
;e3e,vD6zTmE   PROCESS FOR THE PRE?ARA.TION OF HYDROCARDONS FROM CARBON
MONOXIDE AND HYDROGEN The p=esent invention relates to a process for the
preparation of hydrocarbons from a mixture of carbon monoxide and hydrogen.
The p=esent invention relates in particular to a process fog the
preparation of 5 hydrocarbons from a mixture of carbon monoxide and
hydrogen having a given H2/CO molar ratio. Mixtures of hydrogen. and carbon
mono}:ide are often referred to as synthesis gas. Such synthesis gas can be
used in numerous well-known processes to produce a large 10 variety of
organic compounds, containing carbon, hydrogen ' and, optionally, oxygen
moieties. A a=ocess for the preparation of paraffinic hydrocarbons from a
mixture of carbon. monoxide and hydrogen (syngas) is commonly knows as
Fischer-Tropsch 15 synthesis. This synthesis process involves contacting
syngas at elevated temperature and pressure with a catalyst, comprising as
catalytically active component a Group VIII metal, in particular Fe, Ni, Ru
or Co, to yield paraffinic hydrocarbons. A detailed description. of an
example oz such a Fischer-Tropsch synthesis process can be found in
EF-A-02E223 and EP-A-C179696. The Fischer-Troasch synthesis process
=eferred to hereinabove, in pa=ticular a process using a catalyst
comprising Ni, Ru c. Co, a..^.d having ^o Co-shift activity, 25 typically
consumes syngas at a H2/CO molar usage ratio of 2.0 to 3.C, in particular
2.0 to 2.3, manly depending on the length of the paraffinic 'hydrocarbons
formed It will be understood that when a giver. Fischer-Trcpsch synthesis
process consumes syngas a:. a H2/CO molar usage ratio o 30 for example 2.1,
the H2/CO molt= feed ratio should prererably be 2.1 as well .n order to
avoid a surplus of   R'O OUI48969 sit!;er H~ c= CG. 29-J.~ly 2003 3 problem
u:~dFriy~::c =he present ~nve:~tio_^. is that a s,enoas feed i:av~ng a
:i2/CO me 1 ar rati o or 2. 1 ~s not readily ava_lab~.e and can only be
prepared at 5 u:~acceptably ::_gh costs. In the art a number of processes
are ~:nown to prepare syngas. Depending on the process for preparing syngas
and the type o~ orgar._c feed to such processes, the 2/C0 molar ratio of
she synaas may vary widely. If 10 coal is used as organic feed .n such a
process, the H2/CC molar rat=o of the resulting syngas '_s generally lower
than i` natural gas .s used as organic feed. ~. steam methane retorm~r.g
process, us~r.~g natural cas as orgar~~c reed, typ~cal~y produces syngas
ham ng a H2/CO molar 15 ratio cf at least 3. A process involving partial
oxidation, eit~:er autothermal c_ cata'_ytic, of natural gas typically
produces syngas having a H2/CO molar ratio of 1.7. A part_al oxidation
process using coal or residual o.l as organic feed typically produces
syngas 



20 having a H2/CO molar ratio of 0.5. Accord_ngly, in order to obtain a
syngas having a H2/CO molar ratio cf for example 2.1, one has to prepare
SyngcS llS~i:g at ~eaSt two dlfFerent proCeSSeS, Such aS a comb:.r.a~~on cf
steam methane reaorming and partial 25 oxidation of natural cas, and mm:
the two H~/CO m~r.~ures thLS catained. For exaT~p_e EP-A-0io'8892 and
EF-A-0i7800' disclose energy efficient methods to prepare syngas from two
different processes. Alter:~atively, one cou'_d a=epare syngas by o-~e
syngas p=eparaticn proce=s and mix the 30 syngas rtes prepared w=th a
separate hydrogen cr carbon monoxide stream to arriva at t^e desired
r~~drogen tc carbon mo::o~:~de ratio. T= wr=1 be understood tnat ~.t will
be most oes=rab'_e tc be aola to use a syncas feed sn a s,.'^tnesi5
process, 15 wh~c:7 syn~as tee:: .s c~tair.e~ cm one syngas prep=aeon   - 3
29 July 2003 process e:~ly, w~tnea_ =):e neec .o ~c.ix tc.e syngas feed
~r'_ th ano tae; syncas :zavi _n g a c=f `e=e^ _ hyd=ogen to cs;bon rn
i,~lc> -- ' r o^ar?` f'y r go '' ^'7 HIC.^CXlae .Tw..JY-,.... _a~~0 0- 5_~
~ C_O :1 O~ Cc_b,.. S~~e3:ns. 5 . GB-P-22435,o discloses a grecess for t'ae
prcdsction of paraffin-c and arc:aat_c hydroca=boas from a carbonaceous
feecstock. ^'.^.is process '_nvclves converting the carboraceoas feedstock
into sy:ahesis gas having a u2/CO :;,olar :atio of less t :gin 2. 1. cover
ring t::e .. 10 synthes=s ;as partia?ly into parafFin:c hydroca=bons an3
corvertir_g tre rer..ainir.g sy::t::esis gas into aro~:atic ryd=oca=born.
Tre process fer the preparat'_on of ' paraffi.^.ic hycroca;bca consur,es
synthesis gzs at a H2/CD Ls age ratio hig he= than t~:e h2/CO feed rat~.o,
whereas the 15 ' Frocess for t_':e preparation of a=or~atic hyd_ocarbons
ccr.sumes synt'. esis gas at a H2/CO usage ratio lower than the H2/CO feed
r atio . As outl? ned in t?:is docu.^~eZt tre :post efficient convers'_on
is obtained when the overall E2/CO usage ratio is the sa::~e as the :2/CO
:eed ratio. 20 ' EP-A-C679620 describes a substantially once-through
hydrocarbon syr_thesis by =eacting ~:2 and CO is a first stage (s) in t2:e
presence o_` a .no.^.^.-s`~it'_^.g catalyse, separat=ng l:i;~id prodscts
and reacting t~:e _emai.iag gas streams in the presence of s`:if ti :c
catalys t. 25 Exanples o. o=her we_1-k:~ow.^. p=ocesses far t::e
p:eparatioa ef orga.^.ic products from sy.^.t::es;s gas a=a p:ocesses .or
::~e p=eparation cf CXVy2n-C:r::=a-niag hydrocarbons like rretha^.:,:.,
higher alco'~o'_s cr din:et~:yl~ethex and are we'_1 k.^.ow,-~ is the art. '
3C GH-A-2092172 d_sclcses a process fo= ;.he prepara~i:,.^. _.. a firs t s
cep , of oxyge::-coa:a~ :irg c=ga.^.,c cor,~.po~~ ids fro^~ synt':esis gas
:~=vi:,g a ~:~/CO :~cla= rat'_o of at leas= D.S,.and, in a sec"ac step,
p?:af=inic ~ycroca=hors froT L.nCO.^.^.` erred S j(.^.t::,~.s~S Cas _~^v_Il
t~':e _lr 5 ,~. 5 v.eD. 35 oxygen ~ ~ -p ' ' ' __ -CC:1_a~:l~:!'"~ CO
0.:.'1.^.s 'JJWli:eu i.^. ,..^.a R~rs. s~e~ ~'~JcND~D SHc~T 



29 July 2003 - 3.  can ae Lsed as ~..^.te=..,ea=ates i:. ~re pxoCUc_~_o.^_
c= ot~er cr ~a :~ c corr~pcunas 1 i ka o? e`irs . "he rreparation of
eeFi:.s directly from sy7thesis gas is weI'_ kro~~.^. .o c::ose sk_lled .n
t a ar~. 5 L'S-~-45? 8 i0i and E?-A-CS~E035 d:~sc:cse examples c~ such
~.fvlG'~'>c~ 5^~~"   W O 00I48969 29 July 2003 _ ~  vr2~2rdt~Cn ~r.7Ce5j.
CS-~-902996B discloses a mult~-stage Fischer-Tropsch process for the
product~o:~ of pazaffinic waxes by converting in a first step synthesis gas
into olefins, 5 and convert=ng ~n a second step the olefins and any
adcitional synthes_s gas into paraffins. The two steps may be combined into
one step by using a mixture of the required diffe_ent catalysts fir. one
cata'_yst bed. This two-stage arrangement fog the preparation of paraffinic
10 hydrocarbons ~s said to o`fer the advantage that it res~:l is in
:..^.creased amounts cf heavy hydrocarbons and 'ower selectivities ~;.~
methane ar.d ethane as compared with the production o. paraff~ns i:~ one
stew. Cne oy the pro~~e:r.s with processes using syn~hesis 15 gas as feed
:s the production of by-products. F.P-r-01537S1 discloses a two-step
arocess for the preparation of pa=aFfm~c hydrocarbons. In the `first step a
catalyst is used which is capable of yielding a product containing only
limited a~r~ounts of by-products. 20 P~evertheless, by-products are present
~.n the product of this process. The formation of by-products becomes an
even mere important problem if it ~s desired to prepare o=as^ic prod,:cts
for use ~n the chemical industry. For exar.-.ple, it 1:. is desired to
produce olef~r.ic 25 r.ydrocarbons, the fc=mat_o:, cf paraffinic
hydrocarbons represents a problem. 3y-products can be separated from the
desired produc~ by mear_s known fir. the a=t, such as by molecular sieves,
adscrpt~.on, a=stillat~cr. or washing, but this rs 30 relatively a}:pens:Je
and is eaten not economical'_y enable fir. v=ow of the '__:r~ ted vol ::mes
cL by-products produced ( tha:. ~s, no e~~~oTy-c:-scal a . .t would be
des_rable .f by-products of a sy:~thesis process, using a s;'^t.^.esis cas
=ee( could be separated 35 rom t7e TiG~n croduct a-:d ;:sod in an economy
cal l v v.:abl a way. 



29 July 2003 5 as with the separation o~ by-products, the producta.an os
organic products from aysit:~:sis gas is also governed by the
eccnomy-of-scale . Thus, prefera'oly, t~;e production oz crga~ic prodLCts
fxom synthesis gaa is 5 can=ied cut cn a :.argz scale. However, if ~.t is
desired to Qrepare czgar.ic products ~or use in the chemical i.nduscry, the
market could be relatively small as evmca;ad with the scale =e;uired to
make preparation of those orga.~ic products econocr,=tally via~ole, thus 10
prehibiti: g the ecvnomyc production of thorns prvduats. Despite trs
maturity of research in this field and despite the weaJ.th of publiaatioas
that are published each year in tais sield, :.t is~ be?ieved chat rv one
has considered to prepare i:~ a f~.rst step a first argani.c i5 product
a.~d a first by-product, and pxepare in a second step a sscord organic
product. and a second by-product, and in a third step, e~.g. separate the
first by-pxoduct frct~ th a fixst organic p=oduct a."~d mix the first
by-product with tie product from the second step. 2o The nrsseria
invent~,on there:o=e previ,dc9 a precesS far the prepara.ticn of ar hea5t
two organic products from svrlthejis 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'aduGt
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 3o (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 from paraf f izzic hydrocarbons or
o.~rgenates a.rd t:~e second organic product is selected frarn olefinic
?:ydrocarboas er 35 oxygenates; and the synthesis gas, compris~.ng a m;
.:ctu..re of hydrogen and carbon moao:cide, has a molax ratio of   29 July
2003 - o  hyd~ogn to carbor_ monoxide F, wx~zch process comprises siecting
in a fi rst stage dn,e oi' the iolsowi.~g proced~.tz~es (a) converting
sa:.d f~.:st syaChesis gas feed to said 5 First organic product cad sa~.d
~ixst bv-product uux~,dey conda.t~,ona of a carbon monoxide conversion of
Xi and a molax usage ratio o hydrogen to carbon moao_~cide o Fi, wherein Fi
is gre8tar t::ah F~ a~ (b) convez~ting said fiCOtld sY~thesis gas fend to
said 10 seco:d organic product cad said second by-produet.under corcditioas
o a carbon monoxide co~zVersiori o Xii aid a molax usage ratio o' zydrogen
Lo carbon mez~o~cide of Fii ~ wherein = ii is lsss than. F; and supplying
tr.,e uaconve:Ced carbon monoxide and 15 bydrogea to a secoad stage its
whici~, the other of 



pxoCedure (a) ox '(b) is sfected; the ii.rst a.~d second stages being
a=ected under such Coadizioas that the fa7.Iowing relati,onsaip is met F' -
xl , ~'l ~r ~lj,  ~~x t C 20 Wren ein c is up to 0 . 2 . IG will be
understood that this is particularly a3vancsgeous where the va7.ue of the
First or second byproduct is higher in a mixnura w;th xespeccivsly the
sscoad o. First o=ganic prodtet than vice vexsa. An, 25 e:camn3.e is where
e.g. the fsrsc by-5roduct fords a starting m~.arture with ztis second
oxgani.C product fv= further processing. ~rpe.ra.:l.y, t!^.e process
ccmbrises in step (iii) , separating both the irsc and second by-product
from, 30 respectively) the first aisd second organic product. More
praferaoly the n-roc2ss fuwther compr: ses is step ( iv) , rniaing the
first and second nv-product with) reso=ctivsly, t~:e secaad and f_rst orga.
~,c product. ~t wzll be appreczaCed trot it is most adva:atag=ous   29 July
2003 if t'. a f=rst by-product has the same general st~:ct;;=al
`o.:r,:.l'_a as t a se;.o^c o=ga: is p:odu;.t. Also, it is nose
a3va.^.tagecus '_f t a second by-proa~:c_ has tze same general s:=:~ctu=al
fo~~ala as the first wrgaric Frodact. 5 Wze=e=s `cr the i::div_dLal
by-rroducts t'_:e amounts orcdLCed coulc be too lew to war=~^.=
con.~nercia'. exploitation, in par ticL_a; is iscl ated par is of t a
world, the by-product :n_xed with a r.~ain rroduct, that is tre first or
second orga::ic product, could very well 10 k~arra^t corvine=c_al
exploitaticn. Typ:.cally, the gene=al struct:aral =c=MSlae O tre fi=s~ and
seco.^.d organic products are indepeade.^.tly c:osen f=o^: the gro~.:ps
class=fled as clefias, pazaffi.^.s, , alkarols~ alde::ydes o. keto^ss. 15
L^. a fu=:he= e_-:~bodi:~ert of tae p=ese:a i^vention, the process is
carried ou= suc.". ~::at subs~aa:ally all sy.^. thesis gas is consumed and
..^.o hycroge:~ or carbo.^. moroxide is left over. In a furt?:er aspect,
the :ydrogen to carbon monoxide usage rat:.o of the ccrversion from 20
sy.^.thesis gas to the first organ's predsct is righe= :han the feed ratio
of t:~e synthesis gas, w:ereas the usage ratio of the corversio : to the
second orgar.'_c prod;.c;. is lower that tae feed ratio cf the synthesis
gas. Cn t a rrese.^.t lave^tion, pref y 'p h. erabl to c is ;. 25 0.1. Host
preferably c eq;:al s zero. I^c:de_^.tally c ^~ay be slightly .n eg?t_~ve,
t::at is dow:. to -0.? d;:e to a COsh~f= react_o : '_n the ;irs= an:/or
secon.a. stage. _he molar usage ratio cr a CO-shift reacticn (CO + 3Z0 -j
C02 + ;:2) :s -1 It is to be :.r.cers=ood teat negative 30 values down to
-0.1 are included witli.^.^. tre :nea.^.iZg o_` the ~e_^.ns up to 0.2 and
up to 0.., as reewred to her e_rabove . 



It .s to be u..^.derstood t:: ~- X a.^.d K; : o a~ i _- =e_ =ese::~. a~
ove=all carbon ^oncxide cc::ce=sion based c^ the car~,;,:~ 3~ ncnoride
prese= t :z t'.:e s~^.:t'.:esis cas. Th;:s, t'_:e ca=bon P.M^N1~D Sri   29
July 2003 _ ~e _ :noncx~de ccnve=sic.^. Xi is caic~;aced by d_~'_c_^g t:~=_
tcta'_ amount of carbcn :~o::cxide con ~ e= t ed ._^. the firs t synthesis
process, t`at is t':e process for t:^.e p:epa=atioz o` the f=rs~ c=ga~:.c
p~oduc~, by the tota'_ AMcI`~E~ S;-?EE   1V0 00I48969 29 July 2003 - 8
ar~o~:^ t c' carbo~: :n: r.cr._de cr ~g~r.al ly prese:~t _n the sy::thesis
gas. The conversio.^,s X; and ~:;~ are not necessarily tl:~e same as tie
conversions per pass. The cor.vers~on per pass may fog example be lower due
to 5 recyc=a loops of synthesis gas having a different by drogen to carbcn
monoxide molar ratio. Accordingly, it will be appreciated that the ii2/CO
molGr ratio of the `list or seco^d synthesis gas feed is not necessarily
the same as the I-'.2/C0 molar ratio of the 10 synthesis gas produced in
the synthesis gas production process. Fcr example t::e H2lCO molar ratio c`
the first o. second 5yn~hes~s gas feed may have been al~ered by an_r
unccnverted synthesis aas recycle streams. As will be described
hereinafter, in the preparation o-~' paraffinic 15 hydrocarbons frcm
synthesis gas i~ may be preferred to use a syntheses gas Feed having a
H2/CO molar ratio which is significantly lower than the usage ratio of the
synthesis process. In a pre;erred embodiment of the invention, at lea s
part of the unconverted carbon 20 mcnex;de and hydrogen of procedure (a) er
(b) is the on;y sy.^.tresis gas feed fcr the other procedure. The process
as described hereinaoove is preferably carried out using as start_r.g
material a synthesis gas having a molar ratio of hydrogen to carbon
monoxide F c 25 less than 2.1. .n a preferred embociment the synthesis gas
is prepared from natural gas by a catalytic or autotrermal partial
oxidation process, wzic:-~ processes are i;nown i.^. tr.e ar:.. This has
the advantage that a synthesis gas is produced raving a ~:2/CO molar ratio
i~ 30 the r,_--.:age o. from I.5 to ~.9. T::is .s rarticularly bone=ic_al
if _.. is oesired to p=educe '_arge amounts of a fi=st _ rod~,:ct r.avi:~g
a ~:2iC0 ~,:saae ratio relative?y close to t~:e molar ratio c_-' t:~e s;
rnthesis gas, for example pa~a='~;,~c hya=ocarbor.s, m or.e step and ~o
produce in a 35 second stet sT:al'_er an;cu.^.:.s cr ^rcduc=s to be used as



WO 00/48969 29 July 2003 - G  chem~ cal =eed_=rock and have^g a '.:~; CC
usage ratio rel a t~vel y fa= frcm t:-:e mclar ratio of the sy:~thes~s gas.
~a:a:rples c. such prcaucts to be used as chemical feecstock are olefi.^.s
a: d cxygen-containing products. 5 Acco~dir.~gly, in a pre~e=red embodiment
cf the present ir.ve.^.~ ~lon a syn thesis gas .s used having a molar ratio
or hydrogen to carbon monoxide F in the range of from 1.5 to 1.9, in
particular about 1.7. Typically, the first syntheses gas feed is converted
10 to pa=affinic hydrocarbons as first organic product. The conversion ~s
typically carried out using a so-called Fischer-Tropsch catalyst containing
a Group VII metal. scher-Trcpsch catalysts are well known to those skilled
in the art. Ey:amales of suitable ~_scher-Troasch 15 catalysts, selective
fcr the conversion of synthesis gas - to paraffinrc hydrocarbons are those
containing cobalt or ruthenium as active metal, in particular those
described in P-A-0428223 and EP-A-0510771. The molar synthesis gas usage
ratio Fi of this 20 conversion typically lies in the range o~ from 2.0 to
2.3, in particular 2.1. Yet, rt has been found advantageous to use a
synthesis gas feed to the process having a hydrogen to carbon monoxide
:polar ratio in the =tinge of crc:n 0.6 to 1.4, ~n particular ~.1. ':'he
use e. a 2- synthesis gas feed which has a significantly lower hydrogen to
carbon monor.~de rat=o than the actual usage ratio is particularly
benef_cial fer the select~~ity of the process to long-c!~a~r. pa=aifi.^..c
hycrocarbor.s. A disadvantage ~s t :at the use of such feed results in 30
larger by-products p=oduct;on:. Typically, the process fer the conve=sron
c. svr,tr.esis cas feed to oaraff~r.~c h~~~d=ocarbo^s prc:uces cle=_r.s
and/or oayaer.ates as bv-orcducts. Acccrd~r.g_y ~-~ one aspect ef the
present ir.ve:;t~e.^" 35 t~~e iirs:, sv.^.t^es_s aas Feed .s co.^.~-exted
tc aara=a~^.c h vdr OCr. r}'J.^..^.S c~ 5 .'_r s ~ C~ .:a::_C pl'v~l::. ~
a:id 03:ygena te5   CVO 00I48969 29 July 2003 _ 1 a ana;o= olef=::ic
hydrocarbons as first by-product React~o.^. co.^.d~t:or,s `cr preparation.
cF para`fin~c hycro~arbo::s from sy::~hesis gas may va=y wide 1 y.
Typically, the preparation of paraffinic hydrocarbons is 5 carried out at a
temperatone in the =ange ef from i00 to ~00 C, in particular fro:r, 200 to
250 C. The total pressure may be chosen from 0.1 to 10 MPa, in particular
=ro.;~ c to 6 MPa. The Gas HoLrly Spa~e Velocity (GHSV) typ_cally may be
chosen from 100 to 10000 N1/1/h, 10 preferably froT, 5D0 to 2000 Ni/1/h.
Preferably the reaction conditions are SI:Ch that, with a given catalyst,
the cc..^.version a; is such that fcr:-~ula I is met. The deterrni.^.atien
of such reaction co.^,diti or.s bel on4s to the ord_r.ary skills of a
person sl:i'_led .n the art. 15 In one embodiment, the second synthesis gas
feed is converted to olefinic hydrocarbons, in particular as second organic
product. The co:wersion is typically carried out using an olefi:~ synthesis
catalyst. Olefin synthesis catalysts are we'1 known. to those skilled in 20
the art. Examples of s`,:itable olefin synthesis catalysts are t:-:ose
containing a group VIII metal, for example iron, optionally in combination
with an alkali metal s~.:ch as potassium and/or optionally a metal chosen
from the tra: sition metals, ..^. par ticuiar groups Ib, _Ib, Vb, VT_b, 25
`.'IIb cr V_TII of the Per'_od~c Table of the Elements as pu: l fished i n
the : andbook of Chemistry a:.d Physics 65th edit~cn, preferably manganese
cr zinc. Optionally, the ca t:.'_yt:caily active meta'_s are supported or.
a carr_er, typically a refractory cr.ide cam e=. 5y-products that 



30 may be proauced in this process comp==se oxygenates andicr paraffinic
hydrocarbons. Accordingly, ~n a fL~the~ aspect of the present _nvEnt_e.^.
the 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:iG/C~ .:ua~a~=ii.i :
:"IV,^..=OCar'JC.^.5 a5 SeCOn.^.. r.'~~-'-r.'Ju~.:ct.   WO 00I48969 - 11
29 July 2003 React=on condlt~ons for preparation of olef=nic hydrocarbo.^.s
from sy:,thesis gGs rnay vary widely. Tyrically, the preparatica of clew
n'_c hydrocarbons is carried ol:t at a tempo=ature ~n the range of from 1D0
to 5 900 C, in aa~tic~la~ frcm 250 to 300 C. The total pressure may be
chosen frcm 0.1 to 10 MPa, ~r. particular from 0.5 to 9 MPa. The Gas
i:ourly Space Velocity (GHSV) typically may be chosen from 100 to 10000
hl/1/h, preferably f_c:r. 500 to 2000 N1/1/h. Preferably the 10 reaction
conditions are such that, with a given catalyst, the conver5~c:~ kii is
such that formula I is met. The determinaticn of suc~ reaction conditions
belongs to the ord'_nary sk~lis of those skilled ~n the art. The molar
synthesis gas usage ratio Fli of this 15 conversion typically lies yn the
range cf from 0.5 to 1.2, in particular From 0.5 to 0.8. The synthesis gas
usage ratio for the conversion of sy:lthesis gas to olefinic hydrocarbons
is normally significantly lower than the usage ratio for the ccnversion of
synthesis gas 20 to parayfinic hydrocarbons. This is due to the fact that a
number of olefin synthesis catalysts also have CO-shift activity, in
particular those containing an alkali metal. Catalysts having CO-sh'_tt
acti~~ty have activity for conversion e. carbon monoxide and water to
hydrogen gas and carbon d=oxide or vice ve=sa. It will be app=eciated that
water should be present ~n the reactor to enable a CO-shift to hydroge:l
gas and carbon diox;de. Water may be ;njected together w~t'~ the synthesis
gas but ~.s also produced in the of e'i nic ~:yd=ocarbon sy:l theses
process . 30 T_n a cre'E=red embod;;rent ct the present invention the
second synthesis gas feed ~s contacted with a catalyst having a CO-shit
actin ty which is more deae:lden t on the reacts= tempera tL'_'e h'13:1 the
oleF=n selectivity cf the catal~st ~n the conversio:l to c'_efin _c 35
hydrocarbons. Tics has t'.^.e ad~-s.^.~age hat by changing the reactor
temperature, the sy;,thesis gas ,:sage =at_o ca.^. be   VVO 00l48469 29
July 2003 altered wr~lsr t::e cief~::~c hydrocarbon rroduct re:nair:s ^~ere
er less constant. rcco=.a~r.gly, by operaW ^g the process at d~iwe=ent
te:r:pe=attires, L:slng S'JC~'1 Catalyst, t'.^.e conversions 5~i and X, i
can be al tered aui to eas ~ ly 5 whilst soil meet=ng formula I.
Preferably, the catalyst comprises a Group VI_TT metal, ~n particular iron.
Preferably) the catalyst further comprises a Group IIb o. tilIb metal, in
part=cular ma..^.ganese cr zinc, optionally in combination with a Group
=Ib, Vb or VIb me:.al, in 10 particular var.ad.ium or cer~u:n. More
preferably the catalyst further comprises an alkali metal, in par~icula=
potass_u:n. Preferably, the K/=a atomic rat=o is ~n the range of from 0.03
to 0.3 and the iZn a-:d/o~ Mn)/~e atomic ratio is in t'.^.e range cf from
0.3 to 3. The 15 catalyst may o. may net conta'_n a ca_rier. It will be
'appreciated that the precise variation of usage ratio with temperate=a
depends strong'_y o.^. the precise catalyst that .s employed. Kowever, th=s
relationship can be easily determ:.ned by the sk'_lled person by routine 



20 exper_mentation. Tn another embodiment or the present invention, the
second synthesis gas =eed is converted to an oxygenate, p~efe~awly an
alkanol, as second o=ca^:ic p~oduct and ancthe= e~:yge:.ate, pre_era'~'_y
another alkanol, as second 25 by-product. More preferably, the second
sy:~thes~s gas feed ~s co::verted to a mixture ef a 2-methyl-1-alkanol, in
pa=ticula= =se-butanol, a:~d methanol as second organic product, and
=u=then c}:ygenates as second by-product. Tr t).~e first syr.thes_s gas
feed is converted :.o 30 paraffinic :^.ydrocarbons this second by-product
can be used as a blendi ng cor~per.e::t with para=Fin=c h~,~drocarbe.^.s
bowling in the ascl~ne c= r~,~dle c_st_llate bo~l~ng a:~ge , M'_y:tL=es o=
2-me=hvl-_-alr:a:~c'_ a..^.n raethano 1 can be sy:~thes~.s prOuUCed by
CC':~a~~~.^Q ~'y'.^.~::ES~S gas at cond_ tvons w=th a cata~ ~~st 1:.^.own
to t:lose s):'_lled ~:: the   WO 00I48969 - .3  29 July 2003 art. Fr.amp~es
c. su~tab=a cata~ysts comprise alkalip=omoted ZnCr c~ CL/Z~0 cata'_ysts.
Operat~r,g cc.^.c~i:._o:~s :gay vary widely and depend on the actLal
cata'_yst ti:at ~s employee. Opt~.mum oaerating 5 conC~tro.^.s for a
specif_c catalyst can be easily dete~mir.ed by the skilled person by
nothing more than routine experimentation. The reaction temperature is
typically chosen n the range of from 300 to 500 C, preferably in the range
of frog: 320 C to S50 C, the 10 total pressure is not crit=cal and may vary
from 3 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
also be preferred 15 to p:epara other oxygenates like primary aikanols, in
particular primary aikanols 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 Grcup VIb, rr. particular iro:~, n_ckel, cobalt,
copper and!or molybdenum. An ove_view of various processes to synt::esice
primary alkanols from synthesis gas has been given by Fcrtatti et al. in
Cata'_. rev. Sci. Eng., 33(12), _09-168 (1991). I~ yet another embodlme;.t
cf t:~e present inventio^ the :first synthesis gas feed .s converted to an
oxygenate, preferably an alka^ol, particularly me:.hanol, as first organ;.c
produc:., and optionally other oxygenates aS ~lrS~ by-p'_-Od'.1C~. Ln
eXa.^,l~le Ci a Si:itdble Cc~a~y5~ 30 comp'=ses copper 2nd zi:~c on a
reFractcYy cx~ce ca_rrer, .n particular an a 1 L:.T:l?:a ca:~'_er .
Operating cord=tior.s may vary wrdeiy andepenu cn the act',:~al ca taly t
tha t ~s e:r:p'_oyed . Op trmum ooero tlP.g condrmons fer a saec~_~c
catalvs;. car. be easiiv 35 deter:r,ined by the skill ec perscn by noth_^g
more t:~ar. rOL-t_^~? exDe: llSle:''.~''cW0:7. Tile ~eaCt:.O.^.
tplT:~^.e~a:.;:~_ 15   WO 00I48969 



29 July 2003 _ lq _ LVp~CallV ChOSEri in tha range Gf _r0:;1 ~h.~~ LO 9C0
C, preerably ~r. the ra-!ge c_ _rc:r~ 290 C to 28C C. the total pressure is
nOL Cr_trcai ar,d may var..~ from 1 to 20 via. Freferably, the press~,:re
~s chosen in the ranee 5 =rc:n 5 to iC MPa. The ChSV rs typical'_y selected
from 10C to 10000 hl/1/h, prefera~'_y from 1000 to 5000 Nl/1/h. It will be
understood that the present invention is not restricted to a process which
produces first organic products from only or.e first synthesis reaction and
10 second organic p=oducts =ro:n only one second synthesis reaction. Thus
the first and second organic prodscts may comp=ise mixtures of severa'_
=rrst and second synthesis =eactior.s. Fur then, 1 t rs ef cot:rse possibl
a to produce for er:ample paraffin=c hyd=ocGrbons Gs first organic 15
product and produce separately olefmic hydrocarbons and orygenates as
second orCanic products. It will be appreciated that in such a case the
formula FiiX~i in formula I is made up of the sum of two subformula's
FiiX,i (olefin.) and :iiX,i (oxygenate). Preferably, 20 either one or both
crgar._c by-products can be separated and mixed with the first erga::=c
Froduct. In a furthe_ embod~me~t, t:-:e present invention relates to a
crocess for t:~e c.reoaraticn of a4 least two crcan;c products from a
syr.t:.es~5 gas, where n tf:e 25 synthesis gas, ce:rprising a mixt~,:re of
carbon monoxide and hyarogen, has a molar ratio cf hyd_ogen to carbon
monoxide F, which process comprises effecti7g rn a first stage one cf the
follcwir.a ~=ocedures: (a) conve=ring a first s,~~nthes~s gas feed to
aaraf=inic 30 l:yd=ocarbons or cxyce::a tes, _r. par ticil ar methanGl ,
under F cond~t~or.s c. a cGrbcn mono::_ce conversion c_ Xi and a molar
usa?e ratio o: h_.~drogen to carbo.^. monoxide of F~, kvere~n F= is greater
tha.^. F; or (b. ccnwer t=r.g a secona sy:~thes~s gas =eed to cief~n=c 35
hydro:,arbcr.s cr c~:ygenates, _:, particular mixtures of rne=na,^,ol and
Esc-cuta:~el, ::noon cGnd~t~c.^.s cf a carbon.   wo ooias969 29 July 2003 -
1~ _ mcnox=de ccnve~sic~ o~ X.; ann a molar usage ratio of hyd:ogen to
carbon. moncx_de o Fli, wherein F, ; .~s less Lhar.~ F and supplying the
u:~cor.verted carbon monoxide and 5 hycrogen to a second s~aae i.^, which
~he other of procedure (a? or (b) is erfected; the first and second stages
being effected under such conditions that the following relationship is
met: F - Xl.Fi + Xii~tii t c (I) 1 whe_ein c is up to 0.2, pre`erably up to
0.1. An attractive operation .s obtained by combining a lance scale
para__i:~~c hydrocarbon synthesis unit with a =eiatively small olefin~c
hydrocarbcn synthesis unit, e.g. one having about 1/3 or 1/9 of the
production 15 capacity of the paraff~nic hydrocarbon synthesis un~.t. Due
to its large scale, e.g. suitably a production capacity at least 20,000
barrels/day, especially et least 50, 000 barre'_s/day, :pore especially a:.
least 



100,000 barrels/day, the paraffi::ic hydrocarbon syntresis 2 0 unit will
enjoy 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 m11
en~ey the same beneFits. The of ef~r.~ c hvdrocarbo~ s~-::thesis unit wi 11
produce the olefinic hydrocarbons at a chemically large 2 5 scale, and have
the advantages of relatively low p_oduction costs. The amount cf parar'inic
hydrocarbons produced in an olefinic hydrocarbon synthesis unit is
nor:na_ly be twee.^. 25 and 60 w:.a, smtably about 90 wt~. When :got
cv^.T.'c'l:len with a laree scale para`frnlc 30 hyd=ocarbcn s~-nthesis
u.^.~t t'~e (fuel) value eF the carafr~n_c h}d=ocarbo^s w_'_1 be
re~.at'_vely low cr t~:e naraf=i:,ic hydrocarbons have ever to be
considered as a ^' a two was ~e pr:7d',:ct . _.nL:S, t:'1
CO.TTli^,~nat.'_O:1 G~ th hydrocarbon synthesis an is results ~n synerg~es
~n the 35 _eed stream as well ~s m the ~roduc= st-earns.   CVO 00l48969 -
_o  29 July 2003 ^~:e ~rese^t ~nvent~cn w~:,1 now be f~,:rther aescribed
b_J fieanS Gf t.:e =Jl,' oY.'1^~ xampleS . ~x3m:.~1 a A tvpicai crocess
scheme in one eribodiment of the S pzesent inventic^ :~s as follows. A
synthesis gas is prepared by aartial cx~dation of natural gas at a
te~r~perature of 1200 C in the presence of oxygen at an 02/CHq mo'_ar ratio
of 0.6. The synthesis gas has a hydrogen to carbon monoxide molar ratio of
1.?. 10 Tne synthesis gas .s mixed with recycle synthesis gas to produce a
synthes'_s gas feed having a hydrogen to carbon mono}:ide molar =atio of
1.1. The synthesis gas feed is introduced in a heavy paratfi.^. synthesis
reactor (~:?5 reac:.or) at a GY.SV of 8C0 N1/1!h. The I'PS reactor 15
cor.ta~r.s a Fischer-Tropsch catalyst comprising 13 parts by weight o.
cobalt per 100 pbw of silica carrier. The synthesis gas feed is contacted
wit? the catalyst at a temperature cf 22C C and a pressure of 2.8 MPa. The
hydrogen to carbon moncxide usage ratio Fi is 2.1. The 20 process ~S
Operated to reach an overall carbon. monoxide conversion X; ef 0.~5. The
process produces the foilowiag prcducts ('='able T_ )   R'0 00l48969 Table
_ 29 July 2003 Lenctn cr Carocn chainParaiiir.sClefir.s (s wt~C1~
5.5C~U.40.1C30.51.5Cq ~0.51.5C5-Cg15. 0* -C10+ ~75.U ~* _ -:o t separa ted
The hydrogen to carbon monoxide molar ratio of syr.~hes=s gas leaving the
HPS reactor is 0.5. Part of the synthesis gas is recycled (recycle
synthesis gas) to produce a ~irst synthesis gas feed to the HPS reactor
having a 



5 hydrogen to carbon monoxide molar ratio of 1.1. The C2-Cq olefins are
separated Frorn the paraffins by distillation. The reman~~g synthesis gas,
having a hydrogen to carbon monoxide ratio of 0.5, is used as second
synthesis _., gas `eed for an olefinic hydrocarbon synthesis process. T_he
s;rnthesis gas feed is introduced i:~to an olefinic hydrocarbon synthesis
reacte= (aOS reactor) at a GHSV c. 1000 N1/1/h. The HOS reactc= con~ains an
olefin synthesis catalyst comprising iron, potassium, copper and ma:~ga^ese
15 in t`:e following atomic ratio Fe: M.^.:K:Cu = i00:33:3:1. ':'ne
catalyst does not contain a carrier. The synthesis gas feed is contacted
with t:~e catalyst at a temperGt~ure c. 270 C and a press~sre cf _ . 0 MPa
. ^'he hydrogen to carbon mo-~or.ide usage ratio =; y i s 0. 5. The process
is 20 ooe=ated tc reach ar. overal'_ carbon. monoxide conversion X; cf
0.2~. The process co^ve=is 500 0` the CO into C __ 2   WO 00/48969 _ lg _
and prcduces t~:e Fcliowi^_ ;:yd=ocar5or, products ~T ~T~ S - ab-a ~' a
.~^.1 a 29 July 2003 JLe:ig...r: ~~ CG~a'~~r. chain~G~at~~:ls ('b
~it~C~e~~.ns ~~ Wt}C19.1C21.46.32._ ~9.8Cq2.17.7C5-Cg16.825.2Clp+g.5 ~9.6
The C1-Cq paraffins are separated from the C2-Cq oleFins by distillation
and combined with C1-Cq paraffins 5 obtained in the firs heavy paraffin
synthesis process. The CS-Cg paraf'ins are separated From the C5-Cg olefins
by an adsorption process, commercially available from UOP under the
trademark "OLEX". the Clpt paratfins are separated from the Clp+ olef~r,s
by the sa:r;e process. 10 The Clp+ pa=affins from the second step are mixed
with the Clp+ paraffins From t::e first stew a..^.d sent to a heavy
pa=af~in conversion um t to convert pa  o` this eed to CS-C; paraFFins.
Suitably, CS-Cg paraff~ns from ~he HPS reactor, the HOS reactca and the
heavy paraffins 15 conversion unit can be co.;,bined and used as fee.: For
a therrr~a~. cracker (naphtha c_ac'r.e=! to convert the 



r CS--C J paraf'ins to C2-,.4 c' e=~r.s. Exar~nie I1 ~. t~,Ip~ ca'_ process
scheme ~.. a _... t:~e~ e:nboa~^~e^ t cF 20 t::e ~=ese-~t ~nver._ic:, ~s as
'o=lows. F s~:ntnes~s cas ~s prepared by par teal o::ida tics of r.a tura'
aas at a te:r.peratLre o= _20v C. ~n :.=~e p=esence ci ox.ygen a:. a   WO
00I48969 _ i a _ 29 July 2003 02/Ci-iq mclar rat_o cF 0.57. _Tr.~e
synti:esis gas has a hydrogen to carccn moncx~de moia_ ratio ef 1.7. The
synthesis gas ~s :^rxed with recycle syntheses gas to produce a synthesis
gas feed having a hydroge^ tc 5 carbon monoxide mo~ar ra~~o ef 1.1. Tne
synthesis gas feed is ir.~roduced into a heavy pa~a~f~n synthesis reactor
(HPS reactor) at a GHSV of 800 N1/1/h. The HPS reactor contains a
Fischer-~'rcpsch catalyst comprising 18 pbw of cobalt per 1C0 pbw cf silica
carrier. The 10 synthesis gas feed is contacted w_th the catalyst at a
temperature of 220 C and a pressure of 2.8 MPa. The hydrogen to carbcn
monoxide usage ratio Fi is 2.~. The process is operated to reach an overall
carbon monoxide conversion Xi o. 0.71. The :~ydrogen to carboy. monoxide 15
molar ratio cr synthesis gas leaving the ~?PS reactor is 0.7. Part of the
synthesis gas is recycled (recycle synthesis gas) to produce a firs
synthesis gas feed to the HPS reactor having a hydrogen to carbon monoxide
molar ratio of 1.1. 20 The remaining synthes_s gas, having a hydrogen 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 _n to an
slcohol sy:~t!~esis reactor (AS reactor) at a GHSV of 3000 N1/1/h. The AS
reactor 2` contains an alcohol svnthesrs catalyst comprising zinc and
ch=o:nium i.^. the aol_ow~.^,g a Comic ratio Z:.: Cr = 3. 7 : 1 . The
catalys~ further contains 2.6$ by weight of Y,. The synthesis gas feed ~s
contacted with the catalyst at a  temperature cf SCC C a:~d a :ressure of
5.0 MPa. The 30 hyd_ogen to carbon mono::ice usa.^e ratio F;~ is C.7. The
crocess ~s ocerated to =eac'.^. a carbon mono:ide cor.vers~on Xii of 0.29.
Ti a process cer.ver:.s 3Co by weig;~t of the CO into C02 and p=ed.:ces as
second organic product a mixt~,:re of methancl ('_'0 owt) and _so-butanol
i20 cwt) By-products 35 comprise other exyee:~ates ( 30 %wt) and
hydrocarbo.^.s   VV4 00I48969 29 July 2003 _ ~ _ ~,~ _ 



(3C %wti. The la=ter ca:~ be :nixeo with C2-Cq paraffins p~oduc~d in the
i:PS =eac~cr. The ot!-:e= oxygenates are secarated Trom met:.a.^.oi and
iso-butanol by distillation and are m_xed with C5-~~c~ paraf=ins e. Ci~*
paraffins 5 obtained in the first process which mixtGre is to be used as
gzsoline or middle distillate boiling range product. Optionally, the
paraffins obtained in the first process may have been subjected to for
example a catalytic reforming process prior to adrrixture with oxygenates
from 10 the second process and use of the mixture as gasoline boiling range
product. If des'_red, methanol and isobutanol can be used to produce methyl
tertiary-butyl ether (MTBE), which ca:~ be used as a blending component to
gaso'_ine. 15 Example III A typical process scheme in another embodiment of
the present invention is as follows. A sy:~thesrs gas is prepared by
partia'_ oxidation of natural gas as aescribed in E};ample II. 20 The
synthesis gas is introduced in a heavy paraffin synthesis reactor (HPS
reactor, see Example II, using a cobalt/manga~ese/titar.ia ca~alyst). The
reactor may be operated in a "once-through" way cr with a gas recycle. The
products from the I:PS-reaction are separated into a 25 gaseous fraction
(comprisi::g hydroae.^., carbon moroxlde, methane, C2-Cq paraffins and
C2-Cq oleains and inert gases) ar.d a liauid fraction (C5+ compounds). The
gaseous fraction. (comprising the u.^.converted synthesis gas) is
introduced into an olefinic hydrocarbon 30 synt'.-:esis reactor (HOS
reactor, see ~S:ampie ~). The products cf the HOS =eaction are separated m
to a gaseous fraction (comp==sing some ~~r.reacted sy.^.tftesis Cjas,
C'.2-C9 co;r,po~.:7ds and inert gases) and a liq;:id fractic-~ lCS+
cocraounds ) . 35 Tne 1 iauid fraction cf the :?^5 Yeac tic- is seaarated
VfO 00/48969 29 July 2003 - '~ 1  =.^. to a C5-C15 fraction, w~:~c`~
fractmn ~.s then separated into C~-C15 o'_efir.s and C5-C,,S para~=~r~s,
and a C15T frac4~cn. The l~qu_d fraction of the HPS reac,.io^, ,.ogether 5
wit: the C15+ Tract=on of the HCS reaction are sent to a heavy paraffin
conversicn unit (HPC) to :~ydrocrac~: the compounds in the presence of
hydrogen and a suitable catalyst. In addition to hy::rocrackir.g, also
rydrogenation and hydro~somerization w~'_1 occur. 10 The procucts o` the
HPC-~eactio:~, :.ogether with the C5-C15 parafins f=actio-~ fro:r: the HC5
xeaction are separated into a napntha f=actic:~, a kexo fraction, a d~ese'_
fraction and a heavy p=oduc " reeuiring three separation ur.~ts. The heavy
fracticn ~s recycled to the 15 H?C reactor. . ' The carbcn monoxide
conversion in combination with the molar usage rat:~o of hydrogen to carbon
monoxide in the HpS and the HPC reactcr are such tha~ the reQUirement of
formula I is satisfied. 20 t~'her. compared with a stand-a:. one paraffinic
hydrocarbo.^. sy.^.thes~.s u:~~t, the (rather co:rplex) HMU (hydrogen
manufactLr.~ng ur.~t, necessary to =ncrease the hyd.rogen/carbon monoxide
rat_o from 1.7-1.8 to 2.15, the users =a~io), which is esser.tia?iy a
nor-hydrocarbon p=oducing unit, has been replaced by a hydrocarbon
prod~c~ng unit, producing high value chemical intermediates.  



29 July 2003 - 22  T 5a14 o2 R E ~T I S  D C L ~ I M 9 1. ~, process for t;
ce preparaw~.on o~ at least cwo otgaaic pxoducts frcn a synthesis gas by
(i) cenver:.ir_g a xirst synthes~,s gas feed to a First organic product
azid a ~xat by-pzoduct; 5 (ii) corverti:~g a second synthesis gas feed to a
second orga_nzG p~coduct and a 6ecoad by-produce; (iii) separ~tirg the
first and/or second by-product rom, respectiw?y, the first and/ox seoor_d
organic product, ar.d ~.0 (iv) mixing t~.e separated first ar_d/or second
by-product with, xBSpBCta.v4~.y, the second and/er first organic product,
wherein the irs~ organic product is'sel'ect~d from para~finic hydxocaxbons
br oxygenates and the second LS organic product is seZeCted fxotn oleFizic
hydreearbons or oxygeaaCes; and the synthesis gas, oomprisir_g a mtxtura of
hydsegea and carbon monoxide) has a molar ratio v hydrogen to
carbor.twnoxzds F, which process comprises esacai.~-cg in a . fi=st stage
one o the fo7.7.o-~in3 Zo prvceduxae: (z~~ cor_verting sa~.d zirst
synthesis gas teed to said first organic prodLCt ar_d said first hy-product
uzde= conditions oy a aa:bcr_ nonoxxda conversion of X1 and a molar usage
ratio oy hydrogen to carbon znonoxi.ds oz Fi, 2S wherein ii is greater chap
F; or (b) con venting said second s~.thesia 5as iced to staid second
organic pzodLCt a~.d said seCOnd by-product under ccndic~,ons of a carbon
monoxi.da conve=3ion, of Xii sad a molar usage xati,0 of hydrogen, to
carboy monoxide of Fii, 30 w;:a~~in Fii ~s Less than F and supplying t: a
~ncorvexted aarbdr~, noro:cwds az:d   29 July 2003 - a3 hydrogen to a
saconci stags is which the other of procedure (a) or fib) Zs esfected; the
first a.:d second stages being effected under such co:~dxtians that the
fol~ owing relatioz~~k~a p is net 5 F ~ X; .Fi + Xii.Fii'.;. c (z) wherein
c is up to 0.2. 



Z . A process as claimed iz~ elaita 1, which compriseg (iii) sees=sting the
fixst and second by-product ~xom, respectively, th,e f~,rsr arid second
organic product. 7.0 3. A process as claimed zza, claim 2, which compryses
(~.v) mixing xhe FLxst and second by-product with, respectively, the second
and fi~cst oxgar~ic product. 4. a process as claimed in any ono o~ c7.aims
1 to 3, wherein the i3,=st by-product has the same ge.~.eral '15 &txuctural
tormula_as the aecor_d organic product ard~o,: the second by-pzo3uez has
the sam= general structural zo=mula as the first arga~c product. 5,~ A
pxocess as claimed in cry one of claims 1 to a, wherein the tirsw synthesis
gas feed is converted to 20 paraf i~i,a hydracarbor;s as f first cxganic
product dad oxygenates a.~d/or oiefinic hyd_xocarboas as first by-product.
s. R process as claimed is any one of eLaims 1 to 5, wh2xeia tb.e second
syn:.hesis gas feed zs aon:rerted to 25 olefini.c hydrocarbons as second
organic produce ar_d oxygenates and/or paraffinic hydrccarboas as second
byproduct. '7. A process as claimed in anv one of c~,aims ~ to ~, wherein
the seccr~d ayathesis gas fend is conve:ted to as 30 o.cygenaLe as second
organic vrodLCt and ~ arozhsr oxygeaace as second by-prod~;et. 8. A precess
as claimed in claim 7, t~herai:: the firs: synthesis gas fired is conver`ed
to an o~cyger.ace as ixat organic product. 35 .A(y.Aa .A&a .A y.AN39.A .A
.AY.Aa3.ANF.Au3.AaF.ALNF.Ayu %.Ay %.Au .ANF.A`_.AuL.A;F.ANF%.Aa.A;.A3 .Al
Ru|04op'24\]{|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]c:a!02JK
+,=z{a{vqlfa\W]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! : o p  T"(5";
#|vqlgb]Xlfa\W]]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca
=QZmz^dmn{rt{upke`[Ulfa\W]c^a]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]caV
]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca
7!!!""!"#""""%#(#$$$$$$$$$$%%(%5%7%%%%%ztoid^YSlfU]ca]caU]ca]caU]ca]caU]ca]
caU]ca]caU]ca]ca]c^aU]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]c
a]ca]ca %@&I&T&j&&&&!''''(((((f)))) *e***
+++*+0+3+6+K+{upke`ZUlfU]]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]
caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca
K+T+o+r+@,,:-=-?-V-X-Z-]-b-y---K..=///0R0_01a2222v4[55zupke`[VlfU]]]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]
ca]ca]ca]caU]ca]caU]ca 5566=788 8)8d89#9'9p9q9999;;Y=?@@@@@@@@@@
A|wqlfa[VlfU]]]caU]ca]caV]ca]caV]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]
c^a]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca
AAAAGAAAABCCACBCEEEE=GG6H=HHHHHHHIsItIIK"Kzupke`[UlfU]U]ca]ca]ca]c^a]ca]ca]
caU]ca]ca]ca]ca]caV]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]ca]c^a]ca]ca
]caU]ca]ca
"KyKKL$NcNeNJOOOOOOO@P_PaPhPiPxPyPPPPPPPR$S]SSS}U~ytoje`ZUlfU]]ca]c^a]ca]ca
]ca]ca]ca]caU]ca]caU]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]c^a]ca]c^a]ca]ca]
c^a]ca]ca]ca]ca]ca }UUUVV 



WWWXXX
X"XjXlXXYYrYYZZ<[>[[]*^+^^_`6`|``~ysnid_ZTlfUU]ca]ca]ca]ca]ca]ca]c^a]ca]ca]
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