WO 2006/ 037806 PCT/ EP2005/ 055079 - 1 PROCESS TO PREPARE LONER OLEFI NS FROM
A FI SCHER- TROPSCH SYNTHESI S PRODUCT Field of the invention The invention is
di rect ed ™WOR0S[H3TH6| ower ol efins froma Fi scher- Tr opscPEYERAEEISSOPr oduct
.in a steamcracker furnace. Background of; the invention 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 Markets for Shell Mddle
Distillate Syn is. Prod I i r.J i J

Cnternati onal GACCERS 1O ATPEARE: oan i By FRR e o TR Ry -4,
1995 on page 5, it is nentioned tdvaiTHEIMAS Ny the  Fischer-Tropsch
derived naphtha fraction of the Shell MDS process, is used as steam cracker
feedstock in for exanple Singapore. Because a Fischer-Tropsch derived

pr oduct contagqggda%%n%é nQ %eggg&pble | evel s of sul phur, sul phur will have
to be added t ' it can be used as steam cracker

f eedst ock. Thirgemayvketdenre iRy BIHNAEAR t S WidpHraaddivd Ve 1d Kendi pRbAYA

di sul phide (DVDS) or by blending the Fischer-Tropsch feed with a high

sul phuric cofitesheratladpaichas yadd@sdsepHadiumdr et sdliiedm cr@ekeini nary
Survey on GIL Busi ness Based on SMDS technol ogy, June 2001, Japan External

Trade Organi ZAtPORCSJETRO), section 6.2.3. WO A 2003062352 di scl oses a

process wher eigadkeiun®dlgf ivhe angrpiteRared in a steam cracker furnace
desi gned

It is well known to use the naphtha paraffin product

as obtained in a Fischer-Tropsch process as steam cracker
i ( feedstock. For example, in “The Markets for Shell Middle
Distillate Synthesis Products”, Presentation of
Peter J.A. Tijm, Shell International Gas Ltd.,
Aiternative Energy ’9%5, Vancouver, Canada, May 2-4, 1995
on page 5, it is mentioned that SMDS naphtha, the
Fischer~Tropsch derived naphtha fraction of the Shell MDS
process, 1is used as steam cracker feedstock in for
example Singapore.

Because a Fischer-Tropsch derived product contains
almost no detectable levels of sulphur, sulphur will have
to be added to this feedstock before it can be used as
steam cracker feedstock. This may be done by adding a
sulphur additive like dimethyl disulphide (DMDS) or by
blending the Fischer-Tropsch feed with a high sulphuric
content material as described in more detail in
‘Preliminary Survey on GTL Business Based on SMDS
technology, June 2001, Japan External Trade Organization
(JETRO), secticn 6.2.3.

WO-A-2003062352 discloses a process wherein lower

olefins are prepared in a steam cracker furnace designed



WD 2006/ 037806 PCT/ EP2005/ 055079 2 for petrol eum naphtha starting froma
Fi scher-Tropsch derived gas oil. US- A-2003/0135077 descri bes a process

wherei n a wo%osdshdd Fi scher-Tropsch derived syncrude is pi-gResdsosotd a
sul phur containi ng petrol eum derived naphtha and a treated crude derived

fraction boiling above the naphtha boiling range. The petrol eum derived
napht ha, the Fischer-Tropsch syncrude and the refined heavy petrol eum
derived porti 6RTaPEEOIRIFIEGPIGPR FdPHtHA T a2 dhitchebrTHrhee’si ng. A
probl em of thgprocess of JW$ A-20030135077 is that such relatively heavy
and wi de boiling feedstocks will foul the tubes in the convection section
preheaters and/ otlSedawddOBEaM3SHGT prestcrdbes s gamaaackatefaimage by coke

deposition. The object of the present invention is to provide a process
t hat can convé&ft Célﬁgldatﬂl\?gl%rﬁ'gmsf%die‘é&?ﬁ[]i%ﬁw ¥i st hetenfedsch

derived synthgsich Bf adighul M Ouen LIRS B Y &4 LlgntRYCRLL0R The
foll ow ng process solves this problem”™ Process to prepare [ower olefins
from a Fi schetrEatpsiclrsyiet hesiisredorfoduati doy hpelr ¥ iorgn algotdet hel haphhpast eps:
(a) evaporating . part of the product in the presence of di | ution gas
streamin a g&9idAd% TAGGi-d s P LeHR Cgee‘ﬂa‘?eﬁ iMAPRHRA1 i % d fraction

from the renaining s aisenliofiifad tnd Witd1ele fIBad e d b5 paBLOt LuiLxt ure

to an el evate tenperature an
derived portion are forwarded to a naphtha cracker unit

for processing.

A problem of the process of US-A-20030135077 is that
such relatively heavy and wide boiling feedstocks will
foul the tubes in the convection section preheaters
and/or downstream equipment of a steam cracker furnace by
coke deposition.

The object of the present invention is to provide a
process that can convert a relatively heavy feed
comprising a Fischer-Tropsch derived synthesis product
into lower olefins.

Summary of the invention

The following process solves this problem. Process to
prepare lower o¢lefins from a Fischer-Tropsch synthesis
product by performing the following steps:

(a) evaporating part of the product in the presence of a
dilution gas stream in a gas and a liquid fraction and
separating the liquid fraction from the remaining gas/oil
mixture,

(b) further heating the gas/oil mixture to an elevated
temperature and

{c) subjecting the heated gas/oil mixture to a thermal
conversion step to obtain the lower clefins.

The process of the invention allows one to feed a

hydrocarbon feed comprising a Fischer-Tropsch synthesis



(c) subjecting the heated gas/oil mxture to a thermal conversion step to
obtain the |l ower olefins. The process of the invention allows one to feed a
hydr ocar b8V pWe@3empri si ng a Fi scher-Tropsch synt hesi s ROTAFIHSO3TED6

.PCT/ EP2005/ 055079 3 product into the eomvection zone of a pyrolysis
furnace w thout having to decoke the tubes in the convection zone any
sooner than t I ant+ & ubes c h r - o ' ntion
further provﬁ%ﬁg&gg%rg%ess mhgégﬁﬁégﬁgﬁhgge§ ?Fagt?gggigggfhgﬁfggggdo not
have to be separatedhdyong siad ddéeedebyhaetnsesf in thst cbhakictd ost epne

Furthernore a sinple atnpspheric distillation step ically separates off
conpounds boiﬁ?%ggﬁﬂﬁ%ﬁnaq nCFhﬁhF?élfﬂk %PEE@nP%iﬁy%ﬁgpaﬁeacﬁséves a
separation hetyeensthe gaseoyschfachi enstABd phevhhgyi d prackisan above 450
C. This allows nore of the initial feed to be sent to the steam cracker

whil e at the wgmeein nehe hecavyqlirdctokespréctihsofeednpounds aerweeftbetii vel y
renoved fromthe ggrglgsis furgage fegd. Detailﬁd d scrigéign of the

i nventi on The® Protess? attdFafaglt bSEHe ¥r BSBHE PhvBnfishiddalign step.

Fi scher - Tr opsgl- syetfiesé Sa PE OFPCE LBmEEERe @) assteedatrilheskiepcher-Tropsch
synt hesi s product may be present on its own as a 100% Fi scher-Tropsch
derived feed oypidal pgnsxparetebt B ot bempsuhtiabbeifleadstbeks uhat °can be

used in a pyro!ﬁéis furnace. Preferred additional feedstocks wused in step
(a) are |ightWittigletlef | PFeeeRt otREENHAPBhaChaGESFhe FEPROAAGN

characteri stigs. Each. boi L1001 8nag, hBLacken £aLl 90 gl ot be feadst ock i

measur ed accor di ng Yo Or “| éss and preférably 65 wt % or

ﬂ}- above 450 °C. This allows more of the initial feed to be
‘ sent to the steam cracker while at the same time the
liguid coke precursor ccmpounds are effectively removed
from the pyrolysis furnace feed.

Detailed descripticn of the invention

The process according to the present invention uses a
Fischer-Tropsch synthesis product in step {(a) as feed.
The Fischer-Tropsch synthesis product may be present on
its own as a 100% Fischer-Tropsch derived feed or in
admixture with other suitable feedstocks that can be used
in a pyrolysis furnace. Preferred additional feedstocks
used in step {(a) are light crude o0il feedstcecks, which
have the following characteristic¢s. Each boiling range
characterization of the feedstock is measured according
to ASTM D-2887: 85 wt? or less and preferably 65 wt% or
less of the feedstock will vaporize at 350 °C, and 90 wt%
or less or preferably 75 wt®% or less of the feedstock
will vaporize at 400 °C. Typical preferred crude oil
feedstocks will have API gravities smaller than 45.
Feedstocks within the above range of characteristics
minimize coking within the tubes of the convecticn
section of a pyrolysis furnace under the operating

conditions described herein.



| ess of the feedstock will vaporize at 350 C, and 90 wt% or |ess or
preferably 75 wt % or | ess of the feedstock w |l vaporize at 400 C. Typical
pr ef err ed wowde/osidos feedstocks will have APl gravities spaliEeeooshssnrds.
Feedstocks within the above range of charggteristics mnimze coking wthin
the tubes of the convection section of a pyrolysis furnace under the
operating conditionségﬁgcribed her ei n. 2006/ 037806_PCT/ EP2005/ 055079 -
4 Suitable exanpPdstéP 6t FPTYiSSak%e g B cheedahopks pyrRseht next

to the Fischeryfr %isg}e%%rdtv%ﬁte% e ﬂé@{@%—g%c%}aéi@ﬂ!é{égi{?éﬁhk@@d

kerosene and gas oil. Preferably the additional rce is a crude ol
f eedst ock or atdee riorg alesiiduaasfiwad mugshtdid, adtemospdes i enddgssi biati on or a

gas field condensate. Exanpl es, of . suitable crude sources fo he present
Pnventi on ar e 6T CEANITH M SHUeRe t oW © & PPfanat | BECREEF Bk,
Borrbay High, Mmase GdHA reEBAENGE Wand:aSidi Kiftrdsbnéipdi | . Such
feedstocks wll contain so-called pitch, which will be renoved effectively

by the processlisddddrdiing ¥ tthedq eslenttd iovennontas Ehanplgsai df fraction.
Co-processing a.crude oil feed or a condensat e groduct in

s field
conbi nat i on Wi *&°Fi% ST~ r=5pscit® %‘H VA Rt i P Ra0amPRgR66s SBacause

hi gh yields tealhuernHleldmusan e achimgyrd dipsordhaat B@navt§ Bell 0gi stic
advant ages and | onger furnace run | engths.” Fischer-Tropsch synthesis
processes run BoypayalHighon Mimetsur dlirgas, iTaateing e UdgnonsSiheketaksd crude

o1 15 Tound, B, Go- BT 0Gessl R LNSe IV 0Sqrbon, sgur ees ol RO 8hI © and
which will be remcved effectively by the process
according to the present invention as the liguid
fraction. Co-processing a crude oil feed or a gas field
condensate product in combination with a Fischer-Tropsch
derived product is advantageous because high yields to
lower olefins can be achieved in combination with
logistic advantages and longer furnace run lengths.
Fischer-Tropsch synthesis processes run typically on
natural gas in remote regions where alsc crude oil is
found. By co-processing these hydrocarbon sources,
logistic and fouling problems are overcome.

The bottoms of an atmospheric distillation column
used to process and fractionate desalted crude o0il, are
commonly known as atmospheric tower bottoms or long
residue. This atmospheric distillation column separates
diesel, kerosene, naphtha, gasoline, and lighter
components from the crude. Long residues can be
advantageously admixed with the Fischer-Tropsch product.
Preferred properties of the long residues are that 35 wt%
or less, more preferably 15 wt% or less, and even 10 wt$%
or less vaporizes at 350 °C, and 55 wt% or less, more
preferably 40 wt%, and even 30 wt% or less, vaporizes at

400 °C.



The bottons of an atnospheric distillation colum wused to process and
fractionate desalted crude oil, are comonly known as at nospheric tower
bottoms orWPaMY/037888i due. This atnospheric distillation GSTHRRR¥SAIAt es

-di esel , kerosene, naphtha, gasoline, and I5ighter conmponents fromthe crude.
Long residues can be advantageously adm xed wth the Fischer-Tropsch
product. Preferredepropentiesr@bstheqkongehepirduestargt bat 35 wt % or

| ess, nore preferably 15 wt% or Tess, and even 10 wt % oOr |ess vaporizes at
350 C, and 55switeblyl ess¢ medéedpsgherabley a40 dats¥%r idned dverf B0 eatedpdre | ess,

F Scher < Tr opsGH RefPOBA 0 GHGRE -ray°Bd S5 EXORY 0a 200 Uea oty M AP 1
described in f95cR¥2MPk6psER- Ara3d866Q7mER- A2 3 4H3Q 6rer IEPHAA3AL30G o £X her

sui table Fischer-Tropsc ‘groduqts may be, optionally hydrotreated,

fracti ons boi fFragtianeheoadphohan kéeoserbtde, gésreisiena agaasasidi rectly
obtained fro he Fi schet-Tr ch nt hesi .. Pr.ef er abl art of the
Fischer-Troprs%%HSSfoaéc?5 éggggeﬁbgéggﬁﬁegrﬁ§wﬁé Hﬁ%ﬁﬁhﬁﬁ?ﬁ%ﬁhﬁ?Qﬁ a

Fi scher - Tr opsgbngyakhesivaxvwarrpredudlly paetnaghthe, riketesenscpytigas oil
fractions obtained in such a hédrqisonerisation may al so be used as the

Fi scher- TropBEhdpebdbes. beent Retadngdi vl Y Yide®ds BEiNissg ImnscHfera  Tr opsch
products are used, as_described above.then the feed w.ll al conprise a
nineral oil dgF?SQErfgﬁgpﬁ ﬁ ggﬂgﬁegésawgﬁu 5Pdgﬁ%étﬁ%§bm€ ?@jﬁﬁng resi due
or a gas fiekdregndensatiegasueh it izkcthenpr ebeanedpriepeiidres of the feed

with respect to the fractions vaporizing at _
hydroisomerisation may aiso be used as the Fischer-

;
( Tropsch product. If the relatively lower bolling Fischer-

Tropsch products are used as described above then the
feed will also comprise a mineral oil derived fraction
such as a crude, an atmospheric long residue or a gas
field condensate, such that the preferred properties of
the feed with respect to the fractions vaporizing at
350 °C and 400 °C are met.

The higher boiling fractions as obtained in the
hydroisomerisation may also be used as the Fischer-
Tropsch product in step {(a), either alone or in admixture
with another component as described above. Preferably the
Fischer-Tropsch product could be the full range effluent
as obtained in hydroisomerisatiocn of a Fischer-Tropsch
wax. Such a full beoiling range product preferably
comprises compounds having 5 carbon atoms, ranging to
compounds having a boiling point exceeding 600 °C. More
preferably a fracticn of this hydroisomerisation effluent
having a 50 wt$% recovery point (the 50th percentile of

the boiling point distribution, as measured by ASTM
D2887, of above 250 °C, preferably above 290 °C. Examples

of such a product is the entire residual fracticn

isolated from the hydroisomerisation effluent, the Waxy



350 C and 400 C are nmet. The higher boiling fractions as obtained in the
hydr oi soneri sati on may al so be used as the Fischer- Tropsch product in step

(a), eithewoadogdas7svs I N adm xture w th another conponent pag/rpemsisdaes
above. Preferably the Fischer-Tropsch product could be the full range

effluent as obtained in hydroi sonmerisation of a Fischer-Tropsch wax. Such

a full boiling range product preferably conprises coqgounds havi ng 5 carbon
atons, rangi ngatfél“@(’iﬁpm%\ﬂ%d-sa i He R JoF niheke 885 nMebayEiaior e

preferably a fachhon Of i 8, AN0) SOTRIH S84 flue iing,, a wt %
recovery point (the 5& h percentile %Ef)l t%eza‘{)oﬁlf% Ap%i%t%?@%?i%ﬁt?zgg, as
measur ed by ASTMceB288Esafiadabvien 280-2G03rdi€i@bly above-R906 €33 ERanpl es

of such a product is the entire residual fraction 1isolated fromthe

hydr oi someri satiesf SrANGEn 204 N Iy SRS TOUEIB 06 PETF EPDPBEBF BBSE?9 6
Raffinate proguct pas dssdmaiksied Py Shel 1 MES (i\f?@c}’rﬁi}@%uﬁggﬂ%ﬁﬁdtﬂé the

waxy raffinate product as obtained by the process descri
WO A- 02070630 adovien riER-B-1365 834 2:rudkhesiel hi giver bosidmg & sthekdTr opsch

derived feedstocks may be used alone in step (a) or in adm xture with the
Sbove ref or oGRS DL 4 ey AL HRI Or ! elef s ReRdRHRar b Gl

al ternati vel y Wit nel i JENETAH id oMBPNFHR. ks 98 CPRaOF 1 RS PI LpeThe
wei ght fracti gnptgf taﬁe Fi scher-Tr og%{schOlderi ved hflee I'S p?ef:érab?y aBgve 30
W% nore préfiemchlsry- Tatmpees b Gant % eah of ek ni sTopee P edlel pbhlyovabdlewl®, wt %

The upper limt may be 100% Fi cher-Trnggch erived feedstogk. This may be
the case when™PemPt&igara PSS AT §YERURRE @ RESICERBAYr s

added as above 70 wt%. The upper limit may be 100% Fischer-Tropsch
derived feedstock. This may be the case when no mineral
source is available. In such cases sulphur is added as
for example DMDS as described above. Applicants further
found that this relatively heavy Fischer-Tropsch
feedstock will yield more propylene than a lighter
Fischer-Tropsch derived naphtha feedstock at the same
methane yield. Applicants found that this is also
observed under conditions wherein a step {(a) is not
performed. Therefore the invention is also directed to
the preparation of propylene by thermal cracking of the
above heavy Fischer-Tropsch feedstock under the
conditions generally described in this application.

The Fischer-Tropsch synthesis wax may be obtained by
well-known processes, for example the so-called
commercial Sasol process, the Shell Middle Distillate
Synthesis Process (SMDS) or by the non-commercial Exxon
process. These and other processes are for example
described in more detail in EP-A-776959, EP-A-668342,
US-A-4943672, US-A-5059299, WO-A-9934917 and
WO-A-9920720. Typically these Fischer-Tropsch synthesis
preducts will comprise hydrocarbons having 1 to 100 and

even more than 100 carbon atoms. The hydrocarbon product



for exanple DVDS as descri bed above. Applicants further found that this

rel atively heavy Fischer-Tropsch feedstock will yield nore propylene than a
i ghter MW@2WeW03TBPopsch derived naphtha feedstock at t h@CIHRIVOYASETANE
.yield. Applicants found that this is al so7 ebserved under conditions wherein
a step (a) is not perforned. Therefore the invention is also directed to

the preparatiom of - prOPYLENE PX.t heL Bk sexacki ng_af . nabo
Fischer-Tropggh ?e%ds?oc unaerathg con #?fo%ggggng%g?ﬁ9§6eégyg%§§¥Fﬁ this
appl i cati on. gdimdkcsshend Tnopsthrayatihpsoduwax. néiebecnbtaitned by

wel | - known processes, for gxg%p e the so-cilled co rcial. Sasol process,
Yy

the Shell M RffE"FFLtF| VAt PHBSI §heRo @sgt%stgESFaB}Yt hewer

non- conmer ci Xen ro S d F QC rrexanpl e
descri bed inq#35§ ge?%?f ?ﬁéE%?§?§§§9gg,n%EB§§%§%§4§§ﬁﬁﬁgﬁ§?4gﬁ%é7§%

US- A- 5059299, oM A- 8834917 whdl aWd Ar8920720y Tgpecakhwnt Bese3. This

Fi scher-Tropsch synt hesi s Rroducts w | | congrise hydr ocar bons having 1 to
100 and everf hoTREFRARCEBB cURrBoRT afSRENEThE RYAFBELr BSnPPpRSGEFEL WD

2006/ 037806 PG EE2008/ P35978ydfoiWbhbreQHPE bR AOLFRE rPRLALLASn a
i so-paraffins, oxygenated products and unsaturated products. The content of

aromatics wilhidge bonkinghfeedd whishpief erabky toweranspamt5 inY%suthe
content of naphthenic co ouEds wi |l be Liwer thﬁn 10 mﬂ@bagggﬁneferably
lower than 5 WBECFHPS "BrEE epgf?éﬁéeﬁ Wax*oF 8§ t h8sit&¥Ffo ct-ig
preferably subisctgdst enad/Bydiobsamerkbsabi 98oLPaRREehink? eRLAR a3 eshi gh

boiling feed, which is easier to transport. In such a proceSs nornal
paraffins w ldandratkfios| enét bathirage to paraffins. Paraffins may be
A

‘ reformed to aromatics, which may be hydrogenated to
naphthenes. Lower boiling fractions may be used directly
as feed in the process according to the present
invention. Examples of suitable hydroiscomerisation
processes are described in the afore mentioned patent
publications and in WO~-A-02070630 or in EP-B-0668342.

The Fischer-Tropsch reaction converts carbon monoxide

and hydrogen inte longer chain, usually paraffinic,

hydrocarbons
n(Co + 2H2) = (-CHZ-)n + nH20 + heat,

in the presence of an approprilate 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 80 bar. Typical catalysts
for the Fischer-Tropsch synthesis of paraffinic
hydrccarbons comprise, as the catalytically active
component, a metal from Group VIII of the periodic table,
in particular ruthenium, iron, cocbalt or nickel.

The mixture of carbon monoxide and hydrogen may be

prepared by any of the below carbonaceous feedstocks



conmpounds and/or isonerize to iso-paraffins, oxygenates and olefins wll
saturate to paraffins. Paraffins may be reforned to aromatics, which nay be
hydr ogenatwa 20e5/03mseht henes. Lower boiling fractions nmay PeT/EBE@s/Os30ect |y

as feed in the process according to the prgesent invention. Exanples of

sui t abl e hydroi soneri sati on processes are described in the afore nmentioned
pat ent publi% tignsr%ndaig %%?@n@%&]9930 ar iq_%ﬁ}§-0668342. The

Fi scher - TropscC FealtTor Ednver £s Carbch THNGK e éhf‘ﬁﬁﬁ?ﬁﬁﬁl?%to | onger

chain, usual | yypabgkhi Rinel, calydnoammonsis. HERP ZHAF SsuciCHeddstro8kRO +
heat, '- i in the presence of an appropriate catalyst and typically at

el evat ed tenpéigt Gred, flor example BShaI0re byt ety B¥oumeuss50C,
and/ or pressures, fqr.e tQ-100 .bar.,. prefera 12 1080 bar.
cgtscxsl, %(\).11:) )fﬁ%l:_nlgu% Co%.ll, QLlé;ﬁuteD aﬁ‘lda.pqu Olp%%%f‘f(?lﬁ?t

Typi cal cataly I~ the "FiI'scher-Tr'ops Synthesi's

hydrocarbons gefpmis@usa®illke Gatralegddrgald YorUDME ON Orpaedtna Bk NBFal from
Goup VIII of the periodic table, in particular ruthenium iron, cobalt or

ni ckel . The nilrt&veros-darbderEsneicdde dnPMAR-odar mraMele prepdekipdy any
of the bel ow g‘gﬁl gggﬁc%%l%ef %eﬁsto(}cl%} \QQ 12091056/ %3e7r8€00%'PC€%lrEPe%QgﬁéPQSSO79 8

whi ch are cap e pbei'ng converte 0 a mxture 0 drogen and car bon

monoxi de. Examplsegiuefl fuektfieedsiodClksidrea aidloi ¥ orareXawgdleamdit hraci te,
brown coal, bitunous coal, sub-bitunous coal, lignite and petrol eum coke,
bi t umi nous oi CENtRAN 18HaFSEE SORMIASITON (@i srarad igtery Mavepc® i, bed

Venezuel a) , bhgggsgsé%%ﬁa%éﬁn%g%fM%§¥Uy§¥Lgas. The syngas

manufacturing processes to convert such feedstocks to
mixtures of carbon monoxide and hydrogen are well known
and described in “Gasification” by C. Higman and M van
der Burgt, Elsevier Science (USA), 2003, ISBN 0-7506-
7707-4, chapter 4 and 5. Preferably, when processing an
ash containing feed like coal or petroleum coke the
process is performed by a non-catalyzed partial oxidation
process as for example the Shell Coal Gasification
Process as described in said reference book. If the
feedstock is a residual fraction of a crude o©il, the
preferred process is to use a non-catalyzed partial
oxidaticn as for example the Shell Gasification Process,
as for example described in said reference book and also £
by Heurich et al. in “Partial Oxidation in the Refinery
Hydrogen Management Scheme”, AIChE 1993 Spring Meeting,
Houston, 30 March 1993, and the TEXACO process, as
described in Petroleum Review June 1990, page 311-314. In
a preferred embodiment the syngas process is performed
starting from a gaseous hydrocarbon feed, more preferably
a methane containing feed, even more preferably natural
gas.

Starting from a gaseous hydrocarbon feed, more

processes may be used tc prepare the mixture of carbon



m neral crude oil or fractions thereof, for exanple residual fractions of
'said crude oil, and nethane containing feedstocks, for exanple refinery
gas, coal Wea06g3®06 associ ated gas, natural gas. The syn@&I/EMSIHISHIP uri ng
.processes to convert such feedstocks to- @i xtures of carbon nonoxi de and
hydrogen are well known and described in "Gasification" by C. H gman and M

van der BUr ghon&k56¥1 8hd S618P68<£ USALi t3BB3, pkoBNs@=%5@6= ZéQ%r%ln%hapter 4

and 5. Preferably, when processing an ash containing feed Iike coal
petroleun1cok%t¢®@ r@f@c@ssgrsapé@tbeﬁﬁalbytaamoﬁeéaﬁanvgedcpmmaqﬂlve

oxi dati on ocess as.for.exa h hel i tlon Process as
described in %%?dmre?g?gﬁ%ﬁ bggﬁgaﬁygFﬁ 8 feéﬁs Sgai P@§F&E&I fraction
of a crude OIbx1a£@10@r§ﬁ@r&@ﬂb@ﬁ@ﬁ@éﬁsl5ft@auae8@oe@@s@@tabx@§ﬂ parti al
oxi dation as for exanple the Shell Gasification Process as for exanple

described in Bé@@e$%¢%réﬁ@ef@éoﬁxamﬁlal§@Scbybﬂéuﬂmcﬁseﬁ 4836831 Parti al

Oxi dation in r ene "o Al 993 Spring
Meet i ng, %P %Fﬁéggﬁé ﬁb%892?5ang?tﬂg $E§k83ﬁ2§§§e§3é9§gg7 gscribed in
PEtF0|6UW1FPVW@%AJGBQBQQQQ rege-30048%406bn wa-prebeunsd cghodi ment the
syngas process is gerforned startlng fron1aﬁgaseous hydr ocar bon feed, nore
preferably aifebhdnedeB8abarnprng Weesd -2804A%r0I6S pﬂéféﬁﬂ@ﬂ?eﬁaﬁﬁﬁal gas.

or apar 6t he M ECP4S0T SRar DGR 00 J006 ) B57B00 BCFEBS008 D578 Sth - Thonoxi de

and hydrogen. + &gi hpblre pyogesspsoaceseef esMaAGptest Ean tefkOPRG.fic
autot hermal steamreform ng, convective
Fischer- Tropsch catalyst and process. The Hy/CO molar

ratio in syngas formed by gasification 1s generally about
or less than 1, and is commonly about 0.3 - 0.6 for coal-
derived syngas, and 0.5 - 0.9 for heavy residue-derived

syngas. It is possible to use such a H3/CO ratic in the

Fischer-Tropsch synthesis, but more satisfactory results

can be achieved by increasing the Ho/CO ratio. This can

be suitably performed by a water gas shift reaction or by
adding hydrogen to the syngas mixture. Preferably the
H>/CO ratio in the syngas stream formed by the

combination of the sub-streams is greater than 1.5,
preferably in the range 1.6-1.9, and more preferably in
the range 1.6-1.8.

The pressure and temperature in step (a} is not
critical so long as the feedstock is flowable. The
pressure generally ranges from between 7 and 30 bar, more
preferably from 11 and 17 bar, and the temperature of
feedstock is generally set from ambient to 300 °C,
preferably from 140 °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

feedrate ranging from 17 to 200 and more preferably from



steamreform ng, catalyzed or non-catalyzed partial oxidation and

conbi nations of said processes. Such processes are for exanple described in
US- A- 4836833 2006fabsbs 759886, EP- A- 772568, US- A-5803724US- ACx9B%8053055079

WO- A- 03036166, WO- A- 2004092060, WO- A- 2004982061, WO A-2004092062 and

WO A-2004092063. I f required the hydrogen to carbon nonoxide nolar ratio as

obtained in e _ab yngas processe i s adapted for the specific

Fi scher - Trops%g Egtgﬁy59 §n8 p 8@@§§°C éWFD/ ﬁnﬂ¥ﬂe #%ﬁ%?)??ﬁ%?ngas
formed by gaspfigahter Es @eRelAnY: oW Se‘?.rtllcﬁ':ss.té ftesgnlaamﬂ d Speopmonly
about 0.3 - 0.6 for coal- derived syngas, and O. for heavy

resi due- derived tshrgaswhereild M@sm@lné:etm;mg@ §lh§h ey GOe ettq:a)t¢d1 t he

Fi scher - Tropsch nt. but r.e s ctory. res Its can be achjeved by
i ncreasing th&* H?%Eb Vabyoco?mg§ o2 (1] %ﬁﬁﬁéngﬁﬁ¥ rﬁﬂftﬁpéiﬁﬁﬁiﬁngas

shift reactioga@r eRY tiagdiERemYHe0Gam ittt fs%c&mgﬁsgfneﬁ@r syrd¥eiegably the
H2/CO ratio in the syngas stream forned by the conblnatlon of the

sub- streans |§ugﬂéaﬁerIﬂh@ﬁelaEbOdGM€m¢nabEyUhﬁtﬂﬁ?d%ﬂgﬁk]ﬁfﬁﬂﬁlﬁ and nore

preferably in the nge 1.6- The re an eratu in_step (a)
is not critiCHFOEEN 5&8 %% e ﬁ@%ﬁ%§%7 ’oﬁal%én%ﬁé} éw% stre
general |y rangeg EEQEhQ@tWQQ%h7pﬁ@%d%%éNEVaﬁayétﬂHﬁﬁd¥EHHdL&dKHﬂél and 17
bar, and the tenperature of feedstock is generally set fromanbient to 300

C, preferabl {racoapns0 l@tQO@ CarRrefsdradls! \arst gy qr)ratsiopert or meelr t homhe

at es ar 6 not °br FEFGAR, LALERGTGN T LB IE ddd v Y dBHIU- &Y ocess

at a feedrat %hrea@gm@gnhte@molﬂ @ 200iard e e erpld V1 f40M state.

We have found that with a feedstock comprising a Fischer-
Tropsch feedstock, it is desirable to fully evaporate the
feed fraction which does not promote coking in the first
stage preheaters, and in addition, maintain a temperature
sufficiently elevated to further evaporate a portion of
the feedstock compounds comprised of fractions which
promcte coking of the tubes in the first stage preheater
and/or the second stage preheater. The coking phenomenon
in the first stage preheater tubes is substantially
diminished by maintaining a wet surface on the walls of
the heating tubes. So long as the heating surfaces are
wetted at a sufficient liquid superficial wvelocity, the
coking of those surfaces is inhibited.

The optimal temperature at which the feedstock is
heated in the first stage preheater cof 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
vapor/liquid separator. In one embodiment of the
invention, the feedstock is heated in the first stage
.preheater to an exit temperature of at least 375 °c, and

more preferably to an exit temperature of at least



WD 2006/ 037506 PCT/ EP2005/ 055079 - 10 25 to 50 tons of feedstock per hour.
‘"The first stage preheater in the convection section is typically a bank of
t ubes, whav@oovsiobmoecontents in the tubes are heated pri IPITVERZOGOSS@OMVecCti ve
‘heat transfer fromthe conbustion gas exijting fromthe radi ant section of

the pyrolysis furnace. In one enbodinment, as the feedstock travels through

the first stag psghe§b one %mbagﬁﬁéh%d E%e exi@mRerature whlc@. r,onot es

ST &lapols
" evapor ation O non-co ractions i'nto a vapor Sstate dnd evap ation of

a portion of feelkngcekr a&bmomﬁel iiesd wapgk @tr@m,at\w lig nmi Ntedigd Ng  the
remai nder of the goking fractions in a liquid state. W have found that

with a feedst®tR cbrpFrefRg2REr sERer eXttofsEReradydoci, tihe ifeafisdiaabl e to
fully evaporate fbg tﬁ%e‘flfr @Cts'tgggwprglﬂeg?%% nat n%rto%rr% (i:%[ié' D%ddhd he

first stage preheaters, ina ion, maintain ate

sufficiently Etevétedahd ﬁUBth@Eeéé&Ebﬂ@tﬁo& poirie QmameODhécfeedstock
conpounds conprised of fractions which pronote cqoking of the tubes |n t he
first stage prehekfeh OgnHFSrt?ﬁée§éééﬁ&Ssﬂ&&étﬂﬁéﬁgaﬁgpveTH@

phenormenon i p;{he fs'tléa fgﬁsé%alﬂéﬁh%@eefneta‘é "r%cin%ss%%%t ac’étrdtp@gé‘cu% ”q OnShed

by maintaining a wet s ce on e heatin g as
t he heating sgaﬁameauadem1WEU&edaataansuhtlam@npdnnnuwiﬂhuMHﬂhenﬁﬂrst

velocity, the coking of those surfaces is inhibited. The optimal
tenperat ure att@BPcRIERE2TE&dsLHER P NOhERCeGHiHT EﬁgtfFﬁéﬁh§té§é*ﬁﬁeheater

of the CO”VECEEQBe QQQeQ%E# dﬁ%ﬁgg 399% R AL YAl QUSROG ¢

conposition, e pr ssure 0 sto in the flrs st age preheé%er
and the perfofeadeeocandiapedat ithe afubelke of the first stage preheater
r'( changes over a continuum, generally rising, as 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
the first stage preheater from the convection zone of the
furnace. At these exit temperatures, a coke promoting
fraction will be evaporated into a gas phase, while
maintaining the remainder of the ccke promoting fraction
in a liquid phase in order to adequately wet the walls of
all heating surfaces. The gas-liquid ratio after
evaporation in step {a) is preferably in the range from
'ir 60/40~-98/2 by weight, more preferably 90/10-95/5, by
weight, in order to maintain a sufficiently wetted tube
wall, minimize coking, and promote increased yields.

In an optional but preferred embodiment cof 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-liquid mixture from the first
stage preheater. In a more preferred embodiment, dilution
gas is added to the feedstock of the first stage
preheater at a point external toc the pyrolysis furnace

for ease of maintaining and replacing equipment.



vapor/liquid separator. In one enbodi mrent of the invention, the feedstock
is heated in the first stage preheater to an exit tenperature of at |east

375 C, andyohwishsmogef erably to an exit tenperature of at pegsi209€bssore
2006/ 037806 PCT/ EP2005/ 055079 - 11 400 & Ln one enmbodi nent, the exit

tenperature of the feedstock fromthe first stage preheater is at |east 415
C. Preferably, the exit tenperature of the feedstock w.thin the first stage

preheater is not mBFeffRInCibed _‘”35?6‘_ €2%and ﬁosgtt_rﬁraé‘f éf?rhltﬂfy hdta nPRRO¥ han
500 C. Each oft Rget eMBeLALWHES JideNtinfied abave din stéqbfﬁedf;sngéﬁea?{@ge

preheater are neasured"as the tenperature the gas-Ii xture attains at
any point wthAhg ghe fiansbe sisage whriekhe gtremotiersc [thi regragheraxi én poft of the
first stage preheater. eco%ni zing that the tenpr?%at re of the , feedstock

i nsi de the tuB8B~GPKLRE AFASTH1SPSgE NGy Ehdstdron Rrf bR Rutif

general |y riskRg, fasdsheck.eadst Gk fliQws Jdy qualy thesd ubes; ypstopthe

tenperature at which it exits the first stage preheater, It Is desirable
t o neasure thmatefrpenangr éhat filloe eeigiimporaf dfhe tfhweddtrastk stlageugn ebleat er

fromthe convection zone of the furnace. At these exit tenperatures, a coke
pronot i ng frgeﬁ’leén \‘i\"/?llelreg’é( é\ﬁp&l”g)teéd 0T w_&'atsteﬁﬁasaé}év% ‘I”egs ni nt ai ni ng
the remai nder 5@t 2th¢ 16@Ke 1RLOMELRG  aeld QY 1 Ut ch [H]é?léééj PPhasg; 1 i poder to
adequately wet the walls of all heating surfaces. e gas-liquid ratio
after evaporatieenm i(sasugptea) siceapr efteridls yWawpaing ramptiamm &0h40e98/ 2

by wei ght, nore Erefera I 90/10'95/t5’ y weight, in order.to maiptain a
sufficiently R&E€8§Pub IR R G n ,ryarﬁﬁsproﬁﬁ)#]en?ﬁ%r% ed

yi el ds. gases, or a vaporized naphtha. Preferably, the dilution
gas is dilution steam, carbon dioxide, hydrogen/carbon
monoxide mixtures, alsc referred to as synthesis gas, a
refinery off gas, a gas-to-liquids plant off-gas, more
preferably a propane comprising off-gas, vaporized
naphtha, or mixtures therecf.

The use of a gas-to-liquids plant off-gas, carbon
dioxide or synthesis gas can be advantageous if the gas-
to-liquids facility and step (c) of the process according
the present invention, e.g. the pyrolysis furnace(s), are
located close enough to benefit from a synergy. In such a
situation even more preferably use is made of the excess
synthesis gas, which is contaminated with carbon dioxide
and/or methane as obtained after performing the Fischer-
Tropsch synthesis reaction. In the cold box of the olefin
process, purified synthesis gas will then be
advantageously obtained, which synthesis gas is available
at sufficient pressure to be further compressed
economically, and recycled to the Fischer-Tropsch
synthesis step of such a combined process, or to the
synthesis gas manufacturing step.

If carbon dioxide is used as dilution gas part of the

carbon dioxide will pe converted to carbon monoxide in



In an optional but preferred enbodi nent of the invention, a feed of
dilution gas may be added to the feedstock in the first stage preheater at
any poi nt Wiy £006/037806 t he exit of the gas-liquid m xture fPEAEMIGSIOTFEE stage
.preheater. In a nore preferred enbodi menti3dilution gas is added to the
feedstock of the first stage preheater at a point external to the pyrolysis

furnace for @aserof BHNERLAKNY ae@eg,eret:@s;' B4 rear BTBRL 4\ s2006/ 037506
PCT/ EP2005/ 055079 - 12 The feeg of dilution gas is a streamwhich is a
vapor at theprefectbdp pepatatatoftrbe thestrstage pféhleaner .in Ahe gas can
be used which pronotes the evaporation of non-coking fractions and a
portion of cokbpgripenct wbhshi ks theateddsprstkeaTheldi logt iokegastiesed al so

assists in naintaiping flow reqgipe of the feedstock thraough,the tubes,
wher eby t he t%bgg’rgh iﬁigg%?eBFOSE Sav8F8§&§% g@ﬁafpppéﬁsﬁﬁﬁm.qgfhnples of

dilution gasesagpéndilukiane istpamfesabufatedystieamtat sickp deMROiTHS ,
met hane, ethane, nitrogen, hydrogen, natural gas, dry gas, refinery off
gases, or a vapoppredcnaphtihaanr 8ydrapey, ishergiflegabdy sgpanased |frdmon

steam carbon_di oxi ydrogen/ carbon _nonexi de.m xtures, also referred to
as synthesis % ,Cﬁggkgaigggyggf% EggFugeggg-Fg-Pﬁﬁﬁﬂdg ﬁpﬁﬁ.W%qq ?’nDre

preferably a @rﬁ@ﬂ&?@r@@@ﬁ[i shig Rfiktgas mugpokl é@@an&@@@bﬁ%&aﬁréﬁ WHES
t hereof. The use of a gas-to-liquids plant offkgas, carbon  di oxi de or
synt hesi s gasteahhBeSxbgaht BGBBLICINIERE §ASP ©F- 18 §disd$ oFddiauitds and step

(c) of the pr cc ] t e inventi on, o L rolysis
furnace(s), a§g88§8§atggg%€ggg g%ogéﬁﬁt§§83%§f|an%&gﬁ&ggg§ﬁ£§&%& %?%ﬁwh a
are the catalytic or non-catalytic partial oxidation,

Nt autothermal steam reforming, traditional steam reforming,
or convective steam reforming or combinations of said
processes.

The invention is thus also directed to a process to
make ethylene and/or propylene from methane by performing
the following steps,

(aa) preparing a mixture of carbon monoxide and
hydrogen from a carbonaceous feedstock, preferably
methane,

(bb) performing a Fischer-Tropsch synthesis step using
the gasecus mixture obtained in step (aa}) to obtain a

Jﬁ Fischer-Tropsch product,

(cc) performing a thermal cracking step on the
Fischer~Tropsch preoduct using a dilution gas in step (a),
comprising the unconverted carbon monoxide and hydrogen
or carbon dioxide or mixtures of said gases,

(dd) isolating a mixture of methane, carbon monoxide
and hydrocgen from the cracked gases obtained in step (cc)
and

(ee) recycling the mixture of methane, carbon monoxide
and hydrogen to step {aa). Preferably step (cc) is

performed according to the process of the invention



situation even nore preferably use is nmade of the excess synthesis gas,
whi ch is contam nated with carbon di oxi de and/or nethane as obtained after
per f or mi ngvo hevssmober - Tropsch synthesis reaction. |n theCwePodosom t he
olefin process, purified synthesis gas-wihl _then be advant ageously
obt ai ned, which synthesis gas is available at sufficient pressure to be

furt her comyr sasedpeeopaiadln, and, repycled L the Fhochero Tr opsch

synt hesi s step 0 "Such a "coibined "‘process, e

manuf act uri nglsepd Iffracarniben «¢i evitdg ried usedagp did uti O Base pawiyof the
carbon dioxide will be converted to carbon nonoxide in WO 2006/ 037806
PCT/ EP2005/ 0558Pdectet3 to e hyifeiaaain varaciid ) vstept gee r icza bban ds ogbde i s

preferably separ fr.ogm rac ff t_ i CQ2_ absorber, which
is |located upglgregtg%%gf ,a%ofetfir}ﬁitu(eéé]r aﬁ%&wn{#,ﬁ%ﬁépo‘%@ﬁeﬂ %:? olclgséargr%%ked gas
conpressor. Theedcasberiditaxinda ifedar efrersafdy (scycled to step (a). The

car bon nonoxi de and hydrogen is preferably separated from the cracked gas
as a mxture of nBhRagEONIEALBEST MPTOGEESE S arf®afatroyen. amhiRred )X ued may be

advant ageousl %m5§?§§“%§s s tgg}é:%%g Sglgpasadrraar}}g ﬁ@%’?r ia”ﬁe S8 ngdgsc’ﬁ%%%%ses

gas-to-liquids such sy manuf acturi ng™ p

are the cat al gairg ier Aentedisaladsddy igaritdral oxi dation, autothernmal steam
reformng, traditional steamreformng, or convective steamreformng or
conbi nati ons of saAhg tFApeassede PHe Ghevehitlidnans darusialxl dimbeiBdto a

process to n%lﬁ%f?tCQ%lnq:netoa'ﬁlq{i%rta&rnODEMeensq:xféfaQrmi@tg"atj"aesggugeétt_gﬁgi. ng the

foll ow ng steps,
With respect to dilution gas, it is preferably added at a

temperature below the temperature of the crude oil
feedstock measured at the injection point to ensure 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 diluticn gas temperatures at
the dilution gas/feedstock junction range from 140 °C

to 260 °C, more preferably from 150 °C to 200 °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 o0il is o
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 crude oil, preferably up to 0.3:1 kg of gas per kg of
crude oil and/or long residue feedstock.

Once the hydrocarbon feedstock has been heated to
produce a gas-liquid mixture, it is withdrawn from the
first stage preheater directly or indirectly to a
vapor/liquid separator as a heated gas-liguid mixture.

The vapor/liguid separator remcves the non-vaporized



(aa) preparing a m xture of carbon nonoxide and hydrogen from a

‘car bonaceous feedstock, preferably nethane, (bb) perforning a

Fi scher - T 2006/087896 hesi s step using the gaseous m xt ur PEHERIABEFSITY St ep
(aa) to obtain a Fischer-Tropsch produetis(<€c) performng a thernma
cracking step on the Fischer-Tropsch product using a dilution gas in step

(a), conprisipgctba e@ceﬁge%éés%@gnwm@ xijde  ane JpedrP or carbon

di oxi de or m xtures of said gases, (dd) isolating a mxture of nethane,
car bon nonoxi depaaatiedydrogenher dmltliye vapackeddggses soltfaitied in step (cc)

and (ee) recycli th Lxt ure of t hane, carbon nonoxide and hydrogen to
step((aé). P¥ FEB%EPﬁESFEEE(EéPonggﬁgﬂ orBd T3 08 ity B% aThe prgcesg of

the i nventi on<¥0.2008403 506, BEFLER200500560 L pary alibr descrd e hgrebef ore.

In such preferred enbodinent the™ liquid fraction as obtained i ep (a) is
preferably sobj actedctaocaahydnodemieesiconopdyoiusererisdtdany stielp yi el di ng

an effluent which may as whol e or,.i.n part be used as additional feed in
Step (a). ThePEBRBFELBHS, TBFoVEDSad LifkAdsCERRE ARG (oat it PN IorBh dront o

for steps (aakoaaecég@) s3he RS dReser Whedeifaliheerydgdt s [desald ptdon.

The tenperature of the dilution gas is at a mninum sufficient to maintain
the streaminod ghseempastabe. anW tther edgmdtist exditl dtheobagasym idf itshe

preferably added at a tenperature below the tenperatyre of the crude oi
Peedst ook’ meaStPed=EeTe nel| i) SOP GRIB0 el VDRCae it Brodict Gases
exit the side of the separator.
The vapor/liquid separator operating temperature is

{ sufficient to maintain the temperature of the gas-liquid

mixture within the range of 375 °C to 520 °C, preferably
within the range of 400 °C to 500 °C. The vapor/liguid
temperature can be adjusted by any means, including
increasing a flow of superheated dilution gas to the gas-
liquid mixture destined for the vapor/liquid separator
and/or by increasing the temperature of the feedstock to
the furnace from external heat exchangers. In a preferred
embodiment, the vapor/liquid separator is used as
described in US-A-6376732, which publication is
incorporated by reference.

o The gaseous vaporized portion of the feed, as fed to
the vapor/liquid separator as a gas-liquid mixture from
the first stage preheater, is preferably and subsequently
fed through a vaporizer mixer in which the vapor mixes
with superheated gas, preferably superheated steam, to
heat the vapocr to a higher temperature. The vapor is
desirably mixed with superheated gas, in order to ensure
that the stream remains in a gaseous state by, lowering
the partial pressure of the hydrocarbons in the vapor.
Since the vapor exiting the vapor/liquid separator is

saturated, the additicn of superheated gas will minimize



any water, which may be the dilution gas itself or may be present as
contam nant in sone of the above referred to dilution gases, does not

condense. Wbigogiamgagr ature is nore preferably 25 C bel owd¢heprigaedsihork
tenperature at the injection point. Typie¢gal _dilution gas tenperatures at
the dilution gas/feedstock junction range’trom 140 Cto 260 C, nore

preferably from 150 C tg 200 C. The pressure of dilution gas is not
particul arly HeEnPPEERtHE ifO T GFemshl {F AT et 1R af 2% i BPect i on

Typical dil uti @R @asaPRSIWRS addaddd tde GAdmpidedd QEOERRLI Y W thin

the range of 6 to 15 bar. It is desirable to add dilution gas into the first
st age preheat gripimgarcameuriti ngp tthe Orspdr Kgipfidaseperatkor of cthade oil
preferably up to 0.3:1 kg of gas per kg of ~crude oil and/or |ong residue

f eedst ock. OnE&LRE ﬁ}@ﬁ%t&ﬂéﬁ??%ﬁ&ﬁt WSS P HRRR €RF t 92 S produce a
gas- 11 qui d MM Xt alares WANGAM, IOy 14101 88308 DEENRALAT ol ectly
or indirectly to'a vapor/liquid separator as a heated gas-liquid m xture.
The vapor/|i qaind Sepandttat lrye rmovEs difsnom vapor i de ds Wik 20061 037 886ove

PCT/ EP2005/ 055079 . - 15 portion of the feedstock, which is wthdrawn and
separat ed frofmPEh&SF R VFapdr DK R FHEMHd Foedh Dok PSHReYEBEr / | i qui d

separator canghe any ; r3SRARMLY +d wéjd{}eﬂ:,%ﬁizcé/f:lrﬁ’ﬁ?elseé)@rélt@émﬁ:érature

centrifuge, or a fractionation device comonly used I n heavy oi
processi ng. Thengdper /fArcquicthsspardt ofC dan @0 cohfigured to accept side
entry feed wherei

Cni LY, eeg ner el by Lhe yopar Sxlis e Lop. oL i, SpreraLer. and, he, Ll qul o
gases to the pyrolysis furnace, again for ease of maintenance.

Any conventional mix nozzle may be used, but it is

preferred to use a mix nozzle as described in

US-A~4498629, which document is fully incorporated herein

by reference,

In case the process is operated on a substantially
Fischer-Tropsch derived feed, some sulphur is preferably
added to the feed. In a preferred embodiment, the sulphur
component, for example DMDS, is added after performing
step (a) and before step (b). This is advantageous
because then no sulphur will be added to the liquid
fraction obtained in step (a). This sulphur free high
boiling Fischer-Tropsch prcduct may be advantageously
recycled to a hydroconversion/hydroisomerisation step of
the gas-to-liguids production facility without said
facility being contaminated by sulphur.

The gas/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 480 °C, more preferably at least 510 °C, most
preferably at least 535 °C. The temperature of the

gas/gas mixture after performing step (b) is preferably

at least 730 °C, more preferably at least 760 °C and most



exit the side of the separator. The vapor/liquid separator operating
tenperature is sufficient to maintain the tenperature of the gas-liquid

m Xt ure ww0h2006/03780¢ ange of 375 C to 520 C, preferably WRCEAPRIOSHESOTHNge of
400 Cto 500 C. The vapor/liquid tenperdtiure can be adjusted by any neans,
including increasing a flow of superheated dilution gas to the gas- |liquid

m xture destifedd oinine,vaposhl Tagi dosgparai or ecandlgy by, ingreasing the
tenperature of the feedstock to the furnace from external heat exchangers.
In a preferrqdelfamdel yepe r foheedapor the gaedosdpatrager pkshaseédrast descri bed
in US-A-6376732, which gublicati?n %@ incorgorgted b¥ éeffrenCE The
gaseous vaporZed HutTi bt OFCT helfelS 38CPRY Pb29EnREFARBFEFr qil'§ separ at or

as a gas-|i ql&é&{j@"—xé Ui Bx £ P8 £188sT ERBbuShagsHeseheat 84, biyStREekerabl y and
subsequently ~fed through a vaporizer mXer in which the vapor mxes wth
super heat ed gmssepriefanabiy sapérhbasedtsoeant tbe fAeapbarhe Yapdheto a

hi gher tenperature., The vapor,is, desirabl i xed ,wi th_superheate S, in
order to ensdteThatt1%e f?%%ﬁ??ﬁné%%sm%%egl83§é86§ @fﬁ?BrSy}slgﬁgﬁﬁng
the partial prasadee®itdhgelydoocanbenseldwt Ber¥mapetatudenge Whe wapor

exiting the vapor/liquid separator is saturated, the addition of
super heat ed gatstiantihi feedsOr200620R¥B062PETAEPR00BLE6850%8e - 16 the

potential for, coking f io in.the v I condense _on i,nner . surfaces
of the unheatstt &% %r%%?gﬁ%i ?%%e%%%ﬁe%$§§8 %§8u5apgﬁ?lﬁﬁﬁ?ﬁdsgﬁgFgfgr to

the second stagesqdeheatesp Hdbtabl e superheated gas tenperatures are not
particulary limted at the %igh end,
Step (c) is preferably performed in the radiant

Lif section of an olefins pyrolysis furnace where the gaseous
hydrocarbons are thermally cracked to olefins and
associated by products. Products of an olefins pyrolysis
furnace include, but are not limited to, ethylene,
propylene, butadiene, benzene, hydrogen, and methane, and
other associated olefinic, paraffinic, and aromatic
products. Ethylene is the predominant product, typically
ranging from 15 to 40 wt%, based on the weight of the
vaporized feedstock. The second important product is
propylene. When reference is made to lower olefins,

ethylene, propylene and Cg-olefins are meant.

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



and is suitably sufficient to provide superheating above the dew point of
the vapor. Generally, the superheated gas is introduced to the vaporizer
m xer at avbes@z@oyre ranging fromabout 450 C to 600 Gecike0éspssotezer
mxer is preferably located externally _tpgthe pyrolysis furnace, again for
ease of maintenance. Any conventional m X nozzle may be used, but it is

preferred to use.a m x nozzle as describ in, US-A-4498629,. which docunent
is fully i ncoPﬁﬁPS?E&rhePE‘énmoﬁﬁ Péﬁgeéﬁg’ Y IShIOHE (e kR OF stBBer at ed

on a substant ighb¥ctkbschensTr epseh deniyved feead, & pgk'f'é i eferably
added to the feed. cIrll a pr eFerred enbodiyvrre(r%t, thersitﬁl phﬁg corr%%i%%,i?or

exanpl e DVDS, compadded afft enepenhngle pgssstrem i ) antbdrefdrspestep {b). This
i s advant ageo because .t hen no syl phur will be added to the l{ﬁféd

fracti on obt aEEEdCPﬁvﬁéﬁoPa)sz?hio SRS R FLeE hilghrnassi 1 | 1y

Fi scher - Tropsghepeeded! oY diteddVaniR0eeuslatt IQEYARd dnfrises a .
hydr oconver si on/ hydr oi soneri sation step of the gas-to-liquids production

facility w thedangsdei gasfsaciubet yabydingg teontcaminrate ddnk s i hphewgh Thiei gas/ gas

m xture as obtained in _ste o further increased.,in tenperature i.n ste
(b;(. uPr ef Zr abltcglle ?ﬁ?ldgﬁpﬁgs(@lﬁpe ; a§’ltl%tr ttie}}‘FZ tt“btlfﬁ)serr%\%r%r?%]%?ép ?b)Io

of 480 C, noreppreteiabby akrbeattinel® pe MStanddd gl aPiohal dgaston3d C
The tenperature of the gas/gas m xture after performng step (b) is

preferably agnbHeastch73@ng mayr dayeefsevayial atoWeast A8 T and nost WO

2006/037806 PCT! ER2008/ 085079, 1 AT RESHRLARLY Bl YRSILT 50 G AN FAE,
stage preheater and in tubes further downstream and
within the vapor/liquid separator, the superficial
velocity of the feedstock flow should be selected to
reduce the residence time of coking fraction vaporized
gases in the tubes. An appropriate superficial velocity
will also promote formation of a thin uniform wetted tube
surface. While higher superficial velocities of feedstock
through the tubes cof the first stage preheater reduce the
rate of coking, there is an optimum range of superficial
velocity for a particular feedstock beyond which the

beneficial rates of coke reduction begin to diminish in

view of the extra energy requirements needed to pump the

-y

feedstock and the sizing requirements of the tubes to
accommodate a higher than optimum velocity range. In
general, feedstock superficial velocity through the tubes
of the first stage preheater in a convection section
ranging from 1.1-2.2 m/s, more preferably from

1.7-2.1 m/s, and most preferably from 1.9-2.1 m/s,
provide optimal results in terms of reducing the coking
phenomenon balance against the cost of the tubes in
furnace and the energy requirements.

The temperature of the product gas mixture in

step (c) is preferably between 750 and 860 °C. This



preferably perforned in the second stage preheater of a pyrolysis furnace.
In the second stage preheater, the gas/gas m xture flows through tubes
heat ed by Wh00pi08E06 gases from the radi ant section of thd®GERATHEISSIM t he
second stage preheater the m xed gas/gas jaxture is fully preheated to near
or just below a tenperature at which substantial feedstock cracking and
associ ated c Y I e - u ur.. . The heated m.xture
is used in s?é%tiéglg§¥g3£53§p§59%rg?@%gép§gpggF§%%ég F% Fﬁe%%gﬂfgﬁg
section of amwtkétnsepyeobysis. f Uheacempbereurbe ogaseays gakydrsocarbons are
thermal |y cracked to olefins and associated by products. Products of an

ol efins pyrol §&ieklyurpdeeefnEpuliBrmMBOELtEr anKoNWRRItEEd TEGCTaOMA dive 2
propyl ene, but adi ene, benzeng, . hyd e d t hane, an ot her associ at ed
ol efi ni c, par%?@?%¥%?u5ﬁdogrBﬁﬁ?%chBr%au3$§¥€§;%®l%%er? UEHed ptRBomi nant
product, typicahbyrafaPgi B8l HOMdank0o#0,Wh %0 RA%A 192 nhe Maisght of the
vapori zed feedstock. The second I nportant product is propylene. en
reference i s emdeangetrowenddbef bpsmeasshylfenegupnopylodie fand iG4r.o0l ef i ns are
meant. The pyrolysis furnace may be any type of conventional olefins

pyrol ysis f ur%%éeéﬁlé%ﬁt Bhef bempebabEtPoaSoredugRer tvobed@wart 4Wei’ghby

ol efins, especially includi a_,tubular, gas cracki furnace., The, t ubes
within the cOnve t?%nazg%éH%Fef%éHgy?éFggpgeFuFﬁgcg%ﬁﬁéeﬁér&ﬁ?&ﬁﬁb&o as a
bank of tubesyinopasgh! el pPrmddits LUbes FBINGR 81T aRgEEnbOr 1hSi gl e pass
of the feedstock through tﬁg Convection.zone. At the rnl t, the feedstock
may be split paodagtseueral sragkedpgsas tisbésrtarrmegphesfred tiomtenehesi ngl e
pass tube through which all the fee?stock fl ows
p ( different products as listed above by well known and
' described processes known to the skilled person.
Example 1
A Fischer-Tropsch wax of which 10 wt% boils above
620 °C was contacted with steam and heated to a
temperature of 480 °C. A steam/hydrocarbon mixture was

obtained wherein the hydrocarbons had the properties as

listed in Table 1.

Liguid Density (d70/4) (g/ml) 0.7397
' Sulphur (wt%) < 0.0010

Initial boiling point (°C) 78

10 wt% (°C) 158

50 wt% (°C) 302

90 wt% (°C) 480

98 wt%(°C) 700

The steam/hydrocarbon mixture was thermally cracked
at a flow of 52 g/h hydrocarbons and at a steam flow of

43,7 N1/h, a pressure of 2.15 bar absolute pressure and



fromthe inlet to the outlet of the first stage WO 2006/ 037806

PCT/ EP2005/ 055079 - 18 preheater, and nore preferably through the whol e of
the conveephougnimae. Preferably, the first stage preheatmrr/kg00069phi sed of
one single pass bank of tubes di sposed jrbotpe convection zone of the
pyrolysis furnace. In this preferred enbodi ment, the convection zone
conprises a single pass tube having two or nore banks through which the
feed flows. WiHEn2egehl banklet heeppgeatiag afr Regegen §08 @oid 8RO °C.
serpentine ty i1 0l - QW d-each bank may have several
rows of tubeéﬁﬁ%gféﬁg? gfg%$ﬁ$%§§§ng§§i%g Fﬁbﬁﬁe3fubes of the first stage
preheat er andCompavbesvé ubkperidennsiream and within the vapor/Iliquid
separator, the superficial velocity of the feedstock flow should be
selected to redu@%amﬁéer%sW%%nE%P?PﬁﬁdoWlEBkPn@aPpé@ﬁiGﬁVGéﬁbﬂﬂ¥%d gases
in the tubes. rrate. rtici ehbocity wll also pronote
formation of %f?%?ﬁpéggf%?n?ﬁggggdi?uggbléu?face. Wi | e hi gher superfici al
vel ocities of feedstock through the tubes of the first stage preheater
reduce the rate of coking, there is an optinumrange of superficial
velocity for a particular feedstock beyond which the beneficial rates of
coke reduction begin to dimnish in view of the extra energy requirenents
needed to punp the feedstock and the sizing requirenments of the tubes to
accommobdat e a hi gher than optimmvelocity range. In general, feedstock
superficial velocity through the tubes of the first stage preheater in a
convection section ranging from1.1-2.2 mls, nore preferably from1l. 7-2.1
ms, and nost preferably from1.9-2.1 m's,




provide optimal results in terns of reducing the coking phenonenon bal ance
agai nst the cost of the tubes in furnace and the energy requirenents. The

t enper at uMEO @06{0BOHr oduct gas mixture in step (c) is prRETERRIBINOSHEOween
750 and 860 C. This WD 2006/ 037806 PCT/-ER2005/ 055079 - 19 latter
tenperature is sonetines referred to as the coil outlet tenperature. The
tenperature of thispogas is quickly reduced to termnate any unwanted
reactions to_a tenperature of bel ow 300 _C. Exanples of reducing the
tenperature jare by neans of well known transfer |line ex¢hangers and/or by
means of a quench—eoH—titting—referablythetenperatute is reduced to
bel ow 440 C |pyehirbaKs (GPO4%1 FGABLer | i ne exchangé}JEHﬁgfurther reduced to
bel ow 240 C o an . gquench_oi I fitting. T produtt gas or cracked
gas is furtWe?ns %%?a?%ﬁffﬁaop§ﬁ89 éi#%erent prggucts as|listed above by
wel | known ng 9§§cr%ﬂed processes known tjo thesgKiTT€d]person. Exanple 1 A
Fi scher-Trops % wax 6f whi ch 10 wt % boils dbove ~ 620 C was contacted with
steam and heai §d, {9 goctenperature of 480 ¢ A sfeanm hydiocar bon m xture was
obt ai ned whefrein t he hydrocarbons had the properties as [listed in Table 1.
Li qui d Densityo (g¢9/ 490/ M) 0.7397 Sul phur (wtPg4 < 0.0010 Initial boiling
point (C) 78 10 wt% (C) 158 50 wt% (C) 302 90 wt % (C) 480

98 wt% (°C) 176
Paraffins (wt%) 61
naphthenics 24
!'( aromatics 14
Olefins 1
Table 3
Feed Example 1 |Example 1 ! Example 1 [Naphtha;
Exp. A
Coil outlet 800 840 860 840
temperature
Hydrogen 0.5 0.7 0.9 0.9
(wt%)
Methane 9.3 i2.6 13.9 14.2
( Ethane 3.6 3.3 3.0 3.3
Ethylene 30.9 35.4 36.6 28.4
Propane 0.7 0.5 0.4 0.4
Propylene 18.5 15.2 12.5 13.0
Cg minus 86 83 B0 72

The results in Table 3 show that excellent yields can
be obtained with the relatively heavy Fischer-Tropsch
synthesis preduct using the process according the

invention. The results also show that with a much heavier



98 wt %4 C) 700 The steam hydrocarbon m xture was thermally cracked at a flow
of 52 g/ h hydrocarbons and at a steamflow of 43.7 NN/h, a pressure of 2.15
bar absol we 2picassssse and WO 2006/ 037806 PCT/ EP2005/ 0550 78cT/EPR05/05801h a
coil outlet tenperature of between 800 angd, 860 C. The results are presented
in Table 3. Conparative Experinment A Exanple 1 was repeated with a naphtha
havi ng the properties as I'bsge:ed in Table 2: WO 2003‘{ 037806 _

PCT/ EP2005/ 055076"eT~510P55R| £289panBREy Pdgbra) vartd) t6 FAes Co it

boi | i ng poi nt %C% 3,10 W % S%l 58 50hWt%)&C) %01 90 W % (.C). 154 98 wmt %

(O 176 ParafF198 Ot 55 BT " "REApACHERIAE VS APdRatiSc§ TP G ns 1 Tabl e
3 Feed Exanple 1 Exanple 1 Exanple 1 Naphtha; Exp. A Coil outlet 800 840

860 840 tenperature Hydrogen 0.5 0.7 0.9 0.9 (W%



Met hane 9.3 12.6 13.9 14.2 Ethane 3.6 3.3 3.0 3.3 Ethylene 30.9 35.4 36.6
28.4 Propane 0.7 0.5 0.4 0.4 Propylene 18.5 15.2 12.5 13.0 C5 mnus 86 83
80 72 The results in Table 3 show that excellent yields can be obtai ned
with the relatively heavy Fischer-Tropsch synthesis product using the
process according the invention. The results also show that with a much
heavi er WO 2006/ 037806 PCT/ EP2005/ 05507923--22 Fi scher-Tropsch feed a much
hi gher yield to the C5 mnus range of compounds is achieved. This is
surprising. - 23 - CLAIM5S 1. A process to nmake et hyl ene and/ or propyl ene

f rom net han&LAEMBpri si ng: (aa) preparing a gaseous mixture of carbon
nonoxi de and hydrogen from net hane; (bb) perform ng a Fischer-Tropsch
synthesis step using the gaseous m xture obtained in step (aa) to obtain a

Fi scher- Tr QPSChApPQQHEES heyi fgkd Sohyidhd QGRVRIY p%EQtleaaw%o%Sﬂ&haA@C)
evaporating in a step (a) part of the Fischer-Tropsc product in the

presence of cemgirietihgm gas conprising the unconverted carbon nonoxi de and
hydr ogen of stzp &bb% and carbon dioxide in a %% and a liquid fractlon and
separating (PAY PFERESFY Rt FORCTTOMEHE M FAAGoRaloRPELERoARSt ur t her
heating the §Ogéﬁckkgﬂ hOtRiL€l evated tenmperature of between 730 and 815C
ina step (b nd subjecting the heated gas fraction to a thermal cracking
step (c) at (abbheppefaimirg a Fischer-Tropsch synthesis step using the

gaseous mixture obtained in step (aa) to obtain a Fischer-
Tropsch product having a 50 wt% recovery point above 250°C;
(cc) evaporating in a step (a) part of the Fischer-Tropsch
product in the presence of a dilution gas comprising the
unconverted carbon moncoxide and hydrogen of step (bb) and
carbon dioxide in a gas and a liquid fraction and separating
the liquid fraction from the remaining gas fraction, further
heating the gas fraction to an elevated temperature of
between 730 and 815°C in a step (b) and subjecting the heated
gas fraction to a thermal cracking step (¢) at a temperature
of between 750 and 860°C to obtain ethylene and/or propylene;
(dd) isolating a mixture of methane, carbon monoxide and
hydrogen from the cracked gasses obtained in step (cc}; and
{(ee) recycling the mixture of methane, carbon monoxide and

hydrogen to step {(aa).

2. A process according to claim 1, wherein carbon dioxide
is separated from the cracked gasses in a CO0O; absorber and

recycled to step {(a) to be used as dilution gas.

3. A process according to claim 1, wherein the 85 wt% of
the Fischer-Tropsch product in step (cc) will vaporize at

350°cC.



of between 750 and 860C to obtain ethylene and/ or propylene; (dd) isolating
a m xture of nethane, carbon nonoxide and hydrogen fromthe cracked gasses
obtained in step (cc); and (ee) recycling the m xture of nethane, carbon
nonoxi de and hydrogen to step (aa). 2. A process according to claima1,
wherein carbon dioxide is separated fromthe cracked gasses in a CO2
absorber and recycled to step (a) to @& used as dilution gas. 3. A process
according to claim1l, wherein the 85 w% of the Fischer-Tropsch product in
step (cc) will vaporize at 350C. - 24 4. A process according to claim]1,
wherein the feedPiretepcqudi@gsdochpinsts whapspheihe fesfrtdatas of a

desalted ,cru oil. 5. A prqcess.accarding.t aiml. wherein evaporation
of - the I KBl G SR A AOTRREeE TRAer ope FEPn Ot G AAE R P Ehe
first stageugsesfeater of a pyrolysis furnace, step (b) is perforned in a

second stage pre-heater of a pyrolysis furnace and step(c) is perforned in
the radi ant section of a pyrolysis furnace. 6. A process according to claim

1, whereip the liquid fraction obtained in ste a) is subjected to a
a1 peonvr St oh/IRRR SIS (HEAgoR o 08 o Lobt AP h STABUHELOm i oh i &
recycled tpesifp{@ridendt B ceaLekngnt 0rchai M Lis Wt Al hdde
Fi scher - r%psﬁﬁhprodhé% has a 50 m?@brecove?y p%#n%ggbgie 290C. 8. E
process atherfingr taradaipnel hashereiof theyietdsieo stepacd a)swedso(lponpri ses a
gas field condensate. .

performed in a second stage pre-heater of a pyrolysis furnace

and step(c) is performed in the radiant section of a pyrolysis

furnace.

6. A process according to claim 1, wherein the ligquid
fraction obtained in step (a) is subjected to a
hydroconversion/hydroisomerisation step to obtain an effluent,

which 1s recycled to step (a).

7. A process according to claim 1, wherein the Fischer-

Tropsch product has a 50 wt% recovery point above 290°C.

8. A process according to claim 1, wherein the feed to step

{a) also comprises a gas field condensate.



