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Troar e cracoin s o hydrocoarbons, nore comnenly knoun by
its "harlihonnre o atenn oo kg, his boceme the peinoipal method
of ol~tin proc, t1 0 in Tropned o vell ac oan Ampertant source of

aromelle hyarecorooan . Aecercan c to the [0tk wlen, Yrench o steam

crechirec plaats oo crodiee o T netrie tong of olefing an 1967,

POesiiies fo0 oT o iion e o Con et pie cone an 1970,
aboul Y4 opor o eoi o0 comesn vene Toae stoam eraciing has become
avoeenortsiol utiot for oo ttes o7 prte emionis,
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sovely vocrnt Gocleiais ) o Jec e ren Y1 e rosriole extent of
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rhe princivad orounst, et yonc, hag cpown an exlracriinary .
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for ethylene and nropylens 0 170 779007 are gaown in Table It

Yorld sroductisn a8 To cinyione and pronyd

mmm a1

T - “ - N P S, . -
1,000 mairic toas ey yen

RV etz ide U4 Total
ethylene 1,000 0, 200 16.450
7,440

¥‘;

;) lob dincludicgs the roporiant quantities of jronylene produced
in ¢’y relineriers,

propylens* 1, FRD 5, A0

The total annual ctlylens Sredactics capnci'y for (reat
Britoin and toe Uomron Carcer o untries 1s 4, .owmn to/a and if all
the unite uncer concivicticn or lanned are @ wisd in dhic figure
Lecomes about 6,8 mm t¢/n in 1570 ana could double again oy 1980,
In Frence, according te the 95tl plan, the development shown in

)

Table TI cian be expected:
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Table T1

Ath Plan, Ithylene and prepylene preduction in Pranco

- e

1,000 meirye tons per vear
1967 1570
Production Conrwnrtion Produciion Congumption
ethylene “90 500) 1,025 8BGO

propylene 420 350 A70 400
Although :te-m croctrrg of Piguid hydreo-ovong haa beeerme Ahe princinsl cource of

ethylene in Vectern irope, i same 15 rob ‘rue of the US4, where

the main source of ¢4, leac o thoane rocoversd Yrem nod
refiner  yas folloved oy 770 (1oqul “ice notred e
propanc.  This situiticn ic Lreugtt abevy oy the 1
naphthas 1n Mirope (117 ceniines ver Weoaomingt 10 esnatimes in
USA) and vecause o 'ine wnd provane are nore ireely avoilable in
the USA Lhan in "or ve,

This situation could, Lowever, chrnge.  Quotas for the import
of crude ¢11 at a low price hove Yoen grantes e manufacturers
setting up instailations in the TarilLesn which allows them -o
obtain roprs i at the Surepenn nrice. At the came time, the vrice
of ethane and propane 1¢ tending to risec in the USA and to fall in
Turope,  Table 11D srows the exmect o “lonses in bisic raw naterials
for ethylenc produciion in the 153, 1t can be seen ilii the liquid
feedsto x share wil. Javrely 1norsace by 1h.

In any case, tne steam Cracding prococe ean use hvdrocarbons
ranging from ethane to heavy fuel oil. It seems certain therefore,
to provide the liuns share of ethylene production in the USA as in

4

Turope.
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Table 171

or eilbylenc nroavetion in the UBA

o s —

1956 1970
158, 000
157,000

150, 000

1979
217,000
124,000
307,000

145, 000

130,000

74,000

Skt

nYOean S

VUL LS 0
S e T

SR

meterials may he used:

Hp. Gr,
ht sazoline .05 - 0.69
C.69 - 0,73
04 - 070
0.79 - 0.563
0.94 - 0.86
2,55 - 0.4

irgan naphtha, o ¢! 1o designate

+
L

)
STV (YT Ry g AV
A CraoEans cove .

te whole range of crude
Y s
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Wty T 'ne cthylene

w11y higher as the
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1ohter, Goreaver, sroa . proresc has
para in oratoing sheoe crot s oas can be
g oo Deeor coniowsd Ly oinoroacing the

nerenasine ihe rootanteraeture and hy

1

thyeougih spectal furnaces vwiacoh crack them
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Table IV

A Y el ram——

%team crachlno - lnyl\no e vields

o o e ——a e .

Peedstock % yield of cthylenc
X 1957 1967
ethane 31 66

‘  propane 40 - 45 45 - 48
naphtha 16 - 20 24 - 35

-
N

gas oil 12 - 18 - 25

II.2. Pyrolysis fucnaces

Two principal desigas o»re in compoetitions

1. The Selas Curnace with lateral burners and iwo banks of
horizontal tubes.

2. Thz Fosicr Vhooler furtaco with burners at the botlom of
the furnace and one range ol veriical tuoves. Zoih types have
their advantazes and diszdvantagea.  folh provida for temperature
reguiation accordine to the denjr-d profile and for the cracking

1

of a range of h,dtscarbons from Ttonre to Viquid “erctions. The
Foster Viceler furnsce o m alao b2 used to crack £05 oil and
heavy fuel oil.
A minirum of 5 furnaces is used zo that A furnac? may be
shut down, for renoval of coke or for other rersons, withsut
interruptineg produ-tion. The capacity of Murnaces hos increaced,
it varics betueen 20,000 and 35,000 metric Lcns/ycar of ¢ihylene,
*The gas or the vauourized na pitha, oretoated ond diluted with
steam, enters the tubuler seccion or *he furrace wicre cracking
takes place, The steam ncts 4~ an ircps dituent, minimizes the
formation of ccke, deoreanes resction temporature and controlsg
the transler of Foat from the tule wall ‘o the reaciion medium,
The cptinum amount of ztear used v.opiee witn the process, the
cracking scveriiv and the typeoof tvdreocarton. Witk light

naphtha the optimum i3 around 1 6ol nte

»..

am Tor 2 kg oof hydro-

carbors., Mith gis 0il it would be much lower,

107 hov 1
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T™e eracking reaction iakes place at near atrospheriz pressure
in » v omleot wime (0.2 - 1.3 seconds) which depends on the
natvre ot the fecdrtock,
The cracking tompersturcs vary betwesn 87570 and 45000, Tvpical
furrsce outlzl temocralores Tor ho vaboure =y RGCCT when fending
D

ethans or vronans g 7000 to V0070 vheoa aoeding anocabas Thie

. .- . ; .. G,
leads Lo benpora.uros ¢b the ootodde of the fube wello of 105070 cor

w2 e - R ce i 2 Y. - . 3
Nicher.The tubes oo rory ot ot aonooernt i the steam cracking
N AL EEE v~ < g e - v e Ty s
procecs anl thoy nunt uo ol woery Taon it
k1 AN Ve - PR . Ly e e . o N ~
')}.T.; Vf‘)lktl“r. ]r\("' Do Wlrany Teeiang dl Ve T LATra oL u«hunu'

T

three to four fimes Tor nwpb i srd opghi o omav tang for ges oil.

3

his leade to vapour veloeities ot the furnnce outiet in excess ol

330 m/onc.

IT.3. Mow shect

L schemadic flew aheet is abown in Mie. 1. The vaporized

3

asphihe wnd steam cater the vyrolvsis furnace & owaere cracXing

s

. ! PP LI ~ - ~ oy ey ye b4 3. NP TR R K
taken plece.  The oracked prodects are partinliy coslod in the

woate "ent unilor v o hefore dhelr Cinag cccling in thio colwin )

- - - Lo . - r

from which th» reziawnl Ju2l o1l ¥s rocovered. e ouerheyl Trom

B}

column 2, o gasoline =nd ligh'-r compon ntis ard compressed in

‘cempressor 4, Toom which the sacoline ic rocovered, #nd the

remainder posses throush the czustic ceda wash column § and the
drier 6 bafore entoring the depropacizer 7. In column 7 the €
and Vi, auor mhaes Lo seoparated from tne O and heavicr produc%s.
The deprspanizad inttems are sant te o debuianizer & from which
the € ,'s wmorze at the wop and s'abilized gasoline of toe vettom,
‘he 0, ta o te the extrocotive diniillation colunn ) which
acparates the but.nes and cutenes as top preauvcts.  The column
votroms ,euus Lhroacn bie: sorivoor 30, diiv bopsiag COlulul b1 Ll
the toiting column 12 from which tutadaionc is taken as overhead

nroduct,

R L

R
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The overhc i nreducts from th drrporanizer —vu contarted wit! |
hydrecen rith o in the nectylen: rarovel column 17, wiere aretylone

ie hydrosoantoa lo oihylone, ond are b conpressed in 14, cooled

B tyy
in 15 o0t pegaod Aato the o otiemdsor T whieh eororat. 8 methnane
and hydrosen o mooverte o predact Uy los tomneo oo fractionation,

The demethanizor cottong so fo the AcsUiominoe whach ceparater tha

C, and €, hydrocnrions,

2

Tho Cg's pess te the 1o tamperainys fractions ting column 18

o 1 ~ gy ) Yoo . . gt - ve st - Yy om - oy -~ oy - -
wnich Silves ounyicne 2c ovornend and ihnne as oo boiton product.

The latior oy bo rosyeicd toponrh oo epoaial ohenm crnclling furinee

to 1nerese the evorall vicsd of athylons o L6 ey be urssed into

the fuel o sirenm, The refriooriiion nocessary ie provided by

21 Y
an erxtoermal prcv;icne/nthyicnc cosesde evoten 20710 nd by the
expancion ol pfagoag.

1t sihould bte notat thet tha batnacs and butenso coming frem

coivwrn G ag woil 2z wlic pre, ens can zgually well te cevelod through

Fey

a cracking furioce which will heve the effoet ~¢ 20111 further in-

i

crenaing o regaciicon of olYolng se w1l o tuot of outadiene.
Finnlly, if ‘fhorc iy v opovkot Ter the pronvlons 1l ocan ves
- uscd by an of)l v Cincry crther vy colyvmericoolion or by alky-
lation with ice-vutone Tor nroduction o7 o e auniitr olkrlate
for raising the octane ramber of zarolines.
~ triensforred -0 21v,2lant onil r-butenec bty tho -atircly new

"Priolcefin™ procans of ihe Thotid

~—y

vy vetrolews Co. (molecular dig-

proportionction). Mhc m-tuscnen T thiod

-
It
[
[
[
3
-
]
-
Q]
N
=3
—~

reeycled
throuzh o cracking farnnce to incrence toe rield of butadione.,
They mey 2lse e debhydeosanied, wnich givoes o bettor viold of
butadience but o orurh cove costly, oy mny be roturnod Lo oa .
refinory for ‘ho alkylawe peol fcr onieme inprovemn. of garsoline.

As for the nworolycis prooolr-, which heo o high oclanc
number, ii may be rotucszd to oo vefinery for ‘roatment or
reteined for racovery o ke Contnined henrzena, tolurnc and

xylenes for wiich the cuemical dermand e alse high, 1In any case,

e
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Tho (‘,4 fraclion from scction 3 goes to unit 5 for extricticon
of isobut lene and then to unit % for recovervy off but»dicne.  Phe
n-butenes Trom unitl 6 arce addes (o those from unit 4 nd poosed to

are convorted to

ra—]
ot
T
¥
.
ey
.-
o)
{2
']
-,
[
.
—
*

unit 7 (doilod on thre
butadicnae, The poanes coming from unit 7 osre recycled with those

from the cracking farnesc 1 te Hi compression sontion @
- P ! - s
i plont crackings 400,000 1/ of condonontc ot low saverity can

give the porfermonce shown in Tble Voand 71 vhero the ceffects of

3 7

adding the unlie 4 and ¢ chown by detied liner on the {low diagram,
arc aloo indieoted

The crackineg hao boen carricod oub it modium soverity Lo

Ly a3 v -~ /

i

maximizo the vizld of butndiene; the nast voelunble product.  Addition
of the iriolelin precess raisce o production e¢f cthylens by 35,000

tp/a and of n-btutones by $5,000 to/n. The totnl of n-butones, say

. - / SN . .
70,000 te/n is cracked te 24,000 te/a of vutscions reisimg its

’

production from 19,000 1o 43,600 e/,
Tiie steam crecking wiit wouid cost nbout 106 miliicn francs.
To %lir «un whe following: inves*menig Ter the trioletfin process

would have to te added:

disproporticnation of pronylane and
auxiliary ecquipiiont 13.500

cracking of n-butencs to butadiene and
auxiliary equipricnt 3,750

Ry N )

tota]l invesiments tor thoe process 22.250

6 .

The total investment iz thas 123 x 107 francs (+ valuc added

tax and workirg capinl). fostz of operation of the process are

&
9.5 x 10 francs/n.
. - N . N - - et ~
Allowing 1) yeors for amortization of the plant,; 500 of the
profit for tuxes and valuecing ‘)q " propylenc at 0,00 Irancs/ka, e

1

N X . ' 1
process gives a nay out time of less than o7 years,
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Conventional:

Table v

o

stonm crece

CH, and lighter
etﬁylene
propyloen.
propne
isobutylienc
butenes
mtadiene
butnnes

CS+

CH, and lighter
cthiylene
propylenz
propano
igobutylenc
buiunes
butadicno
hutnnes

CS+

Steam cracking ¢

Jon -

.&,-,”?QQ’USi?G naghtna

ap e \ -7 . .
fields 5 by weight in nophtha

Low
scverity

13.6 17.1
26.0 33.1
1.5 14.7
1.2 1.1
4.0 3.2
3.5 2,9
4.1 3.8
C.4 0.3
29.1 23.8

Naphtha cracking

16.3 19.4
34.9 40.3
1.2 1.1
4.0 3.2
10.5 G.0
0.4 0.3
12.3 26.5

Table VI

. e ———

Pl

Production

10°1/a
CH, anc lipnter

4
(:i-?;;' T
prepylenc
n-butene

butadiene

lzobutylene
Cet
S

modiwn

sever

f 4C0,000 t/& of light condensate at

high

ity scverity

- BN
L L) - L) L) . L)
—_ W WO NP o

= QWM 2rOANO
*

N
.

and triolefin

N
ny
-

w 0 -] =3

™
W O-J1 D =

*
W -l

low severity

n
)
Tl

vithioul
triolcefin process

54.4
104, 0
70,0
14,0
18.8
16,0
116.4

with the
triolefin process

65.2
139.6
0
0
43.6

16.0
129.2
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In the USA, wiire the focdsiock is wrinly ges, the yields of
ethylene crc very hich wut tno quzniriies of hy-preducts are low
(sce ma1l- J). iIn TircsL, Tor the renconn nirendy elven, linaid
feedetocks are criclind bal sti1] ke mEXIMY viald o of
is aimcd i,

For tu.ce rezooun o lrght fimadsd fecdntonk (1iaht navhthe or

o S
natural soo o condenste) iz oallaan ~nd

J dowe Curla b T

otemnerature,

v

»

>

[
£y

. ‘ N .~ . .
Also it i¢ usual 4o recycle el the cthnne thaiouszh the aracking:

Tornaces mnd, semctinos, tha rvaii-hl s UOTANG wad bulare e oweld
which furtlor incrownos the yield of etrrlenc,

Too monformiiy it thes fae o il RIS BN S A
pessible %o go with ¢ light naphihioy 1 erackinge b low ({COOC}

mediunm and high severity (36077, T+ sonfirrs th~t 4h- eihylene

yield riscc from 2% to 35,80 out propyicne y1olls £all from 17.9

12 67 imd theee © - - vy AT ‘
to 12,57 »nl those Tor tiutadyone from .7 10 2040, At the sans

time, tho quantity of liguids crotacia (gasolinc, fu. 1Y /alls from
297 o 210

ftezearch his vesn ol e ol eupecially in japan, o iry
to incresse the vicid of otvylens s+il1l furthor “ruas, if the
steam 1n i‘hoe cracking furnnce i roevicced Citper by loriropgeon or
by crocker gas rich in hvdreson, tno cihylone yiela mey be irnroved
by 205, but the procslens desressen opittd

Tie motives for 211 thiec ~ro threorold:

To Lew prince for lichs nojite: in uropce (of the erder of

2, Large outlnote for otnyloue
3. Smell outlets For propyicno.

For some d7mn mae Sowsror ) the citustion s oo ShiiGhage
Light navhthn is becoming much so.oh ~ficr, varticulariy {or the
giani amaoniz planuz, which are currently beings bailt in Tlurnpe.
At present the prices for this matcrinl are sonsitive ond heve,

-

it appcare, risen by about 1C;

Y

« Tnerc 1z no reczcon to beliove

[

v‘;.‘!
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ottzined, by decree, a share of the French market

producis.

34/J,.“Lx.

cose a8 the s

"~
~

same for a p2trolcum conoan; which hag not

for petroleum

Solucion 3 is not impossible theoretically and i3 has given
rice to {easibility studies in France. Such a company would bo pere-
mitted Lo imeert the sieom o aciing plant fecdstozk {ree of cuttoms
duties 2nd taxes.  All the products rom thie unit would have e
be seld as chamiond bese materinls cr burnt in the cracking furnucae,

' Coresul czleul-tions hove proved that Lhe production costsn
obtained would be l:33 attraciive than for a normal slcam cracking
unit, even if this Lought a somovhat dearer fosds oci frem a noorry
refircry Ve

Solution 2 is equally rnossible theoretically, supposing the
sieam cracking plant ig near a fronticr (like thot of Lo Scciéid
SAR-LCR). It is ~onzidered mers nermal acuever,; to vlaca o sieanm
cracving plant in iha ares whove ito preducts con te s0id,  That
is why in 211 cnces of prasent, 11 ie eelution 1 whick adopied
with tiiro: varioniz:

-1 5 the oil comprny itselr which nas outlebs for olefing
ard constructs its own oioom cracking olant ngs o part of its
rerinery (550 2t Dort dordme, SIILL at Jderrc):

= or the oil comunany builds o sieem cracker and sitns 2 long-

term supnly ~untract for ethylens witn o shemical company {€cr

example UALYTY which delivere othylenc uvnder contract 4o LiOOCHST-

Germany);

= or the zetecleum and chomical companics got togother to build
end oporate o stenn cracker bty the side of the refincry which
will supply it with raw matorial; Txonples:

W ———— . "

*)

Rhdne Toulnne

in ronce: 0

Rhdr Alpez (UCP +
e

in B2lgy o oo

in Germa~

.~ —

now ho.ds

ATUTIIACHTIIY (Rh&nsz-Poulenc* + British Petroleun),

Solvay + Ugine + SNPA + Progil);

AT NS

et
Lo ‘L

W

+ BITLL);
(PTTROFINA + PHILLIFS, ctc).

CHINM

the Péchiney share in NAPHTHACHINIT since
the ixke over of Péchiney 31, Gobain.
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In all cases, a steam cracker must be regarded as an important

unit requiring a site, utilitics and scrvi o os.

: II1.7. Steam cracking for 50,000 tons /. of ethx}en’

s e e % i Al s i -_.-....._.M_-‘__—_«-,__ N — ———-

In the example consiiir o 1ot us suppose 1t is to be a simpli-

é fied plont to crueck 200,000 +ms/o or dilute cthylene ~t o ceoncen-
.§ trevica of 5517 (500 Table VIT) withent othane reeyeie. The nlont
ﬁ within battory limits including o= -1v5t charge but cxsluding
E ergincering will cost, uader actunl French conditions 13,33C,000 ¥FR
f end includes 1 compregsor of 3,850 €.V, ~g well as the tack pressure
T turbine to drive it.
“elle VI
' fign severity stonr crrcking off mirgin nanathe
Froducts by woeignt ! I'etric tons/a
o o+ —_ B S
; hydrecen 1.9 1,000
% methane 32.0 31, 2C0
; ethylene 52.1 50,000
’ ethane 132 12,500
Total ecthylenc stream 95,600

C3 “raction 94% propylenc 37,200

C froction 19,200
prOljSlv gosoline 35,GCC
fucl eil 9,000

| 200,000
i =

R .
The supplemen' for othvlene recovery ot 0.8, purity with o

4,300 C.V. compressor ~nd -urbine iz 7,123,006 ¥R,

s

The supplemen® Jor reising propylenc purity to 90.5;: is
675,000 F¥R. T~' . VIII shows the roquircments fer utilitics

and personnel.
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Table VIII

Stecn crocsang for 80,000 sons/y of ethylene
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Demireralised water 2 m7 e i o) 1 0
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4

¥ B
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| 4 N
| llminten~nce ac ¢ b

of 1mnvecinments /
Battoi

b |4 t
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constiruction.

mh

no scliceo,

Steam crocker for 50,000 tons/a ethyvlene
Total irnvestments

the ccmpany etc. made before construction starts.

—~ 1st establishment costs: all the costs of studies, setting up
~ interest-poyments during the two vears or so required for

he ccaer 1s awollable ond interest-payments begin to fall due

but they coennot be integrated into any operating account aos therc are

N R
Inveastments 10 rFR;Steam

hupplement for extrection

}
iSteam

Supplemenﬁ

for prepy-+

é |
i '
cracker ! of cracker! |
' ; T e T «1er oON-—
only lcthylcene i butadiene; com—- | Cpf con
| i . , centration
! : iplete |
L | ! T
Battery limito i !
without cncincerine | 10,330 | 7,123 | 3,760 126031 0,675
. : . i ! i
Engincering (csti- ] ; ’ I
matel) 33 bo6,110 . 2,370 | 1,250 1 9,740 0,22%
Utilities (with ! g
engineoring) 4,781 1 4,050 ‘ 0.371 . 9,202 : 0,302
. oo | ? . i
Sparc orts | 600 1 0,33 | 0,125 ' 1,192 ;. 0,029
. . | |
Awilrzry zervices = = i ‘
. with cngincerin: L7, 20 3, H8C 0 1,370 12,280 | (,322
. - o i
Liceren foe {estim. ) % 0,90C : 0,600 !
E - ! P H p— 3 'r ~ -
Pert tot:=l P7,543 17,558 i 7,000 52,507 1,553
i i
Supplencntary cestsi : f
20 % , |
+1lst ecioblishment |
. PN / )
5~ [ 1500 3,515 1,56C 112,575 0,311
=interinm intorcest i
- H
5 % f ]
- wunforescen dolay= o ; ‘
10 a i s
—_d ; i
Totol investment ’ ; ! |
O ey A A A i
10°F3 | 45,043 © 21,073 { 9, 356 1,864

75,482
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IIT, 4. Steam cracker for 400,000 ts/- of ethylcne

In the seme way, a stcom cracker double the capacity of the pre~
ceding one vould consume 1,600,600 te/a of virgin naphtha to produse
400,00C ts/a of cihylenc 2t 99.8 7. It wouid c2ll for a tolnl imvesi-
ment of 24 x 106 francs (fig. 3 and ‘able XII) broker down =s fc)lowes

Battcery limits costs and cngincoring and licensc 153 x 10 fronso

s 5
Utilities 392 7 107 [roiwece

-

PO . J
Auxilicry services 52.8 ¥ 167 Frongn

- 5
24).C x 107 fvanen

IV - lanufocturing costs

it is now intcnded to calculate with cume accurccy and with 1ca-
listic cscumptions the production costs of cthylene, o»ropylenn and
butadienc for the chocen cxemnle nt three levels of copacity -

50,0005 200,000 =nd 400,000 ts/a of cthylane.

iV.l. Btcom erncler for 50,900 to/0 o cthrlenc
A difficulty orises frou the rzet that 2 stcom cracker produces

prevercl producte and changing the cost or one mesne changing the co

of 21l thc others. Tie ncihod of crloulotion proposad is simple: ihe

production coct of dilutc cthylence produced by the stozm erecker aionc
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w

determined: the C.'s and C,'c have the volues which wowd Yo found

3

A . L, n oy . f o .
on the markey less o prefat of X 5., The supplementory expensce (fixed

£

~

. , i . S - - oty
and operating costs) of recovering §S.5 7 ethylenc ore cddeo ~nd thic
givec its production cosi. The same thing is done for 93.5 7 propylenc

Py . . . . .
and 98 % butodicne and their production costs are deduced in the same

WY .

¢ .

A - Ixpenditurc

x Teble &V, which cleo “oles in the clancat of table VIID Clito cul
the expenscs. Mive cases arc considered:
Columns 2 and 3: stcam cracking lone producing 9¢,%00 4c¢/a of
mixed gases containing 52.1 ) o4hylenc:
Columns 4 and 5: cupplement for ctavlence concentration to 95.8 ¢

(preducing 90,000 ts/c ethylene)
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s ahiio BT Line fuent therefore to be acid 4ot NS Shh
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The fuel gas originates as already seen, frem the ethyleno gas nixt

(Table X (1) 7as type I). In equating expenditure and receipts (without
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Y heve toon thot = 22 145 from this the price of prepylane SH.57
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Now zuppese that no use can be found fer the C3 and Cd cuts and that
. ’ . B
it weulc ©e nee~seary o uce them as fusl. Propylene 945 would te werin

1
Jxz [sece Tavle X(3) gas iy-s 11D

o o - - \ SOOOR fye
0.10 frauncs/ke wnd the 0, 0.0%8 francs
‘ A i

The sroltt mar-in of 15 5 can now only te tzken on ethylene, buta—

Fxponditare romsing the came (Tzble XV)
Pecort o oape detarled in Table AVIILL (
Euuatins recoivts and cxponditure we have for steam crzcking alene
36005 = 96 O« 1177 e v5.6 C, = 25.1l
The cost &, of dilute ethylens in the mixed gases 18 thie:

) 7':’3 el N oo™ . ,_,\i? - 6 {6
80 x 10T D, s 5021w U = 9.6 C_x 17 = 25,11 x 10

by oy - -~ P T T s . o ey hd
and tno oroiactien oont of athylene Lo 0.398 francs/ zy glwving a selling

y

price - 4i,0% cant.oee/Xe (157 margin). Tor the steam cracker uitn eihylenc

concentyatrr Tarle K7 and Toble HVIID zive in the same way

AVSE + 528 & 50 5 4+ 16,58 o that E, = 0,504 francs/kg
and the <olling price - concentrated ethylene pacomes 59,2 centimes/k;

(155 =),

Cencentration of ethylene and precpylene
6,75 + .05+ 1.2 = S50 E, + 35.5 P+ 13.43

&

+ 13.43

i@

T
o
-

B A
\‘\
i
"
i

.
.

+

-~

-
“
Y
0
o~

- R v
4,780 = 00 Tant b= 0,13

35 froncs/kg

Concontriticn =0 ihe propyl ne wil have cost 13.5 = 10 = 3.5 centimes/kg

and i3 would be 14 - 17,7 eontimns/ka.

e

Corecentration of othylene and propylene and extracticn of tutadiene

in the s200 way

A S e 4y = e
30.88 # 5028 + 1,23 + 2.30 = 46.28
- ~ o] -
50 5, + 2T, e UGBS Ry 12,76

AC, 2% = 29018 ¢« 7R+ ALES B+ 12,76

and B o 2l =
6H.85
61.3 centines/ke for butadiene.

0.520 frarnce/kg giving a possible selling price of
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In equ-tine

- »efore, the receipts and expenses " ¢ following

egration oo ootsaned.
A, Stesin crociiar 1 v
1234’ ¢ = ’lv i :.‘,,’ + ’:zr\‘ 1 fr Hh w‘l 1 i
L4
3ol AT 55 NN r.EutIﬂT/kg
& i
ew 7 Lirture oonthaaans 2 0,000 +/a ezhrlene diluted
LS
yrith 10, 00y a ~ve e boor oyaawiiion oo fuel wonla gaive
:’(ch £ 10 *.lll P ile\:
’ 5
3?73‘1( 10 = f.. R . A ST g A
1.6, S A s ;*Lvyl s 20 .00 froo owiich the proeduction cont of dilute
eth lene 10
L% ¥ 7
B 1L = JP2L0 ET
Traa dilute o Lere oan LE gob or el - 24,7 centimes/kZ.
.
4 214
(.35
3, Oherar o1 coor datn THELL e poeetyr e
Ve hrver 10700« 0 ol o+ 1.0l yron whach the nroausiicn
coct U 0. LRI
) ; : ":,:;‘w' '1‘ t “;’/ ;;'
thylene peoemtrotion nae onst
-1 R - ; : ~ & -
geuie = 71, o« .t certiiec/%g end the selling price Oi 99.8 7
ethylene nous
oA
o lh s )
?-":":'  3leil o end 1"&"'"’/.::‘:.
S ’
. . . 4
C. “teu °r vt lene -4 50,7 7 and Butadiene at 00 7
. . see oA EYat
We Lave L0 . o Lot i - Th, 02
. oy e - O
i e s & G A Y ’ [ A
from wrich L Ll on o= 0415 T ke
. . . ,
xrrw rout o rutadiens 6 cect 41T - 1503 = 2042 Cen‘tl'm‘:f;/l’:g
and 1tz .oliins mooe oo e
A41.5 = 4. ceatames/hg.
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H .?’(f’Vo,?

. . N . "
Ae the market price »f butadicene 18 much higher than

this a

, TR — ' . selli ice
productisn sovt of 5 o= 0750 FR/ ks (corresp?ndlng vo selling pric

5 o
of ER ﬁrnilmﬂt/vr} SAR DR

F R

moented,

ko -~ T +
I <he v comtirions She nroLedlng 2quaticn caen be wmitteon:d
e p P ) ~ PO .
140,80 - & oLt 0L h 4 77,22 from which a poscible
Fod o - e <
: » N SR O S
prodiniiza oot T onoartioten enayiend
; T rLone /s snd o oselling price of
Pap = 0 5w g s N O e 5O
2o T
P
E 7 L.
¢ - ik demnr Al pm Y
51,8 = 25.(0 rentimec/ke can be derived.
£ .
L R

Pipall, 17 1t were desirable to concentraie one guarter of the

A . . . - e ey |
prop lene 1n WL s Wwe Knew thrtoon ~ddition~]l investment of 1.064 x

rf‘".‘

: - g . A ~ed o F PR
107 FrB wouls be requarad. The cost of concentrovic

timee/is. Conceoctroted proprlene could be

would be 2.7 cen-

n
sold ot 22.4C centimes/kg

with <he 1 Letericlo teing ocla ot 13 centimes/kg, clwoys maintal-

=
-
o
.
N
-
"
—
=y
B3
N
b
-3
-
.
“y
"
-~
f.
3
L4
:
—
1ol
o
i

Coppcity

o
n
-]
—
3
=
A
I
o
. —
W
-
s
-
«
2
*
-
——
e
+
e
o

~p fyom reference to the first steam craciing ctudy

s cecond one of 200,000 t/a gives substar-

: ‘ - 2 3 ,'A. “‘+ &
So1 oreo 1 roouctiron costo, Tnoporticouler the production cos% ol
oot T VN T s e L Wi .

99.5 40 vrh,lone docronoas trom A4e3 to 2644 centhﬁcs/kg - 2.1 improvener’

Ir s .t* - do even better, glant units arc now ocing Sen-

Dew ot Preerors (Mexa ) 320,000 t/a
Marcar o4 Croarec{Tores) 340,000 t/a
500,000 t/a

Tegas 1ty 550,000

ethylene
ethrlene, rising to
in 1529

t/a with 2 lines.

200,000 t/a to 320,000 t/e
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Ih France

Rh8ne—Alpes at Feyzin 300,000 t/a

In Japan the Minigter of Cemmerce and Industry in January 1947
set the minimum capacity of new cteam crackers at 200,000 /e ethylene.
Six months later the minimur conacity was railsed to 300,000 t/a ~c that
the country could maintzin competitive producticn costs,

T4t secns 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 stezm cracker to be studied will thus be twice the size
of the proceding cne. It will consume 1,600,000 t/a cf virgin ncshtha

and will produce (sec table XXIII).

Products ¢ by weight t/a
Hydrogen 1.9 14,400
Methane 32.8 250,400
Dthylenc 52.1 400,000
Ethene 3.2 100,000
Total ethylcne strcam (ethylene 52.1 %) 100 164,800
C3 with 94 ¢ of propylcne 297,600
Cy (of which 54,800 iz butadienc) 153,00
Pyrolysis gasoline 312,000
Fuel oil 12,000
| 1,600,000

It will cost 241 x 106 FFR of which 35.2 x 106 FF.. are for the

utilities and 52.8 x 106 FFR for the auxiliary services (see table XIII).

It will reguire an auxiliary btoiler of 450 t/hr steam capocity

o

o feced
the back pressure turbines driving the compressors of 28,800 €V and
} & ?
34,400 CV (sce tavle XXKII). 1t -an thus be scen that it will be & very
big unit indeed. ’
In equ- ., ao before, the expences and receipts (tables XXIII
’ '

and XXIV) colu.n by column we get the following equotions:
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Table XXIT:

A sttt ottt o - o

-

"igh scverits steam-oracker for 400,000 t/a cthylene

Steam-crocker

Inve:-

o + 4 L
Lmento e

Utilitses

comaprerrore for:
cluctric powar

fu-"

coclins unter

T 1l el sy

L7y nroduction
concumplion

catolyots + cheninnls

3

hydrogen 9

Labour - .iicrvisioen
ngincoors

Forcmon

Horkiron

Licenes - ogtimted

e —

B et T T——— | Y 2= A ———— s, Worrt

——— s e o et et i s o ————

—-—

Steam-crack-r
~aYne

i

Supplement for!

ythylene

- .

butadienc

concentration | nxtraction |

144.2

23,500 ©,v,
1,880 v

250x10

3

i 2,048.1074h /4
R

8,000 n /n

¥

9.4x1o6}?R/a

15
30

thopning/

h

67.0

34,400 C.7,

15

9.8

0
240 Kuw

0
2,592 m3/h
0
0
61.6 t/h
0
2.7 m3/t!

k butadiene

A s . vt s oo

15
28.5x10

6FFH
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we have mad» intermedinte -ssumptions in the price of provylene (e
Tablﬁ X}tv) .
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in ety i bl cE e Mg e L w0 paons oD 00,000
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ethylene ~nd per-lizes the etem crnckers,

Fin~ncicl As-ecte

In Toble UL o0 ot uempt hee beern nnde to set out the profitabi--
ities of stoan croevwero, makong the following assunptions on selling

1
prices:

{1

Jteam cricker of 50,000 tofa

Possible ¢thlene sclling nrice 52 ccntimes/kg, lenving - morgin of !

Cos ke

. . . ( X . " et
Propyl ro coiling price 13 continesf/ke, leaving o nrrgin of 19
But~itene 1 iR/ ke

Cd suliines price XFP cent m«f:t/kg, leaving & morgin of 15 9

Grecline colling ~rioe

17 f;untl,mm/kg, leaving o argin of 16 70

The ne-wiption = for eteem errckers of 200,000 ond 400,000 /
are detail. 2 1n o Ui AXVIL It hns Yeen accunced thet the lorser lhe cune
tity of et for ozale the lower the price - 31 cen:m:t;/kg ~nd oLaen

26 conta Aflly,'{n The pr i~cs - ‘11‘0'5"1(:1’1(; (’Jld bu.trﬁ.dienc ~ i ordy very low
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alkylater) ad tic gousclines.
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~ Profits befrre tzx 18 to 24 % of turnove:.

- Cash flcw (profits after tax and depreciaticn allewarrer) very
favourztle

-

¥
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to 4 yero, Notur-liy, o0 o eitviense had L3 tr re 11 ¢
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3l centinrion/ke the oo 11 stem cracker would oo cte oy 10
; \ " e

FFR/> protits Surned a2 .50 4 10 Frll/ dore whadls tor

the lerver ot criosersy the sibuwtion weuld rer g very

fovoursble oo ghicown in the table,
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300,000 t/+ ¢thyicne crpecity nnd above, It a2lso shows the dvant ~ge

o f

of using he-vier hydrocnrbons -4 lower temperatures in order to pro-
duce niore tutodiene - o product with o big profit margin, Theac units
moke peesible the followin sclling prices with »n excellent profit
margin.

— dilute cthylene at 21 centimes/kg

= concentrated ethylenc ot 27 centines/kg

- 94 % propylene a4 18 centines/kg

- 98 % but-dicne a* 49 contimes/lg

This explains the Japrnese decision ‘o impose a minimum capocity of
300,000 to/a thylene for ncw units ns well rs the establishment ot
Teyzin in Frante of o ¢ porable omit,

Further, when the butadiene price is obove 60 centimes/kg this pro-
duct is the most imvertint contrituter to the profite from stean crackers,
It is thu: ~dvantogeous ‘o preduce ns much &5 pessible, even at the ex-
pense of jropylenc,

TaTL wiov throws light on the advantages of the triclefin precess for
steam crackers of <09,0Cs - 300,000 t/a ctuylene capncity, treating sround
1 millien 4/~ :tahn, These _lits could, in c¢ffect, produce 100,000 t/-
of butadienc,

In any case with tho eclling prices for olefins which thece large stonm

crackers make poesible many new narkets phould be open to petrochemicels

which can be cxpected .o take a new and imprescive leap forwards.
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