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pa.'X  2 

.'•* • 

I    -    lah-adu-t'd -MI 

Vi-pu-U    • ; a.aa 

of ol *"• i'ir».   tar : fa;   ! : 

arom-'-ti.    hvar^~":a 

par.i.aa.. /"). a: ' :v 

abolla i'.> p.'.v «at a i 

avi c. sari 1 r? ì U'I i. 

it i.-i :.^"";r- 

Lively i'>'c( ni t,a. 

dovei cp-,'Ou' and . 

u.\y   uu   ..• s. JUL ved   :>, 

in their  scilirr 

"O !   ,'.i 

•raoain.  r:" hv drocarbonr,   nore  comr.icnly known by 

n'.raa o    "kin,:,   has  beccane   UH   ¡.ri r.eipal   method 

:.  in  r'~...-.ï.rc   as  v.'tì] 1   as  -m  important   source  of 

"   lo   the   fifth   rder.     f'ronah   steam 

'•"j-à sanar-   tena  c"  olefins   m  196?» 

: ¡ i yf,(\"K'.< ::'f;'ric   tonn   in   I9*'0j 

Ibas si san crac.:' i nß has  become 

c •   a ."  ;a T s~ '', "-:Í!-:> ] a, 

* t?  ar-jtsss    nvirk   . :.   ta.ic  rola- 

'j   fror;: ii   tr.e  possibile  extent  of 

.-rofiuatinti f-oíít   o"' olefin., which 

ta¡.-   ,    • O   •  Ca 

as i f ruin     + a 

' \v. a   '.'Oi'' s  ir. oraer  to ^rodici  futuro changes 

The  principa'   .«rôtis's1,   «Mb: i^r.r-,   SHE  e hewn  an  extraordinary 

develops/trie   thraua'ss.     < a » va s , !.     '•'or id prat due ti en  c-ps.cities 

for ethylene and 'itnylim;   :at   '•"*< ¡af-   óre  sue.-m  in Table   I: 

Vor Id  ^reduction on«,   ana  pronv t MVJ    I967/I966 

1 ,000 rv-fri a   ta 

t;ui.sid. 

Q     J.Y a 5 • •- *- 

"«A Total 

ethylcno 7,?bb 9,.'V¿ 16,460 

propylene*      '1/80 a ,7^ 7,440 

*") -lot  includinr the  important  «pruriti'--  of propylene  produced 
in c:i   raf inori ss:. 

The  tot,al  annual   ethylene   arcd.-cti's;  <  ipecify  for  Groat 

Britain -.nd   the  somiton  barsoi   '"ar.no:;  13   '<. -,  atra   co/a  and  if all 

tho unitn  un,-er construction  ar  alarmed  are  : tided  in   this   figure 

becoir.oc about  6.8 nn to/a tin   iy<(> and could  double again  by.  I98O. 

In France,   according to  i ht1  c;ti   pi an,   the dovei oprnent  G h own in 

Table  II  can bo exoeeted: 
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Tab]/»  n 

5**LPlan, /-thylejie _r:nd jircj^ylone production in Franco 

ethylene 

propyl ene 

1970 

Produci i on Consumption 

. 1,0?^ 860- 

'It 400 

•b nr, h->n  becere   ine  principi 

><   tra-  of   the  USA,   where 

iwr':]v-d   *'ror.  natural   nr 

rn] e:..» namlv 

ho ;rice  of li •'rht 

1,000 :ne; n C   ton:;  per yen 

1967 

Production ^unrur.r t í -Jn 

Although   :ir-r   crr-chin- - f  iicfv.id  hydro; 

ethylene   in 0<a;terrt    ,;rope,   *.;.c   ¿\a;n.'   1;; 

the mam   GO-.IH;¡-  of  i-V ;]cn<    h.      than--»  r 

refiner     f;;;H   follovay   by  ! r";   (Inai fire 

propano.     n.is   Pit'íyica  ir  lroarh<   uLc 

naphtha.;   in   Europe   iK-)'   .valine::   ver hg rt.r::run    l'y   c-entiner;   in 

USA)  and   L»-a:auE;e   eih^ne and   proi-ano are  more  free!/  available  in 

the USA   than   in  ' ur  oe. 

This  situation could,   hov:ev«r,   ch^n^e.     Cuotas   for  the import 

of crude   oil   at  a   lew priae   hav   taen granted   ir  ruanu facturer s 

eetUng  up   ins tal lati on«   in   «no   ".*rihhe-:n which all own   them  -0 

obtain r.ar:v .a   at   th-    tropear;  pria.-.     At   the .aime   tine,   the orice 

of ethano and propane is;  tending   to  rise  in the USA  and  to  fall  in 

Mirope.      'able   Hi   .-:;.cwa  the   exoert'o   dv«r,;;vt;  in  ì^nie  raw materials 

for ethylene   proda-.;: on  in   ihe  •]?}.      It   can be seen   that   the  liquid 

feedstO'.'K   rhare  wil;   iarrei/   meraat-e   by   1T(";. 

In any   ease,   tra> steam ny^kin*;  pror.-::s  can use   hydrocarbons 

ranging  from  ethane  to heavy  fuel   oil.     It  seemn  certain   therefore, 

to provide   the  lions share  of ethylene  production  in   the USA as in 

Europe. 

•uree of 



,¡  I v. 

Tabic  ITI 

î'rirri/i'-y <: •. ¡ e r? ad ::   '"or allo/lena  eroàuotion  in   the Uf>A 

"*Hh," Lon<>  (in   ; ariani 0 
por   oalond'-v  da v} 
cc:iìr\r  irò'?. 

Cl'MÍI' 

preo ¡t¡'.' 

Cr-i   (l irruida;) 
j 

10a6 

143,000 

13?,000 

74 > 000 

1970 

1'j8,000 

1 iyi, 000 

1^0,000 

1975 

217,000 

KM, 000 

307,000 

II U'iji'liOV-.    CI ;or  riitac':'  c.V'uKiir  -rocco, J 

II, 1 .   iìa'-J   ::Vn. t .-.-. :• j a_lo. 

Ac already   rhovra,    l! 

T:Hlume 

LPG 

e on donna ton and  li¿:ht ^asolino 

lifdit naitli'1 Iw. 

heavy nrphiha 

keroaiae 

£&s  oil 

ho;ivy  fu'1   oil 

io] lowin;: i';.'.v!  ;aalerial ¡:;  r<uy   bo used: 

op 

O.65 - O.69 

O.69   -   0.73 

0.74 - 0.7a 

0.73 - O.03 

0.-4 - 0.86 

O.fv - O.37 

Tbc HnrHna   lorn,   virgin naphtha,   currently use.'   xo designate 

the  ravi ipa1.0ri.ai   for  moa;: r.p.:>aii;';  ccv.. ra   the  whole   ran^e  of crude 

''«o ethylene 

ly   hií-^er   as   the 

,   í rea .   nroyroac  has 

liquid  frao Li ano   lei i irr  hrMweai   ofV "  ,,r¡(¡   v f 

yields  frooi o'ean  oración,,  ar-- ¡aua-r: 

starting material   ^cta   Iryíuor.     .'nriuv-r 

been Mado   ir   '.h'.-   p.ta*.    '0  \ eaoa   ¡a   r.a:at;-;   :.h-'-o   y : •-• ! la  ac  can bo 

seen  from Tabic   I\y      Thin   baa  boca.  ' ohi -'ved   by   nar-aain^   *he 

savorit'   or   a^'okiry   by   iiio^raoi n<   ¡h1    ori'iar.r   teiaporc. ture and by 

recycling ethane  and  LbG   through  apeeial   fornace:;  vbiah  crack  them 

to olefins. 
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Tabio  IV 

.^?ânL?ijlciip.-l.- J.:ta£i.!iiíL¿*i elds 
Feedotock 

ethane 

propane 

naphtha 

gas oil 

/•; yield of ethylene 
1957 1967 

31 

40  - 45 

16   - ?Q 

12   - 16 

86 

45  -   48 

24  -   35 
18  -   25 

II. 2.  fjrolyjiiji  furnaccr, 

Two principal  design? ^ro in competition: 

1. The ^Li;i   ,'urnac, with  late-ai   burners  ,and two banks  of 
horizontal  tubos. 

2. 7ha Foster Wheeler furiiac- vri th burners  at  the bottom of 

the furnace and one range of vertical  tunes.     Both  types have 

their advantages and disadvantages.     roth previde  for temperature 

regulation according to the denirod  profile and  for   the cracking 

of a range of hydrocarbons fron, olaanc  to liquid,  detiene.    The 

Foster Whee] or  furnace or-n also be uccd to crack &Si oil  and 

heavy fuel  oil. 

A mininr.um of 3  furnaces is used  so that a   furnace may be 

shut down,   for renoval  ci coke or for other reaaon.,  without 

interrupting production.    Th,,  capacity of furnaces  han  increata, 

it varies  between  ff^COO and .;%0Û0 meine   tons/year of ethylene. 

•The gar,  or  the  v^ouri/ed naphtha,   ar^-ated  and  diluted with 

steam,   enters  the  tubular motion of 1 he  furnace vhr,.0 cracking 

takeo olace.     The  ctcam act;; a- an inert  diluent,   minimicen  the 

formation cf ecke,   do-rean-,  ruction   temperature  and  control:; 

tho tr^nfor  of h.at   fron  the   tube wall   *o  the  region medium. 

The optiTium amount   of   -tear  uaed   varie- witn   the   proceri,   the 

crackinr seventy ana  tho  tvp, of hydrocarbon.     With  lii;ht 

naphtha the optir.^n  ir, aroar.d of  r:toa.~  for  ? v~ 0f hydro- 

carbons.    With C*y  oil   it woula  be rr.ueh  lower. 
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The cracking reaction takes place at near atmospheric proosure 

in •" v—   -;1--'-4   ó ime  (0.2 -  1.3 seconds)  which deponda on the 

naturo et   the; feedstock. 

The  crooking  tendere ture.: virv  botv;een 67r>°r and  e^O 0.     Typical 

furnace  o1.; LI :: ;.   tome .'ruL re?;   "or   che   vapour;,  ar- ;  86C>r'  when   feeding 

Gthan<-   or previne   -.nò  760'\"   to  c "• bb'O  uboo   íoedirer capotta.     This 

leads   to   t^KM.jr.H   cu   che   eoh due  of   * h ;  'uk v-7 1e  of   10r/ü  or 

higher.Th"   tuber  ore   ..  eery   ¡:ro?'. • n*   0.!:.;;,,-^'.  ir.   ihr« eteam cracking 

procer   .ml  they  muet   oc  of  vor;   ciao  eut lie, . 

"ho  volerne   inoreaee  horj e-"  -a-eo^ee   i:    •.'.r>   tiee-e   for   ethane, 

three  to  four   tunen  fvv nop1 1 ho - r:i   ew'ht   *c   »ne   tiaco  for fra s  oil. 

bin lead?  to vapour velocities at  the  furnace  outlet   in  excess of 

330 m/coc 

m 

IT. 3. Ll^r_shect 

A ñooemetic flew ¿hoot is shown in Fir. 1. The vaporized 

naphtha end steam enter the pyrol'uoie fjmuee 1 whore erackinr 

takco plc.ee.  The cracked predate <re par liai i y cooled ¿M the 

waste heat boiler ?  Refere their :tnai ceci in*- in the ooluun 3 

from which the re ni dual, feel oil is rooowrod.  The overhead from 

column ?, te- gasoline --Md  liehtcr components arc compressed in 

compresene 4, feorr. which the eaoolino ie recovered, --nd the 

remainder poscee through the caootic coda wash column S and the 

drier 6 before orv'onn^ the depropaoieer 7.  In column 7 the <"!, 

end liquor 'tees __~o separated from the ('•.  and heavier eroducts. 

The deprooanieocl nit cms are sent to a de butani zer '¿  from which 

he O.'r, omertà: at the ice and stabilized ¿"acolan;.' at ine bottom. U..V.   • A 

The O ' e ro  to the extroettvo die „illation column ) which 
A. 

separaten "'lie but •.nrü aed eu tenes a;; top product 3,  'The- column 

(»olióme reos chrouph the s i,r¿ooi.i 10, ola; hj/./LUf, column 11 ;*.".d 

the tei1 ine* column 12 from which butadiene io taken as overhead 

nroduot. 
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The overhe ni producta, from tha rh-ero: onx;*er '.ru contacted v;i th 

hydrogen ri:.h ran in th.'. fuvtylimj :\.!^vO eolurar. bu where acrgylone 

ie hydrog-na^-a to eihyba., ;-r.fi ar>e tp..;; crr.-proyfiH m 14, cooled 

in V)  r.ir'\   pan;;. M i.'ito the 'a. •'• '• ,ua"i ;: ^ 1-'- v;hioh ::o; •ri'.R methane 

and hydrogen -ir an ov;r!io ,-i preduet b,< lew temn-e- .t n.. .-• frac lionati on. 

The deme'hanin-r borgne ye ; r< me d»; e Lhnr.i ;u.r vrhjc}-. \epnrntcc. the 

C0 ar.d fbj hydre carmin 5. 

The G ' c pao ;î lu the le" temperatela: fraci i oria ;. irg column 1B 

which givoe cagiono ne overhead e.ud ethane as a bellen product. 

Tho latter ray; te nccycic" through a ep'cial ;•;!,-.-. un creaking furnace 

to increase the overall vi od ci" ethylene er ir nay be uaeced into 

the fuel ;e ctrearn. •e re; inn necessary ir provided by 

an external preryiene/ethyicne concedo eyeten ?0/l) and by the 

expaneion of ganen. 

it er.ould be noted thai the batanee and button corning from 

column 9 ae v.roil as the p"ot a:r¡ can equally -eel i ce aecyeleci through 

a cracking- furnace vmieh will ha\o tie.; ill further in- 

creati np -.re aree action of e '.!.;-1 ..ne ae v; dd a:., ; Lea of uutr.dienc. 

Finally, if l'here is >a merke! for 'he propvlcno it can be: 

- used by an oil T*c ànjry either by polymerination or by alky- 

lation with ieo-euvane for production of a ni<--h oualtty alkylate 

for raising the octane number of gaeolinca. 

- transformed :o eigylorrj and r-bu toner Y r   •.ho 'entirely new 

"Tri olefin" proec-es cî tho "hi"!, iipc ••gg-'-oi cum "e. (molecular dis- 

proportionate on).  The n-bueeno., "• v. their turn, can be recycled 

through a cracking furnace tc inereaeaj the /ieíd c;" butadieno. 

They may also be dehydregani od ; vai i oh given a botter- yi 'Id of 

"butadiene but ie much : ore conti/, on may to return.'d to a 

refinory for the rJkylabo pool :'cr  oaten." in.proven, n • of gacolino. 

An for the pyrelyeie fpnoaa:, vhieh hen a high octane 

number, it may be rj turned to nera foi' treatment or 

retained for recovery 0'' "to contained ""•eni'eno t toluene and 

xylenes for which tho eiajmical demand i e alec high.  In any caso, 
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echiiicrue which  is  c ft en  used  io 

vhc',hor it  is d-ne in the lefinory or the- cto-ini  crociare; pinnl,   the 

/"{¡.soline  ir,U£; i   be  a\rdrDf~cii'!->.t jcì.     i 

two  í:<'KO  -.Vit.-lvLic hyaroyeni.eio: 

raturetod   in  ;hc   firm,   stoe-e- en:! 

.n vrhieh  11K.   cliolo-f :i r.r  are 

'.o  rc:;:,"'.ini?:f   oloi'inr;,  in   the 

eocene   (tio.  eeee-;e cu.   ti ;  e, hot: 

r>'ho hydro¿" jnat ci  oredue"1 

i-u   .. >.'. rj ,.,    ';('!..i-IT.' Jl el       I , .."¿;.    ,;•»• 

rcr.rv-rc:  eny  rv. ,-r.-irn ry, hyer-rer 

re  tc  e.  treeer  for  eeee1 r-t? or   n 

xe  (lij./v.-n-, 

cool 

•! \ 

i-i.»       .j. i.;,. , 

pareen  tar.uge n, separator 

•:-'-'   •-  '•   fi ri ;»r. or cehenn ehich 

;-4 -ethane,     'rh-. liquid bottoms thon 

-r.,v heavy  e>~oüa:te,      \  second hydro- 

'''••  °-'    -'-ie fr.'-i'íüi-i.r.o íG usually nooee;:r.^y  if aromatic^ 

-' ' ! '":" 1 i i   eroe „,-,.-, 

p.--ITed  Vr.cve  ti'3  °hi 111^3 'J.-tTni .r, 

-.1 

rollar. Co.   has brought out a 

arepe-horeeion" which a-an,  in particular, 

iV/l^ao a/.:' :;-ì;vitoncH  according to tho 

- yn.o.ed 1-.-..ci ion 

e„..'. 
Û 

r,"\  preeeere   varie?,   VroVl   Q   J 0 '2       j   .u ??' cri    evìnci   ',ho fv     V ñ g 1 rï <? 

<:.eht   fer   ICO  ee   propyl sue ,?.re   33.4t 

T'ha; rnoGt  iniereeiin^ vray of 

nro  ::io^  -O  the   Theorot 

Otî-ylsne   ;.-cL /.-£#¿   *   cr n-hu 0 en ••-.;. 

ut5?i:-Àn.-  this  proco-,  ir;  to  irea^ao  ir   in  a   .:te.,.e  cracking plant 

to  cenver.   ~lt   or   :>ari  of  the  propylene  and   to   crach  tho  n-butenes 

ÜO     t.Uea.'K  ;   ,'•     j ,;    ;     :"pí.'"l.P.l     V'U~-y'a-    "'  -    "Ivy. n     •" -     V-.--,,», -     O 

Vho  naphtha   jntr.r..:  me   nrackinr  i urine e   »-   after cracking and 

enere   ehoy ore   ro:   iro-'.a; '   and  eeoaro-t^d 

o;, heir:   eid  kydrorror. ¿?c  ee   fuel  gas 

and   'ho reraair.do^ eve.---e  -i-^n  "., ,  lr.,  4    ir,   ;,.. .   P, -   :"1-"— "   ---'-O    vi..;   if,..    , vú.eoT' .(Ui'C   froe11onae3 on 

òucLion   3   from v/hiee oeao 

o   rh,.   convaoreioa 

ram*  vniore  it  is  converted  to ethylene and 

cooling,   the  aaeoe  eru:r 

fro;:i  the  lieu-; è   ;:   , \~.cJ.;.on. 

ilio  eirylene,   a^oovloao and  C ., 

dried rvrcevj ene  ree; ne-e ;ion â,   (ei:ovni 
d o 11 e ì  in   ' h e  f 3 ov.-  d i p, •-; 

n-butcr.ot5. 
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The C.  fraction  from section 3 goes  to unit  3 for extrnoticn 

of isobutyl eno end   th-m   Lo unii U for  recovery   ot" butadiene.      Pne 

n~butènes   from unit  f>   '».re  addeó   ;o   tiloso   fren unit /i   .end  passed   to 

unit   7   ( òot led  on   the-   flov; èie./-vani •   where   they  are  converted   to 

butadiene.     The careen   coming fre:;¡ unit   7   ere  recycled with   those 

from  the  cracking  furne.ee   1   to   île   aomprussioti  election  2. 

A  ninni  oree!' i oy  400,000 i/-   cf condensato  ne  low  severity  can 

give  the  performance   shown  in Tnblc  V and   *'[  whore   Dee  effects  of 

addine; the units 4 .and '(   shown \<.¡  doxeed  linos  on the flow diagram, 

arc cil?o  indie,-'.tod 

The   cracking luir;   been carried out at   modi urn  severity   to 

maximize   the "told cf  butadiene,   the nos +  valuable product.     Addition 

of the  tri olefin process  rei SOG   ul.e  production  cf ethylene  by  35,^00 

te/a and of n-butenee.  by  55,000 te/a.    The   total   of n-butonos,   say 

70,000  te/a is cracked   'c   24,300 +o/a  of  bu taci one raising  its 

production from 1f-',oOO   to 43;óOf) to/:-.. 

The  steam eraoking unit woe lei cost  about   106 million francs. 

To  this   ^un elee  following;  investments  for   the   tri olefin process 

would have  to  bo added: 

disproportionate on  of propylene and 
auxiliary equi]::.-. :;nt 

cracking* cf n- but enes  to butadieno and 
auxi1iary cqu ipnen t 

total  investments   for  the orocess 

10    Francs 

13.500 

 3.75O 

22.25O 

,6   , 
The  total  investment   is  thus  123 x   10     francs  {+ value  added 

tax and workirg capital).     Costs of operation  of the process are 

9.5 x  1ö"y francs/a. 

Allowing 15 years   for amortisation  of  the plant,   5'7f-> cf the 

profit   for taxes and  valucing 94e propylene at  0. io iranos/kg,   the 

procese; gives a pay  out   time of less  than 4tV years. 
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'Pable J 

C on von t i onal    ste r-.n ^raoKing Jisjji^j^^.t'ia 

Yicltìu ;o by weight  in naphtha 

Low modiun high 
severity severity severity 

CH. and lighter 
etnyleno 

13.6 17.1 20.8 
26.0 33.1 36.4 

propyl on- 17.5 14.7 12.6 
propine 1.? 1.1 1.0 
isobutyienc 4.0 3.2 2.3 
butènes 3.5 2,9 2.1 
butadieno 4.7 3.8 3.4 
butanos 0.4 0.3 0.3 
Cr+ 
5 

29.1 23.8 21.1 

Naphtha cracking and triolefin 
CH and ì 
ethylene 

ighter I6.3 
34-9 

propyl en2 - 
prop~.no 1.2 
inobutyle lO 4.0 
butonos _ 

butadi one IO.9 
Putañeo O.4 

V 10  1 

19.4 
40.3 

1.1 
3.2 

9.0 
0.3 

26.5 

22.7 
42.7 

1.0 
2.3 

7.7 
0.3 

23.3 

Table _VI 

.S-t£SiL£^f;k.i2S.-.iilJl20.,000_t/a__c. f light condensato ¿t__low severity 

Production 
10Ji/a 

CH.  and lighter 
Ct^-^K 
propyl one 
n-bu te no 
butadieno 
isobutylene 

t'ii^ouí   Mie 
triolefin procecG 

54-4 
104.0 
70.0 
14.0 
18.8 
16.0 

116.4 

with the 
triol ofin process 

65.2 
139.6 

0 
0 

43.6 
16.0 

129.2 
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In  the USA,  wh.-rc  the feedstock in „ainìy Ca3,   the yields  of 

ethylene  are  very  huyh   out the  entities  of by-produets  arc  low 

(BOO Tabla   I).     In  -arc;,., for   the  rc;.Con,  already   c-iven,   liquid 

feedctoeke ere cracked bui -aii'1   'f-   t~- -•;,...   .,;-,•)>       -     ,.   -, 

is aimed  ^ i.. 

For  t,i,Go reaecu:; a H{rM   Uquid  fo-detook  (itaM   naehtha or 

natural   '--an  condena- : ^   a- .-a   .---.»-  ->,.,¡ ,•-,,,..!_.     ,   - .   . ^ilu n-'- — j   —  •-.•-....••i  -..iiü ^  ^rad:en at   raff»i   temperature. 

Also it   ii:. usual  to recycle ali   the ethane  tureen   the  cracking 

furnacer,  and,   so-met unob,   the  "t-'ájah;. -  pvoranc  end   hutar 

which further increases  the yiald   ,->f ethylene. 

Jr>     r"avr'or,"r i V    U'"' tà     HK  -•       - -i - - .-.    rv. v-| . ,    *r     ..   _ , r 
^ *.i...   .     . .    _...,     i ^ w     ,     .....(_,.*!_     1,'.,.*     » i. 

possible   to go viti,  a  light  aephah 1 ia  cracking at   lo,.  (760°C) 

nodium and high severity  (360°^.     It  aonfirrs  i?n t   the  ethylene 

yield  rises   from  ?6  to  36.4¿ but   propylene  yjelde   fall   frcm  17.5 

to  12.6y   and   thone   fer ha Udì-a-   fron 4.7   to  3.4,:.      \t   UH-  name 

time,   the quantity  of  Hainan  yreruueoa  (ranoline,   fa   1 ì   falla   from 
pa y -i-,   oí y 

.ícaearoh han   neon  -arriad  ya»,   especially  ia Japan,   to  try 

to increase  the yield  of ef.ylene  rill   further,     "hue,   if the 

steam in   the  craekiru'  furnace   \v,  replaced  either  by  h-'dro^on  or 

by cracker  C:ia rieh  in hvdre—n,   ire   .-uhylor.e yielu  rrtr/  be improved 

by  20/j,   but   the propylene- dotre-eee   e  iit tie. 

The  motiver-  for all   thic   are   ihr- -fold: 

1. Lew priée  for li,-ht nyenu>   in durone  (of the order of 

10 cc-ntjnco/kft) 

2. Lar,y;e outlets  for ethylene 

3. Small   outlete  fer propylene. 

Light naphtha is becoming rauch soaaha after, particularly for the 

giant ammonia plante, which are eurrently boinyy built in 'europe. 

At present the prices for this material are eoaeitiva end hav- 

it appear?, rioen by about 10a.  There is no reason to believe 



TT A'"'     1 * /' 7   -_t t *i/.-^. >-/- '.ricv.i 
**•?*  lì 

ilia-   this  *cxdsnoy will  no*  cîîttiwij in th# futuro.    Th« Aacric&iti, 

C3i»ccir-:iv w'-o ::.i/t  -ver ^TC*.*CI- v. i cr~-,tcr dt-rïi.-.2r,  fsr pi-cpyi^-o 

a^c  ùùi\z i .-;i *,   wit   th.."*:;-"ilvíf   's«  j 4,~ .*• ï ^ *» î ri"  c'r*:tt ':i   :;i"  *hir- 

, .w ,  'i I.- »     » ! . j.  . 

UCA  •"•-.'."'  : * *    -T' 

*.*;,:   h K •. 

- . irrer 

f¡y    £ ••*-• ~ / 

1 •   if   - .      «j •_• Ve'»  »  * , 

•1.1. 

- .-.ri ,-.>•. .<• *   'f'U ;.r. A.: -trc.   "_utf    oVv-/.i ûy, 

11 v.   ' ^r. 

/  -  » 

.ir*   : r J     -4 

o *i v,   '• » sr'. •-- i- n   /  T" /irr 

fi-r\rx-'i-'_ T'""i   '• ccnatn r" : .--.   > 1"-.'. •   *r . ;-,   pi -,r*  -. - 

il   tv."  r
,'*'i  il     - •• • n  iv-i.-'.icr.   -/   -•'-:.ï*iI   -ir.:*-   ir   ••vj-r"   -~ '   •"'"-i~ 

• - « --      »/ »    • -    - -   -  J,   ... 

vi «h :- c^iciV'   ->* CGC,1 
>*-   ;   ^r.¡:^  .rosi  f-îci oil. 
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'•ha invrstrcnt«  fcr .:>. ntaaai cracking plant ahmùd inch 

overy'-hirur witnin battiry limita with   ;n¿*i:'.ftcrir^;f c z t -.i i y "ï ' 

ene-   U; no»:dec 

r.i*zilivry  s-rv;.--^ ctr.pr-aing: 

- tho  s 

~    1**3    I 

,ii   i*;. x,t'y,rr,xic:% 

~:~.   cerv? f."S3 

t» 
, •(•• 

., v ... T," : r 

VilCh   ti--   4£^:.   -.-' :•   -r.i '. '• 

fi»**¡   *•*;,*  HfXi. *H?»   fr,r   -»!< 

1    • C 

m,   t.inr-   «¡. 

.     ! 

4,   ,.r 

r ji r^vv / i r 

: or    ;\  ,-;;ì-',   A or  .'er   :.¿.-r - : \ 

\   ''.'.- Vit Cr -   •" e r"p ",./. y 

•» Ï    ;.     '*•.->.' ì   net    Viv:   *fv>   **ì£'*ì*    fu  T 

: »   •!•        ri 

* v ..,    ,— .     i ^. 

7K>S«1 01 ' î * ï     • 

1«   Te   O': ¿'io   «^ f : 

ii^..,       :, . ...  .*  ....     ,*    ' :.   .~; .*.**    *    "*   *r-   m^''%    t^"-'-'*   nvncuct« 

j.   Arr,'.*!.;"';  *"'f-  "--- - * •* -i"*r-*    •r:-,:-.8t-.3  zo thai  ali  pit**oì van 

frac*!«!»^ i...r«-   t-ji".- ;  i =.*-j   ;h?r,tccl   prod^s*c. 

*.""   ":Dnp"'../ v»Mch   iCJfl 
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'""lo case is the samo for a petroleum company which hac not 

obtained, by decre-c, a share of the French market for petroleum 

producta. 

Soluäon. 3 is not impossible theoretically and íT hac c-iven 

rico to feasibility studies in France.  Such a company would bo per- 

mitted to import the E team cracking plant feedstock tree of customs 

duties ani taxes.  All the product:; from this unit would have to 

.- materials cr burnt in the cracking furnaces. bo sold as elioni cal h 

earclu i   ,,^ i „,,i 
.tions  nave provea   that   Lhe production costs 

obtained would  be  1 3ss attractive than  for a norma1   rtcarr.  erackin- 

Unat,  even if   this  bought a somewhat  dearer feedstock fror, a ao'^L-v 

Solution  2 is  equally possible  theoretically,   supposing  the 

steam cracking plant  is near a frontier  (like that,  of La Société 

3AR-L0R).    It  is considered mere normal   however,   to place  a steam 

cracki-   plant  in  the area whore its  products  can ce  sold.     That 

is why in all  cases ax present,   it  is   solution  1  which is adopted 

with ti ire;: va.riar.ts: 

- it  is  the  oil   company itself which  has outlets  for olefins 

and constructs  its own steam cracking plant as a part  of its 

refiner/  ( T^O ax  Pert Jerome,   PüCLLL at   ¿erre); 

- or the oil  company builds a steam  cracker and sipns a  long- 

term supply e-jntract  for ethylene with a chemical company  (for 

example 'JALTM7. which delivers ethylene under contract  to .IC~CK3ï- 

Germany): 

- or the petrel cum and chemical conpani o ¿ got together to build 

end operate a steam cracker by the side of tho refinery which 

will supply it with raw material:     examples: 

in Prance:  ÎIA^HIACIIirin (Rhönc-Pouiene* + British Petroleum), 

Khcr.o Alpes  (UG?  + Solvay + ügine + SN?A + Progil); 

in Gorra--: PQW  (BASF +  SIITLL); 

in Belgi ar; P'çfhOCHlf; (PaTTROFINA + PHILLIPS,   etc). 

*)      Rhône Fouioac  now holds  the Péchiney share in MPHTILACHIMI^ since 
the  take  over of Péchiney ñt.  Gobain. 



ijy'wc.?././ 

In ail cases,   a steam cracker must be regarded as an important 

mût requiring a  cite,  utilities and servi-.03. 

III. 1.   8toam .^vJ^ckijv^ f or_20,00O_tonn/a  of eJhyJLcne- 

in  the oxarrple  ^onti i :.r'r<  lot  us  suppose  ix  is to be a simpli- 

fied plant  to ^T-.r-k   ¿00,000  ' >ns/o  of dilute  ethylene at a concen- 

tration of 5<"«1^  ("•-•'-   -able V1TÌ  without  ethane  recycle.    The plant 

within battery  limits  including  cave Iva t   charge   but  excluding 

engineering will   COST,  undor ac+ual   French  conditions  13,330,000 ?FH 

and includes a compressor of 3,6^0 C.V.   as well  as the back pressure 

turbino to drive  it. 

Table _VTI 

Rich  severity  r.toar, r'i''"ki£¡£ 't' virgin naphtha 

Froducts 

hydrogen 

methane 

ethylene 

ethane 

Total ethylene stream 

C rraction 94"/o propylene 

C. fraction â 
pyrolysis gasoline 

fuel oil 

\,  by weight 

1-9 

32.8 

52.1 

I J. <L 

t'etric tonc/a 

1. GOO 

31,200 

50,000 

 12,500 

95,600 

37,200 

19,200 

39,000 

9,000 

200,000 

The supplément   for ethylene recovery at   iO.B,' purity with 

4,300 C.V.   compressor  and  turbine is  7,1?3,O0O FFR. 

The supplemen1   tor raising propylene purity to 9'^« 5)-' is 

675,000 FFR.    Ta";    j Till    shows the requirements  fcr utilitieo 

and personnel. 
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Table VIII 

St eran crr.-c'.cir.g for ^-0,000 tong/i of ethylene 

¿te;<n    criXK'.r.j Cr:.ckor ^as Adii*, iv€ jr. i 
Ilthvlonfl     ,ì'rr' •'.*T

p -1" r- 

Compre.-:' :r:- reauirxn^  3,?,'t>"- o7 

Electrical *nerg:;        ',   48^ kv 

! ?uel 

<',3O0 CV 

! 32*I03ih/.ir r;.;. 

33 kw 

256-1"" 'ht-n.li*•=/-      0 t     u 

! Cool 1 tv-  v.ater 

J Dem 1 r.c ral i o o d  wat e r 

ten/a  ru.1 1:1 ce 

lfC0C  :i"'/>r 

4 <-r  .ii / i.- 

3/       '    „-.       3 A * 

0 

Stcain production (LP) i     12.3 tcr.n/*» 

Stear. c)t.-umption(LP), 

0 

Catalan;  end 
chomìcr.1.-, 

i Hydrogen -.t  5^ / 

¡300f0CC ?r/r 

9 towt/fcr 

t    0 

0 

C 

C 

0 

?.? tor.s/hr 

Í 

1        0 
!   ?.?   r-^A   <- 
: but ad. if ne 

Staff and  supervision 2 engineers 
,1   forenr.n/shift!      1 min/thifH  1 man/shift 1  nan/;;.u ft 

I Iiairtf-r.~r.co  ar *;: 
of   mve ut ncr.tr/: 

Batter;; liait:,   in- 
vestment P  w 11 '•• - - it 
engiuoerir;^ 

Licenco  (c-Gtinat^d^ 

C,   ITO duc LIO ri  tond/ 
4 

wo rkmen/shif tj 

19,200 

1 
4 ; 

,ie.330xl06 ? 

M 4f 
I 

7.123xlOòrr   .O.^VtiOTr       3.7^0xlcSr 

0.9    zlO "FT- 

IS, 20C       ! 19,200 Io, 2-00   rf 
!    which  ' ,h^ 

tonr/a 
I    butadiene 

J 
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7>-  util-.an; ire * ver- impertant  tacto-*,  a esordir.* -o   th-- 

• Ï   '•  r- 

»i j .- . ' . i    ' t "'i* IV.    '. *'. .1    l >"•> #-* 

"     , .      1 ' w      ;        ..        -     ; ,    - 

j : 

tJl, 

to l 

.OU   J ,' v ... : 

*«. r -^ / »•- -    -> *' 

r. t «•-• -vr . 

i •    t ;• i. -.    ; 

—   *it*- »-• r 

cial  cvnt: 

/    :.   -r..v- 

'.riciv,   ~ur,¡;;i :   C-rp^iw. 



The Irrt  solution haa tht advuitoge of appreciably reducing the 

investments  m the utilities» ari auxiliary cervices.  Furthermore the 

turbine» can   be  replied  by nuc)¡   ir.-  cotti y  electric mo*'.re. 

arc pn-fY^ -ci,   ajovc al;   for the 

lerge   s:..-:     r;c-,rr.   I*   ;.,  sne of  tue  --...som   for raising- the  era skin* 

temperatura  anä  r rt.-i „c i r*; *he MIRUH of high  pressure »lean at 

•d V-^'\.   '-»Vre a  cues t ant ir.1  quanti', y   4r  pv^lable  for ex- 100 kg/c-¿ 

pan^irn +.. r- • .i*-*-   -„h'-  î.îTI-î':  .:/;d *he afiliar,,   toiler tc   be provided is 

rrñal 1er. 

r.u i    ir   i '. v •''»Tit;  -,te?n  cr?rk *•:*'   trf't ír.f crude 
fuel  oil',   ;, * .   ,.   r,ïl • * i ,--.-i 

1er r.ust  *<»  I irr. r  ---j  r-.-. 

• - tr.-itH '•' + h 'n:   auxii J :,.-i ,    Ki- 

i    not  rr.ly  tho  cto;>:,  Tor ti.e   ;'.jib:ng.i 

St» *-<r r^   -"i*.y     <e»th'!<?ne at   ^2.1 /* 

'Pr-;- 

;MP "t<*%- 
Lf  stev 

LP  «tear 

13  u-nxynr 
»?   to r. s / h r 

23**? tons/hr 
3-5 tons/Ar 

•>nvtrri--r, corffioien-   ¡LP  Etc:» 
HP  -—-  ti*                                  \ 

————- • •  -'•   -      • »    — 

avale: 

i 

1.1 
1 

1 

>*1 
>        <u.u 

3.5 

32.3 

12.3 tons/hr 
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Tn the    KT.pjr pi fi ceins considered the clacr.ic r.ictbed ci  v—l: 

i ^   ^..ic j  . ,iu ...i c^a*.—.......__,   „out.   ior tr»o  rcq*.nro'2 '*ir!' - --";- 

r.re  ,.i-Raed  i'or  T.5¡.-- cr-;.o!<< v:  j'r^rr.^co^.   ?or,•»••.•;--  ih*'-   * ' >   -••- • "•- 

boiler  ,a]l  r-J fi^ -  yj.-l  .   47, 700  thc.r.i: ;/:.r  ._;•;/  :?r .- K''  ....   •• 

ïAceJs.. '     " * " 

Tan etocr, c.i-.c'",r  —r ^-^:'   n.oi   (î:-.cl,; VII); 

y,C00  *or..'/V  ;; ^TfC   thorr,i-;r   -  O7   .• IC~   V\z.-:;.uJ* 

-";cl  í'"--* U:- 'r^f;c.%   'nethenc,   "in-.r.-:-) •lac/',, Vi'*' ni   *• 

Cernimeli-, le .rrr-c i 

Í*    J 

r;^,. 

T-H^i 

H >A *   1 •• r *•     i 

V . i 

re -.«.u r t - j,. ! ;-!• «, ^ - , :. v. ¡., t;..,; v.U-i- ¡Velue  .0:;- i'-'r' '• 

V -3 

21.5 

K .7 

w    -, 

3?.5 

it,. -» 

r  *-;   10 V-/..- 

î.tH ' i'li •• 

Oint T ; 

10.7 

10. r 

1  H2Ï   ùJz, 

\     32.5 

i    io.; 
i       » f. 

f   c Li  , 

-' 1 f 

1     ' ' 
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'•''e ^ÎT- "'V con-: j.nued 

•"embuât ibi o  rrasen 

s. onpo :•: i ;, ;c:: 
i'OiiiC!';; " ì.ì } •:. 

\->i 

• -V""""-1-    hc^tin^ valus    va.uw  cr.-- 
-"-•-•- i.e. .-/••'-       w.nc-'aii.>.ío/JC,T        tin;«-:.: -oer !:»•-• 

Turnove: 

J .o •j '.'   c, 
•J— ' .1 32,5 :o-, 

10.7 

C„   c 

VC-c 0.1 

•«- • I 

1 '-., 3S 

S9 • ó^i 

•0.0 

9-o 

A;., 1. 

S<3 

J ; •/. 

1 ('•••• 

i •:io 

ó_. 5% 

ipa-h'! »     "" 

n-tccrn  u y.',CO-0   ,o:-::,/a ethylene,   Investments  for- v.tii.'-.tiî; 

lut;1 • t * 

jFrcri'i3t:"n 
'tribu:, ie- 
Ux'ieed   .-. ; 

,c.-;.i 

^riiy 

¡ _Su.5pler.iont  for   e:n:rü.eí,.¿.Oii oí'j   CUvj.i 
.•ethylene ; prdpyTr;;:F'I"buttaicfir!    err,cl:er 

I cumíete 

:io-5 ,-.: 
' ror  ^   ::;; 

0    : 02xio- 
-•ci'   v.;  ir,;' 

Ç- ' 1 .-i r-^'Q 
f;:ie' 

i,t:;cxioJ.Y -.a. rO/vlí)-',',,     O      *>ì..irJ 

• D<-~i " i c 

,íTu il, 

1 

J        -(i        *      •    r^       '> '    1  / v  1   f'-".". - c 

:.:•   .^r   3 o 

f. LOXlO    i' T 

:o.CC0::lû- 
•    '   ¡Y 

-1 » C %•    !    A3 2 9,504 
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In total  the  steer* cracker produces 608 x TO6 thence-''-.   :•)-.:.i 

:.s to  cay practically ali the heat needed for the cuxiiikry '""• <-]\ 

pressure boiler.  This can explain the preference for  turtln - ò.-:.'-c-  ratlr 

tnar.      for   buyir.a. electricity.   If   chio  £«c->rú al! curative v/er? \aa a 

At -ouid be  TV: cercara to find a U:;¿ for a soontarairi   ar.c—*   -a --,.-•. 
c   

.,->.  .o. . c> i-iiujn^   .0  ^¿_  ... _o     vhorv,iies/a.    There   io no  revior  •;,. 

believe that  the reiahrourin^ refinery ^ou'ri  need t^s ho-t    • •-•••    :-' 

it did -he  refiner voulu only offer 0.¿  eentine/thoa^ino <4uch a:a;lc 
•Donali zr> tl,r'   ft^.-r-,  f>-r.-./-> i/-- »,    7'-^  ..... i .-. ,   .   ,     , ,. - -   -n" c..c.c^-2_.   i,  v.ouxa certainiy be  coociblo   a..>  _.;c 

this fuo;.  ^.s to  raire  low ore-----arc   ~i-or- Po- •• v-r   -,--.,,,._.- 

oramicai plant.   It wuld then he neeo^a->~<r • ^   M-- • -•  -, •.•.--1--   -•,•-   • 

ar; Ura,^ ;j.b a ne auxiliary boiler aireadv 

;:ü.eü  u:,  o a etc  !;o   the T 

T-! 

previous  ca;;o. 

:s interest i^-  ,;o  note  that   of 5jS :; 1C^ thorn-os/a  lecui-'oà 
r>21  x ]0° thtan--n  —-   t>—vir^  V-  -h-   -w   - — i....,  .......   tj     ,/ir.ec1.  o,    biu  J.UU_  ;-j,p.   .: -p,': a    ,,a.a   -,ò-.f.--*ay 

vr.til  noi; liaaid  fauvU  or- ?•  -o-  r^^^^Vr,   ;r, ^ .„•,„.     ,j  j x 

(althouyh  tbio na- peocibiy bo abolished), 

à. 3.   ' aveoxaente   for aTiU'"et 

-beee ero che:.- for f: „neh conditions,   .aginoe:: ina- include. 

-n .,    w.   a.c,   t.no...r....   1^ 5.5 x ¿0    Fr for a  steam crac*:- ; .v^U-w 

within battery Umica  29 :c 106 Fr.   Steam raising alone accourt- 

for 0 x lüc  Fr (fer Cr-curUy tho boiler capacity hac boon  .trierarca 

l>y 5öfj by eddiiig an au-iliary boiler). 

•° ~    Tütal_ _ investrrera 5 

These are not out  m Tabic XII where  it can be noted that   ¿he 

battery Units total of  29 :: 106 Frs.  becomes 75.S r. 106 Fr-.   for 

the complete   ateari  cracker.  T.i.j chows to what   erctent batí, try limits 

prices,   especially without engineering and licence  fV.03 0.  0  t.lTv-i-v 

and hov: vrroni: it   i3 to  base calculations of production cost  on the»., 

ar, one  ¿eoe  Ja : all  too  often  in the literature. 

Attention Muat  alec  bo drawn to the  supplementary cost  vhich 
-• -*a increate the total  investment  by 20 ^: 
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- 1st establishment  coste:   all the costs of studicn,   setting up 

the company etc. mede before construction starts. 

— interest-payments during the two  years  or so  required for 

construction. 

Tiie .-.Cucj   is  available and interest-payments  begin to fall   due 

but they cennot  be  integrated into any operating account  as there are 

no  saler.. 

Table  "IT 

Steam  cr~c!cer for 50,000 tons/a ethylene 

Total   investments 

Investments  10    FFR Steam       ¡Supplement  for 
cracker  ! of 
only ethylene        \        butadiene] 

i 

extraction! Steam    | Supplement 
cracker! t°T prCpy1 
corn- 

jplete 

• 1ère con- 
, centrat ion 

Ba.ttery limits 
without   engineering 16,330 x-z.il 7    107 ; i i c :> 3,700   j 29,233 I     0,675 

Engin cor in¿; (est i-      J 
mate!)   V:. ';' '    6,110 ?,370 ; 1,260    i  9,740 0,225 
U-tilitJec  (with 
en^:net rin^r) ,   4,781 4,050 0-371        9>2Q2  !     0,302 

Sparc   .--arts 0,69? °|33> 0,125     !   1,132   1      0,02?- 

Auxiliai'v servicer    | 
with  rn^-inecrinr        i    7,630 3,630 1,370    -12,680 0.322 

Licence   foe   (ostim.J; O.9OC     ;   O.9OO   ' 
i    ' .        .        .    Ill II.     I   • .1. 

Part Vucl r„n •• 37,343     17,558 7,006      62,907 

Supplementary costs:j 
20 % J 
$•1 st  c s 1 -- b 11 sh.ii ont    | 

5 /- j 
—interim interest      , 

5 i i 
- unforeseen  ckL~<ya < 

10 6 i 

',50o I   3,515 

Aim 

1,560    112,575 0,311 

Toj,al   investment 
10òF?7i 45,043  ; 21,073 9,366 75,462 1,864 



'-#? 

- cost cf delay and contingency: 5 '/ of investment for car!, { 

these two items appears to be in line with reality bui for 

t rapo l--vt ion fres a pilct plant it would be r.eccosary t- dc 

this figuro. I', ohov.ld bo remembered thr.t 2r, £ ( roe r/ere.oI. 

value o\o!de^ +a:c :^d If ;f cf tho turnover for worloiro; C:;ü; 

has tc be pre/id, i. Tnosc tvra last ilcr.-n do net come ;roo 

iisaxion or  oe.lou.c . lore  " " production  cet   ar.r1  hoove  rccr 

i ¿onore d. 

In Tecle XITI the oupplco:ontory coats hove tec;-: redó¿„ritui o 

th« three he.xd^s: briery lir.it:., utilit 1er ìV evil—v ->-v'- 

From it   or.e  ce.r  J'-áuec tho.t: 

- oaxicr" liooxs -o-t.:  oceouni  for 63.5 >í 

- ut_.ìi.t\cr, account   for K.c y "" 

;;<.>.i? xar;   oerviooe  account  for  21.9 '70 

?n the  total   invest verts 

Tr.blc Xi 11 

IwcEtir.cnxi, ".3  o function of the capacity for 99.6 ?. ethyl e ene 

Promotion of   othylonoj Investments  in .olinone  cf franco 
toiiñ/r, i Dr.ttory  1 imito] Ut i J i t i •:. :: Aurciiierv  seWiooe "•> vj 

ana licence 

50,000 

LU0.OÛC 

200,00c 

300,000 

4C.--.0C0 

M °0 'I   I   • ,A 

(Ó3.0;f) 

153 

ar.a  eoe.ro Dr.ru. 

11.05 16.53 
(u.^) ; (2i.s^) 

3S.2 

67.0 I5.3 I      '¿3-0 
1 

,-- r,    T 2?. 9 1    ->'J • ^ 

12°. 6 

5?.ñ 

I   7-,..•'5 
¡fi ,-.-/•, 

I '.)" 

\~J< 

2.31 

in. 2 y ax"' :r.v> oóTorue   -e  a  fune tic: 

_> '.;::c.wf; OMV invee ¿Olente very c 

production rorccioy fur t u .• oho yon c/ouoaple. 

Closely  fcilowo the  law of extrapolation 

c;f; 

0.  iuncxion  of ethyl co-' 

. h e-, c. urv c  in  t h i ,0   . j. ,~i ir e 
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.?• •* *fc# Pareva investí. 

Se « tf« currssfícr.din,- 

>#    «   the   co r r *''• j> r, iir.* 

U-nd-ud 

I " ' ""• •• / trito?« 
Ce 

» / 

Cn-« i?;.st   c.;.   t >->,<». m-   ti   -ply this cTirve execr-t  for tho choe-a 

"^i's thtt  for tue ,<-»tI.ut.on ~ f t: 

Vr. 
Cv '1  i   »1C t," ? 

íjnr*;--. .M'   •»-  t-î.n,^   ci" -ph*i.-   cci-.tur.r-d. 

-i; 1,-i   •.":   *'.iri4.t-    '.ru    1-nVOttilifRt«   "»e   i. 

Trbli /.ÏV 

-      ' **   • "*   «-'•- - tJC v ion  v r   f. bUj , trio ttñ<.» fitacr cl'~ 

Lthfr.c      ?r;v.f »  • . n-i J. 

Olei'ln  ,:<rcduc+icn,   to*¡ 

Sutfcáicr.r. 

135 2»+' 

lOf 100 IDO 

Î 37 44 

0.5 4 10 

i 5 1 ? 

L€0 

1 (• 

2IÎ.   3  Lt,C"^Tí í ir   '/"- '. .',•' -'. <i   t >r,ä/-    r;,j'-JR, 
-i ' 'i ...i 11    '  .1.",^» 

The d *9 rr T r.*"a.~f . -. -r t^r r-v ~* •-<*. •-. --^1... TTT-. , A 

diltributC'l ir. *hf ! ríi,' nr'.-í "M " <•. 'otwp v.-,» «•„,.-, - , „ , + ,. „„„+,. 

Utili*.co   v. i     -.•iL.ry   atr.     *    ,    •;.*; 

«xptctt'3 f r  i        :   TS'     *. 

accordi a,-  i, 

particular: 

* * *   * •' "   •  "' -  *. *  r. t „•  *    l 



no  ethane recycle through a cracking fuma ce 
• no hydrogen;.-* i., 

-• no  recovery cf 

UB^OC 

.ino 

o/aropy.n  f ron the fuel  gas.  Thus a steam cracker 
ro'-   '••.'f. ul .í  proau.ee: 

- / 

• ri   - „ _   r>/<   ,-f 

-i , -.r.    -rf 
'l.-IK     -.{     -' 

It   WOud -; 

?5? nUlicr.i:  - 

J  ' : ':-:/r'    l" virgin naphtha arid vrould. cost 

If    it    7.V 

produa,. d to   .,;,.', 

car  br' c < >..:—.• •, 

top.:-,/-'   •• -I    • - - i - 

A  "• If on  <'"- 

tO ,. 

.1   . r ; r 

r ,..->. 

H   would 

«vi d ;aul 

obt~lr 

Hi"   y   ; 

out,.'. < 

va? u.- 11 

that  uj. 1       r 

•'•'  r'a 0i^ oj?,TT<-jr oí   -the r~°pylcnc 

• •'•>:  -.VCL;incrvi   of 1.8 ..lillion;; c£ frar.cn 

C:JI
  "-'^^M   -'K-n,   hoc  -o  cr.p~.city Cú^OOO.000 

x   K'     ^-"ric^  (peint  A,   Figure  3). 

íuc:nr  100,OCr. tonr/-  of  ethylene  by cracking 

'" -''''acraTt--   "• .'-vority would  do   no  uoro  than attain  a 

:"'í:'   '  •;'v'r'-i 'ulv   '-"-tthrjir  ware  not   recyclaa.  Thus 

'"'-   ' ;   •/"- '-   íecdr,tocK (point   B,   Picure.}) 

",l "A" cí   fr •—-'•    :ut   it  would produco moro pro- 

•       ' I'-n   ^-'^crity  caocaing of ìiaht 

'   :"""r?i' »   •' ••     -'••-T.'-  yiold  of   30 ,'  can rcadilo;  oc 

'"/     ' "      '•'""-.'.'x'•-o_  then correspond   tv.  a feedoteck 

'"  ':  f   rV'~*   ^;'1rt  ,J'   ri;"l'r'-'   3).   It   will  rnlj   co at 

'   r'v'   r:-r   >;i:i   I^d-.::c auch   !,--   prolyl,:,tf 

"' " ' "'"   -:-ur   r:   —r  itjvcatnont  which wo  know to 

•  -   -h-.- method of calculation thown is 

'   ''      " '"'' Pi;-t^°d of cracking wc have  chosen 

'•-    ;i  ' : "irò  3 gives the mcnx   accurate results. 
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III. 4. Steam cracker for 400,000 ts/c, of ethylene 

In the e^iic way.  a et com cracker double the capacity of the pre- 

ceding one would consume 1,600,COO ts/a of virgin naphtha to produco 

400,00C xs/a of ethylene at 99-3 £•   It would call   fer a xotal   invput- 
6 

Sent of 24 x 10    francs (fig.   3 and tabic JUl)  broker  down as fellow:,; 

Battery limits costs and engineering and licence    153 x 1CC 

Utilities 

Auxiliary services 
35.2 7. 10 ~ac: 

52.6 r. 1CÜ franc-B 
•"-•r" "'  • '• »•  

241-0 x 10° franoa 

IV    - Elenufacturing costs 

It  is nou intended to calculate with come accuracy and with rea- 

listic assumptions the production costs of ethylene,   propylene and 

butadiene for the chocen example at three levels  of capacity - 

50,000;   200,000 and 400,COO ts/a of ethylene. 

IV. 1.  Storm cracker  for 50, OCC  t¿/.-  of ethylene. 

A difficulty arises fro.~.i the fact that  1 at cara cracker produces 

several  productr and changing the   cost ci  one means  changing the cos.; 

of all  the others.  The method of  calculation proposed  is simple:   the 

production cost  of dilute  ethylene produced by the  steam cracker alono 

Í3  determined:   the C   '3 and C/c have the valuer, which would be  fcu-d 

on the market  loos a profit of X )',.  The supplement cry  expender (fixed 

and operating costs)  of recovering 99.6 )   ethylene aro addeó and thir 

gives its production coot.  The  same thing is done  fer 90.S /, propylene 

and °8 £ butadiene and their production costs arc deduced in The same 

way. 

A - -Expenditure 

1 'Tfcble XV ,   which also L.i'.Oö      Xll      liie      CxUilUUU      «J. t abl »f T ""• 1 

the exigences.  Five cases arc considered: 

Columns 2 and 3:   steam cracking .viene producing 96,500 tc/a of 

mixed gases containing y2A  ~f ethylene; 

Columns 4 and 5:   supplement  for ethylene concentration to 99.8 f, 

(producing 50,000 tc/a ethylene) 



Colunmr  ú  and  ?t   Euro-K-rìLr.t  for prop-lone  cone en* r-i ion to  £C.} f 

(producing  3^,5^-   tr./r   prop.lo-.«.) 

Co umnr, C  ~xd c:   rsD- . _.   ,, ^        ti-»»      .'   V *   T>-    •» + le n •" r wut-i¿if:nó 

Columns  10  „rid II 

J~ s 

3^i .,;• 

-7 •.V í »:n 

Sterni crccit,r   for iltUT" 

1.   Pr ,-!-*:. 

r.t wh \r.'i\ 

rt.: Ií-.T 

li IK*  tnc price 

.  h ¿-. f- '   '.   '   ^  h ¿'. ro4«:lcun 

/   — 2.   Cr-' 

t. - 3.  F:1-—- 

i    "..•e .i   >.z  to  be   cxocc^cl« 

T.-'ein;; 

i4  i 1 

-   -—   -i'   -.::;   i.vr.nrr.-is r„-.io .-j-.i included in thr 

ul 11111 •• -,   i  : wi-   •i;-:i. ir-ut.-d in the   factory shouii net   con* 

"iör j   M.   :>.   ¡.' j   •:,- t:t ir , • . 

A - 4.  W'-.'cv 

°"£-*'   u«":"  'f.^in^:c/us'  .,na rises *o 63  centime*/-.-  for purifica 

An -   -onorrl   rule,   fu M   rn.s boeri pr'c-.d   :.t  1  ceti?.;;   ---r  M
K -,.; _ 

Which    ir-:    :';-:. rr.-.l    ;vr     -•>•••,*.'-     •-. f   1-",'-'   T-i -t-• i • -, r -       Tr       r   .-   -..-.,.       ... • „ 

the  sterri  cr-ci^r :>r-   ï   .   -• z  1 ¿>-s  th, ri  ihc  tetri   -j/ir^rt   r'"T^r, c, 

"i-"1,4   -j •"   -:i'   i; •   '-       - •   -•'•-    .r«. ~'r".   "-r» .f      ".   t.;.--    t, /'. r ,   tuoi    ' ** r ?-,. w •   ": 

1  (i-iti--.-   ;-.-.• r   t,..i--:^  --îOC.î  net  p¿x---~nt   . n,y p-x>bL'.n. 

A - (>. ¿te**". 

-!•••> c'-'f-*;-     .en  F!T:/t,   liluruç r-ccoiunt   r: f  the  cost  of  the  beilor, 
lnr1,jit '   -      «--   investments  for th- ute-tvn cracker uxilitic«. 

A — 7,  f'v-ir' ? •• - 

n(.';c!.;:.Ti   u, •  cxtr -.er* í-Jfi of but-.dier.o  cents   /rer.i :*.-:..-r-to 

ine'  .ll-.ticn,   net   included   in tho   mv» it-.cn-..-.   It  Vs   oc.r. 
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r-- -•-•r et  its cort of production,   i.c, 

¡  *" •   w<r  H   :r:Mi   -.re  pro/iîri (3  f: r   d&y r.rA PM 

'" I • :..'.'. s;,   I. - l'-.ztrr net:   IrV.ir   l«?   r,~ *    .MV/r'îcà 

/ » 
/•: <»•- 

*:*. 

*    -, 

t M« 

•    en.,  r • ;:ri   etc). 

* - «• i '   -    * i •   r c r   -,r.îiun 

r   :      •' "i"'   '>'.    • '•*'  î tnert» 

-    •"      Vi-'    •   - : •• t: 1;+ .^Tf     ; 0     rrivod   f.tl 

•   '•' '.^  ,'' :5t00t   fr-ncs 

3,l"-,r'0()  frrj»cj 

• ' ^   • <~ 1 j- - j. 

a+r    ' ì 

i'   ': * 1 • - n 
iX-¿»¿. 

* ' . ^IjXOG   '-rr«r:3 

;v* 
••«-Ö S^,0 C  '.îi/ri u; w C.C,, cut coniai 

i     ti 
,- - *      .- cf c-   fr",r;C«/kf ci" -wich ethyîcn« 

ì v, .f t 

+    r *    )* >py» on« 

; i  •  '.IL 
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•*#st¡ 

t,h«re  MT«?  cnf-icil  rutlet* fer prcpyleno,   it wuld be  5<*ld  for bet- 

4ní1   <:.   -.-»nti.vnF./ig^,   if  r,^ï  ( the aanurotien cade  here)  the C     ova ca 

nt i.-^.v^ 
f'-.r çasriir.o) 

-«* íT r*:'r.7ersion to ethylo:i# 

o#r 

v-tr".-un vf g*tiirur a price cf  18 coatisoe 

-f  l'i' is al le wed,  tào production ce st cf 

,'?   '•-%.;-» te  »old te  the  refiner at  18 cent l.^es/k^ 

hi'*r,   l^dtdti   to  th»   sano   crriuctl^n  -x st   r i*   1% "> 

oc :, '. 

O, h 

*.r.f .--•    i;'--,   if  r, • s  net   been hylr-:» *•**!*•*tei.    Ini':  tre V.r.ont   ir 

r •   *'.«   u   ;..nr:5,   vRich are   ]i#ci;ly   to   -:a-iFe  .^-.  .r. ca* 

i      ,*--t ..   *     *-«    r';.r;r.i>r.   KV.».'-"/Pr f   thin  .•.'•irüii/'       *    -.-   ni 

«r; r ••    i vir vtre-*t«-i,   it   ^ruìd  te  w«.rtn   >'"'.!"   írs/k*'.   ..    :.i.;\   :. 

*>..: !-*y ir''" ' r«-tt;'.K-,    ;--iua:np am<- r Uzat i ^n cf invo fitter, t¡; r e:;*.:-. 

/^:, ih..- iir.:!;^   < w;ht   therefore   te  be   yrid   te  th"-   r'iir--"   - 

/k*;. A  pr->iit   -.virgin ci   IS  ¿ five s a production cott  cf  0.1 jo 

"i '.. i "' o ' 

ir worth noiir.r; t.nat the  hydrc cenati on "f  the  gasoline ccalci hav-: 

ri"d  ?<\t   ir.  4rie  ste-irr, cracker  site before  extracting the aro^aír1 

fv,-,  f.^À]r\ :Uf;ñ onv. .ri,**"--   the  crnversi<-n oí benzene t^ eye if he* .iv 

;!';?tr"i^r;s,   net  f/rr-.ea^reJ   ,n   this study,   would, undoubtedly parait 

". i . '., i e        '    t,;V'  r"^í.o 11 ne. 

Finaliy,   th-:   fi.  i <il  is used,  aß shewn,   for   the  normal  ne   IE  nf tha 

-•v-or   --rocker.  Th ?r-'-  is nc  pr-i nt   in taking a profit  on it.  Costing 1 thermi 

at   i  conti.-.e,   t:.       fuel  is worth ).J  centimes/kg. 



pa-e      i : 

C - Production costG 

Two así;u;.i,;ticns havo been made: 

C    at  15.3. centime^/le? - one nomai  with C.  and 

Cl.      Flrct   -cr^.apt a: n 

The  cteaa 

x  106  franc s/a 

Table XV).   r;y 

tien; 

or-cKcr river, a   „urnever,   without   profite cf  (9r). ".<   C  -• v, 

inee  Ta-le XVI)   for expenditure  of 36.36 :•; IO6  fruncí;  ':, 
e;iati- censas  and recejptc ene  ¿jetr; the frllowirlf- era: 

franc 

56.6c »  ^.6 C5 * 1.1.ei  er Q-.6 C0 » 22.0?  and C„ - 0.?)l   W^-Jy 

tícw C2  i3  for a nux"d ^as containing 50,000 tons of ethylene  at O 

;/kf diluted   ,nth 43,500 tons  of gas type   I   cf which the cca,,,^^ 

ie  show  in ~,oR   \'   U ).  The   I,CV   (lower calorific  value)  cf thir   .:,,,   -•>,,,•. 

a  total   cf  >'i   x   U.J   therrrae„/a.   At a valuation  of   ]   centi^/Vierc a ;   w¡ v- 

in  the  enflaco   -,"   the  -,a:i rocker çives  «,. ?1   x   IO6  franca/.,   a      ..rjitl. 

the  cont   nf  the   ,-thyion« a-a   the  cost   of  the gas  -   the cost of   tho   ,Uei 

rnsec rno  rbto1 no  the  eauatun: 

50 ::   ]r' 
'-u?l x ]r6 =  95.6 x 106 c., =  22.07 x 106 

from which  tnr-   cc-st   of th<: diluto  ethylene 1^  „  0.337  frcr.es/fc:.   In ae.pinc 
the  e a-';: e   IV* -*-or*>t  >-—-"•;•   fr„  n.,   .,„1-1 '     '      "       '•—5--' -Ci    -^o   ùexlmp price,   the dilute ethylene rruli! 
be  sold  for  39-o  c^ntitucr/k.j. 

The  Eì'-CìT.-. cracker wath r.rnoemration  of oth¿ ier.c   ¿riven ex-- r/! ; ;av 
(Table X7;  of  (¿6,cr, + ^?e:> y   1Q6  francc/a and rcr#„.pt3 ^.^ 

50,000 tona/3   -hylor.o   ^.3.*  at   E     rrf.rrr/k,.   ,   ,.     -0 :-     .    .   /   .. , 

37.200 tona/,   proK-J.no   )4  / at   c7l53   fraacrj/k,   i.e.   V/ >   ;    ; o '   f. .....:i-, 

19,200 ter..;/.-. 0_,   at  0.15;   froncc/a    -^   0.7a    -   iC°  frarany'. 

^9,000  tans/a  ,--:d3jline  at   6. 1 Vi   f>,r,^-/i-~   •;   ,-      e   ^.-» -,   , a"<   ,. 

9,000 t,ai/a fuoi   .t  0.097   francc/ka i.e.,   0.37  x 106  iraacc/a 

45,600 tenn/a of fuel cas  i.e.   5-21 x iO6  france/a 



The fuel gas originates as already seen,   from the ethyleno gas nixt 

(Table  X (l)  jas  type i).   In equating expenditure and receipts (without 

fits)   v:e  hiv: 

36. to +  <j.?H     .-,    y) E     f  20.02 

fror  v.nid. •,:.«, c .nt  -f ethylene 99.8 jo E¿ = 0.443 francs/kg.   With a rnarg 

•1-^r.o  cruld  to   sold  at  5¿,f: centimes/kg. 

r-M-r. -./ill have cost 44.3 - 33-7  =  10.6 centimes/kg* 

-iii-.r -rie'j  of a mixture oí 1 kg ethylene 99»8/' and 1 k/2 

-    . i   ;   .i.''       ?0 francs/2 kg, 

.  t fi : "  •'• 

The   - -nr 

»i Op/ ; .. 

•or 

th*    information v.hich we  possess on  ihe possible 

x.'.-'. lofinc  fren a s toara cracker of this  size. 

;rir<er  wj.th i incentraiion  of both ethylene  and  prop,y 

' v, 

receipt 

Ó 6 / 
*•   . .--:3J   x   10      =    43.39 '<•  10    francs/a, 

.•:•   XVI ) 

'•   ,' »  '-  '• ' 

1 "-Ì 4  -J       V I, •   - / 
''I   - 

( , 

iTlt; 

'• pí*r'i ''i**'" "-•-' 

Iß  giví'.-rj 1 0 

S. 3,r-  x   i - -' 

thy: er.* ',9.0' at 7^ francs/k? i.e. 50 x 10 S francs/* 
¿ 2  .,- 

r--pylon- at vw.5^ at P franco/kg i.e. 35-5 -- r'  "i - 

i*   at 0.133 francs/kg i,t, 2.">4 x 10 franco./a 

"' i in»    '• t     0    1 <0    f TV> "•-r; • If »in        ^>     IO/     ./•    lnJ    r—    , „  . /. 

it   -j, ')j¡   franc 3/¡eg   i.e.   (.'.0/   x  10     fr- 

¡•' X ,   i.*-.   .,. 36  x  10    franc B/a 

ar: .•• .,   /riu the  ethylene gas mixture  and the C.  cut 

*-'   •"•""•r^entrat ; on nf the  propylene).   Itr. crrrpcsitir 

'•,   .o-ti.  type II.  Valuation at  1 centirac/thernie gxv 

Bqwstin,; • <   "UKffi  ana  receipts we have 

•'\i.?9 3^.3 r 4 14.49 



¡ /••:. 

W, tl..v-t. Í.-..Í.1 thn .\.} * 22 14; from this thv price of propylene 98.5. 

5, 

"U !.l, .  1 

6,76 and P    -    O.l^G francs/kg 

CI-!',    '.f   TUO    r)I''''::y1.iM;t:    (.'IB   cost 

3,7   eenm..e^/K, ' 

. .    f  iv'„   :;r'-ryl.-.it-.   /^ 5,f can be  sold at  22.40 centime c/k 

.  •   .,..     . + h,-if.r- .   i-rrr vlisno  and  nut-idi e ne. 

<x F-;ii. 

i •- 

t / 

VU;   ^7 

i.e.'.  -  ¿,7'jj   A   Lu 

/ 

;   t'   t'itici:,' 

ira,ncs/a 

yd i'i    x lu    fritnor./a. 

i' 

,    , .-, 

i ^     i r; 

»,:/• 

i » a ",   /4 
fi ;.aci./.'w* 

• n   íí.   ;-' 

,. 3   :;   n? . <•   r-r,l i. .,•:.;/!*:•'. 

. fi ' ' t 1 : 

:. ti.ii; ir.vi. 

ïî 1er   tnor-f'  ' ,i tient,  v.*o  otnyionu  pneo 

\*i-    ; i' •* 1 1-.U.1 ecnii.ti.on one Las 

:.diinr erice  f*r  jtfaylont  :,f 4^.7  céntimos/Kg. 



C Bftoond assumption. 

Now suppose   chat no use can be found for the C.   and C    cuto and that 

it would bo  ncc-snary x-->  use  ther. as fuel.   Propylene  94* would b<* worth 

0.10 frano o/V o.r,d   the (^   0.09« francc/k¿ [nee Table  X(3) ga¿; typo   lit]. 

The profit mar-in of  15 ;*> can now only be taken on ethylene,  buta- 

ca iena and -~ j ZìO 11 ne. 

Expendí t..ro  rocijin^   the   uair.e  (Table  XV ) 

?xc.f'i;,+ :- ,j? detailed  in Tabic XVII. 

E-i/uatin:; r'/coi„^ end. expenditure v.»e have for  steam cracking alene 

3^.35    -    lj.6 co -   U.77 cr ;<5.6 C?    -    25.11 

Thv.7 C\ ,   0,26 2 franc n/ky:. 

•Phe cost  o.,   of .1 i luto    ethylene   in  the mxod ga.ses ìB  thie: 

-    9>6 C    x IO6    -     25.11 x IO6 sn v- 5.?]  x 10 

and the  or'*r.^:i-rì oor;t  o<f ethylene   -.s 0.398 franc s/kg;  ^ivir-ï a  selling 

price1  - f ù'. ."'• ofìi.t: z^;:/ki:  iìp,"' --^^m).   Por the  otean cracker i/ith ethylene 

concentra1:"'-   "-ab io X7 and  Table XVII givo  in the  som*) v/ay 

30.88 4- 5.2c    «    50 3    •*-   1^.98  so that E      «    0.504 franes/kg 

and  tht:  soiling price of concentrated ethylene escoces 5?«2 eentimee/kf 

(l^ri-r.n). 

Concentration of ethylene and propylene 

36.?P *  >cô -   :.2:.     -     50 E? * 35-5 P + 13.43 

43.33 - 25.18 +   yj.'j  P -r   13-43 

4>?6 ~   ''j.7;  V am  r '-=  U, Ijp  fraacs/k^ 

Coric-ritrit'cn of the  pr-.ryTane wiUhave cost  13.5 - 10 «• 3.5 centiaws/ku 

and it  would bo  r-- Id for  Ï7.0 c-act ; c,oe/k>?;. 

Coroontro.ti.cn of ethylene and propylene and extraction of butadiene 

in the   3 ame  way 

3ó.6'8 + >.2S T l.?3 + 2.90 = 46.28 

-•-•  SO Z    + y. ,   ' +   ó.9p"   P + 12.76 

4o,25 -  ?'j.lñ -t   ;.y8 + 6.fìp B + 12.76 
3.y> and B 
6.83 

6I.3 centioies/kp- for butadiene. 

20 franc ¿/kg giving a possible sailing price of 
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, r.  ,^«».,.3  th^-t  tho produiti"n co st  ">f "bu" -dler.e car. Ve   0.05 fv.v.s*/ 

i.-   '••.!->  fr'ir.cc/'cf; +hc  previous equatv 

• •;"   ¡"»Ir.v io;' - bocorr.oG t-)*h  ce;.-- 

f> T 

..fgrf. ç- t ¿ r.i"    *- 
-\,;i 0     uro  valued   jt 

* h ' ;  .">t o "t'~.  o roo-'-,-1* 

10, Z ',   l"i  ccritinxiV 

/ <, .    r     „ ,r:."2   9 o >• 

1  .-: -, < 

.D'i' 

.. r 

a.: 

* h 

~teo-;¡  :; rue .cor s   .er   ;-vr J--V 

••    lUCtl.f.   "~,50    IS    * "-"    nl   '^* 

.-•*.  P^rt   iir^r:«of   potreeru:» 

• o; crac/,'.'rG   if   ¿' ' '»' '•'- 

-•¡.t.,   tho 

m;- lo Ar 

ni,i  oí   th-:'>  Drooedirr  ntvJ.;/;. 

zo  ^ nd  *. '.   i n*v'o s 11, 

s :í i- -.i 

: '"• r 
•.:i~   f " r  yth,/ier:' 

t.r > 

'he   irAorit-on*   for  the   OC::,?1Oò"ì 

)   taico.ì fro- Figure   3. 
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i i-'/ 

I* equrtín- - before,  the receipts and expensa ".* c   following 

eq-vii'^r.       .'..: cjtamed. 

A.  SVetfs cr-->r    •!-.-;/ 

i ->-> - -i.   .   i    > "    4.   ¿r.   1   fr >a. wli' i 
£ / 

•   i *     -» '•    i ' i    "' *'•' / l-cr 

íiew  •'• 

2U.Í:    X   1C  ' 

.. n t-.inin.-  2 'V-'C-O  t/.i ethylene diluted 

7;,i.;yaor.   nr.  fuel would ^AVC ,.-!• 

-    / "¡ ;,u. : 

^?.;f  ••:, •/ io 4   2f..°.G   JC  K 

i.e. t". . 'v 

ethyl one   i:.. 

:ro , +  2C.r.:r  fro- wV.ich "ho  production  cor.t  of dilute 

'I    /VI - .21!   *-uv/'.-h: 

Than diK*r   : ' -  >"'•    * *n l'e  ',ü' 'j   " r ?/í.7  erntipen/k^. 
r     at 
'•   * ' -' ) 

B«  utf'.'ii •r   -n + U MI- r-. <"••! 

y©  h;:-ve:   1 >vo, • 

coct  of "O- 

Ethylene    "   o- 

?o.4   -    ."1 

ethylene  •"'. n  w 

-.  -.1 .ti  iror, which the production 

7..',. 

•i#t,  cf-rtí.-í-c-./kg and the balline price oí 99«ö ,» 

- rj   i'T 7'-. 

h • - i me  ot y.fi T and Butadiene ftt ?^ y 

~   76,r? *   í i •'- 

ii. y¿ cr. * - <".a^> r^n/icc. 

and  its   . eil : 

41.'j    • >%    « 

-u*.«.dicn*  h; r.   :c:t  41. S  -  15Ô -   2^2  ccnti-ncs/ì^ 

r   'o r,   %
J€ 

' 'MtinHíg/kg. 
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Ar, thf market price of butadiene is much higher than this a 

production coct of B = 0.7rA- FTH/k€ (corresponding -,o selling price 

of 3A crnUi-r:;/:-;^) air bo ic^eyted. 

ln rhf--.v > ,.r;ti*. i;r..- '.'.." or-o.-iu-.g equation cr.n be '..Titter.: 

1 ^ 0 . H : ;: ó.;^ 4  7'.32 from which a possible 

prodigi,; Ki   :a. 

i'*, 

•.ca   ethylene 

I'-'T;/::^ end a  celling price  of 

oí   o. ...   oc t'a  .->.->]•-* ""^r-'-Zkr can be derived. 

p;r~n     , ^  ,•  ,/err do.--: rabio to concentrate one quarter of the 

proavi.••-..-   ;c   ^;.c) ','• we  knew th~t  an additional investment of l..°64 x 

106 Prli uoula  :>«  roquirri.  The ccrst of concentration would be  3«7  cen- 

tinrc/iT.   Conco.tr-ted propylene  could  be  cold r.t   22.4C   centines/kg 

!       ....,trri-:=.U:  boia;* scìa at  13 centimes/leg,   -lv^ys naintai- 

:ir---f ï :   '  a\ar. 

Wit H    tr.r 

nin,:  -h- 

r   '•'"r •--r__^l.r'r-f   */-:•-  'th-lene  Capacity IV.   j. ¿1„  
T4   ,,   + >,,..-   -if-f  fv0ri  reference to the  first   «¿teajn cracking study 

/c~  r./-,  -/     .+v.- >,-<i   n-4   *V>  "-rnnd  on*  of  200,000 t/a gives sutotar- 

•r.-.nation  cr.v.tr..   in  particular the  production coat  of 

?iir!. %L-f.r,  frcra 44-3 to   26.4  cent uiu^/kg - ?.i  inprovcrnev. 

\     An cv"n better,   íjiant  units  arc now being sen- 

tiri   • 

Of   l"i.)   -< v.'-.-- 

struct e-1. 

Dow  ::t 

T\»î-c.it 

Uf;ii r.   ' 

In rUi -;t 

'rc-T-or'   (Tf.-x^. )   320,000 t/a ethylene 

.»,  "Tar.-'-iVozaa)   340,000  t/a ethylene,   rising to 

500,000  t/a  in I969 

.Tí . :       •   Toxae  hty 550,000 t/a with  2 lines. 

.   :   -.n 4-0,COC   t/a 

In WVr.+ -rn •"•( r   a:y_ 

KOW  ,,t „'cycling is  increasing from 200,000 t/a to 320,000 t/a 
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In Prance 

RhÖne-Alpes at Feyzin 300,000 t/a 

In Japan the Minie tor of Ccr.rr,erce end Industry in January 19-7 

set the minimum capacity of new s te on crackers  at  200,000 t/a ethylene. 

Six months later the Minimum  crpacity was raised to  300,000 t/a "c that 

the country could maintain competitive production costs. 

It  secáis essential  therefore to  investigate the production costs 

one might-hope to  obtain    with such a giant unit of 400,000 t/a ethylene 

capacity. The steam cracker to be  studied will   thus he twice the  nine 

of the proceding one.   It will  consume 1,600,000 t/a of virgin naphtha 

and will  produce  (see table XXIIl). 

Products fo by weight 

Hydrogen 1.9 

Methane 32.8 

52.1 

13.2 

Ethylene 

t/a 

14,400 

250,400 

400,000 

Ethano   

Total  ethylene stream (ethylene 52.1 %)    100 

C    with 94 # of propylene 

C.  (of which 54,800 is butadiene) 
4 

Pyrolyois gasoline 

Fuel oil 

100,000 

764,800 

297,600 

153,^00 

312,000 

72,000 

1,600,000 

It will cost  241 x 106 FFR of which 35*2 x 10    FFV are for the 

utilities and 52.8 x 10    FFR  for the auxiliary services  (see table XIIl). 

It will require an auxiliary toiler of 45O t/hr steam capacity to  feed 

the back pressure  turbines  driving the compressors of  23,000    CV and 

54,400 CV (sou table XXIl).   It  ":an  thus be seen that   it  will  be a very 

big unit  indeed. 

In equ-      „;,   as before,   the expenses and receipts  (tables XXIII 

and XXIV)  column by column we get  the following equations: 
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*•- .'."'  _'f uv •, uw i/a cxnyicne 

Stcam-crecker 
1 
Steam-crackor 
.-1-no 

I 
I   J5upp_l3,T.Gnt 
I     )thylcnc 

for' 
butoTdi'ene 

Invo-.- tiiìcn4 n   10";:,?R 

Utili?:—, 
144.2 

i    coneentin ti 

67.0 

on ; extraction 

| 
29.8 

cof,iprc'-í-orr   for: 2B,C',00 C.V. 34,400 C.V. 0 
c latrie powor 

fuo\                                         ; 

I     3,880 \M 

2íj6xl0ith3rnios/h 
2,048.10°th/n, 

0 
I 
I 
I 

í         o 

240 Kw 

0 
cool in," inter 8,000 n¡\\ J       6,800 m3/h I 2,592 m3/h 
'•'••,'••:•   ! I.    íe'i     v;:'  -r i          o i 
ctenn  L.P.   production   ¡ 

j jS.4 t/h i       ° I 
conr'jinpiionj 

oatp.îyr + 2   +  cher.iicils   * P. 4x10 FFP/a 

I 

0 

61.6 t/h 

0 
hydrogen cy:.;} 

Labour _ >_^r ^¿'^rvi r» i on 
O 

2.7 m3/t 
f butadiene 

Hngirv.cr:! 7 
Por cm or, 15 
Work iron 00 15 15 
I'ÍSBiÍí: ~ ostinv-.tod      I 

. 

?8.5x106PFR     ! 



Tala e XXIII 

"'..»•V- Cric':>T "T 400y000 t/n" «ythylrnc TVperuUtiire 

|      Etcc:;- cr.^ckiiv:   ¡'V^ln^nt fcr jrvrtr-ct ion cf       'í 
| alone ¡•.V:.-.-l*;:c I    P\:tr.aicnc 

<-"• •••-»*'- » •      ' -    - — *   -i .»--,.-' .1..• 'i i. xi(.u« coro?!¡   . ^T
*'Tt;o" 

f  1 p Ti '    i *   » 1  .'      ' ',(,"'     í   / ' ••' 1 r -   l       i 

$4,0 

11 r. 

•n 

í  -«r,0 

Oí:-;    /: < y í . t 

153,0 

31?. o 

7?|0 

f'9, 

-reduction 

400,0    I    52,1  !   ?£.;.?,   ;    :-. ,. 

'97,6       94;C j   r?7,6  !    ! ;. 

O A   O    ! r*    0     !      c." 

312,0      - j   312,0 

12,0        * i     72,0 

3C4,6 i i- 

1,600,0    I ÍJTTCC.O i,eco,o 

144.J;  

176,400 
16,024 

<7,0 

u~ and Supervisor 

<","" #* r 

at CfyxKj'^'Trl/a    "'. 455 
at   ^C:olQJ ITTt/a I5: LOO 

-n j-.t .20;dOJ3 FÏTi/c 60: 12C0 
Total L + S 2255 

0 
438 

2¿. 

ir:-.'r1/.^.or:    ',''.  of 
vr.'t\-.cr¿tr./a. ; 

144,2 
3: 40:  5768 

(i.ó (L-fS naintona ìnce; 

..;;rciaj. <;osts 

4820 

I5OO 

15:  3>i0 
3C0 

67,0 x 
40:  2680 

I79O 

IO3  H'ii/í; 

0 
4,616 

i'-'r 

15i  300 
300 

29,0 x 
40:  II92 

890 

V. ;:".-.• iC-n 10*1       )  I 144,2 
.^rf. t 6 ;' ) 17 £   z    24550 

•».i-.: • g---r.ee  1   *) 170  

67,0 
x   II4OO 

170 

29,6 
x    5,050 

I70 

2,055 

241 :: 
40:     0/40 

1, 50O 

241 
x    41,000 

I70 

r;di ture 
233,317 16,658 12,048 o; •   ÇO'J » - •-»/ 
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•"* '-       •'•'•'»^ l"2 - l«-^.«¿ from which 

76*«-";  C?   -   il?.90  a.ad tho prodac*ic 

Dell) 11"'-   C r       ä a I ;     : e ,s / 

41.6 x i '"     "".-',- 

400 ,-/,   *  ? i . •- 

/r00   '      .    •''    v 
i. 

n ccct cf the  ethylene 

KÍ"Xrr    "r   ''-"«-'.r'JO   t    -   í"    r rh>l<n.-:    -t 
n  Wi~~   "   "«"-'>-   cr   -.   ih« r--d   Lini -,  of 

f-"í   <"th , l •• n •   r.nn   he»   ^.-.J«. 

Ti     - i...  , 
"t >. 

•«M    - * 
».A  Cí-;V 

In Iho  r.?r.o  v-yy   (t.-iV±ffí  ,-/n   ,,n .   ...^^ 

.•   O',   c 
°;' ' ••'"•> l"   •'•-•7lün';   •:,.   -,  0.:?0  i'F?./!-vr. 

Tho  ecr.rcrúralio.;  ,-f  ,:K.   fì«h;/U-c     í-..   C';Bí   2? -•   17. 

xv.ioc/:^ ;_r¿  th¿.   "ciUnr pnce ccuM t 
*     .    * 'jf       I* 

C»   3tf'CJP   CT'lcl'r;'    ;nf" l,hv]fr. f "•     ' . O ' : r- fi » 

-:'6 cf.-r.ti'.H s A f -. 

i~íiLi£íL;HE-£!Hlf ^ i c r. o  Sx t r ;. c í ion 
Wo have: 

262.02  =   400  :•'     -   e./   c0  Tí> _L  ir,   f.* 

262.0?  „    H'(.n--   ,   r;ap0 B _L  1^3,64 

54.80  B  -  20./,  -.nd the paction cost of 98 * buUuiono 3 

- 0.374 r¡.iy:;c.   The  butilene  extraction hr.s cost   37.4 -  I5.3 ~   o? ¿ 

Centimen/:^ .nd tho  s^,, pric,   of butadi ^ GOuld fcfc 44  contir^/k^ 

1     '    ' /-l'e: ri h:^'^ '~oll:.r,c pr:.co  for tr.it?.dinnc  (fer !•;-,,,, 

30 centir.^Afj rVuvr.Ur-.   to e production coct of GB ccr* <rr-A--) 

the preceding c^urrl-n ^'CC-Cí; 

^¿.02 -  4(X.   .v? -.   54.«o + 0.6«  +  I53.64 

giving a pr=du ..  ,,,t   Ter 99-ß f, ethylene ^ = 0.17c- FJ^/ke 

and a poerùblo  tdhrg PjiCe of 21  oontintcn/kg. 
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pre deictic n costs according   to   *hc ir.itiil 

f the preceding calculations have b#cn ploi- 

ecv- 

• v.- \ 

'   • f crr.cfntratcd ethylen-3 

:   ..ut- li.-nc 

• te-   edv  e'ee-" ~  e f lirg:   ~~crr  cr-clxn  of 

'-   -    >j\r:     r-ycity.   Abrvc   3C0,C0O  t/i   the   fur*he: 

• -e.e,   *;Tfwrr,   r*"   largely   influenced  by "he  nee 1 

•   f:.f    .roaur: .;   by  pipeline  tr   -:    ^i.. tar.ee   e f  ?C0 

r. . !.. :>     /['..»*,     :..^.     ,>tt,.-ee   cr-.-Crn.rii    v.< I     .  ji;(vv,^     ./. 

!-.i ":-. : f .• d   IM  crTperisor. v.:* h  30^fû00 e/a xi'r 

f  the me duce c  car. be distributed   in tho ncicrhbou 

; ' tr. 

fiyure   rj eh o v.* the  varie.tiorx  in irCfiuctirn cost  of 

, i er. rî eh:-  capacity and recording to  different 

inauditi 

•?     ".:".:,•' ie-n (curv<   F,,)  that  rf the study,   nrnely: 

c-i.   •   erme  ' f  prcyylrnc  cor.:" er.1    et  16   centire.cs/k^. 

t-i lie  of  é'.   ir  cer.rtT.t   16   cor.t ine-o/hg. 

e- " -      •   .,---=--•.-     -      -e .e-, ..fj. 

r.;;-!" "' '    •   rnr   e*   1'   j ce.  the   three   eroduac r --   ".hit   ir  to   '~c.,r er 

pr  •'•'•   •Me    ' -et;   er.   ";,?   ,   If,3  end 13. S cent irxr/hg rerrc~~ ? 

:<-   ."ee,¡p;:c-   f~:   prepylcr.c   ir,  not   cptir._atic  es  the  ehenie-I 

'••'•"•  :   ./  "'-  e-   -e  ;r;cc   for   it   and  it arpears to  be  jucTifJtu. 

"< ••, i. 

lele.   * 

preyeé i.r;t.   c-~n.iOt   .c 

;   propyl ere  rione her been varied by insuring 

hi',000 to/,:   can be  entirely sold, to  the  chemical 

ie^e/ey ( equi valpr.e  te  e production  e; et   ef 23.rO 

r ehe  cher, i cil   industry very great quarrtieica  ef 

..eld ret  hi«¿. preces.  Fer ir.xtr-nediatc capacities 



Ili ». 
? 

tie have mad« intermediate  ccsumptionc in the price of propylene,   (eoe 

Table XXV). 

Thiti  -?er.uT;-* i -r.  i ;   preb-'bly th<   rurrcst   to  re'lity.   It   prive;-  rr¡ 

in eto •'!--',-   j :••• ! a ». t   •        .••   ••    ...*,:.  i •,*•;.. : ...,.-   to   ...  pao*.,   -f  100,000  a 

cepacia   ;:Jc:.t ; : ,i   with   the   :~i»r;rri?  p1.1V i ; : ht:d  by   the  .Jrpane.fo   (lief. 

Japan   Ch^.-MC:.I W-'.j..   1'."   O1Ù.7  1,.7)  (cc*.-  ,.i;.r   Table-  XJÍV  and Figure  6). 

It   irpoî.cE   .; jp. Ì.K.r  jar. alt y  ;  ;  rimai1   ;:t<  a<   crackarr. 

A B 3 tl*a t ... i. !*TU, ••    i.' 

ir, 

ra-kei'  •.,*:. il   only aakr   pre fit o  en 

r.ditior.c   the   predict 2. r.  coct   of   _hr 

".hair selling  prices  -   i,¡ .   CvA0,   13  centime 

It h .1 .s... ri, /.-¡r- ¿ 

cth-'l • • . r * aa... «a.r. 

other product; v- , ;a. 

pur  by,   a   •   1 ir.»   '      ••'-:-»:' -v. 

ThìL' ffthed   ,í   i c'•..-.•,r.im;  r. -lur'ily  leva.rj   'he  pro 'Old ion  coct 

ethylene; :..;vt por-1 »;•."  the  t:*eor. crackers. 

Financie!  Asseto 

In Tabi- aOT/I a. - t. , e-pt h-c Leer aade to cet out the profitabi- 

lities of r;tea.o or;u>n, making the following assumption:- on sellina 

price f.: 

uteam  cri..cke.r t;f 30,OC"0  to/a 

Possible   fíhyloí.f   celling price  5? centimeo/kg,   lenving :• margin of  1 

Propyl:rv   :••(• i.ljnf- prior   TO'  cent lace/kg,   leaving a r.iargin of lr} 
ei 

But" jif.no I   rin/k*:. 

C.   Doli ¡no price   1ft   cent uaot/kg,   leaving a margin of 1-; c? 

Gacel:no :.oiling  * r: ;o   10 centime-s/kg,   leaving "> a-rgm nf  lcj \-. 

Tho as-vr-pti'-r..   a* t,    fcr  f.team  cracker-  of  200,000  . nd 400,000   u/ 

are  detail.. J   ir.   .   ti«   XXÏI.   It   has teen «a'T-.rj^d  that   the   largor   the  qu J¡- 

tity  of otrao>.c   f'r  ::alo  the  lower the-  prico  -   31  centim-ü/kg    and   baor. 

26 ccr,1'^  *'/''6. Tuu prices    f propylene and butadiene,   -1 ready very  levi, 

ha.c  iwl  be.» i¡ harnea,    .ne  sarò applies to the C   's (usable an LPG or 

alkylate:-;    .ad tao  grao lines. 

It  iy cker ta, t,   in these conditions,   the  financial aspects of 

3 steam crackers et ad i ed are very favourable.   In particular: 

tnt 
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Steam  Cr.v.kini 

Variation m PTCCIUC'I en C^s 

Capaci ti in C*/<ì ili ! • 

1   -   ;        Ez.    Pro â u€ t.- v,n C- ••."<.• | C^"^>tí-.:.tt "-i E\h^L'.n- 

hunt C i'   i CT 

r'í-i.M u- 

14 ••• *»- # •. 

7o 

<></ 

! i 

l r *fr 

0 
-i i 

o 
«/» 
0 

O 

•4 O 

k*o 

;   -i 
- 4.0 

-I5»ü, 

-ID 

ÄL 

50 left) ¿so 2.G J-'JO 

Production Capo»c, ?vj   löH/_   ¿:~tfw 
Bio ^oo 

i 
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- Profit* before tot 18 to H % cf tvrnovo*. 

- Ctah flew (profits after tax tuuì depreciation allcwnr?«t) very 

favoural1r 

~ Pry oui   t 

to 4  ye\r 

;i,    1*4. K n< ><-n  6 

r.yit'iv*  had t- e        lit 

*?h 11 •    icr 

Ì1 centine.-./**; the £-..ll sti ,t, rr,^r wouJ d ;•.., 

WH/~ ?rhi:i Vin.< i ir;.t... i i. «•,./» • K/ FF.i/-* lc- 

the  lr.io r   --.t ' vi   rr eir-s,   th:^   ai tuition  vi-ulù   ror   în  v« ry 

favourable  m  chown  m the table. 

VI.   OonrlurH-n 

i      *        -' - • * "t_     '-* '     i> > '. < 'J '        Í r"_>   I ,     <. t 

300,000  t/-  cthy.tne  crpacity and abovi,.   It  ciao  ehowu  the  idvin^c 

of uaini: hc-~vitr hydrocorbono at  lower températures  in order to pro- 

duce r,orc  butadiene - a product   with a big profit margin.  Thron  unite 

make pcFBïblc the following selling priccn with  ^ excellent  profit 
margin. 

- dilute ethylene at   ?l  ccntimcc/kg 

- concentrated  ethylene r.t   r' cmtirut./kg 

- 94 % propylene a\  18 cent inee/kg 

- 9ß A butadiene  at  45 cert imcr,/k£ 

This explains the Japones  decision to  impose a minimum capacity of 

300,000 to/a «thylene  icr  r.t w unite .is well  as  the establishment  at 

Teyzin  in France of ^ c ^parabi.-;  '¡nit. 

Further,  when the butadiene,  price  is above  60 centimes/kg this pro- 

duct   in the mont  importât  con tribut er to  the profite  from a team crackers. 

It  is thur; r.dvantoffcour.  to produce r.n much ac pe caíble,   even at  the ex- 

pense of [.ropylone. 

Ta"- „w throws li^ht en the advantages of the triclefm    preces  for 

Stcasi cxackei-L of 200,GCJ - 300,000 t/a ethylene capacity,  t-citin^ around 

1 million t/-       r.htha.  These  „..it:; could,   in  effect,   produce  100,000  t/r 

of butadione. 

In any cane with  tho  celling prices for olefins which these large  oto run 

crackers make possible many new markets ahtuld be open to petrochemicals 

which can be expected .o  take a new and impressive leap forwards. 
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T*W© XX? 

•Jon f?ost of ethylene an a function ->f cracking capacity with 

' various conrur.ptions 

IT.     nthylcnn 

aro:"- /I f,'if* 

n : ro-.l •'"•' i on 

o 
Í   37 

100 

74.4 

200 300        J 400 

143.3     ¡.223.2   : 297.61 

4Í.30 !   34.00 !   26.40  :   22.PO :   22.00 

l. I 

. ¡,,-,n 
of _,.,   ?%50 ' 20.00 '   16.30     13.80 :   ;5.30 i 

toro;,vi one 94 - I ; 
(oth,'li>np. 1^ 3^".Ó8  !   31.23  .   25.65   i   2-J.cy  .   2? | 

IT»     .  rent idea 

A/% 

! 

!   39.38  !   29.SO      21.90   !   13.50 ¡   17.55 1^   ""''i   '    «7   re 

>nM«,P". j"; 

C'-nt li Tí f. 

fi piro îî rentiafts/^f 

7.6 '11.2     «   12 

» 
5.6     j    S.4 9-25 

8.0     !   »1.0        12.3r; 

5.6     i    Ö.4    ¡   9.25 

if.  V 



       - - I 

í I í; ¡ 

fe 

I ,-     í 

I ! 

r      ! 1 

«-*   I 

r-     l 

! ! 

i -    I 

f t 

15-. 3.71 




