WD 2006/ 028884 PCT/ US2005/ 031069 -1 | MPROVED MOLECULAR S| EVE CONTAI NI NG
HYDRODEWAXI NG CATALYSTS FIELD OF THE | NVENTI ON [ 00011 The present invention
relates to a catalyst suitable for use in dewaxing |ube oil boiling range

f eedst r eamO M8¢/@288% ti cul arl y,. the present invention isPCAIHSeWEH8062 a
catal yst conposition containing a nedium pore nol ecul ar sieve having
deposited thereon an active netal oxide and at | east one hydrogenati on

netal selected fromthe Goup VIII and Goup VIIB netals. BACKGROUND OF THE
| NVENTI ON [ 0002] Further, nost lubricating oil feedstocks nmust be dewaxed in
order to produce lubricating oils which will remain fluid down to the

| onest tenperature of wuse. Dewaxing is the process of separating or
.converting hydrocarbons which solidify jyeadily (i.e., waxes) in petroleum
fractions. The hydrodewaxi ng of wax anJ'maxy feeds boiling in the

| ubricating oil range and catal ysts useful in such processes is well known

Jn the art. CGenerally thesg processes utilize catalysts conprising a
nol ecul ar si eve conponent m&w&é&ﬁm the Goup WVIII
and/ or G oup VI B net@ONTAINING AYDROBEMW AXINGCATABNSA'S equi renent s
I ncrease so does the requirenent for inproved |ube oil basestocks
properties. To address this need the. search for new and different

processes, catalysts and catal yst systens that exhibit inproved activity,

selectivity and / or longevity is an ongoing exercise. Thus, there WO
2006/ 0288 HIEI) OF TION

a [0001] The present invention relates to a catalyst suitable for use in dewaxing
lube oil boiling range feedstreams. More particularly, the present invention is
directed at a catalyst composition 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] Further, most lubricating oil feedstocks must be dewaxed in order to
produce lubricating oils which will remain fluid down to the lowest temperature of
a use. Dewaxing is the process of separating or converting hydrocarbons which
solidify readily (i.e., waxes) in petroleum fractions. The hydrodewaxing of wax
and waxy feeds boiling m 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.

j0003]  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



-2 currently is a need in the art for an inproved dewaxi ng catal yst and
met hod of rmaki ng the dewaxi ng catal yst. BRI EF DESCRI PTI ON OF THE FI GURES
100041 Fig i graph relating pour point to yield of |ube oi

basest ocks JD%UaO{S/?QIZeBSSbe hydr odewaxi ng a 150N sl ack wax W ?ﬁT’é]S%@MWQ“‘
catal yst according to the present invention conpared to a conventi onal
ZSM 48 based hydrodewaxi ng catalyst. [00051 Figure 2 is a graph conparing
the pour point to viscosity index of |lube oil products obtai ned by

hydr odewaxi ng a 150N sl ack wax with a ZSM 48 catal yst according to the
present invention conpared to a conventional ZSM 48 based hydrodewaxi ng
catalyst. [0006] Figure 3 is a graph relating yield to tinme on stream at
constant pour point of for a catalyst agecording to the present invention.
[0007] Figure 4 is a graph relating yield to tinme on stream at constant pour
point for a conventional ZSM 48 hydrodewaxi ng catal yst. WO 2006/ 028884

nvention | &%&n&ﬁv&&mg@%@?&fé{@ PN o BRI st ipPafiong
f eedstreans,) fgg de%a%rl@c‘jﬁ#%? 0i | range. The catalyst conprises: a) at

| east one rre pore no Sieve; b) at |east one active netal oxide
sel ected fromthe rare earth netal oxides; and

BRIEF DESCRIPTION OF THE FIGURES

[0004} TFigure 1 is a graph relating pour point to yield of lube oil basestocks -
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.

[0005] 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.

[0006] Figure 3 is a graph relating yield to time on stream at constant pour point

of for a catalyst according to the present invention.

[0007] Figure 4 is a graph relating yield to time on stream at constant pour point

for a conventional ZSM-48 hydrodewaxing catalyst .



¢) at |east one hydrogenation netal selected fromthe Goup VIII and G oup
VM netals. [0009] In one enbodi nent of the instant invention, the at |east
one acti Veﬁé&% oxi de of the hydrodewaxing catalyst is selected fromthe

Goup 1111 O¥th  metal oxides. [0010] In yet anot R&ANERYSABHBAL, t he
rare earth nmetal oxide is yttria. [0011] In still another enbodinent, the
at | east one hydrogenation netal selected fromthe Goup VIII and Goup VIB
netal s of the hydrodewaxing catalyst is selected fromthe Goup VIII noble
metals. [0012] In still another enbodi ment, the at | east one hydrogenation
netal selected fromthe Goup VIII and Goup VIB netals of the

hydr odewaxi ng catalyst is selected fromPt, Pd, and m xtures thereof.
.[0013] In still another enbodinent, the g |east one Goup VIII netal is

selected fromPt, Pd, and m xtures thereof. W) 2006/ 028884
PCT/ US2005/ 031069 -4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0014] The

.present invention._i atalyst suitable for use in the upgradi ng of

hydr ocar bommmm | ubricating oil range. The

hydr odewaxi ng catal yst conprises at | east one nedi um pore nol ecul ar sieve,
at | east one active netal oxide selected fromthe rare earth netal oxides,

and at | ea?%ﬂ?’ﬂe Grpy regéﬁt' inyBEa A is (ilf%%’ge%ﬂatAsc ?atlﬁtesﬂ%tﬁ%vf%ru f catal ysts

according to the pres I AVent i on i'S€ A oie medi um por e
mol ecul ar %pgi/ﬁlm@/%ﬂdﬁﬁéﬁﬁé Boﬂﬁigelﬁlih@h]be oil range. The catalyst comprises:

a) at least one medium pore molecular sieve;

C b) at least one active metal oxide selected from the rare earth metal
oxides; and
c) at least one hydrogenation metal selected from the Group VIII and
Group VIB metals.

[0009] In one embodiment of the instant invention, the at least one active metal
oxide of the hydrodewaxing catalyst is selected from the Group IIIB rare earth

metal oxides.
[0010] In yet another embodiment, the rare earth metal oxide is yttria.

{0011} Instill 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.

[0012] 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 Pt, Pd, and mixtures thereof.

[0013] In still another embodiment, the at least one Group VIII metal is selected
from Pt, Pd, and mixtures thereof.



sieves suitable for use in the present invention can be selected fromacidic
netall osilicates, such as silicoal um nophophates (SAPGs), and uni di nensi onal
10 ring zeQl| |..e. medium pore zeolites having unidinensional channels
conpri si ng ﬂ&%%ﬁ@ﬁﬁgﬁ rings. It is preferred that the nol BEHVAR0SPBYE be a
zeolite. [0016] The silicoal um nophophates (SAPCs) useful as the at |east
one nol ecul ar sieve can be any of the SAPGs known. Preferred SAPGCs include
SAPC 11, SAPO 34, and SAPO-41. [0017] The nedi um pore zeolites, sonetines
referred to as unidinensional 10 ring zeolites, suitable for use in the
dewaxi ng catal yst enpl oyed herein can be any of those known. Medi um pore
zeolites as used herein can be any zeolite described as a nedium pore
zeolite in Atlas of Zeolite Structure Tyges, WM Miier and D.H O son,
Butterworths. Zeolites are porous crystalline materials and nmedi um pore
zeolites are generally defined as those having a pore size of 5to 7

Angst r ons, J It e eel or bs_1ml ecul es such as n-bexane,
3- net hyl penPEdALERARESCRILILON QK JHE INYENTIQNwh ¢l assification used
for nmedium pore zeolites WO 2006/ 028884 PCT/ US2005/ 031069 -5 involves the
Constraint Index test which is described in United States Patent Nunber

4,016, 218, ' i ' : . ' olites
typically hg/yelgg c?#?ﬁ{rgﬁ% h#%gg;mgfé ﬁ@éﬁﬁi@a@g osrg\@ﬁ;elez gﬁdt%neg gfone
wi t hout ”Ddlg’rdrﬁbﬁ‘b@ﬂ(feéﬁsh@ﬁmb @oilhtglai&xrmeﬂuﬁriba@ﬁﬂgltﬁl rdrpe. dEHefh{;aimaéWaﬁh%t he

r a

catal yst. eferred uni di mensi on 10-ring zedlites are ZSM 22, ZSM 23,
ZSM 35, ZSMeathlyst dshpres adbehst eng medivne pobmelgmddresicer ahleasV G 2&iveZSM 23,
ZSM 35, ZSMt 48, and ZSM57. The nost preferred is ZSM 48. The nost

preferred sipstal@xide selected from the rare earth metal oxides, and at least one Group VIII

metal.

[0015] As stated above, the catalysts according to the present invention
comprise at least one medium pore molecular sieve. Medium pore molecular
sieves suitable for use in the present invention can be selected from acidic
metallosilicates, such as silicoaluminophophates (SAPOs), and unidimensional 10
ring zeolites, 1.e. medium pore zeolites having unidimensional channels comprising

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

[0016] The silicoaluminophophates (SAPOs) useful as the at least one molecular
sieve can be any of the SAPOs known. Preferred SAPOs mclude SAPO-11, .
SAPO-34, and SAPO-41.

[0017] The medium pore zeolites, sometimes referred o 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.

Olson, Butterworths. Zeolites are porous crystalline materials and medium pore
zeolites are generally defined as those having a pore size of 5 to 7 Angstroms, such
that the zeolite freely sorbs molecules such as n-hexane, 3-methylpentane, benzene

and p-xylene. Another common classification used for medium pore zeolites



route to ZSM48 is that described in U S. Patent Nunber 5,075,269. [0018]
The medi um pore nol ecul ar sieves used in the present invention are
preferably conmbined with a suitable porous binder or matrix nmaterial .
Non-1i mit iVWg 2006028831 es of such materials include active BAMUSZALHQ3168
materials such as clays, silica, and/or nmetal oxides such as al um na.
Non-limting exanples of naturally occurring clays that can be conposited
i nclude clays fromthe nontnorillonite and kaolin famlies including the
subbentonites, and the kaolins commonly known as Dixie, MNanee, Ceorgia,
and Florida clays. Ohers in which the main mneral constituent is

hal | oysite, kaolinite, dickite, nacrite, or anauxite may al so be used. The
. clays can be used in the raw state as Qiginally m xed or subjected to
calcination, acid treatnment, or chem cal nodification prior to being
conbined with the at Ieast one nol ecul ar sieve. It is preferred that the
porous matrix or binder grlal conpr.ises at | east one of silica, alumna,

“or a kaol |11hV(ﬂV@%/thelQ0ﬂS§raﬁﬁrIB 6>p1i€éffw is deagribgsbinpbatted Stadess¥atant conpri se
| t | t | |
5Tt om 1000F0R0be205. FhiEfds Bhrep8titnorased Bytetireiies SRR A ompost ¢ ed
| | | f h
dryi ng, e Zee TR sypaly BRFF CoBbrBhPURERAN BF10, (REREy B RBHRERE " <PT Y

i nventi O”Mblﬂ%%dlﬁﬁérsidﬁdt 138 e ftaehtab Adnsddlhd aﬁﬁlsﬁﬁmfﬁfad:ataﬁ stpr ef erably
in the sulfided form WD 2006/ 028884 PCT/ UsS2005/ 031069 ¥

Hy dr odewaPrefgredtumidistenstmabi Olring Zeolitdzearp ZSM2 i Z861A23 CZSMLm Z3Mnpri se at
| east one active metal oxide selected fromthe rare earth metal oxides. As
used her eidf, ZSM&, aad farrisnteal Moxe preferrédarecABM-23, Z.8Me231 5SMr3 57 fbt-al

d
oxt aes 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.

[0018] The medium pore molecular sieves used in the preéent invention are
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
occurring clays that can be composited include clays from the montmorillonite and
kaolin families including the subbenfonites, 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 at least one molecular sieve is from 10 to 100 wt.%, preferably 35 to
100 wt.%, based on the composited molecular sieve. Such molecular sieves can be
formed by methods such spray drying, extrusion and the like. Catalysts according
to the present invention may be used in the sulfided or unsulfided form, and is

preferably in the sulfided form.



conprising those elenments of the periodic table having atom c nunbers
between 57 and 71 and yttrium which has an atom ¢ nunber of 39 but behaves
simlar tot earth metals in nmany applications. It is preferred that
t he at Ieast\gg)ﬁgéﬁzoé%f met al oxi de be sel ected from t hosBCHEPXOYEHH net al
oxides of Goup IlIB of the periodic table including yttrium nore
preferably the at | east one active netal oxide 1is yttria. [0020] The at

| east one active netal oxide can be incorporated onto the above- descri bed
medi um pore nol ecul ar sieve by any neans known to be effective at doing so.
Non-limting exanples of suitable incorporation neans include incipient

wet ness, ion exchange, nechanical m xing of nmetal oxide precursor(s) wth
nmol ecul ar sieve and binder, or a conbinatigon thereof, with the incipient

wet ness technique being the preferred nethod. 1- [0021] The anount of
active nmetal oxide incorporated, i.e. deposited, onto the nedium pore

nol ecul ar sieve is greater than 0.1 w.% based on the catalyst. Preferably
t he amount of m xed netal oxide ranges fromO0.1 w.%to 10 wt.% m)re

P0022] *ryar JNBTRR: ESlreOfSafintcatiysdRisoRBE TS B2 et benlion 486 i
i nclude at éo?ngﬂseo#%ﬂ%ﬁfégﬁﬁ% a1 RG& ¥e‘i§5’c§&ﬁ%ﬁ1 ﬁ&%}é ertﬁrf&'fﬁ olidds, and

G oup VIB hus odewaxl ng catalysts su use I'n the

present inven Ll @érein, b'kéﬂé%i‘t'h@ﬁ@t’al oXiligs"ak nhe@@s to ATy IovHbQURRA] IoRiHeAE! al
selected fromthe Group VIl WD 2006/ 028884 PCT/ US2005/ 031069 -7 and G oup

VIB netal s feongprising tlassecelamieats dfithe pgeodit itabie havingretomic Riebersitetwed STp
‘VII'l metals are those selected fromthe Goup VIII noble netals, nore
and 71 and yttrium, which has an atomic number of 39 but behaves similar to the
rare earth metals in many apphications. It is preferred that the at least one active
metal oxide be selected from those rare earth metal oxides of Group 1IIB of the
periodic table including yttrium, more preferably the at least one active metal oxide

is yttria.

{0020] 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, 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. -

[0021] The amount of active metal oxide incorporated, i.e. deposited, onto the
medinm 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.%.

[0022] Hydrodewaxing catalysts according to the present invention also include
at least one hydrogenation metal selected from the Group VIII and Group VIB
metals. Thus, hydrodewaxing catalysts suitable for use in the present invention are

bifunctional. The at least one hydrogenation metal selected from the Group VIII



preferably selected fromPt, Pd and m xtures thereof with Pt representing
the nost preferred Goup VIII netal. Preferred Goup VIB netal s include
Mol ybdenum and_ Tungsten. In a particularly preferred enbodi nent, the at

| east one hy g@@ﬂ&%ﬁbn nmetal is selected fromthe G oup PUTIUS20MS0a10§9 Wi t h
preferred, etc. Goup VIII netals being those described above. [0023] The
at | east one hydrogenation netal can be incorporated, i.e. deposited, onto
t he nedi um pore nol ecul ar sieve before or after, preferably after, the at

| east one active netal oxide has been deposited thereon. The at |east one
hydrogenation nmetal can also be incorporated onto the above-described
active netal oxide- containing nedium pore nol ecul ar sieve by any neans
known to be effective at doing so. Non-Lymting exanples of suitable

i ncorporation neans include incipient wetness, ion exchange, nechani cal

m xi ng of netal oxide precursor(s) with nol ecul ar sieve and binder, or a

conbi nati on thereof I nci pi ent tness techni que bei
preferred n@@fﬂﬁroupaﬂﬁ]n % Af app matel hydrogenafion commaneat gﬁﬁtfréfffl met al
I ncor por ate S al ~ ox medi um pore
nol ecul ar si ggpﬁgﬂ Fﬂ% etgbie {%g&ﬁf‘]%pm 1eb(1ér§’élaekgﬂf §f’§|19§ﬁa% Bi%fer abl y
0,

25 w06 mop S1AEPLrlpER e By Y BhPRERRL AR i BReschi Bt 076
to 20 wt. % pidiedad @hagqalqpmeﬁlsmfeﬁémewwm mhetyI8 ﬁﬁd;lﬁﬂe MElybdeed ah@r use
in upgradlng hydr ocarbon feedstreans boiling in the |ube oil range They
are especi alimgstent & a fasiiculsidy prefeatdkybodahént, thedit debsvene hgdiageaation
boiling range feedstreans. The WO 2006/ 028884 PCT/ US2005/ 031069 -8

( metal is selected from the Group VIII metals with preferred, etc. Group VIII metals

being those described above.

[0023]  The at least one hydrogenation metal can be incorporated, i.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.

[0024] 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 least 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.%.

[0025]  The catalysts of the present invention are suited for use in upgrading
hydrocarbon feedstreams boiling in the lube oil range. They are especially suited

for use in catalytically hydrodewaxing lube o1l boiling range feedstreams. The



I nventors hereof have found that catal ytic hydrodewaxi ng processes enpl oyi ng
the present invention provide the processes with inproved yields and | ube
oil boiling oducts having better viscosity indexes ("VI") when
conpared to ‘Epgg@%@é&) utilizing currently avail abl e commelf(}/HF2005/031069

hydr odewaxi ng catal ysts. The increase in yields, sonetines referred to as
yield credits, are on the order of 10% based on the feed, and the VI

i ncrease, sonetines referred to as VI credits, are on the order of 1- 5 VI
poi nts. [0026] Wen used in lubricating oil-upgradi ng processes, the instant
I nvention can be used to upgrade a variety of lube oil boiling range
feedstreans. These feedstreans are typically wax-containing feeds that boi
in the lubricating oil range, typically._gaving 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.

R
B 7t S ORGSO 1A B e OO R b
L1 s, LR a eyl ASTLSENTY {hhohpeiat o ppead

sel ect ed fr ailizafd turpdtly Hatlallewanadereidl hiydfdivakiThesalsiseedThe aaffsaset al so
have hi gh contents of nitrogen- and sul fur- contam nants. Feeds contai ni ng

up to 0.2 wyickdsfsonmietmaganfertedtods omeltiesetitndreugn the @der of 108gtbased buthean
be processed utilizing_the present  invention. Feeds having a high wax

content t ypif@%d,mgadﬁb@/gﬂmcaﬁawi serelimgs refead to as Vihsrediispote op thpprder ol ur
and nitroger)j Wgtoﬁart]sts may be neasured by standard ASTM net hods D5453 {

[0026] When used in lubricating oil-upgrading processes, the instant invention
can be used to upgrade a variety of lube oil boiling range feedstreams. These
feedstreams are typically 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 lubricating 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, antomatic transmission fluid feedstocks, and Fischer-Tropsch waxes.
Preferred lubricating oil feedsireams are those selected from raffinates and

dewaxed oils.

[0027] 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
t0 3.0 wt.% of sulfur can be processed utilizing the present invention. Feeds having
a high wax content typically have high viscosity indexes of up to 200 or more.
Sulfur and nitrogen contents may be measured by standard ASTM methods D5453
and D4629, respectively.



and D4629, respectively. WO 2006/ 028884 PCT/ US200S/ 031069 -9 [00281 The
condi tions enployed by the |lube oil boiling range upgrading processes
utilizing th8 i nstant invention can be any conditions suitable for use in
t.hat pr oces¥ 246028884 nple, if the present invention was uRCT/UIWE5/43060

catal ytic hydrodewaxi ng process effective catal ytic hydrodewaxi ng
conditions as generally include tenperatures of from 250C to 400C,
preferably 275C to 350C, pressures of from 791 to 20786 kPa (100 to 3000
psig), preferably 1480 to 17339 kPa (200 to 2500 psig), liquid hourly space
velocities of fromO0.1 to 10 hr4, preferably 0.1 to 5 In-1 and hydrogen
treat gas rates from45 to 1780 nB8/n8 (250 to 10000 scf/B), preferably 89
to 890 nB/nB (500 to 5000 scfB). [0029] .gthe above description is directed to
preferred enbodi nents of the present invention. Those skilled in the art

wi |l recognize that other enbodinments that are equally effective could be
devised for carrying out the spirit of this invention. [0030] The foll ow ng
exanples w || iIIustrate t he i nproved effectiveness of the present

L@vgg%%ygzé@%r S n%%stl%%éll m(iB Q@ Br!ese J]nverzlltél ?_(Zn é&ﬁané/( fashi on.
PREPARATI O o eNEARTANE EATAYST e Tk, L0 Hon shse B0 ol 2 Vot

for conpar son was pre xtru
that process. For example, if the present mvention was utilized in a catalytic

hydrodewaxing process effective catalytic hydrodewaxing conditions as generally
include temperatures of from 250°C to 400°C, preferably 275°C to 350°C, pressures
of from 791 to 20786 kPa {100 to 3000 psig), preferably 1480 to 17339 kPa (200
to 2500 psig), liquid hourly space velocities of from 0.1 to 10 hr, preferably 0.1 to
5hr! 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).

[0029] 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

nvention.

B [0030] The following examples will illustrate the improved effectiveness of the

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



of ZSM 48 crystal (Si/Al2 - 200/1) with 35 parts of pseudoboehm te al um na.
After extrusion, the extrudate was dried at 121Cin air, followed by

cal ci nation gen at 538C to deconpose the organic _tenplate in the
zeol i te. ZOOQ%gﬁpOSItIOH the extrudate was exchanged® N%HOOEIGN“MI\IOB
nitrate to rermve sodium followed by an additional drying step at 121 C.
After the second drying step, the catalyst was calcined in air at 538C to
convert the N114-formof the ZSM 48 to the HHformand to renove any

resi dual carbon remaining on the catalyst after nitrogen deconposition. The
Hformof the extrudate was then inpregnated with 0.6 wt.% Pt by incipient
wet ness i npregnation using platinumtetraanmne nitrate and water. After

i mpregnation, the catalyst is dried againgat 121C to renbve excess water,
followed by a mld air calcination at 360C to deconpose the nmetal salt to
pl ati num oxi de. A CATALYST ACCORDI NG TO THE PRESENT | NVENTI ON - CATALYST B
[0032] A1l ]Mm'gum contai ning ZSM 48 catal yst was prepared in simlar
fashion to 1 ase catal yst described above, but prior to the platinum
tetraannvine nitrate inpregnation, the Hformof the extrudate was

I npregnated with yttriumnitrate (1 wt.%yttrium using the incipient

wet ness t eCEXANMPLENe §RPAPY L IGEHPRAAPEBN05/ 031069 -11 ytrrium
containing catalyst was then calcined in flowhg air at 538C to deconpose
the yttriumnitrate to yttriumoxide. After calcination, the yttrium

contai ni ng ZSM_ 48 extrudate was_ i renated with 0.6 wt.% Pt by incipient
wet ness i npEEMEIARA TINEE (A 11Ad ATrABYWINA nitrate and water. After Pt
i npregnation, the resulti ng

[0031] A base case catalyst for comparison was prepared by extruding 65 parts
of ZSM-48 crystal (SVAI2 ~ 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
sodium, followed by an additional drying step at 121°C, After the second drying
step, the catalyst was calcined in air at 538°C to convert the NH4-form of the ZSM-
48 to the H-form and to remove any residual carbon remaining on the catalyst after
nitfrogen decomposition. The H-form of the extrudate was then impregnated with
0.6 wt.% Pt by incipient wetness impregnation using platinum tetraammine nitrate
and water. After impregnation, the catalyst is dried again at 121°C to remove .
excess water, followed by a mild air calcination at 360°C to decompose the metal

salt to platinum oxide.

A CATALYST ACCORDING TO THE PRESENT INVENTION -
CATALYSTB

[0032] A 1 wt.% yttrium 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.% yitrium) using the incipient wetness technique. The



catal yst was dried again at 121 C to renove excess water, followed by mld
air calcination at 360C to deconpose the netal salt to platinum oxide.
EXAMPLE 2 - CATALYST USE [0033] Catalyst A and B, described in Exanple 1
above, wer ¥EHIUPERY v used to dewax a previously hydr otRCEASBSHBOND s| ack
wax having 5 wppm sul fur, 4 wppm nitrogen, and having a nean average

boi ling point of 420C, as determ ned by gas chronmatography. Both Catal yst A
and Catal yst B were used under identical process conditions described

bel ow. [0034] Catalyst A and B were used in two separate experinments each
enpl oying the sanme dewaxing conditions including tenperatures of 325C
pressures of 1000 psig (6996 kPa), liquid hourly space velocities of 1 hr',
.and hydrogen treat gas rates of 2500 sg¢{/bbl (445 nB/nB). The dewaxi ng of
the 150N slack wax feed was carried out in a sinple vertical tubular
reactor, which allowed co-feeding of the hydrocarbon feeds and hydrogen.
.The results qf these experinents are i]Jlustrated. in_ Figures 1, 2, 3, and 4.

[0035] Fi gyifdumn Gopfaiaingsailysivgts Bep splenec IndlQwime #ig at g3$"r(étcbé@@élmose_

hyelr odevasdig i Bitpts to PRy Brdd ARG aripaliPhe 8 Tioef SapetiBEdai ot °f he
dig | t.s 0f io e

o R BB DBl e RIS b B ROl s ppRR AR P

hydr odewaxﬁg]ﬁg ﬁ%ﬂhhi REBamaniAY § P88 AN Widel AIFG Bt iﬁfﬁbgﬁétﬂﬁl, @bl A
produces a 49 W . % yield, based on the feed, while a hydrodewaxi ng rocess
uti lji zi ng éxslgbtywis @iedagahalt §31°@¢e comdvigextoest ket Esléowed by emild ain,

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

D,

EXAMPLE 2 - CATALYST USE

[0033] Catalyst A and B, described in Example 1 above, were separately used to
dewax a previously hydrotreated 150N slack wax having 5 wppm sulfur, 4 wppm
nitrogen, and having a mean average boiling point of 420°C, as determined by gas
chromatography. Both Catalyst A and Catalyst B were used under identical

process conditions described below.

[0034] Catalyst A and B were used 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 illustrated in

Figures 1, 2, 3, and 4.

[0035] Figure 1 illustrates that a catalyst according to the present invention,
Catalyst B, shows an unexpected improvement over a conventional hydrodewaxing
catalyst, Catalyst A. As illustrated in Figure 1, one of the unexpected

improvements of the present invention is that, at constant pour point of -20°C,



a yield of 59 wt.% based on the feed. [0036] Figure 2 illustrates a further
unexpected i nprovenent of the current invention. Figure 2 illustrates that
a hydr odewayi >ss enpl oying the present invention produced a product
havi ng a wﬁ%?@@gﬁdex ("VI") 2 to 5 VI points higher CREVSEHEOHPSduCt

produced by a hydrodewaxi ng process utilizing Catalyst A [0037] Figures 3

and 4, when conpared, illustrate another unexpected inprovenent of the
present invention. Figure 3 illustrates that a process utilizing a catalyst
according to the present invention, a catalyst such as Catalyst B, |ines out

after less than 5 days, and exhibits yields (as defined as 370C+ Hi - Vac
yields) of 82%over a period from5 to 23 days on oil at constant pour

point. Figure 4, however, illustrates that a hydrodewaxi ng process using
t he sane hydrodewaxi ng conditions but utilizing Catalyst A takes nuch
|l onger to line out. As illustrated in Figure 4, the hydrodewaxi ng process

enpl oyi ng Cat al yst A alter 75+ days o il, has.not reached a.steady
state. Fur t‘méﬁr il(fﬁngcglrﬁ(g@gew%mg&ongﬁl Sn@ﬁyﬁwge iaéﬂlg RGeS q:#l}f)il\ﬂ)gglgyi el ds
of the hydr ' L1Ng poures 1.2, 3,
and 4 ill usﬁ?j?%l‘—*?‘{%ﬁ?ﬁ%e%?%?@?W%l@éﬁjﬁ%ﬁﬁd%@%&f?e L iRy ga‘g’uﬂfﬁ’%’ﬁ%’& adi ng
catal yst haylBessaiiliziex 0ol ed!B, & @hlyst ad&arcﬁﬂg t8 {H¥hredid it éhitien, gtc@u@és of a
product having a better VI than a process enplroying a conventional ZSM 48
based hydr oslgisbkohn§o wdi%e| yated ondhedB&d.028884 PCT/ US2005/ 031069 - 13- CLAI V!
1. A catalyst suitable for upgrading |ube oil boiling range feedstreans,
wherein said catal yst conprises: a) at |east one nmedi um pore nol ecul ar

St eve, [6036] Figure 2 illustrates a further unexpected improvement of the current

R

invention. Figure 2 illustrates that a hydrodewaxing process employing the present
invention produced a product having a Viscosity Index ("VI") 2 to 5 VI points
higher than the product produced by a hydrodewaxing process utilizing Catalyst A.

[0037] Figures 3 and 4, when compared, illustrate another unexpected
improvement of the present invention. Figure 3 illusirates that a process utilizing a
catalyst according to the present invention, a catalyst such as Catalyst B, lines out
after less than 5 days, and exhibits yields (as defined as 370°C+ Hi-Vac yields) of
82% over a period from 5 to 23 days on oil at constant pour point. Figure 4,
however, illustrates that a hydrodewaxing process using the same hydrodewaxing
conditions but utilizing Catalyst A, takes much longer to line out. As illustrated in L
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. Thus,
Figures 1, 2, 3, and 4 illustrate that the present invention provides a lube oil
upgrading catalyst having an unexpectedly rapid line out time, and higher yields of
a product having a better V1 than a process employing a conventional ZSM-48
based hydrodewaxing catalyst.



b) at |east one active netal oxide selected fromthe rare earth netal

oxi des; and c) at |east one hydrogenation netal selected fromthe Goup VIII
and Goup VIB netals. 2. The catal yst according to claim1l wherein said
medi um por YOERHs sieve is selected fromacidic met RCEASRAEH306% and
zeolites. 3. The catal yst according to any preceding clai mwherein said
acidic netallosilicates is a silicoal um nophosphates (SAPGs) selected from
SAPC 11, SAPO 34, and SAPO-41. 4. The catal yst according to any preceding
cl aimwherein said nmedium pore nolecular sieve is a zeolite selected from
ZSM 22, ZSM 23, ZSM 35, ZSM 57, ZSM48, and ferrierite. 5. The catal yst
according to any preceding claimwherein said nedium pore nolecular sieve
.is conposited with a suitable porous bi.pgler or matrix material sel ected
fromalumna, silica, titania, calciumoxide, strontium oxide, barium oxide,
carbons, zirconia, diatomaceous earth, |anthanide oxides including cerium
.oxide, Ila oxi de, neodym um oxi de, yttrium oxide, and praseodym um
oxi de; WO 8884 PCT/ US2005/ 031069 -14 chromia, thorium oxide, urania,
ni obia, tantala, tin oxide, zinc oxide, and alum num phosphate in an anount
of less than 15 parts zeolite to one part bi nder. 6. The catal yst accordi ng

to,any preacedi ng Sl HSHR Br Spkdatiy h8Elen @ ALY Pan B! BRI B0s Bl

material i's al e cata COI’ an prece I ng clalm
wher ei N sajafll @italygasdbnPiBes:

a) at least one medium pore molecular sieve;

b) at least one active metal oxide selected from the rare earth metal
oxides; and

c) at least one hydrogenation metal selected from the Group VIII and
Group VIB metals.

2. The catalyst according to claim 1 wherein said medium pore molecular sieve

is selected from acidic metallosilicates and zeolites.

3. The catalyst according to any preceding claim whereint said acidic
metallosilicates is a silicoaluminophosphates (SAPOs) selected from SAPO-11,
SAPO-34, and SAPO-41.

4. The catalyst according to any preceding claim wherein said medium pore
molecular sieve is a zeolite selected from ZSM-22, ZSM-23, ZSM-35, ZSM-57,
ZSM-48, and ferrierite.

5. The catalyst according to any preceding claim wherein said medivm pore
molecular sieve is composited 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 cerium oxide,

lanthanum oxide, neodymium oxide, yitrium oxide, and praseodymium oxide;



active nmetal oxide and said at | east one hydrogenation netal are deposited
onto the nedium pore nolecul ar sieve by a nethod sel ected fromi nci pi ent

wet ness, | @fp :R¥eRAA0e, nechani cal m xing of netal oxi de with
t he nedi um pore nol ecul ar sieve and bi nder, and any co glfsaéoi%#@%eof

The catal yst according to any preceding cl ai mwherein sai d at | east one
active netal oxide is deposited onto the nedi um pore nol ecul ar sieve in an
anount greater than 0.1 wt.% based on the catalyst. 9. The catal yst
according to any preceding claimwherein said at | east one active netal
oxide is deposited onto the nedi um pore nol ecul ar sieve in an anount

ranging fromO.1 to 10 wt.% 10. The catal yst according to any preceding
claimwherein said at | east one hydrogéhation metal is selected fromthe
Goup VIII netals. 11. The catal yst according to any precedi ng clai mwherein
said at | east one hydrogenation netal is deposited onto the nedi um pore

ol ecul ar - gh@¥fial floAfith oAdB U anfa2 bR tdt @R 0NGR! Zthclodide 3Sthdhuthinfased on

catal yst.
phosphate in an amount of less than 15 parts zeolite to one part binder.

6. The catalyst according to any preceding claim wherein said suitable porous

binder or matrix material is alumina.

7. The catalyst according to any preceding claim wherein said at least one
active metal oxide and said at least one hydrogenation metal are deposited onto the
medium pore molecular sieve by a method selected from incipient wetness, ion
exchange, mechanical mixing of metal oxide precursor(s) with the medium pore

molecular sieve and binder, and any combination thereof.

8. The catalyst according to any preceding claim wherein said at least one
active metal oxide is deposited onto the medivm pore molecular sieve in an amount

greater than 0.1 wt.%, based on the catalyst.

9. The catalyst according to any preceding claim whetein said at least one
active metal oxide is deposited onto the medium pore molecular sieve in an amount

ranging from 0.1 to 10 wt.%.

10.  The catalyst according to any preceding claim wherein said at least one

hydrogenation metal 1s selected from the Group VIII metals.

11.  The catalyst according to any preceding claim wherein said at least one
hydrogenation metal is deposited outo the medium pore molecular sieve in and

amount ranging from between 0.1 to 30 wt.%, based on catalyst.



