WO 2007/ 068799PCT/ FI 2006/ 050552 1 Base oil Technical field The
invention relates to a new base stock material. Specifically the

i nventi on welxi®wrsio® a branched saturated hydrocar bon carp@sdosnsmgsand
particularly to a conposition based on biological raw materi al s,
suitable for use as a high-quality base]pil or to be used as a
conponent in the production of a base oil having a high viscosity

i ndex and good | ow tenperature properties. The conposition contains
branched saturated hydrocarbons and it has a narrow carbon nunber
range. State &as¢pid art Base oils are commonly used for the
production of l|ubricants, such as lubricating oils for autonotives,
industrial lubricants and lubricating greases. They are al so used as
process oils, white oils and netal working oils. Finished |ubricants
consist of t ner, arts, lubricating base oils and additives.
Base oils argqFﬁﬁmﬁﬁ?Jchonstituents in finished lubricants and they
contribute significantly to the properties of the finished |ubricant.
In general, a_few base oils are used to manufacture a_w_de variety of

fini shed | ubr T@aARESTHIN Felplss iRy 2158 ResgsiRcksmeferial, Speaimally the dwepfiqns
and i ndi vi duakeiagdid b \WRsnchdd QathiRl mc%{%h%mﬂia&gh% %ﬂicﬁﬁﬁy)tg Qf‘\s/e

oils classification is shown in Tabl'e 1. Today, API ap 111 and
base oils ar ecorpefition haseshombiglogiop] ragbmpigrials.csuitalle fer use agp\pihighaaralityi |

TSR e L S T S S
3120/ D42941D 482ty indM® DAQH0E6EF IGREFAEIcAFOFHOG0TER composition contains

branched saturated hydrocarbons and it has a narrow carbon number range.

State of the art

Base oils are commonly used for the production of Iubricants, such as lubricating
oils for automotives, indusfrial lubricants and lubricating greases. They are also
used as process oils, white oils and metal working oils. Finished lubricants consist
of two general parts, lubricating base oils and additives. Base oils are the major
constituents in finished lubricants and they contribute significantly to the
properties of the finished lubricant. In general, a few base oils are used to
manufacture a wide variety of finished lubricants by varying the mixtures of
individual base oils and individual additives. The American Petroleum Institute
(API) base oils classification is shown in Table 1. Today, API Group III and IV

base oils are used in high-quality lubricants.

Table 1. API base oil classification

Group | Saturated hydrocarbons | Sulfur, wt-% Viscosity index (VI)
wt-% (ASTM D 2007) |(ASTM D 1552/D 2622 |(ASTM D 2270)
/D 3120/D4294/D 4927)
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both. 3 are either natural or synthetic mono- or dicarboxylic acids. Depending on the ester
to be produced, the alcohol is a polyol or a monohydroxylic alcohol. Ester base
oils are typically monoesters, diesters, polyol esters or dimer esters. A similar
cIassiﬁcatioﬁ is also used by ATIEL (Association Technique de I'Industrie
Européenne des Lubrifiants, or Technical Association of the European Lubricants
Industry), said classification also comprising Group VI: Polyinternalolefins (PIO).
In addition to the official classification, also Group II+ is commonly used in this
field, this group comprising saturated and sulfur-free base oils having viscosity
indices of more than 110, but below 120. In these classifications saturated

hydrocarbons include paraffinic and naphthenic compounds, but not aromatics.

There is also available a definition for base oils (base stocks) according to API
1509 as: "A base stock is a lubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or
manufacturer's location); that meets the same manufacturer's specification; and

that is identified by a unique formula, product identification number, or both.



Base stocks may be manufactured using a variety of different
processes." Base oil is the base stock or blend of base stocks used
in APl -| i censear/msios The base stock types are 1) M ner abCIoFIR006/050552
(paraffinic, naphthenic, aromatic), 2) Synthetic (polyal phaol efins,
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EP 209997 di scl oses a process for producing base oils, conprising

i sonerization of waxy hydrocarbons based on crude oil, giving rise to
only m norwanomtes79ef |ight fractions. This process i s rSEE2006050552
i nstance for producing base oils belonging to Goup IIl from waxy

bottons of hydrocracldng. PAO processes Aare descri bed in many
patents. US 6, 703, 356 di scl oses a process using |arge pore
crystalline catalyst in production of PAO base oil from 1-al kene
nononers, which are typically produced fromcrude oil based ethyl ene.
This patent describes the use of higher a-olefin nononers, preferably
Cl4 to C18, i YR] -G %VHVI-
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environmental requirements direct the industry to develop more sophisticated base




10 In this context, pressures are gauge pressures relative to normnal
at nospheric pressure. Detailed description of the invention It was
sur pri si ngwp Zoovesizob hat sat urated, high-quality base oipcrrrdasmssa |
conponent, conprising branched saturated hydrocarbons havi ng carbon
nunbers of at |east C18, and having a narrow carbon nunber range may
be produced fromstarting materials of biological origin, said oils
or conponents qualitatively corresponding to base oils of the API
Goup I+, prefer y . Gqup Ill. The distillation range (ASITM D.2887)
of the base ogOFIS-oﬁ?l?ilﬂaéee Bl sad bpsiarererapre BerEst B &qlrﬁfge&@?mg
to the i nvent icaflysd @Hiloahe 1P meadn GehiERt AW BRIssoRD BEniR0Lk id 9

poi nt range being extrenely narrow, and further, the viscosrty index
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or base of I coniamaiseiRY o ental et Bovet i Breus i o€ aadii, Hipire
carbons. Typi ¢f algabbaiitable fl¥eewlcASigeSwal knkYiRE 6ahlysé aktibkes of the
base oils of the invention are presented in Table 2 bel ow, the nost
typi cal carbon nunber being in bold. Carbon nunbers and carbon nunber
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depend on the bidlogical starting material use he T eedst ock, and
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Table 2, the " en .0Js | neats 1, and 2
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base oi | conpb#edils regplt imdecraatesropsinntion o percEenpwable pude oil gpdlowered

produced wi t h b6 PEOESSIES WREi] bed below. 1. Isonerization of the
tall oil fattgI acid to give a branched product, followed by
Q
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acid fraction oge .oN. - fi-nal ly Isonerization.
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materials are exhaustible and their greenhouse gas (GHG) effect on environment

is detrimental. Problems associated with recycled oils include complicated
purification and reprocessing steps to obtain base oils with high quality. Further,
the development of a functioning and extensive recycling logistic system is

expensive,

So far, esters have been the only base oil type of renewable and biological origin
used in lubricants. The use of said esters is limited to a few special applications
such as chain-saw oils, bio-hydraulic oils and metal working oils. In normal
automotive and industrial lubricants, esters are used mainly as additives. High

price also limits the use of esters. In addition, the esters used in engine oil



acyclic conponent about 25 % di napht henes about 25 % nononapht henes
about 50 %----.-1,-, . '---&"'---"----"-- 2 C311C33/C35

nononapht heWwes0zlew? 10 % acycl i c conponent about 90 % PFCTYFIX00&050552
C32/ C34/ C36 WD 2007/ 068799PCT/ FI 2006/ 050552 12 acyclic conponent
about 90 % nononapht henes about 10 % ¢

formulations are not interchangeable with other esters without re-running
expensive engine tests, even in cases where the chemical composition of the
substituting ester is in principle totally similar. Instead, base oils consisting of
pure hydrocarbon structure are partly interchangeable with each other. There are
also some technical problems associated with esters. As polar compounds, esters
suffer greater seal-swelling tendency than pure hydrocarbons. This has created a
number of problems relating to elastomers in hydraulic applications. In addition,
ester base oils are hydrolyzed more easily producing acids, which in turn cause
corrosion on lubricating systems. Further, even greater disadvantage of esters is
that additives developed for non-polar hydrocarbon base oils are not effective for

polar ester base oils.

FI 100248 presents a process with two steps wherein middle distillate is produced
from plant oil by hydrogenation of the carboxylic acids or triglycerides of the
plant oil to yield linear normal paraffins, followed by isomerization of said n-
paraffins to give branched paraffins. The hydrogenation was performed at a
temperature ranging from 330 to 450 °C, under a pressure of higher than 30 bar
and the liquid hourly space velocity (LHSV) being from 0.5 to 5 I/h. The
isomerization step was carried out at 200 to 500 °C under elevated pressure, and

LHSYV being from 0.1 to 10 V/h..

EP 774451 discloses a process for isomerization of fatty acids or fatty acid alkyl
esters. The isomerization of unsaturated fatty acids or fatty acid alkyl esters is
performed using clay or another cationic catalyst. In addition to the main product,
also feedstock dimers are obtained. After distillation, unsaturated branched fatty

acids or fatty acid alkyl esters are obtained as the product.

GB 1 524 781 discloses a process for producing hydrocarbons from plant oil. In
this process, plant oil feed is pyrolyzed in three zones in the presence of a catalyst
at temperature of 300 — 700 °C. In the process hydrocarbons of the gas, gasoline,

and diesel classes are obtained. They are separated and purified.



In Table 3, carbon nunbers and assuned typical structures of known
synt heti c hydrocarbon base oils of mneral base having simlar

Vi scosity wWeO2D7T/EEBIshown. Car bon nunber range is det erPATEAGP50E5e
FI M5 anal ysis. Structures of naphthenes are typical exanples of a
group of conpounds. Table 3 Typical strugctures of known base oils
Base oil Carbon nunber % by FIMS Structure 1 PAO C10 C30 about 80 %

about 20 %+ C40 ..----.. . ---. ., ---, . .- -- y- -----
------- cemm s s e e 2 SLACK WAX (SW C25-C35 acyclic
about 70 % nononapht henes about 25%

- EP 209997 discloses a process for producing base oils, comprising isomerization

of waxy hydrocarbons based on crude oil, giving rise to only minor amounts of
light fractions. This process is used for instance for producing base oils belonging

to Group IIT from waxy bottoms of hydrocracking.

PAO processes are described in many patents. US 6,703,356 discloses a process
using large pore crystalline catalyst in production of PAQ base oil from 1-alkene
monomers, which are typically produced from crude oil based ethylene. This
patent describes the use of higher a-olefin monomers, preferably C14 to C18,
instead of typically used C10 (1-decene) or C8-C12 a-olefin mixture as starting
material. Oligomerization of the a-olefins is followed by the distillation of the
product to desired viscosity fractions, followed by hydrogenation to give saturated
"star-shape" paraffins.

US 2005/0133408 discloses a base oil composition containing more than 10 % by
weight of cycloparaffins, having a ratio of monocycloparaffing to
polycycloparaffins of above 15, further containing less than 0.3 % by weight of
aromatic compounds. The composition is obtained by subjecting isolated
paraffinic wax obtained from Fischer-Tropsch synthesis to dewaxing by
hydroisomerization and finally to hydrofinishing.

FI 66899 describes the use of fatty acid triglycerides and polymers thereof as base
oil for lubricants. Double and ester bonds of the final product are instable due to
oxidation and hydrolytic cracking. Base oils according to said publication
comprise unsaturated esters.

EP 03396078 presents a diesel fuel composition containing biocomponents, said
composition comprising at least one component produced from a biological raw
material of plant, animal or fish origin, diesel components based on crude oil
and/or fractions from Fischer-Tropsch process, and optionally components

containing oxygen.



di naphthenes about 5 %1--,....-1,. .. ------------- ,-N--. .. .--J,
-- S,..A------ 3 VHVI C25 C35 acyclic about 40 %1 nM V\D
2007/ 068799@(20!)‘411162‘@@6/ 050552 13 nononapht henes about 35PGTIABHEBHS52
di napht henes about 15 % ot her napht henes about 10% The products of
Table 3 are typically produced as follows: 1. PAO Cl0O is produced
from 1-decene by oligonerization using a honbgeneous catal yst. 2. SW
I's the isonerization product of the Slack Wax fraction of mneral oil
base.
The use of heteroatom containing starting materials of biological origin has so far
not been reported for production of high-quality saturated base oils or base oil

components.

Based on the above teachings, it may be found that there is an obvious need for a
base oil and a base oil component of biological origin, said oil containing
branched saturated paraffins, and further, fulfilling the highest quality
requirements for base oils, the impacts of said oil on the environment, for end
users, and for the saving of non-renewable raw materials being more favorable in
comparison to conventional mineral base oils, said base oil technically surpassing

current prior art products.
Object of the invention

An object of the invention is to provide a new type of saturated base oil or a base

oil component.

A further object of the invention is base o0il or a base oil component based on raw

materials of biological origin.

A further object of the invention is base oil or a base oil component based on raw
materials of biological origin, said base oils or components complying with the

quality requirements for t base oils of the API Group I+, preferably to Group IIL

Another object of the invention is to provide saturated base oil or a base oil
component based on raw materials of biological origin, the impacts of said oils or
components on the environment, for end users, and for the saving of non-
renewable raw materials being more favorable in comparison to conventional base

oils based on crude oil.



3. VHVI is hydrocracked and isonerized base oil derived from m neral
oil. Saturated hydrocarbons are classified as follows using the FIM
nmet hod (fi BlORPTEBEAL I on mass spectronetry), accordi ng ROI/FR@6030SE0ON
and hydrogen atons: 1 C(n).11(2n+2) paraffins 2 C(n).H(2n)

nmononapht henes 3 C(n). H(2n-2) dinaphthengs 4 C(n).11(2n-4)
trinaphthenes 5 C(n). 11(2n-6) tetranaphthenes 6 C(n).H(2n-8)

pent anapht henes | n Tabl es 2 and 3, the percentages (% by F1IMS) refer

to the groups 1of SoTRRHAGS :dRLEY OFBSY B7%Y DD GrtBdnl B %n raw
materials of biological origin according to the invention are presented in the

appended claims.
General description of the invention

Base oil or a base oil component based on raw materials of biological origin
according to the invention mainly comprises saturated branched hydrocarbons
with a carbon number range narrower than the range of the product distillates
obtained by traditional methods. Said base oil or a base oil component complies
with the quality requirements of the API Group II+, preferably Group III.

The term “saturated hydrocarbon” as used herein refers to paraffinic and
naphthenic compounds, not to aromatics. Paraffinic compounds may either be
branched or linear. Naphthenic compounds are cyclic saturated hydrocarbons, i.e.
cycloparaffins. Such a hydrocarbon with a cyclic structure is typically derivative
of cyclopentane or cyclohexane. A naphthenic compound may comprise a single
ring structure (mononaphthene) or two isolated ring structures (isolated
dinaphthene), or two fused ring structures (fused dinaphthene) or three or more
fused ring structures (polycyclic naphthenes or polynaphthenes).

In this context, the term polyol refers to alcohols having two or more hydroxyl

groups.

In this context, width of carbon number range refers to the difference of the
carbon numbers of the largest and the smallest molecules, plus one, in the final

product.

In this context, fatty acids refer to carboxylic acids of biological origin, having a

carbon number higher than C1.



Wth respect to nol ecular structures, the base oils or base oil
components of the invention differ fromthe products of the prior
art, as shv@rmeFebl es 2 and 3. Prior art PAO base oi | PGHFIAG0§/050552
conprise long (> 4 carbon) al kyl branches 14 (structure 1 in Table
3). In the SWisonerization products of jphe prior art (structure 2 in
Tabl e 3), the short branches are typically at the end of the

hydr ocar bon skel eton. The base oils or base oils conponents of the

i nvention sho st tures 2 and 3 in Table sim |

SW base oi 1 o T SHlsHE Htseired gR S’ Mesien JoRaRnTo, BTl hetgse °
nmononapht henegramgeal so fused di napht henes. Wien the isonerization is
done based on the double bonds of the fatty acid skeleton (structure
1in Table 2), there are typically from1l to 4 carbon al kyl branches
within the hy m oduct. Branched conponents are
m xt ures of |§jc§3?rf§eir&gi %‘ferl nrbé‘qéﬁtﬁ%ﬁeyspect to the branching sites.
Branches within the hydrocarbon chain decrease the pour point

consi der abl y re t . d f ain. In addition

the location 0O v?’ﬁe&gé}ésﬁl egf?ﬁ%tépagu%gle@ ‘?hlél E&’ﬁnﬁf? nocﬂes?rg%aﬁ? °1

poi nt. Pour pebmporieat, demprising banwhedsatuhted git@arbonghaving earber nlﬁhldaﬁ;

chains, sinult ousl i reatﬂﬁtl ng i n decreasing of the visc
ohPIBRTLCL

(0]
Cndex. In the® VDR NaO GAto0h PRGNS TAYRROResHY SO he

i someri zed rmls@ﬁui e maeBifls M BiolBRicA] i, 3MdCeNPeR @hPBRentsSUaRithival
nmol ecul ar wei ght conpounds typically also_exhibit high VI even though

pour poi nt (PP?TT‘FSﬁml fedagsepiivof the AR Group HE, rsefarablyo Bretipallki g
and hydr ogena i ROY

fused pol ynapﬁ%s gar@fé] fv%i%%] (AST'EI Wr ?ng st'?afguct ung Mgg'f’%b?&ﬁ%@leﬁ)lot} he
VHVI pr oduct s bivfogiral onglaracc;ordmgmr dhre mmntpnesmetatabow 230e°() reanthas tnumbert he
i nvention. Fused na E"% nes, make P- Vi & t| on poor.e {1 al.kgl.

br anches. Therad’gglan N DB LANgE 8‘??355 Y ZRRYP éﬁf pageosity

number of t heiddeRbeibg sxteimdlyRigh bkt RO WAGloweR él’éﬂ?élﬁrbp&ﬁedi‘&%g
i nvention obtained by the_isonerization of the paraffln wax from

hydr odeoxygen&e¥h Thetbgsreoll OF baset @i eompenent efppiglogical erigin apeosdiag 9 deuct
with |over amppabidf ooRAiRY lar DEAD %e % B ﬁagme Bel %at‘afat# ﬁ%‘ﬁ}g@m&@r

chain and nore 15 nethyl or ethyl wthint rocarbon
skel et on. Sai nmba@@noﬂmqaypar@ﬁinbiaemgfmﬂﬁeéo%bmwﬁlehbnapht henes, but
no fused di napht henes nor pol ynapht henes. Sai d nononapht henes are
formed as the result of reactions of the double bonds of the fatty
aci d carbon cKéith afrthé parbew nembaathhgenoft thadhdeasi] ort buse odicbf@bhem ofittieh

respect to their structur fro t he napht hene i ned by

hydr ogenat i on Inypnt éﬂno’ﬁgml?ily arna’&IR? ﬁg‘ % ﬁacﬁﬁ’toﬁ °f Fngeshndy
oi|. The pr odg@tcapm@w@cbﬂmé Bi8e bilEo BB SRR 08 pFeSatfidd 18 MaBlet1gdlow t h
t he al dol condensation, alcohol condensation (CGuerbet reaction) or

radi cal procet mashiypica kagrbon gy bRl n the niddle of the main
hydr ocarbon chain (structure 3 in Table 2). The product differs from
the VHVI and SWi sonerization products of the prior art (structures 3
and 2 in Tabl €adpn smingbery Iasdtqaﬂiomahulgabd:ravanggs lof athe Heamse nalsnby base tolile

The i nvent on amperd S ¥iEaiin aBend BT B Horod AR AR mAS R PR A
bi ol ogi cal or fagdmcksaidiﬁmhﬁducme@mm%dn mgcdsﬁiﬁtlieh&ﬁctﬁﬁl Sralniplaseif gat |
HER AL SRR TR R TR O Ty
preferably at frbﬁ@ts/@@ f%cbyy E&bxﬁ%‘mnﬁf@g@ﬁﬁﬁy fwh @3*1 Xo @B?faﬁaéﬂ@ dhrbdn

| east 97 % by wei ght, at best at | east % b sat ur at ed

hydr ocar bons, némbeicergenphéy base g&ls CInpPanTRl ég?faiimm: %‘(ogcﬁléé?sla%yfeerr ey

product, of | PenBlan 995aig’ Binoca 9 G SRRl FgHom,

common ca.rbon number dlstnbution of five carbon atoms. Feedstock comprising



For said base oil or base oil conmponent, the volatility of product,
having KV100 from3 cSt to 8 cSt, is no nore than 2271. 2*(KV100) 15373
% by wei ghwoe0dss®e m ned by the nethod of DI N 51581- 2 ROWRIEMHei0sRal
Noack met hod based on ASTM D 2887 GC distillation). Carbon nunber
range of base oils or base oil conponenys of the invention is no nore
than 9 carbons, preferably no nore than 7 carbons, particularly
preferably no nore than 5 carbons, and at best no nore than 3

car bons, as deter e HVS et hod. More than about

car bone, |25 JelShil et DYy Uhs, HEarmied,, ors hay @%%mspoweb%an
about 90 % by rwipeght of the base oil contains hydrocarbons bel ongi ng
to this narrow carbon nunber distribution. Distillation range of base
oils or base oil conponents of the invention is no nore than 150 C,
preferably no

70 C, and at tl)j(;:ﬂ;s)l ? ﬁﬁ% %an%roép%@ %}t%gﬁéeé%nﬁﬁﬁgﬁwmheab% ﬁ@gﬁ)@ ASTM
D 2887, disti Mlﬂnttheprowsqstdss@bedbﬂimwmm Sul fur content of said base
oil or base oil conponent is |ess than 300 ppm preferably |less than
50 ppm particularly preferably |l ess than 10 ppm and at best |ess
than 1 ppm as lddsen¢rizatich théh%HdiEﬁahpdcxdfto £i5¢ bindBed0produkt, folviraddgen

content of said base ail bas conponent is |less than 100 ppm
preferably | ess Keffizagen agﬁg‘y 85‘?‘13'8 arly preferably less than 1

ppm as det er ni nesomyatioh f PEILNGY 1818 HAGHM, RIHIRE by @aogerﬁﬁseaﬁu finflly
base oil conponent contains carbon 14C i sot ope, which may be
consi dered as ariSqPizal@n.on of the use of renewabl e raw materials.

Typi cal 14C| ot :
product, whic |(("s)(9]?8rrp?(S ‘55%?%? ﬁlb| ol o{é’fk“" %%??%{Fﬁfaﬂ%‘géﬁaw %’e‘ggg%nfbodl %
Car bon 14C i sot gjpé finalit isemerizatiopor ti on) is determi ned on the basis of
radi oactive carbon (carbon 14C i sotope) content in the atnosphere in
1950 (ASTM D 6866). 14C isotope content of the base oil according to
t he i nventi onTablel2ower in cases where other conponents besides

bi ol ogi cal onent s d in the cessjng of the product, said
content bei nggg\‘u Qf'tge fﬁ%ﬂﬁn@ée}g %?lgf’&cé]tﬂr@”rmre than 90 %
particularly preferably m)re than 99 % In this way, even |ow anounts
of base oil f bialggical origin may bhe detected in other types of
hydr ocar bon pEase qi | Earttgagembenl or base oi | Sewstponent of the
invention may be prepakg, g@,ﬂlgom feedst ock ofiginating fromstarting
mat eri al of Ri ol oqi caT rigrn, called biol ¢qi caI startl ng naterial i|n
this descriptilon. ThE€3IMA3BMEIFScal starting mater om
the group conpsisting of:. a) plant. fats, oils, waxes; aninmal fats,
oil's, waxes; |fish m?cyﬁllfg‘?mﬁ%?%ts%b"‘gﬁ?%%) y acids or free fatty
aci ds obtai ned from|ploaiaphfibes apbansd wi | s M\é@f\ﬁ i at g,
animal oils, [ani mal |waxes; fish fats, fish|oils, fish waxes, and
m xtures thefeof by |Aipaphihepes about 23%sest er{ Figati on or pyrol ysif§ and
c) esters obflained flromplant fats, plant ¢il§,) plant Waxes: mal
fats, animal |oils, animal waxes; fish fats| fish oils, fish waxes,
and m xt ures{2her eof CBy/CISBm‘Hest erificatiopy~and-d)-metak-sakts of
fatty acids ¢btai neq | ant fats L ant oils, plant waxes; aning
fats, animal [oils, 3ff r‘f’ﬁ‘f ‘&ﬁggé‘@ 33 t'?ogats rh\sq/\ol\}s\/»f/hshfw
and m xtures|t her eof nﬁnoﬁgmmg‘slasﬁﬁqgm and 18 e) anhydrl des of
fatty acids fromplant fats, plant oils, p t waxes ani mal fat
animal oils, |ani mal (waxes; fish fats, fish|oi fi sﬁ\waxes di

m xtures thefeof, and f) esters obtai ned by esterlflcatlon of free
fatty acids of plant], animal and fish origin with alcohols, and q)
fatty al coholl3 or al €82y 344 36bt ai ned as rejuem/en/pwductfs«ef/vf\au,y
acids fromplant fatls, plant oils, plant waxes; ani nal ats ni
oils, aninmal |[waxes; {fish fats, fish oils, 1i‘rs\l'f\€\7a'Xé‘s’\ %




19 The biological starting material may also contain free fatty acids
and/or fatty acid esters and/or netal salts thereof, or cross-Iinked
products oWQe7/8BWPogi cal starting material. Said net atCEERIS03N5E2
typically alkali earth netal or alkali netal salts. Base oil or base
oi | conmponent of the invention, conprishfg hydrocarbons typically
havi ng carbon nunber of at |east 18, nmay be produced from biol ogi cal
starting materials by nethods resulting in the | engthening of the

car bon chai n gf—+he—pstartingraterial—plequles—to-thetevel
necessary for| t he balEYaicicgmpancayghout & 7a atl,’gﬂmﬁod”s%dﬁd’e(v\*/
processes basled on the condensation reactiqns, neaning reactions
based on the [functiopality of the feed nol gqcules, in conbination with
at | east one of the [mAnoBdMbtenesabguckd 6n, t|r i '

hydrol ysis, netathes| s, decarboxyl ation, dgcarbonyl ati on,
i sonerization, dewaxj ng, hydrogenation and |finishing process or
reacti on. Condensatifon reactions include fqr exanpl e decarboxyl a
condensat i on {ketontrzattor—aldot—eondensation—alcohetl—eoendens
(Guerbet reaction), and reactions on double bonds including

di meri sati on, Ti Mable€y, icasbbh @Ambexs | 250 Mesunted! tpidal Bhtictufd i of khowe GHthORS .
Hydr ocar bons,  prefe abJB% satur ated hydrocarbons are obtained as the
product by pr &z%rggﬁfﬁ@ ° Ofte ObTERE: 2aP DLBg FTHIGT AP dpS) araihPBtted,
when necessar Yarty hidbdr ARaE 119 NdedrmdRiidpYAE OPMP Oy DY, kel abs on
to obtain final products. In the nmethod based on ketonization
reactions, thaaplthagesare typicabexamples\pf aerapp of eeropounids.h each ot her

gi ving ketones. Ketonization nmay al so be carried out with fatty acid
esters, fatty acid anhydrides, fatty al cohols, fatty al dehydes,

nat ural waxesTabkd netal salts of fatty acids. The ketone obtained is
reduced giving. a paraffin, .follqwed. i sonerization, to inprove |ow
t enperature p&gﬁlgﬁtsﬁg‘émgfb{]ﬁ?m Efm%}r/oduct. | someri zation is
optional in cases branched feedstock is subjected to ketonization. In

the ketoni zation step,—also dicarboxylic acids or polyols including,
diols, may beBasedl as |S¢3iben Pkt er i al |SMVEMIEg | onger chain

| engt heni ng {han with %A FIMS ds only. [In said case, a polyketonic
mol ecul e is ¢btained, (©3be processed i a sinilar ma S
monoket one. | RAOCHG1Kk et |oaboutfG%n reacti on, ~the-pressure i s between 0
and 10 MPa, {he tenperjature being between 10 and 500 “C~.-20~and

nor eover, supported netal oxide catal ysfs are used, the netal being
preferably npl ybdenum|-nCékel - nol ybdenum nanganese, @gaesﬂlm\

cal cium or ¢adm um s|idbbaieRoead/ or al um|na—as~t ort may be
used. Partictlarly prdgferably the netal |i-nwetal~aoxi }

nol ybdeni um | manganesg and/ or magnesi um|in a catal yst w t hout
support. In @aldaol condensation.reaction/the al dehydes and/or ket aneg

are condensefi?t o subst[dM3+@33iy increase tﬁ]&/&alrvbanvnunbe e
hydr ocar bon $BEA&H Satagrdicadout|@Shydes [are preferably used as the
f eedst ock. | hWA% (PWddess branched unsat ones
are obtained| The catglyst is preferably an al kali or an al kaline
earth metal phydroxide,| for instance NaOH,. KOH .o 2, the

t enperat ure pei ng then rhomnu@thenes st C; preferably wer tenperatune
is used with|lower nollexsykar wei ght feeds and hi gher tenperatures
wi t h hi gher pol ecul ar jwei ght feed. The anount of ysi~to be
used in the ponpbgeneoys reaction varies|f preferably from
1.5to 19 % | by weight]. In alcohol cond¢nsation reaction,
particularly|the GuerHefipffReidsAhout’sg ¢! cohols are condensed to

subst anti al | pziTTrEAaSE S roommmber—of—tthehydrocarbon—stream

t hus obt ai ni 139},Bﬁanchec£i2%3%q:§glﬂ%bkonal 3] < ﬂrrct)i\onal

al cohol s respectively F5m onohydf oxy, |and pol yhydr oxy ﬁcohol sin
i

/‘\/\r\/‘\/\/\/\ \/‘\r\




wei ght. Hydroxi des of alkali netals together with zinc oxide serving
as the co- catalyst are preferably used in the reaction. Chain
| engt heni nYO2P07468798 of the 21 condensati on reacti on OCICTAFIC@WEO30S52 S
performed at 200 to 300 C, preferably at 240 to 260 C, the reaction
bei ng canted out under vapor pressure ppgvided by the al cohols
present in the reaction m xture. Water is |iberated in the reaction,

sai d wat er being continuously separated. |In the radical reaction,
car bon chai ng—ef—the—spturated—earboxyHie—ackds—aretengthepsedwth
al pha olefing. In the radical, reactjon Step, the feedstock conprising
saturated carboxylic aglfS°TRRYENDA Wl dfins in a ratiro~of 1:1]
are reacted at 100 to B, preferably |a C under a vapdar

pressure proVided by the reaction m xturle, in the pregsence of an
al kyl peroxi de, peroxypSEEL35di acyl perwdde or pef oxyKetal cararyst.
Al kyl peroxi des such apdiganbéhenpsabpubiftdpl| per oxide” ¢atal ysts are

preferably used. The apopunt of the catallyst used i reaction is
fromlto 20% pref er abl gthérmaphtherss lmout 0% by i ‘ r ed
carboxylic agid is obthlthWad as the react|li on™pr . In

el ectro-chem cal synthesis carboxylic acids, particularly Tatty acids
in plant oils are first extracted, followed by formng salts of
carboxylic acids by dissolving theminto nmethanol or aqueous nethanol
sol ution, contmegioagc@QfTab_?@s Yee iRl Shdauedd RIS UM hydr oxi de flor
neutralizing carboxylic acids, to fofman electrolyte solution for

el ectro-chem cal oxidation. The salts are transforned to | ong-chain
hydr ocar bons hy ctio ) vt hesi The c n
nunber of thel?bb%‘gt?netgap?go ¢ |§mgﬁ% (lflgllrj g’ﬁ%%?ﬁé"ﬁ%‘*ﬁ’— At %(%‘E]%aianed
usi ng the ket onilmatogeneoneeatdlysbn. Reduction of the product obtai ned
fromthe chaing-| t heni ng .step tao hydrocar raffin) is.carried
out by hydrogghﬁ g%,eEsﬂﬂ'%“?aéwgwq%ﬂc%%éhepﬂ?%%%@nt"énﬁgﬁﬂé’ﬂ %ns,
and further, @xiviVi Bmydfoahtkddtayd isomeriddbassloibersall Woal infgradsy. doubl e
bonds. In the hydrogenation, the product of the chain |engthening
reacti on and hydrogen gas are passed to the hydrogenation reactor at
a_pressure typiGakddyhyaedcaRRRs Aredfisksiiad MOFo it Ly RPRID IRl (e
150 to 400 22 C. In'the hydrogenation step, special catalysts

cont ai ni ng nreioAizetie megsSPEItOMSY), hécording torthegatbayfant thydioger oing syst em
of the elenents on a support may be used. Hydrogenation catalyst is
typically a supported Pd, Pt, Ru, Rh, Ni, Ni M, or CoM catalyst, the
support beinglactivat ednd8{bod) al um napamffiner silica. After
reduction the,net hyl b‘;@?ﬁgﬁs par af fini ¢c_wax h obtained fromthe
other feeds bft ket oniZ&Y" of the nonBPAMEREW¥Sed conponents. Low
tenperature pgoperti esC@j.H{He2)pr oduct nMapaptEhdndpr oved by

i sonerization, In isonerizatigon the |inear hydrocarbons are converted
to branched ofies and tH&-Feit-® par af f i n&0gPREIRES beconing 1iquid. In
the isonerizagion, hydr@gemogs and par%é%&eﬁ&monents react in
the presence of an isonerization catalyst. I'n the isomerization step,
the pressure ¢s typi cdtmyHRm§een 1 andparsargplthenehe t enper ature bei ng
typically between 200 and 400 C. Special catal ysts containing

nol ecul ar sieves and a netal fromthe Goup VIII of the periodic

syst em of t helneTabhm2tand 35 thelpeasnthfies (R byaFiM Sdefermythd groupsesf. coMpuidia
and/or silica .serve t he support. |sonerization is not
necessary if ﬁ%ﬁ%ﬁfgﬁcyﬁﬁf%@mﬁ 8%0obt ai ned from chai n | engt heni ng
reaction, and if the pour point of the product is |ow enough.
Products produced from bi ol ogi cal starting materials using nethods

descri bed aboVWéhgspsetyio a3 stragivrgs, dhabash wils 6t Besssilscompenentx efithe s
t hereof . They; : : { . C
pr oduci ng baglg{}%?fﬂog%ég%ﬁod? z}ééjglﬁ&uvﬁ éﬁthg:bgl Otﬁalét’ %2%:3?;21 ;Ea%%érz t?néiss'of

Prior art PAO base oil mainly comprise long (> 4 carbon) alkyl branches




In conparison to esters or other base oils containing hetero atons,
the base oil or base oil conmponent of the invention is nore stable
W th respe®O 20¢7/t6§@P ol ysis, that is, it will not readi |BCTAIAI60SI
rel easi ng corrosive acids under hum d conditions. The base oil of the
invention is also chemcally nore stabl gqthan the nore reactive ester
base oils, and noreover, the oxidation resistance thereof is inproved
conpared to ester base oil derived fromunsaturated fatty acids of

bi ol ogi cal ori.gin a t ster t.he nonpol ar Jbase o0il or base
oi | component (%F”Cﬂegq?ﬁ\/@ﬁ@?oﬁ- :i% tﬁf‘b?sgv c??ﬁ%%’tzf‘ﬁqnepwd{lﬁs c"gnﬁl}‘ﬁrﬂqo{)r‘?éﬁ
hydr ocar bon basficfird 2CBIapies)s e Ehote YrahEId € Udisicalyl at BRSEdOLT the
conponents obtai ned from Fi scher-Tropsch _process, as well as_ wth

| ubri cant addi¥sispearbongkeleiom The base @1ls 08 bags Qilg porppssHts B the dyention

el astoners, syrfyRss SRRMARL MR £ bk Qggee‘wsmﬁﬁf RASW Bale 6L BLESW

Advant ages of the base oil or base oil nponent of the 1 nvention

i ncl ude the f&ase aihgentpins temaskableshigherramdvat p&omenenapbtheresfasd airasisest | s

according to I I1+, preferably Goup Ill, and may be used in
aut onoti ve en'galﬁlﬁgl%%%gcorrposi tions |ike other base oils of API
classification, according to sane base oil interchange rules. 25

k

According to e ipvention renewabl e bipl ogj cal .ra terial s ma a
fully novel rg@?ﬁ]r@% Iyeizaqn ESQQ?&?@F?QPE%%&W@%PHE%W{W %HY[?F ed
hydrocar bon bgiggeti (st@EwkAS$ &n OfableCHTRRAE Bie. tyPlcsIy EBHDONMo di EkbdiLalkyl
em ssions contributing.tqQ the greenhouse effect may be reduced by

usi ng r enewabPrnshes, widinthe Jvdracarbemn shpin of the produgle Raaniched eosenaneris are
The i nventi onjisuREWF fshmbis difkirag with g5aas e YrliRnin@lshi@M ng exanpl es
Wi thout wishing to Iir?1bt t he scgpe trh reo?. eExarrp{ngg I'n Exanples 1 to
5 paraffinic hydrocarbons with I ong chains are produced from

bi ol ogi cal st i .en] I . QI a on -
et ont zat i on, Bne B e Yy BrobQBhP L SeoRAORP oBl: B SISFRRRRARGH,
conponent s wi thandiosbhictheiemdy dfitind ¢hain, inadditiomdo fther Tobezion of ke Hparetes; tie
are conpatible SQ W t ubricant addjtives..In Exanpl & .the .

et ot on of EHECS e r e FRELRTE: [ousPoB B BgrEIE Bl e ierresing
traditional nhigbe! oftade cltids, ishmaRMMsly Telleng inS BENSasinB & RO RRCAHIGS

of the base oil, conponents prepared in Examples 1 to 5 from i

bi ol ogi cal st He¥-1g thapradre of inyisationyrsiatively Hghnropprion afithe; ispmerized
products of t hg1dtieOlcomhing riere ThAP 38 daftoR3idhd, ekl high Mk f
conponent from stear icg _aC|sd frac%_rf_on_ A metureO%]*c pllugl?lt (gl&{ﬁgﬁ \Pé?éht
(linenseed, sosthands wypicalloeler exhibitihigh Y seerdthonghspounmeinh (RF) d¢ lowerd
and the fattybg} 'g§O\A@re distilled to obtain product fractions
according to carbon nuirbers. Double bonds of the fatty acid fraction
used as the feed were sel ectively prehydrogenated. The stearic acid
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For said base oil or base oil component, the VI is more than 115 and preferably
more than 130, particularly preferably more than 140, and at best more than 150,
as determined by the method of ASTM D 2270, together with pour point being
not over -9 °C, preferably not over -12 °C and particularly preferably not over -15
°C (ASTM D 5950).
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Sulfur content of said base oil or base oil component is less than 300 ppm,
preferably less than 50 ppm, particularly preferably less than 10 ppm, and at best
less than 1 ppm as determined by the method of ASTM D 3120.
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Nitrogen content of said base oil or base oil component is less than 100 ppm,
preferably less than 10 ppm, and particularly preferably less than 1 ppm, as
determined by the method of ASTM D 4629.

Said base oil or base oil component contains carbon *C isotope, which may be
considered as an indication of the use of renewable raw materials. Typical *C
isotope content of the total carbon content in the product, which is completely of
biological origin, is at least 100 %. Carbon *C isotope content (proportion) is
determined on the basis of radioactive carbon (carbon *C isotope) content in the
atmosphere in 1950 (ASTM D 6866). 'C isotope content of the base oil according
to the invention is lower in cases where other components besides biological
components are used in the processing of the product, said content being,
however, more than 50 %, preferably more than 90 %, particularly preferably
more than 99 %. In this way, even low amounts of base oil of biological origin

may be detected in other types of hydrocarbon base oils.

Base oil or base oil component of the invention may be prepared from feedstock
originating from starting material of biological origin, called biological starting
material in this description. The biological starting material is selected from the

group consisting of:

a) plant fats, oils, waxes; animal fats, oils, waxes; fish fats, oils, waxes, and

b) fatty acids or free fatty acids obtained from plant fats, plant oiis, plant waxes;
animal fats, animal oils, animal waxes; fish fats, fish oils, fish waxes, and
mixtures thereof by hydrolysis, transesterification or pyrolysis, and

c) esters obtained from plant fats, plant oils, plant waxes; animal fats, animal
oils, animal waxes; fish fats, fish oils, fish waxes, and mixtures thereof by
transesterification, and

d) metal salts of fatty acids obtained from plant fats, plant oils, plant waxes;
animal fats, animal oils, animal waxes; fish fats, fish oils, fish waxes, and

mixtures thereof by saponification, and
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e) anhydrides of fatty acids from plant fats, plant oils, plant waxes; animal fats,
animal oils, animal waxes; fish fats, fish oils, fish waxes, and mixtures
thereof, and

f) esters obtained by esterification of free fatty acids of plant, animal and fish
origin with alcohols, and

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

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

i) mixtures of said starting materials,

Biological starting materials also include corresponding compounds derived from
algae and insects as well as starting materials derived from aldehydes and ketones

prepared from carbohydrates.

Examples of suitable biological starting materials include fish oils such as baltic
herring oil, salmon oil, herring oil, tuna oil, anchovy oil, sardine oil, and mackerel
oil; plant oils such as rapeseed oil, colza oil, canola oil, tall oil, sunflower seed oil,
soybean oil, corn oil, hemp oil, olive oil, cottonseed oil, mustard oil, palm oil,
peanut oil, castor oil, jatropha seed oil, palm kerel oil, and coconut oil; and
moreover, suitable are also animal fats such as lard, tallow, and also waste and
recycled food grade fats and oils, as well as fats, waxes and oils produced by
genetic engineering. In addition to fats and oils, suitable starting materials of
biological origin include animal waxes such as bee wax, Chinese wax (insect
wax), shellac wax, and lanoline (wool wax), as well as plant waxes such as
carnauba palm wax, ouricouri palm wax, jojoba seed oil, candelilla wax, esparto

wax, Japan wax, and rice bran oil.
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The biological starting material may also contain free fatty acids and/or fatty acid
esters and/or metal salts thereof, or cross-linked products of the biological starting
material. Said metal salts are typically alkali earth metal or alkali metal salts.

Base oil or base oil component of the invention, comprising hydrocarbons
typically having carbon number of at least 18, may be produced from biological
starting materials by methods resulting in the lengthening of the carbon chain of
the starting material molecules to the level necessary for the base oils (> CI18).
Suitable methods include processes based on the condensation reactions, meaning
reactions based on the functionality of the feed molecules, in combination with at
least one of the following: reduction, transesterification, hydrolysis, metathesis,
decarboxylation, decarbonylation, isomerization, dewaxing, hydrogenation and
finishing process or reaction. Condensation reactions include for example
decarboxylative condensation (ketonization), aldol condensation, alcohol
condensation (Guerbet reaction), and reactions on double bonds including
dimerisation, frimerisation, oligomerisation and radical reactions. Hydrocarbons,
preferably saturated hydrocarbons are obtained as the product by processing of the
biological starting materials, followed, when necessary, by fractionation of said

hydrocarbons by distillation to obtain final products,

In the method based on ketonization reactions, the acid groups of fatty acids react
with each other giving ketones, Ketonization may ailso be carried out with fatty
acid esters, fatty acid anhydrides, fatty alcohols, fatty aldehydes, natural waxes,
and metal salts of fatty acids. The ketone obtained is reduced giving a paraffin,
followed by isomerization, to improve low temperature properties of the final
product. Isomerization is optional in cases branched feedstock is subjected to
ketonization. In the ketonization step, also dicarboxylic acids or polyols including
diols, may be used as starting material allowing longer chain lengthening than
with fatty acids only. In said case, a polyketonic molecule is obtained, to be
processed in a similar manner as monoketone. In the ketonization reaction, the

pressure is between 0 and 10 MPa, the temperature being between 10 and 500 °C,
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and moreover, supported metal oxide catalysts are used, the metal being
preferably molybdenum, nickel-molybdenum, manganese, magnesium, calcium,
or cadmium; silica and/or alumina as the support may be used. Particularly
preferably the metal in metal oxide is molybdenium, manganese and/or

magnesium in a catalyst without support.

In aldol condensation reaction the aldehydes and/or ketones are condensed to
substantially increase the carbon number of the hydrocarbon stream. Saturated
aldehydes are preferably used as the feedstock. In the process branched
unsaturated aldehydes or ketones are obtained. The catalyst is preferably an alkali
or an alkaline earth metal hydroxide, for instance NaOH, KOH or Ca(OH),, the
temperature being then from 80 to 400 °C, preferably lower temperature is used
with lower molecular weight feeds and higher temperatures with higher molecular
weight feed. The amount of the catalyst to be used in the homogeneous reaction

varies from 1 to 20 %, preferably from 1.5 to 19 %, by weight.

In alcohol condensation reaction, particularly the Guerbet reaction, the alcohols
are condensed to substantially increase the carbon number of the hydrocarbon
stream, thus obtaining branched monofunctional and branched polyfunctional
alecohols respectively from monohydroxy, and polyhydroxy alcohols in the
condensation reaction of alcohols. Saturated alcohols are preferably used as the
feedstock. Known catalysts of the Guerbet reaction, such as hydroxides and
alkoxides of alkali and alkaline earth metals, or metal oxides in combination with
a co-catalyst may be used as reaction catalysts. The amount of the catalyst to be
used in the reaction varies from 1 to 20 %, preferably from 1.5 to 19 %, by
weight. Suitable co-catalysts include salts of chromium(Ill), manganese(Il),
iron(Il), cobalt(IT) or lead(II), or stannic oxide or zinc oxide, the salts being salts
soluble in water or alcohols, preferably sulfates. Co-catalyst is used in amounts
varying between 0.05 and 1 %, particularly preferably between 0.1 and 0.5 %, by
weight. Hydroxides of alkali metals together with zinc oxide serving as the co-

catalyst are preferably used in the reaction. Chain lengthening by means of the
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condensation reaction of alcohols is performed at 200 to 300 °C, preferably at 240
to 260 °C, the reaction being carried out under vapor pressure provided by the
alcohols present in the reaction mixture. Water is liberated in the reaction, said

water being continuously separated.

In the radical reaction, carbon chains of the saturated carboxylic acids are
lengthened with alpha olefins. In the radical reaction step, the feedstock
comprising saturated carboxylic acids and alpha olefins in a molar ratio of 1:1 are
reacted at 100 to 300 °C, preferably at 130 to 260 °C under a vapor pressure
provided by the reaction mixture, in the presence of an alkyl peroxide,
peroxyester, diacylperoxide or peroxyketal catalyst. Alkyl peroxides such as
ditertiary butyl peroxide catalysts are preferably used. The amount of the catalyst
used in the reaction is from 1 to 20 %, preferably from 1.5 to 10 %, by weight. A

branched carboxylic acid is obtained as the reaction product.

In electro-chemical synthesis carboxylic acids, particularly fatty acids in plant oils
are first extracted, followed by forming salts of carboxylic acids by dissolving
them into methanol or aqueous methanol solution, containing 10 — 20 % by
weight of potassium hydroxide for neutralizing carboxylic acids, to form an
electrolyte solution for electro-chemical oxidation. The salts are transformed to
long-chain hydrocarbons by the reaction known as Kolbe synthesis. The carbon
number of the obtained product is one carbon Iower than that obtained using the

ketonisation reaction.

Reduction of the product obtained from the chain-lengthening step to
hydrocarbons (paraffin) is carried out by hydrogenation, thus removing the
polarity due to oxygen atoms, and further, oxidation stability is improved by
saturating any double bonds. In the hydrogenation, the product of the chain
lengthening reaction and hydrogen gas are passed to the hydrogenation reactor at

a pressure typically between 1 and 15 MPa and the temperature from 150 to 400
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°C. In the hydrogenation step, special catalysts containing metals of the Group
VIII and/or VIA of the periodic system of the elements on a support may be used.
Hydrogenation catalyst is typically a supported Pd, Pt, Ru, Rh, Ni, NiMo, or
CoMo catalyst, the support being activated carbon, alumina and/or silica. After
reduction the methyl branched paraffinic wax is obtained from the other feeds but

ketonization of the nonbranched feed components,

Low temperature properties of the product may be improved by isomerization. In
isomerization the linear hydrocarbons are converted to branched ones and the
solid paraffins are thus becoming liquid. In the isomerization, hydrogen gas and
paraffinic components react in the presence of an isomerization catalyst. In the
isomerization step, the pressure is typically between 1 and 15 MPa, the
temperature being typically between 200 and 400 °C. Special catalysts containing
molecular sieves and a metal from the Group VIII of the periodic system of the
elements, such as Ni, Pt and Pd, may be used. Alumina and/or silica may serve as
the support. Isomerization is not necessary if branched structures are obtained
from chain lengthening reaction, and if the pour point of the product is low

enough.

Products produced from biological starting materials using methods described
above mainly comprise saturated hydrocarbons and mixtures thereof. They may
be used as base oils and as compenents for producing base oils depending on
which are the desired properties of the base oil. High-quality base oil or a base oil
component of the API Group I+, preferably Group III is obtained as the product,
said base oil or base oil component being particularly suitable for the production
of high-quality lubricants, white oils, process oils, and oils for metal working

fluids.

Advantages of the invention
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The base oil or the base o0il component of the invention is endowed with superior
technical properties compared to conventional hydrocarbon oils of the
cotresponding viscosity class. Narrow boiling point range indicates that the
product does not contain any initial light fraction (meaning the molecules
considerably lighter than the average) shown by the decreased volatility of the
product. This results in lower oil consumption and reduced emissions in practical
applications. The “tail” composed of the heavier components (meaning the
molecules considerably heavier than the average) is also missing, This results in

excellent lJow temperature properties of the product.

For the base oil or base oil component of the invention, the carbon number and
boiling point range may be adjusted to desired range by the selection of feedstock
composition. For base oils of the prior art, the boiling point range is adjusted by
distilling the product to obtain a fraction having the desired kinematic viscosity. It
is preferable that lubricants comprise base oils with narrow carbon number ranges
and thus narrow boiling point ranges. In this way the base oil contain molecules of

similar sizes behaving under different conditions in a similar way.

Base oil or base oil component of the invention consists mainly of isomerized
paraffins, the rest being mononaphthenes, and to lower extent, non-fused
dinaphthenes. It is known that mononaphthenic compounds and also non-fused
dinaphthenes posses similar physical properties as isoparaffins. Fused naphthenes
in prior art products have lower VI and poor temperature viscosity properties, as

well as poorer oxidation stability.

For the base oil or base oil component of the invention, high VI of the product
means in practice that the amount of the viscosity index improver, VII, typically
used in lubricating oil compositions may be reduced. It is generally known that for
instance in engine oils, the VII component is the main cause for deposits in the
engine. In addition, reduction of the amount of VII results in significant savings in

formulation costs.
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Opposed to conventional products derived from crude oil, no sulfur, nitrogen, nor
aromatic compounds are present in base oil or base oil component of the
invention, allowing for the safe use thereof in such applications wherein the users
are exposed to oil or oil mist. Moreover, response of the product of the invention
to antioxidants and pour point depressants (PPD) is excellent, thus allowing for
the extension of the service life of the Iubricants prepared from said base oil, as

well as the use thereof at lower temperatures,

In comparison to esters or other base oils containing hetero atoms, the base oil or
base oil component of the invention is more stable with respect to hydrolysis, that
is, it will not readily decompose releasing corrosive acids under humid conditions.
The base oil of the invention is also chemically more stable than the more reactive
ester base oils, and moreover, the oxidation resistance thereof is improved

compared to ester base oil derived from unsaturated fatty acids of biological

origin.

Compared to esters, the nonpolar base oil or base oil component of the invention
is more compatible with conventional hydrocarbon base oil components derived
from crude oil, base oil components obtained from Fischer-Tropsch process, as
well as with lubricant additives. Moreover, there are no such problems with

elastomers, such as sealant materials as encountered with esters.

Advantages of the base oil or base oil component of the invention include the fact
that it complies with the requirements for base oils according to API Group II+,
preferably Group III, and may be used in automotive engine oil compositions like

other base oils of API classification, according to same base oil interchange rules.

The base oil or base oil component of the invention is derived from renewable

natural resources as can be analyzed from the “C isotope content of the product.
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According to the invention renewable biological raw materials make a fully novel
resource of starting materials for high-quality saturated hydrocarbon base oil or
base oil component. Also carbon dioxide emissions contributing to the greenhouse
effect may be reduced by using renewable raw materials instead of non-renewable

ICSQUrCes.

The invention is now illustrated by means of the following examples without

wishing to limit the scope thereof.

Examples

In Examples 1 to 5 paraffinic hydrocarbons with long chains are produced from
biological starting materials containing oxygen by a process based on
ketonization. The products are well suited as base oils or base oil components
without blending limitations, and further, the products are compatible also with
lubricant additives. In Example 6, the detection of the proportion of base oil of
biological origin in traditional mineral base oil is shown. Table 4 shows the
properties of the base oil components prepared in Examples 1 to 5 from biological

starting materials, and Table 5 shows properties of products of the prior art.

Example 1

Preparation of a hydrocarbon component from stearic acid fraction

A mixture of plant oils (linenseed, soybean, sunflower, and rapeseed oils) was
hydrolyzed, and the fatty acids were distilled to obtain product fractions according
to carbon numbers. Double bonds of the fatty acid fraction used as the feed were
selectively prehydrogenated. The stearic acid fraction (Ci7yH3sCOOH) thus
obtained was diluted with a paraffinic diesel fuel based on biological raw
material. The stearic acid content of the mixture was 31 % by weight. The

feedstock was ketonized in a continuous tube reactor using a MnQ, catalyst, The
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temperature of the reactor was 370 °C, and WHSV was 3. 18-pentatriacontanone,

i.e. stearone, in a diluent was obtained as the product.

In the hydrogenation step, said stearone/diluent mixture obtained was
hydrogenated in a high pressure Parr reactor using a dried and activated
NiMo/ALO; catalyst to obtain linear paraffin. The ketone was hydrogenated at
330 °C under a pressure of 5 MPa until no ketone peak was present in the IR
spectrum of a sample, mixing speed being 300 rpm. Stearic acid resulted in linear
C35 paraffin.

The linear paraffin wax obtained from the ketone was isomerized in a Parr reactor
to get a branched paraffin of the base oil class, using reduced Pt molecular
sieve/Al;O; as the catalyst. Preheated paraffin/diluent mixture obtained above was
isomerized under a hydrogen pressure of 3 MPa and at 340 °C until PP of 6 °C
was obtained. Finally, light fractions were distilled off under vacuum, followed by

finishing of the paraffinic product by filtering through kieselguhr.

Example 2

Preparation of a hydrocarbon component from fatty acids derived from palm oil

Palm oil was hydrolyzed, and double bonds were selectively hydrogenated. After
hydrogenation, the fatty acid composition was as follows: C14 1 %, C16 44 %,
C18 54 %, and C20 1 %, all percentages being by weight. Fatty acids were
ketonized as in Example 1, and the ketonization was followed by removal of the

solvent by distillation.

In the hydrogenation step, the ketone mixture obtained above was hydrogenated in
a Parr reactor using a dried and activated NiMo/ALO; catalyst to give a linear
paraffin. The ketone mixture was hydrogenated under a pressure of 3.3 MPa, at
340 °C, mixing speed being 300 rmp. Palm oil resulted in linear paraffin.
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N-paraffin wax obtained from the ketone mixture, by hydrogenation, was
isomerized in a Parr reactor at 340 °C under a hydrogen pressure of 3 MPa to give
a branched paraffin of base oil viscosity class, using a reduced Pt molecular
sieve/ALO; catalyst until PP point was below —15 °C. Finally, light fractions were

distilled off under reduced pressure.

Example 3
Preparation of a hydrocarbon component from fatty acid methyl esters

Purified animal fat was transesterified in two steps with methanol under alkaline
conditions at 70 °C under a pressure of 0.1 MPa, thus obtaining fatty acid methyl
esters. Sodium methoxide served as the catalyst. The reaction mixture was
purified by washing with acid and water. Finally, the mixture of fatty acid methyl

esters was dried.

The mixture of fatty acid methyl esters was diluted with a paraffinic diesel fuel of
biological origin. Fatty acid methyl ester content of the feedstock obtained was 30
% by weight, and the feedstock was ketonized in a continuous tube reactor as
disclosed in Example 1. Both saturated and unsaturated ketones were thus

obtained as products.

In the hydrogenation step, the ketone mixture obtained above was hydrogenated in
a Parr reactor as in Example 2. Also the isomerization was performed as in

Example 2.

Example 4

Preparation of a hydrocarbon component from tall oil based isomerized fatty acids

Mixture of fatty acids from distilled tall oil was isomerized using a mordenite
catalyst in a Parr reactor. H mordenite zeolite served as the catalyst, and water

was used in an amount of 3 % by weight of the total mass of the reaction mixture,
Y welg
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The mixture was purged with nifrogen. The isomerization temperature was 280
°C, nitrogen pressure was 2.0 MPa, and mixing speed was 300 rpm. The catalyst
was filtered off, followed by the distillation of the monomeric acids from the

product under reduced pressure.

Double bonds of the monomeric acids were selectively hydrogenated in a Parr
reactor using a Pd/C catalyst. The hydrogenation was performed at 150 °C, under
a hydrogen pressure of 1.8 MPa. Linear fatty acids were removed from the
mixture by adding a double amount of hexane, followed by cooling the mixture to
—15 °C and filtering off the crystals formed. Finally, the solvent was distilled off

from the isostearic acid fraction.

The iso-stearic acid fraction was diluted with a paraffinic diesel fuel of biological
origin in a ratio of 30 to 70 % by weight. The feedstock was ketonized in a
continuos tube reactor using a MnQO; catalyst. The temperature of the reactor was
370 °C, the WHSYV being 1.7. A mixture of isomerized ketones was thus obtained

as the product.

In the hydrogenation step, the ketone mixture thus obtained was hydrogenated in a
Parr reactor as in Example 2. The solvents were distilled off from the final
product under reduced pressure. Thereafter, n-paraffins were extracted from the
product by solvent de-waxing method, and finally, the paraffinic product was
finished by filtering through kieselguhr. Mainly branched paraffins were obtained
as the final product.

Example 5
Preparation of a hydrocarbon component from tall oil based isomerized fatty acids

and dicarboxylic acid

The isostearic acid fraction prepared according to Example 4 and C6 dicarboxylic

acid {(adipic acid) were mixed in a molar ratio of 1:3. The feed mixture was
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Proceeding as in Examples 1 — 5, base oil components may also be produced from
other plant, fish, animal or recycled food fats and oils (e.g. deep-fry oils), or esters
or soaps derived from fatty acids of said fats and oils, or corresponding alcohols
and free fatty acids. Hydrocarbon components may also be produced from natural
waxes consisting of fatty acids and alcohols by proceeding in a similar manner.
On the other hand, corresponding alcohols may be prepared from fatty acids using
for instance a Ru/C catalyst, and said alcohols may be traditionally esterified with
fatty acids. Esters of the carbon number C36 are thus obtained for ketonization,

while natural waxes are typically C38-C46 esters.

Example 6

Preparation of a hydrocarbon component from C16 alcohol derived from plant oil

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

washed with water and dried with ealecium chloride.
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In the next HDO step, the condensed alcohol obtained above was hydrogenated in
a high pressure Patr reactor using a dried and activated NiMo/ALQO; catalyst, to
give a methyl branched paraffin. The aldehyde was hydrodeoxygenated at 340 °C,
under a pressure of § MPa, mixing at 300 rpm until no alcohol peak was defected
in the FTIR spectrum. The pour point of methyl branched wax was 69 °C.

The C32 paraffin wax obtained above was isomerized in a Parr reactor to give a
branched paraffin of the base oil class using a reduced Pt molecular sieve/ALO3
catalyst. Preheated paraffin was isomerized under a hydrogen pressure of 3 MPa
and at 340 °C until a pour point under — 15 °C was obtained. Finally, light
fractions were distilled from the product at reduced pressure. The properties of the
condensed, hydrodeoxygenated and hydroisomerized baseoil are given in table 3.

Similar hydrocarbon compounds may be produced by other condensation

reactions and in radical reactions in a similar way.

Table 4
Properties of the products produced in Examples 1-6.

Analysis Ex.1 |Ex.2 |Ex.3 |Ex.4 |Ex.5 |Ex.6 | Mecthod
KV100 (cSt) 5.2 43 5.8 6.5 164 |43 ASTM D445
KV40 (cSt) 23.0 183 |27.7 [340 1505 |18.2 ASTM D445
VI 164 153 159 148 115 145 ASTM D2270
Pour point (°C) -6 -21 -18 | -12 -12 -26 ASTM D5950
GC distillatien (°C) ASTM D2887

10 % 419 375 455 390

50 % 475 457 481 444

90 % 486 474 497 455
GC-Noack (w-%) 58 12.5 4.2 11.1 DIN 51581-2




ASTM D 5293 | CCS-30, nPas 1780 CCs- 35, inPas 2920 690 ASTM D
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Molecular
distribution (w-%)
Aromatics 0 0 ASTM D2549
Paraffins 88 31 90.4 FIMS
Mononaphthenes 12 49 9.2 FIMS
Dinaphthenes 0 20 0.4 FIMS
Other naphthenes 0 0 0 FIMS
Sulfur, ppm <1 <1 ASTM D3120
/D 4294
Nitrogen, ppm <1 <1 ASTM D4629
Table 5
Properties of the base oils of the prior art
Analysis API API APl API Method
Gpl, GplIl, GpHl, | Gplv,
HC-CDW | HC-CDW | SW PAO
KV100 (cSt) 4.29 6.00 4.0 5.7 ASTM D445
KV40 (cSt) 20.0 33.1 16.8 30 ASTM D445
VI 122 128 140 135 ASTM D2270
Pour point (°C) -18 -12 -21 <-63 ASTM D5950
CCS at -30°C (cP) 1750 4100 2300 ASTM D5293
CCS at -35°C (cP) 3100 7800 1560 3850 ASTM D5293
GC distillation (°C) ASTM D2887
10 % 395 412 394
50 % 421 459 421
90 % 456 513 459
GC-Noack, w-% 13.3 5.8 12.5 DIN 51581-2
Molecular
distribution,
w-%
Aromatics 0,0 0,0 0,0 0,0 ASTM D2549
Paraffins 37,0 26,8 72,4 100 FIMS
Mononaphthenes 37,3 39,3 23,9 0 FIMS
Dinaphthenes 16,1 20,3 3,5 0 FIMS
Other naphthenes 9,8 13,6 0,2 0 FIMS




ASTM D 2270 VI 153 126 ASTM D 2887 10 % C 431 355 50 % C 453
384 90 % C 497 415 DI N 51581-2 GC Noack
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Sulfur, ppm <0,2 <0,2 <1 ASTM D3120/D
4294
Nitrogen, ppm <1 <1 <1 ASTM D4629

HC-CDW = hydrocracked, catalytically dewaxed base oil

Example 7
Preparation of a hydrocarbon component from fatty acids derived from palm oil

Palm Ioil was hydrolyzed. Fatty acids derived from palm oil were used as the
feedstock following selective prehydrogenation of the double bonds of said fatty
acids. The fatty acids were vaporized with nitrogen purge in a separate vaporizer
unit and ketonised continuously at atmospheric pressure, in a tubular reactor using
a MnO,, as catalyst. Temperature of the reactor was 380 °C, the WHSV of the feed
being 1 1/h-1.

The C31, C33, C35 ketone mixture obtained from the ketonisation stage was
hydrodeoxygenated continuously in a tubular fixed bed reactor using a dried and
activated NiMo/AL Q5 catalyst to give linear paraffins. Hydrodeoxygenation was
carried out under a pressure of 4 MPa (40 bar), at 270 °C and with WHSV of 1
1/h.

The linear paraffin wax obtained in the HDO step was isomerized continuously in
a tubular fixed bed reactor using a reduced Pt molecular sieve/Al,O; catalyst to
give branched paraffins using a reduced Pt molecular sieve/AlO; catalyst.
Isomerization was performed at 340 °C, under a hydrogen pressure of 4 MPa until
the pour point of the product was below —15 °C. Finally, light fractions were

distilled under reduced pressure and separated.

Hydrocarbon components may also be produced in a similar way from other plant

and fish oils, and animal fats.
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Table 6
Properties of the products in example 7.

Mecthod Analysis bascoil bascoil
>413 °C 356-413 °C
ASTM D 4052 | Density@15°C, kg/m3 821.8 810.1
ASTM D 5950 | Pour Point, °C = -23 -32
ASTM D 5771 | Cloud Point, °C -6.8 -24.7
ASTM D 5293 | CCS-30, mPas 1780
| CCS-35, mPas 2920 690

ASTM D 445 kV40, ¢St 25.7 10.9
ASTM D 445 kV100, ¢St 54 2.9
ASTM D 2270 | VI 153 126
ASTM D 2887 | 10 %, °C 431 355

50 %, °C 453 384

90 %, °C 497 415
DIN 51581-2 GC Noack 4.4 33.1
FIMS paraffins 90.5

mononaphthenes 9.5

dinaphthenes 0

other naphthenes 0
ASTM D 3120 | S, mg/kg 0 0
ASTM D 4629 | N, mg/kg 0 0

Example 8

Determination of the biological origin of the hydrocarbon component

Hydrocarbon component of biological origin was weighed into mineral oil based
Group IIT base oil, and mixed thoroughly. For the first sample, 0.5014 g of the
hydrocarbon component of biological origin was weighed, and base oil
component of the Group III was added in an amount to obtain a total weight of

10.0000 g; for the second sample, 1.0137 g of the hydrocarbon component of
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Table 7

Content of radioactive carbon

Sample “Ccontent, % |8 C Bio proportion, %
Mineral oil 0.1 +£0.07 -29.4 0

Bio oil 1067+ 0.4 -28.9 100

Mineral + bio, 5 % by weight 50+03 -29.3 4.60+0.28
Mineral + bio, 10 % by weight 10.8 £ 0.3 -26.9 10.04 + (.29
“Example 9

Carbon number distribution

The proportion of the narrow carbon number distribution of the base oil product is
dependent on distillation. In Figure 1 the carbon number distributions of VHVI
(413-520 °C cut) and the baseoils of the invention (360-°C cut) are shown. The
carbon number distribution of the base oils according to invention is narrower
than that of conventional base oils when distillation is cut in similar manner at >
413 °C corresponding to C26 paraffin. The baseoils of the invention contain
higher amount of higher boiling fractions compared to the conventional product of

same viscosity range (KV100 about 4 c¢St), as shown in Figure 1 with carbon
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0.29 Exanple 9 Carbon nunber distribution
35

number distributions. The lower boiling components with carbon number < C31

are due to cracking in isomerization. The higher boiling compounds enhance VL.
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. Base oil according to any one of claims 1-4, characterized in that it comprises

less than 5 % and preferably less than 1 % by weight of linear paraffins.

6. Base oil according fo any one of claims 1-5, characterized in that it comprises
30 5-30 % by FIMS, preferably 5-15 % by FIMS of mononaphthenes.
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mixtures thereof by hydrolysis, transesterification or pyrolysis, and
¢) esters obtained from plant fats, plant oils, plant waxes, animal fats, animal
25 oils, animal waxes, fish fats, fish oils, fish waxes, and mixtures thereof by
transesterification, and
d) metal salts of fatty acids obtained from plant fats, plant oils, plant waxes,
animal fats, animal oils, animal waxes, fish fats, fish oils, fish waxes, and

mixtures thereof by saponification, and
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e) anhydrides of fatty acids from plant fats, plant oils, plant waxes, animal fats,
animal oils, animal waxes, fish fats, fish oils, fish waxes, and mixtures thereof,
and

f) esters obtained by esterification of free fatty acids of plant, animal and fish
origin with alcohols, and

g) fatty alcohols or aldehydes obtained as reduction products of fatty acids from
plant fats, plant oils, plant waxes, animal fats, animal oils, animal waxes, fish
fats, fish oils, fish waxes, and mixtures thereof, and 1

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

i) corresponding compounds derived from algae and insects, and starting
materials derived from aldehydes and ketones prepared from carbohydrates,
and

1) mixtures of said starting materials.

11. Base oil according to any one of claims 1-10, characterized in that it contains
less than 10 %, preferably less than 5 %, and particularly preferably less than 1 %

by weight of aromatic carbon.

12. Base oil according to any one of claims 1-11, characterized in that the sulfur
content thereof is less than 300 ppm, preferably less than 50 ppm, particularly
preferably less than 10 ppm, and at best less than 1 ppm.

13. Base oil according to any one of claims 1-12, characterized in that the
nitrogen content thereof is less than 100 ppm, preferably less than 10 ppm, and
particularly preferably less than 1 ppm.

14. Base oil according to any one of claims 1-13, characterized in that the
distillation range of said base oil is no more than 150 °C, preferably no more than
100 °C, particularly preferably no more than 70 °C, and at best no more than 50
°C, determined by the method ASTM D 2887, distillation points D10 and D90.



