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10 having a significant ion exchange capacity, and being capable of reversibly

desorbing an adsorbed phase which is dispersed throughout the internal voids of
the crystal without significantly displacing any atoms which make up the
permanent zeolite crystal structure.
The number of synthetic zeolites is well over a hundred as evidenced by
15 the Atlas of Zeolite Structure Types published by the International Zeolite
Association (IZA). As is well known, zeolites are distinguished from each other
on the basis of their composition, crystal structure and adsorption properties.
One method commonly used in the art to distinguish zeolites is x-ray diffraction.
Applicants have synthesized a family of crystalline zeolitic compositions
20 which have unique x-ray diffraction patterns and have an empirical formula on an

anhydrous basis in terms of molar ratios of:

M RP+AI(1 x)E SlyO

where M is at least one exchangeable cation selected from the group consisting
of alkali and alkaline earth metals, “m” is the mole ratio of M to (Al + E) and

25 varies from 0 to 1.2, R is a nitrogen-containing organic cation selected-from the
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Specific nenbers of this famly of zeolites are: UZM5, UZM 5P and UZM 6.
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to (Al + E) and has a value determined by the equation:
10 Z = (men + rep + 3 + 4ey)/2

Specific members of this family of zeolites are: UZM-5, UZM-5P and
UZM-6. These zeolites can catalyze various hydrocarbon conversion processes

such as alkylation of benzene and isomerization of xylene.

DETAILED DESCRIPTION OF THE INVENTION

15 Applicants have synthesized a new family of zeolites. In its as-
synthesized form, this family of zeolites has a composition on an anhydrous

basis that is represented by the formula:

M. R’ Al..,E.Si,O0,

M is an exchangeable cation and is selected from the group consisting of alkali
20 and alkaline earth metals. Specific examples of the M cations include but are not
timited to lithium, sodium, potassium, cesium, strontium, calcium, magnesium,
barium and mixtures thereof. The value of “m” which is the mole ratio of M to (Al

+ E) varies from 0 to 1.2. R is a nitrogen containing organic cation and is
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from +1 to +2. E is an element which is present in the framework and is selected
from the group consisting of gallium, iron, boron chromium, indium and mixtures
thereof. The value of “x” which is the mole fraction of E varies from O to 0.5. The
ratio of silicon to (AI+E) is represented by “y” which varies from 5 to 12, while the
mole ratio of O to (Al+E) is represented by “z" and ” has a value given by the
equation:
= (Men + rep + 3 + 4ey)/2

When M is only one metal, then the weighted average valence is the

vatence of that one metal, i.e. +1 or +2. However, when more than one M metal

is present, the total amount of:
n+ (n1)+ (n2)+ (ﬂ3)+
M M Mm?. + Mm3 """
and the weighted average valence “n” is given by the equation:

mMieMm+MmMzenNz+MaeNa+---
mi+ Mz+Ma---

Similarly when only one R organic cation is present, the weighted average
valence is the valence of the single R cation, i.e., +1 or +2. When more than one

R cation is present, the total amount of R is given by the equation:
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val ence is the val ence of the single Rcation, i.e., +1 or +2. \Wen nore
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conmbi ning reactive sources of R alum num optionally E and/or Mand silicon
i n aqueous nedi a. Accordingly, the alum num sources include, but are not
limted to, alum num al koxi des, precipitated alum na, alum num hydroxide,

al um num sa@ng the weighietrayeraga wlencesiie ds givendxnathsl @guational uni num al koxi des
include, but are not limted to 10 al um num ort ho-sec- butoxi de, and al um num
ort ho-i sopropoxi de. Sources of silica include but are not limted to

tetraethylorthosilicate, fumed silieasr+ppégGimetat.ed silicas and colloi dal
silica. Sources of the M netal sp Fciude—but—are—not-.limted to the halide

salts, nitrate salts, acetate salts, an8™H$8fdxides of the respective |
al kali or alkaline earth netals. Sources of the E elenents include but 15

are not |imted ipogbkaliohiaiicars bOBitGsaChb BlaEray t #yedh 3 bidifbrmal
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aluminum, optionally E and/or M and silicon in aqueous media. Accordingly, the
aluminum sources include, but are not limited to, aluminum alkoxides,
precipitated alumina, aluminum hydroxide, aluminum salts and aluminum metat.
Specific examples of aluminum alkoxides include, but are not limited to
10 aluminum ortho-sec-butoxide, and aluminum ortho-isopropoxide. Sources of
silica include but are not limited to tetraethylonthosilicate, fumed silicas,
precipitated silicas and colloidal silica. Sources of the M metals include but are
not limited to the halide salts, nitrate salts, acetate salts, and hydroxides of the
respective alkali or alkaline earth metals. Sources of the E elements include but
15 are not limited to alkali borates, boric acid, precipitated gallium oxyhydroxide,
gallium sulfate, ferric sulfate, ferric chloride, chromium chloride, chromium
nitrate, indium chloride and indium nitrate. When R is a quaternary ammonium
cation, the sources include without limitation the hydroxide, and halide
compounds. Specific examples include without limitation tetramethylammonium
20 hydroxide, tetraethylammonium  hydroxide, hexamethonium  bromide,
tetramethylammonium chloride, methyltriethylammonium hydroxide. R may also
be neutral amines, diamines, and alkanolamines. Specific examples are

triethanolamine, triethylamine, and N,N,N',N' tetramethyl-1,6-hexanediamine.
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rati o of théoronilate of R and has a value of 1.5 to 30, "d" is the mole ratio
of silica and has a val ue of 5 to 30, "c" is the nole ratio of the oxide of
E and has a value fromO to 0.5, and "e" is the nole ratio of water and has
a value of 30 to 6000. TﬂMZﬁQ@&Hp@I’“F@)MZ@S@EEQHﬂZ&‘QZMd at reaction
conditions including a 10 tenperature of 100C to 175C and preferably from
140C to 160C for a period of 12 hours to 14 days and preferably for a tine
of 2 days to av.s. a sea reactijon ssel, under aut nQuUS, pressure.
o ter Sor vt ANSrS S s he Incig talia ot s iRt hakiavaie pEdaLe ST isdBt he
het er ogeneous m xture by neans such as filtration or centrifugation, and

t hen washedmale liatie of e exidewdtRandrihsda ivabiiei of tbrto 35 “dt isalinei ranle ratio of
tenperature up to 100C. As synthesized, the zeolites will contain sone of

the exchangemhandrhasch¥hR RS 81801%” ¢atHeOMmdId fatid &t tRR'Gdde SPESEhd has a
exchangeabl e cations can be exchanged for other cations, or in the case of

organi ¢ cat |, g3 B 1§ Y5, %6hd “e” is the mole ratio of water and has a value of 30 to

6000. The reaction mixture is now reacted at reaction conditions including a

10 temperature of 100°C to 175°C and preferably from 140°C to 160°C for a period

of 12 hours to 14 days and preferably for a time of 2 days to 5 days in a sealed

reaction vessel under autogenous pressure. After crystallization is complete, the

solid product is isolated from the heterogeneous mixture by means such as

filtration or centrifugation, and then washed with de-ionized water and dried in air

15 at ambient temperature up to 100°C.

As synthesized, the zeolites will contain some of the exchangeable or
charge balancing cations in its pores. These exchangeable cations can be
exchanged for other cations, or in the case of organic cations, they can be
removed by heating under controlled conditions. All of these methods are well

20 known in the art.

The crystalline zeolites are characterized by a three-dimensional
framework structure of at least SiO; and AlQ; tetrahedral units. These zeolites
are further characterized by their unique x-ray diffraction pattern. The x-ray
diffraction pattern has at least two peaks: one peak at a d-spacing of 3.9+0.12A

5



renoved by heating under controlled conditions.

well 20 kn
t hree- di nen
units. Thes
diffraction
one peak at
d- spacing o

own in the art.
si onal
e zeolites

framework str

ucture of at

Al

of these nethods are
The crystalline zeolites are characterized by a

| east Si 02 and A102 t e/ ahkdidl
are further characterized by their unique x-ray

o80T Beaf 37 3 b BN D% BIBIE o SHBlor B

f 8.60.20A. To allow for ready reference,

the different structure

types and céiflgsentistaieturertyees andicompositionsiaf esysialiee Beelitegihave beangivear y

desi gnati on
exanple 1"

of UZMh, where "h"
aepir&yaddsig

IS an integer starting at one and where

startingTaledne andmehede 5
formul as can have the

reationedfElNBKh, Of h@rer ‘At iU irfte

nore zeolitic conposition with different enpirica

sane struc
can be iden
t he d-spaci
A UZMP5 2-9
10. 40- 10.0

10

aqa"
t1he|

[ot e

ng and relative intensjti.
H?%maqb% SOTROSHIG With o
18.50-8.83wm 12. 11 -
structure type "h", e.g. “1".

rePF'es%nts"
XoT ay

n H r
3 fraulc of SRS
farth in Tables Ato

C.
eEend ®DRiTgalolormutas §an dave thgssgrae

ﬁS set

for

ﬁﬁg}txége‘f’f)' TRN R%5E%:! €S

|'east
10 Tabl e

whi ch have at

11.597. 30-7-63m 16. 10- 15. 535. 50-5. 70m vs

In this respect, the following species can be identified by their x-ray

diffraction patterns which have at least the d-spacing and relative intensities set

forth in Tables A to C.

Table A

UZM-5

2-0

d(A)

6.31-5.89

14.00-15.00

7.96-7.58

11.10-11.65

10.40- 10.01

8.50 - 8.83

12.11-11.59

7.30-7.63

16.10- 15.53

5.50-5.70

19.28 - 18.55

460-4.78

22.26 - 21.60

3.99-4.11

23.20 - 22.43

3.83-3.96

24.16 - 23.33

3.68 — 3.81

30.48 - 29.55

2.93-3.02

31.94 - 30.92

2.80-2.89

44.83 - 43.47

2.02-2.08

6




19.28 - 18.554.60-4.78wm 22.26 - 21.603.99-4-11m 23.20 - 22.433.83-3. 96w s
24.16 - 23.333.68-3.81vs 30.48 - 29.552.93-3.02wm 31. 94 - 30.922. 80- 2. 89w m
44.83 - 43.472.02-2.08w 6 19 JUL 2005 Table B UZM 5P 2-0D(A) /1o /d $.J8L2005
-5.1914.00 - 17.00w - vs 7.96-7.5611.10-11. 70w m 10. 52- 10. 048. 40- 8. 80m s
16.56 - 15.675. 35-5- 65w m 19. 49 -18.87?. gls-zé. 70w - m 23.52 - 22.093.78-4.02w
- vs 24.03 - 23.393.70-3.80w - vs 30.8139€XR 762 90-3.00w - m

31.94- 30. 812. 80- 2. 90W M 45.30 - 43.042.00-2.10w - m 7 29 JUL2005 Table C

UZM-5P
2-9 D(A) /1o%
6.31-519 | 14.00-17.00 W- VS
796-756 | 11.10-11.70 w-m
10.52-10.04 | 8.40-8.80 m-s
16.56 - 15.67 | 5.35-5.65 W-m
19.49-18.87 | 4.55-4.70 w-m
2352-22.09 | 3.78-4.02 W- Vs
24.03-2339 | 3.70-3.80 W- Vs
30.81-29.76 | 2.90-3.00 w-m
31.94 -30.81 | 2.80-2.90 w-m
4530 -43.04 | 2.00-2.10 w-m




UZM 6 2-0D(A)1/10% 6.31 -5.8914. 00-15. 00w m 7. 96-7.5811. 10- 11. 65m s 10. 40-

10. 018.50-8. 83w m 12.11 - 11.597.30-7.63m 16.10 - 15.535.50-5. 70mvs 19.28 -

18. 554. 60-4. 78w m 22. 26-21. 603. 99-4. 11m 23. 20 - 22.433.92-4. Ogr@gﬁ ﬁ@ 16 -
89m )

23.333.83-3. 96w s 30.48 - 29.553.68-3.81s-vs 31.94. 30. 922. 80- 83 -
43.472.02-2. 08w The zeolites of this invepyop are capable of separating

m xtures of nol ecul ar speci es based on the nol ecul ar size (kinetic
dianeter) or on the 5 degree of polarity of the nolecul ar species. \Wen the
separation of nolecular species is basedYéM-Rol ecul ar si ze, separation is
acconplished by the smaller nolecular species entering the intracrystalline

voi d space whil e excl ydi ng pa ger speciD{A.) The [ki nefflgsdi angt ers of vari ous
nol ecul es such as oxygen, nitrogent carbon dioxide, carbon nonoxide are
(1974) p. 636. 6 2 0 | UPLL0BEOTRA cPoQ0dBithe |m cr 363 ous domposi L1 ons. of
the present inventionleither
7.96-7.58 11.10-11.65 m-s

10.40- 10.01 8.50-8.83 w-m

12.11 - 11.59 7.30~7.63 m

16.10 - 15.53 5.50-5.70 m-vs

19.28 - 18.55 4.60—-4.78 w-m

22.26 - 21.60 3.99 - 4.11 m

23.20-22.43 3.92-4.00 m-vs

24.16 - 23.33 3.83-3.96 W-S

30.48 - 29.55 3.68 —3.81 S-VS

31.94 - 30.92 2.80 -2.89 m

44.83 - 43.47 2.02-2.08 w

The zeolites of this invention are capable of separating mixtures of

molecular species based on the molecular size (kinetic diameter) or on the

5 degree of polarity of the molecular species. When the separation of molecular
species is based on molecular size, separation is accomplished by the smaller
molecular species entering the intracrystalline void space while excluding larger
species. The kinetic diameters of various molecules such as oxygen, nitrogen,

carbon dioxide, carbon monoxide are provided in D.W. Breck, Zeolite Molecular

10 Sieves, John Wiley and Sons {1974) p. 636.



as synthesized or after calcination can be used as catal ysts or catal yst
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xyl enes. Ot her reactions nmay be catal yzed by these crystalline m croporous

conposi ti ongygli la%wﬁ“ pgmaagﬂ &7 Fholgas éa‘g@ngdo cgroerdgakﬁ@ | Qkylafion of both

al kyl aromatics, al dol-condensati ons, | soner i zation and
| somerd zati Qn of 15 n al cohol eh enat.i on nd ol

i tned zat i aromelics anar poRETAs. RAeararioRe POl aR M o se B, didhing
Suitably ion exchanged forns of these materials can catalyze the reduction
of NOX to Nhydrogemadeo: i Wehydwgenatieny i fansakylation, stdeadsationonehysiration

reaction conditions and types of feeds that can be used in these processes

are set fordehiyirdtionA- 5,H)Heotr d inydrbddhinegenatidonl HE KydrdtissiRGri€htion,
CATALYTI C HYDR%C‘ARBO\I COH%I\/ERSI 0@1 Arf:yadem C P?ess 1981) pp. 123-154 and

oreforabl o TRATANAEO i ?xﬂ%%é“sm?ﬁéﬁf*kﬁ%?h %Cﬁéefe#ﬁﬁnﬁﬁ%@ﬁﬁﬁ%ﬂﬂﬁrh%i on

of catal yst partlcles in a proportion to 100 mass % zeolite and 0 to
95 mass- % bitYRRS Of {geds whiehLaa be bised "bﬂlﬂs@rﬁ'lﬂws%‘irﬁf? well knavehim e artgo

mass- % of the conposite. The binder 9 .
10 Preferred hydrocarbon conversion processes are alkylation of aromatics and

isomerization of xylenes.

Other reactions may be catalyzed by these crystalline microporous
compositions, including base-catalyzed side chain alkylation of alkylaromatics,
aldol-condensations, olefin double bond isomerization and isomerization of

15 acetylenes, alcohol dehydrogenation, and olefin dimerization, oligomerization
and conversion of alcohol to olefins. Suitably ion exchanged forms of these
materials can catalyze the reduction of NO, to N2 in automotive and industrial
exhaust streams. Some of the reaction conditions and types of feeds that can
be used in these processes are set forth in US-A-5,015,796 and in H. Pines,

20 THE CHEMISTRY OF CATALYTIC HYDROCARBON CONVERSIONS,

Academic Press (1981) pp. 123-154 and references contained therein.

Although the zeolites can be used alone, it is preferable that the zeolite be
mixed with a binder for convenient formation of catalyst particles in a proportion
of 5 to 100 mass % zeolite and 0 to 85 mass-% binder, with the zeolite

25 preferably comprising from 10 to 90 mass-% of the composite. The binder
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extruded through a die to give the shaped extrudate. A multitude of

di fferent @}Umhdatlﬁclﬁblhgegaﬁfnﬁa pastai, bhed thetd-aldimiga, With gamrhamanddets,
cylinders, cl over | eaf unbbel | and symetri cal and asymretri cal

pol yl obat es a|dfﬁlgé§%€3¢§§%{¥%él%“ p% red coPe of this invention that the

ext rudat es 0 any desired form such as spheres, by
oi 1 - H‘?iBSnE[‘ﬁﬁﬂ \TRec#eaIEs Viikser Pobeul & BR0RT S22 Redhineh YRsoRR HbBPat ed
by reference. The nethod involves dropping a m xture of zeolite, and for
exanpl e, al sochasgulls, patidtsyextrudgtesagpheresnete. aRrejeétred shapasaiang axtodates
el evated tenperatures. The droplets of the mxture remain in the oil bath
untiligthey apl iKbré®r NERWHRES laré 1ep&Rd By @onventional means which involves
mixing of zeolite either before or after adding metallic components, with the
binder and a suitable peptizing agent to form a homogeneous dough or thick
paste having the correct moisture content to allow for the formation of extrudates
with acceptable integrity to withstand direct caicination. The dough then is

15 extruded through a die to give the shaped extrudate. A multitude of different
extrudate shapes are possible, including, but not limited to, cylinders, cloverleaf,
dumbbell and symmetrical and asymmetrical polylobates. It is also within the
scope of this invention that the extrudates may be further shaped to any desired
form, such as spheres, by any means known to the art.

20 Spheres can be prepared by the well known oil-drop method which is
described in US-A-2,620,314 which is incorporated by reference. The method
involves dropping a mixture of zeolite, and for example, alumina sol, and gelling
agent into an oil bath maintained at elevated temperatures. The droplets of the
mixture remain in the oil bath until they set and form hydrogel spheres. The

25 spheres are then continuously withdrawn from the oil bath and typically
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25 spheres are then continuously withdrawn fromthe oil bath and typically
10 2 9 J U L 2005 subjected to specific aging treatments in?2d UHEh an
anmoni acal solution to further inprove their physical characteristics. The
resulting aged and gelled particles are then washed and dried at a

rel ativel o 0f .50- =Ya\ ] [ '
procedureya%%/#@%g S’Pgé'ﬁco%g'ﬁ@&?%%@"?%gn Zaghggr%dérﬁ?ﬁf@ng%ﬁ%WEQ Thi s
treatment effects conversi.on of the hydroge] to_the cQrrespondi ng al,um na
matrix. A p{ eﬁump@%;sh%tpiw,swaﬂ@haéqt@r%%- oﬂ-hﬁn'feéugmgpﬁa?@rﬂﬂﬂg galied

pal l adium rhodium ruthenium osmum and iridium is an optional

conponent opaitickes arecthentwasitend gd dbied atecedatively fov térmpematireaofi 5h260tC
al kylation. The preferred 10 plati numgroup netal is platinum The

pl atinum gr gyg %L%&é%c%g@%oﬂ RinatiBh pr%ééélﬁre"‘hf ?:tggiﬂé‘?%tg:@?é £R-7008 for a

conposite as a co such as an oxi de, su oxysul fi de,

etc., .or as_an el nt net al_or .in, conbination with o ar re .other
gt 8t ent <Paod AET8:Z AR oS LeBunet A& 2Bndbsipry AEin8 naBeg B REL o1 ¢
are obtained when substantially all the platinumgroup netal conponent 15
exi sts in acewespanting atuminameatpXat i num group nmetal conponent general |y
conprises fromO0.01 to 5 nmass-% and preferably from0.1 to 2% of the final

catal yst conposi Aeplatiplf-gRiupdntaldintL@ingnéme drasbfe of slathah| palfadiuayp
nmetal conmponent may be incorporated into the catalyst conposite in any

suitable ma g - had NLepal i : 20 .C .
utilizati onmﬁ%mvcx}/a}? g{r%lhc}ﬂutﬂ% @iB@éc%ﬁn%ggglEF‘g @o%ﬂo%@éﬁ(@ %6'3'@{'?@15”‘?«? grﬁ(e)up
nmetal to i rTBre nate the cal ci ned si g/e_/ bi nder _conpos%lke Al t.Fr natiyvel

r 8% F

. , a
pl ati num g CAIAYS) B AReasEaNh DT iaameTizRtiomand; dlkviation. The preferred

10 platinum-group metal is platinum. The platinum-group metal component may
exist within the final catalyst composite as a compound such as an oxide, sulfide,
halide, oxysulfide, etc., or as an elemental metal or in combination with one or
more other ingredients of the catalyst composite. It is believed that the best
results are obtained when substantially all the platinum-group metal component

15 exists in a reduced state. The platinum-group metal component generally
comprises from 0.01 to 5 mass-% and preferably from 0.1 to 2% of the final
catalyst composite, calculated on an elemental basis.

The platinum-group metal component may be incorporated into the
catalyst composite in any suitable manner. One method of preparing the

20 catalyst involves the utilization of a water-soluble, decomposable compound of a
platinum-group metal to impregnate the calcined sieve/binder composite.
Alternatively, a platinum-group metal compound may be added at the time of
compositing the zeolite and binder. Yet another method of effecting a suitable
metal distribution is by compositing the metal component with the binder prior to

25 co-extruding the zeolite and binder. Complexes of platinum-group metais which

11



conpositing the zeolite and binder. Yet another nmethod of effecting g UL
suitable netal distribution is by conpositing the netal conponent wth gWé
bi nder prior to 25 co-extruding the zeolite and bi nder. Conpl exes of

pl ati numgroup nmetals which 11 2 9 JUL 2005 may be enpl oyed according to the

above or ot hﬁf% Baoéﬁgwgécérﬂﬁ'@gﬁ m)ttaﬁg%ﬁ’é\%olo?tétﬂgf k?)’l%\hﬂ'l n‘fé\h?&@q Lagi ¢

aci d, ammoni urh chl or ["at 1 num

plati numtetrachlori.de hydrate | ati num di chl orocar bgnyl di chl ori de,.
betram ne pPaBroRglini i, deiorgbaadic apidmruppalm ahioraplatrate bromoplatinic
tetranitroplatinate (11), palladiumchloride, palladiumnitrate, palladium
sul fate, di afih neplatinuen untrichtyiday dr platioiem t detrachiorideal hypdiatey ( Jdiatinum
chloride, and the like. It is within the scope of the present invention

that the cauwhkﬁbc@mngshmmrw tefaRihd pratieE dRdrRle, CAIRRQIMRAh oA, O

nodify the effect of the platinum 10 group netal conponent. Such netal

nodi f igers i . b N, i . ead, . cpbal t.. nick i ndi um
gal 11 6m 21 Sechlf Sl OGRAHRs. iy PR, HbrdEaPaaiBR.Anafe oflaiir
Catal ytically effective ampunts of such nmetal nodifiers may be incorporated
into the caﬁéhf@tst digmminepaliagism b ydrexidedeiramminepalladium @) ehlasigienadds or
stratified distribution. 15 The catal yst conposite of the present invention
may cont ai nthe lilld.ogen conponent. The hal ogen conmponent may be either
fluorine, chlorine, bromne or iodine or mxtures thereof, with chlorine
bei ng preferred. 1The,: | |l i L,hed
State wth the i hasoutih 1683con8 B S Hhescht SRATHRY HaPHET EBlae? sooiRERb"TS

f bl |1 _di d 20 th hout th tal yst d i f
Pnr)reee{ ﬁanyo\_/\rrlgayt %or{ltgi?\?étﬁgg metal cc{rﬁggné)n S kno&mct% r%oa/i?y thaeneffgcﬁyofctﬁggfe{tisnﬁm-r om

10 group metal component. Such metal modifiers may include rhenium, tin,

nat e, Intc acl richlorrde,

germanium, lead, cobalt, nickel, indium, gallium, zinc, uranium, dysprosium,
thallium, and mixtures thereof. Catalytically effective amounts of such metal
modifiers may be incorporated into the catalyst by any means known in the art to
effect a homogeneous or stratified distribution.

15 The catalyst composite of the present invention may contain a halogen
component. The halogen component may be either fluorine, chlorine, bromine
or iodine or mixtures thereof, with chlorine being preferred. The halogen
component is generally present in a combined state with the inorganic-oxide
support. The optional halogen component is preferably well dispersed

20 throughout the catalyst and may comprise from more than 0.2 to 15 wt.%,
calculated on an elemental basis, of the final catalyst. The halogen component
may be incorporated in the catalyst composite in any suitable manner, either
during the preparation of the inorganic-oxide support or before, while or after

other catalytic components are incorporated.
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cal cul ated on an elenental basis, of the final catalyst. The hal ob%rJUHUOE’
conponent nmay be incorporated in the catal yst conposite in any suitable
manner, either during the preparation of the inorganic-oxide support or
before, while or after other catal oc conponents are incorporated. 12 2 9 J

UL 2005 The cat onposite.is. dried, at t ol to
320C for a periﬁaggig"taﬁsf%oﬂnog'tﬁﬁs gpeﬁrgfatﬁ&?ﬁgﬁgﬁ%aﬁéﬁaﬁ%m%@e&gﬁ at a
tenmperature of from 400to 650C in an air atnmosphere for a period of froml
to 10 hour sa@eripd of fieen 2doA4 oMo PeursRNtr Y, ealeined @l artegperature of
substantially to the oxide form If 5 desired, the optional hal ogen

conponent ngmb40GY BS0ET ian aie htdbsishere forhqasodof freinoyen-1Qondws UMy
conmpound in the air atnosphere. The resultant cal cined conposite optinally

|'s subjecteg.dng II%’B@%@Q%%% é}’ese‘?@ta?é é{)ﬁ\f‘%teéoeg%@%%@ttﬁﬁh% l‘bxid?esfbrrl‘?\. a

uni formand ti1nely drvi persion o nmetall'Tc conponents.
The reductiqgn optionally y. be effected in situ, 10 Substantially. pure and
dry h?drogeae?'f&t.! 8 99§°Er‘]§aha@990099m89ﬂ?@2@5)ayptb§f @Fj&ﬁ%& %Ys U’é‘é‘gd'gg fhe
reduci ng agent in this step. The reduci ng agent contacts the catalyst at

condi ti ons, halegenadiringlegercopeaming eorpo@nadin t@lait atrédsphesad for a period of
from0.5 to 10 hours, effective to reduce substantially all of the G oup

VIl metal conpomgptel@diteaiBhéd bbﬁg@%géé%ggmil?qg%uﬁ tda dupsritiang

reduced 15 catal yst conposite nmay a cially subjected to
Composi t e RBIRUreR EptTion Staade Iute pritonty a Seh BAtEH GrslSi R Thesi <
The feedstock to aromatics isonerization conprises isonerizable o
al kyl ar omat Pptional rmaetallisoeempenents. geheereduction aptignatrmanbereffegiad & §itt.s an
10 Substantially pure and dry hydrogen (i.e., less than 20 vol. ppm H,0) preferably
is used as the reducing agent in this step. The reducing agent contacts the
catalyst at conditions, inciuding a temperature of from 200° to 650°C and for a
period of from 0.5 to 10 hours, effective to reduce substantially all of the Group
VIII metal component to the metallic state. In some cases the resulting reduced
15 catalyst composite may also be beneficially subjected to presulfiding by a
method known in the art to incorporate in the catalyst composite from 0.05 to 1.0
mass-% sulfur calculated on an elemental basis.
The feedstock to aromatics isomerization comprises isomerizable
alkylaromatic hydrocarbons of the general formula CgHe)R,, where n is an
20 integer from 1 to 5 and R is CHg, C;Hs, C3H5, or C4Hg, in any combination and
including all the isomers thereof to obtain more valuable isomers of the
alkylaromatic. Suitable alkylaromatic hydrocarbons include without limitation
ortho-xylene, meta-xylene, para-xylene, ethylbenzene, ethyltoluenes,

tri-methylbenzenes, di-ethylbenzenes, tri-ethyl-benzenes,
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20 integer froml to 5 and Ris CH3, CA C3H7, or C4H9, in any conbination
and including all the isoners thereof to obtain nore val uabl e isafEUEL%msthe
al kyl aromatic. Suitable al kylaromati c hydrocarbons include wtho

limtation ortho-xylene, neta-xylene, para-xylene, ethylbenzene,

et hyl t ol uen tri-nmethyl benzenes, di-ethyl benzenes, tri-ethyl-benzenes, 13
29 JUL20u- ) TRUHDAOBY BRI PB0RS on eV IGRNIDRIZE IS o AzBRRIOPYIbenzénes, an

di -1 sopropyl benzenes, and m xtures thereof. |sonerization of a CB-aromatic
m xt ure conféxtdrasghetasfl benzene and xylenes is a particularly preferred
application for the zeolites of the invention. 5 Cenerally such m xture

wi Il have an et hidoagarizationcenterCy-arorhdR: anRiAY | GBHIRINIAGIsthebehzéRe Sind
mass-% an ortho-xylene content in the approxinate range of "0 to 35 mass-%

a neta-xyle tent Ln. the approximate.range, of, 20_1q. 95 ss-% and a

par e 1 encXUBiFR it & RefticEypPEead EnPUF BT st gnBozadligs, of ThE Tryaid.
preferred that the aforenentioned C8 aromatics conprise a non-equilibrium 10 |
m xt ube, i .&eneslly such mixaresvibhavet ar atkyhenzene peeteattin ithe appsoximate at i on
that differs substantially (defined herein as a difference of at least 5

mass- % of t hingel of Siko 6B rAASEES, drSdrthe SYlehBednRSIitTR NS APproXMiatd Harige st 0 |
concentration of that 1soner at isonerization conditions. Usually the

non-equi | i by %k W e I, e I = o) thogxyl ene
froma fr esLd gg)] girdé%ra}tﬂ g ﬁ?tgnxﬂéﬁrréeg%@tggl{ mP{?ra rgﬁﬁ%&ﬁ%%ﬁ géséfp?gdl&c?lgon
process, and preferaply the non- equilibriummxture contains |ess than 5
mass- % par am@{%ﬁg%@_.n (Paaﬁq“k(y‘éﬂ? ent iR be GEHFQ’)‘HH@WQ%&LH 19 ﬂgé@psq{% he
present invention as found in appropriate fractions fromvarious refinery
pet r ol eum sttrie gmeferredthat the aforementioned Cg aromatics comprise a non-equilibrium

10 mixture, i.e., at least one Cg-aromatic isomer is present in a concentration that

differs substantially (defined herein as a difference of at least 5 mass-% of the

total Cg aromatics) from the thermodynamic equilibrium concentration of that

isomer at isomerization conditions. Usually the non-equilibrium mixture is

prepared by removal of para- and/or ortho-xylene from a fresh Cg aromatic

15 mixture obtained from an aromatics-production process, and preferably the non-
equilibrium mixture contains less than 5 mass-% para-xylene.

The alkylaromatic hydrocarbons may be utilized in the present invention

as found in appropriate fractions from various refinery petroleum streams, e.g.,

as individual components or as certain boiling-range fractions obtained by the

20 selective fractionation and distillation of catalytically cracked or reformed

hydrocarbons. The isomerizable aromatic hydrocarbons need not be

concentrated; the process of this invention allows the isomerization of

alkylaromatic-containing streams such as catalytic reformate with or without

subsequent aromatics extraction to produce specified xylene isomers and

25 particularly to produce para-xylene. A Cg-aromatics feed to the present process
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as individual conponents or as certain boiling-range fractions obtained by
the 20 selective fractionation and distillation of catalytically crfggﬁg gﬁ
reformed hydrocarbons. The isonerizable aromatic hydrocarbons need 8
concentrated; the process of this invention allows the isonerization of

al kyl aromat |.¢- ol catal yii Gt r l¢b: 0. O | t hout
subsequent Wﬂg{j‘,ﬁ%ﬁ &BPE&J{]&WQI g%%f)%ﬁksea}sep'eﬁ%#ﬁtga F‘é% %SPM%{%% 25
particularly to produce para-xoyl ene. A C8-aromatics feed to the present
process 14 Moot 200 By Mesat%i nPrefeeatiydbe dsomarizble taviiocarbens ansiathenes
and paraffins, in an anount up to 30 mass-% Preferably the isonerizable

hydr ocar bonessemtizligt of asseatidsalHowever at®@asues pulw \weyducts tieorangowestpeam
products from downstream recovery processes. 5 According to the process of

t he present dbvg | al kyl aromati ¢ hydrocarbon feed m xture,
preferably |rén a ﬁwﬁjt})reesgg\ns'th hydrogen, is contacted wth a catalyst of the

type hereinafter described in an al kyl grgmati c hydrocarbon is ri zat.ion
zone. gCont act i ngATEGrIRG dor the é?ioﬁ%?r%dﬁtﬁ@ CERSANI sINVERTIGN ¢ i%@ﬁ&&fo St em
a novi ng- bed system a fluidized-bed system or in a batch-type 10

operation. hydrocavbari fedd mistnesr preferabty int admixtareswith hydzogein uisbtentaeted! yst
and of the sinpler operation, it is preferred to use a fixed-bed system In

this systemyith a B&fﬁl@%‘l‘ﬁé ORSreMmihtdr b sEAISEH A %k HIy| AfoPndtic® be&rbon
suitable heating nmeans to t'he desired reaction tenperature and then passed

conver si on RSHARBLBRE GHMALMS TR 8 bhefa Bd IneCEhB Tl a FBr ootk ans
t her ebetween to ensure that the desired isonerization tenperature is
mai nt ai ned &YStEAb anMaeming-bed sywtaMzonefivigized-bed system, or in a batch-type

10 operation. In view of the danger of attrition loss of the valuable catalyst and of
the simpler operation, it is preferred to use a fixed-bed system. In this system, a
hydrogen-rich gas and the feed mixture are preheated by suitable heating means
to the desired reaction temperature and then passed into an isomerization zone
containing a fixed bed of catalyst. The conversion zone may be one or more

15 separate reactors with suitable means therebetween to ensure that the desired
isomerization temperature is maintained at the entrance to each zone. The
reactants may be contacted with the catalyst bed in either upward-, downward-,
or radial-flow fashion, and the reactants may be in the liquid phase, a mixed
liquid-vapor phase, or a vapor phase when contacted with the catalyst.

20 The alkylaromatic feed mixture, preferably a non-equilibrium mixture of Cg
aromatics, is contacted with the isomerization catalyst at suitable alkylaromatic-
isomerization conditions. Such conditions comprise a temperature ranging from
0° to 600°C or more, and preferably is in the range of from 100° to 500°C. The
pressure generally is from 101 to 10132 kPa (1 to 100 atmospheres absolute)

25 preferably less than 5066 kPa (50 atmospheres). Sufficient catalyst is
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reactants may be contacted with the catal yst bed in either upward-,
downward-, or radial

-flow fashion, and the reactants may be in the liquid
phase, a mxed [|iquid-vapor phase, or a vapor phase when contacted]Wi 1)f t he
catal yst. 20 The al kylaromatic feed m xture, preferably a non-equilibrium
m xture of Ca _,aromatjcs, is contacted with the jsoperization catalyst at
sui tabl e al EPNEIRGEIN the isomesization zene &Hﬂ?w(ﬁ%ﬁé'ﬂu PUBLBRAGE ¥RlOCRHMIN se a
tenperature ranging from 0 to 600C or nore, and preferably is in the range
of from 100 respesdocthea hysdrqcaMedgnin&rraldfyrdnsOﬁrmaﬁﬁ’,tﬂdlﬁﬂsﬂérabl?ao.ﬁl to
100 at nospheres absolute) 25 preferably | ess than 5066 kPa (50 atnospheres).
Sufficient eati@ wet The Hydtodhrdbh f ixttfd bptif@sly i) rddited jiZ@hé Wihzone
to provide a liquid houﬂrl@y space v%#g(%lty Wi ?L r)és%eécétﬁ?%ﬁ?@hhy r%car bon
feed m xtur ro wLto 30 h and preferably 0.5 . to 10 hr-'. e
hydr ocar bon%fygg%d% g?[ %MdB%qrmdr9qu§°Pégglge@ﬁPﬁ* %ﬁﬁtﬁ%\ﬂrtrﬁor%y%en at
a hydrogen/ hydrocarbon nole ratio of 0.5:1 to 25:1 or nore. Other 5 inert
di l uedt s suditerhdilygnts syeh asrijogenaagon gnd lightihydracabonsmagy be ppeeeatnt .  The
reacti on proceeds via the nmechani sm described herei nabove, of isonerizing

xyl enes while redtd ngactiony plsieees evih otheo rBohanisng Ndestriodr Bevainab®@) Vel si on
to and reconversion from napht henes. The yield of xylenes in the product

thus is enhaqqRr f ] : é}@ RSm l.ass 10
aromatics thr ougﬁﬂmeﬁ{léeﬂa‘%;wmgﬁﬁggnﬁi%ﬁ/&gﬁ%pl cgcfl y | ngy‘teﬁgnn%&rjr%g- Yo per
pass of C8 aromatics in the feed to, the reactor, prefe_reigl 3, mass- % or
less, and wﬁgﬂveﬁ'%imsﬂyr%@nwrsm fram DaBMeo8s4 Then Jilal YIANES B ierre
enpl oyed to recover an isonerized product from the effluent of the reactors
of the i somproductitbus iweshancatbby trmimg xylenbs from ethgdthenzene. The loss of Cg

10 aromatics through the reaction thus is low: typically less than 4 mass-% per pass
of Cg aromatics in the feed to the reactor, preferably 3 mass-% or less, and most
preferably no more than 2.5 mass-%.

The particular scheme employed to recover an isomerized product from
the effluent of the reactors of the isomerization zone is not deemed to be critical

15 to the instant invention, and any effective recovery scheme known in the art may

be used. Typically, the reactor effluent will be condensed and the hydrogen and
light-hydrocarbon components removed therefrom by flash separation. The
condensed liquid product then is fractionated to remove light and/or heavy
byproducts and obtain the isomerized product. In some instances, certain
20 product species such as ortho-xylene may be recovered from the isomerized
product by selective fractionation. The product from isomerization of Cg
aromatics usually is processed to selectively recover the para-xylene isomer,

optionally by crystallization. Selective adsorption is preferred using crystalline

aluminosilicates according to US-A-3,201,491. Improvements and alternatives

25 within the preferred adsorption recovery process are described in US-A-
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15 to the instant invention, and any effective recovery schene known in the
art may be used. Typically, the reactor effluent will be condensed gﬂm t&g
hydrogen and 1|ight-hydrocarbon conponents renoved therefrom by fI% L2
separation. The condensed liquid product then is fractionated to renove

| notancos, BEPPAIAD A0S e Whids cbu DS UBORE AR Qe uaa Laler e

fromthe isonerized &Soduct by selective fractionation. The product from

i someri zati 8RdPSER4,40888i cs usual |y is processed to sel ectively recover
t he para-xylene isoner, optionally by crystallization. Sel ective adsorption |

is preferred usihg arepatdtionfisorabrratiorsi piocesss conbimationg refating to the |
US- A- 3, 201, 491. Inprovenents and alternatives 25 within the preferred |

S50 e LG OE MU i e

US- A-4,402,832. In a separation/isonerization process caonbination relating
to thé proEedwingy sithaisamenaes Riachist Gorepyising xGai@gomaties and 0apaieREsi cs
feed is 5 conmbined with isonerized product conprising C8 aromatics and

napht henes fropimttidRontstiFatibA abhstibr 268d afd fa@ne R pdrd-gplehd sepafdtionxybdrene
separation zone; the para-xylene-depleted stream conprising a

non-equi | i bgd P ) ti S f.e thedsonerizatio
Feact fon zof ek Ropibtio, SEHR bGbeling™d, hon ST ke 81 Co
near-equilibriumlevels to obtain the isomerized 10 product. In this process
schene non- AEYBRGSeds dedatco e iisometzation geastionagppe, avhereethec Cearpmmatic
extinction until they are either converted to para-xylene or lost due to
si de-reacti pyptnerer hRP-isymeriged adanahi-equilibrighe vy t8Y obtadt tthenibhibtized! so
10 product. In this process scheme non-recovered Cg-aromatic isomers preferably
are recycled to extinction until they are either converted to para-xylene or lost
due to side-reactions. Ortho-xylene separation, preferably by fractionation, also |
may be effected on the fresh Cg-aromatic feed or isomerized product, or both in
combination, prior to para-xylene separation.
15 The alkylation and preferably the monoalkylation of aromatic compounds
involves reacting an aromatic compound with an olefin using the above

described zeolitic catalyst. The olefins which can be used in the process are any

of those which contain from 2 up to 20 carbon atoms. These olefins may be

branched or linear olefins and either terminal or internal olefins. Preferred olefins
20 are ethylene, propylene and those olefins which are known as detergent range
olefins, Detergent range olefins are linear olefins containing from 6 up through 20
carbon atoms which have either internal or terminal double bonds. Linear olefins
containing from 8 to 16 carbon atoms are preferred and those containing from 10

up to 14 carbon atoms are especially preferred.
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may be effected on the fresh C8-aromatic feed or isomerized product, or both
in conbination, prior to para-xylene separation. 15 The al kyl atiagn a E ¢
preferably the nonoal kyl ati on of aromatic compounds i nvolves reach y g &[}Q
aromatic conmpound with an olefin using the above described zeolitic

catal yst. The ol can used in the pr cess are an of those

Whi o contat n 1 She o3l AleDle G BmATe Sottesuhds T, Db SsieREc P &e R ned
or linear olefins and either termnal or internal olefins. Preferred ol efins
20 are et hyremgisting op peenena mbphihalens| amthracensi phenarthranewvands sulestitutgd nt
range olefins. Detergent range olefins are |linear olefins containing from®6

up through a@nvamébqaeaéorrrwwb@ﬂmémvan@lﬁshaénmmsﬁ@éungrthéem@ssﬂ Prefdnugl e
bonds. Linear olefins containing from8 to 16 carbon atons are preferred

orct orred, - SPGaE Gompbao By kBl s ke Yt M e R Ry R R g e

sel ected fromthe group consi sting of benzene, naphthal ene, anthracene,
phenaft hr en@kyiated By gatalefiniceomaeund:al he alkylatatie gromalic eorppasRGeMay hiave s
derivatives being the nost preferred aromatic conpound. By alkylatable is

neant that bhe cxmoretdofche supstitdnisaselduted fralkiHeagretipuongisting of arkyt geupeound.
The al kyl at abl e aromati ¢ conpounds nay have one or nore of the substituents

sel ect ed fr \;"%Jgﬁpqpto%%hﬁ}dnn é’mﬁ) hid’rbxgoﬁr’dﬂﬁs SM%H@XﬁrBUpéLV\%%g 20

carbon ato groups whose
2l Koxy ot LL%my&gqaﬁ@?@ﬁg%pﬁ%&bsﬁ ATpRigh: te%%bérﬂ%ﬁrﬁ?ﬁt T e
chain. Al though unsubstituted and nonosubstituted benzenes, naphthal enes,
ant hr acenes anaiky! giealkoxyrgrenpsa phenybgroupfaasnales eani e shlastmntadtommeoalkylhu S
10 chain. Although unsubstituted and monosubstituted benzenes, naphthalenes,
anthracenes, and phenanthrenes are most often used in the practice of this
invention, polysubstituted aromatics also may be employed. Examples of suitable
alkylatable aromatic compounds in addition to those cited above include biphenyl,
toluene, xylene, ethylbenzene, propylbenzene, butylbenzene, pentylbenzene,
15 hexylbenzene, heptylbenzene, octylbenzene, etc.; phenol, cresol, anisole, ethoxy-,
propoxy-, butoxy-, pentoxy-, hexoxybenzene, etc.

The particular conditions under which the monoalkylation reaction is
conducted depends upon the aromatic compound and the olefin used. One
necessary condition is that the reaction be conducted under at least partial liquid

20 phase conditions. Therefore, the reaction pressure is adjusted to maintain the
olefin at least partially dissolved in the liquid phase. For higher olefins the reaction
may be conducted at autogenous pressure. As a practical matter the pressure
normally is in the range between 1379 and 6985 kPa (200-1000 psig) but usually is
in & range between 2069-4137 kPa (300-600 psig). The alkylation of the alkylatable

25 aromatic compounds with the olefins in the C2-C20 range can be carried out at a
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I nvention, polysubstituted aromatics al so may be enpl oyed. Exanpl es of
suitabl e al kylatable aromatic conpounds in addition to those cited ?@Qﬂﬂ?%S
i ncl ude bi phenyl, toluene, xylene, ethylbenzene, propyl benzene,

but yl benzene, pentyl benzene, 15 hexyl benzene, heptyl benzene, octyl benzene,

etc.; pheno c ol , .50l e, et hoxy-, r QROXY - OXY enbPeNt OXYy-
hexoxybenze*?g,]peégﬁ".re‘ﬂ%géq)gﬂq éQ‘F:’aa éﬁﬂo‘?r{a{)%%@ym{ﬂfgr% ﬁ ‘?lsﬂeen&q{o%ltm? ation
reaction is conducted depends upon the aromatic conpound and the ol efin
used. One Hudfficieatio/ faraniiet desiredsproduet. ime gastibuous prsess ibigclinag cana@y at

| east partial liquid 20 phase conditions. Therefore, the reaction pressure

i s adj ust edcomsiderablyaibut tiveisualyefiom @1 e hrbasighihbyriglispack watodity wite
| i qui d phase. For higher olefins the reaction may be conducted at

aut ogenous p L.cal t r : .S, LA the
range bet wegirnS %%ggg)etgﬁgﬁ%@h5@@?'@@8&@5%&4@) &blﬁ%&léé §a‘1"p§ E’@Hr?énéa} tr)gnge
bet ween 2069- 4,1a7 kPa g300- 600 psig&.o The al kyl ation of the alkyl at abge 25
ar omaPi ¢ cofyHiEHRILAtltAMPREatIast Phd00%C 1heSess @pd tharrlkylation B beRFeNSEY out
at a 18 2 9 J UL 2005 tenperature of 60C to 400C, and preferably from 90C
to 250C, fopropyteneeat auefriperatote b 906Cntot 2@0°@e SThee datjor ofl alidylatélvle saroonaticnuous
process this time can vary considerably, but is usually fromO0.1 to 3

hr-' wei ght B&ﬂbbyn%@@%wh%w the Fﬁbtaﬁteéreegﬁs WAl HB@?@% qugﬂ- the"deRped igful ar,

the al kylation o enzene W th ethylene can be 5 car t at tenperatures
of 90C t o 288BetNEh dengaglalEn HesPa BswEl 8F Sferten R SRS anE el Btlced
in the instant process will depend upon the degree of selective
nonoal kyl at Pigfinige spmp@ngstswef | thes reagtionematiige  cbet aligdation: air berzene Ayd
ol efinic components of the reaction m xture. For al kylation of benzene by
10 propylene, benzene-to-olefin ratios may be as low as 1 and as high as 10, with a
ratio of 2.5-8 being preferred. Where benzene is alkylated with ethylene a
benzene-to-olefin ratio between 1:1 and 8:1 is preferred. For detergent range
olefins of C6-C20, a benzene-to-olefin ratio of between 5:1 up to as high as 30:1 is
generally sufficient to ensure the desired monoalkylation selectivity, with a range
15 between 8:1 and 20:1 even more preferred.
The zeolites of this invention can also be used to catalyze transalkylation.
By “transalkylation" is meant that process where an alky! group on one aromatic
nucleus is intermolecularly transferred to a second aromatic nucleus. A preferred
transalkylation process is one where one or more alkyl groups of a polyalkylated
20 aromatic compound is transferred to a nonalkylated aromatic compound, and is
exemplified by reaction of diisopropylbenzene with benzene to give two molecules
of cumene. Thus, transalkylation often is utilized to add to the selectivity of a
desired selective monoalkylation by reacting the polyalkylates invariably formed
during alkylation with nonalkylated aromatic to form additional monoalkylated

25 products. For the purposes of this process, the polyalkylated aromatic compounds
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10 propyl ene, benzene-to-olefin ratios may be as low as 1 and as hi g%EﬂjULl%DS
wth a ratio of 2.5-8 being preferred. Were benzene is al kylated w
ethylene a benzene-to-olefin ratio between 1:1 and 8:1 is preferred. For
detergent range olefins of C6-C20, a benzene-to-olef in ratio of between

moroal kyl at FShRBPARITIGH ) e, oRGIREOA R rebie e S i SEURET,

preferred. The zeolites of this inventjon can al so be used to catal yze
transal kyl affd@escripgd abques Andy tha ineRalkykates Arematic icompaunsls %P@”é@ﬂ%l kyl

group on one aromatic nucleus is internolecularly transferred to a second
aromat i ¢ nuohphihalehepr efithracetie, t adhsphdndrtiieas. pr dhes seactionneomditions ofer or
nore al kyl groups of a polyal kylated 20 aromatic conpound is transferred to

a nonal kyl a ' ; , ' I i ks ' of
G opr opy| EHSANRERG) frd SRR, 8BS o AGIERER, bith Qe mplrdEis baalh the
transal kylation often is utilized to add to the selectivity of a desjred
sel ecti ve ntaRE8 RY18Pit8r2Y7, peassuresyin e F9P0%G98R o 3V KRk Q0 /584
during al kylation with nonal kyl ated aromatic to form additi onal

nmonoal kyl at edigdSamd tbiaictar fatio dfmmangram@@ asornétid tu polyakelated atdmaatic in the
pol yal kyl ated aromati c conpounds 19 9 J UL 2005 are those forned in the

al kyl ati on l g a ' ' LIS |
above, and ? %’@nﬁé'zﬁt‘képa@éd Egrgm{sl épg@%lgﬂ%ﬁg él'jrae t@%z«e}ﬁ'gt] Qﬁ%gg’%tcrﬁgfegﬁe,
ant hracene, and phenant hrene. The react 'hc‘)'n condi Itali@ﬁns. foﬁq tr.a&ﬂs | kyl ation
are sinlar W t Bde BEAZERE K PFathdnNOfRikHatedAPRRlIE o Naliide, (difHhY 8N¢.ange
of 100 to 250, pressures in the range of 6985 to 3447 kPa (100 to 750
psig), and diisopropgbenzane difutylbenzerieatristhyibenmeniectrisopropylbenaanetate. ar omat i ¢
in the range from1l to 10. Exanples of polyal kyl ated aromatics whi ch may be
r eact1gyl The X-ray patterns presented in the following examples (and tables
above) were obtained using standard X-ray powder diffraction techniques. The
radiation source was a high-intensity X-ray tube operated at 45 kV and 35 ma.
The diffraction pattern from the copper K-alpha radiation was obtained by
appropriate computer based techniques. Flat compressed powder samples
15 were continuously scanned at 2° (26) per minute from 2° to 70°(26). Interplanar
spacings (d) in Angstrom units were obtained from the position of the diffraction
peaks expressed as 20 where 6 is the Bragg angle as observed from digitized
data. Intensities were determined from the integrated area of diffraction peaks
after subtracting background, “I," being the intensity of the strongest line or peak,
20 and “I” being the intensity of each of the other peaks.
As will be understood by those skilled in the art, the determination of the
parameter 20 is subject to both human and mechanical error, which in
combination can impose an uncertainty of +0.4 on each reported value of 26 and

up to 0.5 on reported values for nanocrystalline materials. This uncertainty s,

25 of course, also manifested in the reported values of the d-spacings, which are
20



with, e.g., benzene as the nonal kyl ated aromati c include diethyl benzene, d
iisop ropyl benzene, dibutyl benzene, triethyl benzene, triisopropyl bppzébels
etc. 10 The X-ray patterns presented in the foll ow ng exanples (and tabl es
above) were obtained using standard X-ray powder diffraction techniques. The

radi ati on source a high-iptensity. X-ray.tube operated 35
ma. The di ?%FH‘@%%&O%{F}QGQHaRP ms[:m% '@B’ﬁﬁé’oQ(l%g%rﬁ%rafﬁﬁ?'é@i&%"ﬁ%\érggﬁgi ned
by appropriate conputer based techniques. Flat conpressed powder sanples 15
wer e cont i nisonstl suficientiedpreciugie(the)differentiation of theopresenberysiatine matewalpl anar
spacings (d) in Angstromunits were obtained fromthe position of the

diffraction ; i i ed
;rgﬂﬁéﬁq gwr%?ﬂ%rﬁﬁha%owg@rsmo%s of th89riBF 389 1Arke o tHbXahy

fromdigiti Intensities we determ ned fromthe integrated area

of the St 1 oRgReS ieperign. fle.EShsD ot O e i gl arsChB P sk hEGT ¥

the other peaks. As will be understood by those skilled in the art, the
det er Bi nat | OntadiPNEHes, pamaptew Bbichsrepiesert very 8iEeng. hsieng, am@diEenant cal
error, which in conbination can inpose an uncertainty of 0.4 on each

reported valwgakofespocnsly. WP tdrtnDofS1 GINXrIARahe ethoveldesigriations ane definédaki ne
materials. This uncertainty is, 25 of course, also nmanifested in the

5255 VAR S ST Sh 8 o s e g, o

the 0 val ues. i nmp i‘on T's general” ough e art and |
sufficient to preclude the differentiation of resent ctr% talline

J t.ne
materials ©f gndYHBeSIEEH droduet MRy R ﬁés%scﬁ?ﬂo‘é’itp'if@ eBfe tadispKiTay Rewder
some of the X-ray patterns reported, the relative intensities of the
d~spaci ngs aiffractich @attech.byThuse for maaatpienié assample ris steted tehberpurepiteiSent
very strong, strong, nedium and
10 intended only that the X-ray pattern of the sample is free of lines attributable to
crystalline impurities, not that there are no amorphous materials present.
In order to more fully illustrate the invention, the following examples are
set forth. It is to be understood that the examples are only by way of illustration
and are not intended as an undue limitation on the broad scope of the invention

15 as set forth in the appended claims.
Example 1

An aluminosilicate reaction mixture was prepared in the following manner.

Aluminum sec- butoxide (95+%), 58.75 g, was added to 836.34 g TEAOH (35%)

with vigorous stirring. To this mixture, 294.73 g colloidal silica, (Ludox AS-40,

20 40% Si0;) was added, followed by the addition of 10.18 g distilled water. The
reaction mixture was homogenized for 1 hr with a high-speed mechanical stirrer,

and then aged in teflon bottles overnight at 95°C. After the aging step, the

reaction mixture was recombined and analyzed, the analysis indicated a silicon

content of 4.67%.
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weak, respectively. In terns of 100 X I/1., the above designations are
defined as w = 0-15; m= 15-60; s = 60-80 and vs = 80-100. In cédftAln

i nstances the purity of a synthesized product nay be assessed with
reference to its X-ray powder diffraction pattern. Thus, for exanple, if a

of The sanpl o | sArTtB S st nip rer CPRORE vl YeddBlw 'ﬁ!ﬂ*%ﬁ?f%?'ﬁ@éﬁeﬁ&

that there are no anprphous materials Sresent In order to nore

i |l ustrate CORSISHRERLilon/7 thd MAC] 9%y dissaiyaddn 230 g distiligdy watqrt W};ﬂet o be

understood that the exanples are only by way of illustration and are not

i nt ended asapplyingdwiggdrous trabxing) Aftet e Halfdsalirs ob gfeoredgériization ahe | mactiéd as
set forth in the appended clains. Exanple 1 An alum nosilicate reaction

¢ h
(9549 . 55, TGP 4AE diblifed %é@“?ﬂgf@%a?@%@wﬁﬁgﬂ?%fWs??P'r'. g,
T th t 294. 73 I AS- 40, 20 4098

RddedS 1 of | BRSRUH (D3-SR At 190°bs where e rapcian Midtures ere HEESEE Lt Fon
m'xture was honogeni zed for 1 hr with a high-speed nechanical stirrer, and

then aged i daysf aBbnawtogehess oprassutgst TheoSolid Aproducts havesigi necameegdd bye
reaction m xture was reconbi ned and anal yzed, the analysis indicated a

silicon copsgtifuddtion, @E%ealaﬁ’d Qriddat 8845, A 500 g portion of this reaction
m xture was treated wth TMACI solution consisting of 11.77 g TMACL (97%

ool ved 1125 Gy SAAASE oSl ronBRR XA PR iRl o @
teflon-1i necj a8 Oclll/%es Oggear?éj t((i)/?\} a—V%SOSV\Béganmng Electron Microscopy (SEM)
10 showed the crystallites to consist of clustered platelets approximately 100 — 300
nm across. Characterization by powder X-ray diffraction (XRD) showed the lines
in the pattern to be those for the material designated UZM-5. Table 1 below
shows lines characteristic of the phase. A portion of the sample was calcined by
ramping to 540°C at 2°C/min in N, holding at 540°C in N, for 1 hr followed by a
15 7 hr dwell in air, also at 540°C. The BET surface area was found to be 530 m?/g,

and the micropore volume was 0.2cc/g.
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5 placed in ovens set at 150C, where the reaction m xtures were di %e (ﬂ for
4 days at autogenous pressures. The solid products were recovered UL 2005
centrifugation, washed, and dried at 95C. The conposition of the |soI at ed
products consisted of the nole ratios Si/Al =6.88, NA = 0.83 and CUN =
6. 05. Scanning El ectron M croscopy (SEh%*Hﬁlﬁ showed the crystallites to

consi st of clustered platel ets appr oxi 100 - 300 nm across.
Characterization by powderX-ray diffracti.on (XRD) showed the lines in the

pattern to be those for the me@#rial| desi{dpatgd URN%. Table 1 bel ow shows
| ines characteristic of the phase. A portion df the sanpl e was cal ci ned by
ramping to 540C at 2C/ min [Tn sy NOl |ng4qE 40C TR N2"flor 1 hr followed by
a 15 7 hr dwell in air, aljso at 5400 The BET |surface arlea was found to be
530 n2/g, and the m cropore— u e was 0 2echg—22—29-JUL 2005 Table 1
2-0d(A) 111 0% 6.2414. 15m 7.1901%. Q_@ &g § w-im 1207. 37m 15. 805. 60m s
16. 345. 42m 19. 054. 66w m 22, 004. 04M 22. 863. 89m

10.32 8.57 w-m

12.00 7.37 m

15.80 5.60 m-s

16.34 5.42 m

19.05 4.66 w-m

22.00 4.04 m

22.86 3.89 m

23.80 3.74 VS

27.40 3.25 w

30.14 2.96 w

30.90 2.89 w

31.60 2.83 m

33.20 2.70 w

34.56 2.59 w

36.64 2.45 w

44 .32 2.04 w

Example 2

An aluminosilicate reaction mixture was prepared in the following manner.
Distilled water, 876.65 g was used to dilute 846.25 g TEAOH (35%) solution.

5 Aluminum sec-butoxide (95+%), 49.54 g was added with vigorous stirring. This
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23.803. 74vs 27.403. 25w 30. 142. 96w 30. 902. 89w 31. 602. 83m 33. 202. 70w

34.562. 59w 36. 642. 45w 44. 322. 04w Exanpl e 2 An al uni nosilicate rgarfilold

m xture was prepared in the following manner. Distilled water, 876.65 g was
used to dilute 846.25 g TEACH (35% solution. 5 Al um num sec-butoxi de

{1 ovea by Wendolfipf N et OPERLB 7L ETERSS 90U Tl et S "

was heated to 85C overni ght and then distilled to 95C for 2 hr to renove
sol vent. Th¥ascheategntarBhiGraveraighbiangwthen disited taRbfador uRd ta deEwNeai n

3.34% Si by elenental analysis. A 300 g portion of this reaction m xture was

5 pl aced i nselveat.| Dhe bheadtion mmumém \vllgaedudl YoollandIwds dourkdné ajomtaig 3. 8
g TMACI (97%, 0.3 g LiCl, and 1.1 g Sr(NG3)2 dissolved in 25 g distilled

vater was  RSRRTadoantAMMEd Sy ACdo's AHBANGSH FaldoRORRAGL BasH "

m xi ng. After eaction geni z
and t hen spl t up. am)n%nf our teflon-lined aut ocI aves. The autocl aves vvere

place® in aP ipaoipliAn Rpakes andk mixed Mot uASOlHEPR GANRIBINGY 350
days at 150C at

TMACI (97%), 0.3 g LiCl, and 1.1 g Sr{NO3), dissolved in 25 g distilled water was

prepared and added slowly to the aluminosilicate concoction with mixing. After

the addition, the reaction mixture was homogenized for 2 hr and then split up

among four teflon-lined autoclaves. The autoclaves were placed in a 150°C

10 oven, where the reaction mixtures were digested for 5 days at 150°C at

autogenous pressures. The products were recombined, the solids isolated by
centrifugation, washed, and dried at 95°C.

Analysis by powder x-ray diffraction showed the product to have the UZM-

5 structure. A portion of the product was calcined under a fiow of nitrogen for 7

15 hr at 580°C. The composition of the calcined product exhibited the following

mole ratios as determined by elemental analysis: Si/Al = 7.6, Sr/Al = 0.11, Li/Al =

0.06. The BET surface area of the calcined material was 500 m?g and the

micropore volume was 0.19cc/g. The SEM of the product showed the crystals to

consist of a rosette morphology, the plate bundles usually on the order of 0.3 to

20 0.8 p across. Characteristic lines in the x-ray diffraction pattern are shown below

in Table 2.
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aut ogenous pressures. The products were reconbi ned, the solids isolated by
centrifugation, washed, and dried at 95C. Anal ysis by powder x-ray 05
diffraction showed the product to have the UZM 5 structure. A por&gﬂphﬁ
t he product was cal cined under a flow of nitrogen for 7 15 hr at 580C. The
conposition of the cal cined product exﬁhgkygd the followng nole ratios as
determ ned by elenental analysis: Si/Al"=77.6, Sr/Al = 0.11, Li/A = 0.06.

The BET surface area of thecalcinedmaterial was 500 nﬁ/g and the
m cropore vol une was 0. 19cc/ g.2%he SEM dl(Al he |prodlglé showed the crystals to
consi st of a rosette norphol ogy, the plate bundles usuallly on the order of
0.3 to 20 0.8 p across. Charagifgistiic {488s iIn theyx-ray diffraction
pattern are shown below ijn Table 2.| 24 7 9 JUL 2005 Table 2 2-o0d(A) 1/ 10%
6.1214.43m 7. 8411. 27m 10. 1;88GBY v 11.9?7 §3n115.785.61hr8 19. 044. 66W M
20. 384. 35w 21.904. 05m 22- 803 300%? 23.[703. fTgvs m

10.18 8.68 w-m

11.90 7.43 m

15.78 5.61 m-s

19.04 4.66 w-m

20.38 4.35 W

21.90 4.05 m

22.80 3.90 m

23.70 3.75 Vs

25.22 3.53 W

26.26 3.39 w

30.06 2.97 W

31.40 2.85 w-m

33.18 2.70 W

4413 2.05 w

Example 3

An aluminosilicate reaction mixture was prepared by adding 17.22 g of

Al(Osec-Bu)s (95+%) to 470.68 g TEAOH (35%) with vigorous stirring. De-

5 ionized water was added, 8.41 g, followed by the addition of 103.67 g of Ludox
AS-40 colloidal silica. The reaction mixture was homogenized for an hour with a

high-speed stirrer before it was placed in a teflon bottle and aged at 85°C for 2
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25.223. 53w 26. 263. 39w 30. 062. 97w 31. 40235W M 33. 182. 70w 44. 132. 05w Exanmple 3
An alum nosilicate reaction m xture was prepared by adding 17.22 g of

Al (Csec-BU)3 (95+9) to 470.69 g TEACH (35% with vigorous stirring.7 DL 20
ioni zed water was added, 8.41 g, followed by the addition of 103.67 g of
Ludox AS-40 | Qi dal.. silica., The reaction m xture was nogeni.ze an
nour i th ataft-oRIEDdL s Fhoeh”l oS dereaed ok aidentl s Dat dhe "and
aged at 950C for 2 25 2 9 JUL2005 days. After it was cooled it was

det ermi ned FBAGICBTBIXUE condained 3.4674tSit A0 gaurtionof this reactionomidinccwas. 46%
Si. A50 g portion of this reaction mxture was treated wth a solution of

TMACH (979 tre@tedlwith disthaloredi TMAQI ey, ®71 Zgddisweled.- in TIE grdstighigenas
honogeni zed for 30 mnutes with a high-speed stirrer 5 and then split anong

aut ogenous. NRGHECHER AR, ARAB3Led e o MY i andbepd iud on

washed with distill eﬁj water, and dried at 95C. The products of the reaction
m xt uPes di §B9{Ben £t amang stefigydingd rutodavamand digestedfe 3yA4, aeti8daysr ay
diffraction. Characteristic lines in the x-ray 10 diffraction pattern for
the nateri abt otBFCO/eat abitogendudapsesaueeyi The bsolidgirodudts ere isolated by
centrifugation, washed with distilled water, and dried at 95°C.
The products of the reaction mixtures digested for 4 and 6 days were
shown to be UZM-5 by powder x-ray diffraction. Characteristic lines in the x-ray

10 diffraction pattern for the material observed after 6 days are given in Table 3.
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2 9 9UL 2065 Table 3 2-0d(A)U o /o0 5.9014.97m 7.6611. 53m 10. 068. 78w m
11.707.56m 15. 705. 64m s 16. 365. 41w m 18. 744. 73w m 20. 364. 36w 21. 844 %UUL 7005
22.723. 91w m 23. 563. 77vs 26. 203. 40w 27. 263. 27w 29. 942. 98w 31. 262. 86Ww'm
33.082. 71w 43. 922. 06w Exanpl e 4 This exanple shows the substitution of
galliumfor some of the alum num in the structure. Two separate reaction
mixtures, Mxture A an al uninosilicatéab %orrposi tion, and M xture B, a
gallosilicate conposition, were prepared. Mxture A was prepared by addi ng

116.06 g Al (CsecBu)3 (95+% t@-§982.141 g(XEACH  11.%
5.90 14.97 m
7.66 11.53 m
10.08 8.78 w-m
11.70 7.56 m
15.70 5.64 m-s
16.36 5.41 Ww-m
18.74 473 w-m
20.36 4.36 w
21.84 4.07 m
22.72 3.91 w-m
23.56 3.77 VS
26.20 3.40 w
27.26 3.27 w
29.94 298 w
31.26 2.86 w-m
33.08 2.71 w
43.92 2.06 w

Example 4

This example shows the substitution of gallium for some of the aluminum
in the structure. Two separate reaction mixtures, Mixture A, an aluminosilicate
5 composition, and Mixture B, a gallosilicate composition, were prepared. Mixture

A was prepared by adding 116.06 g Al(OsecBu); (95+%) to 1982.41 g TEACH
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27 29 JUL2005 (35% with vigorous stirring. De-ionized water, 2.92

added to the stirring reaction mxture along with 698.62 g Ludox A@QldUL 2005
colloidal silica. The resulting m xture was honogeni zed for an hour with a
hi gh- speed sti rrer before it was pl aced in teflon bottl es and aged at 95C

for one day | u I licate.5. Xture n 96%
S by anal y 3 PLRIRVEPRRE' st R GRERF Watgr 2o b et BER g

di luting 275. 23 g TEAOH (35% with 275. 23 g de- ionized water. To this

vi gorous| y &adtiongixiuewaipag witho§9&.62q Ludox Afs4acollpisial siligal Thelresultingd
36.2 g freshly precipitated Ga(OH) 3xH20, 13.8% Ga, were added. After an

hour of honrgetare aldsohomicgenizedclor Gh Fbdi With aﬂﬁgﬁisPééd dtitret Béfoleitl Was
bottl e and aged at 95C for three days. This gallosilicate conposition,

wes pr opar B %al:@nﬁef%"ﬁé%%@ afly %”Q%‘?f Ly SRS wﬂw TR TSR
beaker while enpl gyin peed, st so|lution, prepared b
di 550y ng. SoMPOgPRRBNutra, Conrangact G55eS] B ApaNS ey B RS IRdIEs3 o ( he

stirring mxture. After a half-hour of honpgenization, the reaction mxture
was di stri bMiddreBowast preparelibpdilatieg 27150231iggEEAEH f(ﬁfﬁ%zﬁ,wim 27828 § ddays at
150C at autogenous pressures. The solid products were isolated by

cent 111 ugat icasAEIeH WILhIIE-Vgolcues uBiely sSRoH! 1Y 71 §5Gc hg-hgee o

t he products vvere shovvn to have UZM 5 structure -ray

ot BRI B LA SR LD, B T, ™
A/Ga = 15.0 and ON = 5.44. Characteristic lines in the x- ray dlffractlon
pattern areagdednAftar aabhaurdof homogenization, the reaction mixture was placed in a
10 teflon bottle and aged at 95°C for three days. This gallosilicate composition,
Mixture B, contained 3.21% Si by analysis.
The substituted aluminosilicate was prepared by combining 45 g Mixture
A with 5 g Mixture B in a teflon beaker while employing high-speed stirring. A
solution prepared by dissolving 1.17 g TMACI (87%) in 10.0 g de-ionized water
15 was added to the stirring mixture. After a half-hour of homogenization, the
reaction mixture was distributed among three autoclaves and digested for 4, 6,
and 8 days at 150°C at autogenous pressures. The solid products were isolated
by centrifugation, washed with de-ionized water, and dried at 95°C.
All three of the products were shown to have the UZM-5 structure by
20 powder x-ray diffraction. Elemental analysis showed the six day sample to
consist of the following mole ratios: Si/(Al+Ga) = 7.35; N/(Al+Ga) = 1.11; Si/Ga
= 78.3; Al/Ga = 15.0 and C/N = 5.44. Characteristic lines in the x-ray diffraction

pattern are given in table 4.
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28 2 9 J UL 2005 Table 4 2-0d(A)i/l 0% 6,0614.57m 7.8011. 33m 10. 168. 70w m

11.847.46m 15. 725. 63m s 19. 044. 66w m 20. 384. 35w 21. 8224. 07m 22. 763. 9P%-Jul. 200
23.663. 76vs 26. 223. 40w 30. 062. 97w 31. 442. 84w m 33. 142. 70w m 34. 502. 60w
44.042. 05w Exanple 5 An alumi nosilicate reaction m xture was prepared by
adding 197.31 g AlI(Gsec-Bu)3 to 2808. i—éb TEAO-l (35%, followed by the
addition of 989.82 g 5 colloidal sili %Ludox AS-40) whil e maintaining
vigorous stirring. The reaction—m-xture was-aged-at—95C for 16 hr and then

al lTowed to cool. This al uninos?-Picatie d(A) %
6.06 14.57 m
7.80 11.33 m
10.16 8.70 w-m
11.84 7.46 m
15.72 5.63 m-s
19.04 4.66 w-m
20.38 4.35 W
21.822 4.07 m
22.76 3.90 w-m
23.66 3.76 VS
26.22 3.40 w
30.06 2.97 W
31.44 2.84 w-m
33.14 2.70 w-m
34.50 2.60 w
44.04 2.05 w
Example 5
An aluminosilicate reaction mixture was prepared by adding 197.31 g
Al(Osec-Bu)s to 2808.74 g TEAOH (35%), followed by the addition of 989.82 g

5 colloidal silica (Ludox AS-40) while maintaining vigorous stirring. The reaction
mixture was aged at 95°C for 16 hr and then allowed to cool. This aluminosilicate

reaction mixture was designated Mixture C and was used again in Example 7
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reaction m xture was designated M xture C and was used again in Exanple 7.

29 29JUL2005 El enental analysis showed M xture Cto contain 4.79% Si .7 dJUL 2005
portion of this reaction mxture, 110 g, was placed in a tefl on beaker

equi pped with a high- speed stirrer. Separately, a solution was prepared by

di | vi T : Y . 88 I des i gny ‘e NI
ol ut on sab'AaaRa’ ehesis Sichel Wb G e 47O S AOhORRY Y Bie oy

a hal f-hour of honpgeni zation, the reacgtion mxture was di vided anpng 4
Cof Lon- | | ncteasipBamAdes, JHOcH, Waschlage é@taeépf[ﬁﬁkj@?a%@rvaﬂwewd dﬂ"ﬂb@nng!  ons.
The solid products were isolated by filtration, washed with de-ionized

wat er, and speed stitre@5Separateiypradohitionoias iprepdredey dissotvirgnd. 25 bi TVMAES t he
x-ray diffraction pattern 10 of UZM5. Characteristic lines in the x-ray

diff i ' i i ' '
. ractlonggﬂﬁ_s%sha cﬂéa@oﬁacp £6 Hgﬁiéﬁlﬁﬁd%adéﬁ%lé %bluﬁgﬂ%&i’%ﬂeeéh@‘&ﬁe' n

tabl e 5. Scanni hg El ect croscopy showed the sanp e very uniform
consisting of rosettes of snall. plate-|i crystals with the rosett

reasuBi ng.f PUHNG Suiriiostisad feactioRifirgeA el ARRIERS e Beshogefigafir e
was found to be 553 n2/g, while the mcropore 15 volunme was 0.22 cc/g.

El enent al afeacfions miklone dwas edigided amang 4 defien-bned  autmglexes —wbicho weg Al =
0.97, and C N = 5.59. Characteristic lines in the x-ray diffraction pattern

for this matrjdstdd airkledi &/ sAariety ohdohditiond0 Thed sdkd profbcisaless Ssolated by
2-0d(A) i /1p/O 6.1614. 33m

filtration, washed with de-ionized water, and dried at 95°C.

The products of all of the reactions exhibited the x-ray diffraction pattern

10 of UZM-5. Characteristic lines in the x-ray diffraction pattern of a sample

digested at 150°C for 4 days are shown in table 5. Scanning Electron

Microscopy showed the sample to be very uniform, consisting of rosettes of

small plate-like crystals with the rosettes measuring from 0.5 to 2 p across. The

BET surface area for this material was found to be 553 m?/g, while the micropore

15 volume was 0.22 cc/g. Elemental analysis showed the Si/Al ratio to be 5.97,

Na/Al = 0.19, N/AI = 0.97, and C/N = 5.59. Characteristic lines in the x-ray

diffraction pattern for this material are given in table 5.
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(95+9% ,

7.7611. 39s 10.128.73m 11. 827. 48m 15. 745. 63Vs 19. 044. 66m 20. 364. 36w
21.844.07m 22. 683. 92s 23.563. 77vs 26. 183. 40w 27.023. 30m 29. 982. 98m 19 JUL 2005
31. 322.85m 33. 122. 70m 44. 102. 05w Exanple 6 An alum nosilicate reaction

m xture was prepared using the followi ng procedure:
987.54 g,
stirring. This was foll owed by the addi

Al um num sec- but oxi de
OH (35%9 with vigorous
of 4954 g colloidal silica,

was added to 14058 ng”B T,
|

Ludox AS-40. The reaction

m xture

s aged with stirrin

After aging,

the reaction

29JUL2005 al um nosilicate

was used again

m xt2H0e wa
reaction n

at 95C

f or

16 hr.

s faghy to

1 Xture was

coiftghn 4
identifieg

I n exanpl e

a beaker equi pped

J. 8/'-\16)OI’[

ronygh3V

turenp, 4

7.76

11.39

10.12

8.73

.72% Si. This 31
d as Mxture D, and
.01 g, was placed in

11.82

7.48

15.74

5.63

19.04

4.66

20.36

4.36

21.84

4.07

22.68

3.92

23.56

3.77

26.18

3.40

27.02

3.30

29.98

2.98

31.32

2.85

33.12

2.70

4410

2.05

Example 6

An aluminosilicate reaction mixture was prepared using the following

procedure: Aluminum sec-butoxide (95+%), 987.54 g, was added to 14058 g

TEAOH (35%) with vigorous stirring. This was followed by the addition of 4954 g

colloidal silica, Ludox AS-40. The reaction mixture was aged with stirring at 95°C

for 16 hr. After aging, the reaction mixture was found to contain 4.72% Si. This
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wWith a stirrer. Separately, a solution was prepared by dissolving 1.12
TMACI  (97% in 1.87 g de-ionized water. Wile stirring the alum nogigﬂﬁalﬂ%
reaction 5 m xture, the TMACI solution was added, and the resulting m xture
was further honobgenized for 20 mnutes. The reaction m xture was then

placed in a |100 m.l. Parr stirred aut oclﬁ&v?. Jhed@e e:ﬁ;ltur of thﬁ reaction
m xture was®HINPeIGRS pacipi s vay (gentlied asEXHTe D . ANWAS M55 agaly
before it was held at 150C for 24 hr. The reaction m xture was di gested at
aut ogenous ior@xaroplesd. Aipertins! oiMibdureeRcd7 & girwas placsssini & brakesdeqyipped
centrifugation, washed with de-ionized water, and dried at 100C. The
product exhiRhtedtifree Sepdraftdy, #RBoRAbhANEs Prepdb Iy diEBEIvViMgNANZCHETMATI C
x-ray diffraction lines for this material are showi in tabl'e 6 below. A

2a hr 15y LT LT e A Mo b g RRCRuThedtede, SRRUEE"

pl ate-like wiith sub-mcron dinmensions as determ ned by Scanni ng El ectron
M cr o8copy. Miuesdheal MAGd| splutionswaseaidade and e resultia Bikure wWas riRer =

1.00 and N = 6.07. 32 29JUL205 Table 6 2-0d(A)I/10% 6.1614. 33vs 7.6211. 60m

10. 268. 61s hémdgdnizeh fbP 206Aintles. ZheBEaicBOn snixture was then placed in a 100 ml
Parr stirred autoclave. The temperature of the reaction mixture was ramped from
room temperature to 150°C over a period of 3 hr, before it was held at 150°C for
24 hr. The reaction mixture was digested at autogenous pressures. The solid

10 reaction product was isolated by centrifugation, washed with de-ionized water,
and dried at 100°C.

The product exhibited the diffraction pattern of UZM-EP.  The

characteristic x-ray diffraction lines for this material are shown in table 6 below. A

reaction mixture of the same formulation, but digested for 72 hr instead of 24 hr,

15 yielded well-crystallized UZM-5. The morphology of UZM-5P was plate-like with

sub-micron dimensions as determined by Scanning Electron Microscopy.

Elemental analysis showed the Si/Al ratio to be 6.0, N/Al = 1.00 and C/N = 6.07.
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30. 382. 94m 44. 222. 05w Exanple 7 A UZM 5P conposition simlar to that

di sclosed in exanple 6 was prepared in the followi ng manner: 40 g @f JUL 2005
M xture C (see Exanple 5), was used 5 as the al um num and silicon source and
was placed in a beaker equipped with a high-speed stirrer. Separately, 0.92
g TMACI (97% was dissolved in 40 g deTﬁ'bl% Lzed water. This solution was

added to M xture Cwith vigorous stirri fter 20 mnutes of agitation
the reaction m xture was placed in teflon-1ined autoclave and di gested at
150C for 4 days at autogenjous Pfessuresd(Ahe soli #l.% prloducts were isol ated
by centrifugation, washed wth de-idgnized wategr, and drjied at 95C. The
product exhibited an x-ray| difg {@ction fg’t‘?’gern Indiygative of UZM 5P.

es

Characteristic x-ray diffrjaction lin or thils material| are given in Table

7. Elenental analysis sho eral—tohave—SH-AH = 6.03, NA =

1.07, and 33 2 9 J UL 2995 C/'N= 6. 11.1§§9nni ng EIMctron M croscopy showed
clusters o

the sanple to consist of bent plate-like crlystals formng

rosettes 400 - 800 nm across. 10@6l e [7 28061 A) 1/ 10%%. 801/5. 23s 7. 7711. 37m
10. 228. 65m 11. 667. 58m

16.23 5.46 m

19.06 4.65 m

22.86 3.89 Vs

30.38 2.94 m

44,22 2.05 w

Example 7

A UZM-5P composition similar to that disclosed in example 6 was

prepared in the following manner: 40 g of Mixture C (see Example 5), was used

5 as the aluminum and silicon source and was placed in a beaker equipped with a

high-speed stirrer. Separately, 0.92 g TMACI (97%) was dissolved in 40 g de-

ionized water. This solution was added to Mixture C with vigorous stirring. After

20 minutes of agitation the reaction mixture was placed in a teflon-lined

autoclave and digested at 150°C for 4 days at autogenous pressures. The solid

10 products were isolated by centrifugation, washed with de-ionized water, and
dried at 95°C.

The product exhibited an x-ray diffraction pattern indicative of UZM-5P.

Characteristic x-ray diffraction lines for this material are given in Table 7.

Elemental analysis showed the material to have Si/Al = 6.03, N/Al = 1.07, and
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16. 155. 48m 21. 934. 05w 22. 843. 89m 23. 543. 78vs 30. 002. 98w 33. 022. 71w

44.042. 05w Exanple 8 5 An alum nosilicate reaction m xture was prepgr egmi ROE)
the foll owi ng manner: TEAOH (35%, 846.25 g, was diluted with 876. 5 )
de-ionized water. Al (O secBu)3 (95+%, 49.54 g, was added to the hydroxide

sol ution fokl.owe he .addition qf,, TEQS (989 57 i :

mai nt ai ni ng W g%%oﬁg é‘v{:?l?rp'pqgfélegﬁt?gmecongﬁ}@%?ﬁ%%ﬁg?ﬁ'g‘g@i éﬁns@hg’f
reaction mxture was placed in a flask and aged at 10 75C with |ight
stirring oveuslieghof bentpatetlike crystalp forming 1osekes 4901+ 8RR AMAENRSE:
distillation head and sone of the al coholic hydrolysis products were renoved

via distillation. After solvent renoviipletthe reacti on m xture contai ned
3.34% Si. A34 29 J UL 2005 1200 g portion of this alum nosilicate

reaction mxture was placed™i Q beckerd qui pped ilvj,[h hi gh- speed m xer.
Separately, a solution wag pr?p red |by I’ssol|vi nB‘)f‘S g|TMACI (979% in 30 g
de-ionized water. This solluti on was |added dragpwise to tthe alumnnosilicate
reaction mxture and furtHher Bdtbgeni zetb.28r 4 5 h& f -Hour. The reaction
m xture was then placed inf a Parr 2-[L static gutoclave |[equipped with a
teflon-cup liner. The reactlogé;n? xtyre jqag7di destegyat 150C for 90 hr at
aut ogenous pressures. The |solid prodquct was igol ated by |[centrifugati on,

10.22 8.65 m

11.66 7.58 m

16.15 5.48 m

21.93 4.05 W

22.84 3.89 m

23.54 3.78 VS

30.00 298 W

33.02 2.71 w

44.04 2.05 w

Example 8
5 An aluminosilicate reaction mixture was prepared in the following manner:

TEAOH (35%), 846.25 g, was diluted with 876.65 g de-ionized water. Al(O-
secBu)s (95+%), 49.54 g, was added to the hydroxide solution followed by the
addition of TEOS (98%), 427.57 g, while maintaining vigorous stirring. After two
hours of homogenization, the reaction mixture was placed in a flask and aged at
10 75°C with light stirring overnight. After the aging, the flask was fitted with a
distillation head and some of the alcoholic hydrolysis products were removed via

distillation. After solvent removal, the reaction mixture contained 3.34% Si. A
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washed with de-ionized water, and dried at 95C. The product had an x-ray
diffraction pattern consistent with that of the 10 UzZM 5P nmateri al 2 gnailt)005
not ably the peaks at d=8.68A and 3.89A. Elenental analysis showed the Si/Al
ratio = 10.05, while the BET surface area was 601 nR2/g and the nmi cropore

vol une 0. 21 ni El ectron.. r gsc showed the majeri t
constst of 1rp9 & RRERACPERS R Rubh . BB mpdREab HadR L athedbr on
with the rosettes having a dianmeter of 0.25 to 0.5 p. 15 Characteristic
lines in theakippgyd witht armighwpeedi mixait &eparaighs @i sautiom wapipsegaregebyw.
Table 8 2-ed(A)1/10% 7.5811. 65m 10. 188. 68m 16. 365. 41m 22. 843. 89m 23. 603. 77vs

35 29 JUL20Qmssbkampl 8 PTMAGI(08%)dh 30egldatienized reater.ePhis edlutivnewas aidtied
manner as the zeolite In exanple 6. In a beaker there were placed 47.01g of

anner as | ie “vere plac
ol ut1 on of CORISE TRAEP FuPBfsicas [ BhTmhaReTaRF fulfrhahbbins dara, g
St 180 ot BETPRUT FO reAdion MIMYTEr was (B Plagedi tbarh 2a Siaa SHORRNRer

and the respective m xtures were heated to 150C
equipped with a teflon-cup liner. The reaction mixture was digested at 150°C for

90 hr at autogenous pressures. The solid product was isolated by centrifugation,

washed with de-ionized water, and dried at 95°C.
The product had an x-ray diffraction pattern consistent with that of the
10 UZM-5P material, most notably the peaks at d=8.68A and 3.89A. Elemental
analysis showed the Si/Al ratio = 10.05, while the BET surface area was 601
m%g and the micropore volume 0.21 cc/g. Scanning Electron Microscopy
showed the material to consist of uniform clusters of plate-like crystals in a

rosette formation, with the rosettes having a diameter of 0.25 to 0.5 p.

15 Characteristic lines in the x-ray pattern for this material are given in Table 8
below.
Table 8
2.9 d(A) /%
7.58 11.65 m
10.18 8.68 m
16.36 5.41 m
22.84 3.89 m
23.60 3.77 Vs
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and held at 150C for 12 hrs, 18 hrs, 24 hrs, 36 hrs, and 72 hrs under

aut ogenous pressure. Each solid reaction product was isol ated by 102 JUL 2005
centrifugation, washed with de-ionized water and then dried at 100C. %h
x-ray diffraction patterns of the five sanples are presented in Table 9.

The data show that additional diffrac |on | i Bes are observed as the anount

of digestion tine is increased. It i that the peaks at d = 8. 6A and
d =3.9A (in bold) are comon to all the synt hesi zed materials, i.e.
structures. 15 Wthout wishing to be bound by any particul ar theory, t he
following expl akasedes o zpolilpsseere WEPRERT im absimiladenanhasras theezealjerial

cell with a = 12.4 A and ¢ = 28.6 A Based on a tetragonal cells the 8.6A

and 3. 9A peakamphge lh Wb@@aerqﬁerbl@eﬁmslaaé@ 4755186t hinglye DIlses Bupggiste)t hat
ordering first occurs in the a and b directions and then in the

by st oppi ng TRICHERER BeCiHasd) Wih R iR 8 Y8R RonY 5 U TMAGR G2, G RS =

structure i ttal ned By StO pl ngi t he synt hesi s at various ti nes, one can
obt ai ® zeol mg g-ignized yatghgEhe resiilling mixiure was hamegenized fari 2 minuag and
adsorption properties. 36 29 JUt 2005 Table 9 12 hr 18 hr 24 hr 36 hr 72 hr
UZM 5PUZM 5 fuitMvtiaRsieviesd E-Ma5100ml Parr stirred autoclave. Four other mixtures were

prepared in a similar manner and the respective mixtures were heated to 150°C
and held at 150°C for 12 hrs, 18 hrs, 24 hrs, 36 hrs, and 72 hrs under
autogenous pressure. Each solid reaction product was isolated by

10 centrifugation, washed with de-ionized water and then dried at 100°C.

The x-ray diffraction patterns of the five samples are presented in Table 9.
The data show that additional diffraction lines are observed as the amount of
digestion time is increased. It is clear that the peaks at d = 8.6A and d = 3.9A (in

bold} are common to all the synthesized materials, i.e. structures.

15 Without wishing to be bound by any particular theory, the following
explanation is proposed. UZM-5 can be indexed on a tetragonal cell with a =
12.4 A and c = 28.6 A. Based on a tetragonal cells the 8.6A and 3.9A peaks
have indices of 110 and 310 respectively. This suggest that ordering first occurs
in the a and b directions and then in the c-direction. It appears that a large
20 number of structures can be prepared by stopping the reaction at various times
until 38 hours where the UZM-5 structure is attained. By stopping the synthesis
at various times, one can obtain zeolites with a range of different surface area,

acidity and adsorption properties.
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d(A) 1%l( )1%( A) 1%l(A) 19%€01% 16. 0010014. 3310014. 924714. 2937

11.271911. 382811. 3333 8.57388. 68328. 61628. 73258. 7224 7.43227.4433 19 JUL 2005 |
5. 4095. 53395. 62605. 6661 5.5142 4.65174.66174. 6822 4.482 4.3324. 355
4.0654. 0651 3.9649 3.881003. 88503. 89883. 90143. 9025 3. 75543. 761003. 76100

3. 556 3.3963.406 3.2883.2912 2.93122. 9?1%@.7998102. 9711 2. 8482.85152. 8517
2.70132. 7113 2.607 2.0652. 05142. 0582. 038 2 9 JUL 2005 Exanple 10

12 hr 18 hr 24 hr 36 hr 72 hr

UZM-5P UZM-5P UZM-5P UZM-5 UZM-5

d(A) | 1% dA) |1% d(A) | 1% d(A) [ 1% d(A) | 1%

16.00 | 100 14.33 | 100 14.92 | 47 14.29 | 37

1127 |19 11.38 |28 11.33 |33

857 | 38 8.68 | 32 8.61 62 873 |25 8.72 |24

743 |22 744 |33

5.40 9 553 |39 5.62 60 5.66 61

5.51 42

465 |17 4.66 17 468 |22

448 |2
433 |2 435 |5
406 |5 4.06 |51

3.96 |49

3.88 100 3.88 |50 3.89 |88 3.90 |14 390 |25

3.75 |54 3.76 100 3.76 100

355 16
3.39 6 3.40 6
3.28 8 3.29 12

2.93 12 2.95 16 2.98 10 2.97 1

2.84 8 2.85 15 2.85 17

2.70 13 2.71 13

2.60 7

2.06 5 2.05 14 2.05 8 205 |6
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An alum nosilicate reaction m xture was prepared in the follow ng r‘r&gglqmm%
a

Al (Csec-Bu)3 (95+%, 116.09 g, was added to 1983.17 g TEACH (35% 1. 869
de-ionized water with vigorous stirring. Then 698.88 g Ludox AS-40 was 5
added, with continued stirring. After an hour of honpbgenization, the

alum nosilicate reaction m xture was placed.i.n several teflon bottles and
aged at 95C for 3 days. After the ad?vo Fﬁ 39ess el enental anal ysis showed
the m xture to contain 5.01% Si and had a SVAI ratio of 10.03. This

react i on m xtur e AnalufiRARANE foddibh e v iebafsl B teNofodlngToafet | cat e

reaction m xture ace ere rred

v ser oty SRS Yoct 1 0 I el BT ;GRS Andat o

reaction mxture in a dropw se fashion. The mxture was allowed to
honogeni ze fl Gghde-idrizedmwatenuwith Migoroaa stirring. ntheru688.88sg tludox Abddedasn a
teflon-1ined autoclave and digested at 150C for 6 days at 15 autogenous

pressgres. Ehéleém\lvﬁ!hprc@ﬂuﬁﬂed"a%tlirﬁ@TaWﬁ@rb)éncelﬁﬁdr' fefoaérRbgemaatiad et h
de-ionized water, and dried at 95C roduct had an x-ray pattern

raterial 1o MOPEYERe BRERH Rbeul FES! 3B R LT S

0.05 p thick. The Si/Al ratio of the product UZM 20 6 was 8. 34 by e| enental
anal ysis. THE°@far 3 GayscAfter e aging m@wﬁpe@mﬁaab@mlww@howeﬂﬁha Mixt8por e

vol unme of 0.21 cc/g. Characteristic lines in the x-ray diffraction pattern
are given i to tcabtain 1801%3 2antihad0s Sisgdll eatid0of210.08. AJHit oEaction mixture is

designated Mixture E. A portion of this aluminosilicate reaction mixture, 40.0 g,

10 was placed in a beaker where it was stirred vigorously. Separately, 0.78 g

TMACI (97%) was dissolved in 15.0 g de-ionized water. This solution was added

to the stirring aluminosilicate reaction mixture in a dropwise fashion. The mixture

was allowed to homogenize further for an hour. The reaction mixture was then

placed in a teflon-lined autoclave and digested at 150°C for 6 days at

15 autogenous pressures. The solid product was isolated by centrifugation, washed
with de-ionized water, and dried at 95°C.

The product had an x-ray pattern consistent with UZM-6. Scanning

Electron Microscopy (SEM) showed the material to consist of plate-like crystals

0.1 — 0.4 p across and less than 0.05 p thick. The Si/Al ratio of the product UZM-

20 6 was 8.34 by elemental analysis. The BET surface area of the sample was 520

m?/g, with a micropore volume of 0.21 cc/g. Characteristic lines in the x-ray

diffraction pattern are given in table 10.
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6.14 14.38m 7.76 11.38m 10.12 8. 73m 11. 82 7.48m 15.68 5. 65s 16. 30 5.43
18.98 4.67m 20.32 4.37w 21.86 4.06m 22.42 3.96s 22.78 3.90m 23. 68 3] 35&& 2005
25.24 3.53w 26.28 3.39w 26.88 3.31m 27.34 3.26m 29.64 3.01m 30.08 2. 97w
31.44 2.84w 33.202. 70w 44.14 12. 05w 39 29 JUL2005 Exanple 11 An
alum nosilicate reaction m xture was pffﬂ?gﬁﬁd in an identical manner

2-8 /1%

‘ 6.14 14.38 m

7.76 11.38 m

10.12 8.73 m

11.82 7.48 m

15.68 5.65 s

16.30 5.43 m

18.98 4.67 m

20.32 437 w

21.86 4.06 m

22.42 3.96 s

22.78 3.90 m

23.68 3.75 Vs

25.24 3.53 w

26.28 3.39 w

26.88 3.31 m

27.34 3.26 m

29.64 3.01 m

30.08 2.97 W

31.44 2.84 w

33.20 2.70 w

4414 2.05 W
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to M xture E described in exanple 10. However, the reaction m xture was
determ ned to be slightly different by analysis, with a Si content of 14, 34 2005
w %and 5 a Si/A ratio of 9,59. A portion of this alum nosilicate reaction
m xture, 1100 g, was placed in a |arge beaker equipped wth a high-speed
stirrer. Separately, a solution was @reraglr%dl by dissolving 4.14 g LiCl and

21.43 g TMACI (97% in 65 g de-ioni This sol ution was added
dropwise to the alumnosilicate reaction mxture with stirring and was

honogeni zed for [ ' & e @ﬁn@ I 0 a
static 2-L Parr ?@a@@tﬁm%%-gﬁééqg (%tiogf‘nﬂ)gﬁgaoga'é B?Feé}ar&sggt'aau c?géﬁn%ﬂjsér
pressure. The solid product s I sol ated by filtration

st ont ed daraxtuRg By Arsgibg grs@xaﬂwleeﬂg ot tneRGH AP of
t he product showed the pattern to be consistent with that for UZM 6. The

Si /Al ratiodeterminéBto bosligitly difefentdy drialwwigavittea S tantantgpf 478 W % hed
m cropore volunme was found to be 0.18 cc/g. SEM of the cal ci ned product

showed it 1@ SPABi4tio 6f 9FNIA gbﬂto% 6f ¥itd %'Ilﬁmn%@%&ier%%cnéhafﬁm% 4aEbHQ,0- 1 -
0.4 p across and |l ess that O. thick. Characteristic lines in the X-ray

diffraction pattern. are given in {able 9. JU T

2 od( A1 11 04EB, DaEAT 39 Frgs BeaBal 8qBead vilha o3 Pesa triero SEpiidy. o
solution was prepared by dissolving 4.14 g LiCl and 21.43 g TMACI (97%)}) in 65
g de-ionized water. This solution was added dropwise to the aluminosilicate

reaction mixture with stirring and was homogenized for an hour. The reaction

10 mixture was then transferred to a static 2-L Parr reactor and digested at 150°C

for 3 days at autogenous pressure. The solid product was isolated by filtration,

washed with de-ionized water and dried at 95°C.
Powder x-ray diffraction on a sample of the product showed the pattern to
be consistent with that for UZM-6. The Si/Al ratio was 7.58. The BET surface
15 area was 512 m?/g, while the micropore volume was found to be 0.18 cc/g. SEM
of the caicined product showed it to consist of bent plate crystals, sometimes
stacked, up to 0.1 - 0.4 p across and less that 0.05 p thick. Characteristic lines in

the x-ray diffraction pattern are given in table 11.
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18.984. 67m 21. 984. 04w 22. 523. 95vs 22. 923. 88m 23. 763. 74vs 26. 333. 38w JUL 2005
26.923. 31m 31. 362. 85m 33. 262. 69m 44. 242. 05w Exanmple 12 It is known t%gt
zeolites are capable of a variety of hydrocarbon conversion processes and
find much of their utility in this regard. This exanple 5 denonstrates the
capability of UZM 5, UZM 5P, and UZM 6r19.Gqnvert heptane to a variety of
products. Cal cined sanples of these materials and for conparison, a
steamstabilized Y zeolite (SSY) were tested in a mcroreactor operating at

at mospheric pressure. The [UM%qgfrom exay Le |.bhe UZM6 41 2 9 JUL 2005
fromexanple 11 were anmoni um i on-exchang/g affter "Cal ci nation to remove
al kali and obtain the aci dferm—Tha-feed was—heptane—saturated at 0C in an
H2 carrier gas. The catallyst 8.2Rdi ng w0250 mg of"40-60 nesh particul ates.
The sanples were pretreatied at 550¢ for 60 mijnutes in H2. The feed was
I ntroduced 5 at a constant| fl qu84 at e| of 11.23 cc./rri n.s The |products were
hydr ogenat ed before goingl to the gas chromatograph. In this variable
tenperature program the 10.92 8.65 m

11.92 742 m

15.93 5.56 m

18.98 4.67 m

21.98 4.04 W

22.52 3.95 Vs

22.92 3.88 m

23.76 3.74 VS

26.33 3.38 w

26.92 3.31 m

31.36 2.85 m

33.26 2.69 m

44 .24 2.05 w

Example 12

It is known that zeolites are capable of a variety of hydrocarbon

conversion processes and find much of their utility in this regard. This example

5 demonstrates the capability of UZM-5, UZM-5P, and UZM-6 to convert heptane
to a variety of products. Calcined samples of these materials and for
comparison, a steam-stabilized Y zeolite (SSY) were tested in a microreactor

operating at atmospheric pressure. The UZM-5 from example 5 and the UZM-6
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S
product stream was sanpled at the follow ng tenperatures/tinmes on stream

25C/ 0 hr, 450C¢/0.33 hr, 500C 1.10 hr and 1.45 hr, and 550C/ 2.20 hr paqdyi 3005
2.55 hr. The selectivities to the major products for each sanple are given

in 10 Table 12 for the last data point collected at 550C. The data show t hat

UZM5 and P.ar arable to. SSY in abilit 0 convert heptane, while
Uzvte 1o citod Byafile SHoREE drmaRum iowardrindach alite S8R0 Bh é1iBie o
shows nuch nore conversion to aromatic products than the other materials.
42 2 9 J U pikaberdrBan the aidferasIVedeed vias heptaregsaturated at 0°C in an H;

UZM 5UZM 5UZM 5PUZM 6 Tenper at ur e550C550C550C550C550C Ti e on Stream

2. 552. 552. 5bdrrieh 3azs Ther ¢atlilish anReiing Was3290 o of 4D-80 mesh garﬁcu!ates. The
Et hane3. 213. 905. 331. 7810. 22 Propanel7. 1417. 1522. 988. 6930. 8

| sobut ane9. 8%@%%6@6%3;?%??%&%5@%&? 0Nt edmA32 Thltbedivas introduced

| sopent anel.

5 at a constant flow rate of 125 cc/min. The products were hydrogenated before
going to the gas chromatograph. In this variable temperature program, the
product stream was sampled at the following temperatures/times on stream:

25°C/0 hr, 450°C/0.33 hr, 500°C/ 1.10 hr and 1.45 hr, and 550°C/2.20 hr and

2.55 hr. The selectivities to the major products for each sample are given in
10 Table 12 for the last data point collected at 550°C. The data show that UZM-5
and UZM-5P are comparable to SSY in ability to convert heptane, while UZM-6
is clearly much more active than SSY in heptane conversion. UZM-6 shows

much more conversion to aromatic products than the other materials.
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n- Pent anel. 181. 241. 450. 651. 26 BenzeneO. 190. 120. 290. 171. 66
Hept ane55. 5860. 7348. 3175. 9819. 9 Tol uenel. 750. 460. 880. 754. 19 Exanpl e 33 JYL 2005
Anot her distinguishing feature of zeolites is the ability to adsorb
nol ecules in their mcropores. Such properties enable the utility of
zeolites in adsorbent, 5 separation, §qhective catal ytic applications.

[

Adsor pti on neasurenents were perfornme g a standard MBai n- Bakr

gravi met r krc—adsor pt ion apparatus. The samles were calcined at 560C to
renove or g&AMEIR enpl at edDefore {fyTwere |Esabled i nféxthe t ubes ExThe
sanpl es were then activated at 350C overnight to renove adsorbed water fjrom
the pores| The sanpl es |were then élgSed t o LM-6 gas |&tZN-EPer al |$lddHfi
partial pressures_and tthe anount |of the gag adsorbed|is 43 2 9 J UL 2005
expr essed| Temperatireof t|1E80%RI ght |E&0d@nt ofl 560% sanpl|&50Te dat a 560°C he
tabl es bel ow denonstrate the abiflity of UIM5 and UM 5P to adsorb
n- but ane, | Tirs®bnseaam 02.5:nd SF6 ohsksorpti g sg 02 (1 255 183C) Ploxp Ex. 1
Ex. 5 Ex. |8 (Partial UZM 5
{hr)
Methane 0.58 1.35 1.67 0.44 3.27
Ethane 3.21 3.90 5.33 1.78 10.22
Propane 17.14 17.15 22.98 8.69 30.88
Isobutane 9.9 5.12 7.04 4.61 14.23
n-Butane 8.61 8.40 10.25 5.13 11.35
Isopentane 1.72 1.16 1.43 1.37 1.52
n-Pentane 1.18 1.24 1.45 0.65 1.26
Benzene 0.19 0.12 0.29 0.17 1.66
Heptane 55.58 60.73 48.31 75.98 19.9
Toluene 1.75 0.46 0.88 0.75 419
Example 13

Another distinguishing feature of zeolites is the ability to adsorb molecules

in their micropores. Such properties enable the utility of zeolites in adsorbent,

5 separation, and selective catalytic applications. Adsorption measurements were
performed using a standard McBain-Bakr gravimetric adsorption apparatus. The
samples were calcined at 560°C to remove organic templates before they were

loaded into the tubes. The samples were then activated at 350°C overnight to
remove adsorbed water from the pores. The samples were then exposed to a

10 gas at several specific partial pressures and the amount of the gas adsorbed is
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UZM 5 UZM 5P pressure)w % 02W % 02wt % 02 0. 1324. 826. 117. 4

0.3928. 328. 725. 4 0.9237.134.239. 2 Adsorption of n-butane T = 22C PHRp jHX)5
Ex. 5 Ex. 8 (Partial UZM5 UZM5 UZM 5P pressure)wt % n- C4AHLOWM % n- C4H, Owt
% n-C4H, 0 0.047.99.44.6 0.129.611.07,1 0.3011.712.711.4 5 44 29JUL2005

Adsorption alntc38BHRNEmls of fis-weidft pafcert of the sample. The data in the tables
below demonstrate the ability of UZM-5 and UZM-5P to adsorb n-butane,

isobutane, O», and SFg

Adsorption of O, (T = -183°C)

P/P, Ex. 1 Ex. 5 Ex. 8
(Partial UZM-5 UzZM-5 UZM-5P

pressure) | wt % Q- Wt % O, wt % O,

0.13 24.8 26.1 17.4
0.39 28.3 28.7 254
0.92 371 34.2 39.2

Adsorption of n-butane T = 22°C

P/P, Ex. 1 Ex. 5 Ex. 8
(Partial UZM-5 UZM-5 UZM-5P

pressure) | wt % n-C4Hqp | wt % n-CsHip | Wt % n-CsHqp

0.04 7.9 9.4 4.6
0.12 9.6 11.0 7,1
0.30 1.7 12.7 11.4
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Ex. 5 Ex. 8 (Partial UZM5 UZM5 UZM 5P pressure)wt % i-CAHLIOWM % i %U@QUQ@M
% i-C4H10 0.041.71.53.1 0.122.62.05.7 0.304.12.89.3 Adsorption of 22C
P/ PoEx. 1Ex. 5Ex. 8 (Partial UZM 5UZM 5UZM 5P pressur e) wt %SF6wt %SF6wt %SF6
0.923.31.85.6 Exarrpl e 14 Anot her met hod for exani ni ng adsorption pr operties

is to use TGA or Fhet-rat—Ga IIICL i Hi-stich—an—apparat us,
adsorption infornmation at %@WH %OFERBQ@PJ ésé‘?g easy tgpacqw re, as
wel | as controll ¢d _deliver Qf the adsorption gasses. This is especially
conveni ent for | afYBs, |esdBrollatile |dbedi bates t|Hx 8are nore easily

studi ed and handlled at hi gher tenperatjures. The tlests were condug¢ted on

cal ci ned sanpl es.| (PaRiapxi matgM-0 g |(ahzeeepl e  vagzmlsreed in the TGA
sanpl e hol der. The sanple was then actfivated for 2 hr at 10 500C iin a N2

b onght 1o 1200 aRICEITELGH toRICH:ed WEETGRNEn Tk ERE o1

0.04 1.7 1.5 3.1
0.12 2.6 2.0 5.7
0.30 4.1 2.8 9.3

Adsorption of SFg T = 22°C
P/P, Ex. 1 Ex. 5 Ex. 8
(Partial UZM-5 UZM-5 UZM-5P
pressure) | wt % SFg wt % SFs wt % SFg
0.92 3.3 1.8 5.6
Example 14

Another method for examining adsorption properties is to use TGA or

Thermal Gravimetric Analysis. In such an apparatus, adsorption information at

5 elevated temperatures is easy to acquire, as well as controlled delivery of the
adsorption gasses. This is especially convenient for larger, less volatile
adsorbates that are more easily studied and handled at higher temperatures.

The tests were conducted on calcined samples. Approximately 50 mg of sample

was placed in the TGA sample holder. The sample was then activated for 2 hr at

10 500°C in a N, stream flowing at 127 cc/min. After the pretreatment, the sample
was brought to 120°C and an additional feed was cut in consisting of N
saturated with cis 1,2-dimethylcyclohexane at 25°C, which flows at 72 cc/min.

Hence, the total flow rate past the sample was 200 cc/min. The adsorption of the
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saturated with cis 1, 2-di net hyl cycl ohexane at 25C, which flows at 72 L n.
Hence, the total flow rate past the sanple was 200 cc/mn. The adsbﬁdﬁm[{{&of
the 45 2 9 JUL 2UOb cis 1, 2-di net hyl cycl ohexane was then nonitored by TGA at
120C for an additional 250 m nutes. The cis 1, 2-dinethyl cycl ohexane

adsorption after, 5. a 250, m nut es_ar lven.in r 2 e_sanpl e
Tt apl e 1a8sTi @ BimityicfRBh e cvas e FERLO B Be Toh A IAT ot

1, 2-di met hyl cycl ohexane nuch nore 5 readily than UZM5. Table 14 cis

1, 2- di met hy peditippale3&h mipwes) Thawis ftd-dimetiyleyalobexane adsonptinn sftex 5 and
UM 6 wt. %cis 1,2-DMowt. %cis 1,2-DMC 5 m nutesO. 592. 08 250

m nut es1. 182506 ninute® bfe HveraiPt@tng bPmt ek amthessdmple h Yable fidesTrd tdbse
al kylation activity by using an ethyl benzene di sproportionation test. The

material s t 1 J o ' 6
From exanpl SavsABUELZRF 6 fokd ! he PSS i e B Ry ERbIGE, it Wik
hours _and 7 hours at 580C and i on exchanged with anmonium chloride, three
ti mesdat goteadly tham -SThe UzZM6 from exanpl e 2 was cal cined at 520C for
1 hour in N2, followed by 19 hours in air. The UZM5 from exanple 1 was
cal cined at 520C for 10 hr. The cal ci nkablé¢34sanpl es were sized to 40 - 60
mesh and | oaded (250 ng) into a quartz tube

cis 1,2-dimethylcyciohexane (DMC) adsorption, T = 120°C
Ex. 1, UZM-5 Ex. 10, UZM-6
wt. % cis 1,2-DMC wt. % cis 1,2-DMC
5 minutes 0.59 2.08
250 minutes 1.18 2.59
Example 15

Samples from examples 1 to 3 were tested for alkylation activity by using

an ethylbenzene disproportionation test. The materials were converted to the

10 proton form before testing. The UZM-6 from example 3 was calcined in air at
350°C for 1.5 hours, 450°C for 1.5 hours and 7 hours at 580°C and ion
exchanged with ammonium chloride, three times at 80°C for 2 hours The UZM-6

from example 2 was calcined at 520°C for 1 hour in Ny, followed by 19 hours in

air. The UZM-5 from example 1 was calcined at 520°C for 10 hr. The calcined

15 samples were sized to 40 — 60 mesh and loaded (250 mg) into a quartz tube
(11mm i.d.) reactor residing in a furnace. The outlet pressure at the reactor inlet

was atmospheric pressure. The samples were pretreated at 250°C in a flow of

N.. The temperature was brought down to 150°C and then the feed was
introduced. The feed consisted of the N, flow passing through an ethylbenzene

20 saturator held at 0°C, with the N, flow controlled at 150 cc/min. While the flow
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(11 mmi.d.) reactor residing in a furnace. The outlet pressure at the
reactor inlet was atnospheric pressure. The sanples were pretreatﬁgl 18t 1@§0C |
inaflowof N2. The tenperature was brought down to 150C and theh-the teed

was introduced. The feed consisted of the N2 flow passing through an

et hyl benzen - Sat e t, 0C_with t flow control.led at 150
ol e oni TRl Y% Safhi ias "ansplda e fepd AT terdtiod Rpludise
exposed to the feed and reaction dproducts wer e exam ned at 150C, 150C,

125C, 175C, WenRexamingd a0 s550°Ehd 2556 0ditRiC,200° (e @39°Gr and bY@ edhey an
on-line GC to neasure activity and selectivity. Results fromthe second
150C and t her&RRC g@iflodotst acw| dredyicehbyane ob-lgev@C | 1 Taddsurd Sactivity2afidd U L
2001 Table 15 Tenperature (deg UZM5, Ex. 1 UZM6, Ex. 2 UZM6, Ex. 3 C) 150

10,150 OB PSS AP s cocons

BenzeneO. 090. 180.393[)]23f 0.64 2.63 Ethyl cycl ohexane0000 0 1 O Tol ueneO a
00. 048. 04 039f&NgnJ=ible T5.
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Et hyl benzene99. 7299. 4698. 6996. 02 97. 8691. 97 p- Xyl ene0000 00 m Xyl ef[lg J8PGR: 00
o- Xyl ene0 000 00 1 E4MBZ0O0OO0O0OO 1 E3MBZ000a00 1 E2MBZOO0OO 00 11

13DEBZ0. 090. 220. 411. 630. 763. 24 14DEBZO. 080. 130. 40. 820. 551. 6

12DEBZ000. 030. 150. 050. 28 14Dl PBZ000000. 02 135TEBZ000000 124TEBZOOOO0OO EB
CONVO. 280. 541. 313.982.148.03 48 2 9 J -{:561 % 05 Exanple 16 This exanple
denonstrates the capabl lity of UZM6 to ] |l yze the synthesis of

et hyl benzene—from-benzene and_ethylene Thp zeolite fromexanple 3 wa
converted to the proton by "t NEMBAEX ocbduNEM8, B 2oxaipl A1ZMs6, Ere 5
zeolite was [then bound with Plural SB alumna in a 70% geolite/30% al um na
f or mul at i on | dREPEBHWEddedt 0 115/016"| di28fet er 6 ryda88. Thel®ktrud@B88s \were
t hen ‘ |

o |
Flow Rate (ce/min)| 150 150 ' 150 150 | 150 150
| |
Methane/Ethane 0.02 0 0.03 0.06 0 0.08 :
C4’s 0 0 0.02 0.07 0.1 0.11
Benzene 0.09 0.18 0.39 121, 064 2.63
. Ethylcyclohexane 0 0 0 0 0 | 0
Toluene o . 0 0.04 0.04 004 = 0.05
Ethylbenzene 99.72 | 99.46 | 9869 | 96.02 A 97.86 | 91.97
p-Xylene 0 0 0 0 0 0
m-Xylene 0 0 0 0 0 0
o-Xylene i 0 0 0 o . 0 0
1E4MBZ 0 0 0 0 0 0
1E3MBZ 0 0 0 0 0 0
1E2MBZ 0 0 0 0 0 0
13DEBZ 0.09 0.22 0.41 1.63 0.76 ‘ 3.24
14DEBZ 0.08 0.13 0.4 0.82 0.55 1.6
12DEBZ 0 0 0.03 015 | 0.05 0.28
14DIPBZ 0 0 0 0 0 0.02
135TEBZ 0 0 0 0 0 0
124TEBZ 0 0 0 0 0 0
EB CONV 0.28 0.54 1.3 3.98 2.14 8.03
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calcined at 550C for 2 hr. The test enploys a 7/8" dianeter stainless steel
reactor which is |l oaded with 40 cc of the catalyst. The benzene ang e%mymﬁne
are mxed on-line to a 3/1 benzene/ethylene ratio and then pre-he tge

before 10 entering the reactor. The olefin was added at a rate of 0.45 hr"

LHSV. The testing was done with an g&bﬁg\%@r ecycle to control the free

olefin at the reactor inlet. The re s carried out at 500 psig.

Activity and selectivity data were coll|ected at 200C and 230C. The
sel ectivities tolaBkgrample slemrnstatey dheneapabibty %M%‘V‘ﬁs.tolsa*ﬁgmeeﬂi%
Et hyl benzene Synthesis with UZM 6 Hours on Streant0271 Inl et

t enper at ur e@R2SH Gf Bty drerenerfedn HehZzdnd anDi ethylghbehze mesliié.fagn @xasple
Tri et hyl benzenes2. 463. 92 Tetraet hyl benzenes0. 220. 37 Al kyl at ed

pr oduct s99. 3598, 18nd%hd #kne pRAoM L Mleesdrfc Mroabiniionas i esairpid sact e

m xture was prepared in an identical” manner ‘to Mxture B described in

G T epont bYEATEIAT LR PBHNG M EELE Buringangg i areoneisey ALY, o of

9.59. A portion of this alum nosilicate reaction m xture, 1100 g, was

pl aced i n afdrenugsianeandforapsl ipisety 161 dianaeter ghiregates. the extiudatesyaraitbey, a
calcined at 550°C for 2 hr. The test employs a 7/8”" diameter stainless steel
reactor which is loaded with 40 cc of the catalyst. The benzene and ethylene are
mixed on-line to a 3/1 benzene/ethylene ratio and then pre-heated before

10 entering the reactor. The olefin was added at a rate of 0.45 hr' LHSV. The

testing was done with an effluent recycle to control the free olefin at the reactor

inlet. The reaction was carried out at 500 psig. Activity and selectivity data were

collected at 200°C and 230°C. The selectivities to alkylated products are shown

in Table 16.
15 Table 16
Ethylbenzene Synthesis with UZM-6
Hours on Stream 60 271
Inlet temperature 200°C 230°C
Ethylbenzene 80.31 74.95
Diethylbenzenes 16.26 19.95
Triethylbenzenes 2.46 3.92
Tetraethylbenzenes 0.22 0.37
Alkylated products 99.25 99.19
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solution was prepared by dissolving 4.14 g LiCl and 21.43 g TMACI (97% in
65 g de-ionized water. This solution was added dropwise to the g JUL 2005
alum nosilicate reaction mxture with stirring and was honogeni zed for an
hour. The reaction 10 m xture was then transferred to a static 2-L Parr
reactor and digested at 150C for 3 d&yxample &dt ogenous pressure. The solid
product was isolated by filtration, washed with de-ionized water and dried
at 95C. Powder x-ray diffraction on a sanple of the product, showed the
pattern to be cohiRbtraiROsiFale ﬁ@&i'O'RﬁB'%W”PdVa&JEMF@feqLH@ ag idantiealt ManGels
7.58. The BET 15 surface area was 512 nR/g, while the m cropore vol une was

found to be t0. Mixtard B &Giddribkdt re exabhmpleedl. provkictr, shewedctiont mixdomsiveds of
bent plate crystals, sonetinmes stacked, up to 0.1 - 0.4 p across and |ess

10, i Y SO e o e
528;1% ] Sg\s,sleg;/g\gg 9%39 g 7Aélpzorﬂlon o??fl‘?ls gum%r?os?l%%’t??&c %)ngr%xtgﬁe 1100 g,
was placed in a large beaker equipped with a high-speed stirrer. Separately, a
solution was prepared by dissolving 4.14 g LiCl and 21.43 g TMACI (97%) in 65
g de-ionized water. This solution was added dropwise to the aluminosilicate
reaction mixture with stirring and was homogenized for an hour. The reaction
10 mixture was then transferred to a static 2-L Parr reactor and digested at 150°C
for 3 days at autogenous pressure. The solid product was isolated by filtration,
washed with de-ionized water and dried at 95°C.
Powder x-ray diffraction on a sample of the product showed the pattern to
be consistent with that known for UZM-6. The Si/Al ratio was 7.58. The BET
15 surface area was 512 m?/g, while the micropore volume was found to be 0.18
cc/g. SEM of the calcined product showed it to consist of bent plate crystals,
sometimes stacked, up to 0.1 - 0.4 p across and less that 0.05 p thick.

Characteristic lines in the x-ray diffraction pattern are given in Table 17.
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23.763. 74vs 26. 333. 38w 26. 923. 31m 31. 362. 85m 33. 262. 69m 44. 242. 05w Exanpl e
18 The zeolites fromexanples 1 to 3 and 17 were tested for xylene 7q jyL 2005
i somerization. The materials were converted to an acid form before testing.
5 Material isolated fromthe procedure of exanple 1 was tested after
calcination at 550Cin air for 5 hr. Tiibde d4dnple was designated UZM 5,
Ex.1l. A portion of the sane material was acid washed (9g sanple, 2 g H2SO4

(98% in 60 g de-ionized waterg.g90C,| 2 hg&g washeg wit h 'water, and amoni um
ion exchanged (1 N 51 29JUL2005 NHACI 1.5 hr) before cal ci nation at
550C for 5 hr. This sanpl e was Stgf “* ed—ZM-5—B«1-AW- The material from
exanpl e 2 was cal ci ned at 550@“2 r 5 hr1,4'%mr|| um frbn exchanged 3 tines (1
N NH4Cl, 75C), and calcined at 550C:for 2 hr. [ This sanplle was desi gnated
UZM 5, Ex. 2. The UZM 5 6 firomVédanplle 3IMWBB calcinad in|N2 for 1 hr and 19
hr in air at 520C and was |designated UZM6, EX. 3. The UZM 6 from exanpl e
17 was obtained in a proton Taysby |cal giggation at . 350C|for 1.5 hr, then
450C for 1.5 hr, and 580C flor 1 hr ijn N2, fol [jowed by 6 thr calcination in
air. Then 85 g of the cal ci-ned—mrptertal—was—exehanged—i-A 2L of 10% NH4AC
solution at 80C for 2 hr, whi ch'-Was repegt"@d 3110 t s. [Finally, the sanple
was calcined for 2 hr at 500C in air.| This sanpl e was

15.93 5.56 m

18.98 4.67 m

21.98 4.04 w

22.52 3.95 VS

22.92 3.88 m

23.76 3.74 Vs

26.33 3.38 W

26.92 3.31 m

31.36 2.85 m

33.26 2.69 m

44.24 2.05 w

Example 18

The zeolites from examples 1 to 3 and 17 were tested for xylene
isomerization. The materials were converted to an acid form before testing.

5 Material isolated from the procedure of example 1 was tested after calcination at
550°C in air for 5 hr. This sample was designated UZM-5, Ex.1. A portion of the

same material was acid washed (9g sample, 2 g H.SO, (98%) in 60 g de-ionized

water, 90°C, 2 hr), washed with water, and ammonium ion exchanged (1 N
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designated UZM 6, Ex. 17. For mcroreactor testing, the sanples were sized
to 40-60 nesh and activated in a nuffle furnace in a flow of air at 25959922005
for 2 hr. The neshed sanples, 125 ng, were |loaded into an 11 Mm W quartz
react or sitéi_,ng in a furnace, the outlet of the reactor was at atnospheric
pressure. TheM 'ss%Qr&,ebﬁ/\)éF)eb%fﬂéQ@éi%@attQﬂ 3rH60°G torf 5 dw. dfhisizample waw of
H2 was then directed through a saturator, where it was saturated with

ei ther m xyl demgoated- UXH-6nExat-AVE. Thee nfdtenalofroi? examptet ks edicieddat
cc/mn. The furnace was then stepped through tenperatures of 375C, 400C,

425C, 450G, 4356 1and ni2aamdAUEh BLERRL 5t \PRRFICH Y5%CH ekt

directed to an on ne GCto obtai n" ac 'ty an

nmeasur enents,  The r lLts . frommxyl ene and o- xylene isonerization are

Shown i n TabiaEned 2l 3R0"Gde, 2 Meshis sAnlg WasSes @ajet) UZM G &7 RoTae LB
m Xyl ene I sonerization Data. mxylene isonerizati onUZM5, Ex. 1UZM5, Ex.

1- AW Tenper ab fioen coemply) 3 ¥BaE26al¢NBATEALEHTS Fi and R8tlsr incait at 62505 nE0625050
Met hane0. 050. 21 0. 230. 170. 220. 21 Benzene0. 090. 09 0. 10. 10. 10. 1

Tol ueneo. 78%@@@@%2@%,%&.%2Tlﬁtehyti@ﬁ@%?aggg%ﬁggegﬁgz/%&@g%%&ﬂ?a4pr’o?on

24.3624.1224. 1423. 97 m Xyl ene62. 5854. 19 51.
0- Xyl eneld. 0820 BPcdBinafidn af 386°C 3871 2, then 450°C for 1.5 hr, and 580°C for 1 hr

in N2, followed by 6 hr calcination in air. Then 85 g of the calcined material was
exchanged in 2L of 10% NH,CI solution at 80°C for 2 hr, which was repeated 3
10 times. Finally, the sample was calcined for 2 hr at 500°C in air. This sample was
designated UZM-6, Ex. 17. For microreactor testing, the samples were sized to
40-60 mesh and activated in a muffle furnace in a flow of air at 550°C for 2 hr.
The meshed samples, 125 mg, were loaded into an 11 mm i.d. quartz reactor
sitting in a furnace; the outlet of the reactor was at atmospheric pressure. The
15 samples were preheated to 375°C in a flow of H,. The flow of H, was then
directed through a saturator, where it was saturated with either m-xylene or o-
xylene at 0°C. The flow of H, was controlled at 50 cc/min. The furnace was then
stepped through temperatures of 375°C, 400°C, 425°C, 450°C, 475°C, and
425°C. Product effluents at each temperature were directed to an on-line GC to
20 obtain activity and selectivity measurements. The results from m-xylene and o-

xylene isomerization are shown in Tables 18a and 18b, respectively.
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m Xyl ene | sonerization Data. m xyl ene

i soneri zat i abldMBA. m-XybeidMisomerizatioh Datper at ure (deg C) 375425475375425475
Fl ow Rate (cc/ m n)505050505050 Met haneO. 120. 160. 180. 120. 320. 65

135TMBZ0. 180 00. 310. 220. 21 124TMBZO0. 50. 22 0. 240. 830. 60. 6 123TMBZ0. 070
00.110.090.1 1235TTMBZOO 0000 1234TTMBZOO 0000 1245TTMBZOO 0000 Total |

Unknowns00 0000 m xyl ene conversi on37.4245. 81 48. 2246. 0848. 4349. 05" 53
JILL 2005 Table 18A (cont.).

U% 2@[]5

51
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o- Xyl ene18. J®Mmpgeireddes \110. 8318781 148F\MBz47661. B38| 5542852, 415

124TMBZ6. 574. 674. 338. 555. 376. 97t 123TMBZ0. 920. 70. 691. 20. 81. 11

1235TTMBZO. Fadw Rele ¥3€/mQ) 180. 3 50 50 50 50 50 50
Methane 0.05| 021} 023 0.7/ 022 0.21
Benzene 0.09{ 0.09 0.1 0.1 0.1 0.1
Toluene 0.78, 057 0.51; 1.18 09/ 092
Ethylbenzene 0 0 0 0 0 0
p-Xylene 20.69| 24.27| 24.36| 24.12| 24.14| 23.97
m-Xylene 62.58| 54.19| 51.78/ 53.92| 51.57| 50.95
o-Xylene 15.06( 2045 22.77| 19.25| 22.15 22.93
135TMBZ .18 0 0 031 0.22] 0.21
124TMBZ 0.5 0227 0.24] 0.83 0.6 0.6
123TMBZ 0.07 0 0| 0.11 0.09 0.1
1235TTMBZ 0 0 0 0 0 0
1234TTMBZ 0 0 0 0 0 0
1245TTMBZ 0 0 0 0 0 0
Total Unknowns 0 0 0 0 0 0
m-xylene conversion 37.42) 4581 4822| 46.08] 48.43| 48.05
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1234TTMBZ0. 06000. 0900. 08 1245TTMBZO0. 20. 110. 10. 320. 130. 22 Tot al
Unknowns000000. 25 m Xyl ene conver si on56. 6954. 3754. 4459. 9945. 7359. 44 194 2005
29JUL2005 Tabl e 18B. o- Xyl ene |sonerization Data. o-xyl ene

0 8754254753 B RA G, mEKSIGn Isamerdeia otpso” |

METHANEO. 009-—000.000-000. 000. 00 FTHANEO. 060. 070. 200. 090. 130. 19
PROPANEO. 000N o¢EE0igomenizetion 00| ETHYLOME, GHERANEO 110UPD-60ER. 120. 090. 00
BENZENEO. 130. 130. 130. 150. 150. 16| TOLUENEO. 120. 130. 220. 290 §4050An
R R e T R R
O Thh BN BOUUCABOMIAD. 47 1b3- TRPBENDERED. 196] 100 5960, 060] 00050%
1245- TETRAM-BENZQOO0Q. 000. 000, 00
Methane 012 0.18| 0.18| 0.12] 032 0.65
Benzene 0.12 0.1l 012 0.14] 0.12] 0.22
Toluene 8.06f 553 5.3 1057 6.76] 9.08
Ethylbenzene 0 0 0 0 0 0
p-Xylene 19.85| 21.31| 21.49| 18.41| 20.7} 19.21
m-Xylene 43.21| 45.63| 45.56| 40.01{ 44.27| 40.8%9
0-Xylene 18.09| 19.89| 20.55| 16.81; 19.33| 18.51
135TMBZ 256 1.75| 155/ 3.35 2.01| 2.51
124TMBZ 6.57| 4.67| 4.33| 855 537 697
123TMBZ 0.92 0.7, 0.69 1.2 0.8 1.1
1235TTMBZ 0.25| 0.14] 0.13 04| 0.18 0.3
1234TTMBZ 0.06 0 0j 0.09 0| 0.08
1245TTMBZ 0.2 0.11 0.1 032 0.13 0.22
Total Unknowns : 0 0 0 0 0 025
m-xylene conversion 56.69| 54.37] 54.44| 59.99| 45.73| 59.11




1235- TETRAM BENZ0OOO0O. 000. 000. 00 1234- TETRAM BENZ000O0. 000. 000. 00 o- xyl ene

conver si on37. 4558. 8471. 0060. 4872.8175.91 55 2 9 JUL 2005 CLAI ME: m‘s 0

m croporcus crystalline zeolite having a conmposition in the as nQ[ Qsed

formon an aFtB/drous basis in ternms of nole ratios of the el emants of: M;
X"+ Al {~-.Table 18Eg s Xgjenmisomenization Dataist one exchangeabl e cati on

sel ected from the group consisting of al kali and al kaline earth netals, "n

i s the nol e|g-ayfeneolsoMdrizatioM 1 ELZaRE, Eariawfrom 0 gpmls2Ex B TS 3
ni t rogen- cont al ni ng or gani c cat on selected from t he group consi sting of

A ol |

pr ot onat ed T thi=an S, otot ) anotggrnes
quaternary a mﬂﬁérattﬁ’f%@%d‘tﬁdl quat ergré; ya ni um’i onsjﬁ lat zedﬁ5

D

—~

al kanol am neés—and myfllr.F\Q thei pnf, N"r" is|the le ratio of IR to A+ E)
and has a vdilaw Rateqcominy 3.0: | E ixd|at 158ast &le el &ggnt <|ect &d|from t he
group consisting of Ga. Fe, O, In and B, |x' istthe nole fraction|of E and

varies fromO to 0.5, "n'" Is the weighted averag¢ valemce of [Mand|has a
val ue of +1|to +2, " p" S the 'vei ght ¢d average val ence|of R and has a val ue

of +1 to -2 the ||U|c|< o of—SH-ortA—++E——apg-varies—+em 5 to 1
2 and "z" i ‘Mﬁﬁg'ﬂ?@?e ratio p@\o(Al b'ﬂOLC)E) ngr%) hag-con vaP 0] dePdli ned by
the equati ohi-z.= (mm + rp + ’% . 4y)|” the zeolite characterized in|that it
has at IeasiETllel\};E-ray di ffractionO@aks0.07 020 0.09] 013] 0.19

PROPANE 0.00f 0.00f 0.00 0.00f 0.00] o0.00

ETHYLCYCLOHEXANE 0.11 0.10f 0.07 0.11] 0.09| 0.00

BENZENE 0.13] 0.13f 0.13] 0.15] 0.15| 0.16
TOLUENE 012} 0.13f 022 029 0.34] 0.50
ETHYLBENZENE 0.00] 0.00] 0.00f 0.12] 0.11} 0.10
p-XYLENE 6.18] 14.60| 20.61} 14.19] 21.04] 23.06
m-XYLENE 30.68| 43.71] 49.52| 45.15] 50.51| 51.16
0-XYLENE 62.55| 41.06{ 29.00| 39.52| 27.19| 24.09
135-TM-BENZENE 0 0 O 040 0.12] 0417
124-TM-BENZENE 0 0 0 028 031 047
123-TM-BENZENE 0.13|] 0.19; 0.25; 0.00f 000 0.08
1245-TETRAM-BENZ 0 0 O 0.00] 0.00{ 0.00
1235-TETRAM-BENZ 0 0 O 0.00f 0.00, 0.00
1234-TETRAM-BENZ 0 0 g 0.00f 0.00] 0.00

o-xylene conversion 37.45| 58.84] 71.00| 60.48| 72.81| 75.91
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one at a d-spacings of 3.9 0.12A and one at a d-spacing of 8.0_0.20A and
has a tetragonal unit cell. 56 2 9 J UL 2005 2. The zeolite of clzi n]UJ[ i
characterized in that it has a x-ray powder diffraction pattern whi : 2005
contains at |east the d-spacings and relative intensities of one of Tables
Ato C 3. The zeolite of clains 1 or 2 where Mis at |east one netal
selected from 5 the group consisting of lithium cesium sodium potassium
strontium Cq_a;(iigvyrl-g) calcium magnesiumand R is a quaternary amoni um cati on.
4. A process for preparing the mcroporous crystalline zeolite of any of

clainms 1-3 which conprises formng a reaction m xture containing reactive
sources of R, A, Si and optionall

E and/or M and reacting.the re ion 10
m xture at r eact/?ﬂorhm@ﬁ?ftﬁr@%)ng%ﬁ!%’??i Aetlige hévpgnﬁ%rﬁ?nﬁpggglfop‘ldécﬂf% rjQ?SC
for a period of 12 hr to 2 weeks, the reaction m xture having a conposition
expressed in tergpyaésimpldormt bosrobnhiercogi loess of :terms of mole ratios of the
aM2/ nG bRti pO (1-¢c) A1208: cE203: dSi O2: eH20 where "a" has a value of 0 to 2,

"b" has a val ue ol%gi%%t Q. 30, "c" has a 15 value of 0 to 0.5, "d" has a
value of 5 to 30° & has a value of 30 to 6000. 5. The process of
claim4 where the source of Eis selected fromthe group consisting of
al kali borates, boric acid, precipitated gallium oxyhydroxide, gallium

sulfate, ferric sulfate, ferric qifi'oy ia%z(g_l%r@r‘_’rﬁ@r@hl oride, chromum 20
nitrate, indiumchloride and indidfinitrate.” 6. The process of claim4 where
t he al um num source is selected fromthe

where M is al least one exchangeable calion selected irom the group
consisting of alkali and alkaline earth metals, "m” is the moie ratio of M to
(Al + E) and varies from Q010 1.2, Ris a nilrogen-containing organic cation
selected from the group consisting of protonated amines, prolonated
diamines, prolonaled alkanolamines, qualernary ammecnium  ions,
diquaternaryammonium ions, quaternized atkanolamines and mixtures
thereof, “r” is the male retic of Rto (Al + E) and has a value of 0.2510 5.C,
E is al least one element selecied from the group consisting of Ga, Fe, Cr,
in and B, "x” is the mote fraciion of E &and varies from O 1o 0.5, “n" is the
weighted average valence of M and has a value of +1 to +2, "p" is the
weighted average valence of R ang has & velue of +1 tc +2, "y is the
mole ratio of Sito (Al + E) and veries from 5 1o 12 and "z" is the mole ratio

of O 1o (Al + E) and has a value deiermined by the equation:
z=(men+rep + 3+ 4sy)/2

the zeclie characterized in that it has at least two x-ray diffraction peaks,
one at a d-spacings of 3.920.12A and one &t & d-spacing of 8.6=0.20A

and has a tetragonal unit cell.
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group consi sting of alum num i sopropoxide, al um num sec-but oxi de,
precipitated alumna, Al (OH) 3, alum numnetal and al um num salts. 52 9(2{,@ ﬁDSU
L 2005 7. The process of claim4 where the reaction conditions include a
tenperature of 140C to 160C for a period of 2 days to 5 days. 8. The use of
the mcropordus dhgstzglolilen®tzelainit & diaraplgrizgedcinaithat ii- Basnaax-ray dpowdernon
conversi on process conprising contacting a hydrocarbon 5 streamw th the

i croporous crystdfflactien zetdrh ewbichhygitaiar BENesaNRr Bt PacingdNdinki fNStiVeo
give a converted product. 9. A process for the isonerization of a

non-equil i brium f . xtur h 1S} yl enes and et hyl benzene conpri si ng
contacting the fé@%ﬂsmeétdfurogeioqn t (Iaésf))%g(ggr(ice of hydrogen in an isonerization
zone with a 10 catal yst conposite conprising an effective amount of at | east
one platinum grQ‘y nmetal conponent and the crystalline alumnosilicate
zeolite of ahy of Ha apoilie QI FIMMS L o Whar bhisahienst 8Re metabbelacted Hom

| soneri zed product conprising a higher proportion of p-xylene than in the
feed 16 xture. 15 thé.goue pomsistigy of [Ghiamm Gsirey sbdiurhe pptaasiummsgontium et al
conponent is present in an amount fromO0.01 to 5 nmass-% on an el enent al

o both of the | Seuen o B AT NN BB RS AR AT, cocs of

Claim9 further conprising recovery of para-xylene by 20 selective

adsor ption fJom tA1e i soner,i zed product and a fresh feeﬂ_ m'xti.lre.
: process for preganng he microporous crystalline zeolite of any of

claims 1-3 which comprises forming a reaction mixture containing reactive
sources of R, Al, Si and optionally E and/or M and reacting the reaction
10 mixture at reaction conditions which include a temperature of 100°C to
175°C for a period of 12 hr to 2 weeks, the reaction mixture having a

composition expressed in terms of mole ratios of the oxides of:

aManO:bR2,O:(1-C)ALO3:cEx05:dSIO,:eH0

where “a” has a value of 0 to 2, “b" has a value of 1.5 to 30, “c" has a

15 value of 0 to 0.5, “d” has a value of 5 to 30, and “e” has a value of 30 to
6000.
5. The process of claim 4 where the source of E is selected from the group

consisting of alkali borates, bori¢c acid, precipitated gallium oxyhydroxide,
gallium sulfate, ferric sulfate, ferric chioride, chromium chloride, chromium

20 nitrate, indium chloride and indium nitrate.

6. The process of claim 4 where the aluminum source is selected from the
group consisting of aluminum isopropoxide, aluminum sec-butoxide,

precipitated alumina, Al{OH});, aluminum metal and aluminum saits.
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58 2 g JUL 2005 13. The process of claim9 where the isonerization
conditions include a tenperature of 100C to 500C, a pressure from 3 g ¢UI50(5
at nrospheres and a liquid hourly spare velocity of 0.5 to 10hr-'. 14. A
process for nonoal kyl ati ng aromatic conpounds conprising reacting 5 under
al kyl ati on dondi tlinenspraness etfi £laim W awharaylhgt deaeticlr crnditionsoripelude eo
provi de an al kyl ated conpound in the presence of a catalyst conprising the

crystal | ine al umigepetataps 6f AP0 ﬁoe16ﬁ°CBﬁ®Yaqierwd8<bf@dé%é3to 38aydhe process of
Claim 14 where the olefin contains from2 up to 20 carbon atons. 10 16. The

process of claim 14 where the process is carried out under at |east partial
| i qui d phasg, condgill . - f b - A

al kyl ati on % beﬁr}zﬁeénggé\ﬁfﬁﬁeprﬁggé eﬁggg@ﬁ%?liﬂé?%Délggfgﬁgr%r%%wégﬁes \}\rn] tah
benzene at a tenperature between 90C and 200C at a pressure sufficient to
mai ntai n at | east"YATQcarBant $IVersigni RIOpASS COMPASI g 8 Nydrogamapst
conprising the crystalline alumnosilicate zeolite of any of clains 1-3.
18. ABZransal kyl afticamn pithctessnicooguross ogystaltivg zegliterad drydtacansan kphatnsmm
reaction conditions a polyal kyl ated aromati c conpound with a nonal kyl at ed

aronmati ¢ conmpounch, WiRirai 18 g%e 5%65%:?&?{3#&%&. group is 20 transferred from

t he pol yal kyl at ed aromat’i ¢ *conpound to e nonal kyl ated aromatic conpound

in the presence of the mcroporous crystalline zeolite of any of clains
1-3. 59 , I —_ ,
9. A process for the isomerization of a non-equilibrium feed mixture

comprising xylenes and ethylbenzene comprising contacting the feed
mixture in the presence of hydrogen in an isomerization zone with a
10 catalyst composite comprising an effective amount of at least one
platinum-group metal component and the crystalline aluminosilicate
zeolite of any of claims 1-3 at isomerization conditions to obtain an
isomerized product comprising a higher proportion of p-xylene than in the

feed mixture.

15 10.  The process of Claim 9 wherein the platinum-group metal component is

present in an amount from 0.01 to 5 mass-% on an elemental basis.

11.  The process of Claim 9 wherein ortho-xylene is recovered from one or

both of the isomerized product and fresh feed mixture.

12. The process of Claim 9 further comprising recovery of para-xylene by
20 selective adsorption from the isomerized product and a fresh feed

mixture.
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7.9 JUL 2005

The process of claim 9 where the isomerization conditions include a
temperature of 100°C to 500°C, a pressure from 1 to 50 atmospheres and

a liquid hourly spare velocity of 0.5 to 10hr™.

A process for monoalkylating aromatic compounds comprising reacting
under alkylation conditions an olefin with an alkylatable aromatic compound
to provide an alkylated compound in the presence of a catalyst comprising

the crystalline aluminosilicate zeolite of any of claims 1-3.

The process of Claim 14 where the olefin contains from 2 up to 20 carbon

atoms,

The process of claim 14 where the process is carried out under at least

partial liquid phase conditions.

A process for preparing cumene by the alkylation of benzene with
propylene comprising reacting propylene with benzene at a temperature
between 90°C and 200°C at a pressure sufficient to maintain at least a
partial liquid phase in the presence of a catalyst comprising the crystalline

aluminosilicate zeolite of any of claims 1-3.

A transalkylation process comprising reacting under transalkylation
reaction conditions a polyaikylated aromatic compound with a
nonalkylated aromatic compound, wherein at least one alkyl group is
transferred from the polyalkylated aromatic compound to the nonalkylated
aromatic compound in the presence of the microporous crystalline zeolite

of any of claims 1-3.

59






