WD 03/ 022735 PCT/ GB02/ 03942 PRODUCTI ON OF HYDROGEN The present invention
relates to a nethod of producing hydrogen for a fuel cell. A fuel cell is
an el ect rwolanras devi ce that comnbi nes hydrogen fuel andpromyGpsn/o3dfseom t he
air to produce electricity, heat and water. A fuel cell operates w thout
conbustion, making it a clean and efficient source of energy. There is a
growng 5 interest in the use of fuel cells as a source of power for
vehi cl es. The hydrogen enployed in a fuel cell can be stored directly, or
produced in-situ, for exanple, by converting a hydrocarbon into hydrogen
and carbon nonoxi de and/or carbon dioxide.. This conversion process may be
carried out by partially oxidizing the hydrocarbon, in the presence or
absence of a catalyst. Alternatively, the hydrocarbon 10 fuel may be
converted into hydrogen by steamreformng, optionally, in the presence of
a catalyst. Attenpts have been nmade to reform conventional notor gasoline
to produce hydrogen for fuel cells. However, such attenpts can give rise
to by-products, such as coke, which danage the reformng catalyst. In

addi tion, sul phur present in the gasoline 15 can |ead to degradati on of the
performance of both the reform ng catalyst and the fuel cell stack. A

hydr ocar bon fuel conposition has now been found which alleviates these
probl ems. According to the present invention, there is provided a nmethod of
produci ng 20-hydrogen for gcar bon fuel conposition,
said nethod conprising the SAameimite hydr ocar bon f uel
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liquid hydrocar on feed conprising an al kyl ati ng with an acidic
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The hydrogen employed in a fuel cell can be stored directly, or produced in-situ,
for example, by converting a hydrocarbon into hydrogen and carbon monoxide and/or
carbon dioxide. . This conversion process may be carried out by partially oxidizing the
hydrocarbon, in the presence or absence of a catalyst. Alternatively, the hydrocarbon

10 fuel may be converted into hydrogen by steam reforming, optionally, in the presence of
a catalyst.

Attempts have been made to reform conventional motor gasoline to produce
hydrogen for fuel cells. However, such attempts can give rise to by-products, such as
coke, which damage the reforming catalyst. In addition, sulphur present in the gasoline |

15 can lead to degradation of the performance of both the reforming catalyst and the fuel
cell stack.

A hydrocarbon fuel composition has now been found which alleviates these
problems;

According to the present invention, there is provided a method of producing

20  hydrogen for a fuel cell from a hydrocarbon fuel composition, said method comprising
the steps of:

providing a hydrocarbon fuel composition, which is obtained by contacting a



acidic catalyst, under conditions effective to alkylate at |east a portion
of the liquid hydrocarbon feed; recovering at |east a portion of the
product fwormmy3al kyl ati on step to produce a 10 hydr ocaroarcEmmBI42
conposition, converting the hydrocarbon fuel conposition into hydrogen, and
i ntroduci ng the hydrogen produced into a fuel cell. - The liquid

hydr ocar b@tid hadwgcarhgn Ersdicomprising ap gikylatipg agentivgthsascidipeetplyptapnder in  the
range of . [ e refining of
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| i quef act i oncoanektinp ehepliydesashionduefconiposisibaio dpdrogar; aadnds. Such feeds

typically conprise conp] ex m xtures of hydrocarhons.  Exanples of suitable
feeds i ncl ud@tiongiy. HEHERS th QeeRApeitdrsd ijaadvsi sell ker osene,  vi s- broken

gasol§ne, cafy, HERARKEEmBRAiRlh:, trokehodasRbliifg: and light cycle oil. The
feeds may be selectively hydrotreated, tor exanple, before or after they

are al kyl at egbntactinga 2iquidrheylisrcagbdn deddombimpersingain alkydatingeagant with amapht ha from

talyti.c. Ki , l.ect | hydr ot apht h . g.
rom a oiigeseRbeLAaR RoTpb: Sl B RS IS SorRes P BT8R dr ooar bon
feed. Suhj@BtfbdiLRES are described in detail in US5 863 419, US 6025 534

and US 6 048 451, the contents of which are incorporated herein by
ref erence. Tieoveriggiatilenst arpoetioneiihe produetdram theedk dation #sp tatpredycagent . Such

al kyl ati agent s . added to or inherently present in the feed.
Sui tg(ﬁl eﬂﬁrﬁ%@% %lﬁgégogmn gl%:%hc‘l ude olefins, alcohols (e.g. primry,

secondary angbnierting atie/hydlreabsnShelaechpdbikbhl iR h&ﬁl@?&gfand The al kyl ati ng
agent may corTPri se 3. to 20 carbon atons, nore preferably, 3 to 10 carbon

atons. | n a ipreduingthedydrogehiipduesd intoa fugleshk i on, one or nore olefins are
o o =t \ A n, ol Cie olefine.
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Examples of suitable feeds include light naphtha, heavy naphtha, gasoline, kerosene, :
vis-broken gasoline, cat. cracked spirit, coker gasoline and light cycle oil. The feeds
may be selectively hydrotreated, for example, before or after they are alkylated. In a

20  preferred embodiment of the invention, naphtha from a catalytic cracking process, or a
selectively hydrotreated naphtha (e.g. from a catalytic cracking process) is employed as
the liquid hydrocarbon feed. Suitable feeds are described in detail in US 5 863 419, US
6025 534 and US 6 048 451, the contents of which are incorporated herein by reference.

The liquid hydrocarbon feed comprises an alkylating agent. Such alkylating agents

25 may be added to or inherently present in the feed. Suitable alkylating agents include
olefins, alcohols (e.g. primary, secondary and tertiary alcohols) and mixtures thereof.
The alkylating agent may comprise 3 to 20 carbon atoms, more preferably, 3 to 10
carbon atoms. ‘

In a preferred embodiment of the invention, one or more olefins are employed as

30 alkylating agents. Suitable olefins include cyclic olefins, substituted cyclic olefins, and
olefins of the formula R |R,C=CR;R;, wherein R, is a hydrocarbyl group, and each R; is
independently, hydrogen or a hydrocarbyl group. Preferred olefins comprise 3 to 15



Exanpl es of suitable cyclic olefins and substituted cyclic ol efins include
5 cycl opent ene, 1-nethylcycl opentene, cycl ohexene, | -nethylcycl ohexene, 3-
met hyl cycwohaxnezatey 4- met hyl cycl ohexene, cycl ohept ene, cyclpedaiBI®3942nd 4-
met hyl cycl ooct ene. Exanples of suitable olefins of the formula RIRRC=CR2R2
i ncl ude propene, 2- nethyl propene, 1-butene, 2-butene, 2-nethyl-I-Dbutene,

3- et hy| carbpuatems, mgre(m@%wbm 4 to 4 0tsatben atonss, forgixampley 5 10 7 lserbematoms.
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2- nEthyhdﬂknﬂagmﬂ&ﬂaptﬁeﬁﬁﬂhyl I -pentene 4-nmet hyl - | -pentene,
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non- aromatxc compounds such as mercaptans, thiophenic and benzothiophenic
compounds. Specific examples include thiophene, 2-methylthiophene, 3-
methylthiophene, 2,3-dimethylthiophene, 2,5-dimethylthiophene, 2-ethylthiophene, 3-

20  ethylthiophene, benzothiophene, 2-methylbenzothiophene, 2,3-
dimethylbenzothiophene, and 3-ethylbenzothiophene. As will be described in greater
detail below, at least a portion of the sulphur-containing species in the feed may be
alkylated during the alkylation step. Preferably, more than 30%, more preferably, more
than 50%, and most preferably, more than 90% of the sulphur-containing species are

25  alkylated.

The liquid hydrocarbon feed may also comprise aromatic compounds, such as
toluene, o-m-p-xylene and trimethyl benzene. These species may also be alkylated in
the alkylation step, as will be described below.

The liquid hydrocarbon feed may also comprise diolefins. The concentration of

30 diolefins in the feed, however, may be reduced, for example, by selective or
conventional hydrotreatment.

When the liquid hydrocarbon feed is contacted with the acidic catalyst under



al kyl ation conditions, at |east a portion of the hydrocarbon feed is

al kyl ated. Thus, the concentration of any al kyl ated species in the feed
may i ncr eaed3/024733 he sane tinme, the concentration of anyPaltkGlansy agent s
(e.g. olefins) in the feed may reduce. Wiere olefins are present in the
feed these may al so be oligonerised or isonerised into higher 5 nolecular
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more preferably greater than 220°C. A lower boiling fraction may also be recovered
20  from the alkylation step, for example by distillation. This lower boiling fraction may
have a final boiling point of less than 215°C, more preferably, less than 180°C, for
example, between 100 and 175°C.
The lower boiling fraction may comprise hydrocarbons, and a reduced
concentration of sulphur-containing impurities and/or aromatic compounds. The olefin
25  concentration in the lower boiling fraction may also be reduced, as olefins originally
present in the liquid hydrocarbon feed may either have been involved in the alkylation
reaction and/or pelymerized to form higher boiling components. In a preferred
embodiment, it is this lower boiling fraction which is recovered as the hydrocarbon fuel
composition. This hydrocarbon fuel composition is then converted to hydrogen for a
30  fuel cell.
Preferably the alkylation step reduces one or more of the sulphur content, the

aromatics content and the olefins content of the hydrocarbon feed. The alkylation step



aromatics content and the ol efins content of the hydrocarbon feed. The

al kyl ation step 4 WD 03/022735 PCT/ GB02/03942 nmay increase the paraffins
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alkylation reaction. This higher boiling fraction typically contains high boiling

%

~ components, including aromatic compounds and sulphur-containing impurities. Some
of these high boiling components may have been subjected to alkylation, whilst others
20  may not have been alkylated in the alkylation step. Unalkylated impurities include
multi-substituted thiophenes, benzothiophene and substituted benzothiophene.

The higher boiling fraction may be alkylated further by contacting the fraction
with an acidic catalyst under alkylation conditions. Optionally, an additional alkylating
agent may be added to the reaction to facilitate the second alkylation step. Alkylation

25  converts at least a portion of the higher boiling fraction into higher.boiling components.
These higher boiling components may be separated, for example, by fractional
distillation. A second lower boiling fraction may also be recovered from this second
alkylation step. |

This second lower boiling fraction generally has a reduced concentration of

30 sulphur-containing impurities, and/or aromatic compounds. The second lower boiling
fraction may be recovered as the hydrocarbon fuel composition, and converted to

hydrogen for a fuel cell. It may be possible to mix the second lower boiling fraction



This second | ower boiling fraction generally has a reduced concentration of
30 sul phur-containing inpurities, and/or aromatic conpounds. The second

| ower boiwDng/02¥788cti on nay be recovered as the hydrocar b@aTiGBsR/03942
conposi tion, and converted to hydrogen for a fuel cell. It may be possible
to mx the second lower boiling fraction 5 WO 03/022735 PCT/ GB02/ 03942
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conp05|t t or conversion to hydrogen. The al kyl ati on
step may ‘g{e}b}r,ge%ga rSl u{t hgmoggénd and subsequent higher boiling fractions
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steps ar SNPeReGerERsUPRATteda iy PEfera eahasdanentys solidaghopehaticfatisraatlyst or each
subsequept, mph | ation step. 20 Reaction pressures range fromO0.01 to 200
atm, prefera y, 1 to 100 atm Further details on suitable alkylation
condi tions afle dlkeglatiorbeedction if; be 8Hi3edid at tiSv a2 tenipadature UBobexiiipl¢f 51 and US
6 059 962. In a preferred enbodi pent, .the nethod of the present invention
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is camed out at 100 to 350°C, preferably, 125 to 250°C. Where multiple alkylation

steps are performed, the alkylation temperature may be different for each subsequent
alkylation step.

20 Reaction pressures range from 0.01 to 200 atm., preferably, 1 to 100 atm. Further
details on suitable alkylation conditions are described in US 5 863 419, US 6025 534,
US 6 048 451 and US 6 059 962.

In a preferred embodiment, the method of the present invention further comprises

a hydrodesulphurisaﬁon step. This hydrodesulphurisation reaction may be carried out

25  before, at the same time, or after the alkylation step. In a preferred embodiment, the
hydrocarbon. fuel composition recovered from the alkylation reaction is
hydrodesulphurised to reduce its sulphur concentration further. Conventional and/or
selective hydrodesulphurisation methods may be employed. Once hydrodesulphurised,
the hydrocarbon fuel composition may be converted to hydrogen.

| 30 In addition or as an alternative to the hydrodesulphurisation step, it may be

possible to pass the whole or any sub-fraction of the hydrocarbon fuel composition

through a desulphurisation devicé, such as a sulphur trap. Such a device may be a



hydr ocarbon. fuel conposition recovered fromthe al kylation reaction is
hydr odesul phuri sed to reduce its sul phur concentration further.
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enpl oyed. Once hydrodesul phurised, the hydrocarbon fuel conposition nay be
converted to hydrogen. 30 In addition or as an alternative to the
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present ippaferabliyOpreh®y thiak Ot gEmE QRaYe pSeerbbg, Slester @xfanlom%/@msﬁdﬁﬁostone or nore
additives to the hydrocarbon fuel,conposifion, before the hydrocarbon fuel

15 conpodrefpwebly; betvgen@r aed 08e/epdr ogen. Suitabl e additives include those

additives e i i I o C i on_engi ne. gasol i ne.
Such additi ﬁég?ﬁﬁg}og gﬁ%}er? %ﬁ’{gglggl‘stfonsrﬁ%@%%@wg@%@ itﬂ\]/eesé?p gﬂf‘ﬁ%@%ﬂ%t s and
met al  deaat by mby &lditives tathy hgtfoeirbom il tondpositivat, beford the dpabLabdh fuel

hydr ocarbon fuel to be used as a fuel for an internal conbustion engine.

The Hydr SEEPBBHOR isconkBIFd IR hydragerespiglle addives waludnthpshpdribyen 20 usi ng
oy S SIS AorRR A ERATI et ks BB Bl e 00, e
a pr oductdetesgensastlntitypaddgiveg, anyidxideres andumetat deadbtvatomnaxd ahg calied/ or car bon
di oxi de. aggi?lgé ﬁllalt Would enable the hydrocarbon fuel to be used as a fuel for an internal
combustion engine. The hydrocarbon fuel composition may be converted into hydrogen
20  using any suitable technique. For example, partial oxidation and/or reforming may be
employed. Typically, the hydrocarbon fuel composition is converted into a product
stream comprising hydrogen, and carbon monoxide and/or carbon dioxide. Generally,
both carbon monoxide and carbon dioxide are produced. For example, the mole ratio of
carbon monoxide to carbon dioxide in the product stream is 0.1 : 1to 10 : 1.
25 In one embodiment of the invention, the hydrocarbon fuel composition is
converted to hydrogen by reacting the composition with steam under steam reforming
conditions to produce hydrogen and carbon monoxide and/or carbon dioxide. Steam
reforming may be carried out either in the absence or presence of a catalyst. Suitable
catalysts are known in the art. They include transition metal catalysts, such as rhodium,
30  nickel, cobalt, platinum, palladium, ruthenium and iridium. Conventional steam
reforming temperatures and pressures may be employed.

In another embodiment of the invention, the hydrocarbon fuel composition is



bot h carbon nonoxi de and carbon di oxi de are produced. For exanple, the nole
rati o of carbon nonoxide to carbon dioxide in the product streamis 0.1 :
1 to 10 :w0.03227Bh one enbodi nent of the invention, the hpdTaariosn2f uel
conposition is converted to hydrogen by reacting the conposition with
steam under steamreformng conditions to produce hydrogen and carbon
nmonoxi de cemigtted tackirdsegendiyoxeadiag cempagiion Eftbpm’gf@ unegr Ml@lmda@dn out either

in the a?ﬁ.rhcp txonsq%P dﬁ%% E'Céaro {n #d% %}bon){r?ono%(%;é ?}%r carbgrﬁghg)lé §&are known in

the art | BN Heral Fum 30

ni ckel , pamal dxidd oatreautioh nWUe&idrrwmout lit the prdsmoamﬁl ab§dnd¢ b pdeaavent i onal
steam reform ng tenperatures and essures may be enployed. |n another
enbodi nefkidation sv?éalmv§Htt@16ﬁpamh@>%«5%waeatﬁlyéﬁ arwr«ll&caww thedr- iThey 7 WO

03/025735, Jn(3k ngﬁg%%%ﬁﬁ catgf}{ééé%{cﬁqs T e S cBE’al{ ?i’a&%b&gﬁﬁ%ﬁ&%' tion

wi t h oxygen un parti al ation condi’tions t uce rogen and
car bon moutberiigte aaddifidinmc ddnyenttbinabgpatteal oIhietnmtetnp&tatmes demS‘sumanﬁyl on nmay
be carri %d ouf g the presence or absence of a partial oxidation catalyst.
Sui t abl e °p&PP1%F%oxi dati on catal ysts are well known in the art. They 5

i ncl ude trangjgchane H%Tr@dar&ﬁtﬁél}’c%h%)osﬁyﬁﬁ RavERAdh WilroBkS ketboncobal t,
pl ati num pall adi um” ruthenium and iridium: - Conventional partial oxidation

t enper at orossxidads asegengradly mwwﬂlbehletmpIeosbedlmdnheﬁthehevelnydn,aramobon f uel
convert rbon e IL.s al so

e D ek B S T el P RRE o BY R fR B CRoboh SmingBer L

renoved t4@6m idRoRIA ElEdrb&t dieride itleasth@iidal Gthe P& e arHis Réht aRPHRItS the
carbon nonoxi de to carbon di oxi de, releasing heat in the process. This heat

my be uswldodsvethocenyersion ok therhydesabpn fied Chmpgesten sydressn. conposition to
hydr ogen. ¢ fga&hsgapyra%@ &agﬁn&ﬂo\ﬁﬁwﬁw mﬂq%%&'g%wat&%mfﬁmved by

a water reac rea t1on, carbon nohoxide is
react ed weactiomalner water $hik réotipn, eadog enonbxide ¢ateadtyd tvithavqrerdduige car bon
di oxi de and hydrogen, Suita <g*féﬁv\%ger shift catal ysts include iron oxide

and ¢&hr oRfesensgiofa CatFH’ét 1RIP pdisxets and hydweght eyitabdgwater shilict i on may
be conbi pady wesmlﬁ&qr&ya&@aﬁ{a M&HH%?QiebWhE?gffﬁ%rg@ﬁr ﬁfebdﬁg (ﬁ ii€ne BYF ocar bon

fuel conp05|t|on I ntroduced to a fuel ogen produced in
t he met hebiftotadtioe nurydsembimederith the hydipgérepiodtceddiycmaversion of the
Hydrocarbon fuel composifion, and introduced to a fuel cell. ‘
The hydrogen produced in the method of the present invention may be introduced

20  to afuel cell, preferably, a fuel cell for powering a vehicle, such as a car, lorry, truck,
sports utility vehicle or bus. The hydrogen may be fed to the fuel cell directly or stored,
for example, in a storage unit, prior to being introduced into the fuel cell. Where the
hydrogen is stored prior to being introduced to a fuel cell, the storage unit may be
located on a fuel-cell powered vehicle and/or at a stationary depot.

25 Where the fuel cell is employed to power a vehicle, it may be used to generate
substantially all the power necesséry to meet the energy needs of the vehicle. In certain
cases, however, the fuel cell may not be suitable for generating 100% of the power.
Thus, additional power sources may be required. Such sources include conventional
electrochemical cells, solar cells and internal combustion engines. Where an internal

30  combustion engine is employed, the hydrocarbon fuel composition may be introduced
directly into the internal combustion engine, and combusted to generate energy.

It should be noted that the hydrocarbon fuel composition employed in the present



20 to a fuel cell, preferably, a fuel cell for powering a vehicle, such as
a car, lorry, truck, sports utility vehicle or bus. The hydrogen may be
fed to thwofoamb27e®l | directly or stored, for exanple, inPaTsiRagE2unit,
prior to being introduced into the fuel cell. \Were the hydrogen is stored
prior to being introduced to a fuel cell, the storage unit may be |ocated
on a f uelinveetidn maynelsele vwplayedanm gisohnefor an sntempberambustiepengins Wher e t he
fuel cell, is enplo to ehiccle, it v be used .to generate

subst ant 1F Fy SRR D RE AR B BT REoe o R N S nBas o1 1 e

vehi cl e. Ekamgrtain cases, however, the fuel cell may not be suitable for
generating 100% of the Thus, additional power sources may be

over .
required. Sutiiamplerad @Qh{)%qlhﬁ‘é“éﬂlﬂ Sragkerl naphtha wasi dexlatedHeaehienatedly | s, sol ar

cel | sz ang. i:nt, I %QR | ngi : y I ustion
engiﬁ% igwgﬁ%ﬁgggﬁf&? e §@%$€%§?E§n lﬁ§¥w%%%%§§?§?%%&ggf] e’?ﬁ??oduced

di r ect | ysulpho redeed atoaratial abolbfiss fuel) Teblgilne, and conbusted to generate
energy. It should be noted that the hydrocarbon fuel conposition enployed
in the present 8 WD 03/022735 PCT/ GB02/ 03942 invention nmay al so be

enpl oyed as a gasoline for an interpglegonbusti on engine. The invention

will nowbe illustrated by reference to the follow ng experinents. Exanple
| A sanp] e of light catalytically| cracked |[naphtha was pllkylattiddloduct Bp
extractoh to yleld a no i FEe ol ABIRES AP RaHReY aF R Custand
olefins fuel, Table 1. TahligydtidN kyPdtigd Rr odyct 16C Feed TevAhdy! at ed
Al kyl at ed _Product <1000 €austic | kylatiqgn Product Bp]< 100C Washed
araffins| % 33 37 59 59| aphthenes %v 1Q 8 9 9 def|(ns %v 37 34 2B 28
gﬁchg-ggﬁgggﬁg%%&tc 3% Aifnat €5 ;yw 1312 §92 et-captan Eggpn1m¢ S 74

Naphthenes %wt 10 8 9 9

Olefins %wt 37 34 28 28

Cyclo-Olefins %owt 6 3 1 1

Aromatics Yowt 13 12 2 2

Mercaptan S ppmwtS | 74 21 15 <2

Thiophenic S ppm wt S 7 7 _ 1 1

Total S ppm wt S 81 - 98 13 , <3

RON 94 94 91

MON 80 82 ‘ 82

®RAMY2 87 88 87

RVP PRVR GRAB |

(Kpa) 98 81 : 92

IBP 27.2 29.6 30.0 28.4

T50 59.4 717.8 52.8 53.3

T90 1133 165.4 78.3 77.9

T95 V 130.0 190.2 84.4 ' 83.8

FBP 152.9 216.7 109.4 110.8




hi ophenic S ppmw S 7 7 1 1 otal SpprmtS 81 98 13 <3 ON 94 94 91 ON 80
82 82 (RtM/2 87 88 87 VP PRVR GRAB (Kpa) 98 81 92 P 27.2 29.6 30.0 28.4
50 59.4 W083h2278553.3 90 113.3 165.4 78.3 77.9 95 130. @¢CTa®BO2/083424 83. 8
BP 152.9 216.7 109.4 110.8 9 WD 03/022735 PCT/ GB02/ 03942 Exanple 2 A
sanple of a further Iight catalytically cracked naphtha was al kyl ated, acid
washed, @Rrsinpleacti onated by distillation to yield a | ow sul phur, reduced
aromati cs and

ol efins fuel, Table 2. 5 Table Feed t | kyl at ed Al kyl at ed
Product Al kyf‘é’?’é‘ﬁleﬁ%f&cfﬂegerékght %tﬁlﬁ‘%ﬁ]]iyﬁﬁacgf:%ﬂﬁé}thabﬁas@gb@eéw&_ araffins
Yt 33. 3u3dhel 3 RactBnked BHAIARRGS t%?ﬁelé&]éw%&Eﬁurl%(ﬂcé(ﬂ-ar%nﬂi@i drfas %t 37.3
34.2 32.9 %4.4 Cyclo-Aefins 9w 5.7 3.3 3.2 1.7 Aromatics %t 12.4 16.0
12. 7 4. lokficafteTaBlegbmw S 6 3 4 6 hiophenic S ppmwt S 146 200 68 16

Sul phide S ppmwt S 58 7 10 6 Total S ppmwt S 210 210 82 27 ON 90.8 89.5
88. 7

Feedto | Alkylated [Alkylated Product{Alkylated Product Bp

Alkylation [ Product Bp <160C <100C
Paraffins %owt 333 - 341 38.0 48.0
INaphthenes %wt 11.1 12.3 13.0 11.8
Olefins %wt 373 342 32.9 344
Cyclo-Olefins %wt 5.7 .33 3.2 1.7
Aromatics %wt 12.4 16.0 12.7 4.1
Mercaptan S ppm wt S 6 3 4 6
Thiophenic S ppm wt S 146 200 68 16
Sulphide S ppm wt S 58 7 10 : 6
Total S ppm wt S 210 210 82 27
RON 90.8 89.5 88.7
MON 80 79.3 80.1
(R+M)72 85.4 34.4 84.4
RVP 61 , 63.6
Density 0.7152 0.7325 0.7177 0.6889
IBP 389 41.6 42.2 40.9
T50 84.9 102.3 91.7 69.8
T90 135.0 171.4 130.3 90.3
T95 148.1 2115 137.3 94.6
FBP 157.4 237.1 147.1 103.8
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ON 80 79.3 80.1 (RtM/2 85.4 84.4 84.4 VP 61 63.6 Density 0.7152 0.7325
0.7177 0.6889 BP 38.9 41.6 42.2 40.9 50 84.9 102.3 91.7 69.8 90 135.0
171.4 130wWw8 0302833595 148.1 211.5 137.3 94.6 FBP 157. 4 237 PCTIGB02039403.8 10
WD 03/ 022735 PCT/ GB02/ 03942 Exanple 3 The foll ow ng sanples from Table 2
in Exanple 2 were tested as hydrocarbon fuels in an autothermal reforner
as descr iBsagpled ow. Sanple A: Feed to Al kylation 5 Sanple B: Al kyl at ed

Product Bp <160C. .Sanple C. kyl Pr.oduc <| | . experiments
wer e per for ne%f’ ﬁdg’rﬁ’g‘_ﬁ%ﬁ%{’wgﬁﬁ% ]%%’feg% Welgxa('l?t?ﬁ?%elwgtmf I ¥qu?|"8§?1¥ a wat er
vapor i seffyeld ein aaaiRdrinabrefortieand descAB&d Wlovand gas sanpling system 10
Fuel , water and air were initially supplied to the quartz reactor as a

gaseous PempleahtFesdteAlkyl#tter a first set of conditions of a gas hourly

space5vgg%?‘gé%zg%%;%]egq;ﬁ?#g,B?)Qq%bcl, a nom nal oxygen to carbon nol ar

rati o ( a'nomnal steamto carbon nolar ratio (S/C) of
0.5. Aft SamgheCholkylatsddaodidi@pf<i108C set of conditions a rapid step change
to a second set of conditions with a nomnal steamto carbon nolar 15 ratio
(S/IC) of 0.07 was nade, whilst naintaining the GHSV at 19, 000hr-1 and the

nomi nal 0xyGeNIF GyEARRRY WERL BLrrdi ey biPhfibip@imdl ol aRDSHd rent vas run

under the second'set of conditions for- urt one he reform ng
cat al yst cosedingof alwatérrvaponsgs Hud oaperkec gudite rdatter amdhgds sampliogelgsteni t h 2% wt

Gyt Al § ER AeARSAL B Rt B o e i FrRCiongs BiEsNsOvLieasitln 000
channel s sp&im SR LSrkteNo ERttionfof 481s HoBRY spddeSRMAPIGARVEIE/ water feed
stream were punped into separate
19,000hr™°, a nominal oxygen to carbon molar ratio (O/C) of 0.9 and with a nominal
steam to carbon molar ratio (S/C) of 0.5. After one hour under the first set of conditions
a rapid step change to a second set of conditions with a nominal steam to carbon molar
15 ratio (S/C) of 0.07 was made, whilst maintaining the GHSV at 19,000hr™" and the
nominal oxygen to carbon molar ratio (O/C) at 0.9. The experiment was run undef the
second set of conditions for a further one hour. The reforming catalyst used an alumina
wash-coated cordierite monolith loaded with 2% wt platinum and 1 %wt rhodium and
supplied by Johnson Matthey. The cylindrical catalyst was 30 mm long and 27mm in
20  diameter with 900 channels per square inch (CPI).

- A fuel feed stream and an air/ water feed stream were pumped into separate
vaporisers at flow rates chosen to provide the required O/C and S/C ratios and GHSV in
the gaseous reactant stream. The vaporised fuel stream was injected into the mixture of
air and steam produced from vaporisation of the air/water feed stream to generate the

25  gaseous reactant stream. Rapid vaporisation of the fuel and air/water feed streams and
thorough mixing was achieved by providing large surface areas for heat transfer in the
vaporisers and the use of a number of mixing tubes. The gaseous reactant stream was
supplied directly into a quartz reactor. This consisted of a vertically arranged 300mm
long reactor feed pipe, which opened out to form a 28mm diameter reaction zone, with a

30 sinter located at its base. The cylindrical catalyst was wrapped with a suitable sealing

material around its circumference and loaded into the reaction zone so it touched the

sinter. The gaseous reactant stream preheat temperature was maintained at 300°C by

11



vaporisers at flow rates chosen to provide the required O C and S/C rati os
and GHSV in the gaseous reactant stream The vaporised fuel stream was

i nj ect ed Wotog/oed1es mi xture of air and steam produced frompeaBR®stszon of
the air/water feed streamto generate the 25 gaseous reactant stream Rapid

vaporisation of the fuel and air/water feed streams and thorough m xing
was achi egatingifie prasior firedpipeay igle a digst fuhedumash sortselladduta thermeeouplei n t he

vapori sens,ffith hi'Gn? TRE 1 AUHRRE oP ottt fkabtéP 585 edlsH3RARYS T oact ant
phi y eactor.

streamwas s ed direct Into a quartz r I'S consisted of a
ver ti cal Isycontabegiachad®Ohstenperagure eas ketrto tleackppétpé catulybtodx itapapadueut to form
a 28mm di aneter reaction zon sinter located at its base. The

e, wWth a 30 s .
cyl i ndri C8ItheRasi gfshermasherpispsott viameluSTULIapPE SO eS80 ¥/61= ar ound
I'ts ckre ’U??%’gﬁ;g o?'&qaxlt?@&%és%&nteﬁ%%%}?e%b&{bn € ab&e'the Ea?#gﬁ? the
sintef. The gasefus Teactant stream preheat tenper afure Was I'ntai ned at
300C by niidinvi€: 4{dDidR T&SedHedh RO DREI42 heating the reactor feed pipe with
a first tube furnace, controll engy a thernmocoupl E"é‘ touch{)ng the sinter.

The reaction ZbBRScoMs RIAGUC sEgamy Irpriihe eatalysiavassampledd Omm abovedhe BeRsAd t ube

furnace. chiafyst SIFREE i Codtfifosifth 44 deREMBEABTIRANE M PbRfe S t tenperature
on the basis of thernochem'cal data - nanmely 839C for SSC= 0.5 and 880C

for S/ C =hronado@ZphyAGsl)uFhefwatgraoncentisiodn inetbe sarspled gabepurt mrodine stresact i on

zone .above th t st to, mnimse radiation sses fromthe catalyst. A
gasedgs 6’?%86@{&@69?%%%@%%%%85 Bgfwgﬂ’s\ﬂﬁgheséﬁxﬂ%gada%ﬁ?ﬂ ‘éf‘Sg\’;%r t he upper
cat al yst noHhilaaBombtthbicSre¥p0osi ti on was determ ned by online and offline

gas chromatography (GC). The water concentration in the sanpled gaseous
product st reamtilec rsofcaric tiymbad expastmenssbe Bl amtay water flepdrprdamas vers t he GC

d dth 2d | § i I h f h
R L I M

ni t r ogen apdic@dnt liicact@n Fohe) farmacészpovedat dywnivaBhesdatdl < tvagatlowbetof dobb t
(preheat) and second (reactjon zone) furnaces powered down. The catal yst
was aPl oketere ¥ wasanlopdedsrprythe feacliiis?alif] oaded from the reaction zone.

Car bon_ accunul @ ih B ahy sillisfr ERA b BUIGHE ek A REE | ment was

determ ned by tenperature programred oxi dation catal yst was
heat ed f rdetermined iy tenpaatateapreghmndEGRidation (TROR Dlie QBysriwas ihnated fbmeam of
oxygen/ r}(()aclnin lflépnger}gtmt'ehtg 850°C at a rate of 20°C/min in a stream of oxygen/ helium and the
concentration of carbon dioxide evolved throughout this period was measured using a
20  mass spectrometer.
The results from the samples in Example 2 are shown in Table 3. These results
show that on the basis of a number of parameters, namely hydrogen production, non-
methane hydrocarbon breakthrough and carbon accumulated on the catalyst (catalyst
carbon), the alkylated products performed better in an ATR than the hydrocarbon feed.
25  Furthermore, the <100C alkylated product performed better in the ATR than the <160C

alkylated product on the basis of the same parameters.

30
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concentration of carbon dioxide evolved throughout this period was neasured
using a 20 mass spectroneter. The results fromthe sanples in Exanple 2
are showwpore3®adiB® 3. These results show that on the basiPS€TaSBo/0s4ber of
paraneters, nanely hydrogen production, non- nethane hydrocarbon

br eakt hr ough and carbon accumul ated on the catal yst (catalyst carbon), the
al kyl at ed products perforned JebleérATR RagRaqiltst han t he hydrocarbon feed. 25
Furthernore, the <100C al kyl ated product performed better in the ATR than
the <160C al kyl ated product on the basis of the sane paraneters. 30 12 WO
03/02273> PCITGB02/P394] Tab[e 3 ATR& gResults C[ - "Sanpl ¢ RUNM No TC
S/ C Con\er sisanpld2 PlrogiNglt imd HG/Cat @dnysionGaB Fostiucto HE™ (ol | @iy Yabhn
(g/100g |feed) ( mw/w)| o) |merd| t @ &)KYI atiogived) [OpsBwowd9 10QmdB. 2 Not
avail ablle 33.0 A2 pP.89 |0. 07 P9 15[ 0 103 ATkyTafted Hroduct Bp <IoUC B I
0.89 0.49 100 18.7 Not 4vailaple 2.0 B2}0.89 0.07 |99 15.0 35 Al kyl at ed
Pr oduct <1 C1} 0,89 0. 50{ 101 19. 3 Not| availabld 15.9. C2 0.90 0.07] 100
15.8 16 ?g)ef{lf\ﬂ-i%gyganﬁ%n et hgﬁg hgpdéo:ar g08n Hr ea fgﬁrougﬂ\}%?‘l"a’ab]et asis_ 5 13 WO
03/022745 PCT/ GB02/P3942 O al ms: 0 33.0

15.0 103

Alkylated Product

Bp <160C Bl | 089 | 049 100 18.7 Not available
22.0
B2 | 089 | 007 99 15.0 25
Alkylated Product
Bp <100C c1 | 089 | 0s0 101 19.3 Not available
15.9
c2 | 090 | 007 100 158 . 16

* NMHC = non methane hydrocarbon breakthrough on C1 basis
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1. A nethod of producing hydrogen for a fuel cell froma hydrocarbon fuel
conposition, said nethod conprising the steps of - providing a hydrocarbon
fuel conpweioioza13s whi ch i s obtained by contacting a |i quiPpdThgRiRO8%e2bON
feed conprising an al kylating agent with an acidic catalyst, under 5
conditions effective to alkylate at |east a portion of the hydrocarbon
feed; converting the hydrocarbon fuel conposition into hydrogen; and
optionally; introducing the hydrogen produced into a fuel cell. 2. A nethod
as claimed in claiml1l in which the liquid hydrocarbon feed is sel ected
fromthe group consisting of |ight naphtha, heavy naphtha, gasoline,
kerosene, vis 10 broken gasoline, cat. cracked spirit, coker gasoline,
light cycle oil, naphtha froma catalytic cracking process, and a

sel ectively hydrotreated naphtha. 3. A nethod as clainmed in any one of the
preceding clains in which the liquid hydrocarbon feed further conprises
sul phur-containing inpurities, at least a portion of which are al kyl ated
during the al kylation step. 15 4. A nethod as clainmed in claim3 in which
nore than 30% nore preferably, nmore than 50% and nost preferably, nore
t han 90% of the sul phur-containing species are alkylated during the

al kyl ation step. 5. A nethod as clained in any one of the preceding clains
in which the liquid hydrocarbon feed further conprises aronatic conmpounds

whi ch ar ylated in the 20 alkylation step. 6. A nmethod as clained in
any one o e preceding clainms in which a lower boiling fraction
conpri sing hndnéahed bbpredading hydreghmcfeda tiehcelhfromtd Ipnrirafartsounl faélur - cont ai ni ng

14 WO 03/ 022735 PCT/ .GBO /03942 urltles and/ or aromatic conpounds is
recover eGOIF’PBEiﬁ“P‘héaISI“R%} ?Oélﬂpﬂaﬂfhgﬁ %%teP%%f fuel conposition. 7. A method as

claimed in c ﬁ'}vmu%éﬂyd’m&aﬁgoﬁ figl d sltgﬂ' \klhi@ﬂ lsf)@Btﬁ‘i}leé 5?9&# 1m§§ ; recover ed

by distillat 8.” A nethod as cl al nmed almo6 n which
t he | owedigbmi Hydrcgafhoa(ftedarmn’rpa{mngamfaik}ézitmlgcalgbmtngtkpm Mdlofcaﬂabsts uhdan 215C,
fore gr efcgrrl t10x¥s ef} %tslée ttoha y]ate atcieasftgrpogi(o%rg%ltﬁe hycf3 rocar ennfeéL 0 and 175C
converting the hydrocarbon fuel composition into hydrogen; and
optionally, introducing the hydrogen produced into a fuel cell.
2. A method as claimed in claim 1 in which the liquid hydrocarbon feed is selected
from the group consisting of li ght naphtha, heavy naphtha, gasoline, kerosene, vis-
10  broken gasoline, cat. cracked spirit, coker gasoline, light cycle oil, naphtha from a
catalytic cracking process, and a selectively hydrotreated naphtha.
3. A method as claimed in any one of the preceding claimé in which the liquid
hydrocarbon feed further comprises sulphur-containing impurities, at least a portion of
which are alkylated during the alkylation step. ,
15 4. A method as claimed in claim 3 in which more than 30%, more preferably, more
than 50%, and most preferably, more than 90% of the sulphur-containing species are
alkylated during the alkylation step.
5. A method as claimed in any one of the preceding claims in which the liquid
hydrocarbon feed further comprises aromatic compounds which are alkylated in the
20  alkylation step.

6. A method as claimed in any one of the preceding claims in which a lower boiling

fraction comprising hydrocarbons and a reduced concentration of sulphur-containing

14



9. A nmethod as clainmed in any one of the preceding clains in which the

hydr ocar bon fuel conposition recovered fromthe alkylation step has : 10 an
ol efin cowDepw2285 | ess than | ess than 40 wt % preferabl ypCrasm2obean 30 wt
% nore preferably, less than 20 wt % and nost preferably, |less than 10.
w % an aromatics content of less than 35 wt % preferably, |ess than 25
Wt % and impugtiespndfos pepiptapic compeundsanresovareddrom the plilylabion biepgs theifel (f bp) of
| ess than 215C. nore preferably, |ess than 180C, for 15 exanple, between
100 and 1758SHAY a sul phur content of |ess than 60 ppm preferably, |ess

than 10 gpm Anmeod ps ehefedlih ¥laith@Sia wihidithd 1@@enbologtpaditafRtiaplsy, | ess than
2 ppm 10. A nmethod as clainmed in any one of the preceding clainms in which
t he hydr 6eeveisd byrdistillademosi ti on has a Motor Octane Nunber (MON) of at

| east ¢80, an : ] . (,ﬁl(pc\li f . preferably
a I\/D\Isof 8at e@gﬁgggéﬁ%lgﬁnﬁ] gﬂ%m%g%ruﬁg?e{lgast g\g ]?L\?%r d@@g%&@ a%l ai ned
i n any ondiml béilieg poiacetliessghad 21 ITE, mbtcpreferatiy)@éss clumpr§0s€sfor thengeep of
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9. A method as claimed in any one of the preceding claims in which the
hydrocarbon fuel composition recovered from the alkylation step has :
10 an olefin content of less than less than 40 wt %, preferably, less than 30 wt %,
more preferably, less than 20 wt %, and most preferably, less than 10 wt %,
an aromatics content of less than 35 wt %, preferably, less than 25 wt % and more
preferably, less than 5 wt %;
a final boiling point (fbp) of less than 21 5°C, more preferably, less than 180°C, for
15 example, between 100 and 175°C; and
a sulphur content of less than 60 ppm, preferably, less than 10 ppm, more
preferably, less than 5 ppm, most preferably, less than 2 ppm
10. A method as claimed in any one of the preceding claims in which the hydrocarbon
fuel composition has a Motor Octane Number (MON) of at least 80, and a Research
20  Octane Number (RON) of at least 90, preferably a MON of at least 85, and an RON of
at least 95. '
11. A method as claimed in any one of the preceding claims which further comprises
the step of introducing one or more additives to the hydrocarbon fuel composition,
- before the hydrocarbon fuel composition is converted to hydrogen.
25

30

15



