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CATALYST FOR CONVERSI ON OF HYDROCARBONS, PROCESS OF
MAKI NG AND PROCESS OF USI NG THEREOF - GE ZEOLI TE

WO 8P CI3FSCATI ON BACKGROUND OF THE | NVENTI ON FIRETU$28087445530
I NVENTION : This invention relates to a catal yst for
hydr ocar bon conversion, e.g., a catalyst for the
aromati zation of al kanes, olefins and m xture thereof
having two to twel ve carbon atons per nol ecule. The
CatGATALYST FORI CONYERSION OF | HEDNROCARBON 510 SPROCES 2, OF
al unMREENGSs piNat PROCESS| OFoHSINGN FERBEPRA - GBEN 2RIGLJTES
nmet al has been deposited. DESCRI PTION OF THE PRI OR ART

Crystalline silicat eSEEQITARADEIN i cat es,

al um nophosphat es and si |l i coal um nophosphates are
known cat al yst s£4 0 CH \ '
contai n ot her

ot her trivalent elenents which replace al um

um an
for JrydrotathaWal SRS e s \/\ﬁi'@h'_rep?acecasfﬁf%?%: For the
aromaﬁl!i%%tﬁgglrlec%%glta ?(%gllte%mnﬁ%lp% irgﬁg?agdgrergiggugfge tﬁ'{elrlecoaé ehaving
two §§'£§8§b8de¥H&$pQ@6ﬁs ?é% é%ﬁé%ﬁl@p' 4N%40C%%Qlyst is a
di scl'oses crystal I Tne al um nophosphates having a
microbb@BRWOr ks Stiuetdire wibRiaBeH ¢aht 6OMPOS dhMbiibiPifte  or
ratios of 1 Al 208:1 .00 .2 P205 and being m cropor ous
silicWhtimdAbbabRpBakes oaf whAgehnal mdicameharss vhedmdabeut ted.

DESCRIPTION OF THE PRIOR ART:

Crystalline silicates, aluminosilicates, aluminophosphates
and silicoaluminophosphates are known catalysts for hydrocarbon
conversion and may contain other metals. An aluminosilicate
such as a zeolite may include not only aluminum and silicon
but other trivalent elements which replace aluminum and other
tetravalent elements which replace silicon. Also, other
elements may be deposited on the silicate, aluminosilicate,
aluminophosphate or silicoaluminophosphate.

U.S. Patent no. 4,310,440 discloses crystalline
aluminophosphates having a framework structure with chemical
composition in mole ratios of 1 Al,03:1.0+0.2 P,0s and being
microporous with uniform pores of nominal diameters from about
3 to about 10 angstroms.

U.S. Patent no. 4,440,871 discloses crystalline

microporous silicoaluminophosphates having pores which are



10

15

20

25

30

3 to about 10 angstrons. U. S. Patent no. 4,440,871
di scl oses crystal line m croporous
wOoSJobd/adsum nophosphat es havi ng pores whi ch ampeunis200806630

and have nom nal dianeters of greater than about 3

angstrons with a chem cal conposition of nole

fractions of silicon, alum num and phosphorus wthin

t he pentagonal conposition area defined by Mle
unifoltrachhon Péwe ZnAmAnaQl QiakdtOrs52B Gre@4ed. Ohaf. Hout 3

CO0. 98 0. 01 0. 01 DO. 39 0. 60 0. 01 EO. 01 0. 60
angst@on39 whehe x ,cheminthlz aospdse tiwine Pfacndé bms fofactions of

silicon, alum num and phosphorus and ACBDE are points
silicgefi ni ajuaipent agurhl @hesrborast er wakpidi agrin apentagonal

shown in Fig. 1 of U S. Patent no. 4,440,871. SUWARY
compogp tiqr pNgENHEENRd £Y nvention provi des a catal yst

contai ning silicon, alum num phosphorus, as needed to

form A9 i k%A 1 umi nosi | i cate, al uni nophosphat e

Al PO) or s5fl i coal um ﬁophosphat e (SAPO) with at |east

oY G oup 5 ,

A
B
C
D
E

where x, y and z are the mole fractions of silicon, aluminum
and phosphorus and ACBDE are points defining a pentagonal area
of a ternary diagram as shown in Fig. 1 of U.S. Patent no.

4,440,871.

SUMMARY OF THE INVENTION

This invention provides a catalyst containing silicon,
aluminum, phosphorus, as needed to form a silicate,
aluminosilicate, aluminophosphate (A1PO) or
silicoaluminophosphate (SAPO) with at least one other element
selected from Group 4, Group 5, Group 13, Group 14, Group 15
and the first series transition metals in a three dimensional
interconnecting crystalline tetrahedral framework. The
crystalline tetrahedral framework is synthesized from an
aqueous gel containing, as needed, a silica source, an aluminum
source, a phosphorus source, a source for the Group 4, Group 5,

Group 13, Group 14, Group 15 and the first series transition
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and the first series transition netals in a three
di nensi onal interconnecting crystalline tetrahedra

wof oadesassk. The crystalline tetrahedral framewerku92608/006630
synt hesi zed from an aqueous gel containing, as needed,

a silica source, an alum num source, a phosphorus
source, a source for the Goup 4, Goup 5, Goup 13,
Group 14, Goup 15 and the first series
metalt r anbéheon )t al aedemenipt sgnalhidy, opthonabtyanan structure-
organi c structuredirecting agent. The reaction m xture
direcitsngeategrentto f dhm cryestcl iorandnittemre ool ed. hgheed to form
crystals are separated fromthe synthesis Iiquor and
crystang me@erdrq:e@lle@d C§Ih§| FEysStAal S eust drRaheted from the
selected from Goup 6 p 7., Goup 8 , Goup 9 or
synthesdgp G o%rﬁ%swedweﬁheﬁe §|rllie€1ataé1 calcined. At least

I I t
n%q%%%?h#ﬁ%%hgé‘w%%‘é% R e e &FP@@P o 8 or
croup, JSAPSLLEd Tebabilen T ool VSl IR P USBiosicate,
aluml%o%%%%?ﬁ%tecne %§a”p'Eégﬁcbgighﬁﬁ8§ﬁo%§hb%ea Catﬂ ¥§Enafter

| east one

referQl A lRUMS 11§y Saéc?qné)&,la yredi i pegeazgel;lﬁeyhew O9ed in
| east one el enent selected from G oup 14 other than

a pro%b%%CQ%m SR 3% 19RF BNEUMhyidF dcheberd iitre J ramariks .
Thi s exanpl e includes a process for synthesizing a

e UskpapBezed | tige Canaleystidny: i@ h pteparysy @n which at

medi um pore zeolite containing at | east one el enent
leastselrect @dodip oD Gz 114 sotdteras hphasiihuoon,isuddpasited on a

germanium b ) depositing at |east one netal selected
mediufy & ogpollteshelviay pitat i aast onet Iplement selected from

Group 14 other than silicon, such as germanium, in the zeolite
framework. This example includes a process for synthesizing a
medium pore =zeolite catalyst by: a) preparing a medium pore
zeolite containing at least one element selected from Group 14
other than silicon, such as germanium; b) depositing at least
one metal selected from Group 10, such as platinum, on the
medium pore zeolite; and c¢) calcining the medium pore zeolite
on which the Group 10 metal is deposited. This example of the
invention also includes a process for the conversion of
hydrocarbons of: a) contacting a hydrocarbon stream containing
alkanes, olefins and mixtures thereof having 2 to 12 carbon
atoms per molecule with at least one medium pore zeolite-based
catalyst wherein the zeolite contains germanium incorporated

into the zeolite framework and wherein at least one metal
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medi um pore zeolite; and c ) calcining the nmedi um pore
zeolite on which the Goup 10 netal is deposited. This
woeadsessof the invention al so includes a progesaus2008/006630
t he conversion of hydrocarbons of: a ) contacting a
hydr ocar bon stream cont ai ni ng al kanes, ol efins and
m xtures thereof having 2 to 12 carbon atons per
nol ecule with at | east one nedi um pore zeolite-based
selectatalfysin Wieig N d,hesweoldd eprontmims lges maaénndeposited on
i ncorporated into the zeolite framework and wherein at
the medstimon@omet alzellectesd farain Gpoupré@oveucthgasthe product.
pl ati num has been deposited on the nedi um pore
Exampzegl| iotfe meakicinh Ponee canaelditrap tdee pgfukt, EXMnpP egndf 2SM-48.

medi um pore zeolites are ZSM1|, ZSM 12 and ZSM 48.

Anether egaapPécof of hehivdmyviest iiog alcatal ystafysh of an

.al um nophosphat e (%AI PO or_silicoal um no hosghat e ,
alumingRPOFORALR. goh B UK nEb} PEPal BT APBOFRBALS  (SAPO) with

al.um nophosphat Al PO} or _silicoal um nophosphat e
GernaR&RBo) RPRTERARE ind "Bt | SR | 9 WA PRASE odB1E0)  oF
... netal .selected fro 0si.t e nt : :
1118 A BERBERReL = A S50, ARG i nbn e 1y, wieh

O e THI X | e..incl ess f :
at lés%%?hé)sr}eziﬂ%‘é%?zzé(‘)%eteceﬂﬁ gggrﬁ)\aﬁ?ﬁ%@%n% 8Eposited on the
alumiﬁ'o%ﬁ'o@%ﬁ_ﬁ%%ph@\tle)Alf@sﬁi&él&@ﬁh%@%&%hﬂéﬁPO). This
(SAPO) "with germani umincorporated into the
exampakunineplasghate EARGssOr roirl | egaluisnephesphat eeolite by
(SAPO) franmework and cal ci ning the al um nophosphate
prepalAnBO)aror asuhi aophusphapbos@iiatoy (GSAPE)licoaluminophosphate
al um nophosphate (Al PO or silicoal um nophosphate
(SAPO() SAPOIh . ggpmiagmialnt y inabrpeastedneinet alttsel ed¢ti@dnppbpsphate
Goup 10 is
(A1PO) OJ)silicoaluminophosphate (SAPO) framework and calcining

the aluminophosphate (Al1PO) or silicoaluminophosphate (SAPO)
aluminophosphate (A1PO) or silicoaluminophosphate (SAPO) .

Optionally, at least one metal selected from Group 10 1is

deposited on the aluminophosphate (A1PO) or
silicoaluminophosphate (SAPO), and said calcining occurs after
preparation of the aluminophosphate (A1PO) or

silicoaluminophosphate (SAPO), before depositing at least one
metal selected from Group 10 on the aluminophosphate (Al1PO) or
silicoaluminophosphate (SAPO) or after depositing at least one
metal selected from Group 10 on the aluminophosphate (AlPO) or
silicoaluminophosphate (SAPO). This example of the invention
also includes a process for the conversion of hydrocarbons of

contacting a hydrocarbon stream containing alkanes, olefins and
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deposi ted on the al um nophosphate (Al PO or
si |l i coal um nophosphate (SAPO) , and said cal cining
wonesis7af ter preparation of the al um nophosphatt®us2008/006630
(Al PO or silicoal um nophosphate (SAPO , before
depositing at | east one netal selected from Goup 10
on the al um nophosphate (Al PO or
si li coal um nophosphate (SAPO or after depositing at
mixtureasttionseafetlahvied ezt €d flloma@eup diflorom phe molecule with
al um nophosphate (Al PO or silicoal um nophosphate
at 1¢8APOpne FHiumiexpmplspheftet herliBenet os idlisoalnslingeogphate
process for the conversion of hydrocarbons of
SAPOdmﬂaéﬁd ng2 ba hydF oy Nst Feaimcesailaishi n@o%‘;%h%%s germanium
ol efins andni xtures thereof having 2 to 12 car
lncorﬁodfﬁ’steﬁe ot el e WP at ?%‘&E%H%QO%PﬁﬁFﬁophoéﬁ‘ﬂgpé or

o or | i I h SAPO) -bhased
111 PRSI 1 o CALRySt TCORERTTE goPhit umPtionally,

i.ncor orate into the alum haosphat 0
Whereénll% aI nopﬁospha?taj(sﬁﬁg)e F&‘ﬁea%&k‘(?n%@p 10 has been

tipnal Iy, wher at le | ecte
deposgi“&ell?o 10 has beeﬁ&tgeposn tgg&g%&% ?h?r?%ophosgﬁal{?gm oF

51llc(d%.|l%g)lr9fp}§ﬂ§pil'%fg unisR@Rosgbab e ( SAEO adepoasidi N metal

| east one netal selected from Goup 10 on the

seleclddm raRhos R (AIPOoror thidl | e0akumopeRReRIAL € (A1PO) or
(SAPO and recovering the product. Another exanple of

siliddag univenpthoypHatea medioimmbrre e dirgy s mgroduct .
germani umincorporated into the zeolite framework. The
Zeudltiltexr rayample afpohe shveotdoe timata isedhem pore zeolite
di mensi onal, two di mensional or three dinensional.

havirgx agepireznpim t hecaedpoatpdr énto the zeolite framework. The

zeolite may have a pore structure that is one dimensional, two
dimensional or three dimensional. Examples of the medium pore
zéolite are ZSM-11, ZSM-12 or ZSM-48. This example includes a
process for synthesizing a zeolite by preparing a medium pore
zeolite containing germanium in the framework of the zeolite

and calcining the zeolite.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily understood by
reference to the following detailed description when considered
in connection with the accompanying drawings:

Figure 1 (A and B) is an XRD of Pt/Ge-ZSM-5

Figure 2 is a SEM of Ge-ZSM-11 (morphology 1)



10

15

20

25

zeolite are ZSMII, ZSM 12 or ZSM 48. This exanpl e
i ncl udes a process for synthesizing a zeolite by
woRbepest:8g a nmedi um pore zeolite containi ng geCcTAN2008006630
in the framework of the zeolite and cal cining the
zeolite. BRI EF DESCRI PTI ON OF THE DRAW NGS A nore
conpl ete appreciation of the invention and nany of the
attendant advantages thereof will be readily
Uhidprist Gbd shyarr efRiF enc &e¢-¢ SMrel If olnaupingl eley ai ) ed
description when considered in connection with the
Faomsary ey adrsEM mys: GeF‘lzgﬁM’elll (ezpP B9y id) an XRD
of Pt/ CGe-ZSM 5 Fi gure is a SEM of Ge-ZSM I |
(Fmﬁﬂ%glys B0 BARucs §q sZS% Mrp m e begy 14)

EtiRy :: oy 2 1 Gl b5 4306 or oo
f“%s o e or! BIGE TS (< agraph of
ef?Qﬂ¥e£S§g§?hBé§ ng?géénFF¥vgggloﬂelB@%Sselect1v1ty

sélec ivity for ure’Qis

raphy QRane, g 1 BT ity and fuel
and fglae? sé%iec%lw ty flgtgﬂ\%rs[%/ %%PSM 48" BETAI LED

PESCRI LTI ONs O JHEh NYENDEONa REY shaklirRe opi, | iPA&t @ lectivity

al um nosi li cates, al um nophosphates and

and fsidl epa lﬁ@l@ﬁi@&ﬁﬁatfﬁtﬁ: el aeni Aoy Ispes @s t hr ough
whi ch nol ecul es can diffuse. Alunm nosilicates include

zeolites.

DETAILED DESCRIPTION OF THE INVENTION

Crystalline silicates, aluminosilicates, aluminophosphates
and silicoaluminophosphates have uniform pores through which
molecules can diffuse. Aluminosilicates include =zeolites.
Examples of zeolites are MFI (ZSM-5), BEA (Beta), MWW (MCM-22),
MOR (Mordenite), LTL (Zeolite L), MTT (Z2SM-23), MTW (ZSM-12),
TON (ZSM-22), MEL (ZzSM-11), LTA (Linde Type A), CHA
(chabazite), VFI (VPI-5), MSE (MCS-68), MOz (ZSM-10), ZSM-48,
MAZ (Mazzite), MEI (ZSM-18), MFS (zZSM-57), NES (NU-87), OFF
(Offretite), STI (Stilbite), BOG (Boggsite), ERI (Erionite),
FAU (Faujasite), EUO (EU-1), FER (Ferrierite) and GME
(Gemelinite). Examples of medium pore zeolites are MFI, MEL,
LTL, BEA, MOR, MWW, MTT, MTW, TON, MSE, MOZ, ZSM-48, MAZ, MET,
MFS, NES, OFF, STI, BOG, ERI, FAU, EUO, FER and GME with pore
diameters in the range from 5 angstroms to 8 angstroms.

Zeolites, including medium pore =zeolites, have pore structures
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Exanpl es of zeolites are MFI (ZSM5) , BEA (Beta), MW
(MM 22), MOR (Mordenite), LTL (Zeolite L), MIT
wo(%GMs3Rs. MW (ZSM 12), TON (ZSM 22), MEL (ZS¥iusz008/006630
LTA (Li nde Type A), CHA (chabazite), VFI (VPI-5) , MSE
(MCS-68), MXZ (ZSM 10O, ZSM 48, MAZ (Mazzite), ME
(ZSM 18), MFS (ZSM57), NES (NU-87), OFF (Ofretite) |,
STI (Stilbite) , BOG (Boggsite) , ERI (Erionite) , FAU
that (d&eej asiet g)imddd0 ¢rietk | X 1DFER fvRer dimensépnahd QB or three
(Cenelinite) . Exanples of nedium pore zeolites are
dimengRlonaNEL(3I)TL, MIA amgbrsSHAG AAT, ewwlq@\lofwssolw@zs with
ZSM 48, MAZ, MEI, MES, NES, OFF, STI, BOG ERI,
a 1D mege FERCGFHEUERVE WIER pér @rdiesasmdrs 9k C’t‘hée?%nhb% ’P’FBﬁw a 2D

5 angstrorrs to 8 angstrons. Zeolit cl udi

pore TR et bV PO SEF (ErEPRLEhap LarEobRLes With a 3D
di_.nmen onal (ID) , two dinensional (2D) or three

pore HtidirdivGiral (3D) . MW and ZSM 48 are exanpl es of

%ﬁ@ééﬁ%ﬂ\ﬂe S1 %#%%%ﬁf §Eﬁﬂgkggfliy§£ehél%ﬁu@ﬁ%&%ﬁ%ﬁghates

a zeo ore structure

and §fff@% f?&qngﬁﬁ%éﬁﬁﬁtgétHa@e3%ﬂ¥ﬂé%&§J§CBPrQo4 tetrahedra,

ysta ne silicates, alumnosilicates

whlckﬁl M‘Brﬁm@hgﬁﬁgét @3 meR@ 1Sinlai1C Rl i MophwsPhat esghakggen atoms
structures of T4 tetrahedra, which forma three

wherdi MeNSiepiials dhetswortle thiys vehamitng edxeygen sat omckherss Tsilicon,
represents tetraval ent elenments, .such as silicon,

trivdlrdrnwal edrdmead tedve nd 1 sch sals ha asmahumg nanyl @ndtpeatl&\mal @ltements,
el ements, such as phosphorus. "Zeolite" in the present

such mlpmmusncl Uglesl at e nobi | | ddtees wingsespen application

_ t hr ee- di nensi onal franmework , .
includes aluminosilicates with open three-dimensional framework

structures (without regard to the dimensional pore structure
discussed above) composed of corner-sharing TO, tetrahedra,
where T is Al or Si, but also includes tetravalent, trivalent
and divalent T atoms which are able to isoelectronically
replace Si and Al in the framework, e.g., germanium(4+),
titanium (4+), boron (3+), gallium (3+), iron (3+), zinc (2+)
and beryllium (2+). “Zeolite” 1is primarily a description of
structure, not composition.

Silicates, aluminosilicates, aluminophosphates and
silicoaluminophosphates generally crystallize from an aqueous
solution. The typical technique for synthesizing silicates,
aluminosilicates, aluminophosphates or silicoaluminophosphates
comprises converting an aqueous gel of a silica source, an

aluminum source and a phosphorus source, as needed, to crystals
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structures (without regard to the di nensional pore
structure di scussed above) conposed of corner-sharing
wolZ¥s/is8tsgahedra, where T is Al or Si, but al $Q1/Us2008/006630
i ncludes tetravalent, trivalent and divalent T atons
which are able to isoelectronically replace Si and A |
in the franmework, e.g., germanium (4+) , titanium
(4+), boron (3+), gallium (3+4), iron (3+4) , zinc (2+)
by and aberyl | inyd{@tRgrmdZeol i t eprosepsi nari | yemploying a
description of structure, not conposition. Silicates,
di ssoglufomdgigldrysted, L igamiatopheshani 88 - andThe reaction medium
si | i coal um nophosphates generally crystallize froman, .
may agdifedt@Nsdi Ut ABn OrERE Gy pi e c e iRe ¥ igt9 agent which 1s
_ synt hesj zing silicates, alumnosilicates, :
incorgiogriteshhddphatit JPISFPRLBAtTini ABPRBspRat eSEonpirivsdgliine
converting an aqueous.gel of a silica source,. an...
netwogkuni rf ?ﬁ%&%r ceg59f8 §lgﬁ6§§ﬁ8Pus sUlte, asORBRdeyi g the
ryst.al sby ca ro r roce . [ 1
ConStgiu)s%o%th i ér];/ rg%?ys%%ﬁﬂg%t %ggicnégﬁz]i%?yrhgyTﬁ(g raseta%k%lllolnze the
st rudTedUm Ry @ﬂstﬁpnfﬁ%ékéﬁkq_Jggnkgtﬁtﬁﬂﬁ$u§§lgb5§9tbﬁ%minum
agent whi ch’is incor porated i n the mcroporous space
or pHIspHsr S Ysbmbbih8sr set waek sdurkiiRg Il | bZathéngel ranges
thus controlling the construction of the network and
from agoat 9y 4® Sht@bt | 2g2. t hensbhyctupedtiheadghb ft ke invention
interactions with the silicon, alum num or phosphorus
the sedripenentrs.enthe sae)d st montagntutofl Gthe gelbawngdss: from
about 5% to about 25% In one enbodi nent of the ,
iTneentacpredure sydli dssadnrtiers, rdmgesddidmabouto 109%<t o silic
about 20% o
source, the aluminum source, the phosphorus source, as needed,

and the optional organic structure-directing agent, a source of
at least one other element from Group 4, Group 5, Group 13,
Group 14, Group 15 or the first series transition metals to be
incorporated into the framework of the silicate,
aluminosilicate, aluminophosphate or silicoaluminophosphate.
Examples of the silica source are silicon oxide or silica

($i0,) which is available in various forms, such as silica soil,
commercially available as Ludox AS-40™, precipitated silica,

™ and fumed silica,

commercially available as Ultrasil VN3SP
commercially available as Aerosil 200™.
Examples of the aluminum source are sodium aluminate,

aluminum nitrate, aluminum sulfate, aluminum hydroxide and

pseudobohemite.
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The aqueous gel contains, in addition to the silica
source, the alum num source, the phosphorus source, as
woneesledsssand t he optional organi c structure- dipcgad92008/006630

agent, a source of at |east one other elenent from
Goup 4, Goup 5, Goup 13, Goup 14, Goup 15 or
the first series transition netals to be incorporated
into the framework of the silicate, alum nosilicate,
&xampisshosghattéeor phosbbealsni RepHESphare . 0E%éﬁﬁh@§ph0ric
of the silica source are silicon oxide or silica (SiO
acid,) tgeshyilehaeaheisl éndh segdiBudetePeSPhdde -as silica
sol, commerci al qu avai | abl e_as Ludox, K AS-40(tm
c

E\’@G} Pliccat 88 MG caOUESRMET i &Fngpavéf | &% pas Group 13,
Group Ztr’l a%t% %S§P %&3 aé%o% Sélf?lgrh?lse crg%ng%e];]tcl% u%neh%%ns are
ox1de%our%%5¥id ‘*éﬂﬂéﬁé@g'"ﬁffo%ﬁ&g@”“?l@&}iéég nitrates and

&I'ufi num'sul Yate um’num ox1 de” and
Rsgudobohemi t e. Exanpl es of the phosphorus source are

1
oXaL% orthophosphoric acid, triethyl phosphate and sodi um
melaphesphatre th%xagﬁE%%theLaﬁr%@%ﬁ @hQUpaﬁe, organic
Goup 5, Goup 13, Goup 14, Goup 1 the first

amineS&in@Sqh&aB8shhirgn aﬂﬁ{oﬁlhs.lrraf@or%dnﬁiﬁés @thldOFSEdLG:Ss and cations
sul fates, al koxides, fluorides, nitrates and oxal at es

thereofEXxasptes saf tderst nuptrvpg-ldi arecdn ign agenliroariele, tetra n-

organi ¢ am ne and quaternary anmoni um conmpounds and
propydal asna@amgurc abirons deherebf f esngh nap riogtla ampepyh chloride,
amoni um hydr oxi de, tetra npropyl

tetraethyl ammonium hydroxide, hexamethyleneimine, 1,4-
di(l’4’-diazabicyclo[2.2.2)octane)butane hydroxide,
morpholine, cyclohexylamine and diethylethanolamine, N,N'-

diisopropyl imidazolium cation, tetrabutylammonium compounds,
di-n-propylamine (DPA), tripropylamine, triethylamine (TEA),
triethanolamine, piperidine, 2-methylpyridine, N, N-
dimethylbenzylamine, N,N-diethylethanolamine,

dicyclohexylamine, N,N-dimethylethanolamine, choline cation,

N,N'-dimethylpiperazine, 1l,4-diazabicyclo(2,2,2)octane,
N',N',N,N-tetramethyl- (1, 6) hexanediamine, N-
methyldiethanolamine, N-methyl-ethanolamine, N-methyl

piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-
methylpyridine, 4-methyl-pyridine, quinuclidine, N,N'-
dimethyl-1,4-diazabicyclo(2,2,2) octane ion; di-n-butylamine,
neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-

amine, ethylenediamine, pyrrolidine, 2-imidazolidone, a N-
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amoni um brom de and tetra n-propyl amoni um chl ori de,
tetraet hyl ammoni um hydr oxi de, hexanet hyl enei m ne,
wolzoﬂs/léibss( 1 ' 4 -diazabicyclo [2.2.2] octane) peai@3608/006630
hydr oxi de, norpholine, cyclohexylam ne and
di et hyl et hanol am ne, N, N - diisopropyl im dazolium
cation, tetrabutylanmmoni um conpounds, di-n-propyl am ne
(DPA), tripropylamne, triethylamne (TEA),
benzwlr-letdrahial zah ingyc oo p2r 2 d? hect2rnaet hydpyiomi ne, N 1-[1-(4-
, Ndi net hyl benzyl am ne, N , N-di et hyl et hanol am ne,
ChlOnmnﬂﬁﬂxﬂ%nQMQﬂﬁwﬁppYﬁmﬁFHYh%thyﬁé Mén@W&ﬁPﬁédl@ﬁéWlneor 1-
cati on, N '-dlnethylplpera2|ne ,
ethyl- LTQ%2ﬁﬁﬂﬂ¥$mﬁfﬁ@pgr?yyb@?ﬁhﬁl prrmolldlum cation and
N, N-t et r anet hyl hexanedi am
i xtuget fi F&F@Fhano|%ﬁéﬂéfl$ﬁrﬁﬁ%WR %ﬁhéﬁ%l&&Fﬁgtuﬁﬁhe9ﬁ§FCtlng

d
agenqélﬁgéwﬁéﬁ%?%ﬁgx; éWP§81%§! In%HﬁkayrldlnedlamanOCtane' L
4- mef | hyl -1,
- 4 dldgg%lg%g%ﬂiﬁg’ EUIguﬁxﬁg#gﬁérN7 u¥y|a Chéorlde'

%@ﬁ% . dizBrpeALY! aning, asx&yfﬁm%@wln@ bromide.
tetral r}'famne ethyfeﬁedlan1ne pyﬁrolldlne " romiee

Other2 '?e‘}ﬁzf‘lld deR@mA Nerzy| strudtdirdzabliicedtard agerds are
]octane cation, a |-[l-(4- chlorophenyl)

tetrapxyy n@Mi’Iﬁﬁhth/drbX&tdléW Pyt r Obirdkiidem orfdr = Ge-ZSM-5;
ethyl-l- (1- phenyl -cycl opropyl nethyl ) -pyrrolidium

tetratattydroambmd wh ur eottrei @of . Speci f E8MeXanpl esdof Ge-ZSM-11;
structure directing agents are tetraethyl anmoni um

tet ragtdryldaymdn i uB- di o ;robde aner 1 2SM6-1 hex &gediSHinilde; Al-Beta
t et ranet hyl anmoni um chl ori de; tetraethyl ammoni um

and Gaovi tReta eaRdbl ybarmolexandsticiiigee £O0r 2SM-48 and Ge-2SM-

48.

The reaction may also utilize an acid as a reagent. The
acid may be a Bronsted acid or a Lewis acid. Examples without
limitation of an acid useful in the present invention are
sulfuric acid, acetic acid, nitric acid, phosphoric acid,
hydrochloric acid, hydrofluoric acid, oxalic acid or formic
acid. One example of the pH of the reaction mixture for
zeolites is from about 9 to abéut 13. Another example of the
pH of the reaction mixture for zeolites is from about 9.5 to
about 12.5. Other examples of the pH of the reaction mixture
are about 9.2 for Ge-ZSM-5; 11.2 to 12.6 for Ge-ZSM-11l; 12.4
for Ge-ZSM-12 and 13.8 for Ge-Al-Beta. One example of the pH
of the reaction mixture for aluminophosphate (A1PO) or

silicoaluminophosphate (SAPO) is about 3 to about 9. Another
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O her specific exanples of structure directing agents
are tetrapropyl anmoni um hydroxi de (or brom de) for

woRosShhsg; tetrabutyl oamoni um brom de for ZSMddhuisd/006630
Ge-ZSM 1| ; tetraet hyl ammoni um hydr oxi de for ZSM 12,

Ge-ZSM 12, Al -Beta and Ge-Al-Beta and 1 , 6 -

Hexanedi am ne for ZSM 48 and Ge-ZSM 48. The reaction

may al so utilize an acid as a reagent. The acid nmay be
exampd Brohstled ati dforthe Leswst bon dnigkanmpl éorwidlhmitnophosphate

[imtation of an acid useful in the present invention
(AlPQir e 15 i ifluirdqa Jamticnopdrasmnha tae | BARR rit akowt 4 to about 8.

phosphori c acid, hydrochloric acid, hydrofluoric acid,

s |¥:G%%‘H-:Pfé)rmf~6FH¥€ Béivd Sléqesfe%@«fﬁlelsbfo’fh@apSHbe stirred
t he reactl%ﬁ) m xture for zeqlites is from about

t

abouta g #er Blanpl € of ke 2pH BEFriE féact Tsiperature

of oﬁ%ﬁrigéﬁ? E8oit TRt pAL N REY AR Ton ST RE P e ar 0 17 O
1. f l;

e R

abouﬁ”%ﬁ@”@ ﬁé EBSuQngb Ehe'Tﬁgnﬁéﬁbfﬁéﬂuﬁfxégfe is cooled to
al um nophosphate (Al PO or silicoal um nophosphate

room (AFArdsusbout § tangboybr -15AN3 heo exanpt 8sobtt Be rate of

pH of the reaction m xture for alum nophosphate (Al PO
from Gdb&it | 8o@l ysl nophogRhate (lGAPO) Theabeybt41k0 aakowerhirated

. The reaction m xture may sit statically or may be
from sthe regh@beaui s 600qupm f oThenéitjoidepemtdays cdnd hreatyerthesis

to a tenperature of about 100 OC to about 200 OC to
liqudnnmayrygtabgpvbd one filtration, evaporation, spray drying
or any other meéns for removing water from the crystals. The
crystals are washed with water and then dried and calcined.

The silicates are essentially aluminum-free but may
contain aluminum and other impurities up to 500 ppm.

The aluminosilicates may have a silicon to aluminum atomic
ratio (Si:Al) greater than 2:1. In one embodiment of the
present invention, the silicon to aluminum atomic ratio is in
the range from 15:1 to 200:1. In another embodiment of the
present invention, the silicon to aluminum atomic ratio is in
the range from 18:1 to 100:1.

The aluminophosphates may have an aluminum to phosphorus
atomic ratio (Al:P) in the range from about 0.8:1 to about

1.2:1 as disclosed in U.S. Patent no. 4,310,440, hereby

incorporated by reference.
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30

enbodi nent of the invention the tenperature range was
fromabout 135 C to about 180 'C. The reaction m xture
wo Bogatsed to roomtenperature in a range for Bckd260806630

mnutes at a rate of fromabout 3Cto 10 C per m nute.
The crystals are separated fromthe synthesis |iquor.
The liquid portion of the synthesis |liquor nay be
renmoved by filtration, evaporation, spray drying or
ame atihercarwlamsi faphogmmt ey way ehave om shéicppstal sluminum
The crystals are washed with water and then dried and

to phemiphiorad atvenigi | fehiesreapecesseadi Byl ySad lyfi-n Qe Whese "x",
but nay contain aluninumand other inpurities up to

"y" Jod ppm rERECSEHH M | Pehted TRET IRAPe of sﬂlb%ﬂnt paluminum
al um num atom ¢ ratloél: reater than

n
and BHQSBHBSHFWEH?SBFCFHEG ﬁ’eseﬂfg?%vgnt%%ntettﬁé riadonoxides,
Zil umfnumatomc ratio i s i,n the ran e from15;1
said 2@@ %

SR GOt mSHCTor TS prdent SveltigEn the
penty omsll Cr%?og Bg #gﬁ % to&gﬁ{%ﬁ) ﬁa?mp‘ttsh%]é&pggnd E of

um nop es may nave an

0 Al; ; | w:
a ter?%ﬁgé ro a ou?@%?%??uég ?EBrEQEthQ in ghk ﬂéﬂﬂgabelo

to about 1.2:1 as disclosed in
U S Rajentrio-t #4910, 440, hereby |ncor por ated by
ref erence. The silicoapunm nophosphates nay have a
sil.iicon to alum numto phosphorus atomc ratio

A remlesented by7 (S xXAT§gP520 where "x", "y" and "z"

B re@sesent theowl e fracdbons of silicon, al um num and
C ghasphor us @ e&hectivebyDlpresent as tetrahedral

D xidfes, 0.60 0.01

E 0.01 0.60 0.39

as disclosed in U.S. Patent no. 4,440,871, hereby incorporated
by reference.

The amount of Group 4, Group 5, Group 13, Group 14, Group
15 and the first series transition metals present 1in the
crystalline framework is in the range from 0.1 wt.% to 25 wt.$%

In one embodiment of the present invention, this range is from
0.1 wt.% to 10 wt.%. In another embodiment of the present
invention, this range is from 0.1 wt.% to 5 wt.%

The silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate has average pore size in the range from
2 angstroms to 20 angstroms, i.e., microporous.

At least one metal selected from Group 6, Group 7, Group

8, Group 9 or Group 10 is deposited on the silicate,
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said nole fractions being such that they are within
t he pentagonal conpositional area defined by points

worRBbEnamg E of a ternary diagramw th val ues pcT/US2008/006630
represented in the table below. Mle Fractxon Xy Z A

0. 01 0. 470. 52 B0. 949 0. 01 0. 05 CO0. 98 0. 01 O.
01 DO. 39 0. 600. 01 EO. 01 0. 60 0. 39 as
di sclosed in U S. Patent no. 4,440,871, hereby
alumiimeedrlperadtead byloefiepphoephahe ampunt sofl iGosudwminophosphate
Goup 5, Goup 13, Goup 14, Goup 15 and the first
(“depseyiitesd trabaltl on Ml Beprbsdmt depeonbtedyapsl |9mky on the
framework is in the range fromQ.1 w .%to 25 w .%
surfaGge ofé dkiSodfhbhEabe: t Uﬁ\rl@§§ﬁtlllcﬁ’\’i@nt|%%um%%?EhPﬁF\’@%te or
,is fromO0.1 w .%to 10 wt .% . |n another nb
PGP RRETRIGRN O ot SR s PangeF e PBR GRETWE Lsggunich

al ul n05| i cat.e

occur, al &ﬁ‘l \A%Bﬁosf)hjaf%ag? a#%r% yal Ui nop osphﬁlu%la%OpaQ/%?%hgaete or
51110%%rl%msilrﬁggﬂ{o%ptk‘naecer ange fham ?m%{%?t rogs to, 20, on the

., mcr opor ous east one msta

5111&% ected from i i6 icFOUP 7 , GOMA B ho@'p@‘}éq:eg or or
Group 10 is deposited on the silicate, al um nosi | i cate,
si1icMNMeRIsRA L OF b5 | hagal kAbRAPhASPRase of depositing a
metal on  a silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate. Typical methods of depositing a metal
on a silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate are ion exchange and impregnation. 1In
one embodiment of the present invention, the metal is present
in the range from 0.05% to 3% by weight. In another embodiment
of the present invention, the metal is present 1in the range
from 0.1% to 2% by weight. In another embodiment of the
present invention, the metal is present in the range from 0.2

to 1.5% by weight.

However, for silicate, aluminosilicate, aluminophosphate
or silicoaluminophosphate-based catalysts on which metals have
been deposited, the process temperatures and catalyst
regeneration temperatures cause the metal to "sinter", i.e.,
agglomeration of the metal particles resulting in an increase
of metal particle size on the surface of the zeolite and a

decrease of metal surface area, causing a 1loss of catalyst

performance, specifically catalyst performance, e.g., activity
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("deposited netal") . The nmetal is deposited not only
on the surface of the silicate, alum nosilicate,

woaberseaghosphat e or silicoal um nophosphat e byctalsS®siodss30
t he pores and channels which occur in the silicate,

al um nosilicate, alum nophosphate or
si |l i coal um nophosphate. The netal is deposited on the
silicate, alumnosilicate, alunm nophosphate or
and/ogi Isiedeatudingphosphat e by any known net hod of
depositing a netal on a silicate, alumnosilicate, o
L (o Hates et sinyerdal e #ophbsphat aimgyppdéap limited
nmet hods of depositing a netal on a silicate )
by tiegdvnosillti cat®, RAMARDhoSHHat ecFLain elements in  the
si li coal um nophosphate are ion exchan and s
framepgrKe gt on?g¥ﬁa e @ﬁﬁagﬁneﬁﬁgﬁsaﬁ? pr¥enfhe silicate,
.invent.ion, the tal i resent in the.range.fro
2 1umi§OSAYIES 56 by W GREPRP R ARGE her® fembadi et 51t REhosPhate
rese i nventj.on, . al_ds es I e e
250 oty 5% b hET BT % ahorher b tone ar: U+

PatentN&Presens i 8y¥gniaRy okBe NBlRlc1 iR esaNh1uRithi®-silicon-
range fromO0.2 to 1.5% by wei ght. However, for

germadibhC a1 didMoghl bteabeatdhufl MeRhas@hat @ePbsited for use
si | i coal um nophosphat e- based catal ysts on which netals

in ahageobeep depeositied, 4hengoLeston enper atywlescansbns. The-
catal yst regeneration tenperatures cause the netal to

presehsientes "germenjuagdhordrat f cam@fot heofrettale pageicte@sand the
resulting in an increase of netal particle size on the

presesgef acd ofptdtelran| ideramidted on the zeolite apparently

results in higher selectivity for benzene, toluene and Xxylenes
(BTX) which remains essentially constant over a significant
time on stream. Without the invention of U. S. Patent no.
6,784,333 and its claims being limited by theory, it may be
that the germanium in the framework and the platinum deposited
on the zeolite associate such that the platinum remains
dispersed and sintering is reduced. The association of certain
elements in the framework and certain deposited metals may be
present for zeolites other than ZSM-5 as disclosed in U. S.
Patent no. 6,784,333. Other zeolites may be synthesized with
germanium in the framework and platinum deposited on the
zeolite to form Pt/Ge-zeolite catalysts.

Besides germanium, there may be other elements in the
crystalline framework which associate with platinum or other

deposited metals. Elements in the crystalline framework may be
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decrease of netal surface area, causing a | oss of
catal yst performance, specifically catalyst
woRRnd/rgnce, e.g., activityand/ or sel ectivityoriidbuwoss3o
the present invention and its clains being limted by
theory, it is believed that certain elenents in the
framework and certain netals deposited on the
silicate, alumnosilicate, alunm nophosphate or
selecgield coadunnophodphdieowussbei &uro I2si Strospntldr,i ngroup 15
of the deposited netal. U S. Patent no. 6,784, 333
and tdiesdligsds savdiad di man St umeked i ¢f coRgePRaAPHAT Table of
zeolite on which platinum has been deposited for use ,
Elemengsy preeessfier swm@rdesnmett zAProR S oot ar pongermanium,
Thegriience of ger mani umin the framework of the .
boron,eoBpldiifd t HRIP Bsenc of PN dégd&iTedyn YREadIum,

zeol i te apparen results in.hi hSer S%| ectivity for

tl
chromgily erieF St ol N B SRy G RIBTN]™ wini R o1 Sifai ie=S = ements
may b%ssi%nttlh%{/\!fx: %%%ﬁtl%%te PSP ficant time on
St ream Wt HOUt

the invention of U. S . Patent no.

GctB8%e333 pand ihts, c! @h@eb%Q?hlﬂéﬁ tad by H%‘apgsﬁacéd metals

may bethgt the germani umin e franmework and the

whichPl alddyemdeposiitad ofethehzapl ide asspeirat elsdehtthatn  the
the platinumremins dispersed and sintering is

crystiaaduced. f fhReRS8RCI Alddsiafedentahbselnenenbs igeldieted from
framework and certain deposited netals nay be present

Groupf dr, Zaalhig €5 ditmrp thancZ3h 59 asndi 6cbopedlOi nfUtheSPeriodic
Pat ent no. 6,784,333. O her zeolites may be

Tablesypf hEdiemed twi-t h §epemafii gmaxamiesS rafewdrk dgosited metal

pl ati num deposited on the . , ,
are platinum, molybdenum, rhenium, nickel, ruthenium, rhodium,

palladium, osmium and iridium. One or more metals, such as
bimetallics, e.g., Pt/Sn, Pt/Ge, Pt/Pb or metal/ metal oxide
combinations, e.g. Pt/GeO;, may be deposited.

The crystalline framework of which these elements from
Group 4, Group 5, Group 13, Group 14, Group 15 and the first
series transition metals are part and on which metals selected
from Group 6, Group 7, Group 8, Group 9 and Group 10 are
deposited need not be limited to a zeolite but may be any
microporous silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate.

Before or after deposition of the metal, the silicate,
aluminosilicate, aluminophosphate or silicoaluminophosphate may
be bound by oxides or phosphates of magnesium, aluminum,

titanium, zlrconium, thorium, silicon, boron or mixtures
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zeolite to form Pt/ CGe-zeolite catal ysts. Besides
germani um there may be other elenents in the

wocloysiaghdsi ne framewor k whi ch associate w t h plpathgk20082006630
ot her deposited netals. Elenents in the crystalline

framework may beselected fromGoup 4, Goup 5 ,

Goup 13, Goup 14, Goup 15 and the first series

transition netals of the Periodic Table of El enents.
there§geci file exames sfephesté kirdeéngsaadedgepsatiimg metal can

boron, gallium indium tin, titanium zirconium
occurvamadiom e umBinddng maghbi aarand bgiesshorusafoae metal

or nore elenments may be in the crystalline framework.
deposgddiofles pl ati num there may be other deposited netals

whi ch associ ate with germani um or. other el enments in

tie cﬁ:%%mn@afyr am%mﬁfi&m@@ﬁlos%ft ofLREEaPE® U afes in the

sel.ect ed

syt Sy ouBhE0 SO Lo ert DT bt E B £ ehdRegobRosphate or
5111c%D %Itlﬁcd,l %l?mos ets oIna h de@?&' %ﬁgdm:‘%c?l r%ﬁn%v%l a{lllgu@rganlc

eni um enium rh

strud%ﬁﬂ @ﬂf@ctiﬁglﬂaéﬁgi'fﬂf@ug%lg¥§a9§oﬂ?5%t PL%L?emperature

such as bime l1Ts, e.g.,

of ab®i@l soaetalr Kxhgsu€onionaic ans, asoGr RooGe G EBYubE 750°C
deposited. The crystalline framework of which these

for € erneils fSOMTEFDaMt 4 to G BdRode, E&58EHAL1311G 0up1ld4pf any
Group 15 and the first series transition netals are

st rudiaite and- et iwhy clyaret als. gl eshedtbdr simkGhoupsbor Gboup four
7, Goup 8, Goup 9 and Goup 10 are dep03|ted need

hoursnot ®eel ematmpd et ®fa zabtinatbom may ave T°C for ten hours.

Calcination may occur after binding. This calcination is at a
temperature in the range of from about 300°C to about 1000°C
for a time in the range of from about one hour to about 24
hours. Calcination may also occur after metal deposition to
fix the metal. This calcination should not exceed a
temperature of 500°C and may be at a temperature of about 200°C
to about 500°C for a time in the range of from about 0.5 hour
to about 24 hours. These calcinations need not be separate but
may be combined to accomplish more than one purpose. When the
silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate is calcined, it may be bound or unbound
and it may have metal deposited on it or not.

The catalyst, bound or unbound, will have porosity 1in
addition to the uniform porosity of the silicate,

aluminosilicate, aluminophosphate or silicoaluminophosphate.
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m croporous silicate, alumnosilicate,
al um nophosphate or silicoal um nophosphate . Before or
wobg{s3geposi tion of the netal, the silicate, pcT/US2008/006630
al um nosilicate, alum nophosphate or
silicoal um nophosphate nmay be bound by oxi des or
phosphat es of magnesi um alum num titani um
zirconium thorium silicon, boron or m xturesthereof.
For diheuppbogedscstepgsof bhediavgrane deposi $ing o€t dhecamtalyst
occur in any order. Binding may occur before or after
can veral fdepdsdundnantheumeundscafayysé cldi hed iat the range
different stages in the synthesis. The silicate,
from af uarassirrreatte AP UnieRGskESHRat e p one embodiment of the
si | i coal um nophosphate may be cal cined to repove the
preseditg i ity bt e RYREIINPAGRnt 1 2Fhi § LAl EPRagPBAS £rom 5
at a tenperature of about 300 OC to ,about 1000. OC or
angstliggi 300 GO t BhABBECTIS0C T 1T MRS ST il Of the

renmove essentia Il _of a tructure-dire ng .
pres%ﬁiﬂﬁ?v%fék?nbnéh oggngﬁgu sé%‘%ﬁéﬁnl?o%ﬁ %gﬁr89q5%§0rous

rangé”( eSOEﬂﬁgﬂﬁ&Mgifgl%é thgﬁgo%g.fQﬂn;QQ PBHBé'catalyst,

Cal cination may occur after ndi ng. This calcination
the dweilgd d&rPessidreri fhlheat 8098t Ohal,r QBL3bEWM3C0 Lgst roms

to about 1000 OC for a tinme in the range of from about
up tPN®hemrctghabout 24 hours. Cal cination may al so occur

after nmetal deposition to fix the netal. This

e natbenlgbedl d uxdd exteed aytdamuerdtar e odnbOPsHEn  are

and nmay be at a tenperature of about 200 OC to about
susceHiliEe foe sullifme ippidmnirange dowervem,abbeut 6oBehewtalysts
used for hydrocarbon conversion, modest amounts of sulfur, such
as about 0 to 200 ppm in the feed, are acceptable and sometimes
preferred. The catalyst may also be pretreated with sulfur. A
standard sulfurization method that is well known in the art
consists in heating in the presence of a sulfur compound, such

as hydrogen sulfide, or a mixture of a sulfur compound and an

inert gas, such as hydrogen or nitrogen, to a temperature of
between 150 and 800°C. Non-limiting examples of sulfur compounds
are H,S, an organosulfide compound, such as dimethyl disulfide
or DMSO (dimethyl sulfoxide), or CpHzp+2S or CpHzn42S2, where n =
1-20. In one embodiment of the ©present invention, the
temperature is between 250 and 600°C.

The catalyst may contain a reaction product, such as a

sulfide of the deposited metal, that is formed by contacting
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to about 24 hours. These cal ci nati ons need not be
separate but may be conbined to acconplish nore than

woohes/irgose. When the silicate, al um nosili categyus2008/006630
al um nophosphat e or silicoal um nophosphate is

calcined, it may be bound or unbound and it may have
nmetal deposited on it or not. The catal yst, bound or
unbound, will have porosity in addition to the uniform
the portesivst ofwithe ssulifoat e,oml um nosl furcateympound. In one
al um nophosphat e or silicoal um nophosphate. For an
embodjmsundo€ attdley spreshet avieyvagd isdr.e Shee agiounte of sulfur on
catal yst can vary for bound and unbound catal yst and
the Gafalysthel § diyeiie ormmoamystiem tO arp %mg%t of: 3t n
one enbodi nent of the present, invention, Ssavera

ﬁ}% %?EfélYétlH‘atyhé‘lrsé)ng%orftr%erSe ﬁ’@%’E‘FBWQt rgghan sulfur,

t | t mb d t t
such { Went 6 9%5%§8é}l§5e§ﬁor “4Fve P9I hERTERbRor S8l be

presen 9 nf&%@ étr%m%géﬁzg §HQ§}r?ﬂfO §a|%ibgggg° of the

al'yst, the aver age pore Size

depoé%ﬁé%&@?ﬁé? @89%350”%- éd&de%fnféQ@S %ﬂ%%e elements may

cata used for hydrocarbon conversion are

be a8H88€Rid blget @1t PO SQRItNG: mbIOMBYLE 3 of OF ch@fBcal vapor
catal ysts used for "hydrocarbon conversi on, nodest

depo DI Sofotgd f Ufiet 1504 aSowdbolh ©hé 0a200 ppmin the
feed, are acceptable and sonetines preferred. The

Ceiial ystibhhyateso belpmenhpeafiedawet h sullfumrinodhosphate or

standard sul furization nethod that is well known in
siliddwl aming@rsistat ¢ rodeead i wgtiad viste phesknewrdgfaignns at least

sul fur conpound, such

one element selected from Group 4, Group 5, Group 13, Group 14,
Group 15 and the first series transition metals isomorphously
incorporated into the zeolite framework and at least one metal
selected from Group 6, Group 7, Group 8, Group 9 and Group 10
deposited on the zeolite can be wused in a process for
conversion of hydrocarbon streams containing C;-C;; alkanes,
olefins or mixtures thereof, which may be straight, branched,
cyclic or mixtures thereof, into aromatics.

The zeolite may be base-exchanged with an alkali metal or
alkaline earth metal, such as cesium, potassium, sodium,
rubidium, barium, calcium, magnesium and mixtures thereof, to
reduce acidity and form a non-acidic =zeolite. A non-acidic
zeolite has substantially all of its <cationic sites of

exchange, e.g., those typically associated with aluminum,

occupied by nonhydrogen cationic species, e.g., alkali or
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as hydrogen sulfide, or a mxture of a sul fur conpound
and an inert gas, such as hydrogen or nitrogen, to a
wd R0peisadsur e of between 150 and 800C. Non- | i mpdmngs2008/006630
exanpl es of sul fur conpounds are HS , an organosul f
i de compound, such as dinethyl disulfide or DVBO
(di net hyl sul foxide) , or CnH2n+2S or CnH 2n+2 S2,
where n = 1-20. I n one enbodi mrent of the present
alkaliimeenteantht heetehper at ulheass betateern 250 antle600@8re often
The catal yst may contain a reaction product, such as a
respanfifilde oforhe dd@susined @bt ahydteganborfopr medtpy undesired
contactingthe catalyst with sulfur or a sulfur .
produgdifpount. ZeAldRe BRbodTERN GICiHe dresBRENpAdENYLER, @ base
t he anmount of sulfur on the catalyst is in the, range,
OT, &PIf r BREZATBpnREYd PURASCYp OTThENEat BFFSE hray  AYSGL1on, by
. contajn elenents other than.sulfu such as _t.in
havirgo thaliti BT Oan CTibge el bnint s PABATE BABIEMECoRFent of

no mélgg N9 8f 4&F%’m 1:'}héob%:s]eq%x%%a%gﬁate.ggyofl%éeéshgr before or

eposited métal fo tin, germani'um or

afte):eI %H@”tﬁoﬂ% taadlde‘iSt odé}g@sf%@! yst Sméhwees base-exchanged

I mpregnation, chem cal vapor deposition or other

catal(Rihads, khowaséd tHecshterdhe st i 68kBnes, such as might be
al um nosilicate, alum nophosphate or

obtaisidd coabhnmhaephasphatse-dnshsth Ladal ysigmbi ebpkehtbal nsaffinate
at | east one el enent selected fromGoup 4 , Goup 5,
from Gatgmdi3i c€x osipt ddct voupadd anththe ftiefinhesgri e chemical
transition netals isonorphously incorporated into the
procezenid t e o anewonkt ang, at shelast asnebeprahesel edthed f kmnzene,
Goup 6, Goup 7, Goup 8, Goup 9 and Goup 10
toluene and xylenes. 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 Dbefore 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 1is at least about 0.9. For a divalent or
trivalent base, the molar ratio would be half (0.45) or a third
(0.3) as that for a monovalent base, respectively, and for
mixtures of monovalent, divalent and trivalent bases, the above

molar ratios would be apportioned by their respective content

in the mixture.
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deposited on the zeolite can be used in a process for
conversi on of hydrocarbon streans containing C2-Cl2

wokdesss ol efins or m xtures thereof, which e/ 38008/006630
strai ght, branched, cyclic or n1xtures thereof, into

aromatics. The zeolite may be base-exchanged with an
al kali nmetal or alkaline earth nmetal, such as cesium
pot assi um sodi um rubidium barium cal cium
xgingdiesm afd hydtacesbbhereofiyetrsiorducecaessis y fad which
forma non-acidic zeolite. A non-acidic zeolite has
this §@h§ﬂ&ﬁ¢i@ﬁmybﬂluaﬂdidﬁ?'cationic sites of exchange,

g., those typically associated with al um num
(R) %uﬁé@‘é@llbylﬁoﬁﬁ?@(é@@n <hat? oRpEPSpécifesd &£9. pr%@kﬁ?. light
olet g en YRLbhoFBRECRAR Gkl o or RGP OEET HARS | FRBuE 500°C
to “”ﬂﬁihgioi rﬁp%%%}ger%&fegﬁors%”&%rr%plﬁ%’%léﬁLo%éisﬁ%sfsphericr
senes T SSIT 0 BEARL 18 % LUBMT T gaye)  anc

catal st4%%°sldm%eba%%mgxch@agﬁmgayoﬁcceﬂe b%fa%qy%rt/c}sfeteea rate)
noble nmetal is deposited. Such a base-exchanged

from GHA|YSto MRy Pesdiseslas or s0aM8Lt ©8- Ge2oaldeanes, such
as m ght be obtained fromnatural gas condensate,

(B) |ight naphtdeyt1af figiatckifrm aromehigs extdlastiler angeight
ot her refinery or chem cal processes, to aromatics,
hydrcgiitdtb@ss benzeheyeet hyd i dienz énejrdad tlemes and ypjilarles reaction
Base- exchange may take place during synthesis of the
condizdgirig ef o t hbabal gt kal craekangorirat kade necrperatures of from
about 400°C to about 700°C, pressures of from about 0.1
atmosphere (bar) to about 30 atmospheres, and weight hourly
space velocities of from about 0.1 to about 100 hr?
(C) The transalkylation of aromatic hydrocarbons 1in the
presence of polyalkylaromatic hydrocarbons. Typical reaction
conditions include a temperature of from about 200°C to about
500°C, a pressure of from about atmospheric to about 200
atmospheres, a weight hourly space velocity of from about 1 to
about 100 hr' and an aromatic hydrocarbon/polyalkylaromatic
hydrocarbon mole ratio of from about 1/1 to about 16/1.
(D) The isomerization of aromatic (e.g., 'xylene) feedstock
components. Typical reaction conditions for such include a
temperature of from about 230°C to about 510°C, a pressure of
from about 0.5 atmospheres to about 50 atmospheres, a weight

-1

hourly space velocity of from about 0.1 to about 200 hr ~ and a
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net al bei ng added as a conponent of the reaction
m xture or may take place with a crystalline zeolite
woRho17wr after deposition of the nobl e netalpetht¥008/006630
zeolite is base-exchanged to the extent that nost or
all of the cations associated with al um num are al kal
nmetal or alkaline earth netal. An exanple of a
nonoval ent base :aluminumnolar ratio in the zeolite
hydroferefth yrhiseceaxioprangelésrat ipeast faboueboug. OFdro @bout 100.
di valent or trivalent base, the nolar ratio would be
(E) g (dewsying «0f hi ydrecaybasst hay f seLlaCkdNEEal efemoving
base, respectively, and for_m xtures of nonoval ent,

straighfal efaand tpwaﬁéﬁp%ase% et he" (olvE ol &°TH: ld%,ns are
ceperf i, U5, PBQCE! SHELLbYot e T espeELie, SO Sllal oon ehe
desi:%qc?cegz%ses f oorlnv%hl CI"k t hl Cat %lay(%[ Can c%%ctﬁ:ei%nag €. 1n(da_t)ude a

e crack| a ‘naphtha f éed to produce
Typi HRRAGH ondigtel-ons, |
temp%ﬁ%ﬁﬁ%log%%gggn to abg?? 52696% Q%Srégsure?gﬁgyﬁre up to

3, 00@”@@150%%%{ C1 PGu Al MPSRhani Gapgenerah by i Egngimgh Up. 1 oto 20
bout 10 at nosphéres (gaugé) and catal yst residence

hr*,tlne (volunme of the catalyst/feed rate) from about 10
mlliseconds to about 10 seconds. (B) The catal ytic
(F) THacklrgletibhghfmalresstdrc weididcdwissocar ®ogs, t benzene and
| oner wei ght hydrocarbons. Typical reaction conditions
alky¥fornoatad yt e drteckpngsenckude tenpeddylees ngf fgent, e.9.,
about 400 OC to about 700 OC , pressures of from about
olefing, formaldehyde, alkyl halides and alcohols having 1 to
about 20 carbon atoms. Typical reaction conditions include a
temperature of from about 100°C to about 500°C, a pressure of
from about atmospheric to about 200 atmospheres, a weight
hourly space velocity of from about 1 hr' to about 100 hr™' and
an aromatic hydrocarbon/alkylating agent mole ratio of from
about 1/11 to about 20/1.
(G) The alkylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., Cis olefin. Typical reaction
conditions include a temperature of from about 50°C to about
200°C, a pressure of from about atmospheric to about 200
atmospheres, a weight hourly space velocity of from about 2 hr
1 to about 2000 hr! and an aromatic hydrocarbon/olefin mole
ratio of from about 1/1 to about 20/1. The resulting products

from the reaction are long chain alkyl aromatics which when

subsequently sulfonated have particular application as
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at nosphere (bar) to about 30 atnospheres, and wei ght
hourly space velocities of fromabout 0.1 to about 100
wohosglis37s8C) The transal kyl ation of aromatic  pCT/US2008/006630
hydrocarbons in the presence of polyal kyl aromatic
hydr ocar bons. Typi cal reaction conditions include a
tenperature of from about 200 OC to about 500 0OC , a
pressure of from about atnospheric to about 200
synthattns pheareasgerat swei ght hourly space velocity of from
about 1 to about 100 hr 1 and an aromatic _ _
(H) Thedraokley bohl pol 94l Rycaasde: inydnafiagdebon hbhelighfoolefins
of fromabout 1/1 to about 16/1. éﬂ» The isonerization
to PEPVAEBmatierte GaikyReke) fREGBEBER COPPOPRRES, ©-9., the
Typi cal reaction conditions for such include a .
alkyladhody atQr e BFNFEBM alidi 2BF WY AT %bo? 52HOHEIS gcumene.
. pressure _ af from apqut 0.5 .at nospheres to _ahout 50
Typlcz%t]m§§ﬁecrtelso,n acv(\jé‘lcglh THsur 1Y Spite Vel SEMRY roafq: Tomet from
a 0 200 hr o) h arb
apoutl e & T T ARt Fo Sheut 100 Bl he D about

30 affwadegf, hydrocanbonshyrgel ealivelon fRPViid ght hourly
straight chain paraffins. The reacCtion conditions are

spacederandenty | (wiey geo reasyhe1 OArthe § eashwsesh ang tupon
the desired pour point. Typical reaction conditions

(I) TRel udeisod eaperagurer batween wboud 1200 Fe etk &H0s 0Ccyclic
, a pressure up to 3,000 psig and a liquid hourly

stockspacendebobety Hydm@cdck oc28rpe bBtodks. Thiee zeolite-bound

. al kyl ation of aromatic -hydrocarbons, e.g., benzene

high astdlaFRylbenkzebhes wililn thatpiasente edffentigtekypapiing of at
agent, e.g.,

least gone hygrogenation component of the type employed 1in

hydrocracking catalysts.

(J) The alkylation of a reformate containing substantial

quantities of Dbenzene and toluene with fuel gas containing

short chain olefins (e.g., ethylene and propylene) to produce

mono- and dialkylates. Preferred reaction conditions include

temperatures from about 100°C to about 250°C, a pressure of

from about 100 to about 800 psig, a WHSV -olefin from about

0.4 hr!' to about 0.8 hrd, a WHSV -reformate of from about 1

hr!' to about 2 hr’!

and, optionally, a gas recycle from about
1.5 to 2.5 vol/vol fuel gas feed.

(K) The alkylation of aromatic hydrocafbons, e.g., benzene,
toluene, xylene, and naphthalene, with long chain olefins,

e.g., Cyy4 olefin, to produce alkylated aromatic 1lube base

stocks. Typical reaction conditions include temperatures from
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ol efins, formal dehyde, al kyl halides and al cohol s
having 1 to about 20 carbon atons. Typical reaction

wocelistsgns i ncl ude a tenperature of from abowcTh}0d3@06630
to about 500 OC, a pressure of from about atnospheric

to about 200 atnospheres, a weight hourly space
velocity of fromabout 1 hr 1 to about 100 hr 1 and an
aromatic hydrocarbon/alkylatlng agent nole ratio of
aboutf rigA dbote abdutt ¢t Mbsutarkd/ pre s ShrEhe faiokylaiown o to 450
aromati ¢ hydrocarbons, e.g., benzene, with |ong chain
psig.olefins, e.g., Ci4 olefin. Typical reaction

condi tions include a tenperature of from about 50 0OC
(L) {heabGdtcy3ed iRe |, of pPrBssele of HfhonPdfddi Sat REspREMi¥alent

about 200 her ht hour space
aLeongh 4 ypﬁ?vfﬁ%\%EESBSuF Sify A he Tt bhoo Rpigaingeaction
COI’ldl n arsorlr?ltflcicl C%/lebo Ce%g%mrnf/to\.%?f Infrm) %; to qf Of°r mto about

resu |ng products rom

250 ctub%%@gﬁkgg %rﬁ% 005‘190 paiin al kyhg a[ﬁ%ﬁ‘&%'&ﬁg"“%‘o@él"‘hﬁ@sv of

equentl'y sulfonated have partic appl'i cation

fron‘%ﬁﬁyn;hgthldggegggﬁgslo(Hk The al kylation of aromatic
hydrocarbons with Iight olefins to provide short chain

(M) aldey| @rpnatd Logonppundsgh€. Jparbheiakkytati enegfins and/or
benzene with propylene to provide cunene. Typica

aromdteiacd i OITyeadrdil i erSdticirudecadiedperat dhe lakef r @Bmperatures
about 10 OC to about 200 OC, a pressure of from about
from laldautabd$ ° G0t at absphe7@$,’ Carchcarpreessmtes hydnoshrbbnl0 to
wei ght hourly space velocity (WHSV) of from1l hr 1 to
abouta A0 5513 - 1
(N) The conversion of 1light olefins to gasoline, distillate
and lube range hydrocarbons. Typical reaction conditions
include temperatures of from about 175°C to about 500°C and a
pressure of from about 10 to about 2000 psig.
(0) Two-stage hydrocracking for upgrading hydrocarbon streams
having initial boiling points above about 200°C to premium
distillate and gasoline boiling range products or as feed to
further fuels or chemicals processing steps. The first stage
can be the zeolite-bound high silica zeolite comprising one or
more catalytically active substances, e.g., a Group 8 metal,
and the effluent from the first stage would be reacted in a
second stage using a second =zeolite, e.g., =zeolite Beta,
comprising one or more catalytically active substances, e.g.,

a Group 8 metal, as the catalyst. Typical reaction conditions

include temperatures from about 315°C to about 455°C, a
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(1) The hydrocracki ng of heavy petrol eum f eedst ocks,
cyclic stocks, and other hydrocrack charge stocks. The

wozaM/isssssbound high silica zeolite w il cont aipgTark2008/006630
effective anount of at |east one hydrogenation

conmponent of the type enployed in hydrocracking
catal ysts. (J) The alkylation of a refornmate
cont ai ni ng substantial quantities of benzene and
presstugleueneremt h abwelt gas0@ontai nialgosthor 560ai ol @f i nbydrogen
(e.g., ethylene and propyl ene) to produce nono- and
circudiegliloyl ae€s frpmefadraud te80t iton aome t L8n800NAG Yl and a
tenperatures from about 100 OC to about 250 0C, a
liquigh dsQWF bY oSPRCGM BRI 1P0 (diS¥oupt 8Gaagsi goout wisy to 10
, -olefin fromabout 0.4 hr 1 to about 0.8 hr 1, a WHSV
hr=". reformate of fromabout 1 hr 1 to about 2 hr 1 and,
tionall cle roma out
|1 oarb i fargle” RS R R LRy P at e oot b the
prese %h QQHHQQSZeg%gtFaggﬂﬁﬁnﬁigﬁM§f¥l ax¥g§ff%ﬁaggmprlslng a

alene ain

hydrogjle%al;crl'oﬁ ochnggH%ﬁtal é‘ﬁ/ch ataedzé%?{@é' (‘sdcqpeagaszeeollte Beta.

ypi C reaction conditions include

Typickanpeeatunes f £9RBDEYLNE00; QG §Qe abhQp MO e @NGrom about
pressures fromabout 50 to 450 psig. (L) The

350 °caltkyl #bben abophenqlresddte ol £fbnsabbuequiacl efd about 1500
al cohol s to provide |ong chain al kyl phenols. Typica

psig,r eBBSVorf mondiebbans 0 nel wde sleaper at.6 ebrft oemdbaut hydrogen
100 OC to about 250 0C , pressures fromabout 1 to 300

circugsitg cemd ot adbAHS\BQH0 to about 5000 SCE/bbl.

(Q) The reaction of alcohols with olefins to provide mixed
ethers, e.g., the reaction of methanol with isobutene and/or
isopentene to provide methyl-t-butyl ether (MTBE) and/or t-
amyl methyl ether (TAME) . Typical conversion conditions
include temperatures from about 20°C to about 200°C, pressures
from 2 to about 200 atm, WHSV (gram-olefin per hour-gram-

"l to about 200 hr™! and an alcohol to

zeolite) from about 0.1 hr
olefin molar feed ratio from about 0.1/1 to about 5/1.

(R) The disproportionation of aromatics, e.g. the
disproportionation of toluene to make benzene and =xylenes.
Typical reaction conditions include a temperature of from
about 200°C to about 760°C, a pressure of from about
atmospheric to about 60 atmosphere (bar), and a WHSV of from

about 0.1 hr! to about 30 hrt.

(S) The conversion of naphtha (e.g., CgCip) and similar
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fromabout 2 hr 1 to about 10 hr 1 . (M The
conversion of light paraffins to ol efins and/ or
woHoBktRsS. Typi cal reaction conditions incluger/us2008/006630
tenperatures from about 425C to about 760C and
pressures from about 10 to about 2000 psig. (N The
conversion of light olefins to gasoline, distillate
and | ube range hydrocarbons. Typical reaction
mixtugersdi tfonshigblyde amompdriat urmsxobrésom diymse, 175Qmal and
about 500 OC and a pressure of from about 10 to about
slighzdoo psigched) dheisedgea ¥R QTFRARKS ng Efrcﬁf%@kﬂandu mgving a
hydr ocar bon streans having initial boiling points
boiligov@nddb20e 8eorb pHPeky uArdi 4639 dtamPYasofPReC, can

oe c%ﬁ\'@%#rc%ﬁéa%?%s%é%%t BT Tho SPPLA A St Bie f ngetane

aronfSel EcZ?rif?“”ﬁ:&&?&%@i&'e&énﬁqﬁﬁ'&éﬁcié”%%'a%%%° uflvyen the

zeolfyg éﬂﬂ%‘?f en{nf£8g]kgﬁggr§f %%53%3H@ P@O C to
reac ed in second stage usli ng SGCOI’] zeol |

600°CE- gpre%%?%bﬁ§'B§§@°CCQﬂpr5§bngIOQ€ (Hréggﬁ%es ranglng from
Catalytically active substances, e.g., a Goup 8

atmodPied ic agdt hﬁoca}Bé‘J:yStandryleﬁhd eathiraly cepdickl 0Of8locities
i nclude tenperatures from about 315C to about 455C,

(LHSVapressginrey fioim aboutt 4005 tiordbout 2500. psi g, hydrogen
circulation of fromabout 1000 to about 10, 000 SCF/ bbl

(T) Tard addoxi domoaf| ylipace rveladdic dnfdS\W)dof fér ohhe purpose
about 0.1 to 10 hr- 1.

of separating various isomers of the compounds.

(U) The conversion of oxygenates, e.g., alcohols, such as

methanol, or ethers, such as dimethylether, or mixtures

thereof to hydrocarbons including olefins and aromatics with

reaction conditions including a temperature of from about

275°C to about 600°C, a pressure of from about 0.5 atmosphere

to about 50 atmospheres and a liquid hourly space velocity of

from about 0.1 to about 100.

(V) The oligomerization of straight and branched chain olefins

having from about 2 to about 5 carbon atoms. The oligomers

which are the products of the process are medium to heavy

olefins which are useful for both fuels, i.e., gasoline or a

gasoline blending stock, and chemicals. The oligomerization

process 1is generally carried out by contacting the olefin

feedstock in a gaseous state with a zeolite-bound high silica

zeolite at a temperature in the range of from about 250°C to
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(P) A conbi nati on hydrocracki ng/ dewaxi ng process in
the presence of the zeolite-bound high silica zeolite

wWOoRIPIs3esnNg a hydrogenation conponent and a zZe@rid$008/006630
such as zeolite Beta. Typical reaction conditions

i nclude tenperatures from about 350 0C to about 400 0OC
, pressures from about 1400 to about 1500 psig, LHSV
fromabout 0.4 to about 0.6 hr 1 and a hydrogen
aboutci BEAIP&L i oa fIHAW albdut 3000 aboaboul - 500® SEFbbbl . 5¢Qand a
The reaction of alcohols with olefins to provide m xed
hydrogiaydron pagtiathepreagelren @f dsoRanaPowkt ¥ -ilsobat efeout S0
and/ or |sopentene to provide nethyl-t- bqﬂy et her
atmosFBISS -an P@Petré‘ﬁyﬂrer?et Rt out h%?o‘(‘?Al\?EE)O Tiﬂﬁlyca’Pe used to
conversion c ndltlon% |nclude te era%] fron1apout
PRSP

oligFR3ES ot ihohECIFEOFE IsiksSiite djhbﬂbt Bpoliquid
| f | f .

om0 B8P 8. PEL L AR T <o

cataf%%gln ﬂ@ugr f%ﬁ%IYHﬂﬁéfr8g%§QRUtf%égékéékabgﬁﬁtéé%s the

The dlsbroportlonatlon aromati cs

catal@)sstprﬂp%ﬁéorﬁ A PrdHd ueesmbera%%eeergfenﬁr&mdabout 10°C
Xyl enes. Typical reaction conditions include a

to ademerstur e d& omyapout 200C to about 760 0OC , a
pressure of from about atnospheric to about 60

(W) aheospheveréban) of and a8 odtdd omyahadarhdndir (2thylene
to about 30 hr 1 . (S) The conversion of naphtha

and/dre. gcet @heBe)) tamd adiipihladarinm xCunesaldehydhby ardmapbnyerting
m xtures. Thus, normal and slightly branched chai ned

said hyddebudboens;o pthkerabisesremndgna Ces-12 alcohols, acids, or

esters.
(X) The desulfurization of FCC (fluid catalytic cracking) feed
streams. The desulfurization process is generally carried out
at a temperature ranging from 100°C to about 600°C, preferably
from about 200°C to about 500°C, and more preferably from
about 260°C to about 400°C, at a pressure ranging from 0 to
about 2000 psig, preferably from about 60 to about 1000 psig,
and more preferably from about 60 to about 500 psig, at a LHSV
ranging from 1 to 10 h™'. The hydrocarbon mixtures which can be
desulfurized according to the process of the present invention
contain more than 150 ppm of sulfur, e.g., hydrocarbon
mixtures with a sulfur content higher than 1000 ppm, even
higher than 10000 ppm.

The invention having Dbeen generally described, the

following examples are given as particular embodiments of the
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boi I i ng range above about 40 OC, and |ess than about
200 0C, can be converted to products having a
wosbsisatdsi al | y hi gher octane aromati cs cont entpdayus2008/006630
contacting the hydrocarbon feed with the zeolite at a
tenperature in the range of from about 400 OC to 600C,
preferably 480C to 550 OC at pressures ranging from
at nospheric to 40 bar, and liquid hourly space
inventdlapci tdares (tdHS\Wemamgt ngt¢r ohh®. 1prectschr &nd (Bdvantages
The adsorption of al kyl aromatic conpounds for the
thergafr-posét ofi ss apwletstmpd/ afhdusthgosegprdfest kre given by way
_compounds. (U) The conversion of oxygenates, e.d., . _. _
of 1liUsiHG s Oms AT AT et PlandPtenRe@t her d1mdfcfkhgs specification
di net hyl et her r mxtures thereof to hydrocarbons
or tqengﬁ?di“hgg B éffqlﬁso‘“hrfdl aohftd ¥ i t h reaction
conditions including a tenperature of from about 275C
to about 600 OC, a pressure of fromabout 0.5
t nrosphere to about 50 atnospheres and a liquid hourly
Exanmgﬁgg% velocity of fromabout 0.1 to about 100. (V) The
syntHdd QONEF iZatj p-of straight and branched chain ol efins
aving fromabout 2 to about 5 carbon atons. The
Chemi@®d @omessywhi ch are the products of the process are
medium to heavy ol efins which are useful for both
Ludosd ugks40i . €o11gagali neidica gasmti naobl eadi ng Fdension in
and chem cals. The oligonerization process is
watemgerrerdtighcarried out by contacting the olefin

feedstock in a gaseous state with a zeolite-bound high
Sodiw | hydroxide NaOH, 50 wt. % solution in water; Sigma-

Aldrich;

Germanium dioxide GeO;; Germanium Corporation of America GTAH
68002;

Sodium aluminate NaAlO, (23.6 wt. % Al,03; 19.4 wt. % Na,0; 57.0
wt. % Hy0); Southern Ionics;

Tetrapropylammonium hydroxide (CH3;CH,CH;)4,NOH, 40 wt. % solution
in water; SACHEM;

Acetic acid CHiCO;H, 99.7%; Aldrich.

Solution 1.
15.84 grams of sodium hydroxide solution were mixed with
131.25 grams of D.I. water. 7.11 grams of GeO; were dissolved

in the solution with stirring.
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zeolite at a tenperature in the range of from about
250 OC toabout 800 0OC, a LHSV of fromabout 0.2 to
woadaeglis3288 and a hydrocarbon partial pressure GlohtR008/006630
about 0.1 to about 50 atnospheres. Tenperatures bel ow
about 250 OC may be used to oligonerize the feedstock
when the feedstock is in the |iquid phase when
contacting the zeolite-bound high silica zeolite
Solutdatrald.st. Thus, when the ol efin feedstock contacts the
catalyst in the liquid phase, tenperatures of from
3.84 s 10f 0€0dd b AHUPHR DT Cahe bBigesd Wiy ¥hé-° grams of
conversion of C2 unsaturated hydrocarbons (ethyl ene
. - acetylene) to aliphatic C6-i2 al dehydes and
converting said al dehydes to the correspondi ng C6-12
al cohols, acids, or esters . (X) The desulf wurization
F fluid_catal ytic cracking) f st The _ :
SO 1 bt pin serbeb s & LA arFT S Y A ghe g 4g wieh

: : [ 0 b 00 :
v1gor%ﬁﬂpe?§%F;§F£§PQh§g f&gggkp md Fult @ 200Bh G SQghtaon 2 was

refe rom about 0C to about 500 0C, an

int r SR Pr ef ghabl y J&om ahgut 260 G oy aboyls 400 D€ . @linutes.
a pressure ranging fromO to about 2000 psig,

Tetra@ﬁeﬂ‘fgﬁylaebﬁm/oﬁmm ﬂg@h‘bxﬁaet o @®ut2 1§08mpsi Grasansdd®ieto the

preferably from about 60 to about 500 psig, at a LHSV

mixtu@Nghmg Heomwhd osddrhed foFheadwudt ocaeborun Xt URBS32 grams
whi ch can be desul furized according to the process of

of addel@resedt wiasvertderh conthien gedr evitancdb0ippauef stirring.
sul fur, e.g., hydrocarbon m xtures with a sul fur

pH  ebént el hi gféent haherooippaieever®t stirring was  9.25.

D.T

Crystallization was made 1in 1L stainless steel autoclave at
160°C with stirring (300 rpm) for 36 hours. Zeolite was
filtered and washed with D.I. water. Zeolite was dried at 90°C
overnight and was calcined at 550°C for 10 hours in oven forced
with air.

XRF analysis results are: 0.244 wt. % Na; 41.04 wt. % sSi; 0.73
wt. % Al; 5.67% Ge.

XRD analysis confirmed formation of ZSM-5 structure.

Pt/CsGeZSM-5

15 grams of laboratory prepared GeZSM-5 was washed with
350 ml of agueous CsNO3 (0.5M) then filtered. The filtrate was
then rewashed 3 more times with 0.5M CsNO3 and rinsed with
distilled H20 on the final filtering. The zeolite powder was

then calcined for 3 hours at 280°C in air.
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hi gher than 10000 ppm The invention having been
generally described, the foll ow ng exanples are given
woamoPaistiscul ar enbodi ments of theinvention angdras2008/006630

denonstrate the practice and advantages thereof. It is
understood that the exanples are given by way of
illustration and are not intended to [imt the
specification or the clains to follow in any nmanner.
BExaripieerlt Syathesbs iofpregnaSNtd Chesi calrg igsledhutl udpx adding
AS-40 colloidal silica SIQ2; 40 wt . % suspen3| on in

drop vigiee; aAlrliwthtorsodf uf- W@@ox@ dBtNHER) 45010&) .2 odissolved in
solution in water; Sigma- Al drich; Germani um di oxi de

-8150cgp o G&er%é?ﬂltﬁﬁ%o‘f’ﬁb?ét itén ]of9%n§Ffi?}§ GftaH 58068 ~exchanged

Sodlumalumnate NaAIOZ (2 % Al 2C3; 19 ,
GeZSMz\g28'e Batghjel, "%ﬁ—lz‘é)fle oétoﬁer]n ?%HFC%D a 110% drying
trapr | amponi um hyd e.( 4NOH, 40 wt.

oven G A L e b R e nacont

Elem%%%-ﬂ% {%f% }ut?§@éuﬁi06 %t° %%.84)gflq§%@fAf0d59?ﬁ wt% Cs,

roxi on weré m xed W't h rahs

4.13 ta's dBtely .94 @Eanpeof Ge2 were dissol Ved
XRD analysis confirmed formation of ZSM-5 structure (Figure 1,
A and B)
The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm3 (0.123 g) of the sized catalyst was mixed with 1.75
ml of inert quartz chips and was pretreated at 460°C for 1
hour in flowing H2. Catalytic testing was then started.
Catalyst particles, mixed with inert quartz chips, were
loaded into a %” OD plug flow reactor. n-hexane was vaporized

into a stream of flowing hydrogen at a temperature of

approximately 150°C. This gas mixture was passed through the
reactor at a LHSV of 8.6 hrd, the reactor being maintained at
a temperature of 515°C by an external heating Jjacket. The

reaction products were analyzed by gas chromatography.

Products ranging in size from methane to dimethylnaphthalene

were observed. A variety of C6 isomerization products were
observed, including isohexanes (e.g., 2-methylpentane) and
olefins (e.g. 1l-hexene.) For the purposes of calculating

conversion and selectivity, these C6 products were considered

to be unreacted. The selectivities reported are calculated as
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in the solution with stirring. Solution 2. 3.84 grans
of sodium alum nate were m xed with 153.9 grans of
woBobs/1388dser . Solution 1 was poured into 150 grpaiBugbos/006630
Ludox AS-40 with vigorous gel stirring for 10 m nutes.
Then Solution 2 was introduced and gel was stirred for
15 m nutes. Tetrapropyl anmoni um hydr oxi de (105. 42
grans) was added to the m xture and gel was stirred
the foymabolit beamzemg,. -tQBusegramylemescetiandci dtwgdbenzene
added to the gel with continuous stirrin%. pH of gel
produgfeCerdiehdafindiestbBe 1943l ngmaesty. @k, all benzene, C1-C5,
Crystallization was nmade in IL stajnless steel . .
and éﬁ%bclQ@é%ﬁ%%ﬁﬁxx?ﬁf?ﬁegFﬂrring theser pc kst gelties  are
hours. Zeolite was _filtered and washed with D. |
prese\ﬂgteéf.orz&lnﬁjea]f/\a§6 dr?¥t°at 900C overni ght and was
cal cined at 5500C for 10 hours in oven forced with
air. XRF analysis results are: 0.244 w . % Na; 41.04
w . % Si— 63— mt—Y% AT 5—67%ce—XRBbanalysi s
confirmed forgathdpsef Z§M 5 Rtyucture. Rt/ CsEZSM 5
15 grans |of |aboratory prlepared GeZSM5 was wgshed
with 350 |m us (sNG3,(0.5M thep, filtlered.
The filtrat%taégegﬁgﬁ ?ewasheags nor e t?ﬁ%s wilth 0 .5M
CsNB and rinsed with distirtred HZO on the final

fipd e Fd¥Emahife 26% IZ2EMPOWES tWASysts for n-hexane
aromatization.
T = 515°C, LHSV = 8.6 hr™', Hy/n-hexane feed ratio = 0.75.
Conversion and aromatics selectivity measured after 10 hours
on stream.

Example 2
Synthesis of Ge-ZSM-11 (morphology 1)

Chemicals used:

Sodium aluminate (Al,03-23.6%; Na,0-19.4 %; H,0-57%); Southern
Ionics;
Sodium hydroxide, >98%, Aldrich;
Tetrabutylammonium bromide, 98%; Sigma-Aldrich;
Ludox HS-30; colloidal silica, 30% suspension in water; Sigma-
Aldrich;
Germanium (IV) oxide Ge02, Germanium Corporation of America
GTAH 68002.

1.7 grams of sodium aluminate and 2.817 grams of sodium
hydroxide were dissolved in 136.0 grams of D.I. water. 28.16

grams of tetrabutylammonium bromide were added and dissolved
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then calcined for 3 hours at 280 OC in air.Incipient
wet ness i npregnation was carried out by adding drop
woWos$1537s30l ution of 0.0408 g Pt (NH2) 4 (NO3) peT/US2008/006630
di ssolved in .8150 g of deionized water to 1.99 grans
of the Cs-exchanged GeZSM 5. The material was dried
for 1 hour in a 110 OC drying oven then calcined in
air at 280 0OC for 3 hours. Elenmental analysis gave
in  dHe0 wp¥uSiionQ. 72 ViPB2A ,gBaR3 wo% CgjerhadrBium % Geidad were
~0.96 wt% Pt. XRD analysis confirmed formation of ZSM 5
dissashvett dre Y% ggrd utiona ghel Bojdahe a:nakma/s@uslaqsdéﬁs-30 (80
mas pressed and sized to 20-40 nesh. 0.25 cnB (Q.1 g
gram% (ﬂa%héDEFQ%HCEQtaP§§tS&%§ﬁﬁ%&x¥%ﬁﬁkﬁﬁlﬁélﬂglfBF abOUt 15

I nert uar ps an pretreated at 460 OCfor 1
mlnutrﬁﬁn %iytlccté’s% it tHenwas made in
ted Catal par icle h er u
soon] BLeERyeRd Ml RS ea bl g Foul S gty Tiofrs wich

vaporlzed into a stream of flow ng
Stlriﬁﬁgf gen at a t enperature of approximtely 150 0C .
Materfﬁﬁ gas wixturednas Passeded hiyough g.he yeact ormatedial was
V of 8.6 hr 1, the reactor being maintained at a

drled eB’@Sfﬁ‘i@ﬁ@ oft 548 C byi aPe@Xur N sieatizag 4ratkekicined at
The reaction products wer e anal yzed by gas

550°CC Hematoo groatyy . i rPraodiictrsadeangi tiy forsedeal romioet hane
to di met hyl napht hal ene were observed. A variety of C6

XRF asohpsizatiate praduséspier e48bSEr wed, $nChuding@9 wt. % Al;

i sohexanes (e.g., 2-nethyl pentane) and
1.177 wt. % Na; 2.81 wt. % Ge.

\(e]

A SEM of Ge-ZSM-11 (morphology 1) 1is shown in Figure 2.

XRD analysis confirmed formation of ZSM-11 structure by
comparison with published pattern for ZSM-11 in references
such as “Collection of Simulated XRD Powder Patterns for
Zeolites”, 5 edition, M.M.J. Treacy & J. B. Higgins,

Amsterdam: Elsevier (2007). See Figure 3.

Synthesis of 1%Pt/CsGeZSM-11
4 grams of laboratory prepared GeZSM-11 (morphology 1)
was washed with 200 ml of aqueous CsNO3 (0.5M) then filtered.
The filtrate was then re@ashed 3 more times with 0.5M CsNO3
and rinsed with distilled H20 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 0.0396 g Pt (NH2)4(NO3)2 dissolved in
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olefins (e.g. 1-hexene.) For the purposes of
cal cul ating conversion and selectivity, these C6
woeslisstss were consi dered to be unreacted. ThecT/us2008/006630
selectivities reported are cal cul ated asthe sum of
benzene, toluene, xylenes, and ethyl benzene produced
di vided by the total anobunt of all benzene, Cl-C5, and
C 7+ materials recovered. These selectivities are
1.96present dédionizeablvwat«€d6 basils 6Refmamrance bheZSkrBxchanged
catal ysts for n-hexane aromatizaton . T = 515C, LHSV =
ZSM-1g..6 Rpelmazm-exaae Hed@¢d afed 2 Qs TBnwersi®nC drying
and aromatics selectivity nmeasured after_10 hours on
oven sthghm CExahPPd 2 syRtFests A8 z8MH | 3 (fstphol ofy eental
Chem cal s used; Sodium alum nate (Al 203-23 .6%;
anal mllsg.s}‘%’n I—l@@%‘?%; Sout hern 1onics; Sodi um

d id 8% drich; T byt yl | br ogi,d
O by A o PRt s PERSBRYCBPORI ST 17 car BBt
025 e 1 & e B i at § Bh o AmePe iy LR 1075

ml o§8qf;1?edr_t1-mau9£eqs Higodiug alum nate and & 8¢ IR for 1

of sodiu
hour in flowing H2. Catalytic testing was then started.

Example 3
Synthesis of Ge-ZSM-11 (morphology 2)

Chemicals used:

Aluminum sulfate hydrate Al;(SO4)3 . x HyO0, 99.998%; Aldrich;
Potassium hydroxide,>90%; Sigma-Aldrich;

1, 8-Diaminooctane, 98%; Aldrich;

Ludox HS-30; colloidal silica, 30% suspension in water; Sigma-
Aldrich;

Germanium (1V) oxide, Germanium Corporation of America GTAH

68002;

Sulfuric acid, 95-98%; Sigma-Aldrich.

7.2 grams of aluminum sulfate hydrate was dissolved in
544 grams of D.I. water. Potassium hydroxide (16 grams) was
dissolved in the solution. 6.83 grams of germanium oxide were

dissolved in the same solution. 64 grams of 1, 8-
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hydr oxi de were dissolved in 136.0 grans of D.lI. water.
28. 16 grans of tetrabutylamoni um brom de were added

wEnds/H33&0! vedin the solution. 2.8452 grans ofpCT/us2008/006630

ger mani um oxi de were di ssolved in the solution.

Col l oidal silica Ludox HS-30 (80 grans) was introduced

into solution with stirring for about 15 m nutes. pH

of gel was 12.61. Crystallization was nade in 300ni
diamigteatass stest addrd avetat BS00C faor B hoUrssaodivgd with

stirring (200 rpm} . Material was filtered and washed
stirwygnd. D, Fondprédalvhatdrliigia wabudek ed Hovelni ght94t ggews) was

si eved 40 nesh _size and cal cined at 550 O0C for 10
intragiged i gradpaddacel Wit hSPoREeAMai' §1 ofF 1 XRENSnal y@héte gel

0 0
was gg}:r%@fglra egnpx!igm Aé%lg;oo %%E%PSS %gl%k\/o T’hen (? ml of
m)rphol ogy 1 i's n Fi yre 2 XRD anal ysi s .
sult f St i &ﬁﬂ;q‘alggﬁaldlu yuctwulrt(g1 by *ESHTAR s§Ptution
h p e r{4SM 11 in references such
Stlrg¥g$cg#? C? %Ql ?5% 5B LQ

ate XRD Powder Patterns for

Crys@liiﬁlon5msedﬂn588n'lnwl MJ‘] stgﬁﬁlcé’ség‘ %tee@ rautoclave at
H ggi ns, Ansterdam Elsevier (2007). See Figure 3 .

16o°c3y569681§00fh6u@5/%@@ZS%hEréngr anpoof +ahpratterial was
prepared GeZSM 1| (norphology 1) was washed with 200

filtdde®f agueowasEeNOBwWi®@hSMD . therwdidt er edatdheafli | what edried
was then rewashed 3 nore tines with 0 .5M CsNG3 and

overrnigisedawi $0°@i s¢i¢ved tHROIONmehe Biinal ahid terlicighedhet 550°C

for 10 hours in the furnace with forced air flow.

XRF analysis data for sample: 40.80 wt. % Si; 1.12 wt. % Al;

1.06 wt. % K; 5.52 wt. % Ge.

A SEM of Ge-ZSM-11 (morphology 2) is shown in Figure 4.

XRD analysis confirmed formation of ZSM-11 structure by

comparison with published pattern for ZSM-11 1in references

such as “Collection of Simulated XRD Powder Patterns for

Zeolites” 5th

edition, M.M.J. Treacy & J. B. Higgins,
Amsterdam: Elsevier (2007). See Figure 5.
Synthesis of 1%Pt/CsGeZSM-11

3 grams of laboratory prepared GeZSM-11 (morphology 2)
was washed with 150 ml of aqueous CsNO3 (0.5M) then filtered.
The filtrate was then rewashed 3 more times with 0.5M CsNO3
and rinsed with distilled H20 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

33



10

15

20

zeolite powder was then calcined for 3 hours at 280 0C
inair. Incipient wetness inpregnation was carried out
woRsoakdvagg drop wise a solution of 0.0396 g PtpciNm2o0sho6630
(NG3) 2 dissolved inl.962 g of deionized water to
1. 962 grans of the Cs-exchanged ZSM1|. The materi al
was dried for 1 hour in a 110 C drying oven then
calcined in air at 280 OC for 3 hours. Elenental
drop amasysias selshioom bél Aw.03%e gattal (PEi2 )goidiet) Ivagissolved in
pressed and sized to 20-40 nesh. 0.25 cnB8 (0.124 g )
1.00pf of hdssiouiz et BBySt e Ai- X088 wixama. P4 nfhef Csnergchanged
uartz chips and was pretreated at 460 OC for 1 hoy r ,
ZSM Jﬁn f TBR ﬁgm@lalca%ﬁyﬂrcletdesf%g 1wafs0%eﬁnstaar%éa drying

oven cﬁgrﬁrgca%laﬁ Erﬁngﬁgﬁeéﬁfl\é&iﬂﬁ P%P 2 Alg’}zl"%%%)ﬁl) Flemental

9. % Aldrlch PotaSS|un1hydroxide >90% ;
anal%ﬁkﬁn%%M%h 8bgﬁ " 8- Di ami nooct ane, 98% Al dri ch;

P Pt e e R
0.25 %@Of@t 198 of) ATEr6e GTAHBO00Z,1 SUb s A6tk with 1.75

8@6 Si ge- Aldrlc : granms of alumnum sul fate

ml of‘yqrrﬁatret Wgsadkssatvesk | Anad4 88 aps @frddtded VABEEML60°C for 1
Pot assi um hydroxi de (16 grans) was

hour in flowing H2. Catalytic testing was then started.

Elemental analyses for Pt/CsGeZSM-11 catalysts as
tested

catalyst Si Al Ge Cs Na Pt
PT/CsGeZSM=11

morphology 1 41.63%00.96% |0.90% |8.68% |0.07% |0.98%
Pt/CsGezSM-11 42.14%|1.06% |0.82% |8.74% |0.0% |0.973%

morphology 2

Catalyst particles, mixed with inert quartz chips, were
loaded into a %*%” OD plug flow reactor. n-hexane was vaporized
into a stream of flowing hydrogen at a temperature of
approximately 150°C. This gas mixture was passed through the
reactor at a LHSV of 8.6 hrd, the reactor being maintained at
a temperature of 515°C by an external heating jacket. The
reaction products were analyzed by gas chromatography.

Products ranging in size from methane to dimethylnaphthalene
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di ssolved in the solution. 6.83 grans of germani um
oxi de were dissolved in the sanme solution. 64 grans of
woboes/B36kgam nooct ane were added i nto sol uti on pgidS2008/006630

di ssolved wth stirring. Colloidal silica Ludox HS-30

(192 grans) was introduced gradually into solution

wth stirring. Wiite gel was forned. CGel was stirred

for about 1 hour. Then 10 ml of sulfuric acid were
were golieergeddual Ay vairtiletyi gof oG$ sbseméphzationi myoddtof were

gel was about 11. Crystallization was nade in IL
obsergieg,nl o< latcHalg adtsdieranesd 1690% f or21pethvlpsniwpR) and

stlrrlng (200 rpm) . Material was filtered and washed
olefigst h (p:P-waltePexfBEeli al WRE dhifed POVEOSISEht C4t 9Bbeulating

S|eved to 40 sh si.ze aancaIC| ed at. 5 OOC for 10
converstd |49 hget & {EFAaTa Sl HFYtced aPFoidiu S wfgre considered

co bef PSR ® {E SETRLES 000 Wono bl Ll o o
the ( ph kog e% b nle> n%wggb%fFng ?e%es XRQwﬂpa|¥§h§lbenzene

con |rned Srration o ucturé by conpari

produ\gsetcf? Cgﬁ?iaéee%ypa{ﬁ@r R deen ZaWbhhtl e efeiences Sieh c1-cs,

ection of Simulated XRD Powder Patterns for’
and ZeplitgsterQtNdité@hve MM J. Tregeye& keldtivities are
Hi ggi ns, Ansterdan1 El sevier (2007). See Figure 5 .
preseptidhesi & ofol Pt Cske/SM || 3 granms of | aboratory
prepared GeZSM 1| (norphology 2 ) was washed with 150
m of aqueous CsNC3 (0.5M then filtered.

catalyst comments added X109 S1o
Pt/CsGezSM-11 morpﬁflogy 0.90% Ge 11 89
Pt /CsGeZSM-11 morpﬁflogy 0.82% Ge 16 89

Performance of ZSM-11 catalysts for n-hexane
aromatization.
T = 515°C, LHSV = 8.6 hr™!, Hy/n-hexane feed ratio = 0.75.
Conversion and aromatics selectivity measured after 10 hours
on stream.

Example 4
Synthesis of Ge-ZSM-12

Chemicals used:

Sodium hydroxide NaOH, 50% solution in water, Aldrich;
Sodium aluminate NaAlO, (23.6 wt. % Al,03; 19.4 wt. % Nay0; 57.0
wt. % H;0); Southern Ionics;

Germanium dioxide GeO,; Germanium Corporation of America GTAH
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The filtrate was then rewashed 3 nore tines with 0 .5M
CsN3 and rinsed with distilled H20 on the fi nal

wodobd/3vRg. The zeolite powder was then cal ci ned/fRb08B06630
hours at 280 OC in air. Incipient wetness inpregnation

was carried out by addingdrop wi se a sol ution of

0.0398 g Pt (NH2 )4 (NOB) 2 dissolved in |.QO0Qy of

dei oni zed water to 2.002 granms of the Cs-exchanged
68002ZSM 1| . The material was dried for 1 hour in a 110 OC

drying oven then calcined in air at 280 0C for 3
Tet rasdurslanmanew ahyavanisies ( SHsEminNRE) owB S Thel /pat aglystsoln. ;

powder was pressed and sized to 20-40 nesh. 0.25 cnB
Alfa-@sppy g ) of the sized catalyst was nmixed with 1.75 m

| of inert quartz chips and was_pretreated _at 460 _0C.
Ludort §f5B haurOF P GHARE 1BLL L @ht RPOTVE -1 81| g oas MR oh-

started. El enental anal yses for Pt/ CsGeZSM 11

catal ysts as tested catalyst Si Al Ge Cs Na Pt

Pt/ CsGeZSM 11 nor phology 1 41. 63%0 .96% 0 .90% 8

.68%0 .07%0 .98% Pt/ CsGezZSM 11 norphol ogy 2 42. 14%

% P4 Oy - 8220 %'f74s%9cpiungo/%9drgz(:)(‘2:lg§‘tQ. o@%£éﬁ£e\§/\;fosodium

I
xed wi inert quartz chips, were loaded into a
alumiRlaH® fA00 £ 8a8H0Gr aRsh@¥ANRE Wase MAPPEMASH1 LAt ByBroxide were

stream of flow ng hydrogen at a tenperature of
mixed in 25.00 grams of D.I. water. 3.0648 grams of germanium
dioxide were dissolved in this solution.

100 grams of silica source Ludox HS-30 were added to solution
gradually with stirring. Stirring continued for one hour.
Viscous gel was formed.

Crystallization was done at 160°C for about 6 days in
Teflon lined 300 ml ©reactor in static regime. After
crystallization pH=12.01. Material was filtered and washed
with D.I. water. Material was dried at 90°C, sieved 40 mesh
size, and calcined at 600°C for 10 hours.

A SEM of Ge-ZSM-12 is shown in Figure 6.

XRF analysis results are: 0.793 wt. % Na; 43.97 wt. % Si; 0.69

o

wt . Al; 3.28 wt. % Ge.
XRD analysis confirmed formation of ZSM-12 structure (Figure

7).
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approximately 150 OC . This gas m xture was passed
through the reactor at a LHSV of 8.6 hr 1, the reactor
woRd k3l nt ai ned at a tenperature of 515 C by@ns2008/006630

external heating jacket. The reaction products were

anal yzed by gas chromat ography. Products ranging in

size from net hane to di net hyl napht hal enewer e observed.

A variety of C6 isonerization products were observed,
Pt/CsGedaMtiliy i sohexanes (e.g., 2-nethyl pentane) and

olefins (e.g. 1-hexene.) For the purposes of

@al%l@ﬁlrﬁg esnvasirat ard Beeeerpdi @eZStMTés?e G61-032) was

products were consi dered to _be unreacted

WaSheéjelVé]ctth viePedly @Eor%cébe%ﬂ% ealNedl dled™s ttlﬁ?en sthtbgred. The
F1Eigh dBaS by A TBYAPNSTodhOr® ol 5ahE @1%%8‘:5%%%3 and
cinecff ST SHL 8L EAL RO E D TR HBLACU ML B0 S sooive
powa Pyl g e TEETE P b e 00go°E ol LV

and aromatics selectivity nmeasured after 10 hours on

stream Exanple 4 Synthesis of Ge-ZSM 12 Chemi cal s
usRdip iRadi Ut by dE9xiide NFt 12000 39k Uther ikl WAlteIhy adding

Aldrlch Sodi um alum nate NaAlO 2 (23.6 wt . % Al 203;
drop I@idewWs s N&2ZD ;057000410 g Pt (NH2)4 (NO3)2 dissolved in
1.04 g of deionized water to 2.012 grams of the Cs-exchanged
GeZSM-12. The material was dried for 1 hour in a 110°C drying

oven then calcined in air at 280°C for 3 hours. Elemental

Aol

analysis gave-42.95 wt % Si, 5.83 wt % Cs, 0.70 wt % Al, 1.60
wt % Ge, and 0.80 wt% Pt.

The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm3 (0.127 g) of the sized catalyst was mixed with 1.75
ml of inert quartz chips and was pretreated at 460°C for 1

hour in flowing H2. Catalytic testing was then started.

Catalyst particles, mixed with inert quartz chips, were
loaded into a %” OD plug flow reactor. n-hexane was vaporized
into a stream of flowing hydrogen at a temperature of
approximately 150°C. This gas mixture was passed through the
reactor at a LHSV of 8.6 hr™!, the reactor being maintained at

a temperature of 515°C by an external heating jacket. The

reaction products were analyzed by gas chromatography.
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w. % H20); Southern lonics; Germani um di oxi de GeQ2;
Ger mani um Cor por ati on of Anerica GIAH68002 ;
wolsbg/estdayl ammoni um hydr oxi de ( CH2CH2) 4NOH;,  301vwiS¥@®o6630
soln.; AIf a-Aesar; Ludox HS-30 Si Q2 colloidal silica
(30 Wt . % ; Sigma-Aldrich. 2.0042 grans of sodi um
hydr oxi de, 1.6808 grans of sodium alum nate and 26. 29
grans of tetraethyl anmoni um hydroxi de were m xed in
Produz¥.s00rgmaimgofirD. $ i zeatferom 3m@BU8ngr ans dimgehyghnepinthalene
di oxi de were dissolved in this solution. 100 grans of
were sphsenvedur cer LydoX S 30f wéite hddedrigasebot iprpducts were
gradually with stirring. Stirring continued for one
obserygg. Virsdousingel weghewmmes. (Pystal | £zAeEBHlRGEt@pRe and
.at 1600C for about 6 days in Teflon |ined 300 m _
olefinsaci(6r 9i-n STHEKENPegi ne. FAF t drP&r PHERASSSt Ofn calculating

H=12.01. Material was filtered d hed with D.I. .
convepsiarn it oPPAP ORI M ed RIS D066 PISMEE AtFHesfonsidered

size, and cal ci.hed at 60Q0C.f.or. 10 hours EM of
vo bl fSis e dS CHitn=FreErgle ¥ Teltid Are Tadbprated oo

the ggtg% \?\g%?%%@éez:e % Na;t(g’?ugge\,m X %’e ié 0. GaQnéM : e%%ﬁjl'benzene

RD analysi s’ confirnmed formation

produeaM 12i 1486t W (REOW&R 1 ) amBhhES @ZSM 12 RerfZe ik aMB 1 —C5,
of | aboratory prepared GeZSM 12 (361-032) was

and C7+ materials recovered. These selectivities are

presented on a molar C6 basis.

Catalyst X10 S10

Pt/CsGeZSM-12 16 87

Performance of 2ZSM-5 catalysts for n-hexane
aromatization.
T = 515°C, LHSV = 8.6 hr !, Hy/n-hexane feed ratio = 0.75.
Conversion and aromatics selectivity measured after 10 hours
on stream. g

Example 5
Pt/Ge-ZSM-11

Chemicals used:

Aluminum sulfate hydrate Al,(SO4)3 . x Hy0, 99.998%; Aldrich;
Potassium hydroxide KOH; >90%; Sigma-Aldrich;
1, 8-Diaminooctane NH, (CH;)gNH,, 98%; Aldrich;

Ludox HS-30 colloidal silica, 30% suspension in water; Sigma-
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washed with 150 m| of aqueous CsNG3 (0.5M then
filtered. The filtrate was then rewashed 3 nore ti nes

woMobd137585M CsNOB and rinsed with distilled HpQmamk26d3®06630
final filtering. The zeolite powder was then cal ci ned

for 3 hours at 280 OCin air. Incipient wetness

i npregnation was carried out by adding drop w se a

solution of 0.0410 g Pt (NH2) 4 (NO3) 2 dissolved in
AldrithQ4 g of deionized water to 2.012 grans of the

Cs- exchanged GeZSM 12. The nmaterial was dried for 1
Germamdum | 118) 110x D@ drGdg overmahenmcdaipeth § homi rofat America

280 0OC for 3 hours. Elenental analysis gave 42.95 wt %
GTAH %8002./83 wt % Cs, 0.70 wt %A, 1.60 wt % Ge, and 0. 80

wt % Pt. The cat al)é(a owder was pressed and sized to
SU1fUZG~C4@Cr¥§§H425@4259 n§8?0 §29mg Pler e sized catal yst

was mxed with 1.75 m| of inert quartz chips and was
pretreated at 460 OC for 1 hour in flowng H2 .

tal tlctesin Wasthenf Catal yst 4 i
ffa F%@ M xed W R nett %‘%%1 YRS “lete Fouthed 1n
544 31; z%r?s OWCP Pl ugJafq CPN rS ngluﬂ rfi 1\’@(—?‘ Y%%or(%.zaﬁgs) was

0 a stream of oW ng ydrogen t a tenperatur

dlssor%&P %HBEEEVSS@%H%Bn -%“éBV@?aﬂEXBQr%é%%%ﬂ¥ﬁ§egx1de were

roug e reactor at a 1, the reactor

dissotle;lerag mepnt aimed alan@ tegpenatyhe ofehlSyramy aBr 1, 8-
external heating jacket. The reaction products wer e

diamiadtzet: bwegas clidymt agraphyoPueduet s ahangbigsionved with

size from nmet hane to di net hyl napht hal ene were
stirrdbgervetol Povaaiet widfic@6 ilsodex i zABHEA prdduct sgneme) was
introduced gradually into solution with stirring. Gel was
formed and stirred for about 1 hour. Then 10 ml of sulfuric
acid were added gradually with vigorous solution stirring. pH
of gel was about 11.

Crystallization was made in 1L stainless steel autoclave
at 160°C for 120 hours with stirring (200 rpm). Material was
filtered and washed with D.I water. Material was dried
overnight at 90°C, sieved to 40 mesh size and calcined at 550°C
for 10 hours in the furnace with forced air flow.

XRF analysis data for sample: 0.518 wt. % Na; 40.80 wt. % Si;
1.12 wt. % Al; 1.06 wt. % K; 5.52 wt. % Ge.

Ge-7ZSM-11 zeolite was bound with silica at 50/50 wt.

Bound zeolite was dried at 90°C and calcined at 550°C for 6

hours. Material was crushed and sieved to 20/40 mesh size.

Then ion-exchange with ammonium was made by sample treatment
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observed, including isohexanes (e.g., 2-nethyl pentane)
and olefins (e.g. 1-hexene.) For the purposes of
woCab$issdsi ng conversi on and sel ectivity, thesec®as2008/006630
products were considered to be unreacted. The
selectivities reported are cal cul ated as the sum of
benzene, toluene, xylenes, and ethyl benzene produced
di vided by the total amount of all benzene, Cl1-C5, and
with O76MmatEeNCgl atr €08@eindthTeesstsglect$amplesvaserinsed with
presented on a nolar C 6 basis. Performance of ZSM5
D.I. gattalrystdr et at HEXAneral oreeltdizesd ont . S§0°€ 5&@?(5 s -
=8 . 6 hr 1, H2/n-hexane feed ratio = 0 . .
E3rmidmeimon wared aﬂ§#@@P@§K%eP@éFﬁvﬁﬁyaﬁé§§ur€d afpBrexghange
_ hours on stream Exanple 5 Pt/ Ge-ZSM 11 Chem cal s us%g
with . OAPQWnuM\]%u)Iﬁ&t é\]%fldrétte RO°G - (S%ﬁ'S%rx %l@@ with D.I.
98% ;. Al drich; Potassiu drOX|de K 0% :
vate R IATeR [ re 95 BODPAMORBCPHE N GLBLngdogn ait
at 300 @Igrlcgn L%dox HS- 30 coIIO|daI silica, 30%
[

S| “Water ; SigmaAldrich ; Germanium (1V)

KRE 32%&3%1 SEHSHHERTE SRS RS

wt. Al; 0.89 wt. % Ge; 0.36 wt. % Pt; K was not detected.

Example 6
Pt/Ge-ZSM-48

Chemicals used:

Sodium hydroxide NaOH, 50% solution in water; Sigma-Aldrich;
Hi-$11®233 $i02, hydrated amorphous silica; PPG Industries,
Inc.:;

1, 6-Diaminohexane H,N(CH,)¢NH,;98+%, Alfa-Aesar;

Ethanol CHsCH,OH; 94-96%; Alfa-Aesar;

Germanium (IV) oxide GeO,, Germanium Corporation of America

GTAH 68002.

4.5597 grams of sodium hydroxide solution was added to 40
grams of D.I. water. Germanium oxide (2.2846 g) was introduced
and dissolved. 363.86 grams of D.I. water was added to
solution. 38.5 grams of silica source Hi-Sil1®233 was introduced
with stirring. Mixture was stirred for about 10 minutes. Then

1, 6- diaminohexane (28 grams) was added to mixture and
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7.2 grans of alum num sulfate hydrate was dissolved in
544 grans of D.l1. water. Potassium hydroxide (16

wodoagEssyseas di ssolved in the solution. 6.83 grpaiTRyH0s/006630
ger mani um oxi de were di ssolved in the same sol ution.

64 granms of 1 , 8- diam nooctane were added into

sol ution and dissolved with stirring. Colloidal silica

Ludox HS-30 (192 grans) was introduced gradually into
stirsiglgt wes vwidmt shuons ngve@aighds. f Or dedymands soifr rethdoel was

about 1 hour. Then 10 m| of sulfuric acid were added
addedyrabiual $51 W g vi Bor ofismssFurronast ildriidg. pH of gel

was about 11. Crystallization was e in IL stainless

s@éﬁéﬁ'rtaalc&b%?‘é%f‘énatwi%oo‘@‘ﬂ%r 390 h%Qf?% viath & i dawyg in 1L
r Mat e iltered and shed th DI
Stal’?/\}aef%? g%\j%?]er?‘é %V‘arWéHLﬁ@fLﬁlréﬁtg dcogem-) WIS’I eved

S ST E AR %a%ﬁm%%ﬁér iyf. rReHES Miterial
f?‘)fr;{]esoan%d%rﬂ%%ﬁ( .9§3 ,gge%%dm / "f 6152%35%25 g

calci\’}@éd botngoypt h£gil '1@3 Rl bR Whe. f%q'LHBQ:eze&’i’&}tlefEﬁ@éed air
dried at 900C and cal ci ned at 5500C for hours.

flowMaterial was crushed and sieved to 20/ 40 mesh si ze.
Then i on-exchange wi th amoni um was nmade by sanpl e

XRF 4figayseat vhth ForSMIMNDINDB at 4600Gti.n &t Neee 63 epS. wt. & Si;
Sanmple was rinsed with D.I. water, dried at 900C and
0.30 cat ci el at1 5600 f or $6GhRours. Pl ati num was i ntroduced
into catal yst by ion-exchange
Ge-7ZSM-48 zeolite was bound with silica at 50/50 wt.
Bound zeolite was dried at 90°C and calcined at 550°C for 6
hours. Material was crushed and sieved to 20/40 mesh size.
Then ion-exchange with ammonium was made by sample treatment
with 0.5M NH4NO3 at 60°C in three steps. Sample was rinsed with
D.I. water, dried at 90°C and calcined at 550°C for 6 hours.
Platinum was introduced into catalyst by ion-exchange
with 0.005M (NH,)4Pt(NO3), at 60°C. After rinsing with D.I.
water catalyst was dried at 60°C overnight and calcined in air

at 300°C for 5.5 hours.

XRF analysis results are: 0.055 wt. % Na; 46.43 wt. % Si; 0.17

o\°

wt. Al; 0.19 wt. % Ge; 0.12 wt. % Pt.

All catalysts were tested in a stainless steel tube at
500°C using 34 cc/min propane at 22 psig total pressure. The

products were analyzed by on-line sampling to a gas
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with 0.005M (NH2) 4Pt (NOB3)2 at 600C . After rinsing
with D.I. water catalyst was dried at 600C overni ght
woags/paabwi ned in air at 3000C for 5.5 hours. XcA/us2008/006630
analysis results are: 0.045 w . % Na; 4577 wt . %
Si; 0.53 wt. %A; 0.8 9 wt. %Ce; 0.36 . %Pt; K
was not detected. Exanple 6 Pt/ Ge-ZSM 48 Chem cal s
used: Sodi um hydroxi de NaOH, 50% solution in water;
chronsitgreeapldr ivdtereH -2Gill (23R aQikery  hyaretreh tarorplidus carbon
silica; PPG Industries, Inc.; 1, 6-Di am nohexane H2N
numbgIGH2 ) BNHE8+% , Ahfla- ABsaWerEt hawein taRCHYEHy 94ledgagmined.
Al fa- Aesar; Germanium (1V) oxi de GeQ2, Germani um
Resuldsy plepiat Yoal8f [AFBFtdQNGPAH BBD0LPeRZ8Be7 §Pamsnsh xylenes)

, sodi um hydr oxi de sol ution vvas,addi)gt, to 41\%)@?&”5 of

in pEpfuchyt eRd GHREH UHROx BRI F2CB88F PIORHLE | APPEGaLed) are
h and dt:ssol Veqif 63.86 grans of D.I. water was added to
showry g, (ifn 959 éea Y of silica source Hi-Sil (r)233

RO h 3 Wbt g Sbig Lo oipcenene

inverm%r?déjlﬁéj 5Qs M XL Ur €nangghicl Id NG N@SaSONL | BUQURings. It is
overnight. 9.1 grans of ethanol was added wth

to beStikdd NG odd] Bhat] XL UtBiMashd 1sébpeCo¥Stidld iapfdrtdvasi aims,
done at 1600C for 4 days in IL
the invention may Dbe practiced other than as specifically

described.
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stainless steel autoclave with stirring (300 rpm ).
Material was filtered and washed with D. 1 water.

woMabg{ss®s was dried overni ght at 900C , sievegcraudfs/006630
nmesh size and cal ci ned at 6000C for 10 hours in the

furnace with forced air flow . XRF analysis data for
sanple: 0.428 wt . % Na; 45.38wm . %Si; 0.30w. %
Al; 1.0l w. %G . Ge-ZSM 48 zeolite was bound with
WHAT si$i CRRAAVMEBOAS0 NiW . ANBpuRESZRBDI T Wbt SHCERERt BYOOETTER OF
and cal cined at 5500C for 6 hours. Material was
PATENTr \(@FhatHEanN ST By il ATE R (IR AMRRIEA i . Then
i on- exchange with amoni um was nade by sanpl e
1. A cadtaiett Width @B INHANOD fath wboea iRkt e@m@p%lng
Sanmple was rinsed with D.I. water, dried at 900C
a WedPaEe 55006 F8r "8V hBEr 98 TBRAE PRuAPRRS pPﬁtaFSgu&él&o the

into catal yst by ion-exchange with 0. 005M ( NH2) 4Pt
ZeOh(tI@(Bc) %%f)(‘f”}/d After rinsing with D.1. water

SIS UBE 1 o4y SO0E KL SIS PR OB oo ene

dl%%%?;é"'t %Na; 46.43 w . % Si; 017vvt % Al ; 0.19
MECLM . Zeoo 122w . %Pt. Al catalysts were tested in

a stainless steel tube at 500 OC using 34 cc/mn
propane at 22 psig total pressure. The products were

2. anal ¥y2ed1bytonfl iole isanplimgrdin at@asmabt amategbaphied on the
where all hydrocarbon conponents wi th carbon nunbers
medidetprren Zeand 0 svgsleatguanid tati vel y determ ned.

3. The catalyst of Claim 1 wherein the zeolite is non-acidic.
4. The catalyst of Claim 1 wherein the =zeolite has a one
dimensional pore structure.

5. The catalyst of Claim 1 wherein the =zeolite has a two

dimensional pore structure.

6. The catalyst of Claim 1 wherein the zeolite has a three

dimensional pore structure.
7. The catalyst of Claim 1 wherein the zeolite is MFI, MEL,

LTL, BEA, MOR, MWW, MTT, MTW, TON, MSE, MOz, Z7ZSM-48, MAZ, MEI,

MFS, NES, OFF, STI, BOG, ERI, FAU, EUO, FER or GME.
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Results for yield [fraction of BTX (benzene, tol uene,
xyl enes) in product] and conversion (portion of

warioepaaessconverted) are shown in the graphs bal@yws2008/006630
Nurmer ous nodifications and variations of the present

i nvention are possible in Iight of the above
teachings. It is to be understood that, within the
scope of the appended clains, the invention may be
practiced other than as specifically described. WHAT IS
CLAI MED A S NEW AND DESI RED TO BE SECURED BY LETTER OF
8. PATENTeGE THE UsWTEDESTATES eF mVERICAPPBe keolAte catalyst
catal yst for conversion of hydrocarbons conprising: a
compnlygnigEdi um pore zeolite having gernmani um i ncor porat ed

into the zeolite franework and b % at | east one netal |,
) PERPIFEIRG r BREGHBURCIS deifo'sttedCoRtthet RBdPEATgEE™ 1N the

zeolite . The catalyst of Claim1 wherein the-
fram@ﬂﬂ%ﬁ‘H%ﬁiﬁt%ﬁﬁiﬁF?he medi um pore zeolite is
|atinum 3 .,The. catal yst af [ [
o) oSBT FoptaErGPLE PR SSAGGUITERPLPP, 10 on che
medidhessid £ zeol i1e,has a one dinensional pore

structure. . The catal yst of Claim1 wherein the

c) c&fOlhigyhageankbwe udi MRS 0Nad1 POL eqstiHgt BrepabatibReof the
catalyst of Claim1 wherein the zeolite has a three
zeolididTeRsi Mo ROl 8rStd Il @epositing the Group 10 metal is

deposited.

9. The process of Claim 8 wherein the metal deposited on the

medium pore is platinum.

10. The process of Claim 8 wherein the zeolite 1is base-
exchanged with an alkali metal or alkaline earth metal to make

the zeolite non-acidic.
11. The process of Claim 10 wherein the =zeolite 1is base-
exchanged with cesium, potassium, sodium, rubidium, barium,

calcium, magnesium or mixtures thereof.

12. The process of Claim 8 wherein the =zeolite has a one

dimensional pore structure.
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7 . The catalyst of Caim1 wherein the zeolite is
MFI, MEL, LTL, BEA, MOR, MW MIT, MIW TON, MSE, MX

woZohd/f87ssMAZ, MEI, MFS, NES, OFF, STI, BOG ERIGT/f<3bbs/006630
EUO, FER or GVE.8 . A process for synthesizing a

medi um pore zeolite catalyst conprising : a)
preparing a nmedi um pore zeolite containing gernmani um
in the framework of the zeolite; b ) depositing at
13. | st opmeceaekal ofelCdctied 8r ome@eoup thBeorzddiei teediham a two
pore zeolite; and c ) cal cining the nedium pore
dimergagnatle rdurd g praapareat i on of the zeolite or before or
after depositing the Goup 10 netal is deposited. 9 .
The process of Caim8 wherein the netal deposited on
the nmedium pore is platinum 10. The process of Caim
14. gThgerRierede 2601GLE ™ s8pydesedmangtd #FPhILR dlac f three
. netal or alkaline earth nmetal to nake the zeolite
dimensdonadi fFe FLrUH S ocess of O aim 10 wherein the
zeolite i s baseexchanged with cesium potassium
sodi um rubidium barium calcium nmagnesium or

15. ﬁé&;r g:ﬁ)é%e%ec?f' climThe pocess ofed 1§ Mes egl?’l, MEL,

as a one di nmensional pore structure.l

LTL, B Preeessufli, Cuaym §iwherein tier zegbst ezbas4g t¥Rz, MEI,

di mensi onal pore structure. 14. The process of Claim
MFSs, WgY eigri hemeoldde, hasr 2 #iy,e&euo, FER or GME.

16. A process for the conversion of hydrocarbons comprising:

a) contacting a hydrocarbon stream containing alkanes, olefins
or mixtures thereof having 2 to 12 carbon atoms per molecule
with at least one medium pore zeolite-based catalyst wherein
the zeolite contains germanium incorporated into the zeolite
framework and wherein at least one metal selected from Group 10
has been deposited on the medium pore zeolite; and

b) recovering the product.

17. The process of Claim 16 wherein the metal deposited on the

medium pore is platinum.
18. The process of Claim 16 wherein the zeolite in non-acidic.

19. The process of Claim 16 wherein the alkanes or the olefins

are straight, branched, cyclic or mixtures thereof.
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di mensi onal pore structure. 15. The process of Claim8
wherein the zeolite is MFI, MEL, LTL, BEA, MOR, MAW
woMbWy/19¥lsk, TON, MSE, MOZ, ZSM 48, MAZ, MEl, Mpr/ddz8us/006630
OFF, STI, BOG ERI, FAU, EUO FER or GWE. 16. A
process for the conversion of hydrocarbons conpri sing:
a ) contacting a hydrocarbon stream contai ni ng
al kanes, olefins or m xtures thereof having 2 to 12
carbon atons per nolecule with at | east one nmedi um
pore zeolite-based catal yst wherein the zeolite
20. c@Ohkai psogessmmifuntiator gér arkeréhno thise zeolite has a one
framework and wherein at |east one netal selected from
dimenGiome 11 @dgs avirtdesosi ted on t he nedi um pore
zeolite; and b ) recovering the product. 17. The
process of Claim 16 wherein the nmet al deposited on the
medi um pore is plat num _18. process
21. vm%“@ree.wceﬁ%85emt% L g a‘ﬁ]i“ﬁF ba g erhéeﬁfbﬁl%sgla&r a two
q 16 @perﬁzn the alkanes or the olefins are
lmen?ﬁpgﬁ&hp b1 &Y &/clic or m xtures thereof.20. The
process of Claim 16 wherein the zeolite has a one
di mensi onal pore structure. 21. The process of O aim

22. lépuherein the fe@hbgﬁ has @ d Woi di FRASI QA ROTEas a three
structure. 22. The process of C a|n116 wherein the

dlmedgyydgyaﬂygézggﬂugghﬂg mensi onal pore structure. 23.
The process of Claim1l6 wherein zeolite is MFl, MEL

LTL,
23. The process of Claim 16 wherein zeolite is MFI, MEL, LTL,
BEA, MOR, MWW, MTW, MTT, TON, MSE, MOZ, ZSM-48, MAZ, MEI, MFS,

NES, OFF, STI, BOG, ERI, FAU, EUO, FER or GME.

24. A zeolite comprising:
a medium pore zeolite having germanium incorporated

into the zeolite framework.

25. The =zeolite of Claim 24 wherein the zeolite has a one

dimensional pore structure.

26. The zeolite of Claim 24 wherein the zeolite has a two

dimensional pore structure.

27. The zeolite of Claim 24 wherein the zeolite has a three

dimensional pore structure.
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BEA, MOR, MW MIW MIT, TON, MSE, MY, ZSM 48, MAZ,
MEI, MFS, NES, OFF, STI, BOG ERI, FAU, EUO, FER or
woAubs/1534s58 A zeol ite conprising: a nmedi um por e peamis2b@®/006630

havi ng germani um i ncorporated into the zeolite
framewor k. 25. The zeolite of Caim 24 wherein the
zeolite has a one dinensional pore structure. 26. The
zeolite of Cdaim2 4 wherein the zeolite has a two
di mensi onal pore structure. 27. The zeolite of Caim
24 wherein the zeolite has a three dinensional pore

28. ditrauctawlelt28.offhelzbol 24 ewlnér€iai hh24mpbenmi potrke zeolite is
medi um pore zeolite is MFl, MEL, LTL, BEA, MOR, MWWV

MFI, MIEF-,’/ ml Tmr NEEBI WWIZWMS,M'W, TWEI ,MWS, MNES, Z5M-48,
OFF, STI, BOG ERI, FAU, EUQ FER or GVE. 29. A

MAZ, MEdeedd S oNESyntHdsi ATHg #C0%eolbiRle dditpr iEGhg: FER yor GME.

preparing a nmedi um pore zeolite containing gernmani um
in the framework of the zeolite; b ) calcining the
29 gol ite. 30f The process of d ai ;nl[ZELQja wher ei.n .tnhe,
: HEAE T SHe FHMEIRST AT For’® St et HE 3 "he
rocess of L m 2 erein .the [te i , :
2) PR o A I Pellt res i SR i BuAE S¥fnep i, in tne

frame%a%f’i@%r@it'%et t]z%ozlché';te is three di nensional pore

structure.
b) calcining the zeolite.

30. The process of Claim 29 wherein the =zeolite 1is one

dimensional pore structure.

31. The process of Claim 29 wherein the zeolite is two

dimensional pore structure.

32. The process of Claim 29 wherein the zeolite 1s three

dimensional pore structure.

33. The process of Claim 29 wherein the medium pore zeolite is
MFI, MEL, LTL, BEA, MOR, MWW, MTT, MTW, TON, MSE, MOZ, ZSM-48,

MAZ, MEI, MFS, NES, OFF, STI, BOG, ERI, FAU, EUO, FER or GME.
34. A catalyst for conversion of hydrocarbons comprising:

an aluminophosphate (A1PO) or silicoaluminophosphate (SAPO)

with germanium incorporated into the aluminophosphate (Al1PO) or
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33. The process of Caim29 wherein the nmedi um pore
zeolite is MFl, MEL, LTL, BEA, MOR, MW MIT, MIW

wobobs/ 1shEs, MXZ, ZSM 48, MAZ, MElI, MS, NES, Oplcr/dsRbos/006630
BOG, ERI, FAU, EUO FER or GVE. 34. A catalyst for

conversi on of hydrocarbons conprising: an

al um nophosphate (A PO or silicoal um nophosphate

(SAPO wi th germani umincorporated into the
silicabuniniapbbspbate o ASROD)ofsiaet@alkum nophosphat e

(SAPO framework. 35. The catalyst of Caim 34 wherein

at | east one netal selected from G oup 10 deposited on

t he al um nophosphate (Al PO or silicoal um nophosphate
35. (SARO) cat36.ysA prpécesbaimr Fynmihegiczimgad cheasiystone metal

conprising: a ) preparing an alum nophosphate (Al PO
Selec@leds|flrioébz§inﬂﬁ91dﬁhd§mfa‘i%t%%%) thet RlyBiRARP@APhate (ALPO)

incorporated into the al um nophosphate (Al PO or
or Slélllcioéééfn&ﬁloﬁgﬁﬁﬁélﬁﬁﬁt dSE8RPe) framework; and b )
cal ci ni ng the al um nophosphate (A PO or
silicoal um nophosphat e (SAPO al um nophosphate (Al PO

r silicoalum no phate (SAP 3 T ess of
36 & REROS it IRy et oy et TR s T East

a) %ﬁ%os%hgftee% fL%;n g%grﬁ %&ﬁ#m nophosphate °) oF

5111c6§éaghnop%%@§ﬁ@ﬂé(¥ﬁéﬁ@ﬂanQﬁcﬁgﬁdHhﬁ&ﬂe{ncorporated into
preparation of the al um nophosphate (Al PO or

the 8illineéaabHaspaphesphat eof SARO silbefrernderRgsiddprhtal  (SAPO)
| east one netal selected from Goup 10 on

framework; and

b) calcining the aluminophosphate (A1PO) or

silicoaluminophosphate (SAPO) aluminophosphate (A1PO) or

silicoaluminophosphate (SAPO).

37. The process of Claim 36 additionally comprising depositing
at least one metal selected from Group 10 on the
aluminophosphate (A1PO) or silicoaluminophosphate (SAPO); and
said calcining occurring after preparation of the
aluminophosphate (A1PO) or silicoaluminophosphate {SAPO),
before depositing at least one metal selected from Group 10 on
the aluminophosphate (AlPO) or silicoaluminophosphate (SAPO) or
after depositing at least one metal selected from Group 10 on

the aluminophosphate (A1PO) or silicoaluminophosphate (SAPO).
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t he al um nophosphate (Al PO or silicoal um nophosphate
(SAPO) or after depositing at | east one netal selected

wo e9seFgup 10 on the al um nophosphate (A PO pefr/us2008/006630
sili coal um nophosphate (SAPO .38. A process for the
conversi on of hydrocarbons conprising: a ) contacting
a hydrocarbon stream containi ng al kanes, olefins or
m xtures thereof having 2 to 12 carbon atons per
38. mObeodke swifblh @hel easiveana oal Wi mephospidos s( AloRQriaring:
silicoal um nophosphate (SAPO -based catal yst wherein
a) cdriteaiiung nmphpdphatebOAl BOream sidrtcoialiung nephaspbat elefins
(SAPO contains germani umincorporated into the
or migtumiemphbsphafe NaAliPQ) 2r tei [IZoapuhPnopliospharer molecule
(SAPO franmework; and b ) recovering the product. 39.
with The agi?ocesl;e@)thC:I ai ANS8 WherleImh NaRh AR tfophos PR or
Al_LPO) or silicoal um nophosphate (SAPO) has at | east
Slllceﬁéufﬁépaph@épé@t@d f {GREE othg SEG onCehelyst — wherein  the

alumlgéﬁgéfp%g%%phat%l%AIPC» o Sghhgggg%th%ghgsgg%g%e {SAPO)
contains germanium incorporated into the aluminophosphate
(A1PO) or silicoaluminophosphate (SAPO) framework; and

b) recovering the product.

39. The process of Claim 38 wherein the aluminophosphate
(AlPO) or silicoaluminophosphate (SAPO) has at least one metal
selected from Group 10 on the aluminophosphate (A1PO) or

silicoaluminophosphate (SAPO).
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