WO 03/ 062352 PCT/ EPO3/ 00790 METHOD FOR THE PREPARATI ON OF LOVWER OLEFI NES
BY STEAM CRACKI NG The present invention relates to a nethod for the

pr epar at iwo oafocizsxer ol efi nes by steam cracki ng of heavy Paydirozenr7bons
obtai ned by Fi scher-Tropsch synthesis in a naphtha designed steam cracki ng

furnace. 5 In US 4, 8@?@5% 2oBr eﬁﬁ;?ghﬁégﬁ%kbﬁ?g%&ﬁ%&%@gmg ction of

heavi er hydrocar bons Tfomone of aseous s. Such
hydr ocarbons nay be used as gas oiBY STHEAMIE&FEIRINGIVention relates to the
use of such 10 heavy Fi scher-Tropsch hydrocarbons for the preparation of

| ower ol efines. For such preparation according to the invention use is
made of new or avail able steam cracking furnace that is designed for steam

cracki ng of a naphtha feed. Furnaces which are designed for a petrol eum
derived 15 naphth }?eeé?fecsaﬁ%tlrﬁ’gr&slé’dl fr(‘fﬁaéfer?orté’ ﬁ‘eg\?ﬁ & £E6Fe ™ deri ved

feed because giedpzrdmidch hemvibWeaed W ilindiotoy fatldam evapiaie df Hdhsry
pre-heating sectjons of the furnace resulting in excessive coke formation
in especially¥%* %é%h?tr‘?g”%eéjc%yo 5ehete THoRsreatten theg 18 diodgh
napht ha and Firsgigihal rdgsichhdieae diy dreeadibonsudave (di f f er ent
conpositions, and different Dboiling point ranges a naphtha designed steam

cracki Ag furnace tidt i 4/8A° tld & SFHACESISe Iorescedmes: 40K #§et he nore
heavy Fi scher phRReady diy BOGRHHARS: MAEYGirdns frlhasenkeavwy mése

Fi scher-Tropsch hydrocarbons may be used according to the invention for
the preparati GI#6PYDWErIN N HES BP B SeamU Er ANHTG2 1H9E St Gayh&edisest ence
i n conpositionofgddeiheavy Fischer-Tropsch hydrocarbons in conparison to
napht ha, the | ower ol efines produced by steam cracking 30 conprise |ess
aromati ¢ conmpounds EnPIEREN Y I VEIGAEE A§ LADCE3/L06 2352 UPETPEPSZLDO790

10 heavy Fischer-Tropsch hydrocarbons for the preparation of
lower olefines. For such preparation according to the
invention use is made of new or available steam cracking
furnace that is designed for steam cracking of a naphtﬁa
feed. Furnaces which are designed for a petroleum derived

15 naphtha feed cannot be used for a more heavy petroleum
derived feed because such a more heavy feed will not
fully evaporate in the pre-heating sections of the
furnace resulting in excessive coke formation in
especially the superheating section of the pre-heater.

20 Although naphtha and Fischer-Tropsch heavy hydrocarbons
have different compositions, and different boiling point
ranges a naphtha designed steam cracking furnace turned
out to be suitable for steam cracking the more heavy
Fischer-Tropsch hydrocarbons. Accordingly, these heavy

25 Fischer-Tropsch hydrocarbons may be used according to the
invention for the preparation of lower 6lefines by steam
cracking. Due to the difference in composition of the
heavy Fischer-Tropsch hydrocarbons in comparison to
naphtha, the lower olefines produced by steam cracking

30 comprise less aromatic compounds and thus for producing



- 2 the sane anpbunt of |lower olefines less feed is required. |In addition
relative to steam cracki ng of naphtha, steam cracking of Fischer-Tropsch
heavy hydwomambmss resulted in an increased production ofpceteresia79pr opene,
butene and 5 a | ower production of hydrogeh,~ net hane and carbon nonoxi de.
Accordi ngly, the present invention provides a nethod for the preparation
of |ower ol ef ittes dymestaerer askigver WherfdineslQ dse fered icomIGuseedheavy

hydr ocar bons tai ped b Fischer-Tropsch synthesis are subjected to steam
cracking in ?rhfﬁwj&al%bs’?eg]r?etdwﬁ etai”rnsctreé‘é‘kiqi‘gacﬁih’i%coé AP @ams t&@d ki ng
t he Fi scher - Trapsadi rity &0 Gair e - THdp Sdhe He@MBr hyel ddreson sl & Riafraiabl y,

the steam cracking of Fi scher-TroC&sch, heavy hydrocarbons is carried out in

a conventi onall™ R FREGRIP %%P&fol@%%r PFOP BEphiudedeg and

convecki on zone 1w Gabdudd i JF eReRldJRE ,ZaRe HaheMieh cddt®n
Fi scher-Tropsch feed is heated, a second preheating 20 zone in which the

heat ed Fi scher® th hydrocarbons are heated in the presence of steamto
forma mxture of adddtdihcARd G YP4% sEntChefehaRCh AvdReaLbaReHANd a
super heating zone in which'the |quld and gaseous i scher-Tropsch

hydr ocar bons & $lifePifRRiad:idh®a l2yegr fHgerohy istamm e ackéngaseous
super heated Ejisghsrs Tropsch hydrocarbons are steam cracked into the | ower
ol efines. For the purposes of this invention a petroleum derived naphtha

i s defPned as t he theadigesh compniisey &rea@y hygirogagbongalobyaiinedgbyoi nt  of
bet ween 170-2 i Jd 5@;}{1 jnal i1d i f t f ower
than the ini t%(z}lsggr%eﬁr? Iécgloi K ng}ff épstr)li%ntal}%f 4 e@%gg%/)}:%ﬁss%%%gr [&%ra%p})(gc

hydr ocar bons. iThias nadp ey elegsigned steam cracking furnace for steam

cracking the Fischer-Tropsch hydrocarbons into the lower
olefines.

15 Preferably, the steam cracking of Fischer-Tropsch
heavy hydrocarbons is carried out in a conventional
naphtha designed steam cracking furnace comprises a
convection zone provided a first preheating zone in which
the Fischer-Tropsch feed is heated, a second preheating

20 zone in which the heated Fischer-Tropsch hydrocarbons are
heated in the presence of steam to form a mixture of
liquid and gaseous Fischer-Tropsch hydrocarbons; and a
super heating zone in which the liquid and gaseous
Fischer~Tropsch hydrocarbons are super heated; and a

25 cracking zone in which the gaseous super heated Fischer-
Tropsch hydrocarbons are steam cracked into the lower
olefines.

For the purposes of this invention a petroleum

derived naphtha is defined as the fraction starting at Cg

30 to a final boiling point of between 170-230 °C
The initial and final boiling point of naphtha are
lower than the initial and final boiling point of the
heavy Fischer-Tropsch hydrocarbons. This may have as an
effect that the feed to the second preheating zone is not

35 a gas but is still a mixture of gas and liquid.



effect that the feed to the second preheating zone is not 35 a gas but is
still a mxture of gas and liquid. WO 03/062352 PCT/ EP0O3/00790 - 3
Gener al | ywotoa@esz3sed for the second preheating zone conpripedEPO®8E9¢ han 50
W.%Iliquid Fischer-Tropsch hydrocarbons.3Preferably this feed conprises
|l ess than 25 wt.%or nore preferably less than 10 wt. % liquid 5

Fi scher - Tr opsadedwsei 0ogr hotts . fd@avidy dhe sy phirhaati PG siep the
Fi scher-Tropsch hydrocarbons are eneragl ly in the gas phase. . The
cracki ng of tHe& EFi]sec?%rt-hlarrbp%tH’t-hydlrldli%ﬂrdo@ri‘ssql"se,rc‘éfrﬁqwfbut inthe

presence of stiaaRcdkbd: Opidonatdyl y e fILEeNGR Ofseaddidd ongl, i | ution

gas. Ceneraly, the weight ratio of steamto Fischer-Tropsch hydrocarbons

is 0.4-0.8, pret &ttabl Yo.m0e Brehffadlpridss dh1an .%ot f7diasseral |y, the
Fi scheg- Tr ops oy Jil 008N USRI AS dhonk,” freed, iy t“rﬁee%@c%ﬁcki ng in the
|

napht ha desi gned steam cracking furnace have an initial boiling point of
above 100 C, BHfeatElly sdisy s iG chisrd panscdy dhidrosiaveon2@0eC, and a

final boiling poidit,of, bgl w4 Conueferably below 380 C, nore
preferably belggév?v{ 36a0 é/ 20 Gengg%al Ipy, t hese Fi scher-Tropsch heavy

hydr ocar bons corr}:'i?rhesé?rr@qﬁrffw fafhdhardrea whdi sthem-Tooms¢pref erably  nore
preferably of 733w e or el oraly bl a0-30. 5 e Pee i hregears
hydroéérbons twpenssldd ds & Heat e diihgdd tilmaalnvédnitdmmegashe
Further” reattanr ScR s {Ron oty omioas T dercht ool | ati on
of hydr ocar bory drdag npaniang o rlor-the ,3Q e fegtadrlyTi0o Bsth 7SyntrMees s. Such
fractional distiddathon o.60-0.70.
Generally, the Fischer—Tropsch hydrocarbons used as a
15 feed for steam cracking in the naphtha designed steam
‘cracking furnace have an initial boiling point of above
100 °C, preferably above 150 °C, more preferably above
200 °C, and a final boiling point of beiow 400 °cC,
preferably below 380 °C, more preferably below 360 °C.
20 Generally, these Fischer-Tropsch heavy hydrocarbons
comprise n-paraffines more than 75 wt.% and preferably
more than 80 wt.%. These n-paraffines have generally a
carbon number of 5-25, preferably of 7-23, more
preferably of 10-20.
25 The Fischer-Tropsch hydrocarbons to be used as a feed
according to the invention may be directly obtained by
the Fischer-Tropsch synthesis or indirectly after further
treatment. Such a treatment may comprise fractional
distillation of hydrocarbons originating from the
30 Fischer-Tropsch synthesis. Such fractional distillation
may be carries out at temperatures of 100-380 °C,
' preferably at 150-370 °C, and more preferably at
200-360 °C. An other pretreatment comprises hydro
cracking of Fischer-Tropsch hydrocarbons, or by thermal

35 cracking of Fischer-Tropsch hydrocarbons, which hydro



may be carries out at tenperatures of 100-380 C, preferably at 150-370 C,
and nore preferably at 200-360 C. An other pretreatnent conprises hydro
cracki ng wb oBiossker - Tropsch hydrocarbons, or by thermal 3%®careEpokoergo of

Fi scher-Tropsch hydrocarbons, which hydro 4® 03/ 062352 PCT/ EP03/ 00790 4
cracking or thermal cracking provide the heavy Fischer- Tropsch

hydrocar bons as-Z48si6id kad taovwel |drackidgpiafrfird tehantrGhe) iFStdcheaf- t he
heavy Fi scher-Tropsch hydrocarbons that they are essentially 5 free of
aromati ¢ conpduriRs Chihy AR i2S (1§ SEEHEGhdPOVEnd sul phur conpri si ng

conpounds. The Fi sghars Tr epeah heay erhhrdiceedikens 0@ kacuseadyaccording to
the invention as a feed for steamcracking in a naphtha designed steam

cracki ng f ur ndces FGE THOPEF rodiraGagh s (towdr thisef iades eseatgrdduced in a

Fi scheg- TropsghsWi henet ifd SEMIoulRns h «PYhe Hompdfi s igdI-RaRRenRs s a
wel | known process. In the Fischer- Tropsch synthesis the starting materi al
is a hydrocarfsh&ediF €QNPIis iTige aoFPOsEsSbonaceous feed suitably is

met hane,  natural q%s,m%%%%&ig&%%s%s h¥avd ggétrwc%r%fongt% [b'ay%rs%ar bons.

The feed conprises nmainly, i. nore than v/v% especially nore than

940. Cl1_4 hydressausing, toedpeciiavonptdomeissas fged dast sé@an ¢rpekdegt

net hane, 20 pr; I I r , I ref erahbl 0 rcent.
Very suitably 1‘3;6‘%{]?1%]%&21? 8%%3 sr%g %?5%%3&@‘@3& .r%gl;%il%,t {a%gl%y,t?%ny sul phur
i n t heof eedst golodust irenwvfed.owEre Parftiingls , oxirgapiredugfed Kins ahydsobarons
feed, 25 pro i m f .Qf i.all rho i.de and hydrogen,
can take pl acg%goéjcrl%rhdi g%th(;eessvl%r'i gﬁ%%glse?agﬁog)hé% %r};éf:&g%)sgé% hese processes
i ncl ude t he SheldroGasidansatiisom well known process. In the Fischer-

Tropsch synthesis the starting material is a
hydrocarbonaceous feed.
15 The hydrocarbonaceous feed suitably is methane,

natural gas, associated gas or a mixture of Ci_4

hydrocarbons. The feed comprises mainly, i.e. more than

90 v/v%, especially more than 94%, Cj-.4 hydrocarbons,

especially comprises at least 60 v/v percent methane,

20 preferably at least 75 percent, more preferably
90 percent. Very suitably natural gas or associated gas
is used. Suitably, any sulphur in the feedstock is
removed.

The partial oxidation of this hydrocarbons feed,

25 producing mixtures of especially carbon monoxide and
hydrogen, can take place according to various established
processes. These processes include the Shell Gasification
Process. A comprehensive survey of this process can be
found in the 0il and Gas Journal, September 6, 1971,

30 pp 86-90.

The oxygen containing gas is air (containing about
21 vol. percent of oxygen), oxygen enriched air, suitably
containing up to 70 percent, or substantially pure air,
containing typically at least 95 vol.$% oxygen. Oxygen or

35 oxygen enriched air may be produced via cryogenic



Process. A conprehensive survey of this process can be found in the Ol
and Gas Journal, Septenber 6, 1971, 30 pp 86-90. The oxygen containi ng gas
is air (cwotsionissg about 21 vol. percent of oxygen), oxygedaTapos/edred air,
suitably containing up to 70 percent, or substantially pure air,
containing typically at |east 95 vol. % oxygen. Oxygen or 35 oxygen enriched

air may be pradiged e ,CAgeRia dN2 16 @62 372 dRCEHHERY3/:0@EaD rad e
techni ques, but could al so be produced by a nmenbrane  based process, e.g.

the process aL3FELRIEESSn RODIMHCOPECCHTE BSi 1965 FiHFddd t he power fo

driving at | emsto0msAIl. qHEPIRSIRT ProvakRisaldle @bwele Al ¥ iving at
conpressi on/ separating unit. To adjust the H2/CO ratio in the syngas,
carbon di oxi d&38Hd/Br SiEaRIRF 56 An oo FGOSd aitRo ofth&hgardiral © oxi dati on

process. Pref ikt Iry sEp%realivwge Wpaged on  the amount of syngas,
preferably up to 8% volunme, nore 10 preferable up to 4% vol une, of either

carbon di oxi de or Tos@damsits thgdde/CO théiPedd. that 6¥NER6duEadbOR t he

hydr ocar bon synt hesj s nmay, be used to nerate the steam _As a sui,table
carbon di oxi déjr]lé)d‘d‘rd(:ee,ané%{r 0 %&aglxim(?é’g reoﬁ'lntttrﬁ’gu&e | gEAP §§§s§’§rg‘flaﬁhe
expandi ng/ comausitdaan st gproveyssls tre fusedlyThe H2/ COr abilamef bhlkedsymngas is
suitably bet een 1.5 nd§2. 3 referat%lﬁé tween 1. %Qand 2.1. |If desired,
(smal 1) addi t i%FaPSin e &Yﬁfﬁ;p?&roé’éﬁ 70 URebe By IPEEREmelRLSe
reforoong, prefrerfalilaplien uponda @Aat iven uniet, h offhe iwaker calbbh BeastidenorAny
carbon 20 nonoxi de .and car bgn di oxi de produced together wth the hydrogen

may be used i ﬁ.tteﬁé“ H}Fdra@éi&tdb o St hESSs MEAELT BEOBHCEEcydl &bt o i ncrease
the carbon ef HyerererborAddinitherdls Ragr ogen seantbagkbuee afrey the amcapt.i on.
The percentage of hydrocarbonaceous feed which is o
As a suitable carbon dioxide source, carbon dioxide from
the effluent gasses of the expanding/combustion step may

15 be used. The Hy/CO ratio of the syngas is suitably
between 1.5 and 2.3, preferably between 1.8 and 2.1. If

desired, (small) additional amounts of hydrogen may be
made by steam methane reforming, preferably in
combination with the water shift reaction. Any carbon
20 monoxide and carbon dioxide produced together with the
hydrogen may be used in the hydrocarbon synthesis
reaction or recycled to increase the carbon effiéiency.
Additional hydrogen manufacture may be an option.
The percentage of hydrocarbonaceous feed which is
25 converted in the first step of the process of the
invention is suitably 50-99% by weight and preferably
80~-98% by weight, more preferably 85-96% by weight.
The gaseous mixture, comprising predominantly
hydrogen, carbon monoxide and optionally nitrogen, is
30 contacted with a suitable catalyst in the catalytic
conversion stage, in which the hydrocarbons are formed.
Suitably at least 70 v/v% of the syngas is contacted with
the catalyst, preferably at least 80%, more preferably at
least 90, still more preferably all the syngas.



25 converted in the first step of the process of the invention is suitably
50-99% by wei ght and preferably 80-98% by wei ght, nore preferably 85-96%
by wei ghtwolb@epaseous m xture, conprising predom nantly Paydirosjes7so car bon
nonoxi de and optionally nitrogen, is 30-contacted with a suitable catalyst
in the catalytic conversion stage, in which the hydrocarbons are forned.

Suitably at |east T Wa%0fstdeasyngas ﬂc$r Qe acdted pi ) cdie LAt ot

preferably at Ieast 80% nore preferabl | east 9 still nore
preferably al |E RSN . CORP LT 06D ImﬁrEmB# OB GOTFHe dentaley st s

used in for the&al alryiife CONVEIRd U Ofus I8 yM P RES PR I NG Qgen
and carbon nonoxide are known in the art and are usually referred to as

Fi scher- TropstiPredalgataly et al Gatasl ¥ors U iuP g He qusetk’fﬁ"elrscgle'm—opsch

hydrocar bon syt Hiesis RFPERSS e AUBH & HURYL S atalytically
active conmponent, a rrekfétl from G oup VISIlIS of the Perlea}%]lc Tabl e of

El enent s. ParQQI%RHJaﬁe:caﬁt%ltg}”ﬁ c%ﬁqi/l}é?cltqaﬂelmcéllqu resimrim anit,henimghal i ron,
cobal t and ni okely Cobl tvis: & Prefersed o SaMN AL AIye oLl The
ab

catalytically active netal is prefer orted on a porous carrier.
The porous carl?ﬁl@?lqwlbéats@l}e@t@jl]ﬂr cﬁﬂfalnsﬁ @fettaﬂes s ¢tlatslee nugtfhreadtuar,y

nmet al oxi des nS| ldGates Ny grgl j yat 'c%%%ltthefse%f rés{é%\éﬂ dyt he art. 15

Parti cul ar exarrp? €s of preferr porous carriers | silica, alumna,
titanil8, zi rcmtaal}erQ%ll}gathJ%n@taﬁ xtures thereof, especially silica

and titania. The (c);af };taltcaa{%tg aéfo%,eagntelt\é% T%O%f&ggra%%gcarrl er is

preferably |nthe range from pbw peér f carrier
mat eri al , nor esypmEferablon fa Q:mI:szt G:ar&(lermle”@pmnoaid y:afnrmerZ(ﬂnatyob@) pbw.

I'T desi red, the eleactt%&/sftrorxrr?yan & “usl D% Orrefractory metal oxides
or silicates or combinations thereof known in the art.

15 Particular examples of preferred porous carriers include
silica, alumina, titania, zirconia, ceria, gallia and
mixtures thereof, especially silica and titania.

The amount of catalytically active metal on the carrier
is preferably in the range of from 3 to 300 pbw per

20 100 pbw of carrier material, more preferably from 10 to
80 pbw, especially from 20 to 60 pbw.

If desired, the catalyst may also comprise one or
more metals or metal oxides as promoters. Suitable metal
‘ oxide promoters may be selected from Groups IIA, IIIB,

25 IVB, VB and VIB of the Periodic Table of Elements, or the
actinides and lanthanides. In particular, oxides of
magnesium, calcium, strontium, barium, scandium, yttrium.
lanthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium, chromium and manganese are most

30 suitable promoters. Particularly preferred metal oxide
promoters for the catalyst used to prepare the waxes for
use in the present invention are manganeée and zirconium
oxide. Suitable metal promoters may be selected from
Groups VIIB or VIII of the Periodic Table. Rhenium and

35 Group VIII noble metals are particularly suitable, with



nore netals or netal oxides as pronoters. Suitable netal oxide pronoters
may be selected fromGoups I1A 111B, 25 1VB, VB and VIB of the Periodic
Tabl e of Wbaws®wei3sy or the actinides and | anthanides. |n pamtErostb@pg oxi des
of magnesium calcium strontium barium7 scandium yttrium |anthanum
cerium titanium zirconium hafnium thorium uranium vanadium chrom um
and manganese parae: it aﬁﬁi 4 12l i & beieice S p elRa At GU batelry rizieef. ermhed et al
oxi de pronoters for t catal yst used tq prepare the waxes fqQr use .in the

present i nventi S er & éﬁﬁ@?ﬁ'QEESﬁnFc&ﬁlGﬁ@ GRit@dYSSuiltasiie tabrly in

pronmoters may the selee f firem @.0upsoVhioB @bwy! bredk rbbe yPer. hodicc 4Tabl e.
Rhenium and 35 Goup VIII noble netals are particularly suitable, wWith WO

03/ 062352 PCTFEPG3PIGLFFaly gi 40 #@mPRitd @&lrl 3Q0uRPHePhg Cagpéeral | v

preferged. The ampentca@hiRiqeRtey RceseBat m'e'ﬂatlh%n@att:ﬁEY§§:oln§t§¥' takly in
the range of fromO0.01 to 100 pbw, preferably 0.1 to 40, nore preferably 1

to 20 pbw, pePTEGEYbWISY b degesikethenc gl yﬁlréaﬁlrymaétemél alknand t he

promoter, if spriesele tFa%thRndepasiched sonmphe %%rtrl'o%r MRESHi AL Bhgany
suitable treatnment, such as inpregnation, kneading and extrusion. After

deposi tion of SEREUFECER- éﬁ&er'ﬁepéﬁﬁﬁéﬁplQﬁethﬁh@eﬁﬁénﬁﬂén 8 the carrier
material, thea%%rBQQQ%QeCa&%%egrbﬁo%ﬁg'%ﬂlEﬁes%gk§gkﬁym59e9§5§'n%h'on at a

tmmmaﬂueofgemwdlyfum150to C, preferab tenpérature in
the rhfge of floemessGargissp ic typdcadfiyesubiecthe tal cehginshitneatment is

Lo remve cryslaberiRlel di0 dRcoMNage s¥Bhatishe deqappos) ! oa-Rrafyet s and

15 to convert organic and rganlc onpounds to their pective oxi des.
After caIC|naﬁﬁ@@er@ﬁ@rﬁeg@lﬁhﬁgra®§€ab¢sﬁr@my45@ aotﬁﬁétea b¥heont acti ng

the catal yst @F&@cth%gr%%%ncgggg ngBRQQQeQQREﬁk” ggtga§em%¥8'8§b S

t enper at ures of about
water, to decompose volatile decomposition products and

15 to convert organic and inorganic compounds to their
respective oxides. After calcination, the resulting
catalyst may be activated by contacting the catalyst with
hydrogen or a hydrogen-containing gas, typically at
temperatures of about 200 to 350 °C.

20 The catalytic conversion process may be performed
under conventional synthesis conditions known in the art.
Typically, the catalytic conversion may be effected at a
temperature in the range of from 100 to 600 °C,

_ preferably from 150 to 350 °C, more preferably from 180

25 to 270 °C. Typical total pressures for the catalytic
conversion process are in the range of from 1 to 200 bar
absolute, more preferably from 10 to 70 bar absolute. In
the catalytic conversion process mainly (at least 70 wt$,

preferably 90 wt% of Cg+ hydrocarbons are formed.

30 Preferably, a Fischer-Tropsch catalyst is used, which
yields substantial quantities of normal (and also iso-~)
paraffins, more preferably substantially normal
paraffins. A part may boil above the boiling point range
of heavy hydrocarbons to normally solid hydrocarbons. A

35 most suitable catalyst for this purpose is a cobalt-



20 The catal ytic conversion process nmay be perforned under conventi onal
synthesis conditions known in the art. Typically, the catal ytic conversion
may be efweaBme23sr a tenperature in the range of from 10@CIEPES007S)
preferably from150 to 350 C, nore preferably from 180 25 to 270 C.

Typi cal total pressures for the catalytic conversion process are in'the
range of fromdotta 20hdaFisatsol Tt e s drea frefear.aine fvam 4w, 70 bar
absolute. In catal ytic convecg ion process mainly (at |least 70 wt %

th
proferably 90 WOFHFARENT\AR GEF DO Wb (iGh rred & RF et drabl y,
Fi scher - Tr opschly @66 @d pisdn ini tseebs W GhhioH edids sibsitrantdaiintuanidd i es of
normal (and al so i so- araffins, npre preferably substantially nornal
paraffins. A p%‘?lfr%%gfg | S AR el boi 9 ﬁd‘aﬁolorﬁy kerppenefansegias oil

hydrocarbons tori@f fedd Yo d by ac akditnsnt A3t MRstospHdall e catal yst
for this purpose is a cobalt WO 03/062352 PCT/ EP03/ 0079 8 containing

Fi scher - Tr opschl Tat hidfsion e d1tdR HERRr 2 hyidoc oo iddngsdpifdrein, is a
reference to hyelfoCH A J8 XdHBS 1Bfd M Lbidie b(‘?ail'é'd‘gs_aquié?f lidP&

corresponds substantially to that. of kerosene and gas oil 5 fractions
obt ai ned i n a ¢biidehtatefal Faspher i edivsitinimthen remasr wle afiowdral oi | .

The boiling pojdd-3g@rae Prdhass Neavo-hydr O@rﬂg%s AR 44l ed mddle
distillates) generally li ceiir W t hi nrstehe range of  about p( 100- 3??35013}0,

pref eR8bly 200LBrB @ ore preferably 10 150-360 C. The Fi scher-Tropsch
hydr ocar bons gener : - 0 I r S.~.Normal |y
'161’14 Wl%h%rg%rogg&f & @Ea%o% %%%g%%?a}r)?; r?s’,

|l iquid Fischer- Tropsch hy carbons are suitably ar

especi al |y C7_2de festHHacardypts, o Mydr&spesim | WokmaGher 20 dwidr agaydmns, or
m xtures thereof. These hydrocarbons or m xtures thereof are liquid at
Tropsch hydrocarbons are suitably Cg_»g5 hydrocarbons,

especially C7_23 hydrocarbons, more especially
15 C10-20 hydrocarbons, or mixtures thereof. These

hydrocarbons or mixtures thereof are liquid at
temperatures between 5 and 30 °C (1 bar), especially at
about 20 °C (1 bar), and usually are paraffinic of
nature, while up to 24 wt%, preferably up to 12 wt%, of
20 either olefines or oxygenated compounds may be present.
Depending on the catalyst and the process conditions used
in the Fischer Tropsch reaction, normally gaseous
hydrocarbons, normally ligquid hydroéarbons and optionally
normally solid hydrocarbons are obtained. It is preferred
25 to obtain a large fraction of normally solid
hydrocarbons. These solid hydrocarbons may be obtained up
to 85 wt % based on total hydrocarbons, usually between
50 and 75 wt %.
The higher boiling range paraffinic hydrocarbons may
30 be subjected to a catalytic hydrocracking step or thermal
cracking, which are known per se in the art, to yield the
desired heavy hydrocarbons. The catalytic hydro-cracking
is carried out by contacting the paraffinic hydrocarbons
at elevated temperature and pressure and in the presence

35 of hydrogen with a catalyst containing one or more metals



tenperatures between 5 and 30 C (1 bar), especially at about 20 C (1 bar),
and usually are paraffinic of nature, while up to 24 % preferably up to
12 Wt % oWo2B/neassher ol ef i nes or oxygenated conpounds nay POE/EPOEGETN .
Dependi ng on the catal yst and the process fonditions used in the Fischer
Tropsch reaction, normally gaseous hydrocarbons, normally |iquid

hydr ocar bons andriops itoritdgenataramldat isaltyl hydt eaar-hois «ar eobt ai ned. |t
is preferred 25 to obtagjn.a Iarqe [racti n of naormally solid  hydrocarbons.

These solid hydHdcsbonr i P e B TEF U 16 168 Xt S lhsedon t ot al

hydr?](c:ar bonrs], ¢Iﬁ1&3i]l3}b$/t§)€tidml'i siﬁ% amnet alls \rstedl%ct'éhﬁ ﬁticﬁlhﬂrob@iﬁ' gzrm raaﬂ;gke
paraffinic hydrocarbons may .30 be suhjected to a catalytic rocr acki ng
step or thermaIIIcroaﬁlé'ﬁHEg,Ey i Aredfot ferensdtisy t%@f%r@,b{tyo Vifd d t he
desi red heavy Hyhqoardians cHiQ 16 Yok S IRreCTAC Kio® nich1@akddted Hut by
contacting the paraffinic _hydrocarbons at el evated tenperature and
pressure and i Thed GBS ce -35 G GG M MIeta learaiey Sl addmudini ng one

or nore metal $M0 LB/H6239% RGH, ERAFHAMM, -1 aiayiang Rydiegenaldan
activity, and sup-ported on _a carrier. Suitable hydrocracking catal ysts

i nclude” cat alRFES G rGadidy shst JIoF d8ifedired er dnidacogsse WiBIasdadd | | of

t he Periodic Tahl %Msé'%}ti%-in%r ¢fieraklu. -t he 5 hydrocracking catal ysts
contain one or nore noble, netals fromgroup VIII. Preferred noble netals
are plétinum pallbgdiamauirthedi et alythesildm actiigieumeind eseisemt st
preferred cat alpsts, Qe M3& iy taaecahwto-n@rﬁ%!fgﬂ WA WAl tﬂﬁﬁ%s
conprising platinum' 10 The anount of catalytically active netal present
in the hydro@mgcKisng Yedcalyst imayEheampngiet i9ifn fwiote abomitt § - 0an¢ o sbout

typically in @%a{}ﬁ%ﬁ;yﬁ&veﬁ@gﬁ ;Z;%‘r}“tlo%- B2k B gRePRE TrRY UFL Y, Per

100 parts by wei ght e
material.
15 Suitable conditions for the catalytic hydrocracking

are known in the art. Typically, the hydrocracking is
effected at_a.temperature in the range of from about 175
to 400 °C. Typical hydrogen partial pressures applied in
the hydrocracking process are in the range of from 10 to
20 250 bar.
The process may be operated in a single pass mode
("once through") or in a recycle mode. The process may be
carried out in one or more reactors, either parallel or
in series. In the case of small hydro-carbonaceous
25 feedstock streams, the preference will be to use only one
reactor. Slurry bed reactors, ebulliating bed reactors
and fixed bed reactors may be used, the fixed bed reactor
being the preferred option.
The production of lower olefines, in particular
30 ethene and propene, is in general achieved by pyrolyzing
the heavy Fischer-Tropsch hydrocarbons.
Pyrolysis is also called steam cracking and comprises
thermal cracking of these hydrocarbons in the presence of
steam and if desired a dilution gas. The process

35 comprises a convection zone, a cracking zone, a cooling



material. 15 Suitable conditions for the catalytic hydrocracking are known
inthe art. Typically, the hydrocracking is effected at a tenperature in

t he rangewofosfos3s2 about 175 to 400 C. Typical hydrogen pacoiepos/prressur es
applied in the hydrocracking process arelOn-the range of from10 to 20
250 bar. The process may be operated in a single pass node ("once

through") or ifbre r&RYE sdmiat i AUREESHIRY, RE v o &4 in one or
nmore reactors, either parallel or in series. I'n the case of small
hydr o- car bonaceUURr BL S ddifs tR et Fichszonehanst dfver eifackiing asae.o Thse only

one reactor. QluddRef JSRCt el 14 ating bed Heacty szorf'@gn{oi xed bed

reactors may be used, the fixed bed reactor bei'ng the prieferred option.
The product i orsegonduiehsiadfinezonegr fandralllan IEeast Hendemidedrioperte i s
in general achigved 410l Yg i t Risicherls Trorseh [ r bons.
Pyr ol ygi S is Qf]llso cﬁeﬁsteagfnécg_%jaec’kiréﬁlg&g%\é%g&r?g}r irbgiess-gs?%er nac{]){t% %g% ng of
t hese hydr ocarfrad hafane thresencmist arst gmm)amd itfurdesifr etbeal @iridut i on gas.

The process 35;.C rj .CONV. i i .Qne, cool ing WO
03/ 062352 PCT/%EIFJO@SO%—%%sa-l%g%e%g%ntgpatﬁ%ngses%ﬁg%t| ateanls Zﬂa%‘ee'pyr ol ysi s
furnace conpri sedladhgheofuettaass dese gnedl tfloer crackiimg zomephtha feed

convect o0, 2008 FPTHISSS (L et 9 25 A0, 3 secird,gp eneat o
di | ut16n gas & et dheathing e befor efumao(elpsi qidsdgamgﬂ fae) Ilnigttur e of
feed and o) A8 55 b3R8 YR Ssoand eneaung Sals, ARG
transfer surfaderarldayhitn fideel Ehd itlst mariehedin rd zore ftihant forehaeasing
desi gned for lgéﬂg is vapourizing the feed and heating the feed.

A furnace designed for treating gaseous feed, will

15 have a smaller heat transfer surface area in the first
preheating zone than a furnace designed for liquid feed
as a gaseous feed does not need to be vapourized. It is
to be understood that the scope of the steam cracking
process may include any number and types of process steps

20 between each described process step or between a
described source and destination within a process step.

Usuélly and preferably, all product of a process step
will be subjected to the next process step. However, it
is possible to send only part of the product of a process

25 step to the next process step.

Feed can be introduced into the process at further
inlets besides the standard inlet and the inlet where
feed is introduced together with steam and/dr dilution
gas. However, it is preferred to introduce feed only at

30 the standard inlet of the convection zone and further
feed together with steam and/or dilution gas.

Dilution gas can be added at a single inlet, or can

be added via several inlets. However, it is preferred to

add dilution gas at a single inlect.



feed as a heavy feed have a higher initial boiling point than |ight feed
and the main aimof the first preheating zone is vapourizing the feed and
heati ng twe Bmezss2 A f urnace designed for treating gaseous PCaao3/bé 15
have a smaller heat transfer surface argalin~the first preheating zone
than a furnace designed for liquid feed as a gaseous feed does not need to
be vapourized. |t Tre tempee atndesrsstreod itdnd tire t$depe pefc itfieastieamaareacki ng

rocess may inglude _an unber and.types ,of prqocess steps 20 between each
gescri bed %r ocncceikesdcse[@pgr&rbﬁeetsv\é' h Mcg"eescf%'E’éjgcﬁ?‘oc(s;c(?lj“tn@e aﬁd destination
within a process $tep.iniWswdl bpidrchgprefiertakify naght hpr eductbeokb a fwdh(:&)gls
step will be subj.ect tq .tthe next. pracess step. However, it s possible
to gend only ![1903} e)'g:né‘” dtf](,ltnad'f %69137%&01%5@ SPEp TR N e IO ri esss
step. Feed cardo les0 Mig.odueed nintia 1t kedOIfAGRSS Kati Ifikigt Reyintisnletng deesisdes

t he standard iq]let _an%the inle gf%re feed is introduced together with

st eam and/ or diuthiiGit egtéér.r‘ﬁ%é\/ YARACHLOWMSe ey &8¢ 1S ShiPo Freed only

at 30 the stangafgdrddthatesof the convection zone and further feed together
with steam and/or dilution gas. Dilution gas _can be added at a single

inlet, or can be TAFI&EPVIELTdNerENS FedeL 2 HdwSPEIPriises| & Siérérred to
add dilution gasrlatary NWR aMeta SRR 23R (REY ERPR 0REQRer 11 The

tenperatures nmentioned in this specification are the tenperatures which-

the f&Bd attai"fsChTHe ilfiaat&d B& 1iMGhdioft séreafapmcherEdrnsdlof from0 to

100 C while figfial,taQjd igaG .Paint$HeCF HsANGH ePle Y FO0ned kRe2FRG jEhe
initial and final boiling points ranges of the Fi scher - fropsch hydrocarbons
are shifted t&sditger Afitepéhat dlest Preheahiast izonezonsegenara |y

conprises a fig#tionally dilution gas is added to the feed and the’

mixture obtained can be heated further in the second

15 preheating zone to a temperature just below the
temperéture at which cracking starts to occur. The
temperature of the product obtained from the convection
zone will usually be of from 400 to 800 °C, depending
upon thelfeed, more specifically df from 450 to 750 °C.

20 The pyrolysis furnace may be any type of conventional
olefines pyrolysis furnace designed for pyrolizing heavy
feed and operated for production of lower boiling
producté such as olefines, especially including a tubular
steam cracking furnace. The tubes within the convection

25 zone of the pyrolysis furnace may be arranged aé a bank
of tubes in parallel, or the tubes may be arranged for a
single pass of the feedstock through the convection zone.
Within each bank, the tubes may arranged in a coil or
serpentine type arrangement. At the inlet, the feed may

30 be split among several tubes, or may be fed to one single
pass tube through which all the feed flows from the inlet
to the outlet of the first stage preheater. Preferably,
the first and/or second preheating zone of the convection
zone comprise a multiple pass tubular reactor in which

35 feed is passed through the first and/or the second



preheating zone and a second preheating zone between 10 which is |ocated
an inlet for steamand optionally dilution gas. In the first preheating
zone, thewbesmeids2 heated. After the first preheating zonecTatrezm7and
optionally dilution gas is added to thefé&d~-and the' nixture obtained can
be heated further in the second 15 preheating zone to a tenperature just
bel ow the tenpeslatatrinqtzand chiamake nthat anrts tubeocoirlt idle gagyerature
of the product ed fromthe convection .zone wll, usual lr?er be of from

t bt]ﬁi n eactors .qft ntrﬁjlrrb }} VA n o
400 to 800 C, Lt ig 2 U (e $eed & ATy FFEIHUB0 to
750 C. 20 The gyrie/ist serfdy nacadimay flegedi dny g OforeonMaid ithalhe Ql8fd nes
pyrol ysis furnace designed fo rolizi heav feed and operated for
production of r}“'llgt?/ﬁlerurﬁbﬁ i %eg%dcsc ss%{]fglﬁ:]e@%lyefl’}er?&?d dHRS Ayxpd
includbng a tubidardilsiteiadh ackdmy dairdiasrd e dhdee Wddigrdi@ating

convection 25 zone of the rolysis furnace may be arranged as a bank of
tubes in parali¥te: & the qp%t?&%’trréff B rGEEged T FONE - singl e pass of the

feedstock through e GevRGld A agipe Mt RaGHRANKkLd e ddihes fmy

arranged in a coil or serpentine type arrangenent. At the inlet, the feed
may 30 be splfd Hiforid sdvétaltiubels soPTRliP A T ane dife Mithgl e pass
tube through wyiah @ll, theifead f ows ddathedahat ) R e qud ef f the

first stage preheater. Preferably, the first and/or second preheating zone
of thé0convecti®h Gone conprise a nultiple pass tubular reactor in which

35 feed is passed iy Qugh rihe dduplr ARYDOM 4 BR3P URd WRLQB/1Q62352 o
PCT/ EPO3/ 00790 - 12 preheating zone via nore than one tube. Miltiple pass
t ubul ar react dis t@fa € KESniRFieh aafbey Fariendy iddnemenshsipoat thisei r ends

a0, ED AN S WbeiR IS AL U (B8R0
second prehgagﬁhghe remainder of the process. Tﬁi product J% the first
A 15 preheating zone will generally have an exit temperature
.of at least 150 °C such as 195 °C. The upper range on the
temperature of the feed in the first preheating zone is
limited to the point at which the stability of the feed
is impaired. At a certain temperature, the coking
20 propensity of the feed increases. This temperature limit
would apply to both the first and the second preheating
zone and all tubes in these zones. Preferably, the exit
temperature of thé feed within the first preheating zone
is not more than 520 °C, and most preferably not more
25 than 500 °C.
The heating elements in the first and second
preheating zone in the convection zone is typically a
bank of tubes, wherein the contents in the tubes are
heated primarily by convective heat transfer from the
30 combustion gas exiting from the cracking zone of the
pyrolysis furnace, so-called flue gas. However, different
heating elements can be used as well.
The pressure within the first and second preheating

zone is not particularly limited. The pressure is



zone, or to be sent to the cracking zone. The pressure and tenperature at
which the feed is fed to the inlet of the first preheating zone is not
critical ,woypieabtiy the tenperature will be of fromO to PCO/ERPOD0Z0 The
optimal tenperature to which the feed is R8ated in the first preheating
zone W Il depend upon the pressure of the feed, and the performance and
operation of gdre=renpy ndiethiof 4 hearffeocesstrobhel producth6f, tgdirst 15

preheating zone will general have an exit tenperature of at least 150 C
such as 195 CPFH 9%#9%’“&) ttﬁ’eri?té?‘?prerature of the feed in the first

preheating zone is[n liHd t@bdesd her RN tpratsatt Ghvidhe igaiddtt b ofcHhe feed
is inpaired. At a certain tenperature, the cokin 20T§ropensity of the feed
i ncreases. Thie3BhpfFATEFRIH PR NSE dppIiE IO Bott WS isvdrthafd 1 he

secondspr eheatd NG h& oneednd aldt Adthesed it asR z898%1a Y efiablnet Rer exit
tenperature of the feed within the first preheating zone is not nore than

520 C, and nostherediedtiphdonfor @b ithgdeSopdcrante Hedthendegkriegnt s in

the first and ;SEGUMLcHY BNBAIHIY FARME t e 418 £ AL IR &A% i3dypically a
bank of tubes, wherein the contents in the tubes are heated primarily by

convective heat t rERARIIFT dri tARElSTh teoiies tioaY egdsd oaxizoingy lindm tdee
cracking zoneof dhie dQIMHIS iy Q?rcgveﬁ)cfecﬁilﬂee%efclo%% g%%-rhg%"i?‘r’fr’

different heating el enents can be used as well. The pre _ n the
firstland secarhrahddid mpnvasiid drs aeate .p&rtthieguldddiug ilonrigasd . isThe pressure

)5 o 0% SO AU BTV o 309 LY tie gt rom 1o
i nventi on partfwfnadse for ease of maintaining and replacing equipment.

The dilution gas is a vapour at the injection point

into the convection zone. Examples of dilution gases are

15 methane, ethane, nitrogen, hydrogen, natural gas, dry
gas, refinery off gases, and a vapourized naphtha.
Preferably, the steam is superheated steam.

Typical dilution gas temperatures at the dilution
gas/feed junction range of from 140 °C to 800 °C, more

20 preferably of from 150 °C to 780 °C, more preferably of
from 200 to 750 °C.

The pressure of dilution gas is not particularly
limited, but is preferably sufficient to allow injection.
Typical dilution gas pressures added to the .crude oil is

25 generally within the range of from 6 to 15 bar.

It is desirable to add steam and optionally dilution
gas between the first preheating zone and the second
preheating zone in an amount which will generally be not
more than 1 kg of dilution gas per kg of feed. However,

30 there can be circumstances in which a higher amount of
dilution gas can be advantageous.

The mixture of dilution gas and feed is fed to the
second preheating zone where the mixture is heated
further. The mixture generally comprises not more than

35 50 wt.% liquid Fischer-Tropsch hydrocarbons. Preferably



heavy hydrocarbons obtai ned by Fi scher-Tropsch synthesis 5 as the feed is
i ntroduced via the standard feed inlet of the convection zone, and if
desired paotoset2sshe feed is introduced further downstreamdIrEPOb@0790
convection zone. Steamgas is added to-thé convection zone. This can be
done preferably in or before the second preheating 10 zone of the

convection zongt &dey tHdrUtdDRgRS infos P ifedeabiny yae@ed ndfrea thainnt
external to the pyrqglysis furnace for ease of maintaining and repl acing
equi prent . ThetQivtuts ditlkess 9% B St 1ehe atiiec Zogs peinne heedeche

convection zong, tramhes Rfsed P HRATER A FRrEdaRee elLhaee.
ni trogen, hydrogen, natural gas, dry gas, refinery off gases, and a

vapouri zed napht Hdl® S} 518N eathHd % 12009 | ($uhggehivadesd /s ttégmnity discal

diluti'gn gas tepper ahuiks iy the fdHdutdon, Gaydesd J YaGhon tharggof from
140 Cto 800 C, nore 20 preferably of from150 Cto 780 C, nore preferably
of from 200 twhizBD sGbshae trds el ook Ianacdd ngagnids assoPaiteidcgiokel y.
limted, but 'lsaggfcﬁjr?ri%m%étﬂrféﬁéa?c@r_ R Ald QMY €Gldnons 4BYPical dilution
gas pressures added to the crude oil is 25 generally wthin the range of
from6 to 15 B0 14, iprefesiabdy ¢ 4l Hdd Segmchn@sopttilond.ly dilution gas

bet ween the first greh ate:ny'%qeéopc%ea'ﬂ;‘lotd*&%ts%%or&%e %fx@%i%ftii%ﬂ Z@Re 11 an

anount which w Il gener not "nore than 1 kg o ution gas per kg
of feéfl. Howeviant 30 tther ere@king doncundihendempienr athireh od ihghavi xdmment  of

dilution gas_ean & Advant aaeals.s e addy g0k ndid yhin gas.and,feed is
fed to the second preheating zone ere the mxture 1s heate urther.
The m xture gersriadncecdmpre,sdenparamire phrad i3 Bddwpa¥tliaduipdessure.
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cracking zone is generally-of from 700 to up to 1000 °C.
15 more specifically of from 750 to 950 °C. The pressure is
generally within a range of from 2 to 25 bar, more
preferably of from 3 to 18 bar.

The reactions in the cracking zone are highly

endothermic, and therefore a high rate of energy input is
20 needed.

On leaving the cracking zone, the products are
generally immediately cooled. The temperature of the _
product will usually be reduced to a temperature of from
200 to 700 °C, more specifically of from 250 to 650 °C to

25 prevent degradation by secondary reactions. Cooling of
the product obtained in the cracking zone can be done in
any way suitable, such as by direct quenching or indirect
quenching.

The cooled product is subsequently separated into the

30 desired end-products. Separation of the desired end-
products can start at cooling where heavy components can
be removed. Further, during cooling the gas obtained can
be compressed, and acids and water can be removed.
Subsequently, the product can be dried and uncracked

35 feed, ethane and propane may be recovered for recycling



not nore than 25 wt.% nost preferably not nore than 10 w. % Tubes of the
second preheating zone can be heated by the flue gases fromthe cracking
zone of tweoBwsasare. | n the second preheating zone (supeCThPas/er7’y) t he
mx is 5 fully preheated to near or just Bélow a tenperature at which
substanti al feedstock cracking and associ ated coke |aydown in the

pr eheat er woulak qeeisl wiich faseASTHeo G MG ngreafwerdhly AFeAQ0 the such as

490 C. Subsequently,, the uct of the canvectjon zone is 10 sent to the
cracki ng zone%gl“l’%"%l]e‘ifp%? an{J(r{g‘eofprtoﬁjéqu’i ﬁfi?.]iael ‘steam and feed is
increased further pygiRictoORIT @l ed e Fiesdgya® lisTl, fluemRRIatiweg uQf i | e and
partial pressyre. The exit, tenperature of the product obtajined in the

cracki ng zone 3% gt VIR 49 ho7 0 ey RF ORFEE  COURdisE

speci fgcal |y dferdfzéra,750/dod00) Gndlhe tHE8SUd Dtheenelsaldal aMddi n a
range of from2 to 25 bar, nore preferably of from3 to 18 bar. The

reactions in theME%ki MpAdie e MNGhIAFomatdst meoduCt sandthisdeef ore a

high rate of efatdpalNpUts ithe 20 RAdeHNtObIRAMEMT thipe GAGKING AMe, the
products are eneral ly i nmedi ately cool ed. The tenperature of tHe “product

will usually HeFddutdd t9 $tenpesadicd dhe N@rﬁghgg@ft &hrodeed nor e
specifically of from25Q,di@65Qdela’S thee Hatldudedbadaticon Ry igecondary

reactions. Cooling of the dgro.duct obtai ned in the cracki n%nzone can be
done ﬂ_ﬂ any V3PS Uit fne t)*bJJ_r’Fhaéiﬂﬁy hgilre @t @ué’r@c‘vl@irngu@!nq difioddtowed
quenchi ng. The, £qR| 80 RIOAC e dnp rBRSEAUE - 298RAN AL @d it sttfageéo
desired end-products. Separation of the désired end- products can start at
cool i ng wher e Brfpse ddiporisht SERTesO T Sfged. ther vRer 1 sdiriead esooliithy t he

gas obtained cap,sdig: SRR h i A %3:1%’?1‘1&@%%51 CARHRG aIRel.
Subsequently, the product can be“dried and uncracke
Actetylenes may be hydrogenated with hydrogen-rich
15, compressor gas. After the last compression stage, the
cracked gas is typically dehydrated by chilling and dried
by use of molecular sieves. Methane and hydrogen can be
removed in a demethanizer. In a demethanizer, the
hydrocarbons containing 2 carbon atoms are produced
20 overhead and the hydrocarbons containing 3 carbon atoms
or more is a bottom product. The overhead stream can be
hydrogenated to remove acetylene and then fractionated to
produce ethene and ethane. The ethane can be recycled.
The bottom product can be further fractionated, if
25 appropriate, to remove heavy ends including compounds
containing 4 carbon atoms or more. The overhead stream
from a depropanizer can be hydrogenated to remove
methylacetylene and propadiene, which can be recovered
for sale or removed via other means. Propene can be
30 obtained as overhead stream from the depropanizer, and
the bottom propane fraction can be recycled.
Any percentage mentioned in this description is
calculated on total weight or volume of the composition,
unless indicated differently. When not mentioned,

35 percentages are considered to be weight percentages.



35 feed, ethane and propane may be recovered for recycling WO 03/ 062352
PCT/ EPO3/ 00790 - 15 as pyrolysis feed. The cracking severity affects the
conposi t i wo wfoci3se product obtai ned. Products of an ol ef i P€I/EPP8/0079&i S
furnace include, but are not linited to, léthene, propene, butadiene, 5
benzene, hydrogen, and nethane, and other associated olefinic, paraffinic,
and aromati c preductres BEireenendigertedaliny bas tbeojueedomundmris sprigddetat ed
typically rangj. fr 15 to 60 %, based on the weight of the feed. In a
t ypi cal mork-gb&%Fﬁ§ﬁ£2%hmt of the cracking 10 zone is cooled with the
hel p of a water quench, followed by nulti-stage conpression typically in 4
to 6 stages. Before the | ast conpressor stage, the gas is treated with
caustic to renove hydrogen sul phide and carbon di oxide. Actetylenes nay be
hydrogenated with hydrogen-rich 15. conpressor gas. After the |ast
conpression stage, the cracked gas is typically dehydrated by chilling and
dried by use of nolecul ar sieves. Mthane and hydrogen can be renoved in
a denet hani zer. In a denethani zer, the hydrocarbons containing 2 carbon
atons are produced 20 overhead and the hydrocarbons containing 3 carbon
atons or nore is a bottom product. The overhead stream can be

hydr ogenated to renpove acetyl ene and then fractionated to produce ethene
and et hane. The ethane can be recycled. The bottom product can be further
fractionated, if 25 appropriate, to renmove heavy ends includi ng conpounds
containing 4 carbon atons or nore. The overhead stream from a depropani zer
can be hydrogenated to renove nethylacetyl ene and propadi ene, which can be
recovered for sale or renoved via other neans. Propene can be 30 obtai ned
as overhead stream fromthe depropani zer, and the bottom propane fraction
can be recycl ed.



Any percentage nentioned in this description is calculated on total weight
or volunme of the conposition, unless indicated differently. Wen not

ment i onedwo33/0a3srent ages are considered to be wei ght per eemErgeen79dND

03/ 062352 - 16 - PCT/ EP03/ 00790 Pressures’are indicated in bar absol ute,
unless indicated differently. WO 03/062352 PCT/EP0O3/00790 - 17 CLAI M
S 1. Method for the preparation of |ower ol efines by steam cracking,
wherein the feed conprises heavy hydriodafbdngd! ébt ai ned by Fi scher-Tropsch
synthesis are subjected to steamcracking 5 in a naphtha designed steam
cracking furnace for steam cracking the Fischer-Tropsch hydrocarbons into
the | ower ol efi néetipd Nstrhddreap reira@inaad dm of] diowel wherfdinest ey rsajeinha
desi gned stea Ki ng e conprises a convection 10 zone provided a
first preheat irgn%r%nmedq’i rghﬁﬂlﬂég%the Fi scher-Tropsch feed is heated, a second
preheati ng zone ithesfiesl tdomprdatesd heiasgh éry-dirapsblonsy dicaeaneenoyar e
heated in the iresence rof Sheam t %efsor m_a msx uretof | i %L{: d anda% seous

Fi scher - Tr opséh Ny frocarbone: —and S 5rs SifersWoSGtTe 76ne Geimuiitdr e

| i qui d5and gasiepus ndgtgthe deRiapsch stedinocardetrisqarfe rsspeer heatedamand a

cracking zone in i ch the gaseous .super  heated Fischer- Tropsch

hydr ocar bons &ré Stésm® eacE%&fi: 9 _fﬁoﬁ)ésqho Aroga |°ﬁ‘eq‘s.l“}§ g%el\/étor‘i”&f as
clainmed in cl alafZnesherein the feed for the second preheating zone
conprises less th 0O Wm.% . preferably l.ess than 25 . % re preferably
ese than 103 SN GoFCIaRERRTT SR 1 dr SOERESAs e DDA as
clainmed in cl algw ghedl st@neidy ddkd neeifditinace comprises a convection

10 zone provided a first preheating zone in which the

Fischer-Tropsch feed is heated, a second preheating zone
in which the heated Fischer-Tropsch hydrocarbons are
heated in the presence of steam to form a mixture of
liquid and gaseous Fischer-Tropsch hydrocarbons; and a

15 super heating zone in which the liquid and gaseous
Fischer-Tropsch hydrocarbons are super heated; and a
cracking zone in which the gaseous super heated Fischer-
Tropéch hydrocarbons are steam cracked into the lower
olefines.

20 3. Method as claimed in claim 2, wherein the feed for
the second preheating zone comprises less than 50 wt.$%,
preferably less than 25 wt.%, more preferably less than
10 wt.% liquid Fischer-Tropsch hydrocarbons.

4. Method as claimed in claims 1-3, wherein the weight

25 ratio of steam to Fischer-Tropsch hydrocarbons is
0.4-0.8, preferably 0.5-0.75, more preferably 0.60-0.70.
5. Method as claimed in claims 1-4, wherein the Fischer-
Tropsch hydrocarbons have an initial boiling point of

above 150 °C and a final boiling point of below 400 °C.



25 ratio of steamto Fischer-Tropsch hydrocarbons is 0.4-0.8, preferably
0.5-0.75, nore preferably 0.60-0.70. 5. Method as clained in clains 1-4,
wher ei n twe oBiosser - Tropsch hydrocarbons have an initial poaidposigo7pei nt of
above 150 C and a final boiling point of b& ow 400 C. WO 03/062352

PCT/ EPO3/ 00790 - 18 6. Method as clained in clainms 1-5, wherein the

Fi scher- Tropsch hydrocarbons conprise nore than 75 w.% n-paraffines 7.
Met hod as cl aiged Mathdldiaa 6;1aghmadceiim tdi@iﬁlsn-lpébr aﬁntl’rierxm'met\re & icamheon

nunber of 5- 25Jj r@%fh?rh ryocarg%?}h rgérmggﬁrs%f ablyC . Method as

clainmed in clai erein her ropsc 5’car°bon feed is
obt ai nabl e by rfmctafdniales di still ati on of hydrocar bons originating froma
Fi scher 10 Tr sch esi s.qat. a enperatur of .100-.38Q.C, preferably
150-370 C, an rmres%%é]erab 13 ecE é@le by Ry ES dPEcki ng of

Fi scheb- Tr opschﬁmebrfcfaardmrlave)ra b:;ar}:tdremtmlbecrr adkion@ f ddesedreis1ir opsch
hydr ocar bons 79 Met hod as glJ |rbf%I ains 1-8, wherein the Fischer- 15
Tropsch hydrocarzbadnénogre RESSEE yl de of aromatic conmpounds,

N- conpounds argd/ oMeSheemeeUrRdsimed in claims 1-7, wherein the Fischer-

Tropsch hydrocarbon feed is obtainable by fractional

distillation of hydrocarbons originating from a Fischer-
10 Tropsch synthesis at a temperature of 100-380 °C,

preferably 150-370 °C, and more preferably at 200-360 °C,

by hydro cracking of Fischer-Tropsch hydrocarbons, or by

thermal cracking of Fischer-Tropsch hydrocarbons.

9. Method as claimed in claimé 1-8, wherein the Fischer-
15 Tropsch hydrocarbons are essentially free of aromatic

compounds, N-compounds and/or S-compounds.



