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. FI H INVENTION This invention relates to struct u and, in
particular to, %J%%%%')sé}é% ggnd methods of making arid preparing productsqgtnlg%éérph%gﬁs%oﬁns of
functionalized and nano- functlonahzed aluminn- S|I|cate raw materials with properties equivalent to
Portland 10 cerfantba: BEFb A Wh B IR e SR SR HIESIE MW materials are
manufactured with negligible emission of carbon corn. pounds that are characteristic of the
manufacture of Porflamdicemant cBAGKIGROCIN Bf AND P RIORUAR Pincrmase Bftearbon dioxide in the

environment has been associated with the onset _
Apphication Serial Wo. 617015418 filed December 20, 2007, the content of which is

5  incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to-structuml materials and, in particular 1o, processes and
methods of making and preparing products and compaositions of functionalized and nanp-
functionalized alumino-silicate raw materials with properties equivalent to Portland

10 cement-based concrete products or mortars wherein the alumino-silicate raw materials are
manutactured with negligible-emission of carbon compeunds that are charactefistic of the
manufacture of Portland cement.

BACKGROUND AND PRIOR ARY

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
contribanor to-thercatbon diowide emissions with approximately 0.9 ton of carbon dioxide
emitted for every fon of cement made. Conersie is second only to waier as the most
consumed substanve in the world (hundreds of millions of tons werldwide) and Portland
cement, with its huge carbon footprint, is the principal ingrediont v concrete.

20 The chemical process of making Portland cement iz the. reaction of limestone

{eaicium carbonate} with clay (hvdrated alumino-silicate) at high temperatores. This
elevated chemical reaction, called calcination, reléases carbon dioxide to the atmbsphers

at.a very high rate, for example, about 66% of the emissions from a cement plant. The



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‘@'[l'&g }9§4}§I4E%n5 worldwide) and Portland cement, with its huge carbon foog)rint, is the
principal ingredient in concrete. 20 The chemical process of making Po tralt CEHERT T the reaction of
limestone (calcium carbonate) with clay (hydrated alumino-silicate) at high temperatures. This elevated
chemical readighicealfearEaicinedion caditmsies caonsdisnite conhesamobphibre atad/rihigh rate, for
example, about 60% of the emissions from a cement plant, The WO 209/082442PCT/US2008/013734
high temperafifeE USSHYT RalGhrish FE4ctiohs FREHRE Tohils B bPiéabon based fuels and are

responsible for abo%%p%; of the emi %gns of the..,_cenffp The above mentioned factors

| missior ement plant. ”
R AR ORr - RAIEE D Fap A SHRE B TR AP ERH be done to

associated with Portland cemerit manu

reduce carbop, gye EXRIONS 10" A 6P MAILRIAN. S, B5HIS QBB 1858, (01 A aterative o

Portland cement based concrete as a structural building mater umerous approacﬁes have
been tried with:varoussleamees ofssigsesssFheashsahy Moduetofroakbuming.pawesplants is
produced worldwide in large quantities annually; e.g., hundreds of millions of tons. Fly ash can be
added to concretecmixtargsch@-H stailymbentii0% 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 redifsgswie epriprassievsthstigthicdi Wid coneretéasdistussedshy Ravindraraiab and
Tarn in (1989). Fly 'ashes from different sources may have differirta effects on concrete. Fly ash may
behave differBHay GEHeAtiRFoT BN g BrPBlthd® Podsrentaddidypasiiasy) sinadtitey have
different chemical com _osé;io%% a(SPG?oviﬁs, 19%2). Liskowitz}%et a}I_ in US Patent 5,802,898 B1,

| i

(2004) describes a method 10 preparing iy a “high Wﬁ?e%ﬁﬁﬁ%@ré@hﬁ?ﬁc@%gﬁéﬁéﬁuﬁﬁd mortar

and shoyys thal, it Possihiad9: g6asE,Me:SYenaILCLERNFIPtE sotaining dv,ash by,grnding the fly

ash to a

reasons, A.critical drawback of the use of fly ash in concrete Is that initially the flv ash

significanily reduces the compressive sirength of the comcrete as discussed by

Ravindrarajah and Tam in (1989}, Fly ashes from different sowrces may have differing

effects on conerete. Fly ash may behave differently depending on the type of Portland

15 cement used {tvpes 1-IV) since they have different chemical compositions. (Popovics,
OB

Liskowitz et al. in US Patent 6,802,898 Bl, (2004) describes a method for

preparing fiy ash for high compressive strength concrete and mortar and shpws that it is

possible to increase the strength of concrete comfaining fly ash by grinding the flyash to a

20 desired size distribution and increasing the vigld-of fiy ash that can be used in a spacific

mixture of concrete. However, the percemtage:of fly ash that can be used in a concrete

mix with Portland cement even with grinding to & specific size &igiribu%im of particies is

himited o 10-50%. The costs and maintenance of agglomerated free fly ash powders

b



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 ‘%1;} azg%!orggrated free fly ash powders WO 2009/082442PCT/EiS2008/013734 limits the
use of this process. The oncrete industry typically limits fly ash to less thah S8 EoHcrete mixtures,
thus, only a small fraction of concrete contains any fly ash. Another alternative to reduce the use
of Portland ceiféftissue dhiratacmsto Useprovissnbrmmedigeaipolymriiation toimanufacture
structural builgégp_,materials. These 5 materials, called geo-polymers, are synthetic analogues of
natural zeolitic MATEHALE - S TRPSHR AW HAvIHEwE, Tetsion O SopatermadiszsoEy £994) and van
Jaarsveld et al, in "The Effect of %%gmggg%t_ion{gnd Temper tt%e on the Pr E_jlgerti_es_ of Fly Ash and
e R SR A 8 e JBUHRA 01 35 B AGEE 68 7 40,

Kaolinite-based Geopolymenrs,

L0Geo-polymas e crealed babeimicaliv-issatina.licon and. aluminiin - coniaining source
materials at high pH in the presence of soluble alkall metal silicates. The thrée principal process steps

are: 1) dissoluiineriakthamlmipys andssilicacaniaiping. rawmaterialsdo fonm makile pregursors
through the complexing action of hydroxide ions, 2) partial orientation of mobile precursors as well a
partial internakpesid oturingidb i tle-alkallpolysiicates ) ve precipitation whera:the:whele liquid
system hardens to form an inorganic polymeric structure that can be amorphous or semi-crystalline.
In order to formth&Hed-pélyrmemzetistructteTitipessential thdissoleaicomplEtelytite siicon and
aluminum containing source materials according to vat Jaarsveld, et al, 2002 supra. Geo-polymers do
not utilize the' TBHAROHGF CARIBPHEIHEHN: Slrmiiafesiseneriltomiafidn 5id seength it instead
depend on thf)i&?#/condensation of solubilized silica and alumina precursors and high alkali content to
attain structural stfength.

10 Geo-polymers are created by chemically dissolving silicon and aluminur-
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 contaming
raw materials to form mobile precursors through the complexing action of hydroxide
tons, 2) partial orientation of mobile precursors as well & partial internal restructuring of

15 the alkall polysilicates, 3) re-precipitation where the whole liguid sysiem hardens‘o form
ar inorganic pelymeric structure that can’be amorphous or semi-crystalline.

In order to fonn the geo-polymerized structure, It is eseential to dissclve
completely the silicon and aluminum contalning source materials accofding o vap
Jaarsveld, et al, 2002 suprg. Geo-polymers donot utiize the formation of calcium-silica-

20 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,

Lk



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 calgji%agﬂ%gmtq@@erature (300-9000) of the aluminum-silicate (:or}{g%i;[gjir%g@s%jz yecursor
(kaolinite) as reporteé{“by van Jaarsveld, et al, 2002 supra, It is possible tova Yy many geo-polymer
process characteristics, such as ratios of clay to fly ash, calcination temperature of the clay, water/fly
ash ratios, etc. HoweWara it airatigh of strRyusspolyrasrmssridissaldbnss aeliristntto Portland
cement based structural materials; geo- %yin r strengths are in the ranee of 5 to 11 IV|Pa (725-1500
Psi) whereas 10 BoriaRd %é%%%’f#&é%g oﬁ&%@i‘é%ﬁ%ﬁﬁ%ﬁﬁ-ﬁ%@%ﬁ@ SPOHEMIBETEED0 to 6,000

Psi). Further i io opelyrners lised or designed for structural materials.is by Jaarsveld et al,
in "The Effec@%ﬁ%ﬁ %/I%ra%%,&gt?\%?orfﬁé%ﬁ%ﬁ% ?o%%?u’%% of ﬁ?-i%ﬁt{é’sga‘j&ggﬁo yr%é%%%ﬁnd. Eng
Chem. Res, 38i610)41999):3932- 394 - Madanidd. sb@t; "54-29.200,A127 MMBStudy.of Zeolite
Formation from Alkali-Leached Kaolinites - 15 Influence of Thom-tat Preactivation,” Journal of Physical
Chemistry 94{2)A60{#65(129Q); Hphrahier ekal xkovud emperature Synthesized Alumingsilicate
Glasses" Chapter 3. Influence of the Composition of the Silicate Solution on Production, Structure and
Properties, JoamnatofMetenalsSuicmoe82 (OrR23HR24 B(d0%F) rdidavidokits 1o Simthsisis of New
High Temperature Geonolyrners for Reinforced Plastics/Composites,” 20 Proceedings of PACTEC 79,
Society of PI&SGEEIGiNEBRETSTE- 17 Ahe1 979y vaavel Dailid6lits, ePrddessvior the Rebadatibn of
Sintered Panels arid Panels Resulting from the Application of this Process," US Patent 3,950,470
(1976), WO %%ﬁ%ﬁ%*’fiﬁé’?fﬁfﬁ‘éﬁ'@%‘%?%&w‘%%ﬁ%éf’d*f*é%‘i‘ﬁw&rﬁ@%ﬂhsggﬁ% SHde&eibed by

Nilsen el al in_"Preparation and Characterization of Binder for | nic. Composites made from
Amorphous NG Row MATEL DG o SOl 8l Sciericd LhOTaCRRo0 38 () 175 150 (2005)

for making aninerganic.cempasite-pinder,materialfirondh & selgglsouie using aumigo- S silicate
amorphous mineral raw materials containing alkaline earth and transition metal oxides. The Nilsen eta!
method requiresicerapleleidissalutionaf thesstasting rawsmaterialinformicacidFhe strengths that are
developed are not sufficient for use in structural applications.

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 al,

#5129 and Al-27 NMR-8tudy of Zeolite Formation from Alkdli-Leached Kashinites -

15 Influence of Thermal Preactivation,” Jowwme! of Physical Chemisiry 94 (2¥760-765

(1990% H. Rahier et al, “Low-Temperature Symthesized Aluminosilicate Glasses™
Chapter 3. Influence of the Composition-of the Silicate Selution on Produstion, Structare

and Properties, Jowrnal of Materialy Science 32 (9): 22372247 (19977, 1. Davidevits,

“Synthesis of New High Temperature Geopclymers for Reinforced Plastics/Composites,”

20 Progeedings of PACTEC 79, Svciety of Plastic Engineers, 151174 {1879y and I

Dgvidovits, “Process forthe Fabrication of Sintered Panels and Panels Resulting from the

Application of this Process,” US Patent 3,950,470 (1576).



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 compgsites and their production and discuss how to incorporate small oxide powders having a
diameter siz%’ {f(gr%a’é} }%i‘\?\t/zeen approximately 0.001 to approximately 10 ferond i a'Eilica based sol to
form a 15 composite material. The composite produced thereby was a monolithic silica get matrix with
homogeneously distriBtfse FRIIEPER0E7S i riesRbrichy phoisenties douivalenestisupedor to
Portland cerrﬁr_imt based concrg-g_, _ The curing time of the silica sol-based composite of Hench ct. al
was substantially mot& Tapid thal BorEn T EEment BEE8E Ko HErSte TRBWATEFRIRgS MdeMage of oxide
20 powders qeRtaipad uithig e sice, soLbased.composits, s mited 19,1949 10% py welont, the
remainder being silica gel W [ 0elevdted tempéeratu eé greater than
700¢ for dryiRgidicslahuizaton. e dowisprcatialianalaside pawdersn e siieg.sghand high
temperatures required for stabilization and WO 21109442PCUUS21108,013734 densification and
cost of tie siktaakaxisehmecuisers donelxvake this-me.ofprocess.Ally suitahlefor replacement of
Portland cement based structural mat la More technological innovation is needed to provide
stronger, lightaiieh&apélilsnd mbretelidbliewstructursk materiils: that canseplage-and:sutpass the ng
use and reliance on Portland cement and the manufacture thereof to significantly reduce the carbon
footprint of tH& fERfaekird e renebadbe strudturhinyaterials, SOMMARY tse in structural

applications,
Amother route used in chemical processing o produce structural muterials that
10 -possess properfies gquivalent 1o Portland cement-based concrete without charasteristic
carbon dioxide emissions is 1w use sol-gel processing. Henech ef al, in US Patent
5,147,829 disclose sol-gel derived 102 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 compesite produced thereby was & monotithic silica gel matrix
with homogencously distributed oxide powders with mechanical properties equivalent or
superior to Portland cemint based conerete,
The curing time of the silica sol-based composite-of Hench et 4l was substanfizlly
mote rapid than Portland-cement based concrete. However, fhe percentage of oxide
20 powders contained within the silica sol based composite is Tinled 10 1% 1o 10% by
weight, the remainder being silica gel which reguires heating the composite to-elevated
temperatures greater than 700°C for drving and stabilization. The low concentration of

oxide powders in the silica sol and high lemperatures required for stabilization and



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 areaiRggsiigaig:pased powders are greatly increased and renderggd-chemisaly-active so that
when functionaLized powders are mixed with water, poly-condensanon reactions occur between the

surfaces of eagl Ixture.and binds the po gerrscto ether to farm a structural material, A
ao%gs[?@&’xg%%é COEL F?Qhe Sﬁji a ﬁ\gk]gu FECLT, %nr&”)bi}a S&W%%B&grﬂfﬁﬁlonahzed

third objective of the present disclosure’is to provide a me 0d

powiders can BusRA i RN At A aole, SUENAS SANH. ANARCC, A sy thal
S |

. R 5.
canpoured or cast into any desired shape and rapidly cured to a hardene ape Suitablea structural
20material. Maore technological innovation is needed to provide stronger, lghter, cheaper, and

more rehable structural materials that can replace and surpess the existing use and reliance

h

on Portland cement -and the manufacture thereof to significantly reduce the carbon footprint
of the manufacture of cement-based structural matertals.

SUMMARY

It is a primary objective of the present disclosure to provide a method and process
for manufacturing structural products with negligible smission of carbon compounds.

10 A second objective of the present disclosure is to provide a method and process for
manufacturing structural products whereby the surface ares of aluming-silicate based
powders are greatly increased and rendered chemically active so that when fhe
functionalized powders are mived with water, poly-condensation reactions occur between

the surfaces of each powder in the mixwre and binds the powders together 1o form a

it
154

structural material,

A third objective of the present disclosure is to pravide a method and Process
whereby the surface functionalized powders can be mixed with ap zdditive and 2 éﬁ
aggregate, such as sand, and water to make a shurry that can be poured or cast into Y
desired shape and rapidly cured to & hardened shape suitable for use as a structural
26 material.

A fourth objective of the present disclosure is to provide structural products and
marﬁriaﬁs with the mechamcal strength equivalemt to Portland-cement based concrete

Drogucts.



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
nanofunctionalizatiér{iéh Flyesiste ahthspmecor dilidante: isosease@ndenhangedhaesaactive surface of
each material on a ranometer se le A e_igfg}:[?h objective of the present disclosure is to provide a
method for foamied FncAoTal a%‘ﬁ%"f’fﬁ‘f’ BY iR dadtiofesfe shganic-silicate compound that
increases strength of the structural product and nders the structural product water insoluble. A ninth
objective of the présSAtABESGER! @%@fﬁ%ﬁ%ﬁé@%ﬁg}qﬂwéwwummm@ﬂausming a weight in a

range of 15 to,appraximately, 42 grams that canbear é:\_slo%d a]%ht of from agﬁrotidy 1 to 2 tons without
e

cracking or fracturing. In one aspect, there Is provi a pr883§“§’aﬁ'8 TEHADY 367 prefraring

functionalized @dtirain@zgilicate 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 functionalizednaithragheRatticiehaving a,chemically,astive surfags area, drying the

functionalized powder particles so that when the dried functionalized powder is mixed with water,
polymerizatiofesionekrzéuc ol fdiwéen the surfacesiang hinddhesparticlestagether fo.faiy a
structural material with no.emission of carbon compounds. The preferred alumino-silicate based
powder is one’ Bt t5EAS petwER MR TRRemmemirilg tailings, sand and mixtures thereof The
preferred liquidreagent for trea'no-silicate powders is sodi

A eighth objective of the present disclosure is to provide a method for foamed

functionalization of fly ash by the addition of & organic-siticate compound that increases
strength of the structural product and renders the structural proguct water insohuble.

A ninth objective of the present disclosﬁre is to provide a light weight structural
material having a weight in & range of 135 to approximately 25 grams that can bear a load

weight of from epproximately 1 10 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 (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.



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 (1) 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 i cast %nto a desired shape and rapidly cured to a hardened shape suitable for use
as a structural materl&f PrErETFFRAIE raRaE L thbrRURS R Rl sElicRR ISt repared from
alumino-silicat Bowders f tionglized by the pro ess as defmed above, wherein a plurality of
finictionalized & u?%fﬁ%—@ﬁ%%’p%r ic é}}é%%ﬁ Oc%%m‘f%éﬁl’y“ R ES S S SGiFeabh SGrHte area
forms a dry aggregaishatiasUDRRAUSRL NG WHNVRIR! (00, 2 Rataie, Ty, that s cast into

a desired shape and cured to a hardened shape priorto use as a's uramaterial. = 1R still

another aspeqﬁiﬂﬂgﬁqﬂ;sap{%&@Q@@r%%@gemggg%ggmggp@t@g’%&%%ﬁ%@yrﬁgo-silicate
powders includes, selecting an alumino-silicate based powder having a plurality of particles, mixing the
powder with a*ligiideéageatital foom mpdurentiyelxing aahstirringmixtue.) continuously for 24
hours to form mixture (II) with surface activated powder particles, washing mixture (ll) with water to
remove residual liquitl resigend ard:dryrigrteunashesmixtioce (HtoRndmliestatimosphgte, adding
the dried surface activated powder from mixture (I1) to a distillation process for a period of time
sufficient to creXtEFENeaBIaNz & Pl eSTEaRpowders Witk ichemicathy, adtivs alkpxidassites on
each particle surface. It is also preferred that the alumino-silicate based powder is industrial power
plant fly-ash, MG TETHAGE SRt ARBCRSALS HRbre BT AR THE Bi@%ﬁﬁé&ﬁ&@i@%ﬁ@bﬁf%odium
hydroxide (N ), more preferably, a 10 molar, solution of NaOH. It is also preferred that the refluxing
and stirring o?&r?n{it:()?ucraé%g}tga a sé”maé/eﬁr}g?ﬁ'r%%fa a"ﬁ‘ééb?&lr"ﬁ fé“lé\%' G BT iSCaR AR tat W Breferred
distillation progess,iaeludes.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 $0PHASr 45PSFEr R SR Brvensa s SRR MR PRE Al retisiediFesen sbwnine-slitate
anhydrous ethasmeduntiltagoelliaed PeachemespHhotiappdxhdhe vRsedarablu-tne, washedidlinctignalized
powder is drie stored led. iner and.preferably,t.drying occurs at a temperature of
approximatelygégﬂd%z%%fg écg&ﬁ?%ﬁﬁtﬂﬁ%%%ﬁgﬁ%ggé&,3£E%§g¥3816?%3F(%é35 a’process’ E]W&ﬂﬁ’d for
preparing functihzaedhalumirbieihesiy potrderdintitites Satectimgarbiuininosiicatebaseda
powder, mixingdfiepausiemyiiranaloohadaaichspiyion dtlQule MRRIEIES ia form mixture (1),

transferring mixture (k)ﬂtoS tﬁlrea%c%gércogtaigling&n organic. ;o vent for esterification and distillation to
&

form a functionalized aluming-silicate powder i a' SIFS F& iRy tistePuh dsiteholdr oFEEY R actor,
separating thefirétisiatie ednalinminbeaiticatedsowid ehsiso rekiveigtumy dynfittering an devaperating
residual liquidsapraduee.jedt funatianalized alymingalicale Ravdersaih chemically aglvgsites on
their surface. P,ref%rﬁbl /, the aluminao-silicate based powder to be func |oneﬁize is indust %il power

plant fly-ash, fifRg 3R JPEHE riRGrainrilsiiorid brste e doste aristraeid s otificniessthylene
glycol/sulfuric atidatbapisvivixedtivith theahymito:siThieibaseeNoWARN A SMRERtES: 9t and
approximately rees, Grllowed by the use of toluene as the preferred organic solvent for
esterification anti |stillation., )( 5‘ n i atbient atmospliere, agcgmg tﬂe d.%ed surfca)ce 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 cach 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 NaQH.



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 solutjon to form mixture (IV)};:o‘ntaining dissolved powder and un-dissolved
precipitate, separating thé His8BIEE pIIRIrin Eil EBiGtdHH frs IR Unteisssivad preeipitate for further
processing wherein the dissolved.powder js treated in a first processing sequence and the

t%%yraglrw [ ? Pﬂ&t@ﬁ fﬂ.a Jﬁﬁrﬁws geﬂ?j}éﬁ@é,tﬁ%aﬁﬁg??n %ﬁﬁf'é‘frbfﬁﬁ'@élng

un-dissolved precipitate is tréated i & o processing

sequence, the disselved agwderrise-pracinitateg; using sodiumhydroxide to produce a mixed
hydroxide system of mixed hydroxide. system of rﬁinerﬁ'ﬁsiﬁls tlflﬁ'éjﬁg(ﬁ% ééq S rﬁ’qgﬁg}-%ﬁe"&*bﬁ}urality of

white colored fuiksfunationalizpebrradust issecovered fram the firstpdjn the segond.processing
sequence. the un-dissolved precipitate is an aluminate based powder with low alurhinum content, the

precipitate witisdotiatiistilhwion gentent iscfiseati A dxaaanarsizackplurality pflightgrel. celoted
functionalized product is recovered from the second proce uenc , and the alumino-silicate based
powder from thamfiespstetermivrjseighehce and the second processing sequencea -functionalized to

form a
A further preferred step includes washing the functionalized powder with

anhydrous ethanol until the eluant reaches a pH of approximately 3, then preferabty, the
washed functionalized powder is dried and stored in 2 sealed container and preferably the

drying ocours at & 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 (1),
transferring mixture (I) to a reactor containing an organic solvent for esterification and distillation
to form a functionalized alumino-silicate powder in a shurry, removing water and alcohol from the
reactor, separating the functionalized aluminc-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.



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 g{é)fces'_zg éA used to prepare functionalized fly ash particles with negligible
carbon emissions. - PRI ¥ iR SR TR IR B e st dsopadseeb it dmbodiment of a

process (B) used.to.pr pare.fu tionalized fly ash particles with negligible carbon 10emissions,
Fig, 3A is a scanting e?ecgtsrr%% Fr?i%if’c};gé}bpe (SEM) image of the fly ash raw material before

functionalization by Process A. :

In yet another aspect, there is provided a process and method for preparing nano-
functionalized alumino-silicate based powders includes, selecting & 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—diséolved 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 sequente
and the un-dissolved precipitais is treated in a second processing sequence, whersas, I
the first processing sequence, the dissolved powder is re-precipitated vsing sodium
hydroxide o produce & mixed hydroxide system of minerals, the mixed hydroxide system
of minerals s functionalized, a nano-stzed plurality of white solored bulk functionalized
product 15 recoversd from the first processing sequence, and in the second processing
sequence. the un-dissolved precipiate is an alumino-silicate based powder with low
aluminum content, the precipitate with Jow aluminum coment is functionalized,
a nano-sized phurality of Hght 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 nanc-functionalized 1o form a
ultre-fine, bulk powder with nanc-sized particles.

It is also preferred that the alumino-silicate based powder 13 industrial power

plant fly-ash, mining tailings. sand and mixtures theres?.



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 ( I of fly ash powders undergoing poly-condensatjon reactions when exposed to
moisture befi%}%'\%nug]‘t%%%lizationi doFig, 5B is a scanning electron microiri'é,%'fo[ggzia 'F?'r}‘nage of the fly
ash powders undergoing poly-condensation reactions when exposed to moisture after
functionalization, W&SE0STI8M 2P CHrUTRE9g0TE7 3aventioRigviEChis amdergoing: the
poly-condensgtgion reactio hen e_gpbosed to moisture before functionalization.. Fig. 6A shows X-ray

| n .
diffraction (M [5?’%%I 5 %*%%\/rfﬁfg%ﬁ BmYediBersrvatly Ryrsrsh trrabedmean: agordgate turns into
an amorphouﬁl@;‘[ﬁ%@&'@%ﬁﬁ%&%‘%g%‘h%tgégémpwyingﬂ{’fra:wings.

3 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 nepligible carbon emissions.

Fig, 2'is a schematic flow chart of the sequence of a second embodiment of a
process (B) wsed to prepare functionalized fiv ash particles with neglipible carbon

Hi  emissions.

Fig. 3A is @ scanning electron microscope (SEM) mage of the fly ash raw
material defore funclionalization by Process 4.

Fig. 3B is a scanning electron microscope (SEM) image of the fly ash raw
material gffer functionalization by Process A

15 Fig 4z 2 graph of the Fourier Transform Infrared Reference (FTIR) specima of
alumino-silicate powders befors and affer fanctionalization.

Fig. SA is a scanning electron microscope (SEN image of fly ash powders
undergoing  poly-condensation  reactions  when exposed  to moistirs f}&ﬁmé
functionalization.

0 Fig. 5B is a scanning electron microscope (BEM) image of the fly ash powders
undergoing  poly-condensation  reactions  when exposed  to  moisture  gffer

functionalization.

i



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 Flyxﬁ?@}%ﬁi{ﬁggived from a supplier. Fig. 8B is a photographic irriage 91; un-dissolved Fly

Ash from hydrgluo'ri'c acid treatment neutralized with sodium hydroxide'Fﬁgg ( ,g;s;s '("1&%%. 8Cisa

photographic image_of on-dissolved, nano-fbnctionalizecl Fly Ash. Fig. 8ll is a photographic image of

dissolved Fly Ash frofh RYdidiisiEEEIE fektreeAtHaiRFansed with"dodiumphydl oxide{iaOH). 15Fig.

8Eis a photoger_)%géh}%cl imagel,of dissolved,. nanolunetionalized Fly Ash, Fig. 9 shows a molded
‘cast

structural pie’cg S AardHlinctionalized fly ash mixed with Portland cement and sand as an

aggregate. Fig. &9 shows %IO%]O@%Q tr ctu_r% jeces from a completely cement free formulation,
20Fig. ,1"IA' is a scanning electron Fﬁ?cr&gra%ih% ¢ gﬁ) f?ﬁg{gme of %‘é%‘f‘éeartnﬁé%ﬁr?gﬂ%ﬁgeat a

magnification: 430 dimesafianaigadhat s 1004m,(misrons)da Jength; m&é&x&% %é? a scanning
electron micrographic (SEM) image of cast cement free molds at a magnification: 4 0'times of an area
that is 205urn (micrdhig) 4B lengthie cube moulds:cast from sharry of functionalized alumino-silicate
powders of the present invention.
Fig. 7 is 2 schematic flow chart of the sequence of & third embodiment of a
process {C} used to prepare nano-functionalized fly ash.
Fig. 8A is a photographicimage of untrested Fly Ash a2 received from o supplier,
B¢ Fig. 8B 1s a photographic image of un-dissolved Fly Ash from hydrofluoric acid
treatment neutrahized with sodivm hvdroxide (NaQF,
Fig. 8C iswphotographic image of wn-dissolved nano-fimctivnalized Flv Ash.
Fig. 8D Is a photographic image of dissofved Fly Ash from hvdrofluoric acid

treatment neuiralized with sodium hvdroxide (NaOH).

i5 Fig. 8E is a photographic image of dissolved, nano-functionalized Fiy Ash.
Fig. & shows a molded structural piece cast from nano-functionalized fiv ash
wixed with Portland cement and sand as an aggregste.
Fig. 10 shows two molded structural pleces from a completely cement free
formulation,
260 Fig. 11A is 2 scanning electron micrographic (SEM) image of cast cemertt free

molds at a magnification: 130 times of an aren that is 100 um (microns)in length,
Fig. 118 s a scanmng electron micrographic (SEM) image of cast cément free

molds.ara magnifieation: 450 times of an area that is 20 pm (micronsy in length.
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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 %&I%gf@{%gtural pieces prepared by a fourth embodiment %h%g&%&@ used to
prepare nano-functionalized fly ash using foamed functionalization by addition o -
tetraethyl-ortho-silicate iTEQS). DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before explaining tHd&distiosetl EHBOMNERE B praakst Moo as doEart itaomitdye
understood that the inventlign. is riot limited in jts application to the details of The particular

HBRAE AR BB T LTS F L B RIS (S ATERY e 8% Hinology used herein

arrangement& 8G\in? STRER:
is for the purpose ofgeserigion and notof limitation. . It would be useful %%’%%’%%é@; imeaning of

WS eIl ture ob
some words and phrfses lised herein to explain the invention in greater det
serud,

5 Fig. 13 shows three molded structural pisces prepared by a fourth-embodiment of
& process (D) used to prepare nano-functionalized fly ash using foamed functionalization
by addition of tetrasthyi-ortho-silicate (TEQS).

DESCRIPTION OF THE PREFERRED EMRBODHMENTS

Betore explaining the disclosed embodiments of the present invention in detail, it

I is to be undersiood that the invention s not Hmited: in }ts application to the details of the
particular amangements shown since the é.nvem‘i@ﬁ is capdble of fimther embodiments.
Also, the terminology used herein is for the parpose of description and not of Hmitation:

It would be usefil to discuss the meaning of some words and phrases used herein to
explain the invention in greater detail.

15 “Funttionalization™ s used herein to mean the attachment of desired reactive
chermical groups to particle surfaces and is schisved in processes deseribed in Exarmples |
and 2 herein.

“Foamed Fusctionalization” is used herein to mean the altachment of desized
reactive chemical groups to-particle surfaces resulting in a foamed material as desenibed

20 inExampis 6.

“Manofunctionalizaetion™ is used hersin to mean the attachment of destred reactive
chermical groups to ultrs fine, nano-sized particle surfaces as'in the process described in

Exampie 4.



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 | and 2 herein. "Foamed
Functionalization" is used herein to mean the attachment of desired reactive chemical groups to
particle surfages.resplting in a foamed material as described 20 in -Kam;@”ﬁqé‘%}‘%@g}}égctionalizatioe
is used herein to mean the attachment of desired reactive chemical groups to ultra %ine, nano-sized
particle surfaces as in the process described in Example 4. WO 2009/082442PCT/U52008(013734
According to the préSEHLiRgeitioh (HEGhjebivaESall 4BYE e FE LRSS A FSUMiCce activated,
functionalized alumino-silicate raw m terials ip QV\{delf form.with a large surface area and a high area
density of chBrically %%#ﬁ% & é‘éai%aﬁ‘enga%aﬂgg‘i‘aﬁ &Wﬁ’éﬁ%‘éﬁﬁ% FEHEBIHEING SR pEHber surfaces
when mixed with wale with. (e R est'qthiarened materialdaving Broerties sguivalen to Portiand
cement-based concrete without release of carbon con:%oun S chardcteristic of the manutacture of
Portland cemepii poly-hbekingrease n:syifaes. areaiof fehAsh.and Sand and s varMatsare
significant to the technical advances obtained by 'thefl present invention, Table | below provides a 10
referencé poistfhudiseussion efdeamagnitudeobthe-inerease-n surfaceianea fonfunstifmalized Fly
Ash and Sand used in the present invention, TABLE 1 Surface Area of Fly Ash and Sand

concrete withoit release of carbon compounds characteristic of the menufacture of

Portland cemenit,
The increase in surface ares of Fly Ash and Sand and its variants are significantto
the technical advances obtained by the present invention. Table 1 below provides a
10 reference point for discussion of the magnitude of the incresse in surfoce sren for
functionalized Fly Ash and Sand used in:thepresent invention.

TABLE 1 —Surfiee dren of Flv &shand Sand

MATERIAT SURFACE ARES
Untreated Fly Ash ': 3 -4m fem |
Functionalized Fly Ash 35— 50 m" /gm |
Untreated Sand ' J—4m Jem
Furctionalized Sand . S 10m” fgm
Functionalized (Fly Ash + Sand) _ 1525 m” fgm
15 Tabile 1 shows that when the surface area of Fly Ash is functionalized, the surface

area increases more'than 1040 15 fold. When sand is functionalized, the surface arenis
increased more than 210 5 fold. A combination of functionalized Fly Ashi and

functionalized Sand provides an overall increase in surface area that is sreater than five
fold overthat of the individua! materials. The increased surface ares is-also chemically

2 reactive.
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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 2to 5
fold, A combination of functionalized Fly Ash and functionalized Sand provides an overall increase in

surface areaﬂg@%ﬁ‘%{ r than five fold over that of the individual materials. The incr_%gsed surface
area is also chemica

"é%lgreactive. WO 2091082442PCT/US2008/013734 -S4 fE ¥8540n for

nano-functionalizatign is to create ultra-fine particles that create stronger bonds between fly ash
particles. The initial fhEHBRATARGSr fipaissimide dscassescadsh fartoiidarfdeedodrecome reactive
so that the S%{;gceﬁ% .Igong gv“i_th eacl other._Conce%]gall_y, the microstructure of such a bonded material
could look liKe Closel) MSpatRER Jhhare E2piaiEs, Jrdthit! ifraginarlsare e Dhatosiiniste the particles
are bonded tg,each.other att ints where they are in contact, hut there is empty space between
ﬁ st ion bt G '3%%’1?25 F5rueag %?gé‘%éé‘rﬁ@ﬁ%hat they can

the particles where they are not touching. The nano-functi

fit inside thoseospaseaieiae e laigerdhash. RaRlles A0d A AgdiionRL gt to bond the fl
ash particles together to provide additional strength. 10For purposes of illustrating the present
inventiorf, bupnataspadiatitation, sboembediments:#e-dasstibeahertin.rmicies are bonded to

sach other at the points where they are in contact, but there is empty space betweer the

Jparticies where they are nottouching. The nano-functionalized particles are so small that

they can fit inside those 'spaces between the Jarger fly ash particles, and act like additional

“glus” to bond the fly ash particles together fo-provide additional strength.

16 For purposes of Hlustrating the present invention, but not as a limitation, six

einbodimnents are desoribed herein,

First Embodiment — Functiommiization Process No.J

The method of the present invention contemplates starting with an alumino-

stiicate based raw material in powder form, such as industial power plant fly ash or

15 mining tailings. In step one, the raw materials are mixed with an alkaline aguenus
solution and refluxed at 120°C while stirring continuousty, as shown in Fig. 1. The
surfaces of the alumino-silicate based powders are converted during this Process Step |
reaction to chemically activated surfaces. After the Process Step 1 reaction. i Process

Step 2 the activated pawﬁ@rs. are filtered and washed with fresh-water to remove residual

20 alkali, m the form -of sodium chioride (NaCl). The sohible alkali washed from the
powder 1s recycled for use in subssquent barches to eliminate any nepative environmental

impact-of the process.



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 _@g%ggqg;&goc while stirring continuously, as shown in Fi%}:ﬂl.th}_\e¥ §urfgces of the
alumino-silicate based powders are converted during this Process Step 'Fgé%ﬁgﬁ/%"gﬁemically
activated surfaces. After the Process Step 1 reaction, in Process Step 2 the activated powders are
filtered and washed“With sk watslets isichs e arDetadkentivaneforn efssdidnmenloride
(NaCl)i The saonlq%bflzetalggflli W%shed fram the powder is recycled for use in subsequent batches to
eliminate any negativé environmental impScFSTHE prote 8PP R 91 1091082448 P CI9ES81008/013734

After step 2, powders, with chernaically activated, particle surfaces, are dried in.an ampient atmosphere
g et W%% “With mn?o@%fgﬂr%ﬁé%i ‘ ﬁg{ 6 AREFEINE PoWdsHE are dry and

at low temperatures of approximately 5( Ew

remain dry befefeprsgedingde.Process;Sten QEME@E&M&”&?@EQ Jitn ap-alcohol, such as

ethylene glycol (EG), is used to 5assist with water removal and drying, although'it Is not essential,
The activatedisinfadeswaner suseguenti-capventeddn ProgassStep:3 to functionalized alkoxide
surfaces that possess a very high area density of chemically active sites, such as silanols (Si011) and
meta-stable tri-siloxaie rfigs(Si3s0ti8)rana-hydiatetiaitiminatesspecies (AJQH). 16in Pregess Step 3,
a solution of concentrated sulfuric acid and anhydrous ethylene glycol is prepared and heated in a

- distillation apPafatrsintderisite sefomeutier slovwedistieiontiey s Tresictivatsdpaaitiers from
Process Steps 1 and 2 are mixed into the solution while stirring continuously and the mixture is

brought back®td e flfe diéfiliation 5kr & el niLifBE e85 ifioH BriTs adiistSa 6% ande of

approximatelg{y%mmd alnminate species {AIOH)

10 In-Process Step 3, a-selution-of concentraied sulfuric acid and anhydrous ethylene
gyeol is prepared and heated in a-distillation apparatns under inert gas. flow until slow
gistillation begins. The activated powders from Provess Bteps | and.2 are mixed into the
selution while sirring centinuously and the mixtuare is brought back to pentle distiflagon.
After a few minutes the solution pHl is adjusied to z wvalee of approximately 2.

15 Distillation proceeds while the pH is maintained at approximately 2, adding additional
acid if necessary. The chemical resctions occurring during this process create a
functionalized alkexide surface on the powders with 2 high arca density of chemically
active sites.

Following the functionalization reaction the mixture is filtered and the powder is

20 washed with anhydrous ethanol or other appropriate aledhol unti! the sluant reaches 2 pH
value of 5 er greater. The washed finctionalized powder is further dried and stored in a

sealed container.

io



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
fitnctionalizatk%% g{eﬁa{cﬁi}:ion the mixture is filtered and the powder is 20 washed with anhydrous ethanol
or other appropfiate alcotol until the eluant reaches a pH value of .5 or JreHIER W HEHashed
functionalized powder is further dried and stored in a sealed container. WO 211091082442P CTMS
2008/013734  Thesfivrtismalized povrde cearbbegsetfod bihtheesanrenposposedasiRertland
cement, such as making concrete and mortars, but without emission of carbon dioxide during its
manufacture. TREFafEHo AR R Bo i daria s s iresa:itsulr titheakeaireietu pAl sitaridieéicmixed with
Portland cem§nt %ngssn%ndu%gﬂ _rdgr{g_}% ?chigve gwc'sde range of 5 mechanical properties and curing

times. Second Embodiment - FunctionaliZaion Procass NG™2 ¢ Vs s bo dis it artia present

invention is shown.in g;gm&@ggggr@;&%gtg%mw A klr@ il;;_rg{%gg%Ste}-%glvvyléh“%]earlgﬁminaf-5|Ilcate
based raw material in powder form, 10 such as Iindustrial power plantaﬁy ash or mining- aﬂlngs. The
raw matesialssakemixad:with-an aleohelfacid,solution at low temperatures of near OC, The chemical
reactions in Process Step | 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
Second Emboadiment — Funictionalization 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,
10 such as industrial power plant fiy ash or mining tallings. The raw materials are nibred
with an aicohol/acid solution at low temperamres of near 0°C, The chemical reactions in
Pracess Step 1 result in surface activation of the alumino-silicate powders. Afier the
surface activated powders are functionalized in Process Step 2 by reacting them with
toluene or other appropriate chain crganics at moderate temperatures of gregter than
15 H0°C subjecting the funcionglized powders to esterification and distillation: the alcoho!
and waterare removed from the system. In Process Step 3 the functionalized alumino-
silicate powders are filtered and rtesidual liquids are evaporated to produce dried
fupctionalized powders.
Soluble alkexides are yremoved from the systern during evaporation and are a
20 valuable by-product of functionalization as deseribed in Funetionalization Process No, 2
and-comprise an important part of this nvention.
The functionalized powder can be ussd for all the same purpsses as Portland

cemment, such as ‘making concrete and mortars, but without emission of carbon dioxide
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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 remqvedkggg ,J‘;}gﬁ?%%t_em _during evaporation and are a_20va|u_ab|e t% ‘Ji%%%‘{;%gf@% __I;génctionglizatian
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 andHHATS "RICNRHEE Sihiddisicnslirehmsor dicrivae wes sl to make structural
2009/082442§CtT/I%SZDQOS/.O:L%R{}é}luring its ma_nufgcture. The f_un%[\;onglized owder.can be used
itself to make Shuitiral mareraIS By ARG Vet 8 aggieydle BRG WA SFRXEF WY sHall quantities

of Portiand cemanlnd-an.agarenien. QLR i@ AEhIeYE AR range;of dasehaniaal plgeefties and

&
curing times. 5An example of using the novel functionalized powder produced by either
functionalizatipr,precess Wifample | 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 reactiaaske typicaladdiivesan be:-Rerilandcementabasriadl 8,0f:30%
functionalized powder and 20% Portland cement (by weight). A dry aggregate is intimately mixed with
the two powderstoraizhoet times# typiCataggrdgateicalides:puildets sahd addedt4t siratio of 0.6-1.0
to the powders. Water is added to the mixture of functional ized powder + additive + aggregate and
mixed until th%f%%ﬁ?éﬂ*@@ﬁéﬁgf%}?w“is reached for pouring or casting into molds, Pouting. or casting
should be done W‘ttii{ae

1c£fied Junctionalized powder-can be mixed with an additive to acceleraie the
surface polycondensation reactions. A typical additive can be Porfland cement.at aralio

10 of 80% functionalized powder and 20% Portland cement (by weight). A dry aggregate is
infimately mixed with the two powders for a shont ixme: A typical appregate can Be
builder’s sand added at a ratio of 0.6-1.0 to the powders. Water is added 1o the mixture 6f
functionalized powder + additive + aggregate and mixed until the desired consistency is
reached for pouring or casting inte molds. Pouring or casting should be done within 10

15 minates of mixing, The powred or cast structeral meatérial is.allowed to cure at-a moderate
temperature of 60-80°C for two or mors days. Compressive strengths of approximately
3.000 pounds per square inch {psi) or grester are oblained for the novel structural
materials made by the'abeve, process,

“Third Embodiment— Géo-polvmerization

20 Thepresent embodiment follows a modified geo-polymerization rouwte demonstrated by
Dravidotis et al in US Patent 3,342,595 (19%4) supprg and Jaarsveld et al in Chemical

Kz

ineering doyrnal (2002) supra. However, the present process is-significantly varied

to accommodate fast mineralization of the Fly Ash in a one step process i which the fly
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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-, e9§8§¥m§rization 20The present embodiment follows a mo,djfie@d é{géequoolymerization
route demonstrate by“f)avidotis et al in US Patent 5,342,595 (1994) su5’f€a§“’3ﬁr‘€%‘3ﬁ §véld et al in
Chemical Eneineering Journal (2002) supra, Hovvever, the present process is significantly varied to
accommodatéakt T AR IEHBEREBIFRSAIN W4 616 S5 proees iHahiba thersy two
2009/052442BCTIYS 2008/013734 ash ismixed with various grec,ur,sors and with high concentration
alkali that forms the amorphous zeolites Wi A Hard ARPS Siig S ThEPr8Tded s Miehiftrast to the
prior art that @&ﬁ%@%&%@]ﬁ&%&%ﬁ@%&&%s- 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 dissofved portion of he fly dlurth Embodiment - Nanofunctionalization of Flv Ach

This embodiment is shown in Figures Tand 8A ~ 8F, 9 and 10 and contemplaies
starting with an aluminosificate powder such.as fly ashand dissolving components of the
powaers in hydrofluoric acid. The weatment/dissclution’in hydrofluoric-acit produces a
meked hydroxide system of minerdls wherein the dissolved portion-of the fly ash

10 hydrofluoric acid solution and the un-disseived precipitate afterithe hydrofluoric acid
treatment are separately processed. The dissolved portion.of thewsolution isre-
precipitated using sodhum hydroxide snd subsequently fum‘i*é%m&}imd using provesses of
the first-or second emﬁé)tiimf:m described above in a first processing sequence. The un-
dissolved precipitate dozs not require re-precipitation and is processed as a fy ash with

15 low aluminum content and fimctionalized using processes of the first or second
embodiment described.above in 2 second processing sequence. The resultant pewder
from both the first processing sequence and the second processing sequence exhibit bulk
powderfunctionalization at nanoscale and very high-chemical activity due to the
nenometer scate of functionalization.

20 Fifth Embodiment — Punctiondlization of Silica Sand

This enfbediment uses the surface functionaiization processs in Example | or
Example 2 to render the surface of siifca sand (8102) chemically active and increage the

surface area thereby making the filler material.contribute 1o the surface condensation

19



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 procg%s'g‘gnﬁ gyence. The undissolved precipitate does not reqyg%g;giwﬁgggﬁtion 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 FPSCELEHA LEGTEH T it saéon A préed edthdusstoan e &tk Butk powder
fimetionaliza%)%g}t nanoscale and very high chemical activity due to the nanometer scale of
functionalization. 20Fitth 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 Eivth Embodiment — Foamed Funotionalization

This embodiment comtemplates modifying functionalization processesin
Examples 1, 2-and 4 by addition of tetraethyl ortho silicate (TEOS) 1o the functionalized
powders and as-received fly ash as an internal'binder to provide an.organosilicate
backbone to the mineral richumatrix. The additionof TEOS 1o the functionalized mixiure
10 increases strength and renders'the final productwater insoluble. Drying under a low
vacuum leads to-foaming of the TEOS-powder mixture thereby creating a very high
strenglhv and-Hghtweight structurs! material.

EXAMPLE | — Functionslizaton Process No. | {alkowide surfaces

The method of the present invention contermnplates a three-siep process, starting in

15 Process Step 1 with an alumino-silicate based raw material in powder form, such as

industrial power plant fiy ash or mining tailings, mining the powders with a 10 melar

NaOH agueous solution and refluxing at 120°C for 24 hours while stiring continuously.

The surfaces of the alumino-silivate powders are converted during *his Process Step |
reaction to chemically activated surfaces.

20 After the Process Step | reaction, in Process Step 2 theractivated powders are

filtered and washed with fresh water to remove residual Na9H. The NeOH washed from

the powders is recycled for use in subsequent batches to eliminate any negafive

environmental impact of the process.

20



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 runctio&@i ggggﬁyre 10 increases strength and renders the final t water insoluble.
Drying_ under a%osw vacuum leads to foaming of the TEOS-powder mixtfl%r{g%?'hgg?g @"E’:‘rjeiating avery

high strength mid Iightwei_ght structural material. EXAMPI,E 1 - Functional? ton Process No. 1 alkoxide
surfaces The methddof TR Se eI Koo tplatds’a thraakiesh proesdsrsaiigin 15

Process Step 1 with an alumino-silicate Qg%egrgw material ipH{)o.vvder form, such as industrial power

{GETRRARG tha powdarS itk s TOHTRENO T T 2t iS58 €51fffon and

plant fly ash or TmNg tailin

retluxing at 1206, 6% 24, Biauis g S0 GonRUANSIY e shElaces of e.plymig:slicate powders

are converted during this Procéss Step 1 reaction to chemically activate suﬁaces. A

Process Step:4 teactionsia &?f;@W&ﬁ@&%@%@&ﬂ%%@%@%@qﬁﬁ& filkeradiand washed with fresh
water to remove residual Na014. The Na014 washed from the powders is recycled for use in

subsequént batche§ito eliminate amfasegative ehvitppnientalimpact of trecpeecessy WO,
7009/082442PCT/ S2008/013734 The chemically activated powders are dried in ambient
atmosphere &tieiprelnpérakarédeofuafsprorimarelysS0€ With deoisture nienitorihg doiassire, the powders
are dry before proceeding to Process Step 3, A final wash with ethanol or other alcohols may be used
to assist with®WateF réifaok AP Hwy ity itTsAotedsentidlorane THeadiNatdd:suimdcbrdmedubsequently
‘convened in Process Ster 3 Eg ictionalized alkoxide surfaces that possess a high density of
chemically aé*%ﬁ?é“%ﬁ%%?%&%%{aé i%‘nols (SiOH) and meta-stable tritsitoxane rings (Si3-0H3) and

hydrated aluminateiﬁ%gj:%%(@a%@a-soitzﬁ%of; of concentrated sulfuric-acid in anhvdrous ethylene
1 glyeol is prepared and heated to approximately 150°C in & distillation apparatus under
inert gas flow until slow distillation begins,

The activated powders from Process Steps land 2 are mived into the solution
while stirring continuously and the mixture i3 broveht back to gentle distillation. Aftera
few minutes the solution pH is adjusted to a value of approximately 2. Distillation

15 proceeds for at least 4 hours while-the pH is maintained at Z; adding additional sulfuric
acid is added, if necessary. The chemical reactions occurring during this process create a
funetionalized alkoxide surface onithe powders. Following the functionalization reaction,
the mixture is fillered and the powder iz washed with anhvdrous ethanol or other
appropriate alechol until the elummt reaches a pH of 5 or greater. The washed

20 functiondlized powder is futher dried at approximately 50°C and stored in a sealed
comtainer. The functionalized powder can be used for all the same purposes as Portland
cement, such ay malking concrete and mortars, but withewt emission of carbon dioxide

during 1ts manufacture,



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 %dzﬁg%ﬂran,ixture is brought back to gentle distillation, After a few minutes the solution p1-1

is adjusted to a value of ‘gpproximately 2, Distillation 15 proceeds for at \ESSEENEH S TRile the pH is

maintained at 2; adding additional sulfuric acid is added, if necessary. The chemical reactions
occurring during thisprdeesiverdate alforetioHiretoalkoxitievsurfacs prrthespaindeis: Ratlowing the
fractionalization reaction, the mixture is filtered and the powder is washed with anhydrous ethanol or

other appropriats AIEOHEI tintietserBRinm  etiie S S BRFUTS BRefre afel TS WisHed Paiftrctionalized
powder is furl;ohe% xg_r:tiedcgé aT _rtoximat%}ﬁ/ SOC%Dd %%%%% i%a ésealed container. The functicmalized
powder can be Used Tor all the Same purposes Hs PoriaAtEemaht el ae makmycBiétete and

mortars, but withoyt.emission @f carben dioxide during its manufacture. WO
2009/1182442PCI/EIS20118/( 13734 The functionalized alumino-silicate powders have a greatly

increased surface area agrisievigiont iRithe SCANRING SIRGIRD MICLOSEORe IMagas afihe fy ash raw
material before functionalization, as shown in Fig. 3A and after functionalization, as shown in Fig. 38

using Functiorailizatibr:Rrosiss dothtirSThdunctionralized atuminpasiicate pewgersdave;newly
created chemically active alkoxide sites on their surface as is evident from FTIR spectra of the
powders befdtd@ndateiidufcienatization, as ShowniinFiigs ATih8i31-0-Ganolésulaestreiching
vibration at 1100 cm-I, the C-0 vibration at 1020cm-1 and the CH2 vibration at 1300cml are all
characteristic’§Falfatic Hikawue Seeil dresien AAn I sdrdec i uionsnalizalidhrprocess.
The functionallizeql flglz1 ashh calpo_wders \é\%{h hi hﬁsurface_; area an:_d chemically active _:alkoxide species on
the surfaceundérgo Poly-EoHUEHEStOH rEéXCHiths tE LY tRRSHGWIRFS g Starsvien exbesed to
moistureas i?uﬁx"ig’%%&%% a@éng electron microscope SEM images of the powders before

functionalization, as shown in Figs. 5A and after

The functionalized Ty ash powders with high surface area and chemieally active
atkoxide 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
umages of the powders before functionalization, as shown in Figs. SA and afier

5 functionalization, as shown in Figores SBand 5C. Fig, 5C isa magnification gréster than
seven fold that of the image in Fig, 58,

An example of using the novel functionalized powder to make 2 typical swong
structural material follows, The dried functionalized powder can be mixed with an
additive 10 accelerate the surface polycondensation reactions. A typical additive can be

20 Portland ceraent at & ratio of 80% functionalized powder and 20% Portland cement {by
weight}. A dry aggregate is intimately mixed with the two powders for 2 short time. A
typical.aggregate can be builder's sand added ut a ratio of 0:6-1:0 1o the powders. Water

ts added to the mixture of functionglized powder +additive + aggregate and mixed until



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 thg, surf Jolycondensation reactions. A typical additive ca %% Portland cement at a
ratio of 80% u§(l:%‘t%%%§§g% powder and 20% Portland cement (by weightrg)])."""{ r%mag%{g}r%%%te 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 tHié FrsmererenpriaRTyidsaqaarddthacminu s TR ioRdNgEY Jowdes saawitive +
aggregate an(%&m' d until WO 20%9/08,2442PCT/_132008/013734 the desired consistency is reached
for pouring o’ refﬁﬁ s b 2 T]Fiﬁﬁ%rﬁgggfﬁﬁﬁ%ﬁlé&d@‘ﬁ@ﬁ%ﬁ@%ﬂﬁiﬁ% short time, approximately
10 minutes, of mixing. Gu;lé;@e ggoueg&%d é%é;%%%ta ?tﬁéé%?{a I rigat @%ﬁ%& {I}Io(?/(%g t& cure _a{%&amrtr%oderate
temperature of 60-8( for several 8éys. ompressive's reng% §s of >3,0 8p5| are Sobtained for the

novel structurglmaterialgmacdehy the abave PEOcess, FXAMEL Efadminciionalizatign Rrocess No. 2
(esterificazioni The second embodiment of the present invention is also a three-step process,
wherein the Riagrss Siap:lstasting.materiakis:an akamnassilicate pasesraw material in powder form,
such as industrial power plant fly ash or mining tailings. Thc raw materials 10Etre mixed with an
alcohol or ethylene glycalfasigiBblufiorFatiovwtéinpe soRNnear festdremical reactions in
Process Step I restfit in surface activation of the aluminosilicate powders, and prevent buildup of
unwanted by-produdts: AftepdnerreabusiinStep prefraisurfagecactivalied Howiersmgfarictionalized in

Process Step 2 by transferring the activated slurry into a reactor containing toluene or other
appropriate Cﬁf&ﬁ;ﬁ@g}é%%gcas&: Step 1 starting matefial is an alumino-silicate based raw material in

SOMHESITHDE

powder Torm, such-as-industrizl powsr plant fiv ash or mining tailings. The taw materials

Wi gre mixed with an gleohol or ethvlene glyoolacid solution at low temperatures of near
BC. The chemical reactions in Process. Btep 1oresult in surface activation of the alumino-
silicate powders, and prevent buildup of unwanted by-produets, Afterthe reaction in Step
1, the surface activated powders arg functionalized in Process Step 2 by transferring the
activated shury inte a8 reactor comtaining toluens or other appropriate chain organics

15 maintained at moderate temperatures of greater than 100°C causing esterification and
distilation of the surface activated powders which become Tunctionalized before the
aleohol and water are removed from the system. In Process Step 3 the Runctionalized
atumino-siticate powders are filtered and residual iicgé:ids;.-ar@-zifsaazmraﬁﬁé’”zro produce dried
fanctionalized powders.

20 EXAMPLE 3~ Modified Geo-Palvmerization

The raw materials for the process in the present example are industrially obtained
fly ash and common chemicals such ascaleium nitrate, sodium chipride and polvethylene

glyveol, Tt isra-ong step process in-which the fly ash is mixed with various precursors and
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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] quui%@a;&w%gg%rated to produce dried fimetirmal ized powders, 20EXAMPLE 3 - Modified
Geo-Polvmerization’ "heraw materials for the process in the presentpg%?ﬁﬁ%&{ﬁ?é?ﬁ%dustrially
obtained fly ash and common chemicals such as calcium nitrate, sodium chloride and polyethylene
glycol. Itis a S dtgh Frocessiivviibrliibanyas idmixemhithsvaridias préisdrsorshand MO 2009M
2442PCTRIS2008/013734 with high concentration alkali that forms the amorphous zeolites which are
hard and stro%%?ﬂg' Based upon the initial Al-Si-Ca ratio (obtained by the Energy Dispersive analysis
of the as received fly.ash) the process; calls. for mixi f.various precursors, specifically 5 sodium and
calcium. The specif%arsagﬁgl agsﬁﬁggie%% u*%a‘d%f & *0%182@\}’3 |gﬁdo%%—§|% %ﬂﬁ%&ﬁfé YT eie
geo-polymerizatiol N G-Silig: inerals, .k lonal M. of Mineral Processing, 59, 247-266
(2000), and s%%%gﬁﬁﬁgg gﬁ?&iﬁ%%%%ﬁ&g%rﬁ%gﬁ S et f‘é’&%‘?ﬁisom,w
and/or satlalitedalunainbsilica:caiidneexide iy 84:2hak 1040)nd QRtecHIsr s Hsed inthe present
examples include table salt (sodium chloride) for providing excess sodium content and calcium nitrate
for providing &ezasd callitm g0 01 %:byneight otpdivetiidenergiveat (MW 53400) wasrused as the
binder. The dry precursors were mixed with as obtained fly ash and builder's sand as aggregate in a

WashL fhpasiingsaitd 2ealdianAitPatandsepioihcehiotidectd Mesaetisnin Sipdroxide
11:0.04:0,01:0.4). Addition of an alkali is important for the chemical activation and dissolution of the
various oxide PHIHEVATE I EecRaRRRATON OF il ot Db vh RS SRTENE {6 oMz Thieresginant mixture
was mixed ur}ﬁt}i{l&dﬁ%fﬂﬁgﬁsﬁ%gy is reached for pouring or casting into moulds.

10 Precursors used.in the present &xampm mclude table salt (sodivm chioride) for
providing excess sodinm confent and caloium nitrate for providing desired caleium. A
G01% by weight of polyethylene glycol (MW = 3400) was used as the binder. The dry
precursors wereamixed with as obtained fly ash and builder's sand as-aggregate in a fixed
ratic by weight (fly ash : sand : calcinm nitrate : sodium chieride : I0M sodium
hydroxide = 1:1:0.04:0.01:0.4). Addition of an alkall is important for the chemical
activation and dissolution of the various oxids minerals. Concentration of alkali can be
varied from 5M to 10M. The resultant mixture was mixed wnti] a desired consistency is
reached for pouring or casting into moulds,
The poured or cast mainéral is allowed to cure at room temperature for 24 hours
20 followed by cwing at moderate temperature (80°C) o allow poly-condensation -of
minerals, Upon curing, the resultant aggregate tums into amorphous fo partialiy
amorphous state as demeonstrated by the XRD results in Fig. 65 The absence and reduced

intensity of specific peaks of mullite and quartz from the original fiy ash shows that the
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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 abs ] % reduced intensity of specific peaks of mullite qu_ gtz from the original fly
ash shows that' t {'{é} &W’AE 01)9/082442PCT/US2008/0 | 3734 amorphous sta %%\}yva]g;gc ieved upon
curing at 80C for 24 hours. Curing at room temperature does not lead to amorphization as shown by-

the XRD resGRETRIER, 8B RET R RN EastiREE SRicesy ate dK5in fife, BbIThe process
can be used @Q c%mgpea ioﬁn \(vi'% Ei@m ole | wherein a specific ratig of surface functionalized fly ash
can 5 be mixed with non-tunctionanzed Ty AFAINE BoMESHL SHdh AR b&adRduddEnyaaddiion of an
alkali like sod;j (i PLE 4 - Nang-Funationalization of Fly Ash , The Qulk
functionalizact%lggg o%ﬁgiig%v&a%ég%e&d%ﬁsaasmaﬁ é"i"fyéq?nlgtf%g’tcz)%w ace’ f%&sﬁo?ﬁagli?gt%sﬁ y'dissolving
the componerts ahioashiin S drafluatic AGIA LA The disseluipn et by ashin JF s followed
by re-precipitation using 1-101A sodium hydroxide (or ammonia) produced mixed hydroxide systems
of minerals. Bhenbudk trilkathivydronigesviquld:-befinctionalizeshusinaa similan presedurs as
described in detail in the following steps: Step I: 200gms of raw Fly Ash powder was dissolved in
150m1 of hyéfstudidi iGawidifREMdTddeaction 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 adéegd-iatse siesipfad DiloReaBiohsvas allowed to cease before

the addition of next(}l,%%%f !_“:Y A part of the fly ash is isolved in FIF while rest of it remains as a
precipitate. The additioR'bf HEWARLTHEES WheATAI firfisred out as an alternative to surface

funetionalization by dissolving the components of fly ash in 30% hydrsfiuoric acid (HF ).

=il 2 ine 1=V degbny

10 The dissolution of Ay ash in HF is followed by re-precipitation using 1-10M sodium
hyidroxide {or ammonia) produced roixed hydroxide systems of minerals. The bulk mixed
hydroxides would be functionalized using # similar procedurs as described in detail in the
following steps:

Step 1t 200gms of raw Fly Ash powder was dissolved in 150mi of hydrofluoric

-
LA

actd (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® fluoropolymer resin beaker,
Hydrofluoric acid (HF) was added insmall increments of 10m]. Reaction was allowed to
cease before the addition ofnext lot of HF. A part of the flv ash is dissolved in HF while
rest of it remains a5 a precipitate. The addition of HF was stopped when ne further
20 reaction was observed npon addition of HF,

Step 2t The above solution was separated using a cenfrifuge and the supernatant
{henceforth called as 8) was removed from the precipitate (P). Solution $ was treated

with I0M sodium hydroxide until the precipitation ceases. It was observed that



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
2009/082442PC 1 /E152008/013734 precipitation follows through few stag .:%ﬁ%&)&?{ change which
suggests the precipé)g%%mn of various hydroxides/oxides upon addition of | AOF About 50m1 of NaOH
was added to the su ern%\flant S. The resulting precipitate was filtered using 5micron filter paper and

the precipitat%rev%/"g’ét R %ﬁ%ﬁﬁa%ﬁgﬁé’as %??iﬁfi'ﬁlﬁfé}-%%wg&ﬁéﬁgﬁéﬁfEﬁﬁ@ﬁiﬁ% SP and
was yolow Q. TSy N PECIUAISB.r0m s £ s alsq retes i) 10W NagH. The

reaction follovveci same sequence of reaction as'in step

micron filter ipit Adri ad.no f hing was undertaken. It must be noted
that after filtgr?r?ﬁa%g%gé%%n%s%&%t;\%%ﬁ %g%%}%@%ﬁg% |n%%%8&f%?%1e?§s€§9nﬁ ’fﬁ’g)ﬁié@ to ensure
complete pregipitationietyariausshydroxides: This.wilbe.called PR andwag lightggeyingolor.  In
the next step, 100gm of yellow; supernatant precipitate (SP) was treated with 200m1 of butanol and
refluxed for 2:B:hpims: &P LB30GwA ppiloximately. 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 filtefé@usitty Benietei filtdr paptrrafdwwashed usimg acston8Mt Meigfoldhd that the
ethanol reacts with the precipitate and was thus avoided. The powder obtained was white in color,
Figures 8A - BESHO RS SERIASERATINE T THSCOIGE oF fHEP poritictp aTHEIBs s addiRist various

chemical Teaiig R0 At A IR SRR TP I8geve o a.2upgier, Fio- 88

upderiaken. T must be noted that after filtering the resultant solution was tested by adding
10 furher sodium hydroxide to ensure complete precipitation of various hydroxides. This
will be called PP and was Hght pray ineolor.

I the mext step, 100gm of vellow, supernatant precipitate (8P) was freated with
200ml of butanol and refluxed for 2.5 houss at 130°C,  Apmroximately 10-20ml of
sulfuric acid is added st the start of and during the refluxing treatment 1o meintaina low

15 pH (less than 2.0} of the solution. The resultant precipitate was filtered using § rmicron
filter paper and washed using acetone. B was found that the ethenol reacts with the
precipitate and was thus avoided. The powder obtained was whitein color. Figures 84 -
BE show the gradual change in-the dolor of the powder particles as a result of verious
chensical treatments.

20 Fig. 84 182 datk grey colored fly ash as received from asupplier. Fig. 8B shows
un-dissolved portion of fly ash dfter treatment with. hydrofiuorie acid (HF) and sodiom
hydroxide peutralization. Fig. 8C shows the un-dissolved fly ash that is nano-

functionalized, with ultra-fine particles that are lght grey in color. resprecipitated using
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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 hydrqxide  Fid, 8D shows the light yellow color of the dissolved fky %itha, is re-precipitated
using sodiumqﬁgaﬁ%%%zéggefore treatment with butanol and refluxed with ﬁe%ﬁé é’f{%{ﬁ"’o’f%ulfuric acid.

Fig. 8E is the nano-functionalized fly ash with ultra-fine, nano-sized particles that are white in color.
5100gms of tHd IghD ey e cipiafd (BPYWHis gt b dess vt Bprisipitatefronh Stepis was also
processed in a similar manner as 100gms of SP. by refluxing for 2,5 hours, in butanol, adding sulfuric
acid to maintﬁﬁ%%ﬁ@gﬁﬁs%égéﬁégﬁéﬁﬁ ?e?ﬁ%r%lf‘f&%?ﬁiﬁ’ﬁi?n%u&%%iﬁﬂgf?ﬁ]ﬁ’ﬁ’ée‘fﬁﬁ’é. The
resultant po rinthis case has a lighter geey.color than the original,:trey precipitate (PP), 10The
initial hydro%%%i%%%%gtﬁeﬁas{%m%ﬁt%i%%‘%épgf%ilggcf%%% s“%e%?‘%ﬁ%%@%?ﬁ%é‘ﬁ"? Y é"’é’g} %’tar%%‘f’an of the

minerals are gigsalved Jhedn-digselved:Rarign.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 aswgsaribeehinikis: Fandtheresulis; similar to theRanestunctionalizadion of fly
ash. It is the dissolved 15 portion that is precipitated as ultra-fine, nano-sized hydroxide particles
using NaOhi.ifre Hittrd-fine gartiviesare thenfuietionadized USingroplysStep 2fbfthe funttionalization
process since the patrticles are already hydroxides; the result is the ultra-fine "nanofunctionalized"
powder showifiisRfybeenel, adding sulfuric acid to maintain & pH value of less than 2.0, filtering
and washing the precipitate in acetone. The resultant powder in this case has a lighter
grey colowthan the original grev precipitate (PP)
10 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 moissing the components that wers
dissolved-in HF. The un-dissolved portion can bo functionalized as described in Fig, 7
and the result is similar to the nano-funcBionalization of fiy msh. It is the dissolved
15 portion that is precipitated as ultra-fine, nano-sized hydrowide particles using NaOH, The
ultre~fine particles are then functionalized using onlv Step 2 of the functionalization
process since the particles are already hydroxides; the result is the ultta-fine “nano-

functionalized” powder shovwn in Fig. 8E.

EXAMPLE 5 — Funchiopalization of Silica Sand

20 The Aimctionalization-of sand was achieved using 2 similar procedure as shown in
Example 1. The raw material it this case wasonly sand ora mixture of fiy-ash and sand.
The praciple and the procedurs remain thesame and prove that the processof

functionalization is universal with respee! to oxide and mixed oxide surfaces. The end



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 j jyersal with respect to oxide and mixed oxide surf %% end. WO
21)09/08244Q2’%9C£T %[;Sg %08/111373-1 product after step 2 yields a mate%i%gig \%EI% E?giﬁ%é%\:wtly higher
surface area as listed in Table 1 supra.  Silica sand, in its natural state, does not have a reactive
surface, so tHEPYE ABEREmicEIHGRITY BEtabrs S SantvdHa S YHRetiBrAIR g Bsh particles. By
5functiona|izi@gF§]Q% sﬁar}d, the same bonds that form between fly ash particles also form between fly
ash and sand’ “The fufictionalization of sand makes the concrete stronger. EXAMPLE 6 - Foamed
Functionalimion of i,sfy 1, 106, [eRIS miperalization of flash can ke mprpued fyrther by addition
of Tetraethyl Ortho-silicate (TEOS) as an interna ‘binder which can provuﬁe an organo- 10 silicate
backbone to the:minesatdich taatix.and Mersase.dherstisngid. ofthematrixy manifolds. The addition
of TEOS also makes the final component water insoluble rendering an' improved performance over
conventidnallfasainesslirains eautis:d Badtypicalreartiorndf-400b ohhhR8 canke mixed with 50%
-60% of industrially available fly ash and 3540% silica sand, Additives such as calcium nitrate, sodium
chloride and betweexn fly ash and sand. The functionalization of sand makes the.concrete stronger.

EXATPLE 6 ~ Foamed Functionalizetion of Flv Ash

The rapid mineralization of fly ash can be mnproved fimther by addition of

Tetraethyl Ortho-silicate (TEOSY as an internal binder which can provide an organc-

10 silicate backbone fv the mineral rich matrbx and inctease the strength-of the matrix by
manifolds. The addition of TEOS glso makes the fingl component water insolfuble
rendering an improved. 'psszc;rmmeé over conventionally mineralized products. I|n 2
typical reaction 15-40% of TEQS can be mized with 0% -60% of industrially available
fly ash and 35-40% silica sand. Additives such as calcium nitrate, sodium chleride and

13 _paiyethyia& glyeol (Mol w800 - 34005 could be used as specific agents 0 obtain 0.2:
0.5: 0.3 vatio of THOS: Fly Asgh: 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 sodinm hydroxide
to obiain shurry uniil 4 desired consistency is reached for pouring into the moulds. The

20 alkali isimporfantto oblain chemical activation and dissolution of various oxides present
in:fly ash. The concentration oftthe alkali was varied from 5-10h4 .aérid:=.-zz:%1¢- casted moulds
were dried al room temperature for 24 howrs followed by drying ai@‘*{ﬁfm another 24

hours, To introduce the porosity in the sample the melds were dried in vacuwm. During
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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 s%%l Q rggdde to obtain slurry until a desired consistency %ﬁ%%ﬂ Mg,,r, Pouring into the
) 343 P . . . . . ' .
moulds. The 2 gha%%s Important to obtain chemical activation and dlssilgfutlon% various oxides

present in fly ash, The concentration of the alkali was varied from 5-10M and the casted moulds were

dried at room t&fiBPATAAFEFST A% BN E o WET Y-SR A PEUE TofaRBHIET 24 BEWETIe introduce

the porosity in the sample the molds were dried in.}\’/ac_uu_rgé Durin WC&E_2009/982442PCT/U8200
rBeess And uRTar the varulm Ge&ia: p%rg%i%?ﬁ% 1o ATRRPIRCtFE 45T e, Another

113734 the drying process and under the vacuum,
procedure to cuum-ia: st A above.th iling point.of TEOS. The
curing time oﬁf%%%%%%igifﬁgﬁy?g%ﬁé%n% glngtal%e%a% d%%&gé?%ﬁlc%\%%oiﬁs %%%‘é%%é g%e%? - Ethanol
can be used fagmaedifying 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, alcohtteancentiationean becused te:ceptiabihR chidagtimeief thamixxAleohol
concentration in the mixture can be varied from approximately 5% to approximately 25% 10 to alter
the curing tinfbeframeshderbrbirtinutstitothé 8% HeVerioseverditionrs:at the P506 |éVeksThe foaming
produces very light weight, porous, structural material as shown in Figure 13. The average weight
of a molded GPihSPFEEFSHIERIFEEpiBcRth AL IS a e Rimatsijat saci i arafiater Byliapproximately 2

inches in height is roximately IS t
%Pm&ia@?ezgmﬁmmﬁmay cat %@ used to control the ouring time of the mix. Alcohol

soncentration in the mixture car be varied from appreximately 5% to approximately 25%
10 1o alier the curing time from under one minute af the 5% level to several hours at the 28Y%
level. The foaming produces very light welght, porous, structura] material as shown in
Figure 13,
The average weight of a molded cylindrical structural piece that is approximately
I inch in diameter by approximatély 2 inches in height is approximately 18 to
15 approximately 24 grams as compared to-a weight of approximately 30 to approximately
40 grams for fiy ash and cement based meolds of the same dimensions. The foamed
materialican easily bear the load of 2 2 ton vehiclewithout cracking or fracturing,
In the Examples below the Casting of Molds and Control of Cunng Time is
diserigsed.

243 EXAMPLE 7 — Casting Conventional Molds

Muolds were cast using functionalized Fly Ash from both SFand PP Theratio of
Fly Ash to cement was 75:25 and sand was used as an aggregaie. To'be previse 60 grams

Fly Ash + 20 grams cement + 40 grams of sand was used. It was found fhat the reaction
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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 Qf, J,lm[] J e is discussed. 20EXAMPLE 7- Casting Conventional M ~ Molds were
cast using fu%%%éné’l%ge- Fly Ash from both SP and PP. The ratio of Fly %\éh 0 ggﬁ%%%@vas 75:25 and
sand was used as an r’;\g%re%%ate,. To be precise 60 grams Fly Ash + 20 grams cement + 40 grams of

AR tOURT TR RS SR REH R G BbBO T4 a0 BES 10 JrreogaszaiiEextremely

JRE
sand was used.)f was fo

exothermic angc __-__Rggqiﬁice jeat in excess of 60C. to.approximately 80 C and requires more than
control sample to obtain the desire ﬂcﬁnsﬁﬁ%ﬁ%ﬁﬁ??ﬁﬁr{% o} ée{: BIEt8 Cast ifto THBIE Due to the

fast exothermic salienthe £asiad melds reashedadried statewithin 5 minutes where it retains the

shape. The curing however was done to 5 increase the strength in a moisture cori’[roﬁ%gfﬁg énvironment.

The cylindricatimicids: measuringihinchinrdiametarand:24pches iBbgightwuere cashgs 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 dayscassx cbmpletetyhneutralizés produstcTae moldednmateriad inFigi:24s arsated using
nanofunctionalized fly ash mixed with regular Portland cement and 10 sand as the aggregate in a
70:30 ratio ofisafisfandtionalizctdatesie dambnt, ircspeittivedy: Tise stréngth of e Besiting concrete
will depend on the drying speed of the concrete. A very fast drying speed as achieved in this mold will

result in Iow&?ﬁ&%ﬁ@%ﬁ%ﬁ@fﬁ%f%@é??‘aﬂ&gﬁc?@ié?fﬁ%@wwmfi%ir§§3ﬁ’d§jiﬁv§%§€§ﬁdﬁ§s water
e Ao 2 ol e e oy sl
Fig. 9 1s created using nanofunctionalized fly ash-mixed with regular Portland cement and
10 sand as-the sgpregate in 2 70:30 ratic of nancfunctionalized fiy ash to cement,
respectively. The strength of the resulting conerete will depend on the drying spead of
the concrete. A very fast drying &pﬁeﬂaﬁ;aﬁﬁi@eﬁi inthis mold will result in lowering the
strengih of the overall concrete. However, by using additives, such as water retardants,
the drying can be controlied and the resulting concrete will have very high structurs!
15 strengih.

EXAMPLE § — Casting and Curine Cement Free Maolds

Molds were cast using nanefunctionalized iy ash as a binder due o the extremely
exothermic reaction during the casting of only nanofunctionalized fly ash. This particular
casting used nanofunctionslized fly ash as the binder and filler instead of cement thereby

20 producing a 100% cement free structural material. The molds were casted using 70%
famctionalized fly-ash from Examples 1 and 2 and used 30% nancfunctionalized fiv ash
from Example 4 and sand was used as filler. The molds from the process are showr in

Fig. 10. The curing is followed by increase in volume thereby creating porous product
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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. Th%q%fﬁgg%casted using 70% functionalized fly ash from ?ﬁ% L‘ﬁﬁgkﬁ. ( 42 and used
30% nanofunctionalized fly ash from Example 4 and sand was used as filler. The molds from the
b

process are shown in Fig, 10. The curing is followed by increase in volume thereby creating porous

product WO SH08/58%05 bohie sz st reRenornpetdERt R fihcliBhamiag and the
nanofunctionalized fly ash. The curing can be varied by controlling the pH of the final product from |
ote o maEe e B b e D R R b 0 T Y AL TABE of e
processes aq@-—@i%@@@s‘-’&%ﬁ1_95&?%@5&%%@8%&%@6 5 manufacture of structural materials without

the release of carbon products into the environment. The present invention also provides structural
materials with propetiggeauivalentterRertand.cement:hased coneretepioductsfLMANALS and
without the emission of carbon compounds characteristic of the manufacture of Portland cement. The
inventionsprovidesiaimetho dfor suifacaattivatiohanditmelionalizatenef ilwmine- ilacsiligate based
raw materials, such as industrial pri WU plant fly a.sh or mining tailings, such that the surface
functionalized'pewdiersicanibe mixenl withraggrelgyates ddd watetta formed Hardenedmatesial suitable
for use in coristructiom The present invention is destined to have a significant commercial demand.
While the invEHSHITASDERHRECRITEH TARIBSEMTRPARSHCAN @S HeRFFTh 215 Vst (8etris of
certain embodiments or modifications which it has presumed in practice, the scope of the invention is
not intended T8'BE RSP SASHR TP BB HBEHEF IS BE il fﬁ@?@ﬁ\}‘&?f@giﬁp&‘iﬁ@ﬂ%ﬂ?ﬁﬁﬁ‘&if%ions or
embodimentsi 83 may be &gggested % t!;l?_ %e hings Bhezri%iip are Pﬁag@\gﬁ)ﬂqjgg% _resery%gaggggcially as

L IIVERTGR BF S & Tei: BUTMACE 25y Lion O
they fall within the breadth and'scope of the ¢ aims héré appended, W& ¢iaim: °

W silicate based raw materials, sneh aw industrial power plant 8y ash or mining tailings,
such that the surface functionalized powders can be mixed with aggregates and water-to
form & hardened material suitable for ‘use in construction. The present imvention ig

destined to have g sionificant commereis! demand,

While the invention has been described, disclosed, ilustrated and shown in

15 various terms of certain embodiments or modifications which it has presumed i practice,
the scope of the invention is notintended to be, nor showld it be deemed to be, Hmited
thereby and such other medifications or embodiments as mav be suggested by the
teachings heérsin-are particularly reserved especially as they fall within the breadth and

scope of the claimis here appended.



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 (1) 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
compou ,%Lhe process and method of claim 1, wherein the alumino-silicate based powder is
selected rom 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 |, whesginhe teating ebthe-enmder wilbiliakida eaganholanthekinslidrssrefluxing,
stirring and distilling the mixture (I) at temperatures in a range between 120 C to 150 C.
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 (1) wherein the powder
becomes functionalized with each particle having a chemically active surface area; and
¢) 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 (1) at temperatures ina

range between 120 °C to 130 °C.
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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

a'“mino?"‘caterﬁ?%%c@(z%wﬂ% having a plsalivsof prricles dkmixing de,Pawderwitha diguid reagent

to form mixture refluxing and stirring mixture (I) continuously for 24 hours to form mixture (lI)

with surfﬁ%&g@/ﬁt&egnpgymgw%@% 4 ho®hk Weshingixture (IT) with water to remove residual

liquid reagent and drying the washed mixture (ll) 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 patrticle

surface. 8. The\piRgessAnd neihpepfclnitd, Wheisinsie.alupaingcsilinatabaseetpavdet is selected

from the group consisting of industrial power plant fly-ash, mining tailings, sand and mixtures thereof.

9. The pppsass andomathad afelaim 7, puhereindhediquishsiagenit issadiine iy draxides(NaOH).
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.

T 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};

¢) refluxing and stirring mixture (I) continuously for 24 hours to form mixture (lI)
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:

¢) 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.

L2
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10. The process and method of claim 9, wherein the liquid reagent is a 10 molar solution of Na0O1-1.
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 clairyf, thatJurther incliges A washingaldhs functionalized Rowdssuithanldreus ethanol

until the eluant reaches a pH of 5. dried and stored in a sealed container. 16.The process and method

of claim 35, whersin the washeshlstionalizedpawdalistied Alaampaiaineel, 3e-degrees C. 17.A

process and method for preparing functionalized alumino-silicate powders, comprising the steps of:
a) selecting.ap alymipe-silicate based powder;

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 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 nert 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.



b) mixing the powder with an alcohol/acid solution at low temperatures to form mixture (1); 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 poyder i,selected from the giospsansisiingirbindustrialarwet adtdlyashomiring tailings,

sand and mixtures thereof glycol/sulfuric acid. 20. he process and method of claim 19, wherein the

alcohol/agidislytion.is imixed withthgialumino-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.

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};

¢} 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,
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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
partlc!eg; b) dissolving the bulk powder in a hydrofluoric acid solution to form mixture (1V)
containing dissolved powder and un-dissolved precipitate; c) separating the dissolved powder in

HF solu_tion f_rom 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 SeaUEnSFiecs: hPIE IEPIRERSIAG. SEauNGR. s ssolied powler (nifpeciptated

using so ide to produce a mixed hydroxide system of minerals; WO
20E19/1%%g§c]4;ﬁg[élg§§1018/0 | 3734 e) the mixed hydroxide system of minerals is

function 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;

20.  he process and method of claim 19, wherein the alcohol/acid solution is mixed with

the alumino-silicate based powder at temperatures of O 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
pafticles;

b) dissolving the bulk powder in a hydrofluoric acid solution to form mixture (IV)
containing dissolved powder and un-dissolved precipitate;

¢) separating the dissoived 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;



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 Q@&Q{i&f ﬁgtionglized and form an ultra-_fine, _b_ulk powder Withpna_r;]%%%&?q Z&rticles. 24.The
process and method of claim 23, wherein the alumino-silicate based pow&gf 088 Eted from the
group consisting of industrial power plant fly-ash, mining tailings, 15 sand and mixtures thereof

e} the mixed hydroxide system of minerals is functionalized;
£y nano-sized plurality of white colored bulk functionalized product is recovered

fromy the first processing sequence;

g} v the second processing sequence, the.un-dissolved precipitate is dried to form

(& 4]

atumino-silicate based powder with low aluminum content;

b} the precipitate with low aluminum content is functionslized;

i) & neno-sized plurality of light grey colored fonctionalized product is recovered
from the second processing sequence; and

1) the alumino-silicate based powder from the first processing sequence and the
10 second processing sequence is nano-functionalized and form an vlira-fine, bulk powder

with nano-sized particles.

4. The process and method of ¢laim 23, wherein the alumino-silicate based powder
is selected from the group consisting of industrial power plant flv-ash, mining tailings,

15 sandand mivturestherest



