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1 HYDROGENATION PROCESS This invention relates to the field of
hydrogenation, more specifically to a process for the hydrogenation of a
carboxylic acid and/or derivative thereof to produce one or more

5I'W8r %9%%. It is widely believed that increased concentrations of
atmospheric carbon dioxide (CO2) can contribute to global waffigBa#q&003767
burning of fossil fuels is thought to be chiefly responsible for such
atmospheric increases, and governments are beginning to set targets for
regulating or reducing anthropogenic carbon dioxide emissions in an
attempt to_lOm?tigate andﬁ%ﬁ?@%ﬁ'@g’? tﬁffod’é&%iq f_uels, such as
gasoline, liquefied petroleum gas ), diesel and aviation fuels, are
major sources of atmospheric carbon dioxide emissions. In the main, they

are demivegfeamiQspildUelshautiast ﬁwgﬁﬁbtﬂﬁ?%ﬁf%%gﬁgaﬁi% a é)ﬁocess for

!\tg;itgral gas and coal, for example, can be converte ngas throu
pPSCEELESIIOR AEAtRN YRR Y inHs TS dhrdeaivn Modirelather more
Sydgaarnsstbsequently converted into liquid hydrocarbon products by
Fischﬁris'l'rog)e crg) %}’””;fﬁéis' Crude g)il is typically distilled into various =
fractions based on differ&ht B G FEm rioRstrialnewhersratimrdiedde

 dlive) Gs cmedtassfuwegotineetymbipaflite biikias 6OREIFRAs: RMR.apReagh

fand i -related contributions to atmopsheric CO2 o
Zoégrgceﬁtraﬁglrgﬁg tggogsae ?8??1‘5%% ARy éévﬁfﬂ'ﬁ‘ﬁ%sﬁfglgcﬁ’&ﬁﬂ“é to set
iersiader seawletnBuredssiig wittrapelepicodroaddioid atmbsihe licEateambt to
Gigdde timuah-PhotpsyRthesis and related processes, hence any CO2

released on combustion will have been originally derived from the

atmoSiaddustreycrs easrlinerdireliod neitpledateas (OB nbewbdnAaviation

Euexnateraijbiamass deied fuakis hiodicnsliue AR o7 OHISRAL ey qre

comprises ZSEHIend of regular fossil fuel-derived diesel and a bio oglga?r
BT TaElever et o Bivte gikaivoie ey aenh Alaiumsirss adags!, for

desitplojeastheycatdavisgengine fonling dyQuabcakiRgrlteforming or partial

risation,, and can contaminate the engine, lubricant, reducing Its
O R L LSRN COmM T3 ey Reocarbon products
fighasbeidBropastusintlyesian Ge@0otoinvepiedyntis iy @aanaeiss fractions based
cRUERRARING L Qﬁnf j dracarhon chains. One way in which this
is achieved is tog%qctﬁﬁag?&%ﬁ%ﬁ% ogeh> ﬁ]a%ef)trhc%egs}.g SHeh s g’remy’
Pé@?éﬁlf@‘°§§?fyfm§ﬂ@oxygenation. Such processes are exemplified by

US A2 A08usik eabsn 0: RIDRMORRORCT/GRRN07I0317 2

the hydrogenation of vegetable oils to produce hydrocar e diésel

BUIRRLRGE S 4R 430 Biemass 2s oluglaetiorpienass d¥ekdiprodiivmpsofource.
ByaressihanmikigugbdhedidnasnaineliaislnnicaalsnARgIIRIRN G hesis
fhe QY&?&@C?&?C%% ith diesel fuel. WO 2006/075057 also describes a ~
Brocess 10T producing: didle] fGBIRiFarat QPRI IR Baysigeen originally
tégjkedeficte shérnivttigphtne dibsaldisehhyhetadbnt havedoRaioss&aAoN
than Cl i f the triglycerides in the feedstock. .. Another
h drggi%%% e%égghgj%{r%éaseg %{}s@%yégr’?g egsls?:sf%'e B@@ﬁ&ﬁﬁf@l@g}mqﬂms a
ere piepmves foesil Tel(eoivall giss8i3uidb8biol eghicholiibagisiallyHderived @itsof
GRM LR F oW i | Qs efiner - :
hydr%gaesdlphurigym%{\qﬁr%ﬁ%v%é{%m t e&f%f%l%ﬁgl Oel:%gan cause engine fouling
eIl rmasisatienp ol godiostamjetsdbo rpgimrdtbdcant, reducing its
sirsugitanegusly to produce a diesel fuel. A problem with such a

combjned hydrodesulphurisation and ?/drodepxygenatipn process is that
biologiees pPi§areGielyesompaitatos Bitnpaidbesivivetrsaran ey can be

oo dxydsidesest tolRydiaapt g o mpaiey 4&&"!‘?&5@8’%5 Sifins. One way
hy roden. requ ed tg lShydrodesuélphurlse diesel fuel.  Thus, there

Temams B heageresds it tiprial st hylinssenamereneto gftan wsierred to

remains a nee fore
1o hybddmecypeoivarbBuctuplscin sahich dhenptifisd HPIHUTINET USRS describes
reduced. According to the present invention, there is provided a process

for producing hydrocarbons from a carboxylic acid and/or derivative

thereof, which process comprises
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20the 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

w@/itg})};m@g&rboxylic acid and/or derivative thereof to produce epe, 168767

£ compounds 25selected from one or more of carbon monoxide (CO),

carbon dioxide (CO2) and methane (CH4), 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

thlypthogerstitreddve gstablo@p toduedurpdrsachbdnss imth¢lecssidatingaresc1
RS o e A0 Y M SN PHORHORETIGRAZA 003767

3 characterised in that the molar ratio of Ci compounds produced by the

hyglsegaiat oo ehbiclafientibteagrbblsadine SenyArasarbanb osiflidiawbiug d P

2086/vatveAbe Ralimdhe FRACIOR, FARRRSINCRS MaiNENe Ay alS By
greater than 0.37 : I. Without belnE bound by any theory, it is believed that

aci e¥ess SR U ShaBessidys] edasaranybr emsdavecaiboa dradhe fatty
acfolermabliaastiwgceatiian prthwayscivhich are shown below in equations

I and Il, The carboxylic acid and/or derivative thereqf,represe in these
s e R A
VE Repogickbdile @ath fetdspp 1 5346 ouaticrhl bmkygiex raierite odsvexpate-fed

r of the. trigl ide.i ved | [ 0Xi

W TG RO T IR o R B RO 8 i
oibigipsioqerilolio)eyBamBibs bidopical cikhgfmdery goamed gnmiipnmsly to
prEQNRLQR:H. F¥gen is removed as water, and the product hydrocarbon

RICH3 includes the carbo@x}gli carbon. (RI-(’Zgi;))-‘O)S-CBHS + 12 1123 RICH3
+ Cpblen Misibirdbptrariaat fiyfo tratphriHoiog RRbEE R R iggnation
pr%%t%f@%lbﬁg%U6ﬁ9?e@ﬁ§‘&¥eﬁc3eofﬁgtﬁﬁzﬁéﬁowm@%z'o é@aclmﬁzagnﬂae
ccording to reactjons Il and 1V. H + H2 + 3H2CH4 +
by r&%%%ﬂﬁ&?&ﬁ#\ﬁ%@é@qﬁﬁgﬁgaﬁﬁ%%&beaf&g?ﬂtmgﬁ éﬁ%ewarafed to
hydesusilghles Bigdebgen to produce hydrocarbons. However, from :
thermodynamic consideratigns, favouring equation over equation.ll, for , .
exal e 15 TOSAES R L A reDGibas ot ST A chotp ot
to editchhiperadomBigionsvdfithsleadonyigiaviof émd{@getﬂleiﬁ\v@dw@dh ereof
10 30 ReaNG LI P& HAAYELYITREA RIS vided  rIRUE N B-BaYGgOW

found that hydrogen consumption can be reduced with little or no impact

hydrepaebermiierairrBteatisosiiandier datyat wolbornle THi BIOgr i BRIDRE Ses
th¥\i(ep3@P8/040980PCT/GB2007/003767 4 hydrocarbons by controlling the
process so as to maintain the mole ratio of C1 compounds ind'%g‘l% produc

SRR Y HORTB RO ACaRS BRI BRELRR FATRE Y Bg it RS 4 e

or ahizvizaiprehdetefraineshmalye. In the process of the present invention,

h)(grgg‘ien%xsnifnegd c%ongitri%gg%tﬁ?rggg Feat g[p s8ch that the hydrogen reacts with the
carboxylic acid and/or derivative thereof to produce one or more C; compounds
selected from one or more of carbon monoxide (CO), carbon dioxide (CO,) and
methane (CHy), 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 C; compounds from the

reactor;
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5reaction composition comprising carboxylic acid and/or derivative
thereof. Conditions in the reactor are maintained such that the carboxylic
acid and/or derivative thereof reacts with the hydrogen to produce one or
more product hydrocarbons. A product stream comprising the one or more
worodwatshyairocarbons, unreacted hydrogen, and one or mop€1ZdB2007/003767
compounds selected from one or maye of CO, CO2 and CH4 is removed -
from the 10reactor. In a preferred embodiment, vapour and liquid phase
components of the product stream are separated using a flash separator,
in which a vapour fraction of the product stream comprising the CI

chasesisaiseh st dha et e aidrogenns wep aratuect binthe nsratoRde iom of
cartdR REROLGCH B BIREA R GRAEISHIBL IS PReAUINYAIQsAIRRNEe A RoXYte:a6ids

15ancUar derivatives thereof uscd in the process of the present invention

compas ISR SIPHPHBHAR Bris 8FdlsT tha"dbhbitlons of temperature in the

reauiatoanditgicaty foranpmeosf, theslislie/ éractiony leseveg ératvihe flash
eparator., Separation aof vapour phase.components from.liquid,phase . .

cor G A B B RS R b e (5 PSR R i Ui
aretidvogesi atilis ageniomd eedUtirthwestexgtrnthiapdaseirtivarentiberedigh

rerFORNEEIRRR.C! N5 eRIRN e Al pndp dpilvaive (stsafindhaane o
more product hydrocarbons can be achieved by malntalnlngvt e molar
congifent ofbidpaiseLivitisapfdsnt in the product stream to the carboxylate
OrQHRFRHRREN LI LBL ﬁ@ﬁpﬁf%bﬁ%ﬁ‘(ﬂﬁ@%{%ﬁ&f MQM&#Q&‘E@QM%@/&B%
reactor at a value of greater than 0.37 : 1. This ratio will henceforth be
they frarrabicrstes hextde: drbasaidiraiadnadiedssssrarar Aol BRes agbomprise
thedi@BiRK [RAMEL4S 1, for example greater than 0.5 : 1. In one embodiment,
the CI carboxylate mole ratio is maintained at a value of greater than or
equal to 0.57 : 1. In addition, the mole ratio of CO2 compared to the other
CIRbO(LOHSIED and H, GH4AIREN alsé B®used@giiontrol hydrogen
consumption in the process. Preferably, the 30mole ratio of CO2 : (CO +
CH4) is maintained at a value of greater than 0.58 : 1, for example greater
than equation Bnexggsbdelirmenicdtas watinridde arcdwailieduiogreendy tdn
incdAl U 5921;&3;1 i_':arthQ 20081040980PCT/G-B20071003767 In
processes involving control of the process from measurement of the
concentration or relative concentration of the Cl components, the CI
coqregiielionscansbe measured ingheyppouciractionsafiibe flash 11
separator, using techniques such as gas chromatography or optical
techniques such as IR .or NIR spectroscopy. On-line techniques 5 can
oplinhai by el arsatamre thvaide elays antld haqotarditkitdacmnsa i dion
i SARbeAsRacialed Wil manyal SamplinorAnd aalysis. Further contro
over hydrogen consumption can also be achieved by maintaining the mole
ratio of product hydrocarbons of formula R1H to product hydrocarbons of
formula RlCH3d@2e B”I'{;é R_Igil-&)mgpleﬁgy'o) at a value preferqﬁly of1:1
or more. 10The molar ratio of the product hydrocarbons in the product
stream or liquid3kactior? theredbf ¥8m thd#Ssh separator can bg’ )
determined by techniques such as liquid or gas chromatography. On-line
techniques can optionally be used to minimise delays and the potential for

cortATAATE I Phin bls ARRBEALLBH SRR SSPRImG iafogrado
prddied Gactiarbaik b elcatalys ednStidahle nataly ssintdudR ibgaediai@éguation

typically | 5in refi -related hydrotreating. reacti
o A R s A D e
expertydrisinguwnia trwaocerykRBihnP tfMie Rub&GuliCaciden@or 84a aictdAhereof to
th?f)%e@%&‘e;%&%léﬁé?h%%&@ '%?I%.Ni or Co in combination with Mo. The

catalyst is typically s ppof%e on an inorganic oxide such as silica,,
zircbridnyieaiors br\seram Soundrifipihydretsratsiysgapiina catubsifduced with little
or A8 Yarakies thatdalbenseoheMAlAid RSk BRI GV thereof to product
CEL4):carboxylate, of CO2 : (CO + CH4) and of R11-1 R1CHS3 include the
total pressure in the reactor, the hydrogen partial pressure in the reactor,
the reaction temperature, and the molar ratio of carboxylate groups to
hydrogen in the reactor. For example, higher carboxylate to hydrogen

mole ratios and lower hydrogen partial pressures tend to favour an
increaaced (CO?2 + CO <+
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25 CH4):carboxylate mole ratio. Additionally, although CO2:(CO + CH4)
mole ratios also tend to increase with lower hydrogen partial pressures,
hydrogenation tends to increase with increased reaction temperature. The
W@g@ﬁ% Qgg%city of the reaction composition, and hence the g@tlnmmlima@:idﬂ
and/or derivative thereof, over the cgtalyst can also be varied to control
the molar ratios. Lower space velocities, for example, tend to increase the
extent of 30 hydrodeoxygenation, and hence the quantity of C1
compounds in the product stream. Additionally, lower space velocities
L s A A
. . ’ géHien!g: or
AR i R i e S o
abdtds prefésabhinedintained at or below 430C to reduce unwanted

siqe feactions andlPrAduRliRR AR BTaelsis Fupicaliatha tsaationuit <
temperature Is in the range of from 300 to 400C, such as in the ralggt%%‘m
reaftom @500 DD NI otalbereds ABd AT LIRS BratRkabiy 1es

hethan 400.0ara (1 0-YRa), dRdim ke pEsfRraltyless: thaiv &0 berEMRay In

one embodiment of the invention, the preﬁs re isb31 bara or

le
witthe hyrepasaik AR Qi RRs R BATRQONE E BPEESTFE &’ﬁ’é‘é‘%ﬁt’%&r‘a
coffdrsMPRL isntypicadi pathiaingdiostitasubnacd ydwpe). aKeRpACEIOTe

- velocity of the reaction composition isin one.d r e
Qe R Rl

I of IS suitably measured in terms
reffdiquid hourly space velocity (LHSV), as the carboxylic acids and/or
derjvatives thereof are typically | i RRe s IR GAHGREdNNIN
the ?eaa%rt%%r ﬁreefé‘%gf)# m%gé‘f_algéd\gal@%%&%oj} El (volume of all I'%Jid/vglume
streatalysthpurcdosoganiio isnrettanigebichéntray FaeppreLifREPERSice
s a”c%tnprﬁrrimﬁ@%? ruhieh cARReuRad: e iftiaRaesteparald fratiosliquid
18Ecre ample, supported CoMo catalysés, ig g)’artimf)lar CgM Og(gl%l%mga
frastiralytiheare BIeERERT P RRRITIA S RN AR TGN at fower
angf&S&&f(B %&ﬁfg; tjﬁ&%mﬂl l@e@"xﬁ&ﬁwﬁs&ﬁdﬁﬁhﬂm%& mh é@mmmﬁln the
_bara (3. a) or less, which generally increase e XWa8art of
liqpigahasgaofFidhe LNBEaIRE ‘i%,’f}?éaria/ap%ﬁlr r%@?gﬁg %rrxnjmg%a{?& Pert 0
thS BRaI@ RIS eertrs 4 fiemake 2GbarporaidioicraraivnBE BB Paterial
can be used in.order.to achieve thi eI AclqudidarpigetsWedragtor,
CC}WBHBQ%?Ig "8t 1%‘%11((§8}r1nai‘;r?ec,ogl gnsgkl%aé)?gsic oxidg\e such as ?r;?lalkali metal or
thaikatipre wagthydregahmiidifionzsdlrederiap NdSbkide. The absorbent can

thep he reqenerated foh rertisoirics Siibesrask pichadisaloy dativieit:

The remaining, unabsorbed gases, including the unreacted hydrogen, can
thigreof trethe Syel eTRRAPIIIHE DIFESAIBP PR BY AT %Bﬁnﬁféx%‘e B g molar

BT AdyRpRIEOpR @ iRl R gTalenL e tarbextdkerglvaforpresent in
recycle to the reactor, which hel et

s todmproye the hydro fliel
RIS BAFUE, TS An Db i R an
0SEqUESTiatiefid edll tiag-thebdntrifationtoksibetoceabenyatin sdiheMore

CO2 congentrations. | ot mbodi | ign, the yagEUr
PEEECHBH ISR & \7\%??% r(besg‘éferrc}t’l\?e %gg}%n%%%%{eﬁ%brgne, which
caltodisnde, seldtiverdepsiatanobf niigrsgenRadREARHEF eémﬁi‘}ﬁfea}f‘é‘(?f

thelfla%h5§eqarator. The hydrogen stream resulting from the permeation is
eg%ePy Righ purity, and can thus be recycled to the reactor Witho&“{@% d
needn WOtROOHONOYBEIC 2 EB2OUIGTS 8 19 ?Wé%b?&‘é‘%‘i?@a?n o an

angesaYitalle Imuse Hpeysh 2BetrRRdime thapeokaawRdfrably, the
example in WO 05/065806 or EP-A-1 342 500. Taépicall\\é {Henbbggn%sfor
reoknpiseoh aper (G et U AL Bredt Y SIS SAIR Palloy

p %ﬁur‘ﬁ-swer alloy
&%&g@ APAIGUS CEramimmattisdioraxanphaiytAiRday Zreduaifgrepter than
Ce02. 5B

tio}ionverting the carboxylic acid and/or derivative thereof into
- HREELS

éltypically present in existing fuel compositions, then the
hydrocarbons so-produced can be used directly as a fuel, or alternatively
can be blended or otherwise incorporated into an existing mineral fuel, for
example diesel, gasoline or aviation fuel, depending on the boiling range
and/or number of carbon atoms in the hydrocarbons. This avoids the need

to 10 modify engines or other combustion equipment that may otherwise
he rediinirad if tinireacted carhovviie acid and/or derivvativie theranf are 11cad
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The carboxylic acid and/or derivative thereof is an organic compound
represented by 20 general formula RIC(0)0-R2. In a carboxylic acid, the
carboxylate unit is protonated, and thus R2 = H. A derivative of the
carboxylic acid is a compound that can liberate the corresponding
Wwoarseryls@acid when hydrolysed, for example an ester or arCargBadfteE3767
Included in this definition are compaunds comprising more than one
carboxylate group, for example di-carboxylic acids, di-esters, or di- or
tri-glycerides. 25The carboxylic acid and/or derivative thereof is preferably
chosen such that the boiling point characteristics and/or the pumber of
carBBATAESHE iW¥ﬂQW§&%€@fﬂgﬁ%ﬁr@§ﬁﬁ?ﬁ§r%rﬂﬁﬁé‘ﬁﬁW§m8§ ation are
coritti@tRAnersdipe asntsase:ioh hriagealdugbitadust Eordxamplendiesdle

fuels, typically comprise hydrocarhons with in the range of from 10 to 25
B SN (iR T SR i M b
chramdfogrtipbiy @estet scaheigsaduviiic iRypibdRyshane s dpng Gy diredarboiques

chain the RI up. Exam Les f fatty acids. r S Hit% ggrb
ca e AL B A0 S R b
asspeiatietivyi hairaitic] stewlioglindleielylifolenic, oleic, arachidic and WO

Z%QQ{%%%H&%%P&%%P&%@%Z@%? oGO RCIYS ARSI IS IRAISNY the

wherein Rl comprises 11,713, 15, 17, 17, 17, 17, 19 and 21 carbon atoms
mojgspicelRIydnsh b isaspsbiennye Efmprlal R tg rsapechasAmy arbans PAfyaIer
R‘élﬁmtﬂetg‘ﬁlxeaﬁb%aﬁ@mmig; @waemd_ f&ﬂly_Q{fW'a pgemdx_@é butyl, olr
alternatively the ester ma a,mono-, di- or triglyceride, with general .
for B B T3 TEM P CTAAERNE i SO 37 S TRl cton
thettog fyceyrttle Slasis pactivelycahite Gattynsicictstareébnigsterssdhesdafuiday pave
saturated,or ynsaturated hydrocarbon s. Di- or tri-glycerides may,
o L o S S RS P 2 S g it
potauias fok eixtménationdhet trarbonsaciatsdxyii a@@dmld@mmm&eof
ca eré?&l&?l% B%%%EQ{YS%E?' %Gﬂ&@@&%‘%%&%é@ﬁo@fﬁ%ﬁ@ @Eﬁ:_ally used

_carboxylic acid and/or derivative thereof i$ derived from biomass, being a
in wbipmppTelatb R idammsns TR s aimalEPdeypiusEteny S gpples of
suitiplogiealyrderNed fRROMISRGIE SR flesiTSiePSWE RN EY, Fe, Co,

resulting fuel composition has a lower net emission of atmqspheri¢_carbon
Meyragide BErfrRRR Y At N RIMRIIERE Al PHEAVR APRIHER AR R Mgraf be
ca@butcesphuiliakieppinted nahstoiges ©btadty/siGaaidian dietoasiptisaticlode
ar%Ignt-i:lerived oilf? %Lich as rap?seed oil, palm oil, peanut oil, canola oil,
e _WEI G PISIFGIP %gﬁﬁng}ﬁ’%(%%%n oil and olive oil. Animal oils or fats,
subtugeblstthail itdnd: i thw pohiic ke $AOr MK andtmiikatheriybteped iGets,
(cgr O$ 81sg sHuap i%%ﬁozué“éﬁgofnfaﬁta/? %Qéﬁ'ﬁi’&&&éﬁ%@e@éﬂ&%ﬁ Hﬁd}xg%l

m microorganisms, for example microalgae. Waste oils, such as use

PagiFbRISEF it A Ar36tPe e copcHOT tEpaIHEy fadhtie aplarortr A sarbexylate
aréy R ARy BRLPEANE.SRIE FRRSIIHAIN, 3fithe: GATIGTEOMRASIHE: MbRNe

embodiment, the reaction composition also comprises hydrocarbo

ratiRs AR e BNRRF R AR IIL RIS IR I roMoBhan P eheRsg &%ﬂztﬁg‘??? from

CHRecRiesiyeib ysbReatinna qradnasd frosufy dodeosygeHafigniefiies also
carboxylic acid and/or derivative thereof. Suitable feedstock hydrocarbons
e TSR LS O PSR R LB S iSOt 1B AT

wiftoincfeised ecabtopsempyrathesi Thinspe eehdxdginfai, riactfeedstqeisition, and

nelYEIcaihons A6 temsalves. sultanle foruse 9&9&%&&%&9 8%09&5941%% to
gllese or aviation ?ueﬁnln an alternative em’boglment, t ey may be a :
copgiplithslnohudatinixtlevef syagrocdobitins, fasurinplé tendteinershsatiohestent of

hy ARG RUERGAr AR RENGESE SHERY S U1 ARdHASIERIbGOMmPHRIRG.

‘the product hydrocarbons, can then be distilled or fractionated 30to =
Adslisignallvo HevsT sRBfe YRlerbiEaBRh eI e, Philfe bh & Bermspiargptio in the
pro@dsRliaeasiiesel or aviation fuel. WO 2008/010980PCT1GB20071003767

9 Where the reaction composition comprises feedstock hydrocarbons,

they are preferably suitable for producing a diesel fuel. In crude oil

refining, diesel fuel is typically derived from a straight-run fraction from a

crude distillation unit, although it may optionally alternatively or

additionally comprise hydrocarbons produced by other refinery
Enrnreacceoce colirch ac ecteam ecrackina and/or byvvdrocerackina of heaviar
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10therefore capable of simultaneously hydrotreating the feedstock diesel
hydrocarbons to remove some or all of the heteroatom-containing
components, and hydrodeoxygenating the carboxylic acid and/or

W ﬁg%dio\{{/;})t{i‘\é%}Bhereof within the same reactor. Optionally the feedstqSk,7/003767

ydrocarbons can be hydrotreated before forming part of the reaction

composition of the present invention, which can allow the conditions in the
reactor of the present invention to 15be optimised for the
hydrodeoxygenation reaction as opposed to the hydrotreating reaction for
thefeedsiaskdgdeosarbans. whiah maytave diferentaotfaLimoperating
conditions.  In one emhodiment, the f e(%ist%clf Q}’QﬁSﬁf‘{bo” > may e .q

maEBATHI S PHEtfed i pRREe REURT RS LPEam° Which addftionally

sidCQMRISE SIsURbaIcconaiRingrearmpo yds diichhasanticeistaps 2R utohidds

thiophenes or b hiophenes, The reactor | refipery
‘anﬁ%%boé‘%aﬂﬁ'}ﬁr?s%%tns}le%&%‘r,%Sr%agﬁgi%g g’ﬁ?él%%e@lgrgiurisation

catelysstal hecarboxylic rasitbangiofedaryativd e tedbisa HidBbandims e

fat, .and is fed to.the samereacto t QRRED Lhere i
pret%ﬁﬁ@é’ i?:easf (g%ucl) rg) a?%apmajb rﬁl p%ggék%&%ﬁgﬁ%@@bﬁ ght of ?r?zeSprreactio;lS
31 bampokitio, fFddRRafipladintia reiiglBiRBNeTE NIy Rlablsedrlifara
(. Fg«gg{g&‘%ﬁkﬁﬁ A23neh Ry elont vihe biategical oil or fat can be pre-

, d with the feedstock hydrocarbaons or introduced as a separate
feckhe spaceyipsikest & 65 BIeRACHOSFOBER FHRI SREMB P& M MVEE from a
B9 CikIefinens tupisaliv sompeisas allan e malafies iandonefdmmétourly
.sulphur-containing compounds,.The sulphur-cont ining, Compounds afg, in
SPIgRYANGI e LY Aea SRt Y&ﬁsa%flsiﬁ%dgérm Briore, such as 0°1% by .
thoVRjgltppesaandefeo exampleithithtbe asrgent Froferdhly 121416y weigiie, 8D
xpressed as elemental sulphur. Qlefi : [ uab 4 n'.
o b S e B e ot 013 or
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expressed as elemental sulphur, for example in the range from 0.1 to
CW@(W.WW&%%OE, olefins concentrations are 5typically lower than
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Before recycle of tmreacted hydrogen to the reactor occurs, it is
advantageously removed, typically through absorption by contact with an
amine. Removing 1-128 can also 25 simultaneously remove carbon
dioxide, which further reduces potential contaminants from the portion of

the vapour fraction that is recycled. Carbon dioxide removed in this way
ran be canriectarad tno nrevvent the CO? from enterina the atmoenhearea
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Lowering the partial pressure of hydrogen is advantageous in increasing
the CI to carboxylate mole ratio. However, a problem with tow hydrogen
partial pressures is that deactivation of the hydrogenation catalysts may
occur. Therefore, in one embodiment of the invention where a fixed bed
woatalysiosused, hydrogen is separately and simultaneously&irgsctetoat?67
two or more different regions of the gatalyst bed. By increasing hydrogen
consumption in hydrogen-lean regions of the catalyst bed, catalyst
deactivation can be reduced and activity prolonged. In an alternative
embodiment, a series of reactors arranged in series can be provided,

for g pbaMyERith MRS HUBRY DA sushrrarrRedsRsabdiediraymh for
exddgiWee WD e IBac8IS o Fesh-Npdrogen ansiaiilieeystedanydtogprids deddoof

10each of the reactors, minimising the quantity of catalyst exposed to
el ARy GG A T DL ot BB BRI G o or
exambodihght, Ahe, geigntiy@iCpatalyst in each of the fixed catalyst beds is

typically lower than gi.s Mprisi iel.fi r or.
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another embodiment of the invention, the catalyst is fluidised in the
exiggpg ok iehmionseranewisseheaging cemviion BrhdrROMIRRRILYS or
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ractiona to pravide fuel hydrocarbons of.different boiling ranges
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the Figures in which; ~ Figure 1 schematically illustrates a
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sepithieh shaiiegresyaline.abih@vapasd frastondropihefesbeanaratei

the reactor; Figure 2 schematically illustrates a different .
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andpodieiyaribon, doxidensseparated from the recycled vapour fraction;
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gepmedérminiaR OO vRTic hydrbgeriésiinje tte deirox e eait o maataifitad and
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apparatus used In the experimental examples. 5In Figure 1, freshly

corRypRRBE MayRREinasidvhentayiselysse Lon exaanlsato sarduianfarhy dde.
IndliRiegisahRilefifatod «RRtiRRIM RIS RS M hiD et eil-darhed iiRegRias for

hydrocarbons in the diesel fuel boiling range. Where feedstock
exXpRlo CLAtheX e ithndresitraqn e OHE RS IS Yed to the reactor either
- throtgkdivesainecidletdsribeibitlegitakoflisqirtfseiinchsepanabalinl elic

he reactor 2 comprises g fixed catalyst bed 3, 10 which is. typically a
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e reactor. A vapou omprising carpon dioxi aroon
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purge stream 9 is taken from the recycle line to prevent build up of .
of {pHi¥=AsiEe B BrSaGELS H APl IURIRSUGANR GIRIGFAERRS THURRIm{gR s diesel
fugrafua)ydiocamessdpsivad drasatbaintiggicabrihel éasiangaakidic and
feedstock hydrocarbons is removed from the flash separator.  In Figure
2, a carbon dioxide separator 11 is inserted between the purge line 9 and
the flash separator 6. The carbon dioxide separator contains an amine
which absorbs carbon 20 dioxide, and also some of the water from the

vapour fraction of the flash separator 7. The amine is transferred through
line 12 to he renaenarated and reiiced The carbon dinvide canarated thare
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WO 2008/040980PCF/GB20071003767 13 on to a first flash separator 6a.
A first vapour fraction is removed through line 7a and passed to carbon
dioxide separator 11. A first liquid fraction, comprising product
Wayzgg%%&%ns and unreacted biological oil or fat, is passed,Qn tR{QHGHN NG/
b to second reactor 2b with a secogd fixed bed hydrogenation catalyst
3b. A second product stream, 5richer in product hydrocarbons derived
from biological oil or fat than the first product stream is fed to second flash
separator 6b, where a vapour fraction is removed through line 7b and
erupiassel anlta earborheioxidehsepardtooirisksEcdAdliqlid Fadfioh7160 and
comprising the hydrocarbons js removed fr 1) g I
e A R R S

frosetongorsdpowrt frastionseynthemetiybrethoipsiped separator dsimgtasly the
estARINE HyAragenssulphide, Jif aicanstituent oFihe yapour firsliens.®aiso

removed in the separator."The amine is removed from the separator
wheneawgh, s 1 SofompageniratitirelieeBftioRsRr Cuilior BdRiterridriater
cstB0¢hSIOsRRRy The."emainingunaksarke divdsRaen wonsai MmN Vapeliterides
fraction is removed through line 8 and recycled tocﬂ%f first and secfor}g
maeqRBFisS Y s BDOR A HgE e BRYESEBERA U P St tEd
mikRpLsRiasre thmgsieAbboyls scldambtcaty e apparatos isdddor the
erforming the experiments described below. Hydrogen is fed through line
re35%0 reactor 23. A liquid oil feed, comprising mineral oil and/or biological
oil lis fedldrdmdliguid sfdre idtevimpuhwradniditheldaadior deventine thererhie
reactor has a vol ' ' of 2( Mor fat.
N e e R R T

Usvief inel eedl wrdraiied ephramdic261de sniiRnteies aayesirh diforeyalting fucl
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e vapour and liquid fraction flow rates are controlled usisgg pressurgl ty
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C101-118), 0.26wt% dimet isulphide (DMDS).and 30wWt% tallow oj
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olecules with 16 or 18 car oS | ' To¥(l NGy
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cobalt-molybdenum on alumina catalyst was used that, was pre-sulphided
reirdipR ARSI e e SRFFTRHAG A Hisar YA ERASHIAH S&@@H&P%‘fé
hyasladysé waseatsRoRicreenditionsddaystont agtingdtbsnindeidihey sidoiom from

condjtions given below, with a.refiner; s oil composition over a period of,
o G PR ER SV LAY S G986 A Ko - e
deli? 30 apiite st Hwi aibi: Tdernk hitdogemblising!ndethos: ASTTot 2887 finery
had a 10% boili ojnt of 236C.and a 90% boiling point,of S
G e R S T
feadoanin ppditicarbbur atetivonstition g ahisdersaheadidveein by grsglbrmtibsel or

aVgasHanthG Iiguisholdy sRasaNeleche(HiSW) ofheigyiddeeaRvae e
catalyst was 4 111. When the decalin/tallow /DMDS feed was fed to the
hydsaesshonsy deojeingEemva sanbinien i several ytAsaTbNE PRI Brtiorgss The

préalimerLeionyh ferasiackprelnma was istRtabaa thah Bovd@iktlef @0@actionated
Nm3/m3 (gas volume at 15.6C and 1 atm) Reaction was m?intaiﬁed Quer

o PRBNERICDSSF S5 BY {RfiFP L Hipfe SN EFARBRSLEH BTy ShEFARAITEE™

aageatdirg to a chromatographic method described in ASTM D2887, and
also by GCMS. Gaseous off-gas samples were analysed using gas
chromatography. The quantity of liquid product was determined
gravimetrically. Off-gas volume was measured using a wet-test flow
meter. The mass balance calculated from the quantities of the identified
components of the 20 obtained liquid and gaseous products was 99% with
1% standard deviation. The carbon balance was 100% with 1% standard

deviation. From these results, it is clear that, for both experiments, no
Aetectahle Ariantitiacae of rinconviartad tallow nil were ohearvied in the licmnid
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25 Example 2 The same procedure as Example 1 was followed,
except that the reactor pressure was maintained at 100 barg (10.1 MPa).
15 Table 1: Products in the liquid phase for tallow hydrogenation
experiments. Compound Carbon atoms Example 1 (30 barn) Example 2

WA odvbangyoHeptane 0.03 0.10 Octane 0.04 0.02 CyclohexamesB2007/003767
1,3,5-trimethyl- 0.02 Nonane 0.10 .03 Decane 0.13 Naphthalene,
decahydro-, trans- (decalin)

Where the reaction composition comprises feedstock hydrocarbons, they are
preferably suitable for producing a diesel fuel. In crude oil refining, diesel fuel is typically
derived from a straight-run fraction from a crude distillation unit, although it may
optionally alternatively or additionally comprise hydrocarbons produced by other refinery
processes, such as steam cracking and/or hydrocracking of heavier crude fractions, for
exarhple catalytically cracked vacuum gas oil. Diesel fuels typically comprise
hydrocarbons boiling at temperatures in the range of from 150 to 400°C, and having in the
range of from 10to 25 carbon atoms. Reﬁnerﬁz-derived} diesel fuels additionally often
comprise heteroatom-containing components. The process of the present invention is
therefore capable of simulfaneously hydrotreating the feedstock diesel hydrocarbons to
remove some or all of the heteroator'n-contyaining components, and hydrodeoxygenating the
carboxylic acid and/or derivative thereof within the same reactor. Optionally the feedstock
hydrocarbons can be hydrotreated before forming part of the reaction composition of the
present invention, which can allow the conditions in the reactor of the present invention to
be optimised for the hydrodeoxygenation reaction as opposed to the hydrotreating reaction
for the feedstock hydrocarbons, which may have different optimum operating conditions.

In one embodiment, the feedstock hydrocarbons may be present in a pre-
desulphurised diesel fuel stream, which additionally comprises sulphur-containing .
compounds such as mercaptans, sulphides, thiophenes or benzothiophenes. The reactor is
a refinery hydrodesulphurisation reactor, comprising a hydrodesulphurisation catalyst. The
carboxylic acid and/or derivative thereof is a biological oil or fat, and is fed to thé same
reactor as the feedstock hydrocarbons. The biological oil or fat typically comprises up to
50% by weight of the reaction composition, for example in the range of from 0.1 to 50%
by weight or in the range of from 1 to 35% by weight. The biological oil or fat can be pre-
mixed with the feedstock hydrocarbons or introduced as a separate feed.

A typical diesel fuel feedstock hydrocarbon stream derived from a crude oil refinery
typically comprises alkanes, olefins and one or more sulphur-containing compounds. The
sulphur-containing compounds are typically present at concentrations of 200ppm or more,
such as 0.1% by weight or more, for example in the range of from 0.2 to 2% by weight,
expressed as elemental sulphur. Olefins may bé present in the fuel hydrocarbon precursor
stream, for example at concentrations of 0.01 % or more, and may be up.to 20% by weight,

for example up to 10% by weight or up to 5% by weight.
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45.75 46.32 1,1'-Bicyclopentyl 0.08 Naphthalene, decahydro-, cis-
(decalin) 26.82 27.49 2-Methyldecalin (probably trans) 0.02 Unknown
0.12 0.03 Naphthalene, decahydro-2-methyl- 0.01 Naphthalene,

W&,%o%ygi&%ﬁahydro- (tetralin) 1.37 0.45 Unknown 0.02 Naphthalens /003767
10

After hydrodesulphurisation, either simultaneously or prior to the
hydrodeoxygenation of the carboxyclic acid and/or derivative thereof, the resulting sulphur
content is typically reduced to 200ppm or less, expressed as elemental sulphur, for
example in the range from 0.1 to 200ppm. Furthermore, olefins concentrations are
typically lower than 1wt%, for example 0.1wt% or less. Where the ﬁydrodesulphurisatibn
takes place prior to the hydrodeoxygehation reaction, then the above resulting sulphur
content relates to that of the feedstock hydrocarbons that form part of the reaction
composition. Potentially, during hydrodeoxygenation of the carboxylic acid and/or
derivative thereof, the sulphur levels can be further reduced. Where there is no
hydrodesulphurisation step prior to the hydrodeoxygenation reaction, then the above
resulting sulphur éontent relates to that of the combined feedstock hydrocarbons and
product hydrocarbons in the liquid fraction of the product stream. Olefin levels after
hydrodesﬁlphurisation treatment are typically reduced to below detectable quantities.

By combining the carboxylic acid and/or derivative thereof with crude oil-derived
hydrocarbon streams in the reaction composition of the present invention, the
hydrodeoxygenation process can make use of existing refinery units, for example
hydrodesulphurisation reactors, or can be facilely retrofitted thereto, which minimises the
quantity of new process equipment required, while at the same time producing product
hydrocarbons that can be directly blended with existing fuel étocks with no or minimal
compatibility issues.

Where desulphurisation is simultaneous with hydrodeoxygenation, H,S is formed,
which can be removed from the product stream in the vapour fraction from the flash
separator. Before recycle of unreacted hydrogen to the reactor occurs, it is advantageously
removed, typically through absorption by contact with an amine. Removing H,S can also
simultaneously remove carbon dioxide, which further reduces potential contaminants from
the portion of the vapour fraction that is recycled. Carbon dioxide removed in this way can
be sequestered, to prevent the CO, from entering the atmosphere, reducing the CO;, .impact
of the process on atmospheric CO, concentrations.

The liquid fraction from the flash separator can optionally be fed to a further
separation unit, for example a fractionation or distillation unit, to separate the hydrocarbon
mixture into various fuel fractions, for example light hydrocarbons (e.g. LPG), gasoline,

diesel or kerosene, or combinations of two or more thereof.
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0.45 0.02 Unknown 0.04 0.03 Dodecane 12 0.08 0.05 Dodecane,
2-methyl- 13 0.04 0.02 Tridecane 13 0.70 0.43 Tridecane, 2-methyl- 14
0.10 0.07 Tridecane, 3-methyl- 14 0.08 0.05 Tetradecane 14 0.59 0.51
Tetradecane, 2-methyl- 15' 0.13

WO 2008/040980 PCT/GB2007/063767
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Lowering the partial pressure of hydrogen is.advantageous in increasing the C, to
carboxylate mole ratio. However, a problem with low hydrogen partial pressures is that
deactivation of the hydrogenation catalysts may occur. Therefore, in one embodiment of
the invention where a fixed bed catalyst is used, hydrogen is separately and simultaneously
injected at two or more different regions of the catalyst bed. By increasing hydrogen
consumption in hydrogen-lean regions of the catalyst bed, catalyst deactivation can be
reduced and activity prolonged. In an alternative embodiment, a series of reactors
arranged in series can be provided, optionally with a means of separating gases from the
product stream between the reactors. Fresh hydrogen and/or recycled hydrogen is fed to
each of the reactors, minimising the quantity of catalyst exposed to potentially damaging |
low partial pressures of hydrogen. In this embodiment, the quantity of catalyst in each of
the fixed catalyst beds is typically lower than embodiments comprising a single fixed bed
reactor. Gases removed from the product stream between the reactors can be treated to
recover hydrogen for recycling, and optionally to remove contaminants such as hydrogen
sulphide and carbon dioxide.

In yet another embodiment of the invention, the catalyst is fluidised in the reaction
medium, wherein the catalyst is removed, either continuously or batchwise, and
regenerated, for example in a stream of carbon dioxide-free hydrogen, and fed back to the
reactor in order to maintain catalyst activity.

The liquid fraction comprising product hydrocarbons and optionally feedstock
hydrocarbons is optionally and preferably fractionated to provide fuel hydrocarbons of
different boiling ranges, at least one of which, and preferably the predominant fraction, is
comprises hydrocarbons in the diesel boiling range. ‘

The invention is now illustrated by the following non-limiting examples, and with
reference to the Figures in which;

Figure 1 schematically illustrates a hydrodeoxygenation process in accordance with
the present invention, in which showing recycﬁng of the vapour fraction from the flash
separator to the reactor;

Figure 2 schematically illustrates a different hydrodeoxygenation process in’
accordance with the present invention, in which carbon dioxide is separated from the

recycled vapour fraction;
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0.11 Tetradecane, 3-methyl- 15 0.05 0.05 Pentadecane 15 3.95 2.92
Dodecane, 2-methyl-8-propyl- 16 0.12 Pentadecane, 2-methyl- 16 0.10
Pentadecane, 3-methyl- 16 0.11 0.08 Hexadecane 16 2.83 3.57 unknown

0.05 0.03 unknown 0.03
WO 2008/040980 PCT/GB2007/003767
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Figure 3 schematically illustrates a further hydrodeoxygenation process in
accordance wifh the present invention in which hydrogen is injected into the reactor at
different depths of a fixed catalyst bed; and

Figure 4 shows schematically the apparatus used in the experimental examples.

In Figure 1, freshly introduced hydrogen 1 is fed to reactor 2 in addition to a liquid
feed of biological oil or fat, 4, optionally together with mineral oil-derived feedstock
hydrocarbons in the diesel fuel boiling range. Where feedstock hydrocarbons are
additionally added, they can be fed to the reactor either through the same inlet as the
biological oil, or through a separate inlet. The reactor 2 comprises a fixed catalyst bed 3,
which is typically a gamma-alumina supported nickel-molybdenum or cobalt-molybdenum
hydrogenation catalyst. A product stream 5 is removed from the reactor and fed to a flash
separator 6, operating at a lower pressure compared to the reactor. A vapour fraction 7
comprising carbon dioxide, carbon monoxide, methane, propane, water and unreacted
hydrogen is removed from the flash separator and recycled through line 8 to the reactor. A
purge stream 9 is taken from the recycle line té prevent build up of unwanted by-products

in the reactor. A liquid fraction 10 comprising product hydrocarbons derived from the

‘biological oil or fat and any feedstock hydrocarbons is removed from the flash separator.

In Figure 2, a carbon dioxide separator 11 is inserted between the purge line 9 and the
flash separator 6. The carbon dioxide separator contains an amine which absorbs carbon
dioxide, and also some of the water from the vapour fraction of the flash separator 7. The |
amine is transferred through line 12 to be regenerated and reused. The carbon dioxide
separated there from can optionally be sequestered to prevent its release to the atmopshere.
The remainder of the vapour fraction is fed back to the reactor through line 8, with a purge
9 to prevent accumulation of unwanted by-products such as carbon monoxide, methane
and propane in the recycled hydrogen. The separator 11 can also be used to remove
hydrogen sulphide, generated for example from hydrodesulphurisation of mineral oils,
where they are a constituent of the reaction cémposition.

Figure 3 illustrates a process in which hydrogen is fed to a first reactor 2a, containing
a first fixed bed of hydrogenation catalyst 3a, through line 1a. Biological oil or fat is also
fed to the reactor 3a though line 4a. A mineral oil comprising hydrocarbons in the diesel
fuel boiling range is optionally also added to the reactor, either through the same inlet 4a as

the biological oil or fat, or through a different inlet. The first product stream 5Sa is passed
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Hexadecane, 2-methyl- 17 0.07 0.08 Hexadecane, 3-methyl- 17 0.09 0.09
Heptadecane 17 9.50 7.90 Pentadecane, 2,6,10-trimethyl- 18 0.08
Heptadecane, 2-methyl- 18 0.06 Heptadecane, 3-methyl- 18 0.03
Cyclohexane, undecyl- 17 0.03 1-Octadecene 18 0.03 Docosane

WO 2008/040980 PCT/GB2007/003767
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on to a first flash separator 6a. A first vapour fraction is removed through line 7a and
passed to carbon dioxide separator 11. A first liquid fraction, comprising product
hydrocarbons and unreacted biological oil or fat, is passed on through line 4b to second
reactor 2b with a second fixed bed hydrogenation catalyst 3b. A second product stream,
richer in product hydrocarbons derived from biological oil or fat than the first product

stream is fed to second flash separator 6b, where a vapour fraction is removed through line

- 7b and passed on to carbon dioxide separator 11. A second liquid fraction 10 comprising’

the hydrocarbons is removed from the flash separator. Carbon dioxide and at least some
water is removed from the combined first and second vapour fractions by the carbon
dioxide separator using an amine. Hydrogen sulphide, if a constituent of the vapour
fractions, is also removed in the separator. The amine is removed from the separator
through line 12 for regeneration and optionally carbon dioxide retrieval and storage. The
remaining unabsorbed hydrogen-containing vapour fraction is removed through line 8 and
recycled to the first and second reactors via line 8, with a purge 9 to prevent build up of
unwanted impurities:

Figure 4 shows schematically the apparatus used for performing the experiments
described below. Hydrogen is fed through line 20 to reactor 23. A liquid oil feed,
comprising mineral oil and/or biological oil is fed from liquid store 21 via pump 22 into
the reactor feed line 20. The reactor has a volume of 1 14mL‘and an internal diameter of
14.7mm, and is loaded with cobalt-alumina catalyst 24. Reactor products are fed via line
25 to a flash separator 26, from which a vapour fraction is extracted through line 27 and a
liquid fraction is extracted through line 29. The vapour and liquid fraction flow rates are
controlled using pressure control valves 28 and 30, which also control the pressure within

the flash separator.

Example 1

A liquid feed mixture of 69.74 wt% decalin (C1oH;3), 0.26wt% dimethyl disulphide
(DMDS) and 30wt% tallow oil was prepared. The tallow oil comprised fatty acid chains
with 12 to 22 carbon atoms (including the carboxyl carbon), predominantly comprising
molecules with 16 or 18 carbon atoms in the fatty acid chain (including the carboxyl

carbon).
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22 0.03 Octadecane 18 6.01 8.80 Hexadecane, 2,6-dimethyl- 18 0.04
H_exadecane, 2,6,10,14-tetramethyl- 20 0.06 Nonadecane 19 0.15 0.14
Eicosane 20 0.08 0.08 Eicosane, 2-methyl- 20 0.04 0.03 Docosane 22

wO s 0:0% ricosane 23 PCT/GB2007/003767
14

The liquid mixture was fed to a reactor as illustrated in Figure 4, operating at 363°C
and 30 barg (3.1 MPa) pressure, at a feed-rate of 60mL/hour. A cobalt-molybdenum on
alumina catalyst was used that was pre-sulphided using a diesel fuel comprising 4%
Lubrizol SZ54 sulphiding agent. The catalyst was also pre-conditioned by contacting it,
under the reaction conditions given below, with a refinery gas oil composition over a
period of 4 days. The gas oil had a relative density of 0.986, and contained 1830ppm
sulphur and 104ppm nitrogen. Using method ASTM D2887, it had a 10% boiling point of
236°C and a 90% boiling point of 370°C. |

The gas oil conditioning feed was then replaced with the decalin/tallow/DMDS
composition. For the conditioning step and the tallow oil hydrogenation reaction, the
liquid hourly space velocity (LHSV) of the liquid feed over the catalyst was 41", When
the decalin/tallow /DMDS feed was fed to the reactor, hydrogen gas was also introduced,
such that the ratio of H, gas volume to liquid feedstock volume was maintained at a value
of 200 Nm>/m? (gas volume at 15.6°C and 1 atm). Reaction was maintained over a period
of 5 days. Liquid samples were collected daily and analysed according to a
chromatographic method described in ASTM D2887, and also by GCMS. Gaseous off-gas
samples were analysed using gas chromatography. The quantity of liquid product was
determined gravimetrically. Off-gas volume was measured using a wet-test flow meter.

The mass balance calculated from the quantities of the identified components of the
obtained liquid and gaseous products was 99% with 1% standard deviation. The carbon
balance was 100% with 1% standard deviation. From these results, it is clear that, for both
experiments, no detectable quantities of unconverted tallow oil were observed in the liquid
product, and hence operation at lower pressure did not reduce conversion of tallow oil to

product hydrocarbons.

Example 2

The same procedure as Example 1 was followed, except that the reactor pressure

was maintained at 100 barg (10.1 MPa).
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Example 3

LHSV was 2 1-11. The resulting composgstions of the liquid product
streams at the end of day 5 for 5each of experiments 1 and 2 are shown
in table I. From Example 3, decalin was shown to produce tetralin and

naphthalene, but no other hydrocarbons.

The same procedure as Example 1 was followed, except
WA IpeSfe88Bvas 99.74% decalin and 0.26% DMDS (i.e. no tallB&¥/GHz007/003767

Liquid hydrocarbon yield was

betweditda hirRrasiisssindhelisic sheaforialipr bydiogsaation fyBeriments.

PR pous®NSTtUted Z6% Dy Welght Of Tie& rivdh K dat© AU CIBx s prel Example 2
represents a liquid product yield from tallow of approxima3ebagdvwi%o (100 barg)
istributi numbers of fatty 288 groups 0:10
p n-a-tvniea eomnle of ta!!c\vnvl Onhroeven-nit Ir\n lqrnn - 0.02
yc oﬁexa}]e“tyidtrme\dfl PJ ) A A LI \JIII] La\ibldll_lTDIIIIJUI Uu \JI Tar 0.02
(\l Briand IUUCD tUretdalbuxyryi UU}J) alic PJrescerit. 10 TdUIT Z().lloyplbdl 003
d Sg@' pEron of fatty acid groups i tatto ol NUmber of Carpeh atons in
Fiokipiciidnt; Batypgdib-ctaentagalix) Iallow Ol (wt%) 45.75 46.32
1,1'-Bicyclopentyl 0.08
Naphthalene, decahydro-, cis- (decalin) 26.82 27.49
2-Methyldecalin (probably trans) 0.02
Unknown 0.12 0.03
Naphthalene, decahydro-2—methyl- 0.01
Naphthalene, 1,2,3,4-tetrahydro- (tetralin) 1.37 0.45
Unknown 0.02
Naphthalene 0.45 0.02
Unknown 0.04 0.03
Dodecane 12 0.08 0.05
Dodecane, 2-methyl- 13 0.04 0.02
. Tridecane 13 0.70 0.43
Tridecane, 2-methyi- 14 0.10 0.07
Tridecane, 3-methyli- 14 0.08 0.05
Tetradecane 14 0.59 0.51
Tetradecane, 2-methyl- 15 - 0.13 0.11
Tetradecane, 3-methyl- 15 0.05 0.05
Pentadecane 15 3.95 2.92
Dodecane, 2-methyl-8-propyl- 16 0.12
Pentadecane, 2-methyl- 16 0.10
Pentadecane, 3-methyl- 16 0.11 0.08
Hexadecane 16 2.83 3.57
unknown 0.05 0.03
unknown 0.03
Hexadecane, 2-methyl- 17 0.07 0.08
Hexadecane, 3-methyl- 17 0.09 0.09
Heptadecane 17 9.50 7.90
Pentadecane, 2,6,10-trimethyl- 18 0.08
Heptadecane, 2-methyl- 18 0.06
"Heptadecane, 3-methyi- 18 0.03
Cyclohexane, undecyl- 17 0.03
1-Octadecene 18 0.03
Docosane 22 0.03
Qctadecane 18 6.01 8.80
Hexadecane, 2,6-dimethyl- 18 0.04 :
Hexadecane, 2,6,10,14-tetramethyl- 20 0.06
Nonadecane 19 0.15 0.14
Eicosane 20 0.08 0.08
Eicosane, 2-methyl- 20 0.04 0.03
Docosane 22 0.04 0.02
Tricosane 23 0.04 0.01
Tetracosane 24 0.05
Pentacosane 25 0.06
Hexacosane . 26 0.10
TOTAL 100.00 100.00




C120.5C14 3.6 C16 27.7 C18 62.5 C20 0.4 C22 0.04 a Including
carboxyl group. Table 3 shows the distribution of hydrocarbons produced
from the tallow, 20demonstrating that the distribution of tallow-derived

Wlaygﬁg%%pgps in the product is consistent with distribution qf(glgg;myﬂggqm
chains in the tallow oil. Table 3: Dislir'bution of hydrocarbons derived from

tallow. Hydrocarbon Ratio Example T 30 Barg Example 2 100 Barg

(C13-4-C14)/(C13 to C18) 5% 4% (C15+C16)/(C13 to C18) 29% 27%

(C17-)C18)/(C13 to C18) 66% 69% WO :
Ex28pR/040980PCT/GB2007/003767

The same procedure as Example 1 was followed, except that the feed was 99.74%
decalin and 0.26% DMDS (i.e. no tallow). The LHSV was 2 h™'.

The resulting éompositions of the liquid product streams at the end of day 5 for

5  each of experiments 1 and 2 are shown in table 1. From Example 3, decalin was shown to

produce tetralin and naphthalene, but no other hydrocarbons.

Liquid hydrocarbon yield was between 94 and 95% based on the total liquid feed.
Tallow-derived products constituted 26% by weighﬁ of the liquid products, which
represents a liquid product yield from tallowvof approximately 81wt%.

10
Table 2 shows the distribution of carbon numbers of fatty acid groups present in a
typical sample of tallow oil. Only even-numbered chains (which includes the carboxy!
group) are present.
15 Table 2: Typical distribution of fatty acid groups in tallow oil.
[ Number of Carbon atoms in Fatty Acid Groups® | Percentage in Tallow Oil (wt%)
) Cl12 0.5
Cl4 3.6
Cleé 27.7
C18 62.5
C20 0.4
C22 , 0.04

? Including carboxyl group.

Table 3 shows the distribution of hydrocarbons produced from the tallow,
20  demonstrating that the distribution of tallow-derived hydrocarbons in the product is

consistent with distribution of the fatty acid chains in the tallow oil.

Table 3: Distribution of hydrocarbons derived from tallow.

Hydrocarbon Ratio Example 1 | Example 2
L 30 Barg | 100 Barg
1 (C13+C14)/(C13 t0 C18) 5% 4%
| (C15+C16)/(C13 to C18) 29% 27%
(C17+C18)/(C13 to C18) 66% 69%



17 Table 4 shows the extent of production of RIH product hydrocarbons
compared to RiC1-{3 product hydrocarbons under the two different sets of
conditions. 5 Table 4: Comparison of carbon atoms in the product
hydrocarbons derived from tallow oil. RIH / (RII1+RIl CH3) Example 1 (30
wbang)os%o Example 2 (100 barg) 46% -C13/(C13+C14) Gi51{Chb#@16y
58% 45% C171(C17+C18) 61% 47P4 10 The results show that RIH
product hydrocarbons are favoured at lower reaction pressures, and lower
hydrogen partial pressures, which are produced by a less
hydrogen-consuming reaction pathway. Table 5 shows the analysis
of the gaseous products from examples 1,2 and 3. Total 15Ci yield and
carbon dioxide yield are clearly higher at the lower reaction pressure.
Table 5: Yield of gaseous components. ,Yield Example 1-Example 2
E)&ﬁlﬁﬁlﬂé shovaths fatens pEpspruction of R™H product hydrocarbons compared to

R'CH; product hydrocarbons under the two different sets of conditions.

5
Table 4: Comparison of carbon atoms in the product hydrocarbons derived from
tallow oil. - '
R'H/ (R'H+R'CH;) | Example 1 | Example 2
(30 barg) | (100 barg)
C13/(C13+C14) 54% 46%
C15/(C15+C16) 58% 45%
C17/(C17+C18) 61% 47%
10

The results show that R'H product hydrocarbons are favoured at lower reactiop
pressures, and lower hydrogen partial pressures, which are produced by a less hydrogen-
consuming reaction pathway.

Table 5 shows the analysis of the gaseous products from examples 1, 2’and 3. Total

15  Ciyield and carbon dioxide yield are clearly higher at the lower reaction pressure.

Table 5: Yield of gaseous components.

Yield
Example 1 Example 2 Example 3

Pressure BarG ‘ 30 100 30
Carbon Dioxide (wt% of Tallow) 1.51 0.62 0.00°
Carbon Monoxide (wt% of Tallow) 0.49 0.16 0.00°
Methane (wt% of Tallow) 0.13 0.30 0.02°
Total "C1-Carbon" (wt% of Tallow) ' 2.40 152
Max theoretical "C1" wt% on Tallow 4.18 4.18
mol% of tallow carboxyl groups converted
to “C1” compounds 57 37
Total "C1-Carbon" (wt% of Total Feed) 0.72 0.46
COy/(CO,+CO+CH,) mole ratio 0.57 0.37
CO,/(CO+CH,) mole ratio 1.334 0.58

T 5t% decalin.
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100 30_ Carbon Dioxide (wt% of Tallow) 1.51 0.62 0.00" Carbon
Monoxide (wt% of Tallow) 0.49 0.16 0.00" Methane (wt% of Tallow) 0.13
0.30 0.02" Total "CI-Carbon" (wt% of Tallow) 2.40 1.52 Max theoretical

"CI" wt% on Tallow 4.18 4.18 mol% of tallow carboxyl gro
WRLMEIASE 0 nds 57 37 ) YRS RABYEIAR 67

These results show that the lower pressure reaction produces not only more carbon
dioxide than the higher pressure reaction, but also the proportion of carbon dioxide to
hydrogenated by-products thereof (i.e. carbon monoxide and methane) is also higher under
lower pressure reaction conditions. Furthermore, lower pressure operation results in a

greater proportion of carboxyl groups being converted to CO2 and other C; compounds.

Example 4

This example used the same refinery-derived gas-oil as used in the conditioning
stage of Example 1. Also used was rapeseed oil, mainly comprising fatty acid groups
having 18 carbon atoms (including the carboxyl carbon) with 1, 2 or 3 double bonds per
fatty acid moiety. The particular oil selected in this Example was very low in erucic fatty
acid content (22 carbon atoms). The same presulphided catalyst as Example 1 was used.

The experiment comprised three stages, each lasting for a period of 5 days. The first
stage was to use the gas oil as the only liquid feed in order to condition the catalyst, the
second stage was a continuation of the first, but with product analysis at regular inte;rvals,
and the final stage was to replace the pure gas oil feed with a 70:30 wt% mixture of gas oil
and rapeseed oil. The oxygen content of the mixed gas oil/rapeseed oil liquid feed was
3wt%, with a negligible contribution from the gas oil. A LHSV of 4h! and a pressure of
30 barg (3.1MPa) were maintained throughout the course of the experiment. In stages 2
and 3, hydrogen was additional fed to the reactor with a Hy : oil ratio of 200 Nm*/m®. The
temperature was 350°C during stages 1 and 2, and 383°C during the third stage.

An increase in both C;7 and Cyg hydrocarbons was noticeable in the GC trace of the
product hydrocarbons compared to the gas-oil feed when rapeseed oil was present in the

reactor feed.

Example 5

This was conducted in the same way as Example 4, with the exception that tallow oil
was used in place of rapeseed oil, and a temperature of 363°C was maintained throughout
all three stages of the experiment. The oxygen content of the mixed gas oil/tallow oil feed
was 3wt%.

. The addition of tallow oil to the liquid gas oil feed resulted in a measurable increase

of 23wt% of Cys to Cy5 hydrocarbons in the liquid product, giving a diesel fuel yield from
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Total "Cl-Carbon" (wt% of Total Feed) 0.72 0.46  CO2/(CO2+CO+CH4)
mole ratio 0.57 0.37 CO2/(CO+CF14) mole ratio 1.334 0.58 adecalm.
WO 2008/040980PCT/G132007/003767 18 These results show that the
lower pressure reaction produces not only more carbon dioxide than the

wnighesspsgssure reaction, but also the proportion of carboredingiB® 003767
hydrogenated by-products thereof {ye. carbon monoxide and methane) is
also higher under lower pressure reaction conditions. Furthermore, lower
pressure operation results in a 5greater proportion of carboxyl groups
being converted to CO2 and other Cl compounds. Example 4 This

the tadample 1da thasaniar ratinefyfdetived: gasti ashydes b ere was
appfAdiianing stagepiExempie doflse yerd was taneseed ailomainly

comprising fatty acid groups 10having 18 carbon atoms (inclu in%the
ty

catfoRyl EAAOR PR C0T B HBDIBRBEHAY PR ARG T iotaty-TRE' M
C i, ReltsanRitsaipetedhindys Examplawasienoiowlihefucjabittyagid

content (22 carbon atoms). The same, presulphided catalyst as Example
- decqpotiod I9HESR BB e fl&%tmﬁﬁ%é@%@%@*’ﬁ%&%&ﬁ%@ %%,E itk

the petdathef &nghdygedThe first stage was to use the gas oil as the only liquid
feed in. arder to condition the catalyst, the 15second stage was @, |
COFH(:? thgﬁx egﬁﬁnetsﬁrsatt,l%§ fe ﬁqu&i tOIet GRTING g s as low

N ut with’product analysis at regular intervals, and
sulthe fia!stagiealias dotrapigdetieepifeerhb0fipise gunthe ZOTSTHTh

elerq}%&' %%18?:&?5 Bk gas-phase product of the reaction comprised primarily unreacted
hydrogen and H,S, with trace amounts of light hydrocarbons. .

When the biological oil was added to the gas oil during stage 3 of each experiment,
the liquid product also comprised approximately 2 wt% of an aqueous component, and the
gas-phase product additionally comprised propane, CO, CO; and methane. The oxygen
content of the non-aqueous portion of the liquid phase product was less than 0.03wt%.
The aqueous phase comprised minor amounts of organic components, which were

primarily light carboxylic acids with a total concentration in the water of less than 100ppm.
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and rapeseed oil. The oxygen content of the mixed gas oil/rapeseed oll
liquid feed was 3wt%, with a negligible contribution from the gas oil. A
LHSV of 4h4 and a pressure of 30 barg (3.1MPa) were maintained MCSLLP
throughout the course of the experiment. In stages 2 20and 3, hydrogen ~ -
was additional fed to the reactor with alH2: oil ratio of 200 Nm3/m3. The
temperature was 350C during stages 1 and 2, and 383C during the third

Cl stage. An increase in both C17 and C18 hydrocarbons was noticeable
irthe GC trace of the product hydrocarbons compared to the gas-oil feed
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was,conducted in the same xample 4. with the exception that
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addition of 1allow il 16 the iquid gas oil feed resulted in a measurable
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approximatiiyived ficsugyestirhgrhitic Bobaotithe dattyativiel troeqss in which the
5decompose Vi lati ' >0%..hy. 0 |
(eauation 3 D ) P B M ERANER hereor
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typically Efﬁ%ﬁﬂ% k%%ﬂ’%ﬁﬁ@ égc“t‘&da%9&89&{?{%91‘8&8%@??59@%&& hydrogen,

element e gas-phase product of the reac mprise
primarily utire aordr odiydrogemrvadd2Bdvaty oaowerpoediet dylgerarbons
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appraxiraaxdly pragessofcampaigeeeusieding et Bedehargastpiiadesaid reaction
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total concentration in the water of less than 100ppm. MCSLLP Claims

1. zafln dioxide to the sum of carbon monoxide and methane is maintained above a
value of 0.58 : 1.

2. A process as claimed in claim 1, in which the product hydrocarbons have boiling
points in the diesel fuel boiling range and/or have in the range of from 10 to 22
carbon atoms.

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

derivative thereof is derived from a biological oil or fat.

4, A process as claimed in any one claims 1 to 3, in which the reaction temperature is
in the range of from 200 to 430°C.

5. A process as claimed in any one of claims 1 to 4, in which the reaction pressure is
less than 100 bara (10MPa).

6. A process as claimed in claim 5, in which the reaction pressure is less than 50 bara

(5 MPa).
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15 20 2. 253. 4. 5. 30 6. 20 A process for producing
hydrocarbons from a carboxylic acid and/or derivative thereof of general
formula RICOORZ2, which process comprises the steps of: (a) feeding MCSLLP
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 thexgarboxylic acid and/or derivative
thereof to produce one or more Ci compounds selected from one or more
of carbon monoxide (CO), carbon dioxide (CO2) and methane (CH4), and
one or more product hydrocarbons derived from the carboxylic acid and/or

7. derivabivesthere staimarhisheopeactivalBsWEe A Ny drbgeriterehibest comprises
carbgxvlicagid;andior derivatiyethereof is catalysed; and (c) removing

from the reactor a product stream comprising unreacted hydrogen, the

8. one/dPMERESRL d8HIFEURESAIaNd. ohavBivhdre preditthyordearmested on
having the 9apgigl formula RIH and/or RICHS3; wherein the process
comprises controlling one or more parameters of said reaction such that

9. the MOTEICRIFGOT OMeBp UM Do lieses Byithd raaidiioh teethepduct stream
carbaxylate; grabipmresant 10 thecarpxylic acid andior dervative, eref on
in the reaction composition is maintained above a value of 0.37 : 1,7and
the RSRETaLRE S cenban diesiardtanise Sadhatitegbors rpausideland 2 liquid
methangds BARIRIR.ADRNE & Yalie HLA.RA 1up aifggss as dlaimed in
claim 1, in which the product hydrocarbons have boiling points in the

10diesé| puetdsoitinglramge arvifomtave vitdss fangecatifiony 0 to@@roarngnare
atoms. ARNIAGESAATHBIMEL NGB ALAAIN 44{8,Which the carboxylic
acid and/or derivative thereof is derived from a biological oil or fat. A

1 1procé§§<a0§@3aﬁmé@meéﬁy elaeefamslaino B).imwhilkh tidawsaetiontion of the
tempgratitedsia e FAAoGOf oM 20048430C. Ajgragess Asglaimed in

any one of claims 1to 4, in which the reaction pressure is less than 100
1 Zparal(1omsrss) anchioeed sragizl amed ¢hask B, In Viishithecrebmtidipxide is
pressud edasaniial JBAIR MP 8L/ RIOGERS A2 ISR ALY R0
of claims | to 6, in which the catalyst compriseés NM in combination wit
Co orTRagqdrbtesezes Kdhnerriioglaim 7, in which the catalyst is Coivio
135UPROTESton gammarluminanty Process a5 ClAIMEE 12 A0Y ARG, Of GaiM e
1 to 8, in which the product stream removed from the reactor is fed to a
flashvaBpu Atertfo i Vm‘éﬁeé @ﬁpﬁaﬂ%@tﬂi}co_mprising Cl compounds
142nd A BAGLEQ BYAIRGRKIHSERARAIE I e W I BN AR SRR SNGINE: with
one or more product hydrocarbons.
selective hydrogen-permeable membrane, in which hydrogen is separated and

recycled to the reactor.

15 A process as claimed in any one of claims 9 to 14, in which the liquid fraction from
the flash separator is fed to a fractionation column to produce two or more fractions,
at least one of which comprises hydrocarbons in the diesel fuel boiling range.

16.  Alprocess as claimed in any one of claims 1 to 15, in which the reaction
composition additionally comprises feedstock hydrocarbons.

17. A process as claimed in claim 16, in which the feedstock hydrocarbons are derived
from a crude oil refinery, and have boiling points in the diesel fuel boiling range.

18. A process as claimed in claim 17, in which the feedstock hydrocarbons additionally

comprise sulphur compounds, at least some of which are converted to H,S in the

reactor.



10. A process as claimed in claim 9, in which the quantities of C1
components are measured in the vapour fraction of the flash separator.
11. A process as claimed in claim 9 or claim 10, in which at least a portion MCSLLP
of the unreacted hydrogen in the vapour fraction is recycled to the reactor.
12. A process as claimed in any one of claims 9 to 11, in which carbon
dioxide is removed from the vapour fragtion before recycling at least a
portion of the unreacted hydrogen to the reactor. 13. A process as claimed
in claim 12, in which carbon dioxide removed from the vapour fraction is

19capt red for seque.str?sltion.__ 14. A process as claimed in claim 11, in which
the VABBUF Hatton R EOMEEER With'a ¥eiiie Ay g AplRTERpRs have boiling
mempbiarenithyvickiydrogelns separatediond fFareaydled aithe0aaiqtom the
15. ocess as claimed in any one of claims 9 to 14, in which the liquid
fraction TroRfthe flash separator is fed to a fractionation column to

20 prOd@qudesQfs rdil@f@xé_ﬁﬁﬁii@lﬁmal S_Q_ﬁstﬂ@ﬂﬁ of whighiepmp rfé@@stoc_k hydrocarbons
rbons in the diesel fuel boiling range. 16. A'process as claimed in

hyd
aﬁyr%?%gtb ST SR WA IHERR Fste B Eoriosibdiviad difgh i product

comgrises feagstagkbytliotarbonseLTad RiPSESsS:as claimed in claim 16;
in which the feedggﬁ%lg ydrocarbons are derived from a crude oil refinery,

2L and R8BS iR fidele UM EGiIfh dERIhy 8O OR Prdieurraacted
claimedriyeldinivdponhighdienfradsiagkihydipcaRens adoitignalhemoved from

comprise squI%l_Jr compounds. at least some of which are converted to
2 el BAEHE OFSORS SRS HNE AL ANHAIERER Sl YRECri WICFRARIOT
feedstock hydrocarbons have boiling points in the diesel fuel boiling
range, and form part of the liquid fraction from the flash separator. 70.A
process as claimed in claim 18 or claim 19, in which the feedstock
hydrocarbons additionally comprise sulphur compounds, and 1-128 is
separated from the product stream in the vapour fraction of the flash
separator. A process as claimed in claim 20, in which at least a portion of
the unreacted hydrogen in the vapour fraction is recycled to the reactor,
and H2S is removed from the vapour fraction before the unreacted
hydrogen is recycled to the reactor.



