WO 2011/ 151725PCT/ 1B2011/ 001551 ORGANI C TEMPLATED NANOVETAL OXYHYDROXI DE
BACKGROUND TECHNI CAL FI ELD [ 0001] The present disclosure relates to
nanomat erwal2s1/@msparti cul arly to nanonetal oxyhydroxi @etmBioer/v@aks, such
as, for exanple, organic tenplated nanonetal oxyhydroxide nmaterials,
together with nmethaods of preparing such materials. TECHN. CAL BACKGROUND
[0002] Amongst ARCANKS REMBLALET SANRMEH OXKHXROX B N na i s t he
nost popul ar conposition. Activated alumna is typically prepared by

conpl ete thermal dehydration of al um num hydroxi de whereas boehmte is
typically prepared by partial thBAOGKGREUNDati on of al um num hydroxi de.
Activated alumna is an effective industrial desiccant, catalyst support
and an effective adsorbent of FETIINCCADFIHIUPride in water. The United
Nat i ons Envi ronnent al Program agency (UNEP) classified activated al um na
adsor ption anong the best avail able technol ogies for arsenic renoval from
wat er . [A9Q4 Therarergsedisdosvpoiphdes tomapanaeails. aaddagiculalydo npnagagtali cul ar, are
wi dely used, and_ are the basis.of denonstrated chnol o for, remmyi ng

A sent SSRrPREs Ffhaldt sl oR PR b R S0P S8l D 1
of al urhaealbasgdhds WTRHOMBHSds an siéh hyfelig®l |y very low, for exanple,
on the order of 1 to 10 ng/g. Arsenic adsorption capacity is simlarly |ow.
Thus, adsorption technol ogi es and devices which utilize conventi onal

alumna materials are |im tEBECHNIOM. BAGCKREREOWNDand f | uori de upt ake

capacity and can require frequent regeneration, producing |arge anounts of

solid I QUi . Typl cal:l ; I 1 are
used i ﬁﬁg?#é %Bﬁ%sﬁ %%rr%h]%?g)g%eg s%)g‘I P g (Igl\(?}efs.’ a%é‘\%@%&rﬁgrg%%ggglg%%sgwﬂ&%g cannot
be di r eohlpysitisedAciiatddalitidaigypiceny prpsed By dodpletcthemid delydvation atnd t he
danger of particle |eaching. The conventi onal granular beads are prepared

by addidgnBupdsidsoddoyhergns bpehmgte iptypicaldy aeepard iy paitahharashidshydrayaly ¢xi de,
d heat| ' . |  at. 0, t:h Ct
an e%%{iﬂlgﬁlg}%eyd%é&e‘!hﬁcggﬁt;& aﬁ\é«§§§% a%%gﬁggﬁﬁv% 1%%%%561ggélcc?agi,\é/é?%iaygﬁlugﬁ?& dr Opo

600 C. her e Oor obtarnin um na i

met hod anbien effactayegkorbbitaif AgEnio¥inP Flacti@e natitem TaE Uane@Nufbmum precursor is
allowed to drop into a hot oil bath, formng agherical particles and ageing

t he parkinviiosgeatal Riograt aganey SUINEP heldssifeadpstizsgted aluntmpeadsexption apgng Wo

2011/ 150%3@%%%1% %%Hr%ojl() golgsl é)? zl1rsenic removal from water. Aluminum based compounds in
general, and alumina in particular, are widely used and are the basis of demonstrated
technology for removing arsenic and fluoride from drinking water. The fluoride adsorption
capacity of aluminum based compounds, however, is typically very low, for example, on the
order of 1 to 10 mg/g. Arsenic adsorption capacity is similarly low. Thus, adsorption
technologies and devices which utilize conventional alumina materials are limited by the low

arsenic and fluoride uptake capacity and can require frequent regeneration, producing large

amounts of solid and liquid waste.

[0003] Typically, granular beads of alumina are used in the applications discussed above.
Powder based compositions cannot be directly used due to the inherent poor hydraulic
conductivity and the danger of particle leaching. The conventional granular beads are
prepared by adding binders along with fine particles of alumina/aluminum hydroxide, and
heating the mixture at elevated temperatures in the range of 300 °C to 600 °C. Yet another
method for obtaining alumina beads is via an oil-drop method wherein a gel obtained by
precipitation of an aluminum precursor is allowed to drop into a hot oil bath, forming

spherical particles and ageing the particles at higher pressure and temperature. The resulting



crystalline spherical alum na particles are obtained after washing, drying
and calcining at high tenperature. Due to the use of external physica
and/ or cheoi2oalisagsnts, such approaches are | esser envi rgmmBati/beissndl y and
uneconomnmi cal . [0004] Metal oxide-chitosan conposite materials are one
exanpl e of organic bio-based materials known for their adsorption ca%acity
to renv¥etaliigg sphgresd RBMip pgglss agpRtdiredydter wagkps. drying Apd silgipmeta big

aner or pPgad. TG IREROE RS LoRARTL IR r Rlnl BRI Bprebi RIS,

cl og t hesski driv@bnmBhitfriefdll ahdingohhigicheads at el evated tenperature (e.g.,
450 C) can inprove the stability of the beads; however, the calcination

process reduces the fluoride uptake capacity and can deconpose chitosan.
These dO041Metat exidesghifqsan composits anaseriady, R ohe arample Pt grgpwic birbietlcat i on
appl i catl.Qr 1.S.: 0, I ntioned
probleﬁéagﬁ SE%ﬁg$§%ﬁ%$f%%ﬁﬁﬁ§é%§%§3§Pg§§ﬂ“§;Oﬁggﬁﬁﬁéaé§§gf% ﬁﬁggterials

and watgilufantst TRAI euppoaed Bltitadgh Bsads bpacictémtiglHeyn etdntined fos tie ReR6alf &
bio-friendly materials that having inproved fluoride and/or arsenic

adsor ptiiussideapamspitif was fopRd shat glhisasan hepdls drind at Hoddswell i@ wajer apdickeg thy ¢ he
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descri hrdhdiedags;howehérs t1dicaRiMSbA ProctEt 0@ cagRETIoride @pakesapabit@a@y @nul ar
conposite material, and specifically to a granular conposite of organic

t enpl atdsgompersreBitalanokiasg dprskiatiey Igydichstie ge¢ ofkiuge medidformates garifieatiopr epar i ng
such natefi ]s. [0007] In one aspect, the present disclosure provides a
nethodz?gﬁabpg%aring a granul ar conposite of organic tenplated

nanonet al - oxyhydr oxi de/ hydr oxi de/ oxi de. [0008] In another aspect, the

pr esent[000 CIRS Uheres OYedes add ey e dfdreheioRB@pioblen® GidasihtrahoCmaagd t e
t hrough an aqueous route conprising a biopolyner and one or nore

nanonetaatasaitt it tiecsls orpti oo rlagheiabdnd evaseiritl irafiesteclinodedgs. [Speeifistibetheaspect |
t he nethods(Pg Lhe prgﬁent dis&ﬂp ure can o%ﬁﬁat%>thg need.fOé el.evat ed

IE a Nec or 10—fI‘ en y matenatls a aV1I|1,%1mproYe 1,101']t c an n/Of %I‘SCIIIC a SOI‘pt an
tenperat Ures, pressure’or external crhem:cal "agents i € preparation of

gr anul ahps@ieR0Ihes: MR EiiBther neWR 20 14 kied by ARCEHNIRBRIbAL LSSEthods of the

present disclosure.
SUMMARY

[0006] In accordance with the purpose(s) of the invention, as embodied and broadly described
herein, this disclosure, in one aspect, relates to a granular composite material, and specifically
to a granular composite of organic templated nanometal oxyhydroxide/hydroxide/oxide, and

methods for preparing such materials.

[0007] In one aspect, the present disclosure provides a method for preparing a granular

composite of organic templated nanometal-oxyhydroxide/hydroxide/oxide.

[0008] In another aspect, the present disclosure provides a method for preparing a granular
composite through an aqueous route comprising a biopolymer and one or more nanometal-

oxyhydroxide/hydroxide/oxide particles.

[0009] In another aspect, the methods of the present disclosure can obviate the need for
elevated temperatures, pressure or external chemical agents in the preparation of granular

composite materials.



[0010] In yet another aspect, the present disclosure provides a filtration
devi ce conprising the inventive nanonetal oxyhydroxi de/ hydroxi de/ oxi de

mat er i al .wpQOiilfsi1Addi ti onal aspects of the invention w lpcThB28€boi§srth in
part in the description which follows, and in part will be obvious fromthe
description, or can be |earned by practice of the invention. The advantages
of t he [PAUYEAniyerangther agnsct: Bl Arossat <§ﬁfdosaltfﬁt piionislgs piltradipngleyice campesiagEivt s and
conbi natj on ticul i LDyt pended clains. It is to be
unders?%%%nﬁﬁga&ggﬁﬁ(%%%%ygggg%gﬂgQg%ﬁ%?%fgﬁgggTiption and the foll ow ng
detail ed description are exenplary and expl anatory only and are not

restri qoOvg Additibveil bspéeRiof €z, inAhtioh atildd setBRHICm PIESERhETECNpIn WhichFI GURES
[ 0012] The acconpaqgin? figures, which are incorporated in and constitute a
part offollows asgarpat will bosbvieus fiem the desgiéntionapr e hedeasneshy pragiseréhen ¢ h
the desgrdpblo%ns &g\}’a%tat s SRk e ‘cti(;]lewﬁj; bG0R 83 8fatt£iﬁ1§db”}ﬁ%5‘ﬁs' Hine [ 0013]
FIG 1 1s a schemtic ﬁepresen ation of chem<ar reacti ohs i mvolved in the

met hod di@fierts doattifMioal patigilany bainhtddydut irdthe @ bd Elairhd) lagadmbdance with
various aspects of the present invention. [0014] FIG 2 is a schematic
r epr esemdaisiosd thyft ber the supebiewernenyl dexqriptien prd & followiae defedethdesciptian an

enbodi nent. of .t he present invention, together with mcrograpghs illustrating
the.penper B SR Rher B Reph ARk YRR s o s
X-ray diffraction (XRD) patterns of an organic tenplate boehmte

nanoar chi t ect ure ( OTBNBRIEFUDESCRIRTSONIOH TRIBNIGURES t o0san. FIG 3b
illustrates the XRD patterns of OTBN prepared by various starting materials
and OTBN dried by various nmethods. [0016] FIG 4 illustrates FT-IR spectra
of or gdRAPE2I EiepcameprayErfiguEcsh ahisArdhincapprated inangrpnsiitge £ padof §8s adsor bed

OTBN. ' £ v : l.ect XPS
Spoct r gty ioh e ub it aP SR S AP I BRSEUHER DB RPARCRRY o1 2
t he adspmptplarofaie nhentfdnuori de, with FIGS 5b, 5c, and 5d detailing the

al um num oxygen, and fluorine regions, repsectively.
[0013] FIG. 1 is a schematic representation of chemical reactions involved in the method for
preparation of a granular hybrid composite, in accordance with various aspects of the present

invention.

[0014] FIG. 2 is a schematic representation of chitosan bound AIOOH particles, in
accordance with an embodiment of the present invention, together with micrographs

illustrating the pepper corn like shape of the particles.

[0015] FIG. 3a illustrates X-ray diffraction (XRD) patterns of an organic template boehmite
nanoarchitecture (OTBN), fluoride adsorbed OTBN and chitosan. FIG. 3b illustrates the XRD
patterns of OTBN prepared by various starting materials and OTBN dried by various

methods.

[0016] FIG. 4 illustrates FT-IR spectra of organic template boehmite nanoarchitecture
(OTBN) and fluoride adsorbed OTBN.

[0017] FIG. 5a illustrates the x-ray photoelectron spectroscopy (XPS) spectra of organic
template boehmite nanostructure (OTBN) before and after the adsorption of the fluoride, with

FIGS 5b, 5c, and 5d detailing the aluminum, oxygen, and fluorine regions, repsectively.



WO 2011/ 151725PCT/ 1B2011/ 001551 [0018] FIG 6a illustrates the extent of
fluoride adsorption by OIBN as a function of adsorbent dose, and FIG 6b

i |'lustratwe bheisitsori de upt ake capacity as a function ipgirtiBai1/bdissr i de
concentration at an initial fluoride concentration of 10 ng/L and feed
water pH of 7 0.2. &0019] FIG 7a illustrates fluoride uptake capacity of
OTBN ad08181JAet poilluskates the exgpboffiugridgjgdspapicn by 9EBNM®s-asfspeii? &r der ki neti ¢
plots f i o) rd at O . i{lustrates
P asor pr e SBET AP HIOBH AN L hE R 8 (B on R &7 5

i |1 ust rfpfogigle @6is@h R4t at @A PAGAT YudRide RN 88t SUGICI0 AV Afnd FES&ER@ELpH of 7 +
concentration at an initial arsenate concentration of 1.1 ng/L and feed

water pgH-.of 7 0.2. DESCRI PTION [0021] The present invention can be
understood nore readily by reference to the follow ng detail ed description

f the g | h Les incl L i Bef h
or esentVEATGE G ARG SRS ARGHTER Ly & Erongor BluRe BRI hoas

are di st deplts pRddsiesonid beWr kinkti¢ lotsCobteudcepad PO idiae ohteTBNe not
limted to specific synthetic methods unl ess otherw se specified, or to
particul ar reagents unl ess ot herw se specified, as such can, of course,

vary. |[0030 FiGsBa iltystieevadserpsionsapackurr OHEN ey riunstiengf adsedenielase and s f or
the PUTHES Ry ﬁLusu&%&&ds%kﬂ?ng)p%%%ch@%’t‘fr;a@i 5?@}1&1&P&f?’z}rge;ﬁgtg'rc%g&%ah{)‘& ghded to be

limting. ough” any s sim quival'ent to those

descri hg@iahgt@iafe @avedativs edlilmi/hanpradtwae H of 2sto.ng of the present

i nvention, exanple nethods and materials are now described. DEFIN TI ONS
[0023] As used in the specification and the appended clains, the singular
forms "a," "an" and "the" incl ud®EIGREITION er ents unl ess the cont ext
clearly dictates otherw se. Thus, for exanple, reference to "a solvent" can

| ncl “d%ﬂil;jtﬁ{e‘ﬁe afy iw&tf%'h caR "b? .uﬁ&)%ré/tg&ﬁ ﬁ1|'olrje[e 1%9%1?}1 dl?ﬁ%?&&&f;g@ thegnsspLessed

herein as from™a ob one particular va or to out ™ another
parti culesiledt dbseiptivihefths idendon ambhe IFxamps esdeitd thereinher aspect incl udes
fromthe one particular value and/or to the other particular val ue.
Simlar| when val ues are expressed as approxi mations, hy use of the

ant ec ec[QﬁQZI"%Pé%ttb@ PresenfF PP S PBIROFIGIORS- HERlest pstems, devices, and/or

methods are disclosed and described, it is to be understood that they are not limited to specific
synthetic methods unless otherwise specified, or to particular reagents unless otherwise
specified, as such can, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular aspects only and is not intended to be
limiting. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, example methods and materials

are now described.

DEFINITIONS

(13 29 <

[0023] As used in the specification and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dictates otherwise. Thus, for

example, reference to “a solvent” can include mixtures of two or more solvents.

[0024] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another aspect includes
from the one particular value and/or to the other particular value. Similarly, when values are

expressed as approximations, by use of the antecedent “about,” it will be understood that the



WO 2011/ 151725PCT/ 1B2011/ 001551 parti cul ar val ue forns another aspect. It
w Il be further understood that the endpoints of each of the ranges are

si gni fi canb 20ot131728 rel ati on to the other endpoi nt, andpcmdepandassl y of
the other endpoint. It is also understood that there are a nunber of val ues
di scl osed_herein, and that each value is also herein disclosed as "about"

t hat parfticiar yplug dpiges nethsgaspertodt val bhirihar ypderstend) that thgyendpeivippfecach f ¢ he
val ue "1Q" | [ 0sed, t . N . di sal. [ | so
under stBaF 1ief BEURTE R 03 in A e olte BBin RNy o PO
For examrendpdintl Gt 8Atolndar®oditlt kiase e atdi@ibel df valdes ditlosadlerkth, afi® al so
di scl osed. [0025] As used herein, the terns "optional” or "optionally"
means tthalteaghealsuissdsqerrin glisalosed asoabiowsy st paskicelnr s nadgisiondn thsrvatien not
oceur . O EORLa e J0RE VARt LADAARHAER dASLRGE- YORLE sabd e ER AT
circunstance occurs dnd i Ast ances Wiere it ddes not . {00 used Rer ei n

t he t eryide®¥ont et @xdho@fitiyaweon tele xticlear vean afeell ®rdifcdosad. PyydHMeipdx il a
hydr oxi de, an oxi de, or any conmbination thereof. It is not necessary that

each ofandrSaxs/tiyelpsdi dhen 14, By dd osddd, araplgo disclosidde be present. [0027]

Throughout this specification, unless the context requires otherw se, the

word " ise, . or variations such.,as." Ses” '.CO I Si wll be
under sﬁggﬁ]t% ?Sr?%ﬁz‘flre%/%éﬂeﬁtﬁﬁ%sqp ilﬁﬁ%if %g Osptﬁ%@(ﬁjy irﬁfaélégéat (t)hre Sglp geeﬁu(éf?[%fgr oup of

i Nt egerdes@ibedle®f obbircui@taricBR@aL¥ELdASI00 B, MAYhAtedestipteGEnclQbesst ep Or
group of integers or steps. [0028] D sclosed are the coqﬁgnents to be used
t o prephstenceh@heishpissivenionsilgpmsece qegristang mstancoiewherg &t dogenetonposi ti ons
thensel ves to be used within the methods disclosed herein. These and ot her
mat er| G268 £s 19s|e (fllf: e%negletgerﬁle‘logcph 6Hﬂ'rgxildéfhl c%rogiﬁg/%r iscfeoggn {e?e%tto %en .

conbi ndt | ons.> SUbsets,: T nter act rons., gr%ups, etc.” o ese naterials are
di scl oss@hjdrakidehi hyRr&SRES iah okide Eb1€ing REMbRTatiGRAERra6dr 1Y foti Hedéswaguiadt and
col | ective conbinations and pernutati on of these conmpounds can not be

expl i cicefyotinseiybsdigxideat hydrexidpani fap @aideypepaesetpl at ed and descri bed
herein. For exanple, if a particular conpound is disclosed and di scussed

and a r dificati.ens. that, c e t her, of | ecul es
et e i ouaL plE Ry B0acb leidhe CRER, SuBIREPbell) 70 caon

and evetympAnyt stdrafo@hcRas redngirised @f compriGREP N te andertibed moidifly cat i ons
t hat are possible unless specifically indicated to the contrary. Thus, if a
cl ass che mslustonl g smtedgntegatoGten & wPwrefdgegerasr wepy buigonthe lexelysign of

nol eculaes OIR1 Erite aerrldr ﬁeagg Aan (e)%<%ng)leres Oof teBs conbi nation nol ecule, A-Dis

di scl o8 CHHEHEEY 8RSFY Oe8ORP PE NS Hdi Vi dual Iy recited each is

i ndi vidual ly and col | ectively contenpl ated neani ng conbi nati ons, A-E, A-F,
WO 201 10028] 12i586ddd B2 tht LoRPdhénts to be used to prepare the compositions of the invention

as well as the compositions themselves to be used within the methods disclosed herein.

These and other materials are disclosed herein, and it is understood that when combinations,
subsets, interactions, groups, etc. of these materials are disclosed that while specific reference
of each various individual and collective combinations and permutation of these compounds
can not be explicitly disclosed, each is specifically contemplated and described herein. For
example, if a particular compound is disclosed and discussed and a number of modifications
that can be made to a number of molecules including the compounds are discussed,
specifically contemplated is each and every combination and permutation of the compound
and the modifications that are possible unless specifically indicated to the contrary. Thus, if a
class of molecules A, B, and C are disclosed as well as a class of molecules D, E, and F and
an example of a combination molecule, A-D is disclosed, then even if each is not individually

recited each is individually and collectively contemplated meaning combinations, A-E, A-F,



B-D, B-E, B-F, &CD, CGE and CF are considered disclosed. Likew se, any
subset or conbination of these is also disclosed. Thus, for exanple, the
sub- gr oupwof20fy/151728- F, and CE woul d be consi dered di scl esedB20lho@ssoncept
applies to all aspects of this application including, but not limted to,
steps in methods of meking and using the conpositions of the invention.

Thus, iB-D:BeEeBds £-R. Gdi-iabd {-bareggaideisd discloped sLikemitse.cay splseh@i f or med it

spect 0 BBI e ER U GlRRE L K BlroRl BRI ERpRorhEE BTl ¢ g
i nvent iPWwouldHe2hsiliéredl disulde&t. STHOEbHcBptapbhies ©alResdctd sMbisdpplidatised herein

have certain functions. D sclosed herein are certain structural
requi r dRERAISL Bt npllimbedrion glephia ragtBedsed eppldngand usH, the sempesitians ghfer st ood

that there. are variety of ructures t C for he .same function
that ardpuph: 2o P L AL E! b Mo Rl BR LB RARRTRT U e
wi Il tyipidedtdoy tiag Rh@ver thére agBaifienilespk tan bOPIRrmAs wathi £ Ispeddfiscussed above,
the present disclosure relates generally to a granular conposite nmaterial.
| n one cagpdanentioneombipatier ofrenendpnerie st te greshads #f theoppadione of an organic

tenpl at ed nanonet al oxyhydroxi de/ hydr oxi de/ oxi de material. |In another

asPect 1ol R ARETLA 1R RGBS EANRARLARA S flatSlg AuRggEss conduct ed

at |ea [ y 1'n-an aqueous ne nai er ‘aspect, the
pr esentDigtssddaR iR aRl@Mhid8srudmEd it MEnts 6 feifpanatthOdisabsed fihélvakar
conposite, such as, for exanple, an organic tenplated nanonetal
oxyhy drandiidie tageistosd thet Beregue avarigiet stsyrsees thaheanqesloantheisagie fysefan

R R e e

oxyhydr@axkededunydr oxi de/ oxi de particles. In a general aspect, the nethods of
the present invention conprise contacting a netal or netal precursor with a
bi opol yner and/ or_bi opol ymer solution, and then contacting the resulting

m xt ur 00 pbririledisquegdapoye thearpisusdiadpate selates sraerlly smagenuleet al

precur sqr_can CQ%R@I%%oa salt, qf .a %?tal or .a sol ution ther§of In one

composite ne aspect, the invention ¢emprises.a_granular compgsite of an .
aspect, e neta rom V\%I ('Pn a me{la an ?OP metagI precuré)or can conpri se

al um NWramé RenplATBDEA0ARE ok §Iroidld/Rytirokiie/dkide eitidHRl. InARofRAEPecC Gidhum  or
a conbination thereof.. In one aspect, a netal precursor conprises a

sol ut i grerafularcoaipgnithean beairepaseshyningsd prgceds ganduetadmt dgast partiadlyumianum

chloride, alum num sulfate, alum num WO 2011/151725PCT/1B2011/ 001551
isoproﬁ@%?ﬂ@fn%ﬂmﬁ'conbination thereof. In still other aspects, the netal
precursor can conprise other netal salts or solutions not specifically

reci t eqo0®r]ahAno@BchshER, RE PRSEN! diRUBH RBVitles Methoddfoe Akeieatltf dfiam ted to
any particular netal precursor. In other aspects, the netal precursor can
conpr i swarplaricempesiteefuahs, or enamgle] andirgade tamplatedhanemetalr sors i n any
excarpl &Aoo o leg Ty BB Pec PRt b AP bRy "
1: 20. Iglepiiig aSP@tlar cbRPoTBbRLsIRE 86 B R0Ls AR, IRSmathbAtAHPdhE hate. In
anot her aspecCt, the metal precursor conprises a mxture of al um num and
i ron sdtiepplymerandang or oiore fiamomesed opy ey drexidaihyd@oxid¢/okidEp)rticjeg0BB3 geMigeal

bi I [ itabl e bi I : i f bi | :
'n_one BBedre mERRIn PR PYRER: BB RATPOE SHEHSRA MY RARE P RRE! | ul ose
fibers,wigf a 8icpeRIchakd/ONbibP&YReF solhtbrd2 ARt heh cafR@ s thd REuIBhORANAEYIRr @
portion thereof is a flake biopolyner. In another aspect, functionalized

forns ofbaskie bi opol yner can al so be used as biopol yner flakes. |In other
aspects, chitosan fl akes can be used as biopolyner flakes. In one aspect, a

bi opol y uch as, for ex I a biopolynmer flake, can be dissolved in a
or ot S tipisngeSt oS nton ety AR S TR raf OEE T Sk as.
for exagri@n thiedot. MNGR: APEcit e rhdthGront WhEWCImaA] ARG Ghetall f16cdibdr@Rs Of the
m neral acid can at |east partially ionize the biopolyner and dissolve it
in the osatpeise tlomaitnnad 2indingpghnaverirogotitanivon zikeniomelaatpeen, carien, lor opol ymer
conpri ses chllosan.flgganother a§£§%I t he bio 8&¥ner conprises a mxture

of cel IVMBYBURPLIHTT JSLRC 2RSS AT FEFLTSOL b ReomEeg of F%HE‘HB‘P“IB met al

precur s@f c6RABrisiAk §lu@dfhutinithat@ A RRAMYTRSrideN ARSI sOID @lur@huhunct i onal
groups. The anounts of netal precursor and bi opol ynmer can vary, and any

sui tabl e anpbunt for a desired conposite can be utilized.



[ 0035] The base of the present invention can conprise any suitable base for
use in preparing the inventive granular conposites. In one aspect, a base
can conprweeosp@dizg) hydr oxi de, ammoni a, pot assi um hydr oricaaB2001/0@551

conbi nation thereof. In other aspects, other bases or conbination of bases
and/ or solutions thereof can be used, and the Present i nvention is not

i nt enddePrrepdréde, phi cepbinatiomiicrsaf t instillpthas agrects) the grgdal psgsaietor cfpon addi ti on
of base ! r .precur . i [ .ons present
°h e et PUtt HERL P TR GRS AR IRORUACDS

pr eci pithddntioa$s manmeRdedl to 6% Yii@d ax hekepdmicln axhelel e deorpad bihet &pecth,nhoOne
aspect, functional groups associated with a bi opol yner, such as chitosan,
can endBftal RIARUTSCAREPBPIISTA Mistwe of twpeppeny indiv i batial BEodteD 01 351

oxyhydr pxi d dr.oxi de/ oxi r exampl e, o i~nation of Qx Ir oxi de,
nyeir ol BRI et e Rl SRR seded a0 R 638 B ST

aspect ,10a1,9em3: 50kl d: PN ex i3, il &, @: 1008P1:26.1 ione aspect, the metal precursor

nanomnet al oxyhydr oxi de/ hydr oxi de/ oxi de particles aligned on the chitosan

bi opol yaeEwPriseslpaingbt Ritiad In protherespenbdbe metah presprser eomprises f 8¥xiuLd 9fgy
nanonet al _oxyhydr.oxi de/ hydr oxi oxi de.particl ; be in the range of
from abaglﬁ{lmf&n%%t%ona agmnyalﬁgl Or??ﬁ%T R 1‘?1 a@%%tgaggl%lﬁ@eﬁ' aspect, the size of

t he nanonet al oxyhydroxi de/ hydr oxi de/ oxi de particles can be in the range of
f r om aljoed3]3rherpidgolphaitan EOmprse 4d3037thblE BiPOB RS RE Giixtufd & BigidMaflerk OIn
preparing the inventive granular conposite can be conducted at | east

part i aldng appechihejopelbimenead agmprise cifrsehdanaprekt cellufpse fibeodr an be
conduct ed ,i.n .an .agqueous ium ne aspect, th rase.' ap .agueous

et oL RS 4F Al Resh P E BRI RES b PP DSRS0t P
aqueousHiGatliraér. MR ARGIHEQ et ATRARAL fod fbiin AHThE BIopdFRRE tan A16E€bPINa%e ' an
aqueous nedium can refer to a nmediumwherein all conponents are aqueous or

at | eadtopsdymeérelakgs. syl aihgraspagtspahitgsan flakestcpn pe usdders bagnobyanes flalseh dir oig ens,
such as Barticulqte materials, that can forn% f.or e aqgle g.sus ensi on,
can be PrE&itoP{YBYsT I ok CEpRIE 2 DIPRAY RSt Hd: R HESCOHIR £ A RRRr ei
the t ergreyadrng/oph sbiBoMBAIVEEY hitd PRNRMIARRAUEuBGs Gof 8Xandile | BESHNO PG | on of
the process. In another aspect, the nmethod can be conducted wherein the

t enper gheilike. 3 sudhenraspictrthe B batsoftheboinerabacid cau af lnast pagialy smézeshe [ 0039] A
met al pr.ecyrsor n be cantacted with .a. biopol r.. In_one aspec t he
motal preregrng deoRs onaf vRE BertuRnroedtine itipbr b OF BEEHE i on. Upon
cont actyjfihlyrhéleotfiRés MHiRSH, JAanMer RbeRohY BRpoRAR: LohplissmBhAturbbppol yner
conpl ex solution. In one aspect, such a conpl ex "sol uti on can be subjected

t o a hydHuoloysasl diitepamwher ei n the nmetal precursor or a portion thereof is
hydr ol yzed by contacted with a base. In one aspect, the base can conprise a

luti t, t d f tacti N th
spect 100 T3 oS R et oL L peEy Gran e PEr ¥EhY 2Bl gt hen
the respidubRY nlibbtéEus@bnRE SRR aﬂk%dﬂn%s*bf@né?ﬁéﬁe_x%s_o?ﬁﬁ&bi%@bl%ie@@an I'n
ot her aspects, the degree of mXxing can vary, and it is not neCessary that

t he cormponend snbsuitahlsraoeght for ridegcedarontplosite ecandempilieed! y honobgeneous mni xt ure
be obtained. In another aspect, the conponents are m xed such that the

eI MR SR A E R AN N
to obt ahfidvBgieshigsl RLPIELS: In one aspect, a base can comprise sodium hydroxide,
ammonia, potassium hydroxide, or a combination thereof. In other aspects, other bases or
combination of bases and/or solutions thereof can be used, and the present invention is not
intended to be limited to any particular base. In one aspect, upon addition of base to a
mixture of metal precursor and biopolymer, metal ions present in the resulting metal-
biopolymer complex solution can hydrolyze and precipitate as nanometal
oxyhydroxide/hydroxide/oxide particles. In one aspect, functional groups associated with a

biopolymer, such as chitosan, can enable the formation of metal-



WO 2011/ 151725PCT/ 1B2011/ 001551 [0040] After contacting with a base, the
resul ting product can conprise one or nore nanonet al

oxyhydr oxweebhydisi de/ oxi de particles. In one aspect, aoyiBioii/b|ssone or
nore particles can conprise the sane or a different chem cal conposition
and/or structure than any other particles. [0041] In one aspect, a

preci pi¥ahedroxidehydexidemxidex korsrampls, aeambiggiqnpfpxabydspxide.diydroxidseanshe or
nore n i .hydr oxi de/ oxi de particl e-bi opol ynmer conposite
can beq%%#ﬁ%ﬁ%ﬁ?%¥ﬁxg%€ﬁ%gﬁég%pect, the sem -solid precipitate can be
subjected to optional filtration and/or drying steps to renobve inpurities,
concent[0636] IhRechdrespgdt! aietni-dhid prejiatecdntigistesianedesdl i d nanonet al
oxyhydr oxi de/ hydr oxi de/ oxi de particle-bioggk¥ner conposite. [0042] In

anot heroxyBybexide/ydigridg/oxislepagicles Jhigaerien Bean REONPBIPRI $an B2 ebirinsdd
ano. . . T OO e
onaror el el B PRI SUMEn AR ARIPAG PRSI AL EE o 2

[ 0043] Helin @eraASPEtom hbsut Mainh edlsbodt 10(hemphesienietiany@sit aspectdibe RRE of @@Ui I e
at |l east one of elevated tenperature, elevated pressure, and/or external
cheni cdlanageist exyhadioxidsdperoxidpanids particlengradieria the fngmeldien ahewéotm 1 he
met hods 8f ﬂp§ present invention do not require el evated tenperature,
about in . .
pressure, or external chem cal agents to prepare a granular conposite. In
such aspects, the inventive nethods provide substantial inprovenents over

convent[D03H|Inat hg@st, kirawsthbdfdrpeeparihg thdSnidigive BM@0kak ¥€mpssiteth@be cONposi t e

i ncl udes a bi opol yner as a conponent, the nmethod for preparing the
conposicadedd Hdeashrytialbrigridrmasequs neadinranti anoasatpeet: thenaetpod eypleci al Iy as
conpar ?c%nal(l)ctg Y %natq{lg n%lm rc'i?tnqo gns(')ne[ a% g’c%,] thfl: Ehr\z/@r 18 %%u&)sug %getd%im’t h% PEf &)ent

i nvention prOV|d%s et hods T or preparing gfanul ar "conposi tes of one or nore
or gani G redimadogthrid R amérd hndoptioneal p ¥ thehedfuy sl soanid e moxiiie o cdn@fdnagtkleous
process. In another aspect, the inventive granular conposites can have

usef ul ladsethpt dspertpthe pbiase @8 agnepus arpdban uadefiepto emediam Wagreimadnpl e,

fluoride and/ Qr arsenic co tanlnqnfss&ﬁgpmmagg§:h{&8ﬂ§hﬂFlG. 1 }££ustrates

an exerpMEPYFRAC IR 160t RIS AFR AP ERO'S P AR B HoHBESETE S SF gani c

t enpl atigehsN ARANE hattcarmeeaxk dBATRE Fo, e/ e, @ 3tspRasionicah Begresi@act i on
100 can be initiated by preparing a biopolynmer solution 102 of, for
exanpl e, a biopolyner flake 101, and then a netal precursor solution 103
can be [80¥ddnose pipschihsppetheeanshsl qondesicd wherein the temperaiuieet she Bedipel iy ner

58211)} ié}f@)}%%ﬁ E%%@?irla'g 66%%‘%%po]i 1g'n s &etprr]&%sspeln%ggt%gr ;{sgeé[t,ht%e rrrn%ttha(‘)ld_can\ég

conducted wherein the temperature of the medium is below about 60 °C during the process.

[0039] A metal precursor can be contacted with a biopolymer. In one aspect, the metal
precursor or a portion thereof can be in the form of a solution. Upon contacting, the metal
precursor and biopolymer can form a metal-biopolymer complex solution. In one aspect,
such a complex solution can be subjected to a hydrolysis step wherein the metal precursor or
a portion thereof is hydrolyzed by contacted with a base. In one aspect, the base can comprise
a solution. In one aspect, the order of contacting can vary. In another aspect, the biopolymer
can metal precursor are first contacted, and then the resulting mixture can be contacted with a
base or base solution. In other aspects, the degree of mixing can vary, and it is not necessary
that the components be thoroughly mixed or that a completely homogeneous mixture be
obtained. In another aspect, the components are mixed such that the resulting composition is
uniform or substantially uniform. In still another aspect, the components can be vigorously

mixed, for example, by stirring, to obtain the desired product.



bi opol ymer conpl ex solution 105 to obtain the conposite 106 of biopol yner
and nanonet al oxyhydr oxi de/ hydr oxi de/ oxi de particles. [0046] |In one aspect,

t he resulwongiigemzssol id precipitate can be filtered andtonszini/esissio renove
inpurities, to concentrate the precipitate and to obtain a solid netal
oxyhydr oxi de/ hydr oxi de/ oxi de parti cl e-bi opol yner conposite. The particul ar
net hod (804U Afitgigontagting Wi a basgn thegespltingnprodpd cp eBPHISC MYSRNI%BH | s not e

i ntend b 1 . yi i aspects,
exerl ayoeSF e bR TRl Gtk BpEEHEL UREor 48 oHEGL B8R 2SPC:

ai rdr YjaRgslessh @ym@riye the sariecrisl Bttt Bemiefil @nfRRibnahd/enstitaire@fan ahp ot her
aspects, other drying technol ogies known in the art can be used in addition
to or iqthdripaiiics. any ot her specifically recited nmethods. [0047] |n another
aspect, the dried solid precipitate can optionally be ground to a desirable
size f I n i i on,. fo X Le, | of bout

0. 1 i E AR TR R 50y SKERE: “LeshbliF arERGsGirshd 88 fe

net al  axylydnaxédedIYgdroxiddeyyexixtitr/daadd peli@s bapdlynke cbmppaieyarbe | n anot her
aspect, the resulting granul ar conposite can consist of the nmetal
oxyhydrabsdiers). Hp dpedxandaspesti e sgrak-talie| psecipifde edebeniubjssied e pptionabfilpsaent i c

aspect, tal ax droxi de, such as or. .exanpl al um nqum oxyhydr oxi de,
common YEiha s SHOERHE BuagftEL Bhcenhfle o AHRb B I DB Tt o

obt ai nadli asnahetAr SRy oL@l @bRIIBRR ¥ fafridla BRAbK ek esihpstte( OTBN) . [ 0048]

I n anot her aspect, the reaction 100 can take place at a tenperature bel ow
about 60 C, for exanple, about 55, 50, 45, 40, 35, 30, or 25 C. In another
aspect ,[0047d In aaethpicaspaqyor 0odid coglpesi preducsd fepm gepasthedsrdssaibed heigin gm C.
Wth t hbee 135hd% t]:) olBita(i)n g }a%lrlfa? !:on‘%1 r]odsitle X i%egpe{tlacﬁeusrizeé a td?oer iar i ené[iiz ve methods
descri bed Rerer R dah® priovi‘ae e%sy, gtonamcars M antd el Snnefit friendly
met hodsdi§tabRiRaieble emaSihiea8eddpplit il ¢ t enpl at ed

nanonet al oxyhydr oxi de/ hydr oxi de/ oxi de. [0049] FIG 2 illustrates an
exenplaha schematic representation of OIBN qgg&;ising-chitosan bound

al um nUAVE3\hpae asdedle thsanethedsed the pigeans enveptiarheo pttp@des abicastanepfesent

I nvent ie(ferlfat enslhor% f! rf]:let hedf Ireggj I’rg ’anﬁpo? e)(?tr ranPE & n?lg‘zﬁ%s Crﬂls ?o arI ug]r‘i Qurrgnular
oxyhydroxi de paP%lcfés 3959 PR B A |gne§ on % e Surrace brPehitodan 201.
Tr ansm oipoRite! 18 GhfddBr ApedtOUE ARfifodd @B thel freveht Al éntidnelocAbBM qaire RN hOUS

magni fications. As illustrated in the mcrographs, the OIBN sanples can
exhi bi ttemagretuihipsissyre myrepeondl ghersicallygents ¢o ppaiglgssrvaricompositial In spelr t i cl es
can WD 20 1415172?PCT/§§%p11/Q$15 1 b@ attached go t he fiQrilf %pgre t he
at t achddPSHa e PEFTE MEdos SERAT UBEBRLH AP SHRE OF P SRR BE 8T gani c

t enpl ati@owans the it PAS the GhR$iti 6@ BraG PIAPEIBFoshk (XA dea B ORAOlnEdras a cOmpOnendS
illustrated in the figures, the particles can have nanosi ze di nensions with
di amet ehgmefthodffor prepaxingl the corapssite kambabasut econemical, 0ab o) vidnmeattrienilyat i on of
organi c_tenpl at ed boegnite nanoaﬁch%tgpture (OTBN) can be expl ored by

vari ouSSPEHR; A GRLPETERC SR BsWPSr- di ffraction (XRD), Fourier
transforminfrared (FTIR) spectroscopy, and x-ray photoel ectron

spect r qageAYIn (VERSYs asp&etd, heUsibieat B ehtibnPre8desSmethod R BFdphMBd ¥ranli@P51] FI G
3 illustrates the XRD patterns of (A) an exenplary as-synthesized materi al
r eact edonipobites@H@nergy mofd ereriiceemylByd asnosyatal eghydrdxidethedionidefosidetvadd wi t h
100 nmg/L fluoride (C), as-synthesized ALOOH. and (D) chitosan. Dot.ted |ines
cor r oo BRI O Pty ARARP BT BPratOF GHETOre Ragon SR ieidnis BT ¢ ed
ver ti caldkopfied ppaitiet ¥nd €dndRRalsed totrentove Yot @ﬁa@fgﬂe,‘fﬁl‘oridé\&&gbf} arserie
as-synt hesi zed sanpl es showed peaks corresponding to (020), (120), (013),
(200) aodtapdEdys o WRS1) planes (FIG 3A). Al these peaks can be indexed
as orthorhombi cALOOH. The broadened XRD peaks inply that the crystallite

i f BN. ticl i mal Th tallit
ol ol 0TGN RS edef aF PermerS RO 0 e PRV ARn Sty i Bo Bt o
aver ag eoréirﬁ@teﬁfplﬁ&?h‘éno%e@al%hﬁ?@xiQé/ﬁ?&Bﬁ@e/%&id@ 428k 6bth BRI BLLtibs No¢ 0san)

is also clear fromthe XRD data. Fluoride reacted OIBN sanpl es showed no
change dan bdiirfifintad by preppang @bivpolynuti satifiongl@eft farkesamplesa hlopslymectloke i s

i ntact gven ter fluoride adsorptjaon (FIG, 3A) .. The standard. ref]ections
of ot HOin &1 ARSGA PECErsar %@%}fﬁ\ﬂeﬂ% b G st ans Hap By FEE U ol e

sanp! €. obERRRAIA SRR HER RO I AIRnos! DEpSk 309 REARABPLEIAN thdifetal-
as-synt hesi zed sanpl e, a change in intensity pattern could be seen, which
can be ascribed to the effect of the organic tenplate. The intensity of the
hi gher 1 ndex planes is higher in the nanoscale material. Recent studies on
the catalytic activity of netals such”as Pt have shown that high-index

pl anes exhi bit rmuch higher catalytic activity than that of common and
stabl e, | owindex planes.



[ 0052] Apart fromthe point of view of enhanced catalytic activity, the
current synthesis nethod can yield crystalline nanoscal e- ALOOH havi ng good
green strwogbfy@t72such | ower tenperature in conpari son teTaprMendisonal

met hods. According to the current literature, AIOOH formation is possible

only above 373 K, and the prior art syntheses of nanoscal eA100H have been
done i rhipgRdyBefOMPEx Wbt 105148 ohtain Basemaptiicddo shHiapobpmr rnd nyggmetal-
2011/ 15&&%@?%@%@%@;({d%}%@ééah%@g?)] XRD patterns of the OIBNs prepared at
vari ous srca nd chemc conditions were recorded in order to
understand their effects on crystal structure of OTBN. Sone of the XRD
pat t er e046jdaode dspre€ tiehowttingdselliGolid brecpitae b be lfiltefddraatis dtibdtoXRD
patterns of as-synthesized materials through various starting nmaterials:

(Al) OFBROW? BRpRidigs.(deicorreairysitiupresipiiataaed rebtaimesalid meslt he starting

i al A2: ' ' al f - ' h
atart i A ERe o AR Rt Te B B PR S AR A RITERAR P S oo

hydr oxi diﬁn%sif tihed, sh@k dryghd e pres@lt Snveidédn IshofShtEN deSpait@tiolsiy ng

al um num chl oride and NaOH as the starting materials. Al the materials
except pagicatad dngngverethodr il gariqus gopagtsgercantaiidnghamethiods syeepmpsedieszair i ed
at T 00m L EAPOrALUGS; ANfl AR, 1188, AL 8y 0t 100, 08T 66, CEN I Grade:  tQugn.  The
data showscthe Tormatt on of Al GO v%‘%fﬁ &t I*the af'Um Adm precursors and

t enper ahWir b§REE, (tBEr drping ILhHEIGERS kKESMH iOthada)cas beldicdn adfi€on to or in

crystal | ographic structures obtalned were seem ngly identical. [0054] FIG
4 i || udicnax @gy pther esipiselly wcis¢d pathodhe as- synt hesi zed OTBN and (B) fl uoride
adsorbed OTBN. All the absorption bands are consistent with [iterature

val ues ive additi | ;evid e f.or the far ipn of y-Al100H.. The bands
r 107400 HERE bR 9 SRR ciPlart Oy el S bad it

st r et chiiRgof sTedsd &splRhtidhl T6-ddafipld) aetheiride of @SREMJuY G Ynmthebhands at
3096 and 3312 cm 1 are assigned to Al-O0H stretching vibrations. The band
at 163enamTheiresuligre gaadatcompesithemdiomprive fegnasil ayspibedesdioridgdidehe

br oad ba%d at éz%%gb.cmll IS due t@o t he %H stlr.etchi n%{rmde otf adsor bed

wat er . TO555)2E % PIEPIYINGE {7 APURTaRRECL PRl WHEE SENEEY FORPLRSSER S¥EGPy (XxPS)
survey FpRChERI @iyhgﬁl%widaﬂfgaf&imm p&ficlbhgnPHS ‘Bfo@biy(ﬂ{br.oinatsgsrcifﬂ: Hegetde.
Trace (A) and (B) in the FIG 5(a-d) represent as-prepared BN and

f 1 uor i cdemetdsoradrogiBNsuckapder ¢xagipje. aRin@nuB(ayhyhowde tdegmenly kyogpact ra and
(b, c,d), show the. spectra of various regions of interest.These spectra

Cont | + MRS e, a P RE 57 SheERHbS EPrtBr BB s abRIRET AR OreapicdrERels <

al um n%%qeggy&mite&gfe@m stating the chem cal formof the pristine and
fluoride adsorbed materials, detailed scans of specific regions of key

el ements (Al 2p, 0 1s) and adsorbed ion (F 1s) were carried out and are
shown i[A048]dn agotipicaspRS, the exctioml M cantiekeaplage atarieperhavahelamobeut®05€ak at

74.4 eV, which is in_.agre t,.WM,th reparted val ues of. alum n i n A100H.
Thus, IR Sl sBeb Dor Porehr 36 S2abreron- doteotfisisieh dasrerflion i on of
al um nufe Alde A atEHNGhILR O dBobiTR) FUIVARhPRR! I IbYEMERARLGJABN BBp&eRR,. I N the
oxygen of 1s orbital, as a result of which it appears at a | ower binding

ener gy .the iNeRiveIndtBad s RCived BRI 006 bile f@F56Jonbmiahondenviampeat, t he
granul ar. c osite of organic tenpl.ated nanonetal oxyhydroxi de prepared by
e et Y B 1 PEBUR OrRgURe P AT aa (RRPB RO o ar sent b and/ o
pat hogexAGEOLREMPMocRIPARIdl ty fromwater. In one aspect, a granular
conposité tan have a fluoride adsorption capacity in excess of about 50

ng/g at an initial fluoride concentration of about 10 ng/1l, and/or have an
ar seni 084 dript L dilusratsaen eyemplaryxsckasatnfrepiosantativ® ofg)IPBMcomprisingt i al

arsenat e.congentrati on of about .1.0 pg/l. [00 | n_anot h aspect, the
' or | oG AR SEERREPT P TS S PEH BY B TpO B ghe BRGEM
tenpl atigekd R OB LRIWICRYRY HE 8% dff RHEREL&HsEYe bhehiRh RRAS Pdxid £3EALS
i nvention are discussed in FIGS 6- 8.

202 can be aligned on the surface of chitosan 201. Transmission electron micrographs 203

illustrate the OTBN at various magnifications. As illustrated in the micrographs, the OTBN

samples can exhibit nano-whisker morpholigies. Upon close observation, small particles can
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[0058] FIG 6a illustrates the extent of fluoride adsorption by OIBN as a
function of adsorbent dose. The working volune of the contam nated water
was takenwpaobeisi®?® m and the quantity of adsorbent doeeTiiB2aavéissh bet ween
2.5 nmg to 100 ny. The OIBN prepared through various starting materials were
al so tested to assess their capability to renove fluoride. As expected, the

anount bsrattaehedrt de fladorvisde the dftaghsd dmal PRrticlrs ress®lq pepratcerisailha §&8Els r om
about - - : for further
nor eadat ] Sl BRlund o R PRE RN RIGOR B35 4AREL M, % on

r educedllti@ragedvialthtefi@fed, B FStiASOLHh HvOnipsize iBEAsihs iMAtht digheteSrgefal r at i on
of about 10 /L at optinmm adsor bent dose. Wen the OIBN dose was further
i ncr easEampleh Esethaa 8bew 91y oporti onat e i ncrease in adsorption because of
the limtation of fluoride ions as conpared to the adsorption sites

avail a Lon... F Lt d at about
o my; BRI tersERGH b e RNES Bodh R okt SpBRIGTIRT MR, Torove
about S3progédibyofarfoubl@chhliguesTduich aé S-reopSidie dahhytidn (IRD), Fbatertth@sform
comercially avail abl e alum na or Al OOH based nanomaterials tested so far.
A r eceritfragied EHPR) spectiepenpy. Fduoray PROTOElSHIT g sRECIOEIORY) (hBMe 8t Blustrated showed
a reno capaci 0f,.3.26 ng/g, which is around 16 tinmes less in capacity
conparﬁﬂbéogghgxﬁ%ﬁﬁ%Wive OTBN sanpl e prepared using the nethods of present
invention. [0059] FIG 6b illustrates the fluoride uptake capacity as a
funct i qo0®i| FIGI Biildlstralel @el XIRDGRAREDBLF 84 ) ONexERADIMD akkyighesed iat@fal t he

contam nated water was taken to be 100 ml and the initial fluoride

concentfatebvitha0Q mefleduasidenddms syshesgrd matarali raeqgtechwth 1 A0 medlo flpgiddaupt ake
capact 1 VES.JRRFLYSol by S| Al LR ARRGRAIA o1 "

fl uori deflegpaest ARVOENTRS trfl@s BBy hiffedeverticdBy for@rley . (Lab¥D ‘+ — chitosan; “*-

2011/ 151725PCT/ 1B2011/ 001551 [0060] FIG 7a illustrates fluoride uptake
capaci tAQHOTBRagsydhdsinge spmples phawadereThecomss kandgnaiol (03D, d20} Kel3),

cont am ed r aken b and, quanti.ty of adsprbent.used is
S0 o, PRLGTe Pt Ty PR e oo e bttt <5 PRBGRERbISST ng

t he metA@DRfTHY s&hed RRENpEARR ithSly RSt Yhd @§dtaldnckiysHthOOTEMpdraeRYR| t akes
place in the first 10 mnutes of contact and the equilibriumis reached in

60 ni n.vephendl]. Jbeingpan gptstaklete kizasalceloted i thedbcharrerferngels shefs @IBN i s nuch
superior to t%e co rciall§ra§§HJap%§ al umi na and gan otther1 dsor bents
used fJPMSLEVRRGTY FIVEPREZ RhiTORT Ardd Mt ar G TS T FONS TR 4T act i cal
appl i cathigiign) ik 96 tlead RoMNAE XRIAAM IS0 RIcA6 2% HTBR dabHlRhbRE nki neti ¢
data of fluoride adsorption by OIBN was anal yzed with various reaction

ki net i chamgtahgliffiapedruphitianslindjeatgneghatpheenistalf strusturaisdatact eyan after fduoride
pseudo- second- e ction rate nodels. ile.not w.shing to be bound by
Pheory SRpHek i car 06 - LOBE T TesE o RS e QYT Beghreivrioequat i ons
1 and 2;iRseusdosfulfupd ofothe 84mSELUaSH PN ghhe XK poFOEHIR thSRERAM QRHRS
equation: qtgz.-R2 (2)

and the as-synthesized sample, a change in intensity pattern could be seen, which can be

ascribed to the effect of the organic template. The intensity of the higher index planes is

higher in the nanoscale material. Recent studies on the catalytic activity of metals such as Pt

have shown that high-index planes exhibit much higher catalytic activity than that of common

and stable, low-index planes.

[0052] Apart from the point of view of enhanced catalytic activity, the current synthesis
method can yield crystalline nanoscale-AlIOOH having good green strength at much lower
temperature in comparison to conventional methods. According to the current literature,
AlOOH formation is possible only above 373 K, and the prior art syntheses of nanoscale-

AlOOH have been done in hydrothermal conditions at temperatures above 373 K.
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where gt is the anount of fluoride renoved from aqueous solution at tine t
(nmg/g); ge is the anount of fluoride renoved from agqueous sol ution at

equi | i briwon2onmisg)2zs KL is the pseudofirst-order rate comrstraBioioboiasisor ption
(1/mn); K2 is the pseudo-second-order rate constant of adsorption
(g/mg.mn); and t is the tine (mn). [0062] The best-fit nodel plots

( pseudd08xY D gatieins pbiet@ N nbgenpd 8t vhipumphysiek pedt cheareadcopdibens ar e

illustr in Fl. i ' i e c / d5
R R R S T R R e

r espectXRBlpattein® @& 3tdetilate shdavniihIFIG! IRFES. 3tiglusndtenthe XRDps@hCofadsor pti on
by OIBN as a function of adsorbent dose. OTBN dose was varied over a range
of 5 t oynbesigyl mawealsdrRpghyvayous pertorR nyeidsdAd oI BNeprepaed isings t aken to
be 100 i Skl S8 8L SnboRobShe d oMl A0l Wb RS G aNgeNt rati on of
about Y ngfnl_ and “a pPH 0O % thip Syrting malgh c‘ér{ om t AEPYET &) "8 he WO
2011/ 150/RHkGulBRAhd/-800&hd a BN at@ ABkrigoUAS) OIBN preplied @kingni C

concentration to a val ue bel ow detectable Iimts of current techniques,

such astlimiyor nitreteyand sedhadygraxddeess(thopagRg)materirl 9 5A g Ap) OIBdbaEeparad

anot her aspect. an ui |1 bri adsor ption stu arseni.c, by Qr S
carri od DRt prmydoride ged TR B ARy, &1 B SRR LBl RO ons
were VaKé QereiRi ad cideled 8iiBrade in ovdhO ABOL ds)driedRErodR tehipdraviat U ABfwdshe
contam nated water was taken to be 100 ml. The results obtained fromthis

study aftiedehbdhdégnecrieatiiate infaveay Thiedata flrcovn theéoraratien of AKOQPvaikiealt thsaci t y

increased with increase jn ar§eni C cli)géze alions. apacity
' mn]g;roc

tAn %ﬁsorptigﬂ C .
of 183 TGPYUISPTEBLRYT &Y KPR Sineg BESAEPS GRS 06 g/ L. Thi s
shows  tdtaltolfapBIEBNubtERAbRANdESHEE s&gpﬁng@imcgﬁ the present invention has

t
high affinity to arsenic and is better than any other al um num based

material reported for arsenic renoval at simlar equilibriumconcentrations
st udi ed00341346} 4 ilhusyrates HTTHEr spastpreeti (@) theas-yyndweined OMBeanddB) pluotiidles

met hods fo [ ranul ar..c site, such for example, . to renove at
least  2aped D Por MPHBRPhugtoi e arsamiterindih lisowe B8 B o wat or
sour ce.adHRi RN iRAcAER @i forth AEorPs8S RIHOHNYEOHARIR of BIV2SAUME 58 8maNaradsor pti on
media in a water purification technology, such as, for exanple, a water

filter.assipnedgpithusynangractagd atymenétriv emetchiag dreawncs of digddil vebedhmiteeduce t he
concentration. of fluorid rsenj.c, t hogens, . and/ ther .confam nants in
vt ere PG, TERAPLES SPIDBR] et opri RO RaNHPCL BTt PBIPR g0 as
to provile, h#es 3 fcndt & Naitedtol the béMlidBoddstorthidib@l BPARE Be Bicag! Osure
and description of how the conpounds, conpositions, articles, devices

and/ or tapd hod29cina' imedhete thei @-Fasteetehinie madd o adsbrtatiediterand ar e i nt ended to
be purely exenplary of the invention and are not intended to limt the

scope #; tg i nventors regard.as their invention. Efforts have been
e QUG 3auis RS R ey B ioh “RenoarS(BPS) srii @e oF
t enper ayPBR befIrE and affiHithSAIBrRIOH OF e 8 VIatd CDHnANBY b ET@CKH Nt ed for .
Unl ess i ndicated otherwi se, parts are parts by weight, tenperature is in C
or i s atprasdot enprepanp 13N ned flaorilepdesbed OTIBN eetspaytivelyakrlGatstm shines the .

survey spectra and (b,c,d) show the spectra of various regions of interest. These spectra

confirm the existence of adsorbed fluoride along with the key elements aluminum and

oxygen. For understating the chemical form of the pristine and fluoride adsorbed materials,

detailed scans of specific regions of key elements (Al 2p, O 1s) and adsorbed ion (F 1s) were

carried out and are shown in FIG. 5.The XPS spectrum of the aluminum 2p level shows a

peak at 74.4 eV, which is in agreement with reported values of aluminum in AIOOH. Thus, in

one aspect, fluoride adsorption does not affect the position of aluminum, but a reduction in

the surface positive charge can be seen in the oxygen of 1s orbital, as a result of which it

appears at a lower binding energy.
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Exanmple 1 [0067] This exanple describes |ow tenperature synthesis of
nanoscal e- ALOOH t hrough a sinple soft chem stry route. The synthesis
procedur ewvo@oprisses m xi ng an al um num WO 2011/ 151725P@EraBaa1/a¢18611551
precursor solution with chitosan (dissolved in 1 - 5 %glacial acetic acid
or HCl or_conbination thereof) with vigorous stirring. In a general

pr ocedUPB56]dn aapther aspecsf the Ripw1 a0 AYPPeEE 06 sFanisemphteddlapameian ni trat e was
added s I ; ifo ' e l:gor.ou d L .60
R e e T e S AT S e R AR
sol uti aRdwapahbed sdsaded chpabiity AenwiRl 16 bhd 8988, & @latlaPEorpdshie ¢hgor ous
stirring to facilitate the precipitation of the netal-chitosan conposites
(pH 7 -hage @yluonde adspepsiensepassy weeecesaofirabert Ylmeigtat pe iperldtugride bel ow 30 C.
Stirri nc%né:l\éan%raﬁgr?to% a %%91(5 . /lt a\{\%/ohr A8 an A_r@g iRr sCoir t.l tnagae é’i\@smfei (l: tssegF%ouwShed
to renmove any unwanted |n§urﬂ%|es, converted NP ihe g%aﬁé 5T vedds *And
dried a9 Mafoia@b$ i@ dideh @B Sonden @M ntofAbbM0BBmefini s exanpl e describes the
use of other biopolyners for the preparation of OIBN t hrough a sinple soft
chem stry route. The synthesis procedure conprises mxing the al um num
precur i@&@dﬂ@ﬂ@t@ﬁr appedi the fuoridsandpgriansepicpss @By os tatesraf e cqmpagitgeher al

D e S RRDM Rl S QAP SRR SRR b PR e e
m nut edi@nskewas FKEPEL —@/er ni ght wi t hout agi tati on. Aqueous anmoni a or NaCH
solution was slowy added into the netal -cellul ose solution with vigorous
stirring to facilitate the precipitation of the netal-cellul ose conposites
(pH 7 -[0858))FIGAP iltusgates e epteniwedr fduaside apsaaptinn bya@ TBdhgsex faneiian ddel ow 30 C.

Stirrin s .continued for t haurs. The. cipitate was {iltered,  washed
o r emafe iy SReliE ek Rbaptecd 2 con IRl SR o bt 1D g

dried ahe ¥@hiti@HsH LOnBEAL BSis ViaxadBeeedn 2[5SGRER] 100hhs. EreDPBR feseéd bes t he
use of a mxture of biopolymers for the preparation of OIBN through a
si npl e thugh ghdersstaring patedals Tiree pliso rotegie pssetssbeir fanabilipetostemngye ar e

chitos and cel |l ulose, Cel | ul wder s_added to.the chitosan,sol ution
(et ¢ od i AP < SErindeiing S aut i aBR R onb TdrERT i ha%f T RS LR "t o

cel | ul agBe fromlabbut F9hid@rabodd 3000 MeMnBibbEAEMSR] dH1tQRoMAS ISdRENS OWM Yy into
t he bi opol ynmer solution with vigorous stirring for 60 m nutes and was kept

over ni ghtregsictimdogte. Agievideitdnom Mpudstru sheavmsisicgongenNa@ xdieaditon vakus asl owl y
added into the al-cﬂitosan.s | ution mﬁtE Vi ous, stirring to facilitate
the.pr dBar eAeIGR B/t Hemaiy B Ce e Guah ot e8ah Pdhabariral apfertd g of
Al t herge SVBASHARYIEBIC Abdd W4k kthedhcib&RBEMAUIR 18 |p9%)503@01§te iablehde iRY Was
continued for two hours. The precipitate was filtered,

adsorption because of the limitation of fluoride ions as compared to the adsorption sites

available for the reaction. From these results it is observed that at about 10 mg/L fluoride

concentration and neutral pH, the OTBN sample can remove about 53 mg/g of fluoride. This

is considerably higher than the commercially available alumina or AIOOH based

nanomaterials tested so far. A recent attempt to remove fluoride from water using nanoscale-

AlOOH showed a removal capacity of 3.26 mg/g, which is around 16 times less in capacity

compared to the inventive OTBN sample prepared using the methods of present invention.

[0059] FIG. 6b illustrates the fluoride uptake capacity as a function of initial fluoride
concentration. The working volume of the contaminated water was taken to be 100 ml and the
initial fluoride concentration was varied between 5-60 mg/L. An increase in fluoride uptake
capacity was observed with increase in initial fluoride concentrations and an uptake capacity
in excess of about 50 mg/g was observed at initial fluoride concentration of 60 mg/L (C. =

33.5 mg/L).
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WO 2011/ 151725PCT/ 1B2011/ 001551 washed to renove any unwanted inpurities,
converted in the shape of beads and dried at various conditions. Exanple 4
[ 0070] Thwe 2exaspi2e descri bes the | ow tenperature synt hesirapmfii/omssl i on
doped nanoscal eA100H t hrough a sinple soft chemstry route. A m xture of
alumnumnitrate and ferric nitrate is prepared in the nolar ratio of 3:1

(Al : Fe)l006tHd 16 %a lustrates fiperidesiptkierapasifs @f OIN ehefwitienshimedbat i on

! Sl . . . Cirrina . q
s RanfO R e O bE kSnPhliledidd VABEAUR o200 Bl iR p AR A s
sl ow y wedlBdh0i mi Résbis siimadhaciidriRamtake dth OMBW sathpW gepLResushg thei ng to

facilitate the precipitation of the netal chitosan conposites (pH 7 - 8.0).
Al t hesethed eforesqat iveriran is geryfestand mavpelrthe tameovselabey Bacean sy disst Lhg was
conti ”“eﬁu’ﬁe? o 1(": n acq W4 The equEfib?qlglCils Iatcﬁft: in%sm{nl. ll“}lg Elggﬁdem{%) &%%d;[lecﬁcrs enpve any
unwant ed T npurrties,” converted I n the Shape of beads and dried at various

condi t i sR&vedaRPt&eDf JTHEN ] mddH Superianbliee eesheicREy al fitibkadli@idaqndi n t he
si ze of nanoscal e- A100H by varying the ratio of Al :chitosan. The quantity
of chi tawrrther adpabarsnseddor ssayagstedluaideowhicirhas largeseptieatsis i laetical
gquanti t ﬁf chitosan helps in further reducing the size of the
nanoscalP8-AtB8%. A sol ution of al um num precursor such as alumnumnitrate
was added slowy into the chitosan solution with vigorous stirring for 60

M nut eg0061d P@sndetindaNE proceRkindtichBétier aghdtRtdatiof FARKIEE H8soRHITNHPOPBNNaCH
solution was slowmy added into the netal -chitosan solution w th vigorous
sti rri rgpstanakyaed with apeoustieagyion &instic addgls, weluding lepgergrercpsicpdss Hrst-odeposi t es

(pH 7 - 8.0). Al these steps re.carrie t at tenperature below 30 C
SE1 e g Ls el nISRE s VA rE oS RlE rfl v FRTER P fdiBea” vashed
t 0 r emKeraMMatHEMAaeebptd¥BMAidis@F the8® MoRE @k diflerd MEqEM@RR 10ihdleads and
dried under various conditions. [0072] It will be apparent to those skilled

in the art that various nodifications and variations can be nade in the
present i nvdtsepdmilgi-ordsuequiéiparting fromthe scope or spirit of the

i nvention. O her enbodinents of the invention will be apparent to those
skilled in the art fromcaqnsideration of the specificatiop,and practice of
the invention di S¢[0%ed heréin. It is intended that the sggcification and
exanpl es be considered as exenplary only, with a true scope and spirit of

t he i nventi qnef®i-REcInBdré&atcqdatiyn: the follow ng clains. WO
2011/ 151725PCT/ 1B2011/ 001551 CLAI M5

g =T @)

L+gpiyt

where q; is the amount of fluoride removed from aqueous solution at time t (mg/g); q.is the
amount of fluoride removed from aqueous solution at equilibrium (mg/g); K is the pseudo-
first-order rate constant of adsorption (1/min); K, is the pseudo-second-order rate constant of

adsorption (g/mg.min); and t is the time (min).

[0062] The best-fit model plots (pseudo-second-order reaction model) along with
experimental plots are illustrated in FIG. 7b. The kinetic rate constant, K, for 10 mg/L and 5

mg/L of fluoride were calculated to be 0.049 and 0.098 g/mg.min, respectively.

[0063] FIG. 8a illustrates the extent of arsenic adsorption by OTBN as a function of
adsorbent dose. OTBN dose was varied over a range of 5 to 100 mg. The working volume of
the contaminated water was taken to be 100 ml. Studies were conducted with an initial

arsenic concentration of about 1.1 mg/L and at pH of 7 = 0.2. As evident from the data, the
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What is clainmed is: 1. A nethod for preparing a granular conposite in an
aqueous nedi um conprising a biopol yner and one or nore

nanonet alwoxyhydisi de/ hydr oxi de/ oxi de particles, the mechasaooqmssisi ng the
steps of: a. contacting a netal precursor with a biopolyner to obtain a

met al opol rrer compl ex; and then b. contacting the netal-biopol yner

conpl e>p'5£ %ngé%lﬂfiée%? Herpreshic QNCeRiREOR hdlpgpelow detectable limits of

ct ept SUEARGONRLR A8 B e R RS pL 3*'%1?%%5%‘33&7 G " e

met hod of cl ai m 1, further conprisi ng, after b, ¢c. mxing the
met al - t[DO(ﬂ]lIMrfiﬁdithempé(ﬂ)@nt@luﬂﬂﬁ'ﬁhﬁcmsﬁr}ﬁﬁmsm&i@|ofdrsE)ﬂile(b}yIO)"[[E{I &jas darried| t eri ng

the sem -solid precipitate;
out at 30 + 2 °C and neutral pH. The initial arsenic concentrations were varied over a wide
range (5 — 100 mg/L). The working volume of the contaminated water was taken to be 100
ml. The results obtained from this study are shown in FIG. 8b. As evident from the data, the
uptake capacity increased with increase in arsenic concentrations. An adsorption capacity of
183 mg/g is observed at initial arsenic concentration of 100 mg/L. This shows that the OTBN
prepared using the method of the present invention has high affinity to arsenic and is better

than any other aluminum based material reported for arsenic removal at similar equilibrium

concentrations studied.

[0065] In yet other aspects, the present invention provides methods for using a granular
composite, such as, for example, to remove at least a portion of fluoride and/or arsenic that
can be present in a water source. In such an aspect, the present invention can serve as an
adsorption media in a water purification technology, such as, for example, a water filter. In
various aspects, the inventive granular composite can reduce the concentration of fluoride,

arsenic, pathogens, and/or other contaminants in a water source.
EXAMPLES

[0066] The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how the compounds, compositions, articles,
devices and/or methods claimed herein are made and evaluated, and are intended to be purely
exemplary of the invention and are not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with respect to numbers
(e.g., amounts, temperature, etc.), but some errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient

temperature, and pressure is at or near atmospheric.

Example 1

[0067] This example describes low temperature synthesis of nanoscale-AlIOOH through a

simple soft chemistry route. The synthesis procedure comprises mixing an aluminum
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e. drying the sem-solid precipitate to produce a dried particl e-biopol yner

conposi

te; and f. grinding the dried particle-biopolynmer conposite to

a granul avoeonmpasizse. 4. The nethod of claim 1, wherein therbroapoeligser
conprises chitosan, banana silk, cellulose, or a conbination thereof.
of claim1, wherein the biopolymer conprises a functionalized form

nmet hod

of chi tREaASOr peliEAm wath chitosep|(igsabessl indy- R%cDrialigeticorsid prddEber

of cl ai
parti cl

pl anes

form

5. The

6. The nmet hod

By o 98k, BREIL 0 SIS REIATES S LIV,

| east qx@@ﬁyﬁqmcpﬁsmhﬂum@ﬂﬁnﬁﬁé¢u@myb&§%ax§dﬁapﬁkhh@&@$ommahamm hi gh i ndex

in their crystalline structure.
vigorous stirring for 60 minutes and was kept overnight without agitation. Aqueous ammonia

or NaOH solution was slowly added into the metal-chitosan solution with vigorous stirring to
facilitate the precipitation of the metal-chitosan composites (pH 7 — 8.0). All these steps were
carried out at temperature below 30 °C. Stirring was continued for two hours. The precipitate
was filtered, washed to remove any unwanted impurities, converted in the shape of beads and

dried at various conditions.

Example 2

[0068] This example describes the use of other biopolymers for the preparation of OTBN
through a simple soft chemistry route. The synthesis procedure comprises mixing the
aluminum precursor solution with cellulose with vigorous stirring. In a general procedure, a
solution of aluminum precursor such as aluminum nitrate was added slowly into the polymer
solution with vigorous stirring for 60 minutes and was kept overnight without agitation.
Aqueous ammonia or NaOH solution was slowly added into the metal-cellulose solution with
vigorous stirring to facilitate the precipitation of the metal-cellulose composites (pH 7 — 8.0).
All these steps were carried out at temperature below 30 °C. Stirring was continued for two
hours. The precipitate was filtered, washed to remove any unwanted impurities, converted in

the shape of beads and dried at various conditions.

Example 3

[0069] This example describes the use of a mixture of biopolymers for the preparation of
OTBN through a simple soft chemistry route. The biopolymers used for the study are chitosan
and cellulose. Cellulose powder was added to the chitosan solution (chitosan dissolved in 1%
acetic acid). The weight ratio of chitosan to cellulose is 1:1. Further, aluminum nitrate
solution was added slowly into the biopolymer solution with vigorous stirring for 60 minutes
and was kept overnight without agitation. Aqueous ammonia or NaOH solution was slowly
added into the metal-chitosan solution with vigorous stirring to facilitate the precipitation of
the metal-cellulose-chitosan composites (pH 7 — 8.0). All these steps were carried out at

temperature below 30 °C. Stirring was continued for two hours. The precipitate was filtered,
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WO 2011/ 151725PCT/ 1B2011/ 001551 8. The nethod of claim 1, wherein the netal
precursor conprises a salt of alum num zinc, nmanganese, iron, titanium

zi rconi unwolangsansm ceri um or a conbi nation thereof. per/1Ba/omEsiod of
claim1l1, wherein the netal precursor conprises alumnumnitrate, alum num
chl oride, alum num sulfate, alum numisopropoxide, or_a conbi nation

t her eofWashed tomg@oNR pOEN AN ted iginyrities. gpayesicd in He sBareeofbsagsrandelsied gHi um

hydr oxi | pot assi um hydr oxi de, or a conbination thereof. 11. The
met hod\% O%ﬁaggﬁl%ﬂk)?ﬂv\her ein steps a-b are perforned at a tenperature of from
about 20 C to about 80 C. 12. The nethod of claim1, wherein steps a-b are
per f or iedngile &4 tenperature of from about 20 C to about 60 C. 13. The nethod
of claim1l, wherein the size of the granular conposite of netal

oxyhydr8xi de/ hydr oxi de/ oxj de particl es-bi opolyner_ is in the range of from

) pol yr]
about d997Urlhigexamnle descrbgs the lowreaneatyg gyrfhessy of metal iopdaped mnppalesi ze of

t he nan | - 0X] oxi L1C] | Sl e of
Fr om ancoOR eySily SRk SR RN SReOK ARCRRLE NG B AIREANDS, e
si ze ofnifrite in@apdred Al thexoyrdatbxoftiel IXHFOXThemoxtueds grhtsicatlgaddes into théie

range of from about 3 nmto about 10 nm_ _ o )
chitosan solution (prepared in 1-5% nitric acid) with vigorous stirring for 60 minutes and was

kept overnight without agitation. Aqueous ammonia or NaOH solution was slowly added into
the metal-chitosan solution with vigorous stirring to facilitate the precipitation of the metal-
chitosan composites (pH 7 — 8.0). All these steps were carried out at temperature below 30
°C. Stirring was continued for two hours. The precipitate was filtered, washed to remove any

unwanted impurities, converted in the shape of beads and dried at various conditions.

Example 5

[0071] This example describes the variation in the size of nanoscale-AIOOH by varying the
ratio of Al:chitosan. The quantity of chitosan in the OTBN is increased to 40%. The presence
of higher quantity of chitosan helps in further reducing the size of the nanoscale-AIOOH. A
solution of aluminum precursor such as aluminum nitrate was added slowly into the chitosan
solution with vigorous stirring for 60 minutes and was kept overnight without agitation.
Aqueous ammonia or NaOH solution was slowly added into the metal-chitosan solution with
vigorous stirring to facilitate the precipitation of the metal-chitosan composites (pH 7 — 8.0).
All these steps were carried out at temperature below 30 °C. Stirring was continued for two
hours. The precipitate was filtered, washed to remove any unwanted impurities, converted in

the shape of beads and dried under various conditions.

[0072] It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing from the scope or spirit of the
invention. Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.
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16. The nmethod of claim1l, wherein at |east a portion of the nanonetal
oxyhydr oxi de/ hydr oxi de/ oxi de particles are aligned on surface of the

bi opol ymewo 20MQs20231/ 151725PCT/ 1B2011/ 001551 17. The netrbedBnfii/ediasm 3,
wherein the step of drying conprises freeze drying, surface drying, hot air
drying, spray drying, vacuumdrying, or a conbination thereof. 18. The

met hod of claim 3, wherein the grarfdhAlMSorposite is suitable for use in

t he renoval of contami nants fromwater. 19. The nethod of claim 18, wherein
cont am i.se fluoride, arsenic, pathogens, or a conbination

t her eof‘l&ﬁ%.ﬁ dﬁﬂgﬁﬁé ‘hod of claim 3, wherein the granular conposite is
utilized as an adsorbent. 21. The nethod of claim 3, wherein the granul ar
conposite i sA utetHddAedp@paringdesiacdantomRRite Then aptbwdnedivt@oalpaisimgd, wher ei n
the granul ar conposite is utilized as a catalyst, 23. The method of claim
3, wherein tHePYYBAHANEONE SRPOST %@Oﬁ?t%ﬁxwwé%@%hmmlﬁ%/aw&?ipalﬁwfeéa@lr:ng.

method comprising the steps of:
a. contacting a metal precursor with a biopolymer to obtain a metal-biopolymer
complex; and then
b. contacting the metal-biopolymer complex with a base to obtain one or more

nanometal oxyhydroxide/hydroxide/oxide particles.

2. The method of claim 1, wherein steps a and b are performed at a temperature of below
about 60 °C.
3. The method of claim 1, further comprising, after b,

e

mixing the metal-biopolymer complex to produce a semi-solid precipitate;

d. filtering the semi-solid precipitate;

e. drying the semi-solid precipitate to produce a dried particle-biopolymer
composite; and

f. grinding the dried particle-biopolymer composite to form a granular

composite.

4. The method of claim 1, wherein the biopolymer comprises chitosan, banana silk,

cellulose, or a combination thereof.

5. The method of claim 1, wherein the biopolymer comprises a functionalized form of

chitosan, banana silk, cellulose, or a combination thereof.

6. The method of claim 1, wherein at least a portion of the nanometal oxyhydroxide

particles have a crystalline structure.

7. The method of claim 1, wherein at least a portion of the nanometal oxyhydroxide

particles contain high index planes in their crystalline structure.
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24. The nethod according to the claim3, wherein the granul ar conposite has
a fluoride adsorption capacity in excess of 50 ng/g at an initial fluoride
concent r avoaniofsitkst o 10 ng/ L. 25. The net hod accordi ngptenshaiediasm 3,
wherein the granular conposite has a fluoride adsorption capacity in excess
of 50 ng/g at an initial fluoride concentration of 5 to 10 ng/L. 26. The
nmet hod according to the claim 3, wherein the granul ar conposite has an

concont? at | ot oSBT L Rr SRRl pl T Suthi B LN A BLRETT T

wher ei n t he A mihaines®iPasiitagiuia sirashiamsRAThan@dseiipti, 0Na ca@bidhtiyn i N excess
of 19 ng/g at an initial arsenate concentration of 0.5 to 1 ng/L. WO

2011/ 151725pEreaiB2011/ 001551 28. A granul ar conposite conprising a

bi opol yner and one or nore nanonetal - oxyhydroxi de/ hydr oxi de/ oxi de
particles prepared by a process conducted in agqueous nedi um conprising the

steps df.: a.THeQnéded bN@aign MBYIMreiR HIRCMERDPreS@kdi dodiprided Aluibeinbhigpel ymer to
obtain a netal bi opol ynmer conpl ex solution; b. hydrolyzing the netal

precur sor bylemdiumgchdorives alugvnuim swipte, funinhe iserrapNidh of § aamnbpenen ex

sol ution mﬁtﬁ%vi orous stirring to obtain the one or nore nanonet al

t re%lg

oxyhydr oxi de/ hydr oxi de/ oxi de particl es;

10. The method of claim 1, wherein the base comprises sodium hydroxide, ammonia,

potassium hydroxide, or a combination thereof.

11. The method of claim 1, wherein steps a-b are performed at a temperature of from

about 20 °C to about 80 °C.

12. The method of claim 1, wherein steps a-b are performed at a temperature of from

about 20 °C to about 60 °C.

13. The method of claim 1, wherein the size of the granular composite of metal
oxyhydroxide/hydroxide/oxide particles-biopolymer is in the range of from about 0.1

mm to about 3 mm.

14. The method of claim 1, wherein the size of the nanometal
oxyhydroxide/hydroxide/oxide particles is in the range of from about 1 nm to about

100 nm.
15. The method of claim 1, wherein the size of the nanometal
oxyhydroxide/hydroxide/oxide particles is in the range of from about 3 nm to about 10

nm.

16. The method of claim 1, wherein at least a portion of the nanometal

oxyhydroxide/hydroxide/oxide particles are aligned on surface of the biopolymer.
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C. obtaining a sem solid precipitate of the one or nore netal

oxyhydr oxi de/ hydr oxi de/ oxi de parti cl es-bi opol yner conposite by vigorous

stirring wo220heismesal - bi opol ynmer conpl ex sol ution; d. fircrasingodissr semi
solid precipitate to renove inpurities and to concentrate the sem solid

precipitate; e. dryig@bthe sem solid precipitate of the netal
oxyhydrldxi deVheyaetbeqd efedlaint Sevhraginithq dep of BpoR ¢ RBIPIIESHIEST it SHHCEi n a

solid netal 8 rQxi Vi i i 1 - bi onposite
and T gr  ndt Ry ey XS e Nk B S A SRR efeof.
particl es-bi opol yner conposite to obtain granul ar conposite conprising the
met al oxyhydr oxi de/ hydr oxi de/ oxi de particles and the bi opol ynmer whereby,
the stelys a-Fhegpethedef dpippd vaergin thayyandaigoampesitaiy sstalde fprae Bethei gr ade.
29. The granular co i | ai m 28, wherein the biopolymer conprises

chi t osan, béﬁ%ﬁ%ﬁ§1 g@a%ﬁpﬁﬁlééeﬁmé?'a conbi nati on thereof. 30. The granul ar
conposite of claim28, wherein the biopolynmer conprises a functionalized
formof chitosan, banana silk, cellulose, or a conbination thereof. 31.The
gr anul a®. conihesnethobef daia 3. ddereimeptpmingnts|cerprisaflpeids, aiewe, raHweaRmomet al

or a combination thereof.

20. The method of claim 3, wherein the granular composite is utilized as an adsorbent.

21. The method of claim 3, wherein the granular composite is utilized as a desiccant.

22. The method of to claim 3, wherein the granular composite is utilized as a catalyst.

23. The method of claim 3, wherein the granular composite is utilized as an insulation
coating.

24. The method according to the claim 3, wherein the granular composite has a fluoride

adsorption capacity in excess of 50 mg/g at an initial fluoride concentration of 1 to 10

mg/L.

25. The method according to the claim 3, wherein the granular composite has a fluoride
adsorption capacity in excess of 50 mg/g at an initial fluoride concentration of 5 to 10

mg/L.

26. The method according to the claim 3, wherein the granular composite has an arsenic
adsorption capacity in excess of 19 mg/g at an initial arsenate concentration of 0.1 to 1

mg/L.

27. The method according to the claim 1, wherein the granular composite has an arsenic
adsorption capacity in excess of 19 mg/g at an initial arsenate concentration of 0.5 to 1

mg/L.
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oxyhydr oxi de/ hydr oxi de/ oxi de particles have a crystalline structure. 32.The
granul ar conposite of claim28, wherein at |east a portion of the nanonetal

oxyhydr oxwoeoparstizs| es contai n high i ndex planes in itspcrygstalbiss
structure. WD 2011/151725PCT/ 1B2011/ 001551 33. The granul ar conposite of

claim 28, wherein the nmetal precursor conprises a salt alum num zinc,
nmanganese, i RNuay CARPE COMPESAR @ilonohapaaAd ppe eemoisiangietl-conbi nat i on

t her eof . 34'ox%ﬂid&%iﬁ?@&@oxﬁggﬁ%%iPtaﬁic(?gsrﬁgg ra.lr%gl?’y egbl%c&@ %oﬂ@&cférd R %ﬁ&é&ﬁ or

conprises alu ate, umnum c um num su

al um num soph@pexicdtprieihgahcaemiorat i on thereof. 35. The granul ar conposite
of claim 28, wherein the base conprises sodi um hydroxi de, ammoni a,

pot assi um hyidr oxicg8taceipg ametpregaispoYPlYtay wigh thedgopotyiserdge ah@inag Methposi t e
of claim 28, wherein.steps a-f .perfornmed at a tenperature of from about
20 C to about 801%9“%$n8$ﬁgﬁ6?5%%ﬁ5%’conposite of claim 28, wherein steps

a-f are per fior nechyatolyrit £ifeeicdlprecuddor by addia e bhse2d 1t ohan@hBtinel C.
biopolymer complex solution with vigorous stirring to obtain the one or more
nanometal oxyhydroxide/hydroxide/oxide particles;

c. obtaining a semi solid precipitate of the one or more metal
oxyhydroxide/hydroxide/oxide particles-biopolymer composite by vigorous
stirring of the metal-biopolymer complex solution;

d. filtering the semi solid precipitate to remove impurities and to concentrate the
semi solid precipitate;

e. drying the semi solid precipitate of the metal oxyhydroxide/hydroxide/oxide
particles-biopolymer composite to obtain a solid metal
oxyhydroxide/hydroxide/oxide particles-biopolymer composite ; and

f. grinding the solid metal oxyhydroxide/hydroxide/oxide particles-biopolymer
composite to obtain granular composite comprising the metal
oxyhydroxide/hydroxide/oxide particles and the biopolymer

whereby, the steps a—f are performed at a temperature below 60 degree centigrade.

29. The granular composite of claim 28, wherein the biopolymer comprises chitosan,

banana silk, cellulose, or a combination thereof.

30. The granular composite of claim 28, wherein the biopolymer comprises a

functionalized form of chitosan, banana silk, cellulose, or a combination thereof.

31. The granular composite of claim 28, wherein at least a portion of the nanometal

oxyhydroxide/hydroxide/oxide particles have a crystalline structure.

32. The granular composite of claim 28, wherein at least a portion of the nanometal

oxyhydroxide particles contain high index planes in its crystalline structure.
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38. The granul ar conposite of claim28, wherein the size of the granul ar
conposi te of nanonetal oxyhydroxi de/ hydroxi de/ oxi de-biopolyner is in the
range of woemmaBons 0.1 nmto about 3 mm 39. The granulpar/Bmiposisie of
claim 28, wherein the size of the nanonetal oxyhydroxi de/ hydroxi de/ oxi de
particles is in the range of fromabout 1 nmto about 100 nm 40. The

gr anul ab¥- condsaraailyfcopipapifa oferlaigs: aihgreimide gnetel PhgcurIE CHRRABTAS Raplt

oxyhydr oxi de Lde/ oxi arti S . f £ out 3 nm
o about - 10 ANy 4E S AR ShiTuiny gt Gphlif SARGEL e ALY caet &
portion of tdeenbiamionBicatoroxyhydr oxi de/ hydr oxi de/ oxi de particles are aligned
on surface of the biopolyner. WD 2011/151725PCT/1B2011/ 001551 42. The
granul ar conposite of claim 28, wherein drying conprises freeze dryi ng,

sur f ace3ddr yi'thy, grivodaraiompdsife ofi8, spergin die piata) pracacioupemprien glungnua

conbi nati on thereof..43. The granular c osite of claim28, wherein the
granul ar  corfBEF tAuRETLENOE AR MIRR SHEHE AR PRSI Eomposi t e of
claim43, whenithtbhengésanul ar conposite has a fluoride adsorption capacity
in excess of 50 ng/g at an initial fluoride concentration of 1 to 10 ng/L.
45. The granul ar conposite of claim43, wherein the granul ar conposite has

2 1 uordde a0t pLl o SARAE! LY AXG5RR% e BTl AR L! vor de

ammonia, potassium hydroxide, or a combination thereof.

36. The granular composite of claim 28, wherein steps a-f are performed at a temperature

of from about 20 °C to about 80 °C.

37. The granular composite of claim 28, wherein steps a-f are performed at a temperature

of from about 20 °C to about 60 °C.

38. The granular composite of claim 28, wherein the size of the granular composite of
nanometal oxyhydroxide/hydroxide/oxide-biopolymer is in the range of from about

0.1 mm to about 3 mm.

39. The granular composite of claim 28, wherein the size of the nanometal
oxyhydroxide/hydroxide/oxide particles is in the range of from about 1 nm to about

100 nm.
40. The granular composite of claim 28, wherein the size of the nanometal
oxyhydroxide/hydroxide/oxide particles is in the range of from about 3 nm to about 10

nm.

41. The granular composite of claim 28, wherein at least a portion of the nanometal

oxyhydroxide/hydroxide/oxide particles are aligned on surface of the biopolymer.
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46. The granul ar conposite of claim43, wherein the granul ar conposite has
an arsenic adsorption capacity in excess of 19 ng/g at an initial arsenate
concent r avoenofs12s1 to 1.0 ng/L. 47. The granul ar conpesirtie20af/o@bsi m 43,
wherein the granul ar conposite has an arsenic adsorption capacity in excess
of 19 /g at an initial arsenate concentration of 0.5 to 1.0 ng/L. 48. The
gr anul ;& c ondssarilgrcopposifthelrddip 18 avhgreamdiyiie amses frecze dryiae guitecer enove

cont am nant sy | - : - [ - t he

cont am nant sdr@g Vi?olttg{er dfﬁﬁ%rsﬁggcggfﬁg;urﬁmﬁggﬁﬁgﬁgﬁg , &Bﬁl%go%\@%%eﬁ)ﬁati on

thereof . 50. The granul ar conposite of claim28, wherein the granular

conposite is used as a desiccant. 51. The granul ar conposite of claim 28,

wher ei 3 he Treagudar copppeis efeclain s sderpin the @aanaay §pmpospp is used as an

2011/ 151725PC1/ 1B2011/ 001551 52. The granul ar conposite of claim 28, wherein
adsorpent. . . . . ! .

the granul ar conposite is utilized as an insulation coating.

44. The granular composite of claim 43, wherein the granular composite has a fluoride
adsorption capacity in excess of 50 mg/g at an initial fluoride concentration of 1 to 10

mg/L.

45. The granular composite of claim 43, wherein the granular composite has a fluoride
adsorption capacity in excess of 50 mg/g at an initial fluoride concentration of 5 to 10

mg/L.

46. The granular composite of claim 43, wherein the granular composite has an arsenic
adsorption capacity in excess of 19 mg/g at an initial arsenate concentration of 0.1 to

1.0 mg/L.

47. The granular composite of claim 43, wherein the granular composite has an arsenic
adsorption capacity in excess of 19 mg/g at an initial arsenate concentration of 0.5 to

1.0 mg/L.

48. The granular composite of 28, wherein the granular composite is used to remove

contaminants in water.

49. The granular composite of 48, where the contaminants comprise fluoride, arsenic,

pathogens, or a combination thereof.

50. The granular composite of claim 28, wherein the granular composite is used as a
desiccant.

51. The granular composite of claim 28, wherein the granular composite is used as a
catalyst.
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52. The granular composite of claim 28, wherein the granular composite is utilized as an

insulation coating.
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