WD 2009/ 085257PCT/ US2008/ 014003 - 1 - SOUR SERVI CE DEWAXI NG CATALYST
W THOUT SEPARATE METAL HYDROGENATI ON FUNCTI ON FI ELD OF THE | NVENTI ON
[ 0001] Thiwoi2nwaissison provi des a catal yst and a net hod ofPcudisagsoumhs a
catal yst for processing of high sulfurjand/or nitrogen content |ubricating
oi | basestocks. BACKGROUND OF THE | NVENTI ON [ 0002] Cat al yti c dewaxing i s now
a part of many processes for production of desired hydrocarbon products
from basest ocks havi ng an appropriate boiling range. Catal ytic dewaxi ng
allows for conversion SOURSERNVICEADEWAXTNGICATALMIT a basestock into
nol ecul es wi t WITHOUPSEPARATIF METALSYDROGENATION FUNGRIOAL i on.
Catal yti c dewaxing can be used to 1nprove the properties of basestocks in
order to formlubricating oils. Catal ytic dewaxi ng al so has applications in
ot her areas, such as inprovenent of cold flow properties of diesel fuels.
[ 0003] Cat al yti c dewaxi ng can occur by either cracking of feedstock

FIELD OF THE INVENTION

[0001] This invention provides a catalyst and a method of using such a
catalyst for processing of 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 feedsfock molecules. Catalysts which perform
dewaxing primarily by cracking tend to produce products with lower viscosity
index and also tend to have lower yields than catalysts which perform dewaxing
primarily by isomerization. As a result, isomerization dewaxing catalysts are

preferred in many applications.

[0004] Conventional isomerization dewaxing catalysts, however, are

susceptible to poisoning by sulfur and nitrogen contaminants in a feedstock. As



nol ecul es or by isonerization of feedstock nol ecul es. Catal ysts which
perform dewaxing primarily by cracking tend to produce products with | ower
vi scosi t ywpndexossesd al so tend to have | ower yi el ds thanPcaiuskemsiossonmi ch
perform dewaxing primarily by isonerizagtion. As a result, isonerization
dewaxi ng catal ysts are preferred in many applications. WO

2009/ 085257PCT/ US2008/ 014003 - 2 - a result, a hydrotreating step or other
pre- t r eat gedulty bdiydodtreatiny step de Dtiterqatateatinentistepofieg preeqesian order to
reduce the sul fur and/or nitrogen in a feedstock. Even with a pre-treatnent
step to reatalysicadgwaning step, suerdssito peduceythesufunand/eg nHs@ganda to sul f ur

A A R A A et N
feedst Ode%\?fa)ﬁ?n &Eﬁ??g@guﬁﬁpf}?@g{ogeg g&%(xgggleig&it O&ﬁﬁgheﬁ?ﬂ?sekiocﬁﬁy be

necessary to repl ace ewaxi ng evel s of sul fur

or nitrogghat chiBepréeesstd by katdlytec Hewakingd A ddikionallnf dianeactobi‘gpsot” | evel s
of nitrogen and sulfur is to solvent dewax the feedstock. Wile solvent
dewaxi ng decuss,fsecthat/ feeldstockdsdst pricessaidtpropedy én thepre-geatmentistap, it es,

sol vent dewaxing is much re costly, than catal ytig . d X n Thu a

cat al yt i cM@ERSIGEESBY @ F%ﬂa?%? d&@ﬁéﬂ?}gﬁatﬁlfy Sh?’égpﬁeﬁrﬁﬂﬁn‘y\g@iqvg\lﬁe‘i’%]?‘aggst ocks
woul d be Qfﬁ“'ftﬁr eﬁd' SUMVARY OF THE | NVENTI ON [ 0006] I n an enbodi nent, a
support ed ca'tagg/st is provided that includes a zeolite having a Si02: Al 203
ratio of 100 or less, 0.05 wt%or |less of a netal hydrogenation conponent,
and a netal oxide binder having a surface area of 100 n2/g or less in

powder fof0005]i or An altermativat fiorfeadstodks compainingehigher livglst of Mitrogerol i t e and
the netal oxide binder are conbined to formthe silpported catal yst.

[0007] | n @bl is i salvierhdewax s frsdstagke AWhilg splvent dewaxHigdIst hat
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,0; ratio of 100 or less, 0.05 wt% or less of a metal
hydrogenation component, and a metal oxide binder having a surface area of 100
m?/g or less in powder form prior to formulation of the supported catalyst. The

zeolite and the metal oxide binder are combined to form the supported catalyst.

[0007] In another embodiment, a supported catalyst is provided that
includes a zeolite having a Si0,:Al,0; ratio of 100 or less, 0.05 wt% or less of a
metal hydrogenation component, and a metal oxide binder. The supported
catalyst has a ratio of zeolite surface area to external surface area of at least

80:100.



i ncludes a zeolite having a Si02: Al 203 ratio of 100 or less, 0.05 wt % or

| ess of a nmetal hydrogenation conponent, and a netal oxide binder. The
support edwoav@/ogsis7has a ratio of zeolite surface area tProTAs@snaloosurface
area of at l|east 80:100. - 3 - [0008Lhkn still another enbodi ment, a
supported catalyst is provided that consists essentially of a zeolite
having a Si 02: Al 203 ratio of 100 or |less, the zeolite being ZSM 48, ZSM 23,
EU-2, EU- 8¥BM 30 still asotherBimbaidiment| hguppdrted datalysﬂsaprcxwideibthlat nder .

BRI EF DES | ON OF THE DRAW NGS [ 0009] Figures 1 to show the activity of
vari ous catt)lwlststessemlally@ﬂelrze@d;lt@ havipgur Sihi AlQafratiowfdi08carrI8eh theed.

DETAI LED DE CR PTI H ari ous enbodi nents, the

i nvent i onZ H@l qUE %gf‘gr EW%E”E& ??d&%’i g °bf cﬁ?ﬁ? Ba4Phon

f eedst ock ocks contai ni ng hlgh | evel s of sul fur

and/ or ni reg%&éff# %@E%Ml ﬁfﬂﬁ% the invention provide an activity
advantage relative to convent I onal dewaxing catalysts in the presence of

hi gh sul fur or high nitrogen feeds. This advantage is achieved by the use
of ZSM 48 BRIEFINEISRIPTHON OFTEIB DRA WIN&GSini na rati o and fornul ated using

a binder having a | ow surface area, but w thout inclusion of a separate
hydr ogenati on function, such as a Group VIIl noble netal. Alternatively,

75 43 o 04 25" FRAFEY Tl 3 SpbEL B o BeRYPRE Rl e onl e 85 o
of zeol it gogtipdiRf6f Ah§ardarbat fé’éa@J surface area.

DETAILED DESCRIPTION OF THE EMBODIMENTS

'[0010] 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
ZSM-48 or ZSM-23 with a low silica to alumina ratio and formulated using a
binder having a low surface area, but without inclusion of a separate
hydrogenation function, such as a Group VIII noble metal. Alternatively, this
advantage is achieved by the use of a dewaxing catalyst that includes ZSM-48 or
ZSM-23 with a low silica to alumina ratio and having a high ratio of zeolite

surface area to external surface area.

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

component would provide significant cost savings for a hydroprocessing unit.



[ 0011] A dewaxi ng catal yst that operates w thout a separate netal

hydr ogenat i on conponent provi des significant advantages from a cost

st andpoi rwO 2bey/as823y t ypes of dewaxi ng catal ysts, the co®CTafS20080084003
represents a substantial or even a maj.grity of the cost of the catalyst.
Thus, the ability to achieve sufficient activity without including a
separate netal hydrogenation conponent woul d provide significant cost

savi ngs f Altetndiv@iygphdeasss advantage wollld 2186 AppBSDCAPALYSIISPKICR /10014003 - 4 -
Al ternatively, this sane advantage woul d al so apply to catal ysts which

i ncl ude | low amsuntssofor metaldhysdrogenntingesnmpenentoisbrasr. 05 a¢honless. 05 wt % or
|l ess. [0012]In addition to a cost advantage for the catal yst, a dewaxing
catal yst without a separate netal hydrogenati on conponent can provide

process o i on - I rd dabfv@bsence
process, SRR}, On RAfUEsh GRS ARERLAR 1 he chANRRTS AEARG iy
catal yst {v@hpaf éséﬁﬁrdﬁym&tamﬁ?/ufbge@iaﬁbﬁ icohipionent &n providé pedceby dr ogen
consunption. It is believed that this will also |lead to an increase in the
per cent ageparhtion and icost adstaatdges asovelhelippattisnlargtheabseremef & matalon.

However, for applications such as treatnent of high sulfur content
f eedst ock Y&Bge&éﬂ% FRIMEPRRIY A l%%ﬂeé%lgg?e Q{ILHV tpﬁgqtglg%tq Pier%?%’&ki ng is

accept abl . his 4 nvepti |t d hat
using a cg%%’%g%s’lé}h%o% "%@N%Qﬁge gl_re %R)I}@SO {m@&f%w _ra@il g&gf it>sils ?}ga c%) _

al um na agdt thi®wiHMsoNehd té afl9fitrcabd th ferper6éntagear bmkm(%emath% toathal ytic
activity of dewaxing catalysts. It has further unexpectedly been found that
t he i npr operdemagé of isomeerizationb dawiever; dar applivations sechuse treatraentetfal
hydrogenation function. In an_enbodi ment, the conbination of a zeolite

havi ng a Bighrsuliuegontent Egdstqcks forferming Graupd basestogksisHaR ANHRGHEAF a | ow

surface area _pr.ovi.des th rocess inprovenent. |In another enbodi nent, the
[ rrprovene“]tcrf’@(lggtliflﬁlcﬁpégba{gt ivity is based on providing a fornul at ed
catalyst that includes a low silica:alumna ratio zeolite that also has a
desirable ratio of external surface area to zeolite surface area. [0014] The
external H#MBhce dnahissindentienziehbs beersunéxpoetailydoumd trat usinge

combination of ZSM-48 or ZSM-23 with a low ratio of silica to alumina and a
binder with a desirable surface area improves the catalytic activity of dewaxing
catalysts. It has further unexpectedly been found that the improved performance
can be achieved without the use of a metal hydrogenation function. 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
based on providing a formulated catalyst that includes a low silica:alumina ratio
zeolite that also has a desirable ratio of external surface area to zeolite surface

arca.

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

zeolite content versus binder content in catalyst can be determined from BET



way of characterizing the total surface area of a catalyst. These surface
areas are cal cul ated based on anal ysis of nitrogen porosinetry data using
t he BET rwOhoe/dssas7sur f ace area measurenment. Previ ous wecCk/usa@ssinmem t hat
t he anount of zeolite content versus hisnder content in catalyst can be
determned from BET WD 2009/ 085257PCT/ US2008/ 014003 - 5 - neasurenents.
(See, for exanple, Johnson, MF.L.., Jour. Catal., 52, 425 (1978).) In the
di scussi omeasurements x(Sen fdr enanipleclchnson, MEF £1.5 Joor. iCutals 6%, 426 area that
|s believed to be attributable to the binder in the catalyst, while the

"zeolite LB elmthealisqussionsbalow; Hextsmnal suefaee arcaf mefers to the|susasg t o be

easur enoRics it befiee b Be AlirBiGEls &S&%ﬁ&rﬁ?tﬁs&aﬁ}%ﬁ? Mg ng 1o the
| nvent | 0Ny 9@ é"ér@ﬁ”‘t‘?l’;?i-se thefsufpagE afeaaf aisT et 3 R0 838 abdibubible

processed W|t arm uncti ona ormance of the

cat al yst . tothetz2blite 6196@1&? dewaRir gfkfat&l?@t Mthb BEE mensardmentscat al ysts can be
kerosene, diesel, lubricating oil feedstocks, and other distillate

f eedstreans incl ud| ng wax- cont ai ni ng feedstreams such as feeds derived from
crude oil hal e and tar sand Synthetic f eds ch _as those
derived fIUH3he FOue wéﬂheraémﬁgwf the ShtaluSts pccqraing te,{iedapention 1S

t f s h
Pt el DO IR bl orb b B i S be pROFasEAt WABOBEEE O o ae
reduced chydgngo tﬁmmfcﬁﬁﬁw 8fid/of %Effoﬂﬁhﬁ@e ohmr@mlgatt eSuigible, at nospheric
gas oils, vacuumgas oils, coker gas oils, atnospheric and vacuum resids,

deasphal t ftdstréams $orade withdhe amanEive chtalysts ops bk kenosensudies¢leeds nay be
derived fromdistillation towers ‘(1at m)s herjc . and vacuwm& dr ocr ackers,

hydrotreah&ﬂfraﬁﬂ& odlofiepdstpckseandcat @Hilﬁh ate feedsireams W Fsntents of up

% f h
Lo 20 ot osStaRing fediftpSns SHER 5 T, P cR PR HRHE Bls MRIELUS Snd e 7, 2 1P
[ 0016] Onegghfgst 's?nﬁ?e@feeaﬁu&{ ad ﬁrose AROED ‘fx%xﬁ@ﬁ@i?ié%het-srré;k&had&w dl§y to

mai ntain catalytic activity in the presence of elevated |evels of nitrogen

and sul f ube tr€atedetypicallwaxcahtastingdedstocksdfior the preparatémt ofhibrivhting
feedstreamto reduce the nitrogen content to a d the suIJSur

content t baseayls havgrinitial dwiling apinds phabous3 lockt Qraha‘gﬁelh 988 deglpde dc

f eed % of he feed
and up. ¢ oSG feanges e afrabath ot PRRroBREH S Bsi ng the o
i nventi ve,eaiph¥st as bils a&iin? §adTB118» coklE gad bilsr 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
50% or more. Suitable feedstreams can also contain aromatics, such as up to 10

wt% aromatics, or up to 25 wt% aromatics, or up to 50 wt% aromatics.

[0016] One of the advantages of the inventive catalyst is the ability to
maintain catalytic activity in the presence of elevated levels of nitrogen and
sulfur. Conventional catalysts often require pre-treatment of a feedstream to
reduce the nitrogen content to a few ppm and the sulfur content to less than a
few hundred ppm. By contrast, hydrocarbon feedstreams containing up to 0.2
wt.% of nitrogen, based on the feedstream, and up to 3.0 wt.% of sulfur can be

effectively processed using the inventive catalysts. In an embodiment, the sulfur



WO 2009/ 085257PCT/ US2008/ 014003 - 6 - content of a feedstream can be at

|l east 0.05 wt% sulfur, or at least 0.1 w% or at least 0.5 w% or at

| east 1 wopo@rvossds7l east 2 w% or at least 3 w% | n amorhiseoosnipmds nent ,
the nitrogen content of the feedstreamgan be at |east 25 wppm or at | east
50 vvppm or at least 100 wppm or at |east 250 vvppm or at |east 500
wppm Sul fur and nitrogen contents may be neasured by standard ASTM net hods

D2622 andcoMerOof 4 ésquistreameadan bd &eZ3t1heS eatabyiiis oaac tvadt O.d wtdo] beat

i nvention are ZSM 48, ZSM 23, and correspondi ng zeolites with sim./lar

st ruct ur elgastvBbevt?al er afileastal wiador at keasi 2iwtde, or at kst 29vi%ac liygaother 2,

EU- 11, and ZBM 30. te al so that a_.zeol.it,e having,t he  ZS 3 structure
wiha o pmbadinicsy, DA Ry Seat conhint ESRS isUSeORH catks SHIGR Z3ovRbaer  ©
soneti nmes 03\% 0] I ' t cat al yst
i ncl udes %ﬁlé{? or gﬂlélto?nal%gergg Pﬁﬁp&{r@’, 3{%9@?}3@;&?@% éﬁﬁﬁpﬁggtrgaq(?o in the

zeol i te i wpphef Sulht ¥nd Aftidged crtéiits ndy BO meadiirddapsstafdardASTM | ess, or
70:1 or less. In enbodinments where the zeolite is ZSM 23 (or a structural

equi val enmethadsdD2622 and DA% néspectivelyo can be 75:1 or less, or 50:1 or
| ess, or 40:1 or less. [0019]In enbodi nents where the catalyst is
formul ated using a | ow surface area binder, a | ow surface area bi nder

repr esent i nd ] [ 05~ 8 /g or
b esent i gR! Do SRR s St B S L S
desired ré’éﬁé&p@hd?r@iédlﬂéuﬁtfhasqﬁ)iﬁa&@ﬁ'ubﬁlr@%tMa'i‘éﬁal§ Wiflpg Strit@ie sirhBarzeol i te
surface area will Dbe roughly equal to or greater than the external surface
area. |n anZ8Nbd8iineode B, EAf-1d, ahd ZBM-31@ dotd alse thatemzéaite hawingal
surface area is at |east 80:100, or at |least 90:100, or at |east 95:100.

Pr ef er abl {ae £43M-23 stryclyre yath a sdicatpraheming wiioof Eamaahomt 200 toeoWr ea i s

?tealst(:aaiS%ng:(f. (I)loSO Oertif%éslge r&{err%hté)%%%tszl-%f 100, or at least 110:100, or at

[0018] In embodiments where the catalyst includes ZSM-48 or a similar
structure, the silica to alumina ratio in the zeolite is preferably 100:1 or less, or
85:1 or less, or 75:1 or less, or 70:1 or less. In embodiments 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.

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

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

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



WO 2009/ 085257PCT/ US2008/ 014003 - 7 - [0021] A zeolite can be conbined with
bi nder in any conveni ent manner. For exanple, a bound catal yst can be
produced W9 28a9%08615Mmg Wi t h powders of both the zeolite amrdThiseasni4oodbi ni ng
and nmulling the powders with added water.to forma mxture, and then
extruding the 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. [0022] 1 n yet another enbodi nent, a binder
conposed of two or nore netal oxides can also be used. In _such an

enbodi men{002lhe weAgieolipeearehe sgmbined with bindenuins ayecevea1 gt maner s

b nder - FERP EXANpiec bofing cataliaan A AEIRCEL B airetite an RSt fReih o
35 wt % of ' g : | I ddel bl
Lo have altti RBNTE and FRREREGAbinE 208 ol IFC BLwREts fh ddgel e ITLPY < ¢

bot h met aforfixh deistirecehd tenf tilidifg theintelré & prodwst debdunddeatalysvef @
sufficiently |l ow surface area, the proportions of each netal oxide in the

bi nder ar dediresksizarpBxtrasipn aidecan alsode used do meodify the exstusaor floded to form a
bi nder, the twp nefal oxj.des n be incorporated into the catal yst by any
conveni enPTQPéftl*ﬁontthrzeﬁ %‘gglr’@ﬁénﬂ?‘m& can be nmixed with the zeolite
during formation of the zeolite powder, such as during spray drying. The
spray dried zeolite/binder powder can then be m xed with the second netal

oxi de bi nR22Pr i O Irf et@rbints dbodifieas] a/Bindet bolposed BOHIE oPnére)metal
particul ar theory, use of a | ow surface area binder and/or a fornul ated

cat al yst wkides aamalso beatsed. dh snehlantenbedifreen, theoweight paricentage of thé ace area
is believed to increase access to the active sjtes . of the zeoli%gl?q(ae.g.
ased

aci d si t elow sefpeecarsn byndesris peeigrably greaten thgnihe meighl Reraeriage phiy
SRR CIRENTEOPIENER s RO e R
wt% zeolite and 35 wt% of a binder composed of two or more metal oxides, it is
preferable to have at least 20 wt% of the lower surface area binder.
Alternatively, if both metal oxides used for forming a mixed metal oxide binder
have a sufficiently low surface area, the proportions of each metal oxide in the
binder are less important. When two or more metal oxides are used to form a
binder, the two metal oxides can be incorporated into the catalyst by any
convenient method. For example, one binder can be mixed with the zeolite
during formation of the zeolite powder, such as during spray drying. The spray

dried zeolite/binder powder can then be mixed with the second metal oxide

binder prior to extrusion.

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

in activity.



- 8- [0024]In an alternative enbodi nent, the catal ysts according to the

I nvention can further include up to 0.05 w% of a netal hydrogenation
conmponentwO\Wdmssist i s preferable to have a catal yst w PhoaS2assepas at e
met al hydrogenation conponent, as thisgprovides the nmaxi num operating cost
advant age, sone advantages of the invention can be partially achieved by a
catalyst with a sufficiently | ow anount of nmetal hydrogenati on conponent.

I'n other py02aqi MeHAta altdtRativeemboaimemy te éwagymmabfdiﬁg ¢o thwimeehtioa 0. 02
w%or less, or 0.01 wt% or less, or 0.005 wt% or |ess. The netal

hydr ogenatamfurteminelade upgoty@F wats of a nGtalupydrogenatiasy camppaery. Whilenet al .
Preferably, th al hydrogenation _conponent is a oup VIl noble netal.
More pref éﬁ%% er ﬁ\%t%%g‘éﬂa%%f)@@@ﬂﬁiquéﬁ SEB%mal%'dﬁgge%‘,onor a mxture
t her eof . h i o degpd 0 the

cat al yst .L‘%gﬁ glléen%’ %%@%ﬁ#oe&ngggngﬁﬁgg%m% q%ggﬁﬁfégﬁ%@gygf?ggﬁng the netal

hydr ogenajdwint ROinvention danbdpAafallVRchR ed cauBRphath af t er
%Bm nvents dﬁ% e byd caBiIp

conbining a zeolite and a bi nder, e conbi ned zeolite and bi nder can be

extruded sufficiemlydioysampant ofinetal lijidesgenatioal opstpgrent.i & etheran t hen be

exposed to g sol ution containing a suitable metal precur Z)O@Hégternat i vely,
0 .

met al canciBBodakIHs.: the pmouw of metal hydroganatiomeeryRongids {%9T precur sor
is added {0 a I x{urg of,zeol i or.zeolite ' ' to

extrusi onfesf’(ﬂfg%?g{‘g/ ‘éQral%?’eoro(}'Sgg (%R?é)?f Leﬁs'cﬁgﬂpg'{ai]gﬁﬁ%)%ﬁéﬁé%r use in the
clai med i h&t ik By SIS OWolp VI $D3r AGOAPNAITT thedl. | Feferh bR tHAlO,

pr ef er abl %?gnﬁgégﬁ 70 }f’%(ﬁgggl t 1%&8fncfr%epenbodi ment s berl ol\?\),n ZSM 48
crystal s inetdl hydrelgsativhedmjporienu s ¥ Group &fliEnabile mastak yNMdre prefediblyy yst al s
that still contain the organic tenplate; calcined crystals, such as Na-form
ZSM 48 crthstraetgl hydroggnatior gompenenhisdXcRdnefedimiktpse Bhereobuch as H-form
ZSM 48 crystals. WD 2009/ 085257PCT/ US2008/ 014003 - 9 - [0027] The ZSM 48
crystals after renmoval of the structural directing agent

[0025]  The metal hydrogenation component may be added to the catalystin _
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.

[0026] One example of a dewaxing catalyst suitable for use in the claimed
invention is ZSM-48 with a SiO,:Al,0; ratio of less than 110, preferably from
about 70 to about 110. In the embodiments below, ZSM-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
organic template; calcined crystals, such as Na-form ZSM-48 crystals; or

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



have a particul ar norphol ogy and a nolar conposition according to the
general fornula: (n)Si02: Al 203 where nis from70 to 110, preferably 80 to
100, nor ewpredssstsyy 85 to 95. In anot her enbodi ment, nPC3/BRoBOAODI 70, oOr
at least 80, or at least 85. In yet anaether enbodinent, n is 110 or |ess,
or 100 or less, or 95 or less. In still other enbodinents, Si may be

repl aced by Ge and Al may be replaced by Ga, B, Fe, Ti, V, and Zr. [0028]
The as- syrums}i z€thd BSM-48 cfpbtatitafterieinaival of ther stpatrdl Hirecting agetitur e
having silica, alum na, base and hexanethoniumsalt directing agent. In an
enbodi menhave apastisudar marpholegy end acnoleaconiposiiamascasding:te |tﬁ¢ general ¢ he

m xture i Ieﬁs. than 0.05, or less than 0.025, or less than 0.022. In

anot her e frent, the nolar ratio of structural directing agent:silica in
the m xture is at least 0.01, or at |east 0.015, or at least 0.016. In
still another enmbodi nent, the nol ar I structural directing
agent:silica in the mxture is frg(m%l%l‘glzﬁé 0. 025, preferably 0.016 to
0.022. In an enbodi nent, the as-synthesized formof ZSMA8 crystals has a

silica:alumna nolar ratio of 70 to 110. In still another enbodi nent, the
as- synt hesheegn iofronn70 ZEW @ Spreferabhi 80 ttaﬂ;Oﬁ, moré prefedably 85 to®badnr ati o of
at least 70, or at least 80, or at | east . In yet anaqther enbodinent, the

as- synt heanother embadiprentovisiat keasts1Qy o aﬁé&aShSQi [ @de&ﬂt&% N8 Yabaapthesi i o of

110 or less r 100 o or 9 ess aration of
the as- syrihedimeth nds W BRE st a8 Taf pri&iSor o K. Ih B BREETon WiT)
contain s £alal thhy SEQUHCEPLITEB G the
as-synt hegrlkﬁz)ggn?&hyr%l%gg%géfgb r(?r%&g!tb g%@rgmg avey l::lfrJ rcatlgs SI'i°ght’l y

di ff er ent Tf,\prarid&r.nol ar rati os of react ants of the reaction m xture used
to prepare the as-synthesized form This result may occur due to inconplete
WO 2009/ 085257PCT/ US2008/ 014003 - 10 - incorporation of 100% of the

react ant s[gpigy he W?Qﬁhéwéwf&m Bf ZSMIet8cérystadd & pfrepared ftémam t he

reaction mxture) [ 0029] The ZSM 48 zeolite in either a cal cined or
as- synt hesixtade hzwmgtsylma; aluminfapbase amdyhexmmethesiwnh sgltwlitectingsigent Inhat may
have crystal sizes in the range of_ about 0.01 to about. 1l um _These snall

crystal's @t embeélmﬁlm the @plqrﬁéyogﬁﬁéwamryl diseetingagad siliga indtheyp vswresm ler

el ive cabdrgPBiel fh o e Ry BOZ AES R 0% o AR SpmBRIREERC 1 4

crystals g IﬁbFaP %tl@of §ﬂrﬁétﬁ?é1 &fecﬁ%g%@%hh?ﬁicﬁ% tﬁ@hﬂkﬁﬂé‘ s at l'&”ﬁﬁtﬂh@l 0gy
containing no fibrous crystals brous is neant crystals that have a

L/ D r at i ooodt leas’t@’ 15, wreat dedst ﬁrﬁiéD Inestil bareothet érmbbdingerit, thredndiarmatier of t he
crystal. In another_enbhodinent, the ZSM 48 crystals in_either a calcined or

as- synt heef steictuigl dinesting agq:WIH%m theyméxtueg is frome).015 8% 1 i ke

or 01 or abi Bre1RE3 04645 D 2% T bRl Ao San R bt 2, 1
shows t hajg E{}&%&l@ as E%ﬁﬂﬁrﬁﬁnﬁﬁﬁ%&hﬁﬁtf&of‘V(?tdr?l@o‘liﬁ sﬁﬁraﬁbfhé?ave no

det ect abl e sta aving a fibrous or needle-1like norphol ogy. This

mor phol og@mhbdmeem; thecispdyehenizdd form 6DRSM-UiBarystalsnhasaa siticamduthéreds t o
catal ysts having high activity as well as desirable environnental features.

[0030] Tha@okswRtg of @irfrast 70007 atdegst Pappat leashanImyeeanghereact i on nixture
ond’di r ecomapginge e it S founipb ZoBE R g RRal 0 ARG AR | Pose

react ant Supfhy'y sestoavq@orarmc Br 108 r1BG, bPYSH1BG:. rrrrb%ny%waﬁ Si 02: Al 203 =

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



H20: Si02 =1 to 500 Of: Si02 =0.1to0 0.3 Of: SIi02 @eferred) =0.14 to
0.18 tenmplate : Si02 = 0.01 -0.05 WD 20091085257PCT/ U S2008/01 4003 - 11 -
t enpl at e:wBiI20®/0825e¢f erred) = 0.015 to 0.025 [0031] I n t heCaluse@snatnds, two
ranges are provided for both the base.gplica ratio and the structure
directing agent:silica ratio. The broader ranges for these ratios include

m xtures that result in the formation of ZSM 48 crystals with sone quantity
of Kenyai irzogpetation o€d@08s bf ke reacrhe ethe rEadtic mirturoitowheceskdsyai t e
and/ or needl e-1i ke norphol ogy is not desired, the preferred ranges should
be used, &ymes ([from it reactiostmixtert)bel ow i n the Exanpl es. [0032] The silica
source is preferably precipitated silica and is commercially avail able from
Degussa. Qther silica sources include powdered silica including

preci pi t af00293i | i Tee Z8Mr48zepbitsin €itheranchlsined oa agslynthesizeddormaci d
colloidal silica such as Ludox(r) or _dissolved silica. In the presgnce of a
base, thebwicallyforms|agglomerateseal smyll coystalsithatanay bavageysial $iaesdnils be in

avai | abi e el atabon fiiab ot uih” Ikt et dsSeble Tof B ot her
al um num Eé’déﬁll? W t%sgrf:gfcr aBfi oy d Smfj}ie&' '5}#’5‘1‘5& MEMSHetR SupfacOufiat ed

al um na stch as” gamma —al um na, pseudobohem te and col | oi dal alum na. The

base usedwhicldieadoto e gidmternpirabensf activeadatblgtianjtespkngivensmourtyafi oxi de,

preferably sodi um or potassi um hydroxi de, ammoni um hydroxi de, diquaternary

hydr oxi decatalyst. nRrafenably, the Z&Meth crygtalgmeithes acaleingdwr gsriyathestaed such as
di chl ori de or hexanet honi e anion (ot her than

h t honi hyd i d
chl or | de) HBUREN & MrRRG oy GRLAIE e G ORQMR SY P as. Ry dfBrpls ISBErt o ot her

N RN 2 e B BT L MR BT sepresenihe fength 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.

[0030) The ZSM-48 composition is prepared from an aqueous reaction
mixture comprising silica or silicate salt, alumina or soluble aluminate salt, base
and directing agent. To achieve the desired crystal morphology, the reactants in

reaction mixture have the following molar ratios:

Si0;:A1,03=70t0 110

H,0: SiO; =1 to 500

OH": SiO, = 0.1t0 0.3

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



[0033] I n an enbodi nent, the crystals obtained fromthe synthesis according
to the invention have a norphology that is free of fibrous norphol ogy.

Fi brous meoph@lmss7i s not desired, as this crystal norplrolrapgoosniniobs t s t he
catal ytic dewaxing acitivty of ZSM 48, 1{n0 anot her enbodi nent, the crystals
obt ai ned WD 2009/ 085257PCT/ US2008/ 014003 - 12 - fromthe synthesis
according to the invention have a norphol ogy that contains a | ow percentage
of needle-1ike rmr@hqjl@@ys@?gnew) =0f).0n9a6!0023 ke nor phol ogy present in
the ZSM 48 crystals can be 10%or less, or 5%or less, or 1%or less. In an

alternative enbodi ment, the ZSM 48 crystals can be free of needle-1ike

nmor phol og w gmounts of needle-1ike crystal, re preferred for sone

appl i cati mliis ﬁ@éﬁ? éBPY‘F(EatEﬂSyE‘f’alrén%qsé‘r%ﬁ?%‘ E& f?bg?tg‘otﬁs GBI vity of
ZSM 48 fo 0, r A 10 I j i n high
245 1 ORgRPIF, SRl SRR ENEn O NG, T304 B o

agent : si | ffmsiiAclulle mikges et FesdlbiethRAepdtion of 7 SVIBItie s with sdige

i nvention should be enployed. Additionally, if a conposition free of

Kenyai t e quahtity of Keenyaite maddrendeidkelike nporpholpgyi Fatesituations wherer ef err ed

ranges shoul d be used. [0034] The as-synthesi zed 58 48 ¢rysials should be
at | east PB&nyaitg agd/ar needlgrliksy mopphplegy is nefrdesaie zaés‘aﬁrﬁgﬁx%e. BDgERHg may be

acconpl i shed "heatin e ratures of .fr t,0 400C, preferably
from 100 9@‘%@%&“5?‘3@@2‘5ﬁgh%nﬁﬁlﬁﬁatndﬁbeéﬂﬁ'e‘ﬁtg%%&mg%rmspheri c. If drying
is perfornmed under partial vacuum conditions, the tenperatures may be | ower
than those at atnospheric pressures [0035] Catal ysts are typically bound
with a bi [(032] or Thaisilixa saulireeiigpreferably predipicatedisilibarandoiseomanestialy t o
tenperatures of the use desired and are attrition resistant. Binders may be
cat al yt i cavailable fromeDegusssa@thes sHica sovecasdacludsaowdssed silica ipelyding

organ Stk SRSl SN TR SRR R 5T o™
mont mor i | .Lélgz:ﬁgafs% Wredigé’c?WE& Gl1ftal YIrpH prafédee JEYadtBihdiE ophé& e Wi th

I
ot her mat s such as silicates. O her ‘porous matrix materials in

addi tion §curséd mag-fermsilives. MThe dRindinagnhayp be a yherfirer ofik Sokibidisals,
silica-magnesia, silica-thoria, silica-zirconia, silica-beryllia and
silica-ti praierablysthesiotivm salsrandriy commencially availablefrom US Aluminate.

o111 ca- 2l i nacmgest &t e alum e hor 5 and s GgzAlyppe- 7 eoni a

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.

[0033] Inan embodiment, the crystals obtained from the synthesis according
to the invention have a morphology that is free of fibrous morphology. Fibrous
morphology is not desired, as this crystal morphology inhibits the catalytic
dewaxing acitivty of ZSM-48. In another embodiment, the crystals obtained



WD 2009/ 085257PCT/ US2008/ 014003 - 13 - ZSM 48 may range from 10 to 100 wt. %
ZSM 48, based on bound ZSM 48 with the bal ance bei ng bi nder. [0036] ZSM 48
crystal s we 2p@wass37 a catal yst may al so be used with a meralS2évgdimgenat i on
conponent. Metal hydrogenation conpongps may be from Goups 6 -12 of the
Periodi c Tabl e based on the I UPAC system having G oups 1 - 18, preferably

G oups 6 and 8-10. Exanples of such netals include NN, Mo, Co, W M, Cu,

Zn, Ru, Pfrofi thiRynieieiciorilingttoqhe fivenMoxnthaves mbrphulogy ensttdoatinehal s may
al so be used such as Co/Mb, Ni/Md, Ni/Wand Pt/Pd, preferably Pt/Pd. The

anount of law persgatagei afmaediealiko morphalogynelhe amgunt eboneedlle-like 5 wt . % based
on cat al yst

| mbodi, ment t of | tals, is,at |east
0" 1wt o6 " Brorphologupressnban oz Sk I8 eryedals cop b oTdpn 0T 586 08 IG5 e 56 or
t | t 7 % i: , t al [
5 wtoeor [0 6yl B BRGIaRe SRR} sng PONIHB Eystils it Be fite JTC1 2 0 3 °
Wt % or | engedlAikBARSIPHoldSRILBY ARbahts MTnRediRMikSchatas yed prfarydfdr known

and include, for exanple, inpregnation of ZSM48 catalyst with a nmetal salt
of the hystmeapplicaorsaspmedie-like drystals argbelidwedasivedace theadopivitycafnt ai ni ng

hydr ogenation netal may al so_be sulfided prior to yse. The catalyst may
al so be s€eiidd fer semeitypessef rqaghens. IPQI‘?%E@Q"W@%IWQ@L@?W Hﬁa@gﬁade

0 5 e _. PN .
atio. Trpwtyy i AR DEMRTRINS SRSl A i s LR RSl e
more aci diehctibh nfikbire _a@éoﬁdiﬁ%g% BinbeaRfAcntdof¢hé ihvehfion shaurl eiperi or

activity and selectivity as | as excellent yields. They al so have

envi r onneermployedneXddisiohalty) iflaccomtiposition fitce off Kaplaite anidf ecirec df needley st al
formand the snmall crystal size is also beneficial to catalyst activity. WO
2009/ 085 2Ekroprpleslogs i dasioed, the preferred ganggs shoghbbggsedr ovi des an exanpl e
of a synthesis nethod suitable for producing ZSM23 with a low ratio of

Si 02: Al 203. For exanple, a directing agent suitable for preparing ZSM 23

can be f ofggad) by T y%ﬁ}thé&zédrks LARREIRAISHOAE Bl 3t BXAATY difed

I odonet hahe. e met atiron 1s achieve y addi ng the 1 odonet hane dropw se

to im nog;bﬁ@rt@mdea—friﬂaethwhhebtmalts®m§ma?«beamm1esmﬂﬁgnb¢atin§m m xture
is heated to a reflux tenperature of 77/C for 18 hours._ The resulting solid
product i enfperataresdofafi 400 1h paelsosahly dramH&RF0. 250563 K rersurgs r ect i ng

agent pr OI%%_S %% al%r\{lotsgﬁer?cb or seugaﬁ}nr(])cs)ghgr?cn. ith (Frr}]'irPgeis performed under partial
vacuum conditions, the temperatures may be lower than those at atmospheric

pressurcs

[0035] Catalysts are typically bound with a binder or matrix material prior to
use. Binders are resistant to temperatures of the use desired and are attrition
resistant. Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as
alumina, silica, titania, zirconia, and silica-alumina. Clays may be kaolin,
bentonite and montmorillonite and are commercially available. They may be
blended with other materials such as silicates. Other porous matrix materials in
addition to silica-aluminas include other binary materials such as silica-
magnesia, silica-thoria, silica-zirconia, silica-beryllia and silica-titania as well as
ternary materials such as silica-alumina-magnesia, silica-alumina-thoria and

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



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

hydr ogel .wbheoslssasirna source can be any conveni ent sour @€T/usaais/0a®0al un na
sul fate or sodium alum nate. The soluti9n is then heated to a
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 agSM-dgnday rampe oM K 6l 00 Yal%aLSM-48 tgastd onltoundVZ5M-48 with

[ 0040] The follow ng Exanples further ill ustrate the benefits of the clained
i nvent i onthelbalares eingnbingder. t he activity of the catalysts was deternined
using either a 600N feedstock or a 130N feedstock. The 130N feedstock

cont ai ned 66 wppm of nitrogen and 0.63 wt % of sul fur. The 600N feedst ock

fgﬂéﬁi26?&‘1“3%0931@73%39%33'%?%ﬁ%&?&oaaéﬂmﬁ@} B ARG R RS R ve) ned

consi sti ngy BREm. Mb?alla?@fd@en@ﬂdn%%ﬂﬁ&ﬁhwma beefsormt eaned f or

3 hours at 89 F. The surface area o bi nder prior to formul ati on was at
| east 170Go@dpsp, 6 al2iof the Periodic dfable basedeors thef RIRA C\aps 200 baveg Grrps/ IU

S2008/01 4003 - 15 - area to external surface, ar e an 50:100. A
sanpl e of- imrgfeéah%G&&nsLﬁja@d; mlé% Examplespfisyc r’e@s@ﬁw G&si 'Lfﬁbﬁ\ﬂ?’em

vet e, LB £, 7 RDES BATLIHBIV BFPR. Mifktres "0 20 250F and

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 containin.g
hydrogenation metal may also be sulfided prior to use. The catalyst may also be

steamed prior to-use.

[0037] High purity ZSM-48 crystals made according to the above
embodiments have a relatively low silica:alumina ratio. This lower
silica:alumina ratio mean that the present catalysts are more acidic. In spite of
this increased acidity, they have superior activity and selectivity as well as
excellent yields. They also have environmental benefits from the standpoint of
health effects from crystal form and the small crystal size is also beneficial to

catalyst activity.

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



[ 0042] A batch m cro-autoclave systemwas used to test the activity of the
above catalyst with and wthout the addition of 0.6 wt% Pt. For the

cat al yst wot2bosdnss2sat % Pt, 212.48 ng of the catal yst wasPredisced/ owvder
hydrogen fol |l owed by the addition of 2;p_grans of the 600N feedstock. The
"space velocity" was 1.02. The reaction was run at 400 psig at 345C for 12
hours. The resulting pour point of the UP was -21C (decreased from

appr oxi mahsddy ©83)331,866 prbwides Ae ckainple/of a whithesis méthodddithblerfoof 0.6 wt %
Pt, 201.13 ng catal yst was reduced under hydrogen followed by the addition
of 2.5 grpreslueENZSIVRE3 with adowetatio afySiOyekl,@; 0 or eampley @ disectings run at

400 ' t 345C f 12 h . | ti ' f the TLP 8C
(doct anSeaEek RIS % PrREREINE 20k 25 Fonhs(PBES PHaBAAY REst < for pour

cor casciE? RN i o
Comonent HiPCPo S ABAE I AF sk B ol I8 dRERTlatHS BC0EC 2T e

area bi ndgéhievodEbPhadihg the/isforieitafi8 nepwise §8 @ninobispopyamitictwhich if. 6 wt %
Pt [0045] An extrudate consisting of 65w % ZSM 48(Si/ A 2 90/1) and 35wt %

al uni na wealvatedamatisélate Sthanok. sTh¢ nfiftiFe isTheated td aceflux ¢empérature afi nder
prior to fornulation was at |east 170 nR2/g, a the ratio_ of zeolite
surface afeX o Bhevssa The resultingasalid m&guﬁe@gﬂfeﬁﬁ agd-washed Vil npl e of the
steanmed extrudate was | oaded with 0.6wm % Pt by incipient wetness

| mpr egnat ;l?fr?“%eteﬁl%ﬂoiti num

[0039] 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. The ZSM-23 crystals can
then be combined with a low surface area binder to form a catalyst according to

the invention.

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

contained similar levels of nitrogen and sulfur.

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

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

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

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



WO 2009/ 085257PCT/ US2008/ 014003 - 16 - tetraamm ne nitrate, drying at 250F
and calcining in full air at 680F for 3 hours. [0046] A batch

m cr 0- autwol2ama8sas3t em was used to test the activity of pChasaimewesooat al yst
with and without the addition of 0.6 wy8Pt. For the catalyst with 0.6 w %
Pt, 209.60 ng and 102.26 ng of catalyst were |oaded in separate wells and
reduced under hydrogen, followed by the addition of 2.5 grans of 600N

f eedst ockarehh® extdraaksurfdcecirty wagdesslthad 50A0(2. Alsangsleef the/sieymedhe _
reaction was run at 4ogmtESI'?n\Et 345C for 12 hours. The resulting pour point
of the toestrudatqwas loadetlivith/6wA%ERT byt intipientwiduesthianmregaation withA\Hsy

(decreased, from approxi mately 500 . [0 or .the.cataly wi t hout the 0.6
WO P, 2 PRSP RammITE hjtraig, d&‘“&ﬁ%@s’?%ﬁéﬁ‘%‘é‘&é& il aére%ta% E el | s
and reduc?(q_TtquL%rS hydrogen, followed by the addition of 2.5 granms of 600N
f eedst ock. e "Space velocity" was 1.02 and 1.92 respectively. The
reaction was run at 400 psig at 345C for 12 hours. The resulting pour point
of the total liquid product was -24C at 1.02 WHSV and -8C at 1.92 VWHSV
(decr ease042dm apArmtihnatietoradi@clave[sysws) Was used it tasy theeaativiphof the above

W th and SbeYRRAEREW RN WyBPHGSAIERON OF & WL Hid et the BRiaRsS VAR pour
Fat i os | nOBaoiEds 12 48 Toe at e b Railf Rl Aokl ncds oot ofO¥a b 7
65/ 35 ZSMiftSadditionof 2 HgrhidsTdRhe 600N Fecd3thcW! T spcd vty was 1.02.

The reaction was run at 400 psig at 345°C for 12 hours. The resulting pour point

of the TLP was -21°C (decreased from approximately 50°C).

[0043] For the catalyst without the addition of 0.6 wt% Pt, 201.13 mg
catalyst was reduced under hydrogen followed by the addition of 2.5 grams
600N. The "space velocity" was 1.08. The reaction was run at 400 psig at
345°C for 12 hours. The resulting pour point of the TLP was 8°C (decreased
from approximately S0°C).

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

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

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

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

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



WO 2009/ 085257PCT/ US2008/ 014003 - 17 - platinumtetraamm ne nitrate, drying
at 250F and calcining in full air at 680F for 3 hours. A second extrudate
of the ZSNb48dslis8B7cat al yst was al so prepared w t hout aadirtisessoisonhe 0. 6
W % Pt. The surface area of the titaniggbinder prior to fornulation was

| ess than 100 nR/g. The ratio of zeolite surface area to external surface
area for the resulting catalysts was at | east 85:100. [0050] A batch

m cr o- aut ttaauenidestitmevdsyingat 260°F and calegniagtin fullaiodt 6808FdooBe cat al yst
with and without the addition of 0.6 wt% Pt. For the catalyst with 0.6 W%
Pt, 120.8hown. of catal yst was reduced under hydrogen followed by the
addition of 2.5 grans of 130N feedstock. The "space velocity" was 1.75. The
reaction was run at 400 psig at 330C for 12 hours. The resulting pour point

Po0s1) For G481 o' A HfibrotBRon A0F hechfiiak B86EE [P HARRIAY SRbE) Y 200
reduced ugise dutaliy9owithfald witkoutithe taaditesidof 0 6rwtho B, Fogthersatafyst 3dth

feedstock. The "space velocity" was 1.75. The reaction was run at 400 psig
at 330C f 016 w2olTs2@9.60meg nad Ui 26gmgmiicapaly sit worfe loaded in s¢paratguvellpr oduct

1o 120 A ergaad L gmaePr gLl oLy 200 0952 The SbpugeRet ity

catal yst eprioRR, TheC spaye v 9CRE) YR AT Gl 2 T RSpbalVet TR e ' 10

\7/%} g?u; nSW%% mxg?ﬂod ng%mse@tfbmmum NFhe bésudting pbaipdint SFtKS(otal Al 2
liquid product was -30°C at 1.04 WHSV and 7°C at 2.11 WHSV (decreased

from approximately 50°C).

[0047)  For the catalyst without the 0.6 wt% Pt, 211.87 mg and 11 1.97 mg
of catalyst were loaded in separate wells and reduced under hydrogen, followed
by the addition of 2.5 grams of 600N feedstock. The "space velocity" was 1.02
and 1.92 respectively. The reaction was run at 400 psig at 345°C for 12 hours.
The resulting pour point of the total liquid product was -24°C at 1.02 WHSYV and
-8°C at 1.92 WHSYV (decreased from approximately 50°C).

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

still significant.

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

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

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



Titania was | oaded with 0.6w %t by incipient wetness inpregnation with
platinumtetraamm ne nitrate, drying at 250F and calcining in full air at
680F f or Wohowwmss25A second extrudate of the ZSM 48/ Ti 02 Pcatushbymsini4aas al so
prepared WO 2009/ 085257PCT/ US2008/ 014993 - 18 - without addition of the
0.6 % Pt. The surface area of the titania binder prior to formulation was
| ess than 100 n2/g. The ratio of zeolite surface area to external surface

area for pheinufftetdabfignidetinsd, dryiag aa2508aahd alclhing ih F0R4iratG8OCR
m cr o- aut ocl ave systemwas used to test the activity of the above catal yst

with and ferthbourst Hesedaidt ¢xdrudate of the SMPH8/THE:, catalystavad 3lse prepared. 6 wt %
Pt, 85.38 ng and,a3. 05 f c wer e | oaded .in separate wells and
etuced uNaBPahyadEgR ! The Bl By “ThéSine atsn ofthotEha: BideEer e
"space ve VA : r Jved : ' n at
400 poi o Kttiyjthort §3s Tes3 R 087, ARTplL LT Kol T RRTHES o BRREHD 21 o
at 2.53 \Wig¥aceNtea 96 thk résABnYIRAI{sto waaas tshst BOMOBPPT 0x 50C) . [0055] For
the catal yst without the 0.6 % Pt, 87.06 ng and 61.58 ng of catal yst were

| oaded in separate wells and reduced under hydrogen, followed by the

addition of 2.5 gr f QOON feedstock. The "space velocity" was.2.48 and
3.50 respll0el yﬁﬁé‘ﬂ? BUEHa-¥ esystent Wag ?&F‘bte&f theagtivityy olithen oy r s

The resul {4 pt of v 23 - 3.50
VHSV (de c%‘é@%e%?#i&%wgg gpgxw}ggglt%e%ﬁltl& gf 61.t6 @t%%’tm@%\[ tf¢' gataf};s?ﬁ{h
0.6 wt% Pt, 120.87 mg of catalyst was reduced under hydrogen followed by the
addition of 2.5 grams of 130N feedstock. The "space velocity" was 1.75. The
reaction was run at 400 psig at 330°C for 12 hours. The resulting pour point of

the total liquid product was -40°C at (decreased from approximately 30°C).

[0051] For the catalyst without the 0.6 wt% Pt, 120.81 mg of catalyst was
reduced under hydrogen followed by the addition of 2.5 grams of 130N
feedstock. The "space velocity" was 1.75. The reaction was run at 400 psig at
330°C for 12 hours. The resulting pour point of the total liquid product was
-42°C at (decreased from approximately 30°C).

[0052] The above activity tests show that for a catalyst with a low Si/Al,
ratio and a low surface area binder, the metal hydrogenation function has little

impact on the catalyst activity.

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

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

for 3 hours. A second extrudate of the ZSM-48/TiO, catalyst was also prepared



[ 0056] The above activity tests show that even at high space velocity,
catalysts including ZSM48 with a low Si/Al2 ratio and a | ow surface area
bi nder cawmopr@dssrm7good dewaxi ng activity. Additionallypcrhspses®nte of a
met al hydrogenation conponent did not_ggterially change the dewaxing
activity of the catalyst. Exanple 5. 65/35 ZSM 48 (Si/Al 2 90/1)/SiCa - Wth
and Wthout 0.6 wt% Pt WO 2009/ 085257PCT/ US2008/ 014003 - 19 - plati num
t et r aamm wéthout addieiondithe 0.GWtZoP- Phelsadhe area ofithe fitdnia bindeaprioB@r- for 3
hours. A second extrudate of the ZSM 48/Si 02 catal yst was al so prepared
wi t hout afiumulatiomivashesschan U0%rrt/g. e retiofod@golitecsurficetaiea 0 extemali nder
prior to fornul atigg tggs Ielss t han 100 mZ/?. ng_r tio of zeolite surface

i thedesy f¢ashg-d

area to eXIEaGeATe] bngcatalyss wasat al ysts was greater than
85: 100. [0058] A batch m cro-autoclave systemwas used to test the activity

of the above catalyst with and w thout the addition of 0.6 w%Pt. For the
catal yst [9053]0. 6 M4l middhadibciB eaysterddad as8d t@iest derdctbiityvef thel oaded

in separate wells and reduced under hydrogen, followed by the addition of
2. 5 gr ansabyfvesatdystwithtandkwitiioet the pdditionedH@ 6t wt%\Rts Forabe aatalyst evith

eSblti ngdfOmhgS rd.%ghhg Eeﬁi’?@@ﬁ“&gaétﬁéigly‘s’éﬁgaafqéé? Sseparblenel wsy and
-23C 2,0 O0X] . .
catal yst B ieiEed GG B7iphetn RTARLY WIPRIoB R0 MY S0RLITR o

| oaded inn ﬁ@@wéro%itgg Wy 254 aha@wf&sgea%ewycbm&%aeﬁwwagwﬂ ab¥obhe
addition of 2.5 gra of 600N feedstock. The "space velocity" was 1.00 and

2. 06 resppsigiavd4§°C Toel2 hoaats. dhhe\eesulting pourdiisinpef thesTLBAbabe@S°Cat 12
hours. The resul ting pour point of the TLP was -28C at 1.00 WHSV and -20C
at 2.06 VHSY VEELY ended’ € ab 4 IIdR Visiepreased from approx 50°C).

[0055] For the catalyst without the 0.6 wt% Pt, 87.06 mg and 61.58 mg of
catalyst were loaded in separate wells and reduced under hydrogen, followed by
the addition of 2.5 grams of 600N feedstock. The "space Velocity" was 2.48 and-
3.50 respectively. The reaction was run at 400 psig at 345°C for 12 hours. The
resulting pour point of the TLP was -23°C at 2.48 WHSV and -11°C at 3.50
WHSYV (decreased from approx 50°C).

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

catalyst.

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

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

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



Exanple 6. Yield versus Pour Point for 65/35 ZSM 48 Steaned (3bours (090F)
(Si/AlI2 9011)/Ti2 - Wth and Wthout 0.6 wt% Pt [0060] An extrudate

consi st i nyoahoydss2s7% 90: 1 Si 02: Al 203/ 35 wt % Ti 2 was st eamas2dosnidohour s at
890F. The catal yst was used to process18.600N | ube oil feedstock at 0.5
LHSV, 400 psig, and 5500 SCF/ B hydrogen. The feedstock contained <1 wt%
material boiling bel ow 700F. The total liquid product was distilled to
renove 70@[atinys tedcaniniite niftace, @Ping 12500E tandaaldirivigeid fudirair MHB0°F

2009/ 085257PCT/ US2008/ 014003 - 20 - pour point and VI. The results from
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i ncluded a rogenation fun€tion was al so prepared. An extrudate
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| ube oil feedstock at 0.5 LHSV 400 psig, and 5500 SCF/B hydrogen. The

f eedst ock, cont ai ne Wt % nmat eri boi i ng bel ow 700F.. The.total .liquid
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Figure 1, the VI at -5C pour point was neasured to be 104. [0062] The

activity aedraduwedwndenhfFdmgeas fdlow&d Hye tlenadditioa afti?ab gnamsiof HOOR

ZSM 48/ Ti 02 extrudates are a sur risi n god dewaxi ng c Iyst In the
above act fegdstpckeskhe "sppee Hﬁ'toﬂt}’ 3% O'heespesfdvaly ISAEOR cycl e

A though DS RReLHod Pe %é‘ﬁ?forgé@;oﬁgiaﬁf e ting HRLE B e SR r o,
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taining catalyst. As woul d be expected, i1t is believed that

t he net al flonegpprakahytely 408G).nore hydrocracki ng and | ess
hydr oi someri zati on. As a consequence the nmetal free catal yst has | ower
yield and VI at constant pour poi nt The differences, however, are mnor.

per for manbSSY ¢« o AR cLEREETAInRG! s yub B Pare niEaR) T Mo PEand
consunes gpciisPAele loaded in separate wells and reduced under hydrogen, followed

by the addition of 2.5 grams of 600N feedstock. The "space velocity" was 1.00

and 2.06 respectively. The reaction was run at 400 psig at 345degC for 12

hours. The resulting pour point of the TLP was -28°C at 1.00 WHSV and -20°C

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

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

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

[0060] An extrudate consisting of 65 wt% 90:1 SiO,:Al,03/35 wt% TiO,
was steamed for 3 hours at 890°F. The catalyst was used to process a 600N lube
oil feedstock at 0.5 LHSV, 400 psig, and 5500 SCF/B hydrogen. The feedstock
contained <1 wt% material boiling below 700°F. The total liquid product was
distilled to remove 700°C- hydrocarbons. The 700°C+ product was tested for



-21 - CLAIMS 1. A catalyst conprising: a zeolite having a Si02: Al 203ratio
of 100 or less, the zeolite being ZSM 48, ZSMe3, EU- 2, EU- 11, ZBM 30, or a
conbi nat iwo 200ven88257; O wt % of an added netal hydr ogenatrconseaspoent ; and
a metal oxide binder, wherein the nmetapgpoxide binder in powder formhas a
surface area of 80 nR/g or |ess; wherein the catalyst has a ratio of
zeolite surface area to external surface area of at |east 80:100. 2. The

catal yst poéurcpaintadd Vih el restleefroaothis activity fovt dft pldttedlas sqaareb yist  of
claim1l, wherein the ratio of Si02: Al203 is 80 or less. 4. The catalyst of
claim 1, Higwed hand@. r¥ield vefpairgmim izqdoited zsinFigused. The VIat-5°C

pour point was measured to be 96. The reactor temperature required to achieve

-6°C pour point is plotted vs. days on stream in Figure 2.

[0061] A similar extrudate that included a metal hydrogenation function

was also prepared. An extrudate consisting of 0.6 wt% Pt supported on 65 wt%
90:1 Si0,:Al,05/35 wt% TiO, was steamed for 3 hours at 890°F. The catalyst
was used to process a 600N lube oil feedstock at 0.5 LHSV, 400 psig, and 5500
SCF/B hydrogen. The feedstock contained <1 wt% material boiling below
700°F. The total liquid product was distilled to remove 700°C- hydrocarbons.
The 700°C+ product was tested for pour point and VI. The results from this
activity test are plotted as diamonds in Figures 1 and 3. As in Figure 2, Figure 3
shows the reactor temperature required to achieve a -6°C pour point. As shown -

in Figure 1, the VI at -5°C pour point was measured to be 104.

[0062] The activity tests shown in Figures 1 — 3 demonstrate that metal-free
ZSM-48/TiO, extrudates are a surprisingly good dewaxing catalyst. In the
above activity tests, the metal free catalyst has the same start of cycle
temperature as the catalyst that includes a metal hydrogenation component.
Although the metal-free catalyst ages faster at the beginning of the run, by day
30 the activity is lining out and the deactivation rate is similar to the metal
containing catalyst. As would be expected, it is believed that the metal free
catalyst does more hydrocracking and less hydroisomerization. As a
consequence the metal free catalyst has lower yield and VI at constant pour
point. The differences, however, are minor. This means that the metal free
catalyst surprisingly has similar dewaxing performance as the metal-containing

catalyst but removes no sulfur and consumes no hydrogen.



5. The catalyst of claim1, wherein the ratio of Si02:A 203 is 60 or

| ess. 6. The catalyst of claim1, wherein the netal oxide binder has
a surface area of 60 n2/g or less. 7. The catalyst of claiml1,
wherein the catalyst has a ratio of zeolite surface area to externa
surface area of at |least 90:100. 8. The catalyst of claim1, wherein
the catalyst has a ratio of zeolite séltace area to external surface
area of at least 1:1. - 22 - 9. The catalyst of claiml, wherein
the has a ratio of zeolite surface area to external surface area of

at | east éﬂgﬁ&ﬁp' 10. The catalyst of claim1l, wherein the binder is

silica, titania, zirconia, or silica-alumna. 11. The
catalyst of claim1, wherein the binder further conprises a second
netal oxide different fromthe first nmetal oxide. 12. The catal yst
of claim1ll, wherein a weight percentage of the second netal oxide in
the catal st A BHEPMPHEAS A wei ght percentage of the first netal
oxide, the first netal oxide in powder form having a surface area of

80 m2/g or |&sg i %ﬁvmgg%uﬁ &."Agbiisartio% 160 & 1831 dhe AMIRE BLiNo FRRFE AL
netal oxide is a silicd, a m*n , titania, zfrconia, of
si | i ca-al um 28, EU-2, EU-11, ZBM-30, or a combination thereof;

0 wt % of an added metal hydrogenation component; and

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

area of 80 m2/g or less;

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

least 80:100.
2.  The catalyst of claim 1, wherein the zeolite is ZSM-48.
3.  The catalyst of claim 1, wherein the ratio of Si02:Al,Osis 80 or less.
4.  The catalyst of claim 1, wherein the ratio of Si0;:Al;O5is 75 or less.
5.  The catalyst of claim 1, wherein the ratio of S10;:A1,03 is 60 or less.

6.  The catalyst of claim 1, wherein the metal oxide binder has a surface area of 60

m*/g or less.

7.  The catalyst of claim 1, wherein the catalyst has a ratio of zeolite surface area to

external surface area of at least 90:100.

8.  The catalyst of claim 1, wherein the catalyst has a ratio of zeolite surface area to

external surface area of at least 1:1.
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9. The catalyst of claim 1, wherein the has a ratio of zeolite surface area to external

surface area of at least 105:100,

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 a silica, alumina,

titania, zirconia, or silica-alumina.





