1 Process for producing a branched hydrocarbon conponent Techni cal
field 5 The invention relates to a process for producing a
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carbohydrates. Also corresponding synthetic materials and combinations thereof

may be used as feedstock.

15 Priorart

Base oils are commonly used for the production of lubricants, such as lubricating
oils for automotives, industrial lubricants and lubricating greases. They are also
used as process oils, white oils and metal working oils. Finished lubricants consist
20  of two general components, lubricating base oil and additives. Lubricating base
oil is the major constituent in these finished lubricants and contributes
significantly to the properties of the finished lubricant. In general, a few
lubricating base oils are used to manufacture a wide variety of finished lubricants
by varying the mixtures of individual lubricating base oils and individual
25  additives.

Base oils according to the classification of the American Petroleum Institute (API)
Group III or IV are used in high-quality lubricants. API base oil classification is
shown in Table 1.
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Sul fur, w-% (ASTM D 1552/ D 2622/ D 3120/ D4294/ D 4927) Vi scosity
index (VI) (ASTM D 2270) | < 90 and/or >0.03 80 _. VI< 120 Il >90
0. 03 80. . Aivold07/d6k19790, 0.03 120 |V Al pol yal phaol ef i neci(/Pbdéds/o5584 |
ot her base oils not belonging to Goups |I - IV

2

Table 1. API base oil classification

Group | Saturated hydrocarbons, | Sulfur, wt-% Viscosity index (V)
wt-% (ASTM D 2007) |(ASTM D 1552/D 2622/ |(ASTM D 2270)
D 3120/D4294/D 4927)
I < 90 and/or >0.03 80<VI<120
1 290 <0.03 80 <VI<120
I 290 <0.03 2120
v All polyalphaolefins (PAO)
vV All other base oils not belonging to Groups I -1V

Oils of the Group III are base oils with very high viscosity indices (VHVI)

5 produced by modem methods from crude oil by hydrocracking, followed by
isomerization of the waxy linear paraffins to give branched paraffins. Oils of
Group III also include base oils produced from Slack Wax paraffins from mineral

oils, and from waxes obtained by Fischer-Tropsch synthesis (GTL waxes) for
instance from coal or natural gas using corresponding isomerization technigues.

10 Qils of Group IV are synthetic polyalphaolefins (PAQ). A similar classification is
| also used by ATIEL (Association Technique de I'Industric 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

15  group comprising saturated and non-sulfurous 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 stocks according to API 1509: "A base
20  stock is a Iubricant 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
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thus base oils with inproved technical properties creasingly, "the
speci f i catlf onseutegl oifls. ni shed | ubricants require products wth
excellent low 10 tenperature properties, high oxidation stability and
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T ght 15neut ' I?Jltrogéxl (S:ompounds and further, they also have a high volatility and a modest
viscosity index, that is, viscosity-temperature dependence. Moreover, response of
mineral oils to antioxidant additives is often low. Synthetic and so-called semi-
synthetic base oils play an increasingly important role especially in automotive
lubricants, such as in engine and gear oils, A similar development can be seen for
25  industrial lubricants. Service life of lubricants is desirably as long as possible, thus
avoiding frequent oil changes by the user, and further allowing extended
maintenance intervals of vehicles for instance in commercial transportation. In the
past decade, engine oil change intervals for passenger cars have increased five

fold, being at best 50,000 km. For heavy-duty vehicles, engine oil change
30  intervals are at present already on the level of 100,000 km.



It is no |longer possible to produce lubricants conplying with the
specifications of the nost demandi ng car manufacturers from
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15 Processes for produci ng unsaturated and branched al dehydes havi ng
| onger hydrocarbon chains are avail able starting from al dehydes and
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t hrough al dol condensation to give hydroxy al dehyde, or hydroxy

ket one, followed by cleavage of water y:jsel di ng unsaturated al dehyde
or unsaturated ketone, depending on fee In the reaction, 20
typically basic catalysts are used at a tenperature of 80 to 400 C
Basi c honobgeneous catal ysts such as NaOH and Ca(OH)2, and supported
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at 300- 350 Pr 0CESSHR for, pr
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quaternary amamonium groups may be used as catalyst only when low carbon

25  number feed is condensed, because the resin cannot be used at high temperatures.

Fatty alcohols may be produced by hydrogenation of either fatty acids or fatty
acid alkyl esters. Three types of hydrogenation units for producing alcohols from
alkyl esters are in commercial use: gas phase hydrogenation, trickle-bed
30  hydrogenation, and suspension hydrogenation. Of these, the first two comprise a

fixed bed catalyst. In all processes, a catalyst containing copper chromite is used



25 are used as catal ysts. EP 591297 describes a nethod for producing
a ketone fromfatty acids by pyrolysis reaction using magnesi um oxi de
catal yst. %o 066665 di scl oses a nethod for produci ng kedOReschEiREd
triglycerides, fatty acids, fatty acid esters, fatty acid salts, and
fatty acid anhydri des using bauxite catal yst containing iron oxide.
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produci ng high-quality base oils is so far not "di scl osed.

esters, fatty acid salts, and fatty acid anhydrides using bauxite catalyst containing

iron oxide.

30



15 On the basis of the above teachings it nay be seen that there is
an obvious need for an alternative process for producing branched

sat ur at ed {Wwhoeg@EPON conponents preferably from starti pgriBi®losREs
of biological origin, said process contributing to avoiding, or at

| east substantially reducing problens a,fociated 20 with the
solutions of the prior art. There is al so an obvious need for
branched, non-pol ar paraffinic base oils conplying with the quality
requirenents for high-quality base oils, said base oil being
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of the invention 30 her. o ct, of, t nis roc SS
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S

produci ng base oil anot her object of the invention is a
process for prslueifay aae etonesy pecasborh pugdesheagrade, mere; iapldih Hwa GrarBomot
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10  conditions to recover the 6- carbon sugars. Sugars are reacted further in the

presence of a mineral acid catalyst to yield corresponding aldehydes or ketones.
There are two basic types of acid processes: dilute acid and concentrated acid,
again with variations of each process. Dilute acid processes are conducted under
high temperatures of 160 - 300 °C and pressure, and have reaction times in the

15 range of seconds or minutes, which facilitates continuous processing.

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 said
plant oil to yield linear normal paraffins, followed by isomerization of said n-

20 paraffins to give branched paraffins. The hydrogenation was performed at a
temperature ranging from 330 to 450 °C, under a pressure of higher than 3 MPa
and the liquid hourly space velocity (LHSV) being from 0.5 to 5 /h. The
isomerization step was carried out at 200 to 500 °C, under elevated pressure, and
LHSV being from 0.1 to 10 1/h.

25
EP209997 discloses a process for producing base oils by isomerization of waxy
hydrocarbons derived from crude oil, thus producing only low amounts of light
fractions. This method is used for instance for producing base oils of Group III
from the waxy hydrocracking bottom oils.

30



The process of the invention conprises a condensation step of

al dehydes and ketones. Preferably of the al dehydes and ketones are
derived fraudoedsyroaci ds or 20 carbohydrates. The reactp@Rrib#e/ 050550
presented in schene | bel ow, wherein nol ecul es of the feedstock react
wi th each other, thus increasing the carpon chain I ength of the
branched conponent thus obtained. Furthéet, the process of the

i nvention conprises a hydrodeoxygenation step for renoving

het eroatonms from the condensati on product, and finally, an

i someri zat i on Startpe msterigskirery tielagieespurcgs gentain dhighy preunts of sxyzent In e

S S R e R L LR i S T
C2 - C22. 10 adéltied,etatibymhiessals o6 blofogieal ghigiatdfiey chuteim mitragenj suifur and
o ocose oy calpengnS JopPhioh Pl yRRoA MG of S e
product regir qubptiRe dsdreRed sérvith Bfablimk c@@]&ﬁk%ﬁ&hik@rfrdqﬁaﬁtré%bgg%ﬁon

utilized for increasing the hydrocarbon_chain | ength of the
stream to obt &f ihe cpalydlscrecpsamg 1o basth 98t proessess. HPERA Hgpffins are often

monof unct | onakseAHhRY ot EATBANARS in the HiRFRarbhf RN KhidARERA SR S

to a conpound clontal ning carbonyl functionality 10 of al dehydes o

ket ones. Her e oW demperaiwied prapeftiss. Neobleamblok ghtalystacirelsused ibiisdrogization
origin having I n hi r . S ket ones
derived from Pg[}cg%eggﬂ%%gg’%& %&Qﬁegbg%gesse%%ﬁﬁgtsgg%g&lpg oﬁse's refer
here to alidehydes and ketones obtained fromfatty acids or
triglycerides of biologjcal origin. Here, hydrodgox atj on (HDQ
et or 5 Lo oxy e REliang Gt GRSARY OBy BB, 00 o BByEHED
Water is |ibecaitsidingNhdt8atoReC bdi@MNstarfiigl nsdieislld 8BRS Usptivnallyebibiiécted to
doubl e bonds are hydrogenat ed and any sul fur and nitrogen conpounds

are renoved. Heaeel andéor ghemical pyaforspliypicaly andfor gngchamieal proxfreatmentenspo
step, the str : Re - Si: i i come paraffinic.
p %?é‘é‘ﬁ‘gg% gﬁ égﬁ&%@f BaksdGild T8 &6 Far Abt d}sg:‘&ﬁQ@ p

25 Here, satura nprises saturate ydr ocar bons. The
term "satuUfated hydrocarbons” refers to paraffinic and napht henic

conpounds, b Uon"RE bAshs of the above teachings it may be seen that there is an obvious need
for an alternative process for producing branched saturated hydrocarbon
components preferably from starting materials of biological origin, said process
contributing to avoiding, or at least substantially reducing problems associated

20  with the solutions of the prior art.

There is also an obvious need for branched, non-polar paraffinic base oils
complying with the quality requirements for high-quality base oils, said base oil
being preferably of biological origin and having more preferable impacts on the
25  environment and for end users than traditional mineral base oils. In addition, there
is a need for a process based on the use of renewable feedstock, thus saving non-

renewable raw materials.

Objects of the invention
30

An object of the invention is a process for producing a hydrocarbon component.



aromatics. Paraffinic conpounds may either be branched or |inear.
Napht heni ¢ conpounds are cyclic saturated hydrocarbons, or

cycl opar af fovee7/dsyprcal |y derived from cycl opent ane or wmygriohessas A
napht heni ¢ conpound nay conprise a 30 single ring structure
(mononapht hene) or two isolated ring st@yctures (isolated 11

di napht hene), or two fused ring structures (fused di napht hene) or
three or nore fused ring structures (polycyclic naphthenes or

pol ynapht henes) . In this context, width of the carbon nunber range
refers to the Adifarther cabiest of thpdnwention bol pigaese rier produpiag | & hydoecarher
the smallest WBlGoHhESinlitindRrerl of BidaldARbghf oduct . In this
context, pressures are égugeigressures reffat1 ve to nornmal atnospheric
pressure. 10 Cl assification of the Periodic Systemof the Elenents is
t he | UPAC cl assi f,i cat.ign...Fi.qure 15 The invention i.s now illustrated
W th Che appertBiier ptetar e fNhfion = grsfiery ot Borre See i cope of  he
“invention o0 the enbodinents of said figure. In figure 1, the

feedst ock stream 2 conprising. al dehydes and/ or ketones derived from

fatty acids oPtlAngtey gpisstedl the dnvenHor i g dyocsss fogmredusing 3 ReY duRfc el
into a 20 preRydeRASHMMND bh&ASI ot 20nthiRing! REer@RhE Hdm starting materials

pr ehydr ogenati on of "doubl e bonds. In the prehydrogenation reactor 20
may opti onal | pfbiglpsitaberigin.of the |ighter product fraction (102) to be
recircul ated, or another hydrocarbon stream 201 to dilute the feed.
The diluent stream 202 conprises the recircul ated stream 102, or

hydr ocar ban stAnasbincl6fithe twvemtion ix noreavéracrasobil Esmplying mdth the requirements

prehydrogenat | op .16 ¢hlp .

The characteristic features of the process and base oils of the invention are
presented in the appended claims.
15

Gencral description of the invention

The process of the invention comprises a condensation step of aldehydes and
ketones. Preferably of the aldehydes and ketones are derived from fatty acids or
20  carbohydrates. The reaction in presented in scheme I below, wherein molecules of
the feedstock react with each other, thus increasing the carbon chain length of the
branched component thus obtained. Further, the process of the invention
comprises a hydrodeoxygenation step for removing heteroatoms from the
condensation product, and finally, an isomerization step for making branches to
25  the molecular structure and thus improving low temperature properties of the

paraffinic product.

O+ NaOH
2 /—{ — RMR‘
R r -HO
R 0
where, R' = H (aldehyde), or C3 - C23 (ketone);

and R=C2 - C22.



25 20, the saturated al dehyde and/ or ketone product is passed as the
stream 21 to an al dol condensation reactor 30. Alternatively, other
al dehydes osiehsamral dehydes produced synthetical ly meycBeRoos050550
introduced into the process either alone or in conbination with the
above al dehydes. The hydroxy carbonyl c ound or preferably

al pha, bet a- unsat urat ed car bonyl conpound“obt ai ned as the product 30
fromthe al dol condensation reactor 30 is passed as stream 31,

wher eas hydro%en is passed as stream 3 to the HDO reactor 40.
Al t er nati vel y Prefasblyoiepdstasks erigivatingifpons sdingsmeterials of biodagiaab ASEn ash

by di stil 1 at i GurREBaEeh BN fboedy ObERELEE frllvdIRpARG,
as stream 61 tfmishing, alddobdworedensdationateps.eact or 30. The condensed

conponents are passed as stream 62 to the HDO reactor 40. The
branched 5 paraffinic product fromthe HDO step is passed as stream

41 to strippi Mhe aliol ebndefsibivh Mehctis\RNitREed fRUNErkdsaE: thd Aedreadrb& chaime
paraffinic product stream 71 and h%gqriogen steam 3 is introduced into

t he hydroi somdfieinef & fedtepmdo, obiain @ pdegtobeing 3 vBpATaRd | hrgoched

recei ving a digd4SRincEQRl1 cdrdnyPiiibully dr oi soneri zation 80, the
branched paraffns 81 nmay be optionally subjected to finishing 90

using a 10 hydrogen stream 3, followed by passing the product as

Gi <111 ati on St Skt ABodiicRls SRRERLALk Hling Sl e5Blfhaiy,

at differant boéaiderydesisrcketomages and/ or for special applications;
gases 104, gasoline 101, diesel 102, and base oil 103, are separated.
15 Detail ed description of the invention It has now been surprisingly

found that br ared)qatsadiéy adi@to atloxfuhdidy oPBisBgRial Srigihtha lgeu' a8Bb1PY

the process according to the invention, conprising an al do
condensat i on PE%EPerghepthen(denydes and/ or ketones contai ni ng
het er oat ons, a 20 hydrodeoxygenati on reaction, and an isonerization

reaction. In the process of the invention, the aldol condensation
reacti on df alAdddhydessandnketanes derieed fsemt faity heids; yandf fatty eldelyides landfatgi n,

eamor i zat i on i P WRR IO Mkl BHE PAGRSY SRR el ey 28105 o

novel way. 25tidiglydehidesadf@ilogicabddgiaati on reaction step the | ength of
t he hydrocarbon chain of the feedstock is increased to such that only
car bon-carbon bonds are left in the basic

Here, hydrodeoxygenation (HDO) refers to oxygen removal from a compound by

20  means of hydrogen. Water is liberated in the reaction, and simultaneously olefinic
double bonds are hydrogenated and any sulfur and nifrogen compounds are
removed. Reactions of the HDO step are exothermal. After the HDO step, the
structure of the starting material has become paraffinic.

25  Here, saturated base oil comprises saturated hydrocarbons. The term “saturated
bydrocarbons” refers to paraffinic and naphthenic compounds, but not to
aromatics. Paraffinic compounds may either be branched or linear. Naphthenic
compounds are cyclic saturated hydrocarbons, or cycloparaffins, typically derived
from cyclopentane or cyclohexane. A naphthenic compound may comprise a

30 single ring structure (mononaphthene) or two isolated ring structures (isolated



structure of the nolecule. Such al dehyde or ketone nolecule is not

sui tabl e as such for base oil and therefore the oxygen present in the
car bonyl ogweleom4sio7be renoved, and the | ow tenperat ur epPrRBREHEESH
nmust be i nproved for instance by 30 maki ng short branches to the

nol ecul ar structure. Moreover, the procigs may 13 optionally
conprise a prehydrogenation step, recirculation and finishing steps
of the product. In case al dehydes and/ or ketones, particularly of

bi ol ogical origin are used as the 5 feedstock for produci ng base

oil's, it is ndénapbiliene)ter weciugadsdng sfaucfusergtfinsed fdinap 195 dree hamese

t hereof to obtal.R .« ' - onds in the
basi c structu?@#aﬁggggﬁﬁﬁgégﬁﬂ¥hggfﬁ é%lﬁgé?&?ﬂﬁgﬁﬁgagéhieved by

al | owi ng al dehydes or ketones react with each other, thus producing
car bon-carbon _ bands in the nolecule. In the structure_ of, the pr cts
of the | nvent T Fuies PRAELEE S aRmbi Biar ERGT I 18 sifendyel th

al dehyde gsoupaibsn atindel o theOlazestihd-th€ EalRest Molddles)ighe ¢hePin thBginkDNg
mai n hydrocarbon chain. |If ketones are used as feed in the sane
condensati on PE¥EEY on, there are four |onger hydrocarbon chains and a
ket one group in on of these branches as shown in schene (B. Al so
conbi nations of the two described reactions are possible. Al dehydes
and ket ones ofln tthig cbBtekie quigsswrek areagaugk quessonep méledve (oo nommat exreespheric
functi onal car9¥H¥ groups, thus obtaining several branching sites in
the structure®o ie product. In the process of the invention

al dehydes 104 t h carbon nunbers fromd to C40, preferably primry
saturated ald des,.. and/.or_ ketones w rbon nu rom20.C3 to
G- ot o o L RRiRARAR PORUP SrTind Rt o LE A O SRyeais
means the hydrocarbon chain I ength of the feedstock may be increased,
and it reaches_the carbon nunber of base oil. Al so al dehydes and/ or
ketones with &eer chains may be used, thus enabling the increase
of the nol ecul ar wei ght of the product by | ower carbon nunbers than

by typical carbon nunbers of fatty al dehydes ranging 25 from Cl2 to
C24 or tygfcallh¢ deveRaisemw Hhgirated fith thCappendedCigyre ihwithoug vasiliegs tat he

production of ;.. . b il.cC . In asimlar
manner, al deh?@é@%ﬁ%?%?%g@g%%&n\?ﬁlﬁ e%\%%d%één&&éﬁﬁ%fer onal carbonyl
groups may be used for | engthening the hydrocarbon chain. Said

al dehydes wit hort, chains and/or with two o e functional, groups
may bo synt helt BE5hds B TeBRIauSt HhegHaDs Aichiie epdar onet Softed ho
process of theoliaphtiasor EbSHyARIRMRd A K/ dERR ¢Bthn B Inkddieadneta Of
t he al dol condensation reaction in a hydrodeox%%gnatlon st t hus

| i ber at i ng® caPiBYdrPeERijefeFraptar PO for e oneenat prehydragemation pf &%@e brdar
CELEET: o by UE BB bR GO TRUER a5 i Rl G
product fraction (102) to be recirculated, or another hydrocarbon stream 201 to

dilute the feed. The diluent stream 202 comprises the recirculated stream 102, or

hydrocarbon stream 201, or a mixture thereof. From said prehydrogenation reactor

25 20, the saturated aldehyde and/or ketone product is passed as the stream 21 to an

aldol condensation reactor 30. Alternatively, other aldehydes 5 such as aldehydes

produced synthetically may be introduced into the process either alone or in

combination with the above aldehydes. The hydroxy carbonyl compound or

preferably alpha,beta-unsaturated carbonyl compound obtained as the product

30  from the aldo] condensation reactor 30 is passed as stream 31, whereas hydrogen

is passed as stream 3 to the HDO reactor 40. Alternatively, the components not



5 branches in the mddle of the chain are obtained as the product.
The product (mainly paraffins) obtained in the hydrodeoxygenation
step i s suljocbestsiod hydroi sonmerization. In the hydroi speBEb#aabosE

t he non-branched hydrocarbon chains of the nolecules are isonerized
so that they contain some 10 nore short granches, in order to inprove
| ow tenperature properties. Follow ng th hydr oi soneri zati on step,
the oxidation stability of the product may be i nproved by an opti onal
finishing treatnment. In addition, an optional dewaxing may be
performed pri gendegseyy imfthee condeasatipmirgsnting,. stilb pBsemic e dtirgsan 35 imay Dt h
shorter chain Is . produg. s b u j e
process. Feed??@%ﬁé#ﬁ%p@eﬁgé? ?XEE%PE{@S ié)lr gc(glg@laglgﬁplrxﬁg gg’ gcilﬁ)l“}eegsE%)h
one al dehyde aecikektitre as efreamt 6 t&@ thef aldoh dohdengatmmpreacios 3 & tThegeoaflenséd
-C40 al dehydes, C3-C79 ketones and C2-CA0 al dehyd and

i xtures t her BRPOIRTRoRS GESInit REFGREZ Br DhoIHOLFAFRE AP ik raiched

bi ol ogi cal sor ipgiafifi@yrodaciupas tRsHDerdes ﬁgiﬁsse@"as Géanh 31 tty sﬁbﬁﬁgmq&
C3-C47 ketones and C4-C24 hydroxy al dehydes, preferably of biol ogical
origin, opti oAHNYNNG URVERedENRUEtish Therealiery thepparaffinis prodst strampy] and
condi tioni ng e; i A taan - :
Condi ti oni ng Z‘?glggé? rslg%all}%leg g?%#@(?}dfgé (;ll?tg;stihe;l h? gﬂ%?gﬁf}g% #aﬁé?c;&ag?’dsg ,ld
transesteri fi eeactonalspioptionally atacbing a dilueat 2QP. FeHowimi thydwisomarifasion 80,
produci ng fat i | kKvl~ester redyct ion_af. t .ds,Ar. fatty
acid al kyl es%%er gr%f'%egipve Ha:‘tjl%coﬁo aé’ , beag&hv(\’éfﬂry 3@1?‘%‘3 u{;‘ﬁi’%%“%% 9§|u(§10 dts
to give aI1dehylgﬁsgemstrekmtagrfb]&aieid&{ydphksirfagiﬂﬂe)pngmbd& shiearh X tty a&ﬁdtiﬂlaﬁdxkylj
esters to give ketones, 15 The a ydes. and ket ones, may, produce
ot no-any EnoRRResRgaen IR R LG i s HER 8 anglSh Sargns Sty 10, prodl
preferably pregupsiénts’ Qjﬁllﬁ%aratt' QAR Ctdnipefan®t PAREO Jhitér ObE Jipdeial
derived fromplants, animals and _fishes, and selected fromthe group
consi sting of appligations; gases Widagasolipgddd, digsel H92, pad base gilj 183, argsqparated
animal fats, 5 aninmal waxes, fish oils, fish fats and fish waxes.
Corresponding starting materials derived fromal gae and insects are
al so cont dfpl Bretailed sleswripitionaf thamventpnmat eri al s derived from

al dehydes and ket ones prepared from car bohydrates. The starting
material of biological originis suitably selected from M group
10consi sti ng @f has apwiHean turpAitisgly ot thati branched Sandrated higgh-qualityrtake bitd s,
animal oils, ani r%% V\g es, fish fats, fish ﬁi l.s, fish waxes, and1 P)
free fatty acPtfsORpined{oyythe HroresdBecording oy, jaieniion | compgising an aldo
transesterifi ¢aideRdatioh rdRPMh WY AEShyHAAGKd/QNRetbiR M ditAiThg fRtcPoatdthad i

oils, plant waxes, animal fats, animal, L )
20  hydrodeoxygenation reaction, and an isomerization reaction. In the process of the

invention, the aldol condensation reaction of aldehydes and ketones, particularly
of biological origin, may be utilized in combination with hydrodeoxygenation and

the isomerization reactions the production of saturated base oils in a novel way.

25  In the aldo] condensation reaction step the length of the hydrocarbon chain of the
feedstock is increased to such that only carbon-carbon bonds are left in the basic
structure of the molecule. Such aldehyde or ketone molecule is not suitable as
such for base oil and therefore the oxygen present in the carbonyl group must be
removed, and the low temperature properties must be improved for instance by

30 making short branches to the molecular structure, Moreover, the process may



oils, animal waxes, fish fats, fish oils, fish waxes, and c) esters
obt ai ned by transesterification fromplant fats, plant oils, plant
waxes, ani {®0bBdcgro7ani mal oils, animal waxes, fish fatgger/fbeRosisis,
fish waxes, and d) fatty acid al kyl esters obtai ned by
esterification of alcohols with fatty agéds of 20pl ant, animal and
fish origin, and e) al cohols and al dehydes obtai ned as reduction or
hydr ogenol ysi s products of free fatty acids, or fatty acids from
plant fats, plant oils, plant waxes, aninmal fats, aninmal oils, aninal
waxes, fish f®ptonaflyshmprisea prehydrogenatien stamdeclrcru}atlhetaodn &sishibg atepe df by
ketonlsatlon LE éhcﬁ of the free fatty acids, esters, 25al cohols or
al dehydes obtal ron1p|ant fats, plant 0|Is pl ant waxes, ani nal
This, animal oils, animl waxes, fish fats, fish oils, fish waxes,

and g) fatty cohol s. obt ai ned. b hydr ol trans st.erification and
oy o ysi o 11 o SERRALIET O A el b o oBcal o e Goc g T

recycl ed fgod feHdsdex frat §rdﬂﬂ€in§|ﬂa§e ofteditf Bt SeceddhiyStod MreatX Bfe RbA BLd

30by genetic engr neering, f) m xtures of said starting naterials.
16 Typi cal ogqrb%@h@irﬁlthqm tto gbtajs) laﬁlpmd%hamngwnbf ¢asbairearhon bends
fats is a tr| I | r

three fatty aci g&e&isecu a%(%ﬁfdﬁt tg 15%'? ?llgk:etﬁ E(?rg ls %M&%H\?dxeérmg}nﬁn

R2 and R3 reprbkhydes @nk@B@eshymt o'o‘dnrdaoh oﬂiealths;.erucmgr @sipeedartiop tonds

hyd b h t d. b
rycrocr bon, et V93 HEAEE R ARURETH B PR e
(C18). C18o0f ahyroearbsisclairlchythj ﬂﬁhlﬂghyﬂ@lgﬂmﬂ it attdched w0 4dT1g,- igy @lipGx \the

group of glycergl. Eat aci ds . linke 0, to the two ot he drqx
groups typi cam@‘hﬁ&?zhee BR TRP BArORRT F%amg@ﬁsﬁoa?ﬁ V@u@? Feed dp

nunbers Cl4 apgin{2dndensation reaction, there are four longer hydrocarbon chains and a
ketone group in on of these branches as shown in scheme (I). Also combinations
of the two described reactions are possible. Aldehydes and ketones of the

15 feedstock may also comprise two or several functional carbonyl groups, thus

obtaining several branching sites in the structure of the product.

In the process of the invention aldehydes with carbon numbers from Cl1 to C40,
preferably primary saturated aldehydes, and/or ketones with carbon numbers from
20 C3 to C79, are reacted with each other in the condensation step. By this means the
hydrocarbon chain length of the feedstock may be increased, and it reaches the
carbon number of base oil. Also aldehydes and/or ketones with shorter chains may
be used, thus enabling the increase of the molecular weight of the product by
lower carbon numbers than by typical carbon numbers of fatty aldehydes ranging
25  from C12 to C24 or typical for ketones ranging from C23 to C47, which enables
the production of lighter compounds that base oil compounds. In a similar
manner, aldehydes and/or ketones with two or more functional carbonyl groups
may be used for lengthening the hydrocarbon chain. Said aldehydes with short
chains and/or with two or more functional groups may be synthetic and/or derived

30 from natural materials.



Fatty acid conposition of the starting material of biological origin
may consi derably vary anong feedstocks fromdifferent sources. Wile
several dowl moddesends may be present in fatty acids, pE@yM@6850550
non- conj ugat ed, but at |east one |nterrred| ate -CH2- unit is between
them Wth respect to configuration, ﬁ doubl e bonds of natural
fatty acids are of cis form hydrogen atdns bei ng thus | ocated on the
sane side of the rather rigid double bond. As the nunber of the

doubl e bonds increase, they are generally |l ocated at the free end of
the chain. 20 Imﬂwglrh@swf ﬂhy@m@amrbdjntcmamwamqvg&ﬁemh@pr@bmféhe

bonds depend 0

serving as th%msggoﬁlgéﬂc’)?é}{%aakg% a%g%tl%gé [{% ‘%rF%t?ﬁ’ Eﬂ u? h%mwgﬁbonyl
contai n nore saygenhammefbriadft waanlhlsadditmm anyg aither aixggernt aﬁﬂ-qgeacznda;ulﬂu
Fatty acids of fish oil a igh a nts do ong nd the
rver sge. | engt fOBPSHKS ks Rdlarsl BRaPHE SPurm ra b atbops hes
acids of 25 plhamthaiih ﬂle&ﬂddlara&"mlchmtaﬁe obtakfed 3 ¢hef @bduet.aci d

conposi tion of the starting material of biological origin plays an
inportant role in estimating oxidation resistance, thermal stability,
and | ow terrperpﬁ Ed yGbthif qa,aqu kifn t ;
determ nation o rﬁ%&%%ﬁs %1%5@3 c'?ostguoﬁijzrlS %géé y tﬁglyg?ﬂcflct)]len 4?&) s
condensat i on lselacmd)m M@mmaz@mncmmémd@sampniMntthfe monfbeanched

f eedst ock rea I 4 t| m ounds
with ring str glgé‘lﬁr es 01%? 5 olﬁ‘qu\n&hl% "% %Ejsé)%léeﬁl %fngo thggﬁﬂ; rm?oéne
ol i goneri ao hydfo@@al:rdﬁt)’b‘lﬁnc&ﬁﬁl 1hwddsa¢ahbp|0Se Yot Fernipefigurs tpeapeities eEOIIOIWIﬁQ”Ie
final product.. 1 xes are mainly fatty acids.esterified with

al cohol s havi giﬁ‘# ISERERiZRLon \jiehs e 0x %ssfai)alﬁva? theaprogiet ZRYPR s
of paraffins gfp I@W@Bgiea}l ,opﬁ&xawrf%m@%aﬂhésﬁtmmmoar hAT8piionaN dewaxing
secondary al cohol s dehy al kane acids (fatty acids) and

t er penes. Car BSH @ﬁiﬁ@fﬂ?d@ﬂ%@(ﬂiaﬁﬂt@?ﬁa@mﬂgand al cohol chains are
typically fromCl2 to C38. 15 Exanpl es of suitabl e biological
starting materials include fish oils such as baltic herring oil,

sal non oi [15 h&ranicheyl parhffing wwith glidrter aleddsoukytheidigsekclnshi ave podducedrns by-
mackerel oil; _pl h as rapeseed oil, colza oil, canola oil,
tall oil, sun ﬁ’c‘ﬁg mth%ﬁmi%% soybean oil, corn oil, henp oil, olive
oil, cottonseed oil, nustard oil, palmoil, 20 peanut oil, castor
oil, jatropha seed oil, palm kernel oi |, and coconut oil; and

mor eover, sui F8HSEPkr " al so animal fats such as lard, tallow, and

al so vast e angns eeuabadof 100 Prabe@d@nipsss aanéaspbﬁesama@d%} ket@fe Ea&&ed
waxes and oils produced by genetic e@gl neering addition to fats

and oil s, 28ui frapl begyrayn pwmﬁ@g of iGr %ﬁldshxshaagfﬁ%glw Fetogeh and) ER e
| het |
ani mal waxes ﬁ&fre (5\“,}% m‘é’gisndgsﬂb&mgﬁf %o | A5 eszSa.nWaY&%%oné &t 't

wax, and | ano pl ant Xxes such as carnauba
pal m wax, our syhetic apdbivlogive] oqlglpotaabselecﬂ mifegdstoak d&1-CR4 fattwaidehydes,

t , d I
o o bR el B DS ST PRI APY Bl e
and synt het i copitinglly albjectednd oné onmeRSRMIM¢atidneRdSt OeHaNidinpiGE ofyhe

ot her processes, or synth cal | duced feedstock tabl e for
the pr gc edd Spé?}' ariare é@%ergbt])lr used. éorPtflt?onlilng steps?nc ude e.g. iy&léliysm to produce

fatty acids, transesterification with an alcohol or acid, esterification for producing

fatty acid alkyl esters, reduction of fatty acids or fatty acid alkyl esters to give
alcohols, as well as reduction of alcohols to give aldehydes, or ketonisation of
fatty acids or fatty acid alkyl esters to give ketones,

30



qguestion may be used as additional feedstocks. Al so pure synthetic
feedst ocks are contenplated, but in this case, the products are not

based on rawenedalegronat ural resources. 5 In addition to g@yEN006/050550
al dehydes, al so synthetic hydroxy al dehydes or hydroxy al dehydes

derived fromstarting materials of bioI? ical origin my be used as
feedstocks in the process of the invention. For the thermal stability
of the base oil to be produced, preferably al dehydes and/or ketones
free of tertiary carbon are used. Particularly for inproving |ow

t enper at ure pridpaldehydes andik¢tones praydeapradiced uﬁeaanselmqmweﬂm in the art.

branched addi t 1831%5 QH&’%?&?]E§ a%é’ p%ﬁ:%bﬂq_@f %Gé}é&l : %55621215 of

structure of ft ase orl's rocar ns ser
di luent, for bltﬂ(b@mmngmddmdtfmm plahtst hdmdisemd|fishésaand sqectddefrahithe of

bi ol ogi cal [ nal | added t feed ck LN
different pr o@g té“gp‘ﬁ%‘i?‘ at }ér B 'éWB’FeSh9]8'FTo ’ta}?g“ﬂlfgts"el
class is fromadfathl mxéhoﬁslpmlst it} ﬁa@d dnd ﬁsmmxés?@oh@sp%ﬁ@ingstaﬁf@m&qals

Condensati on step 20 Feedst ock conprising at | east one conponent
sel ect ed fromdgteddranpleag ard Beqctigre plsgrontemplated ge HgH as stattmg apagerials

ket ones, C2- CAQL A X N1déd ng gl e subjected
to condensatl on reaction. )Q e aq%eh%‘%rgi’and/or El%ones are condensed

to substantially increase the carbon nunber of the hydrocarbon

stream  Satur g ed. gholehusen 8 SidiShonSHie & RHELE! ARk RS A8 405

f eedst ock. I'0CESS ondensati on reac
preferablMousedmmimgsfobtaining branched unsaturated al dehydes or
ket ones. In the condensati on honbgeneous or heterogeneous al dol
condensati on catal ysts nmay be used. Supported al kali netal catal ysts

l'i ke Na/5i 02 gpypiaR fﬁ?rﬁlwﬂﬂﬂ phint Rak&! HUMAPRAKS akidlaPbYS hfimall Waxes, fish
honogeneous cat al égﬁ IS preferabl y an al kal i or an alkaline earth

net al hydr oxi de,faBofisheils; fighiwaxes aNiOH, KOH or Ca(OH) 2. The reaction
tenperature i B) fﬁé%rﬂlt%pa&& 04‘%91)! acids obtained by hydrolysis, acid transesterification or

15 pyrolysis reactions from plant fats, plant oils, plant waxes, animal fats, animal
oils, animal waxes, fish fats, fish oils, fish waxes, and
c) esters obtained by transesterification from plant fats, plant oils, plant waxes,
animal fats, animal oils, animal waxes, fish fats, fish oils, fish waxes, and
d) fatty acid alkyl esters obtained by esterification of alcohols with fatty acids of
20 plant, animal and fish origin, and
¢) alcohols and aldehydes obtained as reduction or hydrogenolysis products of
free fatty acids, or fatty acids from plant fats, plant oils, plant waxes, animal
fats, animal oils, animal waxes, fish fats, fish oils, fish waxes, and
f) ketones obtained by ketonisation reaction of the free fatty acids, esters,
25 alcohols or aldehydes obtained from plant fats, plant oils, plant waxes, animal
fats, animal oils, animal waxes, fish fats, fish oils, fish waxes, and
g) fatty alcohols obtained by hydrolysis, transesterification and pyrolysis from
waxes of biological origin, and
h) waste and recycled food grade fats and oils, and fats, oils and waxes obtained
30 by genetic engineering, and

i) mixtures of said starting materials.



C, preferably |lower tenperature is used with |ower nol ecul ar wei ght
feeds and 19 higher tenperatures with higher nolecul ar weight feed.
Opt i onal | ywolowgsks7such as al cohol s may be used. The ap@EpRbobsdsie
honbgeneous catal yst to be used in the reaction varies from1l to 20
% preferably from1.5 to 19 % by meigg . Alternatively, reaction
conditions of the aldol condensation may“be adjusted to 5 yield

hydr oxy al dehydes such as al dols as the reaction products, thus

m nim zing the oligonerization based on the reaction of double bonds.

I this case, Tapisel hasis shyelkyhit o pens and&sh oilmdrasine el ish tiabesridon
th t HDO g i ; ;
step het er oat ARENSP G B BRKARkRY, S ) 4ghE s aaRE ARlhe D

reaction are rtozvedelobwn t he HDO step of the process according to the
i nvention, the-product - of--the-aldal condensation and hydrogen gas are
react ed under “a pressure @anging between 0.1 and 20 MPa, preferably
between 1 and 15 APa, .t heitenperature being from 100 to 500 C,
preferably from 1560 te-380~8, 15 1n the HDO step, special catalysts
containing a .f”'% (“the Group VIl and/or VIA of the periodic
system of the elenentisstiapndRalum na and/or silica nmay be used. The
TIDO catal yst i's preferalil'y a supported Pd, Pt, Rh, Ru, Ni, Ni M or
CoMb catal yst, support bekng activated carbon, alunina and/or silica.
20 In a prgferable enbodinent,  the reacti on product obtained after
the HDO stép is purified for instance by stripping wwth steam or

W th a suitabwheghsRs RelandR;aegresght CHYB0 hgdrobarhen chaiidst Bithrespect to the

hydrogen. It s .preferabl.e for_.the process to.renoye inpurjities and
water as ef fi EYERERYOM, S5 it Al felds are JnprhRchig dRorEisds, ¥t Jone
step and/ or fichdifid)MBn Byd@Bearbon JiiIIeNHIRERE 18 2drb&R (B8P CAS 168ty defi ad DO
and the optlonaJﬁﬁurlflcatlon st eps, hydroi sonerization is carried

out by reacti BpiRlibepdad tgdhe midile hydipwd arenreef dvwplnaiacidgiigked to
opt i onal ratfd pd hid I i p AR

i soneri zaltq ?onfﬂ{:elaﬁ‘létclp?glltgl.OI h?%gﬁﬁegrélggg%]?g}%gﬁn(gr‘f@gt I onng{ug%,a rsf ﬁgnera“y
pressure rangbstwieemearonnumbeCIMRad (F2ef erably from 1 to 15 MPa. The
tenperature ranges between 100 and 500 C, preferably 20 between 200
and 400 C. In the hydroi sonerization step, special catalysts

cont ai ni ng nolFeitylaid sompesti@ncdintiakarting Macritd @fpbiviogicabforighie may

e, Al um nacaBRBPOCIAFY SR Fetcdye SBm @ Retppsbrces WHIK sovera dotble”™

15 bonds may be present in fatty acids, they are non-conjugated, but at least one

intermediate -CHj- unit is between them. With respect to configuration, the
double bonds of natural fatty acids are of cis form, hydrogen atoms being thus
located on the same side of the rather rigid double bond. As the number of the
double bonds increase, they are generally located at the free end of the chain.
20  Lengths of hydrocarbon chains and numbers of double bonds depend on the
various plant or animal fats, oils or waxes serving as the source of the fatty acid.
Animal fats typically contain more saturated fatty acids than unsaturated fatty
acids. Fatty acids of fish oil contain high amounts of double bonds, and the
average length of the hydrocarbon chains is higher compared to fatty acids of

25  plant oils and animal fats.



5 Prehydrogenation step The feedstock, as well as the product from

t he al dol condensation reaction nmay be subjected to an optional
prehydr ogeqad ioiegioeP under mld conditions to hydrogengtgrpPassidese
doubl e bonds and to reduce coke formation in the next O process step
since catalytic activity is mainly lost _due to coal formation on the
surface thereof. The prehydrogenation id7carried out in the presence
of a hydrogenation catal yst at tenperatures between 50 and 400 C,
under a hydrogen pressure ranging fromO0.1 to 20 MPa, preferably at

t enper at ur es Ddevietnadid Gomposidg0ofChe stading mathyal rad ddologica swigimepleynan ng

the oroup 11 BgEPb by AT SRSy EpR regefi thoril Sbitly cRpCloter

pr ehydr ogenat iteipeg@thirl properties of ef fe¢datokly, and alsppo tHealdteRdinafn ofithe tyPes

Rh, Cu, CuCr, Ni Mo, or Mb.catal yst, the support, being either
et et g cn SbRIAyS apied B8t 341 condEns R BRioR OO OmRSETE,
the hydroi 30Mprdsgmt iPNhet RBdstRR kB | RHgSh&ati®h, BRI REHS esred

either catalytically or as sol vent-based dewaxing. In the catalytic
dewaxi ng, hydrcegeeungs swith ging Héruetgrep.o aiech followinge hy dregrneation dresudls invglore as

optional paraff:Lolc. f bl j : ﬁfgg‘ﬁ

dewaxi ng cat alofg%&fgg?%gﬁgﬁsaﬁ? g&g%g%:%frsrpnﬁtgﬁrl% rg}e a ss 2% tﬁ?leﬁ nal

G oup VIII of prddactperi odi c system of the el enents such as Ni, Pt or
Pd are used. In the dewaxing step, the pressure varies fromO0.1 to: 20
MPa, the tenperature being between 100 and 500 C. In the

sol vent - baged WieeBxiré OmaipBr &itfyl Bdids \weseBedd mAthS QRakdlE echving ﬂinFSﬂ:iaﬁisng
the 30 oil in_a mxture of solvents, for instance nethylethyl ketone

and tol uene. MPTENELFEEE SQtaip YIRS AFRANDIS R Par3iEng (erlkanes), kefengsgand

counter curr eikefnes, phivfry haebeordafy alddhol, aldéhfaelf allirle dcids RY 1 6RIE)
product) and solvent "is introduced to a cooling unit Cooling fesults

in crystallizand teppeses. [Gaesboparuambeismif sughafely acitipad elsoholrlaine prsctypicalhve

depends on th i w tenperature properties of the product. Wax
crystals are ?rioﬂfgr e%q?érsgmthe m xture, collected for further

processi ngs and the solvent is 5 separated by evaporation fromthe
base oil. Finigshi step, Jhe.ngraduct obtai ned above y ..opti,onal be
it shed for EEABOEH T SMoBE B0 S0 Sl Rerdil HERGE AR i B OR
finishing is pefkingoiEshinicn i) heythe@ilctink 6iltdnehdiySie Be@ine bil fand abarkatsk |
it is called h _drofi r_’ii shi r;g t he pressure thus r_afr}jglir%?lg from1l to 20
MPa, preferabpﬁ, Hlang ofls sych a8 sapggssd ol 130l canrfetily  Puflgwsr w5ed fiben
50 and 500 C, s@efebibiom ket oA08RN6t, 4RBofseed Bill MBstard oil, palm oil
hydr of i ni shing,” special catalysts containing metals of the Goup VIII

of the pelPodpeanyy silepastor aildateapbanserdsoil, anedm hemnel 0il, andi coronst pilicendray
be used. The %géo%ﬂ, @ﬁia%ien&e%?stoaaln}'xﬁﬁl 43 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
25  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.

The process may also be used for processing mixtures of feeds originating from
30  biological and synthetic materials, and if necessary, feedstocks produced by other

processes, or synthetically produced feedstocks suitable for the process step in



15 preferably a supported Pd, Pt, or Ni catalyst, the support being
alum na and/or silica. Finishing may al so be achi eved by renovi ng
pol ar conp@eRtscedrng adsorption materials, such as cl@&yrfboos/050550
nol ecul ar si eves. Fol l owi ng the optional finishing, the product is
passed to a distillation and/or 20 separation unit for separating
product conponents boiling over differeﬁ? t enperature ranges and/ or
intended for different applications. If desired, the hydrocarbon
conponent obtained as the product, or another suitable hydrocarbon

may be used agluedtiopary bierpsedas asditionaldgedstogks. e pwrosyahetio feedsfockzmre
i nvention, su i Nt aldal  conde ' 0,
i soneri zati on%g?tg%gfa%g’r &?tnlgrtegsﬁa%eg W@%&ﬁs\?@}eé‘oﬁ a%ﬁg!/n oﬂ;enes%ﬁbtlaec??n\]fﬂ y

and/ or for comesoaicks.ng the exothermal nature of the reactions. A
fixed catal yst bed reactor, for instance the trickl e-bed reactor of
the prior art is 30 preferably used in prehydrogenation, 111)0,

hydroi sonmesi zag ifabitioANd s raddhpddahiaRe sh@dbte hydmxyradlGdes ThehpireHes s
according to the invention yields a high quality. branched and

saturat ed hyd@biebydss sleeved Famngtaring mpgarialsaef biglogica] prigimHpai he aised ps
product has 5 (exeelilsGRinariGas bf tho i ANFLEHP BloRhh!EbRIPBEMb TSR ol e
process according to theinvention also yields as r oduct

par af fi ni ¢ hydo be ardsiuped preferobly saldehzddseantlior kefopeefred abtertiayy Icarbim are

di esel conponent j icall h r hbon- on_si.de
branches, r esﬁlfffdl" %chﬁfargﬁ %ﬁ@“&%‘t Pg%alﬁg;%in W {élfeoﬁlg’pgof'sn%&g%g I§F‘H§ng
filter pluggi heavi@ibase dilstbradchéd additipmabicoagionsets poiobigin brdnghiag ditdsiinthe a
hydr ocarbon 113 conpgnent syjtabl e as a solvent, gasoline and/or a
conponent of @E%%‘FFH@HFE’ i Pesedy - product. Al these products
are preferably of biological origin. Feedstocks, and preferably
feedst ocks derived from biological starting materials have a

subst anti al effydtocagpns sravipg #p dipentofer Anstpnge dydtorabonsrofy the déeself clesse

product. 15 t 0ck erd [oF y: be
fracti onated Cg{/g@lag?ltffl g}{ﬂlo%frélgfgh%lﬁ’v?a? r(; gléﬁéohrfs Bﬁ?\(}?ﬁigwng%r ge\?vaség%bgﬁ
nunber r anges difterdné ptasedsotepd. Beiting dinge of bydrecudione ot thegliest] dassiinfrom
appl i cations. edst ock avi h arbon chai ns of Cl16, C18,
C20 and C22, tlg(gfoc@l% gﬁ&ﬁﬁ%ﬁﬂ%’e@gt‘b%{&{ﬁg products are respectively
C32, C36, C40, and C44. Product fractions having 20 narrow carbon
nunber ranges _and distillation ranges are obtained since the
distillation FPEPRESS of the product nainly depends on the length of the
hydr ocar bon CE%h&anJt'oh@f‘ePf eedstock. Base oils with narrow -

distillation ranges obtained according to the invention have
ext r emel y 20 owFeaskstatk comprisingritdpast onpeareppners selseted Sioonthe oyprasdsisting of

the prior art .&p oo aldehydes, C3-C79 ketones, C2-C40 hydroxy aldehydes and mixtures

hereof are subjected to condensation reaction. The aldehydes and/or ketones are

condensed to substantially increase the carbon number of the hydrocarbon stream.
Saturated aldehydes and ketones are preferably used as the feedstock. In the
25  process, the aldol condensation reaction is preferably used, thus obtaining
branched unsaturated aldehydes or ketones. In the condensation homogeneous or
heterogeneous aldol condensation catalysts may be used. Supported alkali metal
catalysts like Na/SiO; may be mentioned as heterogeneous catalysts, The
homogeneous catalyst is preferably an alkali or an alkaline earth metal hydroxide,
30  for instance NaOH, KOH or Ca(OH),. The reaction temperature is from 80 to 400

°C, preferably lower temperature is used with lower molecular weight feeds and



Car bon nunber ranges of the base oils of the invention are extrenely
narrow, typically no nore than 5 carbons w de for Cl12/Cl4, Cl14/Cl6
and Cl16/ Cl&dnedrb@cks. Mdst typical structures and carBoORrFnseisss0
ranges of the base oils produced by the process of the invention
(with kinematic viscosity of 4-6 cSt/loq 30 C) are presented in Table
2. The carbon nunber is governed by the 2arbon number of the

feedst ock. Most typical carbon nunbers are shown bol d-faced. 23

Typi cal structures and carbon nunber ranges (C25-C35) of synthetic

hydr oi soner i z&éehsy thnwperigenwith digher melegplgn weigit feedh Proopdlly spdventspyeh
oils of the pry [ ) ' '

t Ihe sane Vi sgdaglg{"?ﬂ‘g% Exﬂng?%%?é%ﬁ{fh&%%ﬂgﬁ%ﬁ@&ﬁt} R%b%fw@%%gg Isggbg%éﬁgsg%%% ed
in Tabl e 2. Tdle eagtionCeariee fravuritbter 30 &bdpreferablyt froms1.6ftobl®s%, byl weiBlats e

oi | Carbon nu r /. % by FIMS Structure | dehyde. Derj vedf o

G321 Caa/ C36. ady et ebiSbrtiam onBont obus A shichifiondemtBoatih 4

---------- 5- - yield hydroxy aldéh¥des such -as aldols)as the reaction products, thus minimizing
the oligomerization based on the reaction of double bonds. In this case, also the

hydroxyl group has to be removed as water in the next HDO step.

Hydrodeoxygenation step

10  In the subsequent HDO step heteroatoms of the products obtained in the aldol
condensation reaction are removed. In the HDO step of the process according to
the invention, the product of the aldo] condensation and hydrogen gas are reacted
under a pressure ranging between 0.1 and 20 MPa, preferably between 1 and 15
MPa, the temperature being from 100 to 500 °C, preferably from 150 to 350 °C.

15 In the HDO step, special catalysts containing a metal of the Group VIII and/or
VIA of the periodic system of the elements, and alumina and/or silica may be
used. The HDO catalyst is preferably a supported Pd, Pt, Rh, Ru, Ni, NiMo or

CoMo catalyst, support being activated carbon, alumina and/or silica.

20 In a preferable embodiment, the reaction product obtained afier the HDQ step is
purified for instance by stripping with steam, or with a suitable gas such as a light
hydrocarbons, nitrogen or hydrogen. It is preferable for the process to remove
impurities and water as efficiently as possible prior to the hydro isomerization
step and/or finishing step.

25
Hydroisomerization step
After the HDO and the optional purification steps, hydroisomerization is carried
out by reacting hydrogen gas, the hydrogenated components, and optional
paraffinic additional feed, in the presence of an isomerization catalyst. In the

30  hydroisomerization step, the pressure ranges from 0.1 to 20 MPa, preferably from
1 to 15 MPa. The temperature ranges between 100 and 500 °C, preferably
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between 200 and 400 °C. In the hydroisomerization step, special catalysts
containing molecular sieves and metals of the Group VIII of the periodic system
of the elements, for instance Ni, Pt, and Pd, may be used. Alumina and/or silica

may be used as supports.

Prehydrogenation step

The feedstock, as well as the product from the aldol condensation reaction may be
subjected to an optional prehydrogenation step under mild conditions to
hydrogenate possible double bonds and to reduce coke formation in the next
process step since catalytic activity is mainly lost due to coal formation on the
surface thereof. The prehydrogenation is carried out in the presence of a
hydrogenation catalyst at temperatures between 50 and 400 °C, under a hydrogen
pressure ranging from 0.1 to 20 MPa, preferably at temperatures between 150 and
300 °C, under a hydrogen pressure ranging from 1 to 10 MPa. The
prehydrogenation catalyst contains metals of the Group VIII and/or VIA of the
periodic system of the elements. The prehydrogenation catalyst is preferably a
supported Pd, Pt, Ni, Ru, Rh, Cu, CuCr, NiMo or CoMo catalyst, the support

being either activated carbon, alumina and/or silica.

Dewaxing step

Following the hydroisomerization step, optional dewaxing step may be performed
either catalytically or as solvent-based dewaxing. In the catalytic dewaxing,
hydrogen gas and the component to be isomerized, as well as optional paraffinic
additional feed react in the presence of a dewaxing catalyst. Zeolite catalysts
comprising metals of the Group VIII of the periodic system of the elements such
as Ni, Pt or Pd are used. In the dewaxing step, the pressure varies from 0.1 to 20

MPa, the temperature being between 100 and 500 °C.

In the solvent-based dewaxing, paraffinic waxes are separated by dissolving the
oil in a mixture of solvents, for instance methylethyl ketone and toluene. In the

process, the solvent and the feed are passed counter current and thus mixed. The



4 GIL C25-C35 acyclic conmponent about 90 % nononapht henes about 10%r
5 Slack Wax (SW acyclic conponent about 70 % nononapht henes about 25

% di napht hgmemoadeeny S % C25-C35 H'-'--1-"---- 0 WO  pCT/FI2006/050550
2007/ 068797PCT/ FI 2006/ 050550 24 6 VHVI C25-C35 acyclic conponent
about 40 % 21

mixture of oil (isomerized product) and solvent is introduced to a cooling unit,
Cooling results in crystallization of the paraffinic waxes. The cooling temperature
depends on the desired low temperature properties of the product. Wax crystals
are filtered from the mixture, collected for further processing, and the solvent is

5  separated by evaporation from the base oil.

Finishing step
The product obtained above may optionally be finished for removing any double
bonds and aromatics. In case said finishing is performed using hydrogen in the
10  presence of a catalyst, it is called hydrofinishing, the pressure thus ranging from 1
1o 20 MPa, preferably from 2 to 15 MPa, and the temperature ranges between 50
and 500 °C, preferably between 200 and 400 °C. In the hydrofinishing, special
catalysts containing metals of the Group VIII of the periodic system of the
elements, and alumina and/or silica may be used. The hydrofinishing catalyst is
15 preferably a supported Pd, Pt, or Ni catalyst, the support being alumina and/or
silica. Finishing may also be achieved by removing polar components using

adsorption materials, such as clay or molecular sieves.

Following the optional finishing, the product is passed to a distillation and/or
20 separation unit for separating product components boiling over different

temperature ranges and/or intended for different applications.

If desired, the hydrocarbon component obtained as the product, or another suitable
hydrocarbon may be used as diluent in various stages of the process of the
25  invention, such as in the aldol condensation, HDO and/or isomerization steps for
increasing the conversion and/or selectivity and/or for controlling the exothermal

nature of the reactions.

A fixed catalyst bed reactor, for instance the trickle-bed reactor of the prior art is
30 preferably used in prehydrogenation, HDO, hydroisomerization, and
hydrofinishing steps.



nononapht henes about 35 % ot her napht henes about 10 % di napht henes
about 15 % Nr------- 1------- V-Nnr----- L 4040 we. Base oils

shown i n TeW mo#os8roe produced as fol |l ows: 1. Base opdTebodshensso
i nvention is obtained by al dol condensati on, hydrogenation and 5
hydr oi soneri zati on of feed conprising Céﬁ al dehyde. 2. Base oil of
the invention is obtained by al dol condéfisati on, hydrogenati on and
hydr oi soneri zati on of feed conprising C23 ketone and C5 al dehydes.
3. Base oil of the invention is obtained by al dol condensati on,
hydr ogenati on and hydroi soneri zati on of feed conprising C23 ket one.
10 4. GIL is a%wéarreri zation product of the Fischer-Tropsch waxy
fraction. 5. I'S an isonerization product of the Sl ack Wax waxy
fraction, der iThedprbeassnagtordingl toothe . invéhtiol| fiiklds i as highhquahlitic beenkleal amd

i ized b i | i ved f i ner. il 15. t
nyar ocar bons B LAEREEn foRbR 5 Bbie trcbasd Pilom b R Ragish s
atonms by fisel @xéeMahtzdidosiy smbhwsRmpblatinepropertitd. e pigiciostcadideoth|thes :

1 . H(2n+2 ffi 2 .H(2 t.h 2
3g(( 2; _ 1(1( gn- )z)qgﬁegg?ﬁﬂgﬁg H%&) asl_{gy-gl)o ucr‘lopr;?a ic ei‘lrjlrgrsocargon product suitable for

diesel fuel pool. The diesel component contains typically some short carbon-
carbon side branches, resuiting in an exceptionally low cloud point and cold filter
plugging point but still a good cetane number. In addition, a hydrocarbon
10 component suitable as a solvent, gasoline and/or a component of gasoline is

obtained as by-product. All these products are preferably of biological origin.

Feedstocks, and preferably feedstocks derived from biological starting materials
have a substantial effect on the composition and distillation range of the product.
15 Components of feedstocks derived from fatty acids may be fractionated by
distillation to give fractions having narrow carbon number ranges to be tailored
according to requirements of various applications. For feedstocks having
hydrocarbon chains of C16, C18, C20 and C22, typical carbon numbers of the
products are respectively C32, C36, C40, and C44. Product fractions having
20 narrow carbon number ranges and distillation ranges are obtained since the
distillation range of the product mainly depends on the length of the hydrocarbon
chain of the feedstock. Base oils with narrow distillation ranges obtained
according to the invention have extremely low volatilities when compared to
corresponding products of the prior art.
25
Carbon number ranges of the base oils of the invention are extremely narrow,
typically no more than 5 carbons wide for C12/C14, C14/C16 and C16/C18
feedstocks. Most typical structures and carbon number ranges of the base oils
produced by the process of the invention (with kinematic viscosity of 4-6 c¢St/100
30 °C) are presented in Table 2. The carbon number is governed by the carbon

number of the feedstock. Most typical carbon numbers are shown bold-faced.
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Tabl e 2,

PCT/ F12006/ 050550
C(n).H(2n-6) tetranaphthenes 6 C(n).H(2n-8) pentanapht henes

t o perwentages (% refer to the groupsrmboosososso
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conpounds determ ned according to said nmethod. Using feedstocks with

di fferent hydrocarbon chains | engths ang t he al dol
masses of the produ ?

reaction, nol ecul ar

condensati on

S may be increased to

Typical structures and carbon number ranges (C25-C35) of synthetic
hydroisomerized hydrocarbon base oils VHVI, GTL and Slack Wax base oils of
the prior art, derived from mineral oils, and belonging to the same viscosity class

(about 4 to 6 ¢St/100 °C), are also presented in Table 2.

Table 2. Carbon numbers and structures of base oils

Base oil Carbon number / %, by FIMS | Structure
Derived from \r\/\/J\/\N\/\/LN\/\_J\/\/\T/
aldehyde acyclic component about 90 %

mononaphthenes about 10 %

SV N N /\/J\/\
/ﬁ/\/
2 C33/C37/C41/C45 ) WVY\
Derived  from|acyclic component about 90 % | PPN ,OC\/
aldehyde  and{mononaphthenes about 10 % |- e WJ
ketone
3 C46/C54/C62/C70 /\)\A/O/\/\,b\/\
Derived  from|acyclic component about 90 % TN YT
ketone /\/LV“V’\/:C/Q\/\/
N Ve N Y

mononaphthenes about 10 % /\Q/\ T
4 C25-C35 \I/\/\)\/\/\/V\/V\l/\_/\/k
GTL acyclic component about 90 %

mononaphthenes about 10 %
5 C25-C35 \r\/\/l\/\/\/\/\/\/\(\/\*
Slack Wax acyclic component about 70 %
(SW) mononaphthenes about 25 % H\’ %WM\

dinaphthenes about 5 % i §




10 reach viscosity ranges required for different applications. In the
condensation reaction the length of the hydrocarbon chain of the

f eedst ock 9 Jofgdegmsed. It is thus possible to produce péghb&Gs050550
hydr ocar bon products such as sol vents, gasoline, and diesel fuels
fromfeedstocks with shorter chains, and base oils from feedstocks
with | onger chains. 15 Wth respect to | ecul ar structure, base oils
of the invention differ fromproducts of the prior art as nmay be seen
from Table 2. _The product obtained by the process according to the

i nvention usi|ng al dehydeq as feed conpounds ccqRLL?eg\g;ﬁggﬁyTvﬁféﬁEﬁ
in the mddl g of the main hydrocarbon chain (gtructure I'n Tabl e 20

2). The produg differs flgpsaize GIL and SW i1 gqQnerl zatl on_product s
the prior art| (structureq 4 and 5 in Table %) fVBfeg}TEfTﬂﬁﬁﬁﬂjA L
branches only he endgq 2&¥clif Remponeptabout 40 %) dehydes and ket ones are

used as feed [conmpounds, tlhe product obtai ned vw

i nvention hag remarkably || onger side chains conpared to products of
the prior art| (structuregmpnaraphthenss abausi3s %) . i

ket ones are ysed as feed |conpounds, the produgt obtai ned mnth t he
process of the invention|has even | onger side chains C o
products of tlhe prior art|dimphthetes alsmt 45 %nd 5 Branches
| ocated in thHe m ddl e of |[the hydrocarbon chaln Iomer t he p0|nt
30 considerally nore than those at the ends off the ch

to the | ocatijon of the brgﬂ@hﬁ@h&kﬂgaguﬁhemétheﬁeetﬂ s the pour
point, it beilng lowered Ry 26 i ncreasi ng branchi ng, but : the sane
time also thg viscosity ilndex is reduced. Accordingl \ e
favourabl e fqr both the pour point and the vi $eg Ade the

nunber Of th\_ branches anlll rl hn ||mfnrl Thn nroduct nhf :n nled by

—oTroroT

i sonerization of the paraffinic wax frontthe al dol condensati on
reaction (strpatdgiRShdws il TabléPh@ prodbted @FolBY| branches at the
ends of the hydrocarbon conponent, and to a | esser extent ethyl
branches within the hydrocarbon chain, and in addition a branch or
branches in th an
optlnuntcorrelg??%n @?&igﬁgﬁ he v?ga%géggg ﬁﬁ@yﬁgﬁh péugﬁgg ﬁ&i%ﬁ
with the nmai nhmrdrsommztaunn ofeedcauprsingsCiipldeblyge.a few branches.

Accordi ngly, t he pour. th araffin with so
br anches r equrr BEORURY e et ds P} Ao RaRirsethn hifroBfilien ercon
after the H%ﬂeﬁom&mﬂwaffes@mmmlsmrmwﬂne andKgaldehyaeketely free
of branches of é prlohaart |calg¥ t he rogucts ogﬁ he |nvent|on
conpri se rel ati §&ePiftd EW@HEWE ghfamn Y%@ ngengation, fyfragppn and
cont ai ni ng nnhﬂﬂggaﬂmﬁgngﬁbp@aiat mgQQQHmQh@nChed hi gh nol ecul ar
wei ght conpounds typically also exhib hi gh viscosity indices (V)
even thoudh p6ueTheés W1S¢meryenm@rod@@0ﬁhefwdl%§§@ssh Wa&%’é@?t@mng to the
i nvention conpr Vi N2y
| east C18, aﬁ ?@%ﬁgﬂmr?@ggﬂgﬁl q}g&;@@g@@@y&gﬂ@gﬁ& %ﬁ?% east gém%
and partlculanmymﬂmdferably at | east 97 % by wei ght of saturated
hydr ocar bons Jbase. | iol.ogical origin and
b oduced 11 onPstUVE Figitaieked &5 PORFsrdbRe o G o pEsect ol | ses
not nore than 15 % by wei ght, preferably not nore than 10 % by wei ght
and particularly preferably not nore 25 than 5 %b ht of
mononapht H&nes?2 tetafq@éaydrqcebe%? Flassifiedsecording tq thygar O%JBﬂghWé‘P@HtammS
preferably noby fBGerdiftfin hads HiolortHARIMSIHlcMA bd fbac! v preferably
0.1 % by melgh¥ of fused di napht henes and pol ynapht henes (FI M5).

1 C(n).H(2n+2) paraffins

2 C(n).H(2n) mononaphthenes

20 3 C(n).H(2n-2) dinaphthenes



27 and pour point is lower than -9 C, preferably I ower than -12 C and
particularly preferably I ower than -15 C (ASTM D 5950). Wdth of the
car bon numyey206adkg®70f base oils of the invention i s nopd®EBudchsRsP S
carbons, preferably no nore than 3 carbons, and particularly
preferably no nore than 1 carbon (HV5). _At |east 60 % by wei ght of
the saturated hydrocarbons are within t R speci fied carbon nunber
range (of no nore than 5, etc.) preferably at |east 75 % by wei ght
and particularly preferably at |east 90 % by weight. 10 Distillation
range of basedoils of Qﬁ@ﬁ(ﬁvéﬁti on i s rionapbtheneshan 150 C, preferably

no nore than 0 C papti rdy prefer e than 70 C

(det erm ned b)J/SOt he net %@C}gﬁzﬁ‘g TM D 288§?ﬁ%]f@?¥1%}¥5ati on points D10 and
D90) . Sul f6i u cont e@{n)d(Zb&3e o0i | s ofpenhtasaphtheee i on i s | ess than
300 ppm preferably less 15 than 50 ppm and particularly preferably
| ess than 1 ppm (ASTM D 3120). Nitrogen content of base oils of the

i nvention iss IigsfblenZnthd YerdepyesP (%6 BY FMR) hefes td 1hiRNardhsPeMtorittfinds
particularly preferably I'ess than 1 ppm (ASTM D 4629). 20 For the
base oi | or basmained esarsinetasaidmeghagde| atility of product, having
KV100 from3 cSt to 8 cSt, is no nore than 2271. 2*(KV100) - 15373 % by
wei ght as determ ned by the nethod of DIN 51581-2 (Mat hemati cal Noack
met hod based &singSTeedsockss witltCdififesant | Hydrdcarpn chBinBaleagths | andothet hldo!

i nvention, ba hi ol ogi cal rfin | al Qnt ajn.carbon, 14C
ot ope. whi cRoiHiEh BT opaRbal TRRRriy Pradugf WhZHG LR 10
rﬁnewabl F mawtr)eemh efidcadify. rahges ﬁﬂhir&d{l?ﬂ ﬁﬁe?mmalqﬁmm. Inlo t}mpuls):rnﬁhmﬁiomf
the total carbon coptent in_the prodyct, i i 0 ete 0 .

bi o 01 cal _or FGHon e Taieth B e HBESCAboREhB o I el TRHBt i

det erm ned on#ud@obdsik %o ﬁﬁodﬁ@dlg%@@mi{&@c&ﬁérbgﬁdﬁ&ﬁmms kbvets, dasslinepe)
content in the at rré)sgf)here in 1950 (ASTM D 6866). 14C isotope content

of the base orhd glesgh dielyy fromm ¢ feedstacle vty phprder| ehgins, jand chase soilh Siom
other 28 conpoRgpis ﬁm%ﬂé‘e?cﬁ%ﬂogi cal conponents are used in the
processi ng of the product,” said content being, however, nore than 50
% preferdbly nore than 90 % particularly preferably nore than 99 %
In this way, A o] il..0 i 0l 0gi el QI be
dotect od 1 1 oftar et TRHENDa AR L ALY B EBIoR Ber oM Foitl

of the prior art as may be seen from Table 2. The product obtained by the process

according to the invention using aldehydes as feed compounds comprises a
methyl branch in the middle of the main hydrocarbon chain (structure 1 in Table
20  2). The product differs from the GTL and SW isomerization products of the prior
art (structures 4 and 5 in Table 2) typically having branches only at the ends of the
chains. If aldehydes and ketones are used as feed compounds, the product
obtained with the process of the invention has remarkably longer side chains
compared to products of the prior art (structures 4 and 5 in Table 2). And finally,
25  if ketones are used as feed compounds, the product obtained with the process of
the invention has even longer side chains compared to products of the prior art

(structures 4 and 5 in Table 2).

Branches located in the middle of the hydrocarbon chain lower the pour point
30  considerably more than those at the ends of the chain. In addition to the location

of the branches, the number thereof affects the pour point, it being lowered by



Advant ages of the invention The process of the invention particularly
allows for the use of renewable starting materials of biol ogical

ori gi n, cowoadomi/gsgrolet er oat ons, for produci ng base oi | spdOFR@eis03sh
fromrenewabl e natural resources, but also diesel and gasoline
conponents as by-products. In addition %?9 traditional crude oil, a
conpl etely new raw nmaterial source for gh-qual ity branched
paraffinic base oils is provided according to the invention. Also
carbon di oxi de em ssions_contributing to the greenhouse_ effect may be
reduced by usilPRjeasbgdvignshingy Byl stelhe sme tigg e the 1viscpfitit ingdex éF reduced.
non-r enewabl e : [ t ' g;opl']p ; Ol s

cont ai ni ng carf?gﬁﬁgﬁﬁeﬁggglgﬁgﬁ}a?? fgﬁ?(g?#% ) tﬁ(gmgafngbl Y1?‘§/Js% msdgli[’c}he
base oil in huomindercafithé bianehss Beiulbhiimited. Thh aroduttatbtafeddysisomérizgtion
cont ai ni ng esters or -et.her hete . A paraffinic hydro h 0
conmponent Ui 5. Mol aBesitE S Mo e HoR  Ponal Bl e R keSS PETuede
acids. A nGP- Q@hﬁfmahfllfﬁmﬁdhys aghme:ﬁbgdﬂhrl@ﬂﬁhﬁtﬂoﬂnyﬁﬂmﬁmb?mﬁ to a lesser
conponent, free o ur is gptajn using the process, of the
ivent i on, OxFBER sl HETBFORE Bt Y U P, RS Mot § BBt gk
are removed i BrdnBResiiPBeshi@@e of thelnihih Rfirb&esdRIchaial | on step, the carbon
chain is branched, thus inproving | ow tenperature properties, that

is, the pour point is lowered and filterability at | ow tenperatures

is inproved. Wil i OV Gl E&a%%%c%mé&cgs VB3 thd¥t ha\JoBC BSih{ ¥

i ndex (viscosity-tenperature-depen very suita or Base” ol
wi t hout any bwethdhenpaini hyidtoasrbomehaimengrisingomly a few srafiabed. YWccondimgtyi, bt e

with lubricant 30addjtives. 2 i gh _hydr o arti,a ressur.e and
ow | evel s of THSH | 1P el ngoBh Mt Reh iR BihatErchHo Taliies e
Er o?:ess. gar bmhmﬁmiohdetheﬁ;ﬁdsml ftthe #ivelet ioalmftev\ﬂieﬁﬂ?]@@t&peﬁlb@nwoﬁ fus
e lowered to the extent that |jght stripping i.n the TIDO, sta or in

a separate ga®fPiyL avag‘%?pa?laﬁlﬁw}y Qrsgsoeﬁ brauches, fof i (B¢ @RPT £F- TRisy the
residual 5 i nprgubt &F 1RE IifVentiOn IORPRE ZAARTN hBY BANEORS of M8merized
optional prehydrogenation step, yield may be inproved and side

react i ons 18. gmofrsilepsentainingarore thanpOr earhomtatems. Stk brnehed thighamplepulay

t he doubl e bo [ | g1 j ' on
the catal yst Suiphcatb@iaeBpRay HBE s R o AeR G SaRkL
reduced. Al sopbirgouit sdedivt y2ptoperti es of the base oils are changed
by ring to formation and pol yneri zation. Wth the process of the
invention, high-quality saturated base oils having | ow pour points
may be producdte bsRioill Rasdingith theSinightivh dsmptdey brimehdd hydioch®vhs having

tenperature conditions. The producf.is typically free of sulfur, the
Vi gg osity 2pnd§gggon number at least%IS, and it compgégs at leas% 90 %, preferably at ijeast 95

%, and particularly preferably at least 97 % by weight of saturated hydrocarbons
(GC). Preferably the base is of biological origin and produced from starting
materials of biological origin. It comprises not more than 15 % by weight,
preferably not more than 10 % by weight and particularly preferably not more

25  than 5 % by weight of mononaphthenes (FIMS). It comprises not more than 1 %
by weight, preferably not more than 0.5 % by weight and particularly preferably
0.1 % by weight of fused dinaphthenes and polynaphthenes (FIMS).

For base oils according to invention the viscosity index is more than 120,
30 preferably at least 130 and particularly preferably at least 140 (ASTM D 2270)



15 thereof being preferably at |east 120, and thus it may al so be
suitably used in applications of Goup Ill base oils. Fatty al dehydes
and ket onewodmoise®7from fatty acids, which are distil | Bc/keo06/050550
fractions according to carbon nunbers may be used as feedstocks.
According to 20 the invention branched 22raffinic base oils having
narrow boiling ranges and various physiCal properties may be
processed fromthese fractions. Typical carbon nunber ranges of the
product conmponents are as_follows: gas Cl1-C4, gasoline C5- Cl O,

di esel C11- c26nd pawepodntiis lpwer thag 9 t&&refmaém Ipwet thew -1 g endparjadarly
oi | s produced 0cK, ' tgl e carbon nunber is
narrow. 25 Nalpgé(’)fgv dl?sh}‘?%ﬁ%ttnlg% ¢§%§@9‘|‘§8?§:@t es that the product does
not contain any initial |ight fraction (nmeaning nol ecul es

consi derably Iigﬂte t hap the average), seen decreased volatjlify
of the pr od_uctW *{"E%ﬁfff Phig P‘?‘Fr_ gé’)éhas_érﬁﬂ%?a’r%n‘éeﬁﬁ?’% BdedBere faae %f
| ubri cant s si n cMhBRd, phFéraih Dol BeYe 1RIMS3 cABbrdsN8kd F¥culdrR) %éfe%l?f’ﬁé arof
the 30 heavi er conponents” (nmeani ng nol ecul es consi derably heavier

than the aver dga)l carlym GPES) rtledshedi%G by weishiidhesaturated Sydrosasons qre

excel l ent | ow_{. d rti o] il
of the invent |v%ﬁlﬂp@l%§b %@%ﬁ%@&%@rﬂé rag%g%ile@:trﬁr@g{él osﬁn ?’aerr%%jéag %F‘%?@? at
gover ned by t heast Bedlyonlight emppesticulaly. préforablyas deasti 9050 b welpht.pr i or

art, the distillation range is adjusted by distilling the product to
obtain a fraction having the desired kinematic viscosity. It is

pr ef er abl qof opidthatibnRinb€ 8fbase bits HRME B3SOk he nYiré thal ak0 ) srafeRBL
nunber ranges and thus narrow distillation ranges. Therefore, the

conposi ti ons @b niue thapil08 “Gepasticilarly preferably novwers them 7¢ SGt(détermined by

nol ecul es of 10 sijn j havi.ng. in a shifgl ar y under

different con |etllﬁ%§n%4%§%§%&2r Stélgagl FEPlﬁgﬁ?f(;ﬂafnﬁé)%ﬁ'venti on has

hi gh viscosity index, which leads to a significantly decreased need

of high price_Vjscosit dex .l nproover (VIl) or_in her te

Ut scosi t NoaSHITEs <ot of 5 018 Bb MRS PRhES im0l R prelerialess
15  than 50 ppm, and particularly preferably less than 1 ppm (ASTM D 3120).

Nitrogen content of base oils of the invention is less than 100 ppm, preferably less

than 10 ppm, and particularly preferably less than 1 ppm (ASTM D 4629).

20  For the base oil or base oil component, the volatility of product, having KV100
from 3 cSt to 8 ¢St, is no more than 2271.2*(KV100)>*” 9% by weight as
determined by the method of DIN 51581-2 (Mathematical Noack method based
on ASTM D 2887 GC distillation).

25 Base oils of the invention, based on biological starting materials, contain carbon
¢ isotope, which may be considered as an indication of the use of renewable raw
materials. Typical '*C isotope content (proportion) of the total carbon content in
the product, which is completely of biological origin, is at least 100 %. Carbon
C isotope content is determined on the basis of radioactive carbon (carbon C

30  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



15addi ti ve, which causes highest anount of deposits in vehicle
engines. In addition, reduction of the amobunts of VII results in

si gni fi canwosmvri/eg®7i n costs. Al so, because the base oi PCI/BI2006/050550
non-toxic, contains no sulfur, nitrogen or aronmatic conpounds
typically present in the conventional m,ygeral oil based products, it
20 may nore safely be used in applicati ons where the end user is
exposed to oil or oil spray. Mreover, response of the base oi
according to the inven%io i.s extremely high for antioxidants and
pour poi nt deSPERSRASs besides hiolagical eompopenty iapfe URed i MgogesHRE CAtthhg
oi I's are | ongeroditl shil @¥n®ANbdis, %ﬁgvér,ntféethiﬁg'S@% 4R g?ﬁtﬁﬁa;

| ubri cants based on the conventional base oi base” ol

i nvention is abgurtichianly afepblironae dan 9P &o.tTh dlis prapdiven dovbameuntoof basy e
reactive esterg, . 4 [ b st ' er.. t han
that of 30 bads osEREoaidf ofith i h8RclEel B ARG e B Rtrodshooh Bhilip, 70,
base oils Based on esters, produced fromunsaturated fatty aci ds of

bi ol ogical origjn., 31 areqd to esters, the base oil of the
invention is ﬁ%ﬁ@“@@ﬁbﬁ%ﬁgﬁﬂmﬂﬁ?% conventional base oils derived from
crude oil, base oils obtained from Fi scher Tropsch process, and with
hydr ocarbon base oils, as well _with_ lubricant additives. Mreover, it

i's conpati bl e The PrPcetscafitbriventionmarticnlagly iaflows forishe sserf rErevebleestanting
vehi cl e engi n?rﬁttéﬁalshepﬁiﬁifggﬁaf bfigih! 8ktainihl @%Jt&?@dﬁh ?fsi)\ﬂtﬁﬂhgwiseof)ilé he

base oil according to t inveRtion I's That it e APl group
111 base dil dpmeadf iftom | wnewablth aragfrdr eesotrcennbie alpoedidsel endji gasobnd

|t or changi mg“HFhaGH 7Rt oo So RaPRER etloR Ry A5 ARERY nov

raw material source for high-quality branched paraffinic base oils is provided

according to the invention. Also carbon dioxide emissions contributing to the
greenhouse effect may be reduced by using renewable raw material sources

15  instead of non-renewable ones.

According to the invention, a base oil only containing carbon and hydrogen is
obtained, the stability of said base oil in humid conditions being higher than that
of base oils containing esters or other heteroatoms. A paraffinic hydrocarbon
20 component is not decomposed as easily as esters that form corrosive acids. A non-
polar and fully saturated branched hydrocarbon component, free of sulfur is
obtained using the process of the invention. Oxygen and heferoatoms of any

impurities of the feedstock are removed in the HDO step.

25 In the isomerization step, the carbon chain is branched, thus improving low
temperature properties, that is, the pour point is lowered and filterability at low
terperatures is improved. Wax is converted to oily hydrocarbon having a
viscosity index (viscosity-temperature-dependence) very suitable for base oil
without any blending limitations, and further it is fully compatible with lubricant

30 additives.



The base oil of the invention is preferably based on renewabl e
natural resources. Starting materials of the process of the invention
are avai | abiooaddésver the worl d, and noreover, the utibkCZBERIGHSE50
the process is not limted by significant initial 15 investnents in
contrast for instance to the GIL technol, ﬁgy. The products of the

I nventive process are carbon di oxide neutral with respect to the use
and di sposal thereof, that is, they vm II not I ncrease the carbon

di oxi de | oad qf. t he_ at nos rein co ucts derived fro
fossil starti %glhgi’%ff’geaq Bﬁ"gd’fﬁf‘mleé& 0% %Ve 'ﬁlﬂp“ﬁ?‘%@ﬁy |rb§ TRTAESY n
the mddl e of #hidgeHEt T WHORC BFRENR. €Al MBndxide, NMARIACELRRE HAMREREN
produced by the process of the invention. Such C11- C26 hydr ocar bons

with at |east cgwgntmﬁyhusmmedﬂo thm@if@ité‘@éllglﬁlsmmgpn theddlag stage oy
C5-C13 feedstge & gieHH ido"s ;Ja?éﬁoh \E@Eerlaitsu@.ﬁ:g & LkfSve tr%?&ua?S

I's, they are I|qU| even at enpera ures ud por nt
| ow. I n cont rampunﬁeepnhem\zsmerﬁﬁtﬁ}nCBQ rﬂeﬁukmﬁihc qmionakprﬁwdmgesgtmndteppr

base oil application nor e n. ranch necessar. sai d
e anches Pyt gl B iRared S BiRSshaR ap DR f foraon, and
properties of afdiﬁatfaatdmoaﬁmhwrdoﬂﬂmﬁww Hydeodardeml il rediftind Of @6ke
accordlng to the i.nvention are excellent. The products are _well

suited as basdomgirtien gpithe Getalyslerttiang @ﬂrﬁe@‘!ﬂl%rﬁ@ {the, Aperatign; e mayhge

products are %cﬁl@e&OﬂiB@tthé)|v§“sc¥‘é1fyhpﬂoﬂaﬁé§aﬁtth@@géet bil€8re éaa'%éé’dﬂ%% The
invention is nowillustrated in"nore detail with the follow ng

exanpl es. 10t ifeymatiowansd palyraerizatiomt t he invention is not limted to
enbodi ments described in the 10 exanples. The invention nmay al so be
carried out in other ways w thout departing fromthe invention.

Exanpl e 1 Pr epf¥itlatlieoprocdss af yad inveistionp highapuplityesaturdted basgldlsahabdiyylder 15

pour points may be produced, said base oil being thus very useful at low
temperature conditions. The product is typically free of sulfur, the viscosity index

15  thereof being preferably at least 120, and thus it may also be suitably used in
applications of Group III base oils.

Fatty aldehydes and ketones derived from fatty acids, which are distilled to
fractions according to carbon numbers may be used as feedstocks. According to
20 the invention branched paraffinic base oils having narrow boiling ranges and
various physical properties may be processed from these fractions. Typical carbon
number ranges of the product components are as follows: gas C1-C4, gasoline C5-
C10, diesel C11-C26, base oil at least C18. Distillation range of base oils
produced from a feedstock having a single carbon number is narrow.
25
Narrow distillation range indicates that the product does not contain any initial
light fraction (meaning molecules considerably lighter than the average), seen as
decreased volatility of the product and resulting in reduced emissions and reduced
use of lubricants in practical applications. Neither any “tail” composed of the

30  heavier components (meaning molecules considerably heavier than the average),



I n al dol condensation reaction 200 g of Cl6 fatty al dehyde derived
frompalmoil and 100 g of 20 % NaOH di ssolved in water were put in a
Parr reactwo200M068mg was adj usted to 250 rpm tenper at up€r/FR00368)56
and pressure to 0.5 MPa. Slight nitrogen purge was nmaintained to
sweep out water liberated in reaction. ?gacti on 20 was carried out
until the anpbunt of condensed al dehyde Wwas stabilised in GC anal ysis.
After the reaction the product was neutralized with hydrochloric
acid, washed with water. and dried wi.th calciumchloride. In the next
HDO step, the %%%%@édnéhﬂww, @E‘%IBF&@&X&%‘WQ%?WW‘H@ SFRERIS 95
in a high presgusgqiarr reactor using a dried and activated

Ni Mo/ Al 203 catal'yst, to give a nethyl branched paraffin. The al dehyde
was hydrogenated at 340 C, under a pressure of 5 MPa, m xing at 300
rpomuntil no a .ect I _ TI RS . The
pour point of Eﬁtoﬂgm% %gg%ﬁe(gf t\ﬁrrlgt% %‘%‘ﬁﬁﬁlﬁa‘ﬁ%ﬁ%‘§°@§m§%a fﬁ%ﬁ}\ﬁégﬁn\%} “6%° C.
33 Exanpl e52 Roegadd by othe ofeedstdel decogmsibion Eanmpaseeoils of ahe @2idr ket ahe

and furfural In the al dol, coandensatj.on,. st 14, 6 |.aur o .C23 .

ot one. der | ved S & HBPAILY GiHing BB PRCPLAtEHa A oty by
of 10 % NaOH itk J@ir& kinafativ %ﬁ@si%ﬂ&iggfelféim&ifq%%dﬂuﬁﬁéaﬂts&o heviwhs®edid om
flask at 80 C. 15 g of furfural (alde %/de derived from al dohexose

sugar) was adddth ngFewrationfymbetrapgesant thus Raso diftillatinagranges. Bherdores .
After cooling : ' t: . t

React i on s PneiaRliohe S BIRRMAEE, & 8 iRlohtGH TLA Rigoutes of
di ssol ved 10n einkilal siaesdichedng incotimilat way wderadifferehteconditiensct ed | aur one
was filtrated fromcold solution. In the next HDO step, the
condensati on product obtai ned above was hydrogenated in a high
pressure Parr Thebadearil acsdrdihgao el iacknsinnl hachipl aiseskitiifdek AVRIOB leads to a

catalyst, to 15 give a . nethyl branched paragffin. The al deh S,
v oenat ed SESEIE R oo oL RStV couRl IGRRAATRIE (YBb O i
for 5 hours. ThRr ROME ViRosity Modifiee (Vioi).alt @@Qorﬁﬂﬂﬁl}é'knbﬁﬁ,nﬁbﬁﬁie\ﬁﬁl isNas
11 C. Exanple 3 20 Preparation of a hydrocarbon conmponent from

ket ones dédpi veedifiye ayhighgansesihigheyt ampantnfdigposits Hweshicle prgnest ppddigion, of
C31/ C33/ C35 k P U i Il eadiad ds ids and 2 g
of NaOH were ﬁéedaa?tgo&rqfﬁﬁa r%l%%rcfi f\ég? {Jgﬁr%l%p]] g%#ﬁtc%h%%ﬁ%t%ggﬁ%o m n under
m xi ng. After cooling the synthesis product was dissolved in

Also, because the base oil is non-toxic, contains no sulfur, nitrogen or aromatic
compounds typically present in the conventional mineral oil based products, it

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

spray.

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

lubricants based on the conventional base oils.

The base oil of the invention is also chemically more stable than products based
on more reactive esters, and the oxidation resistance thereof is better than that of
30  base oils based on fatty acids or fatty alcohol dimers, or base oils based on esters,

produced from unsaturated fatty acids of biological origin.



2550 m of ethyl acetate, filtrated and the diluent was evapor at ed.
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hydr ogenat w@ 2a67/06879Exanpl e 2. The pour poi nt of brancherCHERIMGAISIAD
C. 30 Exanpl e 4 Hydroi sonerization 34 The C32 paraffin wax obtained
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prior art pr O mi%%x@%ﬂtlbﬂ% Wit efRibohde V'EM b it 8?1' bd uéﬁvlﬁ‘%odgm M

GIL FI MS aver age
5  vehicle engines without modifications.

An additional advantage of the base oil according to this invention is that it fulfils
the API group IIT base oil specifications. Therefore it can be used in engine oil
formulations like other group III base oils according the same interchanging rules

10  without need to perform new engine tests.

The base oil of the invention is preferably based on renewable natural resources.
Starting materials of the process of the invention are available all over the world,
and moreover, the utilization of the process is not limited by significant initial

15  investments in contrast for instance to the GTL technology.

The products of the inventive process are carbon dioxide neutral with respect to
the use and disposal thereof, that is, they will not increase the carbon dioxide load
of the atmosphere in contrast to products derived from fossil starting materials.
20
At least one methyl branch is found in the middle of the main hydrocarbon chain
in the hydrocarbon component produced by the process of the invention, Such
C11-C26 hydrocarbons with at least one methyl branch of the diesel class,
produced from C5-C13 feedstocks, have superior low temperature properties, that
25 is, they are liquid even at low temperatures, the cloud point being low. In contrast,
for heavier C26-C40 hydrocarbon components and for base oil applications, more
than one branch is necessary, said branches being obtained mainly by

hydroisomerization.

30
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The properties of the hydrocarbon components produced with the process
according to the invention are excellent. The products are well suited as base oils
without blending limitations, and further, the products are also compatible with

lubricant additives.

Examples

The invention is now illustrated in more detail with the following examples. It is
however clear that the invention is not limited to embodiments described in the
examples. The invention may also be carried out in other ways without departing

from the invention.

Example 1
Preparation of a hydrocarbon component from C16 aldehyde

In aldol condensation reaction 200 g of C16 fatty aldehyde derived from palm oil
and 100 g of 20 % NaOH dissolved in water were put in a Parr reactor. Mixing
was adjusted to 250 rpm, temperature to 250 °C and pressure to 0.5 MPa. Slight
nitrogen purge was maintained to sweep out water liberated in reaction. Reaction
was carried out until the amount of condensed aldehyde was stabilised in GC
analysis. After the reaction the product was neutralized with hydrochloric acid,

washed with water and dried with calcium chloride.

In the next HDO step, the condensed aldehyde obtained above was hydrogenated
in a high pressure Parr reactor using a dried and activated NiMo/Al,O; catalyst, to
give a methyl branched paraffin. The aldehyde was hydrogenated at 340 °C, under
a pressure of 5 MPa, mixing at 300 rpm until no aldehyde peak was detected in
the FTIR spectrum. The pour point of the obtained methyl branched C32 paraffin

wax was 69 °C.
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Example 2
Preparation of a hydrocarbon component from C23 ketone and furfural

In the aldol condensation step 14.6 g laurone (C23 ketone derived from palm
5  kernel oil), 150 ml isopropanol and 15 ml of 10 % NaOH in water was mixed and
refluxed 20 min in a round bottom flask at 80 °C. 15 g of furfural (aldehyde
derived from aldohexose sugar) was added and heating under reflux was
continued for 5 hours. After cooling, alcohol was evaporated in a rotary
evaporator. Reaction was repeated and residues from two syntheses were
10  dissolved in ethyl acetate, cooled in ice and the unreacted laurone was filtrated

from cold solution.

In the next HDO step, the condensation product obtained above was hydrogenated
in a high pressure Parr reactor using a dried and activated NiMo/A1,O; catalyst, to

15 give a methyl branched paraffin. The aldehyde was hydrogenated at 320 °C, under
a pressure of 5 MPa, mixing at 300 rpm for 5 hours. The pour point of the
obtained pentyl branched wax was 11 °C.

Example 3

20  Preparation of a hydrocarbon component from ketones derived from plant oil

In the aldol condensation step 10 g of C31/C33/C35 ketone mixture derived from
palm oil fatty acids and 2 g of NaOH were heated in a round bottom flask to 400
°C for 30 min under mixing. After cooling the synthesis product was dissolved in

25 50 ml of ethyl acetate, filtrated and the diluent was evaporated.

In the next HDO step, the condensation product obtained above was hydrogenated

as in Example 2. The pour point of branched wax was 35 °C.

30 Example 4

Hydroisomerization
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The C32 paraffin wax obtained in Example 1 was isomerized in a Parr reactor to
give a branched paraffin of the base oil class using a reduced Pt molecular
sieve/Al;03 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.

5  Finally, light fractions were distilled from the product at reduced pressure.

Properties of the base oil obtained in example 4 are presented in following Table 3

as well as properties of prior art products.

10 Table 3. Base oil according to example 4 and prior art products.
Exam API API API
p-4 Gplll Gplll Gplll
VHVI 8SW GTL
FIMS average MW 451 400 397 410
PARAFFINS 90 37 72 95
MONONAPHTHENES 9.5 37 24 5
DINAPHTHENES 0.5 16 3.5 0
OTHER NAPHTHENES 0 10 0.5 0
Base oil PP °C 26 -18 -21 -21
properties  (ASTM D35950)
VI (ASTM D2270) 145 122 140 139
KV100 ¢St (ASTM D445) 43 43 4.0 4.1
GC D19, °C 390 395 394
distillation
ASTM D50, °C 444 421 421
D2887
D90, °C 455 456 459
Noack (DIN 51581-2) 11.1 133 12.5
volatility,
wt-%

C1-C40 aldehydes and/or C3-C79 ketones, C2-C40 hydroxy aldehydes and
mixtures thereof are suitable as feedstock., Aldehydes and/or ketones of both
synthetic and biological origin may be used. C4-C24 fatty aldehydes and/or C7-
15 C47 ketones of biological origin, optionally subjected to one or more purification

and/or conditioning step(s) of the prior art being preferably used.
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Claims:

1. A process for producing base oil, characterized in that feedstock comprising
at least one aldehyde and/or ketone selected from the group consisting of C1-C40
aldehydes, C3-C79 ketones, C2-C40 hydroxy aldehydes and mixtures thereof, is
condensed in the presence of an aldol condensation catalyst, the aldol condensation
catalyst being alkali or alkaline earth metal hydroxide, at a temperature ranging from
80 to 400 °C, the condensation product is hydrodeoxygenated in the presence of a
hydrodeaoxygenation catalyst under a hydrogen pressure ranging from 0.1 to 20 MPa
at a temperature ranging from 100 to 500 °C, and then hydroisomerized in the
presence of a isomerization catalyst under a hydrogen pressure ranging from 0.1to

. 20 MPa at a temperature ranging from 100 to 500 °C.

2. The process according to claim 1, characterized in that the feedstock
comprises at least one feed component selected from the group consisting of
C4-C24 fatty aldehydes, C3-C47 ketones and C4-C24 hydroxy aldehydes

and mixtures thereof.

3. The process according to claim 2, characterized in that the feed
component is derived from a starting material of biological origin selected
from the group consisting of plant oils, plant waxes and plant fats; animal
oils, animal fats and animal waxes; fish oil, fish fats and fish waxes;
recycled food grade fats and oils; fats, oils and waxes obtained by genetic
engineering; oils and fats derived from algae and insects; aldehydes and
ketones prepared from carbohydrates by acid hydrolysis process, and

mixtures of said starting materials.
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m xtures thereof are suitable as feedstock. Al dehydes and/or ketones
of both synthetic and biological origin may be used. C4-C24 fatty

al dehydes and/or C7- 15 C47 ketones of biological origin, optionally
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silica support. aﬁdfoﬂ'h]m@bﬂp@&ﬁs@p@@bﬁhgﬂufnma&ﬂwoegmcapf clains 1-5,
characterized in that the hydroi sonerization is perforned under a

hydrogen pressure ranging from1l to 15 MPa at a tenperature ranging
from 200 to 400 @, Xhe process according to any one of claims 1-7, characterized in that

prior to the condensation, prehydrogenation is carried out under a hydrogen
pressure between 0.1 and 20 MPa, preferably between 1 and 10 MPa, and at
25 a temperature between 50 and 400 °C, preferably between 150 and 300 °C,

in the presence of a prehydrogenation catalyst.

9. The process according to claim 8, characterized in that the
prehydrogenation catalyst contains supported metals of the Group VIII
30 and/or VIA of the periodic system of the elements, said catalyst being



7. The process according to any one of clainms 1-6, characterized in
that the hydroi sonerization catalyst conprises a netal of the G oup
VIIl of the periodic systemof the elenents, a nolecul ar sieve and/or
a support, said catal yst preferably containing a nol ecul ar sieve and
a Pd, Pt or Ni netal 20and/or a support, said support being alum na
and/or silica. 8. The process accordi ng7to any one of clains 1-7,
characterized in that prior to the condensation, prehydrogenation is
carried out under a hydrogen pressure between 0.1 and 20 MPa,
preferably betweeprekeratig alQuiidaed ad rat RRSRu! RHPERALUEE ﬁﬁ\%"%‘?mgﬁo
and 400 C, prefer abIIy bet ween 150 and 300 C, in the présence of
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characterized in that the prehydrogenati on catal yst contains
supported netals of the Goup VIII 30and/or VIA of the periodic
system of the elenents, said catalyst being 37 preferably a
supported Bd, Pt, 1&h ThRprockss, acébrdin@j&any bhdvbf daimSaMy chaifitarded ih et
support being act ted car bon, [ or, si ica. 510, The
process accor di ng YGOSR B"Fx“&rle rprli'é’&lrf gor@ﬁ%? i e‘i‘SFP"EW&fyor
hydrocarbon or a a3 xtieat ®fprboesk fgar bons i s added to the f eedst ock
and/or as a diluent to process steps. 11. The process
according to any one of claims 1-9, characterized in that 10as side

product a diesel cONMpROBALeRREAARIRD By Al fRiRAYG8 ] characterized in that

10 as side product a diesel component and gasoline are produced.



