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VVC) 2008/040973PCT/G112007/003757 1 PROCESS FOR HYDRO
GENATION OF CARBOXYLIC ACIDS AND DERIVATIVES TO
HYDROCARBONS This invention relates to the field of hydrogenation,
woa@speoifically to a process for the hydrogenation of a carboxylig:acigdos7s7
and/or derivative thereof to produce onie or more 5 hydrocarbons.  Itis
widely believedthat#zcrersedreoneertraiansotatmaspheric carbon
dioxide (CO2) can lead to climate change throu%h lobal warming effects.
The burning of fOSET AR ig%%vlﬂﬁ%’% be cfﬁ{gﬁy Sﬁsible for such
atmospheric increases, and governments are beginning to set targets for
regulating or reducing anthropo genic carbon dioxide 10 emissions in an

atterpptiiR mifigaiaandd %@@HPH@%&O&-E&Q fHelgi M AS process for

gasoline, liquefied petroleum gas (L , thesel and aviation fuels, are
thé o geraters ratrmbrpiis R e ashor dakiatve teisrire. o tHee ARf - tRaye
hydrecdesdved from fossil fuels such as crude oil, natural gas and coal. .
Natural .coal, for example, can be conveyrted to syngas through,
o R R o T 6 PN SR Gtice
(CH gas szd ubsBopaenthangnthestexdt pitddiouaiivg reftamoo Mhpr ddurdtg oy fossil
rEISENELJIoRsh shesis, Giide ol i drpicaly distlied e AlioHS ernments
?rac ions Dased on §| Gront Dol INg points In a refinery, w |ceh’can e use
argbefzistsirocty togetftériiaghiativp oveedisin@nthnppasashcfobardinily

| entﬁgﬁ&%@i&?@g&%&%?&&g{g@&g%g%meﬁ%_2000ncentrations is to

use biomass as a fuel, orto prepare fuels from a biomass source.

Biokiauislifieltirmislens prodlincediqrshivd priselsharzas ShBEN, dissrland rsirgion
fuPROIASHIERE SRR JRIARRINRLESS65n AR RS BRR:RAKCRAKE Basethe are

combustion will have been originally derived from the atmosphere. The

deripd Earn et Bidssudegurmels ol coueatand splxhitpiel ges and coal, for
exaioplasentiBsivae thelio Rigtiasekoneress ok Riagies el-aanipfisatng 8bpartial
hlend of regular fossil fuel-derived diesel and a biolagical pil (bio-oil
Oy AR C1 SR B SR ST P S D At P
byoFisthiaditapohssghithetly. aSradueil is tgticdiagistisiiatslerziothdyactions based
cause engine fouling thr King: | isati
or R AR bR W Phhety U PTG e 00 o St
caapstsiviafly comprised of fatty acid triglycerides, and they can be 30

CO%ﬁ@%ggf&%mar%ﬁr&ﬂgﬁ&ﬁaﬁ%@ae@ eIy AfldRNeeeanyon

chains by reaction with hydrogen, in a process often referred to as
CORGERBAERRY HdAANE RN A S lopIRPrerBriuslsiremedsapEgsifoLrse-
BRAER [RAtnbiely ipliesionihia Rracktion efbon dioxide through photosynthesis
and related processes, and hence any CO; released on combustion will have been originally
derived from the atmospheré. The fuels can therefore be regarded as CO,-neutral.

An example of biomass-derived fuel is biodiesel. One type of biodiesel comprises a
blend of regular fossil fuel-derived diesel and a biological oil (bio-oil), typically a plant oill
such as rapeseed, sunflower or corn oil. However, use of biological oils directly as a fuel
is not always desirable as they can cause engine fouling through coking or polymerisation,
and can contaminate the engine lubricant, reducing its effectiveness.

Biological oils ére chiefly comprised of fatty acid triglycerides, and they can be
converted into hydrocarbons corresponding to the fatty acid hydrocarbon chains by
reaéﬁox’i with hydrogen, in a process often referred to as Hydrodeoxygenation. An example

of such a process is described in US 5,705,722, which relates to the production of
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WO 2008/040973PCT/GB2007/003757 2 hydrocarbons through the
hydrogenation of biological oils, and blending the hydrocarbons with diesel
waeleos/Agther hydrodeoxygenation process has been desaripdiknp07/003757

Baldauf & Balfanz in \ME Reports No,1126 (1994) ppl 53-168, in which
biologically-derived oils can be co-fed 5 with a mineral oil feedstock to a
refinery hydrodesulphurisation unit, wherein the mineral oil is
hydrodesulphurised and the biological oil hydrodeoxygenaied .
hydinvatiamsabsiygb ihodurezendimsel thisil ogivaloilsr aaddrehiing Wiethydeocarbons
Wl?é rengleﬁté'?_ned hydrodeoxygenation processes is that oxides of carbon
‘."fare produced. Typically, these -are separated from the product 10

hydhoothtrdnstmdersyeqpetiotpiosess brubrasKesephodfor Beldawiés Ralfpoz in
VHRTRAHAS YN PEe 45 Hlesyale 1f ﬁﬁ%ﬁ@&%@ggﬂéﬁﬁé@dﬁ@@&ﬁﬂa&ofed
e 0

save excessive waste. However, the presenc carbon oxides in the

wiglaparipsrakad forstreksanainsntiny drdseaipeiratior g Yeheip he mineral

oiﬂéiﬂﬁ‘&rw%b‘x@rﬁmi&%@Q&Hmu@baliaith@d@amwéﬂﬁuelﬁmﬂimhwwjdo
negatively affect hydrocarbon yields and contribute to catalyst
progaice iSR!l 48 herefore, there remains a need for an improved process

for padeieing hyskkeasidngrafordneliiced ydeviect ypitsatibic prositiyetds that
or even elimi such probl . cardi ' i
S e ST S S SR
hy&iodxdahnﬂs_ﬂrdﬁm}mblmltﬁacéo& ofkiBhshrespermasotegntawranite wiegssted: hydrogen.
It %Oégs)lg%qg %g@g%ﬁg %?%@%lq B (R CHOREANROS LIRS ERIRHES O fowe ver, the
rbox nd/or defi

ca ylic aci vative thereof to a reactor; (b) maintainin

presaditioheavbioniaxitsy dbibrovaiosh gt enaasiints desaragtty WﬁhCﬂ%’e‘% recycled,
2sCAIB0X VS RS nd/ o dervalehaseckit o reslise.PRO WiaER tiides of
carbon and one or more product hydrocarbons derived from the carboxylic
negativelgect hydrocarbon yields and contribute to catalyst deactivation.
Therefére, there remains a need for an improved process for producing hydrocarbons
from biologically-derived oils which mitigates or even eliminates such problems.
 According to the present invention, there is provided a process for producing
hydrocarbons from a carboxylic acid and/or derivative thereof, which process comprises
the steps of; ‘
(a) feeding hydrogen and a reaction composition comprising a carboxylic acid and/or
derivative thereof to a reactor; |
(b) maintaining conditions within the reactor such that the hydrogen reacts with the
carboxylic acid and/or derivative thereof to produce one or more oxides of carbon
and one or more product hydrocarbons derived from the carboxylic acid and/or
derivative thereof; |
(c) removing from the reactor a product stream comprising unreacted hydrogen, the
| one or more product hydrocarbons, and the one or more oxides of carbon from the
reactor;
(d) feeding the product stream to a ﬂash separator;
(e) removing from the flash separator a vapour fraction and a liquid fraction, in which
the vapour fraction comprises hydrogen and the one or more oxides of carbon, and

the liquid fraction comprises the one or more product hydrocarbons;
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25derivative thereof; (c) removing from the reactor a product stream
comprising unreacted hydrogen, the one or more product hydrocarbons,
wdHdsns or more oxides of carbon from the reactor; (d) fgeelingib8oo37s7
product stream to a flash separator; 30(e) removing from the flash
separator a vapour fraction and a quaid fraction, in which the vapour
fraction comprises hydrogen and the one or more oxides of carbon, and
the liquid fraction comprises the one or more product hydrocarbons; WO

chdRORMAN AR LGCERORFAABR 6P énd GhAIAEISHERAINCHIBEANE the vapour

caoncentration of one or more oxides of carhon in the vapour fraction from
BT A PR S HBKARGR B RFIO BB RIS IRPRF U AE The
pratessakiehiesseidnyizntationaaiiesusedittoppsdatsce sy dydudsar fieh
fue| thrqugh ' hydrodeoxygenation.of carboxylic, acid. and/or deriyative ..
O B L B B8 B ting on
thepraiting tpjitreoges ofi $hd erived frora elosdyciytiarboid i@ fianititive

c( or@é@ﬁf a&lf@%ré% 9 '%ﬁgeq%%%g?'é ;ﬁ&gg@é\,ﬁﬁ%ﬁéﬁﬁ?@ﬁﬁ% %%?s? Ifog @;?8{18% as

1ation file!, or they can existing fuél stocks. As there

diesligrsineviverarcirpleandiay tee byblendarbuib erigiaeiystipgdel As there
is BlcksnaasHibeREUsE LY HORIRRD IRy ivadStRHhe fiar bxylicaag itle

and/or derivative thereof, then 10 there are no compatibility issues with

prodieidpyslionaihs dartyerkFiem it cathoe Heowif i shiy sy hseeot, tem

thePEQESHE ERRIIBARTERURCLI SAGHNH GRMAN SHIDAAOEHY iRthéhRodifications
carboxylic acid and/or derivative thereof to a reactor, wherein it is
areSAYERELd in the presence of hydrogen into one or more product

hydteqadvenscdagitiss featinyiseatidcachposttion deni{snliettieipoxylic acid
andRELE AR A reroot £ AR ORee 1RV PR RIS 8B gen

_into one or more product hydrocarbons. Carbon monoxide and carbon dioxide

(collectively referred to as COy) are also produced. A product stream comprising the
product hydrocarbons, unreacted hydrogen and COy is removed from the reactor and fed to
a flash separator, in which a vapour fraction comprising volatile components such as
unreacted‘ hydrogen and COy, are separated from a liquid fraction comprising the one or
more product hydrocarbons. In order to recycle unreacted hydrogen, and to improve the
hydrogen efficiency of the process, the COx needs to be separated from the hydrogen. This
is typically extremely complex and difficult to achieve, and hence in conventional practice
a purge stream is taken from the gaseous mixture to prevent COy and other impurities from
accumulating in the reactor. Increased concentrations of COy in the reactor can lower
hydrogen partial pressures therein, resulting in reduced product hydrocarbon yields.
Additionaﬁy the presence of carbon monoxide in particular can cause loss of catalyst
activity through formation of volatile metal carbonyl species, some of which can be highly
toxic, for example nickel carbonyl.

It has now been found that COy concentrations in the vapour fraction of the flash
separator can be maintained at or below a prel-deterrnined value by controlling various
reaction parameters, for example one or more of the temperature, the pressure, the
hydrogen partial pressure and the molar ratio of hydrogen to carboxylic acid and/or

derivative thereof. By maintaining the concentration of one or more oxides of carbon at or
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| PIRSHUR AR GH RYdBFr ey RS A RS Pt EoRRR

product hydrocarbons, unreacted hydrogen and CO x is removed from the
reactor and fed to a flash separator, in which a vapour fraction comprising
wo e famponents such as unreacted hydrogen and CO xjar¢/geparaiests
from a liquid fraction comprising the oge or more product hydrocarbons, in
order to recycle unreacted hydrogen, and to improve the 20 hydrogen
efficiency of the process, the CO, needs to be separated from the
hydrogen. This is typically extremely complex and difficult to achieve, and
bellRnag: %}&@Bféﬁﬁﬂ@g&o}Q@Qﬂ%ﬁr&ﬁﬁ@eﬁf%}@éﬁd@@ﬁbﬁﬁmﬁh&l ' gs'ﬂshe@US |
mixture, to prevent x and, other impurities from accumula in the
R A SR PR TR S OGN e AU LA B roeyeled
cahydrogensedrtialpiiepsoriag thydrejrnretiidtinenimrbrideeid gvadtsct Controlling the
hydrocarb lelds. 25Additiqnally, the presence of car ide |
cop é)r?sm n o%h\é vapour, ?ragtl?n%j%?;fht %{%{L e;% 2508 a%?gg&m@f%gf ﬁﬂfé

<]
ICUlar can ca@se |oss of ca st activity'tnrou h formation o

repyelmbtrenpoinydisfreuic to somed ppwgdciresn béikiyemytesitrolstesarapisy of the
Vag&}ﬁlfgg{&p%ch Athas.nav, keendaypd that CO x concentrations in the

vapour fraction of the flash separator can be maintained at or below a

preTietetniragapiiony ot smeyt/Edios obbe abrspararemirse fofuced

ARYE YFaRE] GRABREAHN [B: FBRIES SSiiRartite hydkRaRBing total
“partial pressure and the molar ratiQ of hydrogen}%:r:arboxy' acid and/or

BFSe bRHURL BRTawS 18
typleaBYaRMREREIWQRARMOAO B3 ROVIGEE 28 GAOARE AT of hisdowsthbara (5 MPa)

pre-determined value, the pgrcentage of the ,vapour fraction that.need
L R ol o

e W
ence the guan
(ZDH*I?@T_ ngﬂ?lhlé&é:ﬂtd@dsla Bsbtﬁ:lﬂce:lbaﬁh”dh gh %&an Bpﬂhi@f:h’gidnegmh compression
utilisati Nnd reducing waste Contralli p n . r "
SRR Sl e e B o
pstsmartaisaliffdrentass vspoot AgstiqgeCireconcontmsarsnipé sarbsaghieved for

e%%i% %ct,t:l:%s\fﬁg AL Ao Which IS Ceprler paiBe e aLtRE: %cg&g@rﬁ@ycle

coricentrations inthe vapour fraction of the flash separator can

stresmm fethareroasfiganRn Iy dhe JerhsSPazatprE R B AT RTe TO5&SK for
cﬁiégﬁ%ﬁk%ﬁy &%?ﬁﬁﬂ&d@&%ﬁ@ﬁ?lﬂiﬁ@rmgﬁmﬂiﬂg@ﬁ@lﬁfﬂ?&vq@@tofd |

rogen into the reactor, The total pressure i typically, maintained at

BPRDIETE B ST OB Bl P BRSO R G PR g T o
tipnsesUificientiagnive Sionst fivecpresssus istypisally crbintdinedidod/or

below 200 bara (20 MPa) to reduce the cost iated with.high.

o e B Y SRR R st
dereceissaheifonf igfhe rpretisu rempioriticas ghtesdl intseasipedssdilationvatto
fedeg&roecisn%rm%oﬁ@&gggs%e&g%%t@@%l%@&wwgmﬁﬁ?ttpfhe

carboxylate groups present in the carboxylic acid and/or derivative thereof is preferably

maintained at or above 3 : 1 to ensure sufficient product hydrocarbon yield. Another way
to reduce the COy concentrations is to increase the reaction tempéraﬁtre. To maintain
sufficient reaction rates, the temperature is preferably maintained at or above 200°C, while
temperatures at or below 430°C are preferably maintained to ensure sufficient selectivity
towards the desired product hydrocarbons.

In a preferred embodiment of the present invention, the pre-determined value for the
concentration of total COy, in the vapour fraction of the flash separator is 1 wt% or below,
such as Oilwt% or below. Preferably, the concentration is 500ppm or below, such as

100ppm or below. Preferably, at least a portion of the vapour fraction is recycled to the
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15 example by increasing flow rate of one or more of fresh hydrogen or
the hydrogen recycle stream from the vapour fraction of the flash
weEpasatoyie the reactor. The CO" concentrations can also hedeysaseds7sy
by increasing the mole ratio of hydrogen to carboxylic acid and/or '
derivative thereof, for example by incteasing hydrogen flow rate to the
reactor, by reducing the flow of process streams comprising carboxylic
acid and/or 20derivative thereof to the reactor, or by reducing the
reabRRGED BRRARLGH BRMIS A d Aot ety iR aryeRidp BRaRB use of
composition, such as by increasing its dilution with feedstock .
2 PHSEIrEEeHBons as described below. The mole ratio of hydrogen (H2) to the
carhexsaiengtRiensop ipsaRttdtheaibepdibacit dodigidefivaivediaseof
is preferably maintained at or abqve,3 1 tg ensuyre sufficient product
ot SR TR B A IS R E B RS B 1o
chrisrasegsepthe sebgtignitehwadrddues sich mdirftaindsofticterib feaatigrectesopy.
Th{S STIRBIANS I8 BLEfSraBly Maln'ained ol o 94 AOBG MG vaiuo can be
emperatures at or below are preferably maintained to ensure
forsuificfahe osldesioftpathwarfiy threnaelsived vidoalupreriedetnindgsoradues for dither or
bo@faﬂaﬁ%SHaQ@@é% apém%rpa%%&a@,'%mmgﬁw@ egﬁ@ee&%ﬁﬁgﬁ%\é@%me
ra

or the 30concentration of total CO, in the vag)our ction of the flas

corgbinarfatirli € OvRoBCSRIsRIOH, AuadsiosnbAcTBERRg the GOHLHR, aniotal COx
colfQRRRRLALANHS PRI RLLSLIMheTUE RHHARBR TR RelaVREe tRiahbnal

at least a portion of the vapour fractign is recycled to the ‘W

COTSDRREHYS GE RIS GATDHEF OBy REP A PLSREAM IREMPYED GRIB f“sﬁﬁ%ﬁ% which
preRAYEIRAISE Pubitransitino pild hadyfdaiog renltolcd hypiseeodhecpanydn the
tream, The concentration of one or more oxides of carbon in the
mé%@?ﬁ?ﬁ%‘ffgﬁ%ﬁﬁ‘he determined by various means, for example
chiXim atdgsapiit de chaitior nthe reasgasa$ dercatryot apycaalpsedptical
technigues such as.jnfrare i T
e S BRI Bt Al Cr sy R AR those

consarisies foreopraesrehel Bdds 19k Basion Geor @xtarad Wdivatispiatly preferred
caFd CIRRBERRE Y8/ Ue e fon RUBRLALBR WiATRON THRNAKIHRIANAEARF BFborted

dioxide, or alternatively can be a single value for the combined total CO,,

on & RRTEFRGSTH AN SHER AR ARS8 (AR ON S I et PR @8R40

alEgmgentrations in the vapour fraction of the flash separation zone is that

LA SREPEENRH O EPST B PRASBRR:

LBl Peak ovetiaps and.
deiivatiferthecssfreShitiogeiorimpueosarboagliv kadysianther aletiiydioas thereof are

préPeergbsll}J' r&lrgseerﬁtgtwh that the boiling point characteristics and/or the number of garbon

:i\gq r additional compgnents are present c%,réw&)aredt thelgrgqg% ghr)eam :

atoms in the product hydrocarbons produced therefrom are in the same range as those of
the desired hydrocarbon fuel. For example, diesel fuels typically comprise hydrocarbons
having in the raxige of from 10 to 22 carbon atoms, and typically have a boiling point range
of or within 150 to 400°C. Thus, carboxylic acids and/or derivatives thereof which
produce hydrocarbons with numbers of carbon atoms in this range and/or which boil at or
within this temperature range are suitable for being used as diesel fuel, or for blending with
diesel fuel.

A derivative of a carboxylic acid is a compound that can liberate the corresponding

_ carboxylic acid when hydrolysed, for example an ester or an anhydride. Included in this

definition are compounds comprising more than one carboxylate group, for example di-
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The hydrogenation reaction in the reactor may be catalysed or
uncatalysed, 15 preferably catalysed. Suitable catalysts include
wWiyshisiteating catalysts, for example those comprising one aranarB2ad7RA3757
Pt, Ni, Ru, Cu, Co, Cr, Mo and W, patrticularly preferred catalysts
comprising Ni or Co in combination @ith Mo . The catalyst is typically
supported on an inorganic oxide such as Set, titania or gamma-alumina,
preferably gamma alumina. 20The reaction composition can comprise

carUR INAN0RE SALROXY lg:» g Qx%&@%dgg?w GRS ERfo BEiPEGAT ROURo

carboxylic’Acids and/or derivati thereof are grefzerably chosen such that

S
suitidebwitingepoint M@t&?@(@&h@?@’rﬂtﬁ’e GVBR ortisrsdh &R the
typRIRGUSLRYAEBEARoRS Piodueae isre R o @ BA BeMgRAsHase
of the desired hydrocarbon fuel. For example, diesegl fL{(%Jg Bty%l’g?ég
accea%ﬁmgﬂthﬁhﬁdagﬁﬁ%wg‘@wwmﬂé@%@ ?ﬂ%ﬁ% °td 58n
exé}?ﬁﬁmﬁrﬁg &mi@a&yﬂm&is l@tz&mg m:_ziw,amee;t@ bisithimatbioad0eMcic
.Thus, carboxylic acids and/ot gerivatives. thereqf which.pr e
acifs ek PG TS ARTRO UW%E%‘E? ch%%rhsggtéqnﬁ |hqt%ﬁsﬁh?n7ge&§r?c?folr9waﬁ§cﬁl
carbeil Aba5 W&B&&Weﬁmﬂ&mmaamgmpﬁeeﬁiﬁ@b@mﬁﬁem@gg@@gagf from 1
iesel fuel, or for blending with,digsel ivati Bxdic.
to g& %ng%%lr% pgﬂﬁ}éafﬁ%itegg%d%éérg@’té%%%ﬁ%p r[],(;{ly?]tél’t%rgégggﬁﬂc acid
mawhea thydoe|yseok, fioglpsendplavith geseseldormnimR GHEI0TNEHEH Tp ghighere
o PTG SRaUBsCaneHsioeBora N PheRI Rt i B RuRre

fot ‘example di- 6 carboxylic acids, di-esters, or di- or tri-glycerides. Fatty

thezwsifimantier sabiratedasunratarasCLyaBrar RORIBRRSr At hitrg e s ey

coABRLORRIGENAR 2nivheae R and R esaniv picalivchud faaghdschains.
xamples of fatty acids and/or esters suitable for use in acco agggv\%%
iRk e R e e

theRfaN RISy ddaRIR, BTHMmstS spcimitiqyretmatiny dinotetonsnisidvid, totetfom have a
arachidic and erucic acids and/or esters thereof, wherein RI ' 11,
redpged gr i“??f?f‘l??’l‘?ejbﬁgoéln{é PREREES stoms f?(ées%reggttl{éélqy?%r e%%t%?s
bishajcsilyrrrise R2uioufis witisimitie denyetivesrierepiineleda ety a0ns,
for example me r | W&l vdhearatervami e
m%?%%hgf H?“%%t%%bﬁ%ﬁv%é%ﬁgﬁ%%ﬁg R%HC'C(%J)O)"C3I-15(VOH)34"
fatwhedelso the domrespendinenerotatti 26ideri-glycerides respectively. The fatty

acigs api/pleSiRTs Wared SpauhiRyacalldniad & dRRatii@iatbreof include
hydrocarbon groups. Di- or tri-glycerides may comprise hyﬂrgggﬁ%%gr oil. tall

plepilerivadRiacSRehITRPesaob O B IPety tRifigancla ©

oil, corn oil, soybean oil and olive oil. Animal oils or fats, such as fish oil, lard, tallow,

chicken fat, or milk and millk-derived products, are also suitable, as are oils derived from
microorganisms, for example microalgae. Waste oils, such as used cooking oils, can also
be used. :
The biological oils or fats preferably comprise fétty acids whose hydrocarbon groups
have numbers of carbon atoms commensurate with hydrocarbons typically found in diesel
fuel. The corresponding product hydrocérbons so-obtained can be used directly as a diesel
fuel, or alternatively blended or otherwise incorporated into diesel fuel from other sources,
such as mineral-derived sources. Preferably, hydrodeoxygenation of the carboxylic acid
and/or derivative thereof produces product hydrocarbons having in the range of from 15 to

18 carbon atoms.
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In a preferred embodiment of the invention, the carboxylic acid and/or
derivative thereof is derived from biomass, such that product
whyshiraagens derived therefrom have a 15reduced or evengeFg2007/003757
contribution to atmospheric CO2 concentrations. Examples of
biologically-derived carboxylic acids and/or derivatives thereof inclUde
fatty acid triglycerides, which are typically the main components of plant or
animal-derived oil or fats, and also the. corresponding free fatty acids.
Suyitable hiological sources of carboxylic.acids and/or derivatives thereof
inclERaY A papef droceiens e et diey o piosie bt
isomgrisdBonile puodime dnols| widhl ivihroved pibsoyse archdsnghelivendifustinimal
perfls 8o 3% 0 @l s, il ligon ft, or mik and

milk-derived products, are also suitable, as are oils derived from
milr8isyhadnedsexsestion plecarherahigagidasnstioriigiwtivesdbaaely the product
hy8RRKIBENS #Se SBNARPIDBdinetuca MieRilRpicR airRriXscneigmbbays.

co%se fatty acids whose hydrqcarbon groups have numbers of carbon

Ong BIHSVRY SRS OBEIRE O TR ATLIMTO SR ERIRPRIGARCRS Biek FRIdSHiRn
theatiReooaibehbedy ehitydnaearoans spdaiated canther yagavaireclpas

.a diesel fugl, .or alternatively blended therwise incarporated in ies
o S L RO A AR e hed Bk he
cafbpdybdabrygenation of the carboxylic acid 30 and/or derivative thereof

pr s.prod rogarhons,having.in the r ffro .
o B R IR S B B dEpnpion
of aifeity reid i glydeoidarpdieseir éhtiverhoylegromisirateryrs Suive depufatly acid
cor AN SEER), B RiEH P RISIR IRSR R BIO RHH B iAo BB
combustion performance and/or improved cold flow characteristics. In thé
lackipgthasasbryetasarearboxylic acids and/or derivatives thereof, the
product 5hydrocarbons are believed to be produced via at least two
different reactign pathways. Onr%l;ﬁ)%thwa is hydrogenation of the carboxyl

gr&%ﬁw}r@w& tick era sditsvifr e Ea %ﬂ(&/l carbon being part

of the product hydrocarbon. Another pathway is CO2 elimination, which

resyls e Ao Ot GO SR RIS DY HIoRRe BESRA i
carboxyl carbon.
oxygen is rémoved from the molecule as water, according to equation II, and results ina

product hydrocarbon comprising the carboxylate carbon (RCHj).
(R-C(0)-0)3-C3Hs + 12H, — 3RCH; + CiHg + 6H,0 II

Other reactions that are thought to occur are the reduction of CO, to carbon

monoxide and methane, according to reactions Il and I'V.

CO; + Hy — CO + H0 1)
CO + 3H; — CH; + HO v

The carboxylic acid and/or derivative thereof may not be the sole constituent of the
reaction composition. In one embodiment, the reaction composition also comprises
hydrocarbons, henceforth referred to as feedstock hydrocarbons to distinguish them from
the product hydrocarbons produced from hydrodeoxygenation of the carboxylic acid and/or
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100ne reaction pathway is illustrated in equation I, relating to the
hydrodeoxygenation of a fatly acid triglyceride, wherein the carboxyl group

viermozadedrfrom the fatty acid component as CO2, referred tq@@%B2007/003757
decarboxylation, leaving a product hydrocarbon (RH) lacking the
carboxylate carbon. 15(R-C(O)-O)3-C§1-13 + 3 1123R1i+ 3 CO2 + C3H8
An alternative pathway involves hydrogenation of the carboxyl group, in
which oxygen is removed from the molecule as water, according to

deAYLAHORIAN %%Hiﬁ&ﬁt@éﬁ@%ﬁ%&&é%@&@ﬁmmgwEéﬁge@%om refinery
carboxylate carbon (RCH3). 20 (R-C(0)-0)3-C3H.3 + 12 H2 --* 3 RCH3 +

PreesHgtiesns o6 those StRurddapdiischratlarasthouphesis o e grar@fipdiment, the

fed@batiBRuaf BenimfAlRRERRI QXitd R e e ianeBeuerdingaidline, diesel or
reactigns 1|l and I\V. 25, CO2+ H2do +.FhqL11.co +.3112 --+ cH4.+ rhplV.
e RS lesh SASP AR AT P REh M R B2 (Dl et sftable
forcansifueidsef find 36 ieadtidesdofopositipte, froomme nbndierefitetizeprocess
reaction,compasition also rl hydrocarbons, henceforth A 6]
STEAn SEGER %}%rgcar nélrcl@ %)H gﬁéﬁ%%u% Fhem rgt:lni? %%%‘?b%%%@f%o%ﬂﬁ

cranjerocabongasrodubeddrimtagicotebodigenatitry ofathbeoardesiytity seide
m&%ﬂéogfewg&%&ﬁg%aﬁﬁl y&?gQ%@Qﬁi%ﬁ%ﬁs&%ﬁﬂ&%ﬁ&%ﬁ%ﬂfpmcew '

Suitable feedstock hydrocarbons include those derived ffom refinery

stigpetsesEhstpeeivet Siegmoswmeriviag thermisetsidmeplerssgar e da digied
or SFHRRMMATH ﬁh’&ﬁﬁ%‘iﬁ{@Sl‘xhb!férﬁfa{@é%ﬂ%ﬁfﬁe‘l‘.@%@!ﬂﬁ@ﬁ%iﬁ@?ﬁ@fr@&

as a fuel, such ags gasaline, diesel or aviation fuel, Feedstock
gapokinedirsel s PuiafiaRdibm the refining of cruddoil and suitable 5 for use

as gstissaljuehennthe Meaiivadt, Hot@sarsgle cdropi RIeeromone-tefinating

process sfreams such as straighf-run middle distillate or heavy gas qil. .
co R OP R PR MR FPSLBI TRCAA SRR o thopheni
coppbacimelniththeyofiey tresent diatefolgry sidenmistoyeof by sitbjcattsbtsa prior

resulting from a combinatio I r eamsy e
A
carfiotiffid acid and/or derivative thereof. Alternatively, such hydrotreating reactions can

be carried out simultaneously with and in the same reactor as the hydrodeoxygenation

_reaction that produces product hydrocarbons from the carboxylic acid and/or derivative

thereof. Thus, the process of the present invention can be used simultaneously to

deoxygenate the carboxylic acid and/or derivative thereof and to desulphurise feedstock

hydrocarbons within the same reactor. Such a process is advantageous as i@ can be
retrofitted to existing refinery processes, which reduces the quantity of equipment required,
and hence minimises capital and operational expenditure.

In processes where the reaction comprises feedstock hydrocarbons in the diesel fuel
boiling range, the concentration of carboxylic acid and/or derivative thereof is preferably at
least 1wt% and preferably at least 2wt%, as the product hydrocarbons derived from
carboxylic acids and/or derivatives thereof, particularly biological oils, improve the
ignition properties'and cetane rating of the resulting diesel fuel. Additionally, the
concentration of carboxylic acid and/or derivative is preferably 50wt% or less, such as
40wt% or less, and is more preferably 20wt% or less, in order to minimise the extent of

modification required in hydrogen recycle apparatus between the flash separation zone and
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10 or fractionated to produce one or more hydrocarbon fuels, for example
one or more of gasoline, diesel or aviation fuel. ~ Optionally, where the

wisensioekBydrocarbons comprise heteroatom-eontaining ceopeBRUSNH0T57
example sulphur-containing components such as mercaptans or
thiophenic compounds which are offén present in refinery streams, they
can be subjected to a prior 15 hydrotreatment, such as
hydrodesulphurisation, before being fed to the reactor with the carboxylic

[ (Ve erpati ing.reactions
e e
hydepaerpénbesisgiamipitsreaction that produces product hydrocarbons from

theRRERQXIHE AockaRe/ ehdaHNRIl & thereRh dhupribemperss Aldhad/or
present invention can be used simultanequsly to 20 deogygenat%ét&?g’%ﬁe q

hydpogepsvaraaiony rhroraRAAASHEMISF SRV e e BeRsRTLR B
out yshasathaesiwitiindie sdmenactey 4Nicuadynseasisetivaniggediiom 20

o A S P e PR R 5o
Theopeestiponbihe xpediitmeddpepds cashe satdre if the feedstiok lrphmpridess and

carbf((?)»(éI Fct %851 Q.X&Ifoo < 9ﬁ§v€tﬁgleeg¢a8§§% ?e? %%%%‘éo&aﬂ%fomﬁe nature of the

corcentration of carboxylic aci erivative thefeof is preferably at

i

C
desimd;&lm/t%'arp@fm@drezm@ogirmatﬁmwmm,tbsfmésmd@bzdmmr@r@rsgitable ,
for H§MEH AT OARP W SRS ARHIRL ARG VRS B G Rlathdt HEUREYs

biological oils, improve the ignition properties and cetane rating of the

biolegicalinth areciion empeasiies dnihorngd At EpmaAHo A AT 3k Raitaned,

preRAGIOTAEANYS 6T BRI RN OmlesRiei 688803 hldudi% B festinge
and is mare preferably 20wt'% or less, in order to_minimise. th J{%Elnt of
of SRBHACAR PGt PO RGBS TR R B2 BERt e 20 e
mais@pasalivndenkean dotkitionscionvwaiztimg eff gitdinptiae pibEesthtaexfisting
refinery hydrqgtreati r hydrodesulphurisation units. _H reating
S B e R e
confiyriial emopiedtidrhe hittoganstisglicastihaard riabhveately sbebsof, are
hyd%%&!ﬁg%g{ﬁggté QuiALIspgIgures in the range of from 200 to 430C

and pressures in‘the range of from 20 to 200 bara (2 to 20 MPa), for

extkasrctlis tReHiaRGEBP AP IBPRaes BElRS cersny Wt typisalieticity of

con@%ﬁf@?%t@@l@ﬁ?@%%ﬁ&%ﬂ@m@éﬁ shpreRdsIODlhyasRD ScRRE
or

carboxylic acid and/or derivative thereof being fed to the reactor, and on
sepERiSIAgrR B RO ATRSBIO AR AR iREAICK RSB ARRTERTS HANS KAPEE
frade6e6TaEK Mygiregaiaais TR HyifddectBiocdissrisssdiesepiodiaandtfedstock

f carbaxylic acid deriyative t f is.a biolggical oil,
by o B TS S BRI BT e
strippedeirabiytia thsorafre il (ypiG2iQsngd Qidathiypibalosavtionted
Ires.i f 0 2 .
hya?r%ggﬁgg?%%mm%s file i %@f&é&ﬁé@ #0208 MRRhpisiaehid, o

0 bara (5 to 201%/12 re maintained. Under these

progefiaRi At uutivaidomertindan st rls diskye dadherraing tasrmsyilk the

H@cithandirdarivalivedienel srenwricaleanst YsubkORatRs dhat Aieh
conversion is achieved. The hydrogenation, reactions are suitabl )
SRS il

incregpsh e AMAPHOLPE FRARA EPaits, 9d henge iiprsasdhp oae
reqi8RAlNrepENPRSEE arkDREGIEAS stithantasipounds, typically as a

The liquid fraction from the flash separator is typically fed to a further separation
unit, for example a fractionation or distillation unit, to separate the hydrocarbon mixture -
into various fuel fractions, for example a diesel fraction, a kerosene fraction and a light

fraction coinprising LPG and gasoline hydrocarbons.
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constituent of feedstock hydrocarbons, hydrogen sulphide (H25) is

produced, which is 20 separated from the product hydrocarbons and
weedstngkohydrocarbons in the vapour fraction of the flash separginoihes7s7

liquid fraction comprises both product and feedstock hydrocarbons. In

order to prevent H25 from being retdfhed to the reactor, it can be stripped

from the vapour fraction, typically using a liquid amine, before unreacted

hydrogen is recycled back to the reactor. The presence of CO, is

uaﬁ%gge%gnlﬁtﬁaﬁﬁ%3&ésarﬁ&?ma%g@@g%%%ﬁn&e&ggﬂ%ﬁﬁugalso

diss e amine together with hi

is reduces the

dertysA dursteniehons rresyiealbnyrean raslasedk bydrreahonse Whitk Brstoraineatly
corfpRRUARIN: Qb STBeRAES ARAIS BE B HIRICARES: 1R BPRIGK BBEroatom-

Mmaterials required for r_é;deneration and recycling of the amine. The liguid

ConfRRECHBRY THESH aSTPS 4 e PRETpR G ORIa S SOPIRE PAHER S0
cordififigcexanalesadeactiongioggrdisilatienbenictitophparaiadiercaptans.

hydrocarhon mixture info yariqus fyel fractions, f e 3 diesel
 ThqRRERBS AR S CH PCCETREM RN ORI G B g o e

refgasoinexhydiedabtiz stifdc2M08/0:060 TRERCTHEL BRGOTOBRIREE. Ty piceile.,
production of a. digsel fuel through ¢o-hydr ' ik refi .
the éfﬁ%}e% %oiléen?is gg)%e t1 B 1aTe ch apgfdl %%Wg%gtk%%j(r%eggr({%%ﬁ{ﬂre in

rocar are typically used as feedst
thevarigh @i édonfidzntBYcbypeight atkpresse oreisaentghsidabes definsey be

pre%e%{i 05 ANAL06- A6 O L RER; YO 810 MR BiIRY Wgﬂi@%%oﬁy&iﬁﬁﬂﬁns

e heteroatom-containing ‘compounds are sulphur- 5 containin '
up so A6 i ciithfas arppielER feribrohEsighe AL BR f e weRl. Other
pofRBICRBIRARINS SamRstigRREhe fedsteckBi oA ntchak wiatic

depending on the nature of the refinery streams used and the source of
copIHBSH R limitkanse yushad BARRERC A Spically, the sulphur content is

2080RMuP bR SHEHS anthih¥ey heiglotiatt nimciobaxan fredsidtie

, ff 0.2 10 2%: igh d | tal sul
by ARG BER TR R e L S ey SR Biien
20epshieaypbesar eselimatradrndyivatiBmshsprore 0%e Ty warighirasioaxaimpiaically

Imﬁu,] L %Og@tb %‘%ig@n?#lg B.EQ’V@%)O Yotk gt 18{1}3@ Fﬁg&ﬁﬂmmmﬁf)ons

Irs régen-con aining product stream include aromatic compounds,

resuiting fonidarivsiinitad fishhimsatonaRsawseb kel 206 S PIRa i AT
hy S RRORCh I BeATRRD ARG IGRISIREknd/or derivative thereof. Typically, the -

liquid fraction is subsequently fractionated to separate components into various fuel
fractions. .

The process will now be illustrated by the follbwing example, and with reference to
Figure 1 which is a schematical illustration of a process in accordance with the present’
invention.

A biological oil or fat 1 and a minefal oil 2 derived from a mixture of refinery
process streams comprising feedstock hydrocarbons in the diesel fuel boiling range and .
one or more sulphur compounds are fed to reactor 3 containing a fixed bed of a
hydrotreating catalyst 4, typically kNiMo on alumina or CoMo on alumina. Hydrogen is fed
to the reactor throﬁgh iine 5. A product stream is removed from the reactor through line 6
and fed to a flash separator 7, in which a vapour fraction 8 comprising unreacted hydrogen,

light hydrocarbons such as methane and propane, water, hydrogen sulphide and COy, is
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15hydrocarbon-containing liquid fraction of the flash separator are

typically less than 200ppm expressed as elemental sulphur. Furthermore,
wolsfiRsaensentrations are typically lower than Iwt%, for exapgfleghdovidisrs7

or less. The liquid fraction comprises hydrocarbons resulting from the

hydrotreated fuel hydrocarbon precursor stream, and also one or more

hydrocarbons resulting from the carboxylic acid and/or derivative thereof.

Typically, the 20 liquid fraction is subsequently fractionated to separate

components intqQ various fuel fractions, .The.process will.
s EE DYAEHE T A e T Ch o 5 g aod
prodscalscherndionalddrisedfiom diiebpriogizss ol actdrdance with the present
invention. 25A biolagical oi i hASSHMER SO RAnris;
r'r:ill}(lteu‘r’%p gﬁeﬁﬁgﬁ/n%%gc%e%é@%@?r%@%%?n%#g%&{%%0%5%1 drocarboﬁgsilr?g

an athisadtidsich fehsbbies e renstplsanererabo rdiax gl pRd Patss fbminsd sioRpd
for ILHAGHINS 6%@&@}5&9&%@&?&%@5@%&%{% eptingsatRlysbe ity pigally

0 on alumina or CoMo on alumina. Hy en is fed to the reactor .
fractioRo 0B, PR SEER Ut BRSNSV BRSO L EPER AL
and 8 3Pnangiedracadiash semarmMeH sbobiarshiisifed vopdtikfi@niion Solumn 13,
comprising unreacted, hydro&e,, Iiéght h droca}rb S auch S mtaé}1 r;%eg@éj
whestaRactpak? INRROEH 8 ?ﬁna ORRP e igh pydrocarbons, and
remdRABAAD B E3BE; B/iehaR BREAAD BT Bafblisiep dietelbinnpuachituiic dratporfiom
omprising desylphurised miperal o'I%r %{% ot :
e g B A AT RS Ta0h g o ) S o UG bbigion foc i
remBvisidptiaral nttrcthediathyerogerd thalghidenseparator 9 comprising an
amine which absorbs 112S and also some carbon dioxide and water.
Amine is removed 5 for regeneration 10 and separation of hydrogen
sulphide. The remainder of the vapour fraction, comprising predominantly
hydrogen is recycled back to the reactor via lines 11 and 5 The liquid
fraction 12 of the flash separator is fed to a fractionation column 13,
wherein a fraction 14 comprising gasoline components, light
hydrocarbons, and gases is removed from the top, a heavy fraction 16
comprising diesel components is removed from 10the base, and
optionally, a kerosene fraction 15 typically suitable for use as aviation fuel
is removed from an intermediate region of the column.



MCSLLP 12 Claims 1.A process for producing hydrocarbons from a
carboxylic acid and/or derivative thereof, which process comprises the
steps of: (a) feeding hydrogen and a reaction composition comprising a MCSLLP
carboxylic acid and/or derivative thereof to a reactor; (b) maintaining
conditions within the reactor such thattBe hydrogen reacts with the
carboxylic acid and/or derivative thereof to produce one or more oxides of
Cl ﬁ?nrbon and one or more product hydrocarbons derived from the carboxylic
=488 and/or derivative thereof, in which the reaction is catalysed; (c)
1. remomingefsofor thre desictp hadproaibons tieanr cantorslpaiteadtedderivative
hydrogen, the ane or more pr rocagbons, and the one or more
oxi gs% 8?’0\%]“ chnp?r%crﬁggr?é) r 5%%%%1)%/ elééd(?r{’g the product stream to a
flash(sefsarhtgrhpdid el radhavingtiromamedrashrseparatona ¥ apdaxylic acid
fraction aé}ﬂ%? Jil Ui t{@c&g%gptwgi%m;vapour fraction comprises

hydrogen and the one or more oxides of carbon, and the liquid fraction

comfhisesitiieining ornisienprsitbist thydrackrboied T@ﬁhtb@:ﬂ@f@kéa% ippgts with the
the PrOCE R RO SEralineg,a0e QLIAR, RALAMEtSHS of saidkreactionr

such that tal concentration of carbon oxides in the vapour fraction
from thedidoh separstor inormmedneidhsdoepdions doyaied ispm thesapoxylic acid

procese, AR SIAMALIR CAAr th WK the folalspRcentigion, of carbon
oxides is 500ppm or less. A process as claimed in claim I or claim 2, in
whicteirersoving fegmatsorphitonsitraferbsiersiy aamptieracmisackidbrieagen, the
oil or fa i ' ' i j
o6 o1 Tt B e gy from
gasol_inélml‘awmmn fuel. A process as claimed in any one of claims 1 to 4,
in W@@%@&ng@%ﬂ&%@%ﬁmmm RS mere product
hydrocarbons’is in‘the range of from 10 to 22. A process as claimed in any
one &f)cleimesingdiemriherieshtroresietion sepbsrism aadiadigang fraction, in
COmpriS&zﬁi@?ﬁ@%ﬁd@(%%@éﬁ%ﬁqﬂﬁ@é@eﬂyﬁﬁ{g&h%@ﬁ[@ RAOLCHGIR Bllids of

e

process as claimed'in claim 6, in which the feedstock hydrocarbons are
ciesulprareed anchiis-Hasid tstioadonerasesdre one or more product

hydrocarbons;

characterised in that the process comprises controlling one or more parameters of
said reaction such that the total concentration of carbon oxides in the vapour fraction
from the flash separator is maintained at or below a value of 1 wt%.
2. A process as claimed in claim 1, in which the total concentration of carbon oxides is
500ppm or less.
3. A process as claimed in claim 1 or claim 2, in which the source of carboxylic acid
and/or derivative thereof is a biological oil or fat.
4, A process as claimed in any one of claims 1 to 3, in which the one or more product
hydrocarbons are used as or are blended with diesel, gasoline or aviation fuel.
5. A process as claimed in any one of claims 1 to 4, in which the number of carbon
atoms in the one or more product hydrocarbons is in the range of from 10 to 22.
6. A process as claimed in any one of claims 1 to 5, in which the reaction composition
additionally comprises feedstock hydrocarbons derived from the refining of crude oil.
7. A process as claimed in claim 6, in which the feedstock hydrocarbons are

desulphurised or non-desulphurised diesel fuel.
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M CSLLP 13 8. A process as claimed in any one of claims 1 to 7, in which

the process operates at a temperature in the range of from 200 to 430C

and pressure in the range of from 20 to 200 bara (2 to 20 MPa), 9. A MCSLLp
process as claimed in any one of claims Ito 8, in which the liquid fraction

from 5the flash separator is separatedlito two or more fractions. 10. A

process as claimed in any one of claims 1 to 9, in which the concentration

of s gramote guifies of earan ior%E@@%@H%ﬁffr%%@§§3ﬁéu@§§é%§'Bperates ata

. PI‘?CGSS
separator Is main

ainea a elow the pre- etermined va

cont¢rofirgtams othmonegofth&reaid o téripe rtd e sherpartihe prags wiefisim 20 to
hy%}@f%?r é?iqg ﬁ@%{r})the total 10pressure in the reactor, and the mole
] .

ratio o

ogen to carboxylic acid and/or derivative thereof in the reactor.

y

9. 11 Approcesss afautaitiedity amg ofelafiditesSitn vhighwiidinthé feadapdrom

co

m@é@@éﬁ%ﬁﬁiﬁgﬁéﬁ% GomaRuUAds highisagt in the reactor to

form sulf . s separated from product hydrocarbons in
10the Yapouessastivrintdie flaslonsetpainol. 02, Aprbidsthasensineatipn of one

clain %965@0 %@otf‘ga%mﬂrﬂ‘fé’%BHPﬁ%&f&%‘r%%ﬁ‘i@‘f%h%{%‘?&’c%mk

hydrocar

ons that are also present’in the reaction composition. 13. A

procesistaincibimetbiriaiaihe pleatetamingd viHueHiEisens tliaggegmor more of the
SRS 5 sttipRed DR ARE IaRIBIRLInE AashReRAGIRr ROAAA

process as C

In claim 13, in which a liquid amine is used to strip the

hydroggstirsulptielechsiar.thedvihip suelf setion R $epReRIdic agdand/or

pro

SR 'ﬁl@?@&‘f%%@’r@@&&f claims 1 to 14, in which the reaction is

catalysed by a catalyst comprising one or more of Pd, Pt, Ni, Ru, Cu, Co,

11Cr, Mornesivs thimgstoeess asccdiphiainl dnyl Gné Bhérdinis regigomposition
whicly at least. BRI R SR RSVARALEHACHARIS L8G%F RAFR NSy B8 A sulphide

12.

13.

14.

15.

16.

which is separated from product hydrocarbons in the vapour fraction of the flash
separator.

A process as claimed in claim 11, in which the sulphur compounds are a constituent
of feedstock hydrocarbons that are also present in the reaction composition.

A process as claimed in claim 11 or claim 12, in which the hydrogen sulphide is
stripped from the vapour fraction of the flash separator.

A process as claimed in claim 13, in which a liquid amine is used to strip the
hydrogen sulphide form the vapour fraction of the flash separator.

A process as claimed in any one of claims 1 to 14, in which the reaction is catalysed
by a catalyst comprising one or more of Pd, Pt, Ni, Ru, Cu, Co, Cr, Mo and W.

A process as claimed in any one of claims 1 to 15, in which at least a portion of the

vapour fraction is recycled to the reactor.



