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(57) ABSTRACT 

There is provided a catalyst containing porous macrostruc 
tures comprised of: (a) a three-dimensional network of 
particles of porous inorganic material; and, (b) at least one 
metal. The particles of the at least one macrostructure 
occupy less than 75% of the total volume of the at least one 
macrostructure and are jointed together to form a three 
dimensional interconnected network. The three-dimensional 
interconnected network will usually be comprised of pores 
having diameters greater than about 20 The macrostruc 
tures can be made by forming an admixture containing a 
porous organic ion exchanger and a synthesis mixture 
capable of forming the porous inorganic material and the at 
least one metal; converting the synthesis mixture to the 
porous inorganic material; and removing the porous organic 
ion exchanger from the inorganic material. The metal 
containing macrostructures ?nd application in hydrocarbon 
conversion and in the reduction of emissions. 
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METAL-CONTAINING MACROSTRUCTURES OF 
POROUS INORGANIC OXIDE, PREPARATION 

THEREOF, AND USE 

[0001] This application claims priority to US. Provisional 
Application No. 60/135,326, ?led May 20, 1999, Which is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to metal-containing macro 
structures of porous inorganic oxide, methods of preparing 
the metal-containing macrostructures, and the use of the 
metal-containing macrostructures. 

BACKGROUND OF THE INVENTION 

[0003] Both mesoporous inorganic material and 
microporous inorganic material are characteriZed by a large 
speci?c surface area in pores and are used in a large number 
of applications of considerable commercial importance. In 
most of these applications, the fact that the phase interface 
betWeen the solid porous materials and the medium (liquid 
or gas) in Which it is used is large can be very important. For 
example, these porous inorganic materials are often used as 
catalysts and catalyst supports in hydrocarbon conversion 
processes. Also, these porous inorganic materials are often 
used as adsorbents for the selective adsorption in the gas or 
liquid phase or the selective separation of ionic compounds. 
As used herein, the terms “porous inorganic materials” and 
“porous materials” includes solid mesoporous inorganic 
material, solid microporous inorganic material, and mixtures 
thereof. 

[0004] Although a large phase interface is often a funda 
mental requirement for use of porous materials in different 
applications, a number of additional requirements related to 
the particular area of application are imposed on these 
materials. For example, the large phase interface available in 
the pores of the porous inorganic material must be accessible 
and useable. In many applications, siZe and shape of the 
macrostructures containing the porous inorganic material 
and the degree of variation of these properties can be 
decisive importance. During use, the siZe and shape of the 
macrostructures can in?uence properties like mass transport 
Within the structures, pressure drop over a bed of particles of 
the material, and the mechanical and thermal strength of the 
material. Techniques that permit production of a material 
With increased speci?c surface area, pore structure (pore 
siZe/pore siZe distribution), chemical composition, mechani 
cal and thermal strength, as Well as increased and uniform 
siZe and shape, are consequently required to tailor porous 
inorganic macrostructures to different applications. 

[0005] Mesoporous inorganic materials include amor 
phous metal oxide (non-crystalline) materials Which have 
mesoporous and optionally partially microporous structure. 
The pore siZe of the mesoporous inorganic material is 
usually in the range of from about 20 A to about 500 

[0006] Microporous inorganic materials include crystal 
line molecular sieves. The pore siZe of crystalline 
microporous molecular sieves is usually in the range of from 
about 2 A to about 20 Crystalline microporous molecular 
sieves, both natural and synthetic, such as Zeolites, have 
been demonstrated to have catalytic properties for various 
types of hydrocarbon conversion processes. In addition, the 
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crystalline microporous molecular sieves have been used as 
adsorbents and catalyst carriers for various types of hydro 
carbon conversion processes, and other applications. These 
molecular sieves are ordered, porous, crystalline material 
having a de?nite crystalline structure as determined by x-ray 
diffraction, Within Which there are a large number of smaller 
cavities Which may be interconnected by a number of still 
smaller channels or pores. The dimensions of these channels 
or pores are such as to alloW adsorption of molecules With 
certain dimensions While rejecting those With larger dimen 
sions. The interstitial spaces or channels formed by the 
crystalline netWork enable molecular sieves to be used as 
molecular sieves in separation processes, catalysts and cata 
lyst supports in a Wide variety of hydrocarbon conversion 
processes, and many other commercial processes. 

[0007] Molecular sieves can be classi?ed into various 
groups by their chemical composition and their structure. 
One group of molecular sieves is commonly referred to as 
Zeolites. Zeolites are comprised of a lattice of silica and 
optionally alumina combined With exchangeable cations 
such as alkali or alkaline earth metal ions. Although the term 
“Zeolites” includes materials containing silica and optionally 
alumina, the silica and alumina portions may be replaced in 
Whole or in part With other oxides. For example, germanium 
oxide, titanium oxide, tin oxide, phosphorous oxide, and 
mixtures thereof can replace the silica portion. Boron oxide, 
iron oxide, titanium oxide, gallium oxide, indium oxide, and 
mixtures thereof can replace the alumina portion. Accord 
ingly, the terms “Zeolite”, “Zeolites” and “Zeolite material”, 
as used herein, shall mean crystalline microporous molecu 
lar sieves including, but not limited to, molecular sieves 
containing silicon and, optionally, aluminum atoms in the 
crystalline lattice structure thereof, molecular sieves Which 
contain suitable replacement atoms for such silicon and 
aluminum, and ALPO-based molecular sieves Which contain 
frameWork tetrahedral units of alumina (A102) and phos 
phorous oxide (P02) and, optionally, silica (SiOZ). 
Examples of ALPO-based molecular sieves include SAPO, 
ALPO, MeAPO, MeAPSO, ELAPO, and ELAPSO. The 
term “aluminosilicate Zeolite”, as used herein, shall mean 
Zeolites consisting essentially of silicon and aluminum 
atoms in the crystalline lattice structure thereof. 

[0008] Prior to using the porous inorganic material, espe 
cially crystalline microporous molecular sieves such as 
Zeolites, in hydrocarbon conversion, the material is usually 
formed into structures, e.g., aggregates, such as pills, 
spheres, tablets, pellets, or extrudates. For example, 
although Zeolite crystals have good adsorptive properties, 
their practical applications are very limited because it is 
dif?cult to operate ?xed beds With Zeolite poWder. There 
fore, prior to using the Zeolite crystals in commercial pro 
cesses, mechanical strength is conventionally conferred on 
the Zeolite crystals by forming a Zeolite aggregate such as a 
pill, sphere, or extrudate Which usually is a dimension 
greater than 0.01 mm. The extrudate can be formed by 
extruding the Zeolite crystals in the presence of a non 
Zeolitic binder and drying and calcining the resulting extru 
date. Another means for forming aggregates involves com 
pressing the particles together to form aggregates Where the 
particles are held together by physical means. The binder 
materials used are resistant to the temperatures and other 
conditions, e.g., mechanical attrition, Which occur in various 
hydrocarbon conversion processes. It is generally necessary 
that the Zeolite be resistant to mechanical attrition, that is, 
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the formation of ?nes Which are small particles, e.g., par 
ticles having a size of less than 20 microns. Examples of 
suitable binders include amorphous materials such as alu 
mina, silica, titania, and various types of clays. Aggregates 
can also be formed Without amorphous binder by compress 
ing the crystals together in such a Way that they become 
physically self bound. 

[0009] Although such bound Zeolite aggregates have 
much better mechanical strength than the Zeolite poWder, 
When the bound Zeolite is used in a catalytic conversion 
process, the performance of the catalyst, e.g., activity, selec 
tivity, activity maintenance, or combinations thereof, can be 
reduced because of the amorphous binder. For instance, 
since the binder is typically present in amounts of up to 
about 60 Wt. % of the bound catalyst, the amorphous binder 
dilutes the adsorptive properties of the aggregate. In addi 
tion, since the bound Zeolite is prepared by extruding or 
otherWise forming the Zeolite With the amorphous binder 
and subsequently drying and calcining the extrudate, the 
amorphous binder can penetrate the pores of the Zeolite or 
otherWise block access to the pores of the Zeolite, or sloW the 
rate of mass transfer to and from the pores of the Zeolite 
Which can reduce the effectiveness of the Zeolite When used 
in hydrocarbon conversion processes and other applications. 
Furthermore, When a bound Zeolite is used in catalytic 
conversion processes, the amorphous binder may affect the 
chemical reactions that are taking place Within the Zeolite 
and also may itself catalyZe undesirable reactions Which can 
result in the formation of undesirable products. 

[0010] It is sometimes desirable that catalysts used for 
hydrocarbon conversion include one or more metals. For 
instance, certain hydrocarbon conversion processes involv 
ing dehydrogenation and dehydrocycliZation reactions 
require that the catalyst be effective for metal-catalyZed 
reactions. In order for the catalyst to be effective for metal 
catalyZed reactions, at least one catalytically active metal is 
usually included in the catalyst. The catalytically active 
metal is preferably uniformly dispersed or the activity, 
selectivity, and/or activity maintenance of the catalyst can be 
adversely effected. Also, for shape selective hydrocarbon 
conversion reactions, such as aromatic disproportionation, 
alkylation, or transalkylation reactions, it is desirable to 
reduce reactions taking place at the surface sites of a Zeolite 
catalyst. One technique for reducing those reactions is to 
coat the surface active sites With a metal compound effective 
for reducing the acidity, including metal oxides such as 
barium oxide. 

[0011] It is desirable that the exterior surface of the 
support present in catalytic converters, Which are used for 
the reduction of emissions in a gas stream of a combustion 
process, such as the exhaust stream from an internal com 
bustion engine, contain at least one metal that is dispersed on 
the exterior surface of the support to reduce the amount 
emissions in the exhaust stream. 

SUMMARY OF THE INVENTION 

[0012] In one embodiment, the present invention is 
directed to a catalyst containing at least one porous macro 
structure comprised of: (a) a three-dimensional netWork of 
particles of porous inorganic material; and, (b) at least one 
metal. The particles of the at least one macrostructure 
occupy less than 75% of the total volume of the at least one 
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macrostructure and are joined together to form a three 
dimensional interconnected netWork comprised of pores and 
at least some of the pores Will usually have diameters greater 
than about 20 

[0013] In another embodiment, the present invention is 
directed to a process for preparing the catalyst containing the 
at least one macrostructure comprised of: (a) the three 
dimensional netWork of particles of porous inorganic mate 
rial; and, (b) the at least one metal. The process is carried out 
by: forming an admixture comprising a porous organic 
ion exchanger and a synthesis mixture capable of forming 
the porous inorganic material; (ii) converting the synthesis 
mixture to the porous inorganic material; and (iii) removing 
the porous organic ion exchanger. In this embodiment, the at 
least one metal is present on the porous organic ion 
exchanger before forming the synthesis mixture of step (i), 

or the at least one metal is added to the admixture of step during the preparation, after the formation, or both, of said 

admixture, or is added during the conversion of step (ii), or 
is added to said at least one macrostructure before the 
removal in step (iii) of the porous organic ion exchanger and 
after the formation in step (ii) of the porous inorganic 
material, or is added to said at least one macrostructure after 
the removal in step (iii) of the porous organic ion exchanger, 
or combinations thereof. 

[0014] In an additional embodiment, the present invention 
is directed to the conversion of organic compounds by 
contacting the organic compounds under conversion condi 
tions With the catalyst comprised of: (a) the at least one 
macrostructure comprised of the three-dimensional netWork 
of particles of porous inorganic material; and, (b) the at least 
one metal. 

[0015] In a further embodiment, the present invention is 
directed to a process for reducing emissions of hydrocarbon, 
carbon monoxide, and particularly, oxides of nitrogen such 
as those contained in a gas stream, such as a gas stream from 
an exhaust system of an internal combustion engine. The 
process is carried out by contacting the gas stream from the 
exhaust system With the catalyst containing the at least one 
macrostructure comprised of: (a) the three-dimensional net 
Work of particles of porous inorganic material; and, (b) the 
at least one metal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] Macrostructures refer to structures With a siZe that 
exceeds 0.01 mm in at least one dimension, preferably 0.1 
mm and, more preferably, 1.0 mm. Examples of macrostruc 
tures are spherical particles, cylindrical extrudates, pellets, 
?bers, thin ?lms applied to different forms of substrates and 
other composites, in Which the porous material is combined 
With other types of material. 

[0017] The term “average particle siZe” as used herein, 
means the arithmetic average of the diameter distribution of 
the particles on a volume basis. Procedures for determining 
the volume of the particles are knoWn to persons skilled in 
the art. For instance, the volume of the particles can be 
calculated from SEM particle siZe measurements by taking 
into account the geometry of the particles. The term “par 
ticle” means the fundamental building block of the macro 
structure material. In the case of crystalline molecular 
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sieves, particle refers to crystal. In the case of other porous 
materials, particle refers the fundamental building block of 
these materials. 

[0018] As used herein, the term “metal” refers to a metal 
that: (a) is present on the internal surface of the macrostruc 
ture or the external surface of the macrostructure, or both; 
and (b) affects the catalytic properties of the particles of the 
macrostructure or affects the adsorptive properties of the 
particles of the macrostructure, or both. The term “metal” 
does not encompass metal from Which the porous inorganic 
material is comprised. For example, in the case of crystalline 
microporous molecular sieves, the term “metal” does not 
encompass any metal in the framework of the crystalline 
molecular sieve. 

[0019] The macrostructure Will comprise at least one 
metal, be porous and Will usually comprise a three-dimen 
sional netWork (sometimes referred to as a matrix) of 
particles of porous inorganic oxide. The macrostructures can 
be self supporting and is self bound. Usually, the particles 
Will occupy less than 75% of the total volume of the 
macrostructures and may occupy less than 50% of the total 
volume of the macrostructure. The expression “total vol 
ume”, as used herein, means the volume displaced by 
macrostructure material if all pores Within the macrostruc 
ture Were ?lled With non-porous material. 

[0020] Usually, the particles Will have an average particle 
siZe of less than 2 microns, and preferably less than 500 nm. 
More preferably, the particles Will have an average particle 
siZe of less than 200 nm, e.g., 100 nm. The particles of the 
macrostructure Will be joined together to form a three 
dimensionalinterconnected netWork comprised of pores and 
at least some of the pores Will usually have diameters greater 
than about 20 The netWork can be mesoporous, 
macroporous, or both. A macroporous netWork has pores 
greater than 500 For example, With respect to macro 
structures comprised of molecular sieve, Where the molecu 
lar sieve has internal micropores of less than 20 A in 
diameter, the netWork porosity is external to the particles. 
The porosity of the netWork may not be uniform. For 
example, the macrostructure may be combinations of meso 
porous, macroporous, and holloW. Usually, the particles are 
joined together by means other than by physical binding of 
the particles. In most instances, the particles are joined 
together as a result of the synthesis of the macrostructure. 
Because of its high porosity, the macrostructure Will usually 
have a density of less than 0.50 g/cc and in some instances, 
the density Will be less than 0.30 g/cc. Procedures for 
determining the density, mesoporosity, microporosity, and 
particle siZe distribution of the macrostructure are knoW to 
persons skilled in the art. Examples of such procedures are 
described in Handbook of Heterogeneous Catalyst by G. 
Ertl, H. KnoZinger, and J. Weitkamp (1997). 

[0021] Porous inorganic materials that ?nd application in 
the process of the present invention include crystalline 
molecular sieves (Zeolites) and mesoporous materials. 
Examples of mesoporous material that ?nd particular use 
include amorphous materials such as amorphous silica, 
amorphous alumina, amorphous aluminosilicates and meso 
porous molecular sieves such as MCM-41 and MCM-48. 
For some applications, it is preferable that the pore siZe of 
the mesoporous inorganic material be in the range of from 
about 20 A to about 200 
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[0022] Crystalline molecular sieves that ?nd application 
include any of the naturally occurring or synthetic molecular 
sieves. Examples of these molecular sieves include large 
pore molecular sieves, intermediate pore siZe molecular 
sieves, and small pore molecular sieves. These molecular 
sieves and their isotypes are described in “Atlas of Zeolite 
Structure Types”, eds. W. H. Meier, D. H. Olson and Ch. 
Baerlocher, Elsevier, Fourth Edition, 1996, Which is hereby 
incorporated by reference. A large pore molecular sieve 
generally has a pore siZe of at least about 7 A and includes 
LTL, VFI, MAZ, MEI, FAU, EMT, OFF, *BEA, BOG, and 
MOR structure type Zeolites (IUPAC Commission of Zeolite 
Nomenclature). Examples of large pore molecular sieves 
include maZZite, offretite, Zeolite L, VPI-5, Zeolite Y, Zeolite 
X, omega, Beta, ZSM-3, ZSM-4, ZSM-18, ZSM-20, MCM 
9, SAPO-37, and ETS-10, ETAS-10, ETGS-10, and AM-6. 
An intermediate pore siZe molecular sieves generally has a 
pore siZe from about 5 A to about 7 A and includes, for 
example, MFI, MEL, MTW, EUO, MTT, MFS, AEL, AF 0, 
HEU, FER, and TON structure type Zeolites (IUPAC Com 
mission of Zeolite Nomenclature). Examples of intermediate 
pore siZe molecular sieves include ZSM-5, ZSM-ll, ZSM 
12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM 
48, ZSM-50, ZSM-57, MCM-22, MCM-36, MCM-49, 
MCM-56, MCM-68, silicalite 1, and silicalite 2. A small 
pore siZe molecular sieves has a pore siZe from about 3 A to 
about 5.0 A and includes, for example, CHA, ERI, KFI, 
LEV, GIS, and LTA structure type Zeolites (IUPAC Com 
mission of Zeolite Nomenclature). Examples of small pore 
molecular sieves include ZK-4, ZSM-2, SAPO-34, SAPO 
35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20, Zeolite 
A, hydroxysodalite, erionite, chabaZite, Zeolite T, gmelinite, 
ALPO-17, and clinoptilolite. 

[0023] The structure type of the Zeolite and/or its compo 
sition of the Zeolite Will depend on its use. Macrostructures 
comprised of Zeolite do not require the presence of signi? 
cant amounts of amorphorous binder materials to bind 
together the Zeolite crystals. Thus, macrostructures com 
prised of Zeolite crystals can contain less than 10% by 
Weight of amorphous binder material based on the Weight of 
the macrostructures. For many applications, these macro 
structures Will contain even lesser amounts of amorphous 
binder, e.g., 5% by Weight and even less, e.g., the macro 
structures can be substantially free of non-Zeolitic binder. 

[0024] The Zeolites can include silicates, metallosilicates 
such as aluminosilicates and gallosilicates, and ALPO-based 
molecular sieves such as alumino-phosphates (ALPO), sili 
coaluminophosphates (SAPO), metalloalumino-phosphates 
(MeAPO), and metalloaluminophospho-silicate (MeAPSO) 

[0025] When the Zeolite is an crystalline metallosilicate, 
the chemical formula of anhydrous crystalline metallosili 
cate can be expressed in terms of moles as represented by the 
formula: M2/n0:W203:ZSi02, Wherein M is selected from the 
group consisting of proton, e, g, hydrogen, proton precur 
sors, monovalent, divalent, and trivalent cations and mix 
tures thereof; n is the valence of the cation and Z is a number 
of at least 2, preferably at least 3, said value being dependent 
upon the particular type of Zeolite, and W is a metal in the 
anionic frameWork structure of the Zeolite such as alumi 
num, gallium, boron, or iron. 
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[0026] When the Zeolite has an intermediate pore size, the 
Zeolite preferably comprises a composition having the fol 
lowing molar relationship: 

[0027] Wherein 

[0028] X is a trivalent element, such as aluminum, 
gallium, titanium, iron, and/or boron, Y is a tetrava 
lent element such as silicon, tin, and/or germanium; 
and n has a value greater than 10, usually 20 or 
greater, more usually from 50 to 2,000, said value 
being dependent upon the particular type of Zeolite 
and the trivalent element present in the Zeolite. 

[0029] As knoWn to personals skilled in the art, the acidity 
of a Zeolite can be reduced using many techniques such as 
by dealumination and steaming. In addition, the acidity of a 
Zeolite is dependent upon the form of the Zeolite With the 
hydrogen form having the highest acidity and other forms of 
the Zeolite such as the sodium form having less acidity than 
the acid form. Accordingly, the mole ratios of silica to 
alumina and silica to gallia disclosed herein shall include not 
only Zeolites having the disclosed mole ratios, but shall also 
include Zeolites not having the disclosed mole ratios but 
having equivalent catalytic activity. 

[0030] When the Zeolite is a gallosilicate intermediate 
pore siZe Zeolite, the Zeolite preferably comprises a compo 
sition having the folloWing molar relationship: 

G212O3:ySiO2 

[0031] Wherein 

[0032] y is greater than about 20, typically from 20 to 
200. The Zeolite framework may contain only gal 
lium and silicon atoms or may also contain a com 
bination of gallium, aluminum, and silicon. 

[0033] When the Zeolite is an aluminosilicate Zeolite, the 
silica to alumina mole ratio Will usually depend upon the 
structure type of the Zeolite and the particular hydrocarbon 
process in Which the catalyst system is utiliZed and is 
therefore not limited to any particular ratio. Generally, 
hoWever, and depending on the structure type of the Zeolite, 
the Zeolite Will have a silica to alumina mole ratio of at least 
2:1 and in some instances from 4:1 to about 7:1. For a 
number of Zeolites, especially intermediate pore siZe Zeo 
lites, the silica to alumina mole ratio Will be in the range of 
from about 10:1 to about 1,000:1 or even greater Where the 
Zeolite contains no more than trace amounts of alumina. For 
example, the Zeolite can be silicalite 1, i.e., a MFI type 
substantially free of alumina, or silicalite 2, a MEL type 
substantially free of alumina. When the catalyst is utiliZed in 
acid catalyZed reactions such as cracking, the manufacture 
of paraxylene and benZene by the disproportionation of 
toluene, the alkylation of benZene or the like, the Zeolite Will 
be acidic and Will preferably, When it is an intermediate pore 
siZe Zeolite, have higher silica to alumina mole ratios, e.g., 
20:1 to about 200:1. 

[0034] The macrostructures Will contain at least one metal. 
Such metals are knoWn to persons skilled in the art and 
include metals of Groups IA, IIA, IIIA, IVA, VA, VIA, 
VIIA, VIII, IB, IIB, IIIB, IVB, VB, VIB, and VIIB of the 
Periodic Table of the,Elements. The metal or metals in the 
macrostructure can be present in the elemental state (i.e. 
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Zero valent) or in some other form such as an oxide, sul?de, 
halide, carboxylate and the like. 

[0035] In a preferred embodiment, the macrostructures 
Will contain at least one hydrogenation/dehydrogenation 
metal and Will be used in a conversion process or combi 
nation of processes Which employs hydrogenation/dehydro 
genation metal. Examples of such processes include hydro 
genation, dehydrogenation, hydrocracking, 
dehydrocycliZation, isomeriZation, cracking, deWaxing, 
reforming, conversion of alkylaromatics, oxidation, synthe 
sis gas conversion, hydroformylation, dimeriZation, poly 
meriZation, and alcohol conversion. 

[0036] Examples of suitable hydrogenation/dehydrogena 
tion metals include Group VIII metals (i.e., Pt, Pd, Ir, Rh, 
Os, Ru, Ni, Co and Fe), Group IVA metals (i.e., Sn and Pb), 
Group VA metals (i.e., Sb and Bi), and Group VIIB metals 
(i.e., Mn, Tc and Re). Noble metals (i.e., Pt, Pd, Ir, Rh, Os 
and Ru) are sometimes preferred. Reference to the metal or 
metals is intended to encompass such metal or metals in the 
elemental state (i.e. Zero valent) or in some other catalyti 
cally active form such as an oxide, sul?de, halide, carboxy 
late and the like. 

[0037] In another preferred embodiment, the surface 
active sites of Zeolite crystals in the macrostructure Will 
contain at least one metal or metal compound that is effec 
tive in reducing undesirable reactions and Will be used for 
shape selective hydrocarbon conversion reactions, 
Examples of such reactions include aromatic disproportion 
ation (toluene disproportionation), alkylation, and transalky 
lation reactions. 

[0038] Metal/metal compounds effective for reducing sur 
face acidity on the surface of Zeolite crystals include alkali 
metal elements of Group IA (Li, Na, K, Rb, and Cs) 
alkaline-earth metals (Ca, Ba, and Hg), Group IB metals 
(Cu, Ag, and Au), Group IIB metals (Zn, Cd, and Au), Group 
IIIA metals (Sc, Y, and the rare earth elements [La, Ce, Pr, 
Nd, Pm, and Sm, and the yttrium group]), Group IIIB metals 
(Al, Ga, In, and TI), Group IVB metals (Ti, Zr, Hf), Group 
IVA metals (Ge, Sn, Pb), Group VA metals (V, Nb, and Ta), 
Be, Mg, Sb, Si, B, Group VIB metals (Cr, Mo, and W), 
Group VIIA metals (Mn and Re). Reference to the metal or 
metals is intended to encompass such metal or metals in the 
elemental state (i.e. Zero valent) or in some other form 
effective for reducing the surface active sites, such as oxides, 
sul?des, acetates, chlorides, ?uorides, and nitrates. 
[0039] In another preferred embodiment, the metal-con 
taining macrostructures Will contain at least one metal 
effective for partial oxidation of hydrocarbons. Preferred 
metals include one or more noble metals, nickel, vanadium, 
cobalt, chromium, and iron, e.g., vanadium pentaoxide, 
ferric oxide, and ferris oxide. The metal-containing macro 
structures Will be used for the partial oxidiZation of hydro 
carbons With oxidants, e.g. oxygen, air, hydrogen peroxide, 
t-butyl hydrogen peroxide, to form oxidiZed hydrocarbon 
products, such as alcohol, ketone, carboxylic acid in gas 
phase reaction or liquid phase reaction. 

[0040] In another preferred embodiment, metal-containing 
macrostructures Will contain at least one metal effective for 
reducing exhaust emissions such as one or more noble 

metals, nickel, and metal oxides such as vandium pentoox 
ide and Will be used for reducing undesirable emissions from 
a gas stream such as the gas stream from an internal 
combustion engine. 
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[0041] The amount of metal present in the macrostructure 
catalyst Will be an effective amount Which Will vary depend 
ing on use. The amount Will generally be from about 0.001 
to about 10 percent by Weight and, preferably 0.05 to 5.0 
percent by Weight. Also the amount Will vary With the nature 
of the metal and Whether the metal is for dehydrogenation/ 
hydrogenation, to reduce surface acidity, or some other 
purpose. For example, in reducing exhaust emissions, it may 
sometimes be desirable to use high levels of metal. 

[0042] In preparing the metal-containing macrostructures, 
the metal Will usually be included in the porous organic ion 
exchanger prior to forming the admixture With the synthesis 
mixture capable of forming the porous inorganic material. 
The metal can included With the porous organic ion 
exchanger using techniques such as, physical mixing, incipi 
ent Wetness, vapor phase addition, and ion exchange. 
Another technique for including the metal involves co 
extruding the metal With the porous organic ion exchanger. 

[0043] Metal-containing macrostructures prepared by this 
method may contain increased amounts of metal. Also, the 
metal-containing macrostructures can be tailored for 
intended use. For example, an ion exchanger could be 
extruded into the siZe and shape of a catalytic converter 
monolith. Subsequently, one or more metals, e. g., noble 
metals, can then be added to the ion exchanger such as by 
ion exchange. Next, amorphous material or molecular sieve 
can be formed in the resin. Finally, the ion exchanger can be 
removed by calcination leaving behind a monolith contain 
ing dispersed metals. If additional strength is needed, the ion 
exchanger can be extruded along With ?bers to form the ion 
exchanger on a high strength support or resin coated sup 
ports can be used. 

[0044] Preferably, the metal-containing macrostructures 
of porous organic material are prepared by the folloWing 
steps: 

[0045] (a) adding at least one metal to a porous 
organic ion exchanger. If desired, large amounts can 
be added and after the removal of the ion exhanger, 
high levels of dispersed metals Will remain on the 
macrostructure; 

[0046] (b) forming a admixture containing the porous 
organic ion exchanger and a synthesis mixture 
capable of forming said porous inorganic material 
and Which occupies at least a portion of the pore 
space of the porous organic ion exchanger; 

[0047] (c) converting said synthesis mixture in the 
pores of the porous organic ion exchanger under 
hydrothermal conditions to form the porous inor 
ganic material; and, 

[0048] (d) 
exchanger. 

removing said porous organic ion 

[0049] The composition of the synthesis mixture Will vary 
according to the porous inorganic material of the macro 
structure. For example, in making macrostructures of sili 
calite 1 or silicalite 2, the aqueous synthesis mixture Will 
contain a source of silicon, and Will usually contain a 
structure directing agent. When preparing an aluminosilicate 
Zeolite, the aqueous synthesis mixture Will contain sources 
of silica and alumina and Will usually contain a structure 
directing agent. When the porous inorganic material to be 
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produced is an ALPO-based molecular sieve, the aqueous 
synthesis mixture Will contain sources of aluminum and 
phosphorus, optionally silicon and Will usually contain a 
structure directing agent. 

[0050] The porous organic ion exchanger can be removed 
using techniques knoW to persons skilled in the art. 
Examples of such techniques include oxidation processes 
such as calcination and chemical removal such as by chemi 
cal destruction or chemical dissolution. Usually, the removal 
of the porous organic ion exchanger Will result in macro 
structures With the siZe and shape of the employed organic 
ion exchanger. The metal Will usually be located on the 
surface of the porous inorganic oxide. After removal of the 
ion exchanger, the metal can be sul?ded, oxidiZed, reduced 
or the like. 

[0051] Also, in some instances, the metal may be treated 
to convert it into a different material. For example, if the 
metal is aluminum, the alumina [aluminum oxide] can be 
treated in the presence of silica, phosphate, or both, under 
suitable conditions to convert it into crystalline microporous 
molecular sieve. If only silica is present on the surface of the 
macrostructure, the silica can be treated to convert it into 
crystalline microporous molecular sieve, after conversion 
the resulting macrostructure can have a coating that covers 
at least a portion of the external surface of the macrostruc 
ture. The composition, structure type, or both of the coating 
can be the same or different from the microporous inorganic 
material of the macrostructure, e.g., the macrostructure can 
be comprised of molecular sieve crystals With a structure of 
MFI, e.g., ZSM-S, and the coating can be silicalite 1 or 
silicalite 2. Conversion of the silica coating to silicalite 1 or 
silicalite 2 coating can be carried out by aging the macro 
structure at elevated temperatures in an aqueous ionic solu 
tion containing a source of hydroxy ions sufficient to convert 
the silica coating to silicalite 1 or silicalite 2. Usually, the 
aqueous ionic solution Will contain a template. 

[0052] For the manufacture of a MFI structure type Zeo 
lite, especially ZSM-S or silicalite, e.g., silicalite 1, the 
synthesis mixture is advantageously of a molar composition, 
calculated in terms of oxides, Within the folloWing ranges: 

M2O:SiO2 0 to 0.7 to :1 preferably 0.016 to 0.350:1 
SiO2:A12O3 12 to in?nity :1 
(TPA)2O:SiO2 0 to 0.2:1 preferably 0 to 0.075 :1 
H2O:SiO2 7 to 1000 :1 preferably 9 to 300 :1 

[0053] Wherein 

[0054] TPA represents tetrapropylammonium and M 
is an alkali metal, preferably sodium or potassium, 
also Li, Cs and ammonia. Other template agents may 
be used in these ratios. 

[0055] The organic ion exchangers suitable for preparing 
the macrostructures are organic porous materials With a 
surface charge and ion exchange capacity for anions or 
cations. Preferably, the organic ion exchangers are polymer 
based Which are sometimes referred to as ion exchange 
resins. Polymer-based ion exchangers are commercially 
available or can be readily prepared from resins that are 
commercially available. Examples of such resins include 
resins sold by Rohm and Haas Company under the regis 
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tered trademark Amberlyst and resins sold by the DoW 
Chemical Company under the registered trademark DoWex. 
These exchangers cover a broad spectrum of different cation 
and anion exchangers With varying ion exchange capacity, 
porosity, pore siZe and particle siZe. Ion exchangers With an 
apparent anion exchange capacity, typically greater than 
about 1 mEq/g of dry anion exchanger, are of special interest 
to the present invention. Macroreticular organic ion 
exchangers are particularly preferred in the practice of the 
present invention. By “macroreticular” as the term is com 
monly used in the resin art, it is generally meant that the 
pores, voids, or reticules are substantially Within the range of 
about 200 to about 2,000 Macroreticular resins are also 
referred to as macroporous resins. 

[0056] A preferred group of ion exchangers suitable for 
use in the process of the present invention are anion 
exchange resins comprising Water-insoluble polymeric res 
ins having attached thereto a plurality of active anion 
exchange sites. The resin generally contains suf?cient of 
such active ion exchange groups to impart thereto a con 
centration of ion exchange sites in the range from about 0.5 
to about 12 mEq/g dry resin, typically greater than 1 mEq/g, 
and in some cases, preferably from about 4 to about 5.5 
mEq/g of dry resin. 

[0057] Anion-exchange resins are characteriZed as either 
strong base or Weak base anion-exchange resins depending 
on the active ion-exchange sites of the resin. Strong base 
anion-exchange resins consist of polymers having mobile 
monovalent anions, such as hydroxide and the like associ 
ated for example With covalently bonded quaternary ammo 
nium, phosphonium or arsonium functional groups or ter 
tiary sulfonium functional groups. These functional groups 
are knoWn as active sites and are distributed over the surface 
of the resin particle. Strong base anion-exchange resins have 
the capacity to undergo ion exchange independent of the pH 
of the medium by virtue of their intrinsic ionic character. 
Macroreticular strong base anion-exchange resins in the 
hydroxide form are particularly preferred in the practice of 
the present invention. 

[0058] The resin matrix of Weak base anion-exchange 
resins contains chemically bonded thereto a basic, nonionic 
functional group. The functional groups include primary, 
secondary, or tertiary amine groups. These may be aliphatic, 
aromatic, heterocyclic or cycloalkane amine groups. They 
may also be diamine, triamine, or alkanolamine groups. The 
amines, for example, may include alpha, alpha‘-dipyridyl, 
guanidine, and dicyanodiamidine groups. Other nitrogen 
containing basic, non-ionic functional groups include nitrile, 
cyanate, isocyanate, thiocyanate, isothiocyanate, and isocya 
nide groups. Pyridine groups may also be employed. 

[0059] Ion exchangers of the strongly basic type Which 
contain quaternary ammonium groups, have been found to 
be particularly suited for use in the present invention. 
Commercially available ion exchangers are generally in the 
form of spherical particles With a relatively narroW particle 
siZe distribution. Organic ion exchangers With a siZe and 
shape other than spherical, for example, ?bers or ?akes, 
hoWever, can be produced according to knoWn techniques. 
It is also knoWn that ?lms of organic ion exchangers can be 
deposited on different forms of substrates. 

[0060] The term “seeds” refers to particles, e.g., crystal 
lites, of porous inorganic material, e.g., Zeolites, that are 
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capable of initiating crystalliZation of the desired porous 
inorganic material. The seeds, Which can be present in the 
synthesis mixture before its synthesis, e.g., seeds can be 
added to the synthesis mixture, or can be formed in situ 
usually in the early stage of synthesis of the porous inorganic 
material and are characteriZed by the fact that by treatment 
of the synthesis mixture With appropriate concentration and 
under suitable conditions, the seeds can be made to groW and 
form individual particles, e.g., crystals, Which may join 
together during the synthesis to form a macrostructure in the 
pore system of the ion exchanger. Examples of such seeds 
includes silicate seeds, metal silicate seeds such as alumi 
nosilicate, borosilicate, gallosilicate, and iron silicate seeds, 
SAPO seeds, and ALPO seeds. Preferred seeds include 
olgomeric anions of silicates and metal silicates. The term 
“seeds” also includes microcrystals of porous inorganic 
material, e.g., crystals of molecular sieves With a siZe beloW 
500 nm, e.g., 200 nm, and Whose crystal structure can be 
identi?ed by X-ray diffraction. Microcrystals of molecular 
sieves suitable for use in the process of the present invention 
are disclosed in US. Pat. No. 5,863,516, Which is hereby 
incorporated by reference. 

[0061] Although not intending to limit the invention in any 
Way to any theory of operation, it is believed that one of the 
advantages of preparing the metal-containing macrostruc 
tures using the porous organic ion exchanger is that the 
surface of the porous organic ion exchanger can facilitate 
nucleation of the synthesis mixture by causing the formation 
of seeds Which can subsequently groW into a porous inor 
ganic matrix. In line With this theory, it is believed that the 
surface charge of the porous organic ion exchanger can 
attract seeds or seed forming material onto the surface of the 
porous the ion exchanger. Also, the ion exchanger charges 
can attract metal cations to the surface of the ion exchanger 
Which can result in the macrostructures having dispersed 
metal on its surface. 

[0062] During the formation of the porous macrostruc 
tures using the porous organic ion exchanger, the seeds 
formed on or bonded to the surface in the organic ion 
exchanger are made to groW by hydrothermal treatment in 
an appropriate synthesis solution. Through this groWth an 
interconnected three-dimensional netWork of porous mate 
rial is formed in the pore structure of the employed ion 
exchanger as particles groW and join together during the 
synthesis. After this stage, the product is a composite 
material comprising tWo continuous three-dimensional net 
Works, one comprising the polymer structure of the ion 
exchanger, and the second comprising the formed inorganic 
porous material. Introduction of seeds can be carried out 
physically in a separate stage, With a subsequent groWth 
stage under hydrothermal conditions in a synthesis solution. 
HoWever, it is also possible and often advantageous not to 
separate these stages, but instead to directly introduce the 
ion exchanger material into a synthesis solution and expose 
this to hydrothermal conditions, during Which seeds are 
formed in or ion-exchanged from the synthesis solution to 
the ion exchanger, to then groW the material into a inter 
connected three dimensional macrostructure. 

[0063] The microporous molecular sieve is usually pro 
duced by hydrothermal treatment of a synthesis mixture. 
Hydrothermal treatment refers to treatment in aqueous solu 
tion or aqueous suspension at a temperature exceeding 50° 
C., preferably exceeding 80° C. and, in most cases, exceed 
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ing 95° C. In some instances, it is preferable to carry out the 
hydrothermal treatment ?rst at a loWer temperature and then 
at a higher temperature. In the synthesis of some Zeolites, 
e.g., silicalite 1, the crystallinity can be increased When the 
hydrothermal treatment is carried out at in tWo steps. In the 
initial step, the temperature is lower, e.g., 90-110° C., than 
the second step, e.g., 150-165° C. 

[0064] The composition of the mixture and the synthesis 
parameters, like temperature, time and pressure, can effect 
the product obtained as Well as the siZe and shape of the 
formed crystals. The material deposited in the pore system 
of the organic ion exchanger can vary depending on the 
composition of the synthesis mixture and the synthesis 
conditions. During crystalliZation of macrostructures of a 
given molecular sieve, it is sometimes desirable to use 
synthesis mixtures, Which, in the absence of ion exchanger 
material, result in colloidal suspensions of the molecular 
sieve. In some instances, the ion exchanger material can 
in?uence the result of the synthesis. 

[0065] In preparing the metal-containing macrostructures, 
the metal can be added after preparation or during prepara 
tion at any one or more of the preparation stages or onto the 
ion exchanger before preparation begins. Non-limiting 
examples of metal addition include the folloWing: 

[0066] 1. The metal can be added directly to the 
porous organic ion exchanger such as by deposition, 
e.g., incipient Wetness, adsorption, or ion exchange 
before synthesis of the porous inorganic metal. 

[0067] 2. The metal can be added directly to the 
admixture containing the porous organic ion 
exchanger and the synthesis mixture capable of 
forming the porous inorganic material. 

[0068] 3. The metal can be added, such as by ion 
exchange, to the synthesiZed porous inorganic mate 
rial prior to the removal of the porous organic ion 
exchanger. 

[0069] 4. The metal can be added, such as by ion 
exchange, to the synthesiZed porous inorganic mate 
rial after the porous organic ion exchanger has been 
removed. The metal can even be added to the mac 
rostructures after they have undergone further pro 
cessing, e.g., formed into aggregates. 

[0070] After removal of the porous organic ion exchanger, 
the resulting inorganic macrostructure is usually very similar 
or even a replica in siZe and shape of the organic ion 
exchanger present in the synthesis admixture. The secondary 
pore structure of the macrostructure Will usually remain 
folloWing removal of the organic ion exchanger material. 
The macrostructure hoWever, can be further treated after 
removal such as by deposition of the porous inorganic 
material on the macrostructure. For instance, Zeolite can be 
deposited into a Zeolite macrostructure, e.g., the secondary 
pore structure can be more or less ?lled and, in the extreme 
case, leave behind a homogeneous porous material. 

[0071] The metal-containing macrostructures can be used 
in processing hydrocarbon feedstocks. Hydrocarbon feed 
stocks contain carbon compounds and can be from many 
different sources, such as virgin petroleum fractions, recycle 
petroleum fractions, tar sand oil, and, in general, can be any 
carbon containing ?uid able to react catalytically. Depend 
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ing on the type of processing the hydrocarbon feed is to 
undergo, the feed can contain metal or can be free of metals. 
Also, the feed can also have high or loW nitrogen or sulfur 
impurities. 

[0072] The conversion of hydrocarbon feeds can take 
place in any convenient mode, for example, in ?uidized bed, 
moving bed, CSTR, or ?xed bed reactors depending on the 
types of process desired. 

[0073] The metal-containing macrostructures can be used 
as a catalyst for a variety of organic, e.g., hydrocarbon 
compound conversion processes including hydrogenation, 
dehydrogenation, dehydrocycliZation, isomeriZation, hydro 
cracking, deWaxing, reforming, conversion of alkyl aromat 
ics, oxidation, reforming, synthesis gas conversion, hydro 
formylation, dimeriZation, polymeriZation, alcohol 
conversion, partial oxidation of hydrocarbons, etc. 

[0074] Catalytic conversion conditions for hydrogenation 
of feedstocks such as alkenes, dienes, polyenes, alkynes, 
cyclenes, aromatics, oxygenates, etc. include a temperature 
of betWeen about 0° F. and about 1000° F., preferably 
betWeen about 80° F. and 900° F., a pressure of betWeen 
about 10 psia and about 1000 psia, preferably betWeen about 
20 psia and 200 psia, a hydrogen/feed mole ratio of betWeen 
about 0.1 and 20, preferably betWeen about 4 and 12 and a 
LHSV of betWeen about 0.1 and 20, preferably betWeen 
about 0.5 and 4. 

[0075] Dehydrogenation conditions, for processes such as 
conversion of paraffins to the corresponding ole?ns, or ethyl 
benZene to styrene, optionally in the presence of steam or 
inert gases such as nitrogen, include temperatures of from 
about 400° F. to 1800° F., preferably from about 650° F. to 
1000° F.; feedstock partial pressures of from about 10,000 
1500 psia, preferably from about 2 psia to 20 psia and a 
LHSV of from about 0.1 to 100, preferably betWeen about 
0.5 and 4. 

[0076] DehydrocycliZation conditions, for example for 
conversion of paraf?ns to aromatics (e.g., octane to ethyl 
benZene or xylene), include temperatures of from about 400° 
F. to 1800° F., preferably from about 600° F. to 1100° F.; 
feedstock partial pressures of from about 1 psia to 1500 psia, 
preferably from about 2 psia to 20 psia) and a LHSV of from 
about 0.1 to 100, preferably betWeen about 0.5 and 4. 

[0077] IsomeriZation of normal paraf?ns, With or Without 
hydrogen, is generally conducted at a temperature of 
betWeen about 200° F. and 1000° F., preferably betWeen 
about 400° F. and 900° F., a LHSV of betWeen about 0.01 
and 20, preferably betWeen about 0.25 and 5 and a hydrogen 
to hydrocarbon mole ratio of betWeen 0 and 5:1. 

[0078] Catalytic conversion conditions for cracking, With 
or Without hydrogen, include a temperature of betWeen 
about 1200° F. and about 100° F., a pressure of betWeen 
about 25 psia and about 2500 psia, a hydrogen/feed mole 
ratio of betWeen about 0 and about 80 and a LHSV of 
betWeen about 0.1 and about 10. 

[0079] The metal-containing macrostructures are also use 
ful in deWaxing operations. LikeWise, the invention can be 
used in reforming catalysts or as part of a reforming catalyst. 
DeWaxing and reforming can be carried out in the presence 
or absence of hydrogen under conditions Which include a 
temperature of from about 200° F. to 1100° F., preferably 
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from about 800° F. to 950° F; a pressure of from 1.5 psia to 
1470 psia and a WHSV of from about 0.01 to about 100, 
preferably from about 0.1 to 10. 

[0080] Thus, exemplary hydrocarbon conversion pro 
cesses Which ?nd particular application include the folloW 
ing: 

[0081] (A) The catalytic cracking of a naphtha feed to 
produce light ole?ns. Exemplary reaction conditions 
include from about 500° C. to about 750° C., pres 
sures of subatmospheric or atmospheric, generally 
ranging up to about 10 atmospheres (gauge) and 
residence time (volume of the catalyst feed rate) 
from about 10 milliseconds to about 10 seconds. 

[0082] (B) The catalytic cracking of high molecular 
Weight hydrocarbons to loWer molecular Weight 
hydrocarbons. Exemplary reaction conditions for 
catalytic cracking include temperatures of from 
about 400° C. to about 700° C., pressures of from 
about 0.1 atmosphere to about 30 atmospheres, and 
Weight hourly space velocities of from about 0.1 to 
about 100 hr_1. 

[0083] (C) The isomeriZation of aromatic (e.g., 
xylene) feedstock components. Exemplary 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 hourly space velocity of from about 0.1 to 
about 200 and a hydrogen/hydrocarbon mole ratio of 
from about 0 to about 100. 

[0084] (D) The hydrocracking of heavy petroleum 
feedstocks, cyclic stocks, and other hydrocrack 
charge stocks. The Zeolite catalyst system Will con 
tain an effective amount of at least one hydrogena 
tion component of the type employed in hydrocrack 
ing catalysts. 

[0085] The conversion of light paraffins to ole?ns 
and/or aromatics. Exemplary reaction conditions 
include temperatures from about 425° C. to about 
760° C. and pressures from about 10 to about 2000 
psig. 

[0086] The conversion of light ole?ns to gasoline, 
distillate and lube range hydrocarbons. Exemplary 
reaction conditions include temperatures of from 
about 175° C. to about 375° C. and a pressure of 
from about 100 to about 2000 psig. 

[0087] (G) TWo-stage hydrocracking for upgrading 
hydrocarbon streams having initial boiling points 
above about 200° C. to premium distillate and gaso 
line boiling range products or as feed to further fuels 
or chemicals processing steps. The ?rst stage Would 
be metal-containing macrostructures comprising one 
or more catalytically active metals, e.g., a Group 
VIII metal, and the effluent from the ?rst stage Would 
be reacted in a second stage using a second catalyst, 
e.g., crystalline molecular sieve With a structure of 
*BEA, comprising one or more catalytically active 
substances, e.g., a Group VIII metal, as the catalyst. 
Exemplary reaction conditions include temperatures 
from about 315° C. to about 455° C., a pressure from 
about 400 to about 2500 psig, hydrogen circulation 
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of from about 1000 to about 10,000 SCF/bbl and a 
liquid hourly space velocity (LHSV) of from about 
0.1 to 10; 

[0088] A combination hydrocracking/deWaxing 
process in the presence of the macrostructure catalyst 
comprising a hydrogenation component and a Zeolite 
such as Zeolite Beta. Exemplary reaction conditions 
include temperatures from about 350° C. to about 
400° C., pressures from about 1400 to about 1500 
psig, LHSVs from about 0.4 to about 0.6 and a 
hydrogen circulation from about 3000 to about 5000 
SCF/bbl. 

[0089] (I) The reaction of alcohols With ole?ns to 
provide mixed ethers, e.g., the reaction of methanol 
With isobutene and/or isopentene to provide methyl 
t-butyl ether (MTBE) and/or t-amyl methyl ether 
(TAME). Exemplary conversion conditions include 
temperatures from about 20° C. to about 200° C., 
pressures from 2 to about 200 atm, WHSV (gram 
ole?n per hour gram-Zeolite) from about 0.1 hr-1 to 
about 200 hr'1 and an alcohol to ole?n molar feed 
ratio from about 0.1/1 to about 5/1. 

[0090] (J) The conversion of naphtha (e.g., C6-C1O) 
and similar mixtures to highly aromatic mixtures. 
Thus, normal and slightly branched chained hydro 
carbons, preferably having a boiling range above 
about 40° C., and less than about 200° C., can be 
converted to products having a substantial higher 
octane number aromatics content by contacting the 
hydrocarbon feed With the catalytic macrostructure 
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. 

[0091] The conversion of oxygenates, e.g., alco 
hols, such as methanol, or ethers, such as dimethyl 
ether, or mixtures thereof to hydrocarbons including 
ole?ns and aromatics With reaction conditions 
including a temperature of from about 275° C. to 
about 600° C., a pressure of from about 0.5 atmo 
sphere to about 50 atmospheres and a liquid hourly 
space velocity of from about 0.1 to about 100. 

[0092] (L) The oligomeriZation of straight and branched 
chain ole?ns having from about 2 to about 5 carbon atoms. 
The oligomers Which are the products of the process are 
medium to heavy ole?ns Which are useful for both fuels, i.e., 
gasoline or a gasoline blending stock, and chemicals. The 
oligomeriZation process is generally carried out by contact 
ing the ole?n feedstock in a gaseous state phase With a 
macrostructure 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 feed 
stock is in the liquid phase When contacting the macrostruc 
ture catalyst. Thus, When the ole?n feedstock contacts the 
catalyst in the liquid phase, temperatures of from about 10° 
C. to about 250° C. may be used. 

[0093] (M) The conversion of C2 unsaturated hydro 
carbons (ethylene and/or acetylene) to aliphatic C6-12 
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aldehydes and converting said aldehydes to the cor 
responding C6-12 alcohols, acids, or esters. 

[0094] (N) The conversion of alkylaromatic hydro 
carbons such as the dealkylation of ethylbenZene to 
benZene. 

[0095] (O) The saturation of ole?ns having from 2 to 
20 carbon atoms. 

[0096] (P) The isomeriZation of ethylbenZene to 
xylenes. Exemplary conversion conditions include a 
temperature from 600°-800° F., a pressure of from 50 
to about 500 psig and a LHSV of from about 1 to 
about 10. 

[0097] (Q) The partial oxidation of hydrocarbons 
(e.g., cyclohexane, para-xylene, 2,6-dimethylnaph 
thalene) With oxidants, e.g. oxygen, air, hydrogen 
peroxide, t-butyl hydrogen peroxide, form oxidiZed 
hydrocarbon products, such as alcohol, ketone, alde 
hyde, carboxylic acid in gas phase reaction or liquid 
phase reaction. Exemplary conversion conditions 
include a temperature from 0° C. to 500° C., a 
pressure of from 0 to 500 psig and a LHSV of from 
0.01 to 10 in a reactor, e.g., moving bed, ?xed bed, 
or CSTR reactor. 

[0098] In general, the catalytic conversion conditions over 
the catalyst independently and in combination include a 
temperature of from about 0° C. to about 760° C., a pressure 
of from about 0.1 atmosphere (bar) to about 200 atmo 
spheres (bar), a Weight hourly space velocity of from about 
0.08 hr“1 to about 2,000 hr_1. 

[0099] The metal-containing macrostructures can ?nd par 
ticular application for isomeriZing one or more xylene 
isomers in a C8 aromatic feed containing ethylbenZe to 
obtain ortho-, meta-, and para-xylene in a ratio approaching 
the equilibrium value While substantially converting ethyl 
benZene. Suitable isomeriZation conditions include a tem 
perature in the range of 250° C.-600° C., preferably 300° 
C.-550° C., a pressure in the range 0.5-50 atm abs, prefer 
ably 10-25 atm abs, and a Weight hourly space velocity 
(WHSV) of 0.1 to 100, preferably 0.5 to 50. Optionally, 
isomeriZation in the vapor phase is conducted in the pres 
ence of 0.1 to 30.0 moles of hydrogen per mole of alkyl 
benZene. If hydrogen is used, the catalyst should comprise 
0.1 to 2.0 Wt. % of a hydrogenation/dehydrogenation com 
ponent selected from Group VIIIA of the Periodic Table, 
especially platinum, palladium, or nickel. 

[0100] The metal-containing macrostructures may ?nd 
particular application in reactions involving aromatiZation 
and/or dehydrogenation. They are particularly useful in a 
process for the dehydrocycliZation and/or isomeriZation of 
acyclic hydrocarbons in Which the hydrocarbons are con 
tacted at a temperature of from 370° C. to 600° C., prefer 
ably from 430° C. to 550° C. With the macrostructure 
catalyst, preferably comprised of Zeolite L particles joined 
together to form an interconnected three dimensional net 
Work, preferably having at least 90% of the exchangeable 
cations as alkali metal ions and incorporating at least one 
Group VIII metal having dehydrogenating activity, so as to 
convert at least part of the acyclic hydrocarbons into aro 
matic hydrocarbons. 

[0101] The aliphatic hydrocarbons may be straight or 
branched chain acyclic hydrocarbons, and particularly par 
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af?ns such as hexane, although mixtures of hydrocarbons 
may also be used such as paraf?n fractions containing a 
range of alkanes possibly With minor amounts of other 
hydrocarbons. Cycloaliphatic hydrocarbon such as methyl 
cyclopentane may also be used. In a preferred embodiment, 
the feed to a process for preparing aromatic hydrocarbons 
and particularly benZene comprises hexanes. The tempera 
ture of the catalytic reaction may be from 370° C. to 600° C., 
preferably 430° C. to 550° C. and preferably pressures in 
excess of atmospheric are used, for example up to 2000 KPa, 
more preferably 500 to 1000 KPa. Hydrogen is usually 
employed in the formation of aromatic hydrocarbons pref 
erably With a hydrogen to feed ratio of less than 10. 

[0102] The metal-containing macrostructures may ?nd 
particular application in the vapor phase disproportionation 
of toluene. Such vapor phase disproportionation comprises 
contacting toluene under disproportionation conditions With 
the metal-containing macrostructures to yield a product 
mixture Which comprises a mixture of unreacted (uncon 
verted) toluene and benZene and xylene. The macrostruc 
tures Would contain an intermediate pore siZe Zeolite (e.g., 
MFI type) crystals that are coated With at least one metal 
effective in reducing surface active sites in the Zeolite 
crystals. In the more preferred embodiment, the catalyst is 
?rst selectivated prior to use in the disproportionation pro 
cess. Processes for selectivating the catalyst are knoWn to 
persons skilled in the art. For instance, selectivation may be 
accomplished by exposing the catalyst in a reactor bed to a 
thermally decomposable organic compound, e.g., toluene, at 
a temperature in excess of the decomposition temperature of 
said compound, e.g., from about 480° C. to about 650° C., 
more preferably 540° C. to 650° C., at a WHSV in the range 
of from about 0.1 to 20 lbs. of feed per pound of catalyst per 
hour, at a pressure in the range of from about 1 to 100 
atmospheres, and in the presence of 0 to about 2 moles of 
hydrogen, more preferably from about 0.1 to about 2 moles 
of hydrogen per mole of organic compound, and optionally 
in the presence of 0-10 moles of nitrogen or another inert gas 
per mole of organic compound. This process is conducted 
for a period of time until a sufficient quantity of coke has 
deposited on the catalyst surface, generally at least about 2% 
by Weight and more preferably from about 8 to about 40% 
by Weight of coke. In a preferred embodiment, such a 
selectivation process is conducted in the presence of hydro 
gen in order to prevent rampant formation of coke on the 
catalyst. 

[0103] Selectivation of the catalyst can also be accom 
plished by treating the catalyst With a selectivation agent 
such as an organosilicon compound. The silica compounds 
may comprise polysiloxane including silicone and siloxanes, 
and a silane including disilanes and alkoxysilanes. 

[0104] Silicone compounds that ?nd particular application 
can be represented by the formula: 

R1 

Si— O 

n 
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[0105] 
[0106] R1 is hydrogen, ?uoride, hydroxy, alkyl, 

aralkyl, alkaryl or ?uoro-alkyl. The hydrocarbon 
substituents generally contain from 1 to 10 carbon 
atoms and preferably are methyl or ethyl groups. R2 
is selected from the same group as R1, and n is an 
integer of at least 2 and generally in the range of 2 
to 1000. The molecular Weight of the silicone com 
pound employed is generally betWeen 80 and 20,000 
and preferably 150 to 10,000. Representative sili 
cone compounds included dimethylsilicone, diethyl 
silicone, phenylmethylsilicone, methyl hydrogensili 
cone, ethylhydrogensilicone, 
phenylhydrogensilicone, methylethylsilicone, phe 
nylethylsilicone, diphenylsilicone, methyltri ?uoro 
propylsilicone, ethyltri?uoropropylsilicone, tetra 
chlorophenyl methyl silicone, 
tetrachlorophenylethyl silicone, tetrachloro phenyl 
hydrogen silicone, tetrachlorophenylphenyl silicone, 
methylvinylsilicone and ethylvinylsilicone. The sili 
cone compound need not be linear but may be cyclic 
as for example hexamethylcyclotrisiloxane, octam 
ethylcyclotetrasiloxane, hexaphenyl cyclotrisiloxane 
and octaphenylcyclotetrasiloxane. Mixtures of these 
compounds may also be used as Well as silicones 
With other functional groups. 

Wherein 

[0107] Useful siloxanes or polysiloxanes include as non 
limiting examples hexamethylcyclotrisiloxane, octamethyl 
cyclotetrasiloxane, decamethyl cyclopentasiloxane, hexam 
ethyldisiloxane, octamethytrisiloxane, 
decamethyltetrasiloxane, hexaethylcyclotrisiloxane, octa 
ethylcyclo tetrasiloxane, hexaphenylcyclotrisiloxane and 
octaphenylcyclo tetrasiloxane. 

[0108] Useful silanes, disilanes, or alkoxysilanes include 
organic substituted silanes having the general formula: 

R1 

[0109] Wherein 

[0110] R is a reactive group such as hydrogen, 
alkoxy, halogen, carboxy, amino, acetamide, trialkyl 
silyoxy R1, R2 and R3 can be the same as R or can be 
an organic radical Which may include alkyl of from 
1 to 40 carbon atoms, alkyl or aryl carboxylic acid 
Wherein the organic portion of the alkyl contains 1 to 
30 carbon atoms and the aryl group contains 6 to 24 
carbon Which may be further substituted, alkylaryl 
and arylalkyl groups containing 7 to 30 carbon 
atoms. Preferably, the alkyl group for an alkyl silane 
is betWeen 1 and 4 carbon atoms in chain length. 

[0111] When used for the vapor phase disproportionation 
of toluene, the catalyst preferably comprises an aluminosili 
cate MFI-type Zeolite having a silica to alumina mole ratio 
of from about 20 to about 200:1, preferably, 25:1 to about 
120:1, and the crystals preferably have a mass mean diam 
eter of from about 3 to 6 microns. The binder preferably is 

10 
Jun. 19, 2003 

a MFI-type Zeolite having an average particle siZe of less 
than about 0.1 micron and an alumina to silica mole ratio in 
excess of about 200:1. 

[0112] Once the catalyst has been selectivated to the 
desired degree, reactor selectivation conditions are changed 
to disproportionation conditions. Disproportionation condi 
tions include a temperature betWeen about 375° C. and 550° 
C., more preferably betWeen about 400° C. and 485° C., at 
a hydrogen to toluene mole ratio of from 0 to about 10, 
preferably betWeen about 0.1 and 5 and more preferably 
from about 0.1 to 1, at a pressure betWeen about 1 atmo 
sphere and 100 atmospheres and utiliZing WHSV of betWeen 
about 0.5 and 50. 

[0113] The disproportionation process may be conducted 
as a batch, semi-continuous or continuous operation using a 
?xed or moving bed catalyst system deposited in a reactor 
bed. The catalyst may be regenerated after coke deactivation 
by burning off the coke to a desired extent in an oxygen 
containing atmosphere at elevated temperatures as knoWn in 
the art. 

[0114] The process of the present invention may ?nd 
particular application in cracking a naphtha feed, e.g., C4+ 
naphtha feed, particularly a C4- 290° C. naphtha feed to 
produce loW molecular Weight ole?ns, e.g., C2 through C4 
ole?ns, particularly ethylene and propylene. Such a process 
is preferably carried out by contacting the naphtha feed at 
temperatures ranging from 500° C. to about 750° C., more 
preferably 550° C. to 675° C., at a pressure from subatmo 
spheric up to 10 atmospheres, but preferably from about 1 
atmosphere to about 3 atmospheres. 

[0115] The process of the present invention may ?nd 
particular application in the transalkylation of polyalkylaro 
matic hydrocarbons. Examples of suitable polyalkylaro 
matic hydrocarbons include di-, tri-, and tetra-alkyl aromatic 
hydrocarbons, such as diethylbenZene, triethylbenZene, 
diethylmethylbenZene (diethyl-toluene), diisopropylben 
Zene, triisopropylbenZene, diisopropyltoluene, dibutylben 
Zene, trimethylnaphthalene, tetramethylnaphthalene, dim 
ethylnaphthalene, and the like. Preferred polyalkylaromatic 
hydrocarbons are the dialkyl benZenes. Particularly pre 
ferred polyalkylaromatic hydrocarbons are diisopropylben 
Zene and diethylbenZene. 

[0116] The feed used in the transalkylation process Will 
preferably have a molar ratio of aromatic hydrocarbon to 
polyalkylaromatic hydrocarbon of preferably from about 
0.5:1 to about 50:1, and more preferably from about 2:1 to 
about 20:1. The reaction temperature Will preferably range 
from about 340° C. to 500° C. to maintain at least a partial 
liquid phase, and the pressure Will be preferably in the range 
of about 50 psig to 1,000 psig, preferably 300 psig to 600 
psig. The Weight hourly space velocity Will range from about 
0.1 to 10. 

[0117] The process of the present invention may ?nd 
particular application for converting aromatic compounds 
from paraf?ns. Example of suitable paraf?ns including ali 
phatic hydrocarbons containing 2 to 12 carbon atoms. The 
hydrocarbons may be straight chain, open or cyclic and may 
be saturated or unsaturated. Example of hydrocarbons 
include propane, propylene, n-butane, n-butenes, isobutane, 
isobutene, and straight- and branch-chain and cyclic pen 
tanes, pentenes, hexanes, hexenes, heptanes, heptenes, 
octanes, and octenes. 
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[0118] The aromatiZation conditions include a temperature 
of from about 200° C. to about 700° C., a pressure of from 
about 0.1 atmosphere to about 60 atmospheres, a Weight 
hourly space velocity (WHSV) of from about 0.1 to about 
400 and a hydrogen/hydrocarbon mole ratio of from about 0 
to about 20. 

[0119] The metal-containing macrostructures comprises 
crystals of an intermediate pore siZe Zeolite such a MFI type 
Zeolite (example ZSM-5) and the metal preferably is gal 
lium. 

[0120] The process of the present invention may ?nd 
particular application for partial oxidizing hydrocarbons to 
form oxidiZed hydrocarbon products With oxidants, e.g. 
oxygen, air, hydrogen peroxide, t-butyl hydrogen peroxide, 
form oxidiZed hydrocarbon products, such as alcohol, 
ketone, aldehyde, carboxylic acid in gas phase reaction or 
liquid phase reaction. Exemplary conversion conditions 
include a temperature from 25° C. to 500° C., a pressure of 
from 0 to 500 psig and a LHSV of from 0.01 to 10. Example 
of hydrocarbons including aliphatic hydrocarbons contain 
ing 2 to 12 carbon atoms, cycloparaffins, aromatics. The 
hydrocarbons may be straight chain, open or cyclic and may 
be saturated or unsaturated. Example of hydrocarbons 
include propane, propylene, n-butane, n-butenes, isobutane, 
isobutene, and straight- and branch-chain and cyclic pen 
tanes, pentenes, hexanes, and hexenes, and toluene, xylenes, 
dimethylnaphthalenes. 
[0121] The metal-containing macrostructures may also be 
used for the catalytic reduction of emissions such as hydro 
carbons, carbon monooxide, and oxides of nitrogen, in a gas 
stream from an exhaust system of an internal combustion 
engine. Typically the gas stream Will contain oxygen, often 
a stoichiometric excess thereof The metal-containing mac 
rostructures are used for this purpose by contacting the gas 
stream With the metal-containing macrostructures. The 
metal-containing macrostructures also have application in 
the catalytic reduction of nitrogen oxides in ?ue gases. 

EXAMPLE 1 

I. Preparation of Catalyst A-Macrostructures 
comprising ZSM-5 and Palladium 

[0122] A 1M HCl solution containing 0.01M palladium 
(II) chloride (PdCl2) Was prepared in a beaker by dissolving 
the palladium chloride in a 1M HCl solution. Next, a 
macroporous strongly basic anion exchanger sold under the 
tradename DoWex MSA-1 [chloride form] Was added to the 
contents of the beaker. The Weight ratio of resin to Pd Was 
1:10 (10 grams of resin and 100 grams of Pd solution). Next, 
the beaker Was placed in a shaker for one hour. The particles 
Were then separated, rinsed several times With distilled 
Water, ?ltered, and dried at 105° C. 

[0123] In an autoclave, 22 grams of a synthesis solution 
With the molar composition: 0.31 
Na2O:9TPAOH:0.25Al2O3:25 SiO2:405 H2O Were added to 
1.1 gram of the dried palladium-loaded ion exchanger. The 
mixture of ion exchanger and synthesis solution Was aged 
for one hour at room temperature and then heated at 170° C. 
for 17 hours. Next, the particles Were separated from the 
Zeolite crystalliZed in bulk, treated in a 0.1M ammonia 
solution in an ultrasound bath for 5 minutes, rinsed several 
times With distilled Water and then dried at 60° C. The ion 
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exchanger Was then removed by calcination at 600° C. in air 
for 5 hours, after heating to this temperature at a rate of 1° 
C./min. 

[0124] X-ray diffractometry shoWed Zeolite ZSM-5 of 
high crystallinity and PdO peaks of loW intensity Were also 
observed. ICP elementary analysis shoW that the silica to 
alumina mole ratio of the ZSM-5 Was 51 and the Pd loading 
Was 1.7 Weight percent. 

II. Preparation of Catalyst B-Macrostructures 
comprising ZSM-5 and Platinum 

[0125] In a beaker, MSA-1 ion exchange resin Was 
exchanged With 0.01M solution of chlorplantic (H2PtCl6). 
The Weight ratio of resin to Pt Was 1:5. (10 grams of resin 
and 50 grams of Pt solution). The beaker Was placed in a 
shaker for one hour. The particles Were then separated, 
rinsed several times With distilled Water, ?ltered, and dried 
at 105° C. 

[0126] In an autoclave, 20 grams of a synthesis solution 
With the molar composition: 0.31 
Na2O:9TPAOH:0.25Al2O3:25 SiO2:405 H2O Were added to 
1.0 gram of the dried platinum-loaded ion exchanger. The 
mixture of ion exchanger and synthesis solution Was aged 
for one hour at room temperature and then heated at 170° C. 
for 17 hours. Next, the particles Were separated from the 
Zeolite crystalliZed in bulk, treated in a 0.1M ammonia 
solution in an ultrasound bath for 5 minutes, rinsed several 
times With distilled Water and then dried at 60° C. The ion 
exchanger Was then removed by calcination at 600° C. in air 
for 5 hours, after heating to this temperature at a rate of 1° 
C./min. 

[0127] X-ray diffractometry shoWed Zeolite ZSM-5 of 
high crystallinity. ICP elementary analysis shoW that the 
silica to alumina mole ratio of the ZSM-5 Was 54 and 
platinum loading Was 1.7 Weight percent. 

EXAMPLE 2 

[0128] Samples A and B Were each tested for xylene 
isomeriZation/ethylbenZene dealkylation. The test Was car 
ried out by ?rst packing ?fty milligrams of 40-60 mesh 
catalyst in a stainless steel reactor. The catalyst Was pre 
treated at 450° C. With H2 for tWo hours folloWed by contact 
With co-feed of 50:50 ethylbenZene:m-xylene and hydrogen. 
Total pressure of reaction Was controlled at 54 psia. The 
partial pressure of ethylbenZene feed Was 3.4 psia, partial 
pressure of m-xylene feed Was 3.4 psia, and partial pressure 
of H2 feed Was 47.2 psia. Hydrocarbon ?oWrate Was 7.7 
pl/min. The hydrogen stream Was controlled by a Brooks 
mass ?oW controller and the hydrocarbon feed stream Was 
pumped by a syringe pump. The temperature investigated in 
the tests ranged from 200 to 500° C. All products Were 
analyZed by an on-line HP 6890 GC equipped With a 
Chirasil DEX CP column. Table I beloW shoWs the results of 
the tests for Sample A. Table II beloW shoWs the results of 
the tests for Sample B 

TABLE 1 

200° C. 300° C. 400° C. 500° C. 

Ethylbenzene 30 31 35.5 30 
dealkylated (%) 
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TABLE 1-continued 

200° C. 300° C. 400° C. 500° C. 

m-xylene 31 35 43 46 
isomerized (%) 
pX:mX:oX 16:69:14 20:65:15 24:57:19 25:54:21 

[0129] 

TABLE II 

200° c. 300° c. 400° c. 500° c. 

Ethylbenzene 2 3 65 85 
dealkylated (%) 
m-xylene 17 18.5 39 45 
isomerized (%) 
pX:mX:oX 12.5:83:4.5 14:81.5:4.5 22:61:17 24:55:20 

[0130] The results of the tests shoW that Catalysts A and B 
Were effective for EB conversion over a Wide range of 
temperatures. Catalyst A Was more effective at the higher 
temperatures in producing equilibrium amounts of xylenes 
product. 

EXAMPLE 3 

Preparation of Macrostructures Comprising ZSM-5 
and Chromium 

[0131] In a beaker, 4 grams of MSA-2 ion exchange resin 
Was exchanged With 40 g of a chromium-EDTA complex 
solution. The beaker Was placed in a shaker for one hour. 
The particles Were then separated, rinsed several times With 
distilled Water, ?ltered, and dried at 105° C. 

[0132] In an autoclave, 1.5 gram of the dried chromium 
loaded ion exchanger Were treated With 30 grams of a 
ZSM-5 synthesis solution With the folloWing molar compo 
sition: 0.31 Na2O:9TPAOH:0.25Al2O3:25 SiO2:405 H2O. 
The mixture of ion exchanger and synthesis solution Was 
aged for one hour at room temperature and then heated at 
170° C. for 17 hours. After the synthesis, the resin-Zeolite 
composites Were separated from the Zeolite crystalliZed in 
bulk, treated in a 0.1M ammonia solution in an ultrasound 
bath for 5 minutes, rinsed several times With distilled Water 
and then dried at 60° C. The ion exchanger Was then 
removed by calcination at 600° C. in air for 5 hours, after 
heating to this temperature at a rate of 1° C./min. 

[0133] X-ray diffractometry shoWed Zeolite ZSM-5 of 
high crystallinity. The density of the particles Was deter 
mined to be 0.26 g/cc. The amount of chromium loaded into 
the macrostructures Was 0.7 gram. 

EXAMPLE 4 

Preparation of Macrostructures Comprising Zeolite 
Beta and Palladium 

[0134] DoWex MSA-1 [chloride form] ion exchanger Was 
exchanged With a 0.01M palladium (II) chloride (PdCl2) 
solution that Was prepared by dissolving the palladium 
chloride in a 1M HCl solution. The Weight ratio of resin to 
Pd Was 1:10 (10 grams of resin and 100 grams of Pd 
solution). Next, the beaker Was placed in a shaker for one 
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hour. The particles Were then separated, rinsed several times 
With distilled Water, ?ltered, and dried at 105° C. 

[0135] In an autoclave, 1.5 gram of the dried palladium 
loaded ion exchanger Were mixed With 16 grams of a Zeolite 
Beta synthesis solution With the folloWing molar composi 
tion: 0.31 Na2O:9TEAOH:0.5Al2O3:25 SiO2:295 H2O. The 
mixture of ion exchanger and synthesis solution Was heated 
at 170° C. for 24 hours. After the synthesis, the resin-Zeolite 
composites Were separated from the Zeolite crystalliZed in 
bulk, treated in a 0.1M ammonia solution in an ultrasound 
bath for 5 minutes, rinsed several times With distilled Water 
and then dried at 60° C. The ion exchanger Was then 
removed by calcination at 600° C. in air for 5 hours, after 
heating to this temperature at a rate of 1° C./min. 

[0136] The speci?c surface area Was measured by nitrogen 
adsorption at 450 m2/g. ICP elementary analysis shoWed that 
the silica to alumina mole ratio of the Zeolite Beta Was 33 
and the Pd loading Was 4835 ppm. 

EXAMPLE 5 

Preparation of Macrostructures Comprising Zeolite 
Beta and Cobalt 

[0137] 2 g of synthesis solution Were mixed With 4 g of 0.1 
M solutions of Co(NO3)2.6H2O. Next, 2 grams of DoWex 
MSA-1 [chloride form] ion exchanger Was added to the 
mixture and the mixture Was shaken for one hour. The 
particles Were Washed With distilled Water and dried at 105° 
C. for 2 hours. 

[0138] The dried cobalt-loaded ion exchanger Were mixed 
With a Zeolite Beta synthesis solution With the folloWing 
molar composition: 0.31 
NaZO:9TEAOH:0.5Al2O3:25SiO2:295 H2O. The mixture 
had a Weight ratio of 1:10 (1 gram composite particles With 
10 grams of synthesis solution). The mixture of ion 
exchanger and synthesis solution Was heated at 170° C. for 
24 hours. After the synthesis, the resin-Zeolite composites 
Were separated from the Zeolite crystalliZed in bulk, treated 
in a 0.1M ammonia solution in an ultrasound bath for 5 
minutes, rinsed several times With distilled Water and then 
dried at 60° C. The ion exchanger Was then removed by 
calcination at 600° C. in air for 5 hours, after heating to this 
temperature at a rate of 1° C./min. 

What is claimed is: 

1. A catalyst suitable for use in hydrocarbon conversion, 
said catalyst comprising: at least one porous macrostructure 
comprised of: (a) a three-dimensional netWork of self bound 
particles of porous inorganic material; and, (b) at least one 
metal, said particles occupying less than 75% of the total 
volume of said at least one macrostructure and being joined 
together to form a three-dimensional interconnected net 
Work of pores. 

2. The catalyst recited in claim 1, Wherein said porous 
inorganic material is comprised of molecular sieve. 

3. The catalyst recited in claim 2, Wherein said netWork 
comprises pores having diameters greater than about 20 

4. The catalyst recited in claim 3, Wherein said porous 
inorganic material is a large pore or intermediate pore siZe 
molecular sieve. 
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5. The catalyst recited in claim 4, wherein the structure 
type of said molecular sieve is selected from the group 
consisting of LTL, FAU, MOR, *BEA, MFI, MEL, MTW, 
MTT, MFS, FER, and TON. 

6. The catalyst recited in claim 4, Wherein said molecular 
sieve is selected from the group consisting of Zeolite L, 
Zeolite X, Zeolite Y, mordenite, Zeolite Beta, ZSM-5, ZSM 
11, ZSM-22, silicalite 1 and silicalite 2. 

7. The catalyst recited in claim 3, Wherein said crystalline 
molecular sieve is a ZSM-5 or silicalite 1. 

8. The catalyst recited in claim 3, Wherein said particles 
have an average particle siZe of less than 500 nm. 

9. The catalyst recited in recited in claim 3, Wherein said 
particles are joined together as a result of the synthesis of the 
at least one macrostructure. 

10. The catalyst in claim 3, Wherein said particles occupy 
less than 50% of the total volume of said macrostructures. 

11. The catalyst recited in claim 1, Wherein said porous 
inorganic material is mesoporous inorganic material. 

12. The catalyst recited in claim 11, Wherein said meso 
porous inorganic material is selected from the group con 
sisting of silica, aluminum silicate, alumina, MCM-41, and 
MCM-48. 

13. The catalyst recited in claim 3, Wherein said at least 
one metal is a hydrogenation/dehydrogenation metal. 

14. The catalyst recited in claim 4, Wherein said at least 
one metal is effective for reducing the strength of or the 
number of acid sites on said porous inorganic material. 

15. The catalyst recited in claim 4, Wherein said at least 
one macrostructure does not contain signi?cant amounts of 
amorphous materials. 

16. A process of preparing a catalyst comprising; at least 
one porous macrostructure comprised of: (a) a three-dimen 
sional netWork of self bound particles of porous inorganic 
material; and, (b) at least one metal, said particles occupying 
less than 75% of the total volume of said at least one 
macrostructure and being joined together to form a three 
dimensional interconnected netWork comprised of pores; 
Which method comprises the steps of: forming an admix 
ture comprising, a porous organic ion exchanger and a 
synthesis mixture Which occupies at least a portion of the 
pore space of said porous organic ion exchanger and is 
capable of forming said porous inorganic material; (ii) 
converting said synthesis mixture to said porous inorganic 
material; and, (iii) removing said porous organic ion 
exchanger; 

Wherein said at least one metal is present in said admix 
ture of step (i), or is added during the conversion of 
step, (ii), or is added to at least one macrostructure 
before the removal in step (iii) of the porous organic ion 
exchanger and after the formation in step (ii) of the 
porous inorganic material, or is added to said at least 
one macrostructure after the removal in step (iii) of the 
porous organic ion exchanger, or combinations thereof. 

17. The process recited in claim 16 Wherein said porous 
inorganic material is comprised of molecular sieve. 

18. The process recited in claim 17, Wherein said netWork 
comprises pores having diameters greater than about 20 

19. The process recited in claim 18, Wherein said porous 
inorganic material is a large pore or intermediate pore siZe 
molecular sieve. 

20. The process recited in claim 19, Wherein said porous 
organic ion exchanger is a porous polymer-based anionic 
exchanger. 
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21. The process recited claim 20, Wherein said organic ion 
exchanger is a macroreticular ion exchanger. 

22. The process recited in claim 20, Wherein the conver 
sion of the synthesis mixture is carried out under hydrother 
mal conditions. 

23. The process recited in claim 21, Wherein said porous 
polymer-based anionic ion-exchanger has an ion-exchange 
capacity greater than about 1 mEq./g of dry porous anionic 
ion-exchanger. 

24. The process recited in claim 20, Wherein said porous 
polymer-based anionic ion-exchanger is a strongly basic 
anion-exchange resin containing quartenary ammonium 
groups. 

25. The process recited in claim 21, Wherein the structure 
type of said molecular sieve is selected from the group 
consisting of LTL, FAU, MOR, *BEA, MFI, MEL, MTW, 
MTT, MFS, FER, and TON. 

26. The process recited in claim 25, Wherein said porous 
organic ion exchanger is removed by either an oxidation 
process or dissolution. 

27. The process recited in claim 25, Wherein said at least 
one metal is present on the porous organic ion exchanger 
before forming the synthesis mixture of step 

28. The process recited in claim 25, Wherein said at least 
one metal is included in the porous organic ion exchanger by 
depositation, adsorption, or ion exchange. 

29. The process recited in claim 25, Wherein the at least 
one metal is added to said admixture of step during the 
preparation, after the formation, or both, of said admixture. 

30. The process recited in claim 25, Wherein said at least 
one metal is added during the conversion of step (ii). 

31. The process recited in claim 25, Wherein said at least 
one metal is added to the at least one macrostructure before 
the removal in step (iii) of the porous organic ion exchanger 
and after the formation in step (ii) of the porous inorganic 
material. 

32. The process recited in claim 25, Wherein said at least 
one metal is added to said at least one macrostructure after 
the removal in step (iii) of the porous organic ion exchanger. 

33. The process recited in claim 25, Wherein said mac 
rostructures have at least one dimension greater than about 
1.0 mm. 

34. The process recited in claim 25, Wherein said at least 
one macrostructure does not contain signi?cant amounts of 
amorphous materials. 

35. The process recited in claim 25, Wherein said at least 
one macrostructure has a density of less than 0.50 g/cc. 

36. The process recited in claim 25 , Wherein said particles 
are joined together by means other than by physical binding 
of the particles. 

37. The process recited in claim 25, Wherein said at least 
one metal is a hydrogenation/dehydrogenation metal. 

38. The process recited in claim 25 , said at least one metal 
is effective for reducing the strength of or the number of acid 
sites on said porous inorganic material. 

39. The process recited in claim 16, Wherein said porous 
inorganic material is mesoporous inorganic material. 

40. The process recited in claim 39, Wherein said meso 
porous inorganic material is selected from the group con 
sisting of silica, aluminum silicate, alumina, MCM-41, and 
MCM-48. 

41. The process recited in claim 17, Wherein said particles 
occupy less than 50% of the total volume of said macro 
structures. 
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42. A process for converting hydrocarbons comprising 
contacting a hydrocarbon feedstream under hydrocarbon 
conversion conditions With a catalyst comprising: 

at least one porous macrostructure comprised of: (a) a 
three-dimensional netWork of self bound particles of 
porous inorganic material; and, (b) at least one metal, 
said particles occupying less than 75% of the total 
volume of said at least one macrostructure and being 
joined together to form a three-dimensional intercon 
nected netWork of pores. 

43. The process recited in claim 42 Wherein said catalyst 
is prepared by a process comprising the steps of: forming 
an admixture comprising, a porous organic ion exchanger 
and a synthesis mixture Which occupies at least a portion of 
the pore space of said porous organic ion exchanger and is 
capable of forming said porous inorganic material; (ii) 
converting said synthesis mixture to said porous inorganic 
material; and, (iii) removing said porous organic ion 
exchanger; 

Wherein said at least one metal is present in said admix 
ture of step (i), or is added during the conversion of 
step, (ii), or is added to at least one macrostructure 
before the removal in step (iii) of the porous organic ion 
exchanger and after the formation in step (ii) of the 
porous inorganic material, or is added to said at least 
one macrostructure after the removal in step (iii) of the 
porous organic ion exchanger, or combinations thereof. 

44. The process recited in claim 42 Wherein the hydro 
carbon conversion is carried out at conditions of about 0° C. 
to about 760° C., a pressure of from about 0.1 atmosphere 
(bar) to about 200 atmospheres (bar), a Weight hourly space 
velocity of from about 0.08 hr-1 to about 2,000 hr_1. 

45. The process recited in claim 44, Wherein said catalyst 
is prepared the hydrocarbon conversion is selected from the 
group consisting of cracking of hydrocarbons, isomeriZation 
of alkyl aromatics, disproportionation of toluene, dispropor 
tionation of cumene and ethylbenZene, transalkylation of 
aromatics, alkylation of aromatics, alkylation of naphthalene 
or alkylnaphthalene to form dialkylnaphthalene, reforming 
of naphtha to aromatics, conversion of paraf?ns and/or 
ole?ns to aromatics, conversion of oxygenates to hydrocar 
bon products, cracking of naphtha to light ole?ns, and 
deWaxing of hydrocarbons. 

46. The process recited in claim 44, Wherein said porous 
inorganic material is mesoporous inorganic material. 

47. The process recited in claim 44, Wherein said porous 
inorganic material is comprised of molecular sieve. 

48. The process recited in claim 47, Wherein said netWork 
comprises pores having diameters greater than about 20 

49. The process recited in claim 47, Wherein said porous 
inorganic material is a large pore or intermediate pore siZe 
molecular sieve. 

50. The process recited in claim 49, Wherein the structure 
type of said molecular sieve is selected from the group 
consisting of LTL, FAU, MOR, *BEA, MFI, MEL, MTW, 
MTT, MFS, FER, and TON. 
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51. The process recited in claim 43, Wherein the structure 
type of said molecular sieve is selected from the group 
consisting of LTL, FAU, MOR, *BEA, MFI, MEL, MTW, 
MTT, MFS, FER, and TON. 

52 The process recited in claim 51, Wherein said at least 
one metal is present on the porous organic ion exchanger 
before forming the synthesis mixture of step 

53. The process recited in claim 51, Wherein said at least 
one metal is included in the porous organic ion exchanger by 
depositation, adsorption, or ion exchange. 

54. The process recited in claim 51, Wherein the at least 
one metal is added to said admixture of step during the 
preparation, after the formation, or both, of said admixture. 

55. The process recited in claim 51, Wherein said at least 
one metal is added to the at least one macrostructure before 
the removal in step (iii) of the porous organic ion exchanger 
and after the formation in step (ii) of the porous inorganic 
material. 

56. The process recited in claim 51, Wherein said mac 
rostructures have at least one dimension greater than about 
1.0 mm. 

57. The process recited in claim 51, Wherein said porous 
organic ion exchanger is a porous polymer-based anionic 
exchanger. 

58. The process recited in claim 57, Wherein said porous 
polymer-based anionic ion-exchanger has an ion-exchange 
capacity greater than about 1 mEq./g of dry porous anionic 
ion-exchanger. 

59. The process recited in claim 44, Wherein said hydro 
carbon conversion comprises the partial oxidiZing hydrocar 
bons by contacting a hydrocarbon feedstream under oxida 
tion conditions With oxidants. 

60. The process recited in claim 5 9, Wherein said oxidants 
are selected from the group consists of air, oxygen, organic 
peroxides, inorganic oxides. 

61. The process of claim 60, Wherein said hydrocarbon 
feedstream is selected from the group consists of paraf?ns, 
ole?ns, aromatics, and mixtures thereof. 

62. A process for reducing emissions of hydrocarbons, 
carbon monoxide, oxides of nitrogen, or mixtures thereof in 
a gas stream comprising contacting said gas stream With a 
catalyst comprising: 

at least one porous macrostructure comprised of: (a) a 
three-dimensional netWork of self bound particles of 
porous inorganic material; and, (b) at least one metal, 
said particles occupying less than 75% of the total 
volume of said at least one macrostructure and being 
joined together to form a three-dimensional intercon 
nected netWork of pores. 

63. The process recited in claim 62, Wherein said gas 
stream is a gas stream produced by an internal combustion 
engine. 


