  Symposium,    it   is 

recommended   that  developing countries  encourage the use of computer technology 
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in research and  in design of petrochemical  plants,   using assistance  from UNIDO 

if necessary. 

Basic petrochemicals 

270. Several   developing countries  possess considerable reserves  . f natural 

and  associated  gas containing substantial   fractions  of ethane,   propane and 

higher hydrocarbons.     The  Symposium recommended   thai,   an   these   fractions are 

of  special   economic advantage  in   the production of  ethylene,   permitting entry 

into   the   field  of petrochemicals  without   investment   in a  number  oï ¡¡own-stream 

processes,   countries  with  ouch resources  should pay   special   attention   to   their 

utilization. 

271. The  Symposium noted   the development of processes  for  the   production of 

olefins  from relatively inexpensive and readily available raw  materials such 

as  crude  oil and  fuel   oil,   and recommended an examination of such processes 

by  countries  where conventional   raw materials  'tre  not  eosily   ovtiloble  and 

especially where manufacture  of products  such as PVO   is  desired. 

272. The  Symposium suggested that,   in  view of delays  in  bringing large olefin 

plants up   to  capacity,   the  economics of  smaller ethylene plants   in relation   to 

larger plants   should  be re—examined,   especially in   the  context   of optimum 

integration of   such plants  with refineries  and  with  down-stream  processing  units 

Intermediates   for   the  plastics   indus?. -r.\ 

273. The  Symposium noted   that  present   trends aro   for  the  use   of ethylene  in 

the  manufacture  of vinyl   chi or LOO,   rather   'han acetylene,   except  under excep- 

tional  circumstances,   and   integration  of  facilities,  with ammonia and  methanol 

production.     r"he Symposium  also  rioted   the  satisfactory commercialization  of a 

number of  oxychlori nation  processes using ethylene,   which el i minate   the  problem 

of  disposal   of  hydrochloric  aciu. 

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. 
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Plastics industry 

275. The  Symposium noted with 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  so far 

succeedel   in capturing only specialized markets  of relatively low volume. 

Polyethylene,  PVC,   styrene plastics  and polypropylene  continue   to  dominate 

the  thermoplastics market, with rates of growth in developing countries often 

exceeding   those nf developed  countries.     The Symposium suggested  that  devel- 

oping countrier,  concentrate,   in   the  first   instance,   on the  manufacture of 

these  thermoplastics. 

277. The  Symposium noted that  substantial  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 countries 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:     (a)   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 

dies and   for their maintenance. 

279. The  Symposium recommended   that,   in planning the  establishment  of the 

plastics   industry,   developing countries pay special  attention   to   the use of 

plastics  as substitutes tor  scarce   traditional  materials  and also  take  into 

account   particular  consumption  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  substitution 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 recommended   that,   before  embarking on large-scale synthetic 

fibre production,   developing 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   first on  the 

manufacture  of  the high-volume  fibres  such as  nylon,   polyester and,   in  colder 

climates,   acrylic fibres. 

Synthetic  rubber 

282. Several  developing countries are   Located in regions where natural  rubber 

is  produced but  where  demand  for  synthetic rubber  is   increasing.     The  Symposium 

recommended  that  UNIDO undertake  a  study  projecting,   country  by  country,   the 

economic advantages of natural  rubber relative   to synthetic rubber. 

283. Current   technologies   in   the   synthetic rubber   field   are  .lesiglieli   for rela- 

tively large plants.     The Symposium felt   that   it  is   technologically   possi bit; 

to   tet up  economic  small  plants  and  suggested   that   specialised  companies and 

institutes   be  approached  to   do  this,   in  association,   when   possi ble,   with 

developing countries. 

2R4.     The  Symposium emphasized   that the  stimulation  of rubber demand  in a 

developing country  is  possible  only   through co-operation   between   the  rubber 

companies  arni   the rubber producers and  recommended   that   ins I. i 1. . t iorial   facil- 

ities  be   provided  in  developing  countries  for  this  purpose. 

285. The   Symposium  felt  that   in  exchange  of  information   between  countries  such 

as   Argentina.   Brasil,   India  and  Mexico  with  other  developing countries  would   be 

of  help   in  planning synthetic  rubber  industries  in   the   lutter  countries.     It 

recommended  that  UNIDO  call   an  expert  group meeting   to  consider  possiti 11 ties 

in  this  connexion. 

United Nations  Second   DevMopmon'    Decade 

286. The  Symposium noted with   interest   the work   being  undertaken  by   the  United 

Nations   in  establishing data   for   the  pro,estions  of  production,   consumption  and 

investment   in  petrochemicals.     It  recommended   '.ha*    !TJ!UO  convene a meeting of 

experts   to  correlate available   data  from  this 3ymPosi .m and other sources. 

I(NIDO   technical  assistance 

287.    The Symposium noted  the   interest   shown  t,y   ievelopmr countries  in 

technical  assistance projects and welcomed ac'xon  by  !'!ii!X) to   initiate such 
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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. 

28R.     The Symposium discussed   the  possibilities   of  obtaining 1 INI DO assistance 

and  help  in a number of   fields.    Among  the more   important  recommended   for 

consideration  by   UNIDO  were: 
(a) Preparation  of market  studies   in close  co-operation with local 

organizations,   application  of  end  products and  pre-mvestment 
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) Guidance in formulating plans for building up the petrochemical 
industry step by step in countries where capital investment and 
financial   factors  necessitate   this  approach; 

(d) Examination   by   MN i DO of  guidelines   for   the  establishment  of  plants 
of   the minimum  capacity   that   is economic  under  the  specific 
conditions   of  various  countries; 

(e) Assistance   by  UNIDO after  start-up,   such as  continuing  technology 
for process,   marketing and  product   application; 

(f) Assistance   in  setting up abroad exhibitions  of  finished products 
from  developing  countries; 

(g) Help  in establishing and maintaining quality  controls  m  products 
such as synthetic  fibres  and   finished plastic  products and   m 
establishing  standards   for   these  products; 

(h)  Advising countries on   the  establishment   of research and  develop- 
ment  ccnt.ro:-.   for  various   branches  of   the   petrochemical  industry; 

(i)  Studying  the  problems  of  plants   in   developing  countries   that   are 
m  difficulties   because  of obsolescence  or other problems; 

(j)   Help  in  thi:   solving of  problems of   disposal   or   further processing 
of  by-products   and  surplus   intermediates; 

(k)  Advising on   the  problems  of   the  handling of  petrochemicals,   safety 
regulations  and  waste   disposal; 

(1)  The  establishment  of   training programmes   in petrochemical    technology 
in  developing  countries   that  have  already  progressed in   the  petro- 
chemical   industry   in order  to obtain  information on   the experience 
of   those  countries. 

289.     The  Symposium recommended  that  financing  institutions  suchas   the 

International   Finance  Corporation   (IPC)  or the  Asian  Development  Hank 

be  approached  for assistance   in  financing petrochemical   projects  in  developing 

countries. 
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Co-opcration  with   *.ho   International  Atomic   Kner.oy  A.^MIP,,    MAMA) 

2C)V .     The   Gyrnpon .rim  nu.-",.-en t. e J   'hat   'Til du  convene 

Procennin.."   h¡o-,n'ry   a1   an   early    iato. 

' la-   >d a." ira; 

291. !: hf;   Symposium  no'ei   wi ' h   interest    'ho    level opmen •   -f nü-iloa,   ' iThi; íoaen 

for  various   petrochemical   procen^cc.     The  oympora am   rocommoü le i   o-o; ' i u.¡HO- 

CO—operai ion  with   IAEA   in   developing  nach  processor,,   which aro   "!* spent! 

interest   to  developing countries. 

Research an i   devolepmon t 

292. 'The  Symposium recommended   that   continued attention  U> pai*!   to  research 

and   development   iti   the   field  of  po tr lohemi ea 1. s,   includiti,:- work   in   the    ieve i <-¡o i¡r 

countries,   and   suf -rented   that   exchange   of  itiforrnat ion  and   dato,   in   'hi;:.   iMnmi ioti 

would   be   of /-real  advantage,   par ticu L ar Iy  amon,-- devof.piro- noun' .ri <".:. 

293. The  Symposium recommended   that   "NI DP make  G j^o-en ! ions   to   *'   •  appropriate 

united  Nations  at>-eneies,   no   that  a  leelino-eeonomio   evaluation   ,,0'   ¡he   petro- 

chemical   indue.try  could   t.o   carried out    by  regional   centre;-,. 

future   meetings  .and  other act i vii, i en 

294«     The  Symposium welcomed   the   fact   that   d^IOu  lud ¡s   nonfo'enoen  and 

symposiums   on   the  petrochemical    indus'ry  a.1   r>\-Mlar   in'^rvol;1.  and  recommon* 

that  a  future  conference   bo   hold  within  three  to   fuar ye   t   .     lamented 

Locutions   for   the  conference   were     exieo,   Alberto,    ! r-o-a    u,d   India. 
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La Paz 

BRAZIL PERRONI, otto -'ícente 
Ass istint Lireetor 
Petrobrás 
Rio de .Rine tro 

LiJRMA AYE, Tin V,-vr.\r. 
Refinery Manager 
People's, Oi 1 Industry 

Rangoon 

CEYLON SHLAIMN,   Mohamed  Safed 
Technologist 
Ceylon Petroleum Corp. 

Colombo 

CHILE SIMIAN, Edirirdo G. 

General Manager 
Petroquímica Chileno SA 

Santiago 

CURA ALVARES  SC ARK',   Alberto 
Tecnologo  Petroqa im n:o Mo. 
Havana 

CHECHOSLOVAKIA MTLLER,   Veros lav 
Chemical   Engineer 
Chief 
Department for Petroohemistr.;, 

Prague 



- 96 - 

Country participants (cont'd.) 

HA BON 
AMPAMBA-COnERANC'PE,   Paulin 

Director 
Minen 'imi Energy 
Libreville 

HMNCARY 

IMPÍA 

HARPY, Cyula 
Director of Research Institute 

Budapest 

PHATTAHIAB7 A, Ksh it nuira Kumar 
Assistant Director and ¡lead 

Petroohemi" try Pivi s i on 
Indian Institute of Petroleum 

Pehra Pun 

BHATTAHIARYA, P.P. 
Development ''¡'finer 
Mirustr/ of 'Petroleum and Chemicals 

New Delhi 

TNDONESTA KANSIL, Nico 
Department of Industry 

DJakarta 

IRAN CHART PI , Shapur 
Member of the B.oard of Directors 
National Petrochemical Company 

Tehran 

TRAQ 

LEBANON 

AL-HATPARY, Paid 
Head of Planning Committee 
Oil Piarmi -ig and Construction Administration 

Baghdad 

CAMAMA, Emile 
Professor 
Univers i t.; of Lebanon 

Beirrt 

MALAYSIA S'PPTNPER, Singh 

Director 
Department  of Chemistry 
Covernment    A' Malaysia 
Petal mg  -'-.va 

MEXICO AMAR''  !'<'7ÎNP.P KP,  Santos 
Sulj-Pirector Cenerai 
Industri'!   Ou [nuca 
Mexico 



Country   part if. t narrts   (cont'd.) 

MOROCCO HA.T.TA.n,   Mohamed 
Assistant   Teohn inal   ''ireftor 

S AM IK 
CasablT oa 

NIGERIA KUFE.fi,   Pimpl i<  io  A. -lio    'ti 
Senior Petrol r. itn  /h.'inet " 
Power,   Petr'!<  im  P   /ini••n 
Federal   ínu.'tr;   •:>!'  Mines 
Lagos 

PAKISTAN 

PHILIPPINES 

HOSSAIN, Mahfuzal 
Director 
East  Pakistan   Industrial   Development 
Corporation 
Dacca 

QURESHI   IRSHAD,   Ahmed 
Project  Co-Manager 
UN  Project   Pak   Po  (SF) 
Rawalpmd i 

TORDESTLLAS,   Edgardo 
Vice-Chairman 
Board of   Investment  of 
Republic   of  the  Philippines 
Pasig Rizal 

POLAND WERBACHOWSK I ,   Wl adyslaw 
Chemical   Ministry  of  Poland 
Warsaw 
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de Desarrollo 
Madrid 

SYRIA SAWAF, Mohamed Pafer 
Assistant Secretary for Industry 
Damascus 

TRINIDAD AND 
TOBAGO 

RICHARDS, George Maxwell 
Director, Industrial Development Corp. 
Director, National Petroleum Company 
Professor, Department of Chemical Engineering 
University of the West Indies 
St. Augustine 



•y* - 

TURKEY 

Country   part i e i pants   (cont'd. 

SOLIM,   Mustafa 
Head 
Petrol eum  Refining TP AP 
Ankara 

URUGUAY VILLEM'íR  MElttl'i'EC'Y,   Mana   Erna 
Cheminai   Engineer 
Administration   Nacional   de 
Combustibles,   Alkohol   ;/  Portland   (ANCAP) 
Montevideo 

VENEZUELA ACOSTA  HERMOSA,   Eduardo A. 
Cenerai   Director 
Instituto  Venezolano  de Petroquímica 
Caracas 

YUGOSLAVIA KRUPIC, ,'ìijad 
Organsko Kerntjska Industri ja (OKI) 
Zagreb 

Representatives of the USSR 

ABDULLAH, Anver Abdul aevich 
Workern ' f'ha i rman 
Azerbaijan "ruon of <'i 1-Extracting 

and Oil-Processing Industries of the AzSSR 
Baku 

CïUSEYNnV,   Kamran  Asadovich 
Peputy-Chairman 
Council   of M m intern  of  the   AzSSR 
Baku 

ISMAILOV,   Rustam Cadzhy  Ogly 
Pres iden t 
Academy of Sciences of the AzSSR 
Baku 

KLIMENKO,   Vladimir  Leon¡dovi oh 
Ass i stant   1 ' irec tor 
Research   Institute on   Petrochemistry 
Len m^rad 

KULBERG,   Sergei   Semenovich 
Department   Head 
Ministry   for  the 'u1-Processing and 
Petrochemical   Industries  of  the USSR 
Moscow 



Representatives of the :1SSR (cont'd.) 

LTNETSKY, Viktor Abramovioh 
Scient ific Secretary 
Research Institute on olefins 
Bak 11 

LITVINEMKO, Aleksei Sr i cor i e*/ ich 
Assistant Head of Division 

Ministry for the Oil-Processing and 
Petrochemical Industries of the USSR 
Moscow 

MELNIKOV, Vladimir 

Senior Research Worker 
NUCA 
Moscow 

MUSHEMKP, Dmitrij Vasilievich 
Head of Laboratory 
Research Institute on Petrochemistry 
Leningrad 

PAKSHVER, Aleksandr 
Department Head 
Research Institute on Synthetic Fibres 
Kalin in 

PASHKOV,   Arkadij   Bonsovioh 
Acting Director 
Research Institute on Plastics 
Moscow 

TROTTSKI, Adrian Petrovioh 
Chief of the Technical Di vis Lori 
Synthetic Rubber Office 
Ministry for the 0 i L-Processing and 
Petrochemical Industri e 
Moscow 

ZLOTIN, Lev Isaevioh 
Department Head 
Minneftechimprom USSR 
Moscow 

of the USSR 

United Nations 

ECE GATTONT-CELLI, Rossana 
Palais des Nations 
Geneva 
Switzerland 

UNESOB JOWHARI, 
Chief 
Industry 
UNESOB 
Be i rut 
Lebanon 

a Uh K. 

it 



- 100 

United Nations (cont'd.') 

UNIDO VERGHESE, N!.C. 
Chief 
Fertilizer;-:, Pent io ides and 
Petroohem i cal s Cection 

Vienna 
A u s t r i a 

MAY, Herbert 
Industrial Development Officer 

Vienna 
Austria 

IAEA YUAN, Hong-Ohien 
First Officer, IAEA 
Vienna 

Austria 

Consultants 

C7.ETJA,   Karl Maria Chemical   Engineer 
Vienna 
Austria 

HANCOCK,   Eric Cray Industrial  Chemist 
Vienna 
Austria 

KOiUXW,   Richard  M. President 
Kossoff Associates Inc. 

New York, N.Y. 
United states 

KUMAR, Lovac Adviser 
Ministry of Petroleum and Chemicals 

New Delhi 
I nd i a 

MATSUMOTO,  Katsuchika Plant  Manager 
Toyobo  Nylon  Plant 
.Japan 

SHAH NAWAZ,  Mimad Managing Director 
Chemical   Consultants Ltd. 
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of  the  AzSSR 
Baku 

LEPEPEV,   Vladimir  Stepanovich 
Head  of Laboratory 
Research   Institute  on Synthetic Alcohols 

VI ad i m ir 

MAKAROV,  01 eg Viktorovich 
Head  of Laboratory 
Research  Institute  on Synthetic Alcohols 

Moscow 



-    10')   - 

Observers   from the USSR  (cont'd.) 

MALTNIHA,   Tamara   Vaniilevna 
Senior  Engineer 
Ministry   for  the   ('hem i nal   Industry 
of the HSSR 

Moscow 

MALKOV,   V.   I. 
Senior  Fix pert 
State Committee  on Economic Relations 
Department  of UNO 
Technical   Assistance 
Moscow 

MAMEDOV,   Married-Affa  Akhmed Ogly 
Deputy Minister 
Ministry  for  the  Petrochemical   industry 
of  the  AzSS't 
Baku 

MAMEDOV,   Shamkhal   All  Married Ogly 
Head  of  Laboratory 
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(Royal   Dutch/Shell   Group) 
The  Hague 
Netherlands 

BRAZIER, Alan Prank Manager 
Economic "^search 
The Dun lop Company England 
London 
United  Kingdom 

CALDO,   Cornelio Chei.iist 
Centro Ri cerche Polymer 
Montecat i ru/Edison 
Tern i 
Italy 

CLARKE, Arthur David Technical Service and Special 
Projects Manager 
Commercial Plastics Ltd. 
London 
United Kingdom 

CLOUGH, Harry Polyolefine:-, Technical Planning Manager 
Imperial Chemical Industries 
Plastics Division 
Welwyn Garden City, Herts. 
United Kingdom 





t 

» • 

I 0 

s 



m f 
•sBnßtMi.?ri~^ _^^»a—«*» j -s», ¡«iL— ^-„t* -~        -AfrgS. ^gglfr 

* i, 

.«r *      i   >*• 

4 '  *•   M 4" 

^    I* ,    •»#,     ». 

Í     -'»    •      '1*1, 

KM8 tf* ' "   »      r   - i • i- f ' 

' 1(  J    V   i   } 

B - * 4 ; M t     * •!    'i« "h ,•!* 

* t «   V » f * ; *   > « «i 

*• r i *    r 

*^VM1 Kit     ^-*v ' t ' 1 « 

•Í« »f 

KKàNf'l ."* ,   Kl i.-»« nef roi Lf»f ,    ti    v ,-i -,«.., r 
!'ep:irtrr;e> t    .»    *• 4.i, e::; 
v i ' i • t r       Í    '»• ' r-.. le am 
' 'imane .;• 

. '.' r i i 

fïRiHOI.P,   «ax '"o'iñiil tan t    imi  M an-ig mg  I>i rector 
ìf'KF üonrvil ting Ltd. 
V terina 
A a v, t r i -j 

HERTZ,   Mel vin   H. Pres nient 
Purvtn   and  Hertz,   Inc. 
liai Ian,   '¡'exan 
Hni ted  ¡'taten 

GRIMAUD,   Michel Engineer 
Institut   français du pétrole 
Rue il   h", il maison 
Prance 



JäUSUJJJE ,!i*ï »i 

' •   * ,    I !K#r* 

5   *   tt» i! 

«• "!• * . 

M »f€*r--«f*,     ,„,. 

.>tf litui . 

.?»UMM»n»Kf   |*«,<,é 

.íOHHW,  H«nrt 

KAMPTMER,  Karl  Herbert 

KROMia,  Walter 

LAMBERSON,   Ralph T. 

LEDERER,  Livio 

i« 

»M* 1           J 

* l*   • 

• %'    1»-*! 

**»%  in tf                  « «* f   ' 

% i** i -       * f , » *»• 4'   * 

"n          »    -. *    ¡, 
4*t1*        • 

* *|VV 

•%.   t.>    . ,-•» f 

T-ii--»*. 
l< «• t 1   v , | * , 

Vr%t.  #* 

i«n«ftr-il   v ,• tí»«r 

CL»" 

France 

Pi rector 
Hoechst-''hde   Internationale  (]»bH 
Bad  Soden 
Federal   Republ n- oí'   íernrmv 

Farbenfabriken   Haver A<"¡ 
Leve rk ur.e n 
Federal   Republic  vil' ¡lermanv 

Managing  \u roe I or 
Internat ioni I   ¡unii tute  of 
Synthetic   Hui,ber  i r<»j »oern 
New  York,   N'.Y. 
United ','> ti tea 

Chief  Engineer 
Petrochemif'U n   Industriai 
Development   'uvinion 
METRA-France 
Par i n 
Fraroe 



« 

«** ,    t ür! -•-' •• 

•    VI     *.| p        *ft**l %f 

%k' k- ,   ' • <<«!**•    • ,   t »v 

% •   « •»*        * 

ir       •< î  "t , ;»f  * 

?M<A!»A,  »irogh '.   'tei. 

ri'.'KMfr, K««'»«th *, .re- ! M 

r •• uri - 

itti:" VA 

PI.ATV., hoir 

PRKl;'l«'!lt   VikloB 

u,.-.       t . 

• «tJfM  * I        »'p .: i   , 

.' *•-'  T-«Si- ,  If ' 

'lift      , .-.#' ¡ Ï .   •.' 

.•i ip#- :   ' 

:' .• ¿'if 

.:  !     '"1 i     'il rik«ri 40 

•* . ". ir.. 

«imi'  ti   Wurk;» 



, «LSI. 

*      ,      it*-   u«». 
'•        vmm-.* 

,     *--»+  »MM 

*    «IP»-='4   t. 

*t«nr   . 

I       *• 
..••»• 

**     ; *>%   »•urtr«    ' * 

"*•!  'KV-r,   !»r-»*»;  W. 

TO»m»,  tetauno 

VASETTI,  tornando 

WUNDER,  DUtrioh 

• r 

mint     ~ 

k   #»* - •   f-  - 

#• » s < e 

*«• .ill :      r      « 

",?,ih«t i. •    ,. j    -».i»!nii- »Is Ltd, 

'timi  i 

''niÏ    . 

ipu.   "hun-ii'•-, 1   -ihre   Asno** I ••%% um 
• k,-t(i i     it, 

'HJMI. 

.'*]#>•• w^tLi^ement   Assistant 

.'NAV  •Tubetti   ;>A 
y 11 Ht. 

! ti 1 - 

Verband  <ier chami.-chsn   Industrie 
Frankfurt  am Mi in 
Federai   Reputi ic  of Herman./ 





A.VNEX 

STATEMENE   !V   : ÜK LÎYMPi«! :'M 

bî :» temer1, t   .. f 7r.    I,   ". 

Opeìt) i Hi*   :••   •N'":i>»1'        ''   ",',., 

HinnUry   f.>r   tl,o    h .-i r 
of the   ':'::¡ 

"ympor i un 

(•'v.. . i'ii •> * -, p 

''ViiHn-in   ••(•   ff!o    'fr-tui/ i ;ii'   >rm:i !,!t>o   for   the 

St:it.nme>it.-   ì-y   "*JI PO  ,,   te-h-u •••!    ^.irtvrfi   •     ¡ieve 
r,i> int. ri »M •! j    -"¿    * h(3      'MI ».vi    'J ,t   |,,M.-    .'.o -..M.i    ho Vf? 

un Mí*  ;• t i terrai M*   ^f  "r.   '-'.    •';.     ;(-,.-f.f-      '„••>.,.' - 

M'i ri 

of   tue    "o..ri u :    of  V ¡ M 
t.   . I  r-ri;  :ri 

1.'! er; 

l   '-'-">   VîtiX-l,       ,..;•;•. j   .-f     ,•! t.        ìit!    fi '' 1 <>n i ru*   ot'iì p'!:«:;f   .-.f  "r,    ^.     ;. 

'?'   !''"'-'''--,   Viiii.-try   !•••!    í,...     i   _; ,. ......,..,,   :MlI   ;-..tr.-humi 
!>KJuütr!o;-     

if   fh,   ••.,;M^    -; ".. ••   -r.      f   «.„   .V:.;-,,..¡  .... 

" ! or; i ri,-   :•'  ,' ."':«>M
4
     'f  \*r. 

of   o^ieri't1.-   ••!''   t •:>;   "/.'; ''i 
ro.'^ioM',    A--- 

i 1 !'"¡MM 

ci'.'!, <;.'.',     hiff •el"  i ; i   ',»>!';:, •-I oHiiu*  ;-t -.tov.ent   .••; 

Pesti-i.1er   MM,!   F«>tr-HCüM -in   ;-ni ,.-t ,.; ,».•,   '^H-,   M r-*.-- • * •. r- 
cf  the  oympoiïiam 



iman 

Kirnt   .->r  •)' ! , 

uncini l at   Hon ¿i ; i •.- 

•ill     thé    !>.<!  '.<i.::'-:!\:      ; 

V'i\   t.ì  the ",';':-: .'.' 

''ommi. i tee    >f  ," • a>\ • 

Pet r'aaaem i !*a ! a    I a-i . 

Í   .-fri ¡M    :• :c: 

the  A'/ort--! i j-i'i  .'..:'•••, 

''ha i l'ül.'iri      )!'    t h' :     '    •'' 

•ill   the   pr<a  ir- ,• ,   •, 

the  lìepnty  '-"iri inter 

Induntrien  ar   the 

orfani :' Lrii'   •••"•.;••••• i ' ' •>. 

Next,   !   ¡iho.il 

developed  courì fru- 

to   i h i r,   S,vmp¡T mm, 

cannot  be  pro;-,'    '   « 

fTec tirici-  ani   h >p. 

have an  enjoyata <•- 

When  many  ••!'   . 

Interre,» u una 1   <; • .r a- 

Developing ('.< a. ' r • 

itn  predacela a-, 

co-operaf i"ii  wa ' > 

Nation«   Ik-par * ata.» 

commisi', i nia, 

prob I onii-   wii-   ' • • 

fruita   ap  ,;   i,-a 

for  dove 1 apra- * , 

and   t" » ,v   f • : - 

In    ful !'i ! I a 

in accel ara* i •„-   • ••.-.• 

•   'a-    >:'  I!.o   -'.ii.-. 

a-,] ,nt   Hep a  ' ; 

i .•   .'.aiipaa i am. 

•M-  :;elati-aa,    • 

:' >r  tt e  "i !-   • 

A 'eri'-! i ;aii   .".'; . 

"   t tie   loi.-a i !     •' 

:irvnn,   Mr.    ; ..•<•. 

.     r.   Aa.lun-iov. 

"•a? or.^'in ¡a,'i. n.''   • 

•iTanenuinf  aria   t -•" • 

. rnrin,     The  of 

:  .ilk   it:- mambera. 

-    : 'ipants  from   tire    a-v- ,   i 

*•   ¡ ill e  they have   • 

,     win,"; to other a  f*     -   •      à 

t * -vi.-)   to all   of y ) j   "     - 

-   >nost  fruitful    tn I 

" tapian Sea. 

'   " the 1'irr-t   ' ni * »  i  ' m 

t" Petrochemical    Ini, 

- , i  the Catherin;' w i. 

r  Industrial   í)ev> !   . , 

Van-jtance Operai na¡, 

*' ars and  the  vari'-..,   >* ... 

•   !   aniai  that   one   <• f   i • >, 

the developing 

t   Ì),HH io   tool    in    ' >.i 

i   .'d   through the  fa,-,..  *. i 

: v   the new orf.-e \ - •> • 

"-iuctrial  development   lf - 

.-  developing countrnts,    %  *» 







«te 





'    »  •'     '•>»' : 'IV," 

1,17   »»   'Hf Htiy   of  ìntonoi finali,.n  of ...^¡.-t; 
W i ti 

mei1  pro- 

'-"   •'lfi<i    (Tí'Vl.iill^ OX OCT t ; 

•'•    « MHin,.' 

i !-,-    r;,-.r-i.. 

'     In, im,' 

;jil ' '» í I *'  export :•; 

*! 1 : "    "f   t'Xjipr» : <<'!^p' f i   I ,v  ffuiio : ! irti- 

•ii-'-   I IT   ' ramiti,.' 

¡ ' r i       '      .t.w , 1 ¡ It,   [ , 

*'   '  r •      '    ï. M ''M- î 

W     .li     1¡h      • 

»    '"',? li-'ì   íir'i\ie,'t, 

\     - 

s ». * r    • 

» *     t. 

i* , r     *    " i''.ii     <•,, ' p 

1 "   r' ' -• •'* H.-  "!.    :.re>:cie::  tu 

•' -ifi'rin-,   where -.npropri'if e .    -v- 

'<••'    • »î     'il'!' ,;T!i 

:¡--"    ni    ',ïri:-t r- i >t.¡ar 

•'    !r<      i«:     '* >''    t. he    :,;•('•    ni' 

1       !   i    >*; 

.,'V- 

'!<pe r'!   ut; i>v i 

'   ri' 

•"•   ""<!)!'   fundi-,    [,ìU.   t,Mi¡; 

'""*'•'    *   •   ¡''»t,   up   iiiy.:-¡n:: t.i'tt lori 

Jii   '    t''1" U '  :,'r'--»     i-'i^.tiL.V l-.it    ut-i   T S!vi\:tli>n 

r    '•*•   '        ''••     •"   '      -'i'M'ltl  |  i,--,t  ,.,.,    ..f   .;xl.T|.1Mi, 

rt" Í "'-*•'    '' •'•   •"•••!   •'  i'V-H    I-i    U¡..-;-„:    Pu,M   lnv<; 

*'    ' '"   pu1; i   ¡p -r.' i    t'r-m  .Juv< 

i.   i   i 

.p   ri- 

' !t'l • ' • U i ' <•    î'i 'i j U( •;; !,;• 

r •   • i   . M      . .     • -, . t 

! .     t     i r i'i :!.<:,•   -  1"   !•.>!, r-. > -huif' i < 



he  United 'lai ions Second   Development  Penarte 

In   December l'Ho,   The  ¡¡encrai  Assembly  of   the  United  Nations voted 

unanimously   *o  start   preparation/   for a Second  Development.   Decade,  commencing 

in   1971.     u .a .-.'.• r.ent,   roso ! 11. 1 • .no    >:    ine  deaerai   Assembly   have   upe LI ed   out 

the  procedures be   foil owe.1   in   prepariti,-' a   strategy   for   thin   decade,   which 

will   help   to  ensure   'hat   during   those   ten yearn  major and  permanent  propre3:.; 

will   be   regi s ' ere!  ny   the   two   third;.'  of  'he  world's  population  who  live  in 

developing ooun'ries.      : 'he   •:4--nation   prepara '.or.v   committee  es tabi ished  by   the 

General   Assembly  has   complote!   i to   fi rat  round  ol'   substantive   discussions. 

As   the or,--a>i 1/,u ta ou   primari 1.,   responsible   fot'   the   md us tr 1 al 1 .//it ion  of 

the  developing  countries,   "NIDO  will   participate   in   the   collective  effort  of 

the  "nited   Nation/,   fumi I v.      However,    it   should   be   noted   that   "NIDO hau   not  had 

time  during   it:*   three  years   of   existence  to   accumulate   information  und  studies 

of  a  basic  nature on   the  general   problems  related   to  the   industrialization of 

developing countries. 

However,   UNIDO  is  adopting a  sectoral   approach  to   design   the perspectives 

of  development   f >r so/.o   jf   the  main   brandies  of   industry.     These  "prospects" 

will   lie   prepared,    .sing  pr yie 'i i ve methods  as well   as  direct   information  on   the 

existing  plants and   future   projects.     During  this   Symposium,   papers have  been 

presented  by   the economic  commissions  and  countries  of   the  various regions 

giving  figures   for  the  present   production  and  future  projections  for  1975 and 

1980.     In addition,   "NIDO  commissioned a study  b.y   Mr.  K.II.  Hb'nitz of  Farbwerke 

Hoechst   AU   to  determine  how   independent  estimates  and  projections will  compare 

with  regional   and country   er, ti mates.     In  chapter  u  of  the  Symposium report  we 

have  en deavouro.1  to  summarise   the  regional   projections  ami   the  Rönit/z projec- 

tions.     These   different   projections  must   Lie  reconciled,   and   this  work will   be 

done  by   UNI Do.     K/,' ima tes   of   capital  renuirements   have  also  been made and  will 

be  presented   by   Mr.    ' >whari   of   '.'NK30!'-.     UNIDO will,   undertake   similar  studies   in 

the   fertilizer   fi<U i   and   wi; i    project    /¡pi.tal   requirements  up   to   1 )','•;  atid   V')80. 

In  addition  1.0   these   pro je-I ions and  capital   requirements  estimates, 

UNIDO  also  proposes   l>   prepare   the   following studies: 

(a) Review of   the   pas'    trends an.  problems; 

(b) Perspectives  of   development as   they appear  from  the  experience of 
existing projects,   already  under way  or  planned; 
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(c) Developments   in   technology,   transport,   economics  of scale  and   in-.ut 
structure  affectm,  fatare   tren.,   m   ,..,.,, ioM(   p.Hue.   m xf ru" 
materiali-   etc.; ' 

(d) Policy   recommendation:-,   to   ¡>o   carriel  o.'   -, t    n,,-.  ,,,,,,.„     , , 
at   the   international   level. 

The   United   Nations   In.lunt.rial   !)ev,l npmeti,    ^ard,    |,r„,-   i : :-   third   :•,,;,,,,, 

in  Vienna,   adopted  a   resolution  deciding   that    Uio  w,..rk   of    o\'iDO  in  accelerator 

industrial   development   in   developing countries   for   t.he  Second   Development   Decade 

should  receive  hi,*  priority,   particularly   in   the   less   developed of   the  devel- 

oping countries.     UNIDO  is  carrying out   this  resolution,   and  part  of our  work 

in   this  Symposium has  been  in  this  direction. 

Closing statement   of Mr.   K.   A.   Guseynov 

The  Interregional   Petrochemical  Symposium on   the  Development of  the 

Petrochemical   Industries  in Developing Countries organized  by HNIIX) will   end 

today.     The work of our  Symposium has   been   fruitful.     Problems  direcUy  related 

to   the  development  of   the  economy and  improvement  of   the  standard of  Uvinf 

m  developing countries  have  been considered  and  d.seussed,   and   important 

ree ammendati one  have   been rnaue. 

One  of  the  remarkable  features  of  the  Symposium  was  that   it was.  a  wide 

international   forum,   with many people  from many  different  countries   taking 

part.     U  was  a  pleasure   for us   that  Azerbaijan was  selected as   the meeting 

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  m   Paku permitted  our se,eut ists  to 

participate  m   its  work and   to  acquaint   our  quests  with   the work   that  has   been 

carried  out   by  our scientists  m  developing the  petrochemical   industry   m 

Azerbaijan.    We  consider  such creative  co-operation  of people  from many 

different  countries   to   be of real value,   and we are ready   to contribute  our 

efforts   for its  continuation. 

May   r  express  the  wish  to all  participants  of  the  Symposium  that   the 

recommendations  adopted will   be realized  and  that   their valuable work will 

have successful  results. 



Closing statement   of Mr.   A.   G.   Litvinenko 

Today  we are notisiderm,^   the   res bits  of  the   Interregional   Petrochemical 

Symposium  on  the  Development   of  the  Petrochemical   industry   in   Developing 

Countries.     We  are  sure   that   the  Symposiun  will   play  a  significant   part   in 

the  development   of  the  world   petrochemical   industry. 

I   should  like   to emphasise   that   it   would   have  been  impossible   to organize 

the  Symposium at  such   a   high   level   without   the  help of  all   participants, 

consultants,   observers   and  administrative  staff of the Symposium  and without 

the  hospitality  of  the  people  of  Baku  and   of  the  petrochemical   enterprises of 

the  Azerbaijan GSR.     We  shall   long remember   the meetings  that   have   taken place 

here   in  the course  of  the  Symposium. 

All   participants   in  the Symposium have done their best   either  in organizing 

the Symposium or  in creating the kind  of good  atmosphere   in which  the work of 

''NIDO can  be "arried   on.      I  thank you  all   very much. 

On   behalf of  the  Organizing Committee   I  wish  all  participants  a safe 

journey   home  and  success   in  the  development   of  petrochemical   industries  in 

their  respective countries. 

Closing statement   of Mr.   R.   0.   Ismailov 

First   of all,   I  wish   to  thank  the  representatives  of UMIDO  for making all 

the  necessary  arrangements   for  the  successful   functioning of  the  Symposium. 

I   should   like  to  thank  all   participants  of   this Symposium  who  have  given  time 

and   effort   to   its   organ i/.a t i on  and   operation.      !   hope   that   the   results  obtained 

and   the   relations  among  all   participants were   fruitful   and   they  will   help all 

participants   in  their worK   aimed  at   the  development  of petrochemical   industries 

in  their  respective oo.ait ries. 

The  very  fact   that   "'•'.  papers  were  contributed  by  participants   i'rom   }6 

countries  fives   a;i   idea   of  the   s'ope   >^\'   the  Symposium.     Flach   of   these papers 

is  'certain  to evoke   vmsideruhle   interest   among scientists   and   specialists. 

The  precent  situation,  ana  prospects  of petrochemical  industries  have   been 

discussed.     The  participants  of   the  Symposium have had an  opportunity  to  visit 

some   petrochemical   enterprises  of Azerbaijan  and  scientific  research institutes 

working   in   this   fiel i. 

Í   hope   the  new  personal   contacts  made  will  prove  of real   value. 



in  conclusion,    I   wish   to   thank  once 

staff und   declare   the-  Symposium closed. 
more all  participants  and  or^aniitinr 

i'}nr,inrt  statement   of Mr.  M.    \   '/er^heso 

At   this   concludirii'- session  of   the   Tvmno^i .i-r   ;t   ; •   > me   ojfmpoci.im  it   is.   my  duty,   privilège and 
pleasure   to  cay  a   few words. 

First   of all,    I   wish   to   thank   the  Orrara ,u,- Commi fee  of   the   :>S3R and 

the  AKerl.ai.jan  Sbi    for  th,.r kind  -o-oporation  and hat-i  ,-ork   to   i rmr this 

Symposium   to  a  successful   -,nolus,on.     As  all   „r  ••„,  know,  'Unistor Sorokm 

has   been  with  us   t ,1 1    the   last  day  and  has  h,|p,.l  us   in many   -iMTwult 

situations.     Minister  dusoynov,   Depu'y  Minister   i^ahayev and   Deputy   Minister 

Mamedov  have   loen   of  ,-r<-\ut   •r,"iMitinn   .i,,«;,,,  ,1,     ,. 
" a"ulüld,lt'L  •'urini-  the  Symposium.      [•„  Mr.   LUviiienko, 

who  was   the  key  man   m   the  (u-anisin^ Committee,   and   his   co-workers   1   extend 

our   eonpratuia'inns   and  appréciât, on.     ,-ur special   thanks   aT 

Chief  of   the   hoard   of  Foreign  Tourism  under   t h,  Council   of Minuter,:   of 

Azerbaijan,   who   took   parucuiar care  of   those of  us  who   socara   ill   or wh 

needed  assistance  with   their   travel   plans. 

•'•"   to Fr.  Ahmedov, 

In   spite   of  come   difficulties  and   personal    nioonvon i or, >es. 

from  developing countries  and   the  participants am 
• t      tie   participants 

»nservers   from   ¡.:v!,,pcj 

countries  have  co-nPorated  and  have  contribute,'    .r,.-..|.,   , ,   . >..    .,.     , 

Symposium.      1   „nul.|   Like   to  apoloo.se   *, •   'hen   for  -.,,,•   „,v,n..i 

or di f'ficulties  oXpP 

"'l's urti    i neon von Ícticos 

epeneneed   duri»,-  the   Symposium. 

As you   know,    'his   Symposia 

the  member  coun • ri<->G   to   th< 

."   teen   financed !." con • ri ì . • ions, of 
1,1 ",u,'0,i •'••>'i--^"- -^il 'no v.K.n-ur.v en • n bo • , o„ ,1 

the M3GH to r.UiW. she time, offor< :UM ,,.,tley ;:,>,....• run -nly :• -.s'ifi-i • 

the resuHs of ..he Symposium. 7hor, Ll, , .,rilWill... ,,.,., ¡,i:. , ¿x. ,h„ f..i:;!_,,.,,.'. 

ratio of such 1 ars-e symposia should ¡e vivtMivf.,.' Cr ;:,,,i;ori!l;. -,,, r,.,r 

meeUnrs. I hope that 'he part ici ¡n, 

abl n   t,o   henefi t    from   tl 
li'V 

ie   papers   presented,    the  discissions   'h 

the  contacts   »hey   have   made    Jim-   'he   Symposia.     Il,m,-   :::,,-„ 

made   for   possible   technical   assistance   m   the   pe • r  ^,.,.,,,1    f 

We   shull   cer'ainly   follow  :if,   - hese   S;.;ö-OS:I lt...   fr,;,   .(,,.     ;,¡ > 

louk   forward   to  y ,.ir   Cl)-n[ier:i. 10!i   ÍM   .j        ¡ 

>w 

.'• '• '•••"   ' hos.«-   i ¡cus   o f- or   ,-    ,r   r"-'.;.rr. 

> your   respoetive   countries.     We  shall   als:   1 .„k   f  rwar 
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respective  couti'ries.     Many   of   the   participants   from   the   developed  countries 

have   contributed   !heir   valuable   time   and   experience   to   i h i-,  Symposium.      1  wich 

to   thank   them  and   reúnes*    tdiorn   to   con'mue   their   oo-opera i i on   with   ¡INN»1. 

• e    ire   especially   ,-ra tt: f u '    to   the   d is l i nm i ;:|,IM   participants   from   * he 

'GSR,    'ilo  aeedemioians,   seien* ìshi,   engineers   and   ohornis's   who   con tr i fu ted   to 

the   i;.;!.:':uiofi  of   »lie  Gympos i um.     To   the  Provident   of   t,he   Academy   of  Sciences 

0!'  Azerbaijan  and  Chairman   of   the   Symposium,   r/r.   I Lima i lev,   we  are  extremely 

grateful   for  receiving  pcrmicLiion   to   hold   the  Gymposlan.   in   the  hall   of   the 

Academy  of Science:!. 

Next,   1   should   like   to   thank  all   our consul tan t.-,   sectional   chairmen, 

sectional   c. .-chairmen,   rapporteurs  ariti   the   technical   co-director   for   the  able 

way   in   which   ! hey  curried   out   their   function:;.     hü,   for   their  hard  work  and 

co-operation i;e could  not   have  carried out  the  programme   m  time  ;-nd  prepared 

t he  draft   report. 

To   my   col!, amen   from   -NIDü  aril   from   the   ÜGSR   nine,    Í   wish   to  nay   that 

their  co-operation and  assistance   haze  helped   in  complet in,.- our  work   in   time 

satisfactorily.     Inirinr   the   last   two  days   they  had   to  work  hard  and  Ion,«; hours 

to  compile   und   reproduce   the   draft   report.      1   ex pre LUI  my   gratitude  and   thank- 

fulness   to   them. 

The interpreters and the supporting staff from the USSR and the Azerbaijan 

GGR hive done a wonderful job in their extremely difficult tasks, and 1 wish to 

thank   them and  record  our  appreciation of  their co-operation. 

I   also  wish  to   .hank   the  authorities  of   the   !viku  refinery,   the authorities 

of   the   off-shore  drill ir:--   facilitdes   m   the  Caspian  Gea,    the  olefins  and  petro- 

chemical   research  insU'ah-s  and   the  authorities  of   the  Summit  refinery and 

petrochemical   plants   for  arran-m- visits  and   for   their  hsopitality. 

To   (die  honourable mayrs  of   K-.kn  and  Sumgait   1  convey  the  appreciation  of 

all   participants  of   the  Symposium   for  their  hospitality. 

To all   participants  of   the Symposium   t  extend my warmest greetings and 

hope you  will  have a  pleasant   trip home. 
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