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content and a high viscosity index starting froma vacuumdistillate 5

f eedst ock. Background of the invention US-A-5976354 discloses a process to
make base oils having a high viscosity index (VI) and a | ow aromatics
content froma waxy distillate feedstock. The majority of 10 the aromatics
are first renoved by nesrrcrds sul weEPAREXRI BUBRDOATTRE BX$E agtiied oil is
subsequently subjected to a hydrotreating step followed by a catalytically
dewaxi ng step and finally to a aromatics saturation step. A disadvantage of
the process of PHSA159733bAds dnhat 15 when base oils are to be nade havi ng
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feed as for exanplehdestridied iimdER- At324528. ftqmtaevelcsmhosmtllnramess

sl ack feed Es f|{ st, hydrocracked/ hydroi sonerised and the resultant oil
product is 25 s %je% to a catalytic dewaxing step followed by a

hydrotreating shepkgfodhsasitaagavehtiba process described in EP-A-324528

i s that aIthougTThlgh VI _base oi]s are
-5976354 discloses a process to make base oils

having a high viscosity index (VI) and a low aromatics
content from a wazy distillate feedstock. The majority of
( 10 the aromatics are first removed by means of solvent
extraction. The extracted oil is subsegquently subjected
to a hydrotreating step followed by a catalytically
dewaxing step and finally to a aromatics saturation step.
A disadvantage of the process of US-A~5973354 is that

15 when base oils are to be made having a high VI the yield
will drop dramatically. This is due to the more severe
solvent extragtion and hydrotreating process conditions
which are requifed in order to arrive at the high VI base
oil.

20 An alternative processing route to high viscosity
index base oils i1s by starting from a slack wax feed as
for example described in EP-A-324528. In the disclosed
process slack-wax feed is first hydrocracked/
hydroisomerised and the resultant oil product is

25 subjected to a catalytic dewaxing step followed by a
hydrotreating step.

A disadvantage of the process described in
EP~A-324528 is that although high VI base oils are
prepared the yield on feed is still not high.



prepared the yield on feed is still not high. 2 3 FEB 2007 WD 2005/ 083039
PCT/ EP2005/ 050792 - 2 EP-A-921184 discloses a process in Egg end of
o

a waxy dlﬁfdidoﬁﬁ)@og@edstock and a Fischer-Tropsch wax coegk £0792
predom nately of nornmal paraffins is subjected to a hydrocracking process.

The hydrocracked blend is 5 subsequently._subjected to a sol vent dewaxi ng
step. It was shown that higher VI base oils are obtained using this
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prepared froma Fischer- Tropsch wax and their use in |ubricant
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having a hi gh sa{difAtasConlaty andraski ghiV ak@ 8p2RiRbahuyigy depfarting
froma vacuumdi stillate feedstock. Sunmary of the invention This object

has been achi e@@ﬂ&iqm ferdFigigkoniieyevprotbes yiPAgcessbase ppepare a
lubricating base, Jlfevc! W the’ o%raﬂtl‘(%e‘&o%gnﬁo% %ﬁ@ﬁ%té@@ﬂﬁﬁ%ﬁ%nf" and

a 25 viscosity index of greater t starting froma “vacuu I'late
f eedst ock by perfeorbilianyl tdie rficldraii g xystgpsillajkecantatisaiget-HEr v@schum
distil h@te feec(listolcvke b}h an extraction solvent selective for extracting
aromat i

US~A-6576120 describes a process wherein a partly
isomerised FPischer-Tropsch wax is catalytically dewaxed

using a Pt-ZSM-5/silica containing catalyst to a base oil

having a pour point of -30 °C and a VI of 151.

15 US-A-6080301 and US-A-6165949% disclose base o0il as
prepared from a Fischer-Tropsch wax and their use in
lubricant formulations.

The object of the present invention is to make a base
.01l having a high saturates content and a high VI in a
20 high yield starting from a vacuum distillate feedstock.

Summary of the invention

This object has been achieved with the following
process. Process to prepare a lubricating base oil having gf?
a saturates content of greater than 20 wt% and a
25 viscosity index of greater than 100 starting from a
vacuum distillate feedstock by performing the following
steps:
(a) contacting the vacuum distillate feedstock with an
extraction solvent selective for extracting aromatic
30 compounds from the vacuum distillate,
(b) mixing the extracted oil obhtained in step (a) with a

feed comprising of more than 50 wt% wax or



30 conmpounds fromthe vacuumdi stillate, (b) m xing the extracted oi
obtained in ste a) wwth a feed conprising of nore than 50 r WO
2005/ 083039‘Vﬂ@?<5)5A§?§33850792 3 conprising of nmore than 80 W”ﬁ/ys%% ¥ins
‘and having a pour point greater than 0 C, (c) hydrotreating the blend
obtained in step (b), (d) catalytically déﬁhiing t he hydrotreated oi
obtained 5 in step (c) to obtained the lubricating base oil and (e)
contacting the dewax@M®fisifg HlamaicondtEarc$ s ater afi parefdfangsandDet ai | ed
description of the i i ﬁggyi b FXi ng a waxy and or
10 paraffinic feed t%?f%ﬁégﬁtractégﬁgﬁfE%%%H%?iﬁggpo%hﬁgh VI base oil can
be significantl{c) nprpdeet raaiing s hexfligintedbtsynelhle ihastephdb) t he paraffins
in the waxy fee fo Fi scher - Traopsch wax, w LI, enhance the VI.
Thus the sever?cti%/ o%a%%%(ﬁ{?%%%olé/eewrﬁm@ﬁ Fg}? ﬁlgﬁrgﬁaeflﬁgdlglgya?gﬁ%%‘?rrent
may be reduced resulinngtém am oxeraddairddhere divbryicakdngDetakl €41 and
description of the invention The vacuumdjstillate feed to step (a) is
suitably a fra&?)onCTEﬁ???&F?r£%?1 PLLE DI NG r aRGE2LLEEN a 20 feed
is also referred to asta@rief alatysdi stillate. The base oil boiling range
boils suitably above 350 and nore typically above 370 C. Fromdistillate
feeds it is ST dpsehi @k gt pFetRiEiPhavi ng a ki nemati c
viscosity at 100 C i 1.y het 2_and 15 cSt.
Such distillate fee épg?ggp?géfgr aﬁ%ﬁ’gﬁg&&%@gia‘sﬂﬁﬁ yat%?lgnogf a suitably
m nerallCcrude petradfeuarsbeedetattiat nrsipheried prigs sihee ydeddi tticohs ghTHe

residue thus obfaiped;is sHbseauently: LA NS hsidd dnis 1o exprained

by the fact that the paraffins in the waxy feed, for

example a Fischer—-Tropsch wax, will enhance the VI. Thus
the severity of both the solvent extraction and the

15 hydrotreatment may be reduced resulting in an overall
higher oil yield.

Detailed description of the invention

The vacuum distillate feed to step (a) is suitably a

fraction boiling in the base 0}1 boiling range. Such a

20 feed 1s also referred to as a Eineral waxy distillate.
The base o0il boiling range boils suitably above 350 and
more typically above 370 °C. From distillate feeds it is
possible to prepare base 0il products having a kinematic
viscosity at 100 °C of above 2 cSt and typically between

25 2 and 15 c¢5t. Such distillate feeds are preferably
cbtained by distillation of a suitably mineral crude
petroleum source at atmospheric pressure conditions. The
residue thus obtained is subseguently further distilled
at vacuum pressure conditions in tc one or more waxy

30 distillate fractions and a so-called vacuum residue.
These waxy distillate fractions can be suitably used as
feed to step (a). The feedstock preferably has an initial
boiling peint in the range of from about 500°F. (260 °C)



at vacuum pressure conditions in to one or nore waxy 30 distillate fractions
and a so-called vacuumresi due. These waxy distillate fractl B

suitably we@dogmssdieed to step (a). The feedstock prefergigye r@mazzm tial
boiling point in the range of from about 500F. (260 C) 2 3 FEB g

2005/ 083039 PCT/ EP2005/0. 2 4 to about £50 F. (343 C) and a 9596b0|llng
point generally in the range of 800 F. (427 C) to 950 OF (510 ©. In step

(a) aromatics taf apexkl acbedrbysgontact bpg & hess pdepdsd qgeda i th a suitable
extraction solvent. These grocesses are we| | known_ in base oil

manuf act ur i ng%ﬁ’@raérlé’ i8r teRamprecdescPPbedti MIlbrfedm Hdse’®i | and Wax
Processi ng, Av(|5| i n@c§eque| ra, Jr, Marcel Dekker Inc., New York, 1994,
Chapter 5. Swtabl e solvents are well 10 known, as are process conditions.
Conmon suitable dal werps BhChndleat\koetayda quylrra)d:teahbrtar darrfarr@ing phenol

and sul phur dioxi d Ln th rocess r esent nvent| n a |l ess severe
extraction is T&FCS %éj&k Sr"gsegaﬁﬁz a]f)g?s ﬁ’é% %b"w%? of e HW%iati cs cont ent
of the waxy 1priafdiseat @rEeGd$EOEKonﬁe§lﬁ b@s@eoiﬁniﬁah&dfécﬂﬁi&:ﬁrﬁ% hy@ Xy

oi

distillate feedstock in step (a). In ste ](e%&_the extract ed as obt ai ned
in step (a), aR% dP% §X65‘B|1€| ﬁeé%hﬁ??cén PRE1 Gt PRt Obkizfithdia¥ eedst ock

i's bl ended wi tﬁ}o%efs%‘i@lgcoﬂ%ﬁhﬂgseﬁuggrgm@rt hagr 801 Wi MgX B conpri si ng
of nore than 80 wt % of ™ paraffins and having a pour point greater than 0 C.

The feedst ocReenplogired 12A 4t hEhppPbeEsS - ofuihrbiavepl YOS pred erebl y cont ai ns
greatgg than ghout, 7%ha\r%ﬁ§og%gan aE@Mﬂ&EkSné.ee?o ALELS0 Iy has a pour

poi nt of 25 greater even nore preferably nore
solvents include N-methyl-pyrrolidone, furfural, phenol

and sulphur dioxide. In the process cf the present
invention a less severe extraction is allowed, preferably
less than 50 wt% of the aromatics content of the waxy

15 raffinate feedstock needs to be removed from said waxy
distillate feedstock in step (a}.

In step (b) the extracted o0il as obtained in

step (a), which is poor in aromatics relative to the
original feedstock is blended with a feed comprising of

20 more than 50 wt%'wax or comprising of more than 80 wt% of
paraffins and having a pour point greater than 0 °C. The
feedstock employed in the process of the invention
preferably contains greater than about 70% wax. The
paraffinic feed more preferably has a pour point of

25 greater than 10 °C and even more preferably more than
30 °C. The paraffinic feed more preferably comprises of
more than 80 wt% paraffins and even more preferably more
than 90 wt% paraffins, wherein the paraffins may be
normal and/or iso-paraffins.

30 Examples of the above described feed are synthetic
clls such as prepared by the Fischer-Tropsch synthesis
process, high pour point polyalphaolefins, foots oils,

synthetic waxes such as normal polyalphaolefin waxes,



30 C. The paraffinic feed nore preferably conprises of nore t??@g %
oot

paraffins re preferably nore than 90 wt % paraff n the
paraffins ﬁggzg"é?"%ﬁ“g? and/ or iso-paraffins. 30 Exanpl esP(%[?E]PH e
descri bed feed are synt heti c oils such asprepared by the Fischer-Tropsch

synthesis process, high pour point polyalphaoleflns foots oils, synthetic
waxes such as narnal polyal p aol efj n_waxes, FEB 2007 2005/ 083039

PCT/ EP2005/ 050793_?@_@3 e}s/ acCE3 S0l | \W&%&Céﬁa ﬁﬁx\oﬁervaﬁﬂ i ne
waxes. Foots aidotiss cpirlepiar gk epy reepariatddig reitlinkr aﬁmf ﬁﬁ:oﬂxaﬁrpl Bxafp B ack
wax. The isolated oil is ref%rred to as foaqts 0|I referred waxy feed
are slack waxe? RAFCKy “EXax "Rt st Hove 36 \‘fvf%3§n °nBPefpPEFerably
above 70 % Ajpreferred paraffinic feed are those obtained in the

Fi scher-Tropsch process. Mire preferably a partly isonerised
Fi scher 2Tropsch dei FeERIRBEES waged . feaﬁ?/@sﬁmgl,@@ksﬁéﬁeé baw@hg aseaeri sed

wax a | ess sev | yi i nefi ci al
for the final q{)as%%f)t?lélf Eﬁ?(ﬁe X&Wa di t| on ?’%%B% %@PHS 28 % tly

i sonerised Fi s@hq:’r—e'ﬁreapssfnh eeva fifsi rtiatfadd |as:ammseeabltla§tnédamﬁpﬂhéed fr om
the typi cal Fi_sche Tro sch I at| on t.0 base oil manufacturing
| ocati on. Then%asr Qlts]’%‘?%srcf ed e\fé'gﬁﬁ’s daP8agt h?!’eferred toin
this applicati qrb@ﬁerETsé/&meefﬂ—Pmi@scﬁhejexﬁ%e\aﬁx:)éxR@fsf Laake pyefigfably has

an initial boiling point of greater than 300 C and a T95wt % recovery
boi | i ngd®0 poi MY SF hdtdkely 45PMHIE BOD & Thd 954 teySrsoraEPSEHICWaAX i s

different from&m{l@%{ -Paraldd i X it halsd s RRseitehat kel ynhbarge oil
content and a relative

' final base oil yield. An additional advantage of using a
E partly isomerised Fischer-Tropsch wax is that it is more
easily transported from the typical remote Fischer-

15 Tropsch location to the base oil manufacturing location.
The partly isomerised Fischer-Tropsch wax is also
referred to in this application as FT Waxy Raffinate. The
FT Waxy Raffinate preferably has an initial boiling peoint
of greater than 300 °C and a T95wt% recovery boiling

20 point of between 450 and 600 °C. The partly isomerised
wax is different from a normal-paraffin wax in that it
has a relatively large oil content and a relatively
smaller wax content, wherein the wax content is
indicative for the presence of normal paraffins.

25 The wax content as used in this description is
measured by solvent dewaxing at -27 °C in MEK/Toluene.
The wax content of the FT Waxy Raffinate is preferably
above 5 wt%, more preferably between 10 and 80 wt%, even
more preferably between 20 and 60 wt% and even more

30 preferably below 40 wt%. The FT Waxy Raffinate is
suitably prepared by hydrocracking a wax as cobtained in
the Fischer-Tropsch synthesis reaction and recovering the

above distillate or residual fraction from the effluent



smal |l er wax content, wherein the wax content is indicative.for the presence
of normal paraffins. 25 The wax content as used in this descript@qqai 07
measur ed byweabosggiezslewaxi ng at -27 C in MEK/ Tol uene. ThepowgErPWenésam: of
the FT Waxy Raffinate is preferably above 5 w% nore preferably between 10
and 80 wt% even nore preferably between 80-and 60 wt % and even nore 30
preferably below 40 wt % The FT Waxy Raffinate is suitably prepared by

hydr ocracki ng arwaxeasyabbairaedting stbp.FEsehpledr opsehisypihests reaction
and recovering the above distillate or resi duill fraction fromthe effluent
2 3 FEB 2007 WPFoG665F683689PPERPEL26857 0807808 1PMEhESHY dF bRFRRXKT ng st ep.
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Fi scher- Tropsch wax are disclosed in W-A-02070630 and in EP-A- 0668342. An
exanpl e of a cOAf8Rdlal Pp g¥ampdlsl eIFT wargescRallynavel iebByOST Mooy
Raffinate as o i 1O el sLa) . T. 0, of
t he par%ffinicagggpg?k%aéﬁ gg?% h@%ﬁggggggh%ggthg ?g?gfﬁgg%% %?@t%%g?%) i's
preferably betbpsenMalagadis)) B0 Biare preferably between 5 and 10 30 wt %
and even nore preféi; ably between 5 and 15 W% It Zas been found that even
with such rel ati vel %‘esﬁ\épltenﬁnﬁ’ nt8eoP2par At P fi 879 8?0Va\?\?éx€e?%ed a

rel atively |argemponengase thebaseadl fekidekd kseachipved phenetsbendi ng to
prepare the higher VI base oils. It is also found_that 15 waxy distillate

f eedst ocks, whPekvged Pegads it #d b o"RERe PTERETRPEH bETHESR 8i#Rd nay
neverthgl ess fisgd ARPLALEALIAN kel BEREESSRY LBYGALHOR. Al BbeR4CITis
generally operated to renove nitrogen and sulfur fromthe blend obtained in
step (b). Thishas been found that even with such relatively small

amounts of paraffinic and/or waxy feed a relatively large
increase in base o0il yield is achieved when intending to
prepare the higher VI base oils. It is also found that

15 waxy distillate feedstocks, which are less suited to make
the high VI base oils, may nevertheless find application
in the present invention.

In step (c) is generally operated to remove nitrogen

and sulfur from the blend obtained in step (b). This

20 process 1s referred to as hydrodesulfurization/ (302 °C)
hydrodenitrogenation, HDS/HDN. Generally speaking, the
HDS/HDN is conducted at a temperature in the range of
from about 575 °F (302 °C). to about 780 °F (416 °C). Qﬁ
Usually, the temperature will be in the range of from

25 about 600 °F. to about 760 °F (404 °C). Preferably, the
temperature will be in the range of about 625 °F
(329 °C). to about .730 °F (388 °C). Hydrogen will
generally be present at a hydrogen partial pressure in
the range of from about 150 psig to about 3500 psig, and

30 total pressure will generally be in the range of from
about 200 psig to about 4,000 psig. Usually, hydrogen

partial pressure will be in the range of from about



20 process is referred to as hydrodesul furization/ (302 C

hydr odeni t rogenati on, HDS/ HDN. General |y speaki ng, the HDS/ H%%ii:%%&ggduct ed
at a tenpe™Pala B} he range of from about 575 OF (302 ACT/ERGUCH 760 OF
(416 _ Usually, the tenperature will be,in the range of from 25 about 600
F. to about 760 OF (404 C). Preferably, the tenperature will be in the

range of about 5 CF (329 O ..t out , 730 (388 O. drogen wi | |
general ly be pﬁgéeﬁﬁlgt g ?‘%Psggﬁgﬁaw?% apfedshreat npr%’_g%uﬁ:%ﬁ@euoqu rom
about 150 psi g iin0 takowkngd5s08t PSirem aﬁdusomotp&igg@ésa}ssm 1so@eneral |y be

in the range of from about 200 psig to about 4,000 psig. Usual I'y, hydrogen
partial pressure whe Beight theurdkgerasef¥oheabbies WWBBO5/ D8308gably

PCT/ EP2U057050'412 ¢ 389 PSE 9 £L-Q 2oyt . 14 i gea t essure w ||
be in the ran(j}e oPéf rromggbgﬁt 488 gé?gt%oggbgﬁt8§5§glg?|gg.ﬂtfﬁée c\?\ii ght
hourly 8pace velageiltyisespeVHSYhri dkgdilvhbly &ndtheefeangelefffooni & ido 10 kg

of oil per litre of catal yst _per. hqg (kagll/hr and_.preferabl romoO.5
to 5 kg/l/hr, 5%‘%412%1'63% 3, PRECsIgbLY, %QEJPOBRE/F?h?'gnEQ/ﬁ%‘f o%fé% to oil
ratios in the mangegeh toomilO@atao2008 thekresnoé bydreganipertditre of oil.

A preferred catglyst ,havin S/ HDN act i vi under. 10 these conditions
generally, a n -O?@obllé'f-rﬁﬁt gF é’ﬁllrgﬁﬁflnﬁerH%FFﬁ\PéaPégyst. Sui t abl e HDS/ HDN

catal ysts general | & pGeHPF+&Q @buaﬁpgtpﬁashhbcmsyym«nacawi%%rﬁrydéir oup VIl
and/or Goup VIB netals as the catalytically active agent. st preferably,

t he catdl yti calthesgctiore iHbSREDNEISTadelt RsPeBIrBePed-FESmM T el i bubng

consi sting of | A UMe,4G I e i st en.
The Goup VIII H(yg’cnpone%ltég %r@él |5§ﬁ§§r§}’%%i ggg/ggguggg%%ptggga %ﬁ%%ooo by

wei ght, preferaimprabeuelinipvaalgutsilica alumina and carry Group VIII
{' and/or Group VIB metals as the catalytically active
agent. Most preferably, the catalytically active HDS/HDN
15 agent is selected from the group consisting of
nickel/molybdenum, cobalt/molybdenum and nickel/tungsten.
The Group VIII component generally comprises about
0.1 to about 30% by weight, preferably about 1 to about
15% by weight of the final catalytic composite calculated
20 on an elemental basis. The Group VIB component comprises
about 0.05 to about 30% by weight, preferably about 0.5
to about 15% by weight of the final catalytic composite
N calculated on an elemental basis.
The hydrogenation components of the HDS/HDN catalyst
25 will most likely be present in the oxide form after
calcination in air and may be converted to the sulfide
form if desired by contact at elevated temperatures with
a reducing atmosphere comprising hydrogen sulfide, a
mercaptan or other sulfur containing compound. It is
3¢ preferred that the catalyst(s) used in the HDS/HDN zone
is essentially free of any noble metal such as platinum
or palladium. Further disclosure of possible catalysts

and operating conditicns are described in detail in the



15% by wei ght of the final catalytic conposite calculated 20 on an
el emental basis. The Goup VIB conponent conprises about 0.05 to about 30%
by wei ght, preferably about 0.5 to about 15% by wei ght of the final

catal ytic ' cal cul ated on an el enental basis. Th glﬁ% i on
conponent§g§58&ﬁ%é§ﬁ6/HDN catalyst 25 will nost likely b Cﬁ% % ﬁmgﬁéthe
oxide formafter calcination in air and gay be converted to the sulfide
formif desired by contact at elevated tenperatures with a reducing

contalning comBSRIMERELE 530 Ust Sr @y 8 Saat “PHETc REALISOESPuSEd 1 the
HDS/ HDN zone iirccagsaatieal by g rehcany noble netal such as platinum or

pal | adium Further disclosure of possible catalysts and operating
conditions are destEPhd®)i AsdeeaifloTrgd: A WBE2005568%639PETAEL BR85! | 792

© 5 afor e- enid et VAt indnn sl eBrlyblicatlanpiasclagqrporated by

reference. Step (c) I's per med in the presénce of a suita dewaxi ng
catal ysts, whitchecatgaingotis aad sdvefter abnprs shegerogedecus agatsdbkyst snd

conprising a nol.ecwH ar, si.eve and ptionally _in ogb'na.ion with a netal
v ng & Chydrdanieidy Finasir-Slon i tehe RSl i edal s hol ecul ar
si eves, and nuneirsigcraltiyn MercwEdnt euehr @s shze Gzeol ves I havaishown a
good catalytic ability tg 10 reduce the pour g&int of the base oil precursor

fraction unddfolERHAF St FERaxidNg FOFEG CPIRERL LY, drdeIpefiehé PPREer nedi at e

pore size zeold{Rs RaMQtaNonRwH aRLer a0fooleloaren Q135 aa1d3i0,8+BMm
Suitable internmediate pore size zeolites are ZSM5, ZSM 12, ZSM 22, ZSM 23,
SSzZ- 340 15 zSmssamdheskdg, Refinthioch thsvbese zdl Precegmex? fragtzos? are

most pref erred, hecausg L9t +theideaddindd @ddlitions. Preferably the

intermediate pore size zeolites have a pore diameter of
between 0.35 and 0.8 nm. Suitable intermediate pore size
zeolites are ZSM-5, ZSM-12, 2ZSM~22, ZSM-23, S8Z-32,

15 ZSM-35 and ZSM-48, of which ZSM-12, ZSM-23, 2ZSM-22,
8572-32 are most preferred because of their additional
isomerisation selectivities. Another preferred group of
molecular sieves are the silica-aluminaphosphate (SAPO)
materials of which SAPC-11 is most preferred as for

20 example described in US5-A-4859311. ZSM-5 may optionally
be used in its HZSM-5 form in the absence of any
Group VIII metal. The other molecular sieves are
preferably used in combination with an added Group VIII
metal. Suitable Group VIII metals are nickel, cobalt,

25 platinum and palladium. Examples of possible combinations
are Ni/zSM-5, Pt/ZSM-23, Pd/ZSM-23, Pt/ZSM-48 and
PL/SAPO~-11. Further details and examples of suitable
molecular sieves and dewaxing conditions are for example
described in WO-A-9718278, US-A-5053373, US-A-5252527 and

30 US-A-4574043.

The dewaxing catalyst suitably also comprises a
binder. The binder can be a synthetic or naturally

occurring {inorganic) substance, for example clay, silica



i sonerisation selectivities. Another preferred group of nolecul ar_sieves
are the silica-al uni naphosphate (SAPO) materials of which SAPCE 11EB 900Fost
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Pd/ ZSM 23, Pt/ galkfAB-ape +RE/ RARChd L1 TURI beraflgt i d 5y anel eranml ]lehOJ

suitable nolecul ar sieves and dewaxi ng conditions are for exanp
described in WOiAC8T18278r cO8rALSH5337Brows- ML ERER SRt amnihl 30fdiS- A- 4574043.

The d i ' j bi nd The bind b
Synthetic of natorBiry S behrLEREy( PRETBRT " CibsTAREELST - Txanpl e clay.

silica 2 3 FEBa20fInW) 2005£88303RiRLT/ EPPOOSIOSOIOR:a,; HilidwH or neta
oxi des. l\latural.occur.ring,gl,ayt re.for .exanple of the nontnori|lonite and
joicFath

kaolin fanilie&**FRE 2pi PETRr abt v &2 PoF B 1R noetl ik i @15 or

exanpl e a refraet aey10%sdeehathi ebnBy 8Dl 88s aF 6 SxAhHIE N9 1 Sld i ca-al uni na,
silica-magnesia, silica- zirconia, silica-thoria, silica-beryllia,
silica-titani a2l88iRérthasiper ALy CeonpesiPronsr $oRiexafpl Ecaidiweina-

al um na-thori apaghkiGa- 2hHMsAa: 2L F98has1 8L £l Rl UM RA: g&gggéi ‘
siIica-nagnesigggircqnia. Nbrelprefegagf§ a 10 [ow aci |? re ré%%%?%ioxide
bi nder 1fuat eri alowhiechdisy esfeatitaklyokide bindtuniabersalisduiclbExbanpl es of

t hese binder L g r ilica Lrconia, titanium di oxi de, er mani um
di oxi de, boriaggﬁggﬁﬁxﬁﬁgegrgﬁ P%oaééhﬁégel%quE&'néxg%pies of thekd
binder materials are silica, zirconia, titanium dioxide,

{ germanium dioxide, boria and mixtures of two or more of
these of which examples are listed above. The most

15 preferred binder is silica.

A preferred class of dewaxing catalysts comprise

intermediate zeolite crystallites as described above and
a low acidity refractory oxide binder material which is
essentially free of alumina as described above, wherein

20 the surface of the aluminosilicate zeolite crystallites
has been modified by subjecting the aluminosilicate
zeclite crystallites to a surface dealumination
treatment. These catalysts may be advantageously used
because they allow small amounts of sulphur and nitrogen

25 in the feed. A preferred dealumination treatment is by
contacting an extrudate of the binder and the zeolite
with an aqueous solution of a fluorosilicate salt as
described in for example US~A-5157191 or US-B-6576120.
Examples of suitable dewaxing catalysts as described

30 above are silica bound and dealuminated Pt/ZSM-5, silica

bound and dealuminated Pt/ZSM-23, silica bound and

dealuminated Pt/Z5SM-12, silica bound and dealuminated



t hese of which exanples are |listed above. The nost 15 preferred binder is
silica. A preferred class of dewaxing catalysts conprise inter inar

zeolite cry¥®a¥s0833% as descri bed above and a | ow aci di t YPGTEER2H6: xi de
bi nder material which is essentially free of alum na as described above,
wherein 20 the surface of the aluminosiTi¢8te zeolite crystallites has been
nodi fi ed by subj ecting the alumnnosilicate zeolite crystallites to a
surface deal unPRAEFYNZ2: resatifentexamhése dsficd s imay hd-ddvidit2dgeous| y used
because they akbow ggBl4yanmounts of sul phur and nitrogen 25 in the feed. A
preferred dealum nation treatnent is by contacting an extrudate of the

bi nder and the zeoPrtferyed lradalagiieobsswolautdaortaft @f Impdreasillsrcc atieveal t  as

described in for ex |l e US- A 5157191 US- B- 6576120. anpl es of suitable
dewaxi ng cat al %tgeg’gg%s r I@egjom’fjtgbo&g"earaev%"?%%ac%y fﬁt?edé’dfloﬁrﬂenat ed
Pt/ ZSM$5, siligalebavad siwkh«laal wretatredh R /sAGM12% t9Hdrd da Duncrand

deal um nated Pt/ ZSM 12, silica bqund and deal unm nated 23 Feb 2007 WO
2005/ 083039 PCTPEPZROSI 85I smallerotimy Ao\ o ag defherRiafsl ydd i bed

i n US-B- 6576120 adyr B By @-ffﬁ’:ra%fteircgr?dﬁ@f@i)alﬂﬂé BrRihGRnt ent of
mol ecul ar sieve of between 5 and 40 wt% The average crystal size of the 5
mol ecul ar si evéefrbnpgetevabny theahigh tindrere 8 pemt aprabprtefdr.dbl y

smal | er than Ozltﬁglé s; fledel @ﬁ%{iﬁérﬁﬁ%hi&/{alée%w X-ray diffraction (XRD)

| i ne broadeni ng ni qué usi ng I'nt peak at about 20.9
2-thet®in the XRDCdt&iyaod idewapdnigecr riidi tGatrad \Hiee dewaxiing tdenditd ons are
known in the att, a0d: LYP| $a 1061l Al QPRI AU NG L SRR A Wres . the range
of from 200 to 500 °C, suitably from 250 to 400 °C,
hydrogen pressures in the range of from 10 to 200 bar,
preferably between 20 and 100 bars. The weight hourly
15 space velccities (WHSV) is suitably in the range of from
0.1 to 10 kg of ©il per litre of catalyst per hour
{kg/1l/hr), and preferably from 0.2 to 5 kg/l/hr, more
preferably from 0.5 to 3 kg/l1/hr and hydrogen to oil
ratios in the range of from 100 to 2,000 litres of
20 hydrogen per litre of oil.

The dewaxed o0il is contacted in step (d) with an
aromatics saturation catalyst under aromatics saturation
conditions. The aromatics saturation catalyst comprises £l
preferably. Generally the aromatics saturation catalyst

25 comprises oxides of platinum and palladium supported on
an alumina matrix. To provide selectivity for aromatic
molecules, the matrix usually contains dispersed zeolite
which has a pore size for preferentially reacting
aromatic molecules. Generally, only small amounts of

30 platinum and palladium are used. The aromatics saturation

catalyst will generally contain in the range of from

about 0.1 wt % to about 5 wt % platinum and in the range



range of fr\?&&b%m% 3600 bar, preferably between 20 and 1 wei ght
hourly 15 space velocities (WHSV) is suitably in the rang lto
10 kg of oil per litre of catalyst per hoyr _(kg/l/hr), and preferably from
0.2 to 5 kg/1/hr, nore preferably fromO0.5 to 3 kg/l/hr and hydrogen to oil
ratios in the range of fro to 2,000 1itr of 20 hydrogen per ljitre of
oil. The devvaxé% girf)mi gfg%%ﬂ][ igfewat ih <1 ePUH ei\n"fth %r?a%aéﬁgﬁ'c?as%ﬁ%rati on
catal yst under car ereiheasadabed @it onf mengh 11 ons. The aromatics saturation
catal yst conpri ses gr ef er abl%}lﬁ Gener al I%/ca% he aromatics saturation catal yst
25 conprises oxi deSP Fab?%‘?ﬂl Gt et | S Uk SAbhort et h (B iRy
matrix. To provi,de sekeekbyédy3sreargmtp s rdRhery! €514 F@qé@a{dgﬁ Yual 'y
y

of from200 to 500 :C, suitably from250 to 400 C, hydrogen p gggj%ﬁ% in the
0‘5@2 W62

contains dispersed zeolite _which has a pore size for preferentia
reacting arondtrd ABleanfedsl Ghermdty porigrapdy | faomuki® of 3 plGt i num

and pal | adi um | t o) lyst-w Il generally
contain in the%ﬁlgng’ggg?tgggnﬁé%%%%%&g?ifvﬁﬁé ofl%%rgaji[ﬁg%vt'g opkfaa’?iannuc{m and in
the range 2 3 BEBf20051yWDs 2005¢10830393CTT BPROOSIOSY IS -bdd. Wfe from
about 0.1 wt V%%Va%g(ugﬁggnm% g/% H@I aglg@%gggggof%ligﬁ?nrzﬁgérM| ht of

nmetal. Operating tenp urée conditions i not

exceed 350 C ardtpngker pbkyhosri tkdhe. Hanged ofuiSabIwm <50 attee 35thda nore
preferaBIy from 180 tg 300 _C Zhe operating pressure may range from10 to
250 barYand préf8r oPytPsbi k3{he range of from 20 to 175 bar. The WHSV may

range fromO0.1 to LQakerplaihgPaie lbidfs s Sa1-AbYStrdeIndPUsasiKI/ | . h) and
suitably is in the range
distillates and the paraffinic and/or waxy feed, for
: example FT Waxy Raffinate, to remove the sulfur and
nitrogen in step (c) can be achieved at about the same
15 hydroprocessing conditions (pressure, temperature, space
velocity, hydrogen circulation rate) as selective
dewaxing in step (d}. A high degree of aromatic
saturation in step {(e) can also be achieved at these same
hydroprocessing conditions. This makes it feasible to
20 hydrotreat, dewax and remove the majority of feed
aromatics in three sequential reactors in a reactor train
forming a process unit as illustrated in detail in the
afore mentioned US-A-59876354. If desired, the last two
steps can be inceorporated in the same process unit, e.g.
25 the same reactor vessel.

The desired lubricating base oil having the high
viscosity index of especially between 100 and 135 is
recovered from the effluent of step (d}. Such recovery
suitably involves fractionation of the effluent to obtain

30 a gaseous fraction and at least one liquid fraction as
the lubricating base cil product. Fractionation can be

attained by conventional methods, such as by distillation

of the effluent from the second reaction zone under



10 from 0.5 to 6 kg/l.h. Hydrotreating the blend of solvent refined waxy
distillates and the paraffinic and/or waxy feed, for exanple

Raf f i nat e, wig2o0e0y® t he sul fur and nitrogen in step (C)P@@naggﬂggﬁ%@ved at
about the sane 15 hydroprocessing conditions (pressure, tenperature, space

velocity, hydrogen circulation rate) as del ective dewaxing in step (d) . A
hi gh degree of aromatic saturation in step (e) can al so be achi eved at

these sane hygdnReass g cf@adbbuota§es§1bf§ ”@Ee’éhéﬁefe§§b@h§159
hydrotreat, dewax and renove the majorit ed aromatics in tﬁree

sequential redttdns Iierﬂuéeldeﬁéteéﬁuﬁf?al hnc¥WWﬁgV9CBPBc§é§5hhpg asd
il lustrated in,gefal 'dls'htlﬁ%tl%or?Ls”ﬁ%hoﬁﬁgtéﬁlﬁ agi83a4. H}edes' red, the

last two steps can be incorporated in the same ptrocess unit; . 25 the
sane react or v@ssm:t.nt'ﬂt’aé @ésrtheddhabnﬂ.d:aten@rba&;@om( )hawaget bellar:glad

vi scosity i ndex speci_al:l en.l nd 135 is__recpver fromthe
ef fl uer?t of stst’aupC c};)%apc §5ch %’5@%\9\,\$ygl§gf%g T’y Fﬁ%SV\%gS g%ét ?e‘gﬁati on of the
ef fluent to ohiedin<d) v sgaseays kiadebbobyantdak haaspoapepbigyi dokraeki on as

the lubricating base oil product. Fractionation can be attained by
conventional rEFYHoRISS @ERIAS3EHOFi-stillation of the effluent from the

second reaction zang wWader o\0s20054083039q RAFLME- SBBF4Rave A2poatmospheric
or reduced pressure- O these, distillation under reduced pressure

i ncl udi ng vacRAATY a%%hﬁfdoa’ndmvaé:uaﬁﬁdm@ﬁIPﬁ?iféﬁabils’ hedewsarfably
obpl o The Al RALLR) Ol st Ll she deock Lonl sl dalarerselect o0 S
viscosity indesndnd pad. Meientyikebsity ifoyk sagegrapphkbpali ahove 90
and more preferably between 100 and 135. The saturates
content is preferably above 90 wt%, more preferably above
95 wt% and even more preferably above 98 wt%. The sulphur
15 content is below 100 ppmw, preferably below 50 ppmw, more
preferably below 20 ppmw.

The invention will be illustrated by means of a
calculated example. In this example it is aimed at
preparing a base o0il having a saturates content of 98 wt%

20 and the viscosity index of 115-118 by means of a process
according to the main claim and by means of the same
process but without blending any FT Waxy Raffinate to the
solvent extracted oil. The FT Waxy Raffinate used in this
simulation is the Shell MDS Waxy Raffinate having the

25 properties in Table 1. The content of Shell MDS Waxy
Raffinate in the blend is 10 wt%.

Table 1

Shell MDS Waxy Raffinate

Flash point (°C) 225
Wax content 15 wt3
Congealing point (°C) 42




The base oils as produced preferably have a pour point of below -18 C and
nore preferably below -27 C. 10 The kinematic viscosity at 109 q:‘EBsz

pref erabl y voetewensods and 15 cSt. The viscosity index is prefere gd

and nore preferably between 100 and 135. The saturates content is
preferably above 90 w% nore preferably above 95 wt% and even nore
preferably above 98 wt % The sul phur 15 content is bel ow 100 ppnw,

preferably bel aweBOpppovssimy efeqiRfc@kalllsy) kalwew 20 mppmwr Eegeravention will
be illustrated by neans of a  calculated exanple. In this exanple it is

aimed at prepdPi-i§nh BREEAGT 1O ARh GYATSHTFAEY S5fPe B Softo98ewt % 20 and

the viscosity beé%ra&dlié d1& P dRADS Ofe & RITOGASSie 3ECONndisNgalot he main
cl ai mand by neans of the same process but w thout bl endi ng any FT Waxy

Raffinate to t h@sesehgenthexyieakd exf dities Tl nggk 6 tRpfsf iwagt @bgsdd in this

I hel
Tabl e 10 The cOu SRt oF SRERT NS Ty R as e Bk, MG o,

Table 1 Shell KBSwWaxyeRaltinatin Hasivepoiit i@lR2E béﬁxae(s@ntzl@manlB wt %
Congeal i ng poi t2 &g)c 42 2 3 FEB 2007 WD 2005/ 083039 PCT/ EP2005/ 050792 - 13
When processi ng dstock (i) alone a rather severe solvent extraction and

hydrotreating stepwhas %Qo@@ssﬂﬁjfﬁd&@:ﬂﬂg aldlaihd araehitawe aeVl val ue of
>115. As a base case t él eld of these conbi ned steps was about 5 60 w %

on feed. The dORSETTEdyFBPH akebetBET B AP BEH BT EMting in an
overal hgyi el d @f, etWegRmaftald required in order to arrive at the same

base o0il quality. This results in an oil yield in the
extraction/ hydrotreating steps of between 75 and 80 wt%.
Because some wax is introduced via the waxy feed, and
less wax if the FT waxy Raffinate is used, a slightly

15 less selective dewaxing step is expected having a oil
yield of between 70 and 75 wt%. The overall oil yield was
between 63-70wt% which is considerably higher than when
no FT Waxy Raffinate is added to the feed of the
hydrotreating step.



52 wt % When processing according to the invention we observed that a | ess
severe solvent extraction/ 10 hydrotreatnent is required in ord?apgpzaﬁrive
at the same base oil quality. This results in an oil yield in e
extraction/ hydrotreating steps of between 75 and 80 w % Because sone wax
is introduced via the waxy feed, and_mggsg wax if the FT waxy Raffinate is
used, a slightly 15 |l ess selective de ing step is expected having a oi
yield of between 70 and 75 W% The overall oil yield was between 63-70wt %
whi ch i s considerably higher than pwhern, gy T Waxy Raffinate is added to the
feed of the hydrotreating step. 223 FEB 2007 - 14 CL Al MS 1. Process
to prepare a lubricating base oil having a saturates content of greater

t han 90 vvth) and, a vij sc%si 'ltgy i_ndex rea}ier t.han_ 90. ftarti ng froma vacuum
[] gy

f
distillate " feedstock by ertorm ﬁg%fuﬁel?% I ot %%S%t%jps:h?‘é])n ont act i ng the

vacuum di s¢atdaite: eedsiconk ofi lrcaierexhoacpontsodvend sed@editne for
extracting, aromatjc conpounds fromthe vacuumdistillate ‘%b m Xi ng the

extract ed bifSopthid&d et ey CF) SWPER1aY FESR 2ofpriet nig of - W6t'€ t han 50

W % wax or r &l d Sl g, Rfr f5E nthane88cmt % ofigparaffi ns and having a pour
point greater than 0 C, (c) hydrotreating the blend obtained in step (b),

(d) catal yt# tal 43 devieXiong eh& avpdrotli 65t edabr | fobtateed with step (c) to
obtai ned the 'Lgﬁﬂfggﬂthtgﬁﬁﬁéﬁﬂ s20d -6 6L %ﬁgt$§{££@kf devaxed. oi | with

an aromatics saturation catalyst; wherein t eed conprising nore than 80
Wt % par af fi ns amdipounds from the vacuum distillate,

{b) mixing the extracted cil obtained in step {(a) with a
feed comprising of more than 50 wt% wax or comprising
of more than 80 wt% of paraffins and having a pour
point greater than 0 °C,

(c} hydrotreating the pblend obtained in step (b),

{d) catalytically dewaxing the hydrotreated oil obtained
in step {(c} to obtained the lubricating base ©il and

{e) contacting the dewaxed c¢il with an aromatics
saturation catalyst;

wherein the feed comprising more than 80 wt% paraffins and

a pour point of greater than 0 °C in step (b} is a partly

iscmerised Fischer-Trepsch wax having a wax content of

between 10 and 80 wt%.

Z. Process according to claim 1, wherein the feed
comprising of more than 50 wt% of wax in step (b) 1is a

slack wax.

3. Process according to claim 2, wherein the partly
isomerised Fischer-Tropsch wax has a wax content of between

20 and 80 wt%.



a pour point of greater than O Cin step (b) is a partly isonerised

Fi scher-Tropsch wax having a wax content of between 10 and 80 gt FEB 207
Process according to claim1l1, wherein the feed conprising of nore than 50
wt % of wax in step (b) is a slack wax. 3. Process according to claim 2,
wherein the partly isonerised Fischer;Iropsch wax has a wax content of
between 20 and 60 wt% Z 3 FEB 2007 S 4. Process according to any one of
claims 1-3, wherein the blend obtained in step (b) conprises between 5 and

50 W % of4 t he payafdd nicccaadhor twaxyyf eed. ob. c P osess-aco&idig, to claim 4,
wherein the blend obtained in step (gg conprises between 5 and 30 wt % of
the paraf ikl e/ Gr-adaey feedles. (Pt of @8R ated i et Tladihw -5,

wherein stap (& i R Lnat/he pPresepcegof a catal yst conprising one
of the follow ng conbinations of netals selected fromthe group consisting

of nickel /nol ybdenum cobal t/ ol ybdenum and nickel/tungsten. 7. Process

according 4o any. one of, elaime 156, yhereln ,SLep, (A1 performed in the
presence of  a catalyst —compri S| ng a oup’\)i"l(f netal, one or nore of the

nol ecul ar olsizives] sel ecteed (bnomotbe 1 gesupe bfie &M Sand SM 1253 29Vt ZSM 23,
SSZ- 32, ZSM 35, ZSM 48 0/ SAPO-|I_ and a binder. 8. Process according to
claim 7, Vil T e TG/ €CulMarY $P&Fe is one or nore of the nol ecul ar si eves
selected from the group of ZSM 12, ZSM 23, ZSM 22 or SSZ-32. 9. Process
according to any one of clains 1-8, wherein the Goup VIII is platinum 10.
Process actor diffiPIeF samFconelion cParAsinsol-wherlaefeln step (c) is

performed in the presence of a catalyst comprising one of
the following combinations of metals selected from the
group consisting of nickel/molybdenum, cobalt/molybdenum

and nickel/tungsten.

7. Process according to any one of claims 1-6, wherein
step (d) is performed in the presence of a catalyst
comprising a Group VIII metal, one or mere of the molecular
sieves selected from the group of ZSM-5, ZSM-12, ZSM-22,
Z8M-23, 357-3Z, ZSM-35, Z5M-48 or SAPC-11 and a binder.

8. Process accerding to claim 7, wherein the mclecular
sieve 1s one or more of the molecular sieves selected from

the group of ZSM-12, ZSM-23, ZSM-22 or S$5S5Z-32.

9. Process according to any one of claims 1-8, wherein

the Group VIII is platinum.

10. Process according toe any one of claims 1-9, wherein
the content of molecular sieve in the catalyst i1s between 5

and 40 wt%.



the content of nolecular sieve in the catalyst is between 5 and 40 % 2 3
FEB 2007 16 11. Process according to any one of clains 1-10, %@ 'ﬂ t he
average crystal size of the nolecular sieve is smaller than(£ @%ﬁ@ d nore
preferably smaller than 0.1 pmas determned by the X-ray diffraction (XRD)
| i ne broadening technique using the hi %h intensity peak at about 20.9 2-
theta in the XRD diffraction pattern. 12. “Process according to any one of
claims 1-11, wherein the base oils as obtained have a pour point of bel ow

-18 C andj yor ep prafer ablyo REl QW e 241G 13- JFreegsasagcopdi ng.£o; any one of
clainms 1-12, wherein the base 0ils as obtained have a kinematic viscosity

at 100 C thkeprederablorbetakeen 22 arfd the e8flectidarPeoeessiacenadierg to any

one of clajns,_1:13, erein _the se.Qi]s_as.aobtajned.have_a_viscosity
“dex i bETqRen > 10D SHA T e T rbads S ALAST TG 8- Bl oA of ol &1 s
1- 14, where@étermhe=dase tid X-asphiidedthave (AarRsat Ut atesrcontéentg of above

95 Wt % 16, Process according to any one of clainms 1-15, mhgrgiz_ t he base

oi |'s as obb&FHetiave® B'% utifhdr Lontdft St YbeFEWw *502BRitv.

theta in the XRD diffraction pattern.

12. Process according tc any one of claims 1-11, wherein
the base oils as obtained have a pour point of below -18 °C

and more preferably below -27 °C.

13. Process according to any one of c¢laims 1-12, wherein
the base 0ils as obtained have a kinematic viscosity at 100

°C is preferably between 2 and 15 cSt.

14. Process according to any cone of claims 1-13, wherein
the base 0ils as obtained have a viscosity index is between

100 and 135.

15. Process according to any one of claims 1-14, wherein
the base ©ils as obtained have a saturates content of above

95 wt%.

16. Process according to any cne of claims 1-15, wherein
the base 0ils as obtained have a sulphur content of below

50 ppnw.



