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CONTAI NI NGVAVDRADEAAXI NG CATALYSTS FI ELD OF THE | NVENTI &3\r/jp6fhoslds1ddae
present invention relates to a catalyst suitable for use in dewaxing
| ube oil boiling range feedstreans. Mire particularly, the present
invention is directed at a catal yst conmposition containing a nedium
pore nol ecul ar sieve having deposited thereon an active netal oxide
and at | east one hydrogenation netal selected fromthe Goup VIII
and G oup VIB netals. BACKGROUND OF THE | NVENTI ON [ 0002] Furt her,

nost lubricating oil feedstocks nmust beidewaxed in order to produce
| ubricating oils which will remain fluid down to the | owest
temperature of use. Dewaxing is the process of separating or
converting hydrocarbons which . €., waxes) in
petrol eum fractions. The HAMPBOV by feeds boiling
in the lubricating CCONBABSIN ) ) S AJNSTPr ocesses
is well known in the art. GEneraIIy these processes utilize catal ysts
conprising a nol ecul ar sieve conmponent and a conponent sel ected from
the Goup VIII and/or Goup VIB nmetals. [0003] As finished oi
perf or mance ) #-nt e so does the requirenent for

i nproved B QO L K kS grGerties. To address this need the
search for new and dlfferent processes, catalysts and catal yst
systens that exhibit inproved activity, selectivity and / or

I(.ongevi ty [060FN OTHepAGkeBKRIEhHEN reldtes to hReEAyst suitable for use in dewaxing

lube oil boiling range feedstreams. More particularly, the present mvention 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
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 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

VI and/or Group VIB metals.

[0003]  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



WO 2006/ 028884 PCT/ US2005/ 031069 -2 currently is a need in the art
for an i nprRPEGEREE ng cat al yst and nethod of naki ng t ReTABY@RDI1069
catal yst. BRI EF DESCRI PTION OF THE FI GURES [00041 Figure 1 is a graph
rel ating pour point to yield of |Iube oil basestocks obtained by

hydr odewaxi ng a 150N sl ack wax with a ZSM 48 catal yst according to

t he present invention conpared to a conventional ZSM 48 based

hydr odewaxi ng catalyst. [0005] Figure 2 is a graph conparing the
pour point to viscosity index of |ube oil products obtained by

hydr odewaxi ng 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 ng catal yst. [00061 Figure 3 is a graph relating yield to

time on stream constant pour point of far a catalyst according to
e pr osent SHRGENE FanBeoBORE SR L o mprayed o BsHit el P e s
time on str mlg R, oint for a conventional ZSM 48
hydrodemxiﬁ% c %]I%%séﬁ%% f1828884 PCT/ US200S/ 031069 - 3- SUMVARY
OF THE | NVENTI ON [ 0008] The present invention is directed at a

catal yst suitable for use in upgrading feedstreans boiling in the

| ube oil raBHENPESCERIPYIONOMHTHEFIGURESt | east one nedi um pore
nol ecul ar si eve;

[0004]  Figure 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.

[6005] 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 1s 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 .



b) at |east one active netal oxide selected fromthe rare earth netal
{ oxides; wodocyemssil east one hydrogenati on nmetal sel ected/tsoom/dshee
‘Goup VIIl and Goup VIB netals. [0009] In one enbodi nent of the
instant invention, the at |east one active netal oxide of the
hydr odewaxi ng catal yst is selected fromthe Goup RIB rare earth
metal oxides. [0010] In yet another enbodinent, the rare earth netal
oxide is yttria. [0011] In still another enbodinent, the at | east
one hydrogenation netal selected fromthe Goup VIII and G oup VIB
_metals of the hydrodewaxing catalyst is, selected fromthe Goup VIII
"noble netals. [0012] In still another erbodi ment, the at |east one
hydr ogenation netal selected fromthe G oup VI II and Group VIB
~metals of the hydrodewaxi cat aI is selected fromPt, Pd, and
" m xtures t&ﬁm&ARﬂb@ﬁTlﬂgMN AOM her enbodi ment, the at |east
one Goup VIIl netal is selected fromPt, Pd, and mxtures t her eof .
VD 2006/ 028881 PCT/ US2005/ 031069 -4 DETAI LED DESCRI PTI ON OF THE

in the S';gi@@%il T BEESA T ABENL 088k o8 EAbAIY SR Fabke ihor use

rocar l'ing I'n
| ubri cati n‘g%%Ja Qstre-ﬁh@s hoitkh 0 G WeediuBe oilaatgd. yBhe 6zmﬂq,rst sﬁmpﬂlsed east
one nedi um re m) ecul ar sieve, at |east one active

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.

[0009] 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.
[0010] Inyet another embodiment, the rare earth metal oxide is yttria.

[0011] 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.

[0012] Instill another embodiment, the at least one hydrogenation metal
selected from the Group VII 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 VI metal is selected
from Pt, Pd, and mixtures thereof.



metal oxide selected fromthe rare earth nmetal oxides, and at | east
one Group WPOI2006f@838l. [ 0015] As stated above, the catal yBtBUS2005/031069
according to the present invention conprise at |east one nedi um pore
nol ecul ar sieve. Medium pore nol ecul ar sieves suitable for use in
the present invention can be selected fromacidic netallosilicates,
such as silicoal um nophophates (SAPGs), and unidiniensional 10 ring
zeolites, i.e. nediumpore zeolites having unidinensional channels
conprising 10 nmenber rings. It is preferred that the nol ecul ar sieve
be a zeolite. [0016] The silicoal um nophgphates (SAPOCs) useful as the
at | east one nol ecular sieve can be any of the SAPGCs known.
Preferred SAPGCs include SAPO-1 1, SAPO 34, and SAPO-41. [0017] The
medi um pore zeolites, sonetimes referred to _as unidi mensional 10

ring zeol i tBETAMERDESCRIFIJON OF FHEINKENTION,| yst  enpl oyed
herein can be any of those known. Medium pore zeolites as used
herein can be any zeolite descri.bed as a nedium pore zeolite in

Atl as of Ze@_oilggolsmhggrh’sreﬁt TREEon W MaMRkEuitile @31!'1'.1&18 iﬁ]tEQ{lR%radinrﬁ of

Butterworth are porous crystalline naterials and diu

pore zeol i kRFosdBof gB&Tsakims Bofllnped the hihkstnkail nage. Mheanairaéewixibs
to 7 Angstrons, such that the zeolite freely sorbs nol ecul es such as

n- hexane, 3eaialyshydmprisesmé]easerremedivanpore mpladar siens, htleasoompactive

classification, used for iu ore zeolites WO 2006/ 028884

PCT/ US200/ OBt exIderselsies] g@@% goe et Br Al omﬂféxarfé%ttzle@a%w@ﬁ Group VI
Gescri bed inegﬁi ted States Patent Nunber 4,016,218, which is hereby

i ncor por at et y' ref erence. Medi um pore

[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 include SAPO-11,
SAPQO-34, and SAPO-41.

[0017] 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.

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

L



zeolites typically have a Constraint Index of 1 to 12, based on the
zeol i t e alwoeooswi¢saout nodifiers and prior to treatnent porresipessizidehe
‘diffusivity of the catalyst. Preferred unidinensional 10-ring
zeolites are ZSM 22, ZSM 23, ZSM 35, ZSM 57, ZSM 48, and ferrierite.
More preferred are ZSM 22, ZSM 23, ZSM 35, ZSM 48, and ZSM 57. The
nost preferred is ZSM 48. The nost preferred synthesis route to
ZSM 48 is that described in U S. Patent Nunmber 5,075,269. [0018] The
medi um pore nol ecul ar sieves used in the present invention are

., preferably conbined with a suitable porgus binder or matrix material.
Non-limting exanples of such materials include active and inactive
materials such as clays, silica, and/or netal oxides such as

alum na. Non-limting exanples of naturally _occurring. clays that can
" be conpos Fﬁ‘é‘&%ﬁw@ﬁéﬁ@%ﬁﬁ?@n&}bﬁ?ﬁ waichdhdagnrihadom Yaltedhdtatdsattent
famlies iwncludi S ntonites, and the kaolins c nly known
as DiXi ew%ﬁgrfgglé’?;%’r‘gggﬁ 1%1%816 V&J??Oagoﬁtt%‘iby réeﬁ%r}cg. %Pﬁﬂorﬁehe
mai n m ne : | E;M; | ; ' [ i L ikl : L.te,
or anauxi t% gblﬁr%g%gﬁg%l be uesdegf)ﬁﬂ{[rdﬁgﬁl%ﬂldg%s’o flggf% Ib“e’ H&E%%g?%%%llﬁg\%v&?? ate
as ori gi natithournxeiifiers andyjrietie trebnertab adiat ilendifasivitt sfhemanlystor

chem cal nodification prior_to being conbined with the at |east one
nol ecul ar Ps¢fewed unidimenpioank9-siagtaeatites e gENGR2, EEMI33, SN 35 &SM-

TR B STERARSR el L B s
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according to the present invention may be used in the sulfided or
unsul fi de?0(£108r] m ﬂ?éj mieaium pore molecular sieves used in the present 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
lcaolin 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 ﬁresent mmvention may be used in the sulfided or unsulfided form, and is

preferably in the sulfided form.



preferably in the sulfided form WD 2006/028884 PCT/ US2005/ 031069 -6
[ 0019] Hydroé@aeedzagpicat al ysts according to the present | PORNE10031031069
al so conprise at |east one active netal oxide selected fromthe rare
earth netal oxides. As used herein, "rare earth metal oxides" is
nmeant to refer to those netal oxides conprising those elenents of
the periodic table having atom ¢ nunbers between 57 and 71 and
yttrium which has an atom ¢ nunber of 39 but behaves simlar to the
rare earth netals in many applications. It is preferred that the at

| east one active netal oxide be selecteg.fromthose rare earth netal
oxides of Goup Il1B 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 nedi um pore nol ecul ar sieve by any neans known to be

effective I n =i

ot e, e, ngoiosbBnk Tk XATRAES: e LA Ferion o
mechani cal fgnpghig ARl RLNVERERIES Qélé&éd wthermf@%@mew%mes.
and binder, or a conbination thereof, with the incipient wetness

t echni que bAs ng:d hﬁem,é'fmreraﬂthrmwabmdb@t)@ hheahhe safeuiotthofe metdl werides
nmetal oxide incorporated, i.e. deposited, onto the nedi un;lalBore
mol ecul ar  s¢@VRFISiBg ghess dementerniohe pariodis tekle daving atpraicaymbgEsbetween 57

(5;{62 " ot it B ER gty it s en g Tt og gt Beteiat g
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present i nVent ron al 66 inc
metal oxide be selected from those rare earth metal oxides of Group IIIB of the

periodic table including yttrium, more preferably the at Jeast one active metal oxide

18 ytiria.

[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
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 wi.%,
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



at | east one hydrogenation netal selected fromthe Goup VIII and

G oup VI BworemlogsssThus, hydrodewaxi ng catal ysts sui t ableefwzoesasiosn
‘the present invention are bifunctional. The at |east one

hydr ogenati on netal selected fromthe Goup VIII W 2006/ 028884

PCT/ US2005/ 031069 -7 and Goup VIB netals functions as a netal

hydr ogenati on conponent. Preferred Goup VIII netals are those
selected fromthe Goup VIII noble netals, nore preferably selected
fromPt, Pd and m xtures thereof with Pt representing the nost

. preferred Goup VIIl netal. Preferred Gyoup VIB netals include

Mol ybdenum and Tungsten. In a particularly preferred enbodi nent, the
at | east one hydrogenation netal is selected fromthe Goup VIII

netals with preferred, etc. Goup VIII als being those describe
above. [0628]Gmvg ¥iB mneisls f@ﬂ@lwm{%@g@ﬁfgf f%}l@&%}ﬁ%ﬂorb%{ﬂ%ﬂeﬂ% BifenEd
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metal can I'ncorporated onto the above-descri bed active netal

oxi de  confrafedaoGrRe VInacal. Patferul dironp B inytadsincinandokyielenumend
be effective at doing so. Non-limting exanples of_ suitahle

i ncor por atTungstemnk 4 patticwtarlyrpepiresd embpdinest the shleagiangfygrogenation
mechani cal m Xxi ng_of tal oxpde i t.h I I '

and bi ndere 1lestef R g OHLOIL it it bl St GholthaZlPitRals
t echni bei th t hod. [0024] Th t of th t

| oast ane HyoF s deb b EL I cor por ared. i 6. “deposited. ont

i"on e I ncorporated, i.e. deposited, onto the
met al oxi de-cont ai ni ng nmedi um pore nol ecul ar sieve is

[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 mcipient wetness

technique being the preferred method.

[0024] The amount of the at least one hydrogenation metal incorporated, 1.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 up grading
hydrocarbon feedstreams boiling in the lube o1l range. They are especially suited

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



between 0.1 to 30 wt.% based on catalyst. Preferably the amount of
the at | easW®mMes/048§adr ogenati on netal ranges from 0.2 w . PCT/@SRH5/031069
wt.% nore preferably from0.5 w.%to 20 wt.% nost preferably from
0.6 to 20 wt.% [0025] The catal ysts of the present invention are
suited for use in upgrading hydrocarbon feedstreans boiling in the

| ube oil range. They are especially suited for use in catalytically
hydr odewaxi ng | ube oil boiling range feedstreans. The WD 2006/ 028881
PCT/ US2005/ 031069 -8 inventors hereof have found that catalytic

hydr odewaxi ng processes enpl oyi ng the pgesent i nvention provide the
processes with inproved yields and lube 6il boiling range products
havi ng better viscosity indexes ("VI") when conpared to processes
utilizing currently avail abl e comrerci al hydrodewaxi ng catal ysts. ,Theh
i ncrease | ninvy:n@lrsigt;regﬁh@ﬁ fourd that satadyfiq iy diedgwexngJHagrsses CRPeOgns the
t he order of 10%. based on Ihgh%f eed, and.the VI
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i nvention used rade a variety I'1ing range

f eedst r eansy;{iHas@unABY 8T AIRMES chtner vl BRirbilewaxingwataysisnd Hedadease in
that boil in the~lubricating oil range, ‘typically having a 10%
di stillati opiedds, sbmgtimes esfetrbdto 659ilq BdiTy, arawaghe eaddsyol MEHMpBedEn the
or ASTM 2887, and are derived from m neral sour , nt hetic

our ces, or feedpnd theeVbmergage.SpEnctips 1efead tﬁgasg\fgﬂﬁ’% » P Qe of 1-
ubricating_qi feedstreans include those derived from sources such
as oils der PvEWP?PEm sol vent refini ng processes such as raffinates,
partially solvent dewaxed oils, deasphalted

[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, automatic transmission fluid feedstocks, and Fischer-Tropsch waxes.
Preferred ubricating oil feedstreams 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
to 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.



oils, distillates, vacuumgas oils, coker gas oils, slack waxes,
foots oi | swandostohesski ke, dewaxed oils, automatic transmerusmdiuied
‘f eedst ocks, and Fi scher-Tropsch waxes. Preferred |ubricating oi
feedstreans are those selected fromraffinates and dewaxed oils.

[ 0027] These feedstreans may al so have high contents of nitrogen- and
sul fur- contam nants. Feeds containing up to 0.2 wt.% of nitrogen,
based on feed and up to 3.0 wt.% of sul fur can be processed utili zing
the present invention. Feeds having a high wax content typically

_ have high viscosity indexes of up to 20§ or nore. Sulfur and
nitrogen contents may be neasured by standard ASTM net hods D5453 and
D4629, respectively. W 2006/ 028884 PCT/ US2005/ 031069 -9 [0028] The
conditions enployed by the |ube oil boiling range upgrading

" processes utilizing the instant invention can be any conditions

Chventi on 10R8I5ei The serdtoBs SEPERGAE h I EaE helind el ERkting
effective g@&%%gs;ﬁtﬁiﬂgg%\gﬁﬁgg%eﬁﬁ&q.Fﬁlil 8B3nf T odaReNR uttablelot HECIn

t enper at u rom preferably”275C to 350C, pressures

of from 79latiRoeQE8 ke BrafmpRYifl the 3eE@npEIVENtioprefsaniiied if48adlptid 7339
kPa (200 to 2500 psig), liquid hourly space velocities of fromO.1
to 101u' hydpsddverai praeds eifectivelvatalytio by dsadengamsa eenditignsay ganesally

from45 to 1780 nB/n8 (250,10 10000, scf r.ef br89 10,890

ol S0aneadsTOp s of o U AWikG. BESERF B L © TP

preferred odi t i ntj il j

ol 11 9 SRR 2136 48 (9053 SBhg RIAT h o6 17509 103 (oo
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).

[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

invention.

[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.



that are equally effective could be devised for carrying out the
spirit of tWwoOs004/198%ti on. [ 0030] The foll owi ng exanpl es »1/452005/031069
IFllustrate the inproved effectiveness of the present invention, but
is not neant to limt the present invention in any fashion. WO

2006/ 028884 PCT/ US2005/ 031069 -10- EXAVPLES EXAMPLE 1- CATALYST
PREPARATI ON COWMPARATI VE CATALYST - CATALYST A [0031] A base case
catal yst for conparison was prepared by extruding 65 parts of ZSM 48
crystal (Si/Al2 - 200/1) with 35 parts of pseudoboehm te al um na.
After extrusion, the extrudate was driedqgt 121C in air, followed by
calcination in nitrogen at 538C to deconpose the organic tenplate in
the zeolite. After deconposition, the extrudate was exchanged with 1
N NHANCG3 nitrate to renove sodium followed by an additional drying
step at 121EXAMPLES he second drying step, the catal yst was
calcined in air at 538C to convert the Nl114-formof the ZSM 48 to
the Hformand to remove any residual carbon renaining on the

cat al yst afERfAMPILqu% deLPAR eriNf orm of the extrudate
was then inp atedw ¢ 0 ' mCT pi ent wet ness

| mpregnation using plati num tetraammine nitrate and water. After

| npregnation, the catal is dried aal n at 121C to renbve excess
water, fol | GRBVPARATHVE GATAJ; 'STGAC t o deconpose the
nmetal salt to platinum oxi de A CATALYST ACCO?DI NG TO THE PRESENT

I NVENTI ON -
{

[0031] 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 niirate 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
nitrogen decomposition. The H-form of the exfrndate 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 calg:ination at 360°C to decompose the metal

salt to platinum oxide.

A CATALYST ACCORDING TO THE PRESENT INVENTION -
CATALYST B

[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.% yttrium) using the incipient wetness technique. The



CATALYST B [0032] A1 w.%yttrium containing ZSM 48 catal yst was
prepared iwobiwioksgss fashion to the base case catal yst desgusiedsiose

‘above, but prior to the platinum tetraannmune nitrate inpregnation,

the Hformof the extrudate was inpregnated wth yttriumnitrate (1

Ww.%yttrium using the incipient wetness technique. The WO

2006/ 028884 PCT/ US2005/ 031069 -11 yttrium containing catal yst was

then calcined in flowng air at 538C to deconpose the yttrium
nitrate to yttriumoxide. After calcination, the yttrium containing
ZSM 48 extrudate was inpregnated with Q.6 wt.% Pt by incipient

" wetness inpregnation using platinumtetraanmmine nitrate and water.

After Pt inpregnation, the resulting catalyst was dried again at 121

C to renove excess water, followed by mld air  calcination at 360C
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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 ilfustrated 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,



carried out in a sinple vertical tubular reactor, which allowed
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these experinents are illustrated in Figures 1, 2, 3, and 4. [0035]
Figure 1 illustrates that a catal yst according to the present
invention, Catalyst B, shows an unexpected inprovenent over a
conventional hydrodewaxing catalyst, Catalyst A As illustrated in

Figure 1, one of the unexpected inprovenents of the present
invention is that, at constant pour point of -20C, WO 2006/ 028884
PCT/ US200s/ 031069 -12 under identi cal ¥frodemaX|ng conditions, a
hydr odewaxi ng process enploying Catalyst™ A produces a 49 w. % yield,
based on the feed, while a hydrodewaxi ng process utilizing Catalyst
B, a catal yst accordlng to the present invention, produces a yield
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i | lustrate another unexpected i nprovenent of the present i nventi on.
Figure 3 illustrates that a process utilizing a catalyst according
to the present invention, a catalyst such as Catal yst B, Ilnes out
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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
Figure 4, the hydrodewaxing process employing Catalyst A, even after 75+ days on
oil has 1ot 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 VI than a process employing a conventional ZSM-43

based hydrodewaxing catalyst.



conditions but utilizing Catalyst A takes much |onger to line out.
As illustrated in Figure 4, the hydrodewaxi ng process enpl oying
Catal yst A, even after 75+ days on oh% has not reached a steady
state. Further this process has not attained the high 370C+ Hi -Vac
yi el ds of the hydrodewaxi ng process enploying Catalyst B. Thus,
Figures 1, 2, 3, and 4 illustrate that the present invention provides
a Iubeggéﬂﬁﬂﬁpgrading cat al yst having an unexpectedly rapid |ine out
time, and higher yields of a product having a better VI than a
process enploying a conventional ZSM 48 based hydrodewaxi ng
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claim1l wherein said suitable porous binder or matrix nateria
al umi n@etals, The cat al yst according to claim1l wherein said at |east

one net al Oﬁh%t%in: s%i@/r%léﬁihl%'pof'? gﬂgpe%uﬁ?éi%%%%tcggﬁﬁgggi‘ﬂ% atl gui{:albﬁci prcr)]rcl)us binder

wher ei n sai east one ‘ne oxid
or matrix material selected from alumina, silica, titania, or zirconia.

2. The catalyst according to claim 1 wherein said suitable porous binder or matrix

material is alumina.
3. The catalyst according to claim 1 wherein said at least one metal oxide is yttria.

4. The catalyst according to claim 1 wherein said at least one 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,

5. The catalyst according to claim 4 wherein said at least one metal oxide is deposited
onto the medium pore molecular sieve in an amount greater than 0.1 wt. %, based on the

catalyst.

6. The catalyst according to claim 5 wherein said at least one metal oxide is deposited

onto the medium pore molecular sieve in an amount ranging from about 0.1 to about 10 wt. %.

7. The catalyst according to claim 1 wherein said at least one hydrogenation metal is

selected from the Group VIII metals.



| east one hydrogenation netal are deposited onto the nedi um pore

nmol ecul ar sieve by a nethod selected fromincipient wetness, ion
exchange, nechanical mxing of netal gxide precursor(s) wth the
medi um pore nol ecul ar sieve and binder, and any conbi nation thereof.
5. The catalyst according to claim4 wherei n said at | east one netal

oxide is deposited .onto the medium pore no] ecul ar sieve in an anount
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VIIl noble netals. 9. The catal yst according to claim7 wherein said
at | east one hydrogenation netal is selected fromPt, Pd and
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to claPm 1 wherein said at | east one hydrogenation netal is
deposited onto the nmedi um pore nol ecul ar sieve in and anmount ranging
from between about 0.1 to about 30 wt. % based on catalyst. 12. The

catal yst acgpr ¢pog, éélgst%'c@drﬁ?ng t%%frﬁ'lq”lﬁ:@élg s& al[ 119511 QH ?8%?&41
metal is deposited Onto sal I um pore no ecu ar SI Al er sal
at | eadeposited antt theemeditml pooxindtecilar sidepinsint athothermeging from between about

0.1 to about 30 wt. %, based on catalyst.

12. The catalyst according to claim 1 wherein said at least one hydrogenation metal is
deposited onto said medium pore molecular sieve after said at least one active metal oxide is

deposited thereon.



