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PROCESS FOR HYDRO GENATI ON OF CARBOXYLI C ACI DS AND
DERI VATI VES TO HYDROCARBONS This invention relates to
wao b@soswrsl of hydrogenati on, nore specifical |l yP€DGB2007/003757
process for the hydrogenation of a carboxylic acid
and/or _der i¥gligte b SBRY deRnPIRIYE RaRBEAlCD! ©
hydr ocar bons. Is wdely believed that 1 ncreased
concentrati ansD&)ﬁmatmsphENEs akimro@RBYSde (CO2) can
| ead to clinmate change through gl obal warm ng effects.
The burning of fossil fuels is thought to be chiefly
responsi bl e for such atnospheric increases, and
0 OHRY inf@ton ralates Be e TRl 6f HydrShatica, ﬁﬁi‘@sﬁe@i’ﬁcaﬂy to a process for
@‘ﬁ%m ating or reducjing anthropogeni c carbon di oxi de
the byfreggnstien pha easbetlie#pid and/oxderivadive thesepf ie apdace prapr more
hydﬁ)f%u% Fl Liquid fuels, such as gasoline, liquefied
eum gas (LPG), di esel and aviation fuel s, are
mdj 3rwidely beBeved ftha timpegzbd concentaativns oﬂatmoisplmrierdaﬂmhcoﬁmcide

In the in derived fromfo S Ssu
(OO ol s chne rgied sl pGHDERUREHa g BamaAfet fossi
fuelS %atjhouéh‘? fo ﬁé‘ﬁg@ﬂlfres ﬁﬁllﬁ@f&%ﬁé’ﬁsﬁiﬁgpﬁeﬁc %Ydi‘%és tahd e&kenments
processes such as s eam reformng or partial Oxidation
are beginving to Sehtar@m@mseglﬂatsngm egflueinglapthrepogenic edrbontdioxide

Ji.qui.d hyd b ts b h T h
emigofitiban Sergp e e Aot fRpediehyIERST i |1 od i nt o
v ‘Iﬁtpﬁli ~°fuécl§ agé ﬂ"%as@l%&e Hq@Tied| fr@[eﬁﬁ’at %ab o1LPGY) ﬁm@@l‘ e{hﬁ%viaﬁon

a ref |nery can be use directl Y,
fuelsfaremajarsotmses ofntmesphictia carbpe dmpiecmwﬁlwr In @lmmalngthey are

derlé/%(gﬁ f?as?]]t @ﬁlg%ﬁ t?rsl c?ﬁ e'c% 3 ﬁ]ﬁa& ﬁa%%?dz&gye atggl 1 gps and coal, for

exaﬁhF)l%O a4rEod depivertdd ©rEya, %dsltmrcsagl‘s peRseEsuchiad PB&Ea rei$)rm1ng or partial
ultimatel roduced from at rmspherl c cafbon dj oxi de
OXIQW@wth@ sxpsehissrbseguentyoavetedgnadisyidiydr gq?abon products
a l;
o SSIGE T R O SR A B on o
on differeaf buiknd poinga ladﬁhemﬁ v(ZEﬁEh caLberskd atfuebsxdireptly, avfafter further
bi omass-derived fuel is biodiesel. One type of
Conptrg@iesel conprises a blend of regul ar fossil
fUske %%Féa\éﬁ%ﬁq]em %ﬁﬁatﬁréi’ét@& &Qitﬁﬁ\ltlo% ko z(tﬁlo?Sl‘iEric)COz
typicdl'ly a plant of | such as rapeseed, sunflower
concanrtrationd is tfosechiemassiesa foél, b ‘rolpmg)aoeafueblﬁcsn dibiangass yourse.

' d th
BioRig RAGRRIFPHSORHE Bt SEIOTRS i R S Phajegythesi
andqglagegﬁ?%%ﬁggsggérﬂ Hel€e SROCOLrlda88d SR8 mbusaAEN Giill Havd een 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), typically a plant oil
such as rapeseed, sunflower or corn oil. However, use of biological oils directly as a fuel
is not always desirable as they can cause engine fouling through coking or polymerisation,
and can contaminate the engine lubricant, reducing its effectiveness.

Biological oils are chiefly comprised of fatty acid triglycerides, and they can be
converted into hydrocarbons corresponding to the fatty acid hydrocarbon chains by |
reaction with hydrogen, in a process often referred to as hydrodeoxygenation. An example

of such a process is described in US 5,705,722, which relates to the production of



10

15

20

25

30

Bi ol ogical oils are chiefly conprised of fatty acid

triglycerides, and they can be converted into
whyasoe@rbons corresponding to the fatty aci d PCT/GB2007/003757

hydr ocarbon chains by reactioon with hydrogen, in a

process often referred to as hydrodeoxygenati on. An

exanpl e of such a process is described in US

5,705,722, which relates to the production

hycfShEGERRNRA M i Syl e R RACAR, Rl IGhahk letRlfiRurbons
Mthkﬁ)dim;hiléjgl.hydr ogef);(ygenfat [ {)/n pkocess has bien diggai bed
u alfanz in orts N .
pé\r@%ei 3@05‘?9%?1@%05 ip&csgﬁﬁvéﬁgvl %ﬁ‘épﬁl ygfgqléa}léf £ ﬁsléanz in
VD}%y gf)@t’t‘js Nb Y TZ@gl@@ﬁSﬁ‘ﬂ 5300618 f‘nex%{s,ﬁ B%g{i&ll?-(feﬁ%([‘ l@ﬂsyoﬁaln bie Sco-fed

odesul phuri'sation unit, ereinthe mnera

- withraymiirsta ol fpddstdck dala aeftherhieydooddsolphumasation nit, wherein the mineral

ot RS SRASRRY G SIS R b S B B o8y o
produ¥élh atgepgugenat i on processes is that oxides of carbon

(COx) are produced. Typically, these are separated
f Howevere aprefdem twith e etaerpeiioned hydredepapaenatipn geacpeses is that

o bR e 95 41 AL g

hydioeabbmy intthe s@porr GxatiasiN\acflash SéRiratblo vepétier with inpraeed hgédrogen.
. of .carbon oxides in the vapour fraction restricts the

It is derdrablertp reqysle yaloase tp Eheyeacker to savecreesiyegiastre S Iamyek the

eSS 30 RERHT B S G SRSERE 0 bl gt ey

as carboui oxided wotld otldrerisg stcub@date iiv tieireavtor Hh &vels ovldch tvbelde

e Bl P e L i
mI‘nlex%ﬁJr@,SthQJe 1EMh6Rs §'nkdl RLE eérg%‘d PioRtds §9Bpro G R B dR8carbons

to the present I nvention, t IS  provided a process
fronf biolqgicatlyeleniyedyidy whizh buitigatés @ravan ehmimeslsich probkms.
and/ or,.derivative thereof .. which process conprises.the
- PR togds Pregei imyention et pAngded ¢ BRoGEF i produting
hyd©eaBesd b GebEXyiS héld aAd/eAa&NaMNE thePdof AniaBld pRcess comprises
derivative thereof to a reactor; (b) maintaining |
the semsdift i ons within the reactor such that the hydrogen

AT TR oy BB R i n
onelegivativy tBeRbOUCadtygdr ocar bons derived from the

((:ba)rrge(l)iﬁ aliliir?g ggrild?ti(%lg %Sc)lr{in %%rriez\tlc%fi S\lllgh Ethre]f? {h%%fyéirogen reacts with the
carboxylic acid and/or derivative thereof to produce one or more oxides of carbon
and one or more product hydrocarbons derived from the carboxylic acid and/or
derivative thereof; |

(c) removing from the reactor a product stream comprising unreacted hydrogen, the
one or more product hydrocarbons, and the one or more oxides of carbon from the
reactor;

(d) feeding the product stream to a flash separator;

(e) removing from the flash separator a vapour fraction and a liquid fraction, in which

the vapour fraction comprises hydrogen and the one or more oxides of carbon, and

the liquid fraction comprises the one or more product hydrocarbons;
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(c) renmoving fromthe reactor a product stream
conprising unreacted hydrogen, the one or nore product
woyasoe@rbons, and the one or nore oxides of cRCGB2007/003757
fromthe reactor; (d) feedi the product streamto a
flash separator; (e) renoving fromthe flash separator
a vapour fraction and a liquid fraction, in which the
vapour fraction conprises hydrogen and the one or nore
o] |d f
oheuét R B S0 BB o it R R Lo

fraétmtfrdrh ¢heClant @B raxor @nnaiﬁtame@ aocsr belove a Pxd- diasnmﬁecb@mlmo n
in the vapour fraction fromthe flash separator

A PEeGsEPidhe Bresend ipymnEonrad hedised t PreduseH lwéroeﬁﬂf@n fuel
i ARRAS LU Ebok INSEH B0 ORIELSE gt n
the bbiling pbink sanies aftthel ommnol/ moremducahydrecarbmrsehﬁved from the

endi.n n the hoilin r.an of the _.one or
cartgy e pHO AP RS HEHG T Sopdt WroMPeat B Lrtoyi rample as
dles%P oS AP EvIdREA HARL oY thelyREH BOblenddMBVitk @kistify MePHocks. As there
di'fectly as fuels, for exanple as diesel, gasoline or

is ligtlei carrioshif féramde, bevwedntthy hydmedrborts|ie fhterkistingfuehstasks, agd the

proff O R e EPRohE crrhO b Bid By hger T e Posestuthen

therd Rk AdCONABURY iU WEREANE h@idey,efld heRd idéhgine modifications
carpboxylic acid and/or derivative thereof, then there

are gquired compatibility issues with existing engines, and
heﬁllg r&%sse&%ﬂ}?se eghifné%%éc(ﬁgﬁ c%?oglﬁ&%(g 'sir;\rélﬁle carboxylic acid
process conp SitT on

andGe dprivaive ghdrékﬁf t6 arrétﬁ%c)tl wherainiitlisaptvertedde tﬁe\qﬁééemee of hydrogen
thereof to a reactor, wherein it is con ed jn(fhe
intofng 9 mase BrodugtdpdErsarhons-oCaten gronawide ap s%r gy dioxide
(ol AGRR0T 1o SA0OD AR ol 20N GREROTEAR thltrising the
proghuch Hydrbcaaboresa mueactpd hﬁdm@nt dnd @O,asl werhoveddrans drebreardor and fed to

reacted.h gen and is renpved, fromthe reactor
o 3 RGO P AR HRP B BFSR0B COmPHORA RS PSS Sich a5

unréarcﬁ:ﬁtﬂy@ g%ﬁ? gRd 09, e 3phdldd! font 8 HaBRIERIcRioR Y6kp ﬁﬁn% the ome or
unr eact ed hydrogen and OOx are separated from a iquid

mo:ferpmxtucbhydmmbmrsl iy otdee taoeeyode umeactedohysliogan, and to improve the

I I h
bR B 3 SRS db ok SN € pE Rt Frath Bfeen. s
is typlR K ir@e colipldeandeifiicalt esladhieR) drtehdn¥é ir0ehdRentibhiaSpractice

is typically extrenely conplex and difficult to
a pehstEsAE) is drkenteare he geseuyn iKRr opareYenh €0k ead gthstingauities from

acc@lﬁ@ﬁ% nzt%x% ?é%%:fbrf ﬁrﬁg«%atsgfc%@grﬁpﬁl%nybf(&br fh 2 r@Rr R lower

Ies
hydrogen partial pressures therem, resulting in reduced product hydrocarbon yields.

Additionally the presence of carbon monoxide in particular can cause loss of catalyst
activity through formation of volatile metal carbonyl species, some of which can be highly
toxic, for example nickel carbonyl.

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

derivative thereof. By maintaining the concentration of one or more oxides of carbon at or
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accumul ating in the reactor. Increased concentrations

of COx in the reactor can | ower hydrogen partia
wWQe@ssuoes therein, resulting in reduced produRCT/GB2007/003757

hydrocarbon yields. Addition flly t he presence of

carbon nonoxide in particul af can cause | oss of

catal yst activity through formation of volatile netal

carbonyl species some of which can be highly t oxi c,

exanpl e n car bon as _no b
e R e B B AP RS e
remlol & ia IRPHIras ﬂfea%iiéhnb(% LT adnﬁ@fénékt the ﬁuzﬁﬁit?ﬂfﬁydrogen recycled
pre-determ ned val ue é contr ol l'ing various reactio

canbgingreased.shus impreviaghy omtdtsatmn andgpdycieg waste. Controlhng the

h
congIRISH BE HieSaob iSREER HhS e 114G, (SERA-AARGH e pvaraecn
recpld streand isadiffeni soaise vea ph@e 88kam, ByhitRbiily donirslg the@antity of the
concentration of one or. nore oxi des of carbon at

vapgfEachign tvhichyis eqysted torthsagadian ue, t h e per cent age of
t e\, Oéb'hcérfté%hﬁﬁ th@% oﬂ?ﬁg@n tcrll e e e ﬁé}at\% @ar{ ﬁkereguced

purge stream can red ced e guanti
by ingdasigethehydyogkr qbanmhplbssuremurtbemeectpr tfdmscamﬂn by/mng:asmg total

presSs IS R DGR 8y ApDUORRAEI (o oy Iofal e i

I
SRS 00 EGK i6y DISSEPAS SEEHEIR o AR

to epgme md’flslenh@)m{elamst Yhe pressvee isappioallyf maintahmd atdoi bd:ioWs’ZOO bara
o.the reacto ncent i ons
00 R the Gots AprBler Al higRfsar ey Srectingipgs el fqpiagession
equipndnd 2 A LRI thdQidyeIREGBarh Fo:t Higher E&&&Bé elnciaifg total reactor
reactor, for exanple by increasing total pressure

pre%n@/c@n alsp deﬁ@asea‘@pﬁgr fractian Caleoneenbptonsgard ¢anths achigved for

exaih ST Ao B85 ol AR Pt AL By B
stre@@rfeonf theWRpdurt fbactiog of theslikh s&jacitbdr 16 divretcton MBhe TOE
pressure is_typically maintained_at or bel ow 200 bara

congentraipry canglsodie desreprd bygasreasing the male wtig afhydiogen to
carl\yl\(%gﬁ& QLid SREGH bdr ?‘%‘ﬁl\lg iR %of %ﬁﬁ.ﬁ% ﬁﬂre%gﬁ’l geﬁ A8t rate to

ot herw se be necessary
the taactogahyl reduding thie flosact prbcqss Mnrse:onmsmgsarwemhceasda and/or

ction COx con fatjons, and. ca
deriERyesof DrtheAgt o By TS FaceREi et cabplifeacid andlor
derl‘VQt'iV‘f:‘e tﬁéref)f fisthe fl%égﬁ&i?&ﬂn}%snfohesd&ﬁ % B Gltrdas q{s‘;‘dlﬁﬁlﬁﬁ@mh
fromthe vapour fraction of the flash separator to the
feedstamks thydrocahonOixkdesonlraritela.i Shemokeratid eﬁhjahfogmvdﬂahtoehe

creasin the ratio o dr car
ety SRR} D SR bbbl Pl G By
maihfeiedas bNsbdv¥ gr Og@enklre Wuffidict %&dﬁcﬁ SyiReebeA yletpd/ Another way
reduci ng the fl ow of process streans conpri si ngT

to rediicp Peconspatratipms @srto increase the reaction temperature 0 maintain
sufficient reaction rates, the temperature is preferably maintained at or above 200°C, while
temperatures at or below 430°C are preferably maintained to ensure sufficient selectivity
towards the desired product hydrocarbons.

In a preferred embodiment of the present invention, the pre-determined value for the
concentration of total COy in the vapour fraction of the flash separator is 1 wt% or below,
such as 0.1wt% or below. Preferably, the concentration is 500ppm or below, such as

100ppm or below. Preferably, at least a portion of the vapour fraction is recycled to the
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derivative thereof to the reactor, or by reducing the
concentration of carboxylic acid and/or derivative

Wo b@seef973 n the reaction conposition, such as BYT/GB2007/003757
increasing its dilution with feedst ock hydr ocar bons as
described bel ow. The nole raxio of hydrogen (H2) to
t he carboxyl ate groups present in the carboxylic acid
and/ or derivative thereof is preferably maintained at
or above 3 : 1 to ensure sufficient product

reacgrethe Paanesiionyefthe recapled Mepoupdpction enbiguelly beieg emtrolled by use of
a‘%g g}n{atlons is to increase the reaction
p nperature To mai ntain sufficient reaction rates,
t Mie compeatraion & dns op mfremﬁéyoﬂmfbmhah tedyapburcfiactibn ¢an be
20008 whil e tenperatures a bel qw 43Q0C are
detesmiged DR HRYIOWLINARS Fos gxeaple t@mhlﬂeéhmq%e@ sueh psgasy
ol b SRR e R £ RGRH A ASaribflaftd spectroscopy.
Thepa: mdmienaﬂ}nlmjuscd linien dwding bmﬁgummnt Tht ipomdaérntinecavalue can be

T Gt RGN SSLRoR: L CAile iHIOGERGABRGRES SRIDGS fof ier or

botk?@iﬂﬁ&fﬁlbﬁém@@aﬂcﬁoﬁgﬁﬂﬂ%&hd@ Qk aMernaiely &% He@ BRI Qhlue for the
bel ow. Preferably, at |east 'a portion of the vapour

confbiredtotehCOs cormyufatem tAn adventage oﬁdetemhemg tlegpe© £6h optotal COx

th . eC. ccled va rfra i O pti onal
confl GG 4G yPPRBE Mgt =B B e i ippradcionat
con@fméﬂﬁ@a@ l’pré’é@ﬁt&:oﬂ?aﬂ@ﬁto Ghe SO0 Birédin kdhtoved B tHeraadtdrpWhich
can be determ by various neans, for example
pre\@msm@g psphpyeriops Ard mirsierenge reud lingin inmroTRdaseragy the
waﬁ){ne%w S8his techni ques such as infrared or
ear-infrare spectroscopy. These can optionally be

ughe hydlrogmammn |rd:at¢ﬂoﬁ @the GeHctlr ntiy. be Carlypeé ofletctalyseéd
val ue can bhe f e of the oxides of carbon,

prefgsahlyistatalysed; Sutlehi Cﬁﬁléfsté &Céu% hydeptipatingeatalysts, é{n? gy those
con@ﬁ%ﬂﬂg%ﬂé BP&o?@&PP‘d @, I@lnR{loé kaq}nM%' aﬁﬁ'\ﬂ} arﬁéurlr%rly %rgferred

ePnatively can’be a S|hg ‘e val e for t
cataﬂystsaion@mngchﬁn&r@a HIaom’mna&nn adthavib a geheodatadyst & typicaliygsupported

he CQor to CQx concentratio nth
on SerlGRHERIR CGIRHES B e {GRAeT SHOTI Ry PATrY g gpinma-

aluBgdi tional conponents are present conpared to the

product streamrenoved fromthe reactor, which
prlbe eqaction perapoditien graaempvies mapsthamang earbexybicanidend/ or

A T TR BEHARASAD sy A rorar

prefeRBB1 dHoséBych ehef AliccbilBRdpsint dhasateisiicaahd/dp tief Rumstr Wi carbon
cat al ysed. Suitable cat ysts { ncI ude ht)ggrotreatl ng

atorgingh producthydresgehogs eradkibaih eispm 25 Hyfhe same rangs 28 Bhgpe of
the g%g]ggﬁ}lcggharb& fuctF orc&amﬁe, d¥Re1308s Wpl&ﬂgl bﬁﬁﬂh@g fl)ydrocarbons

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

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

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

definition are compounds comprising more than one carboxylate group, for example di-
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catal ysts conprising N or Co in conmbination with M .
The catalyst is typically supported on an inorganic
w@00de4®0xh as zirconia, titania or gamrma-al unPCEGB2007/003757
pref erably ganmmal um na. The reaction conposition can
conpri se nore than one carbéxylic acid and/or
derivative thereof. The one or nore carboxylic acids
and/ or derivatives thereof are preferably chosen such
that the boiling point characteristics and/or the
carbonyhib ecidgfdi-catetsoor dit oni-glycerives.pFatjuanidsandfas dleibestass are also

suitaBlec i G T an RGO s RETOMOIDFl R CRIT e

typich ¢ h‘}drb&e@b&l@bﬁaf{nsc %8 off YAlyQerts hadsr Baus @ﬁlitatUDe fdﬁ Qse in
range of from10 to 2 carbon at ons, -and %% pi cal

accordanes withdiel presgnpigventiondndiee wpduntionjof Aidiesal eltlaclné@d@
exarn\%éJ ?ehun% §9§t¥4 ﬁ§lg‘ﬁﬁ£ ds? aid dl/moleflgﬁfnolée%gé %Fe? Cab@% and erucic

rocar onS ers o

acidsdndyos estﬁrstthel‘éoif ahgri@RY tanipides ¢, 13015, Bt 1By 1717 hi%and 21
this tenperature ran% are suitabl.e for beln used as
carbey} atems respeqtivelyr Fhsresioremay ﬁ@nmlqerR Erus with gjthe yange of from 1

to 6 bl ﬁ1¥ef Pl ljﬁéé‘é%g{}r |dp 1, %'l lop Pﬁtg? %?Hg&&gt&@ﬂhe%@@r

era he  co oXY
may by d IHIJJn}bS elai— orftriplyesrddep M&th&g&nﬁﬁl formula [RMC @)Y C5EHEOH);.0, where

edlnthdefn onarec unds canpri sin
n= 1305 Ao Bt AF B RURRIS P Db ivenor ey Rads andlor ers
theregf ﬁl@ff ﬁ‘l%&a‘hﬁa@ﬁ 'og ﬁnsa@drat%& 1989 carBbn Stoup®' Di- or tri-glycerides may

-glycerid ty acids and/or their esters are
commise dyduoicarhoh eham dﬂl\@érfﬂnmthefsammr diffetedt G)tHacadsd/ or

R am e St of i iy g Bl e bl FOOT Rielfitoe

thereb®Is défifed FromASHOMBARN SR hAt rddut Wd@@@ﬂionls AR BBrefdm have a
the production of a diesel fuel include, for exanple,

redu¢egl ot ie¥sn 7670 pgmtrlbutlcpraﬂorﬁtmp@hege 68k icencenfrakigns; Examples of

blologéctaﬁ}/ g nxi }Zer % oﬁ&)&i\/\]ﬁ %51%5 Qﬁ(gélc%egﬁv%tv%sl{ﬁér (_)Lﬂﬁlilgﬁe %@1‘}/ ?{}i

tr1gl3k3r1dés?whﬂcﬁ ard §pivatly %&mﬁmrdaﬁrpoﬁémmf plastpe ahinval derivadel or
ers may conprise ngroups with in the range of from
fats, and @S@th@aaoﬁswoaf‘%sﬂeefa @l e nethyl, ethyl, propyl

ulﬁUf&ﬂlolo cal¥olife DB Laf %fhE 64§ $hFbr 8 aﬁ@eﬂh&gf)‘ﬂhclude
ool B B Gl Por 8

cerl general tornu
plant[—&étﬁi(a@ﬂ)} mG&l—b;s(@bsSed 01,1 pafarod, peanutloil, 2anola 8ilf amfloweoeil, tall

ol i rsousepl POl 6 P Iy RS A it apyppan o nd allow

chick¥ASAL U AIR%nH mrlgﬁéf\}%ﬁrbr&'u@tép&e aldo-sufdbld, fak b d/ifsede!rﬁ@d; from
may conprise hydrocarbon chains derived fromthe sane

mlcromrgmlsmerfemxana:ﬂt picroaldae. Waste ojls. shieh asubed spoldngreils, ca also
b He i nvention, the carboxylic acid and/or derivative
®Ufer eof is derived from bi omass, such that product

heh m6lepleaneilda this @eefbiablyeiohPmsd At akids whose hydrocarbon groups
have numbers of carbon atoms commensurate with hydrocarbons typically found in diesel
fuel. The corresponding product hydrocarbons so-obtained can be used directly as a diesel
fuel, or alternatively blended or otherwise incorporated into diesel fuel from other sources,
such as mineral-derived sources. Preferably, hydrodeoxygenation of the carboxylic acid
and/or derivative thereof produces product hydrocarbons having in the range of from 15 to

18 carbon atoms.
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reduced or even zero contribution to atnospheric CO
concentrations. Exanples of biologically-derived
W@ 20080x0973 ¢ aci ds and/ or derivatives thereof iPCT/G8#2007/003757
fatty acid triglycerides, which are typically the main
conponents of plant or anindl-derived oil or fats, and
al so the corresponding free fatty acids. Suitable
bi ol ogi cal sources of carboxylic acids and/or
derivatives thereof include plant-derived oils, such
a@Pﬁ@méLYeié dha)}brbduqm énbrdnooarbpnma tin¢arothey caamdergogiubsequent
unf.l ower o be

isonSFRfioRIS protis et wie imigped toBertis, R spbstion

perfbridigice b/ bOMpr&RdDeRflbWR thar@dteridiick and mi | k-deri ved
products are al so suitable, as are oils derived from

drodpernigenation of %éﬁbﬁkﬁdlmﬁ%ds@aﬂ/@a derivatiyesthefeo§ the product
hydg oﬂsc‘ alléso%ﬂe C%O[g 'b@% oducg‘d v Ple%%t%\% laﬁ'felfgn“at(ilea}cl-pﬁ yathways.

ogi cal s or fise
On@ﬁaﬂdxsa}wb &yérdgyﬁhmnaifﬁwmgmxypgohg\«ﬂumu pldnsesofaterednd @esults in
atons comensurate wth ocar bons typi caI |y found
the carberyd sabon hemg paviof &lwrnr@i%hmrﬁ@ar bety 115 &

elinRatRiAl Mﬁqfﬁﬁtg[l Lfgfﬁgar /o @d?ﬁn&% ?od%fc?ﬁﬁroéagﬁénnltagﬁng the

alternative ot erw se |ncorporat
carhdlxgb@rbdmel from ot her sources, such as

neral -derived sq Prefera . .
OB bR ey Satihadn 83‘:‘36'83234 Flating foythg hyfirsdeoxygenation
ofa @a@@'y‘ a6R trig B cbh8d, SHerdh 9@%@&»{?{ 5@9&&9 Is r@ﬁﬁg{zé?icﬁ&}ﬁ% fatty acid
having 1 n°"the range of from 18 carbon
comporent a@@n,cxn&rﬂe@ to af dechrboyylation; leamingraquadusd hydrecarbon (RH)
ar C under go subsequent isonerisation to
kmkﬁggﬁﬁ i%% ﬂﬁ?% i nproved properties, such as higher
conbustlon per f ormance and/ or i nproved cold fl ow
characteristics. In the dr odeoxygenat i on of
50y D Calds o g o TR 9aBiGidn ot Heskof ¢ hb
product hydrocarbons are believed to be produced via
at least two different reaction pathways. One pat hway
I s Anytieageanapathiwap invohes dadlogenakion bOthe, caﬂd@bcszhgrpﬁp; dnl&dsch
water and results in the carboxyl carbon hel n rt of,

OXygeRdS FimaYad frony te sRaeinas iget RetOrdag watlgn Fresults ina
O CO and
oSSR s R g i R D 0, o B °

reaction pathmay is illustrated in equatlon

B BLODE: G dioteo et Lo g1 ALY a8

fromthe fatty acid conponent as CO , referredto as
decar boxyl ati on, |eaving a product hydrocarbon (RH
Other reactions that are thought to occur are the reduction of CO, to carbon

monoxide and methane, according to reactions III and IV.

CO, + H, - CO + H,0 I
CO + 3H, — CH; + H,0 v

The carboxylic acid and/or derivative thereof may not be the sole constituent of the
reaction composition. In one embodiment, the reaction composition also comprises
hydrocarbons, henceforth referred to as feedstock hydrocarbons to distinguish them from

the product hydrocarbons produced from hydrodeoxygenation of the carboxylic acid and/or
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| acki ng the carboxylate carbon. (RC(O-03-C3H5 + 3
H2 (r) 3RH+ 3 CO2 + C3BH8 | An alternative pat hway
w0 pooslov®s3 hydr ogenat i on of the carboxyl group, PCTYGBRI0GH03757
oxygen is renmoved fromthe nolecule as water,
according to equation Il, afd results in a product
hydr ocar bon conpri si ng the car boxyl ate carbon (RCH3) .
(RC(O-03-C3H5 + 12 H2 (r) 3 RCH3 + C3H8 + 6 H20 I 1
O her reactions that are thought to occur are the

derivetitgdhoreef. ctuitale feaslstosk bydropashens indudgthopredaiivied from refinery

' t eact i 1.
GGERIbER oSBT oS o e 5, 60 o e,
feecﬁtmdk hydrdearbmt dre eheniyelveofuitible fopusehe atfhel, smhas gasoline, diesel or
constituent of the rgact i on .conposi ti

aviaiigp Sipl nEsrdstock bydrogabppsresding Epm; tbwea’n g Qf&ﬁﬂeﬁ ailand suitable
for ﬁ%\f. § Q@ sPOER Can%CCEEQ&f oy f(tdﬁhfee ﬂ]pﬁlq)ﬂ%%ﬁ h&5d ?e‘éﬁ%#y process

rocar bons to distindus romthe produ
strefmydisugh as lstnaighqamndnuddht distdlatehordeardegns pijdretion or ehtatyitieally
boxI| i d and{orderivative thereof. Suitapl
crackELHELHEAEN Pl o 21 BUREA R AR B BBk VEA TF PRYRY crude
mixbé | bﬂ%’cﬂo&?&ﬁﬁ Sl%stﬁhﬁ% AORr a YmbiRaRA %éﬁe&‘ﬁ%yﬁfdéﬂi‘bon process
Fi scher- Tropsch synthesis. In one enbodi nent
streqrae dEhm‘QdW direanas doonpsisimgdhe produdihydeocailbona Igalethm rbe @@@Hed

h
or Stk prHER oBF RS b Rieeitiol oAby APl ik drficyp of
gasdlindddiesdl br #Agtisitfuenbl e for use as a diesel fuel can be
derived, for exanple, fromone or nore refinery

pOpiienallys whererthe &edptodshydrocarms comprisg bRisrenignieqriaining
confiRENH SBRR R 2 B FO A L bty SR o
corripeu@dsrvﬂhaﬁ inealfien resdst iffirefinerestidant3ythey car bosubjected to a prior

resulting froma c rrbl Eat i gn of seyveral hydyocarbon

hydgtigaigsat. speleamipydr wirgten.defars heing ity W@ctph‘é/ﬂh the
carb?&ﬂ%d By b &Q‘fvgﬁ{?ec‘thefeef* Aﬁgtﬂatk?ngerlg sEéH dﬁ}d?gtr Feas ions can

ractionated to produce one or rocar flie S,
be cﬁnredemaﬂphdtammlskyrwmtoami infthgysened eador a}kl the;hjfdrodeoxygenauon

reacih st BRI eat hEEorrhons D Saa TRy i Ad enilap dstitative

therb & TRNENRS ﬁro%b@sFHTlﬂﬁe ﬁ@gﬁm@hﬁbﬁ}%nc&ﬁ%@ RSEH SimBHEnboaSly to
mer capt ans” or thi opheni ¢ conpounds which are often

deoyrgenanthe crarlpcecfylhn eriyl apdioe derivativh dheradand o wglpéumwfecdﬁock
BBy 65 5B, SUSTh 5o b Ruh e
retrofitted to existing refinery processes, which reduces the quantity of equipment required,
and hence minimises capital and operational expenditure.

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

modification required in hydrogen recycle apparatus between the flash separation zone and
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carboxylic acid and/ or derivative thereof.
Al ternatively, such hydrotreating reactions can be

w@e 2008i0e@7dut si nmul taneously with and in the saP€T/GB2007/003757
reactor as the hydrodeoxygenation reaction that
produces product hydrocarbofls fromthe carboxylic acid
and/ or derivative thereof. Thus, the process of the
present invention can be used sinultaneously to
deoxygenat e the carboxylic acid and/or derivative

the reamtoraglienanattofitbing disa prpbass iosexiftmgdefimark higrdtreatngowns

n t.he. sane reactor. Such a process is
byl st e

it can be retrofitted to existing

rH&dﬂé&éMlt@ﬁ@@é&’s"&Sfm WRirfiple b HitaFor ddsalpauaehg tHiesdffuel and/or
equi pnent_re uired, and hence minimses capital and

hydrg @%{g@rmﬁlan 0 ﬂ}@esmh%mh@amd Andferodesiyetive theree argypically carried
out a{éﬁéﬁs}% r&P:e%? ngng%? %&? ﬁ{@()gcg %ﬁ@hl?:rg%?eé il tﬁ%]l%nge of from 20

to 200l Lytol 20 Mea)j f@mkémpledﬁ themahge/ef fidiriS0ad 20G bara (5 to 20 MPa).
preferably at_ least |Iw% and preferably. at wt %

The é%VeleVeOfﬁh% a@r&ltwdiee%%s 198 e Rty P& &w%«iﬂ%ﬁw@s&m gns and

carbgf}‘l RUAYRIUthMESE He 1%9 fto tHFEdhdrUARS dr¥the nature of the
oglca oi S, Inprove t gni tion properties and
desiredtfaie In apraferraf emlimhmetﬁuhtw}ngh mee‘salstoﬁskl dlydrocarbons are suitable

e ) S WL SRS e
biolgH &1 Oxreaclstfo?xstemﬁ&‘atdr& il eCraREE AR 00 2OW P Ure IBRFained,

in order to mnimse the extent of nodification
preferelfyiin 8 rangehyfcfrang 820 Calo vid DK, app &rpacal seaptompressurdsdn the range

of e o oRE Bt @ W 2P SEFA G e PR nfin SNt Py WPl e

mairi¥iged dgadtr Bd4E coadition, &Jdﬂv%ﬁslonls%ﬂ bftafe 8anPOYP6OGE 86-F6d
for exanpl e as used for desul phuri sing di esel fuel

carngﬁdrc@mml(@di@axmib@rmfmr@fqu@b apd upently| greaterdhen 95%
con 5 55 SRl LS BRSO BRSSP

hydrpfr&&ﬁllgrcafaIYStB hh&es@ﬁh@ﬁb@ﬁefrom 20 to 200 bara (2 to 20
MPa), for exanple in . the range of from 50 to 200 bara

(Wﬁ? the rqaplgn C%%O%WP%P}’IS%% pur comaryndsnyrigalbeatik
consBfleht\oT AU 1 urdclfboh BIGHREN YRR ARSI 0 Proffica, which i
sepatatel frmacth@pl;odactdlydmcbibenmatdﬁeedsbtﬁcldhydrcd:aﬂuone ih the ehpodr n

a preferr enbodi which the f st ock
fractypyi faﬁ%flﬁ@r@parﬁ@rs ﬁfﬁ? L{@P@ P%g%n%rgsea E@@éamﬂfmﬂndaﬁadstock

hymhaﬁbéﬁuﬁﬁ%nﬁﬂu?ﬁk@&%&hSQhﬁﬁanéﬁgﬁﬁkdQ?mb¥ékm%encanbe
- thereof is a biological oil, reactlontenperatures in

strippérbfremthe vafout fraeticr Gypicells 1SDE adquidarnine dpaiend, unreacted

nyarBe § XS Pld Bt I 3P SEhF oAbt RETHES PLgh T SIS ogh 2
procéfi0adiaktson| Bokide ZtQpaM:féﬁlarNIﬁlf RAdibolVe iathdainine t@thap avith the
H,S. "Sl‘hlts ?edzu(():es'vgl%)cogée%tratmn of H,S that can be absorbed by the amine, which
increases the quantity of amine required, and hence increases the energy and materials
required for regeneration and recycling of the amine.

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

fraction cdrnprising LPG and gasoline hydrocarbons.
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mai nt ai ned. Under these conditions, conversions of
greater than 90% of the co-fed carboxylic acid and/or
waleomswadiye thereof are typical, and usually gPEERGBR007/003757

than 95% conversion i s achi eved. The hydr ogenati on
reactions are suitably catdllysed by hydrotreating

catal ysts, as descri bed above. Were the reaction

conmposi tion conprises sul phur conpounds, typically as

a constituent of feedstock hydrocarbons, hydrogen

sIultlphpl@éuf(tmns)f s diess} figlibeanghwhihydrdgenatiopariade eil refinery-

ct h ocas hon d.fe I
derife By BERhs PE PG ARSE R R I RS oS P L bRy
com%ﬁs@“allkaﬁ@s ©28ME WRE 1RsdrAnduad WE blefinsl afdetsieas nore heteroatom-
drocarbons. In order to prevent HS from bejng

contalemgrcﬁ@@ou@fi% Heypicalrthe hetplpa@ahcmalgtn&%g@eumw guehur-
cont%@i?lgl&) E)B@l’f&s s?l@h a fﬁ@ésl thi i%ﬂe% ﬁeﬂzgﬂlgdﬁﬁﬂéyoaﬂﬁ'mercaptans

nreacted o en | recyc
The c@apdsition o'Iﬂ’tbe fueéﬁe:ﬂdeydmﬁcaﬁ@ns can vargedspeadihg on thesnatine af the

roingRy s U DG RS Gl B M e doripd Typicaly
the sgf;;‘)ﬂﬂﬁ&ﬁitérﬁ & m&gﬁfﬂrrrﬁ'&‘e Wchs TR bhakiohedy rﬁ@reaﬂﬁ ekABsle in

e am ne Ich increases the "quantity of am ne
the ramepuififiesay 0 2rtd 2Preby welght.; reep:smdtah elemetag sulping. fefansiraaysbe

e 9P o BTSSR S5 S BRRGaions

up td 2% bghieigHt fbr barAplt Wb tt('ﬁ 0% ?tﬁﬁﬁéigitlo@ Rp Y61 5%% byf WEight. Other
exanple a fractionation-or distillation unit, to

possrbé@mh@em of ﬁ;ecﬁr@tlafdmmnwpmauu@ pregachsiesm drcludesromatic

sel fraction, a kerosene
com??”é@f"l%r‘fy%lhc ﬁgar}elsaw %Srngglﬁhg %con'prl sing LPG and
ORI Bhikr RN A0 6@ &ﬁﬁﬁnﬂg’hntﬂi@pﬂ@ﬂ@&llﬁ'ﬁtd@arb@ﬁ afd thedstotk
fuel through cou@drogenatl on, crude oil

hydrpestbenseqnieiningdinurd racionob thesflash senayaipicae typiepdlydessdhan

d
oS LSRN e Ny POt RSyl
lowed tigandlrwtfhi) fer dxatmplotl ot?s onieas. NThgliqudfiactidsconTpyrsec bydrycarbons

: t he het at.omco ta| ni ounds are
resulige i s droMieAd bFh IS HRGE b PR BSoRiTegmy, gpdalso one or more

hydr%’érﬁ&ﬁ%ﬁﬁtm??ﬁﬁﬁ Qbé}B&?ﬁ‘l‘% SRR H@ﬁ\?&tﬁ/@ﬁheré—cﬁe Typically, the -

conposition © e feedstock hydrocarbons can vary,
liquid dimetioh isgubsequbmtlynfiaationated tot depanatef qomgropents inda Nariensduel

and the source of crude oil fromwhich they are
fractipnls; yed. Typically, the sul phur content is 200ppm or
n‘Ph@ roSks hmﬁsno% Hemhytraf&i e B1lovh exatrﬂ;sle exndrwakierefdtence to
t he range of fromO0.2 % by wei g expressed as
Figued &nébighal asohgrhatical @letfatlﬁg Oﬁayrqsesspn@wrdamﬁ with the present
concentrations typically above 0.01w % and may be

Yent at concentrations

A biological oil or fat 1 and a mineral oil 2 derived from a mixture of refinery

anC

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

light hydrocarbons such as methane and propane, water, hydrogen sulphide and COy, is



10

up to 20% by wei ght, for exanple up to 10% by wei ght
or up to 5% by weight. O her possible constituents of
wo b@sHiass hydr ogen- cont ai ni ng product stream POTGBA®7/003757

aromati ¢ conpounds, or cyclic al kanes such as
napht henes. Sul phur concentidati ons remaining in the
product hydrocarbon and feedstock
hydr ocar bon-containing liquid fraction of the flash
separator are typically less than 200ppm expressed as

sepastedfeont alliqaid fosmtion 1Ewotipeising desulgueisedminsoal odritydeatcaboss and

ar pically |ower than.|w.%. for exanple 0.1w % or
PmdP@i‘é’a’yof op3 ?V&wfeffoéi‘& eg’l’f’l%ﬁ?}ﬂﬂs%&thydr ocar bons
- IBRWapb R AdRMe!iE 8pfi [l?tfé@t%taqgrdfdgéh stilpHIde G ABr 9 comprising
precufsor stream and also one or nore hydrocarbons

an aming witapsprisHlSad alsolsor (chibon diaxiderandoratere rAmineiisemoved

t her eof . ically, t iqui d,firactd i S: :
for igiBB Rt ) 11 Faiom b utofs SuiRS H-shhaindar afos yaogur
fractioal é&ﬂﬁrisﬁﬁ)gébreﬂblﬂﬁiahﬂy] Bydrd g ip Feuyelss btk fo thewabier via lines 11
i|{ustrate by the foll owm ng exa and with

| e, Wt
and §.eTls bqwié finetiqn Hlpkthe flaph senamtor és ég%ﬁ@tapwaﬂon column 13,
el LB O i S5 SHRpERARL ARACRA i s i

remdVied loal theitdp, 2 ldevy fiecliohriGroompeisig disselbdontmemnts isyremoved from

process streans, conpri sing feedstock hydrocarbons, i.n .
the Wabro i meAnef it LEFBIOPE HaeH I BITEITD RIS 106 S i fuel i
: i : ontaining a fixed bed
rﬂmﬁ@gggﬁg r%@%ggéﬁﬁakgg?g ggﬁhgﬁmgypically Ni Mo on
alum na or CoMo on alum na. Hydrogen is fed to the
reactor through line 5. A product streamis renoved
fromthe reactor through line 6 and fed to a fl ash
separator 7, in which a vapour fraction 8 conpri sing
unreact ed hydrogen, |ight hydrocarbons such as mnet hane
and propane, water, hydrogen sul phide and COx,
I sseparated froma liquid fraction 12 conprising
desul phuri sed m neral oil hydrocarbons and product
hydr ocar bons derived fromthe biological oil or fat.
The vapour fraction 8 is optionally fed to a hydrogen
sul phi de separator 9 conprising an am ne whi ch absorbs
H S and al so sone carbon dioxide and water. Amne is
renmoved for regeneration 10 and separation of hydrogen
sul phi de. The remai nder of the vapour fraction,
conprising predom nantly hydrogen is recycled back to
the reactor via lines 11 and 5. The liquid fraction 12
of the flash separator is fed to a fractionation
colum 13, wherein a fraction 14 conprising gasoline
conmponents, |ight hydrocarbons, and gases is
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renoved fromthe top, a heavy fraction 16 conprising
di esel conponents is renoved fromthe base, and

wopisonalrd y, a kerosene fraction 15 typical |y BCi/Gab0/003757

for use as aviation fuel is renoved from an

intermedi ate region of the &l um.Cains 1. A process
for produci ng hydrocarbons froma carboxylic acid

and/ or derivative thereof, which process conprises the
steps of; (a) feeding hydrogen and a reaction

Ql?.lﬁlﬁn'posi tion conprising a carboxylic acid and/or

N T

r éiieedo$, wihich ptdeesscanipeiyd the seps 6f; and/ or derivative
t hereof . to produce one or nore oxi des of carbon and .
onéa)dFeding Bygpasieid HpastinfoBpAStigR FORESAg B oA o acid

car bl driieAtifledRdoF dsticd | ve thereof; (c)

renoving fromthe reactor a product stream conprising
uniBansiethinipg coghtionstwithin the reactorsueh thatthedtydrogen reacts with the

hyd rb , .and.th i,d f bon.

£ 1 om GRS B peignd o e aa? s ok & RO PR P Lol

f 1 ashagieRamatont or ifdre pRTBM WY ErotADOhS fiivield T BRRAMRKMiC acid
a vapour fraction and a liquid fraction, in which the

vapouwandfar erivasivedberpefi ses hydrogen and the one or nore

oxi.de f. 0 and the lLiquid fracti.on conmrLi $€s

NS SRRl e BRtort Fromdl dehoh kaRbiARs SEMRIE BT rogen, the
t hat dreer @6 pridust hydodfbods @@ thdBHetor@drd @sidek of &b from
in the vapour fraction fromthe flash separator is

mai ntthe FR8E0st or bel ow.a pre-deternined val ue. 2. A

pr . |.a ' wad JL M1 Ch the total

co (g)gt%%c}laglth%ﬁg@cgr%gg{ogdx@ égeﬂsaﬁat}gﬂe vapour fraction

of (&)hemovmgltrae piay fidshrsepasatomd vapaunfraction emdediqedd friction, in
Iwt % or. ] ess. 3. process .as_clainmed in claim2, in

whi ¢ hWélﬁé ﬂteo‘taQP“fc@ﬁ‘Fé’@ﬁtCP‘é‘PWﬁ% ha;fir%s?%%&mna Q& moge oxides of
500p : b s e of

R A N SR I S

and/ drydumarboatj ve thereof is a biological oil or fat.
ishCh%il‘lo ﬁ%%?e(ﬁlzl tg%cetﬁ% ?(In?n.f:ggt 5@@%@? or m%Ire .&igelzsng:f c%rbtog irf' the vapour

fraction from the flash separator is maintained at or below a pre-determined value.

A process as claimed in claim 1, in which thé total concentration of carbon oxides in
the vapour fraction of the flash separator is maintained at a value of 1 wt% or less.
A process as claimed in claim 2, in which the total concentration of carbon oxides is
500ppm or less.

A process as claimed in any one of claims 1 to 3, in which the source of carboxylic
acid and/or derivative thereof is a biological oil or fat.

A process as claimed in any one of claims 1 to 4, in which the one or more product
hydrocarbons are suitable for use as a diesel fuel.

A process as claimed in any one of claims 1 to 5, in Which the number of carbon
atoms in the one or more product hydrocarbons is in the range of from 10 to 22.

A process as claimed in any one of claims 1 to 6, in which the reaction composition

additionally comprises feedstock hydrocarbons derived from the refining of crude oil.
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hydr ocarbons are suitable for use as a diesel fuel. 6.

A process as clained in any one of clains 1 to 5, in
waondosl4done nunber of carbon atons in the one oPCTGBR007/003757

product hydrocarbons is in the range of from10 to 22.

7. A process as clainmed in d8y one of claims 1 to 6,

in which the reaction conposition additionally

conpri ses feedstock hydrocarbons derived fromthe

reflnlng of- ¢crude oi | process as clainmed in claim

8. 1A proceisias klaimed medlaisn &m whyaxtbeﬁaeé@méc hiydsocarbons are
d I d diesel fuel. 9. A
p?%%:{g@migslg&gfjn&{d [bhgg%é;i cg%g“é)@lecl aims 1lto 8, in
0. vvhtl ph)cedseis platroed anyematoéslaaﬁs htd &,ﬁnm&ﬂuhemd&eishiperates ata
e of from 200 t %% and ressure in the ran
PSRRI RE Bge B fra 13 43 Cind)presgure 1t ‘r?rli%%f‘s%f Yrm 20 to
CIZ@()rp;glq (2o a0y eyye of cI aims 1to 9, in which the
l'i quid fractlon romthe flash separator is separated
10.i k process aenlanne@nfaramoﬁslalrﬂﬂl to9,in shehstha qaiddiaction from

one of clai ns ich the
cgh%@%%}ﬁsgﬁrﬁﬁqr gfsegﬁgteérlntw% b E"\éga%‘Pn%ar bon in the
11.vapgitbeebs ardlhigtedfin any bhcof diAfR 196 n@r iﬁtvﬂhclh theBBhMnaRStlof one
at or bel owthe@gre determ ned val ue tg@lvar yi ng one or

noplegre axidesof garbpw in the yprovadizetéon from ﬂashaaepma@sm re

of c t r£ess

oL RHRBER o Bl SR Bl DA B0 3 4 B ot

acfedctﬁmdbmpezdﬁﬂe,\thé pattial fresseRfofihfrdidgen frethe kdictor, the total
pressure in the reactor, and the mole ratio of hydrogen to carboxylic acid and/or

derivative thereof in the reactor.



