WO 2004/ 053029 PCT/ EP2003/ 050966 - 1 PROCESS TO PREPARE A BASE O L HAVI NG
A VI SCOSI TY | NDEX O BETWEEN 80 AND 140 The invention is directed to a

process t r L base oil having a viscosity index and
140 5 st§¥$?ﬁﬁﬁ?§%§1a vacuum di stillate feed or de-asphgéP@g&@?ﬁﬂ?égd by
contacting the feedstock in the presence of hydrogen with a catal yst
conprising a Goup VIB netal and a non-noble Goup VIII netal on an

anor phous carrier followed by a dewaxing step. 10 Such a process is well
known and for exanple described in Lubricant Base G| and Wax Processing,
Avilino Sequeira, Jr, Marcel Dekker Inc., New York, 1994, Chapter 6, pages
121-131. According to this publication nickel-tungsten on alumna are the
nost widely used 15 catal yst for fhts hydrocracki ng process. This
publication also nentions that sone refiners use fluorine injection to

enhance catal yst activit GB- A- 1493620 describes a h drocracklng process to
prepare ba§g° %TOC%RW}%/[‘EQQGB}C?%P%IWQQI%A CHEAPHETY IQ‘QEEoQﬁ)rl si ng ni ckel
and tungsten as hydrogenati GETREERP@®UEANS, 14upported on an alumina carrier.
The required acidity for the catalyst is provided by the presence of
fluorine. In comrercial operations the fluorine containing 25 catal yst has
proven to be drhexoetheion tatdinested gro ehpsocepsotessaparter ns of catal yst

activity apdsbasg gblflngs%l ‘é‘QQéc}Qﬂt}ﬁ 11%e%@-@¥a15@@v@@§ E@"éﬁm\ﬁeh@re that measures
have to be taken to avoid fluorine escap |n§ into the environment, that

measur es h&VRT tPDHET PRI 2B m\Ai58 1 30 o f eS| Un “&ReERNAE t88st of having to
add fluori peltbeddey psrozessng \Whe?2DOLd 323020 RGE/ ERX03£060966 2

hydrogen with a catalyst comprising a Group VIB metal and
a non-noble Group VIII metal on an amorphous carrier
followed by a dewaxing step.

10 Such a process is well known and for example
described in Lubricant Base 0il and Wax Processing,
Avilino Sequeira, Jr, Marcel Dekker Inc., New York, 15954,
Chapter 6, pages 121-131. According to this publication
nickel-tungsten on alumina are the most widely used

15 catalyst for this hydrocracking process. This publication
also mentions that some refiners use fluorine injection
to enhance catalyst activity.

GB-A-1493620 describes a hydrocracking process to

prepare base oils. GB-A-1493620 discloses a catalyst

20 comprising nickel and tungsten as hydrogenation
components, supported on an alumina carrier. The required
acidity for the catalyst is provided by the presence of
fluorine.

In commercial operations the fluorine containing

25 catalyst has proven to be an excellent catalyst for this
process in terms of catalyst activity and base oil
selectivity. Disadvantages however are that measures have
to be taken to aveid fluorine escaping into the
environment, that measures have to be taken to avoid

30 corrosion and the cost of having to add fluorine to the

process.



It is an object of the present invention to provide a non-fluorided
catal yst, which has the sane or even inproved activity, and/or selectivity

to base qyhSo@cushhye fluorided catalysts. 5 The above aipprie2aemsesed W th
the followmng process. Process to prepare a base oil starting froma

distillate or a de asphalted oil by (a) contacting the feedstock in the
presence of hydrogen wth a sul phided hydrodesul phurisation catal yst 10
conpri sing nickel and tungsten on an acid anorphous silica-alumna carrier
and (b) perform ng a pour point reducing step on the effluent of step (a)
to obtain the base oil. Applicants have found that by using a

ni ckel /tungsten 15 contai ni ng cq;glyst having a relatively high

hydr odesul phurisation (HDS) activity and an acid anorphous silica-al um na

carrier in st ( a il .. .can_be .pr. red in _a hi-gh yield. Furthernore
the catalyti gpalcs?i)a\?i ?‘536%%% tgket%eaiéffl%rftpﬁgggn?lnonsttgppf%‘%qesa20 hi gher than a
state of tiea-Akyofidgdr taked visitckdlichuhgsttde semg alrysven A next advantage is

that the Geptefdda QlccitPo}yhAtPsRlded EOINYNES ket Re1DaAsSE Q! 1S | ower when
usi ng the process. according to the invention as conpared to when a

fluori ded fiP@kEFed GAGRt¥Hcat al yst is used 25 under conparabl e process
condli tions. Thiee citeve| diat 6 sf eeti dvedsvyh tay fellswihgbbyoaessiracti on boiling

in the ba I Qi L g The ;b .0l | i 1 boils suitably
[0 e Dass gLl 0 Lo LA106, o T8 08sR 8 cHAl | B0 RS 0 |5 s tably
possi bl e 1% prépaehpased @it By oducts having a kinematic viscosity at 100 C

of above 2Zs¢Stomn@dthdPiad IfpeBeioiein thedpleddnceShr SUEhbgdhhsti|l ate feeds
are preferag y O‘Q%?%i'{‘]%g by di séiléatio%.of a suitably mneral crude
pet r ol eum“satr & e WPy é}%?é?fj% HPEEELFELeBnET A dTE. The 35 residue thus
obl&i ned icompubsieguentksel fandt hergstiest o1 lamdacid amorphous '
silica-alumina carrier and ‘
(b) performing a pour point reducing step on the effluent
of step (a)} to obtain the base oil.
Applicants have found that by using a nickel/tungsten
15 containing catalyst having a relatively high
hydrodesulphurisation (HDS) activity and an acid
amorphous silica-alumina carrier in step (a) a base oil
can be prepared in a high yield. Furthermore the
catalytic activity of the catalyst used in step (a) is
20 higher than a state of the art fluorided nickel-tungsten
catalyst. A next advantage is that the content of
(polyjaromatic compounds in the base oil is lower when
using the process according to the invention as compared
to when a fluorided nickel-tungsten catalyst is used
25 under comparable process conditions.
The distillate feed to step {a) is suitably a
fraction boiling in the base oil boiling range. The base
0il boiling range boils suitably above 350 and more
typically above 370 °C. From distillate feeds it is
30 pogsible to prepare base o0il products having a kinematic
viscosity at 100 °C of above 2 ¢St and typically between
2 and 15 cSt. Such distillate feeds are preferably
obtained by distillation of a suitably mineral crude
petroleum source at atmospheric pressure conditions. The

35 residue thus cobhtained is subsequently further distilled



WO 2004/ 053029 PCT/ EP2003/ 050966 3 at vacuum pressure conditions in to one
or nore distillate fractions and a so-call ed vacuum residue. These
distillate fractions can be used as feed to step (a). The vacuum resi due or
the resi dWO 2948808 ned 5 in the above described at nospHelFEZBEYT0 ati on
of a crude petroleumsource may al so be used as feed to step (a) after
separation of asphalt conpounds by well known de-asphalting processes which
yield a so-called de- asphalted oil. From de-asphalted oil the nore viscous
10 base oils are prepared having a kinematic viscosity at 100 C of between
25 to 35 cSt. The wax content of the feed to step (a), as neasured by

sol vent dewaxing at -27 Cin MEK/ Toluene, of the feed to step (a) wll be
typically below 30 wt % and nore 15 iypically below 20 wt % The catal yst
enployed in step (a) preferably conprises between 2-10 wt % ni ckel and

bet ween 5aBagtontRAT§SHER.COTHat senphinded dnedrodesnd phuri sati on cat al yst

“used in ZlesttﬂQaé@)frfae@l&ﬁ%hata%%amwJaxgﬁred@e%qge@u“Satlon activity.
Wth relatively high actiyi here nmeant a considerably higher activity

when conpaf®e 51§‘E‘altlé‘t8ffrat°r¥é°ﬁ?tcarﬁ Erer7rUAgst s E6nt ai ni ng catal ysts
based on ast&i l(k¢a-THeunbhoaunc aeki@lie d2r eheralaliyué hes dbthyskéodesul phuri sati on

actizvity of t i than 30%. d nore_preferably bel ow 40%
and m)st %re grg +€é %%%8}\5\/1 /gpﬁ)%s héeirﬁct lsu;i/lg cfesulfpﬁun sation activity
i S expr essetidgs PEhECAHUB| gonrrewspyhrlgsebeernesiges ©fedCAohydr ocar bon cracki ng

product s weedp thj ogfwieseﬁal%%@ﬁnéﬁcatsgﬂawtaambb@n&@txﬁl ¥&iyunder standard
hydr odesul Ehurl sat i %ﬂ‘ ﬁ itions. The s ndar conditions consists of
P ﬁn‘-%?)

cont act i ng*“%°Hy 8F oy HEREEAT lYPéCW5fli? 200°%5 3012 HU- 80 nesh
su| phi ded aa@hﬂlysﬁ @itl.1Fbam derdsphalted oil the more viscous

10 base 0ils are prepared having a kinematic viscosity at
100 °C of between 25 to 35 cSt.

The wax content of the feed to step (a}, as measured
by solvent dewaxing at -27 °C in MEK/Toluene, of the feed
to step (a} will be typically below 30 wt% and more

15 typically below 20 wt%.

The catalyst embloyéd-iﬁ-gtép-(a)-breferably
comprises between 2-10 wt% nickel and between
5-30 wt% tungsten.

The sulphided hydrodesulphurisation catalyst used in

20 step (a) has a relatively high hydrodesulphurisation
activity. With relatively high activity is here meant a
considerably higher activity when compared to state of
the art nickel/tungsten containing catalysts based on a
silica-alumina carrier. Preferably the

25 hydrodesulphurisation activity of the catalyst is higher
than 30% and more preferably below 40%, and most
preferably below 35%, wherein the hydrodesulphurisation
activity is expressed as the yield in weight percentage
of C4-hydrocarbon cracking products when thiophene is

30 contacted with the catalyst under standard
hydrodesulphurisation conditions. The standard conditions
consists of contacting a hydrogen/thiophene mixture with
200 mg of a 30-80 mesh sulphided catalyst at 1 bar and
350 °C, wherein the hydrogen rate is 54 ml/min and the

35 thiophene concentration is & vel% in the total gas feed.



350 C, wherein the hydrogen rate is 54 m/mn and the 35 thi ophene
concentration is 6 vol%in the total gas feed. W 2004/ 053029

PCTI EP200 @%B% nd Catalyst particles are to be used parfEPfosesbe@r e
first crushe Si eved through a 30-80 nesh sieve. The <catalyst is then

dried for at |least 30 mnutes at 300 C before |oading 200 ng of dried
catalyst into a glass 5 reactor. Then the catalyst is pre-sul phided by
contacting the catalyst for about 2 hours with an H2S/H2 m xture, wherein
the H2S rate is 8.6 mM/mn and the H2 rate is 54 m/mn. The tenperature
during the pre-sul phiding procedure is raised fromroomtenperature, 20 C,
to 10 270 Cat 10 Cmn and held fpor 30 mnutes at 270 C before raising it
to 350 Cat arate of 10 ¢ mn. During pre suI phi di ng ni ckel and tungsten

oxi des are t.o active ta | phides. After pre- sul phiding
the H2S flow ?‘Is“égﬁ%g’gé’&mc SD57 EMS B3CDTh ThE TS0 6 54 ml/min thr ough

two t her nobizt Gduglh%@nvlesse@lesl tbmnqém Ai AY-&Chimephesie@veTh®he enper at ur e of

the first 8lanyscvessalen 8riapieodl 225 Gsansh ey teUmar 3pyr & of the second
gl ass vessel is kept the vapour pressure of thiophene at 16 C

is 55 mHgPeRHE R V%Hﬁeﬁoﬁa‘gg {Phafr o é:ﬁtté?‘%s"t Hetyl aH 2P8actor is saturated
with 6 vol Beadthirophesre th&heatdagbti Ss ﬂﬁfef—@ﬁl’@dd@ﬁ By bahtaseimy a tenperature

of 350 C. Jhe &@gﬁg fq%r ogy&tts LaLe xasn n onI ine gas liquid

chr onat ogr aph Yofi 23T on éet ect 78V 30%H nutes for four
hours. 25 wieefidetht disbrata ia Bepradudnbhed chmleuaz fﬁtet he
hydr odesul ghurl satio actl Vi ta)éet he test values as. obtained by the above

met hod ar e~ t SHECPed Wub AP 2 U5r r WPIFI RS RH¥5s SRR sHag I phuri sation
activity opﬁrca;edluef.eexerrraésedatﬁioymstoorﬂ'hempefmx&mcezcaical yst is the 30

conger ci al 7(54»@4 aj gl Y:'?Fn glb}lgwagyr sptnihgdate £fy =fkiling of Criterion
Cat al yst any %Hous on

be ore raising it to 350 °C at a rate of 10 °C/min.

During pre-sulphiding nickel and tungsten oxides are

converted to the active metal sulphides. After pre-

sulphiding the H3S flow is stopped and H; is bubbled at a

15 rate of 54 ml/min through two thermostatted glass vessels
containing thiophene. The temperature of the first glass
vessel is kept at 25 °C and the temperature of the second
glass vessel is kept at 16 °C. As the vapour pressure of
thiophene at 16 °C is 55 mmHg, the hydrogen gas that

20 enters the glass reactor is saturated with & vol%
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.

25 In order to obtain a reproducible value for the
hydrodesuiphurisation activity the test values as
obtained by the above method are corrected such to
correspond to the hydrodesulphurisation activity of a
reference catalyst. The reference catalyst is the

30 commercial C-454 catalyst as obtainable at the date of
filing of Criterion Catalyst Company (Houston) and its
reference hydrodesulphurisation activity is 22 wt%
according to the above test. By testing both the
reference catalyst (“test C-454"} and the test catalyst

35 {*measured val”) one can easily calculate a consistent



ref erence hydrodesul phurisation activity is 22 ww% according to the above
test. By testing both the reference catalyst ("test C 454") and the test

cat al yst ed val") one can easily cal cul ate a gefpbaheRed0
2004/ 0530 W%%OB/OSO%G agliig :

- 5 actual hydrodesul phurisation activity
according to the above test with the bel ow equation: Actual activity =
"measured val" +((22-"test C-454")/22) *"measured val" 5 The
hydr odesul phuri sation activity of the nickel/tungsten catalyst can be
i nproved by using chelating agents in the inpregnation stage of the
preparation of the catalyst as for exanple described by Kishan G, Coulier
L., de Beer V.H.J., van Veen J. AR, J N emantsverdriet J. W, Journal of
Catal ysis 196, 180-189 (2000). Exarples of chelating agents are

nitrilotriaceti Chaﬁilfd etih¥ll enedi am net etraacetic acid ..(EDTA) and
"1, 2- cycl ohB% A PERF RSN IKNRF 139t 108 AAGHHAEBY | 3°CO%E-RY &5 thRe carrier for the

cat al yst i shanpryglhbusish Itheabeladwuagiinetiohhe t erm "anor phous” indicates a | ack

of crystal styuctyre..asdefined by, Xnay diffraction, in the carrier
mat eri al, although some short range ordering may be present - Anor phous

si | i ca- al uRT et 'SuPEabIEeFYFedisei'n 20 preparing the catalyst carrier is
avaid abl e commmeieChabitydesuAbherintakh¥elatt ivhey sdd ikga- al umi na may be prepared

by precipitating an alunmina,and a sili.ca hyd el and subsequently drying
and cal ci nf’h‘%‘“ﬁ@“? gLt iSRG strter‘:f“ﬁlsl?e 13??%‘%\&% URHEwn in the art. The
carrier iscaplanoophoerst23nstie dapatamdtiancarageeof e anor phous

silica-al ugté}?araqasflewbémé QN 13/sPSa &l AH BRarkd) 2R BFPURY 'Bp the range of
from5 to /5% by wei ght, nore preferabl¥l from10 to 60% by weight as
cal cul at ed¥dM A& carPiErTatonede Besery B-dui t4s &eqhot$h8us silica-al uni na

product foRiessntisRerdriet J.W., Journal of Catalysis 196,
180-~189 (2000). Examples of chelating agents are
nitrileotriacetic acid, ethylenediaminetetraacetic acid
{EDTA) and 1,2-cyclohexanediamine~N,N,N’,N’,-tetraacetic
acid.

15 The carrier for the catalyst is amorphous silica-
alumina. The term "amorphous" indicates a lack of crystal
structure, as defined by X-ray diffraction, in the
‘carrier material, although some short range crdering may
be present. Amorphous silica-alumina suitable for use in

20 preparing the catalyst carrier is available commercially.
Alternatively, the silica-alumina may be prepared by
precipitating an alumina and a silica hydrogel and
subsequently drying and calcining the resulting material,
as is well known in the art. The carrier is an amorphous

25 silica-alumina carrier. The amorphous silica-alumina
preferably contains alumina in an amount in the range of
from 5 to 75% by weight, more preferably from 10 to 60%
by weight as calculated on the carrier alone. A very
suitable amorphous silica-aiumina product for use in

30 preparing the catalyst carrier comprises 45% by weight
silica and 55% by weight alumina and is commercially
available (ex. Criterion Catalyst Company, USA).

The total surface area of the catalyst as determined
by is preferably above 100 m2/g and more preferably

35 between 200 and 300 m2/g. The total pore volume is



30 preparing the catalyst carrier conprises 45% by weight silica and 55% by
wei ght alumna and is commercially available (ex. Criterion Catalyst

Conpany, Uwéy)ac0dd8odeot al surface area of the catal yst as geesiihi@docsby 1S
preferably above 100 n2/g and nore preferably 35 between 200 and 300 n2/g.

The total pore volune is WO 2004/ 053029 PCT/ EP2003/ 050966 6 preferably
above 0.4 m/g. The upper pore volune will be determ ned by the m ni num
surface area required. Preferably between 5 and 40 vol une percent of the
total pore volunme is present as pores having a dianeter of nore 5 than 350
A. References to the total pore volune are to the pore volune determ ned
using the Standard Test Method for eéDeterm ning Pore Vol unme Distribution of
Catalysts by Mercury Intrusion Porosinetry,. ASTM D 4284-88. The catal yst is
sul phi ded. Sekphaldat bbavef0.4thelld. dakalptsir paye beletkeeted day any of the

techni ques c{% 1ne!d1bgfh€h@rmtlnl§1%25[ 55% %Irteg oL dlnr %I tu sul phidation. For

exanpl e, atl on e cont acti Nng the catalyst with a
sul phur - corﬁr&ifﬁFﬁleg%tw%Gﬂbﬁ agdaﬁ‘}n"?#mfe pegtemy drfogen etk lhydr ogen
sul phi de, odFextsrfneot s yiegenas e KAfiRgNa thiMeRBl-dgr Qfor@ M xture of

hydr pgen a r.ca such_as butyl mercaptan. Alternatively,

sul phi dat i &dﬁ'aﬂa?/g%é\ g???feed’cgﬁtt%fhc?o%\%/?gfpﬁﬁ t‘fﬂglu“‘@af”é? wi th hydrogen
and sul phurtheoptee nicdgnaydhtecaiboh wihg thechtasdsul pghat - mﬂoai ning kerosene
or gas oil foIhgetgLinﬁlﬂhEereWXIlﬁJtes%lpgrfb'ﬁttg.glqw(%a'tgigs%p% ydrocar bon oil

by the addition of a suitable sul phur-containin or exanple
di met hyl di SEFFRFYEGFust it tHosABHYA T yAIMMpRI Ges 9f’he f eedst ock wil |
preferably conmpré &&talmmlmmzﬁaﬁmumul@hlautmroﬂ Bherder to keep the

cat ?‘JJySt I %a%el&ytlt Qr\ggg ? % eq ngyul pH bg ?Eh tecﬁ‘n Equegokrpéjm sul phur and

nore preferab presen
in the art, such a ex- 51tu or in- 51tu sulphldatlon For

example, Sulphidation may be effected by contacting the
catalyst with a sulphur-containing gas, such as a mixture
of hydrogen and hydrogen sulphide, & mixture of hydrogen
15 and carbon disulphide or a mixture of hydrogen and a
mercaptan, such as butylmercaptan. Alternatively,
sulphidation may be carried out by contacting the
catalyst with hydrogen and sulphur-containing hydrocarbon
6il, such as sulphur-containing kerosene or gas oil. The
20 sulphur may also be introduced into the hydrocarbon oil
by the addition of a suitable sulphur-centaining
compeund, for example dimethyldisulphide or
tertiononylpolysulphide.
The feedstock will preferably comprise a minimum
25 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 ppm sulphur is present in
the feed to step (a). It may be therefore be necessary to
add additional sulphur, for example as dimethylsulphide,
30 or a sulphur containing co-~feed to the feed of step (a)
if the feed contains a lower level of sulphur.
The amorphous silica-alumina carrier of the catalyst
preferably has a certain minimum acidity or, said in
other words, a minimum cracking activity. Examples of

35 suitable carriers having the required activity are



the feed to step (a). It may be therefore be necessary to add additional
sul phur, for exanpl e as dinethyl sul phide, 30 or a sul phur containing co-feed

‘to the fe%@ﬁﬂgé&@?ﬁ‘(a) if the feed contains a | ower Ieyg#@%ﬂ@%@gﬂjr. The

anor phous um na carrier of the catalyst prefera as a certain
mninmumacidity or, said in other words, a m ninmum cracking activity.
Exanpl es of 35 suitable carriers having the required activity are WO

2004/ 053029 PCT/ EP2003/ 050966 - 7 described in W-A-9941337. Mbre
preferably the catalyst «carrier, after having been calcined, at a
tenperature of suitably between 400 and 1000 C, has a certain m ninum

. n-heptane cracking activity as wll_be described in nore 5 detail bel ow
The n-heptane cracking is neasured By'first preparing a standard catal yst

consisting,of the calcined carrier and 0,4 w%platinum Standard catal ysts
are test edd%sscri‘g?gouhgghgb%gﬁi%hesﬁ“_’%ipéﬁf%‘iaé’lérFté‘?j Bf2288° C before 10

| oadi ng i ncatmetreséfregabbving Peenr exlctined, i& eatemmracuke ¢ a conventi onal

{1 xed- bed LeAGAL hawlead #od Shgt Rob@ -cll AR LLEALIP pahsglpto 0. 2. The

standard catal ysts are reduced prior to testing at 4C or 2 hrs at a
hydr ogen fPoWfRtape efacking N‘rﬁlﬂhgh Fndial resesreirsgd i95m30e bar. The actual
tests react defriqondiéd ons are: n-heptane/H2 nolar ratio of 0.25, total
pressure 30 bar, _and.a gas_hourly.space velocity of 1020 Nm/(g.h). The

t enper at ur e igIrh\?aPi eedjtﬁf/jgdgrcarceég ng tnﬁgs?reerflpg’lya%%?% PFERT* 4t Cto 200 C at
0.22 C m natgtangpff iemted var ec G ightby oddthy asdcing qgasiehr omat ogr aphy. The
t enper at ur gng at. Wt £1H14Q: MER0 @QANELE S QALL SyAGhieyed drsqt he n-heptane test
val ue. Lower ﬁ_gfﬁprtna e test val ues correl myre active. catal yst.

. t th
Preferred &ar s"RHY &28h e pt'Ah @Fﬁc%%jiw?% {Thpér BELPEE of | ess than

360.vC, nor éogtiefigeinbihe ltess reactor. The reaction is carried out
in a conventional fixed-bed reactor having a2 length to
diameter ratio of 10 to 0.2. The standard catalysts are
reduced prior to testing at 400 °C for 2 hrs at a
hydrogen flow rate of 2.24 Nml/min and a pressure of
15 30 bar. The actual test reaction conditions are:

n-heptane/Hy mélar ratio of 0.25, total pressure 30 bar,

and a gas hourly space velocity of 1020 Nml/(g.h}. The
temperature is varied by decreasing the temperature from
400 °C to 200 °C at 0.22 °C/minute. Effluents are

20 analysed by on-line gas chromatography. The temperature
at which 40 wt% conversion 1s achieved is the n-heptane
test value. Lower n-heptane test values correlate with
more active catalyst.

Preferred carriers have an n-heptane cracking

25 temperature of less than 360 °C, more preferably less
than 350 °C and most preferably less than 345 °C as
measured using the above-described test. The minimum
n-heptane cracking temperature is preferably more than
310 °C and more preferably greater than 320 °C.

30 The cracking activity of the silica-alumina carrier
can be influenced by, for example, variation of the
alumina distribution in the carrier, variation of the
percentage of alumina in the carrier, and the type of
alumina, as is generally known to one skilled in the art.

35 Reference in this respect 1is made to the following



than 350 C and nost preferably less than 345 C as neasured using the
above-described test. The m ninmum n-heptane cracking tenperature is

pref er abl ywoBjosnidagn 310 C and nore preferably greater poamp38096380 The
cracking activity of the silica-alumna carrier can be influenced by, for
exanple, variation of the alumna distribution in the carrier, variation of
the percentage of alumna in the carrier, and the type of alumna, as is
generally known to one skilled in the art. 35 Reference in this respect is
made to the foll ow ng WO 2004/ 053029 PCT/ EP2003/ 050966 - 8 articles which
illustrate the above: Von Brener H ,'- Jank M, Wber M, Wendlandt K P., Z
anorg. allg. Chem 505, 79-88 (1988)- Leonard A J., Ratnasany P., Declerck
F.D., Fripiat J.J., Disc. of the Faraday Soc. 5 1971, 98-108; and Toba M
et al, J. MtaslesCherah 11994t raté( Yhe abb3d: Li3berdiher antal yst preferably
conpri ses 8 W% a nmol ecul ar sieve, .preferably an

al um nosi | ?%ré% %"zﬁ% %’?g’ I\%)érrgh%(sg?ce)l{%bl’ykt he cart al yst's C(%%rﬁbri ses between 10
0.1 and 8 W% JP-88nblBESur abewiagder- It Ratndsamy Pound that such catal ysts

arle evlen wpé@l@@miTveol,h@BiM&d@b@v,e pidescsi hegd @_airiﬁdllawsts%cpot dcahrrpri Ei ng a |
nol ecul ar ve. _improved activity is especially natice en base oils
ar e%prepar Z%ﬁ/\mis’gﬁyﬁ%’\/@%ﬁ ’\l??'%%&&si By déx HtSFet WREW 1126745 and 140. A next
advant age #§7that3am iiproved saturation of both nono/ and poly aromatics

is observed. Jygh.,z£Q)skt §§eper§b3ﬂgr0§§}gg%ei@ ttgeaegfg%, oghgd include, for

exanpl e, zeolites such as X Y, d um nated Y, faujasite,
ZSM 12, ZSMAZE PPrefiftigsntte, sizgeperiefesrbledn alumgpsilicany. 25 SS7- 26,
SSZ-31, SSZedBite.SEZrdpraberiSi 3%e SARDyBLs SARPr8des HARES, SAPO- 40,
SARQ 41 ang VRL:Ss YA 08 BOLE £69LLI8%.AT er O30S BLLY sddgntified as those
that such catalysts are even more active than the above
described catalysts not comprising a molecular sieve. The
improved activity is especially noticed when base oils
are prepared which have a viscosity index of between 120
15 and 140. A next advantage is that an improved saturation
of both mono/ and poly aromatics is observed. Such
zedlites are well known in the art, and include, for
example, zeolites such as X, Y, ultrastable Y,
dealuminated Y, faujasite, 2ZSM-12, ZSM-18, L, mordenite,
20 beta, offretite, 3S52-24, SSZ-25, S$5Z-26, 5SZ-31, 35S52-33,
55Z2-35% and S§SZ-37, SAPO-5, SAPO-31, SAPO-36, SAPQ-40Q,
SAPO-41 and VPI-5. Large pore zeolites are generally
identified as those zeolites having 12-ring pore
openings. W. M. Meier and D. H. Olscn, "ATLAS OF ZEOLITE
25 STRUCTURE TYPES" 3rd Edition, Butterworth-Heinemann,
1992, identify 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 zeolite as for example
30 described in US-A-3536605 are suitable molecular sieves.
Other suitable molecular sieves are Z8SM-12, zeolite beta
and mordenite,
The catalyst for use in step (a) may be prepared by
any of the suitable catalyst preparaticon techniques known

35 in the art. A preferred method for the preparation of the



openings. W M Meier and D. H d son, "ATLAS OF ZEOLI TE 25 STRUCTURE TYPES'
3rd Edition, Butterworth-Hei nemann, 1992, identify and |ist exanples of

sui tabl e i f a large pore nol ecul ar sieve is upefrbiRsioh&
“wel | -kno S efic zeolite Y as for exanple described in US- A an
1 knowd L‘{‘/‘%@%"%’J lite Y as f mpl e described in US-A- 3130007 and

ultrastable Y zeolite as for exanple 30 described in US-A-3536605 are

sui tabl e nol ecul ar sieves. Qher suitable nolecular sieves are ZSM 12,

zeolite beta and nordenite. The catalyst for use in step (a) may be

prepared by any of the suitable catalyst preparation techni ques knowmn 35

inthe art. A preferred method for the preparation of the W 2004/ 053029

- PCT/ EP2003/ 050966 9 _ carrier corrpéi_ses mul ling a mxture of the anorphous
silica-alum na and a suitable liquid, extruding the mxture and drying and

calcining the resultin xtrudates _as, for ex | e descyr.ibed in EP-A- 666894.

The extrud%?ggl%sr?ﬁ;“pﬂav% E‘H;P‘s’{ﬁ fabt & ¥ 6r (r)ngk TPRPRIE art, for exanpl e

cyl i ndri cabilhei1adwneyd iandr pcaditaplbtiioidd ortrudisg eche nul til obed. A nost

sui tabl e shapeufOhntihgrbidyabidtcaiRahiagtds FSsihgdLiGakadypically, the
extrudates haye a n0£1 Fl dlgeggt,er of from0.5t0°5 preferably from1 i
to 3 nm AfPfetexXt*fliBroM  3Fhe tﬁ“uﬁ%‘t"é’s“ﬁ?%‘*dr’qhéd?"tg%itﬁﬁ may be effected
at an el evatedhawnrpeyatwiteple pfefekablbry inpth® 830 €r naeppeeferably up to

300 C. Th ' ' I 5 L gal hou f bly f
30 m nut es%Fg%dfﬁqafl(?rh&rl%}dggjéjbzﬁ?frxgag,a Xg!)t('?oﬁe ?r OWSeq Prererably rrom

3 hours. Prefer: rudates are Cal cined after
dryi ng. CaMeihbkIb6a-i % mostf settedlat shepelfeyathsl cesppettat ure, preferably

bet ween 49@renshcb000 &1iGakeidiat irgpiedivher extdxudabiesd savbypically
effected far a.perig prefera 30 minutes to 4

a minal grr?g 4P %OfSO h u Sﬂo -e?l k]; 0 r
hours. Oncé PR&EEar FLEES0 Rhs rbgleﬁ IF")r char 8% i Eg? %’h? P{ﬂng]sten may be
deposi t ed tond owi-héfear raxgrugigrer ithe. edmpdefes reesdrieabl e net hods
Drying may be effected at an elevated temperature,
preferably up to 800 °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
15 extrudates are calcined after drying. Calcination is
effected at an elevated temperature, preferably between
400 and 1000 °C. Calcination of the extrudates is
typically effected for a period of up te 5 hours,
preferably from 30 minutes to 4 hours. Once the carrier
20 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
exchange, competitive ion exchange and impregnation.
Preferably nickel and tungsten are added by means of
25 impregnation using a chelating agent as described above,
After impregnation, the resulting catalyst is preferably
dried and calcined at a temperature of between 200 and
500 °C.
Step (a) 1s conducted at elevated temperature and
30 pressure. Suitable operating temperatures for the process
are in the range of from 290 °C to 450 °C, preferably in
the range of from 360 °C to 420 °C. Preferred total
pressures are in the range of from 20 to 180 bar and more
preferred from 100-180 bar. The hydrocarbon feed is
35 typically treated at a weight hourly space velocity in



known in the art may be enpl oyed, for exanple ion exchange, conpetitive ion
exchange and inpregnation. Preferably nickel and tungsten are added by
means of 2WO rps/egoak i on using a chelating agent as descrpPpipalgfyfoss After
i npregnation, the resulting catalyst is preferably dried and calcined at a
tenperature of between 200 and 500 C. Step (a) is conducted at el evated
tenperature and 30 pressure. Suitable operating tenperatures for the process
are in the range of from290 Cto 450 C, preferably in the range of from
360 Cto 420 C. Preferred total pressures are in the range of from20 to
180 bar and nore preferred, from 100-180 bar. The hydrocarbon feed is 35
typically treated at a wei ght houxly space velocity in WO 2004/ 053029

PCT/ EP2003/ 050966 10 the range of fromO0.3 to 1.5 kg/l/h, nore preferably
in the range oinder of Ordn 06031t@ KG/ kg /hTheofeqdemayatig gantacted with the

catal yst in,the . rgaeg{:{gn of sPHL & Bygrﬂ%n. Alternatively, it may be nore 5
conveni ent t0 us€ a hydrogen-contai nl%g gas, typically containing greater

t han 50% vol . Tadf6genmandeecopasted abity gheatatelyhtnie0%evol hydrogen. A
suitable Bydsoganogoptad HyRgogas hSt&3nteLLoy Nald Ry fydMode catal ytic

r ef ogm' ng plant.. I;%déogﬁn-ri h lgﬁaseg from 10 ot her h%_dr ot reating operations
may al so b&°UEEH " The® thaogﬁ‘ﬁ- 95POFPPAP B i Sy pYEEFANYi n the range of
from 300 t eob08Mihkgkgrepreaf chatl50%f rom 5QOro@eR5@0rd/ kg, nore preferably

500 to 200Q dek@pithg - yoldpme,of ddy, arBELNY %Rk d as standard litres
at 1 bar a%é 0 C 58Ir3r ef er ab?y t he ?gg—g tro&'gst'eﬁ;]L ?ggﬁﬁﬁsubj ected to a

hydr odesul PHAFPESRCOAL R HBSPE 822 SpAPrBronigingtie fFreB®in step (a).
Especi al | y cabenydiaseebbimingr plslasi uedrdirvi-Ageid gakesCOsId y i ndex of bel ow

120, Sui t 2L £ RS ARBLALYATY ofBlANoMBndea S8 bEATRE! St O ouP VI

hydrogen-to-oil ratio is typically in the range of
from 300 to 5000 1/ky, preferably from S00 to 2500 1l/kg,
more preferably 500 to 2000 1/kg, the volume of hydrogen
being expressed as standard litres at 1 bar and 0 °C.

15 Preferably the feed to step {a) is subjected to a
hydrodesulphurisation {HDS) step prior using the feed in
step (a). Especially when base c¢ils are desired having a
viscosity index of below 120. Suitable HDS catalysts
which may be used comprise a Group VIII non-noble metal,

20 for example nickel or cobalt, and a Group VIB metal, for
example tungsten or molybdenum. Preferred catalysts for
use in the process according to the present invention are
catalysts comprising nickel and molybdenum, for example
KF-847 and KF-8010 (AKZO Nobel} M-8-24 and M-8-25 (BASF),

25 and C-424, DN-3100, DN-3120, HDS-3 and HDS-4 (Critericn
Catalyst Company). The HDS treatment of the feed is
preferably performed in the same reactor as wherein
step {a}) is performed, for example in a stacked bed
configuration, wherein the top bed comprises of the HDS

30 catalyst. The process conditions with respect to hydrogen
to o0il ratio, pressure and temperature will as a
consequence be comparable to those in step (3). The feed
is suitably treated at a weight hourly space velocity in
the range of from 0.3 to 1.5 kg/l/h, more preferably in

35 the range of from 0.3 to 1.2 kg/l/h.



20 for exanple nickel or cobalt, and a G oup VIB netal, for exanple
tungsten or nol ybdenum Preferred catalysts for use in the process

accordi ng e hkGshfesent invention are catalysts conpri §J'Cq(§5_ b nd
nol ybdenum for exanple KF-847 and KF-8010 ( AKZO Nobel) M l‘% (E%% 6 8- 25

(BASF), 25 and C- 424, DN 3100, DN 3120, HDS-3 and HDS-4 (Criteri on Cat al yst
Conpany). The HDS treatnment of the feed is preferably perforned in the sane
reactor as wherein step (a) is perforned, for exanple in a stacked bed
configuration, wherein the top bed conprises of the HDS 30 catal yst. The
process conditions with respect to hydrogen to oil ratio, pressure and
tenperature will as a consequence {e -conparable to those in step (a). The
feed is suitably treated at a weight hourly space velocity in the range of

from0.3 to 1. 2nkgeb/ o) MfeeePr BicaabE Ysded 3§) ﬁes&a?Q@; Q;btU om0.3 to 1.2
kg/1/h. WD 2004/ 053029 PCT/ EP2003/ 050966 ) the effluent of

step (a) i€ S0P SLBE T VA Bobrearsent - rB&fBE‘F rﬂfrtff’éﬁ%%rﬂ PoBBf or e performi ng
a pour poipgtint ecidoichgy sitejp (b) m&eosusfrfarca%m cm:mpempim@ ng hydrogen

sul phi de arhq( ad Sglg,gfdeo Lahes nsg{)%g%?gqﬁbg M Sg !]pr ef erably al so the

fractlon b0|I|n up to and 1nc e boi l i ng range
are °separ aloag Wfﬁéaﬁlsy Gl sp| Eéwfrfg?‘cém@ﬂ doiding idpl &eior from the effluent

of step (a)inkeferr ﬁﬁéfr@lrdmagdﬂ@m@bé bd&r’lahg MUl apOi Nt reduci ng treatment
IS understosodargve pré)cess V\? ?‘B th dI/pour Ql nt _of %e base oil is

reduced by iTbre ?eh YIBEES Sfe 'Y HEVETL A 202E°" (iFPR preferably nore
than 25 C. fhﬁeeﬁ)@w&npovhtstﬁ@ddl@i rrgforegtargntnoan sbepperX.orned by neans of a

so-cal | ed sol vanty depexd 1hiRE OE&RR. 1AL DY TRERS islanQi- & cffo@t al ytic dewaxing
process. Solvent dewaxing is well known to those skilled in the art and

i nvofves adifitx¥ ' €cesf W‘%F‘ %Eié’oé%li?/%‘ﬁ‘tt Oéntd“ieopaﬁ%x‘”plr éipitating agents

reduced by more than 10 °C, preferably more than 20 °C,
more preferably more than 25 °C.

The pour point reducing treatment can be performed by
means of a2 so-called solvent dewaxing process or by means

15 of a catalytic dewaxing process. Solvent dewaxing is well
known to theose skilled in the art and involves admixture
of one or more solvents and/or wax precipitating agents
with the base oil precursor fraction and cooling the
mixture to a temperature in the range of from -18 °C to

20 -40 °C, preferably in the range of from -20 °C to -35 °C,
to separate the wax from the oil. The oil containing the
wax 15 usually filtered through a filter cloth which can
be made of textile fibres, such as cotton; porous metal
cloth; or cloth made of synthetic materials. Examples of

25 solvents which may be employed in the solvent dewaxing
process are C3-Cg ketones {e.g. methyl ethyl ketone,
methyl isobutyl ketone and mixtures therecf), Cg-Cyp
aromatic hydrocarbons (e.g. tocluene), mixtures of ketones
and aromatics (e.g. methyl ethyl ketone and toluene),

30 autorefrigerative solvents such as liquefied, normally
gaseous C-Cq hydrocarbons such as propane, propylene,
butane, butylene and mixtures thereof. Mixtures of methyl
ethyl ketone and toluene or methyl ethyl ketone and
methyl isobutyl ketone are generally preferred. Examples

35 of these and other suitable sclvent dewaxing processes



with the base oil precursor fraction and cooling the mxture to a
tenperature in the range of from-10 Cto 20 -40 C, preferably in the range
of from -300@w0s5303% C, to separate the wax from the oi PCTEPR0SI050966 ,
containing the wax is usually filtered through a filter cloth which can be
made of textile fibres, such as cotton; porous netal cloth; or cloth nade
of synthetic materials. Exanples of 25 solvents which may be enployed in the
sol vent dewaxi ng process are C3-C6 ketones (e.g. nmethyl ethyl ketone,

met hyl isobutyl ketone and m xtures thereof), C6-Cl0 aronatic hydrocarbons
(e.g. toluene), mxtures of ketones and aromatics (e.g. nmethyl ethyl ketone
and toluene), 30 autorefrigerative golvents such as |liquefied, normally
gaseous C2-C4 hydrocarbons such as propane, propylene, butane, butylene and
m xtures theeegdscrib¥d WreSubtid@ithghse afihyhnkataneranssdiolgyene or net hyl

et hyl ketope.and _nethyl_ isagb | ke e are generally preferred. Exanples
35 of thes@é%“"ot%%%ﬁﬁ't gBr gllés/ro e@e%%‘q‘cfémé%wg%ﬁﬁgiécé%{’%esl 2004/ 053029
PCT/ EP2003(Lb8p966 7-- 12 are described in Lubricant Base G| and Wax

Processing, AviddrigcSeayeitay o). i VBSOS ekker nkbfs ofNew York, 1994,
Chapter 7. Altern,atlvel%/[,1 steg (b) is performed by neans of a 5 catalytic
dewaki ng protaketicshetrsingr BERSRSS: s SPribfPe PFREFSSWHENPF B eERENDl e | ower pour

poi nts arewtesifeadekhmglebebr wair peirachizey efkssirel sKdv amticAewaxi ng. Pour
poi nts of el L. hekou 30, oan e caslds achisyed, The gatal ytic devaxing
process can be pertornmed by any process Wherein 18- TH T e presence of a
cat al yst am@lhyRileyen3? h€ paurbpGaatly gichipeebadbeoratahvddgr sor fraction is
reduced as defpelid bedcadiovan SuligealphndleWexhng prakabysiner@ig heterogeneous
catlzq ysts co rqi sirn acem?jlfec_ula r lsi evaendar}lld Qgténongl lh%"i n _con ination with a
metal  havi A§ B*ISRYEI CHEFati Sh-FIRETBh Ve SPERROE B3PV 11 netal s.
of the base o0il precursor fraction is reduced as
specified above. Suitable dewaxing catalysts are
heterogeneous catalysts comprising a molecular sieve and
optionally in combination with a metal having a
15 hydrogenation function, such as the Group VIII metals.
Molecular sieves, and more suitably intermediate pore
size zeolites, have shown a good catalytic ability to
reduce the pour point of the base ¢il precursor fraction
under catalytic dewaxing conditions. Preferably the
20 intermediate pore size zeolites have a pore diameter of
- between 0.35 and 0.8 nm. Suitable intermediate pore size
zeolites are 2ZSM-5, ZSM-12, ZSM-22, ZISM-23, S5SZ-32,
ZSM-35 and ZSM-48. Another preferred group of molecular
sieves are the silica-aluminaphosphate (SAPC) materials
25 of which SAPO-11 is most preferred as for example
described in US-A-4859%311. ZSM~5 may optionally be used
in its HZSM-5 form in the absence of any Group VIII
metal. The other molecular sieves are preferably used in
combination with an.added Group VIII metal. Suitable
30 Group VIII metals are nickel, cobalt, platinum and
palladium. Examples of possible combinations are
Ni/Z8SM-5, Pt/ZSM-23, Pd/ZSM-23, Pt/ZSM-48 and Pt/SAPO-11.
Further details and examples of suitable molecular

sieves and dewaxing conditions are for example



Mol ecul ar sieves, and nore suitably internedi ate pore size zeolites, have
shown a good catalytic ability to reduce the pour point of the base oi

precur sor g under catal ytic dewaxing conditions. P | he 20
i nt er medi a‘%éazg%{deggoszf’ze zeolites have a pore dianeter of Plg‘rer m@é@%ﬁég and

0.8 nm Suitable internmediate pore size zeolites are ZSM5, ZSM 12, ZSM 22,
ZSM 23, SSZ-32, ZSM 35 and ZSM 48. Anot her preferred group of nol ecul ar
sieves are the silica-al um naphosphate (SAPO) materials 25 of which SAPO 11
is nost preferred as for exanple described in US-A-4859311. ZSM5 nmay
optionally be used inits HZSM5 formin the absence of any Goup VIII
nmetal . The ot her nol ecul ar sieves are preferably used in conbination with
an added Group VIII netal. SuitabTf e 30 Goup VIIl nmetals are nickel, cobalt,

platinumand_pal |l adium E | es of possible conbinations are N /ZSM5,
bt 1 25 23, Cpar o sn A7 A an S PATARARYY 41 05 AUt Tdet ai | 5 and
exanpl es oknduit-abké&7ei3ecul ar sieves and dewaxi ng conditions are for

exampl e WD 20Oﬂ{eoﬁégg’%r@%ég‘?ﬁ%qaléggg%g%&%&SCPH‘ gj?gésl %ed in WO A-9718278,

US- A- 5053373, US- A-5252 a . dewaxi ng catal yst suitably
al so conprPéBden THRNRFEIEASITREN Bicndefyedsthe @r psvhetix or naturally 5

OCCWB I'i N ©ELBOF GaRI ¢)nstiant BNCaibskahc@XIBR! ExHipak, cﬁqhi Ga1iéqnd/ or metal
oxi des. Natur}al occu rin% clalys are for example of the nontnorillonite and
f Sagr Natuadse

kaolin fanifred "hé" Bt FUSPST BT ABFY R PEYSu T Dittder material, for
exanpl e a eafmplst ofythxirge todridtiooht examipkesl ar damilied .ufhna,

Silica-al UhAder il be@rdABNGSE ordhb! Guez! hEQYIE, SE ca-Lhori a,
silica-beryllia, silica-titania as wel| as ternary conpositions for exanple
silica- al GEPRRLS Ror PEE2SSPFY ct i deuRt nalishr 8¥#TREeSsRY$ Ta- al umi na- nmgnesi a
andisi | i caziragiresi aizicceiuaindbrsel peefmegabbya,asilica- |

zirconia, silica~theoria, silica-beryllia, silica-titania
as well as ternary compositions for example silica-
alumina-thoria, silica-alumina-zirconia, silica-alumina-
magnesia and silica-magnesia-zirconia. More preferably a
15 low acidity refractory oxide binder material which is
essentially free of alumina is used. Examples of these
binder materials are silica, zirconiz, titanium dioxide,
germanium dioxide, boria and mixtures of twoc or more of
these of which examples are listed above. The most
20 preferred binder is silica.
A preferred class of dewaxing catalysts comprise
intermediate zeolite crystallites as described above and
a low acidity refractory oxide binder material which is
essentially free of alumina as described above, wherein
25 the surface of the aluminosilicate zeolite crystallites
has been modified by subjecting the aluminosilicate
zeolite crystallites to a surface dealuminaticn
treatment. These catalysts may be advantageously used
because they allow small amounts of sulphur and nitrogen
30 in the feed. A preferréd de¥Tumination treatment is by
contacting an extrudate of the binder and the zeclite
with an agueous scolution of a fluorosilicate salt as
described in for example US-A-5157191 or WQO-A~0029511.
Examples of suitable dewaxing catalysts as described

35 above are silica bound and dealuminated Pt/ZSM-5, silica



15 low acidity refractory oxide binder material which is essentially free
of alumna is used. Exanples of these binder materials are silica,

zi rconi a, wot2ee0s88201 oxi de, germani um di oxi de, boria anddf/pEriBEBRs t Wo or
nore of these of which exanples are |isted above. The nost 20 preferred
binder is silica. A preferred class of dewaxing catal ysts conprise
internmediate zeolite crystallites as described above and a low acidity
refractory oxide binder nmaterial which is essentially free of alum na as
descri bed above, wherein 25 the surface of the alumnosilicate zeolite
crystallites has been nodified by subjecting the alum nosilicate zeolite

crystallites to a surface deal un‘i_nqtqi(_)n treatnent. These catal ysts may be
advant ageously used because they al'l ow small anounts of sul phur and

nitrogen 30_i he fe . refterred deal um nation treatnent is by
cont act i ngg%%%e%{’?u%eaate%méﬁh?%{P%(% erzqanﬁlﬁcea P88 389 with an aqueous
sol ution ofealuyipatediityédlielsalbilber bdesdrirsedes hufigratedanpl e US- A- 5157191

or WO A- 0029pbikk-22 PXxamBbese@fmpidi t8dd G pdeWaxiwtdaCed Asst shn@s descri bed 35
above are ?%_Ii_(ég H)%mo% and deal um nated Pt/ ZSM 5, silica WO 2004/053029
pCT/ EP2003} 0509681 71 Sfa¥ " bFuddeahtt ddal ATt 39PET7aN Basedi | i ca bound and
dealbum nat egt RysZSM AL even Ino® boefel @ddbeealssnbhatied r Ri4XSM 22, as for
exanpl e deggLd hed %fbl\él.)‘ A- 0029511 and EP-B-832171 of which the ZSM 23,

ZSM 22 and ZSM 12 based 5 catal ysts are even nore preferred because of their
hi gh base oi ICajpbY®Lic dararing €onéWEbanaga tdAdiovnoHs treakhiown in the art

and typi cabhy typvebVves Qpeshid RPetIMAY AbME@&Saturel heh taBgeangf from 200 to

P00, 1o kptgl 308" 00400, G 1, g oy gpuces 1 b, range of
genéral | y hydfagepeprdssureheldhaxisnges bépfrarhd Opresiilr ar.

Although lower pressures between 40 to 70 bar are

generally preferred for the dewaxing step, the pressure

can suitably be in the same range as step (a) when

steps (a) and (b) are operated as an integrated process.

15 Thus when step (a) is performed at a pressure above
70 bar, the dewaxing step will suitably also be performed
at a pressure above 70 bar. The weight hourly space
velocities (WHSV) is suitably in the range of from 0.1 to
10 kg of oil per litre of catalyst per hour (kg/l/hr),

20 and 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 tec 2,000 litres of hydrogen per litre
of cil.

The effluent of step (b) has been found to contain

25 very low contents of (poly) aromatic compounds. This is
advantageous because an additional hydrofinishing step
may thus be omitted. |

The invention will be illustrated with the following
non-limiting examples.

30 Example 1

A nickel/tungsten on silica/alumina catalyst, LH-21
catalyst as obtained from Criterion Catalyst Company
{Houston} was loaded into a reactor and retained as a

fixed bed. The LH-Z1 catalyst had a hydrodesulphurisation



‘can suitably be in the sane range as step (a) when steps (a) and (b) are
operated as an integrated process. 15 Thus when step (a) is perforned at a
_pressure the dewaxing step will suitably aI nmed at
a pressure abg%%g%%gbar The wei ght hourly space Ve|OCItIGQB?%é@b&%E
suitably in the range of fromO0.1 to 10 kg of oil per litre of catalyst per
hour (kg/l/hr), 20 and preferably fromO0.2 to 5 kg/l/hr, nore preferably
fromO0.5 to 3 kg/lI/hr and hydrogen to oil ratios in the range of from 100
to 2,000 litres of hydrogen per litre of oil. The effluent of step (b) has

been found to contain 25 very |low contents of (poly) aronmatic conpounds.
.This is advantageous because an additional hydrofinishing step may thus be

omtted. The invention mﬁll be ilT rated with the following non-limting
exanpl es. 30 Exal %2 keI/tun fé n.on S|I|ca/alun1na catal yst, LH 21
catal yst a&<o alne o) |TQ§5185 Ry st CWpaAY Houst on) was | oaded

into a reabemar@n@trﬁ%mm@dsas‘rauef pkagktiveen PPeahdtt b datal yst had a

hydr odesul phurisati on WO 2004/ 053029 PCT/ EP2003/ 050966 - 15 activity of
32% The carrier. of this catalyst had a heptane cracking test val ue of

bet ween 3262%Hd4 1345 C. Table 1 Blend of de- asphalted oil Boiling curve (Q
and heavy | dilstd [dfatie-dphalvwed)oi. 9] BaiTinyl cbHId 1{g) poi nt 385 S (W% 2.75

10 m¢9§b0|E Qgegglng é@ﬁiagg(ppnmb 975 50 wt % boiling point 15 Kinematic

Vi scosity |nq 14 at 100 C (cSt) Mono ayfomatics 60
Fi nal boi I Fay ﬁﬁﬁﬁt 707 9 9 Initial beiling point | 385
S5 (wt%) 2.75 10 wt? boiling point 465
: N (ppmw) 975 50 wt% boiling point 515
Kinematic viscosity| 25 90 wt% boiling point 614
at 100 °C (cst)
Mone aromatics 60 Final beoiling point 707
{mmol-100g)
Poly aromatics 66
(mmol-100g)
Density at 70 °C 902

A blend of a de-asphalted oil and a heavy distillate
0il which has the properties as listed in Table 1 was fed
5 to the reactor at a weight hourly space velocity of
1 kg/1/h. Hydrogen was fed to the reactor at an inlet
pressure of 160 bar and at a flowrate of 1000 N1/h. The
reagtion temperature (IABT) was varied between 380 and
430 °cC.
10 The hydrocarbon product was distilled to remove that
fraction of the product having a boiling peint below
370 °C and further refined by solvent dewaxing at a
temperature of -20 °C to yield a base oil.
The viscosity index of the resulting base oil samples
15 as obtained at the different reactor temperatures were
measured and presented in Figure 1. '
The fraction of gaseous hydrocarbons having 1 to
6 carbon atoms in the effluent of step (a) was measured
and presented in Figure 2 as a function of the viscosity

20 index of the resulting base oil.



(rmmol -100g) Poly aromatics 66 (mmol-1009) Density at 70 C 902 A blend of a
de-asphalted oil and a heavy distillate oil which has the properties as

| isted i nwi@bdogodzop@s fed 5 to the reactor at a wei ght bewErre3R&®8s
velocity of 1 kg/l/h. Hydrogen was fed to the reactor at an inlet pressure
of 160 bar and at a flowate of 1000 N1/h. The reaction tenperature (| ABT)
was varied between 380 and 430 C. 10 The hydrocarbon product was distilled
to renmove that fraction of the product having a boiling point below 370 C
and further refined by solvent dewaxing at a tenperature of -20 Cto yield
a base oil. The viscosity index of the resulting base oil sanples 15 as
obtained at the different reactor- tenperatures were neasured and presented
in Figure 1. The fraction of gaseous hydrocarbons having 1 to 6 carbon atons

in the effl UEITheOﬂ‘JoQ,t-%ﬁoxﬁ\@t)lc\ABSmﬁﬁﬁﬁiér eHavianRdmpresgiiedwbn Figure 2 as a
function of. the viscosit

e resul t| base oil. WO
2004/ 053029 P /Eﬁidﬁ?ﬁﬁgﬁ% t{f%eba]she Olg |p5ﬁ’§? céﬂ‘pounds (havi ng nore
than two Figwge) 3Ivas anéasm@@ PA tfh?eVbasesmyl 1add><present ed in Figure 3 as

a function of T‘nb.ey:\!élﬁﬁ%'}%a\’se' BdeXas ThEs¥t&l dnt enbaRROLE as nmeasured on.the
feed of 5 Table_ 1 as a function of the viscosity index was neasured and

present ed T3PYE Juie 4 IUPhREt 8l the JRSEQRSH dnter ¥aS §ereered 4 are present ed
as an X (xgnd prasphtee? ih0Figuarphe 1 was repeated except that the upstream

hal f = of the LH:.2].gatal ¥ste,dnghves Leplanad BY,a soumegialy

as an X (x).
Example 2

10 Example 1 was repeated except that the upstream half
of the LH-21 catalyst bed was replaced by a commercial
nickel/molybdenum HDS catalyst. The results are presented
in Figures 1-4 as an non-filed circle (o).

Comparative Experiment A

15 Example 1 was repeated with a commercial fluorided
C-454 catalyst as obtained from the Criterion Catalyst
Company. The results are presented in Figures 1-4 as
black boxes (B).

Figures 1-3 show that the process according to the

20 present invention znd illustrated by Examples 1 and 2 can
be operated at a lower temperature to achieve the same
viscosity index base o0il as compared to when the
fluorided catalyst was used. The yield to base oils is
better with the invented process as shown in Figure 4.

25 The activity gain as illustrated of about 10 °C is
significant (Figure 1}. Such an improvement in such a
process is equivalent to doubling the space velocity,
i.e. reducing the catalyst load by a factor two.
Furthermore less gaseous by-products are formed in

30 step {a) and the content of di-aromatic compounds in the
final base o0il is less as compared to when the fluorided
C-454 catalyst 1is used.

Example 3
A nickel/tungsten on silica/alumina catalyst, LH-21

35 catalyst as cbtained from Criterion Catalyst Company



ni ckel /nol ybdenum HDS catal yst. The results are presented in Figures 1-4
as an non-filed circle (0), Conparative Experinent A 15 Exanple 1 was

repeat ed w rcial fluorided C-454 catalyst as qbtained fromthe
"Criteri on%pg%'%?mgonpany. The results are presented iﬁcﬁf’ﬂ’ﬁp‘géosﬂ%ﬁ as

bl ack boxes (f). Figures 1-3 show that the process according to the 20
present invention and illustrated by Exanples 1 and 2 can be operated at a
| ower tenperature to achieve the sane viscosity index base oil as conpared
to when the fluorided catalyst was used. The yield to base oils is better
with the invented process as shown in Figure 4. 25 The activity gain as
illustrated of about 10 Cis significant (Figure 1). Such an inprovenent in
such a process is equivalent to dodbri ng the space velocity, i.e. reducing
the catal yst |oad by a factor two, Furthernore |ess gaseous by-products are
formed in 3B°%TER (47 PRI ot effatofitdr e swaprEseb@pstihds in the final
base oil i 9akessicagacedpar edetarstien) tdre vhlyoridadse 45454 catal yst is used.
Exanpl e 3 A_njckel/t . ilica/alum na catalyst, LH 21 35 catalyst
as obt aj neéeﬂlbén(% é/r'i A té“ﬁgtg?eéis ﬁ%%a&%pé“ﬁﬁ {55803 55020 PCT/ EP2003/ 050066
- 17 (Housesmyomasdnbetdined suehfiked bed.al so conprised 2 w% (as

cal cyl ated on gha reahri8ls) cafaMatypeth thid ShadlR1uAE0 ¢ Ley¥s This nodified
catal yst was_ | oaded inio a reactor and retalined as a fixed bed. 5 Upstream
this catal yatabedt BB~ 4Hife 20otRdnef HomDEhe (hidryden B%e3Y90 as obt ai ned

fromthe Clrhprnyonvw&atmlamstd. Conpany, was placed. Table 2 Sul phur content
wt % 3. 08

{ Table 2
Sulphur content wts 3.08
Nitrogen content Mg/kg 1135
Density at 70 °C 0,9019
Wax content wt® 8

Kinematic viscosity

at 100 °C cSt 17,4
Mono aromatics mmol/100g| 47
Poly aromatics " 48
IBP ' °C 397
{ 30 %m " © 1480
50 %m " 498
30 &m " 541
Final boiling point|" 593

An Arabian medium distillate having the properties as

listed in Table 2 was fed to the reactor at a weight

1c¢ hourly space velocity of 1 kg/l/h (as defined over the
whole reactor). Hydrogen was fed toc the reactor at an
inlet pressure of 160 bar and at a flowrate of 1700 N1/h.
The reaction temperature (IABT) was varied between 370
and 410 °C.

15 The hydrocarbon product was distilled to remove

that fraction of the product having a boiling point



Ni trogen content My/kg 1135 Density at 70 C 0,9019 Wax content wt % 8
Kinematic viscosity at 100 C cst 17,4 Mno aromatics nmmol /1 OO0y 47 Poly

aromaticg, 4 397 30 %n 480 50 %n 498 90 %m 54%crhipssob@shi NY
poi nt " ?5%§%ﬁ}“%;)§ ian nediumdistillate having the pr operzi:' es as {Si sted in

Table 2 was fed to the reactor at a weight 10 hourly space velocity of 1
kg/l/h (as defined over the whole reactor). Hydrogen was fed to the reactor
at an inlet pressure of 160 bar and at a flowate of 1700 NI/ h. The
reaction tenperature (1ABT) was varied between 370 and 410 C. 15 The

hydr ocar bon product was distilled to renmove that fraction of the product
havi ng a boiling point WO 2004/ 053029 PCT/ EP2003/ 050966 - 18 below 390 C
and further refined by sol vent d‘em}eﬁd'ng at a tenperature of -20 Cto yield

a base oil._ The visgcosity index of the resulting base oil sanples as
obt ai ned SE1Phe i f FetBhifurehet selfivpddvasar eantwdeeasingeasured and present ed
i n Fi gur e tbmpdieueens£nt2cof’ cnong-iantanatbage 6ol /100 g) in the base oil was

essured and SESTISAID BN dne TR LATLLE Smpgencs (1A no e
Exanpl e 4°2Ex@hgiiees ahdheegbbfa@nexcemttorhaemparatnoes msdief i ed
5 measured and presented in Figure 5.
The content of monoc-aromatics {mmol/100 g} in the
base ©vil was measured and presented in Figure 6.
The poly-aromatic compounds (having two and more
rings} was measured in the base 0il and presented in
10 Figure 7.
Example 4
Example 3 was repeated except that the non-modified
LH-21 catalyst was used in the downstream catalyst bed.
The viscosity index of the resulting base oil samples as
15 obtained at the different reactor temperatures were
measured and presented in Figure 5.
The content of mono-aromatics (mmol/100 g) in the
base o0il was measured and presented in Figure 6,
The poly-aromatic compounds (having two and more
20 rings) was measured in the base o0il and presented in
Figure 7.
Example 5
A waxy distillate was contacted with a catalyst as in
Example 1 to obtain an intermediate product having the
25 properties as listed in Table 3 as feed. This feed was
catalytically dewaxed by contacting the feed at different
conditions as listed in Table 3 with a catalyst
consisting of 30 wt% of surface dealuminated ZSM-12 on a
silica carrier loaded with 0.7% Pt. This catalyst was
30 prepared according to the method described in the
Examples of 05-2-6576120.



LH 21 catal yst was used in the downstream catal yst bed. The viscosity index
of the resulting base oil sanples as 15 obtained at the different reactor

t enper at uwgsmmagrozgneasured and presented in Figure 5. Pea/ron:aatosef
nono-aromatics (mml /100 g) in the base oil was measured and presented in
Figure 6. The poly-aromatic conmpounds (having two and nore 20 rings) was
nmeasured in the base oil and presented in Figure 7. Exanple 5 A waxy
distillate was contacted with a catalyst as in Exanple 1 to obtain an

I ntermedi ate product having the 25 properties as listed in Table 3 as feed.
This feed was catalytically dewaxed by contacting the feed at different
conditions as listed in Table 3 w Sp_a catal yst consisting of 30 w % of
surface deal um nated ZSM 12 on a Silica carrier |loaded with 0.7%Pt. This
catal yst wag,30;prepared according to the nethod described in the Exanples

of US- A-65 - WD 2004/ 053029 PCT/ EP2003/ 050966 19 Table 3 feed Exanple
nunber Sa $bSc qaerdtl ng CTOMUTtTON$ fo64 gSSur¢—bars—66,66 66 Tenperature C
310 315 30§i LSV 1 Q{87210 901 0 879 vdrogen fllow N / 1 524 508
520 Prope XF’&%ieo‘i’“‘?ﬁ)e§t| |led oil  refractijve® PRdext@0C|1, 4490 O | content
at Operating

conditions

Pressure bars : 66 | 66 66

Temperature °C 310 | 315 | 305

WSV 1/ 1.1 0,872{0,901)0,879

{

Hydrogen flow Nl /1 524 | 508 { 520

Properties of
distilled oil

refractive

index@70°C 1,4490

©0il content at

{wt%) -27°C| 83,4

Nitrogen content mg/ kg

Sulphur content mg/kgl 5

Kinematic viscosity

at 100 °C cStl 4,451

Initial boiling

point °Cl 334 345 | 356 | 356

Final boiling point °Cl 511 514 515 507
f Density@70 °C 815,6|817,6(814,6

pour point °C -23 | =34} ~15

Kinematic viscosity

at 40 °C mm? /s 24,43128,84[23,95

Kinematic viscosity

lat 100 °C mm? /s 4,646)5,112)4,632

VI 106 | 105 | 109

Dewaxing Yield Wt% 84,3180,7{87,4
Example 6 .

Example 5 was repeated except in that for the
dewaxing catalyst the Z3M-5 was substituted for ZSM-12.
For achieving a base 0il having a pour point of ~15°C a
base oil yield was observed of 78.5 wt%. The viscosity

5 index of this base oil was 104.




(W\t% -27C 83,4 N trogen content ng/kg 2 Sul phur content ng/kg 5
Kinematic viscosity at 100 C cSt 4,451 |Initial boiling point C 334 345 356
356 Final boiling point C 511 514 515 507 Density@O C 815,61817, 6 814,6
Dour point C-23 -34 -15 Kinematic wgscosity at 40 C mR/s 24,43 28, 84
23,95 Kinematic viscosity at 100 C m®2/s 4,646 5,112 4,632 | 106 105 109
Dewaxing Yield W% 84,3 80,7 87,4 Exanple 6 . Exanple 5 was repeated except
in that for the dewaxing catalyst the ZSM5 was substituted for ZSM 12.

For achieving a base oil having a &mgpint of -15C a base oil yield was
observed of 78.5 wt % The viscositgﬁgLrﬁdex of this base oil was 104. - 20 -
CLAIMS 1. Process to prepare a base oil having a viscosity index of between
80 and 140 starting froma distillate or a de-asphalted oil by (a)
contacting the feedstock in the presence of hydrogen 5 with a sul phided
hydr odesul phuri sati on catal yst conprising nickel and tungsten on an acid

amor phous  si41 capaliuaisna roAiirepa-aNd bRbePELORAVEgaPuEaRELRY I educi ng
step on the effluent of step (a) to obtain the base”oil, wherein the 10
hydr odesul phuihdexi ofi batweent 80 santt ddhestartingprivessa disticilatsd ckel and

tungsten mergaigglgggﬁéfgegnoiﬂebgcid

(a) contacting the feedstock in the presence of hydrogen

S with a sulphided hydrodesulphurisation catalyst
comprising nickel and tungsten on an acid amorphous
silica~alumina carrier and
(b} performing a pour point reducing step on the effluent
of step (a) to obtain the base 0il, wherein the

10 hydrodesulphurisation catalyst is obtained in a process
wherein nickel and tungsten were impregnated on the acid
amorphous silica-alumina carrier in the presence of a
chelating agent. | )
2. Process according to claim 1, wherein the sulphided

15 hydrodesulphurisation catalyst has a
hydrodesulphurisation activity of highexr than 30%,
wherein the hydrodesulphurisation activity is expressed

as the yield in weight percentage of C4-hydrocarbon

cracking products when thiophene is contacted with the
20 catalyst under standard hydrodesulphurisation conditiong,
wherein the standard conditions consist of contacting 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 ml/min and the thiophene concentration is € wvol% in
25 the mixture.
3. Process according to claim 2, wherein the
hydrodesulphurisation activity of the catalyst is lower
than 40%.




anor phous silica-alumna carrier in the presence of a chelating agent. 2.
Process according to claim1, wherein the sul phided 15

hydr odesul phuri sati on catal yst has a hydrodesul phurisation activity of

hi gher than 30% wherein the hydraodesulphurisation activity is expressed

as the yield in weight percentage of C4-hydrocarbon cracking products when
t hi ophene is contacted with the 20 catal yst under standard :

hydr odesul phuri sati on conditions, ,wherein the _standard_ cqQnditions consi st
of contactingd a %H§5Fﬁ§eﬁﬁﬂ%qgﬂﬁ§n§°nP?¥uP8ewPfhC Gémﬁglﬁ +a"86r86 mesh
catal yst at e andndQ1emiMe @intehite oy dhRIARdrake sullphd4 itaiclon and the
t hi ophene concentration is 6 vol%in 25 the mxture. 3. Process according

to claim2, wWeradiysh He befaesdedd gndr i69amitdn agccialcrylaged: va cdeal yst is
| ower than 40%._.-.21, 4. Process according to any one of clainms 1-3,
wherein \Aherceqlqrflteré aéod}%'na content of the hydrodesul phurisation catalyst

i s besween 1% andraedoaaotality dlbedngn ohie ofCankiing akgnewhereinProcess
according to any one of clains 1-4, wherein the silica-alumna carrier has
an n- hept ane d¥ackiHFawslumipg (2131 efe hfde 713 1T NERG AB60 CCa S teSthe
cracking tes} i ' dTBEIURIANG JShE i MR whi ch 40
wt % of n- hept aan]}é'?él ;@fcg]evﬁﬁegidrﬁ?e%%cont actecg, 10 l?nder set ta‘:lr#r(ilg:rkg'tntgest

condi tions, viedr walateliss tobtaomsids biyhqeafsugdingy ddwer itempeird tre &%

pl ati num 6. ‘f’

[ 0GESSy 4RO ing,to.claimb5, wherein t&% silica-_alum na

carrier has anmhq quq ane cc’?fag%hr?d’ttaélset J‘\?alcﬁéwf?frecel?etw é’ncff%%ﬁ'f&d:'ﬁo C 15
7. Pnocess acgedeh ngrdrdany wia eorelidiiths]- Gitkher eataliise cat al yst
conpri ses between 2-10 w % ni ckel and between 5-30 wt % tungsten.

consisting of said carrier and 0,4 wt% platinum.

6. Process according to claim 5, wherein the silica~

alumina carrier has an n-heptane cracking test value of

between 320 and 350 °C.

15 7. Process according to any one of claims 1-6, wherein
the catalyst comprises between 2-10 wt$ nickel and
between 5~30 wt% tungsten.

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

the surface area of the hydrodesulphurisation catalyst is

20 between 200 and 300 m2/g.
9. Process according to any one of claims 1-8, wherein
the total pore volume of the hydrodesulphurisation
catalyst is above 0.4 ml/qg. '
10. Process according to any one of claims 1-2, wherein
25 between 5 and 40 volume percent of the total pore volume
of the hydrodesulphurisation catalyst is present as pores
having a pore diametexr of more than 350 A.
11. Process according to any one of claims 1-10, wherein
the feedstock in step (a) contains more than 700 ppm
30 sulphur. .
12. Process according to any one of claims 1-11, wherein
the feed to step (a) is first subjected to a

hydrodesulphurisation step prior using the feed in




B. Process according to any one of clains 1-7, wherein the surface area of
t he hydrodesul phurisation catalyst is 20 between 200 and 300 n2/g. 9.
Process according to any one of clainms 1-8, wherein the total pore volune
of the hydrodesul phurisation catalyst is above 0.4 m/g. 10. Process
according to any one of clains 1-9, erein 25 between 5 and 40 vol une
percent of the total pore volune of the hydrodesul phurisation catalyst is
present as pores having a pore dianeter of re than 350 A 11. Process

according to SHRP cifd ohen BLAParing abess 1l Revieddd JRCPALEVep (a)

contains norg Qggg@e§0t§ghqu@ 12. Process according to any one of
claims 1-11, ereln féeed to step (a) is first subjected to a
hydrodesulphuﬁ!sémqmesﬂ(ﬂmqmnddmgusmngnwh@nhe@d mﬂalmSZl—iﬂepwba)ewhen
preparing a hase 0il_-havin VISCO it i_ndex reat r tha 20 13
Process acco%glen FAG R &fepc (33t P ,s'?\ﬁng’leé_'l r?e“t e CQP§| Bh step
(a) cenprisespel mrkdhl;hxamie&a/m% 5 of a nol ecul ar sieve. 14. Pr ocess
according to claim13, mhereln the nolecular sieve is zeolite Y,

ul trastabl e Zdbl IREOOESACPXIing 5o cdadat 4 3or WRETER tBenBPdEEHART S eve.
15. Process agGRfdliy ’? zté?:lal% gne Lﬂftrcalsadar%.el Zeb] (WMeRel Baml9ostep (D) is
performed by means of sol vent dewaxing. 1 Process according’to any one of
clainms 1-15, zdveridien betzepr( o ndemidrd emaledulyamedmsreaf cat al yti ¢ dewaxi ng.
15. Process according to any one of claims 1-14, wherein
10 step (b) is performed by means of sclvent dewaxing.
16. Process according to any one of claims 1-15, wherein

step (b) is performed by means of catalytic dewaxing.






