HYDROPROCESSI NG CATALYSTS W TH LOW SURFACE AREA
Bl NDERS FI ELD OF THE | NVENTI ON [ 0001] This inventi

WO 2030§9¥5 a catal yst and a nethod of using SM/QSZOOS/OMOSS
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
many processgsYDROPROUTESSINGATATAJI YSESHyITPEar bon
products from bap;@mmﬁ' NREBA BPRDEKRS ate boiling
range. Catal ytic dewaxing all ows sion of
| ess desirable nolecules within a basestock into
nol ecul es with nore favorable properties for a
particul ar application. Catalytic dewaxi ng can be used
RIELDIOVEIB REVIENBEDNi es of basestocks in order to
formlubricating oils. Catal ytic dewaxi ng al so has
applications in other areas, such as inprovenent of
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Uaemloﬂcs produce products with | ower vi SCOSI ty i ndex
and also tend to have |ower yields than catalysts
whi ch perform de\/\/aX| ng primarily by isomerization. As

ng catal ysts are
m ' A i 3& [ 0004] Conventi onal
i soner i zat| on devvam ng cat al ysts, however, are
suscepti ble to poi soning by sulfur and nitrogen
[0002]a na@hRlytic dewaEAStioalbw £part oF thdry %ﬁ)cesses for produc‘uon
hydrotreating step or oOther pre-treatnment step of
ofdesizeid bydrocarbon products from basestocks having an approprnate 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



catal ytic dewaxing step, in order to reduce the sulfur
and/or nitrogen in a feedstock. Even with a
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susceptibility of dewaxing c¢atalysts to sul fur or
nitrogen poisoning limts the types of basestocks that
can be processed by catal ytic dewaxing. Additionally,
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cat al is provided that includes a zeolite having a
S 2(13 ratio of 100 or less, a netal hydrogenation

conponent and a netal oxide binder having a surface

area of 100 nR/g or less in powder formprior to
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SUMMARY OF THE INVENTION

[0006] In an embodiment, a supported catalyst is provided that includes a
zeolite having a Si0,:Al,05 ratio of 100 or less, a metal hydrogenation
component, and a metal oxide binder having a surface area of 100 m?/g or less in
powder form prior to formulation of the supported catalyst. The zeolite and the
metal oxide binder are combined to form the supported catalyst.

[0007] In another embodiment, a supported catalyst is provided that
includes a zeolite having a SiO,:Al,0O; ratio of 100 or less, a metal
hydrogenation component, and a metal oxide binder. The supported catalyst has

a ratio of zeolite surface area to external surface area of at least 80:100.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figures 1 and 2 show the activity of comparative catalysts.



[0008] Figures 1 and 2 show the activity of
conparative catal ysts.[0009] Figure 3 shows the
WCER0Y/645380 on bet ween hydroprocessi ng t enper at Uier/e$¥d08/014055
pour point for various catal-ysts. [0010] Figure 4
shows an aging rate for various catal ysts. [0011]
Figure 5 shows the hydroprocessing product yield for
vari ous catal ysts. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0012]. I n vari ous enbodi
[Q0091; v ehiguse 3@@%&@@ carrglationybatween Mémrps?ssmg {mperature
f r ocarbhan feedstocks, including sour
a?iBBEEE@Piﬁ? 534§?éﬁlﬁﬁh level s of sul fur and/or
ni trogen. The catal ysts of the invention provide an
activity advantage rel ative to conventional dewaxing
[00104| y st Bigune #ishoprsemeaging ohtefog hardohd catalysthi gh
nitrogen feeds. This advantage is achi eved by the use
of a zeolite with a low silica to alumna ratio and
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cﬁg\}@ .eoll_te vvlth alowsilicato alumna ratio and
ng a high ratio of zeolite surface area to
external surface area. The dewaxing catal yst further
i ncl udes a netal hydrogenation functl on, such as a
DETALLEDIDESERIPTION: Odt BHIE/PREGERK: I :
Preferably, the dewaxing catal yst i s a uni di mensi onal
10- rrenber ring catal yst such as ZSM 48 or ZSM 23.
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desi rabl e sufface area inproves the catalytic activity
high keekdfisgl fuanalimtrtrogen.alfthe ohiatysteof thet invention provxde an

conbi nation of a_zeolite having a suffici (int ly I
a@ﬁl‘i’lbc advantagaeelatiys to WQW“&OB? aHBGicAkR e presence of
anea, provide

hlglfn fit 6t hlgh mtrogen ?eed is g(?\;a%tage is achleved by the use of a
zeolite with a low silica to alumina ratio and formulated usmg a binder having a
low surface area. Alternatively, this advantage is achieved by the use of a zeolite
with a low silica to alumina ratio and having a high ratio of zeolite surface area
to external surface area. The dewaxing catalyst further includes a metal
hydrogenation function, such as a Group VIII metal, preferably a Group VIII
noble metal. Preferably, the dewaxing catalyst is a unidimensional 10-member

ring catalyst, such as ZSM-48 or ZSM-23.

[0013] In this invention, it has been unexpectedly found that using a
combination of a zeolite with a low ratio of silica to alumina and a binder with a
desirable surface area improves the catalytic activity of dewaxing catalysts. In
an embodiment, the combination of a zeolite having a sufficiently low
silica:alumina ratio with a binder having. a low surface area provides the process

improvement. In another embodiment, the improvement to catalytic activity is



I mprovenent. | n another enbodi nent, the inprovenent to
catal ytic activity isbased on providing a fornul at ed

W 8odhassdo t hat includes a low silica:alum na r@td/0s2008/014055
zeolite that also has a desi.rggble ratio of external

surface area to zeolite surface area. [0014] The

external surface area and the zeolite surface area

basddesn providimgviaforafulatedrcatalpstithatninchudes adbw siliva:hhamina ratio
area of a catalyst. These surface areas are cal cul ated
zpelitedhatralsmhas a desisablairatio gf sxissnal Surkace wreptozadite gurface
t he BET nethod for surface area neasurenent. Previous
afdr k has shown that the ampunt of zeolite content

versus binder content in catalyst can be determ ned

from BET neasurenents. (See, for exanple, Johnson,
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di scussi on k_)e_l ow, "external surface area" refers to
wayeofsthatanterizingahe betal swfaes ares of atcatalpstatkhesp surfbceareas are

to the pbinder in the catalyst, while the "zeolite
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Invention is that a wde variety of hydrocarbon
nieasoieimcarasts (Sxey foreeamoples $elthsons NDELL.hdoot.fgatahe52, 425

functionality and/or performance of the catalyst.
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cat
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cru shal e ol tar sands. Synthetic feeds

tS thdzaddité bpstheddeivakihgd catalyshin fiesBRErmdasupanbnisan
al so be treated. Typical wax-containing feedstocks for
the preparation of lubricating base oils have initial
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AT WA R iet) S PHYUF &ALESh BlddStreams can be processed without
harming the functionality and/or performance of the catalyst. Suitable
feedstreams for use with the inventive catalysts can be kerosene, diesel,
lubricating oil feedstocks, and other distillate feedstreams including wax-
containing feedstreams such as feeds derived from crude oils, shale oils, and tar
sands. Synthetic feeds such as those derived from the Fischer-Tropsch can also
be treated. Typical wax-containing feedstocks for the preparation of lubricating
base oils have initial boiling points of about 315°C or higher, and include feeds
such as reduced crudes, hydrocrackates, raffinates, hydrotreated oils,
atmospheric gas oils, vacuum gas oils, coker gas oils, atmospheric and vacuum
resids, deasphalted oils, slack waxes and Fischer-Tropsch wax. Such feeds may
be derived from distillation towers (atmospheric and vacuum), hydrocrackers,

hydrotreaters and solvent extraction units, and may have wax contents of up to



at nospheric gas oils, vacuumgas oils, coker gas oils,
at nospheri c and vacuum resi ds, deasphalted oils, slack

woveneessasy Fi scher-Tropsch wax. Such feeds nmayp®EuUs2008/014055
derived fromdistillation tawers (atnospheric and
vacuum, hydrocrackers, hydrotreaters and sol vent
extraction units, and nay have wax contents of up
50%b60more.nSuitablSifiet dstteanissemisdls @ aostataarcahaticsg omhaasnup to 10
aromatics, such as up to 10 wt % aromatics, or to 25
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anot her enbodi nent, an advantage of the inventive
catalyst is the ability to maintain catalytic activity
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the catalysts according to the
at leasns0 prami,eorzadéaslt d90tvhppmper ﬁuleastdl:ﬁk)awppgm, or jatritgast §00
by isonerizing a hydrocarbon feedstock.
Wmmnevsalbﬁuy and pitrogémrorientsanay be énffatsege%)y stagdard ASTM

unj di al struc Sui tabl e catal ysts
me{hp %”E,g%gg FOAIBH639, ,{gsr}egb tBes such as EU I oM 35
(or ferrierite), ZSM1 1, ZSM 57, NU 87, SAPO- 1 1, and
ZSM 22. Preferred

[0017] Preferably, the catalysts according to the invention are zeolites that
perform dewaxing primarily by isomerizing a hydrocarbon feedstock. More
preferably, the catalysts are zeolites with a unidimensional pore structure.
Suitable catalysts include 10-member ring zeolites, such as EU-1, ZSM-35 (or
ferrierite), ZSM-11, ZSM-57, NU-87, SAPO-11, and ZSM-22. Preferred
materials are EU-2, EU-11, ZBM-30, ZSM-48, or ZSM-23. ZSM-48 and ZSM-
23 are more preferred. Note that a zeolite having the ZSM-23 structure with a
silica to alumina ratio of from about 20:1 to about 40:1 can sometimes be
referred to as SSZ-32. Other molecular sieves that are isostructural with the

above materials include Theta-1, NU-10, EU-13, KZ-1, and NU-23.



materials are EU-2, EU-1 1, ZBM 30, ZSM 48, or ZSM 23.
ZSM 48 and ZSM 23 are nore preferred. Note that a

wagebiogsrenavi ng the ZSM 23 structure with a sipdResios/o140ss
alum na ratio of fromabout .Z):1 to about 40:1 can
sonetimes be referred to as SSZ-32. O her nol ecul ar
sieves that are isostructural with the above material s
[00k8]ude Themndodimetis WherEthe ¢alys¥is formmudiathiughg Db urface
I n enbodi nents where the catalyst is fornul ated using
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presents a binder, with a surface area of 100 n2/g or
1pGRETE &7 6. ppblnbre PeLs oA TEPEIeSS: Pess. [ 0016)
In enbodi nents where the catal yst has a desired ratio

of zeolite surface area to external surface area, the

[6Ee]i t e Eeinbodires whdrk thecitalighhys @desired ativ of zeolite
greater than the external surface area. In an,
serfbcaianceio extemnal aurfaseairea dbe zeelitesurface areacwill be roughly

external surface area is at least 80;100, or .at | east ..
cqualioo Eseatss (A Be epterappsur e e &bl an FRDOLENPRS Gpe ratio of
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enbodi nent, the silica to alumna ratio in the zeolite
aren ialas beaat 100:1160/ (onll Ug, oPatteestaldlSy]0Q,or atl¢dast 410d 00, or at
alumina ratio in the zeolite is 100:1 or less, or 85:1
least 1684000y 75:1 or less, or 70:1 or less. In various
enbodi nents, the anmount of silica to alum na
corresponding to a "l ow value"” will have sone
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zeol'ite 1s ZSM 23 (or "a structural equivalent), the

adoW vflué.oPedfuribig, thatsilicacteralminbratiooin the zsopliterisd@011 or less,
or less, or 40:1 or less. [0021] A zeolite can be

oe 8abl erleswiarty B wadessi ar 203 @desenineyarionserabodimgnts, the
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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.

[0021] A zeolite can be combined with binder in any convenient manner.
For example, a bound catalyst can be produced by starting with powders of both
the zeolite and binder, 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.

[0022] In yet another embodiment, a binder composed of two or more metal
oxides can also be used. In such an embodiment, the weight percentage of the

low surface area binder is preferably greater than the weight percentage of the



the zeolite and binder, conbining and nulling the

powders with added water to forma mxture, and then
wWENDI/bEbgdg the mixture to produce a bound cat ad¢yigs208s/A405s

desired size. Extrusion aids7can also be used to

modi fy the extrusion flow properties of the zeolite

and binder m xture. [0022] In yet another enbodi nent,
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zeol i te/ bi nder powder can then be mxed with the
bauteo paionde gktrysiode bi nder prior to extrusion. [0023]

Wt hout being bound by any particular theory, it is
beli eved that use of a | ow surface area bi nder and/ or
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benefits is that catal ysts according to the jnvention
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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
steric effects, metals within the pores of a 10-member ring zeolite pore will not
be exposed to bulky molecules within a feedstream, such as molecules
containing aromatic rings. Many of the common molecules within a feedstock
that carry sulfur or nitrogen atoms are molecules that also include rings and/or
other bulky functional groups. Such molecules cannot readily enter the 10-
member ring pores of a zeolite, which therefore protects the metals within the

pore from interacting with the sulfur and/or nitrogen contaminants.



netals levels within the pores of the zeolite, where
the netals are protected fromsone of the sulfur or

wOoYobd/REesy contaninants in a feedstream Metal spdhgd2008/014055
reside on the zeolite portiogof the catal yst can

ei ther be |l ocated on an exposed surface of the
zeolite, or the netals can be located within a pore in
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ovm'aldllscmasdwmraqtivetypore frominteracting with the
sul fur and/or nitrogen contam nants.[0024] Wt hout
bei ng bound by any particular theory, a second
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conmponent. The nmetal hydrogenation conmponent is
typically a Goup VI and/or a Goup VIII netal.

[0026] er aklieymetdd drydedganatipd rcopgpmatent maydsepaddzd toi the @atalyst in
Group VIII noble netal. I\/bretpreferably, t he net al
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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) prior to extrusion.

[0027] One example of a dewaxing catalyst suitable for use in the claimed
invention is ZSM-48 with a Si0,:Al,0; ratio of less than 110, preferably from
about 70 to about 110. In the embodiments below, ZSM-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
organic template; calcined crystals, such as Na-form ZSM-48 crystals; or

calcined and ion-exchanged crystals, such as H-form ZSM-48 crystals.



conmponent is by incipient wetness. For exanple, after
combining a zeolite and a binder, the conbined zeolite
wodo/bdspeler can be extruded into catal yst partpEl€$008/014055
These catal yst particles cangtthen be exposed to a
solution containing a suitable netal precursor.
Alternatively, netal can be added to the catalyst by
[0028] exchienB8M-MBargstalsraftarlremosalioSthe stsichtdbdireeting agent
m xture of zeolite (or zeolite and bjnder) pr.ior to
have a pertinula morpholegi and amelar spmpogiienadsgrdingdp yhg general
fsui table for use in the claimed invention is ZSM 48
FMHay si 2: Al 208 ratio of |ess than 110, preferably
fzgom about 70 to about 110. In the enbodi nents bel ow,
M 48 crystals will be Y variously in terns
of "as-synthesized" crys@?@%'ﬁgt@hsti | | coﬁt ain the
organic tenplate; calcined crystals, such as Na-form
ZSM 48 crystals; or calcined and ion-exchanged
whieyesh as fons @6 o 44 OHprfefenabRSR0 4@ 100 ymore prefombly 8The 95. In
ZSM 48 crystals after renoval of the structur
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enbodinent, n fs at | east “70, or at |east 80, or at

Ti,edsand2r. | n yet another enbodinment, n is 110 or |ess,
or 100 or less, or 95 or less. In still other
enbodi nents, Si nmay be replaced by Ge and Al may be
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ah Renbodlimvent, ahé malhr stioust sineturdl directing agepreilied i e mixture
isI lnes; ?lsanng).)étS,u (r)reless 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
molar ratio of 110 or less, or 100 or less, or 95 or less. For any given
preparation of the as-synthesized form of ZSM-48 crystals, the molar
composition will contain silica, alumina and directing agent. It should be noted
that the as-synthesized form of ZSM-48 crystals may have molar ratios slightly

different from the molar ratios of reactants of the reaction mixture used to

prepare the as-synthesized form. This result may occur due to incomplete



is less than 0.05, or less than 0.025, or |less than
0.022. In another enbodinent, the nolar ratio of

woidowedsas@l directing agenfcsilica in the m Xtpgeus®ogdi4oss
| east 0.01, or at least 0.01pQ-or at least 0.016. In
still another enbodi ment, the nolar ratio of
structural directing agent:silica in the mxture is
ifcopporation oft1000 0L the macfantsadf theGeddttort mixXtube into ithe arystals
enbodi nrent, the as-synthesized formof ZSM 48
formpedd (fram Khe reacsioni migtwre)ni na mol ar ratio of 70 to
110. In still another enbodi nent, the as-synthesized
formof ZSM 48 crystals has a silica:al um na nol ar
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In yet another enbodi nent, the as-synthesized form of
tyisbal 8 farmssigall smeeateso £ sthall arpdtalsithat mey have atystalsfizes in the
110 or less, or 100 or |ess, or |
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r ratio Ightly different fromthe ar ratios

cafalyseaPrefbiablyfthe IASVe4R tiystalsrixeither aisadined qrraspymehesized
the as-synthesized form This_result may occur due to
fome baye ameorpbetogyr cantaining na dbyees crystaly. cBytfibroys i meant
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calckfddodr &L aethédizéd forfrehgee @lowlopuahtif): Sflaredredofimectle-like
mm These small crystals are desirable for they

coestals.a Byyndediatliko isymeanterystals that haveadl/Deratier 9i€ 1051,
PRCIRNY 5o S S0, S B ceoy b8 Eeh 3¢ G SEho bt SEM shows
o Bl PP 460 S Rhsing REgRRARASERIR BV E Ao BRRLR
cHRMI3 AV D AbESY Gusecdld fikansorpBBIdgyb Phis merpleisity alone or
coupled with the low silica:alumina ratios leads to catalysts having high activity

as well as desirable environmental features.

[0031] The ZSM-48 composition is prepared from an aqueous reaction
mixture comprising silica or silicate salt, alumina or soluble aluminate salt, base
and directing agent. To achieve the desired crystal morphology, the reactants in

reaction mixture have the following molar ratios:

Si0,:Al,03=70t0 110

H,0: SiO; =1 to 500

OH": SiO; = 0.1t0 0.3

OH': SiO, (preferred) = 0.14 t0 0.18
template : SiO, =0.01 — 0.05



crystals that have a L/Dratio of > 10/1, where L and

D represent the length and dianeter of the crystal. In
wapebaeneenbodi nent, the ZSM 48 crystals in eiphOUSA08/014055
cal cined or as-synthesized f¢qm have a | ow quantity or
are free of needle-like crystals. By needle-like is

meant crystals that have a L/D ratio of < 10/1,

pr ef er abtemplass SiGafptefdrredior 8.QiSetocd.@BSy bet ween 3/ 1

and 5/ 1. The SEM shows that crystals prepared

accordl ng to the nmethods herein have no detectable
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Tvity [ e environnental features.

rﬁMluﬂ&&nﬁ&M’e@&hﬁmob i ienformapionpafi Z8MVF-48 crystals with some
agueous reaction m xture corrprl Si n? silica or SI [ cat e
quahtity af Kienysiteoand/or netdle-dikgrmaenholegy.« Fopsifuatigng where
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(preferred) = 0.14 to 0.18 tenplate : SiQ2 0.01 -
OOSterrpIate Si 2 (preferred) 20015t00025[0032]
[0033]he @hesdicassouoss istpreferabkyereeipitatadosilieednd &y corpmercially

the b |
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L b e et e s i
soleceR sy foredl sileagsss 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
hydroxide, ammonium hydroxide, diquaternary hydroxide and the like. The
directing agent is a hexamethonium salt such as hexamethonium dichloride or
hexamethonium hydroxide. The anion (other than chloride) could be other
anions such as hydroxide, nitrate, sulfate, other halide and the like.
Hexamethonium dichloride is N,N,N,N',N',N'-hexamethyl-1,6-

hexanediammonium dichloride.

[0034] In an embodiment, the crystals obtained from the synthesis according
to the invention have a morphology that is free of fibrous morphology. Fibrous
morphology is not desired, as this crystal morphology inhibits the catalytic
dewaxing acitivty of ZSM-48. In another embodiment, the crystals obtained



shoul d be used, as is further illustrated below in the
Exanpl es. [0033] The silica source is preferably

waishgéat ed silica and is conmercial ly avai |@mblesihogiiuoss
Degussa. Qther silica sourceg2include powdered silica
including precipitated silica such as Zeosil (r) and
silica gels, silicic acid colloidal silica such as
friond the(syntlsidacoadingdothé imention Hdve aomesphrdegypthat contains a
base, these other silica sources may formsilicates.
lown pergentageofmegdieelike morpholagy: &h%a@eunb@én%edﬂe-,hke

bly the.sqdi d, i '
oG RhOTSBY Srseahin e SM-AB o Seiean L LA dess arioafff less, or
YRS ) BRSO AT e sl b b rc of
néet1b- 1k HaphvlGey Lok amsend@faikedic-kkaoryseals bre prdiferred for
al um na. The base used to dissolve the netal oxide can
strae applicatieisi asnae_tedlle-l-iyd rcqut@l@ ,arq)bgki@fqu]o}:e_ggm the aptivity of
e s
exanget honi t. . ' ' je
PHEA TR PRI STt aBitEa ol SIRTEAR BirkEe; FELRISifEs i the
r&AtiohirfBkuedtcardifig % ReTboIMNeAE STURE iMventionr shoultebe

nitrate, sulfate, other halide and the |i ke.
efipteyel. hadditiondllghifar cataposition free of Kenyaite and/or free of needle-

N NN N N,N -hexanethyl -1, 6- hexanedi ni ym
h&amr@hp&zg iselgsirpd, the prciersddpREss S q%@%g al s

obt ai ned fromthe synthesis according to the invention
have a norphol ogy that is free of fibrous norphol ogy .

[@%%OUSTHP ﬁﬁgg#@?yizha 2SN S8 5isflls sisullibesat Géast pattially dried

hol ogy 1n ts the catal ytic dewaxing acitivty of

phSthdase bnfigritwrhesat@ehndDrging mayibe acyarnplished by heating at
obt ai nedfrom the synthesis according to the_invention

térapglaalrr@ Eﬁmggottn 400cGrprefersbly from PG teAtQde Bressures
needl e-| i . Ih ._of. - i .

TR B BIBRAPTSPIG S ORI sREe e, dpg dt RFSORTR! bliSergparcal
v%uﬁlﬁsc%ndﬁforg?/‘ﬂ%r teh‘?p%?atu?és may be lower than those at atmospheric

pressures

[0036] Catalysts are typically bound with a binder or matrix material prior to
use. Binders are resistant to temperatures of the use desired and are attrition
resistant. Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as
alumina, silica, titania, zirconia, and silica-alumina. Clays may be kaolin,
bentonite and montmorillonite and are commercially available. They may be
blended with other materials such as silicates. Other porous matrix materials in
addition to silica-aluminas include other binary materials such as silica-
magnesia, silica-thoria, silica-zirconia, silica-beryllia and silica-titania as well as
ternary materials such as silica-alumina-magnesia, silica-alumina-thoria and

silica-alumina-zirconia. The matrix can be in the form of a co-gel. The bound



1% or less. In an alternative enbodi nent, the ZSM 48
crystals can be free of needl e-like norphol ogy. Low

wouiudssoef needl e-1i ke crystal s are preferredpdQis®»iM40ss
applications as needle-like.ggystals are believed to

reduce the activity of ZSM 48 for sonme types of

reactions. To obtain a desired norphology in high

7S i48/may rengeafrons 10 o 400 ivetloeal SM-48, batsad@:rsbcbuthS}vﬁ48 with
directing agent;silica in the reaction m xture -
thecbalapgebeing bindleli nents of the i nvention shoul d be

enpl oyed. Additionally, if a conposition free of

Kenyai te and/or free of needl el i ke nmorphol ogy is
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as synt hesized ZS d be at | east

hydfdgleﬁbil(m dompdnpni. oMetal hydleogunationtdosipdnenss maytbe from
may be acconplished by heating at tenperatures
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C‘Of %2 RS 24 8, For R pRFR B of PR Bpresiof |

h ngénmlbﬂ nietfls LY alRb bEAlsed>subRias rcd;rMcp Ni@¥d, Nifeand Pt/Pd,
I nders are resistant to terrperat ures Of t he use

poferabéyl PeiRd. dFhe amount ooy dregerstamt mealmien@almynab gange from
catal ytical ly active or jnactiye and | ude ot

0zlete 3 Mo, bassdion ¢atalyshi In amembpdinen, %moema@fgmsm or
mfélg s ?f(ieggt g’sﬁb T a?tl lgéﬂt I6325 gt‘% P at Iéa% SaWT% or at least 0.6

Pca- |l tum n

RN Pk 1&asR0 c#erf%rthlahbmarteaqwmnﬁh@ tRO AR 6|f|nYetal or
avai |l able. They may be blended with other materials

mualk iaS vei% m&ss,sor Owtes op bassuer Irsuttls ar less ecm ZaM% or less, or 1
addition to silica-alunm nas include other bin

Wike oF less.s Mgmodééofslpaqhearm@tnb@ms Z3M- f‘%&at%ﬁt.aae well known
aalg :ulpc gge 'fro% %)Qﬁr%ples I1r|n'p%eagnt%1 1 f fSI@PQS %a'lys? wﬁﬁ an aafj‘sc'alt 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.

[0038] High purity ZSM-48 crystals made according to the above
embodiments have a relatively low silica:alumina ratio. This lower
silica:alumina ratio mean that the present catalysts are more acidic. In spite of
this increased acidity, they have superior activity and selectivity as well as
excellent yields. They also have environmental benefits from the standpoint of
health effects from crystal form and the small crystal size is also beneficial to

catalyst activity.

[0039] For catalysts according to the invention that incorporate ZSM-23,
any suitable method for producing ZSM-23 with a low SiO;:Al,O; ratio may be



ternary materials such as silica-al um na- nagnesi a,
silica-alumna-thoria and silica-alumna-zirconia. The
wiardohd/ogsemn be in the formof a co-gel. The boywedAybebRi40ss
may range from 10 to 100 w - ¥%2ZSM 48, based on bound

ZSM 48 with the bal ance being binder. [0037] ZSM 48
crystals as part of a catalyst nmay al so be used with a
used.alUShy,38 2 gébgirovides ampxasple ofetsanthesisrmgthes: sustable for
conmponents may be from G oups. 6 - of .t he Periodi,c ..
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aphieved ¥yl additig B iodometanendropiviseytir mgiaohispoopylemane wthich is
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sohat¢d,isx absotutaethansdd i%ﬁfl!x'ﬂt“l?é\é\%'ﬁé i to g refluxdemperature of
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anot her enbodi nent, the amount of netal
agrsglg%é{‘%t;}%ng)g 5 w%or less, or 4 w%or less, or 3 W%
or less, or 2 w%or less, or 1 ww%or |ess. Mthods
of loading netal onto ZSM 48 catal yst are well known
[@040] nc| dde, difestingagept produgsd dyrtheiabave methpg gan then be
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above enbodi nents have a relatively |ow silica:al umna
dlamimate. TAhe sobwtion isithen heatedtd aacrystallizationtempgratures such as

resent cat al ysts are re acjdic., | it hi s
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en be combined with™a low Surface area binder to form a catalyst according to

the invention.

Example 1. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/TiO,

[0041] 65% ZSM-48(90/1) and 35% Titania were extruded to a 1/16"
quadrulobe. The extrudate was pre-calcined in N, @1000°F, ammonium
exchanged with IN ammonium nitrate, and then dried at 250°F, followed by
calcination in air at 1000°F. The extrudate was then was loaded with 0.6wt% Pt
by incipient wetness impregnation with platinum tetraammine nitrate, dried at
250°F, and calcined in air at 680°F for 3 hours. Table 1 provides the surface

area of the extrudate via N, porosimetry.



excel l ent yields. They al so have environnental

benefits fromthe standpoint of health effects from
weisbsshod orm and the small crystal size is al®or/us2008/014055

beneficial to catalyst activlfy. [0039] For catalysts

according to the invention that incorporate ZSM 23,

any suitable nmethod for producing ZSM23 with a low
[(842] 2: Al Adpasch micro-autpclavesystemURas use tedetepming deactivity

n I f t hesi thod suitable.f
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absolute ethanol. The mixture is heated to a refl ux
tenperature of 77C for 18 hours. The resulting solid
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nmet hod can then be m xed with colloidal silica sol
(30% Si 2), a source of alum na, a source of alkali
[603]ons 6SUCHSHE4BEOWL) )d 35%AlE)onereektnatedrtotaol A6F m
a hydrogel. The alum na source can be any conveni ent
quadnibehe. sThhextsuddtamaseprstdalcined in I\éc@ilgéﬂ%ﬂ,m@mm
The solution is then heated to a crystallizatiagn
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The extrudate was pre-calcined in N2
fe@DA6trs. ahableil provides the surface area of the extrudate via N,

porosimetry.

[0044] A batch micro-autoclave system was used to determine the activity
of tﬁe above catalyst. The catalyst was reduced under hydrogen followed by the
addition of 2.5 grams of a 130N feed. The reaction was run at 400 psig at 330°C
for 12 hours. Cloud points were determined for two feed space velocities.

Results are provided in Table 2.

Example 3. 0.6wt%Pt(IW) on 80/20 ZSM-48(90/1)/SiO,

[0045] 80% ZSM-48(90/1) and 20% SiO, were extruded to 1/16"
quadrulobe. The extrudate was pre-calcined in N, @1000°F, ammonium
exchanged with IN ammonium nitrate, and then dried at 250°F followed by

calcination in air at 1000°F. The extrudate was then loaded with 0.6wt%Pt by



exchanged wth IN ammoniumnitrate, and then dried at
25Q0F, followed by calcination in air at 10000F. The
wExlobpgkaée was then was | oaded with 0.6Ww % Pt Ryr/us2008/014055
i nci pi ent wetness inpregnatiggp-with platinum
tetraamm ne nitrate, dried at 2500F, and calcined in
air at 6800F for 3 hours. Table 1 provides the surface
irvigiendivetitess éxpregiationwvih patinuno sétraanimindOfiiale, Alried at
bat ch m cro-autoclave system was used to determ ne the
250%H \aindycabdined én alyas 680K 4013 hoursh el'able dI providesshe surface
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a é?féhéﬁxﬁ'uﬂé@wlﬁéﬁp‘(ré’ﬁlé‘ﬁﬁ}%oi nt 31). The reaction
was run at 400 psig at 3300C for 12 hours. C oud
points were determ ned for two feed space velocities.
[ |'t's apenfERieRAatidclaR!s§s®m F43WREE 1 determine the activity
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nitrate, ;,and then dried .at ,2500F followed by ..
hgbgse iR ptns et deterinBig £or i [ PG v Elapities, Rgpults are
rs at 89Q0F). The extrudate was then
pr%‘ggﬁﬂleSRﬁ%Gm %t by incipient wetness inpregnation
with platinumtetraamrne nitrate, dried at 2500F, and
calcined in air at 6800F for 3 hours. Table 1 provides
Exampiei#f ScewtPoBHIV S5/8% 1248901 B/ Noctach lnmimat ry.
[ 0044] A batch m cro-autoclave systemwas used to
deternmine the activity of the above catalyst. The

| yst r I .
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e

were determ ned for two feed space velocities. Results
ther eindenin Brample 2abbee.265% of ZSM-48(90/1) and 35% of the calcined

alumina were extruded with 0.25%PVA to 1/16" quadrulobes. The extrudate

was pre-calcined in N, at 950°F, ammonium exchanged with IN ammonium
nitrate, and then dried at 250°F follwed by calcination in air at 1000°F. The
extrudate was then loaded with 0.6wt%Pt by incipient wetness impregnation
with platinum tetraammine nitrate, dried at 250°F, and calcined in air at 680°F
for 3 hours. Table I provides the surface area of the extrudate via N,

porosimetry.

[0048] A batch micro-autoclave system was used to determine the activity
of the above catalyst. The catalyst was reduced under hydrogen followed by the
addition of 2.5 grams 130N. The reaction was run at 400 psig at 330°C for 12
hours. Cloud points were determined for two feed space velocities. Results are

provided in Table 2.
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[ 0045] 80% ZSM 48(90/1) and 20% Si Q2 were extruded to
wH H0008bedr ul obe. The extrudate was pre-cal ci e/ 0d¥ 014055
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at 10000F. The extrudate was then | oaded with 0. 6w %t
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tetraanmne nitrate, dried at 2500F, and calcined in
air at 6800F for 3 hours. Table 1 provides the surface
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2 503 andionleieedincair ah 680 Th Fardshowrs. daibld eovides the surface area

h al ym na used as the binder in Exanple 2
gﬁ&g}"%@fﬁb la%g\/?ﬂré)(s%? *and 35% of the cal ci ned
alum na were extruded with 0.25%VA to 1/16"
guadr ul obes. The extrudate was pre-calcined in N2 at

F, ampitchimaolangetiveisyitehiwasmeed tordetetmiiecthe activity
and then dried at 2500F follwed by calcination in air
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area udate via por osI et
provided in Table 2.
Table 1
Example BET SA | Zeolite SA | External
(m’/g) (m’/g) | SA (m%g)

1 0.6% Pt on 65/35 ZSM-48 200 95 104
(90/1) / Titania

2 0.6% Pt on 65/35 ZSM-48 232 50 182
(90/1) / AL,O5

3 0.6% Pt on 80/20 ZSM-48 211 114 97
(90/1) / Silica

4 0.6% Pt on 65/35 ZSM-48 238 117 121
(90/1) / Theta-alumina

5 0.6% Pt on 65/35 ZSM-48 225 128 97
(90/1) / Zirconia
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dri edTabl200F, an
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grans 130N. The regction was-tun at 400} psig at 0oC
ed for t

zfor I2—hours.—Ciou
feed space velociti

points W€ determ
es. Results are prov

ded in Table

72. Tabl'e 1[0051I] Te
Exanples 1, 3, 4, 4

Ibl e 1 shoya that the
ind 5 all have an zeo

cat al ystg/Arom
ite surface

3area that is at |eg

1st  roughlOy7conpar abl

e to the -45%

external surface area Table 2 [0052] Note that in

3Table 2, a val ue of| -45C repgr@kents the|l ow end o#8the
npacur nnmnnt ranan flar +ha |+ net v it mckd + A o ey o
Mo U CTTCTIC arTg T ITot CITC T 113, arcTIt USKU U 11Icasul,tT

4t he cl oud poi nt. Cjoud 073 45

4 1.03 -12

5 0.73 -45%*

5 0.99 -45%

[0052] Note that in Table 2, a value of -45°C represents the low end of the

measurement range for the instrument used to measure the cloud point. Cloud
point measurements indicated with an asterisk are believed to represent the
detection limit of the instrument, rather than the actual cloud point value of the
processed feed. As shown in Table 2, all of the catalysts with an zeolite surface
area that is at least roughly comparable to the external surface area produced a
product with the lowest detectable cloud point at a space velocity near 0.75. By
contrast, the catalyst from Example 2, with the higher external surface area,
produced a cloud point of only -26 for a space velocity near 0.75. Note that the
alumina used to form the catalyst in Example 2 also corresponds to high surface
area binder. At the higher space velocity of about 1.0, all of the low surface area

binder catalysts also produced good results.



poi nt nmeasurenents indicated with an asterisk are
believed to represent the detection [imt of the

wo sebhssasnt , rather than the actual cloud poi ngcived2e68/014055
of the processed feed. As shoon in Table 2, all of the
catalysts with an zeolite surface area that is at
| east roughly conparable to the external surface area
produced a product with the | owest detectable cloud
oint at a space vel oci near 0.75. By contrast, the

E&gﬂlﬂl?ét Y IQAEWANIIZL 2 A;R' withHdighy Sphica ta AlypHng Ratios
surface a roduced a cloud point of only -26 for a
space vewﬁ%@ 0.75. Note that the alum na used
to formthe catalyst in Exanple 2 al so corresponds to
hi gh surface area binder. At the higher space velocity

[ed53bout Aldftiomd] lcatilystRealuations iWere eattictbolt ditlesmparative
catal ysts al so S.roduced good results. Exanple 6

catpliysteleaneing agzealitavitt s hight silies yhalsming satio. A eatalyst of 0.6
velubn oGS LI LT, o el af R o dpovwing
PRI o7l eIt YhsBd SRR BR R OTbiend of

YOS, WhRRHr8duesr 2 calahgst bf 0l tJePt G5B SIZSNVEAB(€80/A)/AL,05.
coirrespondi ng sanpl e 'was al so prepared using Al 203

i nstead of Ti G2, which produced a catalyst of 0.6 W%

Pt on 65/35 ZSM 48 (180/1)/A1208, 054] An_extrudat
Qi st i Aq extrusintg canmstingspf ﬁz@%)(ligﬁl Sd]AdﬁcZ%lx{yé and 35%

YL M TR S —
v%iﬂf Pﬁﬁmﬁtﬁhﬁﬁﬁﬁl}%’r}iﬂﬁee driell af %g@‘gli} and carlitdd Bl Nair at

alr at 68Q0F for 3 hours. own above in Table
680°F lfier I h6Brsbi Asishiown abode sn Tabler mtha @@, batder psovides b
a high ratio of zeolite surface area to external

femulated catelyst with athigh ratin @ zealitesusfasgiagea taextgymal surface

ofh ol R TIOBgn st Hrovich§ drlpusnasiony Bap 2R AGrbEinder.

[0055] The above two catalysts were used for hydrodewaxing experiments

on a multi-component model compound system designed to model a 130N
raffinate. The multi-component model feed was made of 40% n-hexadecane in a
decalin solvent with 0.5% dibenzothiophene (DBT) and 100 ppm N in quinoline
added (bulky S, N species to monitor HDS/HDN). The feed system was

designed to simulate a real waxy feed composition.

[0056] Hydrodewaxing studies were performed using a continuous catalyst
testing unit composed of a liquid feed system with an ISCO syringe pump, a
fixed-bed tubular reactor with a three-zone furnace, liquid product collection,
and an on-line MTI GC for gas analysis. Typically, 10 cc of catalyst was sized
and charged in a down-flow 3/8"stainless steel reactor containing a 1/8"

thermowell. After the unit was pressure tested, the catalyst was dried at 300°C



on a nulti-conmponent nodel conpound system designed to
nodel a 130N raffinate. The nulti-conponent nodel feed

wowRiedey of 40% n- hexadecane in a decal i n sol Mepisibddi40ss
0. 5% di benzot hi ophene (DBT).-gpd 100 ppm N i n qui noline

added (bulky S, N species to nonitor HDS/ HDN). The

feed system was designed to sinulate a real waxy feed
feroRrhoarst with .2 5002 Mmlin bycht adhienti prgsssire.d Ths catalests were then
perfornmed using a continuous catalyst testing unit

reduesd hwchydrogen reductione bipogycompletipn lof the catalyst ireatagent, the
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bl es UAE PR R (R Ral Bloby wal SEHEA A NG Liquid
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was pressure tested, the catalyst was dried at
(BHSOOE ddnce thediguidifeed psghed the dowastseam kipoekout pot, the reactor

BRSSP S AR Bl
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in Gftnateplal BafhncBArepsutl pot\indanab)vell yesh HPOSBWgd0 H2.

Li qui d feedstock was introduced’into'the reactor at 1

~ chiopatdghraplr (GC} patteF 12 Be detailedHskdmati cemiploacht eprivérsion and
feed reached the downstream knockout pat, the reactor

predusés ‘&’lletl‘z éilenaﬁerirmdecﬁé@&ateé e G analesis.y Slagsamples were
t i al. | ALt d. il. i

aiRtyZed it 8y PR fP MLRGE it with Bogy SR 4R FID

de&'c}&g.t %Q%é’rnest derurR tyedrk Per Ot 46 uhieRed fhlyand

anal yzed by an HP 5880 gas chromat ograph (GC) "with

abtivity/pheduiz paopartes as fmidtioncefiprovesst tempeyatust.on and
products were identified and cal cul ated by GC
anal ysis. Gas sanples were analyzed with an on-line HP

GC equyj ppe 1 th bot CD and Fl ect.ors. A
W71 oAl BNl wersaRpdedind Bmanat L DG iB4beréistor and
were evaluated using the operating procedure described in Example 8 at the
following conditions: T = 270-380 °C, P = 600 psig, liquid rate = 10 cc/hr, H,
circulation rate = 2500 scf/bbl, and LHSV =1 hr'.

[0058] The n-hexadecane (nC,¢) isomerization activity and yield are
summarized in Figures 1 and 2. Figure 1 shows the relationship between nCi¢
conversion and iso-C,¢ yield for a clean feed and spiked feeds for the alumina
bound (higher surface area) catalyst. Figure 2 shows similar relationships for the
titania bound (lower surface area) catalyst. In general, the catalysts with higher
and lower surface area binders show similar conversion efficiency. The low
surface area catalyst (Figure 2) has slightly lower conversion efficiencies relative
to yield as compared to the higher surface area catalyst. For each of these feeds,
the temperatures needed to achieve a given nC,¢ conversion level were similar

for the two types of catalyst.



activity/product properties as function of process
tenperature. [0057] Al catalysts were |oaded in an
w@sdabss2ef 10 cc in the reactor and were eval ustBds2008/014055

usi ng the operating procedurgldescribed in Exanple 8

at the following conditions: T = 270-380 0C, P = 600

psig, liquid rate = 10 cc/hr, H2 circulation rate =

2500 scf/bbl, and LHSV = 1 hr 1 . [0058] The

n- hexadecane (nCi 6) isonerizatjon activity and yield

[@939]sunmiiguresi1 iand;2 demenstrate thatihe pdyantages @ﬁmlmn@d
bet.wee onver si qa and.i so

.rel t onshi C
i intion SPRapL be AEIEG! SRR LD aB SR EAch A Rindef with any
I
ARG DS, W aBoRE PR  ERR 1480 or p 1RY EortaRflone or
niote fofealfar aad nttmg?dny $lie déwaxiagadatdlysttveith @diigh ¥Hlich toidlimina
hi gher and | ower surface area binders show simlar
raimwlmwd)sirmia‘n er pﬂs;syblymnl reduead acitvdtyavben femmaulptad with a

as,sli WEL conver si on ef i ci enci es
IQ%Isggf{f‘ C&I.%’P@‘Fror < h’@g‘ef SUrface e ban E'é'ur face
area catal yst.. For each of these feeds, the
t enper at ures needed to achieve a given nGC 6 conversion
Exaitille P18y drodbakingObverTee Wi PYBR$SPIS ZSM-48(90/1Y/Ti0,
catal yst . TO059] Frgures 1 and 2 denonstrate that the
advant agefslrm‘ljmi‘d feédi med i nventi on cannot be achi eved
sinmply by using a | ow surface area binder with any
dewaxi ng catal yst. \When exposed to a clean feed or a

e N R e S C L

6545 z_leaw/ﬁ)md);versag aR@PREPONdiIRY AurhBHUESEhd (higher

activity en Tornmulated with a | ow surface area

ekieidrsurfacatresd chtalysthisgipet 3@Nrhffamtar ea bi nder .
Exanpl e ? . Hvdrodewaxi ng over 0.6 wt% Pt on 65/ 35
ZSM48(90/1 VTi Q2 using 130N feed [0060] This exanple

[006113' " P& extifat@t Shstitiisy BFE5O (TVF 8i/A12f Z8MM¥ dria £5%

Titania (30 grams) was loaded with 0.6Wt% Pt by incipient wetness

impregnation with platinum tetraammine nitrate, dried at 250°F and calcined in
full air at 680°F for 3 hours. A corresponding sample was also prepared using

Al,O; instead of TiO,.

[0062] The catalysts were loaded in a 10 cc amount in the reactor and were
evaluated using the operating procedure described in Example 6 at the following
conditions: T = 330-380 °C, P = 400 psig, liquid rate = 5 cc/hr, H, circulation
rate = 5000 scf/bbl, and LHSV = 0.5 hr'. The catalysts were exposed to the
130N raffinate which contained 66 wppm N and 0.63 wt% S.

[0063] Figure 3 shows the relative catalyst activity of the 0.6 wt% Pt on
65/35 ZSM-48(90/1)/Ti0O; catalyst and the corresponding alumina bound

catalyst. For the 130N raffinate feed, compared with the corresponding alumina



65/35 ZSM 48(90/1)/Ti O 2 versus a correspondi ng

al um na- bound (hi gher external surface area) catalyst
wo0@s80N raf frmate. [0061] An extrudate conspeTiusgposhi405s

65% (90/1 Si/Al2) ZSM 48 angd235% Titania (30 grans)

was | oaded with 0.6wt % Pt by incipient wetness

i npregnation with platinumtetraanmne nitrate, dried
baindZRAllsta it 0.8 wi%drt onn63/B5 IZSMF4&(90686DF)2fqatalyst showed a

o o st St B SEER i
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prodvepaigiorSole i Pt A i ol B AN g fee

wgb hy tlh%g{ﬁrgé‘érp goﬁt‘éﬂgﬂhk Pasihy ylopresstltishie 65735 290148

circulationmrate =

1%@?’@ ALD,RBith 028 d144-18Y fs the alumiitsebmatdatatalyst ﬁnema
Xpos to the 130N raffmate which contai ned 66 wp

Eﬂﬂrﬂp{h &} Bwen & t“[lt?@ﬂ&‘] nikiogen €osteshdihe lewer punfags %réa 85133
cat al yst act t
ST oS b b S BB v

Q m na bound catal yst. For the 130N raffmate feed,
ared with the correspondi ng al um nabound cat al yst,
the 0.6 wt% Pt on 65/35 ZSM 48(90/1)/Ti O 2 catal yst
showed a 200C tenperature advantage (i.e. nore actlve

[0064700C Movfuittee dpmomsuaieethg beaaﬁp@ﬁdmdowpwfaq@cﬂrm, ow
Note that Figure 3 al so shows data f

sitiad £0 nhmeinagetiowpialysiak igured SHOPEGGEIR elatcionths fG gt on

r ng..6
6858 IOV iyt 7 gl ap e hrsehRfi Ahrzha Bl
&%P' hE DIREHBP s vl e B BEindIrhlcOLR MG OIE WTH P d1P65/35
I surfac area 35 ZSM48(90/1)/TiO2 with 0.6
b418(90/aY H'lw?k:aaﬁiﬁt@v&m .624Qydhpcoimpared to 0i60YC/day for the
credlt [0064] To further denonstrate the benefit of
cbﬂrespom&ugmhmuaadrmd gagalyst. Thus, when exposed to a nitrogen rich
feed, the low surface area and low silica to alumina ratio catalyst provides both

improved activity and longer activity lifetime.

[0065] Figure 5 provides the lubricant yield for the 0.6 wt% Pt on 65/35
ZSM-48(90/1)/TiO; catalyst and the two alumina bound catalysts shown in
Figure 3. The 0.6 wt% Pt on 65/35 ZSM-48(90/1)/TiO, provides the same
lubricant yield as the corresponding alumina-bound (higher surface area)
catalyst. The VI versus pour point relationships for the lower and higher surface
area catalysts are also similar. Note that both the 0.6 wt% Pt on 65/35 ZSM-
48(90/1)/TiO, catalyst and the corresponding alumina catalyst provided an
improved pour point versus yield relationship as compared to the higher silica to

alumina ratio catalyst.

Example 8: Mixed Binder Systems



silica to alumna ratio catalyst, Figure 4 shows a TIR
plot for the 0.6 wt% Pt on 65/35 ZSM 48(90/1)/Ti O 2
we 8doahybo and t he correspondi ng al um na- bound g@t/e§3088/014055
The TIR plot shows that the-2ging rate for the 0.6 W%
Pt on 65/35 ZSM48(90/1)/Ti O 2 catal yst was 0.624C day
conpared to 0.69C/ day for the correspondi ng
[6066)i na- PhisrexangilelifustrateEthet theasdvapiagesach loyv surface area
nitrogen rich feed, the |ow surface area and |.ow .
binider ean be realized far mixe b!:'!sfi/g'&ISy%tF“Er CHed “E?SPHW of the binder
.improved activity.and | onger activity lifetine. [0065
isrd 1YY SUTHacs 6P d4the | ubri cant yi elg for the O.ES Wto/c])
Pt on 65/35 ZSM48(90/1)/Ti O 2 catalyst and the two
al um na bound catal ysts shown in Figure 3. The 0.6 wt%
[08679n 65A8%xASdateS¢AMistinglofH 2o (OON SFAI2hASMeHS8 and 35% of a
| ubricant yield as the corresponding al um na-bound . .
mikedyhindes wasdoaded with G:awato/ Rk by meipient wetness ippragnation with

P o s, i 250 o R AT S B g Bsorr o
3%‘921&“ 19855 (wtc‘ﬁ %ﬁ&ﬁrﬁ%e é%@%tk WS @r%y&s%ﬁadﬂ@ widitalumina

corresSponding alum na catal yst provided an

(ﬁigﬁéloé/tﬁf’a&%éamml 5 waystitanya dotver suefhcoamda)p as
conpared to the higher silica to alumna ratio
catal yst. Exanple 8: M xed Bi nder Systens[0066] This

(@0f8lace dissoni saEndats FarRoR A BT R g0 S FAIK Hs#8 and
h Wb e . o
5V pER P A I o A50 IR O IR o Rl wetpess
ixgg%&ﬁﬁ%ﬁ with PletinufStndnehe3Sitbass, dried at 9 0BF nadrcateined in
aded wth 0.6Wm % Pt by incipient wetness

fislaireg 80P B forB thioupd. aln thersecend extmdate, thict3Sawt’e efrbiader was

at 2500F and calcined in ful]l air at 6800F 3. .
choposed vA35 3% % tisana flesyer syriace agsa rﬂ&‘galtoewﬁdfég"{ll&%%%‘&h“

of . 20 wt % al um na
surface area).

[0069] The activity of the ai)ove catalysts was tested in a batch micro-
autoclave system. For the catalyst with a binder of 20 wt% alumina and 15 wt%
titania, 208.90 mg and 71.19 mg of catalyst were loaded in separate wells and
reduced under hydrogen, followed by the addition of 2.5 grams of a 600N
feedstock. (The 600N feedstock had similar N and S levels to the 130N feed.)
The "space velocity" was 1.04 and 3.03 respectively. The reaction was run at
400 psig at 345°C for 12 hours. The resulting cloud point of the total liquid
product was -18°C at 1.03 WHSV and 21°C at 3.09 WHSV.

[007‘0] For the catalyst with a binder of 25 wt% titania and 10 wt% alumina,
212.57 mg and 69.75 mg of catalyst were loaded in separate wells and reduced
under hydrogen, followed by the addition of 2.5 grams of a 600N feedstock.
(The 600N feedstock had similar N and S levels to the 130N feed.) The "space



(hi gher surface area) and 15 wt%titania (Il ower
surface area). [0068] A second extrudate consisting of
VOO Y0008¥280 Si / AL12) ZSM 48 and 35% of a mi xed bi padRySYN@8/014055
al so | oaded with 0.6wt % Pt by24nci pi ent wet ness
I npregnation with platinumtetraanmm ne nitrate, dried
at 250F and calcined in full air at 6800F for 3 hours.
Velocite" sesanol and Bublatespectinel 35 The Yeadtidn wderumas400 psig at
ggg?osed of 25 wt% titania (lower surface area n
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g,f{[{%g,wt%al um na and 15 wt%titania, 208.90 ng and
. ‘ng of catalyst were |oaded in separate wells and
reduced under hydrogen, followed by the addition of

2.5 grans of a 600N feedstock. (The 600N feedstock had

§00fl]ar NThadbevé evtvity tasts paraligbthefresults) fromeExampples 1 to 5

velocity" was 1.04 and 3.03 respectively. The.reagct. on

Abeve.hhe catabist sentgining s4aipdrrFomposefpla majerity of high'Surface
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alumna, 212.57 ng and 69.75 ng of catal yst were

naatesioraactieacaialystyas IseemimExauptesdl amdidr— hpbovegen,

followed by the addition of 2.5 granms of a 600N

feedstock. (The 600N feedstock had simlar N and S

| evels to the 130N feed.) The "spacevel ocity” was 1.02

and 3.10 respectively. The reaction was run at 400

psig at 345C for 12 hours. The resulting cloud point

of the total liquid product was -45C (detection limt

of cloud point instrunent) at 1.03 WHSV and 3C at 3.09

VWHSV. [0071] The above activity tests parallel the
results fromExanples 1 to 5



above. The catal yst containing a binder conposed of a

maj ority of high surface area binder behaved simlarly
wd Rod/g26at al yst with high surface area bi nderpdiys2008/014055

Exanple 2. The catal yst with2®s-majority of | ow surface

area binder resulted in a nmuch nore active catal yst,

as seen in Exanples 1 and 3 - 5 above. CLAIMS: 1. A
CiuIpdBt ed catal yst conprising: a dewaxi ng catal yst

having a Si O2: Al 2G3 ratio of 100 or |less; and a netal

oxi de bi nder having a surface area of 100 nR2/g or |ess

cat aryst - wierbPRofre bl sl U ' o0 R et a

oxi de binder are conbined to formthe support ed

catalyst. 2. The supported catalyst of claim1l,

wher ei n t he glégwmaking catdlgstyisving a S$iDedl,Oe ratayofi§00 or less;
10-nmenber ring pores. 3. A supported catal yst
agdnprising: a zeolite having 10-nenmber ri ng pores and

bi nder . whormgaliadds, Bibie? bav B s eehud b 0By g or toss

a of at
if GBS RS Gb PIRRuppUfa ey DL 2t
3, wherein the zeolite has unidi nensi onal 10- nenber
ring pores.5. The supported catal yst of clains 2,
or 4. wher ei whetein theod¢waxing catalyst andnhg metziopxide j;nnder are
B; 3[}3—87 ZSM 22 Eu-fy EU-1 1, ZBM 30, ZSM 48,
combined todorm the supperted fatahist-e of

2. The supported catalyst of claim 1, wherein the dewaxing

catalyst is a zeolite having 10-member ring pores.
3. A supported catalyst comprising:

a zeolite having 10-member ring pores and a SiO;:Al,O; ratio

of 100 or less; and
a metal oxide binder,

wherein the supported catalyst has a ratio of zeolite surface

area to external surface area of at least 80:100.

4. The supported catalyst of claim 2 or 3, wherein the zeolite has

unidimensional 10-member ring pores.



6. The supported catal yst of claim5, wherein the
zeolite is EU-2, EU-1 1, ZBM 30, ZSM 48, ZSM 23, or a

W@ edwiogs2be on thereof. 7. The supported cat al ysbcpts2008/014055
claimb5, wherein the zeolite6s ZSM 48, ZSM 23, or a
combi nation thereof. 8. The supported catal yst of
claimb5, wherein the zeolite is ZSM 48. 9. The
suppor t efl caflm yalpanfedcﬂaaalyst (ﬁ claimo?, 3, onhevkergin the zeolite

isdaah Aot S ezmﬁ o2 SuESg ) Birasbhan RD-2BRBT A 2BM-s0,
23%82\?%@?3 of 8 By Bleds SupPor Lol enLal Vel

is 60 orglesppe dp oﬂk@@dﬂ ?mmaﬁﬁtsamtelﬁfthaaaome is EU-2,
t he above clalns mhereln he metal oxide binder in

ERRMIeZ BMM30, HSMa & ZSMe23 ,arascombifation thereof.| ess. 13.
The supported catal yst of any of the above clains,
wherei n the netal oxide bi nder has a surface area of

60 nR/g or The o) at al _

t he abovz clﬁ% qquﬁglyg'gof;ﬂ t(%@‘%é’%' tﬂ ? 8%§§Eaz SM
ato external surface area

4%’?is ehsf&ggﬁ%ﬁ&{%ﬁ&? egﬁgupported cat al yst of any

of the above cl ainms, wherein the supported cat aI yst

has a ratio of zeollte surface area to externa

surface 8realhé sappartesseatalyst ofigainride V@lﬂﬁ%‘@rthé @eohte is ZSM-

catal yst of any of the above clains, wherein the

upported catal yst has a ratio of zeolite surface area
to external surface area of at

9. The supported catalyst of claims 2, 3, or 4, wherein the ratio of
Si0,:Al,05 is 80 or less.

10. The supported catalyst of claims 2, 3, or 4, wherein the ratio of
Si0,:Al,05 is 75 or less.

11. The supported catalyst of claims 2, 3, or 4, wherein the ratio of
Si0,:Al,0; is 60 or less.

12. The supported catalyst of any of the above claims, wherein the

metal oxide binder in powder form has a surface area of 80 m?*/g or less.

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

metal oxide binder has a surface area of 60 m”/g or less.

14. The supported catalyst of any of the above claims, wherein the
supported catalyst has a ratio of zeolite surface area to external surface area of at

least 90:100.



| east 105:100. 17. The supported catal yst of any of

t he above clai ns, wherein 18. The supported catal yst
\062@@Mmgb0the above cl ai ns, wherein the binder pc$/uUsS2008/014055
silica, alumna, titania, zictggnia, or silica-alum na.

19. The supported catal yst of any of the above clai ns,
wherein the binder further conprises a second netal

oxide different fromthe first nmetal oxide. 20. The
supported catalyst of claim19, wherein the sec

metal oxi d8. | Thasuppontesheatalyshphany of theakovesl m@aﬁamdlerem the

or
supportef catzadysmlas a ratio of zeolite surface area to external surface area of at

least 1:1.
16. The supported catalyst of any of the above claims, wherein the
supported catalyst has a ratio of zeolite surface area to external surface area of at

least 105:100.
17. The supported catalyst of any of the above claims, wherein -

18. The supported catalyst of any of the above claims, wherein the

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

19. The supported catalyst of any of the above claims, wherein the
binder further comprises a second metal oxide different from the first metal

oxide.

20. The supported catalyst of claim 19, wherein the second metal

oxide is an silica, alumina, titania, zirconia, or silica-alumina.



