
NANO-LINKED METALLOCENE CATALYST COMPOSITIONS AND THEIR POLYMER PRODUCTS
BACKGROUND OF THE INVENTION The present invention relates generally to the
field of olefin polymerization catalysis, catalyst compositions, methods
for the polymerization and copolymerization of olefins, and polyolef ns.
More specifically, this invention relates to nano-linked dinuclear
metallocene compounds and catalyst compositions employing such compounds. A
dinuclear metallocene compound can be produced via an olefin metathesis
reaction, for example, as shown in Chem. Eur. J., 2003, 9, pp. 3618-3622.
Olefin metathesis is a catalytic reaction between compounds that contain
olefinic (e.g., alkene) moieties. Catalysts that are often employed in an
olefin metathesis reaction include metals such as ruthenium, tungsten,
molybdenum, or nickel. SUMMARY OF THE INVENTION The present invention
generally relates to new catalyst compositions, methods for preparing
catalyst compositions, methods for using the catalyst compositions to
polymerize olefins, the polymer resins produced using such catalyst
compositions, and articles produced using these polymer resins. In
particular, the present invention relates to nano-linked dinuclear
metallocene compounds and catalyst compositions employing such compounds.
Catalyst compositions containing nano-linked dinuclear metallocene
compounds of the present invention can be used to produce, for example,
ethylene-based homopolymers and copolymers. The present invention discloses
novel dinuclear metallocene compounds having two metallocene moieties
linked by an alkenyl group. According to one aspect of the present
invention, these dinuclear compounds have the formula:ERXRY ERXRY (CH2)n-CR
z =CRz -(CH 2)n (I) . wherein: X1 and X2 independently are a halide or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof; X is a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X3 other than a bridging group
independently are a hydrogen atom or a substituted or unsubstituted alkyl
or alkenyl group; X4 is a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X4 other than the bridging group and
an alkenyl linking group independently are a hydrogen atom or a substituted
or unsubstituted alkyl or alkenyl group; 



A1 is a substituted or unsubstituted bridging group comprising either a
cyclic group of 5 to 8 carbon atoms, a bridging chain of 2 to 5 carbon
atoms, or a carbon, silicon, germanium, tin, boron, nitrogen, or phosphorus
bridging atom, any substituents on A1 independently are a hydrogen atom, or
a substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof; M is Zr, Hf, or Ti; E is carbon or silicon; Rx , Rg ,
and Rz independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and n is an
integer in a range from 0 to 12, inclusive. with the proviso that A1 is not
a silicon bridging atom when both X1 and X2 are chlorine atoms, both X3 and
X4 are cyclopentadienyl groups, E is carbon, Rx , Rg , and Rz are each
hydrogen atoms, and n is equal to 0. Catalyst compositions containing these
nano-linked dinuclear metallocene compounds are also provided by the
present invention. In one aspect, a catalystcomposition is disclosed which
comprises a contact product of at least one dinuclear metallocene compound
and at least one compound selected from at least one aluminoxane compound,
at least one organozinc compound, at least one organoboron or organoborate
compound, at least one ionizing ionic compound, or any combination thereof.
In this aspect, the dinuclear compound is as defined above in formula (I).
In another aspect, a catalyst composition comprising a contact product of
at least one dinuclear metallocene compound and at least one
activator-support is provided. This catalyst composition can further
comprise at least one organoaluminum compound, as well as other
co-catalysts. In these and other aspects, the at least one dinuclear
metallocene compound is selected from: wherein: X1 and X2 independently are
a halide or a substituted or unsubstituted aliphatic, aromatic, or cyclic
group, or a combination thereof; X3 is a substituted cyclopentadienyl,
indenyl, or fluorenyl group, any substituents on X3 other than a bridging
group independently are a hydrogen atom or a substituted or unsubstituted
alkyl or alkenyl group; X4 is a substituted cyclopentadienyl, indenyl, or
fluorenyl group, any substituents on X4 other than the bridging group and
an alkenyl linking group independently are a hydrogen atom or a substituted
or unsubstituted alkyl or alkenyl group; A1 is a substituted or
unsubstituted bridging group comprising either a cyclic group of 5 to 8
carbon atoms, a bridging chain of 2 to 5 carbon atoms, or a carbon, 



silicon, germanium, tin, boron, nitrogen, or phosphorus bridging atom,
anysubstituents on A1 independently are a hydrogen atom, or a substituted
or unsubstituted aliphatic, aromatic, or cyclic group, or a combination
thereof; M is Zr, Hf, or Ti; E is carbon or silicon; Rx , Rg , and Rz
independently are a hydrogen atom, or a substituted or unsubstituted
aliphatic, aromatic, or cyclic group, or a combination thereof; and n is an
integer in a range from 0 to 12, inclusive. with the proviso that A1 is not
a silicon bridging atom when both X1 and X2 are chlorine atoms, both X3 and
X4 are cyclopentadienyl groups, E is carbon, Rx , Rg , and Rz are each
hydrogen atoms, and n is equal to 0. The present invention also
contemplates a process for polymerizing olefins in the presence of a
catalyst composition, the process comprising contacting the catalyst
composition with at least one olefin monomer and optionally at least one
olefin comonomer under polymerization conditions to produce a polymer or
copolymer. The catalyst composition can comprise a contact product of at
least one dinuclear metallocene compound and at least one
activator-support. Other co-catalysts, including organoaluminum compounds,
can be employed in this process. Polymers produced from the polymerization
of olefins, resulting in either homopolymers or copolymers, can be used to
produce various articles of manufacture. BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 presents an NMR plot of Example 1. FIG. 2 presents a mass spectrum
probe evolution plot of Example 2. FIG. 3 presents an expanded mass
spectrum plot of Example 2. DEFINITIONS To define more clearly the terms
used herein, the following definitions are provided. To the extent that any
definition or usage provided by any document incorporated herein by
reference conflicts with the definition or usage provided herein, the
definition or usage provided herein controls. The term "polymer" is used
herein to mean homopolymers comprising ethylene and copolymers of ethylene
and a comonomer. "Polymer" is also usedherein to mean homopolymers and
copolymers of any olefin monomer disclosed herein (e.g., propylene). The
term "co-catalyst" is used generally herein to refer to organoaluminum
compounds that can constitute one component of a catalyst composition.
Additionally, "co-catalyst" refers to other components of a catalyst
composition including, but not limited to, aluminoxanes, organozinc
compounds, organoboron or organoborate compounds, ionizing ionic compounds,
as disclosed herein. The term 



"co-catalyst" is used regardless of the actual function of the compound or
any chemical mechanism by which the compound may operate. In one aspect of
this invention, the term "co-catalyst" is used to distinguish that
component of the catalyst composition from the dinuclear metallocene
compound. The term "fluoroorgano boron compound" is used herein with its
ordinary meaning to refer to neutral compounds of the form BY . The term
"fluoroorgano borate compound" also has its usual meaning to refer to the
monoanionic salts of a fluoroorgano boron compound of the form
[cation]+[BY4] , where Y represents a fluorinated organic group. Materials
of these types are generally and collectively referred to as "organoboron
or organoborate compounds." The term "contact product" is used herein to
describe compositions wherein the components are contacted together in any
order, in any manner, and for any length of time. For example, the
components can be contacted by blending or mixing. Further, contacting of
any component can occur in the presence or absence of any other component
of the compositions described herein. Combining additional materials or
components can be done by any suitable method. Further, the term "contact
product" includes mixtures, blends, solutions, slurries, reaction products,
and the like, or combinations thereof. Although "contact product" can
include reaction products, it is not required for the respective components
to react with one another. The term "precontacted" mixture is used herein
to describe a first mixture of catalyst components that are contacted for a
first period of time prior to the first mixture being used to form a
"postcontacted" or second mixture of catalyst components that are contacted
for a second period of time. Typically, the precontacted mixture describes
a mixture of metallocene compound (or compounds), olefin monomer, and
organoaluminum compound (or compounds), before thismixture is contacted
with an activator-support and optional additional organoaluminum compound.
Thus, precontacted describes components that are used to contact each
other, but prior to contacting the components in the second, postcontacted
mixture. Accordingly, this invention may occasionally distinguish between a
component used to prepare the precontacted mixture and that component after
the mixture has been prepared. For example, according to this description,
it is possible for the precontacted organoaluminum compound, once it is
contacted with the metallocene and the olefin monomer, to have reacted to
form at least one different chemical compound, formulation, or structure
from the distinct organoaluminum compound used to prepare the precontacted
mixture. In this case, the precontacted organoaluminum compound or
component is described as comprising an organoaluminum compound that was
used to prepare the precontacted mixture. 



Similarly, the term "postcontacted" mixture is used herein to describe a
second mixture of catalyst components that are contacted for a second
period of time, and one constituent of which is the "precontacted" or first
mixture of catalyst components that were contacted for a first period of
time. Typically, the term "postcontacted" mixture is used herein to
describe the mixture of metallocene compound, olefin monomer,
organoaluminum compound, and activator-support (e.g., chemically-treated
solid oxide), formed from contacting the precontacted mixture of a portion
of these components with any additional components added to make up the
postcontacted mixture. Generally, the additional component added to make up
the postcontacted mixture is a chemically-treated solid oxide, and,
optionally, can include an organoaluminum compound which is the same as or
different from the organoaluminum compound used to prepare the precontacted
mixture, as described herein. Accordingly, this invention may also
occasionally distinguish between a component used to prepare the
postcontacted mixture and that component after the mixture has been
prepared. The term "dinuclear metallocene," as used herein, describes a
compound comprising two metallocene moieties linked by a connecting group.
The connecting group can be an alkenyl group resulting from the metathesis
reaction or the saturated version resulting from hydrogenation or
derivatization. Thus, the dinuclear metallocenes of this invention contain
four h3 to h5-cyclopentadienyl-type moieties,wherein the h to
h5-cycloalkadienyl moieties include cyclopentadienyl ligands, indenyl
ligands, fluorenyl ligands, and the like, including partially saturated or
substituted derivatives or analogs of any of these. Possible substituents
on these ligands include hydrogen, therefore the description "substituted
derivatives thereof in this invention comprises partially saturated ligands
such as tetrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl,
partially saturated indenyl, partially saturated fluorenyl, substituted
partially saturated indenyl, substituted partially saturated fluorenyl, and
the like. In some contexts, the dinuclear metallocene is referred to simply
as the "catalyst," in much the same way the term "co-catalyst" is used
herein to refer to, for example, an organoaluminum compound. Unless
otherwise specified, the following abbreviations are used: Cp for
cyclopentadienyl; Ind for indenyl; and Flu for fluorenyl. The terms
"catalyst composition," "catalyst mixture," "catalyst system," and the
like, do not depend upon the actual product resulting from the contact or
reaction of the components of the mixtures, the nature of the active
catalytic site, or the fate of the co-catalyst, the dinuclear metallocene
compound, any olefin monomer used to prepare a precontacted mixture, or the
activator-support, after combining these 



components. Therefore, the terms "catalyst composition," "catalyst
mixture," "catalyst system," and the like, can include both heterogeneous
compositions and homogenous compositions. The term "hydrocarbyl" is used
herein to specify a hydrocarbon radical group that includes, but is not
limited to, aryl, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like, and
includes all substituted, unsubstituted, branched, linear, heteroatom
substituted derivatives thereof. The terms "chemically-treated solid
oxide," "solid oxide activator-support," "treated solid oxide compound,"
and the like, are used herein to indicate a solid, inorganic oxide of
relatively high porosity, which exhibits Lewis acidic or Brnsted acidic
behavior, and which has been treated with an electron-withdrawing
component, typically an anion, and which is calcined. The
electron-withdrawing component is typically an electron-withdrawing anion
source compound. Thus, the chemicallytreated solid oxide compound comprises
a calcined contact product of at least onesolid oxide compound with at
least one electron-withdrawing anion source compound. Typically, the
chemically-treated solid oxide comprises at least one ionizing, acidic
solid oxide compound. The terms "support" and "activator-support" are not
used to imply these components are inert, and such components should not be
construed as an inert component of the catalyst composition. The
activator-support of the present invention can be a chemically-treated
solid oxide. Although any methods, devices, and materials similar or
equivalent to those described herein can be used in the practice or testing
of the invention, the typical methods, devices and materials are herein
described. All publications and patents mentioned herein are incorporated
herein by reference for the purpose of describing and disclosing, for
example, the constructs and methodologies that are described in the
publications, which might be used in connection with the presently
described invention. The publications discussed throughout the text are
provided solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an admission that
the inventors are not entitled to antedate such disclosure by virtue of
prior invention. For any particular compound disclosed herein, any general
structure presented also encompasses all conformational isomers,
regioisomers, and stereoisomers that may arise from a particular set of
substituents. The general structure also encompasses all enantiomers,
diastereomers, and other optical isomers whether in enantiomeric or racemic
forms, as well as mixtures of stereoisomers, as the context requires. For
example, isomerized and hydrogenated forms of the general structure 



illustrated in formula (I) are also contemplated. Applicants disclose
several types of ranges in the present invention. These include, but are
not limited to, a range of number of atoms, a range of integers, a range of
weight ratios, a range of molar ratios, and so forth. When Applicants
disclose or claim a range of any type, Applicants' intent is to disclose or
claim individually each possible number that such a range could reasonably
encompass, including end points of the range as well as any sub-ranges and
combinations of subranges encompassed therein. For example, when the
Applicants disclose or claim a chemical moiety having a certain number of
carbon atoms, Applicants' intent is to disclose or claim individually every
possible number that such a range couldencompass, consistent with the
disclosure herein. For example, the disclosure that a moiety is a Ci to Cio
linear or branched alkyl group, or in alternative language having from 1 to
10 carbon atoms, as used herein, refers to a moeity that can be selected
independently from an alkyl group having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10
carbon atoms, as well as any range between these two numbers (for example,
a Ci to C alkyl group), and also including any combination of ranges
between these two numbers (for example, a C2 to C and C to C8 alkyl group).
Similarly, another representative example follows for the weight ratio of
organoaluminum to activator-support in a catalyst composition provided in
one aspect of this invention. By a disclosure that the weight ratio of
organoaluminum compound to activator-support is in a range from about 10:1
to about 1:1000, applicants intend to recite that the weight ratio can be
selected from about 10:1, about 9:1, about 8:1, about 7:1, about 6:1, about
5:1, about 4:1, about 3:1, about 2:1, about 1:1, about 1:5, about 1:10,
about 1:25, about 1:50, about 1:75, about 1:100, about 1:150, about 1:200,
about 1:250, about 1:300, about 1:350, about 1:400, about 1:450, about
1:500, about 1:550, about 1:600, about 1:650, about 1:700, about 1:750,
about 1:800, about 1:850, about 1:900, about 1:950, or about 1:1000.
Additionally, the weight ratio can be within any range from about 10:1 to
about 1:1000 (for example, the weight ratio is in a range from about 3:1 to
about 1:100), and this also includes any combination of ranges between
about 10:1 to about 1:1000. Likewise, all other ranges disclosed herein
should be interpreted in a manner similar to these two examples. Applicants
reserve the right to proviso out or exclude any individual members of any
such group, including any sub-ranges or combinations of sub-ranges within
the group, that can be claimed according to a range or in any similar
manner, if for any reason Applicants choose to claim less than the full
measure of the disclosure, for example, to account for a reference that
Applicants may be unaware of at the time of the filing of the application.
Further, Applicants reserve the right to proviso out or 



exclude any individual substituents, analogs, compounds, ligands,
structures, or groups thereof, or any members of a claimed group, if for
any reason Applicants choose to claim less than the full measure of the
disclosure, for example, to account for a reference that Applicants may be
unaware of at the time of the filing of the application.While compositions
and methods are described in terms of "comprising" various components or
steps, the compositions and methods can also "consist essentially of or
"consist of the various components or steps. DETAILED DESCRIPTION OF THE
INVENTION The present invention is directed generally to new catalyst
compositions, methods for preparing catalyst compositions, methods for
using the catalyst compositions to polymerize olefins, the polymer resins
produced using such catalyst compositions, and articles produced using
these polymer resins. In particular, the present invention relates to
nano-linked dinuclear metallocene compounds and catalyst compositions
employing such compounds. Nano-linked metallocenes of the present invention
are dinuclear molecules in which metallocene moieties are connected by an
alkenyl linking group, or nano-link. Nano-linked metallocenes can be
designed with specific angstrom distances between the two metal centers,
where the distance is determined principally by the connecting linkage or
linking group. The length, stereochemistry, and flexibility or rigidity of
the linking group can be used to design catalysts which are either capable
of, or incapable of, intra-molecular metal-to-metal interactions. For
instance, under the restraint of the nano-link (e.g., an alkenyl linking
group), nano-linked dinuclear metallocenes can offer unique co-catalyst
interactions. DINUCLEAR METALLOCENE COMPOUNDS The present invention
discloses novel compounds having two metallocene moieties linked by an
alkenyl group, and methods of making these new compounds. These compounds
are commonly referred to as dinuclear compounds, or binuclear compounds,
because they contain two metal centers. Accordingly, in one aspect of this
invention, the dinuclear compounds have the formula:ERXRY ERXRY \ (CH2)n-CR
z =CRz -(CH 2)n / (I) wherein: X1 and X2 independently are a halide or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof; 



X3 is a substituted cyclopentadienyl, indenyl, or fluorenyl group, any
substituents on X other than a bridging group independently are a hydrogen
atom or a substituted or unsubstituted alkyl or alkenyl group; X4 is a
substituted cyclopentadienyl, indenyl, or fluorenyl group, any substituents
on X4 other than the bridging group and an alkenyl linking group
independently are a hydrogen atom or a substituted or unsubstituted alkyl
or alkenyl group; A1 is a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain
of 2 to 5 carbon atoms, or a carbon, silicon, germanium, tin, boron,
nitrogen, or phosphorus bridging atom, any substituents on A1 independently
are a hydrogen atom, or a substituted or unsubstituted aliphatic, aromatic,
or cyclic group, or a combination thereof; M is Zr, Hf, or Ti; E is carbon
or silicon; Rx , Rg , and Rz independently are a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof; and n is an integer in a range from 0 to 12,
inclusive. with the proviso that A1 is not a silicon bridging atom when
both X1 and X2 are chlorine atoms, both X3 and X4 are cyclopentadienyl
groups, E is carbon, Rx , Rg , and R are each hydrogen atoms, and n is
equal to 0. Formula (I) above is not designed to show stereochemistry or
isomeric positioning of the different moieties (e.g., this formula is not
intended to display cis ortrans isomers, or R or S diastereoisomers),
although such compounds are contemplated and encompassed by this formula.
In formula (I), halides include fluorine, chlorine, bromine, and iodine
atoms. As used herein, an aliphatic group includes linear or branched alkyl
and alkenyl groups. Generally, the aliphatic group contains from 1 to 20
carbon atoms. Unless otherwise specified, alkyl and alkenyl groups
described herein are intended to include all structural isomers, linear or
branched, of a given moiety; for example, all enantiomers and all
diastereomers are included within this definition. As an example, unless
otherwise specified, the term propyl is meant to include n-propyl and
isopropyl, while the term butyl is meant to include n-butyl, iso-butyl,
t-butyl, sec-butyl, and so forth. For instance, non-limiting examples of
octyl isomers include 2-ethyl hexyl and neooctyl. Suitable examples of
alkyl groups which can be employed in the present invention include, but
are not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, or decyl, and the like. Examples of alkenyl groups within the
scope of the present invention include, but are not limited to, ethenyl,
propenyl, 



butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the
like. Aromatic groups and combinations with aliphatic groups include aryl
and arylalkyl groups, and these include, but are not limited to, phenyl,
alkyl-substituted phenyl, naphthyl, alkyl-substituted naphthyl,
phenyl-substituted alkyl, naphthylsubstituted alkyl, and the like.
Generally, such groups and combinations of groups contain less than 20
carbon atoms. Hence, non-limiting examples of such moieties that can be
used in the present invention include phenyl, tolyl, benzyl,
dimethylphenyl, trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl,
propyl-2- phenylethyl, and the like. Cyclic groups include cycloalkyl and
cycloalkenyl moieties and such moieties can include, but are not limited
to, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cyclooctyl,
cyclooctenyl, and the like. One example of a combination including a cyclic
group is a cyclohexylphenyl group. Unless otherwise specified, any
substituted aromatic or cyclic moiety used herein is meant to include all
regioisomers; for example, the term tolyl is meant to include any possible
substituent position, that is, ortho, meta, or para. In formula (I), an
alkenyl linking group is an alkenyl group that links or connects the two
metallocene moieties. As illustrated in the above formula, thealkenyl
linking group is attached to the metallocene moieties at a
cyclopentadienyl, indenyl, or fluorenyl group. X4 can have one or more
substituents in addition to the alkenyl linking group and the bridging
group. In one aspect of the present invention, X1 and X2 independently are
a substituted or unsubstituted aliphatic group having from 1 to 20 carbon
atoms. In another aspect, X and X independently are methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, or trimethylsilylmethyl.
In yet another aspect, X1 and X2 independently are ethenyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl. X1 and
X2 independently are a substituted or unsubstituted aromatic group, for
example, having up to 20 carbon atoms, in another aspect of the present
invention. In a different aspect, X1 and X2 are both chlorine atoms. X1 and
X2 independently can be selected from phenyl, naphthyl, tolyl, benzyl,
dimethylphenyl, trimethylphenyl, phenylethyl, phenylpropyl, phenylbutyl,
propyl-2-phenylethyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
or cyclohexylphenyl in other aspects of this invention. Yet, in another
aspect, X1and X2 independently are methyl, phenyl, benzyl, or a halide.
Further, X1and X2 independently can be methyl, phenyl, benzyl, or a
chlorine atom in another aspect of the present invention. In formula (I),
X3 and X4 independently are a substituted cyclopentadienyl, indenyl, or
fluorenyl group, and are necessarily substituted with a bridging group, A ,



as indicated in the formula above. X4 is further substituted with an
alkenyl linking group. In one aspect of the present invention, X3 and X4
independently are either a substituted cyclopentadienyl group or a
substituted fluorenyl group. In another aspect, X is a substituted
cyclopentadienyl group, while X3 is a substituted fluorenyl group. Yet, in
another aspect, X3 is a substituted indenyl group. Any substituents on X3
other than the bridging group independently are a hydrogen atom or a
substituted or unsubstituted alkyl or alkenyl group. Hydrogen is included,
therefore the notion of a substituted indenyl and substituted fluorenyl
includes partially saturated indenyls and fluorenyls including, but not
limited to, tetrahydroindenyls, tetrahydrofluorenyls, and octahydro
fluorenyls. Exemplary alkyls that can be substituents on X3 include methyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, or decyl, and
the like. In one aspect, excluding the bridginggroup, each substituent on
X3 independently is a hydrogen atom, or an ethyl, propyl, n-butyl, t-butyl,
or hexyl group. In another aspect, substituents on X are selected
independently from a hydrogen atom, ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, or decenyl, exclusive of the bridging
group. X4 in formula (I) is a substituted cyclopentadie yl, indenyl, or
fluorenyl group, and is substituted with the bridging group A and an
alkenyl linking group. In one aspect of this invention, X4 contains no
further substitutions. X4 can be further substituted with a hydrogen atom
or a substituted or unsubstituted alkyl or alkenyl group in a different
aspect of this invention. For example, suitable alkyls that can be
substituents on X4 include methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, or decyl, and the like. In another aspect, excluding
the bridging group and the alkenyl linking group, any substituent on X4
independently is selected from a hydrogen atom, or an ethyl, propyl,
n-butyl, t-butyl or hexyl group. In yet another aspect, substituents on X4
are selected independently from a hydrogen atom, ethenyl, propenyl,
butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, or decenyl,
exclusive of the aforementioned bridging group and alkenyl linking group.
In formula (I), A1 is a substituted or unsubstituted bridging group
comprising either a cyclic group of 5 to 8 carbon atoms, a bridging chain
of 2 to 5 carbon atoms, or a carbon, silicon, germanium, tin, boron,
nitrogen, or phosphorus bridging atom, which connects X3 and X4. In one
aspect of this invention, A1 is a silicon bridging atom. In a different
aspect, A1 is a carbon bridging atom. Yet, in another aspect, A1 is a
bridging chain of 2 to 5 carbon atoms, such as, for example, a two-carbon
bridging chain that connects X3 and X4. A1 can be a germanium, tin, boron,
nitrogen, or phosphorus bridging atom in other aspects of the present
invention. In accordance with yet another aspect of this invention, A1 can
be a cyclic group of 5 to 8 carbon 



atoms such as, for example, a cyclopentyl or cyclohexyl group. Any
substituents on A1 are selected independently from a hydrogen atom, or a
substituted or unsubstituted aliphatic, aromatic, or cyclic group, or a
combination thereof. A1 can have one or more substituents. In one aspect,
for example, a substituent on A1 can be a methyl, ethyl, propyl, butyl,
pentyl, hexyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, phenyl,
naphthyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cyclohexylphenyl
group, or a hydrogen atom. Yet, in another aspect,each substituent on the
bridging group is selected independently from a hydrogen atom, methyl
group, phenyl group, naphthyl group, or cyclohexylphenyl group. In a
further aspect, A1 has two phenyl substituents, or alternatively, A1 has
two methyl substituents. In formula (I), substituted aliphatic, aromatic,
or cyclic groups, and combinations thereof, are disclosed, as well as
substituted alkyl or alkenyl groups. Such groups described herein are
intended to include substituted analogs with substitutions at any position
on these groups that conform to the normal rules of chemical valence. Thus,
groups substituted with one or more than one substituent are contemplated.
Such substituents, when present, are independently selected from an oxygen
group, a sulfur group, a nitrogen group, a phosphorus group, an arsenic
group, a carbon group, a silicon group, a germanium group, a tin group, a
lead group, a boron group, an aluminum group, an inorganic group, an
organometallic group, or a substituted derivative thereof, any of which
having from 1 to about 20 carbon atoms; a halide; or hydrogen; as long as
these groups do not terminate the activity of the catalyst composition.
Examples of each of these substituent groups include, but are not limited
to, the following groups. Examples of halide substituents, in each
occurrence, include fluoride, chloride, bromide, and iodide. In each
occurrence, oxygen groups are oxygen-containing groups, examples of which
include, but are not limited to, alkoxy or aryloxy groups (-ORL), -OSiRA3,
- OPRA 2, -OA1RA 2, and the like, including substituted derivatives
thereof, wherein RA in each occurrence can be alkyl, cycloalkyl, aryl,
aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having
from 1 to 20 carbon atoms. Examples of alkoxy or aryloxy groups (-ORA)
groups include, but are not limited to, methoxy, ethoxy, propoxy, butoxy,
phenoxy, substituted phenoxy, and the like. In each occurrence, sulfur
groups are sulfur-containing groups, examples of 



which include, but are not limited to, -SRA and the like, including
substituted derivatives thereof, wherein RA in each occurrence can be
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl having from 1 to 20 carbon atoms.In each occurrence,
nitrogen groups are nitrogen-containing groups, which include, but are not
limited to, -NRA 2 and the like, including substituted derivatives thereof,
wherein RA in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1
to 20 carbon atoms. In each occurrence, phosphorus groups are
phosphorus-containing groups, which include, but are not limited to, -PRA
2, -P(ORA)2, and the like, including substituted derivatives thereof,
wherein RA in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1
to 20 carbon atoms. In each occurrence, arsenic groups are
arsenic-containing groups, which include, but are not limited to, -AsRA 2,
-As(ORA)2, and the like, including substituted derivatives thereof, wherein
RA in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralkyl having from 1 to 20 carbon
atoms. In each" occurrence, carbon groups are carbon-containing groups,
which include, but are not limited to, alkyl halide groups that comprise
halide-substituted alkyl groups with 1 to 20 carbon atoms, aralkyl groups
with 1 to 20 carbon atoms, - C(NRA)H, -C(NRA)RA, -C(NRA)ORA, and the like,
including substituted derivatives thereof, wherein RA in each occurrence
can be alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted
aryl, or substituted aralkyl having from 1 to 20 carbon atoms. In each
occurrence, silicon groups are silicon-containing groups, which include,
but are not limited to, silyl groups such as alkylsilyl groups, arylsilyl
groups, arylalkylsilyl groups, siloxy groups, and the like, which in each
occurrence have from 1 to 20 carbon atoms. For example, silicon group
substituents include trimethylsilyl and phenyloctylsilyl groups. In each
occurrence, germanium groups are germanium-containing groups, which
include, but are not limited to, germyl groups such as alkylgermyl groups,
arylgermyl groups, arylalkylgermyl groups, germyloxy groups, and the like,
which in 



each occurrence have from 1 to 20 carbon atoms.In each occurrence, tin
groups are tin-containing groups, which include, but are not limited to,
stannyl groups such as alkylstannyl groups, arylstannyl groups,
arylalkylstannyl groups, stannoxy (or "stannyloxy") groups, and the like,
which in each occurrence have from 1 to 20 carbon atoms. Thus, tin groups
include, but are not limited to, stannoxy groups. In each occurrence, lead
groups are lead-containing groups, which include, but are not limited to,
alkyllead groups, aryllead groups, arylalkyllead groups, and the like,
which in each occurrence, have from 1 to 20 carbon atoms. In each
occurrence, boron groups are boron-containing groups, which include, but
are not limited to, -BRA 2, -BX , -BRAX, and the like, wherein X is a
monoanionic group such as hydride, alkoxide, alkyl thiolate, and the like,
and wherein RA in each occurrence can be alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1
to 20 carbon atoms. In each occurrence, aluminum groups are
aluminum-containing groups, which include, but are not limited to, -A1RA,
-AlX , -A1RAX, wherein X is a monoanionic group such as hydride, alkoxide,
alkyl thiolate, and the like, and wherein RA in each occurrence can be
alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl having from 1 to 20 carbon atoms. Examples of inorganic
groups that may be used as substituents, in each occurrence include, but
are not limited to, -OAlX2, -OSiX3, -OPX2, -SX, -AsX2, -PX2, and the like,
wherein X is a monoanionic group such as hydride, amide, alkoxide, alkyl
thiolate, and the like, and wherein any alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl group or
substituent on these ligands has from 1 to 20 carbon atoms. Examples of
organometallic groups that may be used as substituents, in each occurrence,
include, but are not limited to, organoboron groups, organoaluminum groups,
organogallium groups, organosilicon groups, organogermanium groups,
organotin groups, organolead groups, organo-transition metal groups, and
the like, having from 1 to 20 carbon atoms. Formula (I), depicted above,
illustrates that the dinuclear compounds of the present invention are
homonuclear, because each metallocene moiety linked by thealkenyl linking
group is the same and contains the same metal center. M can be Zr, Hf, or
Ti in the present invention. In a different aspect, M is either Hf or Ti.
In the alkenyl linking group, E is either carbon or silicon. Rx , Rg , and
Rz in the alkenyl linking group independently are selected from a hydrogen
atom, or a substituted or unsubstituted aliphatic, aromatic, or cyclic
group, or a combination 



thereof. In one aspect of the present invention, Rx , Rg , and Rz
independently are a substituted or unsubstituted aliphatic group having
from 1 to 20 carbon atoms. For example, Rx , Rg , and Rz can be selected
independently from methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, or trimethylsilylmethyl. In another aspect, Rx , Rg ,
and Rz are hydrogen atoms. Rx , Rg , and Rz independently are a substituted
or unsubstituted aromatic group, for example, having up to 20 carbon atoms,
in yet another aspect of the present invention. Rx , Rg , and Rz
independently are a methyl, ethyl, propyl, butyl, pentyl, hexyl, phenyl,
naphthyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cyclohexylphenyl
group, or a hydrogen atom, in other aspects of this invention. Further, Rx
, Rg , and Rz independently can be methyl, phenyl, benzyl, or a hydrogen
atom in another aspect of the present invention. The integer n in formula
(I) determines the length of the alkenyl linking group and ranges from 0 to
12, inclusive. In one aspect of this invention, n is equal to 0, 1, 2, 3,
4, 5, 6, or 7. In a different aspect of the present invention, n is 1, 2,
3, 4, or 5. The integer n can be 1, 2, or 3 in other aspects of this
invention. According to yet another aspect of the present invention, both
X1 and X2 are methyl groups, phenyl groups, or chlorine atoms. In this
aspect, X4 is a substituted cyclopentadienyl group, and X3 is a substituted
fluorenyl group. In one aspect, the substituted fluorenyl group is
substituted with two butyl substiruents, for example, two tert-butyl
substiruents. In these and other aspects, M is Zr or Hf; n is 1, 2, 3, or
4; Rx , Rg , and Rz are hydrogen atoms; and A1 is a carbon bridging atom
having either two methyl or two phenyl substiruents. In accordance with
another aspect of the present invention, both X1and X2 in formula (I) are
chlorine atoms. In this aspect, n is in range from 1 to 10, inclusive. In a
different aspect, X1 and X2 are chlorine atoms; either X3 or X4 is a
substituted cyclopentadienyl group, and the other is a substituted
fluorenyl group; A1 is a siliconor carbon bridging atom, optionally
substituted with one or more methyl or phenyl substituents; Rx , Rg , and
Rz are hydrogen atoms; M is Zr, Hf, or Ti; and n is either 1, 2, 3, 4, or 5
. An example of a dinuclear compound in accordance with the present
invention is the following compound, which is abbreviated "DMET 1"
throughout this disclosure: Applicants have used the abbreviation Ph for
phenyl. Other illustrative and non-limiting examples of dinuclear compounds
of the present invention include the following:202 122STRUCTURAL MATERIALS
WITH NEARLY ZERO CARBON EMISSIONS This invention claims the benefit of
priority from U. S. Provisional Patent 



Application Serial No. 61/015,418 filed December 20, 2007, the content of
which is incorporated herein by reference. FIELD OF THE INVENTION This
invention relates to structural materials and, in particular to, processes
and methods of making and preparing products and compositions of
functionalized and nanofunctionalized alumino-silicate raw materials with
properties equivalent to Portland cement-based concrete products or mortars
wherein the alumino-silicate raw materials are manufactured with negligible
emission of carbon compounds that are characteristic of the manufacture of
Portland cement. BACKGROUND AND PRIOR ART Increase of carbon dioxide in the
environment has been associated with the onset of global warming, the
greenhouse effect. Portland cement manufacture is a very large contributor
to the carbon dioxide emissions with approximately 0.9 ton of carbon
dioxide emitted for every ton of cement made. Concrete is second only to
water as the most consumed substance in the world (hundreds of millions of
tons worldwide) and Portland cement, with its huge carbon footprint, is the
principal ingredient in concrete. The chemical process of making Portland
cement is the reaction of limestone (calcium carbonate) with clay (hydrated
alumino-silicate) at high temperatures. This elevated chemical reaction,
called calcination, releases carbon dioxide to the atmosphere at a very
high rate, for example, about 60% of the emissions from a cement plant.
Thehigh temperatures used for calcination reactions require combustion of
carbon based fuels and are responsible for about 40% of the emissions of
the cement plant. The above mentioned factors associated with Portland
cement manufacture cannot be replaced so there is little that can be done
to reduce carbon dioxide emissions from a cement plant. Thus, there is
great need for an alternative to Portland cement based concrete as a
structural building material. Numerous approaches have been tried with
various degrees of success. Fly ash, a by-product of coal burning power
plants is produced worldwide in large quantities annually; e.g., hundreds
of millions of tons. Fly ash can be added to concrete mixtures but only
about 10% of the fly ash produced annually is used in concrete for various
reasons. A critical drawback of the use of fly ash in concrete is that
initially the fly ash significantly reduces the compressive strength of the
concrete as discussed by Ravindrarajah and Tarn in (1989). Fly ashes from
different sources may have differing effects on concrete. Fly ash may
behave differently depending on the type of Portland cement used (types
I-IV) since they have different chemical compositions. (Popovics, 1982).
Liskowitz et al. in US Patent 6,802,898 Bl, (2004) describes a method for 



preparing fly ash for high compressive strength concrete and mortar and
shows that it is possible to increase the strength of concrete containing
fly ash by grinding the fly ash to a desired size distribution and
increasing the yield of fly ash that can be used in a specific mixture of
concrete. However, the percentage of fly ash that can be used in a concrete
mix with Portland cement even with grinding to a specific size distribution
of particles is limited to 10-50%. The costs and maintenance of
agglomerated free fly ash powderslimits the use of this process. The
concrete industry typically limits fly ash to less than 30% in concrete
mixtures, thus, only a small fraction of concrete contains any fly ash.
Another alternative to reduce the use of Portland cement based concrete is
to use a process termed geo-polymerization to manufacture structural
building materials. These materials, called geo-polymers, are synthetic
analogues of natural zeolitic materials, as reported by Davidovits, et al.
in U.S. Patent 5,342,595 (1994) and van Jaarsveld et al, in "The Effect of
Composition and Temperature on the Properties of Fly Ash and
Kaolinite-based Geopolymenrs, Chemical Engineering Journal, 89 (1-3), pages
63-73 (2002). Geo-polymers are created by chemically dissolving silicon and
aluminumcontaining source materials at high pH in the presence of soluble
alkali metal silicates. The three principal process steps are: 1)
dissolution of the aluminum and silica containing raw materials to form
mobile precursors through the complexing action of hydroxide ions, 2)
partial orientation of mobile precursors as well a partial internal
restructuring of the alkali polysilicates, 3) re-precipitation where the
whole liquid system hardens to form an inorganic polymeric structure that
can be amorphous or semi-crystalline. In order to form the geo-polymerized
structure, it is essential to dissolve completely the silicon and aluminum
containing source materials according to van Jaarsveld, et al, 2002 supra.
Geo-polymers do not utilize the formation of calcium-silicahydrates for
matrix formation and strength but instead depend on the polycondensation of
solubilized silica and alumina precursors and high alkali content to attain
structural strength.Typical formulations of geo-polymers involve
dissolution of fly ash and calcined kaolinite with various quantities of
sodium or potassium silicate and sodium or potassium hydroxide. Strength of
the resultant geo-polymer depends greatly upon fly ash/kaolinite ratio and
calcination temperature (300-900C) of the aluminum-silicate containing
precursor (kaolinite) as reported by van Jaarsveld, et al, 2002 supra . It
is possible to vary many geo-polymer process characteristics, such as
ratios of clay to fly ash, calcination temperature of the clay, water/fly
ash ratios, etc. However, the strength of such geo-polymer materials seldom
is equivalent to Portland cement based structural materials; geo-polymer
strengths are in the range of 5 to 11 MPa (725-1500 Psi) whereas Portland
cement based concrete must be in the range of 20-40MPa (3,000 to 6,000
Psi). 



Further discussion of geopolymers used or designed for structural materials
is by Jaarsveld et al, in "The Effect of Alkali Metal Activator on the
Properties of Fly-Ash Based Geopolymers," Ind. Ens. Chem. Res. 38 (10)
(1999) 3932-3941; Madani A et al, "Si-29 and Al-27 NMR-Study of Zeolite
Formation from Alkali-Leached Kaolinites - Influence of Thermal
Preactivation," Journal of Physical Chemistry 94 (2):760-765 (1990); H.
Rahier et al, "Low-Temperature Synthesized Aluminosilicate Glasses" Chapter
3. Influence of the Composition of the Silicate Solution on Production,
Structure and Properties, Journal of Materials Science 32 (9): 2237-2247
(1997); J. Davidovits, "Synthesis of New High Temperature Geopolymers for
Reinforced Plastics/Composites," Proceedings of PACTEC 79, Society of
Plastic Engineers. 151-174 (1979); and J. Davidovits, "Process for the
Fabrication of Sintered Panels and Panels Resulting from the Application of
this Process," US Patent 3,950,470 (1976).A related technology has been
described by Nilsen et al in "Preparation and Characterization of Binder
for Inorganic Composites made from Amorphous Mineral Raw Material, Journal
of Sol-Gel Science and Technology. 35 (2), 143-150 (2005) for making an
inorganic composite binder material through a sol-gel route using
aluminosilicate amorphous mineral raw materials containing alkaline earth
and transition metal oxides. The Nilsen et al method requires complete
dissolution of the starting raw material in formic acid. The strengths that
are developed are not sufficient for use in structural applications.
Another route used in chemical processing to produce structural materials
that possess properties equivalent to Portland cement-based concrete
without characteristic carbon dioxide emissions is to use sol-gel
processing. Hench et al, in US Patent 5,147,829 disclose sol-gel derived
SiO2 oxide powder composites and their production and discuss how to
incorporate small oxide powders having a diameter size range between
approximately 0.001 to approximately 10 microns in a silica based sol to
form a composite material. The composite produced thereby was a monolithic
silica gel matrix with homogeneously distributed oxide powders with
mechanical properties equivalent or superior to Portland cement based
concrete. The curing time of the silica sol-based composite of Hench et al
was substantially more rapid than Portland-cement based concrete. However,
the percentage of oxide powders contained within the silica sol based
composite is limited to 1% to 10% by weight, the remainder being silica gel
which requires heating the composite to elevated temperatures greater than
7000C for drying and stabilization. The low concentration of oxide powders
in the silica sol and high temperatures required for stabilization
anddensification and cost of the silica alkoxide precursors do not make
this type of process economically suitable for replacement of Portland
cement based structural materials. More technological innovation is needed
to provide stronger, lighter, cheaper, and 



more reliable structural materials that can replace and surpass the
existing use and reliance on Portland cement and the manufacture thereof to
significantly reduce the carbon footprint of the manufacture of
cement-based structural materials. SUMMARY OF THE INVENTION It is a primary
objective of the present invention to provide a method and process for
manufacturing structural products with negligible emission of carbon
compounds. A second objective of the present invention is to provide a
method and process for manufacturing structural products whereby the
surface area of alumino-silicate based powders are greatly increased and
rendered chemically active so that when the functionalized powders are
mixed with water, poly-condensation reactions occur between the surfaces of
each powder in the mixture and binds the powders together to form a
structural material. A third objective of the present invention is to
provide a method and process whereby the surface functionalized powders can
be mixed with an additive and a dry aggregate, such as sand, and water to
make a slurry that can be poured or cast into any desired shape and rapidly
cured to a hardened shape suitable for use as a structural material. A
fourth objective of the present invention is to provide structural products
and materials with the mechanical strength equivalent to Portland-cement
based concrete products.A fifth objective of the present invention is to
provide structural products and materials that can be poured, molded and
cast in any desired shape. A sixth objective of the present invention is to
provide structural products and materials that can be mixed with cement and
sand and poured, molded and cast in any desired shape. A seventh objective
of the present invention is to provide a method for nanofunctionalization
of Fly Ash and sand or silica to increase and enhance the reactive surface
of each material on a nanometer scale. A eighth objective of the present
invention is to provide a method for foamed functionalization of fly ash by
the addition of a organic-silicate compound that increases strength of the
structural product and renders the structural product water insoluble. A
ninth objective of the present invention is to provide a light weight
structural material having a weight in a range of 15 to approximately 25
grams that can bear a load weight of from approximately 1 to 2 tons without
cracking or fracturing. A preferred process and method for preparing
functionalized alumino-silicate powders includes, selecting an
alumino-silicate based powder having a plurality of particles, treating the
powder with a liquid reagent to form mixture (I) wherein the 



powder becomes functionalized with each particle having a chemically active
surface area, drying the functionalized powder particles so that when the
dried functionalized powder is mixed with water, polymerization reactions
occur between the surfaces and bind the particles together to form a
structural material with no emission of carbon compounds. The preferred
alumino-silicate based powder is one of industrial power plant fly-ash,
mining tailings, sand and mixtures thereof.The preferred liquid reagent for
treating the alumino-silicate powders is sodium hydroxide (NaOH), and a
mixture of ethylene glycol and acid. More preferably, treating of the
powder with a liquid reagent, further includes refluxing, stirring and
distilling the mixture (I) at temperatures in a range between approximately
120C to approximately 150 0C, for a time period from approximately 4 hours
to approximately 24 hours. A preferred structural product prepared from
functionalized alumino-silicate powders includes, a plurality of particles
with a greatly increased, chemically active surface area that forms a dry
aggregate that is mixed with water to form a pourable slurry that is cast
into a desired shape and rapidly cured to a hardened shape suitable for use
as a structural material. Another preferred process and method for
preparing functionalized aluminosilicate powders includes, selecting an
alumino-silicate based powder having a plurality of particles, mixing the
powder with a liquid reagent to form mixture (I), refluxing and stirring
mixture (I) continuously for 24 hours to form mixture (II) with surface
activated powder particles, washing mixture (II) with water to remove
residual liquid reagent and drying the washed mixture (II) in an ambient
atmosphere, adding the dried surface activated powder from mixture (II) to
a distillation process for a period of time sufficient to create
functionalized alumino-silicate powders with chemically active alkoxide
sites on each particle surface. It is also preferred that the
alumino-silicate based powder is industrial power plant fly-ash, mining
tailings, sand and mixtures thereof and the preferred liquid reagent is
sodium hydroxide (NaOH), more preferably, a 10 molar solution of NaOH.It is
also preferred that the refluxing and stirring of mixture (I) occur at a
temperature of approximately 120 degrees C and that the preferred
distillation process includes a solution of concentrated sulfuric acid in
anhydrous ethylene glycol prepared that is heated to approximately 150
degrees C under inert gas flow and more preferably that the distillation
process proceeds for at least approximately 4 hours while the pH is
maintained at approximately 2. A further preferred step includes washing
the functionalized powder with anhydrous ethanol until the eluant reaches a
pH of approximately 5, then preferably, the washed functionalized powder is
dried and stored in a sealed container and preferably ,the drying occurs at
a temperature of approximately 50 degrees C. 



Another preferred process and method for preparing functionalized
aluminosilicate powders includes, selecting an alumino-silicate based
powder, mixing the powder with an alcohol/acid solution at low temperatures
to form mixture (I), transferring mixture (I) to a reactor containing an
organic solvent for esterification and distillation to form a
functionalized alumino-silicate powder in a slurry, removing water and
alcohol from the reactor, separating the functionalized alumino-silicate
powders from the slurry by filtering and evaporating residual liquids to
produce dried functionalized aluminosilicate powders with chemically active
sites on their surface. Preferably, the alumino-silicate based powder to be
functionalized is industrial power plant fly-ash, mining tailings, sand and
mixtures thereof. The preferred alcohol/acid solution is ethylene
glycol/sulfuric acid that is mixed with the aluminosilicate based powder at
temperatures of approximately 0 degrees C followed by the use of toluene as
the preferred organic solvent for esterification and distillation.A
preferred structural composition, product and material is made by the
process and method described herein. A preferred process and method for
preparing nano-functionalized aluminosilicate powders includes, selecting a
bulk amount of an alumino-silicate based powder having a plurality of
particles, dissolving the bulk powder in a hydrofluoric acid solution to
form mixture (IV) containing dissolved powder and un-dissolved precipitate,
separating the dissolved powder in HF solution from the un-dissolved
precipitate for further processing wherein the dissolved powder is treated
in a first processing sequence and the un-dissolved precipitate is treated
in a second processing sequence, whereas, in the first processing sequence,
the dissolved powder is re-precipitated using sodium hydroxide to produce a
mixed hydroxide system of minerals, the mixed hydroxide system of minerals
is functionalized, a nano-sized plurality of white colored bulk
functionalized product is recovered from the first processing sequence, and
in the second processing sequence, the un-dissolved precipitate is an
alumino-silicate based powder with low aluminum content, the precipitate
with low aluminum content is functionalized, a nano-sized plurality of
light grey colored functionalized product is recovered from the second
processing sequence, and the alumino-silicate based powder from the first
processing sequence and the second processing sequence is
nano-functionalized to form a ultra-fine, bulk powder with nano-sized
particles. It is also preferred that the alumino-silicate based powder is
industrial power plant fly-ash, mining tailings, sand and mixtures
thereof.Further objects and advantages of this invention will be apparent
from the following detailed description of the presently preferred
embodiments, which are illustrated schematically in the accompanying
drawings. BRIEF DESCRIPTION OF THE FIGURES 



Fig. 1 is a schematic flow chart of the sequence of a first embodiment of a
process (A) used to prepare functionalized fly ash particles with
negligible carbon emissions. Fig. 2 is a schematic flow chart of the
sequence of a second embodiment of a process (B) used to prepare
functionalized fly ash particles with negligible carbon emissions. Fig. 3A
is a scanning electron microscope (SEM) image of the fly ash raw material
before functionalization by Process A. Fig. 3B is a scanning electron
microscope (SEM) image of the fly ash raw material after functionalization
by Process A. Fig. 4 is a graph of the Fourier Transform Infrared Reference
(FTIR) spectra of alumino-silicate powders before and after
functionalization. Fig. 5A is a scanning electron microscope (SEM) image of
fly ash powders undergoing poly-condensation reactions when exposed to
moisture before functionalization. Fig. 5B is a scanning electron
microscope (SEM) image of the fly ash powders undergoing poly-condensation
reactions when exposed to moisture after functionalization.Fig. 5C is
undergoing poly-condensation reactions when exposed to moisture before
functionalization. Fig. 6A shows X-ray diffraction (XRD) results of curing
at room temperature wherein the resultant aggregate turns into an amorphous
or partially amorphous state. Fig. 6B shows the cube moulds cast from
slurry of functionalized alumino-silicate powders of the present invention.
Fig. 7 is a schematic flow chart of the sequence of a third embodiment of a
process (C) used to prepare nano-functionalized fly ash. Fig. 8A is a
photographic image of untreated Fly Ash as received from a supplier. Fig.
8B is a photographic image of un-dissolved Fly Ash from hydrofluoric acid
treatment neutralized with sodium hydroxide (NaOH). Fig. 8C is a
photographic image of un-dissolved, nano-functionalized Fly Ash. Fig. 8D is
a photographic image of dissolved Fly Ash from hydrofluoric acid treatment
neutralized with sodium hydroxide (NaOH). Fig. 8E is a photographic image
of dissolved, nano-functionalized 'Fly Ash. Fig. 9 shows a molded
structural piece cast from nano-functionalized fly ash mixed with Portland
cement and sand as an aggregate. Fig. 10 shows two molded structural pieces
from a completely cement free formulation. Fig. H A is a scanning electron
micrographic (SEM) image of cast cement free 



molds at a magnification: 130 times of an area that is 100 mm (microns) in
length. Fig. H B is a scanning electron micrographic (SEM) image of cast
cement free molds at a magnification: 450 times of an area that is 20 mm
(microns) in length.Fig. H C is a scanning electron micrographic (SEM)
image of cast cement free molds at a magnification: 5000 times of an area
that is 2 mm (microns) in length. Fig. 12 shows two molds cast from a
functionalized mixture of fly ash and silica sand. Fig. 13 shows three
molded structural pieces prepared by a fourth embodiment of a process (D)
used to prepare nano-functionalized fly ash using foamed functionalization
by addition of tetraethyl-ortho-silicate (TEOS). DESCRIPTION OF THE
PREFERRED EMBODIMENTS Before explaining the disclosed embodiments of the
present invention in detail, it is to be understood that the invention is
not limited in its application to the details of the particular
arrangements shown since the invention is capable of further embodiments.
Also, the terminology used herein is for the purpose of description and not
of limitation. It would be useful to discuss the meaning of some words and
phrases used herein to explain the invention in greater detail.
"Functionalization" is used herein to mean the attachment of desired
reactive chemical groups to particle surfaces and is achieved in processes
described in Examples 1 and 2 herein. "Foamed Functionalization" is used
herein to mean the attachment of desired reactive chemical groups to
particle surfaces resulting in a foamed material as described in Example 6
. "Nanofunctionalization" is used herein to mean the attachment of desired
reactive chemical groups to ultra fine, nano-sized particle surfaces as in
the process described in Example 4.According to the present invention, the
objectives stated above are met by preparing surface activated,
functionalized alumino-silicate raw materials in powder form with a large
surface area and a high area density of chemically active sites that lead
to rapid polymerization and binding of the powder surfaces when mixed with
water with the resultant hardened material having properties equivalent to
Portland cement-based concrete without release of carbon compounds
characteristic of the manufacture of Portland cement. The increase in
surface area of Fly Ash and Sand and its variants are significant to the
technical advances obtained by the present invention. Table I below
provides a reference point for discussion of the magnitude of the increase
in surface area for functionalized Fly Ash and Sand used in the present
invention. TABLE 1 - Surface Area of Fly Ash and Sand 



MATERIAL SURFACE AREA Table 1 shows that when the surface area of Fly Ash
is functionalized, the surface area increases more than 10 to 15 fold. When
sand is functionalized, the surface area is increased more than 2 to 5
fold. A combination of functionalized Fly Ash and functionalized Sand
provides an overall increase in surface area that is greater than five fold
over that of the individual materials. The increased surface area is also
chemically reactive.The reason for nano-functionalization is to create
ultra-fine particles that create stronger bonds between fly ash particles.
The initial functionalizing of fly ash particles causes each particle
surface to become reactive so that the surfaces bond with each other.
Conceptually, the microstructure of such a bonded material could look like
closelypacked spheres, plates, or other irregular particle shapes where the
particles are bonded to each other at the points where they are in contact,
but there is empty space between the particles where they are not touching.
The nano-functionalized particles are so small that they can fit inside
those spaces between the larger fly ash particles, and act like additional
"glue" to bond the fly ash particles together to provide additional
strength. For purposes of illustrating the present invention, but not as a
limitation, six embodiments are described herein. First Embodiment -
Functionalization Process No. 1 The method of the present invention
contemplates starting with an aluminosilicate based raw material in powder
form, such as industrial power plant fly ash or mining tailings. In step
one, the raw materials are mixed with an alkaline aqueous solution and
refluxed at 12O0C while stirring continuously, as shown in Fig. 1. The
surfaces of the alumino-silicate based powders are converted during this
Process Step 1 reaction to chemically activated surfaces. After the Process
Step 1 reaction, in Process Step 2 the activated powders are filtered and
washed with fresh water to remove residual alkali, in the form of sodium
chloride (NaCl). The soluble alkali washed from the powder is recycled for
use in subsequent batches to eliminate any negative environmental impact of
the process.After step 2, powders, with chemically activated particle
surfaces, are dried in an ambient atmosphere at low temperatures of
approximately 5O0C with moisture monitoring to assure the powders are dry
and remain dry before proceeding to Process Step 3, wherein a final wash
with an alcohol, such as ethylene glycol (EG), is used to assist with water
removal and drying, although it is not essential. The activated surfaces
are subsequently converted in Process Step 3 to functionalized alkoxide
surfaces that possess a very high area density of chemically active sites,
such as silanols (SiOH) and meta-stable tri-siloxane rings (Si -OH3) and
hydrated aluminate species (AlOH). 



In Process Step 3, a solution of concentrated sulfuric acid and anhydrous
ethylene glycol is prepared and heated in a distillation apparatus under
inert gas flow until slow distillation begins. The activated powders from
Process Steps 1 and 2 are mixed into the solution while stirring
continuously and the mixture is brought back to gentle distillation. After
a few minutes the solution pH is adjusted to a value of approximately 2.
Distillation proceeds while the pH is maintained at approximately 2, adding
additional acid if necessary. The chemical reactions occurring during this
process create a functionalized alkoxide surface on the powders with a high
area density of chemically active sites. Following the functionalization
reaction the mixture is filtered and the powder is washed with anhydrous
ethanol or other appropriate alcohol until the eluant reaches a pH value of
5 or greater. The washed functionalized powder is further dried and stored
in a sealed container.The functionalized powder can be used for all the
same purposes as Portland cement, such as making concrete and mortars, but
without emission of carbon dioxide during its manufacture. The
functionalized powder can be used itself to make structural materials or
mixed with Portland cement and sand in order to achieve a wide range of
mechanical properties and curing times. Second Embodiment -
Functionalization Process No. 2 This embodiment of the present invention is
shown in Fig. 2 and contemplates starting with Process Step 1 with an
alumino-silicate based raw material in powder form, such as industrial
power plant fly ash or mining tailings. The raw materials are mixed with an
alcohol/acid solution at low temperatures of near 00C. The chemical
reactions in Process Step 1 result in surface activation of the
alumino-silicate powders. After the surface activated powders are
functionalized in Process Step 2 by reacting them with toluene or other
appropriate chain organics at moderate temperatures of greater than 1000C
subjecting the functionalized powders to esterification and distillation;
the alcohol and water are removed from the system. In Process Step 3 the
functionalized aluminosilicate powders are filtered and residual liquids
are evaporated to produce dried functionalized powders. Soluble alkoxides
are removed from the system during evaporation and are a valuable
by-product of functionalization as described in Functionalization Process
No. 2 and comprise an important part of this invention. The functionalized
powder can be used for all the same purposes as Portland cement, such as
making concrete and mortars, but without emission of carbon dioxideduring
its manufacture. The functionalized powder can be used itself to make
structural materials by mixing with an aggregate and water or mixed with
small quantities of Portland cement and an aggregate in order to achieve a
wide range of mechanical 



properties and curing times. An example of using the novel functionalized
powder produced by either functionalization process in Example 1 or in
Example 2 to make a typical strong structural material follows. The dried
functionalized powder can be mixed with an additive to accelerate the
surface polycondensation reactions. A typical additive can be Portland
cement at a ratio of 80% functionalized powder and 20% Portland cement (by
weight). A dry aggregate is intimately mixed with the two powders for a
short time. A typical aggregate can be builder's sand added at a ratio of
0.6-1.0 to the powders. Water is added to the mixture of functionalized
powder + additive + aggregate and mixed until the desired consistency is
reached for pouring or casting into molds. Pouring or casting should be
done within 10 minutes of mixing. The poured or cast structural material is
allowed to cure at a moderate temperature of 60-800C for two or more days.
Compressive strengths of approximately 3,000 pounds per square inch (psi)
or greater are obtained for the novel structural materials made by the
above process. Third Embodiment- Geo-polymerization The present embodiment
follows a modified geo-polymerization route demonstrated by Davidotis et al
in US Patent 5,342,595 (1994) supra and Jaarsveld et al in Chemical
Engineering Journal (2002) supra. However, the present process is
significantly varied to accommodate fast mineralization of the Fly Ash in a
one step process in which the flyash is mixed with various precursors and
with high concentration alkali that forms the amorphous zeolites which are
hard and strong. This process is in contrast to the prior art that uses
three or more process steps. Fourth Embodiment - Nanofiuictionalization of
Fly Ash This embodiment is shown in Figures 7 and 8A - 8E, 9 and 10 and
contemplates starting with an aluminosilicate powder such as fly ash and
dissolving components of the powders in hydrofluoric acid. The
treatment/dissolution in hydrofluoric acid produces a mixed hydroxide
system of minerals wherein the dissolved portion of the fly ash
hydrofluoric acid solution and the un-dissolved precipitate after the
hydrofluoric acid treatment are separately processed. The dissolved portion
of the solution is reprecipitated using sodium hydroxide and subsequently
functionalized using processes of the first or second embodiment described
above in a first processing sequence. The undissolved precipitate does not
require re-precipitation and is processed as a fly ash with low aluminum
content and functionalized using processes of the first or second
embodiment described above in a second processing sequence. The resultant
powder from both the first processing sequence and the second processing
sequence exhibit bulk powder functionalization at nanoscale and very high
chemical activity due to the 



nanometer scale of functionalization. Fifth Embodiment - Functionalization
of Silica Sand This embodiment uses the surface functionalization processs
in Example 1or Example 2 to render the surface of silica sand (SiO2)
chemically active and increase the surface area thereby making the filler
material contribute to the surface condensationreactions and structural
strength when it is blended with functionalized fly ash in a formulation.
Sixth Embodiment - Foamed Functionalization This embodiment comtemplates
modifying functionalization processes in Examples 1, 2 and 4 by addition of
tetraethyl ortho silicate (TEOS) to the functionalized powders and
as-received fly ash as an internal binder to provide an organosilicate
backbone to the mineral rich matrix. The addition of TEOS to the
functionalized mixture increases strength and renders the final product
water insoluble. Drying under a low vacuum leads to foaming of the
TEOS-powder mixture thereby creating a very high strength and lightweight
structural material. EXAMPLE I - Functionalizaton Process No. 1 (alkoxide
surfaces ) The method of the present invention contemplates a three-step
process, starting in Process Step 1 with an alumino-silicate based raw
material in powder form, such as industrial power plant fly ash or mining
tailings, mixing the powders with a 10 molar NaOH aqueous solution and
refluxing at 12O0C for 24 hours while stirring continuously. The surfaces
of the alumino-silicate powders are converted during this Process Step 1
reaction to chemically activated surfaces. After the Process Step 1
reaction, in Process Step 2 the activated powders are filtered and washed
with fresh water to remove residual NaOH. The NaOH washed from the powders
is recycled for use in subsequent batches to eliminate any negative
environmental impact of the process.The chemically activated powders are
dried in ambient atmosphere at low temperatures of approximately 5O0C with
moisture monitoring to assure the powders are dry before proceeding to
Process Step 3. A final wash with ethanol or other alcohols may be used to
assist with water removal and drying, although it is not essential. The
activated surfaces are subsequently converted in Process Step 3 to
functionalized alkoxide surfaces that possess a high density of chemically
active sites, such as silanols (SiOH) and meta-stable tri-siloxane rings
(Si3-OH ) and hydrated aluminate species (AlOH). In Process Step 3 a
solution of concentrated sulfuric acid in anhydrous ethylene glycol is
prepared and heated to approximately 15O0C in a distillation apparatus
under inert gas flow until slow distillation begins. The activated powders
from Process Steps land 2 are mixed into the solution 



while stirring continuously and the mixture is brought back to gentle
distillation. After a few minutes the solution pH is adjusted to a value of
approximately 2. Distillation proceeds for at least 4 hours while the pH is
maintained at 2; adding additional sulfuric acid is added, if necessary.
The chemical reactions occurring during this process create a
functionalized alkoxide surface on the powders. Following the
functionalization reaction, the mixture is filtered and the powder is
washed with anhydrous ethanol or other appropriate alcohol until the eluant
reaches a pH of 5 or greater. The washed functionalized powder is further
dried at approximately 5O0C and stored in a sealed container. The
functionalized powder can be used for all the same purposes as Portland
cement, such as making concrete and mortars, but without emission of carbon
dioxide during its manufacture.The functionalized alumino-silicate powders
have a greatly increased surface area as is evident in the scanning
electron microscope images of the fly ash raw material before
functionalization, as shown in Fig. 3A and after functionalization, as
shown in Fig. 3B using Functionalization Process No. 1. The functionalized
alumino-silicate powders have newly created chemically active alkoxide
sites on their surface as is evident from FTIR spectra of the powders
before and after functionalization, as shown in Fig. 4. The Si-O-C
molecular stretching vibration at 1100 cm-1, the C-O vibration at 1020cm- 1
and the CH2 vibration at 1300cm- 1 are all characteristic of surface
alkoxide species created during the surface functionalization process. The
functionalized fly ash powders with high surface area and chemically active
alkoxide species on the surface undergo poly-condensation reactions to bind
the powders together when exposed to moisture as is evident from scanning
electron microscope SEM images of the powders before functionalization, as
shown in Figs. 5A and after functionalization, as shown in Figures 5B and
5C. Fig. 5C is a magnification greater than seven fold that of the image in
Fig. 5B. An example of using the novel functionalized powder to make a
typical strong structural material follows. The dried functionalized powder
can be mixed with an additive to accelerate the surface polycondensation
reactions. A typical additive can be Portland cement at a ratio of 80%
functionalized powder and 20% Portland cement (by weight). A dry aggregate
is intimately mixed with the two powders for a short time. A typical
aggregate can be builder's sand added at a ratio of 0.6-1.0 to the powders.
Water is added to the mixture of functionalized powder +additive +
aggregate and mixed untilthe desired consistency is reached for pouring or
casting into molds. Pouring or casting should be done within a short time,
approximately 10 minutes, of mixing. The poured or cast structural material
is allowed to cure at a moderate temperature of 60-800C for several days.
Compressive strengths of >3,000 psi are 



obtained for the novel structural materials made by the above process.
EXAMPLE 2 - Functionalization Process No. 2 (esterification) The second
embodiment of the present invention is also a three-step process, wherein
the Process Step 1 starting material is an alumino-silicate based raw
material in powder form, such as industrial power plant fly ash or mining
tailings. The raw materials are mixed with an alcohol or ethylene
glycol/acid solution at low temperatures of near O0C. The chemical
reactions in Process Step 1 result in surface activation of the
aluminosilicate powders, and prevent buildup of unwanted by-products. After
the reaction in Step 1, the surface activated powders are functionalized in
Process Step 2 by transferring the activated slurry into a reactor
containing toluene or other appropriate chain organics maintained at
moderate temperatures of greater than 1000C causing esterification and
distillation of the surface activated powders which become functionalized
before the alcohol and water are removed from the system. In Process Step 3
the functionalized alumino-silicate powders are filtered and residual
liquids are evaporated to produce dried functionalized powders. EXAMPLE 3 -
Modified Geo-Polvmerization The raw materials for the process in the
present example are industrially obtained fly ash and common chemicals such
as calcium nitrate, sodium chloride and polyethylene glycol. It is a one
step process in which the fly ash is mixed with various precursors andwith
high concentration alkali that forms the amorphous zeolites which are hard
and strong. Based upon the initial Al-Si-Ca ratio (obtained by the Energy
Dispersive analysis of the as received fly ash) the process calls for
mixing of various precursors specifically sodium and calcium. The specific
ratio was based upon the observation of Hua and Deventer in "The
geo-polymerization of alumino-silicate minerals," International Jl. of
Mineral Processing. 59, 247-266 (2000), and specifically mineral
composition stilbite (alumina:silica:calcium oxide = 58.47:15.04:7.61)
and/or sodalite (alumina:silica:calcium oxide = 27.57:21.51 :10.76).
Precursors used in the present examples include table salt (sodium
chloride) for providing excess sodium content and calcium nitrate for
providing desired calcium. A 0.01% by weight of polyethylene glycol (M.W =
3400) was used as the binder. The dry precursors were mixed with as
obtained fly ash and builder's sand as aggregate in a fixed ratio by weight
(fly ash : sand : calcium nitrate : sodium chloride : 1OM sodium hydroxide
= 1:1 :0.04:0.01:0.4). Addition of an alkali is important for the chemical
activation and dissolution of the various oxide minerals. Concentration of
alkali can be varied from 5M to 1OM. The resultant mixture was mixed until
a desired consistency is reached for pouring or casting into moulds. 



The poured or cast mineral is allowed to cure at room temperature for 24
hours followed by curing at moderate temperature (8O0C) to allow
poly-condensation of minerals. Upon curing, the resultant aggregate turns
into amorphous to partially amorphous state as demonstrated by the XRD
results in Fig. 6a. The absence and reduced intensity of specific peaks of
mullite and quartz from the original fly ash shows that theamorphous state
was achieved upon curing at 8O0C for 24 hours. Curing at room temperature
does not lead to amorphization as shown by the XRD results in Fig. 6a. The
cube moulds cast by the process are shown in Fig. 6b. The process can be
used in combination with Example 1 wherein a specific ratio of surface
functionalized fly ash can be mixed with non-functionalized fly ash and
condensation can be achieved by addition of an alkali like sodium
hydroxide. EXAMPLE 4 - Nano-Functionalization of Fly Ash The bulk
functionalization of fly ash was carried out as an alternative to surface
functionalization by dissolving the components of fly ash in 30%
hydrofluoric acid (HF). The dissolution of fly ash in HF is followed by
re-precipitation using 1-1OM sodium hydroxide (or ammonia) produced mixed
hydroxide systems of minerals. The bulk mixed hydroxides would be
functionalized using a similar procedure as described in detail in the
following steps: Step 1: 200gms of raw Fly Ash powder was dissolved in
150ml of hydrofluoric acid (HF). The reaction of HF with the fly ash is
extremely exothermic and hence the reaction was carried out in an ice bath
using a Teflon(r) fluoropolymer resin beaker. Hydrofluoric acid (HF) was
added in small increments of 10ml. Reaction was allowed to cease before the
addition of next lot of HF. A part of the fly ash is dissolved in HF while
rest of it remains as a precipitate. The addition of HF was stopped when no
further reaction was observed upon addition of HF. Step 2: The above
solution was separated using a centrifuge and the supernatant (henceforth
called as S) was removed from the precipitate (P). Solution S was treated
with 1OM sodium hydroxide until the precipitation ceases. It was observed
thatprecipitation follows through few stages of color change which suggests
the precipitation of various hydroxides/oxides upon addition of NaOH. About
50ml of NaOH was added to the supernatant S. The resulting precipitate was
filtered using 5micron filter paper and the precipitate was dried without
being washed. This will be called supernatant precipitate SP and was yellow
in color. Then, the precipitate P from step 2 was also treated with 1OM
NaOH. The reaction followed same sequence of reaction as in step 2 and the
precipitate was filtered using 5 micron filter paper. The precipitate was
dried and no further washing was undertaken. It must be noted that after
filtering the resultant solution was tested by adding further sodium
hydroxide to ensure complete precipitation of various hydroxides. This 



will be called PP and was light grey in color. In the next step, lOOgm of
yellow, supernatant precipitate (SP) was treated with 200ml of butanol and
refluxed for 2.5 hours at 1300C. Approximately 10-20ml of sulfuric acid is
added at the start of and during the refluxing treatment to maintain a low
pH (less than 2.0) of the solution. The resultant precipitate was filtered
using 5 micron filter paper and washed using acetone. It was found that the
ethanol reacts with the precipitate and was thus avoided. The powder
obtained was white in color. Figures 8A - 8E show the gradual change in the
color of the powder particles as a result of various chemical treatments.
Fig. 8A is a dark grey colored fly ash as received from a supplier. Fig. 8B
shows un-dissolved portion of fly ash after treatment with hydrofluoric
acid (HF) and sodium hydroxide neutralization. Fig. 8C shows the
un-dissolved fly ash that is nanofunctionalized, with ultra-fine particles
that are light grey in color re-precipitated usingsodium hydroxide. Fig. 8D
shows the light yellow color of the dissolved fly ash that is
re-precipitated using sodium hydroxide before treatment with butanol and
refluxed with the addition of sulfuric acid. Fig. 8E is the
nano-functionalized fly ash with ultra-fine, nano-sized particles that are
white in color. 1OOgms of the light grey precipitate (PP) which is the
un-dissolved precipitate from Step 1 was also processed in a similar manner
as 1OOgms of SP by refluxing for 2.5 hours in butanol, adding sulfuric acid
to maintain a pH value of less than 2.0, filtering and washing the
precipitate in acetone. The resultant powder in this case has a lighter
grey color than the original grey precipitate (PP). The initial
hydrofluoric acid treatment in Step 1 dissolves some of the oxides in fly
ash, but not all of the minerals are dissolved. The un-dissolved portion
consists of particles essentially similar to the untreated fly ash, but
missing the components that were dissolved in HF. The un-dissolved portion
can be functionalized as described in Fig. 7 and the result is similar to
the nano-functionalization of fly ash. It is the dissolved portion that is
precipitated as ultra-fine, nano-sized hydroxide particles using NaOH. The
ultra-fine particles are then functionalized using only Step 2 of the
functionalization process since the particles are already hydroxides; the
result is the ultra-fine "nanofunctionalized" powder shown in Fig. 8E.
EXAMPLE 5 - Functionalization of Silica Sand The functionalization of sand
was achieved using a similar procedure as shown in Example 1. The raw
material in this case was only sand or a mixture of fly ash and sand. The
principle and the procedure remain the same and prove that the process of
functionalization is universal with respect to oxide and mixed oxide
surfaces. The endproduct after step 2 yields a material with significantly
higher surface area as listed in Table 1 supra. 



Silica sand, in its natural state, does not have a reactive surface, so
there is no chemical bonding between the sand and the functionalized fly
ash particles. By functionalizing the sand, the same bonds that form
between fly ash particles also form between fly ash and sand. The
functionalization of sand makes the concrete stronger. EXAMPLE 6 - Foamed
Functional ization of Fly Ash The rapid mineralization of fly ash can be
improved further by addition of Tetraethyl Ortho-silicate (TEOS) as an
internal binder which can provide an organosilicate backbone to the mineral
rich matrix and increase the strength of the matrix by manifolds. The
addition of TEOS also makes the final component water insoluble rendering
an improved performance over conventionally mineralized products. In a
typical reaction 15-40% of TEOS can be mixed with 50% -60% of industrially
available fly ash and 35-40% silica sand. Additives such as calcium
nitrate, sodium chloride and polyethylene glycol (MoI wt 600 - 3400) could
be used as specific agents to obtain 0.2: 0.5: 0.3 ratio of TEOS: Fly Ash:
Additives (including silica sand). The fly ash used in the process could be
as received or the functionalized fly ash as in Examples 1, 2 and 4. The
dry precursor mixture was mixed with sodium hydroxide to obtain slurry
until a desired consistency is reached for pouring into the moulds. The
alkali is important to obtain chemical activation and dissolution of
various oxides present in fly ash. The concentration of the alkali was
varied from 5-1 OM and the casted moulds were dried at room temperature for
24 hours followed by drying at 8O0C for another 24 hours. To introduce the
porosity in the sample the molds were dried in vacuum. Duringthe drying
process and under the vacuum, desired porosity is created in the sample.
Another procedure to create vacuum in the sample is to heat the samples
above the boiling point of TEOS. The curing time of this process is highly
dependent on the additives. Alcohols as curing agent - Ethanol can be used
for modifying the curing time of the process. Typically the addition of
alcohol serves as surfactant to bring TEOS, Fly ash and sodium hydroxide in
one phase thereby facilitating the reaction kinetics. Thus, alcohol
concentration can be used to control the curing time of the mix. Alcohol
concentration in the mixture can be varied from approximately 5% to
approximately 25% to alter the curing time from under one minute at the 5%
level to several hours at the 25% level. The foaming produces very light
weight, porous, structural material as shown in Figure 13. The average
weight of a molded cylindrical structural piece that is approximately 1
inch in diameter by approximately 2 inches in height is approximately 18 to
approximately 24 grams as compared to a weight of approximately 30 to
approximately 40 grams for fly ash and cement based molds of the same
dimensions. The foamed 



material can easily bear the load of a 2 ton vehicle without cracking or
fracturing. In the Examples below the Casting of Molds and Control of
Curing Time is discussed. EXAMPLE 7 - Casting Conventional Molds Molds were
cast using functionalized Fly Ash from both SP and PP. The ratio of Fly Ash
to cement was 75:25 and sand was used as an aggregate. To be precise 60
grams Fly Ash + 20 grams cement + 40 grams of sand was used. It was found
that the reactionis extremely exothermic and can produce heat in excess of
6O0C to approximately 80 0C and requires more than control sample to obtain
the desired consistency of the slurry to be able to cast into molds. Due to
the fast exothermic reaction the casted molds reached a dried state within
5 minutes where it retains the shape. The curing however was done to
increase the strength in a moisture controlled environment. The cylindrical
molds, measuring 1 inch in diameter and 2 inches in height, were cast as
shown in Fig. 9. The curing can be varied by controlling the pH of the
final product from 1 minute at high acidic pH (3-5) to 2 days as a
completely neutralized product. The molded material in Fig. 9 is created
using nanofunctionalized fly ash mixed with regular Portland cement and
sand as the aggregate in a 70:30 ratio of nanofunctionalized fly ash to
cement, respectively. The strength of the resulting concrete will depend on
the drying speed of the concrete. A very fast drying speed as achieved in
this mold will result in lowering the strength of the overall concrete.
However, by using additives, such as water retardants, the drying can be
controlled and the resulting concrete will have very high structural
strength. EXAMPLE 8 - Casting and Curing Cement Free Molds Molds were cast
using nanofunctionalized fly ash as a binder due to the extremely
exothermic reaction during the casting of only nanofunctionalized fly ash.
This particular casting used nanofunctionalized fly ash as the binder and
filler instead of cement thereby producing a 100% cement free structural
material. The molds were casted using 70% functionalized fly ash from
Examples 1 and 2 and used 30% nanofunctionalized fly ash from Example 4 and
sand was used as filler. The molds from the process are shown in Fig. 10.
The curing is followed by increase in volume thereby creating porous
productdue to reaction between the functionalized and the
nanofunctionalized fly ash. The curing can be varied by controlling the pH
of the final product from 1 minute at high acidic pH (3-5) to 2 days
completely neutralized product A major advantage of the processes and
materials of the present invention is the manufacture of structural
materials without the release of carbon products into the environment. The
present invention also provides structural materials with properties
equivalent to Portland cement-based concrete products or mortars and
without the emission of carbon compounds characteristic of the manufacture
of Portland cement. The 



invention provides a method for surface activation and functionalization of
aluminosilicate based raw materials, such as industrial power plant fly ash
or mining tailings, such that the surface functionalized powders can be
mixed with aggregates and water to form a hardened material suitable for
use in construction. The present invention is destined to have a
significant commercial demand. While the invention has been described,
disclosed, illustrated and shown in various terms of certain embodiments or
modifications which it has presumed in practice, the scope of the invention
is not intended to be, nor should it be deemed to be, limited thereby and
such other modifications or embodiments as may be suggested by the
teachings herein are particularly reserved especially as they fall within
the breadth and scope of the claims here appended.We claim: 1. A process
and method for preparing functionalized alumino-silicate powders,
comprising the steps of: a) selecting an alumino-silicate based powder
having a plurality of particles; b) treating the powder with a liquid
reagent to form mixture (I) wherein the powder becomes functionalized with
each particle having a chemically active surface area; and. c) drying the
functionalized powder particles so that when the dried functionalized
powder is mixed with water, polymerization reactions occur between the
surfaces and bind the particles together to form a structural material with
no emission of carbon compounds. 2. The process and method of claim 1,
wherein the alumino-silicate based powder is selected from the group
consisting of industrial power plant fly-ash, mining tailings, sand and
mixtures thereof. 3. The process and method of claim 1, wherein the liquid
reagent is selected from at least one of sodium hydroxide (NaOH), and a
mixture of ethylene glycol and acid. 4. The process and method of claim 1,
wherein the treating of the powder with a liquid reagent, further includes
refluxing, stirring and distilling the mixture (I) at temperatures in a
range between approximately 12O0C to approximately 150 0C.5. The process
and method of claim 4, wherein refluxing, stirring and distilling the
mixture (I) is for a time period from approximately 4 hours to
approximately 24 hours. 6. A structural product prepared from
functionalized alumino-silicate powders consisting of: a plurality of
particles with a greatly increased, chemically active surface area that
forms a dry aggregate that is mixed with water to form a pourable slurry
that is cast into a desired shape and rapidly cured to a hardened shape
suitable for use as a structural material. 



7. A process and method for preparing functionalized alumino-silicate
powders, comprising the steps of: a) selecting an alumino-silicate based
powder having a plurality of particles; b) mixing the powder with a liquid
reagent to form mixture (I); c) refluxing and stirring mixture (I)
continuously for 24 hours to form mixture (II) with surface activated
powder particles; d) washing mixture (II) with water to remove residual
liquid reagent and drying the washed mixture (II) in an ambient atmosphere:
e) adding the dried surface activated powder from mixture (II) to a
distillation process for a period of time sufficient to create
functionalized alumino-silicate powders with chemically active alkoxide
sites on each particle surface.8. The process and method of claim 7,
wherein the alumino-silicate based powder is selected from the group
consisting of industrial power plant fly-ash, mining tailings, sand and
mixtures thereof. 9. The process and method of claim 7, wherein the liquid
reagent is sodium hydroxide (NaOH). 10. The process and method of claim 9,
wherein the liquid reagent is a 10 molar solution of NaOH. 11. The process
and method of claim 7, wherein the refluxing and stirring of mixture (I)
occurs at a temperature of approximately 120 degrees C. 12. The process and
method of claim 7, wherein the distillation process includes a solution of
concentrated sulfuric acid in anhydrous ethylene glycol prepared that is
heated to approximately 150 degrees C under inert gas flow. 13. The process
and method of claim 12, wherein the distillation process proceeds for at
least approximately 4 hours while the pH is maintained at approximately 2.
14. The process and method of claim 7, that further includes a washing of
the functionalized powder with anhydrous ethanol until the eluant reaches a
pH of approximately 5.15. The process and method of claim 14, wherein the
washed functionalized powder is dried and stored in a sealed container. 16.
The process and method of claim 15, wherein the washed functionalized
powder is dried at a temperature of approximately 50 degrees C. 17. A
process and method for preparing functionalized alumino-silicate powders,
comprising the steps of: a) selecting an alumino-silicate based powder; b)
mixing the powder with an alcohol/acid solution at low temperatures to form
mixture (I); c) transferring mixture (I) to a reactor containing an organic
solvent for 



esterif cation and distillation to form a functionalized alumino-silicate
powder in a slurry; d) removing water and alcohol from the reactor; e)
separating the functionalized alumino-silicate powders from the slurry by
filtering and evaporating residual liquids to produce dried functionalized
alumino-silicate powders with chemically active sites on their surface. 18.
The process and method of claim 17, wherein the alumino-silicate based
powder is selected from the group consisting of industrial power plant
fly-ash, mining tailings, sand and mixtures thereof.19. The process and
method of claim 17, wherein the alcohol/acid solution is ethylene
glycol/sulfuric acid. 20. The process and method of claim 19, wherein the
alcohol/acid solution is mixed with the alumino-silicate based powder at
temperatures of approximately 0 degrees C. 21. The process and method of
claim 17, wherein the organic solvent for esterification and distillation
is toluene. 22. A structural material made by the process and method of
claim 17. 23. A process and method for preparing nano-functionalized
alumino-silicate powders, comprising the steps of: a) selecting a bulk
amount of an alumino-silicate based powder having a plurality of particles;
b) dissolving the bulk powder in a hydrofluoric acid solution to form
mixture (IV) containing dissolved powder and un-dissolved precipitate; c)
separating the dissolved powder in HF solution from the un-dissolved
precipitate for further processing wherein the dissolved powder is treated
in a first processing sequence and the un-dissolved precipitate is treated
in a second processing sequence; d) in the first processing sequence, the
dissolved powder is re-precipitated using sodium hydroxide to produce a
mixed hydroxide system of minerals;e) the mixed hydroxide system of
minerals is functionalized; f) a nano-sized plurality of white colored bulk
functionalized product is recovered from the first processing sequence; g)
in the second processing sequence, the un-dissolved precipitate is dried to
form alumino-silicate based powder with low aluminum content; h) the
precipitate with low aluminum content is functionalized; i) a nano-sized
plurality of light grey colored functionalized product is recovered from
the second processing sequence; and j ) the alumino-silicate based powder
from the first processing sequence and the second processing sequence is
nano-functionalized and form an ultra-fine, bulk powder with nano-sized
particles. 



24. The process and method of claim 23, wherein the alumino-silicate based
powder is selected from the group consisting of industrial power plant
fly-ash, mining tailings, sand and mixtures thereof. 


