WO 02/ 086025 PCT/ EP02/ 04417 PROCESS TO PREPARE A BASE O L HAVI NG A HI GH
SATURATES CONTENT The invention is directed to a process to prepare a

base oi | wawingeoas sat urates content of nore than 90 wt % paTEPophm7 cont ent
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 oil is sonetines referred
to as an API Goup Il base oils as defined in APl  Publication 1509:
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WO 02/ 086025 PCT/ EPO2/ 04417 - | e metal conponent supported”on an
annrﬂﬁbus Oils”. There ex1sts an 1ncrea51ng demand for these

products due to the fact that modern automobile engines
operate under more severe conditions, requiring a

lubricating oil which is 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 oil range
by first removing part of the aromatic compounds from a
by means of solvent extraction, subsequently dewaxing the
solvent extracted product and hydrotreating the dewaxed
oil 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



refractory oxide carrier. The above process is not preferred because it

i nvol ves many process steps to obtain the desired base 5 oil. US-A-3673078
di scl oseswe wosser - current contacting of a solvent refi red/irPagesdai| using
a platinumon alumna catalyst. The teapgrature in the bottom catal yst bed
was 343 C and the difference between the tenperature in the 10 top and the
bott om cat al yst ged slgbout 14 %. Althgugh t he discloged processes nay
be used to prePafeFowls TOBRIF<Bhd SEBROPSESr OBofBoRASPEGH A ni ng  base
oi | s there isrefirbkctoegmoxdde preverent. The present invention therefore
ainms at providing g 1298i | e process, which _can also reduce the sul phur
and pol ar conpound§ PEPEF PROSASEpFolel RERABFIe¥nPs§crESEchteved by the
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content. of nore_ than 90 wt% a sul phur content of |ess than 0.03 w % and

20 a v?scosit?lﬂndex of between 80 and 120 from a solvent refined base oi

feedstock, which psogess7g0mer ksesiokal §08baRtLAIhPBe80! WBAtL ket hged base
oil feedstock in the presence of a hydrogen containing gas in a first

reaction zone®oft 8PAVREtorefenedobaski kéd BedBJor Blabinuat anysiumihach
catal yst conpphgggyat .l east teppeGhoUP VLB Hﬁéaboeesﬂoesgglggé B&d'ﬁsgg one

non- nobl e C?oug VI11 netal conponent supported on a refractory oxi
carrier; (b) é8Ata€trRg the éifffgeancefbstepetafhentenpeprtveacen 8deof a

hydr ogen cont 8bpi BAqORRC BoRcBRCAAHATFBEIHOA w2ONGHE0P! ghNkag one or mor e
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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 o0il 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 oil 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 VIIT 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 metal component supported on an amorphous

refractory oxide carrier, wherein the oil feedstock



hydrogen containing gas. It has been found that with the process according
to the invention a nore sinple process is obtained, wherein 5 a separate
gas/ | i quiwogepsdat i on of the prior art process is not needed/EPhnO@oONt r ast
the present process nmakes it possible tosperformboth hydrotreating steps
in one vessel. This makes the process even nore sinple. A further
advantage i s thatikhgtgregeztfgrocess cgn be used 18 ig conb%gation wth
exi sting sol vent Fafhed baselorl> HPBREEEeS TSGR pPoEBEsBRILEHIBE
nodi fi ed by addi ngytihegehydoapraaéasi ggssteps (a) and (b) to the existing
| ine- up. Most preferably existin drofipnishjng reactors which are
usual Iy part of aﬁ£e&ﬁ§t¥ﬁ§ns PyaﬁtgﬁéFiHFEb Egebagacsﬁﬁ BreeEdsngahObe

retrofitted tena LpaeheioMesShRbrecenppilsi pgotBesl i ESbpaRInsqcoRdereaARt I ON
zones of the process accorging t he invention. Alternatively sol vent
refined base 8i FEPPFEpar 8aSAt15udr FEPRRELEBRaPE oRNBaRT BT UPKE aBEACEESAPI

Goup || baseigi hetWwhtBdthe Phoeessrid9tacrer girBgehe HPEcRLEESRRkeLNYENt i ON.
Furthernore an APl _Goup Il base oil Eroduct havi ng an excel | ent col our

can be obtai Redsthls hPgReyferd BatBdhBArPhESabipentterRfi HRdONBase oi

feedstock usifgsacp! 0PRSS MAKEB ORErBL68e3L avehehabbVvehyplow gressure. 25
The solvent refined base oil feedstock will typically have a saturates

content of befBﬁFb@rwﬁ@WéﬁHa9§_éﬁtEhﬁéqthﬁyp§659éﬁtPé?@?&ét¢®ﬂ_hﬁduggﬁvent
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Suitable distillate petroleumfractions are vacuumdistillate fractions
derived from BRCEEABSPhePiehr pEPEBESEs. ean Hesmpdfidiedf bucaddhsgobhai ned by

vacuum di sti | i . L eS| fractign i Lp.r ] i ned by
atmospher i ¢ et TTaer o orSa cride o | - indhort; e ekkEbihy SEhELD
vacuum di sti | hat eMpshcpreherablzuakligt 86gbkydeenigdshand 628cCyrsuitably

bet ween 350 apd; a0, e MELQ§i9889§§ 5¥HAEPQ§£Q€§&3 sd1dent refining

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 fractions 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.



However, deasphalted residual oil fractions, including both deasphalted

at nospheri c resi dues and deasphalted vacuum residues, may al so be appli ed.
Sol vent ewbroaosioen is a widely applied technol ogy 5 when pcamor/oagibase
oils and is for exanple described in "LuQrLcating base oil and wax
processing”, by Avilino Sequeira, Jr., 1994, Marcel Dekker Inc New Yor k,
pages 81-118. Sol vent %xtra exanpl e
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extraction sobwehtde@%bhalmsddasmbwphé31areebhdeébyhna gyasphhllose and
furfural. In the solvent extractlog§orﬁnat|c gpounds are partly renoved

from the hydr SaPHBn TREAEUFE, PR 8 Er8BBLAG%% he viscosity index of

the product. Amoupbsvehtsukphuetasd 15 ai iegen apflaéaOté@HﬁM@dgyn t he
sol vent extraction process. Solveni dewaxi ng_i s so a widely applied
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are descri bed iobtheaeanti easeepiilonad W§Xt?9Q5e391 n&ubrpgah,ngi hase oil
and wax processing", by Avilino Sequeira 94, Marcel Dekker Inc.

New York, pag8€9¥53r2p247rse| ¢&é; d@ﬁé??ﬁgbﬁ§kﬁér¥6FneHeByY@ﬁk}I|ng t he
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crystals are subsequently renoved bK 25 filtration and the solvent is
y

recovered. ExYiphe °6fexﬁ@§§PbNem§5 eNESPHFECHRERAYE et AYFketahe/ PlotTehe,

nethyhosobutygket9a§ﬁhﬁgtaxbk§eéusgl5§£9Qeéﬂgﬁh¥b§§gﬂk b8t oRCy
di chl or oet hyl ene/ net hyl enechl ori de, and propane. The sol vent ?lned base
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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 o0il 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



5 nitrogen content is preferably |ess than 50 ppnw. The saturates content
is preferably higher than 70 wt % Next to saturates the base oil mainly
consi sts wbmnesmsi c and pol ar conpounds. Exanpl es of polrarn/Eropeuands are
specific 5 sul phur and nitrogen containiLng conpounds. The pour point is
usually less than 0 C. Particularly suitable solvent refined base oi

f eedst ocks to, be_used in present . invention are those which_are
classified as %ﬁFO%FoupOP%eggsésCPFgfgﬁa%g ci?%%dEPﬁntgg BPGY e- hBfit i oned
APl 10 Publ i cattonatb89cofnghhei & bréfeealsinghagdeCethihi vatvon. System

" Appendi x E—AEI Bage C%I nge hangea |IitX GQui del i nes for Passenger Car
Motor G| and-Bi &8&FEEhGPnE"® ?ge °th Tae }Yrg?nﬁ§ﬂF6t?Ea??ﬁ@ag%gpan) t he
| evel of 15 punahucompduﬁagroggampmesh@flp@yaﬁ Ebaybgd dowpwasgsciEhrough
t he catal yst bef S red drogen sul phide and ammonia are forned in
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this step coy@teéugylpemés§0thﬂﬁ opftovbagt hydl o8 Q@%téﬁﬁ@né§l€8Ht20
hydr ogen sul phide are renoved fromthe downflowing 1iquid oi

di scharged frbafthediPree Pééc??%ﬁsE%@%ﬁvﬁ?rP?kﬁﬁe®p¥moVbﬁgP§%§e%tream | t

has been founﬂn@@ﬁiléﬂl§resep@§@twgﬂcmsa§@fé1§é§ﬂflé@ Ledyge éPguﬁugphur
and nitrogen levels in the oil leaving the first reaction 25 zone (a) to

val ues whi ch B#&Caetépt @bl eFeFipeds bh nikg 2Seep nentisuedabPy hydrogen
sul phige and pABDNEA: 868 worpve@ngiﬁmimg@é?%v%léﬂ&%@:@f{i@%ﬁf&ﬁp (a)

resulting in a cleaned hydrogen containing gas ch is prefer
recycled to s¥Eptem). ‘éRBﬁ%@b% %TAghlﬁéﬁﬁyoh%t1nﬁﬁw¢hﬂng¢@hnblhg hydrogen

sul phi de and Qo) 2o erJp! POLS KOO o L Aoy 1y SETHAS 2N ADGPRRL ! On

treatnment wit SU|tab sorptTon sol vent, suc as solven
one or nore d?khﬁolanlnes, for exanpl e nono- ethanolanine, WO 02/086025

PCT/ EPO2/ 04417 In the first hydrotreating step (a) the level of

15 sulphur and nitrogen in the liquid 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

| 0oil and discharged from the first reaction zone with the
upflowing gas stream. It has been found 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 performing
step (b).

Suitably hydrogen 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,



- 6 di-ethanol -am ne, nethyl-di-ethanol am ne and di-iso- propanol am ne.
The catalyst to be used in step (a) may be any suitable

hydr odeni woiozios@ks on (HDN) and hydro 5 desul phuri zation ( HOS)EPOROEHIY St
known to one skilled in the art as for _exanple described in Wrldw de
Catalyst Report, Gl & Gas Journal Special, Septenber 27, 1999, pages
53-58. O her exanmples are described in US A-5855767. Suitable catalysts
conprise at | €asEtHABCOLIGNENSup™IFBYheflar ctBAPBhBRENENANEt Alsa§P~0one
non-nobl e G gupp¥hbhafBhal. conponent selected fromthe group of iron,

ni ckel or cobalt supported on a refractory oxide carrier. Exanples of
suitabl e Group | VBhRefaFslacé tRoP§bHERGM-EMBYCRNE2L URBELBA @RY. Exanpl es

of suitable 13,ReapRebheqGauR:YELEiBRERLE AlBNNI gKE! n(Nir)-and cobalt (Co).
Sui tabl e catal ysts include those catalysts conprising as the non-noble

Group V111 medasudphpsacatiosnd HBE) nerEadyshi krevn(’p) candskbbakd £8o) in
an anount of o] p b i (w9 L ar.a 20 15
wt % caIcuIatggéagkglége%?rrgﬁgﬁpgg ggggggg%dmg%g ?rgéﬁiggtg gg?yggd as the
G oup VI B net BEpestipoRént &oResodonpnal Eberhadn aeptembeft Pieonml38%Pe0 30 wt %

preferably 10 g8eg55pgg%_cgkﬁg#gggg?szgglgggn&eggkgéégg?ho total weight of

cat al yst. TheSe et 3 nponen present | enental, oxidic
and/ or sul phi UbeAf-6B8abdnd .abeisapper tetlalpata cehpatcser ygtokedstcanei er. The

catal ygt may al [ a_nobl tal .fr G oup VLIT next.to the above
nenti%ﬁed netgFéngggﬁgPsgg%fCSﬁ??ﬁ%”ﬁ %8 I%gg% %?g are n%%l?88?5n1and
pl ati num 30 TheupeViadt meyabxcdepsuppdr tedbéctbd f£atml yhe gsedpi af t he

corbi nat i on of "PReSELCORH Shalryoth SHERAr &t Of i FRTARCTRert bt fider
materi al . Exaopkesecofl Esampabkeofetuathbly OGxodesIVBCchadelsnargani ¢ oxi des,
such VO 02/0838§§b§g§QEPQﬁé 4%%5 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
catalyst 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 carrier. 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



- 7 as alumna, silica, titania, zirconia, boria, silica- alumna and
m xtures of two or nore of these. Phosphorus (P), which is a well known
pronot er , woe/08403® be present in the catalyst used in the PCIEPD2/B4417
hydrotreating step. The phosphorous contenrt _is preferably between 1 and 10
wt % as oxide. Preferred catalyst, nore preferably containing a phosphorus
pronoter, are cobglt/nnlybd nunlog %Iunlna haV|n% a cohalt content of

]

bet ween 1-5 wédh &< UBR{'de” Sid 11616158 ™Ay AOFyEAERuNPOShEentldd Céxi de:
n|ckel/nnlybdenumun@naaUumu&au&@%Iag awbl ekehogentbgntndsa W % as oxi de and
a nDbedenun1cont f betme n 10-30 wt % as oxide of which commercially
avai | abl e cat al ystBRPIOFYUST (& it UPLGA €8t & YL LCERPYAYPEPBAEESN, MEX) is an

exanpl e; and 13sbi pkebrturast eh @ReakuBaNgshavisBe annigkeliggpt ent of
betmeen 1-5 wt % as oxi de and a tungsten content of between 10-30 wt % as

oxi de. °Si nce PHETBASEGHNI EE6Pr0THE PBAVBRPERUSnCSNERNta)s WFPeEaRtlai n

suIphur-contab@tagegoqugadgg t/ae gatakygk. 20 used in the first
hydrotreating steE is at |east Eartl y sul phi ded prior to operation in order
]

to increase its PRGreforafranyet Pm@§alﬁﬁﬁéﬁﬁgbéy fheteanahgse can be
achi eved by 'Bh%b?ﬂo?ﬁseﬁr%hbHeQEtQQQSCBBQY@/hB%&PBeﬁE nSY¢NmaRaf O

i nstance those nethods disclosed in the 25 foll |cat|ons
EP- A- 181254, EPVAHQZ9499balEPCAﬁn&8n39f EPtﬁ€564313 WVE>A593®2¢93aadd

WO A- 9425157 1L Fysg@erablgea@ﬁulnppbﬁk@ ar ema&?dn?xkgev{qéigbg ro e

unsul phi ded cat a wth sui tabl e su ph| agen suc
sul phi de, el epentahmipbphaving a3GlsHeﬂabbetpotyéu5phtaeasaohydeoaadban oi

containing a ﬁ89§58@8hﬁ' appupt gk E%kg@gﬁ E@“B?SQ£99a8°§99#2?§y0$0%cphe -

m xture of two of nore of these sul phirding agen Partrcu
situ sul phi datponeachydiygcavbonabodkel cebal gshi AY-a98ubst @nitakianount of

Soepp T rcontatlingyde ESRBAHYIRHERY 3H; ' 8R) V1 BoaHoE aAB1 LN R RY! PN AT N0

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 compounds, 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-329499,
EP-A-448435, EP-A-564317, WO-A-9302793 and WO-A-9425157.

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 o0il 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
oil containing a substantial amount of sulphur-containing

35 compounds may suitably be used as the sulphiding agent.



WD 02/ 086025 PCT/ EPO2/ 04417 - 8 Such oil is then contacted with the
catalyst at a tenperature which is gradually increased from anbi ent

t emper at Wwe o2os@23 enper at ure of between 150 and 250 C. TiheTERAbM8$T iS toO
be maintained at this tenperature for 5_bgtween 10 and 20 hours.
Subsequently, the tenperature is to be rai sed gradually to the operating

t enperat ure. art cul ar._usef ul carbon _oil presul phiding agent may
be the base 0$FC eBY |f§e£?enmﬁPEFa Bﬁ alVhgh tg?gﬁgf?&éﬁg ahnBunt of

su!phur-contat@mpgraaﬁﬁ@unﬂgchlmst@radﬁa$eythﬁci@ageautﬁbmdgﬂbﬁéﬁelyst nmay
be contacted with the feed wunder, for exa the operating conditions,

thus causi ng"EHRSERLEFGstOtd B%@BﬁEaEHFﬁhggeEetW9%Pc PPyandhd50paGe oi

feed shoul d conpriseadysteast 8. 5% hyiMehoRbdoht §Hi9h9ém$995@u9énﬁor
conpounds, said wei ght percentage 15 indicating the anmount of el enental

sul phup rel atPeevesn {heaR@tal Apwtnt SrbFe@dshblk, T heota@per@t@éeuseful

as a sul phi dt@@bégﬁé‘ise§t§9a<ﬁ@%ll§ @H'El@@'é! Qngﬁlti&dt@rg fpliQ
tenperature is between 250 and 400 C and pre erably etmeen 00 and 370

C. The act ual PREHHEY hetir eSafidl ok HeFoCapeeat phy @bﬁ@mlpbnélmm|¢g@@pemdy
largely on thgeCconteptse 0bi sUFPHYT i aRL] T @hiéﬂgggntglé? f

desired reduction to be achi eved as descri bed above enperatgres
for exanple, ¥BIWrE ¢h ﬁ@bﬁ@mrréﬂwt@i@hn@fCOmBO@Pd@ndIm+tbn$emaseThbetota

ressuse m r b i n 40 and
200 bg? Thg ﬁééﬁ%ﬁﬁ{ﬁour yég% d%?t85?€é§£§éaQiyra§%€ #%%%10 l1to 10

kg of oil perumd¢¥e ﬁ¢rc%Xngk¢,p@meh©yer4tgmg tdnadndiossy) taithy is in the
range 110m 0. 2,40, 2 kghL b 20, ot b Lbo theybhquid 1536t Lon obtaged 1

step (a) s con resence o en and a
conprising a l@iwpoi\lllfeenbbisleommompnpwem beppor @ 52 lop @éu@hmrcpf\ous

refractory oxjde carrje st e b art_of .the, aromatic co ounds are
hydr ogenat ed % fbh&& é ﬂtalﬂhng ébépgung said weléht percentage

15 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 total 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 0.1 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 the 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



35 saturated conmpounds. The catal yst preferably conprises at WD 02/ 086025
PCT/ EPO2/ 04417 - '9 |least one noble Goup VIII netal conponent supported
on an amypphos®?2s efractory oxide carrier. Suitabl e nobl epcE&rPapoMiT| et al
conponents are platinum and pal |l adium _The-catal yst suitably conprises

pl ati num palladiumor 5 both. The total anount of noble Goup VIII netal

o o o, RegEpbos hbARLY GLANISHTIToMbE] Lonblnthit < BESTELALY 0.2 1O

5 w % which werght pércenfage ica € anount "o at ed
as elenent) asl anpvphtast oedlrameoght ogfideatakyser. 10ulitahas hebmef ound

particul ar i rtan a h I C ri .an_anor,pho refractory
oxi de as then828% igg&ﬁa#g%?gnggkgﬁ%ﬁég % sgiggﬁpgmaﬁﬂgpﬁ8gzadF8Wractory
oxi des i ncl udéhienoaganiyetoxidesplguchmpsisabupilaainginl i pallbhdiani ar

zirconia, borja,, silica,l lum na, fluorided_ alum fluorided
silicagaluninéogﬂd &hFxFﬁggg 8FOPRS 8F ﬂ%%geo?r?ﬁgsgﬁiéfm?ﬁége, amor phous
sili ca-al um naompopeates) edrenbatebyisbblgarahgesnaromoopli sbngof wem 5 to
75 W % of al um na has.been_found to,  be rticularl referred. Exanples of
suitabl e silieéegﬁrag&ﬁi a’c Prgewgﬁarghg$ECV8%8g£i%egE?%F9230263. Exanpl es
of suitable cahaliyastesarBecamaliynst c€onMPtasi NGaptalhnum 88 epahéadi um on an
anor phous silica-alumna carrier. Mre _preferably the catalyst conprises
pl ati num and BaﬁFEHVﬁnFOSEBBBhtgalS taﬂfaﬁﬁF%LﬁﬁE'siIica-alunina carrier. A
nost 26 preferredieahabyBtefOompuhgesaapiehl 8y ohppathadi uRxanghepl ati num
preferably suggorted on an anorphous siljica- alum na carrier of which the
commerci al |y G957 4BFeCORBFAF§St 20 BBATPERR34LCEL 8520 BRICTI 8542 8f tieki teri on

Cat al yst Conpaayr{&euskearidX) ak@mﬁxagpéﬁssuibsﬁﬁe39m@£9559§n1palIadium
catal yst are advant ageous because they deactivate |ess when the sul phur
content of thBSfFaaFaryePritdent 1BFLetepirayIrRicepatfioet ySHElyhads can be

the case in LhemPrgsenl1iBYeNtE@AnidNe, YEE00LN KOPL Al NEDNYica-

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

20 alumina carrieréiare disclosed in WO-A-9410263. Examples
of suitable catalysts are catalyst comprising platinum or
palladium on an amorphous silica-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 in the present invention. The hydrogen containing
gas flows counter-current to the oil feedstock in step

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



gas flows counter-current to the oil feedstock in step 35 (a). In step (b)
t he hydrogen containing gas may flow co WO 02/ 086025 PCT/ EP02/ 04417 10
current owoamewsdoes - current. The co-current option may be PpPchEpemodsEn St eps
(a) and (b) are perfornmed in different %ls)s_els, whil e the counter-current
option may be chosen when steps (a) and\ﬁ( ) are perfornmed in one vessel. 5
Suitably the tenperature in step (b) is equal or |ower than the
tenperature i RUSEBPL( QY. CRBRESETEREFEBFY ThAeCPeppErantr ePthost BpY(bY is

more than 30 5ho§¥§”wHBﬁest8§§f?Q?bEMd”@B? SP@P?§§f5%ﬁQQ ﬂHsal@EEESESb'y

nore than 40 C lower than in step (a). In a situation wherein t
hydr ogen cont 8¢ffRgSgashilewsheonnteEesnerenent nobbi dn Ba¥pbe(ahoand (b)

the tenper at UjgehNs8EBRS (4R) affd (6P) ar€a8e DL £RDAT Ok | 60l bﬁyggéfst'“g the

tenperature of the solvent refined feedstoc or t rogen fed to
step (B). Opti ona$lllytéﬂéléIYtFbﬁatelmy%lr@‘g‘éﬁe hivi sigeR bghks @Guaknperature can

be fed dlrectiaw%P gheh 192 temg gtutl 1ﬁ09%§% g%uh'ﬁ89é ?gfé%8§lg g (b)

tenperature in this step. ythe rein s
can be contrtJlMBe‘@lelbyerﬂblureclnhe‘aepekhhan@ancbneth@amaB&I Y6t éeds more

t hensel ves, heat n present. in these
beds. The ten%era%ﬁggigfa%{ﬁgﬁﬁ %o gt%r% rB? ga% ef%ral%gyr%ﬁﬁ%eéh

cool ing the e4fDI tentoeér *shelp ia)stelpana)extm nalshtaa&tmnh\ahgembetnée

f eedi it ext erna heat exchang S ant. a

i ndi rggt heat (ﬁ %Ié]e%onF LRI UTRT del the CoeTT Z%uléﬁﬁ?geh? nﬁoglﬁe

cat al yst bedsstél'mass aptaond ¢lan bleeu‘sedpeMtamr@tﬁpSst(@gs angd) (ddare)
performed in one yess arate vess as and (b)

| t
are performed®in %n%g%é%%ire? g?ﬂﬁ% RSBt e%? e%eT%§r%§%§%ggan &P\%ir awn by
means of a soschvéred wefhdeawfésaytoSki drdlyr caod imgiddgeh tbe ebfsuept of

SteP (2 bef ol Dol yseth | shep, (D), cat, be, sch eyed by, [egychi na par

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 meant 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



The total pressure in steps (a) and (b) are suitably the same when the

fi xed catal yst beds of the first 35 reaction zone (a) are placed in the
sanme vesswbD tagpsdok® WO 02/ 086025 PCT/ EP02/ 04417 - 11 cat acygirobeds? of t he
second reaction zone (b). This will ~be_referred to as the stacked-bed
enbodi ment. The tenperature in step (b) wll suitably not exceed 350 C
and pref erabl

LS .ln Lhe ran 0 and.350 C,_ 5 re_preferably
from 250 to S%Stél YPie gpera%?ﬁéetgfgpn FEES %gnnﬁﬁhFaﬁgg'f ﬁFlUlﬁg 250
bar and prefebabtyfegredntbhesran@esmbckedﬁbéa eabdadmbar .. The VHSV nay
range fromO. 1 to oi | I|t a st per kagll .
and suitably |§mpﬁrF grgaﬁSeSFFS %é &? ﬁuégﬁéﬁVyHOt ﬁxFﬁ8 §3éke& bed
enbodi ment thenﬂlpeéfeahaﬂyShs hedts)k ehnykeoffi Fgbmr 230t kan 3906 €a) are
pl aced _above the cat st .be &s f. the onRd reaction zone
Optiondl | y anm858|9F8%§¥ %&wa% P%C%égméﬁl g% Ci5T §088ﬁé§Fﬁ§gsF86a&an be
perfornmed on bmeseo&\éemayr ebihged £ rbase 0oith ESQdEbQCKndTEkéfEEMb@9 is
advant ageous when_ | ow pour paints are desired. Prefera such pour

poi nt  reduci A§ §P8prﬁ§gﬁeP¢oﬁﬁ€H 4Pt &P 408pPesy 3ARE WE?Mr@aysFéBQGb) I t
nmay be perforgeémi 0.2 €eunbekyCuUkr At prée12@raso Encetemyée)pe@hbgﬁal ly
when this pour p0|nt reducing treatnment is perforned in a separate vessel
than step (a) (k§élchir8Re svAtabLyngSofint kBeerprRgentrom 8t 8ptpa) and
hydrogen in tReygyesgnce of a suitable catalyst is also possible. The
catal ytic demaX|ng can be perfornmed by any 25 process wherein in the
presence of a cat Py§@eaﬁ§aCﬁ?érb@énemh@db@@ﬂtpohﬁtfoKe@h@abaéESblI

precursor fraghilgp be kedu¢edsas repechbhedo ahoys) §yetg §e96§65b99

catal ysts are heterogeneous catal ysts conprising a nol ar sieve and
optional |y i nthenbritatlivesi wedlisa 80 tbheasehavidngeachydnogenatibh.functi on,

such as the Groug,VkbhaTelaks 4Bk eEHLAT 8hEYEHt:ANdeAREEngULEAD! Y

15 isodewaxing step can be performed on the solvent refined
base o0il feedstock. This may be advantageous when low
pour points are desired. Preferably such a pour point
reducing step is performed after step (a) and before
step (b). It may be performed in a counter-current mode

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 o0il 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.

357 Preferably the intermediate pore size zeolites have a



internedi ate pore size zeolites, have shown a good catalytic ability to
reduce the pour point of a base oil precursor fraction under catalytic
dewaxi ng worndioséoemhs. 35 Preferably the internedi ate pore ®CaIEPr2od4iit es have
a WD 02/ 086025 PCT/ EP02/ 04417 - 12 por ejsliameter of between 0.35 and 0.8
nm Suitable |nterned|ate pore size zeolltes are ZSM5, ZSM 12, ZSM 22,
ZSM 23, SSZ-32, ZS h referred grouy nDIecuIar
sieves are t h&°&d i urﬁ%&ﬁ%&’?ﬁﬁabe%ésﬂgﬁ Ondt B ars’sllgfag\)vﬁi ch SAPO- 11

is nost pref eme&msilfamre evaieplse zdesenilbedsi B rdSzAM485938k-127SM 5 may

optionally be _used in_i HZSM 5 faorm_in absence of _any G oup VIII
ngtal Thg otﬁé&‘%@vegépaFB'sﬁégeégargsgrégeﬁégl955548 |ﬁn€¥ﬁﬁFnat|on wth

an added 10 GpeegeVireld mRbal. o$UmeQb©l§EOB@eVbb|aﬁét@hé ane;phckel ,
cobalt, platinumand palladium Exanples of EOSSIb|e conbi nations are

Ni / ZSM°5. Pt/zéwﬂﬂgapbﬁﬁfgﬁﬁﬁs SAﬁP/ ZoRE281akg PL/ wpPOn1 8APRgALhéE detail s

and exanpl es @l stSpirkallre caDLacYbar ekh é@é asdcdepayi Ry ggﬂﬂLhB@©§1Qre for
15 exanpl e described in WO- A-9718278, US- A-5053373, US-A-5252527 and

US- A- 4574043. ZBMpPefér 6B tdrasd Lot Peewasingnc At &l Y4EM-ofiprmsan the
internedi ate zeabilie %EY§B?|bkbﬁ§ @ixqeﬁEEbﬁedTﬁgosehQBd ?Qeke Yaacidity

refractory oxi de binder eri al is 20 essenti al ree of alum na as
descri bed abo@éevﬁﬁeﬁéﬁnPrﬁﬁ§r§bﬂwaééedfl@héoabmﬁﬁhéghlW@éheaZeéﬂdEé
crystahlites . hasg gb&'egu9¥aﬁﬂgjggbh VE?? ﬁ%gghgoggg'gﬁgﬁeieo|'te
crystallites to a sur ace eal um nation tre ref

deal uni nat i oncpbedtnreptaitdnby apg peaidadiimg EnaEEﬂeadafepoﬁsnhéeblnder.and
i for exampl £ RST80Tt 70y o R0 208 P EZEEY 20 201 ¢ doveni ng
catal ysts as ®egE6Mbd@ aaboVve/SAEOsillli.cEubbbad dadtaial antinakeupPesZSKEr 5,
silica 30 bougqi%gglge% Hgkﬂﬁg%dsggéé§w$%§ dgwaxgggbggﬂgi%ans are for
15 example described in WO-A-9718278, US-A-5053373,
US-A-5252527 and US-A-4574043.
A preferred class of dewaxing catalysts comprise
intermediate zeolite crystallites 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 aqueous 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



deal um nated Pt/ ZSM 12, silica bound and deal um nated Pt/ZSM 22, as for
exanpl e described in WO A-0029511 and EP-B-832171. Possible preferred
enbodi merwe oefosdore present 35 invention are illustrated i rCEFEPOZ/@SI11-2.
Figure 1 shows WD 02/ 086025 PCT/ EP02/ 044%7A 13 one vessel (1) provided
with an inlet (2) for receiving solvent refined base oil feedstock, an

inlet (3) for r dr t . S hydr ogen _and_an
outlet (5) fo(rmtghgé 8§¥regg gg@gg Hp%gg é% %ﬁ%eg 3g§s§Pr( fefsving
furthernore psolyvdet wefhnevobeatabyst febddsofB) &oripgetons)ngostep (a)

and two cat al e o] 0 t (b). The.p uct efflyent being
di schar ged wg§ fﬁeg?§¥z§gkéo§ﬁe8u£gg g?)egéﬁaHagg %@gr°g9ﬁr?n f 2Phi s

cool ed producbunbgtbe¢Siefyel edevidas{18) basa &lepscﬁ??F (T4 Petmeen(t?e
catal yst beds_of ste a) and b) to cool d e e uent of step (a
beforeglt con?%c?gL ?%g i5t£P§§§ %@8§eo?r%YégmgbYlt%haﬂyG?BQéHStbe|ng

di schar ged V|bedﬂtk6u f4y pekEobeihgeetepr om Qudr@g@ncgggppgge and ammoni a
in a cleanin recycled to_ste Fi gure

2 shows a t gb%@ é@? %ﬂf?@ﬁ?%??oﬁtEBné?étltgg BFOQU?Fr§ff%6§§EIb€1é¥

provi ded wi thdfsénbeged13)af Diner €8Ri ¥4 NGosDEN EDH ﬁ@étn@QcH§§§e9ll
f eedst ock, an_in] et for receiving hydrogen, an outl et for

non- consuned %?H?oﬁgnt%%ﬁ SRCHEE | RFORYSY . MY %e%%%YC%QQ)Vl?s( vaFQeG with

two catal yst besdst{dd) (107 pethioeni fge Siepl s b@d@ 89“5‘%@;5 eHy T eRk
operati on. g%re 2 also shows a second vessel (18 Perfornln g step

(b) in a I reft CApHed R oplet at f bHuens %ft%*f)e@af%ll y@? oBe {19) 25 in
vessel (18) acélﬁt\z"@étélgt@é Esede %l@&d§%@|§§épw ?5@%%9@ present .

Vessel (18) is further provide a one or nore cata ds (20) for
per f or m ng sk?%bn‘%b‘?lsq*h@r‘é?‘ﬂY’J-'é@lto‘éﬁlﬁﬂésé‘él ¥i1b} bayfbeedefiverd in

tenperature iRyheayeSXShBNYELe (£2dd - anthiSni£efhto 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 performing 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 oil 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



30 vesse
further

| (18) is mxed with fresh hydrogen (22). The vessel (18) is

provi

ded with a outlet (23) for the desired base oil product.

From

t hi s pr odwotozngdq2s consuned hydrogen i s separated in gas-| ipPguiEPozeq@ar at or

(24). This hydrogen may suitably be direcqtdy. 35 used as feed to vessel

(12) via inlet (14). The hydrogen WD 02/ 086025 PCT/ EP02/ 04417 - 14 Dbeing

di schar ged VI% outlgtsg%S

be f sul.p |de and

ed f e
anmoni a in a c¢reani ng unl%g?ﬁonas o&g gbéigfgwf¥g gg grﬁggd PR hydrogen
supply neanshy@2pgeh Ebephmdenhndnammbhlbelnlhusléahedgbynibe fiekl owi ng

non-limting e e.l1 A solv refined base oil obtained by
perform ng an® Sh gﬁba@?ﬁ8ﬁeaﬁ% h

thuF?uPE? ﬁlﬁ URAEOAERI SEPP

by a sol vent sewaxi ng2s¢tep using nethylethyl ketone/ toluene having the
properties as listed in Table contfinuous|y fed to the top, of a
cut L yBE bebUEbHRr LR

stacked bed react OF€ %ﬂgeanBn
on alum na cabatyshitDhg18Qamp1&kiterion Catal yst Conpany 15 (Houston,

TX). The bott
anor phous si
(Houston, TX).

continuously fed. The operating conditions were a 20

UEbhdt

on1beg cont ai ned bed consisted of a commercial PtPd on
rna carrier (C- 624 of Criterion Catalyst Cbnpany

Toa EB@V@QEtQéfﬂﬁe&h6a§éa@KPdo@@glﬁ@@CEdegﬁgéﬁﬂfﬂ?
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ogen

dte followed 10

Y ofhe EBhheYindl N M

pressure of 8BXBERCTACMHEYLBf fdrkgrelhonia Y%%u@%pdééihl§éﬁebé@lhﬁﬂeé WHSV

of 0.8¢ kg/l/Hyia EB@veQ@tﬁéﬂbﬁﬁﬁ@|¥§ép dben

rﬁ@@hyygfﬁ ﬂetaﬁéy f1ow was

65 N /h. Thetamaaunelnt bed vms% etagmaUHeln

t he second be*aomgne2batln25tfrﬁepp%9é¢W%sa@flwée%a@é Bable

dues | eaving
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except in that

r epeat ed,

15

20

25

30

top catalyst bed consisted of a commercial NiMo on
alumina catalyst (DN-190 of Criterion Catalyst Company
(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
hydrogen partial pressure of 80 bar, a WHSV of 1 kg/1/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.

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
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 0il product are in Table 1.



tenperature in the bottom bed was 290 C. The properties 30 of the final
base oil product are in Table 1. Exanple 3 Exanple 1 was repeated, except
in that tweo2bsdperature in the bottom bed was 310 C and trl@/EP0ZoqaeT at ur e
in the top bed was 340 C. The properties 9of _the final base oil product are
in Table 1. WD 02/086025 PCT/ EP02/ 04417 - 15 TABLE 1 base oil APl APl AP
feed- Goup Il Goup Il Goup Il stoc E.OL BASE OL BASE AL Exanple
feed 1 2 3 tenperature 1st reaction zgﬁgﬁ\é@i - 350 350 340 tenperature
2nd reaction [zone (C) - 320 [FZHEa3H)1 $arur ates [QE) 7Z.[3apPB. 2 998} 7 98.1
polars (% (27.2 1.8 1.3 1.[9 sul phuf (ng/k%) 7700 2 58 nitrogen (ng/kg)
23 <1 <1 <1 |Viscosity |ndey 4109 167obE7 L I}i&s tA | rawo 2:? cSt) 5.2

4.1 4.6 4.4 |viscosity at 40 G JAQSt) 2BamE2010, |k 240 sROHropo| Nt (O

-16 -11 -11 - col our Sayhbolt +26 +28 +27
Example feed 1 2 3
temperature

1St reaction
zone (°C) - 350 350 340

temperature

2nd reaction

zone (°C) - © 320 290 310
saturates

(Wt®) 72.8 98.2 98.7 98.1
polars (wt%) 27.2 1.8 1.3 1.9
sulphur

(mg/kqg) 7700 2 5 8
nitrogen

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




WO 02/ 086025 PCT/ EP02/04417 - 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

| ess t hawo®2086024 % and a vi scosity index of between 80 amdTEX02/0441DM a

sol vent refined base oil feedstock, Wwhich process 5 conprises: (a)
contacting the solvent refined base oi I~ fk®dstock in the presence of a
hydr ogen containing gas in a first reaction zone containing one or nore

fi xed beds of a catalyst, which catalift conprlses at | east one 10 Group
VI B netal conponent and at |east oneSnén®fndbMeS Group VIII netal conponent
supported on a refractory oxide carrier; (b) contacting the effluent of
step (a) in the presence of a hydrogen contalnlng gas in a second reaction
15 zone cont ailni n§reAessr tropeepPrkedabbaseoPia bavangsﬁ safiirahegat al yst
comprises a caLAuat GOTRELS REad oBoRke ME! aliEATROBEAL CAUPBEr hEdsON an
anor phous ractory oxide carrier, whefein t stoc In step (a)
fl ows countertbanr@nﬂ3tUt%hendpﬁl@WEngSlZG hpdesgel b@hwaeniﬁg gad. 120
Process accor o] iLm.1 erai e I in '

f eedst ock con%??geé 8?3%5% §8g9§8§1§ﬁgg §§9 A?ggﬁtESL %ﬂéggegﬁgg%s7o and
90 w % sat ur atespr3seProcess according to any one of clainms 1-2, wherein
25 the catalystused LR Sher(a) b3 B catakysLocamuLi SLR0e.egbalb, o

nol ybdenum an um na uppor?, nrc y enun1an an-alam na
support or nlckelthbupgssencandf anhgﬁmugaa soppeihing. gBsodass dd¢esrdi ng
to any one of clains %.3 n_.30 the catalyst use?.inds%eﬁF(b%

conpri ses an al | o§<8f lBPa?PHﬁnFSHEabQFPQdPBﬁ18 d™8ESi &5 aPnfn8 sfpport .
WD 02/ 086025 PCT/ ERQ21Q44]17which7catalyst comprises at least one

10 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
of a hydrogen containing gas in a second reaction
15 zone containing one or more fixed beds of a catalyst,
which catalyst comprises a catalyst comprising a
noble metal component supported on an amorphous
refractory oxide carrier, wherein the oil feedstock
in step (a) flows counter-current to the upflowing
20 hydrogen containing gas.
2. Process according to claim 1, wherein the solvent
refined base 0il 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
25 the catalyst used in step (a) is a catalyst comprising
cobalt, molybdenum and an alumina support, nickel/
molybdenum and an alumina support or nickel, tungsten and
an alumina support.
4. Process according to any one of claims 1-3, wherein
30 the catalyst used in step (b) comprises an alloy of

platinum and palladium and a silica-alumina support.



5. Process according to any one of clains 1-4, wherein the tenperature in
step (a) is between 300 and 370 C and the tenperature in step (b) is

bet ween 280 0280220 C. 6. Process according to claimb5, wrerdgiro2/vdae7
tenperature 5 in step (b) is nore than Clower than in step (a). 7.
Process according to any one of clains 1-6, wherein the total pressure in
steps (a) and (b) are between 40 and 100 bar. 8. Process according to any

one of clainms.1-7, wherein p.(b). i,S rf.ar .such_t,ha .ef fl uent
of “step. (2 PTowk EaareeroshPoahEPES by oBR S8 HEitdr Sotn kmkeSiRl g
gas. 9. Procesheacempdiragure chaisted, (aheiei hestveps B8P and 376) °&rend

performed in e vessel. .15 10. Proce according to ai.m.9 aerein the
ef fl uent of g£§p¥€gfeF§tP§8u&8dSFﬁptZ%ﬁe%ﬁt%ggwgﬁnn?§bnangtBap?hhﬁart of
the effluent @&f. stepceb)s, asktoehihgstbeehatmdb¢cedhemneihenper atuperaeuati ve

110, Siher oi nin26ogRi dB)t GSPEFS(BPaB gt aryiruori SOFerdxPRGoSER T
performed on yhe efbluest aetostieng(ap. ah. oReceessladner di-gg wheekdainm 11,
the (iso)dewaxing step and step.(b)_ are perfor o-current with a
hydr ogen conFQ@nFﬁ&a&aQrﬁﬁS&r§eﬁ§r§F8p§e2§élapgggpﬁhérﬁe g&PerR 2@ whi ch
step (a) is pantonmedpar.

' 8. Process according to any one of claims 1-7, wherein

10 step (b) is performed such that the effluent of step (a)
flows counter-current to the upflowing hydrogen
containing gas.

9. Process according to claim 8, wherein steps (a) and
(b) are performed in one vessel.

15 10. Process according to claim 9, 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
temperature relative to the temperature of step (b).

11. Process according to any one of claims 1-10, wherein

20 prior to step (b) a catalytic (iso)dewaxing step is
performed on the effluent of step (a).

12. Process according to claim 11, the (iso)dewaxing step
and step (b) are performed co-current with a hydrogen
containing gas in a separate vessel from the vessel in

25 which step (a) is performed.



