WO 2008/ 152200PCT/ F12008/ 050344 Process for produci ng branched

hydr ocar bW 2@Fisdb of the i nvention The invention rel atESI/FROB/050344
process for producing branched saturated hydrocarbons and
particularly high quality saturated base.oils based on biological raw
materials. The process conprises steps \MLIEI‘EI n a feedstock of

bi ol ogical origin is condensed 10and t hen subjected to a conbi ned
catal yti c hydrodefunctionalization and isonerization step. State of
the art 15BasBrogesssfonpeodimmpbranchedtydweathmmspr oducti on of

| ubricants, such as lubricating oils for autonotives, industrial

| ubricants and | ubricating greases. They are al so used as process
oils, white oils and netal working oils. Finished |ubricants

general ly consist of lubricating base oils and additives. Base oils
are the major constituents in finished lubricants and they contribute
si gni fi carst | yFichl éfrthe 2eq@néiparti es of the finished |ubricants. Base
oils of Goup Ill or 1V according to the classification of the
Anerican PetroleumlInstitute (APlI) are today used in high quality
l'ubri cants. Beg€inQbhifondbladsayR ﬂr&éesﬁf& éﬁ’ @ﬁéndﬂ'eﬂ RathRhda ‘#(ﬂ&arbons
viscosity indices (VHVI), produced nmoder n nmet hods from crude

oi | by hydr ocamalgkirimgplaxhyoliigh qudmwmd e ofls baseg oh ibidegicgaramiaterile o

gi ve branche araffins havi n deS| r.e e ze .and i gh
i stribats on T RS gamPaNyssteh befer » hids PR FEvaReis] fiaiaspotiedlt
properties Bage théd Subfeclaioup el |don'?d1§éd | Aaediytte asRleRinbBodHlioshtne dnd
from Sl ack Wax paraffins based on processed fractions of m neral

oils, and frdﬁﬁ’@@l@za{t@nlsteﬁw ds (GIL) and 30 (biomass to liquid) BTL
waxes obtai ned by Fischer-Tropsch synthesis. High quality base oils
in Goup IV are synthetic poly al pha olefins (PAQO, having a 2 well
control | ed st$etd ofitbedwt ecul ar structure and extrene narrow nol ecul ar
wei ght distribution. A simlar classification is also used by ATIEL
(Associ at i on Techni que de 5 |'Industrie Europeenne des Lubrifiants,

or Techni gal AssQRisakd %&Bnﬁh&g@%ﬂﬂ%?fbdéh‘t‘?&d &ﬁ%ﬁcéﬁ&d 'é?éﬁf' ¥ lubr?gilt@f

cl assifi catl on al so conpri si I nterna I ns
I n addi tion tailstfoe apfobiativas, 'nﬂmlﬂubnnanmrmd labgaatig qrgasks. T hes are also
commonly used in this fiel.

CoTTor Y aoChuel 45 pochisooy Wi o i, REMR o, S HiRkRes Tomicgpe

bel ow 120. AcgRefhl)%ohsist Bﬁﬁl%rléﬁufgl @a’%.@'cﬁﬂs%ﬁ' éﬂﬂﬁw%@tl%s%tcﬁg are the major
hydr ocar bons include paraffinic and napht heni c conpounds, but

aromati cs. Theensipefasia dinished| abgeait sandotheys cemioimie ﬁgmrﬁ?@amtbl It@vﬁhﬂg
Tabl e 1. Table 1. .-AP |f|cat|on G oup Saturated
hydr ocar bdns Q/\/Pp%?nf %fﬁggggfgﬁé U%guffq?[

Base oils of Group IIT or IV according to the classification of the American
Petroleum Institute (API) are today used in high quality lubricants. Base oils of
Group Il are base oils with very high viscosity indices (VHVI), produced by
25  modermn methods from crude oil by hydrocracking and/or isomerization of waxy
linear paraffins to give branched paraffins having the desired molecular size and
weight distribution to achieve low volatility and improved cold flow properties.
Base oils of Group Il also include base oils produced from Slack Wax paraffins
based on processed fractions of mineral oils, and from gas to liquids (GTL) and
30 (biomass to liquid) BTL waxes obtained by Fischer-Tropsch synthesis. High
quality base oils in Group IV are synthetic poly alpha olefins (PAO), having a



(ASTM D 1552/ D 2622 /D 3120/ D42941D 4927) Viscosity index (VI) (ASTM

D 2270) |wo B®0s/emzhoor >0.03 80VI < 120 |1 90 .. _ 0.03 80¢/R202050844
>90 0.03 ..>.: 120 IV All poly alpha olefins (PAO V Al other base
oils not belonging to Goups I - IV 15 . here is also available a

definition for base stocks according to APl 1509 as: "A base stock is
a lubricant conponent that is produced by a single nmanufacturer to
the same specifications (independent of feed source or manufacturer's
| ocation); t heell eanénolled per Klmmoleanlar stoictire pnd exfrraei fartoay inoeculanweighat
is identifi eddist%%{ a.: uni que 20 fornula, product identification nunber,
or both. Bas %%ks may be manufactured using a variety of dlfferent

processes.” Base oil is the base stock or blend of base stocks used
in APl -licensed oil. The known base stock tgies are |) Mneral oil
(par af fi ni c %aﬁ@mhreﬁiaé&ﬁa?%ﬂs @jso psedshrit Héthle (élsqiocea;s@ny'faqh@rmle de

ol efins, qg:llﬁ%ﬂsﬁ‘}ee@m% QIRL 146 %Luﬁlliga%ttﬁe loF T eaﬁilya? lAsS&%?t{c%I ofp:ﬁ!e Xiufopean

alkylene glyc phosp ate esters i cones
Al ready for d.audbocants iimrhzstrp}arshudoallisaificyndrhels@ubmpmmg/Grouqﬂl&@i PylyHatsrnal

required 5 I b i cant nd thus bas S, Wwth | roved technic )
properties. ?nlﬁ)éi 3 3 loé‘pé‘bltg‘? c@be’@Wé’ﬁ tFcﬁ’iss %ﬁ gL ntlé
require prod %mam Hsegxlﬁqh sqﬁatld Itﬁwg&&mﬁ 5% d@.ﬁﬁ‘ﬂ%& tahﬁmﬁnlfgée base

oxidation stability and | ow vol atil i ty.  Gener | ubricating base
oils are base)ﬂelhlasmgazwscngtykmdmof word thew$iq, 3bubbeia‘broilm Acenriingde these
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oo " 10 PRt setbRE s b ol BOR e RSB PR, e o BEt

120 or great %mpbﬁncﬁ;d@hf h@tnarb@la{l@sWTFh@U{PIp&stﬂsQJla%QLﬁb@t%ri Rrgpetatiyrige
fluidity of multi -grade engine oils is required to guarantee that in

col d weat her fohewisgdiahle ktarts easily. It is generally desired that
| ubricant service |ife would be as | ong as possible, thus 15

avoi di ng frequent engine oil changes by the end user and further,
al | ow ng ext erldell aPIbaeaailctassificaional s of vehicl es. Engine oil

Change i nt er val-s—f-or—-passenger cars ave duri nn t-he n:xcf \IQQI‘C

IS4 A A AR AT AC)

i ncreased ab()@m% sathigfed hklencagpoas Ludfrswt-t00 km  For| Hesgsyy index (VD)
vehi cles, engine ol L1ehabgev BhesYal aaia® 19A5985) al i(a3HNs bhobe

order of 100|000 kim same t'i e regulations contr ing t
of 20additives for|inmproving oil per/orie0ded29dd #PZ{Ht ened. Anti - wear

addi ti ves generat-y—usedare organi-e-pptal—salts—sueh—as—2-ne

di al kyl 9 i 1< 90 and/or N > (0.03 0<VI<i120
II =90 <0.03 80 <VI<120
11 > 90 <0.03 > 120

v All poly alpha olefins (PAO)

\Y All other base oils not belonging to Groups I -1V

15
There is also available a definition for 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

20 formula, product identification number, or both. Base stocks may be
manufactured using a variety of different processes.” Base 0il is the base stock or
blend of base stocks used in API-licensed oil. The known base stock types are 1)

Mineral oil (paraffinic, naphthenic, aromatic), 2) Synthetic oil (poly alpha olefins,



di t hi o phosphates, which are usually abbreviated as ZDDP, ZnDTP or
ZDP. Typi W&11098/t33800per cent age of ZDDP addi tives in m nerfflI/m52008/bx8ad
not or | ubricants 25 ranges approxi mately between 2 and 15 % by

wei ght. The purpose of the high percentages of additives is to
conpensate insufficient quality of base oils. Further, mneral oi
based Goup | and Il base oils often contain unacceptably high

concentrations of aromatic, sulphur and nitrogen conpounds, and

further, 30t Hkylatrd promgiicshidigsters| palveli esferanpoly plbisse slyedwsphogphate
i ndex (M), t LS VI j erature dependence. However,

i ncreased useeg%b’ ('S:lgltcﬁ%gi%@&tézgl\#elr?ggrs and 4 particle filters in
vehicles restrict the use of sul phur, phosphorous and netal

cont ai ni ng addli tives or base oils c_o‘gt ai ni ng such_ conpounds in the

manuf act ur e IS o5 PR Bt oPaTfiaRE ARE stutamethe indusEy hascrgpised
oi |'s and seneyGhlGsr-AW Rl Bt 611§with2m&3ﬂﬁe@rt%ﬂﬂﬁﬁl' ﬁ‘g%fl{ieé.qg&ba@sﬁ%g? fias

becone an object of interest. For the tine being, y esters e’t
used i n commepedifitationbr focafinshed lpbotants cadquicr ipgeductsT heithusexcolleng stosr s
islimted tqQ a few special appl,ications, ch a ils for,.

of 11 ger at | o BBTHEPES CIP T Pieh CRI2BP G i 1y crolifiite. Brusrally

chai n saw oi ljgbradading bidedsilsi0& baRtAls Iﬁfr&%@é@n&@ic WBsiepYs SRt 3 mm?/s or

instability of ester based base oils, their use is |imted mainly to

addi ti ve scalgeatgtariiOng day &0, dircnapticgiisresithgetsuwed Bi HIGHC) glour point
sour ces nt g logh u n d_.as | es . of
oxygen cglﬁt aietk?)ré? g@#ﬁ%&%dg rzaijtggsy %é@ivggsc,o&)%%ﬁ% t(gﬁa%}?oélt gg?e%? sg,reater. In

al dehydes, praddiioy talle@hshs pid, Lseilswdenbaratuie/ 86idegnbagumBsbiobgtdne
EP 457, 665 di scl oses, a nethod for producing ketones from
triglyceri deilsfisgeayiredtogaarantoetihat ap rold svpestherepging ses gasht t s, and
fatty acid anhydrides using a bauxite catalyst containing iron oxide.
A process for condensing al cohols using al kali metal or alkaline
earth netal Hydroexerdiy dedited t20 latwicaht exvidelifeoradd bk ys tortgmsgiowsble, thus

Quer bet al cohols.is _.disclosed in, US 5, 777, 183. t hods ,for produyci,ng
unsat ur at'dd &Rt AR N8Ry Bts® Pgﬁ;@e%ﬁg% eﬁ%\#ﬁ@ PenBHEr dliving
hydrocarbon chalhnsd h8nRNaHkapkeval alt &é!ﬂ%IEsr. Q%g%éj%ﬁ'lygﬁélg? FhedeGLiONes

n
using al dol condensation reaction. Basic honogeneous catal ysts, such
as NaOH and Qa§sCriz, carmitivs wlupiog ttleedpast kedrs invegaa¢dsatiduk Evildp!€i Deingpiebest

exanpl es of rogeneous cat.al ysts. for, condensi ng al dehydes, ,as
Goochi bed by RAOGRere Ty iAol hBine A mRRier R Bte s D83 aBly
Acid stabl e ahdehydesoangh ket QRLSALCES shfe tHaduedlatinsCOtRERGNEE e of
hydr ocar bons by the C emmensen reduction. A m xture of amal ganmated

zi nc and Ry dredétives foe spwring gikpaifoamancs e bstgeadat i on cat al yst .
However, the above described strongly acidic anal gam catal yst system
is not suitable for base oil production on an 5 industrial scale. In
addi tion to HAntbwgaragddifivey generalintuedd preosrgsisic nxedlevatts,aduch as zinc dialkyl
uncontrol |l abl e sid&@&gactions such as al kyl ation, crack

F ng and
i soneri zat i orfithi% PREYPAREY WBIchNTE yswaly iABRreVBESYr and DY, paered or ZDP.
Journal of kc‘)éﬁ& sﬂ?@l%(rééntﬁ(eg%%%ﬂiéaﬁﬁégs iqgﬁiﬁ&iaflg%gésed motor lubricants

hydr odeoxygenati on” of ket on ohol s on su

Ni O Mb03/2g- Alr2G3s eapaikysitelyobaiwesiu? end disr Bsipondighy Pear plufosesof the Hijgh
5,705, 722 a process isd’gﬁscri bed for ;FrOdUCiffg addifi ves for. diesel
fuel's from biPSTREEREFUAIIHIRS SR Fompetsgie ngitiicie it daseoiisral fats
and blends of tall oil with plant oil under 10 hydroprocessing
conditions in the presence of a CoMo or NN M catalyst to obtain a
product m xt duethet, mihgidt oteosgdy émanp drangrlbbessseiss ofiery eomtiimnenacceptably

hyd i t al yst ticularly N M and.Co d
Chtalyste. ik SPRRRIct A OB AR B4 Mirdeen dmBies MR ERR
active atsopr assass @i HiploRslagRAT@I! &/mY8és gisasketednddxadyn),HRS i€ 91t &SY-

temperature dependence. However, increased use of catalytic converters and



20Products obtained in the above nentioned processes are essentially
n- par af f i WO 00¥/1583W0yi ng at subzero tenperatures and as PCEWIT0PYYS03t4e
unsui table for base oils. FI 100248 di scl oses a process conpri sing
the steps wherein mddle distillate is produced fromplant oil by
hydr ogenati on of carboxylic acids or triglycerides of 25 plant oils
to yield linear nonnal paraffins, followed by isonerization of said
n-paraffins to give branched paraffins. Both process steps require
di fferent catparticky &iltsrsdins ¥phirlss aesiieiclbs susarft sulphwi ehospheroua sadt matal

overal | costg, r

singl e step. A aé@ ??dc%n ééi &a%g E}nggégﬂt%g% Suc{r?gggl 8{11I?c§q ﬁ}sl%:rdaﬂu%cmre
wher e oxygenaf dighapubAiynnogr lubedeyntsi ner al hydrocar bon feed or

Fi scher-Tropsch wax i s dewaxed using a dewaxi ng catal yst, which is
sel ectively activated by the oxygenate added to the feed. European
Patent EPsl 548783 sekalefal 01fnd a8l habd! i oy oadanaxbno
process for processi ng hydrocar bon feedstock contal ni ng suf phur and

ni t rogen contldmicaatatiss hencmeld.nr[duetwof anterest; iFog thentinhe debevgaonbygestérs are

hydr0|soner|zat on and/o .dr i.shing wi.t.haout dis
botween the prsbBrirape! npichRiotbRelA S Hin ShEaTRaR Btisbio
efficient pragessp e&@[ ﬁ;?l%iﬂ@hd“%ubﬁ apcdiRd oyl @b A/bnhYEhACHOP QRIS ARE,
particularly hig uality saturated base oils, utilizing renewabl e

t larly hi h g I t ted b I til bl
feed stocks amdcgagubleihygravicfiuids, phaini say pis endifluids foulmetpl progessing.
nost de di h b
| ubri cagﬁg a%céﬁ’gldr?e&g!apnﬁ% e%%?rbtﬁ cfgﬁ%slev(gisﬂglé@igfu tsé‘g§ ?{'{ iffd malfg' to
Obj ects of thdditinyestid.on An object of the invention is a process for
produci ng branched saturated hydrocarbons. Another object of the
invention is a process for producing saturated base oils. Still
anot her obj eaf,0f trﬂ&eh&l\éeﬂﬁ%ﬁ&n rﬁﬁﬁg&af UuRES GNP u%?élw aigfl
base oils usmgsartlng mat eri a bi ol 6gi cal origin.
anot her obj e@moafitstofiexygene atd &menampbespr OB PSR dontaupng)dompmgldbé&tty agidss,

V\/nerelnfeedtock erived fraom biol ogi cal r ri.a

Condanceds 1 SPoVEH 6% UPHEY HYOFSaaeaRelt i Harmaroriyhy con be
i someri zati OQne?lh@ﬁ’ed E@f '@V%Qnﬁis@%ﬁéém&”m&h&f”f@? ﬁ‘r%@!u&iﬁ 'Méélhéée%om
thereof include fatty aci ds’ and derivatives 5 thereof rbon nunber

of fatty aci d@glaﬁﬂildehelfﬁtt}d@ﬁldsatf@f%giclds esters, daly @Ad sElbis anchfftaéy adie
condensati on reagctjon of th ent n,t he.chain. Ien t
Conot T ot 0 AR de® Dot L oot el ek sk il A e, B o

C18: 1 neans Géﬁd&hmﬁrhmﬁolrs 0¢ifg dikabil BetbDBA alikdlige bﬁfﬁﬂne@athyﬁfﬁx@&s with
hydrocarbon", used herein refers to_paraffinic and naphthenic

conpounds? buket#qaxide cancaiphis &0 ebaoube. alpahoky 15 fipdosedniBouh ds’ TahS3.
ei ther be |ingga,{rf %réﬁét{féghp&@nﬁ{eg%'ae& ﬁéheﬁazqﬁé}&ggi%m iBheY Ay

base oils conprise ere sa rocar ons. eni c
conpounds r efl@fget dlydmhﬂmnseitaMSahleda\hyldhjlecmirﬁng sfrorh. #tdehydes and ketones

cycl oparaffins, arocarbon vmtiéﬂ% clic structure is t
derived f rom“é’%glai%grﬁoa EnsgHOR: JRACHPR W?%Bﬁ?‘ﬁe‘fﬁtagy glg
conprise a sipgl éad"g}(}@% Sdhﬁuﬁ—ﬁ}ét{o?ce& ”Bﬁﬁi"arﬁ&taﬂeﬂﬁ% Rb/Si@P éréoéréhﬁ;@esf bhg

structures (isolat I napht or two 20fused ri structures
(fused dizaplicteerpeheamrs dakulpsts Gor md@sfmgsaédblwdcﬁg as tdﬁsm%nd by Kelly, G.J. et

(pol ycyclic napht he Condensation refers here
to a type of E’? Qﬁetefl ef”ﬂﬁ%ﬁ%%@%ﬁﬁ%stock nol ecul es combi ne to
forma larger nolecule. In condensation the carbon chains of the

25f eedst ock r@éu?gt'é‘)l%saldeﬁ hengiahensds boh Bé‘?ed'u@éé?ﬂo RBEETRAIE Hygfocrafb%ns

base oils, typically to ydrocar bon chai n |l engths of "at | east
Hydr odef unct ibyrtht Cicanmonrse(lmﬁﬁ)ctm&f ér mlmemftmal@w\t@d zum? aod(ilg@nchlorlc

| ph d f h
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acidic amalgam catalyst system is not suitable for base oil production on an



catal yst and reaction conditions used. The HDF step converts oxygen,
ni trogen W& Apgi1ophur cont ai ni ng contam nants to wat erCramogiamsand
hydr ogen sul phi de respectively. | sonerization refers here to

hydr oi soneri zati on of |inear hydrocarbons (n5paraffins) resulting in
branched hydrocarbons (i-paraffins). Conbined

hydr odef uncti onal i zati on and i somerization step (CH') refers here to
renmoval of oxygen, nitrogen and sul phur atons by neans of hydrogen
and i soneri ziim&swaﬁysqaiﬂ- elouladdition tor amerige dicidiymendatbateh( pyetess apdionis) .
|0 In this caontext essures..are uge pressures . relative to norma
at mospher i ¢ pragatieble e badidisr st R RYFITh e SPRET SR Tihe
el enments is trhieteWPAGs Raktigydi ¢ Tabl e 15format having G oups from1l to
18. In this context, width of carbon nunber range refers to the

di fference of the carbon nunbers of the |argest and the snall est

nol ecul es ;pl , piTe ed e ;P i I 18,y S]

t he produgt.%%ggggn#ﬁr§$o"fﬁ%aﬁﬁbéﬁt?%ﬁbgﬁeggbgcg§§4gfég? ﬁ%ghg%gﬁ%e
i nvention, f diydtddeoxyppnitint uf &etwhed rat clieshotabi rsatfttd hyiD-oxie O s, 0,
and particularlg{high Hality saturated bagse Qils based on biol ogi cal
25 raw mat er g1yt & n'B‘?% E%_CPH%SI@PQE}:B DHeHESn 1R ddist -4k 72terd PERFCPY Gim
starting mat Qfek@ibe@ffolg%ﬂahﬁ’&hgQ&dif?{}és%f'dﬂe&l%@é ﬁr&@eﬂoﬁgf)@fee&%@%ﬁ% BON

step, yielding a condensed product conpri sing rocarbons contal ni ng
one or nore et elpavords oslel evimed fhisomdepdn, ofstallphiir withdplanitt oidgewder
and the cgndensed product is.then_subjected.t compi ned .
ydr odet s TURGPFORRTn kg S Bertnott CaRlc M et aigytain
si mul t aneouslaprb&BiikwaL i on takes place and heteroatons are renoved
in a single process step. 9 The invention is illustrated with the
appended Figure 1 without wishing to limt the scope of the invention
to the enbodi 1.d.f1 oo j .apl

enbod mont ofittetpfraRRitn By BableRibRL RSP Grbpa e

t he condensatusal) paitefuldrh Méavioiagd CuNlo pasedr cdtlydtf)engioniticded their sulfided
hydr odef uncti onal i zati on and i sonerization step. Fromthe feed tank
1, het er dat ofRME BheErhtoigIREdil s akPoesss sanditipas goaameRy tusing added small
condensati on 3 i.n t n 4
to a conbine 29%%5ﬁ%8f§%§%5%2?§§ﬁ§¥i@g??ghggﬁ%“ﬁgﬁﬁgﬁi%%?%%%“?é§§?§$
5, together wilphuhydrtonpénlygasatse dxanssnobntaly duegsnusnadf thesk ogelysit ed
het er oat ons are rengved as gaseous stream 7. The obtai ned branched
paraffinic stiPbd8bis passed to distillation and/or separation unit
9, where product conponents boiling at different tenperature ranges,
gases 10, gasoline 11, diesel 12, and base oil 13 are separated. 15
Part of t2he doedistsabiriond pndbkiebovedmpniienedaireeestrs sre opssnballp aeerafins

t he condensat | r.eact or 3 articularlky if it is desir roduce
hoavi er  base B BHBRBOREATR CAEd Gtk B b bisbabest e ERUPER BE0BF St
first condensation product. The distillation cuts of different
fractions may vary. Typically gases conprise - 20 C4 hydrocarbons
boiling in tH8 I{OQE@% disglpses a PoaoEs ctga@reﬂm&]éleoﬁwrwb%r@n@léi@ distillate is

hydr ocar bons ! i - i . i
G123 nyar Seab skl olDphithofl ARGt R B RRlie oLy o STRVLRRRs of
conpri segsat plaasils @ icltmeacashahpadins, figldwedt he isoargeatédnovesadd 6-
C. Base oils may_al so .be presente% as _subgroups: process,g}ls C18- 26
boi ling in tmaaianye @ye bregchedppsaltins. Holh grogets steps rpppicedifersnf qatalysts
conpri se_ 2188 o8 GAIR0NS:i AN dnRRSReRbCShE CRGa LS §7d BADRIchRLL! (B
above 413 C. Detailed description of the invention 10 by the process
accordi ng toyidids.i nventi on wherein feedstock derived fromstarting
material of biological origin is condensed and subsequently subjected
to conbi ned hydr odeoxygenati on and i sonerization step, where the

hydr odeoxygenatyomnosnd 0b SEpiodsss foths AfdubSiSo LB cPRich HEFARRL Wil ¥ind

animal fats is disclosed, comprising hydrodeoxygenating and hydroisomerizing



10 The feedstock of the condensation step is material derived from
starting wax2908/e2208f bi ol ogi cal origin. The feedstock i PCyatizosesdiq4
from ket ones, al dehydes, al cohols, carboxylic acids, esters of
carboxylic acids and anhydri des of carbqulic aci ds, al pha ol efins
produced from carboxylic acids, nmetal salts of carboxylic acids, and
15 correspondi ng sul phur conpounds, correspondi ng nitrogen conpounds
and conbi nations thereof, originating from biol ogical starting

mat eri al . Thehe &edatil bna singlensierf. dadddisior, teEnt88 b2 hprocygsels alisclased

condensati on [ ion ed. . Pr.eferably.the . fgedstock i | ect from
Fatty aci d o EE SRS Qurhll AN Hisbhe nyfaleR) e Comand e il
ket ones, f at twaxalsdrRhydes using tieltaxib@x@slysanehidk tiakelsdively @bivhl by the
acids. In the condensation step i- or_rmultifunctional

al so di
feedst ocks sueBEeetcRdlad Boihyifeed. BeropsanatendBRol §497RaIralaicn ép an itegrated

hydr oxyket.on f@ﬁ% I C4 -
correspon ingﬁgﬁa%gﬁgﬁﬁﬁ?%gﬁ%gfﬁgﬁgcgéﬁ%%ﬁﬂé on%%ﬁﬂﬁé%g§%¥%3%B%HHF%g
di - or multi fsulphtit emdhitrigen egetamirenso invtiel iagn dy &btreaingl hpdrbdeveaxtife (ieof
may be used. The .carbon nunber o he carboxylic acids and their
derivatives i@g&lsq%%ﬂ | It @i{eﬁ Siipe 31ighont fignerReneaL hertseR the
material s ar e, sekegtpd such that the carbon nunmber of the obtained
condensed product Is at |east C18, preferably C21-C48 but even
heavi er base oil components may al so be produced if desired. 11 The
feedst ock originating fromstarting nmaterial of biological .ori.gin

cal | e bi 8 oG ER s PR epE Rl PR T Bhidens dreRied ¢roRRuc Bk Hittesd
from the grouptuenes hediobdbéMs and parti@arBl ®Bh qfuaﬁ%, saRir@&Bd bede! ils, Rlidglhg
waxes; animal fats, animal oils, animl waxes; fish 5fats, fish oils,
fish waxes, ameevaple foed piogks @ad sesultinganthagh quality descopsaifuEHing bemmost
pl ant fats, L X i f J . Ol il
hees; 11 oh raandfip gergfel Mo A0 hhe st RY MBHafls o SRLHE
hydr ol ysi s, toilandtetesitéisbatuseonf addifiyssol ysi s, and c) esters
obtained fromplant fats, plant oils, plant waxes; aninmal fats,
animal 10Gils, animal waxes; fish fats, fish oils, fish waxes, and

m Xt ures thergof .orification, and d) nmetal salts of fatty
aci ds obtainé§Q?$%¥¥%§§ﬁ§@§gﬁi, pl ant oils, plant waxes; aninmal fats,
animal oils, animal waxes; fish fats, fish oils, fish waxes, and

m Xt ur es t herfAofobipet sefpdiE fimeatioons andoddse) foantrydiidigie brafchédt dayurated
acids fromplant fats, plant oils, plant waxes; aninmal fats, aninal
oi l's, aninal 058t0008.5h fats, fish oils, fish waxes, and m xtures
thereof, gnd O esters obtained by esterification of free fatty acids
of plant, animal and fish origin with alcohols, and 20g) fatty

al cohol s or aAmbelyrabscobf the mednasn seduotdss forprabivoigsatfatédbasg oalsi ds
fromplant fats, plant oils, plant waxes; animal fats, aninmal oils,
ani mal waxes; fish fats, fish oils, fish waxes, and m xtures thereof,
and h) recyclem {pak: 9bpeecf AbSn@ntoRid £ prodbst oAbfodubing Sat@itted'Bass Dils
obt ai ned by genetic engineering, and 25i) m xtures of said starting
mat eri al s. BH@H@@H@EﬂgEﬁ%ﬁ@hﬂégwﬁvgﬁﬂaFgﬁalso i ncl ude correspondi ng
conpound%'derived from al gae, bacteria and insects as well as
starting taterial s derived from al dehydes and ketones prepared from
car bohydr at esstill dndtifex afpcesf ti: iButitiahliea biakagioe dtodutktbagg olif tviliereih s
include fish oils such as Baltic herring oil, salnon oil, herrin

oi |, tuna oi Ifeedsipekalpyived frons hiodegieal startiing mpteriaé e paridensed; fofloxyad i fs
such as rape Ol i -g@ﬁp ol 1. - LI, sunflower seed
oil, soybean%gl F%?o gﬁg%ﬁ?wﬁg%%m0| ,&ﬁfﬁgﬁﬂgéggﬁggkl olive oil
cottonseed oil, nustard 5 oil, palmoil, peanut oil, castor oil,
Jatropha seed oil, Pongam a pinnata seed oil, palmkernel oil, and
coconut oil; and noreover, suitable are also animal fats such as l|ard



Condensation 20l n the condensation step the feedstock is processed to
nonof unct Wérzbs/m22¢eul ti f uncti onal conpounds havi ng car beCTRIzIoRN50344
at | east Cl18. Suitable condensation reactions are based on the
functionality of the feed

nmol ecul es, belngdecarboxylatlvecondensatlon(ketonlzatlon) al dol 25
condensatlon al cohol condensation (CGuerbet reaction), and radical
reactions based on al pha-ol efin doubl e bonds and weak al pha-hydrogen
functionality. The condensation reaction step is preferably sel ected
fron1keton|zqﬁwqpno | dol condensation, al cohol condensation and

radi cal reactions:  Suitabl e condensation reactions are described nore
in detail in the followng. 13 Ketonization (decarboxyl ative
condensat i on)Cdrbostythie &edsomhad ade&@atwaaﬂﬁei-eoﬁ ihdledd JSaicy ia0fil agh cdtmsatwes

typically the a oups of f aC|ds t al nedlnthefee

bet i 1B oduovs f2roag imericl b SR v SRt B OE Lt G- | Bt
Cl8. The ket oz #id %d@i?s)éﬁ@ﬁ $2.ch6n 62id Beitibh eﬁfetchamﬁeﬁ@ﬁ%%ttﬁé %actm
conprising fatty acid esters, fatty acid anhydri des al cohol s,
fatty al dehydeeduchas airlasst fHReEarbanplicratidd n@ddedsfooéxmicﬁlﬁdl theans| @18
t he ketoni zatjon s arboxylic acids or polyols including
di ol's, may behﬁlgé”&t[%gﬂ %’ %F bd)ﬁlg starting material allow ng |onger

chain Iengthening than with fatty acids only. In said case, a

pol yketoni c nol ecul e is obtained. 1n the ketonization reaction, the
10 pressufe regesn fiesmmied hydrogamps’, usedlicseiameiprstte pavadfinicapd Bapphenic

particul arly r
ranges bet me%@%ganﬂbﬁb@t%%@%%gélpyﬁ rgdef %gﬁﬁ?%ﬁ&gﬁdi ngga‘? aéffiél{ﬁe[ebe
particul arly lipeef @mipdffindetrbearh@DQ-randfid)0 C, the feed flow rate
VWHSV being fromO0.1 to 10 1/h, preferably fromO0.3 to 5 1/h,
particularly preferably from0.3 to 3 1/h. In the ketonization step
motals | nol ugh Rad RS EnRhAR SRR S0 20 P v
Zr, Mo, Rh, Cd, Sn, Lé Pb, Bi, énd ’rare earth rretalé The support is

typi cally I ater bauxi te ani u Xi a and/ or

a1 G i um oxi B e SaeibepRiseli 29 Vel syt g BuERERTPowa helvElogarafins.
magnesi um i rgygh as}d{o@arbgﬁcifﬂhugpch& @@u&u&ngwp@wy%n%& F®eh SRidRAtandBr
alum na. Particularly preferably the netal 'is nol ybdenum ‘manganese
and/ or magnesvarhamnexiidaapihenie soappsnd whnesh compssg o smgleNong pusichire
catal ysts ar t

et ds. (soaps) TSP RRRAD R TRAE RbE R Bl 3P b llbet gl b o
ket oni zatapon fugdclingpuucireAlfiedd dagehary iopnhed ok h@oralfdgad ring structures
condensation reaction the al dehydes and/qor ketones in the feed are
condensed to@?V@’W@@B@@%ﬂsﬁéﬁ?}d@@@mﬁvmoxy ket one, foll owed by
cl eavage of water yielding unsaturated al dehyde or unsaturated ketone
wi th carbon nunber of at |east C18, depending on feed. Feed

conpri si ng atCdndastatiomeefesripontni typel datatiodOf mdumolt twey fpedstgek molecules

consi sting of saturated or unsatura d al dehydes, keton roxy

o1 dohydes andORDRR e DTGP TS PRURUTaTy BV TR0 e PTG dBL TS e
ketones afse fléisRRdmolt8les elé‘%f(lj@ﬂedeﬁ AL ?éirep‘i'ﬁecésga hﬁ)rp{h@s%gemgf
honogeneous or het erogeneous al condensation catal yst. Supporte

al kal i et al tyEtdlytethydidckbohiahSn s stileastifl 8. het er ogeneous

catal ysts and al kali or al kaline earth netal hydroxides, for instance
NaOH, KOH or Ca(OH)2 are suitable honogeneous 5 catal ysts. The

reaction tenpefaédfgndtiongestibn QDY réRrs?le G r&ﬁ@&e@rﬁhwgézp%[phur and
tenperature is used with | ower nol ecul ar weight feeds an

t enper at ur es niFegenhiteme rbyme@w%hy@z@g@hﬁhree%@@,mrmf |tb¢1 @lqkyglsﬁil SpHRS
h |
such as ajgcoq]g){t% 1W11PEI %gggerteght% & ffig% )(?r pre gg o};&ﬁ%atoyt c

to be use e reaction variles
catalyst and reaction conditions used. The HDF step converts oxygen, nitrogen




subj ected to condensation in the presence of basic catalysts of the
Guer bet r@acwisrs22eel ected from hydroxi des and al koxi degcafrrznedos44
and al kaline earth netals and netal oxides, in conbination with a
co-catalyst conprising netal salt. 25 The anount of the basic
catalyst varies from1l to 20 % preferably from1.5 to 10 % by

wei ght. Suitable co-catalysts include salts of chromun(Ill),
manganese(l1l), iron(ll), cobalt(H), lead(H and palladium stannic
oxi de and zi ried oriplier cotfeinig cantdminemys $alwaters anoiohia dnd hyedregenosulphide
al cohol s, pr ergs E@&)‘;eﬁ, sul phates and chlorides. The co-catal yst is used
i n anmounts var$’| ng between 0.05 and I % particularly 30 preferably
between 0.1 and 0.5 % by wei ght. Hydroxi des or al koxi des

(al cohol ates) of alkali netals, together with zinc oxide or palladium
chloride 15 lgpsyizatomgctane hese dat Aydreisomerization eple diabtry hydrgarbone (n-
reaction ks ) - fer 240 - 260 C,
under vapgur %E{agﬁsg?%ugﬁlgéggé%l Cﬁ%&}@gocgfbggggﬁg%ﬁf@g ent in the
reaction m xture. Water is liberated in the reaction, said water

bei ng continupusly separated. 5 Radical reaction In the_radical
feaction, caktBbEsbHEodfRdionaliaelipa ced iroapBRY stepdEd) refersers Ked
are | engt hen i 0 1S . 5N r adi I i

f eedst ock coﬁ%?¥%§Egaégﬂﬁph?ggk%gr%%&ﬁﬁﬂﬁua%?ggqghgﬁgﬁ%ﬁgﬂgfgﬁgﬁsg?ﬁ
a nol ar rat i asooferizing waxy molecdastoduarmwhed BOmerad@Ih@jroparbdmabl y at 130
- 260 C gnder a vapor pressure provided by the reaction m xture, in
the pres fice of an al kyl peroxi de, peroxyester, diacyl peroxide or
peroxyket al gRttalsySintexf) fdksuREy Ol SRS SHERUAS @196 tib atofmBH ithospheric
peroxi de catal ysts are preferably used. The anobunt of the catal yst
used in the PE&8¥Pon is from1l to 20 % preferably from1l.5 to 10%
by weight. A 15branched carboxylic acid having carbon nunber of at

| east C18 is obtained as the reaction product. Condensation product
The carbon n@ibeificafiod b theopdiedatble v phe disatenticp edHIRMC tHgiodar Tubik
nunber of 20 the feed nolecul es as well as the condensation reaction.
Typi cal dar bdernat AvYRs GEeursdrieAdad $on products obt ai ned using the
ket oni zation reaction are the sumof the carbon nunbers of the feed

nol ecul es m nus one; the carbon nunbers of the products obtained

usi ng t he ot herthis codéxsatvidin of eadionomsntzar eragganreferst foethe adifforenca wb ehies
of the feed nolecules. Preferably t fe confains only 1-3
Feedstock 25 B OMTRErSGH (i FRREPUAE. AR g o3t DOl RSP PR GRHSIEASE™ s
for exanpl e qid gk KRBk S aRdly@obbmEhiduet only C20, or Cl16/C18
etc., or Cl16/Cl8/ C20. Therefore, the width of carbon nunber range of
t he condéfisati on product is typically not nore than 9. The feed to

t he condensatsi aon ste&t'b% s9lnz.ct ed so that the carbon nunber of the
condensat i on SBPHAHN 0L LE IpVERlOn " 18 16 Conbi ned

hydr odef uncti onal i zati on and i sonerization (CH') The above obtai ned

saturated and/ or unsaturated condensation product conprising
nonof unct i ondihe reResT agserdingiiocthe srvantiens deﬁ@sanﬁ’éwmwﬂarﬂa@wdrﬁamed

of at 5 lea I - fr t S.: :
car boxylic a@&%@%%ﬁaﬁsggﬁggg%gﬁlgﬂ%@ucﬁ%ﬁﬁ?sa@lg%t%@’é%%gﬂs?g?%@lp@g&%%51
ni t r ogen 26 onpounelstesinld, comiprivgt tlenstephavieodini fellfierk defiyel feh tstarting

conbi ned hydrodefuynctjonal.ization and jsonerizatiqn step (CH ) .in the
presence of &K it biolpaical carigie i Subieeee f@aﬁaqoyg?nse%rsf@s ieldRe 2

aci di ¢ functigiydy Hh@ coBpid Fb R RYL EQARAR R JFBh&L heteroat
10opti onal | ycon agﬁ ﬁger. CB\ l?i lng%rh%ﬂezgns her e ca?%i er or supgoerr%éom
selected from oxygen, sulphur and nitrogen, and the condensed product is then

subjected to a combined hydrodefunctionalization and isomerization step (CHI),

30 whereby simultaneously isomerization takes place and heteroatoms are removed

in a single process step.



Catal yst A preferred catalyst in the conbined

hydr odef uW€x208%E32200at i on and i sonerization (CH) step emalfEz08/050344
dewaxi ng by isonerizing n-paraffinic wax nolecules to 15

i soparaffins with boiling points in the pase oil range. In the CHI
step a bifunctional nol ecular sieve catalyst is used. The catal yst
conprises a nol ecul ar sieve, hydrogenation/dehydrogenati on netal and
an optional binder. The nol ecular sieve is selected fromcrystalline
si |l i coal um nophosphat es and 20 alum nosilicates, preferably

conpri sing frﬂge] . Ty t (0] : nd, MIT. . .Th . .
nmol ecul ar si eve ﬁ’%ﬂﬁﬁg\}gﬁéﬁg{%ﬁn@%&?{gna?ﬂj%gn%g?\l r’es@g’ﬂ (}al?“rlft “618%1 i ihrrf%;lt
paral | el por ake ydobbofitheiimtentis e ed the @ribodidsentswifishidafuge.openi ngs ar ound
4 - 7 A wthout crossing channels, which induce strong cracking
activity. Preferably the crystalline nolecular sieves contain at

| east ones10-}ipe : ; ] 1.l 1 gat
(ool i tos),  op PR TSl o AN ORNE FERRESh AR RAR b
sui t abl e zeolthe ggocwmat tienicogdeasatiopastepoize ciftiadi gt chramrnéd  thactandsned

ZSM 11, ZSM 22, ZSM 23 SM 48, EU-.1 and exanpl es of i tapl
si i coal uni ngﬁﬂﬁ’éﬁjﬁ’ﬁ%@a G g l%f’tmqr‘éﬁgé(n %p'ié:-r?rpflgll‘echgﬁ‘ﬁefank L
i ncl ude SAPOnbfergiishnSORdng Re8i8EK Sekagnbak Yalsedi th CoHeGsaiiechdioand

ZSM 23. SAPO-11 may 30 be synthetized according to the EP 0 985 010.
ZSM 23 may bdokgmiecheby z aubssivg oradi nijet rengenseht SWEr2004/ 680%90comltized

The nol ecyl ar,_si S tyvpically co sited, wi.th bj,nder terials
resi st anti Ut o R ERRaPLEH o HoutTtEn seipisf S Pt Wi [Rieet i
dewaxi ng condi, tHxe8s ¢OhfdbFandaid Al &ldeschacall MdtyShtonBl ark trefMBYed8s gaseous
bi nderl ess (self-bound). The binder nmaterials are 5 usually inorganic
oxi des such agean|7.chhc abigiicdabrasehed carafiinie plEcannfdisopasaed, to distillation
conbi nati ons il WLt t her, i d a .t.ani ay:
magnesi a, thgg{yg? ézﬁ!lp(r‘ilg"ifi(t)ﬁrl)l\lfllapm{'gmg’ t%l{egﬁ% ﬁ%{g%ng%gr Flg’r ?/) OE:H(g1 i%glihffgrr?gt
of these oxi daspssicte @sgssl baseadl, passiamet lHodiesel dAparsi Base ail 4B wns separated.

magnesi a. _The anmoynt of the nol ecul ar sieve in the finished catalyst
s rom 16 1 22508t dhe pndgnsafien amsfpéu%sf% B S0 BepEEaEesnbat e the
catal yst. SaicgndbatotSteactdf 8, PhitiGhl AP is desBed b @%@5 ehABdBLk it h
at | east one netal dehydr o%enatl on/ hydrogenati on conponent, sel ected
from G oup 6 crepahentowith kerbPr muudectwictehgfof BleemttandeGatopp@duct1 0
netals and m xtures thereof Preferable 15 netals are G oups 9-10
netals. Particularly preferable are Pt, Pd and m xtures thereof The

met al cont entThieriidtiieticmwh ¥ Hiffeadnit S ctidr@md dary. 0T y3fkcaly cales dehphiss el y
fromO0.2 to 20 wt. % based on catalyst. The netal conponent may be

| oaded ugPng Enbydosarbpisebaikesivin et iangrs-162uchd ds gasplinexetiapiées &3dC10
i npregnati on ' dec l.e gt 2 )
condi {1 ons. THSCioRRREnt BhTthe OO BIPRREE B Ty B8] RuetCamifiEs Thi-cs
hydr odef unct ihgdmicabahs bailiagth the eamei 1801330NCsihe Hasensiecorapiives asldigt C18,
ranging fromO.1 to 15 MPa, preferably from1l to 1Q MPa

[Pa, . 1Q ,_and
parti cul ar | y Byfecabgny ?°1¥1F16ﬁﬁlp therigngs goxe 346 G Paspdledparn @3?@”@6 PEARIe
bet 100 \ : _ ; C
pgr \tNiegtrJ]I arl y%g?% ?uapbg [ g%%g{s\e/\‘éggﬁ1§0ﬁ%§§5@gf§r{%§ﬂﬁgw4}gtﬁg’ IWE{?MY

bei ng betweemprdeds ang catiptitd C20r2 bydbtarbdost aveebad. dilg BCB6 hiydrocanbdns
particul arly_preferabl ween 0.1 and 2 1/h, the hydrogen to liquid
feed ratio bé’PHljlgb"éPWe ‘and 5000 NI/1 (normal liter per liter),
preferably between 10 to 2000 NI/ 1, and 30Oparticularly preferably

bet ween 100 and 1300 N1/1, in the presence of the above 18 described
bi fi ncti onal Dmtditadideseriptiew of Hwtinvergion A fi xed catal yst bed reactor,
for instance the trickle-bed reactor is suitable for the reaction.

s BRI B i S0

hydrocarbons with carbon number of at least C18, preferably C21-C48 is obtained




10 bodies. Suitably the hydrofinishing is carried out in cascade with
t he previ B€s2088/853200Typi cal | y the hydrofini shing i s carriREd/RIR08/6%50344
tenperatures ranging fromabout 150 Cto 350 C, preferably from 180 C
to 250 Cin the presence of a hydrofinighing catalyst. Total
pressures are typically from3 to 20 MPa (about 400 to 3000 psig).

Wei ght hourly space velocity (WHSV) is typically from0.1 to 5 151/h,
preferably 0.5 to 3 1/h and_hydrogen treat gas rates of from1l to
2000 NUL. Hydwohe Brassssmascering pdhe inyeationwhepinfeedsish dedded: fiom| sjarting

cont ai ni ng at t . sel I he.

o e B L S A AR T8 ) v
t hereof . Preflgdreidongicahtton aal isdeeriadhioa 16, alierdéhe RGiradedlySdna o6 and
hydr ogenati on functi.on, especially platinum palladiumand n xtures

thereof. M xtRFBEIZ8HonER511e05 7)) bsisuerepdulby parfirmed sipylfapconsiin the same
cat al yst s swh L&Y f i % ter. n
catal vat . “Sui aby arane B, hyEE ahfa cHigl hiY Lo Slas RRREe
silica, aluniad,a gidrogematadiufinetien. drhet datadyst dypipallyf @naivisys alcumbimatiol bf
After the opti(ﬂnal fini shi?‘? %t ep, the product is passed to a

di stillation BHEFUH LESEPAOFEH: unit in which product components
boiling over different tenperature range and/ or product conponents
intended for different applications are separated from each other.
19 Product Tr{@ed%tpckmw«ﬁa%icm | according to the invention,

conpri si ng saturat ed branched hydrocarbons typically having carbon
nunber of "at | east Cl18, nmay be produced 5 fromfeed conprising
starting nat efeafesdsefckhifahe gheihsatioh Gtep D yndidieal @etivadBomeasdtihg Agitdrial

t he | engt heni n% of the carbon chain_of the starting materia

of ( ] !
mol ecul es t o A RéClpRIGH) o elhesiegdstesk is pelegiad drogy kefongsy aldelydepealcohols,
relatively | ar b i i con : Co
br anchi ng, t%gﬂ)\??gfg%gﬁta §i %%éy?gpg%gg%%e%&es o%ﬂ?ﬁ&élagsr égé%# °’§?w acids,
i nvention ar elpherofefgoaaodiced Troe babexydicl asidsf metab sdliswd mhibory liaacdds, and

ki nematic viscosity KY 100.ranging from2 m2/s to.6 mm2/s The
Ki nenat i ¢3vi §86§$&0§d@ﬁv§6}@5ﬂurr cf%mcp B5e SATESSPPULNE HTQEcRa FPMEOwKlsH AR

nunber hi ghercommﬁ(;a@tk@f&ﬂb&igiﬁﬂ&gr@&ﬂ%idlbgeﬁrstérhﬁ%n@%e%ﬁ.I'ﬁlea&%ﬁorﬂ
- 6 mR/s, and the viscosity index (VlI) is about 140 - 165 when the
pour 15 poi rf theHiRpdsiteckidependstomuthe type pdthezondnsidom teheioniged.er
process oils with the carbon nunber of C21-26 and boiling range
between 356 - 413 C, the kinematic viscosity (KV100) is about 3 - 4

m/s and t heerdMerdby BRMAIEdsIoTR is sdlobleiiR PR BRI eangemitt oM abgdfidesd
to -24 C. 20The product obtai ned accordi ng to the invention contains

sat ur at ed®hy dribe alcpbels, bty kegonesr Bion aldaiyees, omtuael wWesest ah sneigd balts of s

substanti al | I GSe: i uct b t

% preferabl i/?atgt; &ﬁ%sgg? %?@?‘J"“ﬁ%‘mg% ’ia(E,§ éfag"r ymlgl(rae §¥lalgﬁ§3§&éitg 4"?‘352%“[‘@8%
% and at beslicabx3fibycideiogpblyols iseltdingdeds, hydroxgRetbmsss hy dbak yul ddhgdes,
Dol 1 A SRR ol b orobaiGe b omoRMbRBTRl

yprcally S i3,

| onger n-par i I €oopfls] r£o tm@éi h d
not be sui ta%lt)féfpglzn ésce ol #%l.d%ﬁuds? tre pro ﬁ}%t%{f ng%nlg{r}?%égs%g?&)tgﬁ%dﬁgﬁy
i - par af f izds anohbowhbas Hereudtmapbe usdth T &rbor strebabdfytha arboeykc tbidn

and Che. i nagRHEFECENERET ot foh &6 LB EGICoN TR T HiSdock

anal ysi s, thenfdeaiGte 6088tad BScH 8&S thd1adtba® nohier %F ﬂ%r %ﬁg@@}dﬁh&ﬁ@d
00

than 10 FIMS % partlcularll]é preferably less than 5 )
nmononapht hengsodughts 4t desst € haprefembR (Bl -G48 puk eeendishyict bass oflhepmponents

FIMS % and parti coulléearrlo\é 5edp1;§£ er bly less than 0.5 FI M5 % of
pol ycyclic né]ﬁ%%%n sPIORRCPa8E 81 s” of the invention, havi ng
ki nemat i govi scosity KV100 from3 mm2/s to 6 mmR/s the viscosity index



21 The base oils of the invention, based on biological starting

mat er i al sSWaBMg/g2p00car bon 14C i sot ope, which nmay be congidderemsasiian
i ndi cation of the use of renewable raw materials. Typical 14C isotope
content (proportion) of the total carbon,content in the product,
which is conpletely of biological origin, is at |east 5100 % Carbon
"C isotope content is determ ned on the basis of radioactive carbon
(carbon 14C i sotope) content in the atnosphere in 1950 (ASTM D 6866) .
Advant ages 10Mitige fesdefedls originasingi figmt sfatting inatedal iofrbiblegicskbweighl, called
advant ages. T i b i, .orjginates.fromfeedstack sed on
renewabl e nat%@g@ﬂ%@g%ﬁtﬁn ?ﬁﬁgﬁ%{r I ﬁ%gng%&lpté?% 1%fgeﬁ‘l’? edp%i%régt © ot the
i nvention ar ecoaMstidgadtt e al | over the world, and. noreover, the
utilization of the process is not limted by significant initial

i nvestments 9 BYAt Ris plangpils, plang pages; gninwd Teby 2nimeloilst awjrahiveres: fish
Fi scher - Trsopschf#é\ﬂlgﬁggs Hf vPJxQQléﬁﬁd- When conpared to the
technical I'y avall abl e processes, the process of the invention

conpri ses a dynfatiyacidsrordfecdaity ad énslathined fioaaglbniofatss plapt vild, blaat waxes;

conbi ned hydrodef.uncti onal.i zatjon and isoneri zatiop st ). The
combi ned 20 pr oﬁ%‘g’é‘?& S 0E 0 At TR WY SS; g‘?é%ﬁ*‘“’v\_ﬁﬁ‘ 81ﬁ£pﬁg§;{‘%¥?§g and
base oils from ﬁﬁﬂﬁ%@@%e@eoﬁ%ﬁﬁﬁﬁﬁyéié‘ﬁ g%?&s&ﬂﬁ@ﬁﬂﬁ%r'p?%i&ﬁ&%hhon the

basi c hydrocarbon chain length of "t eed noleculés IS I'ncreased to
essential |y raaetiers mbtainesk oint plantafagre plang qilisy pldnf wexdraseinzg fois) animal

applicatigns (for exanple KVl f 2-4}% n -6 mmP/s, and even
heavi er b recyglllﬁ’ (e R ew%%eﬁdgr%ég?tﬁ’oﬂs ?@sdﬂ'gﬁ)vyaxes%d BP%BEegésﬁereOf by
accordi ng to theaisaventibaidnlind i zes renewabl e starting materials of
bi ol ogi cal origin containi n% het eroatons_particularly for producing

base oils, arfd BeH saltupbdily asids ghieierd Heoraarigsnies lant wiladpliens vaxess

traditional cru i . I W i u f

i gh- qual ity br AiFRed e SICPEhE afBr AR MTRAL LR, A8, Bha

obt ai ned base omlixtpres dutést byrsepaafidmiongindixi de neutral with respect to

t he use 5and disposal, thereof, that is, they will nat increase th
carbon dildxi fé PHRdndss ¢ ’éﬁataﬁﬁié%w éfamh%%rpﬂ%ﬂl&trﬂatﬁr%@ﬁéstagu@élrﬁ%%ﬁed

fromfossil staghing oM@t ehindl Swa}élcé,c eiHi G RLTRE, FERCRIReO ankl hﬁixturgs

i nvention, base oil contalining only carbon and hydrogen 1S obtalne
the stability othemaif,dndase oil in hunid conditions being 10 higher

than that of esters .other has ils i gipati f .renewabl e
natural reso c%szergir‘?ﬁ{a&%et‘i'th@f ﬁ@ﬁ@gﬁgipgrog%egﬁéﬂy R"@grogfﬁl?rﬁi ?:mmal and fish
hydr ocar bon cowg%tﬂ HcdHls, degonposed as easily as esters forming
corrosive acids. Tn addition, the oxidation stability of the
sat ur at edObas® Gitty alephplsghieaidahides ettizinedas wduetiontpraduas pf Hdtagidsifragn
unsaturated fat {d LLS..: aJeJol! ully.
ﬁat ur at ted hydr OE@%E%E, g%ﬁgﬁﬁgﬁt&ﬁ%ﬁ; %a:iaﬁ |f§i\|gﬂr8d ?11§§[00?[§t %I%g‘a{ wa%(s, fish
eteroatons is kheils, f3A $,lah tuB3 it en e base oi
according to this invention is that jt fulfils 20 the APl group |11
]E)ase Fi |t _ Spe(hl)f reeaelpaﬁ fod gradg @fSﬁr@quks, W&%O%@wdwwﬁﬁm@dow genetic
ornmul ations |i : oup ase oils according e sane
i nt erchangi ng réfgélgéew %hag{ﬂit need to perform new engine tests. The
speci fi catsi oriy fnitufes of sdié dtattifyrmatarisls. require base oils with
excellent low 25 tenperature properties, high oxidation stability
and low volatility. Generally lubricating base oils are base oils
havi ng ki nenﬁéibf&giﬁ!&ﬁﬁ@éhgﬁnﬁériﬁpgﬁé i&lﬁ%&e@éenﬂf@a&cﬁﬁapc@hﬁ-@&i@d from
(KVI00); a pour point (PP) of about -12 C or Tess; and a viscosity
i ndex (VI) abudgse, b@&0eror angyd ewtds as wellhakdsteitiog matefidy deoued fromaldelgdey

Lhe | 0w | eDet Bl Sl hthihd Yol clliisade engine ofl's i needed to
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30col d weat her the engine starts easily. The |owtenperature fluidity
i s denonsWORH1BYP0appar ent viscosity in cold cranking FIGHRIZH08P50344
(CCS) tests at -5 to 23 -40 C tenperature. Lubricating base oils
havi ng KY 100 of about 4 cSt should typijgally have CCS viscosity at
-30 C (CCs-30) lower than 1800 cP and oils having KV100 of about 5
cSt should have CCS-30 | ower than 2700 cP. The | ower the value is the
better. The hase oils of invention have extrenely |ow |

I ent 1, ee oW :
5t enper at ur e F920IPeRstf sujtpblg didosiral stasing materialy ipdlude 5ph oils pusil a3 Baliie
Noack vol ati ly : -1C i : I
Goup 11 11 gricring B SRR biRheti, 4 o BREBRE LSk S holt Bl
t he i nventi omil; plambwibd snch se ppesdetlioil] colzaTdig rcedada oilf thl o] sedieivey sded déx

is extrenely high and pour. point js.relatively.low. In 10 addition,
napht henos. ofsOtfEn ot sPTpPbORRCED o1 Titk8 ey O F B SibesciBRtAa ik Fune
and non- f ysegyd b_ﬁ‘lﬂpbﬁ,h;ﬁéaﬁﬁt oil, Ra$theoiB J@ﬁ"{cﬂp%e@ﬁﬁ, ﬂ{i/%{éag?& ?J%gcﬁse@fi ofihe

prior art, the dinaphthenes are mainl used. The use
napht henes i Papodewel oihandtdeaenusioilnemd mosoden syitableesre glsolanimal tkiscweh

that the non-fused n t hen ings, are desjrable a onents of
bace of I or iedtRaf QM 388 lsh SRelng 5Bl Bt e FOUPRSBoRiveH B
I'n addi tion tfaspeuesRat Bils prstuced 5P Sbiticichgdmseridd)en bediflbh @B dhdddils,

i soparaffins and 1-2 ring naphthenes to 3-6 ring naphthenes seemto
pl ay the nmj SHitalde startingcpigrials palbiolggicalt orighey infilyfle animainyaess sugh 8 PPhg
napht hen arg._p [ [ r - i y
aro prosnt - A ERIEH wel Hikeod o) WP wyd Ukt Bl YAOUSRS, A0 P
paraf fins ar elqitessnt sadlt es clhydulol pdnewhza®indtourt peyn ghaxejoiubghsetiCHil30
val ues by crystallization and tthS i nhi biting. the ,liquid to flow
Ml tiring naARYFENESYaxy eSPATIQ darglapan WRE 9GRSl i nvention, thus
its low tenperature fluidity is enhanced conpared to m neral base
oils. 25 The base oil according to the invention has high viscosity

i ndex, whi ch Theddslogigalsstatigginfatamhniay athecoptisefien fety asidstandfor fatiycasid
additives _|like Viscosity .Index | nprovers. (V r in.pther ter .
U scos! by NodrFTr e gl PO et sy ekehro st B np Easbatne
hi ghest anpunfiger@dl. HeP@SHa! Salis AroigPicaliEalRiIg bitgsmetaNoBRE thikiaO8hlts,
reduction of the anobunts of VII results in significant savings in
costs. 24 Moreover, response of the base oil according to the
invention is t hi gh for antioxidants and pour poi nt
depressants, (ggr(?(ﬁfe(ﬁ%%{s&ﬁt he life time of the lubricating oils are

| onger and they can be used in the colder environnent than |ubricants
based on Xhe Iootheeodridensltiohastep ofhk sfeedstdlksds phoewasede td hmoladesectiondl or
according to the.invention is non-toxic, conai 0 S hur ,
nitrogen or ﬂﬂﬂﬁ%lﬁ%or@imaﬁws Fing abyn BRE St el €onvent i onal
m neral oil based products, it nmay nore safely be used in
applications where the end user is exposed to oil or oil spray. 10
The i nvent i orBuitablf u¢aridensatibh usaetitmedarenbaske droltheviungicerbiyploésthe feed
however it is evident fhat the i.nvention is not limted t.o these
exanpl es onl yoEsHin bRk ElmRES R Giidifiasih or Ulerigiohy g elco
derived fasomcpaddisatidn, tQcstadl Woati@atiet oasrbBakeacabh), Wil Fdelia0| réZtidns
and doubl e bonds of the fatt¥ acids derived frompalmoi| feedstock

were sel ecti\essd ¢t elphaolaiencauble bonds apd ek edphadivdreges dundtopglitycilhe

20 was conti l.y.. ket oni.sed.. t i . 1l : I
Feactor usi ngO it sPRASEsRh B TPIRICL SoREETSHER Kolbufalibly R
t he wei ght haundansstipag alos@bbciridgndaWibio\hd etditdtrakctivas dSiiablgcaldentatitn 8

1/h (111). A mixture of saturated ketones having carbon chain | engths
of C31, C33 dfftiensaiggescibed mose pdetaihiy the floping. o5

30



Exanpl e 2 Condensati on of Cl16 al cohol derived from pal moil 200 g
of pri mary02408i15a208d C16 fatty al cohol (hexadecanol), p&CIr&Ei0081950344
chloride (5 30ppm pall adiunm) and 12 g of sodi um net hoxyl ate were put
in a Parr reactor. Mxing was adjusted t9 250 rpm tenperature to 250
C and pressure to 0.5 MPa. 25 Slight nitrogen purge was mai ntai ned
to sweep out water |iberated in reaction. The condensation reaction
was carried out untjil the amount of condensed al cohol was stabilized
in GC anal ysikstorsgation (decathoxpletive eonsenwtier) was neutral i zed with

hydr ochl ori c i i e ] r LA 6] C i de.
Condensed 5 g?%{iggwgt&gg%%p%%edfuggﬂ&(ggg @%ﬁ%&cﬁggtt;ﬁé E@&#f’gﬁ%gfg
Condensat i on fatfy dcdd sonddhetSindRe fasdstofl meavipaitimeauhl other givingtketoatehaving
ket ones 10Free fatty acids were distjlled from pal moil (Prli‘%g). The
feed cont ai niCAGOBAHISA1hRAIE A8 IR Ketgnizeden maytalsabs qarmripgeout with
conti nuousgl y i -1 Mol i

ising 5 NROD TSarary SPpBlng HIEE RO ehprop RS M pl Aol 3O Qo fE T
wei ght hour | pldeppdes, valat wayey, WS etdfsaltoohfattyesdsbbi thg kebomiration Gtep,

1/h. A m xture of. both saturated and unsaturated ketones having..

o bom ohal naer dinebrEs had of Sebk AR QTS ey Raqied ey tlitional

product. ExappkghAmERRHENRAIHE 'Por%fe¥ §ﬁeﬁméngt@ﬁing(t|h£@aaﬂlqam( ¢JidEBRGORH)
S

to saturated ketones 20A mi xture of plant oil inseed ol l, soy oil,
and rapeseed said| 9aséveis pplysetonist malepyle Hy @bwinedi &n dhrdketprizatidnatcaetion ¢he

obtain fatty acid fracti C i tQ-~carb n r t.he

doul ¢ bahds PhF ¥R B5y AR5 TR VER RiEeBRe ey SIoR) S RS bdMfcuteny
pr ehydr ogenatpesderaBiefrolat @i ned ®MpPaakihereas it waHefditt irfid Yeyvdeat ik d
at atnospheric pressure, in a tubular reactor using a Mi02 on al uni na

catal yst. 255¢8itpepmianldydretvera 108z aeddh004s paaulerly mielfeiabbibesveeh00

feed being 0.9,1/h,-Sat d C3 with 1 Y t ed
stearic aci a nE00ECardGRh EonmR WEIRE Pebietitim P b WOl BR R Fom
hydr odef unct igongy s ziah | pRtiaNsHy PRTREDE AR, Do SATM! Bt 8 RAGKLARMONS

26 Feed, obtained by Ketonization acCording to exanple 1, was
subj ect ed5t o optiesllyedippyrtirdotietal waidegritly ssamiag rbeawsgdi ‘Srpiedlimetels daclude

the feed the Kk e ' t ~3. 9 Ne the 3
ket one cont alﬁ@%%%ﬁ&%&%%ggﬁ%ﬁhgﬁtég Sgﬁ, é%?\{l)cr’fgﬁ.}d/on gfl’n]be%Pg?
3.55 wt. % of Bixyaera@nehribheneid. NThe kepp@rtdisC opicllpedteping Wauditd sManfmof
oxygen. The CH step . was carried out in the presence of a Pt/ZSM 23
catal yst on &faxido Silisanerd/or guminivenpefa: The metalsisprefepbly mpdghdegum,
pressure of Sj o] : oAkt 0
N1/ 1 and wei g %E%ggé’,l ?Qg%éag%{gﬁ’vg o@?‘?ﬁp%%ﬁgf)%’gtﬁg 13.%?@‘41*%“{%&&&1%%?{&?@‘2(1
fracti onep gabingas.oPimievlady gueferabtiasie midtall isghbbbdémeaet mangdnpso ard’sr
oil) (356 - 413 O). and base 10 oiII heavi er fraction lg’i 4]113’ @) wer e
distilled as DEEHSTURSd oFHedR idshRlh RO ayneYh N sesty gatalysts g weeded
exanpl e the bgs@e RklonfzRAGH bLMWRSIGWE Aty {HiBN8bars S RRE M hnbtal b2kt in
KV100 was 5.7 mmR/s. The process conditi'ons ahd product distribution
are present edhd svafabimeots thehdtooizatiborea¢td®. di stribution is cal cul ated
fromthe organi c product phase, and water is calculated fromthe palm
ket one feed. The 15 product contained mainly nethyl branched

i sopar af f;kns A8l A8 Hsatdory % of nononapht enes. Tabl e 3 shows physi cal

properties of the base oil fractions. Table 2. Process conditions in
CH step andIpririalde! aonsdensabign istctiondha plpshescandforketqueppn thecfopgigye

condensed to give hydroxy aldehyde, or hydroxy ketone, followed by cleavage of
water yielding unsaturated aldehyde or unsaturated ketone with carbon number of
at least C18, depending on feed. Feed comprising at least one component selected
30  from the group consisting of saturated or unsaturated aldehydes, ketones, hydroxy

aldehydes and mixtures hereof, preferably saturated aldehydes and ketones are



Pt/ HZSM 23 345 C, 4 MPa 950 1.1 Gas Cl-4 Gasoline C5_10 Diesel Cl11-20
Process oWD2@BiL5280Base oil heavier fraction >C26 1120 20T992005034344
20.5 % 7.0% 36. 2% 3.4% 20 Table 3. Base oils produced from pal m oil
fatty acid Method Anal ysis Fraction >413,C Fraction 356-413 C ASTM D
4052 Density@ 15C, kg/ n8 822 811

used. The reaction is carried out in the presence of homogeneous or
heterogeneous aldol condensation catalyst. Supported alkali metal catalysts like
Na/Si0, arc suitable heterogeneous catalysts and alkali or alkaline earth metal
hydroxides, for instance NaOH, KOH or Ca(OH); are suitable homogeneous
5  catalysts. The reaction temperature ranges from 80 to 400 °C, preferably lower
temperature is used with lower molecular weight feeds and higher temperatures
with higher molecular weight feeds. Optionally solvents such as alcohols may be
used. The amount of the homogenecous catalyst to be used in the reaction varies
from 1 to 20 %, preferably from 1.5 to 19 %, by weight. Alternatively, reaction
10 conditions of the aldol condensation may be adjusted to yield hydroxyaldehydes
such as aldols as the reaction products, thus minimizing oligomerization based on
the reaction of double bonds. Branched unsaturated aldehydes or ketones having

carbon number of at least C18 are obtained.

15 Alcohol condensation
In alcohol condensation reaction, suitably the Guerbet reaction, alcohols in the
feed are condensed to substantially increase the carbon number of the
hydrocarbon stream, thus yielding branched monofunctional and branched
polyfunctional alcohols having carbon number of at least C18 respectively from
20  monohydroxy and polyhydroxy alcohols. Feed comprising primary and/or
secondary, saturated and/or unsaturated alcohols, preferably saturated alcohols is
subjected to condensation in the presence of basic catalysts of the Guerbet
reaction, selected from hydroxides and alkoxides of alkali and alkaline earth
metals and metal oxides, in combination with a co-catalyst comprising metal salt.
25  The amount of the basic catalyst varies from 1 to 20 %, preferably from 1.5 to 10
% by weight. Suitable co-catalysts include salts of chromivm(III), manganese(II),
iron(Il), cobalt(Il), lead(Il} and palladium, stannic oxide and zinc oxide, the salts
being salts soluble in water or alcohols, preferably sulphates and chlorides. The
co-catalyst is used in amounts varying between 0.05 and 1 %, particularly
30  preferably between 0.1 and 0.5 %, by weight. Hydroxides or alkoxides

(alcoholates) of alkali metals, together with zinc oxide or palladium chlorde
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serving as the co-catalyst, are preferably used. The reaction is performed at 200 -
300 °C, preferably at 240 - 260 °C, under vapour pressure provided by the
alcohols present in the reaction mixture. Water is liberated in the reaction, said

water being continuously separated.

Radical reaction

In the radical reaction, carbon chains of the saturated carboxylic acids in the feed
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 - 300 °C, preferably at 130 - 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 having carbon number of at least C18 is obtained as the

reaction product.

Condensation product

The carbon number of the condensation product depends on the carbon number of
the feed molecules as well as the condensation reaction. Typical carbon numbers
of condensation products obtained using the ketonization reaction are the sum of
the carbon numbers of the feed molecules minus one; the carbon numbers of the
products obtained using the other condensation reactions are sum of the carbon
numbers of the feed molecules. Preferably the feed contains only 1-3 feedstock
compounds of different hydrocarbon chain length; that is for example either only
C16, or only CI18, or only C20, or C16/C18 etc., or C16/C18/C20. Therefore, the
width of carbon number range of the condensation product is typically not more
than 9. The feed to the condensation step is selected so that the carbon number of

the condensation product is at least C18.
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Combined hydrodefunctionalization and isomerization (CHI)

The above obtained saturated and/or unsaturated condensation product comprising
monofunctional and/or polyfunctional compounds having carbon number of at
least C18, selected from ketones, aldehydes, alcohols and carboxylic acids and
corresponding sulphur compounds, corresponding nitrogen compounds and
combinations thereof is then subjected to combined hydrodefunctionalization and
isomerization step (CHI) in the presence of a bifunctional molecular sieve catalyst
comprising an acidic function (molecular sieve) and a hydrogenation metal,

optionally on a binder. A binder means here carrier or support.

Catalyst

A preferred catalyst in the combined hydrodefunctionalization and isomerization
(CHI) step enables dewaxing by isomerizing n-paraffinic wax molecules to
isoparaffins with boiling points in the base oil range. In the CHI step a
bifunctional molecular sieve catalyst is used. The catalyst comprises a molecular

sieve, hydrogenation/dehydrogenation metal and an optional binder.

The molecular sieve is selected from crystalline silicoaluminophosphates and
aluminosilicates, preferably comprising framework type selected from AEL,
TON, and MTT. The molecular sieve may have one-dimensional channel system,
comprising parallel pores without intersecting pores, with pore openings around 4
- 7 A, without crossing channels, which induce strong cracking activity.
Preferably the crystalline molecular sieves contain at least one 10-ring channel
and they are based on aluminosilicates (zeolites), or on silicoalurninophosphates
(SAPO). Examples of suitable zeolites containing at least one 10-ring channel
include ZSM-11, ZSM-22, ZSM-23, ZSM-48, EU-1 and examples of suitable
silicoaluminophosphates containing at least one 10-ring channel include SAPQO-11
and SAPO-41. Preferred catalysts include SAPO-11 and ZSM-23. SAPO-11 may
be synthetized according to the EP 0 985 010. ZSM-23 may be synthetized
according the patent WO 2004/080590.



* HC=hydr ocar bons Exanpl e 6 Comnbi ned hydrodefunctionalization and

i soner i zatvicomogis2smt ur at ed pal m ketone 5 Feed obt ai ned per/rr2008/050344
ket oni zati on according to exanple 1 was subjected to conbi ned

hydr odef uncti onal i zati on and i someri zat ilgn step. The catal yst
enployed in the CH step was Pt/ SAPO 11 °0n al um na binder. The
process was carried out at a tenperature of 365 C and under a
pressure of 4 MPa, using H2/HC ratio of 1250 10 NI A and WHSV of 0.8
1/ h. The process conditions and product distribution are presented in

Tabl e 4. HydrqQcarbon distribution is calculated fromthe organic
phase, and rmplectlay fleyes gy W%Wt%@psweﬁm Witk EH@Q Wée“&[f'y‘é‘?s%qm to

properties thi%mﬁenﬁy%%ﬁ%gncpﬁﬁﬁabﬁ for b E)gir%nngldéf BeWLERE BLRGHIR td Fhe

5. 15Tabl e 4. r OCEess condi tions in CH n roduct di Stri but i on

Cat al yst ReactaofinighedratddystHE IHBY tetbigkPess1(elEdsuig]). The/PmdeHate0al8 aGas
Cl4 Gasoli_ne C6-,10.Di esel Cl1l1-20 Process oi{ C21- 2? Base .0i | he%vi er
fraction 3C2aSEPE #Qs8Anic Hxidesasusd g% siiga,” alumina, silica-alumina,” and” binary

combinations of silica with other metal oxides such as titania, magnesia, thoria,

zirconia, and the like, and tertiary combinations of these oxides such as silica-

alumina-thoria and silica-alumina magnesia. The amount of the molecular sieve in

the finished catalyst is from 10 to 100 wt. %, preferably 15 to 80 wt. % based on
10 the catalyst.

Said catalysts are bifunctional, i.e., they are loaded with at least one metal
dehydrogenation/hydrogenation component, selected from Group 6 metals of the
Periodic Table of Elements, Group 8 - 10 metals and mixtures thereof. Preferable
15  metals are Groups 9-10 metals. Particularly preferable are Pt, Pd and mixtures
thereof. The metal content in the catalyst varies from 0.1 to 30 wt. %, preferably
from 0.2 to 20 wt. % based on catalyst. The metal component may be loaded
using any suitable known methods, such as ion exchange and impregnation
methods using decomposable metal salts.
20
Process conditions
The condensed product is subjected to the combined hydrodefunctionalization and
isomerization step under a pressure ranging from 0.1 to 15 MPa, preferably from
1 to 10 MPa, and particularly preferably from 2 to 8 MPa, at a temperature
25  ranging between 100 and 500 °C, preferably between 200 and 400 °C, and
particularly preferably between 300 and 400 °C, the flow rate WHSV being
between 0.1 and 10 1/h, preferably between 0.1 to 5 1/h, and particularly
preferably between 0.1 and 2 1/h, the hydrogen to liquid feed ratio being between
1 and 5000 NVI (normal liter per liter), preferably between 10 to 2000 NVI, and
30  particularly preferably between 100 and 1300 NI/I, in the presence of the above



49. 7% 3. 4% WO 2008/ 152200PCT/ F12008/ 050344 28 Table 5. Base oils
produced Wwoomogadeei | fatty acid Met hod Anal ysi s Fract imn/»dibgoée344
Fraction 356-413C ASTM D 4052 Density@b5C, kg/n8 819 810 ASTM D 5950
Pour Point, C -15 -21 ASTM D 445 KV40, /s 21.7 11.4 ASTM D 445
KV100, mm/s 4.9 3.1 ASTM D 445 VI 157 139 DI N 51581-2 GC Noack

described bifunctional molecular sieve catalyst. A fixed catalyst bed reactor, for

instance the trickle-bed reactor is suitable for the reaction.

Hydrofinishing

Optionally the product obtained from the CHI step may be subjected to
hydrofinishing in order to adjust product qualities to desired specifications.
Hydrofmishing is a form of mild hydrotreating directed to saturating any lube
range olefins as well as to removing any remaining heteroatoms and colour
10 bodies. Suitably the hydrofinishing is carried out in cascade with the previous
step. Typically the hydrofinishing is carried out at temperatures ranging from
about 150 °C to 350 °C, preferably from 180 °C to 250 °C in the presence of a
hydrofinishing catalyst, Total pressures are typically from 3 to 20 MPa (about 400
to 3000 psig). Weight hourly space velocity (WHSV) is typically from 0.1 to 5
15 1/h, preferably 0.5 to 3 1/h and hydrogen treat gas rates of from 1 to 2000 NI/1.

Hydrofinishing catalysts are suitably supported catalysts containing at least one
metal selected from Group 6 metals of the Periodic Table of Elements, Groups 8 -
10 metals and mixtures thereof. Preferred metals include noble metals having a

20 strong hydrogenation function, especially platinum, palladium and mixtures
thereof. Mixtures of metals may also be present as bulk metal catalysts wherein
the amount of metal is 30 wt. % or greater based on catalyst. Suitable supports
include low acidic metal oxides such as silica, alumina, silica-aluminas or titania,
preferably alumina.

25
After the optional finishing step, the product is passed to a distillation and/or
separation unit in which product components boiling over different temperature
range and/or product components intended for different applications are separated
from each other.

30
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Product

The saturated base oil according to the invention, comprising saturated branched
hydrocarbons typically having carbon number of at least C18, may be produced

5 from feed comprising starting materials of biological origin by the methods
resulting in the lengthening of the carbon chain of the starting material molecules
to the level necessary for the base oils. Due to the relatively long hydrocarbon
main chain and controlled level of branching, the viscosity and cold properties of
the product of invention are very good.

10
The base oils of the invention have kinematic viscosity KV100 ranging from 2
mm?/s to 6 mm?/s. The kinematic viscosity (KV100) for the heavier base oils
having carbon number higher than C26 and boiling range higher than 413°C is
about 4 - 6 mm?/s, and the viscosity index (VI) is about 140 - 165 when the pour

15 point (PP) is from about -8 to -20 °C. For the lighter process oils with the carbon
mumber of C21-26 and boiling range between 356 - 413 'C, the kinematic
viscosity (KV100) is about 3 - 4 mm?%/s and the VI is about 135 - 150 when the PP
ranges from about -8 to -24 °C,

20 The product obtained according to the invention contains saturated hydrocarbons
having carbon number of at least C18 and it is substantially free of aromatics.
Said product comprises at least 90 %, preferably at least 95 %, and particularly
preferably at least 97 %, and at best 99 % by weight of saturated hydrocarbons.
Saturated hydrocarbons are determined by FIMS as paraffins, mononaphtenes etc.
25  Typically the paraffins are 100 % i-paraffins, because C18 and longer n-paraffins
are solid at room temperature, and thus they would not be suitable as base oils.
Thus the product comprises particularly i-paraffins and contains not more than 5

%, preferably not more than 1 % by weight of linear n-paraffins.

30 In addition to i-paraffins, the base oils of the invention, having kinematic viscosity

KV100 from 2 mm?/s to 6 mm®/s comprise mono- and dinaphthenes, but typically



1 1 Paraffins i-paraffins % 100 100 n-paraffnms %0 0O Exanple 7
Conbi ned WpdoeRieRedict i onal i zati on and i sonerization of @cachmios/Bsokeed
conprising branched C32 al cohol, 2-tetradecyl - okt adecanol, obtained
from condensation of C16 fatty al cohols.py the al cohol condensation
(Guerbet) reaction according to exanple 2 was subjected to CH step.
The C32 al cohol contained about 3.43 wt.% of oxygen. The CH step was
carried out in the presence of a 10 catal yst conprising Pt/ ZSM 23 on

al um na bi ndeéw, padycyglic awplthenasy endothetsapbtlends thetkof baingrmgssed. Fasad 2

MPa, using H 0, 2000 and VHSV.0.5 1/ roces
condi ti ons a%)/éﬁg?o u§tan§¥y§{sr ﬁ‘gtﬁl}l%’/%ur‘ft ﬁ?lgalﬁﬁé?éﬁ_}a&dﬁ W@gﬁﬁep%%%?ss
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For base oils of the invention, having kinematic viscosity KV100 from 3 mm?¥s to
6 mm?/s the viscosity index is at least 120 and preferably at least 140, particularly
preferably at least 150, and at best at least 165 (ASTM D 2270). The pour point is

10 not more than -2 °C, preferably not more than -12 °C and particularly preferably
not more than -15 °C (ASTM D 97 / 5950).

Width of the carbon number range of base oils of the invention is no more than 9
carbons, preferably no more than 7 carbons, particularly preferably no more than
15 5 carbons, and at best 3 carbons (FIMS). More than about 50 FIMS %, preferably
more than 75 FIMS % and particularly preferably more than 90 FIMS % of the

base oil contain hydrocarbons belonging to this narrow carbon number range.

For base oil of the invention the wvolatility of product, having KV100 from 3
20 mm?/s to 6 mm%s, is lower than that of commercial VHVI and PAO products in
same viscosity range. This means that the volatility of product is no more than
2271.2%(KV100)-3.5373 % by weight as determined by the method of DIN
51581-2 (Mathematical Noack method based on ASTM D 2887 GC distillation).

25 Low temperature dynamic viscosity, CCS-30, for base oils according to the
invention is no more than 29.797*(KV100)>7**® cP, preferably no more than
34.066%(KV100)>*% ¢P; CCS-35 is no more than 36.108*(KV100y** cPp,
preferably no more than 50.501%(KV100)>*"® cP measured by method ASTM D
5293.

30



Di esel Cl11-20 Process oil C21-26 Base oil heavier fraction >C26 1120
13. 5% 5. 5wib DFs/152%018. 6% 35. 2% 3. 4% Table 7. Base o0il s pomaduoedsiBiom
Cl6 fatty al cohol Method Analysis Fraction >413 C Fraction 356-413 C
ASTM D 5950 Pour Point, C -21 -24 ASTM D, 445 Kv40, mR/s 18.8 11.1
ASTM D 445 KV100, mmR/s 4.4 3.0

The base oils of the invention, based on biplogical starting materials, contain
carbon “'C isotope, which may be considered as an indication of the use of
renewable raw materials. Typical ¥ isotope content (proportion) of the toial
carbon content in the predact, which is completely of biclogical origin, is at least
5 100 %. Carbon "C isotope content is determined on the basis of radinactive

carbon {carbon “*C isotope) content in the atriosphere in 1950 {ASTM D 6866).

Advantages

10 The process according to the invention has several advantages. The cbiained base
gil originates from foedstock based on renewable natural resources. Starting
materials of the process of the invention arc available all over the world, and
moresver, the ulilization of the process is not limited by significant initial
nvestments in contrast for ingtance to the GTL technology where Fischer-Tropsch

15 waxes are produced.

When compared to the technically available processes, the process of the
invention comprises a combination of a condensation reaction step with a
combined hydrodefunctionalization and isomerization step (CHI). The combined
20 process is an economic and efficient way of producing base oils from renewable

S0uUrces.

In the condensation reaction the basic hydrocarbon chain length of the feed
molecules is increased to essentially reach the viscosity ranges required for base
25 oil applications (for example KV100 of 2-4, and 4-6 mm?/s, and even heavier by

recycling the condensation product).

The process according to the invention utilizes renewable starting materials of
biological origin containing heteroatoms particularly for producing base oils, and

30 also diesel and gasoline components. In addition to traditional crude oil, a
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completely new raw material source for high-quality branched paraffinic base oils

is now provided.

The obtained base oil products 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.

According to the process of the invention, base oil containing only carbon and
hydrogen is obtained, the stability of said base oil in humid conditions being
higher than that of esters or other base oils originating of renewable natural
resources and containing heteroatoms. A paraffinic hydrocarbon component is not
decomposed as easily as esters forming corrosive acids, In addition, the oxidation
stability of the saturated base oil is higher than that of ester base oil containing

unsaturated fatty acid structural units.

A nonpolar and fully saturated hydrocarbon component, free of sulphur and other

heteroatoms is obtained.

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

without need to perform new engine tests.

The specifications for finished lubricants require base oils with excellent low
temperature properties, high oxidation stability and low volatility. Generally
lubricating base oils are base oils having kinematic viscosity of about 3 mm?/s or
greater at 100 °C (KV100); a pour point (PP) of about -12 °C or less; and a
viscosity index (VI) about 120 or greater. In addition to low pour points also the
low-temperature fluidity of multi-grade engine oils is needed to guarantee that in
cold weather the engine starts easily. The low-temperature fluidity is

demonstrated as apparent viscosity in cold cranking simulator (CCS) tests at 5 to
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no greater than current conventlonal Group I or Group 1I light neutral oils.

The product obtained by the process of the invention is mainly isoparaffinic.
Therefore the viscosity index is extremely high and pour point is relatively low. In
10 addition, naphthenes of the final product of the invention are mononaphthenes and
non-fused dinaphthenes. In the Slack wax and VHVI products of the prior art, the
dinaphthenes are mainly fused. The VI of fused naphthenes is poorer than that of
non-fused naphthenes. It is known that the non-fused naphthene rings are
desirable as components of base oils since their VI is reasonably high but the pour

15 point low.

In addition to pour point and viscosity mmdex, the relationship of isoparaffins and
1-2 ring naphthenes to 3-6 ring naphthenes seem to play the major role in cold
cranking. If too high amount of multiring naphthenes are present, they give higher

20 CCS-30 values since they are present as an extremely viscous liquid. Furthermore,
if normal paraffins are present after hydroisomerization, they give high CCS-30
values by crystallization and thus inhibiting the liquid to flow. Multiring
naphthenes are missing in the product of invention, thus its low temperature
fluidity is enhanced compared to mineral base oils.

25
The base oil according to the invention has high viscosity index, which leads to a
significantly decreased need of high price additives like Viscosity Index
Improvers (VII) or in other terms Viscosity Modifiers (VM). It is commonly
known, that the VM causes highest amounts of deposits in vehicle engines. In

30  addition, reduction of the amounts of VII results in significant savings in costs.



VWHSV PUSAPO- 11 356 C, 3.9 MPa 2000 0.5 Gas Cl-4 Gasoline C5-10 Diesel
Cl1-20 PrW@S83/552100C21- 26 Base oi |l heavier fraction >C2@CHRR0GS/NG44
3.5% 25.4% 12. 0% 55. 2% 3. 4% 10 Table 9. Base oils produced from
unsaturated palmoil fatty acids Method;fnal ysis Fraction >413 C
Fraction 356-413 C ASTM D 4052 Density@5C, kg/nB

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
lubricating oils are longer and they can be used in the colder environment than

lubricants based on the conventional base oils.

5
Also, because the base oil according to the invention is non-toxic, contains no
sulphur, nitrogen or aromatic compounds typically present in the conventional
mineral oil based products, 1t may more safely be used in applications where the
end user is exposed to oil or oil spray.

10

The invention is further illustrated in the following examples, however it is

evident that the invention is not limited to these examples only.

Examples
15  Example 1

Condensation of fatty acids derived from palm oil to saturated ketones

Palm oil was hydrolyzed and double bonds of the fatty acids derived from palm
oil feedstock were selectively prehydrogenated. The obtained saturated fatty acid
20 was continuously ketonised at atmospheric pressure, in a tubular reactor using a
MnO; catalyst. Temperature of the reactor was 370 °C, the weight hourly space
velocity (WHSV) of total feed being about 0.8 1/h (h'"). A mixture of saturated
ketones having carbon chain lengths of C3;, C33 and Css was obtained as the
product.
25
Example 2

Condensation of C16 alcohol derived from palm oil

200 g of primary saturated C16 fatty alcohol (hexadecanol), palladium chloride (5
30 ppm palladium) and 12 g of sodium methoxylate were put in a Parr reactor.

Mixing was adjusted to 250 rpm, temperature to 250 °C and pressure to 0.5 MPa.
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Slight nitrogen purge was maintained to sweep out water liberated in reaction.
The condensation reaction was carried out until the amount of condensed alcohol
was stabilized in GC analysis. After reaction the product was neutralized with
hydrochloric acid, washed with water and dried with calcium chloride. Condensed

(32 alcohol was obtained as reaction product.

Example 3

Condensation of fatty acids derived from palm oil to unsaturated ketones

Free fatty acids were distilled from palm oil (PFAD). The feed containing both
saturated and unsaturated fatty acids was continuously ketonised at atmospheric
pressure, in a tubular reactor using a MnO, catalyst. Temperature of the reactor
was 370 °C, the weight hourly space velocity (WHSV) of total feed being about
0.6 1/h. A mixture of both saturated and unsaturated ketones having carbon chain

lengths of C31, C33 and C35 was obtained as the product.

Example 4
Condensation of stearic acid fraction (C;7H3;sCOOH) to saturated ketones

A mixture of plant oils (linseed oil, soy oil, and rapeseed oil) was pretreated by
hydrolysis and distillation to obtain fatty acid fractions according to carbon
numbers and the double bonds of the CI18 acid fraction were selectively
prehydrogenated. The obtained stearic acid was continuously ketonised at
atmospheric pressure, in a tubular reactor using a MnO, on alumina catalyst.
Temperature of the reactor was 360 °C, the WHSV of the feed being 0.9 1/h.
Saturated C35 ketone with 12 wt. % unconverted stearic acid was obtained as the

product.

Example 5§

Combined hydrodefunctionalization and isomerization of saturated palm ketone
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Feed, obtained by ketonization according to example 1, was subjected to
combined hydrodefunctionalization and isomerization. In the feed the C35 ketone
contained about 3.16 wt. % of oxygen, the C33 ketone contained 3.34 wt.% of
oxygen and the C31 ketone contained 3.55 wt.% of oxygen and the palm ketone
5  contained about 3.4 wt.% of oxygen. The CHI step was carried out in the presence
of a Pt/ZSM-23 catalyst on alumina binder, at a temperature of 345 'C and under a
pressure of 4 MPa, using hydrogen to hydrocarbon (Ho/HC) ratio of 950 NI/l and
weight hourly space velocity (WHSV) of 1.1 1/h. The obtained fractions,
gas/gasoline, diesel, base oil lighter fraction (process oil) (356 - 413 °C) and base
10 oil heavier fraction (> 413 'C) were distilled as separated fractions under reduced
pressure. In this example the base oil fraction was cut at higher temperature, thus
KV100 was 5.7 mm?%s. The process conditions and product distribution are
presented in Table 2. Hydrocarbon (HC) distribution is calculated from the
organic product phase, and water is calculated from the palm ketone feed. The
15  product contained mainly methyl branched isoparaffins and about 3-7 % of

mononaphtenes. Table 3 shows physical properties of the base oil fractions.

Table 2. Process conditions in CHI step and product distribution

Catalyst Reactor T, P H./ HC WHSV
Pt/HZSM-23 345 °C, 4 MPa 950 1.1
Gas Gasoline | Diesel | Process oil Base oil H,0
heavier fraction
Cra Cs.10 Ci120 Cat26 >Cog
20.9 % 154 % 20.5 % 7.0 % 36.2 % 3.4%

20 Table 3. Base oils produced from palm oil fatty acid

Method Analysis Fraction >413 °C | Fraction 356-413 °C
ASTM D 4052 | Density@15°C, kg/m’ 822 811

ASTM D 5950 | Pour Point, °C -17 24

ASTMD 445 | KV40, mm®/s 26.5 12.3

ASTMD 445 | KV100, mms 5.7 33

ASTMD 445 | VI 162 140

DIN 515812 | GC Noack 2.6 21.4




Exanmple 9 CH of C35 ketone with residual acidity 5 A m xture of

ket one haworegostsemon chain | ength of C35 cont ai ni ng abo®CTAI26s/0%03860
oxygen, with 12 wt. % of stearic acid containing 11.25 wt. % oxygen,
obt ai ned by inconplete conversion in ketsonization carried out
according to procedure as described in eéxanple 4 was subjected to CHI
in order to evaluate the influence of fatty acid on isonerization.
The feed contained 4.1 w_ %of oxygen in 10 total. The | _process
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ratio of 2000_N1/1 and VWHS 5. 1/.h._The proces8onditilon®8and

product distfibution are pt@&ented in Tablle 10. 48 dr ocariban

di stributionfTs cal cul at efig§EHOHm Or gani ¢ pnase, 35% Wat en |
cal cul at ed fromfeed ketohean cl The physig

of produced bgserad HEract PEREINGr e presentled in @bl e 11. dBabl e 10.

Process condjt o1 CHI'T aldofpheted di stiributign Cat gl y7st React or
g@&é 22 y .

T, P H2/ HC { - . 000 5 Gas—GC Gasoeline
C5-10 Diesel | C11-20 Procep9in@plicnss1_ 26 Basle oi|l Beavi er |friacti on >C26
H20 6.2% 4. 0% 37.8% 9. 0% 4§91§z8§)clic naphthenes 0 0
Paraffins i-paraffins % 100 100
n-paraffins % 0 0

* HC=hydrocarbons

Example 6

Combined hydrodefunctionalization and isomerization of saturated palm ketone

Feed obtained by ketonization according to example 1 was subjected to combined
hydrodefunctionalization and isomerization step. The catalyst employed in the
CHI step was P/SAPO-11 on alumina binder. The process was carried out at a
temperature of 365 °C and under a pressure of 4 MPa, using Ho/HC ratio of 1250
10 NI and WHSV of 0.8 1/h. The process conditions and product distribution are
presented in Table 4. Hydrocarbon distribution is calculated from the organic
phase, and water is calculated from the palm ketone. The physical properties of

the produced base oil fractions are presented in Table 5.

15  Table 4. Process conditions in CHI and product distribution

Catalyst Reactor T, P H,/ HC WHSV
Pt/SAPO-11 365 °C, 4 MPa 1250 0.8
Gas Gasoline Diesel Process Base oil H>O
oil heavier fraction
Ci4 Cs.10 Cr1.20 Caz.26 >Cag
7.8 % 3.5% 282 % 10.7 % 49.7 % 3.4 %
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Table 5. Base oils produced from palm oil fatty acid

160 149 DI N 51581-2 GggNoack 4.4 25.9 WO

Method Analysis Fraction >413 °C | Fraction 356-413°C
ASTM D 4052 | Density@15°C, kg/m’ 819 810
ASTM D 5950 | Pour Point, °C ~15 -21
ASTMD 445 | KV40, mm’/s 21.7 11.4
ASTMD 445 | KV100, mm?s 49 3.1
ASTM D 445 | VI 157 139
DIN 51581-2 | GC Noack 6.0 28.9
ASTM D 2887 | GCdist., °C
10 % 414 348
50 % 456 391
90 % 475 455
Saturated HC | paraffins 81 87
{ FIMS %) mononaphtenes 17 12
dinaphtenes 1 1
polycyclic naphthenes 1 1
Paraffing i-paraffins % 100 100
n-paraffins % 0 0
Example 7

Combined hydrodefunctionalization and isomerization of alcohol

Feed comprising branched C32 alcohol, 2-tetradecyl-oktadecanol, obtained from

condensation of C16 fatty alcohols by the alcohol condensation (Guerbet) reaction

according to example 2 was subjected to CHI step. The C32 alcohol contained

about 3.43 wt.% of oxygen. The CHI step was carried out in the presence of a

catalyst comprising Pt/ZSM-23 on alumina binder, at a temperature of 366 °C and
under a pressure of 4.2 MPa, using Hy/HC ratio of 2000 NI/l and WHSV 0.5 1/h.

The process conditions and product distribution are presented in Table 6. The

physical properties of produced base oil fractions are presented in Table 7.
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Table 6. Process conditions in CHI and product distribution

Catalyst Reactor T, P H, HC WHSV
Pt/ZSM23 366 °C, 4.2 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil H;0
heavier fraction
Cig Csao Ci120 Car26 >Cas
13.5% 5.5 % 271 % 18.6 % 352 % 34%

Table 7. Base oils produced from C16 fatty alcohol

Method Analysis Fraction >413 °C | Fraction 356-413 °C
ASTM D 5950 | Pour Point, °C -21 24
ASTM D 445 | KV40, mm’/s 18.8 1.1
ASTMD 445 | KV100, mm’/s 44 3.0
ASTM D 445 VI 147 135
DIN 51581-2 GC Noack 8.5 30.9
ASTM D 2887 | GCdist,°C
10 % 405 346
50 % 443 -
90 % 453 444
Saturated HC paraffins 90 90
(FIMS %) mononaphtenes
dinaphtenes
polycyclic naphthenes
Paraffins i-paraffins % 100 100
n-paraffins % 0 0
Example 8

Combined hydrodefunctionalization and isomerization of unsaturated palm ketone

Unsaturated palm ketone obtained by ketonization of unsaturated palm oil fatty

acids according to example 3 was subjected to CHI step. In the feed the C35

ketone contained about 3.16 wt. % of oxygen, the C33 ketone contained 3.34

wt.% of oxygen and the C31 ketone contained 3.55 wt.% of oxygen and the

unsaturated palm ketone contained about 3.4 wt.% of oxygen. The CHI step was
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Catalyst Reactor T, P Hy HC WHSY
Pt/SAPO-11 356 °C, 3.9 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil H,O
heavier fraction
Ciq Cs10 Cii-20 Ca126 >Ca6
39% 3.5% 25.4 % 12.0 % 55.2 % 34%

10

Table 9. Base oils produced from unsaturated palm oil fatty acids

Method Analysis Fraction >413 °C | Fraction 356-413 °C
ASTM D 4052 | Density@15°C, kg/m’ 822 811
ASTM D 5950 Pour Point, °C 2 -16
ASTM D 445 [ KV40, mm’/s 21.9 11.5
ASTM D 445 | KV100, mm*/s 5.1 3.2
ASTM D 445 VI 173 158
DIN 51581-2 GC Noack 6.5 30
ASTM D 2887 | GCdist., °C
10 % 411 345
50 % 453 -
90 % 477 453
Saturated HC paraffing 87 87
(FIMS %) mononaphtenes 12 16
dinaphtenes 1 3
polycyclic naphthenes 0 0
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Example 9

CHI of C35 ketone with residual acidity

A mixture of ketone having carbon chain length of C35 containing about 3.16

wt.% oxygen, with 12 wt, % of stearic acid containing 11.25 wt.% oxygen,

obtained by incomplete conversion in ketonization carried out according to

procedure as described in example 4 was subjected to CHI in order to evaluate the

influence of fatty acid on isomerization. The feed contained 4.1 wt.% of oxygen in

total. The CHI process was carried out in the presence of Pt/ZSM-23 on alumina

binder, at a temperature of 363 °C and under a pressure of 4.0 MPa, using Hy/HC
ratio of 2000 NI/1 and WHSV 0.5 1/h. The process conditions and product

distribution are presented in Table 10. Hydrocarbon distribution is calculated from

organic phase, and water is calculated from feed ketone and fatty acid. The

physical properties of produced base oil fractions are presented in Table 11.

Table 10. Process conditions in CHI and product distribution

Catalyst Reactor T, P H,/ HC WHSV
Pt/ZSM23 363 °C, 4.0 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil H,0O
heavier fraction
Cia Cs.ao Ci120 Cai26 >Cay
6.2 % 4.0% 378 % 9.0 % 43.1 % 4.1%
Table 11. Base oils produced from C18 fatty acid
Method Analysis Fraction >413 °C | Fraction 356-413 °C
ASTM D 5950 {Pour Point, °C -8 -18
2
ASTM D 445 | KV40, mm®/s 24.1 12.5
el
ASTM D 445 | KV100, mm’/s 5.3 3.4
ASTM D 445 [VI 160 149
DIN 51581-2 |GC Noack 4.4 259
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ASTM D 2887| GCdist, °C
10% 422 351
0% 469 -
90 % 471 468
Saturated HC  |paraffing 91 90
(FIMS %) mononaphtenes 9 8
dinaphtenes 0
polycyclic naphthenes 0
Paraffins i-paraffins % 100 100
n-paraffins % 0 0

Example 10 (Comparative)
Separate hydrodefunctionalization and isomerization with Pt/ZSM-23 catalyst of

saturated palm ketone

Feed obtained according to example 1 was subjected hydrodefunctionalization.
The reaction was carried out with NiMo at pressure of 4.0 MPa, temperature of
265 °C, WHSV 1.0 1/h, Hy/HC 500 NU/l. The product was then subjected to
isomerization carried out in the presence of Pt/ZSM-23 on alumina binder at a
temperature of 333 °C and under a pressure of 4.0 MPa, using hydrogen to
hydrocarbon (Hy/HC) ratio of 700 NI/l and weight hourly space velocity (WHSV)
of 1.4 1/h. The obtained gas/gasoline, diesel, process oil (356 - 413 °C) and base
oil (> 413 °C) fractions were separated by distillation. Table 12 shows the process
conditions and product distribution. Hydrocarbon distribution is calculated from
the organic phase. The physical properties of produced base oil fractions are

presented in Table 13.

Table 12. Process conditions in the isomerization step and product distribution

Catalyst Reactor T, P H, HC WHSV
Pt/ZSM23 333 °C, 4.0 MPa 700 1.4
Gas Gasoline | Diesel | Process oil Base oil
heavier fraction
Ciq Cs.10 Crx Coi26 >Cas
17.5% 213 % 2125 7.9 % 32.2%
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out with NNM at pressure of 4.0 MPa, tenperature of to 265 C, WHSV
1.0 1/h and H2/HC 500 NVI. The product of hydrodefincttionalization
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ASTM D 445 VI 153 126
DIN 51581-2 | GC Noack 4.4 33.1
ASTM D 2887 | GCdist,, °C
10 % 431 355
50 % 453 384
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Saturated HC | paraffins 91 79
(FIMS %) mononaphtenes 9 19
dinaphtenes 0 2
polycyclic naphthenes 0 0
Paraffins i-paraffins % 100 100
n-paraffins % 0 0

Example 11 (Comparative)
5  Separate hydrodefunctionalization and isomerization with Pt/SAPO-11 catalyst of

saturated palm ketone

Feed obtained according to example 1 was subjected hydrodefunctionalization.
The reaction was carried out with NiMo at pressure of 4.0 MPa, temperature of
10 265 °C, WHSV 1.0 1/h and HyHC 500 NVI. The product of
hydrodefunctionalization was then subjected to isomerization carried out in the
presence of the Pt/SAPO-11 on alumina binder at a temperature of 344 °C and
under a pressure of 3.9 MPa, using Hy/HC ratio of 2000 NI/l and WHSV 0.5 1/h.
The gas/gasoline, diesel, process oil (356 - 413 °C) and base oil (> 413 °C)
15  fractions were separated by distillation. The process conditions and product
distribution are presented in Table 14. The physical properties of produced base

oil fractions are presented in Table 15.



VHSV Pt/ SAPO-11 344 C, 3.9 MPa 2000 0.5 Gas Cl1-4 Gasoline C5-10

Di esel

CIWO2008458208ss o |

9. 5% 39. 5% 10. 4% 34. 0%

Met hod Anal ysis Fraction >413 C FractioRs 356-413C ASTM D 4052
Densi ty@5C, kg/n8

10

C21- 26 Base oi
Tabl e 15. Physi cal
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heavi er fract iPEA/EIZ0PH05084469,

of base oils

Table 14. Process conditions in isomerization step and product distribution

Catalyst Reactor T, P H,/ HC WHSY
Pt/SAPO-11 344 °C, 3.9 MPa 2000 0.5
Gas Gasoline | Diesel | Process oil Base oil
heavier fraction
Cia Cs.10 Cii20 Cai26 >Cy
6.6 % 9.5% 39.5% 104 % 34.0 %
Table 15. Phiysical properties of base oils
Method Analysis Fraction >413 °C | Fraction 356-413°C
ASTM D 4052 | Density@15°C, kg/m’ 819 808
ASTM D 5950 | Pour Point, °C -14 -26
ASTM D 445 | KV40, mm’/s 234 11.6
ASTM D 445 | KV100, mm’/s 5.3 3.2
ASTM D445 | VI 169 149
DIN 51581-2 | GC Noack 5.6 30.0
ASTM D 2887 | GCdist., °C
10 % 415 346
50% 456 -
90 % 488 454
Saturated HC | paraffins 93 92
(FIMS %) mononaphtenes 7 8
dinaphtenes 0 0
polycyclic naphthenes 0 0
Paraffins i-paraffins % 100 100
n-paraffins % 0 0

The comparative examples 10 and 11 show production of base oils from

biological origin via an alternative route with separate heteroatom hydrogenation

and wax isomerization. The yield of the desired product is also enhanced by the

CHI step, as shown in following example 12 where yields of products run

similarly to pour point close to -15 °C were compared to each other.




819 808 ASTM D 5950 Pour Point, C -14 -26 ASTM D 445 KV40, mm2/s 23. 4
11. 6 ASTMVE 812800, nmR2/s 5.3 3.2 ASTM D 445 VI 169 PEI/HEHRAW/050344
51581-2 GC Noack 5.6 30.0 ASTM D 2887 GC dist., C 10% 415 346 50%

35

Example 12

Process yields

The yield distributions of products prepared as described in examples 1-11 were
5  determined by GC distillation (ASTM D2887). The products were distilled to
determine the pour point of the fraction boiling above 413 °C. Yields of products
with pour point close to -15 °C were compared to each other. Results are shown in
Figure 2. In the examples two different SAPO (A) and (B) and two different ZSM
(A) and (B) catalysts were used. With the same catalyst i.e. either SAPO-11 (B} or
10  ZSM-23 (A), the base oil yield was particularly high with ketone feed (containing
C31, C33, C35 ketones) compared to corresponding palm wax feed (containing
C31, C33, C35 n-paraffins). The ZSM-23 catalyst in Examples 9 and 7 (= ZSM
(B)) was less acidic when compared to ZSM-23 in Examples 5 and 10 (= ZSM
(A)), and therefore yield is higher in Examples 9 and 7. In Example 9 the feed

15 contained stearic acid, and therefore amount of diesel fraction is higher.

Example 13

Carbon number distributions

20 The proportion of hydrocarbons in certain carbon number range of the base oil
product is dependent on distillation. The carbon number distributions of 5 mm?¥/s
VHVI (413-520 °C cut) and the base oils of invention (>413 °C cut) are shown in
Figure 3. The carbon number distribution of the base oils according to invention is
narrower than that of conventional VHVI base oil when distillation is cut in

25  similar manner at > 413 °C corresponding to C26 paraffin. The carbon number
distribution of the base oil in Example 5 is the narrowest, due to high cut (448 °C)
in distillation (Table 3). It contains mainly i-C35, i-C33 and i-C31.

The width of carbon number range of the final product can be calculated as the
30  difference of the carbon numbers of the largest and the smallest molecules plus

one, measured from the main peak in FIMS analysis. This means that the main
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| -paraffins % n-paraffins %0 100 0 0 100 O 5 The conparative

exanpl es 10 and 11 show production of bage oils from bi ol ogi cal

origin via an alternative route with separate heteroatom
hydrogenation and wax isonerization. The yield of the desired product
Is al so enhanced by the CH step, as shown in follow ng exanpl e 12
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were compar e%ottﬁatecaﬁlh?apih?eénd 9 ﬁg’aks are taken into account. The amount of base oil in

this narrow carbon number range is calculated from these peaks.

5 In addition to the narrow carbon number distribution, the base oils of the
invention contain also higher amount of higher boiling fractions compared to the
conventional product of same viscosity range (KV100 about 5 mm/s?), as shown
i Figure 3 (Carbon number distributions). The lower boiling components with
carbon number < C31 are due to cracking in isomerization. The higher boiling

10 compounds enhance VI. In the base oils of the invention there is no “heavy tail”.
The VHVI base oil has lower boiling paraffing and higher boiling paraffins, the
main peaks being C28 and C29.

Example 14
15 Volatilities of the products

The proportion of hydrocarbons in certain carbon number range and therefore the
volatility of the base oil product are dependent on distillation. Noack volatilities
of PAO, VHVI and base oils of invention (= KETONE ISOM) are shown in
20  Figure 4. The volatility of the base oil products of the invention (= KETONE
ISOM) are clearly lower than that of the PAO and VHVI. The points are obtained
from base oil products in the examples 5-9, and the equations are obtained by
Excel program as power function. Equations are drawn in Figure 4 in different
styles as Power (curve name) shows.
25
Example 14

Low-temperature fluidity

Low-temperature fluidity of multi-grade engine oils is needed to guarantee that in
30 cold weather the engine starts easily. The low-temperature fluidity is

demonstrated as apparent viscosity in cold cranking simulator (CCS) tests at -5 to
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10Tabl e 16. CCS val ues of base oils Method Analysis EX5 EX11 VHVI
PAO ASTM D5293 CCS at -25C (cP) 1115 3438  ASTM D5293 CCS at -30C
(0) 1830 1855 2700 2300 ASTM D5293 CCS at -35C (eP) 3228 3185 5100
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Claims.

1.

2,

A process for producing base oils, characterized in that the process
comprises the steps where feedstock derived from starting material of
biological origin is subjected to a condensation step selected from
ketonization step,

and  subsequently  subjected to a  combined
hydrodefunctionalization and isomerization step, and
the ketonization is carried out under the pressure front 0 to 10 MPa, at the
temperature from 10 to 500 °C, in the presence of supported metal oxide
catalyst and the feedstock is selected from fatty acid esters, fatty acid
anhydrides, fatty alcohols, fatty aldehydes, natural waxes, metal salts of

fatty acids, dicarboxylic acids and polyolss

The process according claim 1, characterized in that the combined

hydrodefunctionalization and isomerization step is carried out under



ASTM D 445 KV100, mm2/s 5.7 5.3 5.0 5.7 15 20 dains. 51. A process
for producing base oils, characterizedgin that the process conprises
the steps where feedstock derived fromstarting material of

bi ol ogical origin is subjected to a condensation step selected from
ket oni zati on step, andsubsequentl ysubj ect edtoaconbi ned

10hydr odef uncti onal i zati on and isonerization step, and the

ket oni zation is carried out%gnder the pressure fromO to 10 MPa, at

the tenperature fFEIFTOTPH GdgodS MY Nelhgrtesasigire frosudpbre e8076s &

oxi de catal yst a ) e K] fr.om: cid e I
fatty acid anhyd? ?%E[s}%e‘}(get ?f;ﬁ gﬁg%ﬁfﬁ@?L:ﬁ%&?gcoé#@g%{%é{s?éa%a Tr'a teBl s
waxes, netal sal tssevefseldafeatt frpmasliugsnostlicansboxydilicadahidspaaghpes vl s
20 25 39 pressure from0.1 to 15 MPa, at the tenperature from 100
to 500 C, in the lpiskoendeetal sefceicd divat Comen Ocadadyldt mewhppl Gienleriadic
| east one nol ecul ]es&emgmgmsect ed fromal um nosilicates and

si | i coal’'um nophosphates”and at | east one netal selected from Goup 6
and 8-10 nmetals of the Periodic 5Table of Elenents. 3. The process
according to claim1 or 2, characterized in that in the conbined
hydr odef unct i ohaliNEaPiosEsSafeFordBaeR Haith dn ok teprhxacteriaed riat atmsihy s
from0.1 to 10 1/ |i: 004 e 10: 1.8 fto.
105000 N1/1. 4. %Elél%ﬁfeg?{@?é 8%%@%%1“%5%:99&“% Kot g lé?@gcﬁgr”i Y
in that the bifungHSoBI{raatlal wsI0 Fhapd hs@seai td kast fexieraivlieguhal to
sieve selected fromzeolites and silicoal um nophosphates, at |east
one netlfl sel ect 6899 MNith 15Group 9 or 10 netals of the Periodic Table
of Elenments and a binder. 5. The process according to any one of
claims 1 - 4, characterized in that after the conbined

hydr odef unct i ohallihzapicesssandedrgiogerd zdih0r ot €p QRAFRAAIzed in that the
hydr of i ni shi ng st&p Is carried out, and the product is passed to a
20di sti || ati on ahipPoeticiahatatysiosprupfises phlopsti a1 melsaver sisvnprderied §om
boiling over dif ar e rated frrom each,.
oebr %6 e o SEUEE! ghETEIALHBOLRIAENE Sy BRE, Al el PDERE o

charactiéri zed i nGrbag 9ohe(heassbodie PsiodR) Baledr Elediantdhdds OiHBer.
consisting of: 25a) plant fats, plant oils, plant waxes; aninmal fats,

animal oils, aninal
5. The process according to any one of claims 1 - 4, characterized in that

after the combined hydrodefunctionalization and isomerization step
optional hydrofinishing step is carried out, and the product is passed to a
20 distillation and/or separation unit in which product components boiling

over different temperature range are separated from each other.

6. The process according to any one of claims 1 - 5, characterized in that
the feedstock is selected from the group consisting of:
25 a) plant fats, plant oils, plant waxes; animal fats, animal oils, animal
waxes, f1sh fats, fish oils, fish 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,

30 transesterification or pyrolysis, and



waxes, fish fats, fish oils, fish waxes, and b) fatty acids or free
fatty acids obtained fromplant fats, 4pl ant oils, plant waxes; aninmal
fats, animal oils, animal waxes; fish fats, fish oils, fish waxes,
and m xtures thereof by hydrolysis, 30transesterification or
pyrolysis, and 40 c) esters obtained fromplant fats, plant oils,

pl ant waxes; animal fats, animal oils, aninml waxes; fish fats, fish

oils, fish waxes, ereof b terlflcatlon

d) netal salts of fcgt teﬁtegcélﬁ%’n%%? Qilh@ﬂmfefl‘ E’Pgﬂﬁs’fpét“% W”ﬁle%rr?t“”?}afgts
plant Swaxes; ani mal fHafgal &, BIme héxeANfidRlEaaKes oilkl $ilth f\/@{tﬁas bhgh
oils, fish waxes, and m xtures thereof by saponification, and

anhydr| des of fatty a@llﬂﬁli¢Srlbm€pfhntraiﬁm@nfpata:rm aod | s, pI ant vvaxes
fish fats

ani mal . fats, anlrral oi | i mal, waxe S
waxes, and m xt ur est Hbeiﬂogﬁns gﬁ&atzﬁv’a?c)”?se%lttéwgd émlpt?étas% p]a”t OITS ppﬂ‘“
esterifiscation of freeqkastanidsl B, Qtftm%laeﬂk aﬁtm'ff%ax%‘dﬁgﬁ fsths Qfsh il
with al cohols, and g) fatty al cohol's or al dehydes obt ai ned

reduction product s of ﬁfslatht'lyesa(andim1Ktumatbttanfbj’ sepepifilaton, amldl s pl ant
waxes; animal fats waxe fish oi |l s,

fish waxes, and m @u?%@%l&’?&ﬁ Ei fipm P@%?ﬁfédpkgﬁgf yridg vares

and oils, and fats, Ohnht%aétf‘r%hsw%ﬁﬁﬁq OQﬁﬁ'dﬁﬁﬁalb%aQ@@eﬁs!1Cf££'9ﬁ§}P%{lb Nfsh
i) dlcarboxyllc aci ds or pol'yol's including diols, r oxyket ones,

hydr oxyal dehydes and mypaenrpe ankivxas therealG hdd, and 20] ) m xtures of
said Stgrt ing mat erd' a!as%érs 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
15 thereof, and
h) recycled food grade fats and oils, and fats, oils and waxes obtained
by genetic engineering,
1} dicarboxylic acids or polyols including diols, hydroxyketones,
hydroxyaldehydes and hydroxycarboxylic acids, and

20 j) mixtures of said starting materials.



