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HYDROGENATI ON PROCESS This invention relates to the
field of hydrogenation, nore specifically to a process

wo eoospwshydr ogenati on of a carboxylic acid aneldDGB2007/003767
derivative thereof to produge one or nore
hydrocarbons. It is widely believed that increased
concentrations of atnospheric carbon dioxide (CO) can
contribute to global warmng. The burning of fossi
fuels is thought gg bIe for such
at nospheric |ncréggggﬁxg gg%§N' Ment's are begi nni ng
to set targets for regulating or reducing

ant hr.op ni c carb n djoxide em ssions in ap attenp
tdh lpva'glpe relatgs FOe & dieldqf dprdrogeration, meresppctieally|tg a Process for

the gﬂﬁ'&ee? S daPox ghb Ui@fah@/gr RENA EHRIRR C;(rBE 'one or more

and avi at | uel's, "are nmajor sources o
hydstcarbeqsher i ¢ car bon di oxi de emissions. In the nai n,

they a [ f f I d
ndit pafeTy ek tab iereerelt ozt i dposheris Gbor tiokide
(co‘;mmbﬁmbﬁ@rto lgfobﬁp%%hg AdThOLEUHIDT fds57] A isRRARREH R
such as steamreformng or partial oxidation in which

chieflyaesppnsible forssuch biseaspherid ipcreanes,end gdvérnments aqxheammng to set

trs B g R R g g R P BB o B atempt 0

mitig4ta ahd RAGcHARREffBds di fferent boiling points in a
refinery, which fractions can either be used as fuels

diLiqud fils. sycheastgasolimay lianefied petvleusn aas (LBRR. dipyst andayiation
fuel%?l&e ﬁlﬁ%p %lﬂ é%g %&HoJ r?é (ﬁlo(ﬂ&lhp ?ﬁﬁs%ﬁs U\ the main thez are
nop eric r 0

atirons 1Is use bi onass a
deritetbfrom @6 ssil dugls amarae cfudielosl fiatoval gaskaind maais Naturalcgas and coal, for

Bi omass i s ultlnately odyced fron1 s heri.c carbon
exagple, DS ARYRIH (hAGIESS JHoYESIraces g s fradngr partial

oxiddGBE f W @gzslyﬁgal 3@?1?(% ﬂ? EhR S fht(y\’hhllnd ﬁc%@ﬁ‘ products

origina e at nosphere. uel s can
by Iﬁ#ehereTmpachksgnmegar Gsdiean;l 1€®2>maﬁyj tdrsalled o mtamptﬁectmns based
i S

on Cﬁﬁlfifaﬁl % gsn%\ﬂ%? féggelﬁélem, blﬁl&% ac 18wa5 Iﬁlt%\%ﬁ)& ysed as fuels directly,

or afitshurtH& doresdsidhesel and a biol ogical oil (bio-o0il).
However, use of biological oils directly as a fuel is

n &neaippmsh e s¢duamgehua@ntml@§ed@antrtbaugt§ teagnopsherin Ong
conct;eﬁl até(ﬁ'néll% ekllfsg %}or%asg X?Fe | é}gr%?a?rg els (a)1 X Olgrtn%s s%ﬁlltcg
Biomass is ultimately produced from atmospheric carbon dioxide through photosynthesis
and related processes, hence any CO; released on combustion will have been originally
derived from the atmosphere. 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). However, use of
biological oils directly as a fuel is not always desifable as they can cause engine fouling
through coking or polymerisation, and can contaminate the engine lubricant, reducing its
effectiveness.

Biological oils are chiefly comprised of fatty acid triglycerides, and they can be
éonverted into hydrocarbons corresponding to the fatty acid hydrocarbon chains. One way
in which this is achieved is to react the bio-oil with hydrogen, in a process often referred to

as hydrodeoxygenation. Such processes are exemplified by US 4,992,605, which describes
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effectiveness. Biological oils are chiefly conprised
of fatty acid triglycerides, and they can be converted
WO ni08/0knp8ir ocar bons corresponding to the fatty BCI/GB2007/003767
hydr ocar bon chains. One way 2n which this is achi eved
is to react the bio-oil with hydrogen, in a process
often referred to as hydrodeoxygenation. Such
processes are exenplified by US 4,992, 605, which

thedydogeintion loé Vé‘gemhiﬂ)@mtsablp@dduﬁé hydrg&irbdilsén tiel diesePboiling range,
{ﬁ£3%§g 9¥droc ons in the diesel boiling range, and
an g {hrstates todheprodugtionich bygrostrbens tbmush the
f |
SRS AU AOSIO B BRI, wo
ZOQ@EO@Bﬂ&T B@Sﬂb@ BProckss ﬁcrrl phahicingplieekbfis] Iﬁ)alroqarmﬂls EiofOfatty

i R B AP b o seon s e

aclmgmqsmfehé@fg@ceﬁaé@,QHtﬁe%wswaﬁ fatty acid chains of the
triglycerides in the feedstock. Another

hydr@be dydndaexygenatipnasecsss has detredescibaichy Baldaufy& Balfanz in

voRSRHE o R TR b o i

w1th‘ airflﬁ&alvmt he@stcﬁﬂkﬁe aatfifry hid@edstphliriiation uhRf WAGEM the mineral
oil hi/mrodesul phurijsation unit, wherein the m neral oil is

frodesulnhyrised andthe hislagical pil By drgreaxygenated simultaneously to

nat ed simultaneously to produce a dlese
mo?y Qﬂ%@%ﬁ% lemw th such a conbi ned

_hyAi puﬂbm withsnclsatorabined hydeydbsolpharisagien aid Bydrpd<dR ggdhation

IS t .bi.ol.o |cal oi/ls require greater quantities of
ProSESR ISR A REIGH P eI Eronl BRIy GEhyeirgponin order to be

hydRUECREERACR INRRAASEA: hmbated M1ROLIbESs B nipkGich%dhired o
hydm;itmllplsmed@sd foelr an i nproved process for
9g nating biological.oils to roquce _hydrocarbagn . )
SRR Semen  Rector Gningirm b Odess i g drvepativg dRcal il
to pﬁﬁﬁ@é Byd#8cdrBorf fi@lsRA Qe thé EOMRIMPEGh of lty%ﬁ'@gehsis Ria@vdqded

a process for producing hydrocarbons froma carboxylic
acigomling tortheipresans invientior, dresois providasa prooess fer producmg

RS B30 BB STAST al RAEBeAE ST BR Bomprces
the stegb/aff derivative thereof to a reactor; :

(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 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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(b) maintaining conditions within the reactor such

that the hydrogen reacts with the carboxylic acid
w@easoso9sier i vati ve thereof to produce one or nBCEGEBR007/003767

conmpounds sel ected from onesor nore of carbon nonoxi de

(CO, carbon dioxide (CO) and nethane (CH4), and one

or nore product hydrocarbons derived fromthe

carboxylic acid and/ or derivative thereof; (c)

r q

char B 0 ] k1 260 61 €] ol ploadldTRThe RARKI o T
carboyylate @asupe lpsesemnd thdmrhnxgho acldmncﬁoﬁerwanhmhetdef inrtbereaction

t he.reactqr; ch rac rlsdln nmol ar ratio of
comEPS‘E?ﬂﬁé‘Eﬂﬁ%mﬁa TF‘HE”L é‘t"’%o to the

Capiey bahe bgﬁmﬁﬁﬁ it ishefiRd Bt RPdplédxyération of a

and( or derT vat I vé thereo in the reaction cofposi ti on
carboxylivedcivt anidirdlervativethéreef caf f@ji@ﬁatdcaSt tvemreact®n paﬂmays which

are %&’Pg’(ﬁ& b’gllge 21 g\t?q%gﬁ a8$¥1aa131§ CﬁE’Q acéiéf.raﬁ(gﬁigpge\l/vee hereo

repré&éﬁte& a0 these édiﬁﬁ&i%fls & Fityf R2hd @igly’éémhee %ichtlwﬁsdaﬂ? Ghd ﬁﬁ) or
ch are shown bel’ow i n equati ons and

Consm@nt@gtb@lﬂglcabmbcﬁnd fatad/ or derivative ther eof
r %P LARR0H ?g)xyg%ﬁgrﬁ% gali]@o)égf gﬂoﬁ% 8t {hg‘iltl 1% removed in

cer I'S USu nmaj or OI’]S

the mfm P@lf eérbgm diakidei |AS aesulf, ﬂteﬁprodu%t Rytitedarkon, R Hpdoeg emt comprise
fromthe carboxylate group of the triglyceride is

the GaghaxykearboN-t he form of carbon dioxide. As a result,
t he product hydrocarbon, RlH, does not conprise the
car boxyl carbon. (R*C(O-Q 3-C3H5 + 3 H2 3R1IH + 3 CO2

+(FCAE®WHOrCEuat Bdh H>, 3RXJ gen3iCOyr entiséld as wat er, I
and the product hydrocarbon R CH3 includes the
car boxyl carbon. (R*C(O-0O 3-C3H5 + 12 H2 3 RICH3 +

g?g%uﬁu@n 26k Jden § ReTovE@ALH AR and DR tpréduRt ﬁ}tﬂ?é’éﬂi‘ﬁont R!CH;

] in the reactor are the reductlon of

inchades thercarhoykéageorand net hane, according to react| ons
Il and V. CO2 + H2 CO+ H2ZOIIl CO + 3H2 CH4 + H20
1V s :

(R'-C(0)-03-C3Hs + 12H, — 3R!CH; + C3Hgy + 6 H,0 I

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

carbon monoxide and methane, according to reactions III and IV.

CO; + H, —» CO + H0 I
CO + 3H; — CH; + H,0 v

From these equatioﬁs, it is apparent that equation would consume less hydrogen to
produce hydrocarbons. However, from thermodynamic considerations, favouring equation
I over equation II, for example by lowering hydrogen partial pressure, would also be
expected to result in lower conversions of the carboxylic acid and/or derivative thereof to
the one or more product hydrocarbons.

The inventors have now found that hydrogen consumption can be reduced with little

or no impact on the conversion of carboxylic acid and/or derivative thereof to product
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From t hese equations, it is apparent that equation

woul d consune | ess hydrogen to produce hydrocarbons.
woloneago f r om t her rodynam ¢ consi derati ons, fBYDGBRVG003767

equation | over equation Il 4 for exanple by |owering

hydrogen partial pressure, would al so be expected to

result in |ower conversions of the carboxylic acid

and/ or derivative thereof to the one or nore product
hydfREE6P Ol HAINE BEREAE s AN BB BT B Cy compounds
in tlnermadnct streatthi® th@numberl of nanbbxyime lgooupk iirctha céagtiom déroposition at or

der|vo4ive tep of to product hydrocarbons by
aboyed, PregfetsIminednauSr ocess so as to maintain the nol e

r gh ki feb&ebs 6P PE3ek ihventibe HYHRZEE Is fed ECRattOr loBether with a

nunber of carboxylate groups’in the reaction
reactionpompesition @tmmrsum@v@xah@a@d ard/er darivadvetheigel. Conditipas in
the Feéag g{e %rrse n?%réttgltngd Quc%stﬁ% eI N !118 Neid QX&%P Q%La'u%e fh%ﬂ:o}“ fafls

er w reac Ion conp

witle QT P ErftoGR6 MRS Yok 6r Adkpratgbt (hydxd&irbur&t iA/ prodbietrsaedm
Conditions in the reactor are mai ntai ned such that the

compsising A one oxamare pragusihydercaibens . sreasied dydrogem apd ong grynore

Cy #}?rg)om{&isr He%{%dtf P 5199&3?01‘9 D¢ ¥, dq;zraﬁd Qfl—ﬁﬂg Fctx?] oved from the

POCar bons. produ stream conpri si e one or
readw@t € product hydrocar bons, unreacted hydrogen, and one

or. nore G compounds sel ected from one or of )
cdn ameetered gobadipsudvanouraRda L BkASE Fompweawpl? é‘-‘reel?rfgjgl&t
streﬁﬂ‘%f pmfed WAR A ash BehakdiGiut Jﬁwmﬁae«aﬁ&ﬂmﬁm &f Rt Pfo'aﬁct

pro treamare se arate using a separato
stream ctmnpnklng thegrowpmpounds andrunpfactel diy grogehu tstsemrateda from a liquid

T R e e L R e

andfoR ARV ativBOthERET BdeaGh e PRVt OSE BreSent fchfidy Are Gyp€dligSn the
and/ or derivatives thereof used in the process of the

hqupi ehaeenunden therronditions ef temperatire in the reapier, | and Gyricably fewn part of

t he condi
the R bR RO Obd bR ot BRRRY Shheltioha hEAF blths
conf;foﬁéﬂtﬁ ﬁ@mfll plesp asrapeiientsSHpAs hydhogerﬁlfo beapoutiedpb deaeactor,

conponents from | jquid phase conponents all ows
thusmigepreyjag hydrogea ‘Fté@%%@dtré YoHE Vas$et or, thus i nprovi ng

h Bftq [h%ﬁ)‘?&e}ﬁt 15{1%&1%&1! % eSS AR é@?&)%(?h% h&ld gﬁ@or derivative

resent 1 nvention conversi ons 0 oxylic
theracf td theeliecor naere ipvtaiulcvlwdroca.rbons can be achieved by maintaining the molar

ratio of C; compounds present in the product stream to the carboxylate groups present in
the carboxylic acid and/or derivative thereof fed to the reactor at a value of greater than
0.37 : 1. This ratio will henceforth be referred to as the C, : carboxylate ratio. More
preferably the ratio is greater than 0.45 : 1, for example greater than 0.5 : 1. In one
embodiment, the C; : carboxylate mole ratio is maintained at a value of greater than or
equal to 0.57 : 1.

In addition, the mole ratio of CO, compared to the other C; compounds (CO and
CH4)' can also be used to control hydrogen consumptiori in the process. Preferably, the
mole ratio of CO; : (CO + CH,) is maintained at a value of greater than 0.58 : 1, for
example greater than 1 : 1. In one embodiment,'it is maintained at a value of greater than

orequalto 1.3 : 1.
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thereof to the one or nore product hydrocarbons can be
achieved by maintaining the nolar ratio of C

W@ 0upousis present in the product streamto theCT/GB2007/003767
car boxyl ate groups present kn the carboxylic acid
and/or derivative thereof fed to the reactor at a
val ue of greater than 0.37 : 1. This ratio wl|l

henceforth be referred to as the C : carboxylate '
r atlh 9@0%&@?1&5{%@ Qhtrsl SR ehgl%t:ésg f110§n &%&%Yé?ﬁerﬁ BAheO- 45
exanpl e greater t . I'n one

conmtrankbrrmmlatwh eor@sntratmarolﬁmc}claaommnems st Cocom;entratlons can be
mai nt aj ned at a val u reat e t han o ual

meabited iy e Sapeht Fatich pEine O SRt ortect hofilash % o

chrdntRoShpI/ or ﬁtlﬁﬂw{lﬁés §deRag e of SRR s%e@ﬁoﬁ!oﬁ? DR-1iiz@€bhniques

to control dr ogen COI’]SUWpt ion int process.
can Pty manimtie deleysand thegm el sompmynafign that can be

tained at a | ue reater than 0.58 : 1, for
asso@%%p éhglra‘g'éaflé?mf)ﬁ%mf al% gl n one enbodiment, it is
Wuﬂhalcﬁﬁﬁolaiveﬁhytﬁbg@ ohs\@fifRhean bka Ibe @6hle\wd&iy thainthining the
In processes i nvol ving control of the process fro

molﬁeaé@mfémdﬂct Bydregaebans ok fasmuk R $htogroquet hydrgearbons of formula
R’ CSR&E lhatRl@H Shol 'i’rﬁlos)at £ fé}acbl%BP? £or more.

centrati ons can be rreasur I'n the vapour fraction
ofThe h&)lafrlrmxfmﬁthp praalbarhydmaxbgnﬁ mchepopdest ssrearh oahqgldsfraction

therg(ﬁI Onat%%i?ﬁg S Rﬁ%‘{ tpg i@?@ﬁhﬁ’g‘gg w %E‘%:qh%lﬁ ps Eq%g or IgaRs)
chrdl’ﬁa?gg;éﬁ%ﬂ OW-The ?ecﬁﬁé@éé%aﬁ‘ BtidaRy Be LS tb %lunanirse delays and the

cont i on that be associated with nanual
potensiaipfor cxgltannhaamathjlscban befassochaad witinmaoial @amphrtgfamd@gelwsxs

e R B R Sy B S T e o Dty wsed
in réﬁrﬁFer‘latEW Ry R6Réap %a@ﬁorﬁs%ﬁﬁ&s%ﬂ@é@ulbhhﬂ%aﬁ&ﬂ Exéiﬂ-ﬁéBof

nol € ratio) at a value preferably
suitatfiecatalysts mcaxdedh@re com@riping gueer myr@eré’dr Bbh& th th Qr Fe, Co,

e T s L R I

catafySt iSIWbﬂlﬁqu&&m anabggniapRide st zid dilécal iedoniag tiemia or
can opti onal y be used to mnimse delays and the
gaﬂm@mf&!’pl‘e&ra ¥gemmandiinBg. t hat can be associ at ed

Ewdg thOmd e %eg@ég $.cd W‘EAZ% tﬁﬁa&aé‘f te, :

cat aflys e cata I hcl ude t are
(COy m[h)ahrlcyoﬁlsléﬂ RICHshtlnde §he nmhlqires!.utwd ithoet regetor, ﬂg: hydro gen
partla? %?etséu%] ?n g(l:'gacfao?' tﬂg geragtqc?ns tlé pgrlillra}rg aa.tnI mgf(ar ;g%lo o% carboxylate
groups to hydrogen in the reactor. For example, higher carboxylate to hydrogen mole
ratios and lower hydrogen partial pressures tend to favour an increased (CO; +CO +
CH,):carboxylate mole ratio. Additionally, although CO,:(CO + CH,) mole ratios also
tend to increase with lower hydrogen partial pressures, hydrogenation tends to increase
with increased reaction temperature. The space velocity of the reaction composition, and
hence the carboxylic acid and/or derivative thereof, over the catalyst can also be varig:d to
control the molar ratios. Lower space velocities, for example, tend to increase the extent of
hydrodeoxygenation, and hence the quantity of C; compounds in the product stream.
Additionally, lower space velocities tend to reduce the CO,:(CO + CHy) molar ratio in the

product stream.
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sui tabl e catal ysts include those conprising one or

nore of Pd, Pt, Ni, Ru, Cu, C, Fe, Co, Mo and W
w@e@Bosm@kd y catal ysts conprising Ni or Co in PCT/GB2007/003767

conbi nation with M. The caalyst is typically

supported on an inorganic oXide such as silica,

zirconia, titania or gamma-al um na, preferably

gama- al um na. Vari ables that influence the nolar

il st o A o Ve B0 gt o

maibfaéh dcdeity,ovhiletihis [ingfehrabb'&naip'afried at ombreboe 43@°Ci tn r¢duee unwanted

react or he .reacti nte dth I
sdegfeaciap 3 MaLu G ol OB TG RR o SBEATY 0% etk e Brrafigfs in the
ran 300M0%BBC, %ﬁ&l?%%' tﬁé ﬁng@om&mgmfb HEe. rati os

l'ower hydrogen partial pressures tend to favour an
i Mneaalqﬁe(smnmeto{ibl@dc:’obix%saﬁ@mﬂ@ﬂévawdﬂﬂé/lpa) and more

preé@g ) o $/Qal& t(%ﬂi%? %%ﬁ{ﬁgﬁ%ﬁ%g{ggwgﬁ 10n, Ae presséure is

31 wae&qwsqg 1 MIPSY, OGARant-W sfBAES dofvarsiehs apeestirt Bf at least 1 bara
i ncreased reaction tenperature. The space velocity of

©. ltMBa)rlemqaﬂm nmmipmsd,tsludhas Hheradn¥®a)-he car boxylic
SB%C%/VglI:OCé ¥ $ALLYS ok P&%xﬁgsnio CO%‘[pl‘fSF‘l% tﬁ@bxﬁé ({\rlesﬂrlorgan

contro
carlﬁﬁ?ﬁ@adidﬁ @didridefivatives t}ﬁr@lﬁtﬁ stitatilg akasiged rm(:teﬂﬂmaf ltduei hourly
. extent of h§ rodeoxygenati on, and(ggnc ant| y
spags veyeity §hHSWhcrs theqcar YBF aeids enclerdesiveivea dhers cally in

the W%h%@%ﬁe%%h&&oﬁ& hfnecﬂg aata&of eﬂ‘éfe?aﬁlﬂ?héﬁ-lh‘/@@uﬂ' to4h’

fat1o 1n the product streamThe reaction
(volurepod al fiquigl/ Nodurpe edtalystifiopr)for exanple in dic rangeat Goen L 1073 o

A FRRICe B epaeisich G it BB gfé ABlaf ratos.
For%ké.i(ﬁ%lé gf)ér%ﬂlscmg C%Bg’técﬁl' paRicRfar QMY SiflaiGindna catalysts, are

the reaction enperature is in the range of -
effefcnmmnmlxsmgll@@ﬁ@ecabmlawman lavres pressuges, &dr expmpleagessuigs of

s 208 WL 0 BT M e B e .

carbd}§latedBoledhtdo. ( 5 I\/Pa) I n one enbodi nent of the
invention, the pressure is 3 1 bara or less (3.1 NP

len an¢ embodimen; theciapenr fashor framghe flash ssparaton isciregteddp )remove
b {
cnk ¥y, 34 ookl Sl AL L) ol M i, it tmple

liquid aGine QGcICH FAGEI-tor dnemam:lamme,ng atdolid (baﬁc oxidesuch as an alkali
carboxylic acids. and/

meiGlgmeRkpe FRTHEBUION 102815 01 P A Apsorbent can then be

regenerated for re-use, such as by thermal or chemical treatment. The remaining,
unabsorbed gases, including the unreacted hydrogen, can then be recycled \back to the
reactor. Removal of carbon dioxide in this way is advantageous as it allows a smaller
purge to be taken before recycle to the reactor, which helps to improve the hydrogen
efficiency of the process. Separated carbon dioxide can optionally be captured for
sequestration, reducing the contribution of the process to atmospheric CO; concentrations.

In another embodiment of the invention, the vapour fraction is contacted with a
selectively permeable mémbrane, which allows the selective separation of hydrogen from
the other components of the flash separator. The hydrogen stream resulting from the

permeation is of very high purity, and can thus be recycled to the reactor without the need
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space velocity (LHSV), as the carboxylic acids and/or

derivatives thereof are typically in the liquid phase
wapasn4endi tions within the reactor. Prefer aqu/r/GBm!)7/003767

LHSV is up to 4 h 1 (voluneof all Iiquid/volune

catal yst/ hour), for exanple in the range of from1l to

4 h . Catalyst choice is another paraneter which can

be used to influence the nolar ratios. For exanpl e,

for & Pﬁ@@ Istr&in O ntirated kYitdbhe fof RseRRshéteat @hbdddYPnt@fe known, for

um na catal ysts, are effective in catal ysing

exampliy md&@aﬁfmﬁéﬁpém EPrAad 312000. Pymeatlys e@mbfames gom;prpie@ layer of

ur e ess an n bar
meRSRR AL E3ifury S8 BatfafihiRcP Al dopictioRln BAG s Heratt foprix, for
exaﬁ@l&p%@tﬁ@p{;mzr@ﬁe% I.n one enbodi ment, the vapour
fractlon fromthe flash secﬁarator is treated to renove

Yroavertiag thecarmxy i add padier degivativethereghingehydsecarhogs
[ X

typl(aﬁlgﬁ%rege?lt ﬁf:&éﬁﬁgtf&a r(}:é {)nﬁ{rll%rﬁ glg}? ltl% lgfldH g.tﬂogs gdlhf%?gc;éﬁccgn bg
used dizéctasarfuell &ldliernaevelly cam beiblleﬂdlddrtﬁ' otlarivise ioglorated into an

nodi f.ied zeplite or solid oxj The. absor ent can
exwttlﬁg Fiperal é@le ferrexpoplerdisel, gaseline oweﬁmgsﬁsl shsading on e

d/SrSRMBRAbE caflitfh AGHEINthE Hy dre&etmr tm& 8RB %e need to
|ncIu I ng the unreacted hydrogen,” can then be recycl ed

modifjcéngings oh ethee emnbrstlorReqmpment dhhat owayledirerdise be deuinad ifhingeacted

cortifli s aPer FeI5pHYe ol w weha BT Rdrifarise fich f Ménane

andipiB}FafY thak Hﬁy'?ﬂ/s@rr@ﬁﬁrﬁ(ﬁﬁ fHeGir6dR6y ofthe preBerfideRfidn, can also be
epar at ed carbon di oxi de can optionally be captured

lncmraséqmte@tﬁla&pr@duct r Betiexampletpnepane praduped frem adfiglyheride during

hy R Rt R Bt e o o BsiP Bl ofRERGY or from
nﬁ@ébtsi@ﬁtoedamdl Iga§ Al@érﬁawevy; hiy Be-prodabls ehdresinoabecaptiied br

all ows the selective separation of hydrogen fromthe

 sepaetid in suffipisheniriy e harombusied inserdar tgrabain ppwen ey dedfg divis is

e react
andwgoivengénetdier, fresthmplea purge stream I\/lenbranes sw tabl e

| o ps S oo Ve 3B an EARc SoRpoRd Feprcented by
gen&% Bﬁﬁ{'@w&b'l@e Ifa 'c@rl’a@iylf?:facm?ﬁé' catttxblatSurR3s ?)ﬁ%ﬂé"t@d and

pa adi um Si | ver oy coated on a porous ceramc
thust £ 2k Afdenva;mrqﬁﬂe agrbﬂxgﬁisaclirs@;onﬁyoﬁﬁd that Gefherdsy the

corr%%g)l\rllgrt Iqaﬁ}ogy glmlé Evglp%h%@o@gé(fj foarne()jcér(r)li)leda%rés'}/e?g} ryneanhydnde

Included in this definition are compounds comprising more than one carboxylate group, for

con%rﬁ&?@n chﬁgéé Bﬂ ﬁae&fng e I%Eeel g(? %rpglgjsitté;ﬂ?\k& setiot %'E' ¥orﬂblﬂgd heat

example di-carboxylic acids, di-esters, or di- or tri-glycerides.

The carboxylic acid and/or derivative thereof is preferably chosen such that the
boiling point characteristics and/or the number of carbon atoms in the hydrocarbons
resulting from their hydrogenation are in the same range as those of the target fuel product.
For example, diesel fuels typically comprise hydrocarbons with in the range of from 10 to
25 carbon atoms. In a preferred embodiment of the invention, fatty acids and/or their
esters are used, which typically have a long hydrocarbon chain as the R' group. Examples
of fatty acids and/or esters suitable for producing hydrocarbons suitable for use as diesel

fuel include, lauric, myristic, palmitic, stearic, linoleic, linolenic, oleic, arachidic and
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typically present in existing fuel conpositions, then
t he hydrocarbons so-produced can be used directly as a
wo p@B/040080 al t ernati vely can be bl ended or ot hep@u/6€82007/003767
incorporated into an existilgg mneral fuel, for
exanpl e diesel, gasoline or aviation fuel, depending
on the boiling range and/ or nunber of carbon atons in
t he hydrocarbons. This avoids the need to nodify
erucidAHiMemAQF efttRehere S RUSInR' @/PriseETt, 18NEs, 1787, 17, 17, 19 and
ot herwi se be required if unreacted rboxylic acid
21 carpgn @FOH!%WW&W“?% Theestess may eomprse R groppsdiaving in the range of
S e .
fron]y 84 8 EFHAP foms i O B HBR Sy r B BE 0] WP ety e
este may bt & mone-, idicartiglyaériid, with gerferdl detmuda [RIGLO)OFO5Hs(OH)3.0,
exanpl e prqpane prgduced froma tréflyceride during
Wherﬁ/rafdd%e@ggﬁm%n ic ghtrhelyearidasieapssfiy ¢y p TBp &atly acids and/or
r .
e ) e S L B Rl Tt BT B L B cerides
maycampoise hpdrocgubornr duimsrdesiepbframehle samesurfdififeremtrfattpacids. yA

.. can be c usted.in order to obtain wer .or .h
mixi o P ey ot bl fy rdulRrgos dhps T e
reacfd?. ON-site power station or conbined heat and power
generator, for exanple. The carboxylic acid and/or

d by onecembodimér of de invendionshg earbexydie apid and/or dprativa thegeof is

o Bl A A A B A P Bl o

Use @€ biokslidallg-defivéd earbatyitiedayids Gndi6r ddterSerdufes tid thedesuliddg fuel
can |iberate the correspondi ng carboxylic acid when
compgsitien Jasadowpbret eguspinneofatmesphenic earbanriaxHy gemprred to an
. . . C
ook BB B IEL L SRR BRSO
acidd and/er d3exy includa plans-derivedasls eyush aorapelieed oil, palm oil, peanut oil,
tri-glycerides. The carhoxylic acid and/ o[ derivyative
canqly, e#éapﬁ?‘germlhf@r Ab(cpmeb sypear eth 2ndyglive; ¢f g@max ﬁ@s or fats,

i ah b $hi i T f 0
sucHPR fikh ofif %ﬁg&lﬁ{%?&%‘g{r@%ﬁﬂq{r Qi z{i‘ﬁi Iﬁg{"?&{veﬁ tprr]cgciﬁ{c&, Bre also

atoms 1 ht ons result rom
suitdbjeisomgees af fatty agids and/ot bsters,cavare cilsglerised fromgnicuforgdnésms, for

t t fuel duct. F | e, diesel fuel
exampfys frigpoplgat. o A< aishHh 6% B OTRGNE PYS 740 13055 B of
f MaBcdBokRickei A dAT YeAVATR: thédrfofandy &t BE tiRtsob IR fieilof the

~of the invention, fatty acids and/or their esters are
reactige gompgsiticn. tlp pne gmbodiment the eantignisgampotitienalgo eprapmses s

35y AR RS o ISR BT B3 o
the prddebt B§drocarbons produced from hydrodeoxygenation of the carboxylic acid and/or
derivative thereof. Suitable feedstock hydrocarbons include those derived from refinery
process streams, or those derived from Fischer-Tropsch synthésis. In one embodiment, the
feedstock hydrocarbons are themselves suitable for use as a fuel, such as gqsoline, diesel or
aviation fuel. In.an alternative embodiment, they may be a relatively crude mixture of
hydrocarbons, resulting from a combination of several hydrocarbon process streams. The
product stream, comprising the product hydrocarbons, can then be distilled or fractionated

to produce one or more hydrocarbon fuels, for example one or more of gasoline, diesel or

aviation fuel.
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fuel include, lauric, nyristic, palmtic, stearic,

linoleic, linolenic, oleic, arachidic anderucic acids
w@oaso109est er s t hereof, wherein RL conprises 1HCT/GB2007/003767

15, 17, 17, 17, 17, 19 and 3 1 carbon atons

respectively. The esters may conprise R2 groups having

in the range of from l1lto 6 carbon atons, for exanple

net hyl, ethyl, propyl or butyl, or alternatively the

esWidre ﬂﬁ)fe&ﬁoﬁl chil t;lOIfjdom}ﬁ’fse§ feh&gtc\(ﬂ‘&fyﬂf&arb%i hey are
%eneral formula [ C% 3.,,, Where n =
prefgrably mblﬁﬁmrod@mg adiese fueg| Ipcm mmbreﬁemge@pseb ey is typically

/
acr B Aot BP S BRI R pBy
optibhdllyglltgativel e or additiGiatlp bb@pnmdﬁwﬂbﬂ@ pfidacedsbycahdr\téfihery

fromthe same or different fatt% acids. A m xture of

Progestes SUpAS BRI erarlgBy pnd/er hydrerragkinest heaviesaude fsactions, for

_ t
cxa Sl Rt Bl el U, L300 o gy BT
hyddxeanbum boiking steermpéraiugesde thewesgef ofdronbi S0mest00°Geind daving in the

rangs, oL g o ARt R Ry PN dsd el o pfen
conPRK RterBbRi-Son®iRing €Sm] p&ﬁ:‘htst Ne é)i(i%ggst dffe {)ﬂé?ént invention is

conposition has a Fowef net em n of mospheri c
therc@rdwupablc of sidmiltengopsly dtdrogreatingshe foedsteck dibsed hydrecarbtms to

R i TR R A —
carbidk A ac‘i’&ﬁﬂ(ﬂ(ﬁfﬂeﬁ'vb@ve thétedr Withih ARCRABRIeRtdr, QioAAIB} the feedstock
peanut oil, canola oil, sunflower oil, tall oil, corn
hydgicarborssanderydiatreated befors/@rming paraf t reagtion comppsitien of the
pres%ﬁigﬁve%? QL dv&pcﬁ) E%'! alirog\;d@lg tcér?cilg(?ﬁg 13 l?lg:g%if&& Jfﬁlee prgéenmrlvgntlon to

be o@ﬁmﬁé&ﬂ tfor the hﬁﬁod&w&@ernaﬁsﬁ fBastionad @bﬁseﬁltb shedsidiotedtifg @aetion
oor%Snlsns for exanple n1croalg Waste qils,
for @a dsteck hysiocaghnns nyhish may haye differenheptimwg opqmating conditions.

c be
g e A R b R e B S
desxdpimrmecbdxdsaiﬁmi stré¢dne wiadcadditionaypanptises mu]@hmecontammg

drocar bons,. henceforth referre
compaUHS SIS TS Gl SHLIAe HCHIRHE e SRR APhngy, Thedeactor is

1 drolosth | déb?xﬂﬁq dtf Th
areof&fﬁg rgar b{)@zﬁ%ﬁaﬁ%{dgnd/ or Sg{erl vat%glgﬁ ﬁlg?sggm& Jst. The

carbgyy licoaslidarf ativetthereoltia n binlegical oilund datf rsksie fetietoithessame

reactl 3 Hiee PG oROEEHPRRS TR WonRl iR HERA fopPr® wp to
50% lﬁ}ed's?ﬂ@dﬂf thy ea0Ea &Mpbsnm fob exemei1y B5ths irige bf Grof0.1 U5 $0%

as a fuel, such as gasoline, diesel or
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 b‘e 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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aviation fuel. In an alternative enbodi nent, they may
be a relatively crude m xture of hydrocarbons,
wo e®aiotiosy from a conbi nati on of several hydr OPEr/BG8R007/003767
process streans. The productg stream conprising the
product hydrocarbons, can then be distilled or
fractionated to produce one or nore hydrocarbon fuels,
for exanple one or nore of gasoline, diesel or
awifidf hytoded@iphiEien  i@er SRGRARBuHPHPREritd e conpri ses
f eedstock hydrocarbons, they are preferably suitable
hydrodeoxygenntion of the cartoxelict agid andfar derivative dhereqfethi mesulfing sulphur

confHh38 BlichH5 eduBed ¥PARBborJRE (Sl L AL ARRLFLAM! 1P

fact’ron froma cru istirlation uni
exarfiplg i Heirapel from 811t ter200ppr e FrtlimagdolefinnédncynteRions arge

,ga(yydrocar bonsw{())roduced by ot hoe_r refinery processes ..
typiealiytower thans hyi%e+ 1k R¥amplafd it orlass o Whstadhs By drpdesulphpsation

take\gl giﬁggﬂfl(&r‘f}g ttlig{%f}ﬂm(ieg&y ?15(2‘{ ﬁa&i%hatlh&? Pféaabbw}’e &Eﬁﬁhg gulphur

cuu D ese s typically comprise ©~
contegtdelatea tdthasofitbe Féedstocit hydroqaelons thae formrparthef tharegetiapf

froma1l t 0. 4000C, an aving in t range of f.rom, 10
compan. peesiita e TodrotRenlensn o6 the Aty s rif BhVor
deri PR khePEH thy sﬁ’l‘bh@r‘le@&é‘% TR QERRED TWHER Béfii o

conponents. The process of the present invention is

hydnodesulfhurisativastepl prios o theduytitodenxygenajion yeacdon, dhean thg abdve

o T P O R R G B

prodi¥chyAeRa:06a8 Redthe Tiguid ¥eactish bPY IpkddusCit@damn @l1efin levels after
derivative thereof within the sane reactor. tionally

hydrofesul phatrisatisaireatparns eeertigpinalyoradudsd thhelewidetestable qyanitics.
R e L R R

hydx?hﬁbmﬁaﬁdﬁﬁgs iﬂghd fesctiohesmpbsitisly efithé presém ibentipd,ithe sed
or the hydrodeoxygenation feaction as opposed to the
hydndenxygenation REPceEsfaninake sy of wtmgéﬁ@waekﬁﬁsyngama ns,

hydr‘lﬁﬁieégﬁ)éﬁgﬁ%%g.\f@ac%ry&rcﬁﬂ P% gagg%lggiﬁog@ga MrdY, WRRA IntihMSes the

iment, the rocarbons may be
quargitg s£mw processpqepesnt mquiréd; adiild aethe sarheiimeprodwimg product

whi ch additionally c I.seg sul phur-c¢onfainin -
nycpgerinine <onOf dreheRERse SR SeRel S0 th 3l ap minige
comp@iRieehenes. The reactor is a refinery

drodesul phuri sation reactor, conprising a )
hmulpgmwtlgaus smubianeahs with hydredeseypenajipn.cHzcis formed,
.and/qr. derjvative thereof is a biologigal.oid or fat

whidfinite i aliont S BRAST antafn B it P e e e ot
sepamitel. BeF61RGBSycleldfaunbéaeted Yy digewio thOfeat®dt odtigd, ¢tk hivantageously

conprises up tq
removerglPtypically therough 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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50% by wei ght of the reaction conposition, for exanple
in the range of from0.1 to 50% by weight or in the
WO 2008040080 from 1 to 35% by wei ght. The bi ol ogi Pel/GB82007/003767
or fat can be prem xed with ;the feedstock hydrocarbons
or introduced as a separate feed. A typical diese
fuel feedstock hydrocarbon stream derived froma crude
oil refinery typically conprises al kanes, ol efins and

0 . -C Lhing .- .
Euind E Rudil Betbr AR S SRRRENAE 1 ih0Basing he G o
carbﬁﬁ)fl@tﬁ midlatation H@ievﬁﬂ@mmblfm withrle\;]v lﬁ’dﬁigemﬁar?alfllﬂ&sbyres is that
wei ght or nore, for exanple in the_range @ romaQo, 2
deaciyatiop, qwﬁm{me,na%%b?aéﬁm gk OgquEn ARETEIOTS ab @pg gmbodiment of
the ifvé&titiol WHIRYa fifedBeaZatiyst &3 JSFEF h&&ﬁ%%erhié@%’a?ﬁél?%ﬂd simultaneously
xanpl é at r at

precursor stream for e once ons of
inje@ed)dt t¥o or mune diffecantiragions o thepatalysPBddh. By inetegsing hydrogen

exanpl e up, to 10% by. wei ght or. up to 5% o
consppn b EerR A bt B o8 et feactvation can be
reduted M d ROPRH BroYorRed.PIH BT alfehatiNe eAVEHIRREO S ¥EARBI réxbtoRs

t he carboxyclic acid and/or derivative thereof, the

arranged (ih serieg camubgpprovided,upsionallyswitly pimeany of sepatatingigases from the

oSO e v BB T B4R ol

eachdfehé RactoB@aiiinisihg MO Yuartity b Qitdladtlexpdsedvy pdtbraiallly daffaging
for exanple Q. 1wt % or | ess. Were the . .
low pyrtinlontessures iefihydragsno n thik embpdigeat, e quantity of gatalyst in each of

i ot | on. .
the 4 AR BRI AL RANG FARE L3R onl OBl AN STARIE BRAN bed
reactoy. dGasea rdronedtfhah tieqpradyza streand bdtiveerr tha edactors can be treated to
conpositign. Potentially, during hydrodeoxygenati on of
recoy ¢f1YHEREE® k7| TEEY CHES- 1 98 I%Wa?]éfé? F‘if’é‘{v?é\f’éntlaﬁ’é‘?")é/‘gsfs,ug]i‘ ﬁ%ﬂyd%gen
SulpﬁMEQH&'Ear{,&yﬁlbﬁ'dg_an be further reduced. Were there is
ul p

no hydrodes urisation step prior to the

hindyed aidligr pertmtiingent o€ thetinemtion, thamcatdlpst abiinidised uthe reagtion

sul phur .cantent relates to.that of the c i ned
medif GRIEEFR Ty RO Vsth G SEEERooHg 8 PE CIFBBRG P ¢ ne
regehérdliel o E2#8418 T #5trdalifoffatibndioadd-fa¢hydeb@dnl fnd RYDhék to the

after hydrodesul phurisation treatnment are typically
reactos Huerder togndintagagrdysteetitilye quantiti es. By conbi ni ng

t . Lic [.f: / i ' . j

P AP R eoBP o8 Bt Phink Gnl 4BhGHRA hidiock
hydroearborssiis bptiorally tahé pref@alsip tfrac tioreundd to provideefuel hydrocarbons of

hydr odeoxygenati on process .can nmake use of existi

difteret bRing Takepat least ons, ek NG AP Eredly thruAredodina raction, i
com&ﬁ]@egE)%L%car'%né:ﬁ%%giege{l‘%bilﬁh){m{g@t r Of Ittt ed t her et o,

m ni m ses A
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 recycling 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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quantity of new process equi pnent required, while at

the sane tine produci ng product hydrocarbons that can
wheoodioswsd | y bl ended with existing fuel stocksP@I/GB2603/003767

or minimal conpatibility isgues. Were

desul phurisation is sinmultaneous wth

hydr odeoxygenation, H S is fornmed, which can be

rem)ved fromthe product streamin the vapour fraction

§ ted
e R R B B i Sha

accorémw @dth the piesat inventivromghicibbyirpganas irhsctatintoetbe reactohat

a H.S.can al so sinultaneously renove
d‘f t&?ﬂ{ﬁa*’&%ﬁ C%V@ﬁ’efllﬂnph reduces potenti al
c (Figu@m mssscﬁélﬁiﬂdanﬁ tﬁé%f);hxﬁﬁhs Qbed!if ehe/@pRtmehtaPéahples.

that is recycled. Carbon di oxi de renove S in this way

c &mFigareske digey énteaglucqdchydragea tis faddo craptor 2Zapadditien tOn@hquld
feedt &%1 é% %hleJr‘%at&Eo ‘t*%he{lgntpgé‘ip&%th %ﬁﬁ&h oﬂfdehggq 1%%8

COﬂC I ons rac

hydfdc@m)hbm tﬁé digte] Sie) Boihg FanzaN Wihkd feddtdak lbﬂrdcﬁﬂ)ohgma
further separation unit, for exanple a fractionation

add@non%llmddpqi aAhgycran bifed torthe eacfar aither fhrenghthe samg i} as the
blol%gﬁl%ﬁle ot g}ﬁr g]%fﬁtﬁ&;i&l "[fhrezi‘ 'toqrisc nI Qfs?seﬁ(ﬁ)@[y &Gedly9BLd 3,

car gaso er osene,
which is¢ppitdllyat gMa-alﬁmth)ponmi mckdh-al&yﬁdehmwm lculgaltt-xlnelybdenum
parti al pr ssure of h N i s advant ggeous in
hycfogerasinicagiiph e pradyc BB RO ireActaraRd Ji to aflash

sepﬁﬁt@pé Wihg al ZPWVJ?:Y HreRERO c RRpdrtPdo (RE RASHHE.CA vaBodrFRction 7

eactivation of the hydrogenation catalysts may occur.
complising canben diomidenearborbmdnorady, nethanbepropanenwatenandhanreacted

hydigeh FyrgRRuTarom Ty PO A TG S byER PF BE ine Bilor.
purdeére9 i9 takbh Erofirtha kacstle hige to Févém GuBAEH Bﬂm'iWad{télngroducts

consunption in hydrogen-|ean re%@ons of the catal

in tlt@eraact@atAahwd ﬁzaetam l(lxratmmwrtgamo t hydfoeasbonsigrised Kvmttbc
biol %13%1 ogl q’atr nd r'c}la% gcaeldgt(e)crk carb Osdrleﬁl%%d 13 e h&h s%arator

can e provi

opi Fipaal 4, % cuiboh dﬂ))ﬁi&ﬁdépax@for 3 emheetrteag;emﬁshé‘ puege life9 and the
product stream between the react ors. Fresh hydrogen
flask, srpentorGe chhel catPonyipideeteparator sentaigs élaewu@rwlmﬁlé absorbs carbon

dlo){lgé?%%(? alSo (ﬁ\{?ﬁéﬁ A ﬁ‘lg Q,Qénr Ir¥ia a?tflorpé'ittﬁla ¥isdh %%SQ(Q&)?Q The

anmagl ng oW p pr essures
amihyBnagsiarred thrédghdineriiaal bmaagbneraﬂeé andieerused. yThef cadsinaligesde

e T e 2 e e Y R Y b psere
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 cbmposition.

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 5a is passed
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reactor. Gases renoved fromthe product stream between
the reactors can be treated to recover hydrogen for
WO ewgokiony, and optionally to renove contan nantBGBDN003767
as hydrogen sul phide and cajjon dioxide. In yet
anot her enbodi nent of the invention, the catalyst is
fluidised in the reaction nedium wherein the catalyst
is renoved, either continuously or batchw se, and
e
on § STRATIS Sard 6.L TP Gl B SIRTRA 6O e Ta
passed tiecarben diakide séparatert H. y"s firsa tiquidiftagtion] lsemprisjug groduct

f t d b .
hycge b o el S B B S AR o8 i BRlaing g econd
reacRir@betiaba Yecbhd@fiké Dbt @ardg@n@roa\ehﬁﬁysf el ARychna wdmenﬁremn
of different boiling ranges | east one of which

richerig ppeductlhyslspgarbans deri nn bmlogwaé@tl jop fat thas the)fifst prodyct
stresz gsrf%{i i ?e%gﬁ‘d hQshtJE §§ lwl%?&%} W{[:ﬁ)uf ﬁgaﬁ)n JFE“?noved through line
I nven

ron 1S now | r at
7b and padsedroh tmgarbxxadlmkﬁs se;ﬁmlor\/‘ll It m seebad qué ﬁtaetldIhEO comprising’

' Fi gures in which; schemat | c ustrates a
the RRCIIRN0R SRR P ROBH G B SPATEOE o & A Hioideifng Aleast some

watd?fi ?x%?rﬂ)tvfelri gﬁg??%ﬁ QPPrngirInl@? #ﬂét ?.{;H %8 i LR G ond 9?11 He daftfon

vapour rator to
dioxlimpamtor B5igg ap atirec Héydaogeaahlphide) if asbnsitemnt af the vapour

dlffer nt hydr pdepxygenat i rocess in cor ance
it elR THBEh e YRRy The Rnpieis ey S ine SR
throﬁgpﬁﬁeaizef%r frégam:ﬂaﬁ&a Wﬂoﬁﬁlwm{ dib¥ias Fétx“i’éhaﬂrﬁﬂft&aée The

schemati cal | | ustrates afurther hydrodeoxygenatrion
remgnmgemgbsorbddwdmgan@enmmrtg \tapeuqdr@gem is remoued thmughrime 8 and

ydr.o injected.i e rea
recy e Fe S R i s laaing 8w Grof ipnent Byilome
unwﬁﬁt@&\ﬁnﬁﬁhﬁﬁatl cally the apparatus used in the
experimental exanples. In Figure 1, freshly introduced
hirguesybshows ssheragfically theappaatup uﬁ%i farperforaving e SXparHRans
i n r
descy BERbAbw PR iDitrofen LR aq Guplih) L buRSEIE
com@risiag h‘ufld:tel 01bmd/(brl1golbgmgenl Mﬁﬁlrfeorﬁ dithdtsfmk 21 via pump 22 into
hydr o are addi t] onallya they can b
the refetp E ®r Ths tenetpr %@o\@&ﬁnq ﬁfg @ dandipt egsa?fiwgleter 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 (C,oH;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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bi ol ogical oil, or through a separate inlet. The
reactor 2 conprises a fixed catalyst bed 3, which is

wo y@so#ioky a ganmma- al um na supported ni ckel - noPghd8RON003767
or cobalt-nol ybdenum hydroggpation catal yst. A product
stream5 is renoved fromthe reactor and fed to a
flash separator 6, operating at a | ower pressure
conpared to the reactor. A vapour fraction 7

Cayp [13&3 Mix e RADfedit0% bR tor g@flﬂl@ﬂatg@ RPRiER 4, BEdr t 363°C

propa wat er and unreacte %gn iS removed from
and B darig 34 HVBa)ypresstiss ateenfged-saty of @anlt pan gk cobiattemelybdenpmeon

A 9 K f o
a3 e AU R PSR bk AR G R

- Lubkib8] S@ﬂ%ﬁ%dl? Adetit)| The daBlyst Was dl8o PRNGUNRiIoAE BY O6hisdting it,
e

hydr ocar bons rived fromthe biological_ oil or fat
undexrthe rpagtidneesnditionk sivge belews With ¢ refdnery gepabcampasitionever a
Y rdaen
resbAGEF 4R8P 1R o hBLFIING R Qi 55cppp

sulphti€arid| lz’ﬁ)gbprﬁeﬁtiﬂg’eho Usfhg ﬂhﬁo&AS'ﬁMDQISXJM itchad 261084 bdibing point of
gontains an _amnm ne whi ch, absor bs carbon dioxi de, and

2366@ ansl v betlingpeintef 70y om t he vapour fraction of the
f
e Eﬁ&g@&g&tﬁfnd e Ga @ fephabell WSHENEEANOMNINDS

e regener at reuse e carbon
compositionl eFarahacatdittbringestep dndahe tHlowapk hiyonegehstidmereaction, the

. S stered 0 s.rel to.t he, at shene

liquigeburiy srce relocisy (EHE V) abinR tiapia FoRd ote? e sl sF R 4 i When

the 881i/BABWIDMDS FataRvdsl f@& tcﬁthe Yéabfbr Shydkigas gls Was zﬂé(ﬁh‘lﬁ'ﬁ&uced
accumul ati on of unwant ed Irtpro uct's such as carbon

suchnibatthe datio afdargas eokime tp rhqu dsteck welm@c\y@l ragintained at a value

ot 2 B8 et PR SERC P LGP, ReBgh Sl BB i
of 5higls. origaid! sa ?[els wré edlleefed Maite i amysed aé%ﬁﬁ@g tohey are

a constituen he reactlon conmposi tion

B é@ﬂ@dpkaf@@gé i ASE Bns andgonty M. Ggsegus off-gas
samplet Word GASEN udifly XA RORERR, TeXfualtith ot A ftbduct ws

dete@mlned rgrffv&hemlﬁalw F@fﬁ@d vbhmteh%srtﬁmﬁmd uSiag biveetgdst floweneter.
4a. A m neral oj hydr ocarhqns.jn the
i G153 GhbAnce SpIcHIApTEITG Bhe oA Oh e g oiie] cmagReni o the
I 0 S
obifflR UERELRY gosRus RGPS BRI Rl i evibion” TupSarbon
balafibewhs 1601% withd%6 stagdard drviston. Fromsbedaesults, mmfcilqas that, for both
flash sep fiarst va r frat i on
exafietle ROREIRELBl AR e bR ons ERBH B AT kPR b SR i
proéulet afid hédcelopkiatibh 8t ToWRF pleStire didMRE tedhopvadisalof tallow oil to

ydrocar bons and unreacted biological oil or fat, is
PrOMQhwomemr ough line 4b to second

Example 2
The same procedure as Example 1 was followed, except that the reactor pressure

was maintained at 100 barg (10.1 MPa).



reactor 2b with a second fixed bed hydrogenation

catal yst 3b. A second product stream richer in
w@emdoeasdhydr ocar bons derived from bi ol ogi cal BCT/GBR007/003767

fat than the first product §§rean1|s fed to second

fl ash separator 6b, where a vapour fraction is renoved

through Iine 7b and passed on to carbon di oxi de

separator 11. A second liquid fraction 10 conprising
d . .
cor B AR GE R A TRESY e fube Ftp TRBREARAE
¢dgpoa@nbi ned first and secomirbbapmm [ r dAxdmPas b)\Exdrigle 2
carbon di oxi de separator using an ani he. GHyatgloger(100 barg
| Keplapehi de, i f a constituent| of the vappur 003ctiqgns91Pg
Qdtasey rennved in the separakor The am ne 094y enm ved02 |
m&@ﬂﬂb}ﬂhr throuaghl Line 12 fof regeneratli 002
 Nosgreopt onal |y carbon diox ievhl alddst orlagd®®
J%ﬁgipenﬁLn-n“ unabsorbedhirdrogen—con ai-nOd vapets
Yaphthalene, CCﬁlL,V‘Hammc( iy o P oo o LT 4B DN, 46.32
L, 1-Bicyclopentyl - o ,mn"',w”f*’ PR R DA M)
Naphthalene, c=cgihya°“‘f"1‘s"- (deéalir) U":‘ ; ,Jl +He—8; _)lm.i%.@,_?"u' JE2749
%ﬁ;t _yld%gal Qro l}l’ o M :J' aity II'(C:-J I II}JUT Il. L co. =1 ? I Uo‘b2
&rk}(o‘m Scnefattcart y_the—apparatus—useu 0% (PET T g glgg™
AP AL RSt EC T T bedpetow —Hydrpgen 15 fe 0.01
ShHEE 1R eralydt PRyt OF [ 23 A TTJUld OhizzTeed, ™ 0.45
GigWa! ST NG mneral” oi i andfor biologi fal oil 15 |fed.02
NdpRidnt qUI 0 STOTEe 2 T via punp 22 intp thedseact|or 0.02
el 1 NEe 20. The reactor has a vol ung of 0bd4ni [and.0an
bodk@renal di aneter of 14.7nm antk 1 s | baded.odi t h 0.05
Dadbahd 2-mkthyd Nna cat al yst 24f Reatior produdiod are f éd2
Tridecake Ne 25 to a flash seppratot3 26, fromOhich [a 043
Trslpoug 2-fethidt i on i s extracted thtbugh |ine919 and a 0.07
Tridepanec3-foethdt | on i s extractpd t hthugh |i :
Tetrpdseane and |iquid fraction| flow!4 ates
TP@PQQ@“%?'(B@VMP contral valles 28 and |
Fefradesant, 31“W~‘ler_e.ssur—e—w—t-m—n—t-he”r! ash :
| Beptadesane 1 A || quid feed nikturelbt 69 dee
‘g@@%ﬂethﬂsmh o-sh-rrot Py -t bhi-de- o
cnage s ethyl- = oo Tl e O L ) g :
Bl Gt pspreparedTe—tai{ ow ot —oqmyrised—ypy
Hexadedane, .’ AarnS—WHn Iz 1oz zypar bo—at 2.83, 3.57
klp(?:' uu| ng—t he—car PoXyr—Ca uun), pl edom llcblu5| Yy 0.03
w‘%l St ||g notecutes wtir{t6- .Ul 18 .(’a Dpll alomnms [ n dgie
l'{éih&eé’ané“z'niéthyl”d' m (T et udi g thegar boxyr ¢.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 22 0.03
Octadecane 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




carbon).The liquid mxture was fed to a reactor as

illustrated in Figure 4, operating at 3630C and 30
wh200g/0§@®8d MPa) pressure, at a feed-rate of 60PdT/B8BA07/003767

A cobal t - mol ybdenum on al umga catal yst was used that

was pre-sul phided using a diesel fuel conprising 4%

Lubri zol SZ54 sul phiding agent. The catal yst was al so

pre-conditioned by contacting it, under the reaction
Exafpidd tions given below, with a refinery gas oil
——tghposition over a period of 4 days. The gas oil had a

r el Theise@e georsddry ao Examplea, warfollowet, exceptithaBthe iedwas 99.74%

cecsin ) A ORSIET g bk Toe LISR00EAE S 609% boi I 1 ng

po i'th% &uit e Qmpotii®nd éﬁthiltllglﬁ ?%u%mg af @8 @na\@ﬁdatyrFsgfrar

replaced wth the decal i n/ conposi tion.

5  each bitexperiments drind @ as¢ shpvarid tabie].t Btomolixanple By decalie was shomvn to .

eactian, the ljquid hourl ce yelocity (LHSV) of
produfg fqyafiiand paahihlbnsr potie el BG4 1”1, when the

deqahnidhiydlocaton PMRBwheERawyam4f £d 959 bded bf &l tofal liquid feed.

hydrogen gas was al so i ntroduced, such that the ratio

Tallgv-depivgdprogyria senstiguted 26bo by recight bt ligyid predugis which
I Nt ail. t Aot t
repBnfhEhlido Pt el Rl gh S PR MBI T

10 period of 5 days. Liquid sanples were collected daily

and anal ysed according to chr onat ogr aphi ¢, net hod .
dodebleeshonys theseirbpBeyof wkondriabesyol derecidgmupyresent in

typigﬁis%r%g?oog ik v§§ill“rﬁénﬁr é}r@ﬁ‘-lnﬁﬁlggrelf'l' %*\zﬂﬁ’s ch includes the carboxyl

quantity o I qu product was
growfptasy presead gravi netrically. O f-gas vol une was
nmeasured using a wet-test flow neter. The mass bal ance
calculated fromthe quantities of the identified
co t ke | Lig Ui us products
15 wa QR 883(?1]/0' Vﬁpﬁ;dlaggibgﬁgg?gﬁg}éb‘?lg#fﬁgg n%?gé‘?gﬂm n i bal ance
g NurfigsrofiOatbon At ernsimdiatty Aved/ Geaups . Pereantagetie Jallow Oil (wt%)
rgsults, it is cl€l that, for both experinentdsy no
dgtectabl e quantiigigas of unconverted tall ow oi3lg were
ofserved i the I'iggid product, and hence opepafyion at
- | qwer—pressure di g got TEUUTE CONVersiom of tghkow of |
tc«p!—edﬁﬁ—hydfeegzons. Exatrpte—2-The—sane mOUUCdUIF
ag—Exanple-1-was Lowe except—that—the—+epttor :

=4 A=A A A~ = I} CIITAT LAY 1 bUb

rlessur g Cc22
? 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

_ 30 Barg 100 Barg
1 (C13+C14)/(C13 t0 C18) 5% 4%
(C15+C16)/(C13 to C18) 29% 27%
1 (C17+C18)/C13 to C18) 66% 69%
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was mai ntai ned at 100 barg (10.1 MPa). Tabl e 1:

Products in the liquid phase for tall ow hydrogenati on
wexpsniyent s. Exanpl e 3 The sane procedure as Bx@npBe001/003767

was foll owed, except that t

feed was 99. 74% decal i n

and 0.26% DVDS (i.e. no tallow). The LHSV was 2 h 1.

conyIiRg et

The resulting conpositions of the Iiquid product
streans at the end of day 5 for each of experinments 1
and 2 are shown in table 1. From Exanple 3, decalin
was shown to produce tetralin and naphthal ene, but no
ot her hydrocarbons. Liquid hydrocarbon yield was

TP dbews eimbat oo ol R plistaidpiyarng fimpped o

R'CH) Brd dubitlydrdRatduS hitder WY @b difBERSRRLT cé‘nchh&ké' d product

yleld fromtall ow of approximately 81wt % Table 2
shows the distribution of carbon nunbers of fatty acid
groups present in a typical sanple of tallowoil. Only
even- nunber ed chains (which includes the carboxyl

gImabled: ebMpRii®niFicarbbRitdinsdin tHe/ftb&dk hildrtdrbénstdetiRedfrom

fatty agiigdwagipups in tallow oil. Including carboxyl -

gr ougR SRYA Hpieen of hydrocarbons
pr odyc M?g[r{n Va Ii)&ﬁlp‘i’f@is EX glk ijlng that the

di st ri-buti-an talluvr vet—yftoear bons in the

pr od r(213/@1:3713(1?174)3.e. A% di st oﬂflon of the fatty

aci d |[(HAE5HG10he tlal |5M) Qi 438l e 13- Distribution

of hydrlgdkrBsas8 er ilvedl? om t affBw. Tabl e 4 shows the

extent of production O RLH product hydrocarbons
conpared to RICH3 product hydrocarbons under the two
different sets of conditions. Table 4: Conparison of

CghP Akufd Q{&S‘év i Rie Rfdﬁ&%ﬂr&%bﬂscﬁé ARG 10424 rédcath

tallow oil. The resul ts show that RL1H product

preshuyrels, and kdyem @yénogeli partial prdssutes,| wivieh are preduicechby p dess hydragen-

and | owet en partial pressures, which are
‘Hvy ss hydrogenconsum ng reaction pat hway.
TahbR 53hsWe R éllapys@rwkhbsgaﬁe@fs prddacts Evapesanpledytasd 3. Total

fromexanples 1, 2 and 3. Total Cl yield and carbon

C1 yi#ld andiearboredigxide arield erarqle,arlm ihigher athe lopver reagiion PrEaS: on

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
CO,/(CO,+CO+CH,) mole ratio 0.57 0.37
CO,/(CO+CH,) mole ratio 1.334 0.58

2 wt% decalin.
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Table 5: Yield of gaseous conponents. w %
decal i n. These results show that the | ower pressure

WO 2@80#80 produces not only nore carbon di oxi deCT/B8R007/003767
the higher pressure reactiofg but also the proportion
of carbon di oxi de to hydrogenated by-products thereof
(i.e. carbon nonoxide and nethane) is al so higher
under | ower pressure reaction conditions. Furthernore,
| GBde rBSURS SHEW ﬂﬁPﬁfe%W&gbrEs%ﬁfél rbattibl pfbdaE&aoEbnly more carbon
proportion of carboxyl droups being converte g

dioxadecthan the thigher pmsqummdmonEhmqiﬂoahﬂpfbpomoepﬁnng@ dmmle to

hyd%)g%&ﬁ n{)rﬁfaucgi glé%eo I ev edh%?%no%»luﬁ gtg%ne&és ariso higher under
lowér3RE@s @R Gefetibn comitiong. FaRérhdrd) Sowetprass@e logerﬁﬁ&Uﬂ:Sults ina
havi ng 18 carbon atons (i ncl udi ng the car oxyl_ carbon)

greajgr PFEPDItion aficathonpl gspepshsingscopurrtetde (GP2484 gthedCe pgmponpds.
particular oil selected in this Exanple was very | ow
in erucic fatty acid content (22 carbon atons). The

Exafi@et presul phi ded catal yst as Exanple 1 was used. The

ex eriment conprised t t h | ast f .
Isgeragpl eslsaéng@ samg g m%?sg@grs‘tae 328-9@35 Pﬁﬁdgé 316? edlglragl%g
stagQ b}’ E?ﬁns[%lg §. %.eécyusjeﬂ g}éb gaﬁe?&q i mAnAPEonhRisiy ity hQ8 g{*d'h?)s

SEeco age was a continuation of th
havthg | 8tcarbbm atomst(hmchldmgxhe carhaxy salsboal wﬁhe@;,ul ar3 doubde b(aids per

d the f t t
faty ety hoRR T, Flekiet o s Eueple R iy WG e ey
amd%htenffm c%ﬁ %fams?s@ NrROSantY preiif maeae&taem afEkArﬁﬁ@qsmdmed

ol l liquid feed was 3wt % vvlth a negli
c dihe exruinienh cémpnised iregystagasi ¢ach Aasuagfpr@fpempd ofl 5 dayp. alhe first

sogf S Byt 6 eRoB Py FObR SR B R s et the

seco%ﬁ @ta%e vdray d cofuatiers ol ikt Qﬁﬁlm&x?ilodd@t meys;meég@marmwals
: oil ratio of 200 NnB8 n3 hete er at ure. was

and Q@di}@'l sfagq e torerjace the aw& gzs OIAﬁwds’st: 39 Pk repxgure of gas oil

ot el e R SRR M SRR o fd s

3wt w&ihatne@u@lbmmanmaom frm@ahe das ail. t A& HPAs o DA afrxdex:brejsm of
rapeseed oil was pres e reactgéefeed Ex

30 barer( MPmvere Adintiaed ﬁ?lﬁol{gh@uté GrePuRee,Of4ke EXpSHpeRt. 4n R Stages 2
and ¥ Kyird 36 WsGRARIHORA LR the AakR¥wiihla H, : oil ratio of 200 Nm3 /m>. The

temperature was 350°C during stages 1 and 2, and 383°C during the third stage.
An increase in both Cy7 and C,;3 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 C;s to C;s hydrocarbons in the liquid product, giving a diesel fuel yield from
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was used in place of rapeseed oil, and a tenperature
of 3630C was nai ntai ned throughout all three stages of
wo b@sexperi nent. The oxygen content of the m xedr/G&2007/003767
oil/tallow oil feed was 3wt The addition of tallow
oil tothe liquid gas oil feed resulted in a
measur abl e increase of 23wt % of G5 to G 8
hydrocarbons in the liquid product gi ving a di ese

of
the G ofrswtle, TBEHArtlg SHCR Gl HCH ENFRIEROG DR oS
apprbxitnatelgflt2 metﬂengng the ratit ¢ch1@f CQ fatty @48 uhug d)ﬁ/thatalldwmnll ts
of _.the tall ow nDJar atjos o dr.oc
O Tk Sy T2 6 Pffostracs with padnd Ve SireBie i B s and the
Ci7: @# rgﬁosr NetDshpro¥imsteBPP! P’Shé@e%ﬁx'lé’th&t 50% of ﬂiégﬁ%sidld‘ froups

0% of 'the fatty acid groups decompose Vi a

- decahapome Iym)qelcabpx))rlat(mq(aquatlon 1) anda1t¥o b9 iy dapgenation gequatioro?) under

h ﬁatlon nder the conditions enployed. In both
t e%&% 1P ERP and 5, the liquid product obtained

dgs boe Exlpaderts Wasid IS0ie %ghﬂgﬂéddét Stigined HymiLCAdde)2 was low
cont ai ni ng between 50 an 0 p sulphur (expressed

sulphur @ﬁ?@hémmllywmmw betwren FhandoiArprp el (express

8By TR ST o NTERIGh S LSRR s

hyditolgen Md)Hg? iwiehd t;ame lamomsts afl Hglet ligdrobhxeogsgs oi | duri ng
stage 3 of eac xperiment, the ui
Mﬁqt&@hw&ﬂbﬁ%?ﬁfméﬂéﬁdﬁ me%aépﬂéﬁﬂaa a‘g g ga@&%@%ﬂmm
I
e A0 QAR RERAAEN Sl ATk oSO Lofnen, g e

gas- phm;e pepduotriditamilly nomﬁn:tetieprdpaqw(t() pﬂ?@;szmdpncthamit Theoxygen
| ess than 0. 03wt % eays ase co o

contg R R g PTG HAR PhBE ReeurLgs |55 (haf b g,

ThelaHQé'btus ?ﬁ&s@%&({ph%(ﬁﬁhf& aerltnﬁs 8 §£1ﬂ1: c&ﬁﬁ&%ﬂfsr WhicBRwerd

er of Tess than ainms 1. process for
prinparidylighit egrbloy i oacidsbwitis a fortal wpacemaatbumyll th@wa@r af lgprotheyy 100ppm.

derivative thereof of general fornula RLCOOR2, which
process conprises the steps of; (a) feeding hydrogen
and a reaction conposition conprising a carboxylic
acid and/ or derivative thereof to a reactor; (Db)
mai ntai ning conditions within the reactor such that
t he hydrogen reacts with the carboxylic acid and/or
derivative thereof to produce one or nore Cl
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conmpounds sel ected fromone or nore of carbon nonoxide
(CO, carbon dioxide (CX2) and nethane (CH4), and one

W@e00s04#®8Pr oduct hydrocar bons derived from t hePCT/GB2007/003767

1.

carboxylic acid and/or deriyative thereof; (c)
renoving fromthe reactor a product stream conprising
unreact ed hydrogen, the one or nore C conpounds from
the reactor, and one or nore product hydrocarbons

Claﬂﬁ’s“ ng general formula RLH and/or RLCH ; characterised

n that the nolar ratio OFCl conpounds produced by the
r edcpriocess far prodcing ydrycaeboas @pmlmhﬂxe!he mld iand/phderivative

carbox | i.c_aci 1 hvat.ive thereof

o lpensab ot S do M Rl CORRE kN Biot a5 56 @brbd) sh Seng o

0. 37 {a)feedihg lﬁdwg@ﬁaﬁ@aa&cﬁb@dmsitmn@bmpﬁsmg aicarboRylédacid
the nole rati o of carbon dioxide to the sum of carbon

" nonoxi deangied derisating thereof taa reaetioried above a val ue of

0. 58. [ j [ ' .
0.2 o BAAERE B M e e 8 s v
‘hydroc artb@ﬂﬁb@{yhc iatidtane/od dedetivé theteobas prodgcerane@e mode C,

A process as cl ai rred in any one of clains 1t [

whi ch t semppurseelerisd fioanpisa dnare obcarbon wen%aaéc@'ﬁ carbon

any ono AR U8 RRYARE O, AdRREFREERI)A 15Tk ons

and/ or diemvedafrometh& bmrb@qﬂmamdd&dxioxﬂ@xfatmm}mrdmf,ol ogl cal
oil or fat n{)rocess as c 2% one

Yt 0 ko) ProvifE SR 8 PRI e L ePLAC A ing Upeapg Pydrogen,

range ofyd B&'Br?rg&eth o g@fﬁids?rorrﬂlﬁrr%&ﬁsarﬁisorﬁkﬁkﬁﬁ?@ptoﬁuct
any one of clains he reaction

pr essur diyidechrboss hmrltg g@'@rabam;lu(q}dﬁzmd/org{ Chlsprocess

22 cFirBLORhA i gt Bl Mhdlargallo BPCE Sorh BinBS B B/ 8 Rk on (o

ONgheQdarkidx@iaiSgrbu Igsent h b tabBortyiie atidamtiod detveitive em:reof in the
hydr ogen and car oxy ic acid and/or derivative thereof

|sr¢,aat1@n gereppsition inmsinseisedabeye avalvgedi0dd :dt ai m 10, in

2. ok o5 A U G SO B e

t heuwpaif ahthoi md'ﬁoﬁdMand; nRefhané Bdnaintained above a value of 0.58.
A process as claimed in any one of claims 1 to 2, in which the boiling points of the
product hydrocarbons are in the diesel fuel boiling range.
A process as claimed in any one of claims 1 to 3, in which the product
hydrocarbons have in the range of from 10 to 22 carbon atoms.
A process as claimed in any one of claims 1 to 4, in which the carboxylic acid
and/or derivative thereof is derived from a biological oil or fat.
A process as claimed in any one claims 1 to 5, in which the reaction temperature is
in the range of from 200 to 430°C.
A process as claimed in any one of claims 1 to 6, in which the reaction pressure is
less than 100 bara (10MPa). . ’
A process as claimed in claim 7, in which the reaction pressure is less than 50 bara.
A process as claimed in any one of claims 1 to 8, in which the reaction between

hydrogen and carboxylic acid and/or derivative thereof is catalysed.
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gamma-al um na. 12. A process as clained in any one of
clains 1 to 11, in which the product stream renoved

wo eawsnsdeeo reactor is fed to a flash separat or, PET/GBR007/003767

whi ch a vapour fraction conprising Cl conpounds and
unreact ed hydrogen is separated froma liquid fraction
conprising the one or nore product hydrocarbons. 13. A
process as clainmed in claim12, in which the

10. QUANBrokdsS &s Slhintel ifi QAR B HnSVREICHERARHAEGD st PIovAPOUT

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

fraction of the flash separator. 14. "A process as

cl apmbigation withiGmorNior claim 13, in . which at least a
por,t | f_ the unreact hydr. n in. the vapour:

P Ak B SREGHT BT 30, RHAZER shelnhiS iR bpeedn
cl ghwind-dlimiay one of clainms 12 to 14, in which carbon
di oxide is renoved fromthe vapour fraction before

r e &yRIPFG3E anelaimeddn any pes of aimsfl to Aé, inpyhichethe grosdpet dgam

to . : I i M ' .

| e TR e redfr (€ RO 15 EDpalch, B i Al Rection.
f r acthprising €; capparmdsl afdunrestpddsidragen dsisepdrated Arqmi o tigsis

as.clained in.claim14, in whjch the vapour fraction
S BagrOmR N he S e PhU RO meai o
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A process as claimed in claim 14, in which the vapour fraction is contacted with a
selective hydrogen-permeable membrane, in which hydrogen is separated and
recycled to the reactor.
A process as claimed in any one of claims 12 to 17, in which the liquid fraction
from the flash separator is fed to a fractionation column to produce two or more
fractions. |
A process as claimed in claim 18, in which at least one of the fractions comprises
hydrocarbons in the diesel fuel boiling range.
A process as claimed in any one of claims 1 to 19, in which the reaction
composition additionally comprises feedstock hydrocarbons. |
A process as claimed in claim 20, in which the feedstock hydrocarbons are derived
from a crude oil refinery, and have boiling points in the diesel fuel boiling range.
A process as claimed in claim 21, in which the feedstock hydrocarbons additionally

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

reactor.
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22. A process as clainmed in claim21, in which the
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in the reactor.23. A procesp as clainmed in any one of
claims 20 to 22, in which the product streamfromthe
reactor is separated into a vapour fraction and a

liquid fraction in a flash separator. 24. A process as
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comprise sulphur compounds, and H,S is separated from the product stream in the
vapour fraction of the flash separator. 3
A process as claimed in claim 235, in which H;S is removed from the vapour fraction

before at least a portion of the unreacted hydrogen is recycled to the reactor.



