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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 feedsfock 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



dewaxi ng catal ysts to sulfur or nitrogen poisoning

limts the types of basestocks that can be processed
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[0006] In an embodiment, a supported catalyst is provided that includes a
zeolite having a Si0,:Al,0; ratio of 100 or less, 0.05 wt% or less of 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 Si0,:Al,0; ratio of 100 or less, 0.05 wt% or less of 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.



[0009] Figures 1 to 3 show the activity of various
catal ysts for |owering the pour point of a hydrocarbon
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ZSE-4®9bMZSM-23 with a low silica to alumina ratio and formulated using a

binder having a low surface area, but without inclusion of a separate
hydrogenation function, such as a Group VIII noble metal. Alternatively, this
advantage is achieved by the use of a dewaxing catalyst that includes ZSM-48 or
ZSM-23 with a low silica to alumina ratio and having a high ratio of zeolite

surface area to external surface area.

[0011] A dewaxing catalyst that operates without a separate metal
hydrogenation component provides significant advantages from a cost
standpoint. In many types of dewaxing catalysts, the cost of metal represents a
substantial or even a majority of the cost of the catalyst. Thus, the ability to
achieve sufficient activity without including a separate metal hydrogenation

component would provide significant cost savings for a hydroprocessing unit.



dewaxi ng while mnimzing the anmount of hydrogen
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arca.

[0014] The external surface area and the zeolite surface area refer to one
way of characterizing the total surface area of a catalyst. These surface areas are
calculated based on analysis of nitrogen porosimetry data using the BET method
for surface area measurement. Previous work has shown that the amount of

zeolite content versus binder content in catalyst can be determined from BET
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wt% aromatics, or up to 25 wt% aromatics, or up to 50 wt% aromatics.

[0016] 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



at | east 50 wppm or at |east 100 wppm or at | east
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D2622 and D4629, respectively.. [0017] The catal ysts
according to the invention are ZSM 48, ZSM 23, and
corresponding zeolites with simlar structures.
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less, or 50:1 or less, or 40:1 or less.

[0019] In embodiments where the catalyst is formulated using a low surface
area binder, a low surface area binder represents a binder with a surface area of

100 m?/g or less, or 80 m?/g or less, or 60 m?%/g or less.

[0020] In embodiments where the cataiyst has a desired ratio of zeolite
surface area to external surface area, the zeolite surface area will be roughly
equal to or greater than the external surface area. In an embodiment, the ratio of
zeolite surface area to external surface area is at least 80:100, or at least 90:100,
or at least 95:100. Preferably, the ratio of zeolite surface area to external surface
area is at least 100:100 (or 1:1), or at least 105:100, or at least 110:100, or at
least 115:100.



forma mxture, and then extruding the m xture to
produce a bound catal yst of a desired size. Extrusion
wW@ease/0gnn7 al so be used to nodify the extrusi onP€¢T/082008/014003
properties of the zeolite ang_binder m xture. [0022]
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ave a catal'yst without a separate netal hydrogenation
binder, the two metal oxides can be incorporated into the catalyst by any
convenient method. For example, one binder can be mixed with the zeolite
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.

[0023] Without being bound by any particular theory, use of a low surface
area binder and/or a formulated catalyst with a high ratio of zeolite surface area
to external surface area is believed to increase access to the active sites of the
zeolite (e.g. acid sites). Especially for feeds containing bulky molecules,
increased access to zeolite active sites is expected to lead to an overall increase

in activity.
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ZSM 48 crystals will be described variously in terns

0035 2R BFER e g o) b AR Bt in

anZJdnd8niehy Aladhs:, Oheaatlniigae fomatiding tlexaietaldndrogenation
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THe3) §5Q¥yse‘lp%@cles 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.

[0026] One example of a dewaxing catalyst suitable for use in the claimed
invention is ZSM-48 with a SiO,: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.
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or af lea or at” | east I'n yet anot Her
TieMadd@nt, the as-synthesized formof ZSM 48 crystals

has a silica:alumna nolar ratio of 110 or less, or
100 or less, or 95 or less. For any given preparation

[0018} heTag *a%é@hﬁfb%iie@ofoi-ﬁfdﬁ DEMZSBIcHPstars)s b pared fom a

nolar conposition will contain silica, alum na and
midituredtaving sidiens alumins hoasechndehexamedhotiam saledirecting agent. In:

as-synt hesi zed form of ZSM 48 r stals ma ve .nol ar
anreapb%msqmgtﬁ@ molar ratQ @%ﬁtr\ﬁl?tb‘?ﬁ rse%gaqge?lgﬂ? 3 igfhe mixture .

s SESTHATNRS D 8 O RS oF L1, 324, U B B,

thé ﬂRﬂMa@fo%ﬂ"s‘iﬁfctﬂaiiHir@t?uﬂé &R%inréa hhﬁlerxﬁ@&h?@is%t ®éast 0.01,
the reaction mxture into t e crystals forned (from

ortahéease@dxliSpor ai beastr@P16] (N 2]l afiother Svh@]inent,i the meolar ratio
ofesltrtulgteurraladlggcltﬁllgnaegden? rsﬂ?csé 1?%?12: Igneliltlfr%qs ffroorm 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, br 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



typically forns agglonerates of small crystals that

may have crystal sizes in the range of about 0.01 to
wW@R@ansRshm These snmall crystals are desirabl BCF/U82008/014003

they generally lead to greatgy.activity. Smaller

crystal s nean greater surface area which |eads to a

greater nunber of active catalytic sites per given
inaoipordticr! of d0GYoysf the Peadtarits if\the tduetidhivhikBurerintd thescriystals

either a calcined or as-synthesized form have a
formed iBooytheasaedaem migture).f i br ous crystals. By fi brous

is nmeant crystals that have a L/D ratio of > 10/1,

where L and D represent the length and di anmeter of the
[0029}t aThelZSMr48 Zeoliterinediheratcaldimed @Shs-apnthbesiged ferm n

ejther. a calcjned or as-synthesized form have a |ow .
typisaHy ifeymg agglomerates ofrsmalkefystals tma}ysl@aa‘fescrysgall sizes in the

' ' t st HR:E At
raBEER Fo0un'Ep LT PO 1 BT rhrSeindh chAlAs By UEA{ERE Fofthey
ge%rglép regag%gor dierﬁzé&%v(ﬁ{?ﬁ%ﬁﬁg% lﬁogs %ﬁxe}r}g?%%g%%ﬁ%%face area
whichdeddsttoa grepsdralusntier\ofgtiae icatalytis sites peregiven hiromnt of
mor phol ogy. Thi s nor phol ogy al one or coupled with the .
cataiwtsiﬂrpgeaaldmhmés Basystalsdn either acalojred onassywthesized

Ry S S5O S, ATl
SR FREPLISEE ST O HAER ESFD SRS et

diamdtedliof elié tgtalgdntanofter 2aibclimeht)ehel ZSMetB crygtdlsain either a
nor phol ogy, the reactants in reaction m xture have the

calainedbor agysymthasized o hage adow quantity oy ere freg of nepdie-like
oS, B b e Bl Lo,
BTN 9| B EHA a0 TR s
thath&@ySakepreparedaaccording 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.

[0030) 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;:A1,03=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



ratio and the structure directing agent:silica ratio.
The broader ranges for these ratios include m xtures
wo b@v/osesult in the formati on of ZSM 48 cryst aPGT/WB1008/014003
sonme quantity of Kenyaite and/or needle-Iike
nmor phol ogy. For situations where Kenyaite and/or
needl e-1i ke norphol ogy is not desired, the preferred

ranges sb@plate$i efeared) & (.015 680.025 ust rat ed bel ow
in the Exanples. [0032] The silica source is
preferably precipitated silica and is comercially

(08Fh1er 0a Fas Aie RSP NGBS & PROSAARH i i A b elica
oS DS LD, A AP s

raflb€ ffilede Afixtar&agat résuftsia tht fermation 68ZSMH4@agystals with some
formsilicates. The alumna nay be in the formof a

quantitphbEKsaysite pndfoe nebdle-likemooplelogy alFor situatiens where
compercially ayail abl e fr?m us Al

um nate, O her
Kenyaiteand/on ngadicriiks suepbologicis gt cfgﬁﬁ@qs, the @ﬁ?ﬁ&ﬁfigm@s

such as t chlkori de L.un l r hydrated
shHflpd Isdhas TRER L Sl B LR BRCERRERIEE 20

col l oi dal alum na. The base used to dissolve the netal

oxi de can be any al kali netal hydroxide, preferably
[0832] uniThe sHidacsmircerisyeferabhepreaipitanedisilicg andys demmercially

di quat ernary hydroxi de and the Iike. The djrect.i.ng, )
avaijable fremDegyssaeQiber sikica spurces include pewssead lice fncluding

pretipHafe et aPoR 2R oA REe BB tisit A if G Rl aglsitica
SUPM A5 HIRR® Rididsdived glﬁkﬁ.atlﬁz thetp!PS enBalof 438 hk&Eother silica

I ke. Hexanmet honi um di chl ori de”i

sobrdés My fo¥m MNlichtesarniieslunlin® mayebairethiesionmro flensoluble salt,
di chl oride. [0033] In_an enbodinent, the crystals
preferablidhe sedinm palt apdineemmeseialy sivaijabls from YivAlwmigate.

O SR BRI po G e Pl i B} S phe
cHS AR B k54 RISl Bkl bk,
psetdsborraiitoand bellsidal AkminaacThe Bastouded tohdissolvetlid metal

have a norphol ogy that contains a )
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.

[0033] Inan 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



| ow percentage of needl e-1ike norphol ogy. The anount

of needl e-like norphol ogy present in the ZSM 48
w@eopsHsd2s7 can be 10% or | ess, or 5% or |ess, OPCIUSHNG/014003

less. In an alternative enhogdirent, the ZSM 48

crystals can be free of needle-like norphol ogy. Low

anounts of needle-like crystals are preferred for sone

fremnthe sphthesis adgontag ke thd eeatiys hals a amerphelogyvibdt tontains a
reduce the activity of ZSM 48 for some types of

lowepareengage of ocediedike morplwilogyl bepmwyfineedleglike
bbbt 85 A 5T R BEaPRR IS B hess on
) . ! e .

1BRERES: 1% hpl RERARL FhibBatherc e ZUREAERRY SRl Beree of

nekéareyhké m@gﬁél‘@fgyf VIQ@Wthﬁﬁﬁbﬁhéé@emmkt@w&?refened for
desired, the préferred ranges shoul d be used. L 034]

sofifecappdlicatinnd es nzedleASM agstalyatediedieyhd 00 tednsedhe aetiwity of

z%?‘éé@rhsén‘?%gve%@%‘é%éq‘%@g 51%813@&{%3%%@5 mipho Lo ia digh
00C. . . .

PPt O30l B9 S SR R0 n e

refti0n @ik tBrOSEdRUMROOEABSdiRRid 8f theARVERti 619 SRbUIdYeS .
t he tenperatures y be [ ower than those at

engplopshhAdditignadbs if # sofposiiondaeabf Kienyaite angfor dedel of needle-
_bound with a binder or matrix materjal prior to use.
like mamhology is dasireda the prefersstheanges sheuldibe piedyse
desired and are attrition resistant. Binders may be
catalytically active or inactive and include other

[0654) : U ¢he 39159'3&35%6 4%?}%@&1?!850]51‘60& 26leastPaztiang dried

met'al oxi des“such as al um na ilica, titania,
privrite asé ar famklerstrédtarenal Drying méy deacsampbshédbdlyiheating at
bentonite and nontnorillonite and are commerci al |

temperatens of frameyl 09ty 499°6) preferably fiompl B to gaPEF _rgssures
mayii afifoshs i ar Sibahasineae 13 {RE is PrEPrHeH et Bartial
vl CoRldR Gt erperhEAEE AT Ao h i e a Brmospheric
présutesas

[0035] 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



ternary materials such as silica-al um na-magnesi a,

silica-alum na-thoria and silica-alum na-zirconia. The
woreaopiogs26an be in the formof a co-gel. The bopeTESo8I®I4003

may range from 10 to 100 w. % ZSM 48, based on bound

ZSM 48 with the bal ance being binder. [0036] ZSM 48

crystals as part of a catalyst nay also be used with a

ZSM 48 niwydrange fesrh A0 ©orqowens ZSNE148, bayett og boahd @ISM-48 with
onents may be from Goups 6 -12 of the Periodic

thﬂ’b cné)sertgbmdehe | UPAC system having Groups 1 - 18,
preferably G oups 6 and 8-10. Exanpl es of such net al s
|ncludeN| Mb, Co, W M, Cu, Zn, Ru, Pt or

OB = PN g SRR e

hyih 85 étatidnycoiipdrént TMetﬁﬂﬁWﬁb ﬁaﬁb’rﬂé@ﬂ@ﬁﬁéﬂt@ &Ebalfropt

netal s rrayrangefromOltoS % based on
Guoaipa l6yd2. ofl the :Plcrl@dkm?lfahbrha,sed loa thaﬁUiﬁ’tACéSystemalna\ang Groups 1
at | east %_. or at ast, 0.

mﬁéém@yﬁwp@ﬁ and é‘éQStE’@I@P of such g%e% A%qluée %af“o

ChroluMif, Gl b RERE P perh O B MR o, o

hyld? %ena%n%nwa?@ RhayladsSbe agedlsuéh"/asoco}fmSNm&) hqgsv ahd Pv/Pd,

I ng netal onto ZSM 48 catal yst are wel | known and

prr:fmdablgld’t/H&rTha&nﬁmt of hydeupeattion nudtal/Ghinétale atayl raage from
with a netal salt of the hydrogenati on conponent, and

0. hé@ﬁ.vn@%, breedzanrawlxsit dn pbenabadiaent.the pyURG of sqtakor

m%&s 1§|agﬁé/a5gb§lt %Esul { e8§tdq 25 r;,o’t(? Oagiﬁstl}hﬁe Nzct%% %r%ﬁeast 0.6
wiSeNorA 1659 A a;tt%idﬁ, zf?}fdiﬁé rﬂBo@li‘i’nérﬁeth%bﬁHSunt of metal or

enbodi nent s have a l'ow silica:alum na

métals i9.5 witosorl lesweior 4i \lvt%ayrabssmona wibior lessaor tzhan%toméess or 1
present catalysts are nore acidic. In spite of th

w1i°/n @r dess e dMtharst of loadm)g mgiad onlp &SMrd &eatalyst vedﬁ'éill known
o e Rt bE S S e s o
thé‘ ﬁgléntdlégﬁg{lglg Eérg?oﬁ%@ér?’@hé’étdé’ "TRASM-48 c%f@&ét donYaihalg
hydrogenation metal may also be sulfided prior to use. The catalyst may also be

steamed prior to-use.

[0037] 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.

[0038] For catalysts according to the invention that incorporate ZSM-23,
any suitable method for producing ZSM-23 with a low SiO,:Al,05 ratio may be



catal yst activity. [0038] For catalysts according to

the invention that incorporate ZSM 23, any suitable
woreaoboss2fbr produci ng ZSM 23 with a | ow Si O2: APQIZBS2008/014003

ratio may beused. US 5,332,566 provides an exanpl e of

a synthesis nmethod smtable for producing ZSM 23 wth

a lowratio of SiQ2: Al 203. For exanple, a directing

usede s 533886 plovidey fpexdmpleZTd Kanthesis hethod switably for
met hyl ati ng i m nobi spropyl am ne with an excess of

prodacingt4&iMe23 with aowiyatao 06 810 AdeD;. eheriexamplgdp directing
e h i oo 0 DOBIL Rt

250} SHTADC 197 IGBBIDE N rashean ba ROy MEtEDE e’ o

. 7°L f ..

infiaGspioby G RIH o KoefLofiofdPnelfiadé (THe miBylarion is

acgmtilﬂyeacﬁiiﬁg'ﬁl% iodo@x%iﬂﬂmeﬁﬁp?iﬁ@fd irfthobisrtbpplagtite evhich is

y the above nethod can then"be m xed with coll oi dal
sofvdted in shrolteGth8iolR JTheamidurecis hehiteal tord refluxatesaperatare of

of , al kali catjons (such as Na or K). and deionized .
77m&§r 18hquss.m eﬁywlagmwhﬂtw&qm Filtesed and was efg&“th
ent source, such as alumna sulfate or

any . convenj
ab§8 t%f’#‘&f‘a inate. The solution is then heated to a

crystallization tenperature, such as 1700C, and the
resulting ZSM 23 crystals are dried. The ZSM 23
0039t al Theadirddtimg dpent prdduved byi thb abovemethod zae therebe
binder to forma catal yst according to_the jnvention.
mixgdswith valoxds pidigrsg! d%%pﬁlé&),fwm@? of pluminaga sowrcg of

benefits of .the,glaiped inyention. ln the Exa S
aIRLCafR Bbsh 8 Nard KR AiEhgaR ol orint [R{ifgel. The
R R e
alohirsase.f The sdhaidh0ie khée hdsied eé acoydtallizationitemparaturey shch as

of nitrogen and sul fur. Exanple 1 (Co arative% 65/ 35
17956 amd 69 wepltiran, SYP3 ory sebeare drieghalhesZ EYbaR crystals can
thc\e/r\{ f)lg cgrrr]x%ir\l/g& \I?v?t%ta ﬁm@ sﬁA%f(z;/%ePFarea binder to form a catalyst according to

the invention.

[0040] The following Examples further illustrate the benefits of the
claimed invention. In the Examples, the activity of the catalysts was determined
using either a 600N feedstock or a 130N feedstock. The 130N feedstock
contained 66 wppm of nitrogen and 0.63 wt% of sulfur. The 600N feedstock

contained similar levels of nitrogen and sulfur.

Example 1 (Comparative) 65/35 ZSM-48(Si/Al2 180/1)/A1,0; Steamed

(3hours @890F) — With and Without 0.6 wt% Pt

[0041] An extrudate consisting of 65wt% ZSM-48(Si/Al, 180/1) and
35wt% alumina was steamed for 3 hours at 890°F. The surface area of the

binder prior to formulation was at least 170 m?/ g, and the ratio of zeolite surface



[0041] An extrudate consisting of 65w % ZSM 48(Si/A 2
180/1) and 35wt % al um na was steaned for 3 hours at
w@o@9Mss2Fhe surface area of the binder prior tBCT/US2008/014003
formul ation was at |east 170;92/9g, and the ratio of
zeolite surfacearea to external surface area was |ess
than 50: 100. A sanple of the steaned extrudate was
arc@ 8¢l egtenh 1 subfaCevaéd why lésschari 801 00etA eamplapf thgrstdamed
with platinumtetraanm ne nitrate, drying at 2500F and
exsmidaterwag loadeduwith 4.6 wiloP6 By decipiant svdinesssmpregnationawith
bat ch nm cr o- aut ocl ave ,syste used to.test .the. o
pIBERH ESeNG A Fedninaa 250 #RE Grlahing b il firat 680°F
fogtgq;(gj n of 0.6 w%Pt. For the catalyst with 0.6 wt%
, 13 a8 ng of the catal yst was reduced under
hydr ogen foll owed by the addition of 2.5 grans of the

600N feedstock. The "space velocity" was 1.02. The,
[0042)t i orA batchrmicratauntoclape systam Basased tor tespthemgtiyity of the

R RN AT X —
05340 2 LAVl U BN s P BBt o p o v

th@@diiticNof0s. 5%ram'Fthe GOON: fetlStocRPIH "\é?ﬁ&ci'él%ity\’ﬁﬁ'as 1.02.
1.08. The reaction was run at 400 psig at 345°C for 12

Theoreastiof veasrran wit 400 siw at 345G forof2 howrsThenasulBing pour point
é{decreased from approxi mately 500C). ]0044] These
0

Be (WLR yas 631 °C (dacreasngd tsommppredimratelyPGénonst r at e

the value of including a netal hydrogenati on conponent
for a ZSM 48 catalyst with a high Si/Al2 ratio and a

' SUrg#§ ' e A _
ODATP 5 U AR Extr R BOmR R 0BLA% 20113 mg

catalgdstWradiraduced Gnderhirogen 46lloviad dytthe ddtitiorool2 Stgrams
of 65wt % ZSM 48(Si /Al 2 90/ 1) and 35wt % al um na was
600N a kb "spaceyahegity' was ddifoFThearrractigniveasarugrat 4 00k psig at

S 85 ok SR T 105 ol
from approximately S0°C).

[0044] These activity tests for pour point reduction demonstrate the value of
including a metal hydrogenation component for a ZSM-48 catalyst with a high

Si/Al, ratio and a high surface area binder.

Example 2. 65/35 ZSM-48(S/AI2 90/1)/A1,0; Steamed (3hours @890F) —
With and Without 0.6 wt% Pt

[0045] An extrudate consisting of 65wt% ZSM-48(Si/Al, 90/1) and 35wt%
alumina was steamed for 3 hours at 890°F. The surface area of the binder prior
to formulation was at least 170 m%/g, and the ratio of zeolite surface area to
external surface area was less than 50:100. A sample of the steamed extrudate

was loaded with 0.6wt% Pt by incipient wetness impregnation with platinum



external surface area was |ess than 50:100. A sanple
of the steaned extrudate was | oaded with 0.6wt % Pt by
WO p@ppsest wet ness i npregnation with PCT/US2008/014003
plati nuntetraamm ne nitrate,jgryi ng at 2500F and
calcining in full air at 6800F for 3 hours. [0046] A
batch m cro-autocl ave systemwas used to test the
te@aArnmiihy nitfate hdryad ue2 SGFanb caleinimg anfullvair a0 680¢H €or 3
addition of 0.6 w% Pt. For the catalyst with 0.6 w%
haurs. 209. 60 ng and 102.26 ng of catal yst were | oaded in
separate wells and reduced under hydrogen, followed by
the addition of 2.5 grans of 600N feedstock. The
( ce Vv, ht oyt . g%stg i PHE la¥tivi
[OP ggﬁti or{€ %@hr%hcrgﬁﬁ%%%%g%% ‘%ﬁ%gg fo?&%ﬂZmEgﬁtrlgw%fthe
abbRe cagdyittvifty ap@ withvut ke 8dditioa df@.awths Bui Hoptirdsatalyst with
was -300C at 1.04 WHSV and 7°C at 2.1 1 WHSV
0.6 cretls B5209.60 v1g aphb i 0% 2frang lof caGE wero daadediprsepheate wells

o bl 15 b i b TR A St
e R B

wias R a'%Dﬂ)OJpSQ% at $8HRC FoVEl HourkheTHeeRShitig P&E poift 6f the total
400 psig at 3450C for 12 hours. The resulting pour

liquid produfct as -86f@lat [1i0LMHBVoahdt 7° Qvat 2-124WEIAV (deazased
WHSV and -8°C at 1.92 WHSV (decreased from
freppapoxexigasely ¥0€0) . [0048] The activity tests on the
above catal ysts still show a substantial spread
bet ween the pour points produced with and w thout the

[00BTR! hyd %eﬁhiﬁg“ﬁﬂ%& kRN0.6 W6 D! D81 8NGAGIAAPAUL97 mg

poi'nt achi eved | mal l'er than for the catalysts with
oftdaelystobeare 1Gadell i sephtais wellsanangeldased undert hydregen, followed

difference is still significant. Exanple 3. 65/35 _
byAbriadditian 0f23.5 gems\ofi PN fegdstpckndlvg {spage velasiy' oyasyl.02

arg 304 e e S IR SORSH S 434518 A5 R P¥'Rours.
The resulting pour point of the total liquid product was -24°C at 1.02 WHSYV and
-8°C at 1.92 WHSYV (decreased from approximately 50°C).

[0048] The activity tests on the above catalysts still show a substantial
spread between the pour points produced with and without the metal
hydrogenation function. The difference in pour point achieved is smaller than
for the catalysts with the higher Si/Al, ratios in Examples 1, but the difference is

still significant.

Example 3. 65/35 ZSM-48 (Si/Al2 90/1)/TiO, — With and Without 0.6 wt%
Pt

[0049] An extrudate consisting of 65wt% ZSM-48(Si/Al12 90/1) and 35wt%

Titania was loaded with 0.6wt% Pt by incipient wetness impregnation with



Titania was | oaded with 0.6wt % Pt by incipient wetness

i npregnation withplatinumtetraanm ne nitrate, drying
W@e0028802F7 and calcining in full air at 680 OF PQF/US2008/014003

hours. A second extrudate afjthe ZSM 48/ Ti O 2 catal yst

was al so prepared wi thout addition of the 0.6 wt % Pt.

The surface area of the titania binder prior to

platriundl tafraammias niteste, dfyang A0RSOM ghd ddleiniag irofulf air at 680°F
zeolite surface area to external surface area for the

for 3gurs.ng seaond pxtrudatesofathe | Z8dt4 & i@poatalypo 3Gt also prepared
PP 3B D R 35 APl ipderpriorto

2 . 0,
iy s By 10T £ S0 AT 8 e
~ sutfakk ar&dfopYhé Fesuitiled tatalysef was bt Basn®s5:000.130N

feedstock. The "space velocity" was 1.75. The reaction
was run at 400 psig at 330 OC for 12 hours. The
int of the total liqujd product .wa

lobgélubtci by bg@ﬁépﬁcgewteqlem BYIEH AhY lﬂffOsts&fé e aﬁ%@i]df the
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0.89%4 Perlzgfsﬁxn% Sf &dtalysf wh3 Pbiliceadiides hydridpen OHB%Rd by the

vel ocity" was I.75. The reaction was runh at 400 psig

additi@BODL 5 gram]s&ﬂ&iiﬂl‘é feédsetoakesThe Tspgcevalocityi’ wasof. 76 hd'he
total liquid product was _-42°C at (decreased.from

reagmowRnEIalA b pelg at33056) ford hewssy e The resulting peyr point of
hat, f t ith a | Si ZAl rati o
of SR niBa @05 AUEE allisSredbed ot Payahlbi 17 36°0)

function has little inpact on the catalyst activity.
Exanmpl e 4. 65/35 ZSM 48 (SJ/ A12 70/ 1VTiO - Wth and

[0081]hout For thertdtakdt WatHodk tHan0 Swtiedi) £20.813hglof egtabyst was
65wt % ZSM 48( Si/ Al2 70/ 1) and 35wt % Titani a was_ | oaded
redced undsihysrogen followsdeby thesadditian jofgr 2 grases oh139hh
tin tetraammne nitrate, in t 2500F an .
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[0052] The above activity tests show that for a catalyst with a low Si/Al,
ratio and a low surface area binder, the metal hydrogenation function has little

impact on the catalyst activity.

Example 4. 65/35 ZSM-48 (S/AI2 70/1)/TiO, — With and Without 0.6 wt%
Pt

[0053] An extrudate consisting of 65wt% ZSM-48(Si/Al2 70/1) and 35wt%
Titania was loaded with 0.6wt%Pt by incipient wetness impregnation with
platinum tetraammine nitrate, drying at 250°F and calcining in full air at 680°F

for 3 hours. A second extrudate of the ZSM-48/TiO, catalyst was also prepared
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[0056] The above activity tests show that even at high space velocity,
catalysts including ZSM-48 with a low Si/Al, ratio and a low surface area binder
can produce good dewaxing activity. Additionally, the presence of a metal
hydrogenation component did not materially change the dewaxing activity of the

catalyst.

Example 5. 65/35 ZSM-48 (S/AI2 90/1)/SiO, — With and Without 0.6 wt%
Pt

[0057] An extrudate consisting of 65wt% ZSM-48(Si/Al2 90/1) and 35wt%

Silica was loaded with 0.6wt%Pt by incipient wetness impregnation with
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hours. The resulting pour point of the TLP was -28°C at 1.00 WHSV and -20°C

at 2.06 WHSV (decreased from approx 50°C).

Example 6. Yield versus Pour Point for 65/35 ZSM-48 Steamed (3hours

@890F) (Si/Al2 90/1)/TiO, — With and Without 0.6 wt% Pt

[0060] An extrudate consisting of 65 wt% 90:1 SiO,:Al,03/35 wt% TiO,
was steamed for 3 hours at 890°F. The catalyst was used to process a 600N lube
oil feedstock at 0.5 LHSV, 400 psig, and 5500 SCF/B hydrogen. The feedstock
contained <1 wt% material boiling below 700°F. The total liquid product was
distilled to remove 700°C- hydrocarbons. The 700°C+ product was tested for
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[0862]A SURRRTACEYity AL ¥REWRQHiESe8D — 3 demonstrate that metal-free
ZSM-48/TiO, extrudates are a surprisingly good dewaxing catalyst. In the
above activity tests, the metal free catalyst has the same start of cycle
temperature as the catalyst that includes a metal hydrogenation component.
Although the metal-free catalyst ages faster at the beginning of the run, by day
30 the activity is lining out and the deactivation rate is similar to the metal
containing catalyst. As would be expected, it is believed that the metal free
catalyst does more hydrocracking and less hydroisomerization. As a
consequence the metal free catalyst has lower yield and VI at constant pour
point. The differences, however, are minor. This means that the metal free
catalyst surprisingly has similar dewaxing performance as the metal-containing

catalyst but removes no sulfur and consumes no hydrogen.



a zeolite having a SiO2: Al20G3 ratio of 100 or |ess,

the zeolite being ZSM 48, ZSM 23, EU-2, EU-1 1,
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bi nder having a surface area of 100 nR2/g or less in

powder formprior to fornmulation of the supported
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bi nder are conbined to formthe supported catal yst. 2.
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SiO2: Al 203 ,ratio of, 10Q or |ess, the zeolite being

ZSM 48, 7S SPPOEGd £atatysLICOMPTANE 30, or a conbi nati on

el R SRR o) P e

conponent; an e DI erelrn

betPZSM2KS, 7AML23S Eas U 13t ZBMI3F @R la doimbination ehereos
to external surface area of at |east 80:100. 3. The
support ed @&5avtétordéssaniya nietdlhydabganationaiomsparrent] atidn

18, wherein the zeolite is ZSM48. 4. The supported .
catal yst of mgigl oidehindgdaving a swefacs araaéqfnl,%arp g or less in

poifirotn pfort Bt Bnlsy S ey hF SRS eRbbEETs: o e m
18, whengidieintheRblif: &id SeFRetd] 8Rid Sinder ffe doibinel to form

The supported catal yst of any of the above clains or

the kappori] cathlgsei n the ratio of SiO2 Al B is 60 or

| ess. 7. The supported catal yst of any of the above
clainms or claim18, wherein the netal oxide binder in
area.of 80 n2/g or |less. 8.
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claim 18, , zeolite having a SiO,:Al,0j5 ratio of 100 or less, the zeolite
being ZSM-48, ZSM-23, EU-2, EU-11, ZBM-30, or a combination thereof;
~0.05 Wt% or less of a metal hydrogenation component; 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.

3. The supported catalyst of any of the above claims or claim 18,

wherein the zeolite is ZSM-48.

4. The supported catalyst of any of the above claims or claim 18,

_wherein the ratio of Si0,:Al,0; is 80 or less.

5. The supported catalyst of any of the above claims or claim 18,

wherein the ratio of SiO,:Al,O;3 is 75 or less.

6. The supported catalyst of any of the above claims or claim 18,

wherein the ratio of SiO,:Al,03 is 60 or less.



wherein the netal oxide binder has a surface area of
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11. The supported catalyst of any of the above claims or claim 18,
wherein the supported catalyst has a ratio of zeolite surface area to external

surface area of at least 105:100.

12. The supported catalyst of any of the above claims or claim 18,

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

13. The supported catalyst of any of the above claims or claim 18,
wherein the binder further comprises a second metal oxide different from the

first metal oxide.

14. The supported catalyst of claim 13, wherein a weight percentage

of the second metal oxide in the catalyst is lower than a weight percentage of the



a zeolite having a SiO2: Al20G3 ratio of 100 or |ess,

the zeolite being ZSM 48, ZSM 23, EU-2, EU-1 1,
wWQ@BMPAgR25Dr a conbi nation thereof; and a net al PORUS08/014003

bi nder. -23 -

first metal oxide, the first metal oxide in powder form having a surface area of

80 m*/g or less.

15. The supported catalyst of claim 14, wherein the second metal

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

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

metal hydrogenation component is a Group VIII noble metal.

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

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

18. A supported catalyst consisting essentially of:
a zeolite having a SiO,:Al,05 ratio of 100 or less, the zeolite
being ZSM-48, ZSM-23, EU-2, EU-11, ZBM-30, or a combination thereof; and

a metal oxide binder.



