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A PROCESS FOR THE PREPARATI ON OF HYDROGEN AND CA XI DE The prfgﬁﬁ
|nventl‘on relates to a process fox thepreparatign of hydrogen and ca 2007
nmonoxi de by thecat al yt| c artl xi dati on of ag ot o i 4049 f eedst ocks. The
partial oxidation of Mmmﬁ%mﬁcar bond, ¢i n5particul ar nethane or natural
gas, in the presence

is an attractlve@.lte for the
preparation of m xtures of «cwbon nonoxi de and hydrogen, nortaldsdaefrErTed to
as synthesis gas. The partial oxidation ofgaseous nethane is an exothermc
reaction represented byl & he equation:2CH4 + 02 -~ 2C0 + 4H2There is
literature in abundangecesds Forcatm FREPARMton ProeaTROEIdIANDNS for the
catal ytic parti al oxi dati on of, articular, methane. Reference is
made, for instance, to EP-A-303 43§D ARBONSMORWXIME 15US- A- 5149464,
I nternational patent applicationpublication No. WO 92/11199 and to
publications byD A H ckman and L D Schm dt ("Synthesis Gas Formation
byDi rect Oxi dati Gheobriisendnd nyeatipn medeitieshso, & Frocass forsgheps7-282,

1992), AT Aﬁh% fs synt hesi s
gas usingtra c')r'rr?tﬁri;pt aOfZ%ﬁ getd \é%lﬁ.g;g&(r}%toln %‘091 ﬁ$%§ﬁ tt5%64 pages

319- 321, 22ncta|mrlozrth1wEI)t1aR D}d—idae:rmnoe?t agip(r'oRarita tl fioecdta aks -of

Met hane to Synth IS %%m?"t ?Jlé%[ s_Lolnetotferg%/%oqll Q%S)déic’?a{f\?g’?)ﬁm R H Jones et

.25("Catal ytic Sn¥ersion o ane to nthes opl um
I ri datse, EWRIpaz@i'cul@at aleydiane etirt eraﬂ:xﬁ:a(ll@ﬁls),lﬁ% ) rresehdé Hdtlenut h
("Catalic Partial i dati_on qf Met hane aqver_ a nql.ith Su ort.ed al yst",
Appl i ed AVENGE NGELSRET 15 ¢h alqcﬁfﬁﬁg”e KORte éVb Q‘\Be Prepratiq Cag
Cat al ysi s B: nERtur@seis aiarbbr( TRAYx 182 HoMQ) hyﬁl’ld)cfal?r Arﬁ'ﬁﬁna’iﬁlﬂy I n EP- A- 656

317 the catal tic rtial oxidation of rreth ne at hi gh gas, haurly pace
vel oci ti es, ee"e]ﬁrpr? & 25 Y-S %S §aso 1 5%0149301 E

nent i oned. Ma@%@%@% i E}D@o‘ﬂﬂﬁ&hlfﬁlﬂlﬁ%tﬁ&m M@%r@é&ted by
10 the equation:

2CH4 + O3 > 2CO0 + 4Hjp

There is literature in abundance on the catalysts and
the process conditions for the catalytic partial
oxidation of, in particular, methane. Reference is made,
for instance, to EP-A-303 438, EP-B-262 947,

15 US-A-5149464, International patent application
publication No. WO 92/11199 and to publications by
D A Hickman and L D Schmidt (“Synthesis Gas Formation by
- Direct Oxidation of Methane over Pt Monoliths”,
J of Catal. 138, 267-282, 1992), A T Ashcroft et al.

20 (Selective oxidation of methane to synthesis gas using
transition metal catalysts”, Nature, vol. 344, No. 6264,
pages 319-321, 220d March, 1990), P D F Vernon et al
(“Partial Oxidation of Methane to Synthesis Gas”,
Catalysis Letters 6 (1990) 181-186), R H Jones et al.

25 ("Catalytic Conversion of Methane to Synthesis Gas over
Europium Iridate, EU2Irp07”, Catalysis Letters 8 (1991)
169-174) and J K Hockmuth (“Catalic Partial Oxidation of
Methane over a Monolith Supported Catalyst”, Applied
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13 MAR 20_02 WD 99119249 PCT/EP98/ 06653 - 2 It will be clear that because
of the HC atonic ratio of nethane (4)), it is the best feedstock when |arge
anounts of hydrogen are to be produced. Wen considering other sourcds MAX200?
produci ng hydrogen it will be clear r 5 {hat hydrocarbons having nore than
1 carbon atom have a lower H C ratio which makes them | ess ideal. Moreover,
there is a |- known tendency of hyraqcarbons havi ng re than 1 carbon
atomto be s YSdi%e Bo AW YR E e gr dd?Ha)of o1t Warb @R at her 10 t han
produci ng optgpral-cy@uits, of H2 and CO. This tendency becones nore
pronounced as the nunber of carbon atons in the hydrocarbon nol ecul e

i ncreases. Apart 1y SRS & elderddye & tRdirhisy Painfdiad ©aviwertiom gfer

hydr ocar bons ffer, i IR NSy 8 i 5 ;t hat ;m xtures of
such hydr ocaﬁ?ﬁ%rﬁjti@a%lrdrggeé%g}dﬁrgs@lﬁ%eeoe}%gg&yﬁ%e%d lt'(%qprlﬁ )e%rfrlllégsi on

i gni tivdn whi ctange wfgHsom btk do RGN0, Ga0 ks -welils kreovirianeat. car bon
deposits may al so be caused by catalytic reactions and, again, this 20
tendency will be nore pronounced subjecting higher hydrocarbons to

catal ytic processes. The catalytic partial oxidation of hydrocarbons which
are liquid under conditions of standard tenperature and pressure to

hydr ogen and car bon nonoxi de has been 25 di sclosed in US-A-9, 087, 259.

Li quid hourly space velocities (LHSV), i.e. litres hydrocarbon per litre
catal yst per hour, of from2 to 20 h-1 are exenplified, which is equal to a
gas hourly space velocity of up to 75,000 h-1 for a mxture of air and
gasoline. It is 30 explicitly nentioned that a LHSV greater than 25 h-1
wirll " result in inconplete partial oxidation and thus in a |ower vyield.

MCS24/TS0563PCT
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I-n EP- A-262 947 the catalytic partial oxidation of hydrocarbons having-1 to
15 carban atons is disclosed. WO 99/19249 - 3 13 MAR 2002 PCTI EP9E MABHS!
For met han {ﬁ,g%gs of up to 42,500 h-1 are described. It ig-fEpysiogdsgd in -
EP- A-262 9 for higher hydrocarbons a |ower GHSV will be chosen than

for hydrocarbons having.a | ower nunber of garbons. For hexane, very

| owbt hr oughput s, 12.5 are exe These t hroughput s

correspond with G—II§szlqt}e?’8vMCq666 ﬁhgkgﬁﬁcaﬁtﬁ? ‘égp%‘/%ieﬁ%om&%mb%nr?%%?o in

the rangeof fragmrathane Q4§, tike iBexanepe9nveEsiototR, we¥gNL At§hese | ow
t hr oughputs, bel ow 800. 10The ai m of the present invention is to_provide
aprocess for tHOWYEhALafiveF °GL hpdPolenPaANETL ear BB ORISR deORs B BEYEANI ¢

feedst ocks t hajerie dduiided wREebTEANALhLORPaRb ek andaysh | espespdyy e and

pressure (25 Cand 1 atm at a very high’yie whi [ e avoi di ng

t hel 5aczumnul atbhert élfydc,rmaéboaépbgmgomomethanal ySREbSur presimyry,ait has
now been found {J @%%Eﬁ%“hh?gﬁnﬁﬁkﬁgntﬁgmft'é%é'1 (%i L py performng a

catal yticparti al OXI ation process wth organic Teedstocks thatare Iiquid

under conditions dprsoxrdar dhaeﬁpesaauwelhﬂmmewmglw ah

Xy gen- L0 Car BB rls 1a0T G AN8EOLALAM OB 0n O oo Al very i ah gas
hourly spaceve oCIties Accarai gl'y, "the resent T nventlon relates to
acatal ytic parsunsa:lemibdat ltontpeopgssliblctpeo@mepmmtmbrdasmomyrhumn and
car bo noxi from anl stock Whl rocess.c r| ses
cont a an)lg thg‘:%org ni c Kk* ang mo% %e%gh%gt%m%i Sin anounts

gi vi ngan oxygeRnkenedf | B@eofna.fsl Ro®k HEGALENSE4 028 he m&x&@lcaéﬁla/éﬁ & a gas
hourly space velocity in the range of30from 100,000 to 10, 000, 000 N1/ kg/ h,
in which procés®mshddr §aRi byFEedarber nekechke ol @erRIOTK Apart from

cont ai ni nghydr.ggar %aeﬂegp% grYAcpaLssy YOI chrisedsi oped s |1 quidunder
conditions of standard erature and ¥essure andhas an average carbon
nunber of at hygdgocgrbong3aymRr agmeranlqmwmnma;mm;e@ The
aver age, car boRRuTheL«cagbescal, H'H%&Po?%: ST ofl Dl e, gy bon nuiber
times the nole fraction for rac I ons e average carbon numnber
n is defined azgstabaenaﬂdmﬁv %eadhépepnememssxm anPorpmuribieeh dfs a
fraction i fraction of fraction i. In particular, the

f eedst ocks to%l%éhléé&rnan gﬁggpr ocess according to the present invention
contain 10 hydroc&mbtherer ik xsuwetlokmwldrm@t b@ﬁfﬁsiDCbDIdQHFgBth‘B tnkeey r ange of
from50 Cto pr rab n

Sui t abl e feedggggkgecggtrgl gelo e?’%gég t1§ %‘g&t‘ JIké{\ﬁ%gbl I ng Ween J:%50 C and
200 C2Gsynt hettiendgasyi wlﬁéedst ooks pnohouugcé)@twmuémng drnd;risé':r 500 C, in
particul ar be%"‘%ﬁ«‘:gc%% C a@g %?’959 tIQe h %r ogar ! bons to be used may be
derived from BPOMASS, SUn"as @xa e°hrdaresel . In order to measure

the suitability oﬁ‘hbheateéglsnockartnabeommntdﬂfa wmmmmwmm to

the invention, it .20 rrﬁy lblg usef ul Lo Irlse,fg to tcrge irmke Pa{'& ofat

feedst ock envifd§gdd EitAc8 FRE sﬁDEe p3T Rt of SEATER TR Hh 3Hdi cati on
of the propen$rb$30&et he heddstienkahdwad tsoh heogexnibdatham hnéemar bonaceous .” }
depomég& disclosed in US-A-4,087,259. Liquid hourly space

velocities (LHSV), i.e. litres hydrocarbon per litre

catalyst per hour, of from 2 to 20 h-1 are exemplified,
which is equal to a gas hourly space velocity of up to
75,000 h~1 for a mixture of air and gasoline. It is
30 explicitly mentioned that a LHSV greater than 25 h-1 will
result in incomplete partial oxidation and thus in a
lower yield.
In EP-A-262 947 the catalytic partial oxidation of

hydrocarbons having 1 to 15 carbon atoms is disclosed.



25 In general, snoke points (as determ ned by ASTM D 1322-96) of rmfg;ﬁ han
15 are representative of the feedstock for the catalytic partial ox AR

Pr.eferredmhg(?g?b?%s have a snoke point of at |east 18, norpcpipdficEad
above 25 TS eedst ocks having a snoke point 30 of nore than 60 such as

synt hetic gasolines (e.g. as , produced wathe Shell Mddle Distillate
Synt hesi s process can, be suitably agplied). Anot her_4 ndi cation of the

propensity of £RE MEEBEPBcKCHWAF 0ot t PR Eﬁﬂﬂ%QEQQNV7ﬁ=aEﬁrﬂSﬁ&EéBﬁg'débosits

i s the 35 cont ggt meht$BhBAULnapH- ALY 2 S9FUCGhAS fHr Highd HrocaMons
991 19249 13 MAR 2002 PCT/ EP98/ 06653 - 5 feedstock. Suitably, the sul phur

content of thedf éBHSToERSUsEH!} nbe hehpsdre ddpffdthddnasaakams Layvdingw 150

ppm preferably bglaw A08n8PMbr TR KOS N6 Ofh Narlf, dry W ably bel ow 0.2
ppm preferably below 0.1 ppm 5 It is possible to have hydrocarbonaceous

material® - preskApuphpuke, f eedst beks and ble tbseaf Nin antte qxempddd imcbording to
“the present | ngﬁ@%éoﬂh%hgir?%éﬁg Q%ﬁgéﬁoﬁw%rtﬁtdﬁ?ﬂﬂrsd peang tions of

t enperature and pressure vided the Tequirenents of the feedstock being
liquid 10 undet,8PanNarHgtbondFor omsoxfgererercanm arad ior ésshe anadidisavi ng

oSt CarBenCOUItersoLach b etete Sl e Ny ogachons WL ch
to these low throughputs, below 80%.

10 The aim of the present invention is to provide a
process for the preparation of hydrogen and carbon
monoxide from organic feedstocks that are liquid under
conditions of standard temperature and pressure (25 °C
and 1 atm) at a very high yield, while avoiding the

15 accumulation of carbon deposits on the catalysts.

Surprisingly, it has now been found that these
requirements can be fulfilled by performing a catalytic
partial oxidation process with organic feedstocks that
are liquid under conditions of standard temperature and

20 pressure at an oxygen-to-carbon ratio in the range of
from 0.3 to 0.8 and at very high gas hourly space
velocities.

Accordingly, the present invention relates to a

\ catalytic partial oxidation process for the preparation

25 of hydrogen and carbon monoxide from an organic
feedstock, which process comprises contacting the organic
feedstock and an oxygen-containing gas, in amounts giving
an oxygen-to-carbon ratio of from 0.3 to 0.8, with a
catalyst at a gas hourly space velocity in the range of

30 from 100,000 to 10,000,000 Nl/kg/h, in which process the
organic feedstock used is a feedstock containing
hydrocarbons and/or oxygenates, which feedstock is liquid
under conditions of standard temperature and pressure and

has an average carbon number of at least 6.



15 25 carbon atons in their nol ecules. The process according to then_gr esent
I nvention can al so be carried out when the feedstock contains oxygé Mé&?%l

being | i quye ggpehas Standard condition of tenperature and prESSEF9s/085638
havi ng an average carbon 20 nunber of at |east 6. Oxygenates to be used as
(part of) the feedstock in the process aecording to the present invention

are defined as no u taing from.carb n rogen atons at
| east 1 oxygen at%ﬁg ?%ﬁggg ?%%}kgé]’g to %St ecjl':éf ek?e o%ace)PCor a?tm%a/caEF %‘on atons or
to a carbon asommahdoa hydtbgenaabom nbmsapl eimad she tradil € Oxygeinat es are

al _kanol s, et hgr aiidg an .ester;? _havitn% bet ween 6 and 25 carbon atons and
being |iquid GRGe? St ARAGFHORINT PPDNsTF TEMAT A P WP dsstfie. Al so

m xtures of hydrosasbass and oxygenates as defined hereinbefore can be used .
as feedstock in the process according to the present invention. Both
hydrocér bon feeds?t oCka Shd*bxygenat e- f eedst ocks (and 35 their mixtures) nmay .

cthanol o) nelRoT5inas 2o 18 et SN E0, oot Rt el GBI 5
and the like, tpgoMbOedrthecicqUbf eredsi®f {he feedstocks being liquid
under standard conditions of tenperature and
In particular, the feedstocks to be used in the
process according to the present invention contain
10 hydrocarbons or mixtures of hydrocarbons boiling in the
range of from 30 °C to 500 °C, preferably in the range
between 60 °C and 350 °C. Suitable feedstocks comprise '
kerosene feedstocks boiling between 150 °C and 200 °C,
synthetic gasoil feedstocks boiling between 200 °C and
15 500 °C, in particular between 200 °C and 300 °C. The
hydrocarbons to be used may be derived from biomass, such
as for example biodiesel.
In order to measure the suitability of the feedstocks
to be used in the process according to the invention, it
20 may be useful to refer to the smoke point of the
feedstock envisaged since the smoke point of the
feedstock is an indication of the propensity of the
feedstock towards the generation of carbonaceous
deposits.
25 In general, smoke points (as determined by
ASTM-D 1322-96) of more than 15 are representative of the
feedstock for the catalytic partial oxidation. Preferred
feedstocks have a smoke point of at least 18, more
preferred above 25 whilst feedstocks having a smoke point
30 of more than 60 such as synthetic gasolines (e.g. as :
produced via the Shell Middle Distillate Synthesis
process can be suitably applied). :
Another indication of the propensity of the feedstock
towards the generation of carbonaceous deposits is the

35 content of sulphur and metals such as Ni or V in the
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pressure and the average carbon nunber of the feedstock being at |east 6
are net. 5 The feedstock to be used in the process according to the gépﬁﬁphm

i-nvention is contacted with an oxygen containing gas durin
oxi dation MOWAIRY Air may be used as the oxygen-cont aini ngl’%ﬂgpﬁ%g\%hr ch

case nitrogen will be present in the feed ﬁnq 10 reaction mxture in large
guantities. Alternatively, substantially pure oxygen or oxygen-enriched air
may be used. yfdéddsteed. rfaytaitlivondihey sgdppuirseosteam oThehteédedetmakl y
conprises the hydygocarhon andlars Ly @%g‘ig%%u%ﬁdiko%%éadl%y g”,' n an
anount suffrcren to gi ve ‘a oxygen-to-car ratio trne rangefor’ from 0.3
to 0.8, prefergi&@etabﬁy(beMbW(iGD'ﬁ@m Owhgenonmeoarbannabroy ok the

h h £ 45 0. 65
“particurarly oirertn bkl shrks RxateiaBds, B Cho% 4 BBR' Tat' o v of o

to the patio of oxmgam|pbd§ﬂblbommrmhveohgdmbesrbeahceOueambeérahmns

»present in the drocarbo oxygenat e feedstock, steamis present
in the feed,t?ﬁa%ﬁ%%ﬁ?ldﬂﬁh%éﬁ4éﬁ9%%%|8 Fhate lPhéh?aPFBC‘BFSerIecules

of steam (H20)aé<§bﬁcﬁixhj)l’tcﬁtt0f65 priedene hydentabhonhics pref gaabbisin the
range of fromabove 0.0 to 3.0, nore preferably fromabove 0.0 to 2.0. The
process accor AP o5 1N AHE SAMALTHEESt Pdn tREDSHA t85C0BBAaPERS AN &Ny

sui tabl e pressp¥syi ddEf@aalaguildemetdlbabyt keepabbbakoeki dathgni1pyeEEss is
operated at el evated pressures that is pressures significantly above

at mosph@ri c predsn etandans Gonsd thpshet oﬁéWB?éatEEPtéBﬁypé?sﬁPégsﬁF@s in

the range of frréW ta W haige 3arBonal auabky. okhgtoperati Byapregsyie is in
t he range of 1 19249

met
)

Hydrocarbons which are liquid under standard

conditions of temperature and pressure contain up to
15 25 carbon atoms in their molecules.

The process according to the present invention can
also be carried out when the feedstock contains
oXxygenates being liquid under standard condition of
temperature and pressure and having an average carbon

20 number of at least 6.

Oxygenates to be used as (part of) the feedstock in
the process according to the present invention are
defined as molecules containing apart from carbon and

N hydrogen atoms at least 1 oxygen atom which is linked to
25 either one or two carbon atoms or to a carbon atom and a
hydrogen atom.

Examples of suitable oxygenates are alkanols, ether,
acids and esters having between 6 and 25 carbon atoms and
being liquid under standard conditions of temperature and

30 pressure.

Also mixtures of hydrocarbons and oxygenates as
defined hereinbefore can be used as feedstock in the
process according to the present invention. Both
hydrocarbon feedstocks and oxygenate-feedstocks (and

35 their mixtures) may contain oxygenates having less than

6 carbon atoms such as methanol, ethanol, dimethyl ether



1 ~ MAR 2002 PCTI~P98/ 06~ 3 from 3 to 30 bar, nore preferably in fﬂﬂ@g?@?
of from5to 20 bar. References in this specification to "bar' aret .
absol ute' . WeyoFds@l ytic partial oxidation process may beSoROTARIE/NESI any
sui tabl e tenperature. Under thed preferred conditions of high pressure
prevailing in thecatal ytic partial oxidation-process, the feed nol ecul esare
typically all d ac t S : i rder
to achi eve thgwlae\t/:tg% g?&cénégﬁgﬁggéoﬁgéuﬁ@&er%)rrﬁ&?%génﬁr% gé%%;de&§
operation. Acberdigngligutide updecestsandapd e¢endbt yomperfateongr s trenaerdat ur e

of atleast 80 . oreferabl the operating tenperatu is'in e range of
from800 to 1%6%3(31”%!”ggpFéFeﬁz‘i%Ff}g?n?%@b nye ?rf?é)%%cﬁ%eoc}sl C.
Tenper at ures beinkheabr argetob Bremm&60 to 1300 C are particularly

sui t abl e. Ref erencg, her.ei 0 tepperature,is tao the tenperature, . inthe top
(i.e. the upst reaﬁ{’gi 58)98?;%% gg Pheled a]trilsﬁ?errfércb 2 R ESHUENE F§ gas i s,
provi ded duri nget peeatakytineepatbhal s oxbithed ¢0sd pFesth asx @R - )
space20vel oci ti es &ex ressed as.nor{;ral litres (i.e, litres at OC and 1
atm) of gas FEPTRIPSHPaffE SRTEATaF)StPHEIRLIG* 1A P MAF 58 SHre range of
from 100, 000 t 010A000mA90bdIlLkedhss BHelf et pdy-ddhtdigimanga of ifr on200, 000
to 3,000,000 Nl/kg/hr, nore preferably in the25range of from 400,000 to

3, 000, 000 N1/ KBARP. C3PEcBYEFBERR Bl Y Pt RresRfe 0f Theorhesth ao6h

tol,5Q@, 000 Nptkgthbnamnexparti el ﬁaf%(e s#uat@@hei&t al pisle rG RN/ ONS
suitable for use in thecatal ytic partial oxidation of gaseous hydr ocar bons
as30known in FfHESHARtEAALE| BBIHeCRPPED F i PRXFRN teRtHghek Fdm imaly &6 dati on
of hydrocarbopgegnd/ or oxygenates inaccordance with the present invention.
Such catal ystsgeneral ly conprise, as active conponent, a netal selectedfrom)
Goup VI11 of theThPerfeddcmaubpetbdna ey Masmmritss 38R&@Mer ences in this
specification to I 0gli | e ;

PCT/ EP98/ 06653 _ H?% ?ﬁéea Ellqée):%ne%?gy a‘?éeq’t‘%rol S:%e%eé%;&%&%r#% 53 %%ﬁﬁffs hed in

t he CRE Handboskgenathefitedsyoahdamhyetyvgen 68t mrEdimdumt. sCGfifdlojens fror use
in the process; h ent _|j i CONpY i h i gal ly
active conpon h?é %3. ﬁg?@?ﬁﬁé&%ﬁéﬁ?% l?E‘r}:olcnc%or oﬁ%mﬁ?#ed%lﬁ]%ggﬁfoégi llgr% and
pl ati num Cat &l §st srebapabsynfremodli 4mta rd .di umty genattiom@arioa
particularly | C I i di um t.aini C lLysts .ar st
preferred. Thggjcc:;fgl §¥| g% I%ééuf:‘f?%/éeﬁ%e#aﬁ Cﬁoagl?fstw'%di t%g%ltysifo lguggg?t ed on
a carrier. SurtnpéeotfafromrOnhd ero A s6arexrenvgddrtkdrmndrarnlly tolye fantreand i ncl ude
t he refractor xides, such_as silic al um.na, tit.ania, zirconia and

i xt ufls ¢ her KePeErreenFor Fag SO SR el Rl A e efors T des
conprising atrheastofwoxyggénons ney Sdiso dfe ndd eenyllesy ddoas tearkrirdon
materials for the catalyst. Also netals, preferably in the form of gauzes,
can be suitabfyoRPpPTRECAL +2rtherhyREGaHIon il /Cdt grygeRatey active metal
may be deposi kgdqg9potke carrier by techniques well known in the art. A nost
20 suitable techni gue for depositing the netal on the refractory carrier is

i npregnat i on, whi Eh $ee¥hi YueP¥§EATalIIY Wemfaesks tentaeaM G OrRaTER i er
materipal W thr-a-sgl ythop of eneorpotnd, Ofnding pataloft Isct_aela:ny @%PI)\r/rg{)gFt al,

foll owed by drying and calcining the resulting 25 material.

gauzes, di p-coatbbdrchtomsiesn melye beydiseathrodie cat alnesle radyl ycampithee t he
catalytically active tal in any.s ita;h}is anount to ,achieve the required

| evel of acti ¥PP§E ?ggFE%IPI’i’II?OY%eOt:@t%CT ‘fo’cd‘iﬁfrel PFELERE g@ &ECM™e metal in

an anount in gbeveaoge o from 0.01 to 20% by wei ght, preferably from 0.02
to 10% by wei ght, nore greferabl(%/ romO0.1 to 7.5% by wei gtrét The preferred

reaction regi me fopFeuRECFHSE ECH % B iREEF Bd LPYRRELOR FaYi RE, in
whi chsphe catgpyshtés 36 a8y abnetanid WressdRACt iroR f2eR®1y) anbi xed
arrangement. catalytic partial oxidation process is operated at

elevated pressures, that is pressures significantly above

atmospheric pressure. The process may be operated

suitably at pressures in the range of from 2 to 50 bar.

35 Preferably, the operating pressure is in the range of
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If desired a fluidised bed, in which the catalyst is 1 3 MAR 2002 WO
99119249 PCT/ EP98/06653 _ 9 _ enployed in the formof particles flu WWUU?
by a strear%(pa; ,g?@ can be used. The fixed arrangenent may beCT/HPI8I665BO0r m o
a fixed .’ edgo catal yst particles, retained using fixed bed 5 reaction
techni ques well known in the art. Alternatffvely, - the fixed arrangenent

may conprise the c | in_the formof. a nolithic structure. A npst
preferred nono Lﬁ%?%:ats(%/r%tgctb&rré (r:n(())r:?ﬁr Ps’:gsfegag!le?yarlnncte 8a"ﬁ?n%ﬁi?%b$]é°rﬁg$am c
foanms for use tid 2hdgr.oReferenecavainl ahlie ipecoftreatiahl yo Abder naté ve
monol i thic structyres include,refractory oxi de honeyconb nonolith
structures. FUrt h&¥2t A¥&IHEEi ve forms of the fixed arrangenent include

. arrangerments of netrRl @ad2§%ier pairte@al bBuMELHAGibAEpPHOEESSmay Nbaccor dance
with the present 15 invention, the feedstock and the oxggen-cont ai ni ng gas
are preterabl YREJRALES &F fth SPA&aRAealt§EPeLAbBF Cadi BBSET ctR®ndi ti ons. For

~“the purposes QfrdfiirsredPeenkii¢abn@noft Re¢gheprbsadrabptitailsng fef@ience to
reaction conditions in which substantially all heat |oss 20 and radiation
from the reactdddirl2éde ParpiéverntddatipPrhPraceegcephfofedd mebecUkRVing in

the gaseous effldignfpi$hn8yMafolhe t8achAtactyhoo8l oy M & Ded
hydr ogen with ot her gases, prepared by the process of t¥1| s invention may be

25 parti cul ar Ihempgnagmirest an gsedessta echbavei bhe ievel efteenrversit|y or
indirecgly. T 9GRS 02 al BbRmbP¥ERL! QR2FQULHe ¥RE Yors Ui LRRL Y PSS tO
provi ggdthe hy rdggen fegd_faor a fuel cel I? I'n ?ﬁel c%l I s,ﬁt%ldrr%gmen and
oxygen are padded rawsesshésf pgeiggabel| opecataflydt fntemperatwrerafiide

el s are knows s BlSui e anehe Fomtercal I T Enaly SabR e e oy
is preferred tim enrd clangeeosyfirbasBo0gas 1HOB5 Ty dimgeprafkrtably in _
substantial |y L emoye JLng :CaL BN oBB"ex" 1558 2o il a3l 110 (RYT ST S
15 range of from 850 to 1300 °C are particularly suitable.
Reference herein to temperature is to the temperature in
the top (i.e. the upstream side) layer of the catalyst.
The oxygen-containing gas is provided during the
catalytic partial oxidation process at gas space
20 velocities (expressed as normal litres (i.e. litres at O
°C and 1 atm.) of gas per kilogramme of catalyst per
hour) which are in the range of from 100,000 to
10,000,000 Nl/kg/hr, preferably in the range of from
3 200,000 to 3,000,000 Nl/kg/hr, more preferably in the
25 range of from 400,000 to 3,000,000 Nl/kg/hr. Space
velocities in the range of from 500,000 to
1,500,000 Nl/kg/hr are particularly suitable.
Catalyst compositions suitable for use in the
catalytic partial oxidation of gaseous hydrocarbons as
30 known in the art can also be applied in the catalytic
partial oxidation of hydrocarbons and/or oxygenates in
accordance with the present invention. Such catalysts
generally comprise, as active component, a metal selected

from Group VIII of the Periodic Table of the Elements.

35 References in this specification to the Periodic Table of



WO 991 19249 10 ' 13 MAR 2002 PCTI EP98/ 06653 source for fuel cells.« Suitable
met hods to achieve this are known in the art. An exanple is the renbiARQH0?
car bon nmongyg dRga490ssi bl y together with other non-hydrogen pgneResui6ss3gas
conponents, by nenbrane separation. Another |I' 5 suitable nethod is
pressure swi ng adsorption (PSA). It is pargicularly preferred to increase

the hyd tent of th t hes] by | f ter gas shift
react1 on: GO HFpBTEISRES 380t oA LIk ke it afe RHRS: DA Hiod ay be

renoved by nmeCROdEakabooki Of t bigerdd § £ rf ineXa i 418 N8 B EEgePidat | on or
PSA. The residual . carbon nonoxi de can suitably be renoved by selectjve
oxi dation or, CRbPeYREF {PThUERelRarBorPRIULT i srevt ot sepiidh. 15
Accordingly, tbfppissgnisi ﬂN@n&é@&uf&ﬁ@aI@ HESI O o EaSS, 1P ganer at e
el ectrical energy conprising the fol]l]ow ng steps: (a) the preparation of a
m xtur & of hyﬁ?gﬁ‘éﬁe‘én@r‘é’&rE%ﬂdWhoxPa’é“fUr"bm%ﬂfﬂcﬂf ARkt odmBccor ding
to the 20 processcofalses i Eyfftd &g Ahdilin,! & COMMETSH P A flm | Hast
part of the hydrogen prepared in step (a) into electrical 'energy and water
in a fuel celParPrepbanbyysuptalpke 1@ty donv drisidiiimicentdigastg part 25 of
t he hydrogen | b t 1 hydr ogen and car bon nonoxi de
prepared in s%g%é%%)t% sare?]rr?%%g]aﬁ(%ér:f% rdo'gen by nmeans of a water gas shift
reacti on, optiondThy datadlowedcdll ¥ emviate ofe tedr hon mdisoxisds. taldne
preferably, t i car oxXi i S substanti al 30 r-empved from
t he hgllgr ogen-%ﬁ?#‘gﬁte%g?n&&t%r%g%{%dr osggr#a;bnl char olner?mnlh%tx?r & Sy “ther
met hods t han eelhtenowmsishilie amacndnndQuete rdtehaokst et ot loxdrammn, i n t he
art. Alternatj y, .t L xtu of hydr.qgen and .carban nonpxi.d repared in
step (a) is eén'%/%':haesd ?Jﬁl%%'r oggjgunmb%/a’ FIQfﬁcprﬁl%aﬁnge“Preso 3
PCT/ EP98~06658herddf - r eMioved 104 £ 1 thry nviedeisge thya tmeitshadsf atdteyryt han !
wat ergas shift rcgaction.ln a furgl’fﬁ_‘[s spcect, the inventiaon relates to
an, ' el ect ri cat*®¥he? gy Yenet 9 iy s at%m Wih &AdiAe U Mg S on .
el ectitbcal enefigyoyed gederat ek bynd tearlAct ricd thhe)etaraAtdtg [HIGRESS
according to thisjnvention. Fuel cells e very suitable to apply..i
transport mearfg?t‘-i'jns ‘pa‘ﬁ‘?@?ﬁaﬁul%&rbrﬁ% e it 1999 35S o 1™t sb.éljdskg‘ctt?&bliyngl Y,
anot her aspecippliédeapreserier mveiddigirel ates to transport nmeans provi ded
with the electrical -ener enerating systemaf this invention. Exanpl e 1a)
Preparation of caﬁé? y%ﬁti%‘:%‘ba]i]ﬁi cﬁ‘i%rﬁ‘%/el Pete JavaehyfRass ted on
(1rCl4. H20conti ntdgr bSr W ©d cHii e SCRRIMUNKNOMRS i S e i n AL n@wad er .
The solution obtained was used to inpregnate 1.0 gof YttriumParti al
Stabi PPzed Zi FRUFHELR VEPRA LOMEr A 419 Sr4NGiPe Mefitty B5C-or es per
squar e20cent | F@f ¥ £t o T €c A FPI YA | b MeRM 2GAITT ,€AWh idedHHRRRS eps Wi th
drying (at a tenperature of about 100 C), i nbetween. After the |.ast,
i npr egnat i on, t YRS Hat ¥ r§ AP T SOHEF G %aith e Fatduire e i@t tgth
deconpose t hej rd&liwm sl of i dee urfBic WheC cRanitR1Syhthative ker osene
having a boiling range of from50 C to 200 C _and havi ng a snoke point >50
nm wasspr ayed'¢ b afPhl eved raising s eAAE davsi s e Btitdd Concentric
capi l bgries, hige ppzz! eEé@%é‘ta\’!as%e{M,e‘@%zc‘b%@ HERIHB AR A @8 t he
catal yst bed containing 0.87g of the catal yst prepared according to part a)
whi chcat al ystu$®@- present in a quartz tube having an internal di aneter of 12
mm The catalyst figgl ¥pl s Gyl cohgti:s BN @@ RAIIIIBAL A9 Caldd e out at a
pressure of 353 barn. Kerosene wdas fed to the catalyst bed at a rate of
metal in any suitable amount to achieve the required

level of activity. Typically, the catalyst comprises the
30 active metal in an amount in the range of from 0.01 to
20% by weight, preferably from 0.02 to 10% by weight,
more preferably from 0.1 to 7.5% by weight.
The preferred reaction regime for use in the process
is a fixed bed reaction regime, in which the catalyst is
35 retained within a reaction zone in a fixed arrangement.

If desired a fluidised bed, in which the catalyst is



WD 99/ 192a9 13 MAR 2D02 PCT/ EP98/ 06653 - 12 112,3 g/ hour (154 n1/h% q@@ﬂ%l
air at a rate of 470 N /hour. The GHSV (Gaseous Hourly Space Vel oci 9)

the air amounted to 540,000 N1/kg catal yst/ hour. The experi arried
out at a 0VeIYHR4D of 0.55. 5 Light-off of the experinent ﬁg‘g’h%"%@ed by
cof eedi ng hydrogen and igniting by use of_ agn_l nfra-red | anp. The
tenperature of the top of the catal yst bed stayed at about 1250 C. The

ker osene conveempboyedoimtﬂdetf)oﬂﬁ(bf Herthalrdsy flQiyiieled ayouantedetam 4. 8
103 nol per f catalyst for carbon nonoxide and to 3.7 103 nol per kg of
catal yst for h9 r%ﬁ%ncaﬁ\{ln%l%ru??l *operating conditions no carbon build- f up

was visually observed. fﬁwcnrr&ﬁré’ng]&neau)t Iﬁrae_,»pweatlinorth@f feamabysk ¥ixeédg of a
.zirconiumnitrate solutjon containj ~ Zr was added to 2.1 g

“iridiumtlV) chedrPlechyet%ie Q??‘G&WO rc,ed:r‘?‘tlé‘ier”n’i NG188 Skedt PRE ex

Chenmpur}. The sehdtion obdim 1@tk Naf USeGdd IIPREENALE ZQLQ@raae&va@y,?O 80
.mesh particles of YttriumPartial Stabilized Zirconia , .commercially

“avai | abl e havi Re 65093 r 25F RIEeRIHfa "@Ycérﬂ‘q%{sree)theTﬁégﬁllrﬁﬁéghat tBR was

carried out ingbeHrostLNgoNd I yiNF AU . .NUeH AL BreeBPeEat ure of about
140 C) in between. After the |ast inpregnation, 25 the material was

cal cined in ai PORRl HgkC 3t OO WYe AP HIEHS & G reéaisl yeemeconfainelle. 7 w s
Ir and 7.1 wt~ f‘éeﬁoé}ﬁbtf@%vﬁ&m Qnd 'ﬂ)‘%o%ts%l %gk fab%ﬁéfo ytic

experi ment Synt etl c kerose aving a boil'i ng range o rom 150 Cto
200 C aAd havi pgmeesfkbl poik ted @ tivevawrogidydd istrocinrasr iscludem usi ng

a nozzle const oLt Pl £y Y SO0 R SorRidloANLES s chliec 0028l CrRubD 1S

nmounted 2 centl res catalyst b containin e
catal yst pr epaabuema:mm rfgaltmxs pefr tthe) ﬂ&aﬁhlaaha@gealbym 1wa3;upeesent in a

quartz tube hagéfghéghents of metal gauzes or wires.
During the process, in accordance with the present

15 invention, the feedstock and the oxygen-containing gas
are preferably contacted with the catalyst under
adiabatic conditions. For the purposes of this
specification, the term "adiabatic" is a reference to
reaction conditions in which substantially all heat loss

20 and radiation from the reaction zone is prevented, with
the exception of heat leaving in the gaseous effluent
stream of the reactor.

Hydrogen or a mixture of hydrogen with other gases,

) prepared by the process of this invention may be
25 particularly suitable for use as a combustible fuel,
either directly or indirectly.

The process of this invention could very suitably be
used to provide the hydrogen feed for a fuel cell. In
fuel cells, hydrogen and oxygen are passed over the fuel

30 cell’s catalyst in order to produce electricity and
water. Fuel cell technology is well known in the art.
Fuel cells are known to provide an environmentally-
friendiy source of energy.

It is preferred to enrich the synthesis gas in

35 hydrogen and to substantially remove the carbon monoxide

present, prior to using synthesis gas as a hydrogen
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The catal yst bed volunme was 0.6 nl. The experinent was carried out at a

pressure ko %}?2% a. Kerosene was fed to the catal yst bed glcremposbessof 5
158 g/ hour P ? /h) and air at a rate of 600 N1/ hour. 9 The GHSV (Gaseous

Hourly Space Velocity) of the air anpbuntedpto 490,000 N1/ kg catal yst/hour. .

The experinment was carried out at a 02/Cratio of 0.51. Light-off of the
experi ment vva§°‘é€ﬂ?e€%’d %%oﬁ%ﬁ%’eﬁ%%ﬂ&&ﬁ‘% tiogﬁicﬂgﬁdeb}h&% of an

infra-red | anpre ThgoheNDerealr£r0f Ahedepief itheeat@ingstalbed shayed at
about 1250 C. The kerosene conversion anounted to 940. The hourly yield
amount ed to 5MERAHBAem| PRI LYY droteithg Ty it tho O S T WG R YEERELeNde and to

5.4 103 mol pgynkee 8fs @ &l ¥stpdfindy,diRgeRmiMNgRs sté}eax%r&qw.i Ago¢eagdi tions
no carbon buildup was visually observed.” W0 99119249 - 14 CL Al MS1
3 MAR 2002 PCTvEF®8loessshad s quiesspbe syamg adseapddonon B§Pdceds fisr the

breparation of,hyfLopen PHAR & SOBHR 1YcdYeh ck,
whi ch processﬁ%o%pr?seslggﬂ?%%m ase Vet de kenteht
of the synthesis gas by means of a water gas shift

reaction:
CO + H»O > COp + Hyp

10 The carbon dioxide thus-obtained may be removed by
methods known in the art, for example membrane separation
or PSA. The residual carbon monoxide can suitably be
removed by selective oxidation or, together with the
carbon dioxide, by membrane separation.

15 Accordingly, the present invention also relates to a
process to generate electrical energy comprising the
following steps:

{a) the preparation of a mixture of hydrogen and carbon
monoxide from an organic feedstock according to the

20 process of this invention; and
(b) the conversion of at least part of the hydrogen
prepared in step (a) into electrical energy and water in
a fuel cell.

Preferably, prior to the conversion of at least part

25 of the hydrogen in step (b), the mixture of hydrogen and
carbon monoxide prepared in step (a) is enriched in
hydrogen by means of a water gas shift reaction,
optionally followed by removal of carbon dioxide. More
preferably, the residual carbon monoxide is substantially

30 removed from the hydrogen-enriched mixture of hydrogen
and carbon monoxide by other methods than a water gas
shift reaction. Such methods are well known in the art.
Alternatively, the mixture of hydrogen and carbon

monoxide prepared in step (a) is enriched in hydrogen by



organi c feedstock and an oxygen-containing gas, in 5 anmounts giving an
oxygen-to-carbon ratio of from0.3 to 0.8, with a catalyst at a gas hpmﬁywz
space vel oci%; in the range of from 100,000 to 10, 000, 000 NléK@pdsnessd Wni C
process t hd" %Qﬁpc feedstock used is a feedstock containing hydrocarbons
and/ or oxygenates, which 10 feedstock is I4;qu d under conditions of

standard tenperature and pressure and has an average carbon nunber of at

| east 6. 2. A GRS e GHrdoRgMeaCEtdfnPY, M RhofF cAthte FRAHHBEKE has an
average carbonyJWurdigred ke sbange of from6 to 15 25. 3. A process
according to claim1 or 2, in which the hydrocarbon feedstock has a boiling
range in the rangdrof fiugihsg @spectootice pre¢rtbdnyreélatere tamje bet ween

.60 C and 350 ) r k i m i ' he y
Feedstock 1s SITdes ThRTET aRRBERFiRY bOsCal Mt MEd ° L
process® accor dipsy atd ol @lec3ricalwahehgyhesf gedsratkdilsy atlsynt heti ¢ gasoi |

+boi li ng bet m%’le%@(fﬁ.%&t&(;@% e§g@i98rbgogg%lgi/\i&#%ﬁ{?}g%w&?nt@ C and 350 C

6. A process accor aim e’ oxygenat e feedstock
conprises an dlnvamdliomy. an ether. 7. A process according to any one of

o P o LG  BRe 580 S5k 8005 15, VAPV g, 923 e
means, in particular automotive vehicles or crafts.
10 Accordingly, another aspect of the present invention
relates to transport means provided with the electrical-
enerqgy generating system of this invention.
Example 1

a) Preparation of catalyst

15 0.1 g iridium (IV) chloride hydrate (IrCly.Hp0

containing 53 %wt of Ir ex Chempur) was dissolved in 1 g
water. The solution obtained was used to impregnate 1.0 g
of Yttrium Partial Stabilized Zirconia (Y-PSZ,
commercially available having 650 pores per square
20 centimetre). The impregnation was carried out in three
steps with drying (at a temperature of about 100 °C) in
between. After the last impregnation, the material was
calcined in air (1 hour at 700 °C) to decompose the
N iridium chloride.
25 b) catalytic experiment
Synthetic kerosene having a boiling range of from
150 °C to 200 °C and having a smoke point >50 mm was
sprayed into an air stream using a nozzle consisting of
two concentric capillaries, the nozzle mouth was mounted
30 2 centimetres away from the catalyst bed containing 0.87
g of the catalyst prepared according to part a) which
catalyst was present in a quartz tube having an internal
diameter of 12 mm. The catalyst bed volume was 1.13 ml.
The experiment was carried out at a pressure of

35 3 bara. Kerosene was fed to the catalyst bed at a rate of



13 MAR 2002 PCT/EP98106653 ' - 15 the range of fromO0.45 to 0.75,.

preferably from0.45 to 0.65. 8. A process according to any one of cl H}&
1-7, in which the feedstock is contacted with the cat al yst Pl;,%é;i R, 200
in the rang®08¥%2#¥m 2 to 50 bar, preferably of - from3 to ar nor e
preferably of from5 to 20 bar. 9 A proc&;g according to any one of cl ai s
1-8, in which the feedstock is contacted h the catal yst at a tenperature
in the range oIlZ,rbng@E)@nt o(lSOOnJGh)l(}xrm efigr alfl y fredm 830 4(/6 B3ZBoCr.nore
preferably in e m, 850 to Q 10. Apr cess cording to
any of cl ai ms'fl (5@&9 c%Lge I'goilyrgl séjc?)éntea?r%lnutg% |§ %gnt gtred with the
catal yst at a gmﬁmdlyosmmﬂmlmkg/ aaltaﬂmstr/angle offhker expdriZ@A+000 to

3, 000, 000 N1/kg/ hr r ef rablyfro 500, 00Q to 1,5 000 N1/kg/hr. 11. A .
process accor CE%P%% ittt & arazréc a%} 9 & fulli ggﬁ ‘the catal yst conprises
rhodi umzor iri d| um gfi‘?t éﬁff)rcpfc ALY g‘(}t QadN¥%RHe 2k Bb,a*:gs 1-11, in

[ I Xxe

20 which the catalys ) retal in"a arrangenent, erably |nthe "
formof a fi xeﬁh&xélchg)fhmfw%tarﬂhmqrmte@gobm mlseh@ff enmimfra cedani ¢ f oam

13. A process gg%/ hai 2 eedst ock

is contacted laﬁﬁgo’[ he ca‘{c}?ys under 2& %ugg) ar?tjflg Iy \ggl agatl C Ié‘ondl tions.

19. A process sgerdialy ammylm °f. clainms 1-13, in which at |east part

of the feedstock |,Itsrheorkesent i n d ef%r rg)ho m\é'uﬁ'tgd grggLet hgeflgr%e entering
C r Ycal

into contact with FSEess § géherate e
ener gyleonpri syiregld rmndtmﬁezwtrtg &t i’ ma) pbe pyephredtahysf fomm xture of

hydr ogen and car hon nonoxide from.an _org feedstock usin ess
accordi ng to aff t%)ocf D BgGRi AR (3 4O And (’i% Wo'9 I‘l""9’24]§gl%iS %%‘ajl?ﬁ%;pzf&fz

PCT/ EP98/ 0665%hydrogen. Under the operating conditions no carbon build- Y
up was visually observed.
Example 2
15 a) Preparation of catalyst

11.5 g of a zirconium nitrate solution containing
14.6 wt% Zr was added to 2.1 g iridium {(IV) chloride
hydrate (IrCly.H,0 containing 53 %wt of Ir ex Chempur).

The solution obtained was used to impregnate 20.00 g of
20 30-80 mesh particles of Yttrium Partial Stabilized
Zirconia (Y-PSZ, commercially available having 650 pores
per square centimetre). The impregnation was carried out
in four steps with drying (20 minutes at a temperature of
about 140 °C) in between. After the last impregnation, )
25 the material was calcined in air (2 hour at 700 °C). The
resulting catalyst contained 4.7 wt% Ir and 7.1 wt% Zr
based on the weight of the catalyst.
b) catalytic experiment
Synthetic kerosene having a boiling range of from
30 150 °C to 200 °C and having a smoke point >50 mm was ;
sprayed into an air stream using a nozzle consisting of
two concentric capillaries, the nozzle mouth was mounted !
2 centimetres away from the catalyst bed containing
1.23 g of the catalyst prepared according to part a)

35 which catalyst was present in a quartz tube having an



(b) the conversion of at |east part of the hydrogen prepared in step ga

into electrical energy and water by neans of a fuel cell. 16. A proce3$s MAR 200
accordi ng tQV(PM% 915, wherein at |least 5 part of the m xturgepkpdydésagen

ahd carbon nonoxi de prepared in step (a) is enriched in hydrogen by means

of a water gas shift reaction, optionally_ fpllowed by renoval of carbon

di oxi de. 17. A process according to claim15 or 16, wherein at 10 | east

part of the carlfvfiRibxdifaqtery &fpPednyr dhet Ratehydtoged- BalnBReddSm xt ure
of hydrogen andy gargdpon nonoxi de by other neans than a water gas shift
reaction. , 18. An electrical-energy generating system wherein during
operation el ectri cdlheerriRpr imenge wesaredrbgdt het 158tpropesssaceocedi ng to any

LOf claims 15 10 Hoaral 9k WAL STRARS (8" QkLdRd . 1k L1 BEaCLECL LERL-GPer OY
generating systemaccording to claim18. ,w . AE A AE A
R A Af. ABr. A . AR A{/haRaiAS 24 6AR/ hAFaAd, aA@Yat3grvate of 600 Nl/hour.

Cfglwlgb ca C a cal,cal cal ca] ca] cal] cal] ca] cal]
ca]glcaU] ga} ?:an] @@cgﬁcﬁt{]ﬁa&%g] ga?%’%% cééggé geﬂml y? 8¢ %ﬁ‘l; alr
amounted to 490,000 N1l/kg catalyst/hour. The experiment

was carried out at a 05/C ratio of 0.51.

Light-off of the experiment was achieved by co-
10 feeding hydrogen and igniting by use of an infra-red
lamp. The temperature of the top of the catalyst bed
, stayed at about 1250 °C.
The kerosene conversion amounted to 94%. The hourly
yield amounted to 5.6 10° mol per kg of catalyst for
15 carbon monoxide and to 5.4 10° mol per kg of catalyst for
hydrogen. Under the operating conditions no carbon build-

up was visually observed.



s(5PV|] w ngb] X] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]cal c
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ngCkIIJ}?!"[\}xsnid_Z]]ca]cz 2@2
]ca]ca]ca]gﬁjﬁﬁ¢%@]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cg&tmﬂgm$aa]ca]ca
]cal ca]ca]ca! 3
M N k""" {vql gb] X] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca].
ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca ﬁaLca]cal "He#f #t ##H" SHI $SUVEDAYM/O
WORE( &) &3&t &U& ' ' ' 8' >' v' W } xsnhc”Y] ] ca] a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJ ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]calcalcalcalcajcalw z' """ ((p(
)B)z)))***+++,,,,..*.9.=.+4/,/./555| w | gh\ ca] ca] cal] ca] ca] ca] ca] cal] ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cggégﬂtggﬁikia]ca]ca]ca]ca]ca]ca]ca!555.6
6677P8CBY828b80888 9<9z9{9::::; .
L, M #=$=G=T=_ =o= vvrrrh ca ca] cal] ca] cal ca] ca] ca] ca] cal] ca] ca]ca] ca]ca]ca
] ca] ca] ca] ca] ta] ¢ ]E%T% %E&%%}%’éﬁ@&}l@é’} @fgqcﬁllso]:ftfri]——’l‘lﬁ’T(ci}zJ@J}:)\ D}:)DD}:)DE .
EKF" FFF8HOHE 555@@10n of hydrogen and carbon monoxide from
RGRSRbRzuoj d_ nhc]VmﬂLﬂca]caLlca]ca]cAa]ca]ca]c(aLﬂca]ca]ca]ca]ca]ca]ca]ca]
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feedstock is a kerosene feedstock boiling between 150 °C

and 200 °C.

5. A process according to claim 3, in which the

feedstock is a synthetic gasoil boiling between

25 200 °C and 500 °C, in particular between 200 °C and 350

°C.

6. A process according to claim 1 or 2, in which the

oxygenate feedstock comprises an alkanol or an ether.

7. A process according to any one of claims 1 to 6, in

30 which the feedstock and the oxygen-containing gas are

present in amounts giving an oxygen-to-carbon ratio in
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