1 ISOMERIZATION PROCESS USING METAL-MODIFIED SMALL CRYSTALLITE MU MOLECULAR
SIEVE FIELP.O.F. THE INVENTION This inventioh is directed to a process for isomerizing a feed
which includes straight chain and slightly branched paraffins having 10 or more carbon atoms using a
catalyst comprising a small crystallite M | i molecular sieve loaded with metals This invention is also
directed to dewaxing methods producing 10products with improved viscosity indexes at lower pour
points. BACKGROUND OF THE INVENTION The production of Group Il and Group IIl base oils
employing hydroprocessing has become increasingly popular in recent years Catalysts that

demonstrate improved isomerization selectivity and conversion are continually sought. As discussed in

U.S. Pat. No, 5.28 coi. 1-2, théS$H8ERIATININRO P ERSHFING METALMOIRIED ZSM-22 ZSM-23.
ZSM-35, SSZ-32, SAPO-11, SARKRLL S AN rPevatispnetzatiarangdypbape-selective
dewaxing is well-known, Other typical zeolites useful in dewaxing include ZSM-48. ZSM-57,
S37-20,EU-1, EU-13. ferrierite, SUZ 4, theta 1, NU-10. NU- 23 NU-87, 131 1, 13KZ-1, and C. U.S. Pat

aIkyI Nmsopropyiemldazollum catlon as a template 5 053 373 discloses a silica to alumina ratio of
greater than 20 to legs than 4 constraint index, after calcination and in the hydrogen form, of
'13 or greater. The z fﬁénéﬁ?% g’fe’l%t% [ BRIRGERP (0 A SRR 3B, B8R BFYfster, 5,252,527
discloses loading zeetrmghmhamemd*eakg%ommpmmra hpelrag e atiomrdehyrdrogasration
function. Typical repiagits--aliafs G BRUE WHEAGSR AR Mo elal GARTSaSG: rare carth

Group ILA and Grou& metals, as WeII as their mixtures. A method for
ith metals. This invention is also directed to dewaxing methods producing

10 products with improved viscosity indexes at lower pour points.

BACKGROUND OF THE INVENTION

The production of Group It and Group It base oils employing

15 hydroprocessing has become increasingly popular in recent years.
Catalysts that demonstrate improved isomerization selectivity and
conversion are continually sought. As discussed in U.S. Pal. No. §,282,858,
col. 1-2, the use of intermediate pore molecular sieves such as ZSM-22,
Z8M-23, ZSM-35, 88Z-32, BAPO-11, BAPO-31, 8M-3, SM-B in

20 isomerization and shape-selective dewaxing is well-known, Other typical
zeolites useful in dewaxing include ZSM-48, Z8M-57, 88Z-20 EU-, EU-13,
ferrigsite, SUZ-4, theta-1, NU-10, NU-23, NU-87 18I-1, 1814 KZ-{,and KZ-2.

U.8, Pat. No. 5,252,827 and 5,053,373 disclose a zeolite such as S82-32

25  which is.prepared using an N-lower alkyl-N'- isapmpvmmidazdtium cation as a
emplate. 5,053,373 discloses 2 sifica to alumina ratio of greater than 20 to
less than 40 and a constraint index, after calcination and in the hydrogen
form, of 13 or greater. The zeolite of 5,252 527 is not restricted to a constraim
index of 13 or greater, 5,252 827 discioses loading zeolites with matals in

30 order to provide a hydrogenation- dehydrogenation function. Typical repiacing
cations can include hydrogen, ammonium, metal cations, e.g., rare earth,

Group 1A and Group Vil metals, as well as their mixtures. A method for



2 preparation of MIT-type zeolite% such as 352-32 or ZSM-23 using small neutral amines is disclosed
in U.S. Pat. No. 5,707,601. U.S. Pat. No. 5,397.4%% discloses hydroconversion processes employing a
5zeolite such as SSZ-32 which has a small crystallite size and a constraint index of 13 or greater, after
calcination and in the hydrogen form. The catalyst possesses a silica to alumina ratio of greater than
20 and less than 40. U.S, Pat, No, 5,300,210 is also directed to hydrocarbon conversion processes
employing 552-32. The 552-32 of U.S. Pat No 5,300,210 is not limited to a 10small crystallite size U.S.
Pat. No. 7,141,529 discloses a method of metal-modifying molecular sieves with different metals fa
metal or metal selected from the group consisting of Ca, Cr, Mg, La, Ba. Pr, Sr, K and Nd and also
with a Group VIII 15 RigRaRSIBROVIE ¢ty seolinth suiprevstbiomeriZatibAsesngiompalising an riC:16

feed. None of the prarassgspresticesaipaelesulassmve it asnel crystaflite size None of the
isomenzation methods gave a slope of the VI of the product boiling at 550'F (343T) and above versus

the pour point of zero or less. 20 U.S Pat. Publication No 200710041898A1 discloses a method of
making a small crystilife Rt Neataljsi4 Nodisalgssoivciossd cirsietaroneslifamgiievinglecular sieve.
25SUMMARY OF THEJNS/EUNT QN Iheraisisrodec parenassifi dananocsdydipearbon teed (o
produce an isomerized product, the teed including straight chajp and slightly branched paraffins having
10 or more carbon atomis. %gﬁﬁrﬁgﬁega t&%‘n%g%iiﬁ?}%’5zf%ﬁﬁ%%ﬂriﬁ%%@éﬁ%%ﬂéﬁﬁ?&ﬁn‘iﬁfﬁm’%t in the
presence of hydrogeRosipseataysiicoinphisiitpagholkigrmatsidierhivimg 4T henad{ework topology
and having a crystallitesliagreter ef o200 o aheeiAR ARASLRRS, Kbielongsst direstion. the
catalyst containing at Ieasst one gﬁ%ﬁé%:é %gem the group consistin%of_ Ca, Cr. Mg, La, Na, Pr, Sr,
K and Nd and at |eas?“8%83’é§‘r%§§ Htmétar -PE Y5256 pRided E TEBRI SHIER F12 comprising
isomerization déWaxisged byysteltrbam feed having at least 5 wt% wax over a catalyst to produce two
or more isomerized products boiling at 343C (650F; or higher, each isomerized product having;

U.8. Pat. Ne. 7,141,628 discloses a method of metakmedifying molecutar

sieves with different metals {a metal or metai selected from the group

congisting of Ca, Cr. Mg, La, Ba, Pr, Sr, K and Nd and alsc with & Group Vil

15 metal} 10 provide catalysts with improved isomerization selectivity using an

riCss feed. None of the pracesses produced a molecular sieve with a small

crystaflite size. None of the isomenzation methods gave a slope of the Vi of

the product bolling at 850°F (343°C) and above versus the pour poirt of zerg

or less.

20
U.8. Pat. Publicatior No. 2007/0041898A1 discloses a methad of making a
small crystaliite MTT catalyst. Nothing s disclosed of metal-modifying the
molecular sieve.

25 SUMMARY OF THE INVENTION

There is provided a process for dewaxing 2 hydrocarbon feed to praduce an
isomernzed product, the feed including straight chain and slightly branched
paraffins having 10 or more carbon atoms, comprising contacting the feed
30 under isomerization conditions in the presence of hydrogen with catalyst
comprising @ molecular sieve having MTT framework topology and having &
crystaliite diameter of about 200 to about 400 Angstroms in the longest



a. a pour point between 0 and -30C, and 10b.a corresponding viscosity index of 95 or higher; wherein
a line fit to a chart of the pour points on an x-axis &nd the viscosity indexes on a y-axis has a slope of
the line for y of zero or less There is also provided a dewaxing process,rising isomerization dewaxing a
hydrocarbon feed having at least 5 wt% wax over a catalyst to produce two or more isomerized
products boiiing at 343'C.; (650'F) or higher, each isomerized product having. a pour point between
Sand -30'C, and b. a corresponding viscosity index of 95 or higher: 20wherein a line fit to a chart of the
pour points on an x-axis and the viscosity indexes on a y-axis has a slope of the line for y of zero or
less; and wherein the yield of the two or more isomerized products boiling al 343C (650F) or nigher is

90 wt.% or greater b&4EGR 1hE (&Y H RIEIRIDRSfGRS R TORt=T BEBRtAOMBS T RYtie 1 shows
yield versus pour pointiesissamsirzation mbaieay Rewrak (S00N) eedusing: asdandardvii
WIT-containing catal)%t St SSE-32"), a metal-modified standard MIT-containing catalyst
(metal-modified SS2-32.-) 30and the metal-modified, smail crystallite MIT-containing catalyst Cmetal-
modified SSZ-32X"), 4 Figure 2 shows Viscosity Index (VI) versus pour point for isomerization of a

heavy neutral (5@OI\_I)I_1md HSRG @@t&&gbﬁﬁcﬁwwam)c@a{ygggﬁg;egm&g& a metal-modifi_ed
e e eSS BRI 5 T3 BE IS BP R ! vl

produce two or more isomerized producis boiling at 343°C {880°F) or higher,

sach isomerized product having:

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

0 b a corresponding viscosity index of 85 or higher,;
wherein a fine fit to a chart of the pour points on an x-axis and the viscosity
indexas on a y-axis has a stope of the fine for v of zero or less.

There is-also provided a dewaxing process, comprising isomerization

18 dewaxing a hydrocarbon feed having at least 5 wit% wax over a catalyst to
produce two or more isomerized products boiling at 343°C (B50°F) or higher,
gach isomerized product having:
=8 a pour point between (0 and <30°C, and
b. a corresponding viscosity index of 85 or higher,

20 wherein a line fit to a chart of the pour points on an x-axis and the viscosity
indexes ona y-axis has a slope of the line fory of zero or less; and wherein
the yield of the two or more isomerized products boiling a{ 343°C (880°F) or
nigher s 80 wi% or greater based on the feed.

25 BRIEF DESCRIFTION OF THE DRAWINGS

Figure 1 shows yield versus pour point for isomerization of a heavy neutral
(BOON) feed using a standard MT T~containing catalyst ("Std 852-327), a
metabmodified standard MTT-containing catalyst ("metai-modified 882327

30 andthe metal-modified, smali crystallite MTT-containing catatyst ("metai-
modified SSZ-32X".



Figure 3 shows gas make (production of CI-C4 products) versus pour point for isomerizatinn of a
heavy neutral (500N) feed using a standard MTT-dbntaining catalyst ("ski SSZ-32"). a metai-modified
standard 10M | -containing catalyst ((metal-modified SSZ-32"5 and the metal-modified, small crystallite
M | -containing catalyst (‘'metal-modified SSZ-32X"). Figure 4 shows yielo of C5 products versus pour
point for Isomenzabon of a heavy neutral (500N) feed using a standard MU-containing catalyst ("std
15SSZ-32"). a metal-modified standard MIT-containing catalyst (‘'metal-modified SSZ-32"; and me
metal-modified, small crystallite MU-containing catalyst ("metal-modified SSZ-32X") Figure 5 srows
yield. versus pour point for isomerization of a 150N feed 20using .a standard-containing catalyst (fist.'
SSZ-32"): a small crysSesdiite MTTebiahsihg wialfsh witkosibmetabbaadingofemaiticrystal SSZ-32).

metai-modified standgggMikeentaining satalysiG the metal-modified,
small crystallite MU- ci%%lggng cat(EB gsb'?‘}crnetaI‘Sr'#c%d%}ﬂlflgeg]ll é%%ﬁj%f;’)?z?d;gaﬁ%%@%ofws? |sgétosny index CA
r

versus pour point fo n’zétfgﬁi TSR FERGSNG A §B§¥tﬁiﬁmf AR EREiet ("std
SSZ-32"5, a metal-md@Hied senddardtscontifini) groatalysttimetatrmastifies 5S40+ and the
metal-modified, gmalj: g{gm,%gﬁggtgﬁnp catalyst metal-modified SSZ-32X") 5 Figure? shows
gas make versus pour point for isomenzation of a 150N feed using a standard IVITT-containing
catalyst ("std SSZ-32"), a metal-modified standard MTT-containing catalyst Clmetal-modified SSZ-32")

and the small crystal‘ﬁtgdw&@migh@@talm@m&mmﬁ'@gtﬁm&ﬁ&@%a@ el shows yield

of Light Naphtha (OSf@@Q&Qgg%Q\@@% Bg; R0} merlzat|on of ON feed using a
standard MIT-containing catalyst (‘'std SSZ-32"), ampetga{)I %Ie& ?gnﬁ %f T-containing catalyst

("metal-modified SSZ*32 5NN FREBASH iS§ZsA7all éﬁ?@@éfﬁ@%@%ﬁfﬁw Hg 10catalyst
("metal-modifiedSSMIZXYntaining catalyst ("metal-modified SSZ-32") and the metal -modified,

small erystailite MTT-containing catalyst ("metal-modified 58Z-32X").

Figure 4 shows yield of Cs products versus pour point for isomerization of a
heavy neutral (500N) feed using a standard MTT-containing catalyst ("std

15 85Z-32"), a metal-modified standard MTT-containing catalyst ("metal-modified
§82.32") and the metah-modified, small crystallite MTT-containing catalyst
{"metaj-modified S8Z.32X™.

Figure 5 shows yield versus pour point for isomerization of 2 150N feed
20 using a standard MTT-containing catalyst {"std 852-32", a small crystailtite
MTT-containing catalyst without metal loading ("small crystal S8Z-32). a
metal-modified standard MTT-containing cataiyst {"metat-modified $82-32")
and the metal-modified, small crystal fite MTT~containing catalyst {"metal.
modified 852-32X").

Figure & shows Viscosity index (Vi) versus pour point for isomerization of &
150N feed using a standard MTTscontaining catalyst (“std S82-32"), a matsl-
modified standard MTT-containing catalyst ("metal-modified SBZ-32" and the
metal-modified, small crystallite MTT-containing catalyst ('metal-modified
S8Z-32XM.

Co
<>



Figure 9 shows yield versus pour point for isomerization of a Medium Neutral teed using a standard
MiI-containing catalyst ("std SSZ-32"), a metal-maodified standard MIT-containing catalyst
("metal-modified SSZ-32") and the metal-modified, small crystallite MIT-containing catalyst
("metal-modified SSZ-32X"). F gure 10 shows Viscosity Index (VI) versus pour point for isornerization
of a Medium Neutral feed using a standard IvITT-containing catalyst 20 ("std SSzZ-32"), a
“metal-modified standard Mi I-containing catalyst (metal-modified SSZ-32") and the metal-modified,
small crystallite iviTT-cortrainino catalyst Crnetal-modified SSZ-32X") Figure 11 shows a comparison
of the X-ray diffraction patterns of a standard 25 MIT molecular sieve ("STANDARD SSZ-327) and a
small crystallite MIT FB¥ERJI 4P SRy 885 SBRBBRYS PETARIFDODESCRAMTION OB ENVBODIMENTS
30In|one equnbodinlwemsthg -f@tglyﬁi;i;s;@mmg@i?gg,ggq;gg&@@?l%sji%\‘ﬁgj@a}yiggngggi%g&ﬁl@nework
topology The catalyst.emplo omprises from 5 tg, 85 wt% molecular sieve "Molecular sieves.-as
used herein can inclii¢ em%é%y@ggﬁﬂw'%m?é’?%% ?t%%aiggﬂ?é?@dm ?ﬁfl%%ﬁ?a?’?iéﬁ@"f or variations
thereof refers to the faialtieid Sirromirsniudeatalyst famiziohmiiled S&2si@ve) materials, The Structure
Commission of the International Zeolite Association (IZA) gives codes consisting of three alphabetical

letters .to zeoiites (a type of molecular 6sjeve) having :a structure that has been determined. Zeolites
having the same top’cﬁ/éjﬁg/eagrg}’goé’ﬁeﬁ%glI@iﬁ%&%ﬁ%@ﬁ‘tﬁF@‘éqg"ife‘?go?ﬁfgsc‘fﬁfé‘iﬂPle’ﬁg §Ri8h to the
structure of moleculdpsizwesninatinding 2 Z2SMN 2:EBin3 2, Wik AN KZnisifihysareglites having a
framework structure piglattedh! af4 33 SS4sa% e napd a W LEDR Rglte 10 Other

molecular sieves usergul .%g’sgg%%gtion ewaxing are inteuuediate poré size molecular sieves having
a framework topology of MIT P R B TRt Rt PR e R M FEYE8IRES used in one
embociimenl offhe cateiyit{metanuryitediGSdianxter of about 200 Angstroms to about 400
Angstroms in the longest direction

Figure 8 shows yield versus pour point for isomerization of a Medium Neutral

feed using a standard MTT-containing catalyst (*std 3SZ-32"), a metal-

modified standard MTT-containing cataiyst ("metal-modified SSZ-32" and the

15 metal-modified, small crystallite MTT-containing catalyst (*metat-modified
88Z-32X%).

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

20 {"std $8Z-32"}, a metabmodified standard MTT-containing catalyst ("metal-
modified 88Z-32") and the metal-modified, small crystatlite MT T-containing
catalyst ("metal-modified SSZ-32X"),

Figure 11 shows a comparison of the X-ray diffraction patierns of g stardard
25 MTT molecular sieve (“STANDARD $5Z-327) and a small crystalite MTT

[l d

mdlecular sieve {"S82-32X").

DETAILED DESCRIPTION OF EMBODIMENTS

30 Inone embodiment the catalyst is comprised of & molecular sisve having the
MTT framework topology. The catalyst employed comprises from & to 85 wit%
molecular sieve. "Molecular sisves -as used herein can include "zeolites®. The



Catalyst Preparation 20 in one embodiment, small crystallite MIT molecul_ar sieves are p_repared from
an aqueous solution containing sources of an alkd metal oxide or hydroxm!e, an alkylgmme such as
isobutylamine), an organic carbon compound source of quaternary ammonium |'f)n Whlc_h is .
subsequ.ently ion-exchanged to the hydroxide form, an oxide of alumlnum_(e,g wherein t_he alum_lnum
oxide source provides aluminum oxide which is covalently dispersed on silica). '_and_an OXI_de qf silicon.
in one embodiment the organic carbon compouno source of otiaternary_ar_nmonl_um ion WhICh IS
subsequently ion-exchanged to the hydroxide form is N-IO\_/veriscbropyl-lm|C|azoI|um catlt_)n
(for-example 30N.cation or N-inetnyl-W-isopropykimidazolium catchy The aqueous solutloq nas a
composition in terms Efold Fativsdaioiganithi thedistowingeangesvafaiakled«Gompesition of mole

ratios Embodiment 1kEmbadimgnsie s@&%r@%gg L {107 IR 18105, 512 /S R CIQTM-r

40 0.05-0.5
20-less than4030-35 gtrlu%t%r‘g gr%xgxss:en of the. mtemauona [ Zeolite Association {[ZA) gives

codes consisting of thres aiphabetical letters to zeolites {& type of molecular
S sieve) having a structura that has been determined. Zeolites having the same
topology are gensrically calied by such thres letters. The code MTT is given to
the structure of molecular sieves including: Z8M-23, 882-32, BU-13 3, 1614
and KZ-1. Thus, zeolites having a framework structura similar to that of .ZSM-
23 and 88Z-32 are named a MTT-type zeolite.
10
Other molecular sieves useful for isomerization dewaxing are intermediate
pore size molscular sieves having a framework tapology of MTT, TON, AEL or
FER.

15 The small crystaltite MTT-type zeolites used in one embodiment of the
catalyst have a crystallite diameter of about 200 Angstroms to about 400
Angstroms in the jongest direction:.

Catalyst Preparation

20
in one embodiment, small crystallite MTT molecular sieves are preparad from
an agueous solution contamning sources of an atkali metal oxide or hydroxide,
an alkylamine {such as isobutylamine}, an erganic carbon compound-source
of quaternary ammonium fors which ts- subsequently ion-exchanged to the

25 hydroxide form, an oxide of aluminum {e.q., wherein the aluminum oxide
source provides aluminum oxide which is covaiently dispersed on silica). and
an oxide of silicon. in one embodiment the organic carbon compound sourcs
of guaternary ammonium lon which is subigeguently lon-exchanged to the
hydroxide form is N-lower alikyi-N'- isopropyl-imidazolium cation {for-exampis

30 N, N'diisopropyl-imidazolium cation or Nemethyl-N'-isopropylkimidazotium
cation;. The agueous solution has a2 composition in tarms of mole ratios falling
within the foliowing ranges



I'005-0.30 20-300 '0.250.75 wherein Q is the sum of Q, and Qb; M is the alkali metal oxide or
hydroxide and M+ is the alkali metal cation derived from the alkali metal oxide or hydroxide The alkali
metals are the series of elements comprising Group 1 WRAC style) of the periodic table: lithium (Li),
sodium (Na), potassium rubidium (ftio, caesium (Cs), and francium (Fr). 10 Cr, is an organic carbon
compound source of quaternary ammonium or and Qb is an amine. In one embodiment, Q is an
N-lower alkyl-Ncisopropylimidazolium cation (for example an N. N'-diisopropyi-imidazoilurn cation or
NMethyl-N'- isopropykrnidazolium cation). A number of different Q, amines are useful. In one
embodiment, isobutyl amine, neopentyl amine, monoetny! 15amine, or mixtures thereof are suitable
examples of 0,. The molar concentration of Q, is greater than tne molar concentration of Qa Generally,
the molar concentration of Q, is in the fainge froCoitsoahid O iinads thigogoiar concentration of Qa.
U.S. Pat No. 5,785,‘{%7 (herein incorpqrateq E%E%*ﬁg% '%61) deseribes ‘*%ugo%%neog‘itg syntnesis, method
employing two organic 20sources of nitrogen, one s

ource being.an aminé con?alnlnq from one to eight
carbons provides sigRificdft:Ebst savings ovetlderethst 4% which the Fuidfernary ammoniumiion
source (such as imi€iggoligin) 1S the only S6 J(p@go{,gﬁ“@ﬁé‘é@ﬁ‘p‘ﬁﬁéﬁ@}ﬁ@@mﬁiﬁéﬁﬁﬁﬁﬁhe two
organic nitrogen souges.allows-the-possibility-of-the-primary.template.{used.in-smalier.quantity) to
25nucleate the desir%gﬁlite structure and %gﬁﬂﬁ C‘ilmine to contr b%(ﬁ?’t%zé filling the pores in a
stabiUzing manner, :dé+ir@i@systal growth. Endpd§-pdies of high silica Zetiite8@re susceptible to
re-dissolution undertegpTESTS CoNditioNs 7 Fhgamime afso can confsiggte to-maintaining an

elevated alkalinity for_the synfhesis g
QiGN 035075 3087

_wh&reén Q i the sum of Qg and Qy; M is the alkal metal oxide or hydroxide,
§  and M+ is the alkalt metal cation derived from the alkali metal oxide or

hydroxide. The alkali metals are the series of elements comprising Group 1

(IUPAC style) of the periodic {able: lithium (LI}, sodiurm {(Na), potassium (K),

rubidiue {Rb), caesium {Cs), and francium {Fr}.

10 Qg s an organic carbon compound source of guaternary ammonium ton and
Qs 13 @n amine, in one embodiment, Q, Is an N-lower alkyi-N'-isopropyl-
imidazolium cation {for exampie an N, N-ditsopropyl-imidazolium cation or N-
methyl-N'~ isopropyi-midazolium cation). A number of different G, amines are
useful. In one embodiment, iscbutyl amine, neopentyl amine, monoethyl

181

amine, or mixiures thereof are suitable examples of Q. The molar
concentration of Q, is greater than the molar concentration of Q. Generally,
the molar concentration of Qy is in the range from 2 to about ¢ fimes the molar
concentration of Q,. U.8. Pat No. 5,785,847 (herein ncorporated by
reference ) deseribes how a zeolite synthesis methed employing two organic
20 sources of nitrogen, one source being an amine containing from one to eight
carbons provides significant cost savings over & method in which the
quaternary ammonium ion sowrce (such as imidazolium} is the only source of
organic component. The combination of the two organic nitrogen sources
allows the possibility of the primary templale {used in smaller quantity) fo
25 nucleate the desired zeolite structure and then the amine o contribute t©



in one embodiment the organic carbon compound source of quaternary ammonium ion also provides
hydroxide ion. In one embodiment, the organic ca#on compound source of du ternary ammonium ion,
Q, of the aqueous solution is derived from a compound of the formula 15 20 wherein R is lower alkyl
containing ito 5 carbon atoms, for xample -CH3 or isopropyl. An anion (AO) whicn is not detrimental to
the formation of the ki4 molecular sieve is associated with the cation. Examples of an anion include
halogens (e.g., fluoride, chloride, bromide and iodide), hydroxide, acetate, 25sulfate. carboxyiate. etc.
Hydroxide is a particularly useful anion The reacticn. mixture is prepared using standard zeolitic
preparation techniques. Typical sources of aturninurn oxide for the reaction mixture include
aiuminates, alumina Biocdiimminghisenipsuiizig s@ehels dltngivustdoatedrsifogtotioids (One example

s Nalco 1056 colloicisgisidd304re 266 alhesaaaliesnasiemhorigeenids aluginum exicn a

covalentiy dispersed form.on _lids Aluminum oxide in a covalently dispersed form allows molecular
sieve 35with increas&d AT ‘%Sﬁ}?&ﬁt%%%%aér%?éﬁm%.t% REPA RN RRRROAR T the
molecular sieve pronfotdeiggntisrization, In another approach, 9 zeolites of pentasil structure and
lower silicalaiumina ratios (approximately 10) can be used as aluminum oxide sources or feedstocks
tor the synthesis of small crystallite MTT molecular sieve. These zeolites are recrystallized to the small
crystallite MTT mole »ﬁl%?%%@%‘}iénﬁ?éﬁp%@éﬁ%@’& APPSR LBt caYer Siireigh aBscribed above
Mordenite and temeriteeolites coastitptetivessuchausefidssources of aluminum oxide or feedstocks
These latter zeolites have also been used the crystallization of ZSM- 5 and ZSM-11 (U.S Pat No

4,503,024) Another gpproach, wherein the aluminum oxide is in a covaiently dispersed form on silica,
is to use an alumin j?bg?g&egmggzm%ﬁ gpanic carbon compouna source of quatemary
W ammonium ion, Q,, of the agueous solution is derived from a compound of the

formuia;

20
wherein R is lower alkyl containing 1 to 5 carbon atoms, for example -CH3S or
isopropyl. An anion (A®) which is not detrimental to the formation of the MTT
molecuiar sieve is associated with the cation. Examples of an anion include
halogens {e.g., fluoride, chioride, bromide and iodide), hydroxide, acetats,
25 sulfate, carboxyiate, etc. Hydroxide i a particulary useful anion,

The reaction muxture is prepared using standard zeolitic preparation
techniques. Typical sources of aluminum oxide for the reaction mixture
include aluminates, alumina, and aluminum compounds, such as

30 aluminum-coated silica colioids {one exampie is Naloo 1056 colioid sol),
AL{E0,. ), and other zealites.

in one embodiment the aluminum oxide is in 2 covalently dispersed form on

silica. Aluminum oxide in a covalently dispersed form aliows molecular sisve

03
£

with increased aluminum content to be orystaliized. Increased aluminum

content i the molecular sisve promotes somerization. in ancther approach,



that manufactured by Nalco Chem, Cc, under the product name 1056 col d sot (26% silica, 4%
alumina). in addition to providing novel SC)Z-32 ith high aluminum content, use of the sot
generates crystallites of less than 1000A (along the principal axis) with surprisingly high isomenzation
capability. In one embodiment, the catalytic performance of MIT rnoiecular sieves (in the hydrogen
form) for cracieng capability is manifested by Constraint Index 20values (as defined in J Catalysis 67,
page 218) of 13 or greater and in one embodiment the MI I molecular sieve (in the hydrogen form) has
a Constraint Index from 13 to 22. Determination of Constraint index is also disclosed in U.S. Pat. No.
4,481,177. in general, lowering the crystallite size of a zeold leads to decreased shape selectivity. This
has been demonstratsg fes 26pB:R5 reactiorsimy ahviegsdimeiaatinnasasbeapinokirGatalysis 99;327

(1986), in aodrtion, Z%i%%ééé'gga(&n%fn@&xlﬁ@fsétﬂ@és]&?émo%ﬁg%FQ#QQ%@%%?Sféy related to

ZSIVI-23 (J. Chem. Soc. Chem. Comm 1.985 page 1117). In the above reference on ZSM-22 it was
shown that balkmilling] AL Z5RLiRAL S roiRades TaYs SeovREactisisiaianaBliard 16 s is a
surprisingly low 30vatoeiarthisiiftmidiiahyieniotnesetudies prbiehdaditate dhatriisaney selective

10-ring pentasil @ro&ggggdpgéggg@m&Tokyo. 1986, page 231 Presumably the balimiliing leads
to a less selective but more. active 10 catalyst, by virtue of producing smaller crystallites, Unlike

earlier small crystallite catalysts with low constraint indexes, that smaller crystallite NITT molecular
sieve loaded with médvaisiardtintainschighitsciestiek\cohypical sausces tsiliconsexiderinclude silicates,
silica hyorogel, silicic,ggig, ollQidal §[ilj{8 M&&dﬂé 3s.(etraalkyl orthosilicates, and silica hydroxides
Salts, particularly alkali me%[al ha%ges §u%?1 as soc |ur%% 3‘?&%&%@%& e adc e%%%égri%?#nnﬁn the reaction
mixture. They are disEREFERIFRIMALATY SHEHRGhE Y stafiehiisn $5888Rés while preventing

silica occlusion 16 the lattice. The reaction mixture is maintained at an elevated temperature until the
crystals of the molech{ ﬁg;\é (%g rm % ‘%A“I emperatures during the hydrgthermal crystallization
step are typically mainta?ne'd %‘ﬁ”l aﬁbﬁﬁ 51‘ eﬁé %E}; I%ﬁ?% F &,‘%@r%gfﬁxr%ﬂé' from about 1600 C. to
about 180 0, or from HEPEFSG IPTOCTSiFANE P 18020 alTRingysald silise perofistypically greater
than 1 day, and in one=embacisaansths, curiatiratoT petitisfromeaboutAdaysstoahgut 10 days.
The hydrothermal crysfallgatiafLLs 9N AURIRY M RISE RIS SR Kz 52 x wit

15 high aluminum content, use of the sol generates crystallites of less than

10004 (along the principal axis) with surprisingly high isomerization capabitity.

In one embaodiment, the catalytic performance of MTT molecular sieves (in the
nydrogen form) for cracking capability is manifested by Constraint index

20 values (as defined in J_ Catalysis 67, page 218) of 13 or greater and in one
embodiment the MTT molecular sieve (in the hydrogen form) has a Constrant
Index from 13 o 22. Determination of Constraint index is also distiosed in
U.S. Pal No. 4,481,177 in general, lowering the crystallite size of a zeolite
leads to decreased shape selectivity. This has been demonstrated for ZSM-5

25 reactions involving aromatics as shown in J. Catalysis 99,327 (1886). in
addition, zeolite ZSM-22, (U.8. Pat. No. 4,481.177) has been found t© be
closely refated to Z8M-23 (J. Chem. Soc. Chem. Comm. 1985 page 1117). In
the above reference on Z8M-22 it was shown that ball-milling the crystalites
produced a catalyst with a constraint index of 2.6, This is a surprisingly low

30 value for this material given other studies which indicate that it is a very
selective 10-ring pentasil (Proc. of 7th intl. Zeolite Conf. Tokyo, 1688

page 23). Presumably the balimilling lsads to a less selective but more active



20 an autoclave so that the reaction mixture is subject to autogenous pressure. The reaction mixture
can be stirred while components are added as Wé‘lbas during crystallization Once the molecuiar sieve
crystals na.ve formed, the solid product is separated 25from the reaction mixture by standard
mechanical separation techniques such as filtration or centrifugation. The crystals are water-washed
and then dried, e.g., at 90" PC. to 15000. for from Ste 24 hours, to obtain the as-synthe.sized
molecular sieve crystals. The drying step can be performed at atmospheric or subatmospheric
pressures 30 11 also be seeded with MU crystals both to direct and accelerate the crystallization, as
well as to minimize the formation of undesired aluminosilicate contaminants. 5in one embodiment, the

small crystallite MU-BFRY2E M e rgiecRaanatieinssietivstdmiée raiefered Bbout 200

Angstroms to about 4@etflitgstaaanstinviie lnngestdinactorxiy ane emhndimgnkithenstall crystallite
WITT molecular sie > US 1Qsyn ized. or. can be thermally.treated (calcined), The
calcination is advan\fggigc)%g@%%ﬁ%ﬁ%%%ﬁ gﬁ?grgn%%rﬁﬁég&s a% ut %Bk%{%{)sually,it is desirable to
remove the alkali metal cation by ion exchange and replace it with hydrogen, ammonium, or any

desired metal iop. Thggnalecueesisvsigan badeachesbwilanbelaliag Rgepis! edudiIA or dilute acid
solutions; to increas ilica alumina mole ratip. The mplecular sieve canuagso.be, teamed.
Steaming helps stabglﬁtzﬁlgqct%é%%%s%%?fgjlg fice ’te%oé % aaig‘t? rg%ncsétélcc?sgeﬁhgnga Cife yr%r&)g%ﬁfar sieve is then

loaded with at least SAESRAEICSEREY RN sretal S7fidtmstoh sisteg v crodie Mep ba,addedr, Sr, K and

Nd These 20metals aredaawh ioe thaisbiltxioe gtily perfesnance otibeeaialsbby kagycing the
number of strong ac'%g}esites ol the catfal SEi gdwmfrebg IO\Q/erin the s?le,ctiv_it for cEacking versus

isomenzation. In one erﬁg’gaain%artft?nn?o‘ TiCAnon Alsd IRvolves Mcreasey st %ﬁ%ﬁaet Son such that

acid or cation slfés in the catalysts are blocked, in one embodiment: metal loading is 25accomplished
by a variety of technigueg dneHdina R eaRALMRANE IPNsievated temperature until the

‘crystals 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 160° C. to about 180* C. or from

16 about 170° C. to aboui 180° C. The crystaliization period is typically greater
than 1 day, and in one embodiment the crysigliization period is from about 4
days to about 10 days.

The hydrothermal orystalliization (s conducted under prassure and usually in

20 an auteclave so that the reaction mixiure s subject e autogenous pressure.
The reaction mixture can be stirred while components are added as well as
turing crystaliization,

Onee the molecular sieve crystals have formed, the solid product s separated
25  from the reaction mixture by standard mechanical separation technigues such
as filtration or centrifugation. The crysials are watar-washed and then dried,
e.g., at 80".C. 1 180°C. for fromy 8 10 24 hours, to obtain the as-synthesized
molecular sieve orystals. The drying step can be performed at atmospheric or
subatmospheric pressures.
30
During the hydrothermal crystatiization step, the crystals can be allowsd (o
nucleats spontanecusly rom the reaction mbdure. The reaction mixture can



exchange. Typically, the metal is loaded such thaj the catalyst contains 0.5 to 5 wt% metal on a dry
basis, In one embodiment the catalyst contains 2 10 4 wt% metal on a dry basis. 30Typical ion
exchange techniques involve contacting the extrudate or particle with a solution containing a salt of the
desired replacing cation or cations. Although a wide variety 01 salts can be empioyed, in one
embodiment the salt 12 of the desired replacing cation or cations is selected from the group of
chlorides and other halides, nitrates, sulfates, and mixtures thereof. Representative ion exchange
techniques are disclosed in a wide variety of patents including U.S. Pat. Nos, 3,140249; 3,140,251:
and 3,140,253, each 5of which is incorporated herein by reference. ion exchan?e can take place either

before or after the ex@tUBfESEPTRHIEIE MIchramias ealitinslisntieraarea'eaainetemperature range
from 400 to 1100 F. otidsiiingticonsactstits thersaithaal ytioroahite-desiretbseptacing cation, the
10molecular sieve is dried at e g&g&g%ﬁé’g@ging from 142" F. to about 599 F. The molecular sieve
is then further loaded using a technique such as- impregnation with a Group VIII metal to enhance the
hydrogenation function. In some embodiments it is desirable to coimpregnate a modifying metal and
Group VIII metaléat omcencasnisdiosed, indshiadrNad I 82pinear-iaambediment the Group VIII
metalIs platinum, palladiiiar, mixiurs el Ng-1ue: 1) abe eapodimente alier melgh joading, the
matenai can be calcined in air or inert gas at temperatures from %0 5?)90%. us, an example of
a typical method for PrEF3RTE tha eapilgesifiERiES the 20following steps: synthesizing the small
crystallite MTh- zeolite in an aqueous solution: mixing the small crystallite. MTh zeolite with a

refractory inorganic qxi acatieh RIESH RS ANd N AAEOHR SOLMION IS form & mikture: | as.

10 synthesized or can be thermally treated (calcined). The calcination is
advaniageousiy conducted at a temperature of about 750 F. Usually, it is
desitable to remove the alkall metal cation Dy ion exchange and replace it with
hydrogen, ammonium, or any desived metal ion. The molecular sieve can be
leached with chelating agents, e.g., EDTA or dilute acid solutions, to increase

18 the silica alumina mole ratio. The molecular sieve ¢an also be steamed.
Steaming helps stabilize the crystalline iattice to attack from acids.

The calvined molecular sieve s then loadad with at least one metal selected
from the group consisting of Cg, Or, Mg, La, Na, Pr, S, K and Nd, These

20 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 lowering
the selectivity for cracking versus somerization. in one embodiment,
modification also involves increased metal dispersion such that.acid or cation
sites in the catalysts are blocked, In one embodiment, metal loading is

25 accompiished by a variety of technigues, including impregnation and ion
exchange. Typically, the metal is loaded such that the catalyst contains 0.5 to
& wit.% metal on a dry basis. In one embodiment the catalyst containg 2 to 4
wi% metal on a dry basis.

30 Typical lon exchange technigues invoive contacting the extrudate or particle
with & solution containing a salt of the desired replacing cation or cations.
Although a wide vaniety of salts can be employed, In one embodiment the salt



extruding or forming the mixture of step (b) to form an extrudate ored particle; 30tch drying the
extrudate or formed particle of step ict. (e) calciniﬂ&the dried extrudate or formed patrticle of step (cif
13 (f) impregnating the calcined extrudate or formed particle of step (e) with at least one metal
selected from the group consisting of Ga. Cr. Mg, La, Bar Na. Pr, Sr. K and Nd to prepare a
metal-modified extructate, or formed particle: 5 rying the metal-modified extrudate or formed pa le of
step (f): (by further mpregnaung the metal-mothfied extrudate or formed parbcie.df step 10 (9)Group
VIII metal to prepare .a catalyst precursor' rying the catalyst precursor of stepand 15calcining the dried
catalyst precursor of step 1) to form a finished, bound catalyst Use of an active material in conjunction

* with the synthetic mdteER&SBHE "eRMEed iRt catinas ospigsisddran beisrersion arid selectivity

catalyst in certain orgaRrigdeaner sipriatessesrixanspiaskef asiive-materiadssare hydrogenating

components and me%&gggg}gtw
y

" verall functioning, of the catalyst, in one embodiment the
overall functioning of the cata st?ﬁgﬁ%e@%rl?ﬁ%}g\gc%rﬁgﬁ?so i’g(%‘rﬁ’gir??g ion aa"r'féfj Fedutt ﬁfof cracking
activity. patents including U.8. Pat. Nos. 3,140,249; 3,140,261 and 3,140,253, each
5 of which is incorporated herein by reference. fon exchange can take piace
either before or after the extrudate or particle is calcined. Calcination is

carried out in a temperature range from 400 to 1100 °F.

Following contact with the salt solution of the desired replacing cation, the

10 molecular sieve is dried at temperatures ranging from 148° F. to about 5998° F.
The molecular sieve is then further loaded using a technique such as
impregnation with a Group VHi metal to enhance the hydrogenation function,
i some embodiments it is desivable to coimpregnate a modifying metal and
Group VIl metal at once, as disclosed in U.S. Pat. No. 4,094 821, inone

18 embodiment the Group Vil metal is piatinum, paliadium or & mixture of the
twe. In ong embodiment, after metal loading, the material can be caicined in

air or inert gas at temperatures from 500 to 800 °F

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

{a) synthesizing the small crystallite MTT zeolite in an agueous solution:

{b) mixing the small crystatiite MTT zeolite with a refractory inorganic oxide
25 carrier precursor and an agueous solution 1o form a mixturs:

(c) extruding or forming the mixture of step () 1o form an extrudate or formed
particle;

30 (d} drying the extrudaie or formed particle of step (o)

{e) calcining the dried extrudate or formed particle of step (d);



In one embodiment, small crystallite MI-1 molecular sieve can be used in intimate combination with
hydrogenating components for those applications'ﬁﬁwhim a hydrogenation-dehydrogenation function
is desired. Typical 30hydrogenating components can include hydrogen, E.immoniunt metal cations,
e.g. rare earth, Group IIA and Group VII metals, as well as their mixtures. Examples of metal
hydrogenating components include tungsten, vanadium, 14 molybdenum, rhenium, nickel, cobalt.
chromium. manganese, platinum, palladium (or other noble metals). In one embodiment the Group VIII
metal is a noble metal selected from the group of platinum. palladium, rhenium, and mixtures thereof.
In another embodiment the Group VIII metal is a noble metal selected from the group of platinum,
palladium, and mixtures thereof, In one embodiment, the metal hydrogenating component is added

such that it constitutes akereRalitg eRouGNY Jrobihesataist o Ainsbasis Melals added to affect

the overall functioning osfttﬁl;\neec%t?%(st {‘I?ncI%qin Oenhancement of isomerization and reduction of
cracking activity) inclide MagneaTunT TAMhanuhy R SRR RS Sy in Stalde tridid, N8 dium,
praseodymium, stroritiuf¥; FokagsishicardnsendynsitairmGitfier meatatsthat Mmighdatsctibe employed: to
affect the overallsfunctioning of the catalyst include zinc, cadmium, titanium, aluminum, tin, and iron.
Hydrogen. ammonium.acs Wellt%g met?@cg#é onents can be exchanged into the molecular sieve. The

zeolite can also be inipregnated With SXpaate or irmpd patbieR Ay ifiMHately admixed with

the molecuiar sieve using standard methods known to the art The metals can be occluded in the

20crystal lattice by havingithge M%Emﬁ% Bg@é@_g{@@]gggm%q%ﬁ%gjm@g@m which the

zeolite is prepared. In one embodiment, the molecular sieve zeolite descr Is converted to its acidic
form and then is mix&& with a refractory inorganic oxide carrier 25 precursor and an aqueous solution
to form a mixturéd. In one embodiment, the aqueous solution is acidic, The aqueous solution acts as a

peptizing agent. In ong WQ@%GBMW?n%ﬂ{itsrp‘@%é{f?%\{gifﬁ &g@ﬁ}gj&@f binder) is chosen for being

resistant to the temperatures and other conditions employed in organic conversion processes Such
matrix materials include active and inactive 30materials and synthetic or naturally occurring zeolites as
well as inorganic maferisysnguth esigiayprsilicacantiswetaliosides In one embodiment the

15 {j) calcining the dried catalyst precursor of step (i) to form & finished, bound
satalyst

Use of an active material in conjunction with the synthetic motecutar sisve,
20 ie, combined with it, tends to improve the conversion and selectivity of the
catalyst in certain organic conversion processes. Examples of active
materials are hydrogenating companents and metals added to affect the
overali functioning of the catalyst. in one embodiment the overall functioning
of the catalyst includes enhancement of isomerization and reguction of
25 cracking activity.

in one embodiment, small crystalite MTT molecular sieve can be used in
intimate combination with hydrogenating components for those applications in
which a hydrogenation-dehydrogenation function is desired. Typical

30 hydrogenating componernts can include hydrogen, ammonium, metal cations.
e.g. rare earth, Group A and Group Vi metals, as well as their mixtures.

Examples of metal hydrogenating components include tungsten, vanadium,



carrier OCCUTrs naturally. In another embodiment the carrier is in the form of 15
gelatinousprecipitates. sols, or gels, including mixtdres of llea and metal oxides. In one embodiment
the molecular sieve is composited with porous matrix 5materials and mixtures of matrix materials such
as silica. alumina, titanic., magnesia, silica-alumina, silica- magnesia, silica-zirconia. silica-thoria,
silicaberyllia, silica- titania, titania-zirconia as well as ternary compositions such as silica-
alumina-thoria, shica-alumina-zirconia, siiica-alumina-magnesia and silica-magnesia-zirconia. The -
matrix can be in the form of a cogel. In one 10embodiment, the matrix materials are alumina and silica.
Inactive materials can suitably serve as diluents to control th mount of conversion in a given process
so that products can Belpdaine, ceoriomioalkewithot us'fbgmthamm@&ﬂﬁé@rﬁmwﬁing the rate of

reaction. Frequentl. ddigenlte craspielsbia adhen InGaparaled g Ratucaliy.agguiing clevs. .-

bentonite and kaolin The e materials e.g clays; oxides, etc” function patrt, derd'f tﬁ’e catalyst. It

is desirable to provid® & éﬁﬁﬁ?mﬁ?&ag&@&ﬁﬁf %‘Eféﬁbﬁ?tﬁé%@@éﬁﬁ”ﬁétﬁéﬂwﬁﬁwamﬁng the
catalyst is often subjéttédres toerghfhanatimgeistendsiothsamicthe/anmbist dawingRipowders

which cause problemsjg-RI9eesSHAY. M%%mg%@gg FBQ ggisu%s I%sure rrrl%e?a hse fth 7\5@ catalyst moiec

War sieve contains at I(—:-g st.one metal selected from the group conS|stn °ra Na, Pr, Si. K
and Nd: and at least SHECIBER VI m@@@@’&%"@ﬂ“@%ﬁ@@&@%@Faéﬁf@’tsm?? B@t Rn, Pd. Os, it, and

Pt In one embodimerensititaifabocutrihg clayst rencrrepesitedavithdhe synthetic small crystallite
WITT molecular sieve Examples of naturally occurring clays include the montmorilionite and kaolin

families, which families 30include the sub-bentonites and the kaohns commonly known as Dixie

McNamee; Georgia i3S EIgRBF st RS ieneradihenmatabconstitient is halloysite.
kaolinite, cfickité? naenteroeaeatdtecfiatoat®alays reduction of cracking activity) include

magnesiam, lanthanum {and other rare earth metals), barium, sodium,
praseodymium, strontium, potassium and neodymium. Other metals that
might aiso be employed to affect the overall functioning of the catalyst inciude
zing, cadmium, ttanium, aiuminum, tin, and iron.

Hydrogen, ammonium as well as metal compaonents can be exchanged into
the molecular sieve. The zeolite can also be impregnated with the metals. or,
the: metals can be physically intfimately admixed with the molecular sieve |
using standard methods known to the art. The metals can be ocoluded iy the

20 orystal lattice by having the desired metals present as ions in the reaction
mixture from which the zeoiite is prepared.

In one embodiment, the molecular sieve zeolite described is canverted to ifs
acidic form and then is mixed with a refractory inorganic oxide carrier

25 precursor and an agusous solution to form a mixture. In ane embodimernt, t?‘ae
agueous solution is acidic. The agueous solution acts as a peptizing agent. m
ane embodiment, the carrier (also known as a matrix or binder) is chosen io*
being resistant to the temperatures and other conditions employed in organic
cenversion processes. Such matrix materials include active and inactive

30 materials and synthetic or naturatly occurring zeolites as well as inorganic
materials such as clays, silica and metal oxides in one embodiment the

carrier sceurs naturally. In another embodiment the carrier is in the form of



16 such as sepiohle and attapulgite can also be used as supports. Such clays can be used in the raw
state as originally mined or can be initially subject&d to calcination, acid treatment or chemical
modification The mixture of molecular sieve and binder can be formed into a wide variety of physical
shapes Generally speaking, the mixture can be in the form of a powder. a granule, or a molded
product. such as an extrudate having a particle size sufficient to pass through a 2.5-mesh (Tyler)
~screen and be retained on a 48-mesh (Tyler) screen, In cases where the catalyst is molded. 10 such
as by extrusion wtth an organic binder, the mixture can be extruded before drying. or dried or partially
dried and then extruded. Small crystallite MIT molecular sieve can also be steamed. Steaming helps
stabilize the crystalliri¥ BHIEES B EHALR D PRk BE IR etnexTbes & iR giehmaml treated, using
calcination proceduresitigsenerally it is aesirable to minimize the amount of molecular sieve in the
finished catalyst for economic reasons. Lower levels of the molecular sieve in the finished catalyst are
desirable if good activity and selectivity results are achieved in one embodiment, the level of molecular
sieve is between 5 aftl % FbsdtppihiBASRBCHNDYEMBriasRRREd TiEhEPeRH M6 Fhe level of
molecular sieve & vaniedfiifienentmelesutansiovatypessii0ae ankogimant, thenmetal-modified
small crystallite MU gives superior yields and exceptional Viscosity Index (VI; on a variety of
feeds. The byproducﬁ g%%i‘\%@i%%%ﬂrﬁﬂ@ghﬁié%%anﬁgg%sg’ggmsﬁgﬁéé'?%085 ’ailhs %“%&t%iﬁ?ﬁcﬁétandard
MU-type zeolite, e.qg.PBréicafdifat iEaninstiavarsinemnigas wel aupshteay ke oFbpexanspies on a waxy
500N hydrocrackate §ed-comainingoid YeMaxaitiha wasyyi k22 the Lreshiat ydeid was 97% at a
pour point of -15 C, %%%Mé f120-121 Tymg:g}lxyata much lar seen from waxy 30 Vito

\ ) N _ r drop is Se n wa
dewaxed Vi. 'For example, )A/??ré%s*g &atayst contalnlﬁ’écaagt%%@gtﬁc? %fﬁg ?tﬁpcé"%{omecﬂras employed,
the resultant prétuct S7MREENEHoIPE TRtA metalimoaficdusunsdard $ITT -type zeolite catalyst gave a VI
of 115. Gas make and 17 naphtha make were both much reduced by the use of the small crystallite

MTT molecular sieveié%%ggéj r% Qn%l]etgls. SL%CQ a hinqih gieﬁ%ﬂ and product V| very close to the waxy feed
39 The VTRl 3F765 0 HRNetPIE Prodiiat fis instance was

VI after dewayino was very surprisi
as high as 97%. Alsc-figskpe biabyprodoct s seeiippourcisaiat issurisinabinthatitioas not lowered

at lower pour point. RaRowasasenbiaRed O cARONMRAL hydrecragkalr whighalsp showed

improved produgt yield and VI compared to previous MIT-type catalysts
P P % y zeoite m-atagalé) have be n?ncarfparated %E)a naturdily occurning clays,

e.g.. bentonite and kaolin. These materials e.g. clays, oxides, atc., function, in
part, as binders for the catalyst. it is desirable to provide a catalyst having
good crush strength, because in petroleum refining the catalyst is often
subjected to rough handiing. This tends to break the catalyst down into

20 powders which cause problems in processing.

‘Metal-modified” in this disclosure means that the catalyst molecular sisve
containg al least one metal selected from the group consisting of Ca, Cr. Mg,
La Na, Pr, 51 K and Nd, and at least one Group Vill metal. Group Vil

25  metalsare Fe, Co, Ni, Ry, Rh, Pd, Os, ir, and P

i one embodiment, naturally occurring clays are compoesited with the
synthetic small crystallite MTT molecular sieve. Exampies of naturally
ocourring clays include the montmorilionite and kaolin families, which famiiies
30 include the sub-bentonites and the kaolins commoniy known as Dixie,
McNamee, Georgia and Florida clays or others in which the main mineral

constituent is halloysite, kaolinite, dickite, nacrite, or anauxite. Fibrous clays



10 Again, lower gas make and naphtha make was gbserved. An MN feed was also tested and
improved yield and VI were again observed. Whehth Fischer-Tropsch wax feed was treated using the
catalyst comprising a small crystallite MU Molecular sieve loaded with metals;resultant 650 15 9+
product had exceptional VI's of 165-170 at pour points between -25 and - 30 C. When the 750 7+
boiling product was further split into two fractions, the 750-850 'F. fraction had a kinematic viscosity at
100 00 of 3.8 mrnzis and a very high VI of 151 at a pour point of -18'C, and the 850 "F+ fraction hada
viscosity of 9 7mre2/s. a pour point of -11V. and a VI of 168. Kinematic 20 viscosity was measured by
ASTM D445-06, pour point was measured by ASTM D5950-02, and VI was measured by ASTM
02270-04. Feeds 25R¥OhRSSIHHBbIATERt 2P PriS<s F$Ad TS BA BRI riEicY eavivtecular sieve
roving a small crystatiteid iJsédnolpgyrandisadebrgiamataisisoised K GRumXsanapely of feedstocks
ranging from relativety light dislats, raetions such AsGroseng;and jet fuel up to high boiling stocks
such as whole crude petroleum, reduced crudes, vacuum tower residua, cycle pits, synthetic 30crudes
re.g., shale oils, tars and oil, etc), gas oils, vacuum gas oils, foots ohs. Fiscner-Tropsch derived waxes
and intermediates promm'xs}ea:lsmw@aﬁdeg&es @ﬁ@q&l r&.@@%@&n Wy riﬁﬁlﬁé @Hmeéi@éw-dparaffgn
waxes, NAG waxes, wa roduced in chemical plant processes, deaileci petroleum derive
waxes, microcrystaii?rﬁaE§1 g@gi?ﬁ?ﬁg?ﬁ%g?@mﬁ&?%%a Er'T‘lD’ﬁi( UreSthere ?.h%%”g Qgrmqbg%oﬁnent the
eedstock is a hydrocEBa v deneichpisirbptos Ykt einataas eBReighvingetcent wax in the

feed is measured bygagaiingifbe YoM SarHesURH LIS Ust AROYEHSIPOYURRRING ROMING 100 grams of
the fleeted waxy sarp&[gnig(%ogg gatggd 11 I%eéb;eaker and recordiné)'t e Weiggt of the heated waxy
sample 10to two dedimal places adding 400 mLSSFEeT: It & BF R RIE S RIGhS BRYPRetone (ME.K)
to the beaker afél diggehasiheiusgrsaiiphe wesgehildstithiagroderschotelaterumtii homogeneous.

Cover the beaker witikr Riass-af Bluminuen fakanrdpiacs timihe.fiearer whish Heshaen preset to the
pour point temperat%&ﬁ.. f the feed. Allow the sample to sit undisturbed overnight. After cooling in the

freezer overnight, fittor thE AR FeSRIRGH HE? B SHABK NS IERRYHh THEHHaoME Y% No, 4 Whatman
filter paper (18.5 cmdiydlilinetetidn v Bilebntrfuaniak ahtbabier ¢hifdmnet with éhpieciof aluminum

foil to keep ice crystaisfom spllesting dhefunnelferform the fitration by connecting the funnel to
heavy-duty vac wm, prevvetting the filter paper with cold MEK, 20pulling the vacuum, quantitatively

transtering the entire mixture in the beaker
Generally i is desirable to minimize the amount of molecutar sieve in the

finished catalyst for economic reasons. Lower lavels of the molecular sieve in

the finished catalyst are desirable if good activity and selectivity results are

achieved. In one embodiment, the level of molecuiar sieve is between 5 and
20 85wt %, or in another embodiment between 5 and 80 wi%. The level ot

molecular sieve is varied for different moleculer sieve types.

in one embodiment, the metal-modified small crystallite MTT catalyst gives
superior vields and exceptional Viscosity index (V1) on a variety of fesds. The

[
N

bypréduct selectivity is significantly changed compared to catalysts containing
standard MTT-type zeolite, e.g., the catalyst resulls in very low gas angd
naphtha make. For exampile, on a waxy 500N hydrocrackate fead containing
21% wax, with - wanty Vi of 122, the product vield was §7% at a pour point of
<18 C.and a Vi of 120 - 121, Typically. a much larger drop is seen from waxy
30 Vitodewaxed VI For example, when a catalyst containing a standard MTT-
type zeolite was employed, the resultant product Vi was about 111. A metal-

madified standard MTT-type zeolite catalyst gave 8 V1 of 115, Gas make and



into the funnel using a spatula, rinsing the beaker wijth cold MEK, and filtering the nnsate Close tne
freezer and wait until the solvent has completely J\fgined through the filter, and the freezer has
dropped to its original preset temperature, Wash the wax filter cake thoroughly using cold MEK. Allow
the 25wax cake to dry, disconnect the vacuum; and remove the filter-funnel assembly from the freezer.
Using a spatula transfer as much wax as possible from the filter to a tared jar, Remove the last traces

of filtered wax with hot toluene and transfer the rinsate to the tared Jaroff the toluene and weigh the
wax that was collected in the tared iar, Pour the oil 30filtrate into a tared flask, Strip off the solvent
using a rotary evaporator and weigh the flask plus remaining oil and determine the oil weight. The

percent 19 wax ts thRAREGh SRR MR edHeetd i ees spbthsasranlidasBlithe weightbf the
heated waxy samplepititigieclky 460s Buaightighaisanaafinsiithoerlang growilh galy slightly
branched chain Spargffin { 6 or. mor rhon atoms are sometimes referred to herein as
waxes. The feedstoc%g\g\}fiﬁi'j(!)gg%:/r&:a g((rje a“gaﬁ-%fg%%ﬁs%?& g%ﬁ%’f&%/%%%li\f%ya%g%%{@ofpgw since lighter
oils will usually be fred B iGhARsRYFLERERe BRI insone s Hdvabves IFfe phscess is

particularly useful withauauyecistilais siaeke:sueiapanidshiemdistitaia stacksincluding.gas oils,
10_Kerosen(_es, ar_1d je_}ewdslgd;&t%g&%p‘ guq,lclﬁ} (sjggttf(iks, heat_lng 0|Is_ z_and_oth(_er (_Jllstlllate_tra(_:tlon§ whose pour
point and viscosity need to be maintained within certain specification limits. Lubricating oil stocks will
generally boil above 230C, (450F.y, more usually above 315C. (600'f".), Hydroprocessed stocks are a

convenient source oftsieckaobikinmhansraisesohaiaey Qﬁ%@é&g@@ﬂ@@@gg thex.aermally contain

significant amounts of waxy n- paraffins, The teedstock of the present process will normally be a C10 +
feedstock containing!%gg_g%r{?s? %?elff:rtlgfer%Sﬁ%kgin%ogf}?\%?ﬁéﬁé’%?ﬁ'&i)ﬂ%fé?gégya?‘c%ﬁ&nds and with a
substantial prop@rtioh @i hidPwe raateraler svdighnibaraficsverrailightydbraneher earedfins which

contribute to the waxygiskR 2Rk e ferdisinak RYin e Riaressing.dhe n-paraffins and the
slightly

When a Fischer-Tropsch wax feed was treated using the catalyst comprising
a small crystallite MTT Molecular sieve loaded with metals, the resultant 850
F+ product had exceptional Vi's of 165170 at pour points between -25 and -
30 °C. When the 750 °F+ boiling product was further split into two fractions,
the 750-850 °F fraction had a kinematic viscosity at 100 °C of 3.8 mm¥s and
a very high Vi of 151 at a pour point.of -18°C, and the 850 °F+ fraction had &
viscosity of 8.7mm%s, a pour point of ~11°V, and a Vi of 168. Kinematic

b
{811

20 viscosity was measured by ASTM D445-08, pour point was measured by
ASTM DEG50-02, and Vi was measured by ASTM D2270-04.

Feeds

25 In one embodiment, the process using the catalyst comprising a molecuiar
sieve having a small crystaliite MTT topology and loaded with metals is used
to dewax a variety of feedstocks ranging from relatively light distillate fractions
such as kerosene and jet fuel up to high boiling stocks such as whole crude
petroleum, reduced crudes, vacuum tower residua, cycle oils, synthatic

30 crudes {e.g., shale oils, tars and oif, etc.), gas oils, vacuum gas oile, foots oiis,
Fischer-Tropsch derived waxes and intermediate products, slack waxes,
deciled slack waxes, waxy iubricant raffinates, n-paraffin waxes, NAQ waxes,



branched paraffins undergo some cracking or hydig::racking to form liquid range materials which
contribute to a low viscosity proauct. The degree racking which occurs is, however, limited so that
the yield of products having boiling points below that of the feedstock is reduced, thereby preserving
the economic value of the feedstock Typical feedstocks include nydrotreated or hydrocraciced gas oils,
hyorotreated lube oil raffinates, bright stocks lubricating oil stocks, synthetic oils, foots oils
Fischer-Tr-robs= synthesis oils, high pour point polyolefins 30normal alphaoiefin waxes, stack waxes,
deoiled waxes, microcrystalline waxes, and mixtures thereof 20 Fischer-Tropsch waxes can be
obtained by well-known processes such as, for example, the commercial SASOLO Slurry Phase
Fischer-Tropsch tecHiBIGYY R HEEEhTERERTAS BT PIPFRASRE ISR SRR SMDS) Process,
or by the non-commersiasEXX@b{Rtatvanesd:Can 4 oaueysion tACEHRL)-Rreessss oDetalils of these
processes and others are described in, for example, EP-A- 776959, EP-A-668342: U.S. Patent Nos,
4,943.672, 5,059,299, 5,733,839, and RE39073 and US Published Application No. 2005/0227866,
WO-A9934917, WO R G¥BTEgUma ks fRegstng 088 hrAemRaheropacteiytresisBroduct usually
comprises hydrotarbems diatirgst 5400, or even 10more than 100 carbon atoms, and typically
includes paraffins, olefins and oxygenated .products. Fischer Tropsch is a viable process to generate
clean alternative nydrocarbon products. including Fischer-Tropsch waxes. Condition The conditions
under which the isorfEFZEHBRERTEBAE 16 deed i RarsuEEe By Geatralisneurisaneiapariture which
falls within a range friofa jaboati RQ2fs walboub2e8kaneod pressuweion abeulakd T hkout 3000 pstg.

Typicatly, the pressugg is.f ) 00 1o about 2500 psig, The liqujd nourly space 20velocity during
contacting is general{g{/%?rsgr{IES}r:e\'EEJj(?J’E‘tR gitlé gqgaégo%fp 58’&?6?9 Té?([?rkr% g %otn(?f i’f)%ﬂ ?{%}t LHARB ' one
embodiment théontadtiRg rc gt iacsst addine grisencel sfhjarsten sTHuRydogéniethydrocarbon

ratio can fail within aneoge fuerr ababé g@Q&%g@@@é&,@@%@&%@%@ﬁg@@g@;@er barrel

nyorocarbon f_or exagg@é&g% gggégagpeou% ﬁ%b%% 59?9_00 starzgard ﬁgﬁbicf feet Hta per barre|
hydrocarbon, in one embodiment the Somerization %léﬁ%&?ﬁg S5t RERhEY tradtEGeit example by
hycirofinishino or ad$tBeHTr&dtRiEsheianadt by dre ershmyhsaniBe cerverntsehalithearded out in the
presence of a metallighydeagenaiion A0satabst AR e X RISHRIAURN TR AMEINRFgHYdrofinishing
can be carried 15 Afier cooling in the freezer overnight, filter the mixture using a filter assembiy
ant, g ¥
instatied in the freezer. Use No. 4 Whatman filter paper (18.5 em in diameter)
in & Buchner funnel and cover the funne! with a piece of aluminum foil to keep
ice crystais from collecting in the funnel. Perform the filtration by connecting
the funne! to heavy-duty vacuum, prewetting the filter paper with cold MEK,
20 pulling the vacuum, quantitatively transfering ihe entire mixture in the beaker
into the funnel using a spatula, rinsing the beaker with cold MEK, and filtering
the rinsate.  Close the freezer and wait until the soivent has complately
drained through the filter, and the freezer has dropped 1o its original presel
temperature. Wash the wax filter cake thoroughly using cold MEK. Aliow the
25 wax cake to dry, disconnect the vacuum, and remove the filter-funne!
assembly from the freezer. Using a spatula, transfer as much wax as
possible from the filter to a tared jar. Remove the tast traces of filtered wax
with hot toluene and transfer the rinsate to the tared far. Evaporate off the
toluene and weigh the wax that was collected in the tared jar. Pour the ofl
30 fitrate into a tared flask. Strip off the soivent using a rotary evaporator and
weigh the flask pius remaining oil and determine the ofl weight. The percent



out at a temperature of from about 374F to about 6447 and a pressure of from about 400 psi- to about
3000 psig. Hythotinishing in this manner is 21 de gribed in or example. U.S. Pat. 3.852.207 which is
incorporated herein by reference EXAMPLES S Another term that may be used to describe the small
crystalhte 'VITT molecular sieve loaded with metals is "'loroadline.’ The synthesis of a broadiine (in
reference to the x-ray diffraction pattern) small crystallite molecular sieve is really synonymous with
crystallizing a very small crystal example of the 10zeolite. The x-ray diffraction pattern broadens as the
crystallites are reduced in size. In genera!, for the system of MIT molecular sieves, as the Si02/Al203
ratio diminishes (greater wt% Al in the zeolite product) the crystallite size also diminishes. 15Table 2(a)
shows the peak listin&E PEARFHRERS )3T Pehresreian@st Sisresed Bdidpd @M molecular
sieve Table 2(b) snowsighegidakHistiag aacyreiatiie, intensipuaypaaks of small crystallite MU molecular
sieve prior to metal loading Table 2(b) magnifies peak width so that major peaks of small crystallite

MIT molecular sieve and standard SSZ-32 are easily compared. 20 Table 2(Peak listing of standard
SS:7.32 Straight chain n-parafiins either alone or with only slightly branched chain

& parafiing having 18 or more carbon atoms are sometimes referred to herein
aswaxes. The feedstock will offen ba a C10+ feedstock generally baiiing
above about 380°F, since lighter olis will usually be free of significant
quantities of waxy components. Howsver, the process is particularly useful
with waxy distillate stocks such as middie distillate stocks including gas oils,

10 kerosenes, and jet fuels, lubricating oll stocks. heating oils and other distillate
fractions whose pour point and viscosity need to be maintained within certain
specification limits, Lubricating oil stocks will generally boil above 230°C.
(450°F .}, more usually above 315°C. {800°F ). Hydroprocessed stocks are a
convenient source of stocks of this kind and also of other distiliate fractions

15 since they nermally contain significant amounts of waxy n- paraffing. The
fesdstock of the present process will normally be a C10 + feedstosk
conmtaining paraffins, olefins, naphthenss, aromatic and heterocyelic
compounds and with a substantial proportion of higher molecular weight n-
paraffins and slightly branched paraffins which contribute to the waxy nature

20 of the feedstock, Duting the processing, the n-paraffins and the slightly
branched paraffins undergo some cracking or hydrocracking to form liquid
range materals which contribute to a low viscosity product. The degree of
cracking which ocours is, howsver, limited so that the vield of products having
boiiing points below that of the feedstock is reduced, thereby preserving the

o
o

ecanomic value of the fesdstosk,

Typical teedstocks include hydrotreated or hydrocracked gas oils,

hydrotreated tube off raffinates, bright stocks, lubricating ol stocks, synthetic

ails, foats oils, Fischer-Tropssch synthesis oils, high pour point polyolefing,
30 normat aiphaclefin waxes, slack waxes, deciled waxas, microcrystaliine

waxes, and mixtures thereo!
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Fischer-Tropsch waxes can be obtained by weli-known processes such as, for
example, the commercial SASOL® Siurry Phase Fischer-Tropsch technology,
the commercial SHELL® Middle Distillate Synthesis (SMDS) Process, or by
the non-commercial EXXON® Advanced Gas Conversion (AGC-21) Drocess.
Details of these processes and others.are described in, for example, EP-A-
776958, EP-A-66B342; U.S. Patent Nos. 4,943 672, 5,056,298, 5,733,838,
and RE3Y073 ; and US Published Application No. 2005/0227866, WO-A-

9634817, WO-A-8920720 and WO-A-05107935, The Fischer-Tropsch
synthesis product usually comprises hydrocarbons having 1 1o 100, or even

more than 100 carbon atoms, and typically includes paraffins, olefins and
oxygenated products. Fischer Tropsch is a viabie process to generate clean
alternative hydrocarbon products, including Fischer-Tropsch waxas.

Conditions

The conditions under which the isomerization dewaxing process is carried out
generally inciude a temperature which falls within a range from about 382°F 1o
about 800°F, and a pressure from about 15 to about 3000 psig. Typically, the
pressure is from about 100 to about 2500 psig. The liguid houtly space

velocity during contacting fs generally from about 0.1 to about 20, for exampie

from about 0.1 to about 5. In one embodiment the contacting is carried outin
the presence of hydrogen. The hydrogen to hydrocarbon ratio can fall within a
range from about 2000 to about 10.000 standard cubic feet Hy per barrel
hydrocarbon, for example from about 2500 to about 5000 standard cubic fest
Ha perbarrel tydrocarpon,

in one embodiment the isomerization dewaxing product is further treated . for
example by hydrofinishing or adsorbent treatment. The hydrofinishing can be
conventionally carried out in the presence of a metaliic hydrogenation
catalyst, for example, platinum on alumina. The hydrofinishing carn be carried
out at a temperature of from about 374°F to about 644°F and a pressure of
from about 400 psig to about 3000 psig. Hydrofinishing in this manner is



3.534.3.43 79.4.31.6 Table 2(b) - Peaks in asgpade Small crystallite MTT Molecular Sieve
Relative-1 Intensity (%) fill0 X 100) 33 5.54 42 .4937
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described in, for example, U.S. Pat. 3,852.207 which is incorporated herein by
reference.

EXAMPLES

Anather term that may be used to describe the small crystailite MTT molecutar
sieve loaded with metals is “broadiine.” The synthesis of a broadiine {n
reference tothe x-ray diffraction pattern) smal crystallite moltecular sisve is
really synonymous with crystallizing a very small crystal example of the
zeolite. The x-ray diffraction pattern broadens as the crystallites are reduced
insize. in general, for the sysiem.’ of MTT molecular sieves, as the Si0:/ALO,
ratio diminishes {greater wi% Al in the zeolite product) the crystaliite size aiso
diminishes,

Table 2(a) shows the peak listing and relative intensity of peaks of standard
§82Z-32, a standard MTT molecutar sieve. Table 2(b) shows the peak listing
and relative intensity of peaks of smali crystallite MTT molecular sieve prior to
metal loading. Table 2(b) magnifies peak width so that major peaks of small
crystallite MTT motecular sieve and standard SSZ-32 are easily compared.

Tabie 2{a) ~ Peak listing of standard 882.32

2 Theta  d-spacing Reiative Intensity (%)
(A) (Hio} 106 |
75 12 15
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4.54 23 24,5416224 25,093.5534 25,873.4431 26.913.31.5 28,103,174 29.343,045 31.462.848
'k1.942.80 34,022.63 1 35,222.5517 36292.4716 Flgure 11 shows the X-ray diffraction patterns ofc
types of M molecular sieves, and demonstrates clearly the broader x-ray diffraction peaks of the small
crystallite MIT molecular sieve
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Table Z{b} ~ Peaks in as-made Small crystailite MTT Molecular Sieve

2Theta | d-spacing = Relative
! A intensity (%!}
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24 EXAMPLE 1 SYNTHESIS OF SMALL CRYST,
MTT molecular sieve was synthesized as follows:

LITE MIT MOLECULAR SIEVE Small crystallite
Hastelloy 5C liner for a 5 gallon autoclave unit

was used for the mixing of reagents and then in the subsequent thermal treatment. At a rate of 1500
RPM and for a period of % nour, 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' Diisopropyl imidazolium hydroxide
was mixed into 4500 grams of water, The 10salt iodide was prepared as in US 4,483.835, Example 8,
and then subsequently was ion-exchanged to the hydroxide form using BioRad AGI-X8 exchange

resin, 2400 grams of 1 N KOH wer

1080 grams of Nalco's 1056 colloid|sot @6ft,a S

sobutylamine 15 were stirred into the mixguge. The

molar concentration of the imidazollum-¢grmpeund-Q-Qnce-the:stirring. was finisl
head was closed up and the reactign Wz?:-:,s taken U

p to

added, 1524 grams of Ludox AS-30 (30wt% S4)21 were added
02 add4 wtog Al203)2%ere added, Last, 181 grams of
e MolgEEocentratiorypf theamine exceeded the

hed the autoclave

C with an 8 hdur ramp up time. The system

was 20 stirred at 150 RPM. The reactioz®&$ terminatéd so that a prodﬂct was c

hours of heating. The solids were ¢

crystals). The solids were subsequently.washed s

analyzed by x-ray diffraction and the

considerablyv-bn

8.80 0-spacing (A)

diffragfion ....bs considerably
3452 555 -1
3533 755 ¥
3625 5EF 7

ollected after 106

Irecydiy ittt auuunguuu goes-very-stowly;:an indication of smali
several times and then dried TH

paﬁgr%dls shown thable ! 3.A 25 domparisc
more standard SSZ-32 data preserted itilable 2(a) agcm can be seergthat the
Example 1 is related to SSZ32 but has ?:t}g&gfray

e dried material was
)n is made with the
new product of

adened Table 3 20

Figure 11 shows the X-ray diffraction patterns of these two types of MTT

motecular sieves, and demonstrates clearly the broader x-ray diffraction

peaks of the smatl crystallite MTT moiecular sieve.



11.05 10.05 IntensitRelative Intensity (/0) lltlo x 1%0& 5251011 30 7.83 1017 1450 6.11 2 15.75 5.63

16.505,37 5

(811

18

25

EXAMPLE 1 SYNTHESIS OF SMALL CRYSTALLITE MTT MOLECULAR
SIEVE

Small crystallite MTT molecular sieve was synthesized as follows: A Hastelioy
C finer for a & gallon autociave unit was used for the mixing of reagents and
then in the subsequent thermal treatment. At a rate of 1500 RPM and for a
period of ¥ hour, the following components were mixed onee they had been
added in the order of description. 300 grams of a 1 Molar solution of N N’
Diisopropyl imidazolium hydroxide was mixed into 4500 grams of water. The
sall iodide was prepared as in US 4, 483.835, Exampie 8, and then
subsequently was lon-exchanged to the hydroxide form ustng BieRad AG1-X8
exchange resin. 2400 grams of 1 N KOH were added. 1524 grams of Ludox
AS-30 (30wt% 3i0;) were added. 1080 grams of Nalco's 1056 colioid sof
(26wWt% SOp and 4 wWi% AL O,) were added. Last, 181 grams of isobutylamine
were stirred into the mixture. The molar concentration of the amine Qo
excesded the molar concentration of the mmidazolium compound Q.

Once the stirring was finished the autociave head was closed up and the
reaction was taken up to 170°C with an 8 hour ramp up time. The system was
stirred at 150 RPM. The reaction was terminated so that a product was
collected after 106 hours of heating. The solids were collected by filtration
{which goes very siowly: an indication of smal crystals). The solids were
subseguently washed several imes and then dried. The dried material was
analyzed by x-ray diffraction and the pattern is shown in.Tatria 3 A
comparison is made with the more standard §87-32 data presented i Table
2{a}and it can be seen that the new product of Example 1 is related to 882-
32 but has the x-ray diffraction lines considerably broadensd.
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na concermn that the product might be a mix of small crystals and

5  considerable amorphous material, 8 TEM (Transmission Electron Microscopy)
analysis was carried out. The microscopy work demonstrated that the praduct
of Example 1 was guite uniformly small crystals of MTT molecular sieve with
very litlle evidence of amorphous material. The crystaliites were characterized
by a spread of small, broad lathe-fike compenents having & diameterin the

10 range of about 200 to about 400 Angstroms in the longest direction. The

Bi0ALO: 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 & ramp of 1 deg.
C/min{1.8F/min) and plateaus of 250°F for 3 hours, 1000 F for 3 hours and
then 1100°F for 3 hours. The calcined material retained its x~ray crystaliinity.
The calcined zeolite was subjected to 2 ion-exchanges at 200°F (using NH.
NC4) as has been previously described in US Pat. No. 5,252,527, The ion-
exchanged material was recalcined and then the microporosity measurements
were explored, using a test procedure also describad in 5,252 .527. The new
product, small crystallite MTT molecuiar sieve, had some unexpected
differences vs. conventional S82-32.

The Ar adsorption ratio for small erystallite MTT molecular sieve {Ar
adsorption at 87K between the relative pressures of 0.001 and 0.1 ¥iota! Ar
adsorption up to relative pressure of 0.1) is larger than 0.5, in one
embodiment the Ar adsarption ratic is in the range of 0.55 to 0,70 in contrast
for the conventional 857-32, the Ar adsorption ratio is less than 0.5, typically
between 0.35 and 0.45. The small crystallite MTT molecular sisve of
Examples 1 and 2 demonstrated an Argon absorplion ratic of 0.82.

The external surface area of the crystaliites jumped from about 50 myg (882-
$2} 1o 150 {(smal crystaliite MTT molscular sieve) mig, indicating the
considerable external surface as a result of very small crystals. Al the same
time. the micropore volume for small crystaflite MTT molecuar sieve had
dropped to about 0.035 coigm, as compared with about 0.08 coiam for
standard 887-32.

EXAMPLE 3

Small crysiafite MTT zeolite was composited with aluming, extruded, dried,
and caicined. The dried and caicined extrudate was impregnated with a



928,11 3,174 10 In a concern that the proouct might be a mix of small crystals and consideraole
amorphous material, a TEM (Transmission Electf6h Microscopy) analysis was carried out. The
microscopy work demonstrated that the product of Example 1 was quite unlformly small crystals of
MU. molecular sieve with very little evidence of amorphous material. The crystallltes_ were
characterized by a spread of small: broad lathe-like components having a diameter in the 10range of
~ about 200 to about 400 Angstroms in the longest direction The S102/Al:?03 ratio ofproauct. was 29.
EXAMPLE 2 The product of Example 1 was calcined to 1100F in;]air with a rarl]mp ﬂéo?:e]? .
5C/min(1.8Fimin) and plateaus of 250F for 3 hours, 1000 F for 3 hours ano then 11( or 3 hours
The cal(cined mazeria? ré%f AEMRRE I SIRHTMIE) 2FA & earsbin BIRdTRA SRRl Serstae
ion-exchanges at 20@girsihg MO 8yasihzisteenipaciously tegerized inTkiS rﬂﬂh%th%mcﬁf@él527l- szie
ion. mategi ! alstined enthe mi 0rQsit nts, 10were explore
e e o aabyasiacalsedant enin B oIl BERARSIS A

i ' i ' rystalli molecular
Sieve, had some une AL hCHErEESS <L REREHAl SECa2 T R r e e for smal
crystallite MTT nfolecwliat sieid TAr isometization process conditions used were & LHEV of 1.0 hr

', 4000 scfibhi gas to off ratio, and & total pressure of 2300 psig. Foliowing
isomerization the products were hydrofinished over a PEPd silica alumina
hydrofinishing catalyst at 450 °F. The Vi of the waxy S0CN hydrocrackate feed
was 122, and the Vi of the solvent dewaxed waxy 500 hydrocrackate feed

10 was 106 when solvent dewaxed at -18°C. The difference between the waxy
Vi and the catalytic isomerized product Vi was only two (122-120), which was
excaeptional.

Figures 1 and 2 show the vield and product Vi versus pour point achigved

xS
thn

with the metal-maodified catalyst comprising the small crystallite MTT zeolite
catalyst ("'metal-modified 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 paur
point is achieved by raising the catalyst temperature). The results are '
20 compared with two other catalysts, a standard MTT-containing catalyst *Std
382Z-32) and a metal-modified standard MTT-containing catalyst Cmetal-
modified 88Z-32"), tested under the same conditions and using the same
feed. The isomerization yield of product boiling at 700°F and above using the
metal-modified catalyst comprising the small crystaliite MTT zeolite catalyst at
25 the typical product target rangs of -12.10 -15°C pour point was an
unprecedented 98 to 87%. The product Vi was approximately 120, which is
aiso excelient, and is balieved to be atiributable to the sxceptional amount of
isomerized wax retained in the base cif boiting vange product. The slope of
the Vi of the product bolling at 700°F and above versus the pour point wasg
30 negative, approximately (.15, such that the Vi was actually increased as the
pour point was reduced. Example 3 demonstrates where fwo or more

isomesized products boiling at 343°C (850°F) or higher have & corrssponding



15adsorption at 87K between the relative pressurgg, of 0.001 and 0.1)4total Ar adsorption up to relative
pressure of 0.1) is larger than 0,5 In one embodi t the Ar adsorption ratio is in the range of 0.55 to
070. in contrast for the conventional SSZ-32, the Ar adsorption ratio is less than 0.5, typically between
0.35 and 0.45. The small crystallite MTT molecular sieve of 20Examples 1 and 2 demonstrated an
_Argon absorption ratio of 0.62. The external surface area of the crystallites Jumped from about 50
rri?ig 32) to 150 (small crystallite MU moiecurar sieve) m2/g, indicating the considerable external
surface as a result of very small crystals At the same 25time, the micropore volume for small crystallite
MU molecular sieve had droo deﬁd» t{%?g%u% 035 cigim, as com ared with about 0.06 ccigrri for
standard SSZ-32 EXAMPLE 350 ©7 €oiutionCORERing BEET pI20A T 1at AT HedRAR ©Gnd then
finally dried and calcineé, Crsasiustal* Blasimahdd ain § wa Q32 ke Thishitetahehiagified catalyst
was then tested for iﬁ@m%@@%%&%@@é@%@%&%@% KRG IerC-NAVIRG R%0 WENK.a Kinematic
viscosity at 100C of 10g%18bg1m‘is§. angf go%r 5I%$iqt of +51C. isomerization process conciitions used
were a LHSV of 1.0 Kf 24000 SecBPGLE Yo 5 vito T HAGRANMBe 8en itsy 3880Rkis), Following
isomerization th&é products were hydrofinished over a Pt/Pd silica alumina hydrofinishing catalyst at
450 F. The VI of the myaaaad00N hydrocrackate feed was 122, and the VI of the solvent dewaxed waxy
500 hydrocrackate feed 10 was 106 when solvent dewaxed at -18C. The difference between the wax

VI and the catalytic isomenzed product VI was only two (122-120), which was exceptional. Figures 1
and 2 show the yieldTaadpreductadneiifias paalypoinrathiaves 3ovdthathe isssdalsenodified catalyst

comprising the smallgstallite, M zgplite P@éﬁ'%ﬁ%@@@@%&%@g@gﬁéﬁgﬁﬁy@ﬁ% %ﬁg@ %todnggﬁgé

product pour p iéwts, and corresponding viscosity indexes, was generate |
temperature of tHe dRWARRAG Gtafyst(fdP URERTBHONPISRRSS SO IO 152 HRAFeR BYSeising the
cataiyst temperature):-The reiliitssafebl gas to ofl ratio, and & total pressure of 2300 psig.
Following isomerization the produgts were hydrofinished over a PYPJ silica
alumina hydrofinishing catalyst at 450 °F.

15 Figures 5.and & show the yield and product VI versus pour point achieved
with the metal-modified catalyst comptising the small crystallite MTT zeolite
cataiyst {"metal-modified SSZ-32X"). The results are compared with three
other catalysts: a standard MTT-containing catalyst (“Std 85232}, ametal-
modified standard MTT-containing catalyst ("metal-modified S8Z-327), and a

20 standard smali crystaliite MTT zeolite catalyst that was not metal-modified
("small crystal S8Z-32X"). Alf four catalysts were tested under the same
conditions and using the same 150N feed. The isomerization yield of product
boiling &t 850°F and above using the metal-modified catatyst comprising the
small crystallite MTT zeolite catalyst at the typical product target range of -12

25 1o -15°C pour point was 84 to 85%. The product Vi was approximately 108
The slope of the Vi of the product bofling at 850°F and above versus the pour
point was approximately (.09, which was significantly fess than that obtained
with the comparison catalysts. The VI was not lowered as much as the pour -
point was reduced with the metal-modified catalyst comprising the small

30 crystallite MTT zeolite catalyst. Figures 7 and § show the low yields of G, o
Cq products (‘Gas-make™) and Cs 1o O asper product {Naphtha) achieved with



20 compared with two other catalysts, a standard MIT-containing catalyst ("Std SS2-32) and a
metal-modified standard M | | -containing catalys etal-modified SSZ-39n tested under the same
conditions and using the same teed, The isomerization yield ot product boiling at 700F and above
using tn metal-modified catalyst comprising the small crystallite Ml | zeolite catalyst the typical product
‘target range of -1210 -15C pour point was an unprecedented 96 to 97% The product VI was
approximately 120 also excellent, and is believed to be attributable to the exceptional amount of
isomerized wax retained in the base oil boiling range product The slope of the VI of the product boiling
at 700*F and above \{Ersusithe pour point was 30negative, approximately -0,15. such that the VI was
actually increased as tHé BOUF PUTAEN S8 FAH CEUPEREmMbR ST moREiedd WHesreitBwo or more
isomerized products bRsiingt &nSABS(GHNE) BEDEEKY havepareariesPoROMNG:-2814is6Qsity hoax of 104,
110, or higher. Figures 3 and 4 show the low yields of CT to 04 products ("Gas-make) and C,,5to C
50.7 product (Naphttg%gchieved with the metal-modified catalyst comprising the small crystallite MIT
zeolite catalyst (-metafi WEkES SSZ-32X"), compared with two other catalysts EXAMPLE 4 The same
metal-modified catalyst from Exampie 3 was also tested for isomerization on a waxy 150N
hydracrackate feed cgriaigi 9% Wax.ar ; int of +320 tsomerizati rocess conditions
used were a LHSV gj?'ig(? %:ﬁik?o%%@c}ﬁgﬁﬁ%}fg%é&gﬁgr%?%ﬁﬁ“é’ % a‘lvﬁ?eastgaris%?g' 0 psig. Following
isomerization the protticts GREIRNRHPONFIYBRHBYE RaUtE R 2 dMiu fapthchptiiofini sy catalyst at
450 T. Figures 5 andwsishowrtreatieldsansitpradiict I lorer sus pesiioaint aghisves with the
metal-modified catalyst:eempyisi 4 Il crystallite M TT zeolite catalyst rmetal-maditled
SSZ-32X") The resuﬁ?%c;ee' c%%%%%ﬁ%ﬁtﬁ%ﬁe% 5 né”rgggf’aﬁgftiwgﬁﬁg g vl f‘i‘%’dﬁgﬂ?ﬁ& catalyst
("Std SSZ32), d thet&FH5tHRrsd S RiHakR MY o ot RiesREre afah80 (psataFribdifred SSZ-32"), and a
standard small crystadtitedvitizeatie matalystiaal wasalsmelalymopiias Cxnallgrystal SSZ-32X").
All four catalysts Wergyggéﬂﬂ%}g%g%Qgieszérg%&gpditions and using the same 150N feed. The

isomenzation yield of product bailing and above using the metal-modified catalyst comprising
the small crystallite MTT zeolite catalyst at the typical product target range of -12 to -15'C pour point

was 94 to 95%, The pradect\dhaas appraxEnaeLA08the:slone-aldhe Vafthe.Rraduct boiling at
6507 and abovgqvermttlgg RQUL P%Q{Eé@’?s e}%%%lmatelﬁ\%oa which was significantiy less than that
obtained with thé comparison ca{épys S. FRYY AL RRTOWdre P me hrneeli Ve pasopising was
reduced with the mefafaiystiiftagteiaragiiecondsrsing thensmail B0 erystattite M Fizeolieeasalyst.
Figures 7 and 8 shoustbipdaunayieiiiamt RS- QA AR ChiA/as Bake 884 D8J0 5220 product
Naphtna) achieved i o , ' ‘

(Nap ) Wg{%immad;ﬁed standard MTT-containing catalyst {*metal-modified SS8Z-32™.

All three catalysts were tested under the same conditions and using the same

20 220N feed. The isomerization yield of product boiling at 850°F and above

using the metal-modified catalyst comprising the small crystallite MTT zeolite

catalysi at the typicai product target range of -15°C pour point was about

82%. The product Viwas 105. The slope of the Vi of the product boiling at

850°F and above versus the pour point over a range of pour poimts from -12°0

an]
83

o ~Z2°C was essentially zero, which again was significantly less than that
obtained with the comparison catalysts. The Vi was not lowerad as the pour

point was reducad with the metal-modified catalyst comprising the small
crystallite MTT zeolite catalyst.

30 EXAMPLE S



29 the metal-modrhed catalyst comprising the smg|L crystallite MIT zeolite catalyst ("metal-modified
SSZ-32X"), compared with two other catalysts. E PLE 5 The same metal-modified catalyst from
Example 3 was Iso tested for isomerization on a waxy medium neutral (220N, MN) feed containing
12,2% wax, a kinematic viscosity at 190C of 6.149 mm2.1s, and a pour point of +36C, isomerization
_process conditions used were a LI-1SV of 1,6 hi", 4000 10sof(bbi gas to oil ratio, and a total pressure
of 2390 psig, Following isomerization the products were hydrofinished over a Pt/Pd silica alumina
hydrofinisning catalyst at 450 'F Figures 9 and 10 show the yield and product VI versus pour point
achieved with the meé I-modified catalyst oomprising the small crystallite MTT zeolite catalyst
'metal-modified SSZ- %&Wﬁ%@g@é&%é’%gfﬁmﬁm?@m%M@étiﬂ?@l@.’f@ standard
MTT-containing catalyshistantien bS8 Ey8Rjreadbrmeta-megifisdaiandard b cosiaining catalyst
(‘'metal-modified SSZg372/] I were tested ynder.the same conditions and using the
same 20 220N teedZTg;Q:(jeao @#@r@%t%%%%e%ﬁgﬁé%g%‘f%&hﬁ%%%%ﬁ%ﬁﬂ%&f@%g the
metal-modified cataly&PTEHFRISME asEssRandipsmuredwary editsYahhetat thaaypicigroduct target
range of -15C pdur pginsttw/ais aiioLSPYtoTNerBERdRCEM NS A 05 oTigiiaBS o ey, of the product

boiling at 650F and ahaug elals I point over nge of pour paints from -12C to -22C was
essentially zero, wh%?] a g\lfn was ?@r@?gﬁﬁf 125 f# *tgﬁza "%tﬁﬁ@ﬂﬂ/ﬂﬁdﬁ‘?é“éﬁﬂ%rison catalysts.

The Vt was not lowe GRS tie 0UT p iR iRss it tiurred woithatitnmet 85076 difie chicatalysticamprising the

small crystallite MIT pectitetcatelystpbut biRE BBwatnThE samednetahmogified: catalyst from Example
3 was tested for isorrg)%rzign i ,q?g&%%(gg%tregteg Fischer-l’r%}sch wax feed having more han 90%
wax made by the SAS(QL%r)F Urry Phase FiecherTropach Proces¥ti&othamasiBrééess conditions
used were a LH8V ofd"8 hFhesedguses/ bpiigas165if fov: abeve tetel prtesunsioh308xqsig, Following

isomerization the progswtstsrersayasafinishied averaRuRdsilica Mumina hydrofinishing catalyst at

Lsadg iling at 650"F and above had Via of 165 to 170 at pour points between
SO IG5 650% &

450 F. The resultant&;%g | 620 al ‘ / ,
.25 and -30'0 The yield oigpr‘ Siling 5t6 LBBUEY \WardyrBateh HidTEwio% at a pour

point of - 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

15 of 188, and a pour point of ~11°C. A comparison run using a metal-modified
standard MTT-containing catalyst under the same process conditions and on
the same Teed gave lower vields but stightly higher Vis. Interestingly, even
though the Vis were slightly lower using the metal-modified small crystallite
MTT zeolite catalyst the slope of the Vi of the product boiling at 850°F and

20 above versus the pour point over.a range of pour points from -20°C to -50°C
was significantly less, less than 0.56 than the slope obtained with the
comparison catalyst, greaterthan 0.72.



In 20C. The products boiling at 650F and above were further split by vacuum distillation into two
fractions, one boiling between 750 to 8507. and th#l other boiiing at 850F and higher. The lighter
Coiling fraction had a kinematic viscosity at 100'e of 3.8 min2is, aVi of 151, and a pouf point of -19 c.
The heavier boiling fraction had a kinematic viscosity at 100eCi of 9.7 mrn2/s, a VI 15 of 168, and a
pour point of -11'0 A comparison run using a metal-modified standard MI | -containing catalyst under
the same process conditions and on the same feed gave lower yields but slightly higher Vis
Interestingly, even though the Via were slightly lower using the metal-modified small crystallite MTT
zeolite catalyst the slope of the VI of the product boiling at 650'F and 70 above versus the pour point
over a range of pour Y{HATK BdPhARSER 1B0C was significantly less, less than 0.56, than the slope
obtained with the comparison catalyst, greater than 072. WHAT IS CLAIMED IS A process for
dewaxing a hydrocarbon feed to produce an isomenzed product, the feed including straight chain and
slightly branched paraffins A& AT SE0 Y RHRs BabBHREARS L innp s Pigbestactingnibezeed under
isomerization conditions ingheipresenteedfiydiegenraiih arcatadyst fRmRishgAmolecular sieve
having MIT framework top Q | | llite, diameter of about 200 to about 400 Angstroms
in the longest direction, thgj ﬁ%ﬂ? %g}%%sggl?ags%%ﬁ%%%?& THTERIPESARRAIRE G¥up consisting
of Ca, Cr. Mg, La, Na, Pr, &8 g NP BRazRtRmSeHikosT Suihe/mesrses Theygrogessvafidaim 1
wherein tr(lje IVITT m(;]leculaamﬂe;vequsﬁemgd &@f@dﬁn@%&g@%@@%&{m@d%%gg,%& AN

EU-13,and KZ-1. 3.The pr L giairt, erein said feed is selected from thep consisting of
nydrotreated or nydrocrackég gag{c')%%, %\?/Ilé*r% 'rgé\t%g? Tf%ee %SI‘} a |’§1§ a8 FYhF SeRES IR ating oil
stocks, synthetic oils, foots"dIRE ERPREGIrPSHBHRS AEtelRs esatiig polerpoimepoaalefins. normal
20alphaolefin widxes, slaclsaientes, iaenilng yoxesondisiagystalin WaKes -aRd mixtdres thereof. The

process of claim 1 Whereirk\@r%ld? Wél n}etals re selected from the group consisting of platinum and
palladium and mixtures thereof, ﬁe par%c%%%cg?oa%%ﬁﬁlw rein said contacting is carried out at a

temperature of from 232 -427 C (450 - 8007), and a pressure in the range from about 103.4 kPa gauge
_(15hpsig) to afbout 22685 kita gm@s(aeggaﬁsmg&%&r%wqﬁa@%@@e%mgg%&éagid pressure is
inthe range from about 630.% a Ja49¢ (100 RSIDI8 28010 (23 K galge (2060 P19

15

i

S The process of claim 1, wherein said feed is selected from the group
consisling of hydrotreated or hydrocracked gas oils, hydrotreated lube
oit raffinates, bright stocks, lubricating il stocks, synthetic oils, foots
oils, Fischer-Tropsch synthesis olls, high pour point polyolefins, normal

20 alphaolefin waxes, sfack waxes, deoiled waxes. microcrystalline
waxes, and mixtures thereof.

4, The process of claim 1, wherein Group Vill metals are selected from

the group consisting of platinum and palladium, and mixtures thereaf,

ey

The process of claim 1 wherein said contacting-is carried out at &
temperature of from 232 — 427 °C (450 - 800°F), and a prassure in the
range from about 103 .4 kPa gauge (15 psig) to about 20.685 kPa
gauge (3000 psig).



57,The process of claim 5, wherein the liquid hourly space velocity durino contacting is from about 0,1
to about 20. The process of claim 7, wherein the Rigid hourly space velocity is fro 0.5 to about 5 9.The
process of claim 1 wherein the hydrocarbon feed is hydrotreated prior to isornerization at a
temperature in the range from 163 to 427 T (326 to 800 F). The process of claim 1 further comprising a
hydrofinishing step following isomenzation The process of claim 10 wherein hydrofinishing isied out at
‘a  temperature in the range from about 163 to about-310C (325 to about 205900 F)-and a pressure
in the range from about 2068 kPa gauge (300 psig) to about 20,665 kPa gauge (3000 psig) 12,The
process of claim 1 further comprising hydrofinishing of isomenzed product. A dewaxing method,
tomDrisng somerizalfon deWaxingdw d ozarbdwviieesflsyiingrasdensSidd maeanar a catalyst to

produce two or more |sorn%r%ggg§§)gw &;H&Q?éogp @e@ggF *0{7@@;]%?5%?2%5%?§§2ed product

having 30aa pour point between D and -30T and b.a corresponding VviSCOSi or higher. 33
wherein a ime fit to a chart®St#he pour points on an x-axis and the viscosity indexes‘on a y-axis has a
slope of the line for y of zero or less. 14. The dewaxing method of claim 13 herein the hydrocarbon

feed has least 1@ W% WaXyre process of claim &, wherein the liguid hourly space velocity during
contacting is from about 0.1 to about 20,

8. The process of claim 7, wherein the liquid hourly space valogcity is from
0.5 to about 5.
10
8. The process of claim 1 wherein the hydrocarbon feed is hydrotreated
prior to isomerization at a temperature in the range from 163 to 427 *0
(32510 BOO° F),

18 10, The process of claim 1, further comprising a hydrofinishing step
following isomerization.

11, The process of claim 10 wherain hyarofinishing is camied out at a
temperaturs in the range from about 183 to about 310 °C {32510 about
20 907 F) and a pressure in the range from about 2088 kPa gauge (300
psig) to about 20,685 kPa gauge {3000 psig).

12, The process of claim 1 further compnsing hydrofinishing of isomenized
praduct.

13. A dewaxing method, comprising isomerization dewaxing a hydrocarbon
feed having at least 5 wi% wax over a catal yst to produce two or more
somerized products bolling at 343°0 (850° 7} or higher, each
isomerizad product having:

30 a. & pour point between 0 and -30°C, and
b a corresponding viscosity index of 85 or higher;



15 Tne dewaxing method of claim 13, wherein the hydrocarbon teen has a kinematic viscosity at 100e
of 2.5 mrh5s or greater. 1016, The dewaxing mettg®l of clam 13, wherein the catalyst comprises a
molecular sieve having MTT framework topology and having a crystallite diameter of about 200 to
about 400 Angstroms in the longest direction. 1517, The dewaxing method of claim 16, wherein the
catalyst further comprises at least one metal selected from the group consisting of Ca. Cr, Mg, La, Na,
- Pr, Sr. K-and Nd. - The clewaxing-method of claim 17, wherein the catalys urti Cr 20comprises. .
at least one Group VIl metal 19. The dewaxing method of claim 13, wherein the two of more isomer
zed products boiling at 343C (650F) or higher have a corresponding viscosity index of 104 or higher,

20. The dewaxing methoghefataimidstivvberaiaa vk offhe.dpQrmaredsemerizgd. products boiling at
43C (650F) Cr hjQher isgggag&%)n% rg%te‘r based.on the feed. 3021. The dewaxine method of ciaim
20, wherein the yield is 94 85 of greater. 34 52 THE tE ARG EiBe 6 vigiFeT33RI%8%in the slope of

he line is less than -0.05, 23 A dewaxing process, comprising isomenzation dewaxing a hydrocarbon

5feed having at leastid wibhenpnaxpiareataly st E@aﬁﬁ%%@y&@{h@%ﬁrm%g@%ﬂ%g%‘{ts boiling at

343C (650F) or higher, eagggzo{g%&gpgu roduct having: a. a pour point br3tween 0 and -30C. and b. a
orre < ex of

corresponding viscosity in or hi ﬁ‘er; 10wherein a line fit to a chart of the pour points on an
x-axis and the viscosity
18. The dewaxing method of claim 13, wherein the hydrocarbon feed has 2

kinematic viscosity at 100°C of 2.5 mm%s or greater,

10 16, The dewaxing method of ciaim 13, wherein the catalyst comprises a
molecular sieve having MTT framework topology and having a
crystallite diameter of abowt 200 to about 400 Angstroms in the jongest
direction,

18 17, The dewaxing method of claim 18, wherein the catalyst further
comprises at least one metal selected from the group consisting of Ca,
Cr, Mg, La, Na, Pr, S, K and Nd.

18, The dewaxing method of claim 17, wherein the catatyst further
20 comprises at least one Group Vil metal,

18, The dewaxing method of claim 13, wherein the two or more isomerized
products boiling at 343°C (850°F) or higher have a corresponding
viscosity index of 104 or higher,

20, The dewaxing method of claim 13, wherein a yield of the two or mors
isomerized products boiling at 343°C ( BE0°F} or higher is 90 wt% or
greater based on the feed.

30 21 The dewaxing method of claim 20, wherein the yield is 94 wi% or
greater.



indexes on a y-axis has a slope of the line for y of zero or less; and wherein the yield of the two or
more isomerized products boiling at 343C (650F) 34 higher is 90 wriii or greater based on the feed 24.
The clewaxing process of van 23, wrerein the molecular sieve has TT framework topology. The
ciewaxing process of claim 23, wherein the molecular sieve has a crystallite size of about 200-400
Angstroms, '

22. The dewaxing method of claim 13, wherein the slope of the fine is less
than -0.05,

23. A dewaxing process, comprising isomerization dewaxing a hydrocarbon
5 feed having at least 5 wi% wax over a catalyst to produce two or more
isomerized products bolfing at 343°C (850°F) or higher, each
isomerized product-having:

8. a pour point between § and -30°C, and
b a corresponding viscosity index of 95 or higher:

16 wherein a line fit to a chart of the pour points on an x-axis and the viscosity
indexes on a y-axis has a slope of the line for v of zero or iess: and whersin
the vield of the two or more isomerized products boiling &t 343°C (B850°F) or
higher is 80 wt% or greater based on the feed.

=
i

24, The dewaxing process of claim 23, wherein the molecular sieve hag MTT
framework topology.

2%, The dewaxing process of claim 23, wherein the molecular sieve has &
crystallite size of about 200-400 Angstroms.



