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invention relates to a new base stock material. Specifically the
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branched saturated bydrocarbons and it has a narrow carbon number range.
State of the art

Base oils are commonly used for the production of lubricants, such as Jubricating
oils for automotives, indusfrial lubricants and Iubiicating greases. They are also
used as process oils, white oils and mefal 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 coniribute 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 Il 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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i dentification nunpber, or
are either natural or synthetlc mono- or dicarboxylic acids. Depending on the ester

to be produced, the alcohol is a polyol or 2 monohydroxylic alcohol. Ester base
oils are typicaily monoesters, diesters, polyol esters or dimer esters. A similar
classiﬁcatioﬂ 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: Polyinternalolefing (PIO).
In addition to the official classification, also Group I+ 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.



3 Base stocks nmay be manufactured using a variety of different
processes." Base oil is the base stock or blend of base stocks used
in APl -licensed oil. The base stock types are 1) Mneral oil
(par af fi ni cwompinetmsi c, aromatic), 2) Synthetic (polyacpirrodsebesss
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GB 1 524 781 discloses a process for produci ng hydrocarbons from
plant oil. In this process, plant oil feed is pyrolyzed in three
zones in the presence of a catalyst at tenperature of 300 - 700 C. In
t he processwonnowsmpons of the gas, gasoline, and di everreh@nses: ar e
obtai ned. They are separated and purified. EP '209997 discloses a
process for producing base oils, conprisjng isonerization of waxy

hydr ocar bons based on crude oil, giving rise to only m nor anpunts of
light fractions. This process is used for instance for producing base
oils belonging 5 to Goup Il fromwaxy bottons of hydtocracki ng. PAO

processes are described in nmany patents. US 6,703,356 discloses a
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properties. The aromatic content of said oils is extremely low, and further, they

are basically sulfur and nifrogen-free.

In addition to the technical demands for vehicle engine technology, also strict

environmental requirements direct the industry to develop more sophisticated base



hydr ocar bon. conpound 27, 0, 15, 18, 23- hexanet hyl tetracosape, which is
usefar 15 as lubricant for precision nmachines (chrononeters) having
properties .yery simlar to squalane. US 2004/236085 relates to the
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cycl ohexane. A na eni ¢ compoun
structure (norespensivehene) or two isolated ring structures (isol ated
di napht hene), or two fused ring structures (fused di napht hene) or
three or nore fused ring structures (polycyclic naphthenes or

pol ynapht henesJo. far, esters bave been the only base oil type of renewable and biclogical origin

used in ubricants. 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



In this context the termpolyol refers to al cohols having two or nore
hydroxyl groups. In this context, wdth of carbon nunmber range refers
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baoe o o OO RARAM s chly A AR besRblc Loty S B acllton REO AT BOREL, *°
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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.



Structure 1 C31/ C33/ C35 acyclic corrponent about 25 %
about 50 A-di napht henes about 25 %" -

nnnonaphthenes

NRjr--. T T 1 =T 20311033/C35
acycl iC conponent about 90 % m)nonapht henes about 10 % (LX
L T A Nr------...-1,. .3 C32/ C341C36
S W e 1,-,...,
7

EP 209997 discloses a process for producing base oils, comprising isomerization
of waxy hydrocarbons based on crude oil, giving rige to only minor amounts of
light fractions. This process is used for instance for producing base oils belonging

5 to Group III from waxy bottoms of hydrocracking,

PAO proéesses are described in many patents. US 6,703,356 discloses a propess
using large' pore crystailine catalyst in produciion of PAQ base oil from 1-allkkene

| IMonoIners, \ﬁhich are typically produced from crude oil based efiylene. This

10 patent describes the wse of higher o-olefin monomers, preferably C14 to C18,
instead of typically used C10 (I-decgﬁe) or C8-C12 g-olefin mixture as starting

material. Oligomerization of the o-olefins is followed by the distillation of the .

product to desired viscosity fractions, followed by hyd:ogeﬁation to give saturated

"star-shape" paraffine.
15

US 2005/0133408 discloses & bas;e oil composition containing mote than 10 % by
weight of cycloparaffing, having a ratio of monocycloparaff';ns to

polycycloparaffing of abave 15, further containing less than 0.3 % by weight of .
aromatic compounds. The composition is obtained by subjecting isalated -

20  paraffinic wax obtained from Fischer-Tropsch synthesis to dewaxing by

hydroisomerization and finally to hydrofinishing,

F1 66895 describes the use of fatty acid teiglycerides and polymers thereof as base
oil for lubricants. Double and ester bonds of the final product are instable due to
25  oxidation and hydrolytic cracking, Base oils according to said publication

; comprise unsafurated esters,

EP 03396078 presents a diesel fiel composition containing biocomponents, said

composition comprising at least one component produced from & biological raw

v material of plant, animal or fish origin, diesel components based on crude oil

30 and/or fractions from Fischer-Tropsch process, and optionally components

containing oxysen,



D T T 1---...- WO 2007/ 068799PCT/ FI 2006/ 050552 -12
‘acycllc conponent about 90 % nononapht henes about 10 % .

car bon nunbers and assuned typical structures of known synthetic
-hydr ocarbon base oils of .mneral base having simlar viscosity |evel
are shown. Carbon nunber range is deternined by the FIMS anal ysis.

Structures of naphthenes are typical exanples of a group of
Tabl e 3 Typical structures of known base oils Base oil

‘conpounds.
Car bon nunber % by FIMS Structure 1 I\/D Cl @ C30 about 80%+ C40 about -

20, % NI ...-..... e Ty e e
4 . ) . . 76‘

TP 01 056 792 discloses foodprocessing lubucants compnsmg squalarie, wluch s |

5 a branched hydrocarbon with molecular formula .of CsoHz. ha\rmg ]ughly

. branched structure, in combination with high molecular weight pol}rbutene or
oo polyisobutylene. Docament §.7T, Gud, P.T. Cummings, HD Cochran, J.B, Moore,
S.A. Gupta: ‘“Nonequﬂlbnum Moleoular Dynamics Simulation of the Rheoiogy of

. Linear and Bra.uched Alkanes International Journal of Tl1enn0physics pages 449-

I n Tabl e-3;--.

10 459, refers to NEMD sinmlation of the rheology of lingar and br:mche.d_ o

hydrocarbans. Partmularly C10 (n-decane, melting T = -30 "C), Cl16- (11~ .
hexadecane Tm = 18 °C), €24 (n—tetracosane Tm = 52 °C), C25 (IO-n-.
heaylnonadecane) and €30 squalana WBIE studlcd Us 4 026 960 discloses a
hydlocalbcm compound 2 7, 10 15,18 23-hcxamethyltetracosanc. Which is useﬁﬂ'

15 as lubricant foi plemsmn machlnes (chmnometars) havmg propemes very similar

to squa}dne

US 2004/230085 relates to the preparation: of d.lesel range hydloca:bms from
blologlcal ongm, such as faity acids or . fatty acid esters, which . are

.20 hydr odeoxygenated followed by hydtoisomerization,

US 4,317,948 presents a process for produicing Inbricating oils from alpha- and

internal olefing by metathesis reactiomn,

25



2 SLACK WAX (SW C25-C35 acyclic about 70 %m)nonapht henes about 25%
di napht henes about 5 % ,r..... ---. . keowo - - -1 ---L.. (L7Y

01 00 3 VHVI C25-C35 acyclic about 40 %-r ..... 1.
... -n". WQ2007/668799 " -- WO 2007/ 068799PCT/ Fl 2006120605622 13

rnononapht henes about 35% C25- C35 di napht henes about 15 % ot her
napht henes about 10% 8

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
requirernents 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 0il or a base 0il 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 II+, 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 biclogical 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.



The products of Table 3 are typically produced as follows: 1. PAO Cl10
I's produced from 1-decene by oligonerization using a honbgeneous
catalyst 2. SWis the isonerization product of the Slack Wax fraction
of m neral O&Q200H%87923. VHVI i s hydrocracked and i sonemrCITateBasessDI |

derived frommneral oil. Saturated hydrocarbons are classified as
follows using the FIMS nethod (field iongzation mass spectronetry),
according to the carbon and hydrogen atons: | C(n).H(2n+2) paraffins

2 C(n).11(2n) rnononaphthenes 3 C(n).H(2n-2) dinaphthenes 4
C(n). H(2n-4) trhRanBl:.ReR8R Ratures of base oil or base oil component based on 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 2 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 cyelie 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.



C(n).H(2n-6) tetranaphthenes 6 C(n).11(2n-8) pentanaphthenes 1In
Tables 2 and 3, the percentages (% by PIMS) refer to the groups of
conpounds determ ned according to said nethod. Wth respect to

mol ecul ar stWQRPUEEH? t he base oils or base oil conmpon@CTHI2006/060562
invention differ fromthe products of the prior art, as shown in
Tables 2 and 3. Prior art PAO base oil nginly conprise long (> 4
carbon) al kyl branches 14 (structure 1 in Table 3). In the SW

i sonerization products of the prior art (structure 2 in Table 3), the

short branches jargist 4R roc -0Nn.
The base oils grﬁ tgigs&gmgi ?}%%@W%O%E%a?%?ﬁ%sﬁgpﬁﬁ%‘%t ?oﬁg@ﬁg# %sh%h‘?
structures 2 arfsgurg.n Table 2 are very simlar to SWhbase oils, but
SW base oil contains remarkabl e hi gher anbunt of nononapht henes and
al so fused din aphthenes. Wien the isonerization is done based on the
doubl e bonds ofDetailed ascription pfithe fnsiention (structure 1 in Table 2),
there are typically from1l to 4 carbon al kyl branches within the

hydr ocarbon chain of the product Branched conponents are m xtures of
i somers di ff er ithgvasi sutprisieglye found ghathsatiyated chighhgqualitst dese Bil asrchass oil

wi thin the hydr gﬁgl I LS r [Nt nshder abl

nore than thosg&gﬁg n?ﬁtgce ssglgﬁ) %@?ﬂi%&%ﬁ%@d Iﬁ'n °§%‘§?§sﬂ1§ﬁﬁ§3§#"ﬁ%mﬂf§%%§i on
of the branchesfattiémst Glirbed havingraawtrowrthiboe noreber pmge map be prodRedfropoi nt
i s decreasing w.td,t .RCr I,0 u r of side chains! o

si mul t aneousl y“Festl %ﬁ%ﬁﬁcﬁ?}z%]?%?iion nC)fsgltdh Hls, Pt EFERYGRLE qyalatively | e
products of i neenspadingetoabasy efily ofiithd AP dfrong 6 peeferitie GragmBli Ziad

nol ecul es cont aj re th n ons. Such.high, nol ecul ar,
wei ght corrpounglss{}]?%}%?crgﬁey@§1§g I%%?ﬁi?fa%‘? %se\/fﬁjé’f/é’ % #b SERP ST of
poi nt (PP) is biolugicelorig avordiigOo Ghe hoerition st2eis bhdve Q50 eC,aiton Gaiber
ol ynapht henes B FRabeilgg ol datte GEing GRAEERs Sy B A5 T 85 Uh v
products of prindex beidg exiomely @ighted afthe st tivhd lot RénREBE gopeified hiehg

i nvention. Fused n%gjgghenes ke PP-VI relation poorer than al kyl
branches. The B%¢: IBpbase llogrrhesepil gomponsnt el biolpgical crigipyacesdingde the

number of the hvanhesontinst diclefdt P UPOFI WiigkiSef HMGatdd Qdbarbins! R

i nvention obtained.b ?#Jhe i sonerization of the paraffin wax from
hydr odeoxygenaP’@B"rE%‘{ e W%F@F’ég?sﬁﬁa‘l LYedyveighe pranched product
with | ower anount of nethyl branches at the ends of the hydrocarbon
chain and nore

Wig'ﬂ? of the carbon number range of the base oil or base oil component of the
invention is typically less than nine carbons. Typical carbon number ranges and
typical structures of the base oils of the invention are presented in Table 2 below,

the most typical carbon number being in bold,

Carbon numbers and carbon number ranges of the base oils or base oil
components of the invention depend on the biological starting material used as the
feedstock, and further, on the production process. In the structural examples of the
Table 2, the carbon number range of the base oil components 1 and 2 produced
from C16/C18 feed by ketonization are typically from C31 fo C35, and the carbon
number range of the base oil component 3 produced from C16/C18 feed by
condensation is typically from C32 to C36. These both represent the most

comrnon carbon number distribution of five carbon atoms. Feedstock comprising



met hyl or ethyl branches within the hydrocarbon skel eton. Said base
oil typically conprises sonme nononapht henes, but no fused

di napht henes nor pol ynapht henes. Sai d nononapht henes are forned as
the result &f038EEEPBDNs of the doubl e bonds of the fatPQI/ABIGEEEDON
chain or in isonerization reaction, thus differing with respect to
their structure fromthe napht henes obtayned by hydrogenation of
aromati cs and cracking of polynaphthenes in mneral oil. The product
obt ai ned usi ng the condensation reaction either with the al dol
condensati on, At e be %P,olﬁk: r i
process conpri ses a rnen?(t)l‘i%ﬁll br anlcl::lhgﬂ?% theaméndé o cahﬁﬂ Aifttber
hydr ocar bon cha#mge(structure 3 in Table 2). The pr oduct dlffers from
the VIIVI and SWisomerization products of the prior art (structures
3 and 2 in Table 3) said oils typically having branches mainly at the
ends of the chaielegicalhese ol sempinents pf theswensioh prasenpesirie Abled ewmioduged o
the invention GamRy, oduced fromstarting materials of
bi ol ogi cal origin, éﬁgﬁs%?gggrg#ﬁéoﬁ%al ning less than 10 % by wei ght,
preferably | ess than 5 % by wei ght and partlcul arly preferably | ess
than 1 % by wei;g .
preferably at Ileggctl&gléwg%ﬂhe%fﬁ{I‘ahga‘ad '& ?gﬁ{m%lg?/p It())rgé Yﬁé K ba't

| east' 97 % by V\/Elﬂe@mzatlomtan@ﬁsallydwdﬂogamnowQ %by wei ght, of saturat ed
hydr ocar bons S [ ) ,assa

product of the§| r#zén |§$n’{1§fd %P%%ag%ac p g)(c%ogg})%n ané{ﬁna-ﬂ}
particul arly pr efiengikatiob- 15 and at best 5 10 % by HVS by FI M5 of

nononapht henes; 0.1~ % as
determ ned by thé g?%{}%%mn OEBzgm (1"—]1?1@})?% ‘i@éto%it%)?%ﬁ’ B‘EE%H%Ci}?gehamn
conponent, the Viand Snaligrisentetizationl5 and preferably nore than 130,
particularly preferably nore than 140, and at best nore than 150, as
determ ned by the nmethod of ASTM D 2270, together with pour point

bei ng not overTalﬂem preferably not over -12 C and particularly
preferably not ASTM D 595 w.tenperature dynam c
viscosity, %mfso%%eia%f 8152/' %Of@é%l%g"bqlrfm%ﬂnponent is no nore

t han 29. 797*(KV100) 23848 cP preferabl y no nore than
34 066*(KV100 ’)3967 ro—ABEe +han QR 1ﬂQ*/|(\I1nn\ "RQ PD

preferably no Repall n%%tb%’dm%ﬁi&(wmm 1491f e ’
ASTM D 5293; pour po|%jbyriMsg | ower than -
-12 C and par 'CU! arl v nl"ﬂfﬂ"ﬁhl \/ |n\Anr fh - G 5050 COor

sai d base oil t)r basﬁ%?@%‘&%onent t he vpteat
havi ng KV100 from 3 RSclicRoSBpsndht abbist 2994 MO e t han 2271. 2*(KV100) 45373

% by wei ght a$ deterf ned t he, met hod of &A,I&@Lhﬁtt&l,lcal
Noack met hod based o@?i‘g‘i‘%ﬂ%%e%@m&ocﬁ sti on) Car bon nunber

range of base|oils ordi BtferRk hbgupppgnent s 0
than 9 carbong, preferably no nore than 7

preferably no|nore than 5 car bons and at b
carbons, as dgermingEy
preferably nofe than % and partlcu arIy preferably nor e t}an

about 90 % by| wei ght |acyclic hemprueet about 98 Gint |rn1§\ drocarbons . bel angi
to this narro carbo t4 on | lation range of b
oils or base pil cong%(;r}tlg %{h""?‘k%ﬁ‘(e ?ﬁ\fentl S no nore than 150 C
preferably no|l nore tlhan 100 C, particularlly eraphy-no-fpre-than
70 C, and at pest no nore than 50 C (det erm' néd by the nethod of ASTM
D 2887, disti|lation points DI0 and D90). [Sul fur content of said base

oil or base ofji conpaiera34i@sl ess t han 300 W@LM&Wh AN

50 ppm parti ppm and it best | ess
than 1 ppm as WNﬁ*ﬁ“og en
-n-e.n-t__ls_Less_t_ha.n_lQO_p.p.n

content of sal

se




18 e) anhydrides of fatty acids fromplant fats, plant oils, plant
waxes; animal fats, animal oils, animl waxes; fish fats, fish oils,
fish waxes, and m xtures thereof, and f) esters obtained by
esterificat YWYn281068e fatty acids of plant, aninmal an®CLFERSHRISH n
wi th al cohols, and g) fatty al cohols or al dehydes obtai ned as
reduction products of fatty acids frompbant fats, plant oils, plant
waxes; animal fats, aninmal oils, aninmal waxes; fish fats, fish oils,
fish waxes, and m xtures thereof, and h) recycled food grade fats and

oils, and fats[— ol TS g ']'W@&(rﬁﬁ) PHCELIo§ oY [OETEet T Engieer Ty, and
i) mxtures of| said stg&tli ng materials. Bi dIrogical $tarti\y rials

al so include cprrespagndi ng conpounds derived from al gae and i nsects
as well as starting malshiahs | §,r omjahdehydes and ket one
prepared fromcar bohy%E at ea?. %%g%r%ﬁ\ﬁggo é’f syi i i hg

materials incljude fish oils such as bailielherring oil, salnon oil,
herring oil, tuna oil|, anchovy oil, sardine oil, and mackerel oil;
plant oils such as rdpeseed oil, colza oil, canola oil, tall oil,
sunfl ower seed oil, soybean oil, corn oil, henp oil, olive oil,

cottonseed oil, r i L mail nut .oil . castor oil .
j atropha seed (gIll ﬁgﬁ%gr gqar er rﬁué&%(r)sl ?‘ufa agsn e@o I%ﬂtShB?tﬁ"?s é}%oﬁﬁrs%"\%tﬁc,
sui t abl e are alhgdrocambametiasd aifssofsuinbrabbast asvng $imlilhoviscosiydlead] 2 skashe

and recycled f rade fats and.qils, .a | | fats xes' and
oi |'s produced ELSarq)é) netic erﬁ%engefl%ﬂal.meldng%l%? t}f@%’ f”i‘)athfsfi;ﬁ ?@ﬁ‘ﬂ’eﬁi 25
sui t abl e st art inaghtheatseirs ghisalekarbplesl cfgigemmb oftongdonndsncl ude ani mal waxes
such as bee wax, Chinese wax (insect wax), shellac wax, and | anoline
(wool wax), as well as plant waxes such as camauba pal m wax,
ouricouri pal mrabie3 j oj oba seed oil, candelilla wax, esparto wax,
Japan wax, and.li.c ran oidl . 9 The biol ogical starting materi al
may al so cont aﬂ‘p{plfﬁg&ﬂcﬁgﬁ%ﬁg%%l@s%w Jor fatty acid esters and/or
metal salts thereof, or cross-linked products of the biol ogical
starting mat ertal——Satq-# £ e
or alkali metaP*esls. Cathop mypber o 550 SBR§™onponent of t he
i nvention, colpsi-Rg—h PRI o0 g typid¢ally-having carbon nunber of
at | east 18, % b(s pro&%@e {yombiological starting terral’s by
met hods resul §G19 ¢ haPUEAYtheni ng of | e Taruom efai n of the
starting matefial nole¢ules to the |evel necessary f te"base oils
(> C18), Suitable net thds i ncl ude processes based on the condensation
(

[«2¥ tal caltc arn tyvniecally allkkalid |
AT . T =4 AT T GO 1 =X Iv T T

reacti ons, nmeaning rea #i%0s based on the functi onal iYy>ortte feed
mol ecul es, in|conbi nat i 8% at | east clp\/e\fﬁ“ ey Tyl | owi ng:
reduction, trpansesterification, hydroly$i's, tattiesis;

decar boxyl ati pn, decarbonyl ati on, isonmefization, dewaxing,
hydr ogenati onfand Ti ni $ppHl@3PT OCESS or [eacti on. condensatfton
reactions inc|gdeekor exarid sodemayboxyl arive tondensatt on )
(ketoni zati on) waat gek) gondensation, al cphpl conde\Wbet
reaction), and reacti'ops on doubl e bondgli ncl uding dinerisation,
trinmerisation, oligonerisation and radi tal reactions. Hydrocarbons
preferably saturated hygeacanfanss Mof: OJWWTVW
processing ofithe biol pgigal ™ starting npterials, followed, when
necessary, by| fractionation of said hyd'gm&adu;u\u\auon t
obtain final products.|In the nethod bap zation reactiops,
the acid groups of fatfy acids react w ch ot her giving ketones.

t

el

[ h ea
Ket oni zation jmay al so 3&“@%11%}1{%%8“5%“ [h fatty acid esters, fatty

o nat ey A1

pROT ST Tatrty treny S—hRatufar—WeesSs and

:_i%%lfa heM%? one omm%d\ryyedu@dvgﬂm ng R

SORET°2at TSR, to| i pprove IothTr‘l’rRle/rature
zﬁgigbm’l'\s’\o’bt’i‘o at ' tases

properties off the final product |soneri

o




condensation reaction of alcohols is perforned at 200 to 300 C,
preferably at 240 to 260 C, the reaction being carried out under
vapor pressure provided by the al cohols present in the reaction

m xture. Vat¥Q20080PPperated in the reaction, said wat ePCBE20RY/050552
continuously separated. In the radical reaction, carbon chains of
the saturated carboxylic acids are | engtihened with al pha olefins. In
the radical reaction step, the feedstock conprising saturated
carboxylic acids and al pha olefins in a nolar ratio of 1:1 are
reacted at 10010 300 G _preferanty at 30To260~C e —a~vaporT
pressure provilded by theqéRashiRResThékur(e. in the presence of an
al kyl peroxidg, peroxyesisap, di acyl peroXi ngg t atal yst|.
Al kyl peroxidgs such as| ditertiary butyl| peroxide al ysts are

preferably usgd. The a tcgf the catallyst used- A4eagtion i s
fromlito 20% [preferabl |y ﬂﬂk&ks%ooh?lsl‘% % i . A branched

carboxylic acijd i s obt me’% as the react|i on produc n
el ectro-chem ¢al synt hgsjgs., g h?, l.i.c.agids, p i tty acifds
in plant oils]are first 1@6}?%{: g?é%éa?@tl weeh by, ing salts of

ma th i anet—or—agHeous Fethanol

car boxyl i ¢ acids—by dissotvimg—themtntomethanol—or—atgueous—wet
solution, containing 10 - 20 % by wei ght of potassi um hydroxi de for
neutralizing carboxylic acids, to forman electrolyte solution for
el ectro-chemc X| i he .sal are transformed to | ong-chain
hydr ocar bons b?/’L t rgd'?%ta%fﬁ%%]ﬁglgﬁeo%c@iPf{aodﬁ%eéla§$°ﬁ{°ﬁ“§'si s. The carbon
nunber of the obtai ned product is one carbon | ower than that obtained
usi ng the ket oni i op.feactian. ;Reductj on of .t he product obtai ned
from the chai n?1 zﬁ“t& hélnclg n% SfosRcet o ?’drfo PRy (Q&E?Igﬂziaﬁn i C€arlr i ed

out by hydr ogenathemngenthissatelystovi ng the polarity due to oxygen atons,

and further, oxi i stabililty is Inpraqye at.urating ,any doubl e
bonds. In the %y%%ﬁgﬁealf‘f%‘?{{m?% Iﬁ%ﬁﬂ%&"%&cﬂﬁ%‘ %ﬁh? gﬁ‘%‘ﬂ%?lf?grﬁaﬁ‘g
reaction and h$dnaDdrs hpkoddckedmd S@theticeditae diNdiriogeiah iferdl 6RACt or  at
a pressure typically between 1 and 15 MPa and the tenperature from
150 to 400 22 C In the hydrogenation step, special catalysts

contai ni ng met Sdteraed hyfecdtbon pré/tihssified dé dslloMs Aisiafy thd BINIS ikeBdid QSN St em
of the elenents _on.a support be used. drogenation catal yst is
typically a sulﬁﬂléélfoé’d"qgggpeﬁf‘fm%} aﬁﬁf&ﬁ t?ﬂ}? Pgﬁ?da}%l%e’&ﬁ?’ﬁ?’yst , the

support being activated carbon, alum na and/or silica. After
reduction the pethyl br d paraffinic X is obtained fromthe

ot her feeds bu{mketoni g?r}ﬁﬁﬁﬂ t he nonB?ﬁ%%ed feed conponents. Low
tenperature prbpertiesOpi)HBE product nayndieplithepepved. by

i sonerization._ ln iso i ion the lingar hydrocarbons are converted
to branched ores and Fﬁ@)é@?’?'g) par af f i g™ ®8¥us beconing liquid. In

the isonmedzatison, hydr ogom(@as) and par afshbghengonponents react in the
presence of an_isoneri i atalyst. In the isonerization step, the
pressure is tybically @3}5&%@}18& and 15 'enarkthenes enper at ure bei ng
typically between 200 apd 8T Speci @en&ﬁapjlméﬁgss cont ai ni ng

nol ecul ar sieves and a netal fromthe Goup VIII of the periodic
system of the elements, such as Ni, Pt and Pd, may be used. Al um na
and/or silica [HaYbIELE ¥Rl B3hd JReRRR Phslhy FIMSTRFr 46tk Ghubs of ¥lnpounds
necessary if branched structures are obtai ned from Chaln Iengtlﬁ]enl ng
reaction, and deferpied greondingdo said wethedie product is | ow enough.

Products produced from biol ogical starting materials using nethods
descri bed above nmainly conprise saturated hydrocarbons and m xtures

thereof . They Wil raseect emolaghlas secteps, dhednee eils arduporibermsponents of the
produci ng bas qﬂ&hﬁ& gﬁgpﬂ%qge ngdM‘{iH mh@ﬁﬁmlfﬂe ag?ﬁdvgneﬂ ﬁ%ﬁ?%raﬁlh%s of
- ol I or a"base’ol " conp of t

the base oil. Hgh-quality bas onen he
APl G oup ||+ Prior eftePAQ| fasGraslumaindy compriiet lanpdd 4scatbos) plkpldtetchesai d




Advant ages of the base oil or base oil conponent of the invention
include the fact that it conplies with the requirenents for base oils
according to APl Goup I+, preferably Goup Ill, and may be used in
aut onot i ve EHYIREISEIP conpositions |ike other base oi | FCHFLMPO50552
classification, according to sanme base oil interchange rules. The
base oil or base oil conponent of the ingyention is derived from
renewabl e natural resources as can be anal yzed fromthe 14C i sot ope
content of the product. 25 According to the invention renewable

bi ol ogi cal raw@hichtd 3| 5 TRHE 3 muﬁlbyswqy&berfzmu%&@u&é oB YR b %t |
materials for high-quality saturated hydrocarbon base oil or” base oil

conponent Al so (#BICHEh 2dimoxatiRe 3nife sherh Sranefies rare imieelly 125 tihend of the
greenhouse ef f @hrobRonD&elcRAU TR bR diﬁ'o?ga_a&e&%mr%ﬁn&ﬁé’vomg VedHich

i nstead of non-fenewable resources. The invention is now illustrated
by neans of t h&hevgl ssoifimeigroe X ang ban Tolle Aot very §milargotSHV bessiodls,thweSWeope
thereof Exanpl ggseldh for@i RRarkadi hpnBddilubd BF HofHEREAEL AN filled ONY
chains are produced from bi ol ogical” starting materials containing
oxygen by a pr direplshasgsed on ket oni zati on. The products are wel |
suited as base oils or base oil conponents w thout bl ending
limtations, and further, the products are conpatible also with

| ubri cant addi Wheadthe isorExzatiph ds @onet basedien dag danbleoportds ef gheo ftty tacn  of
base oil of bi i.c i.0f B A i 1] e bas Pl '
shown. Tabl e 49%6 ov\I}sét %ﬁﬂggo%eir[‘%léegﬁg#&ét %ga%%g%ﬂ'o# clo%p%) ﬁ%héns %ﬂﬁyl
prepared i n Exhrpthes withingh&hydrenarbion ehaiypfthe pstdastt Bragehed kempaksts a@nd

Table 5 shows pg 61’1?0?11%% ﬁﬁ%@%ﬁine ﬁ%)%?tttg'ﬁlegga'ngﬁinégittes.. Exanpl e 1

Preparation of a hydrocar romstearit acid fraction A
m xture of plant oils (linenseed, soybean, sunflower, and rapeseed
oil s) was hydr . | r i Sti. .Lo.obtain
product fracti glr-laéé%ggé@%ﬂ%%%gc%}g&%g%%n%%\é%g e%o“ﬁ%#’]léé %gsﬁ%esmbg‘f m?’ fe
fatty acid frathen twesaatdk ads ofibe tlmdd Ineldeion éb thetlacabryof the branches, the

pr ehydr ogenat e T I l .acilion (C17113 0 t.hus .

obt ai ned was d'%?eg%e%gfﬁhggnﬁgﬂé)gf {) Jr%?tbﬁ%l?ggléﬁ%fi ?Jcé’fg%g%%)t%cﬁ fercasing

bi ol ogi cal r awwmslieeof @ide chhies, sirpalfaneousiy i resuttdgt ie ndecefisinghef thie xisdositywas

31 % by wei ght. d ket ont zed in,a continuous.tube
reactor using & %6’2%%6195{ é&%{;st%ﬁﬁgg&b@a&%%&%’tpﬁ o ?tﬁtge SRRV \as
370 C, and V\HSWoleades3conlfnspmnteathan 48 @atban awoeys. iSueh hiphemolotutar waigha

di  uent was obt ai ned, as..the nra | he drogenat i. t.e sgi d
st ear one/ di | ue‘tfﬂ%p X SSWééa@Ktap? ﬁ%ﬂu&\%/\glgﬁlh@(ﬁ‘r'? ?1“&?% “ﬁﬁ?“g?ﬁﬁ’adﬁﬁﬁ’?@sur e
Parr reactor uslew-20W.i ed and activated N Mo/ Al 203 catal yst 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 sanple, nxilegesitedtorivking0andfydropenatidsl efunuRiriag iatbniads ebipehniy)

| i near C35 paraffin..The Linear. paraff.j x _obtained, fr the ketone
was i someri zedt%?rﬁa?f a&;gpfsepggg{@p&%es&@%a— ?%é%ﬁ%?%fﬁﬁ? 331‘"‘ e
baseI oi | CLaSSVHMBgm@udTedﬁmﬁﬂf Lyt aﬁ,}thdmkr&(n_drt Pifescht ﬂl\gﬂé ﬂoag& ogi’hetiﬁl@ntion.
catal yst. Preheat raffi ni .m xture, obtal ned aboye wa

i soneri zed ungﬁFe‘g‘“‘W %PW@&FQB?’EE%FEUWPO\?IW 1 Brandhes ’@ethftiqu- PP
of -6 C was obvRidiethtiofricibé ¥chidved By opfim&t rudibsr WEHe tikinshds! dt @b 9tk
under vacuum fo]lowed by finishing of the paraffinic product by
filtering thr R9§HORE esel guhr. Exanple 2 Preparation of a hydrocarbon
conponent fromfatty acids derived frompalmoil Palmoil was

hydr ol yzed, and doubl e bonds were sel ectively hydrogenated. After
hydr ogenat i on, TherRsodugt ¢ thg dnvgntioseitiainad; by the dsomedzatign of fe: paefn vaxy,

CL6 44 % CL8 fn Yoaralilxiedfantd Rbtord Ao RES TN EIES) RO DD dRIcOn

Fatty acids were ketonized as in Exa , an toni zat1 on was

le 1
fol | owed by rnBeraAmognt efiyaethyl brasghes 19939 erdsi of [thet hydrpcarben ghpén and more




27 N-paraffin wax obtained fromthe ketone m xture, by hydrogenation,
was isonerized in a Parr reactor at 340 C under a hydrogen pressure
of 3 Affa to give a branched paraffin of base oil viscosity class,

usi ng a redYex¥WOT8UWH| ecul ar si eve/ Al 203 cat al yst unt i IPCPPL2AR0M552as
below -15 C. Finally, light fractions were distilled off under
reduced pressure. Exanple 3 Preparationigf a hydrocarbon conponent
fromfatty acid nmethyl esters Purified animal fat was transesterified
in two steps with nethanol under al kaline conditions at 70 C under a
pressure of 0. IndRAor éthyﬁnﬁieﬁ@lvﬂtuwmte%y&xca@wnqkaabmdamﬁﬁa%@m typrafly Um
met hol i dde served ‘as the catal yst. The reacti on m xture was purlfled
by washi ng wi t [$OBBYiSEs §978e MaReaphtimnpsy butyno fused dinaghthenes urr pplyrephthsadsd
methyl esters wggy ﬂmoﬁ%hthem%mo&hwﬁ e x e{)l.ﬁ‘tic;ﬂ‘ea@ﬁdﬁg om*axﬁmg’ﬁ&n%& §f was
diluted with a paraffinic diesel fuel i ological origin.

acid net hyl esthafatngpidembogicheiner fnemwmnmmmﬁms dﬁ%n@w% tpypect
wei ght, and th or
as disclosed i ﬁo {hgiggn%&cgﬁgﬁmsthﬁg?%nr%gtg%é %‘ﬁb&; lﬁlﬁ\tdg%%?gﬁg ttg‘%g}g
were thus obt aicrekingef godypdphtbencs inmindsel oy dr ogenat i on step, the ketone
m xture obtai ned above was hydrogenated in a Parr reactor as in
Exanple 2 Also the isonerization was perfornmed as in Exanple 2.

Exanpl e 4 Prepdhatrireticiopbiainky dsing ethd sandsoseiom aerction either awith dlhd al;iab ed
| Somer [ zed. Tal bkl MU Codldh@loh @bt haMS Gt LAGH fiteds O
- was isonerized using a’nor mte in a Parr react

nor deni te zeol lcomprseera/mdthn@mmb nc‘éneaho}diﬂe of thandaindydocanzm ahmedsttuntufm
amount of 3 % t I tion Xt

28 The m xtur egwas rl)%r gggée\n{b{fﬁ:tﬁﬁe;&oﬁ%%&% he |ahslgrsrek?%§a Jzangﬂpmguc%

t enper at ur e wasf 28Pri@, arn{struchgen3 prde? suUTableB) said ofs w:np.lhahdrmg beamvhes
speed was 300 s filtered off, followed by the
distillation o%ﬂgﬁygﬁﬁgﬁge%t%é%giﬁ%s fromthe product under reduced
pressure. Double bonds of the nmononeric acids were selectively

nyr ogenat  on TaCbE0 ol BEESEGorihOadolitgo RoK B comifscs o produe
1.8 MPa. Li neaproﬂaakd ﬁroamtadm,gmatenaiemﬁjmﬂc@éai ongmlnaldrprmr@nta)mmgildssng a

doubl e anount Xan & reo C and
filtering off e @r%sﬁ%l qhdr%%ralgpl Fgﬁ Fhang'r} #]%%go‘f’ %l# gart uatrﬁyl | ed
off fromthe i preﬁtablyrﬁess thnn % bp.@'.telght‘lof luiEheparaﬁ’ﬁn&;heRast(QOa%lbgl vﬁeli@c,t i on

was diluted with.a |ese fu i cal |na
ratio of 30 toP ¥l /P 1%1 nggtg?i]i? 3&% %gr? iaﬁg tgdr?r]yé
continuos tu bewexghxg:atdmsm ieag o8 %Wh9 ¥eipht, af yatirated hyirdoartpe, aé détamidedt he
reactor was 37%C ﬁrhe t\/\HSV bfdﬁ@’g 1.7. A mxture of isonerized

ket ones was t hotsE86 81“688“8‘%?" f?aé'duct. In the hydrogenation step,
t he ketone m xture thus obt ai ned was hydrogenated in a Parr reactor
as in Exanple nt.s re distilled off fraom fina
product under ﬁbed §L}P¥,~cn 99, SPHAIPS g - 40 [?é‘?f%f?ﬁ?régﬂ)eneﬁ’aém“taﬂy

eﬁt ract e](cjf f ronprbﬁﬁbgrﬁadilﬁﬁd frybesios- V(g% b}deml ¥y BOMSREF hﬁdmha@lzlﬂeﬁeb %H'hy,
the paraffinic ni_sne Ilterin | €S uhr
Mai nly branch lﬂgﬁ%“;]‘ V%ﬁ‘&ﬁ?@fagﬁmpﬁéaﬂ%@sﬂﬁéﬂgv tﬁ? ’E’eﬁﬁgarrpl e
S Preparation of a hydrocarbon conponent fromtall oil based

i sonerized fatfy acids and di carboxylic acid
For said base oil or base o1l 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).



29 ketonized in a Parr reactor using a MO catal yst. The acid m xture
was ketonized at 340 C, using a m xing speed of 300 rpm In the

hydr ogenation step, the ketone m xture thus obtai ned was hydr ogenat ed
in a Parr r&42287068%2i n Exanple 1, and |ight fracti ons MEFEENSSE | ed
off fromthe final product under reduced pressure. As the product,
branched paraffns having | onger chains ijg conparison to ot her

exanpl es were obtained. Sunmmary of the exanples 1 -5 Proceeding as in
Exanples 1 - 5, base oil conponents may al so be produced from ot her
plant, fish, animal or recycled food fats and oils (e.g. deep-fry
oils), or esters or soaps derived fromfatty acids of said fats and
oil's, or corredpondimmgragire slyoamic aistositve CGHREQ, yfonshidshaseyodl or drisoril

component s may aluah E@fs%gﬂlu&eﬂaﬁ DO PRV G- MR SorGRNSH S i Chhan

fatty acids an Y proceeding i n

other hand, cor#depHK¥iLHY" Al @aw:@sawsm mowp dhas B4 FSHENAD0) “BciPdls
using for i nstgp%&ﬁ Ry $1€l I e
traditionally €sterifie @%ﬂ?l’fﬁl* aci ds. Eglta}en(ré%n% %Ola STMD
nunber C36 are Sﬂm;spoobmamnbdngdowéremmm&a@ piaferablyi lasven ahanr A2 mms

Component -1 omPeTB ALIRBTRAPTY A 1515 AN PIoRORor condinsat i on

reaction 200 g of Cl 6 fatty al cohol, palladiumchloride (5 ppm
pal | adium and_12 of s mm,athoxylate wer e we in a Parr
reactor. M xing f/v%?g“%?df agpégase&ﬂz’%lp?% ﬁt"e‘f?f?@ﬂ“é’tquli’é@l » bayinadY 1P
pressure to 0. $oM\3 o8t kDRcSHiis B GRdte IR IR KKIVADD & ™hed, sp“@igﬁﬁ& out
water |iberated in reaction. Reaction was carried out unti’l

amount of cond@fEFiR by the msthodnf DINHSE] %éMaﬁhﬁm@a]aﬂaﬂFc}‘@ﬁhO%&F@

reaction the poRASTM DRSETEOIsGI4HAY W th hydrochloric acid, washed
wth water and dried with calciumchloride. 30 1In the next |IMO

step, the condensed al cohol obtai ned above was hydrogenated in a high

pressure Parr tedeh ﬁﬁmbb?lré]%e%f%de%s%f‘gas@%‘il'c\'iﬁbr &"ow{e%?&ﬁon is no
catalyst, to give a neth branched paraff he al dehyde was

hydr odeoxygenatiSF then 34 %@3’5 orskaab lén?)ﬁ@?s@%76ﬂb9‘sww‘ﬂﬂﬂ prafersbly300
rpmuntil no ah@ﬁmlmﬁﬁsa&:m@ ﬁahﬁs&%m&emﬁ 3Fﬂb&§9@&&&h&med‘5 fhePOUr

poi nt of methyl branched wax was 69 paraffin wax obtal ned

above was i sonﬁW%é‘EPﬂ}qu Bf%ﬂ}anra@a‘ttt@r%s @feé‘?l’%@ &opt Hae wbent i ¥f #ndn  of
the base oil @rﬁei;wfylﬁave@b@erwe%n%oﬂ%&,@ tswexg‘m B e AaseOoh1 EtflsY ST -

Preheated paraffin was Isonerized under a hydrogen pressure of, 3 M Pa
and at 340 C uhﬂ(fiT‘Pcaﬁ’%%bﬂO“ﬁ@Erﬁ?thim@PWﬁﬁ!@@Wsd butioned. Fi nal |y,
light fractions were distilled fromthe product at reduced pressure.
The properties_of the condensed, hydrodeoxygenated and

hydr oi somer i zeBistilesienranga pEbase pnor tasq eibrasnppnenty ofl theajavension dten o

conmpounds ma
Fad cal react i e PO BEby ) el 105 26 Huls Rl kR re e
product s pr odud®tl,iand Bxbesphe snoie than 5 &C ddétamined bj: thex methodEsf ASTEXD 4

Bx. 5 2887, distillation points D10 and D90).

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.



Ex. 6 Method KV100 (cSt) 5.2 4.3 5.8 6.5 16.4 4.3 ASTM D445 KV40
(cSt) 23.0 18.3 27.7 34.0 150.5 18.2 ASTM D445 VI 164 153
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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
deferrined 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 oils, plant waxes;
animal fats, animal oils, animal waxes; fish fats, fish oils, fish waxes, and
mixtures thereof by hydrolysis, transesterification or pyrolysis, and

¢) 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 faity 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



159 148 115 145 ASTM D2270 Pour point (C) -6 -21 -18 -12 -12 -26 ASTM
D5950 GC distillation (C) ASTM D2887
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€) 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, and

1) mixtures of said starting materjals,

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, com oil, hemp oil, olive oil, cottonseed oil, mustard oil, palm oil,
peanut oil, castor oil, jatropha seed oil, palm kernel 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 biclogical
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 (> C18),
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
bioclogical starting materials, followed, when necessary, by fractionation of said

hydrocarbons by distillation fo obtain final products.

In the method based on ketonization reactions, the acid groups of fatty acids react
with each other giving ketones. Ketonization may also be carried out with fatty
acid esters, fatty acid anhydrides, fatty alcohols, faity 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 kefonres 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 aleohol 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
alcohols 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 o 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(II), cobalt(Il) or lead(lI), 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 lower 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 omnes and the
solid paraffing 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 biclogical starting materials using methods described
above mainly comprise saturated hydrocarbons and mixtures thereof. They may
be used as base oils and as components 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 II+, preferably Group III is obtained as the product,
said base oil or base oil component being particularly suitable for the production

of high-qunality lubricants, white oils, process oils, and oils for metal working

fluids.

Advantages of the invention

(0]
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Table 5 Properties of the base oils of the prior art Analysis API
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The base oil or the base oil component of the invention is endowed with superior
technical properties compared to conventional hydrocarbon oils of the
corresponding viscosity class. Narrow boiling point range indicates that the
product does not contain any initial light fraction (meaning the ;nolecules
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 low 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
paraffing, 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
vsed 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 amnount of VII results in significant savings in

formulation costs.



APl (pTH, HC-CDW API Goffl, SWAPI GplV, PAO Method KV100 (cSt) 4.29
6.00 4.0 5.7 ASTM D445 KV40 (cSt) 20.0 33.1 16.8 30 ASTM D445 vr 122

128 140
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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

natura] resources as can be analyzed from the *C isofope content of the product.



135 ASTM D2270 Pour point (C) -18 -12 -21 <-63 ASTM D5950 CCS at - 30C
(cP) 1750 4100 2300 ASTM D5293 CCS at -35C (cP) 3100 7800 1560 3850

ASTM D5293 GC distillation (O
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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

TES0Urces.

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 Bxample 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 (Ci7Hi;sCOOH) 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 MnO; catalyst. The



ASTM D2887 10% 395 412 394 50% 421 459 421 90% 456 513 459
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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;3 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 fatly 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/ALQ; 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,



GC- Noack, w% 13.3 5.8 125 DI N 51581-2 Ml ecul ar distribution, w %
Aromatics 0,0 0,0 0,0 0,0 ASTM D2549
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N-paraffin wax obtained from the ketone mixfure, 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/Al,O3 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 methy! 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 Pamr 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 mixfure,



Paraffins 37,0 26,8 72,4 100 FINI S Mononapht henes 37,3 39,3 23,9 0
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The mixture was purged with nitrogen. 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 fo 70 % by weight. The feedstock was ketonized in a
continuos tube reactor using a MnQ, catalyst. The temperature of the reactor was

370 °C, the WIISV 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 paraffing 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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ketonized in a Parr reactor using a MgO catalyst. The acid mixture was ketonized

at 340 °C, using a mixing speed of 300 rpm.

In the hydrogenation step, the ketone mixture thus obtained was hydrogenated ina
Parr reactor as in Example 1, and light fractions were distilled off from the final
product under reduced pressure. As the product, branched paraffins having longer

chains in comparison to other examples were obtained.
Summary of the examples 1 -5

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-ity 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 alechols by proceeding in a similar manner.
On the other hand, corresponding alcohols may be prepared from fatty acids using
for instance a Ruw/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 catried out until the amnount of condensated alcohol was stabilized in GC
analysis. After reaction the product was neuiralized with hydrochloric acid,

washed with water and dried with calcium chloride.



<1 ASTM D4629 HC- CDW = hydrocracked, catalytically dewaxed base oil
Exanpl e 7 Preparation of a hydrocarbon conponent fromfatty acids
derived frompalmoil Palmoil was hydrol yzed. Fatty acids derived
frompalmoil were used as the feedstock follow ng selective
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>413C bascoi |, 356-413C, |, )
fractions were distilled from the product at reduced pressure. The properties of the

condensed, hydrodeoxygenated and hydroisomerized baseoil are given in table 4.

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 |Method
KV100 (cSt) 5.2 4.3 58 6.5 164 43 ASTM D445
KV40 (cSt) 23.0 183 |[27.7 1340 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 distillation (°C) ASTM D2887

10 % 419 375 455 390

50 % 475 457 481 444

90 % 486 474 497 455
GC-Noack (w-%) 5.8 12.5 4.2 11.1 DIN 51581-2




ASTM D 4052 Density@5C, kW 821.8 810.1 ASTM D 5950 Pour

Point, C

-23 -32 ASTM D 5771 Cdoud Point, C-6.8 -24.7 ASTM D 5293 CCS- 30,
mPas 1780
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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 AP API Method
GplIIl, GpIll, GpI, | 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 30,3 23,9 0 FIMS
Dinaphthenes 16,1 20,3 3,5 0 FIMS
Other naphthenes 9,8 13,6 0,2 0 FIMS




CCS- 35, inPas 2920 690

ASTM D 445 kV40,

cSt 25.7 10.9 ASTM D 445

kV100, cSt 5.4 2.9 ASTM D 2270 VI 153 126
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Sulfur, ppm <0,2 <0,2 <1 ASTM D3120/D
4294
Nitrogen, ppm <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 atrospheric pressure, in a tubular reactor using
a MnO; as catalyst. Temperature of the reactor was 380 °C, the WHSYV of the feed
being 1 1/h-1.

The C31, C33, C35 kefone mixture obtained from the ketonisation stage was
hydrodeoxygenated continucusly in a tubular fixed bed reactor using a dried and
activated NiMo/ALO; catalyst to give linear paraffins. Iydrodeoxygenation 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 O3 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.



ASTM D 2887 10 % C 431 355 50 % C 453 384 90 % C 497 415 DIN
51581-2 GC Noack 4.4 33.1
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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
ASTMD 5950 | Pour Point, °C : -23 -32
ASTMD 5771 | Cloud Point, °C -6.8 -24.7
ASTM D 5293 | CCS-30, mPas 1780
' CCS-35, mPas 2920 690

ASTM D 445 | kV40, cSt 25.7 10.9
ASTM D445 | kV100, cSt 5.4 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 paraffing 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 hydrecarbon 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 biclogical 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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biological origin was weighed, and base oil component of the Group III was
added in an amount to obtain a total weight of 10.0232 g. The measured results
are summarized in Table 6, below. Content of radioactive carbon is expressed as
"percent modem carbon", based on the content of radioactive carbon of the
atmosphere in 1950. At present, the content of radioactive carbon of the
atmosphere is about 107 %. &' C value shows the ratio of stable carbon isotopes
BC/?C. By means of this value, the isotope fractionation found in our process
may be corrected, Actual results are presented in the last column,

|
Table 7
Content of radioactive carbon

Sample TCcontent, % |6 C Bio proportion, %
Mineral oil 0.1 £0.07 -294 0

Bio oil 106.7 + 0.4 -28.9 100

Mineral + bio, 5 % by weight 50+0.3 -29.3 4.60+0.28
Mineral + bio, 10 % by weight 10.8+0.3 -26.9 10.04 = 0.29
“Example 9

Carbon number distribution

The proportion of the narrow carbon number distribution of'the base 0il 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 paraifin. The baseoils of the invention contain
higher amount of higher boiling fractions compared to the conventional product of
same viscosity range (KV100 about 4 cSt), as shown in Figure 1 with carbon



ASTM D 3120 S, ng/kg O O ASTM D 4629 N, ng/kg O 0 Exanple 8

Determ nation of the biological origin of the hydrocarbon conponent
Hydr ocar bon conponent of biological origin was weighed into m neral
oi | based GVWuUpITNEMWase oil, and m xed thoroughly. For PCR&FIRIHSIS52
sanple, 0.5014 g of the hydrocarbon conponent of biological origin
was wei ghed, and base oil conponent of tsfge Goup Il was added in an
anount to obtain a total weight of 10.0000 g; for the second sanpl e,
1. 0137 g of the hydrocarbon conmponent of 34 biological origin was
wei ghed, and b . S '
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expressed as "percent nodem carbon", based on the content of

radi oactive carbon of the atnosphere in 1950. At present the content
of radi oactive carbon of the atnosphere is about 107 % C val ue shows
the ratio of stable carbon isotopes "C/12C. By neans of this val ue,
the isotope fractionation found in our process nmay be corrected.
Actual results are presented in the last colum. Table 7 Content of
radi oactive carbon Sanple '4C content, % 813 C Bio proportion, %



Mneral oil 0.1 1 0.07 -29.4 0 Bio oil 106.7 1 0.4 -28.9 100 M neral
+ bio, 5 %by wight 5.0 1 0.3 -29.3 4.60 0.28 Mneral + bio, 10 %
by weight 10.8 0.3 -26.9 10.04 1 0.29 Exanple 9 Carbon nunber
di stribution The proportion of the narrow carbon nunber distribution
of the base oil product is dependent on distillation. In Figure 1 the
carbon nunber distributions of VHVI (413- 520 C cut) and the baseoils
of the invention (360-C cut) are shown. “The carbon nunber
distribution of the base oils according to invention is narrower than
that of conventional base oils when distillationis cut in simlar
manner at > 41%l rresponding to C26 paraffin. The baseoils of the
I nvention contain higher anmount of higher boiling fractions conpared
to the conventional product of sanme viscosity range (KV100 about 4
cSt), as shown in Figure 1 with carbon

1. Base oil, characterized in fhat the base oil comprises branched saturated

5 hydrocarbons having carbon numbers of at least C18, the '*C isotope content of
the tofal carbon content in the base oil is at least 50 % on the basis of radioactive
carbon content in the atmosphere in the year 1950 according to ASTM D 6866, it

' contains at least 90 % by weight of saturated hydrocarbons, linear paraffins less
than 10 % by weight, not more than 8.1 % by FIMS of fused polynaphthenes, 5 -

10 50 % by FIMS of mononaphthenes, and at least SO % by weight of the saturated
hydrocarbons having the width of the carbon number range of no more than 9

carbons, and the kinematic viscosity at 100 °C being from 3 cSt to 8 ¢St.

2. Base oil according to claim 1, characterized in that at least 75 % by weight of

15  the saturated hydrocarbons have the width of the carbon number range of no more

than 9 carbons,

3. Base oil according to claim 1 or 2, characterized in that the width of the
carbon number range is no more than 7 carbons, preferably no more than 5

20 carbons and particularly preferably no more than 3 carbons.

4. Base oil according to any one of ¢laims 1-3, characterized in that it comprises
at least 95 %, preferably at least 97 %, and at best at least 99 % by weight of
saturated hydrocarbons.

25
5, Base oil aceording 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 to 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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preferably no nore than 3 carbons. 4. Base oil according to any one
of clainms 1-3, characterized in that it conprises at |east 95 %
preferably at BeBat ol dcddrdiagid ady otxasflclairhs |-gpasiar8erizel ¥n vl tBEWiskity
saturat ed drocar bpns,, 25 5. Base oil .accordjng.to any one of clains
1- 4, char ag erfnz%g Of)%mq base Oﬁfs@é [tqagéégﬂpégtr a%’lﬁg‘hgthﬂr @@%Hﬂ pitEFdsthy| y
| ess than 1 % brefabilyhibheithanilA@add 40BEsehighd?shan 150. 6. Base oi |
according to any one of clains 1-5, characterized in that it
conprises 30 5-30% by FIMS, preferably 5-15 % by FI M5 of

mononapht henes9. Bédd oil ZccofReto ahy orefof BRBAY U3,RGak RV RRat A Vol Ak

1-6, characterigzed,in that CCS-30 yi.scQsi f..aai.d base oil is no
nore than 29. 7@27&? Ra5% QB o 2T an %ﬁfﬁ‘ﬁﬁ\%@%ﬁﬁn‘ﬁr@ Weigh measured by
34. 066* ( KV180) 23064 ASPM I0CB735 vi scosity is no nore than

36. 108* (KV100) 31369 cP, preferably no nore than 50.501*( Kv100) 2A918
cP 5 neasured by nmethod ASTM D 5293; pour point being |ower than -9

C, preferably 10Bage dih@tordihg tdangRee HEdl4inG Boarlaraab@ianadhyit s@ufeqt han
-15 C neasured br; met hod ASTI\p Base oil according to any

D.5950. . . :
one .of clai ns 1907 Steling material q ?&1’105?%9?1?%% S&W@\ﬁ%@% BIOpP SOSPHRESE of
sai d base oil d)splahtgasy plid@ils, blt wiiesf @iAd s, BB bild, BRhall 3%es, fish
parti cul a_r*a/ pre}agﬁgjl%/_ higher than 140 and at best higher than 150
9. Base 0if” acco ifs, B2t clains 1-8, characterized in that
the vol ati | it yh)ofatty A6idDasRectaky 2oidsBlait¥RH@ni AR fa?@,é]an%iﬁ, A0k 73 %
by wei ght nmeasuredq by 15 net hod ASTM D 2887.° 10. 'Base o accordi ng
to any one of cl ¥l fisg anipplpils paimal wgxssy figh, fats, ifish jodls, ofesh waxgs, fandm
starti ng mat ]gari anix@iredth&e Sy 1liroRkis M scaRliB6iBH of F RO L GndIT OUP
consisting o ¢) 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



a) plant fats, plant oils, plant waxes, animal fats, animal oils,

ani mal waxes, fish 20fats, fish oils, fish waxes, and b) fatty acids
or free fatty acids obtained fromplant fats, plant oils, plant
waxes, animal fats, animal oils, animal waxes, fish fats, fish oils,
fish waxes, and m xtures thereof by hydrolysis, transesterification
or pyrolysis, and Cc) esters obtained Q&on1plant fats, plant oils,
pl ant waxes, aninmal fats, animl 250ils,”"ani mal waxes, fish fats,
fish oils, fish waxes, and m xtures thereof by transesterification,

and d) metal salts of fatt aC|ds obtained fromplant fats, plant
oil's, plant wax@safidesIof faiy sicids Fpmenlant f4ts plaghpiraplapfxess, ‘apimah fﬁ’f-‘at s,
fish oils, fish waxas, m@rﬁumlm%seﬁshtf&k@rf%ﬁfoﬂwsﬁ%@a'Jnﬂﬁﬂ;fdn%th]e

38 e) anhydrldes of fatty acids fromplant fats, plant oils an
waxes, ani mal fat®d animal oils, aninal waxes, fish fats, fish oils,
fi Sh Waxes, ancb n&sﬁ&étﬁﬁnwﬁ‘ﬁ g&@éﬂﬁcﬁm Of ﬁ'eeff}lft)?%&@g ?f lﬁ% LY ¢ X ﬁsh.
esterlflcatlon of free fatty acids of plant, "anima I's orrgin
with al cohol’s, an®ig withelegholy eshol s or al dehydes obt ai ned as
reduction prod t &0k lﬁﬁstéfaﬂﬁeh (8¢

waxes, ani mal #% m?aﬁéna ol | 9§%n§na ég%%gﬁgé?mﬂﬁ¢§§%gﬁ2i&q§

fish waxes, and ritlaat dte planheifseplent veprs, animal fals, mmyu:bdmﬁmddvagesadieh
fats and oils, aretsf@sﬁl%ﬂs,%%aafedanmeﬁr QhtALREy by genet! ¢
10eng|neer|ng, i) correspondi ng conpoun err'ved from al gae and

i nsects, and sharre¢yalgd dendegradg!fafs mwlkemdffatamllahnléwmwfam@ﬁ koeganniis
prepared fr mcaréagg gﬁlgtes and j) mxtures of said starting

mat eri al s. ase-oil according to any one of clains 1-10,
characterized in conesponding snmpdunds |degved: fiam 1@agiangripfeetsabhy stethse
than 5 % and par, I b e

aromati c carbon. n%%%l a%h}é%dogﬁf"e%%?%‘%éﬁﬁﬁ %H&&;&pglr?g% Trg&#g% es’_Ll
characterized inapdhat the sul fur content thereof is |ess than 300
ppm preferabl icularly preferably | ess than
10 ppm and at%bes e%??&#ﬁ p%%?ﬁé 13. Base oil according to any
one of clailhs 1-12, characterl zed in that the 25 nitrogen content

thereof is les . fer v l.ess and, .

part i oul arly prePaeiu S 8ihe BhBnfbe o 0 bl e BB PP
any one of cl alemhmllB%, phizrahtlessitrad Yo andipatticulagy phieftdblyl lagsitioam Ir Bnge
of said base 150 C, preferably no nore than 30
100 C, partlc %“ %%H{g% ?/l%r;lllo nore than 70 C, and at best no nore
t han 50 C, determ ned by the nmethod ASTM D 2887, distillation points
Dl O and 1)%).

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
25  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
30 100 °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.



