27 APR 2005 WD 02/50213 PCT/ EP01/ 15134 PROCESS TO PREPARE A SPIHEFEEE%@@B
[l GHT' MACHINE O L AND A MEDI UM MACHINE O L BASE O L GRADE FROM T

FRACTI ON O, f\,JddsS HYDROCRACKI NG PROCESS The invention is ilbg‘ﬁ.%ﬁfkﬂ’o
‘process to prepareé a spindle oil, light machine oil and a nedi um nmachi ne
oil base oil grade fromthe bottoms fraction of a fuels hydr ocr acki ng
process. 5 Such a process is known from EP-A-699225. This publication

di scl oses a prog BROCESS PHEPRESARMO AbaPaNOiLE oX1RdeIGHTY wngemoaww
150N grade. The heavier 150N grade typically has a vi scosity at

between 5.5 cSt aMEBWBSMAGTOVEI GHL t BATHI @I ubRAREt FRAM THEtBﬁJ'ETOMB

process the fuels hydro b f.erred to as
hydr owax, is fractionatggiﬁﬁiéN g%léhfbgi t||$§§ﬂ$$exihéiﬁﬁb § fractions
conprising the two desired base oil fractions. The base oil fractions are

subsequently further processed, by dewaxing and 15 stabilisation, to the
desired base oil gr&be aﬁﬁeﬂﬁéonréﬁaﬂHFﬁﬁtPﬂaéplén?rgﬁésﬁbéﬁbpéﬁpﬁéetﬁe

fuel s hydrocra h u f st he k
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I s described to about Ich results 1n a om1 n the fuels
hydrocracker. 20a¥® #i37¢82de diroul @@esbatppmeeig;awamaroa‘blae fuelishe

process of abov ted EP- A- 6992%% wherein up to 4 base oil grades, e.g. a
60N, 100N and 189 OSFQCEFEBana ?Fdrtlng from hydrowax. In this process

hydrowa i s fractlsﬁahed pRode¥actigsmkaoshi flraimi BP-pRE® 9D 2M5r.aqhiigns of 25
whi eh the heavier 4 fractions are further processed to different base oi
grades by firstPpeii6aking digglop@si @ PISRERSN§Of BNICHAEE fyycabase oil

B O oy o 3580es) 1aPS0RER1A68, SRR 508 gy O s Rienr
- 150N grade typically has a viscosity at 100 °C of between
* 5.5 ¢S5t and 6 cSt according to this publication. In this

10 process the fuels hydrocracker bottom fraction, further
also referred to as hydrowax, is fractionated in a vacuum
distillation into various fractions comprising the two
desired base o0il fractions. The base oil fractions are
subsequently further processed, by dewaxing and

15 stabilisation, to the desired base o0il grade and the
remaining fractions are recycled to the fuels
hydrocracker. The one through conversion of the fuels
hydrocracker is described to be about 60% which results
in a low fuel yield in the fuels hydrocracker.

20 WO-A-9718278 discloses a process, comparable to the
process of above cited EP-A-699225, wherein up to 4 base
oil grades, e.g. a 60N, 100N and 150N, are prepared
starting from hydrowax. In this process hydrowax is
fractionated in a vacuum distillation into 5 fractions of

25 which the heavier 4 fractions are further processed to
different base oil grades by first performing a catalytic
dewaxing followed by a hydrofinishing step.

In an article of Hennico, A., Billon, A.,
Bigeard, P.H., Peries, J.P., “IFP's New Flexible
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k'institut Francais du Petrole, Vol. 48, No. 2, Mars-Avril, a fuels

hydr ocr acki /1 ss is described wherein several productsp A Rkp4ned

rangi ng frgﬂ??ﬁb gﬁto three base 5 oils qual2ties, nanely of(?ggplgghk,

200N- and 350N-type. In view of the above processes there is roomfor

i mproving the overall. yiel.d of, base oil ,prqducts as . calculated on the

hydr ocr acker bo}qtyg%g.ceé g(lﬂ% ngv?n%ﬁgssﬁr'dcésggea‘f% c% Y Rt t RF_nGRLEd of

10 base oil grades Pésredlequivatled 48) e By, dneors<Aseril pod t oSl s Process to

prepare a spindle oil, light machine oil_and a nmedium nmachi ne oil base oi

grade by (a) pePVEERCHGCK 1N ATAE St WSCHRRLIMENIL D SeTeRRRE O |

fraction, alig <N A ' neg ' [ action

as obtained in EE\C/@?&E% ‘&r?t ﬂﬂlctaa??{oérg)or}ﬁgqbr&tonsﬂlﬁua%% or?g(k)\l‘ﬂge?u% ;éé

hydr ocr abki ng pradsesgualiltyeper namelny of shEarli0N-hy dGIN-i shd N5 O -t hipe .

| i ght and nmedi um ngchine oil Eg%ptions obtained in step (a); (c), separating
m-t'fre

the 1 ow boiling co Buﬁ&§“fP§ 39&“%ﬂﬂ5°9ﬂ?§ﬁq,thq t1 kPRt OF | and
medi um machi ne ohbrbkasly ehe Aerghhaiyied d Rpstwkd ?c)ila"kSiré@Jc@sE‘daf’bt ai ni ng
the spindle oil, Iight "nachine oil and nmedi um machi ne oil base ol gr ade;
(d) wherein thecadcuydmteidson tie dydroqradkamedyoms al ternatingly
perform ng the distillati ' ]QQQ 1N ¥ d d t
bottons fraction i s'rhseetgg(rig'toé@n}gn 0 on%gora% g%égb%c{d%r?éac{?%ﬁél%i%pg
oi l ¢ fratbi on, abaedi ehlmgehides ais dalautliaredindh ate rptdroesickencti on

boi li ng between said spi%ple oi | ~and nedi um 30 nmachi ne oj | ction apd in

fr
the second modePP83P™She FIRGESSNE O PIERESS i% &t intbt BRChHRR gas

oi | fractions, 5a15BhAdke meldi vy #GlchAhe il WHsdTRGN N id b raction and a
second rest fraction boiling above the |ight machine oil fraction. 2 7 APR
2005 ' . {a) performing a separate catalytic dewaxing on a spindle

ﬁdl e

oil fraction, a light machine oil fraction and a medium
15 machine oil fraction as obtained in a wvacuum distillation
of a bottoms fraction of a fuels hydrocracking process;
{(b) performing a separate hydrofinishing of the light and
medium machine oil fractions obtained in step (a);
(c) separating the low boiling compounds from the spindle
20 oil, light machine oil and medium machine oil fractions
as obtained in step (a) and (b) and obtaining the spindle
oil, light machine o0il and medium machine ¢il base oil
grade;
{(d) wherein the vacuum distillation is performed by
25 alternatingly performing the distillation in two modes
wherein the first mode (dl) the bottoms fraction is
separated into one or more gas oil fractions, a spindle
0il fraction, a medium machine o0il fraction and a first
rest fraction boiling between said spindle oil and medium
30 machine 0il fraction and in the second mode (d2) the
bottoms fraction is separated into one or more gas oil
fractions, a spindle c¢il fraction, a light machine oil
fraction and a second rest fraction boiling above the

light machine oil fraction.



‘1 WD 02/50213 PCT/EPO1/15134 - 3 It has been found that by the abpyqp RZ%S
process nore than two grades of high quality base oils can be prepared in

hi gh vyi el dw@%g owax. The required base oil properties f‘FCT%ﬁl/‘i’élst erent

-grades suc cosity, flash point 5 and/r. Noack vol atility are easily
met by performng the distillation in the two dedi cated nodes according to

the process of the Eresent I nvention. In the context of the present
i nvention terns as pbﬁﬁl@eﬁPlfOPPShFhﬁécPﬁné 8|Ph&%§|H§HQﬁﬁ5WEGﬁEhéhﬁﬂ

10 wi Il refer tew8a§9a8é5 Gfaﬂﬁéhha\ﬁhﬂﬁi@“ ua@er 832/ ol fb%gg;f epabes ﬂté’ at

100 C and wherein the spindle oil "additionally has a maxi
speci fication. hhgh adeédt apebydtowhs. pﬂ@@em@qpn@@@sbaasﬁe cadhlpa:\oemarftoresany

group of base o] |ffer Vi SCQSI i rement and
volatility spec ?chﬁ oﬁgfgggp gaﬁF? 'ﬁd%% %’ Sk POIRY
product Bavi ng andkbpernshtk vo&aasnityahrboaaelq@ m@uMNJSﬁéﬂiarmwﬂé the

preferably above 3.5. The spindle oil can have either a Noack volatility,
as det erni ned b91§heléE€195460T87326Wﬁeﬁﬁ@dCa&ﬁ dopedesaBioraraing Iosthed

nor e preferablyggggggg 48% QL ?rggﬁﬁg ﬁh%htlﬁ nmeasured according to ASTM

D93, of above Preferab t machine oil has a kinematic
viscosity at 100 C bh bhbompﬁtest aﬁdtpeepeeabhy abyeatdon ¢8xmEnadsnore

pref erably between eferabl t he L.um ma |ne Qi,l has a
ki et ¢ vi scosPLyake 3b0- CLaphbenaRhL s, 11 and” prEr Lt oy 60 oo
ands nor gopr ef eraply betueeﬁolﬁasan6112g&a@@e hEan ahe SpTdHaRd igase ol
grade can have a_  viscosity index of between 95 and 120. 30 Ternms as spindle

oi | fraction, IkgﬂﬁmﬁﬁéﬁlHéSSPFltYraétﬂgﬁ aﬁdaﬁgdﬁﬁﬁﬁﬁﬂ@hﬁﬁ@ SPirddectqigh
refer to the ﬁ&itiaﬁﬁligaﬁéeog ﬁﬁx@ﬂh | RR9altR14RS PP irSidd.! aien

and fron1mh|ch the correspon
advantages of the present process are achieved for any

\ group of base o0ils having such different viscosity

15 requirement and velatility specification. Preferably a
spindle o0il is a light base ¢il product having a
kinematic viscosity at 100 °C of below 5.5 ¢St and
preferably above 3.5. The spindle o0il can have either a
Noack volatility, as determined by the CEC L-40-T87

20 method, of preferably below 20% and more preferably below
18% or a flash point, as measured according to ASTM D93,
of above 180 °C. Preferably the light machine oil has a
kinematic viscosity at 100 °C of below 9 cSt and
preferably above 6.5 ¢St and more preferably between 8

25 and 9 cSt. Preferably the medium machine o0il has a
kinematic viscosity at 100 °C of below 13 ¢St and
preferably above 10 cSt and more preferably between 11
and 12.5 cSt. The corresponding base oil grade can have a
viscosity index of between 95 and 120.

30 Terms as spindle oil fraction, light machine oil
fraction and medium machine oil fraction refer to the
distillate fraction as obtained in the vacuum

distillation and from which the corresponding base oil

grades are prepared.




grades are prepared. WO 02/50213 - 4 2 7 APR 2005 PCT/EPOL/ 15134 Vyap ?
fuel § hydrocracker in the context of the present invention is meardt R 2005
hydr ocr ackegome@eAass Which main products are naphtha, kerosegg/Epoginas oil.
The conversion, expressed in the weight perdentage of the 5 fraction in the
feed which boils above 370 C which are converted to products boiling bel ow
370 C, in the hydrogf kérf@él)feﬁ%féc&x%é?'h BReveondedior T | N
contrast to a dedi cated base ol rocracker ich main products are base
oil fractions arpredkwéent pnevertionlOispmeattsaahydrbeadckeny prsicas sofwHietlow 50

wt % d t i [ t 20 40 % EX | f i bl f |
o v pr S RrodRetR Rut CpRRhEha, Pkt arshe aRg: Mo Bilen The, be

used in the preseiiveroOLESss, erpLesdaCihbelei Ret fBtaberechtladfe’ & tthe
EP- A- 699225, 15 EP- A- 649896, WO A-9718278, EP- A- 705321, EP-A-994173 and

US- A- 4855100, Priciagtibey imetheefeedydhbehderélsi abeyer #78d “iCh which saxsps,
consisting of a L nar ty p I d by hydr.ocr acki ng
step. In the hydﬁ% r%gﬁgﬁgy%g¥g§g%éﬁst?ggéﬁﬁgngeggPpﬁgﬁ a?@ ?éh%@gﬁ and
aronmatics are dapdratescker napbtéssess Tyeibyadlilgwakoaed SOhetikesThtiisngin base

oil grades wll thus as consegyence ve a very. low content of, sul phur,
Cypi cal |y bel ow GHRE R Ean SCCheF seR ohR B Lt PRTRAEAGHE, Ty A
bel-ow 10 ppmw. ZPrddud¥sledré obas®r ¥E Fheckichd ahdadiem paeRieds oi | grade
on hydrowax the fuels hydrocracker is nore preferably operated by first (i)

hydeot r 8t i ng a ORRERbRArdona f beed acorveretoronfebslon, Sihaitdi anchaore
SO e SIS ARl 20%ahoo e AN TR SR et veer
presence of a hyfliets hydrocracker processes, which may yield a bottoms
fraction which can be used in the present process, are
described in the above referred to EP-A-699225,
15 EP-A-649896, WO-A-9718278, EP-A-705321, EP-A-994173 and
US-A-48511009.
Preferably the fuels hydrocracker is operated in two

A

steps, consisting of a preliminary hydrotreating step
followed by a hydrocracking step. In the hydrotreating

20 step nitrogen and sulphur are removed and aromatics are
saturated to naphthenes. The hydrowax and the resulting
base oil grades will thus as a consequence have a very
low content of sulphur, typically below 100 ppmw, and a
very low content of nitrogen, typically below 10 ppmw.

25 In order to improve the yield of medium machine o0il
grade on hydrowax the fuels hydrocracker is more
preferably operated by first (i) hydrotreating a
hydrocarbon feed at a feed conversion, wherein the
conversion, as defined above, of less than 30 wt% and

30 preferably between 15 and 25 wt%, and (ii) hydrocracking
the product of step (i) in the presence of a hydro-
cracking catalyst at such a conversion level that the
overall conversion of step (i) and (ii) is between 55 and
B0 wt% and preferably between 60 and 75 wt%.



‘cracking catal yst at such a conversion |evel that the overall conggyapﬁgmgf
step’(i) and (ii) is between 55 and 80 w % and preferably between “60 a 5
w% 2 7 APR 2005 WD 02/50213 PCT/ EPOL/ 15134 5 It has beeg ’I‘&H&letl.{'lat by
“per f or mi ng¥OHRSAbi ned hydrotreating and hydrocracki ng st g escri bed
above a hydrowax is obtained which yields & High quantity of nedium
machi ne oil grade and of acceptable quality with 5 respect to viscosity

i ndex. In additionf%;%ggigégﬁtq%gH@n£¢éy 9§H§%?P6Pﬂi%€eﬁﬂéiESmB@ﬂeQas oils

are obtained by tHis process. us a fuels ocracker process Is
obt ai ned wher eihyddotré aneng sayd phpdootsackimg ngt époas depbtribetioabaseoial

and a hydrowax .i s, obt ai ned, ich 10 rowax, has_ the potential to,yield. a
nediun1ﬁachinenﬁqroYﬁéelﬁi?gg?éH%& Wﬂgggigiﬁég?yaiﬂﬂ%ﬁ 8Papﬁé£Ve§5¥ting
base o0il gradegedSumUhddRiNe P61 Vegra8s and d20acwbpelbie gagtepiaklient o

yield base oils having a VI§COSité I ndex according.to the APl Goup Il
speci fi dati ons.respers beevisscosbbidindex-t ke #fddbionedi GHEFACARRE oi

fraction, whic clio L ne LCi VLS [ 4100 o] , In
the 370 C plus THHLCT b OF apfrliar CREESELNEDERG s pi 110 abelbpRaT RS |
especi al |y nor ey i 25pmbées$ . t Deus hydf vel sckpdrosrapkeat paoassdedesr i bed

b . 201t h been f d that | hydr ot ti t I, h
Ui Seosi Ly | ndoORHe ARRR iyAFERAS SHELLRENFRCEEY | RECUBALE ERPO4PASEoMncr cases

with the converpigrhg €81 ﬁashaﬂloalﬁeaéiﬁgdﬁéﬁ@x By epeaahieqy Whech _
hyd¢otreating ste at high conversion | evels of nore than 30 w % vi scosity

25 i ndébd val uehyarowar hesuthenpobeBbial| sooyiaed| aapedeum pechanepeil
fhat the yi ol d SIS et uienddnt Bl i IPes Ep EhabR of CeRRCESEb ina BUREE)
performng stemwil)gradeseiabsubtdbiyrbetdeennferandnld0, | whékch as APl G oup
' nEdiun]naqmég%égéagigdgobﬁfglgiLase oils having a viscosity index
according to the API Group II specifications. It has been
15 found that the wt$% of medium machine oil fraction, which
fraction has a kinematic viscosity at 100 °C of above 9,
in the 370 °C plus fraction of the hydrowax can be more
than 15 wt% and more especially more than 25 wt% if the
hydrocracker is operated as described above.
20 It has been found that in the hydrotreating step (i)
the viscosity index of the hydrowax and the resulting
base 0il grades increases with the conversion in said
hydrotreating step. By operating the hydrotreating step
at high conversion levels of more than 30 wt% viscosity
25 index values for the resultiné base oils of well above
120 can be achieved. A disadvantage of such a high
conversion in step (i) is however that the yield of
medium machine o0il fraction will be undesirably low. By
performing step (i) at the above described conversion
30 levels an API Group II medium machine oil grade base oil
can be obtained in a desired quantity. The minimum
conversion in step (i} will be determined by the desired
viscosity index, of between 95 and 120, of the resulting

base oil grades and the maximum conversion in step (i) is



can be obtained in a desired quantity. The m ni num conversion in Zﬁgﬁ, (22@?5
will 'be determ ned by the desired viscosity index, of between 95 B 4

of the resuvpighgpzipase oil grades and the maxi mum conversi on ) is
2 7 APR 1005 WO 02/50213 PCT/EP01/15134 6 determ ned by t Pb‘P/E?BﬁBﬁJ

acceptabl e yield of nedium machine oil gradé.-The prelini nary hydrot reating
step is typically perforned using catalyst and conditions as for exanple 5

described in thdeﬁi&m&mm@tbpnﬁde Pubhiahi S8sepehplad ytl%ldhlﬁ‘# R%Eﬁ%l‘n' ng.
Sui tabl e hydrotre JG? Calfv%fts generally conprise a nmetal hydrogenation
conponent, SU|t§ﬁ%? eV 11 netal, for exanpl e cobal t - nol ybdenum

ni ckel - mol ybdenum I lica-alym na or

al uni na. The hydrot?ghtlng catai 2{05§%£§§)%§%fﬂg % % §Lﬁoti@&f‘“‘#g]ynateria
or a very |low Eenismmendt usxngt¢&ManysmQﬁn&k@mnﬁfslehssust@b&eexample
hydrotreating c st,s g t mer ci al [CR 120 of Chevron
Research%hnd Tegﬁ% (ﬁﬁ?i&f %hﬁlcbﬁ.e—mQEﬁkﬁpﬂ oPUbkiestiops rebatrd bR 200
of Criterion CatwidesicradkinglK-Gbbt g5tk TS5 O& 0

HC-P, HGCR and&?—IAC-T of UOP. KE- 742, KF- 153 Kk asti%her([ﬁ%g%? QE‘T‘A%“E?%]‘&V

KF-849 of AKZO REBOIEANSFoiiatér] dn/dzegrnaiR orBsramBonent; osut akhdy SA. 20
The hyd Ki dic |
Ce 2o ool CROMFRVE d¥ VIR Mt S Yl am PP ERRLIR- B85 RnEmy O

pore size zeolite within a porous suppor
hydro- genat i onhdetkedrowsndidesmanf,urar i oo fhes neimbopayi Agrt BRample

hyd¢ ogenati on/ d aen; ati.on functjon is efera a 25 Goup VIII/Goup
Vi B met g? conbi %a%[qg% SPIRE B & LY A %ﬂﬁ Mﬁ%ﬁi—'ﬁﬁﬁlﬁgcﬁﬂalﬁﬁ‘gm en.
The support is spﬁtb@ﬂ@bbbﬁXdlﬂgﬂﬁbfﬁéﬂlﬂﬁe i e £X2IPL L §'béf€ fbym na and
alum na. It has been found that a m ni nrum anount of zeol

advant ageous| y PPBSERE Of tifescdhanydh Wht. Examples of suitable

' hydrotreating catalysts are the commercial ICR 106,
ICR 120 of Chevron Research and Technology Co.; 244, 411,

15 DN-120, DN-180, DN-190 and DN-200 of Criterion Catalyst
Co.; TK-535 and TK-565 of Haldor Topsoce A/S; HC-k, HC-P,
HC-R and HC-T of UOP; KF-742, KF-752, KF-846, KF-848
STARS and KF-849 of AKZO Nobel/Nlppon Ketjen; and
HR-438/448 of Procatalyse SA.

20 The hydrocracking step is preferably a catalyst
comprising'an acidic large pore size 2eolite within a
porous support material with an added metal hydro-
genation/dehydrogenation function. The metal having the
hydrogenation/dehydrogenation function is preferably a

25 Group VIII/Group VIB metal combination, for example
nickel-molybdenum and nickel-tungsten. The support is
preferably a porous support, for example silica-alumina
and alumina. It has been found that a minimum amount of
zeolite is advantageously present in the catalyst in

30 order to obtain a high yield of medium machine oil
fraction in the hydrowax when performing the hydrocracker
at the preferred conversion levels as explained above.
Preferably more than 1 wt$% of zeolite is present in the
catalyst. Examples of suitable zeolites are zeolite X, Y,

35 ZSM-3, ZSM-18, ZSM-20 and zeolite beta of which zeolite Y




‘30 order to obtain a high yield of medium machine oil fraction in bgﬁ
hydr dwax when perform ng the hydrocracker at the preferred conver%' R 2005

levels as @é%@bﬂgd above. Preferably nore than 1 w % of zp@k&szﬁpresent

in the ca Exanpl es of suitable zeolites are zeolite 35 ZSM 3,
ZSM 18, ZSM 20 and zeolite beta of which zedli-te Y WO 02/50213 - 7 2 7 APR
2005 PCT/EPO1/ 15134 is nost preferred. Exanples of suitable hydrocracking

catal ysts are t ' 2 142 :qf r and
Technol ogy Co; 2 HOFE Eeter el JERagRg LBy S Rap 1 RGBT

Z- 603 and Z- 62X afabyZesl aseé theecommeogah]l TKROZEOofandallfdr 19@psde A/ S;
DHC- 32, DHC- 41, HC 24, HC-26, HC-34 and, HC-.43 of. UOR; C260Q/,.1, ,
KC2610, KC2702 GHIVReD7 658FrﬁEz€)“éN®88PPﬂr1888nfCRét jze—;{;e'ﬁang-&@é%ﬁ%%ﬂﬁ HYC
652 of Procat gt yre3 SAz-803The-fieed wo7bhe prehi3ni maky hpddot-gateipocan be

for exanple a vacuumgas oil, |ight c§cle oil obtained ina fluid
catal yti 2 crackierlpsbctasesnpahiggadphakrddloprt HpldsrxTepsocof/Sich feeds.

tn order to be x40 pake he degired quantist f UEREHY .ne ol
grade a 15 reléﬁﬁée %’hgggy@FéeHEtg4fh§bh3§fog§agéi%Sﬂs#g%qﬁsglde3|fed.
Preferably a f etk 68043edKGREDE, NKBBEA 0L hER2T02Wwe¥Ud HC2f/dDallfy AKZCe t han 20

wt % and nost pr.ef.erabl nor han 30 %,af the co present in said
feed boil aboJ@jﬁ%gP .p@ﬁPth%QGPes§n$%§%8664 9@6?%&#2%33 8§npounds
present in the peseabarisabgne 470 C. The effluent of the hydrocracker is

separated into one or nore of the above referred to fuels fractions and a
hydr owaX0 cont ai ni ngthesfeed. t¥hEhayBESRARLBEAY aPNEEGt reasrgueanwher &9 t he

B r o BT Pl iONSe B 1SRl eayl et sdpaa e
. fluid catalytic cracking process or a deasphalted oil or
‘' mixtures of such feeds. In order to be able to prepare
the desired quantity of medium machine oil grade a
15 relatively heavy feed to the hydrocracking step is
desired. Preferably a feed is used wherein more than
10 wt%, preferably more than 20 wt% and most preferably
more than 30 wt% of the compounds present in said feed
boil above 470 °C. Suitably less than 60 wt% of the
20 compounds present in the feed boil above 470 °C.
The effluent of the hydrocracker is separated into
one or more of the above referred to fuels fractions and
a hydrowax containing residue. The hydrowax containing
residue, wherein the hydrowax boils predominately above
25 370 °C, is used as feed of the vacuum distillation of
step (d). With boiling predominately above 370 °C is
especially meant that more than 95 wt% boils above
370 °C. The cut point between hydrowax and fuels fraction
is not critical for the base oil preparation, because any
30 lower boiling compounds present in the hydrowax
containing residue will be removed from the base o0il
fractions in the wvacuum distillation step (d).
The vacuum distillation step (d} can be operated as
any conventional vacuum distillation which is suited to

35 separate a hydrocarben feed boiling mainly above 350 °C



especially nmeant that nore than 95 w % boil s above 370 C. The cut Z)pi pém
bet ween hydrowax and fuels fraction is not critical for the base 0|ﬁ 5

preparati gfp gP&pf4'se any 30 [ower boiling conpounds present~ippdiR :ﬂydrovvax
containing residue wll be renoved fromthe base oil fractions In % e

vacuum di stillation step (d). The vacuumdi&tillation step (d) can be
operated as any conventional vacuumdistillation which is suited to 35

separate a hydiggerbartrcegthditid i dhdBi fbys ahovs &xé WO
02/ 50213 PCT/ EP01/ 15134 - 8 under atnospheric con itlonsn?n?ggéﬁgggﬁént

fractions. TypYeacagr IQeyreas imdhwthoiat ahethacwaouudi stillation are

bet ween 80 and : 4 tf e tg.obtain the different
fractions wll déjsgélpeng l(?-rll:lht Igéjn%édgel‘qao?& ?Bgt%ﬁ gﬁ%ﬁ“@?ﬁi' t%evFggBé?gy

speci fication tempeeatesiesedd retettdimnstfordiftdrent strdéei bgy wode. By
measuripg the viscosity's of the obtained fractions and preferably also the
Noack Solati!PPFePEr°%h3h§bﬂﬂﬁ%39§%é352&ﬁ¥%ﬁﬁQﬂm?@QiFmédvlﬁCQ@lthe art can
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fractions obtained in the vacuumdistillation can optionally be recycled to
the hydrocracléstipdatdeambmpdeni By eaFunigld drhe svidersicty’ snob the feed

of a fluid cat ks r : t ._4lhe catal.ytic dewaxing
step and the h;e/’é%%? ﬁﬁ:as%%r%{tlgne% ag’ﬁc{jnp;l%yfe;rﬁaﬁa&ralpsroocé&m%agﬁeps are
preferably pewvbdatediity &osothad Ispdralleckad dacapesmtome, sWEISNin i N a

preéeraply contjnuou rocess,, .one, hase oil grade is 20 prepared at a tine.

I n thi@gnannerghgeaﬁgngﬁg Fadd 1ot 4%%§rm&ﬂﬁa SPRiRees Yafuhe different

base oils gradgssthinlatyeh 20RldATHRMQUITHY GERSS ﬂﬂé%éf@r?é'%@a%?é@' figd in
S

the vacuumdistillation are stored in for exanple storage tan
bef or e- hei ng sERBeWpranmy digtifdatioc &sgedptiionally be recycled to the

> hydrocracker. Preferably this rest fraction is blended
into the feed of a fluid catalytic cracker or steam
15 cracker. |

The catalytic dewaxing step and the hydrofinishing
step and any further processing steps are preferably
performed in a so-called blocked ocut operation, wherein,
in a preferably continucus process, one base oil grade is

20 prepared at a time. In this manner use can be made of the
same apparatuses for the different base oils grades. In
such a blocked out process the fractions obtained in the
vacuum distillation are stored in for example storage
tanks before being sequentially further processed in

25 steps (a)-(c}.

The catalytic dewaxing step can be performed by any
process wherein in the presence of a catalyst and
hydrogen the pour point of the base oil fraction is
reduced. Suitably the pour point is reduced by at least

30 10 °C and more suitably by at least 20 °C. Suitable
dewaxing catalysts are heterogeneous catalysts comprising
a molecular sieve and optionally in combination with a
metal having a hydrogenation function, such as the
Group VIII metals. Molecular sieves, and more suitably

35 intermediate pore size zeolites, have shown a good




‘25 steps (a)-(c). The catal ytic dewaxing step can be perfornmed by any
procéss wherein in the presence of a catalyst and hydrogen the ﬂdhh?&ﬂmht
of the basge oil fraction is reduced. Suitably the pour poi gnh ﬁggped by
‘at | east WO UEnd nore suitably by at least 20 C. Suitab XI ng
catal ysts are heterogeneous catalysts conprising a nolecular sieve and
optionally in conbination with.a netal having a hydrogenation function,
such as the Goup VIII netals, Molecular sieves, and npre sgltabl 35

i nt er nedi at e pd?aet%lr)?'el‘ie%tPH’eEY ﬁ%v%egﬁﬁﬁ\nt]&egﬁaﬂr2p9l%\bl?o 085Pa%® 82150213
PCT/ EPCL/ 15134 fragcﬁf@ﬁauﬂééf @btélwléociéﬁgyfﬁgt BEnAPHL oRYL NP8k RaBlge Of |

fraction under catalytic dewaxing conditions. Preferably the internedrate
pore size zeol ithes invermegbaie dporet eizeotebbitesnhgvesaandre. diameter

25w 23, - s57- 52,0¢ FAaBoh A Y AT R obife, ShFuENEcin fFbpdirERubath o

sieves age the side Cﬁe@lﬂt@ﬁa@h@spm{»s (SeWO) 2 reEent-2 s ZOM-2B) CBSBABD, 11 is
nost preferred as for ex &@ scribed in US-A-4859311. ZS 5'fg¥
optional |y be ¥ 3 iOaP %%" SMBOTRE R PRefRETS s8hELPoP*afy BLBTVI |

metal . The oth 15%@0&&@%%%@&@59&.9{1@&3 \Fﬁ’b%ﬁpHﬁ@Q (SAPEPMRAPALL QMW th
an added Goup VIIl netal. Suitable G oup nmetal s are nickel, cobalt,

pl ati num and [ﬂﬁI%hﬂQWnSE&%ﬂbleBSomoﬁbsﬁrﬁférﬁﬁﬁbﬁﬁafpﬁngxém31§5 Ni / ZSM 5,
PULZSM23, Pl 2% o B £ RSB SAPERIS mET bOEEoHER B! Se2idea
| C

exarpl es of su ecul ar ‘'si eves™ and dewaxli n ndrtrons are
exanpl el@escri hiad iths NESM-9782%8in Uché- 50583878, oBSary 585262 7Vahd

US- A-4574043. 20 T d t t t abl .
The binder can BF esy ﬁ%é% g?maL%%?%%F;Sgﬁ&%ﬁ???%g§?$£8F8§i¥c?sgﬂbépgnce,

for exanpl e.cl ®Yom$iha€fon with an added Group VIII metal. Suitable

| ' Group VIII metals are nickel, cobalt, platinum and

palladium. Examples of possible combinations are

15 Ni/2SM-5, Pt/ZSM-23, Pd/ZSM-23, Pt/Z5M-48 and Pt/SAPO-11.
Further details and examples of suitable molecular sieves
and dewaxing conditions are for example described in
WO-A-9718278, US-A-5053373, US-A-5252527 and
US-A-4574043. '

20 The dewaxing catalyst suitably also comprises a
binder. The binder can be a synthetic or naturally
occurring (inorganic) substance, for example clay, silica
and/or metal oxides. Natural occurring clays are for
example of the montmorillonite and kaolin families. The

25 binder is preferably a porous binder material, for
ekample a refractory oxide of which examples are:
alumina, silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania
as well as ternary compositions for example silica-

30 alumina-thoria, silica-alumina-zirconia, silica-alumina-
magnesia and silica-magnesia-zircecnia. More preferably a
low acidity refractory oxide binder material which is
essentially free of alumina is used. Examples of these
binder materials are as silica, zirconia, titanium

35 dioxide, germanium dioxide, boria and mixtures of two or



and/ or metal oxides. Natural occurring clays are for exanple of thF7APR 05
rontrnorillonite and kaolin famlies. The 25 binder is preferably a poro&g

bi nder mat wégi,s(n?pr exanple a refractory oxide of which exal;@*,ﬁﬁm?l{sﬁn
alumna, silica-alumna, silica-nmagnesia, silica- zirconia, silica-thoria,

silica-beryllia, silica-titania as well asliger-nary conpositions for exanple
silica 30 alum na-thoria, silica-alumna-zirconia, silica-alumna- nmagnesi a

and silica- magnesi.a- 7 ' r f cidity. refr ory
oxi de bi nder rratﬁ‘g’rri%alzdf\r/\hl lﬁ'%; sd\pe@]sie)él}?i%’F%&L%%ea%é)vﬁaﬁﬁﬂagﬁ’gvﬁsgﬁf’e
Exanpl es of thesestbipmdenmcderbidenresasikidaca, zirconia, titanium 35
di oxi de, gernmani um ioxi%e, bo i%éﬁnd q%g%gges,of two or 2 7 APR 2005 WO
02/ 50213 PCT/ EP01/ 151 B4C18fF€ F ¢ LR G BT eSOBRELFR St ed
above. The nostinpeghrRidiedeiidriis Siydtal A fLrdeskrines hoFenaying

catalystg conprise internediate zeolite crystallites as described above and
5 a | ow dci di ty2r éPMa@CdAj tok ik TAGRTY mticle Hpingex matepsabnwhathyisr ee

of alumna as d i ' t he r he al um nosilicate
zeolite crystal l@?%%?*&q%ég?;g\ef?ne m)gl ?‘%J{ehdlubl{;a sa{SJ j‘jeeistc(?rrfg:[e[%ea Rl n@é‘???t‘:ﬁt e
zeolite crystal theesurdagesoff dde delaimiviosilirete endo it dvedtys¥a DI ef &5 ed

deal um nation tyeatpent is hy.. contacting an extrudate of the binder and the
zeolite wth a §q§§8asm§&ﬁ§ﬁ%ﬁi Sph) It v RosklicrEeri bed in

for exanple US- Aebl3t&9trybtamli@seDfto gt £ yeniit -
deseri bed above a silica ¥5 bound and deal um nat ed Ptlzsﬁﬁgﬁgﬁﬁséf?$€a bound

and  dedPuni nat BEnPt/ Ashresergiad deadominaticrddaeatineatedis Ry ZSM 12 and
o 1 Sooossas ERHERRENERSR PR a2 BB R AL Lo
in the art - with an aqueous solution of a fluorosilicate salt as
' described in for example US-A-5157191. Examples of
suitable dewaxing catalysts as described above a silica

15 bound and dealuminated Pt/ZSM-5 and silica bound and
dealuminated Pt/ZSM-23, silica bound and dealuminated
Pt/Z28M-12 and silica bound and dealuminated Pt/ZSM-22,
as for example described in WO-A-200029511 and

- EP-B-832171.

20 Catalytic dewaxing conditions are known in the art
and typically involve operating temperatures in the range
of from 200 to 500 °C, suitably from 250 to 400 °C,
hydrogen pressures in the range of from 10 to 200 bar,
weight hourly space velocities (WHSV) in the range of

25 from 0.1 to 10 kg of oil per litre of catalyst per hour
(kg/1/hr), suitably from 0.2 to 5 kg/l/hr, more suitably
from 0.5 to 3 kg/l/hr and hydrogen to oil ratios in the
range of from 100 to 2,000 litres of hydrogen per litre
of oil. If the dewaxing step and the hydrofinishing step

30 are performed in cascade the pressure level in both steps
in suitably of the same order. Because higher pressures
are preferred in the hydrofinishing step in order to
obtain a base o0il having the desired'properties the
dewaxing step is suitably also performed at these higher

35 pressures, even though a more selective dewaxing could




and typically involve operating tenperatures in the range of from ZQOA$C?
500 C, suitably from 250 to 400 C, hydrogen pressures in the range of rgﬁ
10 to 200 i ght hourly space velocities (WHSV) in thecrapge ks 25
fromo0.1 tgﬁiﬁu%%ﬁzf oil per litre of catal yst_per hour (kg/l/hr), suitably
fromO0.2 to 5 kg/l/hr, nore suitably fromO0.5 to 3 kg/l/hr and hydrogen to
oil ratios in the range of .from100Q to 2,000 litres of_hydrogep per litre
of oil. If the E‘@O&x?’ﬁ%”stﬁ&ﬁ”ﬁ’& ﬁ%ﬂ%iﬁﬁ%ﬁ‘ﬁf%t Srﬁ:’:{?@]’ifg“rforned in
cascade the pregsuighieelstdd Bet FediBi®ed, hSUHiAMN e £t semOrdes -
Because hi gher pressures are preferred in the hydrofinishing step in order

0

to obtain a bas@se Whea iteRaFd ndedinteSprvbes tdids hare aehandade stap is

suitably al so psrfar t j r re

sel ective devvax?r?ggcou ﬁﬁlﬁge@gg@%ﬁﬁ%ﬁﬁﬁ %/%%xé%e&%y have
beeﬂ ac[1)|5eve]g abg,l tap@lrillﬁcﬁssammbllef pree styidress afnTLSri'nmgl%Ittacp ]!Cim Lmllagfj,
as has been found to be se whe r ring the spindle oi ase oi
grade, a Ipwerm85Faﬁﬁﬁg?di¥ Pﬁbwg?g§géﬁg%ﬁﬁﬁ be advantageously 5 be
applied. Suitable prasshyesoFiaifshamfglstlep KD darimbvdmite gliday 4 om
15 to 65 bar. The hydrofinjshing step is to inprove the quality of "the
dewaxed fracti ofhe| fepiredsifasq -r dgehdlefsteP didbe sangait@efins are

het er oat o and 8eLouidbOdes ARG UEH AU At Mod e PSS SRl Ll

enough residual aronmatics are saturated. efera the con I oNS are so
chosen 6 obtaiid &heapeesisurgr dée g rensiugh nors duwn omdtdhcs e at es

and nore preferably_such that base qil is t.ai ned conprising more than
98 wt % sat ur at e§.at¥ﬁ§%f§'h;%re§r%irﬁl%§‘t¥i %&estcébﬁ’cﬁgusﬂst eﬁﬁeynsgoar %}oe%rbd:[o in
cascade with tbbtdenas b@skt el Hiredey doafprmisiidgneteian 6 tdd e carri ed

out at a tenperature between 230 and 380.C, a toqtal ressure of
. ‘ P saturates and more preferagiy suéﬁ thg% a:%ase oil is

obtained comprising more than 98 wt% saturates. The

AN

15 hydrofinishing step is suitably carried out in cascade
with the dewaxing step.

The hydrofinishing step is suitable carried ocut at a
temperature between 230 and 380 °C, a total pressure of
between 10 to 250 bar and preferably above 100 bar and

20 more preferably between 120 and 250 bar. The WHSV (Weight
hourly space velocity) ranges from 0.3 to 2 kg of o0il per
litre of catalyst per hour (kg/l.h).

The hydrofinishing or hydrogenation catalyst is
suitably a supported catalyét comprising a dispersed

25 Group VIII metal. Possible Group VIII metals are cobalt,
nickel, palladium and platinum. Cobalt and nickel
containing catalysts may also comprise a Group VIB metal,
suitably molybdenum and tungsten.

Suitable carrier or support materials are low acidity

30 amorphous refractory oxides. Examples of suitable
amorphous refractory oxides include inorganic oxides,
such as alumina, silica, titania, zirconia, boria,
silica-alumina, fluorided alumina, fluorided silica-

alumina and mixtures of two or more of these.



between 10 to 250 bar and preferably above 100 bar and 20 nore prefgzg@J%ms
bet ween 120 and 250 bar. The WHSV (Wei ght hourly space vel ocity) 3

from 0. 3 Jwo od/sgsx3of oil per litre of catalyst per hour (keChmEp1/15i3e
hydr of i ni shing or hydrogenation catalyst is suitably a supported catal yst
conprising a dispersed 25 Goup VIII netall2 Possible Goup VIII netals are
cobalt, nickel, palladiumand platinum Cobalt and nickel containing

catal ysts may al SSENBHIS S geRa i Bhh1ysBY! &aewdavgxe%num and

tungsten. Suitable carrier or support materials are |ow aci
amor phous r ef reedtadrys toxi ehapr Extn@| @8 ohesakt mbre Oénnnphe&s(Neﬂra@Kbry

21 coni o bor G 160, abrnzanotlb, P AL dR, A va”2p) BRpehbh B oo

al um na and mywdigrs oft¥vo Mef@rsbmﬁr phesel52w¥$APR22005at¥® @3/ 50213
PCT/ EPOL/ 15133 - 12 Suitab)e %%rogen tlon catal ysts |nclude t hose
catal ysts conprlielienf arsejtﬁfe‘-‘fﬁ reobalnvekeht( Rllf) cahalyebnarg @co)the an

anount of f ro’ﬂgjoel.fﬁe) Vi RS | ve ?oﬁ‘@hghénéw&% moREeber 2Rl ¥n2 ah@uht WL

cal cul ated as ment re o total weight of catalyst and as the
G oup VI B net dramorfpdienio oma%Drpmfer@blynlantanﬁﬁnwt&fv chlomlates 3G w %

referably 10 to 25 mﬁ@’ al cu el e t re o] | of
Eatalyst Y |ﬁﬁQQ§Qﬁ %ﬁﬁegé g?g?l gggn8%1con%xﬁﬁ%ﬁghgéﬁé%%ggqgee
KF- 847 10 anddﬂiﬁﬁﬂl&(dY&KéIkﬁﬁﬂ?bﬂ@ﬂuﬂ4caﬁdaWh8n§50é8A$§bt ame KE&-8,
DN-190 HDS- 3 and HDS-kﬁ(}lter % suit gle ni kel-t%Pgsten
cont ai¥fl ng catdd dtE- S NAKEA NOBRY) I\H'Ing?,%; E‘Eﬂg@l’ﬁa% ) (BAS §4 an

(Criterion). Fxayml esppdy §UIﬁ@§l§ §aRalibs gl ngﬁﬂéﬂéﬁgtaEﬂhﬁ@l%%tiﬂﬁ’StS
are 15 KF-330 (AKZthobeI HDS-22 (Criterion) and (Engel hard For

hydrocracked fs&xﬁahiﬁnnnqﬂekrt%n@aﬁﬁnn@ODtalnlng catalysts are NI-43
‘and NI-4352 (Engelhard), C-454 (Criterion). Examples of

suitable cobalt-molybdenum containing catalysts are
15 KF-330 (AKZO-Nobel), HDS-22 (Criterion) and HPC-601
(Engelhard). _ '

For hydrocracked feeds containing low amount of
sulphur, as in the present invention, preferably platinum
containing and more preferably platinum and palladium

20 containing catalysts are used. The total amount of these
noble Group VIII metal component(s) present on the
catalyst is suitably from 0.1 to 10 wt%, preferably 0.2
to 5 wt%, which weight percentage indicates the amount of
metal (calculated as element) relative to total weight of

25 catalyst.

Preferred supports for these palladium and/or
platinum containing catalysts are amorphous silica-
alumina, whereby more preferably the silica-alumina
coﬁprises from 2 to 75 wt% of alumina. Examples of

30 suitable silica-alumina carriers are disclosed in
WO-A-9410263. A 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 of Criterion

35 Catalyst Company (Houston, TX) is an example.




‘sul phur, as in the present invention, preferably platinum contaiang @pﬁmh
nore‘preferably platinumand palladium 20 contai ning catal ysts are usé X e

total anoupnt. of ese noble Goup VIII netal conponent(s) t he
‘cat al yst i WO ly fromO0.1 to 10 % preferably 0.2 topgﬁ\%ﬁzﬂs\%ﬁ ch

wei ght percentage indicates the anbunt of. jmetal (cal culated as el enent)
relative to total weight of 25 catalyst. Preferred supports for these

pal | adi um and/ or latin cont aini ng catalysts,_are r us sjplica-
B o wher eby XSS S8 GEP TG SFER B srERTe LoRHEr T e B FPBNS (o 75
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performed to inprqve 4. e_0l i1 y €0 | 1 he.ef t of
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EP- A-712922. 5 tA taytdire dyshtoduot shavingt epeadesirbdi vohgtfilatyion is
preferably reaned(gé}neans of distillation in order to obtain a product

havi ng the desiBXWPSItH{T1ity properties. The invention is also directed to

a novel medium 10 maedi o it idh ade dBybNgifekto@MBbi § MbGEDSHEMia 100 C
of between 11 and 12.5 cSt, a viscosity index of between 95 and 120, a
sul phurl@ont entmasthige o 1 0B ppevhaning askineBebiccBhEEREiItY 8botl 0980t %

obtai nabl e by & proGess. . as d§§&ri??§.@§9)’|ea Jbgéopﬁﬁgog}ébegr agepedneln used

in a 15 | ubricant conposition conprising also one or
. . 95 and 120, a sulphur content of below 100 ppmw and a

' saturates content of above 98 wt$% obtainable by a process

as described above. This base o0il grade can be used in a

15 lubricant composition comprising also one or more
additives. The lubricant composition is suitably used as
a 20W50 automotive lubricant or as a ISO 100 industrial
formulation, for example as a hydraulic or turbine oil.

The process is illustrated in Figure 1. Figure 1

20 shows thaf a hydrocarbon mixture (1) is fed to a
preliminary hydrotreater (2). The effluent (3) of
hydrotreater (2) is fed to a hydrocracker step (4). The
hydrotreater (2) and hydrocracker (4) may be combined in
one vessel in a so-called stacked bed. The effluent or

25 hydrocrackate (5) of the hydrocracker (4) is separated in
distillation step (6) in one or more fuels fractions (7) |
and a bottoms or hydrowax fraction (8). The hydrowax (8)
is further separated in vacuum distillation unit (8) into
a heavy gas oil fraction (10), a vacuum gas oil

30 fraction (11) and, as illustrated for distillation
mode (dl}, a spindle oil fraction (12), a medium machine
o0il fraction (14) and a first rest fraction (13) beiling
petween said spindle oil and medium machine oil fraction.
The vacuum gas oil fraction can optionally also be

35 further prdcessed to a light grade base oil by performing



additives. The lubricant conposition is suitably used as a 20Ws0 gyjap?mmye
Fubrircant or as a I SO 100 industrial formulation, for exanple as

hydraul i c gl g(ﬁ i€ oil. The process is il Iustrat ed i n Fi guper/kpofrisisy e 1
20 shows that ydrocarbon mxture (1) is fed to a prelimnary

hydrotreater (2). The effluent (3) of hydrdideater (2) is fed to a
hydr ocr acker step (4). The hydrotreater (2) and hydrocracker (4) may be

conbined in V. ef.yn S e f e
hydr ocr ackate ( tegfé L jhg/%ll)r chfr g@kée‘fﬂf%:élgé g%ggggtlgg £ ftcl’illés?’hel(g;etn%gn step
(6) in one or mmnyémmdenfrbmtadMEo¢H¢d ant modettbasspnnﬁﬁ@raﬁdx fraction

(8). The hydro (8). is para ed_i,n_yacuu dlstlllatlon nit (9
'to ' heavy oarasyien abtihnltie) ShEvDhehnmh SHE BEPLSE MASEEPE, QitD) and
as illustrated ffaractt Sém! [ B4) onaémgteo&ﬂb)ara sortfke, pebkelsisael,i Frdml2), a
medi um machine oil fraction (14) and a first rest fraction (13) boiling

bet ween $ai d smﬁﬁﬂﬁ#gﬁlt%ﬁ%ﬁ U aBehilha’ brIlﬂrﬁéF?éHthTﬁéwﬁééﬁﬁhtgas
base of I by per A niD AP0 W B8 G001 3 B esos) 15154 < 14 ot eps
(a)-(c) of the pﬁmas:sorac(:bﬁkjlx@ f@rtherppeeeassednmanhwdnrofumahbkm:ked out
node the spindle ail sho and . th diu chi ne oi
fraction (14) (égus &#i Tw%m% é %Eégsﬁgé) gﬁ? gsgeﬁggg&ggﬁﬁé (12")
and (14'), in Ceﬁlatﬂéhi:ngiaym(tt nglwnatlbwaoytehdl ﬂgaatﬁtenam@)fmctlon

(16¥, which fraction %A Is further processed 1 n hydrofinishin uni t
(17). FA8m t he memaMFed (1B)dbHt bl IREL PR H96F0119PnFQﬁFﬁBYuHP@l@}%F Eheow

boi I'i ng fracti oyd40) decgsbéé)er VgFadd ?2&? §i1YRET 08U 'fu(el%) mfafl%r%@’thls

yielding the desired base oi rade (21). The total fuels nmake o
process conprls@gnﬂea$”@QmRﬂ®Se%JNQXt?£§§ &nd. (209), Fdé&ﬁeandsHaﬂﬁ

distillation node (CEqufé]5'Eﬁbﬁgxﬁﬁstlllatlon mode {d2}. In this mode

the hydrowax (8) is further separated in vacuum

15 distillation unit (9) into a heavy gas oil fraction (10),
a vacuum gas oil fraction (11), a spindle oil
fraction (12), a light machine oil fraction (22) and a
second rest fraction (23) boiling above the light machine
oil fraction. In a blocked out mode the spindle oil

20 fraction (12) (not shown) and the light machine ocil
fraction (22) (as shown) are further processed, from
storage tanks (12’) and (22’) to the respective base o0il
grade. All other references have the meaning as in
Figure 1.

25 The invention will be illustrated by the following
non-limiting examples. Examples 1-2 represent calculated
results, wherein use has been made of hydrocracker
models, plant data and experimental results. It is
believed that these result give a good representation of

30 how the process according to the invention will perform
in reality.

Example 1 using a single mode vacuum distillation

To a distillation ceolumn a hydrowax containing
residue is fed at a rate of 4883 ton feed per day (t/d).
35 The feed has the properties as listed in Table 1.




the hydrowax (8) is further separated in vacuum 15 distillation unig7@?k2m5
Fnto*a heavy gas oil fraction (10), a vacuumgas oil fraction (11),

spi ndl e oi |on (12), a light machine oil fraction (22)p3hhy cond
T est fractk%iﬁﬁééysboiling above the |ight nmachine oil fraéalon.??%ﬁg

bl ocked out node the spindle oil 20 fract+om5(22) (not shown) and the |ight
machine oil fraction (22) (as shown) are further processed, from storage
tanks (12') andTéﬁgé)lto the respective base oil grade. Al other

ref erences have € neaning as in Figure 1. 25 The invention wll be
illustrated by ftheefiollomng non-limting exapples. Exanpl es 1-2 represent
calculated res S i . of _hydrocracker nodels,

pl ant data and [ERpttingnPeintedti ¥el P# ilsClbe) 8Ved |that these result give

L.

a good represegtﬁﬁiQHE§0036ChY&SETe process accyrgemg to the invention will
perform in redllty. anpl e using a single jnbde vdcuumdistillation To a
distillation colwan eohyenowaxtédntaining resibie2id fed at a rate of 4883
ton feed per day{(i{+t.d)—35 TFhefeed-has the-—priopertids as listed in Table 1.
r 2 7 APR 2005 [V@NbBRBD2{BPPLT EPO1/ 15134 - 15 24abld 1 Feed boiling poi nt
at vol 5% (C) 28 o ) 99 18. 2 sul phur (ppm 24
nitrogen (ppnxl e ed I's separated in a vacuumdigtillation into 1042
t/d heavy gas oil, 1285 t/d vacuumgas oil, 591 t/d of a rest fraction

bo[[lng bet ween theTﬁglggL gglseparated in a vacuum distillation into

-

1042 t/d heavy gas oil, 1285 t/d vacuum gas oil, 591 t/d
of a rest fraction boiling between the spindle oil
fraction and the vacuum gas oil, 291 t/d of light machine

5 cil, 664 t/d of medium machine o0il and 300 t/d of a
residue fraction. The spindle oil, light machine oil and
medium machine oil fractions were subseguently further
processes by means of catalytic dewaxing and hydro-
finishing in a blocked out mode. From the product ex

10 hydrofinishing the lower boiling fraction is removed
which totals on average for all base oil grades to
422 t/d. The process yields {(on an average 350 day
runtime basis) 557 t/d spindle oil grade, 214 t/d light
machine o0il and 471 t/d medium machine ©il grade. The

15 yield of base -oils (Spindle oil, light machine o0il and
medium machine o0il) on hydrowax containing residue is
about 25 wth.

The quality of the base o0il grades is as listed in

Table 2. '



fraction and the vacuumgas oil, 291 t/d of light machine 5 oil, P KﬂMPf
medi um machine oil and 300 t/d of a residue fraction. The splndle oi

| i ght machiwe oasé21and nedi um machine oil fractions were subnewaﬂmu
further processes by neans of catal ytic dewaxi ng and hydro- finishing in a
bl ocked out node. Fromthe product ex 10 ﬁy&ﬁbrinishing the | ower boiling
fraction is renoved which totals on average for all base oil grades to 422
t/d. The procesTapilel & (on an average 350 day runtinme basis) 557 t/d

spindl e oil grage—2id—ifd—ight _ggih+ne—g+L_abﬂ 471t/ d nedium machi ne oi
grade. The 15 y el d of base of ISP dl e oi+igh% ght nachmﬁékﬁm and nmedi um
machi ne oil) on| hydrowax contai ni §g1resli Qe Sne [ Igﬁlquality of
the base oil grpdes is as listed in_ Tgble 2. WO 02 '0213 - e 227
APR 2005 PCTIEPC&/15134 Spindlegrgﬁenedlunﬂqwammchlne 0|I@n£@ene 0
gr adegr adegr adef 465865 210—31606-ce St Vi-geos-y3+05103100
I ndex (2) Noacklgig égﬁ'a?‘t ty %8° () Pouf B8int . 15-12- 2200 ( (4
sat urat es99. 298| 408. tc(w % (5 )
(cSt) (1)
Viscosity 106 103 - 100
N Index (2)
: Noack 16.5 - -
volatility
(%) (3)
" [Pour Point ~15 =12 -12
(°C) (4)
saturates 899.2 98.4 98.1
(wt%) (5)

{l) according to ASTM D445; (2) according to ASTM D2270;
{3) according to CEC L-40-T-87; (4)according to ASTM D97;
{(5) according to ASTM D20?

Example 2 using two modes of distillation according the

present invention

Example 1 is repeated with the same feed except that

during 245 days of the total of 350 days on stream a

5 hydrowax feed of 4109 t/d is separated in the vacuum
distillation into 866 t/d heavy gas oil, 1153 t/d vacuum
gas o0il, 723 t/d of spindle oil, 416 t/d of a first rest
fraction boiling between the spindle oil fraction and the
medium machine oil fraction and 951 t/d of medium machine

10 0il. The thus obtained spindle o0il and medium machine oil
fractions were subsequently further processes by means of
catalytic dewaxing and hydrofinishing in a blocked out
mode. From the product ex hydrofinishing the lower

boiling fraction is removed. This distillation mode




-(1) according to ASTM D445; (2) according to ASTM D2270; (3) accord%mgﬁp
CEC L-40-T-87; (4)according to ASTM D97; (5) according to ASTM D20 agg*e

2 using t of distillation according the present in ' anple 1
' KB ¥Eplerplif

I S repeat he sanme feed except that during 245 days O otal of
350 days on streama 5 hydrowax feed of 419 t/d is separated in the vacuum
distillation into 866 t/d heavy gas oil, 1153 t/d vacuum gas oil, 723 t/d

of spindle oil, 416,t/d of_a first rest raction, bopli bet ween t he
Opi nal 6011 % 1 kS AR A VAt ak veart hEerEY Bul BhanRbtgElet P10
medi um machi ne glkhdi land he60 htisd obé@d iR dnsdth e eo D1 | gaade Medi um nmachi.ne oi |

fractions were subsequently further processes by neans of catalytic,
dewaxi ng and hydr of B4 K Hd¢ MBI HERBEFABNE OMoer e3P ok Ny Provast 1ax

RHydr of i ni shi ng ; Ll d & td ' e hi 8¢ di 311 L,on
s ' bR SRS D AR A 00 P1ACTDN y?’éFﬁss?%nfé‘% gé%ﬁ'gge
yearly Hasis) 555 tgid spihaf et.od | vaguumiegahdobb) 712d tédi af smihdhe oill,

grade. During t p nj d fre h wax. i,s eparated_in the
Scuam disti 11 AU TR SERLHE AR P N NSt 208 R Boe b1
723 t/d of spi e lred88rddtiof boghindrashorne oheé LightimachAnfde3321t/d
in a second rest fraction boiling above the |i hi ne gil fraction

t na .
The thus obt ai FEREPi M 7 | LR ?k?b?&n%c?ﬁh%g{]%i?l r aB¢i bhghfiemachine

subsequent |y f yiinefr HHOLKSS OFe Y é&wﬁm@i £atehyki proeuaxé8opgnd
hyd¥ of i ni shing in a bl ocked out node. From the product ex hydrofinishing

the |over boi Means rakt¢atnl st iendemariniandi kydrebindahapdeinygel ds (on
350 ' ' ' i 75814 /.d
an average 350 fiaye fd AL AR S rroi {4¢ p2RARL eeQ'hz%E@f'f?gQﬁlzéaﬁhé

|'i ght nmachi ne o1'l" grade. ofh distillation nbdes t yie on
aver age. year | yldwesi o Ebing / Trapi ol el ®i tempeed, PHist ddstighstion mode

‘ yields (on an average 350 day runtime basis) 557 t/d

spindle oil grade and 751 t/d light machine oil grade.

15 Both diétillation modes thus yield (on an average
yearly basis) 557 t/d spindle o0il grade, 214 t/d light
machine oil and 471 t/d medium machine o0il grade. The
yield of base oils (Spindle o0il, light machine oil and
medium machine oil) on hydrowax containing residue is

20 about 30 wt%. The guality of the base oil grades is as in
Table 2. '
Example 3

A hydrowax containing residue having the properties
as listed in Table 1 was distilled and a light machine

25 0il fraction was obtained having a kinematic viscosity at
100 °C of 7.24 ¢St, an initial boiling point (5 vol% TBP)
of 440 °C and a final boiling (95 vol% TBP) point of
550 °C. This light machine oil fraction was subsequently
dewaxed by contacting the fraction with the same

30 dealuminated- platinum loaded- ZSM-5/silica catalyst as
used in Examples 11 and 12 of WO-A-0022511 in the
presence of hydrogen at a temperature of 354 °C, an
outlet pressure of 141 bar, a WHSV of 1.00 kg/l.hr and a
hydrogen gas rate of 640 Nl/kg feed.




machine oil and 471 t/d medi um machine oil grade. The vyield of ba;§7gh%ﬁ
(Spindle oil, light machine oil and nedium machine oil) on hydro 03
cont ai ni Nng WweshAssg3i S 20 about 30 wt% The quality of the bapergpby/gdes is
as in Table 2. Exanple 3 A hydrowax contai ning residue having the
properties as listed in Table 1 was disti4l¥d -and a |ight machine 25 oil
fraction was obtai ned having a kinematic viscosity at 100 C of 7.24 cSt, an
initial boiling poi nfhd % #01 {efBRNL O 0BE9i FedNd | 1Lk pg vol t
TBP) point of 550 C. This Iiéﬂ% naé%?n% o?f ?rac??o%h§§éq§§§§%3u8&??€
dewaxed by cont diriirgheadddy rerntartimghthaeceffihee80 deathei pacedncel atfi num

| oaded- ZSM 5/sijjc t {. Ln Exanples 11 and_12 WO- A- 0029511
in the presenceﬂgo%sarhl%r%dgtﬁha ahﬁﬁg%%rét BY &’ of §glﬂmﬁfcéﬂ} BgPF’ePnpressure
of 141 bar, a WinérmphcduGsKpida+talwamina chydiegencygsgssratrecelf te49oNl/ kg
feed. 2 7 APR 2005 WO 02/50213 - 18 PCT/EPO /15134 The effluent thus

obt ai ned dwas subsRISHRT CIMRAYY FHMSHeR hlXtonThet PREC2henar FPDEAL ioRSt he
presence of freadie/ sSURRISEMYSHO9EM ONLEs Sy FQNEERT €h 8l Pd_o zphous
silica-alum na carrier (C—ég%aoﬁﬁériter?%n % %atgygst Cb%g%hya(ﬁgﬁgggg, TX) .
The operating cdndl tkdhRs’hmer ececHshr ogen patei af pPesNl/kgoénd28 bar, a
VWHSV of 1.0 kg/ Cle Has d@te of 500 N1/ kg and a tenperature of
260 C. Gaseous é%%%ﬁﬁ%ﬁ?@g%é$§ sepaﬁgted fromthe effluent 10 of the
hydrofi ni shing by v@assodd asdnpuneaits wetéi sgpatetpdrbivticté 4451Genh

|'i ght fraction ubsequently .separated by distil]ation after which the

desired; ] G?gﬁiﬁaél iﬁﬁgghﬁﬁﬁﬁhﬁﬁn?YgY%ﬁ uﬂagiﬁﬁ?h?%eﬂthévFHQt#HS

properties as |irednpérdtub@bler 345 °C. A light fraction was subsequently
separated by distillation after which the desired API

Group II light machine oil grade was obtained having the

properties as listed in Table 3.

Table 3

API Group II

light machine

oil

saturates (wt%) (IP 391) 98.6
polars (wt%) (IP 391) 1.4
sulphur (mg/kg) 18
nitrogen {(mg/kg) <1
Viscosity Index 107
viscosity at 100 °C (cSt) 8.513
viscosity at 40 °C (cSt) 62.54
pour point (°C) -12




Table 3 APl Goup Il light machine oil saturates (W% (I P 391)98. 6 M%fﬁsm%
(w9 (1P391)1.4 sul phur (ng/kg)18 nitrogen (ng/kg)<l Viscosity |Index107
viscosity at 100C (cSt)8.513 viscosity at 40C (cSt)62.54 pour point (C-12 2
7 APR 2005 CL Al MS 1. Process to prepare a spindle oil, light machine
oil and a nedium nmachine oil base oiligrade by (a) perform ng a separate
catalytic dewaxing on a spindle oil fraction, a light machine oil fraction
and a 5 nmedium machine oil fraction as obtained in a vacuumdistillation of
a bottons fraction of a fuels hydrocmragkMng process; (b) performng a
separate hydrofinishing of the Iight "and medi um nmachine oil fractions
obtained in step (a); 10 (c) separating the | ow boiling conpounds fromthe

spindle oil, light machine oil and nmedi um machine oil fractions as obtained
in step (a) and (b) and obtaining the spindle oil, Iight machine oil and
medi um machi ne oil base oil grade; 15 (d) wherein the vacuumdistillation

is perforned by alternatingly performng the distillation in two nodes

ol fraction, alspi BICESHS U BARRRGY, o SRAATIR Soni 3aTht: MEckdPEd g s

first rest 20 frggf i0meiun RadEiMee)t 1S ¥ateSRiindlgradd band medi um machi ne

oil fraction and in the second node (d2) the bottons fraction is separated

into a gas oil ffedctiperferming a separate catalytic dewaxing on a

e spindle oil fraction, a light machine oil fraction and a
5 medium machine oil fraction as obtained in a vacuun
distillation of a bottoms fraction of a fuels
hydrocracking process; _

(b) performing a separate hydrofinishing of the light

and medium machine oil fractions obtained in step (a):

10 {c) separating the low boiling compounds from the |
spindle oil, light machine oil and medium machine oil
fractions as obtained in step (a) and (b) and obtaining
the spindle oil, light machine oil and medium machine oil
base oil grade;

15 (d) wherein the vacuum distillation is performed by
alternatingly performing the distillation in two modes
wherein the first mode (dl} the bottoms fraction is
separated into a gas oil fraction, a spindle oil
fraction, a medium machine oil fraction and a first rest

20 fraction boiling between said spindle oil and medium
machine oil fraction and in the second mode {d2) the
bottoms fraction is separated into a gas oil fraction, a

spindle oil fraction, a light machine oil fraction and a

25 fraction.
2. Process according to claim 1, wherein the spindle oil
grade has a kinematic viscosity at 100 °C of between 3.5
and 5.5 cSt and a Noack volatility of below 20% or a
flash point of above 180 °C, the light machine oil grade

second rest fractisohn Bo6iling above the light machine oil ™ 7"




1

spindle oil fraction, a light machine oil fraction and a second rest
fraction tailing above the |ight machine oil- 25 fraction. 2. Procks4PR 7005
according to claim1, wherein the spindle oil grade has a kinematic
viscosity at 100 ' C of between 3.5 and 5.5 cSt and a Noack volatility of

bel ow 20% or a flash point of above 18p C, the light machine oil grade 2 7
APR 1005 -20 ¢ has a kinematic viscosity at 100 C of between 6.5 and 9 cSt
and the nedi um machine oil grade has a kinematic viscosity at 100 C of
between 10 and 13.5 c¢St. _ -3; Process according to claim2, wherein the
nmedi um 5 nachi'nézazmadﬂerm%‘scavwmﬁawcam S|Qy°%tbq10€)9@10$ 5 bendheen 11

catalyiic devax De T Sib )il HAMA O L dr e IRk At
distillation fragtd@ssty fwyptmog‘ﬁrl @ﬁwcb@tﬁébmaﬂalam T8 akgd g a nol ecul ar

si eve such that the pour” point is reduced by at least 10 C. 5. Process
according to cl alm £rogri®iareiidifg dl@rainisyehergigptgie zeMizm zSm 22,

ZSM 23, 3S2-32, Sl %fe PN AL dhad & FLACESE PRI d G £l Al m

4, wherei'n the vels anin e pore si t e” and

\/\herel n the cat];aémaéerallsx) ool sescst binder and a Goup VIII  netal. 7.
Process according to claim®6, wherein the binder is a 20 low acidity

refractory oxi de bi RRQCeRR S9ATIINT Y SN qRIFAR I do othentaih rfé’eand

\ch:"gljlr:;j ter(;tei ﬁ;r I‘%ﬁagﬁ |ét (ﬁdoé%ﬁ{%%ace &ga aﬁm%nifq%lﬁfg%éi%ﬁn%%é e

Process accor di rhe oraaouyunp b sifi I agti imsn 1ErA chviteer edith thyedihmgdrorend raact i on of

a fuelslgydrocracm$¥§ {(¥§§¥Einlng a molecular sieve such that the pour

‘ . point is reduced by at least 10 °C.

5. Process according to claim 4, wherein the molecular
sieve 1s ZSM-5, 2ZSM-12, ZSM-22, ZSM-23, SS5z-32, ZSM-35,
ZSM-48 or SAPO-11. '

15 6. Process according to claim 4, wherein the molecular
sieve is an intermediate pore size zeolite and wherein
the catalyst also comprises a binder and a Group VIII
metal.

7. Process according to claim 6, wherein the binder is a

20 low acidity refractory oxide binder material which is
essentially free of alumina and wherein the surface of
the intermediate pore size zeolite has been modified by
subjecting the zeolite to a surface dealumination
treatment.

25 8. Process according to any one of claims 1-7, wherein
the bottoms fraction of a fuels hydrocracking process is
obtained by operating a fuels hydrocracker which
hydrocracker yields a naphtha,kero¢sine, gas oil and a
bottoms fraction, wherein the bottoms fraction contains

30 more than 15 wt% of a fraction, which has a kinematic
viscosity at 100 °C of above 9 cSt, and wherein the
weight percentage is calculated on the total of compounds

which boil above 370 °C in the bottoms fraction, by first




-obt ai ned by operating a fuels hydrocracker which hydrocracker yi @I7dsPR005
napht ha; kerosine, gas oil and a bottons fraction, wherein the bottons
fraction contains 30 nore than 15 wt% of a fraction, which has a kinenmatic
‘'viscosity at 100 C of .above 9 cSt, and wherein the weight percentage is
calculated on the total of conpounds -axhi ch boil above 370 C in the bottons
fraction, by first 2 7 APR 2005 -21 (i) hydrotreating a hydrocarbon feed at
a feed conversion of less than 30 wt% and (ii) hydrocracking the product of

t i) in th f a .hyd ki t t h i
Tevel {that 't he- o SRERIRRALARE, DIRES R Yo oY 2 MG SRS G
80 Wt % 9. Process 1aa0ndiag 30 WHRidAS, (Mhensidrddia damEHObrdduct of

hydrotreating step (i) is between 15 and 25 wt% 10. Process according to
any one of clai mtep 9ilwiay dihe nuesancs Af adwdasitackindatatsey S0 atnd 75

wt% 10 11. Process according.to an ne ,of cl.ains B-1Q, wherein the
catal yst used i 7 5 (ciqrﬁvect%’rh?ﬂ ?E%’eﬂb&é]%tha 9 %Q%a]]gf SIS R 12 ge.
pore sizg zeolilepd ([@Qr A8 SUAPOrils ey BIRN 80 Graup VI B netal

conbi nati on. 12. Process according to any one of clainms 1-7, wherein a 15

bottoms fracti of.i s Byosesisn acerdidy &9 eHPdMEd Mhemeine the eusseaicr di ng
to any one of claige 8- 1. 23,25 step (i) is between 15 and 25 wt$.
\G | 10. Process according to any one of claims 8-9, wherein
the overall conversion is between 60 and 75 wt$%. _
i il. Process according to any one of claims B-10, wherein
the catalyst used in step (ii) comprises more than 1 wt%
of an acidic large pore size zeolite, a pofous support
and a Group VIII/Group VIB metal combination.
12. Process according to any one of claims 1-7, wherein a
15 bottoms fraction is used in step (d) as obtained from the

process according to any one of claims 8-11,

20

25



