-2 9 JUN 2006 WD 03/062352 PCT/ EP03/00790 METHOD FOR THE PREPA ?@UU@NW@F
LONER OLEFI NES BY STEAM CRACKI NG The present invention relateS“to a nethod

for the WMWRPHIEABIZon of | ower ol efines by steam cracki ng of PGRERE3/00790
hydr ocar bons obt ai ned by Fi scher-Tropsch synthesis in a naphtha designed

st eam oracking { ur naogerfopnet 411B3FREFARATEONCBES oA MAIRES 0 (he

production of heavier hydrocarbons from one or nore. gaseous

hydr ocar bons. Such hydrocar bons nmayBYhETERH CRACKENG 0i | . The present

i nvention relates to the use of such 10 heavy Fi scher-Tropsch hydrocarbons
for the preparation of |ower olefines. For such preparation according to
the invention use is nmade of new'or avail abl e steanlcracking furnace that

‘i s designed for st ki f hth F h
desi gned Tor o pet FBPRRERETRy A VR tHANERE HS0 Sonrth BT P eERE 1 Ehe a mor o

heavy petroleupreﬁEEat&dnfeﬁd1b&@&U%aeEumbsab?ﬂstéﬁﬁﬂbkééXihqwéf nesvyfully
~evaporate in tﬂ ?re h atln egtions of_.th urnace resulting, in, excessive
coke formati onP¥YArogap 8Pé|%?tﬁﬁee§h§ ﬁ%ﬁéﬂﬁf?ﬂﬁﬂﬂ $h Aynthesie-fRater. 20

Al though napht RapReHaFaeshenelr epeah Reavkityiragaidans have different
conposi tions, and dlfferent b0|I|ng poi nt ranges a naphtha desi gned steam

cracki 8y furnace t&RnBE 40883 d76e 2s RFEESSS ﬁ@rQﬁﬁﬁﬁ%Q§QK§9#me%e nor e
heavy Fischerg Iﬁagé%ohy%owab@@% h@ﬁ%ﬁ:‘i‘fwn\é fmeoxﬁheaa .
ﬁ e |nvent|on for

Fi scher - Tropsc rocarbons may be uSed according. tot
t he preparatiogaa&ouéméﬂgbtehwﬁGQCBybgméamSuﬂhmthnpcﬂlths)mmm ki fisednce
I n conp05|t|onagf LQ eavy Fi scher-Tropsch hydrocarbons in conparison to
napht ha, the | Dne? Ie%lnes produced by steam cracking

The present invention relates to the use of such

10 heavy Fischer- Tropsch hydrocarbons for the preparation of
lower olefines. For such preparatlon accordlng to the
invention use is made of new or available steam cracklng
furnace that is designed for steam cracklng of a naphtha
feed. Furnaces which are de51gned for a petroleum derived

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

20 Although naphtha and Fischer-Tropsch heavy hydrocarbons

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

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

30 comprise less aromatic compounds and thus for prbducing



- 30 conprise less aromati ¢ conpounds and thus for producing 2 9 JU %gﬁflﬁ
the same anmount of |ower olefines less feed is required. |In addit4 2006
rel ative to steam cracki ng of naphtha, steam cracking of Fischer-Tropsch
heavy hydrocarbons resulted in an increaseg production of ethene, propene,
butene. and 5 a |l ower production of_h drogi met hane and car bon nonoxi de.
Accordingly, the ﬁeemelmlﬁt‘?oﬂ p?ﬂﬁ%’;?ﬂe giideod esoriesr bﬁeﬁﬁﬂ‘air@ﬁ of

| oner ol efines ethe ufen he
feed conprises heglvy%eqtdlgf ocar Ona o%%af'ﬁe Qémsglﬁs%@h lr%oflpgr(':#“q g%g %'
whi ch Fi scher- Tr epetk iy ds HCRI cher hhrepanhi hietivyl Hydﬂoo&xﬁmm@tresumbeﬂe

150 € and a final, boiling point-of below, 400 % IS are subjected to steam
cracking in a naéﬁtﬁ&(ﬂﬁﬁ{ﬁﬁﬁ?@t@%ﬂ?ucﬁ§°Er8 kFﬁQQQﬁﬂuR%PHQﬂestbﬂhﬁne and

.cracking the Figc C bH bBk HEH% wherein
the furn%be Pre?engﬁﬁl ?%g%? @?ac ?ﬁgaog Fi.scher - ropsé% ie}aea

hydr ocarbons is mmnaxiﬁeuﬂ |n a conventi onal naphtha desi gned steam

cracki ng furnace conprises,a 20 co vection z i,ded a first preheatlng'
zone in which the E%?e‘rdlﬁ cht %eﬂr?§eﬂgai"3 en 1?&@%?%%?1%&%‘5*— h9dne

in, which the hegpgd tﬁéfgteépa'@@f&h &‘fdieﬁékbel‘léf%%s haalsb | r%fégﬁ e an

presence of steamto for m xture i quid and gaseous Frsc r opsc
hydr ocar bons;" anbu&eﬂkfhuxﬁteﬁmu¢1@phbme.|ﬁhamech the liquid and gaseous

whi ch (48 ghseous’ SUSHE HERGE REtes Frbnd-nyRpReBenebin bRl
cracked into thephgwﬁerQﬁﬁngﬁ;s*ﬁEﬁE31§r09BEEhaBﬂSEWE¥¥ErQ§E&@r the
purposes of this &ﬁ??ggéﬂléirﬁﬁée égwgnltlal boiling point of above
150 °C and a final boiling point of below 400 °C, is are
_subjected to steam cracking in a naphtha designed steam
15 . cracking furnace for steam cracking the Fischer-Tropsch
hydrocarbons into the lower olefines. wherein the furnace
‘ Prsferably} the steam cracking of_Fisoher—Tropsch
heavy hydrocarbons is carried out in a_convsntional_
naphtha designed steam cracking furnace comprises a
20 . convection zone provided a first preheating zone in which
the.Fischer—Tropsch feed is heated, a second preheating
zone in which the heated Fischer-Tropsch hydrocarhons are
heated in the presence of steam to form a mixture of
liquid and gaseous Flscher~Tropsch hydrocarbons. and a
25 super heatlng zone in which the ligquid and gaseous
Fischer;Tropsch hydrocarbons are super ‘heated;. and a
cracking zone in which the gaseous super heatod'Fischer-
Tropsch hydrocarbons are steam cracked into the lower
olefines ethene, propene and butene. .
30 .For the purposes of this invention a petroleum

derived naphtha is defined as the fraction starting at Cg

to a final boiling point of between 170-230 °C



.derived naphtha is defined as the fraction starting at C5 to a final

boi I'i ng point of between 170-230 C 2 9 JUN 2006 - 2a The initi ?o ?Uﬂjmﬁ nal
boi I.i ng point of naphtha are Ilower than the initial and final ? I'ng point
-of the heavy Fischer-Tropsch hydrocarbons.2ghis may have as an effect that
the feed to the second preheating tone,is_not gas but is still a mxture

, .D.a
of gas and |iquid. WOhE3AmEIdmsl —ard §1’933]URI°2366‘9 PeRHEPeH Orypbtianarsl |y,
.the feed for the n re ing: :1.5.8S : %\Liquid
Fi scher-Tropsch lﬁsgrgogggﬁoﬁ% Pl:}gjféir)ggl ?/ﬁtaglﬁg'h ge§°§??pé$§g%§852%ft %'&é‘ﬁ 25
W . % or nore preheaalyl Filsedeet+Eroddcmt hytkogartbonski My -Mapphake as an-

hydr ocar bons. Leavi ng the secqond _preheati step the Fischer-Tropsch

hydr ocar bons ar e®Xg&Ré&r él?’la} ithe h%e%%stﬁhﬁgg. secppd BrEN83IRY EABEhdav ot
"Fi scher -Eropsch _h o] b |4S: CAry i i Rt pr. : st eam and
10 opti o%al ly i nat ﬁg%p%g;te%g go l;% |trﬁg}r{lgﬁigi IBt:JEt iegr? gﬁr@@%%fy, t he

wei ght ratio of steamto.Fischer-Tropsch hydrocarbons is 0.4-0.8,
preferably 0.5-0.75, nore preferably 0.60-0.70. Generally, the

Fi scher-Tropsch hydrocarbons used as a 15 feed for steamcracking in the
napht ha desi gned steam cracking furnace have an initial boiling point of
above 100 C, preferably above 150 C, nore preferably above 200 C, and a
final boiling point of below 400 C, preferably below 380 C, nore preferably.
bel ow 360 C. 20 Generally, these Fischer-Tropsch heavy hydrocarbons -



~conprise n-paraffines nore than 75 w. % and preferably nore thaggB NVR06%0
r

These n-paraffines have generally a carbon nunber of 5-25, preférably of -
7-23, nor eWSr 062388l y of 10-20. 25 . The Fischer-Tropsch hy®CIERBBHIVt 0 be

‘used as a feed according to the inventioﬁ‘ﬁhy'be directly obtained by the

Fi scher-Tropsch synthesis or indirectly after further treatnent. Such a
treatment my ceemeraklyyatheofiekd fibst thleatseaonaf predrestaimbpnsors i gi nat i ng
fromthe 30 Fischer-Irops sypthesis. Queh.fractianal .distillation may be
carries out at TEMETAT rggsgfghﬁg-égow f% &F@P&FQ%&f%ﬂe§£§fgﬁﬁFQ; and nore
preferably at RPOrS6Hrkondn Pri€erapbdiyr ehtise fieetbiompacisdy diess creki ng of
Fi scher-Tropsch, hydrogcarbons, or by thermal 35 crackiing qf Fischer-Tropsch
hydr ocar bons, V\ﬁ'l? e d?B_IZ‘O@eJPJR_PgBSEgb@ é@F@Gf@@? ﬁ%?’/"%P&S/W 4
cracking or thepi®tnhér 2ekbpschl RybdechBoR8aVY.eBhvIgle thel ls@ssiy hydr ocar bons
as described above. It is a preferred characteristi¢c of the heavy

Fi scher - Tr opscHP¥§RRIeRBoPEEPhERet R §ChrE~E3opschahmdnoaarhonss "ar®mat i ¢

conpounds, nitr £P1Pr 181 fHeCQEROPALSe .and sul phur conpri sing conpounds.
The Fi scher-Tropsch heavy hydrocarbons to be used according to the _
invention as a feedh®rcraekingrafkthg heavy Fasehez-Jag st eam cracki ng

Tropach synt ool B EERarS Tropcartiet Ruf) aCFrelPEoaiioRty (dbderl ™"
known pPocess. eptidmallychertherppestnsenchlicaddithonaladiilvgimmt egdsl is a
hydrocarbonace%ﬁ%éfgig,Jéh;*w@bgﬁ{093{98n3§egg§a&e%g~%qgeﬂggLff%gg% ane, -
hydrocarbons is 0.4-0.8, preferably 0.5-0.75, more
) preferably 0.60-0.70.
Generally, the Fischer-Tropsch hydrocarbons used as a
15 - feed for steam cracking in the naphtha designed steam
'cracking'furnace have an initial boiling point oflabove
100 °C, preferably above 150 °C, more preferably above
200 °C, and a final boiling point of below 400 °C,
‘ preférably below 380_°C; more preferably below 360 °C.
20 Generally, these Fischer-Tropsch heavy hydrocarbons
comprise n-paraffines more than 75 wt.$% and preferably
more than 80 wt.%. These n-paraffines have generally a
carbon number of 5-25, preferably of 7-23, more
preferably of 10-20. |
25 . The Fischer-Tropsch hydrocarbons to be used as a feed
according to the invention may be directly obtained by
the Fischer-Tropsch synthesis or indirectly after further
treatment. Such a treatment may comprise fractional
distiilation of hydrocarbons origiﬁating from the
30 Fischer-Tropsch synthesis. Such fractional distillation
may be carries out at temperatures of 100-380 °C,
" preferably at 150-370 °C, and more preferably at
200-360 °C. An other pretreatment comprises hydro
cracking of Fischer-Tropsch hydrocarbons, or by thermal
35 cracking of Fischer—Tropsch hydrocarbons, which hydro



natural gas, associated gas or a mxture of Cl-4 hydrocarbons. EE f@ﬁﬂm
conprises mainly, i.e. nore than 90 v/v% especially nore than 9 ,QJ b
hydr ocar bonweQ 03/e62psci al |y conprises at |east 60 v/v percent PET/EPO®90780
preferably at |least 75 percent, nore preferaBly 90 percent. Very suitably
natural gas or associated gas is used. Suitably, any sul phur in the

- feedstock is repReRdngThe RAHdrn]l Vdseking Pfothis Hmerﬁea'ir@:orn‘asfcﬁ%%- 25
produci ng m xtures of espeC|aII carbon nonoxide and hydrogen, can take

pl ace accordi ngTEBP&R bysx arsheRP (fetestead Fhe¥e.processes include

the Shell Gasificalien;sPaoehitTerk cOBHANEDAYPsEYE Y ehel Reaylr OCess can
be found in the G| and Gas Journal, Septenber 6, 1971, 30 pp 86-90. The

oxygen contaln|ﬁgSghsrrgnﬁpsqhxhndﬂQﬂaEP%mbuthat they pgscesse@ﬁlai}gen) ,
oxygen @i chedgall, GRULLARIAL: QA AL, UL Or J0cREESRBL 1 oTheoURREARLIA |
ygen or

pure air, contalnlng t eas 5 VO _
oxygen enrlchedaadrsuaphur|mampnxaingz£mmgmun¢sc 2 9 JUN 2006 WD 03/062352

based process, o. g. [PReTAPoDEas TEHHRE MY My HEPeAFBReste8 R Borre,

provi des the powecoi:dlingr itol t@eatinverasiorores aa rfeedpfessoteam &elaarkah@r of

the air 5 conpression/s ratj ng uni To adjust. the H2/COratio in the
syngas, carbgﬁ BlBXPBngﬁ gﬁ&ﬁ#rﬁﬁ?%ﬂa PR T oS eBUF ARG St 8rp§B?im

oxi dat ijgn proce §odeeﬁehablfy ldiwelr0 cibivid s)1ea B@SpEo@iceNEnagO M chkr -
syngas, preferably up to 8%volune, nore 10 preferable up to 4% vol une, of
ei ther carbon dFBRPaghgsynthesis. Flscher -Tropsch synthe51s of
hydrocarbons is a well known process. In the Fischer-
Tropsch'synthesis the starting material is a
hydrocarbonacéous feed.
15 The hydrocarbonaceous feed suitably is methane,

natural gas, associated gas or a mixture of Cj_g4

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

90 v/v%, especially more than 9%4%, Cj.4 hydrocarbons,

_ especially comprises at least 60 v/v percent methane,

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

The partial oxidation of this hydrocarbons feed,

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

30 pp 86-90.

' The oxygen contéining gas is air (containing about
21_#01. percent of oxygen), oxygen enriched air, suitably |
containing up to 70 percent, or substantially pure air;
containing typically at least 95 vol.% oxygen. Oxygen or -

35 oxygen enriched air may be produced via cryogenic



be used to _generate the steam As a suitable carbon dioxide_sour

di oxi de fr O¥ROPME3B% 1| uent gasses of the egp%n_gi ng/ conbust i oRCEEREIAN 15 be
used. The H2/CO ratio of the syngas is suitably between 1.5 and 2.3,
preferably between 1.8 and 2.1. If desired, (small) additional anmounts of
hydrogen may beteghid dvgset &ath M \Heha kg dravirnpdyred epybd ymembransdi nat i on
with the water [ [ |QN. P gTFg)' _ ar pon di oxi de
produced t oget hgrgls\t/a\nht E%?%tglsgﬁygﬁ%eﬁtq{rm oe‘%isse | ??ﬁéﬁgﬁgoégr bon
synthesis reacWPoA3d060ddyciTde twileyr eusvides cthd@oweéti foendyiving at
Addi ti onal hydr f ur E§¥ | T r t age of

hydr ocar bonaceogggg‘ecrergg%higgﬁlr ic% %;%ﬁgfgféﬁ#%%%eﬁ?fs és1t%“gr‘-of t he
process 50f the conpeesisdon/sepairtating 30+139% by wei ght and preferably

80-98% by wei ght, re_preferabl y 85-96% hy. wei ght,. The gaseous 'xture[
conpri si ng predoniggﬁtP Y sdiﬁﬁgﬁzl rﬁﬁﬁ%ﬁbﬂﬁg&ﬁfzﬁxpéhﬁ1dﬁ%¥g§nnitrogem
is 30 contactediw, th.a i I ty e yid eLsi t age,
i h whi ch the hydiSekpgoand/e20 et <l HatT ke Rrftioditied Hnde SO Charefat
syngas i s cont ackédadiion priecesst-alRrsaifenatdieram|to k5% ceslum®dbasedeon

preferably at S stigl | pr ll.. t.h -2 UN
D006 VIO 03/ 062355°. Egggﬂ&}’ﬁpﬁﬁ@%o ﬁ?eﬁ‘gﬂl%@s‘i% éﬁeﬁyﬁgf‘%’}‘ét h’égrg
cat al yflioc convepsebrreblet he riox#édr oodamp,i sihegiblngsrbon dhokbde nonoxi de
are known in the art.and ar ual | ferr to0.as Fischer- -Tropsch

cat al ysts. Cat af y§FE Fﬁraegg%i#%t%@eﬁﬁégﬁgr“%%er pf%é;ceg in the

- hydrocarbon synthesis may be used to generate the steam.

) As a suitable carbon dioxide source, ca:bon dioxide from
the effluent gasses of the expanding/combustion step may
15 be used. The H,/CO ratio of the syngas is suitably

between 1.5 and 2.3, preferably between 1.8 and 2.1. If
desired, (small) additional amounts of hydrogen may be
made by steam methane reforming, preferably in |
_ combination with the water shift reaction. Any carbon
20 monoxide and carbon dioxide produced together with the
hydrogen may be used in the hydrocarbon synthesis
reaction or recycled to increase the carbon effiéiency.
Additional hydrogen manufacture may be an option.
The percentage of hydrocarbonaceous feed which is
25 . converted in the first step of the'process of the
invention is suitably 50-99% by weight and preferably
80-98% by weight, more preferably 85-%6% by weight.
The gaseous mixture, comprising predoﬁinantly'
hydrogen, carbon monoxide and optionally nitrogen, is
30 contacted with a suitable catalyst in the catalytic
conversion stage, in which the hydrocarbons are formed.
Suitably at least 70 v/v% of the syngas is contacted with
the catalyst, preferably at least 80%, more preferably at
least 90, still more preferably all the syngas. '



5 Tropsch hydrocarbon synthesis process frequently . conprise, a%gtJ# 7006
catalytically active conponent, a netal from Goup VIII of the Periodic
Tabl e of Elwomsis23szParticul ar catal ytically active netal s i rRITER300790
ruthenium iron, cobalt and nickel. Cobalt~i® a preferred 10 catalytically
active nmetal. The catalytically active netal is preferably supported on a

porous carrier. The PREOgstEAVELS uERd ie A eHeddtLNyEny @5nw£s§&ht@?| e
refractory netal oxides or silicates or conbinations thereof known in the

art. 15 Particul BhecRb¥PrES SPMPrdFdNGedYSHANRD ARG | GALPPMmANRexide | L],
al um na, titaniCynghfCOR heC8itaandPlare® k11 4&@&&@6{@% PopeRLALl Y

silica and titania. The anpunt of catalytlcalg%kactlve nmetal on the carrier
is preferably i nTrmSQ:hngetéﬁ-YStém Tatelyst pfieparseGin dheblii sthearri er

mat er i aI nor e p.ff{jé% MX%%%}%gc’}'onﬂéQh%\qs %'ﬁrécﬁ@%@%to 60 pbw.

| de5|red the ca rise one"or nore
oxi des as prormteomprmetablsethet'alatadyrtde:arirl@rrmcmmemoummeh'epted‘nétm]:n

Goups IlA 11IB d_ vl f P r| e nts, or
the actinides ﬂgrﬁ %?E%Fn 529 P¥ Eggt i tce%ﬁ.gr OXI es gqt% ek-ﬁfgg'%%é?

cal cium stronti Emtbamlalm catabgitir iyt sictrive metadlanumchede met}herhmrhum
zi rconi um hafnlu t hor ur.ani,um .va i chrom um and nganese are
nmost 30 suitable ’g%’b'rm?%}i’@ PaPH; Bdrkety %Pg\a;@ré& ifet r% émprom)t ers
for theigatal ystcatsglyt Dcpiepanettie waxad.for wuse in the present invention
are manganese and zirconi um _oxide, .Suitahl e netal pronoters be sel ected

from Goups VIIB or TR | $abRlYRiCRALY0BFELTRHMET 3R il RRSHRE X5 oup V1|
noble netal s arespgpdi€sliabhyaspbiralsecathliy 1ThBNAUE carrier may be

selected from any of the suitable refractory metal oxides
or silicates or combinations thereof known in the art.

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

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

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

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

25 | IVB, VB and VIB of the Periodic Table of Elements, or the
actinides and lanthanides. In particular, oxides of
magnesium, calcium, strontium, barium, scandium, yttrium.
1anthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium, chromium and manganese are most

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

35 Group VIII noble metals are particularly suitable, with



WQ 03/ 062352 PCT/ EPO3/ 00790 - 7 platinumand pal | adi um bei ng esp _F;Nlmﬁ
preferred. The anount of pronoter present in the catalyst |s Sy

the range BQ43/%2%. 01 to 100 pbw, preferably 0.1 to 40, ﬁg’r“’ﬁbl y 1
to 20 pbw, per 100 pbw of carrier. 5 The catalytlcally actlve netal and the
pronmoter, if present, nmay be dep05|ted on the carrier material by any

sui tabl e treatm&ﬂtl%%mha%g PApiLeghum BRinghesperdaddy poafamnssh. ?ﬁ%er
deposi tion of tlo lfse% abs Hombieragpégema&% tfhfée A %rxgisecr i SNE A

material, the. ded carrier is glca y subjected to cal ci natidn at a
tenperature of Heerangs @foﬁfglsoot-m? 0 QOOpP@f-Ver@me}f&EabﬂeﬂT&ﬂatﬁn eAdn the

range of fron14§9r S?Pé g% gel ggfgg BL tB%écqbgl S|t is to

renove crystal ose vol tlre conpo |t|on pro uct's and 15
to convBrt or gam c Bhel q:mbayymcakbypeqhdset metladi andr édiee pirior®ted,ddast

el cor ™ sbiesdE, AR b Genf Rl b bo R ftS A OB

t enper at ures ofmﬁhﬂﬂblé%ré@tﬁéﬁtp sd6hThs dmpabgﬂatlmnvmamiw @rss my

be perforned r_conven nal nthesis ¢ i on noQ he art.

Typi cal |y, tfme%é%%ﬁ@&?% c%hgﬁFs98 oﬁﬁ 188 ggfng iPﬁ ¥$% rature in the

][ange of from Hibiepflik &, ﬁllaefpfailabyefram iﬁef Tc@r&%@rcmalf:éfﬂaﬂrefte{éibly
rom 180 25 tq 27 |cal ,tota sure or the cat ytlc conver si on

procesilar e in%tcr?eé)ﬁcgn@# SFr b 1YPEERBIYHIHDISESSute LTI

from 10 to 70 RaimpdsotwEe. of NgehBLalayakybinC 36ONLRN Fi50N °RY, 0¢reTFRIKY 4 at

| east 70 wt % preferably 90 wt % of C5+ hydrocarbons are forned 30

Preferably, a MeRRFatnepsth thearyaeei eTufeam WRlcko vo0 € -sTh& ant i al
quantities of noff@dt (3P0 RESLaiEPnation treatment is to remove crystal

water, to decompose volatile decomposition products ana

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

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

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

25 to 270 °C. Typical toéotal pressures for the catalytic
conversion process are in the range of from 1 to 200 bar
absolute, more preferably from 10 to 70 bar absolute. In
the catalytic conversion process mainly (at least 70 wts,
preferably 90 wt% of Cg+ hydrocarbons are formed.

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

35 most suitable catalyst for this purpose is a cobalt-



paraffins, nore preferably substantially normal paraffins. A partéquyfmml
above the boiling point range of heavy hydrocarbons to nornally g

hydr ocar boneo 0%%0&3520st suitabl e catal yst for this purpose i BCWEPOdRO790 | WO
03/062352 - 8 2 9 JUN 2006 PCT/ EP03/ 00790 8omtai ni ng Fi scher-Tropsch
catal yst. The term heavy hydrocarbons as used herein, is a reference to

hydr ocar bon ni xtaorfs iofinghi Kits ¢ er-0Di bp $igh Poa Da 17887 TheO LeeH) diedsyy
substantial ly tﬁﬁ} at of kerosene %?gwgas,oil_S fractions obtained in a
conventional at rbonf A% Yk BFRr uti@ ﬂiﬁ@?ﬁFeBFP.tﬁhe bo!Iing
poi nt range of HyieRd1edn el 10Ead beensh{ah S@héabbﬂiﬂ?déb&ntd'x%%'glé at es)
generally lies within the range of about 100-380 C,_ preferably 200-370 C,

nore pref er abl y SRFTESROIGE GU T 5ehby - U9 opReh R§dkeEarESss 2gehara Iail
C4- C100,g  pref erﬂ@dﬁi@ﬁs&%&éﬁ’ﬂ{&fqﬁ% onPERBY bah QFilngsE%'x%%g%r - Tropsch

hydrocarbons are suitably C5_25 hydrocarbons, especially C/_
hydr ocar bons, noiistdddadiisn oIl s=xide Juingxebcat bonTheoboiilingr pointter eof .

These hydrocar or. Ar, xt | e Ratyu t ween
5 and 30°C (1 barrosesfecrads het W drafiip b ihe fo1sb ERTIR hiBdY
pa:ﬁffin:cfpf mﬁm&ddlaﬂdiki?qnanaxmyv&ies;wiﬁhiabtyeupangelﬁgwa%pumftﬁo
ei ther ol efines .or enat e pLesent, n on t he
catal yst and thg‘%rgr_%ﬁgsr&goﬁﬁetcﬁ)egrnpa}%t}gm%/%pﬁheéﬁ @8&3rp$§§§8w§eact i on,
nor mal 13y0 gaseoug 50kB@&00Car.bons; nornmally |iquid hydrocarbons and optionally

normally solid hydrgear Bone vl R hydtod SrBoRt ChéRerally cq-cqg0,

preferably Cq-Cs5g hydrocarbons. Normally liquid Fischer-
Tropsch hydrocarbons are suitably Cg-_2g5 hydrocérbons,
especially C7-23 hydrocarbons, more especially

15 C1p-~20 hydrocarbons, or mixtures thereof. These

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

35 of hydrogen with a catalyst containing one or more metals



25 to obtain a large fraction ofnormally solid hydrocarbons. These solid
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metals WQ 03/ 062351yst® CRODIEROISY MEAFDL $a56kectsdr byemaGroupacViBi epd and

sup-ported on a rrigeles. S i ys |
cat al yst o compr 1At Rg et s Tea Sens Ao BL Bt P et PEREG, the |
Peri odi & Tabl e bfydEoerantks.ngPrefterlatsits adreta:bn hymie oor apkregnokiel metals

contain one or re naobl e. I f aup M 11 . Preferred,npble netals
are platinum ggf’f“a&r‘&#rﬂp r"ﬁ?ﬁ?u%rer{ﬁox{?e% Lﬂ‘éb}?ilﬁ?'fﬁ‘ri%n%lr%sﬁ?‘ﬁ DRBst
preferred cafa{pau&aﬁd?guiﬁhddimheihy?ﬂnﬂ?h?mf!i@%?im@e?n@r@sm?a?e Most t
conprising platinum, noun catal ytica ctive a resent in
the. hydr ocr acki RECEEEREFS CRFAIYeH Tk MIF s HYEosTRe KRG pPERRPy i n
t he range of frg&baawwséld&ﬁgyagﬂwyﬂplgiﬂﬁﬁjs-by wei ght per 100 parts by
wei ght of the carrier material. 15 Suitable conditjons for_the catalytic

hydrocridtking are EREwAMONDELSfacat 1GAIY AHE ¥R dPReF hRFRgENE 1n
effected at a t gHRERGUHR daR KRG 'CARGA Yt IXOM BbPYty 1t/19in 101 4001 Emi E¥PI cal
hydr ogen partial preSsures applied in '
and is typically in the range of from about 0.05 to about
i 5 parts by weight‘per 100 pérts by weight of the carrier
) material. , , ‘

15 Suitable conditions for the éatalytic hydrocracking
are known iﬁ the art. Typically, the hydrocracking is
effected at_a.temperature in the range of from about 175
to 400 °C. Typical hydrogen partial pressures applied in
the hydrocracking process are in the range of from 10 to

20 250 bar.

' ' The ﬁrocess may be operated in a singie pass mode
("once through")} or in a recycle mode. The process may be
carried out in one or more reactors, either parallel or
in series. In the-case'of small hydro-carbonaceous '

25 feedstock streams, the preference will be to use only one
reactor. Slurry bed reactors, ebulliating bed reactors
and fixed bed reactors may be used, the fixed bed reactor
being the preferred option.

The production of lower olefines, in particular:

30 ethene and propene, is in general achieved by pyrolyzing

the heavy Fischer-Tropsch hydrocarbons. '

Pyrolysis is also called steam cracking and comprises
thermal cracking of these hydrocarbons in the presence of
steam and if desired a dilution gas. The process

35 comprises a convection zone, a cracking zone, a cooling
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feed is heated iFTHEH 1935t 1Pr 8RRAt FRgTPEnESCERY &L E o AL udded t o
the feed before thavaghthe dfvatlages)designed 6bxf eedaanthg & Indpthyatedd -
sent to the secon a furnace§ desi gned for treating

heat i ) th
S o ha feed AP IRIE B | T fRe napbPREARs FFE0aRET 2080 ALY {1Ae 30

first prgheatingizaite geredtingcesndeshgnedutnacksgllesilberd o gy feed

have a higher initial boilin oi nt
g - feed as a heé%ﬁ feed have a higher initial boiling point

than light feed and the main aim of the first preheating
zone is vapourizing the feed and heating the feed.
A furnace designed for treating gaseous feed, will
15 have a smaller heat transfer surface area in the first
preheating zone than a furnace designed for liquid feed
as a gaseous feed does not need to be vapourized. It is
to be understood that the'scope of the steam cracking
process may include any number and types of process steps
20 between each described process step or between a
| described source and destination within a process step.
Usuélly and preferably, all product of a process step
will be subjected to the next process step. However, it
is possible to send only part of the product of a process
25 step to the next process step. ' |
.Feed can be introduced into the process at further
inlets besides the standard inlet and the inlet where
feed is introduced together with steam and/or dilution
gas. However, it is preferred to introduce feed only at
30 the standard inlet of the convection zone and further
‘feed together with steam and/or dilution gas.
Dilution gas can be added at a single inlet, or can
be added via several inlets. However, it is preferred to

add dilution gas at a single inlet.
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heated. After the first preheating zone, steam and
opticnally dilution gas is added to the feed and the’
mixture obtained can be heated further in the second
preheaping zone to a temperature just below the
temperature at which cracking starts to occur. Thé-
temperature'of the product obtained from the convection
zone will usually be of from 400 to 800 °C, depending
upon the feed, more specifically of from 450 to 750 °C.
The pyrolysis furnace may be any type of conventional
olefines pyrolysis furnace designed for pyrolizing heavy
feed and operated for production of lower boiling
producté.such as olefines, especially including a tubular
steam cracking furnace. The tubes within the convection
zone of the pyrolysis furnace may be arranged aé a bank
of tubes in parallel, or the.tubes may be arfanged for a
single pass of the feedstock through the convection zone.

Within each bank, the tubes may arranged in a coil or

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

Dilution gas can be

preferably, all product

S



The convection zone generally conprises a first preheating zonezgpg aw
second preheating zone between 10 which is |located an inlet for g gnd
optional | y wiolesoezas2zgas. In the first preheag' ng zone, the f REIERIIONTEL ed.
After the first preheating zone, steam and™ Etronally dilution gas is added
to the feed and the' m xture obtained can be heated further in the second
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cracking starts Qccur . e ratur f. t roquct. obtained fromthe
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f
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inlet to the ou I rst Stage preheater. efera I'rs
and/ or 3$@cond pra®@afCng zone of the convection zone conprise a multiple

T B RRChorhd B PR SSsbRBY st R AT Ok edd 84 prdhes e
nore than one tube.thl fipse paebeating zone will depend upon the

pressure of the feed, and the performance and operation

of the remainder of the process. The product of the first

15 preheating zone will generally have an exit temperature

_of'at least 150 °C such as 195 °C. The upper range on the
temperature of the feed in the first preheating zone is
limited to the point at which the stability of the feed
is impaired. At a certain temperature, the coking

20 - propensity of the feed increases. This temperature limit
would apply to both the first and the second preheating
zone and all tubes in these zones. Preferably, the exit
temperature of thé feed within the first preheating zone
ié not more than 520 °C, and most preferaply not more

25 than 500 °C. '

The heating elements in the first and second
preheating zone in the convection zone is typically a
bank of tubes, wherein the contents in the tubes are
heated primarily by convective heat- transfer from the.

30 combustion gas exiting from the cracking zone of the
pyrolysis furnace, so~called flue gas. However, different
heating elements can be used as well. |

The pressure within the first and second preheating

zone is not particularly limited. The pressure is



tubul ar reactors often contain tubes having connections at thei gm@ﬁmﬁ
| eadi ng feeg f@pn1 he one tube to the next tube until the fggg ' 007
sufficientl OAYB%3P t o be mixed 5 with di I_ut'é)n_gas and be p EEYH e
second preheating zone, or to be sent to the cracking zone. The pressure
and tenperature at which the feed is fed to_the inlet of the first
preheating zone 9anefllyx vithin 213ange) ey fRrem: Anper dduPaIwi MPIBe of from

0 to 10 300 C.'Qg¥é¥§g¥$ﬂofeﬂpﬁﬁaSUf§ {9 Mhich the feed is heated in the
first preheating’zone W depend upon the pressure of the feed, and the

performance and operldt itde wrogess refuthecpresepheiprention prstpoddide of

the first 15 pr eheaty i, £a0S Mdhs UBELPhLY BPVR1 BBnBELEbEURRr ALige <O, at

‘| east 150 C such as e upper range on't nperature 0O
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of the feed s, | red. At ai eppe cQki . £2 .
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Preferably, the exit,, t ts he feed within the first heati
Cone. 1S hot moro | FEFE0HAS SEGHES B cre? abPy ROE-r 6008  RBR Sog8nC,

The "heati ng el emRntdorien prefdrdtsly aivil secoefior@r eheakedgndopeeheatiifig
convection zone is ty ﬂc%{ly a bank of tubes the contents in the

wher ej,
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conbustion gas exdfie¥adTwaddi dRcki peirenexeérhle wrehusbgr&mw@@e,
so-called flue gas. However, different heating elements can be used as
vel |. The pressdiENA%eiGPY IR2SS et BN sERHId pPRAREPHEC1BENEIPIPASAE -

partjiicul arly |imteenhelRE RIOTH I 'Fad Sis a vapour at the injection point
into the convection zone. Examples of dilution gases. are

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

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

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

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

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

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

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

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

35 50 wt.% liquid Fischer-Tropsch hydrocarbons. Preferably
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of from4 to 21 bar, nore preferably of from5 to 13 bar. In thel HU¥HE of
t he presenwonwessson part of the heavy hydrocarbons obt ai n@@THP03/00790

Fi scher-Tropsch synthesis 5 as the feed i—s liéntToduced via the standard feed
inlet of the convection zone, and if desired part of the feed is introduced

further downstream imdrieh@ N\ w10/ ZQisst S €8T 883y fiotdfiedet @niahe
convection zone., This can _be done preferably in or before the second

preheating 10 28n®tft (hbsombfedii® PRy RYHRS2HI NGt 7BRegSEN be heated

preferably addegyatpa v e Blon AR CPYERING! SonbUbRagRel ¢hrpaze Of
mai nt ai ni ng and fepl acing equi pment. The dilution gas is a vapour at the

i nj ection point In fhe SecanshPIaNeRT N o ahprper ohedr a) i ofhgaddx. igre
15 net hgne, eth Nl ) gggpz t dry L.aery off
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residence time, temperature profile and partial pressure.
The exit temperature of the product cobtained in the
cracking zone is generally.of from 700 to up to 1000 °C.
15 more specifically of from 750 to 950 °C. The pressure is
generally within a range of from 2 to 25 bar, more
preferably of from 3 to 18 bar.
The reactions in the cracking zone are highly
endothermic, and therefore a high rate of energy input is
20 needed.
On leaving the cracking zone, the products are
generally immediately cocled. The temperature of the _
_ product will usually be reduced to a temperature of from
200 to 700 °C, more specifically of from 250 to 650 °C to
25 prevent degradation by secondary reactions. Cooling of
the product obtained in the prackihg zone can be done in
any way suitable, such as by direct quenching or indirect
guenching.
Thé.cooled product is subsequently separated into the
30 desired end-products. Separation of the desired end-
products can start at cooling where heavy components can
be removed. Further, during cooling the gas obtained can
be compressed, and acids and water can be removed.
Subseéuently, the product can be dried and uncracked
35 feed, ethane and propane may be recovered for recycling
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from Before the last compressor stage, the gas is treated with

) caustic to remove hydrogen sulphide and carbon dioxide.
Actetylenes may be hydrégenated with hydrogen-rich

15. compressor gas. After the last compression stage, the
cracked gas is typically dehydrated by chilling and dried
by use of molecular sieves. Methane and hydrogen can be
removed in a demethanizer. In a demethanizer, the
hydrocarbons containing 2 carbon atoms are produced

20 overhead ahd the hydrocarbons containing 3 carbon atoms
or more is a bottom product. The overhead stream can be
hydrogenated to remove acetylene and then fractionated to
produce ethene and ethane. The ethane can be recycled.
The bottom product can be further fractionated, if

25 appropriate, to remove heavy ends including compounds
containing 4 carbon atoms or more. The overhead stream
from a depropanizer can be hydrogenated to remove
methylacetylene and propadiene, which can be recovered
for sale or removed via other means. Propene can be

30 obtained as overhead stream from the depropanizer, and
the bottom propane fraction can be recycled. |

Any percentage mentioned in this description is

calculated on total weight or volume of the composition,
unless indicated differently. When not mentioned,

35 percentages are considered to be weight percentages.
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vol ume of the conposition, unless indicated differently. Wen not

ment i oned, 35 pe cen a g ce
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Met hod for the preparatign of thene and, butene by s eanlcrackjng,
wherein the feed ﬁ%rh¥aﬁﬁcaﬁ H§H$ ‘Egﬂg gb?ﬁﬁﬁ@H%ﬁéﬁﬁég: HeHsth
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poi nt of above 150 C and a final boiling point of below 400 C, is subjected
to steanﬁcracklﬂgolhlag point of above 150 °C and a final b01llng point

of below 400 °C, is subjected to steam cracking in a
naphtha designed steam cracking furnace, wherein the
furnace comprises a convection zone provided a first
preheating zone in which the Fischer-Tropsch feed is
10 heated, a second preheating zone in which the heated
Fischer-Tropsch hydrocarbons are heated in the presence
of steam to form a mixture of ligquid and gaseous Fischer;
Tropsch hydrocarbons; and a super heating zone in which
the liquid and gaseous Fischer-Tropsch hydrocarbéns are
15 super heated; and a cracking zone in which the gaseous
super heated Fischer-Tropsch hydrocarbons are steam
cracked into ethene, propene and butene.
2. Method as claimed in claim 1, wherein the feed for
the second preheating zone comprises less than 50 wt.$%,
20 ~ preferably less than 25 wt.%, more preferably less than
10 wt.% liquid Fischer-Tropsch hydrocarbons.
3. Method as claimed in claims 142, wherein the weight
ratio of steam to Fischer-Tropsch hydrocarbons is
0.4-0.8, preferably 0.5-0.75, more preferably 0.60-0.70.
25 4. Method as claimed in claims 1-3, wherein the Fischer-
Tropsch hydrocarbons comprise moré than 75 wt.%
n-paraffines
5. Method as claimed in claim 4, wherein the

n~paraffines have a carbon number of 10-20.



'napht ha desi gned steam cracki ng furnace, wherein the furnace conprises
convection zone provided a first preheating zone in which the ZQJUNZWB
Fi scher-Tropsch feed is 10 heated, a second preheating zone in which the
heated Fi scher-Tropsch hydrocarbons-an@ keated in the presence of steamto
forma mxture of liquid and gaseous Fi scher- Tropsch hydrocarbons; and a
super heating zoge |flephbaNadl f&g.allrﬁé’d d; gngdi 8RGOy S 5Fi W@feﬂ oS NFischer-
hydr ocar bons are 15 super heate and a cracking zone in which the gaseous
super heated F|smhepsﬁhopydxdqarhmmsb@ns aseesteamlmnﬁxﬂaxbfrm:mmahaue
propene and butene. thod as cl ai cla mher in the feed for

t he second preheﬁPWﬁau? %Wﬁﬂ@&ﬁﬂp$%s§n568ﬁ §GCWP ™ preferably |ess
than 25 wt.% nore preferably |l ess than 10 wt % iquid Fischer-Tropsch

hydr ocarbons. 3. Method as clained in clains 1-2, wherein the weight ratio .
of steamto Fischer-Tropsch hydrocarbons is 0.4-0.8, preferably 0.5-0.75,
nore preferably 0.60-0.70. 25 4 Method as clained in clainms 1-3, wherein

t he Fi scher- Tropsch hydrocarbons conprise nore than 75 wt.% n-paraffines
5. Method as clainmed in claim4, wherein the n-paraffines have a carbon
nunber of 10-20. 2.9 JUN 2006 - 18 6. Method as clained in clainms 1-5
wherein the Fischer- Tropsch hydrocarbons are essentially free of aromatic
conmpounds, N-conmpounds and/or S-conpounds.



