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CATALYST FOR CONVERSI ON OF HYDROCARBONS, PROCESS OF
MAKI NG AND PROCESS OF USI NG THEREOF - | NCORPORATI ON- 1
wORBHEA4F5GATI ON BACKGROUND OF THE | NVENTI ON FI Bl édz008id86631
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 xtures thereof
having two to twel ve carbon atons per nol ecule. The
CatGATALYSE BORiI CONYERSIGN SOF i BEDROCARBON S 0 SPROCES S, OF
al MAK TG hAD hBR@CES S sOF | USTNG NTHEREOE ph al RCORPORATION-1
nmet al has been deposited. DESCRI PTION OF THE PRI OR ART
Crystalline silicat eSPEGIHREADEON | cat es,
al um nophosphat es and si |l i coal um nophosphates are
BAGKGRYYN B caF hBHE ¢ Bl 9 and may
contain other netals. An alum nosilicate such as
FIELD Off i TRE ndYVENEEQHE nothbhl yREPDR ABMEERa teS| itore bhatalyst
ot her trival ent el enents which repl ace al um'fum

an
for ohyerorarPalal et EFEHEM s \M‘ﬁ'@h’_repf“acecas‘?ﬁ‘ Yﬁ_fh_. Tor the
aroma?ii%%‘t&%ilrle?r%g%zgggtﬁg m-nﬁ%lpenoisngsheg%récljg}enqx%rﬂlrtege tsrllelrlecoaf ehaving
two %ﬁ'kﬁ8§b8méh pQ%Eﬁs %é% ﬁ?iggﬁlgp"%ﬁgﬂcé%glyst is a
I scl'oses crystalline al um nophosphates having a
micro%%%@%\éor ks SE{actare withichReqheab+eomposi fd AbpHbdflfe or
ratios of 1 AI203:1.00 .2 P2C6 and bei ng m croporous

silicWall imdRicbACEpRRRRS of whaEhnNal nditameheks pheomdapelt 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 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
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3 to about 10 angstrons. U. S. Patent no. 4,440,871
di scl oses crystal line m croporous
woSiobd/£E@8{3um nophosphat es havi ng pores whi ch arpu4ng$2068Mo6631

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 Mdle Fr act
unifo@fh XaydZ havd Adm@nad7 Qiam@t&rd. (¥4 Grebied. {1arlC @bout 3

98 0. 01 0. 01 DO. 39 0. 60 0. 01 EO. 01 0. 60 0. 39
angstwioeise Xithy andhzmdraalt heonpbeitiaot i ofs maflesi fireonions of

al um num and phosphorus and ACBDE are points defining
silicgnpent ajonbhumr e@ngf aphesphpyudi agiamias shbwn i pentagonal

Fig. 1 of U S Patent no. 4,440,871. SUMVARY OF THE
compopiYENT] exeFhirgfiip¢entiyon provi des a catal yst

cont ai ni.ng silicon, alum num phosphorus, as needed to

f or m &19diF iFERAE 190 umi nosi | i cate, al uni nophosphat e

@AIPC» or é’llcoalun1%ophosphate (SAPC» with at | east

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



10

15

20

25

and the first series transition netals in a three
di nensi onal interconnecting crystalline tetrahedra

wo oagemeisk. The crystalline tetrahedral frameweriud2808/006631
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
metall I anbérhen @t al agdenerdpt(iSgnaldy, ophhonadgsnian structure-
organi c structuredirecting agent. The reaction m xture
direcitinhgeatagenito f dima cryestctl iorandnihwmre ool £d. hddeed to form
crystals are separated fromthe synthesis Iiquor and
crystade washddierdr¢edlemd cdhei saystatlsl east semeamsted from the
selected fromGoup 6 , Goup 7, Goup 8 , Goup 9 or
synthgsdgp liGUCT depbsi¥edvaphefle Siripdapad calcined. At least
al um nosj | i cate, al uni nophosphate or

one mgYdlo g R IRDNEEPRAEEC Rl (T E 7 eof GFPER Bo 4Foup 9 or
"d ifed netal”) . Th tal yst. be used in a_.

Groupy, dibsst or SEBRTEFEfingoee: CIF hytbesitons RRtBinSsilicate,

atumi R e T 18 "one S bR oM PR B naReas ALY Elnarter

referQIe@t it%u@s i“%le %%qscietdequeﬁy(}lr%a’é%eow‘ﬁee é@é’%’%tr&%faé%ctﬁsed in

two elenments sel ected oup 13 or

a pro@%sgeEgﬁnbgﬂbéQQiﬁbthFICﬁiﬂ Qh-oRakeBnsi AntBeazephites.
framewor k. This exanple |ncyudes a process for

sylehest g acZeale & yen®idn PLepa | Bgt a1 ¢80l bhe which at

having at |east two elenents selected from G oup 13 or
leastGaoigp déousuth astger maidim andpeat beamt | Asorddparsdrted on a

in the zeolite franmework; b ) depositing at |east one
zeolifet dlavielecttedléasm Groupléeohnst kelected from Group 13 or
Group 14, such as germanium and either tin or boron, in the
zeolite framework. This example 1includes a process for
synthesizing a zeolite by: a) preparing a zeolite having at
least two elements selected from Group 13 or Group 14, such as
germanium and either tin or boron, in the zeolite framework; b)
depositing at least one metal selected from Group 10 on the
zeolite; and c) calcining the zeolite, said calcining occuring
after preparation of the zeolite, before depositing at least
one metal selected from Group 10 on the zeolite or after
depositing at least one metal selected from Group 10 on the
zeolite. 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
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zeolite; and c¢c ) calcining the zeolite, said calcining
occuring after preparation of the zeolite, before
wolRR9%itizng at | east one netal sel ected from GaEyes2068/006631
on the zeolite or after depositing at |east one netal
sel ected from G oup 10 on the zeolite. This exanple of
the invention also includes a process for the
conversion of hydrocarbons of: a ) contacting a
one iaeaHHIeR S tdaai e il drdlith alHanesel defhsas @andleast two
m xtures thereof having 2 to 12 carbon atons per
elememilseadleatidd fatorh e@sdopelieolri Geroopsdd ,catwadlysds germanium
wherein the zeolite has at |east two el enents sel ected
and diytgmmGroup 03 dor@moupin4thsuekoads tgerfimamiawnrandand wherein
either tin or boron, in the zeolite framework and
at legsdr @ne dtcliadasie lnrderbtion freued ¢ rivas Gpoep deppasted on
been deposited on the zeolite; and b ) recovering the
the ﬁﬁQ%ﬁPﬁn %ﬂﬂnﬁ%ﬂrQS&ﬁﬁﬂ¥9Qﬁ W?n?#?ﬂ%ﬁﬁ1onA?%t%¢r example of
taI%st on which at | east one G netal such

the Jpli“é?n it d%p&?lttaelé’s&n Az &0 ﬂ%vﬂﬁ@ ' PRgsErOUP 10
retalgo HiEnaTl Firtia o0l be P %ﬁém% Ui s dRspre” Hving at

least! WHdideFe e RE °§§§éc£%& D %Sr'oﬂpngl? 5?%'3:*031 b4 @ %uch

preparing a zeolitée having boron i ncorporate Pintd

boronZ€0kht ecf& anRuIrise b £ sdeResit i ng &5 4 e%%tarrﬁlﬂ% mehahudes a
sel ect ed fromGoup 10 on the zeolite; and

proce&al Cidy ng ﬁbﬁegﬁﬁihéeao&éﬁﬂﬂﬂéfﬁyle§$th@©dﬁﬂM@ a zeolite
sel ect ed ¥ron1C}oup 10 is deposited, said calcining

havingccloirag afiretorpeafateat | dmtaf (e zeoddlese bef psework; b)
depositing at | east one netal selected from Goup 10

deposaiinke eolletetororad t metal selected from Group 10 on the

o))

S

zeolite; and c¢) calcining the =zeolite on which at least one
metal selected from Group 10 1is deposited, said <calcining
occuring after preparation of the zeolite, before depositing at
least one metal selected from Group 10 on the zeolite or after
depositing at least one metal selected from Group 10 on the
zeolite. This example of the invention also includes a process
for the conversion of hydrocarbons of contacting a hydrocarbon
stream containing alkanes, olefins and mixtures thereof having
2 to 12 carbon atoms per molecule with at least one zeolite-
based catalyst wherein boron is incorporated into the zeolite
framework and wherein at least one metal selected from Group 10
has been deposited on the zeolite and recovering the product.
Another example of the invention is a ZSM-5 zeolite having

germanium and at least one selected from the group consisting
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depositing at |east one netal selected from Goup 10
on the zeolite. This exanple of the invention also
woO 2064/14888 a process for the conversion of hydrRGardeRM06631

of contacting a hydrocarbon stream contai ni ng al kanes,

ol efins and m xtures thereof having 2 to 12 carbon

atons per nolecule with at | east one zeolitebased

catal yst wherein boron is incorporated into the
of tidAeahid &droamEwddepait tdteriaito athd easdl one fedmdéwork. This

selected from G oup 10 has been deposited on the
exampZeoldlise antcYwdeveai pgddes prioticsynfhesheingxanpeplofte by

the invention is a ZSM5 zeolite having gernmani um and
prepaatingeastZSine seloddtted dargra irniegyrarymaoingl sirichgof lté¢éast one

and boron incorporated into the zeolite franmework.
selecthils ekEdipl e thleso PhetRdesCAPrIdess f OE syhthesigdichg Poron
_ a zeoli te_b% pregari ng a.ZSM5 zeolite containing, |,
incorgerakffumiBRE atPPeadfodhbCsefEaP8UCF FonfRfle gRbGHRINg the

.consisting of tin and boron incorporated into the
zeolifgolite framework and cal cining the zeolite. DETAILED

DESCRI PTI ON OF THE I NVENTI ON Crystalline silicates,

al um nosilicates, alum nophosphates and

si |1 coplit ARPRASPRALAS JiAvR UiE QiwrRaTes t hrough

whi ch—motecutescan—diffuse—Arummostticat es i ncl ude

£e0li L§g 4 nExannlies, Qfs ,Zeé’ilhlﬁ%os?‘ffié\ﬂeé,zsyi%inggﬁosphates

(Beta), MAWW (MCM 22), MOR (Mordenite), LTL (Zeolite
and 311 MI1 LR sphMWN ( 23Nl 2)in i TONn( 45M &2) tarduMBl which

(ZSM11) . Crystalline silicates, alumnosilicates,
molec@hdgl NepRosphatese . Aluminosilicates include =zeolites.

Examples of zeolites are MFI (ZSM-5), BEA (Beta), MWW (MCM-22),
MOR (Mordenite), LTL (Zeolite L), MTT (2SM-23), MTW (ZSM-12),
TON (ZSM-22) and MEL (ZSM-11).

Crystalline silicates, aluminosilicates, aluminophosphates
and silicoaluminophosphates have structures of TO, tetrahedra,
which form a three dimensional network by sharing oxygen atoms
where T represents tetravalent elements, such as silicon;
trivalent elements, such as aluminum; and pentavalent elements,
such as phosphorus. "“Zeolite” in the present application
includes aluminosilicates with open three-dimensional framework
structures composed of corner-sharing TOs tetrahedra, where T is
Al or Si, but also includes tetravalent, trivalent and divalent
T atoms which 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+) .
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and silicoal um nophosphat es have structures of TO4
tetrahedra, which forma three dinensional network by

“Mﬁﬁ@ﬂhﬁgmoxygen atonms where T represents tetrggh@3bosoossst
el enents, such as silicon; trivalent elenents, such as

alun1nun1 and pentaval ent el enments, such as

phosphorus. "Zeolite" in the present application

i ncl udes alum nosilicates with open three-di nensi ona
“Zeolfitatework sprumbuiég canposescofpcoomer ofharstnguci@re, not

tetrahedra, where T is Al or Si, but also includes
compotsattrianal ent, trival ent and divalent T atons which able

to isoelectronically replace Si and Al in the

Sidmerdes, e. galuglemémluma(mm) elvaanarhpaphptes and

~boron (3 +), %alllun1 3+),_iron (3+4) zinc (2 +) and

siligeedyingRHOsPhR tee ¥eRela} LY piGymtiary 14 deSEPT pﬁnonaqueous

oty oY S B R e Bifenteing subtcare

I h hat 1y f
wvom gL PO BRS¢ i HELE 8 O 0o
compr %%thegb bQQE%%% %§¥e§q glﬂ%%illqgtgs ? ilica source, an
ERICHERT a

unlnop osphateés or s nophosphat €5 conpri ses

aluml‘?l%ﬁ\v%rotdr% A AWM Rl B S $idd Ca SUEESed ANt o CJt:ystals

al'uni num source and a phosphorus source, as needed,

py Crystals byhaiidiotfer ml proesssss enpl oyi &pBoying a
di ssolution/recrystallization nmechanism The reaction
dissoTReibm/Fay: rgls$a 1¢arhaki Bnamecgami €m St I UTher e<didtden Ngedium

agent which is incorporated in the m croporous space
may afsd heorctyist abhi negpet worsk rdurtivrg —ciystcalinioz stgeort, which is

thus controlling the
incorporated in the microporous space of the crystalline
network during crystallization, thus controlling the
construction of the network and assisting to stabilize the
structure through the interactions with the silicon, aluminum
or phosphorus components.

The aqueous gel contains in addition to the silica source,
the aluminum source, the phosphorus source, as needed, and the
optional organic structure-directing agent, and 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

(Si0,) which is available in various forms, such as silica sol,

commercially available as Ludox AS-40™, precipitated silica,
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construction of the network and assisting to stabilize
the structure through the interactions with the
woslobs/£@8y3 al um num or phosphorus conponents. TH&/ys2008/006631

aqueous gel contains in addition to the silica source,

the al um num source, the phosphorus source, as needed,

and the optional organic structure-directing agent,

and a source of at |east one other el enent from G oup
commet cia®lgupaaildsDepat3, Uk oapi 14VNGspup” 16ndr fitmeed silica,

first series transition netals to be incorporated into
commetrieg afldgnewark abflet he Rielriosdtle 208Mni nosi | i cat e,

al um nophosphat e or silicoal um nophosphate . Exanpl es

dixampd esi | pEa tbar celanengn| i SV TXi gercor sodibma aluminate,

(Si @) which is available in various forns, such as
alumigiopi caissRteconBHBILANIY AVAITRAB)e asUliaER Akvdopriye and

reC|p|tated silica,commercially available as U trasi

PSGUdVN@@PmG @ and funed silica, commercially available as

| 20 h
5&?%% st dih b, PP ER R RS noEREee e a  doid (85
e b .
te), B R A0 PEE D OIS S 1pnESPIBLES Hld sodium

metapg% haQrthophosphorlc acid, triethyl phosphate and
unmnetaphosphate . Exanples of the source of G oup

‘tx’am Q4P 8f, tHOURCEBceGORIP GHbupS AUP G ugNdst h&sroup 13,

first series transition netals are oxides, chlorides,
Groupsul4 ateseu@l keximdes,tHé Uﬂﬁrgesse&fllb"satt&%rﬁﬁctlon metals are
oxides, chlorides, sulfates, alkoxides, fluorides, nitrates and
oxalates.

Examples of the structure-directing agent are organic
amine and quaternary ammonium compounds and salts and cations

thereof, such as tetra n-propyl ammonium hydroxide, tetra n-

propyl ammonium bromide and tetra n-propyl ammonium chloride,

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, 1,4-diazabicyclo(2,2,2)octane,

N',N',N,N-tetramethyl- (1, 6) hexanediamine, N—
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oxal ates . Exanples of the structure-directing agent
are organi c am ne and quaternary anmoni um conpounds

woek/pabfzs and cations thereof, such as tetra pgrarRmsoosss1
amoni um hydroxi de, tetra npropyl ammoni um brom de and

tetra n-propyl ammoni um chl oride, tetraethyl amoni um
hydr oxi de, hexanethyleneimne, 1,4- di (I' 4
'-diazabicyclo [2.2.2] octane) butane hydroxide,
me t h yiat it d el anciyred ,ohexy | adv et layd- el led iyl b haepl ami nel-methyl
N, N - diisopropyl imdazoliumcation,
pipetietimehut \3-aratoni lup iqoepodings, di-metprvbyyahdnexy DPAine, 3-
tripropylamne,- triethylanm ne (TEA) ,
me thytlm vatirdimod ani néd —ms gey } dh el d Pneret hy| Py e hedime, N,N'-
. , Ndi met hyl benzyl am ne, N , N-di et hyl et hanol am ne, ,
dimetdjvelyl dredda zaR e Che (R di bt BAtERandPRAT fél ~—hREF rbamine,
cation, N ,N'-dinethyl pi perazine, 1 ,4-diazabicyclo
neoperdylaming oct dhgn-RENGYLANNSy t ef Pg%Pﬁyhﬁmef,ee) t-butyl-

e A AT ST et e, &
- net - ni peridi | oh am ne, 3- _11-(4-
vers PG eI Yo b el ohe e 3 -

: - o . ) S )
chloéﬁéﬁ%ﬁg&gﬁ%%ﬁié§f§é¥?ﬁ¥€§?lf?l tnél)pOEtanNeqiRfum  or 1

pen am ne, di-n-pentylaraine,

ethyﬂ1%*%1%&Héﬂ91“byél%#¥d ?ﬂ%@@hyﬁiﬁ%bﬁﬁ@giéﬂﬁﬂe, cation and
pyrrolidine, 2-imdazolidone, a enzyl - 1,

mixt Al azabigycl o [2 .2 .2 Joctane cation, a |-[]-(4-

chl or ophenyl ) -cycl opropyl net hyl ]

Theet tyd ctplyorn ohadi ailgm art il-1 zet W -deid as a reagent. The

(1- phenyl -cycl opropyl nethyl) -pyrrolidiumcation and
acid may be a Bronsted acid or a Lewis acid. Examples without
limitation of an acid wuseful in the present invention are
sulfuric acid, acetic acid, nitric acid, phosphoric acid,
hydrochloric acid, hydrofluoric acid, oxalic acid or formic
acid.

The reaction mixture is stirred and heated to a
temperature of about 100°C to about 200°C to form crystals.
The reaction mixture 1s cooled to room temperature. The
crystals are separated from the synthesis liquor. The liquid
portion of the synthesis liquor may be removed by filtration,
evaporation, spray drying or any other means for removing
liquid, e.g., 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.
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m xtures thereof. The reaction may also utilize an
acid as a reagent. The acid nay be a Bronsted acid or
woobg7s43aci d. Exanples without limtati on of i/ @Boéd/006631
useful in the present invention are sulfuric acid,
acetic acid, nitric acid, phosphoric acid,
hydrochl oric acid, hydrofluoric acid, oxalic acid or
formc acid. The reaction mxture is stirred and
reat ed und i Sianpertaisumeayofhabouw 4001 O6h t o abbuhi 200 atomic
OCto formcrystals. The reaction mxture is cooled to
ratior 00B1t Birperqtanteer Thdaor y8t &l s arle separ atgebdiment hef the
synthesis liquor. The liquid portion of the synthesis
presenitquigrvendyl e reheved lbgohi [ta a2 lwninevapbpairoratio is in
spray drying or any other nmeans for renoving |iquid,
the wange ﬁﬁp@nlﬁwbnfpmgqu@ta|§n'ﬁ%@%ﬁ@%tﬁmg0§#@ent of the
washed with water and_then dried, and cal ci ned. The

presegit| TG i esRBnfitalFPNalihi ALWFFRER BhPTHEYy fatio is in

contain al ym num a other inpurities up to 500
the rﬁBﬁFTﬁ§°5lﬂ%'ﬁo%FIﬁggrés may have a silicon to

um num at o ¢ o (Si; reat er 2:

TSRS RS (e N S8 SNy blpsporus

0 Al um, nYmAtEM ¢nr A0 SR TAEK aRgR Wk O 451 1 dP apout
atomi OO:%?ﬂ%nwanofﬂer gﬂbOJ?ﬁenF?Of tH% preséht invention,a °oH
1.2:1thessildicon Al WA numat onbgré@t i onbs i, 80e 1aPge hereby

from18:1 to 100:1. The al um nophosphates may have an
incorgloWHaitRdMHE0 rieffesRhekys

The silicoaluminophosphates may have a silicon to aluminum

to phosphorus atomic ratio represented by (SyAlyP,)0, where "x",

y" and "z" represent the mole fractions of silicon, aluminum
and phosphorus respectively, present as tetrahedral oxides,
said mole fractions being such that they are within the

pentagonal compositional area defined by points ABCD and E of

a ternary diagram with values represented in the table below:

Mole Fraction

X Yy z
A 0.01 0.47 0.52
B 0.94 0.01 0.05
C 0.98 0.01 0.01
D 0.39 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.
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atomc ratio (Al: P) in the range fromabout 0.8:1 to
about 1.2:1 as disclosed in U S. Patent no. 4,310, 440,

“mhgﬁgpwﬁbncorporated by reference. The PCT/US2008/006631
si li coal um nophosphates may have a silicon to al um num

to phosphorus atomic ratio represented by (S xAlyP )2
where "x", "y" and "z" represent the nole fractions of
silicon, alum num and phosphorus respectively, present
Toet einfaaladrat exoaess, sardupobe Gractp Ay b&iawgpe suéh Group
that they are within the pentagonal conpositional area
15 addfi hbd b§ipsintseABCD anchrBidficn t evetary dpagsamtwi th the
val ues represented in the table bel ow Mle Fraction X
crystpl2ine0 foarewdz k0. 152 iB (.hoy margle o080 @ OL 98C 0% 080 02D 1wt - %
D 0.39 0.60 0.01 E 0.01 0.60 0.39 as disclosed in U S.
In opg @RPAFEMENULT FhE PRt | HEH Yokt edtbys range is from

reference The anount of G ou , Qo
0.1 ' otip *04, L& &thp *15 aﬂﬁ‘tﬁ%OFﬁ?Etgﬁgéqéyqpﬁangftﬂgﬁz bresent

metal s present in the crystalline fra rk is in the
lnve“F&ﬁﬁe Fﬁ&ﬁ16af9ﬁ:l%% m%@ 31 Y9, *Pn>0l& *&rmbodi ment

S e P e LA A D Grdphoc® ox
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 1is deposited on the silicate,
aluminosilicate, aluminophosphate or silicoaluminophosphate
(“deposited metal”). The metal is deposited not only on the
surface of the silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate but also in the pores and channels which
occur in the silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate. The metal 1is deposited on the

silicate, aluminosilicate, aluminophosphate or

silicoaluminophosphate by any known method 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, impregnation and vapor
deposition. In 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 1is
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invention, this range is from0.1 w .%to 5w .%.
The silicate, alum nosilicate, alum nophosphate or

wodobd/£@843um nophosphat e has average pore size ddtidd608/006631
range from2 angstrons to 20 angstrons, i.e.,

m croporous. At |east one netal selected from G oup 6
, Goup 7, Goup 8, Goup 9 or Goup 10 is deposited
on the silicate, alum nosilicate, alum nophosphate or
presesitl iiooatbel nephesphate O'.déposet 88 et akéjght The et ahother
I's deposited not only on the surface of the silicate,
embodaimenitnosf | tbat @resdanti noptiesphane ¢ihe metal is present in
si li coal um nophosphate but also in the pores and
the rengenéiremwhi-éhtecéudsi kvt Weighti-.cate, al uminosilicate,

al um nophosphat e, or silicoal um nophaosphate. The netal
HOWgdSdsi t E8TonSHhECaT¢i c ARMIARHIAGSTS cap duminophosphate

al um nophosphat e .or._ silicoal um npphosphat e hy an

or iR HELRGP TG RIBSSIRATRY a-TET Y= b &1 MiGH dietals have
al ym nosili,cate,, al um nophosphate or

been i AFRSaT thophoiphatd O TSl calt TETRGUS ST defBS tifEalyst

regeﬂ%fy%fgn(¥% ékgkﬁéggféﬂ ngﬁgh ta’ to "sinter", i.e.,
al'um nophosphat e or silicoal um nophosphate are ion

agglomeGRangs, &PERENALILN §hd-VAPPLs depeshthAl. il AN€increase
enbodi nent of the present invention, the nétal is

of mdt£Bephrkn diRe §ange I 0ahE. Calpt-S3%bY twel ghto1iBe and a
anot her enbodi nent of the present invention, the netal

decrdaspr esentmdtrul heurdage faosn. LAd0i o by vesghiof l@atalyst

anot her enbodi nent of the present invention, the netal
performaproeserdpeai fhea I hpgeatrdysd. Detrd oknBdsy, weight .activity
and/or selectivity.

Without the present invention and its claims being limited
by theory, it 1s Dbelieved that certain elements in the
framework and certain metals deposited on the silicate,
aluminosilicate, aluminophosphate or silicoaluminophosphate
associate to resist sintering of the deposited metal. U.S.
Patent no. 6,784,333 discloses and claims an aluminum-silicon-
germanium zeolite on which platinum has been deposited for use
in a process for the aromatization of hydrocarbons. The
presence of germanium in the framework of the zeolite and the
presence of platinum depositéd on the zeolite apparently
results in higher selectivity for benzene, toluene and xylenes
(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

11
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However, for silicate, alum nosilicate,
al um nophosphate or silicoal um nophosphat e- based
woeRbgrsiss on which netal s have been deposit egerido08/006631
process tenperatures and catal yst regeneration
tenperatures cause the netal to "sinter", i.e.
aggl oneration of the netal particles resulting in an
i ncrease of netal particle size on the surface of the
that z@el idearmand un diecr elase fobmapbak sudf ate grled,imausdagosited
a loss of catal yst performance, specifically catalyst
on tperf aewdite, esgociadtd vituchanditort seilextipdlatyinum remains
Wthout the present invention and its clainms being
dispelrisaidt eddbgpinhesipg it rsdbekteved that certain
elements in the framework and certain netals deposited
SestRessi geEmd_iuml ukiEs | Meyt ePeal MM HopIFISHITRLTS o the
si_lLi.coal um nophosphat e _associate to te%ist sinterin
crystgfling deiFRGUUd nifarh BBoPA Nt Vb e B4l 3gR of other
g dis%los%s and cl.ai ns an.al%"nun}sili onger mani um b
epos3E&Ai PELAASwhi & SPERESH IR A Bder? df T Ue may be
in .a ce r,th r i zat f5 hy rbons.
Selec%ﬁg 6$%§EH§§O%$ éérﬁ%%?%£?$h ?kgggrgﬁ%mﬁg%9§$ ?%é Group 1>

and t%%okhk%ta%%rﬁ%% Q&%ﬁ§¥%idﬁ_ﬂgﬁgf§“8@ckﬁgﬁﬁéfﬁbéghtfgble of

zeolite apparently results in higher selectivity for

ElemeB€BZenesp Ol penecandprykenas (IR0 wWhiefBnE8MUMS germanium,
essentially constant over a significant tine on

‘boron$trgam iWhj houddi e, | nventi @ tehidm, SzirPahedh, Novanadium,

6,784,333 and its clains being [imted by theory, it
chromfiay, batrdvat, tisolgiernmaandmpho siohe rfusanewdnd& amd tdre elements

pl ati num deposi ted
may be in the crystalline framework. Specific examples of
elements in the framework are germanium and at least one
selected from the group consisting of tin and boron.

Besides platinum, there may be other deposited metals
which associate with germanium or other elements 1in the
crystalline framework. Deposited metals may be selected from
Group 6, Group 7, Group 8, Group 9 and Group 10 of the Periodic
Table of Elements. Specific examples of the deposited metal
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
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on the zeolite associate such that the platinum
remai ns di spersed and sintering is reduced. Besides

wRBAsMM there may be other elenments in thecrus2008006631
crystalline framework which associate with platinum or

ot her deposited netals. Elenents in the crystalline

framework may be selected fromGoup 4, Goup 5 ,

Group 13, Goup 14, Goup 15 and the first series
from teamgpticQn cebabs of tdreuRer Bodi €rdabl & obndl edmmis. 10 are

Specific exanples of these elenents are gernmani um
deposhoedn,nedl | ingrg  badi Limited, to t aniagnlizia cbnkumay be any

vanadi um chrom um iron, niobium and phosphorus. One
micropprpuse eflednerittss mayabemiposhéicpyst al ldalnmimaph@gntiate  or

. Specific exanples of elenents in the framework are

silicgalpmangrhasghatel-east one sel ected fromthe group

consi sting of tin and boron. Besides platinum there

Eea ?g

B&FOBE obher fd&FosFAERASHELANs Whi ERSasBBt? bt e thie hSilicate,
: ] th | t i he. I ]
a Tumi f B T PR e Daod PSP HARER L ek D SeT St W TS RIS hae may
€] . 8 G . th .
e onrontP et d557 Bronphfe e e e Blat itk | [Rpominam.

titanqﬁRQSitf%%égﬂfﬂnuaretﬂé?iﬁﬂyn]SQQHXBg?nu@knﬂﬁﬁnid%P mixtures

ni ckel, ruthenium rhodium palladium osmum an

therebl. di 4Re d@éém%ﬁﬁﬁgﬁnﬁbeiﬁ&f asndi §Bb3 1t £8g metal can
e.g., Pt/ Sn, Pt/GCe, /Pb or nmetal/ metal oxide

occurCQmi fayi orslere. 9. BPhAERG2 maRByodreuleposotedorThefter metal
crystalline framework of which these elenents from
deposition.

The catalyst may be calcined at different stages in the
synthesis. For example, there may be a first calcination of
the silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate to remove the organic structure-
directing agent followed by metal deposition and subsequent
calcinations at lower temperatures. The calcination to remove
the organic structure-directing agent is at a temperature of
about 300°C to about 1000°C or about 300°C to about 750°C for a
time sufficient to remove essentially all of any structure-
directing agent, e.g., one to six hours or about four hours.
One example of calcination 1is at 550°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
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Goup 4, Goup 5, Goup 13, Goup 14, Goup 15 and
the first series transition netals are part and on

woWdigiemt al s sel ectedfrom Goup 6 , Goup 7 pcHRISDG631
, Goup 9 and G oup 10 are deposited need not be

limted to a zeolite but may be any m croporous
silicate, alum nosilicate, alum nophosphate or
silicoal um nophosphate . Before or after deposition of

fix tire netatgl t he siThiicat ecaldimitiosi | | sdeld not exceed a
al um nophosphate or silicoal um nophosphate may be

tempeletindebpfo%i008€ endphesphrat et of e tume abfumbpaug 200°C
titanium zirconium thorium silicon, boron or

to abeiutt rls’Q hereod. time procdss saeps of Birawi mépoatd 0-5 hour
depositing nmetal can occur in any order. Binding nay

to abgagurdhEPEES -or TRRSE GrtEINadesds thSGT e RatpRAatate but
may be cal cined at different stages in the synthesis.

may Beo/compiREch, £9 e TRy: B BOFrT LHaBaPBRNRITER 6t tfilien the
silicate, a m'nosil.hcatgé alunino%fos hat e

A |
S1L1CEERY coal uni ROPRGSPRALECE6F emove t Ae BT Y3 ?%géhate oF

silic§%gH§E§é§g%é§§5E89i%g%ﬂiléfﬂééww¥¥;Q¥a?§5@“t§ﬁ@£§k£@?@gbound

cal cinations at' | ower nper at ur es.

and 1¢ak@NaHdRN 1O LLMBYS, L PeQT 8ANLE ST Yekur e-ci TeGidtibn can

agent is at a tenperature of about 300 OC to about

occurlOQ) 9F UnBkAUHMe3R0 € kﬁq@ﬂﬁ#t K@QEb?@ﬁ,ahQHE%gen, water

sufficient to renove essentially all of any
vapor$t hect uhedhfept kogrageshereod., one to six hours or

about four hours. One exanple of calcination is at 550

0Gef ocat®&hydour ound and unbound, will have porosity in
addition to the uniform porosity of the silicate,
aluminosilicate, aluminophosphate or silicoaluminophosphate.
For an unbound catalyst, the average pore size of the catalyst
can vary for bound and unbound catalyst and is in the range
from 2 angstroms to 100 angstroms. In one embodiment of the
present invention, the average pore size is in the range from 5
angstroms to 50 angstroms. In another embodiment of the
present invention, the average pore size is in the microporous
range from 5 angstroms to 20 angstroms. For a bound catalyst,
the average pore size of the catalyst may vary from 5 angstroms
up to 100 microns.

Some catalysts used for hydrocarbon conversion are
susceptible to sulfur poisoning. However, for some catalysts

used for hydrocarbon conversion, modest amounts of sulfur, such

as about 0 to 200 ppm in the feed, are acceptable and sometimes
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Cal cination may occur after binding. This calcination
is at a tenperature in the range of from about 300 0OC
wolRogfesds 1000 OC for a tinme in the range of fpQHRRUY6631
one hour to about 24 hours. Calcination nay al so occur
after nmetal deposition tofix the nmetal. This
cal ci nation should not exceed a tenperature of 500 OC
and may be at a tenperature of about 200 OC to about
prefed08d0C frae aathNgsitnmbie alangeoofpdfdraalmaitwikd fiolfur. A
to about 24 hours. These cal cinati ons need not be
standaeparsatlefunitzatmaiwrbemeohbnechdto ascompll shnowne imamhe art
one purpose. Wien the silicate, alumnosilicate,
consiataninopleesphagt eirortlse | preatuaenophes phdtfarrd scompound, such
calcined, it may be bound or unbound and it may have
as hydgogiendepddiitdsy obri @ oixpore Gf cd natildRrcaempeemcy and an
_ in an environnent of oxygen, nitrogen, hydrogen, water
inerty gssy, ?%ﬁWuﬁﬁamyqﬁQQQRegrtW@Fé@ﬂenﬂmﬁ%aﬁa%ﬁﬂﬂerature of
bound and unbound, will have porositY in addition to
betweehelBAi foenBRBIGsiNgnokinhelny | ¢xatel eql afi piosf 1T caempounds
al um nophosphat e or silicoal um nophosphate. For an
are Hufboand waaglomstlfidse euepeagedpopsechi 26 ciindfdiyl disulfide
catal yst can vary for bound and unbound catal yst and
or DMEQ | (iR Trngel Fiom 4= angSE T Bt 100 Snetaoms RS N -
one enbodi nent of the present invention, the average
1-20. porl& si9R€ | sCPROBABERENg® T r oS aR§ECFBAs g VsEtion,  the
angstronms. | n another enbodi ment of the present
temperpayehei bR, PERBCEPeradeapar 8087Ge is in the nicroporous
range from5 angstrons to 20 angstrons. For a bound

@Qﬁaquﬁqust may contain a reaction product, such as a
sulfide of the deposited metal, that is formed by contacting
the catalyst with sulfur or a sulfur compound. In one
embodiment of the present invention, the amount of sulfur on
the catalyst is in the range of from 10 ﬁpm to 0.1 wt.%.

The catalyst may also contain elements other than sulfur,
such as tin, germanium or lead. These elements would be
present in the range of from 1:1 to 1:100 as a ratio of the
deposited metal to tin, germanium or lead. These elements may
be added to the catalyst by wet impregnation, chemical vapor
deposition or other methods known in the art.

The silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate-based catalyst which contains at least
one element selected from Group 4, Group 5, Group 13, Group 14,

Group 15 and the first series transition metals isomorphously
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t he average pore size of the catalyst may vary from5
angstrons up to 100 mcrons. Sone catal ysts used for

woBdg /L8 bon conversion are susceptible to sulgdaus2008/006631
poi soni ng. However, for some catal ysts used for

hydr ocar bon conversi on, nodest anmounts of sulfur, such
as about 0 to 200 ppmin the feed, are acceptable and
soneti nespreferred. The catal yst may al so be

incorpoetntedt edtw tdhesdalriteA Stamslas ok sahfiuniczdkiaet one metal
method that is well known in the art consists in

selechedt ifmgmi 1Gdvg pées@ncep of, a Gwiuur8 c cepowpd? sudh Geup 10
hydrogen sul fide, or a mxture of a sul fur conpound

deposahgdanohnethegageoddtlk asamydibegensed nilty ogen,prasess for
temperature of between 150 and 800C. Non-limting

convegganpl e’f of N EANIGATRUBhp SEFGS™Er e CARS21NARIor Garfogul FLkanes,
.ide conmpound, such as dinethyl disulfide or, @)

olefipg % hiff-2&Ufrfoxtiyeyeot op na2% &e oﬁﬁﬁﬁ%%z branched,

iment, of the present

where n = 1-20, | d
CYClangréﬁ‘E‘Eéﬁ?r?ﬁet%?rSg?Zt ggggi 3L BBERESR- 250 and 600C.

0P, S3LLHSL ) EETUALE B LR PLICUEL S SR or

€0 € “deposite or Ime

alkal?LHgt a%‘égggl t Hl%t%qt,al Bégtchw ta@ Sl&é‘éifunef %éﬂagﬂum,_ sodium,

conpoun n one enbodi nent of the present invention,

rubidi R, a0l sS4l din ONmbBBesabAl Vild | fikPut8e KARGROE, . to
of Trom10 ppmto 0.1 w . % . The catal yst may al so

reducBOH@idy 18} eABaAt Sties than-sdildir , zsvehtas tin, non-acidic
germani um or | ead. These el enents woul d be present in
zeolithe hasge safbSftraomikllyt o AL 11000As atsaticatdbntibe sites of
exchange, e.g., those typically associated with aluminum,
occupied by nonhydrogen cationic species, e.g., alkali or
alkaline earth metals. These cationic sites are often
responsible for cracking of Thydrocarbons into - undesired
products. A zeolite may be non-acidic by exchanée with a base
or by having a low aluminum content. The base-exchange may
occur before or after the noble metal is deposited. Such a
base-exchanged catalyst may be used to convert Cg-C;, alkanes,
such as might be obtained from natural gas condensate, light
naphtha, raffinate from aromatics extraction and other refinery
or chemical processes, to aromatics, such as benzene, ethyl
benzene, toluene and xylenes. Base-exchange may take place
during synthesis of the zeolite with an alkali metal or

alkaline earth metal being added as a component of the reaction

mixture or may take place with a crystalline zeolite before or
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deposited netal to tin, germaniumor |ead. These
el ements may be added to the catal yst by wet
wO Jobg/egeat i on, chemical vapor deposition or oOtfRarus2008/006631

nmet hods known in the art. The silicate,

al um nosilicate, alum nophosphate or

si |l i coal um nophosphat e- based cat al yst whi ch cont ai ns

at | east one el enent selected fromGoup 4 , Goup 5,
afterGaapodi ida o léhe GruielSmandlt he ThestzseYi®es is base-

transition netal s isonorphouslyincorporated into the
exchapgeHi t eof ranewoektamd athdteastodne aret alllsebéct edef roations

Goup 6, Goup 7, Goup 8, Goup 9 and G oup 10
assocdepedi teitlon allveizredl i asecanl ¥pd lusB@tph OPpr 8d&dd ihgr earth

conversi on of hydrocarbon_streans containing C2-Cl2
metala)| K’@n@armléi%% Br MRNRVALeNthERS6s: %ﬁ%ﬁl%yw@r ratio in

straight, branched, cyclic or, m xtures theéeof

the %%Q%ﬁ%ﬁ(ﬁgtq$eb§%%l?thﬁﬁ9ebésbé§é ?%ﬁ%n@ auﬁnph For a
| kal t al | kal t h
aivar@gfd e I SNty S Cahbn 1 Ar SO A%t B hare
(0.45 magnesi um and XtHr§? thereof, tospeduge ﬂ?h?bé%eﬁ@d base,
orma non- aC| | C Zeo té. A nhon-acidic zeo

respe%%?%%@?t'aghﬂ af&roﬁni§€hfég"8¥ Cm%h%%%l%%texcg§99§ent and

hose typical Iy associated with al um num

trlva%ﬁupb@@egy RORNLHRGE hmSiald 0N SPEFHER 18 JappdtKdbhed by
or alkaline earth netals. These cationic sites are

theiroktepetespensoblkentonncraekinagtaf-ehydrocarbons into
undesired products. A zeolite nmay be non-acidic by
exphaddegw dh atrmselemehy hantcogpardvadalimicumhe zeolite
content. The base-exchange may
framework, the zeolite may be non-acidic without base-exchange,
e.g., boron, germanium or tin in an aluminum-free =zeolite.
“Aluminum-free” has a meaning of having aluminum content of no
more than 0.4wt%.
Examples of hydrocarbon conversion processes for which
this catalyst can be used are:
(A) The catalytic cracking of a naphtha feed to produce light
olefins. Typical reaction conditions include from about 500°C
to about 750°C, pressures of subatmospheric or atmospheric,
generally ranging up to about 10 atmospheres (gauge) and
catalyst residence time (volume of the catalyst/feed rate)
from about 10 milliseconds to about 10 seconds.
(B) The catalytic cracking of high molecular weight

hydrocarbons to lower weight hydrocarbons. Typical reaction

conditions for catalytic cracking include temperatures of from
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occur before or after the noble netal is deposited.
Such a base-exchanged catal yst nay be used to convert

woQodaldsga! kanes, such as m ght be obtai ned fre@EriRabevsAY6631
gas condensate, |ight naphtha, raffinate from

aromatics extraction and other refinery or chem ca
processes, to aromatics, such as benzene, ethyl
benzene, toluene and xyl enes. Base-exchange nay take
aboutpl @0@ °dur tbg spotihes7800€,t hprzeshireée wofh finocml kabout 0.1
metal or alkaline earth netal being added as a
atmosphiarenefbanf ttloe akacti AP naknaspheresmy drakewpligbg hourly
with a crystalline zeolite before orafter deposition
spaceofvetlipe ifdisise afetfalom Blowtedl i et ¢ s2ibriseekhanyged to
the extent that nost or all of the cations associ ated
(C)  iheh diuafsrifekat ikal PEnefaPmaFLgl kAVdFeceédoRs in  the

oresdRehe TR Do (DLCILEN, ot ymoum ml ot o,

conas 300 L R SbYBREI % U VAR R3SF RIS abone
o f t ' f. Xt

s00°C," 2 TPBOYRIEM, Past. d eSRRcly velhe 0oy PLICESS: 200

atmosPRlede o atd Qa. MW d, ber appopLanedi By thelr respeddMt 1 to

ontent in the mxture.” Depending on the el enent

abouti NEEH PAfat et ant her &8ot 1 & e Hyamrwadon A Zeolyi&romatic

may be non-acidic without base-exchange, e.g., boron,
hydro@ein Waley dddid pan admminwm f1ee zeokbder 16/1.

"Alum numfree" has a neaning of having al um num
(D) CTbat endomdr hmatboe tdfan aGohatt¥c (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 and a

hourly space velocity of from about 0.1 to about 200 hr
hydrogen/hydrocarbon mole ratio of from about 0 to about 100.
(E) The dewaxing of hydrocarbons by selectively removing
straight chain paraffins. The reaction conditions are
dependent in large measure on the feed used and upon the
desired pour point. Typical reaction conditions include a
temperature between about 200°C and 450°C, a pressure up to
3,000 psig and a liquid hourly space velocity from 0.1 to 20
hrt.

(F) 'The alkylation of aromatic hydrocarbons, e.g., benzene and

alkylbenzenes, in the presence of an alkylating agent, e.g.,

olefins, formaldehyde, alkyl halides and alcohols having 1 to
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Exanpl es of hydrocarbon conversion processes for which
this catal yst can be used are: (A) The catalytic

wooagkieg of a naphtha feed to produce |ight glafid8es/006631
Typi cal reaction conditions include from about 500 0C

to about 750 0C , pressures of subatnospheric or
at nospheric, generally ranging up to about 10
at nospheres (gauge) and catal yst residence tine

about( VA0 URBrBbnt R i al Yohiteed deal®)i I 0Fd Ao 0A8 include a
mlliseconds to about 10 seconds. (B) The catalytic

t empeGiattkien® Of £ hbghapblhieculoar oved ghibdydr 60arfbpns tpressure of
| oner wei ght hydrocarbons. Typical reaction conditions

from f aboaat ahyhospleeatki ngo i rddaude L@fperamospheaes, a weight
fromabout 400 OC to about 700 OC , pressures of from

hour labowac®, Vedtamspherfe {iham )abeuabbutr 30 tat mbopterldd hr™' and
and wei ght hourly space velocities of fromabout 0.1

an aronabbet hmwarlbon/(ad)kyrlv@tw%n@am abpdf ofatio of from
aromatic drocarbons in the presence of

aboutpd|Aldl kg éﬁﬁﬁﬁi Hydr ocar bons. Typical reaction
condi tii ons |nclud eratg;e of from about 200

(6) e sty 1266 Be © aap?%gn&lr% AN SEngsphdrThzene

) t b 200 H% h ht |
Wlth'vg?%%?? E%Vlfgg 85{e§ ?o abd9 fﬁ%%%ly %gﬁg%al reaction
t | ¢]
condity %ggr; %ﬁgggng%ﬁ% aﬁgﬁgto£gggt?9f§%ﬂh9gg§ gﬂto about

200°d SoﬂerﬁféééQPeOfoPTQWFHm(3Aﬁ%d}, DMk fieedsbockpout 200
conponents Typi cal reaction conditions for such

atmos! Qelr{é@e aa t enehat Weupt yf pmcboys 1230t CJ0 abemt about 2
, a pressure of

hr-* 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
synthetic detergents.

(H) The alkylation of aromatic hydrocarbons with light olefins
to provide short chain alkyl aromatic compounds, e.g., the
alkylation of benzene with propylene to provide cumene.
Typical reaction conditions include a temperature of from
about 10°C to about 200°C, a pressure of from about 1 to about
30 atmospheres, and an aromatic hydrocarbon weight hourly
space velocity (WHSV) of from 1 hr™* to about 50 hr!.

(I) The hydrocracking of heavy petroleum feedstocks, cyclic

stocks, and other hydrocrack charge stocks. The zeolite-bound

high silica =zeolite will contain an effective amount of at
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from about 0.5 atnospheres to about 50 atnospheres, a
wei ght hourly space velocity of fromabout 0.1 to

whesige7230 hr 1 and a hydrogen/ hydrocar bon nol@@068/006631
of fromabout 0 to about 100. (E) The dewaxi ng of

hydr ocar bons by sel ectively renoving strai ght chain
paraffins. The reaction conditions are dependent in
| arge nmeasure on the feed used and upon the desired
leastpodhepohPdirodypatabnr eashpomecondifi i ahe | ngpbedeec@ployed in
tenperature between about 200 OC and 450 0C, a
hydropressuimng up to 3,000 psig and a liquid hourly spacatalysts.
velocity fromO0.1 to 20 hr 1 . (F) The al kyl ati on of
(J) Ghemaeilkydpdriosar Isdns 2 e.qgfom@ieneaieining substantial
al kyl benzenes, in the presence of an al kyl ating agent,
quantdtges opE&f ipRnzgnw mandehydéuearkyf i Hal ifded af@s containing
al cohol s having 1 toabout 20 carbon atonms. T

. i cal
short; ¢RAiTor0 Lo i SRs O nolSde Eenpat aPEPRYAFTE) oo Produce
b Q0 .0C .t b 500 OC ., ) f..fr .
wono- 20940 199,05,10,8PoUL 200,00, 2 PLESEr e QL LG, inciuce
h I i, t o 1 ol t
oot PR G YahORkl vy 8L o SO 1 b {0, 2BOM e o

from gi’;ll?&tra?_fd;)d; Lg{ 56(95% a@@b't §%éé:} tao W@%W‘bl%@l%b ﬂr@m Taﬁ?out 0.4

aromatic h car bons, e. enzene,

hrt ¥ thpbepgochan! ol af sy -8cForratd &fd NerdiPhdht 1 hr to
reaction conditions include a tenperature of from

aboutalouir30 0@, oEbosia R0P, 08 gad pfasgalie of okl aBbakout. 5 to
at nospheric to about 200 atnospheres, a weight hourly

2.5 vepaeelvehed tgasoffdfadom about 2

(K) The alkylation of aromatic hydrocarbons, e.g., benzene,

toluene, xylene, and naphthalene, with 1long chain olefins,

e.g., Ciq olefin, to produce alkylated aromatic lube base

stocks. Typical reaction conditions include temperatures from

about 100°C to about 400°C and pressures from about 50 to 450

psig.

(L) The alkylation of phenols with olefins or equivalent

alcohols to provide long chain alkyl phenols. Typical reaction

conditions include temperatures from about 100°C to about

250°C, pressures from about 1 to 300 psig and total WHSV of

from about 2 hr™* to about 10 hr™*.

(M) The conversion of 1light paraffins to olefins and/or

aromatics. Typical reaction conditions include temperatures

from about 425°C to about 760°C and pressures from about 10 to

about 2000 psig.
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hr- 1 to about 2000 hr 1 and an aromatic
hydr ocarbon/olef in nole ratio of fromabout 1/1 to

wohesig73/ 1. The resulting products fromthe ngaeid208/006631
are long chain al kyl aromatics whi ch when subsequently

sul fonat ed have particul ar application as synthetic
detergents. (H) The al kylation of aromatic
hydrocarbons with |ight olefins to provide short chain
(N) Bh&ykoaveration cofipaunds, elgfinthetal kpkafliae,ofdistillate
benzene with propylene to provide cunene . Typica
and redet i omropndi hydnscankbnde aTyeiperlat ureaagfid ongonditions
about 10 OC to about 200 OC , a pressure of from about
incluglet ¢ eatrana Bores nosphspes abowt ah’ aronhei ebhydr $d& Korpnd a
ght hourly space velocity of from1 hr 1 to

pressaﬁﬁupfsénﬂm:Pboqq)10nﬁprﬁkﬁ%%r%%a% ngSd¥ - heavy

o1 A R R Lo SRR B agon ovceans
[t | | t ff

navind | ASEHEEL AL SONRIE SRoEETSELNE S 0 prenmiun

dlstlﬁq%%%y%guﬁnggxgﬁgﬁ a%h%ﬁ%J? £X§ %%Kihﬁ oxr as feed to

MKyl ation a re orna stantia

furth%lfanfdé1§sogf &Fé?ﬁ%é‘n?rb%g%% widdrfuel 198s first stage

containing short chain olefins (e’g., ethylene and

can HY G %li&%meh[r?fi031§ﬁ@ad|z@dﬂ|t@ eomg¥ef Bld eshe or
Cc

reacti on conditions include tenperatures from about
more 100 DG/t Dcabpyt a25DveC sulbs Paesssf e ealy .f,r am @aboup Blnetal,

to about 800 psig, a WHSV-ol efin fromabout 0.4 hr 1

and tloe ab6fifuBn8 Hirhm at MSV-ireft ostage ebufldorbeaboatctedr in a
secong t2tage 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
pressure from about 400 to about 2500 psig, hydrogen
circulation of from about 1000 to about 10,000 SCF/bbl and a
liquid hourly space velocity (LHSV) of from about 0.1 to 10
hr-1.

(P) A combination hydrocracking/dewaxing process in the
presence of the zeolite-bound high silica zeolite comprising a
hydrogenation component and a =zeolite such as zeolite Beta.
Typical reaction conditions include temperatures from about
350°C to about 400°C, pressures from about 1400 to about 1500

-1

psig, LHSV from about 0.4 to about 0.6 hr and a hydrogen

circulation from about 3000 to about 5000 SCF/bbl.
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about 2 hr 1 and, optionally, a gas recycle from about
1.5 to 2.5 vol/vol fuel gas feed. (K) The al kyl ation

wodoo@i@smt i ¢ hydrocarbons, e.g., benzene, tol 4ygA%ys2008/006631
xyl ene, and napht hal ene, with | ong chain ol efins,

e.g., Ci4d olefin, to produce al kylated aromatic | ube
base stocks. Typical reaction conditions include
tenperatures from about 100 OC to about 400 OC and
(Q) TPHeSIWes ifaronvabalic@bio 45@hpsofPef{hy Te provide mixed
al kyl ati on of phenols with ol efins or equival ent
etheral,cohod s, t bhpr ovdads: icongothaiethanoll phemolisobhygnealand/or
reaction conditions include tenperatures from about
isopeh®@n@C to abmutidsomethylptebsitivds ¢tlber abdiRBE) t andder t-
psig and total WHSV of fromabout 2 hr 1 to about 10
amyl hmmerthy) v ettherconVétdilon ofyPight psPaRVEIrgdonp conditions

ol efins and/or aromatics. Typigal reaction _conditions

includge G0 BT Ul M 12t abolt C438caPeudha it #60 RiESSures
b 0.t b 2000 i qg. Th
from ?Sﬁwli@:t?%ﬁﬁ cPob] B onts v S oate £ R PaPerBilabs? gram-
| ] . I
weoLi 38 105 A0, Dk 360 P apBURL P9, BVl apree ol o

.abqut, .50 - r u t bout
olesiffih a2 < BULS B o Lo o papdi 9 APn

(R) hyl@l{eocarmgp%%@@a&ohaﬂea_inidﬂj al BpbhhPYcROiNte.g.  the
above about” 200 OC to premiumdistillate and gasol ine
dispr@dritN@nzange peadugdsudheastd eethied 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 hr!.

(S) The conversion of naphtha (e.g., CsCi9) and similar
mixtures to highly aromatic mixtures. Thus, normal and
slightly branched chained hydrocarbons, preferably having a
boiling range above about 40°C, and less than about 200°C, can
be converted to products having a substantially higher octane
aromatics content by contacting the hydrocarbon feed with the
zeolite at a temperature in the range of from about 400°C to
600°C, preferably 480°C to 550°C at pressures ranging from
atmospheric to 40 bar, and liquid hourly space velocities
(LHSV) ranging from 0.1 to 15 hrt.

(T) The adsorption of alkyl aromatic compounds for the purpose

of separating various isomers of the compounds.
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further fuels or chem cals processing steps. The first
stage can be the zeolite-bound high silica zeolite

WOERIRI478i3ng one or nore catalytically active pcr/us2008/006631
substances, e.g., a Goup 8 netal, and the effl uent

fromthe first stage would be reacted in a second
stage using a second zeolite, e.g., zeolite Beta,
conprising one or nore catalytically active
(U) ‘Shbstancesrsioqn. o Gxowerttnet al e.as ,t halcahallyst . such as
Typi cal reaction conditions include tenperatures from
methaabdyt 3IM5C d¢tthabout 486IC, aspr ddawté ylredrheabouto400miytures
about 2500 psig, hydrogen circulation of from about
therep@00- @ ohabogocat®onc0 BTF bdinan®le fiingui ando@tiopadigse with
velocity (LHSV) of fromabout 0.1 to 10 hr- 1. (P) A
reactd@gbi RAPPSE LRYEr odPgekAd§LdeRax FREPBESEESS | Aft hErom about
presence of the zeolite-bound

] hi e .
275" Ce Sitprake g QBHyGro@eﬁﬁq%ﬁP%%d%%ggﬁghah%%EéggU%ﬁ%§m05phere
such zeolite Beta. Typical re ' diti .
to =i AL ¢ ERgapReares PrbM abbit: SS0CTFAVaBbR SOF ety of
ures fro t 00 to about 1500 ig, LHSV

from %%%%%agdattéigh%o aB%u " 0.6 h? 2uand a h§3?ggen

(V) Tﬁr%r%iaédrﬁgkfim%?%'kl §999ibﬁt?%‘ﬁkﬂt 200 e/ Bl i Q1efins

e reaction of alcohols wth olefins to provide m xed

havin®t NefSm @udut the deagbbah of BBEBBRAOIatvhd. | SRRUt 8NEgomers
and/ or isopentene to provide nethyl-t-butyl ether

which( MTBE) tadl/ pi-odaitls net hwhet bebceEFAMER re TWgdioah to heavy
conversion conditions include tenperatures from about

olefi2@0GHicctabeut 2@ A0 ,ferebstihefuels, 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 phase with a zeolite-bound high silica
zeolite at a temperature in the range of from about 250°C to
about 800°C, a LHSV of from about 0.2 to about 50 and a
hydrocarbon partial pressure of from about 0.1 to about 50
atmospheres. Temperatures below about 250°C may be used to
oligomerize the feedstock when the feedstock is in the liquid
phase when contacting the zeolite-bound high silica zeolite
catalyst. Thus, when the olefin feedstock contacts the
catalyst in the liquid phase, temperatures of from about 10°C
to about 250°C can be used.

(W) The conversion of C, unsaturated hydrocarbons (ethylene

and/or acetylene) to aliphatic Cg-12 aldehydes and converting

said aldehydes to the corresponding Cg-12 alcohols, acids, or
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from2 to about 200 atm WHSV (gramol efin per hour
per granezeolite) fromabout 0.1 hr 1 to about 200 hr 1

wods/afrsal cohol to olefin nolar feed ratio frgowss/ 006631
0.1/1 to about 5/1. (R) The di sproportionation of

aromatics, e.g. the disproportionation of toluene to
make benzene and xyl enes. Typical reaction conditions
include a tenperature of from about 200 OC to about
esterd60 OC , a pressure of from about atnospheric to about
60 atnosphere (bar) , and a WHSV of from about 0.1 hr
(X) Thet deghboufuBizadrridn . of SFCThé féondercsited yofi naptadiaing) feed
(e.g., C6-Ci0) dsimlar mxtures to highly aromatic
streamisxt urdse diisl fwoi pat iendrspbrghs] ysbogneired lohaiavagied out
hydrocar bons, preferably having a boiling range above
at a JiSHRe AT WUC Tt t@sEreRah 08bbut o206 °0¢ 6%k bepreferably
converted tgo products havingoa substanti al | [

hi_ gh
from oabane Yt & cehPEAt BYY cont &9 ng°tRe %§%%%€§£B¥n from
f ith th lite.at t t in the f
avouty (b Roohe' 25 0c 105680 GE 2 pPEFEFaRRy A L 58800 to
0 ' f t herig t b .
avouty 2o HESTHEPeFERARTY et HeBE (Fichr Aol 40% =i

and mdrk gpgrne(]i’t;érharbl]y £ £l JBSué‘d?@r%i 9Bopk alokyloAIPMaL G sy

conp for “the purpose of separating various

rangin$0meLH af dde caompounds. hihrbba reeny alisiteredf which can be
oxXxygenates, e.g., alcohols, such as nethanol, or

desul€uhered SWbas il ned hyhet pebcedk BifXithieep Adiyraofidvention
hydr ocar bons including olefins and aromatics with

contain more than 150 ppm of sulfur, e.g., hydrocarbon

mixtures with a sulfur content higher than 1000 ppm, even

higher than 10000 ppm.

Tﬁe invention having been generally described, the
following examples are given as particular embodiments of the
invention and‘ to demonstrate the practice and advantages
thereof. It is understood that the examples are given by way

of illustration and are not intended to limit the specification

or the claims to follow in any manner.

Example 1:
Synthesis of Sn-Ge-ZSM-5

Chemicals used:

Tin (II) chloride dihydrate, SnCl, * 2H,0, 98%; Sigma-Aldrich;
Sodium hydroxide solution, 50% in water; Sigma-Aldrich;

Germanium oxide GeQO;, 99.99%; Germanium Corporation of America,
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reaction conditions including a tenperature of from
about 275C to about 600 OC , a pressure of from about

wokobs/AzE@sphere to about 50 atnospheres and a plar@aa6bs/006631
hourly space velocity of fromabout 0.1 to about 100.

(V) The oligonmerization of straight and branched chain
ol efins having from about 2 to about 5 carbon atons.
The oligomers which are the products of the process
GTAH &Bseozedi umto heavy ol efins which are useful for both
fuels, i.e., gasoline or a gasoline blending stock,
Sodiuvandlohemad® s(.23THe Ali:JoneilPzAti OpQr ozés8%i §20) ; Southern
generally carried out by contacting the olefin
Ionicfsgedst ock in a gaseous phase with a zeolite-bound high
silica zeolite at a tenperature in the range of from
LudoxgBéatt 0250 130 ide lasdutl Bb0 HE Wt a® LHSPHRS+PBnt AbBater’
0.2 to about 50 and a hydrocarbon partial pressure of
Aldrichsm about 0.1 to about 50 atnpspheres. Tenperatures

bel ow.about .250,.0C na ed to, ol igonerize the
Tetr%&ﬂ%@@@@@%ﬂﬁﬁ?lﬁﬁQW%%agﬁgﬁ%ﬁsggﬁ’t%gg?iéﬁ?arphase

, .conteact-i.ng zgol ite-bound high silica zeolite
Acetl?2§%ﬁ§ét5%Tﬁﬁé,%ﬁﬁ%%’ e ol efin feedstock contacts the

catalyst in the liquid phase, tenperatures of from
about 10 OC to about 250 OC can be used. (W The

SolutGeRVensi on xaf GAmsHt WAl esh hyei gsanbepsrbethykene
and/ or acetylene) to aliphatic C6-12 al dehydes and

dissou@rverh g saithaldehydes woréhe 2orpesgoadisngtCsoti2um

al cohol s, acids, oresters .
hydroxide solution were added to the same solution with
stirring. 1.0462 grams of GeO, were dissolved in solution also.
Solution #2. 3.84 grams of sodium aluminate were homogenized
in 50 grams of D.I. water.

Solution #3. 28.12 grams of TPABr were dissolved in 100 grams

of D.I. water.

Solution # 1 was added to 150 grams of Ludox AS-40 with
gel formation. Stirring was made for 10 minutes. Then solution
#2 was introduced to gel. Gel was stirred for 15 minutes. Then
solution #3 was added to gel and stirring was continued for 60
minutes.

15.97 grams of acetic acid were added gradually with gel
stirring. Gel pH was measured in 30 minutes after acid

addition (pH=10.59).
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(X) The desulf wurization of FCC (fluid catalytic
cracking) feed streans. The desul f urization process

wo Hogenepal |y carried out at a tenperature rapgiig20ds@0b631
100 OC to about 600 0C , preferably from about 200 0C

to about 500 0C, and mor e preferably from about 260
0C to about 400 OC , at a pressure ranging fromO to
about 2000 psig, preferably from about 60 to about
1006 tpsild, zamnicbmoras piaderabl YL f soaiabess 60etd ahautlave
500 psig, at a LHSV ranging from1 to 10 h 1 . The

at léatyar 6oar Bonayisxwirtes swhireti ncan 499 daswl f uri zed
according to the process of the present invention

Materdgnt aias nersdiachand 50l ppwed withup; Ie. gatehyddoéadbah
m xtures with a sul fur content hlgher than_1000

90" C, QP IRyt 4P HDODE PR THeLF Hvet 7o RAKE i beh
general ly described, the followi ng exanpl es are given

hourszs particul ar enbodlnents of the invention and to

KRE SIS aogt THe FHE exrfil Be"ar ot groen By gaycor ¢ 517 0-75
wt. o I str%té[% and ﬁe d‘°§6 V%encdegl?to limt the

spedlflca on or e clains to follow in any manner.

Identh L ©of Sn-Ge-ZSM 5 Chemical s used:
en in (IFS C Ioriggfééﬁydrate, Snd 2 2H20 , 98%

Si gma- Al drich; Sodi um hydroxi de sol ution, 50%in

wat er; Sigma- Al drich;
Synthesis of 1%Pt/CsGeSnZSM-5

3.8 grams of laboratory prepared SnGeZSM-5 was washed
with 200 ml of aqueous CsNO3 (0.5M) then filtered. The
filtrate was then rewashed 3 more times with 0.5M CsNO3; and
rinsed with deionized 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 0.0432 g Pt (NH;)4(NO3), dissolved in
0.9327 g of deionized water to 2.047 grams of the Cs-exchanged
SnGeZSM-5. The material was dried for 1 hour in a 110°C drying

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

gave 41.74 wt % Si, 0.73 wt % Al, 0.85 wt % Ge, 2.25 wt % Sn,

\e]

6.34 wt % Cs and 0.80 wt % Pt.

The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm® (0.128 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.
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Ger mani um oxi de GeO , 99.99% GCernmani um Cor por ati on of
Aneri ca, GTAH 68002 ; Sodi um al um nate (23.6% A | 2C3;
wolReipBB20 ; 57. 0% H2O); Sout hern |onics; Lug@xr¥2odkRo6631

colloidal silica, 40 wt .% suspension in water

Al drich; Tetrapropyl anmoni um brom de TPABr, 98%

Al fa-Aesar; Acetic acid, 99.7% Al drich. Solution #1.

2.21 granms of tin chloride dihydrate were dissolved in

55 grans of D.I. water. 25.98 granms of sodi um
ExamplydPoxi de sol ution were added to the same sol ution

Wth stirring. 1.0462 granms of Geq2 were dissolved in
Synthesligt iodn Gal-$0.258blut i on #2. 3.84 grans of sodi um

al um nate were honogeni zed in 50 grans of D.l1. water.
ChemlSéﬂ@tU§ﬁd#3 28 12 grans of TPABr were dissolved in
100 ,gr ans water. Solution # 1 was added to 150

BorngP§' &@BQGdoﬁ%m§%ﬁ)\ﬂ%4Ftﬁﬂ formation. Stirring was
. e for .10 The | uti on #2 was i ntroduced
SOdluPo &ro &%@ﬂétlrréﬁ é%f?%ﬁnutes Then sol ution

Tetraﬁfogya % ed to nu%ﬂg ﬁf é{#@? fonéé gggfgogeggr,

ans of

Germa8h %%U@lggﬁ@tlﬁéb% 5&%% d@?pdyd Wﬁ?%ﬁﬁ é@ éﬁhH
m nutes after acid Ition (pH=10. 59 .Crystallization

6g002was made in IL stalnless steel autocl ave

Ludox HS-30 Si0,, colloidal silica, 30% suspension in water;

Sigma-Aldrich.

2.304 grams of sodium hydroxide were dissolved in 184
grams of D.I. water. 0.96 gram of boric acid and then 28.96
grams of tetrapropylammonium bromide were dissolved in the
same solution with stirring. 1.2527 grams of germanium dioxide
were dissolved gradually with stirring. Gel was formed after
35.2 grams of Ludox HS-30 were introduced into solution. Gel
was stirred for about 15 minutes (pH=12.76).

Crystallization was made in stainless steel 300 ml

autoclave at 165°C for 5 days with stirring (100 rpm).

X

Analysis results are: 41.6 wt. % Si; 0.41 wt. % B; 0.83 wt. %
Ge.

Identified as ZSM-5 by XRD.
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at 1600C for 4 days with stirring (200 rpm) . Mteria
was washed and filtered with D.I. water, dried at 90
quﬂossue%gd to 40 mesh size and cal cined at 550 Qish6s/ 006631
10 hours. XRF analysis results are: 0.686 w . % Na;
42.38 wt . %Si; 0.75 wt. %A ; 1.52 wt. % Sn; 0.96 wt
. % Ce. ldentified as ZSM5 by XRD. Synthesis of
| 9Pt / CsGeSnZSM 5 3.8 granms of | aboratory prepared
Synth8rEaZsSN 3 away CeasterdEMM3 h 200 m | of aqueous CsNO3
(0.5M then filtered. The filtrate was then rewashed 3
Rorde driames off thelfor &b CENOBepaderi BSed Sii-toh wéei orFisdeal with
H20 on the fi nal filtering. The zeolite powder was
150 mlherf caiesoiedl $aH08 HoupM) athesofattemed-r Thendiipiterte was
wet ness inpregnation was carried out by addi ng drop
then V\}F%‘éa%h%%l vt i BATSf oLrous2vatht ( N\tb) &S %’ﬂ@e)@% §é8§€8‘d with

i.n 7 of _dei oni zed ter to 2. a t he
e s0negegy o SHESZRSL FHatRat B al s 20p} LCT BPVger was

hoyr_.i 0 O i n hen cal ci ned at 280 0C
then gglcy 8{3}% g’i‘?e%%/ agCO%?e@ rs'yavet 41.74 w % Si,

7 5 % 3

Lot e et oy 8
drop apbsSi éedséﬂltzpo A0 resh. O@l@Sgcrﬁgc (4 %%%N@B)zot‘llts@%lved in

si zed catalyst was m xed wth m1 "of |nert guart z
0.763@“dﬁbﬁﬂﬂéﬂﬁﬁiig&tW§@é§dt@t14@@90§rﬁﬁ% bﬂ“HHé Cs-exchanged
BGeZSM-5. The material was dried for 1 hour in a 110°C drying

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

X

gave 42.85 wt % Si, 0.63 wt % Ge, 0.256 wt % B, 6.24 wt % Cs,
and 0.74 wt% Pt.

The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm3 (0.130 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.

Example 3:
Synthesis of B-ZSM-5

Chemicals used:

Boric acid Hi3BOs3; 99.99%; Aldrich;

Sodium hydroxide NaOH; >98%; Aldrich;

Tetrapropylammonium bromide (CH3(CHy) 2) 4NBr; 98%;Alfa-Aesar;
Ludox HS-30 Si0,, colloidal siliga, 30% suspension in water;

Sigma-Aldrich.

28



10

15

20

25

in flowng H2 . Catalytic testing was then
started. Exanple 2 : Synthesis of Ge-B-ZSM5 Chenicals

Wd@@gﬂ147&3rl c acid H3BO3; 99.99% Aldrich; SOdlmUS2008/006631
hydr oxi de NaCOH, >98% Al drich; Tetrapr opyl anmoni um

brom de (CH3 (CH2)2)4NBr; 98% ; Alf a-Aesar ; Cermani um
di oxi de GeO 2; Ger mani um Cor por ati on of Anerica GTAH
68002; Ludox HS-30 SiO, colloidal silica, 30%
suspension in water; Sigma-Aldrich . 2.304 grans of
sodi um hydr oxi de were dissolved in 184 grans of D.I.
WatB@r greu@6 ofr eamddfunbdrydr @ci die anelr ¢ héns 281 96dgiang 36f
t et rapr opyl ammoni um br om de were di ssolved in the sane
gramsseifutd-dgn wiate rst iThdmgl - 2. PEATS gp hno bt C geF AN then
di oxi de were dissolved gradually with stirring. Cel
36. 20ngg amsr péd taTAP TRRYL agwmlw brepkdpisrgpewdrgsolved in

i ntroduced i nta sol ut.ion. sstl red for ab ut _15
the sgms, S8 U(tﬁlqéll.?’l'f%) St&%}’s]trh% |IzJa‘iJ bnI%has " Aad OF’ﬁe atter

I | 300 m 165C f d
140 Gt B A S GO gk e 80 4t skreatit s
; Y0 % I
%Mséa?ll%%ﬁ%ymes.“? RIS TR A
autodh3RRr atony Peepared BHRZSMH ias Washefl Wdd rpm) .
Analysis results are: 42.7 wt. % Si; 0.411 wt. % B.

Identified as ZSM-5 by XRD.

Synthesis of 1%Pt/BZSM-5

Incipient wetness impregnation was carried out by adding
drop wise a solution of 0.0402 g Pt (NH;)4(NO3), dissolved in
0.9925 g of deionized water to 2.011 grams of laboratory
prepared BZSM-5. The material was dried for 1 hour in a 110°C
drying oven then calcined at 280°C for 3 hours. Elemental
analysis gave 44.99 wt % Si, 0.682 wt % Na, and 0.94 wt% Pt.
Boron content was not measured.

The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm3 (0.128 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.
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150 m of aqueous CsNO 3 (0.5M then filtered. The
filtrate was then rewashed 3 nore times with 0 .5M

W(%m@% rinsed with deionized H20 on the fi WT/US2008/006631
filtering. The zeolite powder was then calcined for 3

hours at 280 OC in air. Incipient wetness inpregnation

was carried out by adding drop wise a solution of

0.0310 g Pt (NH2) (NGB) 2 dissolved in 0.7637 g of
Exampdei dni zed water to 1.509 granms of the Cs-exchanged

BGeZSM 5. The material was dried for 1 hour in a 110
Synth@Gidr wifng et tB¥éM-cal ci ned at 280 0C for 3 hours.

El emental analysis gave 42.85 w % Si, 0.63 w % Ce,

8.-2563%ams, BE, labprajoms Cerepaded. BASM% Pras TWeshed with

cat al yst pomder was gressed and si zed to 20-40 nesh.

150 m3, zf &@JEEQ}J%S@S@O; - IMe shorafdatsrest Whe middfate was
1,7 t t d treated .
then peusthUR fbrmeFRour e Fokrnd 1T, COoH JTk eéﬁ?sﬁg with
. tarted. th
oetonTid T NS, DL e O SO TP e e
then ?gqlcgprprelgjyp%r gxn:%ﬁ‘ Ut broni @(%(%ﬁ)z)msr 989% Al f
31 8$A% mtuﬁg%hég%39m§?€8na%9bkmN¥§ é%fff@d %g%’by adding

suspension I n water | ngH- drich . 2. gr ans of
drop spdd &imghygls pxi den Weyre @'@5@?V%ﬂ 123 ﬁ@g (NO3), dissolved 1in
0.9925 g of deionized water to 2.019 grams of the Cs-exchanged
BZSM-5. The material was dried for 1 hour in a 110°C drying
oven then calcined at 280°C for 3 hours. Elementél analysis
gave 44.06 wt % Si, 0.234wt % B, 5.74 wt % Cs, and 0.86 wt%
Pt.

The catalyst powder was pressed and sized to 20-40 mesh.
0.25 cm3 (0.124 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.

Example 5:
Synthesis of B-Al1-ZSM-5

Chemicals used:

Boric acid H3BO3; 99.99%; Aldrich;
Sodium hydroxide NaOH; >98%; Aldrich;
Sodium aluminate NaAlQO, (23.6 wt. % Al,03; 19.4 wt. % Nay0; 57

wt. % Hy0); Southern Ionics.
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grams of D.I. water. Then 1.2 granms of boric acid and
then 36.20 grans of tetrapropyl anmoni um brom de were

W(ﬁéogg;,mﬁ@,d in the same solution with stirring.pdge¥os/006631
was formed after 44.0 granms of silica source Ludox

HS-SO were introduced. Crystallization was nade in a
one liter stainless steel autoclave at 165C for 5 days
with stirring (100 rpnm) . Analysis results are: 42.7
Tet raptr op yltaBimor( i b mémi d&e BoH; (aiknt ) NBad; 888 ZSM Habiesar;
XRD. Synthesis of |%t/BZSM5 I ncipient wetness
Ludoxi HS-Sdnaiion wesd loadaileds idutcahy Hikdisngsmhropl o sen awater;
solution of 0.0402 g Pt (NH2)4 (NCB)2 dissolved in
SigmagA0@zg ajp.of dei oni zed water to 2.011 grans of
| aboratory prepared BZSM5. The material was dried for
1 hour in a 110 OC drying oven then calcined at 280 0C

for 3 hours. EI enent al anal ysis gave 44,99 w %
3.7939 gg2ma h NLIAR Y Yo%t 96 pfer% ﬁ\{bﬁs%ﬁ?@nf—nmé@natrams

of D. %aiv%rt%%sﬁ“% B4 St%”a“”eé Fo%HbRescrs atagelr ya: B
same sdidpl xed Wﬁ éﬁi%fﬁ% fﬁm Hg{é ﬂfa?§§2 gkg@ ?nga@a%dded

pr etreat ed ‘a our

and tg% @@'?3& q@%/ggé&%{§¥b§§?éﬁﬁgnggﬂ kgmlde were

nt hesi's 7 grains [ aboratory
dlsso%%@arl%d t%l\éa'énéf@%m@@{&@ Wik 480rm hgof sagyeausource

3 (0.5M then filtered. The filtrate was
Ludox HS 30 (66.0 grams) was introduced into the solution with
gel formation. Gel was stirred for 10-15 minutes (pH=13.03).
Crystallization was made in 1L stainless steel autoclave at
165°C for 5 days with stirring (100 rpm).
Analysis results are: 37.5 wt. % Si; 0.248 wt. % B; 0.97 wt. %
Al.

Identified as ZSM-5 by XRD.

Synthesis of 1%Pt/CsBZSM-5

2.7 grams of laboratory prepared BZSM-5 was washed with
150 ml of agueous CsNO3 (0.5M) then filtered. The filtrate was
then rewashed 3 more times with 0.5M CsNO; and rinsed with
deionized 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 0.0408 g Pt(NH;)4(NO3), dissolved in

0.9257 g of deionized water to 2.054 grams of the Cs-exchanged
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then rewashed 3 nore tinmes with 0 .5M CsNO and ri nsed
Wi th deionized H20 on the final filtering. The zeolite
woReygiaRsMas then cal cined for 3 hours at 280 Q.@Ty[fgzgmsyo%“l
I nci pi ent wetness inpregnation was carried out by
addi ng drop wi se a solution of 0.0402 g Pt (NH2)4
(N33) 2 dissolved in 0.9925 g of deionized water to
2.019 grans of the Cs-exchanged BZSM 5. The nateri al
BZSM-#as Thi¢ ealateriklhowrs i draedlELC Or yiong avenat KA °C drying
calcined at 280 OC for 3 hours. Elenental analysis
oven (aven 44206 iwed% 8i, 26.0784wo6 B ,hdu7d. wEl¥nEgtadndnalysis
0.86 wt% Pt. The catal yst powder was pressed and sized
gave t42 .20- 40¢ nesBi, 002526n®Y & Y, 0 )90fwEhé 8irzéd1l3 wt % Cs,
catalyst was mixed with 1.75 m| of inert quartz chips
and Ogd W< -pretreated at 460 OC for 1 hour in rovm ng H2
. Catalytic testing was then started. Exa
§m L G B ATOTEVB SO S TabasL BaT £ Ondir a0 mesh.

Q3 9 9% h; Sodi de_ NaCOH: >98%
0.25 ,ﬁ i & ?%Zdltm L’Ifﬁg%atséoﬁlﬁlxlmcﬁ cﬂ; |6"?@\f méixﬁ\dl ZJC%“h L.75

ml o%oﬁng\é\ﬁt_r %S‘?%Syihl %?%?V)érsoo retx(s%ﬁfggtﬁcﬁé:) 4?0 C for 1
hour {N]Brf’lo%é’ 'ﬂ %ﬁ%sl?tléu@é’%(tfﬁg 3&9a§' QlénCQ{:gP{:gél
Si ((7]% suspensi

I Ca In wat er SIngH- drich

Example 6:
Synthesis of Ge-B-ZSM-5

Chemicals used:

Boric acid H3BO3; 99.99%; Aldrich;

Sodium hydroxide NaOH; >98%; Aldrich;

Tetrapropylammonium bromide (CH3(CHjy),)4NBr; 98%;Alfa-Aesar;
Germanium dioxide GeO2;Germanium Corporation of America GTAH
68002;

Ludox HS-30 Si0O,, colloidal silica, 30% suspension in water;

Sigma-Aldrich.

2.304 grams of sodium hydroxide were dissolved in 184 grams of
D.I. water. 0.96 gram of boric acid and then 28.96 grams of
tetrapropylammonium bromide were dissolved in the same
solution with stirring. 1.2527 grams of germanium dioxide were
dissolved gradually with stirring. Gel was formed after 35.2

grams of Ludox HS-30 were introduced into solution. Gel was
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3.7939 granms of sodi um hydroxi de were dissolved in 345
grans of D.I. water. 1.8 grans of boric acid were
woHosshygd in the same sol ution. Then sodi um glcgiPRass®oscsst

(1.3582 grans) was added and then 54.3 grans of

t et rapr opyl ammoni um br om de were dissolved in the sane

solution with stirring. Silica source Ludox HS-30

(66.0 grans) was introduced into the solution with gel
stirrear Matd ebou®ell Shvasirattias etpH-012 10615 m nut es

(pH=13.03). Crystallization was made in IL stainless

ACrystatldeIzaaujiomnl\aa/e abde65i0) f erabndaps wittdelst 8PP mg (d@ooclave

rpm) . Analysis results are: 37.5w . % Si; 0.248 wt

at 165°0, Bor 8. dywt withh Atirrdevs i (%Y wpn)ZSM 5 by XRD.
Synthesis of 1%t/ CsBZSMS5 2.7 granms of |abgrator .

Analygdispaiesd B2M 5e wadlnashéd Wi tht 7159 #d | Wb Zqdeods 83 wt. %
CsN®B (0.5M then filtered. The filtrate was then

Ge. rewashed 3 nore tines with 0 .5M CsNO and rinsed with

dei.onj zed t inal filtering. The zeolite
Identﬁgﬁ@r a\ﬁaszﬁﬁei%cya%éfed for 3 hours at 280 0OCin air.

I nci pient wetness inpregnation was carried out by
addi ng drop wi se a solution of 0.0409 g Pt (NH

13pt aEhQR)-2 dissolved in 0.9257 g of deionized water to
2.054 granms of the Cs-exchangedBZSM 5. The nateri al

W iiled fittde HOUE mbRednht@6rdryd Ndcovenetiheit by adding
calcined at 280 OC for 3 hours. Elenmental analysis

drop gvailfe 42. ldowit Y05 01f0. 426402 % Abt (RHOD, WMO3Y6Bdis$ollIed in

0.96 V\gra/;lscs’of deionized water to 2.003 grams of laboratory

prepared GeBZSM-5. The material was dried for 1 hour in a
110°C drying oven then calcinedhin air at 280°C for 3 hours.

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 H,. Catalytic testing was then started.

Catalyst Testing

All catalysts were tested according to the same
procedure. Catalyst particles, mixed with inert quartz chips,
were 1loaded 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 hrt , the reactor being

33



10

15

and 0.68 wt% The catal yst powder was pressed and
sized to 20-40 nmesh. 0.25 cnB (0.127 g ) of the sized
woERh@lysis was mxed with 1.75 m of inert quarddg6hoiose31
and was pretreated at 460 OC for 1 hour in flow ng H2
. Catalytic testing was then started. Exanple 6 :
Synthesis of Ge-B-ZSM5 Chem cals used: Boric acid
H3BO3; 99.99% Aldrich; Sodi um hydroxi de NaOH;, >98%
ma intAligieidchgt Teat riagnoeyhansneniofm b1 oht dey( GH3 e&H2)r2RANBicating
98% AIf a-Aesar; Germani um di oxi de GeQ2; Germani um
jacke®or por affhen ofedntibva @ERAMIGEND?2; weudox HEBOzEIO by gas
colloidal silica, 30% suspension in water;
chronmgitggaafhgr.i ch Prodao#sgraamg ofig sodt umipedr 6xode werhane to
. dissolved in 184 granms of D.l1. water. 0.96 gram of
dimethydingrhtihg lene t h@sre8. 96Pg§eaTsdof t et riapr oA bNi @h  Cs
bron de were djssolved in the sane_solution with

isomegiizatilng.  PIOSYF G altS ™ SRR di'gXi i i e 1Sohexanes
di ssol ved gradual ly with stirring, GCel forme

(-9 g1 PSS PHESES] FUHoR 1EIS5 Wk 1 nl TRGERRR. {nt O the
sal_utien. tjr . abo 15 0 e

purpod b e IR [ SE Yo R B R P LR sy enese co

produ%tt_%elwegro@ %n@'ﬂhgcfle@\/ec@t bé6§1q:lrfe%rct%dj.aysTWet 'Eelectivities
stirring (100 rpm

reported are calculated as the sum of benzene, toluene,

xylenes, and ethylbenzene produced divided by the total amount

of all benzene, Cl1-C5, and C7+ materials recovered. These

selectivities are presented on a molar C6 basis.

Example Sn, Ge, B
catalyst Si/Al, in final Xz5 Sos
catalyst
1 Pt /CsSnGeZSM- 2.3% Sn,
5 110 g5y ge | 11 86
2 0.29% B,
Pt /CsBGeZSM-5 oo 0.632 Ge 35 75
3
Pt /BZSM-5 o 0.41% B 43 78
4
Pt/CsBZSM-5 oo 0.25% B 51 87
5
Pt /CsBZSM-5 90 0.14% B 45 72
6 0.41% B,
Pt /BGeZSM-5 oo 0.63% Ge 24 91
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Anal ysis results are: 41.6 wt . %Si; 0.41 w . %B;
0.83 w . %Ce. ldentified as ZSM5 by XRD.
wo 260842 B8ZSM 5 | nci pi ent wetness inpregnation m82008/006631
carried out by adding drop wise a solution of 0.0412 ¢
Pt (NH2)4 (NOGB)2 dissolved in 0.96 grans of deionized
water to 2.003 grans of |aboratory prepared GeBZSM 5.
The material was dried for 1 hour in a 110 OC dryi ng
onver rohen ealddified tipra r aid 28R HGifsns8 hefir sthdhepresent
cat al yst powder was pressed and sized to 20-40 nesh.
inven@i?2b ari (@@sE2APble )imflidktsbfedheatadopst tweschiingsd It is
with 1.75 m of inert quartz chips and was pretreated
to beaturd@d sGQoborthhthowitinirf | Wve ngcdbe Cat bhgt apperdednglaims,
was then started. Catalyst Testing All catal ysts were
the dpgerdiatcdray ngde o RIRCHIRA prajdedur éhagat gbysspecifically
particles, mxed with inert quartz chips, were | oaded
descriiheg-a WOD plug flow reactor. n-hexane was vapori zed
into a stream of flow ng hydrogen at a tenperature of
approximately 150 OC . This gas m xture was passed
through the reactor at a LHSV of 8.6 hr 1 , the
react or bei ngnmai ntai ned at a tenperature of 515 "C by
an external heating jacket. The reaction products were
anal yzed by gas chromat ography. Products ranging in
si ze from net hane to di net hyl napht hal ene were
observed. A variety of C
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i somerization products were observed, including
i sohexanes (e.g., 2-nethyl pentane) and olefins (e.g.

wolbobexerg. ) For the purposes of cal cul ati ng cQEHRiSHERM6631
and selectivity, these Cb products were considered to
be unreacted. The selectivities reported are
cal cul ated as the sum of benzene, toluene, xylenes,
and et hyl benzene produced divided by the total anount

wHAT ©F ahrhenzens nél-A0p dBGIRED MW e¥E abECUREDVBYEUETTER OF
These selectivities are presented on a nolar C6 basis.

pATENEX@FPTEE Stn1Ter Sroetal gstaBiRACR Is: final X25 S25
catalyst 1 Pt/CsSnGeZSM 2.3% Sn, 5 110 0.85% Ge 11 86

1. A2cPtiCeBCeZSM Soflv@9%h &, oD. 638t Gea BBo7S Gompy BYSM &
0.41% B 43 78 4 Pt/ CsBZSM5 0.25% B 51 87 5

a) a zeolite having germanium and at least one element selected

from the group consisting of tin and boron incorporated into

the zeolite framework and

b) at least one metal selected from Group 10 deposited on the

zeolite.

2. The catalyst of Claim 1 wherein the metal deposited on the

zeolite is platinum.

3. The catalyst of Claim 1 wherein the zeolite is MFI (ZSM-3).

4. The catalyst of Claim 1 wherein the zeolite is non-acidic.

5. A process for synthesizing a zeolite comprising:

a) preparing a zeolite having germanium and at least one
selected from the group <consisting of tin and boron
incorporated into the zéolite framework;

b) depositing at least one metal selected from Group 10 on the
zeolite; and

c) calcining the zeolite, said <calcining occuring after
preparation of the =zeolite, Dbefore depositing at least one
metal selected from Group 10 on the zeolite or after depositing

at least one metal selected from Group 10 on the zeolite.

36



Pt/ CsBZSM5 90 0.14% B 45 72 6 Pt/ BGZSM5 0.41%B ,
0.63% Ge 2 4 91Nunerous nodi fications and vari ati ons

wo2bod/118s48r esent i nvention are possible in |i gIﬁ;Tﬁfszgdm%“l
above teachings. It is to be understood that, wthi

the scope of the appended clains, the |nvent|on may be
practiced other than as specifically descri bed. WHAT | S
CLAI MED AS NEW AND DESI RED TO BE SECURED BY LETTER OF
PATENT OF THE UNI TED STATES OF AMERICA IS: 1 . A
catal yst for conversion of hydrocarbons conprising: a
6. Thed elddL havengigesmutdrgiandclad heasl deposeliesEnton the
sel ected fromthe group consisting of tin and boron
zeolitd®cDs por&t &cumnto the zeolite franework and b ) at
| east one netal selected from Goup 10 deposited on
the zeolite. 2 . The catalyst of Caim1l wherein the
nmetal deposited on-the zeolite is platinum 3 .
7. Thatprysessfol Glain QM®h@rﬁlmhéthéﬁ@%ét$slﬁmmF¥ZS&5%75
4 . The catalyst of Cdaim1 wherein the zeolite is
non-acidic. 5 . A process for synthesizing a zeolite

conprising: a eparin eolite havin [ rani um
8.  FhE aPrP&&SE oﬁé s%f%t?e f I QQﬁ§'gFgﬁp gSﬁEF £i ny° of°35e~
exchagggdaagt o%%nalkali metal or alkaline earth metal to make

the zeolite non-acidic.

9. A process for the conversion of hydrocarbons comprising:

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

b) recovering the product.

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

zeolite is platinum.
11. The process of Claim 9 wherein the zeolite is MFI (ZSM-5).

12. The process of Claim 9 wherein the zeolite is non-acidic.
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i ncorporated into the zeolite framework; b )
depositing at |east one netal selected from G oup 10
wod/es@eol ite; and ¢ ) calcining the zeol it ec1$@2008/006631
cal cining occuring after preparation of the zeolite,
bef ore depositing at |east one netal selected from
G oup 10 on the zeolite or after depositing at | east
one nmetal selected fromGoup 10 on the zeolite.6 .
The process of Caimb5 wherein the netal deposited on
the zeolite is platinum 7 . The process of Claimb5
13. WY girbddiss 280l €18ihSIMrhetdiBMth® hlkahesThe plogessefins
of Claimb5 wherein the zeolite is baseexchanged with
are samaahbkal i brehahedr, alkaltnereaikhuresathépeméke t he
zeolite non-acidic. 9 . A process for the conversion
of hydrocarbons conprising: a ) contacting a
hydr ocar bon stream cont ai ni ng al kanes, olefin or
14. @i xetréysthépeofonaeiragonr p6 hpdearpshonsofsmpeising:
nol ecule with at | east one zeolite-based catal yst .
a)  aph&esild tehe Nagtidlgy stoUAM ai HCYRTFEH UM ditf at  Hstzeolite
one selected fromthe group consisting of tin and
frameygrénapfcor porated into the zeolite framework and

erein at | east .one .netal, sel ected from Goup 10 has
b) At aEAtiopair | DaCeh el oa teroh e s O esaiPeidethon the
roduct. 10. The process of Caim9 wherein the netal

ZeOllggposited on the zeolite is platinum

15. The catalyst of Claim 14 wherein the metal deposited on

the zeolite is platinum.

16. The catalyst of Claim 14 wherein the zeolite is MFI (ZSM-

5).

17. The catalyst of Claim 14 wherein the zeolite is aluminum-
free.

18. The catalyst of Claim 14 wherein the =zeolite 1is base-

exchanged with an alkali metal or alkaline earth metal to make

the zeolite non-acidic.

19. A process for synthesizing a zeolite comprising:

a) preparing a zeolite having boron incorporated into the

zeolite framework;
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11. The process of Caim9 wherein the zeolite is Ml
(ZSM5) . 12. The process of Caim9 wherein the
WOZR0$/1478431 S non-aci di c. 13. The process of O aipprPus2008/006631
wherein the al kanes or the olefins are straight,
branched, cyclic or mxtures thereof. 14. A catal yst
for conversion of hydrocarbons conprising: a ) a
zeol ite having boron incorporated into the zeolite
b) deé?@ﬁ%%ﬂgkaQnQé%Qtfﬁnée@éta@”@eﬁ@b@deQEQQt@&oﬁ@omo on the
oup 10 deposited on the zeolite . 15. The catal yst
ze01106&; Chadm 14 wherein the netal deposited on the zeolite
is platinum 16. The catal yst of Claim 14 wherein the
c) cakolnimgi £HE| ze8%Mce5 aftet7. phdma cat wbrystofof tleai meolite,
14 wherein the zeolite is alum nunfree. 18. The
beforeatiabpst tahgCladi niclas whenei nethé sedkictedi Srom Group 10 on
baseexchanged with an al kali metal or alkaline earth
the zaqldite oomalaftdre deprisis imen-aki die@stiEne pesedssselected
for synthesizing a zeolite conprising: a ) preparing a
from ggghpPt 0havi A§ebérBAIFRecorporated into the zeolite
framework; b ) depositing at | east one netal selected
fromGoup 10 on the zeolite; and c ) calcining the
20. é,g%lol itrt(?)f:%%tsgtroffreagatalrmatllé)nwl'?efa etihne LZ}‘?Olrh al b@%g’%%%teﬁ) on the

one ne Selecte rom
,e01:00 the éggkhhﬁ or after depositing at |east one netal
sl ect B )

21. The process of Claim 19 wherein the zeolite is MFI (ZSM-

5).

22. The process of Claim 21 wherein the zeolite is aluminum-
free.

23. The process of Claim 19 wherein the zeolite is base-

exchanged with an alkali metal or alkaline earth metal to make

the zedlite non—-acidic.

24. 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 zeolite-based catalyst wherein the catalyst
contains boron incorporated into the =zeolite framework and

wherein at least one metal selected from Group 10 has been
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from Goup 10 on the zeolite. 20. The process of Claim
19 wherein the netal deposited on the zeolite is
woload/iasym 21. The process of Caim 19 wherei pdiAg2008/006631
zeolite is MFI (ZSM 5 ) . 22. The process of Caim2l1
wherein the zeolite is alum nunfree . 23. The process
of Caim19 wherein the zeolite is baseexchanged with
an alkali nmetal or alkaline earth netal to nmake the
deposi@eli ba BeB- aebdi€e;24ndA process for the conversion
of hydrocarbons conprising: a ) contacting a
b) rehydeedagbenespreadoceont ai ni ng al kanes, ol efins or
m xtures thereof having 2 to 12 carbon atons per
nol ecule with at | east one zeolite-based catal yst
wherein the catal yst contains boron incorporated into
25. (hhe pracidase fafardwork Zhdviviesigl nthe m drieoprieted on the
selected from G oup 10 has beendeposited on the
zeolizgolipt @1a&ABYR-) recovering the product. 25. The
process of Claim 24 wherein the netal deposited on the
zeolite is platinum 26. The process of Claim?24
erein the z e .l .The .

li . | /SM 5 . 27
26. R P eSs” Gherari™ i vabfrein ehsi ahPibts a3 MRS (zsu-
5).

27. The process of Claim 24 wherein the zeolite is aluminum-

free.
28. The process of Claim 24 wherein the alkanes or the olefins

are straight, branched, cyclic, or mixtures thereof.

29. The process of Claim 24 wherein the =zeolite 1is base-
exchanged with an alkali metal or alkaline earth metal to make

the zeolite non-acidic.

30. A zeolite comprising:
a ZSM-5 =zeolite having germanium and at least one
selected from the group consisting of tin and boron

incorporated into the zeolite framework.

31. A process for synthesizing a zeolite comprising:

a) preparing a ZSM-5 zeolite containing germanium and at least
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28. The process of Caim 24 wherein the al kanes or the
ol efins are straight, branched, cyclic, or mxtures
wo 2068/£0543 29. The process of C ai m 24 wherei n gdis2008/006631
zeolite is baseexchanged with an alkali netal or
al kaline earth netal to nmake the zeolite non-acidic.
30. A zeolite conprising:. a ZSM5 zeolite having
germani um and at | east one selected fromthe group
one 68N8EBLENYrebmt | fhandgbengn kBRSipeEiA§edoENt @ifih€éand boron
zeolite framework. 31. A process for synthesizing a
incorp6ehté&@ £ABPrtBengeodileprepaeivbgka ZSM S5 zeolite
cont ai ni ng germani um and at | eastone selected fromthe
b) cagtbupngonsestengiok.tin and boron incorporated into
the zeolite framework; b ) calcining the zeolite.

41



