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(57) ABSTRACT 

There is provided macrostructures of porous inorganic mate 
rial Which can have controlled siZe, shape, and/or porosity 
and a process for preparing the macrostructures. The mac 

rostructures comprise a three-dimension network of par 

ticles of porous inorganic materials. The process for prepar 
ing the macrostructures involves forming an admixture 
containing a porous organic ion exchanger and a synthesis 
mixture capable of forming a porous inorganic material and 
then converting the synthesis mixture to a solid porous 
inorganic material. After formation of the composite mate 
rial, the porous organic ion exchanger can be removed from 
the composite material to obtain the macrostructures, either 
before or after the porous inorganic material is hydrother 
mally treated With a structure directing agent to convert at 
least a portion of such porous inorganic material to a 
crystalline molecular sieve composition. The resulting mac 
rostructure is composed of particles of the crystalline 
molecular sieve composition. 
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POROUS INORGANIC MACROSTRUCTURE 
MATERIALS AND PROCESS FOR THEIR 

PREPARATION 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/174,545, Which is hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention concerns mesoporous macrostruc 
tures composed of a microporous inorganic material Which 
macrostructures can have controlled siZe, shape, and/or 
porosity and a process for production of such macrostruc 
tures. 

[0004] 2. Description of the Related Art 

[0005] 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. The 
terms “porous inorganic material” and “porous material”, as 
used herein, includes mesoporous inorganic material, 
microporous inorganic material, and mixtures or combina 
tions thereof. 

[0006] In most applications Which use porous inorganic 
material, the fact that the phase interface betWeen the solid 
porous material and the medium (liquid or gas) in Which 
such use occurs is large can be very important. Heteroge 
neous phase catalysts used in re?nery processes, petro 
chemical conversion processes, and different environmen 
tally related applications often comprise a use of porous 
inorganic material, especially microporous material. Adsor 
bents for the selective adsorption in the gas or liquid phase 
or the selective separation of ionic compounds are often 
porous inorganic material. In addition to these applications, 
porous inorganic materials have recently become increas 
ingly utiliZed in a number of more technologically advanced 
areas. Examples of such uses include use in chemical 
sensors, in fuel cells and batteries, in membranes for sepa 
ration or catalytic purposes, during chromatography for 
preparative or analytical purposes, in electronics and optics, 
and in the production of different types of composites. 

[0007] 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 speci?c area of application are imposed on these mate 
rials. For example, the large phase interface available in the 
pores of the porous inorganic material must be accessible 
and useable. Therefore, the porosity, pore siZe and pore siZe 
distribution in large pores (meso- and macropores) are often 
of major signi?cance, especially When mass transport affects 
process performance. The surface properties of the porous 
material can also be very important for the performance of 
the material in a given application. In this context, the purity 
of the material comprising the macrostructure is also sig 
ni?cant. 

[0008] In most applications, siZe and shape of porous 
macrostructures containing the porous inorganic material 
and the degree of variation of these properties are very 
important. During use, the siZe and shape of the porous 
macrostructures can in?uence properties like mass transport 
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Within the porous structures, pressure drop over a bed of 
particles of the macrostructure material, and the mechanical 
and thermal strength of the macrostructure material. The 
factors that are the most important Will vary, depending on 
the application in Which the macrostructures are used, as 
Well as the con?guration of the process in Which the appli 
cation occurs. Techniques that permit production of macro 
structure materials With increased speci?c surface area, pore 
structure (pore siZe/pore siZe distribution), chemical com 
position, mechanical and thermal strength, as Well as 
increased and uniform siZe and shape, are consequently 
required to tailor porous inorganic macrostructures to dif 
ferent applications. 

[0009] 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 

[0010] Microporous inorganic materials include crystal 
line molecular sieves. Molecular sieves are characteriZed by 
the fact that they are microporous materials With pores of a 
Well-de?ned siZe ranging discreetly from about 2 A to about 
20 Most molecules, Whether in the gas or liquid phase, 
both inorganic and organic, have dimensions that fall Within 
this range at room temperature. Selecting a molecular sieve 
composition With a suitable and discreet pore siZe therefore 
alloWs separation of speci?c molecules from a mixture With 
other molecules of a different siZe through selective adsorp 
tion, hence the name “molecular sieve”. Apart from the 
selective adsorption and selective separation of uncharged 
molecular sieve particles, the Well-de?ned and discreet pore 
system of a molecular sieve enables selective ion exchange 
of charged particles and selective catalysis. In the latter tWo 
cases, signi?cant properties other than the micropore struc 
ture include, for instance, ion exchange capacity, speci?c 
surface area and acidity. 

[0011] Molecular sieves can be classi?ed into various 
categories such as by their chemical composition and their 
structural properties. A group of molecular sieves of com 
mercial interest is the group comprising the Zeolites, Which 
are de?ned as crystalline aluminosilicates. Another group is 
that of the metal silicates, structurally analogous to Zeolites, 
but for the fact that they are substantially free of aluminum 
(or contain only very small amounts thereof). Still another 
group of molecular sieves are ALPO-based molecular sieves 
Which contain frameWork tetrahedral units of alumina 
(A102) and phosphorous oxide (P02) and, optionally, silica 
(SiOZ). Examples of such molecular sieves include SAPO, 
ALPO, MeAPO, MeAPSO, ELAPO, and ELAPSO. 

[0012] Asummary of the prior art, in terms of production, 
modi?cation and characteriZation of molecular sieves, is 
described in the book “Molecular Sieves—Principles of 
Synthesis and Identi?cation”; (R. SZostak, Blackie Aca 
demic & Professional, London, 1998, Second Edition). In 
addition to molecular sieves, amorphous materials, chie?y 
silica, aluminum silicate and aluminum oxide, have been 
used as adsorbents and catalyst supports. A number of 
long-knoWn techniques, like spray drying, prilling, pelletiZ 
ing and extrusion, have been and are being used to produce 
macrostructures in the form of, for example, spherical 
particles, extrudates, pellets and tablets of both micropores 
and other types of porous materials for use in catalysis, 
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adsorption and ion exchange. A summary of these tech 
niques is described in “Catalyst Manufacture,” A. B. Stiles 
and T. A. Koch, Marcel Dekker, NeW York, 1995. 

[0013] Because of limited possibilities With the knoWn 
techniques to produce macrostructures of amorphous and/or 
molecular sieve type compositions, considerable investment 
has been made to ?nd neW Ways to produce macrostructures 
of such porous inorganic materials, With a certain emphasis 
on those in the form of ?lms, With a controllable pore 
structure together With a requisite mechanical strength of the 
macrostructure. 

[0014] PCT Publication WO 94/25151 involves the pro 
duction of ?lms of molecular sieves by a process in Which 
seed crystals of molecular sieves are deposited on a substrate 
surface and then made to groW together into a continuous 
?lm. PCT Publication WO 94/25152 involves the production 
of ?lms of molecular sieves by introduction of a substrate to 
a synthesis solution adjusted for Zeolite crystalliZation and 
crystalliZation With a gradual increase in synthesis tempera 
ture. PCT Publication WO 94/055 97 involves the production 
of colloidal suspensions of identical microparticles of 
molecular sieves With an average siZe beloW 200 nm. PCT 
Publication WO 90/09235 involves a method for production 
of an adsorbent material in the form of a monolith by 
impregnation of a monolithic cell structure With a hydro 
phobic molecular sieve, folloWed by partial sintering of the 
molecular sieve With the material from Which the cell 
structure is constructed. 

[0015] Although a number of different techniques already 
exist for production of porous inorganic macrostructures 
With the desired siZe and shape, these techniques have a 
number of limitations that can affect the properties and 
performance of the macrostructures during their use. Most of 
these techniques require the use of an amorphous binder to 
give the macrostructure acceptable mechanical strength. The 
presence of the such amorphous binder can adversely affect 
certain desired properties, such as high speci?c surface area 
and uniform chemical composition. Also, most of the exist 
ing binding techniques constrain the ability to tailor the 
macrostructure, in siZe and shape, Within narroW limits. If a 
Well de?ned siZe is desired With a narroW particle siZe 
distribution, it is many times necessary, and most often 
required, to separate desirable and undesirable macrostruc 
tures, Which can lead to considerable Waste during manu 
facture. 

[0016] The use of different types of binders can also affect 
the pore structure of the macrostructures and it is often 
necessary to ?nd a compromise betWeen mechanical prop 
erties and pore siZe. Often it is desirable to have a bimodal 
pore siZe distribution in the macrostructures of the porous 
materials, in Which the micropores maintain a large speci?c 
phase interface, Whereas the larger pores existing in the 
macrostructure in the meso- or macropore range permit 
transport of molecules to these microporous surfaces and, in 
this Way, prevent diffusion limitations. During production of 
macrostructures using the heretofore knoWn techniques, a 
secondary system of pores Within the meso- and/or 
macropore range can be produced by admixing a particulate 
inorganic material With an organic material (for example, 
cellulose ?bers), Which is later eliminated by calcining. 
These techniques, hoWever, often produce an adverse effect 
on the other properties of the resulting macrostructure 
material. 
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SUMMARY OF THE INVENTION 

[0017] The present invention provides a process for the 
production of macrostructures of porous inorganic materials 
With controlled siZe, shape and porosity in Which it is 
possible to overcome or at least mitigate one or more of the 
above-described problems. 

[0018] One purpose of this invention is to reduce or 
eliminate the drawbacks in the knoWn methods for produc 
tion of macrostructures through a neW process Which per 
mits production of these macrostructures Without addition of 
binders to produce a uniform ?nal macrostructure compo 
sition. Another purpose of this invention is to provide a 
process, according to Which the ?nal shape, siZe and siZe 
distribution of macrostructures composed of molecular sieve 
particles can be controlled. Still another purpose of this 
invention is to provide a process according to Which both the 
pore structure of the molecular sieve particle composing the 
macrostructure and a secondary system of larger pores 
Within the macrostructure can be controlled. A further pur 
pose of this invention is to provide a process for production 
of macrostructures of porous material With good mechanical 
and thermal stability. 

[0019] Accordingly, the present invention ?rst provides a 
composite material comprising a porous organic ion 
exchanger and a continuous three-dimensional matrix of 
porous inorganic material Which is present Within the three 
dimensional pore structure of the porous ion organic ion 
exchanger. Removal of the porous organic ion exchanger 
from the composite material results in macrostructures hav 
ing good mechanical strength and stability. Removal of the 
organic ion exchanger material from the composite may be 
performed either before or after the porous inorganic mate 
rial thereof is treated hydrothermally With a structuring 
agent to convert it into a crystalline Zeolite and/or molecular 
material. 

[0020] This invention provides a process for preparing 
macrostructures of porous inorganic material With controlled 
siZe, shape and porosity. The process involves ?rst produc 
ing composite material from an admixture containing a 
porous organic ion exchanger and a synthesis mixture 
capable of forming a porous inorganic material. In one 
embodiment of this process the synthesis mixture may 
contain a structuring agent such that upon its hydrothermal 
conversion it forms a Zeolite and/or molecular sieve com 
position. In another embodiment of this process, the syn 
thesis mixture may be of a composition that upon hydro 
thermal treatment converts to an amorphous metal oxide 
Which, before or after removal of the organic ion exchanger, 
upon a further hydrothermal treatment in the presence of a 
structuring agent then converts to a Zeolite and/or molecular 
sieve composition. After formation of the composite mate 
rial, the porous organic ion exchanger is removed from the 
composite material to obtain the macrostructures. 

[0021] Also in accordance With the present invention, 
there is provided a process for the conversion of a hydro 
carbon feed Which uses a catalyst comprised of porous 
macrostructures of porous inorganic material Which can 
have controlled siZe, shape and porosity and comprise a 
three-dimensional netWork of particles of porous inorganic 
material. 

[0022] The present invention provides a process for the 
conversion of a hydrocarbon feed using a catalyst comprised 
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of macrostructures of porous inorganic material made by a 
process Which comprises the steps of (a) forming an admix 
ture comprising a 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; (b) converting 
said synthesis mixture Within the pore space of said porous 
organic ion exchanger under hydrothermal conditions to 
form said porous inorganic material; and, (c) removing said 
porous organic ion exchanger. 

[0023] Examples of speci?c hydrocarbon conversion pro 
cesses Where the catalyst ?nds application include catalytic 
cracking, alkylation, dealkylation, dehydrogenation, dispro 
portionation, transalkylation, hydrocracking, isomeriZation, 
deWaxing, oligomeriZation, and reforming processes. 

[0024] The process of this invention provides macrostruc 
tures of porous inorganic material Which can have controlled 
siZe, shape and porosity and comprise a three-dimensional 
netWork of particles of porous inorganic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 represents a schematic description of the 
different stages in production of spherical particles or thin 
?lms of porous organic material according to the invention. 

[0026] FIG. 2 represents adsorption-desorption isotherms 
measured for spherical particles of amorphous silica of 
Examples 1 and 2. 

[0027] FIG. 3 and FIG. 4 shoW SEM micrographs, at tWo 
different magni?cations, of spherical particles of the 
molecular sieve Silicalite 1 of Example 3. 

[0028] FIG. 5 represents an X-ray diffraction pattern for 
spherical particles of the molecular sieve Silicalite 1 of 
Example 3. 

[0029] FIG. 6 represents a schematic description of the 
different stages in production of spherical particles or thin 
?lms of an amorphous metal oxide composite Which either 
before or after removal of the organic ion exchanger is then 
converted by hydrothermal treatment in the presence of a 
structure directing agent into a macrostructure composed of 
particles of a Zeolite and/or molecular sieve composition. 

[0030] FIG. 7 shoWs SEM micrographs of the calcined 
products prepared according to the invention. 

[0031] FIG. 8 represents XRD patterns of the calcined 
products prepared according to the invention. 

[0032] FIG. 9 represents XRD pattern of the calcined 
product prepared according to Example 10. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The process of the present invention for preparing 
of macrostructures of porous inorganic material preferably 
comprises the folloWing steps: 

[0034] (a) forming an admixture comprising a 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; 
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[0035] (b) converting said synthesis mixture Within 
the pore space of said porous organic ion exchanger 
under hydrothermal conditions to form said porous 
inorganic material; and, 

[0036] (c) 
exchanger. 

removing said porous organic ion 

[0037] 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 
chemical destruction or chemical dissolution. Usually, the 
removal of the porous organic ion exchanger Will result in 
macrostructures the mesoporous structure of Which have a 
siZe and shape that is dictated by the employed organic ion 
exchanger. The macrostructure is composed of particles of 
the inorganic material the micropores of Which are a func 
tion the synthesis mixture used to impregnate the organic ion 
exchanger and the hydrothermal treatment conditions 
employed for conversion of the synthesis mixture While 
Within the pore volume of the organic ion exchanger. 

[0038] As experience has so far established, this invention 
both in terms of the macrostructure produced and/or the 
method of its production is applicable With any synthesis 
composition heretofore disclosed for a production of an 
amorphous meso- and/or macroporous particles or for a 
production of microporous particles, Which particles in turn 
comprise the macrostructures of this invention. This is very 
advantageous in respect to the handling/use properties of a 
composition composed of macrostructures Where the chemi 
cal properties thereof are primarily dictated by the charac 
teristics of microcrystals of Which the macrostructures are 
composed. 

[0039] 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. 

[0040] The term “average particle siZe” as used herein, 
means the arithmetic average of the diameter distribution of 
the particles on a volume basis. 

[0041] The macrostructure Will be porous and Will com 
prise a three-dimensional matrix of particles of porous 
inorganic oxide. Usually, the particles Will occupy less than 
75% of the volume of the macrostructures. Preferably, the 
inorganic oxide particles Will have an average particle siZe 
of less than 500 nm. The particles Will be joined together and 
can even be intergroWn. More preferably, the particles Will 
have an average particle siZe of less than 200 nm, e.g., 100 
nm and Will occupy less than 50% of the total volume of the 
macrostructure. 

[0042] Porous inorganic materials that ?nd particular 
application include crystalline molecular sieves and meso 
porous materials. Examples of mesoporous material that ?nd 
particular application include amorphous silica, amorphous 
alumina, and amorphous aluminosilicates. For some appli 
cations, it is preferable that the pore siZe of the mesoporous 
inorganic material be in the range of from about 20 A to 
about 50 
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[0043] Where the composite (organic ion exchanger 
impregnated With unconverted or converted synthesis mix 
ture) and/or macrostructure (i.e., the structure remaining 
after removal of the organic ion exchanger) is prepared from 
a synthesis mixture that upon hydrothermal conversion 
yields a mesoporous inorganic material—such as an amor 
phous silica and/or aluminosilicate—the inorganic material 
of the composite and/or macrostructure may be converted to 
a Zeolite and/or molecular sieve composition by a hydro 
thermal treatment in the presence of a structure directing 
agent. 

[0044] Molecular sieves produced by the process of the 
invention include silicates, metallosilicates such as alumi 
nosilicates and gallosilicates, and ALPO-based molecular 
sieves such as alumino-phosphates (ALPO), silicoalumino 
phosphates (SAPO), metalloalumino-phosphates (MeAPO), 
and metalloaluminophosphosilicate (MeAPSO). Some of 
these molecular sieves, While not being true Zeolites, are 
frequently referred to in the literature as such, and this term 
Will be used broadly beloW. 

[0045] Molecular sieves/Zeolites that ?nd application in 
the present invention include any of the naturally occurring 
or synthetic crystalline molecular sieves. Examples of these 
Zeolites include large pore Zeolites, intermediate pore siZe 
Zeolites, and small pore Zeolites. These Zeolites 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. Alarge pore Zeolite generally has a pore siZe of at 
least about 7 A and includes LTL, VFI, MAZ, MEI, FAU, 
EMT, OFF, *BEA, and MOR structure type Zeolites (IUPAC 
Commission of Zeolite Nomenclature). Examples of large 
pore Zeolites include maZZite, offretite, Zeolite L, VPI-5, 
Zeolite Y, Zeolite X, omega, Beta, ZSM-3, ZSM-4, ZSM-18, 
ZSM-20, SAPO-37, and MCM-22. An intermediate pore 
siZe Zeolite generally has a pore siZe from about 5 A to about 
7 A and includes, for example, MFI, MEL, MTW, EUO, 
MTT, MFS, AEL, AFO, HEU, FER, and TON structure type 
Zeolites (IUPAC Commission of Zeolite Nomenclature). 
Examples of intermediate pore siZe Zeolites include ZSM-5, 
ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, 
ZSM-48, ZSM-50, ZSM-57, silicalite 1, and silicalite 2. A 
small pore siZe Zeolite has a pore siZe from about 3 A to 
about 5.0 A and includes, for example, CHA, ERI, KFI, 
LEV, SOD, and LTA structure type Zeolites (IUPAC Com 
mission of Zeolite Nomenclature). Examples of small pore 
Zeolites include ZK-4, ZSM-2, SAPO-34, SAPO-35, ZK-14, 
SAPO-42, ZK-21, ZK-22, ZK-5, ZK-20, Zeolite A, hydroxy 
sodalite, erionite, chabaZite, Zeolite T, gemlinite, ALPO-17, 
and clinoptilolite. 

[0046] The preferred molecular sieve/Zeolite Will depend 
on its use There are many knoWn Ways to tailor the prop 
erties of the molecular sieves, for example, structure type, 
chemical composition, ion-exchange, and activation proce 
dures. Macrostructures comprised of molecular sieve par 
ticles do not require the presence of signi?cant amounts of 
amorphous materials to bind together the molecular sieve 
particles. Thus, macrostructures comprised of the molecular 
sieve particles can contain less than 10% by Weight of 
amorphous binder material based on the Weight of the 
microstructures. For many applications, these macrostruc 
tures Will contain even lesser amounts of amorphous binder, 
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e.g., 5% by Weight or even less, e.g., the macrostructures can 
be substantially free of amorphous binder. 

[0047] When the molecular sieve produced is an crystal 
line metallosilicate, the chemical formula of such an anhy 
drous crystalline metallosilicate can be expressed in terms of 
moles as represented by the formula: 

[0048] Wherein M is selected from the group consisting of 
hydrogen, hydrogen precursors, monovalent, divalent, and 
trivalent cations and mixtures 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 
molecular sieve, and W is a metal in the anionic frameWork 
structure of the molecular sieve such as aluminum, gallium, 
boron, or iron. 

[0049] When the molecular sieve produced has an inter 
mediate pore siZe, the molecular sieve preferably comprises 
a composition having the folloWing molar relationship: 

[0050] Wherein X is a trivalent element, such as alumi 
num, gallium, Zinc, iron, and/or boron, Y is a tetravalent 
element such as silicon, tin, and/or germanium; and n has a 
value greater than 10, usually from about 20 to less than 
20,000, more usually from 50 to 2,000, said value being 
dependent upon the particular type of molecular sieve and 
the trivalent element present in the molecular sieve. 

[0051] When the molecular sieve is a gallosilicate inter 
mediate pore siZe molecular sieve, the molecular sieve 
preferably comprises a composition having the folloWing 
molar relationship: 

[0052] Wherein y is betWeen about 20 and about 500, 
typically from 20 to 200. The molecular sieve frameWork 
may contain only gallium and silicon atoms or may also 
contain a combination of gallium, aluminum, and silicon. 

[0053] The composition of the synthesis mixture Will vary 
according to the porous inorganic material to be produced. 
For example, in making silicalite 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 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. 

[0054] For the manufacture of a MFI structure type Zeo 
lite, especially ZSM-5 or 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:Al2O3 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 



US 2005/0202956 A1 

[0055] wherein 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. 

[0056] The organic ionic exchangers used in the present 
invention refers to organic porous materials With a surface 
charge and ion exchange capacity for anions or cations. 
Preferably, the organic ionic exchangers are polymer-based 
Which are sometimes referred to as ion exchange resins. 
Polymer-based ionic 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 registered 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 
meg/gm of dry anion exchanger, are of special interest to the 
present invention. Macroreticular organic ionic exchangers 
are particularly preferred in-the practice of the present 
invention. By “macroreticular,” as the term is commonly 
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. 

[0057] 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/gram dry resin, typically greater than 1 
meg/gram, and in some cases, preferably from about 4 to 
about 5.5 meq/gram of dry resin. 

[0058] 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 
ammonium, phosphonium or arsonium functional groups or 
tertiary 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 indepen 
dent 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. 

[0059] 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 dicyanodiamnidine 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. 
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[0060] 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. 

[0061] The term “seeds” refers to particles, e.g., crystal 
lites, of porous inorganic material, e.g., molecular sieves, 
that are capable of initiating crystalliZation of the desired 
porous inorganic material. The seeds 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. By treatment of the synthesis mixture With appro 
priate concentration and under suitable conditions, the-seeds 
can be made to groW and form a continuous structure 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. 

[0062] Although the invention is not intended to be limited 
to any theory of operation, it is believed that one of the 
advantages of the present invention is that the surface of the 
porous organic ion exchanger can facilitate nucleation of the 
synthesis mixture resulting in the formation of seeds Which 
can subsequently groW into a porous inorganic 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. For example, anion exchange resins, Which have 
a positive charge, can attract negatively charged seeds such 
as silicate seeds, metal silicate seeds and aluminosilicate 
seeds. 

[0063] In a second phase in a production of porous mac 
rostructures according to the invention, such seeds formed 
on or bonded to the surface in the organic ion exchanger are 
made to groW such as by hydrothermal treatment in an 
appropriate synthesis solution. Through this groWth a con 
tinuous three-dimensional netWork of porous material is 
formed Within the pore structure of the employed organic ion 
exchange structure. After this stage, the product is a com 
posite material comprising tWo continuous three-dimen 
sional netWorks, one comprising the polymer structure of the 
organic 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 subse 
quent groWth stage under appropriate conditions in a syn 
thesis 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 
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Which seeds are formed in or ion-exchanged from the 
synthesis solution to the ion exchanger, to then grow the 
material into a continuous structure. 

[0064] Molecular sieves are generally produced by hydro 
thermal treatment of a silicate solution With synthesis mix 
ture. Hydrothermal treatment refers to treatment in aqueous 
solution or aqueous suspension at a temperature exceeding 
50° C., preferably exceeding 80° C. and, in most cases, 
exceeding 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 of 
the microporous molecular sieves, e.g., silicalite 1, the 
crystallinity can be increased When the hydrothermal treat 
ment 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., ISO-165° C. 

[0065] The composition of the synthesis 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. This applies both in syntheses, in 
Which the ?nal product is deposited as crystals in the porous 
structure of an organic ion exchanger, and in conventional 
synthesis, When the ?nal crystal siZe is most often much 
larger. The material deposited in the pore system of the 
organic ion exchanger is therefore dependent on the com 
position of the synthesis mixture and the synthesis condi 
tions. During crystalliZation of macrostructures of a given 
molecular sieve according to the present invention, it is 
sometimes desirable to use synthesis mixtures, Which, in the 
absence of ion exchanger material, result in colloidal sus 
pensions of the desired molecular sieve. In some instances, 
the organic ion exchanger material can in?uence the result 
of the synthesis. 

[0066] The composite of organic ion exchanger and 
porous inorganic material obtained after this process can be 
of interest by itself in certain commercial applications. 
HoWever, for most potential areas of application it is advan 
tageous to eliminate the organic ion exchanger from the 
composite. This can occur after formation of the porous 
inorganic material, Which leaves behind only the porous, 
inorganic material With a secondary pore system With a 
porosity and pore siZe caused by the structure of the 
employed organic ion exchanger. Removal of the organic 
ion exchanger preferably occurs by calcining at a tempera 
ture exceeding 400° C. The calcination can take place in the 
presence of acid, in Which this material is burned to mostly 
carbon dioxide and Water. As an alternative, the organic 
material can be removed by selective dissolution With a 
solvent that dissolves the ion exchanger, but not the inor 
ganic material, or With selective decomposition of the 
organic material by means of a chemical reaction other than 
by an oxidation reaction. 

[0067] After removal of the organic ion exchanger, the 
resulting inorganic macrostructure is usually a replica in siZe 
and shape of the organic ion exchanger present in the 
admixture. This means that the possibilities for controlling 
the siZe, shape and meso/macroporosity in the inorganic 
porous material are largely determined by the possibilities of 
structural manipulation of the properties of the organic ion 
exchanger. The secondary pore structure of the macrostruc 
ture Will be revealed folloWing removal of the organic ion 
exchanger material. The macrostructure hoWever, can be 
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further treated after removal from the organic ion exchanger. 
In one case, Wherein the remaining organic material of the 
macrostructure is an amorphous silica and/or aluminosili 
cate, this macrostructure be subjected to another hydrother 
mal treatment in a solution of an appropriate compositional 
make-up to convert the amorphous inorganic material into a 
Zeolite and/or molecular sieve material. In another case 
Wherein the synthesis mixture Within the pore volume of the 
organic ion exchanger is of a composition that converts to a 
Zeolite and/or molecular sieve upon the initial hydrothermal 
treatment, then the macrostructure left after removal of the 
organic ion exchanger may be treated to cause a deposition 
thereon of porous inorganic materials, e.g., molecular sieves 
such as silicalite 1 and silicalite 2. Upon depositing the 
inorganic material, the secondary pore structure can be more 
or less sealed and, in the extreme case, to leave behind a 
homogeneous porous material (Without porosity in the 
meso/macropore range). This could be of interest, for 
example, in the production of thin ?lms of porous structures, 
for use in applications like membranes for catalyst or 
separation purposes, or in chemical sensors. It is also 
possible, according to a knoWn technique, to coat the surface 
of the macrostructures of a given type of porous inorganic 
material produced according to the invention With a thin ?lm 
of another type of material, something that could be of 
interest in a catalytic context or during use of macrostruc 
tures for controlled dosage of drugs or pesticides. 

[0068] The porous inorganic material prepared by the 
process of the present invention can be treated to provide a 
more acidic form or to replace at least in part the original 
metals present in the materials With a different cation, e.g., 
a Group IE to VIII Periodic Table metal such as nickel, 
copper, Zinc, palladium, platinum, calcium or rare earth 
metal. Thereafter these materials may be used as catalyst in 
hydrocarbon conversion processes. 

[0069] The hydrocarbon conversion processes are used for 
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 susceptible to Zeolitic catalytic reac 
tions. Depending 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. 

[0070] The conversion of hydrocarbon feeds can take 
place in any convenient mode, for example, in ?uidiZed bed, 
moving bed, or ?xed bed reactors depending on the types of 
process desired. 

[0071] Examples of hydrocarbon compound conversion 
processes that ?nd application in the process of the present 
invention include, as non-limiting examples, the folloWing: 

[0072] (A) The catalytic cracking of a naphtha feed to 
produce light ole?ns. Typical 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. 

[0073] (B) The catalytic cracking of high molecular 
Weight hydrocarbons to loWer Weight hydrocarbons. 
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Typical reaction conditions for catalytic cracking 
include temperatures of from about 400° C. to about 
700° C., pressures of from about 0.1 atmosphere 
(bar) to about 30 atmospheres, and Weight hourly 
space velocities of from about 0.1 to about 100 hr-1. 

[0074] (C) The transalkylation of aromatic hydrocar 
bons in the presence of polyalkylaromatic hydrocar 
bons. Typical reaction conditions include a tempera 
ture of from about 200° C. to about 500° C., a 
pressure of from about atmospheric to, about 200 
atmospheres, a Weight hourly space velocity of from 
about 1 to about 100 hr-1 and an aromatic hydro 
carbon/polyalkylaromatic hydrocarbon mole ratio of 
from about 0.5/1 to about 16/1. 

[0075] (D) The isomeriZation of aromatic (e.g., 
Xylene) feedstock components. 

[0076] Typical reaction conditions for such include a 
temperature of from about 230° C. to about 510° C., a 
pressure of from about 0.5 atmospheres to about 50 atmo 
spheres, a Weight hourly space velocity of from about 0.1 to 
about 200 hr-1 and a hydrogen/hydrocarbon mole ratio of 
from about 0 to about 100. 

[0077] The deWaXing of hydrocarbons by selec 
tively removing straight chain paraf?ns. The reaction 
conditions are dependent in large measure on the 
feed used and upon the desired pour point. Typical 
reaction conditions include a temperature betWeen 
about 200° C. and 450° C., a pressure up to 3,000 
psig and a liquid hourly space velocity from 0.1 to 
20. 

[0078] The alkylation of aromatic hydrocarbons, 
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[0081] (I) 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. 

[0082] (J) The alkylation of a reformate containing 
substantial quantities of benZene and toluene With 
fuel gas containing short chain ole?ns (e.g., ethylene 
and propylene) to produce mono- and dialkylates. 
Preferred reaction conditions include temperatures 
from about 100° C. to about 250° C., a pressure of 
from about 100 to about 800 psig, a WHSV-ole?n 
from about 0.4 hr-1 to about 0.8 hr_1, a WHSV 
reformate of from about 1 hr'1 to about 2 hr'1 and, 
optionally, a gas recycle from about 1.5 to 2.5 vol/vol 
fuel gas feed. 

[0083] The alkylation of aromatic hydrocarbons, 
e.g., benZene, toluene, Xylene, and naphthalene, With 
long chain ole?ns, e.g., C14 ole?n, to produce alky 
lated aromatic lube base stocks. Typical reaction 
conditions include temperatures from about 160° C. 
to about 260° C. and pressures from about 350 to 450 
psig. 

[0084] (L) The alkylation of phenols With ole?ns or 
equivalent alcohols to provide long chain alkyl phe 
nols. Typical reaction conditions include tempera 
tures from about 100° C. to about 250° C., pressures 
from about 1 to 300 psig and total WHSV of from 
about 2 hr'1 to about 10 hr_1. 

e.g., benZene and alkylbenZenes, in the presence of 
an alkylating agent, e. g., ole?ns, formaldehyde, alkyl 
halides and alcohols having 1 to about 20 carbon 
atoms. Typical reaction conditions include a tem 
perature of from about 100° C. to about 500° C., a 
pressure of from about atmospheric to about 200 
atmospheres, a Weight hourly space velocity of from 
about 1 hr-1 to about 100 hr-1 and an aromatic 
hydrocarbon/alkylating agent mole ratio of from 
about 1/1 to about 20/1. 

[0079] (G) The alkylation of aromatic hydrocarbons, 
e.g., benZene, With long chain ole?ns, e.g., C14 
ole?n. Typical reaction conditions include a tem 
perature of from about 50° C. to about 200° C., a 
pressure of from about atmospheric to about 200 
atmospheres, a Weight hourly space velocity of from 
about 2 hr-1 to about 2000 hr-1 and an aromatic 
hydrocarbon/ole?n mole ratio of from about 1/1 to 
about 20/1. The resulting products from the reaction 
are long chain alkyl aromatics Which When subse 
quently sulfonated have particular application as 
synthetic detergents; 

[0080] The alkylation of aromatic hydrocarbons 
With light ole?ns to provide short chain alkyl aro 
matic compounds, e.g., the alkylation of benZene 
With propylene to provide cumene. Typical reaction 
conditions include a temperature of from about 10° 
C. to about 200° C., a pressure of from about 1 to 
about 30 atmospheres, and an aromatic hydrocarbon 
Weight hourly space velocity (WHSV) of from 1 hr-1 
to about 50 hr_1; 

[0085] (M) The conversion of light paraf?ns to ole 
?ns and/or aromatics. 

[0086] Typical reaction conditions include temperatures 
from about 425° C. to about 760° C. and pressures from 
about 10 to about 2000 psig. 

[0087] Processes for preparing aromatic compounds from 
light paraf?ns are described in US. Pat. No. 5,258,563, 
Which is hereby incorporated by reference. 

[0088] (N) The conversion of light ole?ns to gaso 
line, distillate and lube range hydrocarbons. Typical 
reaction conditions include temperatures of from 
about 175° C. to about 375° C. and a pressure of 
from about 100 to about 2000 psig. 

[0089] (O) 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 In a ?rst stage, the catalyst comprising 
one or more catalytically active substances, e.g., a 
Group VIII metal, and the effluent from the ?rst stage 
Would be reacted in a second stage using a second 
catalyst comprising one or more catalytically active 
substances, e.g., a Group VIII metal, as the catalyst. 
Typical reaction conditions include temperatures 
from about 315° C. to about 455° C., a pressure from 
about 400 to about 2500 psig, hydrogen circulation 
of from about 1000 to about 10,000 SCF/bbl and a 
liquid hourly space velocity (LHSV) of from about 
0.1 to 10; 
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[0090] (P) A combination hydrocracking/deWaxing 
process in the presence of the Zeolite catalyst com 
prising a hydrogenation component and a Zeolite 
such as Zeolite Beta. Typical reaction conditions 
include temperatures from about 350° C. to about 
400° C., pressures from about 1400 to about 1500 
psig, LHSVs from about 0.4 to about 0.6 and a 
hydrogen circulation from about 3000 to about 5000 
SCF/bbl. 

[0091] (Q) The reaction of alcohols With ole?ns to 
produce mixed ethers, e.g., the reaction of methanol 
With isobutene and/or isopentene to provide methyl 
t-butyl ether (MTBE) and/or t-amyl methyl ether 
(TAME). Typical conversion conditions include tem 
peratures 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. 

[0092] (R) The disproportionation of aromatics, e.g., 
the disproportionation of toluene to make benZene 
and paraxylene. Typical reaction conditions include 
a temperature of from about 200° C. to about 760° 
C., a pressure of from about atmospheric to about 60 
atmosphere (bar), and a WHSV of from about 0.1. 
hr to about 30 hr_1. 

[0093] (S) 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 aromatics content by contacting the hydro 
carbon feed With the Zeolite at a temperature in the 
range of from about 400° C. to 600° C., preferably 
480° C. to 550° C. at pressures ranging from atmo 
spheric to 40 bar, and liquid hourly space velocities 
(LHSV) ranging from 0.1 to 15. 

[0094] The adsorption of alkyl aromatic com 
pounds for the purpose of separating various isomers 
of the compounds. 

[0095] (U) 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; 

[0096] (V) The oligomeriZation of straight and 
branched chain ole?ns having from about 2 to about 
5 carbon atoms. The oligomers Which are the prod 
ucts 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 oligo 
meriZation process is generally carried out by con 
tacting the ole?n feedstock in a gaseous state phase 
With a Zeolite catalyst 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. 
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Temperatures beloW about 250° C. may be used to 
oligomeriZe the feedstock When the feedstock is in 
the liquid phase When contacting the Zeolite 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. 

[0097] The conversion of C2 unsaturated hydro 
carbons (ethylene and/or acetylene) to aliphatic C6712 
aldehydes and converting said aldehydes to the cor 
responding C6_12 alcohols, acids, or esters. 

[0098] In general, the catalytic conversion conditions 
include a temperature of from about 100° 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. 

[0099] The process of the present invention ?nds applica 
tion in the vapor phase disproportionation of toluene. Such 
vapor phase disproportionation comprises contacting tolu 
ene under disproportionation conditions With the macro 
structures comprising large pore or intermediate pore siZe 
Zeolites to yield a product mixture Which comprises a 
mixture of unreacted (unconverted) toluene and benZene and 
xylene. In the more preferred embodiment, the catalyst Will 
be ?rst selectivated prior to use in the disproportionation 
process. 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. 
[0100] 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. 

[0101] Silicone compounds that ?nd particular application 
can be represented by the formula: 

R1 

n 

[0102] Wherein R1 is hydrogen, ?uoride, hydroxy, alkyl, 
aralkyl, alkaryl or ?uoroalkyl. The hydrocarbon substituents 



US 2005/0202956 A1 

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 compound employed is generally betWeen 80 and 
20,000 and preferably 150 to 10,000. Representative sili 
cone compounds included dimethylsilicone, diethylsilicone, 
phenylmethylsilicone, methyl hydrogensilicone, ethylhy 
drogensilicone, phenylhydrogensilicone, methylethylsili 
cone, phenylethylsilicone, diphenylsilicone, methyltri ?uo 
ropropylsilicone, ethyltri?uoropropylsilicone, 
tetrachlorophenyl methyl silicone, tetrachlorophenylethyl 
silicone, tetrachloro phenylhydrogen silicone, tetrachlo 
rophenylphenyl silicone, methylvinylsilicone and ethylvi 
nylsilicone. The silicone compound need not be linear but 
may be cyclic as for example hexamethylcyclotrisiloxane, 
octamethylcyclotetrasiloxane, hexaphenyl cyclotrisiloxane 
and octaphenylcyclotetrasiloxane. Mixtures of these com 
pounds may also be used as Well as silicones With other 
functional groups. 

[0103] Useful siloxanes or polysiloxanes include as non 
limiting examples hexamethylcyclotrisiloxane, octamethyl 
cyclotetrasiloxane, decamethyl cyclopentasiloxane, hexam 
ethyldisiloxane, octanethytri-siloxane, 
decamethyltetrasiloxane, hexaethylcyclotrisiloxane, octa 
ethylcyclo tetrasiloxane, hexaphenylcyclotrisiloxane and 
octaphenylcyclo tetrasiloxane. 

[0104] Useful silanes, disilanes, or alkoxysilanes include 
organic substituted silanes having the general formula: 

R1 

[0105] Wherein R is a reactive group such as hydrogen, 
alkoxy, halogen, carboxy, amino, acetamide, trialkylsilyoxy, 
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. 

[0106] When used for the vapor phase disproportionation 
of toluene, the catalytic macrostructures Will preferably 
comprise aluminosilicate MFI-type Zeolite having a silica to 
alumina mole ratio of from about 20 to about 200:1, pref 
erably, 25:1 to about 120:1. 

[0107] 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. 
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[0108] 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. 

[0109] The process of the present invention also ?nds 
application in a process for isomeriZing one or more xylene 
isomers in a C8 aromatic feed to obtain ortho-, meta-, and 
para-xylene in a ratio approaching the equilibrium value. In 
particular, xylene isomeriZation is used in conjunction With 
a separation process to manufacture para-xylene. For 
example, a portion of the para-xylene in a mixed C8 aro 
matics stream may be recovered using processes knoWn in 
the art, e.g., crystalliZation, adsorption, etc. The resulting 
stream is then reacted under xylene isomeriZation conditions 
to restore ortho-, meta-, and paraxylenes to a near equilib 
rium ratio. EthylbenZene in the feed is either removed from 
the stream or is converted during the process to xylenes or 
to benZene Which are easily separated by distillation. The 
isomerate is blended With fresh feed and the combined 
stream is distilled to remove heavy and light by-products. 
The resultant C8 aromatics stream is then recycled to repeat 
the cycle. 

[0110] In the vapor phase, suitable isomeriZation condi 
tions include a temperature in the range 250° C.-600° C., 
preferably 300° C.-550° C., a pressure in the range 0.5-50 
atm abs, preferably 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 presence of 0.1 to 30.0 moles of hydrogen per mole of 
alkylbenZene. 
[0111] When use to isomeriZe feeds containing ethylben 
Zene, the catalytic macrostructure catalyst Will preferably 
contain at least one hydrogenation metal. Examples of such 
metals include the oxide, hydroxide, sul?de, or free metal 
(i.e., Zero valent) forms of Group VIII metals (i.e., Pt, Pd, Ir, 
Rh, Os, Ru, Ni, Co, and Fe), Group IVB metals (i.e., Sn and 
Pb), Group VB metals (i.e., Sb and Bi), and Group VIIA 
metals (i.e., Mn, Tc, and Re). Noble metals (i.e., Pt, Pd, Ir, 
Rh, Os, and Ru) are preferred. Combinations of catalytic 
forms of noble or non-noble metals, such as combinations of 
Pt With Ni, may be used. The valence state of the metal is 
preferably in a reduced valence state, e.g., When this com 
ponent is in the form of an oxide or hydroxide. The reduced 
valence state of this metal may be attained, in situ, during the 
course of a reaction, When a reducing agent, such as hydro 
gen, is included in the feed to the reaction. 

[0112] The amount of metal present in the Zeolite catalyst 
Will be an effective amount Which Will generally be from 
about 0.001 to about 10 percent by Weight and, preferably 
0.05 to 3.0 percent by Weight. 

[0113] The process of the present invention is useful for 
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 C 4 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 subatmospheric up to 10 atmospheres, 
but preferably from about 1 atmosphere to about 3 atmo 
spheres. 
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[0114] The process of the present invention is useful in the 
transalkylation of polyalkylaromatic hydrocarbons. 
Examples of suitable polyalkylaromatic hydrocarbons 
include di-, tri-, and tetra-alkyl aromatic hydrocarbons, such 
as diethylbenZene, triethylbenZene, diethylmethylbenZene 
(diethyl-toluene), diisopropyl-benZene, triisopropylbenZene, 
diisopropyltoluene, dibutylbenZene, and the like. Preferred 
polyalkylaromatic hydro-carbons are the dialkyl benZenes. 
Particularly preferred polyalkyl-aromatic hydrocarbons are 
diisopropylbenZene and diethylbenZene. 

[0115] 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. 

[0116] The process of the present invention is also useful 
for converting aromatic compounds from paraf?ns. Example 
of suitable paraffins including aliphatic hydrocarbons con 
taining 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 pentanes, pentenes, 
hexanes, and hexenes. 

[0117] 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. 

[0118] The catalytic macrostructure used in the aromati 
Zation process preferably comprises large crystals of an 
intermediate pore siZe Zeolite such a MFI type Zeolite 
(example ZSM-5). The catalyst preferably contains gallium. 
Gallium may be incorporated into the during synthesis of the 
Zeolite or it may be exchanged or impregnated or otherWise 
incorporated into the Zeolite after synthesis. Preferably, 0.05 
to 10, and most preferably 0.1 to 2.0 Wt. % gallium is 
associated With the catalyst. 

EXAMPLES 

[0119] In the examples, the resulting products Were evalu 
ated by a scanning electron microscope (SEM), X-ray dif 
fractometry (XRD), spectroscopy and by measurements of 
the speci?c surface area and pore siZe distribution With 
krypton or nitrogen adsorption. 

[0120] Scanning electron microscope studies Were con 
ducted on samples coated With gold (by a sputtering tech 
nique). Ascanning electron microscope of the Philips XL 30 
type With a Lanthanum hexa-Boride emission source Was 
used in these studies. 

[0121] X-ray diffraction studies Were conducted With a 
Siemens D-5000 poWder diffractometer. 

[0122] Nitrogen adsorption measurements to determine 
speci?c surface area and particle siZe distribution Were 
carried out With an ASAP 2010 from Micromeritics Instru 

ments, Inc. 
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[0123] Elemental analysis concerning carbon, nitrogen 
and hydrogen Was carried out on certain samples by means 
of an analytical instrument from LECO Corporation (LECO 
CHN-600). The particle siZe and particle siZe distribution for 
the colloidal suspensions of discrete microcrystals of 
molecular sieves used as starting material according to the 
process Were determined by dynamic light scattering (Zeta 
Plus, Brookhaven Instruments). 

Example 1 

[0124] Macrostructures comprising spherical particles of 
porous amorphous silica With very high speci?c surface area 
Were prepared as folloWs: 

[0125] A synthesis solution With the folloWing composi 
tion (on a molar basis): 9TPAOH:25SiO2:480H2O:100EtOH 
(TPAOH representing tetrapropylammonium hydroxide and 
EtOH representing ethanol) Was prepared by mixing 20.0 
grams of tetraethoxysilane (>98%), 34.56 grams of tetra 
propylammonium hydroxide (1.0M solution) and 5.65 
grams of distilled Water. The mixture Was alloWed to hydro 
lyZe in a polyethylene ?ask on a shaking table for 12 hours 
at room temperature. An amount of 1.0 grams of a strongly 
basic anion exchange resin sold under the tradename DoWex 
1X2-100 type and manufactured by the DoW Chemical 
Company Was added to 10 grams of the synthesis solution. 
The anion exchange resin Was present as spherical particles 
With a particle siZe range of 50-100 mesh (dry) and the ion 
exchange capacity of the resin Was speci?ed by the manu 
facturer to be 3.5 mEq/g. 

[0126] The mixture of ion exchanger and synthesis solu 
tion Was heated in a polyethylene reactor equipped With a 
re?ux condenser in an oil bath at 100° C. for 48 hours. After 
this time, the ion exchanger resin particles Were separated 
from the solution by ?ltration and treated in a 0.1M ammo 
nia solution in an ultrasound bath for 15 minutes and then 
separated from the ammonia solution by ?ltration. Next, the 
particles Were Washed three times by suspension in distilled 
Water, folloWed by separation by ?ltration, and then dried in 
a heating cabinet at 60° C. for 12 hours. Next, the particles 
Were calcined at 600° C. in air for 4 hours, after heating to 
this temperature at a rate of 10° C./min. 

[0127] The resulting material consisted of hard, solid, 
White spherical particles With a siZe distribution identical to 
that in the employed ion exchanger. Elemental analysis 
shoWed that the particles Were almost entirely free of carbon, 
hydrogen and nitrogen, Which shoWed that the ion 
exchanger had been completely eliminated in the calcining 
stage. 

[0128] X-ray diffractometry also shoWed that the material 
Was completely amorphous. The particles Were also ana 
lyZed by nitrogen adsorption measurements at the boiling 
point of nitrogen to determine the speci?c surface area, the 
adsorption isotherm and pore siZe distribution of the porous 
amorphous silica. The speci?c surface area Was calculated 
from the adsorption data according to the BET equation as 
1220 m2/g. The recorded isotherm is shoWn in FIG. 2 and 
Was of type I, Which is typical of porous materials. Calcu 
lation of the pore siZe distribution by the BJH method 
(desorption isotherm) shoWed that a very small fraction 
(about 20 m2/g) of the total speci?c surface area of the 
material Was found in pores in the mesopore range (diameter 










