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WD 2004/ 053029 PCT/ EP2003/ 050966 - 1 PROCESS TO
PREPARE A BASE O L HAVING A VI SCOSI TY | NDEX OF
WEREMBEN280 AND 140 The invention is directed POI/AP2003/050966
process to prepare a base oil having a viscosity
i ndex of between 80 and 140 5 starting froma vacuum
distillate feed or de-asphalted oil feed by contacting
the feedstock in the presence of hydrogen with a
catal yst conprising a Goup VIB netal and a non-noble
Goup VII'l nmetal on an anorphous carrier followed by
a dewaxi ng step. 10 Sugh-a process is well known and
for exanple described in Lubricant Base G| and Wax
Processing, Avilino Sequeira, Jr, Marcel Dekker Inc.,
PRRUESOITR, PREFPRE A Ciispt €L GIAVENGes VIBtod Bl IADEXrak ng

to this publicatigppyeN Gehrd Ungsten on alum na are
the nost widely used 15 catalyst for this

hydr ocracki ng process. This publication also nentions
t hathes anmeentgfonnes slivsetéd wor hnprddag'sectd) @tephPe enhance

ﬁé‘é al MStha@ftd ui wsco@%tg £483620 s %%Ehbeeqs B 140

Yy rocracklng rocess prep are ase
SERE A4S 38D aﬁg%%%§talkaaﬁearf9%4 °r299t‘%ﬁﬁ51|a|1§?‘i‘1g
obl ckeld apdcdritagsien tas hyslistgerain @ReCprgeneat sf

ot AARIoN r ir ac' dit
HJUROREL 8901 S0, FLIUE D SAEo TG SRS, gl 1Y
af ReRTIoRée FrPUpoMhEl ARl opeat Prtm@hphé ¢4nFdLE ne

£60NdvddNbip0a 2ewariny )é&taphas pr oven to be an excell ent
catsalc\ﬁst fog tsrsn S RAQCES née Orys ogm cat al yst

acti Vi ty R BasE & seCT ta . “Di§advant ages
dhpmeiaed ar ebubtitacante 8ege €3l lhave Wapo Byecessien to avoi d

abluotd @%q@@ﬁ&m g, iMitreel rlﬁakk%BVir(@nWﬁQJa thrlﬂ;at 19&ASUr es

3Q th t of
Ry ot M 1P ok Tne T HES b QRaee AB-200R0 053020

nPCH¢ ER200St 950966 uning atd the mestobjidely afsetthe present
c59¥f¥§ﬂ @Brtfhﬂgrﬁyéfy%rgcking 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
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
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 avoid fluorine escaping into the
environment, that measures have to be taken to avoid
corrosion and the cost of having to add fluorine to the

process.
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non-fl uori ded catal yst, which has the sane or even
i nproved activity, and/or selectivity to base oils as

wo b@4/053oeor i ded catal ysts. 5 The above ai mis PChER2881050966

with the foll owi ng 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 w th a sul phided hydrodesul phuri sation

catal yst 10 conprising nickel and tungsten on an acid
anor phous silica-alumna carrier and (b) performng a
pour point reducing step2zon the effluent of step (a)
to obtain the base oil. Applicants have found that by
usilig ia an clglelt ungshenpresneontwainniiag tatpaby sde havi ng

nénlahatkyel x;ateggpst hmwﬁ%%g' phyrd 'afngt Lon, (HDS)

activity and an acid hous™ siTi1ca-alumina carrier
PP StESp 2 E ) V ik Y adrd/5il Sek%mlﬁetspr@paﬁee 4id saahigte
fyuetidedFustdigsaere the cat al yt| c activity of the

cat st r than a state of
t heT%sz\%/t§ B?ﬁ%?lmldgsd anc?lgﬁegg twdﬁh f%tf?? AP ProR Frext

PEORASTt A0ePTP2ERat Rase @bhtséﬁtft?eﬁg fepol 3 )kstrbta e
ocoaprRUAEShdltetiheibase oil is |ower when using the

0 cco |n to,the .inyention as caonpared to
m,[]ec%%§§??l Ec nldgle%fkt unég? & Cat et VATORSY 25
vkt e Sébﬂ@é%eﬁlbhéd{ﬂd@eeésh@eﬁdtmmr¢sta]1%et distillate

c&r@;ﬁdstlﬁgsﬂiﬁﬂceﬁaand &ueggﬁe%}blox &n Jcrlacgrh&fbhla%l ing in
ﬁca 043 e oil boilin ange The base oil boiling

range ¢ SAFEH v dbove 350 and more  typically
Uebcmefsmr@ aFpoum dJIOSDtHE@lUGiTﬁQE@dS?Pi ¢n ithe30£ pnssitbhl e

of OstRpePAS - Paseat ltnBr pLctg1 havi ng a ki nenati ¢
Vi s}\%g)z%tgl at 100 C of above 2 cSt and typically
t

Sahavq 5FCaE. MBiic RY diSiNg Pab k- HeddHungiten
cpricfioiapl gatadpsai ednbya diedbiitedty angwwf a suitably

n{anefeali Ghudea: PST 1 r%eﬁrec;tguw A4 g mospheri ¢

pressure condi t]ons resi‘due t hus obtained is
ABUIROQY G ePtiiFar st HeR apStier & aNeP2004 /03929011
cRCHeEP2603/«@50066 high3yield. Furthermore the

catalytic activity of the catalyst used in step (a) is
higher than a state of the art fluorided nickel-tungsten
catalyst. A next advantage is that the content of
(poly)aromatic compounds in the base 0il is lower when
using the process according to the invention as compared
to when a fluorided nickel-tungsten catalyst is used
under comparable process conditions.

The distillate feed to step (a) is suitably a
fraction boiling in the base 0il boiling range. The base
o0il beiling range boils suitably above 350 and more
typically above 370 °C. From distillate feeds it is
possible to prepare base oil products having a kinematic
viscosity at 100 °C of above 2 cSt 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

residue thus obtained is subsequently further distilled
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at vacuum pressure conditions in to one or nore
distillate fractions and a so-call ed vacuum r esi due.

wabe@gesmesti |l ate fractions can be used as feeBCT/BPBOEH50966

(a). The vacuumresidue or the residue as obtained 5
in the above described atnospheric distillation of a
crude petrol eum source 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

vi scous 10 base oils arezprepared having a kinematic
viscosity at 100 C of between 25 to 35 cSt. The wax
atordcanh pfesshee f@editosd eua 6d)oneaSrfmﬁ%U" ed by

A dﬁ;/g@ K/Tol uene, of the feed
d%l! \inge %EF{QS %Hejdtg %Or?ﬁtl‘% ghd nore 15
T’P‘iﬁpﬁ @éFFyllﬁéFoW%lW%carhéecm@ yistf%ﬁrﬁpltgyed in step
st&) ( PUef'ﬂfeﬁlbbﬁuurg?/(}{é@ﬁﬁ%%rbehé\efé%13&4%%%%@&19&?' and
u
lEyoﬁ ogesuﬁ d%ﬁ?lrlsba %saq §Ir§7§t§ﬁf§é&|P?W°”26fs‘? ep (a)
Chegde @eﬁwlaﬂuimvé@yrqﬂ ghy Adioodesudephes i Satd on  activity.

sWig hap eéﬁiérVgleyaJHthna@f 'a\é'pBé{lﬁ %oﬂﬁB@nJ@@Qt w1
conS| dera ﬁ& her acti vi %%\h en_conpared_to st ate of

KIRE §FE TR T FHGSERMET Y rﬁﬁ’?édc%\t%ﬂ“ﬁétlée%ﬁéd on
agphaditpd ccal—lal grpmalecasphaitedPof ehabhyrd ke s2bus

bmedr @dssaweo vebSald R Vv f
1@% ¥ OB ha% 3%% and ‘r’rgﬁa p!fiea{eg{%é%lt:;‘%b %L%O%Q and
st

r%efté’reﬁﬁl%/s 58l 3w ¥¥o4 wherein the
hy dhedezulophtients atfi ohe et Vo tateps (£XPraaspedsased he

y's%ll@ew a/g%gm REr centagg, gixﬁ%lbé!r@é 0GQr ?ﬁ” ﬁf%ﬁk' ng

gro uct s when thiophene 1s cont act €d "W
at-aPy §3) lYﬁ&lérb%tté(ﬁél‘é?JdlY kedrod@sttbmnd dar¢on
tyordill y dslow The weitandard condi ti ons conS| sts of

co t,ac /1 e With 200 ng

Fb ¢ %)épa%y@ts 1%?8ﬁ dec’g' tgﬁ% gtrea‘?r Yar and 350

C@Pr\i‘dﬁéF datvene fyidr U‘gerﬁlfcéﬂsé ‘?Qﬁ batywgdmin and the 35
5t3u Gpheﬂﬁxg@;@eﬁent ration is 6 vol%in the total gas

fe%g‘lé Mp%qg qxsy?c’icl)'%ges qghgleggaotallogsggtg yst used in
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
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 Cy4-hydrocarbon cracking products when thiophene is

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

thiophene concentration is 6 vol% in the total gas feed.
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4 Catalyst particles are to be used in the test are
first crushed and sieved through a 30-80 nesh sieve.
wabe4/osmeal yst is then dried for at | east 30 nMPOER®0350966
300 C before |oading 200 ng of dried catalyst into a
glass 5 reactor. Then the catal yst is pre-suiphided by
contacting the catalyst for about 2 hours with an
H2S/ H2 m xture, wherein the H2S rate is 8.6 ml/mn
and the H2 rate is 54 m/mn. The tenperature during
the pre-sul phiding procedure is raised fromroom
tenperature, 20 C, to -1 270 C at 10 ¢ mn and hel d
for 30 minutes at 270 C before raising it to 350 C at
a reatelpst IerCinias arbutd ng psed swl phé didxyg piekel and

ideas t d the actlve t al
fgt‘f\gﬁzfrggg&)d(iqt@e?%v%g_ QQP %{}f 36 %t he S<: TeIVS\'N e

C%T%]ﬁ’r?édlﬁnﬁ‘wd%e%é%l %‘d l&@sa 31(5 iankenfat53000 Iqri n
bé fweugbad ivoy uberm&&aafﬁéh ghassystesnebsa (@qskai ning

e ur e of irst glass vessel
réi’%%‘}ht Elg?n }gg n‘g@g e 1 &fpefs aﬂﬁ‘rlgefifb)f HE%%W
thog a‘-"sasta‘c}é%"seﬁorl 3bgep heunp WchAgl tHhé/Napdxtupe essur e
wﬂgre&$k9@h%£§r§{%%§ é%ﬂ5 1H“EQ1 %Qeﬂhydrogen gas

hat 20 enters the gl ass reactor is saurated®wth 6
5S4 gt lofninhi Bphéreperfitere edtring per fpeeredi@mtidingar and at

pPocdRFBel At 8e@ff B3RO0 Som -U%ﬁpgfaaa: QUS O’%UC{‘,S; are
|

al ysed. by, an onli ne chromat ograph with a
Z?traﬁ%ati %‘ﬁi §2f“?’6r?“&ef‘%gcﬂ ofPreé%rIV“:B'Ge?nEﬁutng ®r four
béitnpes raifhnd ntordeiG0t 8C ahat ai patee EpLoduiihe val ue for
Dm%glwaosolﬁwwm%h%ekép%h@% |t e, fest, val ues as

obt ai ned ove net are correcred®stich to
CUBIFFESH O tthS t He Ry Bt trle SULPhidSss abforT @cetvity of a
swlefmmengetlmaagsymw Thesyopbes enee ngat alyshbiés 4the 30
mnr% cia C-454 catal yst as obtai nable at the date of
r?’ﬁ g ‘(])fm%mﬁf‘efrqr(’i’ﬁg Tat' FEPTERTHIAAT (Howst Be9Sedad its
corefadnéng et Hipdhemes Thphtaripeatt ore a€t tve titrks @aset %

rdin 0] apo t,est th the
vﬁ&gr gﬁclgeﬁéaﬁgrﬁ;jst b %{r?d t%% t%, 4 ta%ﬁ%ér}gfhgg sc%cond

I at%alN§EEe 835 5( k?@a@ﬁré@ \Fal Ay Hife veRpuR RSB yutalaful at e
tlalopheaesitents °c is 55 mmHg, the hydrogen gas that

enters the glass reactor is saturated with 6 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.

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
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

{"measured val”) one can easily calculate a consistent



WO 2004/ 053029 PCT/ EP2003/ 050966 - 5 actua
hydr odesul phuri sation activity according to the above
w0 ea/ogdoeh t he bel ow equati on: Actual activityPEI/EP2003/050966

"measured val " +((22-"test C454")/22)*"nmeasured val"
5 The hydrodesul phurisation activity of the

ni ckel /tungsten catal yst can be i nproved by using

chel ating agents in the inpregnation stage of the
preparation of the catalyst as for exanple descri bed
by Kishan G, Coulier L., de Beer V.H J., van Veen
J.AOR, 10 N enmantsverdgiet J. W, Journal of

Catal ysis 196, 180-189 (2000). Exanples of chel ating
aag&&ﬁSby&rgdeqﬁlphhfiﬁdﬂiaﬁGﬂdﬂiv@ﬁ&Chccording to the
aBbyiaedi ] netebdpaceli e agld (EDTA) and

1, 2- cycl ohexanedi am ne-'N, ,-tetraacetic acid.
15 Adadaf ety of ‘tiseserachivpst +6(28rbdredous silica-
cadsuriinaz) Theedsarad "amr phous” indicates a | ack of
crysta e,.. as.defined. b -ray diffraction,
i n%ekyggééﬁ%éﬁgﬁ%ﬁlesrai%é?r} aﬁlttlﬁiﬁ%r?fsﬁﬁ% short range
Ny R/ itHEI RSN chbalirsds eat . beArmp pdrous bgi Lisiaar al uni na

chélidtabheadtsush 4He 2Q pégq,ng@riwgsga@g_ Gatglyst carrier
LS avai I a?l ternatively, the

.| abl oMer Ci . _ A _
PSR4 ¢a- 8t u?fr%%enﬁilt%éfsbr%spéf’édewplﬁr ge3qiitadi g an
Kaghan fa. aPehldesi Licaehjerogel. and vaaubsaguenat Ry, dryi ng
nashreakeidd g the 1 %%Hkr‘ialln%f”@é@aﬁ'géks 168 1S wel |
n

i e art. The carrier Is anor phous 25
15;(?-&?’3%&( g?éj%‘ngxﬁ%ﬁ%sef’f %ird 25 FW60ES sA199 ca- al uni na
npreiflotabgewiontalhs eahyldmeaibni mit cAFBAKY L lichabh@ T ange
(@IfTA)f LA §, Zt-(ayz%(%&)én@@ agﬂ%e—lggj,gﬂr’lg[\lef jetre%l%lach];g om 10

to 60% by wei ght as cal cul at he carrier 4l one.
8R%rery suitable anorphous silica-al unina product for

us &hienc 36x ipe par i thg th&]g&tahyss_tmoﬁtgh&ihﬁﬁiqgggﬁgs?s 45%
D oy |5 AR R R SriCatar e
SEo1RYERG, AISARLimetk bvokatavs difbxactapea iof thhe cat al yst
cayidet estdmied, dythoaghraier ahby ahaye OR AR, Gand
béngf%sQRETQ§%Q£Mous silica-alumina suitable for use in
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
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-alumina product for use in
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

between 200 and 300 m2/g. The total pore volume is
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35 between 200 and 300 n2/g. The total pore volune is

WO 2004/ 053029 PCT/ EP2003/ 050966 6 preferably above
w@®20b40053002 The upper pore volune will be det era@n/REDOHY50966

the m ninmum surface area required. Preferably between

5 and 40 vol une percent of the total pore volune is

present as pores having a dianmeter of nore 5 than 350

A. References to the total pore volunme are to the

pore vol une determ ned using the Standard Test Met hod

for Determning Pore Volunme Distribution of Catal ysts

by l\/brcury I ntrusion Pofosinmetry, ASTM D 4284-88. The

cat al i s sul phided. Sul phidation of the 10 catal yst
PHEAP IS léf%k@cﬂeee Hy'ldfly Bfe URRSY ROHAI Rk awh be n t he
d@t[énmlﬁlslﬁfby’iltﬁﬁ ﬁiﬁﬂmmr smmgetyﬁ%lraagﬂ@éd .on. For

S i datian e _effect V. contactlng

]fghtaquh? e%swt% WK a ggﬁyqr%umec%n CSP%%%) tgas °Kich as a
PW%(tVlSP#éme olrfs Wé?@gteﬁsah@reﬁyb%g& as gL e tcher, o8 manet ur e
tdn Mpdr fgekrhoeA8sk car ban t@it§y|;ﬂ:h:jedeogﬁmea aFextair e of

d d Rt t
Y BaPRatt DBty St ST AR e o ey BeTead 1184 BRr By
f@orﬁeastcmnglrtméor@atoeiwgtDmturhbwmnogén(?eawdysts by

MSH U £ €A BhNbHEL NINEE OF 2 RBEN 19'4'284581§h as
sul phur-cont ai ni n kergse e or s.oil. The 20

sul'BRuFa Y sal &8 BEPRA ‘f’%dﬁ'&&hﬁ 4P e HP8r ocar bon
catdlysyméheecadditdtoad by anysoft did eesbhipdues- goowrai ni ng

19%%@@; glﬁrh QX@M1%udbmtnh¥Mﬁ Sslxﬁllpﬂiéj&fyn For
terti ononyl pol ysul phi The feedstock w
eb‘?%@raﬁ?%‘”’&@n‘%}?@é“aﬁ H‘Frﬁfﬁﬁﬁwt% bé(rrﬁﬁﬂ’faccffl@upb%ur in
c@tad]@rstt eikeep sbhghmu&tcahysitnmg gas,Sshphi gdec statwere

o?r byéfg h# eﬁ2%91§¥¥3e3u+g&%%iuggdof'H@ﬁ@ogen

%/ eas m SU%E resentin the
af“ée‘"dartbéns eprieayde (9T ﬁa&‘)“ﬁfé*rt?h éTYG‘Fég%% Hecdssary to
maﬁl@la;ﬁtdd: t$@d’}’a|asSULhtpjllmércigﬂfaneXRD@r@aaSVely, e

t .Qr sy g co-fee
Sfl%pn;f Cba)é ngp g)gtce rq(l%j aftf #tea%g%gn ains a | owner
cpéaﬂes{stomsm|tmqi@pgenrr@éldaﬁb1rp@wéu@0rsﬁqméaq atvfHeRarRAY ri er

09f, thencat %M@hurpé&i‘te&abw xBasséncCert gad JTINI TRMN
sufégug:xmy als a%e 1£Eroduced into the hydrocarbon oil
by the addition of a suitable sulphur-containing
compound, for example dimethyldisulphide or
tertiononylpolysulphide.

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 ppm sulphur is present in
the feed to step (a). It may be 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.

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

suitable carriers having the required activity are
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ot her words, a m ninmum cracking activity. Exanples of
35 suitable carriers having the required activity are
wO\B»0208302953029 PCT/ EP2003/ 050966 7 descri beBCT/BP2003/050966
WO A-9941337. More preferably the catalyst carrier,
after having been calcined, at a tenperature of
sui tably between 400 and 1000 C, has a certain mninmm
n- hept ane cracking activity as will be described in
nore 5 detail below The n-heptane cracking is
measured by first preparing a standard catal yst
consisting of the calcined carrier and 0.4 wt%
plati num Standard catal ysts are tested as 40-80 nesh
dpartibetielsy Wahhetpans7dried ateR0Qb0y baforetalfd oadi ng
e h tiogn is carried out. in a
A vant o kb L IRE B b SRR
SYi ERReY retmgen o Off and 19PQ.°8, r1I'cr'15easti%tll’ifd%}rndma;la\tma,inysts

néleptahedtiGedipg i Mt ibor § est Lol He 400-/GHe@r id fW:s at a
dé}bﬁqrog%{l Jlowrate of 2.24 Nm/mn and a pressure of
3}0 The actual test reaction conditions are:
n- A8pt ATEPHENeTACKi B | i oRaOIRSE| by of igls tppessauri@g30
a danda 8 dtad a P@St %Hékytfr@agﬁ Me Qﬁl&i’nég caP20r
a (ﬂlo/ ngth%) tgmu er ture |s vari ed by decreasing
the terrpelpataur &% r 3 P66 EUr°6E92 O i nut e.
aEf4o-gemeshaper i lgnal wisied bye oiriledne g9 °C before

l&iﬁlﬂﬂai@&ﬁ]@physt F&@d&@ﬁp%ét Hé‘a%tléﬁ Whigh - 404 vk 3
conver si an eved he n-heptane test val ue.

i G e A TSI eEt Coral b & WePHCP riSt o
diggteitee wdtial 96110 Ppeb 2 r Gtecaraniders dwa@yats reeept ane

rédiReki Pigh 25+ b SRl ﬁ&ugte 4% L@ﬁ% A hap 36Q € nore

)Fr eferably I ess than nost preferably |ess
hY9rRqeR4% OC‘,‘ 5ate r?efagu?‘éd‘]“l}élf“h’g e abRAENge s | bed
3¢ éstr. THre aptna b@stnrdeptianecardekomg streaperature i s

n ML ehaRlY nBPLE L0ap %ﬂogzg, A4 708 £ U g eg@bo

greater than 320 e crac ACLI Vi
argl laj gas aiqwnrilmasmer Velocmanobelqznfmmm«;ed byrhef or

téHEQQQLS%e %@rb5¥1éﬁnb9fdééyéaséﬁé”ﬁh@atéﬂﬁgiﬁkgyé'§¥$H n the
4éﬁarglsg 266aalagg on22f C/mlnute Effluents are

analysed by on-line gas chromatography. The temperature

at which 40 wt% conversion is achieved is the n-heptane

test value. Lower n-heptane test values correlate with

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
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.

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.

Reference in this respect is made to the following
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percentage of alumna in the carrier, and the type of
alumna, as is generally known to one skilled in the
w@eao4/0392Ref erence in this respect is nmade to PEEEP2003/050966
foll owi ng WD 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 (1983); Leonard A J., Ratnasany P.,
Declerck F.D., Fripiat J.J., D sc. of the Faraday Soc.
5 1971, 98-108; and Toba M et al, J. Mater. Chem,
1994, 4(7), 1131-1135T 8The catal yst preferably
conprises up to 8 ww% of a |arge pore nolecul ar
aE*Pé%/l@s phetter Abr 3¢ rateat hariakoyé | iVoat Bremsgokite. More

Jpneher abbyert Re, oadrl1 X846 KCONPri Sesobet waey . 18,4, 1 and

ecul a i ev t, has been found t hat
Sgicﬂéég%aﬁyﬁ?i gﬁrje(eong\génﬁrfjte)r’eﬁ%t&als\?@yt%an t he above
DereazickbBoP vafalyistts Jndt , d6spr i of nieaFamidegubac. si eve.

1The, serPIOY RddafdtaV it Yol S18SPEGIARLLY ARl cedomhen base
4g1, I S 1,81 e pepar ed whi ch have a Vi scosi ty i ndex of
e

twedn 190°15 and 140. A next advant age is that an
i npthev edt slatstr pitdfmrabby dvophismnop and pakyoarsomatics

léﬁ§é3§§§éWﬁ3iec§i5¥131€$Q|'ﬁf@%e?éﬁif”@hl {Hﬁ?ﬂg3igb54?% art,

d i ncl ude, ? exanple, zeolites s
e

Z?ﬁ 18t Bbi% PYe Efé?&wum%af@éalw-‘:f SOPRE] e, Pettaerm
0 ZSMnti88 w3 wbr aemilicenl 20 shetra, af heetbhded, 5 24,

5 s on 3, S d S%Z- 37
RS ST R NG eI s

STt E e LRSS FUYeTS a?@@éﬁegaq Wleﬁ:w@m |Sﬂf—"é%l &bet hose
imealvietiescthian k pgi sl 2spb80R AGT RoOiRRAI ABSn PAkeMyiei er and

N, . EQL_L 5 S URE T PES"

23 Pt ini g RS, s R A L 105 L ekl 1y

anghd 40 sk XN tepe sif ttabl ey éBPKeess skturatidar ge
o P W hNbeukLagd ;Sdl@lVQrd)rSaﬁi%@dlé ReRet Py Wehknknown

?j;éﬂf&ggtl%%eo eﬂl Ut %as{ ge[JIa: ’?( l gl“ﬁq‘?]z%tflsb?g?l gxarrpl e
eWRiéscW@é@eﬁ n5119$ As 3536608l trastshi¢ abl e nol ecul ar
d&d BM@Rated N a Stk 3B) ez diRh @C Ul 181 &Y eSioRbén AV 12,
bSO LEE B8N ss7-24, ss7-25, ssz-26, ssz-31, ssz-33,
SSZ-35 and SSZ-37, SAPO-~5, SAPO-31, SAPO-36, SAPO-40,
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. Olson, "ATLAS OF ZEOLITE
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
described in US-A-3536605 are suitable molecular sieves.
Other suitable molecular sieves are ZSM-12, zeolite beta
and mordenite.

The catalyst for use in step (a) may be prepared by
any of the suitable catalyst preparation techniques known

in the art. A preferred method for the preparation of the
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and nordenite. The catalyst for use in step (a) may be
prepared by any of the suitable catal yst preparation

wao ewhnosyees known 35 in the art. A preferred PEI/RRPIH03/050966

for the preparation of the WO 2004/ 053029

PCT/ EP2003/ 050966 9 carrier conprises nulling a

m xture of the anorphous silica-alumna and a
suitable liquid, extruding the mxture and drying and
calcining the resulting extrudates as for exanple
descri bed in EP-A-666894. The extrudates 5 may have
any suitable formknow én-the art, for exanple
cylindrical, hollow cylindrical, multilobed or tw sted
canfidd obedrisksnosilisyi batlaushape ther ahdgneatal yst

s@ﬁféd—%llﬁﬁlﬂlas a%}ﬁl é ndriik Gl e o];&?ﬁ_gal%(\ﬁg %he % xtrudates

om nal di anet er
mbi‘%‘freer SB ]?yrlé‘ﬁw qnd Faf gl ngt haf resuleing tﬁsqt@ndattEhae
aequm@aaeslaardesdrim ml]:BAAngeaw/z; behgfé,a;%ggt@g an
el evate r er, up,to_800 C, nore
i Jr/e er aQ@%{;{}S@EQig %T% H et erl Ko errfootr)‘?f‘ﬁI&p}fes
?W%&FF% dip ldev SCSHGE}F%Walpr @Pé‘?lal@ﬂoydfcmmwsetm nut es

mb Dt 3 ohedr sa rdsef exahbye §Hh%el5o§>gh@ug§gﬁ§,s@re cal ci ned
at _an el evated

pgigfgiegryérg§llg§# Qlatéy a%l%h thoex%ﬁﬂfgfeé de

enper at ure,” preferabl
2 ANAAL FERSSRT t Pl féfé{“rQJd%\ttes5lrsn, pyefeaibly efdreat ed

t6 03 mén. PREtead @t rigl dho &éﬂwmda&rseg% gnbflﬁ%df L om 30
t Qurs carrier as been
P%ﬁ a?% Qem%gge‘ft ﬁrhgegtegﬁt?fgfeﬂ?@eﬁaetbﬁﬁ't ed onto
P’E?lfé?ré‘éh’lté? teaBeq | éilr meyry pokf¢tmblyuip atd @ometdods

leé’lqwlilbﬁl ﬁ&edapinm beo &R QY §H of OrhSxaNPl e ion
itive 1on _exchange and 1 npregnati on.

e,
p’f—"?eefergg Voﬁnggé?ln&ﬁast%ésP%W%r EratRrediBy Hsans of
e&t&qdﬁpeegen@t cebhcusidngfeerc hiel aid Nngadgenit ias descri bed
e BhQVeY aﬁfgneeléme%geaﬁge%uwe grr%)%g%ég rrgg ta'n‘/St 's

Jeferi\g% r|e and_cal ci ned erature of
0 CantB 1 BOET " Sfepht D trydainrdict ed at
tedieedl ede tfenped afarr @ part 300 Pres sur 8. hoduist abl e
p%r@ki % ARTBE AU ES J Ol Bgt?rsor ngessthe carrier
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
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) is conducted at elevated temperature and
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
typically treated at a weight hourly space velocity in
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are in the range of from290 Cto 450 C, preferably in
the range of from360 Cto 420 C. Preferred total

w@emgessoes are in the range of from 20 to 180 bar/EP2vd3/050966

nore preferred from 100-180 bar. The hydrocarbon feed
is 35 typically treated at a weight hourly space
velocity in WD 2004/ 053029 PCT/ EP2003/ 050966 - 10

the range of fromO0.3 to 1.5 kg/l/h, nore preferably
in the range of from0.3 to 1.2 kg/l/h. The feed may
be contacted with the catalyst in the presence of
pure hydrogen. Alternati%ely, it may be nore 5
conveni ent to use a hydrogen-containing gas, typically

theomeagiafg fgpedt-er tehbrd %0944l moRy drisfenabhpria
tr&r %ﬁ@@mﬂ/ rgbeal e tbhan €g% xol hydr ogen. Afsw table
n- cont nin S IS Orl atin roma
catTgF 5% &Y o emcr?g %f At Wl%'y(sf Sge FhYEh g%s%? from 10
pmsleepe hyfd potre elatd negenp Alae F vsi vieay - aitsolaMeb@sr@de The

cdWAL9E80-dPu8k | 2 h?e&@gérﬁcw@amlnby i ttggleg
from 300 to 5000 ? Oto 2500

oo 565 o Fogem 1 e
copytagningsite b P ererRanP Y 56 §°1/%FE the vol une of
piyfdregen grieeicay wheapr 66 o lasydtogrdar@ duitebse at 1 bar

h@l}%ggncc d&%lﬁ‘&ﬁé ega%bhy JheotepdatOnst (3 is

ecte drodesul phurisation (HDS) step prior
C%lﬁ{@l? hes FogBEng rPlaé‘Feﬁ*Y(dé)’ge’Es‘ﬁé& at3S® WheR base oils
ot&fd&‘ desisacahang ngpedat MrsCasY tal sondexused. behew 120.

U aRLE. HS calal st o, uhichy Ty she Lsed comr i se a

for exanpl e nickel or

f’?;?i‘bélop tarP08 & 'ip PYRERSAELA| fr%ﬁooe%r?ﬁlog titgst en
m®Fe rp@bybﬂh&mg;ngo@’r@f eooﬁdl/ck@t aﬂ:l'yestv&lfnﬁ)é ofus@didydnhe
rocess _accordin t r e a
b Jar{qaleng%sscegrrrﬁ?l%aﬁgaﬁ?c lI%Irggn rm ngéer{r?g% ?
exdirglferalkdi: 847 fand KFE-BTPO (fAKZOSNBbHRYYedMvE 8- a24 and

h%%dﬁ%&ﬂgﬂﬁ@satg& s C é‘:% pENB180ng Di¥e3126¢ iHDS- 3
an -

S’E‘?%a(tar’ren@%?“?hgyf g‘@& ]P%se ﬁﬁz?er aebn‘Flan%geer -(});raﬁ%edgl n the
viaammsitgattdax a@$ hdlawel A0 . Suépakls HDS petflysked, for

wEXATRLG bE Bedt @&k&qseegi GreRpf v Our abhoRobleheeedr, t he
fggpgigmglgcgqgge or cobaTt, ;Dﬁ 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),
and C-424, DN-3100, DN-3120, HDS-3 and HDS-4 (Criteriocn
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
catalyst. The process conditions with respect to hydrogen
to oil ratioc, pressure and temperature will as a
consequence be comparable to those in step (a). The feed
is suitably treated at a weight hourly space velocity in
the range of from 0.3 to 1.5 kg/1l/h, more preferably in
the range of from 0.3 to 1.2 kg/1l/h.
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30 catalyst. The process conditions with respect to
hydrogen to oil ratio, pressure and tenperature wl|l

w@s00a/0smensequence be conparabl e to those in SPEPEPAYP3/050966

The feed is suitably treated at a weight hourly space
velocity in the range of fromO0.3 to 1.5 kg/l/h, nore
preferably in 35 the range of fromO0.3 to 1.2 kg/l/h.
WO 2004/ 053029 PCT/ EP2003/ 050966 - 11 In step (b)
the effluent of step (a) is subjected to a pour point
reducing treatnent. Before perform ng a pour point
reduci ng step (b) gaseods$ fraction conprising hydrogen
sul phi de and ammoni a are preferably separated. 5 Mire
pr efnep bty y(al Sbe t4fd Hhent tdfont éi (&) ngs uptjecaad to

al ;s&mgbmc tﬂéauaird;ilt@edt@édtl | @E&@?Ekf@rﬂﬁ@gg M

ar at ed ans of flashing and/or distillation
pﬂ tmrefiﬁ%lrlsgsf/isgg%n&)ofgaﬁ%‘ﬁ E a5 B o P8P NI ng st ep
hydogew silchigeusngemnbnieduei poe feredl yrevepairated.
Mgf@eprrgkspyolylglsw% PESGASH b %num% Rad’ P! nt of

base oil reduced by nore preferably
lﬂﬁ@lﬁﬁawezﬁlédle rPdPéleraetfeePablry‘gnﬁF%g% Wéﬁ 25 C. The
sgpanatpdi it meeds co Mg lbskeaigrent/caniibei pertfiohmesomy

tﬂgaeq%leén@ osfosse@;k'@aq ge% %egegfmhpgsm PagES Of by

means waxi n oce ol vent
dev@&%?‘n@ H%lrv\BP’rntkﬁf@ﬂHC’c‘tﬂ ttl’ié%"é“%‘l% ifethderstped art and
eirémi0 oy 88e xd ikt eife thef pene potntrarfe thel et siantd or wax

-REEGPLL A0 AGENIGS - 11 Lo, RASE. 01 Ly B SGuESOr

ractio cool i ng m Xt ur enperature in
meFR ArEAGERIY F‘Pé?nthfo @f’té: -20 40 C preferably in the

range pbuf rpmht 2 duchi Qg - ¥2aCnentt @asep@r;aatxeotxia@d WX

fromth he oi,l n n|n t he s usual ly
P er e%?o rcglﬁ § Vfﬁgréecl oi”ﬁ WHice s“?:aonr lb e"fratde of
Ofe&tqqtélfﬁiﬂ'@§Waéﬂngwpagciﬁﬁ1:§ﬁ%Vﬁﬂ§rd§83¥ﬂﬂ9ahs ¥4t h;
kB6wiCltat bhomde xoi 1 &y nhhehd carr&agled i1 vEXanRlesuef 25

| vents whi ch b | the sol vent d
BrBioee M CIHUB ROPBIE (B1gP  aPor TiohgPoREL one,

wirett Hynle bssrbutlyl o kestuoner afih LR Lanels coberrapfthe C6- C10

m@k AR itS dydnpedsanrs iferie rhRhUIIC) oM XigUreS Of
ket&%, preferably in the range of from -20 °C to -35 °C,

tc separate the wax from the ¢0il. The oil containing the

wax 1s 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
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-Cqg

aromatic hydrocarbons (e.g. toluene), mixtures of ketones
and aromatics (e.g. methyl ethyl ketone and toluene},
autorefrigerative solvents such as liquefied, normally
gaseous C»-C4 hydrocarbons such as propane, propylene,
butane, butylene and mixtures therecf. Mixtures of methyl
ethyl ketone and toluene or methyl ethyl ketone and
methyl isobutyl ketone are generally preferred. Examples

of these and other suitable solvent dewaxing processes
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and aromatics (e.g. nmethyl ethyl ketone and tol uene),

30 autorefrigerative solvents such as |iquefied,
wmoeooambiloyy gaseous C2-C4 hydrocar bons such as peDRPIv83/050966

propyl ene, butane, butylene and m xtures thereof.

M xtures of methyl ethyl ketone and tol uene or nethyl

et hyl ketone and nethyl isobutyl ketone are generally

preferred. Exanples 35 of these and other suitable

sol vent dewaxi ng processes WO 2004/ 053029

PCT/ EP2003/ 050966 - 12 are described in Lubricant

Base O | and Wax Processing, Avilino Sequeira, Jr,

Marcel Dekker Inc., New York, 1994, Chapter 7.
afbt@¥snat bl stiepiddnt Bssepeil oamedakyrrmansing, a 5

AQ?I yk uéjleﬂé(axb?,g M QEES eéck?k’cﬂca PROGERS K S1904

erre whén for exanp ower pour points ar€
%%‘?errea than which can be achieved with sol vent

dewend | emga%J_le@ @’Osb;ﬂt(fb)ois lp&kbrrbagd 8V m&thLogan be

. aghi eve e catal ytic__dewaxing process can
C%ggirJyet%f:og?r“éa D ﬂ%ceﬁrsoc%usasﬁ WY SIS 10° gprfptf%r?) esence
BN of abEiEe AAdehyrhuogeyinthea podiespoehtthaof whivh base

c@h'b@ra@ﬁyéxﬁélf wh ERCId 18R E Sadvadusgd P@§r seafisf bed above.
S mgn at al ts a';l éogene us
gf’s con‘érl 3 ge & ]Iyec‘f‘ﬁ %ﬁ‘veﬁ eve® a2 ESH‘bnaI ly
drema@mbpnmasc;n cantibe pepmtemiedhbyiany aré&edsydhegeirati on
1huned iBsesdichras &sh:%l%@%dvh!/érc?%kajcﬁe poMRl gular
9

and nore s ta nt er ate ore S e
St Rl S B S I e o L

spedifiedt AleoyrouBupoilrite déwdxtiegbhasm lgsks paecur sor
hfeE@deeQQouéJ'&Qﬁl%ﬂsalc%hb&sqﬁ\ﬁ’a§'nnﬁeegmgf tdiQ08 - ang

Preferably I nternedi ate pore size zeolites have
OBt HUtE Ly HhetPBPIB ti et WA B8 H3Y1B98 nm  Suitabl e
hiyat eyemediat eypot torsi Z@ch zeoltht eGraupe VZEMrEtaZ SM 12,

Mg§%§&§%r g%@#éés’aéﬁikdi%’su%@%%ﬁ?slfyg%mé§%éte o@QOther

erred grou sl eves are
séF‘Fl%:eé’laF%ﬁn ﬁ‘éﬁﬁo%*mﬁ‘a‘t 8 ISRPOFtHattaF alPsllZZEJ 6P which

r8ARES Lhei Soupbipt ferhetbaas 601 reanpber rdaserdbed in
%@% %élllc dé{sl%éngg?éﬁ%gct%oogal AJX& eralla'llseq_lh inits
intermediate pore size zeolites have a pore dlameter of
between 0.35 and 0.8 nm. Suitable intermediate pore size
zeolites are ZSM-5, ZSM-12, Z3M-22, ZSM-23, SSz-32,
ZSM-35 and ZSM-48. Another preferred group of molecular
sieves are the silica-aluminaphosphate (SAPO) materials
of which SAPO-11 is most preferred as for example
described in US-A-4859311. ZSM-5 may optiocnally 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
Group VIII metals are nickel, cobalt, platinum and
palladium. Examples of possible combinations are
Ni/ZSM-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
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nmetal . The other nol ecular sieves are preferably used

in conbination with an added Goup VIII netal.
weotakioeo 30 Goup VIII netals are nickel, cobedt/EP2003/050966

pl ati num and palladium Exanples of possible

conbi nations are N /ZSM5, Pt/ ZSM 23, Pd/ ZSM 23,

Pt/ ZSM 48 and Pt/ SAPO- 11. Further details and

exanpl es of suitable nolecular sieves and dewaxi ng

conditions are for exanple WO 2004/ 053029

PCT/ EP2003/ 050966 - 13 described in WO A-9718278,

US- A- 5053373, US- A-5252537- and US- A-4574043. The

dewaxi ng catal yst suitably al so conprises a binder.
adheibeadar woan-PE1sa78y nidiet-565ny73natsealskhy262pccurring

ar(é E,%rgapé.p4)04§ubst ance, for exanple clay, silica
nmetal oxi des. Natural occurring clays are for

exé‘"ﬁ?ﬁl gevixinfecamvabr $uitahly e deed cmmiiisesf ani | i es.
bJTrt't%r b’l‘lﬁléj&ﬁntiér maeaf Sé@'é&n@h@@f@%& mm&mg&t erial,

E‘p e ar ractor% oxt é\ﬂ exar | es are:
°Cfdl”rlﬂ?n TR PaSHPERTIESE, 57 |e8f§m fed¥a, S5ii%%ca-
ardfoagoneel oikidesn- Navniral cy;lCLlrc:a}doeﬂyH iaxe for

eSddgi6ast Ig}@nfnantnaﬁnw&kl@es ahsrwlxncmq%gl O for
exanpl e silica-_alum na-

b%r?q‘ﬁrcés R FHERAR Y IaCBHF%lus ?lP‘F“E%\ T3t6hiHa- fREgnesi a and
egdnrleaa negfitestarzioxdoni &f whbhcke prebeeabing:a 15 | ow

afﬁﬂﬂﬁ tysffi aQI&HﬁhaOXg£¥aé%'HQ&HeéI%teéifﬂcgwh'Ch i's
essential|y free of alumina 1s used. Exanples of these

Zh GPeR - n%’t]éFPaF%o%Pe §H%C€abe’2¥1rlc16m%l%aréhﬁﬁﬁa
asliwelildes tegermantanpodi odirde fobordaapaadsimiixkdr es of two

a%ml r?h@il , L DESS ecaOfaéM‘@ir%“ E¥ A ess?flﬁ:al Lghe J?naabove
& nost 20 erre Inder 1s silica. Apreferred
mmrs?ssgao?nfaé\kgk%*gna@a?aw—s@gcemr tloge RupferaRbN &t e

1a»ecadlaet;¢rr3eftra&¢ﬁyesxa&e daseaet hed caboveairard i@ | ow

aci ctor Xi bi nder |aI chis
S BL AT AR E S LBER! dTBhSTod benlhel
bw@rerﬂﬁt?@atlﬁeaé%rsflée@aofz-‘ttrﬁ@nhﬂrurﬁlﬁ@swm capwigeolite

g@fr?/aﬂl@]n' di&&deh%ﬂ@eQanfthﬁgs Ry swbjaChbrg ¢he
OSII cate lzeo ite ct)égtakl)llte% to a surface
a he most

t%%ﬁﬁ Qi Hgﬁﬁ ﬁxamp es are lis ove

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
the surface of the alumincsilicate zeolite crystallites
has been modified by subjecting the aluminocsilicate
zeolite crystallites to a surface dealumination
treatment. These catalysts may be advantageously used
because they allow small amounts of sulphur and nitrogen
in the feed. A preferred dealumination treatment is by
contacting an extrudate of the binder and the zeolite
with an agueous solution of a fluorosilicate salt as
described in for example US-A-5157191 or WO-A-0029511.
Examples of suitable dewaxing catalysts as described

above are silica bound and dealuminated Pt/ZSM-5, silica
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treatnment. These catal ysts may be advant ageously used
because they allow small anounts of sul phur and
wordnog®e 30 in the feed. A preferred deal um ne¢T/8P2003/050966
treatnment is by contacting an extrudate of the binder
and the zeolite wth an aqueous solution of a
fluorosilicate salt as described in for exanple
US- A-5157191 or WO A-0029511. Exanples of suitable
dewaxi ng catal ysts as descri bed 35 above are silica
bound and deal um nated Pt/ ZSM 5, silica WO 2004/ 053029
PCT/ EP2003/ 050966 - 1444 hound and deal um nat ed
Pt/ ZSM 23, silica bound and deal um nated Pt/ ZSM 12,
o b dnaer bl o A 0saaTEe ot ER 832171 of
anpl e descr in a 0
de\ﬁﬁugg NFiR %’sﬁ@’g‘?Zzsmlzfaa?]‘a“fsﬁpiz&ﬁ‘&%a"%t%’at al ysts
PtaiZéMe¥dn asofer mxefhpi¢ el sbetkass é noWOtHh@i0R9h] glandbase

efdialgyb £11d o r GH Ay £he Aewaxi ngveondild @as- g5 §.agwn i n
the art and typicall i nvol ve oper at i t enper at ures
CIFIYRES rPfgRYe f‘“ofrf' FE5TED sGaues %fwtgﬁb’F y1ifShom 250

base 400 y3,e180 hydrogen pressures in the range of from
10 chea 2R cbatyax Akt F@&é& 1bRURL PLESHHIIES  Retugen 40 to

ar ‘are general erred or the dewaxi ng step,
art%éyﬁ%%sldr envelye @EI‘F%%P? HaOeR 2t Wt Ss dret harfgedas

ofstfepm(2)0 whero Stepsui@pblantrdrbpsare aper ated as an
h;a}toggg A RLLRE 00856 1nd T TS eBLSL PR 8hol 5, per for med

r'essure above ewaxi ng step will
A]stlﬁliotla’bllﬁwﬁlfsfé)r%%uﬁé?ﬁﬂtﬁﬁan H ta pp é§§uﬁéeabove 70

gebﬁ;rralimqmwégfﬁd frour the sipaa:emgveltem tﬂrﬁSpQWﬁ\f)e is
the range of fro kg of oil per

o ehEPHL, Bp o' (R GG ek bR s b o fnell

stapsf érhlbingd b orexrtedkg? Ia/mrmtﬁwaé‘-eﬁr Ef-‘%l -y

THUOWhOn el BaKO/d b@ffcﬂ:rr’n@dhé(‘graogaQBsi&eOiabofJ@ti 0s in

4 e S SBret Hna-Eh 11dan et B2l epl (b hRE HEERSY ound
at @ pontaire aBévesdlybhpwTbenterds bpullpolsprcar onati c
vORIIROUBISHuED Sid SuiBAANLEA0BALTREEASErBR @ddithi onal
hy%rgglgiﬁgégglltrepof catalyst per hour (kg/l/hr),

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 to 2,000 litres of hydrogen per litre
of oil.

The effluent of step (b) has been found to contain
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.
Example 1

D 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-21 catalyst had a hydrodesulphurisation
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may thus be omtted. The invention will be illustrated
wth the followwng non-limting exanples. 30 Exanple

wa 2004v0680ekel / t ungsten on silicalal um na cat al yBCT/ER02050966

catal yst as obtained fromCriterion Catal yst Conpany
(Houston) was | oaded into a reactor and retained as a
fixed bed. The LH 21 catal yst had a
hydr odesul phuri sati on WO 2004/ 053029 PCT/ EP2003/ 050966
- 15 activity of 32% The carrier of this catalyst
had a heptane cracking test value of between 320 and
345 C. Table 1 Bl end-ofisde-asphalted oil Boiling
curve (C) and heavy distillate Wax (W% 9.9 Initia
adxiviktpgopaiont BEb cabr{aw %F 2ni¥d hQaw I bail 4ng point

neitanso t IR ot 9880t gt bt PR 06 C (o5t

Mono aromatics 60 Final boiling point 707 (nmol-1009)
Tﬂmeylaromatl cs 66 (mml 100g) Density at 70 C 902 A

m

BIS ﬁél‘ A c%:;ﬁgczfi’£d %r"%pér}%o% §"As"5VSt ézél n Tabl e evvas

affcedheaBytdistthélaeaact or at a wei ght hourly space F

wé/:?r(%bw Of TRy 74T }HRQED wmﬁlgtbdl%tﬂ%slscdﬁor
an1nlet prebksure of bhar and”at a fllow atle of

Slbﬁé N /h. The |[eatti onlot éfﬁpe?%ﬁh}fl@ RIABT) [8S Vari ed

Nb@ipmen 380 and | 489 C SIﬁTwTIaeodmfgqstBMn prsqcsucrt was

iln vt h 'Frnr\fi die
A~

Ulﬁl I-CII [ ]

thnematlc VJbsc'orS "y 2|c;oi nt beq P éngn%lmflurt heqﬂr éf i ned
aphy 0ol GefrStdewax| ng at |a terrperature of -2 Cto

MHE B oda e 01 1] 60 Final boiling point 707
(mmol1-100qg)

Poly aromatics 66

(mmol-100qg)

Density at 70 °C 302

A blend of a de-asphalted oil and a heavy distillate
0il which has the properties as listed in Table 1 was fed
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
reaction temperature (IABT) was varied between 380 and
430 °cC.

The hydrocarbon product was distilled to remove that
fraction of the product having a boiling point 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
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 (2) was measured
and presented in Figure 2 as a function of the viscosity

index of the resulting base oil.
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The viscosity index of the resulting base oil sanples
15 as obtained at the different reactor tenperatures
wowgog/osmeasur ed and presented in Figure 1. ThepET/BR100®050966
of gaseous hydrocarbons having 1 to 6 carbon atons in
the effluent of step (a) was neasured and presented
in Figure 2 as a function of the viscosity 20 index
of the resulting base oil. WO 2004/ 053029
PCT/ EP2003/ 050966 - 16 The pol y-aronmati c conmpounds
(having nore than two rings) was neasured in the base
oil and presented in -Filgure 3 as a function of the
viscosity index. The yield to base oil as nmeasured on
t h@htepel Yok r6mdtilyl eonpands fhawditnigomod thhe wWscosity
rif@eX e sndaBased 6d RO ReeSENtLd pR-Frguge; 4 The
Fresul%s ofEExaq?le 1 |QE§| ures 1-4 are presented as
HYTR 6x§° EtHRpHE 2010 é{g‘b‘F%ﬂfy\Nb’éd?’bpeat ed except
t h&het hieelgpsorismm hal fas obasineed bn2dhe feallyst bed was
4R aced by A-CNBECHA viBLokel/ gg&%lpgs,g_umakme

catalyst. The results are present i gures f 4 as
angh PA§RET9%d " cf¥¢'é fo). Conparative Experinment A 15

Exaipl eesulwasof epeaped WihhFiagwoesnerLiak bremntdad
aSA404 ¢atalyst as obtained fromthe Criterion Catalyst

Corrpang. The results are presented in Figures 1-4 as
E oxes W Figures 1-3 show that the process

ac@ebapNg it @ab hep2@t pd eseapt | theenthonu@ndeah [Haster at ed

e erated_at_a | owner
o ke PE £ 3ot B, 86 ks, 2R ORILLE o Slorfek L, pase
nigide ldgo bdifsare dilSo cabeky sttheThe |ngskl de drreaPat sstteflas

ingadurdhe -y akdad achasa <@l ksrés (Better with the
cé n\éegtcgge 9cess n%sAshown in Figure 4. 25 The activity
—1%%%?1ﬁrﬂ4§;§s§fé¥ed—of about 10 Cis significant

( FiEgrameld )l wSgctepgatedrprigheaesimmencsakflagorjpdastess i s
cefpli vatenfstt @sdilliheg {Re ePAGE¥ELOG healyst
Company. The results are presented in Figures 1-4 as
black boxes (H).

Figures 1-3 show that the process according to the
present invention and 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.
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
step (a) and the content of di-aromatic compounds in the
final base 0il is less as compared to when the fluorided
C-454 catalyst is used.

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

catalyst as obtained from Criterion Catalyst Company
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15

i.e. reducing the catalyst |oad by a factor two.
Furthernore | ess gaseous by-products are fornmed in 30
W@ e@p/033r9 and the content of di-aromatic conpoRCBP1003/050966
the final base oil is |l ess as conpared to when the
fluorided GC-454 catalyst is used. Exanple 3 A
ni ckel /tungsten on silica/alumna catalyst, LH21 35
catal yst as obtained fromCriterion Catal yst Conpany
WD 2004/ 053029 PCT/ EP2003/ 050966 17 (Houston) was
nodi fied such that it also conprised 2 wt% (as
calcul ated on the carrien)-of very ultra stable
zeolite Y. This nodified catalyst was | oaded into a
(Heatbal @nd moet fidieduas tati xedhikedcof AJpstr £amst hi s

cat al he sane_vol.u f a at al yst,
RS8O R Bl oo, abTr e
2Toripany; Wds pradded qiilesh @ geadedomtent wt % 3. 08
rMNdtoegend GeRbentd M3/ korilkkadSvedensity at 70 C 0, 9019

Wax cont ent  wt % Ki tic viscosi at (100 C cSt
17 RSB tht Sriet L bl O0GHF VRO 8 oheiTics 48
caBRYGt 390N~-3300%ns 480aimdl o Khe 00184wisalCat Inalt
cORdniyNGwPPigIiced 593 An Arabi an nmedi umdistillate
having the properties as listed in Table 2 was fed to
the reactor at a weight 10 hourly space velocity of 1
T&gl/d 2h (as defined over the whole reactor). Hydrogen

nECRhte Tggrt or—atTagg Thet pressure of 160
bat and at a floywate of 1700 N1/j.

Nitrogen content Mg/kg 1135
Density at 70 °C 0,9019
Wax content wtd 8

Kinematic viscosity

at 100 °C cSt 17,4
Monc aromatics mmol/100g| 47
Poly aromatics " 48
IBP °C 397
30 %m " 480
50 %m . 498
90 %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
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 flowrate of 1700 N1/h.
The reaction temperature (IABT) was varied between 370
and 410 °C.

The hydrocarbon product was distilled to remove

that fraction of the product having a boiling point
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The reaction tenperature (I ABT) was varied between 370
and 410 C. 15 The hydrocarbon product was distilled to

WO eonawe302¢ hat fraction of the product having aPODEP2008/050966

poi nt WD 2004/ 053029 PCT/ EP2003/ 050966 - 18 bel ow
390 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 as
obtained at the different reactor tenperatures were 5
measured and presented in Figure 5. The content of
nmono- aromatics (nmmol /10QGgg) in the base oil was
neasured and presented in Figure 6. The poly-aronatic

bebrbmmmdSC(d'raiVIfggtHeWOréflﬁxéHJB9 sl%l‘%%)dé“@a% qggyr ed |4 n

o} r.esent | gur e anpl e

%‘}? !bﬁ%%% J\3/\%/as&}rraep(gatt Pedt %%(Cgé’p?’a??]a‘tllthe non- nodi fi ed
Ll—l-T’Zlf Cararsidl dedexugédtiien rehel diownshs@amic abmb st

abeshtaifbe M &%@Sﬁiﬁfe'rggl.exre%fctgpeterrrgﬁy‘g{ﬁr.[& prgfe oi |
ned at the different reac

S.a obt
?azs%reer%afau?epsre\?EP%ecﬁéﬁsﬂlr%eaﬁd presented in Figure 5.
Thé'heoaprrntop f nmore-ar omaEtiicss (o hA0) gh thet he

b@@é%l@' lvaé!‘@c%a@ﬁ@é&'ra%g ﬁ%eﬁ'&géeﬂ; %qghpe Fd gure 6. The
%aro ti c coppounds (having two“and nore 20

% arematy &OF‘PIO‘P]%”‘ BAREING tvarRhdmesent ed in
rFrncgi)r @a¥. nddeampli eirh the immee diitddd pkesamsdcont act ed
FWd2 @ catalyst as in Exanple 1 to obtain an

|nt§r medi at e product having the 25 properties as
E in Table 3 as feed. This feed was

catExkyplieal lwisdevmeedd kgko@:@ﬁtﬂﬁatd Rfe t it -heedr Al
f s n n I in Ta
Lﬁj-lﬂcl %E@Qiy tCQIQQ LH QN gﬁr am ¢ taﬁgsav\%ﬁtcﬂm nat ed

cat al yst = consi st n% Suft
ThA $90Bht 1, 1nde¥ iXa E%r’?elsélllu@%d@éev\mh semFYPtas Thi s

om:tfﬁjaleylstat vae 30f prrepar thee ofdhigadat @rdh g pet hod
m§§§ﬁ bgghlﬁ}egeﬁked in Figure 5.

The content of monc-aromatics {(mmol/100 g) in the
base o0il was measured and presented in Figure 6.

The poly-aromatic compounds (having two and more
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
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
prepared according to the method described in the
Examples of US-A-6576120.



Exanpl es of US-A-6576120. WD 2004/ 053029
PCT/ EP2003/ 050966 - 19 Table 3 feed Exanple nunber
w6 a003losIe9 Operating conditions Pressure bar SPEHEPBB3/050966
66 Tenperature C 310 315 305 HSV 1/ |.h 0,872 0,901
0,879 Hydrogen flow N1 / 1 524 508 520 Properties of
distilled oil refractive index@OC 1,4490 Ol
content at (ww% -27C 83,4 itrogen content ng/kg 2
Sul phur content ng/kg 5 Kinematic viscosity at 100 C
cSt 4,451 Initial boiling oint C 334 345 356 356
Final boiling point C5313% 514 515 507 Density@0 C
815,6 817,6814,6 pour point C-23 -34 -15 Kinematic
Tahiscasity at 40 C nr2/s 24,43 28,84 23,95 Kinenmatic
viscosity at 100 'C m® /s 4,646 5,112 4,632 1l 106
105 109 Dewaxing Yield W[%e24, B 80,]7 87T4 anple 6

" ! " H + bdt  f ~ + h
Exﬁﬁﬁgﬁﬁﬁb%ﬁb rgpeatea_exgept—singl+oft
ggigfxi "29 catalydt the ZSMIS was|suhgfitu &d_flor
a
ii%gns

Pressure bars 66 66 66
Temperature °C 310 | 315 | 305
WHSV 1/ 1l.h 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

{(wtg) -27°C| 83,4

Nitrogen content mg/kg 2

Sulphur content mg/kg 5

Kinematic viscosity

at 100 °C cSt| 4,451

Initial boiling

point °Cl 334 345 | 356 | 356

Final boiling point °cl 511 514 | 515 | 507

DensityQ70 °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

at 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 ZSM-5 was substituted for ZSM-12.
For achieving a base o0il having a pour point of -15°C a
base oil yield was observed of 78.5 wt%. The viscosity

index of this base o0il was 104.
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For achieving a base oil having a pour point of -15C a
base oil yield was observed of 78.5 wt% The viscosity
w6 20000830290f this base oil was 104. WO 2004/ 053BCEHEP2003/050966

PCT/ EP2003/ 050966 - 20 5 CL Al MS 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 10 (a) contacting the feedstock in
the presence of hydrogen wth a sul phided

hydr odesul phuri sati on catal yst conprising nickel and
tungsten on an aci d .apgrphous silica-alumna carrier
and (b) performng a pour point reducing step on the
effluent 15 of step (a) to obtain the base oil. 2.
Process according®é &lTaMB1, wherein the sul phided
hydrodesulphurlsatlon catal yst has a

1 h Jh t f hi t 30%
R R o e St i

ingepr é§s@?%na%0 tane if‘i‘éIS@arhlmlfghm peficent kge ot
a %Iaygmmdb@m kg,rackl ng products when thi ophene is
ont act ed st under standard

t
ydr Btéae%tuﬁnﬁh ‘ll’]? s%te 8E°Cé<oﬁ tRokE eSeRife Pl RYdsnpgen
Wls?thaﬁdamkpm@ﬁdl w@ws\eslolngmsttsa:tfiomonawysmg a

damr egeN -rilkikephane + fhydrene oM 4 420 30- 80 mesh
° 5 éat?? slt at bgr (%agntd 3%0 C a\/\hgr%?}rf %ﬁgs hydr ogen

d“tcé‘ BR ﬁf‘?’iﬁeﬁ 84 the thi ophene concentration is
(t6 wekfeimingt hepqurxboirg. r@dudrgeessp ancahdi afflvene! ai m

ofz,stglfge(&gl ot Bgtallqu;lgq;aa%;él phyrisation activity of the

cat is 0 than 40% 4. Process according
2.5 o EERES B eGP L e TR hnciNEFRLD (8 sulphided
hymirgriosieunurhsat sat cotalgatahysta i s obtained in a

hﬁr%‘a@ﬁél&m iy N %lé€iv1%pdl EY g,%%%nuygﬂe L6, 1 NPr egnat ed

e aCI anor ous s ['um na carri er in the
vhsredBnthe hsfsr%cfesallehwaan:h@n AFEAVitS ispespeessed
asiaeer didigl ia eeighenpe Menthgé Mex ty4nydWiRhehéh
cracking products when thiophene is contacted with the
catalyst under standard hydrodesulphurisation conditions,
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 6 vol% in
the mixture.

3. Process according to claim 2, wherein the
hydrodesulphurisation activity of the catalyst is lower
than 40%.

4. Process according to any one of claims 1-3, wherein
the hydrodesulphurisation catalyst is obtained in a
process wherein nickel and tungsten where impregnated on
the acid amorphous silica-alumina carrier in the presence
of a chelating agent.

5. Process according to any one of claims 1-4, wherein

the alumina content of the hydrodesulphurisation catalyst
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the alum na content of the hydrodesul phurisation
cat al yst WD 2004/ 053029 PCT/ EP2003/ 050966 - 21 is
whediMesn2d0 and 60 wt % as cal cul ated on t he capeT/8P2003/050966
al one. 6. Process according to any one of clainms 1-5,
wherein the silica-alumna carrier has an n-heptane
cracking test 5 value of between 310 and 360 C,
wherein the cracking test value is obtained by
nmeasuring the tenperature at which 40 wt % of
n- heptane i s converted when contacted, wunder standard
test conditions, with a2atal yst consisting of said
carrier and 0.4 w%platinum 10 7. Process according
isobetiveem B) amdepeiwt ¥ be sdldutatedloanmkina &afdicer has an
amo,t@pt ane cracking test value of between 320 and 350
Process according to any one of clains 1-7,

Gv\heﬁlé’cﬁss IREOEHE T St 2BBrRNE 8B SCHREMRRETS 2 Wher ek
the ckidli canal utB nbetavedr r 5h 3D aWt B/GKé—j:l’tgﬁEe@racQunErQ&Q:ss

[ a cd erein,. the
Vgﬁ%}acegg?see%no the%hgg?o ésu eulrnl §§?|%‘W%&f‘%l yst is

tHRt WeeHe 280 oRiaizob brYQ’P@aSUI@ng Pifft?céssp@m@rrdl &g to any
wbixeth @b et®idms ninéyranbBer €idonvePrddigntgt @ént@%‘ﬁ@dvm ume

u I rLsation, catal i s above 0.4

%‘;e:t Q%igé{%‘)ggggs&ggc%r&ﬁg f’tbha"‘h)(f%ﬁl{ey%tf claims 1-10,
CW%Sénlﬁg HetsrdancH rand &t Yol s pértemim.of t he total
7pOI‘E&o\t@bMTﬁtconilr{d"lQoh&fﬂéﬁd%$Udlmglhsglt)é Qi)¢atal yst is

avin ore dianeter of nore
%ﬁ%% %69"5 e% 5 P o@eggp%a oF HGPot &y GhEe otf cl ai ns
bgtwepn \'Nﬁ%raendn%@ hé&.f eedstock in step (a) contains nore

I haﬁoZQQs Mbr§iﬂgoQW anyl%ﬂePBPCtﬁ%§m§CP-o7r ding {9 any
feed to step (a)

thes Cfafg?éi’s%lfﬁfng’éfseecf lbﬁt‘éee%);d}%d@s%upbﬁlﬁﬁlr $&€i on step
berwesn bsPhgt®heurdgsgdnin step (a) when preparing a base

90l |Prt3@¥£§§£c%o¥ii§’®o§iot Iny iadexs OJla%Saf—ear, ‘iﬂﬂgpeilnzo'
the surface area of the hydrodesulphurisation catalyst is

between 200 and 300 m2/g.

10. Process according to any one of claims 1-9, wherein
the total pore volume of the hydrodesulphurisation
catalyst is above 0.4 ml/g.

11. Process according to any one of claims 1-10, wherein
between 5 and 40 volume percent of the total pore volume
of the hydrodesulphurisation catalyst is present as pores
having a pore diameter of more than 350 A.

12. Process according to any one of claims 1-11, wherein
the feedstock in step (a) contains more than 700 ppm
sulphur.

13. Process according to any one of claims 1-14, wherein
the feed to step (a) is first subjected to a
hydrodesulphurisation step prior using the feed in

step (a) when preparing a base oil having a viscosity

index of greater than 120.
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WD 2004/ 053029 PCT/ EP2003/ 050966 - 22 14. Process
according to any one of clains 1-13, wherein the

W@ ad0aly®9 i n step (a) conprises between 0.1 aneiCBEPRZ098/050966
of a nol ecular sieve. 5 15. Process according to claim
14, wherein the nolecular sieve is zeolite Y,
ultrastable zeolite Y, ZSM 12, zeolite beta or
nor deni te nol ecul ar sieve. 16. Process according to
any one of clainms 1-15, wherein step (b) is perforned
by nmeans of sol vent dewaxing. 10 17. Process according
to any one of clains t-25,-wherein step (b) is

1pertossmd abyo peans tof agabak yd %1@@:\1\@&'119, wHSre ilgr OCess
acco the cat al yst

di g 1,
oS SQEELI S8, SLE el leomtIRESs heeifemy Suehd s ST Von
Ob@umdl@ndadeaiﬁw1nated Pt/ ZSM 22 or silica bound and

me@&a&ggata%@om%s%@talmm Prpee8sn aGROREI At ¢l ai m
18, wherein. the waxi n catalyst is a silica bound

Sife GRaf UMl bu BEFISCLS, eoice ¥, 28h-12,

zeolite beta or mordenite molecular sieve.

16. Process according to any one of claims 1-15, wherein
step (b) is performed by means of solvent dewaxing.

17. Process according to any one of claims 1-15, wherein
step (b) is performed by means of catalytic dewaxing.

18. Process according to claim 17, wherein the dewaxing
catalyst is a silica bound and dealuminated Pt/ZSM-12,
silica bound and dealuminated Pt/ZSM-22 or silica bound
and dealuminated Pt/ZSM-23.

19. Process according to claim 18, wherein the dewaxing

catalyst is a silica bound and dealuminated Pt/ZSM-12.



