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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 atoms
using a catalyst comprising a small crystaliite MTT molecular sieve toaded

with metais. This invention is also directed to dewaxing methods producing

products with improved viscosity indexes at lower pour poinis.

BACKGROUND OF THE INVENTION

The production of Group il ant! Group il base siis employing
hydroprocessing has become increasingly popular in recernt years.
Catalysts that demonstrate improvad isomerization selectivity and
convarsion are sontinually sought. As discussed inn U S, Pal, Ro. 5,282,958,
col. 1-2, the use of intermediate pore molecular sieves such as Z8M-22,
ZBM-23, ZE&M-38, 88Z-32, BAFO-11, SAP(-31, 8M-3, SM=6 in
ispmerization and shape-selective dewaxing is well-known. Other typical
zeohies useiul in dewaxing include Z8M-48, Z3M-57, 887-20.BU-, EU-1S.
terrierite, SUZ-4, theta-1, NU-10, NU-23, NU-BY7 IS1-1, 1814 KZ-1.and KZ-2

.S, Pat, No. 5,252,527 and 5,053,373 disclose 3 zeolite such as $82-32
which is. prepared using an N-lower alkyl-N'isopropyl-midazobum cation as &
template. 5,053,373 discloses a sifica to aiuming ratio of greaterthan 20 1o
less than 40 and a constraint index, after caicination and in the hydrogen

form, of 13 or greater. The zeolite of 5,252,527 is not restricted fo a constraint
mdex of 13 or greater, 5,252 527 discloses ioading zeolites with matals in
order to provide a hydrogenation- dehydrogenation function. Typical repiacing
cations can include hydrogen, ammonium, metal cations, e.g., rare earth,

Group ItA and Group Vill metals, as-well as their mixtures. A method for
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preparstion of MT T-type zeolites such as 88232 or ZSM-23 using small
neutral amines s disclosed in U.S. Pal No, § 707.601.

.S Pat. No. 5,387 454 discloses hydrocomnversion processes amploying a
zeolite such as 88Z-32 which has a smali crysiglite size-and a constraint
index of 13 or greater, after calcination and in the hydrogen form. The catalyst
possesses a siica fo aluming ratio of greater than 20 and less than 40,

U.S. Pat. No. 5,300,290 is algo directed to hydrocarbon conversion progessas
employing S82-32. The 88Z-32 of U.8. Pat. No. 5,300,210 isnot imited to g
small crystaliite size,

U8 Pal No. 7,141,528 discioses a method of metal-modiving molecidsr
sieves with different metals {a metal or metal sslected fron the group
consisting of Ca, Cr, Mg, La, Bs, Pr, 5r K and Nd and also with & Group VIl
metal} io provide catalysts with improved isomerization selectivity using an
i feed, Mone of the processes produced a molecular sieve with & small

ey H ; P G g . . B %L
crysiailite size. None of the somerization methoeds gave a slope of the Vio

—h

the product bolling st 850°F (343°CY and above versus the pour poirtt of zero
ot less,

.5, Pal Publicatiorr No. 2007/0041888A1 discloses & methad of making &

small crystaliite MTT catalyst. Nothing is disclosed of metal-modifving the
molecutar sieve.

SUMMARY OF THE INVENTION

There is provided a process for dewaxing a hydrocarbon fesd {0 producs an

isomerized product, the feed including straght chain and sightly branched
paraffins baving 10 or more carbon atoms, compeising contacting the fesd
under isomerization conditions in the presence of hydrogen with catalyst
comprising a molecuiar sieve having MTT frameawork topology and having &
crystalite diameter of about 200 to about 400 Angstroms in the longast
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dirgction, 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 is also provided a dewaxing method, comprising isomerization
dewaxing & hydrocarbon feed having at least 5 wi% wax over a tatalyst 1o
proguce two or more isomerized products boiling at 343°C {850°F) or higher,
gach isamerized product having.

a. a pour point between 0 and -30°C, ang

o a corresponding viscostily index of 85 or higher,

wherein a fine fit to a chart of the pour points on an x«axis and the viscosity
indexes on a y-axis has 2 slope of the jine for v of zero or less.

There 15 aiso provided a dewading process, comprising isomerization
dewaxing a hydrocarbon feed having at least & wi% wax over a catalyst to
produce two or more lsomearized products boliing at 343°C {850%F) or higher,

# a pour point between ¥ and -30°C, ang

b. a corresponding viscosity indey of 85 or higher,

wherain & ling it to-a chart of the pour poinis on an x-axis and the viscosily
indexss on s y-axis has a slope of the line for v of zero or less; and wherein
the vieid of the two or more isomenzed products bolling 2l 342370 (6B0°F ) or
higher s 80-wi% or greater based on the feed.

BRIEF DESCRIFTION OF THE DRAWINGS

Figure 1 shows vield versus pour pointfor isomerization of & heavy neuirs
(500N} feed using & standard MTT-containing catalyst "Stg S82-327, a
meta-modified standard MTT-containing catalyst ("'mstal-modified 887-32%
and the metal-modified, small orystaliite MTT-containing catadyst "metal-
miodifisd S5Z-32X".
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Figure 2 shows Viscosity index (V1) versus pour point for isomerization of a
heavy nautral {300N) feed using a standard MT T-containing catalyst ("sid
88Z-32", a metai-modified standard MTT.containing cataiyst {"metal-modified
382-32") and the mswal-modified, small orystallite MTT-containing catalyst
("'metabmodified SSZ-32XM.

Figure 3 shows gas make (production of GG, products) versus pour point

for ilsomerization of & heavy neutral (5300N) feed using a standard
MTT-containing catalyst {"std 882-32", a metal-modified standard

MY T-containing catalyst Umetal-modified 58Z-32") and the metal-modified,
small erystallite MTT-coniaining catalyst ("'metabmodified 882-32X").

Figure 4 shows vigld of Gs products versus pour point for isomerization of a
heavy neutral (BOON) feed using & standard MT T -.containing catalyst (st
852-32". 2 metal-modified standard MTT-containing catalyst Cmetal-modified
88£.32" ard the metab-maodified, small crystaliite MTT-containing catalyst
{"metab-modified S82.32XM.

Figura b shows yisld versus pour point for isomerization of a8 150N fesd
using & standard MTT-containing cataiyst (“std 882-32", a small crystalfite
MTT-comaining catalyst without metal lnading {"small crystal 832-32}, a
metai-modified standard MTT-containing catalyst {"metal-modified S82-327)
and the metal-modified, small orystalite MT T -containing catalyst {"metal
modified 882Z-32X7).

Figurs & shows Viscosity index (V1] versus pour point for isomerization of 3
150N feed using a standard MTT-containing cataivst (“sid SSZ2-32"), a mstalk
muodified standard MTT-containing catalyst ("metabmodified 352-32" and the
metal-modified, small orystallis MTT-containing catalyst ("metal-maodifisd
8823237,
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Figure 7 shows gas make versus pour point for isomerization of g 150N feed
using a stendard MT F-containing cafalyst ("sid SSZ-32". a meatal-muodified

standard MT T-containing catalyst ("metal-modified S32-32" and the small

crystatite MT T-containing catalyst ("metal-modifed 582-32X7}.

Figure § shows yigld of Light Naphtha {Cz -250°F) products versus pour point
forlsomerization of & 150N feed using a standard MTT-containing catalyst
atd §SZ-32"), a matabmodified stendard MT T-contsining catalyst ('metal-
modified 882-32" and the metal-medified, small crystaliite MTT-containing
cataiyst ("metal-modified 88Z-32X").

Figure B shows yield versus pour point for isomerization of 8 Medium Neutral
feed using & standard MTT-containing catalyst Mstd $8Z-32"), a metal-
modified standard MTT-containing cataiyst Cmetal-mediified S5Z-32" and the
meta-modified, small crystaliite MT (-containing catalyst ("metal-modified
B52.32X".

Figure 10 shows Viscosity index (V1) versus pour pointfor isomerization of
a Medium Neutral feed using a standard MTT-containing cataivst

("sfd 8SZ-32"), a metabmodified standard MTT-containing catalyst ('metak-
modified 88Z-32") and the metal-modified, smal grvstalite MT T-containing
catalyst "matal-modified 88Z-32X" :

Figure 11 shows & companson of the X-ray diffraction patterns of g siandard
MTT molecular sfeve ("STANDARD 88Z-32" gnd & small crystalite MTT

mplecular sieve CS5Z-32XM.

DETAILED DESCRIPTION OF EMBODIMENTS

in one embodiment the catalys! is comprisad of a moleculsr sieve having the
WMTT framework topology. The catalyst emploved comprises from 5 to 85 wi%

mohkecutar sieve, "Molecular sisves!.as used herein can insluds “zegtites® The
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terms "MTT type zeolts”, "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 Azsovciation {({ZA) gives

todes consisting of three aiphabetical lefters {0 zeolites (& type of molecular
siave} having a structurs that has been determingd. Zeolitss having the same
topelogy are genarically called by such thiee fetters. The code MTT s ghven o
the structure of molecular sleves mcluding: Z6M-23, 882-32, BU-13 1614,

and KZ-1. Thus, zeolites having & framework structura similar to that of Z3M-

23 and 5582-32 are named a M7 T-lype zeolite.

Other molecular sioves useful for isomenzation dewaxng sre ntermediate
pore size molecular sieves having a framework topology of MTT, TON, AEL oy
FER.

The small orystallite M7 T-lype zeolites used in one embodiment of the
catalyst have a crystallite diameter of about 200 Angstroms to sbout 400

Angstroms iy the langss! girection.

Catalyst Preparation

in one embodimant, small orystaliite MTT muolecularsieves are praparad from
3 prap

an aguesus solution containing sources of an alkall metal oxids or hydrowds,

an alkkylamine (such as isobutylaming;, an erganic carbon compound source
of quaternary ammorium fon which s subsequently ion-exchanged 1o the
hydroxide form, an oxide of aluminum (8.g., whareln the aluminum oxide
source provides aluminum oxide which is covalently dispersed on sifical. and
an axide of sificon. tn-one embodimeant the organic carbon comporgl scuUrcs
of guatemary ammonium ion which is subseguently lon-exchangad o the
hydrowide form is Nelower alieyN'~ isopropyi-imidazotum cation for-example
N N'-diisopropyl-midazolium cation or N-mathyi-N'-isopropyi-imidazolium
cation;. The agueous solution has a composition in terms of moie ratios falking

within the foliowing ranges:
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Tabie 1 - Composition of mole ratios

: | Embodiment 1 | Embodiment 2
B TR, “BEess than 40 TE5ES
ORI, DETRKS BE6A0
Koo G555 EATEES
W 810, 0.050.30 ARG

T OIS0, 20360 TEEG

; N (025675 GG

~ wharein Qi the sumeof Qg and Qu; M is the alkali matal oxide or hydroxide;

and M+ is the alkall matal cation derved from the alkall metal oxide or
hydroxide. The alkali metals are the series of elements comprising Group 1
(AUPAC style) of the periodic table: lithium (L1}, sodium (N&), potassium (),
rubidium {Rb), caesium (Cs), and francium (Frh.

(e s an organic carbeon compound seurce of guaternary ammonium o and
@y isan amine. {h one embodiment, Q, is an N-ower alkyl-N'-isopropyi-
imidazolium cation {for example an N, N'-dilsopropy-imidazolium cation or N-
methyi-N'~ isopropyi-imidazolium cation). A number of different Oy, amines are
useful. In one embodiment, isobutyl amine, neopenty! amine, monaethy!
aming, or mixtures thereof are suitable examples of Q. The molar
congentration of Q is greater than the molar concentration of Q. Gensrally,
the molar concentration of Oy, is in the range from 2 4o abolt @ fimes the molar
concentration of Q. U.B. Pat No. 5,785,847 (herein incorporated by
reference) describes how a zeolife synthesis methed empioying two organic
sources of pitregen, one source. eing an amine containing from one 1o eight
carpons provides significant cost savings-over a method inwhich the
quaternary ammaoniun ion sowee (such as midazolium) is the only source of
organic component. The combination of the two organic nitrogen sources
aiftows the possibility of the primary tempiate {Used in smalier guantity} o

nucieate he desired zeolite strurture and then the aming o contribuis 1©
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filling the pores in a stabliizing manner, during crystal growth. Empty pores of
tugh silica zeolites are susceptible to re-dissoiution under the syrithesis
conditions. The aming also can confribute o maintaining an slevated alkalinity
for the synithesis,

in one embodiment, the organic carbon compound source of guatemary

ammonium o also provides hydroxide ion,

In one embodiment, the organic carbon compound sourcs of guatemary
ammonium ion, @, of the agusous solulion 13 derived from a compound of the
formusa;

e =

¥ ~ .
B w ?t.’-“a.':ﬁ\ &

wharein F is lower alleyl conteining 1 io & carbon stoms, for sxample ~CH3 or
isopropyl. An anion (A®) which is not detrimental to the formation of the MTT
molecular sieve s associated with the calion. Examples of an anion include
halogens (e.g., fluoride, chioride, bromide and tedide), hydroxide, aceiate,
sulfate, carboxyiate, et Hydroxide & 2 particulary useful anjon,

The reaction mixiure s prepared using standard zeolitic preparation
technigues. Typical sources of sluminum oxide for the reaction mixiure
inchude aluminates, aluming, and alyminum compoungs, siich as
siuminum-coated silica colioids {pne example is Nalzo 10588 colicid sol}.
AbLIBEC. ) and ofher zegiites.
in one smbaodiment the sluminum oxide & in a covalently dispersed form on
siica. Alurminum oxide i a covalently dispersed form allows molegular sieve
with increased aiuminum content to be orysigliized. incregsed aluminum

coment iy the molecular sieve promotes omerization, In another approach,
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zeolites of pentasit structure and lower silicafalumina ratios (approximately 10)
can be used as aluminum oxids sources of teedstocks for the synthesis of
smak orystaliite MTT molecular sieve. These zeolites are recrystallized o the
small crystaflife MTT molecular sieve in the presance of the organic sources

Q. and Oy, described above,

tordenite and fernerite reciites conztitute two sushy useful sources of
aluminum oxide or {eedstocks. These iatier zeolites have also been used I
the crysfallization of Z8M- 5 and Z8M-11 (U8, Pat. No. 4 503,024

Another approach, whsrem the aluminum oxigde is in.a covalently

digpersed orm on siica, is to yse an aluming cogted silica sol such as

that manufaciured by Nalco Chem. Co, under the product name 1058 colleig
30} {26% silice, 4% aluming). In addition to providing nove! 85Z.32 X with

high alurmnurn content, use of the sol generates orystallites of less than

10004 (along the principal axis with surprisingly high isomerization capability.

in one ambadiment, the catalviic performance of MTT molecular sieves (in the
hydrogen Torm) for cracking capability is manifested by Constraint index
vaiues (as defingd in J. Catalysis 87, pags 218) of 13 or greater and in one
embodiment the MTT molecuiar sigve (in the hydrogen form} has a Constrant
index from 13 o 22. Defermination of Constraint intex is also disciosed in
U3, Pat No. 4,481,177, iIn general, lowering the crystaiiite size of g zeolite
teads v decreased shape ssleclivity. This has been demonstrated far Z8M-5
seactions involving aromatics as shown in J. Catalysis §8,327 {1856), in
addition, zeolite ZSM-22 {U5. Pat. No, 4,481 177) has been found o be

ciosely related to Z8M-23 (. Chem. Soc. Chem. Comm. 1985 page 1117 In

the above reference on Z8M-22 & was shown that ball-miliing the crystaliites
produced & catalyst with & constraint index of 2.8 This is & surprisingly low

vaiue for this matenal given other studies which indigate that it s 8 very

seleciive 10-ring pentasi! (Froc. of Tih intl. Zeglite Conf. Tokyo, 1888

page 23). Presumably the balimiliing isads o 2 less seiective but more active
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catalyst, by virtue of producing smaller crystallites. Unlike sarlier smalt

‘erystalite catalysts with low constraint indexes, that smalier crystallite MTT

molecutar sisve ioadad with metals maintains high sslectivity.

Typical sources of silicon oxide include siiicates, silica hydrogel, silicis acid,
colicidal silica, fumed silicas, tefraalky! orthosificates, and siiica hydroxides.
Saiig, particularly alkal metal halides such as sodium chioride, can be added
e or form in the reaction mixture. They are disclosed i the ilterature as aiiing

the crystallization of zeolites while preventing silica peclusion 11 the atiice.

The reaction mixture is maintained at an elevated emperature until the

orystals of the molecular sieve are formed. The temperatures dulingthe

hydrothermal crystallization step are typically maintained from about 140° C.
to about 200° C.. for example from about 160° C. 1o about 180° . or from
about 170° C to abouf 1807 C. The crysialiization period is typically greater
than 1 day, and in one embodiment the crystafiization period is from about 4
days {o abowt 10 days.

The hydrothermat orysialiization is conducted under pressure and usually in
ar auociave so that the reaction-mixiure is subject o autogenous pressure.
The reaction mixture can be stirred while components are added as well as
during crystailization,

Once the molecular sieve crystais have formed, the solic product is separated

fromm the reaction mixture by standard mechanical separation technigues sueh

as filtration or centrifugation. The crystals are water-washed and then dried,
e.q., at 80".C. o 180°C. for from 8 1o 24 hours, 1o obsisin the as-synthesized
molecutar siave orystals. The drgng siep can be parformed af atmospheric or
subaimospheric pressures.

During the hydrotherma! crystaliization step, the crystals can be allowss o
nuclests spontanecusly rom the reaction mbdure. The reaction mixture can
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alse be seeded with MTT crystals both to direct, and accelerate the

crystallization as wall &s 1o minimize the formation of undesired
atuminosiiicate coraminanis.

in one embodimeant, the smali crystailite MT T4ype zedlites used in the
catalyst have a crystaiiite diameter of about 200 Angstroms to about 400
Angstroms in the longes! direction.

in ons embadiment, the small crysiallite MTT molecular sieve can be used as-
synthesizad or can be thermally treated {calcined). The calcnation is
advantagecusly conductes at a temperaturs of about 750 F. Usually, its
desirable to remove the aikall metai cation by on exchange and replace it with
trydrogen, ammonium, or any desired metal ion, The molecular sieve can be
iemched with chelating agents, e.g., EDTA or dilute acid solutions | to increase
the silica aluming mole ratio. The molecutar sieve can also be sieamed
Steaming helps stabilize the crystaliine iaftice to atiack from acids.

The calcined molecular sisve is then loaded with at least one metal selected
from the group consisting of Ca, Cr, Mg, La, Na, Pr, 81, K and Nd. These
metals are known for their ability to modify performance of the catalyst by
reduting the number of strong acid sites on the catalyst and thereby lowsrmg
the selectivity for cracking versus iscmeanzation. Ih one smbodiment,
modification alse molves increased metal disparsion such that acld or cation
sites in the catalvsts are blocked, in one embodiment, meta! lvading
accomplished by a varisty of technigues, inciuding impregnation and ion
exchange. Typically, the metal i loaded such that the catalyst contains. 0.5 %
&wi % metal on a dry basiz. in one smbodiment the cataivst coniaing 2 10 4
wit% metal oy a dry basis.

Typical 1on exchange technigues involve cordacting the extrudate or particle
with & solulion containing a sall of the desired replacing cation or cations.

Although-a wide vanety of salfs can be emploved, in one embodiment the salt
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of the desired replacing cation or eations is selegted from the group of
chiorides and other halides, nitrates, sulfates, and mixtures thergof,

Representative lon exchangs technigues are disclosed in a wide varisty of

patents inchuding U8, Pat. Nos, 3,140,249, 3 140,251, and 3,140,253, each
of which ts incorporated herein by reference. lon exchangs can take place
either before or after the extrudate or particle is calcined. Calcination is
camied oul in 8 temperature rangs from 400 to 1100 °F.

Following contact with the salt solution of the desired replacing cation, the
molecular sieve s dried at temperatures ranging from 148" | {0 about 588° F.
The molecular sieve Is then further lpaded using s technigue such as
impregnation with & Group VIl metal to enhance the hydrogenation function.
i some embodiments it is desirable 1o coimpregnate & modifying metal and
Group Vi matal af onee. as disclosed in U8, Pat No 4,084 821, Inone
embodiment the Group Vil metal is piatinum, palladium or & mbdure of the
two. in one embodiment, after metal loading, the materiat can be calcined i

air or inert gas at temperatures from 500 to 900 °F,

Thus, an exampie of a typical method for preparing the catalyst invoives the
following steps:

{a) synthesizing the small crystaliiie MTT zeolite in an agusous solution;

(b} mixing the smal crystaflite MTT zeolite with & refractory inorganic oxide
carrier precursor ant an aguecus solulion to form & mbdurs,

(¢} extruding or forming the mixture of step (b) to form an exdfrutate or formed

particls,

{d} drying the extrudate or formed pariicle of step (o)

{e) calaining the dned sxtrudate or formed parlicle of step (d);
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) impragnating the calcined extrudate or formed particie of step (e with at
izast one metal sefected from the group consisting of Oz, Cr, Mg, La, Ba, Na,
Pr, &, K and Nd to prepare a metal-modified extrudate or formed particls,

{g) drving the metal-modified extrudate or formed particle of step {f;

{h} further impregnating the metal-mpdified exirudate or formed particle of
step

{g) with a Group VI meial {o prepare a catalvst precurson
{i} trying the catalyst precursor of step (h); end

{§) caicining the dried catalvst precursor of ster () 1o form a finished, bound
patalyst

Use of an active material in conjunction with ine synthetc molecutar sieve,
f.e., combined with it, tends to improve the conversion and selectivity of the
calalyst in certain organic conversion processes. Txamples of active
materidls are hydrogenating components and melais added (o affect the
overgh functioning of the catalyst. in one embodiment the overall funciioning
of the calalyst includes enhancemant of isomerization and reduction of
cracking activity,

in one embodiment, small crystaliite MTT molecular sieve can be used in
nfimate combination with hydrogenating compenents for those applivations in
which a hydrogenation-dehydrogenation function is desied. Typical
hydrogenating components can includs hydrogen, ammonium, metal cations,
e.g. rare earth, Group 14 and Group Vil metals, as wall as thelr mixtures.

Exampies of metal hydrogenating components inciude tungsten, vanadium,
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molybdenum, rhenium, nicke!, coball, chromium, manganese, platinum,
paliadium {or ofher noble metals), In one embodiment the Group Vil metal is
a noble metal selected from the group of platinum, palladium, rhenium, and
mixiures theredf. In andther embodiment the Groud Vi meial s 8 noble metal
salected from the group of platinum, paliadiurn, and mixtures theraot. in one
embodiment, the metal hydrogenating component is added such that i
constitutes about 0.3 1o about 5wt of the catalyst on a dry basis.

Metals added to afisct the overall functioning of the catalyst (inciuding
snhancement of isomerization and reduction of cracking activity) include
magnesium, lanthanum {and other rare earth me‘tai'é}, barium, sodium,
praseodymium, stronfium, potassium and nsodymium, Dther metals that
might aiso be emploved to affect the overall funclioning of the catalyst include
zinc, cadrmivm, Haniwm, aliurminom; n, and ron.

HMydrogen, ammonium as well as mets! components can be exchanged iho

the molecular sieve. Tne zeolite can aiso be impregnated with the metals, o,

the metals can be physically intimately admixed with the molscular sieve
using standard methods known to the arf. The melals can be vecluded in the
crystal tatfice by having the desired metals present as ions in the reaction

mixturs from which the zeolite is prepared.

in one emboediment, the molecular sieve zeoiite deseribad is convertad o s
acidic form and then is mibed with a refractory inorganic oxids carmer 7
precursor and an agueous soiubon 1o form a mbdure. i one embodiment the
agueous solution s acidic, The agusous solution acts as a peplizing agerd. in
one embodiment, the carvler (also knowr as & matrix or binden s chosen for
being resistant to thetemperaivres and other congditions employvad in organic
conversion prooesses. Such matrx matenals inglude active and inactive
matenals and synthetic or naturally ocourting zeolifes as well as inorganic
malasials sush as olays, silica and metal oxides. in ong embodimeant the

sarrer ogeurs naturaly. in another embodiment the carmer is inthe form of
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gelatinous precipitates, sols, or gels, including mixtures of silica and metal

oxides,

i one erhbodiment the molecular sieve is compaosited with perous matsix
materials and mixtures of matrix materiale such as siica, aluming, titania,
magnesia, silica-aluming, silica- magnesia, silica-zirconia, siiica-thona, sillca-
beryiia, slica- titania, fitania-zitconia as weil as ternary compositions such as
silica~ alumina-thona, silica-alumina-zirsonia, sica-alumina-magnesia and
sifica-magnesia-zirconiz, The matrik cen e in the form of & cogel. In one
embodiment, the matrix materials are alumina and siica.

inactive materials can suitably serve as diluents 1o contrel the amount of
conversion i a given process so thatl products can be oblained economically
without using other means for controling the rate of reaction. Freguently,
zeplite materials have besn incorporated into naturally securning clays,

£.g., bentonite and kaclin. These materiales e.g. clays, oxides, gte., function, in
part, as bindars for the cataiyst. it is desirable w provide 5 catalyst having
good crush strength, because in petroleum refining the catalyst is offen
subjected to rough handiing. This tends to break the catalyst down into

powders which cause problems in procassing,

*Metal-modified” in this. disclosure means that the catalyst molecular sisve
contains al lsast one metal selected from the group consisting of Ca, Cr, Mg,
La. Na, Pr, §r, K and Nd; and at least one Group VI metal. Group Vil
metals are Fe, Co, Ni R, Bh, Pd, Os, i, and PL

‘ﬂ}

i,

in one embodiment, naturaily ocourting clays are composied with the
synthetic small arystaliite MTT molasular sieve. Examples of naturally
accurring ciays include the montmorilionite and kaolin families, which famiiies
include the sub-benionites and the kapline commonly known as Dixe,
Mcohamee, Georgia and Florida clays or others in which the main mineral
constituent is hallpysite, kaolinite, dickite, nacrite. or anauite. Fibrous clays
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such as sepolite and aftapulgite can also be used as suppornts. Such clayvs
can be used in the raw state as originslly mined or can be initially subjected o
calcingtion . acid treatmeant or chemical modification,

The mbaure of molecular sieve and binder can be formad into a wide variety
of physical shapes. Generally speaking, the midure can be inthe form of a
powder; a granule, or a molded product, such as an extrudate having 2
particle size sufficient’to pass through a 2.5-mesh (Tvier) screen and be
retained on a 48-mesh (Tyier) screen. in cases where the catalys! is molded.
such as by exirusion with an organic binder, the mixture can be extrudsd
pefore drying, or dried or pariially dried and then extruded. Small crystaliite
MTT molecuiar sieve can also be steamed. Steaming haips stabilize the
crystaliine lattice to attack from acids. The dried exirudate 1s then thermally
treated, using calcination proceduras,

Generally i is desirable 1© minimize the amount of molecular siave in the
finished catalyst for sconomic reasons. Lower levals of the molecular sieve in
the finished cataiyst are desitable ¥ good activity and selactivity results are
achieved. in one embodiment, the tevel of moiecular sieve is between 5 and
BE w9, or inanother embodiment between § and 80 wi%. The leval of

molecular sieve is varied for different molecular sieve types.

in one embodiment, the metal-modified small crystailite MTT catalyst gives
supefior vields and excaptional Viscosity index (V1) on a vanety of fesds. The
b'ypréduct sefectivity is significantly changed comparad to catalysts containing
standard MTT-type zeolite, e.g., the catalyst resulls in very low gas and
naphiha make, For example, on 2 waxy S00N hytrocrackate fesd containing
21% wax, with awaxy Vi of 122, the product vield was §7% &t a pour point of
<15 Canga Vi of 120 - 121, Tyoicelly, 2 much larger drop is seen from waxy
Vit dewaxed Vi For exampie, when g caialyst containing 2 standard MTT-
type zeoiite was employed, the resufant product Vi was about 111, A metal-
modified standard MT T-type xeolite catalyst gave g Vi of 115, Ges make and
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naphtha make were both much reduced by the use of the small crystaliite
MTT molecular sieve icaded with metals. Such a high vield and produtt Vi
very close (o the waxy feed Vi after dewaxing was very surprising. The vield
of T00 F+ dewaxed lube product in this instance was a3 high as 97%. Also,
the. slope of the_pmduct Viversus pour point is unusual in that it was not
jowered at fower pour point,

Diata was also obtained on a 150N waxy hydrograckate which also showed
improvad product vield and Vi compared to previous MTT-type catalysis.
Agsain, lower gas make and naphtha make was obaerved. An M feed was
also tested and improved vield and Vi were again observed.

When a FischerTropsch wan feed was treated using the catalyst comprising

-a small crystaliite MTT Molecular siave loaded with metals, the resultant 8580

F+ product had exceptional Vi's of 1854170 af pour points betweern -25 and -
30 °C, Wher the 750 °F+ bolling product was further split into two fractions,
the 750-850 °F fraction had a kinematic vistosity at 100 °C of 8.8 S B0
a very high Vi of 151 at a pour pointof ~18°C, and the 850 "F+ fraction had &
viscosity of 8. 7mm>fs, a pour point of -11°V, and-a Vi of 188, Kinematic
viscosly was measured by ASTM D445-08, pour peint was maasured by
ASTHM DEBE0-02, and Vi was measured by ASTM DEZ270-04.

Feeds

in one embodiment, the process using the catalyst comprising a molecutar
steve having a small crystallite MT T topology and loaded with metals is used
o dewax a variety of feedsiocks ranging Trom relatively bght distillate fractions
such as kerosene and jet fuel up t high boiling stecks sugh as whole cruds
petroieum, reduced grudes, vacuum tower rasidua, cycle olls, synthetic
crudes {e.g., shale oils, tars and oil, atc.), gas olls, vacuum gas ok, fools ofis,
Fischer-Tropsch dernved waxes and intermediate producis, slack waxes,

deollad slack waxes, waxy iubrican? raffinates, n-paraffin waxss, NAD wawes,
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waxes produced in chemigal plant processes, deoiied pstroleum derived
waxes, microcrystaliine waxes, other heavy oils, and mixtires thereof,

In one embodiment the feadstock is & hydrocarbon having & waeight percent
wax of at least § %.

Weight percent wax in the feed is measured by heating the waxy sample until
it is just sbove its pour point, pouring 100 grams of the heated waxy sample
into 2 taretd 1 liter beaker and recording the weight of ihe heated waxy sample
to two decimal places; adding 400 ml of & 1.1 mixture of toluens methyl ethyl
ketone (MER) to the beaker and dissoiving the waxy sample with gentle
stirring over a hot plate untll homogeneous. Gover the beaker with & piece of
aluminum foil and place § in the freszer which has been presst to the pour
point temperature-of the feed. Allow the sample o sit undisturbed overmight.
After cooling in the freazer overnight, filter the mixture using & filter assembly
nstatied in the freezer. Use No. 4 Whatman filer paper {18.5 om in diameter)
in & Buchner funngband cover the funne! with a piece of alimminum foll to keap
joe orystais from coliecting in the funnel. Perform the filtration by connecting
the funnel i heavy-duty vacuum, prewetting the filter paper with cold MEK,
puliing the vacuum, quantitatively transtering the entire mixture in the beaker
into the funnel using a spatulg, rinsing the beaker with cold MEK, and filtering
the rinsate.  Close the freerer and wall untll the solvant has compiedely
drained through the fitter, and the freezer has dropped fo is original presst
emperature, Wash the wax filter cake thoroughly using cold MEK. Allow the
wax cake o dry, disconnact the vacuum, and remove the fiteriunnel
assembly from the freezer. Using & spatula, ranster as much wax as
possible from e filter o & tared jar. Remove the iast traces of filtlered wax
with hot teluene and transfer the rinsate to the tared jar. Evaporate off the
ioluans and weaigh he wax that was collected in the tared jar. Pour the off
filtrate into 2 tared flask. Strip off the solveni using a rotary evaporator and

weigh the flask pius remaining olf and detenmine ihe ofl waight The percant
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way is the weight of the wax that was collected in the tared jar divided by the
weightof the heated waxy sample, multiplied by 100

Straight cham n-parafiins either alone or with only slightly branched chain
paraffing baving 16 or more carbon atoms are sometimes.referred o herein
aswaxes. The feadstonk will often bea C10+ feedstock genarally boifing
above about 380°F, since lighter oils will usually be free of significant
quantities of waxy componenis. However, the process is particutarly useiul
with waxy distifiate stocks such as middie distillate stocks inoluding gas olis,
kerosenes, and jet fuels, lubnicating oif stocks, heating oils and other distilate
fractions whose pour point and viscosity need {o be maintained within cestain
specification kmits. Lubricating of! stocks will generally boll above 230°C.
{450°F .}, more usually above 315°C. {(800°F ). Hydroprocessed stocks are &
convenient source of stocks-of this kind and also of other distillate fractions
-smr:eazthey narmaily contain significant amounts of waxy n- paraffins. The
feedstock of the present process will normally be a C10 + fesdstonk
comaining paraffing, olefins, naphthenes, aromatic and heteracyclic
compounds ang with a subsfantial proportion of higher moleeular welight n-
paraffins and slightly branched paraffins which contribute to the waxy nature
of the feedstock, During the processing, the n-paraffins and the siightly
branched parafiing undergo some cracking or hydrocraciking to form liquid
range materals which contribute {0 2 low viscosity product. The dagree of
cracking which ooours s, howsver, limited s that the vield of products having
oliing points below that of the feedstock is reduced, thereby preserving the
sconomie value of the fesdstosk,

Typical feedstocks include hydrotraated or hvdlrocracked gas oils,
hydrotreated ube off raffinates, bright stocks, kubricating oll stocks, synthetio
alls, foots oils, Fischer-Tropsch synthesis oils, high pour point polyolefine,
normat alphaciefin waxes, slack waxes, deciled waxes, microcrystaliine

warxes, and mixtures thereod,
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Fizcher-Tropsch waxes can be obtained by wel-known processes such as, for
example, the commercial SASOLE Siurry Phase Fischer-Tropsch technology,
the commercial SHELL® Middle Distillate Synthesis {(BMDS) Procass, or by
the non-commercial EXXON® Advanced Gas Conversion {AGC-21) process.
Details of these processes and others-are described in, for example, EP-A-
TTBE59, EF-A-688342: U5, Patent Nos, 4,943,872, 5,058,288, 5733839,
and RE3G073 | and US Published Application No, 2008/0227868, WO-A-
9934817, WO-A-8820720 and WO-A-05107838, The Fischer-Tropsch
synthesis product usually comprises hvdrocarbons having 1 1o 100, or even
more than 100 carbon atoms, and typically includes paratiins, olefing anu
oxygenated products. Fischer Tropsch is a viabie process 1o generate olean
alternative hydrocarpon products, ncliding Fischer-Tropsch waxes.

Conditions

The conditions under which the isomerization dewaxing procass s carriet oul
gensrally inciude & temperature which falls within a range from about 382°F to
about 800°F, and a pressure from aboul 15 to aboul 3000 psig. Typically, the
pressure is from about 100 to abowut 2800 psig. The iguid houtly space

velocity during contacting is generally from about 0.1 {o about 20, for example

frum about- .1 toabolf & In one embodiment the contacting s camed oulin
the presence of hydrogen. The hydrogen to hydrocarbon ratio can fall within g
range from about 2000 1o about 10,000 standard cubic feet Hy per barral
hydrocarbon, Tor example from about 2500 to about 5000 standard cubicfsst
Ho per barrel hvdrocarbon.

in one embodiment the isomerization dewsaning product is further trested, Tor
example by hydgrofinishing or adsorbent treaiment. The hydrofinishing can be
zorventionally carried out in the presence of a metatiic hydrogenation
catalyst, for example, platinum on alumina. The hydrofinishing can be carmed
cut a8t a temperature of from about 374°F to about 544°F and a pressure of
from about 400 psig toabout 3000 peig. Hydrofinishing in this manner g
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described in, for example, U5 Pat 3,852,207 which 18 incorporated herein by
reference.

EXAMPLES

Another term that may be used {o describe the small crysialite MTT molscular
sigve loaded with metals is “broadiine.” The synthesis of a broadiine (i
reterence {0 the x-ray diffraction pattern) small crystafite molecuiar steve is
reglly synonvmous with crystallizing a very small crystal example of the
zeolite. The x-ray diffraction pattern broadens as the orystaliites are retuced
ifsize. In general, for the 5}{&%@5& of MTT molectdar sleves, as the S04/A50,
ratio diminishies {greater wi% Al in the zeoiils product) the orystallite size aiso
dirminishas,

Table 2(a) shows the peak listing and relative inteﬁsﬁi‘cy of peaks of standard
88Z-3Z, a standard MTT moiscular sieve. Tabie 2(b) shows the peak listing
and relative infensity of peaks of small orystalitts MTT molecular sieve prior fo
metal loading. Tabile 2(b) magnifies peak width so that major peaks of smalt

crysiailite MTT molecular sieve and standard S3Z-32 are sasily comparad.

Table 2{a} - Peak iisting of standard 88232
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Table 2{b} ~ Peaks in as-madse Small crysiatiite MTT Molecular Sisve
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Figure 11 shows the X-ray diffraction patierns of these two types of MTT
motecular sieves, and demonstraies clearly the broader x-ray diffraction
peaks of the smalt crystallite MTT motecular sieve,
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EXAMPLE 1 SYNTHESIS OF SMALL CRYSTALLITE MTT MOLECULAR
SIEVE

Small orystailite MTT molecular sieve was synthesized as Tollows: A Hastelioy
C fnerior a 5 galion autcclave unit was used for the mixing of reagents and
then i the subseguent thermal ireatment. At a rate of 1500 RPM and for &
period of ¥ hour, the following components were mixed once they had been
added in the order of description, 300 grams of a 1 Molar solution of N, N’
Dilsopropy! imidazolium hydroxide was mixad into 4500 grams of water. The
salt iodide was prepared as in US 4, 483,835, Exampie &, and then
subseguently was ion-exchanged to the hydroxide form using BioRad AG1-X8
exchange resin. 2400 grams of 1 N KOH weare added. 1324 grams of Ludox
AS-30 [30wt% 80 were added. 1080 grams of Naico's 1056 colloid sol
(26wt% SOy and 4 wite ALOs) wers added. Lagt, 181 grams of isobuiy{améne
wers stirred into the mixture. The moiar concentration of the amine Oy,

excesdad the molar concentration of the smidazolium compound Q..

COnce the stirring was inished the auloclave head was closed up and the
reaction was taken yp to 170°C with an 8 hour ramp up tme. The system was
stirred at 180 RPM. The reaction was terminated so that a product was
coliscied after 106 hours of heating. The solids were collected by filtration
fwhich goes very slowly; an indication of smal orysials), The solids were
subseguently washed several fimes and then diied. The dried maternas was
analyzred by «-ray diffraction and the pattern s shown ‘m‘Tabie B,A
comparison is made with the more standard §57-32 date piagented m Tabie
2{a)y and it can be ssen that the new product of Example 1 is related fo 857~
32 but has the x-ray diffraction inew considerably brosdensd,
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ta concery that the product might be 8 mix of small crysials and
considerable amorphous material, & TEM {Transmission Sleciron Mictoscopy)
anaiysis was carmied oul. The microscopy work demonsirated thai the product
of Exampie 1 was quite uniformiy small crystals of MTT molecular sieve with
vary little evidence of amorphous material. The ¢rystaliites were characterized
by a spread of small, broad lathe-like components having & diameter in the
range of aboul 200 to about 480 Angstroms in the longest dirgction. The
BiDALD ratic of this product was 28
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EXAMPLE 2

The product of Exampls 1 was caicined to T100°F in air with & rtamp of 1 deg.
Ciming1.8F/miny and plateaus of 280°F for 3 hours, 1000 F for 3 hours ard
then 1100°F for 3 hours. The calcined matehial retained s x-ray crystaliinity.
The calcined zeclite was sublected to 2 ion-exchanges at 200°F {using Nk,
Nz} as has been previousiy described in US Pal. No. 5,282,527, The ion-
exchanged matenal was recalcined and then the microporosily measurements
were explored, using a test procedure also desaribed in 5,252 527, The naw
product, small crysiallite MTT molecular sieve, had some unexpecied
differences vs. conventional S82.32,

The Ar adsorption ratio for small erystallite MTT molecular sieve (Ar
gdsorption at 87K betwesn the relative pressures of 0,001 and 0. 1) (totel Ar
adgsorption up to relative pressure of 0.1 is largerthan 0.5 inone
embodiment the Ar adsorption ratic 15 In the range of 0.55 1o (.70, In contrast
for the conventional 882-32, the Ar adsorption ratio is iess than 0.5, typically
between 0.35 and 0.48, The small orystallite MTT molecutar sieve of
txamples 1 and 2 demonstrated an Argon absorption ratic of .82,

The external surface area of the crystalites jumped from about 50 mg (882-
32110 150 {(smal crystatite MTT molecular sisvel mg, mdicating the
considerable sxternat surface as a result of very small crystais, Af the same
time, the micropore volume far small crystallite MTT molecular sieve had
groppad 10 about 0.035 cofgm, as compared with about 0.08 cofgm for
standard 887-32.

EXAMPLE 3

Small crystaliite MTT zeolite was composited with aluming, extruded, dnied,
and calcined. The dried and caicined extrudate was impregnated with 2
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saiution containing both platinum and magnesium |, and then finally dried and

caltined. The overall platinum loading was 0.325 wi %, This metal-modifisd
catalyst was then tested for isomerization on a waxy 500N hydrocrackate feed
having 21% way, a kinematic viscosity at 100°C of 10.218 mm%s. and a pour

point of +51°C. Isomerization process. conditions used were a LHEV of 1.0 1

b A000 scfibb gasie olf ratic, and & total pressurs of 2300 psig. Following
isomerization the products were hydrofinished ovey a PP silica alumina
hydrofinishing catalyst at 450 °F. The VI of the waxy 530N hydrocrackats fesd
was 122, and the Vi of the solvent dewaxed waxy 500 hydrocrackats feed
was 108 when solvent dewaxed a1 -18°C. The difference between the waxy
Vi and the cafalytic isomernized product Vi was only two {122-120;, which was
sxceptional,

Figures T and 2 show the vield and pradudt Vi versug pour point achieved
with the metal-modified catalvst comprising the small crystalilte MTT zeolite
gatalyst "mei-modifisd 88Z-32X"). The data at different product pour
points, and corresponding viscosity indexes . was gensrated by changing the
operating temperature of the dewaxing catalyst fior example, a lower pour
point is achieved by raising the catalyst temperature). The resulis are |
compared with two other catalysis, a standard MT T -comaming catalyst (Std
854-32) and a metal-modified standard MTT-containing catalyst ("metal-
modified 352-327), tested under the same conditions and using the sams
feed. The isomerization vield of product bolling at 700°F and above using the
metab-modified catalyst comprising the small crysiatiie MTT zedlite catalyst at
the typical produst target range of ~12.10 15°0 pour point was an
urprecedented 86 10 87%. The product V! was approximately 120, which is
aist sxcelient, and iz balievaed to be atiributable to the exeeptional amount of
isomerized wax retained in the base oif boiling range product The siope of
the Vi of the product bolling at 700°F and shove versus the pour point was
negative, approximately ~0.15, such that the V! was actually increassd as the
pour point was reduced. txample 3 demonsirates where two or mare

isomesized products boiling at 343°C (850°FY or higher have a corrssponding
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viscosity idex of 104, 110, or higher. Figures 3 and 4 show the low vields of
Cy to Ci products ("Gas-make”) and s 1o € ssew product {Maphtha) achieved
with the metal-moedified catalyst compnsing the small crystallite MTT zeolite
catalyst {‘'metal-modified SSZ-32X", compared with two other catalysis.

EXAMPLE 4

The sams metabmodiied catalyst from Example 3 was also tegted for
isomerization on & waxy 150N hydrocrackate feed containing 10% wax and &
pour point of +32°C, isomanzation process conditions used were a LHEVY of
1.0 " 4000 scifbhbi gas to oil ratio, and & totet pressure of 2300 psig.
Following isomerization the produsis were hydrofinished over a PUYFd silica.

aluming hydrofinshing catalyst at 450 °F.

Figures 5 .and-§ show the vield and product Vi versus pour point.achieved
with the metai-miodified catalyst comprising the small crystallite MTT zeolite
cataivst Mmetal-modified S8Z-32X". The resulls are comparad with three
other catalysts: & standard MT T -confaining catalyst ("Std 38232}, a metai-
modified standard MTT-containing catalyst Cmetal-modified S52-327), and &
stendarg smali orystalfite MTT zeolite catalyst that was not metal-modified
{"srmall crystal S8Z-32%7), All four cataiysts were fested under the same
conditions and using the same 180N feed. The isomerization yield of produst
boiling at 880°F and above using the matal-modified catalyst comprising the
small crystallite MTT zeolite catalyst at the typical product target rangs of -17
to -15°0 pour point was 84 1o 5%, The product Vi was approximately 108
The slope of the VI of the product bolling at 650°F and above versus the pour
point was approximately 0.09, which was significantly less than that oblained
with the comparison cataiysts. The VI was nof owerad as much as the pbur .
point was reduced with the metabmodified catalvst comprising the small
orystailiie MTT zeplite catalyst. Figures 7 and 8 show the low yields of G, fo
Ce progucts ("Gas-make”) and T o O 250 proguct (Naphthe) achieved with
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the metal-modified catalyst comprising the smali crysiallite MT7 zeolite
catalyst ('meiabmodified S8Z-32X7). compared with two other catalysts.,

EXAWPLE 5

Tha same metal-moedified catalyst from Example 3 was also tesied for
isomerization on a waxy medium neuirat {220N, MN) feed containing 12.2%
wax, a kinematic viscosity at 100°C of 8.148 mm®s, and a pour point of
+38°C. isomerization process conditions used werea LHSV of 1.8 he'', 4000
soffbbt gas 1o 0fl ratic, and a total pressure of 2300 psig. F’oliwwkn_g
isometization the products were hydrofinished over g PUPJ silica alumina
hydrofinishing catalyst at 450 °F,

Figures 8 and 10 show the vield and product Vi versus pogr poirtt achieved
with the metabmaodified catalyst comprising the small crystallite MTT zeolite
catalyst Pmetal-modified $5Z2-32X". The results are comparsd with two other
catalysty: a standard MT T-containing catalyst {"standard 852-32), and a
metai-madified standard MT T-containing catalvst ('metal-modified 837-327.
Al three catalvsts wera tested under the same conditions and using the same
220N feed. The isomenzation yisld of product bolling at 850°F and above
using the metab-modified catalyst comprising the small crystaliite MTT zeolite
catalysiat the typical product target range of ~18°C pour point was about
G2%. The product Viwas 105, The siope of the Vi of the product bolling al
850°F and above varsus the pour point over a renge of pour points from -12°C
10 <22°0C was egsentially zero, which again was significantly iess than that
chtained with.the comparison catalysis. The'Vi was not lowered as the pour
poirt was reduced with the matal-modified catalyst comptising the small
crysiafite MTT zeolite catalyst,

EXAMPLE 6
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The same matab-modified catatyst from Example 3 was tested for

isomerization on & hydrotreated Fischer-Tropsch wax feed having more than

B0% wax made by the SASOLE® Shirry Phase Fischér-Tropsch procass.

isomerization process conditions used were a LHSV of 1.0 hv™', 5000 scfibhi
gas to ot ratio, and a total pressure of 300 psig.  Following isomerization the
progucts were nydrofinished over & PP silica aluming hydrefinishing
catalyst.at 450 °F. The resultant preducts bailing at 850°F and above had Vis
of 185 {6 170 af pour points betweaen -25 angd -30°5 . The yield of products
poiting 8t 850°F and above were greaiar-thanﬁﬁ wt % ai a pour poirt of -
20°C. The products bolling gt 850°F and above were further split by vacuum
distiliation ino two fractions, one boiling between 750 1o 850°F and the other
boiling at B50°F and higher. The Eghter boiling fraction had a kinematic
viscosity at 100°C of 3.8 mmi¥s, a Vi of 181, and & pour point of ~18°C. The
neavier boifing fraction had a kinematic viscosity at 180°C of 8.7 mm¥s, a2 V)
of 168, and a pour point of ~11°C. A comparison run using a metabmodified
standard MTT-contaming catalyst underthe same process conditions and on
the same feed gave lower vields but slightiy higher Vis. Interestingly, sven
though the Vis were slightly lowsr using the metal-medified small crystaliite
MTT zeolte catalyst the slope of the Vi of the product bailing at 850°F and
dbove versus the pour point over a range of pour points from -20°C {o -80°0
was significantly less, less than 0.56, than the slope oblaired with the
companison satalvst, greaterthan 0.72.
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WHAT IS CLAIMED IS:

1. A process for dewaxing a hydrocarbon feed to produce an isomerized product,
comprising:
contacting a Cip+ hydrocarbon feed with a catalyst and hydrogen under isomerization
conditions to produce an 1somerized 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 VII metal.

2. The process of claim 1 wherein the MTT molecular sieve is selected from the group consisting
of 88Z-32, ZSM-23, EU-13, 1SI-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 gaunge (3000 psig).

6. The process of claim 5 wherein said pressure 1s 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).
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ISOMERIZATION PROCESS USING METAL-MODIFIED SMALL
CRYSTALLITE MTT MOLECULAR SIEVE

ABSTRACT

Dewaxing a hydrocarbon feed by isomerizing feed with catalyst comprising smal
crystallite molecular sieve naving MTT framework, the catalyst containing 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 VIl metal. A dewaxing method to produce products
boiling at 343°C (B50°F) or higher with iow pour points (X-axis) and high
viscosity indexes wherein the line fit to the chart of the pour poinis and the
viscosity indexes has a siope of zero or less. A dewaxing process, comprising
isomerization dewaxing feed with a viscosity at 100°C of 2.5 mm%/s or greater
ever a metal-modified molecular sieve (SSZ-32 and SSZ-32X) to produce
products with low pour points (X-axis) and high viscosity indexes: the jine fit 1o
the chart of the pour points and the viscosity indexes has a slope of zero or less:

and wherein the yield of products is high (figure 1 ).

(Figure 1)



