2:9 JUL 2005 "UZM 5, UZM 5P and UZM 6: CRYSTALLI NE ALUM NCSI LI CATE ZEOLI TES
AND PROCESSES USI NG THE SAME" BACKGROUND OF THE | NVENTI ON 5 Zeol i ﬁ/ﬁ’&gﬁj%

crystalline alumnosilicate conpositions which are m croporous an
have a three-di mensional oxide framework forned from corner sharing Al Q2

and SiOZtetrah |
synthetically pr S%EE %%?g%h gﬁ}@%ﬁﬁ g‘égaq-éeol Ites |
are characterized by ;? ons 10 having a |

significant ion exchange capacity, and being capable of reversibly
desor bi ng an adsorbed phase which is dispersed throughout the internal voids

of the crystal w thout sigBAUDKGROUNDICGHITHE INVENYI@Nons whi ch make up the
permanent zeolite crystal structure. The nunber of synthetic zeolites is

wel | gqver a hund en f‘ﬁga S urgaTypes
publ i ghed by thezﬁgltggna |leglna Iﬁﬂe ]a'?lu '}gooégfclgtf’éogog i%%glﬁar%s W weII nown,
zeolites are .distinguishe meach other an the bhasis of

conposi t i onMIEROPSFYS apd L‘l@'l"éh aya@ Kuedimeosiops! o%ﬁ?? ?@I‘ew Oﬁ@PHJ{Pm
commonly used in the art to distinguish zeolites is x-ray diffraction.

Appl i cant s berrerssharings Aeg andf §i®4 yetodhedrast Mumereug exmalites; mathpuadistéllyns

20 whi ch have unique x-ray diffraction patterns and have an enpirical

for mul a on 6%:ur'f‘|ﬁ§ %‘é?nff%‘iibﬁll% ?tréﬁ‘drﬁa &b Uﬁcﬁ"%r\/ﬁhb% :ﬁ&ustﬁ& pRcesses.

_X)EFSi Y one exchangeabl e catlon sel ected fromthe
g][ Ol,\J/Ipt go?ij %t E%Saﬂf? %hlé?éc':tenzed Ef)y %lalvf?'l% [e)gltet %p@%&ngs of unlform dlrﬁensm srat o

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




25 varies fromO to 1.2, Ris a nitrogen-containing organic cation
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mole ratio of Sito (Al + E) and varies from 5 to 12, and “Z” is the mole ratio of O

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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limted to lithium sodium potassium cesium strontium calcium

magnesi um  barium and m xtures thereof. The value of "ni' which is {§le)liole
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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
10 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:
Z=(men + rep + 3 + 4ey)/2

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

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

is present, the total amount of:

{n)+ (n2)+ (nd)+

M:+=Mml +Mm2 +Mm3 to
and the weighted average valence “n” is given by the equation:

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

20 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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wei ght ed average valence is the valence of the single R cation, i.e., +1 or
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limted to, aafihe weighlel @vemrgs valenez fiis given By the eguatidnuni num hydr oxi de,

al umi num salts and al um num netal. Specific exanples of al um num al koxi des
include, but are not limted to 10 al um num ort ho-sec- butoxi de, and al um num
ortho-i sopropoxi de. Sources of  siligedripeédp.Prt.are not limted to
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Oxyhy%r oxd d%l‘ystallization of a reaction mixture prepared by combining reactive sources of R,

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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cont ai ni ng fm&mla:ve sources of the desired conponents can be described in
terms of nolar ratios of the oxides by the formula: aMy"QO bF ,

O (1-c)Al 203: cE2(B: dSi 2: eH2O 5 where "a" is the nole ratio of the oxide of
M and has a val ue of 0 tcﬁszn@mepQ (t1k@A|2@leEEEhtd9doaTGHzﬁb oxi de of R and
has a value of 1.5 to 30, "d" is the nole ratio of silica and has a val ue
of 5to 30, "d is the nole ratio of the oxide of E and has a val ue fromO

to 0.5, and " LS, nole rati t er, .and has Iue 0.t 000.
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tenperature of 100C to 175C and preferably from 140C to 160C for a peri od
of 12 hour s male ratial af thenaddpraffR aadihasf @ vakuet ofnk5dH 30, ddYis the rholasadioiof a
seal ed reaction vessel under autogenous pressure. After crystallization is

conpl et e, t BficaePld KhsPa QA of 5 td S0! & ¢sltHe Ridld A0S MBS OHE dAdkhas @ by
means such as filtration or centrifugation, and then washed with de-i oni zed
water and dybed 48m3 %o 0.5, and “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
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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




6.31-5.89 14.00-15.00 wm 7.96-7.58 11.10 -11.65 ms 10.40- 10.01
8.50-8.83 wm 12.11 - 11.59 7.30-7.63 m 16.10- 15.53 5.50-5.70 mvs 19.28
- 18.55 4.60-4.78 wm 22.26 - 21.60 3.99-4.11 m 23.20 - 22.43 3. 83 3\b#05
Ws 24.16 - 23.33 3.68-3.81 vs 30.48 - 29.55 2.93-3.02 wm 31.94 - 30.92
2.80-2.89 wm 44.83 - 43.47 2.02-2.08 2 9 JUL 2005 Table B UZM 5P

2-0 D(A) 1/10% 6.31 -5.19 14.00- 17.0'(5\3161’9- vs 7.96-7.56 11.10-11.70 wm
10.52-10.04 8.40-8.80 ms 16.56 - 15.67 5.35-5.65 wm 19.49-18. 87

4.55-4.70 wm 23.52 - 22.09 3.78-4.02AU&M-5Fs 24.03 - 23.39 3.70-3.80 w -
VS

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




30.81 - 29.76 2.90-3.00 w- m 31.94-30.81 2.80-2.90 W M 45.30 - 43.04
2.00-2.10 w- m7 2 9 JUL 2005 Table CUzM6 2-0 D(A) 1/10% 6.31-5.89
14.00-15.00 wm 7.96-7.58 11.10 - 11.65 ms 10.40- 10.01 8. Z%ﬂ@% W m
12.11 - 11.59 7.30-7.63 m 16.10 - 15.53 5.50-5.70 mvs 19.28*"18.55
4.60-4.78 wm 22.26 - 21.60 3.99-4.11 my 43, - 22.43 3.92-4.00 myvs
24.16 - 23.33 3.83-3.96 ws 30.48 - 29.5 ' 68-3.81 s-vs 31.94 - 30.92
2.80-2.89 m 44.83 - 43.47 2.02-2.08 w The_zeqglites of this invention are
capabl e of separating m xtures of nol ecngM@peci es based on the nol ecul ar
size (kinetic dianeter) or on the 5 dedree of polarity of the nolecul ar

speci es. Wien the separati op-gof nollecul zD(Agspeci ¢s isiMmgsed on nol ecul ar
size, separation is agconplished by the snaller
6.31-5.89 14.00-15.00 w-m
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.
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crystal | i nehydiaggpations debygragenatios, tassalyladionas eleaditylationed kydiatiemai n

al kyl ati on of al kylaromatics, al dol-condensations, ol efin double bond
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oL SRRl A RS s B Sy oh oG Sy i e
of the react) o SPfeds which tan be 5 Th these procasses are well known in the art,
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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be used in these processes are set forth in US-A-5, 015, 796 and i? H. Pi [Ees,
20 THE CHEM STRY OF CATALYTI C HYDROCARBON CONVERSI ONS, Acadeni c B dU 510
(1981) pp. 123-154 and references contained therein. Al though the zeolites
can be used alone, it is preferable that the zeolite be mxed with a binder

for convenient formation of catalyst particles in raporiion_ , of to 100
s o yeol SPQUIETICR RS 68 PRICUSoibie A hriags ared ALS 18 E0P R asdng Siafhaly,
conprising from 10 to 90 nass-% of the conposite. The binder 9 2 9 JUL 2005

shoul d pr ef esfeadtgryldo the conditiohautlizedsim thedwdapeaabon conversgoopieRegs. Hlon-
relatively refractory to the conditions utilized in the hydrocarbon
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I
zirconia, zinc e, magnesia, boria, silica-alumna, silica-magnesia,
chrom a-al upina, gl um na-bori silica.5 zirconia, silica. .silic. and
cl'ays. - Pret UPay sARINgiSR. Saiuadridia; BhEERdim e, ARminehoia, e
gamm-, eta-, and theta-alumna, with gamma- and eta- alum na being
espechal | y piresniar sifica, miicazgell and alays Ryefaiadhbinders arenamomniousoiligaandd
into various shapes such as pills, pellets, extrudates, spheres, etc.

Preferred shapaipagrieclgdingugaimgsa-, ldlaandng ptheteslunipd with ganena- pndpetad by
conventional neans which involves mxing of zeolite either before or after

addi ng et ah‘drﬁinﬁ?ﬁ@%ﬁ%ﬂawﬁﬁ%ﬁd- bi nder and a suitabl e peptizing agent

to forma honoge paste having the correct nvoisture
content to allow_for the formati on of extrudate ith acceptable integrity
to withstand dir d0f Ze0lge nith 8h Withest @.bipdet ﬁ@ﬂ%%%@%ﬁﬂ&ﬂd@d‘%ﬁr%@ﬁga di e
to give the shaped extrudate. A nultitude of different

such as pills, pellets, extrudates, spheres, etc. Preferred shapes are extrudates

10 and spheres. Extrudates are prepared by conventional 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

10




extrudate shapes are possible, including, but not limted to, igl | nders,

cloverleaf, dunbbell and symetrical and asymretrical polylido 51t is
also within the scope of this invention that the extrudates may be further
shaped to any desired form such as spheres, by any nmeans known to the art.

20 Spheres Q@@E&Eggfoggg,égfﬂﬁbdvggb@etrdﬁh{en'@%‘”bif’iahgd RFa fabaty yrﬁto

described in h™ 1S I'ncorporate y reference. met hod
i nvol ves dr ing a m xture of zeolite, and. for_exanple, alum,na sol nd
gel ling agliiiner dmprave dheir plysIcan chREIGIRUstcs. oTBp sy tingnaerd ANt geliate
droplets of the mxture remain in the oil bath until they set and form

hydr ogel sppeartieles diecth2b veashadeandideed adra adativiehyu tows tempéetatuheann53-2687¢ he
oil bath and typically 10 2 9 JUL 2005 subjected to specific aging

treatments g @u'bié&?@d 19 &P BHRINaASA pr.%@éﬁﬁﬂeogl gﬁgnfggr{n*ﬁ?é of WH@Y?O@%rVa

physi cal charactefistics. The resulting age ed particles are then
washed and dri.e aJJelativ Low te ature of 50- c. and bj,ect ed
to a Barci naeiah o B astpdlisy “tr's LR ERT RIS Badersimicor B ntBoedBlRS o
to 20 hours. This treatnment effects conversion of the hydrogel to the

cor r espondi G@frespendiag aluming matrigl ati num group netal, including one or nore
of platinum palladium rhodium ruthenium osmum and iridium is an

optional conponeAt pRfintitegrolipeAtl, Gedladingt ofs!tor @RS HArplafituim| palfadiurgt i on
and al kyl ation. The preferred 10 platinunrgroup netal is plati num The

Comost t & al i THRAMRAE FmURY Attt & An’ OByl SeoBbietf dne

etc., or as an el emar]t al nmetal or in conbination WithI one or
present catalyst but necessary for isomerization and alkylation. 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



nore other ingredients of the catalyst conposite. It is believed thag | PZ
best results are obtai ned when substantially all the platinum group ne

conponent 15 exists in a reduced state. The platinum group netal conponent
generally conprises fromO0.01 to 5 nass-% and preferably fromO 1 to 2% of

the final B/ablésé 'aE@ord@/‘ﬁg tﬁée&)&}é or &QSF‘?{Ng

pl ati num group netal “conponent I ncor porate ca aI

conposite in i.t abl nner e et hod of parin the ata.l yst
ol ves. t nEnRTRElYE B SGORRRad SelBnaoRuEb HER LRI B g
platinumgroup netal to inpregnate the calcined si eve/ bi nder conposite.

Al ternati veRgd, a pla&numm@cblmpdeet aplatioupourtetraslyiotide adtgdrade, t rpatinure of
conpositing the zeolite and binder. Yet another nethod of effecting a

sui tabl e  neichlorgtiboniu dichioride, h)étrﬁﬁﬁﬁ@%jléﬂﬁi'@ dl#t@rud@t@h.tmamﬁm@?iamm the
bi nder prior to 25 co-extruding the zeolite and bi nder. Conpl exe

pl ati gum gr 1 ord| to the
abovegor ot %H&uﬁgﬁwtﬁ@ﬂgaé Qﬁ éjkl?ac(ﬁll"ar gﬂﬁﬂ&?npg%éﬁl%@ n%ﬁ‘l %rB?J%%I'%i c
aci d, ammoni um chl oropl atinate, bronmoplatinic acid, platinumtrichloride,
pl ati num t eBHERIE aﬁnaalnepmla@lém Hl)ahwdmmﬁie detramsnisepaliagiym Qi) ehiasided and
tetramne platinic chloride, dinitrodiamnoplatinum 5 sodium
tetranitropthlikeate (11), palladiumchloride, palladiumnitrate, palladium
sul fate, dianm nepalladium (I11) hydroxide, tetramm nepalladium (I1l)
chloride, and t I [ QN
that the catal ys'!} q(s:owrr'phﬁrs\ the sbﬁg&“oggh%‘gﬁ‘ ﬁ@\?&tﬁfnat]ﬁwgggﬁépgﬁel Sst c@?ﬁ%}qﬂg o]

dify the effect .of t
rodity the ?nayegontgm otner %e?al components known to modify the effect of the platinum-

H&Pde

10 group metal component. Such metal modifiers may include rhenium, tin,
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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10 group netal component. Such netal nodifiers may include rheni ub Jm-l?l‘],%
germani um | ead, cobalt, nickel, indium gallium zinc, uranium dysprosium
thallium and m xtures thereof. Catalytically effective amunts of such
nmetal nodifiers may be incorporated into the catal yst by any neans known in

composi te of 1 hel 7 SRR RUERERG ilod BbmtaRefaitd bt Thgrad azdfcdhe v

hal ogen conponent nmay be either fluorine, chlorine, bromne or iodine or
m xt ures t hapespd ofiftam eHpd4 erempes hguq@r@ﬂdaru%@"yw%cmau syertempapyrRAl s
generally present in a conbined state with the inorganic-oxide support. The

optional hafroge4000B30e0tiniah fir atradeihereviel b phrigeoidm2o té Ni0ch@irewintil he
catal yst and may conprise fromnore than 0.2 to 15 wt.% calculated on an

el ement al by ey |C&&ﬂgf) A4 pRLRE ¥ corTJbEhéEFéL?&ﬁ ﬁ?a‘i%BrlﬁgtoxldEa’%éhﬁ? I

I ncor porate cat Onposi In an manner

during the ation qf th organi c OXIde support, or ore, i le or
after? othe e%Eq({i &ﬁ é’pB‘BrrﬁJoﬁétﬁ’%”a?‘émpﬁ@%‘ﬂtpmaé‘[E’& agpista %YQ Higudiagsa The
catal yst conposite is dried at a tenperature of from 1000 to 320C for a

peri od of f halwgéntos hadogen-camtainimgicempodnd irsthed diy atmasphiared at a tenperature
of from400 to 650C in an air atnosphere for a period of from1l to 10 hours

e corm i -5 PO aeod oA e elloptals
including a wa ea}'l rek T é)uctlgﬁls?gg?o ?n%?:trglandnr}i% n;%”f'l ely di 'dlvib guasperg“toﬁoc?fqngr €.
optional metallic components. The reduction optionally may be effected in situ.
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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The resultant cal cined conposite optimally is subjected to a substantially
wat er-free reduction step to insure a uniformand finely divided ﬁéaggm%on
of the optional nmetallic conponents. The reduction optionally n#

effected in situ. 10 Substantially pure and dry hydrogen (i.e., |less than 20

vol . ppm H2 referabl IS us as the reducing agent ipn this step. The
reduci ng aga?éﬁﬁé%fr?&’é{@‘@ﬁ?ﬂ%& Caetgyl%qpy eNZERaFt i ofsSOPFRAVIRANZENES ¢ ature
of from200 to 650C and for a period of fromO0.5 to 10 hours, effective to

reduce substudurestheregfi of the Group VIII netal conponent to the netallic
state. In sone cases the resulting reduced 15 catal yst conposite may al so be

beneficial |y subjsonigizationpobsa!! Ci-gioigathy raixturgt bostakiingnethibchgens t ah®
i ncorporate in the catal yst conmposite fromO0.05 to 1.0 "masS-% sul fur

| cul d | . basi he feed ' ' ' [
comr i ces. | SABPS T4 8 BANEUIATDSbEIRE arpiralcty furedrSdies G b arvaniRl o
CoH(5 " )Rf, where nis an 20 integer from1l to 5 and Ris CH3, C2H5, C3H7,

or CABY, i nGengraynsichamiviurevill ihaveuan mihylbenzene ceoient dn tthe rapproximatet ai n
nore val uable isonmers of the alkylaromatic. Suitable alkylaromatic

hydr ocar bonearigechfusieo BOtriask-24,idn bAke-Rplenerddmentlih @R apiRéimare eige of 0
par a- xyl ene, ethyl benzene, ethyltoluenes, tri-nethylbenzenes,

Lt v e agSmstiog W SIEERConeh? i Sng i lE' Bp B gpsb s nes
| sonerization of a CB-aromatjc mxture containing ethyl benzene and xyl enes
is a particI38sr¥ EB%?(P@F%‘EW@BSI GRURMIA t'f‘%ﬁppﬁﬁ‘"gétﬂ T%w Y f%é5im@/%°ﬂiy/°i-on.
It is preferred that 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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5 Generally such mxture will have an ethyl benzene content in the

approxi mate range of 5 to 50 mass-% an ortho-xylene content in the JUL 7005
approximate range of 0 to 35 mass-% a neta-xylene content in the 18
approximate range of 20 to 95 mass-% and a para-xyl ene content in the

appr oxi mat e : 0 | r . .

af orenent i om’e%p gﬁ“‘%ﬁ%&&i‘?&"ﬁ%‘%iﬁ’@é’a@%%ﬁguﬁ%ﬁ?@?‘?ﬂﬁ# rl%}dmbgﬁrp%s n 8"

| east one CB-aromatic isonmer i s present in a concentration that di ffers

substanti al ﬁW%\éfumé@ Hepwss-‘as Breferatly dhe dsenedzable fydrocaiessogaisisthe

total CB aromatics) fromthe thernodynam c equilibriumconcentration of that

i somer at i essmtiazl?t ofoaramatits| impwevels tilenguteh purs predusts | flsrmudownstrear | s

prepared by renoval of para- and/ or ortho-xylene froma fresh C8 aromatic 15

m xt ure obt Eédbqg mbR{E edr omat i cs-production process, and preferably the
rium ure

non- equili cont ains | ess than 5 mass- %para xyl ene. The
al kyl aromatic hyqrocar.bons be utili | n the present i nve

found?’l n appr opr &Fer "F%ctpl H‘rpﬁ?ﬁﬁ/é?f i W‘%ﬁqmeﬁveﬁﬂ??:ola@uﬂl 4@%”2‘0
e.g., as individual conponents or as certain boiling-range fractions

obt ai ned by hytdmcatbarefesd mistufe,aprefenablyl tnadmiktaieswith| tatdrogenf isceardagtedcal | y
cracked or refornmed hydrocarbons. The isonerizable aromatic hydrocarbons

need not bewﬂﬁ%‘@ﬁfﬁli@cﬂ%e b Reuaiferdestibed irnéiﬁ’ﬁlkﬂé'ro%étm’\ﬁ){drﬁéarbon
i someri zation of yl aronet i c-contal ni ng streams such as catal ytic
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C8-aromatics feed to the present process . 14 29 JUL 2005
system, a moving-bed system, a fiuidized-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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may contain nonaromati c hydrocarbons, i.e., naphthenes and paraffins, in an
anmount up to 30 nmass-% Preferably the isonerizable hydrocarbons consi st
essentially of aromatics, however, to ensure pure products from gamitfam
recovery processes. 5 According to the process of the present invention, an
al kyl aromatic _ hydrocarbon feed. nmi xture, preferably in adm xture wth,

hydr ogen, isCOEEﬂ\%/%@,ﬂrb e gpMerizatien é?%foBo‘{'qiﬁeaﬁ&ﬂHﬁ’ h%‘l“' sRAGeVelgeky: Withed i n
an al kyl aromati c hydrocarbon isomerization zone. Contacting may be effected
usi ng t he caegpsaito ithe laycﬂﬂozed}dmeféedsyixtmmoféramm()i1ntg}mur"s,3ancbmeferably 0.5
fluidized-bed system or in a batch-type 10 operation. In view of the danger

of attriti ofglesEr'of ThEByirbAERBLS 18 ﬂ{iit’tﬁfr']e ?Eﬂm%i% id Peactedm %gnﬂﬂ%ﬁ@winﬂm it

is preferred to use a fiXed-bed system | I's system a hydrogen-rich gas
and the fee ' r re preheated by suitable h | ns._ to the desired
reaction teﬁlﬁgtdﬁe&} %t iMdFWMQ@PHt%O%HaﬁQﬁ$Q§P%1 ﬂfr{'gorecoﬁpé?rni ng
a fixed bed of catalyst. The conversion zone nay be one or nore 15 separate
react & s wi tersdileems sush asditregen rsgor andilighbhydrosatieas ray beqyesent.

I someri zation tenperature is maintained at the entrance to each zone. The
reactants may be T¢enreadtion prddectbevigathel wschbabm,Ndesdritrid hevsindbove, of

downward-, or radial-flow tashion, and the reactants may be in the liquid
phase, a m g : act ,L.h the
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m xture of C8 aromatics,, is contacted with the isaoperization catalyst at
sui t abl e al IEPMPHRN }l‘é-arps'@?QF‘VQ@tqrb Ogbnaplaﬁthgﬁg_s. Sthan viekh @ th;ﬁT?SC i se a

tenperature ranging from 0O to 600C or nore, and preferably is in the range
of from 100@rodudabas isTerhaqpeeskisy farmieg aylahky fiosn thylberzeneo T RBskdPLq( 1 t o
100 at nospheres absol ute)
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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25 preferably | ess than 5066 kPa (50 atnospheres). Sufficient catalyst is
15 g g JUL 2005 <contained in the isonerization zone to provide a 2|gwc§
hourly space velocity with respect to the hydrocarbon feed m xtur 3 '-f BBm
0.1 to 30 hr', and preferably 0.5 to 10 hr'. The hydrocarbon feed m xture
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nitrogen, argon and |ight hydrocarbons may be present. The reaction
proceeds vi 8 ndSrixdA32.882. descri bed herei nabove, of isomerizing xyl enes
whi |l e reacting ethyl benzene to forma xylene m xture via conversion to and |

reconversion from naplsepargion/idbelizgtich oprosgsenesmbindtion relatidigcttot the 1 s !
enhanced by form ng xyl enes from et hyl benzene. The | oss of C8 10 aromatics |

t hrough the Wolg! ' ' |y St 4~MBS S f of
C8 aromati Cgfcﬁ%%%ﬂfq@ P Eer tel(g I%%egtgé&cl)ﬁ ﬁ'éiugé’agl ;ﬁ% gh n%gg?@)négéﬁeégggsignd
nost _preferably no nore than 2.5 mass-% The particul ar schenme err% oyed to
recovlr an FemwEIad Mithyissimesized: praduchcosmpnsieg (Co Rrematies ando papathengs

i somerization zone is not deened to be critical 15 to the instant

i nvention, #oth By isehicativh reaswirerons aRdmedkow\pataixylbfe deparaionbonessed.
Typically, the reactor effluent will be condensed and the hydrogen and

condensed | PR SR BroTHiacr SEA, bOTRESIG R Ko h Rl BT AR o R,

byproducts and obtain the isonerized product. In sone instances, certain 20
product spedraBatigeis dedota Mae XgomaEzation teastiorhvened whase thee GestyRENatiSed
product by selective fractionation. The product fromisonerization of C8
isomers are isomerized to near-equilibrium levels to obtain the isomerized
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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aromatics usually is processed to selectively recover the para-xyl ene

I soner, optionally by crystallization. Selective adsorption is prefﬁ“{ﬁﬂS
using crystalline alumnosilicates according to US-A-3, 201, 491. 19

| mprovenents and alternatives 25 within the preferred adsorption recovery
process are descki bed, in -A- 16,.29JUL2005, 3,626, 020, US- A- 3, 696, 107
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10 product. | n this process schenme non-recovered C3-aromatic isoners
pref ePabl y alfylatedby ap&ipline exmpewnd. ohhe atkylatatie grernatiecompeundsmay thewet o
para-xyl ene or lost due to side-reactions. Otho-xylene separation,
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feed or isonerized product, or both in conbination, prior to para-xylene
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conpounds nvol¥es reacting an aromatic’ co '~ using the

above descrjbed zeolitic cata)Jyst, The alefjns which can be used.in the
process area!iﬁ’lﬁgrqyp @'ﬁ%§@nmsc4ﬂg‘@ohpait9 2&‘??{?{39” &Pe h?f&rtsﬁr?“ BRENt Bhese

ol efins may be
an alkyl or alkoxy group, a phenyl group can also can be substituted on the alkyl

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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branched or linear olefins and either termnal or internal olefins.
Preferred olefins 20 are ethyl ene, propylene and those ol efi ns which a L 2009
known as detergent range olefins. Detergent range olefins are Iinearz

ol efins containing from6 up through 20 carbon atons whi ch have either

i nternal or L.hal do b s~ Linear. ol.efins I nJ fro .10 16
carbon at oﬁﬁ%a@(%f@r@f%%ﬂh%sé“@o‘?{?ﬁﬁr?ﬁxéfqm0@3%?0 ?EB'?%' ﬁ‘%{n%ilﬂﬁ n
atons are especially preferred. 17 2 9 J UL 2005 The alkylatable aromatic
conpounds néyffigientts asmelher desiredrrroguctupn adsitisuous Pmceﬁéﬁé&w!\e SaPHaRAl ene,
ant hracene, phenanthrene, and substituted derivatives thereof, wth benzene

and its der comgideradlyb@unds tusaalp siorpoef %rsednr"wéignﬁhbgng(ymcumbloﬁy with
al kyl atabl e is nmeant that the aromatic conpound can be al kyl ated by an

olefinic co L Ky r - nor e
of the subs |§5 %gﬁttos{ﬁgg?lgﬂﬁekﬁ P?@knﬁltaﬁetﬂ rcl)%}gatc&)g‘nsi S mS@'@PE@fengp%ﬁée
(havipng from1l to 20 carbon atom;t) hb;é:droxgﬁroups, and al koxlyJ 8erUpE whose
al kyl 9gr oupCaiigd Qi tdpmperatyias1olid00°s 128Q1% @ndaheralkylglien ef prazene by
substituent is an alkyl or al koxy group, a phenyl group can al so can be
substi t ut edpmpyteme al &ytemperatoss of 96PChou200°@h siHes ratioubedikytatable aromatic
nonosubsti tut ed benzenes, napht hal enes, anthracenes, and phenanthrenes are

most of ten s§fBoliRd ttdi'%léffrfﬁéé@(ih ‘Eﬁx% GRYtnt br@ééﬁ i\AﬁleeB@gﬁY PRt theWdedffee of

aromatics also may be enpl oyed. Exanples of suitable Kyl at abl e Taromat i c
eyl ene. ot novBEieLmNopfyliBRGeSind 2Oel AndhS cifva bRYS Hane agrafSEnd
hexyl benzene, heptyl benzene, octyl benzene, etc.; phenol, cresol, anisole,
ethoxy-, pPleiBicy compoenerts- of dbat eaactionhalduseenFendliodation 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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The particular conditions under which the nonoal kyl ati on reaction is

conduct ed depends upon the aromatic conpound and the ol efin used. ond 9 JUL 2005
necessary condition is that the reaction be conducted under at |east parti al

liquid 20 phase conditions. Therefore, the reaction pressure is adjusted to

mai ntain th [ l. Jal Ly di Y | g3 .t WolbF o FOT
hi gher ol ef ?hesﬂﬁ%é fﬁgﬁégi"ﬁﬁﬁé ﬁg@ra&éﬁcdérﬁ”ﬁ’é@égleaﬁggﬁﬁgg%mds&ysggﬁ?’ge?mis a
practical matter the pressure normallﬁ(yi s in the range between 1379 and
6985 kPa (268-dessnbgdi @hoveutanssing Inpnakeylated arematie wEIRIGIS28t0 beNZeNg Py
(300-600 psig). The alkylation of the al kyl atable 25 aromati c conpounds with

t he ol ef i nsnaphthaene?- &3iBracenge amh pleeratihiead. ouThat reactibd  Zofdilibhs 265
tenperature of 60C to 400C, and preferably from90C to 250C, for a tine

sufficient : ’ r t cont, i [ hiTe
can vary  coalpAlpalin? g SImES £LMERF for WlyRiBH b BihRBRE Behl P P hace
velocity with respect to the olefin, In particular, the alk I;tion Qf
benzeRe wi t RGP dAE te#PGe PressHFes Buthsufange @Ry 1o wid< lota 2HE1R dSPs50C
and the al kyl ati on of benzene by propylene at a tenperature of 90C to 200C.

The rati o obsiy)kamdtied i@ tiBtof unaflgimed adorhatiote polyalkyiated ardmatic imsthant
process will depend upon the degree of selective nonoal kyl ati on desired as

react; on m I HETORE1 GG, BahpRsror BRlARARD oftaice e Thay B8’ dalted N
of 2.5:5 betifh ppéhortEenanase WonnaraRaes ypaRla olite: Rstrulenzene, ™ ©
benzene-to-olefin ratio between 1:1 and 8:1 is preferred. For detergent
L ?Sﬁeasoggf ifii?%mbpﬂbemje,aiibwyllzmrleotr'tﬁﬂaaﬂbenmei tiisopropylbenreers.elcup to as
10 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



generally sufficient to ensure the desired nonoal kyl ati on selectivity, with
a range 15 between 8:1 and 20:1 even nore preferred. The zeolites Df Jbislh
i nvention can al so be used to catal yze transal kyl ati on. By

"transal kyl ati on"” is neant that process where an al kyl group on one aronmatic

I is int larly t ferred to. d {
preforred EREHEROR: Mord yrbEssaTTS FomeCiies & neerdl TRBbaTadtife B anfs o
a polyal kyl ated 20 aromatic conpound is transferred to a nonal kyl at ed

aromati ¢ coispuotrelifficiect fospreeiusiepthefdiféerebtiatiaraof ttenpresent crystalling Mmadenalse
wi th benzene to give two nol ecules of cunmene. Thus, transal kyl ation often

is utili Zedfrb@eégg? E;g]etlyyq%osﬁérﬂ%é\cb_ KRftiofs HaRs prdr aftl aRtdorse BPIRAKkaYat i on

by reacting t ates invariably fornmed ‘during alkylation wt

bur poses of PefeaReppaed, it BIRYS bieite< BN i RerRb s s hAed oy e ' 7,

2005 are those forned in the al ké'l ation of al kyl atabl e aromati c_conpounds
wi th 68l ef i ngotationeses,i Heth apdvw, which tepsesetaveryl s, asteond. edbipoaRds are
benzene, naphthal ene, anthracene, and phenanthrene. The reaction conditions

for transalWggkatdspactvelysilmtéris d010hRA,,fthe aloki| dusigmations tane defiped asur es
being in the 5 range of 100 to 2500, pressures in the range of 6985 to 3447

kPa (100 10w/ 20 1850d) 152l 4 N%078Y 8hdALL BoOfod! N g@aﬁr@%@ﬁ?@%ﬁ}igﬁ“@% at ed

pol yal kyl at t|c1| n rang rom I to 10. l'es o

aromatics which may be reacted wth, e.g., benzene as the .nopal kyl at ed
aromatic inéf @d%yﬂiﬁéﬁ"ﬁ?qjﬂﬁﬁg@ﬂe{nahﬂq KBRS Wgﬁzr@ engg ﬂt'{]’l‘l ggﬁim&'r

triethyl benzene, triisopropylbenzene etc. 10 The X-ray patterns presented in
t he fol | ow wiffragtiorplpattetrmndlhulfos example, if a sample is stated to be pure, it Is

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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above) were obtained using standard X-ray powder diffraction techniques. The
radi ati on source was a high-intensity X-ray tube operated at 45 k9 Hhdilss

ma. The diffraction pattern fromthe copper K-al pha radiation was obtai ned
by appropriate conputer based techni ques. Flat conpressed powder sanples 15

Spaci ngs (a) i n et Borih of i teeRfin MRk ek el TOIR G SfeR =

di ffraction eaks expressed_as 20 V\hoere_o is the Bragg anql e as observed
from di gi ti ¢¥Eistng & 1 eiTNMAGI (Rf%) dlissalvathdn 3368 tdidilled watalt whildr ea

of diffraction peaks after subtracting background, "lIo" being the intensity
of the stroapglying vigorous peadng. Afleara Hal-hdugi of) Homeogentizatiort ythef reaatibn of
the other peaks. As will be understood by those skilled in the art, the

deterni nat ﬁfi‘)i(tﬂfe a8 diﬁﬁb@f@%té?ﬁo?@ gitafGHRhES huldiRRish méﬁgogagﬁé"g%ﬁah cal

error, whic conbi natron can Ynpose an uncertainty o

reported val ye qf. 20 and . u A 5 on reported values for napocr al line
mter Pal s - PACE Rce: st Al Lh°8s wiere o6 deaciont Birires Bere dlgesd ot 4
reported val ues of the d-spacings, which are 20 29JUL2005 calculated from

the 0 val uedayShat autpgendus oprassurgsneiThe tsofiduginoducts havesiet recaverad nby
sufficient to preclude the differentiation of the present crystalline

material s  tapiFRRRibNOWABhedNShd HASY hhgsgonposi tions of the prior art. In
some of the X-ray patterns reported, the relative intensities of the

very strong. st ong congapiiort e IRBARH WAyt o d Bk ol BrioR By
I/1o, the above designations are defined as w = 0-15; m = 15-60; s_= 60-80
and vs = 80?16@8.|W§eﬁ%83 and (Gt es 6:0f poannipg 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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of a synthesized product nmay be assessed with reference to its X—ra)é ﬁﬁ(]%r
diffraction pattern. Thus, for exanple, if a sanple is stated to bé pﬁﬁ i
is 10 intended only that t he X-ray pattern of the sanple is free of lines
attributable to crystalline inpurities, not that there are no anorphous
materials present. In order to nore fu"l"éﬁl[ {Iustrate the invention, the

foll ow ng exanples are set forth. %' be understood that the exanpl es
are only by way of illustration nnd are_not intended as an undue limtation

on the broad scope of the |i nve#ion | 15 4A) set| folA¥%in [the appended cl ai ns.
Exanple 1 An alum nosilicate reaction m xture was preparled in the follow ng
manner. Al um num sec- but[oxi %9%_4 957 128575 [0, Wag added to 836.34 g TEACH
(35% with vigorous stirring othis mxture, 294.73 ¢l colloidal silica,
(Ludox AS-40, 20 40% Si 2) —was—added—FoH '“m by—the—addi tion of 10.18 g
distilled water. The reacti o?thu maé honngem"ied for 1 hr wwth a
hi gh- speed nechani cal stirjrer, and then aged in teflon pottles overni ght at
95C. After the aging step,| tht0.3Beact i or85fixture wasn r eclonbi ned and
anal yzed, the analysis indicated a gj I i con ontent of 4. 67% 21 2 9 JUL
2005 A 500 g portion of thisqse@acti|o ? ure was freatied with TMAC
solution consisting of 11.{77 g TNMAC )3( di sisolved in 3.0 g distilled
wat er while applying vi gomui—gi—)ei—ﬂg AH-er—a—hal-+-hotry of honopgeni zati on
the reaction mxture was [di stP®8ut ed a%% 8 ltef IS |ined autoclaves. The
autocl aves were all 5 placed in ovens set at 150C _wherel the reaction
m xtures were digested for] 4 16.34 542 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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days at autogenous pressures. The solid products were recovered by
centrifugation, washed, and dried at 95C. The conposition of thg g $ill Bed
products consi sted of the nole ratios Si/Al = 6. 88, NNAI = 0.83 and C/N =
6. 05. Scanning Electron M croscopy (SEM 10 showed the crystal lites to

Cnar act eri 2 EaRTBYHUELE SPUGTRT #2152, ok TEL osias, b PR auyR e

pattern to be those for the material designated UZM5. Table 1 below shows
| i nes char a¥@sr heategl tr 85Me @naipight Angothenodisblied He Wikpier a/ai@r taremerd by
ranping to 540C at 2C/mn in N2, holding at 540C in N2 for 1 hr followed by

a 15 7 hr deelvent.nTie reacticd reiktupe Oas BewBE Ttos bodlagsd ama?@f@md ftowshtdin be
530 n2/g, and the m cropore volunme was 0.2cc/g. 22 2 9 JUL 2005 Table 1

£0,00) 3 s o) it 0 SO O Bl g,

5 placed in a teflon beaker and mixed vigorously. A solution containing 3.8 g

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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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 Exanple 2 An JUL 2005
alum nosilicate reaction mxture was prepared in the foll ow ng manker
Distilled water, 876.65 g was used to dilute 846.25 g TEAOH (35% sol ution.
5 Al um num sec- but oxi de (95+%, 49.54 9‘&19%22 added with vigorous stirring.
This 23 79JUL2005 was followed by the addition of 427.57 g of TECS (98%.
The reaction m xture was heated to - 85C oyvernight and then distilled to 95C

for 2 hr to renove solvent. T&8 reacti )rixtﬂrel/l@é[s alll oned to cool and
was found to contain 3.34%Si by ellenental analysis. A{300 g portion of
this reaction mxture was 5 plgaged 1jn a4 g8l ol bealggr and m xed vi gorously.
A solution containing 3.8 9 T!\/AQ (197%, 0.3 9 Li E:I , fjmd 1.1 g Sr(N03)2
g: 3?np|n\c/)§idl : (r:]atzg gogl:gf:lt : Lﬁuwyﬁlg% ;I<i ;g. HA‘?{?gr ut ﬁg?‘égﬁﬂ ?ofll, O\ch)é ﬁgaf:[]fon
m xture was honogeni zed for_2 hr and then splilt up anong four teflon-1lined
aut ocl aves. The autocl aves| wel@ 18l aced i&6& 150C 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

30.086 2.97 w

31.40 2.85 w-m

33.18 2.70 W

44.13 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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10 oven, where the reaction mxtures were digested for 5 days at 150C at
aut ogenous pressures. The products were reconbi ned, the solids isolat ed 66
centrifugation, washed, and dried at 95C. Analysis by powder x-ray 7§ JU H
diffraction showed the product to have the UZM 5 structure. A portion of

t he product |ci, under a.flow of nitr n for 7 C. The
conposi ti ond%?f ﬁgegd{](‘f‘faﬁeﬁoglﬁgdﬁc\?’a% %m?'@agt ql%mPBW rﬁ[‘aﬂﬁ’% tpg?Q% as
determ ned by el enental analysis: Si/Al = 7.6, Sr/A 0.11, Li/A = 0.06.
The BET sur fRRGoAraixtwe aontaiped &.46% Sadcil glparen sbmlaﬁeg:tmmormmre was

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

consi st of geatwEWith aAwdlitdroey TMACI MBLE B7ndd edisyshatl! in mﬂ Be-ignideq of
0.3 to 20 0.8 p across. Characteristic lines in the x-ray diffraction

pattern are,s| [/10%
6.12 14.43 m Wﬁl@q’%’é Q’a%ap‘li’@‘)ée@géd %%ESé%!S@Q%SMme fgfsfeBaiier,
1904466W—H1 F435W 21.90 4
then split among 3 teflon-lined autoclaves and digested for 2, 4, and 6 days
at 150°C at autogenous pressures. The solid products were 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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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 wm 33.18 2.70 w 44.13 2.05 w Exanple 3 An alum nosilicate _r}ga%%izqgg
m xture was prepared by adding 17.22 g of AlI(GCsec-Bu)3 (95+% to 4¥0. g
TEAOH (35%9 with vigorous stirring. De- 5 ionized water was added, 8.41 g,
foll owed by the addition of 103.67 g of Ludox AS-40 colloidal silica. The
reacti on m xture was honogeni zed for anaRu} with a hi gh-speed stirrer

before it was placed in a teflon bottle and aged at 95C for 2 25 2 9 JUL
2005 days. After it was dool ezlgit wWas déApr mi|nedi/k§s el gnental anal ysis that
the reaction mxture contjained 3.46% Si. A 50 g portion of this reaction
mxture was treated wth asgtgttomofFieCr—T(97%4,, 071 g, dissolved in 10
g de-ionized water. The nixtdre’ was hom)‘g ni zed f 30 Imnutes with a
hi gh-speed stirrer 5 and then split lanmong 3 teflon-lined autocl aves and
digested for 2, 4, and 6 days 7.668 150C &1-53ut ogenof® pressures. The solid
products were isolated by | centrifugation, washed with distilled water, and
dried at 95C. The products| of 1lpg relact igoyg m x|t ur ggngli gested for 4 and 6
days were

11.70 7.56 m

15.70 5.64 m-s

16.36 5.41 w-m

18.74 473 w-m

20.36 4.36 w

21.84 4.07 m

22,72 3.9 w-m

23.56 3.77 VS

26.20 3.40 w

27.26 3.27 w

29.94 2.98 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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shown to be UZM5 by powder x-ray diffraction.

7.66 11.53
18.74 4.73
26.20 3. 40
43.92 2. 06

10

15

20

m 10.06 8.78 wm 11.70 7.56 m 15.70 5.64 ms 16.36 5.41 wm

1580, 680 S0 808, ol Py Va2 3\ 5o
%ac%é%nrmx?urg along with 698.62 g Ludox AS-40 colloidal silica. The resulting
mixture was homogenized for an hour with a high-speed stirrer before it was
placed in teflon botties and aged at 95°C for one day. This aluminosilicate
composition, Mixture A, contained 4.96% Si by analysis and a Si/Al ratio of 9.53.
Mixture B was prepared by diluting 275.23 g TEAOH (35%) with 275.23 g de-
ionized water. To this vigorously stirring solution, 107.77 g Ludox AS-40
colloidal silica and 36.2 g freshly precipitated Ga(OH),exH:0, 13.8% Ga, were
added. After an hour of homogenization, the reaction mixture was placed in a
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
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
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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x-ray 10 diffraction pattern for the material observed after 6 days! 8L 2005
given in Table 3. 26 2 9 JUL 200, Table 3 2-0 d(A) 1/10% 5.90 14.97 m




5 conposition,
TEAOH 27 29JUL2005

colloidal silica. The res
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ilicate 5 |conpositign, Mxturg A, contained 4.96%
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Example 5

29

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
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.




by centrifugation, washed with de-ionized water, and dried at 95C. Al three
of the products were shown to have the UZM5 structure by 20 powder ZXSFJ&L/%(J%
diffraction. Elenental analysis showed the six day sanple to consist of the
foll ow ng nole ratios: Si/(Al+&G) = 7.35 N(A+G&) = 1.11; Si/G = 78.3;

Qla{ tGZr n ar e%ﬁ%ﬁt&{ nlgnﬁaélslléao@g @B@E{?U@t %8@“@3& '?g%/h XAF‘?%,QE; éfr gl/fé I6086
14.57 m 7.80 11.33 11.8 15 72 63, ms 9. 04
466 wm  oteaghon. mitue, J105a0 waSoMaRpd 30 tellgropeaken SadPBEd IS & bighns. 2
3.40 w 30.06 2.97 w 31.44 2.84 wm 33.14 2.70 wm
speed stirrer. Separately, a solution was prepared by dissolving 1.27 g TMACI
(97%) and 0.68 g NaCl in 6 g de-ionized water. This solution was added to the
5 stirring aluminosilicate reaction mixture. After a half-hour of homogenization, the
reaction mixture was dividled among 4 teflon-lined autoclaves which were
digested under a variety of conditions. The solid products were isolated by
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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34.50 2.60 w 44.04 2.05 w Exanple 5 An alum nosilicate reaction m xture

was prepared by adding 197.31 g Al (Osec-Bu)3 to 2808.74 g TEAOH (35%9 JUL 2005
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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

Ky




5. 97,

the x-ray diffraction pattern for this material are given in table 5.
29JUL2005 Table 5 2-0 d(A) I/la% 6.16 14.33 m 7.76 11.39 s 10.12 8.

11.82 7.48 15. 74 5. 63 ..20.3.4. 36 21. )
3oas 23, Sumingdiicale Taactinn dnage was Heunad a8 Miktuig s was sed adhin

19.04 4.66, m 84 4 m,

m 33.12 2.70 m 44.10 2.05 w Exanple 6

10

15

in example 9. A portion of Mixture D, 47.01 g, was placed in a beaker equipped
with a stirrer. Separately, a solution was prepared by dissolving 1.12 g TMACI
(97%) in 1.87 g de-ionized water. While stirring the aluminosilicate reaction
mixture, the TMACI solution was added, and the resulting mixture was further
homogenized for 20 minutes. The reaction mixture 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
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,
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.

32

15 volune was 0.22 cc/g. Elenental analysis showed the Si/A ratio to me
Na/Al = 0.19, NNAl = 0.97, and C/N = 5.59. Characteristic |iddsJyln205

30

73 m
22.68
2.85
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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

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
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Example 7

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

products were isolated by centrifugation, washed with de-ionized water, and

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

33



32 29JUL2005 Table 6 2-0 d(A) I/10% 6.16 14.33 vs 7.62 11.60 m 10.26

8.6l s 16.23 5.46 m 19.06 4.65 m 22.86 3.89 vs 30.38 2.94 m 44, 2%2,«1@8@%
w Exanple 7 A UZM 5P conposition simlar to that disclosed in exar‘rﬂl !
prepared in the followi ng manner: 40 g of Mxture C (see Exanple 5), was

caui pped wi I B D SERBfa e pbESY 1a8HIEEPR ShofRehg K BoOGRIELer
g

di ssolved in 40 g de- ionized water. This solution was added to M xture C
wi th vi gor otlusters of bewt plalerlike crystals iorming ©selgs BAPioB0Q AB AYRESI on i xture
was placed in a teflon-lined autoclave and digested at 150C for 4 days at
aut ogenous pressures. The solid 10 protalsiesy were isolated by centrifugation,
washed with de-ionized water, and dried at 95C. The product exhibited an

AT T s Bl ice T T A A e A
5.80 15.23 S
7.77 11.37 m
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 2.98 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

34




El emental anal ysis showed the material to have Si/A = 6.03, VA = 1.07,
and 33 2 g JUL 2005 C/N = 6.11. Scanning El ectron M croscopy showed HHhel05
sanple to consist of clusters of bent plate-like crystals form ng rosettes
400 - 800 nm across. Table 7 2-0 d(A) 1/10% 5.80 15.23 s 7.77 11.37 m

376 vs 301809 Brifyn S s sargiogjicate tpgchogdnisnird g rlacet e bédker ™ >

alumi nosilicate reaction m xture was prepared in the foll ow ng manner:

TEACH (35% eaeippedswijh aaRighapseddmixarh %mrel@lsg desolution svpsvrepared by
secBu)3 (95+%, 49.54 g, was added to the hydroxide solution foll owed by the
addi tion of dissOinP8%)g TMACISE7%) iMB0 § demibnizat water.VTits rsolistioht was added Af t er

two hours of honogenization, the reaction m xture was placed in a flask and
aged at dropwise to the aluminosilicate reaction mixture and further homogenized for a
5 half -hour. The reaction mixture was then placed in a Parr 2-L static autoclave
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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10 75C with light stirring overnight. After the aging, the flask was fitted
wth a distillation head and sone of the al coholic hydrolysis produtjt S JINENE
renoved via distillation. After solvent renoval, the reaction m xtu 69
contained 3.34%Si. A 34 2 9 JUL 2005 1200 g portion of this

alum nosilicate reaction m xture was Elaaceg 'bn a beaker equipped with a

hi gh- speed ni xer. Separately, a sol ut F3f prepared by dissolving 15 g
TMACI (9799 in 30 g de-ionized water. This solution was added dropw se to
the alum nosilicate reaction m xture and further honogenized for a 5 half
-hour. The react PoBemexofizeoliies werenpreipacast in a simflar mannersasthe zewlitedhave
equi pped with a teflon-cup liner. The reaction m xture was digested at 150C

for 90 hr akamiplegenAusbaduiesIHERSwerdBlasll i4F . PrPEHATIxtWRS D Gebaein M 6)
centrifugation, washed with de-ionized water, and dried at 95C. The product

matori al . magt Rt By WBeRReEl B BUES &b ol i750 JUMACEIOTE) o7

anal ysi s sho¥ved the Si/A ratio = 10.05 while the BET surface area was 601
n2/ g &nd t h&' APdPiEBd avaler. uhie sesulting mixture wiasiagnegenized fond QG ryydepand
showed the material to consist of uniformclusters of plate-like crystals in
a rosette floermitaneferred td at h@OmbFairt stirrbad\dutgclaveli sFmireothet rixives avdleS p.

15 Characteristic lines in the x-ray pattern for this material are given in
Table 8 Dbelpaparbalh® Sndalf ntiriNer!didPiHe réspéetivl Sitifes 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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10.18 8.68 m 16.36 5.41 m 22.84 3.89 m 23.60 3.77 vs 35 2 9 JUL 200?J
Exanple 9 A series of zeolites were prepared in a simlar manner as 186 L 200 |
zeolite in exanple 6. In a beaker there were placed 47.01g of mxture D

(see Exanple 6) and to it there was added with stirring a solution of 1.12g
TMACI (979 in 1.87g 5 of de-ionized W?tﬁlr@f The resulting m xture was

honogeni zed for 20 minutes and then trf8 @rred to a 100m Parr stirred

aut ocl ave. ur other mxtures were prepared in a simlar nmanner and the
respective |m xt 3288 werie hed8bd to [150C24 And hel d aB6 bBOC fior 122hrs, 18
hrs, 24 hrs, 36 hrs, and 72 hrs under autogendqus pressure.| Each solid
reaction priodutiZMasR i sol alZil-58 10 cHEM-5P ugdt i oryZMeshed wi tZM& i oni zed
wat er and tlhen dried at| 100C. The x-ray diffradtion patterns of the five
sanpl es ar ¢ g{Apseneged | rd(Apbl|geQ. leﬁ) datie, shawyahat| jegddi tii gAgl jdef fraction
lines are observegd as tlhe anmgunt of| diggstion jtine i|s increased.| It ig

clear that the peaks at| {56y 9 b andigass gy ([{y.gPo ) arer£8gmpgy to |al |
the synthesized materials, 1.|e. strjucturegs. 15 Wt%out wi shiing tol be bgund
; . . ,

by any par tficutartheony, the ot T e T RRT T Sn PT OpPEs ZM5 can
be i ndexed [on a tjetraganal cell vvit‘rllha@?: e‘?z)w ?16'1%% 0?8: 28. 5"A |BaSed lon a
t et ragonal [egtLstthe816A a3 OApeaks+havettngLeas-o—HtH—ana—330
respectivel y‘iy‘?hi séiugggﬁgt ha‘?)z or de ?ﬂg f(??st o%zgr S 25 872"\ 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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in the a and b directions and then in the c-direction. It appears thgg J8L 2005
i

| arge 20 nunber of structures can be prepared by stopping the reactioh at
various tines wuntil 36 hours where the UZM5 structure is attained. By
stopping the synthesis at various ti mes, one can obtain zeolites with a

range of different surface area, :J':d ar:lg adsorption properties. 36 2 9
J UL 2005 Table 9 12 hr 18 hr 24 h ’@@'FH 2 hr UzZM 5P UZM 5P UZM 5P
UZM5 UZM5 d() 1%d( A 1%d( A 1%d(A) 1%d(A 1% 16.00 100 14.33 100

25 572 24 7. 43 28 PN GO Wy e e IR Mhis o7
306 50 3. 601BBes s 1354%)0 136 0% gy wassaadedt Taotpth. 74 4 gRACH (35%4) and”

1.86g de-ionized water with vigorous stirring. Then 698.88 g Ludox AS-40 was
5 added, with continued stirring. After an hour of homogenization, the
aluminosilicate reaction mixture was placed in several teflon bottles and aged at
95°C for 3 days. After the aging process, elemental analysis showed the mixture
to contain 5.01% Si and had a Si/Al ratio of 10.03. This reaction 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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3.55 6 3.396 3.40 6 3.28 8 3.29 12 2.93 12 2.95 16 2.98 10 2.97 11 E@g

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 2. b5 WL !

29 JUL2005 Exanple 10 An aluminosilicate reaction mxture was prepared in

the foll owi ng manner: Al (GCsec-Bu)3 (95+%, 116.09 g, was added to 1983.17 g

TEAOH (35% and 1.86g de-ionized Mtefﬂzf\émeéﬁ vigorous stirring. Then 698. 88
n

g Ludox AS-40 was 5 added, with conti irring. After an hour of
honogeni zation, the alumnosilicate reaction mxture was placed in several

teflon bottles and aged at| 95%6for |3 dafA) Afjterl/i,Pe adi ng process,
el emental anal ysis showed [the m xturle to contlain 5.01%|Si and had a Si/Al
ratio of 10.03. This reactfion nMaure i sgemgnatﬁg MXxture E. A portion of
this alum nosilicate reactfion m xt ure, 4%. g, 10 was pllaced in a beaker
where it was stirred vigorieusty ar-atel " +8—g—FMACI (979 was
di ssolved in 15.0 g de-ioni zegymt er. Thi § solluti oMwas jadded to the
stirring alumnosilicate rjeaction mijxture in a dropw se ffashion. The m xture
was al |l oned to honogeni ze |f ur 1hde fglr a. Four.| Themeact|i on m xture was then
placed in a teflon-lined autoclave and digestgd at 150C for 6 days at

11.82 7.48 m

15.68 5.65 S

16.30 5.43 m

18.98 4.67 m

20.32 4.37 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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15 aut ogenous pressures. The solid product was isolated by centrifugatio
washed w th de-ionized water, and dried at 95C. The product had an x 23l 2005
pattern consistent with UZM 6. Scanning Electron M croscopy (SEM showed

the material to consist of plate-like crystals 0.1 - 0.4 p across and |ess

than 0.05 p thick. The Si/Al ratio of_the Ero1duct UZM 20 6 was 8. 34 by
el enrental analysis. The BET surface aﬁ’@z{nBl the sanple was 520 nR/g, with a
m cropore volume of 0.21 cc/g. Characteristic lines in the x-ray

a(m ' 0p 1o "6 18 iR dhGleiBaGti it Whs ayBpaly FER gsaRel mihier o
353873 50 1 Midtigg 5 fescibed i example fo. However” the reaction 'Mixdire "was °° °
determined to be slightly different by analysis, with a Si content of 4.79 wt % and
5 a Si/Al ratio of 9.59. A portion of this aluminosilicate reaction mixture, 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 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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2.97 w 31.44 2.84 w 33.20 2.70 w 44.14 2.05 w 39 2 9 JUL 2005
11 An aluminosilicate reaction m xture was prepared in an identical manner
to Mxture E described in exanple 10. However, the reaction m xture was

determned to be slightly different byr%'ad'rglﬁsis, with a Si content of 4.79
w %and 5 a Si/Al ratio of 9.59. A portion of this alumnosilicate reaction

m xture, 1100 g, was placed in a |arge beaker equi pped with a hi gh-speed

25.24 3.53 w 26.28 3.39 w 26.88 3.31 m 27.34 3.26 m 29.64 3.01 QQ%@F%S

stirrer. Separately, a sdlutieg was pr ed by gsolving 4.14 g LiCl and
21.43 g TMACI (97% in 65| g e-@i oni zed%&g{er Thlms"/gol ution was added
dropwi se to the al um nosi | eate—regetion—mxture—wth—stirring and was
honogeni zed for an hour. The G2 tion 1 xtdre w3 then transferred to a
static 2-L Parr reactor and digested at 150C |[for 3 days| at aut ogenous
pressure. The solid product was84soljatetii@y fi|l tratg on, | washed with
de-ionized water and dried at 95C. Powder x-ray diffraction on a sanple of
t he product showed the pat e g3 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
be consistent with that for UZM6. The Si/Al ratio was 7.58. The BET surface

15 area was 512 n2/g, while the m cropore volunme was found to be O. 128?(39[%05
SEM of the cal ci ned product showed it to consist of bent plate crystals,
sonetimes stacked, up to 0.1 - 0.4 p across and less that 0.05 p thick.

Characteristic lines,i the x-ray diffracti,on pattern are qgiven in table
1 40 5 o yeh sBEPied weta Shdtat 197 ExndSnatiar saladlipngtp jamale's
10.22 8.65 m 11.92 7.42 m 15.93 5.56 m 18.98 4.67 m 21.98 4.04 w 22.52
3.95 vs 22abaliangobtaimBemid farm.vihe fegd3vasheptane, satusated @ D°Ginan B 2. 85
m 33.26 2.69 m 44.24 2.05 w
carrier gas. The catalyst loading was 250 mg of 40-60 mesh particulates. The
samples were pretreated at 550°C for 60 minutes in Hy. The feed was introduced
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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Exanple 12 It
conversi on processes and find nuch of their utility in this regard. Th sUL 2005

exanpl e

convert heptane to a variety of products.

materi al s

and for

conparison, a st eamr

Fié e

Cal ci ned sanples of t

5 denonstrates the capability of UZM5, UZM 5P, and UZM 6 to

hese

lized Y zeolite (SSY) were

I's known that zeolites are capable of a variety of hydrocarbon

tested in a mcroreactor operating at pheric pressure. The UZM5 from
exanp| e 5 andthe UWZM6 41 7 9 JU 2005 _from pxan:plp 11 were amohnium
i on- exchahg8WPKF t er cal|@S¥ati on &% énove alBaPi and |&&in the | & 81 form
The feed Wwas heptane, gsaturated at OC in an H2 carrijer gas. The catal yst
| oadi ng was 250 ng of 40-60 nesh p&MBcul atj dZM-Fhe samdN-6F wer ¢ UAM:DGr eatled
at 550C for 60 mnutesiin H2. The feed was |introduced 5 at a constant flgw
rate of 12%enwérature The 550tCluct s |\GS0RC hydr 0g60a0 ed befsB0eC goi ng 560°G he das
chromat ogfaph. In this|variable tlenperature program |[the produc¢t streamwas
sanpl ed at Tinheoih Streaw N gx:enper atlyrsrs/ t1 meq 2035 st reamz 525C 0 hrf,2. g550C/ 0.133
hr, 500C |1.10 hr and 1.45 hr, and 550C/ 2.20 hr and |2.55 hr. The
sel ectivitigy to the mgjor produdgts for eagh sanple are given in 10 Tabl g 12
for the | ast data point| collected at 550C. |The data ghow that UfM5 and
UZM 5P ar € rabte t Y in b1i"[y toqg 17veTt_'ne Te, —whit é:FI'Vi-b S
clearly chE nore acti \/ceb' an SSY i'%s hept are(')%onversi (F)&nﬂ UZM 6 s%()vvs muchh
nor e convetsion toaroffaticproduci sy than—th ther—atertats—42-2:9 34 L
e Eae 23 % ek i J022
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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Table 12 Sanple SSY Ex. 1 Ex. 5 Ex.8 Ex. 11 UZM5 UZM5 UZM 5P UZM 6
Tenperature 550C 550C 550C 550C 550C Tinme on Stream 2.55 2.55 2. 5% @JH5)(05
2.55 (hr) Methane 0.58 1.35 1.67 0.44 3.27 FEthane 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

1'52° o ponPRpiesielgn fefifls 1Py yeight pelesm.gr B85 %& Téefiafa iBdng taﬁ?ei 6
Hept ane 55. E 60.73 48.31 75.98 19.9 Toluene 1.75 88 0.75 4
Exanmpl e 13 ﬁMederamtratgumh.aﬁgny et WM-6¢ aﬂ@oUZM?§P| 50 tadsasbi D1btU§'aft€b

adsorb nmolecules in their mcropores. Such properties enable the utility of
zeol i tes i nisotstareed,, and $|paration, and sel ective catal ytic applications.
Adsorption measurenents were performed using a standard MBai n- Bakr

gravimetric adsorption apparatus. The sanples were calcined at 560C to
renove organic tenpl ates bef or Adsbhepfionenfd), {Toadt8B%CGit o t he tubes. The
sanpl es were then gctivated at 350C overnight to renove adsorbed water from
the pores. The sanglpgpwere t[i@p €XposddEf e a Ex. 8
(Partial UZM-5 UZM-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 37.1 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-C4Hqo | wt % n-CsHip | wt % n-C4Hqg
0.04 7.9 9.4 46
0.12 9.6 11.0 7,1
0.30 1.7 12.7 11.4
5
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10 gas at several specific partial pressures and the anmount of the 'nguuggfj
adsorbed is 43 29JUL2005 expressed in terns of the weight percent t he
sanple. The data in the tables bel ow denonstrate the ability of UZM5 and
UZM 5P to adsorb n-but ane, |sobut ane, 02 and SF6 Adsor ptlon of 02 (T =
-183C) P/ Po Ex. F Ex-5bB¢ f / N P—pres ®) W %2
W92 w2 0.13 24.8 26.1 1 ds;prp. ¥ 0.92 37.1 34.2 39.2
Adsorption of n-hutane T.= 22C P/ Po EX 1 Fx 5 Fx.8 (Partial UZM{5 UZM 5
UZM 5P pressure) RiPo % n- CAHRQ Twt % n-jEHED wt % r-EXEI0 0.04 7.9 9.4 4.6
0.12 9.6 11.0 7,1 0.30 11,7 12.7 11.4 5 44 2 g JUL 2005 Adsorption of

i sobutane T = 22C(Partial UZM-5 UZM-5 UZM-5P

pressure) | wt% i-CsHip | wt % i-CsqHip | Wt % i-C4H1p

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
45



P/Po Ex. 1 Ex.5 Ex.8 (Partial UZM5 UZM5 UZM 5P pressure) w %i-CﬁEJZ@wt
% i-CAH 10 wt % i-CAHIO0 0.04 1.7 1.5 3.1 0.12 2.6 2.0 5.7 0.30 432Up 28"
9.3 Adsorption of SF6T = 22C P/Po Ex. 1 Ex.5 Ex.8 (Partial UZM5 UZM 5
UZM 5P pressure) wt % SF6 wt % SF6 wt % SF6 0.92 3.3 1.8 5.6 Exanple 14

Anot her net hod,for. exam ning adsorpt i roperties,is use 0, er mal
& avi et 1 eSS AR BHRREN s e ORGSR oo T 4y 160 rlos, AR

el evated tenperatures is easy_to acquire, as well as controlled delivery of
t he adsor pt RaditigaalsE0 minutesi 'sfhemgi%dmetbwﬁy@ﬁh@mne aflsorptiga after &and

vol atile adsorbates that are nore easily studied and handl ed at hi gher

t enper at ur eg50 ritRitdLAFS GVRITE irf CECOEWL 9P afathel s@fipkataite 1P T tabibel y
50 ng of sanple was placed in the TGA sanple holder. The sanple was then

: d 1 : . e
fhe pret reapieft hetlZARe gk \b ferrds oRET 2 e RRRIASHIE il mRIES o
cut in consi st(]ilgghof N2  saturated wth cis 1, 2-di nethyl cycl ohexane at 25C,

whi ch2f | ows'ea ARMAM-5. Hence, the total flow rate past the sanple was
200 cc/mn. The adsorption of the 45

Table 14
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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29 JUL2005 cis 1, 2-dinethylcycl ohexane was then nonitored by TGA at 120C
for an additional 250 m nutes. The cis 1, 2-dinethyl cycl ohexane a I’J|B[I'l |

after 5 and 250 mnutes are given in ternms of wt.% of the sanpl edfﬁ tab
14. The table shows that UZM 6 picks up the large cis

1, 2-di net hy e adily than, UZM Tabl e..14 ci

I 2. di et ny (Y8R é@ﬁiaif”oﬁ% BB o o%po%ed%% “regs P pigducty
UM 6 m. %cis 1,2-DMC WM. %CcCis mnute5059208 250 mnutes
1.18 2.59 E&@é@rﬁﬁé"ﬂ@%&hﬁﬁ@&f‘r%ﬂaﬁp@eéﬁﬁ R We230fCsand 1767C. The

al kyl ati on activity by using an ethyl benzene di sproportionation test. The

nmaterial s wereluwbdnefiuertd e tdrealyZdd yotaon ohding IGT ofce m@sdureactiitg bR+ 6
fromexanple 3 was calcined in alr at 350C for 1.5 hours, 450C for 1.5 hours

and 7 hoursg Fﬁégql EAaLeTIoR mes
at 80C for éﬁo 5F &m@ﬁ?@gm exarr%\?dd]a was Cg@gﬁ'rcgjdé:?%g%@oﬁ% atr hour
in N2 foIIowed byra]ﬁ?%hgurs in air. The UZM5 from exanple 1 was cal ci ned
at 528C for IMEOHP al ci ned 15 sanples were sized to 40 - 60 nesh and

| oaded (250 ng) into a quartz tube (11 mmi.d.) reactor residing in a
furnace. The outlet pressure at the reactor inlet was atnospheric pressure.
The sanples were pretreated at 250C in a flow of N2. The tenperature was
brought down to 150C and then the feed was
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I ntroduced. The feed consisted of the N2 flow passing through an JUL 2008
et hyl benzene 20 saturator held at 0OC, with the N2 flow controll ed 9 %(%
cc/mn. Wiile the flow 46 2 g JUL 2005 renmained constant, the sanple was
exposed to the feed and reaction products were exam ned at 150C, 150C,

125C, 175C, 200C, 230C, and 175C. The @ng\%}'ct effluents are anal yzed by an
on-line GC to neasure activity and seT clivity. Results fromthe second
150C and ther—23OC product collections-are 5 given in Taple 15 47 .y g JUL
2001 Table 15 UzZM 5, Ex.|1 UFMB Expx. 2 ubdMB6, B2 3 | t o EM-Bi1EX- 3 (deg 150
230 150 230}150 230 _C) Flow Rate (cc/m_n) 150 150 150 {150 150 150
Met hane/ Et had@mpergurg (de®3 01%%6 0 0268 C4' 00 0 0202 0| 07150 1 |0. 2B0Benzene
0.09 0.18 0,39 1.21 0.64 2.63 Ethylcyclohexane |0 0 0 0.0 O Toluene 0,0
0.04 0.04 0/04 0.0% Et hyl benzene 99.72 99.46 98./69 96.02 97.86 [91. 97
p-Xylene 0 0 0.0 0 0O mXylene 00 0 0 0iO 1

Flow Rate (ce/min)| 150 150 150 150 ' 150 150

Methane/Ethane 0.02 | 0 0.03 0.06 0 0.08

Cé4's 0 0 0.02 0.07 01 0.11

Benzene 0.09 0.18 0.39 121, 064 2.63

“Ethylcyclohexane | 0 0 0 0o . 0 0

Toluene 0o @ 0 0.04 0.04 0.04 | 0.05

Ethylbenzene 99.72 99.46 98.69 96.02 97.86 91.97

p-Xylene 0 0 0 0 0 0

m-Xylene 0 0 0 0 0 0

o-Xylene 0 0 0 0O . 0 0

1E4MBZ 0 0 0 0 j 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 0.15 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 1.31 3.98 2.14 8.03




Xylene 000000 1 EAMBZ 0000001 EMZOOOOOO 1E2MBZ 0 0 O

0,82
1.6 12DEBZ 0 0 0.03 0.15 0.05 0.28 14DIPBZ 0 0 0 O 0 0.02 %3?5‘\11@050
00 124TEBZ 0 0 0 0 O O EBCONV 0.28 0.54 1.31 3.98 2.14 8.03 48 2 g
UL 2005 Exanple 16 This exanple ﬁgﬂ{@%r%t es the capability of UZM6 to
catalyze the synthesis of ethyl benz r% benzene and et hyl ene. The
zeolite fromexanple 3 was converted to the proton by_the sane procedure as
in exanpl e 15. ThRissexampla defanatrades Hbanaamhllﬁywhrtiw@ g Gﬁﬁaﬁé{ei ?P% 70%
zeolite/30% alumna formulation and fornmed into 1/16" di amet er extrudates.
The ext r udasywdhesis of ettejbertzne fred teinz866 @nticathP@ehe. Tiideeokstiramexaypla 7/ 8"
di aneter stainless steel reactor which is |oaded with 40 cc of the

catal yst. THGACRERASHEth ‘Hﬁeﬂghﬂaﬁ 1 fe %Jﬁé%r@@edj&r@eaé ¢th @xdfmple 15. The

benzene/ et hyl ene rati o and then pre-heated before 10 entering the reactor.

The Olsefl : \é\e/ao itéi dvgé?sd tf‘%n %o{iﬁaewiﬂ%c P?Ur%?gg alul‘rn|_{§¥' inTg %O% zeolite/30% alumina

0- Xyl

00O | 13DEBZ 0.09 0.22 0.41 1.63 0.76 3.24 14DEBZ 0.08 0.13 0.
0.55

00O

J

formulation and formed into 1/16" diameter extrudates. The extrudates were then
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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testing was done with an effluent recycle to control the free olefin at the
reactor inlet. The reaction was carried out at 500 psig. ActivityjanglL 20
selectivity data were collected at 200C and 230C. The selectivities to

al kyl ated products are shown in Table 16. 15 Table 16 Ethyl benzene
Synthesis with UZM6 Hours on Stream &8a@ple 1¥nl et tenperature 200C 230C

Et hyl benzene 80.31 74.95 Diethyl benzenes 16.26 19.95 Triethyl benzenes 2. 46
3.92 Tetraethyl benzenes 0,22 0.37 Al kylated products 99.25 99.19 49
29JUL2UUS  ExanplA) uminogiigaientesichipe 0igture 2633 BFPRATRE 4R @nWaleNBeRpAABRAST n an
i dentical manner to M xture B described in exanple 3. However, the reaction

m xture was toddbidura rieddéseriedsin gxaimplei 3f ¢tavdvery thoalepstion mittbrea wais
content of 4.79 wt %and 5 a Si/Al ratio of 9.59. A portion of this

al um nos | | Ce 80 88 okl iierdA0B) dnaly ¥RSwihaPSHdoft bR 98 oA

equi pped with a hig rrer. Separa , a solutron was prepared by
G520l 00 & Ul dihn 0 0o W A A e S BA 61
with stirring and was honogeni zed for an hour. The reaction
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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10 m xture was then transferred to a static 2-L Parr

react or and di gested at

150C for 3 days at autogenous pressure. The solid product was i sol a'ytgegmbm%

filtration,

with that known for UZM 6.

of the cal ci ned product shg

soneti mes stacked, up to O.
Characteristic lines in th
50 2g J U L 2005 Table 17
10.22 8.65 m 11.92 7.42 m
3.95 vs

22.92 3.88 m 23.1

The Si/Al

washed with de-ionized water and dried at 95C. Powder X-ray
diffraction on a sanple of the product showed the pattern to

be consi st ent

r dtabe Wds 7.58. The BET 15 surface
area was 512 nR/g, while the m cropore volune was found to be 0.18 cc/g. SEM

e crystals,
0.05 p thick.

given in Table 17.
7.84 11.27 s
1.98 4.04 w 22.52

51

wed 2-y to|cong(st of bepnt oplat!

- 0.4 plecross and |ess that

2R 11| TS Be v m

15.93 5. 86 m 18.98 4.67 m_ 2
6 3784 vs | 26113373.38 w s
10.22 8.65 m
11.92 7.42 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 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.
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




26.92 3.31 m 31.36 2.85 m 33.26 2.69 m 44.24 2.05 w Exanple 18 The
zeolites fromexanples 1 to 3 and 17 were tested for xylene isoneri 4@{@’9005
The materials were converted to an acid formbefore testing. 5 Mate

i sol at ed fro%tEe E%ocedure of exanple 1 was tested after calcination at
550C in air fokCE $9°C Thdshgahgives \ﬁ@giifcﬁmrgﬁht@ Oziars5 feex.This Aapaple i was of
the sanme material was acid washed (99 sanple, 2 g H2SO4 (98% in 60 g

de-i oni zed detignate80CZNRSNIBX, 1-4A8hathewiidienalt Rom 2RETRBTENIWHES icaRkircAgnged
(1 N 51 29JUL2005 NH4CI, 90C, 1.5 hr) before calcination at 550C for 5 hr.

Thi s sanpl e ngat e I S
cal ci ned at 5%%6%??“ 8 @F %ml ﬁ)rﬁ% %é@%)&gﬁangﬁl@% @ #Lgﬁf“f‘q a’ﬁpl—égl an 50,
and cal cined at 55 his sa s designated UZM5, Ex. 2. The
UZM 5 6 fromtdxa aggé méé%glhéuﬁéa Sﬁﬂ"ﬂ@ lgﬂat YA6-5Ex R. Zhe WdMs20C
and was de5| nated UZM 6, Ex. 3. The UZM 6 from exanple 17 was obtained in

a protdn Dyetamlmatwamcalt:maﬂdﬁt N.ofor1\. br And 1Ghemind&iP &t 600°Q apdhwas and
580C for 1 hr in N2, followed by 6 hr calci nation in air. Then 85 g of the

. s R PR AP HANE LSRRI S
?tesf?gg, | ?hgf'ogrgrp;g%@c né'i]t ggg Qg { gmat enug%"% for1.5 Jﬁz ar|1:(§)580°6rf(?rr1eﬁ|9t or
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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ei t her

The nmeshed sanpl es,

tting in a furnace;

40-60 nesh and activated in a nuffle furnace in a flow of air at 550C for
125 ng, were loaded into an 11 mmii.

d. quart
the outlet of the reactor was at atm)
The 15 sanples were preheated to 375C in a flow of H2. The flow of
H2 was t hen Tatile d8#cdh-Xyleng tsamertation @atawhere it was saturated with
m xyl ene or o- xylene at 0C. The flow of H2 was controll ed at 50

2
2005

eric

S5t

cc/mn. The[f] -g@h epp SERT 1 400C,
425C, 450C, rﬁ%&%ﬁ%@smﬁﬂé Pr oducphptr‘}ﬁr uents at eac%wgrrpgra er e
d| rect ed t oan—oen lina GC i s ’)ﬂ g{\t a: Qt‘f: lI f\l Q‘\ld Se! ct | \/| \/
measur enent §.empratuedded Q)r om m xyehe 4Ra| o- 4)@ end7B5ond25} at 438 ar e
shown in Taples 18a and 18b, respectiyely. b2 7 9/J U L[ 2005 |Tabl e} 18A.
m Xyl ene | siewiRati(ogynPay a. m kyl ege| i sogefi zastiopon UZBLS, BY; 1 EgM 5, Ex.
1- AW Tenperature (deg C) 375 4PR5 475|375 425 475| Flow| Rate (cc/m p) 50 50
50 50 50 50 Wettranme 0705 0. 21 0. 23 0717 0- 22 02 Benrene 0709609 0.1
0.1 0.1 0.1 Toluene 0.78 0.57 D.51 1}18 0.9 0.92| Ethylbenzene 0 0j0 0 0 O
p- Xyl ene 20|89 24.27 24 36 24 1P 24 14 23 .9 m-Xylene 62 538 54 19 51.78
53.92 51.57|Methase o- Xyl ene 15.p6 20545 @2177 @@3p5 24715 22293 0L£345TVBZ
0.18 0 0 0.B1 0.22 0.21
Benzene 0.09] 0.09 0.1 0.1 0.1 0.1
Toluene 0.78; 0.57{ 0.51; 118 09 0592
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 15.06f 20.45| 22.77| 19.25| 22.15} 22.93
135TMBZ 0.18 0 0 031 022 0.21
124TMBZ 0.5 0227 0.24] 0.83 0.6 0.6
123TMBZ 0.07 0 0| 0.1 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
53



124TMBZ 0.5 0.22 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 O 1234TTMBZ 0 0 0 0 O O 1245TTMBZ 0 0 0 O OngU[Q@[}éI
Unknowns 0 0 0 0 0 O mxylene conversion 37.42 45.81 48.22 46.08 48. 43

49.05 53 2 Takl e 18 cont.). Xylene | sonerizati on Data.
m xyl ene is?ﬁ#&i%@ﬁ%ﬁ%*ygﬁe %o&%m@r{}@{ a}¥.  Tenperature (deg C) 375

425 475 375425 475 Flow Rate (cc/nin) 50 50 50 50 50 50 WMethane 0.12 0.16

0.18 0.12 0|BXyleresisomerizatien 0. 12 0.UZM-8,EX 314 0]12 QZ&26, Exl ygne $.06 5.53
5.3 10.57 6{ 76 9.08 Ethylbenzepne 0 0 0 0 0 O p- Xyl e‘ng__lg;8§‘21. 3\1/ 21. 49
T5. 05 19, o] oo ey e 8. 57 ha0 toay 22011, 700 o828 35 o1 2 51
F12357TVBZ 198 HASACOT 0 4 0|16 60 B0 50 50 50 g0
Methane 0.12| 0.16| 0.18/ 0.12 032 0.65
Benzene 0.12 0.1l 012 0.14] 0.12] 0.22
Toluene 8.06/ 5.3 53| 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| 40.89
0-Xylene 18.09| 19.88| 20.55| 16.81; 19.33| 18.51
135TMBZ 256 1.75| 1565 3.35 2.01| 2.51
124TMBZ 6.57| 467 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 0 0.08 0| 0.08
1245TTMBZ 0.2 0.11 0.1y 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




1234TTMBZ 0.06 0 0 0.09 0 0.08 1245TTMBZ 0.2 0.11 0.1 0.32 0.13 0.22 Total
Unknowns 0 0 0 0 0 0.25 mxyl ene conversion 56.69 54. 37 54.44 59. ﬁﬁ ﬁlLSZUHSS
59. 11 54 29JUL2005 Table 18B. o-Xylene |sonerization Data. o-xyl‘e é

i someri zati . 1-AWUZM 5, Ex. 2 Tenperature (deg C) 375 425 475
375 425 475QF¢H ﬁ%t%x(vmqﬂwnsozmmwm 50 50 METHANE 0. 00 0.00 0.00
0.00 0.00 0.00 ETHANE 0.06 0.07 0.20 0.09 0.13 0.19 PROPANE 0.00 0.00 0.00

0.00 0.00 O)®RyleRdHEbMERIZHEXANE OUEZM-8. ER. ﬂAW 0,11 QJ}?M 5. Bp o BENZENE 0. 13
0.13 0.13 015 0.15 0.16 TOLUENE 0.12 0.13 0 ). 29 0. 34 0. 50

ETHYLBENZEN 0 - J.¢ 6 P XYENE6 18146062061 14. 19
21. 04 23. OG%w%{E é%gé@ % L5 g(?bf F;S?SLG @- YL I§ 62. 55
41. 06 29.0039.52 27.19 24 nq ?R RFN7ENE 0 00 1 0

518

0.
124- TM BENZENeWRateoco/mig) 0. 31 0. 47 50123- B0 BENZBNE 0.
0.08 1245-TETRAMBENZ 0 0 0 0. 00 0.00 0.00

0. .
3 0. BD|0. 2%0). 00 0. 00

METHANE 0.00{ 0.00, 0.00f 0.00f 0.00] 0.00
ETHANE 0.06] 0.07; 0.20, 0.09f 0.13] 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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1235- TETRAMBENZ O 0 O 0.00 0.00 0.00 1234-TETRAMBENZ O O O 0.00 0.00 0.00
o- xyl ene conversion 37.45 58.84 71.00 60.48 72.81 75.91 55 2 9 JUL ﬁgﬁ@ -
CLAIMS: 1. A mcroporcus crystalline zeolite having a conposition i 21 v 24k
synt hesi zed form on an anhydrous basis in ternms of nole ratios of the
elements of: m!," RP+ Alt, ,) E, Sit Oz where Mis at |east one

exchangeabl e cation selected fromthe group consisting of alkali and

al kal i ne e@%b”' tals, "m" is the nole ratio of Mto (A + E) and varies

fromO to is a nitrogen-containing organic cation selected fromthe
group consi sting of protonated am nes, protonated diam nes, protonated

al kanol am nes, quaternary ammoni um.ions, . di gual er nar yanmy i1 iiRn%e cc
quat er ni zed - al kahol@RTGREECERdCHISIA i@ sZCRer 86¥ N9 (3 FLTHRE N1 €'y at o™ of R
to (Al + E) and has a value of 0.2510 3.0: E is at |east one el enent

sel ected from t he gretpeedosnsti rg afih@rouBebaE in termane BO!e X&les ot e ol e
fraction of E and varies fromO to 0.5, "n" is the weighted average val ence

of Mand has a val ue 1l to +2, "p" is the weighted average val ence of R
and has a val ue %}e%lelrﬂgéﬁ'ﬂ "y" is the nole ratio of Silo (Al + E) and
varies from5 to 12 and "z' is the nole ratio of 0 to (Al + E) and has a
val ue determ ned by the equation: z = (mn + rp + 3 + 4y)/2

M. R AlowE.SLO.

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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the zeolite characterized in that it has at least two x-ray diffraction
peaks, one at a d-spacings of 3. _0.12A and one at a d-spacing of 82@_\9}@2@@
and has a tetragonal unit cell. 56 29JUL2005 2. The zeolite of claim1
characterized in _that it has a x-ray powder diffraction pattern which
contai ns at 4-eastThéhae@lipadi elgsn ahdcharpatarived imdkatsitt has af xgag powdaibl es
Ato C 3. The zeolite of clains 1 or 2 where Mis at |east one netal

sel ected from 5 difractoeupattensivRichngotbins tihilsst $RsityPackiyl 4WMd ROARRST um
strontium barium calcium magnesiumand R is a quaternary anmoni um

cation. 4. A prog r [ l-croporous crystalline zeolite of
any of clains 1(?@@\?\3{1%% Ogg?ﬁ%ﬁfge%gjlé%grtrg% a reaction m xture containing
reactive sources of R, Al, Si and optionally E and/or Mand reacting the
reaction 10 m xtyre at reaction conditions which include a tenperature of
100C to 175C forihe peplitsPf@laims horowbeigbkis at ieast eaetmeial selectetimavi ng
a conposition expressed in terns of nole ratios of the oxides of:
aM/nOSR2/ pO (1- dhél GOBpcERiBstig OF:liehid@m, sdwurm, sediunas patasslure, efroftidra, 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, "l : ; of
claim4 where theb%%?’c(galgpﬁgn?asg{?g?{g—g%@g%?#%)%qtuﬁgqu?ga%m%ﬁ@ﬁs :ﬁﬁé of

al kali borates, boric acid, precipitated gallium oxyhydroxide, gallium

| fate, feryic | fate, ferric chlorjide,. chrom umchloride, chrom um
su 4'°¢ A process for p'repartﬂng the r‘nlcroporouls'I crysta?hrnle zeoﬁte o%n al#ly 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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20 nitrate, indiumchloride and indiumnitrate. 6. The process of claim4
where the al um num source is selected fromthe group consisting of & difi Hlm
I sopropoxi de, al um num sec-butoxi de, precipitated alum na, Al (CH)3,

al um num netal and alum numsalts. 57 2 9 JUL 2005 7. The process of claim
4 wher e t he 7reactlinen poness i oh<laint| didehara eimgeraaction cfontt@ost dnalede for a
period of 2 days to 5 days. 8. The use of the m croporous crystalline

zeolite of any ofiegipataterelof140Cato tBFCoRRBmGHoshEHSYPI PHagess conpri sing
contacting a hydrocarbon 5 streamw th the mcroporous crystalline zeolite

at hydrocarbon conversion conditions to give a converted product. 9. A

process for 4 he i | zgty] - LhLBrj 1 %t YL qgnai I,.Si ng
xyl enes and 8tét hy|®%ﬂ§é¢.§éh I}Pﬁ?‘flodeggr??&:@ihhg fteﬁ)@r% gggnwnc]ﬁx%"%l‘fnes ﬁn t g
presence of hydrogen in an isonerization zone with a 10 catal yst conposite
conpri si ng an’ ef MYSPGADARLANVESFIORPIOEESE CORPIINGSANARIHoApNYFOSAMON
conponent and the crystalline alumnosilicate zeolite of any of clains 1-3
at isd@rerizati on st Witbnthetmicodpcaons arystalmarzedlite dit hydcarboo cpniaision a
hi gher proportion of p-xylene than in the feed mxture. 15 10. The process

of Claim9 wherei : latd: 9 t@lycgonponent is present in an
anount from 0. 01 c%?)gtd@ﬁ)nn%stg-d%wo%}cgﬁ éélr}?% n@a basis. 11. The process of daim

9 wherein ortho-xylene is recovered fromone or both of the isonerized

roduct and fresh feed m re. o . ,
P GI A processx%our e 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.

58




12. The process of Caim9 further conprising recovery of para-xylene b (%0
sel ective adsorption fromthe isonerized product and a fresh feed Aridxd r 16

58 2 g JUL 2005 13. The process of claim9 where the isonerization
conditions include a tenperature of 100C to 500C, a Pressure_ from1l to 50
at mospher es '8nd  Tha PEREESSheliclaims Bawaeia tag | isgmerization tegnditions 1inciude A
process for nonoal kyl ating aromati ¢ conpounds conprising reacting 5 under

al kyl ation condi témpsratareobief00fCrd 50T, @l prebat@biremar BO iaemepisTesdindt 0
provi de an al kyl ated conpound in the presence of a catalyst conprising the

crystalline alum Jidy i ; f -aims 1-3. 15. The process of
Cl aim 14 where tﬁgﬂg{lgpﬁﬁh‘ggﬁtg%{ \r{]ésig?@{)% 5&% 1t0§|r20 carbon atons. 10 16. The

process of claim 14 where the process is carried out under at |east partial

i quid phase ,conditions. 17. A process for preparing cunene by the ,
al kyl ati on 3}4 beny SHECRHS %or H?%%?ﬁ@ neomﬂf@ncngomgeﬂ%gw@a%ﬂ%eamm
benzene at a tenperature between 90C and 200C at a pressure sufficient to

mai nt & n at | eastundet Blkykatiphaontitiqns dnphefewith anskylaabenaemdticacarepa@ingst
conprising the crystalline alumnosilicate zeolite of any of clainms 1-3.

18. A transal kyl abippévias eesRyIS@URSIEpAhd RARbI fi8s 61‘.%%?@&&‘5:}??@%@ o

reaction conditions a pol yal kyl ated aromatic conpound with a

aromatic conpoungy, \é’ﬂ%ﬁﬁiiﬁe %Fur&iﬁ%gﬁicé%geze%lli{%y!)f ryogfpcléi?ns 1-3.

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

atoms,

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

partial liquid phase conditions.

17. 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

15 partial liquid phase in the presence of a catalyst comprising the crystalline

aluminosilicate zeolite of any of claims 1-3.

18. 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

20 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.
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20 transferred fromthe polyal kyl ated aromati c conpound to the nonal kyl at ed
aromati c conpound in the presence of the mcroporous crystalline zéd ilile)tof
any of clainms 1-3. 59 2 9 JUL 2005 "UzZM5, UZM 5P and UZM 6: CRYSTALLI NE
ALUM NOSI LI CATE ZEQOLI TES AND PROCESSES USI NG THE SAME" ABSTRACT A new
famly of crystalline alumno-silicate zeolites has been synthesized. These

it te i ri cal_f RIA,, "E1Siyo: wh
NS an al kel | or - al kal debn TantER and e BRYSTARN G 5t Fontium R is a
ni trogen cont &HMINGDUAGAT EcE ObH ES MNRERREESREFWSINGBHESAME] E is a

framewor k el enment such as gallium They are al so characterized by uni que
x-ray diffraction patterns and have catalytic properties for carrying out
various hydrocarbon conversion procegsesracespeci ally isonerization of
aromati ¢ conmpounds and al kyl ation of aromatic conpounds.

A new family of crystalline alumino-silicate zeclites has been synthesized.

These zeolites are represented by the empirical formula.

M. R Al...E.Si,O.

where M is an alkali or alkaline earth metal such as lithium and strontium, R is a
nitrogen containing organic cation such as tetramethyl ammonium and E is a

framework element such as gallium.

They are also characterized by unique x-ray diffraction patterns and have
catalytic properties for carrying out various hydrocarbon conversion processes,
especially isomerization of aromatic compounds and alkylation of aromatic

compounds.




