WD 2007/ 144473 PCT/ FI 2007/ 050354 1 PROCESS FOR THE MANUFACTURE OF BASE O L
Field of the invention The present invention relates to a process for the
nmanuf act uge fh7shsocar bons,  particularly for the manufgetnhs ks anched
sat urated hydrocarbons from renewabl e sources, and to a process ?%r t he
manuf acture of hydrocarbons suitable for base oil and particularly

pol yal pha-ol efins. The process conpriseslan olefin preparation step,

foll owed by an olefin oligonerisation step and a hydrogenati on step.
Background of the invention Base oils are used for the manufacture of

| ubricating ogpre SFGPOEH@M%\JUﬁH@TIﬁ@E G 8iARE: 11, and transm ssion

oils, and for i1 ndustria ses, such as greases, process oils, white oils,
and nmetal working oils. Lubricants are base oil fornulations containing
typically additives to enhance their properties for specific applications.
Anong the nore commonly used additives in lubricant fornul ations are
oxidation inhibitors, rust inhibitors, nmetal passivators, anti-wear agents,
extrene pressure additives, pour point depressants, detergent-dispersants,
viscosity index inprovers, foaminhibitors and the |ike. Base oil is the
maj or const i tRieldtofithe inwehtionant products and contributes significantly to
the properties of the finished |ubricant product. Efforts to inprove the
performance of |ubricants by providing hydrocarbon base oils with inproved
t echni cal pr ofher pricssnt fipxeatipe splateh o guBpeess farfthe enasmfasturawd hydweatbopsrent wor k

in the petroleum industry,for ral years.. This i cause. new engi ne

t echnol ogi es Ralé%(ﬁ(‘[ﬁl%rg' %@ eth? o%@&éﬁﬁﬁr i%aﬁrtagc eﬁaﬁ*a{“i%iesfg%e{?%"%%ﬂs o
conventional fghd@dbM sqirtes, anditol £prsbesdifol hemiaficnadf hildiocBs® Kiitabler operty
WO 2007/ 144473 PCT/ Fl 2007/ 050354 2 i nprovenent, industrial research has

been toward floubasse eikandiperticylagyepalyalpha-olefins. The process comprises an olefin
preparation step, followed by an olefin oligomerisation step and a hydrogenation

step.

Background of the invention

Base oils are used for the manufacture of lubricating oils for automobiles, such as
engine oils and transmission oils, and for industrial uses, such as greases, process
oils, white oils, and metal working oils. Lubricants are base oil formulations
containing typically additives to enhance their properties for specific applications.
Among the more commonly used additives in lubricant formulations are oxidation
inhibitors, rust inhibitors, metal passivators, anti-wear agents, extreme pressure
additives, pour point depressants, detergent-dispersants, viscosity index
improvers, foam inhibitors and the like. Base oil is the major constituent in
lubricant products and contributes significantly to the properties of the finished

lubricant product.

Efforts to improve the performance of lubricants by providing hydrocarbon base
oils with improved technical properties have been the subject of research and
development work in the petroleum industry for several years. This is because
new engine technologies require more robust lubricants than those based on

conventional mineral oils. In terms of lubricant and thus base oil property



viscosities over a wider range of tenperature, i.e., inproved viscosity
index (VI), while also showing lubricity, thermal and oxidative stability

and pour pgi, g(lt!] ﬁg‘tﬁl . to or better than mneral oil. Thezg ¥tk @Eeref ore

| ubricants wer friction characteristics and they are

capabl e of increasing nechanical efficiency of various types of equi pnment
i ncl udi ng engi nes, transm ssions, wormdears and traction drives, over a
wi der range of operating conditions than conventional mneral oil
lubricants. In addition to engine technol ogy, also strict environnental
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Sul phur free s and ase oills are require er to gal ef f ect
of new and efviscosites oventai widet fangé ofitenipecdture) og)j ieprovedndsesity atder [(¥$), and t o

cut em ssions of nitrogen oxides, volatile  hydrocaybons and partic as
wel | as to acHiAsahoBine ROHGHY:tB ‘LP’H%‘?VC B ABnER ‘é‘ﬁ%‘iu"‘gases

The European t@%%tt@@ﬁhﬂeﬁﬁ&‘?ﬂ %ha’fhés@;%ﬁﬁthw@'l@brﬁc'aﬂis Txh'ﬁﬁt %@ér' ﬁ%&h@at o the

mar ket from 2005 and ey nust be the formon sale from
Convent i onal chanaeﬁeaknasldndbh@earo|th@efom¢@ahlesufl1mmsmg1mchagma eﬁ'rcumayl c

conpounds, an i cal l | so volatile c ounds. They are |l ess suitable for
Ehe’ “now engiohaetButpes.of sdiSem@nns bliog FENES (FBSTIaDRS W P RS newer

no- sul phur, AL QAPRL, %\Qﬁ%evﬁdérsranééa ﬁ?%galfaﬁn %%Hﬂ?ignf Rdn E&fveﬁé&a@f base

oils, which are sed on bi ol ogi cal ter res In a

si gni fi cant maderat oibhubricamtar bon di oxi de em ssions. This is due to the

cl osed carbon cycle of the renewable base oil. The CO2 released into the

at nosphere when burning the base oil at the end of their lifecycle or due to

oil 1oss by Ruamtiss td‘bﬂé?hé‘te%ﬁ&fbl RS strick eﬁﬁfﬂﬁ%eﬁﬁhl'?é/ u%ﬁl\éht@ghﬂébtatﬂé s, which
are later processed into base ol As such, the |ncrease use of base oi ls,

whi ch ar e basedhstryrio dewtlopyinwad sophisticatad ba$ee<pkse§elphsr free ﬁrqtmm@bﬂse silep to
meet the e seion eeduction, Laroet.gs agreed under Lhe Kyog agreerent .
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 fuels shall
be available to the market from 2005 and they must be the only form on sale from
2009. Conventional mineral oil base oils contain sulphur, nitrogen, aromatic
compounds, and typically also volatile compounds. They are less suitable for the
new engines and thus also environmentally more detrimental than newer no-

sulphur, no-aromatic base oils.

It can be assumed that the use of base oils, which are based on biological raw
materials, will result in a significant reduction in carbon dioxide emissions. This is
due to the closed carbon cycle of the renewable base oil. The CO; released into
the atmosphere when burning the base oil at the end of their lifecycle or due to oil
loss by burning within the engine, is recycled by growing plants, which are later
processed into base oil. As such, the increased use of base oils, which are based
on biological material, represents an important step to meet the emission reduction

target as agreed under the Kyoto agreement.
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The increasing demand for high performance |ubricants particularly requires
high quality base oils. The Anerican PetroleumInstitute (APlI) classifies

base 0il Syo366Pasli;s9 to the characteristics shown in Talg,ﬁgézol(_)ﬁ?%%ﬁ; ar

classification is used also by the Association Techni que trie

Eur opeenne des Lubrifiants (or Technical Association of The European
Lubricants Industry, ATIEL), containing3 also Goup VI, polyintenalolefins
(PlO. In the classification, the term "saturates" includes both paraffinic
and napht heni ¢ conpounds but not aromatic conpounds. APl 1509 defines a

base stock aghe ifirbRH: MiRK fbninHAbRAARE IOXTHARGANAN fyirrigghiced by 2

si ngl e manuf acturer the sane I cations (1 ndepen ee source
or manuf act ugeality base atiisoThe AineticameBétsoleune Isstiteten@iRI) atdssifies 'base oils

specification; and that is ident.ified b nj que. formul a,. product
Tdent i 1 cat | GFPoaRLR e SRrstic ool ek SRt Heb AT e ng a
variety of d'aIsBﬁUyet'HE Ad@é&&t?&ls?échhﬂﬁk WimM@dRdttie 'Eﬁ}oﬂékﬁﬂet@éi Lbritiagis! (H ation,

sol vent refining, hydrogen processing, oligonerization, esterification, and
rerefining. Rerloficaldbsetiatidn ehih¢ Eutppearubsbrananisdntystfy; & TEE) montaineng al s

< the base SBoPMBIP of bngobinBelo SRS BOT da0 b, VR RHIGh S A G o ” '

Ceneral |y | ubgjtgatdsmendhaks totd a@ffﬁnmﬁ@ngd fenftB¥dRSoufldd BIBhbCar¥ingGOsi ty of
about 3 mmR/s or greater at 100 C (KV 100, kinematic viscosity nmeasured at

100 O); a peamppwidst (PP) of about -12 C or less; and a viscosity index
(VI) about 120 or greater. The oils in Goup Ill are very high viscosity
i ndex (VHVI) base oils, which are manufactured from crude oil by

hydr ocracki ngA\ENG09 defihd 4 BasdayGoki 430 "A VasS fbMeRRta HBYRXitR@mpGheRhdtlid base
oils can al so be manuf act ured t%y catal ytic dewaxing of slack waxes
agt

ori gi nati ng forashwced ba swigle madufpgtuigr tothe Byme spegificatiens (@edeasideyt of feomxes
o019, ne 19, LA R iy TLORSET I DAY Aoy fuf®P, 205,
2007/ 144473 Rpddifidatiof;/ AP &2 4s identified by a unique formula, product identification
number, or both. Base stocks may be manufactured using a variety of different
processes including but not limited to distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rerefining. Rerefined stock shall
be substantially free from materials introduced through manufacturing,
contamination, or previous use." Base oil is the base stock or blend of base stocks

used in API-licensed oil.

Generally lubricating base oils are base oils having kinematic viscosity of about 3
mm?/s or greater at 100 °C (KV100, kinematic viscosity measured at 100 °C); a
pour point (PP) of about -12 °C or less; and a viscosity index (VI) about 120 or
greater. The oils in Group III are very high viscosity index (VHVI) base oils,
which are manufactured from crude oil by hydrocracking and catalytic dewaxing
or solvent dewaxing. Group III base oils can also be manufactured by catalytic
dewaxing of slack waxes originating from crude oil refining, or by catalytic
dewaxing of waxes originating from Fischer-Tropsch synthesis from natural gas
or coal based raw materials. Group IV base oils are polyalpha-olefin (PAQO) base

oils.



4 Table 1. API-classification of base oils Saturates wt -% Sul phur /w %
Viscosity index (VI) Goup (ASTM D 007) (ASTM D 155211) 2622/1) (ASTM D

2270  312Q0bhoAR9fA13 4927) ) 1 < 90 and/or > 0.03 80 pcMyrzooddshasd t 90

0.03 80<VI<120 111 >90 0.03 1205Vl 1V Al polyal pha-olefins (PAO V Al
ot her base oils not included in Goups I-IV Fatty aci ds have been used as
raw materials in various applications i chemical industry, typically in

t he manufacture of products ranging from |l ubricants, polynmers, fuels and
solvents to cosnetics. Fatty acids are generally obtained from wood pul ping

processes or 'bﬂbl@}idl’ﬂb]yahﬁlﬁéaﬂohl(ﬁ|b$§@6ﬂsdes of vegetable or aninmal origin.
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Fatty acids have been used as raw materials in various applications in chemical

industry, 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 vegetable or animal
origin. Naturally occurring triglycerides are usually esters of glycerol and straight
chain even numbered carboxylic acids having 10-26 carbon atoms. Most common
fatty acids contain 16, 18, 20 or 22 carbon atoms. 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 w9, like in oleic acid (C18:1) and erucic acid (C22:1).
Polyunsaturated acids generally have a methylene-interrupted arrangement of cis-

olefinic double bonds.

Conventional base oils of biological origin comprise esters and their use is limited
to specific applications, such as refrigeration compressor lubricants, bio-hydraulic
oils and metal working oils. As polar compounds, esters suffer greater seal-
swelling tendency than hydrocarbons when used as engine oils. In hydraulic
applications, esters are not suitable for use together with hose elastomers. In

addition, the esters used in engine oil formulations are not interchangeable with



addition, the esters used in engine oil fornulations are not interchangeable
with WO 2007/ 144473 PCT/ Fl 2007/ 050354 5 other esters w thout performng new

engi ne t e§lirol/aaad, base oils consisting of pure hyqr ﬁzmﬂ)s??%‘i ucture
are partly 1 nterchangeable with each other. Ester base s are hydrol yzed

easily producing acids, corroding |ubricating systens mhen used as engi ne
oils. Further, even greater disadvantagedof esters is that additives

devel oped for non-pol ar hydrocarbon base oils are not effective for ester
base oils. A further nmgjor disadvantage of synthetic esters is that they

are inherent | yhdisRrs FHABMSHF Rl MmN ShlifldiRkis!t thsEadesARL ohél%sns@gdng ofThe need

of high quality base oils has led to the introduction of a nunber -of
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agai nst oxidation and degradation. I'n a tyﬁma pol yal pha-ol efin producti on

process, |- dedsvaloped formongolas hydewcartban basepilsarendtziffectbed fprrester ke olslecene

and mixtures of decene W and/ or ecene.gener.al | result
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Pol yal pha- ol eg,dpeﬁslag@aﬁuﬁ%mtduag@ RRshl ghgea,ﬂfsor | ubricants, transm ssion
fluids, and transforner Typically highly saturated pol yal pha-ol efin

base oils contain very low levels of cycloparaffins and hi ghl y sat ur at ed

VHVI b | t | ff
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desirabl e than nonocycl oparaffins due to their poorer_ viscosity Index,
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and degradation. In a typical polyalpha-olefin production process, 1-decene is

used as the starting material. Polymers of 1-decene and mixtures of 1-decene with

1-octene and/or 1-dodecene generally result in base oils having a high viscosity

index (VI) and low pour point. Polyalpha-olefins are useful as base oils for

lubricants, transmission fluids, and transformer fluids.

Typically highly saturated polyalpha-olefin base oils contain very low levels of
cycloparaffins and highly saturated VHVI base oils contain high levels of
multicycloparaffins. A certain amount of monocycloparaffins is desired in base
oils to provide adequate additive solubility and elastomer compability.
Multicycloparaffins are less desirable than monocycloparaffins due to their poorer

viscosity index, lower oxidation stability, and increased Noack volatility.

Olefins having from about 5 to about 20 carbon atoms are prepared by a number
of methods including thermal and catalytic cracking of petroleum fractions,
thermal cracking of paraffin wax, dehydrochlorination of monochlorinated
paraffinic hydrocarbons, polymerization of low molecular weight olefins by the

Ziegler process, hydrogenation of fatty acids to alcohols with subsequent



paraffinic hydrocarbons, polynerization of |ow nolecular wei ght ol efins by
the Ziegler process, hydrogenation of fatty acids to alcohols with

subsequeniyoWeh #Q4/3144473 PCT/ F12007/ 050354 6 dehydr at i gy phoodoSRP! S tO
ol efins, and hydrogenation of fatty acid esters or triglycerides to

paraffins with subsequent dehydrogenation of paraffins to olefins. Fatty
al cohol s can be produced on commercial stale by hydrogenolysis, or in other
wor ds by hydrogenation of fatty esters, fatty acids or triglycerides. In the
fatty ester route, the preparation of an internediate nethyl ester or wax

ester pr OdUCdeh%'&raH&?Q»f Ao HI6 P oletihs dbdf 9 aRBematBnOSL Eaty’ BEid PEsBRSIOr N WaX
esters (or fatty esters) and subsequent hydrogenation of wax esters to

fatty al coholtsglyreridesdo pareffmsiwittcsubsesuest dghydrogenajion of garaffing t6 atefips.al cohol s
are esterified at a tenperature of 120 - 320 Cin the excess of circulating
fatty al cohol w thout catalyst. The internediate wax ester product is

hydr ogenat ed mity 1406860300 c4n BBGRE6dRe@ 0RSEMBerRfal séfle 4y MBropsiongisc @pvgnt i onal
copper-chromte or copper catalysts to produce fatty alcohol. Direct
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used due to d of highep reaction t eratures resulti in_|ower yields,
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fatty al cohol's and gl ycerol also ropane ol and pézpanol are obtained as
aj
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t he conti nuous, praoducti.on Of fatt ohol y..the. rogenation of
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at | east stoichionetric anount of hydrogen. In the process both the ester
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Direct hydrogenation of fatty acids to produce fatty alcohols is not that widely
used due to need of higher reaction temperatures resulting in lower yields, and due
to damaging effects of fatty acids on the catalyst. In direct hydrogenation process
of triglycerides to fatty alcohols, in addition to fatty alcohols and glycerol also
propane diol and propanol are obtained as the over-reduction products of glycerol.
US 6,683,224 teaches a process for the continuous production of fatty alcohols by
the hydrogenation of naturally occurring fats, oils and fatty derivatives in a fixed-
bed reactor at a temperature 160-320 °C under a pressure of 5-30 MPa in the
presence of at least stoichiometric amount of hydrogen. In the process both the
ester groups and also carbon double bonds are hydrogenated on the copper-
containing catalyst to form saturated fatty alcohols, even in cases where

unsaturated esters are used as feedstock.

Dehydration of alcohols to form olefins is one of the oldest catalytic reactions,
and numerous oxides are suitable catalysts for this reaction. Activated alumina is
the primary industrial catalyst, typical conditions being atmospheric pressure,
temperature of 250-400 °C and 1-5 m’ of liquid per h/m’ of catalyst. DE

3,915,493 discloses a process for dehydration of fatty alcohols under normal



and nunmerous oxides are suitable catalysts for this reaction. Activated
alumna is the primary industrial catalyst, typical conditions being

at nospher % ROSsEWe, tenperature of 250-400 C and 1-5 %@1 od7hoqdsisgl per
h/ n8 of catalyst. DE 3,915, 493 discloses a process for e@%ra{ ?%yﬁ of fatty

al cohol s under normal WD 2007/ 144473 PCT/ FI 2007/ 050354 7 pressure and at a
t enperature of 280-300 C in vapor phase.7WD 01/44145 describes a
dehydration process to convert C4-C40 alcohols to olefins by a zirconium
oxi de on al um nium oxi de catal yst. US 4, 554,397 discloses a process for the

manuf act ure ofredsiReahd Qt &f tddfheldtRd oS 2541586 o€ fRLh oraﬁﬁagé. Wcﬁgﬁt@ﬂgs by

decar boxyl ati'on, using a catalytic system consisting of nic at | east
one netal seldsstrduesfa aiehydratign pugresohsiconvary C#C40 edabhotsi tv atefingerymani um
Addi tives may .be included in the aboye-nentioned catalysts and for exanple
sul phur deri \Fa\{%‘é‘??fﬁge B%aQBH’é‘&n}‘B“g%%tﬁéége the hydrogenating power of
nickel and to inprove the selectivity for olefin formation reaction. The

presence of hydrpge398 dRERASS Al prot@s B M intinhifhende df ViideYr @feftnlefrohat al yst.
The reaction is carried out at a tenperature of 300 - 380 C and the

pressure i s awehusiphefalty gidsourestess byi denarboxyhitions esiogi arcatalytipsysterabl e
particularly _to. saturat | i;near carboxyli ci,ds having from.6. to 30

Bar bon at o, iSSP Bk, apdaf Tent Bhe oty s (B BE Pl SRS or
pol yhydri c aljgadofin aktp Lerd@fiuRdAdisds0nep e REREES S ftRE aBbRAMehtthed- Ol ef i ns
vi a dehydrogenation of ~C5 to about C20 n-paraffins by dehydrogenating in

t he presence @falyshgadeor exampliesyphurhdafivalivespmay ubearddddete dagreasst theyst . The

presence of drogen.i s necessary.tp prevent, coki .of . t he .cat al yst .
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hydr ocar bons readipm. Therpréeseacy ofl PdrogéoisahRbésary’ ROm@inth NEE abthdty of the
dehydrogenati on reaction is endotherm c, heat nust be continually added to

the reacti on atalpstd&he reachan is ghmied ut g actemppratyse 8 rdddnt BEHAC ansuthe t o
prepare 1-decene and oth l.i near al phazol efins s via .oljigonerisation of
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to saturated linear carboxylic acids having from 6 to 30 carbon atoms, as well as

to esters formed form said acids and mono- or polyhydric alcohol.

US 5,597,944 discloses a process for producing n-olefins via dehydrogenation of
CS5 to about C20 n-paraffins by dehydrogenating in the presence of manganese
oxide octahedral molecular sieve as catalyst. The presence of hydrogen is
necessary to prevent coking of the catalyst. Reaction temperatures for the catalytic
dehydrogenation of n-paraffin hydrocarbons range from about 100 °C to about
750 °C. Since the dehydrogenation reaction is endothermic, heat must be

continually added to the reaction in order to maintain the reaction.

A conventional route to prepare 1-decene and other linear alpha-olefins is via
oligomerisation of ethylene using an alkylated metal catalyst, also resulting in a
wide spectrum of products having even-numbered carbon chain lengths.
Polymerization of ethylene usually produces a wide range of alpha-olefins, from
1-butene to 1-C20 and higher alpha-olefins, with the product distribution
governed by the degree of polymerization. The higher alpha-olefins, such as C14
or higher, generally are not used as starting materials for polyalpha-olefin

production because the resulting polymers typically have undesirable properties



wi de spectrum of products having even-nunbered carbon chain |engths.
Pol ynmeri zati on of ethylene usually produces a w de range of al pha-olefins,

from 1- bwb%@,,lt&”g- C20 and hi gher al pha-olefins, with tl,?ﬁéﬁ%@%%s‘;

di stribution governed by the degree of polynerization. I gher

al pha-ol efins, such as Cl4 or higher, generally are not used as starting
materials for polyal pha-olefin producti®n because the resulting polyners
typi cally have undesirable properties - - - -----comononnn - - -
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volatility tRaly 5@&%&?0&#?&95}?@&%&%%&%{ thefRndS thBnAthsHRIHIOFIFRISE §s PasE

oils. US 4,218, 330 sents a process for oligonerising higher olefins such
as Cl12- C18 \highpdifompgecedmssodsat i oni ¢ catal ysts, such as boron trifluoride,
to form lubricant products. Polyal pha-ol efin processes using honogeneous

tal yst | ' d | | d.and tedi t ti
st Us 3, 38X bRt S PRseRoket ov e AR Sm el RI%1 e from
C10- C18  al plargoivethi RéméenBEus? cAtiohi O RARRYS, §@ihahy hofor2@Mioride e A GEh by base

exchanging a crystalline alkali netal alum nosilicate having uniform pore
openi ngs of duliricans pragugss: r Betyalpha-slefint hrogesseo ristngh lhemegergous oead@ysisl, such

as rare earth, netals. This [ 0CES ner a resulted in | ow | ube yields
and signifi czfmlayﬁr%%mesa 89m}?:lg(i?ge% al’%rt%ﬁ?lfsocéal%ﬁF'?pr?éalllr?BrsEeP "the products nade
froml-dodecene or l1l-tetradecene had relatively high pour points. US

5,453, 556 pr ays 8832,8318 istiedses msthbd O nidheREREnPMNSrRating sill&fry®tC10oQPs | si ng an
acidic solid conprising . a Goup |IVB netal oxide, such as zirconia, nodified
with an oxyabgrplefinsaisargoy prigoponens sptalysic @pe Prenarefkby hasej exchanging & Co -

C20 al pha- ol efinm:.fe 3 i i I . i tal yst
under a r eactcli:;%slﬁam"I‘eegrrﬁ[:%§§1 %%%%leﬁ%%ﬁ&é@gétg%a@nkgl n&@ﬁn%&%@%ﬂ%&%@@ g‘?scl oses
conver si on ofArdpsgbsrunits efiihne iogisalgle Miegh campownid, yudhr sl darthanetzle o his e
catal ysts with widely o?en structures and_ having high activity for
process generally resulted in low lube yields and signiticant amountS of coke
formation. Furthermore, the products made from 1-dodecene or 1-tetradecene had

relatively high pour points.

US 5,453,556 provides an oligomerisation process where a catalyst comprising an
acidic solid comprising a Group IVB metal oxide, such as zirconia, modified with
an oxyanion of a Group VIB metal, such as tungsten, is used. A C6 - C20 alpha-
olefin feedstock is contacted with the oligomerisation catalyst under a reaction

temperature between 20 °C to 250 °C.

US 6,703,356 discloses conversion of higher olefins using high activity crystalline
zeolite catalysts with widely open structures and having high activity for
polymerization. In addition, mixed oxide catalysts, such as WO/ZrO,, and acid
clay catalysts may also be used. The polyolefins produced in accordance with the
processes have low viscosity, volatility, and pour point characteristics when

compared to conventional polyalpha-olefins formed from C8 - C12 olefins.



pol ymeri zation. In addition, m xed oxide catal ysts, such as WO,/ ZrQ2, and
acid clay catalysts may al so be used. The polyol efins produced in

accor danGggowhd7i4kdds pProcesses have |ow viscosity, vol atpichigidne7/a488s400ur
poi nt characteristics when conpared to conventional polyal pha-olefins

formed fromC8 - C 12 olefins. WO 2007/ 144473 PCT/ Fl 2007/ 050354 9 Based on
the above, it can be seen that here is & need for a new alternative process
for the preparation of saturated and branched hydrocarbons from renewabl e

sources suitable as high quality base oil. Object of the invention An object

of the inventgagd drbtheabavd, & daatbe\serhOaRSSislateell If6r MW ARGhMIVR Rbcesr anched
saturated hydrocarbons fromrenewabl e sources. A further object of the

i nvention i s femthe peapamtion eofppaiurated fangt branshedhhiyflzosanboas dtom beagwdhiel
saturated hydrocar botnlglﬁsubtgi%l e 'an:a Gr?up |V base oils. Astill further
obj ect of th&OYROITAR af bighuaiy asetilye process for the manufacture of
pol yal pha-olefins. A still further object of the invention is a

pol yal pha-ol efin product obtainable by the process according to the

invention. Cepyie&td'the fivenfiggt ures of the process and pol yal pha-ol efin
product according to the invention are provided in the clains. Summary of

the invention The present invention relates to a process for the nmanufacture
of branched Asabbjeat efl thy dneomasivhoissan whernhtivar pravesst &drl thef manifastercobf s or

base oil co onegéi. In Z& or d%nce with the present invention, a new
al ternati vengf%’(? safirated yfrocgrbepy,ffemdenebleiogEisei ng pol yal pha- ol ef i ns
fromolefins, and particularly from al pha-ol efins obtained from hi gher

fatty acids, such as C 12 and higher. Oefins are wused in this process as
i nt er medi at e fwtheobbgonel theamehéion us amaglterndtereghycesafomtyie nidnaefademantl f or

feadstock. | ARReRFOTERREd ParssaPHEr miaphdorOtitadd e BRE (nvention

A still further object of the invention is an alternative process for the manufacture

of polyalpha-olefins.

A still further object of the invention is a polyalpha-olefin product obtainable by

the process according to the invention.

Characteristic features of the process and polyalpha-olefin product according to

the invention are provided in the claims.

Summary of the invention

The present invention relates to a process for the manufacture of branched
saturated hydrocarbons, which are suitable for base oils or base oil components. In
accordance with the present invention, a new alternative process has been
discovered for producing polyalpha-olefins from olefins, and particularly from
alpha-olefins obtained from higher fatty acids, such as C12 and higher. Olefins are
used in this process as intermediates for oligomer manufacturing, thereby easing
the demand for high price 1-decene and other crude oil or synthetic gas based

olefins as feedstock. In a preferred embodiment, the process of the invention



WO 2007/ 144473 PCT/ Fl 2007/ 050354 10 utilizes renewable raw materials for
source of olefin production and heterogeneous acidic m croporous or

Mesopor ouyFRhAMetss to ol igonerise these olefins. Sui tf’@hﬁlz{)ﬁ%s?s@?ds" ock
conprises fatty acids obtained fromrenewabl e sources, such as plant,

vegetabl e, animal and fish fats and oils. The resulting oligoners have
excel | ent pour point, volatility and vis®osity characteristics and additive
solubility properties. The process according to the invention conprises the
steps where, in the first step, a feedstock conprising fatty acids is

transforned t@jlpgl efhewhblet H8wSaRABGAISt & (dBrceeTreobefal epx%ﬂﬁ’&ﬁ)ilora'ﬁﬁd to
fatty alcohols, inthe third step the fatty alcohols in turn are converted

t o al pha- ol eflaterogéngousheciflisumidiopnreys ethmessipordus edtadysphto- oligdmerise dhese

converted to branched draocar bons by cont ing them.either with
homogeneous dﬁeﬁﬁ%gﬁﬁﬁgﬁégﬁsé8$ﬁﬁ%n%¥?@%?F3%%6 &QF§§zyn E“Fh“?ﬁga€$fth st ep
the obt ai nedsoRlde§OsRNSas?pant) WL OaBIB Ahfichal AndREUGE AMEONR! The Bdsalting base
oils or base oil conponents. A high quality hydrocarbon product w th good

| ow t enper at ueligoprespbate excelent powir Ploingi velatglity yanidndesesity chiyreterigics mpd

enpl oyi ng feedst.ock f%ﬂﬁrisin .heteroatons frombiological origin. A
preferable e (Sibtfvr?esﬁub ytpﬁ%)eg[FGSCess according to the invention is presented
in appended Figure 1. Figure 1. In Figure 1 heated fatty acid feed 1 enters

t oget her W t hTHe prodesiat@idiay ¢& & ifiVentibh eymbasks ftitd itypsak k@b ah tiklfidsostep)
esterification reactor 10 to forma wax ester 11. he reaction is carried

out at about ufeedypelesqmaprnies; yecidids rsusfompddo esterpén theueeond stemote
catalyst. Vat &Eerégre' t&&%fo?ﬁagﬂ 1 Fat{ykhq%cfh%?sc&-l i thipd g@g&&eﬂﬁ%coﬁ%%}{ 'wig I nert
rogen. e er an ydrogen

gas 2, such as ni wax-es 1 are charged to the
hydr ogenat i onare @aaterted260, alplsokefihd) cinahé éngthastep hiye bbigiirdtatphat slefifisirey

al cohol s 21. The hydrogenation reaction is carried out at 20-30 MPa pressure
convertéd to  branched hydrocarbons by contacting them either with a
homogeneous or heterogeneous oligomerisation catalyst, and in the fifth step the
obtained oligomers are hydrogenated to produce thermally stable base oils or base

oil components.

A high quality hydrocarbon product with good low temperature properties and
high viscosity index is obtained by employing feedstock comprising heteroatoms

from biological origin.

A preferable embodiment of the process according to the invention is presented in

appended Figure 1.
Figure 1.

In Figure 1 heated fatty acid feed 1 enters together with 1 - 2 molar excess of
recycled fatty alcohol 21 to an esterification reactor 10 to form a wax ester 11.
The reaction is carried out at about atmospheric pressure and 150-250 °C
temperature without catalyst. Water 12 liberated in the reaction is emerged by
spraying inert gas 2, such as nitrogen. The wax ester 11 and hydrogen 3 are
charged to the hydrogenation reactor 20, where the esters are hydrogenated to

fatty alcohols 21. The hydrogenation reaction is carried out at 20-30 MPa pressure



R WO 2007/ 144473 PCT/ Fl 2007/ 050354 11 and 150-250 C tenperature
Wi th copper-chromte catalyst. The reactor discharge product is cooled (not

present edwighobHaei7sogure) and separated into recycled hyd 088785 liquid
crude fatty af’cohol 21. Part of fatty alcohol 21 is di rectﬁg to/8 Gégﬁydrati on

reactor 30 for processing to al pha-olefins 31 and part of fatty alcohol 21
is recycled to the esterification reactdd 10. The dehydration reaction is
carried out at about atnospheric pressure and 280-330 C tenperature with
zirconium oxide on gamma-al um na catal yst. The al pha-ol efins 31 are charged

to the ol igopgrisgalpor tEﬁ@@ltaﬁfre $8th d¥pBEECHORNe Bdi8lySt THOP&BIclo? AfkchdrE

reaction is carried out under a pressure from about 0.01 to about "2 MPa and
50-200 C t enppeoductirie. coofRide (o oureseatbdp ire dlxufigurmydyel seplandted rise beycledrt gas 2

pressurizatiqn, preferghbly. nitrogen, The, catal S in.o i sation are
pref erably r’rﬁ’%’gﬁp &0 fnﬁ'g'tqé‘rq ‘i &g[i'é‘&ﬁop‘?@sl g?gr‘# iﬂ"@(raé%"hf’Lgfég rec’ﬁart%act ed
nonomers 41 afeRyd@isY Rdcbf gmf&mocéahlhgmbhmomg@mﬁe pﬁﬁ%\f%t%ﬂalé&ol he

ol igonerisatiion reactor 40. After renoving of the nononers,

pol yal pha- ol &Xliia redygiedrte tlmezeat@‘lfmttpm resgtor 3P. Tnerdehydrationrreaction m eamadrer s and
ot her hi gher

charged to tl‘f’élthga %Zar%@f’f Er?eaggil g@dﬁ(ﬂg&bgﬁgﬁﬁ‘ﬁ%wﬁ%ﬁldw e>r<]t 3r2r 4612

i s hydrogenatgie antgeﬁn@wﬁﬁﬁiﬁ@ &iawdrmgen d-SRfifAtAl Y&t chap&d tdSthe
pal I adi um on carbon catal yst, or nickel on Kiesel guhr catalyst. The reaction

is carried dﬂugomsrlsatltoerrp@qt@nﬂﬁ evltre ghwyare phigopenised. dhd reactiondgeparpeéssur e of

1- 3 WMPa. Th enat e 0 I - ol.ef ] odu LS .char d to the
distillation Ul eréadﬂgﬁare orﬁ &X%[ 00@ aqo ftsgl\{ﬁ?) CQ-?éQ] ééegﬂ%e'r g mainly
diners 61, triHgaeguifed p@@dfmawegxh@mt@ﬁdmw gas?2 ﬂ@@s‘suﬁzattioanﬁrrefe?@dlyy aci ds

mean carboxylic acids obtained from biol ogi cal raw materi al car bon
number of saindtrégent ;Thacqaa%yslt% ithpligranerispiaon are, prgfesgtdy aptspperous amdariatsy,

Saturated basg il Q' mBA%es thire§PBAENG TR 158 UeRloTda sth agar bons.
oligomer mixture and recycled to the oligomerisation reactor 40. After removing
of the monomers, the polyalpha-olefin mixture 42 is comprised of dimers, trimers,
tetramers and other higher oligomers. The polyalpha-olefin mixture 42 and
hydrogen 3 are charged to the hydrogenation reactor 50 and the polyalpha-olefin
mixture 42 is hydrogenated in the presence of hydrogenation catalyst, such as
palladium on carbon catalyst, or nickel on Kieselguhr catalyst. The reaction is
carried out at a temperature of about 150-200 °C and hydrogen pressure of 1 - 3
MPa. The hydrogenated polyalpha-olefin product 51 is charged to the distillation
unit 60 and it may be distilled to fractions consisting mainly dimers 61, trimers 62

and/or higher oligomers 63.
Definitions

Fatty acids mean carboxylic acids obtained from biological raw material. The

carbon number of said fatty acids is higher than C1, preferably at least C4.

Saturated base oil or base oil component comprises saturated hydrocarbons.
Saturated hydrocarbons comprise paraffinic and naphthenic compounds but no

aromatics. Paraffinic compounds may be branched or linear compounds.



Sat ur at ed hydrocarbons conprise paraffinic and napht heni ¢ conpounds but no
aromatics. Paraffinic conpounds may be branched or |inear conpounds.
--------- WO 2007/144473 WO 2007/ 144473 PCT/ FI 2007/ 050354 12 pMBPBbIRGS4
conpounds are cyclic saturated hydrocarbons, also known as cycl oparaffins.
Napht heni ¢ conpounds nmay contain one ring structure (nonocycloparaffins) or
two rings (dicycloparaffins) or several IRings (nulticycloparaffins).

O efins are defined herein as a class of unsaturated aliphatic hydrocarbons
having one or nore double bonds. These ol efins nay be straight chain

olefins or bNgmeheet doaipoudeiardSeychibesadhraicdnfyd@Yarbons! A& - Mwfd NS,
internal olefins, vinylidene olefins, or mxtures thereof. The ol efins
nmanuf act ur ed @eloppiling. t Naphenisr cormpoungsy emey ogoRIR® ponsf efirg| ftructure

al pha-ol efins t al f bi ol pgi cal raw,. erials. The w dth of carbon
nunber range %goglﬁgyﬂgp?déaf?ﬁg dél)?f gr en?‘élg%e\tel%gcﬁ&faﬁ f?i@g)r b8h S%Vﬁﬁ%err“@? t he
bi ggest and t(ailsemldpasifing) ecul e, added with one. Detailed description of

the invention It was surprisingly found that saturated and branched
hydr ocarbons, suitable as base oils or base oil conponents can be obtained

from het er ot GiGOR ATk BEASE 96K, SRLALARL LG ENGIARY 8 RUT oo by

structural reformation o ock conpoun i ni c conpdunds,

foll owed by abriegoireniérsaddublc bBnd)VElesOr1EMBS may BOWtRighY icleid BlefiddGrng
saturated and branched pol yal pha- ol efin hydrocarbons _origi nating from
ol efi ns obt ai baeched ophaimtaléfinge Hee olsfmsemap| Ye alphsrelpfing cinternglt 9lefas.ds, such

as at | east . LdS. : | ef | by
Cacarboy at | BB M D mEe] SERSE RS Ay ARNSL R Al e
dehydr ogenat i mrasenf ihbhentipar adef preférably helpbd-efefins ddtahet dhiny, biblegital eak i S
converted to fatty alcohols with chain length according to the carbon nunber
of the fattymaleNiss eedst ock, and is further dehydrated to al pha-ol efins.

Preferably

The width of carbon number range means here the difference between the carbon

number of the biggest and the smallest molecule, added with one.

Detailed description of the invention

It was surprisingly found that saturated and branched hydrocarbons, suitable as
base oils or base oil components can be obtained from heteroatom containing
feedstocks originating from renewable sources by structural reformation of the

feedstock compounds to olefinic compounds, followed by oligomerisation.

A novel process is now provided producing saturated and branched polyalpha-
olefin hydrocarbons originating from olefins obtained from fatty acids, preferably
from higher fatty acids, such as at least C12 fatty acids. The feedstock is
converted to olefins by decarboxylation, or hydrogenated to paraffins with
subsequent dehydrogenation of the paraffin to the olefin. Preferably, feedstock is
converted to fatty alcohols with chain length according to the carbon number of
the fatty acid feedstock, and is further dehydrated to alpha-olefins. Preferably
renewable raw materials of biological origin are used for source of olefin

production. Alpha-olefins are oligomerised and hydrogenated to produce



renewabl e raw materials of biological origin are used for source of olefin
production. Al pha-olefns are oligonerised and hydrogenated to produce WO

2007/ 144443 #67}{4548007/ 050354 13 branched hydrocarbon GaseeRédhpsozéfrer ei n
the oligonmerisation of olefins is carried out in the presence of a

honbgeneous or het erogeneous oligonerisation catalyst. Preferably,

het er ogeneous aci di ¢ mi croporous or nesdporous catal ysts are used. The
resul ti ng pol yal pha-ol efi ns have excellent pour point, volatility and
viscosity characteristics and additive solubility properties. The process

accor di ng t 0 YrifRhbdW9dotABok BHRY dikSVhbRe the UgoMBESRion!dT ddThshis Estiegt ep
feedstock conprising at |east one carboxylic acid, preferably fatty acid is
esterified wiauhimthel pragenceopba hamogengous hvhetetogendoys sligamerisatien catalysobt ai ned
esters are d#)%?naht ged to fat%d iaI cohol S in the trhi rd tS# e{% t he fdatty
al cohol s in tUFiSTaRNa NEFFIRRFRCQNS-AFIGIS nIcTRATAYS OF  MesoPerous fRbSH A Usthep 1 he
obt ai ned al phﬁreqleﬁﬁﬁﬁgsp@mlﬁh@bleﬁmmav&@&en&t%aﬂ hiad vodilige MddaBGoshy

a

contacting themeither with a om).?.eneous or heterogeneous oligonerisation
cat al yst, andharactenigtigsiandadditizp selybilityopiogerties.s pr oduced are hydrogenated to
produce thermally stable base oils or base oil conponents, particularly
pol yal pha-ol efins. Feedstock The feedstock conprises at |east one fatty

acid or a m XfHée'fo&dss hedordin@€d the-invidh€ion teBpSicRtic RERS WAL M tRS filst gpes from
bi ol ogical raw materials such as plant, vegetable, animal and fish oils and

fats, which dedstoekycemprsingitat fepgnprg rcethoykial acidhdprateesbly oetly oadid iand fats
and conbi nat 'e%{%%p%ﬁ%&i&loa{m ab('§ ?faﬂb%ﬂ{oﬁéﬂ i] A SORLA" I the Eﬁéﬁir% fefihgd usi ng
or Fcat met'hod wel'l inothe art

any pre-treatien purifrcation Nown 0 Obtain

fatty acids ug@fdgensted it fafipativhokin secthirdsstéyy tieoFartyi slcéhvlo iy urki 48
pressure fat splitting, distillation and fractionation. Fatty acids useful
as feedstock deaydrated ot alphe-glafins Huthsefousth siep gho @btainedt alphpiojefingareo 20 and

particularly . 1 8, t yrat t ed.fajty
acids may be Oﬂ{egg%&l eé{% gb@i/e%ag y@fé%%&é{ﬁsbé stcrggiagtﬁ& gﬁ%ﬁn&gf& bglelatfrllc ed chain
fatty homogeneous or heterogeneous oligomerisation catalyst, and in the fifth step the

oligomers produced are hydrogenated to produce thermally stable base oils or

base oil components, particularly polyalpha-olefins.

Feedstock

The feedstock comprises at least one fatty acid or a mixture of fatty acids. The
feedstock preferably originates from biological raw materials such as plant,
vegetable, animal and fish oils and fats, which also may originate from circulated
and used food oils and fats and combinations thereof. The biological raw material
may be treated using any pre-treatment or purification method well known in the
art to obtain fatty acids useful as the feedstock, such as hydrolysis through high

pressure fat splitting, distillation and fractionation.

Fatty acids useful as feedstock have a total carbon number of 8 to 26, preferably
12 to 20 and particularly preferably 12 to 18. Both saturated and unsaturated fatty
acids may be used. These fatty acids may be straight chain or branched chain fatty
acids. The oligomers may be made from a single fatty acid or from mixtures of

two or more fatty acid. For example, C16 fatty acid by itself is a suitable starting



acids. The oligoners may be made froma single fatty acid or from m xtures
of two or nore fatty acid. For exanple, Cl6 fatty acid by itself is a

sui tabl e ' 2007/ 144473 PCT/ FI 2007/ 050354 14 i wel | as
m xt ur es ‘g?q@fgqg@{\g C18, and/or Cl2 to C18 fatty aci dg%?ﬁﬁiogﬂgsogsrﬁoporti on.
Generally, dinmers produced fromthe smallest fatty acids, having nore than
about 26 carbon atons are preferred olidbnerisation products and possess
good volatility and viscosity characteristics. The carbon nunber of the

di mer product is preferably between 16 and 52, particularly preferably

between 26  antkerRd: asRVAF &S mixtlfg oPCA2€636,2C LAY (12 th lte 8l f'ﬁtf?'ﬁ&iidﬂh
conprises five steps. In the first step of the process a feedstock

conpri si ng atany geaportinne Geaenally adimgry srodeceddomlt smaltest fatydicidsobastier with 1
- 2 nol ar excess Rf rﬁ‘%‘}l{?fd fatt% al cohol havj nﬂ t ot al .carbo(? nunper of 8
to 26, prefeSBF 143 GAHEN PSR AT PHECRERRRLAR dpducty, 8 genat i on
step in a reppiess syt eoMliBtyl MdVidcodRy cAfrableristidde TRS lc@fboh | iAldepdf thékes
pl ace under pressure of 0-0’1 MPa w thout a catal ?/st, at a tenperature of

an

120- 320 C, pdanenmabdyct issgrefeblChetwgerl6 pide?, paditulanlytiefceablyebdtvieeradt on
reaction is._e ged by spraying inert gas, such as nitrogen. In the second
step the waxaggggr obtained in the first step is hydrogenated in a batch or
fi xed bed hydrogenation reactor in the presence of a catalyst selected from
copper catalysts and copper-chromte catal ysts and hydrogen at a

t enper at ure dWwode3®- 350 C, preferably 150-250 C and under a pressure of 10-40
MPa, preferably 20-30 MPa, to obtain fatty al cohols. The reactor discharge
product is cooled and separated into recycled hydrogen and |iquid crude

fatty al cohgthe pRevets edcoiding foahé ihvahttah@mprises fey abssd I thetfliet sispeofitals
esterification reaction step. In the third step al pha-ol efins are produced

from the obt @& pdeedptockcesmnrising, ataleasteamgofetiyrasic iBeajert and eperifiett i on.
The fatty al ?&i&‘ﬂl& Wb 31 nednb iy RGeS %?(%E'cqrcﬁ:heﬂtty alcohol having total carbon

number of 8 to 26, preferably from 12 to 20, obtained from the subsequent
hydrogenation step in a reactor system to form a wax ester. The esterification
takes place under pressure of 0-0.1 MPa without a catalyst, at a temperature of
120-320 °C, preferably 150-250 °C. Water liberated in the esterification reaction

is emerged by spraying inert gas, such as nitrogen.

In the second step the wax ester obtained in the first step is hydrogenated in a
batch or fixed bed hydrogenation reactor in the presence of a catalyst selected
from copper catalysts and copper-chromite catalysts and hydrogen at a
temperature of 100-350 °C, preferably 150-250 °C and under a pressure of 10-40
MPa, preferably 20-30 MPa, to obtain fatty alcohols. The reactor discharge
product is cooled and separated into recycled hydrogen and liquid crude fatty
alcohol. Part of the fatty alcohol is recycled to the previous esterification reaction

step.

In the third step alpha-olefins are produced from the obtained fatty alcohols by an
endothermic dehydration reaction. The fatty alcohols obtained in the second step
are dehydrated to alpha-olefins in a reactor under a pressure of 0-10, preferably

0.01-0.5 MPa and at a temperature of 250-400 °C temperature, preferably 280-330



are dehydrated to al pha-olefins in a reactor under a pressure of 0-10,
preferably 0.01-0.5 MPa and at a tenperature of 250-400 C tenperature,

pr ef er abl w2813 WO 2007/ 144473 PCT/ F12007/ 050354 15 petindohgsidsesence of
a catalyst selected fromactivated alum na catal ysts, ganma- al um na

catal ysts, theta-alum na catal ysts and catal ysts conprising zirconium oxide
on al umi nium oxi de. Preferably the catallyst is zirconium oxi de on gama-

al um na. The alum na catal ysts may additionally conprise alkali nmetals or
alkali earth metals in order to increase the yield of al pha-olefin. The
dehydr ati on reggtky preiéhce of ReAtaRysbRIceled! PRf hotiva®dd Auhina@A bR, bBRRI0T |
preferably a fixed %ed reactor. In the fixed bed reactor the [iquid hourly
space vel oci tajumingigfalysss, othstamlymingf catalysis @nd peatalystagopiprisiagatiyepnium

preferably 0.5-2 h"1. The produ f t.hi tep i.s _mai.nl al pha-ol efin
N h the car sttt fur dEndhdin thordaphafe ko S EBun BBt eBRPET L he
fatty al coholanfreigasTesKuntifh Edigly$to widytadaitRpall CopidtcalRalehichss ebilRalned in
the third step are oligonerised in a reactor at a reaction tenperature of

25-300 C and eprtemstalpinonder gocreasgribe vighriralphaplelin gihe dehpdrtiovteactor 01 to
about 10 I\/Pa’is Qﬁﬁefr%r lgatl?%l?/ Iyefsagzt%g]gﬁnged%ag éeatcgoeft @lr%?egﬁblé al\@%d' @tégsct&f gyence of

an ol igonerisation c resrn ogeneous or horrogeneous

cat al yst. Thehe et beridepdtesthe liquidehohey Rpadetvaioeay (LHS Vi) ie0.5-53850f liquid
pressurization, preferably with nitrogen. Hi gher oli %(grre_ri zation

t enper at ur es neybf%awﬁ atabyshopreterathe 015008 - \Tihg paducy obilicgbiid stepivaaits whi | e

| ower tenper r : o i i i . hus, the
vi scosity of 2 lﬁecﬁ%tﬁr? g’gﬁrietlrlgrc)#}rggﬁg F’?‘Pmé‘{q%cél‘le‘%ﬁ@ tﬁ%ggﬁﬁklléer}/gtﬂg%g{rjbgl%lg?g?used in
t he ol i gonerthe fittyaicohobfeedssockThe ol i gonmeri zation reaction may be carried
out in a slurry reactor wwth the catalyst |oading varying fromO0.1 to 15

o Sl oS R Sl 025,
causing filteg,gplugol '?Qatcﬂgﬁ izt&\%Péljaﬁr&%?a}'gyﬁfO ‘@%Madreéfra?& gg%o@f‘@ ahyy. the

catal yst charge 1s abou -%to about 10 w-%
under a pressure from about 0.01 to about 10 MPa, preferably from about 0.01 to

about 2 MPa in the presence of an oligomerisation catalyst comprising a
heterogeneous or homogeneous catalyst. The required pressure maybe maintained
by inert gas pressurization, preferably with nitrogen. Higher oligomerization
temperatures typically produce the lower viscosity oligomer products while lower
temperatures tend to produce the higher viscosity products. Thus, the viscosity of
the oligomer product will depend upon the temperature used in the

oligomerization process.

The oligomerization reaction may be carried out in a slurry reactor with the
catalyst loading varying from 0.1 to 15 wt-% of the reaction mixture. A lower
catalyst charge may cause longer reaction times and a higher catalyst charge may
be uneconomical to run, causing filter plugging during the catalyst removal step.
Preferably, the catalyst charge is about 0.2 wt-% to about 10 wt-%. Typical
reaction times are from about 0.5 to about 100 hours, preferably from about 1 to
about 50 hours in a batch reactor. The reaction time is dependent on temperature

and the amount of catalyst used in the process. Generally, higher reaction



reaction times are fromabout 0.5 to about 100 hours, preferably from about
1 to about 50 hours in a batch reactor. The reaction tine is dependent on

t enper at Uy 2o0fMlaiA3€ anount of catal yst used in the proGReSrndesaszd | Y.
hi gher reaction WD 2007/ 144473 PCT/ Fl 2007/ 050354 16 tenperatures and a

hi gher catal yst charge pronote faster reaction rates. At the end of the run
the product is isolated by filtration tdérenove the catalyst. The

ol i goneri zation reaction nay al so be carried out in a fixed-bed reactor
where the catalyst is in pellet or extruded form and packed in a tubul ar

reactor heat ggmp&atufesd@nll’ abhighbe iyt UsiRred NprombieX GBstiededcriBg BREY ation,
the feed may be introduced at fromabout 0.1 g/g of catalyst/h to about 20

g/ g of cat al Wtitthtrendrpfethe rurethe padust ianisolatéd byrfiliragion tgrepfovedbatapalysth t o about
10 g/g of catalyst/h. Furthernore, the used catalyst may be reused. |If the
catalyst is aged, e.g., by coke formation during the reaction, it may be

regenerat ed bphehfigbniefig@ioiB8hction iy al8d bé Parfled b@UAM fled A réackér wiirgher . The
het er ogeneous cat al yst corTIFrl ses acidic mcroporous or mesoporous catal yst
¢

materi al sui tthbratalysiris én peliat opexigusied fpmaendpacked &f o tubilar regrsordgntgd ot

Thercor, par (4 o roernsP bt REF B Be BhE obetalon, ARSIl Tl R dpRhtiskd °°

material s cantlpenzgt OﬂSg/Qaﬂbﬂﬂgﬁﬁlﬁto%b@&(P%g‘w cBafystN PdefRITRA Bdtes arbavi Nng a
specific surface area between 200- anpl es of zeolites useful in

600 n?/g.
the present iffed:d &g pﬁéﬁtal}’ét/IZSMaBQHtZ@vg/%, ofzentalyg/h. Zgxtheanorgsie3sed zsm 50,
nordenite, zeglli old . Pr r ealiles are |large pore
zeol ites, parct?1 %aﬁ@EJSFénr yb%%(rg lé%ee'r g{btf'lg c?%%z?tl ]tseaggé’ﬁe'%q EIL a?léeu%hk&%t?qna(?ug@gptgé e
zeol i tes are r¥addion, i éiag-beaegédrictted bynhewd dedthent inl 2y 6 i@chitZegehni st 660 ¥R por e
openi ngs forned by 10- nenbered oxygen rings may al so be used in the present
i nventi on. Eﬁ%ﬁﬂres of such zeolites include MCM 36, MCM 22, MCM 49 and
MCM 56. Mesoporous catal yst materials can be anorphous materials with
regularly arranged, uniformnesopores (2 rimto 50 nmin dianeter).
Mesopor ous caltel hesdrogeneous catalyst comprises acidic microporous or mesoporous catalyst

material suitable for olefin oligomerization. Preferably the catalyst material is
selected from mesoporous materials, zeolites and mixtures thereof, particularly

preferably mesoporous materials.

Microporous materials can be zeolites having the pores above 0.5 nm diameter,
having a specific surface area between 200-600 m*/g. Examples of zeolites useful
in the present invention include ZSM-3, ZSM-4, ZSM-18, ZSM-20, ZSM-38,
ZSM-50, mordenite, zeolite Y, and zeolite Beta. Preferably, zeolites are large pore
zeolites, particularly preferable zeolites in the group of large pore zeolites are Y or
beta-zeolites. In addition, layered zeolites with pore openings formed by 10-
membered oxygen rings may also be used in the present invention. Examples of
such zeolites include MCM-36, MCM-22, MCM-49 and MCM-56.

Mesoporous catalyst materials can be amorphous materials with regularly
arranged, uniform mesopores (2 nm to 50 nm in diameter). Mesoporous catalyst
materials can also have irregular mesoporous framework. They have specific
surface area above 300 m¥g. An example of the acidic mesoporous materials with

regular arranged mesopores that may be used in the present invention includes



materials can al so have irregul ar nesoporous franmework. They have specific
surface area above 300 niY¥g. An exanple of the acidic nesoporous naterials
W th regwodo{aged nesopores that may be used in thq,oqr,ﬂmahsds,?yenti on
i ncl udes WO 2007/ 144473 PCT/ F12007/ 050354 17 MCM41. An exanple of the
aci dic mesoporous materials with irregular mesopores includes anorphous
silica-alum na. The nesoporous material 1dan al so be acidic clay. An exanple
of acidic clay is calciumnontnorillonite. The catalysts are typically in
proton form The catalysts can be converted to the proton form by various
conventional NeMQdS Ad k&afTONfURel QBidRX GRABER0AdnateRAIS| Whi Ribgllaraci d
washi ng. The catalysts may al so conprise a carrier for increasing the
mechani cal strag¢sioporey inetuties emeniious syicafluntina. heemeseperoud mstertal carealss s

typically an . inorganic pxide like alunmna or silic referably the carrier
12 alum na. bRACKRE (b etepts ST pte S ds S GUmmS e uers & ATCI3 mmy
be used in the oligonerisation of al pha-olefins, at tenperatures of -10-150

C, preferably 40-80 C It is preferable to use a solid and regenerable
cat al yst, whilte catalysiearcetypicallein protesi foymf dbencptelydiscaan diedconseréadetodhed f or

reuse. Unreacted noners_.are typical r.e d from.the ol i goner m xture,
ui tably | by RVCRPRAEY o aie ooty R e ot il s piver qid
ol i gonmeri sat i QRifiOR- or AbidevasiBARVTRE cafalyiske nilNE omprRE £XcaFR) efobY
stripping, the oligonmer mxture conprises dinmers, trimers, tetranmers and
ot her hi gher in¢regpingeths nagchamiealsytability agd fenmability of thel materialgd khaueagrieriependi ng
on the desired .. i catli of t ol yal pha- ol.efins,.certain o
pol yal pha-ol e 1?11@,% saﬁc'ﬁmg%n%ﬁ r%l:ag lﬁrﬂ(aeyX@gﬁ "pl)‘feof esrlfrlacead parﬁ%ra{%??'e3h%§meﬁelsi sol at ed
t hrough di stidlh@inaon. In this case the product conprises mainly the di mer
product. Under the oligomerisation conditions alnost all of the feed
nononmers are converted to branched nononer conpounds, which after o
subsequent hydi.0geRALLARLIRY: AR USER S ailh SR HEAIGOTREES Lied e 91 Vi NG
nore econoni ¢ val ue For The process’or’ inventi on.

oligomerisation of alpha-olefins, at temperatures of -10-150 °C, preferably 40-80

°C. It is preferable to use a solid and regenerable catalyst, which can be separated

easily from product and regenerated for reuse.

Unreacted monomers are typically removed from the oligomer mixture, suitably
by distillation and they may be recycled or reused in the oligomerisation step.
After removing of the monomers, for example by stripping, the oligomer mixture
comprises dimers, trimers, tetramers and other higher oligomers of the starting
olefin or olefin mixture. Depending on the desired application of the polyalpha-
olefins, certain polyalpha-olefins, such as dimers may be preferred and they may
be isolated through distillation. In this case the product comprises mainly the
dimmer product. Under the oligomerisation conditions almost all of the feed
monomers are converted to branched monomer compounds, which after
subsequent hydrogenation may be used as diesel fuel components, thus giving

more economic value for the process of invention.

In the fifth step the oligomers obtained in the fourth step are hydrogenated in a
batch hydrogenation reactor using conventional hydrogenation methods, in the

presence of hydrogenation catalyst such as palladium on carbon catalysts, nickel



In the fifth step the oligonmers obtained in the fourth step are hydrogenated
in a batch hydrogenation reactor using conventional hydrogenation nethods,

in the pR&SRFRLP; hydrogenation catal yst such as pall .lz;ﬁ;z&ﬁo gpon
catal ysts, nickel ---------------- WO 2007/ 144473 PCT/ F?‘ZHO 7 05/050;34 18 on

Ki esel guhr catal ysts, or other known hydrof m shing catal ysts. Hydrogenation
conditions include tenperatures of froml8bout 25 C to about 400 C.
Preferably nickel on Kieselguhr catalysts are used at tenperatures from
about 150 Cto about 200 C and pall adium on carbon catal yst at tenperatures

from about 1QfH @ies&l@ulﬁb&iﬂéqs%’,%r%thérrkn@%fhﬁ?@fﬁﬁsﬂ?ﬂgjEﬁﬂ?&spﬁ?%géﬁt@ﬁ about
0.01 to about 10 MPa, pretferably 1-3 MPa'is applied. The product The

process accorapndigiony inchulegempenatur¢snafeinern ahoyr2dvid tesatwoup #OA GCt Prefitrehle t he

chem cal structure of.the draogenated dinmer is: R - Ra) - 1=R',

wherei n each BfkeRon %‘esgﬁ?ﬂyﬁﬂag% g u ‘iﬁi N {gmpebalhgﬁ?)gg%’é\#’ﬂﬂﬁgrg dBout 1 to

about 28 car h#duelEG atd/Piladiuny o EABb ctfly e wWmpeBatufed RPN a0 180 °dhe al kyl

group may be either linear or branched. Pref erablaé the total carbon nunber
0

of the produdp abawiddd Ketlnbeth cesesaluiragzn pressuiecilagpnty0.0btethous b) MBret ween 26
and 50. One skj 4l in {ABe.art . .will recognize that the total nunber of
carbons in trpée%faﬁgfi'gol\r/lpﬁbs-%p#ﬁ' will be twi ce the nunber of carbon atons
in the starting nononer or nononmers or their sum For conparison, the
processes of the state of the art provide oligoneric products, where the
chemi cal struEhepwdyet t he hydrogenated dimer is either: A) R -CH(CH3)-R'
when produced by cationic oligonerization using traditional carbocation

nmechani sm rein R and R' is_an al kyl. group havi,ng from about 7., to about
37 car bon at offie Pioesss Bordias | i pisenk int3ngikh PTOTAES 3 pD) SHEre en
obtai ned by cah¢afical birit@urd@f heChy@@d 2hX8d dimer is:

R'-CH(R,)-CH(Rp)-R", wherein each of R', R", R,, and Ry, is an alkyl group
having from about 1 to about 28 carbon atoms, typically from 1 to about 16
carbon atoms. The alkyl group may be either linear or branched. Preferably the
total carbon number of the product ranges between 16 and 52, particularly

preferably between 26 and 50.

One skilled in the art will recognize that the total number of carbons in the dimer
or co-dimer will be twice the number of carbon atoms in the starting monomer or

monomers or their sum.

For comparison, the processes of the state of the art provide oligomeric products,

where the chemical structure of the hydrogenated dimer is either:

A) R'-CH(CHj3)-R" when produced by cationic oligomerization using traditional
carbocation mechanism, wherein R' and R" is an alkyl group having from about 7
to about 27 carbon atoms (US 4,282,392); or

B) R'-CH(R,)-(CH;),-CH(Rp)-R" when obtained by crystalline acidic catalyst,
wherein each of R', R", R,, and Ry, is an alkyl group having from about 1 to about
28 carbon atoms, typically from 1 to about 16 carbon atoms; and z is an integer

from about 1 to about 10 (US 6,703,356).



wherein each of R, R', Ra, and Rb is an al kyl group having fromabout 1 to
about 28 carbon atons, typically from1l to about 16 carbon atons; and z is

an integ ?P058§54 #3out 1 to about 10 (US 6, 703, 356). V\D&ﬁ()ﬁé&ﬁ%g‘%g‘,

PCT/ FI 200 19 The structure A) has high pour point nononer s of
carbon nunmber 12 or above are used. The structure B) is nore branched, and
the pour point is therefore lower. In tlBe process according to the present
invention the solid, acidic oligonerization catalyst effects double bond

i sonerization of the al pha-olefin feed to formsort of internal olefins. In

ol i gomeri zat ig dhienfOR! gs highﬁfoﬂfagm‘ﬁ{ fiith&on]eré BT Eﬁﬁoxpglg'rﬁgél‘:f%r atRlenched

structure, which |ntur W pour polnts. itron, sone
nmonocycl opar afré iseidcTha $tumturc &9 immeref wambdd,aad wed poumpomt sathbretbre hawar.
structures. An oligoneric liquid polyal pha-ol efin product is obtained
containing dinmers and/or co-dinmers nore than 50 wt % and preferably nore

than 80 wt %, The &ké&%ﬁ@éﬂﬁlg' th Gk Ereﬁ)éih't YidlecRiiGh Heblid &E&QBﬁéorﬂa'Yzaﬁbﬁo
conpri se higher ollgoners (or co-oligoners) such as triners of the starting

ol efins, typictlysy eﬁ‘mmtioulﬂle) bomd abmatlzamn\mf 196 dpha-o]eﬁerfsechmvofoabomt of to

about lowt %t etrapmers or e.oli qu oduc crrprlses
oref erabl y CIBERSHORarJB ABEMEEtian HESTReRGrmabe Rl loralihe Pt

viscosity i ndgsncibd tsk}ﬁctﬂfé)dm&huﬁ o Ral bhew &%0 oiR&! Th %hﬁ‘foh)’soﬂ‘l@e

ol i goner products wth high dinmer and/or tri msr contents typically have | ow

vi scosi ti es anmehachielpparaffitestustues are famed|aatvetrs branched chain sirussigegr ade
engi ne lubricants. On the other hand, the oligoner products with high
tetramer and/or pentanmer contents typi cal ly have higher viscosity and they

nmay be used iAn ighguferit Aiquad | foly@sphavsibfin FFodiROIiNObRIh& cdiBintligs dih&yt i on of
t he saturated hydrocarbons, such as n-paraffins, isoparaffins and

cycl opar af fi reg o coalimersimaye dfant 30 vt-Yon erchpriefonelily meee theni8Read-%y fiel d
ioni zation mass spectroscopy (FIMS). FIMS classifies saturated hydrocarbons
according to their carbon and hydrogen atons in the foll ow ng groups:

The oligomeric liquid polyalpha-olefin product may also comprise higher
oligomers (or co-oligomers) such as trimers of the starting olefins, typically about

10 to about 30 wt-% of trimers and about 0 to about 10 wt-% tetramers or higher.

The oligomeric liquid product comprises preferably C26-C50 hydrocarbons and
has a pour point below -15 °C. The viscosity index of the product is higher than
120. Particularly, the oligomer products with high dimer and/or trimer contents
typically have low viscosities and they may be used in formulations for wide-

cross grade engine lubricants.

On the other hand, the oligomer products with high tetramer and/or pentamer
contents typically have higher viscosity and they may be used in industrial oils as

well as engine oils.

The distribution of the saturated hydrocarbons, such as n-paraffins, isoparaffins
and cycloparaffins in base oils of this invention is determined by field ionization
mass spectroscopy (FIMS). FIMS classifies saturated hydrocarbons according to

their carbon and hydrogen atoms in the following groups:



----------------------------------------------------- - WD 2007/ 144473
PCT/ F12007/ 050354 20 1 C(n).H(2n+2) PARAFFINS 2 C(n). H(2n)

MONOCYCL GRORMFHaMNS3 3 C(n). H(2n-2) DI CYCLOPARAFFI NS 4 Clo)r/rribodfodhsa
TRI CYCLOPARAFFI NS 5 C(n). H(2n-6) TETRACYCLOPARAFFINS 6 C(n).H(2n-8)

PENTACYCLOPARAFFI NS. The product conprises sufficient branching and

nonocycl oparaffins to yield |l ow pour akf cl oud points, but also sufficient
linear paraffinic character to nmaintain a relatively high viscosity index.
The product may al so be used as unconventional base oil, having viscosity

i ndi ces much hi ghar c(ﬂm&m(zhm)se comonl y PARXFEINSt he i ndustry. The oligoners
according to the |2n Iﬁ exhi bit excelMERDOWCCOPARAFFINKCeS of greater

t han about 120, rIq bly greater ﬁIbQ’@L@IﬂAﬁAﬁﬁ\Ié ASTM D445) .
Typically, the VI ex ranges f o bout 140.

Typically, the oli g‘% t he present sities at 100 C
(ASTM D445) ranglﬁ ﬁ%ﬂt ut 3 mMme/s %M E re preferably
from about 4 mmR/ 8 mm¥/s. £ ‘e 2 and in the

exanpl es, the oligoners also maintain low volatility conpared to the
ol i gomers of Theepradust éomprlsqﬁesuﬁiqwnt rbrarwbmg:mé menpsyeloparaf mﬁgeneldri,qw cal ly,
pol yal pha-ol efin Fangi ng

P boa: % Hob abHiphd Bofs bl ko STpht 1Y ped RS b el il P00

viscosity: Thelaliehidhheissdsitg deddxy The @rduwhﬁlhy tah® Beoksalliak iun¥onvEhgorml | goner

of the present invention typically has a Noack volatility of bel ow about 15
W % nore phaéq el aving eisenity dedieesipuct higherrthan girasa crmanondy psadainghe

hydr ocar bon Wt of the present invention contains paraffins nore than
80 vol -% typ| caltfy nmore than 99 vol -

The oligomers according to the invention exhibit excellent viscosity indices of
greater than about 120, more preferably greater than about 130 (ASTM D445).
Typically, the viscosity index ranges from about 120 to about 140.

Typically, the oligomers of the present invention have viscosities at 100 °C
(ASTM D445) ranging from about 3 mm?s to about 10 mm?/s, more preferably

from about 4 mm?/s to about 8 mm?/s.

As demonstrated in Table 2 and in the examples, the oligomers also maintain low
volatility compared to the oligomers of the state of the art in the same viscosity
range. Typically, polyalpha-olefins of the state of the art have Noack volatility
ranging from about 2 to about 25 wt-%. The volatility is bound to the kinematic
viscosity: The lower the viscosity the higher the volatility. The oligomer of the
present invention typically has a Noack volatility of below about 15 wt-%, more

preferably below about 10 wt-%.

The branched, saturated hydrocarbon product of the present invention contains

paraffins more than 80 vol-%, typically more than 99 vol-%.
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branched, saturated hydrocarbon product of the present invention contains

cycl opar afyhirg§r/14483 Naphtenes: typical ly nononapht enes @qui20bP0s50340 W - %
and di naphtenes about 1-10 wt-% preferably the naphtenes are not

mul ticycl oparaffins. The branched, saturated hydrocarbon product contains
aromatics less than | vol- % typically2less than 0.2 vol-% according to
met hod | P-391. Base oil or base oil conponent according to the invention,
manuf actured from renewabl e sources contain 14C-i sotope, which can be used

as an evi denogefratdhed, insra®fli BdPoc@fbdnhstoBas & rahk prdiest VB cddingont ent
of the branched, saturated hydrocarbon product is 100 % based on

r adi o- car bon cyelaparaffing drep apphienes: typiradly menonephiennstabout 66 -A0 wi-bo ek year
1950. By careful,sel ection of e startin erial, reaction _conditfions,
and cat al yst zi,mapht%nespr 3%8'?& i ééltdc])f ‘Ysthé’ r @§%F‘?llg£¥g (ﬁ? g&?‘BE‘Sn%y e 518Lt roll ed.

It is al so pmgfie¢y@Mpardfins.adj ust the nol ecul ar size of the internediate

olefins in a way that the lightest diners have nore than about 26 carbon
atons in the final product. The size of the internediate olefins also has

i wence on g RSN oth BRREINOP bR, oA RONBHLEEN AL UBRS, LT Ter

and so on. The hldh car 0 end o 0 o hi gher

viscosity progugpisaldndsd bh 02019, Bebshdhg tOMOMBBIB-300, | ow viscosity
products. The resulting product conprises hydrocarbons in the |ubricating

base stock range, which can optionally be further processed. The product

Fimi shed Tubrisatli tSP diOUAER! Byt Wi IRl b SRy T

used as the gselevabRs@usdesaintain 'oLiesdpe whith cat beuskipsears buidike ofhike
resul tant hydrogenated oligoners _nmay be ,hsed in hi gh Eerfor mance functi onal
flui ds such i augbnof ithe besearikchbe tynicabr i € £antent 0hthe heansghed, aturated i cant s,

and as | ”d”SthEIih%'canUR rp%&d'?l@{ 18100 %, based on radio-carbon content compared to radio-

carbon content of air in the year 1950.

By careful selection of the starting material, reaction conditions, and catalysts, the
properties of the resulting oligomers may be controlled. It is also preferable to
adjust the molecular size of the intermediate olefins in a way that the lightest
dimers have more than about 26 carbon atoms in the final product. The size of the
intermediate olefins also has influence on the kinematic viscosity of the
oligomerised dimers, trimers and so on. The higher carbon number monomers
tend to oligomerise to higher viscosity products and low carbon number

monomers to low viscosity products.

The resulting product comprises hydrocarbons in the lubricating base stock range,
which can optionally be further processed. The product can be combined with
various additives known in the art to provide a finished lubricating oil
composition. The hydrogenated oligomers may be used as the sole base stock or
blended with other base stocks. The resultant hydrogenated oligomers may be
used in high performance functional fluids such as automotive crankcase

lubricants, various engine lubricants, and as industrial lubricants.



------------ - -------- WD 2007/ 144473 PCT/ FI 2007/ 050354 22 Advant ages The
process accor d| ng to the invention has several advantages. Wth the process,

a branchge.fud73t ed hydrocarbon product suitable for pogagadehbhsessy obt ai ned
from renewabl e sources, which can be determned fromits 14C i sotope

content. Such base oils originating from biological material have
significant environnental benefits in &rms of decreased gl obal warm ng

i npacts, reduced enissions, and a positive inpact on agriculture. A mjor
trend in passenger car engine oil usage is the extension of oil drain
intervals. Thifvanfagaged exists for |ow viscosity PAO s which exhibit |ow
Noack wvolatility in order to dimnish the loss of engine oil during use. In
the processes according to the state of the art 1-decene or 1-dodecene or

t hei r m xt ur @hegrecesoidcguimg iosthciinvknlﬁdrdmde@;alcﬁdsarithgeat %nh thé ptokessy ®act i on

m xture to r nr eact rrerlc and er. ¢ The resultlng
RS i A e S AL g sfnabtamﬁsl, “BYenat od
product is ohtalngt aﬁvée@gwﬁlcwciﬁ%ldevemqfedaf?(%tltSB“mtépe Jdierf! Qdept i s
distilled to provide PAO's of varying viscosity grades. The 4 m/s PAOis

conprised rmodabey ods drigimaing fooh belogieatreatendli havet bignifisammdsropmediatt i s

conpri sed of i tetr rrers ent aner.s. Pro rtles .of a ticular
or ate of - PAOPEPETE FEisring of Sfaed Ea BANEE sRasdn dpvred sRuriors BlE ¢ hat
product. The pbylﬁlvg% R eAdghiqucesi st of PAO 2, PAO 4, PAO 6 and PAO 8
based on C10 "al pha oPefl ns, and PAO 2.5, PAO 5, PAO 7 and PAO 9 based on
Cl2 al pha olefins. In general, higher carbon nunber of the al pha-olefin

I t | k, vol atilijt d high f ot duct .
PRO s havi ngt SMUPSRES) 1§ rat-chdnf Sngpe S bl yReeblenfom sl BEE  ana

have a Noack jnt¢plagt fﬁhh§ Ya Aedldkiské 30 1BRAviRQity PAME whict<edbiClowAdask havi ng a
viscosity of 6 MTI ZI's are typically prepared from 1-decene or a blend of

a- ol ef i ns andoleiity in ondentskdinghighithg togs of ergine pil Fuoingousednpbe prosessas  of

about - 60 C. according to the state of the art 1-decene or 1-dodecene or their mixtures are

oligomerised, followed by distillation of the reaction mixture to remove unreacted
monomeric and dimeric species. The resulting product is then hydrogenated to
saturate the oligomers and a hydrogenated product is obtained having a viscosity
of about 5 mm?/s. The product is distilled to provide PAO's of varying viscosity
grades. The 4 mm?/s PAO is comprised mostly of trimers and tetramers, while the

6 mm”/s product is comprised of trimers, tetramers, and pentamers.

Properties of a particular grade of PAO are greatly dependent on the alpha-olefin
used to make that product. The typical products consist of PAO 2, PAO 4, PAO 6
and PAO 8 based on Cyg alpha olefins, and PAO 2.5, PAO 5, PAO 7 and PAO 9
based on C; alpha olefins. In general, higher carbon number of the alpha-olefin
results in lower Noack volatility and higher pour point of the product. PAO's
having a viscosity of 4 mm?/s are typically made from 1-decene and have a Noack
volatility of 13-14 % and pour point of <-60° C. PAO's having a viscosity of 6
mm?/s are typically prepared from 1-decene or a blend of a-olefins and have a

Noack volatility of about 7.0 % and pour point of about -60° C.
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bel ow, the PAGCs produced according to the present invention have |ower or
equal Noaglo 2001/8d4f3i ti es conpared to the PAGs produced @egphelinssp the
known techniques. In addition, base oils with a |ow kinematic viscosity of
about 4 mR/s can be achi eved by the process of invention, while by the
known processes about 5 m®2/s PAO ol i go#8rs can be produced from C16

al pha-ol efins and about 4 mM2/s PI O oligoners can be produced from C16
internal olefins. Table 2. Typical properties of Goup IV and G oup VI base
oi |'s Base oilAfeRewhbinamablKVA G104, méaPKOéOg@Tth:édt Yc@ddinEOlonthe preepyber **
m¥Z/s wt-%C_ Reference 1 100 C1O0 3.9 124 13.0 -73 Reference 2 100 C10 4.10
122 13.5 <- 60nversios here over pogqe dlepck volglitis @mppeed Rehe Pé&Rseprad®e¢10: 50C12
4.15 134 9.9 - . Ref e PLO.4. .3 121 13.4.-48 . Invention,1 100 Cl16 4.3
1510.3 30 HErarioatE KR Stidd TRty badCoiln BT IE KineBghe 1o soc
12 5.00 140 6yigosityRef srindanm’/4Qan 64 3chiev?d b}‘kﬁe?r&ess‘l@f inRedtRneRERe 8y 100 C12
5.20 145 5.5 -50 Reference 9 100 Clp 4.47 123 7.5 -35 Reference 10 100 Cl16
5.33 130 8. 3 thgknowefeeesatss about1HoncisPBOsoligopeers can begprodustéfonc€162 100

@05.9 138 %l%a}@%ﬁnﬁ%ﬁg ra%gﬁte41§m{h%oPB %h%br%egs?’?an(s 'b% ﬁr%giuceﬁef”rgrrne@fg 14 100

Cl10 5.8 138
internal olefins.

Table 2. Typical properties of Group IV and Group VI base oils

Base oil Feed %* and | KV100 VI | Noack volatilityPour Point
C number** | mm?%s wt-% °C
Reference 1 100 C10 3.9 124 13.0 -73
Reference 2 100 C10 4.10 122 13.5 <-60
Reference 3 100 C10 4.0 123 13.5 -69
Reference 4 50C10:50C12 4.15 134 9.9 -60
Reference 5 PIO 4.3 121 13.4 -48
Invention 1 100 C16 4.3 121 9.3 -39
Reference 5 100 C10 5.05 135 8.9 <-56
Reference 6 50C10:50C12 5.00 140 6.4 -
Reference 7 100 C12 5.25 148 4.8 -45
Reference 8 100 C12 5.20 145 5.5 -50
Reference 9 100 C16 4.47 123 7.5 -35
Reference 10 100 C16 5.33 130 8.3 -37
Reference 11 100 C16 5.57 129 6.9 -36
Reference 12 100 C10 5.9 138 6.8 -59
Reference 13 100 C10 5.8 135 6.5 -61
Reference 14 100 C10 5.8 138 6.5 -63
Reference 15 | 50C10:50C12 5.86 143 43 -
Reference 16 100 C12 6.20 146 4.0 -42
Reference 17 100 C12 7.0 145 2.3 -43
Reference 18 PIO 5.8 132 9.2 -45
Invention 2 100 C16 6.7 139 3.7 -30
Reference 19 100:0 7.9 137 3.2 -60
Reference 20 100:0 7.8 138 3.0 -60

*=Feed % means percentage of the feed olefin in process,
**=C number means the carbon number of the feed olefin.




Ref erence 15 50C10: 50CI 2 5.86 143 4.3 - Reference 16 100 Cl2 6.20 146 4.0
-42 Reference 17 100 C12 7.0 145 2.3 -43 Reference 18 PIO 5.8 132 9.2 -45
| nventi o 6.7 139 3.7 -30 Reference 19 100:0 - 60
Ref er encgwgoﬁ%:gg@?ﬂ 138 3.0 -60 *=Feed % neans per ce"ﬁt’ng‘%"%Z’P% e feed
olefin in process, **=C nunber nmeans the carbon nunber of the feed ol efin.
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24 lInvention 1 and 2 are products obtained fromthe process described in
Exanple 4. Reference products 1 - 20 in different viscosity ranges are
commercially available PAO and Pl O base oil products. The base oil or base

oi | conponent g&@g i t i E i i iy g whi ch

| eads to a sihénl |fégna?1ﬁy2 %%@%?ggﬂgﬁsﬁédggqg@?ﬁ}e%%ﬁ %/ge;sgﬁfés&(%s?{a% Fér(l%ex

| mprover (VI IRefe@enderprodiuts 1 @01 diffesan siscysityrdngdsare {ofnercldllyiavaiabieron! y
known, that th Vél é]’E an ,gdditive, whi ch causes hi ghest anount of deposits
in vehicle dryf?ABLPIGRasenibpiofuds: saturated hydrocarbon product contains no
sul phur. Thus, in the pre-treatnent of exhaust gases, the catal ysts and
particulate filters can easily be adjusted to the sul phur-free fuel

t oget her wi t ITHelhase odtor bgseodil comporient beroedingi$o theg invdntiohyhds highr scositpnpound
according to.invention. Catalyst _poisoning is reduced and catalyst service
lifetime is dn¢sF MhiARERdp ts@oﬁl%%@gaaltly,iﬁgsgsesélegﬁgﬁhlgﬁ@rlﬁﬁéfésceﬁlry X pase of |
component i S 1RARNPLVA) o AU ASTRY SEISRP Whodi b (VABE T @LoRhRAR! irfownt OMPOUNCS
typically present 1n the conventional mneral oil based products, it may
nore safely deatubed/Il s appddidiat] whishvdaeses Miglese amiourstes! depositpmseshidlo oi |l or
oil spray.

engines.

The branched, saturated hydrocarbon product contains no sulphur. Thus, in the
pre-treatment of exhaust gases, the catalysts and particulate filters can easily be
adjusted to the sulphur-free fuel together with lubricating oil manufactured using
the hydrocarbon compound according to invention. Catalyst poisoning is reduced
and catalyst service lifetime is significantly prolonged. Also, because the base oil
or base oil component is non-toxic, contains no sulphur, nitrogen or aromatic
compounds typically present in the conventional mineral oil based products, it

may more safely be used in applications where the end user is exposed to oil or oil

spray.

The obtained base oil or base oil component contains no petroleum. Due to the
non-polar nature of the base oil, it may be blended with other hydrocarbon base
oils. Further, it is compatible with elastomers, and thus it can be used in modern

vehicle engines without modifications.

The response of the base oil or base o0il component according to the invention is
extremely high for antioxidants and pour point depressants, and thus the life time
of the lubricating oils are longer and they can be used in the colder environment

than lubricants based on the conventional base oils.



The obt ai ned base oil or base oil conponent contains no petroleum Due to
the non-polar nature of the base oil, it may be bl ended with other

hydr ocar b @48 | S. Further, it is conpatible wth glashoERbsssand thus
it can be used i n nodem vehicle engines w thout nodifications. The response

of the base oil or base oil conmponent according to the invention is
extremely high for antioxidants and pouRSpoi nt depressants, and thus the
life time of the lubricating oils are I onger and they can be used in the
col der environment than |ubricants based on the conventional base oils. WO

2007/ 144473 RGT 20 O AR5 RS ini 5aiBbANE MnN\hhock NEwPRAREEdite Crré g chai n

enhances | ow tenperature properties, such as pour point, cold filter
pl uggi ng poi suchasponr pomtetold Gligrrppgging pantanderisdoowtric propentias undsr davd hi gh

shear, or in other words, .l t enperature cranking viscosity. The.extremely
9000 | ow t emiGPCERE BIOER Eheel Trah et SobbdPe EMpdelEdSiankine siodfafey
saturat ed hydnRcaftReilPrddClondserdRgfuRti bropertiRashal@l it pORMINCNtysalth® in  the
arctic environnent. The cycloparaffins in the base oil or base oil conponent

obt ai ned by thienchedsatsatedhydracashen piodegtas haseoulen kasepdicompenent also in
nononapht ene It ...s commonly known that nononaphtenes are relatively good
base oil corrg%%?ﬁrﬁtéc g‘ﬂ\g P& Chieir 1 ow pour point and good viscosity index. In
addi tion, the nonocycloparaffinic structures in the base oil enhance

addi tive solubility. This is advant ageous since in the finished |ubricants,
several addi tihgeycloparaffinssinvthe bassi ail onase foilegompogenteabigined by diespreessant s,

st h b1 QS Ao MEACARU Y Res BOUROKLIBER B SR RRNLS

additives, friction nodiftiers, pour poin poin

denul si fi er s thatahémbptitendsiné bolitiies; gavdbak®aincbmpolidsaus toreheitiowasiued to
further enhance the performance of the product. Even though the branched,
saturat ed hydo8tandgrogvisaesty indexy I addition. the monegcloparadinig siruetHecatinr at ed

rabi 11ty 1 s HEBKER b SRR BREAYORR, i ade Bl bihee WARTEE 1\
lubricants, several additives, such as viscosity modifiers, detergents, dispersants,
rust inhibitors, anti-wear additives, antioxidants, extreme pressure additives,
friction modifiers, pour point or cloud point depressants, demulsifiers, corrosion
inhibitors, and foam inhibitors may be added to further enhance the performance

of the product.

Even though the branched, saturated hydrocarbon product is produced from
saturated and unsaturated natural fatty acids, it contains no oxygen, and thus its
hydrolytic stability is much higher than that of synthetic ester base oils. Due to the
lack of ester bonds, also the formation of acidic degradation products is
minimized. In addition, the oxidation stability of the saturated base oil or base oil
component is higher than that of ester base oil containing unsaturated fatty acid

structural units.

An additional advantage of the base oil or base oil component according to this
invention is that it fulfils the API group IV base oil specifications. Therefore it
can be used in engine oil formulations like other group IV base oils according the

same interchanging rules without need to perform new engine tests.



| ack of ester bonds, also the formation of acidic degradation products is
mnimzed. In addition, the oxidation stability of the saturated base oil or

base oi | weopReMs is higher than that of ester base oigcG@Rddiosys880
unsaturated fatty acid structural units. An additional advantage of the

base oil or base oil conponent accordi ng tothis invention is that it
fulfils the APl group |V base oil specifpPcations. Therefore it can be used
in engine oil formulations |ike other group IV base oils according the sane
i nterchanging rules without need to performnew engine tests. -----

------------ Th TuMRa4A0 HaddH finPEEfih2 MAOROIplcal BOiniebited Whrgabi ng base

oil manufacturing plants are typically integrated to crude oil refineries

or Fi scher - Trofiedties yontHisohies Tysipah synthenioplasisnprodueiag fparafinigaxaxt for feesed.

I nstead, now.,therge is need tq integrate. t manuf.act urin | apt,s of this
nvent: on'to Papiddidvedfrl Ehe mekdief Hofera i SrmERGita, BB AE e’ demand
for 1- decenanvditionttedfinetivdm Bk trabitionsl iRkt Mkerdtsy éasfrpads damkndidl 1enabl i ng
the use of higher olefins of bio-origin as new starting materials for

pol yol ef i n medeasngcandr ether ¢mde gilihapesholefing appifecdstosk apdsmefingathefuse@s ar e
remarkably | i ertotl]e%sto?%?&oﬁéigg%{%%‘ﬁéﬁ@%fn?ﬁ als H}eq({l])g)olléf?ﬁ’“ mg%\;fg?tg{:gj | es

illustrate the®process accor venti on w sone rabl e
enbodi ment s gAchdditivn, diee pHy& 68 biolkigagie rfkédsSare freiniiikiaby! lowe@ bt those Afso, the
exanpl es denonstrate the advantages of using the process of invention to
produce base sypdeic fiedh a high VI, | ow pour point, and low volatility from
al pha-ol efins from biol ogical origin. However, it is evident to a person
skilled in the art that the scope of the invention is not nmeant to be

limted to tlERrefothoainy esamplexdiiiptrae fxaprptas heddrditizaot theeinOéntnpwiah ol ef i ns
fromfatty acids Al pha-olefins were produced fromdistilled Cl16 fatty acid
feed. The al fREEJIRieTable embodiments and provide physical properties of typical products.

Also, the examples demonstrate the advantages of using the process of invention

to produce base stock with a high VI, low pour point, and low volatility from

alpha-olefins from biological origin. 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.
Examples

Example 1

Manufacture of alpha-olefins from fatty acids

Alpha-olefins were produced from distilled C16 fatty acid feed. The alpha-olefins
were prepared by feeding 200 g fatty acids together with 1.5 molar excess of C16
fatty alcohol to an autoclave under stirring to form a wax ester through
esterification reaction. Esterification took place under atmospheric pressure at a
temperature of 250 °C. Reaction time was 3 hours. No catalyst was used. Water

liberated in the reaction was purged with nitrogen flow of 6 I/h.

The obtained wax ester and hydrogen were thereafter charged to the fixed bed
hydrogenation reactor, where they were brought in contact with a copper-chromite

catalyst at 230 °C and 30 MPa pressure, forming C16 fatty alcohols. The product



were prepared by feeding 200 g fatty acids together with 1.5 nolar excess of
C 16 fatty alcohol to an autoclave under stirring to forma wax ester
through Q& slbhfdsGation reaction. Esterification took placgpHhfasoss

at nospheric pressure at a tenperature of 250 C. Reaction t| nme was é hour s
No catal yst was used. Water |liberated in the reaction was purged with
nitrogen flow of 6 Vh. The obtai ned wax 2dster and hydrogen were thereafter
charged to the fixed bed hydrogenation reactor, where they were brought in
contact with a copper-chromte catalyst at 230 C and 30 MPa pressure,

form ng C16 f@hd Xodlbgohal e Hdifd W%?V\Qcam7@&&&@%&5’&%%&3%&9@0354 21
was cooled and the liquid crude fatty alcohol was separated. A part of this
prepar ed f at tprepdredfatty alholiwesiused irsstenfidatiomt i on. The fatty al cohol

obt ai ned above was dehydrated in a flow reactor with zirconia/ganma-al unm na
catal yst, wherein zirconia was prepared from zirconium tetrachloride and
wat er on al unTia iy hiesHN GhthiA¥E abBRé taasy dEE}Fd?Qt@d fak! Yiowar&RhR! wigs fed to
a reactor kept at 300 C with weight space velocity of about 6 1/h producing
1- hexadecene. 21m¢elaégap1ma-etueﬂna1c@abﬁam@meabmnmwasmepmdé‘rm zfre@yumn

ollgorrerlsatl onerizati nof al pha-ol efins in atch
reactor 50 g 0 anﬂ‘?{é(%nglé(ie ]g ramt%fw caa{?lgfcyi Y RSP ?éeahqdnanfE
autocl ave reagtstol wadlfed ﬁﬁé ?éah’t%? &e Zp&Saedowe WillPWRigh sphd® Ivelo&t;ask%ut &he

m xture was heated to 200 hours under nitrogen atnosphere. The

pressure was szhm’rwlnamgdoh@@dme@n of the reaction was calculated to all
products other than C 16. Table 3. 1-hexadecene ol igonerization Catalyst
Beta 1 Beta 2 Y HMCM 41 C16 conversion (% 62 77 77 74 Product

di stribution Tné alffid-olefin prepared above was suitable as feed in oligomerisation.

Example 2

Oligomerization of alpha-olefins in a batch reactor

50 g of 1-hexadecene and 2 g of a catalyst were mixed in an autoclave reactor.
The catalysts used are shown in Table 3 below. The mixture was heated to 200 °C
for 24 hours under nitrogen atmosphere. The pressure was 2.0 MPa. Conversion

of the reaction was calculated to all products other than C16.

Table 3. 1-hexadecene oligomerization

Catalyst Beta 1 Beta 2 Y H-MCM-41
C16 conversion (%)
62 77 77 74
Product distribution (wt-%):
<C16 11 11 1 3
branched C16= 33 20 9 23
n-C16= 5 3 14 3
C17-C31 17 18 3 6
C32 28 39 61 42
C48 5 8 11 20
>C48 1 2 1 3




<Cl6 11 11 1 3 branched Cl16= 33 20 9 23 n-Cl6=5 3 14 3 Cl17-C31 17 18 3 6
C32 28 39 61 42 (48 5 8 11 20 >C48 1 2 1 3 WD 2007/ 144473

PCT/ F1200%i0%03R47328 The catal ysts used were Y-zeol ite gchanshi7fesoske
beta-zeolite I (TOSOH Co.) and beta-zeolite 2 (TOSCH Co.), and the

mesoporous material MCM 41 was prepared according to Catalysis Letters 36
(1996) 103. As can be seen in Table 3 aZ2Righ yield of C32 dinmer and CA8
trimer is obtained. The C16 nononer residue is nostly branched ol efin and
after hydrogenation it nmay suitably be used as a diesel fuel. Exanple 3

A i goneri zat i datulystd mgeadvda@d-ie@ﬁtaﬁmSGM%@dw@aeomas (resarwca,)fahaed bed
tubul ar reactor with 5]?@catal yst diluted with silicon carbide in ratio

1: 3. The cat dlegaszeqh%%l( SORES®pdnd te mmmoals matvial MCMadk wis prepared exanpl e
2, the alum &Jdﬁl%rqé afl}gsn%mk&&g\@géb % anount of acidic sites 150

nol /g and su SOpor es The reactor tenperature was
200 C, the pressure was 2.0 MPa and the feed rate was 10 g/h. The reaction
was followed by GC analysis., In Table 4 the conversion and the conposition

of ol i goner i 2% fasvbpsesade able Jop bighnyield of{C33) dimer and CAB ramepis ahtal Tabl e

Siroam 6 24 15 G BRI HAHR ol Gl LR Bl 6% g e, .

may suitably be used as a diesel fuel.

Example 3

Oligomerization in a fixed bed reactor

1-hexadecene was fed to a fixed bed tubular reactor with 5 g catalyst diluted with
silicon carbide in ratio 1:3. The catalyst used was mesoporous material MCM-41,
described in example 2, the aluminium content of which was 2.5 wt-%, amount of
acidic sites 150 pmol/g and surface area of mesopores >800 m’. The reactor
temperature was 200 °C, the pressure was 2.0 MPa and the feed rate was 10 g/h.
The reaction was followed by GC analysis. In Table 4 the conversion and the

composition of oligomerization product is presented at different times on stream .

Table 4. 1-hexadecene oligomerization in fixed bed reactor

TOS (h)

(time on stream) 6 24 30 48 54 72 78 96

C16 conversion (%)

78 71 68 64 61 54 52 47

Product

distribution (wt-

%):
<C16 3 2 2 1 1 1 1 1
Branched C16= 20 24 24 24 23 24 23 21
n-C16= 2 5 8 12 16 22 25 32
C17-C31 5 2 1 1 1 1 1 1
C32 43 51 51 50 49 45 44 40
C48 21 15 14 11 10 7 6 5
>C48 6 1 0 1 0 0 0 0




Product distribution (wt- oh <C16 3 2 211111 Branched Cl6= 20 24 24 24
23 24 23 21 n-Cl6=2 58 12 16 22 25 32 Cl17-C31 52 111111 C324351
51 50 49 %ﬂ@ﬁqmms 21 15 14 11 10 7 6 5 >C48 6 1 0 pleOrd?/050354
------------------------------- WO 2007/ 144473

PCT/ F12007/ 050354 29 Exanple 4 Fwdrogenatlon of oligoner product and
properties of the base oil conponent TR& oligoner product fromthe fixed
bed ol igonerization in exanple 3 was distilled to isolate the nononer
fraction, the hexadecene diner fraction and the higher oligoner portion.
The di ner andg 'bqr fractions were then hydrogenated in separate batches
at 200 C and 5 a hydrogen pressure using a heterogeneous nickel oxide

cat al yst. Thelydragenation ofradigamer praductiaadpropentics of thef bask eilsomgionent

products are summarized in Table 5. Base oils with excellent | ow Noack
volatility, pour points and good viscosity indexes were obtained. Table 5.
Properties ofTHeheligaag piodactafemr theNfxdd bed @ ligbmeRidtidn infBdnysie S Wab di ner
Cl6 >di mer Method KV100 mm/s 4.3 6.7 ASTM D445 Kv40 mm /s 20.2 37.2 ASTM
D445 VI 121 digidleddonsaipte the nmemepéﬁaﬁfeorcthe Bexadegppe Algngn fractionasidathe | i ty

Noack (wt 9 lﬁgl?er %hgo&g%orﬁgn.gf?h dimer and heavier fractions were then hydrogenated

in separate batches at 200 °C and 5 MPa hydrogen pressure using a heterogeneous
nickel oxide catalyst. The reaction time was 2 h. The properties of the obtained
products are summarized in Table 5. Base oils with excellent low Noack

volatility, pour points and good viscosity indexes were obtained.

Table 5. Properties of the base oils according to the invention

Analysis C16 dimer | C16 >dimer | Method
KV100 (mm°®/s) 4.3 6.7 ASTM D445
KV40 (mm’/s) 20.2 37.2 ASTM D445
\% ! 121 139 ASTM D2270
Pour point (°C) -39 - 30 ASTM D97
Volatility Noack (wt-%) 9.3 3.7 CECL-40-93-B

Molecular distribution (wt-% )

Aromatics <0.02 0.18 ASTM D2549
Paraffins 63.6 50.0 FI-MS
Mononaphtenes 333 36.6 FI-MS
Dinaphtenes 33 9.5 FI-MS

Other naphtenes 0.4 5.0 FI-MS




Mol ecul ar distribution (w-%) Aromatics < 0.02 0.18 ASTM D2549 Paraffins
63.6 50.0 FI-M5 Mononaphtenes 33.3 36.6 FI-M5 Dinaphtenes 3.3 9.5 FI-M
Q her naphtenes 0.4 5.0 FI-M5 ..... .......... 30 Cains 1. A process for
t he manuf acture of branched saturat edohydrocarbons, char- acterised in that
in the first step feedstock conprising at |east one fatty 5 acid is
esterified with at | east one fatty alcohol to formesters, in the sec ond
step the obtained esters are hydrogenated to fatty alcohols, in the third
step the obtained fatty al cohols are dehydrated to al pha-olefins, in the
fourth step tdigimd Pha-ol efins are oligonerised to oligoners, and in the
fifth step the oligoners are hydrogenated. 10 2. The process according to
claim1, characterised in that the fatty acid has a total carbon nunber of

8 to 26, preferably 12 to,20. 3. The ocess., accordi.ng to_cl ai 1- 2,
characteris ed-i ‘% R’ﬁ%ﬁss ffgre@g%wfa}c{ge 8? ili’&\nﬁé?de?%frrai?g] 13%6‘?"88?08% cﬁéﬁv
materials. 4. Th@eRAS&F 8f that ¢t HelfiRf step fsiétRR&oRpristmd dtbledst ond fatty
characterised in that in the first step at |east one fatty acid is

esterifyed undetcidipestenified yith it laast ongnidityalegheletopformtagtiers, af thexge320 C,

nunper of '8 to 98 b e RERRF ohey 5y Rhsglnel 0 P 0O, PR 0 RE "2y o
of claims | - 4stephBe AbtAMdds eyl dlcdHold ateNdetydeate® @ athtat@eridshen @ké er or
esters is hydrogenated to fatg al cohol or fatty _alcohols in the presence

of hydrogen at BPurérmsn tealhawlefisoragiigamerised pookigrmars.angdie i fifth of 10- 40
Mpa, in the pregenae Qlgothely 4t 2963510, cat al yst

10

2. The process according to claim 1, characterised in that the fatty acid has a

total carbon number of 8 to 26, preferably 12 to 20,

3. The process according to claims 1 - 2, characterised in that feedstock

15 originates from biological raw materials.

4. The process according to any one of claims 1 - 3, characterised in that in
the first step at least one fatty acid is esterified under 0-0.1 MPa pressure
and at a temperature of 120-320 °C, together with 1-2 molar excess of

20 fatty alcohol having total carbon number of 8 to 26, preferably 12 to 20.

5. The process according to any one of claims 1 - 4, characterised in that in
the second step the ester or esters is hydrogenated to fatty alcohol or fatty
alcohols in the presence of hydrogen at a temperature of 100-350 °C and

25 under a pressure of 10-40 MPa, in the presence of a hydrogenation catalyst

selected from copper catalysts and copper-chromite catalysts.

6. The process according to any one of claims 1 - 5, characterised in that
part of the fatty alcohols obtained in the second step are recycled to the
30 first step.




sel ected from copper catal ysts and copper-chromte catalysts. 6. The process
according to any one of clains 1 - 5, characterised in that part of the
fatty al cohols obtained in the second step are recycled to the 30 first
step. --------mmmm maaan —aa o 31---- 31 7. The process according to any
one of clainms | - 6, characterised in that in the third step fatty al cohol s
obtained in the second step are dehydrated to al pha-olefins in the presence
of a catalyst selected fromactivated alum na catalysts, ganmm-al un na
catal ysts, theta-alum na catalysts and catal ysts 5 conprising zirconium

oxi de on al um NThEHReddBccoraf toanPors SPERIS 10 6, thark@teiRed #thaflin @
t enperature of 250-400 C 8. e process according to any one of clains 1 -

7, charact eri seteithird lstep fatty alchkols obtairiedgn ke sechnd sleplaze dehoidrated b e

ol i goneri sed at tenperatyre of 25 = 10 300 undey. ressure from
about 0, 01 1o oHB-OE L terprinepta el ssfec et abfte BRI Cat ol y s
conpri si ng het eg419§8 0tEmAE-aNANAS @ataRRRY thetahiahigd catBlystt hRdyage accordi ng
to claim8, characterised in that the oligonerisa- 15 tion catalyst is an

aci di ¢ i cr opor QUBPEHNgrEEePHD PXidesarnalyEinumooxigh aindeoe eressye ®ddi ng to any
one of claims |{5nba £ 34E érgﬁgfdﬁshr@bo@ the fifth step the oligoners
d0 atahep eé]ceo a hydro-—

are hydrogenated 1n res genation catal yst selected from
pal | adi um on carbon catal ysts, nickel on 20 Kiesel guhr catal ysts and
hydr of i ni shing catal ysts, at_a tenperature, of 25- and under hydrogen

400 C, .
pressure of @ oihe progessmgeording toray gne ok skimt ¢ or/a iy actsrisad BHR 8 clains 1
s, Charact er i3agudd stohaihe iRASIGs E oREGHierfiel of RRAIENd o FROUT act ured.

25 12. The process according t'o any one o al s aracterised in
that 10 300 °C and under a pressure from about 0.01 to about 10 MPa in the pres-
ence of an oligomerisation catalyst comprising heterogeneous or homoge-

neous catalyst.

9. The process acéording to claim 8, characterised in that the oligomerisa-

15 tion catalyst is an acidic microporous or mesoporous catalyst.

10. The process according to any one of claims 1 - 9, characterised in that in
the fifth step the oligomers are hydrogenated in the presence of a hydro-
genation catalyst selected from palladium on carbon catalysts, nickel on

20 Kieselguhr catalysts and hydrofinishing catalysts, at a temperature of 25-
400 °C, and under hydrogen pressure of 0.01 - 10 MPa.

11. The process according to any one of claims 1 - 10, characterised in that
base oil or base oil component is manufactured.
25
12. The process according to any one of claims 1 - 10, characterised in that

polyalpha-olefins are manufactured.

13. A polyolefin base oil or base oil component having having carbon number
30 between 26 and 52 and the chemical structure of R'-CH(R,)-CH(Ry)-R",
wherein each of R, R", R,, and Ry, is a linear or branched alkyl group hav-




pol yal pha-ol efins are manufactured. 13. A polyolefin base oil or base oi
conponent havi ng havi ng carbon nunber 30 between 26 and 52 and the chem cal
structure of R-CH(Ra)-CH(Rb)-R', wherein each of R, R', Ra, and Rb is a

| i near or branched al kyl group hav 49----------- R
--------------- 32 ing fromabout 1 to about 28 carbon atons, and the

pol yol efin base oil or base oil conponent is obtained by a process where in
the first step feed- stock conprising at |east one fatty acid is esterified
with at | east one fatty alcohol to formesters, in the second step the

obt ai ned 1 at ty 136 EBROHESEIE8 ot B fon Aplyt, Mg B8R Boioth S8 iy Four ch

step the al phatbabebil dnipoterlis @btatiied bysefrdcessovh@o i tise fish@tepfeédie fifth
step the oligoners are hydr o%enat ed. 14. The palyolefin base oil or base oil

conponent accorstRekgomprising ahleast one Bty agidais resterifiad with atdeast epg iyt R, R',

R, and Rb IS ailddes i ARG salonalidy B BURIIAELER LE gk about 16

carbon atons. € polyolefin"base oi e oi [ conpo according to
claim 33 or 14 atedctoafattgtaboohoBdin thetthiad sieh theisbtained dhttypaicoholbateode-- 15 C and a

viscosity in- 15 dex, higher than,120. 16. A base oil qr base oil conponent
havi ng car bon F}f?é?d @e‘g&@e eg@s,ghém f?)‘?:thgﬁ?g}er?jﬂ??’é(’lﬁgni & PeBTESs accor di ng
to any one of Gl @Rlikord@rs, and in the fifth step the oligomers are hydrogenated.

14. The polyolefin base oil or base oil component according to claim 13,
10 characterised in that each of R', R", R,, and Ry, is a linear or branched al-

kyl group having from 1 to about 16 carbon atoms.

15. The polyolefin base oil or base oil component according to claim 13 or 14,
characterised in that it has a pour point below -15 °C and a viscosity in-
15 dex higher than 120.

16. A base oil or base o0il component having carbon number between 26 and

52, obtainable by the process according to any one of claims 1-12.



