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BACKGROUND OF THE INVENTION

[0002] Catalytic dewaxing is now a part of many processes for production
of desired hydrocarbon products from basestocks having an appropriate boiling
range. Catalytic dewaxing allows for conversion of less desirable molecules
within a basestock into molecules with more favorable properties for a particular
application. Catalytic dewaxing can be used to improve the properties of
basestocks in order to form lubricating oils. Catalytic dewaxing also has
applications in other areas, such as improvement of cold flow properties of

diesel fuels.

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

preferred in many applications.

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

a result, a hydrotreating step or other pre-treatment step often precedes a
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step, in order to reduce the sulfur and/or nitrogen in a feedstock. Even
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[0006] I n an enbodi nent, the invention provides a catalyst that includes a
first zeoldriatrpgen.ng uni di nensi onal 10-nenber ring pores, a second zeolite
having a zeolite surface area greater than a zeolite surface area of the
first zeolite, and a netal hydrogenati on conponent. The first zeolite is
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effective for feedstocks with higher levels of impurities, solvent dewaxing is

much more costly than catalytic dewaxing. Thus, a catalytic dewaxing solution

for dewaxing of high impurity level feedstocks would be preferred.

SUMMARY OF THE INVENTION

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

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

DETAILED DESCRIPTION OF THE EMBODIMENTS

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

high sulfur or high nitrogen feeds. This advantage is achieved by using a
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conbi nat i QEnfHfintih 8f tW8 0P niBYeGRYlcthlal is{%vm ada &iwﬁﬁs'%\?%bmmat al yst.

Optional ly, the dewaxing catalyst can al so conta indér. Preferably, at

| east one Qtidradlyyrdheedewaxingi cavadgsticanaalsncalitarns bimder. Poefeeatileratrleany

nmol ecul ar, such as ZSM 48 or ZSM 23.  Pr ef_erabl(ii, t he second nol ecul ar sieve
i s a nol eomef the malequlansigves isa wnidimensiantlel Gmember ringmolecitar, gach

uni di nensi o 10- e A | ecul.ar sievye. J0008] Wt hout i ng_bound by
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hi gher sunrfrigc@obdcttar¥iexs. des an advantage for any hydrogenation netals

deposited or inpregnated on the catalyst. It is believed that the higher
surface area nol ecul ar sieve provides increased pore volune for
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nol ecul ar _sieve with a | ecul ar _si eve having higher surfage area provides
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when expo sour to 09].The f ea of zegldte can
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surface amgarogenalidhimhétlsao refide id. dhaIm&an lokhtedahddy A porkhige pHitbaeg ar eas
of the indrvidual zeolites can be determ ned using BET rmeasurenents in
order to iagemst éxpasubé ghbulkyunblcalarspecizedie te sterishindemcar &g of can al so
be used to determ ne the surface area of a resulti n}] formul at ed catal yst,

whi ch nay the seprees plisdfur andhaisiogenwtyme 961tus sty pet fesbggdn dhe boyan of

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

maintain its activity when exposed to a sour feedstock.

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

resulting formulated catalyst, which may also include a binder.



- 4 - [0010] One of the advantages of the catal ysts according to the
invention is that a wide variety of hydrocarbon feedstreans can be

processe%g&l})@g@%zsgar m ng the functionality and/or perfg&mg@rg@i10gpe

cat al yst. € feedstreans for use wth the inventive ca StS can be
kerosene, diesel, lubricating oil feedstocks, and other distillate
feedstreans including wax-containing feedstreans such as feeds derived from

crude oil l e @ i ; :
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wax- cont aithatgwide datietykof Hydroddrbop feqistreamstanfbel processatd iwithdaase oi |l s have
initial boiling points of about 315C or higher, and include feeds such as
reduced crhagming thedhoetienaliyand orparformanse ofyhe satabist.c8uiable  at mospheri c
gas oils, yacuum oils,..coker s oils, atnmospheric and.vacuum resids,
deasphal t(—:-eée tycal oéyﬁem%&edﬂﬁg‘%ﬂ%%?lyfgo% gﬁ)?.se@u eSI'egeds may be
derived fr -Al.std Ly @b i g : ocrackers,
hydr ot reatlg%%ﬁ{g éltl)?%/éedr%gb %‘3??’%‘%??%%@3%?926 fé(;ler(li f}r@%ry@%{eﬁ%w g%ntents of up
to 50% or JuatfininpUicbddtteani Lot dscRels dafived frontonideioilsaskdiBioilssandtieh as up
to 10 wt% aromatics, or up to 25 wt% aronatics, or up to 50 wt% aromatics.

[ 0011] One sahds.hSymﬁieuqtfaggsswh asttbosenderinad/fzomathgl Kischer<sIropschagan alsg t o

mai ntain catalytic_activity in the esenc f elevated.l evels of nitrogen
and sul f urbe eI Biral Wakkreansaining feedstocks dor Be N EPATAIAR oL Hbrigatide
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f eedst r eangych @8 réduticdGriddles, Bydrotribkates raffidat@g Bpdrdtasaesd 6ils,t he feedstream
and up to 3.0 wt.%of sulfur can be effectively processed using the

i nvent i ve atmiosplyericsgad oilgvacutumdiaseits, coker gasl dils; attoosphericaindavdcaadst r eam

can be at least 0.05 wt% sulfur, or at least 0,1 W% or §t | east ‘0.5 Wt %
or at | eadesids,deasphaltegt oils slackowaxes,ang Fisehere hrapseh wax, Surhaitsdhaiay

enbodi nent he nitdrogen.content of the f tr 50 wppm
or ot I eadic A8 RbHRIBRRRHE Gy cefiipusREAS bhaVa-GRRY. BrfoetsRRbessr !
and nit roqgfar&?éﬁtéﬁta‘hdr%\lvé}ﬁ STRATHOR Ay zﬁ{@ﬁﬁgﬁﬁvéﬁé‘ﬂ e&itbaR o3 and
D4629, respectively. WO 2009/ 085289PCT/U S2008/ 014054 - 5 -

[ 0012] Pr ef %ok ynoreheSuitabld fezdstrearns can alyotcontdia aromatits,cuchmas upual Hzeol i t e
catal ysts that perform dewaxing Jori mari|ly by isonerizing a hydrocarbon

f eedst ock.WilbREOTPRAEES CAMIPLO 2 WEGaATOMARIES. oI YIhEO 2@Vt BEPMALIGS. zeolite with
a uni di mensi onal pore structure. Suitable first zeolites include 10-nenber
ring zeolites, such as EU-1, ZSM 35 (or ferrierite), ZSM 11, ZSM 57, NU 87,

SAPO- 11, M 2 r [ : . ZSMA8, or
ZSM 23. ngﬁigsand@éﬁggﬁagr@qﬁo egglrfg#éelr@ggt.l%tggbﬁhﬁ%&lae cat al yst havi ng
the ZSM 23naintadifitcdtatytié hétivity i ihegpreserewficlevated levets of nitrvgehand 20: 1 to
about 40:1 can sonetines be referred to as SSZ-32. O her nol ecul ar sieves

that are issiwrrQenvendional catalysts efien cequareapricaireatment ofie feedstzgam toNu- 10,
EU- 13, KZ-1, and NU-23. Suitable §econd ze‘gl i tg@ i ncl l{de ZiMS ZSM 12,
EU-1, zswmigduce bgnirogenscpntent i 3 fepy ppavand the sulfrcontentig lessdhan a ot r a)

ol ecul ar SeGiredppfh, CBYRORRLO Ry HREAANS FAALEEAS BBnGIRAL IRl 2t e

silicato alumnar e zéofite 1s also at a low va erably,

the silicaxt% &f niffiogen) Bdsed dnthefeedstab, anduplh3.0 wi.%d éBsulfidrca@dbel or
| ess, or 75:1 or less, or 70:1 or less. In various enbodi nents, the anount

of silica effectivalyi processedassigithierigventive catalystsal lnean ewnbpdivaent, theraulfur
ST Uct ur ai OB P RclREqrsaR 7 BFER 94 QYA VT4 SHUBTHIceRst Orb W% o s, or
50:1 or | st 05 w‘%%, jor%i léa‘ﬁﬁ 'wi%, or at least 2 wt%, or at least 3 wt%. In another
embodiment, the nitrogen content of the feedstream can be at least 50 wppm, or
at least 100 wppm, or at least 250 wppm, or at least 500 wppm. Sulfur and
nitrogen contents may be measured by standard ASTM methods D5453 and
D4629, respectively.



[0014] I f desired, the dual-zeolite catalyst can also include a binder. The
zeolites can be conbined with binder in any conveni ent manner. For exanple,
a bound catal yst can be produced by starting with powders _of bath the
zeolites ‘é{ﬂ&“%"é‘lsé%s?st, conbi ni ng and nukl.i ng the powder LCRUSARAES wat er
to forma m xture, and then extruding tlge m xture to produce a bound

catal yst of a desired size. Extrusion aids can also be used to nodify the
extrusion flow properties of the zeolite and binder m xture. WO

2009/ 085289PCT/ US2008/ 014054 -6- 100151 In enbodi nents where the catal yst
i's fornul go@IR]usi nBrefetably sthefcatdysts aecdridimeto, tha ihwention dreadtiabzealitei nder
represents a binder with a surface area of 100 n2/g or |ess, or 80 nR/g or
| ess, or e6otahgtythat pexfosm dayodng priprarily byt isemesizingia hgdrocasban nder

d of t id | d. | h
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b nder - ool Bire AucHiied Huifdc iR 20618 OB 1Relentitt T, 21 20
35 Wt % of Zz8okie8 dRIchGRMPUSE Y. SK1-3 SWoroferrigxite), ESW-10X7Z8R6-57| NU-87pr ef er abl e

to have at least 20 wt% of the lower surface area binder. Aternatively, if
bot h et alSABOdds andt8¥e22.f Breferrgd anatesiald are EAI-20killé 1 bZBM 3 h £8Ma

E;‘”nfgie?i gPté%f/@lszVSVi\/i}éé:; ?mgamawﬁ BT Breared: Slste Hiat AR for m
conven enParinEibh 29 2L keemEE Wikl BRRAP SLANFR b beafin R 1028, 7O

during forpghi a1 Uant | bE rdTeEato a8 8SP-33, Dihénmoldtuddr sHévesntiat The
spray dri ggg{zlieo il??élpg!&%e?etﬁﬁ%%mgr can ?ﬁen be m xed with the second netal

oxi de bi ndeg isosiractutal veith this above nattialdNrchode Thetang NOuHY BlY- EnKZ-1,
particul ar theo it is believed that use of a _|ow surface ar bi nder

and/ or ia md;ﬁﬂjgi/%dlséiéﬂdﬁfgﬁow Z‘Pplﬁeﬁif{&’ﬂil(}ea%SM‘éf Zpddy lizg @lléﬂls -h ea to
. Dl .
Ceast one Z3Me HE e POSU-R7 7SR 20 Z5NERS, AR isauh bR el on

all ow a gl%?e%te@orgfﬁﬁmrﬁa@ﬁ)nothef%rf?l conponents to reside on the zeolite
catalys

portion of the t, as opposed to on the binder. This leads to
increased netals levels within the pores of the zeolite, where the netals

are protected fromsone of the sulfur or nitrogen contam nants in a
f eedst r earf00Mt al s In hntembadimentrthe sdicadolaluminsoratiodn the zeplitedsalgoait can

O e B She e B EnPla R B 1t 101 i con

or 85:1 or less, or 75:1 or less, or 70:1 or less. In various embodiments, the

amount of silica to alumina corresponding to a “low value” will have some
variation. For example, in an embodiment where the zeolite is ZSM-23 (or a
structural equivalent), the silica to alumina ratio can be 75:1 or less, or 50:1 or

less, or 40:1 or less.

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

" the zeolite and binder mixture.



WD 2009/ 085289PCT/ US2008/ 014054 - 7 - steric effects, netals within the
pores of a zeolite will not be exposed to bulky nolecules within a

feedstre y izﬁbb%gsﬁﬁ nol ecul es containing aromatic ri ngs;ﬁ¥ﬁ%260ﬁ|ﬁ)&iﬁ§i on of a

second ze € W a higher zeolite sugface area than € Z€o e wth
10-menber ring pores is believed to enhance this effect. Many of the common
nol ecul es within a feedstock that carry sulfur or nitrogen atons are

nol ecul es that al so include rings and/or other bulky functional groups.
Such nol ecul es cannot readily enter the 10-nenber ring pores of a zeolite,

whi ch thefqeé1sle pr di efibodimentssiladre thé titalyst iefqromdated wsinga bvastifage wi t h
the sul fur and/or nitrogen contam nants. [0018]In varjous epnbodi nents, the
cat al yst s aseachindeng low suréaderarembinsier represents piinderavith gsusfacaamwagknat i on

conmponent .. The, netal hyd ation co nent is typically a Goup VI and/or
a Goup vip 'Hﬂgﬁriesfsr\éf gﬁg‘lﬁe!l)&or? ’%ngglm Z%BFEeﬁé‘nation conponent is a

G oup VIII noble netal. More preferably, the netal hydrogenati on conponent
is Pt, Pd, or a mxture thereof [0019] The nmetal hydrogenation conmponent

nmay be adqggié]o t hen Gt alothér émbadimeanNy dividenicompused of Bwe drantiel mutal f or
addi ng the netal hydrogenation conponent is by incipient wetness., For

exanpl e, akides caoralsmbeysed.zbosudhaarmenibadimentethe weight patsentageafdhet e and
bi nder can be extruded igt 0. catalyst parti

. I Th t al yst ticl
can then Bewekplsseareabindepisnrelsrably granter in.the ¢ight ﬁgfﬁgflé%eﬁzﬁﬁlr sor .

Al ternati yel et al . e. C .l where a
metal pr e&g%é&surtiacg&ﬁ%&a @gegdﬁ?‘g?{ﬂ%e& lgf nggﬁﬂla%’)?t}l%%f I%ggllnﬁég&gﬁgggi nder)
after extrisj gemide%a_@m@/oeamhﬂe%oﬂlp@ngsfﬂgo@amdm&hetaubmleh,eitﬁpr use
in the clained Invention is ZSM48 with a Si02: Al203 ratio of |ess than
110, pref greferablé tohmebdaticast20 wt%bofitheldWer sudateareebamgdre of a dewaxi ng

catal yst suitable for use in the clained invention is ZSM 48 w th
Si 02: Al 20Altemptively, ifdwth metal oxides psed Lrderping @ mized metﬁﬂcp’flgle &H&@‘t‘ 190.

crystal o AAVE T icenly o bR s de Brensiiody O cacipiH sRMEnE i
Zon 45 cr s e R e e R e rorm
ZSM 48 cr Wihdédrsthe 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.

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

of the zeolite, or the metals can be located within a pore in the zeolite. Due to



[ 0021] The ZSM 48 crystals after renoval of the structural directing agent
have a particul ar norphol ogy and a nol ar conposition according to the
general f : ) Si 02: Al 203 where n is from70 to 11 80 to
100, nor e&%rqgéiqsg‘(kg‘?y 85 to 95. In another_ enbodinent, nQFgﬂgs‘g&oﬁfé)g@%&’?O, or
at least 80, or at least 85. In yet another enbodinent, nis 110 or |ess,
or 100 or less, or 95 or less. In still other enbodinents, Si my be

" opl aced. Ryerfdefdids Anetity whtiid &R S8 ob¥ Z6BlitcvilMRot BE exphselid bel
Alternativeeiry,en c%’n Ee froml70 to %8 preferably 80 toly190. I'n ky

al t er nat i weoleobles iwithih$, feadstseatbueh dsanslecoles toOfitaininigeromatic rirfff3. or | ess.
[0022] The_as-synthesized formof ZSM 48 crystals is prepared froma
nmi xt ur e haihienigcBisioncef a a¢eandrzeolite vathombighek zeelitesurfase ak¢a thanitBet i ng

t. | .enbodi t, .the, | raf i f t t l. dj ty
csert 1 an GOl Bt LS oLt oo, o Skctr ol S ertiag o |
than 0.02%. | Hﬁ’ﬂeﬁf?soaﬁm% ffécﬁﬁgd]%d-hgflca{rg)% kgltff?]'t o hittidell’ Abmdiar€Ct i ng

agent:silicaIn e mX e 1s at leas east 0. 015, or at

| east 0. O}Roletiles thdtlal@npichede BAROSMABAbthet Ibalkgnﬂafctibﬁhl groupssSucht ur al
directing agent:silica in the mxture is fromO.015 to O. 025,wgreferabl y

0.016 to Gnol2gules canmotaebdidy enter the h@-raembynting poresdof dEeolie, WBMIB crystal s
has a silica:alumna nolar ratio, of 70 to 110. .In stjll ot her, .enbodi nent ,
the as- syr‘ibﬁégqrféﬂoﬁeﬁﬁﬁhﬁffn%i\%‘ﬂﬁgﬁ tggrghp&glrgegqqqngawgﬂ S ar ratio
of at |eas Q,...0r . or at least 85. In yet another enbodi nent,
t he as-syﬁ%ogigﬁag%FW%ﬁlz%AS crystals has a silica:alumna WO

2009/ 085289PCT/ U S2008/ 014054 - 9 - nolar ratio of 110 or |ess, or 100 or

|l ess, or 95 or less. In alternative enbodi ments, the as-synthesized form of
ZSM 48 cr\[60B8]s hbsvarisud embodimentsahewhtalystaaccording@otherinvertgon or 190 or

| ess, or 180 or_ less. For any given, preparati ong_gf t he as-synt hesi zed form
of ZSM 48 farther include 3 metal pidregenadioniGosapenent. dbgmaetal Bydroggnationni na and

directing agent. |t should be not t hat the asssynt.hesi f ZSM 48
crystals if& pr?aWB{ %tplg}ca:llgtq §§°¥? %I?P:a&raq ¢f%‘?pe>{§ﬁfrb8%it Eg&ﬁ%q%ég’] tﬁét i os of
reactants i } ; a i form
Thi's. T esulTTo B o L e e maby
react ant s thé mdsl hyehogémation ecdmpenémtioPt, IR, or wahidterd thereod. (from t he

reaction mxture). [0023] The ZSM 48 zeolite in either a cal cined or
as-synthesized formtypically fornms agglonerates of small crystals that my

have cryst i zes,in the range of about 0.01 to,about m These. snal |
Crystal o dBdL e T e Sy dingsn o painpoRen iy bR gREe o MR eAgR0 " S 1 o1
crystals mhERC r éhryyg' REHS q@@g r of

ac%/i ve cata &O?lélgglfe?ﬁes pe%ﬁgle\?gr%gam) {rlﬁ?%li‘ cat%P;f/ésl'?’. ﬂa{:l)r e(?gdég#é?/i*,aﬁt he ZSM 48
crystal s igongidneat isby tcipieatwetness- Fyntkamblks dftepcombiviaga raliandgy
containing no fibrous crystals. By fibrous is neant crystals that have a

LI D rati o bandes, gy aombinedezeplitmandbingder ear he extruded infotratalystpastielesr of the
crystal . 1l another enbodi nent, the ZSM48 crysiatls in_either a.tc@ ci ned or
as- synt hesh5s@ CRtalystparicles camt FXROSEH tg ASofyiQn gentauung a suftghle
crystals. =i i t I io of < 10/1,
pr )éfs er azl yrﬁ?tgggfe?kgs# r%ﬁ ,térrﬁr%ggagi g#ég%l}%ﬁyb%b%dta\%gétg%? fgtaa#:f Pgﬁ' ?%The SEM

shows t hatexeh¥®dewhere Qraerll ppsusictiivgdided i@ niiRhire &F zeeli®y (oreukiteno
detectabl e crystals having a fibrous or needle-Iike norphol ogy. This

mor phol ogyandllinde raficoeptrasioni t h the low silica:alumina ratios leads to
catal ysts having high activity as well as desirable environnental features.

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



WD 2009/ 085289PCT/ US2008/ 014054 - 10 - and directing agent. In an exanple
of a reaction mxture to achieve the desired crystal norphol ogy, the
reactants_in reaction m xture have the followi ng nolar ratios: Si02:A 203 =
70 to 1107060 2 1 (o 500 oFF: S 032 0.1 10 0.3 PETNEIUSTIHSLt er r od)
= 0.14 to 0.18 tenplate : Si02 = 0.01 -0.05 tenplate: Si02 (preferred) =
0.015 to 0.025 [0025]1In the above ratios, two ranges are provided for both
the base: gi{J At 3 tur | peetd. tﬁgﬁ d'siivkGEs that k&g The
br oader r%bééetglgf‘@?”ﬁ%%gﬁrbg?%gg@ﬁ Ilgégnﬁ%() u%éegq} atﬂéesuljlyt ?Snt e

format i on cehtafPiheddrgahicstepiplatet thlchdrcristan shoh af Niscfoym Z8Mr18/ or
needl e-1i ke norphol ogy. For situations where Kenyaite and/or needle-Ilike

nor phol ogyrystalapor cideined dndtihp-exchargadectystatyy suck Ao tl-ore ZSM#8 as i s
further illustrated belowin the Exanples. In alternative enbodi nents, the
mol ar ratiBYS#ISsilica to alunina in the reaction nixture may be increased
to up to about 200. [0026] The silica source is preferably precipitated
silica and is commercially available from Degussa. O her silica sources

| nclude pqygg(jed The Izwlm&ty@tﬂgaﬂélefenwa@b%@s&mamsta@ﬁecaﬁgageﬁu | (r) and
silica gel's, silicic acid col'loidal silica such as Ludox(r) or dissolved
silica. |havbe partiedarmorvphalogysand 4 inelea cniposition according octhe genertabr m
silicates. The alum na nay be in the formof a soluble salt, preferably the
sodi um salfermaul@:i s comrercial ly available fromUS Al unminate. Cther suitable
al um num sources include other alum numsalts such as the chloride,

al um num al cohol ates or hydrated a 1 na h as gamma al um na,

pseudobohem te and col | oi dal al um hﬁglléh@jgg%e used to dissolve the netal
oxi de can be any al kali netal hydroxide, preferably sodi um or potassium

where n is from 70 to 110, preferably 80 to 100, more preferably 85 to 95. In
another embodiment, n is at least 70, or at least 80, or at least 85. In yet another
embodiment, n is 110 or less, or 100 or less, or 95 or less. In still other
embodiments, Si may be replaced by Ge and Al may be replaced by Ga, B, Fe,
Ti, V, and Zr. Alternatively, n can be from 70 to 200, preferably 80 to 190. In

alternative embodiments, n is 200 or less, or 190 or less, or 180 or less.

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

embodiment, the as-synthesized form of ZSM-48 crystals has a silica:alumina



WO 2009/ 085289PCT/ US2008/ 014054 - 11 - hydroxi de, ammoni um hydr oxi de,
di quaternary hydroxide and the |ike. The directing agent is a hexanmethoni um

salt suc t honi um di chl ori de or hexanet honi um ' e ani on
(ot her t%ﬁ%g@ﬁfé?{l%e) coul d be other anigons such as hyd%g{@g@gﬁﬁggte,

sul fate, other halide and the |ike. Hexanmethoniumdichloride is
N, N, N, 171", N, N hexanet hyl- 1, 6- hexanedi ammoni um di chl ori.de. [0027]1n an

enbodi mentyofaPeatid ¥£1 ) Dr Ws2HNEO) bf R D SYNIBES P aREG@tidENY tO the
i nvention have a norphology that is free of fibrous norphol ogy. Fibrous

nor phol ogyemtsodinientle she edsymthesibed famy sf ZSMw8pdrybtatsyhashsibica mlurhina
catal ytic dewaxing acitivty of ZSM48. |In another enbodi nent, the crystals
obt ai ned fmeler ratio ef A0 ex lessaet bYYPhipss.r M) emlgsnt iFos aBx&IVen nor phol ogy

ool ool etRarRune oL 55 Sufigsiohe BB o B s A DL BaR, W mald® 50 or | Ots
or 5% or 'c%ﬁﬁbosﬂgo&%ﬂf&ohﬁ%g Filic?, ﬁl’ﬁnﬁh& %ﬁﬂ%ﬂe%ﬁn%’i%@ﬁd. "R Rhouldte A5tMH48
an e e-11 (0]

crystals c ree of nee e nor phol ogy. anounts of needle-Iike

crystal s ah# the absyheitsized foamtofASVi-¢& theas asaynead moldrkatios yhiglalys ar e
believed to reduce the activity of ZSM 48 for sone types of reactions. To
obtai n a dkfferent from pireomedar tatiopof neastants pf theweaction saixbiredised & al uni na,
base:silica and directi a t:silica in the reactjon mnixture according to
orbod: menTECBHTe G b5 VRS GR0 ShEn1 d MEeresh e A O todRaPpTetF s o
conpositi j,t = 4 . S
desired, 3 ﬁ%g%gg%tgnr égfsmr/(g{?g(gstﬂggéﬁ%ﬁ%?%@%@%@%%ﬁg lfg@f@g nt %ésﬂlsz ed

ZSM 48 cr Yohaked (bALIHE regct?dn hiiRgke)partial ly dried prior to use or further
treatment. Drying may be acconplished by heating at tenperatures of from

100 to 400C, preferably from 100 to 250C. Pressures may be atnospheric or

subat nos pf[en'zﬂiy' fgg@ rzsm% %e&%fiﬁ eiREr & 0ARIndPHL 434y ntAEdIER ﬁﬁﬂsﬂv\bt ions, the

t enper at ures | ower an those at atnospheric “pressures

2009/ 0852&g§’{3ﬂl5d$8ﬂﬁ§é@gléﬁ5étatesb2‘ smal 0ty Salsathat ymyshaveerystal siaks in theund
with a binder or matrix material prior to .
range of about 0.01 to about 1 pm. These small crystals are desirable for they

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

as well as desirable environmental features.

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

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



use. Binders are resistant to tenperatures of the use desired and are
attrition resistant. Binders may be catalytically active or inactive and

i ncl ude ites, other inorganic materials such nmet al
oxi des sﬁ‘&ﬁ%@@?{? ina, silica, titaniagygzirconia, and ??Fﬁég%gf’@{}%?%a.
Clays may be kaolin, bentonite and nontnorillonite and are commercially
avai l able. They nmay be blended with other materials such as silicates.

Qther por g diRdcting dghﬁr irﬁ!iu;; ekdmBROb 4 AfActiBn Thixterd-t8la¢Rievashe Aesipdle ot her

binary materials such as silica-nagnesia, silica-thoria, silica-zirconia,
si | i ca- bergrydtabmanphalogy cthetreactants iascavtion mixtuer eveythedoHowag nolarth as
silica-al um na-magnesi a, silica-alumna-thoria and silica-alum na-zirconia.
The matri ¥ad@%i be in the formof a co-gel. The bound ZSM 48 may range from
10 to 100 wt. % ZSM 48, based on bound ZSM 48 with the bal ance bei ng bi nder.

[ 0030] ZSM 48 crysgﬁés als parj. of catal yst may al so be used with a netal
AL QBT 0 1 b

hydr ogenat i on conp fa genati on conponents may be from G oups

6 -12 of the Periogigy. e on the |1 UPAC system having Goups 1 - 18,
preferably G oups 2{2%??_210?@9%| es of such nmetals include Ni, M, Co,
W M, Cu, Zn, Ru, O :®iORPs opr&f @Rably Pt or Pd. M xtures. of hydrogenation
netals may al so be used such as Co/ Mo, Ni/Md, Ni/Wand Pt/ Pd, preferably
Pt/ Pd. The amount @HhydOe fpredfierired) Fed.dd toh.Itals may range from0.1 to 5
wt. % based on cat al ys{. I n.an enbodi ment, the amount of netal or netals is
at least 0.1 wm% 6¢mﬁat¢é§5(526.02@1wt0}950r at least 0.5 w% or at |east
0.6 W% or at |lea ) %, Ln-.anaeth odi~Rent, the anmount of netal
or metals is 5 vvt%%%rpglag%'s, 6r@$r%ﬁf9§%?ﬁ%§§og‘tﬁ§ Wt %or |ess, or 2 w % or
|l ess, or 1 wt% or |ess. Methods of |oading nmetal onto ZSM 48 catal yst are
wel | known and include, for exanple, inpregnation of ZSM 48 catal yst with a
met al sal t[0025} helmnyir algaeattios te@mangesaregpravidest fondothitie Hfsktsdldcacat al yst
cont ai ni ng hydrogenati on netal jmay al sgo_be sulfided prior to use. The

catal yst rfatjo and she stra¢tupmdigegiingagant:silica ratipp Hoobroadenwmgesfey these

S2008/ 014054 -.13 = [0031] Hi I ZSM 48. d [ h
apove embarifeiiel el b g Rimatiol 87 ME4 TR B SRR S0 gle, "
si1 Tca: al ey 6 KenURaf Bk bUBEHIRSARIpIGAbEL Y FbP iR G O o 11

spite of this I'ncreas acidity, they hav ior activity an

sel ecti vi tKerBaiteaind/@sneedielike morpheldads. is hoe Mesiked) thapeeferred ramgasnt al
benefits fromthe standpoint of health effects fromcrystal formand the
smal | cryshanldbeusads aglisirtherelussrated beloynimtheskxamplesi tn alteoegveror

catal ysts accoy.din 0 the inventd on that incotpgrate ZSM 23, any suitable
ot hod { o HAAITNER Ty (BRSASIRY TRHIDIES IR IOGBBIIAG Sbc tear GOmEyXBiE FAIDE Us

5, 332, 566 ; LIES egﬂﬁml of a synthesis nethod suitable for producing
ZSM 23 Wi tlﬁ&gx% ow rlgﬁoo 0 @82: Al 203. For exanple, a directing agent

suitable for preparing ZSM 23 can be fornmed by nethyl ating

i m nobi spr 08 | amine with an excess of iodonethane. The nmethylation is

achi eved W0 i nghe isdidacunes isepreferably\preeipitatddsiiobasgiopymmereigllyhi ch i s
sol vated in ghsol ute ethanol. The m xture is heated to refl ux. t erature
of 79C forvaBahigfram s Qe e 5UrcHt Mlide pawdpredcsiien MedidiBR e
wi t h absol . 3 - i enti: t bove

nmet hod ¢ ald Y{eﬁgﬁ&%@%ﬁ]’%{l&ae%ﬁ% %]hgé(}gsllﬁoﬁ[@gﬁtﬂlg? g?@a %Esltl)‘ﬁé ?ggffde (gll(gg?l m;f:ésiour ce of
al um na, guskds tadek®¥r'dMdsolvd 4iRos. (64RO pAssehiBe BF albhse,aResedsthepiitied wat er
to forma hydrogel. The alum na source can be any conveni ent source, such

as al unm naosrdekanay forms sidiicates alThei alaména iiay oinuthe dormoftasaiublesalid to a

crystallizatjon tenperature, such as 170C, and fhe resultjng ZSM 23
crystal s @r%fea@rblx 1€ pQIYM smteam@m mlwgr@'xlawé&a%&ﬁwt%@uﬂﬁeatsenefi ts

of dual - Z?S’tlhief §uitable 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



catal ysts. WD 2009/ 085289PCT/ US2008/ 014054 - 14 - Exanple 1. 0.5wt %t (I E)
on 65/35 ZSM 48(180/1 Si/A 2)/Sn-ZSM5 [ 0035] An extrudate consisting of

65W % anl\&]g)%rr‘?stﬁ %gwt % Sn-ZSM5 (30 grans) was humidifi ?95)%85(?}876?&%% air,

pl aced i asket, and subnerged_jfi_150 cc deioniz
magnetic stirbar. The silicato alunina ratio of the ZSM 48 was about
180:1. The pH of the solution was then adjusted to a pH of 8 with amoni um

hydr oxi de hvfir$akib!dfih ggstlgat@dramet SiquaRina r@%ﬂr&kﬂ%e‘anﬁﬁhgm&: | M5 cc

dei oni zed ter was a the stirring on. The sol ution was
stirred fdiretfingagest is Bigexamethysiunealt slllrémw\batmthonimn‘iﬂﬂ:lﬂondleonm zed
water, dried at 250F, and calcined in full air at 680F faor 8 hou

[ 0036] The hgzamethapiem hmkozguteaﬂ;hft anign (9@@{ thanghlgride) eeuldhg ch@r cI oud

Feed i n a BBk doRiruEPaball SHIAR. SHhsrdagRaRatie Gt was reduced
under hydr}?&&%éﬁbﬁﬁ%ﬂl% @@lmqq%\y,gésyé&\% %&fg{eﬂﬁﬂ Pk-the 130N feedst ock.

The reaction was run at psi g an rs. Results are

provi ded inexdrédigmmoriuaindichlotide). 4w/ oPt (1 E) on 50/ 50 ZSM 48(70/1
Si/A 2)/Sn-ZSM5 [0037] An extrudate consisting of 50wm % ZSM 48 and 50wt %

Sn-ZSM5 (30 grans) was hum dified with m)i st air, placed in a mesh basket,

and subner in 150 cc . dej.oni zed wat er net i,c stirbar silica
to al umi na[ﬂsgﬂ' an fEbegimeat. fhs caistils 0 '@ute ﬂ‘ﬂ%‘%ﬁ%{f‘ﬂl%és %C&P&ﬁpsn was

hen 21 SA3fs O HAPITRT LR O i AGEIALLOT PRl 7o
e s, SO LMD gl oAty g SRR 2y vas
full air akeweXig &citivey bb6ASM-48. In another embodiment, the crystals obtained

from the synthesis according to the invention have a morphology that contains a

low percentage of needle-like morphology. The amount of needle-like

morphology present in the ZSM-48 crystals can be 10% or less, or 5% or less, or

1% or less. In an alternative embodiment, the ZSM-48 crystals can be free of

needle-like morphology. Low amounts of needle-like crystals are preferred for

some applications as needle-like crystals are believed to reduce the activity of

ZSM-48 for some types of reactions. To obtain a desired morphology in high

purity, the ratios of silica:alumina, base:silica and directing agent:silica in the

reaction mixture according to embodiments of the invention should be

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

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

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

pressures



WO 2009/ 085289PCT/ US2008/ 014054 - 15 - [0038] The activity of the catal yst
was tested by determ ning the cloud point of a product resulting from

exposi ng st to a 130N raffinate feed in a bat ] - cl ave
system 3‘&@32&%% catal yst was reduceg under hydrogeni’hmsg%g@?@%?t he
addition of 2.5 grams of the 130N feedstock. The reaction was run at 400
psig and 330C for 12 hours. Results are provided in Table 1. Exanple 3.

0. 3wt %t ( !}(ﬁ)zfgjgfsggé}?%%‘t%ﬁﬁgg boandAVith 4MdairtfalrBO@ateMal m glat e

consi sting of wt % Mordenite (30 grans) was dified
Wi th noi sus@i Binddr@artresistant 18 s¢mpaskats ofitie wsebdasingd cindraré aéritiondei oni zed
water with magnetic stirbar. The silica to alumna ratio of the ZSM 48 was
about 180resistante Birders mag bewatalytiealyaactiveeor Wartive éB‘EEQFl‘ad?) 8 with
ammoni um hydr oxi de. A sol ution of

25 oo dol kplkeh SllPeoRgRnE et SRk S ETvb g ERRL R YRS o7 L o wns

stirred f howr.s. .. S s Ll h i dei oni zed
vater - cr Ay SUGE k. SREOHS andSicalfiGrifE Mt hly BERgBRn P, O 2
[ 0040] The pagionitetandGhohthsoréidéite/sid wescomsiceclally adailablei Aiheg ringbel oud

point of a product resulting fromexposing the catalyst to a 130N raffinate
feed in abhatded witl otheamatefialsesush as siticapss . Qthe perousamatrizs majgrsals édjuced

The. 1 cact PAALRROrSREAEIRDaD U0 ASE BB s A A GHE akdTifi s are
provi ded irﬂ]ag-lr-laegfa?siJri'ca-tM%)rig,oﬁﬁég’-gﬁgggﬁgﬁiga%Wa%ﬁos?ﬂca-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
ZSM-48 may range from 10 to 100 wt.% ZSM-48, based on bound ZSM-48 with

the balance being binder.

[0030] ZSM-48 crystals as part of a catalyst may also be used with a metal
hydrogenation component. Metal hydrogenation components may be from |
Groups 6 -12 of the Periodic Table based on the IUPAC system having Groups 1
- 18, preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo,
Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of
hydrogenation metals may also be used such as Co/Mo, Ni/Mo, Ni/W and Pt/Pd,
preferably Pt/Pd. The amount of hydrogenation metal or metals may range from
0.1 to 5 wt.%, based on catalyst. In an embodiment, the amount of metal or
metals is at least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or at least 0.6
wt%, or at least 0.75 wt%. In another embodiment, the amount of metal or
metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt% or less, or 1
wt% or less. Methods of loading metal onto ZSM-48 catalyst are well known
and include, for example, impregnation of ZSM-48 catalyst with a metal salt of
the hydrogenation component and heating. The ZSM-48 catalyst containing
hydrogenation metal may also be sulfided prior to use. The catalyst may also be

steamed prior to use.



- 16 - Exanple 4. 0.3w/oPt(lE) on 65/35 ZSM 48(180/1 S1/ Al 2)/ ZSM 12
[ 0041] An extrudate consisting of 65w % ZSM 48 and 35wt % ZSM 12 (30 grans)

was hum CUV izﬁ(%/o '}89 nmoi st air, placed in a mesh basket,g%?glsgwgm‘[ogfd in

150 cc deronized Water wth nmagnetic st_:1 bar. The silic umna ratio
of the ZSM 48 was about 180:1. The pH of "the solution was then adjusted to
a pH of 8 with ammoni um hydroxi de. A solution of platinumtetraanm ne
nitrate (5.07g) in 25 cc deionized water was added to the stirring
solution. The solution was stirred for 16 hours. The catal yst was then
washed wi t[00300 cc Highquritg @ SMt48 crydtdlethade acbofdingtoltimeatoveed in full air
at 680F for 8 hours. [0042] The activity of the catalyst was tested by

det er ni ni regnbadimentabaveo relatdvelx lpwodlies:aluming ratiey Thisdewsbosi ng t he
catalyst tg.a 130N raffinate feed in a batch m cro-autoclave syste 254. 8
o of cat HYGAEUNG ERHi BP0 10k g Pl SGb R EDISTLREGTBYF SSICada FREPTor > 5

grans of : CH. 8 - | ' d 330C for
T2 nour s. PRANFREsF ATl Uthiey HAGCERRIOPRNINE driPdordll FpRIGR

Sel ect i vatexdeerftWiafds ( 280 BaveSenvARMmEi1d B¢ e fits frn? tnd\btandgsint 6f

[ 0043] An extrudate consisting of 65% ZSM 48 and 35% Mordenite (75 gramns)
was | oadedealth leffecenfrom criystal fioinp ard thevshal sy stalwize isaalsobengfi¢iabloat i num
tetraanm ne nitrate, drying at 250F and calcining in full air at 680F for 3
hours. Th&RlYst@gtivEYal unina ratio of the ZSM 48 was about 180:1. The Pt
contai ning extrudate was then selectivated with silica by inpregnation with
7.8Wm % DOW 500 silicone in decane, stripping the decane, and cal cining at

5888}:08;? 8%’92 ; ng glgcgr/ %ﬁﬁlg&%p‘ﬁ%ﬁﬂng '@&tH@i‘h@eﬁiiGﬁ thathcorporate ZSM-23,
any suitable method for producing ZSM-23 with a low SiO;:Al,0O; ratio may be
used. US 5,332,566 provides an example of a synthesis method suitable for
producing ZSM-23 with a low ratio of SiO,:Al,05. For example, a directing
agent suitable for preparing ZSM-23 can be formed by methylating
iminobispropylamine with an excess of iodomethane. The methylation is
achieved by adding the iodomethane dropwise to iminobispropylamine which is
solvated in absolute ethanol. The mixture is heated to a reflux temperature of

77°C for 18 hours. The resulting solid product is filtered and washed with

absolute ethanol.

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

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

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

catalysts.



- 17 - [0044] The activity of the catalyst was tested by determ ning the
cloud point of a product resulting fromexposing the catalyst to a 130N
raf fi nat | bat ch m cro-autocl ave system Less f

cat al ystq\xg)?ﬁ@édggzggd under hydrogen fol hgwed by the add%??@lg}%oghg%ggr ans
of the 130N feedstock. The reaction was run at 400 psig and 330C for 12
hours. Results are provided in Table 1. Exanple 6. 2X Silica Selectivated
0. 8wt %t (12 RPIOP! §SwNPIAE)TH 4535 ZSB1-486180} SilA19f/ShapStxls udat e

consi sting O 0 B Wa paded W th 0. 8wt %t
by incipient wetness inpregnation with platinumtetraamrne nitrate, drying
at 250F and calcining in full air at 680F for 3 hours. The silica to

al um na rd0035bf t Hen gxpdae gassising of 68wt% ZINE4Btandohvi’niSigZeM-Sudat e
th ti ted. W th.si]i by. | ' i 7, 8wt %, DOW 500
STi cone KaDzemIEwas pimiditie W mSishAE: SRR kp cremhe ket $B0R. T <
d d i . I Vi e t al t
hae t eot od BIGEREH FSD 60 Bcfthfifed b ifer srilPrldphofic Sl Thedititd ox OLYS

exposi ng tdemisd Rtiosf the ZSNIMB\wiag flabbel 80:11 e€He ipkl af thet sollutivre vas akdpcl ave
system Less than 1 gram of catal yst was reduced under hydrogen foll owed by

t he addi t iadjustéd & & pht ofi@ vath ameardon hydrostdec kA sohdi platinumas run at
400 psig and 330C for 12 rs, sults are, provided [p Table 1., Exanple 7.
( Conpar at itFEgarmmaneaugate (5@98)1 l%Egsﬁml%Z%Wzm‘%s(ﬁ )dltoi*j"? AHZyng \wo

20097 0852806l USPROBRiERWas stitfed for 16 hours. The catalyst was then washed
with 500 cc deionized water, dried at 250°F, and calcined in full air at 680°F for

8 hours.

[0036] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the batalyst to a 130N raffinate feed in a

. batch micro-autoclave system. 300.2 mg of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in

Table 1.
Example 2. 0.4wt%Pt(IE) on 50/50 ZSM-48(70/1 Si/Al2)/Sn-ZSM-5

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

8 hours.
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Table 1.

Example 3. 0.3wt%Pt(IE) on 65/35 ZSM-48(180/1 Si/Al2)/Mordenite

[0039] An extrudate consisting of 65wt% ZSM-48 and 35wt% Mordenite
(30 grams) was humidified with moist air, placed in a mesh basket, and
submerged in 150 cc deionized water with magnetic stirbar. The silica to
alumina ratio of the ZSM-48 was about 180:1. The pH of the solution was then
adjusted to a pH of 8 with ammonium hydroxide. A solution of platinum
tetraammine nitrate (5.07g) in 25 cc deionized water was added to the stirring -
solution. The solution was stirred for 16 hours. The catalyst was then washed
with 500 cc deionized water, dried at 250°F, and calcined in full air at 680°F for

8 hours.

[0040] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in a
batch micro-autoclave system. 256.4 mg of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in
Table 1.
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Example 4. 0.3wt%Pt(IE) on 65/35 ZSM-48(180/1 Si/Al2)/ZSM-12

[0041] An extrudate consisting of 65wt% ZSM-48 and 35wt% ZSM-12 (30
grams) was humidified with moist air, placed in a mesh basket, and submerged
in 150 cc deionized water with magnetic stirbar. The silica to alumina ratio of
the ZSM-48 was about 180:1. The pH of the solution was then adjusted to a pH
of 8 with ammonium hydroxide. A solution of platinum tetraammine nitrate
(5.07g) in 25 cc deionized water was added to the stirring solution. The solution
was stirred for 16 hours. The catalyst was then washed with 500 cc deionized

water, dried at 250°F, and calcined in full air at 680°F for 8 hours.

[0042] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in a
batch micro-autoclave system. 254.8 mg of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in

Table 1.

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

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

1000°F. This procedure was repeated one more time.
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[0044] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in a
batch micro-autoclave system. Less than 1 gram of catalyst was reduced under
hydrogen followed by the addition of 2.5 grams of the 130N feedstock. The
reaction was run at 400 psig and 330°C for 12 hours. Results are provided in

Table 1.

Example 6. 2X Silica Selectivatéd 0.8wt%Pt(IW) on 65/35 ZSM-48(180/1
SVAI2)/ZSM-12

[0045] An extrudate consisting of 65% ZSM-48 and 35% ZSM-12 (75
grams) was loaded with 0.8wt%Pt by incipient wetness impregnation with
platinum tetraammine nitrate, drying at 250°F and calcining in full air at 680°F
for 3 hours. The silica to alumina ratio of the ZSM-48 was about 180:1. The Pt
containing extrudate was then selectivated with silica by impregnation with
7.8wt% DOW™.-500 silicone in decane, stripping the decane, and calcining at

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

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

Table 1.

Example 7. (Comparative) 0.6 wt%Pt(IW) on steamed 65/35 ZSM-48(180/1
SiVAI2)

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

grams) was humidified with moist air, placed in a mesh basket, and submerged
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water, dried at 250°F, and calcined in full air at 680°F for 8 hours. The resulting

catalyst was then steamed for 3 hours.

[0048] The activity of the catalyst was tested by determining the cloud point
of a product resulting from exposing the catalyst to a 130N raffinate feed in two
separate trials in a batch micro-autoclave system. In one trial, 321.6 mg of
catalyst was reduced under hydrogen followed by the addition of 2.5 grams of
the 130N feedstock. The reaction was run at 400 psig and 330°C for 12 hours.
In the second trial, 303.3 mg of catalyst was reduced under hydrogen followed
by the addition of 2.5 grams of the 130N feedstock. The reaction was run at 400
psig and 330°C for 12 hours. Results are provided in Table 1.

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

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

alumina binder. Platinum was ion exchanged to preferentially target exchange
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ZSM 48 180

[0050] Alternatively, the second zeolite may also add additional acid
function to the catalyst and aid in the dewaxing of the feed. The addition of Sn-
ZSM-5 (examples 1 and 2) as well as the addition of ZSM-12, example 4) show
dramatically higher activity than the base case formulations. The mordenite did
not show the same benefit in terms of activity, even though the mordenite crystal
itself has a much higher acid function based on hexane cracking than the ZSM-
48 and a higher n-hexane cracking activity (alpha). Interestingly, Sn-ZSM-5 and
ZSM-12 bracket the acidity of the ZSM-48 catalyst. Sn-ZSM-5 has Sn in the
framework of the ZSM-5 rather than alumina. The n-hexane cracking activity
(alpha) of Sn-ZSM-5 is much lower than the ZSM-48 itself. Table 2 below

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

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

selectivation appeared to generally decrease the activity in the catalyst, as was
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found both for the ZSM-48/mordenite combination and the ZSM-48/ZSM-12

combination.
Table 2
H-Zeolite Si/AlI2 Alpha (G103)
ZSM-48 180 24
ZSM-12 220 53
Sn-ZSM-5 N/A (Sn instead of Al) | 8
Mordenite 35 610




CLAIM5 1. A catalyst conprising: a first zeolite having

uni di mensi onal 10-nenber ring pores, wherein the first zeolite is
EU-2, EU 11, ZBM 30, ZSM 48, ZSM 23, or a conbination thereof; a
second zeolite having a zeolite surface area greater than a zeolite
surface area of the first zeolite, wherein the second zeolite is
Sn-ZSM5; and a netal hydrogenation € |1r130nent, wherein the catal yst
further conprises a netal oxide binder in powder form having a
surface area of 80 n2/g or less. 2. The catalyst of claim1l1, wherein
the fi rstciggﬁ%'ste is ZSM 48, ZSM 23, or a conbination thereof 3. The
cat al yst m 1, wherein the first zeolite is ZSM48. 4. The
catalyst of claim1, wherein the ratio of Si 002: Al203 in the first
zeolite is 200:1 or less. 5. The catalyst of claim1l1, wherein the
ratio of Si002: Al 203 in.the first zeolite is 100:1 or less. 6. The
catal yst bf 3RS COWMREFBEN the metal hydrogenation component is a
Goup VIIl noble netal. 7. The catalyst of claiml, wherein the

met al  hydr ogengtd £81i¢ IRAPERithshshal FPme@be@ing QP @héR e otite
is EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof;

a second zeolite having a zeolite surface area greater than a zeolite surface area of

the first zeolite, wherein the second zeolite i1s Sn—ZSM-5; and
a metal hydrogenation component,

wherein the catalyst further comprises a metal oxide binder in powder form having

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

2. The catalyst of claim 1, wherein the first zeolite is ZSM-48, ZSM-23, or a

combination thereof.
3.  The catalyst of claim 1, wherein the first zeolite is ZSM-48,

4.  The catalyst of claim 1, wherein the ratio of Si0Q0,:Al,05 in the first zeolite is 200:1

or less.

5.  The catalyst of claim 1, wherein the ratio of Si00,:Al;O4 in the first zeolite is 100:1

or less.

6.  The catalyst of claim 1, wherein the metal hydrogenation component is a Group
VIII noble metal.

7.  The catalyst of claim 1, wherein the metal hydrogenation component is Pt, Pd, or a

combination thereof.



- 22 - 8. The catalyst of claim1, wherein the catalyst has a ratio
of zeolite surface area to external surface area of at |east 90: 100.
9. The catalyst of claiml, wherein the catalyst has a ratio of
zeolite surface area to external surface area of at least 1:1. 10.
The catal yst of claim1l1, wherein the bj,nder is silica, alumna,
titania, zirconia, or silica-alumna.”““I1. The catal yst of claiml1,
wherein the binder further conprises a second netal oxide different
fromthe first netal oxide. 12. The catalyst of claim1ll, wherein a

wei ght - peg cenyiaggraBk dEainec WhdrefPhe 'catﬁléx!; s ia?at%ﬂff zEﬂEt@%M%atce bhakover
than a wei ght percentage of the first tal oxide, the first netal
oxi de i n gtwddsuffanerar¢raniiahtyast 99Ui0Pace area of 80 nR/g or less. 13.

The catal yst of claim 12, wherein the second netal oxide is an
silica, um.pa, titania, zirconia, or silica-alurgna,
aé. T[ille cataiyst cﬁj c?alm , w(l:‘nere'in the catal%zst hasa ratlo oere(?hte surface area to

external surface area of at least 1:1.

10. The catalyst of claim 1, wherein the binder is silica, alumina, titania, zirconia, or

silica-alumina.

11. The catalyst of claim 1, wherein the binder further comprises a second metal oxide

different from the first metal oxide.

12. The catalyst of claim 11, wherein a weight percentage of the second metal oxide in
the catalyst is lower than a weight percentage of the first metal oxide, the first metal

oxide in powder form having a surface area of 80 m%g or less.

13. The catalyst of claim 12, wherein the second metal oxide is an silica, alumina,

titania, zirconia, or silica-alumina.





