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| NCORPORATI ON- 1 SPECI FI CATI ON 5BACKGROUND OF THE | NVENTI ON FI ELD OF
THE | NVENFY@RIOSAHISE i nvention relates to a catal yst for PRYHPIEEEHN
conversion, e.g., a catalyst for the aromatization of al kanes,

ol efins and m xtures thereof having two to twelve carbon atons per

nol ecul e. The catalyst is a 10 mcroporous silicate, alumnosilicate,

al um nophosphgggéifﬁb Egﬁ : tm% %%%E@é rpbeen

deposited. DE ¢ TEEREOR-Y dﬁb‘:@’%ﬁ FhiCat es,
al um nosilicates, alum nop osphat es and SIITI coal um nophosphat es are
known catal ysts for hydrocarbon lpgeryafstasy and may contain ot her
nmetals. An alum nosilicate such as—zeotiTte TRy include not only

al ugi num and silicon but oghekckounal entTd envrENT WM ch repl ace

al um num and ot her tetravalent elenents which replace silicon. Al so,
ot her efremEMtSF NMEYRELE NUENTIIONed OFfhideisvénichdre, ralamesnoso| acaeallBt
al um nophosphat e or silicoal um nophosphat e.

U. S. Pat 8ot no . d300a4h0di sctosescsy&tal | Eng-al und nophdepistes Frwi nghe
framework structure with chem cal conposition in nole ratios of 1

Al 203: 189@“@’&1:%%@5&%3@1@@& Sni 3T umiﬁta%%oﬁégrepf nSFVAER
dianeters from a%g 253 to about 10 angrp| .
U. S. Pat &#? n&°4 & V&7 157 PR s BEOPF s BRY | &clile. The catalyst is a

10 microporous silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate on which a metal has been deposited.

DESCRIPTION OF THE PRIOR ART:

Crystalline silicates, aluminosilicates, aluminophosphates

and silicoaluminophosphates are known catalysts for hydrocarbon
15 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,
20 aluminophosphate or silicoaluminophosphate.

U.5. Patent no. 4,310,440 discloses crystalline
aluminophosphates having a framework structure with chemical
composition in mole ratios of 1 Al;03:1.0x0.2 P,0s and being
microporous with uniform pores of nominal diameters from about

25 3 to about 10 angstroms.
U.S. Patent Nno. 4,440,871 discloses crystalline

microporous silicoaluminophosphates having pores which are



m croporous silicoal um nophosphates havi ng pores which are WO
20081147543PCT/ US2008/ 006631 uni form and have nom nal di ameters of
greater than about 3 angstrons with a chem cal conposition of nole
fracti ons YO@ 288f14%8bh, al uni num and phosphorus wit hi n t hECHERIAHYKEL 5
conposition area defined by Mole Fraction A 0.01 0.47 0.52 B 0.94
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uniform and have nominal diameters of greater than about 3
angstroms with a chemical composition of mole fractions of
silicon, aluminum and phosphorus within the pentagonal
composition area defined by

Mole Fraction

X v z
A 0.01 0.47 0.52
B 0.94 .01 0.05
C 0.98 0.01 0.01
D 0.39 0.60 0.01
E 0.01 0.60 0.39

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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metal element({s) and, optionally, an organic structure-
directing agent. The reaction mixture is heated to form
crystals and then cooled. The crystals are separated from the
synthesis liquor and are washed, dried and calcined. At least
one metal selected from Group 6, Group 7, Group 8, Group 9 or
Group 10 1s deposited on the silicate, aluminosilicate,
aluminophosphate or silicoaluminophosphate (hereinafter
referred to as “deposited metal”). The catalyst may be used in
a process for converting C;-Ci; hydrocarbons into aromatics.

One example of the invention is a catalyst on which at
least one Group 10 metal, such as platinum, is deposited on a
zeolite having at least two elements selected from Group 13 or
Group 14, such as g¢germanium and either tin or boron, in the
zeolite framework. This example includes a process for
synthesizing a =zeclite 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
cne 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 alsco 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



0.39 where x,y and z are the nolefractions of silicon,alum num 15
and phosphorus and ACBDE are points defining a pentagonal area
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one zeolite-based catalyst wherein the zeolite has at least two
elements selected from Group 13 or Group 14, such as germanium
and either tin or boron, in the =zeolite framework and wherein
at least one metal selected from Group 10 has been deposited on
the zeolite; and b) recovering the product. Another example of
the invention 1s a catalyst on which at least one Group 10
metal, such as platinum, is deposited on a zeolite having at
least one element selected from Group 13 or Group 14, such as
boron, in the zeolite framework. This example includes a
process for synthesizing a zeolite by: a) preparing a zeolite
having boron incorporated into the zeolite framework; b)
depositing at least one metal selected from Group 10 on the
zeolite; and c¢) calcining the zeolite on which at least one
metal selected from Group 10 is deposited, said calcining
occuring after preparation of the zeoclite, 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



si | i coal um nophosphate (SAPO) with at |east one other el enent

sel ected from Goup 4, Goup 5 Goup 13, Goup 14, Group 15 25 and
the first ries tranS|t|on metals in a three di nensional

i nt erconn&&?‘%’ 'f:r’y‘st alline tetrahedral framework. The E‘FVE?’&W‘?%@I
tetrahedral framework is synthesized from an aqueous gel contai ning,
as needed, a silica source, an alum num source, a phosphorus source,
a source for the G oup 4 G oup 5, 30Goup 13, Goup 14, Goup 15 and
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7, Goup G oup 9 or Goup 10 is deposited on the silicate,

aI um noselecaide, akom naeosphavep O irldisadhgm nephosphat eend boron
(hereinafter referred to as "deposited netal"). The catal yst nay be
usell i nircerimoeged oingonvéhei ngeCRite2 Ayamawarkhormnd ntce ledodani cthe
10 One exanple of the invention is a catalyst on which at |east one
Group 1¥¥et'#- such as platinum is deposited on a zeolite having at
| east two el errents selected from G oup 13 or G oup 14, such as
germani um and either tin or boron, in the zeolite framework. This

o ephring a zeol I HERPESCRIEIION OF° S PR ERL P} O o oup

13 or G oup ¥ H%HPQfﬁ? SerEpdam ﬁiﬁggﬁlﬂéd%é%r QPﬂﬁnobﬂoEBﬁates

zeolite frarre depositing ‘at [east one netal ected from
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occuring 20 after preparation of the zeolite ore depositing at

| east ope1dmials select ed fme@ G oup1LRipBsinecZesti t enOluddt efeolites.
depositing at | east one netal selected from Goup 10 on the zeolite.

Thi s exgmh® &f dheddvadd iraahga | EMides &ear qeess)f okmkhemem-22) ,
conversion of hydrocarbons of: a) contacting .a 25 hydrocarbon stream
cont ai oK) alkadesit®)l of LDE gEeoNtixburlgs tMEr eoisﬁnemng ®MTWO (£38M-12},
carbon atons per nolecule with at |east WD

2008/ 14734 3RCH2820@3«00EE31 ZSM~11) .

15 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,

20 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 diwvalent
T atoms which able to isocelectronically replace Si and Al in

25 the framework, e.g., germanium(4+), titanium (4+), boreon (3+),

gallium (3+), iron (3+), =zinc (2+) and beryllium (2+}).



one zeolite-based catal yst wherein the zeolite has at |east two
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invention al so includes a process for the conversion of hydrocarbons
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10 dissolution/recrystallization mechanism. The reaction medium
may also contain an orxganic structuremdirecfing agent which is
incorporated in the microporous space of the crystalline
network during crystallization, thus controlling the
construction of the network and assisting to stabilize the
15 structure through the interactions with the silicon, aluminum
or phosphorus components.

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

20 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

25 {S10;) which is available in various forms, such as silica sol,

commercially available as Ludox AS-40™, precipitated silica,



WD 2008/ 147543PCT/ U52008/ 006631 of tin and boron incorporated into

the zeolite 'framework. This exanple also includes a process for

synthesiziqﬂ a %eqlite by preparing a ZSM5 zeolite containlng ‘

ger mani um AP PERst one sel ected fromthe group conngT’Pﬁ"d‘ Hpoogity,

and boron 5incorporated into the zeolite framework and cal cining the

zeolite. DETAILED DESCRI PTI ON OF THE | NVENTI ON

Crystalline silicates, alumnosilicates, alum nophosphates 10and

silico j a : unjf 0 g whigh cul;

can di 1T e e e e a1 1 oe s Bear| £t AP S aT 2

are MFlcdgsMd)al BEA aBalad1e MANAEMEMi 2220 NOR (Mordenite), LTL

(Zeolite L), MIT (ZSM 23), MIW (ZSM12), TON (ZSM 22) and MEL

(ZSM 11) . 15€xatedladd | 0& Sthecas Bsmimbmmsmasidel cates, sodium aluminate,

al um nophosphat es and si |l i coal um nophosphat es have structures of TO4

t et r ahealnanimim c miftararnea t Rrleeidumensidhate net avourid ipym s rerd nogriobey gend

atons where T represents tetraval ent el enents, such as silicon

tri¥al epgevdeaymmitesuch as al umi num and pentaval ent el ements, 20

such as phosphorus. "Zeolite" in the present application includes

al uni nosi | i daf@®4R% Pbpehet RReePhPkERsPERAFS f FAReROPRPEPFUEL Féd (82

conposed_of cgrnher-shari TA tetrahedra, where T is A _or_Si, but

al so i ntiUdes %e"t’ra%%borﬁr}gjstpﬁlq; CertCHhd HF vaFRRPRO R V\ﬁflghsé’glllgm

to iso ' replace Si and Al in 25the franework, e.g.
%ﬁ%@;ﬁﬂa{é&. p g

ger mani‘u ani um (4+), boron (3+), gallium

(3+), i ron( 3+ Ahcd2+} rant begylibbdMdZ2+roud04, Group 5, Group 13
2008/ 147543PCT/ 1152008/ 006631 "Zeolite" is primarily a description of

stigict Uk@sup0l 4 CORPOEPL I18N.and the first series transition metals are

oxides, chlorides, sulfates, alkexides, fluorides, nitrates and
oxalates.

Examples of the structure-directing agent are organic

amine and quaternary ammonium compounds and salts and cations

15 thereocf, 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 (1’4’ -diazabicyclo[2.2.2]¢octane)butane hydroxide,

morpholine, cyclohexylamine and diethylethanolamine, N,N'-

20 diisopropyl imidazolium cation, tetrabutylammonium compounds,

di-n-propylamine (DPA}, tripropylamine, triethylamine (TEA),

triethanclamine, piperidine, 2-methylpyridine, N, N-

dimethylbenzylamine, N,N-diethylethanolamine,

dicyclohexylamine, N,N-dimethylethanolamine, choline cation,

25 N,N'-dimethylpiperazine, 1,4-diazabicyclo{2,2,2)octane,

N',N',N,N~tetramethyl- (1, 6) hexanediamine, N-



Silicates, al um nosilicates, al um nophosphat esand

si | i coal um nophosphates generally crystallize froman aqueous 5

sol ution. J{Ee t Pi_cal techni que for synthesizing silicates

al uni nosi M4 %’g',b'éﬁ um nophosphat es or silicoal um nophogﬁT{H??é’gm"“”
conprises converting an aqueous gel of a silica source, an al um num
source and a phosphorus source, as needed, to crystals by a

hydr ot her mal process, enploying a 10 dissolution/recrystallization

mechani §oy» J1@; LLRCh Lo Rl UM Mayy gl G ORI ARMANGANI € N-methyl
structure-directing agent which is incorporated in the m croporous

space opjpbei&Iys) aldime el YT fe Siling, CnisicalnyileqidloheiNUtine, 3-

controlling the construction of the network and assisting to

st abi | i methiepbi Simelct ur o e tdugh-piei d iMegr act iquisiniltiiitee si | Neoin-
al um num or phosphorus conponents. The aqueous gel contains in
addi t i odimetihhe-%j 4 +dbazvurcesle b2, 2 M wataseurics); t Hé -phbspdragne,
source, as needed, and the optional organic structure-directing
ageft, nadPentplaminef adiz0-Plesdyil asriacet heks @ ermmantism G sapudyl-
Goup 5 Goup 13, Goup 14, Goup 15 or the first series transition
metal s BB | RGP POIMELT MY t Y A% of e Igzoldgeas, a N-

alum nogi | i cate,  al um nophosphat e, or. silicoal um nophosphate. Exanples
of "The BFPHER Lotk el o P B WS ST | T3S 207 vini cp s (4
avai | abl g, i ' _ i]ice \ 1G4 a4l _
avai | abr 8BS e e L R Rl AR A or 1
2008/ 1428 3PCTL L2008 PRREALL SORBRY Ehabhyl a1 U 1easidn VNERE
T™M and fﬁﬂngd silica, comrercially avail a%lle as Aerloslil 200'I§m ;
Exaopl esigfutde ehemdsem source are sodi um al umi nate, al umi num
nitrate, alum num sulfate, alum num hydroxi de and 5 pseudobohem te.
Exanpl es of Thwee phasphonusagoaliee artdlphesphoracdidaca £ 86eayéht. P205e

ort hophosphoric acid, triethylphosphate and sodi um net aphosphat e.
Exanpl eacod mae BourcBrenstedupcad grodplswier egpdi3, Examples without

limitation of an acid wuseful in the present invention are
sulfuric acid, acetic acid, nitric acid, phosphoric acid,
15 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 1is cooled to room temperature. The
20 crystals are separated from the synthesis liquor. The liquid
portion of the synthesis ligquor may be removed by filtration,
evaporation, spray drying or any other means for removing
ligquid, e.g., water, from the crystals. The crystals are
washed with water and then dried and calcined.
25 The silicates are essentially aluminum-free but may

contain aluminum and other impurities up to 500 ppm.



10 G oup 14, Goup 15 and the first series transition netals are

oxi des, chlorides, sulfates, al koxides, fluorides, nitrates and
oxalates npl es of the structure-directing agen e organic
am ne and“&&&P&Pﬁé anmoni um conmpounds and salts and cgépﬁﬁ@mT@%ml

t hereof, such as tetra n-propyl amroni um hydroxi de, tetra npropyl
annnniun1bronide and tetra n-propyl ammoni um chl ori de, tetraethyl
anmoni um hydr oxi de, hexanet hyl enei m ne, 1, 4-

di (1" 4’ -di azghi cy dﬁﬁ%x%h%%ethang?@“@@ﬂ@b%@%ﬁﬁhﬁ%n Q%r%hgkhﬂ%m atomic

cycl ohexyl am ne an amne, N, N - 20 diisopropyl

i m dazold#4B CalslioRy )t E‘éfé’&&&ﬂ' IERNi 2M coMpeRndsnhe demBoRiARNEAMMELhe
(DPA), triprooylamnei triethylamne (TEA), triethanol am ne,

pi peri dbfeserd nEAtyhpysn di tRe BMillicon to aluminum atomic ratio is in
di et hyl benzyl am ne, N, N- di et hyl et hanol am ne, di cycl ohexyl am ne,

N, N- di mgtdnykehbandram nk;: thobi #@0cdt.i onIn another embodiment of the
25N, N' - di net hyl pi per azi ne, 1, 4-di azabi cycl o( 2, 2, 2) oct ane,

N, N, Nenesant aheYytign, 6}h%x§ﬁéélpaﬁ1 #e, NMlumppum atomic ratio is in
2008/ 147543PCT/ US2008/ 006631

met hy| di 2t heaft s N&igt Pl 180hdnol ami ne, N-met hyl pi peri di ne,

2 x% Eg: pyﬁﬁh?l dl u}aﬁy?lélrl&e%?%l? %é:sl Ohexth%r‘penedn alumth‘YT!t pf\{”% osphorus

R G e dasa b ol 82 ?_n2>th%ct99§ qom:dl - O Viagiae ¢S avout

neopentyl ani ne, ent Ianlne I sopr pylanlne utyl'am n

et hyl enedj am neg Rﬂé&déﬂdﬁe,l# igidazgdddone, . 4,310,440, hereby
Nben?yl- 1, 4-di azabi cycl o[ 2. 2. 2] octane cation, a 1-[1-(4-

chi @r ophesyddo e Do R raRehytl- 1- et hyl - pyrrol i di niumor 1-
et hyl-1-(1- phenyl - cycl opropyl met hyl ) - pyrrolidi umcation and
10m xtures tter emilicoaluminophosphates may have a silicon to aluminum
to phosphorus atomic ratio represented by (S:AlyP;)0> where "x",
"y" and "z" represent the mole fractions of silicon, aluminum
and phosphorus respectively, present as tetrahedral oxides,
15 said mole fractions being such that they are within the

pentagonal compositiconal area defined by points ABCD and E of

a ternary diagram with values represented in the table below:

Mole Fraction

20 X Y Z
A 0.01 0.47 0.52
B 0.94 0.01 0.05
C 0.98 0.01 0.01
25 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

30 by reference.



The reaction may also utilize an acid as a reagent. The acid may be a
Bronsted acid or a Lewis acid. Exanples without limtation of an acid
useful in_the present invention are sulfuric acid, acetic aci

nitric acWﬂ?mwﬁ%ﬁﬁﬁbrlc acid, 15hydrochloric acid, hydr%ﬁTﬂﬁﬁW%@%ﬁﬂd

oxalic acid or formc acid. The reaction mxture is stirred and
heated to a tenperature of about 100C to about 200C to formcrystals.
The reaction mxture is cooled to roomtenperature. The 20 crystals

are separ at ef}, { f%&&tg SYNER 'S ”Qﬂﬁﬁg JPGGJ:J;H%%P%%QB ok, ta§oup

synt hesi s |iquor e renov ation poration, Spfa
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crystals. The crystals are washed with water and then dried and

cal ci negy25ei i | fi it rd 8 sessefhicalrayigal wrbnu. fir @€ . Butomag wt.%.
contain %uninun1and other inmpurities up to 500 ppm WD

2008/ 14704 3T/ kS0 00663 he presEmge dinwentdsil, i caties remgehagse faom
silicon to alumnumatomc ratio (Si:Al) greater than 2:1. In one
enbbdi nent ot . Bhepr é8emt [ifnventinorpnetee s iibodimentl ¢f ntg aPsREENT
ratio is in the range from15:1 to 200;:1. In another enbodi nent of

t he Sprdentigiveritiion range 48 f&oR 901aWEn%nUﬂ1%I%h1t ratio is in
the range from18:1 to 100: 1. % alunlnophq ateg ﬁ¥ Eave an
aIunlnun1tofBH%spﬁﬁﬁ%ﬁF%ﬁ?jnlc q%ﬁ@%??ﬁﬁ A5AtEN { h&H agp Poh'abdut °*

0.8:1 to. about, 1..2: 1 i Pat en
her eby 3 ln%ooarlpucwlé}ogé‘%bsf a?: er enceavrgrgg% artéa Sél |coa um nopﬁgg%hgfggn

may ha pho h rati o represented
y%@go LIGRN do lé@glyg}wgﬁg ROSPNOL IS A OFhSs |

by ( SxA , represent the nole fractions of

sijbcon, al uxg ny&@@doﬁéom*&@&ussam%@@at ifvely GHfigseat @solst 7ahegoab
oxi des, 15 said nole fractions being such that they are within the

pentagonal coomesi ®i ooal areapdeflibnedsbydppbrtseABCBnandhE ofkiadicate,
ternary diagramw th val ues represented in the table bel ow
aluminesilicate, aluminophosphate or silicoaluminophosphate
(“deposited metal”). The metal is deposited not only on the
surface of the silicate, aluminosilicate, aluminophosphate or
15 silicoaluminophosphate but also in the pores and channels which
occur in the silicate, aluminosilicate, aluminophosphate or
siliceoaluminophosphate. The metal is deposited on the
silicate, aluminosilicate, aluminophosphate or
silicoaluminophosphate by any known method of depositing a
20 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

25 metal is present in the range from 0.05% to 3% by weight. In

another embodiment of the present invention, the metal is

10



Mol e Fraction 20 AO0.010.470.52 BO.940. 010. 05 ©0.980. 010. 01

25D0. 390. 600. 01 EO. 010. 600. 39 as disclosed in U S. Patent no.
4,440,871, hereby _incorporated 30by reference. WO
2008/ 1475X4PP#E5808/ 006631 The amount of G oup HCT/EFZYYI0RE31

Goup 13, Goup 14, Goup 15 and the first series transition netals
present in the crystalline framework is in the range from0.1 w.%to
25 wt.% 1In one enbodi nent of the present invention, this range is

from 50, le Mne0 19 LReWrShdd ARGH NN 18MIQM1 SBNEY OLili R €SEAT another
i nvention, this range is from0.1 w.%to 5 w.%

Thesi | | gbeniMdHE NOSI kheatfscdit NOPhesHied c0thsi netaal WE nepbosphate
has average pore size in the range from 2 angstroms to 20 angstrons,
| .e., nileg oporgau<Erom 0.2 to 1.5% by weight.
However, for silicate, aluminosilicate, aluminophosphate
5 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
10 decrease of metal surface area, causing a loss of catalyst
performance, specifically catalyst performance, e.g., activity
and/or selectivity.
Without the present invention and its claims being limited
by theory, it is believed that certain elements in the
15 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
20 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

25 time on stream, Without the invention of U. §. Patent no.

6,784,333 and its claims being limited by theory, it may be

11



10At | east one netal selected fromGoup 6, Goup 7, Goup 8 Goup 9
or Goup 10 is deposited on the silicate, alum nosilicate,

al um nophosphat e or silicoal um nophosphate ("deposited netal"). The
netal is Hggﬁi’é’f"tl‘géﬂ%ot only on the surface of the sili cBtEUS2008/006631
al um nosilicate, alum nophosphate or 15 silicoal um nophosphat e but
also in the pores and channels which occur in the silicate,

al um nosilicate, alum nophosphate or silicoal um nophosphate. The

metal i e jt t i ljicat L pOSL] L c : ' h

ot 11 coatith napholoREis B, 8 Skt oRsapd GEhe PLIRLAGROGROBLPE
on a S'c:%rl caliy AdYNiNQSi 4L ar@dl UHLRAPNRFRRAL €h8M platinum  remains
silicoal um nophosphate. Typical nethods of depositing a netal on a

si | i catgy, s Ag8dNasidl iseateriahuiknephasehat e or silicoal um nophosphate
are ion exchange, inpregnation and vapor deposition. In one )
enbodi mrent dedikiespr gsenanimwentileire t hey2Sarebaherrs presamnts | int hehe
range fromO0.05%to 3% by weight. In another enbodi nent of the

pr esentcriyniaitliiore, fhememwl WbhicO RGERIIEARS48PAT/ BS20081 0068683 10ther
present in the range fromO0.1%to 2% by wei ght.|n another enbodi nent
of the daRasdrited medntison, Bls@emssalin $her esetailhipfelrangecrkonty. be
to 1.5% by wei ght. However, for_silicate, alumnposilicate,

al unin £ GEPEP ¢ §al GFROWED tys pRBPER rt;:]:\ged GERER ﬁsqt's G Wi Th

Tetal s A SRedsPasilad (LG RIOGRSHLGTREL ! Uhes paRdog Rt Ble o

r egeneraarf | or{'et er?‘per at’ures cause e ne sinter

aggl onmgs adil o Of tgﬁe&?fﬂ% e%%n}gﬁ!egso&eseﬂetgéﬁgeianmg ngreagerffinium,

metal particle size on t surface of the zeolite and a 10 decrease

of1a1et alo,&di,f aga1ai 6, CAWSI NG 2dieSS eitsAldhySlzRRIJraMgNCeanadium,
specifically catal yst performance, e.g., activity and/or selectivity.
W t houtcHywamipmes eindori Nviehdib Dim aaddi baoephbpBs bei mae idd tredrdyel brenys
it is believed that certain elements in the 15 framework and certain
met al s mEpobet eth otthehecsystiahtine alfgpinawsrki cat 8peal AT noptroRdiest eof
or silicoal um nophosphate associate to resist sintering of the

deposi t&ENEE . 10, Stheat Brameneris, 238, 398rBREMBsanNAndicl deAstancone

al um numsi | i conger mapi um zeol i te on which_pl ati num has been
deposi t%ec}qrc&‘,edu om t?le group consgstmg of ptf‘n ancInboron.

15 Besides platinum, there may be other deposited metals
which associate with germanium or other elements in 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

20 are platinum, molybdenum, rhenium, nickel, ruthenium, rhodium,
palladium, osmium and iridiuvm. One or more metals, such as
bimetallics, e.g., Pt/Sn, Pt/Ge, Pt/Pb or metal/ metal oxide
combinations, e.g. Pt/Ge0;, may be deposited.

The crystalline framework of which these elemenis from

25 Group 4, Group 5, Group 13, Group 14, Group 15 and the first

series transition metals are part and on which metals selected

12



20 in a process for the aromatization of hydrocarbons. The presence

of germaniumin the framework of the zeolite and the presence of

pl ati num deposited on the zeolite apparently results in_higher

sel ecti vi WO YF et ene, tol uene and xyl enes (BTX) whi CF.CVgﬁ%QPfH@““

essentially constant over a significant 25tinme on stream Wthout the

invention of U S. Patent no. 6,784,333 and its clains being limted

by theory, it may be WD 2008/ 147543PCT/ US2008/ 006631 that the

ger mani gy Nl BT raMeKoLk g e At nursdeposst ethpncEhgezef | hee

associ ate such that the pl Btinumremii ns di spersed and sintering is

reducedyeResides gELHBN M phhel Snityn beootderaah eRBNUSH Nmbbhe bd any

crystalline framework which associate with plati numor other

deposi tieibr®Ricdcdus El enendésté N t heuainssal it f r anewRL KopRysPigate or

selected fromGoup 4, Goup 5 Goup 13, Goup 14, Goup 15 and the

first ssrijesdlnansidphosphet.al.s of the Periodic Tabl e of El enents.

Speci fic exanples of these el enents are germanium 10 boron,

gal$ium indafgreinr tafiten udepesitbanumi veadimgkmalechriom umilicahe,

ni obi um and phosphorus. One or nore el enents may be in the

cryst al3 e TasRgwEte  SPeEHMaPhesRisites oot SdildrestamiroPhesprahewdrk

are ger.nmani um and_ at Iea%t one selected fromthe grou_p .consi sti ng_of
é_ 5

tin andDorHNd58¥si §&L95at PRunPPPRRIR GRy dePfbsi fed™t My,
| ich i i j h | i he .
metal s mﬂa%lfu%lssoczlﬁit(c.eor\ge&nb ge{ﬁr&pﬁ? Or?r_gjtyltgén,e eﬁ&?&ﬁ 1 gt &;é&lplrgjs

crystalﬁlne r dmewor pdsi ted netal s e 'sel ected from

Goup 7hndId . 8,rHd %c%s%"%i%ﬁ%dfl%lqdl R iedositabhemetal can

El ements. Specific exanples of the deposited nmetal 20 are plati num
ol ybdesutir rienkup ordaekel , BuhBend Uk yr RREu¥MbdiRIdcath tiny £ OSAT Watal

and iridium One or nore netals, such as binetallics, e.g., Pt/Sn,
Pt/ Ge, digd¥itaronetal / nmetal oxide conbinations, e.g. Pt/ G02, nmay be
deposi t ed. The crystalline framework of which these el enents
from 25G oufihe Grbapyst Geyupeldcalbrgd 14t Qiddprebtartades fiwsthe
series transition netals are part and on which netals sel ected .
synthesis. For example, there may be a first calcination of
the silicate, aluminosilicate, aluminophosphate or
15 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
20 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 is 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

25 for a time in the range of from about one hour to about 24

hours. Calcination may also occur after metal deposition to

13



WD 2008/ 147543PCT/ US2008/ 006631 from Group 6, Goup 7, Goup 8 Goup
9 and Group 10 are deposited need not be |limted to a zeolite but may
be any mcroporous silicate, alumnosilicate, alum nophosphate or

si li coal uﬂ‘i(hg)ﬁﬁb@bﬁat e. 5Before or after deposition of RHEUTTRIBANG63] he
silicate, alumnosilicate, alum nophosphate or silicoal um nophosphate
may be bound by oxi des or phosphates of nmagnesium al um num
titanium zirconium thorium silicon, boron or m xtures thereof. The

bracesse sf eps,of RLEdi no and,deposi il TaLal SARIB0CSHS: | Ay

or der . Bindi ng fay occur befadreor a er et al oSition

cat al ysﬁelﬂ%\ial{%rrealo‘f' R et 2duf e é,eafe %ttaqe%efnaew@u§¥n&heabéquzoo c

exanpl e, re may be a first cal Cination of

thesi | igatgHalumeest | f6at £, akral RAPhesPhatReRr oS from about 0.5 hour
si |l i coal um nophosphate to renove the organi c structure-directing

agent ful laect Dy netuals .deToeiskl @@ larithasibaequeatl natchaatépasaat but
| oner tenperatures. The calcination to renove the organic
st ruct uraey dbe extnitiiqieayet A scaip lal grenperat vhan ofnalbputp@eH.C tvhabotine
1000C or about 300C to about 750C for a 20 time sufficient to renove
essent isHiiradid, of anyadprieesiélertecting ageiminepgosphaEet o six O
‘hours or_ _about. four hours. One exanpl.e of calcination is at 550 for
ten hOlJSszllC@i’ilé’Fﬁgr&PPBﬁSﬁBWBc&ﬁr %Peﬁl'n&tn@aﬁm% RN it i YRPpEnd
at a te qhure |n t he ranJ?e of fro about 300C to abg ; 1000C 25

¥ te G

for a t? e IR F B S sf:)Jot(ﬁ o houf® t 3 anours pgiiation can
2008/ 14 7IEPCT UBBo0E) UeRa T o F e HarRr PR Nt L o3
noio excegtha rRMRemAEHEEMPktRPOS andr-a8y. be at a tenperature of about

200C to about 500C for a tine in the range of from about 0.5 hour
The catalyst, bound 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
15 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 ancother embodiment of the
present invention, the average pore size is in the microporous
20 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 wused for hydrocarbon <conversion @ are
susceptible to sulfur poisoning. However, for some catalysts

25 used for hydrocarbon conversion, medest amounts of sulfur, such

as about 0 to 200 ppm in the feed, are acceptable and sometimes

14



to about 24 hours. These cal cinations need not be separate but 5 may
be conbi ned to acconplish nore than one purpose. \Wen the silicate,
al um nosi licate, alum nophosphate or silicoal um nophosphate is ,

cal ci ned, WQ2WEA'6H- bound or unbound and it may have net@l/URRPHFEL]
on it or not. Calcination can occur in an environment of oxygen,

ni trogen, hydrogen, water 10vapor, helium and m xtures thereof.

The catal yst, bound and unbound, will have porosity in addition to

t he unifor Qr.osi of il cat | wmi iLi .

Al arm noPRIATe. or iE! FPSaaYE HEnasshare. Beor SR Coabaikd BH st P

the av?taagl% ] eséif@rﬂaeirlﬁhcﬂé@illdét 2 Cals VY 1 f %Mggga%e art

unbound catalyst and I1s In e range from2 angstrons to

angst r 4Bhsildt s0Nng eHRdinEnin afhd NerHs&se@Ntof NyeBhl iy EHRpSYEE A08uch
pore size is in the range from5 angstrons to 50 angstrons. In

anot herasenbaghidrnt il five preseat mifvapki of, d heulaer agenpane! sAme 4
in the mcroporous 20 range from5 angstrons to 20 angstrons. For a
bound cateadtysgas t heuakerageypbrogesi zer ofiithegent akysta negmpearatfreone b
angstrons up to 100 mcrons. Some catal ysts used for hydrocarbon
conver Slewemne 150s aept BODEC 1 dNeH i tpioics eniangl ddowev en L £hor ceppeunds
catal ysts 25 used for hydrocarbon conversion, nbdest anounts of

sul f ur ,arsuchsas aboutgdhdm I A@eppronpourtte faech asedameepyhbtiésahfiide
sonetimes WD 2008/ 147543PCT/ US2008/ 006631 preferred. The cat al yst
may al sur D@1 ef diswatdey i sl Sanifde)., foxt Giittand <ul fGuHew a4 orwhmtehod =
that is well known in the art consists in heating in the presence of
a sul f dr-Znpotind, °B&cheBboRyarBEenoful filtfe, RFSLTH xt R EEBFLA sul B
conpound and an 5inert gas, such as hydrogen or nitrogen, to a

t erfper dragme retupet weeheisecand> 800w M6Hd-i mi ting exanpl es of sul fur
conpounds are H2S, an organosul fi de conpound, such as di nethyl

di sul fi de orfhEVBEAT Y¥eE hfPRYs #dBdide) 2 dreagiiPn Rro@ug, such as a

Cnl-12n+252, where n = 1-20.. I n one enbodj nent, of _the present )
i nvent i Fide abt Eﬁﬁer‘éﬁf\sétﬁg Riiden 556t and doutied by contacting

the catalyst with sulfur or a sulfur compound. In one
embodiment of the present invention, the amount of sulfur on
15 the catalyst is in the range of from 10 bpm 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 teo 1:100 as a ratioc of the
deposited metal teo tin, germanium or lead. These elements may

20 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,

25 Group 15 and the first series transition metals isomorphously
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The catal yst may contain a reaction product, such as a sulfide of the
deposited netal, that is formed by contacting the catalyst with
sul fur or a sul fur conmpound. In one enbodi ment of the present
i nventi on WORWSAMS#Hht of sul fur on 15the catal yst is i nPEHESIAFHYPS6IIf
from10 ppmto 0.1 wm.% The catal yst may al so contain el enents
ot her than sulfur, such as tin, germaniumor |ead. These el enents
woul d be present in the range of from1l:1 to 1:100 as a ratio of the
deposi t. t t.in, i r . e I 0
added 1o SPBEatsR, drit, s M Aokt i A s i
or ot hefe Rthodse kRPVELd ) 1he @Fdup 7. Spoup 8, Group 9 and Group 10
Thesilicate, al umnosilicate, al um nop ospﬁat%()
si | i colapygiaphosphat @hkasedogatal yshnwhpbeh gestiai ps ah | gasteOhe for
el enent selected fromGoup 4, Goup 5 Goup 13, Goup 14, 25 Goup
15 and ddisrefdsistn sefi dsydratmiddron sietamhs | somiod phious| ¥,-W0 alkanes,
2008/ 147543PCT/ US2008/ 006631 i ncorporated into the zeolite framework
and at dledSinsoner netiaftugel echeckedf omhGrbumad;, Ceougr raidBtoupbBancalp
9 and G oup 10 deposited on the zeolite can be used in a process for
conver siYsrR ist By adsEarpentEereals Lo ATANRFIGE-C12 al kanes, 5ol efins
or m xture thereof which may be straight, branched, cyclic or
m xtures theifof2eqYitts dFohdts Rase-exchapged, doith @it il i metal or
base-ex%_%g_ed wi th an %J %hi metal or _al kaline earth_netal, such, as
o] tb

cesi um® $§ Rt EGdi 0 i 35GHh  B8ri GRT ST ci BT RaBsi uRTEHE™

m Xt ur %H'Qﬁ'ﬁ%ﬂf bE} uml,o {Egt Y ’acling' Itlgs.{i'ﬂ'g %ﬁé%ﬁ%&égdtq-le%eof,.-,to

zeolite. non-aci dic zeoll as substantiall) fits cationic
siftes HeEhal8fai®y Jandt RS t ¥ Pireal-la1aseociaied av t h pal Yok DA di ¢
occupi ed by nonhydrogen cationic species, e.g., alkali or alkaline
earth meidlize These caldsyint igilties ane ofdfen ik esponisdriile foites of
cracki ng of hydrocarbons into undesired products. A zeolite nay be
non- aciediahapgeexcleangge withirse bagpiorlby hassoagiatédw eitim nahmminum,
content. The base-exchange nay occur before or after the noble netal
i s dep@®$iqued-edSubl anBBBEdEREHAn(eRL kil ySPegdPsShe Gsdd:t o2Ebalkr tor
C6- C12 al kanes, 20 such as _m ght be obtained from natural gas
conden$at@  ieghteatipht e L ALSHf | natﬁ“?%m%?r%liccs G2actITh Len

OLEr RSIARLT, OB ool BrprRsocay B M AMCLER, S 1S PRdEBc
during c3iResl s Of LRe13eQ! kh§ Wel RoANaBLERLT bIBLRLNSSge 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,
20 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
25 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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25 al kaline earth netal being added as a conponent of the reaction
m xture or may take place with a crystalline zeolite before or WO
20081147543PCT1US20081006631 after deposition of the noble netal.The

zeolite | VP M 8tkthanged to the extent that nost or aPFT/HP20p§HY6631

cations associated with alumnumare alkali metal or alkaline earth
nmetal. An exanple of a nonoval ent base:alum numnolar ratio in 5 the
zeolite after base exchange is at |east about 0.9. For a divalent or

trival e 3aSGepb0e IOk alod ALhQ YR DEDA T (Grgld) (@513 LNIfd £Q52)

as that for a noval ent basé, "respectively, and m Xt'dures o

monoval entnafjoardl ent and trivalent pasesosthe,aboye; ”Qlif]‘; thdl | @Stions

woul d be apportioned by 10their respective content Int m Xt ure.
Dependi s gt 4R el ePB Nt IuRGEeRROT &t €d ai1ka0 it e Zep! bire d11EwWY Keatbl
zeolite may be non-acidic wthout base-exchange, e.g., boron,

ger maningaalr. tAm éxempleal offi aunbhbealzrdl bige: 2 Aimhuinndl ££" rh8So ain
meani ng of having al um num content of no 15nore than 0. 4w %

Exawpl esheof zdwlrior aa Hlorr coaver skohapgecésses flegasthiabouthi®k. Tat aFyst a
can be used are: (A) The catalytic cracking of a naphtha feed to

pr oducedivagintol eri nsrivglgnal baeget | Bhe cdrlian ongdtiacl weleld r &9 abadf
500C 20 to about 750C, pressures of subatnospheric or atnospheric,

gener al {4 4=4ngi%g @p £8+3Bout?18) at ABspHites {Jaude) “‘é’l‘i’d"@&t%&ltyspase'
id ti | f th talyst/feed t baut .10

11 S ORI TS Reu 220 b nde e T A ST L e i 5P e R

mol ecul gr; MBIGRL 123 dTPRATRE 1R 185 ¥Rk RbuA¥ILACALRARE ioned by

Typi cal ‘reaction
10 their respective content in the mixture.

Depending on the element incorporated into +the =zeolite
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

15 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

20 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

25 hydrocarbons to lower weight hydrocarbons. Typical reaction

conditions for catalytic cracking include temperatures of from

17



conditions for catalytic cracking include tenperatures of from WO
2008/ 147543PCT1US2008/ 006631 about 400C to about 700C, pressures of
fromabout 0.1 atnobsphere (bar) to about 30 atnospheres, and wei ght
hourly sp¥B200¥IGe43t i es of from about 0.1 to about 100 BFL/YS2008(40§63The
transal kyl ati on of aromatic hydrocarbons in the 5 presence of

pol yal kyl aromati ¢ hydrocarbons. Typical reaction conditions include a
tenperature of from about 200C to about 500C, a pressure of from

choUL SLIBGPNCId 0cSOUL 200 FOFRSENSeesc el O DU VoBERES 0.1

fr abou 0 an aromati ¢

hydroca ol il yl 'f%%g O T £ d0BY AOCHROLHBLE, | aLha ( gi_egifdr&m ety

1/1 to a e I sonerization aronati c . Xyl ene

f eedst ogks LOMRONSNS. e STHY Glonf @10 condi Lo hoo suych include a
tenperature of from about 230C to about 510C, a pressure of from

about 0¢®) atTmspherfssd Dk photiob0 @f Mospheiese ahyeigtd riShourliy the
space velocity of fromabout 0.1 to about 200 hr-1 and a

hy ds ogem deyetrae apliorpaiipt sl kyeltd oneft fa ohydbooarBots. alfoyti cEHA0. reg&yion
The dewaxi ng of hydrocarbons by selectively removing straight chain
par af f i endMeonreati¢ bide oadiempasabnsedepeddent dheutard0 reakar @bowt
the feed used and upon the 20 desired pour point. Typical reaction

condi t i 9} GmcPudBraSeRABerat urle Wet AEEH CabdtRO RS Bhd M0ePogt 200
PrESSU SRR 4000 RELGS, & L1 gl Kou L spage. yeLoel L 101 Ocd
i oLt e S T R N
Vmiéooﬁbﬁﬂ%ﬁﬁéﬁﬁi(Q§%Q9§k§9§ﬁ%% 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
15 hourly space velocity of from about 0.1 to about 200 hr! and a
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
20 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
25 alkylbenzenes, in the presence ¢f an alkylating agent, e.g.,

olefins, formaldehyde, alkyl halides and alcohols having 1 to
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about 20 carbon atons. Typical reaction conditions include a
tenperature of from about 100C to about 500C, a pressure of from
about at m)s(g)heric_to about 200 at nospheres, a wei ght hourly space

vel ocity OYORM8M7Abbut 1 hr-1 to about 100 hr-1 and 5 aﬁﬂzwﬂ?ﬂéﬁfﬂ
hydr ocar bon/ al kyl ati ng agent nole ratio of fromabout 1/11 to about
20/1. (G The al kylation of aromatic hydrocarbons, e.g., benzene,
with long chain olefins, e.g., Cl4 olefin. Typical reaction
conditiqgns in bude t enperature of from about 50C tQ about 10 ﬁOCPC,
a presthAof 2P r GATERGu s phdr 1 €21 0 T5RG6GE OB GO HTS NS ediciide " a

i ght hour| ' f f b hr,- b -
Q‘E'dgak (eRa SRR D CEPBh P BPLE 1 fOToFe Pactbs i S0 P arb iR Paraurs ot
t i f th ' i
Syl i, HRRSUEhbRENBE R0 S REOE: NE0DrREtAdibibieg N8, ThBLne
appl i catd @M W@Ss Sy hell e a8) J9&Hon addidt Theal kiyd alpane ofo@riorat hed

hydr ocarbons with |ight olefins to provide short chain al kyl aromatic
CONpoungs, a€ofat ithenhyvd kydptd sy Qfklenzene wokht preQy epetio wHOVEden
cunene. 20 Typical reaction conditions include a tenperature of from
about lHMoun BbouttGMuia Jor/dssure of from about 1 to about 30

at nospheres, and an aromati c hydrocarbon wei ght hourly space velocity
(WHSV) ©F) f Fom lahkylatiombelt Betatiic hydgpyathenfydrod-ackPagzene,
heavy petrol eum feedst ocks, cyclic 25stocks, and, other hydrocrack .
char ge "tigtkdOnNgheChs | PéeBdlife Iff oh i FrecaC286iNt e THRIC ONFERATAAN

effective unt of WO 2008/ 147543PCT/ US2008/ 006631 t, one
vl oG BT BLimbRGhE B! 2 RETEyEe Wrd ofeat rin apout S0 e&MEbout

Dl oA 9o Ab¥ELure( M THE A KUbBLONalhofphel SLTHS AN N208

subst ant1 al ‘quan I'es of benzene and toluene w

contai il sphSh ! ghajd lrefidisr (- pacet RE1eNRE (aNdo BT eRYEENAodt0 2
produce nono- and dial kyl dates. Prefierred reaction conditions include

t enper airH'esd rapvuabato ol GC t onabeut a26R&tia pyessvaehboh/blemiabadle
100 to about 800 psig, a WHSV-ol efin fromabout 0.4 hr-1 to about 0.8
hr', a »HS\6 ref of mareabbufr dilaltoutakbbuir -20/% 0 Tdaboesult hng lpanducts
optionally, a gas recycle fromabout 1.5 to
from the reaction are long chain alkyl aromatics which when
15 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.
20 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 petrcleum feedstocks, cyclic

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

high silica zeolite will contain an effective amount of at
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2.5 vol/vol fuel gas feed. (K) The al kylation of aromatic

hydr ocar bons, e.g., benzene, toluene, xylene, and naphthal ene, with
| ong chain oI efins, e.g., Cl4 olefin, to produce al kylated aromatic
| ube base WQ E00SHEFERS Typl cal reaction conditions incl utfel/US2008/006631
tenperatures from about 100C to about 400C and pressures from about
50 to 450 psig. (L) The al kylation of phenols with ol efins or

equi val ent al cohols to provide |ong chain al kyl phenols. Typical

reacti 20 conditjons include tenperatures f.rom abqut 100C to_ about
250C, S?%asss&"@&efr%xﬁgssga?aﬁfl?% Hedleang ™ orhs oFTPr S Rds e
2 hr.- (M The conversion of |ight par

_ ﬁé(}féﬁaro t| CS ) . rl _ 3%££Q§y£95.

ol efi ns Typi cal reaction conditions incl

tenpera resTh?GSf ARARAULA2%¢ 1o abawbrA80E aeen%@ﬁw@essuﬁmla@wi
10 To about 3500 psi'g. WD 2008/ 147543PCT/ US2008/ 006631~ (N) T

conver sqdhft 1dghb £ol eén fisnd 0 agasot dNeendli stiichl af@ean@alsubeoﬂaa@glemg
hydr ocar bons. Typical reaction conditions include tenperatures of
frofn absuirtl 78aim abefitn50Q€.gnd atpydsser enaf grapglabeut tld pooduce
about 2000 psig. 5(0) Two-stage hydrocracking for upgrading

hydr ocardygn- sendars-sHavilag eisni t Peefeored ngeporaes alsove tdivawt  oobide
premumdistillate and gasoline boili ngPrange products or as feed to

f urt hert¥RRGEA G ShefF €8I $PPrGcesd y SPef®outhe??Prist 8t an??St,SéWeonf
th t d h l i t

ot al y T e 9Pt 1 A0 b Pt 508 1 6a B WPl SAE T £dm Theuc 0.4
ef fluent 4rom E\Bgufz bSh @Eagea\/\@wﬁq 98EB?%SESdoknf§o§\e%%BQtStlaguef ! to

usi ng a second Zzeolite r-sing one or

caf@l ytigald vo aﬁkﬂvearwb%m 189 a 8§ Qgeyélgetf%m abdfte 1.5 to
catal yst. Typical reaction conditi ons 15 include tenperatures from

about &i@&@ﬁbﬂutf@%@asa f¥eessure from about 400 to about 2500
psi g, hydrogen circulation of from about 1000 to about 10,000 SCF/ bbl
and a | {Kjui Ghkowrlky lspaicm vekoci tamzdidS\Vhydtotaphvabpute .@..1 tledfene,
hr-1. 20(P) A conbination hydrocracki ng/ dewaxi ng process in the
toluene, =xylene, and naphthalene, with 1long chain olefins,
e.g., Ciqa olefin, to produce alkylated aromatic lube base
15 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 pheneols with olefins or equivalent
alcohols to provide long chain alkyl phenols. Typical reaction
20 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™t.
(M) The conversion of light paraffins to olefins and/or
aromatics. Typical reaction conditicons include temperatures

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

about 2000 psig.
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presence of the zeolite-bound high silica zeolite conprising a

hydr ogenati on conponent and a zeolite such as zeolite Beta. Typi cal
reaction conditions include tenperatures from about 350C to about
400C, predQPWE14788m about 1400 to about 1500 25 psig, PEFRUSIPENE631
about 0.4 to about 0.6 hr-1 and a hydrogen circul ati on from about
3000 to about 5000 SCF/ bbl. WD 2008/ 147543PCT/ US2008/ 006631 (Q The
reaction of alcohols with olefins to provide m xed ethers, t he

e.g.,
ti f et hanol wi.th ispbyt, [ or | t i
eyt DL Sl SSRGS SR PLnd RO LD R R Ay
Typi I i ity i d t
P abo 000, xS Bt bdiiy T BEREL T KR LOAT BBAL pEdhs
per houinpelqdr edEsotdt@ded rom abomt aBolithnk o RbUB1A00dud a0 a

an al cohol to olefin nolar feed ratio fromabout 0.1/1 to about 5/1.
(R Theskaqnopordi onadn enfiar AMatdc sut Mo k¥ idj.sproportionation
of toluene to nake benzene and xyl enes. Typical reaction conditions

i nch ude(@) tEwmpesiatge ehgfirbecoarhbogt f200Qigarahiog WG carpressureans
from about atnospheric to about 60 at nosphere (bar), and a WHSV of
from adoamirg 1iRitiato kipblin@Borpkints 18psye TheosiEnv2P_TGn tef RBEPAEHE
(e.g., C6-ClO and simlar mxtures to highly aromatic m xtures. Thus,

nor mal Stk s iadift | §nBr SREREANEhEICHED 1y dr3RIF bBRSIUGE B BFamsy FR8A nE°
boi | i b boyt 40C,. and_| th bout 200C, b
Conver UAAF 116 pr BUELT < CRaviHITT ok BRCTSF 195 nPORGE - odtine! DT Stage
ti t L h d_wi . i
ot S B RO AN A WELPER" DBAE P8 e SIg 280y, §F

480 t qudROG 2t 2 PLESSHT B9 LaR9LRY fypAldmspherdc, tg 4;@0@% 8 &bt al,

liquid hourly space velocities (LHSV) ranging fromO0.1 to hr - 1.
25(T) Thes atiser prifanent atdynl @oONEtiretCHMRAMNAIIE bbe feardese iof a
separating various isomers of the conpounds. WO

2008/ 1443 RCT sHS2@08606631a (dfcdhe comieriston eofg.oxygepaties, Bega,
al cohol s, such as nethanol, or ethers, such as dinethylether, or

m Xt ur exMHarsEard tondydr oderBora Gadditidiadd Yol a3t e apdbakdMed$ csewidlt h

reaction conditions including a tenperature of from about o
a Group 8 metal, as the catalyst. Typlcal reaction conditions

15 include temperatures from about 315°C to about 455°C, a
pressure from apout 400 to about 2500 psig, hydrecgen
circulation of from about 1000 to about 10,000 SCE/bbl and a
ligquid hourly space velocity ({(LHSV} of from about 0.1 to 10
hr-t.

20 {P} A combination hydrocracking/dewaxing process in the
presence of the zeolite~bound high silica zeolite comprising a
hydrogenation compeonent and a zeclite such as zeolite Beta.
Typical reaction conditions include temperatures £from about
350°C to about 400°C, pressures from about 1400 to about 1500

25 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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5 275C to about 600C, a pressure of fromabout 0.5 atnosphere to
about 50 atnospheres and a liquid hourly space velocity of from about
0.1 to about 100. (V) The oligonerization of straight and branched
chai n ol eMH3B3FHy from about 2 to about 5 carbon at offst/US34@s/006631
ol igoners 10 which are the products of the process are nmediumto
heavy ol efins which are useful for both fuels, i.e., gasoline or a
gasol i ne bl endi ng stock, and chem cals. The oligonerization process

I's gene@' | y,car %aecdtioo% B\r‘ecof!}o%g:tﬂnél‘gﬁlgﬁl ?Jclgéffii?)gf eedSt gk sidl Anixed

gaseous' phase "w a “zeol rte-poun zéol r'te at a
tenper In the range ofefdiQmARoKt n2pRinbe aheut BQ0G+hd-Havg s
from agéoﬂlﬂeﬁroé.'z %ogaboﬂ’t @50 eanc}qarﬂy ro?:narBon parti al lpressure of fro]?n

about 0 dodehtahut +80 pidpisRheneshyTefPBLeLur @ nRe! OBt 22206 rmay-
be used to oligonerize the feedstock when the feedstock is in the

| i qui d 28, phasecien eentact i(mgMehe zeplpicrlbounshdeghiai | | candtol orie
catal yst. Thus, when the olefin feedstock contacts the catalyst in

t hes | i qiricll yta segmpeargans urBsomnfalfowm abolt td Cdbowt abdiiC 250k samrde
used. (W The conversion of C2 unsaturated hydrocarbons (ethyl ene

25 and/fromct Yo epbput o280 phar i HHEY- 1054 § e doierRehodsand
al dehydes to the correspondi ng C6;12 al cohols, aci

) ds, or WO
2008/ 14RASPET) IS0 HV0B6 DL ledtfer st0 Ul Uduul 1 epf 2k Bhedfokde
(fluid catal ytic cracki f.eed streans. Th ge ul furi zati,on process
i s genét fv}/ér&’r re%ceoelfpq%\""[tlé\D té'r?ﬁbla}[odlrte-gr'gr{ |r§T§ P?)&Lﬁ%léég‘to about
600C, pr.efer 5 fit ; : abqut 5 nore prefer
from abolt 260C to égggkgggg&ggggéégresggre %%%&aﬁ‘g% om Oeo'tg(e;' abglgdtlé(
2009 P hp fSSar Rt fdrpmoaboud 1 66hd 0 RPopE kIO Padth @R "Ry Eenes.
preferably fromabout 60 to about 500 psig, at a LHSV ranging Trom1
to 10 hpdpiddie hydicGamboroRuxtusas whhehudan de thhpdestthifrer i 26d from
according to the process of the present invention contain nore than
150 ppretsfuisul a0 Ce. go, hipdnbcarlbéiCri xtaur graesistirea safl f UFraont @mput
hi gher than 1000 ppm even hi gher than 10000 ppm The invention
havi ng Heearr@idral 19 deseEi Bd atespisHeo| [A% hg @RXAnpl &S 0 Ti Teem

as particul ar_embodinments of the inyention and to denonstrate the

pract i GAUHd Gdv 3t age’ #PRreof? B% s understood that the exanpl es

are giv by, way of illustration_an re not intepde olimt_the
SpEt| f g R €8 1 SPPRRRE, QﬁnganFﬂgﬁ) E%%gr]m gigtlar
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

20 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 hrl.

25 (T}Y The adsorption of alkyl aromatic compounds for the purpose

of separating various isomers of the compounds.
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Synthesis of Sn-Ge-ZSM5 25Chemi cals used: Tin (I1) chloride

di hydrate, SnCl2 * 2H20, 98% Si gma- Al drich; Sodi um hydroxi de
solution, 50%in water; Sigma-Aldrich; GEFanIUHIOXIde 02, 99.99%
Ger mani umRPPH&#on of America, WO 2008/ 147543PCT1UPEHEOHNe31
GTAH 68002; Sodi um al um nate (23.6% Al 203; 19. 4% Na20; 57.0% H20);
Sout hern Ionics; Ludox AS-40 colloidal silica, 40 wt.% suspension
in water; S5Aldrich; Tetrapropylannnniun1bronide TPABr, 98%

A!fa-Ae r; %PL§§? 591039‘; gg{veges§0| gon #1y 5ﬁ§¥sﬂréﬂﬁﬁpfas

tin chl |de were 10di i n rans o

25. 98 gﬁeaaﬂsarf& Sodium byds oxi deggoh ut fon &%@tﬁ?ﬂ@@hé@ thgrSaf®xtures
solution wth stirring. 1. 0462 granms of Ge02 were di ssol ved in

sol uti athedesdr 66! WiyidadFA2bonsB84 IF BBy SLEEUAL alawdl NI ®s with
honogeni zed in 50 grans of D.I. water. 15Solution #3. 28.12 grans of

TPABr weya-tdiesolovediiitiob@0 dnaisdahgD. &. wetmerature of from about
5 275°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 % carbon atoms. The oligomers
10 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 phase with a zeolite-bound high silica
15 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
20 phase when contacting the zeolite-bound high silica zeolite
catalyst. Thus, when the olefin feedstock contacts the
catalyst in the liguid phase, temperatures of from about 10°C

to about 250°C can be used.
{W) The conversion of Cp; unsaturated hydrocarbons (ethylene
25 and/or acetylene) to aliphatic Ce.12 aldehydes and converting

said aldehydes to the corresponding Cg.12 alcohols, acids, or
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Solution # 1 was added to 150 grams of Ludox AS-40 with gel
formation. Stirring was made for 10 m nutes. Then solution 20 #2 was
introduceq¥éo f!u Cel was stirred for 15 minutes. Then solutlon

was added 26% oite stirring was continued for 60 nmi nuPEyUs? OW%§G§7
grans of acetic acid were added gradually with gel stirring. Gel pH
was nmeasured in 30 mnutes after acid 25addition (pH=10.59). WO
2008/ 147543PCT/ US2008/ 006631 Crystallization was made in 1L
stainl ess. sfeel autoclave at 160C for 4 days with stirring (200 rpm.
Mat eri al” was washed and filtered with D.I. water, dried at 90C,

si eved {®) %m@smi@rﬁﬁ@t%%f\eﬁc@t Z&ﬁﬁﬁ’ﬁaf@ét géb@u(e,%ac%ﬁl%g) feed
analysis results are: 0.686 w. % Na Wt . i; 0.75 wt. % Al;
1.52 wtstfesms. 0. 'ﬁlﬁevﬁes%f@rliﬁﬁﬁmfpﬁdc%s ZEM Hehyr XRD; dQ8ynédesis
of 1%t/ CsGeSnZSM 5 3.8 grans of |aboratory prepared SnGeZSM 5
was washieda Wi ¢hp 0o ute of argilepusr @NOB0 (0. &0) abben 600fer edrefheably
filtrate was then rewashed 3 nore tines wth 0. 5M CsNO3 and 15ri nsed
wi th defeem zedoMzo dR0tRe o nabolt| t¥40 1y, Fhe zZeors t @redrdedlyastrom

t hen cal cined for 3 hours at 280C in air. | nci pi ent wet ness

i npr egr@t®Wn 98% taltri PVt HYO a%du A§ dardbr%%‘érea §6Fﬁ%%n fgprp. 4B
Pt (NH2) 4 d | ved 0 f.d t 047

ram ofHe %t?@@ﬁe%iﬁgéﬁr%%a DSt HRE et (o e r o B

L i Sy 5

2.25 Wr8phg 61:'@&]‘(1 M 0LS @nd Pn80nYhrdeFibon. mixtures which can be

10 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 21000 ppm, even
higher than 10000 ppm.

Tﬁe invention having been generally described, the

15 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 feollow in any manner.

20
Example 1:

Synthesis ¢f Sn-Ge-ZSM-5

25 Chemicals used:

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

Germanium oxide GeQz;, 99.89%; Germanium Corporation of America,
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The catal yst powder was pressed and sized to 20-40 nmesh. 25 0.25 cn8
(0.128 g) of the sized catalyst was mxed with 1.75 m of inert
quartz chips and was pretreated at 460C for 1 hour in flow ng H2.

Cat al yti c WQ&WM5Was then started. Exanple 2: Synt hesPGT/B$2008/006631
Ge-B-ZSM 5 5 Chemical s used: Boric acid H3803; 99.99% Aldrich;

Sodi um hydr oxi de NaCOH, >98% Al drich; Tet r apr opyl anmoni um br om de
(CH3(CH2) 2) 4NBr; 98% Al f a- Aesar; 10 Gernmani um di oxi de Ge02; Ger mani um
Cor por atd rica GTAH 68002; Ludox HS-30 5i 02, colloida

sili ca,aé%ésﬁjosdgeyﬁsi on in water; Sigma-Aldrich. 152.304 grans of

sodi um gyl oxi e yelf £i 6501842 1i,B, 184g 95 an§, Qf, B .oanaf,ef - Qogghamm

of bori'c acid and then 28.96 grars of tetrapropyl ammoni Um brom de
were disspiyed in the same solution with stirring. 1.2527 grams of
ger mani um di oxi de were di ssolved gradually with stirring. Gel was
for med midet 2038 Zoriansi=0f dildea HIBEwWey esusparcduced n lader;
solution. Gel was stirred for about 15 m nutes (pH=12.76).
5 Aldrich;
Tetrapropylammonium bromide TPABr, 98%; Alfa-Aesar:

Acetic acid, 99.7%; Aldrich.

Solution #1. 2.21 grams of tin chloride dihydrate were

10 dissolved in 55 grams of D.I. water. 25.98 grams of sodium
hydroxide solution were added to the same solution with
stirring. 1.0462 grams of Ge0O, were dissolved in solution also.
Solution #2. 3.84 grams of sodium aluminate were homogenized
in 50 grams of D.I. water.

15 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
20 #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

25 addition (pH=10.59).
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Crystallization was nade in stainless steel 300 m autoclave at 165C
for 5 days with stirring (100 rpn). Analysis results are: 41.6 wt. %
Si; 0.41 wt. %B; 0.83 w. %25Ce. ldentified as ZSM5 by XRD. 30 WO
2008/ 1475X3P83/S348908/ 006631 Synt hesi s of 1%t/ C5BGeZSMGI/US2008/009634
grans of |aboratory prepared BGeZSM 5 was washed with 150 m of
aqueous CsW3 (0.5M then filtered. The filtrate was 5 then rewashed
3 nore tines with 0.5M CsND3 and rinsed with deioni zed H20 on the

final_filpeQ;ggtJﬁf.zeo!iteiﬁgmde hen cal.ci ned ,for. gpurs at
280C Cr RS Ihﬁtr% AT e tE iFEEFO5EE Y
addinb;ggg%%du & §okiE? ;@ th%}g P&iﬁﬁ%@éghKB)z dls;olved |§y
10 0.7 §§3%ion|ze mater to B% érans t he Cs-exchanged
BGeZSM 1, Jf'faﬁ%e?é sy id b fiQirel RAWH gl A ma%rdrﬂﬂ%oo\é%n

t hen caIC|ned at 280C for 3 hour's. El emental analysis gave 42 %

Si, 0.63 v, %{@ed. 256 MndeB, s 6:2hnid 416 .n NG 10.564°m Yo Pt 1015The
cat al yst powder was pressed and sized to 20-40 nesh. 0.25 cnB (0.130
g) ®f tieusszed catal yst was mxed with 1.75 m of inert quartz chips
and was pretreated at 460C for 1 hour in flowng H2. Catalytic
t est i ngXRasandkysist arasul t 2EEBenpgl 88 WByntthéki’s 4. 3B- Z8M 5 GHeniOcdlds
used:

wt. % Al; 1.52 wt. % Sn; 0.96 wt. % Ge.

Identified as ZSM-5 by XRD.

10 Synthesis of 1%Pt/CsGeSnZSM-5

3.8 grams of laboratory prepared SnGeZSM~5 was washed
with 200 ml of aqueous CsNO2 (0.5M) then filtered. The
filtrate was then rewashed 3 more times with 0.5M CsNO3; and

15 rinsed with deionized H2C 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 (NH2),(NO3), dissolved in
0.9327 g of deionized water to 2.047 grams of the Cs-exchanged

20 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.
25 0.25 cm® (0.128 g) of the sized catalyst was mixed with 1.75 ml
of inert gquartz chips and was pretreated at 460°C for 1 hour

in flowing HZ. Catalytic testing was then started.
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25Boric acid H3803; 99.99% Aldrich; Sodium hydroxi de NaOH, >98%

Al drich; Tetrapropyl anmoni um brom de (CH3(CB2)2)4NBr; 98% Al f a- Aesar;
Ludox HS-30 5i02, colloidal silica, 30% suspension in water;

Si gma- Al dWQHIS/THSIN 008/ 147543PCT/ US2008/ 006631 2. 88 gr BEE UGG m
hydr oxi de were di ssolved in 230 grans of D.I. water. Then 1.2 grans
of boric acid and then 36.20 grans of tetrapropylammoni um brom de
were dissolved in 5 the sane solution with stirring. Light gel was
formed after 44.0 grans of silica source Ludox HS-30 were introduced.
Crystalé}gz tieorb_was made in a one liter stainless steel autoclave at
165C foragidays With stirring (100 rpnm). Analysis results are: 42.7
w. % Si; : % B ntified as ZSM5 by XRD. Synthesis of
190 / B%gl\%%eldénlgﬁ \[I)é%ferﬁé’—\%etzﬁs?i npregnati on was carried out by addi ng
15 dr ogpMrsie-21 SQlddd.on of 0.0402 g Pt (NH2)4(NG3)2 dissolved in
0.9925 g of deionized water to 2.011 grans of |aboratory prepared
BZSM 5.rohhie: neadiet idBOSaS obr.i%esdk f arldicidur in a 110C drying oven then
calcined at 280C for 3 hours. Elenental analysis gave 44.99 wt % Si,
0. 682 vodbuia,hyahtb 0.1 NetOm :Pt> S P0Bdvlalr gt ent was not neasur ed.
The catal yst powder was pressed and sized to 20-40 nesh. 0.25 cnB

(0. 128 TPt P ndRy Isimman g duami deas! Gk eH2 Wit BE /75 8%/ Poff gAesar:

quartz chips and was pretreated at 460C for 1 hour in flow ng H2.
Cat @l yt4L AT G AREst den &p Qr GPrBgnium Corporation of Americad GTAH
68002;

Ludox HS-30 8i0;, colloidal silica, 303% suspension in water;

Sigma-Aldrich.

15 2.304 grams of sodium hydroxide were dissolved in 184
grams of D.I. water. 0.96 gram of boric acid and then 28.926
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

20 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).

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

ol

25 Ge.

Identified as ZSM-5 by XRD.

30
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25 WO 2008/ 147543PCT/ US20081006631 Exanpl e 4: Synthesis of
1%t / CsBZSM 5 52.7 grans of | aboratory prepared BZSM5 was washed
with 150 nl of aqueous CsNOG3 (0.5M then filtered. The filtrate was
t hen rewa®eW1413%e times with 0.5M CsNOB and rinsed VRGHUEISHRPREd
H20 on the final filtering. The zeolite powder was then cal cined for
3 hours at 280C in air. 10l nci pi ent wetness inpregnation was carried
out by adding drop wise a solution of 0.0402 g Pt (NH2)4(NO3) 2

di ssol vgdmj %fggﬁlg#g%&@%dj water to 2.019 grams of the

Cs-excha‘ﬁge erial was dried for 1 hour in a 110C

drying oven é.@%fﬁﬁ&i&ﬁ%%o%@%& O%re;’%%éﬁ Spo & QIENL 2L s APALYSH Swith

15gave 44.06 wt % Si, 0.234wt % % Cs, and 0.86 wt % Pt .

The catpdyshl PONIE{uGSs PEESSLA sl S| Z28sh t £ PO A Mephe Hi POr&68 was
(0.124 g) of the sized catalyst was mxed with 1.75 m of inert

quast z whérpsrandsned @ embeat adnals 4606nhf ar, 5M 20800y &Nndf lrdwiseg Heith
Catal ytic testing was then started. Exanple 5: 25Synt hesis of
B- Al - ZSMHorGhead cid?® osedhe 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 0.0310 g Pt (NH,)4(NC3), dissolved in
10 0.7637 g of deionized water to 1.509 grams of the 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
gave 42.85 wt % Si, 0.63 wt % Ge, 0.256 wt % B, 6.24 wt % Cs,
and 0.74 wt% Pt.
15 The catalyst powder was pressed and sized to 20-40 mesh.
0.25 ecm3 (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.

20 Example 3:
Synthesis of B-ZSM-5

Chemicals used:

25 Boric acid H3zBO3; 99.99%; Aldrich;
Sodium hydroxide NaQOH; >98%; Aldrich;
Tetrapropylammonium bromide (CH3{(CH») ) 4sNBr; 98%;Alfa-Aesar;
Ludox HS-30 S5i0,, colloidal sili;a, 30% suspension in water;

Sigma-Aldrich.
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Boric acid H3B03; 99.99% Al drich; Sodi um hydroxi de NaCH, >98%

Al drich; 30Sodi um al um nate NaA102 (23.6 wt. %Al 203; 19.4 wt. %
Na20; 57 wt. % H20); Southern lonics. WO

2008/ 1475X8p9pS5¢08/ 006631 Tet r apr opy! anmoni um br omi dRCT/US2008/006631
(CH3(CH2) 2) 4NBr; 98% Al f a- Aesar; Ludox HS-30 Si 02, colloidal silica,
30% suspension in water; Sigma-Adrich. 5 3.7939 grans of sodium
hydr oxi de were dissolved in 345 grans of D.I. water. 1.8 grans of
boric acid were dissolved in the sane solution. Then sodi um al um nate
(1.3582 grans) was added and then 54.3 grans of tetrapropyl anmoni um

br o de e & di£ 3ol 4ed 41 L BT AU HUOT NG b SdIal-1See

source 10LudoX Intro into the sol ution

with gel {0 et ion . Gltd®s Bldd red ffardd-db HB MY e iPHRLB 183k

Crystallization was nade in 1L stainless steel autoclave at 165C for
5 days 36140 sdtdnid ngf (Hb0r Apy 1 ammon AR BSInS dee St eS dAlso 1340 int .

; Y v

% Si; 0.248 wt. %B; 0.97 wt. % 15Al. Identified as ZSM5 by XRD

Syn$ hestlse of ardd%d AsBASMWEL 20 A tA griane. dfidrabaredt oras phoepede d BA3M 5

was washed wth
44.0 grams of silica source Ludox HS-30 were introduced.

Crystallization was made in a one liter stainless steel

autoclave at 165°C for 5 days with stirring (100 rpm).
Analysis results are: 42.7 wt. % Si; 0.411 wt. % B.

10 Identified as ZSM-5 by XRD.

Synthesis of 1%Pt/BZSM-5
Incipient wetness impregnation was carried out by adding
15 drop wise a solution of 0.0402 g Pt{NHz)4(NO3), disscolved 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.
20 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.

25
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150 m of aqueous CsNO3 (0.5M then filtered. The filtrate was then
rewashed 3 nore tines with 0.5M C5NOG3 and rinsed with deionized H20
on the final filtering. The zeolite powler was then calcined for 3

hours at YEQ®BHA4TE#Y . 251 nci pi ent wet ness i npregnati on ReBUSHPFPUEEE1
out by adding drop wise a solution of 0.0409 g pt(NH2)4(NX)2

di ssolved in 0.9257 g of deionized water to 2.054 grans of the

Cs- exchanged WD 2008/ 147543PCT/ US2008/ 006631 BZSM 5. The nmteri al
was d”ﬁ?aé{%l hour in a 110C drying oven then cal ci ned at 280C for
3 hours. peman%'al anal ysis gave 42.11 w %Si, 0.126 vt % A, 0.90

wt %B,%ﬁ.‘t’lﬁeﬂs %ﬁ%%{ﬁé‘k&z@yﬁ% 5The catal yst powder was pressed

and sized to 20-40 nmesh. 0. cnB (0.127 g) of the sized catal yst was
mxed with 12756 glanf ioFeriasiiaitci b Pspane Waa sPr-st keat ash sed60tin

for 1 hour in flowing H2. Catalytic testing was then started.

10Exanpl &0 Gal Synt hgsesuof cEroB- ZEMM) Ghest cal Breised. TBerfflacate was

H3B03; 99.99% Aldrich; Sodi um hydroxi de NaOH, >98% Al drich;

15Tet r apreoopy reamashedm br ooirde (iGH3A CriRER) ANSM OSHPAl fadAesiarsed with

CGer mani um di oxi de Ge02; Ger mani um Cor porati on of America GIAH 68002;
deionized H20 on the final filtering. The =zeoclite powder was
then calcined for 3 hours at 280°C in air.

10 Incipient wetness impregnation was carried out by adding
drop wise a solution of 0.0402 g Pt(NH,;)4(NO;3;); dissolved in
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 230°C for 3 hours. Elemental analysis

15 gave 44.06 wt % Si, 0.234wt % B, 5.74 wt % Cs, and 0.86 wi%
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

20 hour in flowing H2. Catalytic testing was then started.

Example 5:
25 Synthesis of B-Al-ZSM-5

Chemicals used:

Boric acid H3BO3; 99.99%; Aldrich:;
Sodium hydroxide NaOH; »98%; Aldrich;
30 Sodium aluminate NaAlO; (23.6 wt. % Al,03; 19.4 wt. % Naz0; 57

wt. % H,0); Southern Ionics,
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Ludox HS-30 5i 02, colloidal silica, 30% suspension in water;

Sigma- Al drich. 20 2.304 grans of sodi um hydroxi de were di ssolved in
184 grans of D.I. water. 0.96 gramof boric acid and then 28.96 grans
of tetrapMPYEHAHHH um bronmi de were dissol ved in the saRETABI0§/P05631
with stirring. 1.2527 grans of germani um di oxi de were 25di ssol ved
gradually with stirring. Gel was forrred after 35 2 grans of Ludox
HS-30 were introduced into sol ution.

Gryst al 15 SARGTP YRTTAER, Eqsréi#e@sﬁ@é%b&rm Sal bR avBeat st
TR i s L R L o S R

1%Pt/6£§§§$€ I ent wet ness |npregnat|on was carrled out by

addi ng rg%l%ciscg{a solution of 0.0412 g Pt (NH2)4(NO3)2 dissol ved
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 110C drying
oves themesd o netk idf adddaim ABRGd:01dS8 etk sdi sl vad ailry 34 payters
was pressed and sized to 20-40 nesh. 15 0.25 cnB (0.127 g) of the

si zed caf db ybt waisem Xed vrtdnd . I5 mdriof daiet twepsardiz sshivesd aimd thes
pretreated at 460C for 1 hour in flowng H2. Catal ytic testing was

t hen stsanedgolution. Then sodium aluminate (1.3582Z grams) was added

and then 54.3 grams of tetrapropylammonium bromide were
dissolved in the same solution with stirring. Silica source

10 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).

tel

Analysis results are: 37.5 wt. % Si; 0.248 wt. % B; 0.97 wt. %
15 Al.

Identified as ZSM-5 by XRD.

Synthesis of 1%Pt/CsBZSM~5

20 2.7 grams of laboratory prepared BZSM-5 was washed with
150 ml1 of aqueous 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.

25 Incipient wetness impregnation was carried out by adding
drop wise a solution of 0.0409 g Pt(NHz).(NO3)2 dissolved in

0.9257 g of deionized water to 2.054 grams of the Cs-exchanged
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20Cat al yst Testi ng Al'l catalysts were tested according to the
sanme procedure. Catalyst particles, mxed with inert quartz chips,
were |l oaded into a ;1i" OD plug flow reactor. n-hexane was vapori zed
into a stMRIHI47$430wi ng hydrogen at a tenperature 25 ofCT/US2008/006631
approxi mately 150C. This gas m xture was passed through the reactor
at a LHSV of 8.6 hr-1 , the reactor being WO

2008/ 147543PCT/ U82008/ 006631 muai ntained at a tenperature of 515C by

o, O sl Feob 00 LagkSly Mt SaELLT rods, g, el v6ee 983
di net hy| h b © i f i i i \
6 T LR Rghens VLR PDoeT YRR VAL 1Y R SBRMBILERLLRD, e

and ol efifs {£: &ﬁhgxsag-ngw% Rurposes of \paleuwaténgs we 3 cs,
conversion and selectivity, these C6 product's were considered to be
unreactgey ofhes selsectivities reported are cal cul ated as the sum of
benzene, toluene, 10 xylenes, and ethyl benzene produced divi ded by

thestotal armmuntcatabyst bporese, weh- Qhesard GhAtl nmisyd ats 2écovenedh.
These selectivities are presented on a nolar C6 basis.
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.

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

Chemicals used:

Boric acid H3BOs; 99.99%; Aldrich;
Sodium hydroxide NaCOH; >98%; Aldrich;

15 Tetrapropylammonium bromide (CH3;(CH;)},)4NBr; 98%;Alfa-Resar;
Germanium dioxide Ge02;Germanium Corporation of America GTAH
68002;

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

20
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 disscolved in the same
solution with stirring. 1.2527 grams of germanium dioxide were

25 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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Exanpl e catalyst Si/Al 2 Sn,Ge,B in final catalyst Xn Sn 1 2 3 4 5 6
Pt/ CsSnGeZSM 5

10

15

20

25

WO 2008/147543 PCT/US2008/006631

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).
Analysis results are: 41.6 wt. % Si; 0.41 wt. % B; 0.B3 wt. &
Ge.

Identified as ZSM~-5 by XRD.

1%Pt/GeBZSM~5
Incipient wetness impregnation was carried out by adding
drop wise a solution of 0.0412 g Pt (NHz)4(NO3), dissolved in
0.96 grams 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 calcined'in 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 cﬁips and was pretreated at 460°C for 1

hour in flowing H;., Catalytic testing was then started.

Catalyst Testiné

All catalysts were tested according to the same
procedure. 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
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Pt/ C5aCGeZSM 5 Pt/ BZSM5 Pt/ CsBZSM 5 Pt/ CsBZSM5 Pt/ BGezZSM5 110 - - -

90 .

10

15

2. 3¥%6n’

0.85% Ge 0.29% B
WO 2008/147543

0.63% Ge 0.41%8 0.25% B
PCT/US2008/006631

maintained at a temperature of 515°C by an external heating

jacket.

chromatography.
dimethylnaphthalene

isomerization

(e.g.,
purposes
products
reported

Xylenes,

of all benzene,

selectivities

2-methylpentane)

The reaction products were analyzed by gas

Products ranging in size f£from methane to

were observed. A variety of Ces

products were observed, including isochexanes

and olefins (e.g. l-hexene.) For the

of calculating conversion and selectivity, these C6

were considered to be unreacted. The selectivities

are calculated as the sum of benzene, toluene,

and ethylbenzene produced divided by the total amount
These

Cl-C5, and C7+ materials recovered.

are presented on a mclar C6 basis.

Example Sn, Ge, B
catalyst Si/Al, in final Xas Sas

catalyst

Pt/CsSnGeZSM- 2.3% Sn,
5 10 glgss ge | 11 86

0.29% B,
Pt/CsBGeZSM-5 0.63% Ge 35 75
Pt /BZSM-5 e 0.41% B 43 78
Pt /CsBZSM-5 = 0.25% B 51 87
Pt /CsBZSM-5 80 0.14% B 45 72

- 0.41% B,
Pt/BGeZ5M-5 0.63% Ge 24 21
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0.14%B 0.4198' 0.63% Ge 11 35 43 51 45 24 86 75 78 87 72 91 15 WO
2008/ 147543PCT/ US2008/ 006631 Nunmer ous nodifications and
variations of the present invention are possible in light of the
above tealY?P HWEI4743 i s to be understood that, within t hBCHESHESHE6the
appended cl ai ns, the invention nmay be practiced other than as
specifically 5descri bed.

Numerous modifications and variations of the present
invention are possible in light of the above teachings. It is
to be understood that, within the scope of the appended claims,
the invention may be practiced other than as specifically

5 described.
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CLAIMS 1. A catalyst for: conversion of hydrocarbons conprising:
a) a zeolite having germanium and at | east one el enent selected from
the group consisting of tin and boron incorporated into the zeolite
framewor k and b) at |least one netal selected from Goup 10
deposited on the zeolite, wherein the zeolite is non-acidic. 2. The
catalyst of Caim1l, wherein the zeolite is base-exchanged with an
al kali metal or alkaline earth nmetal to nmake the zeolite non-acidic.
3. The catalyst of daim1l wherein tharmetal deposited on the zeolite
is platinum 4. The catalyst of daim1l wherein the zeolite is Ml
5. A process £ afatSMRisRESbZi Agh v ZA0h be BEERSH iMbnk0 canyr ofidghe
precedi ng cl ai ), L£oEYi%eNBaving geari@PahbnNgra12804 |4 RAhad:
ger mani um gatkdded easloronensel gedd fdaMvithengrovp consi sdddgpekohi N
and boron i REFFUHAead ihBb Otk 16 ZAGk k! e EAAMMO g b) _
depositing at [gasdc anRs¥ebak fetectfd @ G-eMPciluPMmd NerekEhe;
and 60 9’ Gid¥1Rgel henerold tee sabilical &d MngaecquLi ng after
preparation of the zeolite, before depositing at |east one netal
sel ected fpompxouncdfyon LReczaohi be Qheabigr tleposiiing 3t heast
one metal sghected FFGM QPupdd Ondiie 28011N&1i8e A-RERCRSSA! Okt he
conver si onpQfe Y 9&R7PERS, GRS NI a) contacting a
hydr ocar bon stream contai ni ng al kanes, olefin or m xtures thereof
having 2 te lzhcarbom flOnds Pel, 1P Lo &I N Afast é%ﬁ%s'ted on .
zeol i te-baged Lahalyst sageor diyyg to any one of claims 1 1o ﬁ, wher ei n
the catal yst contains germanium and at | east one selected fromthe
group consj Stq i : i d i h ite
f ramewor k %ndhﬁﬁé%%ﬁ%&gﬁaggéggﬁ%gé ﬁg?g?géeIngﬁgﬁgF%nféﬁﬁﬁﬁj 10 has
been deposit dhe | ist,e; . . 2C0 i t p uct.
7 “The. D s, e b R Sy LG,y KaeS or (e O R ef e
straight, br an%hecbre(i&éq!ih% Q BHLYLESS ﬁﬁe%fermanium and at least
one selected from the group consisting of tin and boron
incorporated into the zeolite framework;
b) depositing at least one metal selected from Group
10 on the zeolite; and
c) calecining 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.

6. A process for the conversion of hydrocarbons comprising:

a) contacting a hydrocarbon stream containing alkanes,
olefin or mixtures therxreof having 2 te 12 carbon atoms per
molecule with at least one zeolite-based catalyst according
to any one of claims 1 to 4, wherein the catalyst contains
germanium and at least one selected from the group
consisting of tin and borxon incorporated into the zecolite
framework and wherein at 1least one metal selected from
Group 10 has been deposited on the zeolite; and

b} recovering the product.

7. The process of Claim 6 wherein the alkanes or the
olefins are straight, branched, cyclic or mixtures thereof.
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