- WD 2004/ 053027 PCT/ EP20031050946 - 1 PROCESS FOR THE PREPARATI ON OF A
LUBRI CANT - The invention is directed to a process to prepare a |ubricant
havi ng a dyREM4EOSN2Ecosity at -35 C of below 5000 cP by PCHEPIHBFIMH of a
pour point depressant additive to a base oil obtained by neans of a process
5 involving catal ytic dewaxing. In GB-A-1429494 a process for the
preparation of a lubricating oil is disclosed wherein the heavy fraction
of a hydrocracked slack wax is solvent dewaxed, using a .m xture of
solvents. The resulting base oil has a very 10 high viscosity index of up
to about 155. The di sadvantage of the process is that the response to pour

"poi nt depressant additives is not squicient to prepare the desired
| ubricant. EP-A-324528 describes a process for the preparation 15 of a
| ubricating base oil wherein a slack wax is first hydrocracked. The

ef fl uent of the hy, C I t C ytically dewaxed in the
presence of a cat%#%%%gcéﬁ{g#ﬁiﬁ%ﬂgﬁgggﬁ?f%ygr€é$%¥¥#@e of the MFI type.
The resultant base oil had a viscosity index (VI) 20 of. 134 and a pour

poi nt. of - 44 Copfheryliel ol BASEOLE (J & Bed O Lhg Slarting slack wax
feed is however Tow Tt 1s an object of th presen? Fhventi on to provi de a
process for luheiqangphseitidon ofndmilr vosovss twhet eidd Aeof fredpar ed base oils

have a vi sceghs V-d nde reat n af | e response to pour
95h4 Ycrd Bg S8R Lot i*ag ?%ﬁgm &ﬁragggff\b

poi nt depressant additives. | ‘ nmore an object of the present
i nvention t 83gFe\NiedéCa® prageesst ivdpener thyengres ®ft 6 BB®EES=0ils is inproved
startd ng fr o & EindCkaMaX tfi eefkw2,4004/ 053027 PCT/ EP2003/ 050946 2

(' ' © In GB-A-1425454 a process for the preparation of a
lubricating oil is disclosed wherein the heavy fraction
of a hydrocracked slack wax is solvent dewaxed, using a
mixture of solvents. The resultihg base oil has a very
10 high wviscosity index of up to aboﬁt 155.
The disadvantage of the process is that the response
to pour point depressant additives is not sufficient to
-prepare the desired lubricant.
EP-A-324528 describes a prccess for the preparation
15 of a lubricating base oil wherein a slack wax is first
hydrocracked. The effliuent of the hydrocracker is
subsequently catalytically dewaxed in the presence of a '
catalyst containing a zeolite crystallite of the MFI
(” type. The resultant base ¢il had a viscosity index (VI)
20 of 134 and a pour point of -44 °C. The yield of base oil
related to the starting slack wax feed is however low.
It is an object of the présent invention to provide a
- process for the preparation of lubricants wherein the
prepared base oils have a viscosity index greater than
25 120 and a favorable response to pour point depressant
additives. It is furthermore an object of the present
invention to providé a process wherein the yield to base

oils is improved starting from a slack wax feed.



This object is achieved with the fol | owi ng process. Process to prepare a
| ubricant having a dynam c viscosity at -35 C of bel ow 5000 cP by

per f or m ngyd RR1HSehoWi Ng steps 5 (a) contacting a feed pontwpiddboPr e t han
50 wt% wax in the presence of hydrogen with a catalyst conprising a G oup

VIl metal conponent supported on a refractory oxide carrier, and (b)
contacting the effluent of step (a) with a catalyst ~. - 10 conposition
conprising a noble Goup VIIl netal, a binder and zeolite crystallites of

the MTWtype to obtain a product having a | ower pour point than the
effluent of step (b) and having a viscosity index greater than 120, and 15
(c) adding a pour point depressant additive to the base oil as obtained in
step (b). Applicants found that wher® a pour point depressant additive is
added to the base oils as prepared by the process according to the present

i nvention a 20TBigmifiiecants yadharged wictuthe divlinwpourppeent. i s observed as
conpared t t 581 i t.o rjior . art sol vent
dewaxed bageefMgi%P.s npz%gg %‘?% %ﬁégc%xﬁeﬁgg%g%ac dgps%%%i%lycggl%asured at -35
C accor di nggtt 035A8TMDP2Y688 F090sihriif ipeahetningpitber teicednaf t er addi ng 25
the additivg.eplhis is very advantageous. For exanple high tier lubricants
having a dynam c viscosity at -35 C of below 5000 cP may be prepared with a
base®oi | as!3r eparaetingceoftichgorritHagdpreseithannientti*omakaiit ng a ki nematic

viscosity athcl@0esbefe Ret fenOw 8l 20 car £6}staRdmAr PO, 30 point of between
-18 and -35 C and nore preterably between -18 and - 30 8 and nost preferably

bet ween - 2FroRdVIEL gretel coReneREtSUIRREteRLHSUFETFRFTEYof -t he base oi l
can be rel ag:iivel ¥ahiOdr,i Snyery advantageous in terns of
(b) conﬁatting the effluent of step (a) with a catalyst aﬁg
10 composition comprising a noble Group VIII metal, a binder
and zeolite crystallites of the MTW type to obtain a
product having a lower pour point than the effluent of
step {(b) and having a viscosity index greater than 120,
and )
15 - {¢} adding a pour point depressant additive to the bhase
0il as obtained in step (b).
Applicants found that when a pour point depressant
additive is added to the base o0ils as prepared by the
process according to the present invention a
20 significantly larger reduction in pour point is observed
as compared to when the same additive is added to a prior (i)
art solvent dewaxed base oil. In addition also the
dynamic viscosity as measured at -35 °C according to
ASTM D 2983 is significantly more reduced after adding
25 the additive. This is very advantagecus. For example high
tier lubricants having a dynamic viscosity at -35 °C of
below 5000 cP may be prepared with a base oil as prepared
according to the present invention having a kinematic
viscosity at 100 °C of between 4.5 and 5.5 ¢St and a pour
30 point of between -18 and -35 °C and more preferably
between -18 and -30 °¢C and most preferably between -23
and -30- °C.-The fact that the pour- point-of -the base o0il

can be relatively high is very advantageous in terms of



- WD 2004/ 053027 PCT1EP2003/00946 3 base oil yield and the viscosity index
of the base oil. The viscosity index of the dewaxed base oil having the
above pouW@aiHio530ahge nay be advant ageously bet ween 135PCHEH20050309% The
feed to step (a) may contain between 0-3000 ppm sul phur and between 0-150
ppm nitrogen. The feed may be a synthetic wax, such as for exanple derived
froma Fischer-Tropsch process, or even a slack wax. C Sl ack wax can be
obtained fromeither a hydrocracked 10 oil or a solvent refined oil.
Hydrocracking is preferred because that process can al so reduce the
nitrogen content to |ow values. Wth slack wax derived from sol vent refined
oils, de-oiling. can be used to reduyce the nitrogen content. The oi

content of the slack wax feed 15 nay be between 0 and 50 wt % Sl ack wax:

having a higheobd; ga@tx@ngnmeb@l&%aweﬂw@ B?eu?é Reek gyl product of a

sol vent dewaxi ng process. anpl es of Suitable solvent ewaxi ng processes
are descri 388 Vhsq_%BFVchﬂﬁexBQ%t@ |devwaned \peePpbE dwgilng, tvi | i no Sequeira,
Jr, Marcel 220vDekker pbogt .xraNeW XOF koe &@x%ata%%@éﬁr pérwdbg centent of
arorratl c conmpounds in the waxy feed CG w il suitably be between 3 and 40
W % The sPPRCkIwWax feed preferably has a very hi gh viscosity index, nore
pr ef gr abl y in the feafgeo aftepr @8} Iy tonZd0 bEBReMl $CB80D Yppab | NdeX of the
feed wll uéémne | art éhi E('SCOS't%cr i ndex of the resulting.

B

| ubri cati ng"p&S&" di o8 B9 et Beehef2B2arRE £80. The VI wil |
depend on tslyathetic @:am emchalad fbe staplée ndprigeerfmim &r om whi ch the wax has

been preparfelsche I_%nal drotéeatlgg ofa;&g sl ack 3D wax feed, prior to
per form ng "Step t% €an FﬁfedroJF = %t he nitrogen content
tqéreof Slack wax can be obtained from either a hydrocracked

10 cil or a sclvent refined oil. Hydrocracking is preferred

because that process can also reducg the nitrogen content
to low values. With slack wax derived from solvent -
refined oils, de-oiling can be used to reduce the
nitrogen content. The o©il content of the slack wax feed
15 may be between (0 and 50 wt%. Slack wax having a high oil
content may be obtained as the direct by-product of a
solvent dewazing process. Examples of suitable sclvent
dewaxing processes are described in Lubricant Base 0il
and Waxz Processing, Avilino Sequeira, Jr, Marcel
20 Dekker Inc., New York, 1984, Chapter 7.
The content of aromatic compounds in the waxy feed
(, will suitably be between 2 and 40 wt%. The slack wax feed
preferably has a very high viscosity index, more
‘preferably in the range of from 140 to 200. The viscosity
25 index of ithe feed will determine in part the viscosity
index of the resulting lubricating base c¢il, which are
preferably between 120 and 18C. The VI will erend on the
0il content and the starting material from which the wax
has been prepared. Optionélly, hydrotreating of the slack
30 wax feed, prior to performing step (a) can be carried out
to lower the nitrogen content thereof.
The feed used in the procéss according to this

inventicn contains more than 50 wt% wax, preferably



. The feed used in the process. according to this invention contai

t han 50 wt % wax,

ns nore

preferably WO 2004/ 053027 PCT/ EP2003/ 050946 4 between 50

and 100 wwoweesand7nore preferably between 70 and 100 wc¥smpames/okésas wax
content as used in the description is neasured according to the f
procedure. 1 weight 5 part of the to be neasured oil fraction is
wth 4 parts of a (50/50 vol/vol) m xture of nethyl ethyl ketone
t ol uene, which is subsequently cooled to -27 Cin a refrigerator.
m xture i s subsequently filtered at -27 C. The wax is renoved fromthe

filter

10 and weighed. If reference iis nmade to oil content a W%

ol | owi ng
di luted
and

The

value is

meant which is 100% m nus the wax content in w% Step (a) nmay be perforned
usi ng wel | known hydrocracki ng procksses such as described in Lubricant 15
Base O | and Wax Processing, Avilino Sequeira, Jr, Marcel Dekker
York, 1994 P%&gter? @ighd0Rsféciar|3nd pagePTELErakYy heavaryst® f or
step (a) tyqpicabbywteoarri se an acidic functionality and a hydrogenati on/
dehydrogenation functionality. Preferred acidic 20 functionality's are
refractory metaP®o%FUECEEFTT &5 1seS it ABf G P} OMrditSeri al s i ncl ude sili ca,
alum na, shddst@edl adBdrdingitC@Rkarollicwang aprst@ddar¥! ur esither eof .
carrisgar materitalo§ Lﬁ)&( tion | usi on iaﬂ_%@e cat al%/st. fg$ use i.n the pr

this”i nvention &fe _

conpri se a GreupsVef la N6bV B0 netldlel) fdxtexanp eephll adihym and nore

preferably pLALNUN: cHiGlne 2 AL Y8lod3oRISLAY &doyhen the Teed t
y Tr f 1 Y Pp ur, i

subst ant1 al

is
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ee of contam nant’s su as “su 1. e.
-27 °C in a refrigerator. The mixture is subseguently

filtered at -27 °C. The wax is removed from the filter
and welghed. If reference is made to o0il content a wt$
value is meant which is 100% minus the wax content in
wt%.

Step (2) may be performed using well known
hydrocracking processes such as described in Lubricant
Base Cil and Wax Processing, Avilino Sequeira, Jr, Marcel
Dekker Inc., New York, 1954, Chapﬁer 6 and especially |
pages 121-131. Catalysts for use in step {a) typically
comprise an acidic functionality and a hydrogenation/
dehydrogenation functionality. Preferred acidic
functionality’s are refractory metal oxide carriers.
Suitable carrier materials include silica, alumina,
silica-alumina, zirconia, titania and mixtures thereof.
Preferred carrier materials for inclusion in the catalyst
for use in the process of this invention are silica,
alumina and silica-alumina.

The catalyst may comprise a Group VIII noble metal,
for example palladium and more preferably platinum. Such
a catalyst is preferred when the feed to step (a} is
substantially free of contaminants such as sulphur, i.e.
less than 10 ppm or nitrcogen, i.e. less than 10 ppm. Such
wax containing feeds may advantageously be obtained from
the synthesis product ef a Fischer-Tropsch reaction. The

catalyst may comprise the noble metal in an amount of

I nc., New
use in

Preferred
ocess of

15" he catal yst may

0 step (a)



30 I ess than 10 ppmor nitrogen, i.e. less than 10 ppm Such wax contai ning
feeds may. advant ageously be obtained from the synthesis product of a

Fi scher- Tr 3p@eMW4{08¥2Ti on. The catalyst may conprise the REBEBZMBOH4G n an
“anount of WD 2004/ 053027 PCT/ EP2003/050946 - 5 from0.005 to 5 parts by
wei ght, preferably fromO0.02 to 2 parts by weight, per 100 parts by wei ght
of carrier material. A particularly preferred catal yst conprises platinum
in an anount in the range of fromO0.05 to 5 2 parts by weight, nore :
preferably from0.1 to 1 parts by weight, per.100 parts by wei ght of

carrier material. Exanples of possible noble netal catalysts are C 624 of
Criterion Catalyst Conpany or those_described in for C exanple EP-A-666894.
10 The process according to the invention is particularly suited to process

feed I I | ack
o) Sreee ‘Ohi)(?%itlr&aée?aﬁs Pee sgh(%I IIjls"a’qﬂﬁ'rrg’z'glge %Oﬁ[bstgt% i exarrp Unts o

ax. These m nera Ived amount s of
ni trogen- ardl ERFEpheY wedabhi ey 109 mpoimdsy ‘»&i‘iane@f sughiarf eed is used the

catal yst in alehsfa) » Rreterably, corpiises a.Gigup YB.qetgl and a non-nobl e

Goup VIII nmetal. Possible conbi I ons of one the netal s
cobal t, irorPkdnARckelan aFebrénénokharsragefof tiemn@t@ ¢ochr omi um ol ybdenum

and tyngst en, q:l'a%tgobiprv%flﬁﬁfe%orgsﬁﬁ@féjab}fypfﬁ)fmebr?dt&ait ghysLs,,for use in
treating such feeds conprise, in conbination, cobalt and nolybdenum nickel

and t ungst en"sriitni eIl 08neR T o Pybrelivh oT\GATCARFyTak4fdadat al yst conpri ses

from10 to HAQGpartst lgwsmgémogietrﬁt&a@r esthiVisBs Bt &lc-ebh pfesent, 25
preferably from?25 to arts wei 100 parts by weight of carrier.
The Group VI ﬁltﬁﬁﬁoﬁoqﬁtélgﬁ dfempan t%l 58?13%9&%%%%? ¥higR anount of from 3
to_(loo part Sedyple EP-A-666894.

10 The process according te the inveﬁtion is
particularly suited to process wazxy feedstocks which have
a mineral oll source, such as for example slack wax.
These mineral oil derived feeds will comprise substantial
amounts of nitrogen- and sulphur—-containing compounds.
15 When such a feed is used the catalyst in step (a)
preferably comprises a Group VIB metal and a non-noble
Group VIII metal. Possible combinations of one or more of
the metals cobalt, iron and nickel, and one or more of
the metals chromium, molybdenum and tungsten are
20 preferred. Especially preferred catalysts for use in.
- treating such feeds comprise, in combination, cobalt and
( molybdenum, nickel and tungsten and nickel and
molybdenum. Typically, the catalyst comprises from 10 to
100 parts by weight of the Group VIB metal, if present,
25 preferably from 25 to B0 parts weight, per 100 Parts by
weight of carrier. The Group VIII non-noble metal Iis
typically present in an amount of from 3 to 100 parts by
welght, more preferably from 25 to 80 parts by weight,
per 100 parts by welght of carrier. If desired, applying
30 a halogen moiety, in particular fluorine, or a
phosphorous molety to the carrier, may enhance the
acidity -of the catalyst carrier. Examplies of suitable

hydrocracking/hydroisomerisation processes and suitable



wei ght, nore preferably from 25 to 80 parts by weight, per 100 parts by
wei ght of carrier. |If desired, applying 30 a hal ogen noiety, in particular
fluorine, Wb 2@0ydBRSPhorous noiety to the carrier, may ernf@MCR0dINB0946
acidity-of the catal yst carrier. Exanples of suitable

hydr ocr acki ng/ hydr oi someri sati on processes and suitable W 2004/ 053027

PCT/ EP2003/ 050946 6 catal ysts are described in GB-A-1493620, WO A-9941337,
US- A- 5370788, EP- A-537969, US-A-5292989, WO A-0014179, EP-A-532118,

EP- A- 666894 and EP- A-776959. In case of a mineral oil feed to step (a)
preferably 5 use is made of a sul phided catal yst based on a G oup VIB
nmetal and a non-noble Goup VIII netal as described above. Sul phidation of
the catal yst may be effected by anybof the techniques known in the art,
such as ex-situ or in-situ sulphidation. For exanple, sulphidation may be
10 ef f ect edcBy2iFifagtt ritpschebehtial FBtAWI49R040 s WPpRuP 24Dt -ai ni ng gas, such

as a ni Xtur@soium@ﬁﬁﬁe@@ﬁdSBW@r 09§DA55£|9EBG§'G,W@A%MM% of hydrogen and
carbon disulphide or a mxture of hydrogen and a mercaptan, such as

but yl nmer capERR®~ 5,@Izt1éf3na@3"\?elg968%la|5‘ﬁl @%rﬁ ~Ji6889- be 15 carried out by

contacting the Gakakysés W hiindwdr ogensand oSyt & Ul Copé Adaipag hydrocar bon
0|I such as_sul phur- containing kerosene or:gas oil. The sul phur may al so

"i%ht r oduBE8 FhfBUEhRE Ky GPORtErI5En CBFF LS PRESACEN Bi BROWR VAR suitabl e
suI phur - Colntnat@l ml@dﬁgdwmhbl? omrcﬁ@avgip rrl%lQaﬂil érftcfé)élcghﬁéﬂl phi de or (
tertionony ide. The feedstock wi refer rise a mninmm
) anount ogg% ﬁ%rlpphdaotrlﬁ’gr ? e8Pt HEY &gﬁl%te ﬁ\éﬁe‘g[ﬁ)phl ded state.
Preferably ahyl@&&her)@:i‘pﬁJ@JSSlllp‘fWh andcheamare, pefterabby-attd east 700 ppm

suipnur 1S BLeREN s ii8 ] §2% wol! e@agfehere{p%ldaggoge,gaeYS%gry to add |

10 effected by contacting the catalyst with a sulphuzr-

containing gas, such as a mixture of hydrogen and
hydrogen sulphide, a mizxture of hydrogen and carbon
disulphide or a mixture of hydrogen and a mercaptan, such
as butylmercaptan. Alternatively, sulphidation may be

15 carried out by contacting the catalyst with hydrogen and
sulphur-containing hydrocarbon oil, such as sulphur-
containing kerosene or .gas oil. The sulphur may also be
introduced into the hydrocarbon oil by The addition of =
suitable sulphur-containing compound, for example

20 dimethyldisulphide or tertiononylpelysulphide.

The feedstock will preferably comprise a minimum ( )

amount of sulphur in order to keep the catalyst in a
sulphided state. Preferably at least 200 ppm sulphur and
more preferably at least 700 bpm sulphur is present in

25 the feed. It may therefore be necessary to add additional
sulphur, for example as dimethylsulphide, or a sulphur
containing co-feed to the feed of step (a) if the feed
contains a lower level of sulphur. Examples of mineral
oil feeds, which contain lower levels of sulphur, are

30 slack waxes obtained from oil, which has been obtained in
a hydrocracking process. Such slack waxes may contain

between 10-200 ppm sulphur.



sul phur, for exanple as dinethylsul phide, or a sul phur containing co-feed
to the feed of step (a) if the feed contains a |ower |evel of sulphur.
Exanpl es oWOAMEIHAN?7 o0i | feeds, which contain | ower IeveI%CWPZ’@Qﬂ“BEW, are
30 slack waxes obtained fromoil, which has been obtained in a '
hydr ocracki ng process. Such sl ack waxes may contain between 10-200 ppm

sul phur. WO 2004/ 053027 PCT/ EP2003/050946 7 A preferred catalyst for use
in step (a) is a sulphided hydrodesul phuri sation catal yst conprising

ni ckel and tungsten on an acidi c anorphous silica-alumna carrier. Such a
catalyst is preferably free of any 5 hal ogen. The sul phi ded

‘hydr odesul phurisation catalyst has _a relatively high hydrodesul phurisation
activity. Wth relatively high activity is here nmeant a consi derably

hi gher acti vity,wher-coaparad 1t 9 stat 6:0fi 4 Re.Ar 4y Nisckel /tungsten
containing catal ysts based on a silica 10 alumna carrier. Preferably the
hydr odesul plytPEiisbhydgedsilppupisathencertallyst ¢ontriighes t han 30% and nore

preferably hebow 40% +aRgs#mstbnPhefLriabl Vaehaw, 35901 : Mhet &l t he
hydr odesul phuri sation activity is expressed as the yield i n weight

per cent age SRIEAShyFUGEar bt 185t rist RrAGS HBduéEee itfe @2 hi ophene i s

cont agted wiHzhobbe. moRt alystiwadeyd:siiendashNydr ogleslphysd saki on
conditions. The standard caonditions consists of contacting a

hydr ogen/ t hifopReAE TRlt Br e ineRosetmguetsat 190- 8Bt B - ¥4¥hi ded cat al yst
at 1 bar ande330iteiywhenri fcdiket20ihydiogmitntabechssiaterabiym n and the
t hi ophene &gnﬁent rat.i Og i\ﬁn 6 vcl %i n t he tQCt al _gas fe%d. Cat al yst
particl es argd6 ¥ UdedYi HEhEFREEAre 1135t °Er dhédtand si eved through a
30{80 mesh siiekel/fiesteat abntstinisy thenlgsietabod at d easic80 mnutes at 300
C 10 alumina carrier. Preferably the hydrodesulphurisation
activity of the catalyst is higher than 30% and more
preferably below 40%, and most preferably below 35%,
. wherein the hydrodesulphurisatiocn activity is expressed

as the yield in weight percentage of Cp-hydrocarbon

15 cracking preducts when thiophene is contacted with the
catalyst under standard hydrodesulphurisatiocon conditions.
The standard conditions consists of coﬁtacting a
hydrogen/thicphene mixture with 200 mg of a 30-80 mesh
sulphided catalyst at 1 bar and 350 °C, wherein the
20 hydrogen rate is 54 ml/min and the thiophene
(7 concentration is 6 wvol% in the total gas feed.

Catalyst particles are to be used in the test are .
first crushed and sieved through a 30-80 mesh sieve. The
catalyst is then dried for at least 30 minutes at 300 °C

25 - before loading 200 mg of dried catalyst into a glass
reactor. Then the catalyst is pre-sulphided by contacting
the catalyst for about 2 hours with an HpS/Hy mixture,

wherein the H»S rate is 8.6 ml/min and the Hp rate is

54 ml/min. The temperature during the pre-sulphiding

30 procedure is raised from room temperature, 20 °C, to
270 °C at 10 °C/min and held for 30 minutes at 270 °C

before raising it teo 350 °C at a rate of 10 °C/min.



25 before loading 200 ng of dried catalyst into a glass reactor. Then the
catal yst is pre-sul phided by contacting the catalyst for about 2 hours with

an H2S/ H2 wipdpbi@sea7Wherein the H2S rate is 8.6 m/m n angetib@obfoshddse i's 54
m/mn. The tenperature during the pre-sul phiding 30 procedure is raised -

fromroomtenperature, 20 C, to - 270 C at 10 C mn and held for 30 m nutes
at 270 C before raising it to 350 Cat a rate of 10 C mn. WO 2004/ 053027
PCT/ EP2003/ 050946 - 6 During pre-sul phiding nickel and tungsten oxides are
converted to the active netal sul phides. After pre- sul phiding the H2S flow
is stopped and H2 is bubbled at a rate of 54 ml/mn through two '
thernostatted gl ass vessels 5 containing thiophene. The tenperature of the
first glass vessel is kept at 25 € &nd the tenperature of the second glass
vessel is kept at 16 C. As the vapour pressure of thiophene at 16 Cis 55
mHg, the hydr dyeangasre-kalrhidingr sickyd ghdssinusgenorxidessararated with 6

vol 9% 10_t hi pphgieealbe 4estobfiPLbol B Alads balrcapdoal a tenperature of

350 C. The gaseous products are anal yse y an onl |ne gas liquid
chr omat ogr aﬁhlmlidﬁngaﬂfel Hat flohilsabtorpedetedtin lévéﬂ?bls‘iﬁ @tnat es for four

hours. In o g@% %O 9 fy in t %ﬁﬁg%CIbﬁﬁ%r%aé atté&rg

15
hydr odesul phuri satl on activi val'ues as o%?saivneesge%fl t he ‘above
met hed are cortradetied shickphtoe. dlmer esponatuoe tdie thyedfbdets Wlplkar i sati on

act ty of ef.er at al qr C t he conmerci al
C 4::3XI cgt al yg% eerals gbfE n§%| gga?@‘t;aﬁe Q%t t%ﬁ?é%%\ﬁ%el ?%aw S&G%Pérl on Cat al ylst

Conpany (Hoasaonyveanel iiss kepefar dic€C hydr dte stanshur psaﬁum activity is 22
wt % accordltggo SEhﬁtealtéo‘”ﬁ £§5§5 mﬁtﬁg,t ask! RGa LRI, LhE g erence catal yst

("test C- 454" test cataly ' )
enters the glass reactor 1s saturated with 6 vols -

10 thiophene. The test is performed at 1 bar and at a
temperature of 350 °C. The gaseous products are analysed
by an online gas liquid chromatograph with. a flame
ionisation detector every 30 minutes for four hours.

In ordexr to obtain a reprcducible value for the

15 hydrodesulphurisation activity the test values as
obtained by the above method are corrected such to
correspond to the hydrodesulphurisation activity of a
reference caftalyst. The reference catalyst is the
cdmmercial C-454 catalyst as obtainable at the date of

20 filing of Criterion Catalyst Company (Houston) and its
reference hydrcdesulphurisation activity is 22 wt% (A3
according to the above test. By testing both the '
reference catalyst {“test C-454”) and the test catalyst
(“measured val”) one can easily calculate a2 consistent

25 actual hydrodesulphurisation activity according to the

abova test with the below eguation:

Actual activity = “measured val” +((22-“test

C-454") /22) *"measured val”

The hydrodesulphurisation activity of the
30 “nickel/tungstén catalyst can be improved by using

chelating agents in the impregnation stage of the



-("measured val") one can easily calculate a consistent 25 actual

hydr odesul phuri sation activity according to the above test with the bel ow
equat i on: W&x2984/03637 vity = "neasured val " +((22-"test = FPCI/EP2003/050946
"C-454")/ 22)*" measured val " The hydrodesul phurisation activity of the 30

-ni ckel /tungsten catal yst can be inproved by using chelating agents in the
i npregnati on stage of the WO 2004/ 053027 PCT/ EP2003/ 050946 9 preparation
of the catalyst as for exanple described by Kishan G, Coulier L., de Beer
V.H J., van Veen J.A R, N emantsverdriet J.W, Journal of Catalysis 196,
180-189 (2000). Exanples of chelating agents are 5 nitrilotriacetic acid,

et hyl enedi am netetraacetic acid (EDJA).and _

1, 2-cycl ohexanedi am ne-N, N, N , N -tetraaceti c acid. The carrier for the
catalyst is ld.ca he r.phou i ndi cates a | ack
of crystal %ggs%:%ggtﬁuéfe & Caé%l ned f-g eggﬁ%ief ?irggc :pjor(\jsbﬁ'n the carrier
materi al , aFiabagle- soﬁ@l@ﬁ@rb I aivg8eer dérfﬁ Hg, mean Vgenpi gsént. Anor phous
silica-al UThBEnstHlsbBDLL: 401 HSE JokrnBl GRACEBGLING GEAl yst carrier is

avai |l abl e conmerci a ternatively, the silica alum na nmay be prepared
by 15 preci éﬁ?aitﬁi%gﬁaﬁmal FPriRl e @facaslatéashyerdgekrrand  subsequent |y
drying and eatei nitRgabdeid Qeuh} i yTBE& ihinet 8Srdateel | 1dsOoWn in the art.
The carrier is an anorphous_ silica-alumna carrier. The anorphous

si i ca-al umi‘RE™)prgflet a%T%k’C&BH?}ﬁW%‘FHFﬁWaNrN ah rakBtFta99%Yifhe range of 20
from5 to 72%dy weight, rmre preferably from 10 to 60% by wei ght as

cal cul ated on tr]]e carrjer I e)é%/ sui tabl e hous silica-al um na
product for use’ encaﬁfje%rarqoﬁg fh&aéa% Yy de E‘B‘FWWSCB 9%es 45% by wei ght
( alumina. The term "amorphous”™ indicates a lack of crystal
10 structure, as defined by X-ray diffraction, in the

carrier material, although some short range ordering may
be present. Amorphcus silica-azlumina suitable for use in
preparing the catalyst carrier is available commercially.
Alternatively, the silica-alumina may be prepared by
15 precipitating an aluminz and a silica hydrogel and
subsequently drying and éalcining the resulting material,
as is well known in the art. The carrier is an.amorphous
silica-alumina carrier. The amorphous silica-alumina
preferably contains alumina in an amount in the range of
20 from 5 to 75% by weight, more preferably from 10 to 60%
o by weight as calculated on the carrier alone. A very
(; suitable amorphous silica—alumina product for use in
preparing the catalyst carrier comprises 45% by weight
silica and 55% by weight alumina and is commercially
25 available (ex. Criterion Catalyst Company, USA)}.
' The total BET surface area'of the catalyst is

preferably above 100 m?/g and more preferably between 200

and 300 m?2/g. The total pore volume is preferably above
0.4 ml/g. The upper pore volume will be determined by the
30 minimum surface area required.
Preferably between 5 and 40 volume percent of the
total pore volume is present as pores having a diameter

of more than 350 A. The total pore volume is determined



silica and 55% by‘wei ght alumna and is commercially 25 avail abl e (ex.
Criterion Catalyst Conpany, USA). The total BET surface area of the

catal yst i yo poebaeeabl y above 100 n2/ g and nore preferabl yobepnReisedR0 and
300 n2/g. The total pore volume is preferably above 0.4 m/g. The upper ‘

pore volunme will be determ ned by the 30 m ni mum surface area required.
Preferably between 5 and 40 vol une percent of the total pore volune is
present as pores having a dianeter of nore than 350 A The total pore

vol une i s determ ned WO 2004/ 053027 PCT/ EP2003/ 050946 - 10 using the
Standard Test Method for Determ ning Pore Volune Distribution of Catalysts
by Mercury Intrusion Porosinetry, ASTM D 4284-B8. The anor phous
silica-alunmina carrier of the catatydt - 5 preferably has a certain nmini mnum
acidity or, said in other words, a mninmumcracking activity. Exanples of
sui t abl e caPfiwt $hRaviHfarAeTe Hodietbed dri PrEsrmimdngdBees i bed in

WO A- 994133%01. M iRt £fiRfrabhYot hRceal ¥ 3y, ReFr&lS mnabd&loshavi ng been '
calcined, at a tenperature of -~ 10 suifably between 400 and 1000 C, has a

certain ni nfMRAiAERERt FEVcPatdd$1§8activity as will be described in more

detail bel ow. Te BunbapicaResclackhignis RaswedDynti&staipseparing a
standard catal yst consi sti ng of . the calcined,.carrier 15 and 0.4 wt%

pl atihum SP& G alta Vs FETR Y MeBtBY F61AHBY g rmEdt Pk ti cl es, which are
dried at 206tkebebene, d eadifgnidratRend estireag! oxambbes reFaction is carried

t | tional fixed-bed tor .havi length to dianet ti
of 10 o 0.3 G SPARERPY EATHIYSre &F8 30 TQuIAsd BITor to testing &t 400

C for 2 hrsdegcmaibegdiodera-Poi 335t eMofe zeretxmllyﬁtmeaaﬂtaalyﬁmessure of
carrier, after having been calcined, at a temperature of 5_}
10 .suitably between 400 and 1000 °C, has a certain minimum
n-heptane cracking activity as will be described in more
detail below. .
The n-heptane cracking is measured by first preparing
a standard catalyst consisting of the calcined carrier
15 and 0.4 wt% platinum. Standard catalysts are tested as
40-80 mesh particles, which are dried at 200 °C before
loading in the test reactor. The reaction is carried out
in a conventional fixed-bed reactor having a length to
diameter ratio of 10 to 0.2. The standard catalysts are
20 reduced prior to testing at 400 °C for 2 hrs at a
| hydrogen flow rate of 2.24 Nml/min and a pressure of (Hj
30 bar. The actual test reaction conditions are:
n-heptane/Hy molar ratio of 0.25, total pressure 30 bar,
and a gas hourly space velocity of 1020 Nml/(g.h). The
25 témpeiature is varied by decreasing the temperature from
400 °C to 200 °C at 0.22 °C/minute. Effluents are
analysed by on-line gas chromatography. The temperature
at which 40 wt% conversion is achieved is the'n—heptane
teét value. Lower n-heptane test values correlate with
30 more active catalyst. '
Preferred carriers have an n-heptane cracking
temperature of less than 360 °C, more preferably less

than 350 °C and most preferably less than 345 °C as



-30 bar.
of 0. 25,
Nm / (g. h) . W0

853 mperature is varied by decreasing thefG¥éRz8

The actual test reaction conditions are: n-heptane/H2 nolar ratio
t ot al gressure 30 bar, and a gas hourly space vel ocit

%/%of 1020

#5914 from

400 Cto 200 Cat 0.22 CUmnute. Effluents are analysed by on-line gas

chromat ogr aphy. The tenperature

at which 40 wt % conversion is achieved is

the n-heptane test value. Lower n-heptane test values correlate with 30

nore active catal yst.

Preferred carriers have an n-heptane cracking

tenperature of less than 360 C, nore preferably less than 350 C and nost
preferably | ess than 345 C as WO 2004/ 053027 PCT/ EP2003/ 050946

nmeasur ed using the above-descri bed-tiast. The m ni num n-
tenperature is preferably nore than

11

hept ane cracki ng
310 C and nore preferably greater than

320 C. The ﬁé@ﬁkﬂd@{guaﬂﬁg thteYalﬁkﬂvé»H@sStiﬂeQﬁtabtlmm @k i@ n-5 can be
B%/ or xa]fnﬁ{get variation, of t alum na distribution in the
%Efi‘rben “6fc FEP T aG el DP ﬁﬁ‘?l?'ﬂé’ MTEnE®arrier, and the

influenced
carrier,
type of
Reference in thf, respect v

illustrate the above>-\/olf BFEmEY-YHO!

uhear?l%

anorg’: al | gean Gherim308yce0b8a 1(0]:98331mp11_eeomarﬂah&ah pf Ratenasany P.,
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Reference in this respect is made to the following

articies which illustrate the above: Von Bremer H.,
Jank M., Weber M., Wendiandt X.P., Z. anorg. allg.
Chem. 505, 79-88 (1983); Léocnard A.J., Ratnasamy P.,
Declerck F.D., Fripiat J.J., Disc. of the Faraday Soc.
1971, 98-108; and Tcba M. et al, J. Mater. Chem., 1994,
4{7), 1131-113s.

The catalyst may alsoc comprise up to 8 wt? of a large
pote molecular sieve, preferably an alumincsilicate
zeolite. Such zeolites are well known in the art, aﬁdr
include, for example; zeclites .such as X, Y, ‘ ‘
ultrastable Y, dealuminated Y, faujasite, 2ZSM-12, ZSM-18,
L, mordenite, beta, offretite, 858%-24, S8Z-25, 5SZ-26,
85%-31, 852-33, S88Z-35 and 8SZ-37, SAPO-5, SAPO-31,
SAPC-36, SAPO-40, SAPC-41 and VPI-5. Large pore zeclites
are generally identified.as those zeolites having iZ2-ring
pore openings. W. M. Meier and D. H. Olson, "ATLAS OF
ZEOLITE STRUCTURE TYPES'" 3rd Edition, Butterworth-
Heinemann, 1992,7identify and list examples of suitable
zeolites. If a large pore molecular sieve is used then
the well-known synthetic zeolite Y as for example
described in US-A-3130007 and ultrastable Y zeclite as -
for example described in US-A-3536605 are suitable
molecular sieves. Other suitable molecular sieves are

Z8M-1Z, zeolite beta and mordenite. Such molecular sieve



20 ultrastable Y, dealumnated Y, faujasite, ZSM 12, ZSM 18, L, nordenite,
beta, offretite, SSzZ-24, SSz-25, SSzZ-26, SSzZ-31, SSZ-33, SSzZ-35 and SSz-37,
SAPO- 5, SAMO H9H053G/P0O- 36, SAPO 40, SAPO-41 and VPI-5. LaPGEERYOEONEH ites
are generally identified as those zeolites having 12-ring 25 pore openings. -
W M Mier and D. H dson, "ATLAS OF ZECLI TE STRUCTURE TYPES" 3rd
Edition, Butterworth- Hei nemann, 1992, identify and |ist exanples of
suitable zeolites. If a large pore nolecular sieve is used then the

wel | -known synthetic zeolite Y as for exanple 30 described in US-A-3130007
and ultrastable Y zeolite as for exanple described in US-A-3536605 are

sui tabl e nol ecul ar si eves. CIher_sqbtable nol ecul ar sieves are ZSM 12,
zeolite beta and nordenite_ Such nol ecul ar sieve WO 2004/ 053027

PCT/ EP2003/ ai ont [ between 0.1 and 8
wt % of theggggégln%ﬁéﬁblggpésfgkgglg éﬁkﬁ§%§gl% Q)Q%%Jﬁ%g p%ggared by any
of the suit&dt eiedeal yst preparation technlques knomn 5in the art. A

preferred nethaegef egtgl%tpf@p%@t mnspép (B8 R e Fa&ﬁqm[d ggs mulling a

m xture of the anorphous ilica-alumna and a sui qui d, extruding
the mi xtur@&amf arl?uﬁgltaﬁaeccaﬁt@ilﬁﬁﬁgpﬁer@ér%mn tﬁ%‘?@né‘i‘ﬁ%dmpéé as for

exanpl e desgkithrdaird. EPA=6668¢ nelHE &%kr USRS phY- 0By RBVenany suitable
formknown in the art, for exanple «cylindrical, hollow cylindrical,

mul ti | obed BRFEMETs CERPTHREFt PRbbed. @ hESresed 141 MeRRpRF or the cat al'yst

particles isicydd-Bdanhcal anEﬁY@lﬁﬂEleetlIlQ_{uQ&Iré&dﬁﬁﬂinbaﬁ&% a nom nal dianeter

of from0.5 to 5 mMm eferabl ron11 15 @ﬁ\ After extrusion; the
ext rudat es BrE-HS 8gd W?Pn@n%ﬁ? GenEt% é@?eﬁe%ﬁ HARYePEVIABESE enper at ure )
preferably ap taxr 888mfl e MeEerivef ehabb\n-6pP68 04 3A%eCextrudates )

10 may have any suitable form known in the art, for example
cylindrical, hollow cylindriecal, multilobed or twisted
multilobed. A most suitable shape for the catalyst
particles is cylindrical. Typically, the extrudates hawve
a nominal diameter of from 0.5 to 5 mm, preferably from 1

15 o 3 mm. After extrusion, the extrudates are dried.

Drying may be effected at an elevated temperature,
preferably up to 8060 °C, more preferably up to 300 °C.
The period for drying is typically up to 5 hours,
preferably from 30 minutes to 3 hours. Preferably, the

20 extrudates are calcined after drying. Calcination is
effected at an elevated temperature, preferably between

400 and 1000 °C. Calcination of the extrudates is

i

typically effected for = period of up to 5 hours,
preferably from 30 minutes to 4 hours. Once the carrier

23 has been prepared, nickel and tungsten may be deposited
onto the carrier material. Any of the suitable methods
known in the art may be employed, for example ion
eichange, competitive ion exchange and impregnation.
Preferably nickel and tungsten are added by means of

30 impregnation using a chelating agenf as described above.
After impregnation, the resulting catalyst is preferably
dried and calcined at a temperature of between 200 and
500 °cC.



“The period for drying is typically up to 5 hours, preferably from 30
mnutes to 3 hours. Preferably, the 20 extrudates are calcined after drying.
Cal ci nat i oWAQMEPYEcted at an el evated tenperature, prefRrEEPPUBIWen 400
and 100D C. Calcination of the extrudates is typically effected for a
period of up to 5 hours, preferably from30 mnutes to 4 hours. Once the
carrier 25 has been prepared, nickel and tungsten may be deposited onto the
carrier material. Any of the suitable nmethods known in the art may be

enpl oyed, for exanple ion exchange, conpetitive ion exchange and

i npregnation. Preferably nickel and tungsten are added by nmeans of 30

‘i npregnation using a chel ati ng agentysas descri bed above. After

i npregnation, the resulting catalyst is preferably dried and calcined at a

temperature of diebween 20 0naltedd00 G eWP-2004/053027. RGT EP2003/ 050946 13

Step (a) is conducted at elevated tenperature and pressure. Typical
operating tBRpEECur BP¥Gr PReFSiHgetymregadures tifg FhRgerasestrom 290 C to

430 C, preferably the rddie bangenhobram3lQsE t® $Lar&ayiy enpreferably in 5
‘the range of from350 Cto 415 C. Typicgl hydrogen partial pressures are in
the range ofFrého80°t o 280>har © hr g:f\rér &bl PoTH RITéeFante 6f from 70 to 160
bar. 3f veryhe higigevoschisint $50 NUEXxe b1®.°i ghpicdihagdissn base oils are (

desired the gr%seaél;re i S ersef ega.bl )éhbetgveen %0 to %(30 b?f! 1.]2 and nore
preferably Bat PIBBPYS>1586° bdt FPPhEM RS AT Bt U E-R 4% Bégpical Iy treated
at a wei ght préataraby yspacehey ebogd tof ot @ tanyeo efaxfrom:3 to 1.5 kg/l/ h,
T L R
desired the pressure is preferably between 90 to 160 bar
710 and more preferably'between 100 to 150 bar.
The hydrocarbon feed is typically treated at a weight
hourly space velocity in the range of from 0.3 to
1.5 kg/1/h, more preferably in the range of from 0.5 to
1.2 kg/1/h. The feed may be contacted with the catalyst
15 in the presence of pure hydrogen.
Alternatively, it may be more convenient to use a
hydrogen-ceontaining gas, typically containing greater
than 50% vol hydrogen, more pieferably greater than
60% vol hydrogen. A suitable hydrogen-containing gas is
20 gas originating from a catalytic reforming plant.
: Hydrogen—-rich gases from other hydrotreating
<' operations may alsoc be used. The hydrogen-~to-oil ratio is
typically in the range of from 300 to 5000 1/kg,
preferably from 500 to 2500 1/kg, more preferably 500 to
25 2000 1/kg, the volume of hydrogen being expressed as
standard liters at 1 bar and ¢ °C.
Step {a) and (b} may be performed in a so-called
series flow configuraticn or in a two stage
configuration. The series flow configuration is defined
30 in that the total effluent of step (a} is used as feed to
: étep (k). Thus in this configuration no intermediate
separation of gaseous .or liquid fractions from- the

effluent of step (a) takes place between steps (a) and



Alternatively, it may be nore conveni ent to use a hydr ogen- cont ai ni ng gas,
typically containing greater than 50% vol hydrogen, nore preferably greater

than 60% v@lo ygdspeen. A suitabl e hydrogen-containi ng gaspisppAds 68
originating froma catalytic reform ng plant. Hydrogen-rich gases from

ot her hydrotreating operations may al so be used. The hydrogen-to-oil ratio
is typically in the range of from 300 to 5000 1/kg, preferably from500 to
2500 1/ kg, nore preferably 500 to 25 2000 1/kg, the volunme of hydrogen
bei ng expressed as standard liters at 1 bar and 0 C. Step (a) and (b) may be
performed in a so-called series flow configuration or in a two stage
configuration. The series flow configuration is defined 30 in that the total
effluent of step (a) is used as feed4to step (b). Thus in this
conflguratlon no intermedi ate separation of gaseous or liquid fractions
from the €3 0bae oinfdgepaiion takedvapltacectetbreensstidps (a) and WO

2004/ 053027, PETLEP2003,,050946 0 14 ofbliedThis £001 LOHSAL hpnbs advant ageous

because it _enables the process to be carried out In a sinple manner, for
exanmpl e i n Hite sFerRtOriTOPNE EFEEGT P italel Jearedigedy ¥e@erets. This

confi gur at i pdp Garsberadvasha iwnizaapeglgévgr%gw@sw ean feeds, such as
t he Flscher Tropsch derived feed, as discussed above. Applicants have found

that Sthis cOMi*§Gr LT diecEheat S5 appti 88 Fift TreRRFEITIO8FFNf eeds suitably
cont ai ni ng detweanid&, ardd200G:pAMbLSW.PAPHLUSINRE hbe: alove descri bed
pr e oul P 06 calalystc it ol 2B (8, SIoLhe adyancage of this U
separated &romeehe efftanent caftaihepg (Hiwewhi 700 hade2@xcepkhent | ow
sulphur usiﬁg the above described pre-sulphided catalyst
10 in'step (a).
Another advantage of this series-flow configuration
is that a gas oil and kerocsene product can be separated
from the effluent of step (b), which have excellent low
temperature properties, such as cloud point or freeze
15 point.
‘ In a series flow configuration the pressure in
steps (a) and (b) will be about.the same for obvious
" reasons. The pressure will be determined by the desired
viscosity index as explained above. Applicants found that
20 to maximize the yield to base oils ex step (b) the wax
'cqnversion in step (a) is preferably between 40 and 70% - (’)
and more preferably between 45 and 60 wt%. The wax
éonversion is defined as (wax in feed to step (a)-wax in
effluent of step {a))/(wax in feed to step (a)})*100%.
25 In a two-stage configuration part of the gaseous
- and/or liquid fraction of the effluent of step (a) is
‘separated off before using the effluent as feed to
step (b) Preferably at least part of the ammonia and
hydiogen sulphide is removed from the effluent of
30 step (a) prior to using said effluent as feed of
step (b). Preferably the liquid effluent used as feed of
step (b) comprises after separation less than 1000 ppmw

sulphur and less than 50 ppmw nitrogen. Removal of



.tenperature properties, such as cloud point or freeze 15 point. In a series
flow configuration the pressure in steps (a.) and (b) wll be about.the
sanme for oW W$053pBasons. The pressure will be determ neRCHEPIRF DS r ed
‘viscosity index as explained above. Applicants found that 20 to maxi m ze the
yield to base oils ex step (b) the wax conversion in step (a) is preferably
bet ween 40 and 70% and nore preferably between 45 and 60 wt % The wax
conversion is defined as (wax in feed to step (a)-wax in effluent of step
(a))/(wax in feed to step (a))*100% 25 In a two-stage configuration part of
t he gaseous and/or liquid fraction of the effluent of step (a) is
‘separated off before using the effl yent as feed to step (b). Preferably at

| east part of the ammonia and hydrogen sul phide is renoved fromthe

ffl t of ' ' [ f il feed of st b) .
oL ooy o PR End A POLOE HAHEIN0 03 e SIbliGL AP a5 Of SLep (D)

Preferably the liquid effluent usec conprises after
separ ati on kex® mkans 1000 ppaveles bl phwnresnadrs edsirhamg,50 ppnw nitrogen.

Renmoval of WQ 20044 5§9i%§ Eg.g’ﬁeﬁogglgéq%%g Ins.agppni a and hydrogen

sul phi ded nay be achi eve nown feans, for exanple high pressure
stripping, PHrEFePall ¥ aisPagt srdregent ddestrippiongbghkinavore preferably

al sospart oguddian®fiaing deiaet 1N vholl ding p2osebstantt aldy «agl ow the base oil
product range and the ~gaseous conponents are separated by distillation from

the effl ueHPSHI S CEPPUE LS AR QAPPRAT AR &Y i tid-'etdoe fxOBnEhguration is

that feeds bawiigtaorediadd ey A ghvasudgehur £anieptagan be used. A further
advantage is tha pressure in_ step osen i ndependently

t 10.the %b% can_be ch, .
from the pFEESHEAFAOSEp HaY . TREF BT 1y %otie %a\tlmﬁﬁ%rp sider to operate
stc{p' (b) at salpronekopte@ssune. bd yiedt Amduanhageadvantage is that

10 the pressure in step (b) can be chosen independently from
the pressure in step (a). Normally one will then consider
to operate step (k) at a lower pressure. A next advantage

.is that because part of the compounds boiling below
370 °C can be removed from the effluent of step (a) less

15 feed will have to be dewaxed in step (k), enabling the
use of a smallier reacitor for step (b). Suitably between 5
and 40 wi% of the feed to step (a) is separated,fiom the
effluent of step (a} as a fraction boiling below 370 °C.

The catalyst composition of the catalyst used in

20 step (b) comprises a ncble Group VIII metal, a binder and

a zeolite crystallites of the MTW type. Examples of MTW
<u type zeolites are ZSM-12 as described in US-A-3,832,448,;

CZH-5 as described in GB-A-2079735, Gallosilicate MTW as

described in Y.X. Zhi, A. Tuel, Y. Bentaarit and -

25 C. Naccache, Zeolites 12, 138 (1982), Nu-13(5) as
described in EP~A-59059, Theta-3 as described in
EP-A-162719, TPZ-12 as described in US-A-455791% and
V5-12 as described in K. M. Reddy, I. Moudrakovski and A.
Sayari, J. Chem. Scc., Chem. Commun. 1994, 1491 (1854).

30 The average crystal size of the zeolite is pfeferably
smaller than 0.5 pm and more preferably smaller than
0.1 pm as determined-by-the well-known X-ray diffraction

(XRD) line broadening technigque using the high intensity



.1's that because part of the conpounds boiling below 370 C can be renoved
fromthe effluent of step (a) less 15 feed wll have to be dewaxed in step
(b), enabl wy2doh@ssorse of a smaller reactor for step (b).pSuireradasysdoes ween 5
and 40 wt% of the feed to step (a) is separated fromthe effluent of step
(a) as a fraction boiling below 370 C. The catal yst conposition of the ,
catal yst used in 20 step (b) conprises a noble Goup VIII netal., a binder
and a zeolite crystallites of the MIWtype. Exanples of MTW C type
zeolites are ZSM 12 as described in US-A-3,83.2,449, CZH5 as described in
GB- A- 2079735, Gallosilicate MI\Was described in Y. X ZzZhi, A Tuel, Y.
Bentaarit and 25 C. Naccache, Zeolites 12, 138 (1992), Nu-13(5) as
described in EP-A-59059, Theta-3 a3 lfescribed in EP--A-162719, TPZ-12 as
described in US-A-4557919 and VS-12 as described in K M Reddy, I.

Moudr akovskPeHhPTAZDOWL\AD-P 2 3thegRedt e XRO Cihfirachimun. 1994, 1491 (1994).
30 The averpgecgdnystal size of the zeolite is preferably snaller than 0.5
pm and nore preferably smal|ler thapn 0.1 pm as deterni nedby--the well-known -
X ray diffractiOE PES4R5) i HOF KPOAIEHT MYt BE TG BEPHET M WREYhi gh i nt ensi ty
WD 2004/ 053024d RGH ER2DQ3/ @pPpeatidh. Ppemlssiblabdute?0itriddebeta in the XRD

di ff ti {1 ._JThe binder .in_the catalyst bi nd |
used 5 or SUENIRI-a8p] FRACRBrCo A 088F 0 BB AL T EFBUCS 8 al um na or

al um Lgr cglrjlga@md ngabi haersidfpplrecantsohave ifieunihdehahatawaaci dity
br ovi des. TorEee PiinFava Bark hte oEcanptae BRSNS Brti 1y rerractory
oxi des suchimgreidd catalistc obkaypitst ane alowgeriditiwmeifadiayi de, boria and
m xtures of ok!@esorsﬁm?rgs %fiﬁQ&S%irEQﬁia, titania, germanium { B
10 dioxide, boria and mixtures of two or more of these. The
most preferred binder is silica. The welght 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%, may in some cases be advantageous for
15 achieving an even higher selectivity.
' The silica te alumina meolar ratio of the zeolite
fprior to dealumination is preferably larger than 50 and
more preferably betwéen 70 and 250 and most preferably
between 70 and 150. Preferably the zeolite has been .
20 subjected to a dealumination treatment. The dealumination
of therzeolite results in a reduction of the number of (f)
alumina moieties present. in the zeolite and hence in a
reduction of the mole percentage of alumina. The
expreéssion "alumina moiety" as used in this connection

25 refers to an AlpO3~unit which is part of the framework of
the aluminosilicate zeolite, i.e. which has been
incerporated via covalent bindings with other oxide
moietiés, such as silica {Si02), in the fﬁamework of the
zeolite. The mole percentage of alumina present in the

30 éluminosilicate zeolite 1s defined as the percentage of
meles AlsO3 relative to the total number of moles of
oxides-constitﬁting the aluminosilicate zeolite {prior to

dealumination) or modified molecular sieﬁe {after



-most preferred binder is silica. The weight ratio of the nolecular sieve
and the bi nder can be anywhere between 5:95 and 95:5. Lower zeolite
content, s aWHESHEtween 5 and 35 W% nmay in sone caseBCHEPAWHBTOHgeous
for 15 achieving an even higher selectivity. The silica to alum na nol ar
ratio of the zeolite .prior to dealum nation is preferably |arger than 50
and nore preferably between 70 and 250 and nost preferably between 70 and
150. Preferably the zeolite has been 20 subjected to a deal um nation
treatnment. The deal um nation of the zeolite results in a reduction of the
nunber of ~D alumna noieties present. in the zeolite and hence in a
reduction of the nole percentage of gl um na- The expression "alum na

noi ety" as used in this connection 25 refers to an A1203-unit which is part

of the framguollnigbriddie kundsil healdmiagPldd &5 befrolicch has been
i ncorporated via coval ent bindings with other oxide noieties, such as

silica (Si02yShihethels refefbt ¥ of BheELnReBPiteleSTAB Hift e percent age of

al um na presesteddrkt he BRwakdni nosikhi gdt e zeolite is defined as the
percentage of noles, A1203 relative to the total nunber of noles of oxides
constituting tHEAPIMRHISH f“%}éf}? PEDBTTEES( BY i B3P0 oL g Hat i on) or

modi fi ed nobeefdwmiblgi Bve siathes MOLRO0AHNIZ0 24 RERLEPROO 3 R50946 17
deal um nation). Preferably deal umnation_ i.s performed such that the
reduction iﬁe%ﬁ?ﬁﬁvﬁ Yfé%%ﬁﬁﬁéga??éq;%ese ?%%%gﬁg?$Fé) ®bet ween 0.1 and 20%

Deal um nat i deamayinbeiperfasuires by ameadsctdonsbeatiengumb&r Rreef erably t he

sur face of thefazc%ma”i Scirt)é%t a%l,égee%eg scglyggéilv.gclc%r dghai um nated. A

sel ective strface -dealUm natt on resu1{3tetse in A Feduct’ o of° 't he number of
sur@__ace aci dosi aigscoing Héez ot etrelcsysiciuret e, thehizestite

10 crystallites. When applying a surface dealuminatien the
reduction of alumina moieties in the framework will be
lower and preferably between 0.1 and 10%. Dealumination
using steam results is a typical non-selective
dealumination technique.

15 Deazlumination can be attained by methods known in the -
art. Particularly useful methods are those, wherein the
dealumination selectively occurs, or anyhow is claimed to
cccur selectively, at the surface of the crystallites of
the molecular sieve. Examples of dealumination processes

20 are described in WO-A-95641849. US-A-5015361 describes a
method wherein the zeolites are contacted with sterically

(\- hindered amine compound. _
Preferably dealuminétion is performed by a process in
which the zeolite is contacted with an agueous solution

25 of a flucrosilicate salt wherein the fluorosilicate salt
is represented by the formula:

(A)2/0SiF6
wherein ‘A" is a metallic or non-wmetallic cation other
than H+ having the valence ‘b’. Examples of cations ‘b’

30 are alkylammonium, WHz+, Mg++, Li+, Na+, K+, Ba++, Cd++,
Cu%, Ca++, Cs+, Fe+t, Co++, Pb++, Mn++, Rb+, Agt, Sré+t,
TT1%, "and Zmt+. “Preferably ‘A’ is the ammonium cation. The

zeolite material may be contacted with the fluorpsilicate



not affecting the internal structure of the zeolite 10 crystallites. Wen
applying a surface dealum nation the reduction of alumna noieties in the
framewor k wid 1o0bsszod7ower and preferably between 0.1 and 1&%epeadsssbizat i on
using steamresults is a typical non-selective deal um nation technique. 15
Deal um nati on can be attained by nethods known in the art. Particularly
useful nethods are those, wherein the dealumnation selectively occurs, or
anyhow is clained to occur selectively, at the surface of the crystallites
of the nol ecul ar sieve. Exanples of deal um nation processes 20 are
described in WO A-9641849. US- A-5015361 describes a nethod wherein the .
zeolites are contacted with sterically hindered am ne conpound. Preferably
deal um nation is perfornmed by a proéess in which the zeolite is contacted
with an aqueous solution 25 of a fluorrosilicate salt wherein the .
fluorosilicilé da13 PR §fr eprebdit ket wgnt headbrinufach (@) 2/ bSi F6  wherein " A
is a metallddnieni R-dEbhabédds 8t FON QbhgTe ddrapiklghaving the valence "b'.
Exanpl es of, cations 'h' 30 are al kyl ammoni um NH4+, My++, Li+, Na+, K+,
Ba++, Cd++, 17 SfFA vt lesine geglyningsion Biatnephls 59, Ag+, Sr++,

T1l+, - and ZnoeferPeefes all yhe Ansk-arédigneafmoni um cation. The zeolite materi al
may Qe cont act W tth thg fluorosilicate %p 2 %4/ 053027 PCT/ EP2003/ 050946 -
16~ 3alt at a E of> AV E ST STOREE Whgh 8 BRY o7 2PSY A2 7§8aPYimi nat i on process

is for exanplrestdescrnidied tie GBoAibdSAtAlthdNewdealdandynatinaartreatment is
also referred to as the A.Cls_t‘J%Ejterc%axtl Nt .2 JE,I:dhdeat%a;:aIQ/s_t conposition is
preferably preparedq"by ¥i¥'st/Sextradi ng idhe Zeol rte*with the | ow aci di ty
bi nder dealumination treatment, preferably the BHS treatment as o
described above. It has been found that an increased {M}
10 mechanical strength of the catalyst extrudate is obtained
when prepared according to this sequence of steps.
It is believed that by maintaining.the acidity of the
Caﬁalyst at a low level conversion to pfoducts boiling
outside. the lube boiling range is reduced. Applicants
15 found that the catalyst should have an alpha value below
50 pricr 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
20 alpha test gives the relative rate constant (rate of

normal hexane conversion per volume of catalyst per unit (

)

time) of the test catalyst relative to the standard
catalyst, which is taken as an alpha of 1 (Rate
Constant=0.016 sec -1}. The alpha test is described in
25 U.5. Pat. Neo. 3,354,078 and in J. Cataiysis, 4,
527 {1965); &, 278 {1966}); and 61, 395 (1980}, to which
reference is made for a description of the test. The
experimental conditions of the test used to determine the
. alpha values referred to in this specification include a
30 constant temperature of 538° C. and a variable flow rate
as described in detail in J. Catalysis, 61, 395 (1980).
The noble metal Group VIII metal used in the catalyst
of step (b) is preferably palladium and more preferably



-and subsequently subjecting the extrudate to a dealum nation treatnent,
preferably the AHS treatnent as described above. It has been found that an
i ncreased Y9 #W8¥HEATcal strength of the catal yst extrudatRCTEPWBYEROMSd when
‘prepared according to this sequence of steps. It is believed that by

mai ntaining the acidity of the catalyst at a |low |evel conversion to
products boiling outside. the lube boiling range is reduced. Applicants 15
found that the catal yst should have an al pha value below 50 prior to netals
addition, preferably below 30, and nore preferably bel ow 10. The al pha
value is an approxi mate indication of the catalytic cracking activity of
the catal yst conpared to a standard jgatal yst. The 20 al pha test gives the
relative rate constant (rate of normal hexane conversion per vol une of

catal yst pep1atiivhum. ti‘}'i@)to@filti}ﬁmtn%sﬁl&l?itn%hy§£ ﬂaqllahmﬁ 4t he standard

catal yst, ich is taken as an al pha Const ant 0 016 sec -1). The
al pha test Petipdder PpecRHERegsI &Y P%&ghtNGal*S‘-ﬂ@BEdO«?S @k J. Catal ysis,

4, 527 (196304 thiood78n (1366) ield 63, 1A9810RN), sho WA RRapipl erence i s

made for a description of the test. The gerlnental conditions of the test
used to det &F nthdDEhERE Sha vl Ped F%fSerUr’e Y tedighty PQrSspeci fi cati on

i ncl we a 39ré:ﬁtsamm ffcerrrmezawrae oef bp3RiGht antk acvarpadienkl ow rate as
descri bed in i

g %_ . Catakxg#s 61, g é1980 The nobl e netal G oup
VIl netal &4 %agﬁﬁméﬁFaPﬁ%? §?%ﬁ“?ﬁg APe PEr BHTS PHBI | adi um and nor e
preferably . Vw)ﬁﬂméﬁmﬁﬂeﬂﬂrPﬁiyﬁﬁzﬁﬁﬁlﬁﬁﬂﬁ4ﬁmy&9 bpkashgealyThe total amount
platlnunlorag Iadlun1vv?|],__llfr t b%g t exceed 1% ybg ¥egg t calcul ated as

el enent based’ on total t A8 Cat al ta hd préeferably is in
tlnexrange ofatalymats. iomnrHSlG@6mgﬂbwenQMtqnddnreplatlHUm as the

10 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 crystaliites by known. techniques.

i5 The process conditions used in step (b) are
preferably typical catalytic dewaxing process conditions
inveolving 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 pressures in the range

20 of from 10 to 200 bar preferably from 30 to 150 bar, more

- preferably from 30 to 60 bar. Weight hourly space

velocities (WHSV) in the range of from 0.1 to 1O kg of

oll per liter of catalyst per hour (kg/l/hr), preferably

from 0.2 to 5 kg/l/hr, more preferably from 0.5 to

25 3 kg/i/hr and hydrogen to oil raties in the range of from
100 to 2,000 liters of hydrogen per liter of oil. The
.base 0il having the desired viscosity can be isolated
from the effluent of step (b) by normal distiliation
processes.

30 The pour peint of the intermediate oil product after
step {a) including any non-converted wax is suitably
above 0 °C and preferably above 10 "C..The-pour point of
the effluent of step (b) is preferably below -10 °C, more



5 preferably from0.2 to 3.0% by weight. If both platinum and palladiumare -
present, the weight ratio of platinum ,to palladiummy vary within w de
limts, bwomuinsald7?y is in the range of fromO0.05 to 10pctReRosesdbabl y 0.1
to 5. C Catalysts conprising palladiumand/or platinumas the 10 .
hydr ogenati on conponent are preferred. Most preferred is when platinumis
used as the sole hydrogenation conponent. The hydrogenati on conponent is
suitably added to the catalyst extrudate conprising the deal um nated

alum nosilicate zeolite crystallites by known techniques. 15 The process
conditions used in step (b) are preferably typical catalytic dewaxing
process conditions involving operating tenperatures in the range of from:
200 to 500 C, preferably from 2502P0~400 C, nore preferably between 300
and 380 C, hydrogen pressures in the range 20 of from 10 to 200 bar

pr ef er abl YP¥SIERPREY t51980-Hhar C- nbre VipiafiebHdisity thanm280208 60 bar. Wi ght
hourly spag@sfevebDEitiighsr (MWHAV)Y 3b Nedd@cianaef from0.1 to 10 kg of oil
per liter of catal yst per hour %kg/l/-hr), pr.ef er abl from0.2 to 5 kg/l/hr,
more preferably FFOMCEP5 VY DENIT KGra FAFS diid Rydt-dyrteofsPT ratios in the
range of frimeriD@erto o2, 004 | (bh enss afxchydsmgenrcpertidd entpf oil. The base
oi | 5havi ng_t he de ireca{fjvi Sco it¥ can be isolated fromthe effluent of step
(b) "by nor HEIF<Ei st T 195 %nand;s)to EREEE S38PTHE YpouPiHditht of the internediate
oi | productddifttienal styeipofay)idhiabusiarg canyd nenomdnvest ed wax i s suitably .

above 0 C and pref . ove, 10. G _The: I iLn f .the effluent of step
(b) is preferaTgleMg‘é%g\%vX{]T'gﬁé bf s LB e s BBh T pebB5 05/ 050646 . 30
pr ef er abl yndyelldwitP@ €xampkesvl is higher, than 120 and preferably hi gher
than 130 a@%&ﬂ%%%?%ﬁﬂjg%'theldewaxing catalyst for step (b) . L]

10 MTW Type zeclite crystallites were prepared as

described in “Verified synthesis of zeolitic materials”
as published in Micropores and mesopores materials,
volume 22 (1998), pages 644-645 using tetra ethyl
ammonium.bromide as the template. The Scanning Electron
15 Microscope {SEM) visual observed particle size showed
. Z5M-12 pérticles of between 1 and 10 pm. The average
crystallite size as determined by XRD line broadening
technigue as described above was 0.05 pm. The -
crystallites thus obtained were extruded with a silica
20 binder (10% by weight of zeolite, 90% by weight of silica

binder). The extrudates were dried at 120 °C. A solution (7

\b-..-'"

of (NHg)»8iFg (45 ml of 0.019% N solution per gram of
zeolite,Crystallites) was poured onto the extrudates. The
mixture was then heated at 100 °C under reflux for 17 h
25 with gentle stirring above thé extrudates. After
filtration, the extrudates were washed twice with de-
jonised water, dried for 2 hours at 120 °C and then
calcined for 2 hours at 480 °C.
| The thus ebtained extrudate was impregnated with an
30 aqueouS‘éolution of platinum tetramine hydroxide feollowed
by drying (2 hours at 120 °C) and calcining (2 hours at
300 °C). The catalyst was activated by reduction of the
platinum under a hydrogen rate of 100 1/hr at a |



1t has been found that the base oil as isolated from the effluent of step
(b) has excellent properties with 5 respect to col our and oxi dative

stabi I'i ty. Vi g¥+8p302Rddi ti onal hydrofini shing step coul d beTmrdosesiossThe
invention will be illustrated by the following non-limting exanples.
Preparation of the dewaxing catalyst for step (b) 10 MIW Type zeolite
crystallites were prepared as described in "Verified synthesis of zeolitic
materi al s" as published in Mcropores and nesopores materials, volunme 22
(1998), pages 644-645 using tetra ethyl ammonium brom de as the tenplate.
The Scanning El ectron 15 M croscope (SEM visual observed particle size
showed ZSM 12 particles of between i and 10 pm The average crystallite
size as determ ned by XRD line br 6ad ning technique as descri bed above was
0.05 pm The crystallite obtained were extruded with a silica 20

bi nder (100066%?%%%‘8’1"% &+ §%6e$&|5tf8,r %d%u A egﬁfes‘dft’ﬁq Fégalﬁ%er). The
extrudat es wwemeided dd 366 BP0eCoghA Biolsuppontdd 'on ofie (N114) 2SI F6 (45 m  of
0.019 N sol yt.jan. rat » j, t I | lites) was poured onto the
extrudatesfﬂ%ﬁgﬂlﬁgé?%rgg%g%i%%g%&ﬁﬁgfééggﬁfﬁoo C under reflux for 17 h 25
with gentl eixpmipdei hg above the extrudates. After filtration, the extrudates
wer ezwashed tw M 1,0ni e i -hou at 120 C and
then5 calcinegmggT&%JEbgféuﬁgﬁﬁggd%ﬁﬁ%hét? ug%ggig%ﬁ &ngégudate was

i npr egnat edP$FFRPARH 22T eaqueous sol ution of platinumtetrani ne hydroxide

followed by dpykngey ZaRQUksvidly 320h:.CkcabhC@)sChhipg (2 hours at 300 Q).
The catal yst was activated jr 7reduction of the Elatlnun1under a hydrogen

r at (e of 10079@MHEYatdH e 2008y 0830~ 9seT EPYEOS/ 0508169/ kgp1a

sulphur content of 766 mg/kg and a boiling. range as

10 listed in Table 1,
Tablie 1
Initial'boiiing point' 353 °C
30 wts T 487 °C
50 wts o 510 °C
85 wt% 588 °C
Final boiling point - 670 °C

was contacted with a commercial fluorided C—454 catalyst
as obtained from the Criterion Catalyst Company as placed
(; in a fixed bed reactor. The slack wax was fed to the 7
) reactor at a weight Hourly_space velocity (WHSV) of
15 1 kg/l/h. Hydrogen was fed to the reactor at an iﬁletx
pressure of 140 bar and at a flow rate of 1500 N1l/kg of
feed. The reaction temperature was 390 °C. -
The hydrocarbon product was distilled to remove d
fraction boiling below 370 °¢ including a gaseous
20 fraction containing hydrogen sulphide and ammgnialtb
obtaln an intermediate product having the propertieé as

listed in Tzble 2.



tenperature of 350 C for 2 hours. The resulting catalyst conprised 0.35% by
wei ght Pt supported on the dealum nated, silica-bound MIW zeolite. Exanple
1 5 Exanphgolkodddssmbrates a two-stage conf|gurat|on as degerrbedsedeve. A
sl ack wax, having a wax content of 82 wt% a density (d70) of 0.81, a
nitrogen content of 30 ng/ kg, a C sul phur content of 766 ng/ kg and a
boiling range as 10 listed in Table 1, Table 1 Initial boiling point 353 C
30 W% 487 C 50 wt% 510 C 95 W% S88 C Final boiling point 670 C was
contacted with a comrercial fluorided C454 catalyst as obtained fromthe
Criterion Catal yst Conpany as placed C_in a fixed bed reactor. The sl ack
wax was fed to the reactor at a meig?% hourly. space velocity (WHSV) of 15 1
kg/l/h. Hydrogen was fed to the reactor at an inlet pressure of 140 bar and
at a flowr of . 1500 NI/ kg of feed. The reaction tenperature was 390 C.
.The hydrocagggﬁ—ﬁ%oduct was distilled to renove a fraction boiling bel ow

370 C i ncl Udi ngbenggaseous 20 fraction] contganpyng hydrogen sul phi de and
ammr” ato th a1 R—ahn i nter W‘ndl ate nl" r~|ur1' h,’.\\ll I"Iﬂ t hﬂ nr nnnrfl e as | | St ed
in Tabl e 2.| WO Y004 53857 PCT/ EP2003] 050986722 Table 2 Densiky 0.787 Wx
content 16 VW‘%)Klnematlc viscosity at 5.037

1100 °C (cSt)

Initial boiling point 366 °C

30 wt% 426‘°C

50 wts ' 451 °C B

: {
95 wtd 539 °C -
Final boiling point ' 611 °cC

The above obtained intermediate product of Table 2
was contacted in the presence of hydrogen with the above-
described MIW zeclite containing catalyst at an outlet
pressure of 138 bar, a WHSV of 1. 0 kg/l.hr and a hydrogen
5 gas rate of 700 Nl/kg feed at various temperatures
‘ranging between 320 and 345 °C. The temperature was
varied‘in order to make different qualities of base oil.
With different qualities of base oils is here meant bése
oils having different pour points. The lowest pour point
10 base oils were obtained at the highest temperature. ' _ (i)_
Gaseous components were separated from the effluent -
by vacuum flashing at a cutting temperature of 390 °C.
The oil yield and viscosity index as a function of the
achieved pour point of the oil fraction (390 °C+
15 . fraction}) is given in Figure 1 and 2. In Figure 3 the
requiréd reactor temperature is given as a function of
the resultant pour point of the base oil..

Comparative Experiment A

Example 1 was repeated except that the 1ntermed1ate
20 product of Tablie 2 was contacted with a catalyst based on
a MFI type zeolite {ZSM-5). The catalyst was obtained



Ki nematic viscosity at 5.037 100 C (cSt) Initial boiling point 366 C 30
W% 426 C 50 wt% 451 C 95 wt% 539 C Final boiling point 611 C The above
obt ai ned iwDenrmgdb@re product of Table 2 was contacted R¢T{ERRCEFEShce of
“hydrogen with the above- described MIWzeolite containing catalyst at an
outlet pressure of 138 bar, a WHSV of 1.0 kg/l.hr and a hydrogen 5 gas rate
of 700 NI/ kg feed at various tenperatures ranging between 320 and 345 C
The tenperature was varied in order to nmake different qualities of base
oil. Wth different qualities of base oils is here nmeant base oils having
di fferent pour points. The | owest pour point 10 base oils were obtained at
the highest tenperature. J Gaseous gonponents were separated fromthe
ef fl uent by vacuum flashing at a cutting tenperature of 390 C. The oi
yield and VisERgidiy bafeheRfod J4NCH O Aachsr aphieygd pour point of the
oil fraction (390 C+ 15 fraction) is given in Figure 1 and 2. In Figure 3
the requir&83FRSctor tenperature is given as a function of the resultant
pour point of the baseyQill £OMPAALELYVE fBMRRr EgeNt- AEXamre 1 was repeat ed
except that the internmediate 20 product of Table 2 was contacted with a
catal yst ba$B8 ¥hiegefmourypeivedls tae' ¢ASHFsytiohd 388t afyst was obt ai ned WO
2004/953027 rPed¥ #2003/ §#HRY46n 23rurdsi nghd he sanB Jwethedias for the catal yst
used in Exangle 1. The oil yield and viscosity index as a function of

required reactor temperature is given z85 a function of

the resultant pour point of the base oil.

Comparative Experiment B

(“ Example 1 was repeated except that the intermediate
i0 product of Table 2 was solvent dewaxed to base oils
having pour points ranging from -37 °C to -21 °C.
1 weight part of the intermediate product was diluted
with 4 parts of a (50/50 vol/vol) mixture of methyl ethyl
ketone and toluene. This mixture was cooled to a value
15 relating fo the desired pour point in a refrigerator. The
mixture was subgequently fliltered at the same low
temperature and the wax was removed from the filter. The
viscosity index of the oil and the dewaxed oil yield was
measured. The oil yield and viscosity index as a function
.20 of the achieved pour point of the oil fraction (380 °*C+
fraction) is given in Figure 1 and 2.
Figures 1 and 2 show that with the MTW containing
catalyst basé oils can be obtained having in a higher
yield as compared to when.a %5M-5 dewaxing catalyst is
25 ~used or solvent dewaxing is used. Furthermore higher
viscosity index values are obtained for the same base oil-
quality {same pour point) when the process according to
the inventicon is used. Figure 3 further shows that the
catalyst according to the invention can be operated at

20 lower temperatures to achieve the same pour point
reduction. Thus the MTW containing catalyst is more
active. An additional advantage is that at these lower

temperatures more saturation of poly-aromatic compounds



t he achi eved pour point of the oil fraction (390 C+ 5 fraction) is given in
Figure 1 and 2. In Figure 3 the required reactor tenperature is given as a
functi on Wi 2084083028sul t ant pour point of the base oil. ®STFFRZAEFAHEI40
Experiment B Exanple 1 was repeated except that the internmediate 10 product
of Table 2 was sol vent dewaxed to base oils having pour points ranging from
-37 Cto -21 C. 1 weight part of the internedi ate product was diluted with
4 parts of a (50/50 vol/vol) mxture of methyl ethyl ketone and tol uene.
This m xture was cooled to a value 15 relating to the desired pour point in
a refrigerator. The mxture was subsequently filtered at the same | ow
tenperature and the wax was renoved,fromthe filter. The viscosity index of
the oil and the dewaxed oil yield was neasured. The oiI yleld and viscosity
| ndex as avhuncldianp20cof e RGN SkeliPQULARY! MaRs bl 0ld fraction (390
"C+ fraction) 1s given in Figure 1 and 2. gures show that with

t he MIW cofif&p fiayg Pecaptiitest wher &hsi Péof‘e‘?@ﬁ l@é bfbxsapmanmn dg in a hi gher
yield as cogpared to when a ZSM5 dewaxi ng catal yst is 25 used or sol vent
dewaxi ng is used. Furthernore higher viscosity index values are obtained
for the saREaBRES i | quality (same pour point) when the process according
to 3he inventi@mpis psEduskhgteL tBef difdReLeshOWSd Ratidhe1kat al yst
according to the invention can be- opergt ed at 30 | ower tenperatures to :
achi eve t hECBANBFEGPT pEi TR r 8udEi BRCS FHuS Ehat NMPR EBFS ai ni ng catal yst is
nore acti \peéfmeaﬁdatabﬁals ady agtedgeaj S zinhaH al daltesgstcmar t enper at ur es
nore satura %on eoJ fg_gl Y& a.romatl c 27 PCT/ EP2003/ 050946 -

24 will t&RE*PIRCETFhererore” ggﬁl Oﬁné’lanﬁy SQHP hHy ‘_
loaded intc a step (a) reactor and retained as a fixed (u‘
it bed. The LH-Z1 catalyst comprises nickel and tungsten on

an acid azmorphous silica-alumina carrier and has a
hydrodesulphurisation activity of 32%. The carrier of
this catalyst had a heptane cracking test value of
between 320 and 345 °C.

15 - A slack wax, having a wax content of 65 wt$%, a
density (d70) of 0.804, a nitrogen content of 2 mg/kg, a

- sulphur content of 10 mg/kg was spiked with

dimethyldisulphide such that the total content of sulphur
in the feed was 2000 ppm. The slack wax had a boiling

20 range as listed in Table 3.
Table 3 L
Initial boiling point 347 °C
30 wts 468 °C
50 wts - '"" 491 °C
95 wts T 561 °C
| Final boiling point | 596 °C

The slack wax was fed to the step {a} reactor at a
weight hourly space velocity of 1 kg/l/h. Hydrogen was
fed to the reactor at an inlet pressure of 145 bar and at

‘a hydrogen flow rate of 1500. N1/kg of feed. The reaction



'step may be omtted when the process of this invention is wused. Exanple 2 5

Exanple 2 jllustrates the above described series flow ¢ Quration wherein
use is mad® % ERe’%Ss the nore preferred catal ysts for gggjﬁgft&g@dq oL 21

catalyst as obtained fromCriterion Catal yst Conpany (Houston) was | oaded
into a step (a) reactor and retained as a fixed 10 bed. The LH 21 cat al yst
conprises nickel and tungsten on an acid anorphous silica-alumna carrier
and has a hydrodesul phurisation activity of 32% The carrier of this
catal yst had a heptane cracking test value of between 320 and 345 C. 15 A
sl ack wax, having a wax content of 65 wt% a density (d70) of 0.804, a
nitrogen content of 2 ng/kg, a subtphur-content of 10 ngy/ kg was spiked with
di met hyl di sul phi de such that the total content of sulphur in the feed was
2000 ppm ThHempkagkengaxahathraedobeivign2d5t amge385 10 sted t Table 3. Table

3 Initial bajdi;pge: ROifL:34{ S« 30 %. C % C 95 wt% 561 C
Final boiling 5oi %t 596'1Ce The sl a%igrm%élq%ass dfeggn%\% é;bﬁ%%ét ep (a) reactor at a
wei ght hourly spheeiidbpet tap obtainay HrhtheHpdepgén wesctéediaso t he react or

at an inlet fressh&Pholdrdar Bnd-akiod Mydr aged: dilqw fate of 1500. Nl ykg
of feed. The reaction WD 2004/ 053027 PCT/ EP2003/ 050946 25 tenperature was

vari ed bet we&FP85D Hh@r885 e s §BACE Felaehiev@dahuéqgesdiwai% conversi on as
defi ned aboweite were as in the step {a) reactor. The reaction

temperature was varied between 325 and 345 °C such to
achieve a desired pour peint of the resultant bage oils.

(“ The base oils were obtained by cutting tﬁe'efflﬁént

10 of the step (b) reactor at a temperature of 380 °C. The
yvield to base oils were expressed as the fraction thus
obtained relative to the feed to step (a). A relatively
large fraction of keroserne and gas oil having good céld
flow properties were also obtained.

15 Figure 4 shows the influence of the wax conversicn in’
step {a} on the overall base o0il yield. The Figure shows
that at 50 wt® wax conversion the base oil yield is
higher than at higher wax conversions in step {a}).
Example 3

20 The intermediate product of Table 2 was catalytically
and solvent dewaxed to various pour points between -20
and —37 °C using the procedures of Example 1 and
Experiment B respectively. The dynamic viscosity at
-35 °C was measured according to ASTM D Z2983.

25 The results are presented in Figure 5. To four
selected samples (see Figure 5) 0.15 wt% of an additive
Plexol 154E as obtained from Bhom and Haas cOmpény was
added.

In Figure 5 CDW relates to the catalytically dewaxed

30 base oils, SDW relates to the solvent dewaxed base oils
and the ‘ppd’ relates to the respective base oils .
containing_the additive. The corresponding base. oils with

and without the additive are linked with an arrow.



The effluent as obtained in the step (a) reactor was as such fed to a step
(b) reactor. The conditions with 5 respect to pressure, space velocity and
hydr ogen W®00#/833627ere as in the step (a) reactor. The PEHEP?WHH050946
tenperature was varied between 325 and 345 C such to achieve a desired pour
point of the resultant base oils. The base oils were obtained by cutting the
effluent 10 of the step (b) reactor at a tenperature of 390 C. The yield
to base oils were expressed as the fraction thus obtained relative to the
feed to step (a). Arelatively large fraction of kerosene and gas oil

havi ng good cold flow properties were al so obtained. 15 Figure 4 shows the
i nfl uence of the wax conversion in 2&step (a) on the overall base oil vyield.
The Figure shows that at 50 wts wax conversion the base oil yield is

hi gher than at Fhimglggunaxé déneen sicomsei ntisttepotia)pourEraipt eandl 20 The

i nt er nedi at t . yilcalliy nd.sol vent dewaxed to .
vari ous pou ngé?ﬁﬁésggtgﬁﬁf-eﬁﬁevg%gg-%gé elb”’%?lﬁ!é l%ahsge g%%gedur es of Exanple 1
and Exper iawertdBiy dopebe insisgnt Tinwedy hamiverei sedgiqdy mach-85eC was neasur ed
according tQ ASIMRLIE3nLIoI0ENE eRULLS AePEEBEU B 1L 4 gure 5. To four
sel ected sanples (see Figure 5) 0.15 wt% of an additive Plexol 154E as
obt aPned fridw RgHDTAVERd Haas conpany was added. In Figure 5 CDWrelates to
the catalytically dewaxed 30 base oils, SDWrelates to the sol vent dewaxed
base oils and the '"ppd relates to the respective base oils containing--the
additive. The correspondi ng base. oils with. and without the additive are
i nked with an arrow. WO 2004/ 053027 PCT/ EP2003/ 050946 - 26
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- FromFigure 5 it can be seen that both pour point and dynam c viscosity of
the catal yti c dewaxed base oils according to the present invention were
reduced much nore as conpared to the solvent dewaxed base oils consisting 5
"the additive. 27 CL Al MS 1. Process to prepare a lubricant having a
dynamic viscosity at -35 C of bel ow 5000 cP by perform ng the follow ng
steps: (a) contacting a feed containing nore than 50 wt% wax in 5 the
presence of hydrogen with a catal yst conprising a Goup VIII netal
conponent supported on a refractory oxide carrier, and (b) contacting the
effluent of step (a) with a catalyst conposition conprising a noble G oup
VIIl netal, a binder 10 and zeolitescrystallites of the MIWtype to obtain
a product having a |l ower pour point than the effluent of step (a) and
having a viscosity index greater than 120, and (c) adding a pour point
depressant additive to the base ¢ kbroilmas obtained in step (b). 2. Process
according to claim1, wherein the noble Goup VIII netal in step (b) is

plati num 3. Process according to any one of clains 1-2, wherein the binder
in step (b) li.s Brdcewsatd didepabe rnd arubwheadt h&@iﬂ@nﬂe@nhﬁiessentialIy free of

al um na: 4. Process, acco g he.bin er is silica. 5.
Process accordrhg to gnyggndeE O%QD Clowngbqo fvgn e?%}f PHRE Y&lite
crystallitedgchameidyeenessbj ected to a 25 sel ective surface deal um nation

process. 6. B} 0GESS BFEOTHI NGt 0,8 LTS mWICLELY dNGeselEStive

5 the presence of hydrogen with a catalyst comprising a
Group VIII metal component supported on a refractory.
oxide carrier, and
(b) contacting the effluent of step (a) with a catalyst
composition comprising a noble Group VIIT metal, z binderx

10 and zeolite crystallites of the MTW type to obtain a

' product having a lower pour peint than the effluent of

step {a}) and having a viscosity index greater than 120,
and
(c) adding a pour point depressant additive to the base

15 0il as obtained in step (b).
2. Process according to claim 1, wherein the noble
Group VIII metal in step (b) is platinum.
3. Process according to any one of claims 1-2, wherein
the binder in step (b) is a low acidity binder which

20 binder is essentially free of alumina.
4, Process according te claim 3, wherein the binder is
silica.
5. Process according to any one of claims 1-4, wherein
the zeclite crystallites have been subjected to a

25 selective surface dealumination process.
6. Process according to claim 5, wherein the selective
surface dealumination process comprises contacting the

zeolite crystallites with an agueous solution of a



surface deal um nati on process conprises contacting the zeolite crystallites
w th an aqueous sol ution of a WD 2004/ 053027 PCT/ EP2003/ 050946 - 28

fl uorosil waab@4/6&oh7 Wwherein the fluorosilicate salt is prepEes@aned4by the
formula: (A)2/bSiF6 wherein "A is a netallic or non-netallic cation 5

ot her than H+ having the valence "b', preferably anmmonium 7. Process
according to any one of clains 1-6, wherein the wax containing feed is
derived froma Fischer-Tropsch process, the Goup VIII netal in step (a) is
pl ati num 10 and/ or palladium and wherein the total effluent of step (a) is
used as feed to step (b) in a series flow configuration. 8. Process
according to any one of clains 1-6, p/nerei n the feed to step (a) conprises
at | east 700 ppm sul phur, 15 the 4 alyst used in step (a) is a

pre-sul phided catal yst conprising.a &G o VIB netal and a_non-noble G oup
VITI et alﬁé’r?ac%ai%@tﬁ f’%gt twi‘leégl%ftgeugﬁ?o%cfsléféﬁt? D?Ltsifised as feed to
step (b) i nrepreeehesd dyovhe offdnguaati on. 9. Process according to any one of

clainms 7-8, WhZéEéPDS%% t he wax conversion in step (a) is between 40 and
60% 10. Proc ¢cording to any one of claims 1-6, wherein the feed to
step (a) conpr wseseiet'Weehs AGeaatl 2006 ppmmrealphurgattibe catal yst used in

stepe(a) 5,8 ensylhhdothe GALALYSL, COMDI | §11G3. G pup VIB metal and a

non- nobl e 2 oup and erein at Teast part of the amonia and
hydr ogen swdmgmendenwhi ch is present in the effluent of step (a) is separated

fromsaid effl yepte gy iaQ'E:pIr@irggSithanf_egng gEflusnt asefegd Qinstep (b). 11.
Process according to claim10, wherein the pressure
the wax centaining feed is derived from a Fischer-Tropsch

process, the Group VIII metal in step (a) is platinum
10 and/or pailadiﬁm and wherein the total effluent of
step (a) 1is used as feed to step (b) in a series flow-
configuration. ‘ _
8. Process according toc any one of claims 1-6, wherein
the feed to step (a) comprises at least 700 ppm sulphur,
15 the catalyst used in step {a) is a pre-sulphided catalyst
compriéing a Group VIB metal and a non-noble Group VIII
metal and wherein the total effluent of step (a) is used
as feedrto step {(b) in a series flow configuration.
‘9. Process according to any one of claims 7-8, wherein
20 the wax conversion in step (é) is between 40 and 60%.

10. Process according to any one of claims 1-6, wherein

P
\_,—"

the feed to step (a) comprises between 700 and 2000 ppm
sulphur, the catalyst used in step (a) is a pre-sulphided
catalyst comprising é Group VIB metal and a non-noble
25 Group VIII metal and wherein at least part of the ammonia
and hydrogeﬁ sulphide which is present in the effluent of
step (a) ls separated from said effluent prior to using
said effluent as feed of step (b).
11. Process according to claim 10, wherein the pressure
30 in step {a) is between 100 to 150 bar and the pressure in
step (b) is between 30 and 60 bar.
--12. Process according to any -one ef elaims B8-11, wherein- -

the catalyst used in step (a) is a pre-sulphided



-30 in step (a) is between 100 to 150 bar and the pressure in step (b) is
bet ween 30 and 60 bar. --12. Process-according to any-one of clainms 8-11,
wherein tw® maved3ypst used in step (a) is a pre-sul phi decdPGYERRYOHIO%8027
"PCT/ EP2003/ 050946 29 hydrodesul phurisation catal yst conprising nickel and
tungsten on an acid anorphous silica-alumna carrier. 13. Process according
to claim 12, wherein the sul phided hydrodesul phurisation catalyst has a 5
hydr odesul phurisation activity of higher than 30% wherein the

hydr odesul phurisation activity is expressed as the yield in weight

per cent age of C4-hydrocarbon cracking products when thiophene is contacted
W th the catalyst under standard hydgodesul phurisation, conditions, 10
wherein the standard conditions consist of contacting a hydrogen-thiophene

mxture w t hzQqeBuninai38: 84 Bsh yfatalysisi@dly dibad and 350 C, wherein
the hydrogen rate is 54 ml/mn and the thi ophene concentration is 6 vol%in
the m xture. ' PSsia B GedSTAETGFHRMHF td1EFHiah 32 vFRETEEA- t he

hydr odesul phig.i sabéess actbvéing eb tharcabalwsdreis {werniphhady 40% 15.
Process aCCﬁﬁg{ng to %gé,one,of clainms 12-14, wherein tﬁe

hydr odesul pHUfIEEEF BIPRECARH™ 6 db¥Hi #88 #n a 20 process wherein ni ckel
and t @ngst ermwredesupradsat bch @astitig a€i digmr phewsiei,| i ca-al um na carrier
in the presence .of _.a chelatin ent. .16- Process. according . to any one of
clai e 12 15 ReTe VG CRT MRS Lo & 01 ERE hy P BUESHTbhur | sat | on
catal yst 2523 gheepiveleh itOvainghibewthtagecat ciy-alvédocriche carrier al one.

17. Process according to any. one of clains 12-16; wherein .
cracking products’when thiophene is contacted with the

(A catalyst under standard hydrodesulphurisation conditions,

10 wherein the standard conditions consist of centacting a
hydrogen-thiophene mixture with 200 mg of a 30-80 mesh
catalyst at 1 bar and 350 °C, wherein the hydrogen rate
is 54 mi/min and the thiophene concentration is 6 vol% in
'the mizture.

15 14. Process according to claim 13, wherein the
hydrodesulphurisation activity of the catalyst is lower
than 40%.
15. Process according to any one of claims 12-14, wherein
the hydrodesulphurisation catalyst is obtained in a

20 process wherein nickel and tungsten where impfegnate&‘on

(: the acid amorphous silica—aluminé carrier in the presence

of & chelating agent.
16. Process according to any one of claims 12-15, wherein
the alumina content of the hydrodesulphurisation catalyst

25 is between 10 and 60 wt% as calculated on the carrier
alcne. _'
17. Process according to any one of claims 12-16; wherein
the silica-alumina carrier has an n-heptane cracking test
value of between 310 and 360 °C, wherein the cracking

30 test value is obtained by measuring the temperature at
which 40 wt% of n-heptane is converted when contacted,
under -standard test conditions; with a catalyst

consisting of said carrier and 0.4 wt% platinum.



the silica-alumna carrier has an n-heptane cracking test value of between
310 and 360 C, wherein the cracking 30 test value is obtained by neasuring
the tenpeal wogodoz7 Whi ch 40 wt % of n-heptane i s convert eOTREWIGTR@Ct ed,
under standard test conditions-; with a catalyst consisting of said carrier
and 0.4 wt % pl ati num WD 2043/ 053027 PCT1EP2003/050946 30 18. Process
according to claim 17, wherein the silica- alumna carrier has an n-heptane
cracking test value of between 320 and 350 C. 19. Process according to any
one of clains 12-18, wherein 5 the catal yst conprises between 2-10 w %

ni ckel and between 5-30 wt % tungsten. 20. Process according to any one of
claims 12-19, wherein the surface_ayea of the hydrodesul phurisation

catal yst is between 200 and 300 n2/g. 10 21. Process according to any one
of clainms 12-20, wherein the total pore volune of the hydrodesul phurisation

catal yst i Slﬁpcﬁg%éggé £@éé}ding to claim 17, wherein the silica-
alumina carrier has an nfheptane cracking test value of |
between 320 and 350 °C.
19. Process according to any one of claims 12-18, wherein
5 the catalyst comprises between 2-10 wt% nickel and
. between 5-30 wt% tungsten.
20. Process according to any one of claims 12-19, wherein
the surface area of the hydrodesulphurisaticn catalyst is (;'V
petween 200 and 300 m?/q.
10 21. Process according to any one of claims 12-20, wherein
the total pere volume of the hydrodesulphurisation

catalyst i1s above 0.4 ml/g.





