- e3e, vD6zTME  PROCESS FOR ﬂﬁﬂ]ﬁmﬁww ON OF HYDROCARDONS FROM CARBON
MONOXI DE AND HYDROGEN The p= ion relates to a process for the
preparation of hydrocarbons frorff®%9%i xture of carbon nonoxi de and hydrogen.
The p=esent WAVEH%dN relates in particular to a process fo@d Jifly 2003
preparation of 5 hydrocarbons froma m xt ture of carbon nonoxi de and

hydr ogen havi ng a gi ven rati o. "M xtures of hydrogen. and carbon
nono}:ide are often ref elmmwﬂmﬂ"mmmm ynt hesi s gas. Such synthesis gas can be
used in numerous wel | -known processes to produce a |arge 10 variety of

or gani ¢ conpounds, contalnlng carbon hydrogen ' and, optionally, oxygen

noi eties. A a=ocess f he e J:a i bons froma
m xture of carbon. nDPElH(’)C;;[c eFeBr%dP%yd bew%*sy(ﬁ%aé ;?fksﬁ%%%%ﬁcﬁ@g knows as

Fi scher-Tropsch 15 synt hé€0¥. CERBGN sNONPeEDE AP DCcESIROGEM| ves cont acti ng
syngas at el evated tenperature and pressure with a catal yst, conprising as
catal ytically actlve conponent a GrouP VIII nmetal, in partlcul ar Fe Ni, Ru
or Co, to yield pdraf Prﬁrsér'hyﬂ?ﬁ%'étrh%n eR Tt i é”chFé%‘iﬁ-"tspt-l%nt ¥ an
exanpl e oz smparﬁltsoheb‘Thppsmﬂwﬁme'snc&x mmmr@arbﬂoe:afmmd in
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—eferred to hereinabo ticular process "5SS Ng a catalyst

conpri si ng NPa*RGCellaeotha PIQFQﬁaﬁ/lIrPg 'tdsxewcgmamata@m wifty, 25 typically
consures syng@erekaabblaécefamlarmﬁ&a&e 03 i@ r@lon2m@nb@ i3eCanan particul ar
2.0 to 2.3, ndi n% on the Iength t he arafflnlc hydr ocar bons

p 057
formed It wi Iy“’b’égﬁ dg?gf% ¢ tHatt Wi “8 GPYar. IP &€her-Trcpsch synthesis

process consunes ByRgased: of aa}hﬁ&/o‘é@nrrelnar cH$8688 h3hbAi ee3QrE06‘€é§”p| e 2.1,
t he H2/COrmIt-feed ratio shqul prerera noder to

avoid a surpFas®dfec B G OUYEIET S tg'aserBH»f‘ 5yE§G%e§§S g"PyCEBO 3 probl em
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prepared at 5 y:-~acce costs. . In the ar
are ~:nown t%"‘ re?)%’f' ’é";]r?g"és "Bgﬁénﬁ‘f’ﬁﬁ “5fSthe process for preparing syngas
and the type o~ ohgarocesd efet ttbhespehopratessesf paea2f(Pievlar ratio of

she synaas Ry vaCY. Al dod & 10,603l b8 usedoas,uganis Lged n such a

process, rat=o o resu |ng syngas S generally | ower
than i’ nat uR AT QRRN . SIS Jad SoFGRMPELY ebgiown a%t@aﬁ?’h‘e{ﬁé—r@%@l ormr.g

procgss, US~§y1@\é@i$JI AhiGASyASheE Y8l précé £€di ndyPredl coyn Pd Odizes syngas
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oxi dati on, eTY29%} Hutorhers ““r°t?r(‘:° R Hatut a gasa typically

produces syrrgasaw'ngtoalms@ggmﬁaﬁateﬂ@@ﬁ‘ Ly ZctA yrargcrgonstitdat i on
process usi ngr&oslvor: mRsladyaknophrascergant£, fiped gypdcatd,y 4y oduces
syngas yield paraffinic hydrocarbons. A detailed description cf
L an example of such a Fischer-Tropsch synthesis process
can be found in EF-A-0428223 and EP-A-(01746896.

The Fischer-Treopsch synthesis process referred to
hereinabove, 1n perticular a process using a catalyst
comprising Ni, Ru or Co, and having rno Co-shift activity,

25 tycically consumes syngas at a2 H»/CO molar usace ratio of
2.0 to 3.0, 2n particular 2.0 to 2.3, maznly depending cn
the length of the paraffin:ic hydrocarbons formed. It will
be understood that when a given Fischer-Tropsch synthesis
process consumes syngas at a k»>/CO molar usage ratio of

30 for example 2.1, tne Hp/CO moler feed ratic snould

preferably be 2.1 a2s well -n crder <o avoid & surglus of



20 having a H2/CO nolar ratio of 0.5. Accord _ngly, in order to obtain a
syngas having a H2/CO nolar ratio cf for exanple 2.1, one has to prepare
SyngcS |1 S~i:g at ~eaSt two dl fFerent proCeSSeS, Such aS a conb:.r.a~~on cf
st eam et hawe ovegas mi ng and partial 25 oxidation of natural 28daely 2008 nm
the two H-/CO m~r.~ures thLS catained. _Far _exaT~p_e EP-A-0i o' 8892 and
EF- A- 0i 7800' di scl ose energy efficient nBthods to prepare syngas fromtwo
di fferent processes. Al t r:~atively, one cou' _d a=epare syngas by o--e
syngas p=eFarati-ch2pfdcé=s and mix the 30 syngas rtes prepared w=th a
separat e hydrogen cbraaibenaenoxihde -Streamip. arniya- abnt e desired
r~~drogen tc carbgn no;:o~:~de fatio. T= w=1 be understood tnat ~.t wll
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ring t::e .. 10 synthes=s ;as partia?ly’into parafFin:c hydroca=bons an3
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ydrocarbon, syr,_thesis. Feact | ~ 2 an bs,a first _stage (s) int2:e
presence oo_:"lélaat._lno&”\.@\l.t-“se?ﬁutf’\tr]%rénzfl%alcysgg%eﬁ&rlgt =Rg P?i“;”g-?ld prodsct s
and react igRp trymE cadnni AXFURES Shingdss heminbeapHed@Acwobirstatifoti :c
catalys t. anpl es o. o=her. we 1-k:~ow . p=zocesses far t::e
p: epar at i ooaizgjf‘@c()‘r gq’a.p"’.ritc"a&r c?d%&as“lforﬂm%rg??ﬁ.st P?é‘sﬁ?scﬁﬁz %Za p: ocesses . or
1 ~e p=epareaidnelcforeXWRmrganic=£egidagyhydedtdr boagutekesyraahar. ;, .,
hi gher al ¢ ha S - AN nh=rYirzetikexsagdsare we' _1 k.. ow,-~ is the art.
3C G+ A- 2092172g_d_sél cses a process fo= ;.he prepara~i:,.~. .. afirst s
cep , of oxygeicceggaslyi.rgncegder. te ebrainpad~syngasfhaningynt' :esis gas
L~=Vil, 0 @o7cd @RlarClra®alals @odf edbmbeasy. D, Son@fglas i fo p59@xaC step,
p?:af =inic ~ycroca=hors froT L.nCO".~." erred Sj(."~.t::,~.s~S Cas _~"v_II
t~':e _|rsSyngas §synEDat35eGRFgéO~difipgrent procesggsq el 251 e~ CO
0.:."1.". gomblWek:eH b steam"marRahs. r858eming JENDH SHenT

25 oxidation of naturzl cgas, and mix the two Hna/CO mix:tures

thus optained. For exampie EP-A-0168892 ard EP-A-0178007

disclcse energy efficient methods to prepare syngas from

O Hh

two different processes. Alternatively, one could prepare
syngas by one Syngdas preparation process and mix the
30 syngas thus prepared with a separate hydrogen cr carbon
monoxide stream to arrive at the desired hydrogen to¢
carbon monoxide ratio.
i
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15 which synge eed 1s cbtained from one syngas preparation



29 July 2003 - 3. can ae Lsed as ~..”".te=..,ea=at es i:. ~re pxoCUc_~_o0."_

c= ot~er cr ~a :~ c corr~pcunas 1 i ka o? e’irs . "he rreparation of
eeFi:.s directly fromsy7thesis gas is wel'_ kro~~.~. .0 c::o0se sk |led .n
t aar~ 5 L'S~45? 8 i0i and E?- A- CS~E035 d: ~sc: cse exarrp293éu|g~20§6ch

~. fvlG ~' >¢c~ 5~~~" W O 001 48969 29 July 2003 _ ~ vr2~2rdt~Cn ~r.7Ce5j.

CS- ~-902996B di scl oses a nult~-stage Fischer-Tropsch process for the
product ~o: ~ of pazxakki ehly waxsscly Yenueed i Tgriix anéi swigast épesynt hesi s gas
into ol efins, S,waﬁydae@fw@xtsng=smaav %CQFQ&eeBnEhﬁy@ld:‘gfe'nr‘%an L.any

adci tional synthes $.9as . nto paraafm ns, The two_steps may be ¢conbl ned into
one step by usiHGE AT X8 BF 1 PequrisP sy PE %‘h‘tD c"afnﬁf%%%eflr one
cata' _yst bed. sFxiesm$wo- st age arrangenent fog the preparation of paraffinic

10 hydrocarbons -~s §§12d-2tZQ..,@ é‘f'cfﬂstcliesél Vﬁmr%gg Ehalr idy el 885ahcd Sl N
...~ creased amunts eavy hydrocarbons and "ewer Sel &ctivities. ~; .~

met hane ar. d et°haﬁé*%r€f3c"oﬁpé TRPER= Y FP58aRPF DI ZS™ Bar af f ~ns «i : ~ one
stew. Cne oy tkerpsoacesus. Seydddvcfr otﬁss@&ouasmg-m%estanﬁ&tgas as feed

;s the productiqp EgrﬂgﬁaEE99§Q%§ds Krl g g%héufgﬂdg§e§a§%ﬁ J-step

arocess for the preparat| on of pas a mC ocarbon “first step a
catal yst is us&d/whimtarsTeamtel B?Sy“rt?ld ny’ EPTEFEERI cotft ai ni ng only

Ilmtedv@~r~ouep§ @s-tgyﬂagogéwctﬁn 0‘:P~oe)5%"8heiﬂ.5§,hvlal‘o@£%&t 8n4re present
~.n the product ’[-) € fat i on peruc;_ts beconmes an
even nere i rrpoF?%‘Fﬁ‘ ‘lef"allF*p% %fe’erédstdaspréﬁgr%‘%r 25 ¢ prod,:cts
for use ~n thel'gdrmnacabrsndﬂ'@t pyccsan fgxathe pieparptiqrn o s desired to

produce ol ef ~T pi £ £33 nf YRy QERIZRB0Ss ddreuhesntmesief gparaf hi Bheco .
hydr ocar bons represents a problem 3)( products can be separated fromthe
desired produc-S#e #8510 P IGHGINTRER St B245R  “ e R2hsO by IRBRBE TR si eves,

adscrpt gzon, ap-lsgdgssagocr“é)li,.%lum_gm ggtatgyastlrcsn?a@vdﬁlygghgel y a}: pens Je

- e

and is eaten not econoni ca enab r e r~ ted vol : mes
cL by- product st d“ﬂﬁéedy’("teﬁ%’ e n5 g /Cg - %- E%aT ° eI il d be

des rable .f b‘yhepIHQdUOtSeﬁf ratsy. Ahesks: mobcesshlslsa‘mg.mus tﬁé N, esi s cas

EZF(| C\?ul/d g&m 3%16.9..5’% rc%{'p*fgjse cu-lr_xI %nog‘gaolquu Q' whan dtHe %(\)zgr‘lanl an econony

E»/CO usage ratlio is the same as the E5/CO feed ratio.

20 © EP-A-C679620 describes a substzntially once-through
hydrocarbon synthesis by reacting Hz and CO in 2 first
stage(s) in the presence 0f a non-shifting catalyst,
separating ligquid products and reacting the remaining gas
streams in the presence of shifting catalyst.

25 Exanples of other well-known processes for the
p:epafation ¢f organic products Ifrom synthesis gas are
processes for <he preparation of ciygen-csrta ning
hydr arbens liks methansi, higher alcohols cr

im

dimethylether and are well known in the art.
30 GB-A-2092172 disclcses 2 process £or the :repa:a:i::
in a farst step, of oxygen-containing crganic compounds

from synthesis gas hzaving a Hy/CO mclar raztio of at leas:

£

0.5,.and, in & secend step, paraifinic hvdroczrbons from
tncenverted synthasis gas from the first step. Tk

35 cxygen—-ccntalining coxmpounds obtzined
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29 July 2003 5 as with the separation o~ by-products, the producta.an os
organi c products fromaysit:~:sis gas is also governed by the
eccnony-of-scale . Thus, prefera' oly, t~; e production oz crga~ic prodLCs

f xom synthesis gaa is 5 can=ied cut cn a :.argz scale. Howe2@dulyi2003.t is
desired to epare czgar.ic products ~or-u82 tn the chem cal i.nduscry, the
mar ket could be relatively small as evnta;ad with the scale =e;uired to
make preparati oBa®fod hesa 05 gthrd-GeRL OERICt:S, eRONEESAFHAbhy¥ignele, thus 10
prehibiti: g the_egvnonyc grqgu tign pf.thorns prvduats. Despite trs
maturity of res8Af T 9 TOFRF S 1 I‘('if'aﬁ‘de‘(j‘é?pi te the weal.th of publiaatioas
that are published éaehryepzrivionaps siaflids dire¢uly dedhesgkhelsas rv one
has considered §gs prepaLe kpswrd«<b~cksde SkeR184 fid Hnedrgani . ¢ i 5 product
a.~d a figst byzpr.o ~~and re jn.a second step _a.sscord organic

pr oduct . %nd a %‘g"@b%;%ggyggr%&ﬁé?%ah '%br‘Paafﬁ‘l;*rcasesteéﬁ?lpéif‘ g‘.fr $8parate the
first by-pxoduct frct~ th a fixst organic p=oduct a."~d mx the first
by-product with tie product fromthe second step. 20 The nrsseria

i nvent~, on there: o=e previ,dc9 a precesS far the prepara.ticn of ar heabt
two organic products fromsvrlthej.iis gas by ~ . nonverting a first
synthesis gas feed to a fi.r,et cr3ani.c pxoduct a,~.d a first by-product;
25 (ii) convsrting a seeo~d synthesis gas feed to 3 second organ=c px'adu&
a_nd a second by-prcd~;ct; (iii.) s=painting the first aad/ex second

by- product from respecti~re3.y) the first and/or jecord organic p:oduet,
and 30 (i~r) rn;x:.ng the fi=st and/or secor_d by-product w-,th,. . .
raspect~.vely, the seevrd and/ox first orgar_ic pxoduct, whexe3n tine f;
:Xst orgao, fC prec~uct is selected fromparaf f izzic hydrocarbons or
0.~rgenates a.rd t:~e second organic product is selected frarn olefinic
?.ydrocarboas er 35 oxygenates; and the synthesis gas, conpris~.ng a m
..ctu..re of hydrogen and carbon npao:cide, has a nolax ratio of 29 July
2003 - o hyd~ogn to carbor_ nonoxide F, wx~zch process conprises siecting
inafi rst stage dn,e oi' the iolsow .~g proced~.tz~es (a) converting
sa:.d f~.:st syaChesis gas feed to said 5 First organic product cad sa-.d
~i xst bv-product uux~,dey conda.t~,ona of a carbon nonoxi de conversion of
Xi and a nol ax usage ratio o hydrogen to carbon noao_~cide o Fi, wherein F
is gre8tar t::ah F~ a~ (b) convez~ting said fiCOld sY~thesis gas fend to
said 10 seco:d organic product cad said second by-produet.under corcditioas
0 a carbon nonoxide co~zVersiori o Xii aid a nolax.usage ratio o' zydrogen
Lo carbon nmez~o~cide of Fii ~ wherein =ii is Isss than. F;, and supplying
tr.,e uaconve: Ced carbon nonoxi de and 15 bydrogea to a secoad stage its

whi ci ~, the other of ‘

—r 1 ———



pxoCedure (a) ox '(b) is sfected; the ii.rst a.~d second stages being
a=ect ed under such Coadi zi oas that the fa7.lowng relati,onsaipis net F -
xl , ~"1 ~r ~Ij, ~~xt C20 WeneincisuptoO. 2. IGwll be

under st ood Waoetto/48$6Ps i s particul arly a3vancsgeous where the29ddiy@00¥ the
First or second byproduct is higher in a mxnura w,th xespeccivsly the
sscoad 0. First o=ganic prodtet than vitce4vexsa. An, 25 e:cam3.e is where
e.g. the fsrsc by-5roduct fords a starting m-. arture with ztis second
oxgani . C prqd:tmta:faﬂ‘-;ﬁ'ur:tmeqaocessi ng. ~rpe.ra. , t!N. e process
combrises in sten:diildsas REPAaL:BgL oL Nyihe ISR 74 steeand b product
from 30 respectively) the f |rst ai sd second ¥ or gar c produc More
praf er aol y tHEGRTDEETs FIRMHFECIEomPR : 05 e it Sinds (Wa®S Py ni ai ng t he
first and swﬁmﬂm QdUta AirtsR) st esoseddnes]is daw en&%@a.@‘aﬂd f_rst orga.

~,C oduct ._ ~t | RI eczaOed rot it st “a va: at ag=ous 29 July
2003pé|’f t. &G fr"“t‘ew Prodict REE° ?‘% gfer?gﬁeél g 8AE a0y
ol oLl Oet:s«ttloa}asle syorbes=gaga$ s:LrpI:Q)durathlAlssomet two mtses

a3va. ". t ageGls 'ne cbm%:.%‘é@omﬂtBYOpé 0ce \Agh%%ﬁ)z;e aSRIR cgeRecal tg =: ~ctu=al
fo~~ala as theé first wagaric Frod act e cr the 1:: d|v Lal

by-rroduct s T€9tig e&nﬁ&ﬁgg 8tch’E:eﬁ-¥ﬁﬁﬁ dMh@rEoGaFenyEh REF=~AR
con. ~ner ci atwoexphkgkt atrengeianpafod ittle @,:ebsraso:bnabedppaafESnDé t a

wor b, - the hyd%eguggqs n.xed. V\ﬁtpoao‘rtel* Hel ERYURL gL han Lo gre Tirst or

second orga: uct, “couf @ ver ~arra”t corvi ne=c_al
expl oi tati cﬁeSTFyE)E ¢al Pi]crﬁﬁée‘éeéﬂéhmLsstclfubﬁaab’ah}’&é&w}a@“@ ane@ fi=s~ and

seco. . d organee Pe0dUELSi ateslftd»em&&d@ne bhy €t9se8 d50Compdeagr 0~ : PS
cl ass fled astglgpl arol s~ _al de: ydes 0. ketorss. 15

LA, a fu=: h8xtg * b%d08 e? C>'E)fo’t adear,ﬁ 2585 a P AOBRLT O " the process is
carried ou= suc.®ne-of athe ubsckiems IWital pregesses hesing gasninesionsuned and

.. 18 hycrogges~,9r &8 bos mmpaeu@%lb% !:?ftgyoz\feédué@sa furt?:er aspect,
the ydrogen to noxj de usage rat:.o of the crversion from 20
Tt hE 13150

sy. . thesi s®ga&” TGt VBT SHERtPTRCEIYHEE (Hih the feed ratio
of t:~e synmhesasatgaa@'; o epazast falme cusgdeocat b on of Jt*he:tmrﬁaerssi stest 0 t he

second Of 0% - cafa fOM:: £1usd WA sLhALoLAL ford Al el Hheguathesi s

gas. Cn t arrese"t | ave”ti on, I 0.1. Host
pr ef erabl y @ORePIMNG oY, -‘-31""‘1c*etfl"ea’“"tlal:ts y°*c bﬁ‘é&f—%’é‘%‘ﬁ ghtly .n eg?t_~ve,
apb is dietﬂneDss?s,d Be-droducEeshré pf@adic 0n then dﬂtﬁiudtl’%:f an:/or

secona sta,g he arq,us ratio cr a COshift reacticn (CO + 370 -
02 + ;:2) & fﬁlctces m a&%rm gé% ood‘”f e c‘sr}e atl ve 30 valgjues down to
0.1 are | rﬂ:\reude@m tJtrtpo'\-.th.'ut Peobhen. 1{ iy x5 detsm;ede_*’b. Psegpreo 0.2 and

up to 0.., asd-eewpddeNerre Haboye the chemical indusctry. For
examrple, if 1t 1s desired to produce olei:inic
25 rydrocarbons, the fermation cf paraffinic hydrocarbons
represents a problem.
By-products can be separated from the desired
product by means known in the art, such as by molecular
sieves, adsorptzion, airstillat:ion or washing, but this s
30 relatively expens:ve and is cften not economically viable
in view 0f the l:mited voclumes c¢f by-products produced
(that 1s, no economy-ci-scale).
-t would be desirable :f by-products of a synthesis

rocess, using a syntnesis ges feed, could be separated

TJ
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th

rom tnhe mawn product and used in an economically viable
way.



It .s to be u..”. derstood t:: ~- Xa.*.dK : oa~i _- =e_ =ese:.:.~ a-~
ove=al |l carbon ~oncxi de cc::ce=sion based cN the car~,;,:~ 3~ ncnoride
prese=t :z t'.:e s~".:t'.:esis cas. Th; t' :e ca=bon P.M\N1~D Sri 29
July 2003 _ ~e _ :noncx~de ccnve=sic. . X| 'is caic~; aced bp9duly 2@03g 1t :
tcta' _ anount of carbcn :~o::cxide con ~e=1t ed ._~. the firs t synthe5|s
process, t at ist':e process for t:”. e p~epa=atioz o the f=rs~ c=ga~:.c
p~oduc~, by the tota’ _ AMcl ~E~ S;-?EE  1VO 001 48969 29 July 2003 - 8
ar~o~:™ t c¢' car bois mc}-_r lﬁ{a Segagatignrofl by ypisdatsst ke the sy::thesis

gas. The conver5| n n sar I d:~e s as tie
conversi ons petrP cstmﬂ'né’ %Evers ﬁg%%&s a%gow 'égésé'?a %'Feiggal‘%%er due
to 5 recyc=a Immmﬁd é:y{htﬂh@sﬁ§cg-a3‘fhaf'1'$©!@ ditie emrefpraddyenthe carben

monoxi de nol arpg d&.«.cﬁfs%@ dizgghyc bi:oemé&s bﬁ:dtpl%&&'b@s%‘& thst ykhe 1i12/C0
not ,necesgarily

mol G ratio of t AZI st or seco”d s %S

the sanm® as th‘t'ea‘zlf"""‘e REF A5 & ‘Fﬁ?ﬁo b‘T ?hgﬁ‘%"s&fm r@: d&sdﬁfbﬁﬁaed in
the synthesis gmsgzmmmtcm@anpcopeséuﬂﬁrf@(amd dn the KheGOcadl ar ratio ¢’
the Tirst o. SEERILAYNEhRSTA-HRE Loath By JAWRRRAY Bkaglied Dy anr

unccnverted sy S aas_recycle streans descri ed

herei nafter, |<FP‘1‘91‘=!-:~ % dFEPathgnseale 'p%Fi%i‘frhAéil*'@ P5iey FEEPAFBEASRT PEmM
synt hesi s gas tmé@)@ﬁ@%.nﬂhembﬁedtboemrmcammwﬂblgastﬁasd havi ng a

O B LA Gt S8l QRLLLAED hbd e B oGl 28R L O Of the

synthe S pro SS. re,err t he |(r§:/? lea s
part of the unconve?qsa}f@ar‘:%nmzﬁuﬁtﬁ%)@%er f%‘r*éaée?.iﬁ‘?-e (a) er
(b) is the on;des)its heskeagah EeeﬂuﬁmcaMrmt Imeuatpaereegubmsf[be process

as described helgl NAAQYS %uE';:ef-%fQ' Yi€afd. 'b%d;%%d%has 83 sha'tad -

material a synthesi’s gas having a nol ar ratio of %ento car
nonoxi de F ¢ EQ%%#%PEBW‘E alPriefierTsed %?E’o& rré it ﬁ§9§9ﬁ?he5| s gas

is prepgred frgpadaitieald gagibptabgaprddudy; endagvepacenah pasecahd
oxi dat i on procﬁe} aWZsln% Fﬁegk 9%§§97]§*@&1?cﬂ m 'seconhr by - gioaucir his has

t he advant age IS gas Ts produced ar ratio

r n
i~ 30 the r, andégbaothF-F&rFFeB 18- GSePRIate cg‘ §gFFEu:P¥rP§/°BB?I‘é ic_al
if .. is OeSIfﬂdn tahep Figuee argange pradunts afd aild tee fired-~, r.avi:~g

a2l - Sagg rg-aéa\.%g eﬂl%h' £82 ypfm& {de cglerreta%naagtgnc RN S;

rnthesis gas, exa Tf “ocarbor.s, _mor.e step and ~o
produc®®in a 35 sedGd %’F@F@T”‘&Vﬁn’é °%nt1’betfe"° °5r°””“|déau8—g TPo*HR used as

for the preparacticn of at least two organic products f£rom
synthesis gas by

{4) converting a f£ivst synthes:,s gas feed to a figat
organic product and a first hy-product;
23 (ii) converting a seeond svachesis gas feed Lo a second

organic praduct and a second by-prcduct;
(iii) separating the £irst and/exr second by-product from,
zespectively, the f£irst and/er second organic pyoduct,
and
3a (Lv) mixing the first and/or second by-product with,
raspestively, the second and/or f£irst organic preduct,
wherein the Zirst organig preduct is selacted f£zom
paraffinic hydrocarkons or oxygenataes and the second
organic product is selected f£rom olefinic hydroecarbons or
3s oxygenates; and the synthesis gas, comprising a mixture
of hydrogen and carbon moneoxide, has a molar ratio of



WO 00/ 48969 29 July 2003 - G chem- cal =eed_=rock and have®"g a '.:~; CC
usage ratiorel at~vel y fa= frcmt:-:e nclar ratio of the sy:~thes~s gas.

~a:a:rples c. such prcaucts to be used as chem cal feecstock are olefi.”. s
a: d cxygen-containing products. 5 Acco~dir.~gly, in a pre29*h$ﬂ2QQ&od|nent
cf the present ir.ve.”.~ ~lon a syn thesis gas .s used having a nolar ratio

or hydrogen to carbon nonoxide F in the rafge of froml.5to0 1.9, in
particul ar about 1.7. Typically, the first syntheses gas feed is converted
10 to pa=af f i hydrdgelr crardrrreragohpri e of gavihbclprrxhasss Tegpedsesr si on ~s
typically cargpkpdeOile Ui RO 8 r5e- sahbe ekt Sohaine raPachyicdt al yst cont ai ni ng
a Goup VIl neta scher-Trcpsch catal ysts are well known to those skilled
inthe art. E?r%ﬁ%ﬂl"gse%’f sui tabl e ~ scher-Troasch 15 catal ysts, selective
fcr the conversj onegfveymirpe saidgdizstt sypctedia rga[s Bakd car sadd are those

cont ai Qi ng cobal {. I hose
descri %edgl n Plﬁl M@?ﬁﬁéi 8’&%0%%1% %%rs%t%heg%sggas usage
ratio Fi of teenddtoiarshead & 6Arbypi BeRreyide e%cmfﬁrt&i@rv &hg&ioanfram 2.0 to

2.3, in particu rt.ezh f se a
synt hesi s gas ?ie%é L%o%%?tﬁrlgcgssﬁﬁggﬁiggha% rogen ‘%%%r o%grrgﬁbxi de
. pol ar rat| 0 wiafduim Hii rigaeg:rha.c:ar n ﬂnGFx 4. 4, ~n particular ~. 1. ':'he

use e. - synt hesi s qas. feed i cant drogen to
car bon m)nor X]EI)e r S &%"’Ifé’ﬁ tsﬁ'é‘ Et‘ﬁg’ g%"%a c?css r%q geuﬁ#
benef 10i al f eseddrad smgia~€~@wd§¢uthedp$%)%§ﬁ4@d dygosoduck upde:au fi.n..

hycrocar bor. s..f O S0 YH A0@arboh mShokite valrsien okegy raadl4s in 50
| ar ger by-products p=oduct;on:. Typically, the process fer the conve=sron
C. SVr,tr.esimobms ss@e ERtSar Bff AYdregen S SRrRToNeNoRESEceE Bipx 1. s
and/ or oayaer a%r_es as, bvl%r gdggt s_ha_éclggrd r.g_y ~-~ one aspect ef the
present ir. ve® .t"es_s aas Feed .s co.”" -ext ed
tc aara=a~".c h vcb;n:’cxaupsﬂ,ly‘ms’\t?‘-e 'gngsn'ﬁa-ue4 @rbc@monamde prdv I .o~

a :j d Q3 ygenay &-_]?a enf\é? %Olsféggﬁ& BQaééllynm?m_:heac@mwofol ef = t

ydr ocar bons a iTst by=prao a r para i on.
cF para fin~cP 8 &) &%y gﬁn ?g S‘L'% %tfesd )?'L‘\fg’ a?id §°§n§
Typically, t hetmﬁ)azaimgoﬁrdﬁcpaﬂamﬁﬂ csughjrqwalrmsl §h5"-c’ahf=| ed out at a

t enper at one i f1hKeiTRNeR 10k ibh8AEH00s tiRae-00 C, in particular fro:r, 200 to
250 C. The tofal pressure may be chosen fromO0.1 to 10 MPa, in particul ar

=ro.;~ cto 6 MPa._Th Gas I—Io Iy ga e.Velocity (GHSV) t{ }_cally may be
chosen from 100 td& 10 ‘MM pre‘I"erany froT, 5D0 to 2000 Ni/1/h.
Preferably the reaction condltlons are SI:Ch that, with a given catal yst,
the ceo.”. vershereism d dsswphtoh@t2fcr:-~ula | is nmet. The deterrni.”. atien

of such lfef'iCti on Cfk whiG.I.i:Lt ibeOli.mangI:os&%&m gdies qrsd,pﬁrauuskklys 01;] a
person si i e ar S t hesi s gas
i _‘?g‘@“‘t“ge&ugf r%‘er;é iar ocar ons DOV Prele % 88808 ¥ )g

feed is conve In particu Far as second organic
product. The Peedwgtsiien hlghle?pﬂ-éaﬁl‘y"e%ﬁ éﬂ-”dhtre&ﬁeﬁg ALY BR®: ~ synthesis
cat al yst. O egégbrwmm@s;;@ccat-ghwmpmam thagnevre tvershosknskilled in 20
t he aL, bl.e,0l I ate t:-:o0se

bk =X g4 giﬁﬁ&l%vﬁss wtlelADl €501 ShL Ne Sl Ifbg%&oeafgoség?-ﬁs £

cont ai metal , Tor exanp Ln COITbI nation
with an al kal $Eavsting @i”“é’heaé’ th‘a’ssﬂiﬁ‘ﬁ"J‘n"dﬁfﬁaSﬁFl BnﬁF"I‘? a*f®tal chosen
from t he tra: fietddedn pretealssing.”. par ticuiar groups Ib, _Ib, Vb, VI_b, 25

1lb cr V. TI ofsthe Ren\, oq;g @Q,I:@sgfcénp@rl@aedm_@tgtgﬁ puii}, fished i n
the : andbook of (§1em str ref eLany manganese

sics p5th
cr zinc. Opti$RRATAFING,EC X‘& t‘he St A% r&e |¥etpa° ‘s’c’é\rer%‘ﬁpported or.
a carpoer, typisypddnivelyef taet ﬁlysvgramﬁesmncbnxmlpr pdodust { Moza

preferably the process Iuxther comprises in step (iv),
mixing tha first and second by-produckt with,
respagtively, the second and first organilc preduct.

It will be apprec:ated that it 1s most advantageous



30 may be proauced in this process conp==se oxygenates andicr paraffinic
hydrocarbons. Accordingly, ~n a fL~the~ aspect of the present _nvEnt e.”.

t he second syn thesis gas fee' - S co.". ~-erted to cleT_z~c hydroca; DOns as
second o=ga:,ic p_oducr ."5 C;'~"a :.'"-. ~ES 3:1d C .:uagan 2003 :

o VAR —OCar JC. .5 a5 SeCOn. A r.'~~-<-7.-Ju~.:ct. WO 001 48969 - 11

29 July 2003 React =on condlt~ons for preparation of ol ef=nic hydrocarbo.”.s

fromsy:, thesi sngserﬂ%-V@pywucd_@_thyﬁeceLhy gé&erarzreea{a“—%q of clew
n'_c hydrocarbqns o8 carried_ ol - a‘bltnt era_?oe of from 1D0
r

2l a
to 5 900 C, in-Ra%tr¥-4%a~ “Fri??T°2"’§0 rga'BJd'ODCoa 9 pres¥dS tnay be
chosen frcm 0. BdvenidgeduRs, -£rth qo&rerpcdlll&r‘vf:pomt) Y=g ¢che M2 The Gas .
:ourly ‘Space gggcﬁ *-(GE@@ 1 ml_qaliy gmyA be; ehosen.kEom . 100 to 10000
hi 11/, gref er§b| 500 to 2000, NI 1/h. ~Pref STably the T8 eact i on
conditiofs are §Et:?r§_ tr EHF 4 da*"‘ng%Jn be'at'aP%"c tthé' EBNPETS~c: ~ kii is
such that fornpkaditcads coelc Behecdelesr manatrea Dfcosene=ct@act i on condi tions

bel ongs to the ngzl—g;a.'.EX’l ~,J i s ot,.t@o,se skiliad s u ng &t The nol ar
synt hesi s gas G38ge ratro Fl s 15" conver si oh g |cal'| lies yn the
“0¢

range cf from 695-410 the 253"' °;5*aFF| %tﬁ-éjr YEED R RNt 8 ‘8°"Tﬁ-é‘3§yh% hesi s gas
usage ratio fotréEEreonversicondobrgarild hesdisctgasouddobefy nied lhydr ocar bons

is normphly signifi-Gaptlye.lower e&S‘P:ﬂ.'-t:h oisage ratio for the ccnversion of
synthesis gas 20 tq paray |n|%g g rocarbons. This ue tqQ the fact that a
‘al

nunber of ol efin sy¥PhE3TY c& ek Ianhar\PéaéOfsﬁT‘%[aeaé’h WFey, in
particul ar tho&iestoanai seqrgdanrahkied ipxpdtals aCat ahgsesadearipg CO-sh' _tt

acti~~ty have agid.yi tcyoi Ohe 998%§'c0ras§ £ LA ta@mmaa%, ©230@: Rl er to
hydrogen gas a =oxi.de or vice ve=sa. It be app=eci at ed t halt

wat er shoul d bae“ﬁ"éiénta %?ﬁ@sr%‘ac}‘t‘ﬁf’ *t® enable a CO-ShI ft to hydroge:|"
gas andikarbon di ofnde. Zusster emyodigsrhjelitae pogeeterinwentiodhe synthesis
gas but -~ S alé@ @&eswséqg Bzt e Ofpue’ k\.cm zﬁygewaer-ttfelsy i’t]l hesteﬁ
_process . re' b= Jren g present _igyvention the
second synt he5| §* §§§ 1§ Eg %%ﬁ c{gﬂcetdegné 2 ? y?t ﬁa{“:"n Tig a CO-shit
actin ty whi chroReXide et gt | Qe Iﬁnat%-Féﬁc?éﬁeqferrﬁéFa“l’{m“eé h'13:1 the
ol eF=n sel ect itsi txrén '&thﬁoﬁﬂ:ﬁaluﬁtge~ﬂathe ofonkerssmdrsionctrefin _c 35

hydr ocapbons. i € 2 g i.he,react or
terrpergtoure & Eggﬁfhesl go ’?éjhzé emfgg?l ga%aMJ&hqg }%g 00?%%469 29

July 2003 al tér@d %8~ 1p: 0F TieefYningsis, Gr fe A HORaSr BURIHSAIE: nair: s A~ere
er |ess consta-tat,orcuﬁ:a:anaeor@v;sp ohy topereavecgnd hergaracessodtctdiswe=ent
te:r:pe=attirgguet @la3g+« seJQedlrgatgly«stthnts ntra.sqgngggy ons 5~i and X, i
can be al tered auj , L9 eas - Ly .5 _Whjl st SO'{:FIL'F% gforrrulal
Preferably, the catalyst "C%rrp‘r“l s8¢°x" J(‘;’a’ﬂdu pr¥ne 135 5P 58 ticul ar iron.
PreferdBly) tRelecdfosttySFefenaiar CcbEfiSs8s~a- @"fﬁrpeFFb-bY & REY nmetal, in
part=cul ar mabe sg:agmsg cégzixve, opit dsabby:ivb coanbi gad itanawchh a Group
=lb, Vb or Vij | e b tkepl.ar, _u M QL er;—, n. More
preferably the “cat a%fgt %r?‘hl%%corr%grl sags?%na&iigl i 9 L&I n par~icul a=
potass_u:n. Prefay aztﬁlaw I oKeEad af OTRRG TF a¥ ey 9‘1~mC(t>h'e'lr2@ng>e of from0.03
to 0.3 and the_.iZn a- d/ o~ /~e atomc_ratio is in t'." e range cf from
0.3 to 3. Thegi% cat‘él vt rraM;}:o‘snﬁ/ “Het™ tomit §°antaaté'elglaé'?velt will be

" appr el at ed talatest dewpreci-9elvare atriconded witage tB&mo:a\m.h@ é£nper at e=a

depends stronge ¥eOns. o & BrECLSe GALE! ¥St, talgag.e ? ,q&p .gyed. Kowever, th=s
p

relationship can lggsgasuy determ . ned by t'he sk’ erson by routl ne

4
It Is to ke understcod that X; and Xi: represent a=x

overall carbon monoxide cenversion based cn the carbon
35 monoxide present in the synthesis ga2s. Thus, the carbon



20 exper_nentation. Tn another enbodi ment or the present invention, the
second synthesis gas =eed is converted to an oxygenate, p~efe~awly an

al kanol, as second o=ca”:ic p~oduct and ancthe= e~:yge:.ate, pre_era ~' _y
anot her al kanol, as second 25 by-product. More preferably, p8du
sy: ~thes~s gas feed ~s co::verted to a m xtaure ef a 2-nethyl-1-al kanol, in

pa=ti cul a= =se-butanol, a:~d nethanol as second organic product, and
=u=t hen c}: ygenaineg.ds seEcerdiby- )practue:ar:ﬁaﬁe)a g HBivsdirgyrhthes s gas
feed is converted ;.0 BOHgarafflnlc X dr ocar bons ghlstﬁFcond by- product

can be used as R °Bfefli Wiy OfoFatRe gon PXV\F? F3aea=Er n=t L4Focarbe. A s
bow ing in the syathesks gracessdl B Sk t}atre:dmals ~Agrahege , M _y:tlL=es o=

2-me=hvl - _-al rpaep%*a-uf’:gso‘ntﬂ@ef hanolocan heqsuc=tassys pLQuUced by

CC : ~a~~~."Q ~S gas at cond “fvons W=t R a“‘cata~ ~~st 1:

to t:lose s): _Iied ~:: the WO 001 48969 - .3 29 July 2003 art. Fr.anp es
Cc. su~tab=a cata~ysts conprise al kalip=onmoted ZnCr c~ CL/Z~0 cata' ysts.
Qperat~r,g cc..c~i:._o0:~s :gay vary wi dely and depend on the act Lal

cata' _yst ti:at ~s enployee. Opt~.num oaerdting 5 conC~tro.”.s for a
specif_c catalyst can be easily dete~mir.ed by the skilled person by
not hi ng nore than routine experinentation. The reaction tenperature is
typically chosen n the range of from300 to 500 C, preferably in the range
of frog: 320 Cto S50 C, the 10 total pressure is not crit=cal and may vary
from3 to 50 M?a. Preferaoly, the pressure is chosen in the range from to
18 MPa. The GHSV is typically selected from 100 to 100000 Ni/ 1/ h,
pre=erably ~rom 100G to 10000 N /1/h. _Tt will be appreciate;: that it may
al so be preferred 15 to p:epara other oxygenafes like prinmary aikanols, in
particular primry ai kanols ccntaining 2-15 carbon atons in their
structure, as second organic product. Catalysts known in the art conprise
one or nore netals as catalytically active conponent, chosen from G oup
VIII, 20 Goup Ib and/cr Gcup VIb, rr. particular iro:~, n_ckel, cobalt,
copper and! or nol ybdenum An ove_view of various processes to synt::esice
primary al kanols from synthesis gas has been given by Fcrtatti et al. in
Cata' . rev. Sci. Eng., 33(12), _09-168 (1991). |~ yet another enbodl ne;.t
cf t:~e present inventio® the :first synthesis gas feed .s converted to an
oxygenate, preferably an al ka™ol, particularly ne:.hanol, as first organ;.c
produc:., and optionally other oxygenates aS ~lrS~ by-p' -Od'.1C~. .Ln
eXa., Il~le G a Si:itdble Cc~a~y5~ 30 conp' =ses copper 2nd zi:~Cc on a

reFractcYy cx~ce ca_rrer, .n particular an a 1 L:.T:17?:a ca:~' _er
Qperating cord=tior.s may vary wdeiy andepenu cn the act',:~al ca taly t
that ~s e:r:p' _oyed . Qo trnmumooero tlP.g condrnons fer a saec~_~c
catalvs;. car. be easiiv 35 deter:r,ined by the skill ec perscn by noth_~"g
nmore t:~ar. rOL-t_"~? exDe: IlSle:"".~""cW: 7. Tile ~eaCt:.Q ™.

tpl T: ~*.e~a:.;:~_ 15 WO 001 48969

AMENDED SHEET



29 July 2003 _ Iq _ Lvp~CallV ChCSEri in tha range G _r0:;1 ~h.~~ LO 9C0
C, preerably ~r. thera-!'ge c_ rc:r~ 290 Cto 28C C. the total pressure i's
nCL Cr trcai ar,d may var..~ from1l to 20 via. Freferably, the press~, :re
~s chosen |wadmet896anee 5 —rc n5toiCMa. The ChSV rs typpoauly 063! ect ed
from 10C to 10000 hl/1/h, prefera~'_y from 1000 to 5000 NN/1/h. 1t wll be
under stood that the present invention is %ot restricted to a process which
produces first organic products fromonly or.e first synthesis reaction and
10 second oregamwinc p-’oG@G‘b@“-rne"menbyomrezrselc‘.qmbrsyahlueshstheacti on. Thus
the first and.seecqnd grgankfPLofseLs; Y ;CONRT s nxtupgs of severa'

=rrst and second synthesis =eactior.s. Fur hen 't*t rs ef “cot:rse possi bl
ato producevercerssepémpremaﬁa\ﬁfﬁﬁ—cb@ytcbm@@sb@ns Berfparss.organic 15

pr oduct and»lgwqggeoaesanagsgx %gfﬂaﬁ &as%—qea§gogéwéﬂdd9£yg§“at es as
second or Cani ¢ products. e apprecrate In such a case the

formila Fii X£|CVi~nebeﬁuFa°f-’ rgjﬁ&ﬂ%-%p?-ﬁ"’f herangum @ L£9Be8Ebf ornul a' s

Fii X, i (ol ehiyAzpgandtoi té(,boxﬁomy@mee)wleﬁ;eﬁ;etabl y, 20 either one or both
crgar. _c by-prod n separa m. xed, with the first ga::=c
Froduct. In a fu#%%g 89?1%5)2 { dbe c ABPESERE T AVERT T o' TS to a
crocess formblze Eafﬁ@aéﬂt}:@él Dirs?!tél d:ﬁ&%t:omoscwa@sﬁs pEOsluEd sd from a f
syr.t:.es~5_gas ere tf..e 25 synthe risi.n Xt~ :re o
car bon m)nogélgdeh%nds% %$We“he hsé%mé/a Tol- gl" rg?T% %‘yd”b" eh ?afo bon
nonpxi de F, s whteds 1 afes sp cotipre s e ehbeglh7he s s add rstodiicagerone cf the
follcwr. Jo res; . ( Vel f|r _J~~nthe§ feed to

aar af =i nic %f)g]'é?g% =ocar be(a;")nsng\t%)){E eetxyce“%/eo fa‘_r‘.a“plac? % c&\eg *%f6t hand |
under F congrtserorsd syra rECpawiees ﬁévCl@W@rﬁée}ﬂ aGL @ﬁedaan/ anfyol ar

usaze rat' OLQ?%A\% tderfogs% éh%sclasr ha" reggg%'g&eogmi Ak A = 1s greater

t ha. a secona €s~Ss gas =eeéd'to €ci ef ~n=c 35
hydro ar bc"i‘fe%’“t:-rbe@L ’Vg‘een—dtaeste“ l“péFFlE’Eﬁsaﬁ‘fﬁfﬁ—ﬁtnuroés pefaFiéang, ©, ol and
Escrzut a: ~eyds od’&%*ﬁﬁ'ﬁi‘dm‘%y’h*&xe@tsaggéir May DO RRIFRTIEY 29 July 2003 -

1~ =d ~ 0~ X i, f .hyd t
o 5 e KR B e 3855 LR ng che

uh~corhvert_fesi sp»agrphgridmrtw deweg;i ﬁahy&?@gﬁs{h eOrEtS.?CQWdtﬁegae i ,d whi ch
~he other o roce UI‘Q_ ?0 LS er ec e first second st ages
bei ng ef f ect™ ergt (Frasr B sﬁc% COI’ldI(ntI PoAs th eéﬁqullfng\?\ntnﬁ rgBStl onship is

met: F - XirFentixii,~@it least( Pprt wﬁedee mrednyegpetdocer@enpre  erably up to

0. bo An at ifachd:- e aper efyl«:%ga% ebt i feskibye cebipi ng)a:Lange sgale
para__i:~~c hydrocarbon synt hef'5|s unit wth a =ei atlvely smal | olefin~c

—y *
hydr ocar beri? YSYheEResi §2GnitEe% 2T bhe FRAMEZATEILTE+3 or 1/9 of the
production 15 c&pacetpcekst he pasaffben hdnedmeoarbonssynehesalslyin~.t. Due

o 1ts ) arae-aleove, gs:ay LAOLY; 2 pLoducldon capacktyeal. | sast 20, 000

barrel s/ da¥‘ especi ally et "l east arre' _s/ , . pore espeC| ally a:
| east 1aving a molar v‘a io of hwdrogen to caTfbon mﬂncylde F
25 iess than 2.1. In a prefsrred embodimert the synthesis

gas 1s prepared IZrom natural gas by a catalytic or
autothermal partial oxicdation process, which processes
are known in the art. This has the advantage thet a

{1

synthesis gas :s produced having a2 E»/CO molar ratio in

n

30 the range of from 1.3 to 1.8, This =s particularly
benefic.el 1f 1t is aesired to precduce large amounts of a
first product hsving a E»/CO usage ratio relatively close
to the molar ratio ci the synthesis gas, for example
paraffiznxc hydrocarbons, in one step and to produce in a

35 second step smaller amounts ¢f products to be used as



100, 000 barrel s/day, the paraffi::ic hydrocarbon syntresis 2 0 unit wll

enj oy the adva-stages c |large scale production, and, thus, the paraffi nic
i :ydrocarbc: ~ produced .n the ole~ir.ic hydrocarbon sy~thes~s unit mll
en~ey the sweowéeFits. The of ef~r.~ c hvdrocarbo~ s~-::thegquly 2003 w 11
produce the ol efinic hydrocarbons at a chgmcally large 2 5 scale, and have
the advantages of relatively | ow p_oduction costs. The anount cf parar'inic
hydr ocar bons produced_in an ol efinic hydrocarbon synthesis unit is
nor:na_ly bERaReED BPRENP B AR §2V3HE abl 52 A0S TTE Wiet1den : got

cvAh. T, cI I vuthﬂ lar.e l.@ P atr Vil ocrpqq Si s
u.Mo~t t' %Tmu u?egfﬁﬁ cgrgf’hn %A%}Dgoooﬂadb oy W 5& g&hse

re~. at' veI >7~>1%W3@r5 t°’ S YRy FSCLCLE By DB Iores Wé\ﬁé‘“-e-‘\ﬁe-r to be

consi der ed et Xock W WAL IR sPEL adcxvganqcanyaﬁing products.

CO TTli ™, ~n2 % §%~ th hydrgcgrbon Sé/rﬁﬂﬁ thesis an s results ~N syner g~es
T the 35 | GSFORTESNAs Meld PRE RTTTE STRHICERS: Sdarhe PTaaBt00] 48969 -
_0 29 Jul yi2083 tyene a~seséhesiavens ~on weed hawvowgbe frelant hertiaesdri bed

b_J fieanS @ drogndo, ca9¥onlrl?lon5§‘m)e 85 in txl%mranéeaoA YRCI, 5CLRCcess
schenme in on er| “bodi nent of the S pzesent i nventi :~s as follows. A

synt hesi s gas s ipr 8BaredUb$ adrP?all cik~dati on of natural gas at a
t e~r ~perature of T42Q@=Cliyn the presengs tdlesaxyges dktedniB2cChiemBedar ratio

o J205 The=3Y BLDE32n02° 10800 I OGRN £10-600PA0A TRNGXLAS D) Bher 20 0 01

10 Tne~synfhesis S m xe recycl i'S gas “to produce a
synt hes' s gaevﬁééécﬁavﬁngyalﬁ?hlfbg’@f*thdcarlBoHShﬁao? Fdecablad =atio of

1.1. The SyﬁEBE§e§ -gas Eeadcb5a1W§ﬂQﬂ#Q@drhﬁcaah@QMN patatf et 1SyntheSIs
reactor (~:25_rea ?g GY, SV o e |l.PSre

Th ];pr
cor.ta~r.s a* ?FQChef‘ 8ﬁécﬁaE%T-a5iysst ‘(?orrpl}\li %ﬂﬁw’h “BarbgesBys ‘ij o
cobalt per 180tpbweotf.sEtavplenrad enitfhéesynshiesisTgassEred |s cont act ed
WitPsthe catal ystsal, ast eopel &t Wea %J@&&apgma cpfﬁ§§ﬁ'£0)ee9iszg§s Nga- The

hydrogen to carbon_npncxi de usage ratio Fi is 2.1 ><grocess ~
Oper at ed t o°? eBRR2 SR dverRy¢r %Crfrg’:brt?ﬁ ABROXIARE Ot 57U Xe°RF 1D Q5. The
process proguciesniive 49idow ey mEreducts partabhked those RIOsHHADE9 Tabl e

29 Jul 003 Cefi wt ~Cl1~
5. SC~UU4% 1C30° %ipg%ﬁz&% gag,gg};&fl g@ﬁ’gﬁﬂ IC:I1£)+S~7g IUr : 0 0t separa ted

The hydrogen to Bag Uﬂﬁ#%nﬁbﬁﬁ?sﬁﬁl 8PSraPRee O¥2BAR . Eﬂhe%f st’gla’s | eavi ng the
HP eactor éxjv«%) ?101? éaltl'}ﬁ 1SR BESL S 9ASd S J‘e to ?zh(d ﬁ%}é‘:' e

eS|s gas 0 prod ~|rst synt hesi s as fee react or
haV|ng a in Dartlcu‘a* 2.1. Yet, it nas been found

advantageous to use a synthesis gas feed to the process
having a hydrogen to carbecn monoxide molar ratio in the
range of Zfrcm 0.6 to 1.4, in particular 1.1. The use of a
27 synthesis gas feed which has a significantly lower
hydrogen to carbon monox:de rat:0o than the actual usage
ratio 1s particularly benef:cial fcr the selectavity of
the process to long-chain paraffiinac hydrocarbons. A
disadvantage is that the use of such feed results in
30 larger by-products groduct:ion. Typically, the process fcr
tne convers:ion ci synthesis gas feed to paraffin:ic
hvdrocarbons produces clefins and/cr oxygenates as
by-products.
Accordingly in one aspect cf the present inventien,
35 the first syntnesis gzs feed s converted to parafiinzc

hvdroczrbons as fa2rst crganic product and oxygenates



5 hydrogen to carbon nonoxide nolar ratio of 1.1. The C2-Cq olefins are
separated Frorn the paraffins by distillation. The reman~~g synt hesis gas,
havi ng a hydrogen to carbon nonoxide ratio of 0.5, is used as second
synthesis _Wpoga&e eed for an ol efinic hydrocarbon synthesi ggpugcesosd T_he
Ss;rnthesis gas feed is introduced i:~to an ol efinic hydrocarbon synthesis
reacte= (aOS reactor) at a GHSV c. 1000 N/ 1/ h. The HOS reactc= con-~ai ns an
ol efin synthesis catal yst conprising iron, potassium copper and ma: ~ga“ese
15int :e koklow ngemmmwyamcm:ﬂeond\/ld‘s K G i»;i—@ﬂ'oﬁﬁc& 1. ':'ne

catal yst does nog.gont gk nC@n&axrg,resr - Th%zp%;ét cfsP gas feed 4;s, c.ont act ed
a

with t:~e catalyst at a tenper@G-~ure ¢ préss~sre ¢t _ . 0 MPa
A he hydr BYERCE 8 &% b ohF - 361 h ekl U Seide Meat |"@‘”:Y wrdely.0. 5. The process

is 20 ooe=ated: I:E’I@;actth@rpreﬁi/ﬂaaho_n AT B £10 rxhqm (ﬂx@/c@@ﬁ\éQb&h@,n*g cf
0. 2~-5 The pr, ocess co"ve_tl S, 5060m0 t ue CO.into 00/ 6?969 _lg _
and prcduceSet =27 FEFT i @ = SRREEGEA Sor P 5r"8du€?1§e i ~ a

~A. 1 a 29 30Py° Q003 \H_aet'tl—g:ulcr’“ fromC@od ter 256hdiCn~Ghat ’estbé ("b

i t-C-e~ Ngr ez, WJ GAY) MLt 32 52 ord086R0L 1076820018 825201920, 5 ~9. 0
The C1-Cq paraff%ns %separated fromthe C2-Cq ol eFins béédl stillation

and conbi netF %'t Bfar af'S G855 HohEaynéRarR VRACFEFY WEHVY) paraffin
synt hesi s ptgcessllylve yCSeCg hpareaf 'firos a00 sepacavedNEydrnf he C5-Cg ol efins

g adsorptl o e ..%%mmb%'obywaﬁ%abggeg!ég bibPopipder the

tra emark" aratfins are separ f+ olef~r,s
by the sa: rr%afptrldb"eé?smd}@*?ﬁé el’-'ﬁ+5b5haFfPhs Fidh ahelsezopdtateprare m xed

with the Cgte payrafefdsisnFrame: s@chi eabcSte¥hnaia’1di sené: | orige heavy

pa=af ~i n conversion umt to convert pa o this eed to CS-C, paraFFins.
Suitably, CRCFTHEREEEONSIf FEAT~AB2FPEOReARI®ITiohe PP IGRCER At 2hd the
heavy parafdifisiaty e@avessb@naUBkts6ANsREITOE; 1 NI figdl ane. used as fee.: For

a tggrrr~a~. Cr%Ckona(n%ggEh%e%tact 1€ sécéPd°99X€£és$§eb=s feed is
converted to olefinic hydrocarbons, in particular as
second organic product. The convexsion is typically
carried out using an olefin synthesis catalyst. Olefin
synthes:s catalysts are well known to those skilled in

20 the art. Examples of suitable olefin synthesis catalysts
are those containing a group VIII metal, for example
iron, optionally in combination with an alkali metal such
as potassium and/or optionally a metal chosen from the
transition metals, in partacular groups Ib, IIb, Vb, VIL,

25 VIIb or VIII of the Period:c Teble cof the Elements as
published i1n the Handbook of Chemistry and Physics 65th
editicn, preferably manganese cr zinc. Cpt:onally, the
catalytically active metals are supported on a carrier,
tyvpically & refractory cxide carrier. By-products that

v be produced in this process comprise oxygjenates

a
and/cr para-f;nﬂc hydrocarbons.

_nvenz.on the second synthesis gas feed .s converted to
clefnic hydrocarpons as sscond organic product and
35 cxygenztes and/cz pa:afflni: hydrocarpcns as second



r CS--CJ paraf'ins to C2-,.4 ¢c' e=~r.s. Exar~nie |1 ~. t~, Ip~ ca'_ process

schenre ~.. a _... t:~e~ e:nboa~"~e*t cF 20 t::e ~=ese-~t ~nver. _ic:, ~S as
‘o=l ows. F s~:ntnes~s cas ~s prepared by par teal o::ida tics of r.a tura'
aas at a te:wopergwsre o= 20v C. ~n :.=~e p=esence Ci OX. yggmjuwzo(m WO
00148969 i a 29 July 2003 02/Ci-iq nclar rat_o cF 0.57. ~e

synti:esis gas has a hydrogen to carccn- nbhcx~de moia_ ratio ef -1.7. The
synthesis gas ~s :“rxed with recycle syntheses gas to produce a synthesis
gas feed having aRhydrege"C@@”’Hmrsbain norexedecudrabirated.Afcl. 1. Tne

synthesi s gag,kegdaksokht- =¥ Qpuned Hent e - nt hesi s reactor
(HPS reactor%gat aaGH%V of 800 "N1/ 1? S g g ’E& ?gagt%%g ﬂgf ains a

Fi scher - ~' r cpEEhCRat &t y59e RRRS §|tﬁ6”18fpﬁmﬁe¥“é’ebalvFrﬁeiﬂ"‘l@?)s pbwv cf silica
carrier. Thecaﬂ_syﬂtdaesw* gﬁ.&én@@datﬁréonhaQKEdrél\b_&@ bthereahal ysteat a

tenpegature pf 22 S ,Engl 12:”31%5-“ -€ Of%%%sS (]ea{lgdr 096{1 0 carbcn

nonoxi de usage ra ch an overall
car bon mno@ﬁ%s%eﬁeleﬁ@(ﬁf—‘ xi*w@e'xo i7<.3.'n OThe t@ytﬁd@@m ton qaatadce Yaonoxi de 15

mol ar rathﬁfoﬁy@t@e@wm | @a¥i 89s tHGu PSS LS TOL1 4 Ss d;f}ﬂccf p of the
synthesis gas is rec C|Ed‘1(3 cIe synt hesi's gdas to produce a firs

synt hesi s gas/F&Rt 1% The é‘éﬁt% ohaWithg & der 4/d.car bon monoxi de
nolar ratio pﬁeﬂeﬂabm TRver 1SO00aE 01 2O I e .S E&@ﬁe:l’hajmy”lg;h& hydrogen to

carbog Monoide. yald &by 3:USELIRS 00N YU NSNS, 43 figed For an

al coho synt e5|s process. e sy nt esi s gas fee nt.rodic ‘to an
sl cohol sy: &éﬁreer-éa@tﬂoflgASSr% otz tatf cxmeiSy Dofr 306G -NIAE/ h. The AS

reactor 2° ¢ont %ﬁ%aacqc%l eohgh %vrlé;ae% 5 %.%9%' ¥§tongg%% 'gﬁ'ggg t%' ﬂ%ea“d

ch=o:niumi.”. the aol qQw-.

catal ys~ fuﬂ%r“acé’nrél*ﬁe52°§$t’b?5%/\eﬁ}@ﬁtle§f —‘F theher$ynt hesi s gas feed ~s

contacted with timescaicalayst vﬁth@swstegrmeruatalgreergf—lgcglg ar~dnas. ressure of

5.0 MPa. The 30 hyd_ogen to carbon nono: :ice usa.”e ratio F;,~is C. 7. The
cr oéerts ~s GOBFEFEdORot¥8afal sy L esarBot MRDABIEGe CEOEIPBr 8~BntXi i of 0. 29.
Ti a process.ger iveparsid3@babyZye @.5t vef ot Be €Rei Bi,AtERZiangap=ed.: ces as
second organi r a3, n Qf .neth and _so- but anol

i 20 cwt) Byg 88§u§9‘!§§5 equ? scegnglteﬁgrlogxggeszag:ggsf5383%/&/\55’ and

hydr ocar bo. ®: §‘an4h®9Fﬂ8@’6@°f259 iFupprpedly signifiecantly lower

than the usage ratio for the conversion of synthesis gas
20 to paraifinic hydrocarbons. This is due to tne fact that
a number of olefin synthesis catalysts also have CO-shift
activity, in particular those containing an alkali meteal.
Catalysts having CO-shift activity have activity for
conversion c¢f carbon monoxide and water to hydrogen gas
and carbon dicxide or vice versa. It will be appreciated
that water should be present 2n the reactor to enable a
CO-shift to hydrogen gas arnd carbon dioxide. Water may be
injected together wizth the synthesis gas but i1s also
produced in the olefinic hydrocerbon synthesis process.
30 In a prelerred embodiment of the presernt invention
tne second syvrthesis gas feed 2s contacted with a
catalyst having & CO-shift activity which is more
dependent on the reactcr temperature than the olef:n
selectivzty cf the catalys:t -n the conversion to clefinac
35 hydrocarbors. Thls hés the advantage that by changing the

reacror temperature, the synthesls ges usage ratio car he



(3C %wvi. The la=ter ca:~ be :nixeo with C-Cq paraffins p~oduc~d in the

i : PS =eac~cr. The ot!-:e= oxygenates are secarated Tromnet:.a.”.oi and

i so-butanol by distillation and are mxed with C5-~~c~ paraf=ins e. C ~*
paraffins ®aisudéded in the first process which mxtGe is 20Joly 2008d as
gzsoline or mddle distillate boiling range product. Optionally, the
paraffins obtained in the first process -rray have been subjected to for
exanple a catalytic refornming process prior to adrrixture wth oxygenates
from 10 t helsée6Advpibeessandiadenot pherofathee rPdseoliems 6 | i ng range

product. |fed@Sorr @desMebRangh: andcte_a@waﬁpl A AS di5ed; t:q,produce net hyl
tertiary- butyl et her -~ be used as a bl endr %’corrponent to

gaso' i ne. Pi8¢ ExanﬁFeéfrfeAé?§/pF%'a?eﬁUte%%' dtheife Y45 arfdtifery Sémbodi ment  of
the presenthenventeoniossas; fahdons; dersybe-tdiesredjasnite peepdred by
partia' _ oxidation, of,natural gas_as, a scri bed i nple I1. 20 The
synthesi s §as- FE PhtTodiTRFH & L<‘;\J\liﬂ/e'rp’ar oS a?;}r%’héé‘l SREAMYSE (HPS
react or, seemixasps ez |Erowsi VL A oot t/mrt@afase/ler t droina ca~al yst). The
react or may.Dec OPer Al othd N & 2 ANGE- VOGN MR 1CE SVl B8, 888 hegycl e The
product s fromt PS-reacti o are separate |nto a 25 gaseous fraction
(conpri si: YRy o, A0 Raa?%fﬁiﬂﬁﬁ cd daneset Ranéircz- egtparatiyns and
CZ Cg ol eai fSc sk i Tdn Q&Sﬁfi)a ar-dipa Hiibguive bragtbonet&d+ g¢anmpounds). The
? ous fractron (con%) "g u.”.co erteY §¥n EESIS as) is
ntPoduced®T ht o™ 3 ol S 13 hydr & cear‘b‘B‘r‘l *SyREELIEF ct or (HOS
reactor, sezraysnpiwrtier Tremprichickts efl kehe FeBateathi parareuseEparated m

to a gaseoyS-atg@qm O ALQURES), neﬁor@—“@teeaetegtsa fstiteshs g as,
C. 209cor 7ds arﬁd i_nert gses) an aqu, id fractic-~ | CS+

cocr aounds”)" ésfﬁfé’"i -85 FF Pact B6R EfSt han: BRE/ QRN {EE s seaar at ed
VfO 00/ 48962 Mo 2QG3 in 'thel rangsd. cfofac@50CiscéractTioa, w~: ~c ~
dhen s apar atedd Nt CanGla: ' 2CEL L, 5o @001 £5; 5y Spara~=-r-s,
g a ClS'IE? I‘A(}C4 ~cn. Eil'rl'he f cgft ragrt ?on ofzthe%—E’S reac, %o" . oget her 5
vvrt t he @L@keﬁlééﬁdoﬁh@ft ttﬁé’ RAESCléactrBhaat @ seht B339 % ﬁ%a’r/%/ par affin
conver si CryiygH tr i@k th@ e dyéebreaarsae rothyCﬁﬂpﬂh@QSrédLiélecﬁﬂE},@tce of
hydr ogen dasurtale ata t In ddition to G ckir.g, also
rydrogena?trr}’on andeﬁ'ﬁ O6/e(séorrer|¥“§a Fon® ah atlonsr%oo e’{grocucts o the
HPC- ~eact iagsily. degetrhmened Pl the €B: Cl%dpaﬁ:ansb)f FHdtone fro:r: the HCS
Xepgtion ahgesepanhatedohnto a napntha f=actic:~, a kexo fractr on, a d-~ese'
fraction and a heavxé 4= oducb reeuiring three separatio ur. % The heavy
fracticn ~s recPcFRETPE L REPPELRSE r Ract oF . PX e he B KA HoddKi d
conver si orseicondostynhaeson gershiehe mlammag@i red amaﬁvqgrtbrt@gen to car bon
monoxi de i el:3e .55 aAdatRenbPC LeaCLLindl & Shtlt Widmdde SR rement of

formula | "is satr s? er conpared th a stand-a:. one paraffinic
hydr ocar b6nethey ax t’ﬁ%saf§ up'=‘?~te ??re"(?'é?"h’é‘*’r' cao“ﬁ“pqoex) 433 5 dr ogen

meBIf act Lby~pgoducct , Moeeepsar yrebl Fncrieass ddrad ppwhuhegary earsbon nonoxi de
rat 0 L OBelulil Bol0e2edd (008 pEPLS, 2353 O MULGR LS assRb A a7y 2
nor-hydrocar on duci ng unit een Teplaced By a hydrocar bon
prod~c~ngi@npPe: tb?ééi%lelﬂ@Cthhaffrﬁluea'b?re?ﬁ@eﬁnqlnt@r PeFicae$rganic

product, and fur-ther cxygenates as second by-product

If the first synthesis gas feed is converted to
3C paraffinic hydrocarbons this seccnd by-product can be
used a&s a blending comporent with paraffinzc hydrocarbens
boiling i1n the gascline or middle drst:illate bo:rling
range.
Mixtures ¢ Z-mezhyl-l-azlkancl and methancl can bpe

35 produced by contatting synthesis gés &t synthes.is

it}

cond.tions with 2 catzlyst known to tnose skilled 1n ¢th



29 July 2003 - 22 T5al4 02 RE~-TI S DCL~1 M9 1. ~, process for t;
ce preparaw-.on o~ at |east cwo otgaaic pxoducts frcn a synthesis gas by
(1) cenver:.ir_g a xirst synthes~, s gas feed to a First organi c product
azid a ~xatwdygegeeduct; 5 (ii) corverti:~g a second synt he2%Jgy2008ed to a
second orga_nzG p~coduct and a 6ecoad by-produce; (iii) separ~tirg the
first and/or second by-product rom respettiw?y, the first and/fox seoor _d
organic product, ar.d ~. 0 (iv) mxing t~ e separated first ar_d/or second
by- product am<4 h ExdBSIR& & vériyrantlke caeaondrandbrr-fsesklpipani ¢ product,

wherein the J St [ G Gt~ s'.sel! ect~d from para~finic hydxocaxbons
br oxygenat"e'scr‘lgbﬁC %t he srgcogrng@lzé%glr Sggféygh%duct is seZeCted fxotn ol eFi zic

hydr eear bons or CPfy§EaaCe o8RG -ORE Byt hesy swidsly oonprésdendy a@ nt xt ura of
hydsegea antheCalRQA1MeRa@x:ge) hasca: obap: 64LE0 MphyAERIH 1R ing
carhor.twnoxzds F, whi.ch process ,gon'ggiggs esacai.. ~- jna . fi=st stage
one o the FOPF 6°EPn3°Z0 *priEadhxae 3 t2~XtoT2Ver? i TP 52~ d zi rst

synt hesi s gasetraédetobyaitdef skst lodgparsoprioglclarng saied thianst hy- pr oduct

uzde= conditl,e05e04xBedanbftac IOAOXKAE LONES S| Abrle X AU 53 M0l AT USage
rati o oy hydrogen to carbon znonoxi.ds oz Fi, 2S5 whierein ii is greater chap
F; or (b) ESRIGBAEYNGTSEFA sBcbhf 3anddherd &£k 1¢®da &t afd second

organi c pzpdk€racld sai dnsefiinge bys pfoshucizarmiere £orpti Cc,.0ase0f a carbon
CarBoy mongarae Brerrye st pd e R AR Many Hem s bRty ng 1 a
~ncor vext eB0a¥PpdrRrefioradEvdst ke presRrejulsy GG iad thydragea to a
saconci stagsmi § wWhi e kbg. ofRercgdv HOGEAIIR108) R cfdtRh £8orsiggted; the
Fol = oni ngtset S0aS TRP/ 3 AP RP S i Siactl ey ABeod M (2 wherei n
cisupto 0.2.It will be apprecrated that it may also be preferred
15 to prepare other oxygenates like primary alkanols, in
particular primary alkanols ccntaining 2-15 carbon atoms
in their structure, as second organic product. Catalysts
known in the art comprise one or more metals as
catalytically active component, chosen from Group VIII,
20 Group Ib and/cr Greup VIb, .n particular iron, nackel,
cobalt, copper and/or molybdenum. An overview of various
processes to synthesize primary alkanols Zrom synthesis
gas has been given by Fcrcatti et al. in Catal. Rev. Sci.
Eng., 33(1&2), 10&-168 (19%1).
a0 In yet another embodiment cf the present invention
the Zirst synthesis gas feed 1s converted to an
oxygenate, preferably an alkanol, particularly methanol,
as first organic produc:t, and optionally other oxygenates
as first by-product. Zn example cf a suitable catalyst

30 comprises copper and zinc on a refractory ox:ide carrier,

aditions may vary widely and depend on
s <

(%]

the actual cat emploved. Optimum operating
T

cond:rtions for a specific cetalyst carn be easily

35 determined by the skillecd persocn by nothing more than
a2

rcutine experimentation. The reaction temp



Z . Aprocess as clained iz~ elaita 1, which conpriseg (iii) sees=sting the
fi xst and second by-product ~xom respectively, th,e f~ rsr arid second
organic product. 7.0 3. A process as clainmed zza, claim2, which conpryses
(~.v) mxi ngvodeesdebxst and second by-product with, respecti2@Uyly 2008 second
and fi~cst oxgar~ic product. 4. a process as clained in any ono o~ c7.ains
1 to 3, wherein the i3,=st by-product ha%4the sane ge.~.eral '15 & xuctura
tormul a_as the aecor _d organic product ard-~o,: the second by-pzo3uez has
the sanF generalzstyuchusah zp=thtarafd e firbat 1@DgacC4pb0du9t 5~ A
pxocess as clau d.in cry.pne_of cIagqg_l a. wWherern the rsm1synthe5|s
gas feed is concgrf%g fé 28Qpa$a —a°ny§98ca%b6P gbgs E §t cxgani c
product dadct Oxygenaeéguae~§$om0©|@#4?ﬂq§¢hyd dxoegr beag ésomllstoby product .

s. R processpagpgl abapdetspapy one Of ghaknss1-19s0n WH2xglar-th.g second
syn: . hesis gas feed zs, aon: rerted to 25 oleflnl.c hydrocarbons as_second

or gafi ¢ prodafB arR bXygEhat B° 4 or SpaYRLFRR ¥ PHHREERE bDERM ak0Gecond
byproduct. t3.100p0 ACEAS/las ot et avehliyn fasw !DOG!OO{oCEr‘Q@d) sl 4. ~, wherein
t he seccr~d ayatp§§§lg%ef£{%4& SR Eeglh as 31_0,_0 cy enaLe as second
organic vrodLCt and ~-arozhsr oxygeaace as ) onds% - prod= e‘t T8 A precess
as cl ai ned PAtcrei MLt He? & Rradessf WﬂSChsymcmaCSQ% @a@fflqmﬁnns: conver " ed

t0 an 0~Cygefo@E&: AS domlomngaHL m&@@us§nt$§s AL i A Y. ANSI. A LA
. AY, Aa3. ANF. Au3. C%F ALNF. CAFy oAy % A AuL. AacF ANF% Aa. A; . A3 . Al
a] C

Ru| B%op' 24\ J T W M ] HCEa) caf@a]’c C%Téaﬁ]ceé] S Ga] ca] ca] ca] ¢
a] ca] ca] ca] xed ca]aa] ddjwa]dd dajrea) eaficad cdad ala0RIK products may
- =zla(val 1 abcalealonloial eal caleal ol e el calealealakedleal oal cal cal
ca] cajcalcalc ca] ca] ca ca] ca]ca]ca]ca! T (5
#| vagl gb] XI f&& ]‘g‘ﬂrca]lcatﬂ]sca] cER A d%’lﬁ]séa]—@alj]"c:&]*@a‘&i]c@a] ca] ca] ca]
ca] c”Ma] ca] c&ac]n:ae]xaa]paa] @a]naa‘]_ci’*a]:ca] dac]@a:]mS as first organic

: /\d t . V
]ca] ca] 221] E:a %Ca }%Fgg] £8p58 {cha]ﬁ%]q]%c brv%]r%%]acg]_.,cg] galcnal cal ca
7V wm#$$$$$$$$$$mﬂ%wmmmﬂm\s5| fy] waldabpca] cay ca] cay ca]

cal ca] caU] reahetal] eabeathcalen] satdLalon] gaheakcal ¢al ¢algal cal cajcalc

a] cal ca ORI &T&) &&&& "' ' " (((((f)))) *ex**

+++* +0+3+6-£RIIgRe IZUR DRFRatPcaf callsf ciit &ic aWPc speaoreafédFca]l ca] cal ca] ca]

cal] ca] caU]EcLa_L]xca] qaLJ]aEakca]aﬁa] ca] xal| caleablea) cablkeakeanly,

K+T+o+r+@, : - =- ---K .27//0R0 0l1a2222v4[ 55zupke” [\/I fU]]ca]lcalc

aUR®a] ca] c&]—c‘&]eé’a]’ea] 85] EQF%"‘&]’%‘%’]c‘a]ca]Pcé’GPééFcafEaPlfcafEéEﬂ’ t@8fcal] ca] cal

ca] ca] ca] catcalral] earh566=788r8) 8&1:8&#9&@9@8999, ; Y=? @QO000aoooo

Al 1oV 1011 selcalcol ol ealicalsal ol calelal ool gl el sl oal o"al cal cal
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CAa]Ca]Ca]ﬁ§L8§1§@ }}k&%@éq process comprises effecting in a first

stage cne cf the follcowing procedures:

(a) <converting a first synthes.s gas feed to parefiinac
30 hvdrocarbons or cxygenates, -n particalar methanol, under

condisxrons ¢f a carben monoxide conversieon of X, and a

X

mclar usage ratro of hydrogsn to carbon monoxide ¢f F

wherein T, is greeter than I or

(b} converting a2 secena svathes:is gas Zeed to clefin:ic
r

35 bvdrocarbenrns o© ular mixtures of

t—~ rt
o
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]
b]
U
m
4
ct
P
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me-nenol and isc-cu , under conditi.cns ¢cf a carbon
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e.g. one having about 1/3 or 1/4 of the production

15 capacity of the paraffinic hydrocarbon synthesis unit.
Due to its large scale, e.g. suitably a production
capacity at least 20,000 barrels/day, especially at least
50,000 barrels/day, more especially at least
100,000 barrels/day, the paraffinic hydrocarbon synthesis

20 unit will enjoy the advantages cf large scale production,
and, thus, the paraffinic hydrocarbon produced :n the
olefinic hydrocarbon synthesis unit will enjcy the same
benefits. The olefinic hydrocarbon synthesis unit will
produce the olefinic hydrocarbons at a chemically large

25 scale, and have the advantages of relataively low
producticn costs. The amount cf parzZffinic hydrocarbons
procduced in an olefinic hydrocarbon synthesis unit is
norma:ly between 25 and 60 w:i%, suitably about 40 wr%.
When not combined with a large scale paraff:inic

30 hydrocarbon synthesis un:it the (fuel)} velue of the
paraff:n:c hydroczarbons w1l be relatively low cr the
paraffinic hydrocarbons have even to be considered as a
waste product. Thus, the combination c¢f the two
hydrocarbon synthesis un:its resuclts xn synergies in the

35 Zeed stream &5 well 2s 1n the product streams.
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9&&"'((f)mﬁB&&EﬁEd:by#@H%dja¢ cxadation of natural gas at a

temperature of 1200 °C in the presence of oxygen at an

0,/CHy molar ratio of 0.6. The synthesis gas has a

hydrogen to carbon moncxide molar ratio of 1.7

10 Tne synthesis gas 1s mixed with recycle synthesis
gas to produce a syntheslis gas feed having & hydrogen to
carbon monoxide molar ratio of 1.1. The synthesis gas

feed is introduced in a heavy paraffin synthesis reactor
{EPS reactzor) at a GHSV of BCO N1l/1/h. The EPS reactor

15 contains a Fischer-Tropsch catalyst comprising 18 parts
by weight of cobalt per 100 pbw of silica carrier. The
synthesis gas feed is contacted with the catalyst at a

t

temperature cf 22C °C and a pressure of 2.8 MPa. The
hydrogen to carbon moncxide usage ratio Fj is 2.1. The

20 process is operated to reach an overall carbor monoxide
conversion X; cf 0.75. The process produces the following

products (Table I):
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C3 0.5 1.5

Cy 0.5 1.5

C5-C9 15.0 *

C10+ 75.0 >
* = not separated

The hydrogen to carbon moncxide molar ratio of synthes:s
gas leaving the HPS reactcr is 0.5. Part of the synthesas
gas 1s recycled (recycle synthesis gas) to produce a
first synthesis gas feed to the HPS reactor having a

1

S hydrogen to carbon monoxide molar ratio of 1.1.

The Cp-C4 olefins are separated from the paraffins
by distillation.

The remaining synthesis gas, having a hydrogen to
cerben monoxide ratio of 0.5, is used as second synthesas
ges feed for an olefinic hydrocarbon synthesis process.
The synthesis gas feed is Zintroduced into an olefinic
hydrocarbon synthesis reacter (HOS reacteor) at a GHSV oI
1000 N1/1/h. The HOS reactcr contains an olefin synthesis
catalyst comprising iron, potassium, copper and manganese

Fe:Mn:K:Cu = 100:33:3:1.

-

15 in the following &a&tomic ratio
The catalyst does not contain & carrier. The synthesis
ne

ges feed 1s contacted with t catalyst at a tempereature

o 270 °C and a pressure cZ 1.0 MPa. The hvycrogen to
carbon monoxide usage ratio Fi: 1s (0.5. The process is
20 operated to reach an overall carbon meonoxide conversiocn

e~

X;: of 0.25. The process converts 50% of the CO inte Cos
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Co 1.4 6.3

C3 2.z 9.8

Cyq 2.1 7.7

Cg-Cg 16.8 5.2

Cio+ ¢.§ S.8

The C3-C4 paraffins are separated from the Cs-C4 olefans

by distillation and combined with C;~-C4 paraffins

5 obtained in the first heavy paraffin synthesis process.
The Cg-Cg paraffins are separated from the Cz-Cg olefins
by an adsorption process, commercially available from UQP
under the trademark "OLEX". the Cqg+ paraffins are
separated from the Cjg+ olefins by the same process.

10 The Cjp+ paraffins from the second step are mixed
with the Cyp+ paraffins from the first step and sent to a
heavy paraffin conversion unit to convert part of this
feed to Cgx-Cg parzffins. Suitabkly, Cg-Cg paraffins from
the HPS reactocr, the HOS reactor and the heavy paraffins

15 conversion unit can be combined and used azs feed for a

hermal cracker (naphtha cracker) to convert the

t
Cg-Cg parafiins to C;-Cy4 cleians.
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20 he present ainverntion 1s &s Zollows. A synthesis
=2

t
prepared by partial oxicdaticn of rnatural gas at 2
temp



10 100 M L#109%R () - @[ \]]1"N__zX7uS1!! y3#10%K& ()-!" '"$10%{& ()-NBP
"$10% & ()-%Bh $10%&T() % '$10%& ()-9%J°
"SI0 ()-% 6 Yy z { | T rHA!l" @O% ()-&10%& ()-F10%& ()- 10 10
10! F" y3#109& 9048969y 3#10% & () - ~ayb] cdew3rS4!!1!"y, " $10%&20)utyd2008 ' $10%&
'()-t0!ly,  $10%b& ()-t0! "y, ' $10%p& ()-t0! Fy, ' $10%& ()-tO0!#y, $10%+& ()-t
Oef Oggahbhchdhwi [MA! 11y, " $10% 10 10 - 12 -
10'h’y, " $10%& ()-t0!'l "y,  $10%Kk& ()-tO0'y, "' $10% ()-tO0! vy,"' $10% () -t O0dhph}h
hhki i ’\<|\/I4l l@z‘lCH@MD@/&y&@G\ &1 ;0.GB1L0%ER cyn&itai@BIOHSNARS (- &, 9
109 & () - . o |
@O%NE () - YIUDIREET )ET j 4 TRARMEI e aiB169@ £ 71 2+9f @BL00& () - &* ! @BLO%& (
)- &1 @B10%h& THe & yin @ERLO@sEAE's( )2 &2 E @B 0209 9 X (9 yr¥Hed a0 YpZp[ p\ pwi [
Mal1e . .
10MV 3" 10%(\)#8?1(3 L EovE () -TTART9E 85 S e P Ea10mIME: I8 5% qar 6r) A=M
41113 $10%ce ghar PABYCE (”)O-Ja)( (r§ri9°/&f(}-— 10088 (YN PE@IE0%RE () - ! >F@
10%&' ()$66553elilaz\ﬁvw&w&hﬂ%r4el@$w% @) hebv ﬁlQa%i&_(r) s!'yldnc‘iﬂe%%é%#&' ()-"1- $10‘V &
-1 $10% "l ' "V & %' (

0%&' ()- \F%ﬁg( eaNgéf(f’ aF Foet leé% ’“1% (g) TP x%%m o D yW :

7||| 10 reactor conta ns a Fischer-Tropsch catalyst comprising
18 pbw 0of cobalt per 100 pbw ¢f silica carrier. The
10 synthesis gas feed is contacted with the catalyst at a
temperature of 220 °C and a pressure of 2.8 MPa. The

hydrogen to carbcon monoxide usage ratio F; is 2.1. The

process is operated to reach an overall carbon monoxide

conversion Xj o 0.7.i. The nydrogen to carbon monoxide

15 molar ratio of synthesis gas leaving the HPS reactor is
0.7. Part of the synthesis gas is recycled (recycle
synthesis gas) to produce a first synthesis gas feed to
the HPS reactor having a hydrogen to carbon monoxide
molar ratio of 1.1.

20 The remainang synthesis gas, having a hyvdrogen to
carbon monoxide ratio of 0.7, -s used as second synthesis
gas feed for an alcohol synthesis process. The synthesis
gas feed is introduced into an zlcohol synthesis reactor
{AS reactor) at a GHSV of 3000 Nl1/1/h. The AS reactor

2° contains an alcohol syvnthesis catalyst comprising zinc
and chromium in the following atomic ratio Zn:Cr = 3.7:1
The catalyst further contains 2.€% by weight of K. The
synthesis gas feed 2s contacted with the catalys:t a2t a
temperature cf 400 °C and a gressure of 5.0 MPa. The

30 hydrogen to carbon monoxicze usage ratio F:i, 1s C.7. The
process 1s operated Lo reach & carpcn monoxide COnversion
Xii of 0.28%. The rrocess ccrverts 30% by weight of the CO

into CO7 and prodaces as second organic product a mixture

of mezhancl (20 %wt) and asc-butanol {20 %wt) By-products
W

35 comprise other oxycenates (30 %wt) and hydrocarbons
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210%$$W$8;(Q§>8JQJQQh8eg?4Qiddle distillate beciling range product.
Optionally, the paraffins obtained in the first process
may have been subjected to for example a catalytic
reforming process prior to admixture with oxygenates from

10 the second process and use of the mixture as gasoline

boiling range product. If desired, methanol and iso-
butanol can be used to produce methyl tertiary-butyl
ether (MTBE), which can be used as a blending component

fcr gasoline.

15 Examplie III
A typical process scheme in another embodiment of

the presert invention is as follows.
A synthesyis gas is prepared by partial oxidation of
natural gas as described in Example II.

20 The synthesis gas is introduced in a heavy pareffin
synthesis reacter (HEPS reactor, see Example II, using a
cobalt/manganese/titania catelyst). The reactor may be
operated in a “once-through” way cr with a gas zrecycle.
The products from the EPS-reaction are separated into a

25 gaseous fraction (comprising hydrogen, carbon monoxide,
methane, C»-Cy paraffins and C>-C4 olefins and 1inert
gases) arnd a liquid fraction (Cg+ compounds).

The gasecus fraction (comprising the unconverted
synthesis gas) 1s introduced into an olefinic hydrocarbon

30 synthesis reactcr (HCS reactcr, see Example I). The
prcducts o the HOS reaction are separatsd 1nto & gaseous
fracticn (compr:sing some unreacted synthesis gas, C»s-Cy
compounds and nert géses) and & liqguad

compounds) .
35 Tne liguxd fracticn ci the HOS reacticn 2s separated
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fractwen.
The laquid fraction cf the HPS reaction, together
5 with the Caig+ fraction of the HCS reaction are sent to a

heavy paraffin conversicn unit (HPC) to hydrocrack the

compounds in the presence of hvdrogen and a suitable
catalyst. In addition to hydrocracking, also
hydrogenation and hydro.somerization will occur.

10 The procducts of the HPC-reaction, together with the

C5-Cy15 parafiins fraction Zrom the HCS reaction are
separated into a napntha fracticn, a kerxo fracticn, a
diesel fraction and a heavy product, requiring three
separation units. The heavy fraction 1s recycled to the

15 HPC reactor. '

The carbecn monoxide conversion in combination with
the molar usage ratio of hydrogen to carbon monoxide in
the HPS and the HPC reactor are such that the requirement
of formula I is satisfied.

20 When compared with a stand-alone paraffinic
hydrocarbon synthesis unzt, the (rather complex) HMU
(hydrogen manufacturing unit, necessary to 1ncrease the
hydrogen/carbon monoxide ratio from 1.7-1.8 to 2.15, the
vsers retio), which 1s essentially e non-hydrocarbon
producing unit, has been replaced by & hydrocarbon
produczng unit, producing high value chemical

intermediates.
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Par agr aph Font | %%&Q—S“B”ﬁ?ﬂHHQSePnﬁsﬁ ¥athesis gas feed te a second
organi¢ product and a gecond by-product;
(Lil) separating thea fixst and/or second by-product from,
respactively, the first and/or second organie product,

and

0 (iv) mixing the separated first and/oxr second by-product
with, raspactively, the sescond and/or first orxganic
product,

wherain the first orgénic proauct is'selected f£xrom
paraffinic hydrocarbons or oxygenates and the second

1s organi¢ product is selected £rom olefinic hydroecarbens or
oxygenates; and the synthesis gas, comprising a mixtura
of hydrogen and carbon monoxide, has a melar ratic of
hydregen to carkon nmonoxide F, which process comprises
effaccing in a Ffizst staée one ¢of the following

20 proceduras:
(2) converting said £irst synthesis gas feed to said

firse organic preduct and sald £irst by-product undex
conditions of a carbonr monoxids ccnvﬂrSLOn of X4y and a

melaxr usage ratioc of hydrogen to carben nonoxide of Fyi,
28 wherein Fi is grsatex chan ¥; ow

(k) converting sald second syntheais gas feed to zaid
second oxganic product and said second by-product under
cendicions of a carbon monoxide conversion of Xi4i and a

melar usage rarie of hydrogen to carbon monoxide of Fjiji,
30 whaXein Fji i8 less than F;

and supplying the uncenvertad carbem monoexide and
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hydrogen to a second stage in which the other of
procedure (a) or (b) is effected; the first and second
stages being effected under such conditions that tha
following relaticnship is met:

5 P = X;.T{ + X43.Fi3 '+ © (I)

wherein ¢ is up to 0.2.

2. 2 process as claimed in claim 1, which comprises
(iii) separating the first and second by-product from,
respectively, the Zizst and second organic product.

10 3. A process as claimad in claim 2, which comprises
(iv) mixing the first and second by-product with,
respectively, the second and first organic product.

4. 3 proecess as claimed in any cne of claims 1 to 3,
whierein the first by-product has the same general

15 structuxal formula as the second organic product and/er
the second by-product has the sam= general structural
formula as the first organic procduct.

.+ A process as claimed in any one of glaims 1 to <,
wherein the first synthesis gas £feed is caonvested to

20 paraffinic hydracarbone as firzt oxganic product and
oxygenates and/or olefinic hydrocarbens as first
by-product .

5. A process as claimed in any one of claimgs 1 to S,
wherain che sacond synchesis gas feed iz gonverted to

25 olefinic hydrecarbons as saccnd organie producc and
oxygenates and/or paraffinic hydrccarbens as sacond by-
product.
7. A process 4s claimed in any one of claims 1 to 4,
wherein the s=cend synthesis gas feed is converxted to an

30 oxygenats as second organic product and:anocher oxygenate
as secaond by-product.
8. A progess 2s claimad in ¢laim 7, wherain the firs:s
synthesis gazs fzed is converted ts an oxyg#snate as fixrst
organic ﬁroduct.

as



