WD 2006/ 028881 PCT/ US2005/ 031060 -1 LUBE BASESTOCKS MANUFACTURI NG
PROCESS  UGld\sobAVRREVED HYDRODEWAXI NG CATALYSTS  FI ELD Cheifidk005/031060
TNVENTI ON [0001] This invention relates to a process for preparing

| ubricating oil ( basestocks fromlube oil boiling range feedstreans.
More particularly, the present invention is directed at a process
wherein a wax containing lube oil boiling range feedstreamis
converted into a basestock suitable for use in notor oil applications
by contacting it with a hydrodewaxi ng caflal yst containing a nedi um
pore nol ecul ar sieve having deposited thereon an active netal oxide
"and at | east one hydrogenation netal selected fromthe Goup VIII

and Group VI B et al 3 ypSKERRHNGICRES RHENURECTIRIEHPRD ks
[ tbr i cants and_comurinG MEROVER By DRIBEWIXING CATONSTS .

with the use of better additives, such as anti-oxidants, antiwear
agents, detergents and viscosity inprovers to inprove specific
properties of the basestocks used to prepare the finished products.

I n the 1990sIEMDtOR TARINVENPIONNCr eased environnmental concerns,
the perforrmance requirenents 1or the basestocks thensel ves have

I ncreased. The perfornmance of the lubricating oil products thensel ves
began a ﬁﬁﬂﬂ change as additives alone haye not been able to

address th W r egdis ByeREQn rejaisn ngeBrasgss 108 peeparivgdnbricatngf eitt ur er s

B ot A b bR Uty BBl PR Bro B Bk
decade SAE jaVémbiPls| BirdifitPat LHNLERWIRGSHSE RaK cYABERARE Iibe oil boiling range

feedstream is converted into a basestock suitable for use in motor oil applications

by contacting it with a hydrodewaxing catalyst containing a medium pore
molecular sieve having deposited thereon an active metal oxide and at least one

hydrogenation metal selected from the Group VIII and Group VIB metals.

BACKGROUND OF THE INVENTION

[0002]  Until recently, improvements in the standards for passenger vehicle

¢ lubricants and commercial vehicle lubricants were achieved largely with the use of

\ better additives, such as anti-oxidants, antiwear agents, detergents and viscosity
Improvers to improve specific properties of the basestocks used to prepafe the
finished products. In the 1990s, with the advent of increased environmental
concerns, the performance requirements for the basestocks themselves have
increased. The performance of the lubricating oil products themselves began a
rapid change as additives alone have not been able to address the new requirements
demanded by the equipment manufacturers accelerated efforts to improve
automotive performance, via reduced emissions and fuel economy, etc. In North
America over the past decade SAE 5W-30 oils have required basestock viscosity

index ("VI") of the light basestock to increase from 100 to 115 due to tougher



index ("VI") of the light basestock to increase from 100 to 115 due
t'o tougher WO 200©428881 PCT/ US2005/ 031060 -2 |LSAC, GCFpbrShneodnéd
GF3 standards. VI is a convenient guide to low tenperature viscosity
and volatility, properties that really under pin autonotive
performance. This VI target is achievable only in low yields, from
nost crudes, by the conventional separations based, processing steps
of vacuumdistillation, solvent extraction and solvent dewaxi ng.
Simlar trends have occurred in Europe w2-h ACEA requirenents.

[ 0003] Conventional techniques for preparing basestocks such as
hydrocracki ng or solvent extraction require severe operating

condi i ons. e @Sh0lPs SA3E AlharbeTDPAL UER il Aflaspl et of

ratios and h raétion temperatures to reac Igher

basest ock quaiipkia@fe VEJOERY aRd Ve[, WRopehies NRT reXPLRsHN IR BRIOA IS
conditions and | ow yields.” [0004] Further, nost l|ubricating oil

f eedst ocks mesforimence idnie¥1 itarger dechievablp oady treldw tyiéldsitirorg nodst srudes, by

which will rgmai n fluid down to the | owest ,teng%rsature of _use..
Dewaxi ng i s [REORBYHEERA]l SParabiors hasedgPIncesing skeps iy vagavhstBbion, solvent

which solidfy.readi L.e waxe Ln_petroleumfractjons. The.
Py odewaxi i F GRS Yolveotis N ERE Shapih REROF hEVTR iR Burnee St
range and cq;l@ggﬁ ultsgkHls. i n such processes is well known in the
art. Generally these processes utilize catalysts conprising a

| ecul ar sieve conponent and a conponent selected fromthe G oup
Il and/or Group VIB netals. [0005] As finished oil perfornmance )
requi r ement si0PB3} eacenventuwaktecheiquestiuiprepasing bagestaels svddad hywlroeiacking
basest ocks pr op rt'%es. To address this ne?d the ... i
or solvent extraction require severe operating conditions such as high pressure and
temperature or high solvent:oil ratios and high extraction temperatures to reach
these higher basestock qualities. Either alternative involves expensive operating

conditions and low vields.

[0004] Further, most lubricating oil feedstocks must be dewaxed in order to
produce lubricating oils which will remain fluid down to the lowest temperature of
use. Dewaxing is the process of separating or converting hydrocarbons which

solidify readily (i.e., waxes) in petroleum fractions. The hydrodewaxing of wax

o

and waxy feeds boiling in the lubricating oil range and catalysts useful in such
processes is well known in the art. Generally these processes utilize catalysts
comprising a molecular sieve component and a component selected from the Group
VIII and/or Group VIB metals.

[0005]  As finished oil performance requirements increase so does the
requirement for improved lube oil basestocks properties. To address this need the
search for new and different processes, catalysts and catalyst systems that exhibit
improved activity, selectivity and/or longevity is an ongoing exercise. Thus, there

is a need m the lube 01l market to provide processes that can produce lube oil



search for new and different processes, catalysts and catal yst
systens thglo #udeReds 1 nproved activity, selectivity andpefrikangeyodoy
i's an ongoi ng exercise. Thus, there is a need in the |ube oil market
to provide processes that can produce |ube oil WD 2006/ 028881

PCT/ US2005/ 031060 -3 basestocks that neet the demand for better
performance, e.g., increased fuel econony and reduced em ssions,
etc. BRI EF DESCRI PTION OF THE FI GURES [0006] Figure 1 is a graph

rel ating pour point to yield of |ube oil3basestocks obtained by
_hydrodewaxing a 150N slack wax with a ZSM 48 catal yst according to

t he present invention conpared to a conventional ZSM 48 based

hydr odewaxi n C 0Q7] Figure h _co

_pour poi nt bﬁgesmﬁféaﬁ We?tﬁg‘éa %13 ‘iigcﬁebeﬂéf H?’Bﬂﬁ‘?&s etﬁ)g%?#eag&jom?
hydr odewaxi ZSM 48 catal yst according to
the pr esent’ Eﬁg%@%%?gglﬁgég&haéﬁg Sl¥\%§ Iétew(fj:lonventl onal ZSM 48 based

hydr odewaxi ng cat al yst. [0008] . Figure 3 is a graph relating yield
to time on stream at constant pour point for the present invention.
[0009] Fi QBRIEF IESCRIZAHQNGE THE FIGURES (i ne on stream at
constant pour point for a conventional ZSM 48 hydrodewaxi ng

catal yst. WO 2006/ 028881 PCT/ US2005/ 031060 -4- SUWARY OF THE

[ NVENTI G ﬁ&&i@u nge%?.{ 3£ 2 Lrd AN ®bou? pirie6 LR df 18bPHABESS RS

pr epare | u

(

obtained by hydrodewaxing a 150N slack wax with a ZSM-48 catalyst according to
the present invention cornpared to a conventional ZSM-43 based hydrodewaxing

catalyst.

[0007)  Figure 2 is a graph comparing the pour point to viscosity index of lube
oil products obtained by hydrodewaxing a 150N slack wax with a ZSM-48 catalyst
according to the present invention compared to a conventional ZSM-48 based

hydrodewaxing catalyst.

[0008] . Figure 3 is a graph relating yield to time on stream at constant pour point

for the present invention.

[0009] Figure 4 is a graph relating yield to time on stream at constant pour point

for a conventional ZSM-48 hydrodewaxing catalyst.



basest ocks. The process conprises: a) contacting a |ube oil boiling
range feedsw@®@zms/udsgdt a hydr odewaxi ng catal yst in a reacht@rssdod88oso
operated under effective hydrodewaxi ng conditions thereby producing
a lubricating oil basestock, wherein said hydrodewaxing catal yst

conprises: i) at |east one nmedium pore nol ecular sieve; ii) at |east
one active netal oxide selected fromthe rare earth netal oxides;
and iii) at |east one hydrogenation netal selected fromthe G oup
VIII and Goup VIB netals. [0011] In oned4enbodi nent of the instant
invention, the at |east one active netal oxide of the hydrodewaxi ng
catalyst is selected fromthe Goup IlIB rare earth netal oxides.
[0012] In yesyumataey @WPFT%VEN?;%@MG earth nmetal oxide is
yttria. [0 N StI ment, the at |east one

hydr ogenati on netal selected fromthe Goup VIII and G oup VIB

metal s of the hydrodewaxing catalyst is selected fromthe Goup VIII
nobl e net al s[00 Eélomﬂ“hmr@,&em invgntem i diegebrslitrepriocesshte patpdre asbricanieg oil
hydr ogenat i o%a ‘a‘ﬂﬁ eI ected fromthe Goup VIII and G oup VIB
metals of th Er% d e REESE SPEIRSES: i s selected fromPt, Pd, and

L5 e O R 8, A i
contacting a | ubri cat icagalgitlinfagedaidneasBepefated under effective hydrodewaxing
) conditions thereby producing a lubricating oil basestock, wherein said
hydrodewaxing catalyst comprises:
i) at least one medium pore molecular sieve;
ii) at least one active metal oxide selected from the rare earth
metal oxides; and

ili)  at least one hydrogenation metal selected from the Group VIII

and Group VIB metals.

[0011]  In one embodiment of the instant invention, the at least one active metal

oxide of the hydrodewaxing catalyst is selected from the Group I1IB rare earth

metal oxides.
[0012]  In yet another embodiment, the rare earth metal oxide is yttria.

[0013]  In still another embodiment, the at least one hydrogenation metal
selected from the Group VIII and Group VIB metals of the hydrodewaxing catalyst

is selected from the Group VIII noble metals.

[0014]  In still another embodiment, the at least one hydrogenation metal

selected from the Group VIII and Group VIB metals of the hydrodewaxing catalyst

1s selected from Pt, Pd, and mixtures thereof.



a hydrodewaxi ng catalyst in a reaction stage operated under effective
hydr odewaxwogzooomdidli ons to produce a dewaxed | ubri cati ngcRbs005/031060
basest ock. The hydrodewaxi ng catal yst conprises at |east one nedi um
pore nol ecul ar sieve, at |east one active netal oxide selected from
the rare earth netal oxides, and at |east one hydrogenation netal
selected fromthe Goup VIII and Goup VIB netals. Lubricating QI
Feedstreans [0016] Feedstreans suitable for use in the present

i nvention are wax-containing feeds that-5boil in the |ubricating oil
range, typically having a 10%distillation point greater than 650F
"(343C), neasured by ASTM D 86 or ASTM 2887, and are derived from

m neral sources, synthetic sources, or a mxture of the two. Non-
limting exanples of suitable lubricating oil feedstreans include
those deri RTATVED DS CEIPIUCON OF THE INMENTUON om sol vent
refining processes such as raffinates, partrally solvent dewaxed

oil s, deasphal ted oils, distillates, vacuumgas oils, coker gas

oils, slac?L oots oils andtellke dewax d0|Is utomati c .
transni ssi 6B |UI FQ%FB@I&C“%HHO P%E@f&t?@tﬂgbﬁ)gﬁ,’r’il%ﬁéﬁ 1 Ippdstigameyith

| ubricatin o

automat 1 o o MR SEOShERE R v e B R R ARG ER [ o7,

These feedgidesdEvdi@ig abﬁaznhﬁm Piodice 8RRt & mﬁ)riahﬁﬁ/gaﬁrba_se&sﬂck. The

sul fur- confam nants. Feeds containing up to O. ni trogen,

gaﬁ ed on f édgdredevaxpng tataB/sO compisex atdedst une ordite ppreomedsathrisievieheat
resent process. Feedsteans having a WO 2006/ 028881 PCT/ US200S/ 031060

-6 high mk@éﬁﬂeﬁﬁtwwe@&qw%eﬁ}%cteﬁ &ﬁmh@cr@rmaythrn@r@kesld@ﬁ, apg at deast

5? gnggr SD L@?ﬁh@% %% &@%@ ggéot%f SR & ﬁo}ne{fi roug \/bﬁl roup V% metals.

Lubricating Oil Feedstreams

[0016] Feedstreams suitable for use in the present invention are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation point
greater than 650°F (343°C), measured by ASTM D 86 or ASTM 2887, and are
derived from mineral sources, synthetic sources, or a mixture of the two. Non-
limiting examples of suitable ubricating oil feedstreams include those derived from
sources such as oils derived from solvent refining processes such as raffinates,
partially solvent dewaxed oils, deasphalted oils, distillates, vacuum gas oils, coker
gas oils, slack waxes, foots oils and the like, dewaxed oils, automatic transmission
fluid feedstocks, and Fischer-Tropsch waxes. Preferred lubricating oil feedstocks
are those selected from raffinates, automatic transmission fluid feedstocks, and

dewaxed oils.

[0017] These feedstreams may also have high contents of nitrogen- and sulfur-
contaminants. Feeds containing up to 0.2 wt.% of nitrogen, based on feed and up

to 3.0 wt.% of sulfur can be processed in the present process. Feedsteams having a



and D4629, respectively. Hydrotreating 100181 In one enbodi ment, it
i's preferreWwWQhaé/028ss | ube oil boiling range feedstream PeT/US2005/031060
hydr ot reat ed under effective hydrotreating conditions prior to
contacting the dewaxi ng catal yst. Effective hydrotreating conditions
as used herein are to be considered those hydrotreating conditions
effective at renoving at |east a portion of the sulfur contam nants
present in the lube oil boiling range feedstreamthus producing at

| east a hydrotreated |ube oil boiling ranffe feedstream Typi cal
effective hydrotreating conditions will include tenperatures range
from 100C to 400C with pressures from50 psig (446 kPa) to 3000 psig

(20786 kPa) higlphekeionbiny tfgiedpRaveHigh (fke6sikPakekés 8@%9*:&%@@ of %{6’1@8
n an

kPa). However, the effective hydrotfeating ‘conditio catal ysts

are not cri tSudhir and nithegqr emeeits miaywenheamnrahbly sandmids STH atdthads D5453
conditions effective at renoving at |east a portion of the sulfur
fromthe Iul@@dd?‘?f@?@ﬁﬁm@tl‘f%{hge f eedstream can be used. Al so, any
hydrotreati ng catal yst can be used. It should be noted that the term
"hydrotreati ng" as used herein refers to processes wherein a

hydr ogen-corﬁﬂmtp&_ﬁﬁg eat gas is used in the presence of a suitable

catalyst th ily active for the renoval of heteroatons,
such as sul fur, and nitrogen. Suitable hydrotreating catalysts for
use in the present invention are any conventional hydrotreating

catal yst and0PH] udbsonewsbodiment, itiseprefomedithatdhe ful oil badingrangé oup

Vi etal ! G BLLELARLY o, a0l Mo OB Brelorably On Sndlor N

b0 a0 1V gL e bbiele ARy hE BT A5 0BAAR, RS v

2006/ 028881 Hecein dre ¢ Bsiid@fed those hydrotreating conditions effective at removing at
least a portion of the sulfur contaminants present in the lube oil boiling range
feedstream thus producing at least a hydrotreated lube oil boiling range feedstream.
Typical effective hydrotreating conditions will include temperatures range from
100°C to 400°C with pressures from 50 psig (446 kPa) to 3000 psig (20786 kPa),
preferably from 50 psig (446 kPa) to 2500 psig (17338 kPa). However, the
effective hydrotreating conditions and catalysts are not critical to the present
invention and any hydrotreating conditions effective at removing at least a portion
of the sulfur from the Jube oil boiling range feedstream can be used. Also, any
hydrotreating catalyst can be used. It should be noted that the term
“hydrotreatmg” as used herein refers to processes wherein 2 hydrogen-containing
treat gas is used in the presence of a suitable catalyst that is primarily active for the
rernoval of heteroatoms, such as sulfur, and nitrogen. Suitable hydrotreating
catalysts for use in the present invention are any conventional hydrotreating
catalyst and includes those which are comprised of at least one Group VIII metal,
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Co;
and at least one Group VI metal, preferably Mo and W, more preferably Mo, on a

high surface area support material, preferably alumina. It is within the scope of the



-7 present invention that nore than one type of hydrotreating

cat al yst beouemd2sssit he sane reaction vessel. The G ouppddiid2osaikadso
Is typically present in an amount ranging from2 to 20 w. %
preferably from4 to 12% The Goup VI netal will typically be
present in an anmount ranging from5 to 50 wt.% preferably from10 to
40 wt. % and nore preferably from20 to 30 wt.% By "on support"” we
nmean that the percents are based on the wei ght of the support. For
exanple, if the support were to weigh 400 grans then 20 w. % G oup
M1l metal would nean that 20 grans of Group VIII nmetal was on the
support. In this enbodinent, the hydrotreating of the |ube oil

boiling ran feedsire ' | |

operated URASFaRY BN Hap S b (e bRy FRkcang CRAEI BP S FAhe
above. Thegaptaftiondcofelt The!Gioep MIII Melal ingplallgertasdsh heamdunt t he
hydrotreating reaction stage wwth a hydrotreating catalyst, as
descri bed ahmneg fipnoduc 28 vett%| pastrably rlotor 826 e dthe (eup tViooeigh wall ng

a gaseous reactjion product and a |iquid reactio roduct. c i ses, a
hydr o r eat &XpisalbebeIesHw NGRS ENEBEEORbAND SIEL-dnPreferadly om 10 fo

e A AU AR SR AL I R DR S o

descri bed referred tha otreate

product be t%&é}{tgqré PiRdbhahe 923ERGT theagipord Mackaghplang the ﬂiﬂg@rt

reaction pr t conprising a hydrotreated | ube oil boiling range
f eédst r eamweFher weidtotdrasenher 20 ovt.%sGroup \CHI itz wodldthean thasgant
nvention and can be carried out by, for exanple, strippin

knock- out  gmosref Geown VIHmeetal wps 9 $ke SURPOHg .IHTWé_ R Weé‘gitb%l | ube

o) oL "G el SR g SO A Sy a0

Ergf 29 fli Igg VLRSI Mat € ARHEQUTFREE By dFAfaRR g ORI HRUaOdese B O
above. The contacting of the lube oil boiling range feedstream in the hydrotreating
reaction stage with a hydrotreating catalyst, as described above, produces at least a
hydrotreated product comprising a gaseous reaction product and a liquid reaction
product comprises a hydrotreated lube oil boiling range feedstream. The entire
hydrotreated product can be conducted to the hydrodewaxing stage described
below. However, it is preferred that the hydrotreated product be separated into the
gaseous reaction product and liquid reaction product compnsing a hydrotreated
lube oil boiling range feedstream. The method of separation is not critical to the
instant invention and can be carried out by, for example, stripping, knock-out
drums, etc., preferably stripping. The hydrotreated lube oil boiling range

feedstream is then contacted with a hydrodewaxing catalyst, as described below, in

a hydrodewaxing reaction stage.

[0019]  The hydrotreating reaction stage, can be comprised of one or more fixed
bed reactors or reaction zones each of which can comprise one or more catalyst
beds of the same hydrotreating catalyst. Although other types of catalyst beds can
be used, fixed beds are preferred. Such other types of catalyst beds include



bed reactors or reaction zones each of which can conprise one or nore
catal yst bedsowsfozesae sane hydrotreating catal yst. Al thouglrotb@rosioso
types of catal yst beds can be used, fixed beds are preferred. Such
ot her types of catal yst beds include WO 2006/ 028881 PCT/ US2005/ 031060
-8 fluidized beds, ebullating beds, slurry beds, and novi ng beds.

I nterstage cooling or heating between reactors or reaction zones, or
bet ween catal yst beds in the sane reactor or reaction zone, can be
enpl oyed since the desul furization reacti®n is generally exothermc.
A portion of the heat generated during hydrotreating can be
recovered. Where this heat recovery option is not avail abl e,

convent i onakyeRed Hels, Qﬁl)mzﬁﬁl ds0 ﬁlﬁ? Belds, 60k s “tlﬁtlef%ééescoﬁﬁg? or

as cooling water or air, or oug dse of ydr dgen quenc

In this rranheqnngdmwmemtslcﬁﬁe&cﬂm@ro@wr@%em@em dealyBrededs khe/same
mai nt ai ned. Hydr odewaxi ng Catal yst [0020] As stated above, the .

hydr odewaxi mjcwtoawwﬂlogns@mes ﬁaft he empéwdtsmqaihe dwdﬁzrmmpmrsmwmm

| east one nedlu pore.nol ecu éf3|ev | ar sieves

suitabl e foESUREY EXpihEry g pEeieat HEdrRied duPRE HETFeabagcen be

t | '
11§ Coal uni FRoRereRs Whe R BRI 3ECHYely DBIGL LR o FRUAS, cohy R ogling
i.e., medi umymv;ﬁeri@ﬁiddtmsodgmmmgmmim@ﬁt@ﬁ@bo&h@n@%% o?@ﬁ‘Pde' itdikh

10- menber rings. is preferred that the nol ecul ar "si eve

zeolite. [OOSpf A hgdlsxgbnqaancinﬁm@qahoybmﬁnema(nﬁwm)mmmemﬂcnas tmhpelatures
[east one mol ecul ar jave can. b% any of the SAPCs known. Preferred
SAPGCs i ncl ufi@? ﬁ@@fﬂm Yomegitainedand” SAPO- 41.

Hydrodewaxing Catalyst

[0020]  As stated above, the hydrodewaxing catalyst used in the present
invention comprises at least one medium pore molecular sieve. Medium pore
molecular sieves suitable for use in the dewaxing catalysts utilized in the present
invention can be selected from acidic metallosilicates, such as |
silicoaluminophophates (SAPOs), and unidimensional 10-ring zeolites, i.e.,
medium pore zeolites having unidimensional channels comprising 10-member

rings. It is preferred that the molecular sieve be a zeolite.

10021]  The silicoaluminophophates (SAPOs) useful as the at least one molecular -
sieve can be any of the SAPOs known. Preferred SAPOs include SAPO-11,
SAPO-34, and SAPO-41.

[0022]  The medium pore zeolites, sometimes referred to as unidimensional 10-
ring zeolites, suitable for use in the dewaxing catalyst employed herein can be any
of those known. Medium pore zeolites as used herein can be any zeolite described

as a medium pore zeolite in Atlas of Zeolite Structure Types, W.M. Maier and D.H.




[0022] The nedium pore zeolites, sonetines referred to as

uni di mnensivomadoshsssii Nng zeolites, suitable for use in threTESreosiB60
cat al yst enpl oyed herein can be any of those known. Medi um pore
zeolites as used herein can be any zeolite described as a nmedium
pore zeolite in Atlas of Zeolite Structure Type, WM Maier and D. H
WO 2006/ 028881 PCT/ US2005/ 031060 -9 O son, Butterworths. Zeolites
are porous crystalline materials and nedium pore zeolites are
general ly defined as those having a pored-size of 5 to 7 Angstrons,
such that the zeolite freely sorbs nol ecul es such as n-hexane,

" 3-net hyl pent ane, benzene and p-xyl ene. Another common cl assification

d f | | s itd '
used for @%WEWE}%H eZ%%gtésrh\‘é’b&%ﬁs Eﬂ%ta@ﬂﬁéh{a%ﬁhtls hﬁtgﬁi%dhﬁﬁ?)gﬁe

which is des t at es” Pat ent™ Nunber 4, 016, 218, wh

"is hereby pesiaeparcaiatriyy defieseachosdkadingm poresize e6bitb FsAnyyionad, lsych
have a Constraint Index of 1 to 12, based on the zeolite al one

wi t hout rnothat ither zecditd fyeelypsorbe neolecitlesesich s naligxase, 3-mecthylpen@ne, hopzee
t he catal yst Pref erred uni di mensi naé aE,to-ri ngfzeol ites are ZSM 22,
ZSM 23, ZSWEB XV} SPOtREGORENOn ARSTHEAO8 YR TONBIEA R PPET FH S e
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ZSM 48. Thga nost™ preferre esis rou
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mol ecul ar sieve is preferably conmbined wth a suitable porous binder

or (matrix metlées gipicAlnhavera Gongtrexb hples ©f dftoslic basest e ihel zeolitect ove

active and inactive materials such as clays, silig and/ or . net

oxi des sucHithout gradifiaes andopres tﬁitfqaﬁgelﬂi‘éﬁél%ﬁﬂﬁf(ﬁﬁf&ﬂ}’ﬂ%(lqtj;;h%ﬁﬁtgiryﬁ-ng

cl ays that ¢ be ¢ it ed,hnel .C| t t k hl-051

and kaol | nPFaRTE B8ROy LOnie SR AN 28R e org M

comonly kROWASRE AR Xh& ferMeMMTERIorSPRTE I are ZSM-22, ZSM-23, ZSM-35, ZSM-
48, and ZSM-57. The most preferred is ZSM-48. The most preferred synthesis

route to ZSM-48 is that described in U.S. Patent Number 5,075,269.

{06023] The medium pore molecular sieve is preferably combined with a suitable
porous binder or matrix material. Non-limiting examples of such materials include
active and inactive materials such as clays, silica, and/or metal oxides such as
alumina. Non-limiting examples of naturally occuiring clays that can be
composited include clays from the montmorillonite and kaolin families including
the subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia,
and Florida clays. Others in which the main mineral constituent is halloysite,
kaolinite, dickite, nacrite, or anauxite may also be used. The clays can be used in
the raw state as originally mixed or subjected to calcination, acid treatment, or
chemical modification prior to being combined with the at least one molecular
sieve. It is preferred that the porous matrix or binder material comprises at least
one of silica, alumina, or a kaolin clay. It is more preferred that the binder material
comprise alumina. The amount of molecular sieve in the dewaxing catalyst is from

10 to 100 wt.%, preferably 35 to 100 wt.%, based on catalyst. Such catalysts can



and Florida clays. Ohers in which the main m neral constituent is
hal | oysi t e, Wakaod/izpgstie, dickite, nacrite, or anauxite nmaya@Ehssoigo31060
used. The clays can be used in the raw state as originally m xed or
subj ected to calcination, acid treatnent, or chem cal nodification
prior to being conmbined with the at |east one nolecular sieve. It is
preferred that the porous matrix or binder material conprises at

| east one of silica, alumna, or a kaolin clay. It is nore preferred
that the binder material conprise alum né)- The anmount of nol ecul ar
sieve in the dewaxing catalyst is from 10 to 100 w.% preferably 35
to 100 w.% based on catal yst. Such catal ysts can WO 2006/ 028881

PCTI US2005/ 084 tkpm e Laed d ﬁl%[ Iﬁﬁi .
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[0024] The hydr odewaXi ng catal yst used in the present invention”also
conprises asu Ifided forohe active netal oxide sel ected fromthe rare

earth netal oxides. As used herein, "rare earth netal oxides" is
meant to refer to those netal oxides conprising those eI emsnts of

Leer o Cohs LR e AR AR IREE R SRR L B8y i Slsg comerises

rare earth B‘Bleaét%nb@cﬂv@me@dmxh@@édlél@éd frbfn 1he rRiethfth Bkat Baldd Eh%saﬁ ed
| east one active netal oxide be selected fromthose rare eart SI

xi des of G balpln "aBe oéirth hetglemdida’ as trebhieto refeeltoitiog nydthl oxides 90fPrising |
greferabl y t | east ne actl ve netal oxide is yttria. [0025] The
at |east onet FPV@% thg petie Eéﬁblﬁéﬂﬁvmtgﬁu@ﬂwbgmhﬂwnm afBend-71 and

descri bed ne p u ey s kno

effective at g {tg@%nhg&gcm%oa% 4@%‘? gg&éﬁ‘r%’? ggtr%?lagfﬁ Rty V\faé i tHe rare carth

I ncor por at i OpefR@ IS mbAG bpeitcdtidnk PItE8 breferred that the at least one active metal oxide
be selected from those rare earth metal oxides of Group IIIB of the periodic table

including yttrium, more preferably the at least one active metal oxide is yttria.

[0025]  The at least one active metal oxide can be incorporated onto the above-
described medium pore molecular sieve by any means known to be effective at
doing so. Non-limiting examples of suitable incorporation means include incipient
wetness, 10n exchange, mechanical mixing of metal oxide precursox(s) with
molecular sieve and binder, or a combination thereof, with the incipient wetness

technique being the preferred method.

[0026]  The amount of active metal oxide incorporated, i.e., deposited, onto the
medium pore molecular sieve is greater than 0.1 wt.%, based on the catalyst.
Preferably the amount of mixed metal oxide ranges from 0.1 wt.% to 10 wt.%,

more preferably from 0.5 wt.% to 8 wt.%, most preferably from 1 wt.% to 4 wt.%.

[0027]  Hydrodewaxing catalysts suitable for use in the present invention also

include at least one hydrogenation metal selected from the Group VIII and Group



wet ness, ion exchange, mechanical m xing of netal oxide precursor(s)
with nol ewolzass/esssye and bi nder, or a conbi nation ther esftiuvdobdotine
i nci pient wetness technique being the preferred nethod. [0026] The
anount of active netal oxide incorporated, i.e., deposited, onto the
medi um pore nol ecular sieve is greater than 0.1 w.% based on the
catalyst. Preferably the anbunt of m xed nmetal oxide ranges fromO.1
w.%to 10 wt.% nore preferably from0.5 wt.%to 8 w.% nost
preferably froml w.%to 4 wt.% [0027]- Hydrodewaxi ng catal ysts
~suitable for use in the present invention also include at |east one
hydr ogenati on netal selected fromthe Goup VIII and G oup WO

ool vat ol SR Tl DRog B dRtepag g LTS fapd BSusc IHEDFUEEA 19

. cat al ysts s ese rnvention are

bi functi On%veg-{igﬁoaﬁ% bglﬁﬂéﬂoxﬁﬁ‘eTﬁk‘q{ RAGNGHe Mrﬁ@rﬁtiolﬁﬂ%@tﬁl eélette@Trdr ehe

Goup VIII "an B metals functions ds a netal hydrogenation

conponent . GiBupNAIT &6 GrewpVIB metaktfahstianestshnstal hpdregeadiidn comphaent.
Goup VIl noble netals, nore preferably selected fromPt

mi xt :JI‘ es t]tPéqtf@Ong\@!tdﬂplf’t’H} m@taé%?rmthﬂ@ﬁ sehectedrom f@ﬁéﬁl@v@e\dﬂérggﬂﬁa%gi&ﬂ&
. P VI B i .Mol dnJ .

- par {1 cul a0 BEFEraHy Selc RGOk L PHO Tty baee oLy Pl eSS g i

metal is S%Hn@stff?féskeﬁﬁeaf@rbpﬁ \@iﬂg}gta\('ﬂrkféglf‘éggdg@)g\_fﬁ\f/m BicRh R A & de et C.

G oup VI el ng ose scri be 100281 The at | east
%é hydr ogeviatybaemiigtaald TungstenoTparRirechlaily prefeepd sitbediment, the thleast
di um pore nol ecul ar sieve before or after, preferably after the at
| east one mmettiydeogmiatibn matalas helsclsd droml dppSireund Vil enefsls. withgreferred, ete.

| east one hydrogepatio neta] canp al.so, he incorporated onto the
above- desc I@&Hqggfm?éaqﬁ??‘&gt Qgegiescribed above.

[0028]  The at least one hydrogenation metal is incorporated, 1.e. deposited, onto
the medium pore molecular sieve before or after, preferably after the at least one
active metal oxide has been deposited thereon. The at least one hydrogenation
metal can also be incorporated onto the above-described active metal oxide-
containing medium pore molecular sieve by any means known to be effective at
doing so. Non-limiting examples of suitable incorporation means include incipient
wetness, ion exchange, mechanical mixing of metal oxide precursor(s) with
molecular sieve and binder, or a combination thereof, with the incipient wetness

technique being the preferred method.

[0029] The amount of the at least one hydrogenation metal incorporated, i.e.
deposited, onto the metal oxide-containing medium pore molecular sieve is
between 0.1 to 30 wt.%, based on catalyst. Preferably the amount of the at Jeast one
hydrogenation metal ranges from 0.2 wt.% to 25 wt.%, more preferably from 0.5
wt.% to 20 wt.%, most preferably from 0.6 to 20 wt.%.



cont ai ni ng nmedi um pore nol ecul ar sieve by any means known to be

ef fective aWo2d&¥1388880. Non-lim ting exanpl es of suitabl ePCTNUS2005/031060
i ncor poration neans include. incipient wetness, ion exchange,
mechani cal m xing of nmetal oxide precursor(s) with nolecular sieve
and binder, or a conbination thereof, with the incipient wetness
techni que being the preferred nethod. 100291 The anount of the at

| east one hydrogenation netal incorporated, i.e. deposited, onto the
met al oxi de- cont ai ni ng medi um pore nol eculdar sieve is between 0.1 to
30 wt.% based on catalyst. Preferably the amount of the at |east one
hydr ogenati on netal ranges fromO0.2 w.%to 25 w.% nore preferably
fromO0.5 WH%ERlenAxMe Y9 nost preferably from0.6 to 20 wt.% WO
2006/ 028881 31060 -12- Hydrodewaxi ng [0030] In one
enbodi nent of the present invention, a |ube oil boiling range

f eedstreamii a contacted with the above-described hydrodewaxin
cat al yst i n [803¢leacks &t enbodimand&f the presentvaventih ddwaspi joiling range

Goed it ne BRBLSRR b ROBREI D TAD B R i e GRS e E i
bed react or %eé&ioh?ﬁ%é Hlef %ﬁ%éti@é‘ﬁgfiﬁde%kﬁ& %ti&%ﬁk}a ?ﬁaé:‘égﬁ S%cﬁeher

nore catal yst bed the sanme or erent yst

types of catcahissihinpebs hpdvodewaniigdeatfilyseskedan sheprseitahestRh caBUsh
ot her types of catalyst beds include fluidized beds, ebullating

Eeds, sl ur r yopuuised sf @nenovimaye fradshed reaetoss ereacthon tongseach efvihich can
Same. T eact oRO TR0 Sy S s o8 o e A MRront @iy st o
al so be recqygredneBELea il fodith YARRUCHYePhds e bFeBREa 2485 AR L types

of catalyst beds include fluidized beds, ebullating beds, slurry beds, and moving

beds. Interstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed. A portion of any heat
generated can also be recovered. Where this heat recovery option is not available,
conventional cooling may be performed through cooling utilities such as cooling
water or air, or through use of a hydrogen quench stream. In this manner, optimum
reaction temperatures can be more easily maintained. It should be noted that if the
hydrotreating option described above is employed, the reaction stage containing the

dewaxing catalyst is sometimes referred to as the second reaction stage.

{0031}  Effective hydrodewaxing conditions as used herein includes temperatures
of from 250°C to 400°C, preferably275°C to 350°C, pressures of from 791 to
20786 kPa (100 to 3000 psig), preferably 1480 to 17338 kPa (200 to 2500 psig),
liquid hourly space velocities of from 0.1 to 10 hr', preferably 0.1 to 5 hr' and
hydrogen treat gas rates from 45 to 1780 m*/m* (250 to 10000 scf/B), preferably 89
to 890 m*/m’ (500 to 5000 scf/B).



conventional cooling may be perfornmed through cooling utilities such
as cool i ngvowedearzsasy air, or through use of a hydrogen OQrEMCHRIGYI3EEN
In this manner, optinmum reaction tenperatures can be nore easily

mai ntai ned. It should be noted that if the hydrotreating option
descri bed above is enployed, the reaction stage containing the

dewaxi ng catalyst is sonetines referred to as the second reaction
stage. 100311 Effective hydrodewaxi ng conditions as used herein

i ncludes tenperatures of from 250C to 460C, preferably 275C to 350C,
_pressures of from791 to 20786 kPa (100 to 3000 psig), preferably
1480 to 17338 kPa (200 to 2500 psig), |liquid hourly space velocities
of fromO. 10 ; ;

.gas rates r%gr%]45 "i?l]:l)e I%zyggf(ﬁ%}% %r%%% %ge tﬁ%gn %gg%%52%¥%$& 18?% é@gg’%wﬁﬁ
to 890 nB/ APdLRIR ak i HOARysETds)desiiibaDinve 288dd e PilpidSed §idldSdibibe oil
-13 [0032] The inventors hereof have found that the present invention
enpl oyi ng bhilingodsgapredyciabaying bsttersvigeosilyipdaxea fOVE") prhiwni epazpared to

Vi Scos Ly PRAEHSE A{NADE CGRERe BB A "L o R Ror I, PAURFF by Eids.
ol orroa t SOEREEReRERATS B8 Yield LRe Br RRAREUE b 9%, SRER ohTES e,

feed, andahheneNIiiMGEoRs SomeGnARE roRered @b 86 M@ drdditsasre\dn ieetildrsof [a56V1
on the order of 1-5 VI points. f [0033] The above description is

i fected tpoprteferred enbodi nents of the present invention. Those

killed in the art will recognize that other enbodinents that are
equal ly effective could be devised for carrying out the spirit of
this [0033]  The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

mvention.

[0034] The following examples will illustrate the improved effectiveness of the

present invention, but is not meant to limit the present invention in any fashion.
EXAMPLES

EXAMPLE 1 - CATALYST PREPARATION

COMPARATIVE CATALYST - CATALYST A

[0035] A base case catalyst for comparison was prepared by extruding 65 parts
of ZSM-48 crystal (Si/A12 ~ 200/1) with 35 parts of pseudoboehmite alumina.
After extrusion, the extrudate was dried at 121°C in air, followed by calcination in
nitrogen at 538°C to decompose the organic template in the zeolite. After

decomposition, the extrudate was exchanged with 1 N NH4NO3 nitrate to remove



invention. [0034] The follow ng exanples will illustrate the inproved
-ef fecti vene¥¥ WP6/628881 present invention, but is not nmeantedwubions/iosioee
the present invention in any fashion. EXAMPLES EXAMPLE 1 - CATALYST
PREPARATI ON COMPARATI VE CATALYST - CATALYST A [0035] A base case

catal yst for conparison was prepared by extruding 65 parts of ZSM 48
crystal (Si/Al12 - 200/1) with 35 parts of pseudoboehm te al um na.

After extrusion, the extrudate was dried at 121Cin air, followed by
calcination in nitrogen at 538C to decorigese the organic tenplate in
the zeolite. After deconposition, the extrudate was exchanged with 1

N NHANC3 nitrate to renmove WO 2006/ 028881 PCT/ US2005/ 031060 -14

sodi um fol | Qu&dy j £ : 1 t 1 I ;
second dryi n“g) st’g%),1 1%t e a%daﬁ)(g}gtm%?r@gggiie?g‘(ﬁiz%%i %%%ﬁ‘ftggg%&{h? drying
convert the ditpl-thetambist vae clSiMed4s airat SBB°CHé osmvernthetlHAipmen fahy ZSM-
resi dual carbon remaining on the catalyst after nitrogen

deconposi t i off toTthe Hifemn andto ramowamigaidsabrasbemeamainprgegntecttaly sttafter

0.6 wt.% Pt by incipient wet i g jids '
Cet raaimi ne MHOESE AECGROYHVR  HeATBT ORI GHE i af HETC P gRated it
dried agai t : 1 dai g

cal i nat  on G0 Hape 't B G ER mplision LRpk RO i Bin i fitrate

CATALYST SU ma&%&&m&a&mmgm&m n #APARES] réinove
[0036] Al wt.%yttriumcontaining ZSM 48 catal yst was prepared in

?i m | ar excess water, followed by a mild air calcination at 360°C to decompose the metal

salt to platinum oxide.

CATALYST SUITABLE FOR USE IN THE PRESENT INVENTION -
CATALYST B

[0036] A 1 wt.% ytirium containing ZSM-48 catalyst was prepared in similar
fashion to the base case catalyst described above, but prior to the platinum
tetraammine nitrate impregnation, the H-form of the extrudate was impregnated
with yttrium nitrate (1 wt.% yttrium) using the incipient wetness technique. The
ytrrium containing catalyst was then calcined in flowing air at 538°C to decompose
( the yttrium nitrate to yttrium oxide. After calcination, the yttrium containing ZSM-
48 extrudate was impregnated with 0.6 wt.% Pt by incipient wetness impregnation
using platimum tetraammine nifrate and water. After Pt impregnation, the resulting
catalyst was dried again at 121°C to remove excess water, followed by mild air

calcination at 360°C to decompose the metal salt to platinum oxide.



fashion to the base case catal yst described above, but prior to the
pl ati num wetmesorsssne nitrate inpregnation, the H-form obctlenosnosioso
‘extrudate was inpregnated wth yttriumnitrate (I w.%yttrium

usi ng the incipient wetness technique. The ytrrium containing

catal yst was then calcined in flowng air at 538C to deconpose the
yttriumnitrate to yttriumoxide. After calcination, the yttrium
contai ning ZSM 48 extrudate was i npregnated with 0.6 w.% Pt by

i nci pi ent wetness inpregnation wusing plgtinumtetraanm ne nitrate
cand water. After Pt inpregnation, the resulting catalyst was dried
again at 121C to renove excess water, followed by mld air

cal ci nati oR.dj 8 ATPOSE §E netal salt to platinum oxide. WO
. 2006/ 02888 3 O isic 5~=EXAMPLE 2 - CATALYST USE [ 0037]
Catal yst A and B, described in Exanple 1 above, were separately used
to dewax a previously hydrotreated 150N sl ack wax having 5 wppm

sul fur, 4 (p@37] niCatabeh A and Byaesoibed nréaampvei abevioirdre sgpgraiely ugd to
420C, as determ ned by gas _chronat o%raphy. Bot h Catal yst A and

Cat al yst Bdgwies apsedioysyehydrogsateddlSUNodewax bavietS wapmisdtvi 4appm

cach. enpl o HREET: AR BAR@EGbRRT Acieh BoL ISR Nl T oo % ERpBP e Betes
Vel oot 11 oo o REhy, B0 (RbE 000 ks bk Sspe by o

?4215 B8/ nBprockRe capdyeishHdesiribdiebel N sl ack wax feed was carried out
in a sinple vertical tubular reactor, which allowed co-feeding of the

hydr ocar bon feeds and hydrogen. The results of these experinents are
illustrat j Fi , 2, 3, d 4. . .
tustra e?Ob.’?S] ! (galijtraﬁrsst z]k and B wexaenuseé In two separate experiments each employing

the same dewaxing conditions including temperatures of 325°C, pressures of 1000
psig (6996 kPa), liquid hourly space velocities of 1 hr', and hydrogen treat gas
rates of 2500 scf/bbl (445 m*/m*). The dewaxing of the 150N slack wax feed was
carried out in a simple vertical tubular reactor, which allowed co-feeding of the
hydrocarbon feeds and hydrogen. The results of these experiments are iﬂﬁstrated n

Figures 1, 2, 3, and 4.

{0039] Figure 1 illustrates that the present invention, a process utilizing Catalyst
B, shows an unexpected improvement over a hydrodewaxing process employing
Catalyst A. As illustrated in Figure 1, one of the ﬁncxpected improvements of the
present invention is that, at constant pour point of -20°C, under identical
hydrodewaxing conditions, a hydrodewaxing process employing Catalyst A
produces a 49 wt.% yield, based on the feed, while a hydrodewaxing process
utilizing Catalyst B, a process according to the present invention, produces a yield
of 59 wt.%, based on the feed.

10040]  Figure 2 illustrates a further unexpected improvement of the current

wnvention. Figure 2 tllustrates that the present invention produced a product having



[0039] Figure 1 illustrates that the present invention, a process
utilizing Ca@abopstzssft, shows an unexpected inprovenent OVEET/@s2005/031060
hydr odewaxi ng process enploying Catalyst A As illustrated in Figure
1, one of the unexpected inprovenents of the present invention is
that, at constant pour point of -20C, under identical hydrodewaxi ng
condi tions, a hydrodewaxi ng process enploying Catal yst A produces a
49 wt.% yield, based on the feed, while a hydrodewaxi ng process
utilizing Catalyst B, a process according6to the present invention,
produces a yield of 59 w.% based on the feed. [0040] Figure 2
illustrates a further unexpected inprovenent of the current

i nvention. F g 2o 1 t i i r-0d d a
br oduct  havi o e ey BT ey 0 T TLpbas BieREEBan R BIIARL pRIFELESS -
| ndex ("VI")hyalrodevbaxvhe pricetsutilizihg Catd1ign A he product produced by a

hydr odewaxi ng process utilizing Catalyst A [0041] Figures 3 and 4,
when conpared, illustrate another unexpected inprovenent of the

present inv Lbon. Eigure 3 jlLlustrates that the present invention,

a process ut bf‘gfngﬁg%é%ﬁzfl?fif" %’BE‘I'H comp ahb@?aﬁ, anothfs mgpecied er

| ess than [+v.end:| ibits yields (as

defined as ggﬁiﬁﬂné@gﬁt H%P%F%Zt)éﬁ%?dtg’é%r%g‘g& fz;ﬁg'égﬁﬁﬁ?a t%tgiflr? re%gntz?,

days on oil iavertiytsbnbcdRs utiligRbn catdly SUu6h aélCaM}ﬁﬁ\ﬁ,rnneb' ; Vﬁﬁélafe§§¥han

that a hydrodewaxi ng process using the sane dewaxing conditions bu

utilizing Caldayssend\thetrreesnt mnentibo eghibits yidlds GasalefinedssB70OGH HL vdc

in Fi gure 4,. t% th%ﬁr odewaxi ng &r?glgess enpl oyi ng Catal yst A, even

after 75+ da{ieldghol &% oygsa pepiod édo &3 skaws @y ozk attconstany powrpaing. sFigure

process has I: q?sq i %0C+ Hi -Vac yields, of th )

hydr odewax| n‘g(?ltSP%tg%Ig Sill I nﬁtt%;e,ﬁh%l!gsgﬁg(yﬁpggﬁmgg procesg using the same %ewaxmg
conditions but utilizing Catalyst A, takes much longer to line out. As illustrated in
Figure 4, the hydrodewaxing process employing Catalyst A, even after 75+ days on
oil has not reached a steady state. Further this process has not attained the high

370°C+ Hi-Vac yields of the hydrodewaxing process employing Catalyst B.

[0042)  Thus, Figures 1, 2, 3, and 4 illustrate that the present invention provides
a hydrodewaxing process having an unexpectedly rapid line out time, higher
product yields and higher product VI than a process employing a conventional

ZSM-48 based hydrodewaxing catalyst.



[0042] Thus, Figures 1, 2, 3, and 4 illustrate that the present

i nvention provides a hydrodewaxi ng process having an unexpectedly
rapid line out time, higher product yjel ds and hi gher product VI
than a process enpl oying a conventional ZSM 48 based hydrodewaxi ng
catalyst. -17- CLAIMS 1. A process to prepare |lubricating oi

basest o€lsAXM8pri sing: a) contacting a lube oil boiling range
feedstreamw th a hydrodewaxing catalyst 1in a reaction stage
oper at ed under effective hydrodewaxi ng conditions thereby producing

a | ubr | gat' ng, gk g s3LaS ket b, BALA R AdRNEX no catal ys!

conprises: i) ne medl unt pore no ve; ii) at |east
one active mejal oowitdaingel lebt el bbiliagrirze fealseapaith aBtiadewaing esalyst
and iii) at |east. one hydrogenation netal selected fromthe G oup

VIT1 and Goup VITE?Frectinsstaggrpeeated ynder effigelive Bydrdereaxing epadiwng thereby
i ncorporated onto nedi : l: Lncipi.en

wet ness wherein tﬁtJaﬁgl g%ﬂﬁ%@gﬁﬁglﬁ ggél??%?ﬂ(’%@}ezé\‘}ggi%g%¥(#6)rag‘§%%ﬁ%éat?/\lliy%th
an aqueous sol uti osmpfises: rare earth netal salt then calcined to
produce the corregsponding rare earth netal oxide. 2. The process

according to claifh 1 wAgFRSt ANGEiediuPLRATE SipleqHlpr sichesf eedst ock has a 10%
i st 11t 01 por ) 0ol PR RAYE TARD SRR AT D96 o

ASTM 2887, and a derive rommneral sources, syn _ es,
or a mxture of the twexidds;aflle process according to claim?2 wherein
said lubricating qgil feedstock contains up to :
i) atleast one hydrogenation metal selected from the Group VIII and
Group VIB metals;
wherein the rare earth metal oxide is incorporated onto the medium pore
molecular sieve by incipient wetness wherein the medium pore molecular
sieve is impregnated with an aqueous solution of a rare earth metal salt then

calcined to produce the corresponding rare earth metal oxide.

2. The process according to claim 1 wherein said lubricating oil feedstock has a 10%
distillation point greater than 650°F (343°C), measured by ASTM D 86 or ASTM 2887, and

are derived from mineral sources, synthetic sources, or a mixture of the two.

3. The process according to claim 2 wherein said lubricating oil feedstock contains up to
0.2 wt.% of nitrogen, based on the lubricating oil feedstock, and up to 3.0 wt.% of sulfur,

based on the lubricating oil feedstock.

4. The process according to claim 1 wherein said medium pore molecular sieve is
selected from acidic metallosilicates and zeolites.
5. The process according to claim 4 wherein said acidic metallosilicates is a

silicoaluminophosphates (SAPOs).

6. The process according to claim 5 wherein said SAPO is selected from SAPO-11,
SAPO-34, and SAPO-41.



0.2 wt.%of nitrogen, based on the lubricating oil feedstock, and up
to 3.0 wt.%of sulfur, based on the lubricating oil feedstock. 4.
The process according to claiml wherejgn said medi um pore nol ecul ar
sieve is selected fromacidic netallosilicates and zeolites. 5. The
process according to claim4 wherein said acidic netallosilicates is

a siligoal umhegpitespitas@hg(tSAREE Y. wikereil REdREARES PorRGASILElIIAGISR i¢hal M
5 wherein said SAPO is selected from SAPO- 11, SAPO 34, and SAPO 41.

-18- 7. zqgkide. process according to claim4 wherein said nedium pore
nol ecul ar sieve is a zeolite. 8. The process according to claim?7
wherein said zeolite is selected fromZSM 22, ZSM 23, ZSM 35,

ZSM 57, 8ZSM 48e pajaessiaREdriiRizith €laid 7 WikeiR @ﬂ@%@n@ﬁ%re@teﬁqr&l@ zstvﬁ!zinz?sM-
wherein said zeolite is ZSM48. 10. The process according to claim?9

wher ei n23.a:5Mr3gs ESMRPTILSMt48) amhferréerits yttria. 11. The process
according to claim1 wherein said nedium pore nol ecul ar sieve, prior
to inpregnation with the aqueous rare earth netal salt solution, is

conposi bed Wrhlpicsddidcallig 10ClaRN YT WHeRER kaizedIRE § 2sMBdger i al  sel ect ed
fromalumna, silica, titania, calciumoxide, strontium oxide,

bari um oxi de, carbons, zirconia, diatonmaceous earth, | anthanide

o, 0o A BTN i d SRS

urani a, niobi a tantala, tin oxide, zinc oxide, and alum num
phosphate in an amount of |ess than about 15 parts zeolite to one
part bi hberThe pixessmecondingde wlmdcwhﬁﬁmgaldoncdlan rpoﬂelmm}ttemler sieszgpdor to

sui tabl f [R'ggrn% 1gn t\))\}x{ﬂqﬁe aquemrlrswEl }arfé ()e(arthnr%gtglr sa?t soiu%or? 1lsJ rcrgnggosued with a suitable

porous binder or matrix material selected from alumina, silica, titania, calcium oxide,
strontium oxide, barium oxide, carbons, zirconia, diatomaceous earth, lanthanide oxides
including cerfum oxide, lanthanum oxide, neodymium oxide, yttrium oxide, and
praseodymium oxide; chromia, thorium oxide, urania, niobia, tantala, tin oxide, zinc oxide,

and aluminum phosphate in an amount of less than about 15 parts zeolite to one part binder.

12. The process according to claim 11 wherein said suitable porous binder or matrix

material is alumina.

13. The process according to claim 1 wherein said active metal oxide is selected from the

rare earth metal oxides of Group IIIB of the periodic table including yttria.

14. The process according to claim 1 wherein said at least one hydrogenation metal is
deposited by incipient wetness onto the medium pore molecular sieve, the medium pore

molecular sieve and binder, and any combination thereof.

15. The process according to claim 14 wherein said at least one active metal oxide is
deposited onto the medium pore molecular sieve in an amount greater than 0.1 wt.%, based

on the catalyst.



13. The process according to claim1l wherein said active netal oxide
is selected fromthe rare earth nmetal oxides of Goup IIIB of the
periodic table including yttria. 14. The. process according to claiml
wherein said at | east one hydrogenation netal is deposited by

i nci pi ent wetness onto the nmedi um pore nol ecul ar sieve, the nedium
pore mibecTHegrosisey@oniitg toi dialar 14 aheteimriyidca daki e girdgbgitRA metdlSs

The process.according to claim 14 wherein said at | east one active

met al  ofFRASitEd ontg disydipdigmm rase Bolerulansigy ¢ Pamourbraseingfrom besyesen pbawh
anount  griegtehudan 9. Sgﬁo%%maﬁégd on the catalyst. -19- 16. The

process according to tlham erein said at | east one hydrogenation
netal is deposited onto the nmedi um pore nol ecul ar sieve in an iam)unt
rangi ng frqom between about 0.1 to about 30 wt.% based on catalyst.
17. Thelpr 6@19%0%%%8?% foglaimgl yhereiprsaideat deastong hdragenafiongnetal is

hydr Ogegéééth‘g%ttﬁé Gi(%pa?%%{a d fromthe Goup VIII netals. 18. The

process according to erein said at | east one hydrogenation

metal is selected fromPt, Pd and mixtures thereof. 19. The process

according to claim1 wherein_ said effective hydrodewaxi ng conditions
eﬂ@@

i ncl ude!l PEQGEERRCCPIdig tomitram; 1y wlhyein spides kasteonehydipsmationanegd 186

kPa, |i quj I . jtiges of fromO0.1 to 10 hr"1, and
hydrogeﬁa%ég%&;?b%a%f’li(gé es P@&g%} og. 1780 nB/ 8. 20. A process to

prepare lubricating oil basestocks conprising: a) contacting a |ube
ange feedstream sel ected fromthose derived from

sour ces 180 e gsokers SeedTaie S TFOn B s mgrpacaingsondtion as
[ ' a .
i sti 1 Befe Rl ek 4 YRPL GRSl 1R BRI R0 Bl B by

oi | s angpacheclbtikies ofifeayaxeidooid s, and hydrogen treat gas rates from 45 to 1780 m>/m>.

20. A process to prepare lubricating oil basestocks comprising;

a) contacting a lube oil boiling range feedstream selected from those derived
from sources such as oils derived from solvent refining processes such as
raffinates, partially solvent dewaxed oils, deasphalted oils, distillates, vacuum
gas oils, coker gas oils, slack waxes, foots oils and the like, dewaxed oils,
automatic transmission fluid feedstocks, and Fischer-Tropsch waxes with a
hydrotreating catalyst comprising at least one Group VIII metal, and at least
one Group VI metal on a high surface area support material in a hydrotreating
reaction stage operated under effective hydrotreating conditions and in the
presence of a hydrogen-containing treat gas thereby producing at least a
hydrotreated product comprising a gaseous reaction product and a liquid
reaction product comprises a hydrotreated lube oil boiling range feedstream;

b) separating said hydrotreated product into said gaseous reaction product and

said liquid reaction product comprising a hydrotreated lube oil boiling range
feedstream;

c) contacting said hydrotreated [ube oil boiling range feedstream with a

hydrodewaxing catalyst in a hydrodewaxing reaction stage operated under



automatic transm ssion fluid feedstocks, and Fischer-Tropsch waxes
with a hydrotreating catalyst conprising at | east one Goup VIII
netal, and at |least one Goup VI netalg.on a high surface area
support material in a hydrotreating reaction stage operated under
effective hydrotreating conditions and in the presence of a

hydr ogen- cont ai ni neffdctieahydyadevdxéigadonditionsltherebg peddukigstluBricating oil
hydr ot r eat ed prod:ji():t conpri sing a_gaseous reaction product and a

liquid reaction praseiieak sdmsH sidhydredeyagingeatalst pUBRISH  boi | i ng
range feedstream H) s I i i nto.said
gaseous reaction p1 odugtﬂ@ésﬁghgglglag]hﬁﬁﬁg{é)%rcégagﬁ%g%g%%g%%?mgg ¥isi ng
a hydrotreated | ube oi meblokiliogtes, an@eeolitedst ream c) contacting said
hydrotreated | ube oil baqiling range feedstreamw th a hydrodewaxi ng
catal yst in a hydHbdewdhe# oreagitvesretadoxise selseicd fivn theawe eartipmetal
effective hydrodewaxi ngxiggglgh%i ons thereby producing a lubricating
oil basestock, wherein sar ydr odewaxi ng catal yst conprises: i) at

| east one nedi um figre amlbst vhehydio@retiGement aledddoidmehdGoup VI and
netallosilicates, and zeolites; ii) at |east one active netal oxide

sel ected fromthe rareCsdm WEmetls: oxides; and iii) at |east one

nydrogenat i on et ghsel 6180 LHOMU G GLAUR VL A0 OB VB

netals; wherein the rare ear oXi de |

nedi um pore nol eudleztladsievebPincipiait Plegits WREBRIRe MREREA fork R18%RMIFUM
pore nol ecular sieve i s inpregnated with an aqueous solution of a
rare earth metal &Y41simpregnated with an aqueous solution of a rare earth metal salt then

calcined to produce the corresponding rate earth metal oxide.

21. The process according to claim 20 wherein said lubricating oil feedstock has a 10%
distillation point greater than 650°F (343°C), measured by ASTM D 86 or ASTM 2887, and

are derived from mineral sources, synthetic sources, or a mixture of the two.

22. The process according to claim 21 wherein said lubricating oil feedstock contains up to
0.2 wt.% of nitrogen, based on the lubricating oil feedstock, and up to 3.0 wt.% of sulfur,

based on the lubricating oil feedstock.

23. The process according to claim 20 wherein said acidic metallosilicates is a

silicoaluminophosphates (SAPOs).

24. The process according to claim 23 wherein said SAPO is selected from SAPO-11
SAPQO-34, and SAPO-41.

b

25. The process according to claim 20 wherein said medium pore molecular sieve is a

zeolite selected from ZSM-22, ZSM-23, ZSM-35, ZSM-57, ZSM-48, and ferrierite.

26. The process according to claim 25 wherein said zeolite is ZSM-48.



calcined to produce the corresponding rate earth netal oxide. 21. The
process according to claim?20 wherein said lubricating oil feedstock
has a 10% distillation point greater.4jhan 650F (343C), neasured by
ASTM D 86 or ASTM 2887, and are derived from m neral sources,
synthetic sources, or a mxture of the two. 22. The process according

to cl ai a2 Thshpes@biacarding oldigiel0 Whkreinlsaideaetiin @lrciatleanl BSsiNd ik O

0.2 wt. % of nitrogen, based on the lubricating oil feedstock, and up
to 3.0 ®PMDeBEd.gurior te impregratign avith the aquesns e ¢asth roetel REsaltionkvitea.
The pro i: j [.el id acidic .. . . .
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pr ocess siaativatoxide, tharitmadxide? 3arbbsy, eiréonid idtht STARGoLSeasl Rathadide oRifes
SAPO- 11, SAPO-34, and SAPO-41. 25. The process according to claim 20
wher ei nISHIdNEREHILS . danthnam de, spedranipm qxide; pitinmexids) eed ed from

ZSM 22, Pé%d&%.“%@%d%g?%@% g'zd\ﬂ%l%‘ls&iéé ’uraﬁlln(j, nfio rieg, itagrlrt.%alé,ec'ggm%g% 'z-ilz-{é%)i(_ide,

process  acco ereln’'sal zeol' Tt

27. Theapt dlogstmpphaspHitegh ir0arab@it B Bas AR ABMN 15Patts PRAiID RRIHRrt binder.
nol ecul ar sieve is conposited, prior to inpregnation with the

aqueous rare earth netal salt solution, with a suitable porous

aque . . fon wtha suitsble porous
cal oi unt e Pl iR ARR oA B it s 6o g

di at onagaeyal Rahinkinal ant hani de oxi des including cerium oxi de,
| ant hanum oxi de, neodym um oxi de, yttrium oxide, and praseodym um
oxi de; chrom a, thorium oxide, urania, niobia, tantala, tin oxide,
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30. The process according to claim 29 wherein said rare earth active metal oxide is yttria.

31. The process according to claim 20 wherein said at least one hydrogenation metal is
deposited by incipient wetness onto the medium pore molecular sieve, the medium pore

molecular sieve and binder, and any combination thereof,

32. The process according to claim 31 wherein said at least one active metal oxide is
deposited onto the medium pore molecular sieve in an amount greater than 0.1 wt.%, based

on the catalyst.

33. The process according to claim 20 wherein said at least one hydrogenation metal is

selected from the Group VIII metals.

34. The process according to claim 33 wherein said at least one hydrogenation metal is

selected from Pt, Pd and mixtures thereof.



29. The process according to claim20 wherein said active netal oxide
is selected fromthe rare earth nmetal oxides of Goup IIIB of the
periodic table including yttria. 30. Tpe. process according to claim
29 wherein said rare earth active netal oxide is yttria. 31. The
process according to claim20 wherein said at | east one hydrogenation

netal i $5. depgsbdesadvgrdimeionileint 200haremSaidnt eabidheBd{dtehARN8netal is
nnleculsr si eve, the nmedium pore nolecular sieve and binder, and any

combi naCERAsitehentadhe megiummppae grodeculas sigve tral arpunbraagiigran baweer phput
sai d atOHQB§$08ﬂRh99%iM%e€E£%ha gde is deposited onto the nedi um
pore nolecular sieve in an anount greater than 0.1 w.% based on
the catal yst. 33. The process according to claim20 wherein said at
| east one hgdrogenation netal is selected fromthe Goup VIII

met al s. 384 Thepgosespeedinglonlaimiy vhereingric effpciirrsiredesvaxihgaonditant

one hyd ' ' I from Rd.,an ] XL Ares .

thor o "Rgt Al RaliE Tor 350 88 AR er s o T 30 2 b B oy

| east osgachyelooigienaf from 0MEicl0 S, artEIR@sd de Gre@ a8 ritBEHERHSUNI PGS £ /m’.
nol ecul ar sieve in an anount rangi ng from between about 0.1 to about
30 wt.% based on catalyst. 36. The process according to claim20
wherein said effective hydrodewaxi ng conditions include tenperatures
from 250C to 400C, pressures from 791 to 20786 kPa, liquid hourly
space velocities of from0.1 to 10 hf', and hydrogen treat gas rates
from45 to 1780 nB/nB.



