Process for produci ng branched hydrocarbons Field of invention 5The

i nvent i onwioedoad/BR1990 a process for the manufacture of brraTEIZWES/050343
saturated hydrocarbons fromrenewabl e sources and particularly to a
process for the manufacture of hydrocarbpns suitable for diesel fuel,
ker osene or gasoline pool. The process conprises steps wherein a
feedstock of biological origin is condensed and then subjected to a
conbi ned catal ytic hydrodefunctionalization and 10i soneri zati on step.
State of the Rrocessdorn proglicting bnapcheidaydvocabamsat eri al s in vari ous
applications in the chem cal 15 industry and typically in the

manuf acture of products ranging fromlubricants, polyners, fuels and
sol vents to qqeldeitigventipatty acids are generally obtai ned from wood
pul pi ng processes or by hydrolysis of triglycerides of plant or
animal origin. Naturally occurring triglycerides are usually esters
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Pol y-unsaturated acids generally have a nethyl ene interrupted
arrangenment of cis-olefinic double bonds. Saturated | ong 30straight
chain fatty agpi@oftlmaarto and higher) are solid at room tenperature,
whi ch nmakes their processing and use difficult in a nunber of
applications. Unsaturated 2 long chain fatty acids |like oleic acid
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esters of | ongnghal fedudidgy/caabd:gsicdes.ved fromplant oils or animal
fats, which conformto ASTM D6751 or EN 14214 specification for use

in diesel 15engines as described in followi ng Table 1. Bi odiesel
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Property 2ASTNj o8y SUndalNird«#ad 18 ttiricids doenichyolefinid Sha€ing 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
(Ci8:1) and erucic acid (C22:1). Poly-unsaturated acids generally have a
methylene interrupted arrangement of cis-olefinic double bonds. Saturated long
30 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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long chain fatty acids like oleic acid are easily processable liquids at room
temperature, but unstable due to double bonds. Branched fatty acids mimic the
properties of straight chain unsaturated fatty acids in many respects, but they are
more stable. For example branched C18:0 fatty acid, known as isostearic acid, is
liquid at room temperature, but it is not as unstable as C18:1 acid, since the
unsaturated bonds are absent in branched C18:0. Therefore, branched fatty acids

are more desirable for many applications than straight chain fatty acids.

Raw materials comprising fatty acid containing biocompounds are used in certain
processes for the production of fuels. Diesel fuels based on biological material are
generally referred to as biodiesel. A definition for “biodiesel” is provided in
Original Equipment Manufacturer (OEM) guidelines as follows: Biodiesel is
mono-alkyl esters of long chain fatty acids derived from plant oils or animal fats,
which conform to ASTM D6751 or EN 14214 specification for use in diesel
engines as described in following Table 1. Biodiesel refers to pure fuel before

blending with conventional diesel fuel (B100).

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

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 %
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.%
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.%
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High cetane number, proper viscosity range and good low-temperature properties

are required for high quality diesel fuel.

Besides biodiesel there are also following biofuels available:

a) BioEthanol: ethanol produced from biomass and/or the biodegradable fraction
of waste, to be used as biofuel;

b) BioDiesel: methyl ester produced from vegetable or animal oil, of diesel
quality, to be used as biofuel,

c) BioGas: fuel gas produced from biomass and/or from the biodegradable
fraction of waste, that can be 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: dimethy! 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 %
viv;

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.
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viv. 4 Due [m- Bn'm i renewabl e nature of biofuels, the
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ot her renewabl e fuels. The directive has set a m ni num percent age of
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hydrocar bon basediitepewahl eiggddrided byr gbedsegdshbkaimiuahditional mineral
sugarcane and corn; aor_ fromfeedstocks from wood pul pi ng. Bi onet hanol
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in Fischer-Tropsch synthesis. Another biosource for nethanol 20
production is glycerol, a byproduct of biodiesel production.
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Processes.  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



25Bi onet hanol is nost suitable for application as a petrol substitute
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the case of bioethanol, the | ower vapor pressure, the |ower
volunetric energy density (about half ofs that of petrol) and the
inconpatibility with engine materials should be taken into account
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30  biomass feedstock such as tall oil, wood oils, animal fats and blends of tall oil
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pressures relgy hﬂlereﬁz%da%ﬂﬁgzs%t (SR 8hd @M@S@Uﬁ% %@arﬁfﬁx%,s IS iRkl 19

of the periodic table of the elenments is the | riodic Table
f or mat havi ngsoGreniging stidompiratiinssusing metat ¢irdaivimgrexdeculesidres afzeohtehtn

AR LTI b MR S
peak in FI MSansdrieics o8B30 basproduct .
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



Summary of the Invention 20 In the process according to the invention
for the nwWOUeIBtYW of branched saturated hydrocarbons @Ud/FI2008/050343
particularly high quality diesel fuels, kerosenes and gasolines, a
feedstock is subjected to condensation, yielding a condensed product
conpri sing hydrocarbons contai ning one or nore heteroatons sel ected
from oxygen, sul phur and nitrogen, and the condensed product is then
subj ected to a 25 conbi ned hydrodefunctionalization and isonerization
step (CH), wpleteslyaminiegretad setalytiy hiydodewixing progessaif dydpcaben &edstock
het er oat ons ar.e, renov in one, single catalvtic process step, The.
Lot « Sholpl o Sh By o Sofmblrefisly F TR g Osting

obt ai ned di es
conventi onal HydeldewakinBout (heaibidohnfniditivg) | | Mintafi ongydeefinithigy | ulittolt
t he hi ghest technical requirenents wthout extensive use of

addi tives. Hisemgagermenkbriveen the prodessstionst ed with the appended Figure
1 without ;wishing to limt the scope of the invention to the

enbodi nents of said figure. In Figure 1 a preferabl e enbodi nent of

t he i nvent i oAlil®ugh avtheis Hfenptocesainyof predubtst dfdigogiceswrigitere well known
condensation .step is carri out. prior to the conbpi ned

hydr odef i ni ctf G 258¢ Wfﬁﬂﬂn? P RSRATOTPSS pafZIng renftable feedpakdhn
1, heter oat onp,fRMHAANAHRE ISilBfKasHib BRW. 2 | S passed to
condensati on'reactor "3, followed by passing of the condensed stream 4
to a conbi ned hydrodefunctionalization and isonerization reactor 5,

t oget her with,hydrogen gas 10 6. Excess of hydrogen and hydrogenated
heteroatdﬁ; g?%%?ﬁﬁgg@ﬁﬁégnﬁg%eous stream 7. The obtai ned branched
paraffinic stream8 is passed to distillation and/or separation unit
9, where proguelopGQ@ERAN e Snkatibt N9 Alpridsé %ﬁrrﬁroaﬁﬁgerb@mh@d raRgasd
gases 10, gasoline 11, kerosene 12 ané)dlesel 3 are separated. 15
The di stil | athydrecehpss.of different fractions may vary. Typically
gases conprise O -05 hydrocarbons boiling in the range of -162 - 36

" C, gasoline conprises C5-Cl0 hydrocarbons boiling in the range of 36
- 174 C, 130 keifise bk BP HieSiaseftRnGd 4 ek CarRediitosdthragdi diesthiuels,
range of 151 -254 C and di esel conprises Cl12-C28 hydrocarbons boiling
in the range ksfospngs and gasalinesowever, the boiling ranges are those
determned for n-paraffins with said carbon nunber. Boiling points of
the isonerized conpounds are naturally |lower. 25 Detailed description
of the i nventStitinaridthenasbjeut rafrths imghsiod Gungrddesd fdri gbdwpiigd sdtyratudadiedeb d
sat urat ed hydraqcarbons and 30 parti.cular]y dieﬁgl }uet%, tenasenes
and gasol i nedURACERSCRASEAN FAEPLEYS USIPE HRRWE Teias At FIa0giqabensPs
condensedgand subsequently subjected to conbi ned hydrodeoxygenation
and isonerization step. The hydrodeoxygenation and 12 isonerization
reacti ons carbtible asfbareskjtct by thee ifvwsntied is ianprotens efon girgdiamg Meesslafsls,
reactor in the presence of .hydrogen.a cat al ys avi bot n,.
ord o1 unct IOFRGRE B prEaPRG T AFEEIcoR. SR e BOIokD Sitring
conprises a GRiRid1aki QhdehscAPHEGOWR b £ ¥empindd MBidaddefimctiefdBhOsK ah®
condensation The feedstock of the condensation step is suitably

mat eri al der ilsseerizabon sf€prti ng materi al of biological origin. The
feedstocg is selected from ket ones, al dehydes, 10 al cohol s,
carboxylié aci ds, esters of carboxylic acids and anhydri des of

car boxyl i c agygmitiédgoha ol ef i ns produced from carboxylic acids, netal
salts of carboxylic acids, and correspondi ng sul phur conpounds,
correspondi ng nitrogen conpounds and conbi nati ons thereof,
originating f 0l 0g} S I: E ti :

f eedst ock deé%h 58%% %ﬁ%§?§%e&%§%?ﬂ% g%%%@ﬁgg?ﬁggﬁ?gg%%ﬁbhﬁﬁéggy&ﬁ@s
The f eedst ockherayf. Barbenaundieabf fasy moids andtieir deangtivey i atdmast Cl parRitafter

havi boi |'i int at 412 C), . f f lto 20 and
barti oul an1 y cpReRr sy it ke B Bbdeer G R 4 St Sewbres

carbon number being CS5.



fatty al cohols, fatty ketones, fatty al dehydes, natural waxes, and
met al sal wo 08/f31199y acids. In the condensation step, alpPa/ri2008/050343
mul tifunctional feedstocks such as dicarboxylic acids or polyols
including diols, hydroxyketones, hydroxyal dehydes, hydroxycarboxylic
acids, and corresponding di- or nultifunctional sulphur 25 conpounds,
corresponding di- or multifunctional nitrogen conpounds and

conbi nations thereof may be used. The feedstock originating from
starting mat e¢arboxydic dsidsl mgiked| fooekample Cd:1 ecfebhoicogi CH chaiarwithgne
material in Hpiﬁb esgription is selected fromthe group 30consi sting
of: 13 a) plgﬁ at's, plant oils, plant waxes; animal fats, aninmal
oils, animal waxes; fish fats, fish oils, fish waxes, and b) fatty
acids or free fatty acids obtained fromplant fats, plant oils, plant
waxes; ani malThedemn “sipater harrosarbani, weed hawiageters iparadfisic and ghplsnendc
fish waxes, ] %t t o) i t e ki i Qn
or pyroly?iS?ngg&%§’ggfgﬁgggﬁﬁggﬁgdp ¥§%$%¥%%?0$%$§E3bﬁgﬁfb%#ﬁ%%rdL
pl ant waxes; pardffind) ok dtschahfifpatafngd).s, ani mal waxes; fish fats, fish
oils, fish waxes, and m xtures thereof by transesterification, and

d) netal salts of fatty acids obtained fromplant fats, plant oils,
pl ant waxes; clOanigaliikat Suel@n ¥iRdsefis! %nda%hﬁfney"a yrisde! $8rdf Aafirrated
fish oils, fish waxes, and mXxtures thereo y saponification, and e)
anhydri des ofhyflatcaspoagi ds from plant fats, plant oils, plant waxes;
ani mal fﬂés, animal oils, animal waxes; fish fats, fish oils, fish
waxes, a m xtures thereof, and 15f) esters obtained by

esterificati Quhpgthehrceeo&l?éamas agk dycRé shluditd h3Bio¥BiboAd) di.d. | SdlopataBfind.
wi th al cohols, and g) fatty alcohols or al dehydes obtained as

reducti on pr cugk hydwiarbgns yithciygkc strentvplasntypicills depivedhironi eyslonsniane

waxes; ani mal f i.mal _oil . an|  fish fat. fish 0j
roh vaxes,  ShaduRpefer® nditufi CulBbulHET colipBie poietg oo flepde
and oils, andmiabsaphtichs) andvivasotgedbihgisaaduby @anaid dirrplthees] bnowvo
and |) m xtures of said stagé%%g materi al s. Bi ol ogi cal startin
mat er i al s'3al dbsadrang, sEIchErs dindpthene) o tbrse @& e fussdoine sEvgues

bacteria and i . i materials derived from
al dehydes anébﬁggﬁ%gél ?ﬁ%ﬁ%é@ﬁ?ggﬁgggggghydrates. Exanpl es of
suitabl e biological starting materials include fish oils such as
Baltic herri il, .salnmobn oil, herring oil, tun il , anchqvy oil.
sardine oi |, ‘HTEHEERRFEPSISE 102 Frgin %F?rsmsf&’@nfae_ Gtgekde &lﬁe%ffrf{lbme
col za oil, cap@hd Q'Ialrgeﬁlﬁbiepﬂb.l In (BHBSARNBHIORRRE cRbbn cBANPEBRe Pddstock
corn oil, henp oil, olive oil, cottonseed oil, linen seed oil,
mustard 204 ondlgcued are dingthepeditnuthe divie] nesgssany fooithe dipsed fiph&eweedsend |

Pongam a pi nnat a. seed .0i al,m kernel .0i.l, .an cQ oil; and
ror cover , " sutradir® ety s aRiPeR ShaRina T SRS Para, Tal 1 ow
and al so waste and recycled food grade fats and oils, as well as
fats, waxes and oils produced by genetic engineering. In addition to
fats 5 and dPqoxysengienier élygltoaﬁ@wgnme(ﬁ%ﬁl)sre&rs theest logicamvalopd ¢ivgen
i ncl ude ani S : ' y t
shel | ac max?%éﬁgg§§ﬁgf#ﬁgogﬁbgﬁﬁﬁﬁg§?bég%§gﬁﬁhggéﬁﬁgﬁfﬁﬁ%§g%%%ﬁéﬁtgg
car nauba pal midlagdcalaﬂaﬁiﬁgmdtermgmmmebd 10)] @'ﬂﬁlr seadit br lo%hﬁﬂﬂ;@ hi:doltr)ciling
wax, esparto X, Japan X, .and rice bran oil. Especially suitable
bi ol ogi cal stafhe %&?Yﬁéf‘%ﬁ}{\?e&f’%oq tRodifieas pifdse, which have a high
proportion of short 10chain fatty acids, such as corn oil, olive oil,
peanut oil, palmkernel oil, coconut

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.



oil butter, lard and tall ow. The bi ol ogical starting material may
al so contwignobg/eridatty acids and/or fatty acid esters agd/mioosesosds
salts thereof Said netal salts are typically al kali earth nmetal or
15al kali netal salts. Condensation bhe condensati on step the

f eedst ock conpri si ng conpounds havi ng cé bon 20 nunber of at |east d
i s processed to nonofunctional or nultifunctional products having
carbon nunmber from C5 to C28. Suitable condensation reactions are
based on t he Ifamatzatioml refeys dferé he hedrdisomberatioasof Hzemg hydrocarbons (n-
decar boxyl ati ve gondensati.on i zation), dal 25 condensati on,
al cohol conddR&d! ﬁ?%ﬁmWéﬁgﬂﬁét é@?ﬁﬁﬁ?ﬂezgﬁwggﬂghal reactions based
on al pha-ol efin doubl e bonds and weak al pha- hydrogen functionality.

The condensation reaction step is preferably selected from
ket oni zat i on,Canldotd bydrddefumttionalizagibn @hd|isourtretiemtico(CiHd refadi ead to

reactions. Suitabl,e condensation re ctl scri bed
onsi] oMo s, paty ol RN Blertny SBC BT, B0 0 e Sy By dfoddh and
(ket oni zat i ongonhdtizipewkeiohcars tﬁtaﬁﬁ@ﬁﬁédﬂﬁbrﬁb@(hﬁ/ﬂf&hﬂb@ﬂ@ groups,

typically the acid groups of fatty acids contained in the feedstock
react wth each other giving ketones having carbon nunber of at | east

compr i i ng. 1 a8 (o QAP plsditey Sre? e elUes heliive tor AR Aifogphenc

fatty al dehygesssumat ural waxes, and netal salts of fatty acids. In

t he ketonization step, also dlcarboxyllc acids or polyols including
diols, mdy be used as additional starting material allow ng |onger
chain | engt heh é&ﬁicfaﬁéﬁ' o}?“’ﬂ%eh%érﬁﬂﬁ taﬁfé‘ &5h0Rlthentds $R FUPABPerRdic Teﬂale
pol yket oni c nD ecule1s o I ne I'n the ketonization reaction,

10 pressure ramgshating@rupsdrdd INPAS. preferably from0.1 to 5 MPa
particularly preferably fromO0.1 to 1 MPa, whereas the tenperature
ranges between 10 and 500 C, preferably between 100 and 400 C,
particul arly rprigfsedcnidsy, WeitMRECa3 ARELAORNE: 1488 foeﬁﬁ: SirRWnEabLE the
VWHSV being fromO0.1 to 10 1/ h, preferably fromO0.3 to 1/ h,

particul dbly csrb@flémmbbgﬁ offthemacgest and tBe ambllest motomelex plug rﬁm,am%hredtfm

15 netal oxi t al Iy supported, may be
used. Typlcaﬁﬁ e%ﬁ%nfﬂ@% ﬁgyﬁﬁéfﬁg%hfg% 'Sc, G, M, Fe, Co, N,
Cu, Zn, Sr, Y, Zr Mo, Rh, Cd, Sn, La, Pb, Bi, and rare earth netals.
The support IS typically Iate[ite, bauxite, titaniumdioxide, silica
and/ or al unmi mugmnasy eftheneeniong] i s preferably nol ybdenum

manganese, magnesi um iron ancUor cadm um the support being 20
silica and/or alumna. Particularly preferably the netal is

nol ybdenum ﬂnn@anmeesan@bowdiﬂmgme‘.hb unvemsiooxfod ethe nmanwfattatey of bairtchedit

support. eci al , catal ysts e needed t niLzatjon o
retal sal ts Shiufase Y oF Owssﬁgaﬁlcﬁﬁﬁ?&@@h%u%& 5188‘3 ek %erP?Fannd
soap pronot esgagcnﬁxek% RRAFGN @@uﬁﬁ@@a kP BondRRsaBbHOYic RNRIL BSRich e ﬂr@dﬁche

al dol condensation reaction dehydes and/or” ketones in the feed
are condense@onxprlgmgehmma@mmammmymg oy Ohydﬁll@xhe’tkl@@tm@ s¢ledtedvioan

by cl eavage of water. yiel di unsat ur ted de sat

ot one vt CavEh SHE R Aiqeer. cints AenFial el ko s PEE iR o «
conpri si ng ateohfagld QQQBQQﬁHaﬂﬁﬂhzﬁ&he%h@dm3ﬂkﬁ@ﬁkhh%&@rQQHD whereby
consi sting of saturatéd or unsaturated al dehydes, ketones, hydroxy

al dehydes andimiliangeesdy fisomsstzation ke alacy and: heterpaigms| gehgmeycd iy one
ket ones are rRi [ re
nomgencous SFHeEEEHE PadSeGhbofnd SnERkl oLty Rel3f B aacntt
al kali metal caattel msied i donvbiaticniaD Zuds evithout aby} blelnéingr hgéneagsand they
catal ysts and al kali . or al kalipe earth neég hydr oxi des, for i nst ance
NaCH, ~ KOH or Teldfichy hished tedinicableguieRenie naoay eéteéaltvaw% padditfyes.

reaction henperature ranges from80 to 400 C, preferably |ower



30 preferably between 0.1 and 0.5 % by wei ght. Hydroxides or

al koxi deswpabaspisoloat es) of al kali netals, together w thpzirmrczoostsgessor
pal l adium chloride 17 serving as the co-catalyst, are preferably
used. The reaction is perfornmed at 200 -11300 C, preferably at 240 -
260 C, under vapour pressure provided by the al cohols present in the
reaction mxture. Water is |liberated in the reaction, said water

bei ng continuously separated. 5 Radical reaction In the radical
reaction, carlbennemébnss diustrhted sdthuthatapperciad Bogurk ilcwalsdwd svisining e lifréed
are lengthened with ha ol.efins. | .he radicagl. reaction step, the
Feedst ook comsiscarnef LB Rt Ehos puRgdifEas S ST G pha of of  ns i
a nolar ratio of 1:1 are to reacted at 100 - 300 C, preferably at 130
- 260 C under a vapor pressure provided by the reaction mxture, in

t he presence loFigue éIakgrbfep@rlmwngfui,imp@trqfﬂ!y@értV@nt,iordiSasbpreﬁimmadﬁ@akby. In
per oxyket al talyst. kyl peroxides such as . ditertiar tyl .

et ox) de. gt I vt o KondRBsRn | S8 HTha RobhE 0Pt oo Mo Sargiipec
used in the heacttRictichalicaidnl dhe 20ntéizeief astad! Yrdr Oel. fRed Otadl ¥
by wei ght. A 15branched carboxylic acid having carbon nunber of at

| east C5 is OBECHafes santpinig EadodnsirBddds Pasenh de reedansHios, Gacter 3
The carbon n of .t h engatj. on ds, op, the

nunber of ZOlﬁErE)g{ eegsgn%agégﬁl es%asthﬁelcpﬁ%glgﬁeg%%%‘ge%saﬁ OH r(goglgl??%&n.
Typi cal car bapdmdefrecttonafizamnded Ssdmarzaiorochactos Syiogethet with 2gthiogan gae

o1 oduct s i a b0 hERs G HERGEE: O PUUReTBie SHSoSR Fe FHAOT b EaFEh
nunbers. Prefgeaply the  b8aRd OBt el SpaltiMiclstdahe 805t Piked IMRRUNE S0P

t
di fferent hydrocarbon chain length; that is for exanple 25 either
only C8, or ond/pr GEparation owhiy T1vherr 1@8duet Ocamponengr boding1 e} Glifferent

etc. The feed for .condensation is,selegted.sq that the r n

of the conde %H%Wepf%&%t gPsgsffOo”gaégﬁ eodlég(.em T8° C%nt%ﬁ%e@g&l %%
hydr odef unct isggagdtézat i on and i sonerization (CH') The above obtai ned
saturated and/or unsaturated condensation product conprising

monof unctlfonal and/ or pol yfunctional conpounds having carbon nunber
of at 5 lea 1Rk . : el ected from ket ones,
al dehydes, afftgg%1%19%%&%%?{)%1§%{eﬁg¥r%%o§§mgiﬁgra?gr respondi ng sul phur
conpounds, correspondi ng nitrogen conpounds and conbi nati ons thereof
is then subjected to conbi ned drodefunctional.j.zati on and

i someri zat i orl YRty EW)COWflﬁ?\Bpé%gé@FQ%af O DGR e GABEC WoTRun 36
sieve catalysg £QORNd SRSHRE B fydrdBEbdR bR LaUhdkank oFi38Ve 7ANd, a
hydr ogenati on ’néa?a]l on a bi nggr. A%irnder means here c%nrjgri er or,
support . 2Cat &bpstneldpises €9+(&d hydtahstons boilinhén thempigeed 151 - 254 C and
hydr odef uncti,onal i zati on Lsonerization . (CH) ste I e
dovxi ng by (CESHSPTEIG fi b A APt AL HETLLe SneS oF Spad ot G ns
with boiling points in the desired range. In the CH step a

bi functional nol ecul ar sieve catal yst is used. The catal yst conprises
a nol ecul ar $loaxewer, thedbwliem rangendrd shppa deiganiaed s mpwaflingrvdthagpid carbon
optional binder, 20 The ol r. sieve.i | ected fr rystalline
si li coal uni ngﬁﬂlggrp%%l&g %ﬁﬁgéfth%iﬁoon%ﬁ Z?%ﬁ?%gsunﬁlg él?ee?aa rﬁg} gogyrf%'ri si ng
framewor kst ype sel ected from AEL, TON, and MIT. The nol ecul ar sieve
may have one-di nensi onal channel system conprising parallel pores
wi t hout i nt eféaited deseriptian ofitheringIH®Oopeni ngs around 4 25 - 7 A
wi t hout crossing channels, which induce strong cracking activity.
Preferably the crystalline nolecul ar sieves contain at |east one

10-ri h I d t.h . |, i |jcat | it

o 51 1 cont ot web AderREEN otk B bl b aphed FflERd G aep{tERd and

containing a gﬁﬁ%ﬁl&r%@%@l%él@,%r%ﬁ%%d Qﬁ%’liﬁé@c%ﬁ% bbtainredMy2 3, process
, an

ZSM 23, ZSM exanpl es of suitable

wherein feedstock is condensed and subsequently subjected to combined

hydrodeoxygenation and isomerization step. The hydrodeoxygenation and



19 be synthetized according to EP 0 985 010. ZSM 23 may be

synt het i 2&0 2ageeddong t o WO 2004/ 080590. The nol ecul ar PCEXFER0OFHIS0343
typically conposited with binder materials, resistant to 5 high
tenperatures and suitable for enployi nglﬁmder dewaxi ng conditions to
forma finished catalyst, or it nmay be binderless (self-bound). The
bi nder materials are usually inorganic oxides such as silica,

al um na, silica-alumna, and binary conbinations of silica with other
met al oxi des isuwnzaigont ieactinina camhg vesksfullyhmrfoaned sinndanegushnd thdeme
i ke, and tertiary conbinatio f these oxides suc silicaz: 10
i nat hor PSR S5 RESERSP AR HSroR ECH SA e SRR o Kl Tunciion
nol ecul ar si g¥g al Pg;d%dg%néﬂdﬁ SiAe6h:C athalcratyst 8pidafincbfhiphResld Qombinatén of
preferably 15 to 80 wt. % based on the catalyst. Thé rest conprises
bi nder. Sai d mdeculaysioye apemstdlunctional, i.e., they are | oaded with
at | east gne netal 15 dehydrogenati on/ hydrogenati on conponent,
selected from Goup 6 netals of the Periodic Table of Elenents, Goup
8 - 10 net al Feadwlodki totdohdendaltiencof Preferable nmetals are G oups 9-10

nmetals. Particularly preferable are Pt, Pd and m xtures thereof The
metal content in the catalyst varies fromO0.1 to 30 wt. % preferably

from 0.2 to Abedeedstarkoédler enndentatipy step iy Reitabbt matesighperhedt irom ptagang

| oaded 20 usi i e kr : i d
o sanas o RN SHIOALL SR TRMARK, e R Bl SR A
condi ti ons ThkohoBdarsaglipacidsiGihtersofatjorglieabi Oandenhgoritdsnddarboxylic

hydr odef uncti onal i zat i and 25 isonerizatiQn step under a pressure
rangi ng from?®ids, %15hq9?q%|ﬂa,lﬂra$@ﬁ€rfa%wa¥ i a@ésmewgaﬁ,aﬁ%‘ﬁg carboxylic

et ween 100 AnqEoBl Hiteron e ulihuf odffourth Bk STRAIR Mg Hnas
particul arl y apd efoentedutipnbehoveefy @0dinating 200 Gjolodiealf btemtingatrateyikiS\VIihe

par Lol o by a8 r e e G S SRRt Bpesbin .
liquid fged ratio being between 1 and 5000 NW (nornal liter per

liter), preferably between 10 to 2000 NU1l, and 20 particularly
pref erabl y bdhadesdsto may hagoe tal [catbion numebep rerging drast 1t tve2ablearens

reactor. for "bREEERLE % AE 1 ol tsbBiF B o e oG SRRAR R

reaction. 5Hydpafii ni shing Optionally the product obtained fromthe

CH step nay be subjected to hydrofinishing in order to adjust

product qualities to desired specifications. Hydrofinishing is a form
of mld dr i ' j fi 10 I
as to rembvi oAb le #RRE: 008 Holt 101G Aol 5 actOugiSeiis,

t he hydr of i nifshi aigohds,clatty iketbnesit fattp addehgdeie nafutdl whespael inoted ssltsepf

Typically the hydrofinishing is.carrie ut at t.enperatures rangin

7 b about | 18600k e ondhsishetinn, S6p Ghnoraen CATB SR Hedsint RN 8

presence of &; b QL9 : |

rom 3 to 20 WERpdls Bt BERIEaa ARG TNy BEEPRILRS, B SobRapley

vel ocity (VHBWrokgcarygiytial hgid$,r emd OcotresponBing ldi- prefatafohgtiadab sulphgr

1/h and hydrogen treat gas rates of fro t Q. 2000 .NW Hydrofi ni shing
cat al yst < ar SOCHPHIS: yoLARIBRIE] Tacchl JOERGioRdl ifitees FPRRRymisnand

nmetal sel ect gmblmaAdAd @LRoPmAPHakSedf the Periodic Table of El enents,

Goups 8 - 20 10 netals and m xtures thereof. Preferred netals
i nclude noble netal s having a strong hydrogenati on functi on,

especially p i al |.adi L. Xture r egf,.. res. of
motal s mmy o105 BEuedE oBal Hhom e R IELBE vinlthiht RS eules,
of netal is 3DlydicalVstartingr ealeial bis ells odescaftiny 8§ . seBetddaliloen sthepoolys

include | ow acidic netal oxides such as silica, alumna,
si |i ca- alPfni sanBingiafani a,



25preferably alum na. After optional finishing, the product is passed
to a di stwbl2ae/spi9and/ or separation unit in which produPCTEFRWDOEEELIS
boiling over different tenperature range and/ or product conponents
i ntended for different applications are;separated from each 300t her.
21 Product The process according to the invention yields a branched
and paraffinic hydrocarbon product, particularly suitable for diesel
fuel, kerosene and gasoline 5 pool, conprising saturated branched
hydr ocar bons & yplretaltsy plaatoilty peat exesh amityat fats, omings dils, @2dal Wives; fish
product is produced fromdeed of Dbiological origin by nethods

B ELER

resulting in th 2T éﬂaé?s’tmﬁ carbon chain of the starting

material nol @ ufag§ atids loe Viek FatResh&seitdinéPfrofl BaR! fatk Uslhnt KR] FISRNOLLK;
gasoline (> CS). 10 The product contains tyFi cally_sone short
1
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results ig an excentl g{%?éolf% 'h%fo%gs‘;ﬂa&%bt@ﬁﬁ%ﬂgg%?hgro‘;l)ﬂié Ghq Pl Uggi ng

point but still a good cetane nu conpare oducts
obt ai ned by tchecskmnowbtaieidhfvos. plhit fhabpian? ofls,opiefitt wesssphnitiad finkoglimak!

product produced,wth the progess according to the invention (1) are
conpared to tho¥: BERRlaYHES; §§h %ﬁ%éﬁ@glsféb %@Ea%ﬁﬁgmdomewegﬁ%ﬁr@@fy
the art (2-6). ﬂdses‘% Gbs. #ge 100 % di esel conponents. Table 2.

ue

Properties of diese I's Property Product 1 Product 2 Product 3
Product 4 Prdiuwetabs#tsooflfattyeacids obtained from plant fats, plant oils, plant waxes;

10 animal fats, animal oils, animal waxes; fish fats, fish oils, fish waxes, and
mixtures thereof by saponification, and
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
15 ) esters obtained by esterification of free fatty acids of plant, animal and fish
origin with alcohols, 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

) 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
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oil, palm oil, peanut oil, castor oil, jatropha seed oil, Pongamia pinnata seed oil,
palm kernel oil, and coconut oil; and moreover, suitable are also animal fats such
as butter, lard, tallow, and also waste and recycled food grade fats and oils, as
well as fats, waxes and oils produced by genetic engineering. In addition to fats
and oils, suitable starting materials of biological origin include animal waxes such
as bee wax, Chinese wax (insect wax), shellac wax, and lanoline (wool wax), as
well as plant waxes such as carnauba palm wax, OQuricouri palm wax, jojoba seed
oil, candelilla wax, esparto wax, Japan wax, and rice bran oil. Especially suitable
biological starting materials include those, which have a high proportion of short
chain fatty acids, such as com oil, olive oil, peanut oil, palm kernel oil, coconut

oil butter, lard and tallow.

The biological starting material may also contain free fatty acids and/or fatty acid
esters and/or 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, Dbeing 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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Decarboxylative condensation (ketonization)

In the ketonization reaction the functional groups, typically the acid groups of
fatty acids contained in the feedstock react with each other giving ketones having
carbon number of at least C5. The ketonization may also be carried out with
feedstock comprising fatty acid esters, fatty acid anhydrides, fatty alcohols, fatty
aldehydes, natural waxes, and metal salts of fatty acids. In the ketonization step,
also dicarboxylic acids or polyols including diols, may be used as additional
starting material allowing longer chain lengthening than with fatty acids only. In
said case, a polyketonic molecule is obtained. In the ketonization reaction, the
pressure ranges from 0 to 10 MPa, preferably from 0.1 to 5 MPa, particularly
preferably from 0.1 to 1 MPa, whereas the temperature ranges between 10 and
500 °C, preferably between 100 and 400 °C, particularly preferably between 300
and 400 °C, the feed flow rate WHSV being from 0.1 to 10 1/h, preferably from
0.3 to 5 1/h, particularly preferably from 0.3 to 3 1/h. In the ketonization step
metal oxide catalysts, which are optionally supported, may be 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 aluminiom 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



WD 2008/ 152199PCT/ F12008/ 050343 22 % 90% 321 - 343 295-300 355
325-330 wORWs34119857 360 340 The products of Tabl er2TaIm08/050343
prepared as follows: (1) is prepared by the nethod according to the
i nvention, by condensation and conbi ned. hydrodefunctionalizati on and
i somerization of fatty acids 5(2) is synthetic biodiesel prepared by
hydr odeoxygenati on and hydroi sonerisation of triglycerides according
to FI 100248 (3) is fatty acid nethyl ester biodiesel prepared by

transesteri f iuset. i dhe ofeactige iseedtrioil| otBi iDDiﬂ'%QJII?SGIlCG of( 4pmiogemeausr o

%3?” g?:g?re?: ES%F‘:&%H%PS Caé@cg n?@%tug]agastélgz)st S pporte% aq_ka]h metal catalysts like
Na/Si0; are suitable heterogeneous catalysts and alkali or alkaline earth metal
hydroxides, for instance NaOH, KOH or Ca(OH), are suitable homogeneous

5  catalysts. The reaction temperature ranges from 80 to 400 °C, preferably lower
temperature is used with lower molecular weight feeds and higher temperatures
with higher molecular weight feeds. Optionally solvents such as alcohols may be
used. The amount of the homogeneous catalyst to be used in the reaction varies
from 1 to 20 %, preferably from 1.5 to 19 %, by weight. Alternatively, reaction

10 conditions of the aldol condensation may be adjusted to yield hydroxyaldehydes
such as aldols as the reaction products, thus minimizing oligomerization based on
the reaction of double bonds. Branched unsaturated aldehydes or ketones having

carbon number of at least C5 are obtained.

15 Alcohol condensation
In alcohol condensation reaction, suitably the Guerbet reaction, alcohols in the
feed are condensed to substantially increase the carbon number of 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(III), manganese(II),
iron(1I), cobalt(Il), lead(Il) 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
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feed for condensation is selected so that the carbon number of the condensation

ag

product is from C5 to C28.

30



Due to the absence of unsaturation in the hydrocarbon product, the
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pol ynerisation low. In polynerisation gumlike deposits are forned
and they may deposit on fuel filters, 1%gisrupt injection nozzle and
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and SAPO-41. Preferred catalysts include SAPO 11 and ZSM-23. SAPO-11 may



Et hanol is nobst commonly used to power autonobiles, though it may be
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Et hanol (El 00) consunption in an engine is approximtely 34 % hi gher
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C5. 10
20  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
25  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
30  preferably between 0.1 and 2 1/h, the hydrogen to liquid feed ratio being between
1 and 5000 NI/l (normal liter per liter), preferably between 10 to 2000 NV/I, and



D esel Cl1-20 Process oil C21-26 Base oil >C26 H20 7.8% 3.5 % 28. 2%
10. 7% 49.Wweb20es21Phe fuel products contain mainly branc®RE€U/FI2008/050343
i soparaffins suitable for gasoline, kerosene and di esel pool. The
physical properties of produced keroseng,or 25gasoline faction are
presented in Table 8 and the physical properties of produced diesel
fractions are presented in Table 9. 28 Exanple 2 Preparation of fuel
conponents from Cl16 al cohol derived from gal moil 5200 g of prinmary
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| i berated in reaction. The condensation reaction was carried out
until the amount of condensed al cohol 10 was stabilized in GC

anal ysi s. sAf drgﬁﬂﬁfd the product was neutralized with

hydr ochl oric dcid, washied wwth water and dried with cal cium chl ori de.
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obt ai ned f ee@ptionpltyi $hegproduent chlesdings 2frernc 8teo ICHI2 stept mage by | subjsted to
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4.2 MPa, 10si Wit /apit Feangensrncopineg hepaippis\eng cglopr jodiph Suitably the
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conditions and product distribution are presented in Table 4. Table
4. 25Pr ocess °*Copigfaratdy $rom 1§ C s GG inide pagssrge i hystofinishing catalyst.

Total pressures are typically from 3 to 20 MPa (about 400 to 3000 psig). Weight
15 hourly space velocity (WHSV) is typically from 0.1 to 5 1/h, preferably 0.5 to 3
1/h and hydrogen treat 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 8 -
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.



Cat al yst Reactor T, P 112/ HC WHSV PUZSM23 366 C, 4.2 MPa 2000 0.5 Gas
Cl-4 Gasowpreosgs2m9 Di esel Cl1-20 Process oil C21-26 Ba®€TmI1008#GAS!3
H20 13.5 % 5.5 % 27.1 % 18.6% 35.2% 3.4% 29 The fuel products
contain mainly branched isoparaffins suihfable for gasoline, kerosene
and di esel 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. 5 Exanple 3
Preparati on &Wrodegsl conponents fromunsaturated fatty acids derived
frompalmoil The free fatty acids were distilled from pal m oi

(PFAD). The feed containing both saturated and unsaturated fatty

acids was cormthenpdsdsy abetr@ingSed tid invention yields a branched and paraffinic
hydrocarbon product, particularly suitable for diesel fuel, kerosene and gasoline

5 pool, comprising saturated branched hydrocarbons typically having carbon

number from C5 to C28. The product is produced from feed of biological origin

by methods resulting in the lengthening of the carbon chain of the starting

material molecules to levels necessary for diesel fuel, kerosene or gasoline (> C5).

10 The product contains typically some short carbon-carbon side branches. For diesel
fuel the branched structure results in an exceptionally low cloud point and cold
filter plugging point but still a good cetane number compared to the products
obtained by the known methods. In Table 2 properties of the biodiese!l product
produced with the process according to the invention (1) are compared to those

15  obtained by processes according to the state of the art (2-6). All products are 100

% diesel components.

Table 2. Properties of diesel fuels

Property Product Product | Product | Product | Produet | Product
1 2 3 4 5 6

kv40

mm®/s 24-44 | 29-35 45 |32-45[20-45] 12-4.0

Cloud point

°C -8 -3 -5 --30 -5 0--25 -10 - -34

Flash point

PMce, °C 52 -65 > 55

Cold filter plug

point, < =

°C ~15--45 -15--19 +5--20 | -20--44

IQT cetane ‘

number -84 84 -99 51 73 - 8] > 51 >51

Sulfur

ppm < 10 <10 <10 <10 <10 <10

Density 15°C

kg/m’ T79-782 | 775-785 885 770-785 | 820-845 | 800 - 840

Dist. 10 190223 | 260 - 270 340 260 180




10 at nospheric pressure,

Tenper at uve 2008/tW9r eact or was 370 C

vel ocity (WHSV) of total
saturated and unsaturated ketones havin
C33 and C35 was obtained as the product.

in a tubular reactor using a W02 catal yst.

t he wei ght hour| y PEFaum08/050343

feed being about 0.6 1/h. A m xture of both
carbon chain |l engths of C31,
15 The above obtai ned feed

conprising ketones was subjected to conbi ned hydrodefunctionalization
and isonmerization. Feed conpound C35 ketone contains ahout 3.16 wt. 9
oxygen, conppdéihd C33 ketpne 3.34 Wt . % oxyjgen and conmpoynd C31 |ket one
3.55 wt. % oxygen.Thus upsaturated palm klet one dontaind about {3. 4

wt . % oxygen. The process|was carrjed out {in the |presende of Pt/ SAPO
20 11 catal yst on al §k"nh bi nder pt a tenperaturle of 396 C and under
a pressure of_3.9 MPa, usi¥g -H? HC 0580¢ lof 39900 NOB38nNd WHSVI0. 5
1/ h. The gas/gasol i néfRef osene fraction s condensed fjrom hydrogen
flow. Diesel | _process oi|l #¥585L 413 C) and basd oil (% 43® 'C) véte
distilled to Thepardicts dfiTable Dars pupdend asdollved pressure. The process
conditions and product distribution 25are presented in Table 5. Table
5. Process conditions in CH and product distribution

Cat al yst Reactpy sTpreFarE@/byHﬁe Wi'@%da LE0Fng o @fﬁfsm%ntﬁmg b%@n@%@tl&l and
Gas Gasoline 1D esel Process oil Base oil H20 Cl. 4 C540 Cl1-20
C21-28 >C28 cggﬂz@r@d@y@@dglgfu@%onahzatwn and isomerization of fatty acids

5

(2) is synthetic biodiesel prepared by hydrodeoxygenation and hydroisomerisation
of triglycerides according to FI 100248

(3) is fatty acid methyl ester biodiesel prepared by transesterification of rape seed
oil (BioDiesel)

(4) is natural gas Dbased diesel fuel prepared by gas to liquid and
10 hydroisomerisation processes (GTL diesel)

(5) and (6) are specifications for mineral oil based diesel fuels with different

specifications for use in the arctic conditions.

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 wit-

%, 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 1IP-391.



12. 0% 55.2% 3. 4% The fuel products contain nmainly branched

i sopar af fwew84iseEl| e for gasoline, kerosene and di esel Ppwaiz0087bE0343
physi cal properties of produced kerosene or gasoline faction are
presented in Table 8 and the physical prpperties of produced 5diesel
fractions are presented in Table 9. Exanple 4 Preparation of fuel
conponents fromstearic acid fraction (CL7H35COOH) 10A m xture of
plant oils (linseed, soybean, and rapeseed oils) was pretreated by
hydr ol ysi s ardedplfeined atrenehetlp S@imaaf'nﬁ hiydiorgrbae i proflucic thrgeds onclmolodicny
to carbon nunpers. Double bonds of the.Cl8 acid fraction were .
el oot ively. PPCiHiPORORL: SR e Hh " auie S uihigt Sy oGy
ketoni sed at jatis@BRhET ile PHeesStinewahld @wt Mbkhak. TepRboMH URLRGe 2oMIAR
on alum na catalyst. Tenperature of 15 the reactor was 360 C, the
WHSV of the feieacimerhgt rootofalrcariayy endgns de deb praehsheriich i agmpletehost
unconverted st i d .y oht ainnedas. .t he- Cl....A, o xt U f
ket one ha\%i né’@%ﬁ%n" élugilﬁ iéér%gtﬁ)‘{}ofﬁ' &%?;)Obm ﬁh%{ﬁg{%\%&‘fﬂs}ét& igrtgés#['ﬁ%‘ on
stearic aci d tasasthdfaidadetbye dafsaniehebe 'HOheeysh omutbat ikehomnraphonin
Ket oni sati on 20 erfollned as described in above. The feed was
subj ected to 15697@?5;% zﬂ;‘?’ P®def uncti onal i zati on and i sonerization to
test the influence of fatty acid to isonerization. C35 ketone

contai ns about 3.16 wt. % oxygen, and stearic acid contains 11.25 wt.%
oxygen, thus Adearftagas contains totally 4.1 w.% oxygen. The catal yst
enpl oyed 'én t he conbi ned step was Pt/ ZSM 23 on al um na binder. The 25
CHI procé S was carried out at a tenperature of 363 C and under a
pressure of 410 Baess UskO@iti2hd thd atventiof HAOQRVAIAI hanthgdkISYRO phodkch.
The gas/ gasol i ne/ kerosene fraction was condensed from hydrogen fl ow.
Di esel , proceggingies fopsbedsiaaigbaspd anepngagbicafurglxespugces) Stoging materials
distilled to_separate. fractions: er  Feguc L 8S . ess.
cond t ons. ad BataE Sk rATeHaR PR ARl BE BRGR, o EEPERERSR:
Hydr ocar bon ditatichubf e ipsosd ¢ulnat éehiferlony aigafita: phiaiak indaitkhavat er
is calculated fromfed ketone and fatty acid. Table 6. 5 Process
condi ti ol i FOEHISt dprdingtaser & thy &L gﬁ%ll;rgspgy where Fischer-Tropsch waxes are

produced,

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  Dbiological origin containing heteroatoms, particularly for producing diesel fuel,

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



Cat al yst Reactor T, P H2/ HC WHSV Pt/ zSwme3 363 C, 4.0 MPa 2000 0.5 Gas
Cl- 4 Gasov0neisg521P9 Di esel Cl1-20 Process oil C21-28 Ba®€THiI0084G83
H20 6.2% 4. 0% 37.8% 9. 0% 43. 1% 4. 1% The fuel products contain nmainly
branched isoparaffins suitable for gasohbjne, kerosene and diesel

pool . The physical properties of produced kerosene or gasoline
faction are presented in Table 8 and the physical properties of
produced 10di esel fractions are presented in Table 9. Example 5
Preparati on &ts fagds cenmpripeht sew eadngmedleaevdsatgasli sparref o RighaAusivi |

branched paraffinic fuels is now provided.

The obtained products are carbon dioxide neutral with respect to the use and
5  disposal thereof, that is, they will not increase the carbon dioxide load of the

atmosphere in contrast to products derived from fossil starting materials.

With the process, a branched, saturated hydrocarbon product suitable for biofuel
component is obtained from renewable sources. These branched, saturated

10 hydrocarbons can be used as gasoline, kerosene or diesel fuel compounds.

Due to the absence of unsaturation in the hydrocarbon product, the oxidation and
thermal stabilities are good and the tendency for polymerisation low. In
polymerisation gum like deposits are formed and they may deposit on fuel filters,

15 disrupt injection nozzle and make deposit on 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.
20

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 fiuel component also in

25  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

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



15 Pal moil was hydrol yzed. Doubl e bonds of the fatty acids derived
from pal MVEi2008 1898t ock were sel ectivel y prehydrogenat e@CTHIRIIZ/ITO343
saturated fatty acids were continuously ketoni sed at atnospheric
pressure, in a tubular reactor using a M02 catal yst. Tenperature of
the reactor was 370 C, the weight hourly space velocity (WHSV) of
total feed being about 0.8 1/h. A m xture of saturated ketones having
20 carbon chain lengths of C31, C33 and C35 was obtained as the
product . Feedvithiit iendammyblr dinyisi ofdiessh Beceuse dhaig it he igmiinresqyrese a digh

was subj ecte get@%ﬁﬁrg?ér@ﬁg ahg‘g I %chgﬂﬁﬁ)h 't&@ﬁé{%&%{ drg ?zc@?}‘?}% WP %E%éﬁé%% n.

Feed conpoun one cont al ns ~about en,
C33 ketone 3.34 wt.% 25 oxygen and conpound C31 ketone 3.55 w. %

oxygen. Thus pal m ket one contains ahout 3.4 . % oxygen. The CHI step
was carried fonsatyation eaelens @ﬁrﬂgf?ms zc%ﬂn/ gsmﬁz 3 &etang spmger of the
al um na bind f HRO&E ki

MPa, uSi ng h%afnggéedﬁg%%ﬁhy r@géﬁag)od% p('f a(%/ﬁ:ﬁ%}ﬁ a’ttl 0 o%hg%(%{ ﬁ??&gﬁ%iabfg
wei ght hour | ys spase nvabecimprota\HEW cethnd ndmbé¢rhgaugbethgamby asibl winieh the
di esel, process oLl, (356 - 413 C), and base qil..(.> 413 '|1C) fractjons
were a1 " siomeh s winstirie g SRTpBety Hiier e Eo e
The process egighiseirapsitisnandPb@brehgidt Shdrhti. i on are presented in
Tabl e 7. Hydrocarbon (HC) distri bu%l on is calculated fromthe organic

product phase, and water is calculated fromthe pal mketone feed.

Cat al yst Rbactdf Hie BRI pOMESH Ao fuARd bR (BAREL S R Ra
Cl-4 Gasoli n%riﬁﬁril)o fildine a efuc CHandPiQ e Re:mapsiat. Oinl th€2thaol/Basealodil digelvorer

fraction >C2 o . . o
ethanol/plant oil diesel micro-emulsions, the flash point is remarkably lower. A

too low flash point will cause fuel to be a fire hazard, subject to flashing, and
possible continued ignition and explosion.

15
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

20 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 (NOy) emissions are much lower than those of conventional biodiesel fuels.
25

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.

30



H20 20.9% 15.4% 20.5 % 7. 0% 36. 2% 3. 4% The physical properties of
produced Waswhd/1se1%acti on are presented in Table 8 and trlag/Ritngsbiad3
properties of produced diesel fractions are presented in Table 9.
15The fuel products contain mainly branghed isoparaffins suitable for
gasol i ne, kerosene and di esel pool. The catalyst selected for CH in
exanple 5 produces the highest yield of fuel conponents when conpared
to exanples 1-4. Table S. Gasoline produced according to the

i nvention 20 Theteechadasapareted Ehyslrgsaebon 1ERduns| can Depblandsdeat 3mgxlang | withy
Example 5 EN p|e§8el.lu%1§1%se?earﬁ I\;li)ﬁ@”gﬁycaoig %&ﬁyﬂé‘s?egb?z’igeg ﬁl%-diesel compounds,
The latter may be advantageous if the lubricity of the product needs to be

enhanced.

A nonpolar and fully saturated hydrocarbon component, free of sulphur and other
heteroatoms of the feedstock, is obtained in the combined hydrodefunctionization
and isomerization (CHI) step. In the CHI step, the carbon chain is branched, thus
improving low temperature properties, that is, the pour point is lowered, low-
10  temperature fluidity enhanced and filterability at low temperatures is improved.
Solid wax is converted to oily saturated hydrocarbon product, suitable as diesel

fuel, gasoline or kerosene particularly at arctic conditions.

Ethanol is most commonly used to power automobiles, though it may be used to
15 power other vehicles, such as farm tractors and airplanes. Ethanol (E100)
consumption in an engine is approximately 34 % higher than that of gasoline,
because the energy per volume unit is 34 % lower. The fuel consumption by the
biogasoline compound of the invention in therefore less than that of ethanol based
biofuel.
20
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.

25  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

30  Preparation of fuel components from fatty acids derived from palm oil
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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
(WHSV) 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.

The above obtained feed comprising ketones was then 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 catalyst employed in the combined step was Pt/SAPO-11 on
alumina binder. The process was carried out at a temperature of 365 °C and under
a pressure of 4 MPa, using Hy/HC ratio of 1250 NI/l and WHSV of 0.8 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 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 WHSY
P/SAPO-11 365 °C, 4 MPa 1250 0.8
Gas Gasoline | Diesel | Process oil Base oil H,0O
Cig Cs.10 Cii20 Cai-26 >Cays
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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Example 2

Preparation of fuel components from C16 alcohol derived from palm oil

200 g of primary saturated C16 fatty alcohol (hexadecanol), palladium chloride (5
ppm palladium) and 12 g of sodium methoxylate were put in a Parr reactor.
Mixing was adjusted to 250 rpm, temperature to 250 °C and pressure to 0.5 MPa.
Slight nitrogen purge was maintained to sweep out water liberated in reaction.
The condensation reaction was carried out until the amount of condensed alcohol
was stabilized in GC analysis. After reaction the product was neutralized with
hydrochloric acid, washed with water and dried with calcium chloride. Condensed

C32 alcohol was obtained as reaction product.

The above obtained feed comprising branched Cs; alcohol, 2-tetradecyl-

oktadecanol was subjected to combined hydrodefunctionalization and
isomerization. Feed C32 alcohol contains 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 Hy/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 WHSV
Pt/ZSM23 366 °C, 4.2 MPa 2000 0.5
Gas Gasoline | Diesel | Processoil | Base oil H,0
Ciq Cs.10 Ci1-20 Ca26 >Ca
13.5% 5.5% 271 % 18.6 % 352% 3.4%
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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.

Example 3

Preparation of fuel components from unsaturated fatty acids derived from palm oil

The free fatty acids were distilled from palm oil (PFAD). The feed containing
both saturated and unsaturated fatty acids was 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 (WHSV) of total feed
being about 0.6 1/h. A mixture of both saturated and unsaturated ketones having

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

The above obtained feed comprising ketones 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 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
3.9 MPa, using HyHC ratio of 2000 NIl and WHSV 05 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 | Processoil | Base oil H,0
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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.

Example 4

Preparation of fuel components from stearic acid fraction (C1;H3sCOOH)

A mixture of plant oils (linseed, soybean, and rapeseed oils) was pretreated by
hydrolysis and distillation to obtain fatty acid fractions according to carbon
numbers. Double bonds of the C18 acid fraction were selectively
prehydrogenated, and the stearic acid was continuously ketonised at atmospheric
pressure, in a tubular reactor using a MnO; on alumina catalyst. Temperature of
the reactor was 360 °C, the WHSV of the feed being 0.9 1/h. Saturated Css ketone

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

A mixture of ketone having carbon chain length of Cis 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 Hy/HC ratio of 2000 NI 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



ENI SO 7536 Oxidation Stability, mn >1500 >1500 In exanples 1-4
t he |i ghtW®0O 280//152¥9condensed from hydrogen feed in nor mRICTHIZIS 050843
and in exanple 5 it is distilled fromtotal liquid product. It was
surprisingly found that the branched satyrated hydrocarbons
especially in 5 condensed phase are suitable as kerosene conpounds
and that diesel fractions obtained by the process of invention have
extrenely good cold properties. In all exanples the cutting points of
di fferent frd&e Pesentpdyn peableapi Eydrachdpefdstabitipraiidralpdeted diaasuganie
and diesel fr i r .QTabl e 9. Diesel
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Table 6.

5  Process conditions in CHI and product distribution

Catalyst Reactor T, P Hy HC WHSV
P/ZSM?23 363 °C, 4.0 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil H,O
Cia Cs.10 Ci120 Caras >Cag
6.2 % 4.0 % 37.8% 9.0 % 43.1 % 4.1 %

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

10  diesel fractions are presented in Table 9.

Example 5

Preparation of fuel components from fatty acids derived from palm oil

15 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
(WHSV) of total feed being about 0.8 1/h. A mixture of saturated ketones having

20 carbon chain lengths of Cs;, Cs3 and C;s was obtained as the product.

Feed obtained by ketonization according the above process was subjected to
combined hydrodefunctionalization and isomerization. Feed compound C335
ketone contains about 3.16 wt. % oxygen, compound C33 ketone 3.34 wt%
25 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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Pt/ZSM-23 catalyst on alumina binder, at a temperature of 345 'C and under a

pressure of 4 MPa, using hydrogen to hydrocarbon (Hy/HC) ratio of 950 NV/1 and
weight hourly space velocity (WHSV) of 1.1 1/h. The gas/gasoline, diesel,
process oil (356 - 413 °C) and base oil (> 413 OC) fractions were all distilled as

separated fractions under reduced pressure. The process conditions and product

distribution are presented in Table 7. Hydrocarbon (HC) distribution is calculated

from the organic product phase, and water is calculated from the palm ketone

feed.

Table 7. Process conditions in CHI step and product distribution

Catalyst Reactor T, P H./ HC WHSY
Pt/HZSM-23 345 °C, 4 MPa 950 1.1
Gas Gasoline | Diesel | Process oil Base oil H;O
heavier fraction
Cra Cs.10 Cri Cai6 >Cas
20.9 % 154 % 20.5% 7.0 % 36.2 % 3.4%

The physical properties of produced 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@l5 147 738 743 747 713

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) (ChH
90 %, °C 255 230 235 234 190
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D2887
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95 %, °C 272 247 260 274 209
(C15) (C14) (C14) (C15) (C11)

GC- Paraffins 96.19 97.4 92.59 89.19 97.7

PIONA

wt.-% n-Paraffines 14.8 18.3 20.1 20.9 242
i-Paraffines 81.4 79.1 72.5 68.3 73.4
Olefines 0.1 0.1 0.0 0.1 0.0
p-Naphtenes 2.8 1.6 6.0 7.1 2.2
o-Naphtenes 0.1 0.3 1.0 1.8 0.0
Aromatics 0.8 0.6 0.4 1.8 0.1
Oxygenates 0.0 0.0 0.0 0.0 0.0
Sulphur 0.0 0.0 0.0 0.0 0.0
compounds

ENISO Oxidation >1500 >1500

7536 Stability, min

In examples 1-4 the lighter cut is condensed from hydrogen feed in normal
pressure, and in example 5 it is distilled from total liquid product. It was
surprisingly found that the branched saturated hydrocarbons especially in
5 condensed phase are suitable as kerosene compounds and that diesel fractions
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.

10 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, ¢St 3.0 2.8 24 2.5 2.5
D 445
ASTM | Cloud -37 -35 -36 -36 -45
D 5773/ | Point, °C
D5771
EN 116 | Cold Filter -44 <-45 -45 -39 <-45




10 % C 221 210 189 190 202 90 9% C 343 338 336 321 342 95 9% C 357
351 352 3WP 2968152199 EN 12916 Mono- aromatics % 1.1  PCT/FI2008/050343

34

Plug Point,
°C
IQT cetane 77 77 83 84 79
number
ASTM |10 %, °C 221 210 189 190 202
D 2887
90 %, °C 343 338 336 321 342
95 %, °C 357 351 352 341 351
EN Mono- 1.1 0.8 0.9 2.0 0.1
12916 aromatics %
Diaromatics 0.2 0.2 <0.1 0.4 <0.1
%
Triaroma- <0.10 <0.10 <0.10 <0.10 <0.02
tics %
Arom 0.3 0.2 <0,1 04 0.0
Di+Tri
ASTM | S, mg/kg <1 <1 <1 <1 <1
D 3120

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

5  fractions.



0.8 0.92.00.1 Dharomtics %90.2 0.2 <0.1 0.4 <0.1 Triaronm- tics
% <0. 10 <0.10 <0.10 <0.10 <0.02 Arom$i +Tri 0.3 0.2 <0,1 0.4 0.0 .
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Claims

A process for producing saturated C5-C28 hydrocarbons, characterized in
that the process comprises the steps where a feedstock derived from
starting material of biological origin is subjected to a condensation step
selected from ketonization, aldol condensation, alcohol condensation and
radical reactions, and subsequently subjected to a combined
hydrodefunctionalization and isomerization step, and

the ketonization is carried out under the pressure from 0 fo 10 MPa, at the
temperature from 10 to 500 °C, in the présence of supported metal oxide
catalyst and the feedstock 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 is carried out in the presence of a supported atkali
metal catalyst or alkali metal hydroxide catalyst or alkaline earth metal
hydroxide catalyst at a temperature from 80 fo 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.

2. The process according to claim 1, characterized in that the combined

hydrodefunctionalization and isomerization step is carried out under

pressure from 0.1 to 15 MPa, at the temperature from 100 to 500 °C, in the



ASTM D 3120 S, ng/kg <1 <1 <1 <1 <l In all exanples the cutting
points of different fractions may be yaried, therefore for exanple
kerosene is obtained as m ddl e cut between gasoline and di esel
S5fractions. Cdainms 1. A process for producing saturated C5-C28

hydr ocar bons, characterized in that the process conprises the steps
where a feedstock derived from starti ng material of biologi caI origin
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primary and/ orq segengiatyss aaddiabeth andhon Wasat vhatRYedohR! at aRd
the radical reaction is carried 6ut at 100 to 300 C tenperature in
the 25presence bffumtzoahkyatalpretr N Rieses p’ete@xtytets?treplecmlaasly:tf@eq:lo%ﬁ@léloor

ket al t al t d.t d t df
D o o et o BoRTe ah e o AT e P psetectids frog.

process accordi ngiréh ¢bail 0idetals BAARHBLHZELhbI o £ BRI eh e Bhagd
30hydr odefuncti onal i zati on and isonerization step is carried out

under pbessure fromO lto 15 MPa, at the tenperature from 100 to 500

C, inthe 36 sence of f nctional cat.al yst £ ri i ng At ‘
Teast one mol cculif P o eRrdnedd oy SHeAl HRRbRT I % shatidpdeed m tha
silicoal um nophogﬁé}atﬂ@@ @tﬂﬁbtﬂéd | ?ﬁﬁbdﬁﬂ&t%&tﬁizxt@ﬁ' a6l e%oft{e@ﬁhﬁtpuﬁegﬁ
and 8-10 netals of the Periodic ble of Elenents

process accor di ngptianat hginmlinishingster asagedobk eddithe ptmtuci e a'haed to a
conbi ned hydr odefugﬁttonal ation and isanerij.z t| 05[11 the fl \1\(8
rate WHSV is froff®B!4"9 ¥1%04 AR HY ‘Bg"@lﬁlc &P Tt%a“tﬁatﬂ s

fromlpe 5000 NWd.4ifEienPleRpResude e@!r@geﬁa%téd fbh e?acﬁrotl?br
characterized in that the bifunctional catal yst conprises at |east

one nol ecul ar sieve selected from zeolites and

silicoal um no ho hates, at |east one ne e m. G.au or
10 otal s of  Pnel BoPIGHATAIE BrerBIoaREh LiRnd . ShNdsre g 18 e
process accordl NEEeliQodMY Sg%tegfﬂc%alté@c,{lp cofbisthi@yract eri zed in that
after the conbi ned hydrodefunctionalization and’isonerization step

optional hydrofini shipigntsiatsp plasit ods.rpled wargs; amidhal Hets patidat bils,sanimal
passed, Lo 2,or st 111209300/ Bf, SepRLACLan Ui g which produc

b. fatty acids or free fatty 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 hydrolysis,

transesterification or pyrolysis, and



20over different tenperature range are separated from each other. 6.
The process according to any one of ctains 1 - 5, characterized in
that the feedstock is selected fromthe group consisting of:

a. plant fats, plant oils, plant waxes; aninmal fats, aninmal oils,

ani mal 25waxes, fish fats, fish oils, fish waxes, and b. fatty acids
or free fatty acids obtained fromplant fats, plant oils, plant

waxes; aninmal fats, aninmal  oi.ls, .ani nal xes; fish fats, fish ojls,
Tah e, and m %t APUECHRARGH BT Mot B Blest ol anal ster o) i
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oils, fissh waxes, andwﬁké@ ‘él'hﬁﬁaltﬁ%r %9;111£y01’s‘a&9maf1 3 EEOffsny ?z—ﬁ‘éj i%h oils
anhydrldes of fatty acids fromplapt fats, plant oils, plant waxes:

ani mal fats, animal ofitlsywazaed, mad lwvet)asshehﬁ@ﬂbyfsamemfmmsdfll antls, fish

waxes, and m xtures th of 10f ters obt ai ne
esterification of fred ygflfj?s E?‘?:fg/ 6‘?‘d lé’i‘i‘E pl aé’ﬁlf%éi pgﬂb"*[ﬁswa’&tr g

with al cohol's, and g.,diakt YRl ﬁﬁﬂ%solgr a@hﬁﬁh%‘a?& o2k NEdR s oils, f'sh
reducti on products of fatty acids from plant fats, plant oils, pI ant

waxes; animal fats, awamxl, apd gxtuemitiheatofnaxdes; f| sh fat s, fish oils,
fish es, and m tur her r d food grade fats
and o:Nﬁlé and fats.) o‘?sl Ef‘ e@éc% g‘?%‘@ﬂ ng Eif@eldérPg iy pHg2l
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starting material sg. 7€'1tlThécqho¢scaasslddqci@s @bt’ugwtdoasam;iucum produd:taiorﬁfﬁtiy -
6, characterized in tha (5)‘; gl eseﬂq IS ob&al? ed as the pr uct
gt at

The process accordi ng®4% dRY B S »MaptnRilsy plang waxgsy ‘EEF@? %‘é’da’}“ﬁm
that kerosene is obt aélﬁe%"sﬁﬁalt RexE Y Chats. %ShT(h% Ris C\ff'csu?esactg Igfxﬂgdg Y

any one of clains 1 - 6, characterized in'that gasoline 15 tal ne
as thelproduct. thereof, and
h. recycled food grade fats and oils, and fats, oils and waxes obtained
by genetic engineering,
i. dicarboxylic acids or polyols including diols, hydroxyketones,
hydroxyaldehydes, hydroxycarboxylic acids, and

20 j.  mixtures of said starting materials.

7. The process according to any one of claims 1 - 6, characterized in that

diesel fuel is obtained as the product.

25 8. The process according to any one of claims 1 - 6, characterized in that

kerosene is obtained as the product.

9. The process according to any one of claims 1 - 6, eharacterized in that
gasoline is obtained as the product.
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