NANO LI NKED METALLOCENE CATALYST COWVPOSI TI ONS AND THEI R POLYMER PRODUCTS
BACKGROUND OF THE | NVENTI ON The present invention relates generally to the
field of wbhebiwnspabynerizati on catal ysis, catalyst conmpesiriisesns/o13vet hods
for the polynerization and copol yneri zati on of ol efins, and pol yol ef ns.
Mor e speci fj I hi nvention relates to_nano- Ilnked di nucl ear

net al | ocenémlﬁl}q&%]ﬁt WEBHNEARLINSER CARBNKEMISEHMNSunds. A
di nucl ear netal | ocene conmpound can be produced via an ol efin netathesis

reaction, for examlatioRelatiOMe deflefi i Priobyy frotk U, gqqgwsx%gs tet618- 3622.

Aefin rretathe5|s Is a catalytic reaction between conpoun at contain

olefinic L&t (‘ﬁ%)a re often ed in an
ol efin 'tgg?l eaglmg SE@%?%I??& (l?lnsl dfél 3?’2%?&§g%7’1rﬂﬁﬁ A r?? ‘r{&‘ﬂfﬁé& en,

nmol ybdenum or n kel RY OF THE | NVENTI ON The present invention
gener IynF%‘ipﬁfaé ‘%%’elﬁéw st conpositions, nethods for preparing
catal yst conpositions, nethods for usi ng the catal yst conpositions to

pol yneri ze ol efins, t he pol ynEPEIrIAQFnTaH ANMENHQN| ng such cat al yst
conpositions, and artlcles produced using these polyner resins. In
particul ar, thEhipimsation relatentd sruchedlahaeridlo andrin phitickze tofiprocekseaand

net al | ocene conpounds and catal yst conpositions enpl oyi ng such conpounds.

Cat al yst methpasof makifg afd bedpating proalers lahd K&@pedifiones GFaindRindlizACR0Shano-
conpounds of the present Invention can be used to produce, for exanple,

et hyl ene- Hias@shall QEPARMYABREificAB davk ARAINAIEE Rfh gircgﬁrtws%ﬁﬁﬂ%ﬂehp%%l% di scl oses

novel dinuclear netall ocene conpounds havin ocene nol eties

i nk b I t of.th

 nvent) oﬁ mﬁéfgéﬁﬁ?@ﬁacf%;b?océ@%%%ﬁé%ﬁav sPR e it LR - o
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Subst 1 t ut BRI FRRECHI Y pisd carogP GHEPP IO E R PGS LR o

conmbi nation thereof; X is a substitut ed cycl opent adi enyl , indenyl, or
f I uor eny| MaREgIurefPosiandiqemesht s on X3 other than a bridging group
i ndependently are a hydrogen atomor a substituted or unsubstituted al kyl

or al kenyl group; X4 is a BACKIGROENI:ANDHPRHOBARTY! , indenyl, or

fluorenyl group, any substituents on X4 other than the bridging group and

an al kenyl i nincrgsgoDespbomndioptizdanhd snvidoanRnhiaY 0@ MsfcRTedwith tRéIBadet t ut ed
~or unsubstituted al kyl or al kenyl group;

15 of global warming, the greenhouse effect. Portland cement manufacture is a very large

contributor to the carbon dioxide emissions with approximately 0.9 ton of carbon dioxide
emitted for every ton of cement made. Concrete is second only to water as the most
consumed substance in the world (hundreds of millions of tons worldwide) and Portland
cement, with its huge carbon footprint, is the principal ingredient in concrete.

20 The chemical process of making Portland cement is the reaction of limestone
(calcium carbonate) with clay (hydrated alumino-silicate) at high temperatures. This
elevated chemical reaction, called calcination, releases carbon dioxide to the atmosphere

at a very high rate, for example, about 60% of the emissions from a cement plant. The



Al is a substituted or unsubstituted bridging group conprising either a
cyclic group of 5 to 8 carbon atons, a bridging chain of 2 to 5 carbon
atons, orwea2o@visea2 silicon, germanium tin, boron, nitPOYAIS2008/013780sphor us
bridgi ng atom any substituents on Al i ndependently are a hydrogen atom or
a substituted or unsubst'%uted,aLiphath, aromatic, or cyclic group, or a
conbi nat i Y&h f%%%tpr,eswi oF calcjgatiop reagfionsgrequire earpbistign of caibep pasegfuels gy
and Rz independently are a hydrogen atom or a substituted or unsubstituted
al i phat i candzare rspersible forghont 40%rod ths, envissiensccefithe pememplattier eof ; and n is an
integer in a range fromO to 12, inclusive. with the proviso that Al is not
a silicon bri dfheapot amentioaed fratdrs Xkoeindd XdthaP@tlahd cerhére nadmufgcturb @bdinoX3 and
X4 are cycl opent adi enyl groups, E is carbon, R« , Rg , and Rz are each

hydrogen i Rptacedbs therd & R@eahatt@nbe doat b YifucE 0apOR Ididh98S emRRioAk Hodat hese
nano- | i nked di nucl ear netal |l ocene conpounds are al so provided by the

present | Qyentiskht. THuO RefS REEleat ﬁggtf;:ﬁﬁjo%rg taggﬁqaﬂ?é td q‘#{%l%rﬁj eSmbasedeyhi ch

conpri ses a contact product of “at I nucl ear ocene conpound

and at Ie@c)%tc g £ %?&npbfﬁf'ﬁc%ﬁg .f{om at | east one al um noxane conpound,
"G a1 Ne oMot &E

S
at | east one organozin | east one or ganoboron or organoborate

conpound, at |east one ionizi ionic c und, or, any cqnbi nation thereof.
In this as pectﬁupﬁ”é)uaiaﬁﬁr&a@%ﬁsr}%ﬁﬁ%SﬂhWeagagbvﬁﬁqsr?@&reSBB?/éuqcﬁssf gfy a?(l).

I n anot her aspect, a catal yst conposition conprising a contact product of
at | east Bherogpefuef apl heming pewvise naipouperdeed avoridvside ignlarge quantities
activator-support is provided. This catal yst conposition can further

conpri se amuhldgst.g.ohendredrobalilions ofmtasnplyuasti, caasbensddedde conbrete mixtures
co-catalysts. In these and other aspects, the at |east one dinuclear

net al lpocete cdypbondl 0% celheclledst pesducvh anidlly ¥luseddnedntRéepandeivuky are
a halide or a substituted or unsubstituted aliphatic, aromatic, or cyclic

group, Or relsdn@NRI RRChOMa WBESIEST theXRe loF R a%HtlﬁtciohweFedisciﬁé‘tl iﬁﬁﬁgk qgé ggixa'ah_

i ndenyl, or fluorenyl group, any substituents on X3 other t gi ng
group ind ydr ato r.a tituted or unsubskiiuted
al kyl or %glﬁgg%{{!ﬁ)g%%%?s ?(tz}fgl goglggeggg%i %et%égl co?é Il?%epecr?:f!l Fér(??eenafl télsicﬁﬁfg(ﬁ]yf)y or

fluorenyl _gr.oup, .an bst.i t s Qn X4 ot her .than the bridgin roup and
an ' al kenyRAvinSRE GO LSRG o iphesrtions dirrBy e gmropess SHBERe f Lt e
or unsubstituted al kyl or alkenyl group; Al is a substituted or
unsubst i t¢ffests o corpralg Ghowsh werhehavendifferenty depending jon the dvpe of Pertlapd 8
carbon atons, a bridging chain of 2 to 5 carbon atons, or a carbon,

15  cement used (types I-IV) since they have different chemical compositions. (Popovics,

1982).

Liskowitz et al. in US Patent 6,802,898 B1, (2004) describes a method for
preparing fly ash for high compressive strength concrete and mortar and shows that it is
possible to increase the strength of concrete containing fly ash by grinding the fly ash to a

20  desired size distribution and increasing the yield of fly ash that can be used in a speciﬁc
mixture of concrete. However, the percentage of fly ash that can be used in a concrete
mix with Portland cement even with grinding to a specific size distribution of particles is

limited to 10-50%. The costs and maintenance of agglomerated free fly ash powders



silicon, germanium tin, boron, nitrogen, or phosphorus bridging atom
anysubstituents on Al independently are a hydrogen atom or a substituted
or unsubswotowed24aRi phatic, aromatic, or cyclic group, @CTAISc@siI3TaLi on
thereof; Mis Zr, Hf, or Ti; Eis carbon or silicon; Rx , Rg, and Rz

i ndependent |y .are a hydrogen m or a.substitute r .unsubstituted

al i phat i cl,lmﬁgg??a'ﬁec?fj%}s E?Sista:ui- 8? geRgretgn SHéSr’rﬁP'ﬁ%l?X gﬁ’"ﬁﬁi‘& to lesgthani s an
integer ip a.range fromO to 12, inclusive. with the proviso that Al is not
a si | i con GriyeeTeEeta muRiuftte usAMY Xsmal fraxtompecanierase tortains anx flylssh.n X3 and
X4 are cycl opent adi enyl groups, Eis carbon, Rx , Rg , and Rz are each

hydr ogen at onsAnether alterativguakeduoe the ushef Bortlsed cementdnasedeomatetois to use a
contenpl ates a process for polynerizing olefins in the presence of a

cat al yst proogsssermedngeo-pelypiefic@tioh womphufactig Savhaal biiddihf enstédal YFlese
conposition with at | east one ol efin nononer and optionally at |east one

ol ef i 15 COMBRARRY cAlRASSeoRIYMBS! ZR! dyRithetie Qﬂi&fo?ﬁ@ssof Hatgfa(PQHGl‘?ti@n'@wrﬁéEe;as g[

copol yner. The catal yst conposition can conprise a contact product o

| east on i : I I t _pne .

et vat or SLuneens BaEEs ASEAR 7 SPAHAS B g SR R s Abdtinas.
can be e Qy i,n LS process. P mers produced _fromthe_ polynerization
of ol efi rr}pll;,her ngﬁftt Ptg‘&qrﬂ&?ﬁtﬂ?{’er aﬂ%%‘%’%ﬂ’?ﬂﬁ&s OBrﬁ’GoBEﬂWﬁ’éss?f (l,:g)h ‘{;Z’ 8e¢d to
produce various artjicles of manufacture. BRI EF DESCRI PTI ON OF THE FI GURES
FIG 1 priddiie-based\oRopelsmenss, Ehgnygad Bnginpering Joyrrale 89 d1:3)maagessiedd rum
probe evol ution plot of Exanple 2. FIG 3 presents an expanded nass

spect rum@P@R). of Exanple 2. DEFINI TIONS To define nore clearly the terns
used herein, the followng definitions are provided. To the extent that any
definiti on or Geapelypreey iatedcrbgtediryy dhemitany divssvipgr sitiesh haxdealunklitum-
reference conflicts with the definition or usage provided herein, the

defini ti %nﬁﬁniﬁ%@@&c@h@éﬁéﬁ’eﬁg aDBIoA! fH GO M ﬁﬂe§enc€f2ﬁ sbRILIE alRAM YRAL sifichress €d
herein to mean honopol yners conprising ethyl ene and copol yners of ethyl ene

d o v | Y | . and
o SO A R 5 VSRS 000 T OB S,

copol yners o y O rdi ose ere opylen

term"co-catalyst' is.used neral |y herei o refer to organqgal um nym
corrpoundsra‘fvhlgfn%gglr? tooferm; ’F’ﬁﬁ c c?ﬁeecu{:%ﬁsp(ﬁﬁ%‘l’ﬁ% h’fe %orﬁéf’éﬂnﬁsatcngﬁ rngy.%f%;ﬂ?
Addi tionally, atalyst"” refers to other conponents of a catal yst

"co- V' ! TIL S A
conposi t i'8 | ohergil Agentaien abmopyleprecursprs, asavelhp maxishégernal ipatuctifeg of
conpounds, organoboron or_ organoborate conpounds, ionizing ionic conpounds,
as dildcl gbealknk pelysilicTigs, 3)aeprecipitation where the whole liquid system hardens to form
an inorganic polymeric structure that can be amorphous or semi-crystalline.
In order to form the geo-polymerized structure, it is essential to dissolve
completely the silicon and aluminum containing source materials according to van
Jaarsveld, et al, 2002 supra. Geo-polymers do not utilize the formation of calcium-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.



"co-catalyst" is used regardl ess of the actual function of the conpound or
any chem cal nechani sm by which the conpound may operate. In one aspect of
t hi s i nvewbDi200p/082d3¢ term "co-catal yst” is used to disti rguitshoosloai7z4
conponent of the catal yst conposition fromthe dinuclear netall ocene
conpound. The ter.m,"fluqroorgano boron canpqung’ is.used _herein with its
ot nary” meant REPITS PERGROST Slokrorshis Begounto JSPOIRHER pbfeyand THEmedr m
"fl uoroorgano, borate conpound” also has its usual neaning to refer to the
nonoani orka@liaiie pithomrriquy quastisies ghsrslivs o RolesswD SHiFatst andrs@diuse ar potassium
[cation] +[ BY4] , where Y represents a fluorinated organic group. Materials
of these hydveddarSregetieofatheyresiint géd-palyimee dypands @reatly dponaly Ash/kpmhioker on
or organoborate conpounds."” The term "contact product” is used herein to
descri be adopagi tdakivatiohetedperitife ¢IOPOORTY Sfafhe almtiathedliddedontlining any
order, in any manner, and for any length of tinme. For exanple, the
conponent sref@sbriRasitiied &5 $€pdiiedb e Ve RhrQleldliex laf) QZOOELkrugpc?r  1tG9 I&BB?S%I& g of
any conponent can occur in the presence or absence of any other conponent
of the c 1.1 i.b rej i Ni di.t.i on teriqal s.,0r
e R T S R R Lo

conponents tan any sulta urt r, erm “contact

product" includes m xtures,. blends, solutigns,.slurries, reaction products,
brd the 19RanR eBlRS AT i 18 Ehs e el ioS Hn HERie B gt cendhat

i ncl ude reaction E)roducts,, it i.s not required for the respective conponents
to react SNCRreeamelRY: meterialsyaeldan s agnivalent de tfoatlang gerend based, stuctiedd ei n
to describe a first mxture of catal yst conponents that are contacted for a
first permagrigs; ggonpolpmeostrangthsiage fri the rangexdfihr @ HeMbg (#2%2d 50® P§ip whereas
"postcontacted” or second m xture of catal yst conponents that are contacted
f or d0secRortdampbrencaht bisetlicorcrefEyrpug dk lity thetrbgg e feXOe4GMBH €3000 ¥t 61060 HsFCri bes
a mxture of netall ocene conpound (or conpounds), olefin nononer, and

or ganoal UpirthéM dQIBas i REopoPfREY NEkRY . o AEQERed! hiS Biriditfa8 rhateRARt RCHL
wi th an activator-support and optional additronal organoal um num conpound.

Thus, preggRbagtedy dﬁs‘c'l{}{ E’?ﬁﬁgoﬁﬂﬁ&%@ew%{cﬁ%ﬁr %ﬁetﬂe o eg—ﬂésag% F@g%‘?}éct od

other, but prior to conta e conponents I'n the sec pos

m xture. Accordi ngl this. invention may 0 ' |l i.Sf1ngyi sh bet ween a
conponent a(fggéﬁjePB Har M@%&é@n{@%t"@oﬁﬁ?ip&gg 33%%1’%%LitMgg%d°h€h?l> after
the m xture has been_prepared. For exanple, according to this description,
it is possiBPeandopl-ghdNMReSRIY 0t eplise FarmatiamiatmAdkatiobeashed dipokinites 1 s
contacted with the netall ocene and the ol efin nononer, to have reacted to
formlat |lafyencenel dibeinesl ePiteactivation | Jawngloah hyvsionlnGhemisow, 9Hr(23T76UE64r e
fromthe distinct organoal um num conpound used to prepare the precontacted
m xture. (1990)hiK. Rehéer thelprEoorlanpestury Gaatebivad NAunGiaccHEl Glasses”
conponent is described as conprising an organoal um num conpound t hat was
used to MCIRPETS. (TRIcAECEOMMe ArRFbsTHOH 3ftBe Silicate Solution on Production, Structure

and Properties, Journal of Materials Science 32 (9): 2237-2247 (1997); J. Davidovits,

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

20  Proceedings of PACTEC 79, Society of Plastic Engineers, 151-174 (1979); and J.

Davidovits, “Process for the Fabrication of Sintered Panels and Panels Resulting from the

Application of this Process,” US Patent 3,950,470 (1976).



Simlarly, the term"postcontacted" mxture is used herein to describe a
second m xture of catalyst conponents that are contacted for a second

peri od ofwoizo®/08a3d one constituent of which is the "preconsaased73or first
m xture of catal yst conponents that were contacted for a first period of

time. Typically, the term"postcontacted’ mxture is used herein to
describe the n%(xrte[?ll?-fl Eﬁcglﬁ%lPEY ﬁ@ée@?@né{?ﬁﬁ df,’(y Niben £t R nignereparation and

or ganoal uni num conmpound, and acti vator-support (e.g., chemcally-treated
solid oxi %f?ctw&aﬁ@a ofr Bindeb feralnoreagic Fenmosisesnmade depnmiAmormbons Minpmt t i on
of these components with any additional conponents added to nake up the
post cont aRaveMatenialudeyrn@bnb Sal Gyl Stitreceandi Technaloge,03% (M)end3-4404A005) forke up
t he postcontacted m xture is a chemically-treated solid oxide, and,

opti onal I makinganiinclgagie @mpsgebialet! Matdinl GRIoAS AGoMBEL Fouts utifg ad@fiRods ofr
different fromthe organoal um num conpound used to prepare the precontacted

m xturse, sifcafte ambiphels REh&aN raW i@ fainin! a?k%ﬁl\éeéﬁ}tihoe{hd%sﬂieo%ometal

occasional |l y distingui sh between a conponent "used to prepare t

post cont ggt: 1 monent aft.er the nmkxture.has been .

pr epar ed. Iﬁ ?fé‘%r(fr\lnﬂgéjll %B(lg eegt?é drrr%&él 'Tsocgén (laej% dip Olﬁg%gﬁéﬂgeﬁta&m%l@s“émageé’gl a
conpound .c risin wo net gl | ocene ieties |inked hy a connecting group.
The connélt'f Cgarcb‘gp]t}l?aﬁmﬁ‘éaﬁrfg%tl ¥e Velﬁp?fﬁﬁrer‘&‘mu? iHentriop pse Hés?’f%‘tg‘!'éﬂahesi s
reaction or the saturated version resulting from hydrogenation or

deri vat i ZRPlieMionThus, the dinucl ear metal | ocenes of this invention contain
four h3 to h5-cycl opent adi enyl -type noi eties,wherein the hto

h5- cycl oal kadiAmythermpiutst bes! innchamiealcyrotespingttadprodyde $thgamdls matencénhat

| i gands, fluorenyl ligands, and the like, including partially saturated or

substli0t utpedsede proptticsesquival@naborsitiafd adierdfbabdieséncréloSsithue chidsietibient s
on these ligands include hydrogen, therefore the description "substituted

deri vati w@sohh@ioRffe Emidsiing isneeRtd apl- k8RmePaIdrch! L aB BULRL Bdichi gands
such as tet rahyc(i)r oiende;lyl ,n test rahydr of%ﬁgir%gnyl , goct aﬁyd%to?ml{gr g%y?,gteh{

partial | y edq | I ¢ . renvk .. substitut ed
partiall yS,EQ%ﬁlggo%ﬂgg%? delﬁﬁ#s?ﬁéu ’Sggégg"t%%‘g??@‘b é’sgttegra éﬁi é%F‘? P{?éi}l%tﬁ% , and
the like. ILn,sone .contexts, the dinyclear netallocene is.referred to sinply
as the " RABISQISS HOY, th IBROrPRERE, Simallxiae VAT haBE b iAMRE™ Se ToRes
herein tq refer to, for exarr[)I e, an organoal um num conpound. Unl ess

ot her wi seeblRsa;iappEximatsly §.80| snaprsoxipsiady il @ mieieas i @ sikisa basedisof &y form a

cycl opentadi enyl; Ind for indenyl; and Flu for fluorenyl. The terns

" cat dby stconpapitssinatenial. "Thecamaosge pradutert thetebycassah ysinodiytit eiticd gahhatrhxe

| i ke, do not depend upon the actual product resulting fromthe contact or

reacti on waith héreogemepesie diskritfted BEdepyivaErs Svith Meckaidal ropkrtidd @qavhiedEor
catalytic site, or the fate of the co-catal yst, the dinuclear netall ocene

conpound,suBdor@b PbiRAndRBARRI badsPebrcRtPr epare a precontacted mxture, or the
activator-support, after conbining these

The curing time of the silica sol-based composite of Hench et al was substantially

more rapid than Portland-cement based concrete. However, the percentage of oxide

20  powders contained within the silica sol based composite is limited to 1% to 10% by
weight, the remainder being silica gel which requires heating the composite to elevated
temperatures greater than 700°C for drying and stabilization. The low concentration of

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



conponents. Therefore, the terns "catal yst conposition,” "catalyst

m xture," "catal yst system" and the |ike, can include both heterogeneous
conposi t iwoo@md2430nogenous conpositions. The term " hydiPoTarskyos/v13734 used
herein to specify a hydrocarbon radical group that includes, but is not

limted to__aryl. alkyl | aal kyl . al kenyl, cycl oal kenyl
cycl oal kanelHton s of i foa Myeide RErmpreorsila rRymRs Tibamered mosess and

i ncl udes al | s,ub@ti tuted, unsubstituted, branched, |inear, heteroatom
subst i t uteaneraicallusyitable for gerlegemenhaf Pertland cemeniibased sjrucuselmaterials.i d
oxide," "solid oxide activator-support,” "treated solid oxide conmpound, "

and the |ike, Mo tgchowldgicadiimavetiomisi rcadel @ movidd stromger gligtiter, obdager, ahd
relatively high porosity, which exhibits Lewis acidic or Brnsted acidic

behavi or ,madelidblecinitagalaarisls @it @an Ypldte and Shrpsds'tB exiktik}diRWnd Geliance
conponent, typically an anion, and which is cal cined. The

el ect 50N- M pdiarRMcREnE RB SnufR ndrd efedk loVsigiei LE@Rethd DEBAVY B%ri pi on
source conpound. Thus, the chem callytreated solid”oxide conpoung? onpri ses
a_cal of neg faphAfthcdl-afuCheAlhale LR IESPALI i de compound wi th at

| east one electron-w thdraw ng ani on source conpound. Typically, the
chemcally-treated solid oxide conprises at |east one ionizing, acidic
solid oxide conpound. The tSUNMMARYIOBIMHE BNMUENIJON/ at or - support” are not
used to inply these conponents are inert, and such conponents should not be

construed as dnid 41pfilabOSBEARRR 0 Ghe bRSerft &b RMSH 16 BFRARI 4 hidthod M process
activator-support of the present invention can be a chemcally-t rpeat ed

solid oxi g}%@ ' ter]al I or

equi val enttgﬁg%ﬁ{%ose dg@@yﬁ@g@ﬁ%ﬁﬂﬁﬁ%@%&k g@%&@rﬁfh@%r‘: ggc? |l(k:®rsbr testing
of the invention, the typical nethods, devices and materials are herein
descrlDbed. Al |A pedohil objectine ofithd ppastetinsemientis tnadvideraahethad and peoedoat ed
herein by reference for the purpose of describing and disclosing, for

exanpl e, rhiiff@auiiiy Heddu droRIcROAAEREY QRe shFhceahRa AFSHLIRES siliBatk NMised
publications, which mght be used in connection with the presently

descri bed,,l nt,j : i.gaf | L r 0 t e
provi dedq)so:\)l}la1 gfsyra#eg%r%%gf#Hcglpésslgﬁo%fgé%%ﬁf%? %ﬁgqﬁielpf ?#%ggga{hggo\%ﬁ éﬁ

pr esent l.i catian. thing.herein is to be construed as an adm ssion that
Phe- i nvertiioRaisdbom B e el S el bl SaBRon A rof QRO PNETor
prior invgnti gn. Fgr ny p rticg}lsegr_corrpound_ di scl osed herein, an%/ gener al
st ruct ur é0HPWLACHE @f CaFl FOWHED Hp Hssmixtute| andobinds the Powdsrs itagsthgrsto form a

regi oisoners, and stereoisoners that may arise froma particular set of
substlPt usHueturarpatejisher al structure al so enconpasses al |l enanti omers,

di astereoners, and other optical isoners whether in enantioneric or racemc
forms, as wel IA dlirdriokjeaties offths pessenti Boemich, isa® prideideoningxthod afdiipiRsss For
exanpl e, isonerized and hydrogenated forns of the general structure

whereby the surface functionalized powders can be mixed with an additive and a dry

aggregate, such as sand, and water to make a slurry that can be poured or cast into any
desired shape and rapidly cured to a hardened shape suitable for use as a structural

20  material.
A fourth objective of the present invention is to provide structural products and

materials with the mechanical strength equivalent to Portland-cement based concrete

products.



illustrated in fornula (1) are al so contenpl ated. Applicants disclose
several types of ranges in the present invention. These include, but are
not | i m two 20@/08a442ange of nunber of atons, a range of PATAFRE0S/01334 ange of
wei ght ratios, a range of nolar ratios, and so forth. \Wen Applicants

di sclose or claima range of. any type, Applicants' intent is to disclose or
cl ai m i ndi vi du‘glfﬁ%h Q85h ‘b%?éiﬂ%} ﬁ@%‘ﬁb@?’erﬁmr isdgdnouide SHystuEd urady@n gndhabl y
enconpass, including end points of the range as well as any sub-ranges and
conbi nat i BT that sambepeureddpmdad sedicash iy asiyrdesied shapanpl e, when t he
Applicants disclose or claima chem cal noiety having a certain nunber of
carbon atons, Apptthcdpcsive iafttbetpréssntt mveitanl Bste mrovidk astmciunali produas biyd every
possi bl e nunber that such a range coul denconpass, consistent with the
di scl osurmathssleitimt canrbeexined! with thRetti 1@l RaYrAd igoatedd BM&L ¥nd Sas? iftany 0 G O
| i near or branched al kyl group, or in alternative |anguage having from1l to
10 canborjegiréihap@s used herein, refers to a nmoeity that can be selected
i ndependently from an al kyl group having 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10
carbon atons, n .these, two nunber r exanpl e,
@Ssev\é:ﬂtll) o%feacagé( o[fatﬂ(g%r ?ﬁtmﬁ%antg)ﬁlyls Ct8 n%ﬁoﬁh‘#éi abﬁnegtf&i gq{gréaélo-

a G to C alkyl group),”and also includin

bet ween these two nunb for exangle, a4 C2 to C and Cto C8 al kyl group).
Simlarl ﬁn‘iwgﬁh@w}leﬁé@e%&ﬁﬁr@esag a?fp?lgczf & ieRRgase and; prhapgs dbg 19a51iVe of
organoal umi num to activator-support in a catal yst conposition provided in
one aspedtfase efigagh majesial pp@.napymaterpesdd- osure that the weight ratio of

or ganoal um num conpound to activator-support is in a range fromabout 10:1
to about 1:1009 cightiplobiative of nhe ptesent ingeritioa ishtatprohide ieingtitodr fok ifoarned be
sel ected from about 10:1, about 9:1, about 8:1, about 7:1, about 6:1, about
5: 1, l8bouundiohalizdiontof Jylashadyotht a&dilion&@ﬁrgéﬁié—sili%@@%n‘%ﬁoﬁnd AP Whcrdasdd,
about 1:25, about 1:50, about 1:75, about 1:100, about 1:150, about 1: 200,

about 1 25@ngtBbOWle shiudRal RO add A5 ' &3 Gbieabout
1:500.  abouto1: BEO. AbOLL p_:‘l‘p 600 abogfm?}%%%‘fcg”ﬂg%?d@%%?r]‘ﬁ%bi: 750,

b 1: 800, 3 : . 1: 950 . . 1:1000.

2d3iu£ ionally, %%’&g}t }\ké?"gﬁ%@"er g’? ?11([)g Eljaeﬁgggm\’/ﬁ?ip ﬁlﬁs éonéarorv gc’f?ggehgﬁtgﬁél&égéﬁru%?]l to

bout 1:10Q0.(for. le .th i tiois i f bout 3:1 t

Shout 1. TBOSHARE A ABEL i 1 RoEC AELS M PREOREELL 23 oS g guLbBe e |

about 10:1 to about 1:1000. Likew se, all other ranges disclosed herein
shoul d bevsightef ot rpreximatelndie tepnwitheut crackingaw fraghirimganpl es. Appl i cant s
reserve the right to proviso out or exclude any individual nmenbers of any
such 1§r oup, i relpnefierrgd gycess rnd amgtod ofor quegnringt funntomedized duringeslioatd hi n
the group, that can be clainmed according to a range or in any simlar

manner, ipowiders mejudesasadectigphn GlithinoIRASE bhsedC pair B&wng NABlrhgy  of |
measure of the disclosure, for exanple, to account for a reference’that

FUr  hor, PR, ARat MR PoRUeRari ST rRischi'®, T Ml '°wRBRM G2 1 07
powder becomes functionalized with each particle having a chemically active surface
area, drying the functionalized powder particles so that when the dried functionalized
20 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.



excl ude any individual substituents, anal ogs, conpounds, |igands,

structures, or groups thereof, or any nenbers of a clainmed group, if for

any reasomoApplaseant s choose to claimless than the ful PCRaEB3WSA1IB4 t he

di sclosure, for exanple, to account for a reference that Applicants may be

unawar e of at he t the fill] t appli.cati.on. Wi co sitions

and net hods ar tqr{egglbqql f‘fae%FH's% ftreag%ﬁ}ei @F‘H’é"o @’A\IF?&R‘W@@ %ﬁ’c“éﬂ or

steps r]g, 0Si t| ons and net hods can al so "caonsi st essenti aI ly of or
‘consi st fir% (MR and criporiuiste cdhyleneegucol prd acideiyl e gesierblanreasing HE

| NVENTI ON The present invention is directed generally to new catal yst

conposi t iWrthe pawdérosish adiquid eqageitnfurthat acjusdes cofiposg tstionsg amddistlingfthe

usi ng the catal yst conpositions to polynerize olefins, the polynmer resins
produced mixiturg (B uc tengrerathisestin a@mg@ﬂd'et\i'wﬂsappﬁﬁﬁinaﬁet)il(zbﬁs tqoappaod atels | SQ

t hese polyner resins. In particular, the present invention relates to

nano- Isi nlegd fehanithé paiodBOA dp‘ﬁﬁﬁ(n@lat%@rmﬁé{ﬁg% aHoxialaadly 24 Ho@PPOSI ti ons
enpl oyi ng such conmpounds. Nano-I|inkéed netall ocenes of the present invention

are dinucl ear goleeylas inwhi ﬂ;l (?]{EQ a%g%gg% r ed 2€d Cgﬁﬁﬁﬂﬁﬁ}ﬁgc y an

al kenyl 11inking roup, or nano- ocenes can

desi gned w t |f|c a nce betvve nthet cent.ers,
wher ot neb By Retidet s dOERHRNEh PafieRS: pin iy ety Yﬁacreeﬁ?ﬁo eRFREeIY ARG or
l'inking g heI ngt h, stereochemstr and flexibility or rlgldlty of
the Ii nk.%ﬁl@fu & Yept r5§ a deereaedhayrs eam yith avajgtte form 8 pepkaRisrsIeEpabl e
of, or incapable of i ntra-nol ecul ar netal -to-netal interactions. For

i nst ance, thairigieast irie adesiradashape aid tapisllyqured Ko mkardeneyl shage suitabdnior usé asa ng
group), nano-linked dinuclear netall ocenes can offer uni que co-catal yst

i nt erl@ct i srasturdDinddtksidfFAR METALLOCENE COVPOUNDS The present invention

di scl oses novel conpounds having two netal |l ocene noieties |inked by an

al kenyl group, AgdiBernBici@esd pfoceBKhn® rh&iBsE fefe?r SRFRAR URMStiondliese ahanmeLnds
are commonly referred to as di nucl ear conmpounds, or binucl ear conpounds,

because tsjﬁﬁ‘}éhecﬂwc?érg ﬁc‘l\ﬁhe'gegcfl‘éctlﬁg &1 SmirfoCG R a‘{ié Bg%e}ﬁ @&ﬁ@%&@%@e@ﬁ(@h’; hi's

| nvent| on e di nuc ear oun have the or mu )n-CR

2 bstot utd ?@%ﬂclifngﬁﬁ@wﬁatp@&% P fald b RP oS mity el 4 apd

conbi nati gn .t hereof;
stirring mixture’ (I) continuously for 24 hours to form mixture (II) with surface activated

15  powder particles, washing mixture (II) with water to remove residual liquid reagent and
drying the washed mixture (II) in an ambient atmosphere, adding the dried surface
activated powder from mixture (II) to a distillation process for a period of time sufficient
to create functionalized alumino-silicate powders with chemically active alkoxide sites on
each particle surface. It is also preferred that the alumino-silicate based powder is

20  industrial power plant fly-ash, mining tailings, sand and mixtures thereof and the
preferred liquid reagent is sodium hydroxide (NaOH), more preferably, a 10 molar

solution of NaOH.



X3 is a substituted cycl opentadi enyl, indenyl, or fluorenyl group, any
substituents on X other than a bridging group i ndependently are a hydrogen
atom or aweubewastaed or unsubstituted al kyl or al kenyl PgTaispoosX4378¢ a
substituted cycl opentadi enyl, indenyl, or fluorenyl group, any substituents

on X4 other than the bridgi rqup and. an al kenyl |inking group

i ndependent | yhlir‘é S%}’&?‘g%%@qaﬁo eo?e%é!x’é‘ﬁbgrtq sUTEE ofF miiisdd PegEdatag ky |

or alkenyl group; Al is a substituted or unsubstituted bridging group
conpri si §MPpratEe of appraximatghold) deerses & adcthabthe prefemed disthiatidniprgeeshai n
of 2 to 5 carbon atons, or a carbon, silicon, germanium tin, boron,

ni t r ogen, ingludgsha splntion of lwoncigittatgdasublioric awnid suddtydtows retlsylere glicolnptepeadient | y
are a hydrogen atom or a substituted or unsubstituted aliphatic, aromatic,
or cycli cthgristheatedto apprortihatelyi 150 ddpedes @ unddriiferfkas fibw d mbie prefesabt@r bon
or silicon; Rx , Rg , and Rz independently are a hydrogen atom or a

subst ist utiggk @ di‘d’t'ﬁl‘;lﬁ§ﬁ ipkatef pRckEU3Ab Gt 1e85t UM Gmately @%lu%scygvgflg Eﬂé pRMis @

conbi nation thereof; and nis an integer in a range from ,

i ncl usi V%%i‘%gykdtatﬁﬁgﬁ{o%ﬁﬁ&ytfat Al is not a silicon bridging atom when

both X1 an are orine“atons, both X3 and X4 are cycl opent adi enyl
groups, E is carbop, Rx Rg ,. and are each drpogen at.ong, and n |s
equal to O. Fognﬁ'lrﬁ’eflﬁre%@gesﬁeg Rstudgs syashae [t]%e sfﬁgwcg?é?egﬁ@?@'ﬁ%t‘?”}h or
isoneric positioning of the different noieties (e.g., this fornula is not

i nt ended angydioyp Ethpnel; untd the alyant reashes § prbel mrspxigaigly S, dreagirefsrably the

al t hough such conpounds are contenpl ated and enconpassed by this fornula.

| n f or nulwashgd furetibnalized ipneidedis dried @nd s@redcinl aoseiled ,cobtaoner nad peefierablydheie
atons. As used herein, an aliphatic group includes |inear or branched al kyl
and dlokendtlingroocyas at SSesngeaathipe, oftapproxih@bBt J0cdegised . cont ains from 1 to 20
carbon atons. Unl ess ot herw se specified, al kyl and al kenyl groups

described her eAfythée pldieQ@ebde®s RS ! HEARoR! fbor %trﬁ}é?i‘hgrﬁllncﬂ.i W Ed;’a[h!lrhfﬁ%ar or
f all e and al

branched, of a given noiety; for exanple, antroners

0 2ot er 20, BRUTRHEN Wt ol bR 5,80 AITRLS peiloF s
i l,.while the, t tyl i t to includ -butyl . iso-butyl,
e oPY il SRS LY AL SRt de ey nbul Tec by

octyl isoners include 2-ethyl hexyl and neooctyl. Suitable exanples of

al kyl gr dop&urGkD da agsecipecigningad qraanip solyeridenesterifeation andidigiliatien tout
are not limted to, nmethyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,

oct yI13 ndayh,a fimcilersyjized ahuninhesilicateepovideariplacdumy, mhicomyd wgteoapd alddhbl n t he
scope of the present invention include, but are not limted to, ethenyl,
propenyl ,from the reactor, separating the functionalized alumino-silicate powders from the slurry

by filtering and evaporating residual liquids to produce dried functionalized alumino-
silicate powders with chemically active sites on their surface.

Preferably, the alumino-silicate based powder to be functionalized is industrial

20 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.



but enyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, and the
| i ke. Aromatic groups and conbi nations with aliphatic groups include aryl
and aryl avlybosnseups, and these include, but are not |i rCras2es/01398€nyl ,
al kyl -substituted phenyl, naphthyl, alkyl-substituted naphthyl,

phenyl - substityted. al kyl, napht hyl suybstityted al kyl, and the Iike.
General |y, su pé‘%‘j%’ﬁf)‘tg%ﬁu@gﬁBWH&f‘PB‘P}SPTBéJ“% a8 pRateralt 1 madedys theapcess
carbon atoms. Hence, non-limting exanples of such noieties that can be
used in ta4d mpstheddrscribgabreisn i ncl ude phenyl, tolyl, benzyl,

di met hyl phenyl, trinethyl phenyl, phenylethyl, phenyl propyl, phenyl butyl,
propyl - 2- pherd | pefeyled prodesshend irkehod)yfot ipcepgriag psarionfuintiienatiyed adirkinb- and
cycl oal kenyl noieties and such noieties can include, but are not limted

to, cycl cilémnteypowdrs impadsessléctingy:cbilR@mydunt f ah AeXRRYdilicaty BARAGMder
cycl ooctenyl, and the like. One exanple of a conbination including a cyclic

groupsi s Rvingd SoR%Y) Wﬁéﬁik]e&%%ivih%‘hﬁ%él@h@@ﬁw A% AREGA bR acid@ Stution
substituted aromatic or cyclic noiety use erein is ‘nmeant to I nclude all
regi oi SONEr §5f QL; , - term. l, .S ant .to include any. possi bl e
substit ugﬁt 15061515 ?{illxgﬁgnﬁﬁt C{)@?m%n hrgé%sgir%'fl a? Ovc‘)’rerpgflg. u’i"rﬁhSISSt‘]’ﬁg I 8“% Ban

al kenyl |inkimn royp i.s an al ken rqqup that |jinks or connects, the two
net al | ocesﬁ%arﬂlb‘%eﬁ?eegl. SoAgeanPWQFrr H{ b&g ?(ﬁu{?‘?fb?‘é’ﬁb\%ﬁ PBTdhﬁPQﬁegtHfé%Pﬁ%ﬁfPr
linking group is attached to the netallocene noieties at a

cycl openttddhemypcessing digrein she disspdyeshngawdsr dupreatsd; irca firgtprecessiag sequenee
substituents in addition to the alkenyl linking group and the bridging
group. | rangrike umdissolved prévépipate seintatéchinemsécond pxdceasidg Xequendepelndedst iy ar e
a substituted or unsubstituted aliphatic group having from1 to 20 carbon
at omd0 | nhafosthprocesige tequénes)khX dissdepanpgenddryisarepieipitled &dihy lsodiRiOPY!
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, or trinmethylsilylnmethyl.
In yet angihRideaspRéduce ¥Imed hdrokMan B Hhme AL 1id AsRY! AR

but enyl , r1‘lgent enyl, hexenyl, he?o%enyl , poct enyl, enor’leny[Fi, orhyg{eyceny ?‘He% and
X2 i ndep : : [ ] ti-t yted aromati c. aroup.. for
xcanpl o hauing, 8 esgRHtas bk sk B o WA R oR T B pE Ly
invention. Jn a di fferir}t asgegggs, X1 and X2 are both, chlorine atons, X1 and
X2 | ndepé’ﬁ%‘ﬁm 1 TERYFTBL Tomp db¢ D5t RrBFRsHRR SRUCnfgpHidnin they sseond PHCRSSINg

di met hyl phenyl , trinethyl phenyl, phenyl ethyl, phenylpropyl, phenylbutyl,
propy| - 2 SpHsRSS, ethpwn-dis§alyesh erroypitate: jc pio péamineydilicaty @B@@ZR?Wﬁercy!dholhwenyl ,
or cycl ohexyl phenyl in other aspects of this invention. Yet, in another
aspedf, dimmduxZontedtpeapreniplitatearith lost dlyminyrh eontent ib@nryibnalieda hal i de.
Further, Xland X2 independently can be methyl, phenyl, benzyl, or a

chl or i ne aatage3sized Phabhigr ofdsge GreyotolbRd k@ RAALZddMBBLUAS redoRede@ B 2he( | ) »
X3 and X4 independently are a substituted cycl opentadi enyl, indenyl, or

f 1 uor eny lse@n@Uproc8ilthg@5E&quRREE SRS ttheY afRbIstaRI tWedd pBwhE! FDInITANP: A
processing sequence and the second processing sequence is nano-functionalized to form a
ultra-fine, bulk powder with nano-sized particles.

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

plant fly-ash, mining tailings, sand and mixtures thereof.
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as indicated in the fornmula above. X4 is further substituted wth an

al kenyl linking group. In one aspect of the present invention, X3 and X4

i ndependemDl2gosznses4ei t her a substituted cycl opent adi enyl PGTAISR008013734
substituted fluorenyl group. In another aspect, X is a substituted

cycl opent adi enlylrsk%roiﬂ), whi | e Ci<3 is a substituted fluorenyl group. Yet, in
anot her aspect! Urthsr jabjeets apd advantages 9l hisl inyeniign Wiy be Apseient drans the X3
other than the bridging group independently are a hydrogen atomor a

subst i t utfeHowingy ﬁwgg@ i dagesption lof| ther peestmshy Iprefemes . enryattimgets, ivehicincdreided,
therefore the notion of a substituted indenyl and substituted fl uorenyl

i ncl udes ipustrated dchematicallytie dhé atemphsyiag draftings. enyl s i ncl udi ng, but not
limted to, tetrahydroi ndenyls, tetrahydrofluorenyls, and octahydro
fluorenyls. Exenplary alkyls that can be substituents on X3 include nethyl,
et hyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, or decyl, and
the liske. In one aspect, BRAEF WS GERIPTEORT HEGHITBIQURESEACh Ssubstituent on
X3 independently is a hyﬂmtkﬁg%p‘mpyl , h-butyl, t-butyl,
or hexyl groups;,|n: . C stituents.o are sel ect.ed

i ndependent | ypﬁ‘lg'ofrqﬁsgdn%%%?%%gﬁggt%%]n %g eesr?i’rﬁ‘e,“cﬁf’éﬁzﬁ§)§|e,mbo"&f%ﬁ%o,faﬁ’é%%eé%w ,

hexenyl , ptenyl ., octenyl., non |, or decenyl, exclusiyve of the bridging
gr oup. Xéfg’ﬁﬁs?d;%rﬁﬁ?pf? ﬁ) C*lgn 1@&%@@? 8?%‘6%89’%!%6}%?}8‘3’6‘? gArhPn eMisgIORY| | or
fluorenyl group, and is_substituted with the bridging group A and an

al kenyl I i nki fg&g# dtip.schematite flaypehert off thersequenseenfta seconendmdimentsofio
further substitutions. X4 can be further substituted with a hydrogen atom
or a subgrogess €B) arsedirtouprspareufundtiadliyed diy ablk ayticlegy sith inegligiblef é£bant
aspect of this invention. For exanple, suitable alkyls that can be

substiit uemissi@ts. X4 i ncl ude nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, or decyl, and the like. In another aspect, excluding

the bridgi ng grgupaaRd, ts@&rﬁﬁé%‘f@ékrohirﬂﬁ(y@o &S'El(\)/ll)aiWag%u?@Fﬂet g?g&ps)}}f)ﬁwxd'

i ndependently iS selected froma hydrogen ato an et

n-butyl, {-bubyl d n yet,anot her aspect, substituents on X4
rﬁat%‘l’altl %8@859 %Blgﬁ¥+z§/1 Q5% b}é bhoy%ss A.

are selecte rom rogen atom ethenyl, propenyl,

but enyl , pentenyl , hexenyl, .heptenyl, octenyl, nonenyl, or decenyl,

excl usi ve of ?nﬁ% %}?dfe?réﬁﬁ’i%&}aﬁpg’ﬂdpﬁbosﬁ?ﬁés igtage A thei fxidsh ghoup.
In formula (1), Al is_ a substituted or unsubstituted bridgi ng group
conpri si Meptenal gaer fingGonalizaigmbyPwress Ao 8 carbon atonms, a bridgi ng chain
of 2 to 5 carbon atons, or a carbon, silicon, germanium tin, boron,

ni trdgen, or pheshisor gmpbrifdye fguaerofitansoira HnfrardeRdferede EFTIRY4pedtia ehe
aspect of this invention, AL is a silicon bridging atom In a different

aspect, Aluniifo-ailivatei@ivders bgoRGindta@8? fuketiondliRatdiPt her aspect, Al is a
bridging chain of 2 to 5 carbon atons, such as, for exanple, a two-carbon

bri dgi ng chai rig hei i 0DNREGINX3leBRGh %prd@éolﬁggséi\g%gi&ggé OrB?nfg)ﬁ h tpio(l'de{)sor on,

ni trogen, or phosphorus bridging atomin ot e presen

inventio a6co wi th vet another .aspect of ,this inventiop,. Al can
be a cy c:&f‘%érg?‘gg 0 %ﬁ?—%%ﬁ%exgaté(gr b 6ﬁac?10ns witenP exposed to mo\llsture efore

functionalization.

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

functionalization.
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atonms such as, for exanple, a cyclopentyl or cyclohexyl group. Any
substituents on Al are selected independently froma hydrogen atom or a
substi t utwo 2009/0828l@bst i t ut ed al i phatic, aromatic, or cyeCrasgesoum73or a
conbi nati on thereof. Al can have one or nore substituents. |In one aspect,
for exanpl e, substituent an Al can pe a nethyl, ethyl, propyl, butyl,
pentyl, hexyl aF El n{Pl UngsrgRiag noly-Gondensation reagtiqns| Wheps expgsed” lghmaisture
napht hyl, tolyl, benzyl, cyclopentyl, cyclohexyl, or cycl ohexyl phenyl
group, orbefomefancsigaplizatiom ~ Yet, in anot her aspect, each substituent on the
bridging group is selected i ndependently froma hydrogen atom nethyl
group, phenyl Igeo6y, sheephXhmly djffeaction (KRD)clesthiex yf phemy lat go@u pemperature
further aspect, Al has two phenyl substituents, or alternatively, Al has
two net hywheteinshé tedeitdrg agieghte itnk antd h) amdHiholk btpAdaly hRBAHGs s@fedMBL i C,
or cyclic groups, and conbinations thereof, are disclosed, as well as

substistuted al Fﬁ%.l 619 5hSWK BRI ubE HRUHRR: catUFdin tgﬁﬁ?pnﬁf ARG IaRe Q?ﬁlﬁionsiﬁéa%e .

intended to include substituted anal ogs w ubstitutions at any position

on theset}%;‘ﬂég)%?ftetgg‘b\{eggﬂfig‘;&lﬁtog the normal rules of chem cal val ence. Thus,

groups s one Oor nmore than one substituent are contenpl ated.
Such substituents, when present, are i pendentlyfsel ected from an oxygen
group, a sul f r8g/dif Schematicollew drBuy ths ssABERoM LS third §bodimentsifng ¢
group, a carbon group, a silicon group, a germaniumgroup, a tin group, a
ead gr oupocess ok ¥sgd e Brgpareaenaifupstionatizgddlipashan i nor gani ¢ group, an
organonetallic group, or a substituted derivative thereof, any of which
havi ng from 1 Kig. $boua p@ogmphionmagoofynt@ated |Elyld;sh as rdvgiieddem a aspplieng as
t hese groups do not termnate the activity of the catal yst conposition.

Exandioes of eddp. 81 i§ hehotopdphid gl ofGOMPSHVaaClHydesh Rui BfdeoMrid dofd t ed
to, the follow ng groups. Exanples of halide substituents, in each

OCCUT I eNGsatrhétt nd@@allAH ittHidieh h9ilodie (Rbem)de, and iodide. In each
occurrence, oxygen groups are oxygen-contai ni'ng groups, exanples of which

i ncl ude, but af; LM Q. or aryl oxy groups (- - OSi RA3,
OPRA 2. - OATHE S?Esadn%%tt{léq?l?l %?géé(n@&yd” sy Vs%)b’éf ’?I‘fﬁ‘t”é}ég’%f’el’ng’éaf M‘@%’s
t hereof, wherei.n in each occurrence can he | ,. cyclQal kyl, aryl
aral kyl , substel%lgugiédlsaq R ?t,oggﬁl?ggct lr’?‘iﬁee‘ﬁfcgfﬂﬂ?‘f“%‘# f%ﬁs%tff/%ﬁa&r%{%rlmm%avi ng
from1l to 20 carbon atons. Exanples of al koxy or aryl oxy groups (-ORA)
groups i riEgatiaent npytralized willt sadivim hedroxisle (MeORoxy, et hoxy, propoxy, but oxy,
phenoxy, substituted phenoxy, and the like. In each occurrence, sulfur
grougds are sulFigr8kc ot ptiotwgrgplye aupee, ofekaniybd siawb-functionalized Fly Ash.
Fig. 9 shows a molded structural piece cast from nano-functionalized fly ash
mixed with Portland cement and sand as an aggregate.
Fig. 10 shows two molded structural pieces from a completely cement free
formulation.
20 Fig. 11A is a scanning electron micrographic (SEM) image of cast cement free
molds at a magnification: 130 times of an area that is 100 um (microns) in length.

Fig. 11B is a scanning electron micrographic (SEM) image of cast cement free

molds at a magnification: 450 times of an area that is 20 pm (microns) in length.

12



whi ch include, but are not limted to, -SRA and the like, including
substituted derivatives thereof, wherein RA in each occurrence can be
al kyl , cywbaatdkogb442aryl, aral kyl, substituted al kyl, sulpsTiusedosaizsyl , or
substituted aral kyl having from1l to 20 carbon atons.ln each occurrence,
ni trogen groups are nitrogen- contalnlng groups, which |nc%ude but ?re not
linited to, -NR& blGAs arssannipg glecirap migrogiarbim SEV imas e castiemsat fieer eof |
wherein RA in each occurrence can be al kyl, cycloal kyl, aryI ar al kyl ,
subst i t utredldahkamagsifigstion: J08Q tiarey lof apareg gist fs 2 une@nlamskl,nl lepgthi ng from1
to 20 carbon atons. In each occurrence, phosphorus groups are
phosphor us- corfigj 1 sigovely supmoldshiashfromed fusetionalizedraxtaed of flpiaslednd silica PRA
2, -P(ORA)2, and the like, including substituted derivatives thereof,
wherein RAngn each occurrence can be al kyl, cycloal kyl, aryl, aralkyl,
substituted al kyl, substituted aryl, or substituted aral kyl having from1
to 20 scarbon 5
ar senic. cont al NG 54%3%?%?@%5. ﬁ“ﬁﬁfg‘ PlepSTbEpatlby™ ufth cpbodimentofa »
As ( ORA) bst erl erein
Rt enchpeen P nesd @pree i RurRlipRalcki Ko Tl b HES ebebRRlaiE o
al kyl, suybst , ,or subtlt raIkyI hawngfromlto 20 carbon
at oms. Iﬁ’ye%d@ﬁ"o éﬁtlrgeéfl‘péém@a?‘ G élf]%g%s are car bon- cont ai ni ng groups,
whi ch include, but are not limted to, alk hal i de groups that conprise
hal i de- substit ut ed PESERIBTHINORTHE ARERE FIhEhﬁﬂlgﬂﬁﬁgLihralkyl gr oups
with 1 to 20 carbon atonms, - C(NRA)H, -C(NRA)RA -C(NRA) ORA and the |ike,
i ncl udi ng substBefart edpldanng titei disdoseth embolimentresfathe pRAentnneation ox detar gihc e
can be al kyl, cycloal kyl, aryl, aralkyl, substituted al kyl, substituted

aryl 1007 i§ 408 ithddredod kit ke invaMtidigisTriop Miltetion 20 appli dx0ion ab B dethils GBS
occurrence, silicon groups are silicon-containing groups, which include,

but are % aq %y%?%g%&ent%‘ Ah%kvn%lﬁirbgﬁme HeBhm & &?Bﬁlﬁ'é’ﬂ ﬁﬁﬂh@yeﬁlboﬁmn% ! y'

groups, groups, xy groups an I'T'ke, which in each

occurrenc e from car For. .exa Qup
substit ue‘ﬁltsgat}qﬁ&rﬁldré(ﬂ?@f eﬁﬂvfeé? (Puﬁ‘ﬁoesﬁy?lfggﬁcyllp l 9?5 1m1% 1r?Heach
occurrence, germani um groups are ger mani um cont a| nj ng groups

i ncl ude, butItayosld,be upeth toedisquss thedneapingy? and PRFASST rel@rt‘bups,
aryl gernyl groups, arylal kyl gernyl groups, gernyloxy groups, and the I|ike,
whi ch i n explain the invention in greater detail.

15 “Functionalization” is used herein to mean the attachment of desired reactive
chemical groups to particle surfaces and is achieved in processes described in Examples 1
and 2 herein.

“Foamed Functionalization” is used herein to mean the attachment of desired
reactive chemical groups to particle surfaces resulting in a foamed material as described

20  in Example 6.

“Nanofunctionalization” is used herein to mean the attachment of desired reactive
chemical groups to ultra fine, nano-sized particle surfaces as in the process described in

Example 4.
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each occurrence have from1 to 20 carbon atons.In each occurrence, tin
groups are tin-containing groups, which include, but are not limted to,
stannyl gwoupw/sesh as al kyl st annyl groups, aryl stannyl POTAISPEIS/013734
aryl al kyl stannyl groups, stannoxy (or "stannyloxy") groups, and the like,

whi ch in each pccurrence have from1l to r.bon at ons Thus tin groups
i ncl ude, but ﬁ‘g{‘gltf’n{hteearets%m gkva?fm;}gar@aﬁféwe? stated 1Rb8Ye #§ dRledy | ead
groups are Iead caont ai ni ng groups, which include, but are not limted to,
al kyl | eacPreRasipgSur fageadtivated ghusatienaliaed alumigg-ilisete gaw mpaierialnin poveder iform

whi ch in each occurrence, have from1l to 20 carbon atons. In each

occur r enceith bdanga sgrfmq)arearaad lzohigh -accandenisity 10 chernivply astive bitésnthhulded tdut
are not limted to, -BRA 2, -BX, -BRAX, and the like, wherein Xis a

nonoani onkpidgobugeriatibn asd byﬁmgd@f thépk@ddrdarfagdskyher! Mix@datieh wae withehé i ke,
and wherein RA in each occurrence can be al kyl, cycloal kyl, aryl, aralkyl,

subst ist utreaﬂ@hkmdeﬁe@%aﬁeﬂane%aw geﬁmgerﬁy bﬁm&aﬂérﬁdm&r}%@ﬂd '&@Mhﬁlgonéch 1

to 20 carbon atonms. In each occur num groups are

al um num i h in not m t ed - A1RA,
A% TR WSO RS ot Bafl tiGe WiBRel ot hcrRonb e gk de,
al kyl th| and the | i ke, and wherein RA in each occurrence can be

al kyl , f?ﬂr@ Ad&FMentr v aral kyl, substituted al kyl, substituted aryl, or
substituted aral Kyl havi ng from 1 to 20 carbon atons. Exanpl es of inorganic
groups that nebhegergasednsyriaesared ellelytAsh dnd Sead land dts yarients are signifiernt thut
are not limted to, -QA X2, -0Si X3, -0PX2, -SX, -AsX2, -PX2, and the |ike,
wher ei n Xh¢ sechniveh edvenoes obglﬁlmdpbﬁmlmeh pmseﬂtyiaiwérttk),n. ar’ﬁaUk,I akloox prhideal Ky |
thiolate, and the |like, and wherein any al kyl, cycloal kyl, aryl, aralkyl,
substl0t utreféredick Voints flpsdiséuss@d af YHe, magnidutdes bf the efcraasal #y burdc@Uite® for
substituent on these ligands has from1l to 20 carbon atons. Exanpl es of

organonetfahétioaawealmysAtsh%d@xdla@edaﬁ% sehfikehtighgnt s, in each occurrence,
include, but are not”limted to, organoboron groups, organoal um num groups,

organogal | i um groups, |1I | GRRCIMUPSs FIOTARNQY &), TN um groups,
organotin groups, organcﬁ;%grtﬁgrcmps—m-gm‘gms—raroﬂ*net al groups, and
the |ike, having to 20 carbon atons. Fornul a depi cted above
iIIustreﬁ#@iﬁ%ﬁr_gaupwd Q pEEse e

hormonucl|ear _ becali@ieasd Elh&sh) | ocene npi et y i nkeé ‘b‘i/rrt Heml kenyl | i nk ng
group i9_the sakunetinhabiged Biynssht he samg netal cenBér-50Mnédgmbe Zr, Hf,] or
Ti in the present UnwemtdSand In a diffdrent aspect2-M s /@nther H or [Ti.
In the dl kenyl | iFakétighallz@l®andE 1S ei t her carbon of suolﬂfc,(gm Rx , Rg ,| and
Rz in tHe al'kgRstlonhlisbd (9 AERYRmAfependent] y are ;sel g8 om a hydrpgen

atom ora SubS[ tuted or unsubstTtuted atiphatic, aromatTc, or cyctic
group, or—a—conbination

15 Table 1 shows that when the surface area of Fly Ash is functionalized, the surface
area increases more than 10 to 15 fold. When sand is functionalized, the surface area is
increased more than 2 to 5 fold. A combination of functionalized Fly Ash and
functionalized Sand provides an overall increase in surface area that is greater than five
fold over that of the individual materials. The increased surface area is also chemically

20  reactive.
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thereof. I n one aspect of the present invention, Rx , Rg, and Rz

i ndependently are a substituted or unsubstituted aliphatic group having
from1l towdQowaskan at ons. For exanple, Rx , Rg , and Rectams2ms/0s338€ct ed
i ndependently from et hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, nonyl, .decyl, trimpthylsilylmethyl. In _anqgther aspect, Rx , Rg ,
and Rz are hydﬂt? 8??083{3%@“0%’“?9‘[@&1‘? UGS Fécqeﬁtﬁé‘b%géﬁpwl‘%séhaé CEQ@bst it ut ed
or unsubstituted aromatic group, for exanple, having up to 20 carbon atons,
in yet arfYOREST beapebetwsen {lashpaticles. The initial dunctirralizirg of flxash Rarticles

i ndependently are a nethyl, ethyl, propyl, butyl, pentyl, hexyl, phenyl,
napht hyl ,catgsisghch peatiely Isprfagectodpenhy keactiyesothexthe sudices pohd hathydapih ethyt.

group, or a hydrogen atom in other aspects of this invention. Further, RX
, Ry , arCbrikeptuaits plesiedtbdtiuceas obsudied itded RRAGMAL colR8 MoK likeXdloglyly dr ogen
atomin another aspect of the present invention. The integer n in fornula

(1) dst ergatressphbRs)! ;ﬁé\g;:s,t?)r%fthetr]tf&?e%ﬂle{?%ﬁmclé Ly Emhgt.re({’”@%ﬁ'ﬂ?le% gﬁ%ﬁg,&{ g’,m g, to

12, inclusive. In one aspect of this’invention, n is equa

4, 5, 6, i f 1 t i ti is 1, 2,
55 o B et 0B UBRL oRSUGE n Ay RE D S Brpis

X1 and @ SRS eyt i Cphing | T8 Brpeteneiora P PTGcls g0 SrTMle

aspect, Xﬁf is a substituted cycl opentadi enyl group, and X3 is a substituted
f 1 uor enyI'hsgr gt insdehesaspaees betwaen tadareen flit osh Harticles apd aefrltemddisional
substituted with two butyl substiruents, for exanple, two tert-butyl

subst i r uestus’ ta hondtbs élyaash pattivas togatlesr tte proviidesadditioonal $tfength.is 1, 2, 3, or
4, Rx , Rg, and Rz are hydrogen atons; and Al is a carbon bridgi ng atom

havi A§ ei t her Ronpurpdsby lof ditlubtrming s yirestb stventiemt But hdt &C 6 AiHafkm, Wik h
anot her aspect of the present invention, both Xland X2 in fornula (1) are

chl ori ne egiyddBnentdarke MeScrieRSeteinN 1S iN range from1l to 10, inclusive. In a
different aspect, X1 and X2 are chlorine atons; either X3 or X4 is a

substituted cycl opent ag{rgtrm b QER Femd trpg ott h& IS gflllbsti tuted
fluorenyl group; Al is = =optionally

substituted with one or nore nethyl or phenyl substituents; Rx , Rg , and

Rz are hydrogediheametivd o tie Preserdtfl invertiohl corérdphtdsSstgitinBewith, an? alutring- Or 5
An exanpl e of a dinuclear conpound in accordance with the present

i nvent | ORilicate! biBed PhwanhteHal QITBOWEGE: forkll GitH £5 BRREGME ngfgr piMER 1£s|§ or,
I bre?tl)latl n Ph for

t hroughout this disclosure: Applicants have used the _
of 18 pruBgk LIS, B ok R B i, W R e B R TR SRy AL
\F;\”_Er IN FC‘ %gﬁgggdgéﬁg}qg‘/ Eglgﬁj&g\l vglél}g%ﬁﬂhg \f:%rqttuiu?oqls yl, %is s o%vrﬁeinblglng?fli. tTh%]c
surfaces of the alumino-silicate based powders are converted during this Process Step 1
reaction to chemically activated surfaces. After the Process Step 1 reaction, in Process
Step 2 the activated powders are filtered and washed with fresh water to remove residual
20  alkali, in the form of sodium chloride (NaCl). The soluble alkali washed from the
powder is recycled for use in subsequent batches to eliminate any negative environmental

impact of the process.
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Application Serial No. 61/015,418 fil ed Decenber 20, 2007, the content of
which is incorporated herein by reference. FIELD OF THE | NVENTI ON Thi s

i nventi orwoeb@tms4420 structural materials and, in parti edgirars2a8/01380cesses
and net hods of maki ng and pr eparing products and conpositions of
functionalized &nd na tional i@g}%ﬁgl um no-sili ca}te raw materjials with
properties equt %ﬂ%‘?ﬂ 2! {y. pRivated et e surfses orie dsiedin abr t ar s
wherein the al um no- si I i cate raw materials are manufactured with negligible
emi ssi on BRbIEHr BERODHAS0 @ ALOW hismpgratures apfhcaperedampielnf SQ°ke wilthumastwe e of
Portl and cenment. BACKGROUND AND PRI OR ART Increase of carbon dioxide in the
envi r onmgnenikgigieassurs she ipawddrswire ldry hed cersaih dvy bgfarbgirossadimgng, Prodess
greenhouse effect. Portland cenent manufacture is a very large contributor

to the ceBthwn, dihercirle faml sedshnsithvah AlcARO, @¥EHEY elhyldde Llye! (BG)CRMReA to
dioxide emtted for every ton of cenent made. Concrete is second only to

wat er 5as datier W afk? REHORA R RVAGARbIRH B MRELnflundr eds of mil lions of

tons worl dwi de) and Portland cenent huge carbon footprint, is the
principal ingr C maki rt | and
cenment is the ﬁgeéla(%t%\éérgg%f ?ar?géstoneg‘teosg(?%nh carfvﬁgtgat er3 Oﬁv&"ff’r?scs%y ?h&%lr at ed
al um no- I i cat at hte tures. This el evated chem cal reactjon,
called c I&‘f I?é?f‘F %ﬁﬁi lrkgI“gﬁs%gPp‘éﬁ POSYSRT deVary WER aReddepHiy of ghemicolly '
high rate, for_ exanple, about 60% of the em ssions froma cenent plant.
Thehi gh taHrsiesirsueh @ sdlaneds (SHPH) aad iregiastable Tosiboxanquings (SamObk) and of
carbon based fuels and are responsible for about 40% of the em ssions of

t he cenerhydpitedalumiiiage spizoies (AdOH).oned factors associated with Portl and
cenment manufacture cannot be replaced so there is little that can be done

to rdfuce car HarProéeaxSttp 3 mi svhitdnSfichAsntraed kaftri héitand hBikdrotd@h@lchs
great need for an alternative to Portland cenent based concrete as a

struct ur gliydauiid gie Qreﬂ%@rﬂe%{ed DU TBI Qs AP W&nd&?‘fﬁer@??{)‘ﬂ&&! il U

vari ous degrees of success. Fly ash a by-product of coa urni ng power
plants i uaI I undr eds
b i 111 SLRTBHE BCHe TRl %@gl’a%a*ﬁo‘*ﬁrf‘rbées?ﬁ&epat 0 L rtken jPOJA |

about 10% f th I ash oduc sed in concrete for varl ous
r easons. u('i‘roflt %Bif 5¥‘6‘r‘%§/\fb IP“BI“ ﬂ? urf’l1§/ ’é’é‘ﬁ ht bac gdﬂ@?’é@%d‘i%“%t’r?ét
initially the fly ash signifi cantl y reduces the conpressive strength of the

concrete "%&erd? sletys saigutsy thavsaletian BHans aditstksr to ian valiegof .approximatakys 2f r om
different sources may have differing effects on concrete. Fly ash may
behaué diDisteliation| prockegde vdiilegtherpH emaypaned aPapprbeinchtelg i riddingealid{tionak s
I-1V) since they have different chem cal conpositions. (Popovics, 1982).
Li skowi t Zicilt ifilnecdsBary/S TRt @AémfraBGeacti®Bs Blccufrd@0lride Sthid BRsceds Néned, f or
functionalized alkoxide surface on the powders with a high area density of chemically
active sites.
Following the functionalization reaction the mixture is filtered and the powder is
20  washed with anhydrous ethanol or other appropriate alcohol until the eluant reaches a pH

value of 5 or greater. The washed functionalized powder is further dried and stored in a

sealed container.
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preparing fly ash for high conpressive strength concrete and nortar and
shows that it is possible to increase the strength of concrete containing
fly ash byogriwmde4ag the fly ash to a desired size distriPbutuserosaniy34
increasing the yield of fly ash that can be used in a specific m xture of
concrete. Ho er,. the pergentage of ,fl sh that can be used in_a concrete
it b Port ) LTSI B0 G YT 199G it gor 6lathe padler Pubgi csar SERrbur | on
of particles is limted to 10-50% The costs and mai ntenance of

aggl omer REBYNE: sugh Ap ynaking peRmele And mears neut widheyt empsioppbcaben diprdde
concrete industry typically limts fly ash to I ess than 30%in concrete

m xt ur es,duringsfs mahyfactuendhe findmnakiredafovetencarbe uwseditsdlfito smake Slryctash.

Anot her alternative to reduce the use of Portland cenent based concrete is
t o use a rpateksls ringiked dviffePoflahy RemeZtadridogant An roradet! RCichicve H Witk tangd of

buil ding materials. These materials, called geo-polyners, are synthetic
anal oguesmgg‘haﬁﬁgwrgg fi89hnd brinpRlREd al s, as reported by Davidovits, et al.
in US. Patent 5,342,595 (1994) and van Jaarsveld et al, in "The Effect of
Conposition and Tenperature on the Properties of Fly Ash and

Kaol i ni t e- based Geopol ynenrs, Chem cal Engi neering Journal, 89 (1-3), pages
63-73 (2002). Geo-polyners are created b herp’ cal | y dissolying silicon and
al umi nuntont ai ni ng sour &< faterra S RisHoug 1 zalon A loces i
al kali metal silicates. The three principal process steps are: 1)

di ssol uti on of THib@ndoUithdid rofane pidskhtCidveRivndis hogm! iaVFigaD ehidadohitdneplhtes M
nobi | e precursors through the conpl exing action of hydroxide ions, 2)

partial ahdans Ahiinds | 1 Qi BCHRAR oSS b il
restructure}rﬁgéo thge‘{asf gﬁ pé@y@l #‘lﬁcatoe%l?édg@éggg g?‘gglﬁ%ﬂ?%tl#%%w&ﬁﬁrogn t he
whol ¢ J 1 quid _system hardens,t orm an i norganic | ynmeric structur.e that
can 09 DS RGP BRORERAT P e BEPhGs, R A, mitefals 6 MRl 1 2o
structure,. it is essenfial .to dissolve conpletely the silicon and al um num
cont ai ni n\@l%%ﬁ@@hw&c@ ?%P%O%@ﬂew&?maer@wr%# neanP Sy el be chamigpl reagiions diypr a.
CGeo-pol yners do not utilize the formation of cal ciumsilicahydrates for

mat ri x f ofreeasp driemrdreselt énmgurfagriactivative ad the péurdinorsili¢ate powvdersnddiss db¢ on of
solubilized silica and alum na precursors and high alkali content to attain
st ruct ur adurfate eaimaedTppvdat drofundtiahalived iafProesss [Bikjy 2EbS rédeviag tkem with

di ssolution of fly ash and cal cined kaolinite with various quantities of

sodi um ortoREhAD? | HMBrSAppr&Ftidle JNMANSAGHMBR Af nRRUARS teHIPAURERX bl Greafel rBAYL h Of
t he resul tant geo-pol ynmer depends greatly upon fly ash/kaolinite ratio and

coL et SR pne AAMG e AP S SRS |

n
precursor S reporte

is possible to vary man eo0- pol r prqgess cghar eri st.ic uch as

2t os ofTBIgIeR Berreoyis Hogn itk ATy I s avdl o 161 Lidopnizsd e EPr 1 y
ash ratios, etc. However, the strength of such geo-polyner materials sel dom
i s equi vallesste eWdstst pign diltsesde ald pazider! stidiies (ara) SRROBISIaS ; Pradisepdiisther
strengths are in the range of 5 to 11 MPa (725-1500 Psi) whereas Portl and
cenment bavediapehzedgawvdenst be in the range of 20-40MPa (3,000 to 6,000
Psi).

Soluble alkoxides are removed from the system during evaporation and are a

20  valuable by-product of functionalization as described in Functionalization Process No. 2
and comprise an important part of this invention.

The functionalized powder can be used for all the same purposes as Portland

cement, such as making concrete and mortars, but without emission of carbon dioxide
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Furt her discussion of geopolyners used or designed for structural materials
is by Jaarsveld et al, in "The Effect of Al kali Metal Activator on the
Properti esoahodrisys4Ash Based Geopol yners, " Ind. Ens. CheRCTRS20088837640)
(1999) 3932-3941; Madani A et al, "Si-29 and Al -27 NVR-Study of Zeolite
Formation,from Al kali-Leached. Kaplipnites - Influence,of Thermal

Preact i vali'g, 1 R Ao hﬁ?fyg?tt%ﬂ@ﬁlem%qer ) pe usyd %ﬁ}%gggi gaH§tural;
Rahier et al, "Low Tenperature Synthesized Al um nosilicate d asses" Chapter
3. | nfl uchateriglhe Ryhanxsgpyihtanopegresain @ndi waten o noxedtwish spllpavantities of
Structure and Properties, Journal of Materials Science 32 (9): 2237-2247
(1997); JPorthend dementsand Spnagpredate af dxden tdi gthiTenpewateurangSeeipoieghanical f or
Rei nforced Pl astics/ Conposites,” Proceedi ngs of PACTEC 79, Society of

Pl asti c Eprgperdey and cibihgkifdes( 1979); and J. Davidovits, "Process for the
Fabrication of Sintered Panels and Panels Resulting fromthe Application of

this RBrocess, "ANS:BEMfOof3uSiag, théOnéved fhetfordafibéd GdWRE RBLADM B?Seihﬁ?n

described by Nilsen et al in "Preparation and Characterization ot Binder

for |nor J.4€ i ral tert , r nal
of sol - G eiyrHERRR bRCICHE BMET b0 M0 e o B R Sl sl

i norgani c_co site.hinder material through a sol-gel route using
aluninosi$?%gﬁglgﬂﬁ?%ﬁg Wi neral raw materials containing alkaline earth
and transition _netal oxides. The Nilsen et al nethod re%ui res conplete

di ssol ution of Thhdried Binctioralizgdyprwder ¢an be mixed,with ap@dditiverie ageslaakithe t hat
are devel oped are not sufficient for use in structural applications.

Anot her rwafaee pglydondensdtioni readtiops.ob dxpical pddiiverad dsePartland tement atatretio al s
t hat possess properties equivalent to Portland cenment-based concrete

Wt hot cdfeB086 fiaictishalized polvder andX0% P oettansisicatent {18y weighee Asdry-aggtegate is
processing. Hench et al, in US Patent 5,147,829 disclose sol-gel derived
Si @2 oxi dgtiRawie miteRat HRStvAN Bolvilgis! foP aOghéet HiRiR. ANyl CapgeARVedrObe

i ncorporate snmall oxide powders having a dianeter siZze range between

appr oxi ) X | ] | .Sld4 l.¢t O
forma gg%%%%f?ggﬁ%wgg?gfgEﬁﬁgﬂﬁgﬁégg%sgygéﬁgﬁggggFﬁg§%%§8&%gﬁzﬁﬁgﬁgPfthic
silica gel matri.x wth. hono eously distributed oxjde powders with .
rechani oarnirsplied hevact o BARRR ¥ Sebua® g gt sail ik drobeTam ity s
concrete. The curing.tine of the silica sol-based, conposite of Hench et al
was substsathed Iy ponging eragasting fata mpelds.| Rovging ongastingashoyld ba deae @ithppl@yer |
t he percentage of oxide powders contained within the silica sol based
conpdsi t eminitdsiofimisthgt Ghe peured 00essh ytruatirghmateriabisradlonied de cutseit agnagderdtea gel
whi ch requires heating the conposite to elevated tenperatures greater than

7000C f ortefipyiange afid0s§0801 for 7@b io@noré RRAys. WorHpiesHvd Eeérighs off agproithapdywder s
inthe silica sol and high tenperatures required for stabilization
anddensi f4 6@ | Qﬁnc?sngeICQ ar®findi'@pst) ok ReAEK P HBtalicq Chor SBE SnfiRl RRhictiBke
this type of processS econom cally suitable for replacenent of Portland
cenent basetg igltsrmud%%%ry%e tr%rpiréél%és. More technol ogi cal innovation is needed

to provi de's ronger, Il g e edper, and

Third Embodiment— Geo-polymerization

20  The present embodiment follows a modified geo-polymerization route demonstrated by
Davidotis et al in US Patent 5,342,595 (1994) supra and Jaarsveld et al in Chemical

Engineering Journal (2002) supra. However, the present process is significantly varied

to accommodate fast mineralization of the Fly Ash in a one step process in which the fly
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nore reliable structural materials that can replace and surpass the
exi sting use and reliance on Portland cenent and the manufacture thereof to
si gni fi camOl2govoseace t he carbon footprint of the manuf aeCuns2aiB/013734
cenment - based structural materials. SUMVARY OF THE INVENTION It is a primary

objective @of. the present.invention to pr.gvide a nethod and . process for
nmanuf act u?sl?lnla n%‘t"?@é”fl YT A E4r ot apeh "Hg‘bhggi o&ngergm%ggiaglfplgfha& ?IH&nt?‘e
conpounds. A second objective of the present inventjon is to provide a

met hod an%ln?ipg%‘é%%eoms Whirhfsard anrsteangy o his arogssoigie cantist Fethy prineart
surface area of alum no-silicate based powders are greatly increased and
render ed @h@rﬁﬁ%ﬁwq/oranoﬁe\moge@ssﬂm- when the functionalized powders are

m xed with water, poly-condensation reactions occur between the surfaces of
each powder in the m xture and binds the powlers together to forma
structural material. A third objective of the present invention is to

provide a method and prraesEMbedisRYt L NansthédsRlibane dfaladsged powders can
be m xed with an additive and a dry aggregate, such as sand, and water to

make a slurry : red omr. j al j o rapidly
cured to a har?@%@?ﬁ‘é‘%@“ %8%1‘1 tO g@llg Ff%?éiéémagAa%’%%{du%ﬁ%%B ge”n?pg A
fourth objective,of the.present inventionds o provide structural .nroducts
and. mat ory ek tfven AR HRATRRR oW Neh g st Ao d SR g Sommansivd ot Bisent
based concrv{ej%g products. A fifh,h objective of .the present inventionis to
provi de sRY A1 81y The rsptamenyfissqlytien pubydseilupsisrasifl Prodness@ and
cast in any desired shape. A sixth objective of the present inventionis to
provi de shixgd hydmxidsrsystant of mingraknwbetetn the disselvedipottionif dedflyvishh cenent and
sand and poured, nolded and cast in any desired shape. A seventh objective
of thé prhesiesfluoricwaeitt sobutidnsardchpnoisdelved prectpirdtef after tiseniofdumidriznmid zat i on
of Fly Ash and sand or silica to increase and enhance the reactive surface

of each nEdaghéndlar®@separafel Provesieds Tk dissdived pidn PiIRCIIMRNAE rd-he present
invention is to provide a nethod for foaned functionalization of fly ash by

t he addi tyd i G j: f the
St uot ur o A L R Bl B RBE E bEESHERPE o
ni nt h obj ive of the present .invention i.s to provide a |ight i ght
ot ruct ur 41 fitst & Fesohd SuBRBRTEN drigHBS] potleisa gisuaocessing Seapisfesci T &y 25
grans thaj can bear a Igad wei ght of from approximately 1 to 2 tons w thout
cracki ng ©¥soved Presipikge doesmobFeuire de-presiugsonanad werrpersssdos apflie peir witly
functionalized alum no-silicate powders includes, selecting an
al unildo- dpwiatumimupeenaiend endl Emctianalizgd asipp pravessey obfhefast arskemnd treating t he
powder with a liquid reagent to formmxture (1) wherein the

embodiment described above in a second processing sequence. The resultant powder

from both the first processing sequence and the second processing sequence exhibit bulk
powder functionalization at nanoscale and very high chemical activity due to the

nanometer scale of functionalization.

20 Fifth Embodiment — Functionalization of Silica Sand

This embodiment uses the surface functionalization processs in Example 1 or
Example 2 to render the surface of silica sand (Si02) chemically active and increase the

surface area thereby making the filler material contribute to the surface condensation
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powder becones functionalized with each particle having a chemcally active
surface area, drying the functionalized powder particles so that when the
dri ed furwOi2omaisesaed powder is mxed with water, polynmePCTAS2@S8/0137a€t i ons
occur between the surfaces and bind the particles together to forma
structural terial wth no em ssion of carbon conpounds. The preferred

al uni no- srle?(ir@gf 8“%%%5‘5&“65%&&@8{3 é“’i’ﬁﬂét ‘6;’1@aﬁﬁ§’fthif‘aﬂl°t‘é’éﬁ}é¥edﬂh‘?ﬁh fjay - ash,

m ni ng tati i ngs, sand and m xtures thereof. The preferred liquid reagent for
treating PABUANRM no-silicate powders is sodi um hydroxide (NaOH), and a

m xture of ethylene glycol and acid. Mre preferably, treating of the
powder with a liquid reagent, further includes refluxing, stirring and
distilling the mixture (1) at tenperatures in a range between approxi mately
120C to approximately 150 OC, for a tinme period from approxi mtely 4 hours
to approximately 24 hours. A preferred structural product prepared from

functisonal i zed al uni no- gixkth EAIBARURCTDaHRE FUGRnafizRld &l 1ty of particles
with a greatly increased, chemcally active surface area that forns a dry

aggr egat e t hatpys i i . rahle slurry that is cast
into a desired Hé %’g‘é&gﬂ’éwf %%P%?%ﬁ%éaaﬁ%ﬁgﬁhﬁﬁggﬁéﬁggﬂ%"@e GF bl e for use
as a strugtural terjial . Anot he referred proce d met hod for,

prepari ngué: W@?Si lggaﬁnfiz‘@y %ﬂ%&tﬁf?%‘bfr&ﬁ?“é@ﬁé’f%\ﬁﬁ@ﬁ? &%Qasﬁd%él}e g’é?%{aﬂlﬁ@i an
alum no-silicate based powder having a plurality of particles, mxing the
powder wiROHdsTs| ang gsdeqedvgidih ashpsrasrinterrak binder toiprovide fin rgangsilisdle st i rri ng

m xture é)l) continuously for 24 hours to formmxture (I1) with surface
act i vat ecpapkhageto gherminetad sich weattix ritherddditioneof(IBQS wi thh fuvattionalizedmeisoire
residual liquid reagent and drying the washed m xture (I1) in an anbient
at nodpheriscreadslstngngtihendirehéets sh figg prafiici wateethseRBRE Driin@ngird ke (11) to
a distillation process for a period of tinme sufficient to create

functi onalabwes ALY foamShd be@k qmﬁ%é?r%&hne W“éﬁéfﬁg{%ﬁ 1’1%9 higrkoxi de

sites on each particle surface. It 1s also preferr

al um no- %'*réﬁ%@rag%ﬁ%@%é%‘?%{tﬁta?gﬂ;??%%t rial power plant fly-ash, mning
3 e

tailings, sa res and the preferred liquid reagent is
sodi um hydr oxi de LN Yy, @ r sol uttj on of NaCH. It is
al so preferred t R thererroxi g H#PHORFSS mP- o ARPXINE SUIIAGOS) occur at a
tenperature of approximately 120 degrees C and that the preferred
distillation Jrl’se%%tgom thegiesent nyERHqnyrenismplaies a threersten pro¢esarstastisgind i n
anhydrous ethyl ene glycol prepared that is heated to approximately 150

degr dés CrogedeStapnérwitlyas dllnmmasiticaterbasqul efve madderyal tinagovrdee fdia} shdhass on
process proceeds for at |east approximately 4 hours while the pHis

mai nt ai néstustriabpowex ptamt €lyyash. orfmining halingy, ehiRingetie JoRRlctNGAMAL S0 Wasik NY
the functionalized powder with anhydrous ethanol until the eluant reaches a

pH of apmNsH ; 0 Cdd i er is
dried and a?t%raqﬁ;de%% sglugggﬁg%l?%fgfnﬁg?%ﬂepoag p%g é‘@gs{ }g&, %dﬁgﬁ%rk 9‘?‘%‘3‘°§§§éﬂﬁrs at

a temper 8Ithg rsﬁrf%esacﬁp{hg)gl%}n%l-é{liéa(t)e %Sgﬁgrgsarec converted during this Process Step 1

reaction to chemically activated surfaces.

) ona

20 After the Process Step 1 reaction, in Process Step 2 the activated powders are
filtered and washed with fresh water to remove residual NaOH. The NaOH washed from
the powders is recycled for use in subsequent batches to eliminate any negative

environmental impact of the process.
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Anot her preferred process and nethod for preparing functionalized

al um nosilicate powders includes, selecting an alum no-silicate based
powder, mvei2n@/asbe2powder with an al cohol / aci d sol uti onPpatr/useswstesvper at ur es
to formmxture (1), transferring mxture (1) to a reactor containing an
organi ¢ sol ve for esterification and distillation to forma

functional i zeghéﬂ G rH’(?-aﬁﬁ qeiypied nBORIdETS j 3e Arigd, in ambight, gimesphereedt lavy

al cohol fromthe reactor, separating the functionalized alum no-silicate
powder s fle@ReraREessof anpyoxipataly S81G withaneisevapenietingto esSHEUAE Powvgeisdse t o
produce dried functionalized alumnosilicate powders with chemcally active
sites on dripbefors procesting Rr Blogessifitgp 3t Adinal wasinwith iethacalt & ddheedcgoldeay t o be
functionalized is industrial power plant fly-ash, mning tailings, sand and
m xt ur es Behgee e assibheithnveftareadval wdhie)ihacdlthoagh itis At dssengiahy! ene

gl ycol /sulfuric acid that is mxed with the alum nosilicate based powder at
tenpersat ures ofhARRfiPatbdBh Bl ed Q@%lﬁﬁ&}&nﬁ?' LOWRRBYirf MHobse S{eﬁt g' yene as

the preferred organic solvent for esterification and distillatio

B? O e huRlddali P S0P %é%}%%%?%?tﬁﬁ%%‘s%?aeﬁ@r%%gﬁr of shbidhY Seflye L&
i - f. i i d,al i ili. i d | i
bul k. anouWeD i &ﬁnﬁcf%ﬁg‘ﬁﬁi%ﬁiaﬂﬁgﬁn if‘led}‘% o O\ﬁggg Sr{éisg ﬁ&;eﬂasﬁilisb&r%e}gél "9 e

particles, dissolving the bulk powder in a hydrofluoric acid solution to
for m mi xtahwinatespecightAiHing di ssol ved powder and un-di ssol ved preci pitate,
separating the dissolved powder in HF solution fromthe un-dissolved

preci pitate fdn Braoeashétems acsdgtiongofvbmmcentratechsulflirisadid énl aplowditens ¢tbyleneat ed
in a first processing sequence and the un-dissolved precipitate is treated

i n a lfecaigeodrio papatedgargicheiic & apprexigasely i150tén ki disdllgioacppalang wrigtience,
the di ssol ved powder is re-precipitated using sodi um hydroxi de to produce a
m xed hydggxFQ@ﬂ@M%hﬁpMQ@Tﬁyﬂﬁﬁah%eghge m xed hydroxi de system of mnerals

is functionalized, a nano-sized plurality of white colored bul k

funct i onal i zedrpr adited! Sod BHOYRIEPrOL TSI fanliS) AR OSESSIRY BEGNERGS: and
in the second processing sequence, the un-disso ved preciprtate is an

al um no-siJl.jcate based powder with.l ow alum nu ontent, th recipitate
o 1 ow s stirting ERmaRe dn he it £ 0oheth T Este PRty Afets

| i ght grey colored functionalized product is recovered fromthe second

pr ocessi r%ws@éf%‘?‘?c the selatiem @Hh s afisted toj & yebiepak apprewinelyf 2. oRistiNatien r st
processi ng sequence and the second processing seguence is

nano-lSungirbeeeds forend 1¢ast #dromrsawhlile thee- P ne mainthiked en@eadding hdditione! siilfedc
particles. It is also preferred that the alum no-silicate based powder is

i ndust ri alcigidwdded)lifnécebdayy. aEHe, chimidal Gedctibhd W@ Sirrirfpadidirn i Pritdss @cate a
t hereof . Furt her objects and advantages of this invention will be apparent

from the f,gbdMing ARS-a4d SHALIL the bbRlersf Félf&ﬁriﬁé &%ef;ﬁh&etyorﬁ!i%ﬁfnﬁ%&'ction,

enbodi nents, which are illustrated schematically in acconpanyi ng

draw ngs.q, BRI &b PRy Ridrdd Cg}ldqie-rsgm@rqg%%hed with anhydrous ethanol or other

appropriate alcohol until the eluant reaches a pH of 5 or greater. The washed
20  functionalized powder is further dried at approximately 50°C and stored in a sealed
container. The functionalized powder can be used for all the same purposes as Portland
cement, such as making concrete and mortars, but without emission of carbon dioxide

during its manufacture.
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Fig. 1 is a schematic flow chart of the sequence of a first enbodi mrent of a
process (A) used to prepare functionalized fly ash particles with

negl i gi blwocasdse4em ssions. Fig. 2 is a schematic fl owpcharseoosio1i7he
sequence of a second enbodi nent of a process (B) used to prepare
functionalized fly ash particles with negligible carbon em ssions. Fig. 3A
is a scanni ng EncUpridenatized alveyper-slispgypopvdarschaye atgseathy icreasedr ivfeemareai al
before functionalization by Process A. Fig. 3B is a scanning el ectron

m cr oscop® $SMident imdle sfanming Eleytrers micrpvcapst ioragas ofifthe flyf ashctavo matérizht i on
by Process AL Fig. 4 is a graph of the Fourier Transform Infrared Reference
(FTIR) speféredundtioahlination; a5 shooatie Fin\ddearsl dfet directionsliftibaras shown in Fig.
functionalization. Fig. 5A is a scanning electron m croscope (SEM inmge of
fly ash pmBwsihg FundRhaR Abn@bdessMddensati on reacti ons when exposed to

nmoi sture before functionalization. Fig. 5B is a scanning el ectron

m crosgcope ( SEMe ifiRY®niizdd S1uidi¥o-28{2aR0 upder gol QHI tion
reacti ons when eexposeﬁnt oZ m)lﬁsut ulr%Ega ?lgr uél%tsig%gel ?%B?SE |g?8§gﬁ?§}a
under goi .00l _y- d atiqn.reagctions_whe 0s o _nmoi sture before
Finot | onaitiggelksKRERES Y, By G A0 S REpE KRR R TR S bR PGS 1 ng
at room tenper at.ure erein.the resyltant aggregate turns into an anorphous
or parti aq%eéﬁ‘erﬁgﬁ% chogplizatipnyas KRWIHG B ﬁe%a%é%una@%la%ﬁtrq‘@m
slurry of functionalized alumno-silicate powders of the present invention.
Fig. 7 isvibragemanbkQ0cnilothectré} viboftionlae 162sneh@ad die GHZ hilbrdtiemitolBOfiemt of a
process (C) used to prepare nano-functionalized fly ash. Fig. 8Ais a

phot ogr aphiarei athgehavfctendticeaf esurfdcy Aoxhale Kpedésy etedi¢ddnddinguphd i @ifacEi g.
8B is a photographic i mage of un-dissolved Fly Ash from hydrofluoric acid

t r eatigent fup@tidnaBzdtioadridds) sodi um hydroxi de (NaOH). Fig. 8Cis a
phot ogr aphi ¢ i mage of un-di ssol ved, nano-functionalized Fly Ash. Fig. 8D is

a phot ographi _(:T}Lenﬁﬂgti&{ali%{e% ?lgi(a:éggo?'%éﬁllﬁl Elfggﬁ@ug%% gxtelglﬁglﬁi&(ﬁggl?%ﬁ#a%ﬁ% il

neutralized with sodium phic I mage

of dissolyed,.  hano-functionalized 'Fly Ash.. Fig. 9 shows, a .ml ded
struct ur aq\ﬁ?oﬁ?%ec%’eﬁlggf) nﬁ‘f’%?ﬁ'rﬁ%ﬁé‘- ?f|$8ﬁ%l}’ﬁ%ﬁ‘]dfg%?%PPgeﬁgﬁn?ﬁ%?@ggﬁet PO | and
cenment and sand as an aggregate. Fig. 10 shows two nol ded structural pieces
froma cdR#FBSTEYEENEaRathd tPBQIStuET 38U SYidert. frem geanging ¢lectsorsmiginscrpe SEMEL r on
m crographic (SEM inmage of cast cenent free

images of the powders before functionalization, as shown in Figs. 5A and after

15 functionalization, as shown in Figures 5B and 5C. Fig. 5C is a magnification greater than
seven fold that of the image in Fig. 5B.

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

20  Portland cement at a ratio of 80% functionalized powder and 20% Portland cement (by
weight). A dry aggregate is intimately mixed with the two powders for a short time. A
typical aggregate can be builder’s sand added at a ratio of 0.6-1.0 to the powders. Water

is added to the mixture of functionalized powder +additive + aggregate and mixed until
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nol ds at a magnification: 130 tinmes of an area that is 100 mm (mcrons) in
|l ength. Fig. HB is a scanning electron mcrographic (SEM inage of cast
cenment frwe 2owlmds44at a nagnification: 450 tinmes of an arPea/usha@B/o13y3£20 M
(mcrons) inlength.Fig. HCis a scanning el ectron m crographic (SEM

i mge of cast cenent free nolds a; a magnificatiaon: 5000 tinmes of an area
that is 2tﬁFn4Ff(lfﬁdcqoaﬁl§5enF}ﬁ iy Eaghed }OFiPQPmi@ OF GRRES IRk IHBP%SI)%%I%% o eATIAS
functionalized mxture of fly ash and silica sand. Fig. 13 shows three

nol ded stshgsldiheadonpivdthis a sherp timedapproxinfagaly 16 minbigsliof@wxingf a process (D)
used to prepare nano-functionalized fly ash using foaned functionalization
by addition ofThetpoasidhyk - cast horsturalc atater{al EOShllowEBGRI PiieOht GF niddierate
PREFERRED ENMBODI MENTS Bef ore expl aining the di scl osed enbodi nents of the

present iwmpelatiR8 dMEOBLET | for idevérdl td@yé?ec&afdﬁgsﬁb@q@ehﬁm dthe3joovessiiae is
not limted in its application to the details of the particul ar

ar'f angeMeg sin S SARRPsthbubMERNE R ARABbG drobass ! her enbodi ment s.
Al so, the term nology used herein is for the purpose of description and not
of limtation. It useful. Q. dji.scyss t in f _some words and
phrases used her ei%ﬁ%@%?f@%h@ :fll%{ Pisess o ZicHehfictlon |
"Functionalizafion" ig used hereip to nmean the ,att,acr]ment of desired
reactive cheni 2§ Sg88 Fankasligent Pt[c]FlE’ BigEe dpyentioq issalsp i BHRSHSISh PSS e s ses
described in Exanples 1 and 2 herein. "Foaned Functionalization"” is used
her ei n t owhesgin theErepesadisrelnstatingdeaieriads ap abimine-siliretd ased gavympderiad in
particle surfaces resulting in a foanmed naterial as described in Exanple 6
" Nanof uptotdeo fiarim, zat¢h anthdistriakmavdrarait flyt ash e ariningeaaitings cfhweaw modtedasi r ed
reactive chem cal groups to ultra fine, nano-sized particle surfaces as in
the proocess ntiRsd withesh hmoﬁw%métﬁ{)lénégg@bmm sblatibhat fsveenperafiv@néf gar t he
obj ectives stated above are net by preparing surface activated,
funct i onghez eﬂlegéhemd_&@-e%'chbm Prodits SR 1c8hiBin irReYH&TvatiBh B Me dluirodr ge
surface area and a hi gﬂ area density of chemcally active sites that |ead
to rapid I rizati an i ndin f th wder, r ] W th
O e A e S A LR R i T A R W
Port |l and cepent - based concrete w t hout. re| ease_of carbo onpounds
char act er 1-40F SUACCEGHYHER B MOFTSAES HINCBORAIZEA N EERRENT SIoPrRebY HaRTGEe; the
surface area of Fly Ash and Sand and its variants are significant to the
t echni cal acsidgiad g hntai heerchy edndaipingstohent oy ertheroApprIpbite chaisieprganics
provi des a reference point for discussion of the nagnitude of the increase
i N sursf acmaiatadged atr mbderate engleratets Fdfygrésthr dad BHNA caseidgi ostdrifeatiore aadt
invention. TABLE 1 - Surface Area of Fly Ash and Sand

distillation of the surface activated powders which become functionalized before the

alcohol and water are removed from the system. In Process Step 3 the functionalized
alumino-silicate powders are filtered and residual liqliids are evaporated to produce dried
functionalized powders.

20 EXAMPLE 3 — Modified Geo-Polymerization

The raw materials for the process in the present example are industrially obtained
fly ash and common chemicals such as calcium nitrate, sodium chloride and polyethylene

glycol. It is a one step process in which the fly ash is mixed with various precursors and
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MATERI AL SURFACE AREA Table 1 shows that when the surface area of Fly Ash
is functionalized, the surface area increases nore than 10 to 15 fold. Wen
sand i s fwocbisad4zzed, the surface area i s increased mpCe/USha@s/ 023780 5
fold. A conbination of functionalized Fly Ash and functionalized Sand

provi des an qverall increase [.n surface area that is_, reag,e than five fold
over that""’é]i‘%tl contgniratiem Alkal: bat fras e amorphousserelidss, v ’(Fé e ird andy| so
chem cally reactive. The reason for nano-functionalization is to create
ultra-fin8r99&rticles that create stronger bonds between fly ash particles.
The initial functionalizing of fly ash particles causes each particle
surface to becBasedupan thevimitiad AlRitCd tatioSobthmed dyltha EnedgyDisperbivetahalysis
Conceptual ly, the mcrostructure of such a bonded material could |ook like

cl osel ypasikiael as pleeives flypashl @ protesalchiS fdrhikgiyl & vadRduk ipsd@rbagReifivhey e t he
particles are bonded to each other at the points where they are in contact,

but  t Rer esddfune HRE YeaRR@RE m@tgﬁggﬁct RAfo P4 bgelﬁlsuﬁefﬂelrh@t%ﬁ}@%aﬂf)ﬁ dt9ud gHEN! ng.

The nano-functionalized particles are so small 't hat ey can fit 1nside

e D5l T WO AR BT AR 0l
oLt L PHERESSE, S sk BOLASAASABIEEST BT Bl % °

Functional  zati on Process No. 1 The method of the present invention

cont enpl deBEnagsilicy:aycim pxidp =a18:M: ho8417i6d deed/prsadalitea@umpinassilish:crisiwpowder
form such as industrial power plant fly ash or mning tailings. In step
one, the oxade 7ATS7i2AlH HI €)M xed with an al kal i ne aqueous sol ution and
refluxed at 1200C while stirring continuously, as shown in Fig. 1. The

surfd@es of thErealrsots WBed in tieapresddd erempleyiRslSdetableCMVEbAIRth cilbiHaE) fohi S
Process Step 1 reaction to chemcally activated surfaces. After the Process

Step 1 reg6lidfiy excBssPEdITER ScortedlP afd tcaﬁggg}niitvﬁgﬁ B&ﬁ&@ g@gi?edf &A@ﬁﬁ@% and

washed with fresh water to renove resi a orm of sodium
chl ori de . Ih | ybl | kal.i d t he powder s recycl.ed for
use in su%@%%lu nv[velggtt %tﬁ%%i??tgylgp? ﬁlyﬁgr@ﬁgﬁy— é}@éﬂl‘?’ﬁeusgﬁ\% ﬁb%bﬂé‘ﬂ?ra;ﬁl‘la rquaCt of
the process. After ste , powders, with chemically activated particle

Sur T acos DRSS Pt TR rngd Bodhere baRdar St e b SEEERREE blined
approximately 5C0C with noisture nonitoring to assure the powders are dry
and renai’Btieiry metd (flyr adecdiang 't erlPppc alrtest espdgim \ghderiden : d OM rsafivaas h

wi th an al cohol, such as ethylene glycol (EG, is used to assist with water
renoMal dndrakidd g l:1a0.0h0UgR0.#). Addition fsaentkadil is Tthportait i foatthe chemfcates

are subsequently converted in Process Step 3 to functionalized al koxi de

sur faces dctindtiqrogriedissotuti@l ¥t theQharianus axide hinkdalPIConaemtfdhnl of Akdli v/ Bd t es,
such as silanols (SiOH) and neta-stable tri-siloxane rings (Si -0OH3) and

hydrat ed gliddisat MR E0IIS Thérilltant mixture was mixed until a desired consistency is

reached for pouring or casting into moulds.
The poured or cast mineral is allowed to cure at room temperature for 24 hours
20 followed by curing at moderate temperature (80°C) to allow poly-condensation of
minerals. Upon curing, the resultant aggregate turns into amorphous to partially
amorphous state as demonstrated by the XRD results in Fig. 6a. The absence and reduced

intensity of specific peaks of mullite and quartz from the original fly ash shows that the
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In Process Step 3, a solution of concentrated sulfuric acid and anhydrous
et hyl ene glycol is prepared and heated in a distillation apparatus under

i nert gaswoOlow/asets2l sl ow distillation begins. The acti varTab2@smtEss from
Process Steps 1 and 2 are mixed into the solution while stirring

conti nuouslé ﬁmd th%1 m xt ure ia br ought back t o tg}entl distillation. After
a few mi nUPEPRPYRe Sl y¥as ofchisvefl sunam furing af SO03C I é doussp frwsingnat spgm 2.
Distillation proceeds while the pH is maintained at approximately 2, adding
addi t i onalemperagre dogpeidead ip anrprphizhtion anshovanley ther$RBossultsi indFiglua et hi s
process create a functionalized al koxi de surface on the powders with a high
area dens¢ubg mpuldhenstchy Ithe prodese asi slesvn FolFig v gThich erdcassc tarp balisgdtih on
reaction the mxture is filtered and the powder is washed wi th anhydrous

et hanol ogondsihationapioi BRamplec] wherefnod spedificl ratid6f QlriRB tukRRENSRIdyPISh \eah ue of
5 or greater. The washed functionalized powder is further dried and stored

ina $ea|&dm%ﬂt\ﬁﬂtm%n:m?ctifoHQl%eHWHhﬁﬁﬂ QRGP Be tééﬁgv%f)p%ra{ﬂiﬁwe

same purposes as Portland cenment, 'such as making concrete an ars, but
wi t hout e(f?aﬁsail e SAIR0R &yo?fﬁede during its manufacture. The
functionalized powder can be Used itsel f to make structural materials or
m xed with Portland c n
mechani cal properties H et P

Functional i zation Process No. 2 This enbodi nrent of the present invention is
shown in Fig. bheabiik dungtionlization oftfhy ashnyasartiedoutasen Sitepativeniot furfane
alum no-silicate based raw material in powder form such as industrial

power pl dunctidnglizationdry disselvigg thai donpgmentE lo€ fly aash i 8 @¥4 lldsofluceicrdckk(Hmy t h an
al cohol /acid solution at |ow tenperatures of near 00C. The chem cal

r eactlidonsThendiBsobatigs oStlgpash meHEl i folowed HRGe-pREdipi¥AIdnOHsiAS 11T sodium
alum no-silicate powders. After the surface activated powlers are

functi onalydzsiddd (or BHRSSES) Fb&Red niiked RAGbLIAE sgaé‘lﬁk Myﬁn%rglggﬁglfb% gﬁkéﬁgg oc

appropriate chain organi cs at noderate’ tenperatures Of

subj ect i I | Z- s to esterifjcation and distillation;
the al coh Id}%ﬁ%gsv%}éé Bg?%&?@ﬁ%@’zgﬁqﬁn %r% ?‘Hgarslifg‘fe c ?%geﬁf’rg%eé]slg (%%aélpmgf’et he
functi ong[J gzed alum nosilicate powders are filtered and residual |iquids
are evapoPat¥WetlPsr oduce dried functionalized powders. Sol ubl e al koxi des
are renmoved fromthe systemduring evaporation and are a val uabl e

by- product of $teindt 2@0gms Qéfﬂ%ﬁlmgSH@QW¢bwdS disseued in dhdl ehbydofllRoncess
No. 2 and conprise an inportant part of this invention. The functionalized
powddb camido@iks dtie freactimnl oft HE weighrehepfly psls &sexateniRey tekamdrsie et henselGle as
maki ng concrete and nortars, but w thout em ssion of carbon dioxideduring
i ts manufragdion ewasToaribd it 19N ice KhtiPAWEIB! 2 TRACR® HSGEpoIyARE fredif :
structural materials by mxing with an aggregate and watér or mxed wth

smal | qU&IWdrSiih?o?ich cid gy‘j A28 IG5 AN Fn@PmBRAIOPIBIE. REAAE s hoREDIEVE 2

wi de rang€ of mechani
cease before the addition of next lot of HF. A part of the fly ash is dissolved in HF while

rest of it remains as a precipitate. The addition of HF was stopped when no further

20  reaction was observed upon addition of HF.
Step 2: The above solution was separated using a centrifuge and the supernatant
(henceforth called as S) was removed from the precipitate (P). Solution S was treated

with 10M sodium hydroxide until the precipitation ceases. It was observed that
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properties and curing tinmes. An exanple of using the novel functionalized
powder produced by either functionalization process in Exanple 1 or in
Exanpl e 2woaoeisessa typi cal strong structural naterial fPolriusems/oTives dri ed
functionalized powder can be m xed with an additive to accelerate the
surface polycondensation re ions. A ical additive can be Portland
cerment - af PEUPHEHGR QTONBIIGRE F 0 ARRF A ORS AIBRE I DVEEH DS RFCHIHERE ( by
wei ght) . dry aggregate is intimately m xed with the two powders for a
short ti .V%&Oﬂlygwér@m(&@/@%é@atueoeaﬁdlben ofiiNagdi. Abetridmldefdda@H veasratded of
0.6-1.0 to the powders. Water is added to the m xture of functionalized
powder + tadb¢ supesnatard §y (Thgateltugipretipaate wisi filterdbudeg Snecton diler pagnaudi s
reached for pouring or casting into nolds. Pouring or casting should be
done wi t hiha Pi@cipitatet @@s ofried X itigbut Thednd OMdsBEld OThAS#i11S be UsdIeE akugdRiaedrcal i s
allowed to cure at a noderate tenperature of 60-800C for two or nore days.
Conpr essi pecipitate SPtdaa s }qhgg(,vq}gicgﬁ,tr.el y 3,000 pounds per square inch (psi)
or greater are obtained for the novel structural nmaterials made by the
above process. ir | - z poby, i,zatj The .or i ment
follows a rmdi??%d tg%@%%%%gﬁ g&%%ﬁé%rgu‘?gg 3@5??0{5%{%?%%” géﬁﬁavchgfﬁge et al
in US Patent. 5,342, 595 (1994) supra and Jaarsveld et al in.Chemc

Engi neer i rﬁact{?&ﬁ% ﬂgﬁ"e(? ﬁ@é‘i)se%‘iﬂ}?%.gf ﬁ&%é%?s, In; Shep raggél?ﬁ p‘f?F{?été?sW?%gﬂered
significantly vari edvé{o accommpdat e fast mneralijzation of the Fly Ash in a
one step PHYcesIGAn HiEhpapse T REIFIRIEGWas Jdrifid And 0i Sirthep rweashingoes and
with high concentration alkali that forns the anorphous zeolites which are
hard and Widedaken. tmuast be ootedshataftenfibering the resubantselysionovasaested bpaddisgs
three or nore process steps. Fourth Enbodi nent - Nanofi uictionalization of
Fly Adh Thitheresdauth rhgutoxide sdengureé Bomp@ty pcipitatich BA vari8s hdrarided. Orand
contenpl ates starting with an alum nosilicate powder such as fly ash and

di ssol vi n\gilp&raage@pp%ngfwgsh%hpgl\@qﬁ Solbf hydrofluoric acid. The
treatment/di ssolution in hydrofl doric acid produces a m xed hydroxi de

systemof mn ' | .on of .th ash .

hydr of | uori c thlizllat égg%?tﬁ{t:é%gldgggl %Zaﬁwgﬁgé;g%tv}étd& 5‘?‘8}}%‘%&? :li)lt) évag?{eg}edt\ﬁléh
hydr of | uayj.c ,aci d treat nent,ar e t el rocessed. The dissgl ved portion
of “the s G Push @it FenBaf BT LLT Msuoek it oy aroREB na SUbLuBuBR |y
functional | zed usi.ng processes of the first or second enbodi ment descri bed
above i n g aeids gddadsatiibe siegdsad duning theweflyxipe\esatperidp paintain ajlses not
require re-precipitation and is processed as a fly ash with | ow al um num
cont diat  and (esmitben @)l ofzthd sobitiog. Phocssles poécipitme Wasdilteped sgogddmicron
enbodi ment described above in a second processi ng sequence. The resultant
powder f rfitarlpapbr tl® Washad upingcastinegltseaiéngrl thad thidethaslondciwEiessd N9

sequence exhi bit bul k powder functionalization at nanoscal e and very high
chem cal pmedipivité ¥ndWas tust¥Bided. The powder obtained was white in color. Figures 8A —
8E show the gradual change in the color of the powder particles as a result of various
chemical treatments.
20 Fig. 8A is a dark grey colored fly ash as received from a supplier. Fig. 8B shows
un-dissolved portion of fly ash after treatment with hydrofluoric acid (HF) and sodium

hydroxide neutralization. Fig. 8C shows the un-dissolved fly ash that is nano-

functionalized, with ultra-fine particles that are light grey in color. re-precipitated using
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nanonet er scale of functionalization. Fifth Enbodi nent - Functionalization
of Silica Sand This enbodi nent uses the surface functionalization processs
i n Exanplwolooev/dsxanpl e 2 to render the surface of silic&C3arsdoo8siio2)
chenmically active and increase the surface area thereby making the filler
mat eri al ntribute to the face conden atlonre |ons angd str tural
strength %ﬁ élr°§ldﬁl er'td&e%Bv&E‘PWS fhenig td’ﬁQP‘er‘é’&Offfr e &issply e‘g h§t1F on.

Si xt h Enbodi ment - Foaned Functionalization This errbodl ment cont errpl at es
modi fyi ngefRieipitasehpsingspdinmphysrexide befase treatmpsing svith butangl and reffuxedawith on of
tetraethyl ortho silicate (TECS) to the functionalized powders and
as-recei vibd afilliyion i safude acidt eFigaBEhs tibemanpefupctioniatieedafly gishyavits uiltiaefatee
backbone to the mneral rich matrix. The addition of TECS to the

f unct i onaldnaatkedipsititie thixcre am@s istslengt h and renders the final product
wat er insoluble. Drying under a | ow vacuum | eads to foam ng of the

TECS- powder m #joghis 4h@ks tf%’r@fbké&ﬂméteVﬁfBé Whigh 1§tt1'ié9'ilﬂtchss€%d ld ?&]{nkoé gt ght

structural material. EXA - "Functi1 onal’i zat on Process Xi de

surfaces ﬁ' ryﬁe mggbgf I‘B&%S@{ g a SEIE’)III nvgmger%n lﬁ]&nt e #ﬁtb reﬁ\éxmégoer A ep

process, al’tl ng 1 cess an a

materlal in er for such as | dustrlal o] m ni ng
tailings, h%'f%nﬁﬂ Wing sullygie ﬁmﬁ t%ﬂ%ﬁ%%ﬁ%ﬁﬁlﬁ 5@ ‘bt 50 eng
refluxing at 1200C for 24 hours while stirring continuously. The surfaces
of the alaidiweshing thearrecipiold dp sacatoae.c b easulsant ewdsy in Hiis cayeobasss lighiep 1
reaction to chemcally activated surfaces. After the Process Step 1

react i on, grencélonthes sheShregindl gréepcipite@t(BH).powders are filtered and washed
with fresh water to renove residual NaOH The NaOH washed fromthe powders
i's rel@ycl ed forhdibgidlhydtdfigidenid hediebasint Steplli dibsddied same sre@atoxitRs in
envi ronnent al inpact of the process. The chemcally activated powders are

aried in MTBLEHut AP BF A ndtherhRVhrd BIRALALU'TRS ALIIARNIIFDR insh0 G Wi ¢

noi st ure rmnltorlng to assure the powders are dry fore rocee ing to

Process S r, ot her. Icohol ) used to
hoot ot wi MRS lg’ essemlaﬂﬁ& T W Urefep BRI, Bl g S gudft R
activated, su subs ntI conver in, Proc SS Ste i

et | ondiisaan Rk b8 dBrf e lorbsgrgégguractlﬁpﬂr?e igiesyt 4 iptigi 2l y
active sites, such as sil anol S (Sl and neta-stable tri-si I oxane rings
(Si 3- OH )andnide et nisesimilan rip rihe enasp nasiongligagpp of| fly pslyc dé s Shegissolaed
solution of concentrated sulfuric acid in anhydrous ethylene glycol is

pr epaised pomtlomnthat Berédpitgied axulraifeleyndifoclifed ydaoxdde particies using Muai.aThes
under inert gas flow until slow distillation begins. The activated powders
f rom Pr ocggs-fink Rsti¢la dre? tithefuit iGthlized @sinBeord Pl 3tép QNof the functionalization

process since the particles are already hydroxides; the result is the ultra-fine “nano-
functionalized” powder shown in Fig. 8E.

EXAMPLE 5 — Functionalization of Silica Sand

20 The functionalization of sand was achieved using a similar procedure as shown in
Example 1. The raw material in this case was only sand or a mixture of fly ash and sand.
The principle and the procedure remain the same and prove that the process of

functionalization is universal with respect to oxide and mixed oxide surfaces. The end
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while stirring continuously and the m xture is brought back to gentle
distillation. After a few mnutes the solution pHis adjusted to a val ue of
appr oxi mewel2goss24wsti | | ati on proceeds for at |east 4 hearasesmsloes7Bhe pH i s
mai nt ai ned at 2; addi ng additi onal suI furic acid is added, if necessary.
The chem cal ctions occurrin gt 0 reate a

funct i onabodu SRFSH Satedds § el sh™itha putkaanE heser o Cf§reafs listed in
functionalization reaction, the m xture is filtered and the powder is
washed wi Fabl @hbBydgous et hanol or other appropriate alcohol until the eluant
reaches a pH of 5 or greater. The washed functionalized powder is further
dried at appr oSilinasady irbi0Gatantistatepdesd nohhavesemhettvecsunaeg, 30 1therd seno
functionalized powder can be used for all the sanme purposes as Portl and

cement, s¢hehics boRding BeiRa e sandRdd Y fuaétfonaldd M kétOpYrticles.sByon of carbon
di oxi de duri ng its manufacture. The functionalized alumno-silicate powders

have & grﬁlﬂét‘i%ah%éw%dsfh%fs%c b%?f‘?thétsﬁghﬁ BRM &Ry ésfﬂ rar ISCAR S

el ectron nlcroscope I mages of raM/naterl ore

functi pnal#_ﬂ]téféé M ashdhd™ sEﬁMm ThQ f1'1: Icgon éa@ oﬂaﬁmﬁ nﬁf‘ %.'%ﬁlleltefz éf’H‘o By

nCtIOH |za 1 on rocess

shown in usi ng unc |onaI|zed
al um no-silicate powdg Cﬁl ve al koxi de
sites on their surface ‘ =t he powders
before and after functlonallzatlon as shown in Flg. 4, The Si-OC

mol ecul ar st r ethirid vinBiesalizatonof 10 @sle rian, be haproved viusigt ibynadgditiam2fcm 1
and the CH2 vibration at 1300cm 1 are all characteristic of surface

al koxi de ‘Bgmethyt Qrthwasibicatel (TIEQLS)t dsears intéraale bindeic whachabar ptavide pn acgm®:- The
functionalized fly ash powders with high surface area and chemcally active
al koxiode sihesd backdoné e tisinfiRa sl Hetdalagix pad Ynceeuse ehs afrérpth o€ alkd g b bi nd
the powders together when exposed to noisture as is evident from scanning

el ectron ghGkAsEOoPRe FEMHOARSLTEYS Like RANESHSR: %Bprcsmﬂ)HH@&t' Qart lirghge, as

shown in Figs. 5A and after functionalization, as shown 1n Figures 5B and

5C. Fig. a_maani fi ca ter ey f ge in
fro. b e oV har‘f’?wgmﬁgvog r (ORGrRBHERy ABetlifl Megide e

typi cal strong structur foll.o rled functional i zed powder
can be ni WBigaliepFHom! %ﬂ@‘%ﬁ‘% cgp Og MEx @’1‘; %r(acd! 'pff}rsy@éwgﬁ@# on
reactions. A typical additive can be Portland cenment at a ratio of 80%

f unct i onafly 2edapsbherdPasitica2 9gpddrdditived svelrancalCin weraghtspdium ghlpridggnégat e
isintimtely mxed with the two powders for a short tine. A typical

aggr eigat epatpathylendogliybole(Mel wa600 added) @uldbe asddoasodpebifis-apehitstto obtuin pAwder s.
Water is added to the m xture of functionalized powder +additive +

aggr egat e0.gn@3 BatrtﬁﬁfIEIDSJFlb@\:ﬂﬁe&!dﬂﬁﬂ/e@Qﬂélb&ffng@ﬁk:alsand)eached for pouring or
casting into molds. Pouring or casting should be done within a short tine,

appr oxi mat el y L {1} B Gsed ﬂfthg"rp}‘dc@% co-ﬁ'l‘t?bé)QéJFe%?wQ& of fxd Eﬁ 1%@@’5%%“ I al

is allowed to cure at a noder at e terrperature of 60- 800C or severa
Cor’rpreSSIA/Sen x'é?nrf)gesqs 2%n >4?’ "H1 r9 precursor mixture was mixed with sodium hydroxide

to obtain slurry until a desired consistency is reached for pouring into the moulds. The
20 alkali is important to obtain chemical activation and dissolution of various oxides present
in fly ash. The concentration of the alkali was varied from 5-10M and the casted moulds
were dried at room temperature for 24 hours followed by drying at 80°C for another 24

hours. To introduce the porosity in the sample the molds were dried in vacuum. During
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obt ai ned for the novel structural materials nmade by the above process.
EXAMPLE 2 - Functionalization Process No. 2 (esterification) The second
enbodi mrenwvoaboydsesdpr esent i nvention is al so a three-stepcpruse@ss®i3mher ei n
the Process Step 1 starting material is an alum no-silicate based raw

mat eri al ihnrfgo.wder form suc(?flra?1 i ndustrial power plant fly ash or mning
tai | i ngs. PHEYINGPIREFSS qng) under Jhevagupny desigd poredtols gieatst Hy| tpesample.

gl ycol /acid solution at | ow tenperatures of near OOC. The chemi cal

react i onsAnether prosedursttecreate eagpymiin tharseaple ictd heati ha empldseabove the
alum nosilicate powders, and prevent buil dup of unwanted by-products. After
t he reactbahng potiteyf TEOShdlsucdrangetimet ofv thtie prquevsl és highlye depercdenboal thzed i n
Process Step 2 by transferring the activated slurry into a reactor

cont ai ni ngiditblesene or ot her appropriate chain organi cs naintai ned at
noderate tenperatures of greater than 1000C causing esterification and
distildation o I iV RQWART i j ljrzed
before the al célhcglﬂglg%g c%{%gra arte ?{ggng?/led froﬁemﬁgﬁgﬁ?@%{]% c@@g Olgt ep 3
t he functy I.Z€E ], R0- Sikk ca [ re filter an i gual

| i qui ds atlrhg %glvcg%soﬁgﬁ ié:gn% clE)H)e p%fc%f Eogqe&garklpogl\gp eﬁ?\%sﬁsosﬁlé Ftialétdt%gbém ﬁ%.ﬁgﬁme 3 -
Modi fi ed 0- Pol vnerj zatiaon The raw materials for the process in the

pr esent e%?nﬁ?@“%@‘ifﬂmgtlm A9 VL??St therely %F@lt%{g}g gﬁdreéﬁﬁ?ﬂ)if“lﬂﬁ‘é?ﬁ EQ‘F% such
as calciumnitrate, sodiumchloride and pol yethylene glycol. It is a one
step procdsahol Foppsrirationecan he disrdite eantil t%;n: tripgr limgsobpthee mrizordcehiodivi t h
hi gh concentration alkali that forns the anorphous zeolites which are hard
and st r ongpncBesdidn up the mhdurewat balvardd Bom@ppratimate{yofoatb mpproaymathly Z5%€r gy

Di spersive analysis of the as received fly ash) the process calls for

m xi n@ of to\aitet MY Sufihg EiteSBo18 uBPECIrel Biabiteyat FRAFMITEANEo Slefd] WBUrs BtheSIBOE1 T i C
rati o was based upon the observation of Hua and Deventer in "The

geo-pol y oty o-sil i at.e ai .

U mer al /e g g a0 ThR RS, o i JALCrRTES sown 64
conposi tilﬁg L%tli3| bite (alumna:silica:calciumoxide = 58.47:15.04:7.61)

and/ or sod&tite (alum na:silica:calciumoxide = 27.57:21.51 :10.76).
Precursors us in the present ex | es include table salt  (sodium

Chior 1 do) "t or - P dyettseRRCas SO oy Dotk e oA, BiecE DAL it ST malsy
provi di ng desired calcium A 0.01% by wei ght of polyethylene glycol (MW=
3400) was! uBely insdigmetasi byjeappropimatelyy 2oriechgs sigr beight ds nppeekimetely a$ to
obtained fly ash and builder's sand as aggregate in a fixed ratio by weight
(fly l&sh appsaxighatelyc24 gramm as ¢corapared tosacveight ofilappiostémately30 soshpuoximackipxi de
= 1:1 :0.04:0.01:0.4). Addition of an alkali is inportant for the chem cal

activati oo ghghsdfsrsOy Wkh @ndAdenidh® bagdd MeRdsOxf BR Sinie dahénsidrRN TRt bAht®N Of
al kali can be varied from5Mto 10OM The resultant m xture was m xed unti |

a desi r edng@R3i GheAGY ber HRAGAEHr { 20PN IO XiAbuCasNiRGol MAQuiRY! ds.
In the Examples below the Casting of Molds and Control of Curing Time is
discussed.

20 EXAMPLE 7 — Casting Conventional Molds

Molds were cast using functionalized Fly Ash from both SP and PP. The ratio of
Fly Ash to cement was 75:25 and sand was used as an aggregate. To be precise 60 grams

Fly Ash + 20 grams cement + 40 grams of sand was used. It was found that the reaction
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The poured or cast mneral is allowed to cure at roomtenperature for 24
hours foll owed by curing at noderate tenperature (800C) to all ow

pol y- condwoatwmsm4ef m neral s. Upon curing, the resultarCTAQI0SHaI784t ur ns
i nto anorphous to partially anorphous state as denonstrated by the XRD

results iqn _F a,.rthe absence and reduced intensjty of specific peaks of
mullite éﬁ&ﬁg%‘a‘?lg zengkEﬁq]{Ch%ndr(;ﬁngl?rﬂgﬁlceﬁﬁ??H’s‘ﬁ‘cgﬁo?/géd ﬁatf) atpﬁg%i‘hlﬁﬁtﬁ%&"%t ate
was achi eq\@d UlFOI’] curing at 8&)0 fpi?r] 24 hours. Curing at room tenperature
does not FCJGIVESIRBIEPHAD SONEN SINPIG inpPta the destred Gassistensy iof R gurrgao  The
cube nmoul ds cast by the process are shown in Fig. 6b. The process can be
used in ctsrdlhiegashinig mieldsx Byuplte the fagfexetharnaicgpantiohitie castddomolds seschate
functionalized fly ash can be m xed with non-functionalized fly ash and
condensatdred state Withim 6 hhinued wheraitdietaimnhehape. Thkalring héwewd didgMone to
hydr oxi de. EXAMPLE 4 - Nano- Functionalization of Fly Ash The bul k
functisonahérzadel g Srerdghtl iASA MOBRA ohB6IQU endSortReft! TRHENAHINIE %lonﬁ)llﬁsf ace
functionalization by dissolving the conponents of fly ash’in 38@ ’
hydr of | uggj iq : [ f.on. of . f1l.y hip H5 is follo by
%éa%uﬁﬁ%q' ihéfin _dLl-EH%l t?sa?lgoi chh@snmq{el%'lé, Arllcdsflad s G ﬁcé’g?ﬂ? ved

re-precipitati on using odi um hydr oxi or anmoni
hydr oxi de,_ syst e of m.,nerals. ,,fThe bul 1.xed. hydr oxi des uld be .
functi onaﬁu?%‘ aﬂs|envgane?dg?ymc?r§tfouﬁ?%gbedﬂ§eorpa{ge %@égm"&@at rﬂ"’d\l\gt"é‘in}ltei 3 high

followi ng steps: .Step 1: 200gnms of raw Fly Ash powder was di ssolved in
150m  of gaﬁvfﬁ B?‘l Gé)i © 2dpyP pHErompltely @spiralizgd prodyct.yThe melded matesiah in s
extremel y_exotherm c and hence the reaction was carried out in an ice bath
usi ng a Tag!|bis(croated winopaslofrtionaided flysak arixedyith st gularPartiared cbnferEandvas
added in small increnents of 10m . Reaction was allowed to cease before the
addi tli0on sefid resxthel apgrogattiFin A B30 eitiot b dahyfuastionasized sBplagRdiol Bedibntnhi | €
rest of it remains as a precipitate. The addition of HF was stopped when no

further regetiiwly.Wahe Qhessmast tﬁ@%uﬁiﬂ'%i doneretOvillepeidesh afea%?ﬁ‘lgﬁ%%@ f

sol ution was separated using a centrifuge and the supernat nceforth
cal l ed aspS)otaste : Pl tat e P Lution.S was. treated
wth 10M S%%ﬁ um %y‘g;’%ﬁfg‘lg{ gﬁ@%t gb%ﬁg5%%%1@%%??@{}}(15#0(1:%%%15ée'suﬁ {n O“éenggéléer ved

t hat precipitati follo t hr ou f ew st ages of .col or change which suggests
the pr ecisﬁle?é%iogﬁheo?v‘?fﬁﬁvisc8ﬁ%reﬁyg$%‘ﬁ'?@é’s?% §10@ 84difyeS: sHeh 2 Bt retRggepts, About
50m of NaOH was added to the supernatant S. The resulting precipitate was
filtered &dRANG sk bgreomfrolled apd fhe reswlingheonsrese ivyillthave veay high sttuamirehout
bei ng washed. This will be called supernatant precipitate SP and was yel | ow
in cdbor stughgth., the precipitate P fromstep 2 was also treated with 10M
NaOH The reaction foll owed sane sequence of reaction as in step 2 and the

precipitate was filtEXAMPEE 8- Sadtingra08 Jurink @enitP Efee MIBRISPT €Ci pi t at e was
dried and no further washing was undertaken. It nust be noted that after

filtering the ngRYkWeaNEash ALiHE irlgﬁbfﬁﬁ&iohﬁﬁie‘a%&bé/shaaqu lﬁgde{{;;ir ER&h Seg(ﬂjet#ﬁys

hydr oxi de to ensure conplete precipitation of various roxi des.

exothermic reaction during the casting of only nanofunctionalized fly ash. This particular
casting used nanofunctionalized fly ash as the binder and filler instead of cement thereby
20  producing a 100% cement free structural material. The molds were casted using 70%
functionalized fly ash from Examples 1 and 2 and used 30% nanofunctionalized fly ash
from Example 4 and sand was used as filler. The molds from the process are shown in

Fig. 10. The curing is followed by increase in volume thereby creating porous product
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will be called PP and was light grey in color. In the next step, | OOgm of
yel | ow, supernatant precipitate (SP) was treated with 200m of butanol and
refl uxed woro®/@2430urs at 1300C. Approxi mately 10-20m eCTaiskdosmizz3acid is
added at the start of and during the refluxing treatnent to maintain a | ow
pH (less than 2.0) of the solution. The resultant preci pcjﬁgte was filtered
using 5 riferi8aeactipn betwsspdhe fimgtiqnadirediandsthe ganefunesimaliped Yy ask. dbsguringt t he
et hanol reacts with the precipitate and was thus avoi ded. The powder

obt ai ned sgadewaried by rcoptrbding tEﬁ: gHrafghgfinal gededidion Heniguitidtdiigle heidigepH n t he
color of the powder particles as a result of various chem cal treatnents.
Fig. 8A iS-9 tdardaygcaypletlynadralibyd poduats recei ved froma supplier. Fig. 8B
shows un-di ssol ved portion of fly ash after treatnent with hydrofluoric

acid (HF) and sagdjuimdyesiapsicdehd gricesbs aad hidferiald 6f th8 préfeavinveitgon is the
un-di ssolved fly ash that 1s nanofunctionalized, with ultra-fine particles

that are hholitcedee¥r ishuGRtd mhRriRls OFliRbit e et G570 SR fifo 9. 8D
shows t he hﬂg‘% feﬁ gw co*ormof rthIﬁe A?ssg{hveg*%Fy as%x%%a{yi S ©
re-precipitated usi sodi um.hydr.oxi de before treatment with.Qutanol. and
ot Fuxed IRRPRNS Lahe PRl B i Bl Bfef sl Bigl eyt Mab papakce
nano-functionalized fl sh with ultra-fine, nano-sized particles that are
white in yrgent f@cﬁﬂ%%‘a emenipated epncyetp rzedysty a&remeﬁwgé a4 Shtaut the
un-di ssol ved precipitate from Step 1 was al so processed in a simlar nmanner
as 100gnsenaifsigPobgarber cempeowndssharacripiiueisthe maputaghise of Bedlangd cementulhe aci d
to maintain a pH value of less than 2.0, filtering and washi ng the

pr eci pi t aiheentionaprevies.a ethadefurl duafate potiwkeioni and hirstioadezatiars of dlurghioer

grey color than the original grey precipitate (PP). The initial _

hydr ofol uogili€at6hgtdt raRaiARials) BucH 89 indublriap ?b%@ﬁpﬁlﬁﬂﬂyoafsh_tchernﬂﬁhgj@zﬁlihgh,f ly
ash, but not all of the mnerals are dissolved. The un-di ssol ved portion
consi sts h indlibed viteh@bart G hded Rtth GBERGat! ¥nd@ S Rter R
m-ssing t fghglga{rtrg%%lgelﬁ?ascgt g‘?“\?gr&ee)ﬁ |SVYLHSFS€FéaéI ipen %d T&e %%-g?sso?vgﬁ err)orti on
can be fu ctior}l

¥ descri bed in Fig. d.th 1t s sinil
The nano- Prct MRS ARTSHEDFuBy s f clnfEahRCThE Ssbepl Toolon Ty 7

precipitated a ltra-fine, nano-siz hydr oxi de particles using NaOH The
ultra-fi n‘iﬁsbé"r‘f@gﬁa&aé@‘ﬁ‘f‘?@h%‘ﬁ‘i’?&‘i"i‘%ﬂﬁm d using only Step 2 of the
functionalization process since the particles are already hydroxides; the
result is the Whileathei meentiembasibeen clesdribedddissloaerdr ilkiaiad | andrFslpwrg
EXAMPLE 5 - Functionalization of Silica Sand The functionalization of sand
was aidhi ewidus sdiring o caitaih leatbofinosedion rrodisicstiomawhich hasptesurhed Tihpratiiow,
material in this case was only sand or a mxture of fly ash and sand. The

princi pl ehareogest e QRRGHIOR i§ BRInferldBE t& BEEnANMhoRIMON detdtainel i bl Rmass Of
functionalization is universal with respect to oxide and m xed oxi de

surf aces. p u f1er yi [l M tgnifigantly
hi gher sutrh g%?%e%?eg&gs thlegtrﬁe(?lf@l&@g%ﬁ)é éfﬁéﬁcgrrngflmsema?’ be! ShEge%{egl b§/ the
teachings herein are particularly reserved especially as they fall within the breadth and

scope of the claims here appended.

31



Silica sand, in its natural state, does not have a reactive surface, so
there is no chem cal bondi ng between the sand and the functionalized fly
ash partiwbesoydys4buncti onal i zi ng the sand, the sanme bomrd3/ushaws/ofzysm
between fly ash particles also formbetween fly ash and sand. The
functionalization of sand nakes the concrete stronger. EXAMPLE 6 - Foaned
Functional ization of Fly Ash The rapid mneralization of fly ash can be

i mproved further by addition of Tetraethyl Ortho-silicate (TEOCS) as an

i nternal Wesdd®: whi ch can provi de an organosilicate backbone to the nineral
rich matrix and increase the strength of the matrix by manifolds. The

addi ti on bf TEOratess amak ewthdde fdri praparogrfiorctnnalizat ealumirsesilibite posvides; i ng
an i nproved performance over conventionally mneralized products. In a
typi cal reagrisitg thes#pSohHf TEOCS can be mixed with 50% -60% of industrially
avai l abl e fly ash and 35-40%silica sand. Additives such as cal cium

nitrate, sodi Wy &Mk @8 aﬁﬂﬁn@%ﬁ’éﬂé‘!ﬂs@d‘ﬁo@aéf%'vmg\ébﬂlui’é{tht)g?p%_ 1@1@90) coul d

be used as specific agents to obtain ratio y Ash:

Addi tives (inglu 1 [ h oess uId be
as received orﬂ) ﬂéaﬂgﬁ |ze%§hf n&ul(slhr\é%l tt]tg%%gm Iﬂl’&ut% 8& vahd™a. ti%‘el'he
dry precurs xture mxe W th od| dI’OXId tain slugry
until a cfépé’Y({eég’]eﬁ%rﬂ?l &f@ﬁes}alt@ ek (58 P%‘?mﬁ ViR 2 CB“F B’ﬁﬁmed@rfa%e
alkali is inportant to obtain chem cal activation and dissol ution of

vari ous cﬁ(%é@d-pr esent in fly ash. The concentration of the alkali was
varied from5-1 OM and the casted noulds were dried at roomtenperature for
24 hours fol | owedrypgdihd nfanatiodidal f powdarotpagicl®4 seouhst. Wien nthe odtied t he
porosity in the sanple the nolds were dried in vacuum Duringthe drying
procdds dndctivndbzed povdeads wiiked @&thr wate) oDandrization eéabad oédur baeveaThé €.
Anot her procedure to create vacuumin the sanple is to heat the sanples
above theyp@idsi /d 1l He @frtid] E%gefﬁlafet&fbhh@st?dc’ﬁfra%afepibﬁwﬂﬁ%ee?ﬁlsh@n Brahly
dependent on t he addltlves Al cohol s as curing agent - Ethanol can be used
for nodify} p@ ng time of the process. Typically the addition of

al cohol serves a sur ‘actant to bring TECS, Fly ash and sodi um hydroxide in
one phase thereby facilitating the reaction kinetics. Thus, al cohol
concentration can be used to control the curing tinme of the m x. Al cohol
concentration in the mxture can be varied from approximtely 5% to

appr oxi med-el y Disoprogessjapgé methed efi¢lainyl.twhaseintherplymine-silicaterhased powdertihe 5%
| evel to several hours at the 25% 1 evel. The foam ng produces very |ight
wei ghts, peleoted,frasm thecgronp comsistimgi cflindastrizh pomver plaf fyrash, hainingheiliags rsage

wei ght of a nolded cylindrical structural piece that is approximtely 1

i nch in dindneikairedfe@ppr oxi mately 2 inches in height is approximately 18 to
approximately 24 granms as conpared to a wei ght of approximtely 30 to
approximately 40 granms for fly ash and cenent based nol ds of the sane

di mensi ons. The foaned

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.

20
4. The process and method of claim 1, wherein the treating of the powder with a
liquid reagent, further includes refluxing, stirring and distilling the mixture (I) at

temperatures in a range between approximately120°C to approximately 150 °C.
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material can easily bear the load of a 2 ton vehicle w thout cracking or
fracturing. In the Exanples below the Casting of Ml ds and Control of
Curing Tiwe 20@/seseicussed. EXAMPLE 7 - Casting Conventi omralr/uskéod®13vbs ds wer e
cast using functionalized Fly Ash fromboth SP and PP. The ratio of Fly Ash
to cement was 75:25 and sand was used as an aggregate. To be precise 60
grans Fly Ash + 20 grans cenent + 40 granms of sand was used. It was found
that the reactionis extrenmely exotherm c and can produce heat in excess of
600C to abpr ole?FaP@IC?SS@@dGEeéﬂ@I of slpinrée svhensie refhaing ostirring asddistilingahebt ai n
the desired consistency of the slurry to be able to cast into nolds. Due to
the fast mkduraébis forrgant pemod fremapgtaximatelydshowea chaspraxicatetyl 24 thatue. Wi t hi n
5 minutes where it retains the shape. The curing however was done to
increase the strength in a noisture controlled environment. The cylindrical
nmol ds, neasuring 1 inch in dianeter and 2 inches in height, were cast as
shownsin &ig. K. sthiiualrg had : | L4t _

final product froml Iﬁlpr?a?dehcgfﬂ ﬁ?ﬁrﬁ&?é?lgi gk?%}—ll{%?%;%? %lgﬁgn%g@gﬁgsﬁ %W&é?g
conpl et el y, Eﬁgﬁlﬁ%@fzi zed product. The nolded material in Fig. 9 is created
usi ng nanofunctionalized fly ash m xed with regular Portland cenent and

sand as the aggre e jn 70: 30 rati o of nanofunctionaljzed fly ash to
cenment, respec ﬁ’]\‘}gﬁ%y OkrWé%g]f’? & a11gr8‘l‘t?3f Rerep F}P‘?’Wﬁa’gbﬁ@%"étsé}r g areyBend on
the drying speed of the concrete. A very fast drying speed as achieved in
this nol dOWRs # dPeRggresatsthabizanixad withavaser tefgmn acpputa%ée Bumy thalt iscenstcint .
However, by using additives, such as water retardants, the drying can be
cont r ol | ed¢sizert shdpe arek tApidifcwehdo et bardeded $tmpe suitalyle hog uss tas Uc suiabral
strength. EXAMPLE 8 - Casting and Curing Cenent Free Ml ds Ml ds were cast
usi ndOnannétealf i onal i zed fly ash as a binder due to the extrenely
exotherm c reaction during the casting of only nanofunctionalized fly ash.
This particular casting used nanofunctionalized fly ash as the binder and
filler instead of cenent thereby producing a 100% cenent free structural

mat eri al .~ The r tad:. using 70%.functionaliized fl. sh from
Exanpl es i and&rgd rgﬁeég\ﬁaggd /oﬁn%)ﬁo@rﬁ%&nlgoﬁlélfs{l’%aélzf?ﬁ?fhggﬂmﬁl%‘fﬂ?eEPgﬁ‘f}Fré’ 4 and
sand was used. as fli |l er.. The nolds fromthe process are shown in Fig. 10.
The curi f§MPLSHGIPGHERS %y i ncrease in vol ume thereby creating porous
productdue to reaction between the functionalized and the

nanof unct i onal® sdgctinganipminpngilieaie bprgd Pawdprehaving e pluslity ofiparticlesng t he pH
of the final product from1 mnute at high acidic pH (3-5) to 2 days
conpllét el y nel) maikinggbe powdercwitii\a higjidrreaginatt faga noikttrb€@)pr ocesses and
materials of the present invention is the manufacture of structural

materials wit puwfluxigs &t @Rfgg afix@ed QPoAuEY forl 2 KkdR BAUIKIRAFEQNT) The
present invention also provides structural materials with properties

equi val ertif Qirfagk Eét%?ed‘i?%gﬁgﬁﬁﬁg' concrete products or nortars and

W t hout the em ssion of conpounds characteristic of the manufacture

of Portland C%vaxr']a{[shin-lg:hrgixture (IT) with water to remove residual liquid reagent and drying

the washed mixture (II) in an ambient atmosphere:
20 e) adding the dried surface activated powder from mixture (II) to a distillation
process for a period of time sufficient to create functionalized alumino-silicate powders

with chemically active alkoxide sites on each particle surface.
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i nvention provides a nethod for surface activation and functionalization of
alum nosilicate based raw materials, such as industrial power plant fly ash
or m ni ngwoantyesgslz such that the surface functional i ze#Cpasdes®ian be

m xed with aggregates and water to forma hardened material suitable for
use in copstrugtion. The pre |nvent| ned to have_ a

si gni fi caht cohtfePeres aad FRSTROd 9 e fruhoTRihE |a'§-|’i"‘lﬁass“tfé%b%§§%891”6@ds

di scl osed, illustrated and shown in various terns of certain enbodi nents or
nodi fi cat ﬁe&ﬁ%e d\{fre the gropp sopsigingrafdndustial eewer plant fe-asly apiaing tailingsj sanént i on
is not intended to be, nor should it be deened to be, limted thereby and
such othemdmmahﬁbxémkmﬁs or enbodi nents as may be suggested by the
teachings herein are particularly reserved especially as they fall within
the breadth and scope of the clainms here appended. W claim 1. A process
and nethod for preparing functionalized alum no-silicate powders,

conpr issi ng t herist @RS ana)mé%sc%f 0BiAN7 ALRLAR-he | Al GeBAReds PO

having a plurality of partlc es treat’ing the powder quu

r eagent t F éggq e (1) mhereln t he powder becones functionalized with
each parti aving a chemcally active surface area; and. c) drying the
functionalized pomder particles so that when the dried functionalized
powder is mxed with water, polynerization reactions occur between the
surfaces and bind the partlcles together to forma_ structural material wth
no enissildh of Theapwsesscaidpbgthed. obclaimd, prhssein shediguik rengantols @ (18i molar
wherein the alum no-silicate based powder is selected fromthe group

consi st i rglufoniofdNe€QH.i al power plant fly-ash, mining tailings, sand and

m xtures thereof. 3. The process and nethod of claim11, wherein the liquid
reagdiot is selected fromat |east one of sodium hydroxide (NaOH), and a

m xture of ethylene glycol and acid. 4. The process and nethod of claiml,

wherein the tragthBes9hind Iﬁ?etlﬁ’&i"@leélai‘m & Py RerkindL e ? ?S&ﬂf Bhd Sti[jljllil% REmikRfrd udes

refluxing, stirring and distilling t he’ nlxture tenperatures 1n a
range bet y 150 0C. 5. The process
and net hogeoecpu%{%g:;% %Leér/%lﬁj %*’u&e?}ﬁgi&%( ig and distilling the

m xture (1) is for a time period from appr oxi mately 4 hours to
approximately 24 hours. 6. A structural product prepared from
functionalized alumno-silicate powders consisting of: a plurality of
particl es!Zi t hThe poeess|apdi methed s¥dtlaigh@nivbereiny thecdistildationr pracess andadeshat
forms a dry aggregate that is mxed with water to forma pourable slurry
t hat 15s cabitionnf corcedersted adlfetiamed anshhydpiud leyhyderregslydod peepasgddtmes hediepe
suitable for use as a structural material.

to approximately 150 degrees C under inert gas flow.

13.  The process and method of claim 12, wherein the distillation process proceeds for
at least approximately 4 hours while the pH is maintained at approximately 2.

20
14.  The process and method of claim 7, that further includes a washing of the
functionalized powder with anhydrous ethanol until the eluant reaches a pH of

approximately 5.
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7. A process and nethod for preparing functionalized alum no-silicate
powders, conprising the steps of: a) selecting an alum no-silicate based
powder hawOrrgoszospisaral ity of particles; b) mxing the peeaars2eusons7a4 | i quid
reagent to formmxture (I); c¢) refluxing and stirring mxture (1)
continuously for 24 hours to formmxture (I1) with surface activated
powder particles; d) washing mxture (I1) wth water to renove resi dual
liquid reagent_and drying the washed m xture (I1) in an anbient atnosphere:
e) addi nglghe Hre prgcessrangduecthed of staim Idowdereirt thenwashet fnectionlizedopeavder
distillation process for a period of tine sufficient to create

f unct i onalsidried aed stnieddn sisealedtentpmarder s wi th chemical |y active al koxi de
sites on each particle surface.8. The process and nethod of claim?7,
wherein the alum no-silicate based powder is selected fromthe group

consi sting of industrial power plant fly-ash, mning tailings, sand and

m Xt urses fdier ephe nrd PRESE : j i iquid
reagent is sodi un? hgleds}-lgg?g{e (NaC]—l)@agll{)g.?wrﬁ%llgihgggggggﬁu&c%ﬁﬂgga8g)agf’ljai m 9,
wherei n t:ha.Lhgul AgSAt £l ; | @r | utd on of NaCH. 11. The process
and net holgggka%gaﬁln{pg, V\/né)rfg %l%f(f{gatrl f@udégegey?hd stirring of mxture (1)
occurs at a tenperature of approximately 120 degrees C. 12. The process and
met hod of claim 7, wherein the distillation process includes a solution of
concentrated sulfuric acid in anhydrous ethyl ene glycol prepared that is
heat ed t ol lapprdxirResss| apd1 methedgias erreparingd &irictipralized saluminonsilidate ppmdersr ocess
and nethod of claim 12, wherein the distillation process proceeds for at

| east approodiristigghy stéphoflirs while the pH is maintained at approxi mately 2.
14. The process and nethod of claim 7, that further includes a washing of

t he fl@ncti onald)zetechage alumihb-saawdigespeidinol until the el uant reaches a
pH of approximately 5.15. The process and nethod of claim 14, wherein the
washed functi ' [ ' ' [ . 16.
The process. and TAREURGL G4 SLRENRCR! RRERL B By® RREm GRS 1A
powder ism%mrgmat a tenperature of approximtely 50 degrees C. 17. A
process and nethod for preparing functionalized alum no-silicate powders,
conprising the s{rgr%& of : gé sel ef)ti ng an al um no-silicate based powder; b)
m xi ng the powde SRNG N MY UEh D) IR i % TSR CORMAHNNg R OE%AREG SPlyeR fPb f or m
m xture (l1);..c). transferring mxture (l) to a reactor containing an organic
sol vent fegferification and distillation to form a functionalized alumino-silicate powder in a slurry;

15 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.
20 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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esterif cation and distillation to forma functionalized alum no-silicate
powder in a slurry; d) renoving water and al cohol fromthe reactor; e)

separ at i nyotzb@/dseaet i onal i zed al um no-silicate powders PComsLevs/0$3784ry by
filtering and evaporating residual |iquids to produce dried functionalized

al um no-sjlic owders with chemically active sites on thejr surface. 18.
The pr oceLds a?fhﬁen&oﬁ?fd agd nﬁqﬂé‘?drﬁfi‘g};“%zerviél?eﬁelf‘ﬁlée %lF"Zhﬁsl/ﬁS‘-dsﬁoi‘lt@&‘tlée@é&eé
powder is selected fromthe group consisting of industrial power plant
fly-ash, #erlsylfueic peidgs, sand and mixtures thereof.19. The process and

met hod of claim 17, wherein the al cohol/acid solution is ethylene

glycol /sul furic acid. 20. The process and nethod of claim 19, wherein the
al cohol /acid solution is mxed with the alum no-silicate based powder at

t enper at u2tes oThapicessi dhdimttiod ofieBimeD, Wheddn tHN&cHRAGERSsNEhBIHREd Of
claim 17, wherein the organic solvent for esterification and distillation

i s toluengith 4% L [ t - d of
claim17. és%ﬁlgpg{geéggé%éng&ﬁg?hggh%rté% egﬁﬁsndg%ﬁgﬁgﬁﬁgﬁﬁge a f|¥Stz\cé'd
al um no-silicate powders, conprising the steps of: a) selecting a bulk
anount of an alum no-silicate based powder having a plurality of particles;
b) dissolying the bul k powder in a hydrofluoric¢c acid solution to form
m xture (?l]\/) ctl?‘ﬁ FHAFHS EI'?@S‘BF%Q BEV\&%‘lma d L‘J‘&‘-e’éﬁl%s@fsvé?fgaﬁ#"e(ﬁob‘fepht@f c)
separating the dissolved powder in HF solution fromthe un-dissol ved
preci pi t atsEeriisationanddistillgtionds Gilvepewher ei n t he di ssol ved powder is treated
in a first processing sequence and the un-di ssolved precipitate is treated
in a second processing sequence; d) in the first processing sequence, the
di ssol ved powder is re-precipitated using sodi um hydroxi de to produce a
m xed ohy d2Dxi d& seystuinadteridl Atidalby;thy plobessihd etbtiodsfotaide1 By st em of
mnerals is functionalized; f) a nano-sized plurality of white col ored bulk
functionalized product is recovered fromthe first processing sequence; Q)
in the second processing sequence, the un-dissolved precipitate is dried to
form al umpno-sjli base efg.Wih l.ow al um num content: h) t.he
preci pi tan%sg wi'%\hp fo%\t?vgsalaﬁl% gﬁ%ﬁ%@n{%np }elp gH %nrtl:atniogt}?gftil ﬁ,zecf)algmﬁzfﬁ%ﬂ%qtged
plurality of, light grey colored functionalized product is recovered from
the secorfPYsiett @?Pﬁ&négﬁﬁﬁﬁﬁﬂgzand j ) the alumino-silicate based powder
fromthe first processing sequence and the second processing sequence is
nano- f unct i onadisgleatingd ik ameynt @f ep alumine-silisatelbasedhdewdet halyinganplugilite d
particles.

15  of particles;

b) dissolving the bulk powder in a hydrofluoric acid solution to form mixture (IV)
containing dissolved powder and un-dissolved precipitate;
c) separating the dissolved powder in HF solution from the un-dissolved
precipitate for further processing wherein the dissolved powder is treated in a first
20  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;
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24. The process and nethod of claim 23, wherein the alumno-silicate based
powder is selected fromthe group consisting of industrial power plant
fly-ash, wonrbemgstal i ngs, sand and m xtures thereof. PCT/US2008/013734

e) the mixed hydroxide system of minerals is functionalized,

f) a nano-sized plurality of white colored bulk functionalized product is recovered
from the first processing sequence;

g) in the second processing sequence, the un-dissolved precipitate is dried to form

5 alumino-silicate based powder with low aluminum content;

h) the precipitate with low aluminum content is functionalized;

i) a nano-sized plurality of light grey colored functionalized product is recovered
from the second processing sequence; and

j) the alumino-silicate based powder from the first processing sequence and the

10 second processing sequence is nano-functionalized and form an ultra-fine, bulk powder

with nano-sized particles.

24.  The process and method of claim 23, wherein the alumino-silicate based powder

is selected from the group consisting of industrial power plant fly-ash, mining tailings,

15  sand and mixtures thereof.
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