
WO 20091082442PCT/US2008/013734 STRUCTURAL 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 5incorporated herein by
reference. FIELD OF THE INVENTION        This invention relates to structural materials and, in
particular to, processes and methods of making arid preparing products and compositions of
functionalized and nano- functionalized aluminn-silicate raw materials with properties equivalent to
Portland 10 cement-based concrete products or mortars wherein the alurnino-silicate raw materials are
manufactured with negligible emission of carbon corn. pounds 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 



15 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.  20 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, The  WO 209/082442PCT/US2008/013734
high 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  5 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  10 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 Ravindraraiab and
Tarn in (1989). Fly 'ashes from different sources may have differirta effects on concrete. Fly ash may
behave differently depending on the type of Portland  15 cement used (types I4V) since they have
different chemical compositions. (P povics, 1982).        Liskowitz et al. in US Patent 5,802,898 B1,
(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 



20 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 i5 limited to [0-50%. The costs and
maintenance of agglomerated free fly ash powders  WO 2009/082442PCT/EiS2008/013734 limits 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 process termed geo-polymerization to manufacture
structural building materials. These  5 materials, called geo-polymers, are synthetic analogues of
natural zeolitic materials, as reported by Davidovits, etal. 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 Engineerine Journal, 89(1-3), pages 63-73 (2002),
10Geo-polymers are created by chemically dissolving silicon and aluminum-  containing 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 15 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 gee-polymerized structure, it is essential to dissolve completely the silicon and
aluminum containing source materials according to vat Jaarsveld, et al, 2002 supra. Geo-polymers do
not utilize the formation of calcium-silica-  90 hydrates 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. 



WO 2009/082442PCT/US2008/013734        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 (300-9000) of the aluminum-silicate containing  5 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-polyiner strengths are in the ranee of 5 to 11 IVIPa (725-1500
Psi) whereas  10 Portland cement based concrete must be in the range of 20-40MPa (3.000 to 6,000
Psi). Further discussion of geopolyrners 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. Eng
Chem. Res, 38 (10) (1999) 3932-3941; Madani A et at, "51-29 and AI-27 NMR-Study of Zeolite
Formation from Alkali-Leached Kaolinites - 15 Influence of Thom-tat Preactivation," Journal of Physical
Chemistry 94 (2)(160-765 (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 Geonolyrners for Reinforced Plastics/Composites,"  20 Proceedings of PACTEC 79,
Society of Plastic Engineers, 151-174 (1979); and I. Davidovits, "Process for the Fabrication of
Sintered Panels arid Panels Resulting from the Application of this Process," US Patent 3,950,470
(1976),  WO 2009/1042412PCT/US2008/013734       A related technology has been described by
Nilsen el al in "Preparation and Characterization of Binder for Inorganic Composites made from
Amorphous Mineral Raw Material, Journal of Sol-Gel Science and Technolo,a, 35 (2). 143-150 (2005)
for making an inorganic composite binder material through a sol-gel route using alumino-  5 silicate
amorphous mineral raw materials containing alkaline earth and transition metal oxides. The Nilsen eta!
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  10 possess properties
equivalent to Portland cement-based concrete without characteristic carbon dioxide emissions is to
use sol-gel processiirg. Bench et al, in US Patera 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  15 composite material. The composite produced thereby was a monolithic silica get 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 ct. al
was substantially more rapid than Portland-cement based concrete. However, the percentage of oxide
20 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
700C for drying and stabilization. The low concentration of oxide powders in the silica sol and high
temperatures required for stabilization and  WO 21109442PCUUS21108,013734 densification and
cost of the silica alkoxide precursors do not make this me of process ally suitable for replacement of
Portland cement based structural mat la        More technological innovation is needed to provide
stronger, lighter, cheaper, and more reliable structural materials that can replace and surpass the ng
use and reliance on Portland cement and the manufacture thereof to significantly reduce the carbon
footprint of the manufacture cement-based structural materials, SUMMARY 



It is a primary objective of the present disclosure to provide a method and process hr manufacturing
structural products with neglialbie emission of carbonpounds. 10A second objective of the present
disclosure is to provide a method and process for manufacturing structural products whereby the
surface areaino-siiicate based powders are greatly increased and rendered chemically active so that
when functionaLized powders are mixed with water, poly-condensanon reactions occur between the
surfaces of each powdermixture and binds the powders together to farm a structural material,       A
third objective of the present disclosure is to provide a method and process wherebye functionalized
powders can be mixed with an additive and a' dry gate, such as sand, and&c.c.. a slurry that
canpoured or cast into any desired shape and rapidly cured to a hardened shape suitablea structural
20material. 



A fourth objective of the present disclosure is to provide structural products and materials with the
mechanical strength equivalent to Portland-cement based concrete products.       A fifth objective of
the present disclosure is to provide structural products and materials that can be poured, molded and
cast in any desired shape.     A sixth objective of the present disclosure is to provide structural
products and materials that can be mixed with cement and sand arid poured, molded and cast desired
sharp,-     A seventh objective of the present disclosure 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 rtanometer se le    A eighth objective of the present disclosure 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 nders the structural product water insoluble.     A ninth
objective of the present disclosure 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 ;ght of from approtidy 1 to 2 tons without
cracking or fracturing.        In one aspect, there is provided a 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 (.1) 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 foiiu 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 trea'no-silicate powders is sodi 



hydroxide (NaOH), and a mixture of ethylene glycol and acid. More preferably, treating  of the powder
with a liquid reaaent, further includes refluxing stirring and distillingg the mixture (I) at temperatures in
a range between approximatell 20C to approximately ISO C, for a time period from approximately 4
hours to approdmately 24 hours.        A preferred structural product prepared from functionalized al
umino-si Haste 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.        In another aspect, there is provided a structural product prepared from
alumino-silicate powders functionalized by the process as defmed above, wherein a plurality of
finictionalized alumino-silicate particles with chemically active alkoxide sites on each surface area
forms a dry aggregate that is subsequently mixed with water to form a pourable slurry that is cast into
a desired shape and cured to a hardened shape prior to use as a structural material.        In still
another aspect, there is provided a process and method for preparing functionalized alumino-silicate
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 mixturecur at a temperature of approximately 120 det,i ces 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 Teaches a pH of approxi, then preferably, the washed flinctionalized
powder is dried and stored in a sealed container and preferably,t drying occurs at a temperature of
approximately 50 degrees C.        In still another aspect, there is provided a process and method for
preparing functionalized alumino-silicate 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 alumino-silicate 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 alumino-silicate based powder at temperatures of
approximately 0 degrees C followed by the use of toluene as the preferred organic solvent for
esterification and distillation. 



In another aspect, there is provided a structural material made by the process and method described
in the above aspect.         A preferred structural composition, product and material is made by the
proce and method described herein.        In yet another aspect, there is provided a process and
method for preparing nanofunctionalized alumino-silicate based powders includes, selecting a bulk
amount of an aluminosilicate 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 d processing sequence, whereas, in the first processing
sequence, the dissolved powder is re-precipitated  using sodium hydroxide to produce a mixed
hydroxide system of mixed hydroxide. system of minerals is functionalized, a nano-sized plurality of
white colored bulk functionalized product is recovered from the first pd in the second processing
sequence. the un-dissolved precipitate is an aluminate based powder with low aluminum content, the
precipitate with low aluminum content is fimcti a d, a nano-sized, plurality of light grel, colored
functionalized product is recovered from the second proce uenc , and the alumino-silicate based
powder from the first processing sequence and the second processing sequencea -functionalized to
form a 



ultra-fine, bulk powder with nano-sized particles. h is also preferred that the alumina based powder is
industrial power Ming tailings, sand and mixtures ereof  WO 200 / 2442PCT/US213'734       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.
5BRIEF 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 10emissions,
Fig, 3A is a scanting 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. 15Fig. 4 is a graph of the Fourier Transform Infrared Reference (FTIR)
spectra alumina-silicate powders before and after functionalization,        Fig. SA is a scanning electron
microscope (SEM) image of fly ash powders undergoing poly-condensation reactions when exposed to
moisture befin.e functionalizationi doFig, 5B is a scanning electron microscope (SEM) image of the fly
ash powders undergoing poly-condensation reactions when exposed to moisture after
functionalization,  WO 20091082442PCT/US20981013734        Fig. 5C is undergoing
poly-condensation reactions when exposed to moisture before functionalization.. Fig. 6A shows X-ray
diffraction (MUD) results of curing at room temperature      wherein the resultant aggregate turns into
an amorphous or partially amorphous state. 



5Fig. 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 nario-funcnorialized fly ash.    Fig. 8A is a photographic image of
untreated Fly Ash as, received from a supplier. Fig. 8B is a photographic irriage of un-dissolved Fly
Ash from hydrofluoric acid treatment neutralized with sodium hydroxide'('NaOH").    Fig.. 8C is a
photographic image of on-dissolved, nano-fbnctionalizecl Fly Ash. Fig. 8ll is a photographic image of
dissolved Fly Ash from hydrofluoric acid treatment neutralized with sodium hydroxide (NaOH). 15Fig.
8E is a photographic image of dissolved,. nanolunetionalized 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,
20Fig. ,1':IA' is a scanning electron micrographic (SEM) image of cast cement free molds at a
magnification: 130 times of an area that is 100 um (microns) in length.       Fig. 11B is a scanning
electron micrographic (SEM) image of cast cement free molds at a magnification: 450 times of an area
that is 20 urn (microns) in length. 



WO 2009/082442PCT/U52008/013734       Fig.. I IC is a scanning electron micrographic (SEM) image
of cast cement free molds at a magnification; 5000 times of an area that is 2 pm (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 10is to be
understood that the inventlion. is riot limited in its application to the details of The particular
arrangements shown since theHis 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. 



15"Funetionalization" is used herein to mean the attachment of desired reactive chemical groups to
particle surfaces and is achieved in processes described in Examples I 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 20 in -Kam* 6,     "Nanofunctionalizatioe
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.  WO 2009/082442PCT/U52008(013734
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 5 resultant hardened material having properties equivalent to Portland
cement-based concrete without release of carbon compounds characteristic of the manufacture of
Portland cement.       TheH increase in suiface area of Fly Ash and Sand and its varMnts are
significant to the technical advances obtained by 'thefl present invention, Table I below provides a 10
reference point for discussion of the magnitude of the increase in surface area for funeti(malized Fly
Ash and Sand used in the present invention, TABLE 1 Surface Area of Fly Ash and Sand 



15Table 1 shows that when the surface area of Fly Ash is funetionalized, the surface areaincreases
more than 10 to 15 fold. When sand is fumetionalized, 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 20reactive.  WO 2091082442PCT/US2008/013734       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 closely - 5packed 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 panicles, and act like additional "glut" to bond the fly
ash particles together to provide additional strength. 10For 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 starring with an aluminosilicate based raw material in powder form, such as industrial
power plant fly ash or  15 mining tailings. In step or. raw materials are mixed with an alkaline aqueous
solution and refluxed at 120C while stirring continuously, as shown in Fig. I. 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  20 alkali, in the form of sodium chloride
(NaCl)i The soluble alkali washed from the powder is recycled for use in subsequent batches to
eliminate any negative environmental impact of the process.  WO 21109/082442PCT/LIS2008/013734
After step 2, powders, with chemically activated particle surfaces, are dried in an ambient atmosphere
at low temperatures of approximately 50C 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 5assist 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 (Si011) and
meta-stable tri-siloxane rings (Si3-0H3) and hydrated aluminate species (AJOH). 10in 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, 



15 Distillation proceeds while the pli is maintained at approximately 2, adding additional acid if
necessary. The chemical reactions occurring during this process create a funetionalized alkoxide
surface on the powders with a high area density of chemically active sites.            Following the
fitnctionalization reaction the mixture is filtered and the powder is  20 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.  WO 211091082442P CTMS
2008/013734        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 5 mechanical properties and curing
times. Second Embodiment - Functionalization Process No, 2       This embodirrient of the present
invention is shown in Fig. 2 and contemplates starting with Process Step I with an alumina-silicate
based raw material in powder form, 10 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 0C, The chemical
reactions in Process Step I 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 



15 100C 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 20valuable by-product of functionalizatian
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 .:o.f carbon dioxide  WO
2009/082442PCT/IIS2008/013734 during 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 aggrente in order to achieve a wide range of mechanical properties and
curing times. 5An example of using the novel functionalized powder produced by either
functionalization process in Example I 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 10 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 functional ized powder + additive + aggregate and
mixed until the desired consistency is reached for pouring or casting into molds, Pouting. or casting
should be done within 10 



15 minutes of mixing. The poured or cast structural material is all to cure at a moderate temperature of
60-80C for two or more days. Compressive strengths of approximately 1000 pounds per square inch
(psi) or greater are obtained for the novel structural materials made by the above process. Third
Embodiment- Geo-polvmerization  20The 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 Eneineering Journal  (2002) supra, Hovvever, the present process is significantly varied to
accommodate fast mineralization of the Fly Ash in :.:a. one step process in which the fly  WO
2009/052442PCTiUS 2008/013734  ash 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 - Nanofunctionalization of Fly Ash
This embodiment is showrt 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 treatmentidissolutim in hydrofluoric acid produces a mixed hydroxide system of minerals wherein
the dissolved portion of he fly ash 



10hydrofluoric acid solution and the tin-dissolved precipitate after the hydrofluoric acid treatment are
separately processed. The dissolved portion of the solution is re-precipitated 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 15low aluminum content and functionalized using processes of the first or
second embodiment described above in a second processina sequence. The resultant powder from
both the first processitag sequence and the second processing sequence exhibit bulk powder
fimetionalization at nanoscale and very high chemical activity due to the nanometer scale of
functionalization. 20Fifth Embodiment - Functionalization of Silica Sand       This embodiment uses the
surface funetionalization processs in Example 1 or Example 2 to render the surface of silica sand
(5102) chemically active and increase the surface area thereby making the filler material contribute to
the surface condensation  WO 2009/082442PCIMS2008/013734 reactions and structural strength
when it is blended with functionalized fly ash in a formulation. Sixth Embodiment - Foamed
Functionalization 



This embodiment comtemplates modifying functional ization processes in Examples 1,2 and 4 by
addition of methyl ortho silicate (TEOS) to the functionalized powders an.d as-received fly ash as an
interrtal binder to provide an orgariosilicate backbone to the mineral rich matrix, The addition of TEOS
to the runctionalized mixture 10 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 mid lightweight structural material. EXAMPI,E 1 - Functional? ton Process No. 1 alkoxide
surfaces The method of the present invention contemplates a three-step process, starting in 15
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 Na01-1 aqueous solution and
retluxing at 120C 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. 20After the
Process Step I reaction, in Process Step 2 the activated powders are filtered and washed with fresh
water to remove residual Na014. The Na014 washed from the powders is recycled for use in
subsequent batches to eliminate any negative environmental impact of the process.  WO
7009/082442PCT/ S2008/013734        The chemically activated powders are dried in ambient
atmosphere at low temperatures of approximately 50C 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 it is not essential,        The activated surfaces are subsequently
convened in Process Step 3 to functionalized alkoxide surfaces that possess a high density of
chemically active sites, such as silanols (SiOH) and meta-stable tritsitoxane rings (Si3-0H3) and
hydrated aluminate species (AIOH). 



In Process Step 3 a solution of concentrated sulfuric, acid in anhydrous ethylene 10 glycol is prepared
and heated to approximately 150C in a distillation apparatus under inert gas flow until slow distillation
begirts       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 p1-1
is adjusted to a value of approximately 2, Distillation 15 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
fractionalization reaction, the mixture is filtered and the powder is washed with anhydrous ethanol or
other appropriate alcohol until the eluam reaches a pH of S or greater. The washed 20 functionalized
powder is further dried at approximately 50C and stored in a sealed container. The functicmalized
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.  WO
2009/1182442PCl/EIS20118/( 13734        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. 38
using Functionalization Process No. 1. 5The 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 31-0-C molecular stretching
vibration at 1100 cm-I, the C-0 vibration at 1020cm-1 and the CH2 vibration at 1300cmI are all
characteristic of surface alkoxide species created during the surface 10functionalization process.
The functionalized fly. ash powders with high surface area and chemically active alkoxide species on
the surfaceundergo poly-condensation reactions to had 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 



15  thrictionalization, as shown Figures 5B and 5C. Fig. 5C is a maanification 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 20 Portland cement at a
ratio of 80% furictionalized 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  WO 2009/082442PCT/132008/013734 the 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 60-80C for several days. Compressive strengths of >3,000 psi are 5obtained for the
novel structural materials made by the above process. EXAMPLE 2 - Functionalization Process No. 2
(esterificazioni       The second embodiment of the present invention is also a three-step process,
wherein the Process Step I starting material is an alumirio-silicate based raw material in powder form,
such as industrial power plant fly ash or mining tailings. Thc raw materials 10Etre mixed with an
alcohol or ethylene glycol/acid solution at low temperatures of near      The chemical reactions in
Process Step I restfit in surface activation of the aluminosilicate powders, and prevent buildup of
unwanted by-products. After the reaction in Step I, 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 



15 maintained at moderate temperatures of greater than 00C 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
residua] liquids are evaporated to produce dried fimetirmal ized powders. 20EXAMPLE 3 - Modified
Geo-Polvmerization        Theraw materials for the process in the present exarriple 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 and  WO 2009M
2442PCTRIS2008/013734 with 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 5 sodium and
calcium. The specific ratio was based upon the observation of Him and Deventer in "The
geo-polymerization of alumino-silicate minerals," International JI. 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). 10Precursors 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 10M sodium 15 hydroxide
11:0.04:0,01:0.4). 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 10M, 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 20 followed by curing
at moderate temperature (80C) 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 the  WO 201)9/082442PCT/US2008/0 I 3734 amorphous state was achieved upon
curing at 80C 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 Fie, 6b. The process
can be used in combination with Example I wherein a specific ratio of surface functionalized fly ash
can 5 be mixed with non-functionalized fly ash and condensation can be achieved by addition of an
alkali like sodium hydroxide. EXAMPLE 4 - Nano-Funationalization 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). 10 The dissolution of fly ash in HF is followed
by re-precipitation using 1-101A sodium hydroxide (or ammonia) produced mixed hydroxide systems
of minerals. The bulk rnixed hydroxides vvould be functionalized usina a similar procedure as
described in detail in the following steps: Step I: 200gms of raw Fly Ash powder was dissolved in
150m1 of hydrofluoric 15 acid (REA 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) fluoropolyrner resin beaker.
Hydrofluoric acid (HF) was added in small increments of 10ml. Reaction was allowed to cease before
the addition of next lot of HE. A part of the fly ash is dissolved in FIF while rest of it remains as a
precipitate. The addition of HF was stopped when no further 



20reaction was observed upon addition of FIP.       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 10M sodium hydroxide until the precipitation ceases. It was observed that  WO
2009/082442PCT/E1S2008/013734 precipitation follows through few stages of color change which
suggests the precipitation of various hydroxides/oxides upon addition of NaOH. About 50m1 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 5precipitate SP and
was yellow in color;       Then, the precipitate P from step 2 was also treated with 10M Na0H. The
reaction follovveci 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  10 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, 100gm of yellow; supernatant precipitate (SP) was treated with 200m1 of butanol and
refluxed for 2.5 hours at 130C. Approximately 10-20m1 of sulfuric acid is added at the start of and
during the refluxing treatment to maintain a low  15 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 - BE show the gradual change in the color of the powder particles as a result of various
chemical treatments. 20Fig. 8A is a dark grey colored fly ash as received from a supplier. Fig. 8B
shows 



on-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 nano- functionalized, with ultra-fine
particles that are light grey in color. re-precipitated using  WO 20091082442PCT/U S2008/013734
sodium 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.
5100gms of the light grey precipitate (PP) which is the un-dissolved precipitate from Step I was also
processed in a similar manner as 100gms 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 :trey precipitate (PP), 10The
initial hydrofluoric acid treatment in Step l dissolves some of the oxides in fly ash, but not all of the
minerals are dissolved. The in-dissolved portion consists of particles essentially similar to the
untreated fly ash, but missing the components that were dissolved in FIE The un-dissolved portion can
be funetionalized as described in Fig, 7 and the result is similar to the nano-functionaliza.tion of fly
ash. It is the dissolved  15 portion that is precipitated as ultra-fine, nano-sized hydroxide particles
using NaOhi. The ultra-fine particles are then funetionalized 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 - Funetionalization of Silica Sand       The functionalization of sand was achieved using a
similar procedure as shown in Example I. 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
funetionalization is universal with respect to oxide and mixed oxide surfaces. The end  WO
21)09/082442PCT/US2008/111373-1 product 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
5functionalizing 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
Functionalimion of Flv 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 organo-  10 silicate
backbone to the mineral rich matrix and Merease 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 2. typical reaction 15-40% of TEOS can be mixed with 50%
-60% of industrially available fly ash and 3540% silica sand, Additives such as calcium nitrate, sodium
chloride and 



15polyethylene glycol (Mci,1 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 funetionalized 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  20 alkali is important to obtain chemical activation and dissolution of various oxides
present in fly ash. The concentration of the alkali was varied from 5-10M and the casted moulds were
dried at room temperature for 24 hours followed by drying at 80C for another 24 hours. To introduce
the porosity in the sample the molds were dried in vacuum. During  WO 2009/082442PCT/US200
113734 the 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. 5Alcohols 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%  10 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 IS to 



15 approximately 24 grains 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 bet the
load of a 2ton vehicle without cracking or fracturing.       In the Examples below the Casting of Molds
and Control of Curing Time is discussed. 20EXAMPLE 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 reaction  WO 20091082442PCT/1J52008/013734 is extremely
exothermic and can produce heat in excess of 60C to approximately 80 C 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  5 increase the strength in a moisture controlled environment.
The cylindrical molds, measuring I 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  10 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
15strength. EXAlviPLE 8 - Casting and Curing Cement Free Molds 



Molds were east using nahofunctionalized fly ash as a hinder due to the extremely exothermic reaction
during the casting of only nariofunctionalized 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 I 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
product  WO 2009/082442PCSMS2008/013734 due to reaction between the functionalized and the
nanofunctionalized fly ash. The curing can be varied by controlling the pH of the final product from I
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  5 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 ftmctionalization of illumine-  lo silicate based
raw materials, such as industrial pri WU plant fly a.sh 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 coristructiom The present invention is destined to have a significant commercial demand.
While the invention has been described, disclosed, illustrated and shown in  15 various tertris 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: 



I.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.       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 I, 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 120 C to 150 C.  



mixture (1) is for a time period from 4 hours to 24 hours.  6. A structural product prepared from
alumino-s licate powders functionalized by the process of Claim 1, wherein a plurality of functionalized
alu no-silicate particles with chemically active alkoxide sites on each surface area forms a dry
aggregate that is subsequently mixed with water to form a pourable slurry that is cast into a desired
shape and cured to a hardened shape prior to 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 (IT) 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 ixture (11) 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 Na01-1.
11. The process and method of claim 7, wherein the re uxing and stirring of mixture (1) occurs at a
temperature of 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 150 degrees C under inert gas flow.  13. The process and method of claim 12, wherein the
distillation process proceeds for at least 4 hours while the pH is maintained at 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 5. 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 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 (1) to a reactor containing an organic solvent for esterification 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  glycol/sulfuric acid.  20. he process and method of claim 19, wherein the
alcohol/acid solution is mixed with the alumino-silicate based powder at temperatures of 0 degrees C.
21. The process and method of claim 17 wherein the organic solvent for esteri ['cation and distillation
is toluene. 21A structural material made by the process and method of claim 17. 



23.A process and method for preparing nano nctionalized 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;  WO
20E19/1182447PCT/US21018/0 I 3734        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          3) the
atomino-silicate based powder from the first processing sequence and the 10second 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, 15 sand and mixtures thereof 


