Met hod for the manufacture of hydrocarbons Field of
the invention The invention relates to a nmethod for

wo bmewesosf act ure of hydrocarbons from renewabl BCEBROGES0031
and particularly to a selective nethod for the
manuf act ure of hydrocarbons s¥itable for the diese
fuel pool. The invention also relates to a nethod for
t he manuf acture of hydrocarbons with decreased
consunption of hydrogen. Background of the invention
EnMethodfonithe manuéacturesofhydrogarborsy easi ng demand for
di esel fuel encourage fuel producers to enploy nore
i ntensi vely avail abl e renewabl e sources. However,
known processes, utilizing such sources tend to result
in_an increase jn carbon dioxide em ssions with
geHieldiof thejinysptionegat i ve effects. In the manufacture

5 of diesel fuel the main interest is focused on
vegetabl e oils and animal fats conprising
t rThd yoventioke selafes ftatd ynesleoddfor the nganudactare gbft hydrocarbons from
nost |y sat urated hydr.ocarbon chai ns of f pgg aci ds
c o PERARIA oW parjicylarly %aﬁs@%@am&?@ Bf thegpanyfpcture of
di pRdbeabtsts SsuitaIENE fthe Hié‘é‘elnfl%@f Pgﬁg §thahGentiohSa1s $841Y to a

inferror properties, particular extrenme viscosity,
anuhethod sfor Hbé mamsuadture f efehwdrpearbonsi wihl. deCmaseh consuaiption of
appr paches for converting vegetable oils into fuels
cotP&® t ransesterification, hydrogenation and
cracki ng, anong others. Triglycerides, which formthe
mai N conponent in vegetable oils, are converted into
t hBackgrpung ofitherigventiomr s by the transesterification
reaction with an al cohol in the presence of catalysts.
However, poor |owtenperature properties of the
pr BAifdnsnedbd] anterRskslantiah ihdreadingvieigandifoe didiel RG1 emdurage fuel
with colder climatic conditions. Schmdt, K, GCerpen
15 3. rroducsaeie sarlays 1evse iptensively avateble Hengyyable sewcess However,
OX{iwh hfbc@%gﬁ?ﬁﬁﬁﬁ% §u%h's'3uﬂ:@§j ESHd" RPleSull 'irggﬁrimirease in carbon
em Ssi onNs O , | IT conparison to conventiona
dioxide emissions with generally known negative effects. In the manufacture of

10

diesel fuel the main interest is focused on vegetable oils and animal fats
comprising triglycerides of fatty acids. Long, straight and mostly saturated
20  hydrocarbon chains of fatty acids correspond chemically to the hydrocarbons
present in diesel fuels. However, the neat vegetable oils display inferior

properties, particularly extreme viscosity, and thus their use in fuels is limited.

Conventional approaches for converting vegetable oils into fuels comprise
25 transesterification, hydrogenation and cracking, among others. Triglycerides,
which form the main component in vegetable oils, are converted into the
corresponding esters by the transesterification reaction with an alcohol in the
presence of catalysts. However, poor low-temperature properties of the products
obtained limit their wider use in regions with colder climatic conditions. Schmidt,

30 K., Gerpen J.V.: SAE paper 961086 teaches that the presence of oxygen in esters



di esel fuels. Thermal and catalytic cracking of
bio-materials |like vegetable oils and aninmal fats | ead

WO 2008/0v082 spectrum of products. US 5, 233, 109 PEBERDIB@S0031
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an exanpl e of such process using catal ysts containing

al um na and anot her conponent, such as silica or

al um no-silicate. The reactio%s are generally

unsel ective and | ess val uabl e products are fornmed as
wel | . The unsaturated and aromatic hydrocarbons )

pr resweltst i indeisable dughgr femagsians e heasapgsisew (ke tcenventional
un %tr%%ﬁive for the diesel pool. Patents US 4,992, 605

an ﬁ% 5705, 722 descri be processes for the production

of diesel fuel additives by conversion of bio-oils

into saturated hydrocarbons under. hydroprocessin )
cohbgriaband catliceracking phbiogpaterias é%? pesejable oy @gdpammal fats
in . D

parcit B RHBY tpcllBPor {RAME Y 3. 17 techb B HEERAEBE such
CoprouERs tusimg dagal¥sts ¢dnedining ahaiag endlarother c@ngpohes] siwhds silica
r eacti' ons Sihwh a_thrret hanati on and reverse water- %?s

sho¥ plumine-piligafe. Fhe TRAGHINR\AIE SgRTTalbn NESRIFRtIVErAnd frst yaluable
t NErodi&s afe RNGEd BE /EASPRS unGARRAEH 3hd YrdnihticalydRRattons present
where the hydrogen bal ance 1s already al nost” negativ
bemdbs Equfl frotiph yiake these prodects shattractive fethe desd posl.
Undesired oxygen nay be renoved fromfatty acids or

esters by deoxygenation. The deoxygenation of bio-oils

anpatbt TS £,99,80988d D8NS 705512 @b BbAProdés’sLlor ieproduction of
products, may be performed in the presence of

c adigse) Jeed addiiives hy gpoysrder 9§ biegoisontn satemated hydrqoatpons under
hydr xygenat.j OR4li, t] . I .
BRI RGP TP b & PRAR AR grope o s mettyl
raglo@p migifesaralitiviely dighhigldrogen padiddligreur! by above 4.5 MPa.
hydrogen is consuned in sjde reactions as well.
DeHdi98y FenspmRtion is firther ingreased dug fp exentyal idgrerchions puch as

W ﬁl'églgﬁaﬁiogl nAQGy e%tbﬁ?%sosil(li}?fbaattf@l. Gk %@%&d@eﬁ%ﬂ%ﬁwtmn

The teasibility of deca atron vari
limits the use of such processes, especially in refineries where the hydrogen

balance is already almost negative because of complying with legislative

requirements.

Undesired oxygen may be removed from fatty acids or esters by deoxygenation.
The deoxygenation of bio-oils and fats to hydrocarbons, suitable as diesel fuel
products, may be performed in the presence of catalysts under hydroprocessing
conditions. During hydrodeoxygenation conditions oxogroups are hydrogenated
and therefore this reaction requires rather high amounts of hydrogen.

Additionally, hydrogen is consumed in side reactions as well.

Decarboxylation of fatty acids results in hydrocarbons with one carbon atom less
than the original molecule. The feasibility of decarboxylation varies greatly with
the type of carboxylic acid used as the starting material. Activated carboxylic

acids containing electron-attracting substituents in the position alpha or beta with



the type of carboxylic acid used as the starting
material. Activated carboxylic acids containing

we@bmenron7 attracti ng substituents in the positPONFERH@NA031
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or beta withrespect to the carboxylic group | ose

car bon di oxi de spont aneously ﬁt slightly el evated
tenperatures. In this case, the RC-COOH bond is

weakened by the electron shift along the carbon chain.
The majority of fatty acids are, however, not .
actespest del . therisarboaxlic igvaupi ledeisarton dipxide tspontan¢ruskyaatoglightly

chai n.eyokes hi g l.ectron,d [ N the. positio

o1 Bk Byl Ty S0 b Mg GOl o R RRMS PR by the
t hele¢tednashifbalohg €K ddioni dbidint . Al t hough t he

decar boxyl ati on of activated and non-acti vat ed

carboxylic acids is thernodynam cally conparable, the

of T B ity S HY o 3 NocBE o aDIAEL, 112 hdie3phction
pr effexn ofthefcarbon @haih esbkaarachigle glectr@ddednsity inethe pogitibm elpha with

energetic_barrier, The fusjon, of _al kalin alts o
f atePRechiq e cbPrylihgroRR Jhes the rfﬁwr: ShCib i, Although
hy 8k 0GRESBES 1dtonk "W Al 4tE@ dY¥nd " RER-AR 2kt Qaﬂ%ﬁ&ﬁ%yacids is

The reaction is highly unsel ective and ketones an
cr thekmhodynpmamilly cemparablaethe agigvaiodesengyds $igujficantly higher in the

al kal i te are fornmed with L.ow conyersion.

R FBel the i nheretare e conti HRTE e pyisce f a caalyst are
I epghiré® HRRGmEBhObierbdlicagdd ¢ synthesis. Mst of

them proceed via free radi cal nechanism US 4, 262, 157

di scl oses a decarboxyl ati on process utili zing

LIRE BBt SRR, AR Lhaifialifs M| Brie@thiing Y dforides to
ﬁl Bireesiane o Ynahinosiratly URsatite aved caaids The fe@dtidn is highly
y

rocarbons with one carbon | ess is descr.i bed.

| nenseleetive) @pd sdongs ando Aracking cRrogyals, s yellnasyyindesired highly
in ' i xylic acids into the
colRaltiohetd B8 TR R et 1

dehal ogenati on. Hunsdi ecker's and Kochi's reactions

are exanples of such reacti gns and both o .
]gurther,%ere exist a number 01[:jl ecarboxylation reactions used mainly in organic

synthesis. Most of them proceed via free radical mechanism.

US 4,262,157 discloses a decarboxylation process utilizing diazacycloalkenes and
Cu salts, wherein lauric acid reacts to form n-undecane with 51 % yield at 320 °C.
Also decarboxylation of unsaturated acids to form hydrocarbons with one carbon

less is described.

Indirect decarboxylation routes are also known, involving transformation of
carboxylic acids into the corresponding halides, followed by their dehalogenation.
Hunsdiecker’s and Kochi's reactions are examples of such reactions and both

reactions proceed via free radical mechanism.



reacti ons proceed via free radi cal nechani sm Avail abl e
alternative routes involve el ectrochem cal and

w@bwbo7mat al yti ¢ deconpositions. An exanpl e of PCT/F12006/050031
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el ectrochem cal deconposition is the Kol be
el ectrolysis, wherein the rea%tion Is started by
anodi ¢ nono-el ectron oxidation |eading to the
formati on of carboxylate radicals. Their subsequent
decar boxyl ation results in ?robable formati on of
hydivwé?iﬂo odltereativealreuteThénvolw nele¢traghemicabr andesphaptcatalytic
Q Lonajion heter ation of the

rr SRCPRAR" AL et 31 e oBiet MRberfRplipg Pome Kotoe
t heledtysly s aniRasinSHie trbgtios 1b|95t@ie|d)'b afgic SHnAGIRMeS oxidation
sol vents, organic co-solvents, ed salts and

pl leeding te tedermasionof cubgsylats mw% rideirisgbsequent decarboxylation
r elaegltll'tsoi% l}ﬁéb‘ilé fotiafOn %?fll?l&:ggﬁlbblg Gadid. A4R1 M Rerization or less
products mal n side ts conprise

1- ofadisprapediohytibmdeadstro rthe femmmadioniod the free radical reaction. The

TR BOA SEE T i, SEEOEGOPE dOPYia] FPARE gomprise. aqueous
[ QAN orgah o 15BROASOXIRANAIE Ad HiarHEHD B OIS UNBTsuch
cnp .

bio -oil ounds i s described by Parnon et
Cataridytgins tltf@dagctlaﬁ idlg9 Bp- %B«Eofazuplﬁl@ hml@earbom rppoducts, The

phenol, .i.s in th irst.ste at e t.h car bon

PO S, Podefet qmpiste; T alebied ahoshiians: formed via
beggfopodiohstionC OAS QeHHRAM |r¥d1@zﬁc andeaxbat applidd tal& for photo-
presence of PtPd or RuPd alloys in the second step

Theatalphigailly initigted freackiensiecar boxyl ati on reactions |i sted
above and/or the low yield and very often, also the
hazardous materials applied in the reactions are the

MaTwoGtcpvdbagigenafior bﬁ@:grgambﬂamhgsblomm@mnﬂﬁisldemnfed by
car boxylic aC|ds rocarbons by contactin

caPtme et LeatatusisTodonss OO8guhe 02 ddeandssi Sompaund, phenol,

I b gl gl ER S T

Pdﬁﬁldm batmhqamd f:mrseqi&mﬂy hizxybatylates od tleprsaice of PtPd or
c b& Xf a%l |ng the reaction the
uPd loys in the second step

The complexity of the decarboxylation reactions listed above and/or the low yield
and very often, also the hazardous materials applied in the reactions, are the main

drawbacks of these approaches.

Decarboxylation of carboxylic acids to hydrocarbons by contacting carboxylic
acids with heterogencous catalysts was suggested by Maier, W. F. et al:
Chemische Berichte (1982), 115(2), 808-12. They tested Ni/Al;O3 and Pd/SiO,
catalysts for decarboxylation of several carboxylic acids. During the reaction the
vapors of the reactant passed through a catalytic bed together with hydrogen.
Hexane represented the main product of the decarboxylation of the tested
compound heptanoic acid. When nitrogen was used instead of hydrogen no

decarboxylation was observed.



vapors of the reactant passed through a catal ytic bed
together with hydrogen. Hexane represented the nmain
w@emdotiosof the decar boxyl ati on of the tested pONpROHH30031

hept anoi ¢ aci d. Wen nitrogen was used instead of

hydr ogen no decar boxyl ati on S observed. US 4, 554, 397

di scl oses a process for the nuf acture of |inear

olefins fromsaturated fatty acids or esters. The

catal ytic stem consi sts of nickel and at |east one

S
metldl 4555#&3&%@%1@@&1& peoceggsofen the manufactige off liregy olefing from

and,ge i,um.,Accordi to,the ex | es n .ot her

o nihe el Riad Ge QR Mhel Gulfe FERMD LRI PR ARA at cast
achmey inicfal Sdlétdd bt Ghs airoliptcadsibiyl @€ ae)NEn Gind germanium.
formati on of ketones when Raney-N was used

obAesardiag todhacrmBlenrWing, othelceripusts.edchias PaiC Were used, low
5 P70 YA a5 VOB, 1ot BE oy of kgones

( 1686y RaddyOilyvas Fed 6eranbs@ved 15, wher ei n

hydr odeoxygenati on of bi omass derived pyrolysis oils

over sul phided CoMb/ g-Al 29 3 and N Mo/ g-Al 2g 3

Capatarxy 1D, Shdtbhiptnicd WHHNYARRSARGHPE SHFRmYRnd, i
used anong ot hers a genodel c&ﬁgound and it masrn d I
obdescnibadl ithdautent E.atRemoh, Bar Appliadn Catabisire A: General (1994),

10 SeEBREE 3k 0, DTS baar R R B ABSTA B
;W&Zﬂ&ggn&l& 368 #fithifed CoVRity-AONSH BERIYy-ANOYDéatalysts was

showed slightly higher selectivity towards

de#tudipdx Pizethddecpnestionse s(DHS)c wiap akseslo among Cotbisrsg 28l @ gmodel
3 gﬁéoilﬁllﬁtahd¥P&a£5§s%%%ﬁqhﬁfthg¥ac¥so%ef%ﬁ'ﬁz&’tgo%h6fdtﬁe d'egarboxylation
y to ammonia, also pronoted the

con

deg@abe(Mbink Pind hahligbditioy pibdict (debine) aitetd yeihSard¥le @nder
used, A process_for converting an ester-containin

15 v elpdratsrading; fonditians 24P o08r Hend MPagi i hydregen)n Nijlo/y-AkO;
b AP0 gfhe, SRINET MANEG LRESTR R SRS
si tomparabu o GoMbiyPABQ; @atabyst. OFheaptesawsi dfi lydrogen sulphide, in

contrary to ammonia, also promoted the decarboxylation, particularly when NiMo
catalysts were used.

20

A process for converting an ester-containing vegetable oil into hydrocarbons is
disclosed in GB 1,524,781. The conversion to hydrocarbons is performed over a
catalyst containing an admixture of silica-alumina with an oxide of a transition
state metal of groups IIA, IITA, IVA, VA, VIA, VIIA, or VIITIA of the periodic
25 table at the reaction temperatures of 300 - 700 °C. The products formed are
reported to be free from oxygenated compounds (other than carbon dioxide and
water). In accordance with the examples, extensive cracking is, however,

observed.



state netal of groups HA, |HA [IVA VA VIA VIIA or
VIII A of the periodic table at the reaction
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reported to be free from oxygenated conpounds (ot her

t han carbon di oxi de and mater% In accordance with the
exanpl es, extensive cracking I's, however,

observed. Based on the above it can be seen that there

exi sts an evident need for an industrially applicable
caBaaesit oI ﬂmatah@d: ftogant he seen élmtutheren@ﬁm At evidengfneed for an

arbons bl e , ut| i ng I t he
o RAPEBRTY Sahebh R LRSS BefH R8T et torTRy miagore of
0 bhﬁﬁbca@ﬁoxis Heonh Fenewhible BolrGesd uﬁﬁélﬁ%ﬂlefdéﬁarbb@daﬁinaéidﬁbﬁ.
manuf acture of hydrocarbons suitable for the diese
fuel pool. A further object of the inventionis to

prgﬁg&@o ﬂ{gth&ﬂh(; or the selective manufacture of

car ons Wi decreased consunption of hydrogen. A
stlll further object of the invention is to provide an

ustriall plicaple, catal ytic nethod for the
Rectﬂwe%t phiifif daverronois Ry Jrethodr boindhes Seleeibice maghfactyge of

di pribedritfils sRRsle for e disRewRPhEoisour ces, utilizing the

decar boxyl at1 on/ decar bonyl ati on reacti on.
Characteristic features of the nethod according to the

t] . i ded th
woRa D i ot e B o, e ity for, the, sglective
t h@aheaBvRl oﬂfydﬁﬁﬁ%@ﬁé’bwtﬁ@é%ﬁbed%ﬂ&ﬁnﬂﬁoh@fB&dﬁ‘égéﬂ de
oxygen, thr ough CO (decar boxyl at i on) or through CO

(decar bonyl ati on). Hydrodeoxygenati on (HDO) of

triyg S .f. ter .using. : (o PR

AR G Rt s LDl O o

Cagdaié mvaiefor tBéJGéleétﬁve manufacture of hydrocarbons suitable for the
diesel fuel pool from renewable sources, utilizing the

decarboxylation/decarbonylation reaction.

Characteristic features of the method according to the invention are provided in

the claims.

Here decarboxylation/decarbonylation is understood to mean the removal of
carboxyl oxygen, such as triglyceride oxygen, through CO, (decarboxylation) or
through CO (decarbonylation).

Hydrodeoxygenation (HDO) of triglycerides means removal of water using

hydrogen.

Here deoxygenation is understood to mean removal of carboxyl oxygen, such as

triglyceride oxygen by any means previously described.



triglyceride oxygen by any neans previously
descri bed. Here di esel fuel pool is understood to nean
whyasorasbons boiling in the range of 180 - 35BOIZFI2006/050031
Summary of the invention The present invention rel ates
to a catalytic nethod for the,sel ective manufacture of
hydr ocar bons, which are suitagle for diesel fuel poo
fromrenewabl e sources, such as plant and vegetabl e
oils and fats and animal and fish oils and fats., The
i nHem diese! Eushpeelris understopd e meanrhy droparbens budling &y the mapge of
%f §?ﬁgﬁonprising fatty acids, derivatives of fatty
aci ds, as esters of fatty acids as well as
trlglycerldes of fatty acids, or netal salts of fatty
acid |ons of thereof i nt o hydrocarbons
mﬁ$ =ﬁ7ﬁhgﬂb %&ﬂlon of hydroge by contacting
5the startlng material with a heterogeneous cat al yst
ISIH% at | east one netal selected fromthe netals
gxeﬁ@ tipvengian gelatep ta/p cptabtict methpd forgthe selpgiecmantiacture
I
e S BRREIRR R arc REAEE 11 Bickcluel nosl, from renewable sources,
c asuchrasgilanm dnd segetabla dilkeandrfbiandl anfraalt qndaﬁs}doﬂx afidafaty The

acjd portion of s derivate. ti onal

Py U R CES b FepoTEiog: ol B SCdhe elsels comprising faty
10 desgdd, p&ér%ﬁ@és bhefa {‘tﬂvﬁfﬁd Oftich t adh@§teROWF bﬁﬁf acids as well as

surprisingly found that the deoxygenation of starting

rratr@ycarléeso of dithatcids, 6r oretalesadinalf] fatty cagidse o1 ceombtinations of

b AR PR P SersHRRTD GLbplgBHER By contacting
r eﬂk%ﬂlg‘ mlaf@ial RAtH apflet@@gé‘x%ug:@atﬁr drﬁiﬁqs%g &1 18adt one metal

conpounds in the starting material/feedstock. In th

waselesjadh Gemyrthe mrctaly heloaging|te dhg gwoup Vihof @@tRﬂﬂedwa&m The

15 pl %ﬁirl @aﬁgo ﬁgﬁﬁ&?"%@t 'xll??t hOu%ﬁé}?ylﬁﬁ%n\g@éghr#%ﬁdﬁd)@actmn has

hydﬁeogﬁ’bon Hiem Jegsthah thél\(ﬁigina@rfaﬂtﬁ apidr b1 Eattyaadiyl portion of its

directed to a nethod for the selective
derivate. Optionally the hydrocarbon product is isomerized.

Detailed description of the invention
20
It has now been surprisingly found that the deoxygenation of starting materials
originating from renewable sources can be achieved by using an alternative
reaction route - decarboxylation/decarbonylation, where oxygen is removed in the
form of CO and CO, from the original compounds in the starting
25  material/feedstock. In this way hydrocarbons can be selectively manufactured
from plant and vegetable oils and fats as well as animal and fish oils and fats

without high consumption of hydrogen.

The present invention is particularly directed to a method for the selective
30 manufacture of hydrocarbons in the diesel fuel distillation range from renewable

sources. The reaction conditions and the catalyst employed in the



manuf acture of hydrocarbons in the diesel fue
distillation range fromrenewabl e sources. The

WO e@6787 condi ti ons and the catal yst enpl oyedP@TIFI2006/050031

10

15

20

25

30

t hedecar boxyl ati on/ decar bonyl ati on process of bio-oils
are essential for the inventisn. Under suitable

condi tions, hydrogen is required only for the
reduction of the catalyst. Consequently, the
consunption of hydrogen can be decreased

si dgvarbozzlatipy/decarhonyiatinn d pravpssal ¢fo bdoels | ate sasential for the

opt i onal t.al yst.pre-treat t step. Additi I the...
o 08 e St T BosRh e b b lifeion
Thef iRt &utdlyac Consbqentlyy thé @ohdtiviiioh Ot BRIFpEdnS €4n b&lecreased

steps wherein a feedstock originating fromrenewabl e
sotigrifisantlyd Thetmethed mayaalsg compriscopn qptigne] Gatalyst pre-treatment

SO . i . i . .i onal

o A ARG od e BOHRER SbihaP 0Bl MR kich
supported catal ysts contai ning one or nore Goup VIIlI
metal s, and a decar boxyl ati.on/ decarbopnyl ati on reactjo

i slfﬁeamﬁF EeTaE W ‘?‘% ApEnLPy F@mB’r’lsez’o‘Se -Ste%da@,fem a feedstock
pr@lfiﬁﬁﬁﬁllgyﬁgﬁpréne%gggodﬁ%%@rmﬂ t@%tﬁ%é & §6198t or a mixture of

at nospheric pressure (0.1 Ma) a, preferably
of sdvehts ateParonghtyingd domtgctawpsh auepticmally sprestreated hietenegeneous

hydracar bons,. preferably.linea araffins boilingdn
¢ NP s tesTed Berm. Suppeptd crlySly cblsinipg dihe, oo Grgpp VI
hajetals, Ol @2 dB@RbAyMohRIRSarbiBlatione réictish Nigl cdrAbd Yout at a
acid chain. The heterogeneous catalyst is optionally

pr tempeessure a2 ¢ 6g refarebly 2EhpeBsR°Gr andst a Poessure from
tsgge)tgr}%gPlpeﬁ'l%f %s%&ley(oéﬂgﬁb@?ﬁ?&@&%&f&&ﬁy LFBAL a t?)[}frieelg asa

er 0geneous erablfe as 7t ens
t hprodadtiavinixyurd® of tifkear (hzﬂl@ba’lbbns, pheferably linear paraffins boiling in the
decar boxill ati on/ decarbonyl ation reaction is carried

outangeof 1§l 459 kadhe diesel, )éle! Fngecandthayingnng £athop atem less than
hig%qﬁihﬁﬁﬁm&QSkﬁg&ﬂ[ation vapor pressure of the
f eedst gc K at

a given reaction tenperature. The
reacti on pressure ranges from at nospheric pressure to

15 , taking into_consideration the properties.of
t h&hg %Ps%wguwt%| isy ogtiguallyy |p6wtregtﬁ§r wgtﬁingwémgen at a
| NRhpeBAfe CIN0AS 5007C, 3ERrablie 53! M 0°@r ¥RE pre-treatment of the

heterogeneous catalyst is preferable as it ensures the activity of the catalyst.

The decarboxylation/decarbonylation reaction is carried out in liquid phase, thus
the reaction pressure is higher than the saturation vapor pressure of the feedstock
at a given reaction temperature. The reaction pressure ranges from atmospheric

pressure to 15 MPa, taking into consideration the properties of the feedstock.

Optionally a gas flow comprising an inert gas such as nitrogen, helium or argon,
hydrogen or combinations thereof may be used for removing gaseous products

formed during the reaction.



hydr ogen or conbi nati ons thereof may be used for
renovi ng gaseous products formed during the

WO e@67087 The obt ai ned product, hydrocarbon n RCTUFRH06/050031
optionally isonerized in order to convert further the
obt ai ned hydrocarbons to isonﬁrlzed hydr ocar bons w th
i nproved cold properties, such as cloud point and pour
point. In the isonerization step, the pressure varies
in the range of 2-15 MPa, preferably in the range of
3- Ibe Wamag d)r@dmt tléfdmmdm meixiue,; i opbienallyeisorredzedrig order to
500 n.280. and 400 C
oo 1% pBE e PR, «f el Ifoserbops with
t higngroved@yd F@p@ﬁﬁﬁi suéilad ablhcgpcnﬁtoamrpoaa oiaf catal ysts
contain a nol ecul ar sieve and/or a netal selected from
Goup VIIl of the Periodic Table and/or a carrier.

5 2 L8 o PR RS G021 S pray

anth fie rakt &f 3-N0 MRg aﬁﬂfﬂﬁBteﬁﬁpeﬁit@% vahigp bedeen 200 and 500 °C,
i soneri zation catalysts are, for exanple, Pt/SAPO
11prAfer@11§y RIwEB\2 80 20 4903°C.Ply #@MisPRIEHZAtER sigp, isomerization

STV PO i e i o PR Biedh St S tiralibn e Pidcontain a

brﬂ;ﬂfd@ﬁl@lr Rirvefahd/0f aliféthl fdedtdl Fom GeRgeVHT o8kt Periodic Table
3500C, the diesel fuel range, and having one carbon

10 at #N/0re8 scaptiern Rreferabl. give AFOMeRiZajion ahlysh ogamtainss SAPO-11 or

oD §§1>6€£1 é?@'M‘ IPOPTSM- SOEERARIR S%%P?@@ﬁ R, %rlt&ror SiO,,

al ne arting nmateri rng ma &
f e?éyistaicisomemgmﬁt @nljsto ard, oewaithples PUBAPS)-1 FALD;AP/ZSM-
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Starting material

20 The starting material or feedstock originates from renewable sources, such as fats
and oils from plants and/or animals and/or fish and compounds derived from
them, also known as bio-oils. Examples of suitable bio-oils are plant and
vegetable oils and fats, animal fats and oils, fish fats and oils, and mixtures
thereof containing fatty acids and/or fatty acid esters. Particularly suitable

25 materials are wood-based and other plant-based and vegetable-based fats and oils
such as rapeseed oil, colza oil, canola oil, tall oil, sunflower oil, soybean oil,
hempseed oil, olive oil, linseed oil, mustard oil, palm oil, peanut oil, castor oil,
coconut oil, as well as fats contained in plants bred by means of gene
manipulation, animal-based fats such as lard, tallow, train oil, and fats contained

30 in milk, as well as recycled fats of the food industry and mixtures of the above.



such as rapeseed oil, colza oil, canola oil, tall oil
sunfl ower oil, soybean oil, henpseed oil, olive oil

wo pows@edsDi |, nustard oil, pal moil, peanut oiPCT/ER8G6MS0031
oil, coconut oil, as well as fats contained in plants
bred by nmeans of gene mani pulgfion, aninmal-based fats
such as lard, tallow, train oil, and fats contained in
mlk, as well as recycled fats of the food industry
and m xtures of the above.Preferably the feedstock
c obsferally th%feedmdk ¢mnr;sea€8 dsC24i attyvaridsy derivativesngsaid fatty
fatt. aC|ds er s, of S8 d fa
wot%s, ot R br S Bah el g B & Bty aoios
of meaal ﬁalfsaiftsuldal@ttjﬂ Scid§flor Q@ﬁibﬁﬂh@ibh@@ﬁth@feof Meteefafty adii€ or fatty
fatt%éa0|ds or fatty aci d derivatives, such as esters

nagcl ergvaéwe% HCly a%ew;ra ApAYy g Broguced; e dydmwlysis of bipiils r01' by

fr b of
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r apidwerido Ifﬂactlcbnsrmf’eraﬂesaedl 011$ hnsfeled\mt sonflowdradil, aull@ncnd lard

Iard nd, fragt s of tall are used as the

ankirastiens ‘TJ%@ i@ﬁ%ﬂ%%@%m obtai ned utilizing
the nmet hod according to the invention have one carbon
atomless than the original fatty acid or the fatty
acThe fhysleadathono prddusts debtained eutilizing) ¢hs t methbd gaccording to the
mat eri al .., Reacti o condi

10 de’é‘é{F‘H&?yl?aé(Fu%‘ﬁ/c Braé%ﬂb‘?sétqﬁadh&? SR P or Bisfatty acid

MBjtadtidnYoMds dBriv 418 inf @8 dakafpkmieasl. The reaction is
carried out in liquid phase. The reaction is carried

out at a tenperature of 200 - 4000C, preferably 250 -

38ﬁ8£ﬁmEQ8wgﬁ&¥t'°” may be conduct ed under atnospheric
wever, in order to maintain the reactants

| NThéelebarbokyatilid@Ratbonylation absvtiahl eoridticts emay gtmz with the
pressure than the saturation vapour (ir essure of

15 ¢ olegdtterkiussd. Ehegiegetipnsis semricd put Bnigutid phase. Ehfdreaﬁw issarried
R AT AR 00 PSS TSy ey b
degerddeted wndet hampospieeict pressuné.  Bloswvevemginmatder i tal maintain the

reactants in the liquid phase it is preferable to use higher pressure than the
saturation vapour pressure of the feedstock at a given reaction temperature and

20  thus the reaction pressure ranges from atmospheric pressure (0.1 MPa) to 15 MPa

and preferably from 0.1 to 5 MPa, depending on the properties of starting

material.

Solvent

25  The optional solvent is selected from the group consisting of hydrocarbons, such
as paraffins, isoparaffins, naphthenes and aromatic hydrocarbons in the boiling
range of 150 — 350°C, and recycled process streams containing hydrocarbons, and
mixtures thereof, preferably the recycled product streams obtained from the
method are used.

30
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the boiling range of 150 - 350C, and recycl ed process

streans contai ni ng hydrocarbaﬂf, and m xtures thereof,
preferably the recycled product streans obtained from
the nethod are used.Gas flow Optionally a gas fl ow,

whi ch may al so be called as carrier gas, conprising an
i nees flgeis such as nitrogen, heliumor argon, or

hydr ogen aor ¢ I nat bons thereqf be. used for .. .
R0y O ee S8 WARTRR MR B et REC s, an it
Thgasgwsh fak antopey, tiuaoeiinaes oM Hyldrdgds or @embinatisndthetdof may
may be led to the reaction mxture or, it may be led to

di Pe Byedfor Famqwing gasepns predets formef during tha wagtiopafhe gas flow
c 0@1%2 b8 Ombined gw'fhol!he fRdsRLR bf thg%y belled t% e Rhctith Hhixture or it
hydrogen 1 n order to maintain appropriate |ongterm

c aiay s ledxotdifférent pand in thepeavenThd feeddtocknmiy contaih 0.1- 40 vol.

LTRGBS B of PSR e S8 o tone
Mefophi &talyddy Qét%?naﬂ(f' td? gﬁé\feeh@%é’ fSRARdnt Of LRSturated products,
feedstock™or to the reaction mxture. Catalyst The

catspegislly iim théecaske odhieh oosyaraitand nttighcariéesngieavsednas the starting

reaction.js a Suppoft h rogeneo at al yst . .
coftplerel Hydeen SOBBIHY AfleR 8 9 EfsTaekior o i roaction mixture,
sel ected fromthe netals belonging to the Goup VIII

of the Periodic Table. Suitable netals are Pt, Pd, N,

| rCat@lysand Rh and preferable ones are Pd and Pt,

suppor n_oxid i al S

oo o ERsh dn s Brer RS RAD AL PEHIo], FoaPliq i supported
Miketerbgédeotis Catalysetempiiding tab Geast pRO attives elembhmpPngthal selected
carbon or other carbonaceous sup\gncl)rt or structured

caframyte maflsopelongipg derthe Lroert\lil of the) Bpredis, Tablg: (Suitable
asm%ﬁﬁs?%g Pfg'n}gi', g’r E,CR{I g ga[h‘atﬂf%&b?é SRS REIPE Ond Pt, supported

nono on cl ot
on oxides, mesoporous materials or carbonaceous supports, such as Al,Os, SiO,,

Cr,0;, MgO, TiO, or C. Preferably the support is activated carbon or other
carbonaceous support or structured catalyst support. Structured catalyst supports,
such as carbon fibres, carbon nanotubes attached to monoliths and carbon cloths
are suitable support materials as well. Loading of the active metal varies in the
range of 0.5 - 20 wt%, preferably 2 — 8 wt%. In the case nickel is used, the
loading varies in the range of 2 - 55 wt%, preferably 10 — 30 wt%.

The reaction may be carried out in batch, semi-batch or continuous mode of
reaction, in reactors such as trickle-bed, continuous tubular or continuous stirred
tank reactors in order to separate the gaseous CO; and the light hydrocarbons
extricated from esters and triglycerides of fatty acids. Thus the desired diesel
fraction products, suitable for combustion in conventional engines, may be

produced.
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| oading varies in the range of 2 - 55 W% preferably
10 - 30 % The reaction rraylzbe carried out in batch,
sem -batch or conti nuous node “of reaction, in reactors
such as trickl e-bed, continuous tubul ar or conti nuous
stirred tank reactors in order to separate the gaseous

CCPhexeiptainesl progiiet sy ér widwigons liogarr hydioeatbanso preferablys linear

o eesefind e B SenseR Mo oaBic, Y Piekel TETRRER S having
C obedir b adbmeag ithdSthe bEYinbEfafty acid¢ginThe obt ai ned

product is a mxture of [inear hydrocarbons,
preferably linear paraffins boiling in the range of

canper, B Sl Jsdih@RBlion 4, & 30RFry A oARNIN M Bcorbons is
Af distaintdeprefdratdy dranchedrpatraffihd boilspeip the nfaxge o€ 180 — 350°C,
branched hydrocarbons js ohtained, pyeferahly branched
paﬁ%ﬁ“fg FrBvd GOl ProReTRe spehhgiloprelq ths@gpe}lr PRIDY ng

i mproved cold properties, such as |ow cloud point and
pour point. The nethod according to the invention has
seVhe micthad vnacurdiggdo thetinpention des severabadvantaggs.floprovivdes a novel

sel ect.i v nuf act ur f hydraqcarbons, sui.table for .

¢ g e e SRR Tyt W v iartitm e fer G uSE as diese
di gREbr forghe meh@factafPsAXel Aldl,0n4 desabdx9Mitionlde@bStylation of
feedstock, particul arly oxygenated feedstock,

or # giepdstodkg martienlarbih awaenatesh deesistock Tieeiginatisg nfsemo rengivable
hygorug&es‘n Thg 50@1%&5#1&9 dofI ﬁ (51‘8¥\én tnb Shé GRGhO® s dlo the reaction
tefper at ure TS SUuPticientyy Pow wheh conpared to

t heripetatie s Gatidikitly DwWaees6parad e thbtital Hl@nlbadt?&icrlﬁ‘dcesses
deconPositi on of the feedstock was observed. Hydr

ogen,
whinchthug ne yindesitedydegpmpetitien ef thei @ﬂ%%rw@ﬁje@amefioﬁvdmgen,
f oG ilch if ldﬁ}rec‘ntl)) z«?lm%ﬁi é(xcﬂﬁﬁ%&ﬂ {oﬁﬁcédhﬁorﬂ%bs‘ﬂnﬁllels, is only needed
pre-treatnent “of the catal SP, owever, It may be
pr fos ¢ opticnal pre-trdaememtanfithertatalyste Aowever] dunay be present also in

co centrations.,li is not cons din side({eac i ons .
ort e reactant stream 1n low concentrations. It 1s not consumed 1n side reactions or

in direct reduction of carboxylic groups. Undesired side reactions, such as

cracking, are negligible, as can be seen in the examples.

Further, in the method according to the invention, the oxygenated feedstock, such
as C8 — C24 fatty acids, as well as derivatives of said fatty acids, such as esters of
said fatty acids, triglycerides of said fatty acids, or metal salts of said fatty acid
are converted to the desired hydrocarbons with high selectivity. The hydrocarbon
product has one carbon atom less than original fatty acid or fatty acid portion of
its derivative. The structure of the obtained hydrocarbon product corresponds to

the main chain of the starting material.



in direct reduction of carboxylic groups. Undesired
si de reactions, such as cracking, are negligible, as
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according to the invention, the oxygenated feedstock,
such as C8 - C24 fatty acids,éps wel | as derivatives

of said fatty acids, such as esters of said fatty

acids, triglycerides of said fatty acids, or netal

salts of said fatty acid are converted to the desired
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t optgéerableriembadimentshafthe dvgnione dlovesvgngt issevident to a man skilled

in the art that the scope of the invention is not meant to be limited to these

examples.

20 Examples

Example 1

Decarboxylation of stearic acid

25  Series of experiments were carried out in a Parr autoclave equipped with a heating
mantle, stirrer, baffles and bubble-unit. 1 g of a catalyst, presented in table 1
below, was placed into the autoclave and pre-treated under hydrogen flow at a
temperature of 200 °C. After the pre-treatment, 85 g of dodecane (solvent) and
4.5 g of stearic acid were fed into the reactor. The reaction temperature was kept

30 at 300 °C, while passing helium gas through the reactor. The reactor pressure of

0.8 MPa maintained the reactants and products in liquid phase with the exception



Exanpl e 1 Decarboxyl ati on of stearic acid Series of
experinments were carried out in a Parr autoclave
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bubble-unit. 1 g of a catalyst, presented in table 1

bel ow, was placed into the au1t4ocl ave and pre-treated
under hydrogen flow at a tenperature of 200 C. After

the pre-treatnent, 85 g of dodecane (solvent) and 4.5

g of stearic acid were fed into the reactor. The

r ealt C0on vihidhpwes tremevedawitkelalium g30Ectg whichricpges.i frgm the

helium gas through t react.or., JJhe react or pres e

o 1ot S chilt A &Sk kg ol IR RoS b FER Y 7 Broducts
| i gnd ¢hepldasivdWpioduéth epradeané QD brickets), Witted ho0asinutes of the
removed with heliumgas acting as carrier gas

,.from
t heeaplione With, resnest (o adtalyst vied i1the treagtiop age jalsoglisied Hetable 1.
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o BT e U6 Sl Al B ey
of andRt/C.eacti on with respect to catal yst used in the
reaction are also listed in table 1. Fromthe table 1

in can be seen that particularly preferable catalysts
weirgpied/ C and Pt/ C. Table 1 Catal yst Metal | oading,
Conversion, Cl17- Crackingwt% % Selectivity,

Sell Estialyst t y Metal . loddimg] . ComRrkion]l 9(36- (21) <0.Cracking-

NJi'S Co 6 {0W80 (16) 5. copdzA 2n 5 08,55 Seljelvity,

Pd/ C 10 25|99 (78) <0.5 mol. % mol. %
Rh/C 1 9 86 (21) <0.5
Ni/ALO; 17 8 35(14) 43
Ni/Cr;,0; 60 5 38 (22) 6.3
Ni/SiO, 6 10 57 (16) 5.6
Pd/ALLO; 5 12 83 (38) <0.5
Pd/C 10 25 99 (78) <0.5
Pd/C 5 100 99 (97) <0.5
Pd/C 1 20 96 (64) <0.5
Pt/ ALOs 5 7 70 (26) <0.5
Pt/C 5 43 98 (95) <0.5
Ru/C 5 4 61 (17) 4.4

Example 2

Decarboxylation of stearic acid in the presence of a bimetallic catalyst

In a procedure similar to the one presented in Example 1, a bimetallic catalyst,
Pd(8 wt%)Pt(2 wt%)/C, was used. After 90 minutes of reaction 40 mol. % of
stearic acid was converted with the selectivity of 83 mol. % towards

n-heptadecane formation.



Pd/C 5 100 99 (97) <0.5 Pd/C 1 20 96 (64) <0.5 Pt/
A208 5 7 70 (26) <0.5 Pt/C 5 43 98 (95) <0.5 Ru/C 5 4
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in the presence of a binetallic catalyst In a
procedure simlar to the one esented in Exanple 1, a
binmetallic catalyst, Pd(8 w?9 (2 W%/ C, was used.
After 90 mnutes of reaction 40 nol. % of stearic acid
was converted with the selectivity of 83 nol. %
toﬂaamplerﬁ hept adecane formati on. Exan'pl e 3
arb§¥ él on. g st eari.c Cld I n ?g{l res nce of
PEentY3aee et § ﬁa‘i‘%ﬁc‘f‘é‘éé 7 B Ehsat E88¥% bed i n
Exanpl el a set of three experinments was performad
In all cases, of the catalyst (Pd(5 wt%/C) wa
c hHy Be deaction apmaﬁué descaibed i Exguplg lw set of ﬁh&mippaments was

lAJ,n gf’og?x\ég.olgxgﬁp chde®W ofztgg c&alg‘néf IQi(? éxg é?shc;}fa&éjedaﬂ{jo the

cane vOe r sequ
r esattor, . follwwedby itk ecduetion undes hgarorgele dlowudt 2@0 °80as5@@ of stearic

reactor pressuyre of 1.9 MPa was al ne hel i_u
gadcid gng 5@ 10l dodecase VT8 ﬁBB%ﬁ“‘EnfrIﬁ’v?ﬂd inig) gﬁsn%a%rplg doiring the
(9Ra¥Rns cﬁrleda(ﬁﬁ apsdpoege ?eagﬁﬁ réRSREF 1.Y NYa wal niditained by

i ndi vi dual experinments. The conversions of stearic
achaivangdas &l gast mthunee@f hyﬂmagams(Snvcbie pé)aatelcangen 49 % vol. %), and

L o BARE B b A e o
| NQBAricOAGd ¥in8! dfecvified @o@ﬁh@ﬁ%e}ﬁtaﬁ&caﬁé e iRl adematBllowing

(93 nol % . Table 2 Exanple
table 2. From table 2 it can be seen that a mixture of hydrogen (5 vol. %) with an

inert gas yields a high selectivity of n-heptadecane (93 mol%).

Table 2
Gas Reaction time, | Conversion, | C17-Selectivity,
min % mol. %
Helium 300 41 96 (83)
Hydrogen 360 49 95 (94)
Hydrogen (5 vol. %) 360 62 95 (93)
+ argon (95 vol. %)

Example 4

Decarboxylation of cthyl stearate

In the reaction apparatus described in Example 1, another set of three experiments
was run. In all cases, 1 g of the catalyst (Pd (5 wt%)/C) was charged into the
reactor followed by its reduction under hydrogen flow at 200 °C. 50 g of ethyl
stearate and 40 g of dodecane were subsequently fed into the reactor. During the

reactions performed at 300 °C, 330 °C, and 360 °C reactor pressures of 1.9 MPa,



Decar boxyl ati on of ethyl stearate In the reaction
appar atus described in Exanple 1, another set of three
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(Pd (5 wt%/C) was charged into the reactor followed

by its reduction under hydro flow at 200 C. 50 g of
ethyl stearate and 40 g of dodecane were subsequently

fed into the reactor. During the reactions perforned

at 300 C, 330 C, and 360 C reactor pressures of 1.9

VP23 MBa,vnd, 2.9 MPa2 respmivelys sspemrinaingd bmaSemlxture comprising

al ne XL Ur & <C Si hydro 5.vol
og IR, Bhanl e s BTEAL e FRker AP T bdaif omits n
unihesablé Cohieeriaid @féﬁﬂylvs@dasat@ asd wle@tvhieb t@m-aﬁ at e-pasdhcts and
selectivities towards Cl7-products and n-hept adecane

(i Prheptadscanafin hracketh)sare asqeﬁ in the fellgwiagitable .abl e 3.
Tabl e 3 Reaction Reactor pressure, Conversion,
Cl7-Selectivity, tenperature, OC bar % nol. % 300 18
33T9ﬂe(374) 330 22 66 96 (71) 360 28 100 95 (76)

g qfe,,%%p&mg ogCid (payrity 89 % ang, 45 g of ? A)an;)

gr e aced’into the reactor. The conversion o

a d sel ec300vity of 90 nol186towards n3Benei cosari (74)
rmation re achi eved a; er six hours of react]

3 0C and33\3ﬁder a reactor 2:)ressure of 0.9 MPa of 6 1)

hyldrogen 4ép vol . %9 - argpp (95 vol. %0 gas n xtgy@ 'ﬂ]

Simlarly, nonanoic acid was used as the reactant. e

reacti on proceeded with conparable yield of the

decar boxyl ati on product, octadecane.

Example 5

Decarboxylation of behemic acid and nonanoic acid

In a procedure similar to the one in Example 3.54 g of behemic acid (purity 89 %)
and 45 g of dodecane were placed into the reactor. The conversion of 45 % and
selectivity of 90 mol.% towards n-heneicosane formation were achieved after six
hours of reaction at 300 °C and under a reactor pressure of 1.9 MPa of hydrogen
(5 vol. %) — argon (95 vol. %) gas mixture. Similarly, nonanoic acid was used as
the reactant. The reaction proceeded with comparable yield of the decarboxylation

product, octadecane.

Example 6

Decarboxylation of grycerol tristearate

In a procedure similar to the one in Example 3.47 g of glycerol tristearate and 45
g of dodecane were charged into the reactor. During the reaction conducted at 360
°C, reactor pressure of 4.2 MPa was maintained by a flow of a gas mixture

comprising hydrogen (5 vol. %) — argon (95 vol.%). Only traces of glycerol



Exanpl e 6 Decarboxyl ation of glycerol tristearate In a
procedure simlar to the one in Exanple 3.47 g of
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into the reactor. During the reaction conducted at 360

C, reactor pressure of 4.2 MPa was mai ntained by a

flow of a gas m xture conprising hydrogen (5 vol. % -
argon (95 vol.% . Only traces of glyceroltristearate
(0.08 % were identified in the liquid phase after
si Wisteatates (G-@&wtod were identided by e diguidoplEpe afierasiy dioyrstrgection

sel.ecti,vity.to formation qf .Cl7 - hydrecarhons
oalEy Ak RRNTR W sShoriohd, i BRORERT Sr.c17 -
N- hydepdansies awes Wl Sleddd 8 ITAVMYP bAsBAC bn | donversionl ¥f @iyeifles. n-
Cl17- hydrocarbon isoners. The sel ecti vi t&t owar ds

cr Herpdrsang 9ias dhes maispiedngrin the apiuee of {4 dhydiosarbpe dsomers.
f s QA Lns AU | :
gecar oxc?l(’g#ll on%rgge%g%{g%ﬁogglctgrva arattinic f eed,

containing 94 w-%of C15-C 8 n-paraffins, was

isgnerized with an isonerization catalyst at 340 C and

6oERAPPleY 4 fixed bed reactor. Hydrogen was fed to the

r eRGIRIiZ&A0n bf hpaPhtrins G6hed dlling ALLHHb LA dEGIBbYFIAL

was a pllzatlg?lum gsedmcomreer cf-{al n%at%%ys%ﬁ 'Il' e pr oducyfl on
i sonerization contained 67 w-% of C15-C18

of
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The continuous decar boxyl ation of lauric acid was
cawes ded datthe rreacter %60 Hédit derd)alhe daemenizatipn Xptplyst was a

.l bR MR-, 80 LR e e

That-pe gt CCPS Eisspakaffind. Dhé3 cMdd paEhnbaiIthe prédee walnt 12 °C,
products_and solvent (dodecane) in |iquid phase with
compared to 26 °C for the n-paraffin feed.

Example 8.

Decarboxylation of lauric acid in continuous mode

The continuous decarboxylation of lauric acid was carried out in a fixed bed
tubular reactor at 270 °C. 0.4 g of Pd(5%)/C catalyst was placed in the reactor and
pretreated in a procedure described in example 1. The reaction pressure of 0.8
MPa maintained reactant, products and solvent (dodecane) in liquid phase with
the exception of CO,. The reaction mixture containing 5 mol% of lauric acid in
solvent was continuously fed through the catalyst bed with the volumetric flow of
0.1 ml/min. Lauric acid was completely converted with initial selectivity of 98

mol % towards C11 products ( undecane selectivity of 92 mol%).
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0.1 mM/mn. Lauric acid was conpletely converted with
initial selectivity of 98 nol,% towards ClI| products (
undecane selectivity of 92 rnﬁ%@ Clains 1. A nethod
for the selective manufacture of hydrocarbons suitable
for diesel fuel pool, characterized in that the nethod
cofppitmges the steps wherein a
decarboxylatlon/decarbonylatlon reaction is carried
out by bringing a feedstock originating fromrenewabl e
sour ces and conprising CB - C4 fatty acids,
derivatives of fatty acids, or conbi nat i ons
t hbreof, and Iagﬁhpd; ﬁalthg/seée%w veanufasture ofthydrogagbass suttable for

S 0{1%&“ tf&el éﬂ)&)f) cﬁQchl@&‘tlzeW ih I'fhé’?l Mhé er't}fbrdaéoh?_/prﬁéseﬂlte ?ég)ts %erem a

erogeneous catal yst contai ning one o0
Vi ﬂécar’nbkylaﬁoﬂdécadiomg*laftmn megdtiohi v warrigdadudt e biringing (akiébdstock

iridium t heni um and rhodi um on a suppaort sel.ected
£ 1 OFETBRHNEe O TERRIADIE, SOWRE S ANG | STy eo&lsz afty acids,

Su@é}ﬁfah%saE‘ij%t [ ¢Oh Uty ﬁg a6 by SSmBMBRAS! hereB, #hd optionally a
tenperature of 200 - 00C and under a pressure from

0. solw@h aroa IbixiRa, oft s:olymﬁ dntas centgnt owlile tana optiiottally epreftreated

h b net hod di im1l
P EHGBRER DS G Ryt SHATERE S ppdvare hdup 13sGelsisigsied from
anﬁlaﬁﬁ\ﬁn%a@lﬁ&ﬁiﬁﬁ‘ nickeQiridi®m M¥thenfim Iﬁ@r}féﬁhﬂ@gn a8EsPoi Ribcted

toclaim1l or 2, characterized in that the
hefremayrédes omesaparauss yraterjals, srdopaceguetpRPThand sirustised eatalyst

BB Bl AP0l AL of Mo

cl 83 MPaltodyicldhs hgeddiict 2 adxtufe dﬂﬁyﬂrdcbﬁohﬁt er ogeneous
catalyst is pre-treated with hydrogen at a tenperature
of 150 - 25Q0C before contacting it with the

fegdst ock. §pe THENPEL NQ0r éfi’:f%i% 5B 10 BM¥raQRFizRd in that the
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temperature is 250 — 350°C and the pressure is 0.1-5 Mpa.

3. The method according to claim 1 or 2, characterized in that the
heterogeneous catalyst is pre-treated with hydrogen at a temperature of 100 —
500°C before contacting it with the feedstock.

4, The method according to any one of claims 1-3, characterized in
that the heterogeneous catalyst is pre-treated with hydrogen at a temperature of
150 — 250°C before contacting it with the feedstock.

5. The method according to any one of claims 1-4, characterized in
that the product is isomerized under a pressure in the range of 2-15 MPa,
preferably 3-10 MPa and at a temperature between 200 and 500 °C, preferably

between 280 and 400 °C in the presence of an isomerization catalyst.



that the product is isonerized under a pressure in the
range of 2-15 MPa, preferably 3-10 MPa and at a

wo eovperasur e bet ween 200 and 500 C, pref er abl yPayEF2eens0031

10

15

20

25

30
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10. The method according to any one of claims 1 -9, characterized in
that the feedstock is selected from rapeseed oil, colza oil, canola oil, tall oil,
sunflower oil, soybean oil, hempseed oil, olive oil, linseed oil, mustard oil, palm
oil, peanut oil, castor oil, coconut oil, lard, tallow, train oil, and fats contained in
milk.

11. The method according to any one of claims 1 - 10, characterized in
that the feedstock comprises triglyceride fractions of rapeseed oil, linseed oil,

sunflower oil, tallow and lard, or fractions of tall oil.

12. The method according to any one of claims 1 - 11, characterized in
that the derivatives of fatty acids comprise esters of fatty acids, triglycerides of

fatty acids and metal salts of fatty acids.
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16. The method according to any one of claims 1- 15, characterized in
that the solvent is selected from the group consisting of hydrocarbons, preferably
paraffins, isoparaffins, naphthenes and aromatic hydrocarbons in the boiling range
of 150 — 350°C and recycled process streams containing hydrocarbons and

combinations thereof.

17. The method according to any one of claims 1 - 16, characterized in
that 0.1 - 40 vol.% of hydrogen is added to the feedstock.

18. The method according to any one of claims 1 - 17, characterized in

that 2-15 vol. % of hydrogen is added to the feedstock.



