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HYDROGENATI ON PROCESS This invention relates to the

field of hydrogenation, nore specifically to the
whyaraps2ecessi ng of carboxylic acids and/ or caP@D&BRI0C/001841

acid esters, for exanple bialogically derived fatty

acids and/or fatty acid esters, to produce fuels.

Fuel s such as gasoline, diesel and jet fuel, are

general |y produced by the processing of crude oil. In

a crude oil refin npositions are
typically produceﬁﬁ%aRéﬁé#%Qﬁgﬁfgﬁgﬁﬁg un fractions
fromthe crude distillation unit with refinery streans

derived fromthe upgrading of heavier or lighter
f rEhds invergionrelates e therfiediboldhysirogenatiano moge speciightly i, the

ese ¢o Siftio nt aj des rab
hyolopRR eSS nEp SRR <GRErRHE PGt Ay SuBRTBR S5 biotogieally
deriQeifa lttg%idl‘s and/of fd&eracidree&tmprouﬁbecmeller to render them
suitable for use as fuels. in which this is

a&bplevech asaseling, Biesd] and jeb ﬁu@d,@rﬁ We@@rmpdw By degreesssing
of c?&éférblla§ ¥ &td’lfl%hHgfggfu%g%Jﬁ&%&% %165 Pgné %e Q\{rﬂ&{lﬁyfﬁoduced by

uce reve e conpone
mix afpho aesiasioanfrain the onidedistifigtidreitwith I:Hfﬁm‘y §treains derived
conpositjon with hyd el evated t

- from theupgradingph heghist pg,flé’l%&?f;?;“c%a%é@m@ ardgis ﬁ%t@sﬁn Dtten,

thes%%??ﬂu@ﬁseédn’fﬁn R8BS h &eﬁfs sUbHaE Qﬂgﬁ‘ﬁfcgdoléﬁhs or

paraffins, and sulp urconta ni ng’ conpounds are
sulphumue cbm;iommishgm&raqmre ﬁu:thpxi'irei\anenmhn ohdec *anrehéerrthem waithble for

t f uel, afl .se L a eSS Wt h
use py fiflsn e b e, ity sofher s B G FomPbRropetiticde.
procsishich Mﬁ%ﬁe@hnéﬂ%@ ﬁ&dr@@ra@lhh@'ﬁ{ SdENBRERIce 18RI fiuhdesirable
I ncreasi ng demand for fuels which reduce the net

compoaernts.t Yypifallyasiahrpro¢assas datatlgiontastang the prasursar ﬁwé pcrmpq,sltlon

it RiiigengR |t Pt g etesiie, Smiop R g Presblf ofa
cata@fik, WHerélf olefdd and aroaldtic e @lyMirdge RATE ®Chabiffihé) @nfl isudphiron

of atnospheric carbon di oxi de through phot osynt hesi s
contgitingeeapquads aresopt eréadi te Ay djoger aulplide, wisich pan bpgmoved from
d on conbustion of biomass is
1he§%bﬁ§3$ 2?91§?4ﬂ§m§ﬁ§§$?fy of carbon dioxi de extracted
f "With ineeeasing@s @iz @nefossilr futltderived datbbxh dioxideiapddss potential impact
, conbustion |s effectively a CO2- aL p({yéces
on qligyais ehange,dherg ds igeeasing ¢ elean%foa yedee fihgpt quantity of
t [
cartBB idk RicEd BHhEpniophas, ?ﬁcﬁ*’éﬁﬁ Pty Be BT8R biffass oo
the shvecedifithe Gifel bBinintays (,Wlhdtl}erqblanrt veghimal-derivatsiswltithately produced
sting ner -der crea ly ;bein
by G A el R RS TG bl o iedron e RGPS iy aspoctiied
biodheica? pRIcBREPNAS e felaktity @ R8bon dioxide released on combustion of

biomass is equivalent to the quantity of carbon dioxide extracted from the atmosphere for-

its production, biomass combustion is effectively a CO,-neutral process. However, as the
quantity of biologically-derived materials suitable for use as fuels, such as diesel or
gasoline, is not always sufficient to meet demand, the blending of biologically derived
materials with existing mineral-derived fuels is increasingly being considered as an
attractive option for reducing a fuel’s atmospheric CO,-impact.

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

and/or fatty acid esters, with existing fuel formulations is that combustion engines may
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A probl em associ ated with bl endi ng biol ogically

derived oils, such as fatty acids and/or fatty acid
w@3a0ens3g25mi t h exi sting fuel fornmulations is thetT/GB2007/001841

conmbusti on engi nes mayneed t0 be nodified in order to

run efficiently on the modi i ed fuel. One way of

avoiding the need for engine nodification is to

convert the biological oils to hydrocarbons that can

O RP C AT EREERE T MR e

the RéRQTBSEnJiREASAIBCMidrSis kS aGiverd 1 EiBlogiéﬂr S48 hyrohddbeat can
a m xture of hydrocarbons, the mddle distillate
readilydetblended ithrexisting Sued uSuelba protess ipfesatibedy foy example, in US

entional .di esel. fuel. . Another. pro i A
5,7 e Pou iR s iR JeocBulis R LR R85y (e Miwture of
hydRiRb®3nd; G miREE disiibse HaekstoffwtaeiofsseRibie fér bénding with
refinery-derived mddle distillate stream and
conp¢nsiopa]idiese] fpeleri ved oi|l to produce a diesel fuel.
er r
o RLEF Byl Tl BERHAREE B SOVDEN GORFRLTE 1994
pp188i168, deseHtes tHeadotlyyrotrehtsiterf 8 refineryrderiveslmiddieydistilthtd stream
distillate streamis }hat hy%rotreating fatty acids
and bilpgicaltyaderived gildo praduee a digse)dpelr al | y nore exot hermic
d ! - ib188i oils,
e L S R s
whish cémprésecfattyp acidslamiordfatta neid estpiscwith v refimeaty osddle distilite stream
. .ca ead to higher rates. of corrosion of .process .
is U Y GHAIn ABEUTHS APl Teacsy GUOR i Fororlb B STE eepprgnic and
con'sﬁn&rrﬁ’&efilggro%eﬂ HRAESArdtRatid e mPIREURENAL fRfl. # AdBtion, more
conposi tion conprisi'ng hydrocarbons derived from
gaseas bypspyoductseich as eartipmdiosile laodypicellypioduesst, shich eghilead to
hi l(|i)ﬁrliocess conpr i s?s the steps of; (a) feeding hydrogen
igher fates 9% QOUoSIND O BROSER SUIBI i ni ng process streamto a
f i ARbrdi@P@HRE prebéhk ifRnAbRithdre & previded & ?_flﬁ:ew fohite pgrédction of a
first reactor sufficient to produce a first

fuelpemosision spmptising hridiegatpeasdirsived froangarbxylic acids gnd/en

congent.rat.ion r or gani c
car A S e Bl n e et O Pt
(Wdr fedinediydeopeh ahd b fgsthyoeabosicomaining grpcess sawamep a first
the first hydrocarbon-containing product streamfrom
t he TRFWE reactor; characterised by the process
di i ST _ .
cr BRAkE GATROHE  Mirl B it AREIOP uchiclont | 1RHARD p i
est ehydracatbat-comaintngaprpduct stoeanowith laeediiced toncentration of

hydr pcar bon-cont ai ni ng product streamto.a second
r gacﬁgproatom-containkng orgaxﬁc compoun%ls and/or olefins compared to the first

hydrocarbon-containing process stream;

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

characterised by the process additionally comprising the steps of;

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

portion of the first hydrocarbon-containing product stream to a second reactor;
(¢) maintaining conditions within the second reactor sufficient to convert at least

some of the carboxylic acid and/or carboxylic acid ester to one or more
hydrocarbons;

() removing a second hydrocarbon-containing product stream from the second
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(e) maintaining conditions within the second reactor

sufficient to convert at |east sone of the carboxylic
wW@eood/ 1382684 or car boxylic acid ester to one or nMPCEGB2007/001841

hydr ocar bons; (f) renoving fgsecond

hydr ocar bon-cont ai ni ng product streamfromthe

secondreactor, in which at |east a portion of the

hydr ocar bons are derived fromthe carboxylic acid

d/ b L id t " Th t,n '
compieAgiEs 1 WodHy I G5harrion oL hs fadtooRhaRAT deRLed rordfhe
St a0g bR ¥6R 6ARE BEbbRicRcld dstk.

hydr ocar bon-cont ai ni ng process streamwi th hyqlrogen to
r ddhe peeseitanvenbioh somprisgsdo lyduogemation stages, wherein the first stage

o R £ B R 5 RSB B Pl ffen o rtce
the RVEHWE bleFih aAAIY hetBfbatdne coMeiaiE ki tdMSIUnES contained therein to
hydr ogenati on of a carboxylic acid and/or ester in

produsetsi firsithydrpoarhon-centaining progugisireqr.angfthe preonpd stgp involves
hydr gcar hon- o i Ni. t. .

v YERRER SERRERT I A R doEe dp SOPRRIoT HER oE1cB 0GPRRom of

the figst bedioyAbagenahiathg productslyeaint) aSucha preeds kiyables carboxylic acids
retrofittable to existing hydrogenation, pr o& sses

andi epthprylicragid esterpin ke hydragenaiod &u o way thatiswsp ,fy mot’lﬂgbﬁe to

i . L D . _ .

exifBng RSN pibRiddR!ds Pefloa 1B BeadplEbrb Aol refinery, which

minhdides amyndisraptich o1 doven-tiink hiuring hstaliedanahd s@cup of desetnd

mai nt ai. ned such, that .t he, hydrogenati on of the.,

reacief ﬁaﬁ%lrlemacer itigRR PRl %9993 FRRCIQE o @f‘smﬁ%“aed such that the
A5R rms AR i ' hsd N

hyd?(%% hCOﬂdI tl o%dsfﬁo [ ntagii ned/(}r%bﬁgylg?a)rég&fggﬁlg?@%ﬁﬁg

optimissie whichmasnbe different framt the adrakitions sudintalyied i the firsfgeactor. The

pre PGP Bl B SRR 3t B b7 R PORBAFES B o vt
contpdRerts B8Vl rons U takbtadylit REd RHBF et Ay B 1BE aNAdit9such that the

enabl e opti mumyields of the desired fuel to be |
separetei hydegenasions snabl¢ eptimuncicldreithe desied fugl fie be aedieved for each

ri i he. r.an f from 9 ' .
R A e R T R R
co bty Wbrived el cabbeylic £idihdAsr darbokbikc acid @stebuch dsdn the range

5% by weight. A mixture of nore than one carboxylic

of %fei1a”abiveiehbar boxyl i ¢ acid ester can be used. The

CHY Hiktire &f nfidte 3h£1rtq{§%rb%§ i aci® En%?gaﬁ‘l?&?ligfacid eﬁter can be used.

car boxyli ¢ "‘aci ds and/or esters, is preferably chosen
Thesaachoxtytiatcitl had/onester; ommixutey df crbodytio acids end/oeektdyy, is he

Leaction in the second reactor are in the sane range .
prefyS, en fichiiBecti o OTOGE HY 5P BRATRPA eed Babe FRddpryin the
secdntPlea@bi dte PR shME rANIaQ BRsE A he RAY¥LTHell Fok BRarhSIBIBesRl fuels
from10 to 22 carbon atons. Thus, carboxylic acids
typishlly tomprise lydrdeprhoos having i the ranga ofifroms1 (bto 22agablegm atoms. Thus,

carl%x?/ﬁ(s: atids EVPI{C%I prrg&%g hydrocarbons with numbers of carbon atoms in this range

would be suitable, such as mono- or di-carboxylic acids including n-hexadecanoic acid or
1,16-di hexadecanoic acid and/or esters thereof. Fatty acids and/or their esters are also
suitable, with general formula R'C(O)OH and/or R'C(0)O-R?, where R! and R? are
typically hydrocarbon chains. Examples of fatty acids and/or esters éuitable for use in
accordance with the present invention in the production of a diesel fuel include, for

example, lauric, myristic, palmitic, stearic, linoleic, linolenic, oleic, arachidic and erucic
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woul d be suitable, such as nono- or di-carboxylic

aci ds including n-hexadecanoic acid or 1,16-di
wheooadsseanoi ¢ acid and/ or esters thereof. FattRCHGBA®7/001841

and/or their esters are also suitable, with genera

formul a RLC( O OH and/ or R1C(4O)OR2, where R1 and R2

are typically hydrocarbon chains. Exanples of fatty

acids and/or esters suitable for use in accordance

acidgadlr SIS MR WG STy OB b, 1Beiie 1, 73 G 18 and 21

carlﬁﬁl thﬁé fesptif@y] The bitBQ! élgdygone Oﬂ/rbééﬁ{ £&théno-, Oclhe bftri fglycerldes with

di ¢ and erucl caci or esters thereo
geanfoamulaFgR{cwm@;@gh@H)gm, ch:re 15 1 127c;r 31fpy moRo-, 4 or g

2
ey dacieresV et St T oG ARlog e Pl m v gapdor
unsitﬁfa"t@éll @&&%@g@ﬁ@ﬂﬁ(@ﬁ gBrceridddhiBiyecdinptisé hydroesrban chains

for, mono-, di- or tri glycerldes respectively. The
derived fromathe d&n@mdlﬁpreeéfa@wwdher eof may have saturated

0 ate [0G
A R E
confﬂoﬁéﬁttf&ee)@ﬁfp% Sfrplahtfok aﬁﬁmil dfaﬁtrddymh@ﬂ fis . Uder (ﬁfbﬁiﬂagba/lly-denved
the carboxylic acid and/or ester is derived fr

carhgghie agids MWQSW%Wﬁ &t the dﬁsmmf;b‘ﬂecoﬁpoéﬂ’é’ﬁ&%ﬁ lower net
lg

el B RN kOl cpl R by did oy
from @sitiérhl ogrden. eSulCahi@bﬁldgucahsd‘lm&s af barhaxylmeicldsrmd&)ir estersfinclude

at yjospheric carbon di ox] eco ared tqQ an ui v
plartlen Vi oA, 88 i rEpyeRh s pl; cegglarode Snegiyey iy € oil com
oil, Qéﬂeglg bﬁal Rérl R r Pl %ﬁflp'%xt){hé\ﬁ RO ARicROGFP rar@ﬁ%@ﬁlﬁtable

ude p an erived ol s, such as rapeseed oi |
soupesinfitarodylic acide bad/of ésters s fteowmeste oild, sudhas/used ¢ookmgqﬂs
0 Ani.ma ch as t

¢ RiolgBiekt it pmPHighe A ik Brogfoh oy e i

nunfREPEPAt iR AGhéSoRMENRkate Sv‘itﬁﬁ@drcﬁ&rb@ﬁ@tyﬁ@%ﬂ? f&idds‘m diesel fuel.
such as used cooking oils. :agl cal oils or fats -

Thus oifep prasesst ofi the %mecmt drventipn is pmcyfé barsed i produgssdiesel fush in
il Rk e PR R Rl e o i AR BpRtmes

lesst}ﬁiﬁr eR afd Eequﬁ‘éﬂé%i é}{érg}sthﬁlli eélﬁfeﬁhigythélbﬁ%gi@l pilodiiass to lower
di esel fuel, whi ch the_second reactor ngl nt ai ned
e

bmkngj@uelswyeh asiettiel, egsdignar LPon¥h oy el Boieg b BarPlg o

n quires |l ess energy than converting the
hydg%/cg{%(g Té’?‘aﬂwﬁlg or fats to lower boiling fuels such as

j &h tlieqﬁbcesg aftheippesent inkéXHonydfirsh hy@rpcarhd)ﬂ-yorrtaqmglmocess stream
har s hydr ocra kl n condi t| s of
is fadfg apffréfsrémt% Hywhichd S repcfed Wit ﬁxﬂd h@\ﬁ?ﬁf& 5?%?*}?&
con%ﬂﬁggﬁ)c% rs%@ﬁ'i}}' ﬁ ?a@la‘eé)h@ul& bfo%%ssrs%*%%o Tt mhyb¥Bésfeditfom gas

I'S react e n. The f
or doyki whemxbqud hydmonanbgnqolnacyc been pnonle@nd] theyeomntthiough processes
SU.C!‘I as steam Qetggn?ﬁ’é and/or %g?tla{ ox1ﬁ¥on cougl% t%q:l T g)pss‘ch synthesis.

Alternatively, the first hydrocarbon-containing process stream can be derived from crude

oil. The present invention is particularly suitable for crude oil-derived liquid hydrocarbon
process streams, as they are typically higher in heteroatom-containing organic compounds
compared to Fischer Tropsch-derived hydrocarbons.

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

kerosene, or middle distillate fractions. The process stream may be a straight-run fraction



10

15

20

25

30

or coal, wherein liquid hydrocarbons have been
produced therefromthrough processes such as steam
WO edoonss2syg and/ or partial oxidation coupl ed w POT/GB2007/001841

Fi scher Tropsch synthesi s. ternatively, the first
hydr ocar bon-cont ai ni ng procéss stream can be derived
fromcrude oil. The present invention is particularly

suitable for crude oil-derived |iquid hydrocarbon
kR EE e5 ERs e Rt IEortin. LB i e BBl f cpmorise
hydfdca®boRs prodQEsiy ¢tRéri rvskri yecesses, RaEtPas cratiki) kﬁoﬁﬁi@?,&@king,

streans derived fromthe refining of crude oil include
deayomskisation andfos sbivtationr Tiypigallye cendstoil-degived pireasts OA&In The

roce tr i =L LT ti . .
conioBE5E R SHRTB RGP g MR g
orgdiRslphir\tdthpotads, afid Biap hiesitibldl heard hothshydfsxdn by prdngsses such

ot her refiner rocesses, such as cracking, reform ng,
as hygnerragking @ PEMRIFEMS on and/ or al kyl ation. Typical |y,
c i :
L e S
distitlatedoudestarbans, yhich beill htatempegamesstypichlly inctherpeoge of fromnkh0 to
nc re.suitably treated with hydrogen, b rogesse
40035250 38her SRR FECBPOT YA by GHCRIGGL thp dasep PE Fom 10 0 2
carf AEREA DAY GO Bk DI Ply RS R pbARRMAREEASET, 8Mhough it can also
conprises mddle distillate hydrocarbons, which boil
be uaed togprpducathenting oi pidjat fugl.i Thet staightmerefradtionrmay hemixed with

4000C, an rein the nunber of carbon atons .is
bydgayarbos POIARE PerBEndy PRisssenoSe et PRE DS enier
hydidetaekinoastheVier Gruld RhRioab] whitts fiddhi&: Bfdestaeiond e 8 8imilar boiling
fuel, although it can also be used to produce heating
rangsi tp thet@f thetstpight-rumfsectionr ai ght -run fraction may be

or b8 S G REBARAS, BloPeH SR Kb bt Plcton o

one @k mve@kdteroatdmidenthihigtdoaipdundshi Biidallpdte eteicdions-aohtaining
ina simlar boiling range to that of the straight-run
contpogeds a5 suliphi-qantaining gempewdp sWhcaserantang Qsilyelss dhey are
. AQfl. .
typ B DR T SR e B LIS A OAR) A FAEILS State
regligibeyr ashaities 0 Thas, thagl gl ponted of dhicefisthytrocarbomA¢ aitaining
conpounds . suc nmercaptans or thiols. Th ar e
DroGESTRESHM B (R G A0ORPI B R Pl Ao PR e, fospxample
in 1R raAYESE fhrdin ONE10IB% 'b? rdi i Sdxplésed! A leferl il s@IpRTY Olefins may be
authorities. Thus, the sul phur content of the first
preseyiit congeptmticipeiorfiOhigbyp weigbt $ypicalkyam to 20V weighys Other

oGRS S48 B85 S s Bl omasi
comPSRAES 5@tk ASaBhEBRRAL RhefEidbBbe firfl1gtidearboRoRRIMAEPRALCt

at concentratjons up to 50% b)/ wei ght, typically up to
stre@p dppy/najsonprise carhexylic acids and/or esters or biomass-derived constituents, as

o]

these are preferably fed to the second reactor.

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

Hydrotreating or hydrocraéking is typically carried out at temperatures in the range

of from 250 to 430°C and pressures in the range of from 20 to 200 bara (2 to 20 MPa). The
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possi bl e constituents of the first hydrogen-containing
product streaminclude aromati c conpounds, such as
woaphtibeeses. Preferably, the first PCT/GB2007/001841
hydr ocar bon- cont ai ni ng prodg&t stream does not
conprise carboxylic acids and/or esters or
bi omass-derived constituents, as these are preferably
fed to the second reactor. Conditions in the first
" reactqr are..maintained so as to.reduce the oo
sevirinob e cBndgims fergnd e st hERu oo comining prapess
strefth $MHeFed RIAL YoMl for CRIAE ARGke 0T thdWesiréd fifel product. For example,
hydr oCar bon-cont ai ni ng process stream This can be
wheze reineovéng: hgteroatolmmgintajning weganicorempoppdcfiping sirgar suijable for

r.ef iner.y..hydr.ocracki or. hydrot.reatin HQCESS! .
sasolg e RGP O P th B R R RS B Ploying
temBéthtudds ih BIEDRANAS of £6m 250 td1850°@n@e pedssire O tBS Canig of BERQO to 40

and pressures in the range of from 20 to 200: bara (2

bara @ to@ Pa) are Typiepdly ased. yFasfremasing beigraafasmrsonapitHiasgc
d r ' A _

corkB5adF 45 e BRI B REE iy
hydﬁﬂ&hﬁﬁ@cdﬂdﬁiorﬁ rnd@ll;&emlﬁayedewﬁhpérﬁpermfdﬁs egieaﬁyvihnlgp range of

et eroat Qm caontal nl ng organi c onpounds rom a _st a
from 309 &b‘i‘@%@ﬂd @5%8&%%1 the, gqngﬁ: of ﬁﬁglp Feter/ OdgrcertA ,751}4%% For
w58 U UL A BRGSOy cppped sch
tempereisesrin shd mngdef fram 360 o6 4 10°Grand PressurédOinathe sange of from 70 to

15O 3 B AR REPeBng ah e BTSRRRALER A Sxapal aguixtue

of IS HfcRaTbAdiRbBleSof MsoRfhEaflorlduabl fubRedraRREd, #héh hiéher severity,
Severity hydrotreating conditions may be enpl oyed,

hydwactackingmoadiions exs empbdxed) sugh as tamperatares & &e ringsmf fom 350 to

tQ 4Q00C and. pressures .. n § e of .fr to 70
a0} apd pares ey b fRiee T o o R0 %rato LeATMIARL o e

S e 9 didgehAiongadctios i M dirétir@ttor gy BecatdlPded)e Uncatalpded,

as tenperatures in the range of from 350 to 41Q0C and,
prefsrabbseataysadn Sujfable gatglysisfindlyderthos comprismenme gr pyore of N5 Co,

Mo Z&génzs?, gpe%ﬁbﬁfﬁfﬂdmppﬁyédosﬁﬁ 3C l'i“fle tcgta{grgg? gﬁ%e}lfyosqlpported.on a

a nrxture o ocarbons su
supp@sQidhne zosHig titahi® separhmelafinifa pgeferabbdganme alumigheSuch
severity, hydrocracki ng conditjons are enpl oyed, sgch .
catajysts appaiiablq fos bothhydreireatingandoy drocsaskamg deperidings the prpction
(mng%ﬁﬁéures in the range of from 100 to 200 bara ( 10 to
a). The hydrogenation reaction in the first
r hetreactiomyn the fusitredcyeranayobe almphivahgldegireaptiaf mrthbpresence of a
catal ysed. Suitabl e catalysts include those,c risin
by At A ROrOEIOnREFAE i G5 Prseist or AU g i htalys,
or M3 bedd cdatbia@fhRocrdélEng MdEhyiedtrdating Yok, loptiShBAN iRpresence
on a support such as zirconia, titania or
of tyya oz catalyst,beds.ef er abl y ganma al umi na. Such

ﬁail? %&é@k?ﬁ@e %%%B%?th%h%‘g giﬁskg g&grog%rﬁéﬂcéﬁt%ltniir{]ggpr%ﬁgct stream, has

lower concentrations of olefins and/or heteroatom-containing organic compounds than the

first hydrocarbon-containing process stream fed to the first reactor.

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

fed to the second reactor, optionally and preferably with prior removal of light end
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conditions. The reaction in the first reactor may be a
hydr ocracking reaction in the presence of a

whyarosnsacki ng catal yst, a hydrotreati ng reactPONGBR007/001841
the presence of a hydrotreatj ng catal yst, or may be a
conmbi ned hydrocracki ng and hydrotreating reaction,
optionally in the presence of two or nore catal yst
beds. The product of the first reactor, the first

hydr ocar bon- cont ai ni roduct stre has. | ower
comphaEr Sio B SRo8r SRR e 5T SR Eles CaEC R SR g flesh
sepRABRNTIe GRERMHEIRIrd ¥R M4y Wiithbly Bk recycled back to the first reactor, used
hydr ocar bon- cont'ai ni ng process streamfed to the first

as feeddo thersecond rgagion e nsedelssmbeordi fospxampletima diffsrenuelinery |
rothe sul phur concentrations in the first
p W%rocar bon- cont ai ni ng product streamare typically

| €2a5bokhiaE a0 QRGNS EarbsB s8R edidastee s id thk sétndlrerctorAtith
| east a portion of the first hydrgcarbon-containin

hydpnesaaed atdleast aportionialdhe prodyrd seasy Framy tog dirg reactor. Angadvantage
of dﬂﬂgf&%{ﬁ@ lch%o?'gﬁc ﬁ)d'iﬁ Efd/@lﬁés¥ ' 18 sBoin@redcBTRViR! thR frirktin alg)carbon-
endconponen as hydr 0g

I
suc rogen su pﬁl e an unreac?e
contajrdnppeductstmogn tha haexleendy &eerarefdted vith dydrogbmrthe Svgherm

unreact ed hydrogen may, sujtahly be recycled back to. .
gengrRisdih feisepsredttor i etioas T & Raathqf?gYYsaéia%tag?%la& gproving
the girelcﬂ?ﬁﬁes@ $6eHle Btheg%(gtgﬁﬁi& bﬂi@\é Iy aRSc8fon§ Bfat A¥8mYore

r ocess. rboxyti ¢ aci or carboxylic acid ester
suitalde fargasalirtelve [P dinte fiabpdtoteun gds) Hyrddugdn Itanay also extend the

.| east ortiaon of. the, product stream fr.omthe first
actiye 308 Thd Gataluch P AR BEISIE 06 FERPRIFTERE WAPB I Proseti o
AdBRHDY RS EBting b rleBE SRS AREhY RBEAHBEn-YhritAininBSrduct stream can

hydrocarboncontalnlng product stream that has already

n

mitigeterthe exdented cefiatyist fopling thehmay hecue by reducinggurantedsifle raactions

of the GBS BR Gei A f g TIRGHERRe oG o Gk gk
conSu@RInGyitlds thd @ty vug eingdlo rbdu@bd eitalyytiokiral, b another

that are nore suitable for gasoline or LPG (liquefjed
advirtagenfecambiniag thecarhaxylie acid prd/prgpter vath aRrertiag of He first product

R
hetedodtothidogtagiihe otgaafc dobgpolindssthatirydlainda tleofiestprotiadtrsiream from the

product streamcan mtigate the extent of catal yst
fh“ﬂ@ﬂﬁ@ﬁénﬂWéP“ﬂ%'e@ﬁ%@T by reducing unwant ed side

r %E%B&Bﬁ}él?éf aecfi:{ﬂ snncggf QR Ythé ﬁﬁﬁgg&@gﬁe ofth &F the RSt

diluting also re gen consunption
hydvacattion-cohtiring ptogdatt stredm nhayeleh fad ta thersechindedactertsaparately.

coki ng. Yet of. her advant age of conbi ni ng the .
A, e on o B OF boire € SoBPonsPioro8 b P PfF ey peing fed o
the §dcbAd rdabReUObtishdIR2MAdiR6nal REIreeaBNME, fRd&AMAPlelaSpdrid of the first

the concentrations of any residual ol efins and/or
hydrocarbon-containing process stream that has not been fed to the first reactor, can be fed
to the second reactor in addition to the first hydrocarbon-containing product stream and the
carboxylic acid and/or ester. In this embodiment, the quantity of any additional
hydrocarbons fed to the second reactor is sufficiently low so that the advantages of diluting
the carboxylic acid and/or ester with an already hydrogenated product stream (the first
hydrocarbon-containing product stream) can still be realised. |

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

ester is converted into one or more hydrocarbons. Typically, other by-products such as
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het er oat om cont ai ni ng organi ¢ conpounds that remain in
the first product streamfromthe first reactor can be

wo eoovhas254 educed. The carboxylic acid and/ or eRBCEGB2G0M©01841
hydrogen and the portion of the first
hydr ocar bon- cont ai ni ng produ&t streamnmay be fed to
the second reactor separately. Alternatively, any or
all of the separate conponents can be pre-m xed before

being fed to the second reactor. Optional Ig, .
caroacflioXide Lrrhep drnoxidsopropanerndayaierp e alsogpducsd during the
oS - GO0E i t
e T
are smiinided mathe eecond rexdtbir{ these Heimgtdeperddentsdn the nature of the carboxylic

.hydy ocar bon-cont ai ni ng duct . stream and )
acul«g%nf{éfwier er ?%aora%ﬁa_ .ergaiﬁ@ﬂs frd < G0 s enen cptumption
by @ &bbiiciRmea/addiel iﬁ?ﬁkalwgr%?tg%g& that B?fﬁlteglgdidaﬁrbon-

sgc.ond reactor 1s sufficlent’l w So that )
contrinving fizey psodoft stidamt thatgs alse fexkto oxsecond mattdr, dengedrydrotreating

t it h | r eady, hyd ted t st t he .
confe Bt oy GR BETTL SR A eB QU B EEh e SREesvy Peing
utilded fealghSRbeeséeRndtl ARIrddadkine SRE9 M tHeeREd &mpPdrnts.

mai nt ai ned such that the carboxylic acid and/or ester

Temperatares én thedange o fsme 201} torli0eC miedtypicallbaaintaings preférably in the

S it
ran o2 R S DS PR e GRG0 g bers 2
to 20MMPH)eR€ LisedpreCeaaisl in i Sangeif GiRdinl 50 teSHD bada €5 to 20 MPa).
Cor{%dr otreater or hydrocracker, as described above, are

fons arqirgiarsbly meinfeinehin the sepior suahibal@lmertfgmplete conversion
or SERERSSHE £ SRS AL AL RPN LG goe o

convedmhppreferhdy greater denDShpéonyarsinn. t he car boxylic acid
and/or ester is typically greater than that_ of the
h?’gwe%éwéwghomqqatamm&wo R gtieam semeveh frpmm the sgeond reactor
con?rﬁ@s_ $briRork IB?dfO%SI‘BBHSI d&fel Hom 8 551%0!3&’1% id &3d/bNGter fed to
onditions are typically maintalned so as to prevent
the sexoad hsadtong Optiohally and pesfsmbly, thei sagpnditliydiaacbonkoontagiing product
racesses, such_as. hydr.acrackin f any of .the feed
srcB 1 BRARE 0 TORBND S T dOP bR JaTearies PR osgocs By
hydfdde GupphRietd¢Ri &R frbm fﬁﬁh&t&b&lgﬂmsﬁﬁ&{ 81 88 lfi¥st iy didagrbon-
range of from 320Q0C to 4 100C. Typically, pressures in
contajiing preguciofireame nhhEgis svitabipadhigvad Ex megn of a/fagh separator for
exal ?d, preferably in the range of from50 to 200 bara
%%et'o 20 MPa). Conditions are preferably maintained in

t e the 8etold rédtt i$ preferalyopdrated tpde hy dedrRuiSeaiditiins, the
t he carboxylic aci,d and/or ester is achieved or

f
cataiysh ipbihe seondurercioniapretRlyadurtpiesiing catalygmg hifherjo described.
In oftt8hiitnd Ol SRAAGNEA) SRIpHE) GRAM the seqond resctor, then
hydsezeasdiphiizgieneratedfiom dessilphueisationmedctiohy lr the fird oeetor can

derived fraom.the.c oxylic .acjd and/or.ester fed to
advantageoug]y assolstm malntgirnPng sulfa:lugecf active metal lI:he second reactor.

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

ensures that the final fuel blend maintains the quality and consistency of analogous fuels
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the second reactor. Optionally and preferably, the
second hydrocar bon-contai ni ng product streamis

WO e@atisstst o renmove |ight end inpurities, such B&SI/GB2007/001841
unr eact ed hydrogen or any hy&lrogen sul phi de derived
fromfurther desul phurisation of the first
hydr ocar boncont ai ni ng product stream This is suitably
achi eved by neans of a flash separator for exanple. As

h nd rega r 4s preferahbly operated. under

pro#‘f/‘%?i’?%‘geﬁ?‘? ﬂg‘legﬁlﬁl&t q%ﬁ%e,n W%nqboglt alyst in the second

r efRtpbcebSwill £6ve ba Blustrated hel rerefeaad ioTg@@tialvhidh ig8 schematic

hitherto described. In enbodi ments of the invention
OVERHGY 6 a Rrasgisoniagedense arifhcthe presemtdnveatiohd react or

t r [FTalaY enerat. losatd.on

r R AR RNIR BT SRR AR B L R 8
togethari with hydrogen, as first geadtos 8] whicl edntaitk ia\selphizled|Cd-Mof Alamina

econd r.eactor ither or b of e first and_second
cataﬁw-r @eaﬁ'ilsaraﬁ wshg HShISagtop mé?l@?c ayd ﬁﬁgﬁ%ﬁﬁﬁ%’gmd
2eaV |
Ho%gggpdw @lfe?ds:cl?tzgpggvt) %@Ehe?ﬁ@ﬂfgﬁ&sd%ﬁﬁe&ﬁre?{he daillyst 103 Bﬁ‘ onhe first

as a type o el t her ‘or bot
hydrérarhpmertmtzinisg pesinst simymdpemomed frymithe faastot,i lmmigedsutphur

i St} d h that, | e, f
conf it 73698 BOGPELR P ER] ST Lo AP Aet PR peeshd ciog]
togétH&! wiki Rfdrbgéh @NPhePsedbRBRhcthr R M diRRined Bt P 0r0dWOakra pressure,
This minimsSes waste fromthe process, and ensures

with p satakt IS Y i(ihaithe epsnbinedhidS Weif theapraduat feomny the firstreagter and the

o B P T R LGB e

from ltha kel Rectbyistied & £18h stParktof 9/ whekeinWdlaile &smonents 10,
schenmatic overview of a process in accordance with the

inclydiagdted and viarrepish hydrogen. aregieparated franea liguidinhess | heamprising
el e PUATBMEcPRbheOr bl Byl g prcionaion

andcaijipgcolams UL pipeetdg 62 bira Alithm empedatuat yisthe base of the column of
nditions in _the fjrst reactor are 37 and 100 bara

3803&351@%1319 a¥5el Ssoqpriinadisht ﬁwﬁﬁ%@r\?@% g%spgm idgys removed
froth % Had S ﬁleddoﬁghﬁ,lagkfafuef"ﬁfeaﬁlh@r iS Al ved trdrd thie iddie poftiéh of the

first hydrocarbon-contal ning product stream 4 renoved
colimuy rmbohethe paint at whichthafipebhysindqarhon streamndritis 6fd, aabpdiese fuel

joined with feed.of tallow oil nd f into
sucki I st drony g ifhe Gplpfin The e £ et sl gpntent of
less'tRAESGYpn. S mai nt ai ned at 3500C and 99 bara pressure,

wth atotal LHSV (i.e. the conbined LHSV of the

product fromthe first reactor and the biological oil)

of 4hr \ The second hydrocar bon-contai ni ng product

stream 8 renoved fromthe second reactor is fed to a

flash separator 9, wherein volatile conponents 10,

i ncl udi ng H2S and unreact ed hydrogen, are separated

froma liquid phase 11 conpri sing
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fuel hydrocarbons. The |iquid phase conprising fuel
hydrocarbons is fed to a fractionation and stripping

W@ odoais823L operating at 2 bara with a tenperatRPCEGE2007/001841

t he base of the colum of 38QC. A |light phase 13
conprising |ight hydrocarboﬂ and hydrogen sul phide is
renoved fromthe head of the colum, a jet fuel stream
14 is renoved fromthe mddle portion of the col um,
above the point at which the fuel hydrocarbon stream

Claygs i 5 fed, and a diesel fuel stream 15 is renmoved from

the base of the colum. The diesel fuel has a sul phur

.content of less than 50ppm dainms 1. A process for the
. pr Adwotdss forghe profiuetioncfrafoslicompositionrporptisige hydrocarbons derived

hydr ocar.bons derived from carbaxylic acids and/or .
o PR he s B St B a5 Kt Mhishpres Soppyises the
st @@P‘S&{; (a) feeding hydrogen and a first
hydrocar bon- cont ai nj n%_ process streamto a first
iTH

r et &edingdydnegentaad aifist hydreghibonreeniaining progess stregng fo a first
r eact ogac%)u,ffi cient to produce a first
hydr of&F5on- cont ai ni ng product streamw th a reduced

co(toe Riaidhindig hditiohe Wakhinode Gevkaictor sgfiofepatd produce a first
conmpounds and/or o] efins conpared to the first

hy dr ob3etberseaipimitegPrafest sseans Wit arrpdycey corgepiratigp of
the f héé{oamiﬂ-wﬁ@{rﬁa%@gm Bl 38%?6&?1& &%@Jré@mthe first

the first reactor acteri e proces

addi t hpdbarpon-comainfigngrotdsesisdaeps of ; (d) feeding

o2 S Rk oo Tt ot i U st et
hy - i : SR nd

r e%g@ i [ ﬁ?g%cgl&ndgdgg%gl?}{ ?%éls vm%%eﬁt ﬁgﬁsecond

r edd) deedingf Hyideogent a tarbaxyiicacid aatl/or earboxdirasidésterhand at least a

ﬁg: goﬁéllaiogcogglbeoi dﬂga? l%/(tﬁ§cq%€cgpg<%x l'riligg %gc%@ﬁgssf}egrrn tE)% s%ggnd%gactor;
hy Qe iR pbnditin S &/ifhiOEe Sdcofd Fdibr biffilcnh® coneerna least
reactor, in ich at |least a portion of the

hydr ogeinp ofithegarboasli¢ aeid and/omarbnxybie peideyter to engiar more
and/ ogy%%rigrgﬁsl ic acid ester. 2. A process as clained

in cl *whi ch the fuel conposition is a diesel

fugh . rémovingh eesd hdrochdbRRentaininy Erodct seéant frahimhe second
i n which carboxylic acid and/or. carboxylic acjd, ester

is a feRctoy, Acvhichpideast apettion of the hydrocarbons are derived from the
carboxylic acid and/or carboxylic acid ester.

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

A process as claimed in claim 1 or claim 2, in which carboxylic acid and/or
carboxylic acid ester is a fatty acid and/or ester.

A process as claimed in any one of claims 1 to 3, in which the carboxylic acid and/or
carboxylic acid ester is derived from plant or animal fat or oil.

A process as claimed in any one of claims 1 to 4, in which the first hydrocarbon-
containing process stream comprises middle distillate hydrocarbons from a crude oil
refinery. '

A process as claimed in claim 5, in which the hydrocarbons comprise both straight-
run middle distillate hydrocarbons, and hydrocarbons derived from other refinery

process with a similar boiling range to that of the straight-run fraction.
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4. A process as clainmed in any one of clainms 1to 3, in
whi ch the carboxylic acid and/or carboxylic acid ester

WO 300dass2se€d from plant or animal fat or oil. 5PCHEGB2007/001841

10.

11.

process as clainmed in any ogﬁ of clains 1to 4, in

whi ch the first hydrocarbonContai ni ng process stream
conprises mddle distillate hydrocarbons froma crude
oil refinery. 6. A process as clained in claimb5b, in

whj ch the hyd b : bot.h st.r.aj ght
s R B 9 PR T SR E et fRarocarbon:
dedohniffing pRIFEAHSSm has h BEpNuriioRERSativh be(ﬂ)Fﬁin%ﬂ 1bre,

boiling rTange to that of the straight-run fraction.?7.
A gxpresssiasgéenadngdl welghitn any one of clains 1 to 6, in

LSl i ARG RORAAT 3h S BEPREThRD

exdohesEas prdue! SIFER cdnpsists1bsstharB200ppir UHHS egsressed as
claimed 1n any one of clainms 1 to 7, in which the

f i dermermigldulidhcont ai ni ng product stream conprises | ess

t hfi‘ :Br&g9§£@laﬁfﬁ:eﬁ !’i%nf ro%%isa%qs %0 g,l TRzt l?{hf?ﬂgtqgé&or i9-

A ‘process as claihed in any one of’clains 1 to 8, In
whhaihtaired af b tahperstantiarthé mngaoffran 260 tad3 M Ctandparedsuredn the

in the range of from 250 to 4300C and a pressure in

t Hang 1) 0F?899§@a§g"°zéfbl\’@’&}-a (2 to 20 MPa). 10. A
r A e, | 26 9%, 6l A i -

\Rﬁ? %E&:téﬁsaa% c@zllﬁfeg‘ﬁ?aé gé\%rﬁrﬁf cPiifas o 9! i vgfﬁc}g-t}fe%e&nd rBactor is

€ Ssecon or is maintalned at a

t enpiataittedrag aitempdraturesingle whgd oHird R0 to4 KX CeOdaptessure in the

i 0to 200 b 2 to 20 -
rasee o B 1S ADEBHE Pl 2 SRR oy one of claims 1
t 0A bloceldas¥Mified &dlshyt émcmﬂﬁg N Q6 21 BaRshied Aldishal Rydrb&arbons

second reactor.
are fed to the second reactor.



