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 PRODUCTI ON OF HYDROGEN The present.invention. relates to a method of
produci ng -Wa0¥A3T or a fuel cell. A fuel cell is an el ecttJEHER{032H2

devi ce that conbines hydrogen fueI and oxygen fromthe air to produce
electricity, heat and water. ates w thout conbustion,
making it a clean and eff|C|ent mmﬂmmmmmmmmrgy There i.s a growing 5
interest in the use, of fuel ceII source of power for vehicles. The
hydrogen enployed in a fuel cell can B@“&tored directly, or produced
in-situ, for exanple, by convertlng a hydrocarbon into hydrogen .and carbon
nonoxide and/ or carbon di ox i s conversion process may be carried
out by-partially oxidizing the mum“ﬂmﬂwmmmw in the presence or absence of
a catalyst. Altematively, the hy fuel may be converted into '
hydr-ogen by steam reform ng,.optionalebogge«in the .presence of a catalyst.
Attenpts have been made to reform conventi onal notor gasollne to produce
hydrogen for fuel cells. However, such-attenpts can give rise to

by- products, such as coke, which damage the reforming 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
hydrocarbon fuel conposition has now .been found which alleviates these
probl ens: According to the pPRE®UCTIONGDEBE¥DROGEN i s provided a net hod

- of produ0| ng 20 hydrogen for a fuel cell tfroma hydrocarbgn fuel '
conposi tion, sdePIHELH&RYBEADFIEFNG %'ﬁéthgf‘éf)ﬁroéf‘cm&lhd edehipr2 Heidelear bon

- fuel CormOSI tiAORve Y€ B Eﬁct‘?@h@hﬂ%‘i’ dmc&fﬁm @mhtings Bydtogen fuel and oxygen

from the air to produce clectnmty, heat and water. A fuel cell operates w1thout

combustion, making it a clean and efficient source of energy. Thereisa growmg .
5 inierest in the use of fuel cells as a source of power for vehicles. _
The hydrogen emp]oycd 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 dmxzde This conversion process may be carried out by partlally oxndxzmg the .
hydrocarbon, in the presence or absence of a catalyst. A}tematlvely, the hydrocarbon
10  fuel may be converted -mto hydrogen by steam reforming, .op.txonally, in the presence of
a oa-talyst. | '. -
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 an_d the fuel
cell stack. | _ ' - ' |
A hydrocarbon fuel composition has now been found which alleviates th_ese
,I,/ 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 co_mprising
the steps of: ' |

provndmg a hydrocarbon fuel composition, which is obtained by ccmtactmg a



23 NOV 2005 WD 03/ 022735 PCT/ GB02/ 03942 |i quid hydrocar bon feed - E3nitv SWRg
~an al kyl ati n%@d&/nt with an acidic catal yst, under conditions effective to
al kyl ate at 0287380orti on of the hydrocarbon feed; conver tRGRIGBIRE03942
hydr acar bon fuel composition into hydrogen and optronally, i ntroduci ng
the hydragen o ced referred enbodi ment, the
met hod corrprl sé@g’lééocﬁfbggt %‘ﬁwg’ﬂ"lsljl%a& Wﬁ?tdhgaargﬁ ftﬁéﬂaeemﬁagfshgnaﬁ

al kyl ating ageditions dffeceivie toatkylite aCRbf ayoktionbHiBE hg@BeirbdPRedef f ective to

al kylate at least a- orb?gn of the |jquid  hydrocarbon feed; recovering at

| east a porti on®Yret far‘pqrbﬂ!‘eltqp@pogsgwndmod}ydgqg@p and produce a 10

hydr ocar bon fue} trd}ﬁﬂ?%trbdhﬁlihgthEHQd&egédIﬂgd{:&% H% ]anrhon fuel conposition
i nt o hydrogen; and i nt r oduci ng t droogen pro uce Into a fuel cell. -

The 1iquPd hydrbrcaapns&rredfeewdmt,ubrrnethqutdqmpnacsge of 10 to 345C,

preferably, in Such fee guntered in
"~ the refining ofcapdg%rnggqq v Q&Oéa%oﬁ%g ‘rmnp’?%l.’ég ?Ie‘%f(ﬁlgﬁ%g %ﬁe“brvﬂﬁa Bts
from coal - héidicehtatyst, omdamimtihmnpbﬁmss Itdﬂ@k?fat&ddleasﬁiﬂﬁbrﬁoﬁﬁﬂthﬁeafquﬁﬁndS

Such feeds i cal l nprise -conplex mxtures of hydrocarbons. Exanples
of suitabl eh%@r@afg ?%E‘lcade light naphtha, heavy naphtha, gasoline,  kerosene,

vi s- broken gasoﬂeb@&n gaartleaﬁraafdfﬁ&: §th y_grtoduepff&ﬁ 9@?‘]9#’1’:1{"&1 & tolﬂrgd\*cecayd e

oil. The feeds' e sel.ectively hydrotreate exa ore or
after th@y. hy%roearhw fuebeompasiteon20. pref err ed, enbodi nent of the invention,

naphtha from a [.Qcess ectively- hydrotreat ed
napht ha (e.g. ftrcog,%q@}é%% t%aﬁ)z/cﬁl éé%o%g’afgﬁ] rﬁ’a’pﬁ%@&%f}ﬁygro@ﬁ?ﬂa@ged as the liquid
hydr ocar bon feendtro&nmnglhieélyﬂmgdxsm:rdecdﬂleawa hetlcdln detai'l in U S5 863.419, -

US 6025 534 an US 9] g% é tthe contents of which are incorporated
herein .by refef ]é‘@“d KeroFargen eﬁWd’@&r’Bé@Fﬁa@%oﬁmrﬁ%e@ pr ﬁraézi)kyrr ating

~agent. Suchygl, s e 100 245 P SudprdBYmly b8 RS ek ) Rind BRGHE N DY "

the feed. Suit e al kylating agents i

primryl5s emnelhaymatbdrdfemrtg ﬁﬂgro@icmh%balamemwﬁﬁb‘thb pedcesking Jﬂ‘tﬁl .
al kyl ati ng .2Q carbon atons, npre preferably, Ito 10

carbon .ato anqafa%ﬁ’aéa%rélé’i‘efé?ﬁjﬁ 1r¥t°°8rpft5ﬁé°mﬁ1i’éﬁ?li"ﬂﬁes Srhydecarbspe
ol efins ar egﬁmélgy@pguagb}e:i&ds ,,@I]J@él] rgg%,y napﬁé]&hté‘a%ﬁacbk@%béh% i ncl ude.

cyclic olefins, substituted cyclic o efrns
vrs-broken gasoline, cat. cracked spirit, coker gasohne and light cycle oil. The feeds

may be selectively hydrotreated, for example, before or after they are alkylated. Ina
20  preferred embodiment of the invention, naphtha from a catal ytic cracking process, ora '
selectively hydrotreated naphtha (¢.g. from a.catalytic cracking process) is employed as
t-he liquid hydrocarbon feed. Suitable feeds ar-e-dcscribed 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 alky]eting agents
25 iﬁay be added to or inherently present in the-feed. §uitqb]e alkylating agents include ‘
olefins, alcohols (e.g. primary, secondary anid tertiary alcohols) and mixtures thereof.
The alkylating agent may comprise 3 to 20 tarbon atoms, ntore prefcrably, 3 to 10
carbon atoms. ; '
" In a preferred embodxment of the invéntion; one or more o]ef ns are emp]oyed as
30 . alkylatmg agents. ' Suitable- oleﬁns include cyclic olefins, substituted cyclic o]eﬁns, and
-olefins. of the formula RjR;C=CR;R,, whercm_R| is a hydrocarbyl group, and each R; is
independently, hydrogen .or -a-hydr'ocarby]' group. Preferred olefins -compﬁée 3to 15




=olefins. of the formula RIRRZC=CR2R2, wherein R is a hydrocarbyl group,
~and each R2 is independently, hydrogen or a hydrocarbyl group. 23 &Dwr 2068l
olefins 0P3H2e3s3 to 15 2 2 3 NOV 2005 WD 03/ 022735 PCT/x8028688492 car bon
atons, nore preferably, 4 to 10 carbon atons, for exanple, 5 to 7 carbon
atons. Such olefins may be intrinsically present in the liquid hydrocarbon
feed, orcapkpn ajems,qapy em!?f&taévﬂ)y 4atdd@(§altb@matten$ é@d@xaﬁ)mm tes7 @ibcswtd)rahl e
cycllc [ n C|IC cIo ent ene,
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met hyl cydﬂlmbﬁmyledde@-tmmdﬂﬁek@ycl ohexene cycl ohept ene, cycl ooctene, and 4-

nmet hyl cycl oqct ene. Exanpl es of suitable olefins of the formul a RIRRC=CR2R2

* i ncl ude . pr opféssgples. Ofrﬂ%ttWF BYQiseneiins|ang splestiduted cpeliceelefinpingldpy | - | - but ene,
3- metshyl 0 2, h -but ene,

3, 3- rreci}Jﬁlowfn%Eﬁtleﬁgm%&&éioggme Paéﬁ%%{l &n l §rlghg]t ﬁ@PM%EBLUPene

" 2-et hyI Iﬁehhgtchy]bhcﬂenbm-mw)y]@c&hﬁxeﬁel_, orddhydptenk, eyuldénene, dndobnt ene,
2- pent ene, i r’rl'e ?% -pentene, 3-nethyl- |-pentene, 4-methyl -1 -pentene,
2, 4-di rré?ﬁS}/‘V ICYeBeHt®he, |- hexene, 2-hexene, 3-hexene, 1,3-hexadiene,

1, 4- hexadi eBunipl&@-dTeuashIe BRfind of'the TErHAMHL RnﬁzchRl'}@qu@l'ﬂﬁe gl%lpﬁl’?eoz.ene’

3- hept ene, | -octene 2-octene, 3-o0ctene, and 4~ ottene. addition to
an al kylratﬂhmb)rwen,tl-btlﬂqee,lz h}m:rd: lﬁydq:tb}zlal-botcné e chettey- lclantpd, 2emethyl-2-

arondhi . 2 SRR AL Bt A8 ”'@ﬁgﬁﬁ’ﬁée;t@?w%”ékéde_

benzot hi nBHRAE Q-eth m%am&a 1-b ki c ! -
2-methylthio heneet 93 methgill tuﬁ?%e%gn%&]lgég%l %\:ﬁ%éﬁ% l[ 15'&1 22&“%8 2

2, 5- di menptayt lnp@pthené met| ﬂ\yienhngﬁhmeth,y]a ;za@teeiehgfntdnmpiymmemene 1-
b t hi,oph h t t h d
3 et hy | SRR e d Hor8Rh - RORRETT o B fpe T abeROREg T bl v, at

| east a mambm Iciieptdie, SMeptohl, 3cttiptedieN] alteﬁ@ez%aéné B3-ddihef 8R4 BBMnbE
al kyI ated during the al kyl ation steB bPre era bly, nore than 30% nore

preflerabl y, Lrsddition fixan siiylating agenssihe heidddmoprbondeed mazsompsisof t he
Pl s SRR LBh A APRGERicl Such by BHEY LB ine il B b SR R0 PG, T 0

may al so conprise ar I C conpoun uene

t ri met hydonbromatie compearis spacasaierdmtans, &ﬁoﬂi}fénﬁi d6d Bngskhigphehibe al kyl ation

step, as will be described bel ow.
compounds. - Specific examples include thiophene, 2-methylthiophene, 3-

methylthiophene, 2,3-dimethylthiophene, 2,5-dimethylthiophene, 2-ethylthiophene, 3- o
20  ethylthiophene, benzothiophene, 2-methylbenzothiophene, 2,3-
dimethylbenzothiophene, and 3-ethylbenzothiophene. As will be described in greater
detail below, at least a portion bf 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 préferab]y, more than 90% of the sulphur-containing species are
25  alkylated. _
The liquid hydrocarbon feed may also compriise aromatic compounds, such as
toluene, o-m-p-xylene and trimethyl beniene These species may alsdll'.);é.l]lcylated in
the alkylation step, as wx]l be described below. .
The liquid hydrocarbon feed may also compnsc dxolefms 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 acxdlc catalyst under



The. |iquid hydrocarbon feed may al so conprise diolefins. The congentration
of 30 di oI efins in the feed, however, may be reduced, for exanpl“e]

"sel ecti ve¥Y803 B {Fent i onal _hydrot reatment. \When the |iquid PyHEBEHIIeN feed
is contacted with the acidic catalyst under 3 WD 03/ 022735 2 3 NOV 2005
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t he feedccrmyntratmneﬁsmy aH&y]ztt&ias;ﬁafeexduhaﬁeedtrh ineeACENA L @a%'s%e‘ﬁlneamé
olefins) in the feed may reduce. Wiere olefins are

| kyl at
gr e}s/eﬁt ! ‘P‘ﬁ’ f’%éaql‘oé‘él(f an?ﬁ@‘s}'eatl‘?ﬁ;?g%ﬂt%@ %QIQfGSbUh*épufeeddney redgegreWihezed i nt o
hi gher  §iefiRé &€ préentiBitBOfeel RENGE S, al@‘@f%’l ﬁ%& sed BEfb %%n&%%to”?

alkylated in the alkylation step include s ~C CoRtalhi éll?tles and
ar onet | cmelseplanwgieht Bipsiuctal kyl at abl e species are al kyl at ed | nt 0 nore

heavi ly sub nd t .ecu wei ght products. For '
exanpl e, thf%’%)ahﬁlgs 0f§ g F’ﬁ@’l‘%@( b%%&‘a%?’daﬁ%ﬁiiwaapwﬁaw@ erﬁ“lﬂ?l"lé'ne, and
10 mer cagymaisingamphsitied dmlaa@mshd&nﬂfdael@r@es\lvhgllﬁyraéylerabmé‘s :?r@%ﬁc‘g glt wil
be appreciated, of course, that both nono- al kyl ation reactlons

may occulnto ROk heayily substisred, iaph drugy iglrs el erder wnghmredwms aFér in US 5 863

her ei n oy r B ar dopathe i by dPufad o plolBed S ERG R dhinb nrher Doiling

poi nt&ks tmeraptans mayalbalaldgyllaiecbtdt prd(ﬁlce(higﬁeﬁﬁlﬂphiﬁs spetiddont Wﬂllbé)ﬁpﬁr&‘?atbd quid
hydr ocar hon fee ﬁ] g gonverte to hi %her boi ling products in the al’kylation
step. ThESOUREyiRat bR MmNy 2nt Bl¥calkylaggn l’y’éc%@ﬁdﬁ%)t%mfélkyhémm e, by.

di sti || aleh@ibnsafe desBiBEIGH gk ibag if VR & 419@% 6075434000 lvy §4088 ggl of this

hi gher boiling fraction nay be greater t prefer ab er than
200C, arife Cﬁﬁﬁ@tspf@ﬂwlaﬁsbylcgmaatedherhmrbyzaﬂ:ﬁene& I ovver boi | i ng fract i on may

al so be reco t.he I for_ ex | e -by distillation.
This | ower b’%‘lasle%]ﬁg]at%g 3 &?E})S fe @ %5&3 %?‘hﬁgpﬁ’&lﬁ#’?fbt nﬁl‘ﬁ‘@"‘éﬂa t¢dss than .
21505 . mmmatemaefseas ﬂblltiy&n off efeSliduiteRy dk8Eborf REd iCOHRVPLE toRBLNESB1Hg0" and
175C. The | ower bo fraction may conprise& hydrocarbons, and~a reduced

concent rRIPHRsES wrthe B’Ikﬁﬂi’g‘P“ EGAt Jh?ﬁeﬂgghqrbemnglpeedmtﬂmw basmmcd; feonpounds.
The ol eféx@mpl@%y@%@lgﬂ&f ak 'a(ﬂrgh'epbd iNfig 53YEEn. PRl i bbi1RE HoRlt oF s 3! SO be

reduced, " as ins: ori
higher boiling fraction may be greater than 170°C, preferably, greater than 200°C, and

more preferably greater than 220°C. A lower boiling fraction may also be recovered
20  from the alkylation step, for example by dxstrllatlon 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. C
The Jower boiling fraction may compnse hydrocarbons, and a reduced
concentration of sulphur-contammg impurities and/or aromatic compounds. The olefin
25  concentration in the lower boiling fraction may. also be reduced, as olefms originally
present in the liquid hydrocarbon feed may either have been mvolved in the alkylation
reaction and/or polymenzed to form higher boiling components. In a preferred
embodiment, it is this lower boiling fraction which is recovered as the hydrocarbon fuel
composrtron ‘This hydrocarbon fuel composmon is then converted to hydrogen for a
30 fuelcell. _ ' '
‘Preferably the alkylation step reduces one or more of the éulplxur coxrtent, the

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



present in the liquid hydrocarbon feed nmay either have been involved in @&e
.alkylation reaction and/or polynerized to form higher boiling cor%pi)HQY]t X
An a prePe¥@28sbodi nent, it is this lower boiling fractimeBigdiedss
recovered as the hydrocarbon fuel conposition. This hydrocarbon fuel
conposition is then converted to hydrogen for a 30 fuel cell. Preferably

_the al K)PAIICERSShEParadtnteantem of tie hydracationtfhed. sThyshQat. €yatked Spirithe

Tat i - ' . of the hyd bon feed. Th
2l kot at o ot B obrea ok B e O B0 S e SRRy | nor case
the paraffi s apoefernad embodinenh yhir indasdastors RerconTpbiftionGREov R PEKRTLSPI T t

may be raﬁgycjl red m)ée suitable for use in production of hydrogen for a fuel
cell. Id ?e)kfoé’fsé?q ¥ ‘enbodi ment, the hydrocarbon fuel conposition recovered

fromsthe abkwidid @hisik 8P18ehan 45 vaR g& ' |l gss than 40 wt %
preferably, less than 30 w % nore s rrg};eg%é%ﬁg%ﬁﬁge"sgé% bWt % and
most  pr SFeeEbly, Jess dhan 20heih%1 andunosipreferablyy ek itikan TOWE et of less than 35 w

% preferab t han w % e referably, less than. 5w % a
final boili hé afoaéﬁ a‘:ﬁcs<c P %‘S?g%}‘]cﬁség@a:{f‘gﬂ%ﬂeégraﬁiyﬁ &sp thanegSamt %p anflemare t han 1
+ 80C, formprefdfabb)dssphiean et yeen 100 and 175C, and a sul phur content of |ess
than 60 ppm Egpreferably, | ess than 10 ppm nore preferably, less than 5

ppm nost ppdémel belipg phist bphefiles thpm2 1 5°CTheréprbferablypless fhugh s@Rgsi ti on
may ,al sQ_hav benz [ ent of less than 5 w% preferably, [ess than
I wtla% c’ﬁ‘pr@i @?@FF’?\?@@?RCEE{S g:ﬁa’f%e conposi tion nay al so-be 15 less than 5
W, % prefepaPhblur édnstbh % ferably less than 0.1 wt % As
ment i oned abovg, Ya hi gktlerﬁeg%ﬁa}qﬂr?g é??gg’h?%'ﬁf’ﬁ’a%sﬁg’%éé’aﬂp&?»éwrom the -

al kyl at ipeferablyc tdse than Broipsn st eprefoniblly, essfiliznc pgm. t ypi cal |y contains hi gh

boi ling conponents, .ingluding aromatic_conpounds and sul phur-contai ni ng

i npurities. ?E%ﬁégmé's?rb?‘hﬁ’s“ic?w P A glse davon brrzenaagnteaief lessaharsiibj ect ed
t o al kyhay, preferablyl ®iss @ahgnst %0 i ted in th

al kyl ati on gt ep. l)JAnaI SkyI ated (%rrth?Jé??a%(?gﬁsn Pﬁﬁ%&%ﬁnﬁﬁ*@%’s’f’ﬁ ?}F%g"

t hi dphelfss thapeny by pesitrebly, kessithen bsrti%mert grefezalilpieap aene. 1 e, hi gher

an aci dic. SRRy ReL R Sieft Gt bemamtone spepisofemige an addi ¢ ona
al kyl at alkglation 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 Jeast a portion of the higher boiling fraction into higher.boi]fng components.
These higher boiling éompone_nts may be s.eparatec;, 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



agent maybe added to the reaction to facilitate the second al kyl |3 IV 2

.step. A Whﬁ%bﬁg:&? converts at ]Jeast a portion of the hi g{iber “boi |&gj 005
fraction i'gher. boiling conmponents. These higher b qﬁ/ﬁﬁo%q}%’onents
may be separated, for exanple, by fractional distillation. A second |ower
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This second |ower boiling fraction genera as concent Fati-on of
30 sul phamtableder¢anivergidmtounyidtoges., and/ or aromati c conpounds. The second

| ower boili fraction may be recover as the rocar bon. fyel., '
conposi t i'onfﬁq’ﬁr?&kﬁ%thqpe%%ﬁ%yg’e rwaﬁggﬁgﬁﬁl? Woﬁg?ﬁg“q’é‘é‘lqe.’“ ]i"tgh?ng?‘]HE possi bl e
to mx tfistisac e stobokethird@hl bitteluerthigBtr mddoweNo1iRP Bactioi. 03/ 022735

PCT/ GB02/ 03942 wiith the first lower boiling fraction to produce a

hydr ot ar bon Atesuitgblepsidie Faalysiinenbe emploned mghe abkytation steprofithepresenhy dr ogen.

The al kyl.at i ~ f ( e Q suhseq i, gher
boi l'i ng 'ln? %Hé@? i ?r‘fgtmt)]g% %lr 0 haé%s?f%%?gscgﬁaégnu%ezgghngﬁF %%éﬁg?’ Qﬁt@?%\fg?’ boi l'i ng
fracti ondS 6Adg 45uiandhiS6 869 662, wiitialsystorpemtddeeedih b Yefrenbe. iSeh atiky| at i on
step of the esent . invention. Suitable acid catalysts are descri-bed in
det ai | ilﬁgﬁég ?f%f@éeaﬂf@‘,dswha@z%{os Fic acidssyphvrac aptd, bowig ackd, HFo59 962, whi ch

| s | ncoresaishdh®s fidl MRGAEERRSupBHGR 1B 417 diflrh Bl aRRL aag aci ds

such as phosphoric .acid, sulphuric aci Joric - a uor-osul phoni c
aci di0 t rkewis acide meahres idi&. Boho AlCl ab 1B, i€l FrG iy Bw@F,) Siofs08bEls andci d. 10

Lewi i ds.sych , . ALC13i ALBr3, .Fed 2i FeC]3, znCJ2, SbF5,

sﬁé“if-, :ﬁcli’ms"é’i%’ﬁ‘ﬁﬁf 1“?@3 385%\1316133/ -@Wg"?mﬂahéy TE‘%@S‘ I 'cazaﬁbﬁtémy ¢ The aci dic;

cat al ystsuppyrtdiFor mﬂ?ﬂiﬁeﬁd 19k pHTEHRPERbREIment a 8old ﬁ(&?ﬁ@rﬁ% adBAEENt, a
%

solid phosphoric acid catalyst is enployed. The a ation reaction may be
carri ed '8GWPIRYeR] evat ed tenperature. For exanple, 15 tenperatures in

) of 5 i N ex preferably, i
excoss of 128% MRNRIGE Fien rhdy 63GR18 Gl BtSred MG R AT, o' on
r eacks onempératiaey inestcesstof §0°CLGRefembBE Blex deb LS 1AL YandlBbrel e fe Ry, in Wier e

nultiple alkylation steps are perforned, thé alkylation tenperature rmy be '
di f f er erfixcessofd3e 7€ map desmplayedailn g peafermed embgdiment, teatkylationyeastiomr es r ange

sui tabi & St a0 SRR BRFIC PRty b8 0] et shlble alSons Go2s a4,
steps are performed, the alkylation temperature may be different for each subsequent -
alkylation step. _
20 Reac'tio.n:pressur,e's 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 presernt invention further comprises
a hydrodcsulphur-isat.ion step. - This hydrodesulphurisation reaction may be carried out
25 before, at the same time, or after the alkylation Steg. In a preferred embodiment, the
hydrocarbon. fuel composition recovered from the alkylation reactionis _ .
hydrodesulphurised to reduce its sulphur concentration further. Conventional and/or
selective hydrodesulphurisation methods may be employed. Once hj'drodcsu]bhuﬁsed,
the hydrocarbon fuel composition may be converted to hydrogen. " _
| 30 In addition or as an alternative to the hydrodeslul,phurisajtiOn'step, it may be )
possible to pass the whole or any sub-fraction of the hydrocarbon fuel composition

through a desulphurisation de'v-icé, such as a sulphur trap. Such a device may be a
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| 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 ratid 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 compositiony with steam under steam reforming
conditions to produce hydrogen and carbon monoxide and/or carbon diox”ide,. 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. Convehtibnal steam

reforming temperatures and pressures may be employed.

In another embodiment of the invention, the hydrocarbon fuel composition is
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converted to _hydrogen by reacting conposition with oxygen under partial
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catalysts, such.as rhodi,um .nickel cobal g 'E‘l ati num paI | adi um rutheni um
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hydrogen, carbon nonoxide is .al 50 genera uce € enbodi nent of
t he i nvent i-dvditeenabiyer allenmm\radly; |cdxbonmmmmieeda)fb@mrtdved by adwatér shift eam by
oxi.datiaqn, .The '

altne ) Pﬁ)_ ton F) carﬁﬁ m)nto%j 1gito carpon di oxi de,
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aIternatlveIS%/Slpcarbon monoxi de. may be renoved by a water shift reaction. In

a wat er @alysts ipglhde irgn oxidgapd ﬁhfr%ﬁ@%lde The hpdiogen pradupedintthe water t he 15
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P oduced by The Srrosgleg Sroducec{] in the method of the present mventlon may be introduced

20  to afuel cell, preferably, a fuel cel] 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 Bcing introduced inio 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/er ata -stationafy depot. | ‘

25 . Where the fuel cell is emp]oyed to power a veh1cle it may be used to generate
substantlally all the power necessary to meet the energy needs of the vehlcle 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 inclide conventional
electrochemical cells, solar cells and internal combustion engines. Where an internal

30 . combusfion engine is emp]oyéd the'hydrocarbon fuel cbmposi‘tio’n 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
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directly into the internal conbusti Q%?gep]gl ne, and conmbusted to generate

energy. It should be noted that 'the carbon fuel conposition enployed

in the pfesent 8 WO 03/042735 2 3]TNOV— 20057 PCTGBO2 03942 nyention—Hay -
al so be enpl oyed as a gagoline fof an intefnal conbustié?;kyéﬂﬁ‘g duc
inventiof will now be illjufeedTed| bYkyefedr prikgated Préduct|ol kOOOO Taustic -
SRS atell -t ract ronated TR i Prodiehnf adde FORBE bi 1 nghashadt on |
caustic extracted to yielfd a no df-olefin,[TOW sulphur Treduced aromat|i cS
and ol ef khs—fuel— Table Table 1 Feed Tof Al kyl ated Allkyl ated Product
Al kyl at effalflipsiet Bp Al kyl at BdnPr pduciBp < 100CSBO00 C4ustic Bashed
- [Naphthenes %wt _ 10 | 8. 9 9
Olefins Yowt | 37 _34 | .. 28 7%
ICyclo-Olefins %wt 6 I T i iy
Aromatics %wt 1 13 12 2 - | 2
o Mercaptar_) SppmwtS | 74 | | 21. 15 <2
Thiophenic S ppm wtS| 7 7 ] 1
Total S ppm Wi S 81 8 13 <3
RON. o 2 B o1
'MON | 80 - | 82 B 32
RM)2 N 38 | | 87
RVP PRVR GRAB T , |
Ke) - | e | a1 | c— 92
IBP 22z | 26 | 300 284
50 - 594 | 78 | 528 533
T90 B 1133 | 1654 783 | 779
T95 T 1300 | 1902 | 844 | 83.8
FBP- ‘ 1529 | 2167 109.4 1108




Paraffins %w .33375959 apht henes %w 108 .99 A efins %u 37-3428.23 3 NOV 2005
.ycl o-a ef i ngygdsfoes3d Aromatics %w 1312. 22 ercaptan S ppm thC%Z%&,]%%

hi ophenic S. ppmw - S7711 Total S ppmwt S819813<3 0ON949491 0. 2
R+M /2878887 VP PRVR GRAB ..988192 (Kpa) P27.229.630.028.4

5459. 477. 8%%a@p. B 90' 113. 3, 165.478.3 77.9 95130. 0190. 284. 483. 8

BP_152. 9216. 7109. 4110. 8 23 NOV 2005 WD 03/ 022735 PCT/ GB02/ 03942 Exanple 2 A
sanpl e of a fuftaewleqfgiprtbadightsatalyicely egkad aarhtha mepalkilatedstad| at ed, acid
washed, ang,LRRCLAPHRALBHtEY bHl iR liNddoRtd GRId LoW Rlhud rkAWed HoRHEs apieduced
aromatics and olefins fuel,” Table 2. Tabl e 2 Feed to Al kyl ated Al kyl at ed

Product Al lejafias &eel.Fabluet Bp

5 Table 2

Feedto | Alkylated {Alkylated Product|Alkylated Product Bp

Alkylation { Product Bp<160C [  <100C
{Paraffins %wt I RETY 38.0 | 48.0
Naphthenes %wt TR 12.3 130 18
Olefins %owt 373 342 | 329 1 344
Cyclo-Olefins %wt | 57  |. 3.3 32 17
Aromatics Yewt 124 160 12.7 - 41
Mercaptan S ppm wtS | 6' 3 ' 4 6
Thiophenic Sppm wi S| 146 200 | - 68 16
Sulphide S ppm WS 58 | 7 T %
Total S ppm wt S 1210 210 - | - 82 ' 27
;r'RON | 908 | 895 | 7 8_8.7
IMON T g0 793 80.1
Rz 854 | s4a | Y
RVP [ sl N 636
Density {07152 | 07325 0.7177 70,6889
BP ' 389 a6 22 409
50 | 849 | 1023 517 G
T90 T [ 1350 1714 | 1303 . 90.3
T95 . | 1481 | 2115 1373 946
FBP 1574 | 2370 | 1471 1038

10



Al ky| ationProduct Bp <160C<1000 Paraffins %w 33. 3--34.138.048.0 apht S
Ot {'1. 112.313.011. g A efins % 37:334.232.934.4 yclo-A efins B?ﬁb"\? 2005
omt 5. 73. W B027733r omat i cs %t 12. 416. 012. 74. 1 ercaptan S ppUIvéBRH3LG

- hi ophenic S ppm wt . S. 146- 200- 68-16 ul phi deS ppm wt S587106 Total S ppm wt
S2102108227. . ,ON90. 889.588. 7 ON8079. 380. 1 (R+M/285.484. 484. 4 VP6163. 6

Densi t y&Z 2 73250. 71770. 6889 BP38.941. 642. 240. 9 5084.9102. 391. 769. 8

90135.0171.4 . ; : " Pl57. 4237.1147.1103.8 ,1 .10 2
3 N 2005 v 5T iue Gty %ﬁ?%géééﬁgnﬁﬁe} YeireSted ps BWTH@afg%pl es from
Tabl e 2fiels Bearmiteth@met rafotneatae deasibey delosar bonAI LUFI s in gnsaut Iot hgr mal
ref or neg_as, descrihe | ow. Sanple A: Feed to yl ation anpl e B:
Al kyl at §am5}eo/gﬁ%tedgf5%i€§6@" Sanple C. Al kyl ated Product Bp <100C
5  Sample B: Alkylated Product Bp <160C
Sample C: Alkylated Product Bp <100C

All experiments were performed in an autothermal reformer (ATR) ri 8
consisting of a water vaporiser, fuel vaporiser, quartz reactor and gas sampling system.
10 Fuel, water and air' were initially supplied to the quartz reactor as a gaseous reactant"
stream under a first set of conditions of a gas hourly space velocity (GHSV) of
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 05 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 lone hdur. 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 cylindn’cai catalyst was 30 mm long and 27mm in
20 diameter with 900 channels per square inch (CPD).

. A fuel feed sﬁeam 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 vapbn'sation of the fuel and air/water feed streams and
thorough mixing was achieved by providing large ::urface areés for heat transfer in the
vaporisers and the use of a number of mixing tubes. The gaseous reactant stream was
supplied directly into a éuartz 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 seali.ng
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
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The results from the samples in Example 2 are sh'own 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.
Furthermore, the <100C a]kylated product performed better in the ATR than the <160C

alkylated product on the basis of the same paramcters
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Al kyl ated Product Bp <160CB10. 890.4910018. 7Not avai l abl e 22.0

. B20. 890. 079915. 025 Al kyl ated Product Bp <1000-- - C 0.890.5010119. BhMoy 2005
avai |l abl e 15.9 C20.900.0710015.8 16 * NVHC = non net hane hydrocar bon

breakt hrough on C basis 51 13 2 3 NOV 2005 Cdains : 1. A nethod of
produci ng hydrogen for a fuel cell froma hydrocarbon fuel conposition,
said nethod conprising the steps of: providing a hydrocarbon fuel

conposi ti onjaihi ch is obtained by (i) contacting a |iquid hydrocarbon feed
conprising an al kylating agent with an acidic catalyst, under conditions
effective to alkylate at least a portion of the hydrocarbon feed, wherein

t he i quid; hydr. r I ' ¢ ' ounds which are
2l kyl ated | PIEGRR QP EE HylideRf forsPRY dctom HBMRICLOR I T 1 g
fracti on cesmppositiongsdiy dretwdrdoanpsismgdhastepschfced concentration of aromatic

hydrocarbons from the al kyl ation step as, the . hydrocar pon fuel conposition;
converting thel’rﬁ‘fﬁ&‘&?ah%g?aaﬁ@fﬂ ?‘l“PBnWh‘ﬁ{nc/f tRigp ICé))h; and optionally,

I ntroduci ng the h li 68N &cli¥BnpFisink -an Alk taaes vaigh &4 ai med
inclaim1l i trgbwhi %ﬁﬁ{taﬁ%% ?c}@gg%ﬁ%)r ocarrl bgtr?léf egd i gagel eygﬁeﬁg algf romthe group
consi sting of |ightidiagstalist, urklenvynditiquistefitactigeto alkiytats atdeast 8 pagjonvifdhe br oken
gasoline, cat. cr

LN AT K N ) A A,
oy 1S 2, S kSRS SR il U oo ihag i, oo
whi ch are al Kii) at eegcayaringg lower boiling fraction comprising hydrocarbons and a reduced
concentration of aromatic hydrocarbons from the alkylation step as the
hydrocarbon fuel composition;
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 light naphtha, heavy naphtha, gasoline, kerosene, vis-
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 claim 1 in which the liquid hydrocarbon feed further
comprises sulphur-containing impurities, at least a portion of which are alkylated during
the alkylation step.
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 claim 3 in which the lower boiling fraction recovered from
the alkylation step comprises a reduced concentration of sulphur-containing impurities.
6. A method as claimed in claim 5 in which the lower boiling point fraction is
recovered by distillation.
7. A method as claimed in claim 5 or claim 6 in which the lower boiling fraction has a

final boiling point of less than 215°C, more preferably, less than 180°C, for example,
between 100 and 175°C.
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the al kylation step. 4. A nethod as clainmed in claim3 in which nore than

. 30% nore preferably, nore than 50% and nost preferably, nore taj N8O
t he sul phur-contai ning species are alkylated during the al kyl ati on step.
5. A nmethod as clainmed in claim3 in which the | ower boiling fraction
recovered Jrom the alkylation. 2 i } ration of
sul phur - cof{n‘ginmﬂh(ﬁ{e Srﬁlﬁi%ie e .am%%?RX%%erﬂFﬂlggsgrsO%%{bgﬂ#&eegqf)%ggﬁggﬁm 5 in which

the | ower BgivetdddrdRithy alkylagén @ep has :r ecovered by distillation. 7. A nethod
as clained in claim5 or claim®6 in which th/e o]

I boi | i [ h
final boi | | ng 3peletin GmiansgSlesian epsthan 4l o Yo P Erapb-jessitE ¢ REH igoc?_sf or
exanpl e, i n&%}/ﬁﬁﬁ{%@;} ,l]é}g%a%%% %4%@ ‘ﬁg%%ef&%@’ Rs &aﬁqb%d/o’as clainmed in

claiml rocar bon f ositrron recovered fromthe

al kyl ati on st e di@faticsapnehedfi lessahat nwt Ui, ptedersblyhlass theis 25 wh&mankbmate %
preferably, less than 30w % nore preferably, less than 20 wt % and
nost pref eWTS%F%P,lysll‘éﬁéh%Wt%@ W % an aronmtics content of |less than 35 wt

% preferabl y,aﬁﬁ%o@igg%)oﬁg]g%)%@ hiP gsgg?hﬁfr@ﬁﬁbérmy,'1@@%&&1?@@ e % a

final boiling point ess than nore preferably, less than

180C, for exaxpMibeiwdeatioeand 198¥Caaad 175C; and a sul phur content of |ess
than 60 ppm preferably, less than 10 ppm_nore preferably, |less than 5
ppm nost pr efasumiuy contertofiess thap 69Ny professivh ings BandPHPReAIH claim 1 in

whi ch the hydr r u o] Sitb Cct ane Nunber (MON) of
at | east ﬁﬁé%gﬁépﬁggienafE%&C@?g{ng&ﬁaﬁg’?é%wg at | east 90, preferably
a MON of a9, haa&hodbs clainttddn cRGh 10h vdiicH thadyd@barbad fuehcompdsitioralsasc ai med i n
claim1 which further conprises the step of introdugin e. 0 e
addi ti ves MotariectaedienberddONued atdensh iaﬂiiar%eS??éabﬂS&tagﬁ&ﬁum BRAMER 1 el
composi t1 ofy 1Ly §6’,r1)\fgfe}a%g' 1 RN S 298 83 %ind an RON of at least 95.

10. A method as claimed in claim 1 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.
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