WD 2005/ 085394 PCT/ EP2005/ 050860 - 1 PROCESS TO CONTI NUCUSLY PREPARE TWO
OR MORE BASE O L. GRADES AND M DDLE DI STI LLATES Field of invention The

i nvention wa oeesstey a process to continuously prepare tweoTHEP200E080886SE Oi |
‘grades and mddle distillates froma mneral crude derived feed. 5
Background of the invention WO A-0250213-des<ri bes a process wherein
different base oil grades are nade in a so-called bl ocked-out node. 1In
this process a bottons fraction of a hydrocracking process, which thus al so

yields m dd:c e di sPRde:asﬁs'r@s?d@rmwtmm ,PREPAREP AWt esl MGkEl Eﬁéto?’lﬂ base oi |
pr ecur sor ractions. These fr ions ar cata ytically

dewaxed one after the other 6@%@5 Aépapiﬂﬁﬁgfgﬂ%gp cat al yst.

WO A- 9718278 di scl oses a process wherein up to 4 base 15 oil grades, e.g. a

60N, | CDN and 150!1 are prepared starting fromthe bottons fraction of a
hydr ocr acker . the bottons fraction is first fractionated

in a vacuum di stil ltedd GmvieRicd o reagkansood b&dkd e drrvirffonb 1l actions
are further processed to different 20 base oil grades by first performng a

catal yti c dewaBERPREINWET BPre BpdeoPihi ShrdRS st middkgadvant age of the

above pr ocesse%ls%ltﬂaétééﬁqrow AC @SN 1 NekusONEL PURLS . £ddy Ot her words the
base oil grades are not nade at the sanme tinme but sequential. This 25

require® tankadiagkgraund joft dheednaentdolducts as obt ai ned when the

hydrocracker bottomﬁ)@mﬁsro@qtal eRal8d peand Bf@c@g@'&héﬂefr@%ifféﬁéhtto be
catal ytically dewaxed. A further disadvantage are the node sw tches which

result in heatkaRe WPllofaTadasRatt Made ooRi AP~ P Lbefdi phevkedrrramadey

deterionation of ¢h /
I?CT/ EP2005/ 050860 2 QHH P cesthe BRAG MY rehesi Y0 P02/ Q9239 acking

process, which thus also yields middle distillates as

10 products, is separated into various base oil precursor
fractions. These fractions are subseguently catalytically
dewaxed one after the other using a platinum-ZSM-5 based
catalyst.

WO-A-9718278 discloses a process wherein up to 4 base

15 oil grades, e.g. a 60N, 100N and 150N, are prepared
starting from the bottoms fraction of a hydrocracker. In
this process the bottoms fraction is first fractionated
in a vacuum distillation into 5 fractions of which the
heavier 4 fractions are further processed to different

. 20 base o0il grades by first performing a catalytic dewaxing
ﬁi followed by a hydrofinishing step.

A disadvantage of the above processes is that the
process is not continuous. In other words the base oil
grades are not made at the same time but sequential. This

25 requires tankage for the intermediate products as
obtained when the hydrocracker bottoms are fractionated
and are awaiting their turn to be catalytically dewaxed.
A further disadvantage are the mode switches which result
in heating up of equipment and cooling of equipment

30 causing deterionation of equipment. The mode switches



also result in internediate off-spec product every tinme a new grade is
bei ng processed. These slops need to be reprocessed or disposed off which

is di sadva%&g&g}ﬁsﬁ, P- A- 649896 di scl oses a process to prarafepRdodedsdue S
conprising a base oil by neans of a process involving a hydrotreating step

and a hydrocracking step on a heavy petrgleum feedstock. The
hydr opr ocessi ng steps yield a product fromwhich mddle distillates and a

bot t ons fractifn (rqﬁtage arg obtgLngd. }gls bottons fraction is 10
subsequent |y s¥t32nt® 8 105CEMEARGFE GF RGP B BTt gPYBEY WEMG2P070627
di scl oses a preeesgrdde prepaiag proeessadl eThase silbpgr aded &vdba gas oi |
froma Fischer-Tropsch (feri%gg feeg, i..e. no% trﬁgﬁa m neral crude derived
feed. 15 EP- A-BBEACTTHFT QT BSPOse] BESCHEECR of SHitdiPRGVAR L 2560 fat i ¢
transm ssion fl ui dEpeRpOEIBSEOR] sdSohed B7Hrdddsbekat eschara Br @eessiukor the

catalytic dewaxing,of a h drocag&gn feed con ainigg)maxy,nnl cul es.
WO A- 9723584 dFSEPBLERYG & Sh E¥ePRAPReChoft BFPCESSF AIYOLVdR%R a fuel s

hydrocracker igyssbtesieihd GterCaind Wt hgddevexEREngt eepllbp dewesed Oil is
partly recycled to the hydrocracking steE and partly obtained as. the
| ubri cating baB8tEPIEUR tfiedihrait-add ol YAREPEBGFE S e 88PSs Yd&4E ided in

25 WO A- 9723584 rb8uébatrdd WwHICh WiE1eNeiBase]1aklesiake d Hotitemisat ed from
t he dewaxed oil a | arge pour point distribution occurs. In other words the

resul ting the TFaGeioy| skssicUsds @56 lobgriaed - wr b shiad temsod ek igeurd s

poi nt.1dhi s poYgLROGREnElyY&sAWRAt Hewdikblekense swinidi d R3¢ desid ed val ue,
is indicative for yield l'oss of said | ower = -viscous base oil grade. One
obj ect of the BE@88nt invention is to provide a process, which is capable

of preparing two OfoN®s LONARE Aidcisrdes ?E%é%%”%%%ﬂép%&% Whey &0 their
respective 35 pour_points are nore clJose to the desired val ues: WO
2005/ 085394 PCTPEP2base osoigairades and a gas oil from a Fischer-Tropsch

derived feed, i.e. not from a mineral crude derived feed.
15 EP~A-0 984 173 relates to a process for making an
automatic transmission fluid composition.
US-A-6 576 120 relates to a process for the catalytic
dewaxing of a hydrocarbon feed containing waxy molecules.
WO-A-9723584 discloses a process wherein the bottoms
20 fraction of a fuels hydrocrasker is subjected to a
catalytic dewaxing step. Theudewaxed 0il is partly
recycled to the hydrocracking step and partly obtained as
the lubricating base oil.
A disadvantage of the above process as described in
25 WO-A-9723584 is that if more than one base oil grade is
isolated from the dewaxed oil a large pour point
distribution occurs. In other words the resulting the
lower viscous base o0il grades will have a too low pour
point. This pour point give away, or difference with the
30 desired value, is indicative for yield loss of said lower
viscous base oil grade.
One object of the present invention is to provide a
process, which is capable of preparing two or more base
0il grades simultaneously and wherein their respective

35 pour points are more close to the desired values.



3 It is another object of the present invention to provide an alternative
process to prepare two or nore base oil grades simultaneously froma

m ner al wﬁg 43ypd feed. 5 Sunmary of the invention O Hpd8dResth t he
‘above or other Obj ects is achieved according to the present invention by

providing the follow ng process. ProcessatQ prepare sinultaneously two or
nore base 10 oil grades and mddle distillates froma m neral crude
derived feed, in pﬂbtl cul ar .a de-a vacuumdistillate feed

sphal te
or their mixtures &nﬁ%é)bjteﬁe P gBﬁn B§e§? qb&“‘(ﬁ?*—ﬁ?ﬁr%@r acking the
m neral crude gemn/ceel éreeﬂtéﬁaﬁtabaye procebatoi pgepawef tiuedlk; mbbe
distillation of the flucgeft as, oht ai ned in §t ﬁﬁg%l mtg one or nore
mddl e distill3P88 % i3 anelisgye THEM F HEiReheLaRtPErl y above 340
C, (c) catal ytdepityddewexi ng the full range residue by 20 contacting the
residue_wth a_dewaxi ng_catalyst conprising a zeolite of the MT\Wtype and a
Goup VP11 mﬁ&ﬂlﬁﬁ&m}% dewaxed oil; (d) isolating by neans
- of distil I ation twonéroicrdase tiR lanpvades Btﬁartdsnﬁjéleﬁexe@ athiekkai ned
in step (c); and 25 (e) isolating a dewaxed %as oil from the dewaxed-oi l

obtained in st 8FCPEFLNGHED e (HeE P RE T SHEL CBsPBPEPRading §hep (¢)

conprises bet wsghonDngnshrdéeye % of a dewaxed heavy gas oil boiling for
nore than 70 vvt%bet ween 370 and 400 C. 30 Applicants found that when using

a catal ytic dewaxi REPCESE afy RISRARS ISy CaNRPWP 2B oF YR ey POTE RBEE equal |y

di stri byt ed poeﬁlpgraaeyaém m@&dlaé:mlewqqlfa%sakkoﬁh@ mbBage a0l brguades as
obtained in step (d). Because of this _nore equal_ pour point quality of the

resul ting grad8sravss Feefmalt RRITISLIGN @ Q\ﬁaﬁsﬁbﬁlt?@seﬁtl O%hch makes

thi's vacuum distillate feed or their mixtures, by performing
( the following steps: i
(a)} hydrocracking the mineral crude derived feed, thereby
15 cbtaining an effluent;
(b) distillation of the effluent as obtained in step (a)
into one or more middle distillates and a full range
residue boiling substantially above 340 °C,
{c) catalytically dewaxing the full range residue by
20 contacting theb;esidue with a dewaxing catalyst
comprising a zeolite of the MTW type and a Group VIII
metal, thereby obtaining a dewaxed oil;
(d) isolating by means of distillation two or more base
0il grades from the dewaxed oil obtained in step (c); and

( 25 (e} isolating a dewaxed gas oil from the dewaxed-~oil
obtained in step (c);
wherein the dewaxed o0il as obtained in step (c) comprises
between 10 and 40 wt% of a dewaxed heavy gas oil boiling
for more than 70 wt% between 370 and 400 °C.

- 30 Applicants found that when using a catalytic dewaxing
catalyst comprising a MTW zeclite type a more equally
distributed pour point value was achieved for all the
base o0il grades as obtained in step (d). Because of this
more equal pour point quality of the resulting grades a

35 minimal quality give away will result, which makes this



WO 2005/ 085394 PCT/ EP2005/ 050860 4 node of operation attractive. If in
contrast a ZSM5 based dewaxi ng catal yst was used on such a full range

resi due as ' in WO A-9723584 a nuch greater pour ' Lsiribution
will be obs"gﬁéﬁgf’&gﬂ“case such a 5 catal yst would be used f@ﬂ?@aﬂﬁ%%&)
viscosity grades would have a pour point nuch | ower than required in order
to achieve the desired pour point in t e 4r &mai ni ng hi gher viscosity base

oil grades. The | ower than required pour point is a disadvantage because it
i s indicative fodeaofl (opawatrion et wfctdyed [édwen odstosstyagEadeSbase oil .

Anot her advant agg.8f g&4 [ I e pl eSkdue § o] ri,son to the
bl ocked- out m)ge ?‘g ?'ﬁwat ani é%oatr%ggslﬁ]y?smh?gﬁ g?egégﬁvgr%géii %B?Hg nor e
heavi er base oegbidrades deoscoilpslinds WoAHSAg3p84t abehicky gardtgrageuts
contribute to a j 1e jUst hoi b | ow_sai heayi er grade. In
case of a bl océgg?gugfsr’rg%ieb%*l%%e@a |3)% °#’ﬁ§ggg§on%’%un%§eb8}1f3¥ina j ust bel ow
the desbred gradetalgshmedtubd Basided cirbilvedrwilhcbhietyegsradescavallase oil .

An even further _advantage is.that t.h | iicants 20.surprisingly found that
2 devexi ng cat APYSLScRRRF ITHY FgEARE PP EoRR I E T ARt Gt Bup I I
met al provi desachdtventye tdes hredmyi@ibaed nti ingthdesehavhiggdédighakl e
properties, but,al so.gur]?rigi(ggiy hi gh ar{gluntés of % heav% gas oi | having a
surprisingly | & B8GF “HorhTS DB 9% d &8s ePI ST Shebf TEAB R RESn. The
feed to step (ppifayibeaadysigpiciedganbeiaalsecitydes dedivadikveedotroaa
hydr ocigcker. uch feedféocgs ma% %Fthe vacuum 8asdoi or heaqvi er
distiltate fracPl6hsY4§+<obt aFHE dSEPPL*HgYaE T alBEMm Odrdi ti ons t he
30 atnospheric respduehef &deiniteger s paloceskihgedrboekll Thangeéeasphal ted
oil as obtai ned when deasphal ti ng thtgﬂrt si dye ~as obtained in ?&%:Bg‘- vacuum
distillation mEySdFus K6 GEBRRTLEC dl TS POCKRGRELICRTCRE GTRE 20V
obtained in a cbipodnaat ahyth Caes acdivrtyddessheFabye heavivid baldeashed
oil grades to compounds boiling Jjust below said grade
15 contribute to the base o0il yield just boiling below said
heavier grade. In case of a blocked-out mode of operation
these compounds boiling just below the desired grade
cannot be easily combined with the less viscous base oil.
An even further advantage is that the Applicants
20 surprisingly found that a dewaxing catalyst comprising a
zeolite of the MIW type and a Group VIII metal provides
not only two or more base oil grades having desirable
properties, but also surprisingly high amounts of a heavy
gas oil having a surprisingly low pour point.

25 Detailed description of the invention.

The feed to step (a) may be any typical mineral crude
derived feed to a hydrocracker. Such feedstocks may be
the vacuum gas oil or heavier distillate fractions as
obtained when distilling at vacuum conditions the

30 atmospheric residue of a crude mineral oil feedstock. The
deasphalted oil as obtained when deasphalting the residue
as obtained in said vacuum distillation may also be used
as feed. Light and heavy cycle oils as obtained in a
fluid catalytic cracking process (FCC), thermally flashed

35 distillate and aromatic rich extracts as for example



35 distillate and aromatic rich extracts as for exanple WO 2005/ 085394
PCT/ EP2005/ 050860 5 obtained in solvent extraction process steps in

traditi onaky§agReises Processing may al so be used as feed. pdd/pdldbHGesth t he
above described feeds and optionally other hydrocarbon sources are al so

suitable as 5 feedstocks. An optional alLternative hydrocarbon source which
may be bl ended with the m neral source feedstocks as described above are

t he, optionall : i SO ised, . paraffin waxes as_obtained in a
Fi scher-Tr opscébgségléés#n %fe‘}e}%we 5 %f,%&é’hpﬁaPSF?i ACGRR 8 preferably not

more 10 than 3@raddsinnabhebdseditlo mtoepstang Regf alabl pe tbedfaedreeg.100%
m neral crude derived. | rder, to be abl.e to_prepare . the desired quantity
of the nore vi s%éhgrggsggm o A qgesrcgllgfefivg%gﬁeﬁ{}? O?Eéﬁn?éié’t ep (a) is
desired. Prefepghky ayfieedailsoniseshrkiesmvekeblsoosaithBlelQswt % preferably
nore than 20 w_% an st_preferably re than 30 wt % of the conpounds

pr esentgl in saifa‘egégac 8i‘IA§b?R/%1% éﬂ%inf"gﬂlvﬁ g@%"?ﬁéﬁ"%oSWP%C%f t he
conpounds pr es@ht chnmhpebt ebTeidd WOV a7 hiGerSiepohareMBy¥ebdatpeiior med at
a conversion |evel,-of 2 Qet}\)/veen 15 d 90 wt.% The conversion is expressed
in the weight 2fePEERTAHETPIYR Frdti%n FPHORE LY cB2RhIL ¥ N1 BOTES 15880ve 370

C whi ch are copwesfe€dnt @apesdactsohidddndn be|EQWc%ZQ—@roEEéh”Fh:@:dérs%quc'f S
boi l i ng bel ow ?F 0 C are ngpht&g, kerosene and gas ail. anpl es of possible
25 hydr ocr acker X GEQYRES 05 (PRI RA ¥ 15 MR AengrsEepaPAY DAk e™@&Scri bed in
EP- A- 698225, ER1ANn6498%€3 VWO th@ 7482V &o FRpA-(A0232%1erERaHI 994413 ddd

- A . The_gperating conditions of a single step hydrocracking
US- A-4851109. Th [ diti f i ngl hyd Ki

process are préefel80tyMdPeEaberaidf £95 % 30 range of from 350 to 450 C,

a hydrogen pressures bRdehets ageawie ffOPrRPae 200 eVEasiFRReqRESeRID! ¥
gbove 11 MPa, a weight hour_lg sgace velacities (WHSV) in the range of from
0.1 to 10 kg of"foitlhepé‘Prlei FEFcots ash y%‘tl ﬁé—’radﬁ&ura relatively heavy -

feed to step (a) is desired. Preferably a feed is used
15 wherein more than 10 wit%, 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 compounds present in the feed boil above 470 °C.
Step (a) may be performed at a conversion level of
20 between 15 and 90 wt%. The conversion is expressed in the
weight percentage of the fraction in the feed which boils
above 370 °C which are converted to products beil ing
below 370 °C. The main products boiling below 370 °C are
naphtha, kerosene and gas oil. Examples of possible
£ 25 hydrocracker processes suitable for performing step {(a)
are described in EP-A-698%225, EP-A-649896, WO~-A-2718278,
EP-A-705321, EP-A-994173 and US-A-4851109.
The operating conditions of a single step
hydrocracking process are preferably a temperature in the
- 30 range of from 350 to 450 °C, a hydrogen pressures in the
range of from 9 to 200 MPa, more preferably above 11 MPa,
a weight hourly space velocities (WHSV) in the range of
from 0.1 to 10 kg of o0il per liter of catalyst per hour
{kg/1/hr), preferably from 0.2 to 5 kg/l/hr, more
35 preferably from 0.5 to 3 kg/1/hr and hydrogen to oil



(kg/l/hr), preferably from0.2 to 5 kg/l/hr, nore 35 preferably fromO0.5 to
3 kg/l/hr and hydrogen to oil WO 2005/085394 PCTI EP2005/ 050860 6 .ratios in

the range QfohoRivkss9® to 2,000 liters of hydrogen per |itgsrRbr8bbsosso
Preferably t%e hydrocracker is operated in tw steps, consisting osf a

prelimnary hydrotreating step followed_ 5 by a hydrocracking step. In the
hydrotreating step nitrogen and sul phur are renoved and aromatics are
saturated to napht henes and part of the ngBht henes are converted to

paraffins by rFRt-Heh de datigeors. Irpm dPHeEot &: PO rbieexheofi el d of the

nore Vi scous ghadeodasgpehd Cidex t¥e Aydrocracker is nore' preferably operated
by first (i) hydrotreating a hydrocarbon feed at a feed  conversion,
wherei n the converRFieraRliyidfichdyoxpevacker 1peceReralbed 30 kv &t Ps,

preferably bet lé@ﬁé‘is’?tﬁﬁ@fc?@ aMhe 18RH nafrlyl hthf:%é@ﬁﬁé ngrdhespipiuch of step

(i) in the 15 presence of a hydrocracking Catalyst at”such a conversion
| evel that thePyvaryireerpaiidicofter sdapthe) hyfaotreating skemeen 15 and 90

wt % and pref er ght yoheh weed 4D ang %éewtr%%ngwﬁ aRar QEJxﬂQtﬁ@é‘déféons of a

hydrotreating step-are 20 preferably a nperature 1 n the range of from 350
to 450 C, a hyéerbyeated s uramhihensase anghperss ofr she onaphtRee Rz enor e
preferably aboyg,l 3+ & | : : -SP ogLt] in the
range of from )ésli téf)y{o ig %%%ﬁldéglrﬂyll iy:tlg? g?%g\étﬁ I %%é‘gg‘?’%\?% (kg/l/hr),
v:: 25 preferabfgrfiommproye Hikyielisr ofnthe pretevadptyus ronade oase3

kg/ | / hf nand hydtege | ﬁﬁﬁ:L F r ,000 liters
of hyd%ggen pegaﬁgtg?ég?§é#?éfg e o%%%gﬁfn Q%%ﬁég%%%nsﬂ%%ggeﬁsb ocracki ng
step performedfinstokbl naydoot wiatiirg ly dyvokocatrbog feep area Bepreferably a

A N i Matar e i
less than 30 wt% and preferably between 5 and 25 wt%, and
(ii) hydrocracking the product of step (i} in the 7
15 presence of a hydrocracking catalyst at such a conversion
level that the overall conversion of step (i) and (ii) 4is
between 15 and 90 wt% and preferably between 40 and
85 wt%.
The operating conditions of a hydrotreating step are
20 preferably a temperature in the range of from 350 to
450 °C, a hydrogen pressures in the range of from 9 to
200 MPa, more preferably above 11 MPa, a weighit hourlw
space velocities (WHSV) in the range of from 0.1 to 10 kg
of oil per liter of catalyst per hour (kg/l/hr), b
25 preferably from 0.2 to 5 kg/l/hr, more preferably from |
0.5 to 3 kg/l/hr and hydrogen to oil ratios in the range
of from 100 to 2,000 liters of hydrogen per liter of oil.
The operating conditions of a hydrocracking step
performed in combination with a hydrotreating step are
- 30 preferably a temperature in the range of from 300 to
450 °C, a hydrogen pressures in the range of from 9 to
200 MPa, more preferably above 11 MPa, a weight hourly.
space velocities (WHSV) in the range of from 0.1 to 10 kg
of oil per liter of catalyst per hour (kg/l/hr),

35 preferably from 0.2 to 5 kg/l/hr, more preferably from



space velocities (WHSV) in the range of from0.1 to 10 kg of oil per liter
of catalyst per .hour (kg/l/hr), 35 preferably fromO0.2 to 5 kg/l/hr, nore

preferably ‘{;69?65)%)5%905/ 085394 PCT/ EP2005/ 050860 - 7 O. 511,(}][95%505%640%{% and
) r

hydrogen to oil ratios in the range of from 100 to 2,000 ogen
per liter of oil, The full range residue-,as prepared by the processes as
descri bed above have a very | ow content of—’ sul phur, 5 typically bel ow 250
ppm or even bel ow 150_p and a, ,very |ow content of nitrogen, typically
bel ow 30 ppmw. ' Fois3 bR Aurand AiRgeBeF P ot nEREHRS déhifihferange
hydrotreating apdfhydr Do acki NPT QA 1R s08EChiyBesyaboyer a ifdl loF ange,
residue i s obtai ned%vm%gljeyi elds a hid%gdlo uantity of the nore viscous
gr.ade base oil, al 58 rrEtE® s PEnPRERATF BY | ERff Rkocasresof

accept abl e quahktjedcitibé@sieste thawd CeRryy1bRdesntiit SEHIIM.A .
sufficient quantltg of naphtha,_ kerosine and _gas oils are obtained by this
process® Thus aYRECRJEY ]al‘?:“l’«a?'f’0pr$i¥la§%I eYeBpPaL Ae dl WhePRIy AT aneousl y

products rangi ger{r DBWNGEREHEt tEF GRS iderdNdypibally 180G IESIEME | S
obt ai ned, which f%l-l range residue hasdthe ‘ggtentigl to vyiel ?a medi um

machi ne oi | base off Pradeeen THIRA $d6di by PREERIBING hehe czamkings base oi |
grades is 20 sHyaaekxeae_m@eﬁn@%ﬁ%c&%%kmteihgbz%saég%é%@d tohpLlgd Dbase

oils having a viscosity index according to . _Goup Il specifications.
It has been fofindlt Kapgeheestdne ofs mihaimedarhink vieldsaxthim which

fracti op has agukhRSRptbe VhEGRSH Y dlcod0 oafk BROYES91CS1sdn the 25 370 C
plus fraction g%l theE?uII range resi duce car%I ta)le nor e ?%a’n 158(%/\&%and nor e

especi al |y nor sefpanedston 86 i nedive naahiser adkegradepperdt@dl as descri bed
above. 1n the ceBLEXbrol LHeLPESSPNy WRGAkOR! 61 OB asey splddke 4l 1. |1 ght

chine oil and nedium machine oil 30 wll refer to base oll grades having
an i ncreasi ng RAdéfdepcayviyEbseigntaundityand nAeheha. t herepinel andi | -

gas oils are obtained by this process. Thus a
15 hydrocracker process is obtained wherein simultaneously
products ranging from naphtha to gas oil and a full range
residue is obtained, which full range residue has the
potential to yield a medium machine oil base oil grade.
The viscosity index of the resulting base o0il grades is
20 suitably between 95 and 120, which is acceptable to yield
base oils having a viscosity index according to the APi
Group II specifications. It has been found that the wt%
of medium machine oil fraction, which fraction has a
kinematic viscosity at 100 °C of above 9 ¢St, in the
{ 25 370 °C plus fraction of the full range residue can be
more than 15 wt% and more especially more than 25 wt% if
the hydrocracker is operated as described above.
In the context of the present invention terms as
spindle o0il, light machine o0il and medium machine oil
- 30 will refer to base oill grades having an increasing -
kinematic viscosity at 100 °C and wherein the spindle oil
additionally has a maximum volatility specification. The
advantages of the present process are achieved for any
group of base oils having such different viscosity

35 requirement and volatility specification. Preferably a



additionally has a maxi mumvol atility specification. The advantages of the
present process are achieved for any group of base oils having such

di fferent vyj Sj 5 requirenment and volatility specificafti rably
a WD 2005/ 3@@%@%"‘%? EP2005/ 050860 8 spindle oil is a |i€¢1*"q€%?8§5§9%?e°
product having a kinematic viscosity at 100 C of below 5.5 ¢St and
preferably above 3.5. The spindle oil can‘have either a Noack volatility,

as determned by the CEC L-40-T87 5 method, of preferably bel ow 20% and nore
preferably bel 6Ringds, gilaif| ashi P hasaide pypdugtabesitong to ASTM D93,

of above 180 CyiReah@iabbystbsity Bt TBEMNQOie108s 535 kpegphi c viscosity
at 100 C of below 9 cSt and prefierably above 6.5 cSt and nore preferably
between 8 10 #@¢fgrabily pkeverabdy Thr saididle wddhica@ bevehgdétherkanematic

viscosity at 1QRaEex0%obgkew;dd, Ct %@@@@ﬂ%@%@&eﬂqoc%vand mor e

preferably between 11 and 13 cSt. ase grades preferably have a
vi scosi by i ndexedhoget wenroSenaliv 2oelaw A0% kasl beee Poeferabdy balohe

hydrotreating fe@p ol b e10EhVHSERE! (s iR Qly LRI 2B0RSHiSHGYS and
the resulting base oil gradeS I ncreases wth the conversion in saitl
hydrotreating stiegboBg 3B8r A€i nBrefrralhl ridter ddtdhig mecbpnat olilghasoaver si on
| evel s of noref; 30.W.% Vi scosi i | f QL t resul ting base
oS o vl Aiahatd oS v dbAL LI e 4o dyg%%sé%\}éﬁfgggsgf Sl gh
conversi on i n stiefiabliys ahoweverS td@t drd more rediermbdiyubetracbnng oi l

fracti wi || desira L Qw. rformn {.e I, t the above
descri gd conv%ﬁ-‘sctjgn%§%'l g\%éfgggé#]hﬂ%/h%e%%% rré%lll?lr% nﬁ'zj:‘h A8 &il gr ade base
oil can be obtlhimedtiic aideskied aualdd t3C cfhdeation MdmcStoawdr sion in step

(), " b Celm sl L5 U631 Lo A AL LSt P RELE T, 00 o0
(i) is 30 deteramadd lpptt. h@hebai rawve actkpdctles itk rab Liye tiztre a
visceosity index of between 95 and 120.

15 It has been found that in the hydrotreating step (i)
the viscosity index of the full range residue and the
resulting base oil grades increases-with the conversion
in said hydrotreating step. By operating the
hydrotreating step at high conversion levels of more than

20 30 wt% viscosity index values for the resulting 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 oil fraction will be undesirably low.
By performing step (i) at the above described conversion

25 levels an API Group II medium machine o0il 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 0il grades and the maximum conversion in step (i) is

- 30 determined by the minimum acceptable yield of medium
machine oil grade.
The preliminary hydrotreating step is typically
performed using catalyst and conditions as for example
described in the above-mentioned publications related to

35 hydrocracking. Suitable hydrotreating catalysts generally



‘machine oil grade. The prelimnary hydrotreating step is typically
performed using.catalyst and conditions as for exanple described in the

above- ment {y@Rgsskd4 cations related to 35 hydrocracki ng. pSiirp3dts®s0860
-hydrotreating catal ysts generally WO 2005/ 085394 PCT/ EP2005/ 050860 - 9

conprise a metal hydrogenation conmponent, gsuitably Goup IVB or VIII netal,
for exanpl e cobal t-nol ybdenum nickel - nmol ybdenum on a porous support, for

exanple silicas nd lsum Ay dr i cat.al ysts 5 suitably
cont ai ns no ze%?“?é%rgné;tade?‘{eéﬁ%lo%g%\?g;ggg}:g\)/svg g%rﬁﬁgﬁn% of s an 1 wt%
Exanpl es of sufxei elVhhyadr otliddamefglcatfalryskanple ¢dhm dommEndidenunCR 106,

DNG120, DNBS00 RS0 RIO0 ita NZ0 o e 10 Re P (46 gy co. . Tk 555

and TK-565 of #ilidor-alopsiod ArSald@ika.HChE, hHdr& weat G Toanfalyels KF- 742,
KF- 752, - KF- 846 - and KE- f Q bel / N ppon Ketjen; and
HR- 438/%48 of ﬁﬁj}é{aa*fgg‘?y"s%@inﬁg‘g %&%ﬁgégﬂég%@l% Fid Moly a

catal yst 15 coomprersi ngf dresscitdien [lawgé.p8rensiee aBoduitabiid hin a porous
support materi

function. The ﬁ%?ramq’%%hea%niﬁ%dt %Celaqﬁ’;sgiso%%;ﬁlS%‘%g‘%ﬁ%%%ggﬁ %%’eépﬁtnlcg inon i's
preferably a GibuVIdi /(EeoupnVREseetreh eadbleatinelog¥ ao exayd,e 4201,
n okel ol ybaeqym 01 LEKS - THRSSIE pyIRBeeUBR0, |y 8 LSl ks g ovs
M ni mbe anount Coitezimi idetdlysadCant;ag&eGSby apd eprns 65 nof Nealemzal yst in
Fange rosi due RERCHENFIT MOt KE” Ty Aol ARRGRCEr ThHrerATiéd conver si on
l'evel s as expke+T®2l, atmves) 6, Pries-ardbIsramsr enthRR-349M 86 dxkzeol ite is
present Lo, Sl Ak PIRIBES ob P A%, HE0L FRocdl S ARTE X ¥
The hydrocracking step is preferably a catalyst
15 comprising an acidic large pore size zeolite within a
porous support material with an added metal hydro-
genation/dehydrogenation function. The metal having the
hydrogenation/dehydrogenation function is preferably a
Group VI1I/Group VIB metal combination, for example
20 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
order to obtain a high yield of medium machine oil
g- 25 fraction in the full range residue 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, ZSM-3, ZSM-18, ZSM-20 and zeolite beta
- 30 of which zeolite ¥ is most preferred. Examples of
suitable hydrocracking catalysts are the commercial
ICR 220 and ICR 142 of Chevron Research and Technology
Co; 2-763, Z-863, Z-753, Z-703, Z-803, 2-733, Z-723,
%2-673, Z-603 and Z-623 of Zeolyst International; TK-931
35 of Haldor Topsoe A/S; DHC-32, DHC-41, HC-24, HC-26, HC—34



30 of which zeolite Y is nost preferred. Exanples of suitable hydrocracking
catal ysts are the commercial |CR 220 and I CR 142 of Chevron Research and
Technol ogy e , Z-863, Z-753, Z-703, Z-803, Z-733, /- -673,

Z- 603 and X@@S@%%Zm yst International; TK-931 35 of |_|a|‘§301?‘§%8?)5§‘5539",7&/ S,
DHC- 32, DHC- 41, HC-24, HC 26, HC 34 WD _2005/ 085394 PCT/ EP2005/ 050860 - 10
and HC-43 of UOP;, KC2600/1, KC2602, KC26I0, KC2702 and KC2710 of AKzZO

Nobel / Ni ppon Ket j en, d 64 HYC 6 f Procatal yse SA. The
ef fl uent of th%n%ﬁﬂ;'b@a%‘{‘é%ﬁ' @%gpéﬂedKFE%BSS Breb by k7t ansk above
referred to furtE7I0 ast i AKEO albe 1y Niwbbnr Eéﬂ??eﬁﬁséﬁ’&'elﬂd-r@lf Wig range
residue i s defj ng he bottaqns product of the distillation of the

d S
ef fluent of st&f (%{%?a‘?g HERFSHENSE €8mditions. Preferably the full range

resi due boils predma nat€lventl Abane ﬁﬁgr&ry@k&bpélg RLedend el y above
340 Cis especially neant that nmore than 80 wt % boils "above 34 . Because
a substantial PRART IR vhdhaugbavangefereeddte fagloofrachionme ayubs oil
range a consi dgrabl e ra@dite Hfaas Tok! £h31 1 SERYET rs i gy having a
15 excellent cold fl o]\:/v pr opeerti es. It has al so %eeﬁg?%%% l%hat en the MW

based cat al yst2$ sthedeptiems qyrqdicta ofy hat et jlhayhonedBctheity is
achi eved to gagsfihent ofURA | £ON art]?a‘tEﬁSQpHéP% SsNaXL{ghsat al yst are used.
e

This is one of the key advant ages o resent 1 nvention. 20 According to
t he present inbepfembbetviert 90 resisuef bohds devesemimitedyoi s in the

neavy gps ol | 8088 bed . Belub il 3200601 00 fy dbopdisiypedinder st ood
that the dewaxed oil_ also conprises r 0|f'| ng S ol conponents. 25
The final boil ¢spepbrhty dieame thadi agsewthenbBOputt | joitetarersmed by t he

(0l 50,11 00, SR Cond SRS SOSLERLE) ceRl Ty be L BOeRlspdan 00
residue may boil in the gas oil range a considerable
amount of gas oil is recovered after dewaxing having a

15 excellent cold flow properties. It has also been found
that when the MIW based catalyst is used in step (¢} a
relatively high selectivity is achieved to gas oil in
comparison to when other dewaxing catalyst are used. This
is one of the key advantages of the present invention.

20 According to the present invention between 10 and 40 wt%
of the dewaxed o0il boils in the heavy gas oil range being
between from 350 to 400 °C. It must be understood that
the dewaxed oil also comprises lower boiling gas oil
components. (Lo

25 The final beoiling point of the residue will be partly
determined by the final boiling point of the feed to
step (a) and may be far greater than 700 °C up to values
of which cannot be determined by means of the standard
test methods.

30 Thus, the full range residue as obtained in step (b) -
and used as feed to step (c) will not have been subjected
to a distillation step wherein compounds boiling above
420 °C have been separated from the residue. This is
advantageous because it eliminates the need for such a

35 distillation unit in this part of the process.



test nethods. 30 Thus, the full range residue as obtained in step (b) and
used as feed to.step (c) will not have been subjected to a distillation

step wher ey HeRasHAds boiling above 420 C have been sepp¢fiedshok/oSuskd he
‘residue. This is advantageous because it elimnates the need for such a 35

distillation unit in this part of the prggess. WO 2005/ 085394
PCT/ EP2005/ 050860 - 11 Optionally part of the full range residue as

obtained in step ) e yclke o..step.(a) as f.or exanp .descri bed
in EP-A-0994173, whi ¢ publsi gégﬁo%ki ghéifhl?olr porsted By @rseﬁgg?l%f’i onal Iy

the residue neiyn REep rigdyalagdbeorenyyledethyslrarer Gokiaw ferepxempstep (a) as
for exanpl e degcrli | n. ER-B50 ich puhlication s incorporated by
reference. Pr e(fee%éa)%l%seci g'gls Etphgngﬁgg\%f% V\@?l r}hém‘ﬁ)e]sli‘iﬁfé‘qns YPecycled to step
(a) and nore pireferpitatet byesedeeehse r etytcl @ch 10y HIRP Hed)idukt mBgSpel0 been
found tchhat good quali base oils be_prepare havi ng a good quality

wi t hout® havi ngrefcg/%]eeﬁ )étrc?noé"ﬁéfhtge H§§§%‘I:]é£c f tCU‘:l §tgc€§’ aé‘)) &8npri ses
the full rangefor estauel casieshirabaddihNEB+B0¢992 50 wHIdHORRIDIY catRaqt | Y

i somerised paraffin wax, | so,referred to xy .15 raffinate, as obtained
in a Fischer- Trdpstta? ’i%?dt 8Y EREEFERC®r g@%%%ﬁe aRloh ety aRafpi Hafe may
be prepared asfatk ngediepiecessyatedessrsthasl i) WaPAHAR630, which

publication is incorporated herein by reference. Addition of such a Waxy
Raf fi nat e stre%ﬁﬁ'?%ﬂkﬁéﬁ%&@@&gu?oléor??%ﬁ’%%{%etq HEE8R s@si thE hAdex of the

base aids in pBddriatd @b MR’ gobdt BRaM PPIAsS VI L fBLhd PrefplRela) is too
poor to yield the desired viscosity index of the base™ oil grades. Adding

Waxy Raffinat *3En8 s IRRAMIAILSYs VIbREURLSRATIRG Joit RRNEATiS86HsRt y i ndex

of the residuerdmyc?s. bend weid theseby at] ovbmgri£ss By eng hydnhgRr ocessi ng
conditions, i.e. at |ower conversions, i i inturn_wll

result in a higHer®Past oqtita&ﬁn&fidlﬁnsﬁ?hgl‘éf egnéagptj:rohﬂaslly a partly
isomerised paraffin wax, also referred to as waxy
15 raffinate, as obtained in a Fischer-Tropsch or Gas-to-
Liguids Process. Such a waxy Raffinate may be prepared
according the process as described in WO~02070630, which
publication is incorporated herein by reference. Addition
of such a Waxy Raffinate stream is advantageous to
20 increase the viscosity index of the base o0ils in
situations wherein the mineral source feed to step (a) is
too poor to yield the desired viscosity index of the base
oil grades. Adding Waxy Raffinate is also advantageous
because the potential viscosity index of the residue may
{ 25 be lower thereby allowing less severe hydroprocessing
conditions, i.e. at lower conversions, in step (a). This
in turn will result in a higher base o©il yield on mineral
source feed to step (a). Up to 60 wt% of the feed to
step (c) may advantageously comprise of this waxy
© 30 Raffinate. -
Optionally a noble metal guard bed may be positioned
just upstream the dewaxing catalyst bed in the dewaxing

reactor in order to remove any remaining sulphur and

especially nitrogen compounds. An example of such a



source feed to step (a) . Up to 60 % of the feed to step (c) may
advant ageously conprise of this waxy 30 Raffinate. Optionally.a noble netal

guard bed ﬁﬁ¥(ﬁ§m99§lt'oned just upstream the dewaxing camghégﬁgggﬁ%#n t he

dewaxi ng reac ' order to renove any remaining sulp ally
ni trogen conpounds. An exanpl e of such a ._20051085394 PCT/ EP2005/ 050860 -
12 process is descri bed in WO A- 9802503, ich reference is hereby

i ncorporated by reference., The_catal yst cog805|t|on of the catalyst used in

step (c) conmprPE¥ELsP G%&?SGIIPPE‘H‘EELBI Wanh-8894eP 3t ewlpicly nafeneneet ise.

Preferably theh&mddy Vsicorpeeak@BPblySeerakedcebi nder. Exanples of MIWtype
zeolites are ZSM 12 as described in US-A-3,832,449, CZH-5 as described in

GB- A- 2079735,  Gallih$si9atedvs tveamresibappi pEdthe setelyati used twel , 10 V.

Bentaarit and efagoachenpriaels tae@réa ﬂa@@x(é@@gi, Qs L3588 [gescri bed
in EP-A-59059. Theta. 3 as described [ h EP-A 162710 "TP7-47 a deggrl bed in

US- A- 4557919 abkp MR fybes é’é@élelrﬁbéllﬁ /bR, cwtahéaﬁyalw vmRirislesy o aand A
Sayari, J. Chemjpdoc., Chem Commun. 1994, 1491 (1994). 15 The average
crystal size of the zeollte is preferably snmaller than 0.5 pm and nore
preferably smal | erExavR <. prPﬁT%st&é?eﬁﬁphéﬂebyarﬁezwlz laﬁoms)cwmbpd

diffraction IAJ§3 zﬁqq% @g ﬁcgglgggc QGGQ ity peak

at about 20. 9 2- eta i'n raction pat%ern he Bi'ndér in the
catal yst may b@alakWSlbhlmﬁé?e wm?alaISy deﬂsédbédr isuthXanzlppla catiedn. A possible

ound That 1 ou ad d Iyrar PER ory BeFAS Bl nASe I hkEe 15 195 (Fars
essential |y fri¥e-13 (%l W wesprdbeded nnbPeArippofedThataty sis desanilbesi are
low acidity reffaglofy ¢figlesp3uh a8 Bekkbeined! LEODS - 4ddAN DY OXi de,
VS3-12 as described in K. M. Reddy, I. Moudrakovski-and A.
Sayari, J. Chem. Soc., Chem. Commun. 1994, 1491 (1994).
15 The average crystal size of the zeolite is preferably
smaller than 0.5 yum and more preferably smaller than
0.1 pm as determined by the well-known X-ray diffraction
(XRD) line broadening technique using the high intensity
peak at about 20.9 2-theta in the XRD diffraction
20 pattern.

The binder in the catalyst may be any binder usually
used for such an application. A possible binder includes
alumina or alumina containing binders. Applicants have
found that low acidity refractory oxide binder material

25 that is essentially free of alumina provides more
improved catalyst. Examples are low acidity refractory
oxides such as silica, zirconia, titanium dioxide,
germanium dioxide, boria and mixtures of two or more of
these. The most preferred binder is silica. The weight
30 ratio of the molecular sieve and the binder can be -
anywhere between 5:95 and 95:5. Lower zeolite content,
suitable between 5 and 35 wt%, is advantageous for
achieving an even higher selectivity.
The silica to alumina molar ratio of the zeolite

35 prior to dealumination is preferably larger than 50 and



-ger mani um di oxi de, boria and m xtures of two or nore of these. The nopst
preferred binder is silica. The weight 30 ratio of the nolecul ar sieve and

t he bi nderywpiedssss@nywhere between 5:95 and 95:5. Lower gepkbbfsoiRkent
'sui tabl e between 5 and 35 wt % is advantageous for achieving an even higher

selectivity. The silica to alum na nolarsratio of the zeolite 35 prior to
dealum nation is preferably larger than 50 and WD 2005/ 085394
PCT/ EP2005/ 030 ef er

60 - 13 r r I e en 70 and 250_and nost
preferably bec%%\ﬁe r%fe%rgﬁ’gglgﬁ.ew?’?gf Z&a%’f‘@ ‘%éfﬁ N MABE HRESEREAP LY ubj ect ed
to a deal um rfattiveert rf@aemenfl50Therdéatalnd mathieoonzedfittdehaeobéégs results in a
reduction of the n . of alum.na_poieties present. in.the zeolite and
hence in a rseugjlﬂc%cl%%%e & tahgeﬁ%}l@lﬁﬁi:%t%eea € ‘urﬁjﬂﬁ.deﬁiﬁi“‘mk&ﬁéggi on
"al um na noi eify"thas 2edd tien rebizdteobnest fefuctiafrercE tohamiiBg3-gait whi ch

is part of the framewor.k of the alumnosilicate zeolite, i.e. which has
beelr[: 0 incoragtﬁlgtrbad“\ﬂlgtegﬁapgﬁeﬁ nﬂ?n@%evﬁ?%ﬁ%@lm‘gx?%cenﬁle%i es, such

as silica (Sifyctiont ke fehanmobekpetcéheage et idlamibhe. nDhe per cent age of
al um na present in-t.he ,alum.nosilicatg zeol i%ﬁf J:Pz efined as the percentage
I

of rmoles AlLZTPIETHON e 2EMERE PRLEFY nuADets Bf CABNBR T He’

constituting tdferd wo @esidli,0atanieokhieh (P igdrt G f deRkupt-gatioPk OF
nmodi fied nol ecul ar sieve (after dealunmnation). Preferably dealunmination is
performed sudie thaminesidddatei erolntel uiea winidt ilessibeeéhe franmework is

betweggn 0.1 angd. %ra%%%%lau@oggﬁ%ﬁg mdfﬁqfﬁ{ft% r(r)eghg%(eigggag of steam ng.

Preferably the surtace of the zeo € Crys es are rvely
deal uni nat ed. mi el est ispshs @sf gd¢éicdedbivp hatimorthreesuramevark cEdthéi on of
t he number of su,rfac% id.sites of the zeoljte crystallites, whilst 25 not

ac
af fecting t he§NErSrallhie MedEuPETSENERGS 225 F1Wing REEFEPEedD en appl yi ng
a surface deaalumimadildradthRe zeolite is defined as the percentage of

moles AlpO3 relative to the total number of moles of

15 oxides constituting the aluminosilicate z eolite (prior to
dealumination) or modified molecular sieve (after
dealumination). Preferably dealumination is performed
such that the reduction in alumina moieti es in the
framework is between 0.1 and 20%.

20 Dealumination may be performed by meamns of steaming.
Preferably the surface of the zeolite crystallites are
selectively dealuminated. A selective sur face
dealumination results in a reduction of the number of
surface acid sites of the zeolite crystal lites, whilst

25 not affecting the internal structure of the zeolite
crystallites. When applying a surface dea lumination the
reduction of alumina moieties in the framework will be
lower and preferably between 0.1 and 10%. Dealumination

7 using steam results is a typical non-selective

30 dealumination technique.
Dealumination can be attained by meth ods known in the
art. Particularly useful methods are those, wherein the
dealumination selectively occurs, or anyhow is claimed to

occur selectively, at the surface of the crystallites of



reduction of alumna noieties in the franework will be |ower and preferably
between 0.1 and 10% Dealum nation wusing steamresults is a typical

non- sel ect | um nation techni que. Deal um nation ca attai ned by
met hods kn Z(ﬁ)gmgﬁgl art. Particularly useful nethods ar Jq}lﬁ‘g'%?ymﬁqﬂei n

the dealum nation selectively occurs, or, anyhowis clained to occur

sel ectively, at the surface of the cryéiéﬁlrtes of WD 2005/ 085394

PCT/ EP2005/ 050860 -_ 14 the nol ecul ar sieve. Exanples of deal um nation
processes ar ethRIMI¢EHL 3 SAOVR- 9B¥aBRYe s USE Aemhwriia eyt rhhessseset hod

wherein the zesd l@SsaEmdpnatbed-viiagbervsaklyol oHIE ARde compound.

5 Preferably deal um nation is performed by a process in zeolite
i s contacted WReHheH whersius 196l gepdhtesf are f fonfacted cattdh sstidriwkedrlgi n t he

fluorosilicatensghdred a8l @3fpbadaby the formula: (A)2/bSiF6 10 wherein
"A" is anetallic or non-netallic cation other than H+ having the val ence

“b'. Blnples of cRrekprpbly degdumihpyiemmbaipeyfdkmded e+ pidesssNdn K+,
Ba++, Cd++, Qe ﬁhﬂi §§ﬂy Ee++, : + ']Wh++’ + + A+ Tl +,
and Zn++. Pref er%%l. ?A' I S ?ttﬁetgmgrgﬁlfé%tggt‘%%. % ?ﬁgeoz%%lgsl?leu%rr%aciﬁerial may
be contacted whf hathbuotosidriswitie] sale wherean theH bfiosesikbtateetalsen 3 and

7. Such a deaﬁyn}éﬁfét%eﬁ@%?aipésfgrgé}ﬁé_anpl e described in US-A-5157191.

The deal um nation trea 0 efred to as the. AHS-treatment. 20
The catal yst conposition is prdi2radiféprepared by ,;a ao first extruding

the z ite w I i di [ r..and s ent v, subjecting the
extru ;dte to a&lt}%%a um%vaﬁéo% %&rég‘g;l;g%t ?ere eﬁ%ﬁ%@f%ﬁec%@q rEdtHfent as
descri bed abovtha®htHhasbieen theuvdlehat ah’ i nExaaskds rok &btimehays‘cal

strength of the cal Al ¥yl fdtdahGasS ABYR "B, wa+, K+, Bat+, cdt+,
Cu+, Ca++, Cs+, Fet++, Cot+, Pb++, Mn++, Rb+, Ag+, ;r++,
Tl+, and Znt+. Preferably ‘A’ is the ammonium cation.
15 The zeolite material may be contacted with the
fluorosilicate salt at a pH of suitably between 3 and 7.
Such a dealumination process is for example described
in US-A~-5157191. The dealumination treatment is also
referred to as the AHS-treatment.
20 o The catalyst composition is preferably pifpared by
first extruding the zeolite with the low acidity binder
and subsequently subjecting the extrudate to a
dealumination treatment, preferably the AHS treatment as
described above. It has been found that an increased o
25 mechanical strength of the catalyst extrudate is obtained B
when prepared according to this seguence of steps.
It is believed that by maintaining the aéidity of the
catalyst at a low level conversion to products boiling
outside the lube boiling range is reduced. Applicants
- 30 found that the catalyst should have an alpha value below -
50 prior to metals addition, preferably below 30, and
more preferably below 10. The alpha value is an
approximate indication of the catalytic cracking activity
of the catalyst compared to a standard catalyst. The

35 alpha test gives the relative rate constant (rate of



when prepared according to this sequence of steps. It is believed that by
mai ntaining .the.acidity of the catalyst at a |ow level conversion to
products bwid 100¢0sse4t si de the | ube boiling range is reducegyeppikiosdps s 30
found that the catal yst should have an al pha val ue below 50 prior to netals
addi tion, preferably below 30, and noreygreferably below 10. The al pha
value is an approxinmate indication of the catalytic cracking activity of

t he catal yst hase atalys The 35 3l pha test gives the
relative rat ecrgonstlaﬁ}eg(%rn%t %P’g?g%gﬂﬁo%‘%s %“%@If?ﬁg@géflﬁﬁg%%nﬂﬁ
nor mal hexane Tigrlercsi direpéesvotahelpbt catyste poy e tstanidae)y of the test

catal yst rel atjye -t .standa at al yst ich is taken as an alpha of 1
(Rate Constan a:%]@%é'l E@é%i"l?.g i’l-’%]eceél Flag?easj\t%}?as %%eébrﬁbt?gzt? in5 US. Pat.

No. 3, 354, 078 Gorbtiant}:0.Qaabysi s1) 4, Tha7a({ 6 HNest,i 2 ¢t dckA66); iand 61, 395
(1980) ,. to whi ref.erence.i for ,a,description of the test. The

exper i Fent al c(‘g'nhsd'l tE?a(}:rfs%g)f' ?hgsgggﬁsui%ﬁ ) tateé%ﬁlﬂeﬂsvhéfal pha val ues
referred to inS2hiEl%gi9Gi foi,carBon1966) pchndlecd, 5t @Hgd)enper ahycg of 538
C. and a variablg -flow,rate .as_.described jn detail in J. Catalysis, 61,

395 (1980). Th’ée%’f)%%/ﬁsl MaEEaf Ofmg B@s’ﬁ?’cﬁ’(@rm&)ro}c&ﬁﬁ tt&St-more preferably
a Inloblj_e met alj THoO Wxpdimenttal colltet eonsdof Stmobt estGiuey Wd leRti-alisear e

pal I adi um an

re preferabl l_atin The total amount pl.atinum or
pal | adi um wi | I{tr?%Lﬁ]tFQ}ﬁ Q’aﬂb’te\ée%géﬁﬁr?g%ﬁyl%‘%ﬁ WA LI ORs el ement  and
based 1an tot al ingih gl DfcdrReasat abiperadnge ppef 3@bIy. dr8d iah viahe abasge of

from0.1 to 5.0% by ight, nore 2 referaply, fromO0.2 to 3.0% by weight.
If both platin Wﬁep%sl %FGHQP% gFeQ%F?:,thh% Yei G d@tdise &L pl ati num

to pall adi um nays vergsoy.thin wide limts, but suitably is in the range of

‘rom 0.05 to 10, re suita 0.1 tpo 5. Catalysts conprisin al I adi um

gnd/or platinunlagﬁﬁhémoup %&%I meta? may be nigkel or obéﬁt %gpmore
preferably a noble metal Group VIII metal. Preferred

15 noble Group VIII metals are palladium and more preferably
platinum. The total amount platinum or palladium will
suitably not exceed 10% by weight calculated as element
and based on total weight of the catalyst, and preferably
is in the range of from 0.1 to 5.0% by weight, more

20 preferably from 0.2 to 3.0% by w§ight. If both platinum
and palladium are present, the ;éight ratio of platinum
to palladium may vary within wide limits, but suitably is
in the range of from 0,05 to 10, more suitably 0.1 to 5.
Catalysts comprising palladium and/oxr platinum as the

fn 25 hydrogenation component are preferred. Most preferred is
when platinum is used as the sole hydrogenation
component. The hydrogenation component is suitably added
to the catalyst extrudate comprising the dealuminated
aluminosilicate zeolite crystallites by known techniques.

- 30 The process conditions used in step (c) are

preferably typical catalytic dewaxing process conditions
involving operating temperatures in the range of from 200
to 500 °C, preferably from 250 to 400 °C, more preferably
between 300 and 380 °C, hydrogen partial pressures in the

35 range of from 10 to 200 bar preferably from 30 to



25 hydrogenati on conponent are preferred. Most preferred is when platinum
I's used as the sole hydrogenation conponent. The hydrogenati on conponent is

suitably a 05/{12953%11e catal yst extrudate conprising the %ﬁ%&g&sﬁ%&s

alum nosilicate zeolite crystallites by known techniques.

conditions used in step (c) are preferahly typical catal ytic dewaxing
process conditions involving operating tehperatures in the range of from
200 to 500 C,_ preferably from250 to 400 C, nore preferably between 300
and 380 C, hyd’rﬁbé?ﬁrpamra PEeEsTabdy fromhdl By 6C§r¥geerofwairgjm 1w 200 bar

referably frpait: va:1\W2i2G@%/ 2 = nor e
Bref er abl § frgéng 30 to 60 1bar. 3@?3% Egurﬁég P%g%%gp%g%o%? tql'gls ( 6}&{ n the

range of from®f P PRY Kdtest ofi capalyptt Ber orowat B9k /tadr, hour (kg/ 1/ hr),
referably fr hhp, evprefhera r kag/l | hr
p y fromdrd-di0yw o 0.% g kB/%{ﬁ? %ar%&&{go% T?Eu‘tzoé‘}g of

and hydrogen to oil ratios in the range fom1

hydr ogen per 1§ tertof3 did/1/hThengobydpoigen bé ¢hk trtsooiin griedesanad | vary
dependi ng thel | ' h (o]*]7 i.n var.i arades. w.l also
be dependent gc# t%fe&‘gg\%ao;i%r?gzég\?@r ?LEL;'B?% %Boé};%%&{%,? %e(r)#c;s']'v:\% §* porfefoélr]afbl y be
bet ween -40 arfthe @ pddnitoft ¢heebbeenbnd staped diilheraafy |dedndimepart of

(c2) prof er ary rhe S oGy ArE AR PURE b e P dedis o "
hydr of i ni shi ngestemlss WAl depeatient| pnontendywsejay atevdiiecy awer vi scous
Phe ot uent - ofteR o ki e rRststabay Be e Busth iaR T SHY nd 1 act  on
conpri sing the noreridsdouperdoandsng btepagdpetme faifithdrtatort e dtowes
et or ani o o o T A YECET IR Bl pr Ty e i,
Optional |y thehyhsobinisrichg seepr dcli) onPrefferbbhy thist cwnisiatel gl it are
topped from the: effluefly ;5 subjected to a hydrofinishing step.
15 Alternatively one may separate the lower viscous grades,
especially the gas oil and optionally also the spindle
0il, from the effluent of step {(c) and perform step (c2)
exclusively on the fraction comprising the more viscous
grades. It has been found that the lower viscous grades
20 do not always requ?;e a hydrofinishing step to obtain a
water white oil or §as oil having the desired long term
stability. Optionally the gas oil and the fractions
boiling below said gas oil are topped from the effluent
of step (¢) in a simple distillation column. This is G
25 advantageous because it enables one to process a full )
range residue comprising a larger portion of low boiling
compounds, boiling in the (vacuum) gas oil range, without
having to install for example a hydrofinishing reactor
for these fractions. This because the extra gas oil
30 fraction in the effluent of step (c) is separated from
said effluent before performing hydrofinishing step {(c2).
The hydrofinishing step is to improve the quality of
the dewaxed fraction. In this step lube range olefins are
saturated, heteroatoms and colour bodies are removed and

35 if the pressure is high enough residual aromatics are



of step (c) in a sinple distillation colum. This is 25 advantageous because
it enables ane to process a full range residue conprising a |arger portion

of | ow bOiWWO?/fs‘S ounds, boiling in the (vacuum gas oi ﬁcfﬁﬁﬂﬁmﬂswo_“t
a o} ese fr

‘having to I nst r exanple a hydrofinishing reactor for t actions.
Thi s because the extra gas oil 30 fractli gq Ln the effluent of step (c) is
separated from said effluent before perform ng hydrofinishing step (c2).

The hydrofi ni shi tep i Lyprove the ality of the dewaxed fraction.
In this step I tg‘&razzr?glé Ig?gklgﬁggg?{eth%a‘f?ﬁ%[%&n%@tr& & GROS&Rd ol our

bodi es are rembiedrardbad8® pfilt beage esoupwEl s indinglreendiagh osesitdual aronatics
are WD 2005/0 P 005/.05086 7/,..saturated. Preferahly the

condi tions ar 285%3&0%(%%§R%0%§5gt gFﬁP%r%%]s-‘é BT ghﬁa?&e ZHPE Sihgisore than 95
Wt % sat ur at esolared gk eoppefieiall poseicthamads avisasatoidaties . @bkai ned

conpri i ng nor.e th 98 . wt % saturates., The 5 hydr.ofjnishing step is suitable
carried out athyéir %@P&Pﬁr é%ﬁgt heefld Ja‘?loc%réﬁeé Wt dgen parti al
pressure of befesgeirathiricobabebar 2a0dapd gy att y 2o ogHR0 Paas 1and nore
preferably between-120 g 50 bar0 The_ _VWHSV (Vr‘ga%;]t hourly space velocity)
ranges from 0.2 UHE f%n GryeeBi FOpk? £79 rRanranchlHsfarahdy ﬁg’@’e( kg/l . h).
The hydrof i ni stH0@Et efd oSl bablf¥rBI ¢ iest wakn 1120 Gasrade Wath the

dewaxi ng step._Thus the entire_effluent of step (c) is fed to step (c2),
wi t hout separ #Hhg SRS E‘H’H&W BREGR RS SFHE ¥ diges H1sW @eScitPbed above.

For 13¢ his reppofy tdfe canepali NPy ds00eat PBFdt PHePNHRAFUN &dJ/M . nhhe dewaxi ng
step is determ ned by the required hydrogen partial pressure of the
hydr of i ni shi ng st ety RREINISPaPEr 8BFY 1 ovel BT h &2 HAEhOME pRef er abl y

between 120 amgkR{k BAth 20eTRewBXORQT LRES NI Migh Sty Arpgenatdren eatal yst is
Ew tably a supported catalyst conprising a dispersed Goup VII-l netal.
ossi bl e G oupPRF4eRetdl $5af€dcbpaptep (c2), without separating any

products between said steps as also described above. For

15 this reason the operating hydrogen partial pressure in
the dewaxing step is determined by the required hydrogen
partial pressure of the hydrofinishing step and thus
preferably above 100 bar and more preferably between 120
and 250 bar.

20 The‘hydrofinishing or hydrogenation catalyst is
suitably a supported catalyst comprising a dispersed
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,

{ 25 suitably molybdenum and tungsten.

Suitable carrier or support materials are low acidity
amorphous refractory oxides. Examples of suitable
amorphous refractory oxides include inorganic oxides,
such as alumina, silica, titania, zirconia, boria,

30 silica-alumina, fluorided alumina, fluorided silica- -
alumina and mixtures of two or more of these.

Suitable hydrogenation catalysts include those
catalysts comprising as one or more of nickel (Ni) and
cobalt (Co) in an amount of from 1 to 25 percent by

35 weight (wt%), preferably 2 to 15 wt%, calculated as



ni ckel , palladiumand plati num Cobalt and nickel containing catalysts may
al so conprise a G oup VIB netal, 25 suitably nol ybdenum and tungsten.

Sui table c i upport materials are low acidity anorpbhous refractory
oxi des. Exmlzg({ém%”iui tabl e anorphous refractory oxides ?(ﬁygﬁﬁgyﬁqﬁ?"gani C
oxi des, such as alunmina, silica, titania, zirconia, boria, 30"

silica-alumna, fluorided al um na, fluotided silica- alumna and m xtures of

two or nore of these. Suitable hydrogenation catalysts include those
cat al ysts conpRiehert atelnid vier teoteotefl wedibt oK Fatadystobaditag Gi)ein an

f f o Lgh %., bLy 2 5 Wt %
cal oul ated as WO Do aEISE SCRpeRTbsrbtosB0 e 18 ShekEntieditiiie to

total weight ofremtal{at3Gm:tas auefergbdyplyl Bondbaktéonpahentaosd a8 nore
of in an anoun r . %.. 1pr.eh b % | cul ated as
bifhent AL 50 20 WSEPCplarethy M8 Wipetlsd

el enent relative_toto [[és-0o
ni ckel -7ol ybdeauhtabhe aiidhe) eumtlatbdsmuar eokEa8ningand tKEy8018ré AKZB Nbbel )

8- 24 and W B.03 (BARY aio Gied) BRLOR. oS pa0d A (Qiger o).

Exanpl es of sul e nick ungstén contairnrng cata -4342 and
Nl - 4352 (Engel Ba#a}, N4, GO izon) HDExdmjCesdtekidh) suEgampbes of

cobal t - nol ybdenye i Nj K sts are. .KF-330_( AKZO- Nobel ) - 22
(Criterion) angﬂgt%@g%%ﬁf%@g;%ﬁ%e_n 8%]%%1/8;8% Séﬁéﬁﬁadi"f%oﬁgﬁ?‘}%g | ow
amount of sul phdriIas352 (Brgygiteseht, iCrvédt i(Critprebea) abEyapbbés nofn 15
cont ai ni ng and r ef er ahl | atj num and, pal l.adi um cont ai ni ng catal ysts
are usg%. The tc’g?%gbg?m% aalgﬁ.ﬁcﬁ.ér%éier}%blcgnégéﬁbngl Fﬁtﬁ'gi’ﬁ Scdhponent (s)
present on theKFreaBal yARZO-Nchal)gblRpS2em(Qriteeidd)Wadl Brefeonbly 0.2 to
5 w % which \M? ht geré;ent age indicates the anount of 20 netal (calculated
rel Egs 3 k

as el enent) otal weight of catalyst. -
For hydrocracked feeds containing low amount of

sulphur, as in the present invention, preferably platinum

15 containing and more preferably platinum and palladium
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 pexcentage indicates the amount of

20‘ metal (calculated as element) relative to total weight of
catalyst.

Preferred supports for these palladium and/or
platinum containing catalysts are amorphous silica-
alumina, whereby more preferably the silica-alumina

25 comprises from 2 to 75 wt?% of alumina. Examples of
suitable silica—~alumina carriers are disclosed in
WO-A-8410263. A preferred catalyst comprises an alloy of
palladium and platinum preferably supported on an
amorphous silica-alumina carrier of which the

30 commercially available catalysts C-624 and C-654 of
Criterion Catalyst Company (Houston, TX) are examples.

Step (d) and (e) may be performed in one or more

distillation columns operating at a reduced pressure. As

explained above distillation may be performed in two



Preferred supports for these palladiumand/or platinumcontaining catalysts
are anor phous si.lica- alum na, whereby nore preferably the silica-alum na 25

conpri ses {Pifodedsqe4’> W % of al umina. Exanples of  sui taPl:?m%Eéois}?)?ﬁsﬁb um na

carriers are disclosed in W) A-9410263. A preferred catal yst conprises an
al oy of palladiumand platinum preferably supported on an anorphous
silica-alumna carrier of which the 30 comercially avail able catal ysts

C- 624 and C 654 i ter.ion Houst on,  TX) are exanpl es.
Step (d) and (2330% C‘@“’"“bé’f& d%}% E}ﬁévgg n%?’g C St iRTtiEd &6 éms
operating at ahydchutied gir. Jﬂ’B}SLﬂt@p As expl ai ned above distillation may be

performed in two 28_%‘:‘%50853 PCT/ EP2005/ 050860 19 stages wherein only
the heavier part i Bage Ridr SFPATSHIMY R¢ RPtafmediider erent base

oi | grades rraywb«ﬁxdmivanmpq:mduc\tnst hdbay B8ePaDSULT Batd N4 Ngydi stil lation
col um, 5prefer%$ si ng .so- callgg si.de- tr| pers. I nternediate fractions
may al <o be wiPH eofyﬁP &€ Fié °vd Jé%ﬁ’ﬂ"?’f?/ rEHRTERRTS of the

desired base Ofi-a@I:ad% mayPrAfser al wigageaws 10PSxrdér|t8lUhski e a spindle
oil, a lig e .0il and a nedi um_machine oil are obtained 10 in step
(d) and (e) ﬂﬁ % ngtﬁ%k’ SBILIEEEN R Ofr EPBr 4B {2 dPath R ehtaradeF - bel ow

400 C as obtai Bﬁ@féfhﬂ}e@ds@ou&n@oﬁg), 6OTRELSESt oPpaPhd Népi defreos/nNe gnd gas
oil fractions g% dvant ageously recycled to step (b) or be i Solated as
15 separate pr t Jna & ﬁ@geapF‘Sé&E{“smﬁ‘é@b“%e‘éhl Fipjdrdaeco a

cat al ytg ¢ dewaxh nge &b epdyanchd qedn optional hydrofinishing step a fuel
product is obtained having a_ very |ow content of aromatics, sul phur

together with excerd é&qut@%epgﬂﬁﬁégpPB%E?%?‘é]sy mpetiataptdaddy 20 oil
may be obtai nefeidy SAGP (Eafibre@heiayhngrapVeay ARW (SP RiiriG ent of

bel ow 10 ppm g 'ﬁ@%ﬁfcigﬁéééiéngg%?%%s oil fractions may be

advantageously recycled to step (b} or be isolated as

15 separate products. Because these products have been
subjected to a catalytic dewaxing step and to an optional
hydrofinishing step a fuel product is obtained having a
very low content of aromatics, sulphur together with
excellent low temperature properties. Especially a gas

20 oil may be obtained in step (d) and (e) having a very low
sulphur content of below iO ppm, a2 low aromatics content
of below 0.1 mmol/100 grams, excellent a cold flow
properties like a pour point of below -30 °C and a cold
filter plugging point of below -30 °C. The gas oil also

{ 25 has excellent lubricity properties. This makes such a gas
0il especially an excellent refinery blending component
to blend low sulphur gas oil. The gas o0il may also be
used as a drilling mud fluid, an electrical oil, a
cutting oil, an aluminium rolling oil or as a fruit spray
30 oil. -
The invention will be illustrated by the following

non—-limiting examples.

Preparation of the dewaxing catalyst

MTW Type zeolite crystallites were prepared as

described in "“Verified synthesis of zeolitic materials”



of below 0.1 mmol /100 grans, excellent a cold flow properties |ike a pour
poi nt of below 30 Cand a cold filter plugging point of below -30 C. The

gas oil excellent | ubricity properties. This a gas
oi | espeC| éﬁgﬁ&§§cellent refinery bl ending conponent gghﬁﬁgﬁﬁﬁgg 0

sul phur gas oil. The gas oil may al so be (ﬁsed as a drilling nud fluid, an
electrical oil, a cutting oil, an alunlﬁ mrolling oil or as a fruit spray
30 oil. The invention will be illustrated by the following non-limting

exanpl es. Prep%?d&??*ﬂ%ﬂeQFﬂ?(ﬂ%&%ﬁpﬁéeéaﬁﬁﬂy@?sNﬂWV&?pmateniale,crystalIltes

were prepared dSLufkeSEr | besbe)n "PéRfeist 62d- gygtgg§h§ ngfgogfﬁ#f mat eri al s" WD
2005/ 085394 PCT/ EP2005/.050860 0 as published cropores and

mesopor es mat eMFBPRIuM \)b‘FQI‘i’i‘éjeZ?S( thegremphges. GﬁKEGagauslng Erectrat hyl
amoni um br om g@ecAssddise t @Sﬁﬂlatﬁsu-gﬁeoﬁgéﬂ{?é@gpg}:@ﬂ: ang; MLcreseope (SEM

vi sual observed particle size showed M 12 artlc es O%Lbetmeen 1 and 10
pm The aver ageSMtlypanticlesiofe b@é’rwééﬂeinﬁnédlﬁyummhe navérageleni ng

techni que as d h S bt ai ned
wer e extruded ﬁff t §QK§§% glndg$@%5§ghga S |£§ﬁ &?L%e%fg?&gHg%g % by wei ght
of silica 10 bt@@hnéunTﬁﬁeﬁ&&qnﬁmxkahewe dasea @b nR0 Thend cal cined at
625 C. A solutj o] ut i r am of
zeolite crysta +%$§ i%g%géghggé&% d Egggx%rg% ﬁgh_w*ﬁg %1 %+% was t hen
heated at 90 Cblmmmrrwﬁi?Phnnw31gm&tef kebliaej oi>3thg e=ightabessikeiea 15

Chad hus omamas o e fared LESTLr L8, SE002R *dotadietiortefon of

C. The thus obtal ned was 1 npregna
pl ati num t et r amt n€2ni 1¢ atZ soididirop nq (qu)EahEEnKﬁg mh afrOtazyNkiIn at 300

C. The resultigg o0; GRUALY JrbPBY 12891 %67 0¥ U1 90L [t 2UPRSLLEY On the
onto the extrudates. The mixture was then heated at 90 °C
during 5 hours. After filtration, the extrudates were

15 washed twice with deionised water, dried at 120 °C and
then calcined at 500 °C.

The thus obtained extrudate was impregnated with an
agueous solution of platinum tetramine nitrate and drying
and calcining in a rotary kiln at 300 °C. The resulting

20 catalyst comprised 0.7% by weight Pt supported on the
dealuminated, silica-bound MTW zeolite.

The catalyst was activated in-situ by reduction of
the platinum under a hydrogen rate of 100 1l/hr at a
temperature of 350 °C for 2 hours.

25 Example 1

A full range residue as obtained in a hydrocracking
process, having the properties as listed in Table 1 was
contacted with the silica bound Pt-MTW catalyst as
described above in the presence of hydrogen at three

- 30 different temperatures as specified in Table 2, an outlet
pressure of 140 bar, a WHSV of 1 kg/l.hr and a hydrogen
gas rate of 750 Nl/kg feed. '

The liquid effluent having a pour point of -19 °C was
separated into a heavy gas oil product and three base oil

35 grades of which properties are listed in Table 2.



deal um nated, silica-bound MIWzeolite. The catal yst was activated in-situ
by reduction of . the platinumunder a hydrogen rate of 100 1/hr at a

t enper at ur @, Pfpoda8ksés fOor 2 hours. 25 Exanple 1 A full ran?@Th@i{b@%@O%§
‘obt ai ned in a hydrocracking process, having the properties as Iisted in
Table 1 was contacted with the silica _b%nd_ Pt- MTW cat al yst as descri bed
above in the presence of hydrogen at three 30 different tenperatures as
specified in T@bkldg 2, an outlet pressure of 140 bar, a WHSV of 1 kg/l.hr
and a hydrogen g3 tate of 750 Ni/kg feed. The liquid effluent having a
pour point of |[Frd¥1CGdkge SaPaniai €d Tnto a hepvy gas of I product andjt hree
base oil 35 drades of which properties are listed in Taple 2. WO
2005/ 085394 PQRPEP2DOBEAD50860 - 21 Table 1| Full range [ esi4d@uéCPoull poi nt

42 C Density 70 € 8193 v Refractvetndex—at—70—€C-+4536—K=3664C (a)
4.786 cSt S <B‘§n%}'¥g§t Klmz ldxng/ kg Aromatifs UV (SNVS 2714%&@t'ﬁ0d) nmol / 100
g- Monos " 28, TreKapbt hed eneded3,49 70Penant repes 1, 75 Chyysengs3®, 589
Tetraphenes 1, 2—{a) _kinematic viscosity at 100 CTBP- C |RP C 182 10

341 50 434 Vk 100 °C (a) 4,786 ¢St
S < 1 mg/kg
N < 1 mg/kg

Aromatics UV (SMS 2714 method) | mmol/100 g

Monos " 28,7
{ Naphthalenes " 3,489
Phenantrenes " 1,75
Chrysenes " 0,589
Tetraphenes " 1,242
(a) kinematic viscosity at 100 °C
TBP-GLC
iBP °C 182
10 " 341
50 " 434
90 " 528
e 85 " 552
. 99 " 589

FBP " 600




90 528 95 552 99 589 FBP 600 WO 2005/ 085394 PCT/ EP2005/ 050860 -22- Table
2 LIGHT MEDI UM HEAVY SPINDLE MACHINE ACHN GAS OL QL OL OL 400G 440C

00 S e © 206 TOCATICE 4 1 e 2

21,32 13,4
36,27 96,12 Vk 100 (b) cSt 1,754 4,395 6298§ 11,56 | nd 109 114 108 (b)
Exanpl e 2 Exanple 1 was repeated

ki nematic viscosity at 40 C or 100 C resp®
except at a reactor _tenperature of 347 C. The liquid effluent having a pour

poi nt of -29 C?QB%es%parated into a heavy gas oil 5 product and three base

oi| grades of [Whnich properties pre Sted | rabt e 37 TagEn 374 DI UM
HEAVY SPI NDLE{ MACHINE MACHINE GAS OL AL OlL AL 400 G 440 (-
Distillation step 400 C 440 cd47o C pHEAEY | oGRBYPLE ¢ #ACHIAHR E;mi@u 41, 10
19,87 12,47 2B, 96 Pour point C:-39 -Bag 2771422 oK 49 cSfyi4, 52 , 9p 35, 56
95, 76  Vk Tooles 1 802 hosns 5l eon 10S, 1t Pt
400°Cc- | 440°C~

Distillation step 400 °C-} 440°C 470°C |470°C+

tm on feed (from

TBP GLC) 38,30 21,32 13,42 | 25,66

Pour point °C -35 -20 ~-14 -5

Vk 40 (b) cst | 5,208 21,96 36,27 | 96,12

Vk 100 (b) cSt | 1,754 4,395 6,083 | 11,56

1 nd 109 114 - 108

(b) kinematic viscosity at 40 °C or 100 °C resp.

Example 2

Example 1 was repeated except at a reactor

temperature of 347 °C. The liquid effluent having a pour

point of -29 °C was separated into a heavy gas oil

product and three base o0il grades of which properties are
listed in Table 3.

Table 3
LIGHT MEDIUM
HEAVY |SPINDLE[ MACHINE |MACHINE
GAS OIL OIL OIL OIL
400 °c-| 440 °cC-
Distillation step 400 °c-{ 440 °C 470 °C 470 °C+
$m on feed (from
TBP GLC} 41,10 19,87 12,47 23,56
Pour point °C. -39 -32 -25 -22
Vk 40 c5t 4,523 | 22,96 35,56 95,76
Vk 100 cSt | 1,602 | 4,462 5,855 11,34
VI nd 105 inl 105




VI nd 105 111 105 WO 2005/ 085394 PCT/ EP2005/ 050860 -
1 was repeated except at a reactor tenperature of 350 C. The liquid

ef fl uent hgg r point of -38 C was separated into oil 5
‘pr oduct an?q%t?ggasg?;e oi | grades of which properties arep%[r:iig?g /[i@ﬂs%rabl e 4
Table 4 LI GHT MEDI UM HEAVY SPI NDLE MACHI MACHNE GAS OL OL AL AL

400 C 400C 440C Distillation step m nus 0C 470C 470C+ %mon feed (from
TBP GLO) 23’96§é§mié§£%’74 22,80 Pour point C-51 -38 -35 -24 Vk 40 cSt
3,884 23,39 374 , Vk 100 cSt 1,455 4,439 6,081 11,71 VI nd 98 105
102 nd = not det efximebe Conpey atdpeatedmcepd BExpar r888tod wWas repeated

except that a | as M S, used. e results of this

experi ment 10%%n e%%%%%%t%ﬁd%$£§ur@éﬁ(lﬁwl§i qu}g}l?ﬂ%)haﬂ%ﬁ) ?rP®RIMGure 1
the results asppiesenfed3tn’Tabe smimtdy a9ent adhedBp Sadxbs1represents
the md.boilin int of  the base oil, grade, The open triangles are the
resul t s°of Exgﬁg&édl apd Lhage L gnages 8§uWB§chPER%%¢Je952 & and

t he open di anpndstedein T&sLdt4 of Exanple 3. The Figure shows that for the
| ower viscosity grades the ZSM5 based catalyst results in a pour point
give-away. A nore flat pour point profile is obtained for Exanples 1-3

23 Exanpl e 3 Exanple

accordi ng the Tapeation. - 24
LIGHT MEDIUM
HEAVY SPINDLE MACHINEMACHINE
GAS OIL OIL OIL OIL
( 400 °C 400°C~ l440°C- ~
Distillation step rminus 440°C |470°C [470°C+
%*m on feed (from
TBP GLC) 23,96 18,82 11,74 | 22,80
Pour point °C -51 ~-38 -35 -24
Vk 40 cSt 3,884 23,39 37,85 | 102,606
Vk 100 cSt 1,455 4,439 6,081 | 11,71
VI ' nd 58 105 102
nd = not determined

Comparative example A

Experiment 1 was repeated except that a catalyst
('I based on ZSM-5 was used. The results of this experiment
' 10

are presented in Figure 1 Also in

(straight line).
Figure 1 the results as presented in Table 2 are
presented. The X~-axis represents the mid boiling point of
the base 0il grade. The open triangles are the results of
Example 1, the open boxes are the results of Example 2 -
15 and the open diamonds are a result of Example 3. The
Figure shows that for the lower viscosity grades the
ZSM~5 based catalyst results in a pour point give-away. A
more flat pour point profile is cobtained for Examples 1-3

according the inventicn.



CLAI MS 1. Process to. prepare simultaneously two or nore base oi
grades and mddle distillates froma mneral crude derived feed, in
particul ar a de-asphalted oil or a vacuumdistillate feed or their

m xtures, by performing 5 the follow_ng steps: (a) hydrocracking the

m neral crude derived feed, thereby "™ 3ﬁtéining an effluent; (b) distillation
of the effluent as obtained in step (a) into one or nore mddle distillates
and a full range 10 residue boiling substantially above 340 C, (c)

catal ytically dewaxing the full range residue by contacting the residue

wi th a dewaxing catal yst conprising between 5 and 35 wt % of a zeolite of
the MTW type and a G oup VIII netal cag, aAntompegating tenperature 15 in the
range of from 200 to 500C, a hydrogel parttrat pressure in the range of from
10 to 200 bar, a weight hourly space velocity in the range fromO0.1 to 10

kg of  oil peg_ |'b§BcQEaC€Bab¥§ a?@rshﬁ’ditﬂﬁgoﬂé’i’?o@ﬁa &P rﬁ’b:{:e ﬁféé os in the

range from 100 to 2000 liters o drogen 20 per Titer of ol er eby
obt ai ni ng a dekaxgxadep; apd)mngéﬂatﬂngtb}lﬁﬁaﬁsfnomdasmineaglo@r@@m or nore

base ofl graﬁﬁ%lE%QUEE d%ﬁ@éﬁgfgbhéggté' Fﬁh§%?3d(8%1 gpdy (e)

I sol ati ng a dewaxed gas ol emaxe alned in step (c); 25
wher ei n the deasxh dilstdidlaseaifeed our thepr(m}xcvupsusby peefosmind0 and 40

wt % of 5a dewa l..hQiling for nmore than 70 wt % between 370 and
400 C. 2 pro§§§5Q§§§§P§%§ %ie lgIalml wherein nore than 20 wt % of the

feed to step ((@) hgﬂkscahnkan@?@h@ ming¥al3cridecdesivedotdedy tlexdlsy m 1 or
2, wherein a f% ¢t.iqn §_the dewaxed gas oil is recycled to step
(b) to obtai Er¥acked and dewaxed gas oil. 4. Process
according to amu dﬁetﬂﬂl&kabmSof-3hEWhCE¢uﬁnt5abebbﬁ&ﬂn@daﬁﬂ g6ept fapf the

full range resl o ofie or more middle distillates and a full range

10 residue boiling substantially above 340 ©°C,

(c) catalytically dewaxing the full range residue by
contacting the residue with a dewaxing catalyst
comprising between 5 and 35 wt¥ of a zeolite of the MTW
type and a Group VIIT metal at an operating temperature

15 in the range of from 200 to 500°C, a hydrogen partial
pressure in the range of from 10 to 200 bar, a weight
hourly space velocity in the range from 0.1 to 10 kg of
oil perx liter of catalyst pexr hour and hydrogen to oil
ratios in the range from 100 to 2000 liters of hydrogen

20 per liter of oil, thereby obtaining a dewaxed oil;

{(d}) isolating by means of distillation two or more base
0il grades from the dewaxed oil obtained in step (c¢); and
(e) isolating a dewaxed gas oil from the dewaxed-oil
obtained in step (c¢);

25 wherein the dewaxed oil as obtained in step (c) comprises
between 10 and 40 wt% of a dewaxed heavy gas o0il boiling
for more than 70 wt¥ between 370 and 400 °C.

2. Process according to claim 1, wherein more than

20 wt¥ of the feed to step (a) boils above 470 °C.



obtained in step (b) is recycled to step (a). S. Process according to any
one of clains 1-4, wherein the feed to step (c) also conprises a

Fi scher-Tropsch derived partly isonerised paraffin fraction. 10 6. Process
according to any one of clainms 1-S, wherein the effluent of step (c) is
subjected to an additional hydrofinidRing step. 7. Process according to
claim6, wherein the hydrogen partial pressure in step (c) is greater than

orsies b arnd | SEERERUTACEESRAGL BoCLIMIE O g MICRRLRRLRS EERG L
have a vi scoskcepprigdrgothgednwarnedsgamdoil2ds recycled to step (b) to
obtain a mixture of hydrocracked and dewaxed gas oil.
4, Process according to any one of claims 1-3, wherein
5 between 0 and 15 wt% of the full range residue as
cbtained in step (b) is recycled to step (a).
S. Process according to any one of claims 1-4, wherein
the feed to step (c} also comprises a Fischer-Tropsch
derived partly isomeriased paraffin fraction.

10 €. Process according to any one of claims 1-5, wherein
the effluent of step (c) is subjected to an additional
hydrofinishing atep.

7, Process accoxding to claim 6, wherein the hydrogen
partial pressure in step (¢) iB greater than 100 bars.

15 8. Process according to claims €-7, wherein the base oil
grades obtained in step (d) comprises of more than %5 wtéd
of saturates and have a viscosity index of between 95 and
120.



