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_ I _ PROCESS TO PREPARE A LUBRI CATING BASE O L Field
of invention The invention is related to a process to

w@e@sas®3a | ubricati ng base oil having a hi gh Bel/BPED®E850792

content and a high viscosity index starting froma
vacuum di still ate feedstock.- Background of the

i nvention US-A- 5976354 di scl oses a process to nmake
base oils having a high viscosity index (VI) and a | ow
aromatics GeRiceRt THOoPREeME A HudETchatfc! %ﬁ%t@%}f

The majority of the aromatics are first renoved

neans of solvent extraction. The extracted oil is

Qiﬁgﬁf%%!xﬂ§%gkgghed to a hydrotreating step
f tically dewaxing step and finally

to a aﬂﬁnaUm0§n$aburzw|xnian&q)toAadpsadeaatagepﬁépaﬂ&ea
pr SS US- 973354 is tha ase olls are to
be ofnlgo el aécvn,ln %asg ghf’aﬁiv%r}% aythé.lg&l \ﬁa%PréFSB content and

dr a‘iTH‘tJl(:ﬂﬁ|V+l)SCO-Eth§' isdeuestariiiey Mot SevaEauROHYSIHl late
ext acti n and hydrotreati ng process conditions which

T in order to arrive at the high VI base
0||Bac%&kdﬁﬂfﬂﬁﬁ&h&elﬁ&@&@ﬁﬁing route to high
vi scosity 1ndex base oifs 15 by starting froma slack

wax fedtdds H0C3etafps el et ra @ des SEPOAN3RE58se |qils
t he, di 564 %S@g.g@xr QG888 St pCk ax Fesd g L Fg&r arom?tlcs

hydr ocracked/ "hydroi soneri sed and the resultant
pr odeicients figh] écredyt @ist chkatle/tiasdddwaki-nghst mpjority of

fol %ﬁé/‘@f’r&&étgeég drat Feali o RiRRy oy HeSAdVart age, ot

t he process ribed in
extraction. The extracted oil is subsequently 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
when base oils are to be made having a high VI the yield
will drop dramatically. This is due to the more severe
solvent extraétion and hydrotreating process conditions
which are required in order to arrive at the high VI base
oil.

An alternative processing route to high viscosity
index base oils is 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
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.
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EP- A- 324528 is that although high VI base oils are
prepared the yield on feed is still not

WO @h/oEB3N- 921184 di scl oses a process in whi chpEr/BP®N#050792

of a waxy distillate feedstock and a Fi scher -Tropsch

wax consisting predom natel y-02 normal paraffins is

subj ected to a hydrocracki ng process. The hydrocracked

bl end iEP{ﬂHﬂﬁaqwanHﬁﬁciubk§C&eﬂr&ébébEﬂﬂ\MﬂﬂbhdeW@Xbﬁ@ of a
ste er Vi bas oils are

b R ALl SR PEReh iR chnaax

yi edshof sthase pridntabesiat ed asrhie Isﬁaaﬂflfrf%eqSV\@ﬁbj ected
| oner when_ starting fromthe blend of m neral waxy

di K9 17 AVEIRF 35 e PTOCTP S s BRE dBYFRRRFARLET BRSRd is

6576120 desori pesA Rieeess WNELeLone Rafddldhg step. It was
i somerised Fischer - Tropsch wax is catalytically

deveh@n Ushaig i gher Z3vbasespii-eaaenekli s cmléllgyﬁlls
to 3
151 Dase ofée&ka%d%\g]_@lo’% l&%§pg\1’lg {géjga Qe %Cci

of 151. 60 9 di'sc ose base
0|Icabcwi@paieulﬂﬂmnw@tﬁﬂséhed WJSOp8@®MMHXHam¢aKNeng from
use, . n r cant fornq]atlon

ect
préggﬁt FAventi on 1S o axweéésBés%aﬁ%la %1 ﬁﬁfher fgRPsch
satdsatesd ceat ent and a high VI in a high yield
starti fro cuum di,still ate feedstock.. Summar
of t he TSvATt] G 2t (e 5551 BEF RaREBEERS dLHT oy wFpRELY
t hei §@hd O EY IHOORSS-TrRHREBS ¥ak0i Pl €RBEBytically dewaxed

| ubri cating_ base 07 havi ng a saturates content of
gre%f%?gt%a%tE%§%ﬁ Sirld <3 €P§58§P%9g|ﬂﬂ%% Wit dredt dpse oil

tha}@a&? Aﬂgﬂlrﬁm oF vaguem di $td hjatg hegdst ock
by per n1 follow ng steps : (a) contacting the
Vacuun1@E€%+$®8ﬂ3£1fe&dsw@e%rﬁﬂﬁﬁ9&a disclose base oil as
prepared from a Fischer-Tropsch wax and their use in
lubricant formulations.
The object of the present invention is to make a base
_©0il having a high saturates content and a high VI in a

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
a saturates content of greater than 90 wt% and a
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
compounds from the vacuum distillate,

(b) mixing the extracted oil obtained in step (a) with a

feed comprising of more than 50 wt% wax or
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extraction sol vent selective for extracting aromatic
conpounds fromthe vacuumdistillate, (b) mxing the

w@za05m8308dl oi | obtained in step (a) with a feeRCI/EP2005/050792

conprising of nore than 50 wt % wax orconpri sing of

nore than 80 wt % of paraffins and having a pour point
greater than 0 OC, (c) hydrotreating the blend

obt ai nedompritepg( b}, méde cladml8a ivad lof gewnafirngst hed
hydrotreated oil obtained in st%) gﬁ_? t% Qht ai ned t he

| ubri calPg"Ha8eP8PF BAHME e rfttadtidly %t h&’ dewaxed

oi l(cWi t hyaroai-erBt hgstBat I &id WbtealRly Sh. sbepaibed
description _of the_invention Applicants found that by

m Xifg &akdlytaralér pavariidildis ééfdi%r@ﬁée@xpaéctﬂ@%amed
oi | the iy ekdpt Qchi gb Mbt H8S&1 Gide CAHARR2HABI HhEBNELY and
i nproved. This is explained by the fact that "t he

par@f i wenitacthagwiky feeared opilexsiidl @naaFerahees-
Tropsch e ML | the VI. Thus the severity of
both theé sor\?\gﬁf)hegtg?gg??%h and the hydrotreatment nmay

be Desthiclestl rdesadrtipig onnoéintbeeiavéntrigher oi |l vyi el d.

Dot ai | od descrintion.af (Lhe Lovention JThe xacuum
di stil tnep %‘a? £ 8 a%ly 577 a8t o

|"dtFe 1 Eed™t 6°8
boipd gf f imitdhef daas e coichebektragteangel Juclyialvl freedigh VI

is . also referred to.as.a.m ng al . waxy distj.l.l at.e. Thﬁ )
e | e 2iaRi R PrBeLE 1A v ovinisty S, syblained
nmorsy tyhe Rl dty t3RAVeh37QaREer £ihs of diisd iWd:At edegdFokt

is possible to prepare base oil products having a
ki rfeFRtR e \i SoiositaF —dropsehorass bbby e aste VI. Thus

typw@uféfvaﬁj%wwf 2and 48 6StveSHChEl st 1drated eads
are prerera
h§hrotreatﬁgnt 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 ©il boiling range. Such a
o
feed is also referred to as a mineral waxy distillate.

The base oil boiling range boils suitably above 350 and
more typically above 370 °C. From distillate feeds it is
possible to prepare base oil products having a kinematic
viscosity at 100 °C of above 2 ¢St and typically between
2 and 15 cSt. Such distillate feeds are preferably
obtained by distillation of a suitably mineral crude
petroleum source at atmospheric pressure conditions. The
residue thus obtained is subsequently further distilled
at vacuum pressure conditions in to one or more waxy
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 point in the range of from about 500°F. (260 °C)
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obtained by distillation of a suitably m neral crude
petrol eum source at atnospheric pressure conditions.

wab@sng®Bdue thus obtained is subsequently furP¢EEP2005/050792

distilled at vacuum pressure conditions in to one or
nore waxy distillate fracti ongd and a so- called vacuum
resi due. These waxy distillate fractions can be

s u'rtbabb;outﬂseao aSFf eadi3 t tC)stapl (@)0.5 oTIhaelﬂ&edspﬁﬂgt

o1 SFPBRRRbBIL 5P OF S 20 1) £ & Reut “B0' 8R4 345

OC) said °a)95% boi | i ng point generally in the range of
800 OF .(427 0C) to 950 OF (510 0C ). In step (a)
ar omat FBs SEPR &%t raceret 35 ﬁﬁ%ﬁrﬁ&tﬁﬁebi’e%@f%’wng the

W tf%e@s%%'c‘ica%%h extsactdne Séllﬁ&ea@tloﬁh%%gv%gce§§§§e
are well known in base oil manufacturing and are for

ex@|¥}9|<3€5§€§cﬁirbeﬂelh kb cihtbeBes @id magudavinring and
P | Ker 4 |
r%&%S%bggfgéﬁbh%hge§€9H%&§agbltal#ﬁ!%% BQ@% EL1' DGq wax

New Yor k apter sol vents are well
knmmcea§1age protess &@cml@i:ra}nsir Coraroels Dek@bkelnc.,

sol ven nc hyl i don rfural,
PRI TR s T R v b 8
pré&ﬁ;mm [ ra\seaﬁ:eopracéESSmmdmetr:eamt rCatimionn suﬁ;tabJL@vved,

preferably les 50 Wt 9% of t romati cs content
Pt AR, P ET P Aol e P bl oer et o e T ERDy aahenol
fr emas aud prvaxy ddbsidkl ate fieedsicaedsd RIstap b@%sehﬂ

step (b) the extracted oil as obtained in_step
whitdYSrEiedop RSEr BRBET @ sCF I TARR ti6 @H&OHPFigu Fié?ferably

f eadsd-0@anS shl gRdedrWehd ardRed COMYHtENRY o8f tABI Raxy
than 50 wt % wax or conprising of nore than 80 wt % of

parzfiimatenderavtAganped® poilR TRmoMest frrEnseigoiaxy
Theyfgadsteek reppkeyed iR g@@p prpcess of the invention

In step (b) the extracted oil as obtained in
step (a), which is poor in aromatics relative to the
original feedstock is blended 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. 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

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.

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

synthetic waxes such as normal polyalphaolefin waxes,
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preferably contains greater than about 70% wax. The
paraffinic feed nore preferably has a pour point of

wQ@e@angio3s han 10 C and even nore preferably noPET/EPZNS/050792

30 0OC . The paraffinic feed nore preferably conprises

of nore than 80 wt % paraffins and even nore preferably
nore than 90 wt % paraffins, wherein the paraffins may

be sieckalvaamd/,odepsdedpanadés and midEx@Emisasmlafinkh@axes.
abqve. descri hed feed_ar.e synthetic. oils .such a

o SSEFEGTN) CRePEECUREr DY TP SRSERC YT Bt gos grample
hi ghspauk paixnt Thel yabphaetiebibsis footerid S0 as foots
synt,Eeti c waxes such as normal pol yal phaol ef in

waXeés, sl ack waxes, deoiled waxes and nmicrocrystalline

waxes. AFpeFedirkd faRiepat8Uaby SERA ald:G AakyihEoM wax
for exanple a slack wax. The isolated oil is reférred
t 0 Ce8teBst $ToiPovR pPelErr aBdwaRYe frRERfaadls] @bk vigaX8swts .

haﬁiggeﬁeﬁﬁ%xﬁ?%E%@Eiﬁ&cagggﬁ gpemﬁﬁ@§gugéﬁgfied in the

preferably above 70 wt % preferred paraffinic fee
ar &iskhbse Ghtomiswbd picncehe - FMscthepref drajpsc i procdys.

Mor. ref. I rtly is rsed Fischer - Tropsch .
s L S R ERIC Hie AATEEE
warsuahl aspageigr é soataligedcwdrvwaxiags | seveaguidagd Iwhieh

alsp is.beneficial .for. the final base oil_yield.. An

SAERY PSR S MG S0r YIS FRG e Batt AT daT the

Fi sihetl baBeopsahywexdi.sahhatidiitibsaMyd®raaSidey of using a
transggrte,d fromthe cal _renote Fischer - Tropsch

t i . >
| OPRGH L5 e 5580 AP PRATBFSRECR | YRR | o diion 1 eTRE more

paréa's&tlgsﬁﬁ%rﬂs%@t@ds@l@ﬁx thél epschaVaXehst Al & cher-
referred to in this application as FT Waxy Raffinate.
Th& IePsSElx L RREfAiCRalte phef BREBI 91 haBaRk 3Gfiusiqg location.

boifHeNg RN iQfon@h@atar rtiBaAe 308 S8 Wl %aMs0

rei%¥%2¥eg?!$ Q%.this application as FT Waxy Raffinate. The
FT Waxy Raffinate preferably has an initial boiling point
of greater than 300 °C and a T95wt% recovery boiling
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.

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

above distillate or residual fraction from the effluent
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point o f between 450 and 600 OC . The partly
i sonerised wax is different froma normal -paraffin

wowoosiossoBhat it has a relatively |arge oil conPEEPZNH050792

a relatively smaller wax content, wherein the wax
content is indicative for the ¢presence of nornal
paraffins. The wax content as used in this description

i soffeaker bddbycsatvemng deyaximgmatlies 2T QCluBtrative
NEK/Tquene.tThe wax contqpt of Hﬂg ET vaxx Raffl te

i SPPPEFaranl §°© BoVR B wit'¥5" b pret éraBry Bt wethcaBr -
antr 8@ sith Ywa R VEhe N sc s eferiablno-etoaesnc20 and 60 mb%-
and even _nore preferably below 40 wt% The FT Wax

RAPFORALR- | ANSHTREBLS BF ot THGF IRd¥0 B 8 kPRES 2t ke

asr@biahned 1B &MBs FisehaiarriHARSGR SYRLARELSe from Shell
reacti on and recovering the above distillate or

r e¥pgudMaipgeiaonS¢roridhe ef fl uentof the

hydr oc Kj p s sl rat.i r ses
 bropas e Qe ahERor BRI A O rlsc dBk Bk ¥exDrecesty
waxompendhnsclinsedei oWl Ae@P 0063 rarld)i AsEPrAferably
0668342, A.n_exappl e of a comerciall vai | abl e FT
VADCCRBFP! Rafal; SOSKER VBRE RarT HaraYa el ke dR Gores
fram Shel knDSvéivahaysi a)e SerelBhd betheetiont eantl 0b &he. It
paraffini c and/ qr _waxy feed caonmponent in_ the_total

£ e8aSt BoETepOURS FEabraYSh abty: Detilbdi 8 4ia 180 She b
mefoRhekebabbyroetwees Mdarsk 3w %Bd s.evenalBvely large
preferably between 5 and 15 wt% It has been found .
théPcéﬁéﬁemPPhbéﬁﬁhoF%Ié%?%%l%ﬁsﬁﬁﬂqu%ﬂoﬁﬁF§ ofrtending to

papabiatC taadL9EhUaxXYT fieesk 3o 1B atiwealsy dhakg€ound that
increase in base oil yield is achieved when intending

t oWprepaEEtEhdahPgherdgtopite WI1E 219 liegsaPgstrguRll make
t hah @ Yndivst bhkat 811 §edgs PCksSve WHLOR A & iln@SSppih E&Eion
to make the high V1 base oils, nmay nevertheless find
apphi ¢&ei esent invention.

In step (c) 1s generally operated to remove nitrogen
and sulfur from the blend obtained in step (b). This
process is 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).
Usually, the temperature will be in the range of from
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
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
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in the present invention. In step (c) is generally
operated to renove nitrogen and sulfur fromthe bl end

W@bioaioss®ad i n step (b). This process is referrepCT/BPAS5/050792

hydr odesul furi zation/ (302 C) hydrodenitrogenation,

HDS/ HDN. General |y speaking,” the HDS /HDN i s conduct ed

at a tenperature in the range of from about 575 OF
(SGBOOQ}sigtboatmm 7800 QFp{ ¥l GriCla tkistwaj Iptestshee will be

tenperature w n the ra eoff F.
IR EBEuE D 9 (HEa ot prliE S Y R patAr e -
W || behenwéhgh it anger vy shatd M@&El(e%ZQv@i@)i 9 suitably
abqut 730 OF (388 0C). Hydrogen will generally be

pr éfeftCatraBIhyAr Oﬁ%?lmp%r]fl%ﬂ’ Pt ds e 9 B8 Aaivge of
fremcabout %é@ Wsh8 (RgAbA) 330 RSiGe fytetr%ln 0.5 to
r

pressure Wi generally be in the range of om about

200 peVe/Ps apoir BreberpRly. fumud 1y tCh)?droon@rfl/hr and
parhtyd%gerleéé%ﬂ WebliBg {0 the fange of f‘foqrnl%%meh%o

psi g to about 1400 psig and a total pressure wl
i n 2006 Aangesoff f hpdrapoutpepOOligsiey afo widout 1500

Bt {abiy SR FRe S anpes by SF AT S AN SO Vo pare
Iiﬁmes@fcO&ﬂﬂty@?sPﬁenthfljkgirddnaﬁqbﬁﬁﬁﬁﬁﬁ?ﬂ;a?abbynlng
kg%gﬁﬁp%gngagﬁﬁg%teng?%g%ﬁ)fe ﬁ%ﬁwnyattr?elyrsﬁggewral?y

fr Qmmga&esfeOamaﬁuhi bresidf chysragais peid ldddry afrotbl vIIT
re erred cata havi ng HDS/ HDN acti vi ty under,
/B oR B e SoEral FvA® noor A Lot ta Thst A Cive

CodRint .N@oEPSH FHORe eabal y Sthe St it 21061 DS/ HAMt i ve HDS/HDN

catal ysts generally conprise alumna or silica alum na

andr9EaTr v SGPBLPC YR LaAB/ Bre IR IB Hetlaing &F t he
catal 1 Galoh Yo @&h e égﬁﬁit/ﬁ@ﬁbc@érﬁjﬁra@m Ynida8 /tungsten.

catal ytically active
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
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
calculated on an elemental basis.

The hydrogenation components of the HDS/HDN catalyst
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
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 conditions are described in detail in the



10

15

20

25

30

agent is selected fromthe group consisting of nicke
/ mol ybdenum cobalt /nol ybdenum and ni ckel /t ungst en.

wab@s@ap VIII conmponent generally conprises BPODEP2005/150792

to about 30% by weight, preferably about 1 to about

15% by weight o f the final <& al ytic conposite
cal cul ated on an el enental basis. The G oup VIB
corponenhecionpnéd €3S abeifd7 dB 0% ,t whdlebubuBl¥chy ivei ght ,
pr ef er abl aq?qg 0.5.to about 15% by wei ght of the
fiﬁgFOEB?%T§? cP¥ohPoRi ¥ %al cul ated on a n el enent al
basi s. sdég hydr ogepat f imDiponeRt prekehbe BESEHDN tabie
catalyst will nost likely be present in the oxide form
af C8FaEANE| FRER OV Ty ML GhFAFRL YI5E Scarve Prederablite

subhbidechondid deshled by-Gitiacthfta §laval8dr sieve and
tenperatures with a reduci ng at nosphere conpri sing

hy @p6§enasily f }ecomb hpa ekt ai @y cofedalsileiving a
CORLALBLELG COROMAG+ 1 n | SsRIPTES T therga :
(s)&useg ?% tﬁ% FEE?F%%?Zg%e iéﬁiggghkﬁgﬁ y EgeR%¥¥§g
anylopeblhéanesadévsschard whmt i swirhadrl yalnltedimedhi aEer phee

di s¢cl.osure, o ossible catalysts and.operating. ..

QOB B 81 O BRORAIL PR Y A UL B 15y ko
nerkedonedthe Sedur HOTHBSES, thvhikadsepuhilli gatdonr sios fraction

i ncorporated. b reference. Step.(c) i .S rformed. in

DG Re R ERL e LT E LY AT -« FEa Dl Vo eh

catiakysihedasee ppeter abty heterageneous € alcaley stiSmeter of

conpri sing _a_pol ecul ar sieve and ggtionally,in
ya#&g&&%%

corbitHaEMoR- a4 t A"E et al™ hatA gt a4/ pore size

funebionessHed asutbe &xoum Viddm-met alzsn- eqdzan?,
sieves, and nore suitably internedi ate pore size

zeditrés, apdveS¥néin af goutcik AR ykdc ZaBina%y 454-22,

i R e

Pr éfsomgplipathen selectivities. Another preferred group of
molecular sieves are the silica-aluminaphosphate (SAPO)
materials of which SAPO-11 is most preferred as for
example described in US-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. Suitalle Group VIII metals are nickel, cobalt,
platinum and palladium. Examples of possible combinations
are Ni/ZSM-5, Pt/ZSM-23, Pd/ZSM-23, Pt/ZSM-48 and
Pt/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
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
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i ntermedi ate pore size zeolites have a pore dianeter
of between 0.35 and 0.8 ran. Suitable internediate

W@EI0s/08303€ zeolites are ZSM- 5 , ZSM - 12, ZSMTFERR)5/050792

ZSM - 23, SSZ - 32, ZSM - 35 and ZSM - 48, of which
ZSM - 12, ZSM - 23, ZSM - 22, 95SZ - 32 are nost
preferred because o f their additional isonerisation
sebhedfovineesl dnddder Nrtefierlr edauraipgot-lapkeankaror

sieves_are the silica - .al.un.naphosphat e . (SAPO) . .
MR S e TR e e o RIS
f obiadapplie geacerbiety ia ddSos Hi4eIBhiteriSM, - £5rmay
optionally b e used inits HZSM- 5 formin the

abSEALRL6f 2 aRG T ERBEPr W YL HRetS] Whisd SHREPLRS| 8EGF ar

si guamiake Prefiesnabl ymused din icomipkisqn , Wsthian-

added Group VII1 netal. Suitable Goup VIIl netals are

ni EREFOTEBbaFtliprat et arti pdld-Rginyhl iBExaplésaptitania
POSSi C j Lons i/ - , M.= _
s M T B P S R e L e
deeadimg nanthexaapl esliofa-salweble ziplceoudlar sdiléegesadndina-

d i.ng. it i d i bed_in WO
YR R RO GAle AR SRR B -
- 45%4843diTherdévaxtogy catiadey Himsldd afltyrdla§owhich is

i bi nder. The. bi nder, b t het i
P CRFETE) 2oL euFFERGOLi ROVEHIN ) SRSt areaTbige Bfarpree
cl aynderl neaapdhor aeéadi DXddesziNainilgl taeembitmnNgioxide,

clays are for  exanple of the ntnorillonite and
ka&l)éirﬁlaf‘éﬁ’i“l %8.}‘14%9 BTt rat s HrefEShldF &YPorgulere of

bi resempterhakh EREmEXEHTA £ a IffdAcRIE .OXhde ekt

whi ch exanpl es are: alumna, silica - alumna, silica

- negRéESFaSIsPIPegT- 15 FEbHFa, silica - thoria, silica
-beryl hi gresili-ed cibbanh@ asvdeldg astaR2Y comprise
conpositions for exanple silica - alumna-thori a,

si linggrakediphg zeplitonfayssilities af @aasgribed above and

a low acidity refractory oxide binder material which is
essentially free of alumina as described above, wherein
the surface of the aluminosilicate zeolite crystallites
has been modified by subjecting the aluminosilicate
zeolite crystallites to a surface dealumination
treatment. These catalysts may be advantageously used
because they allow small amounts of sulphur and nitrogen
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
above are silica bound and dealuminated Pt/ZSM-5, silica
bound and dealuminated Pt/ZSM-23, silica bound and
dealuminated Pt/ZSM-12, silica bound and dealuminated
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magnesi a and silica-nmagnesia - zirconia. Mre
preferably a low acidity refractory oxi de binder

woraios083Bo whi ch is essentially free of al um naPCHERReH050792

Exanpl es of these binder nmaterials are silica,

zirconia, titanium dioxide,~ gér mani um di oxi de, boria
and m xtures of two or nore of these of which exanples
ar ety rswezl abové&orThranpkd peetetbed bhnderB+658612x aand

A prefe | ass of dewaxing catal ysts conprise
in?g E %ggfgfzeollte crystallites as described above

and a boyr @i tcyitéei/ﬁaﬁt}@éyeoxl denbendesf b BEd@llar sieve
which is essentlnﬁ1e § free of alum na as described
u

abBvePehinesih WFaceTBP ENETaAPENFRYEFRT c3tee of the

zepbiteutaysiaddd tiesphasebaen yeAbiied Piasubd] ©Ckh Ntha
the alum nosilicate zeolite crystallites to a surface

deBPLfi REeI R IvearAe At Thaselcat ay3ssdahgrpbned by the
adyani ageops !y used; Recause &hq%@ﬁ hI 9 STBLL L BORLRY S

of sul'phur and ni'trogen in t A preferred
de&kghnhaté msatngeamehughs mgteogmtacpeag ah elowtdad

of tPEFpéng§FV§pq%&Pgl EgggLFQtQSrQqUGOUS sol ution

of "a fluorositTica I'h for exanple
US- A- 84671¢di ordeSxiByg ﬁﬁﬁﬂiﬁﬂonsEaaﬁpkESwﬂf1ﬁuthéﬂﬂﬁi

oS DR RS Sl TR F B

desltui-eat 200 Rid 290 ©C23susitlabag h@umdzandto 400 °c,
deal um nated Pt/ ZSM - 12, silica baoun g
de RYGRPHEP kBt 552ERS2 31 Lhey SREERaRp éra@s Pi bRa2PH lewse-

B- p@éf@iggl?r@eiﬁ%enBQ 083R&7 1.o0PLef-err edeCatabhst Bolaye
a cont ent nDIecuIar si eve of between 5 and 40 wt %

ThEPaFEr H§ECEHiasl (TESYE &5 e tRbIlechPaFhsi E9@Ipsof from
pref.erabl yo sye%léﬁroﬂlh@@rolatm@ azd cmggye&eﬁegaﬁm
smal | er than nm as deternmined by th
(kg/l/hr), and preferably from 0.2 to 5 kg/1/hr, more
preferably from 0.5 to 3 kg/l/hr and hydrogen to oil
ratios in the range of from 100 to 2,000 litres of
hydrogen per litre of oil.

The dewaxed oil is contacted in step (d) with an
aromatics saturation catalyst under aromatics saturation
conditions. The aromatics saturation catalyst comprises
preferably. Generally the aromatics saturation catalyst
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. Generxrally, only small amounts of
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
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well - known X- ray diffraction (XRD) |ine broadening
techni que using the high intensity peak at about 20.9

wQ2005/083039 i n the XRD diffraction pattern. CataP@I/EPR2005/050792

dewaxi ng conditions are known in the art and typically

i nvol ve operating tenperatureslin the range of from

200 to 500 0C, suitably from 250 to 400 OC , hydrogen
pressares atouthe .rlamge 20ftof bdEuL05t @t2890phAtadium, based

prefer bl% bet ween, 20 afnd. 1&0 bars. The wei ght hourly
spQBe®velott? e‘%elﬂ?%S\?) M$téditably in the range of
from Opdet®r Iy k@@l reithirpecohdbt@onl catatyst (@Ersuitably

hour (kg/l/hr) , and preferably fromO0.2 to 5 kg/l/hr,
nofecpr BPeraBts,d rioth 0.5 306 BrREEIARAYahd RydFbgerarge of

Oi le AL 1 88 &fky 4y rangeLh ?&%}leyof%pﬁo_@gbi toespefec.
hydrogen per litre of oil. The dewaxed oil is
coRhacPrEr#hing e 14 Mo varaagenarposl8atarabfobar and
Ca&)&&é&aﬂﬂge{s &y, omaL %Sanﬁ%t Weate of cgndt h?ﬁsb iﬂ‘etrhe
aromatics saturation catalyst conprises preferably.
Gemesdl hyyt henge ofmtm s 1sdtcurldt ikgn ofaballyperconpreses
oxi des.of  plati.num and_ pall.adi_ um supported_on_a

al GRERRYRE(PES D0 prc s B ST By LY of S ab Bkl T crange
nolfeonl 6s5 tbecnedfli.h.usual |y contains di spersed

zeolite which has a pore _size for preferentially

Feact i HETEPERRRT LS IS GEndParFYL BRFYDSHATFEY
amyRts 105+ gk abhdWRARh Ra diadicumnalye rusady ¥Bed, for
aromatics saturation catalyst will generally contain
i n SPREPLENHE BRXY R a0 tP e veo thBoat L 5uit 294

pl atiicReeandni scdhedhanagpivd romiakeut a@- LbWht%he same
about 5°wt % pal l'adium based on el emental weight o f
methyidropseras fhgd t @RSt EtAte GRHsSirens tRAPSEapUER) space

fﬁgegglr%gg;gfeﬁya%g&%%%ﬁ%ﬁ{i% and Hr ekecabbkchgel N
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
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-5976354. If desired, the last two
steps can be incorporated in the same process unit, e.g.
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
a gaseous fraction and at least one liquid fraction as
the lubricating base o0il product. Fractionation can be
attained by conventional methods, such as by distillation

of the effluent from the second reaction zone under
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from 150 and 350 0C, nore preferably from 180 to 300
OC . The operating pressure nmay range from 10 to 250

wharosass3pref erably is in the range of from 20PC€DERXNS5/050792

bar. The WHSV may range fromO0.1 to 10 kg of oil per
litre of catalyst per hour (Rg/t.h) and suitably is in
the range fromO0.5 to 6 kg/l.h. Hydrotreating the

bl etdogphesonlwent rmeefuiceeldpwaxyurh st Of | atese andli 4thel lation
paraffinic and/or waxy feed, for exanple F X)
I R e N E IR SR

( cyacanmbei ecililemadngt igbaust thei sapey hysis Dps@cesss ng
conditions (pressure, tenperature, space velocity,

hy BRBBeR B § ot fatihén distey Lake sbraeti o (fewasd e | gelected
st gRchdinad dUah glegnee af Al PIBLEC SALHEAL O d Nyt ep

(e) can also be achieved at these sane hydroprocessi ng
coAgPireAsviTtn sl tvak &9 sicosi basisiext endyelpwr reaint for its
deway; an e&%}ﬁéaﬁ’&o’ﬂ@j ority of feed aromatics in

t hree seguential reactors in a reactor train formng a

pr ocesShenbdsasild ast pavddced meedetabhhy thevaformour

ment i one -A - 76 . 1f_desired e last t °

ot BB AR R S orior it 600 ROTha Shia B oL esT i 157 “C-

€. Ghet REnEAALL & BAEYsgssel 10T hec desigeded Ayl cddhEen 2
base oil having the high viscosity index of especiallg
beBieeh> 109t anthel 35 509 EFovafRd LPoRTERRT2P1Y LRV 20

St 8RA( fdre PEL L RGOMLTELRMERADEY LAMOLYES The saturates
fractionation of the effluent to obtain a gaseous

fraonrentahd prefexadtl ool dvtikacnpon Bseferably above
| ulgi cat | ggd bas&, %Jreogal%%kﬁbgiaswg%éOgt%?‘”r}% sulphur
met hods, as by

attai néd by convention suc
di sbnkkati ds lo¢ldewhel & fdpment pre berthéyskebod b@acpmon more

zone ngegixt g(pweré'd: or reduced pressure. O these,
di gtrle#f}atal 0 PP
The invention will be illustrated by means of a

calculated example. In this example it is aimed at
preparing a base oil having a saturates content of 98 wt$%
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
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 wt%

Congealing point (°C) 42
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under reduced pressure, including vacuum flashing and
vacuumdi stillation, is nost sutably applied. The

w@eaoposiBgs) of the distillate fraction (s) i SPEr/@P2005/050792

sel ected such that each product distillate recovered
has the desired viscosity, -vilstoesity index and pour
point for its envisaged application. The base oils as
pr gdusefrpces ermaplicliaveca payr apohata ofabietowsevde 0C
and nore preferably below - 27 0C . The kinematic

vi SEOEPRY SXTETHIOTCANS BYEF 8FABPY DRt Wedh PR anke 12
CSherFBen¥lSLOSIAderd RALUchcReehervablylaboye 901 aNdhs a
nore preferably between 100 and 135. The saturates

coRBERt CR8e pkld etiedId) odb&1es g0 CRIDG NADr et pPef B2 abakout
abgye, 99 gﬁggggp.Q¥§PcﬁQ5§iﬂheggéﬁgl%a§b8¥€w§§nm§&6and

The sul phur content 1s bel ow™100 ppnw, preferably
belBéwwE® ppsawltinr empref evabley lbgiehd20f phetwedned8 and
ingention will be illustrated by nmeans of a cal cul ated

ex I"é”"In this exanple it is ainmed at preparing a

base oithehapttcessisat weabesiogntenthef i88emt Yoandet he
viscosity index of 115- 118 by ans of a ocess

2 CORRHTES: BEEhes rsF Ao APaRe By eSS FBRELRE sae

pr ogessthebtiehhold flgiidiedg ianyrErWasyaRatifenatethe same
the solvent extracted oil. The FT Waxy Raffinate used

i nPaies oditndlaton i iheeshdins %Sa%?leRé{FFEﬂa%’é the
haw;Rg 288 oRY ORGAL b @S 4t nbak@ph oFNBeeqBEaNY 50EnSheb! wrs .
MDS Waxy Raffinate in the blend is 10 wt % Tabl e 1Wen

pr Feeasiseg speedencke (Intradsireda gt kbe yav¥r £28dr vend
extyrAact Loy ardihydipteal ing SteRNas Leehe pesfogAedy

in order to achieve a VI' value of >115. A's a base
casessheejieetdvefdenesnt GHsimdd sE@sstRgs hagéneg 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.
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60 wt % on feed. The dewaxing yield was between 80 and
85 Wt%resulting in an overall yield of between 48 and

WG 2008408803%\hen processi ng accordi ng to the i nvePCT/BP200£050792

observed that a | ess severe solvent extraction/
hydrotreatnment is required Lnigrder to arrive at the
sane base oil quality. This results in an oil yield in
the extraction/ hydrotreating steps of between 75 and
80 wt % . Because sone wax is d it ppduced via the waxy
feed, and less wax if the FT waxy Raf finate is used,
a slightly less selective dewaxing step is expected

hayi ng L.y 7 % .4 T, .

ov\éir al Fggﬁg{eg?l% o&\éJ ‘%ettaﬁg%ré%a%gg& g}a% %%li is?gvmg a

cossictderdbbychngdrer dfhayreadien ridall Nawy S RahﬁlaaveSt5s1ty

adde he feed aof th Y4 otreatl st C LAI M
gSrocesgr?ot%?g%E?%%gﬁlu e teAY ﬁp Bb 8FF " Ravi ng

a ﬁﬁ%u&aHESeCﬁ@éﬁﬁﬁoéﬁ uyﬁﬁﬁﬁﬂbﬂﬂﬂmg Q&ewﬁ%ﬂaﬁdlﬁg steps:

Vi scosi t reater t.han_90 starting froma

vadGom DRiPF IS e Jerat 6y Sai o BgeRREock With an

fol | owi agrsiepson (si@lv%%%t aGhideg itae reac UL distihl | &t Enatic
feedstock with an extracti on sol vent sel ective for

ext r act FAGPArRAaL T Lo g0 HRGS Uy SFsthé 1akeuum _
di b ! |ﬁ£§1n<§1bahéné§ﬂ}gactt%% estal) %%E%%%a' Hbéé‘ége@a})f‘with a

step (a) wt feed conpri sing nore than 5
wax or é©ﬁ§r¢@m?@FQﬁHQnﬁﬁenﬂﬁént@@nwﬁﬂnUtopaﬁafﬁrns and

having a.p P{s£§?r%ﬁ hé%h?@ 0t@Co (£ Eff{a?s and

hydrotreat ng t obtaln in step
cat al yt hemihy mamamrngnnﬁEthﬁﬂmﬂréémed00lC,obtalned

N 3ePn{8lol L oPLA N8E thE 4R GaHL9 1 RAgE LB [ Rnd

(d) catalytically dewaxing the hydrotreated oll obtained

in step (c¢) to obtained the lubricating base o0il and
(e) contacting the dewaxed oil with an aromatics
saturation catalyst.
2. Process according to claim 1, wherein the feed
comprising of more than 50 wt% of wax in step (b) is a
slack wax.
3. Process according to claim 1, wherein the feed
comprising more than 80 wt$% paraffins and a pour point of
greater than 0 °C in step (b) is a partly isomerised
Fischer-Tropsch wax having a wax content of between 10
and 80 wts.
4. Process according to claim 3, wherein the partly
isomerised Fischer-Tropsch wax has a wax content of

between 20 and 60 wt%.
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(e) contacting the dewaxed oil with an aromatics
saturation catalyst. 2 . Process according to claim1,
wob@sosin3e he feed conprising of nore than 50 We@&/BP200&850792
in step (b) is a slack wax. 3 . Process according to
claim1, wherein the feed conppsising nore than 80 wt %
paraffins and a pour point of greater than 0 OCin

st 6}0 (bYotssa aQﬁfotddsink;SQﬂfradr@ﬁ@nEl &@henaim'sfr mpspth@ﬁe:m
Vi ng. a wax content ,of betwe 10 and 80 wt %

P SEBeE T GE o Itk ag at 16 STHHES. (UnGPEPRLCRS PaFFPGR 5 and

Isq)@emt%eef&@gﬂra fARSIch Wy rasakWaseaont ent  of
bet ween 20 and % 5. Process according t o any one

of Gl aPHBCESS ACGHEHE0N thelRignd obhairRéd LResbépngn)
CO 3 G84bel Ween, 5&}”%<§Ppﬂs‘@s°fbett%eaa%afakanb6 wt% of

or waxy feed. 6 Process according to claimb
V\,héilhel natfhéfbrluecndar@k/tom nre‘i:ky rfestdp (b) conprises

Fgnge? %gg 5%%3@&%5 &; rﬁ?o ffb%'%lggg/gﬁa?ﬁ§%2§rein

r'ocess acc any one 0
6, stleer €ich $ epeB)riesi pit ftme”rqﬂ:asaartdaae ofir eseatealgkta

cat al conpri Si ne of the follo corrbln i ons

o bR s BB s e e ol gt P SRR PR neRar =
/ mewédﬁ@urrfr@z@ bretl & g‘ﬂmip/b@k&mmatam; i fc kelokelngst @pdeBum,
. Process accordl ng to.any one, of clains 1- 7, wherein
st &9Ped: ) /melyade 9 miee dNREof a cat al yst

COMpri $irBgeds FOttrMng ltdBid) o Ol 97t h@herein
nmol ecul ar si eves selected fromthe group of ZSM - 5,

ZsMter, (drsip perfommgd 20 Huy pregencegpf gscazeiysks
orc§ﬁPQlSlhb ANgruPIAgEf -metal, one or more of the

molecular sieves selected from the group of ZSM-5,
7ZSM-12, ZSM-22, ZSM-23, S8SSZ-32, ZSM-35, ZSM-48 or SAPO-11
and a binder.

9. Process according to claim 8, wherein the molecular
sieve i1s one or more of the molecular sieves selected
from the group of ZSM—12, 7ZSM-23, ZSM-22 or SSZ-32.

10. Process according to any one of claims 8-9, wherein
the Group VIII is platinum.

11. Process according to any one of claims 8-10, wherein
the content of molecular sieve in the catalyst is between
5 and 40 wt%.

12. Process according to any one of claims 8-11, wherein
the average crystal size of the molecular sieve is
smaller than 0.5 pm and more preferably smaller than

0.1 pm as determined by the X~-ray diffraction (XRD) line
broadening technique using the high intensity peak at

about 20.9 2-theta in the XRD diffraction pattern.
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9. Process according to claim8, wherein the nol ecul ar
sieve is one or nore o f the nol ecul ar si eves sel ect ed

WO e@i083089 gr oup of ZSM 12, ZSM 23, ZSM 22 oPCBBE2005/050792

32. 10. Process according to any one of clains 8- 9,
wherein the Goup VIIl is ptatd rum 11. Process
according to any one of clains 8- 10, wherein the

corg entrodfe g0 leMdrali ngl @veahit bhe 6atalyshsis-hEt WeRitein
5 and 40 wt%_ 12. Process according to any one_of
cl&israge 1ol lsudsy ataimedalersgd ePPst BPIRT RF grekde

ol pE W @ra i evsrd HrTRId@n vt BaNoR- dommrand nore
preferably smaller than 0.1 nm as deternmined b t he
X-1¢ P fidgsa@IOTrIIRRD)Cl BA¥ BRBadénfhginechnt uevherein
usi ' [ {4 e t_ a ; - '

h SR T et byt S T3 Br oeesn asdor i g 1 ¢
any0@neC dfs gz fmrablyl Detwieenelnandelbas8toi | s as

obt ai ned have a. pour. point _of bel ow.- : mre .
o b er 1 pe B e e By BRpove.stault, B hy Thferein
anyhoneasd <1k s bt nathéreienat késhasetgi isdas is
obt aj ned h a({i tic viscosity at 100 0Cis
pr%?%?%ﬁ?yf%étﬁ% m2-and 15 ¢St . 15. Process
aceel dp -4 s sy OB & ankB ohe b4, cMaehei D-1He Hasein
oils as obtained have a viscosity index is between 100
anth4 38259 601 R PHEIRFUINTY St 6 SAy USARESST CelhPRE At
15;p8beres nythe base oils as obtained have a saturates
content of above 95 wt% 17. Process according to any
oné7 of PR H® ACCABIIRGhdreiadt RESh&Se COPLBSas~ bt arfeErin

hayge ap 4k PHYT 5 CONt &Mt 2 Afe Pl 30 RAMAur content of below
50 ppmw.



