WD 2007/ 144473 PCT/ F12007/ 050354 1 PROCESS FOR THE
MANUFACTURE OF BASE O L Field of the invention The
Wee@3ant473 nvention relates to a process for theCT/FI2007/050354
manuf act ure of hydrocarbons, particularly for the
manuf act ure of branched satur?ted hydr ocar bons from
renewabl e sources, and to a process for the
manuf act ure of hydrocarbons suitable for base oil and
particul arly pol yal pha-ol efins. The process conprises
anPBIESS FOR pEFaMANUFASPTURBI OB BASHPIAN ol ef i n
ol i gonerisation step and a hydrogenati on step.
Background of the invention Base oils are used for the
manuf acture of lubricating oils for autonobiles, such
as engine oils and transm ssion oils, and for
i ndustrial uses, such as greases, process oils, white
oils, and netal working oils. Lubricants are base oi

fo hbons containing typically additives to
enﬁgﬁig{?Wé??ﬁﬁpgperties for specific applications.

Among the nore conmonly used additives in |ubricant
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inhibitors, metal passivators, anti-wear agents,
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significantly to the properties of the finishe )

| uBlicpEaten plebdigdewedby gptadeftooliggmasipatiomecpand ahydrpgenation
ofSt bri cants by providing hydrocarbon base oils with

i nproved technical properties have been the subject of
research and devel opnent work in the petrol eum

industry for several years. This is because new
enBaslgroued abthsdneentiadyui re nore robust |ubricants

than those based on conventional mneral oils. In
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useful . . . . : : :
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.,
i nproved viscosity index (VI), while also show ng

wO eriteidry/, thermal and oxidative stability anBCPpBI2007/050354
poi nt equal to or better than mneral oil. These
synthetic lubricants exhibit Lower friction
characteristics and they are therefore capabl e of
i ncreasi ng nechani cal efficiency of various types of
equi pnent includi ng engi nes, transm ssions, worm gears
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3 ﬁhpmnnmra@swngbdgnnhd for high performance

| ubricants particularly requires high
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.



qual ity base oils. The American PetroleumlInstitute
(API') classifies base oils according to the
W@h@raeHues i stics shown in Table 1. A simlar PCT/FI2007/050354
classification is used also by the Association
Techni que de L' Industrie Eurogeenne des Lubrifiants
(or Technical Association of "The European Lubricants
I ndustry, ATIEL), containing also Goup VI,
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base oils are pol yal pha-olefin (PAO base oils. WO
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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 1V base oils are polyalpha-olefin (PAO) base

oils.



Table 1. APlI-classification of base oils
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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



nost conmon position is co09, like in oleic acid (C
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w@emenad4ryy have a net hyl ene-interrupted arrangReERAR0@T050354

cis- ol efinic double bonds. Conventional base oils of

bi ol ogi cal origin conprise esters and their use is

limted to specific applications, such as

refrigeration conpressor |ubricants, bio-hydraulic

oils and netal working oils. As polar conpounds, o

esobesesters fweﬂlogfr E@f@ml@ww cagiet Iteistsg Instaadebasy oilgnnsisting of

hydr o I n, hydraul i

B ESERERBoM S Sy BiEReTeRhsedieraitn Y izt base

Wi I)l'l'b PR SIB, debIREddOSRI$ -prdducindstids, Q@rroﬂllﬂg 1661 @Kifig W§SEmk Rwhen

engine oil formulations are not interc eable with

V\Dl@d@?/e].lgm&mlsPEIFﬂFBLZWWgB%@IBhsadSa@%fé@ exdergrissthat additives

A { est

o1 [eRHpR R R B8H Bk R8s OB n (T ERS: P EREr base il

panat fuythemingjoe ldaageminloe off siyhthe@e bstodsHethat Bedyedre bi@igeently more

oils are hydrolyzed eaS|I¥ produci ng aci ds, corroding

| uBHRCEHYS Hign diatt @rEtmEsral hasPils engi ne oi I s.

Further, even greater disadvantage of esters is that

additives devel oped for non-pol ar hydrocarbon base

oi The acal ndHhighf 611ea¢i1t)i' vasef oits bat ked tbabe intirddictiond of ar tumeber of

na' r djs ant a hetic esters is.that.t

Sl Syt ing i BReR b pREHEr! b SURRANrigpo of alpha-
m &%ﬁﬁé CESTINE Spol a[lﬁgﬁjliSOfustL@r‘aSQE'ﬁ{théthé BaRe o Ifay be
has led to the |ntro ction of a nunber of

po$}yléh€phﬁad ob}éfhomdga@@ds slymdqbflraftSI airlystanuch ps odbiced AICH,
|za f al 1-al kenes

P 0 yplaclag%ge% % hy LOgFT, 2&10& Ssya fﬁ S th cglgggleg ag 1n%a(§/x1dat10n

beands ﬁégrbmsiozledn aytypRaD QS%QH@OEﬂnGF@Hu@@f poceR! aldedéne is

such as BF3 or A1Cl3, typically followed by

hy#icdge e §tHng nadqrighi quyzréerﬁ 19é 1slepepsrimd Iﬁlgwreﬁs@f 1-decene with

ox

pol yarnpandBEY; ARAAE Tty LR hHRUEBl: havine o dieh yisgosity

asindbe (M anhd ﬂgwnjﬁmerp(ﬁlht PBQ}aj/phaFdeﬁlfs dredee@rieasahgke oils for

niﬁéures of 1-decene Pctenﬁ 3nd/or 1- dodecene

geNBFigNty agyyisgion utﬁés@d&r% HHGT NYI% high viscosity
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mult1cycloparafﬁns. 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



cycl oparaffins and highly saturated VHVI base oils

contain high levels of nulticycloparaffins. A certain
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CI rculating fatty al cohol w thout catalyst. The

I nDateEitlidad @nudon 66 teaty zmidnmcproﬂﬁcehﬁadmg@matseid mt that widely
100- 300 C under_a pressure of 20-40 MPa usin
c oRFEsiuE dhagedd hisdier EReRA &e@pérfaﬂg%rﬁ@#lﬂe&tnahoy@f yields, and due

I
pr f&gﬂ‘ﬁ‘frﬁgd&?&%ﬁé&%&fﬁgﬂf |ac1d%:){1) E[gel cawgsrt glglfdlf’eﬁg b Q%Fnlfaﬁf)ﬁ ¥rocess
useﬂtrrg]:ﬁ:etldem@eﬂtt@falctnhgtse in pédtodn om fzttamﬂeolaﬂm aed glycerol also
resultin

n | ower vyiel nd to. dama
ef PO Pf gndiaropanof s Ogrﬁu%ﬁﬁe%é% gyeydgducign 3@?@8&8 of glycerol.

hy g Qoe3ad 1408 dHE9§ %?&essofﬁ)r el c%hMﬁ@Jus %@&du‘bﬁoﬁ @f faty alcohols by
al cohols, in addition to fatty al cohols and gl ycerol

al the hyprqumt@nchf@llaumﬁbf anogmgoﬂatsao@ ot aitnddriegivehm a fixed-
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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



US 6, 683, 224 teaches a process for the continuous

production of fatty al cohols by the hydrogenation of
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for producing n-olefins via dehydrogenation of

750 °C. Since the dehydrogenation reaction 1s 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
I-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
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manufacturing lubricating oils from C10-C18

al PR 4i3eF56nmoudenan aliguncr spidomoprscesatwdiesdt 4 catalgsrdomprising an

prepar ed.. base exchangij a crystalline. alkali . .
et ic AP i HBERTE A | OwgtY_nl% &lﬁﬁﬂi%@ﬁ%ﬁé “gp¥Hi-igediged with
6 1P odynidNISE GRTPUWIE fhel b slhﬁcﬁﬁs heRtRAbL sl - C20 alpha-

conpound, such as rare earth metals. This process _
geolefinlfbgdstask ub tcentactnd [voih thebeligonesiridaticanchtglysfnirfdet arreaction

ampunt s of ,coke @g LB~ Furthernore, the products
ngggqFF%WFf9§gﬁgg ngqg?%Q-Fetradecene had relatively
hi gh pour points.
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.



US 5, 453,556 provides an ol igonerisation process where

a catalyst conprising an acidic solid conprising a
wW@@ap444¥8B net al oxi de, such as zirconia, nodi PCHERMM7050354

an oxyanion of a Goup VIB netal, such as tungsten, is

used. A C6 - C20 al pha- olefip feedstock is contacted

wWith the oligonerisation catalyst under a reaction

tenperature between 20 Cto 250 C. US 6, 703, 356

di scl oses conversion of higher ol efins using high

acBaseidtop the ¢9lxtval] it carebe sasolthat bewsas alnget ©rwinely aliethatiye process

open structures and havi i gh _act.i vi for

o0 bt SRR PR Saled 3 HtadfobidtenBing oy renewabie
sugdur@s s\ ZaTgh gidlitpehdt oicl ay catal ysts may al so be
used. The pol yol efins produced in accordance with the
processes have | ow viscosity, volatility, and pour

poi nt characteristics when conpared to conventiona
popigch ebithsi inv¢mfionf or med from C8 - C12 ol efins. WO

2007/ 144473 PCT/ F12007/ 050354 9 Based on the above,

it,can .be seen that .here is need for a ne

al B otV PRobEERIOH & 2p rulghlsS PR F e cpufastre of

anpraRERAGRRRIEY Y RE@IRARTront AiMcKvaneweRte. sources

suitable as high quality base oil. Cbject of the

i nvention An object of the invention is an alternative
rQc . uf act ur e of .a S a

v as et 27 AP ANEAR S dn MicrRRE SRR 08 Mg of

of biahéhedru@pdtedhy drécatboms|stédbiator\Groms DC 8ss Jikr t he
manuf acture of branched saturated hydrocarbons

suitable for Goup IV base oils. A still further
objeg: ¥ i s [
R A S R

obpmilyadpha-blefinniventi on i s a pol yal pha-ol efi n product
obt ai nabl e by the process according to the invention.
Characteristic features of the process and

POLYIPRALSY §6iEA RHRIMG En@RCR A JMhIbIh-o[ERE preNeNEBtRRable by
are provided i'n the clains. Sunmmary of the invention

Thie presendccprmgntoi thhinvehtaimes to a process for the
manuf act ure of branched

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



saturated hydrocarbons, which are suitable for base

oils or base oil conponents. In accordance with the
w@e@3aa473 nventi on, a new alternative process PEBEFReE50354

di scovered for produci ng pol yal pha-ol efins from

ol efins, and particularly froH} al pha- ol efi ns obt ai ned

from higher fatty acids, suchas Cl2 and hi gher.

Oefins are wused in this process as internedi ates for

ol i gonmer manufacturing, thereby easing the demand for

hi gllizes i cenciabiecane anaentlhedorcrpdeceoidl @lefgy npiedugtion  and

ga tbased ol efins.as feedstock. |In a pref err efj ‘<o th
en@%%ﬁoﬁ%‘het"?s EREIMIEERRLOT O FESIRTA ‘%agaﬁy% O oligometise these
2081éiAé 4844 3 b RClHFAR@AJLO 68 dprises Lt taclds Z@Saih &N @D kdhewable

raw materials for source of olefin production and )
het@iesgepeshuss alanti vegpiableopoisd sndriishegpandgys. The resulting
ca ' ' . he .0l ef i it -

7 OB e SO o Qani B P e tdichilifes and
r endligdd ®lutslagregsrtisuch as pl ant, vegetabl e, ani nal

and fish fats and oils. The resulting oligoners have
excel I ent pour point, volatility and viscosjty .

c hi?%eﬁoe?ﬁsm%gmgﬁa thegpgntiog sowrigfsithy ftﬁpsp‘?’biiéﬂrlfliﬂé%ﬁ“t step,
The (RGeS §orﬁﬁﬁ§fﬁ% ge{ﬂg'i deRistib GrahdPY SR BNesCATRE HRERcM¥step the

steps where, Int rst step, a feedstock _
coerh sicnigarfséirmgd de ifadty dlsohotsams fhorthied] step thes fagty silcohnls in turn

t he secon e he, .est.er re transforped to fatt

L Esnareeti b et R rES afahe Hhi SEPIHSP B st bR s arc
ar orRAYET foe brihall PRAdetAbIMS byl NtohhRtiA®UIHeh Sdifer t Reh a
obt ai ned al pha-ol efins are converted to branched

hydieroegenpenrsorieteegangets elggontasisntéan ersalysti el @ the fifth step the
h t ' [ Saf ] | yist
05%{91?1@?%@5?%@ EFe @@ggg%ﬂgt%&g ﬁﬂo‘d%e”&%‘é | %@' s?a[tlecgérsg ofis ‘ot base

and’1n S arned o ners
hy it ogapateacts. t o produce thernally stable base oils or
base oil conponents. A high quality hydrocarbon

product wth good | ow tenperature properties and high
Vi gclafgﬁ t%aflwd@s@r@@rm Bioduel wifh egﬁﬁwﬁ) dOW igmperatiss pegperties and
CORRh WP NRIEL RASIERC] by QMR B8R cIOLdrFriki teroat
prgger atgl e >Jgzn‘oodi ment %(% ?h?ppn)?(\:é;sg ac%or &1?%91%%11? %rga oms
i nfremthiologicsl grgsented in appended Figure 1. Figure
1.

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



In Figure 1 heated fatty acid feed 1 enters together
wth 1 - 2 nolar excess of recycled fatty al cohol 21

W@ 00an4@33 erification reactor 10 to form a waxPEBEFEN07/050354
11. The reaction is carried out at about atnospheric
pressure and 150-250 C tenper,ature wthout catalyst.
Water 12 liberated in the reaction is energed by
spraying inert gas 2, such as nitrogen. The wax ester
11 and hydrogen 3 are charged to the hydrogenation
r earst bY0-28) “Gesmpsrathies veish eoppenrclrohyigreogdrsatlde reastor discharge

f | cohol's. 21, Th
capitud Bopoufe o iRl REETALGR SE0FHkGIYSno recveled
POy drd 2907 A1RbRRA crulid fzﬁﬂﬁalé&%i 25 dmﬂﬂﬁﬁr@bmam difected to

copper-chromte catalyst. The reactor discharg

pr @ziwétatlrog reaséiIred fehmocwwetﬁta&ilarqiefme? I 4@@9@) ofzfdy alcohol
PO ARG SSugigp Yl R R TR LA i

t ooutde mbduahin@RphaRCpressudd alfld) Q8€N360 é’S:Steﬁg)etamure with zirconium
Ipha ol efins 31 and part of fatty al cohol IS
r eB¥iEF et gamPHerlwRingr Patplysl B ABRROMING OO 'F‘H"e charged to the

de is@forl RAEHE 9 I treact

at er%@ ersrgtg]0 p{r%gg%urg ?Xﬁd‘% 280* %%00%6 e%ee(?gl?%rrgawotn h1S carried

2|oanMﬂmapmmmmeﬁonl@mmnﬁﬂahmabma2dﬂfahyé60ZUﬂéCtmnpmaune

g@a ol ef ns 31 are char 4 t he di orrerl satl ON. - bl
i fﬁ‘lukf PifEre n{aﬁ%nﬁ‘f alBF 816 RS S8 PPRRTIZLAN, PEierably
' Sm@r@@éﬂ eﬂle Qéﬂalyéwa@rohéoﬁéﬁs?aﬁkiﬁ &ré %%f&r@ﬁguﬁle&pgﬂoﬂs Gnaterials,
about MPa and” 50- 200 C tenperature e required
pr meomb@rmthme@f nEdreagted nepnorgers 4 are removed from the
surrzat Liroge The catal ysts in .
o1 FESr FERb S rE e e e Pl ot R E AT Gohvine
zegf tht @fondmerd, Mol sHacseh mixinreerck edm@ﬂmmﬁrcsmérk trimers,
are renoved fromthe ol i gomer m xture and recycled to

t higtramegso g joshari bighere aig@nerao Thaf padyalplenplefingmixgpret e and

R e R

ol imgpaner 42 isThedrpgdnpaldpinathe| eédcncerok hyd@gdiZitidnctatalyst, such as

hydr en 3 are char ed to the hydr.og tion reactor 50
anaa Ll onyaactsHatti AT nEAkR o KIaET (kgL arhs: action is

fatrflgd Bﬁtea?teant%ﬁllpglfatﬁéf dr ag&RakH A0t MY BidrofiiGhe@8re of 1 - 3

[ adi um on carbon catalyst, or nickel on Kiesel guhr
CaMflay $he hfdregerasxt padynlpls- olefin pradicodit isathagged to the distillation

of 00 884 ity Eea A T3 OBt BRADGH BTy 1 imers 62

Pr st hisHerlofighiak@gd to the distillation

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.



unit 60 and it may be distilled to fractions
consisting mainly dinmers 61, triners 62 and/or higher
wW@bkiogosrs 63. Definitions Fatty acids nean cRCDBRYITI0S0354
aci ds obtained from biological raw material. The
carbon nunber of said fatty jds is higher than d,
preferably at |least C4. Saturated base oil or base
oi | conponent conprises saturated hydrocarbons.
Sat ur at ed hydrocarbons conprise paraffinic and
nabThplrthmi@ @mmmmd@sarbucywo saniateslt ihcférocméapaif plad cknown as
und 8?7 ﬁfanched or hlnear comﬁ fruct
%‘E‘ 9%8 PETSEY 7/ G588 1319Ka SRE Elm 8“ o%%uﬁ&%c ure
ar @né‘ﬂffé%l@ Satapt o6l hyer Qﬁ]@ﬁbQHﬁyd@bz&@fﬂﬁ@PWﬁr aSeveral rings
cycloparafglns Napht heni ¢ conpounds may contain one
| tigulgeyaenaaténs)( monocycl oparaf fins) or two rings
(dlcycloparaff|ns) or several rings
(multicycloparaffins). Aefins are defined herein as a
cl asgingfarcudS At haiceidasd tlphadfl Lmsiit)dﬂalt@bairplhé)mhir&wdﬂ@ons having
one or nore double bonds. These ol efins may
st P16 ghtMetsafeptly donds bhese b?lsﬂ%%@aﬁkh%u%ﬁratﬂhéfqhﬁ@ olgfigs or

ol g }1 n@ﬂal{? ehirharrl &fiddiR: n{ag}t Eer e aoJ)l_@i_ 12@21ntefrnal olefins,

Vi ny ene o |ns or mxtures-t
naﬂm&hmﬂmnmdhmcmnndmmgsﬂmﬁmﬁéﬂwpﬂeﬁsnnmnmmmmtdanxmmagtoﬂw

r ef er abl ha- olefln obt | ogi C raw
A e e G A U gl N T
t hgafdlihfser ence between the carbon nunber of the

bi ggest and the smal |l est nol ecul e, added wi th one.
Detailed description of the invention It was

hy iPoe R B et LB crong MSh RSy S G HOBREC G ppen the carbon
comﬁﬁls@rw$hmggésearﬁbﬂhalsmmes& aRMchR eddatvam @érnt ai ni ng
feedst ocks originating from renewabl e sources by

structural reformation of the feedstock conpounds to

0l BLiael EQTRANACT é AiveRMG b ol i gorerisation. A

novel process I's now provi ded produci ng saturated and
branched pol yal pha- ol efi n hydrocarbons ori gi nati ng

fronvel afrpisng@btraimiethaf samtaict ind Behélied BidedRFRALYsuitable 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



from higher fatty acids, such as at |least Cl2 fatty

acids. The feedstock is converted to ol efins by
waelewanpary| ati on, or hydrogenated to paraffi nSPE@I/FI007/050354

subsequent dehydrogenation of the paraffin to the

olefin. Preferably, feedstoché S converted to fatty

al cohols with chain length according to the carbon

nunber of the fatty acid feedstock, and is further

dehydrated to al pha-olefins. Preferably renewable raw

rrabl@m@ldélydfocmh@lnd@'se ails, owhegfrim thar eigowesdisftom gloelelors igfcarried

lefi.n roduct efins are [
hygllilt 018 é[hg Preeaericg gla &H)&(%ew% -}1)3%&(2&?1}%{)118 §1gomer1sai9t1on cagalyst
PCHEk 2610 7h 8@ 38k oud dcibicamehesbrbydsomasdporouRastilyid sre used.

wherein the ollgonerlsatlon of olefins is carried out
i nThneespltias @abelrbp-odeshgye aseslisnioroun epit.ogdHdbyignd viscosity

ol &Iga?&% B én%f‘ad%lﬁk%'s%ﬁfmll%gk i.fgP! y, heterogeneous

I C m Cropaorous us catalysts are used.
The resul ting pol yal pha-ol efi ns have excel | ent pour
point, volatility and viscosity characterlstlcs and

iy p%e%r«‘%mngttg; Uy igpRionEseMPriRes tb? sleas wheice By f higst step
t Ofe%ﬁ&oé@‘égﬂl#)ggﬁgt A aktS %ﬁet&?b(ﬁctyﬁgs adid E)Fe*ferhﬂyt P&y acid is

first step conpri si ng-at one
c aedaiddi witlaet ldast pnefaztty&bd:qhot at the scomtl $tsp tlesib&nme‘dl @stbrs are

t | east h
¢ hioesar oo BTE Aot Bt uishaPedht T PaERghSE IR wm ar
al gahataed kd alfhg- &&ﬁﬂsd 11§ ttﬁ@ fhiren st bhe%&&’ih@dl SUAHA-SISEM are

are “dehydrated to al pha-olefins, in the fourth step
thehgsmeansﬁ@dwalbmgheﬂ dfyidrrsathoas bﬂ | ormelng elfemo either with a
nched ns cont acti n h.a
‘8%%638%‘}5/ Or "ﬁeéf’%er“c?&‘é AN Sa%" w%aFE;l% at Hbcfw t@?\ff{h fep the
ané‘hgdﬂndrb erdductd afd Bpdrbhateal 109?[(156{1& ﬂfeﬁﬁ&l@ﬁ@taﬁleebase oils or
hydrogenated to produce thermal stabl e base oils or

bab@e@illlcoemﬁpeﬁerpagwubalwmoe@llqulefm yal pha- ol ef i ns.
Feedstock The feedstock conprises at |east one fatty
acid or a mxture of fatty acids. The feedstock

pr Béaksedeky origi nates from bi ol ogical raw materials
such as plant, vegetable, animal and fish oils and

fats, which also may originate fromcircul ated and
us &k ff@é@roek remprgpsfaadenshaer EdAcher 8rBixtuR 0E Aty agids. The

or SRRGEE oL b es Y MRICRKER R, HRLRERATR enpton
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



art to obtain fatty acids useful as the feedstock,
such as hydrolysis through high pressure fat

waplortia44myy, distillation and fractionati on. FapClFROG7(S0354
useful as feedstock have a total carbon nunber of 8 to
26, preferably 12 to 20 and E@rtlcularly preferably
12 to 18. Both saturated and unsaturated fatty acids
may be used. These fatty acids nmay be strai ght chain

or branched chain fatty acids. The oligoners may be
rrauhetehabm avedi asgnlextlfrai @@/C & ([l 6 IC 18y amd/or Qt%t@@l&faﬁﬁ agads in

C16..f at t
"t b propetiohY GRRL Ry, Bherf RN G o aiisd Tl Rias. naving
PGhiofel 2@ 7480 384carBsh BRINGS hidl prefsredCdligonserivhtidnl pR7IuOE and
C 14, C 16, C 18, and/or C 12 to C 18 fatty acids in
anpossess prsiodli ohatilice mad afiscpsityd hasacieristiss fBredcarpenumber of the
e
n&%{e??)qufﬁ{ & i)regg%?@fbeeg\?ée@ %Ian 2 c{n@a : @28%?%%@3 between 26
anghd flossess good volatility and V|scosity
characteristics. The carbon nunber of the diner
product is preferably between 16 and 52, particularly
prpfsleabl y between 26 and 50. Process The process
accorglng to the invention conprises five steps. In
the first step of the process a feedstock conprising
at ] east one f heated a ter
£ oBht Rareatrranito Myl CaLBsR TReSon o PEfEy sep of the
al 5Rh&ks Naingclt Qbﬁ rlglﬁgbd@'leasﬂ %H@%‘[t}pfamﬁ K hedfd and esterified
preferably from1l 2 obt ai ned fromthe subsequent

hy@gehenatthoh —s2 @plame@e%Seaﬁtegvcls@'sitéfrrﬂhcoh(ﬂdramr@ iggat carbon
of MGher 1 RCR 76 BLFR Trorh ST B2 GRtE o 5 2 equent

12Ry fegn@tiopsebehabkaacis Qy@téﬁ}i l@ foy¥at £ l’wa|x| Qe atrhe ekrification
the esterification reaction is energed by spraying

i niakes plase usdeoressursi ofr G§dnMPrnvithat decagistsat e%temrr@rature of
wa 3 ef

SRR P2 A R, B BARRRl fbacron
pr 8sentgddy @roat@ingsteasshd@cisadiroganom copper catal ysts
and copper-chromte catal ysts and hydrogen at a
tenperature of 100-350 C, preferably 150-250 C and

unﬂlefhease%rﬁls§t%%eo$va}%st%p I %'iﬁtélte(y? RUiydoMR&ed in a
to obtain fatt al cohol s The reactor arge

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



product is cooled and separated into recycled hydrogen
and |iquid crude fatty alcohol. Part of the fatty
W@b@ohel473 s recycled to the previous esterifi ce@T/BR007/050354

reaction step. In the third step al pha-olefins are

produced fromthe obtained f dy al cohol s by an

endot herm ¢ dehydration reaction. The fatty al cohols

obtained in the second step are dehydrated to

al pha-olefins in a reactor under a pressure of 0-10,

pr &F & tiblpyesece-a0catl ydPaclaeied fpmeactizatpé phiminecasilysts, gamma-
400 C t era ure, .preferapl 80-330 WO .. . .

2oty SRR RIS B 8l R I EARER o Mibrariing, airggnim

a gdtiaby Sf[un%ﬁhﬁ@ beide f Preforasty tneada@dyﬁllymmlmb@idy ShSgamma-

gamma- al um na catal ysts, theta-al um na catal ysts and

c atlymjrsy The ahysning icaglysisraen ﬁ@dﬁw@kliycr@nmﬁlsalaM ifngipds or alkali

oxj de. f.er [
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conpithsea dhichlreacnmt@l ssfiogd Bddk@hdtor, pagfefablyed diked bed reactor. In

order_to_increase the yjield of alpha-olefin

deﬂi‘;?d"rxﬁti DBt 15261QE flk?rllqlﬁl%h‘é‘%r{wcw%%%%\@t%P 507 g of liquid
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f|xe ctor I qui y space vel
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preferably 0.5- i. The product of the third step is

wa%ﬁ&?%’§¥ﬂH%§§%@PF% with the carbon nunber according

to the chain length distribution of the fatty al coho

f epdat @6lkith 4t Iﬂé%lﬁlﬁl«ﬂléﬁhss&f@ﬁnéchﬁ thé BhifRt é@éﬁiﬂe I3)5’151g0mer1sed in a
obtained in the third step are oneri sed

r eEPeEtor aht r@afrtmctwmrawmﬁr%i @n@(b 8f a@sp@ma@aﬁﬂdmo °C and

o ShRF ST IR LAl o RSP ST 001 o

abgbtut 2 NWBaI in thee ppsesenot @f oAgornérisgOome rdasdyst Ofbmprising a
catal yst conprjsing a heterogeneous or honbgeneous
c alﬂf‘ény’g?neO% ar heregeneersatd et EhergguEc Pyt Haxpe mgintained

g\% 1n&@5%a9 oﬁés%ﬂﬁke&i%‘h' (f)?efelr% %t"ﬁbhﬁfroﬁ%ﬁ hH%hlre %B erization

er ol meri zati on ratures typic oduce

t hammvmrewt@maﬂymyocbﬂce gmﬁBWepvmchsayS)hghthpﬂoduﬂs while lower
eratures tend to uce the h| her. vi s¢osi o

pr@ pethlireind 1o Ry ﬂggw vgicost h@owqt@i@@ﬁ %¥ Sttty of

Wik QRiReREr UpRRudthavilienReER UnSoriSBE idnfdure used in the

oli goneri zati on process.
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



The ol igonerization reaction may be carried out in a
slurry reactor with the catalyst |oading varying from
WQ2W7ne4415 W - % of the reaction mxture. A | OWRECT/FI2007/050354
catal yst charge nmay cause |longer reaction tinmes and a
hi gher catal yst charge may bg uneconom cal to run,
causing filter plugging during the catal yst renoval
step. Preferably, the catalyst charge is about 0.2
w-%to about 10 wt-% Typical reaction tinmes are
f r smpatsdwes 06l tao haglsut cal@dgsthobarge prosfae afﬁtlsbﬁr f reagtion rates.
ab 1to abou 50 ho he
7t thesnt B e Y e in s R R g dicia R e PR Gaatvst
am)unt of catalyst used in the process. Cenerally,
er reaction WD 2007/ 144473 PCT/ F12007/.050354 16
%’p@@ lagameszatiprireacinymay atﬁatbalcylgted@warnge figedshest wactor where

faﬁl t aﬁﬁ?&tlhgal%u taogree%tru?lé%f {or Ha g’#l%ﬁed ih 'l%&ﬁ?#e@&or heated to

I'Si'S O renov
c ati at:gnstble teﬂiberaﬂird: gﬁ ﬁEﬁ’)ded died Wperc@ﬂmnbﬁnthe&edahe}obéamtroduced
carrjed out in a fi bed reactor ere the cataly

i 524 frorp appw0- log/g&ftcatabfétéh 1OraAURAY) gtga%fk:éelwha“@mﬂéwes are
ngs&oﬁ 2@% o?ctafa@yst/ﬁt tﬁ ga%'foﬁ@ bh &/ %a%/ %gggtlra Uﬁ eFur't}%nﬁofce ¥&used

t ype operati on roduc
fr crmtla:h(may be fleugédy IDthecatadysy st ddedt © gabyJ ok Bargllagomﬂurmg the

cat al yst/ eferred fromO. 2. g/ o
cateaf%t TipobShebtet By et upe gLer At AifPRg o8 °C or
t hgiosed catalyst may be reused. If the catalyst is
ageg by coke formation during the reaction, it
rray be regenerat ed by heat treat rrent inair or in
ﬁ'g ro q l%ft ¢ I%IS 1%)[ 1r0 oroo eneoe orous catalyst
ca é%‘%%S’P?S%% ST AR 8¢ 66}18 POOr e d8par 3
Cain@ie)h%l suifiblee fdrablefitli dli@bhRrikaionOPedtembly the catalyst material is
ol i gonerization. Preferably the catal yst material is
se$“g?.qt@d fropomehRPSEN B BalsTiat etdlisgssandz@ibtties ghegaef, particularly

ﬁfe“ il g%ﬁ}é&%wﬁ%ﬁé@“' arly preferably nmesoporous

croporous naterials can be zeolites
havi ng the pores above 0.5 nmdi aneter, havi ng a

speci fic surface, area between 200- 600 nQ/
of V@igPgioRs MRt can b gt Privaug ¢ rﬁpéw e i r%rl@dilameter

L3 ;ﬁl)\é'c‘flﬁc %ﬁ\«%é@rea%%e%g 205%%@2/ gf e’of zeohtes useful

nmordenite, zeo Y, and zeolite Beta
zer.ml tlteelsre&me 1hwng'en pm:lede ZSH-3t €§M-|éarZISM+]BaZSM 20 ZSM-38,

%f/{ g(g mar erv I tFeeo ite Q th ze%lii?eulgetngrletae{a%?y, %g(glﬁes are large pore
zeohtes, 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



beta-zeolites. In addition, |ayered zeolites with pore
openi ngs fornmed by 10- nenbered oxygen rings may al so
wheooased73 n t he present invention. Exanpl es of PCHERM7/050354
zeolites include MCM 36, MCM 22, MCM 49 and MCM 56.
Mesoporous catal yst material s £an be anor phous
materials with regularly ar r]anged uni f orm nmesopor es
(2 nmto 50 nmin dianmeter). Mesoporous catal yst
materials can also have irregul ar mesoporous o
erﬁMdrlk Afrhegmmmeofsrﬁl&ia&idzc Beropaes amerialsoveth3 @gegular
{n%so e qnge Itéo S a1c ) aSﬁgo 25 on(?&ser { 1% can also
Wi Pr"éédfl ﬁraﬁ%‘iﬂj LYo gl T AYPObEtUREE A
t hpe RIi@is Ny, ARCRRAhpRIBF |a&@id&@&s‘6@cﬁ@1@ﬁfoﬁﬂfﬂ&?lﬁ)mte
PCT/ F12007/ 050354 17 MCM41.” An exanpl e of the acidic
mesoporous materials with i rregul ar nesopores
n
na?ié% ?eg[ﬁlygtg%w;f@%%ng ih! ?& éiléﬂ gﬁle %ﬁ&exa e%lpl% 9¢+®er‘[ed to the
acpiah fr@aybyi Sariak G:thﬁnlﬂibﬁzﬂrl’ﬁdSthbdlsO]nkd ﬁnm’dihﬁtnc finadx¢Bigze and
are typically in proton form The catal ysts can be
co?ﬁ}@fl%téal ©b acte WashiBgorl b o‘faﬁ%lws VB 378 eURRESt 7 offatier for

gféq§mg'tﬁ%em [ Ly 1H§rt iy %ﬁ %rﬂ% th&ﬁ{a&‘h‘ﬁ%t RO cB¥ier is

acl i ng e cata nprise a
catylploalrlyfamr mqrgmnceamdeglikdnalurmmhamn gifica S])Eﬁ%]rdlbljzytham}ilrrler is
formability of the materials. The carrier is

typreEtdy an inorganic oxide like alunmina or silica,
preferably the carrier is alum na. A so honpbgeneous
cationic catal ysts, such as BF3 or A1C13 may be used

i nAishehormg'egmv@rdas’amip matad»fstsalsmiaas)BEﬁ onlChtmay be used in the

erat ures
or SRS Rsiaa A o 6Bt R EUERRY st 13 st by it a0-s0
whtcht Cs%ﬁeﬁ@a‘tﬁ@t@&[s@ta%@hd Qas rdgénéra BN A BAL Gﬂzhlan@hn be separated
regenerated for reuse. Unreacted nononers are

t ypastulfiop progpsiand regspenied for icgsrer ni xture, suitably

by distillation and they may be recycled or reused in

the oligonerisation step. After renoving of the
novareated ndaonexaamp! t@plbylbs tanhgfet] fghm tteologdny@ maixture, suitably

ur e con‘prlses di rs, trlmsrs tetr msrs and
otﬁéﬂl%ﬂaﬁﬁ@} apg {heyrars DEfrogyreds P Fausyn ficegligomyyisation step.

ol g?tbpre%(}glﬁg &t thpﬁ%%ﬁiepsg @ exh: led@ﬁéthggl gpﬂ% o Ilnglnmlxture

of the polyal pha- ol efins, certain “pol I ns,

s ucdmp@sseslidmeers, trayerb,etepamf:srareldothﬁdhlgheyolmgyners 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



be isolated through distillation. In this case the
product conprises nainly the dimer product. Under
WO b@70444g0eri sati on conditions al nost all of P¢EFREEND50354
nononers are converted to branched nonomer conpounds,
whi ch after subsequent hydrogenati on may be used as
di esel fuel conponents, thus gfving nore econom ¢
val ue for the process of invention. In the fifth step
the oligonmers obtained in the fourth step are
hyedr Sgesaleubd citalysts, traotbér knedvolyetafiiioing satetysts. Hyidmgenation
con tiona dr o enatlo nmet hod LA.th resence
s afp i BRI B B R st mon BB Er Bierany
C aﬁ@keAS@ﬁs Kttt cMQyEQ Oafé 1A4HH 48 tdnfiplortd0 O¥d Rl 938 150L8C 1o

on Kleselguhr catal ysts, or other known hydroflnlshln% .
cafbguy30¢°C m@pw@lﬂaﬁ 0B garbep alityisoa denprepiyERs from about 100 °C

t e{Bpaeorogg?ﬁ(FSC (ﬁl ‘Jo'ﬂ?@aséﬁgese%e% uﬁegsﬁre &oeﬂ)to f" 8 81 (1:0 aboué 10, MPa,

Prefer ni-ckel catal ysts are use

tep@ﬁﬂﬂﬂyﬂeswﬁhﬂﬁmﬁbmdl 150 C to about 200 C and

pal | adi um on carbon catal yst at tenperatures from

about 100 C to about 200 C. In both cases hydrogen

pr about 0.01 to about 10 MPa, preferably

1-%ﬁ§ggﬁrgﬁapplled The product The process according

to the present invention provides a product, where the

ChEHé (pﬁdceset E¢t©td1f1g t@fthé lpﬁesbxytdfnﬁgﬁnmt gdvidiesrar pioduct, where the
wherein each of R, R', Ra, and

Rbclieém% sgp%we ‘&ﬁ%%‘bydfwﬁé dimgfisabout 1 to about 28

carbon atons, typically from1 to about 16 carbon

at gEe(RH& Iif’g)’ R"gm%lﬂ@éfclp%f qi't Rer pl i IRAR, G5 an alkyl group
branched. Preferab y the total ‘carbon nunber of the

pr aueg ﬁroangb@ltb]ettmbﬂutlﬁ aaos 2fompartypicalardiomn 1 to about 16

f bl 26 d 5 kill t
D SiBoh Ry ShORA% Sl Py Bk iemBndap oF Dol Brletply the
di f50dl ca@borC QuilibBE lof Whé | prB&udt Wakgest P@wleHTher anf SQarpEﬁf&ularly
atons in the starti ng@rmnorrer or nononers or their

supiclarehly betwsan 286nd S0he processes of the state of the
art provide oligoneric products, where the chem ca

STHYELHNIEL af th ht \bﬁpfeg(ggqﬂi’aet &k tﬂb i8tht ﬁlﬁnk?e'r tolf' €irbons 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(Ry)-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).



A) R -CH(CH3)-R' when produced by cationic
ol i goneri zation using traditional carbocation

wore@®han43in wherein R and R' is an al kyl gr oupCHBERDITYS0354

fromabout 7 to about 27 carbon atons (US 4,282, 392);

or B) R-CH(Ra)-(CH2)z CH(Rb)dR when obt ai ned by

crystalline acidic catalyst, “wherein each of R, R,

Ra, and Rb is an al kyl group having fromabout 1 to

about 28 carbon atons, typically from1 to about 16

calbosirestonsy) lmﬁd!ligh par groint nf egeemerfs rod prion umbert b2 or above

about 1 356 . WO 2007/ 144473 .

PP RS0 d P B Bs Meie Dep iy kA Shepotniyepeiore lower

point if nononmers of carbon nunber 12 or above are

used. The structurquaels nore branched, and the pour

polnntrhe iP§oqehieResPHRE 1 preserrtrrnreﬁléwp e ediel, a@é@r(ﬂrgﬁgletléaﬂon
gatﬁkgtr ?f;&é s:c{_)&ﬁﬁgtt} g 1§0Qfer1§?t1l‘r £ tﬁgl g%lﬁ ol%ﬁn %ed to form sort of

| smrrmnalzﬂéﬁmnlméhgdnfenahmhﬁﬂleIferﬁmeral 1f1een'h1 olefine forns tictbeaéficial
|nternal olefins. In oligonerization the forned

| nbrapehed Hiushirds whishning ke deadetq é%rpoubmsw&%ela addition, some
gll BES cﬁ)paf’é(@ﬁﬁib sirlethidb ? elf%ﬁg d & L QVa PR CHRA MR strbures.

t some nonocyc opara finic structures are
forned as wel | as branched chain structures An

conflanenerti v PaiiipPORR b ondsprd soag e gmers
anﬁ’nc%ﬁfo%ﬁ*@ﬁ\’m%&ﬁaﬂ SR80 an P@fer%‘l? Rdrk URNEI0 6t-%.

| i qui d polyal pha-ol efin product may al so conprise
hi gher ol igonmers (or co- ollgoners) such as trlners of

th rting ol.ef.i,n

wt To8 oftiopitfier Ll aPawbihERy dRaH relcddh RERIRkiE eher
Or ol @S (or cbhRigdhicBY RBEH £ thihed 6F the SdHfHy JOMRL hpaslly about
preferably C26-C50 hydrocarbons and has a poi nt
bel &0 abpst &) Wirfieol/irigessindabort@ o drout h%wﬁ/egﬁar@mer%or higher.
hi gher than 120. Particularly, the oligonmer products
with high dinmer and/or trinmer contents typically have
| oWhe bEg@Bérid BQularpiodewycoﬂipMsdseer&mﬁH E26€(E5rmhyiirbmbons and
fo wi de- cross grade i ne lubrican On the oth

2 PR ROIIRS, cfgu SRS HGR 4 b BrAHC iR dy e than

pe [‘ﬁ(}"‘l rf%ﬂlcu@aqw % §11 ()ﬂ?ér bhﬂct{‘ a)ftﬁ Iﬂgﬁ Iaﬁﬁervérﬁﬁﬁsﬂrﬁﬂer %Hten‘[s

they may be used |n I nd tr| Is”as well as engine
oi 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:



The distribution of the saturated hydrocarbons, such

as n-paraffins, isoparaffins and cycloparaffins in
Wha®e/16i4rs of this invention is determ ned by PCBFE007/050354

ionization mass spectroscopy (FIMS). FIMS classifies

saturated hydrocarbons accordjhg to their carbon and

hydrogen atons in the foll owng groups: WO 2007/ 144473

PCT/ F12007/ 050354 20 1 C(n).H(2n+2) PARAFFINS 2

C(n). H(2n) MONOCYCLOPARAFFINS 3 C(n).H(2n-2)

DI CYCLOPARAFE(NS 2 C(n) . H( 2n-RBARARFOVEL OPARAFFI NS 5

C( n) . H(2r=@). HTEHRACYCL OPARAFRVIRBNO6 Y CLIOP. AR RRF IS

PENTACYELCRWARARERNS. The pr oddilY COOPARIEFINGS f i ci ent

br anchi mgj@m,g{(mnpcycl opar af megjs_t@L@Pg!ngflqus pour

and cl ogdc@@HMSe) but al so suffTRAeVCIlOMERAFFINS

bar af f | gi cnyRREAg] er 1o Ml nt@iNTACyq @FAKREYINGON

Vi scosity X. The product may al so be used as

uncpnventional . base..oil ., havi.ng viscosity indices .

i g Piesise REugRohmBiiDe b BORRL I P S vigid low

Thgoe!an@ QRIS AAEBudlaRG stificidhe linbatqaakd MAicekBiabick to maintain a

excel l ent viscosity indices of greater than about )

126 atiyslyehigh efsspsibi de eldieatrodusa maynyer ba geed( srgmypnventional

OXA8 o, HPRESH Dt AL SRR SO 1

t hindpstesent invention have viscosities at 100 C (ASTM
D445) ranging fromabout 3 m2/s to about 10 mm®/s,
nore preferably fromabout 4 nmR/s to about 8 mm®/s.

ASTHI@ %HE@ﬁlééta%gorjdﬁl Tt%.b‘éh@l iBvaiidn| &hiﬂ?@eﬁ%ﬁgfﬁl ﬁ&o(sjitt)? gndices of

ol igoners also maintain low volatility conpare
t hgrealer omeateounl2@,heost @terafly khwatearthan abdutd 36 S TM D445).

ot Bt e SRy B e roBabh Po Shingiy 't rom
about 2 to about 25 wt-% The volatility is bound to

the kinematic viscosity: The |lower the viscosity the
hi §heicaltynehe giligoiirst 9f theh graseitgimnentiont havee vispeséigasnat 100 °C

gggﬁ* l{fggéé% %r?ﬁ%é grolﬂlagbo%t I§]onalﬁllg/ s148 la%gliltl i(} lest, kIJneolrg Vﬁ’referably

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-%.



preferably bel ow about 10 wt-% The branched,

saturated hydrocarbon product of the present invention
wW@onwrai4ass paraffins nore than 80 vol -% typi ceCT/FI20a5/0850354

than 99 vol -% WO 2007/ 144473 PCT/ F12007/ 050354 21

The branched, saturated hydrogarbon product of the

present invention contains g@cloparaffins i.e.

napht enes: typically nononapht enes about 10 - 40 wt-%

and di naphtenes about 1-10 wt-% preferably the

napht brrashed samoticd hydrocapen ppeduat b b prEbat bnemdihe dontains

satu at ed..hydroca roduct cont ai ns . ar tics SS

¢ nai Gt 5 GPBRAG: RYFRHE, nERE S TR0 1eES b §ig anc

t odideptiets! Patdd. Base @t-ho,0r pR&ESELIPI | theONRYPMeIHes are  not

according to the invention, manufactured from

r emeliigFlepasliinées contain 14C-isotope, which can be

used as an evidence of the bio origin of the base

oil. The typical 14C content of the branched,

sathy ataadhedhyﬂnmoalrmqarmmmbdﬂus ch@in¥ardastad 1es3 than 1 vol-

radi o- carbon content conpared to radio- carbon content

of 7eaxP1GaHytlens thasd}?2 Yols' acpgrdmgrtempthadeiPattli on of t he

starting material, reaction conditions, and catal ysts,

the properties of the resulting oligoners may be

coBtgeodil @d.basa oils:oaipsnemraef:@ﬂa@ ® tho inechtios] niahefactured from

nol ecul ar size of t.hey rned e olefing in a g?z

ce of the

t hat “th eISPbrﬁ?Se%‘Emalal ‘H’&vg r‘@ntﬁ?a‘f?e B 2

CapB08Yigh WIBthb rbats@ Qilf 'T’Pl@l tyﬁlcﬁ.’ld et contbi S &8 ‘&Enéh'%@ saturated
intermedi ate olefins also has influence on the

ki elregaronyirodesiis Y0 o, thsed ail iadonesrbareehngiinteprpared to radio-
triners a i@her carbon nunber nononers
teﬁ%EW%u%V?%8§%' %wpgth§EEr vi scosity products and

| ow carbon nunber rnonomers to |ow viscosity products.

The resul ting product conprises hydrocarbons in the

| uBv icergful nglepiaaeoidhe srtingrigaerialwispettpnceondisions.cwg I cpiphyses, the
fu u e

| epfeheBRe St TRl SELBERALY! eyt
fi adjsheate Inudledutat dimgodite inc@mpdsic bl@ﬁns Tihe way that the lightest

hydr ogenat ed ol rs_may. be ed h ol e base.
y ? EVGBP@H&II&_@% 09?%?%@% ﬁ%@]é 1%31?&5&513%4@“ The Size of the

r eﬁl%l‘ﬁl%ﬂfateh%@é’fﬁlgeﬂﬁg eRasOlih ARBE Sorf e DEnematic 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.



used in high performance functional fluids such as
autonotive crankcase |ubricants, various engine

WO ewriieams s, and as industrial |ubricants. WO PCT/FI2007/050354
2007/ 144473 PCT/ F12007/ 050354 22 Advantages The
process according to the |nve£§|on has severa
advantages. Wth the process,”a branched, saturated
hydr ocar bon product suitable for base oil is obtained
from renewabl e sources, which can be determ ned from
i t ddvai@agesot ope content. Such base oils originating
from bi ol ogi cal material have significant

en ronnental benefits in terns of creasegggq?$

R PIgacardine (R HIGd B AT S83 iyeral & V&n@g% ith fhggrocess, a
i ”P[%ﬁéhe@n sﬁ%a'té%luh)}di‘é@arbo‘h Bﬁidﬁét hﬁﬁﬁl‘é fof‘ bﬁé?eS aRNYbtat¥d from
engine oi| usage 1s the extension of drain

i nteewabls sodtees whachh ezedbeedi:tsmncd) fromows viCstsot@pc YOIRAD. sSuch

h? exhi bi t iom%hba r f Lo tal
di AR %1 PR 3%s "o eri%li’%léa Pia e&’& hﬁﬁe @1 igapt cgpgironmenta
Pr BERE&EH (eRGCON dbcR@sddOglbhd vedrigy PhpacRerdibedleBEBAE and a
or 1-dodecene or their m xtures are oligonerised,

f PPt NPyCidinsagricplieeon of the reaction mixture to
remove unreacted nononeric and dineric species. The
resulting product is then hydrogenated to saturate

t ha @hjogareadsinapdsaghy dirogeiat o pagd uc thei sxtabica aedil drain
havi ng a vi scosi t of about 5 mm®/s. The prod

di WisrValedl s prsed geisieAer beﬂse‘%w. PAOVI whish .eﬂ;ﬂ%lt low Noack
gr f

Sr 8 e TR PRI Sy SRR AL Bt
of adcoidmeg $Q theestanedr the and- @emaameﬂsiod&reopmrtthes naifktuges are

articula are eat | de endent on th
B phetbiBr o eboy gO o R et R a0 B Edreacted
prfﬁ@ﬁ&ﬁl@ﬂ@ QRS idfherdf spARRs2The @Quﬂm ;ﬁ@d@ct i8MEePAAr8genated to
based onCioapaoefins E 5, PAO 5, %)

anghtiRA© t9e obgeraersand @1@@@11@&6@ pedduaisis qbtﬂ“@@n@’vmg a viscosity

g SRR o TSRS BT AT g bscosts
pr gidu@st ThE’A(ﬂlﬁlz/s PAO REothpYisSC OBkl oOkinfbrd iR Btrémhers, while the
g a% made from 1-decene and have a Noack
VO /3 pripdiedt i) grmprisogl o Hipeysrtelsaners, Al pengpes. PAO s
having a viscosity of 6 nun2/s are typically prepared
from 1-decene or a blend of a-olefins and have a
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 C 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 I-decene or a blend of a-olefins and have a

Noack volatility of about 7.0 % and pour point of about -60° C.



Noack volatility of about 7.0 % and pour point of
about -60 C. WD 2007/ 144473 PCT/ F12007/ 050354 23 As

WG bwAn444m Tabl e 2 bel ow, the PAGCs produced accPCHFREO7050354
the present invention have |ower or equal Noack
volatilities conpared to the Gs produced according
to the known techniques. In dition, base oils wth a
| ow ki nematic viscosity of about 4 nmmR/s can be
achi eved by the process of invention, while by the
knéwrshoroc e JebleaB obtlos, rﬁhtﬁQ/Pg\@mmaiubqb rmee@dimgntopghe present

d d f Cl 6 | - d ab
o1 My HErs iy e o SRk RSB B SRR i PRyl iced
Tahdcerding 1y BeClalowh! RPEAiE &S IPhddHiOkPbakd o8 AvifE ®Udw Winematic

base oils ase oil Feed % and KV100 VI Noack vol atili
ouYisEsityiof aboy dnay Ascambe ashigyed/byCthediregess ebinyenigm, @hde by

3. . .

2 B adpdinRes s BRLPEAG: BARiR R 48 v RpditeR fom C16
50&1@5)91 BRELR ahd LbolB4 hn¥/s BOedlagornee can PeOprbddcdR from C16
13.4 -48 |Jnvention | 100 Cl16 4.3 121 9.3 -39
of BigRlOldiN00 O O 5.05 135 8.9 <-56 Reference 6
50C10: 50C12 5.00 140 6.4 - eference 7 100 Cl2 5.25 148
4.8 -45 eference 8 100 C12 5.20 145 5.5 -50 Reference
9 TabIeQLAYpicaVpilrflessof-HupRdT anceGraufl V1 1age @16 5. 33

1’)(\ Q 2 ’27 oarnanen 100 f"1£: E £7 120 £ O

reParaibe 12 Hoo eiomg. pRYAR [ Ving Neeskor AARBgus Bgint

C10 5.8 135 6€51unﬁi’er*’Ref finsce (14 10QyGk0 5.8 13Bc6.5

-63
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 4.3 121 134 -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 4.3 -
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 32 -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.
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WO 287/1¢f483 ence 18 PIO 5.8 132 9.2 -45 | nvent i oPCRFIROE/050354
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eference 20 100:0 7.8 138 3. ﬁﬁl *=Feed % neans
percentage of the feed olefimin process, * *=C nunber
neans the carbon nunber of the feed olefin. WO
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are products obtained fromthe process described in
Exhwphteorm andReherpeodietsobodnat Sorh the ROcess ddsdribed anExample 4.

OB SN S o PIRTER Gy P SRR ot
COFR%GtPI@%‘QéQﬂIBﬂ)thtSt he invention has high
viscosity index, which |leads to a significantly

decreased need of hi gh price Viscosity |Index Inprover

Hlf%h‘rflsﬁ %ﬂ%ﬁ%ﬁge 0{1 cg)innp?)ﬁééélt%l%izordg& é[?{qg% HﬁVF]iltv(é’lvﬁ%aﬂl%lh V1sc0s1ty

c aides, Whigh eatls RNDBHifRAntHefRedab&l hddd \6ERighl [@icceVigéRAS Index
The branched, saturated hydr ocar bon product contains

nolmRIOpeN 1) P HSOthPlhtetIWeVISS¢%T-YtMé@\1ﬁﬁ*éﬁYMéfIt sxeaumaenly known,

AJEGS thel {)ﬁ i 2%11 V%t W%nge[uts 1&?%? a];ﬂo %1 f d?ﬁ)@n in Vehlcle

eaS|Fy be e su p ree

W &rtgihagbr i cati ng 0|I manuf act ured using the

hydr ocar bon conpound according to invention. Catalyst
poi soning is reduced and catalyst service lifetinme is

2i ¢ fbka‘ﬁ@fﬂe}cﬂ éé%tpr%gendéﬁ?&gcarﬂ)r? BrodiECaRSind A6 BBRGr. Oftlus, in the

se ol I's non-toxic, contalns no
s uprpHuraimerittaf @ghauso gam,oﬂnatqatalyscsoau}:@bpmdsulmy ;ﬂlm ban easily be

resent t he ent.i onal ~m ner
P Gt 10 BTG bl by Bt neatne ARt i using
Wnel tehyliRRa®ad cuﬁebuﬁcsa&mﬁegeﬁb ﬁl%ﬁ%idn 0htaBist poiSRHiAY is reduced

The obt ai ned base oil or base oil conponent contains
noarpkeatady s sanvi@udetioe ihsignificantly 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 oil 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.



non- pol ar nature of the base oil, it may be bl ended

W th ot her hydrocarbon base oils. Further, it is
w@ooopasddnd e with el astoners, and thus it can bRCUEERO07/050354

nodem vehicle engines without nodifications. The

response of the base oil or 2ﬁ§e oi | conponent

according to the invention i extrenely high for

anti oxi dants and pour point depressants, and thus the

life time of the lubricating oils are |onger and they

caBranehinged the patwéliciol deroneehzin enltreaes lavh gemparigniccpropsrtics,

base on the.cony 0 base

SRR 1380 1cnbio B MaisP B e R BRI T e TpPR PRBETE! tnder low
C afeh@@ra@b@laﬁd anhaneas of AWthaTRAHAIoN Rnipefd@eickS%in dg viscosity.
such as pour point, cold filter plugging point an
vi Shomstremelypeegselaw dsmpergbire |Rsoperiesnpekatitmessble thi wie the
\S;hgrgg%het‘a; uﬁarﬁh %‘gﬂﬁo‘éﬁﬂ%ﬁiﬁ ykood’&(c%%’ﬂ%% ?1‘1 af Sas%ro 1”&%11&9)nem also in
pr thperdticesviredkeacritt possi ble to use the branched
saturated hydrocarbon product as base oil or base (o]
conmponent also in the arctic environment. The
ob?iaélj Eg%@;{)fréfﬁ H%Ehglg%ggﬁ% Ihénev(gg cold eﬁg bbERERYERE process
rmnf)myelhtumazrrafrﬁ@rwsyclolea.raﬁﬁnncmapiwhemwhtenbst Ii & @mnlnumibfy(nown

kn t hat nona ten are rel ativel ood ba

o e e E RIS P oS i tPolind iR Théir R pour
V' ﬁ&ﬁﬁéﬂcﬁ’gdoﬁdﬁ@bosﬂt}n in@edi Ih'a‘aﬂttlohhﬁde TRREYAbPRAMRIS dtRickires in
structures in base o0il enhance additive

sothgthiabg o1y enhrahpe adCbtlﬁdsxémhlht;fe dbis is admletagﬁpltsmde | imithshigdshed

| upri.cant s v

gl!b{glc%nt% Sb&ﬁégl %déﬁh\ieg su& #chﬁl Smogff g&, de ﬁﬁge& 8}8861‘83.1’1‘[8
angust \dﬁlﬁbn@@dlahhhb%r alattivex dﬁ[ﬂﬁdan@“dxﬁ%ﬁlepb&ﬁﬁiﬂé édditives,
additives, friction nodifiers, pour point or cloud
pofrmnog émdéggrgﬂp@r p@gﬁmr@qqdepcgnt ¢presedity flemulsifiers, corrosion

111.0

DB S A ALLODLDNLBIY P e g
thoﬂ@hphhmcbranched, sat ur at ed hydrocarbon product i's
produced from saturated and unsaturated natural fatty
acids, it contains no oxygen, and thus its hydrolytic
St Ebéﬂ 'tﬁ(}ﬁ hsthguﬁlanéﬂegh%ﬁtul;al?&fq hyDREarBbn Zﬁf@&&?tl‘s CprS C%El from

base oi | Due lack of "ester al so

f O$atrluniedmndfunaﬁ:tudlltﬁﬂ llwglah%tyl ndsprtoshnGlss s 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.



mnimzed. In addition, the oxidation stability of the
saturated base oil or base oil conponent is higher

W@ b@n1443a3 of ester base oil containi ng unsat uPCE/Br007/050354
fatty acid structural units. An additional advantage
of the base oil or base oil onent according to
this invention is that it f ils the APl group IV
base oil specifications. Therefore it can be used in
engine oil fornulations |ike other group IV base oils
athﬁr tibnigatirteebase arfenimifantwingrygimtg areulypisally irtegrated éedrude oil

erf.ormpew engine te 2007({ 144473
por B0 DEtsEIBE YT p ke Py i Taffinic wax for foed.
MBHdfcag! HowNGeR! aNhe @@ foy Rit€ahikythk Nhe@IAEEnd q)laﬁﬁy@e this
oil refineries or Fischer-Tropsh s nt hesis plants

pr BeRiaigopakingrics i thevieaditional maraer, theigly eawng fhewentaad dor 1-

i's f g

IS LU R DR TR LELLAG Y GR8ng r we o

naﬁghm;dtﬁmgﬁmmoem@nng;ﬁ&@sﬁﬁﬁ@nﬂmkﬁmslbrﬂ@y@mﬁnamﬂmﬁwuue

ot her crude_ oil based. olefins as a feedstock and

en%{bﬁ Hor. HBe gaiser el biglggiesl Spdy pissregrRIsdE. Hwgi thamdhose of
%hﬁmﬁ&ﬁ%&ﬁ materials for polyolefin manufacture. In

ition, the prices of biological feeds are
renarkably | ower than those of synthetic feeds. The

fol] ow exa e the process ordin
{ b R AR s RS Pl ol A ra Aot Ty Ao with
pr %@}?repeli‘é/tﬁé @ﬁbocﬂlhﬂéﬁ%ratnﬁﬁoﬁﬁe %%@icﬁﬂbro@é@l‘éy 6t §pical products.
he exanpl es denonstrate the advantages Of using

t hélspr mwgm@fesudawnstrm thet aslvpntaghscd Usangeths porksswi invention

%rOSP ar§§ (%c&)( rﬁ’)?/gh 1815 r\gﬁ Il(g‘\?/(\ll p\él)okato%ry fow V(t‘)latﬂslty from
evalgﬁalblelﬁas &opebidEi@kKblik@dHowevéha igetidefab atlbhescﬁlcsmeed in
of the invention is not nmeant to be limted to these

exdRprtdBat thescanp P EReRp PR IsTAUEIPARIe g dienitsd to these examples.

alpha olefins fromfatty acids Al pha-ol efins were
duceF fromdistilled 6 fatty acid feed. The
AATBI®fins were prepared by feeding 200 g fatty

aC|ds together with 1.5 nol ar excess of Cl6 fatty

al gehabld© an autocl ave under stirring to forma wax

ester through
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



esterification reaction. Esterification took place

under atnospheric pressure at a tenperature of 250 C
wor@ct#@m time was 3 hours. No catal yst was useRCI/FRA7TES0354

|iberated in the reaction was purged with nitrogen

flow of 6 1/h. The obtai ned ester and hydrogen

were thereafter charged to t fixed bed

hydr ogenati on reactor, where they were brought in

contact with a copper-chromte catalyst at 230 C and

Sowwwpheéwdr the fqridi amgdeCistyf alcoljolavevlsepagated’hd part of this

product x%t 1”[44473 PCT/tFltZOa?W 050354 27 was

co%‘ie%reg Thee ga?asegruﬂla%erflé? "al cohol was

separated. A part of this prepared fatty al cohol was

used in esterification. The fatty al cohol obtained
abbhe iy deripdr chteiged rabave | wey rdshxdratedwing t¢ flow reactor with

Z' AL a@é%@%h%ﬂéf"e%%ﬁ@%& %r/ez% r&@ﬁ%[ §al R@p&%ﬁ&o@g Honium

par e om zirconi u i de a
aI td:ﬂ’aﬂﬁoﬂmld Andtvadterc oh aglenmrapwﬁtaxa/tomm hadr dpéttityy method. Fatty
al cohol was fed to a reactaor pt.at 300 Cwith wei

sp%ll&%hq} &Ya5dre {p dFcagiebertat 390 fﬁ "b‘tﬂb&’&‘kﬁhh gpace velocity of tbout 6
ha- ol efi n prepared above was
sw tgﬁ%ﬁ&ﬁ@ %gf%ngl I gomer i sagl oﬁ Exanpl e 2
A igonerization of alpha-olefins in a batch reactor 50
- hexadecene an at t re mxed in
o T AR AGE redEr bt S e TedGaliehiemalhn | n

Table 3 below. The m xture was heated to 200 C for 24
hours under nitrogen atnosphere. The pressure was 2.0
I\/PEXﬂl@Dlﬂﬂersi on of the reaction was cal culated to all

h d
o1 PYPrACTL BiParldins MRt T VoM 41 cuo
conver sion (%9 62 77 77 74 Product distribution

-%: <Cl6 11 11 1 3 branched C16= 33 20 9 23
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
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Y-zeolite (TOSOH Co.), beta-zeolite 1 (TOSOH Co.) and
bet a-zeolite 2 (TOSCH Co.), qﬂg t he nesoporous
material MCM 41 was prepared “according to Catal ysis
Letters 36 (1996) 103. As can be seen in Table 3 a
high yield of C32 dinmer and C48 triner is obtained.
Th&h&Balyemosasrwere Si-demit €TQRBHIGo. hbataeteelited @QSORS®.) and

after hydr j it sui tably he. a

ai A e PIT BRI R o TRY pisirioBeutl Sl SEM 0 fap v
re&ﬁbﬂﬁné&hﬁﬁﬂ§ﬁ§@ﬁﬂm@@5(ﬂE%PUO&a fixed bed tubular
reactor wwth 5 g catalyst diluted with silicon

carbide in ratio 1:3. The catal yst used was nesoporous
mat.er.i 41 d 4 j . . .

o Ot b e 16 SRR YRR i Cihmes s obtained
acThk C1sirheonidGesithd & @modlysbimheand deftmand aftesaRogsation it
>800 n2. The reactor .  tenperature was 200 C, the

pr B8¥ gyiablipke wseg appgicspldutlhe feed rate was 10 g/ h.

The reaction was foll owed by GC analysis. In Table 4

t he conversion and the conposition of oligonerization

pr Bslamopled presented at different tines on stream

Tahle 4. 1-hexadegene oligonerization in fixed bed

! e 1 DSILb O S fEar 6 24 30 48 54 75 78

96 Cl16 conversion (% 78 71 68 64 61 54 52 47

Product distribution (w-
I-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




oh <Cl6 32211111 Branched Cl6= 20 24 24 24 23

24 23 21 n-Cl6=2 58 12 16 22 25 32 Cl7-C31 5211
WQA207144473 C32 43 51 51 50 49 45 44 40 C48 21 HRGI/EROWH50354
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PCT/ F12007/ 050354 29 Exan'pI% 4 Hydrogenation of

ol i goner product and properti’€s of the base oil

conmponent The ol igonmer product fromthe fixed bed

ol igonmerization in exanple 3 was distilled to isolate

thEmelﬂkr fracti on, the hexadecene diner fraction

t.he omer .porti The di r,and.

nolyhEseenplit FEof R PoABR ansbitopsnisscs T nAEdLsomponent
batches at 200 C and 5 MPa hydrogen pressure using a
het erogeneous nickel oxide catalyst. The reaction

jgome propyet Hogpdia fised dredt ¢ligogistiaatinadin sreaplet 3 was

ar [
I og\}sﬁ}o sél"?’t a@'{@ (?rgy’ er ogfﬂar(ﬁg%ﬁlﬁ élegad\gbé& él\%? ?8@2‘5‘} and the
| nmghesdygeh&r pbit@nNEhk dfﬁ&b |aﬁd ﬁeavi?frofpeﬁmbnsa@emfthémbychageelated
oils accordln to the invention Analysis C6 diner

Ol B SSHitASY aﬁ?@@%&ﬁo KoY Mbg/hyyirogen paeswr%sai% phgtgrogencous

KV 3 1

por PRI gt e rdgith BER e e ErhRbGRe tBiaincd
v\pro%wtg Be 3su?nrﬁﬁﬁlcd4ﬁl- d3bB SMBasc wibr watths txdeblomti dow Noack

%.), Aronat i fi 82 0.18 ASTM D254 Pa&afflns
BV%Ia% Y oPRH PRAE s and good viscosity indexes were obtain.

Table S. 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
VI 121 139 ASTM D2270
Pour point (°C) -39 -30 ASTM D97
Volatility Noack (wt-%) 93 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




Mononapht enes 33.3 36.6 FI-M5 D naphtenes 3.3 9.5

FI-M5 O her naphtenes 0.4 5.0 FI-Ms WO 2007/ 144473
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manuf act ure of branched saturated hydrocarbons,

characterised in that in the fjrst step feedstock

conprising at |east one fatt%iacid is esterified with

at | east one fatty alcohol to formesters, in the

second step the obtained esters are hydrogenated to

fattyClaimohols, in the third step the obtained fatty

al cohol s are dehydrated to al pha-olefins, in the

fourth step the alpha-olefins are oligonerised to

ol i gameps preesk ifey ke rhdrfufRturst &P bideh&l issRRES P?'ﬂﬁ)carbons

hydrogenated 2. The process according to claim

char act eltargetgrisef imfhat timéhg Hest ptegciegd gompresing at least onc

car bon FRORE(d ﬁfest% 1h8d %ﬁth e{?rl%fsﬁ{)@eb%a}/t ]a%:o 1 %Qfonﬂ'est-gps? in the

process accordi ng t'o Pa rac erised in

that f eﬁxdsﬁd)eﬂep thH bbﬂamaﬁ estefsra}mhbdﬁigegat@cato fa&\_w alcohols in the

materi al s. The process accordin

cl ai ms fhird S?p t%a@a%éf%t&‘/e%cwl& Ha elioﬁlrat?%@ %lpl?as@leﬁ%psn the
at | easfou?tﬂ% athé Yiph& lofkin$ aFeS(SIFg"OP‘Iek i€ ﬂér}g%'émgrs arld ﬁ{g t?le fifth

pressure at a tenperature 0 0- 320 t oget
wth 1- ﬁqmﬂwaﬂgexmessebymngamkw al cohol havi ng tota
carbon nunber of 8 to 26, preferably 12 to 20. 5. The
process according to any one of claims 1 - 4,

char act gpd ﬁ[%eeés@céd?a‘tn it clahm SREA0driSEER thmh@fatt@racmrhas a
esters is drogenate to fatty al cohol or fatty

aIcohol@ﬁﬂﬁm@henpm@@@ﬁﬁbwdﬁ bxedralyzrd 240 26 t enperat ure
of 100-350 C and wunder a pressure of 10-40 MPa, in
the presence of a hydrogenation catal yst selected

f r om3copRehréeisahdtdtdn@ sl cROpPar - chehdfatcrisad ah XBdtSfeedstock
6. The process according to any one of claims 1 - 5,
char act eiigizeles framithelpgicplapw m#ctitle fatty al cohol s
obtained in the second step are recycled to the first
st ep.

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

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
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
first step.
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according to any one of clains 1 - 6, characterised in
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second step are dehydrated to al pha-olefins in the
presence of a catal yst selectgd fromactivated al um na
catal ysts, ganma-al um na cat aﬁyst s, theta-al um na
catal ysts and catal ysts conprising zirconium oxi de on
al um ni um oxi de, under a pressure of 0 - 10 MPa and at
a tenpelbge gwoeessfacmmgao a@y o8¢ offpleinpy beésghzaect@ridédwgl that in
to any charac erlsed n that .i
the 1 oul gt s BlEakphpdonRRf A VEN S8R yiharrlatylied to
a tenpesahalbrfial irkhe re?s@@cecofam@htw@t%leateﬂrfﬁﬁﬁ HEteatddoimina
about 0.01 to about ? MPa in the presence of an
ol i gone¢dtalxsth.ozpnaa-aluyna eyplysiss thetp-Homaroepd et gnd catalysts
honogen 0
claim 88 1S lg:?%érloﬁlée %de-gﬁl @ﬁr?]ﬁnqﬁrﬁ (ﬁ&? O%g?%}gaa 1.%ssure of 0 -
catalyleNﬁh&mdaca&mqmmummaﬁQSOMQOGC Mesopor ous
catal yst. 10. The process according to any one of
claims 1 - 9, characterised in that in the fifth step
t he [ r pre : :
nydr ogenat Pane Saa e ENE e gl el o7 aiftcfhedPin that in
car bon tatfailnyts Stsp, the alphh—olecﬁms Kiresledaguensed at aleygiesatandf 25 -

hydr of i pi shj.n | ysts, at .a te ure f 5- 0.
& and et Hyitfen wRiu plb AT L 16 byl in he
The progRsscacsOhAl &%oﬁ&r@ﬁ‘%r@'&@taﬂi“st Q:loﬁipgﬁmé het&%geneous or
characterised in that™ base oil base oi | "conmponent

i s manuhemoganeous chzlysthe process accordlng to any one
of clainms 1 - 10, characterised in that
pol yal pha-ol efins are nmanufactured. 13. A polyolefin

base 901 Ther phre& Gickod@ipponendlaiiay B Ngchi@uttedis€Rr bonthat the
nunber between 26 and 52 and the chemical structure
of R - CPigRaericiiqpyatalyst ivgn aapdiy migupgryus or mesoporous catalyst.
PCT/ F12007/ 050354 32 wherein each of R, R', Ra, and
Ro is a linear or branched al kyl group

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
hydrogenation catalyst selected from palladium on carbon catalysts, nickel
on 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.

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

between 26 and 52 and the chemical structure of R'-CH(R,)-CH(Ry)-R",



havi ng from about 1 to about 28 carbon atons. 14. The

pol yol efin base oil or base oil conponent according to
web@7m433 characterised in that each of R, RT/FR8)7/050354

and Ro is a linear or branched alkyl group having

from1l to about 16 carbon atg{ﬁs. 15. The pol yol efin

base oil or base oil conpone according to claim 13

or 14, characterised in that it has a pour point

bel ow -15 C and a viscosity index higher than 120.

16. A babercoi tachrotbBs&"oiR., emhBenent litvayionrawhébalkyl group

e Bl ReR L G LRl Y he process

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

alkyl 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

index higher than 120.

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

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



