16 SEP 2005 WD 02/086025 PCT/ EP02104417 PROCESS TO PREPARE A Qﬁ§§£ﬁnm5
HAVI NG A HI GH SATURATES CONTENT The invention is directed to a process to
prepare A0 $HEE0%i | having a saturates content of nore thdiFgEPGA8417 o
sul phur content of |less than 0.03 wt% and a viscosity index of between
80 and 120 from a solvent refined base 5 oil feedstock. Such a base oi

is sonetinmes referred to as an APl Goup Il base oils as defined in API

Publ ircation 1508 ~&ngd ' hELNRI n rrheahl SRR

" Appendi x E- AP?Eg%)ase O‘nfo %\%Eiﬁ%ﬁgn}gegﬁ?i ?%/Eef(%}]ggl@l %eg& (gir Bé%‘asserrlrggesr Car
Motor Q| and Diesel Engine 10 Ols". JBRFENExi sts an increasing demand .
for these products due to the fact that nodern autonobile engi nes
operat e under nore severe conditions, requiring a lubricating oil which
is fornul ated basms admweraben ols dhewdtedthe abprecspecitbi patipare. aThe

APl G oup Il base 1 ils are also valuable for_Industrial  Lubricants,
because pof1ﬁﬁﬁ§ Q§iﬁhﬁﬂip?nﬁiB?F%H35§§d%??5ﬁn5t8 i PPES. TR3Pr 30 ¥E %00

prepare APl G oipidHubasenoehe b5 1descéhedoi 03Wor & 88E340% 1 Bics iRat ent
publication describes the preparation of such a base oil froma_ 20
pet rol eum f r ddtdeh HoilsHiLen ¥Rheandbi?@afTem @i FOLHRRE IByippFsbase

removng |Oa”oigl‘_c félfdsﬁ{&é’i@.t@u&}?”‘é’?ﬁggé {1Pma sBYeEeARS Qtefgglr\é%mtg

extraction, subsequently dewaxing “solvent extracted product an
hydr ot reati ng< lan dedaxerbupi II using @ibsi aabfiefsueghidedPRydr ot reati ng

catalyst. 25 pThe Sflduant, ool he  pydrosr eall oghst 69 LAaSLRSRHELlY o
separated i nto a gaseous Tractionand a Tiqui ractiron; ~ Wheréin the
l'iquid fractiSysteas, a8 Subehdiix chbrikhtBaie Ol weenebbhandedbBAQipgmw and a

LT ogen CON i ol o2 L0 0.5, Tl L UL, achianehe chulget o
100510 WO 02/ @86025. AGK 024 0484 7an increasing demand for these
products due to the fact that modern automobile engines
operate under more severe conditions, requiring a
lubricating oil which 1is formulated based on a base oil
having the above specifications. The API Group II base

15 oils are also valuable for Industrial Lubricants, because

of their improved inhibited oxidation stability.
A process to prepare API Group II base oils is
described in WO-A-0073402 This patent publication
describes the preparation of such a base o0il from a
20 petroleum fraction boiling in the lubricating 0il range
) by first removing part of the aromatic compounds from a
h by means of solvent extraction, subsequently dewaxing the
solvent extracted product and hydrotreating the dewaxed
0il using a suitable sulphided hydrotreating catalyst.

25 The effluent of the hydrotreating step is subsequently
separated into a gaseous fraction and a liquid fraction;
wherein the liquid fraction has a sulphur content of
between 50 and 1000 ppmw and a nitrogen content of less
than 50 ppmw. This liquid fraction is subjected to a

30 second hydrotreating step using a catalyst comprising a



2 _ noble netal conponent supported on an anor phous refractory1q§gﬂﬁm%
carrier. The above process is not preferred because it 1involves y

process $4&RSodsirobt ain the desired base 5 oil. US A 36738 Bggdisalpses a

counter-current contacting of a solvent refined base oil using a .
pl ati numon alum na catalyst. The tenpér &t dre in the bottom catal yst bed
was 343 C and the difference between the tenperature in the 10 top and
t he bottom catabyst mbedlwasmpbaehtl4uBpohtehiowgh arhand gthosed processes
may be used to repare | ow sul phur _and | ow pol ar compounds cont ai ni ng
base oils the¥%f$§CE?FVIoﬁﬁgﬁlFSFrFﬁﬁrovenent. The present invention

therefore aims atTRe ONbEvEgpRocksst BPhetppeesss rethidd fafe al g0 reduce
t he sul phur and golar conmpounds | evel in an inproved manner. This is

achi eved by thRVPbYEBWIAGYpPEEESSS PFEREsECt OPtpidEpale doukeedi Panavi ng
a saturates coptfent of nore than 90 wt% a sul phur content of less than
0.03 wt% and 20 a viscosity index of between 80 and 120 from a sol vent

refined base oil $2elisB6¢R078hdechchroecess comptiegesurrentc omeca¢hgnghe

sol vent refined ba il f K, . T nce Qf hydr ogen .
cont ai ni ng gé%Pi% g&%??g ggggéggoﬁgggnéggoﬁ gﬁ i%bFﬁﬁﬁg%?Xﬁﬁ?e ?%%%ﬁna
beds of a 25cazwdhiyst, Thei cbmpatrakyst danphiesestaion eastialonet GedpwdsB

nmet al conpone and at | east 0 non-nople Goup VILII nmetal conponent
supported on g?%efea%?gr§h809FggeE§PFFeB?tYBFnc5 SRS THPES ek of

step {®) in thep piesense bdlteh aabyUyegeBeaontal ARhtdass iTca second
reaction zone containing one or nore fixed beds of a catalyst, which

catal yst conpriséesleheaghl yoe €baptPEPAGPECCREBFE MBYalPcoMfRfeHR
supported on @an. &L PPQYSsu i fhLaCLARY18%I H8182" Hofbo MM &dhiden Pihd

f eedstock 16 SEP 2005
base oils there is still room for improvement.
The present invention therefore aims at providing a
15 simple process, which can also reduce the sulphur and
polar compounds level in an improved manner.

This is achieved by the following process. Process to
prepare a base oil having a saturates content of more
than 90 wt%, a sulphur content of less than 0.03 wt$% and‘

20 a viscosity index of between 80 and 120 from a solvent
refined base o0il feedstock, which process comprises:
(a) contacting the solvent refined base o0il feedstock in
the presence of a hydrogen containing gas in a first
reaction zone containing one or more fixed beds of a
25 catalyst, which catalyst comprises at least one

Group VIB metal component and at least one non-noble

Group VIII metal component supported on a refractory

oxide carrier;

(b) contacting the effluent of step (a) in the presence
30 of a hydrogen containing gas in a second reaction
zone containing one or more fixed beds of a catalyst,

which catalyst comprises a catalyst comprising a

noble métal component supported on an amorphous

refractory oxide carrier, wherein the o0il feedstock



WO 02/ 086025 PCT/ EP02/ 04417 in step (a) flows counter-current tqq]g@ 7005
upflovm'ng}té hgdro en containing gas. It has been found that wth the
process ¥R8#R6A% to the invention a nore sinple process RCEBHRAFHEA,
wherein 5 a separate gas/liquid separatidn-of the prior art process is
not needed. In contrast the present process nakes it possible to perform
bot h hydrotreati S {oy o e hj S+h r nor e
sinmple. A furthgghaﬁgﬁﬁtggé ?EOY%a§§§hge%rg§é%?KErSéegggcg %ngﬁgld 10
in conbi nation wihydexjen i ponsaineny gefined base oil processes. Such
processes can be i fi j r o] Ln t .a nd
(b) to the exi stiir}gq'}%én:}ge%%.gﬁ)gégg%égfevg%ﬁyggéié??%ﬁsfgiy F%%?r%(lsr%% f]{go
reactors whithe aireverstiobh ya pascte of impl expsbdtagssakvebt aiakidni Rghel ibase
oi | process can be retrofi%*fd tp.a reactor vessel conprisi n% the first
and setond reActTRAT Fohed2of 11 Bl pF ORREILARR 0P i het RELPAVERT BFocess

Al ternativel yi sodyeieed&d i Nedl baserost stpeepacednat paodekkemaMed qaation
can be upgraded to APl Goup Il base oils with the process 20 according
to the pr eserﬁOfi‘%}é]rﬁi%..Pﬁg‘?ﬁér%Wé hydpptregEb0p FlEepssénoPnr oduct
having an excgllent oplourncads He. obtataed &hea Rbgh ¥ighdebaged on the
sol vent refined base oil feedstock using a process which operates at a
relatively | duprhssadvartaddhel sotvahtthefpnedebtsprocksteedst dek vwsied
Lypically have a,aaliral&e copl et of s hel oo 90,0 yogad.lss ghtaingd by
sol vent extraction and sol'vent dewaxi ng of a petroleum Traction boiling
in the | ubri qatocepd. range.pSucesdd e cah she |l hatef petr blyeandfinacttihens
are vacuumdistillate 30 fractjions derive r an_at nospher.i c resi due,
e et | I AR Do bR By VRl oFSt FRF aEF SR ORTa ST dual
fracti on whialpi Maet Wieferabl i eelsbing ab paspheni shdhgt kkkatioan of a

crude oil. The bqoiling range of such_a vacuumdistillate fractiqgn is
usual |y 35 bét 00 WP B0 R2Ts Rt abf ySheEheRP 386VERE 586 1nEng
15 base 0il process can be retrofitted to a reactor vessel

comprising the first and second reaction zones of the
process according the invention. Alternatively solvent
refined base oils prepared at a different location can be
upgraded to API Group II base oils with the process

20 according to the present invention. Furthermore an API
Group II base o0il product having an excellent colour can
be obtained in a high yield based on the solvent refined

;base oil feedstock using a process which operates at a
relatively low pressure.

25 The solvent refined base oil feedstock will typically
have a saturates content of below 90 wt% and is obtained
by solvent extraction and solvent dewaxing of a petroleum
fraction boiling in the lubricating oil range. Suitable
distillate petroleum fractions are vacuum distillate

30 fractioné derived from an atmospheric residue, i.e.
distillate fractions obtained by vacuum distillation of a
residual fraction which in return is obtained by
atmospheric distillation of a crude oil. The boiling
range of such a vacuum distillate fraction is usually

35 between 300 and 620 °C, suitably between 350 and 580 °C.



WD 02) 086025 16 SEP 2005 PCT/ EP02104417 However, deasphalted resi dual

oil fractions, including both deasphalted atnospheric residue$6éﬁ82m5
deasphal tved 02/08m@p3m r esi dues, nmay al so be . applied. Sol vent PEXEPOLG4DN i S
a widely applied technology 5 when preparipg base oils and is for exanple
described in "Lubricating base oil and wax processing”, by Avilino

Sequeira, Jr., 1994, rcel kker 1nc. w Yar es 81-118 ol vent
extraction ingﬁFfSEPy%ﬁéFP §9 HSH G é¥;4§§§§¥%°ns'_ln?lu§ang
N- et hyl - 2- pypbehi dedephbUiiedr alkmopendic 1 sirthed!| uirg b oxnsle: &6

extraction solvent. Oten used solvents are N_nethyl-2-pyrrolidone and
furfural. | n YREUUBoE@SAAUSS, r HEYi 6 & SfatdRP ld&fhounds are partly

removed from t hesBydeotachonah i Gs NG Y MHPAYAIE Limnotgrosi Ly

i ndex of the product. Anounts sul phur and i$ ni'trogen are al so" Tenoved
i n t hed sol venvhert paepign ngpbeses 9.1 1Solanghti sddgax iarprisl el des ar itbeld| in

applied techngl ogy. en _prepari.n i) Ss.. Passihle, s t. dewaxi ng
nmet hods are de%%g|¥%ec\év@ilrpfgt & >Sar ig'elr%%%ﬁq%)éo eré)%%esxgtlg}%k’ %’Y lebfjl“r\lclz%ti ng
base oil and Saxupieeesgirng” 199y, Avariced Dedkduesi rlamc.JMNew 194k, Mar ce

Dekker | nc. New Yor es 153-224. Sol vent dewaxi ng i erformed -
T gt oo raeas el e S Vebty s ARt ety s bty et e
crystallise. JhehWwayrcexshahe A-Rettigequeidre lieraned hr Abrdl) tppéhen

and the solvent is recovered. Exanples of possible solvents are
nethﬂﬁéthylke%BﬁeFFéPﬁéﬁe?loﬁéﬁﬁyPPS@H&F?F%@P@héPlvent- Often used

met hyl i sobut yL ke @Resmat-By hehyhy1K8L9R8rolidone and furfural. In the
di chl or oet hyl ene/ net hyl enechl ori de, and propane. The sol vent refined base

oi | feedstocksehventi extadct3ont sremesicarompoundspiass DA Tok alemdeed
han 90 wt % | f.
than Wt ff‘&x‘dr%éshgﬁgoﬁgﬁoﬂ FULRRYE C‘-'&’Ne%tbyﬁ alsr}?ﬁlbéé%ﬁ{h%‘a%m ltogW

and 2 wt % The process according to fhe inivention
perform particubsaokytgodddeanpdr ttiet prpduct . Amounts of sulphur and

15 nitrogen are also removed in the solvent extraction
process. .

Solvent dewaxing is also a widely applied technology
when preparing base oils. Possible solvent dewaxing
methods are described in the earlier mentioned textbook

20 “Lubricating base oil and wax processing”, by Avilino

' Sequeira, Jr., 1994, Marcel Dekker Inc. New York,

pages 153-224. Solvent dewaxing is performed by chilling
the feedstock with a solvent whereby the wax molecules
crystallise. The wax crystals are subsequently removed by

25 - filtration and the solvent is recovered. Examples of
possible solvents are methylethylketone/toluene,
methylisobutylketone, methylisobutylketone/methylethyl-
ketone, dichloroethylene/methylenechloride, and propane.

The solvent refined base oil feedstock which is fed

30 to step (a) will typically contain less than 90 wt%
saturates and have a sulphur content of between 300 ppmw
and 2 wt%. The process according to the invention has
been found to perform particularly good compared to prior

art processes when the feedstock contains relatively high

35 amounts of sulphur, like more than 1000 ppmw. The



art processes when the feedstock contains relatively high 35 a”g#§€§2®§
sul phur, like nore than 1000 ppmw. The 16 SEP 1005 WD 02/08602
PCTTEPO2/\§@A2/8¢02% r ogen content is preferably |ess than 50F pPRRIZOMAE
saturates content is preferably higher +h&n-70 wt % Next to saturates
t he base oil mainly consists of aromatic and polar conpounds. Exanples

of POl ar_compauRdacahecsneehti ¢ Speulrabip19nd Bl kOGeN SONA! Nthe

conpounds. The pour point Is usua ess'than 0 C. Particularly
sui t abl e sol veaturpgesnednbast ol predesebdlivs htighiee dded P ted privsent

invention are_fh i lLassifihed. PI I 1S as
. described in %%eggﬁgﬁgkﬁgn?%gngagiPpgioﬂﬁggﬁ'cgfﬁ%%g%§0§;BE%§#%§%fl nd
Li censi ng andp&katri tbmabuads . SEstaple'sApfiepdilr rEcARpoBass Gde specific
Interc angeabilitx Qui ellges for Passenger Car Mtor O and D esel
_Engine® O s"SUtR"Phe@PPr 8t hYEFSt FQB?'FFIB BPefORP UPRE BSur foint
sul phur and nitraeegaiiy tbBesl kguhdof Pow perdewanandy sthireugl tdevent
catal yst bed is reduced. Hydrogen sul phide and ammpnia are forned in
this step frohffheesr§afrcosl ARGIRTEEKEatAi RE E&/FodAdSPEBPLSSF Y ni ng

this step coupbentSHhl 8Pk tRokBEWHRELOWBI-hYdE9G8R10aS @\W@x%%ﬁdl 20
hydrogen sul phide are renoved fromthe downflowing liquid oil an
di scharged frasenheiisras deseribadzéRethft AIPHe—MepLioniasy Adds stream

It hag, been faupd; Lhat Bhil?o9§eEﬁH%E9piF%%BEREEE@“%&Ocre%ctticﬁé ;
sul phur and nrtrogen Peve S in the oi eaving f Irst reaction 2
zone (a) to vaysesmwhl'BhpendiacEepPabBestofipeilhterichgngsedys 11y

Sui tably hydrogen sul phi de_and _ammoni a.are,removed. fromdi.he gaseous
stream | eavi g Siebiely PaE PerRGRPR: aclh HRRER Rua: sth chdeel B s
which is prefetabty 30 recycled to step (b). Exanples of suitably nethods
for renoving hydrogen sul phide and ammpni a are t hods known_ in the
art, such as an aBEoFB?ighPFFegyﬁﬁﬂfrﬁFFﬁn% Step'(a) thelevel 'of

15 sulphur and nitrogen in the ligquid flowing>downwards
through the catalyst bed is reduced. Hydrogen sulphide
and ammonia are formed in this step from the organic S-
and N-containing compounds. By performing this step
counter-current to the upflowing hydrogen gas ammonia and

20 hydrogen sulphide are removed from the downflowing liquid

' 0il and discharged from the first reaction zone with the
upflowing gas stream. It has been fQund that this
separation>is sufficient to reduce the sulphur and
nitrogen levels in the o0il leaving the first reaction

25 - .zone (a) to values which are acceptable for perforhing
step (b).

| Suitably hfdrogen sulphide and ammonia are removed

from the gaseous stream leaving step (a) resulting in a
cleaned hydrogen containing gas, which is preferably

30 recycled to step (b). Examples of suitably methods for
removing hydrogen sulphide and ammonia are methods known
in the art, such as an absorption treatment with a
suitable absorption solvent, such as solvents based on

one or more alkanolamines, for example mono-ethanolamine,



sui tabl e absorption solvent, such as solvents based on one or %)5@,
al kanol am nes, for exanpl e nono-ethanol am ne, 16 SEP 2005 WO o 6@@%
PCT/ E. PO2% 044286065 di - et hanol - am ne, net hyl - di - et hanol am neCam®oro+4i’s0-
propanol am ne. The catalyst to be used in ét_ep (a) may be any suitable
hydrodenitrification (HDN) and hydro 5 desul phurization (HDS) catal yst
known to one skilled in the art as for exanple described in Wrldw de
Cat al yst Rep@itetiancd -@gsinfoumedihydpetiwthaSuptambee 27d d99dso-pages-
53-58. O her r.e described in US-A-5855767. Suitable catal ysts
conprise at Iéggggéﬁgaﬁfgleér oup VIB netal conponent and at |east one
non-nobl e G oup Yhel cewkdlystormpoirentussea dot et & ofm )t e grioeipam§ i ron,

ni ckel or cobalt supported on a.refractaory oxi carrier. Exanples of

S tabl o & oup"HoREE: BvE e AR A S TSR (W Exanpl es
of suigable l8esanpholliea@iemp (WOd) reitadls sy eruwrkedo (e sndl Tedalh
(Cc). Suitable catal ysts include those catal ysts _conprising as the

non- nobl e Gr obPeVREE" Ast £°Tc SFawest 85t G dmire AT HiKe® ¢RFFL%hb

cobalt (Co) iRepBralMWAl Od IPuknd TpRarLentsdPprambdhtof W 999,
preferably 2 to 20 15 W% calculated as el enent relative to total weight
of catal yst BAEeEsBHE8G Shew BxadPdlec @RfoaRcoiedrimore of in an

amount of frogso,L858Q74k% s!%&%fa%g b'c%t]a(%]y;sgcts_ziph‘{’@’@iscé"" ul pt £d- as, o

el enent relative to total weight cata se netal conponents may
be pr&ent inG26upl FdBnineltaloxiotiponand/ ands @tpHiedist faorenraont-ravkele

supported on.a_ref o] oxide carrier. The.ca St SO cpnprise
- hobl o et al CFPBH BSTo T ReRBRrE e Ihere dat oy e <5F
Exanpl es of sirbabl aicabklle oretcabs lar suppalrdtad wn andgfmctamy SRidae '

refractory oxde support of \the gatalyst used A M fAes, hydrotreating

molybdenum (Mo) and tungsten (W). Examples of suitable

15 non-noble Group VIII metals are nickel (Ni) and
cobalt (Co). Suitable catalysts include those catalysts
comprising as the non-noble Group VIII metal component
one or more of nickel (Ni) and cobalt (Co) in an amount
of from 1 to 25 percent by weight (wt%), preferably 2 to

20 15 wt%, calculated as element relative to total weight of
cafalyst and as the Group VIB metal component one or more
of in an amount of from 5 to 30 wt%, preferably 10 to
25 wt%, calculated as»element relative to total weight of
catalyst. These metal components may be present in

25 elemental, oxidic and/or sulphidic form and are supported
on a refractory oxide carriér. The catalyst may also
comprise a noble metal from Group VIII next to the above
mentioned metals. Examples of suitable noble metals are
palladium and platinum.

30 The refractory oxide support of the catalyst used in
the first hydrotreating step may be.any inorganic oxide,
alumino-silicate or combination of these, optionally in
combination with an inert binder material. Examples of

suitable refractory oxides include inorganic oxides, such



al um no-silicate or conmbination of these, optionally in conbi n‘ 5 qogth
an inert binder nmaterial. Exanples of suitable refraCtory@E&ﬁ j;g% ude
i nor gani V8825 such 1 6 SEP 2005 WD 02/ 086025 PCT/ EP02/ : as

alumna, silica, titania, zirconia, boria,7stlica- alum na and m xtures
of two or nore of these. Phosphorus (P), which is a well known pronoter,

may al so be psegglhing,t Re 16atal wstcsed i ddhifd F oD Hydotfeating
step. The phosghor_ous content is preferably between 1 and 10 wt % as
oxi de. Prefer péHMéARalPSt Mipdia 95 effertatsl Y &% Mg hesehosphorus

pronoter, are cobghtl hde onalym:na 5 hawin Sant e f
between 1-5 w % as %)% lg)fa%dmlpg]'lg-hg'gﬁvwl% r?ol ybci'e%(urﬁ%@g teér{% as 'oQTltla ;
ni ckel / nol ybdeham ben palesrinta imatihey cateiloleal wimd et theé f®stas oxi de

and a .nol ybdepym content of  bet n 10-30.w % as oxi.de .of. which
cormer(5:i ally g.\zg.ir ggleg%éafgalsfs 'w‘ﬁ)é’%@ B érolrt(gé% ST ylsst Q,%err%%%%/bly
(Houst on, TX)bkswasnedaaplde;1l0and 21 snicsddele.t ungsten on al um na having a

ni ckel content of 1-5 % as oxi de arkd a.tungsten content of

bet wee
bet ween 10-30 wt % &§ Sfirﬁg. CGLRdY Sthe Mo4Se PHATFERI % S BT td i n

step (a) Wil bheephairisspirRfeerontaicided 0 RNt dlie Gatal usina 20
used in the first hydrotreating step is at |east partly sul phided prior

to operation PAVePEeR €OPRAEr €29¢ anits ofs PEfHiRen dier atfce .2 PrastipminA ng

of thegcatal ysh-s8n,pe r@ahieietnP¥drteditt b LOro:84e ik SR hags) thn
the art, such as for instance those nethods disclosed in the 25

fol | owi ng pubbnhcal hpagaERamingl 2541 RRIACIZATY, 1-EPWAU4BA3Biide and a

of focted by chRl ARt Eng L RS ELl o ea et yEr Gy 2o a1 S
sul phi ding agemnersdehlys avgdiegpdre satphiyede, DN-erfdntcdl GuiltEwirqna 30
suitable p0|yégLQT§g%’C%m%%%@pQ%%%%%d%,lT%%nﬁ i@ﬂ“éf%mple; and
15 nickel/tungsten on alumina having a nickel content of
between 1-5 wt% as oxide and a tungsten content of
between 10-30 wt% as oxide. |
Since the base o0il feed to be converted in step (a)
will contain sulphur-containing compoundé, the catalyst
20 used in the first hydrotreating step is at least partly
sulphided prior to operation in order to increase its
sulphur tolerance. Presulphiding of the catalyst can be
achieved by in-situ or ex-situ methods known in the art,
such as for instance those methods disclosed in the
25 following publications EP-A-181254, EP-A-329498,
EP-A-448435, EP-A-564317, WO-A-9302793 and WO-A-92425157.
In general, presulphiding is effected by contacting
the unsulphided catalyst with a suitable sulphiding
agent, such as hydrogen sulphide, elemental sulphur, a
30 suitable polysulphide, a hydrocarbon oil containing a
substantial amount of sulphdr—containing compounds or a
mixture of two or more of these sulphiding agents.
Particularly for the in situ sulphidation a hydrocarbon
0il containing a substantial amount of sulphur-containing

35 compounds may suitably be used as the sulphiding agent.



substanti al anmount of sul phur-containing conpounds or a m xt{;és \Qfm“SV\D
or nore of these sul phiding agents. Particularly for the in E

sul phi dawmor/@sshzsdr ocarbon oil containing a substantial aPEUEPOAG4417
sul phur-contai ni ng 35 conpounds may suitalyy be used as the sul phiding
agent. 16 SEP 1005 WD 02/086025 PCT/ EP02104417 Such oil.is then

contacted with the catalyst at a _tenperature i ch |s raduall
i ncreased fr ot EnbPE tlstE%’érSPUFécFSdawtl&lﬂpet\rI'% sbtet%e% 150 and’

250 C.  The cadmbpysithset@hbenmikny2bnR@1aly e dR78er Bt dth a9l eBt
between 10 and 20 hours. Subsequently, the tenperature is to be raised

gradual |y to RHePOpREAE? n‘@%@nﬁéma?aﬁéur& ofamSteiaedr dxkfand P ocar bon
oi | presul ph'ﬂ{é"'gc;?@ﬂ')tz ES bBenRase -Qhled 88d +Hf ?'t{em#%&@uf@”f

a significant™ anount ur - cont ai ni ng conpounds S case
10 unsul phi d@bm&@myb@ anau} b@ bontract gbsieguerid v, eddhe Ltmmperamre 1s

examle, the opoating. sndiihansy f bys crausing e, SALAlYSl 10 b

sul phi ded. Typl ca ase oi i se a eas 5% by
wei ght of sqiaphw:e@bmf am si¢ frgl cbypﬁundsbosabdlwrwﬁummmﬁ@géﬁt may

i ndicating the a t_of el | . ur t|veto t he total_anmount
of 't eadst ack B8 58 eS¢ oSbi LeBRultaELE vh S YR THGRY
sui tably operati@eh@sof Oixhpy\ﬁur:rbantb@ﬂﬂﬁlgat@h@)d@d%et veert 126 @nee 460 C
and preferably 20 between 300 and 370 C. The actual terrper ature and ot her

oper % ng contRIVPRIGER | CepeNat| BryePf SRNURETESShiEMN Bre stephur

and/or nitroggfud tf‘@rfé’;@é’mﬁﬂé t{?ﬁed%éb&%‘ém@ewfdl%érps berrachi eved as
descri bed above. H gher terrperatures for exanple, result in higher

reduction of C@alfs-ﬂ%n‘dlw‘é@mbhﬁt thebesoae ﬁﬁ@@é\;ﬁ@%ﬁ%ﬁ#@@h‘orﬁh@ to
gggcga\r/el lo)glt t%%/\l‘%@?l%@ér%ﬁéﬁ@gpgéggé?gelg%lg l?gStof 0| @gr e[%
cat al yst per sholphkeg¢dntyimhng sampabhgsi s siedd veigdrigedramiaget o S
kg/ll@' indicating the amount of elemental sulphur relative to
the total amount of feedstock, in order to be useful as a
sulphiding agent.
Step (a) is suitably operated as follows. The
temperature is between 250 and 400 °C and preferably

20 between 300 and 370 °C. The actual temperature and other

| operating conditions will depend largely on the content
of sulphur and/or nitrogen in the feed and the desired
reduction to be achieved as described above. Higher
temperatures, for example, result in higher reduction of

25 S- and N-content. The totai pressure may range from 10 to
250 bar, but preferably is between 40 and 100 bar. The
weight hourly space velocity (WHSV) may range from O.i to
10 kg of o0il per litre of catalyst per hour (kg/l.h) and
suitably is in the range from 0.2 to 5 kg/l.h.

30 In step (b) the liquid fraction obtained in step (a)
is contacted in fhe presence of hydrogen and a catalyst
comprising a Group VIII noble metal component supported
on an amorphous refractory oxide carrier. In step (b)
part of the aromatic compounds are hydrogenated to

35 saturated compounds. The catalyst preferably comprises at



30 in step (b) the liquid fraction obtained in step (a) 1is coqteal £ an
the presence of hédrogen‘ and a catalyst conprising a Gougcé[}gljlrl /@%5) e
net al cor‘?ﬁs)n(@ﬁ?mg pported on an anorphous refractory oxid PPERT |
step (b) part of the aromatic compounds™ at e hydrogenated to 35 saturated
conpounds. The catal yst preferably conprises at 16SEP1005 WD 02/086025

PCT/ EP02/ 04417 ekeastorenechdll e&r@upuy NI Imatetlal ccoprosent sspppot tadoan
an anorphous refractory oxide carrier. Sujtable noble GrouE?VI ] . netal

conponent s ar 8"pPECTRIRYEN & SFHASRIMCOX e CHtat§5t LUitaBt§ BORPFi ses

pl ati num pal GadupmMarr meetih.colpriitd) s piltaoiniebied GaUPa¥hbh.
nmetal conponent(s) present suitably ranges fromO0.1 to 10 Wt %

preferably 0. 3h€o 8 LEtless bwsiveH akdiYg OTFaricS&t Ry t i cabekleReuBn®Ent of

metal ¢cal cul abed . agh@) @URAN) anlcRiAt ioke ddd totd o Wit 1 Ofe€af al yst. 10
- It has been found particular inportant that the catalyst conprises an

anmor phous r ef EQBPORENGKiSde PaSSEd  seldrtabdyy s al fr@rabpl esool Oswut b abl e
amor phous re»}ag@%f}ra%l Xigdes Jnel yde i Wi%@mnivféi n‘geé‘?’féé&?@%‘g% aal um na,

silica, titan zirconia, "boria, silica 15 alu , uor | | um na,
fluorided sil icdigktmisndhanamountt wfesmedfalt weadrcuiateedfas hesemet) t hese,

anor phous silicasalum.na.i referred, r.eby silica-alum na
conpri si ng frgﬁigttlge7§oth%%5‘ﬁ 1% 'hﬁ:aohf\gs&eaﬂzgatea‘rysfsco'und to be particularly
preferded. Exanpl &8s bkssbiekablfeusid paatd@udlaunimpaarantershar ecféscl osed

in WO A-9410263 anpl es of suitable catal ysts. are catal yst conprising
bl at i num of - BAFP G CORPER S50 oh GO ST I K8 LFATES S T ETe oI Ene

preferably theagatalysiteedpni.sexapipdldsnwh ad i ladimdrplsopported on an
anor phous silica-alumna carrier,. nost, 25 preferred catal yst conprises

A
an all oy of paPFABFEMArIn@*iplest ARG e fECHAN KUt ded ohUah afor phous
silica- alum Biuf‘nﬁﬁéi,e%iqfic\é{gi &h tlhg CconmeicEald )y s d abderieatal yst

C-624, C- 634, C-652 and C-654 of Criterion . .

15 alumina, fluorided alumina, fluorided silica-alumina and
mixtures of two or more of these. Of these, amorphoﬁs
silica-alumina is preferred, whereby silica-alumina
comprising from 5 to 75 wt% of alumina has been found to
be particularly preférred. Examples of suitable silica-

20 alumina carrieré‘are disclosed in WO-A-9410263. Examples
of suitable catalysts are catalyst comprising platinum or
palladium on an amorphous silicé-alumina carrier. More
preferably the catalyst comprises platinum and palladium
supported on an amorphous silica-alumina carrier. A most

) 25 preferred catalyst comprises an alloy of palladium and
platinum preferably supported on an amorphous silica-
alumina carrier of which the commercially available
catalyst C-624, C-634, C-652 and C-654 of Criterion
Catalyst Company (Houston, TX) are examples. These

30 platinum/palladium Catalyst are advantageous because they
deactivate less when the sulphur content of the liquid
effluent of step (a) is relatively high as can be the
case 1in the present invention. The hydrogen containing
gas flows counter-current to the oil feedstock in step

35 (a). In step (b) the hydrégen containing gas may flow co-



Cat al yst Conpany (Houston, TX) are exanples. These 30 plati nurTﬁlﬁ@éE‘P%ﬁum
cat al yst are advantageous because they deactivate |ess when the sul phur
cont ent wh d2hBed2squi d effluent of step (a) is relatively ¥hr@®4¢an be
the case in the present invention. The hydrogen containing gas flows.
counter-current to the oil feedstock in ep 35 (a). In step (b) the

hydr ogen contai ning gas nay flow co 16 SEP 2005 WD 02/ 086025

PCT/ EPO2/ 044ERrrEMmt @i reaintgr toumient cuFrenco-Tnereatc @ntemn opy dre may

e | chosen wheRoakPRihdif)sdlitk (B aleaPekf oL FECRLO(ALHEE O qseasaly

whil e the counter-current option may sen en“steps (
are perfornedessedre wisisld .tle Stntmbe y-¢hereeshpeptit one may steepchd®ern s

equal or lower than the tenperature in ste a). More preferably the.
tenperature i"nst ggte(p@ LY :%?% {kh)ana%% erg‘?/;éﬂéﬂoﬂﬂ °bFef'& a5y nore
than 85 C and nostip=efler aiMey tamipse tdamre 40n Gteperby har ierpstlepra). In
a situation wherein the 10 hydrogen containi ng gas flows counter-current
in both step®ved) WiRd (1) tHRREPErEE U2 FRERL épS - (¥PTandrEdHeT be

control | ed bypadjtlesdddththite tHMara uts) of s thsre Seh¥antor efd neden more
- feedstock, and/or the hydrogen fed to step (b). Optionally additional

hydr ogen havP#g & mekgtyemor® ttdperdd ure a2 Best earafesebly fmera dhara)

in order to chi ighel i,.0Nn nper at u i ‘hi.s st -
Optional ly tﬁg tecerrggorwgetpure I'n Jéfgsg%é;?aiéghdf%bé %gﬁb%gﬁa@or@ﬁ?ﬁl&d tbhye
i ndi teéct heahyerolgagednt airei matgd 3 stldetiscovhbasetvesentorinexaiil e by

means of heat  ,exgh e tubes 20 i se_ b The ,t rat.ure of
the feed to Sstteé% ?{[%9 cae{]rgba s)o tbkgé %’Z‘%@%ﬁépgogﬁji %ggpﬁengf)ff‘%gdﬁt&df
step (a) i n aanebieeraralt drddie dXohandipesthiei@rehé eeemnpg riatturteo cft efhe b) .

Wih, external heat, cxchinel e dmanly oy ek Heat el plased
used when steps OptidHhI(b) dE Peshodr Megdtdgenenhyessel aOhiigher
15 temperature can be fed directly to step (a) in order to
achieve a higher reaction temperature in this step.
Optionally the temperature in steps (a) and (b) can be
controlled by indirect heat exchange in the catalyst beds
themselves, for example by means of heat exchange”tubes
20 present in these beds. The temperature of the feed to
step (b) can also be reduced by cooling the effluent of
step (a) in an external heat exchanger before feeding it
to step (b). With external heat exchanger is meaﬁt any
indirect heat exchanger placed outside the vessel
25 containing the catalyst beds. This option can be used
when steps (a) and (b) are performed in one vessel or in
separate vessels. In case steps (a) and (b) are performed
in one vessel the effluent of step (a) can be withdrawn
by means of a so-called withdraw tray. Suitably cooling
30 of the effluent of step (a) before being used in step (b)
can be achieved by recycling part of the, suitably
cooled, effluent of step (b) to step (b).
The total pressure in steps (a) and (b) are suitably
the same when the fixed catalyst beds of the first

35 reaction zone (a) are placed in the same vessel as the



separate vessels. In case steps (a) and (b) are performed ing&ER 8essel

the effl f step (a) can be wthdrawn by neans of a B
mﬁthdrawﬁﬁ$§y8m§ﬁitably cooling 30 of the effluent of steéﬂ%gﬁhggggwe
being used in step (b) can be achievedbylrecycling part of the,
suitably cooled, effluent of step (b) to step (b). The total pressure in
steps (a) andcdt)lpse sedbablyththeesane weerttibe faomed @at.alstsis beds) of
the first 35 reaction zone as the 16

(a) are placed jn the sane vessel
SEP 2005 V\Dfﬁ)‘?/@%%@?Se‘iﬂ’cﬁ'PEP’é2F834f’faE%FQI‘&?F Ealo Tmate. Stnd
reaction zonetéiperdhseWihl stbp refenied kaiasdiie ndaekeddhedso °c
enbodi nent. The tenperature in steg@(b) w ll suitably not exceed 350 QC

and preferabl 4 sPTalehabidnge n fRemresgeard 330m 505 anst &3 efler abl y
from 250 to o] t t essyr.e 10
5 380 d 2%%5%@9?;( PELAL P39 tgtabp PEes Sy orwa{)tgf;%grgc;%

to 250 bar and pr In the range of from40 to 1
VHSV may rangeresswene Ondyt vangekgrofn a0l tper S0i bere @hd @irsfiestalpeyr hwur

kg/ 1. h d [ ly_ is_ inct 0,5t
St acked. bed capodimerttEReOFi RoataPar st CCoBarS) OF R e TR on
zone (a) are ft@aced. hbovelOt ke odt aliyspehedfis)reobft vatedyed geaadidun

zone (b). Optjonally an additjopal catalytic dewaxi or .15 i sodewaxi ng
step can be pL#qgin%H %%gtﬁﬁltagi¥nfsréPi%b8 TGRSE E&P“Tékgéﬁﬁbk. Thi s
may bep advant@gepus. mhen | ow pour points are desired. Preferably such a
pour point reducing steg is performed after stegg(a) and befqre step

(b). It may be pet? oFRedSFACKeEohREePIRAPLBREtNbAE 28 %88 IGRtStlepY a).

Qptional Iy whesy {4y SopOothe Pel PELr eddekREn Lbaat Nant are RARQdBGdvE a
separate vessel than step (a) co-current contacting of the effluent of

step (a) and thgdragehysh PRE (B eSEnEBeoFego8Gi £aBICE 108 &opst (B -al so
possi bl e. The cat ﬂéﬁaﬁgy\faéhngdgégigﬁageeg%mi@d%%x%%gproqcess

wherein in the presence of a catal yst an
' 15 isodewaxing step can be performed on the solvent refined

base 0il feedstock. This may be advantageous when low
pour poidts are desired. Preferably such a pour point
reducing step 1is performed after step (a) and before
step (b). It may be performed in a counter-current modé

20 as in step (a). Optionally when this pour point reducing
treatment is performed in a separate vessel than step (a)
co-current contacting of the effluent of step (a) and
hydrogen in the presence of a suitable catalyst is also
possible. The catalytic dewaxing can be performed by any

25 process wherein in the presence of a catalyst and
hydrogen the pour point of the base 0il precursor
fraction is reduced as specified above. Suitable dewaxing
catalysts are heterogeneous catalysts comprising a
molecular sieve and optionally in combination with a

30 metal having a hydrogenation function, such as the
Group VIII metals. Molecular sieves, and more suitably
intermediate pore size zeolites, have shown a good
catalytic ability to reduce the pour point of a base oil
precursor fraction under catalytic dewaxing conditions.

35 ° Preferably the intermediate pore size zeolites have a



hydr ogen the pour point of the base oil precursor fraction iswggpqmﬁi as
speci fi ed above. Suitable dewaxing catalysts are heteroge ysts
conpri si MOP&A%%¥8Pxcul ar si eve and optionally in conbinati OEEWHf@L‘%
nmetal having a hydrogenation function, sutl@ as the Goup VIII netals.
Mol ecul ar sieves, and nore suitably internediate pore size zeolites,

have shown a gaed sGak@lteld &raliddfaerd @ reduae theg POHI §Qi Phpek a base.
oil. precursor fraction under catal ytic dewaxing conditions. 35

Pref erably théntpraeddditet Poger sigizeeddiiaesaFaveSH-9, 628¥P12005 WD

02/ 086025 PCT/ER02K0441f, o129 e i aig ofs Of bes ey 0. 3020, 0. 8 nm

Suitable internediatée poré’size Zedlites are M 22,
ZSM 23, SSZ- 32reZsiired amdupSMifdsolamillzer siprweferare gheupidicael ecul ar

sieves_are the,silica,5 alumn hat e (SARQ terials Lch
ASEI It ohS R v S B (S PR
ZSM'5 may opt esal by elfe rieed aish fidhs 44 1% fdedertibddiein absencesobiany
Goup VIl netal. The other nolecular sieves are I_E)referabl y used in

conmbi nati on weeH-anMaddeBtior@dyp ba usetetldl 1Lt e G 8EB YPI FPRetal s

are _”i Ck?|, SBQ@H&:e BlfaEEQU@r%ﬁ Raliadidsn) Bewl osnof Resebhher
conbi nations are Ni/ZSM5, "Pt/ ZSM 23, Pd/ ZSM 23, Pt/ ZSM 48 and

Pt/SAPO 11. FaieHes aseaPrsigra@bdyamsiass igf copinateomof£ehl an sHeeds
oL BT BPRERTS BhSeor i AT s B VI OERIE, 0 S8 TARERR:,
dewaxi ng cat atybedtcopperitseuni aner pedilads weolHanwrystaf | poesihie .
descli Ded 0oLy Rt s oh8" B8l MR A5k P e gy gater ol v on
surface of thetdZeni-a8siahtdcate Saeol-itle Guptitadd idegtsailhasndeeranplieki ed
by Subj ecting the.gh umgetlica! €s eY 1% YUSA] 185l P SRy LB ror
deal um nati on
15 example described in WO-A-9718278, US-A-5053373,
US-AR-5252527 and US-AR-4574043.
' A preferred class of dewaxing catalysts comprise
intermediate zeolitebcrystallites as described above and
a low acidity refractory oxide binder material which is
20 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. A preferred dealumination treatment is by ;
25 contacting an extrudate of the binder and the zeolite
with an agqueous solution of a fluorosilicate salt as
described in for example US-A-5157191 or WO-A-0029511.
Examples of suitable dewaxing catalysts as described
above are silica bound and dealuminated Pt/ZSM-5, silica
30 bound and dealuminated Pt/ZSM-23, silica bound and
dealuminated Pt/ZSM-12, silica bound and dealuminated
Pt/zSM-22, as for example described in WO-A-0029511 and
EP-B~832171.
Possible preferred embodiments of the present

35 invention are illustrated in Figures 1-2. Figure 1 shows



treatment. A preferred dealumnation treatnent -is by 25 cont fE IR
extrudate of the binder and the zeolite wth an aqueous §§54&8%EM?

fl uorosi MRM086RE|t as described in for exanple US-A-515

WO A- 0029511, Exanpl es of suitable dewa%Bng catal ysts as descri bed
above are sidica bound and deal um nated Pt/ZSM5, silica 30 bound and

deal um nat edoRe/ £8Mse3, (g igkd el vanth dealnmétnatey PotZebedidvisig i ca
bound and deal um nat ed Pt/ZSN$22 as for_ exanple described_in
WO A- 0029511 S@AaefEPr@iz}MPaﬁﬁo&%lblf@e&r%tf%qkeoﬁ%mhﬁer@% &Pt he

present 35 i pyeal o dd,! st Iatad d N hi geesuded hFhgYsenlaphows VO
02/ 086025 - 13 16 EP 005 PCTI EPO2/ 01117 one vesse (1) provided with

an inlet (2)ohodetedd)vifiog Qhﬂ\dﬂﬁlnaﬂﬂhﬂﬁﬁtﬁﬁ&amﬁ¢d¢©édsTbek an inl et
3) f f , |
(3) for  Tresh ydrqgen, an ot 0, 4550yl 065D 2Rg.g0cout | et

(5) for the desSired € oi'l "produ c 5 Vesse nor e
-provi ded wi t betiwo (Gat dloys tpe rifed i) ﬂhmp[ﬂHf(Hmﬂrmw@te@téhysand t wo

cat al yst bed erform step roduct effl t being.

i schar ged vPaoE dd3 BF PEESSTOG e ke Sharte (o) ot E PRt oPlinss
cool ed pr oduatis&mar@@dr @qxaclladlew )(1Q) dowladlOipastdt oaxéAdhgbet ween t he
catal yst beds of step. (a) an to cool down the effl uent of ste

before it c8AChcOE FﬁéscépéﬂfgtPH§@§C5fmﬁXﬂ?%tﬁecyq+%ghyﬂ?oééH 58|%g)

di scharged viaseuwtlat ((4) Welthele ftheedftzapshsk@geds ss 8pi dg)andd
amonia in a cleaning unit (not 15 shown). before bein cy cled to step
(b). Figure 2bghé®@s caodwsoras Sie @éﬁﬂpgﬂﬁaﬂﬁmﬁﬁﬁﬁwi%k%W@foéﬁ atfirst

vessel (12) ppvided whih kel LLak bar o daaocl) norisol weaL okl ned

base oil feedstock, an inlet receivi y rogen, et (15)
for 20 non-cbréongedibsgiraged aneé @mtdamldw)(baﬂi-the Tessel fEoR)

hydrogen sulphide and ammonia in a cleaning unit (not
15 shown).before being recycled to step (b).

Figure 2 shows a two vessel configuration consisting
of a first vessel (12) provided with a inlet (13) for
receiving solvent refined base o0il feedstock, an
inlet (14) for receiving hydrogen, an outlet (15) for

20 non-consumed hydrogen and an outlet (16). The vessel (12)
is provided with two catalyst beds (17) for performing
step (a) in a counter-current operation. Figure 2 also
shows a second vessel (18) for perfofming step (b) in a
co-current mode of operation. As a top catalyst bed (19)

25 in vessel (18) a dewaxing or isodewaxing catalyst may
optionally be present. Vessel (18) is further provided
with a one or more catalyst beds (20) for performing
step (b). The effluent of vessel (12) may be reduced in
temperature in heat exchanger (21). The feed to

30 vessel (18) is mixed with fresh hydrogen (22). The
vessel (18) is further provided with a outlet (23) for
the desired base o0il product. From this product non-
consumed hydrogen is separated in gas-liquid
separator (24). This hydrogen may suitably be directly

35 ‘used as feed to vessel (12) via inlet (14). The hydrogen



is provided with two catal yst beds (17) for performng step (a* ig 3005
counter-current operation. Figure 2 also shows a second vessel Pf f Por
per f or m NYOIRMBPE0EH) in a co-current node of operation. AsPETER2EHIE| yst
bed (19) 25 in vessel (18) a dewaxing of igodewaxing catalyst may
optionally be present Vessel (18) is further provided wth a one or

nor e catalyst gzgéh%ghsge@fgr@ugqetsR?%Q lli”g%(éﬁ§g8n#ﬁe& vesse

(12) may be re ucgd erature i n hea anger feed to
30 vessel (18hyd30gbnedumphhdéresh mwmumyatiﬁna .clégeningssrlit(18ptis

further provid for ., the red base oil product.
Fromthis proaﬁ8vm% Ee%86ﬁ Eedg ﬁér&@&? i's % Qﬁpi§P@Biyliquid
separator (24neanhBi $2hydrogen may SU|tany be directly 35 used as feed
to vessel (12) via inlet (14). The_hydrogen 16 SEP 2005 WD 02/086025

PCTI EFD2104417 beTR§ #P¥eRhigadwiid 66t LetUetsrtad Phehe etaliPying

hydr ogen suIpgbgelgﬂgtgggngkgmbqeg cleanlng unit (not shown) before it
_is re-used via hyd rogen upply” neans (22). 5 The invention will be

illustrated ngamgleo lowing non-limting exanples. Exanple 1 A solvent
fined b | @b b t i I
refined base oi |l g E?t%ﬁg ¥T3§[3%8r P.q a8, 395 a%éoon?%wpggg%tyte af" @

vacuumdi stillate fo a solvent dewaxin
nethylethylkeemneéctmbuenéthafhmguthé pmopewaaunmﬁdﬂstikibte Tablewédwas

continuously fed_ to op of a stacked bed rea cat al yst
bod duhor'st wabSranSenhEat cReRertng' 3EeBLndin B ke 8808
Criterion Cat abyeéneonpamygwh(el-lpuemtl&é) asThe dadd oin bedbrent avaed bed
consisted of a commerc Pt.Pd on anohg s SI|IC eI%m na carrier

al
(C 624 of CrutlgPFbﬂu@aFLVyg?doBHpéFﬁ? t off, SERC ther BBEEBAT of "B he
stacked bed reggtestBYgE09BBAVES N sG@RledNBFUS! Y-dnfer el apemat bAY

conditions were a

alumina catalyst (DN-190 of Criterion Catalyst Company

15 (Houston, TX). The bottom bed contained bed consisted of
a commercial PtPd on amorphous silica-alumina carrier
(C-624 of Criterion Catalyst Company (Houston, TX). To
the bottom of the stacked bed reactor hydrogen was
continuously fed. The operafing conditions were a

20 hydrogen partial pressure of 80 bar, a WHSV of 1 kg/l/h
in the top catalyst bed and a WHSV of 0.87 kg/l1/h in the
bottom catalyst. The fresh hydrogen inlet flow was )
65 N1/h. The temperature in the top bed was 350 °C and
the temperature in the second bed was 320 °C.

25 The properties of the base o0il product leaving the
stacked-bed reactor is presented in Table 1.
Example 2

Example 1 was repeated, except in that the

temperature in the bottom bed was 290 °C. The properties

30 of the final base o0il product are in Table 1.
Example 3

Example 1 was repeated, except in that the

temperature in the bottom bed was 310 °C and the
temperature in the top bed was 340 °C. The properties of

the final base oil product are in Table 1.



20 hydrogen parti al
cat al yst an
hydr ogen ‘?ﬁl%%/f)s‘g?

and
t he base oil

pr oduct

| eavi ng t he
Table 1. Exanple 2 Exanple 1 was repeatrggirexcept

pressure of 80 bar,
a WHSV of 0.87 kg/l/h in the bottom catal
bw was 65 N /h. The tenperature in the to
the tenperature in the second bed wak> 320 C. 25 The properties of
stacked-bed reactor is presented in
in that the

a WHSV of 1 kg/l/h

in the top

R

tenperature in the bottomhbed was 290 CT—The properties 30 of the final
base oil product are in Tabljdase BEMIAFE ExanprRI 1 was | A&geat ed,| except
in that the |[tenperature in|t _ottoran_eoq]_Py\q a t erature
in the top bed was 340 C.° Th eﬁgeragperti es o0 flhgé-‘??\g%l fg agsg%gﬂ %gﬁoduct
are in Table|l. WO 02/ 086025 RO YEPO2()IBASE2@JS. | RASE TABLEBRSBEaSE&L

oi | APl API APl Heed—G-oup—tH-GreupHH-Grogp—tH—stegkBASE-GEBASE—OH-BASE O L
Exanpl ef eedlﬁESEC’iaé?’PBre?ature st F856ti on zofie( O)|- 350F50340 tenper atlure 2nd
reacti on zong dgpeAABSI0 [sat urates [(W99 72. §98. 298. 798. 1 polars

(w9 27.21.81.31.9 sul phur (no/kg) 7700258 nitrdgen (nog/k

1St reaction

y) 23<1<1<]

zone. (°C) - 350 350 340
temperature i
2nd reaction

zone (°C) - © 320 290 310
saturates

(Wwt%) 72.8 98.2 98.7 98.1
_polars (wt$) 27.2 1.8 1.3 1.9
sulphur

(mg/kg) 7700 2 5 8
nitrogen

(mg/kg) 23 <1 <1 <1
Viscosity

Index 104 109 107 107
viscosity at

100 °C (cSt) 5.2 4.1 4.6 4.4
viscosity at

40 °C (cSt) 29.5 20.0 23.9 22.5
pour point

(°C) -16 -11 -11 -11
colour Saybolt +26 +28 +27




Vi scosity Index104109107107 viscosity at 100 C (cSt)5.24.14.64.4
viscosity at 40 C (cSt)29.520.023.922.5 pour point (C3-16-11-111q§39pq%yr
Saybol t +26+28+27 16 SEP 2005 - 16 CL Al MS 1. Process to prepare a
base oil having a saturates content of nore than 90 wt % a sul phur
content of less than 0.03 wt% and a vigcosity index of between 80 and
120 from a solvent refined base oil feedstock, which process 5
conprises: (a) contacting the solvent refined base oil feedstock in the

presence of a hydrogen containisg ggs EH a first reaction zone
containing one or nore fixed be L al yst, which catal yst
conprises at |east one Goup VIB 10 netal conponent and at | east one
non-noble Group VII1I netal conmponent supported on a refractory oxide
carrier; (b) contacting the effluent of step (a) in the presence of a

hydrogen containing gas in a second reaction zone containing one or nore
fi xed beds of a catal whi ch 15 cat al s%igonprLses a
i

t t al t
conprising an alTEYSerS bPaPFRUATEnd BAFFadiamAing &f |2 5 bRf na

support, whesei dht herohbrbeedghooly W3St @p stalpHl oW codnt e5r gHEEeNt to
t he upfl ow ng hydrogen containing gas. 2. Procéss according to claim1,

wher ei n t he woiveht 020wk ef Enddabasecost tieddsteoc oo drprises Bet ardn1300

ppm and 2\¥Qésulphu%?e% gfggtﬁgén 70 and 9%\M£gsaturates. 3. _Process

accordi ng to any one® * PRREr &' A Tatat yst LSRdPFRCSPEp

(a) bs a catedmsticesprising cobalt, nolybdenum and an al um na support,
nickel/ (a) contacting the solvent refined base o0il feedstock in

the presence of a hydrogen containing gas in a first
reaction zone containing one or more fixed beds of a
catalyst, which catalyst comprises at least one Group VIB

10 metal component and at least one non-noble Group VIII
metal component supported on a refractory oxide carrier;.
{(b) contacting the effluent of sfep (a) in the presence
of a hydrogen containing gas in a second reaction zone
containing one or more fixed beds of a catalyst, which

15 catalyst comprises a catalyst comprising an alloy of
platinum and palladium and a silica-alumina support,
wherein the o0il feedstock in step (a) flows counter-
current to the upflowing hydrogen containing gas.
2. Process according to claim 1, wherein the solvent

20 refined base o0il feedstock comprises between 300 ppm and
2 wt% sulphur, and between 70 and 90 wt% saturates.
3. Process according to any one of claims 1-2, wherein
the catalyst used in step (a) is a catalyst comprising
cobalt, molybdenum and an alumina support, nickel/

25 molybdenum and an alumina support or nickel, tungsten and
an alumina support.
4. Process according to any one of claims 1-2, wherein
the temperature in step (a) is between 300 and 370 °C and

the temperature in step (b) is between 250 and 320 °C.



25 nol ybdenum and an al um na support or nickel, tungsten and an alum na
support. 4. Process according to any one of claims 1-2, wherein q¢Rep 2005
tenperature in step (a) is between 300 and 370 'C and the tenperature in
step (b) is between 250 and 320 C. 16 SEP 2005 - 17 5. Process according
to claim4, wherein the tenperature_ iy, step (b) is nore than 35 C | ower
than in step (a). 6. Process according to any one of clainms 1-2, wherein
the total pressure in steps (a) and (b) are between 40 5 and 100 bar. 7.

Process accordi ngrbeeaBy aee rofing alo®1ki6 Mhengireistepe (Be¢mbpSrature
performed such that the effluent of step (a) flows counter-current to

t he upfl ow ngnh§aEBgER) cart AiaFiendgds 3510 B. 1 Prejcddeactdbrarag €8) el ai m
7, wherei d f ' )
erein S%.epspééé?ég ac(c!%)m*[i[@ g [ é}gﬁ%oéf %Prtﬁié’;?gfei 2) Wﬁé9§?,ﬁ

according to claim wherein f 10 step I's reduce

tenperature byentstay blrewistdrepdnrt swfpd helefdddies) cdrstieptyben whi ch
has been reduced in 15 tenperature relative to the tenperature-of step
(b). > 10. PraBess08cPefding to any one of clainms 1-2 wherein prior to

step (b) a catal gt eg%"‘@éi[g%&d‘lrn 'Sc%d%‘ﬁgf_ DL 5L ePds %efiﬁ,r "efle 004§ he
effluent of step (a). Il. Process according to claim10, the dewaxing or
20 i sodewaxi sagept ép)and skeerfddnedarsaerdrartethece tilfuemt oM thep (a)
hydr ogen con zining gas in a separate vessel_from the vessel in which
step (a) is PY¥8r RR§Nter-current to the upflowing hydrogen
containing gas.
10 8. Process according to claim 7, wherein steps (a) and
(b) are performed in one vessel.
9. Process according to claim 8, wherein the effluent of
step (a) is reduced in temperature by mixing it with part
of the effluent of step (b), which has been reduced in
15 temperature relative to the temperature of step (b).
10. Process according to any one of claims 1-2 wherein
prior to step (b) a catalytic dewaxing or isodewaxing
step is performed on the effluent of step (a).
11. Process according to claim 10, the dewaxing or
20 isodewaxing step and step (b) are performed co-current

with a hydrogen containing gas in a separate vessel from

the vessel in which step (a) is perfofmed.





