PROCESS FOR THE PREPARATI ON OF PROPYLENE AND ETHYLENE
FROM A FI SCHER- TROPSCH SYNTHESI S PRODUCT The i nvention

wo gooditract ed to the preparati on of propyl ene aPdI/EP2007/052948
ethylene froma paraffinic feedstock in a steam
cracker furnace. It is well known to use the naphtha
paraffin product as obtained in a Fischer-Tropsch
process as steam cracker feedstock. For exanple in

"The Meokets fox SheldreMnddieo st iElPlO@tYE.ESEnAIﬁ]ESEﬁ{YLENE
Products", Presentation of Peter J .A . Tijm Shell

| nternati ondiREag F{aCiEh FRaETAE §§N@ﬁ%ﬂj§/ PP@UCT

Vancouver, Canada, May 2-4, 1995 on page 5, it is
menti oned that SMDS napht ha, the Fischer-Tropsch
derived naphtha fraction of the Shell MDS process, is

used asrsteameracker sf gedstOek dd dher pexpapPh€ion of
Si ngapore. WD A-2003062352 di scl oses a process wherein

| owet- BN eFNAsAF & PrdFared PR & KtedrhictackerdtrHace 2

designed toncpet ralemcnapht ha starting froma
Fi scher-Tropsch derived gas oil. US-A-2003/0135077

descri bé§ asproktedRefrei ASa e gahgfa paraffin product

Fi scherpThepsgh; def ipvedngynersde i %r@c%@gegsv\é*@@ar@ cracker
sul phur contai ni ng petrol eum deri ved napht ha and

t r edtc€dsePalie v iFEdLeadhi 6ﬁh%d‘ﬂ4ﬁkﬁ§5a§@‘9e51ﬂ¢1bl Mlddle

naphiha ;beL L Lng, fange.s Pheqpet ol eumderived, naphiha.,
the Fi scher-Tropsch syncrude and the refined heavy

pet rblfeuddéni velek Porititennar ecfdk viekrdeddt-o &l hapmthae
Cra%ﬁ%r nb@SfO&a@&ﬂﬁ£§S|egnaH§ ﬁk%pQAQ02§3@%QHlpage 5,

descri bes a process wherein a Fi scher-Tfopsch-derived
syntifetiiscmaapheied Bdidti BYDE nnahtet lfas ¢lhien€1pahge Topsch

SUbkﬁﬁﬁﬁgdt9a§h§ﬁ§Qﬂ%ﬁ&§8%e5fu@%é §H¥il MDS process, 1is

used as steam cracker feedstock in for example Singapore.

WO-A-2003062352 discloses a process wherein lower
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
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processing. A problemof the state of the art
processes is that even when optim zing the propyl ene

wQe@rdiamslet hyl ene yield the severity of the cPEEPIIG7/052948

operation is still relatively high resulting in a high
nmet hane yi el d. Methane is an unwanted by-product of
the steam cracker process havihg-only a fuel val ue.
The object of the present invention is to optimze the

propyhenenyi ¢l gh @nchdmiseivak2t figot hendTei-hanenyi ebsk ahidne 1 s
mai nt ai_ni ng_an, acceptabl e et h%/I ene yield. The

ol 15wy B oL LS oY s *ERPLL BB PPPBCESSIR Hifdd.

prepaiatiheni of apropdere andpeddydiens, t&MBEEsh Nracker
subj ecting a gaseous mixture of a dilution gas and a

par &FOCRPE PeBHST GEK-Yhéi FPRY Vil 1re T44s O8I FCF atlgd-nd

havigia seiti sevearafd i te Bgfmiz@adr@f birBpath® Wfe1a ana
between 2 and 5 to a thermal conversion step.

AppITHEAES 1 PBURRE tHRAOBY i BEesEi i AparatFimd yas

oi | g&\ébr@gb%r@t{@le\@ y;iBhgh iso to nornal ratio a
high yield to Ero ylene in conbination with a high

yield tah@tﬁ9l TEN®TRCPEW §PEIRF e irePRafkeTs Frocess
pos%ij%heﬁﬁpéﬁé¥ﬁgf%ﬁf%EtB§5p§f%ngéﬂﬁa%th bgs, 189 dQ sing

9
normal ratios result in aless timal klene yi el d.
The S¥&I&FEE LA c@ gadssius ﬁlﬁéﬁé}?@ab@§ ac@HvéﬁlFCé% Por st &

tharba%%f\ﬁ'tl?{fié’ff@@c{sacfcfdkn%mm% erablye fo5 pRre-fhan 8
w % of paraffins. Such feedstocks are "obtai nabl e by

ol i gewenosani bee gfaadien 6Pefersrorrayere 1pr eferablly by
means. ol Ry dr oL goery %aghg%gi’ déé’rﬁfe%“s‘ﬁ'o%g sPEp.

nor mal paraffin waxy f st oc Preferred nornal
par af f | APRAXCARetstoeks thre Pheosyansisesisappadiciingfc gas

Fi schar 1;epseh Péloact%%lypﬁ%ﬁr{%j t%a%o%[% ‘;?&E’% ocks gn

for the present inventionh aré thus so-cal
F|5Qh@ﬂthng@©pﬂ@ﬁmyg@ gg@blnatlon 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.

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

preferably from 12 to 25 carbon atoms.
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oils. The paraffinic gas oil usually conprises
hydr ocarbons ranging from 10 to 30 carbon atons,

wee@fetamy from 11 to 28 carbon atonms, and noPEI/EP2007/052948

preferably from12 to 25 carbon at ons. By

"Fi scher-Tropsch derived" is neant that a fuel is, or
derives from a synthesis product of a Fischer-Tropsch
condensati on process. The term "non-Fi scher-Tropsch

deri vedBynayi Hend mteicprehede ase diiRghyand Fhscherruel is,
Tropsch derived fuel may also be referred to as a GIL
f uelOTWREF &B§S GTLOt andy fFBF S EasP W UG qaitds. F rhgher ~Tropsch

Fi schet=hEtapssh seaddsonTeenvert s Al per -ABRoX fesand
hydrogen into | onger chain, usually paraffinic,

hy dri6EarBehsmaY rR@cenFezﬂ?e}ed 1CFPIPRY+ AHBDS et |

i n theppreseacey&f raR1apRLORI At calrakyst 8Pths a GTL
typ |caFIy at el evated tenperatures, for exanple 125 to

300@%@1 WBeBRRY dblly SEP5AFoLOB505HT L0 AREFAAS pr essur es,

for exaﬁHEeF§séHbﬁu¥}o%§Eh peglerablopnddrt 9 85- M3 monoxide
Hydr ogen : carbon nonoxi de ratios other than 2:1 may be

eonﬁ&b@YﬂFO@%%l#QﬁP IPRECE af B notfowilde QﬁHaEQHF%Qen
may heneslyess be derived fromorganic or inorganic,
natural or synthetic sources, typically either from
coal, biomass, natural gas or fromorganically derived

met hane enplogkgg_p gsse§ ti ke fro examl g.parti al
oxi dation or steanlr or m ng. s oi | products having

the desired high iso to normal ratio are suitably

prepar&% bé %q50|so rlsat|on/ dr%% ?ck§ %ﬁ?nl e .

Fi scherPr BpSTH Sy it'héedi §PBF Ffiict ™ asf6rve yP Y

deS@ﬁlb&dv&ﬂe&?%éhpéb%l&459 fbmtégﬁmpuehezprE@axﬁﬂ|%m7

Inv%k%%erabf eP7 er %% gh? §§ agﬁnggg%%gg?dfor example b
to 100 bar, preferably 12 to 85 bar. Hydrogen:carbon
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
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
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 is selective for isomerisation of the normal
paraffin compounds to iso-paraffin compounds. Preferred
dewaxing catalysts comprise a molecular sieve, suitable

ZSM-12, ZSM-22, Z7ZSM-23, ZSM-48, SAPO-11. Examples of
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wi th a dewaxi ng catal yst, preferably a dewaxing
catal yst which is selective for isonerisation of the

woeoonalsipar af fin conmpounds to iso-paraffin conpOUBRER07/052948

Preferred dewaxi ng catal ysts conprise a nol ecul ar
sieve, suitable ZSM 12, ZSM 22, ZSM 23, ZSM 48,
SAPO- || . Exanpl es of possi bl e-pt ocesses yielding the
gas oil as described above are disclosed in

EP- Acb48%942pr MSs Arcb2@4426: nER e 1246892 abhdadlsAxfed
787022 . Typical catalysts for the Fischer- TroEsch

syntai?é’é’iGSaB? PR FIA P hfErocat bots  cORprieel &t he

cat alpytlgahkyoacdivesscanpopentz. a netal from G oup
VI1I of the periodic table, in particular ruthenium

iron, cOBBRIEAbreahifdRers 5att &bt & SEORTcar apyst SSYdYtéleSlS

des%&'%@gaﬁﬁiniéﬁﬂjﬂyééakﬂogg ébﬁgﬁi%§36asAthe catalytlcally
Fi scher - Tropsch deri ved %as oi | preferab §é boils fo
I

nor €AHIR 9SYR W SH wi thiRCBhelt Ypi CavPdivésd el OfF ugle (Peﬁé@dlc

oi | "t)ab&@ng@n sai ¢ able Wi-thhant he, range ebphiomAs0 ke,
400 0 C, or nore swtablyfroml?Oto 370 0C, as

det eFHCAEHS b R E8Y-04& L SSaF ¢ abt L idedadesr HaReR i (R
t he qpresengsgryention, a Fischer-Tropsch derived gas
oil wll consist of at |east at |east 90% w w, nost
pref er abl ji at ¢ edstorgs% GPw Vel e afifli A ef eoRpohamis s

The mei ghtorati0 ofy 1,59 paraf, fins tty%l%‘a&”&e@@f 3ffJé1nS
is between 2 and 5 and preferably bétween 3 and .

Sonel “waghehéhi crmo@wé§abhﬂ ‘s@?@rart@ﬁatca@g@o%diﬁms 150
may al $@obec V&_S%Hre E'{h%ti%éQytPr&@fl%' tbaghe and the

paraffin content of the blending componenfs inthe
contdexeraf nefieoprieent Ok av et bTplare lreasapedahye nedms the

Of %%%;%%%@eﬂ%é/@tﬂ}ﬁ Ly g&g@ﬂéf onal, 9as d‘é?ﬁ%‘@t &agsr %qﬁy pill

as describéd in P.J. Schoenmakers,
Oorpersisd of Bhorsersg, 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.
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W. Genuit, G. van Velzen, J . Chromatogr . A, 892
(2000) p .29 and further. A Fischer-Tropsch derived

w@a®7oid1t7siseabl e in the present invention w || PCT/EP2007/052948

typically have a density fromO0.76 to 0.79 g/cm 3 at

15 0C ; a kinematic viscosity (ASTM D445) from2 to

4.5, preferably from2.5 to 4.9,-nore preferably from
2.9 to 3.7, centistokes at 40 OC . The gaseous mi xture

of a diluti gas@ass andrarpasafdidicidieedstocknd s
subjected to a thermal conversion step . Such a

t herﬂ?ﬁlafééﬂ%r%??ﬁ’?%p lﬁaﬁu@e%%tr@é% It)? BetP%JF%ff‘r P T ston
as ate@nversion step wherein a "cracking"” reaction is
performed. In such a thermal conversion step, Iar%er

nol ecul €8CAre HrokEr CRPECSHEPT et BhEsY TRPIC Taly

genefalhycherdone vidndceat ahyii & GIrRekERga Mt hadi o
preferably via a thermal cracking process. The thernal

Cr adkEiPRG 1 PP ot FSIT6Rs AN hDRD! & | SFBEhaRPRI§rSion step,

whereiiccahbod- Carban andocak bon-hydi-agenp beods hreakan
symmetrically and thus pairs of free radicals are

f or ERCTPALE Phctind VErPadkFakR priocessackigatgethod, or

hydregensLieh M&dél%th%r%@ £ o1 oedh At bhesexpense of
heavi er nol ecul es whi ch condense anélO are depl eted of

hydr ogeAlRat t et &Vt &d ACEAPEr R WSS é@dlﬁr’éseu@@”@,@lytlc

Prefierabhysmt hend:hanml,  6eAver San Stepai-8oXert i as
a steam cracking step. During a steam cracking

pr ocde3sls Break geymarécadfy cheditdals reaesei ehstfakeradicals
pl acg.. mBsLeQf Which,arg.hased.on g %%%E'e@@s of g

}{t{%e
radicals. In the preferred st eam cracki ng step, e
paréWﬁK@Qenhyd@@daﬁﬁbwtﬁeeéeb@wNMﬁgaﬁnthheegee@ﬁq of

rangu%a‘v%e?'x'n&'ﬁ@&l"&st IS Leany AR, dhen pri-ef Ly, heated  n

a furnace in
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,
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.
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
time.

Steam cracking may result in the deposition of coke
on the reactor walls, thereby reducing reactor

effectiveness. Preferably some sulphur or sulphur
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essenti al absence of oxygen to a cracking tenperature.
Subsequent |y, the obtained product gas is preferably

wa@eiockidnt7giuenched. The products produced in t hBCT/EP2007/052948

reacti on depend on the conposition of the feed, the
hydrocarbon to steamrati o and on the cracking
tenperature and furnace residefice tine. Steam cracking
may result in the deposition of coke on the reactor

wal lentbhel 8§YycsmliGiaRg akeagt &scef fieCtihneeness. to reduce
Preferably sone sul phur or sul phurcontai ni ng conmpounds .
ar e PreEsERtT Tt ThelFeed £B8eretee® cokéef 6Pfat fortatton in

durif@gather pEeeessirnthe eakesfof matinenphN 16t £8Med through
cracker furnace tubes is principally formed through

t wo Tc REATSABS Py FOINPSIYS 1P B o] Saﬁa‘dc SERFTC

dehydhQaenat hohi &ieadc@nsns ThenPWRINSsS sr eastd Qs are
m ni m zed by using | ow operating pressure, having high

di | "éR-§a4- ?b'%VﬂﬁbéQWbéﬁe¥%?P%%F”@ﬁspﬁé'o?ﬁ%Fxbmlgh

30%10 ,89% §@§L@BUHyHr@ga%%5§S§é@%b§IJ%% FBtabrder of 30%
tenperatures and the possibility of allow ng

unvaporilzedareetl’ I Intid %t RECAP §RVE ERer BPGPE ORI aquUFes

Ord%hdtQhﬁﬂ%8§§fﬁﬁiﬂﬁyngtH@@o&@%éﬂudv%@8§ﬁéégrE%hdlﬂ%thothe
11 | oys contai ning high nickel and chrom um

areTU§@UteWB?r@?ﬂﬁ%uﬂﬂ@GESWQﬁl@mﬁﬂr w2505 ARG ELgh tube

Thesg et abspcatalyze dghydr ogenatd 0%lﬁ%§§tb5%%éfﬂk%g high
therefore need to be passivated. Sul phiding is the

t ypircakedob b i o Iirumpassi vagdonfol tinssagceohmpmickel and

pr actsisC st r
R bt S SrT S art 6 Tthe decoRl ng Snararlon  SREC is

wherreglg irubeandl tharstfalrecaeed yzé e deticvivered. afwlphiding

hi grl%SttheB%lQ{@ai hﬁ;l‘@é%%%?%ai Q%&E%k EE fed, 'd&n%on

t he furnace; is 1nected into the co

W t Prefcesane 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
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
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
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.
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to forma sulphide film For a typical liquid
feedst ock, the sul phur content in the feedstock

waiswalidn7s s sufficient to maintain the sul phi deCT/BR®D7/052948

during the actual steam cracking process. Sul phur may
be added to the feed if there is not already enough

sul phur in the feed as is typictatly the case for a

Fi scher-Tropsch derived gas oil. In this case, 20 ppnmm

to 100 ppnmn ©fp sad PRk ais cadees tapdHaRl Bhz e hdier ke irst
and CO production. The sul phur can be added as for

exarie "8 8P sUFPHi U UCOnpOEhd  bre P aFikitAg PhEtadly the

par a:fofl|16hr§n?a§t@gbsl Mt bet-obrgxanpl e a mneral derived
gas oil ht m neral crude or a gas condensate

havi iig évéé?]f%tijrp%lﬂaﬁﬁupfc’élﬁ% eMoqurta tty pire abr $t%8uin o @

craQﬁg&t@@grgééQankﬁp feed first has to be heated
such that it evaporates. Suitably the follow ng steps

ar e par f8F reer Q%ﬁt%MhEB?aﬁ?%@Ph@ﬁﬁxéﬁr?héop@%dﬁ%?“ﬁﬁd

the presencgrofa@ dilution gas stream (b) further
heatlng the gas/oil mxture to an el evated tenperature

and (@) s¥0bfeetihdehbeRbat et Has oM ke Ure ¢ ¢ hermal

therdml,cconYLEr $i QN S eRrLon 0bt &I J e RLOpYbERE:
product. The pressure and tenperature in Step (a) IS

not cri fReaPrevsYengras teneef dadst dék SESPf fawabl €:0tThe

pressyre general ly; ranges Eéé@%%&%ﬁ“¥§7f10@9§1§0 B
nore preferably from 11l and 17 bar, and the

t enpereasure ofn¢eeldst sekIrs @@@f@r%tl“ﬁﬁe@eﬂ £Rént Grisirenmore
to %Q%fg(;ablyrf-é&{ ahl v nfr 9"7‘1&'; 40, G3PQHQC oy %ﬁ{‘ﬁﬁaebldf

step (a) is performed in the first stage preheater in
t he fesRveetk ohs zomerefl la pyt of y&i sirfadenacee Feed Gr,at es

are e teefhblil CAlom aﬂ4toh0%g'§obt cmouyl,d e desi tabl e s
conduct a process at
performed in the flrst 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
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
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
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
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feed rate ranging from17 to 200 and nore preferably
from25 to 50 tons of feedstock per hour. The first

wG@r@agelypreheater in the convection section i s PGPERBDT/G52948

a bank of tubes, wherein the contents in the tubes are
heated primarily by convective heat transfer fromthe
conbustion gas exiting fromthe +adi ant section of the
pyrol ysis furnace. In one enbodi ment, as the feedstock

traveksryhigugh ddeificbst shages pheheakent bf 415

heated to a tenperature which pronotes evaporation of

t he PAFRFEPRI ctifast GiAStPRE o1 & NG statBS Thies opthiaws]

t enpelakuEerat o WH ckitthechpedst @ek drs sheatedr i i he, ang
first stage preheater of the convection zone wll

depéld cupbRt e Rl bartd el 8+ F et EENPosit i Hif St he

pressur ecof shbe Jeadst eekpbRathe-J iirehtSFR6€ above in the
preheater, and the performnce and operation of

t he\faiﬁéﬁl PFguf &Woﬁfel fﬁew%‘@édfcﬁ@nfewe]%%re the
i nvepls @Rqut henfeedst aekal 8sheatad, igyibheuiinst slage rse
preheater to an exit tenperature of at |east 375 0C,

and S¥S19€ Prerertadly G 1aA1BRi $he éxipér PaFeCbf Lt figadt

400 QGge EAERcOfcit e dpaper ahyras.d dent itEthrMee dfN the
the first stage preheater are neasured as the

t e_mf@reéfﬁp_@kt h@SJg%ﬁ_s-tlhiquiléeﬁi Xt urle étitréfcnéta‘ﬁe &?ﬁﬁheater
poi nt, Wykhi puthe; fidst nshage preheater; sipgl udi ng, 4 he
exit port of the first stage preheater. Recogni zing

t hattache tpehperaturtéretiohbheh¢ eedstodk itAskde tHerqnaiese

of the hirgt;stags prefeater Cé‘@é!%e QneL:a COJ‘tEi'%UUm
gener al’ 3} ri ?l?ng, as tt he fee%lst ocC %rovvs tthf'oug the
t ubelesipaboet he nteamEcatiretamrswteire etekhe sexhe port of

fir%%es%ﬁggtpg@ %ﬁ%meggeksfg %ﬁgﬂd%n@@cg?@§Lg5%éig% the

[
tenperature at the exit port of the first stage
pr eleamnecetrom t he convecti on zone of the

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
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.

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
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
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furnace . In an optional but preferred enbodi nent of
the invention, a feed of dilution gas nay be added to

wo b@7fiesadst ock in the first stage preheater atP@EIEP2007/052948

point prior to the exit of the gas-liquid m xture from
the first stage preheater. In a nore preferred

enbodi nent, dilution gas is addled to the feedstock of
the first stage preheater at a point external to the

pyr laysiis Hurfacen fare0aseaobo ied t:aidei, Ngyafdgen/carbon
repl aci ng equi pnment. The feed of dilution gas is a
st ré&ﬁﬁoxﬁﬁrclﬁlr%u%%/aﬁérso Fet e §hjectifonYpoiati s meg. @

t he fdristrst age Qgheates-cdhei diddy ipoangassfepds ahgR e
assists in maintaining the flow regi ne of the
feed%ﬁé@RaPhYcﬁgﬁxﬁﬁ@etGB@Erl%h%ﬁéHVfBﬁé ' t UBRSE ¥5hi n

vet tedncand avohds st katkébed flow Exanpl es of
dilution gases are dilution steam (saturated steam at

its dewpBENEJe Hetha&Ré terhhmeldhitleagent t hyat ogerrpon

nat yiakigaser df D&HS%lsr%Ebngéﬂ 1f f2 823€8ge8NI1R be used if
vapori zed napht Preferably, the dilutiongas is

di | lrtrreoﬁa§r5en%l a@i oxF AeanchydieByd ) caf bioke Process

MONQXAeaThYt tEESrAlse halenf &chta as %Mgtﬁfj%ﬁ_/:&%s
a refinery off gas, a gas-to-Ili qurds pl ant

noréuﬁﬁéﬁéﬁablya%?ﬁ#@ﬁéﬁ@ E6PPT | F1anghofr- Q@%eflt from a

vapasized naphtha,, or s'I‘tﬁ%HE&% dhel epfe Therlse 0f, Rise is
gas-to- Iqu|ds pl ant of f-gas, carbon di oxide or

syntlielsi §Tgase carrdses &d@éh@ageo%ﬂ,y whe cliséd F¢nideinated
gas- 4 3}1‘ 'cgk'bgﬁr dAglldd vnand, step Q) Qf Jbhe: PEPCLSS

accordi ng the present invention, e.g. the pyrolysis
f ur meed ofB) nJ ales |Ficabed -EFoBecle raughess shemeti torf r gm the

a Syc%%rg)éox' S‘f SUEh A 51 huglh ons V&N iMIL] \%ﬁ{ﬁé@ibé Yas

use Is nade of the excess synt%e3|s gas, Ichi1s

contvdilnaherd 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
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.

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
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
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wi th carbon di oxi de and/ or nethane as obtained after
performng the Fischer-Tropsch synthesis reaction. In

wo b@7aad1d box of the ol efin process purified SRCI/BR®0T052948

gas wi Il then be advant ageously obtai ned, which
synthesis gas can be recycled to the Fischer-Tropsch
synthesis step of such a conrbilfed process. In addition
to the above described dilution gasses a bleed of the

hydngicserehl sati OndiBydr-echagkbd o Pr0€e880apl) OFecycled to
catal yti c dewaxi ng process can be used. The
hy drdics SHBP RS at3 BHE Hydr-88r 3eKR rfyf pr G¢es§Cangauids

cat lrploeg s demRxhdht: PrIC8sshasendde rPREessust 8PSoddtesses
whi ch the gas oil feed for use In the present

i nveriti 6Rei s2preparedr PP“C%?%W%%)Piaﬂél?% UL ET

di | WireRngasaPasteHf ﬂéﬁ%rﬁ@ﬁ@ontﬂadyﬂﬂ%%amﬁEteQ@ reforming
converted to carbon nonoxide in the thermal cracking

st e EPPVeEal Bors oGk FGECF B pY etercabioy "eEpar at &d %%%%n
thep&%@%%@@seéiéﬁﬁﬂﬂg'f@ohhgugggbﬁpﬁp&@%ﬁr590§£§QKmﬂstock

upstream of or integrated with the olefin process's
cr abkE@rgasIEeNPrEs oM I93Fhe c@r bigiPicoRiLderj srom biomass

prem%&aghgorggygg@p to step (a) . The carbon nonoxide
and hydrogen is preferably separated fromthe cracked

gas as ANAi ke BurRethahle ¢hkBowineAaéxidedt & minimum

and@%@%@%?@ntﬂﬂ&%mﬂh%%ﬁketﬂéys&%é£@¥@ﬁ%ﬁ%§9@§uy state.
recycled to the syngas manufacturing step of a

gas gDl rgapest procEssitiEraapt esitofisswehisyaghs added at a
manyfy ga%%tﬁge PLOGESSES REGLLNS G @syihe 1Eucafflmc gas

non-catal ytic partial oxidation, autotherna st eam
ref oridi fgeds ek thimralr eslt é‘anﬂﬂ%fm}ﬁq’@goor Peonv et iaysure

st egmrefoy m,ng Or M%Q'S%' Rati pos. 0 d%%'uql%o&&ﬁsféself or
starting fromsuitably a natural gas feedstoc O her
sounmges bef psypryas,ase.cqpntindonscoaln @onkr om bhonagsyamy

als%@&%rgégdto dilution gases, does not condense. This
temperature is more preferably 25°C below the feedstock
temperature at the injection point. Typical dilution gas
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.
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
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
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The tenperature of the dilution gas is at a m ni mum
sufficient to maintain the streamin a gaseous state.

wOdo/1taspect to dilution gas, it is preferabl p)CHEP®A7/052948

at a tenperature below the tenperature of the
paraffinic gas oil feedstock neasured at the injection
point to ensure that any water,l which may be the
dilution gas itself or may be present as contam nant

in sowecof hbee ahame eher rediéosdidiut con gasessresoply
not condense. This tenperature is nore preferably 25C
bel GW t-RESFeed3t dok HEnpeFREtR et tthélPnpaefgon mixture

p0| e o FYPLE Jl tdon 93$ E?%@e&%ﬁ?oﬁ these 730 oc,

di l ution gas ock junction ran m 140 OC to
260 "@Ce, pnefermlezf extaBleystr apd 150 a@@ e s20Pr @ ralihe

f I I d,
but el P 20 PR, of Rl Pec bl ©
Typlp@alfocjmbdt l@ntlgea$eppegsat@@e auddattert hé gasvwilysiis
I .
desi FABFEr o R B ey B 5aee T Re 1 Fat W
preheat-erei Alams aﬂmm:tghupubes Ohéat:led<g>yofthgasllp@rgd¢gasoffrom
par h%lgkg%gggsi 1J%T%fe£ﬁg yu%‘agéa QD t%?agec&xg%&age

as mxture as o i ne
st egar(eal)eatsrfumet h@rxadn@aeagesi mmum:repelsatfumylpresteened to

(b) Preferably the gas/gas_m xtur S starti
t enp&Fat G e T'h- step (b %8% 807 0¢ ¢ aﬁcowglﬁr%le 1él?Satbefnncglatl
| easteebt000K ¢rammsingpretienabbyiated mte 53546C . lrlThﬂle

tenperature of t as/ga mxt re aft erform
step (3% aE p“r’oelfgor?a C)Vrat [eadt? %Dl used'n

pr efsereabl(y at | east 760 OC and nost preferably bet ween
760 0C

'n the ggslaﬁ Oy Pror hant b ST gt oy bhs TAc R

section of an olefins pyroly51s 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
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
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
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
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furnace. In the second stage preheater, the gas/gas
m xture flows through tubes heated by the flue gases

wo eawm1thes r adi ant section of the furnace. |n theI/ERIDOTIOS2948

stage preheater the m xed gas-gas mixture is fully
preheated to near or just below a tenperature at which
substanti al feedstock cracki-ngz2and associ ated coke

| aydown in the preheater would occur. The heated

M XtgHeBebhSe s eshd McstePpreeprab 5 ehdflni shpreheralisy the
performed in the radi ant section of an ol efins
pyr SIYSEETE OF nAeE Whére of ABLYasetius Hydr 6EaF o iader 1s

t herdwally sehagkeshd o ipLiBaphty apHreranandaedydenen
and associ ated by-products. Further products of an

ol effilfs CAYYBFYSPS FUrn&ée FPACPULR,Y Bt TaFaamst 11 rhilted

to, Jhutradi-efesmenzene, hydrogencant rehbhadgupants a
ot her associated olefinic, paraffinic, and aromatic

proddegde PIRe pPROINPSIETf hvhate AP e kRyt Rypetpfnich

convent irapal robef i e Py hokysh spdii,nage epgLates; fQranged
production of |ower nolecul ar melght ol efins,

espedi &l F9Li nel Ui TRE 4 1PabUVR? YESEICEERT N Firfhage, Tov,

The drdbes Wi b dRe neQrveetiom Zr_Qﬂ\% of thgcpyrolysis
furnace may be arranged as a bank of tubes in

par al | eﬁheoFemW%tuﬁ@s Ofra{yn® eP BrG HItg €d Sf B X BUSE rigl e

pass, th edst ck hhr vec NoZO0 At

Phe earei T, hE Taaorsty D pel opt ek aoars

Si ngJaEtpaSSeIhpkblﬁ&;ur@I mayoinetire@ tr@f@meesu ngl &s pﬂsas coil
tube t u f eedst ock rom:t

| r st RESE Tt 2PRGLFRT ST R gt Rehb ey iy =

nor @aﬂl‘a@ffﬁiha@ésl ddr awgbrbhesy\ml * r@aflalfcheempnr\l’erd idderating
zone. f er abl irst. st al%ge rehea er

the f
conﬁrongé +8F° oy ge/YsﬁehSclhgsﬁﬁsé“ of-%t 4B émﬁ?%pt&%ed in

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 quench 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
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t he convection zone of the pyrolysis furnace. In this
preferred enbodi nent, the convection zone conprises a

waemgheipass tube having two or nore banks t hrPCIyBP2007/052948

which the feed flows. Wthin each bank, the tubes nay
arranged in a coil or serpentine type arrangenent

wi thin one row, and each bank I3ay have several rows of
tubes. The tenperature of the product gas mxture in

st epreeh h$, poefLermabldnebetrwepncy afh and 1868v 06y . aThise to
|atter tenperature is sonmetines referred to as the

coi I"GUet-ef 2t Enper at-dr FAPPPI caift  AaveRPouRtCR L 92°

whensia pavahfi i gas @ld nbsnPl ocpssedrasr.el akbyely) Mndon
operating conditions my be chosen in order to

opt iiS§e E AR proiRAEn&PRERE BRRFA AW N 281 Phed et trane

by- preeuet -yt eb s Ry efserredqcondind ansuakei@nsaidre

outl et tenperature of betmeen 720 and 820 OC and nore

pr efEFABF et Wee b iT¥g a4R8 79NDC LA ITRErPRAPet At Ut &7o6f
the gffilbuent rof 153@P &) antihgasidtked 8d8ocks. AtHLIPYRO®
reduced to term nate any unwanted reactions to a

t enpeAtaF °Bf e AW IP00e0C S 1 E difisl €4yt aF edluci N e as
tenperatUeg 8k e by Heansnglcwebt downsypapsfer Iine
exchangers and/or by means of a quench oil fitting.
Pref er abhy $heant P&EGPEN | B2 el uEed 2t papel dw 440 kgicand
by means . of éuEI@@SJ%%kk@%u?échﬁﬁgeMa%n@aEHé&T%%tween 760
reduced to bel ow 2 C by neans of a quench o
fittanog 82Th®& product gas or cracked gas is further

separ at |nto the di ff rent rod ucts a I|sted hove
by mell%aﬁ Hridh &englbeH ocessé% kh8 tﬁ% &
skiMamdlpebsgn. Exanple 1 A SPYRC(r) S|nulat|on was
performed on a Fischer-
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5 . Process according to any one of clains 1-4,
wherein the gas oil boils for nore than 90 wt% w thin
waz®7amd78t00 OC . 6 . Process accordi ng to cl aPen/BP2007/052948
wherein the gas oil has a density at 15 OC of from
0.76 to 0.79 g/cmand a kinematic viscosity at 40 0C
of from2.5to 4.0 cSt. 7 . -Prdécess according to any
one of clainms 1-6, wherein to the gas oil between 20
and 100 ppmm of sul phur is added prior to performng
the thermal conversion step. 8 . Process according to
any one of claims 1-7, wherBifh tHE Silution gas is
steam 9 . Process according to any one of clains 1-7,
wherein the dilution gas is a m xture conpri sing
car Hon RBABRF detOhydrogerP2EAr Hoh i oxrasland %%%hane

10. Preaess, as&RdiNGigt QuBRycoNgy of @ls@aol® dtZsure of a

wherein the thermal conversion step is perfornmed as a
StGéH#@Fé@RIﬁ@SS%Qﬁ)a paraffinic feedstock boiling in the

gas o0il range and having an iso paraffin to normal
paraffin ratio of between 2 and 5 to a thermal conversion
step.

2. Process according to claim 1, wherein the paraffinic
gas 01l comprises for more than 95 wt% of paraffins.

3. Process according to claim 2, wherein the gas o0il is
a Fischer-Tropsch derived gas oil.

4, Process according to any one of claims 1-3, wherein
the iso to normal ratio of the gas o0il is between 3 and
4.

5. Process according to any one of claims 1-4, wherein
the gas 0il boils for more than 90 wt% within 150 and
400°cC.

6. Process according to claim 5, wherein the gas o0il has
a density at 15 °C of from 0.76 to 0.79 g/cm3 and a
kinematic viscosity at 40 °C of from 2.5 to 4.0 cSt.

7. Process according to any one of claims 1-6, wherein
to the gas o0il between 20 and 100 ppmm of sulphur is
added prior to performing the thermal conversion step.

8. Process according to any one of claims 1-7, wherein
the dilution gas is steam.

9. Process according to any one of claims 1-7, wherein
the dilution gas is a mixture comprising carbon monoxide,
hydrogen, carbon dioxide and methane.

10. Process according to any one of claims 1-9, wherein
the thermal conversion step is performed as a steam

cracking step.



