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A catalytic partial oxidation process for the preparation of hydrogen and carbon monoxide from an organic feedstock, which process

with a catalyst at a gas hourly space velocity in the range of from 100,000 to 10,000,000 Nlkg/h, in which process the organic feedstock
used is a feedstock containing bydrocarbons and/or oxygenates, which feedstock is liquid under conditions of standard temperature and
pressure and has an average carbon number of at least 6. The invention further relates to an electrical-energy generating process, an
electrical-energy generating system, and transport means provided with this electrical-energy generating system.
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Met hane over a Monolith Supported Catal yst", Applied

AVENDED SHEET - la - Cat al ysi s
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EP- A-656 317 Mg é\l ytic partial oxidation of et hane at  hi gh gas
hotir| y space velocities, i.e. inthe 5 range of- from 20,000 to

100, 000, 000 h[err], is nentioned. -1 -

A PROCESS FOR THE PREPARATION OF HYDROGEN AND
CARBON MONOXIDE

The present invention relates to a process for the
preparation of hydrogen and carbon monoxide by the
catalytic partial oxidation of appropriate feedstocks.

The partial oxidation of gaseous hydrocarbons, in

5 particular methane or natural gas, in the presence of a
catalyst is an attractive route for the preparation of
mixtures of carbon monoxide and hydrogen, normally
referred to as synthesis gas. The partial oxidation of
gaseous methane is an exothermic reaction represented by

10 the equation:
2CE4 + Oy = 2C0 + 4Hj

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 92/11189 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), B 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, EUyIrp07”, Catalysis Letters 8 (1991)
169-174) and J K Hockmuth (“Catalic Partial Oxidation of
Methane over a Monolith Supported Catalyst”, Applied
Catalysis B: Environmental, 1 (1992) 89-100).
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- 2- It wll be clear that because of the FVC atomc ratio

of met hane is the best feedstock when large crEPesibtess Of
hydr ogen ar 0%96198{3 produced. \Wen considering "~ ot her sources for
produci ng hydrogen it will be clear 5 - 2that hydrocarbons having nore

TQZ; 1 carbon at Or?th .eLlabe clear t?lm@rbecacllgeatdfo t\pl'g ﬁ?c koen%.c:,[ hr% J.loess

of methane (4), it is the best feedstock when large
amounts of hydrogen are to be produced. When considering
other sources for producing hydrogen it will be clear

5 that hydrocarbons having more than 1 carbon atom have a
lower H/C ratio which makes them less ideal.

Moreover, there is a well-known tendency of

hyrocarbons having more than 1 carbon atom to be
susceptible to the pyrolitic production of carbon rather

10 than producing optimal amounts of Hs and CO. This

tendency becomes more pronounced as the number of carbon
atoms in the hydrocarbon mclecule increases. Apart from
this tendency to form pyrolytic carbon, higher
hydrocarbons also suffer from the intrinsic properties

15 that mixtures of such hydrocarbons with air are very
unstable and may lead to pre-emission ignition which is
highly undesired.

Further, it is well-known that carbon deposits may
also be caused by catalytic reactions and, again, this

20 tendency will be more pronounced subjecting higher
hydrocarbons to catalytic processes.

The catalytic partial oxidation of hydrocarbons which
are liquid under conditions of standard temperature and
pressure to hydrogen and carbon monoxide has been

25 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~1l 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.




Moreover, there is a well-known tendency of hyr ocar bons havi ng nore
than 1 carbon atomto be susceptible to the pyrolitic production of
carbon rat herpi[p t han producing opti mal amounts of H2 aﬂgmgigmgﬁggs

t endency beco S pronounced as the nunber of carbon atons in

t hé hydrocarbon nol ecul e i ncreases. Apart frdm this tendency to form

pyrol ytic carbon, _hi f ydracar bons, .al uffer fromthe intrinsic
properties 15 F?ﬂg{i]&rﬁafﬁrggsofs s"%gﬁph?%lr%a??)ﬁoﬁs iTeh 98FFELP R v ety
unstabl e and may isauentdoped- éniEBifo?629h41 ithatwifochhigher hydrobaghbys
undesi r ed. a LowdilichB0r ws 11 o MBLLs o (bt SALRan depgsti s, my.

al so be caused by catalytic reactions and, again, t 1§96 tenden%y w | |
be nore pronounced lefy aambay of gleabons. For Ipedmpearvors ltow catal ytic

processes. s througHpatsat al ¥l g JBackials axigat | QR Qfydpyd¢gagbons which
are liquid under conditions of standard tenperdature an pressure to
hydrogen and car boreTforfdECHehpaks (seaFespond widhs 6HE¥Ry helows- A- 4, 087, 259.

Liquid hourly spacgoo0 N1/kgYBl Ofdd ia€9x{4siSMo-darBon! F¢ €S ihydnacashan per
litre cata%y t ﬁr hour, of Lromz to 20 h-L,err], are exenpllfled,
which is equal to° f;?é'P odr F§ $ific &hgeherans copvERSiRp is, evenzatgg
h[err] for a m xtthesefloai thavuglgasasl, i below t80ss 30 explicitly

ment i oned 1tohat a LHS\{:h%rgater than 25 hlerr
a

will o, resul.t in
i nconpl et & partial oxidafranand's R3SSE talrlvem'mnlJoﬁvetro Prargde a

In EP-A-262 947 tpmwoasssalfpti thegrtepakavkomatfi duydobgen and daybpbacar bons
having 1 to 15 capliu 308 oh Sola3Gk08880stocks that £¥gnf?§%§969§ er

conditions of standard temperature and pressure (25 °C
and 1 atm) at a very high yield, while avoiding the

i5 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-tc-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 N1/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.



- 3- For methane, GHSV's of up to 42,500 h[err] are described. It

is mentioned in EP-A-262 947 that for higher hydrocarbons a | owner
GHSV wi || be chas t han for hydrocarbons having nber of
car bons. Fo?vor?éQ?azﬁ , very low 5 t hroughputs, i.e. G.ggbgir‘l\%ioié%% g/ h,
are exenplified. These throughput g correspond with GHSV' s bel ow

1,000 N /kg/h. For 0 -t Q- on.ratio_in the ra of from
0.3 to 0.8, the he&%%eg%%% er glagﬁ&?sn?meb\%ncg?nbe calc“qtgﬁggebYOﬁ/
t hr oughput s, bebwpma8l9n of0 the carbomhaimbiem timehetlpr ewdiet fragehdnon is to

provide a for QiPQ?%%ﬁﬁgﬁsth@h §Pnﬁk@5b89a§£ Q%%%?S%ﬂmﬁ@g ﬁaigon

monoxi de from organic stocks that are l'iqulfd u condi ti ons
of standard tefp&tBedrasiand pressure (25 [err]C and 1 atm at a
very high yield, whide ayaikding the 15 accurul ati on of carbon deposits
on the catalysts. Surprisingly, it has now been found that

t hese whguéirmentis thm barher friumbed b§ peffamhiiomgiaapdts yks c

partial oxidatipn process w.th organic .feedstocks that are liquid
under condit i ohgeo‘?dg? af"rsfﬁg\rﬁ"n&q‘e ef‘%alq?ﬁ‘é’nar‘rd 20 pressure at an
oxygen-to-carbon r&tippaticullery atiye fifedstocks térmenused tia 6h&8 and at very

hi gh gas.hourl r88@§§3%ccordingvggogﬂéiﬂi sept invent'oﬁmg%%rgggg!y’ t he
present I nventron relates to catalytic par I'al”"oXrdation process

for thelQrepar hvfpocaabons ogf mhytvrrgrefahddeacdvrompimiildegf iontleen or gani c

feedst ock, whi ¢BnpE A8€SS-HOBBI bEEE, CAYY 3@l | BlebOFAINPAN Ehe range f €€UStOCK
and an oxygen-con alnlqg°%ﬁ;bﬁln anpunts gl vl ng an oxyge -t o-carbon

ratio of from Begwesp a50 °C. Suijehigsfeedstodas cRBOFISE space
velocity in theetas&® HeedBtocksfBOM O LACRLR 18h 0RO .A0Q02bb/ kg/ h, in
whi ch process the . organic feedstock used is a feedstgck containing
hydr ocar bons aﬁ&?@e%ﬁ&ﬁéﬁgggs?e%?‘b% egﬂéltfbﬁ?{ k?%t"f"iedhiggo C and pger
condi timsms of Ssoanteys dir eapredatbae Betdve@he260r eCagmwh 300 °c.h@Rean aver age
carbon nunber R;d@écgéﬁgﬂé Qb 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



PCT/ EP98/ 06653 -4- The

avérage carbon nunber can be calculated by a summati on of the
carbon nunber tinmes the nole fraction for all fract

average carboWayipd? n is defined as: 5 ié‘?&%gslgw
wherein n[err] is the carbon nunber of a fl’%CtIOI’l i and x[err] IS

the nole fraction of fraction i. In particular, the feedstocks
to be used in thefeedswc"pr%b’é'saé’lé{ecB]P%Il%Plh@rt ﬁ%miﬁ"gsé’rft thRyvERRIHPKont ai n
10 hydrocar bq{b%d)&n”kxé%ﬁﬁze%fs by dficamhensibwiid nelow the ppm, . range

of from50 [err]C to 500 referably in the r bet ween 60
[err] C and 350 [éﬁ'e]féragﬁg ‘b]}°é" flggdg?’&’c%& e GRPpFTRRe Cil ori¥rb¥ene

f eedst ocks " boi | i nghikeblgebelad J.er bph, aprkf2@@blers¢Xaw 0.1 ppmsynt hetic
arti cul ar “hetveen 200 LRrFTC H1d 50071 ryerotpebonaceoud Bat It " o e
used may be deri \/p&tés‘hmmnlblth‘easﬁaedstmhks to be msed oin e:;b&nplrecwodl esel .

D heet ne easWtdiEng Ll Ad prkshe NG LELR A are qapbd® uoed 11
t he process accordi e rnventlo It be useful to refer to
t he snoke poi nt ofnctelrestandard foonds t beks ezfvﬁs;mgeaafstirm@n@herswk@ poi nt of

the f eedstQcl iq8qaPhd nxaq%a&bagn@; d1enar epedsidok Bbihfeliquid
feedst ock towards the generation of carbonaceous deposSits. 25

In generall0 snokeigsisimEsan@ardiQosithers R temperatyuravand] BYSSHEIe GMonpr e
than 15 are repreapiindt b¥ea®drddee carbon nunPRESbOCK: fidasithg gaé adtAtiic

partial oxidation. Preferred f eedst ocks have a snoke point of at
| east 18, more M™eL. preferred above 25 whil st feedstocks having a snoke
poi nt 30 of nor e HyB2aBcHfbEC khash sy Negutd gasddd eanferd. as

produced via the She I,C M ddO tDl sbtlnglt:e Syn tregsg ontailf 95€SS can be
suitably appl i ed)conditions ARSERar fhdl CaPIS ® {58 8 OpeRsi Ty of the
f eedst ock 15 25 carbon atoms in their molecules.

The process according to the present invention can
also be carried out when the feedstock contains
oxygenates 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
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 liguid under standard conditions of temperature and

30 pressure.
1so 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 oxygenafe—feedstocks (and
35 their mixtures) may contain oxygenates having less than

6 carbon atoms such as methanol, ethanol, dimethyl ether



towards the generation of carbonaceous deposits is the 35 content of

sul phur and netals such as N or Vin the PCT/ EP98/ 06653

-b5- feedstock. Suitably, the sul phur content of t ck
used in theVpPY¥RYs of the invention is bel ow 150 ppm kFCJﬁ%%?% erably
bel ow 100 ppm The content of Ni or Vis g _° sui tably below 0.2 ppm

preferably bel ow 0.1 pp 5 . It is possible to have
hydr ocar bonace®® it gﬁ?ﬁl’ provided, fhe o reauirenantse ofsthe kkeqdstpskdsed in
the process being ddeoidi ngdén dtandprdsemiditivent b@ntehpetataire gageous

under standard_condjti t erature and pressure rovi ded the
requirenments o?gﬁ%seurﬁeggét g% ag‘@r%%r?&%l fu‘aﬁP%n ﬂijber SﬁdEPe s?%%dosgcro Y‘condi tions
of tenperaturebeiny @tedeast @mire met. having an average carbon number of
at leaslg 6 are stigfe feedstof®lto be used in éﬂ@ﬁﬂgggg99n§c¥@§a¥% g |iquid

under standard conditions of tenperature and pressure contain up to
15 25 car behe RIFFSNtninkerkigpliscgrrtacted with an gx¥gIeRDCcess accor di ng

to the presentcéigitingNgedNduring thdl pArbEaradiRd i8Ht pybedsd he feedst ock
cont ai ns o>r%g§nat es belﬁ%*g/ |%§| d under standard conditjon of
tenmperature and p TR BRdUTER a7 T8 S¥IEREAI8Ang092s, funber of at
Iﬁast 6. which @smﬁmﬁtegeﬂ arile beepréserpam tak) féb@déxlgpdSEj ock in

t he prqcess accordi.ng to_the present inventjon are efined as

nol ecul'es cont’é?an%fd’%aﬂléf‘%uf?o’rﬁ ?ﬁﬁgnqﬁﬁﬁtlues' AYEPERRN % irs at |east 1
oxygen at om whsustiantiadRgdptoe 2xygen ertteygemenaiched air ay adeOns or to
a carbon atom a hydr ogen atom Exanpl es of suitable

oxygenat es are al kanols, ether, aci ds and esters having between 6
and 25 carbon at orfiheafg¢ed may omdiongliyqedmpuirtersteamadard conditi ons of

tenperature and Tne feed normally comprises the hydrocarbon and/or
15 oxygenate feedstock and oxygen in an amount sufficient to
give a oxygen-to-carbon ratio in the range of from 0.3 to
0.8, preferably from 0.45 to 0.75. Oxygen—to-carbon
ratios of the stoichiometric ratio, 0.5, that is in the
range of from 0.45 to 0.65 are particularly preferred.
20 References to the oxygen-to-carbon ratio refer to the

ratio of oxygen in the form of molecules (Oy}) to carbon

atoms present in the hydrocarbon and/or oxygenate
feedstock.
If steam is present in the feed, the steam-to-carbon

25 ratio (that is the ratio of molecules of steam (H20) to

carbon atoms in the hydrocarbon) is preferably in the
range of from above 0.0 to 3.0, more preferably from
above 0.0 to 2.0.
The process according to the present invention may be
30 operated at any suitable pressure. Preferably, the
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




30 pressure. Al so m xtures of hydrocarbons and oxygenates as
def'i ned hereinbefore can be used as feedstock in the process
according to the present invention. Both hydr ocar bo ;lzﬁg s and
oxygenat e-fee&'ﬁ%}é%‘s’(and 35 their m xtures) may cont ainlﬁ xy%’éﬁ%es
having | ess than 6 carbon atons such as nethanol, ethanol, dinethyl
et her PCT/ EP98/ 06653 and the |ike, provided the
requirements of tHEf ge’&%t%ﬁ, Par, more Qrefgaably fytigdERNEE apfdfXem S
conditions of tenpeeatbae. Retferences I ahssr Spedik ildat iaM et AJBLAT Bea _nurrtlzer
of the feedstock \ | t least 6 are net. 5 The feedstoc
to be used in thécoprg%]ésgéé)cq%grdr ng to the present invention is
contacted with an ox¥yercatalytic partiizlnionjdgabordprioegss heaypdrd i al

oxi dation procesg t t LI\ t he en- cont ai ni ng gas,
I n whi ch ng:éan?c% raoggﬁlﬁm%flf%legr%gis&éﬁga?‘?\r%'heU éég %ﬁ% 10

reacti on mi xtur ePraferrek qpudationesof hAgheppesswas prevailing simbsheantial |y

pure oxygen Or OXYEEDyElY igahtedadi 6x Bt iRE process,US8E: feed molecureln® feed
may optionally conprise, steam he feed normally conprises the

hydr ocar bon and/ 8re15YPicaldyy ghhared ftecgonbekt die GRFgLNst rRtarelavatad

sufficient to  tempefitired QKYELHed G-LakhP8ve AHO liebel Nor réER rak ofir oM 0. 3
to , preferably fromO0.45 to O. 751,L|e Cc)i%eq:en-,t o-carb ratios
t

. 8 on .
of the st%&chi onBEAPEF §4i595, 20°8TmeRRHAl §C ation. d3nat¥om 0. 45
to 0.65 are part thel prégesy ebepreferally opeRef&! eitcastempétture of at

ol ccul es (Cp) teRn B ET PdeiEapayy tnd Bperaltne YRS ES L and) or
oxygenat e in the range of from 800 to 1500 °C, more preferably in
the range of from 800 to 1350 °C, Temperatures in the
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 0
°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 Nl1/kg/hr, preferably in the range of from
) 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 N1l/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



f eedst ock. |f steamis present in the feed, the steamto-carbon

25 ~ratio (that is the ratio of nolecules of steam (H20 to

carbon ato ' hydrocarbon) is preferably in the of from
above 0.0 ?&"g&@wﬁore preferably from above 0.0 té’q{%%}&%

The process according to the present invegtLon may be 30 operated at °*

any suitable pressure. . Preferabl t ., catalytic partial oxidation
process is opertgfe%{%ntlents are g?e‘é}ﬁ e%%plygﬁb?’é‘s,ast H%’ttbli@gﬁfje%’%u’fré"s
significantly &BGvBandbook ot @bephetic apdeBhystcs, THE8HN @aessopny be

oper at ed | t e i range of from2 to 50 bar. 35
Preferably, t hgag%%a %?‘Ji #é’q"p}lgés%?g&?e: plr%ctggg ?gn%’ee giresent invention

PCT/ EP98/ 06653comprise, as the catalytically active comppnent, a mefalom 3 to

30 bar, gmore pkefgsedd ¥eroh EHSdil?tﬂ,g%.xqfditzﬁ(,)”b;lladium antdop%Qth%%m.
References in this specification to "bar' are to “bar absol ute'.
The catal ytic part$al2l¥stdatrBprbtiote shoghympel riglium ogpplatbeumtazemy

sui tabl e tenpepatticuladdydenitfble catalysBsef £F @it kbl ADggOf high

pressure preval Iti__n N t he atalytic partial oxidatioh process, the
feed nol ecul es©2t31YSts JLE P‘?BFC%??“}CPréleFO\Aed to contact the catal yst at
el evat ed tEnp efaxaliy e Scall wraiari veometdl eve rids® sa¥ehb0§ conversion

10 require rcial, scal e operation. . Accordin , t he
pr ocesslcfs pr eglééééﬁ%ag%e_rwrgt o R Y tg%g?é?%r(_‘ea%‘fleaﬁ mate_ngigl%%t 800
[err] C. Preferuely, kndwn dpetheiant teenpénalude tlee refractorp édkibddsgnge of
from800 to 15 1G,y s pQr e ferabl:y._| . .t he range_of from 800
QQcijLeig Sglllgg, aﬂirﬁ:hrgar,lgl\éahga, z:.rcqnl %nd81§gx1flbrelssoo [err]C

to 1350 [err]C. Tenperatures in t range o rom
are particul ar Fyesepf-abMéxed refractRaepshdes herhsitn itso reémpetatyire is to

the tenperaturgxides comprising at least two cations may also be
15 employed as carrier materials for the catalyst. Also
metals, preferably in the form of gauzes, can be suitably
applied as carrier material.

The catalytically active metal may be deposited on
the carrier by techniques well known in the art. A most

20 suitable technique for depositing the metal on the
refractory carrier is impregnation, which technique
typically comprises contacting the carrier material with
a solution of a compound of the catalytically active
metal, followed by drying and calcining the resulting

25 material. For metal gauzes, dip-coat techniques may be
used.

The catalyst may comprise the catalytically active
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



the top (i.e. the upstreamside) |ayer of the catal yst. The
oxigen containing gas is provided during the catal ytic parti al

oxi dation process at gas space 20 vel ocities (express

litres (i.e. MAPE% o [err]C and 1 atm) of gas pér klﬁ)gram*re
of *catal yst per hour) which are in_the_ range of from 100,000 to
10, 000, 000 NI /kg/ hr, preferably in the range_of fr 200, 000 to

3,000, 000 NI / kg/ IHTPLRYRE ’pﬁ*e‘fflbef dBry oh Rardisdes fl‘i‘ef’r%gsédoPYf?o?ﬁlzﬁ?@‘ 000 to
3,000,000 N /kg/ vt gopaegn be usedvel ocities in the range of from 500,000 to

1,500,000 NI /kg/hr a p ul arl uitabl e Y,
conposi tions suitabl ég?of ’ffs% 3rga Pé%ment may Eﬁt 5Vt T9AR f’%l o%xt?gt i on of
gaseous hydrocar Mo&sc&ﬂalyst lpa@wnncles t hetaihedam:aigscflbedaMﬂl ed in the

lyti |
o Hange’ resen%éhql?\it\#él%?i g%%fég\é)h%ag aan:;:y “haREHIRIR 21%1" !

accordance™wi th tTh gener
conpri se, as act |'0.h@ égnp@mang&mmtamassaowuseae the catfaﬂwntecrmnduevl I I of

the Periodic Tabl f hg SERhLS ef ef ReES Ja skl sqspeci fication
to the Periodic 'I%gﬁl ofFE ° gC%“ECF%%:}SOGGéB B bl ad

- 8- t he “Eln@#éﬁbbc aFEUCH U R eCTT ipess P oRe r &kl  figRMs heBni tpbilige

CRC Handbook of %%&Erfoﬁﬁéj P&y%esmﬁmehpﬁebés@rhre availabfa@tal ysts for
use in the process of th Eresent i nvention nprise,  as the

catal yticdPfly actGP@essd nAltgrRathye menolithig e%ttré’&tleSFn Inoldem
iridium palladi weradtpkatdige honeycomb mon6ak ah ystrictQFRE | SPigHdQdi um

i ridiumor platln are ar t.i swtablectal [ ridium
containng o #iFsehAnive Soingk, Bt Hirbaonrt Madnerl Indide
catal ytical |l y actanrengehehts SaﬁmtaisugaLBd:elsyoiOW1ressupported on a carrier.

Suitable carrier matgulls AL process, W5l lackBEMNLL JilG BhL SRdkdric! ude the

refractory oxides,
15 lnventlon, 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, hydrogeh 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-
friendly 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



such as silica, alumna, titania, zirconia and m xtures t her eof .

M xed refractory oxides, that is refractory oxi des conprising at

| east two cations may al so be 15 enpl oyed as carrier bd/gsss for the
catal yst. AyQnnee metals, preferably in the formof gauzes, can be
suitably appl I ed as car rier materhgl - : The catalytically

active nmetal mm o] e carrier technl es well
known in the aft® %Bgt?' Qﬂssm Pﬁb?%bfeeér}‘ﬁjflh&&é F8r RS ty‘r‘ré t he metal
on the and rkaxoumr yncelre izt .i 8ni epemggiratiisothewnendva e cifhicgudon..
typically co on I er I.a a solution
of a conpoun%‘#r%gﬁg%éa%gg J[%attlgge‘eg £ &t}{mott% er L?W ﬁy?%cf Swed by drying
and cal ci ni ng s¥ynEhesdsl gaﬁgcmonentnatleymﬂmbﬂé@le meparageavedinoghprcoat
techni qyes may, SLE.Q:able metHéc?d:Ls Tessure swa}hf SRb3bY $bn "AYsH0MRE! $§ he
catalytically active i n any suitable anmpunt to achieve the
requi r ed Paqté\%‘ﬂ-aéil/aléﬁﬁﬂqrfd ¥gpireygase ttll‘ilé BHEBPYRR qamEsRtses the 30
active metal idf athedBQHBhedls IR bINPEad df AMWAL@E §8s shift 20% by

wei ght, preferably fromO0.02 to 10% by wei ght, nore preferably from
0.1 to 7.5% by* td'l‘?t“ The preferred reaction regime for use in
t he process cd $ B0 pedobed fgacti ilon reginme, in which the catalyst is
35 retained within a reaction zone in a fixed arrangenent. | f
desiredOa f I UI di sdthebedrbom ddvixildet hbusatltiajisted gay be remoﬂ%@TbEP%/ 06653
-9- M’g’% s Rnb ROt cpar gi £l |

of gas can be use Robliff 12 ‘Jﬂ]e PI x%aé aér%&r:az;rf &grrgl%ﬁggarw %’ I N %e form of
a fixed oh&fPof That aqey%duqdaﬂtarbpégnon@ﬂaien@énuguh‘gabmévda bed 5
reaction technfamdw@yl slsmmwowﬂaaa{&n cﬁét%@a&hgelwm the the fixed

ar r angenent maé/ onpri Se_ the catal in the
arbon dioxide, by mem rane 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 hydfogen
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



formof a nmonolithic structure. A nost preferred monol i thic
structure conprises a ceramc foam Suitable ceram c foans for use
in the proces ailable 10 comercially. Al ternatiyeppsgmdssi hi C
structures in?ﬁﬁ%@ﬂﬁ% refractory oxi de honeyconb nonolith structures.
Fuft her, alternative fornms of the fipged arrangenent include
arrangenents of nB}gl.,galw 1 . Dur in he prqcess, in
accordance with the p?_esen%fg’%n%&l?o?ﬁ/ledﬁt Pgnrf‘etflhoeqs.f é’éh??og aréﬁ’@%t e
oxygen-containi_ngagashlft redcgienpreferably contacted with the catal yst
under ~  adiabatig £oAQith@Nspdl, LRE PWAASER QL1L0LS to an
specification, the term"adiabatic" is a reference to reaction
conditions i n whPERCEEHAPNRAPY yIMNSratéan Fusterp0 whereimdduzidicat i on from

the reacti®n zonepkbaPichylle@drid¥hl fenergy istdénsutent boned heat |eaving

in the gaseous efgluenl , stream of the reactor. , Hydr ogen
or a mxture of RYBPLLEH W ORNBTREINGLLOsess accordipgphpethiy the process
of this inventi ofint&ytiuh.25 particularly suitable for use as a

conmbusti bl e fuel, ei.ther _directly,or jndirectly., The
process of this inven eilor‘f"e%gﬁl ﬁr?/e‘fegfysﬁl}gfgﬁ?%ﬁ g& appw 1R SFRNSBOFFovi de t he
hydrogen feed fomeanfuein pakrkichhar automotired wlilcdeshydregemsand oxygen
are pass over 0 ell’ talyst in order.to produce

10 Oana RECoRdSlants anoufl asheBR BVl oReBRRE LR Th (he

electricity and . Fuel” ce e
art. Fuel redites fice tkapspotto meanei deowinieenwiitonteatealldatrical -
friendly source gfefier £1 | el Sp 2 &f o enrich the
synthesis gas in_35 é%ﬁ?é?oa%% %ﬁﬁ?%ﬁo su sféﬁf?%ﬁ?goéénove t he carbon
nonoxi de 1 prior to using synthesis gas as a hydrogen
PCT/ EP98/ 06653 a) Preparation of catalyst -10 -

15 0.1 g iridium (IV) chloride hydrate (IrClyg.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
' 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



source for fuel cells. Suitable nethods to achieve this are known in

the art. An exanple is the renoval of carbon " nonoxi de, possibly

t oget her with ot %% non- hydr ogen synt hesi s gas conpeggpisiscesdy

menbr ane se%’r%’fl Anot her 5 suitable method is pressure sw ng
adsorption (PSA). It is particul ar{y _preferred to increase the ‘

Caction: o lz,3 /el (18oRY R S 412 0B p R o 400 RhCofimi nod

may be renovedThy GHSV (GasebhsdBoknbyvspacet helaa:;tty)f@rf ekanmple nenbrane
separation e S I can _suitably be
renoved by sel ate Pl\%ée%)%das;glabrqbg Illfi}‘sgdg %%ag%tm&? %e engE%ﬁ' %h di oxi de,
by nmenbrane sepasataupried ®ut at a OACE madiingby, Otfhfe- present invention also
relates to a . process to _generate el ectrical, .energy conprising the
foll owi nYy steps: Ll&t'°%§) °%h1égf> PR 8F° aa‘?ﬁl)?tvﬁde%éff “Rydr ogen and
car bon freadingl chfdredeanand ghgnic ihge gt os& @t cor dinfgatpedthe 20

D e o i SahBYod Vnp@Qryre of cPkobNGeCON HN00:0 ngy | cast part
of the hydrogen é’ ared | nto electrrcal energy and
water in stanediu%tt aé?@llllt 1250 °C Preferably, prior to the

conversi on of at 'ﬂ?étke[l%rsEn25convefg15nh§mB¥ﬂ£Q@etfb'%%St?ﬂe(maurispe m xture

of hyd‘r#pgen and carbon nonoxi de prepared in ste IS enriched in
hydr ogel by nmedhsldfanoundies: tgad- &nl ¢t mpbake¥ dfg of catalnﬁ ¥l 1y foll owned

by removal of eakhen rﬁBxﬂiﬁdi@l@ ahBreo 3.7 10°phef @aably, ofheat &5y stuadocar bon
nonoxi de i s substantlall renoved from.{ he hydr ogen-enrjched m xture

of hydrogen  hYdrogeRy GntﬁﬁnﬁR?‘EFetW Sf’ﬁgf HAH AR SaRRAP LY ST gas
shift reactionupSkges viddxady absewedd. known in the art.

Al ternatively, .the mi xture of hydrogen and carbon nonoxi de prepared
in step (a) is%&-&?ﬁ i n hydrogen by
15 a) Preparation of catalyst

11.5 g of a zirconium nitrate solution containing
14.6 wt% 2Zr was added to 2.1 g iridium (IV) chloride
hydrate (IrClyg.H20 containing 53 3%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



PCT/ EP98/ 06653 renmoval of carbon nonoxi de by nethods other than
wat er gas shift reaction. In a further aspect t he
invention relates to an el ectrical -energy generatin F
wherei n duri ngvO®/19249 gperation electrical energy is genera 'B% 0%23%
el éctricity-generating process according to fhis i nvention.
Fuel cells are very suitable to apply in frk sport nmeans, in
particul ar aut onotiternaéhféameten ofr &fms. The Catabm:@brhﬁmgbypmammer
aspect of the pregghtyi nvention relates to transport neans provi ded
with the electrical- energy generating systemof this invention.
Exanmple 1 Thg) expemnident| ¥aS ofarkied) gyt ab a pressurg af g iridium
81\/) Ch|)0ri ded_hydir Haral | Ks}lﬁséi?eowas fed t:Eo %@tTﬁhE'a t MB% H%@%f g
enpur s dissglved.in er e sol ution obtained was use
to inpr eg\rll\gte 1. 010,493 §miolx (&6 P P) uARPAS &F 35BS 05§09 FLOMYE (Y- PSZ,
commer ci al | y avaitablcasNavéase £R0 HPArES FRIceSUHAOEITRH) of tﬁenaiﬂet re) The

Lomperatur e of  aESATE) FardROnRE ks catayyiERR"rhe Shpg?

i mpregnation, thesamtcerratdwas at a 0y/Calatiinedfio. %] I (1 hour at 700
[err]C) to decorrpose t he i ridiumchloride. b) catalytic

experi ment Ll g?ﬁt‘?‘fefc iof %E?o%’é‘?‘?e“ﬁ’&%nﬁa% ﬁﬁf’l’-lei"ﬁé P¥ngR of from
15? [err] ot ot ZOCEe[eeltm];lecmbd”eax?/lang BorsiEIhg apl de B0 dMiWESa-red  SPrayed
into an air stre Si nozzl e cons 0 ric

capi | l ari es, thealno% Igg?mu a%uﬁou% s%‘e?,g"p of Jthe rﬁaltt\fgg%' iérs}"‘?f{/]vay from
the catal yst bed st@yedi at mpaht82250 °C. g of the catal yst prepared
according to part a) Tﬂ@'ﬁ&dosene cop@%).aéfzo%t W@éc&asceon%tl%n ‘ghguhao rZ.L t ube

havi ng an i nternal I amet er e cat al &d Vol was
1.13 ni. vielghamewy@d fenb - fekO capt irer dat ot cat@%m'smoer of
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.



35 3 bara. Kerosene was fed to the catalyst bed at a rate of
PCT/ EP98/ 06653 -12 - 112, 3 g/ hour’

(154 m/h) ir at a rate of 470 N/ hour. The us
Hourly Spacgp(g@(?%‘i’t y) of the air anounted to 54068'!%[5&%

catal yst/ hour. The experi nent was carried out at a 02/Cratio of
0.55. 5 Li ght-of f of the experlgﬁnt was achievee-by-ce-

f eedi ng hydrogen and igniting by-use of infra-red

tenperature of the top of the catal yst bed stayHmmw w
[err]C. The kerosene conversion gmgunt ed to 10
yield ampunted to 4.8 10[err] nol perig—oﬁ—ca al yst for carbon
nonoxi de and to 3.7 103 nol per kg of catal yst for hydr ogen. Under

the operating qondAtééﬂgiﬁﬁlcpﬁ&?@ﬂaf“Bif&atlon prodds IS Vicgdal Iy observed.
Exanple 2 15 a) Pregaratlon of catal yst 11.5 g of a
zi rconi um mtr&ff@p%’éﬂ—&c?rbr?fc ¥eaPapmpnd carbonmengtirdes frgmsandded to 2.1 g

iridium(1V) Cb&géhﬂ@ feedstocmydﬁﬁiéh(ﬂﬁU@b@sFQ Ol RidhGaeBin®teid 1 ex
Che ai ned was used to inpregnate 20.00 g of

npur) . -‘fs ti %?‘ obit1
20 30- 80 m?§HaBJa?t *’c‘i“gs o5 B¢ r URPIEPT Pn's'%’afb‘if}q P8§, 1in Zirconia
(Y-PSZ, Tomrer amalhhys agaanlr@blaa baygeag-tob@apbbRSratio of rf&bmsquareO
centinetre). Te| a rried stes with
drying (20 m ngt eéﬁg{ggna[ er?%gf'l'gggr%@o? gas R°urja%oiﬁa?4d‘e18ﬂf¥:) n between.
After the |ast thapragratdforfrop5100,00haordlepDol 0¥ NIYHgZhpedni whiagh (2
hour at 700 [eb%%ase organlcrf‘éﬁéﬂo’&{ Gata!l ygt %%td%ltg‘éq 4.7 W% Ir and

7.1 wt % Zr on the of the cata
containing hydrocarbons and/or oxygenates, which

10 feedstock is liquid under conditions of standard
temperature and pressure and has an average carbon number
of at least 6.

2. A process according to claim 1, in which the feedstock
has an average carbon number in the range of from 6 to

15 25.

3. A process according to claim 1 or 2, in which the
hydrocarbon feedstock has a boiling range in the range of
from 50 °C to 500 °C, preferably in the range between

60 °C and 350 °C,

20 4. A process according to claim 3, in which the
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



b) catal ytic experinent nt hetic rosene having a boiling
rahge of from 30 150 [err]ﬂmn lm “ﬁ nd having a snmoke point >50
mm was sprayed into an a nozzle Coﬁé}/ﬁﬂsg&sﬁjf
two concentr %0 ‘1Iar| es, the nozzl ‘e m)uth was nount ed

centinetres away fromthe catal yst bed contlgl ni ng 1.23 g of the
catal yst prepared according to part a) 35 whi ch catal yst was present in
a quartz tube hathegrange of from 0.@ETLEPOS]D6@ZELerably from 0.45 to

- 13 - i ngegnal dianeter of 6 mm The catal'yst bed vol une was.

0.6 m. The experinment was carried out at_a pressure of 3
bara. Kerosene whs fe@TP§eEReRIIRTAIPIt thAPORE PAL ©L3¥MS 3-7, 1iR58 g/ hour

(216 m/h) and awkieH thel abedgiocﬁDQsthﬂ@wted with tHdecddd3ystGasepus

Hourly Sp e VeI oci t of, t mount ed to 490, 00
cat al yst/ ﬁvl'{)‘@r e “rdnge °\§/a§r%‘%1r2r t@dg8u}Pa"é¢ pfeé?FgLi‘étt?% of

0. 51. frd:rh gihttooBD ]@Eir,t horexpeefemilWag Acdm e a lzxa B@r 10

f eedi ng hydr ogen,an n|t|ng e of an |nfra The
tenperature of the ?‘bﬁ’ 8Fef?1ea%a"trlaélg§g L%e?f’y Srie”or dlayecf a8 éb ut 1250
[err] C whldfhethleefee@s@ajomsecsnbamammtbdth@ il ysheaticur | y

yi el d anount ed tg r%e%g[l_.g[rgrﬂ tIq.gal ogro%ata%yig{) o{rspdo J,é’ car bon

nonoxi de and to err] cat al hydr ogen.
Under thel@per at prefemipdyt Foem &QQ G&r b@ho G | more prefergplywadn vitsual | y

observed. range of from 850 to 1300 °C.

10. A process according to any of claims 1-9, in which
the oxygen-containing gas is contacted with the catalyst
at a gas houily space velocity in the range of from

15 200,000 to 3,000,000 Nl/kg/hr, preferably from 500,000 to
1,500,000 Nl/kg/hr.
11. A process according to any one of claims 1-10 in
which the catalyst comprises rhodium or iridium.
12. A process according to any one of claims 1-11, in

‘ 20 which the catalyst is retained in a fixed arrangement,
preferably in the forxm of a fixed bed of catalyst
particles or in the form of a ceramic foam.
13. A process according to any one of claims 1-12, in
_ which the feedstock is contacted with the catalyst under

25 substantially .adiabatic conditions.
14. A process according to any cne of claims 1-13, in
which at least part of the feedstock is present in the
form of visible droplets before entering into contact
with the catalyst.

30 15. 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 using the process

according to any of claims 1 to 14; and



PCT/ EP98/ 06653 - 14 -

CLAI MS 1. Acatalytic partial oxidation process for the
preparation of h}/drogen and carbon nonoxi de from an PERE 6?

f eedst ock, VWP&HPBPocess conprises contacting the organi ¢ T eedstock
and an oxygen-containing gas, in 5 - agounts givi ng an oxygen-to-carbon -
ratio of fromO t t at as, hourly space
velocity in (s} t?‘ﬁec?ré%%reﬂo rom 1€?)a%0 atyr% g N kg/ h, in

whi ch prroseesedhién ostgemi (@) f éptistaldctudedli enarc_rneeadsi oglter by .

cont ai ni ng hydrngécaqlr baes, Or.e9%ygenat es, which 10 feedstock is liquid
under conditions o st and ardl tenperature and pressure and has an

average car bon YunBeprocess aqgprgingetatclgim 15, wherejm mtodesstaccor di ng
to claimsl, 'r‘ﬂMFtCBfthﬁefﬁiﬁgﬂf%CBf hydroggha§nﬁncQ¥ﬁ$ﬁ“ﬁ%dﬁ%¥%@n nunber in

the range of from6 to 15 process according to claim1l
or 2, in whichRgspared in ‘h’ﬁ!’rdé&r heneReededodk R¥dregeviny mearang€ in the
range of a fwfa(tmr59a£ &iﬂﬁli@ trea80001 £rddt@onh @l efabl dvdd) Wyne range
bet ween eg Lg qD %gerr C. 20 4. A process according to
claim3, in V\hircﬁ’fw carban, 838¢5%%- i s a kerosene feedstock boiling

bet ween 150 [erk7.CA processrdtca@dihertd @laim 15 ob.16) pnmmsl aecording to

claim3g44in whi h nh |I|ng

bet vveen 5 l%%(?tt g TCO%ntJJeS8:8§Ferr mél’jlr?%yart:g%&luﬁg beI[ g‘ 200 [err]C

and 350 ([he'ldlr]oqen enrichegl) Jl\l}st@cees;sf éwd@pdengam) adrdiom 1 or 2, in

whi ch the n I n her .
mon®%Y dE %%gr?e%dﬁlﬁgﬁg GI%[C aﬂjé %e? gé‘é kﬁﬂgot Yea? \M]_ig}l

7. A process according to any one o h the
f eedst ock and tife éﬁy@éﬁ‘:‘b@ﬂa&l ﬁpﬁﬁgﬁga%er@rr@tlng system, wherein

during operation electrical energy is generated by the
15 process according to any of claims 15 to 17.
19. Transport means provided with the electrical-energy

generating system according to claim 18.

]



present in anpunts giving an oxygen-to-carbon I'atIO |n

PCT/ EP98/ 06653 the range of from 0. 45 toé3?75 preferably from
0.45to . 0.65. 8. A process_atcgrdl aﬂQQBne of cl ai s
1-7, in . whi ch the feedstock is contatted with the catalyst at a 5
pressure in the range of from2 to 50 bar, preferabl from3 to
30 bar, nore preferably of from5 to 20 bar. 9~A prock$s0aedofdl ng
to any one of clainms 1-8, in whi ch the feedstock is contacted with
the catalyst at a tenperature in the range of from 800 to 1500
[err]C, 10 pr ef er AbPROCESE BOR THE IBREPARATI@N OB rEYQREIEN Y)Y in t he

range of from850 to 1300 [err]C. . ess according to any of
claims 1-9, in which t he oxyg%%g%%%9%9¢#$éﬁ%as is contacted with the
cat al yst at a gas hourly space velocity in the range of from 15

200, 000 to 3, 000, 00 N|/k /h f bl f 500,000 to 500 000
NL kgl hr Pha proscht DhEertion Tolaies o aPracssh oudhe

whi ch the catal p@épﬁﬁﬁﬁibﬁeéfri‘i'?dt@@é@ramdi|@'ébﬁ%n monoxide by tEHéJCGSS
according to any one of clainms 1-11, in, 20 whi ch the cataly I S

retained in a fFaB8l¥FianpakRbaRL °X1datl%¥e@%r%&?%ﬂﬁ¥i%qﬁeﬁ?ﬁ¢ﬁ?ﬁc%§flxed

bed of catalyst The ﬁéfﬁi&ieéxfﬁat{bﬁfEEféﬁéﬁéﬁsfh#&¥6€ﬂfb3&§”“1n
13. A process accordln% to agg one of clains™ 1-12 whi ch t he
AFthe

feedstock is coRBAELEH ane a0B| JREULRH A2 DS in t%m%ﬁﬁn%@qu a

-adi abatic condit t ggy r SR o £l @I B
1-13, in \Mt”n cisgtlfeggt&ggﬁfb% th];'i,é‘fl dfs)(%lgc% s‘ﬁ sent |I(r;1) ? e
form of visi bl emiixbpressobetarkormendoxniydé nand coydeegen, normaﬁlh t he

catal yst. referred to as synthesis gas. The partial oxidation of

gaseous methane is an exothermic reaction represented by
10 the equation:
2CHgq + Op = 2CO + 4Hp
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, 22Rd 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, EU,Ir07”, 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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30 15. A process to generate electrical energy conprising t he

foll ow ng steps: (a) the preparation of a mixture of hydrogen and
car bon nonoxi de from an organic feedstock using the process
according-to’ any of claims 1 to 14; and PCT/ EP98/ 06653

- 16 - t he conversi.on of at _| east gga; g& E@S hydrgge

prepared in st@ﬁt@éysﬂﬁt@ ‘e EEVETOLeNEAdr gy 4 t b nmeans of a
fuel cell. EP-A-E&g A1pr.ocess according to claiml15, mhereln at least 5
part of the nlxture of hydrogen and carbon_ nonoxi de repared in step

(a) is enriched |nIﬁy@Eb@€@5§y3#€aﬁ§eoﬁatalYtlcapﬁﬁFéFlga§l§ﬁF+Pnr8§ct|on
optionally fol LaWgd Ry 2+ high g%rso\s%h ng ae@v@u@@l@@es, i.e. 1% the
process accordlng to claim n at | east part of the
carbon ronoxi deanger efoviadnf 26madPe to 100, OQHy@ﬁ@génlenﬁﬁcﬁ@ﬂﬁlﬁﬂ%ﬁure of
hydr ogen and car bon nonoxi de by ot her neans than a water gas shift
reaction. 18. An electrical-energy generating system wherein
during operation electrical energy is generated by the 15 process
according to any of clainms 15 to 17. 19. Transport neans provided
with the electrical-energy generating system according to claim18.
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