PROCESS FOR THE PREPARATI ON OF PROPYLENE AND ETHYLENE FROM A

FI SCHER- TROPSCH SYNTHESI S PRODUCT The invention is directed to the
pr epar at iwo 2067/80By| ene and et hyl ene from a paraf fini c PCeaPa000R29UN a
steam cracker furnace. It is well known to use the naphtha paraffin

product as obtained in a Fischer-Tropsich process as steam cracker
feedst ock. For exanple in "The Markets for Shell Mddle Distillate
Synt hesi s Products", Presentation of Peter J.A Tijm Shell International

Gas Ltd., Al ternatdomssErergynt 9repiancavwedr LeanadaneMayD2r4nyd85 on page
5, 1t is mentioned that SVDS naphtha, the Fischer-Tropsch derived napht ha
fraction of the Shell WO! gt ddeSSERT SRYUBE! as’ ' Sti&any cFaeKETT f eedst ock in

for exanpl e Singapore. WO A- 2003062352 di scl oses a process wherein
| ower olefins are prepared in a steam cracker furnace designed for
petrol eum naphtha starting froma Fi scher-Tropsch derived gas oil.

US- A- 2003/ 0135077 9eSchiRES: & PIOCESS MRS 8h Neide SA LRkhedoki seher - Tropsch
derived syncrude is blended with a sul phur containing petrol eum derived

napht ha and a RPr&atedecrudec ey sl Foacei BAr Hbt 11ty Tals6veCthel hapht ha
boi Ii ng range. ;dhg, petrekeum,derived naphtha, the Fischer-Tropsch syncrude
and the refined heavy petrol eumderived portion are forwarded to a naphtha
cracker unit for prfodés¥rhg. known {eS1Ae2004/ OPGTOR6 PdESEf i DeRr & Pitocess

wherein a Fi schersdrapsehs desived synihebisen ngphitha bai kingyi b4 he,gasol i ne
range is subjected to a steamcracker unit for processing. A problemof the

state of the afteditordssesri sxamalte everiThaeHaoptidrifAnghehé Prépya ene yiel d
and - 2 - thMi§¥EiﬁQﬂ%|gyk@ﬁe§§¥%ﬂk&%c@%”§hﬁr&féﬁ%gﬂﬁ%nog@rﬁétép is stil
relatively high resulting in a high nmethane yield. Methane is an unwanted
by- product of {§he. stigam €ratkelntrrovesonhaviag ol y alftgehavaree. The

obl oot of 1e PRLERPN MVERLLONLS d000L! Mhye LG 19eabyh epgayi el d and
m nim zing the nmethane yie IT'e mai ntai ni ng an ‘accept abl %thylene
yield. The followingemtdoess Sottvediltchingpprbdl ethe Pricecdss -Toeptdie

preparation of 5 orapy| %%ghéﬂg £1 Dyl 4 e’o.fCQHBréﬁédw n&‘poosg%‘é%&é?gié gaseous
g st ock

m xture of a dilution s and a paraffinic fee ollrng in the gas oi
range and haviwngedars stcepar afé&¢lret & avolstrakkpan afdi rexeaile dindstewsen 2 and

5 to a thermal conyersbgns§heps, ARR16aALS, T oUNd Lhak DY ; pro5essing a

paraffinic gas
olefins are prepared in a steam cracker furnace designed

for petroleum naphtha starting from a Fischer-Tropsch
derived gas oil.

US-A-2003/0135077 describes a process wherein a
so called Fischer-Tropsch derived syncrude is blended
with a sulphur containing petroleum derived naphtha and a
treated crude derived fraction boiling above the naphtha
boiling range. The petroleum derived naphtha, the
Fischer-Tropsch syncrude and the refined heavy petroleum-—
derived portion are forwarded to a naphtha cracker unit
for processing.

US-A-2004/0267076 describes a process wherein a
Fischer-Tropsch-derived synthetic naphtha boiling in the
gasoline range is subjected to a steam cracker unit for
processing. A problem of the state of the art processes

is that even when optimizing the propylene yield and



150i | having a relatively high iso to normal ratio a high yield to

propyl ene in conbination with a high yield to ethylene and a lowyield to
met hane iwoposziibi7e. Applicants further found that hi ghecTiereoirosiyes nal
ratios result in a less optimal ethylene yield. 20The paraffinic gas oi
preferably conprises for nore than 90 wt % of paraffins, preferably for nore
than 95 wt % of paraffins. Such feedstockg are obtai nable by oligonerisation
of |ower olefins or nore preferably by nmeans of

hydr oi soneri sattop/dnedreen ackhdgsOfe MeKMBE- « RSparafifing waxyat esdstocks.
Preferred normal paraffin wax feedstocks are the synthesis product of a
Fi scher - Tr opscht brlodés st ipRey e +EH TFR3L6i1 NIt ER 3 tIHcKs "SRR ey PTESent

invention are M@%rﬁo-ﬁahhednﬁmr}o-ytg@@agbt def imed gasmokt scxdhe
paraffinic gas oil usually conprises 30hydrocarbons ranging from10 to 30
carbon atons, PFreferabRyiPEortil & 8 Farhden BiomdIeahdhoFee pref erably

from12sto 25 gardon atQBBrion B -to opriBYzeFBChBsplnepsch degived” is
meant that a fuel is, or derives from a sgnthe5|s product of a
Fi scher - Tr opschl toHdemgat e n"pFlotes 1 eTRe i et tn MHoH-"RindE€Hef 2 Tr opsch

derived" may bg.iderpreted,accordingly. A Fischer- 5Tropsch derived fuel
may al so be referred to as a GIL fuel whereby GIL stands for Gas to

Li qui ds. The Ties éReét-OTE B et IS BPOHC & oRVET R dPdrPBonP hdeR3d de and

hydrogen into fongef. ¢habarabssaldy Rarghthni gna drACaEDORSH, 1000 + 2H2)
= (-0OH2-)n + nH20 + heat, in the presence of an appropriate catalyst and

typicalfy at ebevi®EdPeAperataresiForceranpl @ 125 Ao 936002 Ppref erably
e L R b R
having an iso paraffin to normal paraffin ratio of
between 2 and 5 to a thermal conversion step.
Applicants found that by processing a paraffinic gas

15 0il having a relatively high iso to normal ratio a high
yield to propylene in combination with a high yield to
ethylene and a low yield to methane is possible.
Applicants further found that higher iso to normal ratios
result in a less optimal ethylene yield.

20 The paraffinic gas o0il preferably comprises for more
than 90 wt% of paraffins, preferably for more than 95 wt%
of paraffins. Such feedstocks are obtainable by
oligomerisation of lower olefins or more preferably by
means of hydroisomerisation/hydrocracking of normal-

25 paraffin waxy feedstocks. Preferred normal paraffin wax
feedstocks are the synthesis product of a Fischer-Tropsch
process. Preferred gas 0il feedstocks for the present
invention are thus so-called Fischer-Tropsch derived gas
0ils. The paraffinic gas o0il usually comprises

30 hydrocarbons ranging from 10 to 30 carbon atoms,
preferably from 11 to 28 carbon atoms, and more

preferably from 12 to 25 carbon atoms.



desi red. The carbon nonoxi de and hydrogen may thensel ves be derived
fromorganic or inorganic, natural or synthetic sources, typically either
from coalwoknemaswyg natural gas 20or from organical |y decirwedooTesivase

enpl oyi ng processes like fro exanple partial oxidation or steamreformnm ng.
Gas oil products having the desired high iso to nornmal ratio are suitably
prepared by hydroi sonerisation/ hydrocraéki-ng of the Fischer-Tropsch

synt hesi s product as 25for exanple described in EF-A- 1412459. Suitably the

preparation invol vgs “@isteprwheseidh theifeed is wontrached W thea idgwaxi ng
catal yst, preferably a dewaxing catal yst which is selective for
i sonerisation of 4% 6r fRPMpat at 1TSS fipBaAdect i soFpaFaeE i it $otfbunds.

Preferred 30deyaxddigaabal Y5t Se SONPIHS @ c3mMOhEEW A c1ireveopstht abl e ZSM 12,
ZSM 22, ZS-23, ZS-48, SAPO-11. Exanples of - 4 - possible processes

yi el di ng the g&&r¥i99"agedeler i BetFRAFSPE aFecHistdiosed FASERCA- 1487942,
US- A- 6204426, ERs#s2468892cand, S 6484023 Jypicaly ¢at akystsrfor the

Fi scher-Tropsch synthesis 5of paraffinic hydrocarbons conprise, as the
catal ytical | y Hett verscehpgoriéht Standrettalr FRent ot ™SI-l of the periodic

table, in particul@f FULheBEUModION.rebebabl OFn i akeloarSYhtabl & isich
catal ysts are described for instance in EP-A-0583836. 10A Fi scher-Tropsch

derived gas oi #'PriefErasrhy 1pb? | 5oHMHT RHFe Nt haprldbos WawawWit AL A t he typi cal
diesel fuel ("gas-Qidribnkange, suitably within the range of from 150 to 400
C, or nore suitably from170 to 370 C, as determ ned by D2887-04a.

Suitably, in accordance with the

10 n(CoO + 2Z2Hp) = (-CHo—-)n + nH»O + heat,

in the presence of an appropriate catalyst and typically
at elevated temperatures, for example 125 to 300 °C,
preferably 175 to 250 °C, and/or pressures, for example 5
to 100 bar, preferably 12 to 85 bar. Hydrogen:carbon

15 monoxide ratios other than 2:1 may be employed if
desired.

The carbon monoxide and hydrogen may themselves be
derived from organic or inorganic, natural or synthetic
sources, typically either from coal, biomass, natural gas

20 or from organically derived methane employing processes
like fro example partial oxidation or steam reforming.

Gas 01l products having the desired high iso to
normal ratio are suitably prepared by hydroisomerisation/
hydrocracking of the Fischer-Tropsch synthesis product as

25 for example described in EP-A- 1412459. Suitably the
preparation involves a step wherein the feed is contacted
with a dewaxing catalyst, preferably a dewaxing catalyst
which i1s selective for isomerisation of the normal
paraffin compounds to iso-paraffin compounds. Preferred

30 dewaxing catalysts comprise a molecular sieve, suitable

ZSM-12, ZSM-22, Z7ZSM-23, ZSM-48, SAPO-11. Examples of



15present invention, a Fischer-Tropsch derived gas oil will consist of at

| east at | east 90% w w, nost preferably at
conmponentwo 2001 138ght rati o of iso-paraffins to nornal PpamEekdo7ns29is

| east 95% w w, of paraffinic

between 2 and 5 and preferably between 3 and 4. Sonme napht heni ¢ conpounds
20and sone aromati c conpounds may al so be present. The iso to nornal
and the paraffin content of the bl endi rg4cenponents in the context of the
present invention are neasured by neans of conprehensive multi-di mensional

gas chromat ograpdwi {10k e s 88s d@mroilb@dth@ 25%. 511 Seheespakess, J.L.M M
QConmen, J. Blonmberg, W Cenuit, van Vel zen, J. Chronat 03%6 A, 892 (2000)

p. 29 and furth@fo‘f%qreséﬁéfﬂqf»%%sﬂdh FhePivaa ghe dHiAusels

rati o

in the present

i nvention wl IEEBy;pilc,za;I(;Ig)gzhaM@ @ densigyobr.om 0 76 30to 0.79 g/cnB at 15 C
a kinematic viscosity (ASTM D445) from 2 to 4. preferably from2.5 to

4.0, nore preferabti¥Wirént2talyy- B Ipr é@ﬁt?é%%ﬂ@% TFergghcsyntheasis

gaseouss m xt ur & of s rdiihti 9Pagasa AN sa cBapaf §4 niLs frerdskegkyt scsubj ect ed
conversion step. Such a thermal conversion step y%%eneral |y

be Sreferred t®as’ea CCBRPEEETF on? StEF WAEPBI AT @UP cfddkichgthe e@%lf

performed. In sych aithepmak -gonvengienishep:i rbar a&pRl ecuheskar e broken

ones. This can general ly be done via a catal ytic cracking

met hod, or preferaBlyp viiahacehetvdls GrgcRPAgr protesy. 176 TRBCE hdt mal

cracking procegs fqldawsga honol ytic

to a thernmal

into snaller
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A Fischer-Tropsch derived gas 01l preferably boils
for more than 95% w/w within the typical diesel fuel
(Ygas 0il”) range, suitably within the range of from 150
to 400 °C, or more suitably from 170 to 370 °C, as
determined by D2887-04a. Suitably, in accordance with the
present invention, a Fischer-Tropsch derived gas oil will
consist of at least at least 90% w/w, most preferably at
least 95% w/w, of paraffinic components. The weight ratio
of iso-paraffins to normal paraffins is between 2 and 5
and preferably between 3 and 4. Some naphthenic compounds
and some aromatic compounds may also be present. The iso
to normal ratio and the paraffin content of the blending
components in the context of the present invention are
measured by means of comprehensive multi-dimensional gas
chromatography (GCxGC), as described in
P.J. Schoenmakers, J.L.M.M. Oomen, J. Blomberg,

W. Genuit, G. van Velzen, J. Chromatogr. A, 892 (2000)
p.29 and further.

A Fischer-Tropsch derived gas o0il useable in the
present invention will typically have a density from 0.76
to 0.79 g/cm3 at 15 °C; a kinematic viscosity (ASTM D445)
from 2 to 4.5, preferably from 2.5 to 4.0, more
preferably from 2.9 to 3.7, centistokes at 40 °C.

The



mechani sm wherei n carbon-carbon and car bon- hydrogen bonds break
symmetrically and thus pairs of free radicals are forned. In a thernal
cracki ng woaoesa3178i ght er, hydrogen-rich products are f@®cmE®2@/0519e8 expense
of 15heavi er nol ecul es whi ch condense and are depl eted of hydrogen at

el evated tenperatures and pressures. Preferably, the thermal conversion
step is executed as a steam cracking step. -During a steam cracki ng process,
a |large nunber of chem cal reactions take place, 20nost of which are based

on reactions of freg wadeeakSmixture ¥ bheipref&l red sheam cracking step,
the paraffinic hydrocarbon feed boiling in the gasoil range is diluted with
st eam and t henPHr3 i ChéGEREEP T o F FHHACETFR &8 seritiCaMaibs eRERr Df°Toxygen
to a cracking tesperature. 25Subsequently, the obtained product gas is
preferably quickly quenched. The products produced in the reaction
depend on the conpd%it PoRNBF+heFoES S1PReS hyRIrbtartsesrfbl8t®am rati o and

on the g¢racki ngetonner abupe angfwmnace "s%@{zd@%&ﬁptai WRracking'®t €am
cracking may result in the deposition of coke on the reactor walls, thereby

reduci ng react 6?2 EFfBc sy BRESSII Pt efldr &BCY oS A pKRIPVEF S st phtAP: - 6 -

contai ni ng conpounds @nechiesente ivkde figed tm.reduceccokenforsmtion
during the process. The coke formation in steam cracker furnace tubes is

principally fo?#RraRrokghdei® Yiet Farricsas Yt pyrof §8iiadr egébPdnsCand

catal ytic 5 dehydrogaratign,react{ons..the pysalysis reactions are
m ni m zed by using | ow operating pressure, having high dilution

gas-t olhydr ocar borfheattinesabnc e iorader °6fs 3098 1> "60% hamdlavet di ng
excessive tUbemé%ﬁéﬁishgggﬁéééyﬁe@aéHHﬁibQ§b995§ﬁ@'JdﬁﬁanByéLEQ¥ﬂng

unvapori zed feed into
bonds break symmetrically and thus pairs of free radicals

are formed. In a thermal cracking process, lighter,

hydrogen-rich products are formed at the expense of
15 heavier molecules which condense and are depleted of

hydrogen at elevated temperatures and pressures.

Preferably, the thermal conversion step is executed
as a steam cracking step. During a steam cracking
process, a large number of chemical reactions take place,

20 most of which are based on reactions of free radicals.

In the preferred steam cracking step, the paraffinic
hydrocarbon feed boiling in the gasoil range is diluted
with steam and then briefly heated in a furnace in
essential absence of oxygen to a cracking temperature.

25 Subsequently, the obtained product gas is preferably
quickly guenched.

The products produced in the reaction depend on the
composition of the feed, the hydrocarbon to steam ratio
and on the cracking temperature and furnace residence

30 time.

Steam cracking may result in the deposition of coke

on the reactor walls, thereby reducing reactor

effectiveness. Preferably some sulphur or sulphur



10hi gh tenperature zones. In order to withstand high tube netal
tenperatures, up to 1150 C, alloys containing high nickel and chrom um are
used, forwonstanses35% ni ckel and 25% chrone. These net aC3/EPattaloyzes
dehydr ogenati on reactions and therefore need to be passivated. Sul phiding
15is the typical solution for passivation. It is a comon practice for
steam cracker operators to inject coke- Ahirbitors right after the decoking
operation. That is when the tube wall netal catalyzing activities are

hi ghest. Bef oreothe hydr eeapbonad eadsteekehs fedidtecuhec20faisace, DVS or
DMDS is injected into the coil with steamto forma sulphide film For a
typi cal |iqui d°Eedstgek I OPheustitpHie PAERAT - | TP HEKFedasTBEkCSHAl Iy is

sufficient to yeidt aidackhe sulphide drvel sdyring ghe actuabqst@amqgr acki ng
process. Sul phur may be added to 25the feed if there is not already enough

sul phur i n t hetfRdF ASILENEy PPt 1XP the ceasecPoraly FasehEr 1 Tr opsch deri ved

gas oils In th&@hﬁﬁ%en%@ﬁﬁmé&lm .PpRE r§1{}§3ﬂ},urrela%t§gﬂ§daﬁé3 mnimze
t he coke and CO production. The sul phur can as for exanple a

di sul phi de BOC%W%PYWSW%W t%rﬁéﬁangl?ﬁ%SL&% oeVipPt hiSor exanpl e

a mneral deriyed;9as %‘asht@ hy Mca@}d&%r abrerydennreR gagccopdensat e having
a certain sul phur content. % In a typical steam cracker

oper ation, thet® &tk fianst aﬁaisd%@ﬁ [ IreatEd Sheh tHat!l iterechpbiEt es.

Sui t abl'y the fQ%ﬁQﬂkﬁ%@%%§B§l§{§<p@rﬁgb%EQQ unvaporlzed(%£e§V§@9£aﬁkﬁg part
of the product in the presence of a 5dilution gas stream (b) further

heati ngt he galsi@i ItafPREGEET € 02 e el dVatedet erparidthatenantig chulsubj ecti ng

the heated gas/gil) ModigrhPeg, thLr Rl 168NVEr Si 0N St eREY: RBE &I dihe
propyl ene product.
nickel and chromium are used, for instance 35% nickel and

25% chrome. These metals catalyze dehydrogenation
reactions and therefore need to be passivated. Sulphiding

15 is the typical solution for passivation. It is a common
practice for steam cracker operators to inject coke
inhibitors right after the decoking operation. That is
when the tube wall metal catalyzing activities are
highest. Before the hydrocarbon feedstock is fed into the

20 furnace, DMS or DMDS is injected into the coil with steam
to form a sulphide film. For a typical liquid feedstock,
the sulphur content in the feedstock usually is
sufficient to maintain the sulphide level during the
actual steam cracking process. Sulphur may be added to

25 the feed if there is not already enough sulphur in the
feed as 1is typically the case for a Fischer-Tropsch
derived gas o0il. In this case, 20 ppmm to 100 ppmm of
sulphur is added to minimize the coke and CO production.
The sulphur can be added as for example a disulphide

30 compound or by mixing the paraffinic gas o0il with for
example a mineral derived gas o0il, a light mineral crude

or a gas condensate having a certain sulphur content.



10The pressure and tenperature in step (a) is not critical so long as the
feedstock is flowable. The pressure generally ranges from between 7 and 30
bar, norewvpnedrraBy from 11 and 17 bar, and the tenper @aCumP2@f/0fmagist ock
is generally set fromanbient to 300 C, 15preferably from 140 C 300 C
Preferably step (a) is perforned in the first stage preheater in the
convection zone of a pyrolysis furnace- Feed rates are not critical,

al though it would be desirable to conduct a process at a feed rate ranging

from17 to 200 andidver eyph eberahdan fdramc2028pd 0.5k, onscotcb@edstack per
hour. The first stage preheater in the convection section is typically a
bank of tubes, "¥hdreitt PRETEONT &Mt 1At thecYabesd e Kweatedlvriltarily by

convective heatotransierstbpomibesompysti.on gas exiting fromthe radi ant
section of the pyrolysis 25furnace. In one enbodi nent, as the feedstock

travel s t hrough?t & 3PCrSH18¢ alefer prdhédfePLOfECT slThédre 8 £82ACE etfpet at ur e
whi ch pg onot esq emapatyaansefethe paraffinic gas oil into a vapor state.
The optinmal tenperature at which the feedstock is 30heated in the first
stage preheat efPbffuHécEoRoett i D FoeSWPEE BeperE (o™t AeSYArd cul ar

f eedst ock conpesitd.Qitu-khengressure of the feedstock in the first stage
preheater, and the perfornmance and operation of the - 8 - vapor/liquid
separator. |n Ohe BHO6arABAttF hardachgent Pbh, NiHe Feb@sfobRei & heat ed i n

the first stage,prgheatescty an &B@éint%ﬁgeﬁéé$§féﬁg baleast 375 C and
nore preferably to an exit tenperature of at least 5400 C. Each of the

t enper &2 ur es i dentTifs @deabvye 0 tIREPRIrASEr St HyeSiRteHeat éf aefe neasured as

the tenperaturg {he gasyl i gHl da i xidire Akt 8LRS; atr @R QI N thin the
first stage preheater, including the exit port of the first stage

preheat er. Recwoigd $ineg deharat he tamser ararePotvwedie 16GHeedst bek. itwicde t he
tubes of the firsiestage praneatery changes oyer. conblauum.cosneral Iy
rising, as the feedstock ows through the tubes up to the tenperature at
which it exitsfedstfdoksti sspager prlehesttef roint angiqgesiticabloé £6, measure t he
tenperature atpfé%%f?ﬂﬂy ROKL, PEO °C-300 °C. Preferably step (a) is
performed in the first stage preheater in the convection
zone of a pyrolysis furnace. Feed rates are not critical,
although it would be desirable to conduct a process at a
feed rate ranging from 17 to 200 and more preferably from
20 25 to 50 tons of feedstock per hour. The first stage
preheater in the convection section is typically a bank
of tubes, wherein the contents in the tubes are heated
primarily by convective heat transfer from the combustion
gas exiting from the radiant section of the pyrolysis
25 furnace. In one embodiment, as the feedstock travels
through the first stage preheater, it is heated to a
temperature which promotes evaporation of the paraffinic
gas 01l into a vapor state.
The optimal temperature at which the feedstock is
30 heated in the first stage preheater of the convection
zone will depend upon the particular feedstock
composition, the pressure of the feedstock in the first

stage preheater, and the performance and operation of the



15the first stage preheater fromthe convection zone of the furnace.

In an optional but preferred enbodi nent of the invention, a feed of

di I uti on wexomman3itre added to the feedstock in the first psrageoognsiveat er at
any point prior 20to the exit of the gas-liquid m xture fromthe first
stage preheater. In a nore preferred enbodi nent, dilution gas is added to
the feedstock of the first stage preheatér-at a point external to the
pyrol ysis furnace for ease of maintaining and repl aci ng equi pnment. 25The

teed of dilutiemp@asiiwmia stpeamomhighohs an¥apofert dehenknj ection point
into the first stage preheater. The dilution gas feed also assists in

mai nt ai ni ng t hE" ¥4 8w Yegithe B?GQSI’FéDqkeé&sP%Re‘gh%rbd@?‘? A& St ube’d9€ wher eby t he
tubes remai n wetdedicandoavni dsi @ 20gtratitledr fdow.eExanpbesc ofadi | ution
gases are dilution steam (saturated steamat its dewpoint), nethane,

et hane, nitrogdPEe MFFT6§ERLY na? utalegads FelP§- g e rdf idher§28Ff gases, and a
vapori zed naphifig.oPr etehabkysnd heerfididkhoBs tadhridas bsode! Wt ioR steam
car bon di oxi de, hydrogen/carbon nonoxide m xtures, also referred to as

synt hesi s gas, I YefStrefyPorPeqa’s S gasaeBr #1 (i d pltaAPesfFgas; aror e

preferably a p@f@@amquq@m&k%&g Hili98S atVARPr b2aLt SNARALNANe OF i XL U €s
t her eof . he use of a gas-to-liquids plant off-gas, carbon dioxide or
synt hesi s gas tEdDerad¢antagedbustifipg GSedeXit tE gas- 8¢l Fguftds facility

and step (c) Oétéé@(que%%%éracﬁ&é&ijdlgziﬁqgetﬁégs@% ddheRtiQPe &F Ond he
pyrolysis 10furnace(s), are located cl ose enough to benefit froma synergy.

I n suchla situBtebitasrenanabie preflerss ¢f t8e tsryfadéaok phehexcdss
synt hesi s gas,cm(%@ i ec0nt aglnatedh Wibhocar bon. diQxi deapglor nethane as
obtained after pertorm ng the Fi scher-'?ropsch synthesis reaction. In the
feedstock flows through the tubes up to the temperature
at which it exits the first stage preheater, it is
desirable to measure the temperature at the exit port of

15 the first stage preheater from the convection zone of the
furnace.

In an optional but preferred embodiment of the
invention, a feed of dilution gas may be added to the
feedstock in the first stage preheater at any point prior

20 to the exit of the gas-liguid mixture from the first
stage preheater. In a more preferred embodiment, dilution
gas 1is added to the feedstock of the first stage
preheater at a point external to the pyrolysis furnace
for ease of maintaining and replacing equipment.

25 The feed of dilution gas is a stream, which is a
vapor at the injection point into the first stage
preheater. The dilution gas feed also assists in
maintaining the flow regime of the feedstock through the
tubes, whereby the tubes remain wetted, and avoids a

30 stratified flow. Examples of dilution gases are dilution
steam (saturated steam at its dewpoint), methane, ethane,
nitrogen, hydrogen, natural gas, dry gas, refinery off

gases, and a vaporized naphtha. Preferably, the dilution



15col d box of the olefin process purified synthesis gas will then be
advant ageousl y obt ai ned, which synthesis gas can be recycled to the

Fi scher - wopsetii1syst hesi s step of such a conbi ned proce®sT/HPaotamdsions on to
t he above described dilution gasses a bl eed of the

20hydr oi soneri sati on/ hydr ocracki ng process and/or catal ytic dewaxi ng
process can be used. The hydroi soneri sat Pon/ hydrocracki ng process and
catal yti c dewaxi ng process are the process steps in which the gas oil feed
for use in thegps esenti 1AYBAL E0dk,S Rr-epar 8dox 28 f sarbeandboxbsle is used
as dilution gas part of the carbon dioxide will be converted to carbon
nonoxi de in t ECEHEFaPiEFRERF ngP st p SEEF rear Dot® divekidetf sIptefder abl y
separated fromdheorackedgelflyentsim-tthguCe8 ghsar ber-Lasatgd-dipst ream of
or integrated with the 30olefin process's cracked gas conpressor. The
carbon di oxi dePT&E9Freé¢rer abPyorary dBWTL6 180 ept{e)2S THEPCALBBA nonoxi de and
hydrogen is prefgrally sepagateds fuamthe cracked gas as a mixture of

met hane, carbon nonoxi de and hydrogen. This m xture nmay be advant ageously
recycled to the synfassfaff actiaiitnglstiepisfPeYaitfo PP quf #5PPt ocess.

Exanpl es of sugh,:sygas BBALHACI4INdNG RHOEESSESa N £ d e 16abal yide ar
non-catal ytic partial oxidation, 5autothermal steamreformng, traditional
st eam r ef or mi ngroOroxovveet fvedst edtimiétoPRtngter cContn&tPoRsCeFSSai d

processes Star&&&ﬂx%ﬁﬁﬁkﬁéiﬁ@@é&m@jﬂ%%%%ébngaé.iﬁﬂﬁﬁi%g%ol her sources of
syngas, e.g. fromcoal” or from biomass may al so be used. 10The tenperature

of theldil utiohigesrs ($)at aaem pEFAR SUPBRCRRARIR O diemeaith fhehstreamin a

gaseous state. N4 3ﬁe%Be§EcBOaQLEHE&Q%n9é§eni%oﬁé1ﬂ£§%§5@?§¥ aaded; at a
tenperature bel'ow the tenperature of the paraffinic gas oil  feedstock

measur ed at theadsjecttihgncpoeent D téesdsegas, which is contaminated
with carbon dioxide and/or methane as obtained after

performing the Fischer-Tropsch synthesis reaction. In the

15 cold box of the olefin process purified synthesis gas
will then be advantageously obtained, which synthesis gas
can be recycled to the Fischer-Tropsch synthesis step of
such a combined process. In addition to the above
described dilution gasses a bleed of the

20 hydroisomerisation/hydrocracking process and/or catalytic
dewaxing process can be used. The hydroisomerisation/
hydrocracking process and catalytic dewaxing process are
the process steps in which the gas o0il feed for use in
the present invention is prepared.

25 If carbon dioxide is used as dilution gas part of the
carbon dioxide will be converted to carbon monoxide in
the thermal cracking step (c¢). Carbon dioxide is

preferably separated from the cracked effluent in the CO»

absorber located upstream of or integrated with the

30 olefin process’s cracked gas compressor. The carbon
dioxide is preferably recycled to step (a). The carbon
monoxide and hydrogen is preferably separated from the

cracked gas as a mixture of methane, carbon monoxide and



15t hat any water, which nmay be the dilution gas itself or may be present as
contam nant in sone of the above referred to dilution gases, does not
condense.woOhn&r/tigtrvper ature i s nore preferably 25C bel owpCh@EPR@eds1ag k
tenperature at the injection point. Typical dilution gas 20tenperatures at
the dilution gas/feedstock junction range from 140 Cto 260 C, nore
preferably from 150 Cto 200 C. The pressure of dilution gas is not
particularly limted, but is preferably sufficient to allow injection.

25Typi cal dil uty@r@as phessuiesuadded be hieagasyidsiiysrgeperad oo within
the range of 6 to 15 bar. It is desirable to add dilution gas into the
first stage prekeat@dnNaR amotinti i St6P0°5: @ %P 9f° gasiipef kg of

paraffinic gasp@idesrekengbly s Ju210s3ndakondfudas 30per pkgcofsdeedst ock.
The gas mixture as obtained in step (a) is further increased in tenperature

in step (b). Pret dridblOptEhBEt §astgd PRt 8t hasPar Siddr CrAgat efperature in

step (by of 480 Lendreie Breferabiardhg, eashaddlh Gl nMeetimprefermbly at
| east 535 C. The tenperature of the gas/gas m xture after performng step

(b) is preferabf ycAqVaEage 730200 cH5Fengr eF ef Mty adtiorgast 7869 C and nost

pr ef er abl y 5betMeen 260 sC.anth816-& sStelnfb)ai saRneherabl yopesfamred in
the second stage preheater of a pyrolysis furnace. In the second stage

preheat er, thePgasy gasirert 0f eSYIoWe thPou§hor ubies! eatteé@mbyiePsST | ue gases
fromthe radi apt, sectd oa Qkethe furnace. In the second stage 10preheater

the m xed gas-gas mxture is fully preheated to
10 The temperature of the dilution gas is at a minimum

sufficient to maintain the stream in a gaseous state.
With respect to dilution gas, it is preferably added at a
temperature below the temperature of the paraffinic gas
0il feedstock measured at the injection point to ensure
15 that any water, which may be the dilution gas itself or
may be present as contaminant in some of the above
referred to dilution gases, does not condense. This
temperature is more preferably 25°C below the feedstock
temperature at the injection point. Typical dilution gas
20 temperatures at the dilution gas/feedstock junction range
from 140 °C to 260 °C, more preferably from 150 °C to
200 °cC.

The pressure of dilution gas is not particularly

limited, but is preferably sufficient to allow injection.
25 Typical dilution gas pressures added to the gas o0il is
generally within the range of 6 to 15 bar.

It is desirable to add dilution gas into the first
stage preheater in an amount up to 0.5:1 kg of gas per kg
of paraffinic gas o0il, preferably up to 0.3:1 kg of gas

30 per kg of feedstock.

The gas mixture as obtained in step (a) is further

increased in temperature in step (b). Preferably the

gas/gas mixture has a starting temperature in step (b) of



near or just below a tenperature at which substantial feedstock cracking
and associ ated coke | aydown in the preheater would occur. The heated

m xture iwousediiBrisstep (c). 15Step (c) is preferably pecrmrowdosivsg he
radi ant section of an olefins pyrolysis furnace where the gaseous

hydr ocarbons are thermally cracked to primarily propyl ene and et hyl ene and
associ at ed by-products. Further productsliof-an ol efins pyrolysis furnace

i nclude, but are not 20limted to, butadi ene, benzene, hydrogen, and

nmet hane, and otfieregsseeikapedrotLfinie, 1pasaf fimic, andrapeadsisoproducts.
The pyrol ysis furnace mag be any type of conventi onal ol efins pyrol ysis
u

f urnace oper at@d ¥6rSHre c?roW%ft%eé\%Prﬁn?%c’iﬂearga\ﬁéigéﬁtmbzldélﬁ%s
especially inc NG, 3 Aubu yagki g-fur bes, wi-t hin the
convection zonéf@% heef%yr obgs?@s@@u@rlacg r@ray %eg!gi%?éaﬁge agg a§ ar?k of tubes
:cn ga: al Ikelth om;ﬁeo&taﬂ@%sbhayatbel@ﬁtaﬁg@d Coa}ré@ rmsrtgltpeeégssbbfdtthe y o
eedst og r e 30Qcopv [ e , eedst ock may be
split am)ng s%erae si ngl eep%g% E?lrbbzo@ grté%ra ﬁ %]é% tfgtfoﬁe{/m ngl e pass

t ube t hrough V\mlcﬁmadeld tthetheesstaotk Sftlag%pfemttdte dfnlkebytolysies out | et of
the first stag -_ptehe and nore refera t hr hthe whol e of
t he convecti ong%ronnae Prof {éfﬁgbgécoqdh S st S I%‘)%"ilqteerdr le%hh)eéa er%g conpri sed of
one singl e passitanie dfloWubEBrdmcﬁpOﬁ&@a hethed clonwect |fOIueZgBlee$)ffrtdIIe
pyrolysis fur naﬁ:?e raldr'lantgl SESQrgrf] ers e ugg ngnt ttkhe %%@\ég étov\%n?zone

foed flows. Mﬂ%&m"asﬁth“ ki< ”g?sm“z e e 0000, hfeh the

ee WS, ankjx¢dey ¥ areannsg Iy @re & o
serpenti ne type arran % i{%w ar]qreone row, and alccq1 t%% é/ hf\ve sever al
rows of tubes. SOTHE t eﬁpe atf € of thvé p}’lo%uctf ghs mxtare it step (c) is

preferably betﬁmﬁstm amndcB60g Gindrhissokatt ed ctcam)araazti@me is sloaretinmes

referred to as_the coil et tenperature, Applicants have found t hat when
a paraffin gasPor eaiterp%gé}gs%%lc%r' grlrha?t ;ﬂ\%}t?fdnlﬁ%%rﬁerlgtl Agd
step (c).
15 Step (¢) 1is preferably performed in the radiant

section of an olefins pyrolysis furnace where the gaseous
hydrocarbons are thermally cracked to primarily propylene
and ethylene and associated by-products. Further products
of an olefins pyrolysis furnace include, but are not

20 limited to, butadiene, benzene, hydrogen, and methane,
and other associated olefinic, paraffinic, and aromatic
products.

The pyrolysis furnace may be any type of conventional

olefins pyrolysis furnace operated for production of

25 lower molecular weight olefins, especially including a
tubular gas cracking furnace. The tubes within the
convection zone of the pyrolysis furnace may be arranged
as a bank of tubes in parallel, or the tubes may be
arranged for a single pass of the feedstock through the

30 convection zone. At the inlet, the feedstock may be split
among several single pass tubes, or may be fed to one
single pass tube through which all the feedstock flows
from the inlet to the outlet of the first stage



15condi ti ons may be chosen in order to optimse the propylene yield and
mnimze the nethane by-product yield. Preferred conditions are a coi
out | et t ewperetusEsof between 720 and 820 C and nore preCemebéog/obmusween 740

and 790 C. 20The tenperature of the effluent of step (c),

t he cracked gas,

is quickly reduced to term nate any unwanted reactions to a tenperature of

bel ow 300 C. Exanpl es of

known transfer

quench oil fit

reduci ng the temperature are by neans of well

| i ne exchangers and/or by neans of a quench oil 25fitting.

Preferably theptenmarat ubgal sof&dueatd be1bet evpd40 R hyomeass ©fe a
transferline exchanqgr and further reduced to below 240 C bé neans of a
e

TOHECETRE BPBAUCET YeiE 6 Yer ABRef gHs STSIPUPER

2¥parat ed

into the differemdripeduet snassligtedabovanbyomeldpdsnewns,angy 30descri bed
processes known to the skilled person. Exanple 1 A SPIRQ(r)

si mul ati on wastperdBrired6R 20Tt stheéFr spsehY ga%s BiI"%&vi A Bt i so to

normal fatio ofrSrchred L3voalieed Ahe @Bnack s€helont @Raghigas »il having
an iso to normal ratio of 3.1 (Feed B), on a Fischer-Tropsch gas oi

an i so to nor n&t¢et iFGS6f L8306 {Feew Cfcand BRC@ Stiuiidard Ol heral Cthapht ha
f eedst ock havi g antd$e 1605591 il Aldno bk 0. 7k (hged RhyThersiday ations

were perfornmed in a sinmulated commerci al

havi ng

furnace which was desi gned for

both gas and nipht HPifle@dsEHERSLE Tife CIPTROEL 2BYFAA L O MwasOperfdfmed usi ng
the simulation,spfdmar @ a8 hederdrd dQeh-n1t heyexamlgs of US-A-4548706.
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The temperature of the product gas mixture in
step (¢) 1is preferably between 750 and 860 °C. This
latter temperature is sometimes referred to as the coil
outlet temperature. Applicants have found that when a
paraffin gas o0il is processed a relatively mild operating
conditions may be chosen in order to optimise the
propylene yield and minimize the methane by-product

yield. Preferred conditions are a coil outlet temperature
of between 720 and 820 °C and more preferably between 740

and 790 °C.

The temperature of the effluent of step (c), the
cracked gas, 1is quickly reduced to terminate any unwanted
reactions to a temperature of below 300 °C. Examples of
reducing the temperature are by means of well known
transfer line exchangers and/or by means of a guench oil
fitting. Preferably the temperature is reduced to below
440 °C by means of a transferline exchanger and further

reduced to below 240 °C by means of a quench oil fitting.
The product gas or cracked gas is further separated into
the different products as listed above by well known and
described processes known to the skilled person.
Example 1

A SPYRO® simulation was performed on a Fischer-

Tropsch gas o0il having an iso to normal ratio of 5.7



10The steam hydrocarbon ratio was always 0.7 kg/ kg and the coil outlet
tenperature (COI) was varied between 760 and 820 C. The results listed
i n Tabl e Woan@/tiboge at whi ch conditions - 14 - Tabl e PCYirpR@s/(05294@t
propyl ene maxi num Descrip- tion Iso- nornmal ratio Methane Ethylene
Propyl ene Feed A Fischer- Tropsch gas oil 5.7 10,0 27,5
— 13 —
(Feed A), on a Fischer-Tropsch gas ©0il having an iso to
normal ratio of 3.1 (Feed B), on a Fischer-Tropsch gas
0il having an iso to normal ratio of 3.6 (Feed C) and on
a standard mineral naphtha feedstock having an iso to
5 normal ratio of 0.74 (Feed D) The simulations were
performed in a simulated commercial furnace which was
designed for both gas and naphtha feedstocks. The SPYRO®
simulation was performed using the simulation software as
referred to in the examples of US-A-4548706.
10 The steam hydrocarbon ratio was always 0.7 kg/kg and

the coil outlet temperature (COT) was varied between 760
and 820 °C.
The results listed in Table 1 are those at which

conditions



19,8 Feed B Fischer- Tropsch gas oil 3.1 9,8 28,4 19,7 Feed C Fi scher-
Tropsch gas oil 10 01 10,3 28,2 19,8 Feed D M neral derived naphtha 0.74

11,4 WO 2007/113178 PCT/EP2007/052948
— 14 -
Table 1
Yields (*) Descrip—| Iso- Methane Ethylene | Propylene
at tion normal
propylene ratio
maximum:
Feed A Fischer—-| 5.7 10,0 27,5 19,8
Tropsch
gas oil
Feed B Fischer—| 3.1 9,8 28,4 19,7
Tropsch
gas oil
Feed C Fischer—-| 3.6 10,3 28,2 19,8
Tropsch
gas oil
Feed D Mineral | 0.74 11,4 24,4 16,1
derived
naphtha
(*) in % mass on feed, after hydrogenation of acetylene,
methylacetylene, and propadiene




24,4 16,1 (*) in %nmass on feed, after hydrogenation of acetyl ene,
nmet hyl acetyl ene, and propadiene - 15 - CLAIMS 1. A process for the
preparation of propylene and ethyl ene, conprising subjecting a
gaseous m xture of a dilution gas and a paraffinic feedstock boiling
in the gas oil range and having an iso paraffin to normal paraffin
rati o of between 2 and 5 to a thernal 16éonversi on step, wherein

bet ween 20 and 100 ppm of sulfur is added to the feedstock prior to
perform ng the thermal conversion step. 2. A process according to
claiml, mhepgdn the paraffinic feedstock conprises nore than 95 wt %
of paraffinms— 3. A process according to claim?2, wherein the
feedstock is a Fischer-Tropsch derived gas oil. 4. A process
accordinglto ainl% rei%_th% is% %o Qoggal rat'gnofat$e

feedst ock s BetReSHSP and 41 BIeRApAGE8EsC AR 1 T *t aim 1,
wher ei n tdienhfeRdst adndraidisid eubieceihhans 98swbde whiktwrd SOF and 400C.
6. A process according to claimb5, wherein the feedstock, has a

density ai1H5CEYF FF3DmM P6 PG 791G/ EABIARACK RehbhRT i B ViRG ity

at 40C of o f1 oo 4 hdhied an fsoApREAEEss BSCHSEAMND Bor £f @i 1,
wherein the dilution gas is steam B. A process according to claim

1, wherei¥aftire off IRALWHED 2 PO Sg&9 PsTASRIRL UPGNEDRPEPRI FigrRvar bon
monoxi de, . ydrqo§n.. farbon diaxihde apfl BRIBADLur is added to the

feedstock prior to performing the thermal conversion step.

2. A process according to claim 1, wherein the paraffinic

feedstock comprises more than 95 wt% of paraffinms.

3. A process according to claim 2, wherein the feedstock

is a Fischer-Tropsch derived gas oil.

4, A process according teo ¢laim 1, wherein the iso to

normal ratic of the feedstock is between 3 and 4.

5. A process according to claim 1, wherein the feedstock

boils for more than 90 wt% within 150 and 400°C.
0. A process according to claim 5, wherein the feedstock
has a density at 15°C of from 0.76 to 0.79 g/cm® and a

kinematic viscosity at 40°C of from 2.5 to 4.0 cSt.

7. A process according to claim 1, wherein the dilution

gas 1s steam.

8. A process according to claim 1, wherein the dilution



9. A process according to claim1, wherein the thernmal conversion
step is perforned as a steam cracking step. 10. A process for the
preparation of propylene and et hyl ene conprising subjecting a gaseous
m xture of a dilution gas and a Fi sher-Tropsch derived gas oi
conprising nore than 95 w % paraffins and having a density at 15C of
from0.76 to 0.79 g/cnB and a ki nemat fé vi scosity at 40C of from2.5
to 4.0 cSt, and having an iso to normal paraffin ratio of between 2
and 5 to a thermal conversion step, wherein between 20 and 100 ppm of

sul fur is,added £ ot ga;urfee qqlglplrl e rb8nPRLE m@,q ﬁhﬁ&%‘d mal

conver si oh step. 11. process ac Ing to c a|n110 erei’n the
di lution gasoors @qumde ana m@tmﬁ@@ess according to claim@8, wherein
the dilution gas is a m xture conprising carbon nonoxi de, hydrogen,
carbon di oxi de and nethane. 13. A process according to claim?9,
wherein the tlrergmlcanericir@ingt ep cSapar i or wedrasn acisé edtd aiacki ng

st ep. )
P conversion step is performed as a steam cracking step.

10. A process for the preparation of preopylene and
ethylene comprising subjecting a gaseous mixture of a
dilution gas and a Fisher-Tropsch derived gas oil
comprising more than 95 wt$% paraffins and having a density
at 15°C of from 0.76 to 0.79 g/cm® and a kinematic viscosity
at 40°C of from 2.5 to 4.0 ¢St, and having an iso to normal
paraffin ratic of between 2 and 5 teo a thermal conversion
step, wherein between 20 and 100 ppm of sulfur is added to
the feedstock prior to perfeorming the thermsl conversion

step.

11. A process according to claim 10, wherein the dilution

gas is steam.

12. A process according to claim 8, wherein the dilution
gas is a mixture comprising carbon monoxide, hydrogen,

carbon dioxide and methane.

13. A process according to claim 9, wherein the thermal

conversion step is performed as a steam cracking step.





