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catal yst for processing of high sul fur and/or nitrogen
content lubricating oil basestocks. BACKGROUND OF THE
I NVENTI ON [ 0002] Catal ytic dewaxing is now a part of
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b&sdstdekst s whi ch perform dewaxi ng primarily by cracking
tend to produce products with [ ower viscosity index

and al so tend to have |ower yields than catalysts

arjly by isonerization. As

4 s s dwell ng catal ysts are

preferred in many appl [ catr ons. [0004] Conventi onal

i somerization dewaxing catalysts, however, are
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contam nants’in a feedStock
of desired hydrocarbon products from basestocks having an appropriate boiling

range. Catalytic dewaxing allows for conversion of less desirable molecules
within a basestock into molecules with more favorable properties for a particular
application. Catalytic dewaxing can be used to improve the properties of
basestocks in order to form lubricating oils. Catalytic dewaxing also has
applications in other areas, such as improvement of cold flow properties of
diesel fuels.

[0003] | Catalytic dewaxing can occur by either cracking of feedstock
molecules or by isomerization of feedstock molecules. Catalysts which perform
dewaxing primarily by cracking tend to produce products with lower viscosity
index and also tend to have lower yields than catalysts which perform dewaxing
primarily by isomerization. As a result, isomerization dewaxing catalysts are

preferred in many applications.

[0004] Conventional isomerization dewaxing catalysts, however, are
susceptible to poisoning by sulfur and nitrogen contaminants in a feedstock. As

a result, a hydrotreating step or other pre-treatment step often precedes a



a result, a hydrotreating step or other pre-treatnent
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In various e odinen s, the invention provides a

catal yst suitable for dewaxi ng of hydrocarbon
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I nvention provide an

[0006] In an embodiment, the invention provides a catalyst that includes a
first zeolite having unidimensional 10-member ring pores, a second zeolite
having a zeolite surface area greater than a zeolite surface area of the first
zeolite, and a metal hydrogenation component. The first zeolite is preferably
ZSM-48 or ZSM-23. The catalyst may optionally further include a metal oxide

binder, preferably a metal oxide binder with a low surface area.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0007] In various embodiments, the invention provides a catalyst suitable
for dewaxing of hydrocarbon feedstocks, including sour feedstocks containing
high levels of sulfur and/or nitrogen. The catalysts of the invention provide an
activity advantage relative to conventional dewaxing catalysts in the presence of

high sulfur or high nitrogen feeds. This advantage is achieved by using a



activity advantage rel ative to conventional dewaxing
catal ysts in the presence of high sulfur or high
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cyclic, aromatic, or other bulky molecules. As a result, the metals inside the
pore are protected from exposure to the S and/or N contaminants that tend to
deactivate the hydrogenation functionality. Thus, the combination of a
unidimensional 10-member ring molecular sieve with a molecular sieve having
higher surface area provides a catalyst with good dewaxing activity that should

maintain its activity when exposed to a sour feedstock.

[0009] The surface area of a zeolite can be determined by nitrogen
porosimetry using the BET method for determining surface area. In particular,
for a dual-zeolite catalyst, the surface areas of the individual zeolites can be
determined using BET measurements in order to identify a higher surface area
zeolites. BET measurements can also be used to determine the surface area of a

resulting formulated catalyst, which may also include a binder.
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el evated | evel s of ni trogen and sul fur. Conventi onal
catal ysts often require pre-treatnment of a feedstream
[0011] One of the advantages of the inventive catalyst is the ability to

maintain catalytic activity in the presence of elevated levels of nitrogen and
sulfur. Conventional catalysts often require pre-treatment of a feedstream to
reduce the nitrogen content to a few ppm and the sulfur content to less than a
few hundred ppm. By contrast, hydrocarbon feedstreams containing up to 0.2
wt.% of nitrogen, based on the feedstream, and up to 3.0 wt.% of sulfur can be
effectively processed using the inventive catalysts. In an embodiment, the sulfur
content of a feedstream can be at least 0.05 wt% sulfur, or at least 0.1 wt%, or at
least 0.5 wt%, or at least 1 wt%, or at least 2 wt%, or at least 3 wt%. In another
embodiment, the nitrogen content of the feedstream can be at least 50 wppm, or
at least 100 wppm, or at least 250 wppm, or at least 500 wppm. Sulfur and
nitrogen contents may be measured by standard ASTM methods D5453 and
D4629, respectively.



reduce the nitrogen content to a few ppm and the
sul fur content to less than a few hundred ppm By

W Bobaghse hydrocarbon feedstreans contai ni Nng URct/BsR05014054
wt. % of nitrogen, based on theSfeedstream and up to

3.0 wt.%of sulfur can be effectively processed using
the inventive catalysts. In an enbodi nent, the sul fur
content of a feedstream can be at |east 0.05 wt%
sul fur, or at least 0.1 wt% or_at least 0.5 wt% _or )
H01Rkast Rrefgrablys thercatalysty acgoding to theinvieatien aze dpg)-zeolite
I not her enmbodi,nent, the ni.trogen cont.ent .of . the
et SR A R orm geRex nge iy, B LG4 RE afudrbgfihon

r I I ;
@S?%FQ.MI]\%&% I?r@?éral;ﬁp atUast oy oiatthg Z£8Hhtes199 di@%)liife with a

ogen-éontents may be neasure

shiditandondl Pdrestraotise DSaiablerfirsDAéfRes include 10-member ring
respectively. OOer eferably, the catal ysts
zanddesiisngh 8® , %5 (o ferrierideda ZSMol i, 2S5 Mad by E-87,

ek %%E}SS/Z%X %f@%&%@@%ﬁw;ﬁﬁ}@@%éo ZSM-
%‘% SRR LSV g FENH23 e piorR BRI Wt o catalyst

B MREZ.SM 23 stARithieaith dutlicat dlbinlina £ SBfroat about 20:1 to
ferrterite), ZSM1 1, ZSM 57, NU-87, SAPO-1 1, and

Mt 2D: 1 Paefemetithesdieareiferred tiras $8Z:32. EOthier molzBnageieves that
ZSM 48, or ZSM 23. ZSM 48 and

predpestrucguralpith mah;boaeéa%tsm@ti%a%% ?,l‘ghae{tqig %193 EU-13,KZ-1,
S0 B350 it BiBsPopt ol fesInbIB IS Z S 2 OBLRRPZEM 35,

25K1-32, ZSN87, Ml s IZ9MSi 2 vesME TR otRérSisbspsdtiitit nvsletular
w th the abové materials include 'fheta-l, NU-1 O EU

didves<or la, contlsinblib? $her8of.t abl e second zeolites include
ZSM5, ZSM 12, EU-I, ZSM 35, ZSM1 1, ZSM 57, NU- 87,
ZSM 22, ZSM 23, other isostructural nplecul ar sieves,

BTl ERgRSEAC s SARL R RO TF PRt Rt o
a low value. Preferably, the silica to alumina ratio in the zeolite is 100:1 or less,
or 85:1 or less, or 75:1 or less, or 70:1 or less. In various embodiments, the
amount of silica to alumina corresponding to a “low value” will have some
variation. For example, in an embodiment where the zeolite is ZSM-23 (or a
structural equivalent), the silica to alumina ratio can be 75:1 or less, or 50:1 or

less, or 40:1 or less.

[0014] If desired, the dual-zeolite catalyst can also include a binder. The
zeolites can be combined with binder in any convenient manner. For example, a
bound catalyst can be produced by starting with powders of both the zeolites and
catalyst, combining and mulling the powders with added water to form a
mixture, and then extruding the mixture to produce a bound catalyst of a desired
size. Extrusion aids can also be used to modify the extrusion flow properties of

" the zeolite and binder mixture.
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during formation of the zeolite powder, such as during spray drying. The spray
dried zeolite/binder powder can then be mixed with the second metal oxide

binder prior to extrusion.

[0017] Without being bound by any particular theory, it is believed that use
of a low surface area binder and/or a formulated catalyst with a high ratio of
zeolite surface area to external surface area provides several benefits. It is
believed that at least one of the benefits is that catalysts according to the
invention allow a greater percentage of metal components to reside on the zeolite
portion of the catalyst, as opposed to on the binder. This leads to increased
metals levels within the pores of the zeolite, where the metals are protected from
some of the sulfur or nitrogen contaminants in a feedstream. Metals that reside
on the zeolite portion of the catalyst can either be located on an exposed surface

of the zeolite, or the metals can be located within a pore in the zeolite. Due to
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any convenient manner. One technique for adding the metal hydrogenation
component is by incipient wetness. For example, after combining a zeolite and a
binder, the combined zeolite and binder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution containing a suitable
metal precursor. Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite (or zeolite

and binder) after extrusion.

[0020] One example of a dewaxing catalyst suitable for use in the claimed
invention is ZSM-48 with a SiO,:Al,O; ratio of less than 110, preferably from
about 70 to about 110. Another example of a dewaxing catalyst suitable for use
in the claimed invention is ZSM-48 with a SiO,:Al,O; ratio of less than 200,
preferably from about 70 to about 190. In the embodiments below, ZSM-48
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alternative embodiments, n is 200 or less, or 190 or less, or 180 or less.

[0022] The as-synthesized form of ZSM-48 crystals is prepared from a
mixture having silica, alumina, base and hexamethonium salt directing agent. In
an embodiment, the molar ratio of structural directing agent:silica in the mixture
is less than 0.05, or less than 0.025, or less than 0.022. In another embodiment,
the molar ratio of structural directing agent:silica in the mixture is at least 0.01,
or at least 0.015, or at least 0.016. In still another embodiment, the molar ratio
of structural directing agent:silica in the mixture is from 0.015 to 0.025,
preferably 0.016 to 0.022. In an embodiment, the as-synthesized form of ZSM-
48 crystals has a silica:alumina molar ratio of 70 to 110. In still another
embodiment, the as-synthesized form of ZSM-48 crystals has a silica:alumina
molar ratio of at least 70, or at least 80, or at least 85. In yet another

embodiment, the as-synthesized form of ZSM-48 crystals has a silica:alumina
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[00233y ntTiesZ. 8™k 4B aewlicd inZéitfiet & calgintdlos abagnthesized form
silica:alumna nmolar ratio of at |east 70, or at | east

typacallyr faams| aggéomemtes of smaall grvstals thatmayihaee erystal sizes in the
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e T R3S 545 Gl Bl o e

o4y Mo Bt 3Ev A0, SRSt MR Surfbarca
whiidH Radato FighcatePh@mbenbf actbfe GRAlyE sites per givehHnount of

| ess, or 180 or less. For any given
catalyst. Preferably, the ZSM-48 crystals in either a calcined or as-synthesized

g

form have a morphology containing no fibrous crystals. By fibrous is meant
crystals that have a L/D ratio of > 10/1, where L and D represent the length and
diameter of the crystal. In another embodiment, the ZSM-48 crystals in either a
calcined or as-synthesized form have a low quantity or are free of needle-like
crystals. By needle-like is meant crystals that have a L/D ratio of < 10/1,
preferably less than 5/1, more preferably between 3/1 and 5/1. The SEM shows
that crystals prepared according to the methods herein have no detectable
crystals having a fibrous or needle-like morphology. This morphology alone or
coupled with the low silica:alumina ratios leads to catalysts having high activity

as well as desirable environmental features.

[0024] The ZSM-48 composition is prepared from an aqueous reaction

mixture comprising silica or silicate salt, alumina or soluble aluminate salt, base



preparati on of the as-synthesized formof ZSM 48
crystals, the nolar conposition will contain silica,

wdodohgrageand directing agent. It shoul d be notwe/td¥abs/o14054
the as-synthesized form of Z3@#48 crystals nmay have

nol ar ratios slightly different fromthe nolar ratios
of reactants of the reaction mxture used to prepare
anddirecting agéndsilu ad example 6haseactsnl mixtaye tocachievduthetdesired

i nconpl ete incqrporation of 100% qQf the react s of
cial PeehplgynTha RGlania o reAglion puxers haye M«ﬁ molar
raihe reaction mxture). [0023] The ZSM 48 zeolite in

1%her a cal cined or as-synthesized formtypically
fornms aggl onerates of small crystals that may have

crystal gjFexy,ol < hge of about 0.01 to about 1
nm Thes%fdﬁafzp}cr?gttgﬁslgare desirable for they

gener al | H,0e8104 ® 1otoes0er activity. Smaller crystals
mean greater surface area which |eads to a greater

number oPHacliOpe= dbl 40 ¥t3 ¢ sites per given anount of
catal yst, _Preferably, the ZSM 48 ystals in either a
cal Ci neoobf' §@25@ﬁ?%g§ﬂ§§dgﬁ&rtﬁl%gge a nor phol ogy
cont ai ni f.i uspGhiyshals. By fibrous is neant
crystal sﬁm%ehgsgga 9?’5 rg”‘;blso of > 10/1, where L and

D fepfest%ﬂipl&tB?Si@{]@rEfle&lRfi @UB5¢p6 00§23 he crystal. In
anot her enbodi nent, the ZSM 48 crystals in either a

cal cined or as-synthesized formhave a | ow quantity or
are free of needle-like crystals. By gg?dl e-like is .
[0R2aht dpyhe abave Ftioshive ranges@re Rro\dded for beththe base:silica

referably | ess thapn 5/1, nor.e pr.eferab t 1
relfocpne) B8 BRE irdRling e iF B < TP bfortl Ptk Tof these
ra¥o8 ShELBE niRnirBe tHER rERASin e SoAnBBYE of Zmﬂﬁp&gﬁa?s with some

crystals having a fibrous or needle-I1 ke norphol ogy.
quantRy b Kenylaitg and/ arneedle-like piarghologly. thor sitmations where

silica:alumna ratios |leads to catal ysts having high
Kanyaite and/gs nogdle-like memhalegye issneti desiednthg| prefearag ragges
should be used, as is further illustrated below in the Examples. In alternative
embodiments, the molar ratio of silica to alumina in the reaction mixture may be

increased to up to about 200.

[0026] The silica source is preferably precipitated silica and is commercially
available from Degussa. Other silica sources include powdered silica including
precipitated silica such as Zeosil® and silica gels, silicic acid colloidal silica
such as Ludox® or dissolved silica. In the presence of a base, these other silica
sources may form silicates. The alumina may be in the form of a soluble salt,
preferably the sodium salt and is commercially available from US Aluminate.
Other suitable aluminum sources include other aluminum salts such as the
chloride, aluminum alcoholates or hydrated alumina such as gamma alumina,
pseudobohemite and colloidal alumina. The base used to dissolve the metal

oxide can be any alkali metal hydroxide, preferably sodium or potassium



[0024] The ZSM 48 conposition is prepared from an
aqueous reaction m xture conprising silica or silicate

we adobosagaim na or sol ubl e alunm nate salt, basegtus2008/014054
directing agent. In an exanpllg of a reaction mxture
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of ZSM48 crystals with some quantity of Kenyaite
hexaediammedium di¢ldondephol ogy. For situations where

Kenyai te and/ or needl e-1i ke norphol ogy is not desired,

the preferred ranges should be used, as is further
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The alumma may be 1n the forimof a soluble salt,
morphology present in the ZSM-48 crystals can be 10% or less, or 5% or less, or
1% or less. In an alternative embodiment, the ZSM-48 crystals can be free of
needle-like morphology. Low amounts of needle-like crystals are preferred for
some applications as needle-like crystals are believed to reduce the activity of
ZSM-48 for some types of reactions. To obtain a desired morphology in high
purity, the ratios of silica:alumina, base:silica and directing agent:silica in the
reaction mixture according to embodiments of the invention should be

employed. Additionally, if a composition free of Kenyaite and/or free of needle-

like morphology is desired, the preferred ranges should be used.

[0028] The as-synthesized ZSM-48 crystals should be at least partially dried
prior to use or further treatment. Drying may be accomplished by heating at
temperatures of from 100 to 400°C, preferably from 100 to 250°C. Pressures
may be atmospheric or subatmospheric. If drying is performed under partial
vacuum conditions, the temperatures may be lower than those at atmospheric

pressures



preferably the sodiumsalt and is comercially

avai l able from US Al um nate. O her suitable alum num
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applications as needle-like crystals are believed to
reduce the activity of ZSM 48 for sone t
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816856 192 bLP tIRPATS AR 41O badddFor TECTUPAT iR habing Groups 1
- 18, preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo,
Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of
hydrogenation metals may also be used such as Co/Mo, Ni/Mo, Ni/W and Pt/Pd,

-0

preferably Pt/Pd. The amount of hydrogenation metal or metals may range from
0.1 to 5 wt.%, based on catalyst. In an embodiment, the amount of metal or
metals is at least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or at least 0.6
wt%, or at least 0.75 wt%. In another embodiment, the amount of metal or
metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt% or less, or 1
wt% or less. Methods of loading metal onto ZSM-48 catalyst are well known
and include, for example, impregnation of ZSM-48 catalyst with a metal salt of
the hydrogenation component and heating. The ZSM-48 catalyst containing
hydrogenation metal may also be sulfided prior to use. The catalyst may also be

steamed prior to use.



enpl oyed. Additionally, if a conposition free of
Kenyai te and/or free of needlelike norphology is

wolgRmbhgdse t he preferred ranges shoul d be used.pdfO2Rbs/014054
The as-synthesized ZSM 48 crygtal s shoul d be at | east

partially dried prior to use or further treatnent.
Drying may be acconplished by heating at tenperatures
of from 100 to 4000C, preferably from 100 to 2500C.
Pressures may be at npspheric or subatnmospheric. If
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cgggfsfg%tﬁ t}aThey may be bl ended with other materials

such as silicates. Other porous matrix materials in
addition to silica-alum nas include other binary
[0632%r i al Foswatalysts aé¢drdh1ga@rths iimyergidn that irvorparate ZSM-23,

silica-zirconia, silica-beryllia and silica-tjtania as
anypyitable mgthad g;’oq]ﬁqogppmgszg A3 aeith a low Si0,:Al,0O; ratio may be
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%gY%frP% ﬁgf}‘rﬁ]@ t&edﬁ %mi hla?lg Id%ol;rv%lbsle%o lfr%%?o 1glfr>lrotp|;' mme vs';mch is
solvated in absolute ethanol. The mixture is heated to a reflux temperature of
77°C for 18 hours. The resulting solid product is filtered and washed with

absolute ethanol.

[0033] The directing agent produced by the above method can then be
mixed with colloidal silica sol (30% Si0,), a source of alumina, a source of
alkali cations (lsuch as Na or K), and deionized water to form a hydrogel. The
alumina source can be any convenient source, such as alumina sulfate or sodium
aluminate. The solution is then heated to a crystallization temperature, such as

170°C, and the resulting ZSM-23 crystals are dried.

[0034] The following examples demonstrate the benefits of dual-zeolite

catalysts.



- 18, preferably Groups 6 and 8-10. Exanples of such
metals include NN, Mo, Co, W M, Cu, Zn, Ru, Pt or

wdshoo/pgseger ably Pt or Pd. M xtures of hydrogengt 0§ 008/014054
netals may al so be used such @s Co/ Mo, Ni/M, N /Wand

Pt/Pd, preferably Pt/Pd. The anmpbunt of hydrogenation
nmetal or netals may range fromO0.1 to 5 w.% based on

Exanmply 4t .0.5Wwt %P oh165/35 ZISM- 801 SIVAIDSi-Z8M-5
metals 1s at least 0.1 w% or at [east 0.25 wt% or
at least 0.5 wt% or at least 0.6 ww% or at | east
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wiithc§Gfpsedeianizeidtwyatet, driednat\250SHEpand oalcaredi inifull aanak 680°F for
selectivity as well as excellent yields. They al so
B.envi ronnental benefits fromthe standpoint of
health effects fromcrystal formand the small crystal
size is also beneficial to catalyst activity. [0032]

[(ﬁB%AC at af s hétiviey: OF tHd Cathl9 st Was &by ﬁ@tetrﬂﬁﬁing the cloud point
I ncorporate ZSM™23, any suitable nmethod for producing

o Srdduictirésuliing fronSesPosihg G cathlyst tony 186Nuaéfinate/$eed in a
5,332,566 provides an exanple of a synthesis nethaod
. batghmaisre-apiiclayecyistamg 398 1 ofi catalySt wos reduced gnder

h)‘lgér(o%ér'?‘l f(2>1(1103Wecl1: %ry thie %ﬁﬁitledn 5t fj.IS rgerglgllsrg)%the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in
Table 1.

Example 2. 0.4wt%Pt(IE) on 50/50 ZSM-48(70/1 Si/Al12)/Sn-ZSM-5

[0037] An extrudate consisting of 50wt% ZSM-48 and 50wt% Sn-ZSM-5
(30 grams) was humidified with moist air, placed in a mesh basket, and
submerged in 150 cc deionized water with magnetic stirbar. The silica to
alumina ratio of the ZSM-48 was about 70:1. The pH of the solution was then
adjusted to a pH of 8 with ammonium hydroxide. A solution of platinum
tetraammine nitrate (5.07g) in 25 cc deionized water was added to the stirring
solution. The solution was stirred for 16 hours. The catalyst was then washed
with 500 cc deionized water, dried at 250°F, and calcined in full air at 680°F for

8 hours.



agent suitable for preparing ZSM 23 can be fornmed by
nmet hyl ati ng i m nobi spropyl am ne with an excess of
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88& t-zeolite catal ysts. Exanple 1. 0.5w %t (1 E) on

65/ 35 ZSM 48(180/1 Si/Al2VSn-ZSM5 [0035] An extrudate

consi sting of 65wt % ZSM 48 and 35wt % Sn-ZSM 5 (30
Exhaifle 3006:3%¢% PHIES dn\8 /35 BSML48(180/106i2A E2)/ Mordefiiteh
, _and subnmerged 1 n cC

magnetic stirbar. The silica to alumna ratio of the
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en washed with 500 cc deionized water, dried at
alniiak ratio of tded Z58Med 8iwas abdut di0: htTiegglid fofithe s8lutionrwas then

adjusted to a pH of 8 with ammonium hydroxide. A solution of platinum
tetraammine nitrate (5.07g) in 25 cc deionized water was added to the stirring -
solution. The solution was stirred for 16 hours. The catalyst was then washed
with 500 cc deionized water, dried at 250°F, and calcined in full air at 680°F for

8 hours.

[0040] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in a
batch micro-autoclave system. 256.4 mg of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in
Table 1.
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determ ning the cloud point of a product resulting
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a batch m cro-autoclave systerg- 300.2 ng of catal yst
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2.5 grans of the 130N feedstock. The reaction was run
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batch micro-autoclave system. 254.8 mg of catalyst was reduced under

hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The

reaction was run at 400 psig and 330°C for 12 hours. Results are provided in

Table 1.

Example 5. 2X Silica Selectivated 0.8wt%Pt(IW) on 65/35 ZSM-48(180/1
Si/Al2)/Mordenite

[0043] An extrudate consisting of 65% ZSM-48 and 35% Mordenite (75
grams) was loaded with 0.8wt%Pt by incipient wetness impregnation with
platinum tetraammine nitrate, drying at 250°F and calcining in full air at 680°F
for 3 hours. The silica to alumina ratio of the ZSM-48 was about 180:1. The Pt
containing extrudate was then selectivated with silica by impregnation with
7.8wt% DOW™.-500 silicone in decane, stripping the decane, and calcining at

1000°F. This procedure was repeated one more time.
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then adjusted to a pH of 8 with ammoni um hydroxi de. A

solution of platinumtetraammne nitrate (5.07g) in 25
[00at4flei onThedctiwite of tescaalystiwao tdste sy 'detehmgnmglthe ickoud point

The solution was stirred for 16 hours. The cataly

ofi prodush rm&m figm gxpeng éhfu@at@lwstz@ua \I\AONrraffanaté Je%c% ina

f ul t 6800F. for 8 h
{30 SoferEAUtCR YA DRgPrDy Liefbthofs hefin Of detabyslivag gOCed under
hf@?o%&ﬂ‘f@ﬂ&ge&% tﬁE%HEht | 5¢2. 9fgr§T§ c?%q”&??. R gaétesk The

exposi ng he cata st To%a eed in

reactioh Wasfufila® 400tp3id and 330%@ ¢onr 12h6urk. Resultseaé prordted in
was reduced under hydrogen followed by the addition of
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7.8wt% DOW™.-500 silicone i in decane, stripping the decane, and calcining at

1000°F. This procedure was repeated one more time.

[0046] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in a
batch micro-autoclave system. Less than 1 gram of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in

Table 1.

Example 7. (Comparative) 0.6 wt%Pt(IW) on steamed 65/35 ZSM-48(180/1
Si/AI2)

[0047] An extrudate consisting of 65wt% ZSM-48 and 35wt% alumina (30

grams) was humidified with moist air, placed in a mesh basket, and submerged
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rvgas&boesns 980 Lbe pil @ $hosanton rWacSethel‘! adg*smsl)o a pH

?’ﬁﬁw'@@a%ﬁjwﬁ“ I YR Ao Bl FRlo U RRRbmmipe pigee
(£b78P0°L5 B0GeioRlAId Wy By Whsfddded 3 thérifRRNo1R6n S The solution

eS||catoaumnarat|oof the ZSM 48 was

wal @ttred i 16 hblss. Atheceutdlgsiivay thent wastmsdewith SO00hendeionized
selectivated with silica by inpregnation with 7.8w %
waew deed at 250 Fh madi qalqeecéneﬁllkamagéﬁﬂgF fore8 heuesnd hegpsplting

cini a 000 rocedure was repeated one
C‘i‘ltélyét Waﬁgh‘frbﬁ)tﬁﬂ']negff@r gg}qu&gty of the catal yst was
tested by determi ning the cloud point of a product
resulting fromexposing the catalyst to a 130N

[0048])i nat Thé aedvity ofl tikaéathlyst 68 testédbY Aeteriifingthe il point

than 1 gram of catal yst was reduced under hydrogen
of alprodwed resulting faddiekposingfth@ catatystbsa df ONmafﬁamN feed in two

f eedst ock.. The reaction was run at 400 psi a 3300C
separateAriglsing b %BQPIFSO'QP@CEV&AYQWl Flgal Ebang of

Sl . '
cafyhudnapio-d5irRis Y BTt A o e R £ 2.5 erams of
tl?@f‘?ON tféétﬁtcsa‘k 6Pfie feattion »@ﬁkdru%%%@@'\ﬁslg aﬁ& 330°r@T62 12dBurs.

 oaded wth 0.8wm %t by incipient wetnéss inpregnation
Imthidsecond trial, 303.3 mg of catalyst was reduced under hydrogen followed
by the addition of 2.5 grams of the 130N feedstock. The reaction was run at 400

psig and 330°C for 12 hours. Results are provided in Table 1.

Table 1
Example | WHSV | Cloud Point Corrected Mass Loss
1 0.7 -45 30%
2 0.7 -29 27%
3 0.82 11 : 16%
4 0.82 -38 31.6
5 0.70 20 11.0%
6 0.69 26 6.4%
7a 0.66 -13 17.8%
7b 0.7 -20 19.1%

[0049] Without being bound by any particular theory, it is believed that the
role of the second zeolite can be two-fold. First, we chose zeolites where the
platinum can be readily located within the zeolite rather than externally on an

alumina binder. Platinum was ion exchanged to preferentially target exchange



platinumtetraamm ne nitrate, drying at 2500F and

calcining in full air at 6800F for 3 hours. The silica
wo Shodhgsagdna rati o of the ZSM 48 was about 180: der/d&®0d7%14054

cont ai ni ng extrudate was thengsel ectivated with silica

by inpregnation with 7.8w % DOW -500 silicone in

decane, stripping the decane, and cal cining at 10000F.
sifd3i withinohe GiebHtesasTHeeplatihesh loostedowiehini thie zepRfdhouldibe less

activity of the catalyst was tested by determni ning the
acsiessibilepioi the bulkyasylferansd niteogehspeejes.rproetastingstsyinctien to

catalyst tq a.130N raffipate feed in a.batc . .
fogug Pa-lamww-s@'ée Denetisaf haying 2 260 i dighgxsgeolite

S SUNEE Ut bOXACARED S PLLARED e, QU ELARORL 1,2,

.o grans o e reactlon was
arid 4408 Bxahtplent, B3HIG fRolides With ashigh@sdol e Siifface area (ZSM-
provided in Tabl € 1. Exarrpl e 7. (Conparative) 0.6
5 andeASNMVY 2 )proyidedimerkass irtbriabpbrB4rta dot thsi Ptimydrogeiition
An extrudate consisting. of 65w % ZSM 48 and 35wt % .
functienality; doxasmples )l daand dprayidedpe lpwestghpud paints in the series
Laced in a nesh basket, and subnergedin 150 cc
0 %?%?ﬁ‘?gau%ter with magnetic stirbar. The silica to
alumna ratio of the ZSM 48 was about 180: 1. The pH of
the solution was then adjusted to a pH of 8 with
[0950pNni urA hgrrativehe thésamindtZeotitomayl aldo addradditionahuside
nitrate (5.07g) in_ 25 cc dejonized water was added to
fungtionitp the ﬁ@tag’él and gid inTthe dewaxing af thesfeedi rihecpddition ef Sn-

2380 S Tesuriblis and 8) pEa el @3B A SNy Famply ) show

i f Ok L Qs e
L
nétshawy the sante b&sdfitdn hyrntkebPadtivity) gveh ehalgdihennorienitt crystal

_a product resulting fromexposing the catalyst to a
itsedDhay anfuchaighéraaidifunetion based on hexane cracking than the ZSM-

48 and a higher n-hexane cracking activity (alpha). Interestingly, Sn-ZSM-5 and
ZSM-12 bracket the acidity of the ZSM-48 catalyst. Sn-ZSM-5 has Sn in the
framework of the ZSM-5 rather than alumina. The n-hexane cracking activity
(alpha) of Sn-ZSM-5 is much lower than the ZSM-48 itself. Table 2 below

provides info on Si/Al, ratios and alpha activity of the pure crystals.

[0051] The silica selectivated catalysts of Examples 5 and 6 represent an
attempt to further protect the metal hydrogenation function present on the
catalysts. The silica selectivation was introduced after the introduction of the
metal hydrogenation component on to the catalyst, which should have reduced
the pore sizes of the pores in the catalysts. This could have possibly resulted in
further protection of the metal hydrogenation component by further restricting
the access of bulky molecules into catalyst pores. However, the silica

selectivation appeared to generally decrease the activity in the catalyst, as was



separate trials in a batch m cro-autoclave system In
one trial, 32 1.6 ng of catal yst was reduced under
wh Y0R8 fol | owed by the addition of 2.5 grampcpiisicd§oi40s4
130N f eedstock. The reactionpps run at 400 psig and
3300C for 12 hours. In the second trial, 303.3 ng of
catal yst was reduced under hydrogen followed by the
fadd bothrfop the2Z SMM8/mofdeniteeohfihatiGiedsd dekZ SMa8/ZSM-12
reacti on was run at 400 psig and 3300C for 12 hours.
combinationare provided in Table 1. Table 1 [0049]
Wt hout being bound by any particular theory, it is
bel i eved that the role of the second zeolite can be
two-fold. First, we chose igﬁhi%es where the platinum
can be readily located wt $fie zeolite rather than

ext er Ny Peofife 2N al Iigypga bl nder. Pl ati NWIHhKHa(G193)

exchafm t referenghart target—exciiagpuesi L es
wi t hi =t ‘g%g!:tcs i$.b Iu!)/at:ng...!uuu 24gwithin the
zeol i Z%ﬂb@ d he | gzoarrpqm hle to t 15 bul ky sul fur

and ni Sneg8SM-§peci es N/Ar (Breinsstead oftAl)f y8cti on to focus
on i sONesrdeatteon. Thgsbenefits of havi ngle zeolite
with higher zZeolilé surface area can be Seen by
conpari ng Exanples 7a and 7b with Exanples 1, 2, and
4. In Exanples 1, 2, and 4, zeolites with a higher
zeolite surface area (ZSM 5 and ZSM 12) provide
increase internal pore area for the Pt hydrogenation
functionality. Exanples 1, 2, and 4 provide the | owest
cloud points in the series of dewaxing runs. [0050]

Al ternatively, the second zeolite may al so add
additional acid function to the catalyst and aid in
the dewaxing of the feed. The addition of Sn- ZSM5
(exanples 1 and 2) as well as the addition of ZSM 12,
exanpl e 4) show dramatically higher activity than the
base case fornul ations. The nordenite did not show the
same benefit in terms of activity, even though the
nordenite crystal




itself has a much higher acid function based on hexane

cracking than the ZSM 48 and a hi gher n-hexane
w@e@eksige activity (al pha). Interestingly, Sn-ESVUS20a81014054

ZSMt 12 bracket the acidity -.gff the ZSM 48 cat al yst.

Sn-ZSM5 has Sn in the framework of the ZSM 5 rat her

than al um na. The n-hexane cracking activity (al pha)
CDAIMSZSM 5 is nuch |lower than the ZSM 48 itself.

Table 2 bel ow provides info on Si/Al 2 ratios and al pha

activity of the pure crystals. [0051] The silica

sel ectivated catal ysts .of Exanples 5 and 6 represent
an atte t%tf)atf?t)'lsw%lppb‘?’&tgect the metal hydrogenati on

funct i . , . L .
Laloet PraRig Bl Raliig ubiMifiefiohal [N inbEf fing pores;

the net aj séuohdogonied h@ﬁngmmsuﬂmqé dreh peedtat Ban zeolite
whi ch shoul d have reduced the pore sizes of the pores

surfacerares af the/fitss zeohies andul d have possibly resulted in
further protection of the netal hydrogenation
conponent Msfalhydragenation: GapenERts he access of bul ky
nol ecul es into catal yst pores. However, the silica
sel ectivation appeared to generally decrease the

activityyli 'I‘hb_*éﬁtaﬁ?étfﬂﬂfﬁéim i‘?wﬁ@ﬁiﬁﬂ@s&%hﬁ ZeBlitd g 10-
ZSM 48/ nordeni te conbi nati on and the ZSM 48/ ZSM 12

meater ratg pores.Tabl e 2CLAIMS: 1. A catal yst conpri sing:
a first zeolite having unidi nmensional 10-nenber ring
pores; a second zeolite having a zeolite surface area
greater th a ol.ite.surface area of the fir.st
Teot i t e; ande ZaRRTOTRIBHL SR B Bihesond ool ha,
u@gﬁﬁ%ﬁggg]@h@ém&ﬁﬂgsbﬁsn the second zeolite has

ring pores.

4. The catalyst of any of the above claims, wherein the second
zeolite is ZSM-5, ZSM-12, EU-1, ZSM-35, ZSM-11, ZSM-57, NU-87, ZSM-22,

ZSM-23, or a combination thereof.

5. The catalyst of any of the above claims, wherein the first zeolite

is EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof.

6. The catalyst of claim 5, wherein the first zeolite is ZSM-48,

ZSM-23, or a combination thereof.
7. The catalyst of claim 5, wherein the first zeolite is ZSM-48.

8. The catalyst of any of the above claims, wherein the ratio of

Si0,:Al, 03 in the first zeolite is 200:1 or less.



3. The catalyst of claim2, wherein the second zeolite
has uni di nensi onal 10-nenber ring pores. 4. The

w@e 200al08289 of any of the above cl ai ns, wherei n PEEUS2008/014054
second zeolite is ZSM5, ZSM221.2, EU- I, ZSM 35, ZSM1
1, ZSM 57, NU-87, ZSM 22, ZSM 23, or a conbination
thereof. 5. The catal yst of any of the above cl ains,
wher ei n 9.h&hticatalystexflantyeofithe Bbove chims, whemMinOratio of
ZSM 48, ZSM 23, or a conbination thereof. 6. The

StQu: Alfdst inghe &irsti zaodite k00l wrdess- first zeolite is

ZSM 48, ZSM 23, or a conbination thereof. 7. The

catal yst of claimb5, wherein the first zeolite is

ZSM 48. tﬁ% The cﬁéﬁgéf%;‘aagfoﬁg%g&‘wé BRiMO WV RerleitHBratio of

wher ei n eratio In the first zeolite

Si3,: A0;linahe ifestszedlitd e dtorllysst of any of the above
clains, wherein the ratio of SiO2: Al203 in the first

zeolite is 100:1 or less. 10. The catal yst of any of

t he aboveg, clai ns, wherein t ratio of SiQ@: A2 in

the ProefLs ohe Pataly L G5any ofthe BB0VSofRimSrhereir Mptatigrof
f~ t: hal . nei.nh the ratio of

S@%ﬁ%ﬁ%ﬁh?@%&ﬁlg@%ggfsg'eo?ilgées'is 50:1 or less. 12.

The catal yst of any of the above clainms, wherein the
nmet al hydrogenati on conponent is a Goup VIII noble
met al . 1B2. The cetalydtyoftanyfofahg abdve blaimbovbersimthesmetal
wherei n , the nmetal hydrogenation gi)npon nt is Pt, Pd,
hygrogenajigg sempencntds adgfoup Y1l npblecmetaly st of any of

t he above clains, wherein the catal yst further
conprises a netal oxide binder.

13. The catalyst of any of the above claims, wherein the metal

hydrogenation component is Pt, Pd, or a combination thereof.

14. The catalyst of any of the above claims, wherein the catalyst

further comprises a metal oxide binder.

15. The catalyst of claim 14, wherein the metal oxide binder in

powder form has a surface area of 80 m%/g or less.

16. The catalyst of claim 14, wherein the metal oxide binder has a

surface area of 60 m%/g or less.

17. The catalyst of any of claims 14 - 16, wherein the catalyst has a

ratio of zeolite surface area to external surface area of at least 90:100.

18. The catalyst of any of claims 14 — 16, wherein the catalyst has a

ratio of zeolite surface area to external surface area of at least 1:1.



15. The catalyst of claim 14, wherein the netal oxide
bi nder in powder formhas a surface area of 80 nR/g or
WO e®9/083262 The catal yst of claim 14, wherein tPET/DE1088/014054
oxi de bi nder has a surface area of 60 nR/g or |ess.
17. The catalyst of any of clains 14 - 16, wherein the
catal yst has a ratio of zeolite surface area to
ext er nal 18uffhecatdystaofanyadf dlginss 140 16)@vhet8in theeatalyst has a
catal yst of any of clains 14 - 16, wherein the
ratiq of genlitp surface areadosxterpal surfacgaremetatleast 1Q5:100.
external surface area of at least 1:1.19. The catal yst
of any of clains 14 - 16, wherein the catalyst has a

rati o of 5geqh.t f ; t e i e iRd&a
of at | e%é't %85&3%8& 98 . y?r(?we_ %@%@%S?%?&%ezy "o cllgt;i s
silita; alithin¥witagld) zireenia besilichaleminLa, al uni na,

titania, zirconia, or silica-alumna. 21. The catal yst

of any of clains 14 - 20, wherein the binder further

conpriseg,a.second netal oxide different fromthe.
firot moehi m&a.ciyw YD @lavs/ﬁ— ,avfgﬁrﬁﬂnztil?ebmder further

' ' 0 f t gl 0xi de
cPRBFRE"a SodEierd SARLITRIR sORnE RSO E Rad™
the first netal oxide, the first netal oxide in powder
formhaving a surface area of 80 n2/g or less. 23. The
cat al yst 22f Thleaiatalggt, ofdiaineR b, whereir aomeightpeicentagd®f the
is an silica, alumna, titania,_ zirconia, or
seganiddnetal gijdegin the catalyst is lower than a weight percentage of the first
metal oxide, the first metal oxide in powder form having a surface area of 80

m?/g or less.

23. The catalyst of claim 22, wherein the second metal oxide is an

silica, alumina, titania, zirconia, or silica-alumina.



