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WO 2007/138254PCT/GB2007/001841 1 HYDROGENATION PROCESS
This invention relates to the field of hydrogenation, more specifically to the

W dhepissagsing of carboxylic acids and/or carboxylic acid e?@fﬁ}lﬁ%omms a
example biologically 5derived fatty acids and/or fatty acid esters, to

~produce fuels.  Fuels such as gasolihe diesel and jet fuel, are generally
produced by the processing of crude oil. In a crude oil refinery, fuel
precursor compositions are typically produced by mixing straight run
fractions from the crudergighi@s@muitnitpiehpgystreams derived from
the upgrading of heavier or lighter fractions from the crude distillation unit.
Often, 10 these compositions contain undesirable components, such as
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fue compositio eva % ure anu pressure
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converted to hydrogen sulphide, which can be removed from the fuel

- fromifhg Bpﬁ%n@r@éﬁar@&bpwgb@r fistionsdrensthy aadedistiflgtien unit. Often,
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< 39}5 IS increasing demand, for. fuels which reduce the netéquantlty of
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; always sufficient to meet demand, the blending of biologically derived

?ﬁ%@%@@ﬂ?%ﬁﬁ@aﬁméf’gﬁﬁénved fuels is increasingly being
conpidenfdeas @ f3euadiafiive pRliaafaldedusindickite ha @ity psrhgaGmpact

oncc:lcljrm%a{tran cR)ange, there is increasing demand for fuels which reduce the net quantity of
carbon dioxide released to the atmosphere. One way of achieving this is to use biomass as
the source of the fuel. Biomass, whether plant or animal-derived, is ultimately produced
by the fixation of atmospheric carbon dioxide through photosynthesis and associated
biochemical processeé. As the quantity of carbon dioxide released on combustion of
biomass is equivalent to the quantity of carbon dioxide extracted from the atmosphere for
its production, biomass combustion is effectively a CO;-neutral process. However, as the
quantity of biologically-derived materials suitable for use as fuels, such as diesel or
gasoline, is not always sufficient to meet demand, the blending of biologically derived
materials with existing mineral-derived fuels is increasingly being considered as an
attractive option for reducing a fuel’s atmospheric CO,-impact.

A problem associated with blending biologically derived oils, such as fatty acids

and/or fatty acid esters, with existing fuel formulations is that combustion engines may
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A problem associated with blending biologically derived oils, such as fatty
acids and/or fatty acid esters, with existing fuel formulations is that
combustion engines may 2 need to be modified in order to run efficiently
on the modified fuel. One way of avoiding the need for engine modification
is to convert the biological oils to hydr@carbons that can readily be
blended with existing fuel, Such a process is described, for example, in

need B bd SR dtrd hUich @ RIRPaRs SiPgs %58@%8‘%&@1?“(5‘9{9(9%?%01ding

produce a mixture of Shydrocarbons, the middle distillate fraction of which

thejgesdifap RnBROIBAIAEAHLM s dnventien dhelkiskagisel, oils imbyderqsrbeas shat can
rea@899daachRy Baldart&iBalfanz %MP&E{)B)%QQ ts MR8, {7 ¥hmple, in US

5%153-168, describes the co-hydrotreatment of a refinery-derived middle
5, Tdrstifdtdnstrbish abi@Bsioiedtipddsverr st tifrbadereandie papdyee a mixture of

hydkOkoniRNehaRianle Msanaaciaetowilr ¢RiRY M URMBES! Bfending with

biolqgicalé]éderived oils, which comprise fatty acids and/or fatty acid
conggpiiRnyligfesetdiplery middle distillate stream is that hydrotreating fatty

acjgsoang/protaidy, aeid S5ia sy BIRARTA BALE, X MR RICARI RINBIBE$994)

more hydrogen than hydrotreating a middle distillate fuel. In addition, more
prigAsEoRiIpiriibss thas e dreatrpent afoxiainsy Waivam ikt dédilipisstream

andERI8A6a10, kRNgBE LIRS protiGesrpaiespfiRiocess equipment.
According to the present invention, there is provided a process for the

or AT R Gblene arapTiains MEBARTREy HsRirBeat Bb Riokrscally tesrived oils,

whithr Bomis @Edels apidioicRpR X G AQIdsRFeReith BIRTIREPE 8571 SRMRESRS stream
the steps of; a) feedin%/hydrogen and a first hydrocarbon-containing

is thathediotgaiing WY AP MELEEY B ih sTita g R A SrRHhasmic and

conliBhéSAiRs BrdticiRRtiRPIduseatfilshhviigearRanae maining AHad¥at more
stream with a reduced concentration of heteroatom-contajning qrganic

SaSEEA DS TRTALUERRIAYE B e Rhefiarists msaiterirnpardesiBoriieh canilsgd to
higREPFRSS SRV M BIgITbsaisl Qirlipraaiem-containing

According to the present invention, there is provided a process for the production of a
fuel composition comprising hydrocarbons derived from carboxylic acids and/or
carboxylic acid esters, which process comprises the steps of;,

(a) feeding hydrogen and a first hydrocarbon-containing process stream to a first
reactor;

(b) maintaining conditions within the first reactor sufficient to produce a first
hydrocarbon-containing product stream with a reduced concentration of
heteroatom-containing organic compounds and/or olefins compared to the first
hydrocarbon-containing process stream, wherein said heteroatom-containing
organic compounds are selected from compounds other than carboxylic acids and
esters thereof;

(¢) removing the first hydrocarbon-containing product stream from the first reactor;

wherein the process additionally comprising the steps of:

(d) feeding hydrogen, a carboxylic acid and/or carboxylic acid ester, and at least a

portion of the first hydrocarbon-containing product stream to a second reactor;



25organic compounds are selected from compounds other than carboxylic
acids and esters thereof;  (c) removing the first hydrocarbon-containing
product stream from the first reactor; wherein the process additionally
comprising the steps of: (d) feeding hydrogen, a carboxylic acid
and/or carboxylic acid ester, and at least a 30portion of the first
hydrocarbon-containing product stream to a second reactor; 3 (e)

MiNtaiRiAeh RRL BONEWIE R iRt SRC B FRAEIRE AU FIRIUACG BN EE Bt least

least some of the carboxylic acid and/or carboxylic acid ester to one or
more ﬁ%ﬁo%%ﬂ%?%ﬁbe§¥gmﬁ1@lé/géemwﬂrr@e&s&@rdemawglore
produgtgteRarsdrem the second WO 2007/138254PCT/GB2007/001841 4
reactor, in which at least a portion of the hydrocarbons are derived from
e caBBRYIReAcand/BY Lt Hc At EEgEProdugh stsaadkem tssraond
comprises two hydrogenation stages, wherein the first stage involves
contacting a first hydrocarbon-containing process stream with hydrogen to
reduce 5 the levels of olefin and/or heteroatom-containing organic
compounds contained therein to produce a first hydrocarbon-containing
product stream, and the second step involves hydrogenation of a
carboxylic acid and/or ester in combination with at least a portion of the
first hydrocarbon-containing product stream. Such a process enables
carboxylic acids and/or carboxylic acid esters to be hydrogenated in a way
that is readily retrofittable to
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10 existing hydrogenation processes, as operated for example in a
crude-oil refinery, which minimises any disruption or down-time during

&&%@ﬁﬁ%gﬁnd start-up of the second reactor. In addition, C%}%qmmsm

e Second reactor can be maintained such that the hydrogenation
of the carboxylic acid and/or carboxylic acid ester to hydrocarbons is
optimised, which may be different fropn the conditions maintained in the
first reactor. The 15 present invention'is particularly suitable for the

ducti f fL itions.in: whi ek
Carbony e R AP e e e
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. 10 49.9% by weight of components derived from carboxyli¢ acid and/or
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théNbels PO RTRI arihan It SRR sYlitiAcd arediic canydis scithanietesdin to
i use Thed%arb ?/Iic acid and/or ester, or mix%nes of caHb xylic alcids
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hydysheeaidootaprotiogdit layithe ddaatsoen in ¢hmisestion withcibleastapation of
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or di-carboxylic acids including n-hexadecanoic acid or 1,16-di

minERieE AAN draRiion AtieMEstisng drareansielialion md siatgp Plheeyed
reﬁﬁﬁlﬁgalauitaﬁip;dmhé%@?wﬁaﬁlffmufﬁ&%@@&@hbaﬁmeéémﬁﬂa%@)@fiafat the
where Rl an are ypically rogarogn cnains. exgmples a
DR BN AR SRS B AL S YN A A o Ecapoms 1
optivésedowiiicinaayrbel diffasmfrnidsatduditing ntantainekambécfitstueagtor. The
myristic, palmitic, stearig, linoleic, linalenic, pleic, araghidi G -
PRI S AL A Rt 1t Bemincn S RAAE g i e
cotripobensandbitted drbontiatoarboredpesidehd/ Mrstesaedmiby ihinprissstciathat the
3R0Eyl S b g (RS UL RS

feedsioskarRyafereblir bl somes e ranaec §om Grisiadihbda by weight of
coReR RERVEEOHBR: itk icHYRBIFAS BafoE PRI 3] @GaKIBM the range
chains derived from the same or different fatty acids. :

of 2 to 15% by weight.

A mixture of more than one carboxylic acid and/or carboxylic acid ester can be used.
The carboxylic acid and/or ester, or mixtures of carboxylic acids and/or esters, is .
preferably chosen such that the one or more hydrocarbons produced by the reaction in the
second reactor are in the same range as those in the target fuel. For example, diese] fuels
typically comprise hydrocarbons having in the range of from 10 to 22 carbon atoms. Thus,
carboxylic acids which produce hydrocarbons with numbers of carbon atoms in thiis range
would be suitable, such as mono- or di-carboxylic acids including n-hexadecanoic acid or
1,16-di hexadecanoic acid and/or esters thereof. Fatty acids and/or their esters are also
suitable, with general formula R'C(O)OH and/or R'C(O)O-R?, where R! and R* are
typically hydrocarbon chains. Examples of fatty acids and/or esters ;suitable for use in

accordance with the present invention in the production of a diesel fuel include, for

example, lauric, myristic, palmitic, stearic, linoleic, linolenic, oleic, arachidic and erucic
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Preferably, the carboxylic acid and/or ester is derived from biomass, being

a component for example of plant or animal-derived oil or fat. Use of
vpépig(g;ﬁgyys-gerived carboxylic acids and/or esters ensures tri,act,[tpﬁemom 001841

resulting fuel composition has a lower net 10 emission of atmospheric '

carbon dioxide compared to an equivalent fuel derived purely from mineral

sources. Suitable biological sources & carboxylic acids and/or esters

include plant-derived oils, such as rapeseed oil, peanut oil, canola oil,

ac %%?%&Hrﬁ%uﬁpébfcml%&h f@%%ﬁ%@é& AR Dils; of fads, $4cvafd 21

tallow fat or chicken fat, are also sul sourcés of carboxylic acids

caghoay afostEaenest valy. wHt €stirs mucheaessalre sty Gt ST tHghererides) with
geRRDIIaIE PRIBIEFOTIaRRIA e WitR Y Areqa e AR Renba\dRGDr tri-

numbers of carbon atoms commensurate with hydrocarbons typicall
SIYSRREPRTRIRASHVRIG. IS Enacisit pkar spifTe ThricRimmim o yated or
unséigienad hydsedriopouss Diesetiuglyderiddtieaihespeiotydacabia chains
der?‘;ai(rlr ine gnglgr Qg/grigé.treattipgt conditions, which consumes less

ﬁyarogoelﬁ andrequresese eﬁe¥ga§1 an converting the biological oils or

fatPteftoably, B baiingylictsiduck/asdgtfiedegasd fromdribm&Gs ybeioh a

: ) y K 5 ! he. .

co%xg&@w&%% 3 é@%ﬁ\y aing g randliaa. RS PERABIRAT Rrived

r
sent invention, a rocarbon-containing process stream Is ed to

carbosliccrnide and/ euiciterstansraetteat thetnepyltinsgienl qusepppigion has a lower net
enll¥EATH ARTSGHA %E}B&feﬁs%&&e%ﬁgﬂéa RHIROARIEM doe BT SHREL

It may be derived from gas 25 or coal, wherein liquid hydrocarbons have

frope pnsralfntEerth ST hivkngie|soreesekeathoxyic aeidnrRfarAEs include
pl@%ﬁ&i\?@@ﬁé,ﬁﬁ&%ﬁé%ﬁﬁéﬁ&i@%ﬂ%ﬁﬁﬁnj%ﬁﬂ'dmnﬁﬁfslﬁiﬂ&%ﬂ&l, tallol oil, corn
s ernatvely, Iine Irst, rgcarpbon-containi proce S stream can be,
ol ST O AT A1 R R B Ry BT BRes pble
soareageDiackentydid ficdichhgrasteisoms process: siilepsneh asuteeycaokingnicklly
higher, in.heterpatom-containing organic corx ds 30 ¢
Fiptor e o s R RS IR R AR e e
nufrbershé cetining whe codansilsmeiisaethdyiithestkens depiealdy falndién diesel fuel.
T}E%?Hﬂ@&%&%&é"SPﬁIeEJ?&B{Pﬁ%ﬁtFJﬁ%B}é}%%Bﬁu@eatfé&%hﬁkl@ He&i 615

which the second reactor is maintained under hydrotreating conditions, which consumes

less hydrogen and requires less enefgy than converting the biological oils or fats to lower
boiling fuels such as jet fuel, gasoline or LPG, which typically require harsher
hydrocracking conditions. ‘

In the process of the present invention, a first hydrocarbon-containing process stream
is fed to a first reactor, in which it is reacted with hydrogen. The first hydrocarbon-
containing process stream is suitably a liquid process stream. It may be derived from gas
or coal, wherein liquid hydrocarbons have been produced therefrom through processes
such as steam reforming and/or partial oxidation coupled with Fischer Tropsch synthesis.
Alternatively, the first hydrocarbon-containing process stream can be derived from crude
oil. The present invention is particularly suitable for crude .oil-derived liquid hydrocarbon
process streams, as they are typically higher in heteroatom-containing organic compounds
compared to Fischer Tropsch-derived hydrocarbons.

Suitable process streams derived from the refining of crude oil include naphtha,

kerosene, or middle distillate fractions. The process stream may be a straight-run fraction
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taken directly from a crude oil distillation unit, or it may be derived from or
comprise hydrocarbons produced by other refinery processes, such as

vgmiﬁgmggjorming, coking, dearomatisation and/or alkylatiopc}'%gggéad%ms "

crude oil-derived streams contain components such as olefins a
heteroatom-containing organic compounds, in particular 5 organosulphur
compounds, and hence are suitably tkeated with hydrogen by processes
such as hydrocracking or hydrotreating.  The first

tal@ﬁcﬁ%@c[ﬁ GO SR GIRIRAAABHBATLPIERRIR B JeBY 86 BYd8igprise

distillate hydrqcarbons, which boil at temperatures typically in the range of
hyﬁw%sstBraéw“é;?gﬁ&%werf‘eﬁneﬁéf@mﬁ%&ér BreBALTAKIBE IO TIRE Ry e

dethentaviaeaf drvorldkiel2iod, OTagibally adame oll isrfrad iavaim peefashbly
used tospro uce ?i sel fl{%},r?%lt ough it can also be used to grod
S

o A e b R e B R B i partcter
orpamhudpirisorspaddseehl hattearesfinebjyreaedseith bydtogendtg amcesses such

as gg;gcgﬂlg/gfﬂg&r&c?@ ing of heavier crude fractions, which produce
onis in a similar

hydrocar oiling range to that of the straight-run fraction.

15 The firgthydupsashobroatainingi g ises cisam peefiabbneomusises eiddle
difIRMR HANLIHIIR, AR BoNele R T SNANNRE,GAMRAYRES o f HBIRAI0 to

the hetergatom-containing compounds are sulphur-containing compounds
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400 ferpad Yheredpthsausbef ofcar P RBIRpIYdedht snes Aldrma0ie 22
caﬂf@ﬁiﬁfnhb.afl‘lﬁr?ﬂﬁ'ﬁérl]ﬁwmﬁﬁ: ﬂ?ﬁﬁﬂ?&@@ﬁ?&%ﬁb?ﬁo@htﬁﬁdqﬂﬁéﬁiﬂmugh it can also
autharities, Thys, the s can of the first rocarbon-containing .
be e e AR L RSB A B 0 o 7 B e
hydrocexbimsacaduptel by thibaarfaca pooeda tou2habyteemighclangrasier as
Al . i i . 0 .
e e o RSPl BRGNS 10 ol ing
rafgettihated dhe soatahiinm pradiont stream include aromatic compounds,

sughaaRRIRRARSESTRARY dlasclst Ry e SARIARINGRRM R or

25 stream does not comprise carboxylic acids and/or esters or

ONBRN LS RAIFToBtP BLRRAAIRING CoRAIE. o RirelbrdbR helerastaTe-cRiBiine
cofﬁﬂﬁﬁws are@ﬁ@ﬂiﬁi‘)?&iiﬁfiﬁmgf&gi;ﬁ@ﬁﬂ&@ s8R D 2HBEAIDEE SOr A A% rexhegaare
the ,concentration of olefins ana/or neteroatom-containing oy C
W@&?Hwa??agt@aﬁ%?%@?ﬂ?ﬂ%&%ﬁéfeﬁ@ﬂ%m}%ﬁaimﬁéﬁfgeﬁe”égﬂs%%ﬁ#
regui®ppauiipAtibie VR Yensglishincpaendsiahe Sitiipitatyrbeedontabfing ry
hydrogracking ot hydrotreating processes. . Hydrotreating or
P R DR PR Rrot: SR s ol P Phnore o cxamle
in #600gd 30 Gam @ Bresirby weipls, eupyessskifas wl@denta Odiawa Qlebnzonay be

pr%l%?ﬁt cbiEenfrSRYES '1% t g@%mb@&ﬂ? Qﬁ‘;‘?‘ﬁﬂ% tﬂfa/<)nﬁ'§q{@igifltt.h@ther

ydrocarbon-contdining process stream being’fed to the reactor, and the

popablereasstitecaispfdhertiesthrshosenteop@iningeodupieracasmiseide aromatic
coRBIRERRIANME RO RAIRIAC MO aPISERBNAHE s TRIABAHRAR MBI Rbduct

gasoline fuel is the main concern, low severity, hydrotreating, conditions
tr %ﬂj’t comprise carboxylic acids and/or esters of biomass-detived constituents, as

s
these are preferably fed to the second reactor.

Conditions in the first reactor are maintained so as to reduce the concentration of
olefins and/or heteroatom-containing organic compounds contained in the first
hydrocarbon-containing process stream. This can be achieved by employing conditions
typically used in refinery hydrocracking or hydrotreating processes.

Hydrotreating or hydrocracking is typically carried out at temperatures in the range
of from 250 to 430°C and pressures in the range of from 20 to 200 bara (2 to 20 MPa). The
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5 temperatures in the range of from 250 to 350C and pressures in the
range of from 20 to 40 bara (2 to 4 MPa) are typically used. For removing
containing organic compounds from a process s
“P&%lesgﬁ ?L%Je| then moderate severity hydrotreating condltloggﬁn@al?w%%‘”
employed, with temperatures typically in the range of from 300 to 400C
and pressures in the range of from 3¢to 70 bara (3 to 7 MPa). For 10
vacuum gas oil feedstocks more severe hydrotreating conditions may be

seFRI VG U IGIRAR YRS ﬂaﬁla?er@ms @J{Q&&ﬁé@ ) dOn P aﬁg%&ess

pressures in the range of from 70 to 150 bara (7 to 15 MPa). Wher
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AR AR HANS 8 SR W T T A e

ydr treating and h drocrackln
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vadiiih @oﬁ)fgégﬁ'@:%'%f@?&%@ﬂ%%ﬁ&@ﬁ%ﬁﬁ%ﬂs%@%@%ﬁ@ed such as

catalést ah drotreating reaction in tige presence of a hydrotreatin

terpesAigesdp ;F"‘lz‘)‘@%"(f ined yHIGE aediprgssHeehipilsrangn §h rga’@n%%w
lSOF!ﬁQiT@ﬂ o instivepaye sPhee Shadkiiyof destateleatnfystinegor exbelladtibiture

e first reacto flrsth droc rbon-c ning prodyct stream, has
S R e R
hydmmomgsdshdmdne mmpmymlasbdnasammmmgrpsonebs minganf front3 50 to

438 sS4 nggonm %Brﬁlfgg%?ﬁ Rﬂir{‘%ﬂ#bn(]ir&"% sulphur

cornicent the fir ocarbon containing product Stream are

typide Ibylél@gqh@tma@wpnnenﬁneﬁséd@gtetmﬁrbmpﬁalpmmmagwed,
proRfiing iR di 5%&@&@5&%&%@%@9&&%%@&?@8&&%@%@ 5, Co,

second reactor, optlonaay and preferably with prior removal of light end 8

Me éptisismeprafeiabhy 2 Rpd RIge ir SnghiMand is-relakiddsiyaicylbhstmmgied on a
su@b@&ﬁ@ﬂlﬂ@zﬁcﬂﬁﬁ‘ ﬁ@aﬁraicgaﬁxhwﬂﬁ%stgeewdmggaﬁmﬁuﬂamymh |

recycled back Eo ttﬂie ir 5}}' B?é:{%zé ll%%e Qfﬁﬁx(f@?ﬁto the s ifcon rrlg%%tt [y O ction

condmons.

The reaction in the first reactor may be a hydrocracking reaction in the presence of a
hydrocracking catalyst, a hydrotreating reaction in the presence of a hydrotreating catalyst,
or may be a combined hydrocracking and hydrotreating reaction, optionally in the presence
of two .or more catalyst beds.

The product of the first reactor, the first hydrocarbon-containing product stream, has
lower concentrations of olefins and/or heteroatom-containing organic compounds than the
first hydrocarbon-containing process stream fed to the first reactor.

In a preferred embodiment of the invention the sulphur concentrations in the first
hydrocarbon-containing product stream are typically less than 200ppm expressed as
elemental sulphur. At least a portion of the first hydrocarbon-containing product stream is

fed to the second reactor, optionally and preferably with prior removal of light end
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5Carboxylic acid and/or carboxylic acid ester is fed to the second reactor

with hydrogen and at least a portion of the product stream from the first
WEaGHor L jidvantage of diluting the carboxylic acid and/or c—i,%%rd'ﬂz & 001841

second] reactor with the first hydrocarbon- containing product stream ha? '

has already been reacted with hydrogen, the exotherm generated in the

second reactor is reduced. This is particularly advantageous in improving

10 the yield of diesel, for example, asthe production of lighter

com@@ﬁﬂm?ﬁa@cﬁg%m %ﬁaﬁﬂi&%@dﬂfegﬁé@ nar8E N IauG 8dmple, a flash

petroleum gas) is reduced. 1t may also extend the active life of the catalyst
sepAFaHoNirFSi MG AIeted ApHRgRI S WIHRIN heiteexpled dackiadibe Aty apior, used
as Gbdinaefirebad feeckss o Yk GMEMeR) RipHNEMEGH Wdi SlERaR Tdaidry
mitigate the extent of catalyst fouling that may occur by reducing ‘
pr anted side reactions 15 of the carboxylic acid and/or ester. The
dilGurhozfibctnidwralin cediosglyadid geterdo fislito hinseveitidi netoerevidly st
ed, leading,to reduced ¢ st cqking. Yet anather nt
by B IR SO BT 0L i BRRIL A PEHNE g advanie
of dibuingtthereanyriolitheciseuuhior astertiorthe dsaontacastuaritinthenrghadyocarbon-

colftaiitHE bRIRlIBSsRBLPEAEHAE  HROIAAGPHIANG SOBYRCHRAS iirm

remain in the firséé)rod uct stream from the 20 first reactor can be further
gepetatiedin the perore nsestoriés setned d/bhis dtenarticalpsly styantagrown 1 BIRIoNHINS
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second reactor separately. Alternatively, any qr all of the separ'%te

supahlfolon e ling PhERinate h BB AR 885048 testtsads e apay Alsp epend the
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: rocarpon-gontaini r SS Sl that has not heen fegd t e first
AT R R R R AR B Sl o
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of%éﬁarm%ﬁ% dﬁ@m{ém@&te erguaniinaet ditianabhyekosarbess fed

to the se reactor Is sufficiently lowSo that the advantages’ of diluting

congunaptipp xyifiinthe eatelist bedelodineda redueas calplysipakingd ¥ebanether
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realised. Conditions in the 'second reactor are maintained such that the

-streairofox e sscepd sepsioe ndhaktha FrrssRERRRBS A wF reddual Wlrlins Apeie.
 hefbyolEM6RIRRIAY RERAM @ensptihd@Sthat remain in the first product stream from the

first reactor can be further reduced.

The carboxylic acid and/or ester, the hydrogen and the portion of the first
hydrocarbon-containing product stream may be fed to the second reactor separately.
Alternatively, any or all of the separate components can be pre-mixed before being fed to
the second reactor. Optionally, additional hydrocarbons, for exargple a portion of the first
hydrocarbon-containing process stream that has not been fed to the first reactor, can be fed
to the second reactor in addition to the first hydrocarbon-containing product stream and the
carboxylic acid and/or ester. In this embodiment, the quantity of any additional
hydrocarbons fed to the second reactor is sufficiently low so that the advantages of diluting
the carboxylic acid and/or ester with an already hydrogenated product stream (the first
hydrocarbon-containing product stream) can still be realised.

Conditions in the second reactor are maintained such that the carboxylic acid and/or

ester is converted into one or more hydrocarbons. Typically, other by-products such as
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9 carbon dioxide, carbon monoxide, propane and water, are also
produced during the reaction. Conditions typically used in a hydrotreater

ker, as described above, are maintained in the
reactg{g'%gss:e being dependent on the nature of the carboxylic a0|%2g?17é%1r841
ester or the biomass material that is fed to the reactor. Hydrogen
consumption 5 by the carboxylic acid and/or ester is typically greater than
that of the hydrocarbon-containing fll‘gt product stream that is also fed to

carlg 10xpcld &R ormf})enr&)cdedg dg%%ﬂi?%cpw\? qndg{%ré SO gr&mé %&’urm% tﬂlise q

maln alne SO as 0] prevent’ rogen t’han necessary neing

reghtiong IO prditismsaymioally asddisrobyadedregtor ety diogradessdas skespsbechabove,
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referaay in the 10 range of from 320C 10C. Typically, pressures in
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uihiiasasban-coniaining praduct.slicam temaved ramdhe. seeendreactor
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end impurities, such as unréacte drogen or any hydrogen sulphide

to@8rNVBa) e e meatamblyin thestoen of e &ty asrSrio 20 MPa).
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separator for example. As the second reactor js preferably&% Z}ed

ofam&qrhw’a‘fr@aﬂﬁwsﬁaﬁ{ﬁsﬁ%aﬁh@wvaf@fsﬂﬁ%e SLRFHhan,
conwefer@blyr&mﬂryawmglﬁam%mmhMm described. In embodiments
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corapnses cancadven tagéocsiyoas sief vad fant tinicgtaedio haicld diadttivestercted to
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I’OC&F on- CO alning pro t stredms may comprise some

stmmmmﬁmmm@ bigbtivadympiriss: socbesivergasted BIREN 98 BFY
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ionated or distilled such 30 that, for example, one or more of a light

COR{AIRIERPERSNEF LS. aTa%Wﬁbh/&fdﬁe\&sﬂémama&ﬁ&ﬂa%sapa{é@for

~ exHidplion can be produced. This minimises waste from the process, and
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hydrogen sulphide generated from desulphurisation reactions in the first reactor can
advantageously assist in maintaining a sulphided active metal in the second reactor.

Either or both of the first and second hydrocarbon-containing product streams may
comprise some hydrocarbons that are too heavy or light to be used as a single type of fuel.
Thus, either or both of the product streams méy optionally be fractionated or distilled such
that, for example, one or more of a light hydrocarbon fraction, a gasoline fraction, a jet fuel
fraction and a diesel fraction can be produced. This minimises waste from the process, and

ensures that the final fuel blend maintains the quality and consistency of analogous fuels
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A straight-run middle distillate stream 1 with sulphur content of 1 wt% is
fed, 5 together with hydrogen 2, to first reactor 3, which contains a

o-Mo/Alumina catalyst. Conditions in the first reg
"%g@@ﬁgﬁ“oo bara pressure. The Liquid Hourly Space Veloc %9&%@7/)0%?}41
the middle distillate over the catalyst is.3 hr-1. The first

hydrocarbon-containing product stream 4 removed from the reactor,
having a sulphur content of 75ppm is joined with a feed of tallow oil 5 and

prifdE DR REERHEARHR R QUG VER hydrogen 6. The second

reactor I1s maintained at 350C and 99 bara pressure, with a total LHSV

(i.e s rasasBEknowde Bhasiated by refareneedacinsrs datibich ipapphematic
m/@t@i@@lGgh@iﬂ)éﬁsédﬁtidccifll&miﬂd(jthwgf@%EbﬁVgﬁﬁ&iafllr‘lng product
stream 8 remove second reactor | to a ato
e e S Bt e PR o e T A s,
tom‘éaep@]udin&dgam?atbdinﬂ paatee 3],]whmhl poﬂmgs]eﬁsﬁ]ﬁhkiyd@odvbﬁhhmma
cair%i,é 0@&%&98&?&8% 551!9%‘1.‘&';@&(9%86%% n’q?eésﬁi?‘ec“‘fﬂ fﬁ?cihld

stripping column 12 operating at 2 bara a terhperature at t

HmbeS@ﬁmé/é&mrﬂdﬂSm@f ihelighiddihdiséi i ovrenshsieaialysics 3 b, The first
hf&%%ﬁ@ﬂ%?ﬁaﬂﬁﬂé%‘é@%%%?ﬁ'ﬂ:?n'év&%’ﬁ‘a}{?ﬁlér%&e RS, A HBhur

column, a jet fuel stream 14 is removed from the middle portion of thé

COE&Eﬁﬁﬁ7%@&%@|mtat2\/ifPﬁél‘?ﬂF?élﬂ%Pﬂﬁo%‘éﬁ%aﬁ%ﬂré%?ﬂnﬂﬁ%c’F@W

to@éTReAVIRIS) ditled® S8 R dondSd NP YE A AN HEE 42350°0f Sna 9PKaMDressure,
The diesel fuel has a sulp g ontent of |less than 50ppm. ﬁS MCSLLPdl .

with iREHLAR Y s 5 A R4 BB b FRpI AY:
bxdslysgrm @ﬁbmfsltieh VenkfsesorcHibdrsylithanidonaiiniin pwdmxyhﬁ:anid esioved

R e AL,
mcludmg H,S and unreacted hydrogen, are separated from a liquid phase 11 comprising

fuel hydrocarbons. The liquid phase comprising fuel hydrocarbons is fed to a fractionation
and stripping column 12 opera;cing at 2 bara with a temperature at the base of the column of
380°C. A light phase 13 comprising light hydrocarbons and hydrogen sulphide is removed
from the head of the column, a jet fuel stream 14 is removed from the middle portion of the
column, above the point at which the fuel hydrocarbon stream 11 is fed, and a diesel fuel

stream 15 is removed from the base of the column. The diesel fuel has a sulphur content of

less than 50ppm.
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(b) maintaining conditions within the first reactor sufficient to produce a

first hydrocarbon-containing product stream with a reduced concentration

of heteroatom-containing organic compounds and/or olefins compared tOMCSLLP
the first hydrocarbon-containing progess stream, wherein said
heteroatom-containing organic compounds are selected from compounds

Claigther than carboxylic acids and esters thereof; (c) removing the first

hydrocarbon-containing product stream from the first reactor; wherein the
process additionally comprises the steps of: (d) feeding hydrogen, a

.+ cafbBRRPRESdeId RRAVEHASRE A L5 LseraBRs it eonEsie A pifarPersssrived

firstdiy dnpeaniionachistaiding qarbekidicsitemedttes avadeh PebtRaCtOm fikes the
m%intgi(r)lting conditions within the second reactor sufficient to convert at
ledst'Sonie of the carboxylic acid and/or carboxylic acid ester to one or
maag Hyelfmgdripdnoge(find mbvinbydrseabno-tydadtagioneeonstizamgo a first
produ%gg{&gm from the second reactor, in which at least a portion of the
hydrocarbons are derived from the carboxylic acid and/or carboxylic acid

estBl. mappriing sendiinme avighindhe frsineasinsrsulecient tearqsbsriofing a

diesel fygtotdiaressARiREINAGNIS GBI ArGlaiit & 8 WRIERARER of

carboxylic acid and/or, carboxylic acid ester is a fatty acid and/or ester. A

proce S SERIGTRENTA G BisaF epmPRUAdARdiRr RiiLps (RMPArBG A fle first
acid angléesabbaxyitacich @streds Brure dviasindaiatRtasioal-fah e filg
A process as claimed jn any gn? f.claims 1to 4, in Whi{‘ﬁh the ﬁirst lic acid
hydrocARBBIT-SBRBIRINS BrosbedeS B LBmpnsE S TG Hiandatayic acids
hydrocanberte frbareairude oil refinery. A process as claimed in claim 5, in

Wf(%h JQ%Mﬁé%@?ﬂ?@ﬁ%@ﬂ%ﬁﬁ@%ﬂﬁ%@HutaﬂJc@ ﬁgéqgl?rgﬁtm%tﬁrst reactor;

hydrocarbons; and hydrocarbons deri m another refinery process
withhersii g neitisg addiyend ltheanafribes Sieastgie adh fraction. MCSLLP 12

7. Qapreesns Rydehnes IR esy RS RS SRt A U881 WA dna ISt least a

hydrocarbon-contalnlnggprocess stream has a sulphur concentration of

200ppRAHP R r et BadErr AR oMU AIBEINE MSIYFT Sirperprica seogad reactor;
claigneddmamimpnerfiaimsiiim heiscstghehe fissirvereeatontert at least

Sconiaiing Rghch SUGRIT SRS, g3 e 20pR PN,
hydrocarbons;

(f) removing a second hydrocarbon-containing product stream from the second
reactor, in which at least a portion of the hydrocarbons are derived from the
carboxylic acid and/or carboxylic acid ester.

A process as claimed in claim 1, in which the fuel composition is a diesel fuel.

A process as claimed in claim 1 or claim 2, in which the carboxylic acid and/or

carboxylic acid ester is a fatty acid and/or ester.

A process as claimed in any one of claims 1 to 3, in which the carboxylic acid and/or

carboxylic acid ester is derived from plant or animal fat or oil.

A process as claimed in any one of claims 1 to 4, in which the first hydrocarbon-

containing process stream comprises middle distillate hydrocarbons from a crude oil

refinery.

A process as claimed in claim 5, in which the hydrocarbons comprise both straight-

run middle distillate hydrocarbons, and hydrocarbons derived from another refinery

process with a similar boiling range to that of the straight-run fraction.
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11.

elemental sulphur. 9. A process as claimed in any one of claims Ito 8, in -

which the first reactor is maintained at a temperature in the range of from \McSLLP
250 to 430C and a pressure in the range of from 20 to 200 bara (2 to 20

MPa). 1010. A process as claimed ip.any one of claims 1 to 9, in which

the second reactor is maintained at @ temperature in the range of from

2008 WD wdiagsrisaurens dielpamge tf Grompdirtolzordradecstze-
MR8dtatdin &&E%&@M@W&iﬂqﬁ%&@&%&!ﬂ'25152@)0;1%3390}%‘@@,‘3“

additional hydrocarbons are fed to the second reactor.
expressed as elemental sulphur.

A process as claimed in any one of claims 1 to 7, in which the first hydrocarbon-
containing product stream comprises less than 200ppm sulphur expressed as
elemental sulphur.

A process as claimed in any one of claims 1 to 8, in which the first reactor is
maintained at a temperature in the range of from 250 to 430°C and a pressure in the
range of from 20 to 200 bara (2 to 20 MPa).

A process as claimed in any one of claims 1 to 9, in which the second reactor is
maintained at a temperature in the range of from 200 to 410°C and a pressure in the
range of from 20 to 200 bara (2 to 20 MPa).

A process as claimed in any one of claims 1 to 10, in which additional hydrocarbons

are fed to the second reactor.



