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ISOMERIZATION PROCESS USING METAL-MODIFIED
SMALL CRYSTALLITE MTT MOLECULAR SIEVE

FIELD OF THE INVENTION

This invention is directed to a process for isomerizing a feed which includes
straight chain and shightly branched paraffing having 10 or more carbon atbms
using a catalyst comprising a small crystallite MTT molecular sieve loaded
with metals. This invention is also directed to dewaxing methods producing

products with improved viscosity indexes at lower pour points,

BACKGROUND OF THE INVENTION

The production of Group il and Group it base oits employing
hydroprocassing hias become increastngly popular in recent vears.
Catalysts that demonstrate improvad isomerization selectivity and
conversion are continually sought. As discussed in U.S, Pat, No. §,282.858,
col 1-2, the use of intermediate pore molecular sieves such as Z8M-22,
ZEM-23, ZSM-38, 88Z-32, BAFDO-11, SAP(-31, 8M-3, SM-8 in
isomerization and shape-selective dewaxing is well-known, Other typical
zeolites useiul in dewaxing include Z8SM-48, ZSM-57, S8Z-20 EU-, EU-13.
ferrigrite, SUZ-4, theta-1, RU-10, NU-23, NU-87 181-1, i8h4 KZ-1,and KZ-2

WS, Pat, No. 5,282,827 and 5,083,373 disclose a zeolite such as $82-32
which is prepared using an N-ower alkyl-N'isopropyl-imidazolium cation as a
template. 5,083 373 discloses a silica 1o alumina ratio of greaterthan 20 o
less than 40 and a constraint index, sfter calcination and in the hydrogen
form, of 13 or greater. The zeolie of 5,252 527 is not restricted to a constraint
mdex of 13 or greater, 5,252 527 discloses loading zeolites with metals in
order w provide a hydrogenation- dehydrogenation function. Typical repiacing
cations can include hydrogen, ammonium, meta! cations, e.g., rare earth,
Group 1A and Group Vil metals, as well as their mixtures. A method for
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preparation of MTT.lype zeolites such as 882-32 or ZSM-23 using small
neutral amines is disclosed in U.S. Pat, No. 5,707.601.

U.S. Pat. No. 5,397,454 discloses hydroconvearsion processes employing a
zeolite such as SSZ.32 which has a small crystaliite size and a constraint
index of 13 or greater, after calcination and in the hydrogen form. The catalyst
possesses a silica to aluming ratio of greater than 20 and less than 40,

U.S, Pat No. §,300,210 Is also directed to hydrocarbon conversion processes
employing 882-32. The 552-32 of U.8. Pat. No. 5,300,210 is not limited to &
smalt crystatiife size.

U8, Pat. No. 7,141,529 discloses.a method of metal-modifving molecular
sieves with different metals {a metal or metal selecied from the group
consisting of Ca, Cr. Mg, La, Ba, Pr, Sr, K and Nd and also with & Group VIl
metal} to provide catalysts with improved isomaerization selectivity using an
rilies fead. None of the processes produced a molecular sieve with a small
crystaflite size. None of the somerization methods gave a slope ofthe Vi of
the product bolling at 8507F (343°Cy and above versus the pour poirt of zere
or less,

U.8. Pal. Publication No. 2007/004 180841 discioses a methad of making a

small crystalite MTT catalyst. Nothing is discloged of maetabmodifying the
molecular sieve.

SUMNMARY OF THE INVENTION

There is provided a process for dewaxing g hydrocarbon feed to produce an
isomerized product, the feed including straight chaln and siightly branched
paraffins having 10 or more carbon atoms, comprising contaciing the fesd
under isomerization conditions in the presence of hydrogen with catalyst
comprising a molecular sieve having MTT framework topoiogy and having a
crystaliite diameter of about 200 to about 400 Angstroms in the longsst
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direction, the catalyst containing at least one metal selected from the group
consisting of Ca, Cr, Mg, La, Na, Pr, 8r, K and Nd and at least one Group Vil
metal.

There i also provided a dewaxing method, comprising isomerization
dewaxing a hydrocarbon feed having at least 5 wi% wax over a catalyst to
produce two or move isomerized products boiling at 343°C {850°F) or higher,
sach isomerized product having:

&. a pour point between § and -30°C. and

b, a corresponding viscasity index of 85 or higher,

wherein a fine fit to a chart of the pour points on an x-axis and the viscosity
indexes un & y-axis has a siope of the fine for v of zero or less.

There is aiso provided a dewaxing process, comprising isomerization
dewaxing @ hydrocarbon feed having at isast b wit wax over a catalyst to
produce two or more isomaerized products boiling at 343°C (850°F) or higher,
each isomerized sroduct having:

&, a pour point between ( and «30°C, and

b. a cotresponding viscosity indew of 85 or higher;

wherein a ine fit to & chart of the pour points on an x-axis and the viscosily
indexes on 8 y-axis has a siope of the lins for y of zero or less; and wherein
the vield of the two or more isomerized products boiling 2 343°C (B50°Fy or
higher is 80 wi% or greater based on the feed,

BRIEF DESCRIFTION OF THE DRAWINGS

Figure 1 shows yvield versus pour point tor isamerization of & heavy neutral
{500N) feed using a standard MTT-containing catalyst ("Sxd 882.32%, a
metai-modified standard MTT-containing catalyst U'metal-modified 882-327
and the metal-modified, small orystallite MTT-containing catalyst ("'metai-
modified 88Z4-32X7).
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Figure 2 shows Viscosity index (V1) versus pour point for isomerization of a
heavy nsutral {S00N) fead using a standard MT T containing catalyst ("std
88Z-32"), a metal-modified standard MTT-containing catalyst ("metal-modified
882-32") and the mstal-medified, smail crystaliite MTT-containing cataiyst
{("metal-modified SSZ-32X").

Figure 3 shows gas make {(producton of C.-C, products) versus pour point
for isomerization of & heavy neutral (S00N) feed using a standard
MTT-containing catalyst {"std 88Z-32"}, a metal-modified standard
MTT-containing catalyst "metal-modified S8Z-32") and the metal-modified,
small crystaflite MTT-confaining catalyst ("metal-modified 58Z-32X").

Figure 4 shows vield of Cs products versus pour point for isomerization of a
heavy neutral (SOON) feed using a standard MTT-containing catalyst {("sid
882-32"), a metal-modified standard MTT-containing catalyst (“metal-modified
§S8Z.32" amdd the metabmodified, small crystalife MTT-containing catalyst
{"metal-modified S8Z-32X™M.

Figure 5 shows yield versus pour point for somerization of & 150N feed
using & standard MTT-containing catalyst ("std 832Z-32", a small crystaliite
MTT-containing catalyst withou! metal lpading ("smali crystal S52-32). 8
metal-modified standard MTT-containing catalys! ("metal-modifisd S82-32%)
and the metal-modified, small crystailite MTT-containing catalyst {"metal
miodified 88Z-32X7).

Figure 8 shows Viscosity index (V1] versus pour point for isomerization of 8
150N feed using a standard MY T-containing catalyst (“sid 882-32"), & metah
modified standard 7T T-containing catalyst ("metabmaodified 352-32%) and the
metal-modified, small orystaliite MTT-containing catalyst ("metabmodifiad
582-32X").
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Figure 7 shows gas make versus pour point for isomerization of & 150N feed
using a standard MT T-containing catalyst {"std $SZ-32"}. & metgl-modified
standard MTT-containing catalyst "metal-modified $3Z-32" and the small
crystafiite MT T-containing catalyst ('metal-modified 85Z.32X").

Figure 8§ shows yield of Light Naphtha (Cs ~250°F) products versus pour point
for isomerization of & 150N feed using & standard MTT-containing catalyst
{"std §SZ-32"), a metab-madified standard MTT-contsining catatyst ('memk
modified 88Z-32" and the metat-modifiad, small crysialtite MTT -containing
catatyst (“metal-modified SSZ-32X7).

Figure B shows yield versus pour point for isemerization of & Medium Neutral
feed using a standard M7 T-containing catalyst (*std 882-32"), & metal-

modified standard MT T-containing catalyst ("metat-modified SSZ-32" and the

metai-modified, small crystaliite MT C-containing cafalyst (‘metal-modified
B58Z-32X,

Figure 10 shows Viscosity index (V1) versus pour point for somerization of
a Medium Neutral feed using a standard MTT-comtaining catalyst

{"std S52-32", a metabmosified standard MTT-containing caalyst (“metak
modfied 882-32") and the metal-modified, small crystallite MTT-containing

F33%

catalyst metal-maodified 8SZ-32X"}.
Figure 11 shows a comparison of the X-ray diffraction patierns of g standard
MTT motecutar steve (“STANDARD 882-32") and & small crystalite MTT

molecular sieve {"S8Z-32X",

DETAILED DESCRIPTION OF EMBODIMENTS

in one embodiment the catalyst is comprised of & molesular sisve having the
MTT framework topotogy. The catalyst employed comprises from & 1o 85 wit%
melscular sieve. "Molecular steves.as used herein can include "zeglites” The
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terms "MTT type zeolite”, "MTT molecular sieve™, or variations thereof refers

1o the framework structure code for a family of molecuiar sieve materials. The

Structure Commission of the international Zeolite Association (IZA) gives
codes consisting of three alphabetical letters to zeolites {a type of molecular
sieve) having a structurs that has been determined. Zeolites having the same
topology sre generically calied by such three letters. The code MTT iz given o
the structure of molecuiar sieves incluging: Z5M-23, §82-32, EU-13, 1814,
and KZ-1. Thus, zeolites having a framework structura similar to that of Z8M-
23 and 882-32 are named a MTT-type zeolite.

Other molecutar sieves useful for isomerization dewaxing are intermediate
pore size motecular sieves having a frameawork topology of MTT, TON, AEL oy
FER.

The small crystaltite MTT-type zeolites used in one embodiment of the
catslyst have a crystaliife diameter of about 200 Angstroms to about 400
Angstroms 0 the longast direction.

Catalyst Preparation

in one embodiment. small crysiallite MTT molecular sieves are prapared from
an agueous solution containing sowrees of an atkall metal oxids or hvdrowide,
an alkylamine {such as isobulylamine), an organic carbon compound source
of quaternary ammornium on which i subsequently lon-exchangad to the
hydroxide form, an oxide of aluminum {e.g., wherein the aluminum oxide
source provides aluminum axide which is covalently dispersed on silical. and
an oxide of gilicon. in-one empodiment the organic carbon compourd source
of guatemnary anmmoniun ion which s subsegueantly nnexchangad to the
hydroxide form is Nuower aliiyi-N'~ isopropyi-imidazotium cation {for-example
N, Niditsopropylimidazolium cation or Kemethyi-N-isopropyl-imidazolium
cation). The agueous solution has 2 composiion in terms of mole ratics falting
within the {elowing ranges:
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Tahie 1 ~ Composition of mole ratios

: - Embodiment 1 | Embodiment 2

TG TARO: 20-ess than 40 30.35

OIS0, RN 550:0.40
&SI, GO 567038

W 7810z 0.06-0.30 G 15-0.30

T, OI8T0; [20-300 2580
BicreNin [0.25:6.75 033067

wherain Q is the sum-of Qg and Qu; M is the alkali metal oxide or hydroxide;
and M+ s the akall metal cation derived from the alkall metal oxide or
hydroxide. The-alkali metals are the series of elements compriging Group 1
(IUPAC style) of the periodic table: lithium (L1}, sodium {Na), potassium (K,
rubidium {Rb), caesium (Cs), and francium (Fri.

Q, 18 @n organic carbon compound source of guaternary ammonium o and
Qp is @n aming. in one embodiment, Q, is aiy N-lower alic-N'-isopropyh
imidazolium cation {for exampie an N, N'-dilsopropyhimidazolium cation or N-
metnyi-N' isopropyi-midazolium cation). A number of different G, amines are
ussful. In one embodimeant, isobutyl amine, neopentyl amine, monoethy!
aming, or mixtures thereof are suitable axamples of Q. The motar
concentration of Qy s greater than the molar concentration of Q. Genesrally,
the molar concentration of Q,, is In the rangse from 2 t© about 8 times the motar
concentration of Q.. U.5. Pat No. 5,785,847 (nerein incorporated by
reference) describes how a zeolite synthesis method employing two organic
sources of nitrogen, one source being an amine containing from one to eight
carbons provides significant cost savings-over & method inwhich the
quatermary ammonium ion sowee {such as midazolium) is the only sourcs of
organic component. The combination of the two organic nitrogen sources

aflows the possibiity of the primary femplate (used. in smalier quantity} 1©

nucigate he desired zealin struriure and then the amine o contribute 1o
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filling the pores in a stabliizing manner, during crystal growth. Empty pores of
ngh silica zeolites are susceptible to re-dissolution under the syrithesis
conditions. The amine also can confribute o maintaining an elevated alkalinity
for the synthesis,

in one embodiment, the organic carbon compound source of guaternary
ammonium on aiso provides hydroxide o,

in ane embodiment, the orgarnic carbon compound sowce of quatemary
ammonium ion, G, of the agueous solution 13 derived from a compound of the
formuda:

wherein R is lower allyl containing 1 o & carbon atoms, for example -CH3 or
isopropyl. An anion {AG} which is not detrimental to the formation of the MTT
molecular sieve is associsted with the calion. Examples of an anion Include
halogens {e.g., fluoride, chloride, bromide and iodide), hytiroxide, acelate,
suffate, carboxviate, etc. Hydroxide ie 8 particularly usefut anon,

The reaction mixiure is prepared using standard zeolitic preparation
technigues. Typical sources of sluminum oxide for the reaction mixiure
inciude aluminates, sluming. and aluminsgm compounds, sych-as
giuminume-coated siiica collolds {one sxamiple is Nalso 1088 colicid sol},
Ab{BO, ), and other zeolites.

in one embodiment the aluminum oxide s in a covalently dispersed form on
sihea. Alurmnum oxide in a covalently dispersed form aliows molscular sieve
with increased aluminum content to be orystallized. increased aluminum

content i the molecular sieve promotes womerization. In ancther approach,
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zeolites of pentasit structure and iower silica/aluminag ratics (approximately 10}
can be used as aluminum oxide sources or teedstocks for the synthesis of
smalt crystaliite MTT molecular sieve. These zeolites are recrystaliized 1o the
small crystaflite MTT molecular sieve in the presence of the organic sources
Q. and Oy, described above,

kordenite and ferrisrite reclites constitute two such useful apurces of
aluminum oxide or {eedstocks. These iatter zeolites have also been ysad i
the crystallization of Z8M- 5 and Z8M-11 (U8, Pat. No. 4, 503,024).

Anociher approach, wherein the aluminum oxide is i a covalently

dispersed form op sificz, 18 {0 use an aluming coated silica sol such as

that manufaciured by Nailco Chem. Co, under the product name 1058 colloig
sol {28% siica, 4% alumina). in addition 1o providing novel 88Z-32 Xowith
high aluminum content, use of the sol generates crystallites of iess than
1000A (atong the principal axisy with surprisingly high isomarization capability.

in one embodimeant, the catalviic performance of MTT molgcular sieves {in the
hydrogen form) for cracking capability is manifested by Constraint index
valties {as defined in J. Catalysis 67, pags 218) of 13 or greater and in one
embodiment the MTT molecular sieve (in the hydrogen form) has a Constramnt
index from 13 o 22 Determination of Constraint index is also disclosed in
U.S. Pal. No. 4,481,177, In general. lowering the crystalite size of a zeolite
leads fv decreased shape selectivity. This has been demonstrated for ZSM-5
reactions involving aromatics 85 shown in J. Catalysis 98,327 {1886), i
addition, zeolite ZSM-22, {U.5. Pat. Np. 4,481,177) has been found to be

closely refated 1o ZSM-23 {4, Chem. Soc. Chem. Comm. 1985 page 11173 In

the above reference on Z8M-22 i was shown that ball-miliing the orystalites
produced a catatyst with & constraint index of 2.8, This is a surprisingly low
vaiue for this material given other studies which indicate that it is a very
selective 10-ring pentasi! (Froc. of 7th intl. Zeulite Conf. Tokyo, 1988,

page 23). Presumably the balimilling leads tv & less selective but more active
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catalyst, by virtue of producing smalier crystailites. Unlike sarlier small
arysialite catalysts with iow constraint indexss, that smaler orystalite MTT
molecuiar sieve ioadad with metals maintains high sslectivity.

Typical sources of silicon oxide include silicates, sifica hydroge!, silicic acid,
colioidat silica, fumed silicas, tetraalky! orthosilicates, and siiica hydroxides.
Saiis, particuiarly alkall metal halides such as sodium chioride. can be added
to or form in the reaction mixture. They are disclesed in the ilterature as aiding
the crystallization of zeolites while praventing silica occlusion i the iattice.

The reaction mixture is mainiained at an elevated temperature until the

orystals of the molecular sieve are formed. The temperatures during the

hydrothermal crystallization step are typically maintained from about 140° C.
to about 200° C., for exampie from about 180° C. to about 180" £ or from
about 170° C. 1o abouf 180° C. The crystaliization period is ypically greater
than 1 day, and in one embodiment the crysialiization period is from about 4
days to about 10 days.

The hydrothermal crystallization is conducted under pressure and usually i
ar autociave so that the reaction mixiure s subject o autogenous pressure.
The reaction mixture can be stirred while components are added as well as
during crystaifization,

Once the molecutar sieve orysials have formed, the solid product 18 separaiad
from the reaction miiture by standard mechanical separation technigues such
as filtration or centrifugation. The crystals are water-washed and then dred,
s.g. at 90" C. 1w 150°C. for from 8 1o 24 hours, 1o obitsin the as-synthesized
molecular sieve crystals. The drying siep can be parfeemend at aimospheris or
subatmospheric pressures.

Durng the hythothermal orystatiizglion step, the orystals can be aliowed to
nucleate spontenecusly rom the reaction mbdure. The reaclion midure gan
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also be sgeded with MTT crystals both to direct, and accalerate the
crystallization, as well as 1o minimize the formation of undasired
atuminosilicate contaminanis.

in one embodiment, the smalt crystallite MTT«ype zedites used in the
catalyst have a crystaliite diameter of about 200 Angstroms 1o about 400
Angstroms in the longest dirsction.

in one embodiment, the small orystsliite MTT motecular steve can he used as-
synthesized or can be thermally treated {calcingd). The calcination is
advantageously conducted at a temperature of about 750 F, Usually, tis
desirable to remove the alkali metal cation by ion exchange and replace it with
hydrogen, ammonium, or any desired metal ion. The molecular sieve can be
ieached with chelating agenms, e.g., EDTA or dilute acid solufions, to increase
the siica alumina mole ratio. The molecular sieve can also be sieamed,
Steaming helps stabilize the crystalline lattice to attack from acids.

The calcined molecular sieve is then loaded with at least one metal selected
from the group consisding of Ca, Cr, Mg, La, Na, Pr, 81, K and Nd. These
metals are known for their ability fo modify performance of the catalyst by
reducing the number of strong acid sites on the catalyst and thereby lowsring
the selectivity for cracking versus Bomernization. Ih ong embodiment,
modification also iyvolves increased metal digpersion such that ackd or cation
sites in the catalysts are blocked, In one embodiment, metal jvading &
accomplished by a varisty of technigueas, including impregnation and ion
exchange. Typically, the metal is loaded such that the catalyst contains 0.8 o
& wi% metal on 2 dry basis. In one embodiment the catalyst containe 2 1o 4
wi% metal o a8 dry basis.

Typical lon exchange technigues involve contacting the extrudate or pardicle
with & sojulion containing a salt of the desired replacing cation or cations,
Although & wide vanety of salis can be employed, in one embodiment the salt
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of the desited replacing cation or cations is selectad from the group of
chiorides and other halides, nitrates, sulfates, and mixtures thereof,

Representative ion exchange fechniques are disciosed iy a wide vatiety of

patents including U.5. Pat. Nos, 3,140,249, 3,140,281, and 3,140,283, each
of which is incorporated herein by reference. lon exchange can take place
either before or after the extrudate or particle is calcined. Calcination is
carried oul in a femperature rangs from 400 to 1100 °F.

Foliowing contact with the salt solution of the desired replacing cation, the
malecular sieve is dried at temperatures ranging from 148" F to about 509° F.
The molecular sieve is then further lpaded using a technique such as
impregnation with a Group VIl metal (o enhance the hydrogenation function.
i some embodiments it is desirable 1o coimpregnate & modifying metal ang
Group Vil metal at once. as disciosed in .8, Pat No. 4084 821 Inons
embadiment the Group Vil metal is platinum, paltadium or a miklure of the
twa. in ong embodiment, after metal loading, the material can be calcined i

air or inert gas at temperaiures from 500 0 800 °F.

Thus, an example of a typical method for preparing the catalyst involves the
following steps:

{a) synthesking the small crystaliite MTT zeolite in an agueous solution;

{b} mixing the small crystallite MT7T zeolite with a refraciory inorganic oxide
carrier precursor and an agueous solution to form & mixture,

(¢} extruding or forming the mixture of step (b} {o form an extrudate or formed
particle,

{d} drying the extrudate or formed particle of step (ol

{e) calaining the dried extrudale or formed particle of step (d)
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{f) impregnating the calcined extrudate or formed pardicle of step (e} with at
least one metal selected from the group consisting of Ca, Gr, Mg, La, Ba, Na,
Pr, &, K and Nd 1© prepare a metlal-modified extrudate or formed particle,

{g) drying the metal-modified extrudate or formsd particle of step (T},

{h} further impregnating the metal-modified extrudats or formed particle of
step

{g) with a Group Vil meiatl to prepare a catalyst precurson
{i) drying the catalyst precursor of step (h): and

{§) calcining the dried catalyst precirsor of step (i) {0 form a finished, bount
pataiysl

Use of an active material in conjunction with fhe synthetic molscular sisve,
i.e., combined with {1, tends to improve the conversion and selectivity of the
catalyst in certain organic conversion processes, Examples of active
materiais are hydrogenating components and metals gdded to affect the
overgh functioning of the catalysl. in one ermbodiment the overall functioning
of the calalyst includes enhancemeant of isomerization and reduction of
cracking activiy,

in ong embodiment, small crystaliite MTT molecular sieve can be used in
intimate combination with hydrogenating componeants for those applications in
which a hydrogenation-dehydrogenation function is desired. Typical
hydrogenating components can includs hydrogen, ammonium, metal cations,
e.g. rare garth, Group B4 and Group Vil metals, as well as their mixtures.
Exampies of metal hydrogenating components include tungsten, vanadium,
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molybdanum, rhenium, nickel, coball, chromium, manganese, platinum,
pattadium {or other noble metals), in one embodiment the Group Vill metal is
a noble metal selected from the group of platinum, palladium, rhenium, and
mixtures theredf. In ancther embodiment the Group Vil metatl is a noble metal
selected from the group of platinum, paliadium, and mixtures thereof. in one
embodiment, the metal hydrogenating component is added such that #
constitutas about 0.3 to about 5 wi.% of the catalyst on a dry basis.

Metals added fo afiect the overall functioning of the vatalyst (including
enhancement of somernzation and reduction of cracking activity) include
magnesium, lanthanum (and other rare earth metals), barium, sodium,
praseodymium, strontium, potassium and neodymium. Other metals that
might aiso be employved to affect the overall functioning of the catalyst include
zine, cadmium, tanium, aluminum, tin, and ron.

Hydrogen, ammonium as well as metal components can be exchanged into

the molecular sigve. The zeolite can aiso be impregnated with the metals, o,

tha metals can be physically intimately admixed with the molecuiar sieve
using standard methods known to the art. The metals can be ocoluded in the
orystal iattice by having the desired metals present as ions in the reaction
mibxture Tom winch the zeolits = prepared.

in one embodiment, the molegtdar sieve zeolite described is converisd to s
acidic form and then is mixed with a refraciory inorganic oxide carmer
precurstl and an agueous solution 1o form a mixture. i ane embodiment, me
agueous solution is-acidic. The aguecus solution acts as a peptizing agent. in
une empotiment, the carvier (#iso known as a matrix or bindan s chosen for
heing rasistant 1o the temperatures and other conditions emplovad in srganic
conversion prosesses. Such matrix materials inciude active and inactive
materials and synthelic or naturally occurring zeolites as well as inorganic
materials such as clays, silica and metal oxidas. in one embodiment the

parrer occurs naturally. In another embodiment the carrier is inthe form of
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gelatinous precipitates, sols, or gels, including mixtures of silica and metal

oxides,

i one emboediment the molecular sieve is composited with porous matrix
materials and mixtures of matrix materiais such as siica, alumina, titania,
magnesia, silica-aluming, silica- magnesia, silica-zirconia, silica-thoria, silics-
baryiiia, silice- titania, {itania-zirconia as well as termary compositions such as
sitica- alumina-thoria, silica-alumina-zirconia, sifica-alumina-magnesia and
siica-magnesia-zitconia. The matrix can pe in inhe form of & cogel. In one
ambadiment, the matrix materials are alumina and siica.

inactive materials can suitably serve as diluents 1o control the amount of
conversion in a given process so that products can be obtained economically
without using other means for controliing the rate of reaction. Frequently,
zeolite materials have been incorporated into naturally occurring clays.

2.4, bentonite and kaclin. These materials e.g. clays, oxides, gte., funclion, in
parl, as bindars for the catalyst. i is desirable to provide s catalyst having
good crush strength, because in petrolsum refining the catalyst is often
subjected to rough handiing. This tends to break the catalyst down into
powders which cause problems in processing.

“Metal-modified” in this disciosure means tha! the catalyst molecular sisve
contains at lsast one melal selected from the group consisting of Ca, Cr, Mg,
La. Na. Pr, 81, K and Nd; and at least one Group Vil metal. Group Vill
metals are Fe, Co, Ni, Ry, Rh, Pd, Os, i, and PL

in one embodiment, naturally occuriing clays are compoesited with the
synthetic small erystallite MTT molscular sieve. Examples of naturally
oeeurring clays include the montmorilionite and kaolin families. which families
inctude the sub-bentonites and the kaplins commoniy known as Dixie,
Mchamee, Georgia and Florida clays or others in which the main minera
constitusnt is halloysite, kaolintte, dickite, nacrite, or anawite. Fibrous clays
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stch as sepiolite and attapuigite can also be used as supponts. Such clays
can be used i the raw state as origially mined or can be initially subjected o
calcination, acid treatmeant or chemical maodification,

The mixture of molecular sieve and binder can be formed into a wide varisty
of physical shapes. Generally speaking, the mixture can be inthe form of &
powder, a granule, or a molded product, such as an extrudate having 2
particle size sufficieni to pass through-a 2.5-mesh (Tyier) soreen and be
retained on a 48-mash (Tyler) screen. in cases where the catalys! is molded,
such as by extrusion with an organic binder, the mixture can be extruded
before drying. or dried or pariially dried and then extruded. Small crystaliite
MTT motecular steve can also be steamed. Steaming heips stabiiize the
crystalling lattice to attack from acids. The dried exirudate is then thermally
treated, using calcination procadures.

Generally it is desirable 1© minimize the amount of molecular sisve in the
finished catalyst for economic reasons. Lower levels of the molecular sieve in
the finished cataiyst are desirable If good activity and selectivity results are
achigved. In one embodiment, the fevel of molecular sieve is between 5 and
85 wi %, or in another embodiment between § and 80 wi%, The level of

molecular sieve is varied for different molecular sieve types.

in one embodiment, the metal-moditied small crystaliite MTT catalyst gives
superior vields and exceptional Viscosity index (Viy on a variely of fesds. The
b‘ypréduct selectivity s significantly changed compared o catalysts containing
standard MTT-type zeolite, e.g., the catalyst resulls in very low gas and
nEphtha make, For example, on a waxy S00N hydroorackate Tead containing
21% wax, with a waxy Vi of 122, the product vield was 87% at a pour point of
-15 C and a VI o 120 - 121, Typically, 2 much larger drop is seen from waxy
Vi o dewaxed VI For example, when a catalyst containing 2 standard MTT-
type zeolite was employed, the resuftant product Vi was about 111, A metal-
modified standard MT T-type zeolite catalyst gave g Vi of 115, Gas make and
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naphtha make were both much reduced by the use of the small crystallite
MTT molecular sieve loaded with metals. Such a high vield and product Vi
very close to the waxy feed Vi after dewaxing was very surprising. The visid
of 700 F+ dewaxed lube product in this instance was as high as 97%. Also,
the slope of the product Vi versus pour point is unusual in that it was not
lowered at fower pour point.

Diata was aiso obtained on a 150N waxy hydrocrackate which afso showed
improved product yield and Vi compared o previous MTT-ype catalysis.
Again, lower gas make and naphtha make was observed. An MN feed was
also tested and improved vield and VI were again observed.

When a FischerTropsch wax feed was treated using the catalyst comprising
a small crystaliite MT T Molecular sieve loaded with metals, the resuitant 850
£+ product had exceptional Vi's of 185-170 af pour points between -25 and -
30 °C, When the 750 “F+ bolling product was further split into two fractions,
the 750-850 *F fraction had & kinematic viscosity at 100 °C of 8.8 mm%s and
a very high Vi of 1581 at a pour point.of -18°C, and the 850 "F+ fraction had &
viscosity of 8. 7mm?fs, a pour point of 11°V, and a V! of 168. Kinemafic
viscosity was measured by ASTM D445-08, pour point was measured by
ASTM DEBR0-02, and Vi was measured by ASTM D2270-04.

Feeds

in one embodiment, the process using the catalyst comprising a molecular
steve having a small crystalite MT T topology and loatded with metals is used
1o dewax a variety of feedstocks ranging from relatively iight distiltate fractions
such as kerosene and jet fuet up to high bolling stocks such as whole orude
petroleum, reduced crudes, vacuum tower rasidua, cycle olls, synthetic
crudes {e.g.. shale oils, tars and ¢il, aic.), gas olls, vacuum gas oile, fools ofis,
Fischer-Tropsch derved waxes and gilermediate producis, slack waxes,

deofled siack waxes, waxy lubricant rafiinates, n-paraffin waxes, NAD waxes,
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waxes produced in chemical plant processes, deoiled petroleum derived
waxes, microcrystaliine waxes, other heavy olls, and mixtures thereof,

in pne embodiment the feedstock s a hydrogarbon having a waight percent
wax of at least § %.

Weight percent wax in the feed is measured by heating the waxy sample until
it is just above its pour point, pouring 100 grams of the heated waxy sample
into a fared 1 liter beaker and recording the weight of the heated waxy sampie
to two decimal places; adding 400 mi of 2 1.1 mixture of toluene:meathyl ethyl
katone (MER) 1o the beaker and dissoiving the waxy sample with gentie
stirring over a hot plate untll homogeneous. Cover the beaker with a piece of
aluminum foil and place i in the freszer which has been preset {o the pour
point temperature of the feed. Allow the sample (o sit undisturbed ovemnight.
Afigr cooling in the freezer overnight, filter the mikture using a filter assembly
instatied in the freezer. Use No. 4 Whatman fiter paper (18.5 cm in diameter)
in & Buchner funne! and cover the funnel with a piece of aluminum foil to keep
ioe orystais from coliecting in the funnel. Perform the filtration by connecting
the funnel o heavy-duty vacuum, prewetting the filter paper with cold MEK,
nulling the vacuum, guantiiatively fransfering the entire mixture in the beaker
info the funnel using a spatuig, rinsing the beaker with cold MEK, and filtering
the rinsate. Close the freezer and wait uniil the solvent has completely
drained through the fitter, and the freezer has dropped fo its original presst
temperature. Wash the wax filter cake thoroughly using cold MEK. Allow the
way cake o dry, disconnect the vacuum, and remove the fiteriunnel
assembly fom the freezer. Using & spatula, transier as much wax as
nossible from the filter to a tared jar. Remove the last traces of filtered wax
with hot toluene and transfer the rinsate {o the fared jar. BEvaporate off ths
toluans and weigh the wax that was collected in the tared jar. Pour the of
filtrate info a tared flask. Sirip off the solveni using a rotary evaporator and
weigh the Hask pius remaining oif and determine the oft weight The percent
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way is the weight of the wax that was coliecied in the tared jar divided by the
weaight of the heated waxy sample, multinbed by 100.

Straight cham r-parafiins gither alone or with only slightly branched chain
paraffins having 16 or more carbon atoms are sometimes referred to herein
as-waxes. The feedsiock will offen bea T10+ fesdstock genearally boiling
above about 380°F, since lighter olls will usually be free of significant
guantities of waxy components. However, the process is particutarly useful
with waxy distiltate stocks such as middie distillate stocks including gas oils,
kerosenes, and jet fuals, lubricating ol stocks, heating oils and other distillate
fractions whose pour point and viscosity need {0 he maintained within certain
spectfication limits. Lubricating oil stocks wilt generally boll above 230°C.
{450°F .}, more usually above 315°C. {800°F ). Hydroprooessed stocks are 8
convenient source of stocks of this kind and also of other distillate fractions
since they nemally contain significant amounts of waxy n- paraffins. The
feedstock of the present process will normally be a C10 + feedstosk
containing paraffing, olefins, naphthenas, aromatic and helerocyclic
compounds and with a substantial proportion of higher molecular weight n-
paraffins and slightly branched parafiins which coniribute to the waxy nature
of the feedstock, During the processing, the n-paraffins and the slightly
branched paraffins undergo some cracking or hydrocracking to form liquid
range matarials which contribute 1o a low viscosity product, The degree of
cracking which ooours is. howsver, imited so that the yield of products having
bodling points below that of the feedstock is reduced, thereby preserving the
sconomic value of the fesdstosk,

Typical feedstocks include hydrotreatedt or hytdrocracked gas oils,
hydrotreated be off raffinates, bright stocks, lubricating ol stocks, syntheto
olls, foats oils, Fischer-Tropsch synthesis oils, high pout point polyolefing,
normat alphaociefin waxes, slack waxes, deoiled waxses, microcrystaliine
waxes, and mixiures thereof.
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Fischer-Tropsch waxes can be obtained by weli-known processes such as, for
example, the commercial SASOL® Slurry Phase Fischer-Tropsch technotogy,
the commercial SHELL® Middie Distillate Synthesis {(8MDS) Process, or by
the non-cammercial EXXON® Advanced Gas Conversion (AGC-21) process.
Details of these processes and others are described in, for example, EP-A-
776988, EP-A-688342: U5, Patent Nos. 4,843.872, 5,058,288, § 733,839,
and RERYOG73S ; and US Published Application No. 20058/0227868, WO-A-
8934817, WO-A-8820720 and WO-A-05107838, The Fischer-Tropsch
syninesis product usually comprises hvdrocarbons having 1 {o 100, or even
more than 100 carbon atoms, and typioally includes parafiins, olefins and
oxygenated products. Fischer Tropsch is 2 viable process 1o generate clean
alternative hydrocarpon produsts, including Fischer-Tropsch waxss.

Conditions

The conditions under which the isomerization dewaxing pracess s carried aul
generally inciude a temperature which falis within a range from about 382°F (o
about 8D0°F, and a pressure from about 15 to aboul 3000 psig. Typically, the
pressura is from about 100 to about 2500 psig. The hquid howrly space
velocity during contacting is generally from about 0.1 {o about 20, for exampie
from gbout 0.1 toabott 5. In one embodiment the contacting is carmied out in
the presence of hydrogen. The hydrogen to hydrocarbon ratio can fall within &
range from about 2000 to about 10.000 standard cubic feet Hy per bamre!
hydrocarbon, tor example from about 2500 to aboud 5000 standarg cubic fest
ty per barrel hydrocarbon.

i one embodiment the isomerization dewaning product is further treated, for
exampie by hydrohinishing or adsorbant treatment. The hydrofinishing can be
conventionally carried out in the presence of & metaliic hydrogenation
catalyst, for example, platinum on alumina, The hydrofinishing can be carried
out gt a temperature of from aboll 374°F to about 544°F and a pressurg of
from about 400 psig o about 3000 psig. Hydrofinishing in this manner is
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described i, for example, U.S. Pat 3,852,207 which is incorporated herein by
reference.

EXAMPLES

Another term that may be used o describe the smal crystallite MTT molscutar
sieve loaded with metais is “broadiine.” The synthesis of a broadiine (in
reference to the x-ray diffraction pattern) small crystaliite molecular sieve is
really synonymous with crystallizing a very small crystal example of the
zeolite. The x-ray diffraction pattern broadens as the orysialiites are reduced
irvsize. In general, for the systen% of MTT molecudar sieves. as the 3,0:/ALO,
ratio diminishes (greater wite Al in the zeuolite producty the crystaliite size aiso
dirminisheas.

Table 2(z) shows the peak listing and relative intensity of peaks of standard
88Z-32, a standard MTT molecuiar sieve. Table 2(b} shows the peak listing
and refative intensity of peaks of smal crysiaifite MTT molecular sieve prior to
metal loading. Table 2(b) magnifies peak width so that major peaks of smalt
crystallite MTT molecular sieve and standard S82-32 are easily comparad

Table 2{a} ~ Peak Usfing of standard 88Z-32

: 2 Theta . d-spacing Relative Intensity (%)
: (A} {tio} x 100 |

A T 19

g2 108 | 5

XS TS T3

A 7 20

74T : YT 7

159 BT 5

14 547 4

"""""" 83 488 iz
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T B T R 85

36,1 i 73

308 A3 75

2iE TR B

35T e0 T 160

BT T Em £

240 TR 58 |
Py A R ¥ 50
B2 AR 3 |
260 E4ETTTT 42

285 TR AE T

254 505 7

316 5E5 7

Table Z{b} ~ Peaks in as-made Small crystaliite MTT Molecular Sieve

2Theta | d-spacing |  Relative |
{A) - intensity (%} |
| {iio x 100) |

805 TG 3

BE:TTTTIO0 §

TR R O 7%

TN R Y S 3

€34 542 3

1809 480 7

1654 - 454 X

WE T TRE 30

20,81 457 Y

iz 4dETTT 14

7k 7 S T TR &

IR R 166
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| 2454 3gz 24
3506 IR 34
EE A Y'Y, 5T
361 TEETTTT 5
36 BAT 4 |
583 Bpd 3
346 TR T B
38T TEse 3
3o 288 3
%22 258 77
3828TTTTEE 16

Figure 11 shows the X-ray diffraction patterns of these two types of MTT
motacuiar sieves, and demonstrates cisarly the broader xray diffraction
paaks of the small crystallite MTT molecular siave,
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EXAMPLE 1 SYNTHESIS OF SMALL CRYSTALLITE MTY MOLECULAR
SIEVE

Small arystallite MTT molecular sieve was synthesized as follows: A Hastelloy
C finerior a b gallon autoclave unit was used for the mixing of reagents and
then in the subsequent thermal freatment. At a rate of 1500 RPM and for a
period of ¥ hour, the foliowing components were mixed onee they had been
added in the order of description. 300 grams of g 1 Molar solution of N W
Diisopropyl imidazolium hydroxide was mixed into 4500 grams of water, The
sall iodide was prepared as in US 4,483,835, Example 8. and then
subsequently was ion-exchanged 1o the hydroxide form using BioRad AG1-X8
exchange resin. 2400 grams of 1 N KOH were added. 1524 grams of Ludox
AS-30 (30wt% 80,) were added. 1080 grams of Nalco's 1056 collnid sol
26wWt% S0 and 4 wWi% ALD:) werse added. Last, 181 grams of isobutylamine
weres stirred into the mixture. The molar concentration of the amine Q
excesded ihe maolar concentration of the imidazctium compound Q..

Once the stirting was inished the autociave head was closed up ang the
reaction was taken up to 170°C with an 8 hour ramp up time. The system was
stirred at 180 RPM. The reaction was terminated so that a product was
coliected after 106 hours of heating. The solids were collected by filtration
fwhich goes very slowly; an indication of small crysials), The solids were
subseqguently washed several imes and then dried. The dried material was
analyzed by x-ray diffraction and the patiern is shown ir: Table 2. A
compatison is made with the more standard §§2-32 date presented i Table
2{a) and it can be seen thal the new protuct of Example 1 is reiated to 852~
32 but has the x-ray diffraction hnes considerably brosdensd.
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Table 3
26 . d-spacing intensity } Relative
; (A} } intensity (%}
% ‘5 | {iio x 180}
X R B T I T 28
B FGGE™TTET T
1730 A B N TV 77
EETTTTTEA R 3
575 83 3 ;' 5
B EAT ) 5
1810 4507 7 3
1953 ABAETTTTTTTRTTTT 71
2005 | 4426 Gshouder | 10 shouider
R &7 A R TR 71
2730 7K 4 B R A i3
R XL -/ R B TV
2388 a7 & EE
24575623 55 82
G508 5.851 2% 73
2585 s44s | 21 a7
76 BE IV § 5
FERE st 8 )

in a concermn that the product might be a mix of small crystals and
considerable amorphous material, & TEM {Transmission Elecron Microscopy)
analysis was carried oul. The microscopy work demonsirated that the product
of Example 1 was quite uniformiy small crysials of MTT molecular sieve with
very little evidence of amorphous miaterial. The crystalites were characterized
by a spread of small, broad lathe-like components having & diameter in the
range of aboul 200 to about 400 Angstroms iy the longest direction. The
Bi0:ALD, ratio of this product was 28,
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EXAMPLE 2

The product of Example 1 was calcined to 1100°F in air with s ramp of 1 deg.
Cimind1.8F/miny and plateaus of 250°F for 3 houwrs, 1000 Ffor 3 hours ang
then 1100°F for 3 hours. The calcined material retained its x-ray crystallinity.
The calcined zeolite was subjected o 2 lon-exchanges at 2D0°F {using NH.
NQ4) as has been previousily described in US Pat. No. 5,252,827, The ion-
exchanged material was recaicined and then the microporosity measurements
were explored, using a test procedure also described in §,252 527, The naw
product, small crystallite MT T molecutar sieve, had some unexpscted
differences vs. conventional S82.32.

The Ar adsorption ratio for smal crystallite MTT molecuiar sieve (Ar
gdsorption at 87K betwasn the relative pressures of 0.001 and 0. 1)/total Ar
adsorption up to rajalive prassure of G D s larger than 0.5 inane
embodiment the Ar gdsorption ratio & in the range of 0.55 to 0.70. in contrast
for the conventional S82-32, the Ar gdsorption ratio is iess than 0.5, typically
between 0.35 and 0.45. The small crystallite MTT molecular sisve of
Examples 1 and 2 demonstrated an Argon absorption ratic of 0.62.

The external surface area of the crystaliites jumped from about S0 m¥g (882-
3230 150 {smal crystaliite MTT molecular sieve) m/g, indicating the
considerable external surface as a resulf. of very smali crystals. Al the same
fime, the micropore volume for shmall crystaliite MTT molecular sieve had
droppead o about 0.035 colfgm, as compared with about 0.06 cofom for

stangard BEZ-32.

EXAMPLE 3

Small crystalite MTT zeolite was composited with aluming, extruded, dried,
and calcined. The dried and calcined extrudate was impregnated with a
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sotution containing both platinum and magnasium , and then finally dried and
calvined, The overall platinum loading was 0.3285 wi %, This metal-modifisd
catalyst was then tested for isomerization on a waxy 500N hydrocrackate feed
having 21% way, 8 kinematic viscosity at 100°C of 10.218 rynéis, and a pour
point of +51°C. isomerization process conditions used were a LHEV of 1.0 b
' 4000 schibbi ges to oft ratic, and & totat pressuse of 2300 psig. Following
isomerization the products were hydrofinished over a PUPd silica alumina
hytrofinishing catalyst at 450 °F, The Vi of the waxy 500N hydrocrackats feed
was 122, and the Vi of the solvent dewaxed waxy 500 hydroorackats feed
was 106 when solvent dewaxed at -18°C. The difference between the waxy
Vi and the catalylic isomerized product Vi was only two (122-120). which was
excaptional.

Figures 1 and 2 show the yield and product Vi versus pour point achieved
with the metal-modified catalyst comorising the small crystallite MTT zeolite
catalyst (‘metal-modifisd 88Z-32X"). The data at different product pour
points, and corresponding viscosity indexes. was generated by changing the
operating temperature of the dewaxing catalyst (for example, a lower pour
point is achieved by raising the catalyst temperature). The results are '
compared with two other catalysts, a standard MTT-containing catalyst (" 5td
852-32) and a metal-modified standard MTT-containing catalyst "metal-
modiied 582-327). tested under the same conditions and using the same
fead. The isomerization vield of product boiling at 700°F and above using the
metal-modified catalyst comprising the small crystalite MTT zeolite catalyst at
the typical product target rangse of ~12.10 -15°C pour point was an
uriprecedented 98 10 87%. The product Vi was approximately 120, which ig
aiso excallent, and is believed to be atiributable to the exceptional amount of
isomerized wax retained in the base oif bolling rangs produst. The siope of
the Vi of the product boliing at 700°F and ahove versus the pour point was
negative, approximately ~0.15, such that the Vi was actually increased as the
poUr point was reduced. Example 3 demonstrates where two o mare
isomerized products boiling at 343°C (850°F) or higher have a conssponding
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viscosity index of 104, 110, or higher. Figures 3 and 4 show the low yields of
C, to Ty products ("Gas-make”) and s to € zser product (Naphtha) achieved
with the metal-moedified catalyst comprising the small crystaliite MTT zeolite
cafalyst (‘metal-modifisd S8Z-32X", compared with two other catalysts.,

EXAMPLE 4

The same metal-modified catalyst from Example 3 was also tested for
isomertzation on a waxy 150N hydrocrackate feed containing 10% wax and &
pout point of +32°C. isomerization process conditions used were a LHEY of
1.0 b’ 4000 scifbbl gas 1o oil tatic, and a totat pressure of 2300 psig.
Foltowing isomerization the products were hydrofinished over g PUPd sllica
alumina hydrofinshing catalyst at 450 °F.

Figures 5 and & show the yield and product Vi versus pour-point.achieved
catalyst metal-modified SS8Z-32X7). The results are compared with thiee
other catalysis: a standard MY T-containing catalyst (“Std 38222}, a metahk
modified standard MTT-containing catalyst ("metal-modifiled S8Z-327), and 3
standard amali crystallite MTT zeolite catalyst that was not metal-modified
("small crystal SBZ-32X7), All four catalysts wers tested under the same
conditions and using the same 150N feed. The isomerization yield of product
boiling at 650°F and above using fhe metal-modified catalyst comprising the
small crystallite MTT 2epiite catalyst at the typical product target range of -12
to -15°0 powr point was 94 to 85%. The product Vi was approximately 108,
The slope of the VI of the product bolling at 850°F and above versus the pour
point was approximately .00, which was significantly less than that oblained
with the comparison catalysts. The Vi was not lowered as much &s the pour .
point was reduced with the metal-modiied catalyst comprising the smatl
crystailite MTT zeolite catalyst. Figures 7 and 8 show the low yields of G to
Cq products ("Gas-make™) and U 1o C 250r proguct {Naphtha) achieved with

ROV



10

15

28

the metal-modified catalyst comprising the small crysialite MTT zeolite
oatalyst {"'metat-modified S8Z-33X"), compared with two other catalysts.

EXAMPLE &

The same metai-modified catalyst from Exampie 3 was also tested for
isomerization on a2 waxy medium neudral (220N, MN) feed containing 12.2%
wax, a kinsmatic viscosity at 100°C of 8.148 mm¥s. and & pour point of
+38°C. isomerization process condiions used were a LHSY of 1.8 hr', 4000
scffbbi gas 1o off ratio, and a totat pressure of 2300 psig. Following
isomerization the products were hydrofinished over a PYPd silica alumins
hydrofinishing catalyst at 450 °F,

Figures 8 and 10 show the vield and product Vi versus pour point achieved
with the metalmodified catalyst comprising the small crystallite MTT zeolite
catalyst (*metal-modified SSZ-32X";. The results are compared with two other
catalysts. 2 standard MT T-containing catadyst Ustandarg 882-32), and a
metal-modified standard MTT-containing catalyst {"metal-modified 88Z-327.
All three catalysts were tested under the same conditions and using the same
220N feed. The isomerization yield of product bolling at 850°F and above
using the metabmodified catalyst comprising the small crystaliite MTT zeolite
catalyst at the typical product target range of -15°C pour point was about
92%. The procuct Viwas 105 The slope of the Vi of the product bolling &t
B850°F and above versus the pour point over a range of pour points from ~12°C
to -22°C was essentially zero, which again was significantly iess than that
obtained with.the comparison catalysis. The Vi was not lowsred as the pour
point was reduced with the metsbmodified catalyst comprising the small
crystaliite MTT zeolite catalysi.

EXAMPLE B
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The same mstabmodified catalyst from Example 3 was fested for
isomerization on & hydrotreated Fischer-Tropsch wax feed having more than
90% wax made by the SASOL® Sturry Phase Fischer-Tropsch process.
isomerization process conditions used were a LHSV of 1.0 iw'’, 5000 scifbbi
gas to oilratio, and a total pressure of 300 psig. Following isomerization the
progucts were hydrofinished over a8 PI/Pd silica alumina hydrofinishing
catalyst at 450 °F. The resultant products bailing at 850°F and above had Vis
of 185 {o 170 af pour points between -25 and -30°C. The vield of products
polting &t 650°F and above were greater than 85 wi% at a pour point of ~
20°C. The products bailing at 850°F and above were further split by vacuum
distiltation into two fractions, one bailing between 750 1o 850°F and the other
boiling at 850°F and higher. The lghter boiling fraction had a kinematic
viscosity at 100°C of 3.8 mm%s, a Vi of 151, and a pour point of 18 °C. The
heavier boiling fraction had a kinematic viscosity at 100°C of 8.7 mm¥s, a Vi
of 168, and a powr poirt of ~11°C . A comparison run using a metakmodified
standard MTT-containing catalyst under the same process carxditions and on
the same Tead gave lower vields but slightly higher Vie, inlerestingly, even
though the Vis were slightly lower using the metal-modified small crystallite
MTT zeolite catalyst the slope of the Vi of the product boifing at 850°F and
above versus the pour point over a range of pour points from -20°C o ~80°C
was sighificantly lass, less than 0.58, than the slope obiained with the
somparison catalvst, greaterthan 0.72.
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WHAT IS CLAIMED 1S:

1. A process for dewaxing a hydrocarbon feed to produce an isomerized product,
comprising:
contacting a Cio+ hydrocarbon feed with a catalyst and hydrogen under isomerization
conditions to produce an isomerized product, the catalyst comprising:
a molecular sieve having an MTT framework topology and a crystallite diameter of about
200 to about 400 A in the longest direction,
at least one metal selected from the group consisting of Ca, Cr, Mg, La, Na, Pr, Sr, K and
Nd, and

at least one Group VIII metal.

2. The process of claim 1 wherein the MTT molecular sieve is selected from the group consisting
of SSZ-32, ZSM-23, EU-13, ISI-4, and KZ-1.

3. The process of claim 1, wherein said feed is selected from the group consisting of hydrotreated
or hydrocracked gas oils, hydrotreated lube oil raffinates, bright stocks, lubricating oil stocks,
synthetic oils, foots oils, Fischer-Tropsch synthesis oils, high pour point polyolefins, normal

alphaolefin waxes, slack waxes, deoiled waxes, microcrystalline waxes, and mixtures thereof.

4. The process of claim 1, wherein Group VIII metals are selected from the group consisting of

platinum and palladium, and mixtures thereof.

5. The process of claim 1 wherein said contacting is carried out at a temperature of from 232 -
427 °C (450 - 800°F), and a pressure in the range from about 103.4 kPa gauge (15 psig) to about
20,685 kPa gauge (3000 psig).

6. The process of claim 5 wherein said pressure is in the range from about 689.5 kPa gauge (100

psig) to about 17237 kPa gauge (2500 psig).
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7. The process of claim 5, wherein the liquid hourly space velocity during contacting is from

about 0.1 to about 20.

8. The process of claim 7, wherein the liquid hourly space velocity is from 0.5 to about 5.

9. The process of claim 1 wherein the hydrocarbon feed is hydrotreated prior to isomerization at

a temperature in the range from 163 to 427 °C (325 to 800° F).
10. The process of claim 1 , further comprising a hydrofinishing step following isomerization.
11. The process of claim 10 wherein hydrofinishing is carried out at a temperature in the range

from about 163 to about 310 °C (325 to about 590° F) and a pressure in the range from about
2068 kPa gauge (300 psig) to about 20,685 kPa gauge (3000 psig).



