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Zeolite is a crystalline hydrated aluminosilicate that may also contain other elements in
the crystalline framework and/or deposited on its surface. The term "zeolite" includes not only
aluminosilicates but substances in which the aluminum is replaced by other trivalent elements
and substances in which silicon is replabed by other tetravalent elements. Generally, zeolites are
structures of TO4 tetrahedra, which form a three dimensional network by sharing oxygen atoms
where T represents tetravalent elements, such as silicon, and trivalent eleménté, such as
aluminum.

A zéolite may be prepared by (a) preparing an aqueous mixture of silicon oxide,
aluminum oxide and, optionally, oxides of other trivalent or tetravalent elements; and (b)
maintaining said aqueous mixture under crystallization conditions until crystals of said zeolite
form. The reaction mixture gel is heéted and stirred to form zeolite crystals and then cooled.
The zeolite crystals are separated from the gel and are washed, dried and calcined. Elements
may be deposited on the zeolite by any means known in the art, for example, metals deposited

by impregnation or ion exchange.
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4,652, 360 di scl oses a catal yst of zeolite, preferably
Low aéiﬁivy Ef the caglystig attained not by using large amounts of alkali but by low aluminum
content with low amounts of alkali and/or use of alkaline earth metal, such as magnesium, in the
catalyst. Germanium is disclosed as a promoter metal in a conventional reforming catalyst but

not in the patented low alkali catalyst.

U.S. Patent no. 4,652,360 discloses a catalyst of zeolite, preferably ZSM-5 or ZSM-22,
on which a Group VIII metal, such as platinum, has been deposited and which has been base-
exchanged with Group IA metal cations, such as sodium hydroxide, potassium chloride or
cesium hydroxide, to lower or essentially eliminate the base exchangeable acidic content of
the catalyst composition. One example illustrates n-hexane dehydrocyclization using PVZSM-5 .
catalysts with and without Cs base-exchange treatment. There is no disclosure of germanium in

the catalyst.

U.S. Patent no. 7,153,801 discloses a method of making a catalyst of a large pore zeolite
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Catalysts of platinum deposited on potassium L-zeolite which has Been alkaline earth-
exchanged (magnesium, calcium, strontium and barium) were disclosed for aromatization of
paraffins, especially hexanes and heptanes, in Aromatization of Hydrocarbons over Platinum
Alkaline Earth Zeolites, T.R. Hughes, W.C. Buss, P.W. Tamm and R. L. Jacobson, Proceedings
of 7% International Zeolite Conference, Tokyo, p. 725-732 (1986). This catalyst is extremely
sensitive to poisoning by sulfur.

The Aromax® Process selectively converts Cg-Cy paraffins to high octane aromatics
utilizing a platinum supported L-type zeolite catalyst of low acidity. A relatively high amount
of hydrogen co-feed is required. The Pt/KL zeolite catalyst is sulfur-sensitive. The sulfur
level in the feed must be controlled to low levels so that the catalyst is not deactivated.

Octane Enhancement by Selective Reforming of Light Paraffins, P.W. Tamm, D. H. Mohr,
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and, optlonally tin and/or germanium. No example containing germanium was prepared.

U.S. Patent no. 4,417,083 discloses a process for production of aromatic hyd;ocarbons
from peﬁoleum fractions containing paraffins in the presence of hydrogen and a catalyst of
noble metals and, optionally, sulfur deposited on a crystalline zeolitic aluminosilicate, such as
zeolite L, having a pore size of larger than 6.5 Angstroms and substituted with more than 90%
alkali metal cations, such as potassium. It is disclosed that the catalyst can contain iridium, tin
or germanium in the range of 0-1.5% but no example of a catalyst containing germanium is
disclosed.

U.S. Patent no. 4,435,283 discloses a method of dehydrocyelizing alkanes, such as n-
hexane, with a catalyst of a large-pore zeolite, such as type L zeolite, a Group VIII metal, such

as platinum, and an alkaline earth metal (barium, strontium or calcium). Selectivity for n-
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the Particle Size and Location of Platinum in Pt/K Hexane Aromatization Catalysts, G. B.
McVicker, J. L Kao, J.. Ziemiak, W.E. Gates, J.L. Robbins, M.MTJ. Treacy, S.N. Rice, T.H.
Vanderspurt, V.R. Cross and A.K. Ghosh, Journal of Catalysis, vol. 139, p. 46-61 (1993).

It would be advantageous to have a sulfur-tolerant catalyst for aromatization of alkanes

with high selectivity to aromatics, such as benzene.

SUMMARY OF THE INVENTION

The catalyst is a non-acidic aluminum-silicon-germanium zeolite on which platinum has
been deposited. It is synthesized by preparing a zeolite containing aluminum, silicon and
germanium in the framework, depositing platinum on the zeolite and calcining the zeolite. The

zeolite is non-acidic by base-exchange with an alkali metal or alkaline earth metal during
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DETAILED DESCRIPTION OF THE INVENTION

A catalyst of an aluminum-silicon-germanium zeolite (Ge-zeolite) on which a noble
metal has been deposited is base-exchanged with an alkali metal or alkaline earth metal to
reduce acidity. The base-exchange may occur before or after the noble metal is deposited. The
catalyst is used to convert Cs-Ci élkanes, such as might be obtained from natural gas
condensate, light naphtha, raffinate from aromatics extraction and other refinery or chemical
processes, to aromatics, such as benzene, ethyl benzene, toluene and xylenes.

The Ge-zeolite is synthesized from an aqueous gel containing a silica source, a
germanium source, an aluminum source and a structure difecting agent. The typical téchnique
for synthesizing Ge-zeolites cbmprises converting an aqueous gel of a silica source, a

germanium source and an aluminum source to zeolite crystals by a hydrothermal process,
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range from about 5 to about 7 angstroms. The term “large pore” in this Speciﬁcation should be
taken to mean average pore size is in the range from about 7 to abdut 10 angstroms. It is
possible that these ranges could overlap and a particular zeolite might be considered either a
medium pore zeolite or a large pore zeolite. Zeolites having an average pore size of less than
about 5. angstroms, i.e., a “small pore” zeolite, would not be considered either a medium pore
zeolite or a large pore zeolite. A small pore zeolite would not allow molecular diffusion of the
molecules of the desired aromatic products, e.g., benzene, ethyl benzene, toluene and xylenes, in
its pores and channels. Examples of medium pore zeolites and large pore zeolites, without
limiting the invention, are MFI, BEA, LTL, MOR and MTT.

The germanium content of the zeolite is in the range from 0.05% to 10 % by weight.

One example of germanium content of the zeolite is from 2% to 8% by weight.
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magnesium and mixtures thereof to reduce a01d1ty Base-exchange may take place during

synthesis of the zeolite with an alkali metal or alkaline earth metal being added as a component
of the reaction mixture or may take place with a crystalline zeolite before or after deposition of
“the noble metal. The zeolite is base-exchanged to the extent that most or all of the cations
associated with aluminum are alkali metal or alkaline earth metal. An example of a monovalent
base:aluminum molar ratio in the zeolite after base exchange is at least about 0.9.

The zeolite may contain promoters or modifiers as are known in the art. These
promoters or modifiers are present in a catalytically effective amount, e.g., about 0.1 weight
percent to about 1.0 weight percent.

The catalyst may be supported on or bound with a material, such as a metal oﬁide; a
mixed metal oxide, e.g., oxides of magnesium, aluminum, titanium, zirconium, thorium, silicon,

boron or mixtures thereof; a clay, e.g., kaolin or montmorillonite; carbon, e.g., carbon black,
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s of the noble netal ‘are platinum

pal | adj u i ndi u r hadi u Ut LU Th [
comact Sl on ot IR, L LOBLEL G0 MA  sutr
"non-acidic" in this Specification sho taken t
compoysislan Nanugiting Sxaipples 02 ulti gomponnds ug gllangggHW% 0 CoblaneaSs,
al kali metal or alkaline earth netal, such as cesium |
where pot ds20. urfhessudfuu cpmpowidimay bepaddednbefergl eri during the aromatization
magnesi um and m xtures thereof, to reduce acidity.

reactiorf39S¥elighX alkan€s i.6 R yhe! caleysp IRy ebedpietreugeds with hies sidfudfeotripeund or the
zeolite with an alkali netal or al kaline earth netal :

it S A5 R, UGBS ) KRy e s

crysta
. fter deposition of ,the nobl t j [ -
curing i GompRRERD e’ AR bR e o BF el im the art
. cations associated with alumn are al kaligﬂg,tal or Ifide and
consistyfrk heating 18 he Rresencs|of hxdragen spitide o asmpgirg off ydrogen sulfide an
base: alum num nolar ratio in the zeolite after base
hydrogex ohaitrggern ® atenipeaattreaifbgtwa@nd S0Tnd 800YT jor detvepgn 250 and 600°C.
contain pronoters or nodifiers as are known in the
An exagtple of[fA€ 8fount of sulfur on the catalyst is in the range of from 10 ppm to 0.1 wt.%.
The hydrocarbon feed may contain sulfur up to 1000 ppm. In one embodiment of the invention,
the hydrocarbon feed contains sulfur from about 1 ppm to about 500 ppm. In another
embodiment of the invention, the hydrocarbon feed contains sulfur from about 10 ppm to about
100 ppm.

U.S. Patent no. 6,784,333, hereby incorporated by reference, discloses a catalyst of an
aluminum-silicon germanium zeolite on which platinum has been deposited. The catalyst can
be used in aromatization of alkahes, specifically, aromatization of lower alkanes, such as
propane. The catalyst may be a MFI zeolite in which germanium is incorporated into the

crystalline framework, i.e., P/Ge-ZSM-5. The catalyst may be sulfided before or during the

aromatization process.



pronoters or nodifiers are present in a catalytically
effective anount, e.g., about 0.1 weight percent to
w@bwsti27539 wei ght percent. The catal yst may bePCT/US2008/003710

supported on or bound with a material, such as a netal
oxi de; a m xed netal oxide, e.g., oxides of magnesium
alum num titanium zirconium thorium silicon, boron
or m xtures thereof; a clay, e. g , kaolin or
nontporjllonite; carbop, e.g., on bl ack, graphi t
8¢ rhemicdl feapya Rl ﬁ}ﬁ&ﬁ&?ﬂ%‘r%f t@? prepchl H{Xﬁ?‘lon&nﬂ%ﬁ résented as:
carbide or nitride, e.g. ybdenum car bi de, silicon
car bi de or tungsterM[ﬁSth)@@z)i(é'Qz)yi%sm a metal oxide
hydr oxi de, e.g., boehmite, to change the physica

where M aper hokle métal fsachaSqilM'Qtum,‘TﬂsrﬂladmhalIjnediulmyiridimm,al'rutheaium or
reacti on product, such as platinumsulfide, that is

combmfaf?&{gefile@éf CRN{sAg ttetPivaRht %1eﬁ{éﬁf‘tY01"s AMBRY @ndeptsdnaly, another
the surface of the catal yst with a sul fur conpound

tnvalenéq&g}@g' Zfsf (%‘éalggt :étfe &%1018 ‘%H%%%%‘gé ga S h as H', Na®,

ddegd bef
K, Rb e g,dylgons egrcgi?lg,ﬁgs%fers%oghp%;{%ﬁéfs 0:0.025. pggording to the

catal yst may be pretreated with the sul fur conpound or
IUPACt reeorsmebridations; ap oxamipleragtalyst would belrapeasented ps:t he
hydr ocarbon feed when it contacts the catal yst during

the aromatization @O@@Ekﬁlglﬂeﬁﬁlﬁm@ﬂrmkul fiding method
that is well known in the art consists in heating in

tﬁgr&mﬁ?;ﬁﬁf ol ugéﬁdg‘noﬁ SRocesd bf donitizatidh of HIkBndkf such as alkanes

I de an ydrogen or nitrogen to a

having éabn%etrwa v%ge t??&l e%%?ﬂlg%?eg%lgh@ pq'g&l%e orgﬁlc‘éegﬁh%é %eﬁ%ﬂe ethyl

S uI ur

catalyst is in the ran f from 10 1
benzenveiepa Ro¢ w150 {ECHR PEER Mk e saafygh < at a liquid

ppm I n one enbodi nent of the invention, t he
hourly fspatreovalodityninf thecrangmbetiveen Hull fnd 109 g, @b@utenmemgﬁptle the range

about 500 ppm | n anot her
between 200 and 600°C and at a pressure in the range between 5 and 315 psia.

In a process for aromatization of C¢-Ci2 alkanes, some embodiments of the present
invention have better selectivity to aromatics, are more tolerant to presence of sulfur, have better
aromatic yield from acyclic, i.e., linear and branched, paraffins and/or use less hydrogen with
respect to catalysts which do not contain germanium. Such developments may produce higher
productivity, longer catalyst life, adaptability to certain feedstreams and/or cost reduction in raw
material, equipment and process operation. One example of a feedstream to which this catalyst
of the present invention would be adaptable would be a feedstream which is predominantly, ie.,
greater than about 50% by volume, paraffinic and low, i.e., less than about 20% by volume, in

naphthenes. In one embodiment of the present invention, the feedstream contains Ce-Cs

alkanes, either alone or as components in a mixture, i.e., in a range from 0% to 100% for each

10



enbodi nent of the invention, the hydrocarbon feed
contains sul fur fromabout 10 ppmto about 100 ppm
wo2@®s/1PEBent no. 6, 784, 333, hereby incorpor at eBChys2008/003710
reference, discloses a catalyst of an alum numsilicon
germani um zeol i te on which plati num has been
deposited. The catal yst can be used in aromatization
olf kaI kanes, specifically, aromatization of | ower
. al kanes, such as propane. The catal yst may be a M
Ce, Crapd §isplkan§.n whi ch germaniumis incorporated into the
~crystalline franework, i.e., Pt/ Ge-ZSM5. The catal yst .
iy ipwergionfhaying brencgeserstly digsaribgd.t the fallowiag) examplss are given as
process. The chem cal formula of the catal yst of the
particulF esBodinentsathieinvemipnlad tegmeasirate dheggsractice and advantages thereof.
M(SI ) (XR2)x(YR)y]Z+ y/n where Mis a noble netal,
It is mﬁéfslibo@lsthﬁl RS EXdPledPt |gﬁ@h Qb?lwd'yl'mmh’d@aubﬁ‘ aihd/iFe not intended to limit

enlun1or conblnatlons hereof, X is a tetraval ent

I onal Iy, anot her :
theSpeflﬁlcéfrgneq{the lélr?e%nt?%l% IS a caa?ﬂgﬂn or conbi nati on of
cations with a valence of n, such as H+, Na+, K+, Rb+, -

—AMLW Sr2+ or Ba2+, x varies from 0-0.15

and y is 0-0.125. According to the |1 UPAC

recommendat i ons, Syntlssisraf(ee-Z28Mab yealitfoul d be

represented as: |Cs+Pt I[Si 9l Ge4Al 10192J- MFI The

SHl@iors#1 way nrleusedihitingal 84pcessivals NaOFhtolnaon erithof31.25g of
al kanes, such as al kanes having six to twelve carbon

deioni Wefer FR GftldbduentlP dREAUHEE. B hfifniufGbxids. Solution #2 i
elom%hgg)ne efet hyl be(ﬁlzegng t ol glgne ag(rﬁjpé;yl enlg Th)((e1 ormon e B
made le g{lh?tﬁltg ? %H%g&u&hﬁu&&%‘ Soldth kﬁ&g@% ifitna aﬁdaitQ Ant% sodium
oxide) with 153.9g DI water. Solution #1 was added to 150g Ludox AS-40 (40wt% sﬂlca ina

colloidal state) and vigorously stirred for 10 minutes to obtain a homogeneous mixture.

Solution #2 was stirred into this mixture. After 15 minutes of vigorous agitation, 105.42g of

* tetra-n-propyl ammonium hydroxide (TPAOH) was added and the mixture was stirred for 60

minutes. Finally, 23.32g of glacial acetic acid was added to the gel to'adjust the pH of the
mixture to about.9. This mixture was loaded into a 1L stainless steel autoclave and heated at
160°C for .36 hours with stirring. Subsequently, the solids obtained were filtered from the
mother liquor and washed with DI water. The s.olid was calcined at 550°C for 6 hours in an
oven with air flow. The MFI structure of the solid was confirmed by measuring the powder
X-Roy diffraction pattern.
Example 1
I%PUCsGeZSM-s:

8 grams of GeZSM-5 prepared as described above was washed with 200 ml of

11



hourly space velocity in the range between 0.1 and 100
h 1, at a tenperature in the range between 200 and
weo@Ra2mEgl at a pressure in the range between BCBEDOS2084/803710

psia. In a process for aromatization of C6-C 2

al kanes, sonme enbodi nents of the present invention

have better selectivity to aronmatics, are nore

tolerant to presence of sul fur, have better aromatic

yield from acycl linear and br Bed, . -

aqueoup GRS MBI fltersd T'&QIW%W%@R“\RF‘Y?? e dgBfse tirges with 0.5M

catal ysts which do not contain germanium Such
CsNO;dendetingedewits digtilledr Hefdom thiegfimal ftesiage Theizeglite] pavgdsr was then

catalyst life, adaptability to certain feedstreans

calcine@ 6t Phour9at 280edus bairon in raw material , equi pment and
process operation. One exanple of a feedstreamto

\ggug%i? {)We%e&a rﬁﬁ%%ﬁzgfb}név%@ chrred it gné/fﬁmé Qrop\RiWeda R6lution of

['e vvou edstr eam whi

0060 SRR ot n L5 Fs PR et g T e o
vol ume, in naphthenes. In one enbodi nent of 8
exchanged §in ZSMrd e b gnateriple wae slisd 10arh BOW: By As! 1€"Ccdying oven then

al kanes, either alone or as conponents in a m xture,
calcineid .ae 2809Chfoa 3r lanuge Hlernent@lbanatysisaave 8992 oetchGa, ©F9 avtde &d, 4.14 wt
al kane. The invention havi ng been generally descri bed,

% Ge, gbgv&t%lcgv\mngo ¥R/ s are given as particul ar
nmbodi nents of the invention and to denonstrate the

pl;]h%ccta'tag)%rpﬁgg'd@p%gsn 1%9&?1 And&i ATt 102 2'0t4d meH] Qﬁ§&ﬂbg0.'l BEk) of the

es are gtven by way lustration and are
nt ended, t o, |.i ecificati [ °
sized B RS RIToH Wy 1 ot OF Rl %ﬂ%%%h%‘?? Bffireled a¥S00°C for
Synt hesi s_of Ge-ZSM 5 zeol i te Sol ution #Q(% : '
1 hourdn flewying Hes Tha ¢ereperafyyg waneon redicgd itd A64: ﬁn"@gﬁ@gﬁt Ing was
started. '

Comparative Example 1

1% Pt/CsZSM-5:

12 grams of commercially available ZSM-5 (Zeolyst CBV5524G) was washed with
300Am1 of aqueous CsNOs (0.5M) then filtered. The filtrate was then rewashed 3 more times
with 0.5M CsNO; and rinsed Wi.th dis_tilled'HZO. on the final filtering. The zeolite powder was
then calcined for 3 hours at 280°C in air.

Incipient wetness impregnation was carried out by adding drop wise a solution of
0.1374 g Pt(NH,)4(NOs), dissolved in 6.3507 g of deionized water to 7.0 grams of the Cs-
exchanged ZSM-5. The material was dried for 1 hour in a 110°C drying oven then calcined at
280°C for 3 hours. Elemental analysis gave 41.54 wt % Si, 1.43 wt % Al, 8.64 wt % Cs, and

0.75 wt% Pt.

12



dei oni zed (D) water and subsequently dissolving 7.1

I g of germani um di oxi de. Solution #2 is nmade by
wal2éostiz3g8 3. 84g sodi um al um nate sol uti on (23.B@E/¥$2008/003710

al um na and 19. 4wt % sodi um oxi de) with 153.9g D

water. Solution # 1 was added to 150y Ludox AS-40

(40wt % silica in a colloidal state) and vigorously

stirred for 10 minutes to obtai n a hom)geneous

Xt ur Sol t|on #2 wa irr this XB
Tie cntalist 0 Fregvaafprm(ﬁ%%élzs o 2 mess sy L@?”S ) of the
tetra-n-prop amoni um hydr oxi de (TPAC]—|) was add
sized catalyst was mixe Wethvdamlﬂf iingre quartyr clgps ARt imag pretroates "}ty500°C for 1
23.32g of glacial acetic acid was added to the gel to
hour inaflpwitg HheTipdtepiperdtarenwag thred reduceld tot468°C Tanidscatdlyticutesting was
was | oaded into a IL stainless steel autoclave and
starteg.n€ated at 1600C for 36 hours with stirring.
Subsequently, the solids obtained were filtered from
the nother liquor and washed with DI water. The solid
was cal ci ned at S550€,hRhrafivéPRamiple? an oven with air
l‘VPt/ﬁakg sThe MFI structure of the solid was confirmed by
neasurlng the powder X-Ray diffraction pattern.

| 98t | C5GeZS r

5o B ot A it @gﬁﬁ-ﬁ%%?ﬁ%%@%ﬁéﬁgmd with
CsNO3 (0.5 then filtered. The filtrate was th

150 mirckaasenis BNy @ 25Mbenfiltnied. Thy BUTesvarlen rruatiedf pre times
distilled H2O on the final filtering. The zeolite

with 0.26MIBaN®g sintl rased atithi distilllédoH.3 dnothe Sinat fitgoag The zgotite powder
I nci pient wetness inpregnation was carried out by

was thétshildife o B Houfsat 2867 i dign of 0.069 g Pt (NH2) 4( NCB) 2
di ssolved in 1.343 g of deionized water to 3.508 grans

%cibgﬁt %%Qg]?rﬂgl%%nation was carried out by adding drop wise a solution of

0.0362 g Pt(NH)4(NO;), dissolved in 1.17 g of deionized water to 1.8 grams of ‘the Cs-
exchanged Ge ZSM-5. 'fhe material was dried for 1 hour in a 110°C drying oven then
calcined at 280°C for 3 hours. Elemental analysis gave 42.75 wt % Si, 1.47 wt % Al, 1.55 wt
% Ba, and 1.02 wt% Pt. |

The catalyst powder was pressed and sized to 20-40 mesh. 0.25 cm’ (0.122 g) of the
sized catalyst was mixed with 1.75 cm? of inert quartz chips and was pretreated at 500°C for
1 hour in flowing H,. The temperature was then reduced to 460°C and catalytic testing was

started.

Comparative Example 3

1% PYHZSM-5:
Incipient wetness impregnation was carried out by adding drop wise a solution of
0.0701 g Pt(NH,)s(NOs), dissolved in 2.2822 g of deionized water to 3.505 grams of

commercially available ZSM-5 (Zeolyst CBV5524G). The material was dried for 1 hour in a
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Ge ZSM5. The material was dried for 1 hour in a 110C
dryi ng oven then cal cined at 280C for 3 hours.

web@sartsas anal ysis gave 39.92 wt % Si, 0.69 wecCPastons/ 003710
4.14 wt % Ce, 5.03 wt % Cs, and 0.90 wt% Pt. The
cat al yst powder was pressed and sized to 20-40 nesh.
0.25 cnB (0.131 g) of the sized catal yst was m xed
with 1.75 cnB of inert quartz chips and was pretreated

o 500C f or hou H2. The tenperature was

110 C@W&gqvéﬂdléfébcaﬂ%n%%ﬁéggiré?@&nlgq‘ﬁ| c testing vvas
started. Conparative Exanple 1 1% Pt/ CsZSM 5: 92
dhe wotatyst ppwieryway picssed| @dzmndStO(leéq) y@tshcﬁs\i%m@) 3 of the
washed with 300 m of aqueous CsNO3 (0.5M then

sized chthlybEewadmixedevith  15rai’cofiaert yhaty cpeaiiedasSpreaesed an§09°C for 1
with 0.5M CsNO and rinsed with distilled HO on the

hour i HHQ i, U Bhd RnpefitBreZ®ad tHef QYA 0D R GalIfidREting was
ours at 800C in air. Incipient wetness
|n'pregnat| on was carried out by adding drop wi se a
'solution of 0.1374 g Pt (NH2)4(NOG3) 2 dissolved in
6. 3507 of deionized water to 7.0 grans of the
CAT ZSM5. The material was dried for 1 hour
in a 1100C drying oven then cal cined at 2800C for 3
I€Eatalysts pepaned biitheapratedures apaveware testedhas fadlgws: 1. 43 wt
%A, 864 wm %Cs, and 0.75 w % Pt. The cat al yst
Cataly§0 ﬂﬂftlles\l\lﬂﬁxdlf with @ibraqeirsi chis, er2ldadéll imts h /.”10Dnlug reactor. n-
. 478 g) of the sized catalyst was mxed with 1 m of

hexaneI WE Yafdvild ntS R REaAGF ARRinB S s3RA @€ adbmpétafaré BF approximately

started

150°C. This gas mixture was passed through the reactor, which was maintained at the
specified reaction temperature by an external heating jacket. The reaction products were
analyzed by gas chromatography. =~ Products ranging in size from methane to
dimethylnaphthalene .were observed. A variety of C¢ isomerization products'were observed,
including isohexanes (e.g., 2-methylpentane) and olefins (e.g. 1-hexene.) For the purposes of
calculating conversion and selectivity, these C; products were considered to be unreacted.
The selectivities reported are calculated as the sum of benzene, toluene, xylenes, and ethyl
benzene produced divided by the sum of benzene and gll C:-Cs and C7+ materials recovered.
These selectivities are presented on a molar Cg basis. Activities are for total Cg conversion
(excluding isomerization) after 25 hours on stream and are relative to a catalyst producing 50%

conversion at 460°C at a gas hourly space velocity of 5600 hr'. Results are shown in Table 1

below.
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hour in flowing H2. The tenperature was then reduced
to 4600C and catal ytic testing was started.
w@oeomsaeEBs ve Exanple 2 | %t/ BaZSM 5: 8 grams 0OPCT/US2008/003710
commercially avail able ZSM5 (Zeol yst CBV5524G) was
washed with 150 ml of aqueous BaNO3 (0.25M then
filtered. The filtrate was then rewashed 4 nore tines
with 0.25M BaNO3 and rinsed with distilled H20 on the

final

i npr egnat

filtering. The zeol
for 3 hours at 280C in ai
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”]taue lﬁm pi
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di ng dr op Wi-S
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ViR
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Compafﬁg“’ o

aHEC g ze
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500C for I n

en reduced_td

ﬁ3g) of
nert
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4600C

Compamtiste cat al

Exampl@ 2 % Pt/ H

1%Pt/BaZSM-5

ytiX testing
ZSM 5:

6vas started.

-Conpar ati ve

Exanpl e

Comparative
Example 3

>8

1%Pt/HZSM-5

The data in Table 1 show increased selectivity for the germanium-containing ZSM-5

catalyst.

non-germanium catalysts whether they were non-acidic or not.

The

improved aromatic selectivity for a germanium-containing ZSM-5 catalyst.

The 1% Pt/CsGeZSM-5 catalyst showed a significant increase in selectivity over

data demonstrate

A catalyst made by the procedure of Example 1 was tested with the procedure above

at the specified process conditions. Results are shown in Table 2.
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I nci pient wetness inpregnation was carried out by

addi ng drop w se a solution of 0.0701 g Pt(NH2)4(N3B) 2
waolcesabxsegl i n 2. 2822 g of deionized water to 3r&DES2008/003710

grans of commercially available ZSM5 (Zeol yst

CBV5524G) . The material was dried for 1 hour in all0C

dryi ng oven then cal cined at 280C for 3 hours.

The

cat al yst powder was pressed and sized to 20-40 nesh.

0.5 cnB (0.230 g) of the_si
1.5 cnB of inert quartz dRP

bt

catal yst was m xed with
and was pretreated at

500C for 1 houjojpy/cdcumiom:sttalysRer<saBper at ure was
then reduced to 460C and catal ytic testing vvas
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When the hydrogen to hydrocafbon ratio fed to a base-exchanged Pt/GeZSM-5 is lowered
from a hydrogen:alkane molar ratio at about 6:1 to about 0:1, the conversion and selectivity for
aromatization increases. Table 2 shows the effect of changing the Hy/n-hexane feed ratio for
a 1% Pt/CsGeZSM-5 catalyst; the same results are shown graphically in Figure 1. After 111
hours on stream with a Hy/n-hexane fged ratio of 6, the conversion at 515°C and an LHSV of
2.16 hr'_l was 19.6% and the selectivity was approximately 87%. Unexpectedly, however, as
the Hy/n-hexane feed ratio is lowered, the conversion increases sharply, to 31% at a ratio of 3
and to 39% at a ratio of 1.5. In addition, the aromatics selectivity increases to 91% at a ratio
of 3 and to 93% at a ratio of 1.5. There is an additional large increase in the conversion when
the hydrogen feed is removed completely, but the conversion declines quickly with time on

- stream. However, when the hydrogen is restored at a ratio of 1.5, the conversion returns to a
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These selectivities are presented on a nolar C6 basis.
Activities are for total C conversion (excluding

w0 saxsaeisa@at i on) after 25 hours on stream and aP€T/US2008/003710
relative to a catal yst produci ng 50% conversi on at
4600C at a gas hourly space velocity of 5600 hr 1.
Results are shown in Table 1 below Table 1 The data in
Tabl e 1 show i ncreased selectivity for the

r i.um caont aj ni ZSM 5_cat.al yst he 1% -
value of ey &6 St e R BRIt St e raseh 5 oRetuming to he
.. selectivity over non-gernmani um catal ysts whet her 1hey
originalyatie of §redusicsithe conversion torprlyd @ mantbths selestitiy td§roved
aromatic selectivity for a germani um contai ni ng ZSM 5
catal yst. A catalyst maggaRpidhe procedure of Exanple
1 was tested with.the procedure above at the specified
rocess conditions. Results are shown in Table 2. Table
I%PW&QZ’)@M@CSGeZSMS catal yst, T=515C Wen the hydrogen
to hydrocarbon ratio fed to a base-exchanged )
Bt £BeRSM SeZSM-Onprepared rasndescribett ebeve #ag veshad|with 200 ml of
ratio at about 6:1 to about 0:1, the conversion and
aqueou$ K40} 'gozsmy tliear filderedrel HezfiltraRnwasther asesshed dbhere2imésomigh 0.5M
' the effect of changing the H2/ n-hexane feed ratio for

KNO; gn&(ﬁ]&é ﬁﬁﬁ?éﬁ%lt@d BiAb¥She fila¢ MARPRgr The!ZSiRI Fovadt®Whas then

raphically in Figure 1. After 111 hours on stream

.\t H2/ pshexane. feed ratio of 6, the conversion at
Calcmegnf.%% S%‘Hsﬁﬂz 81 2.16 hr 1 was 19.6% and the

sel ectivity was approximately 87% Unexpectedly, .
HoeiBigBY Weinest HEPIRERHIHCY ah aied Pt 401 Bdie Ko Wit @ splytion of
conversion increases sharply, to 31%at a ratio of 3
0.0682an BN, RO ) disspbred an df396. & of Heionidad twager, tot3x203 grams of the K-
aromatics selectivity increases to 91%at a ratio
exchanged GeZSM-5. The material was dried for 1 hour in a 110°C drying oven then calcined
at 280°C for 3 hours. Elemental analysis gave 41.1 wt % Si, 0.73 wt % Al, 4.77 wt % Ge,
1.35 wt % K, and 0.95 wt% Pt.
The catalyst powder was press'ed and sized to 20-40 mesh. 0.25 cm® (0.121 g) of the
sized catalyst was mixed with 1.75 cm’ of inert quartz chips and was pretreated at 500°C for

1 hour in flowing H,. The temperature was then reduced to 460°C and catalytic testing was

started.

Comparative Example 4

1% PY/KL:

A sample of commercial L-zeolite (Tosoh HSZSOOKOA) was obtained in a
potassium-exchanged form..

Incipient wetness impregnation was carried out by adding drop wise a solution of

0.393g Pt(NH,)4(NO;); dissolved in 7.5 g of deionized water to 20 grams of the KL-zeolite.
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of 3 and to 93% at a ratio of 1.5. There is an
additional large increase in the conversion when the
whyasagsses f eed i s renoved conpletely, but the PCT/US2008/003710
conversion declines quickly with time on stream
However, when the hydrogen is restored at a ratio of
1.5, the conversion returns to avalue only slightly
Iess than that observed before shutting the hydrogen
Returning to the original ratio, of uce
The me@ﬁalewgs dried for dritapr 1! lice awgs%\reaéh@\ﬁ%) ) oE'86r 3 hours
Exanple 2 1'%t/ KGeZSM 5: 8 grans of GeZSM 5 c{Jrepared
Elemeata! amadysis gave 2850w Yanis 9:d sttdd Ali tH5200 %K, afid 6§deabsPt.
KNO3 (0.5M then filtered. The filtrate was then

I ENESRBNsBpoWid WhsTBreswidt dndOsi2dd tNID-0dnéshndeem(1.008 g) of the
distilled H2O on the final filtering. The zeolite

sized &Q O0&rwaeRiledapios al hi Bﬁglef‘to(;uagtzhﬂ ssanﬂtwgsSQIGtrbﬂe@'af 400°C for 1

pi ent wet ness i npregnation was carried out

sol.ution 0682 Pt ( NH2) 4( NOB) 2
hour “&lﬂgg’gﬁ\/}gﬂg&ﬂre’l a%’é%lc FENERETS Sﬁ?l}e d wat e? to(3 S%S(graZm
of the Kexchanged GeZSMS The materjal was &)
The catalysts of Example ok agd Jrqmpasgtive Exampled cwqﬁ%ae%ﬁ fhe procedure
for 3 hours. Elenental analysis gave 41.1 wt % Si,
above @t the specifisdprocdss tonditioss. QRegsults 3% showhtiiKTablad. 0. 95 wt %
Pt. The catal yst powder was pressed and sized to 20-40
mesh. 0.25 cnB (0.121 g) Dhblel®e sized catal yst was

m xed with 1.75 ¢nBspfCi N6t Pt foallicataGRisps and was
[pretreated at 500

r, 1 TIHgw N HZ. n ..
tenperature was t#élﬁ reducg@z/’t"gg%o (o Vi b i '1IS§JFFtéV‘ty
tefilyRtg was starf@g) in feed (%) (%)
Example 2 las 6.0 6.5 89.6
Pt/KGeZSM-5 ' 1.5 17.0 91.4
Comparative : 6.0 209 - 89.0
Example 4 4.3 1.5 17.5 84.2
PY/KL

The data in Table 3 show the effect of reducing the hydrogen to hydrocarbon' ratio on
a germanium-containing ZSM-5 catalyst compared to the L zeolite-based catalyst which does
not contain germanium. The 1% PYKGeZSM-5 catalyst showed a significant increase in
conversion when the Hy/n-hexane feed ratio was lowered from 6 to 1.5 and the selectivity
also increased. In contrast, the conversion and the selectivity of a 1% PUKL catalyst
decreased when the H,/n-hexane feed ratio was cut from 6 to 1.5. The data demonstrate
improved catalyst performance at lower Ha/n-hexane feed ratios for a germanium-containing

ZSM-5 catalyst.

The catalysts of Example 1 and Comparative Example 4 were further tested by
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Conparative Exanple 4 | % Pt/ KL: A sanple of commerci al

L-zeolite (Tosoh HSZ500KOA) was obtained in a
w@odisasisasn exchanged form I ncipient wetness PCT/US2008/003710

i mpregnation was carried out by adding drop wise a

solution of 0.393g Pt (NH2)4(NG3)2 dissolved in 7.5 ¢

of deionized water to 20 grans of the KL-zeolite. The

material was dried for 1 hour in a 110C dryi ng oven

then cal cined at 2600C for 3 hours,
reducingainea igrogerdhydpogin maxtyre, fenogukid m&S“é ﬁg‘]t akalanad_y gOgen until
0.94 wt% Pt. The catal yst powder was pressed and sized
breakthrough) a6utr2gs30 minutes The ¢08ysty weke tasesdgisingdthe aregegure described
was mxed with 1 nml of inert quartz chips and was
above ﬁrﬁort%&;tg@dc HithP O/ Rixae U iratid of siRwb dge.HIThbeésnite are shown in
cat al Iytlc testing was started. The catal ysts of
e 2 and Conparative Exanple 4 were tested with
Table‘ﬁ’ign%rocedure above at the specified process
conditions. Results are shown in Table 3. Table 3 T =
515C. 1% Pt for all catal%a&4 | HSV H2/ n-C6 conversion

selectivity Catalyst (hr 1) in feed (%9 (% Exanple ?

Calystb. 5 89. 6 | AdRwitiKCq Seldchivity § YigldO 9 Belectivity | Yield
| (460°C) - [ (480°C)

Example 1 _ - _

1%Pt/CsGeZSM-5 | 0.16. 36 5.76 50 8

(sulfided) '

Comparative : _

Example 4 0.04 82 3.28 85 34

PY/KL

(sulfided)

Sulfiding - had a dramatic effect on the acfivity of the PKL sample; the activity of the
presulfided Pt/KL catalyst was. about 25% of that obtained with the presulfided Pt/CsGeZSM-
5 catalyst. Even though aromatic selectivity for the PUKL catalyst waé higher than that for
the Pt/CsGeZSM-5 catalyst, the overall yield for the PUKL catalyst was less. These data

demonstrate that a ZSM-5 based catalyst is more sulfur tolerant than a KL-based catalyst.

A catalyst made by the procedure of Example 1 was tested using the procedure
described above at the specified process conditions with Hy partially replaced by an inert gas

(He) as a diluent. The results are shown in Table 5 below.
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Conparative 6.0 20.9 89.0 Exanple 4 4.3 1.5 17.5 84.2
Pt/KL . O The data in Table 3 show the effect of
wo eabsarTsgs t he hydrogen to hydrocarbon rati o onper/us2008/003710

ger mani um contai ning ZSM5 catal yst conpared to the L
zeol i te-based catal yst which does not contain
germani um The 1% Pt/ KGeZSM 5 cat al yst showed a
significant increase in conversion when the
H2/ n- hexane feed ratio %o red from6 to 1.5 and
the selectivity L5 also ed. In contrast, the
conversion and the sel’ad lt/ﬁ\?pF Ja 1% Pt/ KL cat al yst
decr eased when t hel AH1A2GbdHA ﬁéédllrr atio was cut from
6 to 1.5. The data denonstrate inproved catal yst

rf nce|at- | / n- hgxa rat 1 Ofs f o/
Fﬁ rrgc:]nlqﬁmc nt ai ﬁ/gﬁ%cc M5 atg ‘3/‘2"?59%2 cal al 3§le@thlP'_A’
ExquI e 1 and Conpgrative Exanple gy yere further o936
tested byreducing in a nitrpgen/hydrogen mixture then
sul fading in 1% H2§¢ n bal aphce ni typpen untj | 94.6
bhreakt hrough about 20-30 nutes, - The ¢

test ed usi ng the pypsedure ¢lescri bzgi above pt 460 %01

I—I')/n havong -an4 rat i o ~Ff PP
- maAaATT U \W A} QII\ l Ul |||c

resylts are|shown irs Tabl e 4 bel owﬂG’abI e 4| Sul fi di7nk3
hu.d a tHatrrat+e—effect—on—the—actrvity of—thePt7KE
e; the activity of the presulfided _Pt/K

As carysiest Siam Biaet Savke IGBENPE S BOPHFOROT &elésf& rpftjfyto hydrogen
Pt / CsGeZSM
results in increased conversion and select1v1ty The diluent could be any inert gas, e.g., He,

N,, CO,, CH,4, C;Hg and mixtures the;eof. The proportion of diluent relative to hydrogen
may be in a molar ratio of hydrogen:inert diluent from ébout 1:0.6 to about 1:3.

A catalyst made by the pi'ocedure of Example l.was tested using the procedure
described above at the specified process conditions with alkanes other than hexane ﬁséd in a

process of aromatization. The results are shown below.

Feed — 100% n-heptane

H,/n-C;=0.84

LHSV.= 5.4 hr-1

Temperature = 515°C

Conversion: 51%

Aromatics Selectivity: 92% (mostly toluene)
Feed — 100% n-heptane

Ha/n-C; =0.84

LHSV =2.7 hr-1
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5 catalyst. Even though aromatic selectivity for the
Pt/ KL catal yst was higher than that for the
weRdBae=ZEM 5 cat al yst, the overall yield for poEURLOKL3710
catal yst was | ess. These data denonstrate that a ZSM5
based catalyst is nore sulfur tolerant than a KL-based
catal yst. A catal yst nmade by the procedure of Exanple
1 was tested using the procedure described above at
t he spegifi ed process conditions with H2 partially
Tempefagbﬁezi:ggsg/ an inert gas (He) as a diluent. The
. results are shown in Table 5 below. L5Table 5 | %
Conversiqncs@38SM 5 T = 5150C5LHSV = 2.2 h 1 As can be seen
fromthe data above, increasing the proportion of
Aromatics Sela¢tivigt 304 @néstlyhgldengen results in increased
conversion and selectivity. The diluent could be any
Feed —i100%4 n98&Gne €- 9., He, N2, CO2, CH , C2H and m xtures
t hereof. The proportion of diluent relative to
) en may be in a nolar ratio of hydrogen:inert
Hy/n dé%%t fromabout 1:0.6 to about 1:3. A catal yst nade
b e .procedure of Exanple 1 was tested using the
LHSsz%égﬁ'ﬂlre descri bed above at the specified process
conditions with al kanes ot her than hexane used in a
Tempepatuesssl B ar omati zati on. The results are shown bel ow.
Feed - 100% n-heptane HZMC7 = 0.84 LHSV = 5.4 hr-1
Conversion: ~35% o

Aromatics Selectivity: 88%
Aromatics Composition:v Ethyl benzene - 53%
o-Xylene -33%
m-Xylene - 10%
p-Xyléne - 3%
Numerous modifications and variations of the presént invention are possible in light of
the above teachings. It is to be understood that, within the scope of the appended claims, the

invention may be practiced other than as specifically described.
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Tenperature = 5150C Conversion: 51% Aromatics
Selectivity: 92% (nostly toluene) Feed - 100%
wo2dsprEse ! 0 H2AI -C7 = 0.84 LHSV = 2.7 hr- 1TePQEUS1008/603710
= 515C Conversion: 63% Aromatics Selectivity: 93%
(nmostly toluene) Feed - 100% n-octane H2/n-C8 = 0.93
LHSV = 8.6 hr-1 Tenperature = 5150C Conversion: -35%
Aromatics Selectivity: 88% Aromati cs Conposition:
Et hyl benzene - 53% o0- Xyl ene - 33% m Xyl ene - 10%

WP GERR RS BRSSO BReRL e BeeSectpey s el o
PATENT OF THE UNITED STATES OF AMERICA IS:

1. A process for the aromatization of hydrocarbons comprising:

a) contacting a feed containing an alkane of 6 to 12 carbon atoms per molecule with at least one
catalyst comprising a non-acidic aluminum-silicon-germanium medium pore or large pore
zeolite on which a noble metal has been deposited; and

b) recovering the aromatic product.

2. The process of Claim 1 wherein the silicon to aluminum atomic ratio (Si:Al) of the zeolite is

greater than 2.

3. The process of Claim 2 wherein the silicon to aluminum atomic ratio is in the range from 10

to 200.

4. The process of Claim 3 wherein the silicon to aluminum atomic ratio is in the range from 20

to 100.
5. The process of Claim 1 wherein the zeolite a medium pore zeolite.

6. The process of Claim 5 wherein the average pore size is in the range from about 5 to about 7

angstroms.

7. The process of Claim 1 wherein the germanium content of the zeolite is in the range from

0.05% to 10 % by weight.
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the above teachings. It is to be understood that,
Wi thin the scope of the appended clains, the invention
worgoshe7sps act i ced ot her than as specifically PCT/US2008/003710
descri bed. WHAT IS CLAI MED AS NEW AND DESI RED TO BE
SECURED BY LETTER OF PATENT OF THE UNI TED STATES OF
AMVERICA IS: 1. A process for the aromati zati on of
hydr ocar bons conprising: a) contacting a feed
contai ning an al kane of 6 to 12 carbon atons per
nol ecule with at | east one catal yst conprising a
non-aci di ¢ al um num si | i con-ger mani um nmedi um pore or
8. The proegss pbCdaimebvherginothe \gatmadnivzm content ofethe zeqlie 1stfeam 2% to 8% by
deposited; and b) recovering the aromatic product. 2.
weightThe process of Claim 1 wherein the silicon to al um num
atomc ratio (Si:Al) of the zeolite is greater than 2.
3. ‘The process of Claim2 wherein the silicon to
alum numatomc ratio is in the range from 10 to 200.

o, oo EROET ST PO HOTEDRRE kD g

- 5. The process of Claim.1l wherein the zeolite a nmedi um
pore zeolite. 6. The process of Claimb5 wherein the
average pore size is in the range fromabout 5 to

10. Thalposesspfgfiaist | virsteinzthe Thblemaial dspressnt @ the pange wh Epay ;2% to 2%.
t he germani um content of the zeolite is in the range
fromO.05%to 10 % by wei ght.8. The process of Caim?7 -
wherei n the germani um content of the zeolite is from

11. Tl?eo/ﬁrbeesg%fl@}iaim 1 wherein the noble metal is present in the range of from 0.2% to

1.5%.

12. The process of Claim 1 wherein the noble metal is platinum, pélladium, iridium, rhodium

or ruthenium.
" 13. The process of Claim 1 wherein the noble metal is platinum.

14. The process of Claim 1 wherein the contact between the alkane and the catalyst is at a liquid

hourly space velocity in the range between 0.1 and 100 h'.

15. The process of Claim 1 wherein the contact between the alkane and the catalyst is at a

temperature in the range between 200 and 600°C.

16. The process of Claim 1 wherein the contact between the alkane and the catalyst is at a

pressure in the range between 5 and 315 psia.
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wei ght. 9. The process of Caim1 wherein the noble
nmetal is present in the range of fromO0.05%to 3% 10.
wobespemeess of Claim 1 wherein the nobl e nmet abCT/852008/003710
present in the range of fromO0.2%to 2% 11. The
process of Claim1l wherein the noble netal is present
in the range of fromO0.2%to 1.5% 12. The process of
Claim1 wherein the noble nmetal is platinum
pal | adi um indium rhodiumor ruthenium 13. The
[ enei - b A S
7. TR BREES ¥ it Tl betOHE Aok g e HIEL BEASMOR, LTL or MTT
ontact between the al kane and the catalyst is at a
iquid hourly space velocity in the range between 0.1
and 100 h 1. 15. The process of Caim1l wherein the
contact between the al kane and the catalyst is at a
18. Thd SIGB&E 3F Cladmi 1Nwhdiein tia \Geal e hidiBonaR9Qontalhs 60BE. 16. The
process of Claim1l wherein the contact between the
al kane and the catalyst is at a pressure in the range
between 5 and 315 psia.1l7. The process of Caiml
19. Thehmoedss of Kdaimebmierimtie catadyse isviF¢atedBiA; wiiDRydiopen,second with a
MIT structure. 18. The process of Claim1l wherein the
sulfur epatppund;tand dlafintagainayitlyh edi ns sul fur. 19. The process
~of daim1l wherein the catalyst is treated first with
hydrogen, second with a sul fur conpound; and then

20. Tognegsprlan i pleeinghe el coBopge e hoBBHES or Cottoni2s2,

where I)O; l_lgfb-l- 252,

struc

21. The process of Claim 19 wherein the catalyst is heated in the presence of hydrogen sulfide
or a mixture of hydrogen sulfide and hydrogen or nitrogen to a temperature of between 150 and

800°C.

22. The process of Claim 21 wherein the temperature is between 250 and 600°C.

23. The process of Claim 18 wherein the amount of sulfur on the catalyst is in the range of from

10 ppm to 0.1 wt.%.

24. The process of Claim 1 wherein the feed additionally contains sulfur up to 1000 ppm.

25. The process of Claim 1 wherein the catalyst is supported or bound.

26. The process of Claim 1 wherein the chemical formula of the catalyst is represented as:
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where n = 1-20. 21. The process of Claim 19 wherein

the catalyst is heated in the presence of hydrogen
waerimitds3or a m xture of hydrogen sul fide and PgUOUS®8003710

or nitrogen to a tenperature of between 150 and 8000C.

22. The process of Claim2 1 wherein the tenperature

i s between 250 and 6000C. 23. The process of Cl aim 18

wherein the anount of sulfur on the catalyst is in the

range of froml Op ) I 0 The process of

Caim1l wherein th%ﬁ%@dﬁgag\x‘wbaﬁ%%ont ains sul fur

up to 1000 ppm 25. The procegss of dajm ]l whereipn the .
where 2 38 aifasion with s vgipraetada, Wg@é !rﬁdNazéi , Rhe Cﬁr’cé\gséwéf+, Srg or Ba™,

Caim1 wherein the chem cal fornula of the catalyst

x varies fomep0.¢Sand edk &6:1B5[ ( Si O2) (GeR) x( Al Q) y] Z+ y/ n where
Zis acation with a valence of n, such as H+, Na+,
K+, Rb+, Cs+, Ca2+, M2+, Sr2+ or Ba2+, x varies from
0-0.15 and y is 0-0.125. 27. The process of Claiml

' C ' t. . | A+M
27 Th}é?%:cg%séef%nbﬁ@%%‘a &\I/ﬁ%gelpgfghg ?%Hﬂ%’z"si um potassium
sodi um rubi di um I .cal ci esi um and
conbi nati ons ther egﬁ‘%ﬁblﬂlég“%@ﬁ]m pal | adi um
rhodi um iridium rutheniumor conbinations thereof. |
where 28. is T ecegiupt epgfassfung sediwmy rubidiuat, nbaiym, ealsiugm magnesium and

combinations thereof and_ M is platinum, palladium, rhodium, iridium, ruthenium or

cbmbinations thereof.
28. The process of Claim 27 wherein A is cesium.
29. The process of Claim 27 wherein M is platinum.

30. The process of Claim 1 wherein the feed additionally contains hydrogen at a

hydrogen:alkane molar ratio from about 6:1 to about 0:1.

31. The process of Claim 1 wherein the feed additionally contains hydrogen and an inert

diluent.

32. The process of Claim 31 wherein the inert diluent is helium, nitrogen, carbon dioxide,

methane, ethane and mixtures thereof.
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29. The process of Caim27 wherein Mis platinum 30.

The process of CQaim1l wherein the feed additionally
waeoessarTsss hydr ogen at a hydrogen: al kane nol ar pat/e2008/003710

fromabout 6:1 to about 0:1. 31. The process of O aim

1 wherein the feed additionally contains hydrogen and

an inert diluent. 32. The process of Claim 31 wherein

the inert diluent is helium nitrogen, carbon dioxide,

met hane, . et ha ures t her eof 3 The: proces
3. ThGproem o GOmMAL MO O B e e 1R At A PRsgEt apelar atio
: present at a nolar ratio of hydrogen:inert diluent
of hydrbgesmineit dilvent fiomsabioyt kBGUe abow 1:84. The process of

Clai m 1wherein the zeolite contains nodifiers or

pronoters. 35. The process of Caim1 wherein the feed

is predom nantly paraffinic and | ow i n napht henes. 36.

34, Thafpﬁocegsqg@ﬁnpf whtRIhd ZYARE SdltaihdRolRRA drPRéAbs. C6- C
kanes either alone or as conponents ina mxture in

a range fromO0%to 100% for each C6 C7 and C8 al kane.

35. The process of Claim 1 wherein the feed is predominantly paraffinic and low in naphthenes.

36. The process of Claim 1 wherein the feed contains C¢-Cs alkanes, either alone or as

components in a mixture in a range from 0% to 100% for each.Cs C; and Cs alkane.
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