WD 2010/ 077308PCT/ US2009/ 006563 1 DEWAXI NG CATALYSTS AND PROCESSES FI ELD
100011This invention relates to catal ysts and processes for the dewaxi ng of
hydr ocar bwo 20®adsieecks and particul arly, but not excl usipeglugolobssseat i ng
oi | basestocks. BACKGROUND [ 0002] Dewaxiig is a process for treating
petroleum fractions so as to renove certain hydrocarbons, particularly
straight chain and slightly branched chain paraffins, that solidify readily
(waxes). Dewaxing can heweh keRied AOVA BY VBN A NS IPRRGUERSEENd crystal |i zati on
but in recent years attention has focused on processes that renove waxes by
sel ective catalytic conversion of the straight and slightly branched chain
paraffins. An exanple of such a process is disclosed in U S. Reissue Patent
No. 28,398, in which the dewaxing catalyst is the nolecul ar sieve ZSM 5.

[ 0003] I n FRELDase of |ubricating oil basestocks, catalytic dewaxing is

of ten acconpani ed by a decrease in viscosity index (VI) which is

undesi r ab ince V]l is a.nmeasure of the ability of the oi] to retain.its
Uscost 1y IGIEH" nEMs AaRgiPR AaHSk B setebutappit Rrogesmeniag herErarite of
functions,yj i anHS ' i O o L: angl 05$ in
Vs typledfiep il FECRRAE, ank BREIGUFEL,  Buf HorFERAL Dy, ko 258 1
interest hRsARNKSOPI ng dewaxi ng catal yst systens that show high selectivity
towards isomerization and | ow selectivity towards cracking. [0004] For
exanple, U S. Patent No. 4,222,855 discloses that |ow pour point :
| ubri cati mma hi gh VI can be produced from waxy hydrocarbon
fractions ; in the approxi mate range of 450 to 1050F (232 to
566C) by

[0002] Dewaxing is a process for treating petroleum fractions so as to remove

certain hydrocarbons, particularly straight chain and slightly branched chain
paraffins, that solidify readily (waxes). Dewaxing can be effected by solvent
extraction and crystallization but in recent years attention has focused on
processes that remove waxes by selective catalytic conversion of the straight and
slightly branched chain paraffins. An example of such a process is disclosed in
U.S. Reissue Patent No. 28,398, in which the dewaxing catalyst is the molecular
sieve ZSM-5.

[0003] In the case of lubricating oil basestocks, catalytic dewaxing is often
accompanied by a decrease in viscosity index (VI) which is undesiréble since VI is
a measure of the ability of the oil to retain its viscosity with increasing
temperature.  Catalytic dewaxing generally functions via two mechanisms,
isomerization and cracking, and the loss in VI is typically associated with the
cracking mechanism. There is therefore interest in developing dewaxing catalyst
systems that show high selectivity towards isomerization and low selectivity

towards cracking.

[0004] For example, U.S. Patent No. 4,222,855 discloses that low pour point
lubricating oils with a high VI can be produced from waxy hydrocarbon fractions

boiling within the approximate range of 450 to 1050°F (232 to 566°C) by



WO 2010/ 077308PCT/ US2009/ 006563 2 contacting the waxy fractions with a
catal yst conprising an alumnosilicate zeolite selected from ZSM 23 and
ZSM 35 anOR0WY7¥8enati on netal . The resul tant dewaxedP&T{USRY94984563 t 0 have
a V.I. considerably higher than that obtdfned with a ZSM5 catal yst.
[0005]In addition, U S. Patent No. 5,075,269 discloses that waxy

hydr ocarbon oils can be catalytically dewaxed to produce high viscosity

i ndex | ubrddpaddting hielwtpPkstions Withi eatalysecspasimgtant A1androddiicateeblitee
ZSM 48 and in particul ar ZSM 48 synt hesi zed using a organic |inear

di quat er naselecaednfromnZ $ehpd el ZSM136 and wchydegdnatémt inmggalbgdiite. re8ghamt, t he
dewaxed oil is said to have a higher V.I. than that obtained wth ZSM 5.
[0006] A Higyraxedued Assridotarhaye zg‘muepnsndvﬁahbf highier ithan shairabtaingd|withd@at i o
of 110 or éﬁ?@ and bef\i ng free of non-ZSM 48 seed crystals and free of

ZSM 50, i 'éICBEa&T‘i n U S. Published Patent Application No. 2007/0131581
and is shown to exhibit enhanced activity as a dewaxi ng catal yst as

conpar ed %?bgggngnghh{?%%_}{ﬁ PEtedt N0 3 Bs 269 Gl kel r?ﬁﬁ(}e&agg)l( ﬁg&g){:.hfbolﬂ' S.

Pat ent No. ( I's al so "Rnown"to ertect axi _

hydr ocar baglisf esflpt Qakdlytieding dewhkedid iprydwle Righf Gkeatity? ffdek! 1!115riamtiﬁg iodll S,
arranged sequentially or conbined in a single catalyst bed, in an attenpt
t o i nprovetodis wilipag tases cathlysh éhd acidic delaz AENr4Rland .in PadOE ko7 Sd4-a8pl e,
U S. Patent No. 4,599, 162 discloses a cascade catal yti c dewaxi ng process
conpri si nyajhesizedi uging Ayergenker bingar shauatemrrye Gmamoniug ¢ynRpoekias ther mal
paraffins and | ong chain sljghtly branched paraffi.ns, ,over a firgst

eyt al 1 rere it dernb "Aant, ShdFv e A aidaare 2 Sghacy 1y,
ZSM 23, Z%%t?’(?ot %%ﬁ‘\gﬁ’h 2.75\%9[@548 and/or TMA Ofretite, preferably ZSM 12,
the first zaolife havi ng catdlytically effective amounts of a

hydr ogenat i on/ dehydr ogenati on conponent in the presence of hydrogen at a
t enper at ur[gohe V\B%Dh%'ipalﬁﬂﬂnﬁﬁpﬁ)rfr?&? 78M-437 heving2a BIRSHH SIS nfftaUEati$00
WO 2010/ 077308PCT/ USZ009/ 006563 3 psi g, a hydrogen feed rate of about 2500
SCF 1-1,/ bifl 110amdless bhibVehey free of Goni- BRN-88 Geedinr/s(dly apnd Sesengf ZRM-601 isr e
effluent fromstep (a) over a second crystalline silicate zeolite being

di f ferent dis@dasachia Vid.Flublisbed Petent A pdicatioa dNa.r2807/5M 158 12814 is shogsmo1 2,
ZSM 23, ZSM 35 §§M3 , ZSM 48, TMA Ofretite, Cinoptilolite, and/.or
Erionite, 1L FRBRRFCEARIEY 1L A% ag ng &BialyY a3a0RTREaKSE: Withr Ganyepyjonal

or coence ARy af asok-2 Sk ARRR e Ma ST LaR SBR i S8R B350 na 5710)

a pressure of about 400 psig, a hydrogen feed rate of about 2500 SFC
F17/bbl, g0do7 LHRVisbASHRABWe: & @ﬂf@lct%&vaﬂhg oFaseREGrbeh Fee@silsPusthg lahe

different nmedium pore zeolites is said to offer "superior dewaxi ng

activi ti eplaardity wiediyfeetmnt, zdulgivematerials, anpngadedeqadntialist ors tadmblinddy in a t he
second stage and flexibility in catal yst regeneration as conpared with
prior art siRglescatrdygdicsl, ystansgtiqrapisto [ropoykl the prepenves eaft thiolind | desvaxedo

there is a disclosed a process for-reducing
product.

[0008] For example, U.S. Patent No. 4,599,162 discloses a cascade catalytic
dewaxing process comprising a) passing a hydrocarbon feedstock containing long
chain normal paraffins and long chain slightly branched paraffins, over a first
crystalline silicate zeolite selected from ZSM-5, ZSM-11, ZSM-12, ZSM-22,
ZSM-23, ZSM-35, ZSM-38,‘ZSM-_48, and/or TMA Offretite, preferably ZSM-12,
the first zeolite having catalytically effective amounts of a
hydrogenation/dehydrogenation component in the presence of hydrogen at a

temperature between 450 and 700°F (232 and 371°C), a pressure of about 400



t he haze point of a hydrocarbon oil feedstock, which has a major portion
boi ling over 1000F (538C), in which the feedstock is contacted with a

cat al yst WOADWATEWRpri sing Zeolite EU-1 and a catal yst FETASEI/00¢56i t he
group consi sting of SSzZ-32, ZSM 48, and i xtures thereof. [ 0010] Mor eover,
U.S. Published Patent Application No. 2007/0029229 discloses a dewaxi ng
process conprising contacting a hydrocarbon feedstock under dewaxing

condi ti onspsid t ) hadfadlenl feell ra®THF ABONY2 S0C STE RBIHWNafd aZEHISM etviiddn 02 t he
MIT framwrk typé, such as ZSM 23, and the GON framework type, a 12 ring/8
ring zeol idrel 60t hndib) passargs thenaitire kedfinehtsfrosustbp #8) &ds-al secdohercrystatlirteo
dewax a hydrocarbon oil feedstock having a nmajor portion boiling over 1000F

(538C), t Inliegiecieplite being differenbifivanitbn finst gaplite andisglectad fiom yZSMcdease
boi ni of eV b i3 2aths7 okkey (eobbaPoossks R, - TNbB: Gragte,
Publ i shed | J ' - 2 2 [ d j

corpr i 51 nd SHAGHRE AEPRE Frilbihie SRR CZRMistah e aiheden e ae Plnde
with a Cat@a‘tél?ﬁcé]B)TPfféétii\thaﬁaoﬁﬁﬁb{bﬂ“@thgﬁﬂwﬁ‘;naﬁgﬂ/‘dbh?&o?@ﬂét% t&@pWidnt in
framwrk type, such as ZSM 23, and th framewor k Cype, such as ZSM 12,

the MIT antle Mird¢crel of dydhegenngt a epératursi iwiees sSGthand0700R ¢26M.andhen
used to dewax a hydrocarbonaceous feed, the MI'T/ MTW zeolite conbination is

sai d to i mprlSCe, aipressuse ®fiabput dhxpoE, ancuﬁgmé@bqoretsdmftatwthﬁ%aSEG g 0
h f f eed Despi h i
oo o oS Bsvane g LT dvceh: b3 anAct.pr otk sasca EE fql%‘fp:r?s'hﬁ‘ni ahinthen
hi bi ' ' f _high d.sel ecti.vit the. ..
Csorer | 2t B The@pE perd, S8 Eh i it A RS EBb S dbuiadind B%vites oduce
nigh Vi 1 ubge yibid)! Biknkt V., LiBdRieln cAGHAE ARGkl ihD i ReBb 8P Mhge and

i nvention, | as 'now been found that waxl ng cat al yst system
process t agxibilipy O catalgstnidigeaérationcds ésivpaedawithapriddl 4rtf dav®viag keatalpst
material, such as ZSM 23, exhibits such a desirable conbination of

i soneri zatsystemscti vity and sel ectivity, particularly when both nol ecul ar
sieves are in high alumnumforns. SUMVARY [0014] I n one aspect, the

i nvention resjdes. i roce for d i ng.a waxy caomponent-c¢ontai nj ng
hydr ocar bdﬂﬁéileds{rbgkg- Pﬁf@nbf‘@c 505 %%ﬁf@? h@amﬁ?@i $BrQogss fordseueag
under de | condi.t | L th.a cat t st onprisi.ng. ZSM and a
ol ccul ar 0 8926 B8 K hsicdruE Pl Tedod SURTH SR 0 pred ot
over 1000°F (538°C), in which the feedstock is contacted with a catalyst system

comprising Zeolite EU-1 and a catalyst selected from the group consisting of

SSZ-32, ZSM-48, and mixtures thereof.

[0010] Moreover, U.S. Published Patent Application No. 2007/0029229
discloses a dewaxing process comprising contacting a hydrocarbon feedstock
-under dewaxing conditions with a catalyst comprising a combination of zeolites
having the MTT framwork type, such as ZSM-23, and the GON framework type, a
12 ring/8 ring zeolite with uni-dimensional channels, such as GUS-1. When used
to dewax a hydrocarbon oil feedstock having a major portion boiling over 1000°F
(538°C), the specific zeolite combination is said to significantly increase the
conversion of heavy wax (long n-alkanes), thereby lowering the cloud point of the

product.



[ 0015] Conveniently, the ZSM48 has a silica to alumna nolar ratio |ess

t han 250, such as |less than 150, for exanple |less than 100. WD

2010/ 077396RCIVIZEH809/ 006563 5 - [0016] Conveni ently, thecuB2imanesebrk type
nmol ecul ar sieve has a silica to alunmina4mlar ratio |less than 45, such as

| ess than 30, for exanple from25 to |l ess than 30. [0017] Conveniently, the
cat al yst systemfurther conpri ses a hydrogenati on conponent, such as

pl ati num é gadlurs %bﬁbpfédlrpﬁeﬁthe,d&ﬁﬂfieati&owal n0ONAH2IR3dI ARkloset g
catal yst system conprises particles each contai ning ZSM 48 and said

nol ecul ar dgivaxmgoprocbss ddhiprfisiagrontdctingrehydrocarbonfeedstotiodndamdewdxing
catal yst system conprises a m xture of particles containing ZSM 48 and
parti cl es conditianeiwigh arcalyst cemprising a gpmbimitepuphzeslitey davigniis] Ml'T

anot her enbodi nent, the cat S C rises at, | t t | yst

beds, at Ne&EaWOBNYPEetH AR Zét‘/ﬂsé %@i/ﬁ Ng% éi;mé?é’;%lf tﬁ’aef? éP?l\hA%g %&i\g' P2,

contai nin oS ev of t

[0020] Cf)ngté%ﬂe—ﬁ[ P9d?ﬂWFS%at§§ aringsd (éry\l\ﬁ,/gé[ﬁlzggg’%vﬁgnt con %Ounm‘r’%’&eﬁ%gdr ange

mat eri a ; § Ld; b

boLt a5 O@P%{;{?%%.@Mbﬁﬂéﬁé%ﬁ??éecﬁ‘?ﬂé T TW Ge66R QifbitlatioR ™ sdiAdo above
improve the viscosity index of the dewaxed product as compared to that of the

waxy feed.

[0012] Despite these advances there remains a need for improved dewaxing
catalyst sytems and processes, particularly which exhibit a combination of high
activity and selectivity for the isomerization of n-paraffins in lubricating oil

basestocks so as to produce high VI lubes in high yield.

[0013] In accordance with the present invention, it has now been found that a
dewaxing catalyst system and process that employs a combination of ZSM-48 and
an MTT framework type material, such as ZSM-23, exhibits such a desirable
combination of isomerization activity and selectivity, particularly when both

molecular sieves are in high aluminum forms.

SUMMARY

[0014] In one aspect, the invention resides in a process for dewaxing a waxy
component-containing hydrocarbon feedstock, the process comprising contacting
the feedstock under dewaxing conditions with a catalyst system comprising

ZSM-48 and a molecular sieve of the MTT framework type.

[0015] Conveniently, the ZSM-48 has a silica to alumina molar ratio less than

250, such as less than 150, for example less than 100.



[0021] In a further aspect, the invention resides in a dewaxing catal yst
conprising particles each containing ZSM 48 and a nol ecul ar sieve of the
MIT franmeworkioorpas [ 0022] Conveni ently, the particl es fecrhiseoooongsss se a
bi nder such as alunmina, silica, titaniad-or zirconia or mxture of those
nmetal oxides and typically conprise a hydrogenation conponent, such as

pl ati num palladium or m xtures thereof. WD 2010/ 077308PCT/ US2009/ 006563

-6 BRIEF | PTEGY e nt'l'#E HEAWTNYCR a0tk é”rﬁ»‘oléélﬁlhr sizve tﬂarsaaoélhleh%tl ng

n- decane conversi on agal tenperature for e catal ysts of Exanples 1 and

2. [0024] Righing tholar rato fesgrthpn4p) Qidh adlebotian 3G foéRampledfrotd D5 tabss nst
n- decane conversion for the catalysts of Exanples 1 and 2. [0025] Fi gure

2(a) is athamph pl otti ng n-decane conversi on agai nst tenperature for the
catal ysts of Exanples 4 and 5. [0026] Figure 2(b) is a graph plotting total

I so- C10 production agai.n n-deca .
P [0017] Con\gementﬁy, the cata?yst system further comprises a hydrogenation

component, such as platinum, palladium, or mixtures thereof.

[0018] In one embodimeﬁt, the catalyst system comprises particles each
containing ZSM-48 and said molecular sieve of the MTT framework type. In
another embodiment, the catalyst system comprises a mixture of particles
containing ZSM-48 and particles containing an MTT framework type molecular

sieve.

[0019] In another embodiment, the catalyst system comprises at least two
catalyst beds, at least one bed containing ZSM-48 and at least a further bed

containing said molecular sieve of the MTT framework type.

[0020] Conveniently, the feedstock is a waxy component-containing lube range
material, such as a waxy component-containing hydrocarbon oil boiling above

about 350°F (177°C).

[0021] In a further aspect, the invention resides in a dewaxing catalyst
comprising particles each containing ZSM-48 and a molecular sieve of the MTT

framework type.

[0022] Conveniently, the particles further comprise a binder such as alumina,
silica, titania, or zirconia or mixture of those metal oxides and typically comprise a

hydrogenation component, such as platinum, palladium, or mixtures thereof.



conversion for the catalysts of Exanples 4 and 5. DETAI LED DESCRI PTI ON OF

THE EMBODI MENTS [ 0027] Descri bed herein is a dewaxi ng catal yst systemand a
dewaxi ng WoaeHgE7i0Rat enpl oy a conbi nati on of ZSM 48 an@Carushiod/obesasrewor k

type nol ecul ar sieves, such as ZSM 23, -fypically in the presence of a

hydr ogenati on conponent, such as platinum palladium or m xtures thereof.
[0028] ZSM 48 is a crystalline nol ecul ar sieve having pores defined by

ten-ring, qu@( %E‘SUI@WION UWTH'E”'ENAW‘ING@' s with ideal cross-sectional
di mensi on ngsirom by a .6 Angstrom ZSM 48 is defined
by an X-ray diffraction pattern with character| stic lines as set out in
Tabl e 1 b¢aep8] Tabigard 1{a)tieaptraphplottifgasdecaneAorRersidn against emspdrgtufe/ | 0)
11.8+0.2 s 10.2+0.2 W-111 4.2+0.05 VS

for the catalysts of Examples 1 and 2.

[0024]  Figure 1(b) is a graph plotting total iso-C,, production against n-decane

conversion for the catalysts of Examples 1 and 2.

[0025]  Figure 2(a) is a graph plotting n-decane conversion against temperature

for the catalysts of Examples 4 and 5.

[0026] Figure 2(b) is a graph plotting total iso-C,o production against n-decane

conversion for the catalysts of Examples 4 and 5.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Described herein is a dewaxing catalyst system and a dewaxing process
that employ a combination of ZSM-48 and an MTT framework type molecular
sieves, such as ZSM-23, typically in the presence of a hydrogenation component,

such as platinum, palladium, or mixtures thereof.

[0028] ZSM-48 is a crystalline molecular sieve having pores defined by
ten-ring, non-interpenetrating linear channels with ideal cross-sectional
dimensions of about 5.3 Angstrom by about 5.6 Angstrom. ZSM-48 is defined by

an X-ray diffraction pattern with characteristic lines as set out in Table 1 below:

Table 1
Interplanar d-Spacing (A) - Relative Intensity (I/1o)

11.8+0.2 S

10.2+0.2 w-m
4.2+0.05 VS

3.9+0.08 VS

3.6+0.06 w

3.1+0.05 w
2.85+0.05 w




3.9+0.08 VS 3.6+0.06 w 3. 1+0.05 w 2.85+0.05 w WO
2010/ 077308PCT/ US2009/ 006563 -7 100291The X-ray diffraction data referred
to herei woenm/oadoBect ed with a Scintag _theta-theta powsemr/usedonessss on
system equipped with a graphite diffradted beam nonochromator and
scintillation counter, using copper K-alpha radiation. The diffraction data
were recorded by step-scanning at 0.05 degrees of two-theta, where theta is
the Bragg Am e, PR R GOUHAGIdH Wt refbrRACR hefdh ®eED colletted With a
i nterplanar sr]am ngs, d's, were calculated in Angstron units (A), and the
relative isatrﬂaw% itlfidt@sheth povaddridiffsactionl systeshesqipped sithne graphdteediffinacied t he
intensity of the strongest |ine, above background, were derived with the
use of a peahi menbthiomajor andi seent{ltaticne cowrter eusing coppern Kgalnhanradiatipme
intensities are uncorrected for Lorentz and paol ari a(ﬁ'i%n effects. t;ghe

g

rel ative iTrklfefHEﬁr@th data WerpaiscodeddnhiicBISCRRUNG ALY S dG8EeFR Of 1Pr
be under 5P LI P b DR drd 4 repuit e BT ERin Y Sbhadd TGS
my Cconsl ?r#t]ggglaﬁ'&fl Rl sOUS AR Qe hiaRRSinMRng Btréi 48iits AN 8ha tROReliativens,

such as di rences 1 ncrystallite sizes or veéry high experinmental

resol uti omntehsitiey TfadheoBh&H MV, Ghiadieelo i@ynafnediedth ofetnd uaensity pértheal |y
resolved lines. Typically, crystallographic changes can include m nor

changes i strung¢stdeld, abaversickgswndd/voereaderhadgeithnther ysst af asynodide difting
wi t hout a change in topology of the structure. These m nor effects
i ncl udi ng rewnRyder isacord glerivativatalgerithral  £he, infensitisscare yacorreted; for of

differences in catjion content,. framework conposition, nature e of
por & 1111 LAgeT Ao EBEes S py oot e et B dre E b 6 B A3 Hhe
descri bed | S...B 3 7 I 1S 2 f L S
i ncor por atsgl?ilbﬁ}asr &Sng%l?nrgghgg eﬁcseig(??g %hﬁtid%%dgg??gegﬁéé %H Z(ézgh?\'/y?hgat he
fol I owi ng W58k @-24). It should be understood that diffraction data listed for this sample

as single lines may consist of multiple overlapping lines which under certain
conditions, such as differences in crystallite sizes or very high experimental
resolution or crystallographic change, may appear as resolved or partially resolved
lines. Typically, crystallographic changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without a change in topology of
the structure. These minor effects, including changes in relative intensities, can
also occur as a result of differences in cation content, framework composition,

nature and degree of pore filling, and thermal and/or hydrothermal history.

[0030] ZSM-48 is described in U.S. Patent No. 4,375,573, the entire disclosure
of which is incorporated herein by reference and which describes ZSM-48 as

having the following formula:
(0.05 to 5) N,O: (0.1 to 10)M,,,0: (0 to 4)Al,0; : (100)S10;

wherein M is at least one cation having a valence n, N is a mixture of a C; to C;
alkylamine and a tetramethyl ammonium compound used to direct the synthesis of

the desired zeolite structure.



(0.05 to 5 N20: (0.1 to 10)M1"0: (O to 4)AI 203 : (100)Si 02 wherein Mis
at |l east one cation having a valence n, Nis a mxture of a C to Cl2

al kyl am ne&oant/g73oet r amet hyl amoni um conpound used to @cCTamstoolesssynt hesi s
of the desired zeolite structure. WO 2810/ 077308PCT/ US2009/ 006563 8

[ 0031] Conveniently, the ZSM 48 used in the present dewaxi ng catal yst and
process has a silica to alumna nolar ratio | ess than 250, such as | ess

than 150, ess t ) ¢ L
an .[(f)l?fdll]exa@Bh%rhﬁﬁta/, Sﬂﬁ@%%ﬁ) gﬁg%’%g”ﬁl ﬁ%dgg%fnlﬁ’tg HQWle@l%O%{ﬁl@fs@and

material I's scl osed | at ent ation

2007/ 0131p8doest Rayvistlica taealaining hivlar ditiodetd MandH kudls aldsexkarel Sy nonm
conpound and the resultant ZSM 48 is substantially free of ZSM 50 and and

has a sil egkampte Hssithara 160 ©Dne atetiood obpraduding $uch asuateriak if disalesed o 100,

for exanple from@85 to 95. The entire disclosure of U S _Pyblished Patent
Appl i cat i 8hSNQubtished Ratams AppdicatienrNer 208d/Hladh, By WBFE‘r i SUUEBw82] MrT

framework type nol ecul.ar sieves are porous crystalline nmater] hayi.ng
pores def idHéE“B% %I‘Pe?%@@%ﬁ@ ﬁoﬂqﬁ‘g{dzéﬁgi af®s ?tﬁgt?fsgﬁéfg/flgabout
4.5 Angstr . 2 I ihSth 1 gbnsShgve
i sol at ed \#@gﬁ’}%ﬁﬁﬁ-‘@ ?jgnzia%éé tagg]ea’@%“‘@%@cﬁ%@‘é@“ﬁ L(}T%J l’.:é\l%_att ent No.
4,076, 8424 119, QIHH AL NP 806 UI0O, for HnsPle fFornMEPIP9S5 Atk diftireidisddiysure
reference. ZSM 23 has an X-ray diffraction pattern with characteri stic
| i nes as o€{U.SuPublishabPatedt Apphvation N2 Q007WN3368 PAT indszpoatabbeeh by Tabl e
2 Interplanar d-Spacing (A) Relative Intensity (lI/10)
reference.
[0032] MTT framework type molecular sieves are porous crystalline materials
having pores defined by parallel channels with cross-sectional dimensions of
about 4.5 Angstrom by about 5.2 Angstrom. ZSM-23 was the first molecular .
sieve isolated with an MTT framework type and is disclosed in U.S. Patent No.
4,076,842, the entire disclosure of which is incorporated herein by reference.

ZSM-23 has an X-ray diffraction pattern with characteristic lines as set out in

Table 2 below:



11. 2+0. 33 m 10. 1+0. 20 w 7. 87+0.15 w 5.59+0. 10 w 5. 44+0. 10 w 4. 90+0. 10 w
4.53+0. 10 s 3.90+0. 08

WO 2010/077308 9 PCT/US2009/006563

Table 2

Interplanar d-Spacing (A) Relative Intensity (I/10)
11.2+0.33
10.1+0.20
7.8740.15
5.59+0.10
5.44+0.10
4.90+0.10
4.53+0.10
3.90+0.08
3.724+0.08
3.62+0.07
3.54+0.07
3.44+0.07
3.36+0.07
3.16+0.07
3.05+0.06
2.99+0.06
2.85+0.06
2.54+0.05
2. 47+0.05
2.40+0.05
2.34+0.05

dggBIE|E|EIE|E»Bla|a|d|»|2|=|E]€ (2B

[0033] Examples of other MTT framework type molecular sieves that can be
used herein include SSZ-32 (see U.S. Patent No. 5,053,373), EU-13 (see U.S.
Patent No. 4,705,674), ISI-4 (see U.S. Patent No. 4,657,750) and KZ-1 (see Parker
et al., “Synthesis and Some Properties of Two Novel Zeolites, KZ-1 and KZ-2”
Zeolites vol. 3, pp. 8-11, 1983).

[0034] Generally, the MTT framework type molecular sieve employed in the
present process and catalyst is a high activity ZSM-23 material having a silica to
alumina molar ratio less than 45, such as less than 30, for example from 25 to less
than 30. Such a material is disclosed in U.S. Patent Application Serial Number
61/201,916 filed December 16, 2008 and is produced by crystallizing a mixture
comprising sources of an alkali or alkaline earth metal (M), an oxide of trivalent

element (X), an oxide of tetravalent element (Y), water and a directing agent ® of
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the formula (CH3)3N+CHzCHzCH2N+(CH3)2CH2CH2CH2N+(CH3)3 (Triquat-7),

wherein the mixture has the following composition, in terms of mole ratios:

Component Useful Preferred
Y0,/X,0; less than 45 less than 35
H,0/YO, 5-100 10-50
OH/YO, 0.05t00.5 0.1-<0.5
R/YO, >0t0<0.5 0.01-<0.3
M/YO, 0.05t00.5 0.1-04

[0035]  Generally, the YO,/X,05 molar ratio of the reaction mixture is less than
30, and typically from 25 to less than 30. Generally, the OH/YO, molar ratio of
the mixture is from 0.2 to less than 0.4 and R/YO, molar ratio is from 0.01 to less

than 0.1.

[0036] In one embodiment, the reaction mixture also contain seeds, typically of
an MTT framework type molecular sieve, in sufficient amount to enhance
synthesis of the desired ZSM-23 material, such as at least 500 ppm, for example at

least 1,000 ppm, such as at least 10,000 ppm of the overall reaction mixture.

[0037] Crystallization is carried out under either stirred or static conditions,
preferably stirred conditions, at a temperature from about 150°C to about 200°C,
such as from about 160°C to about 180°C. Generably, crystallization is conducted
for from about 24 to about 300 hours, such as from about 72 to about 200 hours,
whereafter the resultant ZSM-23 product is separated from the mother liquor and
recovered. Generally, the ZSM-23 product is in the form of aggregrates of small
crystals having an average crystal size of about 0.02 to about 0.5 microns and an

external surface area of less than 80 m*/g.
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[ 0033] Exanples of other MIT framework type nol ecul ar sieves that can be
used her evo 20r0l7cad8 SSZ- 32 (see U. S. Patent No. 5,053, 3P8Y/USENIDBS63ee U. S.
Pat ent No. 4,705,674), 1SI-4 (see U.S.-Patent No. 4,657,750) and KZ-1 (see
Parker et al., "Synthesis and Sonme Properties of Two Novel Zeolites, KzZ-1
and KzZ-2" Zeolites vol. 3, pp. 8-11, 1983). [0034] Generally, the MIT

framewor k1§04% "OTRSHRltadi 2YR-OBRIRYAHs ik Thuat-7 used as the directing agent
and, prior to use as a dewaxing catalyst, the as-synthesized material is normally
treated to remove part or all of this organic constituent. This is conveniently
effected by heating the as-synthesized material at a temperature of from about

250°C to about 550°C for from 1 hour to about 48 hours.

[0039] One, or more preferably both, of the molecular sieves employed in the
present dewaxing catalyst and process are normally associated with a
hydrogentation component, such as tungsten, vanadium, molybdenum, rhenium,
nickel, cobalt, chromium, manganese, or a noble metal such as platinum or
palladium. Preferred hydrogenation components include platinum, palladium and
mixtures thereof. Such components can be exchanged into the composition,
impregnated therein or physically intimately admixed therewith. For example, in
the case of platinum, such components can be impregnated in or on the or each
molecular sieve by treating the material with a platinum metal-containing ion.
Suitable platinum compounds for this purpose include chloroplatinic acid,
platinous chloride and various compounds containing the platinum amine
complex. Combinations of metals and methods for their introduction can also be

used.

[0040] One, or more preferably both, of the molecular sieves employed in the
present dewaxing catalyst and process may also be combined with another
material resistant to the temperatures and other conditions employed in the
dewaxing process. Such matrix materials include active and inactive materials
and synthetic or naturally occurring zeolites as well as inorganic materials such as
clays, silica and/or metal oxides, e.g. alumina, titania and/or zirconia. The latter
may be either naturally occurring or in the form of gelatinous precipitates, sols or
gels including mixtures of silica and metal oxides. Use of a material in
conjunction with the or each molecular sieve, i.e. combined therewith, which is

active, may enhance the conversion and/or selectivity of the catalyst in certain
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Pr ef er r ed eyoramzadylassisondedly wihpetsemplayingsther mednsoforsontrpdlang the rage
01-17Y02 ) )
or reaction. Frequently, crystalline catalytic materials have been incorporated into
naturally occurring clays, e.g. bentonite and kaolin. These materials, 1.e. clays,
oxides, etc., function, in part, as binders for the catalyst. It is desirable to provide
a catalyst having good crush strength because in practice the catalyst is often
subjected to rough handling, which tends to break the catalyst down into powder-

like materials which cause problems in processing.

[0041] Naturally occurring clays which can be composited with the the or each
molecular sieve emplyed herein include the montmorillonite and kaolin families
which include the subbentonites, and the kaolins commonly known as Dixie,
McNamee, Georgia and Florida clays, or others in which the main mineral
constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such clays can be
used in the raw state as originally mined or initially subjected to calcination, acid

treatment or chemical modification.

[0042] In addition to the foregoing materials, the present molecular sieves can
be composited with a porous matrix material such as silica-alumina,
silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, as well
as ternary compositions such as silica-alumina-thoria, silica-alumina-zirconia,
silica-alumina-magnesia and silica-magnesia-zirconia. The matrix can be in the

form of a cogel. A mixture of these components can also be used.

[0043]  The relative proportions of molecular sieve and matrix may vary widely
with the sieve content ranging from about 1 to about 90 percent by weight, and
more usually in the range of about 2 to about 80 percent by weight of the
composite. In various embodiments, the sieve content of the catalyst can be about
90 percent by weight or less, or about 85 percent or less, or about 80 percent or

less, or about 70 percent or less. The sieve content can be at least about 1 percent
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about 90:10. The ratio of ZSM-48 to MTT can also be about 98:2 or less, or about

95:5 or less, or about 90:10 or less, or about 85:15 or less, or about 75:25 or less.

By combining ZSM-48 and an MTT framework molecular sieve, such as ZSM-23,

in a catalyst system according to the invention, an improved combination of

selectivity and reactivity can be achieved. Preferred combinations of ZSM-48 and

MTT molecular sieve involve having at least about a 75:25 ratio, to maintain the

high selectivity of ZSM-48 while achieving improved activity.

[0045] In the present catalyst system, the ZSM-48 and the MTT framework
type molecular sieve can be coextruded, normally with a binder or matrix material,
into catalyst particles each containing both molecular sieves. Alternatively, the
different molecular sieves can be in separate particles, with a bed or beds of
catalysts composed of mixtures of the particles. In still another embodiment, the
ZSM-48 and MTT framework type molecular sieve particles can be incorporated
into a stacked bed system. In such an embodiment, at least one bed includes
particles containing ZSM-48 molecular sieve. At least one additional bed includes

particles containing an MTT framework type molecular sieve.

[0046] The feedstocks that can be dewaxed using the present catalyst range
from relatively light distillate fractions such as kerosene and jet fuel up to high
boiling stocks such as whole crude petroleum, reduced crudes, vacuum tower
residua, cycle oils, synthetic crudes (e.g., shale oils, tars and oil, etc.), gas oils,
vacuum gas oils, foots oils, Fischer-Tropsch derived waxes, and other heavy oils.

Straight chain n-paraffins either alone or with only slightly branched chain
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392°F to about 800°F (200°C to 427°C), and a pressure from about 15 to about

3000 psig (204 to 20771 kPa). More preferably the pressure is from about 100 to
about 2500 psig (790 to 17339 kPa). The liquid hourly space velocity during
contacting is generally from about 0.1 to about 20, more preferably from about 0.1
to about 5. The contacting is preferably carried out in the presence of hydrogen.

The hydrogen to hydrocarbon ratio preferably falls within a range from about 2000
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IN ammonium nitrate solution, and calcined in air for 6 hours at 1000°F (538°C).

The extrudate was steamed in full steam for 3 hours at 890°F (477°C). The

extrudate was then impregnated via incipient wetness to 0.6wt% Pt with
tetraamminplatinumnitrate followed by calcination in air for 3 hours at 680°F

(405°C).
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[0053] A mixture comprising 52 wt% ZSM-23 (having a silica to alumina
molar ratio of ~ 40/1), 13 wt% ZSM-48 (having a silica to alumina molar ratio of
~70/1) and 35 wt% alumina was extruded. The extrudate was calcined in nitrogen
for 3 hours at 1000°F (538°C), ammonium exchanged with 1N ammonium nitrate
solution, and calcined in air for 6 hours at 1000°F (538°C). The extrudate was

then impregnated via incipient wetness to 0.6wt% Pt with
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lini ng t hendar adtyastofou?0/d) andi 35 twitperluming washexprdedict The exitudater wast or

i I db -1 dth i i .

if;t Bl nedl Crlspo i BltyRgen; fore, o A0 (SREETonmen GPRL FtnEsoE A  ur es
325F .o 4 . i a),.: 3]

| omert 2t oy ey ndite, FOMIERAIRAON EhBI N0 E (38TF

shows t he 1iLg0gREAL WA dd Vil egﬂatéch%izlir%@i iaitswgﬁfésfitgtm.ewwm»tamms t he

i sonerization selectivity of the Taterials. [0052]1It will be seen from

Fi gures 1l{&raaandinkl&inimaitratbefotlddieti by catcinatseralih fimdfont3 dbuts gh 680tF vi ty
ZSM 23 to a predom nantly ZSM 48 fornul ation provides an inprovenent in
activity f{#05°d8cane i sonerization while maintaining the high selectivity of
a ZSM 48 only version (Exanple 2). Exanple 4: 0.6%

Pt/ 52/ 13/ 35ZSM 23/ ZSM 48/ Al 203 [ 0053] A mi xture conprising 52 wt % ZSM 23

(havi ng aFsidmpk 6:0Dekuiie Tsorfitiaatioatwith @atahtsddf Examplés 398 (having a
silicato alumna nolar ratio of -70/1) and 35 wt % al um na was extruded.
The extrudate was calcined in nitrogen for 3 hours at 1000F (538C), .
ammoni um ¢8eFdngetiheitest ig Reeformad wmatmesphesicspriessurenand tie wactariesselisaj r

| nci pi ent OHatthe dAHlys BRETIBEd AP iZAO Y P omseloapiT) BesoTSTGRRIEY i
used for this test. The sample is first heated under nitrogen to 500°F (260°C),
followed by reduction in hydrogen for 3 hours at atmospheric pressure. The
temperature is then reduced to 325°F (163°C), and the flow of feed is started. The
feed consists of 200 cc/min hydrogen and 0.548 cc/hr liquid n-decane, delivered
by a MFC and ISCO pump, respectively. After lining the catalyst out at this
temperature, the product from the reactor is analyzed by an on-line GC, and the
next setpoint temperature is attained. Each catalyst is evaluated at a total of 9
different temperatures from 325°F (163°C) to 495°F (257°C). Figures 2(a) and
2(b) show the decane isomerization performance of catalysts from Examples 4 and
5. Figure 2(a) shows the isomerization activity of the materials and Figure 2(b)

shows the isomerization selectivity of the materials.

[0056] It will be seen from Figures 2(a) and 2(b) that increasing the high

activity ZSM-23 content so that it is the major zeolitic component in a formulation



- 17 - tetraanm nplatinumitrate followed by calcination in air for 3 hours
at 680F (405C). Exanple 5: (Conparative). 0.6% Pt165/35 ZSM 48/ Al 203

[ 0054] A mwetore7e38pri si ng 65 w % ZSM 48 (having a sil i eaTtus2@bonisaa nol ar
ratio of -70/1) and 35 w % al umi na was  Ext ruded. The extrudate was cal ci ned
in nitrogen for 3 hours at 1000F (538C), anmoni um exchanged with I N
ammonium nitrate solution, and calcined in air for 6 hours at 1000F (538C).
The extni %Pﬁa%?OithBMer RANAS 94l aVdAndiR! CRAke WRRES Rty O£ 8l Yo Rhe Wi t h
tetraamm nplatinumitrate followed by calcination in air for 3 hours at
680F (4052K5M BgasillyevebsiobdEaampls SieThzdbimnlatiohddeatshbysa selettiixpdpbies 4
and 5 [0055] The test is perfornmed at atnospheric pressure, and the reactor
vessel i scoopatex toCtteal §M-48avarsiony slhustrasing tha the acdivity @81 peleptivitngan g of

sized catalyst js used for this test. Th anp js,first heated under
ni trogen b@t@mﬂﬂ)qsgé@@thefammanwfzﬁcﬁ @riﬁfi'%dr ogen for 3 hours at
at nospheric pressure. The tenperature is then reduced to 325F (163C), and

the flow ed s.started. The. f opsl o c/ e, and
0. 545 cor 109 Tiqu; Wi BAE FieschlFimyEREaFERR, Hol ok MBeica ubisaeacty
respecti V?éﬂérerﬁtet% drﬂ&ﬁlﬁrté}ﬁbf@i‘h?érﬁét tiise 8F drliary eSMAT & Uhe, afkthill
product fromthe reactor 1s analyzed by an on-line , and the next

set poi nt hppRrelat Uhg i diveatiogdendaielf abataridtions otatlacatsdilptillastratedl of
9 different tenperatures from 325F (163C) to 495F (257C). Figures 2(a) and
2(b) showheten.ddoamthis season| thm, onferendeosimanid deomadgtsailgistte theorprendadl es 4
and 5. Figure 2(a) shows the isonerization actifvity of the materials and

Fi gure 2(Klaimndaspemesesehdeterainag theirae seeng 9f he nrasentanwmtions.  wo
2010/ 077308PCT/ US2009/ 006563 - 18 - with a - 70/1 ZSM48 results in a
dramatic increase in activity conpared to the ZSM 48 only version (Exanple
5). The fornul ati on does show a selectivity debit conpared to the ZSM 48
version, illustrating that the activity and selectivity can be tuned based
on the anmobunt/ratio of ZSM 23 to ZSM 48. [0057]While the present invention
has been described and illustrated by reference to particul ar enbodi nents,
those of ordinary skill in the art will appreciate that the invention | ends
itself to variations not necessarily illustrated herein. For this reason,
then, reference should be made solely to the appended clains for purposes
of determ ning the true scope of the present invention.



WO 2010/ 077308PCT/ US2009/ 006563 - 19 - CLAI MVs: 1. A process for
dewaxi ng a waxy conponent-contai ni ng hydrocarbon feedstock, the process
conpri si myocormmEeiosng t he feedst ock under dewaxi ng condiPCIrarsg000i00ds6h

catal yst system conprising ZSM 48 and -a %ol ecul ar si eve of the MIT

framewor k type. 2. The process of claim1, wherein the ZSM 48
has a silica to alumna nolar ratio | ess than 250. 3. The
process oCIARS 1, wherein the ZSM 48 has a silica to alumna nolar ratio
| ess than 150. 4. The process of claiml1l, wherein the ZSM 48
has a silica to alum na nolar ratio | ess than 100. 5. The

process of claim1, wherein the MIT framework type nol ecul ar sieve has a
silica to alunina ndlar raptasesedar dawaxiaga waxy componentgonfdiBingr ocess of

claiml1, wherein th T framework type pol ecul ar . si eve. has silicato
2l umi na mBy&focEharfeedsieck il psocess comprising contacting thsr ledsieCk findp; m 1.

ot ar 1 at Aar g R B R SRS Z SR A § Bl

nol ar rat S rocess of claim

1, whereip t her conprises a hydrogenati on conponent.
WO 2010/ 03?&%%&@% &gggﬁa%%dé@?swézo - 9. The process of claim
8, wherein the hydrogenation

2. The process of claim 1, wherein the ZSM-48 has a silica to

alumina molar ratio less than 250.

3. The process of claim 1, wherein the ZSM-48 has a silica to

alumina molar ratio less than 150.

4. The process of claim 1, wherein the ZSM-48 has a silica to

alumina molar ratio less than 100.

5. The process of claim 1, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio less than 45.

6. The process of claim 1, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio less than 30.

7. The process of claim 1, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio of from 25 to less than 30.

8. The process of claim 1, wherein the catalyst system further

comprises a hydrogenation component.



conponent is selected fromplatinum palladium and m xtures thereof.

10. The process of claim1l, wherein the catal yst system conprises particles
each contwonong7Z®kt 48 and sai d nol ecul ar sieve of the BTT/US@o®UYEGIHK type.
11. The process of claim1, wherein the2Gatal yst system conprises a mixture
of particles containing ZSM 48 and particles containing a nolecular sieve
of the MIT franmework type. 12. The process of claim1, wherein

the catalyst systemcgonpritgesrotuss &f claRh S %Hﬁ?éiﬁ@h@ﬁ?énog‘éﬁﬁtﬁ&in at | east
one bed includes particles containing ZSM48 and at [east one additional

bed i ncl udemppaehi slsefeceathfrahmplagnamyphHadiuat, asidewixtofestthered T fr amewor k
type. 13. The process of claim1, wherein the feedstock is a
waxy conponent-containing | ube range material . 14. The process
of claim1, wherein the feedstock is a waxy conponent-containing
hydrocarbon oil boi ll0ng abdtperogsssel dgmer ¢ wheegin the catalyst systemis ™ The

process of claiml, wherein the.rati SM.48.10 T.framewo t

nol ecul ar CSRTECP Baﬁ’c(’l?se%asc‘?‘ Cé)gl?a;xgl_ng Psf-48 3 Safiim%éﬂ%%%vees%{@ %ﬁil mi,
wherein t?@lﬁa;,&q( t%eZSM 48 to MIT framework type nol ecul ar sieve is at

| east 75: 25. '

11.  The process of claim 1, wherein the catalyst system
comprises a mixture of particles containing ZSM-48 and particles containing a

molecular sieve of the MTT framework type.

12.  The process of claim 1, wherein the catalyst system
comprises two or more stacked beds, wherein at least one bed includes particles
containing ZSM-48 and at least one additional bed includes particles containing a

molecular sieve of the MTT framework type.

13.  The process of claim 1, wherein the feedstock is a waxy

component-containing lube range material.

14.  The process of claim 1, wherein the feedstock is a waxy

component-containing hydrocarbon oil boiling above about 350°F (1’i7°C).

15.  The process of claim 1, wherein the ratio of ZSM-48 to MTT

framework type molecular sieve is at least 25:75.

16.  The process of claim 1, wherein the ratio of ZSM-48 to MTT

framework type molecular sieve is at least 75:25.



WO 2010/ 077308PCT/ US2009/ 006563 -21 - 17. A dewaxi ng cat al yst
conprising particles each containing ZSM 48 and a nol ecul ar sieve of the

MIT fr amewor2kiozorpes 18. The catal yst of cl aiPorAk2000t0e6563 n t he
ZSM 48 has a silica to alunina nolar ratlio | ess than 250. 19.

The catal yst of claim 17, wherein the ZSM 48 has a silica to alum na nol ar
ratio | ess than 150. 20. The catalyst of claim 17, wherein the

ZSM 48 has a silicajto algaeRaxingy @dtaliat ddnpeSing tpasiclédBach containing ~ 21.
The catal yst of claim 17, wherein the MIT framework type nol ecul ar si eve

has a sil ZS&Mt48 aldianrdecmbhasievadft thd BEET faarewidk type. 22. The
catalyst of claim17, wherein the MIT franework type nol ecul ar sieve has a
silicato alumna nolar ratio | ess than 30. 23. The catal yst of

claim 17, wherein the MIT_framework_ type nol ecular, sjeyv s asjlicato
al umina nol ar rati olgf f ridie eatalyst gfealaing 4 nwhgrein the 2§1\/?—4%a}1a§@_ Sitgto
catalyst of claim/17. wherei,n t particles further conprise a binder.

25. The c&[‘ﬁ?%tmgl?ré?téﬁ Eﬁsﬁ}}a’\/\ge ‘'ein the particles further conprise a
hydr ogenati on conponent. 26. The catal yst of claim 25, wherein
t he hydrogenati on conponent is selected fromplatinum palladium and

m xtures thereof. WO 204HOfAYSRETTEIMRE 99 HvPRRAER $he ZSM-48 has a silica to

alumina molar ratio less than 150.

20.  The catalyst of claim 17, wherein the ZSM-48 has a silica to

alumina molar ratio less than 100.

21.  The catalyst of claim 17, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio less than 45.

22.  The catalyst of claim 17, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio less than 30.

23.  The catalyst of claim 17, wherein the MTT framework type

molecular sieve has a silica to alumina molar ratio of from 25 to less than 30.

24.  The catalyst of claim 17, wherein the particles further

comprise a binder.

25.  The catalyst of claim 17, wherein the particles further

comprise a hydrogenation component.

26.  The catalyst of claim 25, wherein the hydrogenation

component is selected from platinum, palladium, and mixtures thereof.



- 22 - 27. The catalyst of claim 17, wherein the ratio of

ZSM 48 to MIT framework type nol ecul ar sieve is at |east 25:75.

28. The cwibabyat7738 claim 17, wherein the ratio of ZSM 28Ttus20Mod56Rmewor k
type nol ecul ar sieve is at |east 75:25.22-

27.  The catalyst of claim 17, wherein the ratio of ZSM-48 to

MTT framework type molecular sieve is at least 25:75.

28.  The catalyst of claim 17, wherein the ratio of ZSM-48 to

MTT framework type molecular sieve is at least 75:25.



