Process for producing branched hydrocarbons Field of
i nvention The invention relates to a process for the

worensfisaapur e of branched saturated hydr ocar bonBCT/FIM8/050343
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renewabl e sources and particularly to a process for

the nmanufacture of hydrocarbops suitable for diese

fuel, kerosene or gasoline pool. The process conprises
steps wherein a feedstock of biological originis
condensed and then subjected to a conbined catal ytic
hyBraydss fion produrang beariched hydracgohansi zati on step. State

of the art Fatty acids are used as raw materials in

vari ous applications in the chem cal industry and

t YPiefcdbt nvemtiéhe manuf acture of products ranging from

| ubricants, polyners, fuels and solvents to cosnetics.
Fatty acids are generally obtained from wood pul ping
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f oamd charci ghb{eClell amda acetbioed cdatidyt{CHy daydefumatiomaizhtyon and
occurri.n carboxyllc acids. Fatty acids may either be
saPBWﬁ?@%“@P‘?hey may contain one or nore unsaturated
bonds. Unsaturated fatty acids are often olefinic

havi ng car bon-carbon doubl e bonds with

ci Stagoof thg@rtt i on. The unsaturated centers appear in
preferred positions in the carbon chain. The nost

comon position is w9, like in oleic acid (A 8:1) and

er BehC adidh drd G2l b9 rawQhtetidls ah Unagibes apslidsogenetial themical

ha:{l((eiusa}[ry and typically in the manufacture of products ranging from lubricants,
polymers, fuels and solvents to cosmetics. Fatty acids are generally obtained from
wood pulping processes or by hydrolysis of triglycerides of plant or animal origin.
Naturally occurring triglycerides are usually esters of glycerol and straight chain,
even numbered carboxylic acids having 4-26 carbon atoms. Most common fatty
acids contain 16, 18, 20 or 22 carbon atoms, but there is also lot of triglycerides

with C4-C14 fatty acids. In addition, formic acid (C1) and acetic acids (C2) are

naturally occurring carboxylic acids.

Fatty acids may either be saturated or they may contain one or more unsaturated
bonds. Unsaturated fatty acids are often olefinic having carbon-carbon double
bonds with cis-configuration. The unsaturated centers appear in preferred
positions in the carbon chain. The most common position is ®9, like in oleic acid
(C18:1) and erucic acid (C22:1). Poly-unsaturated acids generally have a
methylene interrupted arrangement of cis-olefinic double bonds. Saturated long
straight chain fatty acids (C10:0 and higher) are solid at room temperature, which

makes their processing and use difficult in a number of applications. Unsaturated
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W@e00d8501®1L0: 0 and hi gher) are solid at room PCT/FI2008/050343

tenperature, which nakes their processing and use

difficult in a nunber of applications. Unsaturatedl ong

chain fatty acids like oleic acid are easily

processabl e |liquids at roomtenperature, but unstable

due to doubl e bonds. Branched fatty acids mmc the
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in certain processes for. the production of fuels

Di ¥ &ors deyieblsfepmapy amlw%@qsctaﬁm et ichain L3ty acids.

generally referred to as biodiesel. A definition for

"biodiesel"” is provided in Oiginal Equi pnment
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engi nes "as described in follow ng Table 1. Bi odi ese
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o Sl pipos o B sePR TR Ao st s

UnivhicRedosifdh & ASTNDSBA- SOENK AT EpREfvafién Mér use in diesel
(closed cup) 130 >120 OC Water and sedi nent <O0. 050
15 <ocrpmeesoaskdasenadi i@ felleway Tgblagd . diodies! gefgrsatospuge gfuel before

rm@feﬁding with conventional diesel fuel (B100).

TABLE 1. Specifications for Biodiesel (B100, 100 %)

20  Property ASTM D6751  EN 14214 Unit
Density at 15 °C 860-900  kg/m’
Flash point (closed cup) 130 >120 °C
Water and sediment <0.050 <0.050 %

25  Kinematic viscosity 40 °C 1.9-6.0 3.5-5.0 mm”*/s
Sulfated ash <0.020 <0.020 wt.%
Sulfur <0.05 <0.001 wt.%
Cetane number >47 >51
Carbon residue <0.050 wt.%

30  Carbon residue 10 % dist bottom <0.3 wt.%
Acid number <0.80 <0.5 mg KOH/g
Free glycerol <0.020 <0.02 wt.%
Total glycerol <0.240 <0.25 wt.%
Phosphorus content <0.001 <0.001 wt. %

35




Sul fated ash <0.020 <0.020 wt. % Sul fur <0.05 <0.001
wt . % Cet ane nunber >47 >51 Carbon residue <0.050 w. %

wa2a00805219%€si due 10 % di st bottom <0. 3 wt. % Aci PCT/ERDESI050343
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<0.80 <0.5 ng KOH g Free glycerol <0.020 <0.02 wt.%

Total glycerol <0.240 <0.25 wt.% Phosphorus content

<0. 001 <0.001 wt. % gh cetane nunber, proper viscosity
range and good | owtenperature properties are required
for high quality diesel fuel. Besides biodiesel there

ar Highl eetancalumbst, mgorwr of wesity mugt kabgend myv-BmpEtatian propertics

hanol Ruodyced f.romb d/or the bi odegr adabl
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Bi oDi esel : nethyl ester produced from vegetable or
animal oil, of diesel quality, to be used as biofuel;

¢ ) Beildashiedigsgbihcrrase phoo dellaxdng bipwudds evealgbleand/ or from

th ' i f.. . .

0 u%i I%{ioe gﬁggﬁ %g?h?laﬁgﬂ’oggéed%%rﬁ ibtldéﬁa?‘s% %n%}eop %eel%lgge £dable fraction
bi of wadt, tobe waddis dasficld) Bi oMet hanol : net hanol

produced from bi omass, to be used as biofuel; e)

Bi bDBRIKAlefsey] icrettpgyced: fiem yrestdtear rpspal oil, of diesel

bi to bOulg M$ s biofuel; f) Bi oETBE ( Et hyl
Terti ar’y0 Bu%lyl Bt Eﬁ?@ ETBE produced on the basis of

bi geBiabot . fudlhgap erakntddenofbiBnedST Bik]/oc dtoow | tht ddodegradable
b ggcl%leoln’of iv&?as‘f‘re?ﬂ%qc \c/a{nv‘t;)e purified to natural gas quality, to he used as biofuel,
or wood gas;
d) BioMethanol: methanol produced from biomass, to be used as biofuel;
¢) BioDimethylether: dimethyl ether produced from biomass, to be used as
biofuel;
f) BioETBE (Ethyl Tertiary Butyl Ether): ETBE produced on the basis of
bioethanol. The percentage of BioETBE, calculated as biofuel, is 47 % v/v;
g) BioMTBE (Methyl Tertiary Butyl Ether): fuel component produced on the
basis of biomethanol. The percentage of BioMTBE, calculated as biofuel, is 36 %
v/v;
h) Synthetic biofuels: synthetic hydrocarbons or mixtures of synthetic
hydrocarbons, produced from biomass;
1) Biohydrogen: hydrogen produced from biomass, and/or from the biodegradable
fraction of waste, to be used as biofuel,
j) Pure vegetable oil: oil produced from oil plants through pressing, extraction or
comparable procedures, crude or refined but chemically unmodified, when
compatible with the type of engines involved and the corresponding emission

requirements.

In addition to those listed there exists BioTAME (Tertiary Amyl Methyl Ether)
produced on the basis of bioethanol. The percentage of BioTAME, calculated as
biofuel, is 31 % v/v.



g) BioMIBE (Methyl Tertiary Butyl Ether): fue

conponent produced on the basis of bionethanol. The
weezesestiggge of Bi oMIBE, cal cul ated as bi of uel , P BFRRG08H50343

v/v; h) Synthetic biofuels: synthetic hydrocarbons or

m xtures of synthetic hydrocapbons, produced from

bi omass; i) Bi ohydrogen: hydrogen produced from

bi omass, and/or from the bi odegradabl e fraction of

waste, to be used as biofuel; j) Pure vegetable oil
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15  Ethanol can be” produced in different ways, using a variety of feedstocks.

Bioethanol is obtained from the conversion of hydrocarbon based renewable
agricultural feedstocks, such as sugarcane and corn; or from feedstocks from
wood pulping. Biomethanol can be produced from synthesis gas, derived from
biomass feedstocks in Fischer-Tropsch synthesis. Another biosource for methanol
20  production is glycerol, a byproduct of biodiesel production. Synthetic biofuels can
be produced from biomass by pyrolysis and by Fischer-Tropsch process; or
alternatively, from triglycerides by processes which mimic traditional mineral

crude oil refining processes.

25  Biomethanol is most suitable for application as a petrol substitute in spark ignition
engines due to its high octane rating. Just like in the case of bioethanol, the lower
vapor pressure, the lower volumetric energy density (about half of that of petrol)
and the incompatibility with engine materials should be taken into account when
applying it as an automotive fuel. Biomethanol can be blended up to 10-20 % with

30 petrol without the need for engine or infrastructure modifications. However,

additional safety measures need to be taken for handling of methanol since pure
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using a variety of feedstocks. Bioethanol is obtained
fromthe conversion of hydrocarbon based renewabl e
agricultural feedstocks, such as sugarcane and corn;

or fromfeedstocks fromwood pul pi ng. Bi onet hanol can

be produced from synthesis gas, derived from bi omass
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Biodiesel is an alternative fuel, produced from renewable sources and it contains
no petroleum. It can be blended in minor amounts with petroleum diesel to create
a biodiesel blend, further it is non-toxic and essentially free of sulfur and
aromatics. It can be used in compression-ignition (diesel) engines with little or no

modifications.

Sulphur free fuels are required in order to gain the full effect of new and efficient
anti-pollution technologies in modern vehicles and to cut emissions of nitrogen
oxides, volatile hydrocarbons and particles, as well as to achieve direct reduction
of sulphur dioxide in exhaust gases. The European Union has decreed that these
products must be available to the market from 2005 and must be the only form on
sale from 2009. This new requirement will reduce annual sulphur emissions from

automotive fuels.
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acid 15 used as deoxygenation catalyst.

However, the above described strongly acidic amalgam catalyst system is not
20  suitable for hydrocarbon fuel production on an industrial scale. In addition to
strong acidity and batch process there are potential uncontrollable side reactions

such as alkylation, cracking and isomerization.

Durand, R. et al., Journal of Catalysis 90(1) (1984), 147-149 describe
25  hydrodeoxygenation of ketones and alcohols on sulphided NiO—MoO3/y-Al,O3
catalyst to produce corresponding paraffins. These hydrodesulphurization
catalysts may also be applied to hydrodeoxygenation processes of molecules
based on biological starting materials, to produce fuel range paraffins. In US
5,705,722 a process is described for producing additives for diesel fuels from

30  biomass feedstock such as tall oil, wood oils, animal fats and blends of tall oil



menti oned. EP 457, 665 di scl oses a nethod for producing
ketones fromtriglycerides, fatty acids, fatty acid
we@gens219f atty acid salts, and fatty aci d anhyRCT/BR808/050343
using a bauxite catal yst containing iron oxide. A
process for condensing al cohols using alkali metal or
al kaline earth netal hydroxides with netal oxide
cocatal yst to give Querbet alcohols is disclosed in US
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al, Geen Chemstry, 2002, 4, 392-399. Acid stable
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hykigrostaorydeasatinopoppowdsses of nol ecul es based on
bi ol ogi cal starting nmaterials, to produce fuel range
paraffins. In US 5,705,722 a process is described for
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of SLﬁphc[‘f?'\@m%(falN&Myﬁ?tﬁllMtcﬁtantdocgpltoﬁ"tg gqve n-paraffins, followed by

isomerising said n-paraffins using metal containing molecule sieves or zeolites to
obtain branched-chain paraffins. The hydrotreating was carried out at reaction
temperatures of 330 - 450 °C.
20
Dewaxing catalysts with hydroisomerization function are generally thought to be
intolerant of heteroatom contaminants, and typically sulphur demanding
hydrotreating step is employed before dewaxing in order to remove heteroatom
contaminants from the feed, because said contaminants are thought to result in
25  accelerated catalyst deactivation. However, in WO 2006/100584 a process for
production of diesel fuel from plant oils and animal fats is disclosed comprising

hydrodeoxygenating and hydroisomerizing the feed oil in a single step.

In US 7,087,152 a process is disclosed where oxygenate containing waxy mineral
30 hydrocarbon feed or Fischer-Tropsch wax is dewaxed using a dewaxing catalyst,

which is selectively activated by the oxygenate added to feed. EP 1,549,725
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needed to be maintained in their sul phided formin
order to be active at processgconditions, and
therefore a small H S co-feed is commonly added.
However, as there is a general need to decrease the
use sul phur, particularly because of environnental
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products obtained in the above ned cesse
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mddle distillate fromplant oil by hydrogenating
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ar eydrboulgins. to result in accelerated catalyst
deactivation. However, in WO 2006/100584 a process for
production of diesel fuel fromplant oils and ani mal

f apfothsr hje&l R uﬁ@ﬁ%ﬂ & J‘Sro@é’sg rf@fiﬁﬁmt@tﬁg ahtuPGePMidsel fuels,
hydroi somérizing the feed oil in a single step.
kerosenes and gasolines.

Still another object of the invention is a process for producing saturated diesel

fuels, kerosenes and gasolines using starting materials of biological origin.

Still another object of the invention is a process for producing diesel fuels,
kerosenes and gasolines, wherein feedstock derived from biological starting
material is condensed, followed by a combined hydrodefunctionalization and

isomerization step.
Definitions

Carboxylic acids and derivatives thereof include fatty acids and derivatives
thereof. Carbon number of fatty acids and their derivatives is at least C1, and after
condensation reaction the chain length of the reaction product is at least 5 carbons,

carbon number being C5.



In US 7,087,152 a process is disclosed where oxygenate
cont ai ni ng waxy m neral hydrocarbon feed or
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process for producing saturated diesel fuels,
ker osenes and gasolines. Still another object of the
' ngiﬁﬂlta'te‘% dlésefjl erel%c eﬁ&o§e‘ﬁ€s pﬁrﬁfj 3%155‘19116% atCHﬁl?\tlgéj ﬁjérgsgéturated
erosenes and gasol i nes Ing start
namﬁhoaﬁ@nmf bi ol ogi cal origin. Still another obj ect
of the invention is a process for producing diese
19 fuel's, kerosenes and gasol i nes, wherein feedstock
dexi, dﬁﬂﬁﬁieﬂ‘lé %hﬁbﬁﬂld&g hl’:éaby&itc%attﬁr%d MRfdesdamonkSic. cycloparaffins.
con sed by "a conbi ned
hy&m@dlefdmwb@ﬁ a’mhz entaligrstrapidrd & rmvlpezlbzt d@meétfeqasn cy010pentane

L.ons cids and derj vatlves t
i n%r %“i l%eé?l%% Blith%‘ﬂ& GaByad mpg s o S %%Stmcmre
numion@phthéiey Yor aﬁleiSolaﬂ&d rilebtfucelged ﬁ@élhﬁéﬂsdlh@hﬁiene) or two
least G, and after
15 fused ring structures (fused dinaphthene) or three or more fused ring structures

(polycyclic naphthenes or polynaphthenes).

Condensation refers here to a reaction wherein two feedstock molecules combine
to form a larger molecule. In the condensation the carbon chains of the feedstock
20  molecules are lengthened to the level necessary for the diesel fuels, kerosenes and

gasolines, typically to hydrocarbon chain lengths of at least C5.

Deoxygenation or hydrodeoxygenation (HDO) refers here to removal of oxygen
by means of hydrogen. Water is liberated in the reaction. The structure of the
25  Dbiological starting material is converted to either paraffinic or olefinic, according

to the catalyst and reaction conditions used.

Hydrodefunctionalization (HDF) refers here to removal of oxygen, nitrogen and
sulphur atoms by means of hydrogen. The HDF step converts oxygen, nitrogen
30 and sulphur containing contaminants to water, ammonia and hydrogen sulphide

respectively.
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here to O 8 chain with one double bond. The term
"saturated hydrocarbon”, usedherein refers to

paraf f m ¢ and napht heni ¢ conpounds, but not to

aromatics. Paraff nic conmpounds may either be linear
(nparaffins) or branched (i-paraffins). Saturated

di bewkrifaiohs refkisr berentes hadwispaswizities of ohipear skydregagbons  (n-

ey e b PRt BBR iR par a1 n.

Such hydrocarbons with cyclic structure are typically
derived from cycl opent ane or cycl ohexane. A naPhthenic
cofrpebingd hagradsfippetienalizatignnggideispiggzastonusdeny (1) refers here to
(

' e ol ;
TRAPRICN QRIEKHabi B8 Fg Sl B EbY BE e and
( f idsmdrizing apkndoRlesad bidnchal ©omemtes (hytdsechriionsy

structures (pol yeyelie naphthenes or pol ynapht henes).
Condensation refers here to a reaction wherein two

fegd ﬁg? %Bntggﬂﬁ ggégsﬁl%s ﬁﬂ@@aﬂgeb %gesglﬁémaaﬂi@er glonﬁpéle&‘tlﬂo heric

Int con t1on e ca chains of t eedst oc
nopresukes are | engthened to the | evel necessary for
the diesel fuels, kerosenes and gasolines, typically
to hydrocarbon chain | engths of at |east C5.

DeokyaabalonQT 18 pB6Uio ¢at ¥o aRadéMshts HPR: TUPIMRT Pefi&di€ Table
to renoval of oxygen by neans of hydrogen. Water is

| i fpemat legringnGrowes freact fook. The structure of the
bi ol ogi cal starting material is converted to either
paraffinic or olefmc, according to the catal yst and

I eRC tHi9 Roked iviitONST UsBen nohibep d@fddnetdronalthe Aiff@ence of the
(HDF) refers here to renoval of oxygen, nitrogen and
carbon numbers of the largest and the smallest molecules plus one, measured from

the main peak in FIMS analysis of the product.
Summary of the Invention

In the process according to the invention for the manufacture of branched
saturated hydrocarbons and particularly high quality diesel fuels, kerosenes and
gasolines, a feedstock is subjected to condensation, yielding a condensed product
comprising hydrocarbons containing one or more heteroatoms selected from
oxygen, sulphur and nitrogen, and the condensed product is then subjected to a
combined hydrodefunctionalization and isomerization step (CHI), whereby
simultaneously isomerization takes place and heteroatoms are removed in one
single catalytic process step. The obtained diesel fuels, kerosenes and gasolines
can be mixed in conventional fuels without any blending limitations and they

fulfill the highest technical requirements without extensive use of additives.
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respectively.lsonerization refers here to

hydroi soneri zation of |inear hydrocarbons (nparaffns)
resulting in a branched structure (i-paraffins).

Combi ned hydr odefunctionalization and isomerization

steﬁ (CHI') refers here to renoval of oxygen, nitrogen
antihe tivehtion &tidnsiratsd withrike efpanyelt bpare Arvdthosb meshing teglimit

I | es. b hed i , d b .
FL I AT i

relative to normal atnospheric pressure.
Classification of the periodic table of the el enents

i slnt RgureUpaorabesiablg gimbottangné of Hrenia criion ih ghaywsghsmptently. In
1 . n i , i h . a on.- e r .
!, B A O, < BB e e
| anghredcfamdiohieragom| hebt isombeedtioas sepusFone, thoedsidr ashk 1,
fromthe main peak in FINS anagysis of the product.

p
SubsTEfOgioBT SoREINAG dRRdSORk ISHetRe? pr e loaesieatatign frgactor 3,
th%nb%&m%gpﬁs%[nrgt h&r MRUT 8GTddh&qOf stfb;?ﬁﬂfhe% _combined

sat urat ed ocarbons and parti cul ar gh quality
di egrbddfusitionalkatios end soawrdzganakiciesy, tagdtierdsitlobkdrogen gas

supj ect ed ondensat.i gn, vyiel di a condensed

o BERIeSt ohgw P Ry dbOreeRd MebTdors Al B s shopigeous
heliRiaRAY O M SUAREE BrdntRD PXNIENe sBrhMNYITis FAkked to distillation
nitrogen, and the condensed product is then subjected

t oargl/@rosbpaneitbh yaito Jef wherei ormduct sioimpnensl boiling at  different
i sgnerization ste CHL.) , ere i.mul t angous] ;.
| SRMBEERE SRt Bl e lblfer BY. Remei 1 O Migseled® are

I nscpagitel ngl e catal ytic process step. The obtai ned
di esel fuels, kerosenes and gasol i nes

The distillation cuts of different fractions may vary.

Typically gases comprise C1-C5 hydrocarbons boiling in the range of —162 - 36
'C, gasoline comprises C5-C10 hydrocarbons boiling in the range of 36 - 174 C,
kerosene comprises C9-C14 hydrocarbons boiling in the range of 151 - 254 C and
diesel comprises C12-C28 hydrocarbons boiling in the range of 216 - 431 C.

However, the boiling ranges are those determined for n-paraffins with said carbon

number. Boiling points of the isomerized compounds are naturally lower.

Detailed description of the invention

It was surprisingly found that high quality branched saturated hydrocarbons and
particularly diesel fuels, kerosenes and gasolines can be obtained by a process
wherein feedstock is condensed and subsequently subjected to combined

hydrodeoxygenation and isomerization step. The hydrodeoxygenation and



can be m xed in conventional fuels wthout any
blending imtations and they fulfill the hi ghest
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addi tives. The invention is illustrated with the

appended Figure 1 without wishing to limt the scope

of the invention to the enbodinents of said figure. In
Figure 1 a preferable enbodi nent of the invention is
shown schematically. In the process the condensati on

st Bpmedzagian réastonucangys siccessiutlpgedormddneaiultancously in the same

hydr odef uncti onal i zation and ,i sonerization step. .Er .

¢ DSARRE i P petSencq G iideke hod ity st Py ng defikdibagidic Hhetion
St &RPIMPEdroSeR@iSh T dtidn CPRE ensIatt ©Pich R edMprises of @ntai@ibn of
by passing of the condensed stream 4 to a conbi ned

hyeelsgeleusiets ¥Wanetght i on and i someri zation reactor 5,
toget her with hydrogen gas 6. Excess of hydrogen and
hydr ogenat ed heteroatons are renpbved as gaseous stream

7. FéddustoehttaicorderBatime hed paraffinic stream 8 i s passed
to distillation and/or separation unit 9, where
product conponents boiling at different tenperature

r ahlre&ccdyaciesf the, cogaaisptiofestan is sdipblyangtcnal denycdifiogeptarting
13, leFa bGP O;EE@ %§tf%>e%dls%5k Gk ﬁrfomdlkééét?er ecrﬂhehydes,
fractions nmay Sar y. “Typically ‘gases conprise Cl- (03

hyslceiedy, bemsxplad ddidig csters bofiearbaxde atds-ah2nhydfileCof carboxylic

asol i ne conpri ses C5-CLl0 hydrocarbons boiling in the )
?a%@%% pf@esgﬁgﬁawr@,u%fr@%&fb%ﬂﬁr rids Tegalcalts of carboxylic
Y558 90051 by O RS 0B St Efioun
r amge combhdfons 4Biedf, okgwateg ,frothebibtigidahgtaramgesatarid. The

those determned for n-paraffins with sajd carbon. .
nusGon g e SR eRerER of e PRoAbhY s Loipbtion aed
naturally lower. Detailed description of the invention

It was surprisingly found that high quali tg branched
sallg &edstobly draychavgongotaingarbon number ranging from 1 to 26 (having

boiling point at 412 °C), preferably from 1 to 20 and particularly preferably from
1 to 14.

Preferably the feedstock is selected from fatty acid esters, fatty acid anhydrides,
fatty alcohols, fatty ketones, fatty aldehydes, natural waxes, and metal salts of
fatty acids. In the condensation step, also di- or multifunctional feedstocks such as
dicarboxylic acids or polyols including diols, hydroxyketones, hydroxyaldehydes,
hydroxycarboxylic acids, and corresponding di- or multifunctional sulphur
compounds, corresponding di- or multifunctional nitrogen compounds and

combinations thereof may be used.

The feedstock originating from starting material of biological origin, called
biological starting material in this description is selected from the group

consisting of:



particul arly diesel fuels, kerosenes and gasolines can
be obtained by a process wherein feedstock is

w@eordesded and subsequently subj ected to conbi PELFI2008/050343
hydr odeoxygenati on and isonerization step. The
hydr odeoxygenati on andi soneri gation reactions can be
successfully perfornmed sinultaneously in the sane
reactor in the presence of hydrogen and a catal yst
havi ng both an acidic function and a hydrogenati on
f uac tpilao fatFmdant ailsl ylant warss,calihyl fetspprimeébgils animal waxes; fish
conbgqggﬁ%n.pf gplecular sieve and netal. Feedstock to
cond %éa’ﬁéﬂswﬂs‘ngﬁg?Qck of the condensation step is
SUbY ahttyadied 6 fr@d fa€l§racie @bfalida fidra pland EatsTel L iodb, 4nt waxes;
bi ol ogical origin. The feedstock is selected from

ket orj@Bnal fptse pyignad oilsl ewmel svaxesrfbdxdpts dishilys fisle stages and

; ‘ i . ‘ . g
5 aci adnngfh hEsBE AN SR R 0n EERRRIM ey
met)alesteal distaintd damb @kt ifets aglatSeilsampthnt ovaxes pomabingats, animal

sul phur canpounds, correspondi ng_nitrogen conpounds
and OdrbiHRR! Jrses Hisndats; Tish iofpnBth Hgxes gad prigiusey thereof by

st ar tlAtBRERLEA andNE sel ection of the feedstock
depenés on the type of the condensation reaction used.

Thé) foestalstadts lofnfatty hawds abtdinddafrooaplon fatynilert eibsngilang waxes;

froml. t 6 (having boi.li oi at 4 0Q),

10 pr of RE/SPr ORI P o8P EA VSR [ Y JoprkEe b ypres. and
f romplixtiReskftercb¥ 8 @paRifkatidie ah@edst ock is sel ected
fromfatty acid esters, fatty acid anhédrldes, fatty

al eohwohydridesof yatiyeacadrelsomfrdant yiatal plemyalbss planavaxest animal fats,
waxes, . and .netal _salts of.fa i ds. t he .
conaehulfl o B yeSe? disn Y o PRinlth s and mixtures
f eedsh@edfSargich as di carboxylic acids or polyols
i ncludi ng diols, hydroxyketones, hydroxyal dehydes,

15 hyBr exipesapiaingd by caterifisatioanel tes faslypsidsi efgplgnt. apymal and fish

nultk%g Q&hﬂ%ﬁhmﬁ#&Bﬁur conmpounds, corresponding di -
or nmul 1 functional” nitrogen conmpounds and

g) fatty alcohols or aldehydes obtained as reduction products of fatty acids from
plant fats, plant oils, plant waxes; animal fats, animal oils, animal waxes; fish
fats, fish oils, fish waxes, and mixtures thereof, and

20 h) recycled food grade fats and oils, and fats, oils and waxes obtained by genetic
engineering, and

1) mixtures of said starting materials.

Biological starting materials also include corresponding compounds derived from
25  algae, bacteria and insects as well as starting materials derived from aldehydes

and ketones prepared from carbohydrates.

Examples of suitable biological starting materials include fish oils such as Baltic
herring oil, salmon oil, herring oil, tuna oil, anchovy oil, sardine oil, and mackerel
30  oil; plant oils such as rapeseed oil, colza oil, canola oil, tall oil, sunflower seed oil,

soybean oil, corn oil, hemp oil, olive oil, cottonseed oil, linen seed oil, mustard



conmbi nations thereof may be used. The feedstock
originating fromstarting material of biological
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description is selected fromthe group consisting
of:ta) plant fats, plant oils, plant waxes; aninal
fats, animal oils, aninal vvaxes fish fats fish oils,
fish waxes, and b) fatty acids or free fatty aci ds
obtained fromplant fats, plant oils, plant waxes;
andibeialiails peamit o8l castar oil, satiophd sewexak Pofigehidf mitmggia seed oil,
fis ils, fish, waxes, .and.m xtures

%6?‘611 £ ol P%dr]%"cé’?‘éfr‘?lf iaEQ.t‘fOcFFPVSF 9?@%&% %lsy%‘ﬂalakfats such
esﬁﬁbﬁte@ blagd, @G, A fkARtasteaind, reBy it fodldl EraddPFanhnd oils, as
waxes; ani mal fats, animal oils, aninmal waxes; fish

f awell ‘ap ifafh, wirves andjodly predussd barwneﬁ@(@nﬁlwrmg}elme@fhtw to fats
%Qfs&?st Jtafo s@é%r'hﬁ? n}a?e%alsdc)f br'r(a{)gllcalsoq gﬁr‘?‘ n% utde %MIXaI _Qf\?axgss' such
an p ant waxes;

ned rom ["an
anam’@de Wa, E(:hlﬁersb Wedx (Qhsest, wax')t pradllapvavae s and lagblifafvegol wax), as
fish oils, fish waxes, and m xtures thereof by
sapyshies plaat vares supk asgarasbe drl raé‘saXoPuflaQLtrypaéen Wax.feighy seed

pl ant 1 N tw

) b aite Phantphl o, AN SRR Cc BRI R Sepl
wakiebgicahstartingtaateigals Inmh&htfthom;t dfhﬁc)h st aerlsgio btopiottimh dfyshort
esterifi cat I n of free f

ds of
0 a6 B GIGT  £1758 o Sl Py 4P@ BN ccoconut

orma[,ﬁi@g}ygﬁ{sa@qgm\ped as reduction products of fatty
acids fromplant fats, plant oils, plant waxes; ani nmal

fats, aninmal oils, ani mal waxes; fISh fats, fISh oi |l s,

fi es nd. m xtur.es t h

S B 3 A LS e e P SR B85 i
bye@@feitd/6r metal salts thereof. Said metal salts are typically alkali earth metal or

alkali metal salts.

Condensation

In the condensation step the feedstock comprising compounds having carbon
number of at least C1 is processed to monofunctional or multifunctional products

having carbon number from C5 to C28.

Suitable condensation reactions are based on the functionality of the feed
molecules, being decarboxylative condensation (ketonization), aldol
condensation, alcohol condensation (Guerbet reaction), and radical reactions
based on alpha-olefin double bonds and weak alpha-hydrogen functionality. The
condensation reaction step is preferably selected from ketonization, aldol
condensation, alcohol condensation and radical reactions. Suitable condensation

reactions are described more in detail in the following.
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and insects as well as starting materials derived from
al dehydes and ketones prepared from carbohydrates.
Exanpl es of suitable biological starting materials
include fish oils such as Baltic herring oil, sal non
oil, herring oil, tuna oil, anchovy oil, sardine oil,
anBemb@e'ﬂaéive@bndenpat@mt(kdbhigatmmh as rapeseed oi |,

col z . ower,. seed oil

oy BsrkoniERg Radion ik Jneronr RS (SRR B G gt of
OI fattylaciig Ros@RRd @ the stk deidt withodath OtHer gh@@NKdtomds having
castor oil, jatropha seed oil, Pongam a pinnata seed
0| far %Ilnmia@rr pkRt kapt Candhe detonination mayaplgo tsr @gived out with

0 r

S0 PP P AL oS ARUHAS! ol 3o,

angldeliyldss, msurilewhxeasarfdainstal vawest fatmygl acids. SInIlh@ﬁthﬂ'ﬂaﬂit)n step,

geneti¢c engineering. In addition tg fats and oi]
sutlbaicaraxyhe jasyisneit pelyels snelpdpeofislyi @y by .ugffch as additional

in [
(i %él‘é'lgg %i@ all IOﬁ%igib,h% 1%&?[2%‘%{4% A vVﬁ? Fat%ﬁ%lds only In
vveI;aIld assep Iaapulykm)ms nsUodulas o:laamadlblal Irhalkwtomzanon l‘eaCtlon the

Qu I .. J O I I

csprt e ol wadl) R Pricebby batart o M Tefputarty

Subﬂe?é%‘tﬁ Bih @0l £RL MPAhEEasTRE %ﬂlﬁérﬁtuk@%n%@@b&tﬁ@éﬁ 10 and
whi ch have a high proportion of short chain f

ach@s C.qucferaty bamrenil 0Q and 40@°6J lba,rtlgdaﬂwprerﬁerhblypbatwnen 300
kernel ojl, cqconut oil ter, rd and tall ow.

bi SlbHb - the g@ﬁfifrpgv e é?YIié Gpad) band Qi fpr%feragly from
fagky, [ f te oS IQr |

saf)'?sto 1%28?9%%1&7 {e%[\ sa tngéa%r{e %?2?012 afblg%ﬁaltlon step
eamttal raidel caalysth kathichmetcabptsomhlly. suﬁpmtbelnsmy bo used. Typical

metals include Na, Mg, K, Ca, Sc, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Mo, Rh,

Cd, Sn, La, Pb, Bi, and rare earth metals. The support is typically laterite, bauxite,
titanium dioxide, silica and/or aluminium oxide. The metal is preferably
molybdenum, manganese, magnesium, iron and/or cadmium, the support being
silica and/or alumina. Particularly preferably the metal is molybdenum,
manganese and/or magnesium as oxide in a catalyst without support. No special
catalysts are needed for the ketonization of metal salts of fatty acids (soaps), since

the metal present in the soap promotes the ketonization reaction.

Aldol condensation

In the aldol condensation reaction the aldehydes and/or ketones in the feed are
condensed to give hydroxy aldehyde, or hydroxy ketone, followed by cleavage of
water yielding unsaturated aldehyde or unsaturated ketone with carbon number of
at least C5, depending on feed. Feed comprising at least one component selected
from the group consisting of saturated or unsaturated aldehydes, ketones, hydroxy

aldehydes and mixtures hereof, preferably saturated aldehydes and ketones are



In the condensation step the feedstock conprising

conpounds havi ng carbon nunber of at least O is
wee@sasyaed to nonofunctional or nultifuncti onalPCT/FI2008/050343

products having carbon nunber fromC5 to C28. Suitable

condensation reactions are bagﬁd on the functionality

of the feed nol ecul es, being decarboxyl ative

condensati on (ketonization), aldol condensation,

al cohol condensation (CGuerbet reaction), and radica

r ewdi ohy baswignoms ataphed odwef i dibabprespiedof ahemogakous or

?rog%neg{l% SPdIOL lélgli(fc%e:ngap I?E}l 03;1 ag%ﬁ][— e lfp&?ﬁgg g%ail Rotal catalysts like
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and radical reactions. Suitable condensation reactions

ar ydiesides, Her inineei Na@ls AOHi or pﬁ@H)z are suitable homogeneous
Decarbox | ative conde atl

foll n (ket i zat

5 | e S RE R sttt SRS R AR oL A8 BRI tower
t yféhga@faltwre tif @seCivith b RePmoRku R leiehd GbddS 6@ MHigch esmpdtatures
the feedstock react with each other giving ketones

havithdigher Bwhechinrbreighs ficeds. Ppaenallysolveae Skl@lt anplgahqlpmay be
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y  aci ers,
al fromol s 260 & tptef&iraﬂﬁ}hﬁdﬁﬁl SrtatllQr%L by\@)&@,t Ahéi‘nme’itjl reactlon
salts of fatty acjds. In the ketonjzatjon step

10 di eaxdigiswy 1ot éheaalﬁagcqaxdewrl% Y t??c?ddﬁﬁt?fbtoleéldshYWaB’éhydes
c h%?:had? 2RO 44 (R0 ?éacﬁ&?ﬁlto'dﬁ Wﬁﬁseﬁﬁtﬂhuig%é 8 cﬁﬂer zgﬁ&? B%Fed on

n I engthening than Mﬁt fatty ac
cathe ,re@tipolof Ideubinitmndml&”andledILmsathtamdnédhhyﬂms d)Ih]eetones having
ket oni zation re ctlzg g pr gssure ranges fromoO to
10° MR Of ghlegst ORINCd 5 Mpa, particularly
prﬁerﬂﬂyfromo lto 1hP& whereas the tenperature
ran?es bet ween 10 and 500 OC, preferably between 100
15 andlcpbol @adensarien cul arly preferably bet ween 300 and

171 Sooneh SRS ior R Sty RE e Rl ACortR in he
prgker akl Yohd@RRrd. 3 k@bstantiahy hfdretala@ thet enbsat h@hb&t P the
hydrocarbon stream, thus yielding branched monofunctional and branched
polyfunctional alcohols having carbon number of at least C5 respectively from

20  monohydroxy and polyhydroxy alcohols. Feed comprising primary and/or
secondary, saturated and/or unsaturated alcohols, preferably saturated alcohols is
subjected to condensation in the presence of basic catalysts of the Guerbet
reaction, selected from hydroxides and alkoxides of alkali and alkaline earth
metals and metal oxides, in combination with a co-catalyst comprising metal salt.

25  The amount of the basic catalyst varies from 1 to 20 %, preferably from 1.5 to 10
% by weight. Suitable co-catalysts include salts of chromium(IIl), manganese(1l),
iron(Il), cobalt(Il), lead(I) and palladium, stannic oxide and zinc oxide, the salts
being salts soluble in water or alcohols, preferably sulphates and chlorides. The
co-catalyst is used in amounts varying between 0.05 and 1 %, particularly

30  preferably between 0.1 and 0.5 %, by weight. Hydroxides or alkoxides

(alcoholates) of alkali metals, together with zinc oxide or palladium chloride



net al oxi de catal ysts, which are optionally supported,
may be used. Typical netals include Na, My, K, Ca, Sc,
w@eqosisp19de, Co, Ni, Cu, Zn, Sr, Y, Zr, M, RhPCIZE20@B050343
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hepabg@et@eodﬁcy‘lpéxakwst & podxakdeall tat@llystalAﬂaﬂ peroeares hsuch as
met al hydroxi des, for instance NaOH, KOH or Ca(OH)
suflifapery %mwt%ﬁ%ﬁwrgfer&b%uﬁeéam BROUt of the catalyst

t epRar, ﬁlwl%a&ﬂm t'fah§§> oﬁm@géf%}@%ﬁnﬂrﬂ &1 gﬁ*ty&{ ngngght. A

tenperature is used ar wel

15 anbrahelgdenartioaye natl lhaemgvmatﬁmnhugﬂ[t&r ofrat astl G iswitghtd as the
feeds(ﬁﬁgﬁ onal Iy solvents such as al cohols may be
usBactiopEOR S unt “ of t he homogeneous catal yst to be
used in the reaction varies

Condensation product
The carbon number of the condensation product depends on the carbon number of
20  the feed molecules as well as the condensation reaction. Typical carbon numbers
of condensation products via ketonization are sum of the feed carbon numbers
minus one; the carbon numbers of the products via other condensation reactions
are sum of the feed carbon numbers. Preferably the feed contains only 1-3
feedstock compounds of different hydrocarbon chain length; that is for example
25  either only C8, or only C10, or only C12, or C8/C10 etc., or C8/C10/C12. etc. The
feed for condensation is selected so that the carbon number of the condensation

product is from C5 to C28.

30



from1l to 20 % preferably from1.5 to 19 % by

wei ght. Alternatively, reaction conditions of the
W@b@shisaendensati on may be adjusted to yield PCT/FI2008/050343

hydr oxyal dehydes such as al dols as the reaction

products, thus mninmzing oligonerization based on the

reacti on of double bonds. Branched unsat urated

al dehydes or ketones havi ng carbon nunber of at |east

C5 are obtained. Al cohol condensation In al coho

c obdebingd lydrodefunitonalizatiombhg isoherizatioh¢CHlkact i on,

al cohols in the feed are condensed to substantially

i ncrease the carbon nunber of the hydrocarbon stream

t huge Met dbhghdarsanedied anpaafndietdt@na@ndandtibd prabadtomprising

pol yfuncti onal al cohols having carbon nunber of at

| e@Qthf@SCtFOé@bé@‘ﬂ/PK/ @p&yfwmaﬁnﬁmﬂmwn@wa%g cgdiophyumlskyof at
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samwr &hﬂ)@xfﬂlhc': alotlss ands @ubﬁmﬁ&@ swlphan dempamndsn dofreiﬂaﬁdmg

presence of basjc catalysts of the Guerbet reaction,

semgeg% cpmpais sk rerRinativnsatheesef dedhesy suhiscied toysgmbined

l.5qa 0 c n

i T R R lon? S o1 g B RS hce o

of bifiretibadi molkatlat ys:tve catalyss cbmpmsmgtan 260 dB4 function molecular

preferab y from1.5 @6b |ght ui tabl e

0 oStk A &y Peheri Sy ofof b 'ﬁl@? ftj fpeans here carrier or
meggapgse(l ), iron(ll), cobalt(ll) lead(11) and

pal 'adi um stannic oxide and zinc oxide, the salts

being salts soluble in water or al cohols, preferably

sz@&hftgs and chlorides. The co-catalyst is used in

a Y varying between 0.05 and 1 % particularly

preferably between 0.1 and 0.5 % by weight.

15 Hyﬂrﬁéfe%§ cQtraly'@J[ lomb %&bﬁ@dm%&hﬁﬁiloﬁhzﬁdl&ﬁhﬂd isomerization

netal s, together with zinc oXide or palladium

ch(@) deer renalvigs alswakiagcly omrwr}mg napaéaféimm‘ evagbmplecules to
used. T on I s

or g?%ara n& Wi l&lg poi%tg %e dﬁﬁaeéirran ep glb trhe%ﬁgl SQ 1, bifunctional

pr gvicdedr b;YeV‘éh@talyst is used. The catalyst comprises a molecular sieve,

hydrogenation/dehydrogenation metal and an optional binder.

20
The molecular sieve is selected from crystalline silicoaluminophosphates and
aluminosilicates, preferably comprising framework type selected from AEL,
TON, and MTT. The molecular sieve may have one-dimensional channel system,
comprising parallel pores without intersecting pores, with pore openings around 4
25 - 7 A, without crossing channels, which induce strong cracking activity.

Preferably the crystalline molecular sieves contain at least one 10-ring channel
and they are based on aluminosilicates (zeolites), or on silicoaluminophosphates
(SAPO). Examples of suitable zeolites containing at least one 10-ring channel
include ZSM-11, ZSM-22, ZSM-23, ZSM-48, EU-1 and examples of suitable
30  silicoaluminophosphates containing at least one 10-ring channel include SAPO-11

and SAPO-41. Preferred catalysts include SAPO-11 and ZSM-23. SAPO-11 may



al cohols present in the reaction m xture. Water is
liberated in the reaction, said water being

wa@orBisuous| y separated. Radical reaction |In tP@&I/FI2008/050343
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radi cal reaction, carbon chains of the saturated
carboxylic acids in the feed gre |engthened wth al pha
olefins. In the radical reaction step, the feedstock
conprising saturated carboxylic acids and al pha

olefins in a nolar ratio of 1:1 are reacted at 100 -

300c H@thatized ascabding tot ER 885 (160ZBM-Uhaey ba systpetized according

nggﬁﬁ%épédeQE&gd by the reaction mxture, in the

| kyl peroxide, peroxyester,
di acyl peroxi de or peroxyketal catalyst. Al kyl
per oxi des such as ditertiary butyl peroxide catalysts
ar Ehpmefasplap sigvess g tympalyaeaivpasited withebiadaranstetialygegistant to

iy ; . . | ‘ 5
RO P S Sy
cai fiaishad odrelystobr &tmdyeBsbin@erldss (@bt Bouneyl T Hilider materials are

reactjon product. Condensati.on product The carbon )
nutiety opotgRBICcBHdenh SHEh ¢ Pt mbep SiHife-abminge and binary

cat niHYRST sQfcatyPen HERH Bl Ftﬁ('iﬁeg ESu@ﬁ‘ a%a!nia?%n Esia, thoria,

condensation reaction. Typical carbon nunbers o
c ond®nsatandhg tibe uatdstextiaay kembmiazans ofhthese osides sdcht desilica-

feed carbon nu rs mnus one; .t car bon .nunbers of . )
R ere M SR A meg kit 1 B S LR BHmg g B e in
of tht 1R fnRe data REPRMTdH T8 F00 Rt efe pRINLILNS th&Bvt. % based on
contains only "1-3 feedstock conpounds of different

hyte setabisb i he esit pothpinggs bindehat is for exanpl e either
only C8, or only QO or only Cl12, or C8/Cl0 etc., or
C8/ C10/ C12. etc. The feed for condensation is sel ected

soSdibadatdliigs Gad DORMndtioRBE1.Of tHeheare Ola@s lithom RAABEd metal
is fromC5 to C28. Conbi ned hydrodefuncti onali zati on
andehydemgsnatioathygdrpgempion component, selected from Group 6 metals of the

Periodic Table of Elements, Group 8 - 10 metals and mixtures thereof. Preferable
metals are Groups 9-10 metals. Particularly preferable are Pt, Pd and mixtures
thereof. The metal content in the catalyst varies from 0.1 to 30 wt. %, preferably
from 0.2 to 20 wt. % based on catalyst. The metal component may be loaded
using any suitable known methods, such as ion exchange and impregnation

methods using decomposable metal salts.

Process conditions

The condensed product is subjected to the combined hydrodefunctionalization and
isomerization step under a pressure ranging from 0.1 to 15 MPa, preferably from
1 to 10 MPa, and particularly preferably from 2 to 8§ MPa, at a temperature
ranging between 100 and 500 °C, preferably between 200 and 400 °C, and
particularly preferably between 300 and 400 °C, the flow rate WHSV being
between 0.1 and 10 1/h, preferably between 0.1 to 5 1/h, and particularly
preferably between 0.1 and 2 1/h, the hydrogen to liquid feed ratio being between
1 and 5000 NI/ (normal liter per liter), preferably between 10 to 2000 NI/I, and



The above obtai ned saturated and/or unsaturated

condensati on product conprising nonofunctional and/or
weologfismed i onal conpounds havi ng car bon nunberP@F/FR008/050343

| east C5, preferably fromC5 to C28, selected from

ket ones, al dehydes, al cohols gnd carboxylic acids and

correspondi ng sul phur conpounds, correspondi ng

ni trogen conpounds and conbi nations thereof is then

subj ected to conbi ned hydrodefunctionalization and
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hydr odef uncti onal i zati on and i sonerization (CH) step

en ing by isomerizing n-paraffinic wax
5nD éﬁ?@gﬁﬁﬁéisoparaffns with boiling points in the
desired range. In the CH step a bifunctiona

noDetedadly ficeypeodnat albysted Sronsetle THE et ahywstbe subjected to

co i ses .a nol ecul ar sj.eve, .. . . .
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cryStal line silicoal um nophosphat es and
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Pak@rb@hisHRE 85 cibHQUE al RhLRREES AR #8m WMol 1PPPE to 350
openings around 4 - 7 A, wthout crossing channels,

whi G tprefecibbefremr I@0g Cotio20RiAgnadlet presdnge oPn df dumofibisyinglvatalyst.

ot P Rereetirer CaHe T HEY a8 Hauka (ehpoaOFn oo sk disient
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es of suitable zeolites Containing at [east One
101/hiand hythmgereireat gas rates of from 1 to 2000 NI/

Hydrofinishing catalysts are suitably supported catalysts containing at least one
metal selected from Group 6 metals of the Periodic Table of Elements, Groups § -
20 10 metals and mixtures thereof. Preferred metals include noble metals having a
strong hydrogenation function, especially platinum, palladium and mixtures
thereof. Mixtures of metals may also be present as bulk metal catalysts wherein
the amount of metal is 30 wt. % or greater based on catalyst. Suitable supports
include low acidic metal oxides such as silica, alumina, silica-alumina or titania,

25  preferably alumina.

After optional finishing, the product is passed to a distillation and/or separation
unit in which product components boiling over different temperature range and/or
product components intended for different applications are separated from each

30  other.



include ZSM 1| | |, ZSM 22, ZSM 23, ZSM 48, EU-1 and
exanpl es of suitable silicoal um nophosphates

w@easasning at | east one 10-ring channel i ncl uBET/BARB050343
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1 and SAPO- 41. Preferred catal ysts include SAPO | |
and ZSM 23. SAPO | maybe sy ﬂthetized according to EP
0 985 010. ZSMm 23 nay be synthetized according to WO
2004/ 080590. The nol ecul ar sieves are typically
conposited with binder materials, resistant to high

t eRpwhet ures and suitable for enpl oyi ng under dewaxi ng
conditions to forma finished catalyst, or it nmay be
bi nderl ess (sel f-bound). The binder materials are
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Table 2. Properties of diesel fuels

Property Prodact Product | Product | Product | Product | Product
b 2 3 4 5 6

kVv40

mm’/s 24-44 2.9-3.5 4.5 32-4512.0-45]12-40

Cloud point

°C -5 --37 -5--30 -5 0--25 -10 - -34

Flash point

PMce, °C 52-65 > 55

Cold filter plug

point, = =

°C 185 --48 -15--19 +5--20 | -20--44

1QT cetane

number 784 84 - 99 51 73 - 81 >51 >51

Sulfur

ppm < 1} <10 <10 <10 <10 <10

Density 15°C

kg/m’ 775-785 885 770-785 | 820-845 | 800 - 840

Dist. 10 260 - 270 340 260 180




I somerization step under a pressure ranging fromO.1

to 15 MPa, preferably from1l to 10 MPa, and
wearsisubarly preferably from2 to 8 MPa, at aPCT/FI2008/050343

tenperature rangi ng between 100 and 500 OC, preferably

bet ween 200 and 400 OC, and p?rti cularly preferably

bet ween 300 and 400 OC, the flow rate WHSV bei ng

between 0.1 and 10 1/ h, preferably between 0.1 to 5

1/h, and particularly preferably between 0.1 and 2

1/|° the hydragen to lilquid feed ratip being| betweep 1

and 5000 NI/1 |(normal lliter per liter preferably
bgt ween 10 to0|2000 NI /1, andparticularly preferably
bet ween 10® ‘and 1300 N/ 1, in the presence of the

above descri bed3bi fifdct i $19al00nnl el ar 383-8¥k| cat al yst .

A [fi xed caldbyst bed reactor, for instance the
trli ckl e-bed reacdtorisis [suitable for the reacti éd 340

Hy tihopiodugh b fatDo L iacn@kpared hefoplbeduct obt ai ned from
the CH step may be subjected to hydrofinishing in
order to adjust product qualities to desired

SPESiif ipfhatNSy tHYCSE@bE NcsdtiRg doStha 11f1\%hﬁb19fb§rbd)ﬂhensatlon and

hydrotreating directed to saturating any ol €fins as
vvetdrnlasect ly dredafuniatignalfmpatioe aed womgriteioe ob &ttyresidsnd

di droflnlshn i arried .
5 ool S ot Merated PE TRy B Tbe Api By fflspirgisation
hyalmfglyabﬁdresrwcdramga@ FI @028t at tenperatures ranging
from about 150 OC to 350 OC, preferably from 180 0OC to

25@) ocfatty acidempthekestrs diasticss! prgaared biitesRpasterifisation e rape seed

res are typically from3 to 20 MPa (about
é)l?kBB@S%gH sig). Weight hourly space velocity (VHSY)

|s(4t)y@g cadthmlfgasm Basdd t dickel 1/l prafassdally €usS tboliduid and
1/h and hydrogen treat gas rates of from1 to 2000
10N ]llYLde@?réf’ral“ﬁPﬁﬂcﬁ@%% g&sd) are suitably supported

CGa 5?' a)ﬁgt @ c?f" &%oﬁgp fOreR era'qn@l el di éfell %él@ qutﬂ Qffferent

er|0|cTaIeof ement
G mpﬁic&tlens]fﬁr netialle acdt condttiones t her eof . Pref er red
netal s i nclude noble nmetals having a

The branched structure of the product obtained according to the present invention
15 results in low freezing point because of the absence of crystalline waxes,

particularly suitable also as kerosene fuel component.

The branched, saturated hydrocarbon product contains paraffins more than 80 vol-
%, preferably more than 99 vol-%.

20
The branched, saturated hydrocarbon product contains n-paraffins less than 30 wt-

%, preferably less than 15 wt-%.

The branched, saturated hydrocarbon product contains aromatics less than 20 vol-

25 %, preferably less than 10 vol-%, according to method IP-391.



strong hydrogenation function, especially platinum
pal | adi um and m xtures thereof. M xtures of netals nmay
W@b®s/15239pr esent as bul k netal catal ysts wher ePCI/FR608/050343
amount of netal is 30 wt. % or greater based on
catal yst. Suitable supports ipclude |ow acidic netal
oxi des such as silica, alumna, silica-alumna or
titania, preferably alumna. After optional finishing,
the product is passed to a distillation and/or
sephe abiadmedubranched, whitwrhteg r ndlrecarpnporduat. sbived | dmdpiological
over different tenper gt,H(gepr.angﬁ)pqnd%o\ﬁ T1{);{(,)%;401”. ored a5
cOMPORBATE T HEeTTHSE"T oF "H f el BRY“appli'caty Shs "gracred #s av
separatied o ipmyeach eifen|PredusdcThe PHOGESK isotope content
according to the invention yields a branched and
pataifcwiien idie daiebew pk sauett it predidr pyicgui taplpdetcly of
s oﬂio%g?&? !}riéﬁgegs’ atkiga[ 0388 e:/éa,%pagb(%fa&@ L8P gi%t nt is determined on
conpri’si ng sat ur at ed’ br anche ydr 0Car boRs ?ypl ¢l fy
hasic rigsic af boficntrbenttn omrEn: t'e @28y Thetpr adietathssphore in
produced from feed of biological origin by nethods
re %ﬁ(}t('ré‘nﬂ?‘izﬁ tHO engt heni ng of the carbon chai n of
the starting material nolecules to | evels necessary
for diesel fuel, kerosene or gasoline (> C5). The
pr ddbvantagest ai ns typically sone short carbon-carbon
si de branches. For diesel fuel the branched structure
results in an exceptionally | ow cloud point and cold
i ThEHriles 09t L theUfnySdtidn! has SQRehI CRLVAMBLAUMBLT product
conpared to the products obtained by the known
methwdgss framTablsecR prdperchesaldd nithe! bisodices Slarting materials
product produced. with the process,according.to the . .
nteht P! G & GBIRred t 5 inOLE ot had: By Foreove, the
Pr 9GesE6s FCear fhbgstie ddeligliad eolighfiRa@r tnikd- Bl estdlis in
products are 100 % di esel conponents. Table 2.
15 Prepaiat B ipftagicegelc flabl dThec ey dtietrs fofchrablagsd: gpses arc
prﬁg%ﬁ%( as foll ows:

10

The process of the invention comprises a combination of a condensation reaction
step with a combined hydrodefunctionalization and isomerization step (CHI).
20  When compared to the technically available processes, the combined process of
the invention is an economic and efficient way of producing diesel fuels,

kerosenes and gasolines from renewable sources.

In the CHI step with oxygen, nitrogen or sulphur containing feeds the cracking of
25  isomerized hydrocarbons is significantly suppressed and the yields are improved
when compared to hydrodefunctionalization and isomerization steps performed

separately.

The process according to the invention utilizes renewable starting materials of
30  biological origin containing heteroatoms, particularly for producing diesel fuel,

kerosene and gasoline components. In addition to traditional crude oil or synthesis



(1) is prepared by the nethod according to the
i nvention, by condensation and conbi ned

why@sesEadunct i onal i zati on and i someri zati on of PEBFR(08/050343
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acids (2) is synthetic biodiesel prepared by

hydr odeoxygenati on and hydroigomerisation of
triglycerides according to FI 100248 (3) is fatty acid
nmet hyl ester biodiesel prepared by transesterification

of rape seed oil (BioDiesel) (4) is natural gas based

di gaselicedsa el copipdgiely etwhandgmseweble irguinaatented source for high-quality

hydr oi,sqneri.sat i.0 rocesse GIL diesel) (5) and (6)
arlaggg PPF%%WFSW@SggP“h@ﬂzﬁl “oil based diesel fuels
with different specifications for use in the arctic

conditions. The branched structure of the product

obThg eb@ingd clypdidity afocarhen giasddn peytra) evith sespedstal ths ysg and
! oéﬂs{)d’sﬁfﬁie?e%f pﬁl'aptis, qg&uﬁﬁ n%{ iﬁé?gasngﬁiré&r%oﬁfdioxide load of the
crystalline waxes, "particularly surtable al so as
kedtamepiecrd insdonaastpe pexdicts doevdl faca Hegdil seadiny ab@tlals.

hydr ocar bon product contains paraffins nore than 80

vol - % preferably nore than 99 vol -% The branched,

Sawhatﬁ@gx&aégg, %%ap%d,p%a%%fl hSzﬁchﬂbBﬁ RoRRf &fifabSfor biofuel
| ess than 30 wt- % prefterably less t gn 15 wt-% Tﬁe
br amofoednt satabtated flopdr coewidde spuomts.c fFheentbaanebed, saturated

ar tics less, than 20 vol- 9% preferably |ess than 10
ol Epealians AR R ek e rliic: ksrawhe ongigscl el Cragounds.
branched, saturated hydrocarbon product, based on

bi ol ogi cal starting materials, contains carbon | iC

i sBuepethewhsaiee whynsseursiaersindibe dsidrocanhon peiduat itfonoxadation and

th of , renewabl e ra er ial | ical f4C ..

| OfetRT ShRERTER) ol MRl pniny, YR Rlustaitfpion tow.

C OpdI@mkrisdtioh RRnPrieddpositsMit Ehrmicsl &@ﬁﬂéﬁclgﬁ%)depﬁsit on fuel filters,
r

bi ol ogical origin, is at |least 100 % on 14C.
i seispbingestpr APz7le anfemalkadapesit em heat exchangers and engine systems.

Combustion characteristics of nonaromatic and low naphtenic branched
hydrocarbon according to the invention is good, and therefore smoke formation is

minimised.

Branching in the paraffinic carbon chain enhances low temperature properties,
such as freezing point, cloud point, pour point and cold-filter plugging point. The
extremely good low temperature properties make it possible to use the branched,
saturated hydrocarbon product as diesel fuel or diesel fuel component also in

arctic fuels.

The branched, saturated hydrocarbon compound manufactured according to the
invention is particularly designed for use in compression-ignition engines, where
air is compressed until it is heated above the auto-ignition temperature of diesel

fuel and then the fuel is injected as a high pressure spray, keeping the fuel-air mix



the basis of radioactive carbon (carbon i C isotope)
content in the atnosphere in 1950 (ASTM 866)

wWodwansages The process according to the i nvent@CDRI2HSHNS0343
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several advantages. The product originates from

f eedst ock based on renewabl e patural resources.

Starting materials of the process of the invention are
avai l abl e ail over the world, and noreover, the
utilization of the process is not limted by

si githini theuftaminmibld Binits 0§ dissehe Beeuse theonisrmasignition source, a high

i nstance to t FL .techpol e _Hscher- eh
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step with a conbi ned hydrodefunctlonallzatlon and
| sBHertp 2aturdgipns e lqnerparatfinie shain fprgthdtheocatsns number of the
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hven 'S an e onom ¢€
pr adegamegnuahies émptavet. Srhekmmanﬁﬂoea rdugasibé IeﬁlseSwft]ﬁ @hich the
renewabl e sources. In the CH g@ W th oxy
Cys

n| @lﬁ%f‘é delowils grionigrite syhea sommyesed oldishpe Celhie papwger@fmdlcate
s@lFE’g Mé}f&%ﬁ@ﬁ&g doﬁﬂwgd%oh' cantly suppressed

an e yields are inpr en conpared to
hydrodefunctlonallzatlon and i soneri zation steps

erfo arate The ocess accor dj
PTG e hbuibie eRaRed A Mok el piutf important
bi g agSafroRr 4 Fdl- Iféﬁﬂ,‘l‘irfg Baf@hohat &f QRS @MBnolRAMklS Wilklic¥el or
for producing diesel fuel, Kerosene and gasoline

coﬁb@m&ma@t oflrdiesgHinti¢rorenwsionsadie flashapoiot u;dt@n@rliabb’r lower. A
esi s feed etel y sne

metetod AERRUE Y Rf B R Y Y ShERE BRRLRY R and

f updssiblSconanudl iguitidadnd Haslogibi ai ned products are

carbon di oxide neutral with respect to the use and
Because of the natural fatty acid based raw materials, the branched, saturated
hydrocarbon product contains no sulphur. Thus, in the pre-treatment of exhaust
gas the catalysts and particulate filters can easily be adjusted to the sulphur-free
hydrocarbon compound according to invention. Catalyst poisoning is reduced and

catalyst service lifetime is significantly prolonged.

Even though the branched, saturated hydrocarbon product is produced from
natural fatty acid based raw materials it contains no oxygen and thus the nitrogen

oxide (NOx) emissions are much lower than those of conventional biodiesel fuels.

The composition of the branched, saturated hydrocarbon product produced
according the invention resembles highly those of conventional diesel fuels, thus
it can be used in compression-ignition (diesel) engines with no modifications,

which is not the case with fatty acid methyl ester based bio-diesel compounds.
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the process, a branched, saturated hydrocarbon product
suitable for biofuel conponenf, i s obtained from
renewabl e sources. These branched, saturated

hydr ocar bons can be used as gasoline, kerosene or

di esel fuel conpounds. Due to the absence of

undhe braachesh shturatére hydrdeasberr bradupt eaube blented ok hapatdvehwith

d.th bj d,and th
ORI atseBh b T R EAERh bth o Ener cormbounds

deprsilitter ahgy foer E@Qnﬁ@%&hﬁythﬁahabﬁ@l%o%lftth@ prédiek needs to be
filters, disrupt injection nozzle and nmake deposit on

heerhassadhanger s and engi ne systens. Combusti on
characteristics of nonaromatic and | ow naphtenic

branched hydrocarbon according to the invention is
goAdchonpoldr hitefudlycariraed kpdrbaurbmt camnpdrentyifit wif Selghur and other
Branching in the paraffnic carbon chain enhances | ow

t ehgieraionset 6%5’6115’6?%% is QRigiRcaE e capPHyd perrdeiiprgemization
POLY 5o Qﬂi'iatlgg (@HI?Q%} qRlegks £ ts%;) kY9 Eh 15”brany?&i thus
extrene good 'ow t enperature properties nake

posmkaﬁgﬂowwgﬁmbnmnbqmm@mmﬁ ﬂ&ﬂhurﬁmqﬂmhybnmoaﬂQMﬂed low-

roduct as fuel ese fue onent al so

o Pripet S hufl enindcrt it RLGROust oF e FTRa Bes b gproved
COSRRHALx @@é‘ﬁ@%&' & dil %ﬁ@l’féﬁéd‘ ydrBcdrBen pRHeBL is@atiS as diesel
particul arly desi gned use in conpression-ignition
enfjichegssolisheor éerasmlelp@rtwlﬂplry@ég@ﬂc gondifionss i s heated
above the auto-ignition tenperature of diesel fuel and
then the fuel is injected as a high pressure spray,

keBmang it Agost behmahly Wed \tb bbwer &hiembbiasMadLgh |1t| rﬁw Be Qfed to
di esel . Because there is no ignition source,

cepar® Athwberchighy, aurlb\gsalpry- frgefors @ﬁdt%mb@ﬁ&t Eﬁ@nalr ¢E100)
r e@&ﬂsﬁrﬁ tl?fi 11{ Qﬁ‘ eg ﬁ%qg é %(Hn% §AP°/821 r%re nth‘:i’tn?f g?]sohne

| ong paratfinic a|n e cé er o
because the energy per Volurne unlt is 34 % lower. The fuel consumption by the

biogasoline compound of the invention in therefore less than that of ethanol based

biofuel.

The products according to the invention can be blended to motor fuels in much
higher proportions than Bio-Ethanol or RME. Therefore the need for 5.75 %

minimum proportion of biofuels in all gasoline and diesel fuels is easily fulfilled.

The invention is illustrated in the following examples presenting some preferable
embodiments of the invention. However, it is evident to a person skilled in the art

that the scope of the invention is not meant to be limited to these examples only.

Example 1

Preparation of fuel components from fatty acids derived from palm oil
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di esel fuel will auto-ignite when conpressed. Higher
cetane nunbers indicate easiqﬁ self-ignition and

better engine operation. The high flash point of the
branched, saturated diesel fuel product is inportant
primarily froma fuel -handling standpoint. In the

et Adnodil mandydtolwictl. Bbeldelbonds of tharaty miéﬁwder@ieﬂ fire palm oil
m gro-enul si on th remar ka
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hagatiguowsiok&6hisdPatfatidsdphede prRcir®as sithhBarGeadtdnitath a MnO,
ignition and expl osi on. Because of the natural fatty
actafalpsis Eemperarurmeiethi atastortvras 330 dkc Hedyeighithauay sdace velocity

ot OVERAREIEY BRBnEIRR RS 1 B el nrod il Kot Rreving

paéérb&ﬂ&kﬁhﬁleﬁ% t 8f 65, can £AW:L Wabebamhed st 8 pgréddche
sul phur-free hydrocarbon conpound according to

invention. Catalyst poisoning is reduced and catalyst
[ I
LS5l LGPATE 165 SLABLTE S0, B BB ELED, comvina

pr lmyztim&duﬂdnoﬁalmhum ahd fsatleyizatoind Fmis@fﬂnﬂoawd (g2 Eld’etoaﬂe&ontalns
it contains no oxygen and thus the nitrogen oxide
( NPt ehi & sWond AKESSHucIPMIoNBE ¢ hhrketigsd-34f wt.% oxygen and

Co l.. fo
br ancﬁeugar@alt %értglgéeg Ey“étr}ggdg?%onhlglrugguct %g{rdggggegmtsha%out 34
acwo?/dbngenh@h@ natelysti emplogse nbthescombgiddysttih esie POISAPO-11 on

venti.an esel fuels, thus it can be us
Plé%asl?laﬁe ﬁ% § PTOGTSS (s Sai1of! Mk 8 hELRFFATHC 3(36’5 C and under

4 Efésﬁﬁf@ loPBSvVIPYNIsEY HYHTOfatibRE 1236 @\Il)"MahH WHSWO@(FB d/h. The

ester based bi o-di esel conpounds. branched,
sagaﬂ‘as@lmeﬁsﬁmsen@rﬂnmﬁmpr decqond@zrsefbefrbﬂnedidé@gam Bovy. Diesel,

legi)/rgFeSBa Q&?ﬁ oa(];is ?S]%ﬁS & 4#2 6? %%?Cﬁq@g(qné s\éllﬁarate
gdﬂ@dﬁo@@ Qads redudeh @réssme.l Thd Proééss tcbpdiBbRHa prog@ed Hist@bution

are presented in Table 3. Hydrocarbon distribution is calculated from the organic

phase, and water is calculated from the palm fatty acid ketone feed.

Table 3. Process conditions in CHI and product distribution

Catalyst Reactor T, P H,/ HC WHSV
Pt/SAPO-11 365 °C, 4 MPa 1250 0.8
Gas Gasoline | Diesel | Process oil Base oil H,O
C1-4 C5-10 C11-20 C21-26 >C26
7.8 % 35% 282 % 10.7 % 49.7 % 34%

The fuel products contain mainly branched isoparaffins suitable for gasoline,
kerosene and diesel pool. The physical properties of produced kerosene or
gasoline faction are presented in Table 8 and the physical properties of produced

diesel fractions are presented in Table 9.
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enhanced. A nonpolar and fully saturated hydrocarbon
conponent, free of sul phur and other heteroatons of
is obtained in the conbined  PCT/FI2008/050343
hydr odef uncti oni zati on and isonerization (CH ) step.
In the CH step, the carbon chain is branched, thus
inproving |low tenperature properties, that is, the
pour point is lowered, |lowtenperature fluidity
enhanced and filterability at |ow tenperatures is
i mproved. Solid wax is converted to oily saturated
hyﬂrocag@gn product, suitable as diesel fuel, gasoline
e particularly at arctic conditions. Ethano

i smg&tan@@amel donkiscents FropOOE6 aRUhSIMREVERFomtgagHeN 1t

e used to power other vehicles, such as farm
tractors and airplanes. Ethanol (EICI» consunption in

gasé”q‘g Pﬁn@ﬁ@é&%ﬁ%&?% @E%t?’y a?i‘clol/& r(‘ﬁa@{&&écah&‘l a'ilQ&'ihgl cfh(}})rlde (5

| opyan. pa]lbeluﬁgedndcbznguaﬁ)tsmdmmbmeﬂlbeﬂbﬁeogmoputnm a Parr reactor
co yound of the invention in therefore less than t

IRANGS 2dBisd thi2e? tRIn. temRerapie 1% G ard PUSHES f%O 5 MPa.
. %%lﬂ\ﬁﬁﬁ%%eﬂnglﬁg@ \xpd%‘ Igg‘ilﬁ{éﬂ%q th QWb Yut fv&%%rshﬁ At G reaction.
hi gher pro VE.

ns than BI o- Et hanot or Therefore
t héhneadlchation rdstidh mas |camnmi puo potiltthe amoﬁntb)faiouéétsed alcohol
aII alen sel eIsisesiI fulfilled. .Th
o F neReRBIAE i SR RSt Moottt eseanpiiatizett with
Pr RAROLHING SOABYARRES §1tA RN Ler@B AedBRthaRiurh RBloride. Condensed
i nvention. However, it is evident to a person skilled

i nC8helcahal wasabtaiies asgegstonpraduet. i nvention i s not
meant to be Iimted to these exanples only. Exanple 1
Preparation of fuel conponents fromfatty acids

deThy egbolve OBbRREM Gk PabipAtihg Weginbhedr @,y zgdohdRoWdegadecyl-
bonds of the fatty acids derived from pal m oil

f eeliadesanolnewes ssilieettdelly moewyrpdogbyripéafungiiogalizsion  and
safihaistiohakld @52 dRolS Sntains about 3.43 wt.% oxygen. The catalyst

employed in the CHI was Pt/ZSM-23 on alumina binder. The process was carried
at a temperature of 366 °C and under a pressure of 4.2 MPa, using H,/HC ratio of
2000 NI/l and WHSV 0.5 1/h. The gas/gasoline/kerosene fraction was condensed
from hydrogen flow. Diesel, process oil (356 - 413 °C) and base oil (> 413 C)
were distilled to separate fractions under reduced pressure. The process conditions

and product distribution are presented in Table 4.

Table 4.
Process conditions in CHI and product distribution
Catalyst Reactor T, P H,/ HC WHSYV
Pt/ZSM23 366 °C, 4.2 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil H,O
C1-4 C5-10 C11-20 C21-26 >C26
13.5% 55% 271 % 18.6 % 352 % 34%
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velocity (WHSV) of total feed being about 0.8 1/h. A

m xture of saturated ketones Raving carbon chain

l engths of C3 1, C33 and C35 was obtained as the

product. The above obtained feed conprising ketones

was then subjected to conbi ned

hyahfo dedl uprodiassn gbitait h@mlﬂrtdaﬁ@@drémpszﬁmn suiFeéa for gasoline,

ound 5 ket.one tains.a Y,
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kegeﬁsﬁﬁn@feﬁﬁoﬂ\me%r@%lﬁﬂﬁﬁn TEBSS Bad fhckyoia®l HepdrabNst produced
about 4 w . % oxygen. The catalyst enployed in the

co%$%@@0@®GYW§SquSAﬁ@bhe9l on al uni na bi nder. The
g § LR carried out at a tenperature of 365 0C and
pressure of 4 MPa, using H2/HC ratio of 1250
N PikpaatdoMb6iSMe bonthoBicdts Hroml iesagastt @) &9l dcie/degvabeod palm oil
fraction was condensed from hydrogen flow. D esel,
process oil (356 - 413 0C) and base oil (> 413 C) were

di gfd leleg q‘att_tlgg aSigP Rl ﬂlsftﬂl@&tﬁlo ald! gg %’Fg C?ﬂe feed containing

pressure e process cond |t|o S an

di bathi battiated ané wrsesesttddfaitn Jatd evd. cbmﬂmmxualwbdmtomsed at
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10 SR BloPErieqTete: B R Cs S aistmer o e g it of
f egd red@B §as3370° bécﬁé%&%ﬂqﬁ&uﬂ? abdlyv&blit QQH@'\?CB{QBtaI feed
di stribution The f ducts nt ain 'y branched

[ sbnqaag abdut 6 $hi tAaimhﬂurfem‘f ‘tg)&ssdtunae:d dndrmﬁnmtahbbtones having

di es ooI ysi.cal ert odu
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and t he physical properties of produced di ese

fractions are presented in Table 9. Exanple 2

Pr Elpfareéopivonominedjeﬁeect ovgranTeites ketaors C1& albjebtefl to cornbined

£ abidfEG A E S BBz ol FdP BRI it Rontains

about 3.16 wt. % oxygen, compound C33 ketone 3.34 wt.% oxygen and
compound C31 ketone 3.55 wt.% oxygen. Thus unsaturated palm ketone contains
about 3.4 wt.% oxygen. The process was carried out in the presence of Pt/SAPO-
11 catalyst on alumina binder at a temperature of 356 C and under a pressure of
39 MPa, using HyHC ratio of 2000 NI/l and WHSV 0.5 1/h. The
gas/gasoline/kerosene fraction was condensed from hydrogen flow. Diesel,
process oil (356 - 413 °C) and base oil (> 413 C) were distilled to separate
fractions under reduced pressure. The process conditions and product distribution

are presented in Table 5.

Table 5.

Process conditions in CHI and product distribution

Catalyst Reactor T, P H,/ HC WHSV
Pt/SAPO-11 356 °C, 3.9 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil | Base oil H,O
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ni trogen purge was maintained to sweep out water

l'iberated in reaction. The copdensation reaction was

carried out until the anpbunt of condensed al cohol was

stabilized in GC anal ysis. After reaction the product

wgs neutralized with hydrochloric acid, washed with

wdt er &nd drifedGaindt h falGai-em| chl@ibde. | Corfdsnspd C32

allcohol was (bt ai ned ps reac{ion produgct. The pbove

ohjt ai negyf eed conpy,i s| ng pranchedoG32 alsohel, [ 349
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hydr odef uncti onal i zati on and i soneri zati on. Feed C32
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| oyed in the CH wa 23 on . alupina, bin
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f r diesdl bractas acopemsedinflrablm hydr ogen fl ow. Di esel ,

process oil (356 - 413 0C) and base oil (> 413 C) were

distilled to separate fractions under reduced

pI‘E§§MBﬁ4 The process conditions and product

di stribution are presented in Table 4. Table 4.

Pr Bisparstienatfuel enmpanantSiiionastearpr @dhﬁf@ctmns(ﬂnﬁba@@@mh e

fuel products contain mainly branched isoparaffns

sui tabl e for gasoline, kerosene and diesel pool. The

physint@bre pyfopeittdins(liakecas osibesd dnarapasel @ﬂs)gviis@?ﬂeﬁeated by

faction are presented in Table 8 and the physica

pr hxsié?ltYﬁlésanélf distilldfipnetp @bg(fathy aeidi Hagtions edqspishingn e garbon
| N, Ja0d € %Olﬁ?@n%l ﬁ&if BFe g'l@.n a%%i T HELdhO n@]&%e n§e§ectlvely

from unsatura y aci erived frompal mo
prehydrogenated, and the stearic a01d was continuously ketonised at atrnospherlc

pressure, in a tubular reactor using a MnO; on alumina catalyst. Temperature of
the reactor was 360 °C, the WHSYV of the feed being 0.9 1/h. Saturated Cs;s ketone

with 12 wt. % unconverted stearic acid was obtained as the product.

A mixture of ketone having carbon chain length of Css with 12 wt.% of residual
stearic acid was obtained by incomplete conversion in ketonization. Ketonisation
was performed as described in above. The feed was subjected to combined
hydrodefunctionalization and isomerization to test the influence of fatty acid to
isomerization. C35 ketone contains about 3.16 wt.% oxygen, and stearic acid
contains 11.25 wt.% oxygen, thus the feed contains totally 4.1 wt.% oxygen. The
catalyst employed in the combined step was Pt/ZSM-23 on alumina binder. The
CHI process was carried out at a temperature of 363 °C and under a pressure of
4.0 MPa, using HyHC ratio of 2000 NI/l and WHSV 0.5 1/h. The
gas/gasoline/kerosene fraction was condensed from hydrogen flow. Diesel,
process oil (356 - 413 °C) and base oil (> 413 C) were distilled to separate

fractions under reduced pressure. The process conditions and product distribution
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at nospheric pressure, in a tubular reactor using a WMnO
catal yst. Tenperature of the yeactor was 370 0C, the
wei ght hourly space velocity (WHSV) of total feed

bei ng about 0.6 1/h. A mixture of both saturated and
unsat ur at ed ket ones having carbon chain | engths of C3
1, arc3BesntbdO35Tolle odyadraedbaens disiébuppods crlcutpiasl &by erganic
obt.ai ned ,f eed .conpr,i si ketones wa ubjected to
coMBihed AR St HAET GRaT e XE08R SER GV EIE i zat i on.
Feed conpound C35 ketone contains about 3.16 w. %
oxygen, conmpound C33 ketone 3.34 wt.% oxygen and

coﬁ‘@ ¥ C31 ketone 3.55 wt.% oxygen. Thus unsat urat ed
pa t .cont ai .99 oxygen. The
prié{:ggé;% c&%@t@%ﬁ%ﬁ%@lﬁn@&?ﬁ%eﬁ Hétﬁyrugggénce of Pt/ SAPO 11
cat davglyston al Wehérar b pder [ at a tenpagature of 35WHSV
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Il V V U,y LGT1 TiIU da/ yd Ui I I} Il RCIT U I
frlact PBh wdsCRIEn S et o FVERSE8n [t Pot Oibi bsel 120
prloce oi | (i56 - 413, 00) | ang~ base i | 41B C) were
dilstit4d tlo é;#ar_a_ ctionelthde r B4 ed
prlessure. The procepss cond|tions and]|product
dilst 6i2%t i gn Aopr et %Bd| i n 9Tl e b. 4Pable b. 4.1 %
Process conditions in CH and product distributionThe
fuel praoducts contajin mainly branched i soparaffns )
suﬂ*%évf‘é PrefucEn 8P He majly d@%@%ﬁ&%@éﬁ%ﬁ spigble forngasoline,
PhsbGak RdOBREL FSoIOfTHR! PESH JEsRsaNss 8! g
factlbon are prese toed in %I e éka d the ﬁ?f%lf&%al ehe o
pr ggehiné stiod aprmdiented idilebl 8 hnddici phiysicalr poperaseof wdduced

! ndi-ggekf lfr%ct?o'ns %)éea Ir)‘rlglse%te% in Table 9.

Example 5

Preparation of fuel components from fatty acids derived from palm oil

Palm oil was hydrolyzed. Double bonds of the fatty acids derived from palm oil
feedstock were selectively prehydrogenated, and the saturated fatty acids were
continuously ketonised at atmospheric pressure, in a tubular reactor using a MnO,
catalyst. Temperature of the reactor was 370 °C, the weight hourly space velocity
(WHSYV) of total feed being about 0.8 1/h. A mixture of saturated ketones having

carbon chain lengths of Cs;, Cs3 and Css was obtained as the product.

Feed obtained by ketonization according the above process was subjected to
combined hydrodefunctionalization and isomerization. Feed compound C35
ketone contains about 3.16 wt. % oxygen, compound C33 ketone 3.34 wt.%
oxygen and compound C31 ketone 3.55 wt.% oxygen. Thus palm ketone contains

about 3.4 wt.% oxygen. The CHI step was carried out in the presence of a
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fraction (CL7H35COOH) A mixture of plant oils
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by hydrolysis and distillation to obtain fatty acid
fractions according to carbony,nunbers. Double bonds of
the d 8 acid fraction were sel ectively
prehydrogenated, and the stearic acid was continuously

ketoni sed at atnospheric pressure, in a tubular,
r eBi¢L.9¥I- lﬁsbatglyst Wh@iu@nn?abmheln at @ateamipyrature PEFFer Gt andeunder a

of the C .the \V/ o t f eed [
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A m xture of Kketone having carbon chain | ength
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e SHIRL SRR AL AL P S RGO produc
s ubuserbhedn te prevrhicdan Tapldro dﬁidmtbo@r(ald)zhﬁtnbwnoamd calculated
i sonerization to test the influence of fatfy acid
| S BB 1o ATEBHe PresiyCh Bhae b MR s calsledaidE e n%m ketone
OX}ggn, and stearic acid contains 11.25 wt.% oxygen,
thus the feed contains totally 4.1 wt. % oxygen. The
catal yst enployed in the conbined step was Pt/ ZSM 23

a 1805 Bfhy Grosggs B Hl bt Rticroa s biotor 4. o0”
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T OgSTr 1T OV O CoCT Uuu$\.} A2 | T LU \JV LT T
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cdndi t Cans and fseduc 1sdor if butGomar e| preserftsd i n

Tdbl e2®9 oblydriociardon Hizetydbyiti o ¢ cql cul 3g.ed, from  3.4%

organi ¢ phase, and water 1s calculated fromfed Ketone
and fatty acid. Table 6. Process conditions in CH and
pr ‘dkuphysdias propbuics ohproduced gasoline faction are presented in Table 8 and

the physical properties of produced diesel fractions are presented in Table 9.
The fuel products contain mainly branched isoparaffins suitable for gasoline,
kerosene and diesel pool. The catalyst selected for CHI in example 5 produces the

highest yield of fuel components when compared to examples 1-4.

Table 8. Gasoline produced according to the invention

Method | Analysis Example | Example | Example | Example | Example
1 2 3 4 5

ENISO | Density@15 747 738 743 747 713

12185 °C, kg/m3

ASTM D | S, mg/kg 1 1 1 <1 1.8

3120

ASTM D | 10 %, °C 144 123 136 139 98

2887 (C9) (C8) (C8) (C8) (CD
90 %, °C 255 230 235 234 190
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products contain mainly branched isoparaffins
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obtained by the process of invention have extremely good cold properties. In all

examples the cutting points of different fractions may be varied, therefore in

addition to gasoline and diesel fractions also kerosene may be produced.

Table 9. Diesel fuels produced according to the invention

Method | Analysis Example | Example | Example | Example | Example
1 2 3 4 5

EN ISO | Density@ 782 780 780 782 745
12185 15°C,

kg/m3
ASTM | kV40, cSt 3.0 2.8 2.4 2.5 25
D 445
ASTM | Cloud -37 -35 -36 -36 -45
D 5773/ | Point, °C
D5771
EN 116 | Cold Filter -44 <-45 -45 -39 <-45
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In all examples the cutting points of different fractions may be varied, therefore

for example kerosene is obtained as middle cut between gasoline and diesel

fractions.




starting material of biological origin, is subjected
to a condensation step selected from ketoni zati on,

wakashisuehdensati on, al cohol condensati on and PGHFRIS/050343
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reacti ons, and subsequently subjected to a conbi ned
hydr odef uncti onal i zati on and jsoneri zation step; the
ketoni zation is carried out under the pressure fromoO
to 10 MPa, at the tenperature from 10 to 500 OC, in
the presence of supported netal oxide catalyst and the
feedstock is selected fromfatty acid esters, fatty
nganhydrldes fatty al cohols, fatty al dehydes,
waxes, metal salts of fatty acids,
dlcarboxylic aci ds and pol yols, the al dol condensation
in the presence of a honngeneous or het erogeneous
al dol gndeﬁsapmé@ﬁs(:aﬁoal ysedugings ﬁaém@@ﬁiatﬁg&%r okydgocarbons,

to 400

ol deny et RErRE i JREHO oL SFEIHELY B e fyedsock
condensgdid¢otal ifi®nc &etoneyd awéhyldes tdieolmﬂgaaﬂmaybé agids, esters of
catal yst sel ected fron1hydrOX|des and_al koxi des of

al kal i e¥Boxlig Acidseand AnhKdidas A scaabﬂaiy}%étaandsfﬁéplaeegleﬁpﬁ metal
nbi |
conbi nagjiQn ;f"r thrb ‘Eb C@Jé oyo ca 5%&@%{3333?@3@ cBfpBunds,

t enper at ure i'S
sel ect eobrfaspmnc#nmg Mgemmpnundewmmnatms theat¢oddderived from
and/or and the radical reaction

t |
o {0 car ritaang e O BRghoBen, bnpbici & ¢ ronfusdibn step

presencg| Qe Pfiofl lkéfd)nlﬁ’ﬁfo‘ﬁx bl cHRIAKNBAL flbohol condensation and
di acyl per oxi de or peroxyketal catalyst and the

f eedst owlicel sedcdonsed dndonswwequeatled sjdstedy| foc aci exnbined
and al pha, ol efins in nmolar ratio. of 1:1.2. The . . :
o oc aschau i i Rl ol MioBsih Diseiqifyigp is carried
t he conithgdetyidprdafrefoli @Al 0 Bl anhaghperature from 10 to 500
i soneri zation step is carried out under pressure from

0.1 to 1G inkhe pescncheoftseppustedtroetel exiderratalyst andshe fedstock is
selected from fatty acid esters, fatty acid anhydrides, fatty alcohols, fatty
aldehydes, natural waxes, metal salts of fatty acids, dicarboxylic acids and
polyols, the aldol condensation in the presence of a homogeneous or
heterogencous aldol condensation catalyst at a temperature from 80 to 400
°C and the feedstock is selected from aldehydes, ketones and hydroxy
aldehydes;
the alcohol condensation is carried out in the presence of a catalyst selected
from hydroxides and alkoxides of alkali and alkaline earth metals and
metal oxides, in combination with a co-catalyst comprising a metal at a
temperature from 200 to 300 °C and the feedstock is selected from primary
and/or secondary, saturated and/or unsaturated alcohols; and
the radical reaction is carried out at 100 to 300 °C temperature in the
presence of an alkyl peroxide, peroxyester, diacylperoxide or peroxyketal
catalyst and the feedstock is selected from saturated carboxylic acids and

alpha olefins in a molar ratio of 1:1.



in the presence of a bifunctional catal yst conprising
at | east one nol ecul ar sieve selected from

W@bwaisagd | i cat es and silicoal um nophosphat es RBCIFR008/050343

10 _

15

20

25

30

| east one netal selected fromGoup 6 and 8-10 netal s

of the Periodic Table of Elengnts. 3. The process
according to claim2, characterized in that in the

conmbi ned hydrodefunctionalization and isomerization

step the flowrate WHSV is from0.1 to 10 1/h and

hydr oge? t oThé quipeess eagordmg dgoi slafmohn Ttharacs@d@dNiy 1that the
4. The process,accaqrdi t laim,2 or 3, . . .

char act SPTgae PO EAEE e By ciconEetupign s is camied ou
conpri sggjeabrdsQas FrofG 1 191 SobAlt fc@MBpSRLRCESH 10028500 °C,
zeolites and silicoal um nophosphates, at |east one

met al sl the pederfocohadi bmptienad cataly stesmnairsingf at d¢ast one molecular

Periodi ¢ Tabl e of .El enent.s and a binder..5.. The
pr oces 5518\_(7:% Bei,l%ﬁt%cg frlogl gﬁ%)ma%sé 1C3fes Ca[néii %Ec%lqmlﬂ’oghosphates and at
char act Rhitze@ ibtal Rakctad thym tdiBus @Hd8A 0 metals of the Periodic
hydr odef uncti onal i zati on and i sonerization step

opt i onalag ef Blemestsi ng step is carried out, and the
product is passed to a distillation and/or separation
unit in which product conponents boiling over
di fferept tEhPgiedesy actatpg @r elagephr eiardcteriaed dacthat in the
other. 6. The process according to any gne of claing 1

5 chaFBRiBRd BudrORslUpHEMALTION s PERRTIFAIOBeER s How rate

from ke : | A A i
cstors opres iy LA AGT0 |AAA IRk Rl O (b ARDISfrom 1 1o

car boxy$p0@d Mi. ds, al pha ol efi ns produced from
carboxylic acids, netal salts of carboxylic acids, and
correspondi ng sul phur conmpounds, correspondi ng

ni trogen COTROWASIR PR EARPIIHRIHIRANS o eI @@kacterizd®in that the

process according to any one of clainms 1 - 6,

char act kifincgdndlrpatalyst comprises at least one molecular sieve selected from
zeolites and silicoaluminophosphates, at least one metal selected from

Group 9 or 10 metals of the Periodic Table of Elements and a binder.

5. The process according to any one of claims 1 - 4, characterized in
that after the combined hydrodefunctionalization and isomerization step
optional hydrofinishing step is carried out, and the product is passed to a
distillation and/or separation unit in which product components boiling

over different temperature range are separated from each other.

6.  The process according to any one of claims 1 - 5 characterized in
that the feedstock is selected from ketones, aldehydes, alcohols, carboxylic
acids, esters of carboxylic acids and anhydrides of carboxylic acids, alpha
olefins produced from carboxylic acids, metal salts of carboxylic acids, and
corresponding sulphur compounds, corresponding nitrogen compounds and

combinations thereof.



that the feedstock is selected fromthe group

consisting of: a . plant fats, plant oils, plant
waewroogss2igmi mal fats, animal oils, ani mal waxesPCT/FBRM8/050343

fats, fish oils, fish waxes, and b. fatty acids or

free fatty acids obtained fromplant fats, plant oils,

pl ant waxes; animal fats, animal oils, aninmal waxes;

fish fats, fish oils, fish waxes, and m xtures thereof

by hydrolysis, transesterification or pyrolysis, and c

esterd obThé pmsteﬁsra@noqdu@nﬁo fnytane qilcmsdi 1 6, clmraeﬂerlzed in

waxes; ani nal xes

fats. 1 PRHIB ot ek 4 s R Bret B cof by
transesjerifplaat fag ,pla@ﬂ dildl. plamtvadxesdisalofatd, ahinyal @kls dsnimal
obt ai ned fron1p|ant pl ant oils, plant waxes;

ani mal WAXeS, ﬁﬁhfaﬁﬁalﬁsbloll@a fihnvares. apdxes: fish fats

fish oi s, f e r .
Ssaponlflcatlgﬁp Wﬁ%‘ﬁ'ﬁépﬂﬂgk%kﬁégﬁ%?gf 8Ip§%}fts p@ﬁ%OH&

pl ant f plast wileandnimbl &is, phiaiat oikgxaainal a\mxﬁalﬁshéits,, fish oils, fish

animal oils, apiml waxes; fish fats, fish gils, fish

naxes, WAYESHIR BdYres frsresty hydeplysis. teppesicsifsption prepyrolysis,

by esteﬁkflcatlon of free fatty acids of plant, anina

and fish origin with alcohols, and g. fatty al cohols

or aIdehydesewmﬁabmﬁwddﬁnnpumcﬁn@mﬂmmod&qﬂaﬁoﬂmﬁaﬂﬁmmalﬁm

acids fraom pl ant fat n Xe ani nal

10 F5t s el op il st des” FrL Tt \fren Sgf Farsures
fish maﬁﬁ§mfgygaﬂk§kﬁﬁgﬁmhh§ﬁp0f and h. recycled food
grade fats and oils, d fats, oils and waxes obt ai ned

by genedic emgiahsdfsi qufatty acids obtained from plant fats, plant oils, plant

waxes; animal fats, animal oils, animal waxes; fish fats, fish oils, fish
waxes, and mixtures thereof by saponification, and

15 e. anhydrides of fatty acids from plant fats, plant oils, plant waxes;
animal fats, animal oils, animal waxes; fish fats, fish oils, fish waxes, and
mixtures thereof, and
f. esters obtained by esterification of free fatty acids of plant, animal
and fish origin with alcohols, and

20 g. fatty alcohols or aldehydes obtained as reduction products of fatty
acids from plant fats, plant oils, plant waxes; animal fats, animal oils,
animal waxes; fish fats, fish oils, fish waxes, and mixtures thercof, and
h. recycled food grade fats and oils, and fats, oils and waxes obtained
by genetic engineering,

25 L dicarboxylic acids or polyols including diols, hydroxyketones,
hydroxyaldehydes, hydroxycarboxylic acids, and corresponding di- or
multifunctional sulphur compounds, corresponding di- or multifunctional
nitrogen compounds, and
J- mixtures of said starting materials.

30



i . dicarboxylic acids or polyols including diols,
hydr oxyket ones, hydroxyal dehydes, hydroxycarboxylic

w@eiodss219nd correspondi ng di - or rmultifuncti onedT/FI2008/050343
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sul phur conpounds, corresponding di- or

mul tifunctional nitrogen conmpgunds, and j . mxtures

of said starting materials.8. The process according to
any one of claims 1 - 7, characterized in that diese

fuel is obtained as the product. 9. The process

accor di $ig tlih@pgncgweacocbrdngaﬁormlylone &, clatrarlact e¢hiaracteriged in
t hat keposene,i.s obt roduct 10 The
processﬁ%§§8¥%f%%1§d°%ﬂ %hg 8$aln5 1-09,
characterized in that gasollne i s obtained as the

product . . . L
9.  The process according to any one of claims 1 - 8, characterized in

that kerosene is obtained as the product.

10. The process according to any one of claims 1 - 9, characterized in that

gasoline is obtained as the product.



