- 1 - HYDROPROCESSI NG CATALYSTS W TH LOW SURFACE AREA BI NDERS FI ELD OF THE
| NVENTI %b%@%?};hs invention provides a catal yst and ac-¥RIsBaMd0Pfos4Si NY
such a catal yst for processing of high sulfur and/or nitrogen content

| ubricating oil basestocks. BACKGROUND OF1TFHE | NVENTI ON [ 0002] Cat al ytic
dewaxing is now a part of many processes for production of desired

hydr ocar bon products from basestocks having an appropriate boiling range.
Catal ytic dewaxi ng al | oWEYHAROPRLEESSING, AL ey MWabllld nol ecul es within
a basestock into nol ecul es iOW SURFASFOARK A BINIDERSI es for a particul ar
application. Catal ytic dewaxing can be used to inprove the properties of
basestocks in order to formlubricating oils. Catal ytic dewaxi ng al so has
applications in other areas, such as inprovenent of cold flow properties of
di esel fuel at al yti Jeyaxing can occur by either cracking of

f eedst ock nbieedles GrL BN ati on of feedstock nol ecul es. Cat al ysts
whi ch performdewaxing primarily by cracking tend to produce products with
| ower viscosity index and also tend to have | ower yields than catal ysts

whi ch per f ofgpod¢Wwexi TRisRhVERidH PrdidésSOERRIERLAPE méfod dﬁ%mcé such a

| someri zati on dewaxi ng catal ysts are preferred in many applications. WO
2009/ 085290&utalysBREGROOdss0gHof high sulfur and/or nitrogen content lubricating oil

basestocks.

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



- 2 - aresult, a hydrotreating step or other pre-treatnment step often
precedes a catalytic dewaxing step, in order to reduce the sul fur and/or

ni trogen B Af@sHst ock. Even with a pre-treatnent step | fur,

t he susceptigwl ty of dewaxing catalysts _to sulfur or anF(rf{)%sg(Elﬁg}égﬁoggni ng
limts the types of basestocks that can”be processed by catal ytic dewaxing.
Additionally, if a reactor "upset" occurs, so that feedstock is not
processed DIAQRT A hylfotidaBinB step HEGHEF Pre-fefitnentistéPyfibe pRReaesary to

repl ace a dewaxi ngycat al ys? e posgt?il tg ehlﬁgh | evel s of sBI fur or nitrogen.

[ 0005] An adatalytiaidewaxing stépcidsirdekto rdataths sujfini ayidéor nitnogen infa ni t r ogen
and sulfur is to solvent dewax the feedstock. Wile solvent dewaxing_is

ef fecti ve feedstpeledEver nethwn pre-triegtmaent stepetasresroyerptl fury thessusseptikility 86waxi ng

[ h I h i i ng. . . '
'g U Lm”ﬂt‘:RY Z'f: IR AT (R RJUPESH PRI Lk JbE DR A PASEBReY or r ec.
provi ded ttRé{&dﬂﬁﬁ/ﬁg@g g}d[z@g?iﬁ%w.cgt\ihv%mgggl 52: t;&?lgaolyﬁgﬁl&%ﬁg?l‘:%'egft I IeZs,

a netal hystcassdathafeedstook &iot prodessedpraperdximthelprodesatimeni stepaitsur f ace
area of 100 meg or less in powder formprior to fornulation of the

suppor t ed may heyetessanetarmeplaces demtaxing aatalyst exposed b higdrlesels ofsubiuned t o
formthe supported catalyst. [0007]1n anot her enbodi nent, a supported

catal yst ¥ 1PHEEF¥ed that includes a zeolite having a Si02: Al 203 ratio of
100 or less, a netal hydrogenation conponent, and a nmetal oxide binder. The
supported catalyst has a ratio of zeolite surface area to external surface

area of atjohespt SOAdAerABETOPRIGRISZRS CbhfeiAefhi BRUMENIS drafsya gur es 1

and 2 show the activity of conparative catal ysts.

2009/ 0852 %G fuBA0 6B46lVébdewax the feedstock. While solvent dewaxing is
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, 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.



- 3 - [0009] Figure 3 shows the correlation between hydroprocessing
tenperature and pour point for various catalysts. [0010] Figure 4 shows an

agi ng ratenf hous catal ysts. [0011] Figure 5 shows essi ng
pr oduct y‘?(e)lzg&{o\é?b\l}ari ous catal ysts. DEJAI LED DESCRI PTI g@@%—@@% FERRED

EMBODI MENTS [0012] I n vari ous enbodi nents, the invention provides a catal yst
sui tabl e for dewaxi ng of hydrocarbon feedstocks, including sour feedstocks
contai ning high levels of sulfur and/or nitrogen. The catal ysts of the

i nvention provide an activity advantage relative to conventional dewaxing
cat al yst's [0009he prRigarec:shéwhthfhcamelation betweahhydropoegessingdempertire
advantage i s achieved by the use of a zeolite with a lowsilica to alum na
rati o and aNGrRANrNOdRL f%ivﬁ&()&sl‘i?ﬁéﬁésﬁs-havi ng a | ow surface area.
Alternatively, this advantage is achieved by the use of a zeolite with a
low silica to alumna ratio and having a high ratio of zeolite surface area

to externqbow];facer;igﬁfem sHOWs 4R We i et€ Bérdardusicatdlyes. i ncl udes a net al
hydr ogenati on Tunction, such as a " Goup VIII netal, preferably a Goup VIII

noble nmetal. Preferably, the dewaxing catalyst is a unidi nensional

10- menber ri ng catal yst, such as ZSM 48 or ZSM 23. [Q013]In this invention,
it has bed@0lhExpediigure/S shevs thahydreproggssing produettyield ior variges| ite with a
| ow ratio of lsi l[ica to alumina and a binder with a desirable surface area

i nproves t9MA¥SBal ytic activity of dewaxing catalysts. In an enbodi ment,

t he conbination of a zeolite having a sufficiently low silica:alumna ratio
with a binder having a | ow surface area provides the process inprovenent.

| n_anot herpETAJHBE MESCREP TIONAYE THE PREEE! BMBODIMENTS WO
2009/ 0852 14055

[0012] 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 the use of a
zeolite with a low silica to alumina ratio and formulated usihg 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



- 4 - based on providing a fornul ated catal yst that includes a | ow
silica:alumna ratio zeolite that also has a desirable ratio of external
surface lite surface area. [0014] The externa rea and
t he zeol ?\5@%3%9?(}3?? area refer to one way of characteri %Fi@%@éﬁf@ggl
surface area of a catalyst. These surface areas are cal cul ated based on
anal ysis of nitrogen porosinetry data using the BET nmethod for surface area
measur ene i : 13 i nt

Vor sus. by refse on frgvRiteh forAplApeRab sEingt IR Ll SURBRLAENERIIET.
(See, for zvhmthat alkotiasadesifabld ratio oftextern@hswaiface &réda td 2501iteS0Bfack | n t he
di scussion bel ow, "external surface area" refers to the surface area that
is believe#d€d.o be attributable to the binder in the catalyst, while the
"zeolite surface area" refers to the surface area that is believed to be
attributable to the zeolite or other dewaxing catalyst in the BET

Teasur e yoagf 001 S\ Binad B6A0Y ARLIAAIOL RN SRRRLULEACER o 1o the

invention s at awde varie on fee reans can

processed why bPBharddferizity tHetotdl Raifa08 atdal of AOAABISt PERESR SRR REad &re
catalyst. Suitable feedstreans for use with the inventive catal ysts can be

ker osene, diladated Hased bnanahgisoof nitroges pecasimetnyddasa nsingdthe tBET amethod
f eedstreans incl udi ng wax-contai ni ng, f eedst rean% such as feeds defrived from
crude oi | sfor suefpee areRdneasyaemant. sRcyiousSyorknhas hovaethat Secpmaunt fbse

- cont ai FHOHIE Fertaa( vakes pOREF HafBRL BLEReRSEAT B} BEerdREROmBET, | ¢ nave
initial bahbifgemehfit (568, ﬁ?%ﬂﬁn&ﬂé@oﬁﬁs&ﬂ,%ﬂ(L..aﬁﬂlﬂ Catdldsof ggdls such as

reduced crudes, hydrocrackates, fraffmates, hydrotreated oils, atnospheric
gas oils, (ag8unlgake discassionbetowaexternal swufamesgrba’ refemsto thasurface esi ds,
deasphalted oils, slack waxes and Fi scher-Tropsch wax. Such feeds may be

derived frasee thatds believegriothaatiribytabledoghe bindeadn theeatalyst, Whide B acker s,

Lo w0 s007eoRosRer ey Ge0s S putiel Sea UG TG CO B afighpEBIe © P

feedsty eang @9 br Rt AIdALAERGIA Py iR YO BET Hféa%ﬁ’reﬁ%n%.% aromatics, or
% up to 6

up to 25 wt% aronatics, or Yoaromati cs. [0016] I n anot her

enbodi ment, an advantage of the inventive catalyst is the ability to

mai ntain catalytic activity in the presence of elevated |evels of nitrogen
and sul f ur[0085hvent@unef thesaduapsages sxfithe catalyisty ecqordingrtedheniensiongs

feedstreamto requce .the nitrogen content to a few m and the sul fur
content t gt‘h%% ¥ 13% XATIGLYf ‘éf\%‘)ff{fﬁg?r Hnﬁlﬁ]ﬁ&t@nbso%lé%?‘?dpcﬁ@%{ao‘@ﬁﬁ‘%

f eedstrea I Nj . . 0 it e e feedstream
and up to%@qﬁémig#&guﬂflhg’ %‘gﬁoﬁger@ﬁ{é% |ev(§a%%%ragégz§'s§ uglwng t he
inventive fealigtessisforludeavitle AROFIVERTIVe chtayssditinibe kerdsent, diksdd, f eedst ream
can be at least 0.05 wt% sul fur, or at least 0.1 wt% or at least 0.5 W%

or at | easlubficatifg oirfeedstoekss and otheéndistillate feedsteamsiinotuding wiagt her

enbodi nent, the nitrqgen content Qf the feedstreamcan b t .| east, 25 wppm
or at | easgomsainighigedsireamns puchvas %@@S\ﬂﬁﬂﬁpg mery %‘tls’zsgélae\/w n tary

cast 500 upaln sSibioc (808 DT Q48R ABFN RrolPhdFistRAHIAH R YR LRI ¢

ASTM et ho resp rvely.
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



100171Preferably, the catalysts according to the invention are zeolites
that performdewaxing primarily by isonerizing a hydrocarbon feedstock.
More pref e catalysts are zeolites with a unidi i re
structur e‘?bgﬁ‘#%asg%gg catal ysts include 19-menber ring zegﬁl?@gg)g@h@ﬁgas
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.

ZSVR3 ar e 9% @r héie® rSlﬁQ\-blé\‘fEe‘és&gﬁhs Rar 8RbI dodtdiA \aroMalits, sGelitadIipstor et ur e

with a silicato alumna ratio of fromabout 20:1 to about 40:1 can

sonet i mes wigs nedaaties] or upae 235%1 Z2arofiaties, orobptusdwtsh ercesatidsat ar e
isostructural with the above materials include Theta-1, NU 10, EU 13, KZ-1,
and NU-23. WD 20091085290PCT/ U S2008/ 01 41)55 - 6 - [0018]1In enbodi nments

surt ace a0l hethampfisd enrtotimsih ey SyeBties Gt iR e i us Her g or
less, or 8, t%rgﬁi Itﬁﬁ%a(tﬁ?tiggcﬁ@i?ﬁirpfqe: ﬁ§en&%@&¢ﬁe@w BERitfogéier e

t he catal yst has esire atio of” zeo surface area to externa

surface argd sulfie. €efalérittorlchadgstabfian weduirdpre-weghiont of adeedsiream o eat er
than the external surface area. In an enbodiment, the ratio of zeolite

surface arredutothextitiogen centehtitea fewppne and the:swfursepntent todesssthan @ast

90: 100, or_at, | east 95:1Q0. Preferahly, the.ratjo of zeolite surface area
to exter naﬁewslﬂl‘i‘q(gEéPRFéa i‘/sw&%raﬁfeilé{ar%eb%‘éﬁe?’aﬁeamiff’n%ﬂmgg yp.tod ‘5105: 100,
or at |eas 10 r I X i e
silicato ‘&T‘%ﬁ%’iﬁ%ﬁeﬁbbggﬁdt(ﬁg&%e%%%t% ags iadtp'ga‘iotd%gﬁﬂe. r el#é(;r ably,

the silicafQtReHprtesid &iﬁ%‘tﬁé‘i‘ﬁvéﬁﬁ{/é tatalystsl O dn embbdifento thedsulfuror

| ess, or 75:1 or less, or 70:1 or less. In various enbodi nents, the anmount
of silica ¢ontaitwfianfeedstreas gandierag least 8.0 wilosul fne; omati Ieasty b valeeor at

variation. For exa‘rfl e, in an er(v)bodi nent ere the 1zeol I te(y' S ZSM§3 (or a
st ruct ur alleaghd).§ avtémtor at deast diwi%a0n & lgast A Whor QF ableasty pdvesimangthelogg o

50:1 or less r 40:1 or.|ess, 1 i i .+ h.bi nder
in any con%h‘?@merﬁ’atkﬁ@rlt.m&%? cgétgﬁé?t:@‘eéﬁgéﬁﬁ%‘“ggﬁﬁgs# ?écgagtkﬂggv%mr%ﬂ%%ed by
starting wb,gpa Obr BPtdAst 160 %Pk, tof a2 NshsbR 5O ppra OoMAtTERG 590d mul | i ng
the powders with adted water to forma m xture, and then extruding the

m xture towppeduSefiar dmimitropehaonsdntomay emicasuted byestaritard s$BM ai ds can

al so be used to nodify the extrusion_flow
methods D2622 and D4629, respectively.

[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.



properties of the zeolite and binder m xture. [0022]1n yet another

enbodi nent, a bi nder conposed of two or nore netal oxides can also be used.
In such agoeghadiisgnt, the weight percentage of the |°Wp%ws%ﬁ)§/0ﬂ0§5’" bi nder
is prefer agly greater than the weight pgrcentage of the

20091085290PCT/ U S2008/ 01 41)55 - 7 - higher surface area binder. For
exanple, in a catalyst that is conposed of 65 W% zeolite and 35 wt % of a
bi nder conpe3gf of IhWenkidifiing WhkA! thedagi§st is folntuldtef gdiaphdowWosuiface at

| east 20 wt% of the | ower surface area binder. Alternatively, if both netal
oxi des useatef bindepy arlovg sarfatce erkarbihdér repratentsi nbiedehwidh asuniide aicewf] y | ow
surface area, the proportiong of each netaj oxide in the binder are |ess

i npor t ant . 1QikeyYg ewoless, or0emvigrQn lession 9 rar/8 A5de-to form a bi nder, the two
met al oxi des can be incorporated into the catal yst by any conveni ent

met hod. For exanple, one binder can be mxed with the zeolite during
formation e zqqld i L spr ay
dried zeol @Pé?ﬂl ndgﬁ é&%%ﬁlwpﬁgﬁf?ﬁggmats‘ﬁés?tﬁgqgggg%\dzeﬁgt&al oxi de
bi nder prigurfdce aged tousttemal s0HE} Meahthet zdotitegurfacenateh witlrbe yaighiycul ar
theory, it is believed that use of a | ow surface area binder and/or a

f or mul at ecequaal to gsgreatartthan theyextemnal surfhce arsiai tla ap gmbedimantthegadqoér nal

he. bomer [4GPIRE SUae argh it s lemacusiass gt 5 A Aet ROCIT: Bh abieBohr G TPear or
per cent ageyofs 1% 3. ARITPARIGABI, T ERldGr AbIHESuAROL hicd (BYIdAA QlrddRe

catal yst, as opposé 0 on Binder I ncreased neta

level s Wi t4hef id HeRRNDD: T00 (416l : 1 Uridt $easO5 € 00D6r HEleastsl 10: 0@ drtatct ed from
sone of the sulfur or nitrogen contam nants in a feedstream Metals that
resi de on lehst IA6010G.e portion of the catalyst can either be located on an
exposed surface of the zeolite, or the netals can be located within a pore
in the zeolite. Due to steric effects, nmetals within the pores of a

recast rcarW02kn” adnif) EBbPatheny, sty BRAREH: LT B RIS ARM o

ol ecul es %&wivapﬁ. fﬁ%%?h@@‘ftﬁé"ﬁlic&% h¥untinhfrbifio O (HY sedllE s OO TPordess,
nol ecul es that also includé rings and/or other bulky functional groups.

Such nol ecod & 1aaresst or @adi drylessitaar7(: her 163s. e viasious iembodimestsothea zeol i te,
which therefore protects the metals within the pore frominteracting with
the sul f uramauntoef silies tyalymisa camesperding tow “dowoabess  etbhaye s0me8/ 014055 -

8 - [0024] \\//grga Polflt. lpoerI er;(%rr?pqg,nﬂl IPIY er%'%df)rﬁ‘éﬁt' v(\:/ﬁ'clzr%rthé rZlgo rl 'is %Sﬁ%@orpg oposed

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



benefit is that the use of a | ow surface area binder and/or a fornul ated
catalyst with a high ratio of zeolite surface area to external surface area
is beli e\«@ez{)@/d's%g)ease access to the active sites of tlﬂ%TFlFs%(}s;o‘lfm%?' g.
acid sites). Especially for bulky feedsy _increased access to zeolite active
sites is expected to lead to an overall increase in activity. [0025]1In
various enbodi nents, the catal ysts according to the invention further
include a IRP. FOFERAA i I diceafiRed @f 6sonponent
is typi calqrgﬁgjsg?gé&%%%]gf#/gri:g Gougre\’/lui{lg%ﬁfe%%]ﬁ.thggf erably, the netal
hydr ogenatwiys zeeliroairh3 5 wt%ofa bipdeyicompusbd ef twbalr. mdter metal okidesbityis t he
nmet al hydrogenation conponent is Pt, Pd, or a m xture thereof. [0026] The
met al hydrprgferabledn haveabteast 20antYh ef thedewer surfaee aeqaipder.i n any

conveni ent  manner.. Ong techni que. f or addi ng the nmetal .hydr t:
conponent Alematively; ﬂf Q‘?f?‘ %@ﬂ«% _es,gap&lggg ng ﬁfr{l‘éﬁﬁdéﬁ%ﬁrﬁgﬂg t%’;{Rgeerol ite
and a bi nder,. f ' ' O ScieKidtadndde M tecat al yst
parti cl es%af/ﬁeas%&gg a Sﬁ?@pg@?ﬁkdg}gg&gﬁ% en 18§§2£Eoged to a solution

cont ai ni NohigdetireabdsSiniFirtdnt Priwher 506 or Mdrermetal veides anetised twefortea added to
the catal yst by ion exchange, where a nmetal precursor is added to a mxture
of zeol it ebihder, tleotwo enctadokidasiean bp ineorperatekinto thepatalysbpyantne exanpl e
of a dewaxing catalyst suitable f

r use.ipn the claimed Loventi is ZSM 48
with a Si oconentent mathedofor @§gmp%aﬁngi)ep&grcepaearywcfw&ﬁtﬁsgﬁgﬁt?o to about

110. In the enbedi nents LQw, ,.ZS c 1 i i ously
interns o ur‘“%?%Rw&qtgtglage(?;lés%‘?gerf %@{ § ?PII%% (%R%?I n it I% ?ﬁg%‘?&?

tenpl at e; i i d&UEh tAen Mo mhixeIvaBMIfSscvopdtmttal ogidecal ci ned
and ion-ex‘gﬁﬁ%ﬁ%@ﬂg%ﬁs{%ﬁs@such as rIl—l-form ZSM 48 crystals. -9 [0028] The
ZSM 48 Crmmabﬁﬂﬁbf&fexmmuml of the structural directing agent have a

particul ar nor phol ogy and a nol ar conposition according to the general
formula: (n)Si02: Al 203 where nis from70 to 110, preferably 80 to 100,

nore prefe Ly 85 95. .1 n anoth enbodi LS : at

| east 80, B)?Béi | eadithesit bp}pgf‘,‘gqurgﬁ@;{ RBY %g%%ggérrrtgg?}ﬁ r%@fssﬂe?i%&%rz teds%g , or
100 or les : i &rﬂf’@ﬂ'l%f‘ﬁﬁth a5hi tibefr epl aced
by Ge and %a?r(%vy%greﬂ?ee%@?elghgryéﬁ%& anf&Elgﬂ;ﬂaTi, Vi,l and Zr. 100291].The

as- synt hesidfifle karfat ® hreadItekBertalNirfdce drea preyideeskvieralrbenefitsct ling havi ng
silica, alumna, base and hexanmethonium salt directing agent. In an

enbodi ment belidwedrthhtat leastianedf the beaefitsas thatcatalysg ageRdingQ thea in t he

m xture is, less than 0.05, or less than 0.025, or |

anot her endb@gnNHERR!IOMH gﬁ%ﬁtgrrp?rgﬁl?tagsp?glﬁl%lcﬁwg?n?jﬁ? E%Hl?% g%gﬁ%%%(%l{lfaca in
the mxture i.s a 0 esthebi ; ShefeaSed- I n
still anot 38?10 %%l?ar%%%l?“t %Seo%?%trd tPatl oeg) H%?%f urggla?éaa}dsgiar e?:t iang

agent : si | i gRtal8 16W8s WitHin tife p6resodMhé zEdifte; wherddis, mptads anegirbiectedfront o
0.022. In an enbodi nent, the as-synthesized formof ZSMA8 crystals, has a

si | i ca: al usbme ofthasulfat oonitfogea dontaminantsring faedstsprmnMetalsiibatiteside, t he
as-synt hesi zed form of ZSM 48 crys{ al s has, a

e eetonol o bkt Sl S RSNl © O
- t hesi zed f f M il heas @l el il ti f
150 TS R R po A Bt

the as- Sy.”r%&:?&i t§ SheRaRf whaM (R por¥sbhh 10-fbmbepkiag zolipopotd will not |
contain silica, alumna and directing agent. It should be noted that the
as- synt hesibzestpbsednotbulkgivhdiecules stithis afepdstacam npichrasrmplesyles) i ght |y

different fromthe nolar ratios of reactants of the reactjon mxture used
to prepar e con@inisg ayomatsirings. Many 0%’ Scopman mﬁgifu ?,Scw}thﬂh% rfl%eéjtst{?‘\:i(orrpl ete
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.



WO 2009/ 085290PCT/ US2008/ 014055 - 10 - incorporation of 100% of the
reactants of the reaction mxture into the crystals fornmed (fromthe
reaction m r [ 0030] The ZSM 48 zeolite in either a i or

as-synt he@?@@“ﬁé@ﬂl typically forns agg#grrer ates of snall)&}:l&ﬁ@ggﬂ@s? hat may
have crystal sizes in the range of aboutl 0.01 to about 1 pm These snall
crystals are desirable for they generally lead to greater activity. Smaller
crystals 1padqpr eqRhotHeiRE Boih& By Uhlyhrli6AEF tHedri, £ "orpHIRE  of
active ca@l ytilc ??t e(')s perlﬁgls\(/)en a%u t of catal yg’. é’%%bgrpégﬁy the ZSM 48
crystal s ibenefit ethabthealsei gfedlow safacy/ michdinderdintdora fuantilstedwantipdtogy
containing no fibrous crystals. By fibrous is meant crystals that have a

L/ D rati o with a high ratiavnfzeolite snrface arga tosxternahsunfagearia imbeliivedsoer of t he

crystal . I.n another enbqdi nent, .t he .ZSM 48. crystal.s i.n either . g, cal cined or
s Synt hedNoBASE Braesh i AT Sitea of 106 Zenite (b5 Aeid sfesh cbaesifli Eor

crystals. el | that : g%l% Lq.of < 10/1,
pr ef er abl ylﬁ?ﬂig Aaln C%?a%ﬁ%géezg éﬁ?b@&ﬁlge%é% f%%dﬁg)%% ?&b%ﬂe SEM
shows t hatoweralfirtréaserifRefieffyaccording to the methods herein have no
detectabl e crystals having a fibrous or needle-like norphol ogy. This

nor phol ogy al one or coupled with the low silica:alumna ratios |eads to
catal ysts having high activity, as well as desirable enviraonnmental features.

[0031] Thd092ZRk 481n Basieus embadimensthecatalysts areerding toths 1P¥ERUODBN i xt ure
i Si Ll il t It .. al i | | ] lt, b
SoPat + oo upthet fibnide e itirBiaiod (b, IR REG Bl adaphdoga’ - Pase
t ant i i i t 1 i . i : Al 203
o110 ColyiHRAY I pftally Grod Vi) 6ol GRokS VIMInlal PitfREibly die A 20
0.14 to O.rhé&al hyioreratiorStORponenOit & Gr@p VIID rdblOA{8s2 MBEETp1eFaa68/,014055

the metal hydrogenation component is Pt, Pd, or a mixture thereof.

[0026] The metal hydrogenation component may be added to the catalyst in
any convenient manner. One technique for adding the metal hydrogenation
component is by incipient wetness. For example, after combining a zeolite and a
binder, the combined zeolite and binder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution containing a suitable
metal precursor. Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite (or zeolite

and binder) 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.



tenplate: Si02 (preferred) = 0.015 to 0.025 [0032]In the above ratios, two
ranges are provided for both the base:silica ratio and the structure
directin Slghica ratio. The broader ranges for th | Lhcl ude
m xt ur es%ﬁ%ﬁébgoesgigbt in the formation o§ .ZSM 48 cryst al gé\?\qugﬁdg@?r@%%uanti ty
of Kenyaite and/ or needl e-1ike norphol ogy. For situations where Kenyaite
and/ or needl e-1i ke norphology is not desired, the preferred ranges shoul d
be used, 0028) furhRerSNILAg ehysedIs dfieetanovd] JifiRe RrasRrasdirdtiggthe silica
source is preferably precipitated silica and is comrercially available from
Degussa. @avera particalar smerphebgynandiamotavetanpositioh iaceording taitheggeneral
precipitated silica such as Zeosil(r) and silica gels, silicic acid

col | oi dal formula such as Ludox(r) or dissolved silica. In the presence of a
base, these other silica sources may formsilicates. The alum na may be in
the formof a soluble salt, prefer?£h¥ t%ﬁ(ﬁodiun1salt and is comercially
avai lable fromUS Al um nate. O her 10208031 uri num sources incl ude ot her
al um num salts such as the chloride, alum num al cohol ates or hydrated

al um na such as gamm al um na, pseudobohem te and coll oi dal alum na. The
base used |RediSadhdn 10'® IEY, Prefraly 00 100, doreaprsfrablye8 o 9§.dhoxi de,
preferably sodi um or potassium hydroXi de, anmoni um hydr oxi de, di quaternary
hydr oxi de snathérrembodimenthe istatrleasti70gonatlenasti 80, ariat keast Bhodn yet anpthesuch as
hexanet honi um di chl ori de_ or hexanet honi um hydyoxi de. fhe. ni,on (other than
chl ori de) eobodimsatan kck1Gar lsss, k) erleps, dr R efelessi In %E@Pﬂéfﬁl fate, other

hal i d d the.like. & t honi i ehl orj '
NN, N, N, N PR e o RERatE Pl S i AT ibebs emdaceq bo Sy BaFy
enbodi ”E”t”{]ié‘\h%nﬂr%ﬁ al s obtained fromthe synthesis according to the

i nventi on have a norphol ogy that is free of fibrous norphol ogy. Fibrous
nor phol ogy is not desired, as this crystal norphology inhibits the

catal ytic dewaxing acitivty of M 48 ot her, enbodi nen t he crystals
obt ai ned W?bw%ﬂ‘@%%%@é&?‘bﬁﬁ%é&ﬁgﬁystakr%ﬂ?megmési s
according to .the invention a r : i ef.cent age
of needl e-W’QBf%’B?‘BH&SB&S?.’ amﬁghgg%tmﬁ%%nﬁ g%ﬁ“ﬁ’?ﬁ?gﬁ%ﬁ%%gg%@égm in
the ZSM 4%&&@6@1@&%&%1&%&6 ofegactesl ditedting Afent:silicalidothe migage 1n an
al ternative enbodi nent, the ZSM 48 crystals can be free of needl e-1ike

nor phol ogyis lesawhamous, ordéssrthen 106023, loe lessytham 0022 dnpanesftieerr esubédimentne

applications as needle-like crystals are believed to.reduce the C(H vity of
ZSM 48 f ortheanelar yatie obstruetzeal diresting agentsifiga 4n W’éwr%sr?}rls%&v 'n hi gh

DU S kAR O] S ST In ST oS 6Oy o
v A ST e moamons oo e 0L,
;?n?gz sts hggﬂre???ﬂy;gg?? égm.mamempdimem tedasZSpthesized §oran of SOt d be
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



prior to use or further treatnent. Drying may be acconplished by heating at
tenperatures of from 100 to 400C, preferably from 100 to 250C. Pressures
may be atyWBShRGIskfeOr subatmospheric. If drying is perfﬁbmz(wgﬂ?{os?arti al
vacuum conditions, the tenperatures mayjppe | ower than those at atnospheric
pressures [0036] Catal ysts are typically bound with a binder or matrix
material prior to use. Binders are resistant to tenperatures of the use
desired andcafpdraidd of 100V S¥thgréakitantSiof e fealBi¥n Bixtidedhid HeadrydtaRct i ve or
i nactive and include other zeolites, other inorganic materials Such as

cl ays and foemned (frondde reactiommirturej.na, silica, titania, zirconia, and
silica-alumna. C ays nay be kaolin, bentonite and nontnorillonite and are
comercially avail able. They nmay be blended with other materials such as

silicates. r r L X1 - § Lik; i1 LL¥ €a-al um nas

i ncl ude ot[tqg?; Hﬁi ng?l ;9% %{aélegﬁiéﬁeﬁfgglrglc?{bégéwng%élé;gyrgﬂes;i?{:q ggql?hori a,

si Il ca- zi rigpvafly foths Gaglofhetatdsdanthlbedyistads that aliychAf dblal sizes & Ry Y

mat erials Such as silica-al um na-nagnesia, silica-alum na-thoria and

si |i ca- al mahgaof abawtr0.A1 tdhboutrt pix Thescsmalh crystals arerdesirable forbey The
bound WD 20091085290PCT/ U 82008/01%51;%1 55 - 13 - ZSM 48 rrgz/ range from 10
to 100 wt .genzenhukadie geeptenadbiin lgpenystals mean gaFRiRE ©Bi nder .

hydr ogenatt BiaEBuReRe sl tm by AR By AT S A AP r ot bE Y oups
6 -12 of t&glggt% ismig'fé‘rﬁﬁ g'_tlg‘eotgﬁE/g-Q8cﬁ?y§tQ% ih\dier §>é§1&ﬁ1&dlangyﬁhesmédl - 18,

preferably a anples of such netals include NN, M, Co

W M, Cu,fof hdwe¢,a morsholBdy cpnedisinghioy/fibtousrcrixtalsMBy fibesusaf rhgaitogenat i on
metal s may al so be used such as Co/ My, N /M, N/Wand Pt/ Pd, preferably
Pt/Pd. ThecrsstalsthabhaveaiLiganatioicdr hetlawhere Feand| 12 representthe lengthandl o 5

ot least QUM O1GRY Erysien R oSOy men nE 2 Sy SR 2T 1 °
0.6 wt% Oéaslaéeéw?)?ﬁg-s%&és%g‘;fo YL ggmﬁgy B ate fleb®raEeymRLlied net al

or netals 1 Yo Or ° | €ss, w%or le 3 w%or less, or 2 w% or

l'ess, or 1cr‘9&t%ls<?rB* peedleMitdadacait droadisntbariedval a DD eallSM 481 @/t al yst are
wel I known and include, for exanple, inpregnation of ZSM 48 catal yst with a

net al sal tpreferably legsithageiihs inone praforabdn betayaenhaandp/1 THheARIMashaws al yst
cont ai ni ng_hydr ogenati on tal .jyay aljso b fide rior, fo e. The

cat al yst n@?%/‘éq%%??oﬁre?@%ﬂg@%ﬁn&mtt eggeéﬁo% gin ﬂ?\&%&?ﬁ?@%m 48
crystals nmd -d] a; | ' ow
CryStal s, TR RRRigh MtuL RO SUGTRORITGES, TRICTRLSRUBRL YR B0
catal ysts @dlﬁ)lé@(ﬁthatﬁle%ﬁ/- silifa:8RinhiRaGhtibieads 16 taABR H@iﬂFﬁﬁgh hbgyithave
superior activity and selectivity as well as excellent yields. They al so
have envi rasnwelltaaldebiealsltienyironorentdldestuaesdpoi nt of health effects from
crystal formand the small crystal size is also beneficial to catalyst
activity. - 14 - used. US 5,332,566 provides an exanple of a synthesis

met hod sui f LN S i I i foL02 Al 203, For
exanpl e, afog‘_plrlgctmbepé "%iks_ paoglitig’x} g@‘g@&&%’é’%‘%@@gn ig)lnformad by
met hyl at i nﬂli}kﬂé‘@ﬁh@ﬁﬁﬂn@éﬁﬁ& B sitichie sk, aKARMR difsolitsie ARimaRge sdlfjdbase

met hyl ation 1s achieved by addi ng the i odonet hane dropw se to )

i m nobi spramnydiaedtieg aginth Tiosachiéwathedidsired losydtalt mogitivdogy . themeactants ime i s
heated to a reflux tenperature of 77C for 18 hours. The resulting solid

product i sreaFlior muxtuig daye dhe oNeWingIBelar §ad0st hanol . [ 0040] The directing
agent produced by the above nethod can then be

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



m xed with colloidal silica sol (30%Si02), a source of alunmina, a source
of alkali cations (such as Na or K), and deionized water to forma

woGodRiskd, Na ¢ e can be any conveni ent sour | umi na
sul fate or sodiumalum nate. The sol ut_i7lgn_ I's then heat eg’%;rg%g&g/o?ﬁysé‘

crystallization tenperature, such as 170C, and the resulting ZSM 23
crystals are dried. The ZSM 23 crystals can then be conbined with a | ow

surface area bi nderefdidier 63 Riedh =005 €b 00250 the invention. Exanple
1. 0.6W 9%t (IW on 6%1?35 zsn(/?ﬁ (90/ 1)?Ti O, [0041] 65% ZSM 48(90/ 1) and gg%

Titania were extruded to a 1/16" quadrul obe. The extrudate was pre-cal cined
In N2 @OO0QF, anmoni um exchanged with I N anmoni

at 2|50F,d L [@D_B%]QBS Ipyhe abevewatiosntwhranges are pseed %{gﬁflgﬁlﬁgggeestl 2 ? Lieﬁd

was | oade t 6w % i nci pi . ' ' | [

L et r aanuni rﬁ\éworﬂ“prtg’? \g?rua r%ngg'PHg%g'gg&g%ﬁ@%gq ;(Szols' nxggl[)ﬁcg%%lr‘ Eééikeg'é‘éﬂtlﬁg?t |3num
ours. Ta . ' VIRt '

por osi et ripios {18 BB ES U RL Cb Bo Al o ZEMEIS Crytats R some

m cr o- aut oglahriey Y Kepyaite andAe thekdlediike norpkoliogy. duwtriswtuations whieee above

catal yst. The catal yst was reduced under hydrogen followed by the addition
of 2.5 gr aKenyditeaaridionnéastie-likel marphsdogy isalqt.deﬁiféd,r@ﬁdzr\é@m ngeh at 400

psig at 33QC for 12 hours. oud. poi nt re termned for two feed s

vel oci t i ess.hqlléé)bfft%e%raé ‘ﬁrfﬁa‘ﬁfe‘gl“gﬁa{%gmeig _mgﬁ%ﬁb‘ﬁg‘l’%s-o_ 6wt 9t (1 W oﬁace
65/ 35 ZSM 48(90/ 1)/ Al 203 (Conparative) [0043] 65% ZSM 48(90/1) and 35% Al 203
were extruded to a 1/16" quadrul obe. The extrudate was pre-calcined in N2

@L000F, arf(/mis m eRghanesdowickhis Péfammgn'wﬁ itdtedsHicaamd isvemmerceallyat 250F
foll owed b caFlci nation in air aP 1000 .pThemextrudate was. t hen stea)arred (3
hours at 8&@f)abldfremeRepuskat Othes silivarsouoeasduciude posvdsnedsilicaynelyding ent

wetness inpregnation wth platinumgtetraanmne nitrate, drie t.. 250F
cal ci ned i pregipitaied sidige speh as 79 n&é.anéréﬁ}% gfliyré‘i‘ﬂfe%mflﬁ@hg gggaar ea SP |

t he extrudate vi ' . o
such as fuggxﬁ)grr RLOFEESilica. Inthe presence of a base, these other silica

sources may form silicates. The alumina may be in the form of a soluble salt,
preferably the sodium salt and is commercially available from US Aluminate.
Other suitable aluminum sources include other aluminum salts such as the
chloride, aluminum alcoholates or hydrated alumina such as gamma alumina,
pseudobohemite and colloidal alumina. The base used to dissolve the metal
oxide can be any alkali metal hydroxide, preferably sodium or potassium
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



[ 0044] A batch m cro-autocl ave systemwas used to determne the activity of
t he above catal yst. The catal yst was reduced under hydrogen foll owed by the

addi ti on 9‘730 HofTB of a 130N feed. The reaction was
2609708849 g at
330C for ‘?é ﬁour s. Cloud points were de]]t Hermned for two Q/lgaos(ﬁgg‘eog? ’

velocities. Results are provided in Table 2. Exanple 3. O. 6wt°APt(IV\7 on
80/ 20 ZSM 48(90/1)/Si O [0045] 80% ZSM 48(90/1) and 20% Si 02 were extruded

to 1/16" opérkq -eéﬁla_%ce&diﬂg'% the'RSeRli6n Bal€ hMeskphold BPOGtairdMETONI UM

exchanged with I N ammoniumnitrate, and then dried at 250F fol|owed by

cal ci nati dow pereertage oitﬁeecﬂe-lllteemxpholdgy eT\lmsamdsmn dfowddle-like h 0. 6wt %t by
WO 20091085290PCT/ U S2008/01 41)55 - 16 - incipient Wft ness_i npregnati on
wi th pl at imorpholegyapresemteinrthe (Za3M- 4$j¢WéEPl%1F31299IiO(yaﬁH G581 @ MAPr I§SRir at

680F f 3
bor osi et 1 Ih g A Analtarays SRbopaes IEZSMEIE R alsiGnts HEEBE i et ho
activity q{ee%iﬁkghﬁp ﬁ3 y?ﬂ%w-g%lﬁﬁ@i 8 ¥eld1vaike’ @Ysiahlare V\/;Hg@ferﬁ’)ddfo?gen

fol |l oned by grans 130N. The reaCtion run at

psig at 33Qmd Qﬁpli‘(%tlbﬁ%@ neéllleuikporystals sertelibotd toredutefthe activity @fd space
velocities. Results are provided in Table 2. Exanple 4. 0.6wt %t (IW on

65/ 35 ZSMZSNVDH8 Tor Fime aypfasmﬁ neactiood 7T Pebtai ad«;@ﬁcd agrphelogy indughal ci ned

at 1000C to conyert it %
purity, the ratios o sﬂlca:alumma, 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.

[0035] 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

[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



| ower surface area theta phase, as conpared to the gamma phase al um na used
as the binder in Exanple 2 above. 65% of ZSM 48(90/1) and 35% of the

cal ci ned \@blﬁ%sﬂﬁs%re extruded with 0.25%VA to 1/16" q?@‘i‘f{%&%}?ﬁ%ﬁim

extrudate was pre-calcined in N2 at 950f/ _ anmoni um exchange
ammoniumnitrate, and then dried at 250F follwed by calcination in air at
1000F. The extrudate was then | oaded with 0.6w %t by incipient wetness

| mpr egnat i pOVIMR in®) AngRURdMEL] RATT0 V2.9 IZISMIL4R, bdbéEen BouRBUSMaBIwGad ci ned
in air at 680F for 3 hours. Table | provides the surface area of the

ext rudat e thedalhcpdreirsg bietdey.. [ 0048] A bat ch mi cro- aut ocl ave system was used
to determne the activity of the above catalyst. The catal yst was reduced
under hydrogen followed by the addition of 2.5 granms 130N. The reaction was

R R A e T N R

2009/ 085290RCTL 415200 " MEH) hy BARERb o coRpBHEARAAYbe TR/ 35
ZSM 48( 90/ FA aéfrg%éig;%ﬁeisc%) el Py o coftpBHEmabbe HorR>/ 55 o

to a 1/ 16"Gesugdréul Iabef thelRerivdic Tdblecbased oprthe (BIPA @ sgistiem hidvifed @xdkps 1
ammoni um exchanged with IN ammoniumnitrate, and then dried at_ 250F

fol | owed byl&girefanablydsraups £ and8-100dorammice of suehimatelsvneludpdti, Mo | oaded
Ntrate,  dipel AfmoCurzioky. BLPEPdoareRsratb oLt BboMkBs ohour s Table I
Pat ch m criy SroEERERAERR Blay 16 BEHERG I oMol RiATbTRYMW anl VY,
i i on T R e ey o e 00, pet g e300 for 12
hours. O dud tpdiwt.$o,\based datcatalystednfanrembadifment, thp amountlofanetaber Resul t s
are provi dr(ralgtailsnis-ra% l:a(last %'.1 ;’rv?&!, %r ]ét Eﬁ?{’&'z% wit%, 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.

[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



BET SA (n2/0 Zeolite SA (n2/g) External SA (n2/g) 1 0.6%Pt on 65/35 ZSM 48
(90/1) / Titania 200 95 104 2

WO 2009/085290 4. PCT/US2008/014055
used. US 5,332,566 provides an example of a synthesis method suitable for
producing ZSM-23 with a low ratio of 8i0,:A1,0;. 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.

[0040] The directing agent produced by the above method can then be
mixed with colloidal silica sol (30% SiO,), a source of alumina, a source of
alkali cations (such 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. Thé ZSM-23 crystals can
then 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.



0.6% Pt on 65/35 ZSM 48 (90/1) / Al 203 232 50 182 3 0.6% Pt on 80/20 ZSM 48
(90/1) / Silica 211 114 97 4 0.6% Pt on 65/35 ZSM 48 (90/1) / Theta-al um na

238 117 w0 2009085290 s PCT/US2008/014055
[0042] 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 of a 130N feed (cloud point 31). 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 2. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Al,0; (Comparative)

[0043] 65% ZSM-48(90/1) and 35% Al,O; were extruded to a 1/16"
quadrulobe. The extrudate was pre-calcined in N, @1000°F, ammonium
exchanged with 1N ammonium nitrate, and then dried at 250°F followed by
calcination in air at 1000°F. The extrudate was then steamed (3 hours at 890°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 1 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



121 5 0.6% Pt on 65/35 ZSM 48 (90/1) / Zirconia 225 128 97 WO
20091085290PCT/ U S2008/ 01 41)55 - 18 - 100511Table 1 shows that the

cat al ystsWBrzg(;p/mel es 1, 3, 4, and 5 all have an zeol %E‘f/u%%ofsﬁ)?ﬁ??r ea

that is at I'east Toughly conparable to_1t6h_e external surface area.

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.

[0046] 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.

Example 4. 0.6Wwt%Pt(IW) on 65/35 ZSM-48(90/1)/Theta-Alumina

[0047] Pseudobohemite alumina was calcined at 1000°C to convert it to a
lower surface area theta phase, as compared to the gamma phase alumina used as
the binder in Example 2 above. 65% 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.

able 2



WO 2009/085290

-17-

VWHSV C oud Point (C) 1 0.71 A5* 1 1.03 -35 2 0.75 -26 2 NA

PCT/US2008/014055

Example 5. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1)/Zirconia

[0049]

65% ZSM-48(90/1) and 35% Zirconia were extruded to a 1/16"

quadrulobe. The extrudate was pre-calcined in N, @1000°F, ammonium

exchanged with 1N 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 I provides the surface area

of the extrudate via N, porosimetry.

[0050]

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.
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




NA 3 0.71 -45* 3 1.01 -28 4 0.73 -45* 4 1.03 -12

WO 2009/085290 PCT/US2008/014055
-18-

[0051] Table 1 shows that the catalysts from Examples 1, 3, 4, and 5 all
have an zeolite surface area that is at least roughly comparable to the external

surface area.

Table 2

WHSV Cloud Point (°C)
1 0.71 -45*%
1 1.03 -35
2 0.75 -26
2 N/A N/A
3 0.71 -45%
3 1.01 -28
4 0.73 -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.



5 0.73 A5* 5 0.99 A5* [0052] Note that in Table 2, a value of -45C
represents the | ow end of the neasurenent range for the instrunment used to
neasure t oi nt. C oud point measurenents indic |
asteri sk \grseﬁ@e ?zg@ed to represent the getection limt %?%ﬁﬁ\é\ﬁo%}rq%@rgﬁnent,
rat her than the actual cloud point val ue of the processed feed. As shown 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 point at a space velocity near 0.75. By contrast,

t he cat al yBkarhplers. dewaxing Qatalgstshwith efigh Sibcatd AduminecRatioea,
produced a cloud point of only -26 for a space velocity near 0.75. Note
that the al um na US@MO a the catalyst in Exanple 2 al so corresponds to

hi gh surface area binder. At the higher space velocity of about 1.0, all of
the | ow surface area binder catalysts al so produced good results. WO

200910852943 U S200RH Bt QSR o3l CXATR! Eericlht e i 2l yot

wi th High ato 0S nparative
catalysts having a zeolite with a high silica to alumina ratio. A catalyst of 0.6

wt% Pt on 65/35 ZSM-48(180/1)/TiO, was prepared according to the following
procedure. A corresponding sample was also prepared using Al,Oj3 instead of
TiO,, which produced a catalyst of 0.6 wt% Pt on 65/35 ZSM-48 (180/1)/Al,0s.

[0054] An extrudate consisting of 65% (180/1 Si/Al,) ZSM-48 and 35%
Titania (50 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. As shown above in Table 1, the TiO, binder provides a
formulated catalyst with a high ratio of zeolite surface area to external surface

area. The TiO, binder also provides a lower acidity than an Al,O5 binder.

[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



[ 0053] Addi ti onal catal yst evaluations were carried out on conparative
catal ysts having a zeolite with a high silica to alumna ratio. A catal yst

of 0.6 V\It\%%m 52@3/ 35 ZSM 48(180/1)/Ti 02 was prepared TS 60§%1}0g5the
foll owi ng procedure. A corresponding safl e was al so prepared using Al 203

i nstead of Ti 02, which produced a catalyst of 0.6 w% Pt on 65/35 ZSM 48
(180/1)/ Al 203. [0054] An extrudate consisting of 65% (180/1 Si/Al 2) ZSM 48

and 35% Ti fani l'ﬁ)lﬁ‘?giiﬂf 240 Loin Noaoabitnt PrddsGiet “File Eitalydfs WeRtheWet ness
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anbi ent prmeducts wérkddetified and calenatedby GE dnabdisbyGay shroples werduct i on.
Upon conpl etion of the cat.al 3{%% treatment, the reactor was cooled to 150C,

the unit prebgiedevithanga-ling THROMBEOS equipped sithipoth HaPand ¥ H2syr e
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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.



[ 0057] All catalysts were |oaded in an amobunt of 10 cc in the reactor and
wer e eval uated using the operating procedure described in Exanple 8 at the
follow n jtlans: T = 270-380 C, P = 600 psig, liqui = cc/ hr,
H2 ci rcu%@%@@’%@g = 2500 scf/bbl, andyLHSV = 1 hit. [3&%%%@3’01‘&’95

n- hexadecane (nCl6) isonerization activity and yield are summarized in
Figures 1 and 2. Figure 1 shows the relationship between oCl6 conversion
and iso-Cl16 yield for a clean feed and spi ked feeds for the alum na bound
(higher surface area) catalyst. Figure 2 shows simlar relationships for
the titani[@089und (Higwes lsand 2denmrsahtecthntithesdidvahtaggs oftkd clairhedcat al yst s
with higher and | ower surface area binders show simlar conversion

ef fi ci encyinvamiéon eannoibeachievedsimplyaby sisingm ly surficearsadiinden with jagyer
conversion,effi.ci encie ative t i el.d as conpared to t.he higher surface
area cat aIW@XI%Fa@ﬁ' Wﬁ?rhg’g%osééé?, CIF%&EC eq'fftearcé’gtmﬂg’@e O achi eve
a given n i : [ tal yst.
0 2000/ 09 IS0 RCH LR /B0e Y Bonae MRS kap iy il A W HRES (heind V2
that the adtierhaged sirhilaf®rgoskibbdevey fstduced actvitgwhen femugaed vithpl y by
using a | ow surface area binder with any dewaxing catal yst. Wen exposed to
a cl ean f dew surfacefarealbinsler a¢lativg toadighersurfacofareabinder.and ni trogen, the
dewaxi ng catalyst with a high silica to alumna ratio showed simlar, or
possi bly even reduced activity when fornulated with a | ow surface area

bi nder rel@agj t ' f j.ndeg Hiodewaxi ng
over 0.6 vﬁ%’ﬁleo‘ﬁ @g/,a g@%ﬁ ﬁ%{) gglleg)%:‘??%qit S ?.{,/3%394"2%@0/%@% Thi s
exanpl e illustratesydifie 13aNafesdi ¢ performance of 0.6 wt % Pt on 65/35
ZSM48(90/ 1)/ Ti 02 versus a correspondi ng al um na- bound (hi gher external

surface area) catalyst using 130N raffinate. [0061] An extrudate consisting

of 65% (90/1 Si/A 2% ZSM 48 and 35% )
[0060] his example illustrates the catalytic performance of 0.6 wt% Pt on

65/35 ZSM-48(90/1)/TiO, versus a corresponding alumina-bound (higher

external surface area) catalyst using 130N raffinate.

[0061] An extrudate consisting of 65% (90/1 Si/Al2) ZSM-48 and 35%
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



Titania (30 grans) was | oaded with 0.6wt % Pt by incipient wetness

i npregnation with platinumtetraammne nitrate, dried at 250F and cal ci ned
in full awo0d9/@806 for 3 hours. A correspondi ng sanpl e poagsadsoi1fpsepar ed
using Al 203 instead of Ti02. [0062] Theyxatal ysts were |oaded in a 10 cc
anount in the reactor and were eval uated using the operating procedure
described in Exanple 6 at the following conditions: T = 330-380 C, P = 400
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the ni t r oBSM-d8QUAY/TiOnavith Qér Wie Bt satalstaghipyed %%F%’@éé?‘i‘f' i02 with
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further de¥dHstrate the benefit of the |ow surface area, lowsilica to
alumna ratio catalyst, Figure 4 shows a TIR plot for the 0.6 W% Pt on
65/ 35 ZSM 48(90/ 1)/ Ti 02 catal yst and the correspondi ng al um na- bound
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[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



alumna ratio catalyst. WO 2009/085290PCT/ US2008/ 014055 - 23 - [0066] This
exanple illustrates that the advantage of a | ow surface area binder can be

real i zed {ghobosEs, i nder systens, where a majority of ' ks a | ow
surface area mgie;r. [0067] An extrudatezconsisting of 6?&%@8@%}3&#5; 2)
ZSM 48 and 35% of a mi xed binder was | oaded with 0.6w % Pt by incipient

wet ness inpregnation with platinumtetraammne nitrate, dried at 250F and

cal ci ned ifgoéey! ! aﬁ‘hi@éxa@ﬁgﬁ, ill5trael ShetIhe Aearitbge\bla Dowdarface atdwe
extrudat e 'was ‘conposed of 20 wt % al um na (hi gher surface area) and 15 wt %

titani a (Ibinder canrtfeaeealizedfor. mpedashderssystenis, oxhera@amajcesyiofshe hindsr 65%
(90/1 Si/A2) ZSM 48 and 35% of a m xed binder was also | oaded with 0.6w %
Pt by i nciippdow suefase 85c4 bigdefnat i on with plati numtetraamine nitrate,
dried at 250F and calcined in full air at 680F for 3 hours. In the second
extrudate, the 35 wt % of binder was conposed of 25 w%titania (Il ower

surface ar 66&@2{‘2 | 3;@} W @il %ﬁﬁsﬁﬁ%%‘%B% (g]d/ﬂfss/,oaw@smmﬁ% Th% efai vity

of the above ce S was tested ih a batch mcro-"autoclave system For
the cat al yhixeditifidér Wwadiaded fwillD 0\ Pu by iacipitht YWetneskbimipregnatjor@@hoo ny
and 71.19 ng of catalyst were loaded in separate wells and.reduced under
hydr ogen, platinundetraammiee aifeate] dniedat 260 Fandealeined ip falajreat oglfgf(The

Vol oci Ly Wb, dhectiwhingBEpu e imRet PimbBRe SEAE wd S aHE T
vas - 15c qigen JplkEARabTaS MAHEGHRPS el arth, Total 11auId product

[0068] A second extrudate consisting of 65% (90/1 Si/Al2) ZSM-48 and
35% of a mixed binder was also 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. In the second extrudate, the 35 wt% of binder was
composed of 25 wt% titania (lower surface area) and 10 wt% alumina (higher

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



[ 0070] For the catalyst with a binder of 25 % titania and 10 wt % al um na,
212.57 ng and 69.75 ng of catalyst were | oaded in separate wells and
reduced gen, followed by the addition of 2.5 OON
feedstocb?e?fl)'%@ég% N feedstock had siphhar N and S Ieverg&@goﬁ@I@%gN
feed.) The "space - 24 - velocity" was 1.02 and 3.10 respectively. The
reaction was run at 400 psig at 345C for 12 hours. The resulting cloud

poi nt of tvl%ﬁ)cti@t"ai«aél.gzlaﬂdry.wwpeweelgﬁ@w(&aw@ﬁ weR ruhnit 400fpsid sud poi nt
instrunent) at "1.03 WHSV and 3C at 3.09 WHSV. [0071] The above activity
tests par d4keC fohe2 hess.t Thé resultiixg njpudspoint of theabtal diquithprashichivast
contai ning a binder conposed of a majority of high surface bi_nder
behaved si-#51GKdsteetion Hmitaf alopdtpain WSW%ngﬁfla%wy%‘i“ﬁégéafh@anpl e
2. The cat\gjg/ with a mpjority of | ow surface area binder resulted in a
much nore e catalyst, as seen in Exanples 1 and 3 - 5 above. - 25 -
CLAIM5S 1. A supported catalyst conprising: a zeolite having

uni di nensi onal 10-nenber ring pores and a Si02: Al 203 ratio of 100 or |ess;

0.1 to 5 ool aTmtdovewdtiopgnedts paratiehienesalts frodn Examples 1 to 5
above. The catalyst containing a binder composed of a majority of high surface
area binder behaved similarly to the catalyst with high surface area binder in
Example 2. The catalyst with a majority of low surface area binder resulted in a

much more active catalyst, as seen in Examples 1 and 3 — 5 above.



a nmetal oxide binder, wherein the netal oxide binder in powder form
has a surface area of 80 n2/g or |ess; wherein the supported
catalyst has a ratio of zeolite surface area to external surface area
of at least 80:100. 2. The supported catalyst of claiml1l, wherein
the zeolite is EU-1, ZSM 35, ZSMI1, ZSM 57, NU-87, ZSM 22, EU 2,
EU-11, ZBM 30, ZSM 48, ZSM 23, or a céfbination thereof. 3. The
supported catalyst of claim2, wherein the zeolite is EU-2, EU 11,
ZBM 30, ZSM 48, ZSM 23, or a conbination thereof. 4. The supported
catal yst @EAEMS m 2, wherein the zeolite is ZSM48, ZSM 23, or a
conbi nation thereof. 5. The supported catal yst of claim2, wherein
the zeolite is ZSM48. 6. The supported catalyst of claiml, wherein
the ratiol.of She&ZipAit2daatalgst80merisihgss. 7. The supported catal yst of
claiml1, wherein the ratio of Si02: Al 203is 75 or less. 8. The
supported catalyst of claim1l1, wherein the ratio of Si02: Al 203is 60
or | ess. a zeolite having unidimensional 10-member ring pores and a SiO;:Al,Os ratio of

100 or less;
0.1 to 5 wt.% of a metal hydrogenation component; and

a metal oxide binder, wherein the metal oxide binder in powder form has a

surface area of 80 m?/g or less;

wherein the supported catalyst has a ratio of zeolite surface area to external

surface area of at least 80:100.

2. The supported catalyst of claim 1, wherein the zeolite is EU-1, ZSM-35, ZSM-11,
ZSM-57, NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination
thereof.

3. The supported catalyst of claim 2, wherein the zeolite is EU-2, EU-11, ZBM-30,
ZSM-48, ZSM-23, or a combination thereof.

4, The supported catalyst of claim 2, wherein the zeolite is ZSM-48, ZSM-23, or a

combination thereof.

5. The supported catalyst of claim 2, wherein the zeolite is ZSM-48.

6. The supported catalyst of claim 1, wherein the ratio of Si0;:Al:O5 is 80 or less.
7. The supported catalyst of claim 1, wherein the ratio of SiQ;:ALQ; is 75 or less.

8. The supported catalyst of claim 1, wherein the ratio of Si0O;:AlyO3is 60 or less.



- 26 - 9. The supported catalyst of claim1l, wherein the netal oxide
bi nder has a surface area of 60 n2/g or less. 10. The supported
catalyst of claim1, wherein the supported catalyst has a ratio of
zeolite surface area to external surface area of at |east 90:100.

11. The supported catal yst of claim1, wherein the supported catal yst
has a ratio of zeolite surface area td%xternal surface area of at

| east 1:1. 12. The supported catalyst of claiml, wherein the

supported catal yst has a ratio of zeolite surface area to external
surface at-ea ofhesuppatpdicatnyst afpdaim 13 srherpineths mytad pridd budeliap atsurfhce
claim1, wherei 1 ihder is silica, alumna, titania, zirconia, or
siIica-alun1§é§d}nfgsr$%£ supported catalyst of claiml1l, wherein the
bi nder further conprises a second netal oxide different fromthe

first met 0} . te f. elaim. 14, wherein
the secont ot A gt AR PURRRL I ARl Shylaef bRU T o MO |
si | i ca- al aenliteaurfackGarealth exeupparnfaed acavhtyisdst ©6:1@).ai m 1, wherein the
nmet al hydrogenati on conponent is a Goup VIII noble netal. 17. The
supported catal yst of claim 16, wherein the netal hydrogenation
conponentlli.s Pthe sepported catalysidficheini 1o whefear thebupported catalyst has a ratio of

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

12.  The supported catalyst of claim 1, wherein the supported catalyst has a ratio of

zeolite surface area to external surface area of at least 105:100.

13. The supported catalyst of claim 1, wherein the binder is silica, alumina, titania,

zirconia, or silica-alumina.

14, The supported catalyst of claim I, wherein the binder further comprises a second

metal oxide different from the first metal oxide.

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 claim 1, wherein the metal hydrogenation component is
a Group VIII noble metal.
17.  The supported catalyst of claim 16, wherein the metal hydrogenation component

is Pt, Pd, or a combination thereof.





