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REDUCED GRAPHENE OXIDE-BASED-COMPOSITES FOR THE
PURIFICATION OF WATER

BACKGROUND
TECHNICAL FIELD

[001] The present disclosure relates to nanocomposites, and specifically

to graphene-based nanocomposites.

TECHNICAL BACKGROUND

[002] Chemical waste generated during industrial, domestic and
agricultural activities continues to contaminate water. In addition to
contaminants generated by human activities, the presence of natural

contaminants in water sources also poses a great hazard.

[003] Various technologies have been invented to mitigate the problem of
water pollution. Various processes including adsorption, precipitation,
membrane separation, amalgamation, and ion-exchange have been
adopted and developed for separating waste materials from polluted
water. Among all such processes, adsorption has been proven to be more
economical and efficient, especially for removing pollutants from dilute
solutions. Numerous adsorbents have been developed for separating
pollutants from water. The efficacy and utility of adsorbents largely depend
on the affinity of target contaminants towards the adsorbents and
economic viability of the adsorbents. Carbon is one such adsorbent, which
has been extensively used and found to be efficient in removing variety of
pollutants present in water, be it organic or inorganic pollutants. However,
to meet the increasingly stringent standards of the quality of drinking

water, constant efforts are being carried out to identify better adsorbents.

In



[ 3] Various technol ogi es have been invented to mtigate the probl em of

wat er pollution. Various processes including adsorption, precipitation,
menbr ane weparzaikswn, amal ganmati on, and ion-exchange havechasmwiadepieed and
devel oped for separating waste materials from polluted water. Anong all
such processes, adsorption has been proven to be nore econom cal and
efficient, especially for renoving pollutants fromdilute solutions.

Nuner ous adsorbents have been devel oped for separating pollutants from
water. The efficacy and utility of adsorbents |argely depend on the
affinity of target contam nants towards the adsorbents and econom c
viability of t eI - i.ch has been
extensively us@g4g$ﬁom%ﬁﬁl%%§§w){ @?Vgﬁtﬁslé gﬁﬁg%@ﬁ@g%ﬁr%&of
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adsor bent s. ¢cf-fridadig medtbo dsafosdempptaaihate wagemew cl ass of material s that

of fer great opportunities in water purification as adsorbents. As a result,
researchers have focused on nanotechnol ogy to devel op efficient, cost

ef fective and [©06} fRéczndy,ya @y blagds of cardet basamaraintateddisviz. rédlceRecent |y, a

new cl ass of carbpn based materi.al s, viz,. reduced graphene oxide (RGO
Composi tes, | STBRNR PRU RPHACHUPPY S ls R CHOY 08 R0 BHNSRED and i t s
precursor, gr aplrificgtichIRBBO aEPlits prEuIrsti egraphity/ 8%iHOYSORRRPE LEd inons i ncl udi ng
wat er purification, due to their uni q‘ge t wo- di nensi onal nature, band
structure, | arY@ios§aPRiGRtIgPS RChdNo MR EpRYICahen iR AP RRITHIAVE Wy conposi te

material s are KRRWBIohSl i@, BAREStRiturB! BRRY dirRee GPEPaREdaridust he properties
of their individual conmponents. This is can be due to synergetic properties

that can arisefUnFianal BOUBBYAMAEBROYE MaErAIREEs kagwn tahiooshnsssed
composi tes ar eoioBARks 8l UhERBARY AP LRASHAL BBl MATARAICPFROST tes of

met al oxide and carbon nmaterials such as activated carbon, graphite, and
car bon nanot ubiésaame deitagynergeti¢ piopedies thrl capErise FpMohe combinglign RGO sheet s

are other inte i caL b I r I osi tes.
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for the producGOoRGD comppsitistaes fewdadmuombel.trati on i s one such nethod used

for the preparation of RGO Au conposites. A RGO Ag conposite has al so been
produced t hrough a one-step chem cal nmethod at 75 C, where GO

[006] The above-mentioned composites have been proposed for either
catalytic or electronic applications. Recent efforts also show that graphene
composites, such as graphene-Fe;04 and GO-Fe (OH); can be efficient in

the removal of arsenic from water.

[007] The methodologies adopted in most of the previous methods for
composite formation are relatively cumbersome. The metal precursor is
separately prepared and mixed; or external aids are employed for the
production of composites. Vacuum filtration is one such method used for
the preparation of RGO-Au composites. A RGO-Ag composite has also

been produced through a one-step chemical method at 75 °C, where GO



or RGO is adsorbed on 3-am nopropyltriethoxysilane (APTES)-nodified Si/Si Ox
substrate and the sanple is heated in an aqueous solution of silver nitrate
at 75 C. wp&p12Anpsges from effi cacy, other inportant aspe®rs/Bio1po@cin cal
adaptability of materials for |arge-scale applications of water
purification are cost and ease of operation. Though nanomaterials offers a
great efficacy over their counter parts, one of the problens in using
nanonmaterials for water purification is post-treatnment handling of the
adsorbent material. Easy solid-liquid separation wthout any external aid
is desirable. [9] Thus, there exists a need to address the aforementioned

probl ems and_ ot fief30okL R BAS: AP AL RDP AR hligla Tater al s

and conposites that are us I'n wat tion needs and ot her
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i nvention. ng%&gggL In accordance with the purpose(s) of the

i nventi on, as e and broadly described herein, this disclosure, in
one aspect, relates to nanoconposites, such as, for exanple reduced
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ease of operation. Though nanomaterials offers a great efficacy over their

counter parts, one of the problems in using nanomaterials for water

purification is post-treatment handling of the adsorbent material. Easy

solid-liquid separation without any external aid is desirable.

[009] Thus, there exists a need to address the aforementioned problems
and other shortcomings associated with the traditional materials and
composites that are used in water purification. These needs and other
needs are satisfied by the compositions and methods of the present

invention.
SUMMARY

[0010] In accordance with the purpose(s) of the invention, as embodied
and broadly described herein, this disclosure, in one aspect, relates to
nanocomposites, such as, for example, reduced graphene oxide (RGO)-
metal/metal oxide nanocomposites, methods of making nanocomposites,
and to the use of such nanoparticles in water purification methods, such

as, for example, removal of heavy metals from water.

[0011] In one aspect, the present disclosure provides a nanocomposite.
The nanocomposite comprises reduced graphene oxide (RGO) and
nanoparticles of at least one of a metal and an oxide of the metal. The

metal comprises at least one of gold, silver, platinum, palladium, cobalt,



[0011] In one aspect, the present disclosure provides a nanoconposite. The
nanoconposite conprises reduced graphene oxi de (RGO and nanoparticles of
at | east woeomio2seaet al and an oxi de of the netal. The metraB2aong@récses at

| east one of gold, silver, platinum palladium cobalt, nanganese, iron,
tellurium rhodium ruthenium copper, iridium nolybdenum chrom um and
cerium [0012] In another aspect, the present disclosure provides an

adsor bent conprising a nanoconposite. The nanoconposite conprises reduced
gr aphene oxi de (RGO and nanoparticles of at |east one of a netal and an
oxi de of the netal. The netal conprises at |east one of gold, silver,

pl ati num pall o] gﬂfcﬁ?m hodi um

r ut heni um cop@gbZ‘:lléﬁerslgdfpéH tte”dFPHg enum @Lro%'ﬁ%ogﬁéﬂ E:Jremf"frﬁm [0013] In yet
anot her aspectmotyhdemnre,s@mommmelh@semenpr ovi des an adsorbent conprising a
nanoconposi te. The nanoconposite conprises reduced graphene oxi de (RGO and
nanoparticles of at |east one of a netal and an oxide of the netal. The

net al corrpri se042] Iheasmeoaspeﬁt tg@bdasest diimeiosurplpm\jidusmn madolrtmﬁtum cobal t,
manganese, | rop, trel | uri gn% a4t S|t L r ut heni u"éitcoéarﬁerri 4m

nmol ybdenum chf GRS 42 Lﬁ‘ﬂ The %'&%&8%8 TETE %eﬁrr?wécr bound to a
substrate. [00ddaphéme stidd (RAOYBhE haasEetdies diat Iwﬁseebfammtan@lmmrow des a

filtering deV|ce conpri si.ng sorbent dsor rises a
nanoconposi t e.° ﬂ@ﬁc%%tﬁlpgg ”§8§ah83 Bjnéﬁgom de (RGO and
nanoparticl es @étlmmhﬁﬂéﬁluﬁﬂ@o@élt mm@baéseandnaﬂélmmmieh@auutrhe metal . The
metal conprises at | east one, of gol sil ver | ati num pal | adium cobalt,
manganese, i r o {N&EHMLFPRA A Wﬁ{ybﬂﬁ@%rﬁmﬂ‘ﬁ'%ﬁ BREFETYM di um

nmol ybdenum chrom um and cerium The nanoconposite is further bound to a

substrate. . .
[0013] In yet another aspect, the present disclosure provides an adsorbent

comprising a nanocomposite. The nanocomposite comprises reduced
graphene oxide (RGO) and nanoparticles of at least one of a metal and an
oxide of the metal. The metal comprises at least one of gold, silver,
platinum, palladium, cobalt, manganese, iron, tellurium, rhodium,
ruthenium, copper, iridium, molybdenum, chromium and cerium. The

nanocomposite is further bound to a substrate.

[0014] In still another aspect, the present invention provides a filtering
device comprising an adsorbent. The adsorbent comprises a
nanocomposite. The nanocomposite comprises reduced graphene oxide
(RGO) and nanoparticles of at least one of a metal and an oxide of the
metal. The metal comprises at least one of gold, silver, platinum,
palladium, cobalt, manganese, iron, tellurium, rhodium, ruthenium, copper,
iridium, molybdenum, chromium and cerium. The nanocomposite is further

bound to a substrate.

[0015] In still another aspect, the present disclosure provides a versatile

in-situ method of making a nanocomposite using the ability of reduced



[0015] In still another aspect, the present disclosure provides a versatile
in-situ nmethod of maki ng a nanoconposite using the ability of reduced

gr aphene woi2de2/2860) to reduce a netal precursor. The nechas20aoo@r40si ng any
one or nore of the steps disclosed herein. [0016] Various aspects, as
described in the foregoing, provide nanoconposites and a nmethod for

synt hesi zi ng nono-di spersed and uncapped nanoparticles such as silver,

gold, platinum palladiumand manganese oxi de on the surface of RGO The
met hod facilitates in-situ honbgenous reduction and utilizes the inherent
reducing ability of RGO to produce conposite materials, at room

temperature. THeoHEA 0Ma) RRAODE Adkge biSoBrAUGLLETEdiRgge- scal e RED

nanoconposi t es good over e Sl ze, ichis critical
for mass appl i canpramg aucotneasr matesof theisieps disclosad hp@dL7] The

& RGO net al / met al oxi de nanoconposites can be further bound on silica. The
resul ti ng adsorbent conposition helps in easy separation of the adsorbent
from an aqueou@O0f@jdiariouadpedts,Msddsesbadia the éateang,qirbédev se | abori ous

processes such_as high speed cen ri% ation. nenbrane filtratjon, or
et o separ M RSATRARTETP 46 RULCPaox a2 fo ropanysrsieed &l o [ 0018
Addi ti onal aspeaiappatdanchartitiegeschads gilver, igoide platiommypalladnen aedi forth, in
part, in the detailed description and clains which. follow,. and in part
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produce composite materials, at room temperature. The methodology

permits the production of large-scale RGO nanocomposites with good

control over the particle size, which is critical for mass applications such

as water purification.

[0017] The GO/RGO-metal/metal oxide nanocomposites can be further
bound on silica. The resulting adsorbent composition helps in easy
separation of the adsorbent from an aqueous medium and eliminates the
need for otherwise laborious processes such as high speed centrifugation,
membrane filtration, or magnetic separation, which are not practical for

many end-users.

[0018] Additional aspects and advantages of the invention will be set forth,
in part, in the detailed description and any claims which follow, and in part
will be derived from the detailed description or can be learned by practice
of the invention. The advantages described below will be realized and
attained by means of the elements and combinations particularly pointed
out in the appended claims. It is to be understood that both the foregoing
general description and the following detailed description are exemplary

and explanatory only and are not restrictive of the invention as disclosed.

BRIEF DESCRIPTION OF THE FIGURES



attained by neans of the elenents and conbi nations particularly pointed out
i n the appended clains. It is to be understood that both the foregoing
general deeaniyphswa and the follow ng detail ed descri ptipam/1Bz0a1/e0cespl ary
and expl anatory only and are not restrictive of the invention as disclosed.
BRI EF DESCRI PTION OF THE FI GURES [0019] The acconpanying figures, which
are incorporated in and constitute a part of this specification, illustrate
several aspects and together with the description serve to explain the
principles of the invention. [0020] FIG 1 illustrates U/ Vis spectra of
RGO upon the addition of metal ions (A) Kvhat, (B) Au3+, (C) Ag+, and (D)

PL2+. T accor (gReeTHb bty @@wpgm.&far% PSSR dhac! osure. [ 0021]

FIG 2 illustrates large area ovmngt echaracterlstlc
wri nkl es and eclysttutd apartmhtmsamemfrnahgn,tlh@trgteam@ml@sn@@taaed of the sanpl e,

'n accordance woLi oY Ffith W a@ABEST Ao L EER R pritti RS BAHES-

invention.

[0020] FIG. 1 illustrates UV/Vis spectra of RGO upon the addition of metal
ions (A) KMnQyg, (B) Aus+, (C) Ag+, and (D) Ptz+, in accordance with

various aspects of the present disclosure.

[0021] FIG. 2 illustrates large area TEM images of RGO showing the
characteristic wrinkles and edges of ~1 nm confirming the graphenic
nature of the sample, in accordance with various aspects of the present

disclosure.

[0022] FIG. 3 illustrates TEM images of RGO-Ag (0.05 mM) showing well
dispersed nanoparticles over a RGO sheet, in accordance with various

aspects of the present disclosure.

[0023] FIG. 4 illustrates TEM images of A) 0.01 mM, B) 0.02 mM, C) 0.07
mM RGO-Au sample, and D) SEM image of an aggregated sample (0.1
mM) of RGO-Au, in accordance with various aspects of the present

disclosure.

[0024] FIG. 5 illustrates A) TEM image of the RGO-Pt sample containing
0.02 mM HPtCls, B) lattice resolved image of the same sample showing
the lattice structure of Pt nanoparticles, C) and D) SEM images taken from
the aggregated sample of higher concentration (0.1 mM), in accordance

with various aspects of the present disclosure.

[0025] FIG. 6 illustrates SEM images of RGO-Pd samples: A) 0.025 mM
and B) 0.1 mM of PdCI, and C) EDS spectrum taken from the sample



[0022] FIG 3 illustrates TEMimges of RGO Ag (0.05 mVM show ng wel |

di spersed nanoparticles over a RGO sheet, in accordance with various
aspects obothe/pswsent di sclosure. [0023] FIG 4 ill ust ratraB20id27sages of
A) 0.0l mM B) 0.02 MM C) 0.07 mM RGO Au sanple, and D) SEM i nmage of an
aggregated sanple (0.1 mV of RG> Au, in accordance with various aspects of
the present disclosure. [0024] FIG 5 illustrates A) TEMinmage of the

RGO Pt sanple containing 0.02 mM H2Pt C14, B) lattice resol ved i mage of the
sane sanple showing the lattice structure of Pt nanoparticles, C and D)
SEM i mages taken fromthe aggregated sanple of higher concentration (0.1

mv), in accord ' ' : | sure. [0025]
FIG 6 i||ustr§‘?’g§r‘@gm Mn%ggéﬁzf ﬁ’%@@%”@%ﬁ‘%ﬁg’gﬁé%g%ﬂ.%gﬁ% and B) 0.1 nM
of PdCl2 and QyreE®S dispbasureim t aken fromthe sanple containing 0.1 nM
PdC12, in accordance wth various aspects of the present disclosure.

[0026] FIG. 7 illustrates concentration dependent TEM images of A1) 0.01
mM, A2) 0.025 mM and A3) 0.05 mM RGO-MnQO,, and B1) 0.01 mM, B2)
0.025 mM and B3) 0.05 mM RGO-Ag, in accordance with various aspects

of the present disclosure.

[0027] FIG. 8 illustrates Raman spectrum of RGO-MnO; sample showing
the presence of MnO; in the composite, in accordance with various

aspects of the present disclosure.

[0028] FIG. 9 illustrates Raman spectra of A) RGO-MnO, composite and
B) RGO-Ag composite, at different loading of MnO, and Ag, in accordance

with various aspects of the present disclosure.

[0029] FIG. 10 illustrates XPS spectra of samples containing 1) 0.025 mM,
2) 0.05 mM and 3) 0.1 mM KMnQy, in accordance with various aspects of

the present disclosure.

[0030] FIG. 11 illustrates XPS spectra of RGO-Ag composites, in

accordance with various aspects of the present disclosure.

[0031] FIG. 12 illustrates SEM Images of A) Ch-RGO-Ag@SILICA; B) Ch-
RGO-MnO@SILICA; C) Raman spectrum of SILICA, Ch, Ch-RGO-
MnO,@SILICA and Ch-RGO-Ag@SILICA; and D) Photograph of SILICA,
Ch-RGO-MnO,@SILICA and Ch-RGO-Ag@SILICA, in accordance

various aspects of the present disclosure.

[0032] FIG. 13 illustrates EDAX analysis of Ch-RGO-Ag@SILICA

composite, in accordance with various aspects of the present disclosure.



[0026] FIG 7 illustrates concentration dependent TEM inages of Al) 0.01
mM A2) 0.025 nM and A3) 0.05 mM RGO Mh02, and B1l) 0.01 nM B2) 0.025 nM
and B3) OwWO2om:260 Ag, in accordance with various aspe®C3/Bi011/h@7gr esent
di sclosure. [0027] FIG 8 illustrates Raman spectrum of RGO WMn02 sanpl e
showi ng the presence of M02 in the conposite, in accordance with various
aspects of the present disclosure. [0028] FIG 9 illustrates Raman spectra
of A) RGO Mh02 conposite and B) RGO Ag conposite, at different |oading of
Mh02 and Ag, in accordance with various aspects of the present disclosure.
[0029] FIG 10 illustrates XPS spectra of sanples containing 1) 0.025 nM
2) 0.05 mMMand 3) 0.1 nM KMhat, in accordance with various aspects of the
present disclosure. [0030] FIG 11 illustrates XPS spectra of RGO Ag
conposi tes, i nl0Ad3driGan dlugirates ERrAX0arsalysipetCh-REOMRO@EHLOA di scl osure.

[0031] FIG 12 t @éﬁ%‘ﬁ%
ChRGO- M102 @Sl L?d(f!/lg)&@% ﬁaﬁgﬂ’%g’%%: ﬁﬁ’qgrc@%%ﬁ gé A?%é 6%@ | LI CA and
Ch- RGO- Ag@l LI CA; and D) Photograph of SILICA Ch- RGO M02@sl LI CA and
Oh- RGO AG@BI L1 (341 16255 HuSRIEE A RbHDYURsATRGE] Saitls SIGinRGGSSRE di scl osure.
adsorption of Hg(Il) of unsupported RGO composites with different
materials examined, B) comparison of Kd values obtained for the
adsorption of Hg(ll) of supported RGO composite with SILICA, Ch,
Ch@SILICA, C) kinetics of Hg(ll) adsorption by various adsorbents
(temperature = 30 + 20C; pH =7 + 0.2, initial Hg(ll) conc. = 1 mg/L), and
D) performance comparison of RGO composites for removing Hg(ll) from
distilled water and real water (initial Hg(Il) conc. = ~ 1 mg/L, in accordance

with various aspects of the present disclosure.

[0035] FIG. 16 illustrates pseudo-first-order kinetic plots with experimental
data for adsorption of Hg(ll) by GO, RGO and various RGO composites (E
— experimental, P — predicted) in A) unsupported and B) supported form,

in accordance with various aspects of the present disclosure.

[0036] FIG. 17 illustrates selectivity of adsorption of RGO-Ag for the
indicated metal ions at three different initial concentrations (~ 1, 2 and 5

mg/L), in accordance with various aspects of the present disclosure.
DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention can be understood more readily by reference
to the following detailed description of the invention and the examples

included therein.

[0038] Before the present compounds, compositions, articles, systems,

devices, and/or methods are disclosed and described, it is to be



[0032] FIG 13 illustrates EDAX anal ysis of Ch-RGO Ag@sl LI CA conposite, in
accordance with various aspects of the present disclosure. [0033] FIG 14
i Il ustratwe 2eDAs®wAAl ysi s of Ch- RGO Mh02@5l LI CA conposi PeT/IBmi1ac@esdance

Wi th various aspects of the present disclosure. [0034] FIG 15 illustrates
A) conparison of Kd val ues obtained for the adsorption of Hg(ll) of
unsupported RGO conposites with different materials exam ned, B) conparison
of Kd val ues obtained for the adsorption of Hg(ll) of supported RGO
conposite with SILICA Ch, Ch@lLICA C) kinetics of Hg(ll) adsorption by
vari ous adsorbents (tenperature = 30 20C, pH=7 0.2, initial Hg(ll)

conc. = 1 ny/ L%nqe%&goﬂha?ﬁe{yg%g%feﬁnﬁ%a{dgg@e rlindEAPARL RS, T OF

renmovi ng Hg(l ! rom di st wat er water (1ni ) conc. =
- 1 ng/L, in asswifédnerctowiarfculanréagentsagpess sthefwisthepguifesieas sdétscl osur e.

[0035] FIG 16 il -first- j [ . '

experi nment al d%%Aaor (géﬁrgér:&%rr%?ﬁg%%&tbﬁg(qnﬁ%%géo%?ﬁhée@@é@%%%%s RGO
conposi t es ( E herexpefarrtesapatpos® of dgsoeitingtpedcular adpects sulymmdtiedoand B)
supported form_in cprdance w.th various, aspects of.the present

di setosure. 1 opieReBRER 13MRG Hliduh IR elidagafeton of reo Ag
for the indi ca¢qivaieitad thoseslestritidur feeeididahelearsediimite @rhctienoraedtingt i ons (-
L 2 and 5 0/ ihe bibsBRERL SRR otk le Wh SN a R RS Bis2lre G, P esent

described.
DEFINITIONS

[0039] Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. 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.

[0040] 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" may include

mixtures of two or more solvents.

[0041] 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 particular value forms another aspect. It will be further understood
that the endpoints of each of the ranges are significant both in relation to

the other endpoint, and independently of the other endpoint. It is also



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037] The present invention can be
understood nore readily by reference to the follow ng detail ed description
of the i nwenvixmswad t he exanpl es included therein. [00®8/1BB0@74he
present conpounds, conpositions, articles, systens, devices, and/or nethods
are disclosed and described, it is to be understood that they are not
limted to specific nmethods unl ess ot herw se specified, or to particular
reagents unl ess ot herw se specified, as such can, of course, vary. It is

al so to be understood that the term nol ogy used herein is for the purpose
of describing particular aspects only and is not intended to be limting.

A though any Weidipdisod b Wk blh udbal bifaGls @R Rbint dnd bigpe described

herein can be used ractice or test resent i nvention,
exanpl e met hodeamlwmtsalsoafh@emmsmdw@ ebomiéthat DElﬁibNBTrvalNSIr[ 0039] Unl ess

def [ ned ot her v ifsorPldnd BSIBLSEY ARG SRLRNN U Gl HEP gedobsl gy have the

sane neani ng as conmon I nar e art to
which this i nv'@tbbubm"bebksnghsclo%bdhlmlsgiiscaurydmetbbddmt@adh oait beftvwadles si mi | ar or
equi val ent to those d scri.hed h

d
of the pr esent ™ rR/aerH? ! un't&?é%ﬁ%g dr'ﬁg: ‘%@spe g(%ﬁﬁ) g]%ndp ﬁcrtr?lcn(/:vedg;cﬁ the:jng

disclosed, then 11, 12, 13, and 14 are also dlsclosed.

[0042] As used herein, the terms "optional” or "optionally" means that the
subsequently described event or circumstance can or cannot occur, and
that the description includes instances where said event or circumstance

occurs and instances where it does not.

[004 3] Disclosed are the components 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 cannot 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, C-D, C-E, and C-F are considered disclosed. Likewise,

any subset or combination of these is also disclosed. Thus, for example,
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[ 0040] As used in the specification and the appended clains, the singular
forms "a," "an" and "the" include plural referents unless the context

cl early dwvotatxrswiherw se. Thus, for exanple, referencectraBima/sewent” may
i nclude m xtures of two or nore solvents. [0041] Ranges can be expressed
herein as from "about"” one particular value, and/or to "about"™ another
particul ar val ue. When such a range i s expressed, another aspect includes
fromthe one particular value and/or to the other particul ar val ue.
Simlarly, when values are expressed as approxi mations, by use of the

antecedent "about," it will be understood that the particular value forns
anot her aspect , eshbvtgfrtt BEA R BLAGI OR300 8 doRaieldiuiiRal phig of each of
t he ranges are signi |cant both relatron to the other poi nt, and

i ndependent | y efncepeapytireto elhdmCtﬁtofthrts apgllmtIQOImmgtb@bdoitlmmdt here are a
nunber of val ugs - . j | so herein

di scl osed as %b%%bgﬂﬁgﬁ%dgﬁ% ﬁ{ggingr valf n@tthg%gﬁ]&:égéngﬁs {jﬁth?he val ue itself.
For exanpl e, iihvedtonvahus if thérk ars amasletmwdltlbhalrstémsbtbat cdie i s al so
disclosed. It is als undgrsrtpgt n|t l? r’Jﬁ?ntwo articular
units are al sop%ﬁcogme 3 %%Isoé) ﬁ%e@C 8'?33 P sed, then 11,
12, 13, and 14p@~fcﬁmhwtrnhr@c§msaden{m4ﬂe}ntbs cormeithatien eimbcbdﬁmehtsrrrs
"optional " or f(r)}R qflr.?yft ans that t he subsequently described event or
ci rcunst ance c% %ré ot W EWPMA%ng t hat the description includes

i nstances where said event or circunmstance occurs and i nstances where it
does not. [0045%]0f'D scl osed are the conponents to be used to prepare the

conposi tions o Pe=adnal g BRterelsgisloged hesein asepllgiqogeeCidtysel ves to be

used within th@dﬁbl@%@l/ﬁ'tﬁ&h@msh@ﬁ 8k 'brodmﬁér?tt%'ﬂébf%fr@ﬁﬁomio%b% S are
di scl osed herein, and it is understood that when conbi nati ons, subsets,

interactions, @rsiifsthee®. of these materials are disclosed that while
specific reference of each various individual and col | ective conbinations
and permutation of these conpounds cannot be explicitly disclosed, each is
speci fically cldRtepsandarsiond thakibeicoawopidprs fisclperd barginave dertain

particul ar CO”%& Hitghs! Bus%b%‘éb Shfh ér%dcéi‘tr?g‘? a%ﬂuiﬁ?rﬂé'ﬁ@% of

nodi fications at can e to a nu nol ecul es 1'ncluding the
conpounds are m@rw&etbe digeéasieflifigtipgs aodnteemmcmr@tdoqi that futie arelaever y

conbi nati on an f o) i that are
possi bl e unl es\garg)?}; %rﬁtggﬁ?@ﬁaaéﬁg@@% @B%ﬁ@%&gh{:\fogmgt Jlrhﬁgig e?i;tﬁa cl ass of
nol ecul es A, B;heairstl@edrsﬁudtuseﬁ,aaédhamhmlsltruamreswlllet;smcaﬂy avhlegelthees D, E,

and F and an exa f a conbi nation nolecule, A-Dis disclosed, then even

if each is not>1 R Ydual | y recited each is individually and collectively
cont enpl at ed neani ng conbi nations, A-E, AF, B-D, B- E B-F, &GD CE and

|C-s Fa?gg glogii g@ggg] %nsc' Seggm {@gﬁﬁw sgei\’éptﬁpeyma#érlaﬁ re ers t%%rrrtt))/lnrtlaattetlgn of these

that comprises graphite. The term "graphite” refers to any form of graphite,
including without limitation natural and synthetic forms of graphite,
including, for example, crystalline graphites, expanded graphites,
exfoliated graphites, and graphite flakes, sheets, powders, fibers, pure
graphite, and graphite. When graphite is present, one or more graphitic
carbons can have the characteristics of a carbon in an ordered three-
dimensional graphite crystalline structure including layers of hexagonally
arranged carbon atoms stacked parallel to each other. The presence of a
graphitic carbon can be determined by X-ray diffraction. As defined by the
International Committee for Characterization and Terminology of Carbon
(ICCTC, 1982), and published in the Journal Carbon, Vol. 20, p. 445, a
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the sub-group of A-E, B-F, and CE would be considered disclosed. This
concept applies to all aspects of this application including, but not
limted two 28t2psIs4n net hods of maki ng and usi ng the corpoaBiilone7ef t he
invention. Thus, if there are a variety of additional steps that can be
performed it is understood that each of these additional steps can be
performed with any specific enbodi nent or conbi nati on of enbodi nents of the
nmet hods of the invention. [0044] Each of the materials disclosed herein are
either commercially avail able and/or the nethods for the production thereof
are known to those of skill in the art. [0045] It is understood that the
conposi tions dj i | gsed herein are
certain struct%’%ghﬂﬁgghbpﬁe%g%tew%a%nt ?%ﬁtﬁﬁgbﬁg%plaoz@e functions and
it is under st og@phiteatwheltfaror apktha nghl@tryasca‘crustumldem t hat can perform
the same function that are related to the disclosed structures, and that
these structures will typically achieve the sane result. [0046] As used
her ei n, the t el0iv7]gksalpiafly eleseartited alover bk @rasend denlpsunetretaites totehat conpri ses

graphlte The term._'graphites refe t f or m of h i ncl udi ng
W thout [im tawaéerﬁ'ah(g? EéﬁmgaﬁgoeWﬁ@eﬁ%l il)q' n%angpogpﬁﬂf?% Z%el ncl udi ng, for
exanpl e, crystedrhpositegaepprichassd Bxpaintpielregioapbadtien beexder R@0eshdy aphi t es,
and graphite fl al(agp sheet s wders, fibers phite graphl te.

Then gr aphi t e TELpptesURer ghe e srecinipb by B B ddRBearradvierhe

characteri sti ceOPRGAO/REBIPEIMpdsitad afd Spoetet bhedicdi ORifssagnah gr aphite
crystalline structure incl udi n% | ayers of_ hexagonal | arranged carbon atons

stacked par al | @uUndgnimgypilgpleen eﬂYéo'ﬁ’i“@@%‘cﬁ@@d'&S 'Oénii?’)é%h?eﬁt&eﬁ%erdo% can be
det er mi ned by g(brr@grfdjrftﬁ,§$p3cb§§ As defined by the International Conmttee
for Characterization and Term nol ogy of Carbon (ICCTC, 1982), and published
in the Journal Carbon, Vol. 20, p. 445, a graphitic carbon can be any

carbon present R ﬁqrET%LVI\QETRQJCQ(IB‘ErI(FAﬂb(ﬂjl\ﬂPb'S’iﬁSWhet her or not the
graphite has structural defects. [0047] As briefly described above, the

present disclosure relates to a materi aI conprising RGO nmetal /netal oxide

nanocompOSt{ eS0TBEPATPATIcES @ieRnRRASH Y pheShITRIG RN react L on

bet ween RGO an or using iInherent reducing ability of RGO
I n one aspect, Cqmwlmmwsmﬁﬁ%%@&\w& sit@bleupp@l/metalonidsi | i ca. Chit osan,

an abundantly ayaibaple fiad et t9RBE Meotsdrtd!ito M@ B Glohflosits an be used
as a binder for I'S process.

include, without limitation, gold, silver, platinum, palladium, cobalt,

manganese, iron, tellurium, rhodium, ruthenium, copper, iridium,

molybdenum, chromium, cerium, or a combination thereof. Metal oxides

that can be incorporated into the nanocomposite include, without

limitation, MnO- and the like. Exemplary nanocomposites can correspond

to the formulas RGO-Ag, RGO-Au, RGO-Pt, RGO-Pd, RGO-Fe, RGO-Rh,

RGO-MnOy, RGO-Co0, RGO-TeO,, RGO-Ce,03, RGO-Cr,03 and

combinations thereof.

[0049] The composition of a nanocomposite - RGO-metal/metal-oxide -
can include various compositional ratios of the ingredients in the formula.
It should be appreciated that the composition of such a nanocomposite
can be tuned by adjusting the relative amounts of each ingredient, for
example, RGO and metal/metal oxide, during a redox reaction. The

concentration of participating ingredients in the reaction is varied leading
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RGO METAL/ METAL- OXI DE NANOCOMPCSI TES [ 0048] In one aspect, a nanoconposite
of the present invention nmay conprise conposites of GO RGO with suitable
met al / metwb-20/deoenanoparticl es. Metal s that can be i ncecpaBatied27#x o t he
nanoconposite include, without Iimtation, gold, silver, platinum

pal | adi um cobalt, manganese, iron, tellurium rhodium ruthenium copper,
iridium nolybdenum chromum cerium or a conbination thereof. Metal

oxi des that can be incorporated into the nanoconposite include, wthout
limtation, M02 and the |ike. Exenplary nanoconposites can correspond to
the formul as RGO Ag, RGO Au, RGO Pt, RGO Pd, RGO Fe, RGO Rh, RGO WMnOx,

RO 000, RGO: TR02yaf2Rh GP 0% R 6T ARyl STk BE bRk Fidhe [ 0049]

The conposition of a nanoconposite - Ide - can include
vari ous conposhanospaipositt frow 16104 he, andmode eperaifidally tthibefrangeudfa-10t shoul d
be appreci at edmtnhat t he conposition of such a nanoconposite can be tuned by
adjusting the relative anounts of each ingredient, for exanple, RGO and
nmetal / metal oxide, during a redox reaction. The concentration of
participating | ients in the reaction i.s varied |eadin a variation
"R the d amet 080 S rRebrhals B ESRariay o CraB8inined Rufocomposi o
from 1- 100 nm vaaiety ﬂfaﬂethsoedi $houdd bey underttoed itizatdies Q;ﬁecii‘ijcldgdemfs[t@%m Tpe
nanoconposi tes_of the present invention can be prepare y a yariety o
Tethods. Tt srater SRR coreneThi PRiEe bsEe Rt BPE L er i Bhs and! or
contacti ng conpesérttisvdntioh endtestbh@st BEsIRbiseCdmNyPayticuktdrddre present
invention is not intended to be limted to any particul ar_order, sequence,
or conbi nat i ons%ﬁuef‘ﬁ%biQYiCHU‘QF”aEBHﬁBWQM@ab?OrEPé&”ﬁS enieRy Ue®ary skill in
the art, in pogggasy Sl B the BHSInHoBeESEIOH 6f thesUidtbsuPR @bl rdgdigr M ne an
appropriate order or conbination of steps and/or conponents to produce a
nanoconposi t e. determine an appropriate order or combination of steps and/or

components to produce a nanocomposite.

[0051] A graphite material can be oxidized to obtain graphene oxide (GO).
In one aspect, the graphite material can be any material that comprises
any form of graphite obtained from various naturally occurring materials
ranging from fossil fuels to sugar. Graphite and carbon materials, such as
those recited herein, are commercially available and/or can be produced

by one of skill in the art in possession of this disclosure.

[0052] The complete oxidation of graphite can be ensured by preceding
the actual oxidation by a pre-oxidation step. The pre-oxidized graphite can

then undergo complete oxidation during the oxidation step to form GO.

[0053] The GO is then reduced to obtain RGO. In various aspects, the
RGO can be prepared using any suitable chemical, physical, biological,

photochemical or hydrothermal process known in the art.
[0054] Thereafter, the metal precursor is mixed with the RGO. In various

aspects as described above, the metal precursor can comprise one or

more of gold, silver, platinum, palladium, cobalt, manganese, iron,
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[ 0051] A graphite material

I n one aspect,

those recited
one of skill i

undergo conpl ete oxidation during the oxidation step to form GO

can be oxidized to obtain graphene oxide (GO).

the graphite material can be any material that conprises any
form of gwephizeswht ai ned from various natural ly occurr iPOg/IBE€0023405
ranging fromfossil fuels to sugar. G aphite and carbon materials,
herein, are comrercially avail able and/or can be produced by
n the art in possession of this disclosure. [0052] The

conpl ete oxidation of graphite can be ensured by preceding the actual

oxi dation by a pre-oxidation step. The pre-oxidized graphite can then

X is then red ' I I ﬁ{bﬁ;&d% h '8%%# an be
prepared usi ngfégﬁ@héﬁp?@%ﬁiéﬂg em @apoy%ﬁjw@’é\a | Ol Blélit%grl], p rﬁt ochem cal

or hydr ot her materpino e scokrivationdhereef.art . [ 0054] Thereafter, the netal

precursor is mxed with the RGO

such as

[0053] The

In various aspects as descri bed above, the
nmetal precursor can conprise one or nore of gold, silver, platinum

_pa! I adi um cobf@0b5] H“'rhagﬁmm_ﬁm of memr_;etaltmbd:wrsd)man tydﬁ«:m:rierdﬁn-a;iumtheﬂﬂaum copper,
i ridium nol ybig]ﬁnu chrom u er 'f%@;o?{h a bcyqrrbl H&EOI foll t her.eof .

erent reducing properties o ereby leadi e formation of
(RGO)-metal/metal oxide nanocomposites. In one aspect, a precursor of
each of the desired metals to be present in the nanocomposite is mixed
together with the RGO to form a nanocomposite. In other aspects, any one
or more of the precursors are mixed together to form one or more
mixtures. The mixture is then mixed with the RGO to form a

nanocomposite.

[0056] In one aspect, the nanocomposite is prepared by mixing
precursors of one or more of gold, silver, platinum, palladium, cobalt,
manganese, iron, tellurium, rhodium, ruthenium, copper, iridium,

molybdenum, chromium and cerium and an RGO.

[0057] In yet another aspect, at least two of the precursors of gold, silver,
platinum, palladium, cobalt, manganese, iron, tellurium, rhodium,
ruthenium, copper, iridium, molybdenum, chromium and cerium are mixed

separate from any remaining components prior to mixing with an RGO.

[0058] In various above-mentioned aspects, the reduction of the metal
precursor is carried at room temperature, such as, but not limited to, any
temperature below about 40 °C. In one aspect, the nanocomposite can be
prepared by simultaneous reduction of metal/metal-oxide precursors and
GO at room temperature. In another aspect, the nanocomposite can be
prepared by mixing pre-formed metal/metal-oxide nanoparticles, such as,
for example, titanium, zirconium, lanthanum, nickel, zinc, or a combination

thereof and RGO at room temperature (below 40 °C).
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[ 0055] The reduction of the nmetal precursor can be carried in-situ by the

i nherent reducing properties of RG thereby leading to the formation of
(RGO - netwb/20et@B9edxi de nanoconposites. I n one aspect, acpnBmui/s@r400f each
of the desired netals to be present in the nanoconposite is m xed together
with the RGO to form a nanoconposite. In other aspects, any one or nore of
the precursors are m xed together to formone or nore m xtures. The m xture
is then mxed with the RGO to form a nanoconposite. [0056] |In one aspect,

t he nanoconposite is prepared by m xi ng precursors of one or nore of gold,
silver, platinum palladium cobalt, manganese, iron, tellurium rhodium

rut heni um cop IF Atd] I ] cer nd an RGO
[0057] 1 yor BaPhif o et YAEOD SRk A bRAE AT 201 a.
silver, pl ati ncombipatidreahdion diterbal erdendhgspesiic mettws of @iking um  rhodi um
rut heni um cop i 1di - i i re..m xed
separate from %ﬁ{yegéet[ﬁifgh?ﬁ%dg%ﬁé%ﬁgﬁygé B$$g$rﬂdg%ﬁ@ﬂ%§8% H?%r?% . [ 0058]

I n various aboswnpenentoaretdespdqrepertidseofrtbd uedultong rehotbraposteal precursor is
carried at roomtenperature, such as, but not limted to, any tenperature
bel ow about 40 C. In one aspect, the nanoconposite can be prepared by

si mul t aneous r©A60] Incansedcifiedspletiyehalor oxirel of hegeesssars ofigoldXilvat, room

tenperature. | not her aspect he nanoconposite.can, be prepared by m xi ng
pre-formed. et APFHEY dialBaF Bl CABRIbBATCrOr GG g ielorkdh. a8l ampl 6. ¢ ¢ ani um
zi rconi um | antu@smilm, dbppke liridighN®olyBHedurs CdiPbmMRink 8fd t&RIreafe ml@JRGO at
roomtenperature (tbel_o_w 40 CI%% [0059] In other aspects, each of the steps
i's performed iM% MY ¥ih RN ABAGRBFRSACL ANETQS MU PHREICT The
speci fi c met hogsmednemtsXisleh aé SHPEAPIE &5 silvBPPre@BBoe R Mixedwithg can vary
dependi ng upon the specific conponents and desired properties of the
resul ting nano@@%@gffr@sﬁemammg components. It should be noted that for any of the

recited methods and variations thereof, it is not necessary that all of a

precursor be mixed simultaneously and that one or more portions of any

precursor can be mixed at a given time and the remaining portions be

mixed at other times prior to, concurrent with, or subsequent to, any other

step or mixing.

[0061] In another aspect, one or more of precursors of gold, silver,
platinum, palladium, cobalt, manganese, iron, tellurium, rhodium,
ruthenium, copper, iridium, molybdenum, chromium, titanium, zirconium,
lanthanum, nickel, zinc and cerium and/or oxides thereof are mixed to
form a mixture of metal/metal-oxide nanoparticles, and then the mixture is

contacted and/or mixed with RGO.

[0062] The precursors for each component can vary and the present
invention is not intended to be limited to any particular precursor materials.
In one aspect, a precursor can comprise any compound containing the
specific metal for which the compound is a precursor. For example, a
silver precursor can comprise any silver containing compound; a
manganese precursor can comprise any manganese containing

compound; and a palladium precursor can comprise any palladium
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[0060] In a specific aspect, one or nore of the precursors of gold, silver,
pl ati num pall adium cobalt, manganese, iron, tellurium rhodi um

rut heni umwocopresge4i ri di um nol ybdenum chrom um and cercumBaneooz7xed pri or
to mxing with RG. In still another aspect, one or nore precursor
conponents, such as, for exanple, a silver precursor is mxed with a

m xture of the remaining conponents. It should be noted that for any of the
recited methods and variations thereof, it is not necessary that all of a
precursor be m xed sinultaneously and that one or nore portions of any
precursor can be mxed at a given tinme and the remaining portions be m xed
at other ti MBSepiihiting!BmobaREUORERE s hitne Ft AYRSEAURM oyt any other step
or mxing. [00 anot h aspect, one precursors of gold,
silver, plati ndmlomelmldjrqaddy)b@le@t arrmpgwr@é@pracumr magerdalitd um r hodi um

r ut heni um Cppﬁr%pucéé'd%}’éﬂn%y%ﬁ%%” e%m H‘&{Unt%r .6&”. YA nfedicOni um

| ant hanum nic ZPRCoand Cerrum an des t ereo are mxed to form
a m xture of neealrsoestraby baicteridemojpaiet a@dtzﬁs sudfate, toiwmnb driaée, ror abyre i s
contacted and/ or rec s for, each conponent
can vary and. « REBPEEEHbIR dchah o shes TobeRBS Rnshl ARELESE o any

particul ar preuaysomprisd siviedhidratd, whionea ais e, poaspilecpgra@hga@dteconpri se any
conmpound cont a |f|c netal f ich . the c oqund is a
precursor. For b%é'é%ﬁ%%&ﬁ 985‘3%’@[]'%3#0(\@@ﬁﬁlé’ﬂ%rrm@ng‘r}f)o’gg?’ver

cont ai ni ng con@mmﬂ;maudm@gm&mmﬁ@@m&@fa E&MbidaidH ihefeciny manganese

cont ai ni ng conpound; and a pal | adi um precursor can conprise any pall adi um

cont ai ni ng conmpound. One of skill in the art, in possession of this
di scl osure, copbdayr @%ﬁbr'sbe@ﬁ% ﬁ%‘tho’ﬁ@ a%l%ﬁﬂfﬁeﬁfbﬁs BfeefeldltéPherdit &id al to
produce a desired nanoparti cl npl e, counter ions in the netal

e
precursors nayaBdnienfey fodee '”ﬁiuﬁﬁglrbtheéﬁ%‘ieé‘lté‘vegmrf eethasiwiiy$beat e, or any

combi nati on t hgkeeted éd?n@h'é’tfbn@%n@%ﬁéﬁons‘ ngredients for the netal precursor
nmay conprise silver nitrate, chloroauric acid, potassium permanganate,

PdC1l4, H2PtCl6, Cr03, aquapentamine Co(lll) chI oride, rhodiumtrioxide,
rut heni um di oXjcigs) RSB RO Ao bf heGRRBLARbOIRS AR TEArisE 80631 A her

speci fic metho I'nations are recited herein and are I ntended to be
i ncl uded i n t heniforegesubstaviailyiuviform ogmpositioniln Buekt freaspact,dbé peeor

comi nat1 ons._ Al RLARLLBASd N0RH LN BS A8REEhiaRR. Qeiior  OF the

nanoconposites can co rm-or y Uni Torm conposi tion.
In such an aspsioichlon‘rmrycanﬂ anermicai eomansitonihosughest the\stngturdef thane or

substantially {he sa oi chi orretr apd_chen ca ition throughout
The. structur > SOPRE s paiPEL: YAl LerialRhk TEke ARGy 4BfkrafF ong  n
stoi chi onetry priedérnge annwhesmgendﬁoramuran&sraamh@tmeddexu to repded 4 | es are not
intended to rend tllpwortl on of the nanoc ngg? s not gnlform

anot her aspect PO ﬁﬂréo[) € AEPacUPPesiiE eﬁeﬂ%b'aﬁ?f rfggo Br?ﬁﬂec 8RB se a core
havi ng a dif f emerd ofahe MafEdonsuEes b inehcdmigiteda EGERIaNINGG difédehon of the

nanoconposites. , . - . .
chemical composition than a remaining portion of the nanocomposites.

[0065] Nanocomposites and nanoparticles of the present invention can
have any shape and size appropriate for a desired application, such as, for
example, adsorbent for the removal of heavy metals from water. It should
be appreciated that nanocomposite/ nanoparticle shapes can depend on
the mode of synthesis, as well as any post-treatment and/or aging. Thus, a
variety of shapes are contemplated depending on the conditions under
which a nanocomposite/ nanoparticle is made and/or stored. Exemplary

nanocomposites/ nanoparticles can have shapes including, but not limited
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[ 0065] Nanoconposites and nanoparticles of the present invention can have
any shape and size appropriate for a desired application, such as, for
exanpl e, wo0rdesdc4f or the renoval of heavy netal s frompeatiBzoi1/ha27ehoul d be
appreci ated that nanoconposite/ nanoparticle shapes can depend on the node
of synthesis, as well as any post-treatnent and/or aging. Thus, a variety
of shapes are contenpl ated dependi ng on the conditions under which a
nanoconposi te/ nanoparticle is nade and/or stored. Exenplary
nanoconposi t es/ nanoparticles can have shapes including, but not limted
to, triangular, prism tetragonal, rods, hexagonal, cubical, ribbon,
tubular, heli cgl GO f, RURE, (RChon AL ool AT RRLjaPn ther eof
In a speC|f| c aspec ort1on of €’ nanoconposi tes /a
nanoparticl es mmpk dsedriict ﬂwvaergaﬂaarshehapfea cambipaiinrhiberest jeetspeatficl east a
portion of the (0 - N rismatic
shape. In yet a %?[Qég?éébﬁﬁ/on%‘?‘iceégrze{nogﬁgrﬁ%lfe%m *ﬁ}%htzd%z’i%oco%poagl tes/
nanoparti cl es tclangmlalsma)etEtarw@wedspsttaaﬁeas%tm mdrtion ofthet her aspects, at
| east a portion_of t i,tes/ nanoparticles con(‘iorlse ﬁ]tetrahedron
a

bhase. 1 PO ome Raoati ST B S aRRREs S B B R BB R Ranenict ol o
do not conpri sgetanbthekaspda, alﬂém agopEt of theraaamompositést sanowartiglas t i cl es

can have a chal copyrite,stru oul d be ciated that a given
batch of nanocBiroLe s @ Baf Hsvess e P EHpSeTsit PhRGRT OrORRT ous
nanoconposi t esthemaRepEhpdsiesSnaMdphititied @ynﬁn@@tal tetrRdEon SAdbeC QNP Se

di fferent shapes). RGO METAL/ METAL OXI DE NANOCOVPCOSI TES BOUND W TH SI LI CA

[ 0066] In one bl oRBEORIANAT/thR PANOCORIRGS e AGRBRPRIESPE 88 "8F e i Mobi | i zed

On a supporti NEAFisArd fdkeOln SHBSASRIS, néh'&ébn@&)sn@é!tnaﬂgbaﬁtlbl%bﬁﬁ to, silica.
The resultant supported composite is used for the renoval of heavy netal

wast e from wat@gve 3 ﬁh?\‘}%ﬁﬂmtﬁss"&%@ét Ii§ sheudd be @pp@ctateythahd @erIbalRkYy ™ f ur t her

conpri se al uni fenang8Gthbb&tes c%ﬁtHaV@taeémae%mut.eﬁl(.léﬂvgﬁ@ué‘I bers, coconut
fi bers, clay, banana silks, nylon, coconut shell "‘and a conblnatlon t her eof .

In one aspect, NaNpsOREOSIAS ARNPRSTiglewiteia aﬂﬁﬁ@@ﬁﬁ@ﬁhw@nm%@ebound to

silica by usi n&ﬁff@reﬁ%ﬁeﬁ)%? eco-friendly binding agent |ike chitosan. The
bi ndi ng agent may further ‘conprise polyaniline, polyvinyl alcohol,
pol yvi nyl pyrrol i done (PVP), and a conbi nation thereof. WATER PURI FI CATI ON

APPLI CATIONS - RG0-METAL/METAL OXIDE NANOCOMPOSITES BOUND WITH SILICA

[0066] In one aspect, RGO-metal/metal oxide nanocomposites are
immobilized on a supporting material or substrate, such as, but not limited
to, silica. The resultant supported composite is used for the removal of
heavy metal waste from water. In various aspects, the supporting material
may further comprise alumina, zeolites, activated carbon, cellulose fibers,
coconut fibers, clay, banana silks, nylon, coconut shell and a combination
thereof. In one aspect, the RGO-metal/metal oxide nanocomposite may be
bound to silica by using a suitable eco-friendly binding agent like chitosan.
The binding agent may further comprise polyaniline, polyvinyl alcohol,

polyvinylpyrrolidone (PVP), and a combination thereof.

WATER PURIFICATION APPLICATIONS
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[ 0067] As described in the foregoing, the RGO netal/nmetal oxide
nanoconposites can be used as an adsorbent conposition for renoving heavy
nmet al s f rwonzeetese64Exanpl es of heavy netal s include, butcanB2mobo274ari t ed
to, lead (Pb(l1)) and manganese (Mi(11)), copper (Cu(ll)), nickel (N (I1)),
cadm um (Cd(I1)) and nercury (Hg(l1)). Exenplary source of water can be any
of a ground water source, an industrial source, a nunicipal source, water
source and/or a conbi nation thereof. [0068] In one aspect, the adsorption
conposition can be used in batch set-up by mxing it with contam nated
water. I n another aspect, the adsorbent conposition is used in a colum

setup by pas“[‘é@ﬁ]@&%@%@&ﬁ@é&ﬁn tW@trfT%%g{ﬁBthHg!h -rﬁ&%%B%EBxiB&d: In yet

anot her aspect, . ent co on i s boun I a Sui t_abl e
supporti ng nateanabmpositesacan euusatoas an adisoserttcompiokition farmemphegr esul t ant

conposition ¢ t ! r. arious
aspects, the :@%% brﬂ%? ggéoﬁnpg}él |%%£ﬁé&3€]ﬁﬁ§%ae&nr¥\%%§tm%[‘%g?’% lle|rhso\{used to
prepgr eda fi I t lemiteicbtor keagaﬂ\(Bbhle)aand mahgdmasé_r(hln(lbbrmbapénc}i@med),vmmr. TBle fikl ter
can be desi gneg, vari et Qr canpri.s candl e, a _poraus oc

(radi a “and! or (AP E&APENY or) BoFFaRN DR 3R ML ouRa BT RET: ke Grrew
APPLI CATI ONS [ €4ivibd affinef angroood watsi doescep bintiftisptae sente ta swhiotpat e may al so
find potenti al aﬁﬁl i Cagtl ons in in organic reactions |ike

(gu er cgﬁaﬁét rs
suzuki coupl i nPUTHS AYBYeIRAT FHAN AP BRMPRORLESEA on reacti ons, and
cracking of petroleum catalysts for oxygen reduction reaction in fuel
cells, hydrogen storage, and the |ike, . ,
[0068] In one aspect, the adsorption composition can be used in batch
set-up by mixing it with contaminated water. In another aspect, the
adsorbent composition is used in a column setup by passing contaminated
water through an adsorbent bed. In yet another aspect, the adsorbent
composition is bound with a suitable supporting material such as, but not
limited to, silica and the resultant composition can be used to treat

contaminated water.

[0069] In various aspects, the adsorbent composition (with or without
binding) is used to prepare a filter to remove heavy metals from
contaminated water. The filter can be designed in variety of forms
comprising a candle, a porous block (radial and/or vertical), a filter bed, a

packet, a bag and the like.
OTHER APPLICATIONS

[0070] The nanocomposites of the present disclosure may also find
potential applications in super capacitors, in organic reactions like Suzuki
coupling, hydrogenation and de- hydrogenation reactions, and cracking of
petroleum, catalysts for oxygen reduction reaction in fuel cells, hydrogen

storage, and the like.

EXAMPLES
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EXAMPLES [0071] The follow ng exanples are put forth so as to provide those
of ordinary skill in the art with a conplete disclosure and description of
how t he cwopoiadsys4conpositions, articles, devices and/ ecTmBihode74l ai ned
herein are nade and eval uated, and are intended to be purely exenplary of
the invention and are not intended to limt the scope, of what the
inventors regard as their invention, in any way. Efforts have been nade to
ensure accuracy with respect to nunbers (e.g., anmounts, tenperature, etc.),
but sonme errors and deviations should be accounted for. Unless indicated
otherwi se, parts are parts by weight, tenperature is in Cor is at anbient
tenperature, and pressure is at or near atnospheric. 1. PREPARATI ON OF
RGO METAL/ METAL OXI DE NANOCOMPCSI TES [ 0072] An exenpl ary GO synthesis from
gr aphi t e powdel00V&lsT hedfolovedg exambles ede put forile sowditd peaviddutroee sf net hod

reported by Ko h - o R Preparation
of graphitic Oé(’r}d(%éffy g‘%"nﬁ' ﬁtbe tewnhﬁr%ggﬁﬁ%&ﬁéc@%qre%@g@?&wg\%)})ﬁ%%va, N I,
011i vier, P. Jthe debnounds,BomRositivbs,|avtidtes, Teviees aiyor mekhodS.clafmed Buzaneva,

E. V., Gorchinskiy, A D ., Layer-by-layer assenbl,y.of ultrathin conposite
i1’ 1 rom i e RYas st i Bl Bt e TSRS s8I ry et FEREPBefrm vt or
1999, 11, 771)f theitventien afid el reh irdemdadtodinpicthatsecpd)@f @ihat g ref erence. The
vol umes were scaled up to ch.the_ experi nment requi renents. npl et e

oxi dat s on was ERRTPEORy A Ba o Ther RPY iR bR Hen ardstedOoki dat i on
step. The pre-gxdudé aeclirgawith tszpoade haaLerL@IP! heums) @aipeaatu@yr i ng the
oxidation step tQ form GO, the details of i ch have been reported by

Kovt yukhova et ©%1). bytGems) eriare apghdpwaliens Sroulgle aeraunisd BuUngssilar to a
procedur e repohbRdtddothérwile, Bhrts btd partd by Whigh€temPbralre isthPCr isSat.  Kaner,

R B., Wallace, G G, Processabl e aqueous di spersions of graphene
nanosheet s. Na@MbiRRhisMRekaturey@Rd PrESsYRP at pHRARH AIHNOBRNSRIG ch are

i ncorporated herein by reference. Briefly, GO was exfoliated by sonication
and hydrazine hydrate sol ution %5 wt% in water) was added and stirred. The
sol uti on was nhdRREPABATHIN BF REO-METALMRTAE QHREMIANOSIQANPERITES wt % i n
water). The m xture was heated at 90 C. The reduction of GO to RGO happens

in about 2 hours. This sanple will be referred as purified reduced graphene
oxi de sheets (IRETY].AN exemplary GO synthesis from graphite powder was carried out

based on the modified Hummers method reported by Kovtyukhova et al.
(Hummers, W. S., Offeman, R. E., Preparation of graphitic oxide. J. Am.
Chem. Soc. 1958, 80, 1339.; Kovtyukhova, N. I., Ollivier, P. J., Martin, B.
R., Mallouk, T. E., Chizhik, S. A., Buzaneva, E. V., Gorchinskiy, A. D.,
Layer-by-layer assembly of ultrathin composite films from micron-sized
graphite oxide sheets and polycations. Chem. Mater. 1999, 11, 771),
contents of which are incorporated herein by reference. The volumes were
scaled up to match the experimental requirements. Complete oxidation
was ensured by preceding the actual oxidation by a pre-oxidation step.
The pre-oxidized graphite undergoes complete oxidation during the
oxidation step to form GO, the details of which have been reported by

Kovtyukhova et al.
[0073] The GO reduction was carried out similar to a procedure reported

by Li et al. (Li, D.; Muller, M. B., Gilje, S., Kaner, R. B., Wallace, G. G.,

Processable aqueous dispersions of graphene nanosheets. Nat.
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[0074] 25 nL of RGO was taken in a 50 nL beaker and cal cul ated vol unes of
nmetal ion precursors (Kwvhat, HAuCl4, AgNO3, H2PtCl6, PdCl2, etc.) were
added suchotheo284s@ fi nal concentration in the sol uti onpreagsti@ig274. 025,
0.05, 0.1, 0.3 MM etc. The m xture was incubated undi sturbed for 12 h at
30 C. Later, all the solutions were put for dialysis against distilled
water for 5 days. After dialysis, the sanples were stored in glass bottles
for further use, thereby producing the RGO netal/nmetal oxide

nanoconposi tes. 2. Bl NDI NG RGO METAL/ METAL OXI DE NANOCOWPCSI TES TO A
SUPPORTI NG MATERI AL [ 0075] In order to support RGO corrposi tes on silica,
the foll ow ng I S t Wh02/ RGO Ag
and chitosan (I%%S')&g(grlpuztopgn3 ?‘gﬂz c‘?/{)ﬂg%nlt%‘%i\kélﬂ!:ﬂ re |ﬂ§(3/r(?g ?clic acl wer e m xed
in 1:1 ratio. EfeentetBricdy.ia@ vwas exfe@tachoy sanitatipntanddlytszineahydoategenous

di spersion f 0 of silica
and m xed thoro(ﬂng]gthq% (3%%&|9Weﬁgpg\%\%2asci‘dgdgﬁé§h98d%%ﬂg%g dérgdegonstant
stirring to enslalamelny themdditioablf agpmohia sdlatimn @8evtthie veoeart)i Tregg t he dri ed

sanpl es were sgaked i n .anmopni ion 59 t 1 hour and
subbequent |y vBBHES R TEALe T S TnBntclied afle BRRHhadelehshed wat er
becane nearly #isit Caloursl Taisingslé aliisbevesferret ae durdfled48diCeavgaphagtet and
stored in glass gé])ttlgfg\ﬂﬁ further use. 3. WATER PURI FI CATI ON
DEMONSTRATI ON P8¢7/87€ ﬁ%@} net al / met al - oxi de conpositions (RGO M02 and
RGOAQ), both in supported and unsupported form were evaluated for their

utility in the renpyal BE(’%; fromanozri{gueous nmedi um The Hg(I1l) uptake
capacities of RQQ?ff]o%%mbtolﬁ W8 1@rent's 2 J0vek berie ardsaladateYat ed car bon
(AC), Ag inpr eﬁﬂ@fhégoﬁ@b@fbn(ﬁ&:lﬁ@éns (NMP\Z) ' HF\U@H”A@IQ%Q@{F@QI& i 02),

silica, Chitosan (Ch) were ared with RGO conposites. Batch adsorption
experinents wefl)ere ﬁ@@e‘bﬁlﬂch atszerﬂnabqwgn%m'@éheamuttww)@ Ql ng vol une

was mai nt ai nedo@?sl@osrtmF@Wr@ew@m&@masdhm&eﬂ dm.uaﬁ)eu%ﬁn in the
reactor and the tar ol 'utant was mixed into this solution to get the

requi red conceht hat BnC( liatﬁg/aL)thQﬁoIHg{nsnfyeremt f%dgﬂdw& agpirktOitibegosi t es
| mobi | i zed On\fvé‘_‘gttﬁ%sda?él ARG d?ély% Q%?@é{fﬁr Fé%%er\é@?oré‘@’rggsgs BoMflegdded to 10

mL of 1 ng/L o ution e cases Ions were kept for
stirring at 30fof Q)rth@r uméh@ahppwumgéh@m(ém@d/raetammt ermned tine
interval s and f” |ft%r resi dual mercury concentrations. The
solid-liquid separa on Was done either by nenbrane filtration or by sinple
settling depending upon the adsorbents enployed. The filtration protocol

included filtexgi o] rane filter
paper (Sartori %P@géﬁ%‘?ﬁawg?}*@ﬁﬁ%m @%&#%Wﬁggﬁﬁ §§&Em by 100 nm
anodi zed fil teSUPE’mRTINKBH‘aAﬂTERm Schl ei cher TM and Schuel | Tm. For

conducti ng adsorption experinments in real water, the water was sinul ated by
spiking -1 ng/L of Hg(ll) into a groundwater. The water quality

characteri sti cpop$] |gro@dmdo waprt RGO nvesbites oﬁ@bub@ the followirsg prateedl i n FI G

16 | n order tot ecificit enmpval from the agueous
mezjl umin pr es‘é‘ﬁ%@ teéqﬂgp @awepﬁggg%@Wn Z/RGO -Ag and chitosan (Ch) g

solution (0.8 % chitosan in 1.5% acetic acid) were mixed in 1:1 ratio. The
mixture was stirred thoroughly to obtain a homogenous dispersion. 25 mL
of the homogeneous dispersion was added to 10 g of silica and mixed
thoroughly. The mixture was dried at about 40 °C under constant stirring to
ensure uniform coating. To stabilize the coating, the dried samples were
soaked in ammonia solution (35 %) for about 1 hour and subsequently
washed with distilled water until the pH of the washed water became
nearly neutral. The materials were dried at 40 °C overnight and stored in

glass bottles for further use.
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(N (I 1), Cd(I'l) and Cu(ll)), selective nmetal ion adsorption tests were
performed by using a m xture of aqueous solution of -1.0, 2.0 and 5.0 ng/L
of each fwonomaksde4i ons, as illustrated by the procedur ecahBai/ookhe
residual netal ion concentrations present in solution were determ ned by
usi ng a Perki nEl mer 5300 DV series Inductively Coupled Plasma (1 CPAES)
anal yzerTM 4. MATERI AL CHARACTERI ZATI ON [ 0077] Surface norphol ogy,

el enental anal ysis and el enmental mapping studies were carried out using a
Transm ssion El ectron Mcroscope (TEM equi pped with Energy D spersive
Anal ysis of X-rays (EDX) (INCA, Oxford InstrunentsTM UK). The sanple
prepared as nenti oned above was drop casted on anorphous carbon filns
supported on copper grids and dried at roomtenperature. Sanples were
characteri zed 39IVAJEBCRURIMGAEIXY DEMONSERASONe (SEM (FEl quanta 200TM
as well. The sanples prepared as above were spotted on indiumtin oxide
(I'TO conducting glass and dried. Hi gh resolution Transm ssion El ectron

M croscopy (HRDERG] TwaBED-ofetdlinestslaogideecomepasitaims dREEH MuQ randERG3010 ( JEOL

JEM 3010Tm Ja ay Pho ectron ctrosco anal ysi s was
done usi ng. ESCRAPPRI SRS T B AORER BB ARG S b (R ¢ My Ka
\Q/asdused as th@hlﬂﬂuﬁ&bfeEamajmlofIHg(II?(Ijraﬁﬁ%rﬁa@)éousﬁinmﬂMmaThmthE) upekei redd .
i ndi ng energy ran re.col l ecte nd, a S Beam i nduce
Ganmmge of ¢ he GAptEs LR R 5ol MR RaSEQ BaY T8 i ng
energy was cal QAM)aAgdnwe@hatrea%aﬁs‘dn MC-Ag L M, idpfednatdd calpb/érwecspectra wer e
nmeasure using Lanbdaﬂé E)ectromete (Perkin-El mer TM USA es were

characterized ¥8Pahs %@Eﬁ@%%ﬁﬁéoalp@ée({WH'B@QEH'B'F%D@%F@SZ@@ Ger many)
5. OBSERVATI O@é&ﬂ%n%@ﬁﬁ@% WéPe BN ir @@ﬁfﬂ dglgéﬁotﬂe§5ﬁd/\ﬂhet he W/ Vis

spectral changes acconpani ed by the addition of ferent metal ions to RGO
suspensi ons. N"Prkﬁlﬂe‘@ﬂtﬂrﬁe%@ﬁén%B‘lalr@é'taé&Oam{—eHo'I‘QQW as¥sofa8t addi ti on of

g‘;é?'t | 'O(r)]nml?r ﬁﬁ/ﬁgﬁ&%n wWdsGakdfinthOYeddis HRERE tRbeTANSREWaESRkEHtAT ter the
this solution to get the required concentration (1 mg/L) of Hg(ll). For
supported RGO composites immobilized on silica, 250 mg of the
adsorbent was weighed and added to 10 mL of 1 mg/L of Hg(ll) solution.
In all the cases, solutions were kept for stirring at 30 (£2) °C. The samples
were collected at predetermined time intervals and analyzed for residual
mercury concentrations. The solid-liquid separation was done either by
membrane filtration or by simple settling depending upon the adsorbents
employed. The filtration protocol included filtering adsorbent dispersion
through a 200 nm membrane filter paper (Sartorius Stedim™ biotech and
biolab products) followed by 100 nm anodized filter paper (Whatman™

Schleicher™ and Schuell™

)- For conducting adsorption experiments in
real water, the water was simulated by spiking ~1 mg/L of Hg(ll) into a
groundwater. The water quality characteristics of ground water are given
in Table 1 (illustrated in FIG. 16). In order to test the specificity of Hg(ll)
removal from the agueous medium in presence of other heavy metals
(Ni(I), Cd(lIl) and Cu(ll)), selective metal ion adsorption tests were
performed by using a mixture of aqueous solution of ~1.0, 2.0 and 5.0
mg/L of each four metal ions, as illustrated by the procedure above. The

residual metal ion concentrations present in solution were determined by
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solution. At |ower concentrations, there is no peak correspondi ng to KWvhat
in the UW/Vis spectrum The RGO peak at 270 nmas well as a broad peak

char act erwetzbz/genet al oxide, in this case Mi02, can orCy/IB®i1ve®@i40 A
conmparison of this peak with conventionally made M02 nanoparticl es
confirns that the broad feature around 400 nmis due to the formation of
Mh02 nanoparticles. The spectral changes indicate the reduction of Kwvhat to
col | oi dal Mh02 nanoparticles. The Kvhat feature at 565 nm begins to appear
when the concentration of Kwvhat added reaches 0.1 mM This concentration
onwards, the reduction is inconplete. There is a blue shift for the

h Ky, Thi
Dl e o 111 o A e SO R R R I el s

can be inter prAE8Yanalyzane’. oxi dati on of graphene by Kwnat, that nakes GO and
M02. FIG 1 B-D show the UV Vis spectral characteristics of the reduction
of Au3+, Ag+ and Pt2+ by RGO Al the tested el enents show blue shift in

t he RGO peak updiATERIAHaEHARACTERIZAGEDN rati on of precursor ion added,
pointing to oxidation of RGO [0079] Large area TEM inages of the

as-synt hesi zed RGO of FIG 2 show wrinkled sheets characteristics of

gr apheni c strup:)'oYmﬁatben@dgelsmmlbmerhtakémyswmd@amn@inta@pmg around
-1-1.5 nm close .,to a bi-| é% t hi ck Afte rrratlon

th
commoni oy, L oSidbS S Ayl St S0Fe ru bR Eif i NEETRL R TR okt es)

W concl ude t hgduipper WﬂﬁEﬁéﬂg&ﬁspﬁ#ﬁv@Aﬂ@ﬂ?@@ldﬁXl-r@%@&IX)?(IMCAhOISIMrd nmore than
two | ayers in thjicknes FIG 2C and 2D show the TEM i mages t aken

fromthe RGO Mﬁ‘étiu@ﬁﬁﬁl e. d@a?@éss?@loﬁ’rﬂi%p%f?d PRAPEHLABHAPPYLYVES JER t he RGO

sheets are seegysiétfloh BRIOFHBUE cARTINTiIMS sb§ﬂ>cﬁrf&§orpéodb%ﬂ§ﬁé’é hh¢hgsd &f around
10 nmin size. Individual nanoparticles of smaller size regEJ e (-5 nm are
?Cf

al so seen. | ns@PMHEMASE! U@DSéimW%S wenegharacterized sisingdSsanate
nanoparticle Microscope (SEM) (FEI quanta 200TM) as well. The samples prepared as

above were spotted on indium tin oxide (ITO) conducting glass and dried.
High resolution Transmission Electron Microscopy (HRTEM) images of the
sample were obtained with JEM 3010 (JEOL JEM 3010™, Japan). X-ray
Photoelectron Spectroscopic (XPS) analysis was done using ESCA Probe
TPDTM of Omicron Nanotechnology. Polychromatic Mg Ka was used as
the X-ray source (hv =1253.6 eV). Spectra in the required binding energy
range were collected and an average was taken. Beam induced damage
of the sample was reduced by adjusting the X-ray flux. Binding energy was
calibrated with respect to C 1s at 284.5 eV. UV/Vis spectra were measure
using Lambda 25 spectrometer (Perkin-Elmer™, USA). Samples were
characterized using Raman spectroscope also (WiTec GmbH CRM 200™,

Germany)

5. OBSERVATIONS WITH REFERENCE TO DRAWINGS

[0078] FIG. 1 shows the UV/Vis spectral changes accompanied by the
addition of different metal ions to RGO suspensions. All spectra were

collected after 12 hour of the addition of metal ion precursors. FIG. 1A

show the spectral changes observed after the addition of KMnO4 to RGO
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formed. The lattice was indexed to {100} and {110} planes of 6-M02 with a
| attice spacing of 0.25 nm and 0.14 nm respectively. [0081] FIG 3 shows
t he TEM mvonogrepdss of RGO Ag sanple. The particl es arepraghB2meparsat ed,
devoid of any aggregation in FIG 3. Particles are in the size range of
10-15 nm FIG 3D shows a lattice resolved i nage of the nanoparticle. The
formed nanoparticles are crystalline in nature. The {111} plane with a
d-spacing of 0.235 nmcharacteristic of cubic Ag, is marked in the figure.
Typi cal of the nature of Ag nanoparticles, sone pol ydispersity was seen at
pl aces. [0082] Simlarly, conposites containing Au, Pt, and Pd were

prepar ed: and clAGH B IR MR Qe T 60 B8SORYf-pBRARY Gyes and s

shown in FIG 4- espective ower concentratil , the nanoparticles
wer e nono- di spéMeéxd.in thewdViis spestrtie Toe {0 peak abd/ bhmtdsevglraar sor was

| nor eased. ey sLaeak chliecAANRRAILE SyReTTR, LG ARBSd A he Samp! e

becane progressively polydirspersed. gher concentrations, ugh the
sanpl e showed sapgx. Agampanisom ot bispetdrallil eorapotionallpmadandp@sti cl es are

due 1o pr eour SRR GO et s BaPa B s i FEPLEREOSRAES Ly oY
Showed ab | nor pase oA T e e aa a it ho s eaaa donerae y cop ©¢ oAl S
concent rat | ons'egerin oGy le oolafpdnb shsha e e OB S bbser ved
et eased. the. conel e ol e i { hodt- chchange i n ¢ he

Vh02 {
particle size [€BFegs GATM3YhiscopeRs)iraianaRwaise teURIUHIoNHR INCBMPEEEt e showed

features of Rohgs welbluehi for o HaphbiEpedhier ZPsEMEROALeAtEh Yrbr at i on at
632 cm 1 confirmed the presence 0 02 i n the conposite and based on

previ ous repor KMNO: Redph gEegseasEnE bivayphies annpdicatioraiihe pXaaianed of 6- M02
are  compar ati gelytosek heddskitCoARYbtor letdhA2iRI BRARA of Graphéng OmpoSi t &
being mnimal; all the vibrations were not seen.

by KMnQy,, that makes GO and MnO.. FIG. 1 B-D show the UV/Vis

spectral characteristics of the reduction of Au®*, Ag* and Pt** by RGO. All

the tested elements show blue shift in the RGO peak upon increasing the

concentration of precursor ion added, pointing to oxidation of RGO.

[0079] Large area TEM images of the as-synthesized RGO of FIG. 2 show
wrinkled sheets characteristics of graphenic structures. The edges and
wrinkles are measured to be around ~1-1.5 nm, close to a bi-layer
thickness. After the formation of the composites, structure of the RGO
sheets remained the same (with wrinkles). We conclude that the
composites are graphenic in nature with not more than two layers in

thickness.

[0080] FIG. 2C and 2D show the TEM images taken from the RGO-MnO,
sample. Large islands of MnO, nanoparticles on the RGO sheets are seen
and there are definite islands of nanoparticles of around 10 nm in size.
Individual nanoparticles of smaller size regime (~5 nm) are also seen.

Inset of FIG. 2D shows a lattice resolved image of the nanoparticle
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[0084] FIG 9 shows the expanded view of the Raman spectra obtained from
the conposite, in the region of D and G band of graphene, having different
met al corwenni2/d2svea typi cal synthesis, GO showed D bandpat/mgsdboemol and

G band at 1598 cm 1. After the reduction to RGO, the D-band renai ned the
sanme but G band shifted to | ower frequency regi on and was observed at 1580
cm1l. Both these positions are nmarked by vertical lines in the spectra. The
Ranman spectra of the conposites showed interesting observations. Fromthe
spectra we can see that the D-band remained the sane irrespective of the

i ncrease in Kwvhat concentration (FIG 9A), but the G band underwent sone
changes. As t ¢ i) ey € shihfted to

hi gher frequerﬁ@gﬁrgg'gﬁ(ﬁl@@mk%%ﬁgﬁs%%c%?q{)y%sazgﬁ%}ﬁy@gﬁgﬁ\?ﬁgf ?A(;iﬁl reached
0.1 mM the G bhittempsicingai Ovidbsnmpane @14 Ines sesnaciively. to that of GO i nplying
t he oxi dation of graphene to GO by Kwvhat. This inplies a redox-Ilike
reacti on between RGO and KiWnhat which results in the oxidation of RGO to GO
and t he reduct[0681]dfIGKMsabws thaVhBl miarogpaphsi af IRGBO-Agssdarhgectmcent rati on of

KWhat increases, .it uses nor e a ets converte 2, As a
Fosul t "or e apertfes BRatel S aGe el 15! oo RRIEF I, hE s

spect rum by t harelih tree sibé fangerof tibel 5GrbafiG. 8Dt shomsplattice resdR@EQ infa@de85] I n the
case of silver osite,. (Fl B) simlar,. change .obseryed. _However,
CheCextent of GaBATOIALE i ihed nEhartiude ORI POTRtGE: Ft a
content, as cofnay gdné withked-secikdvbrd. 235 Aimschasadieid oe cabic aeisf act that the
reducti on of AI% é}%%i)' to Ag (O_I) requj res | ess_nunber of electrons conpared
the nunber of BREECIRNES e o ff HESFEGFELY SANGRATNFCS-SPM& 0 Mh (+4) .
Ther ef or e, thep@pdisesBgNIEE SesxatdRhdean happening to RGO will also be Iess.
[0086] FIG 10 shows the XPS spectra of sanples containing different

| oadi ngs of WMh. Upon increasing the precursor, KWhat concentration, the
feature of M joashNSmARGE CHAPBSEATHRAIRg ALOPE HRRtPd WERI drbpsrelitfdr educti on
of Kvhat (FIG 10 d to C3). In all the sanples, M 2p312 peak was centered
around 641. 8 eShaip¢tEBZachesInhvariPUs MiBOERORIGECANBIUAS 286 B o inTier e was no
feature obseryv A &shang ignal of
Kvhat confirm ﬁg ﬁ?@lﬂ"@g’ﬁ&' é’% @V/regggﬁé“ onngl?é]mg?ﬁ({b%rt% 2 %ﬁg@acgti cles. The
AJ of 11.6 eV diepgrsedndtbweaver, ashibe coneandradipe of s precum@2vasiineregsed.espondi ng
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showed three co nents. First component centere round 530 eV, Meta
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anal yzed, one pPaHOSERLthe@fccurdyH toamat vegtrar Attligh38) @Y tegedi rm ng the
presence of M02 naggf)arti cle in the s,arrpl,e. ,Cﬁ;%gen in carbonyl (C=0) and
car boxyl at e f uRERIDIAVERG FLINEHage Hparine&ss wit d”"?{ﬁ%%'”t%e@ﬁw f eat ures
around 530 eV. coft@n&8fMRAFROMPETE0L 788BH! £diffef BENSAS a5 bisserrported to
be due to the hydroxyl oxygen (C-OH) in graphene. The third conponent
around 533 eV iRghe b‘@SQlefeRég'“Aﬂ o FHBROSS: & ton cenrentratian ¢f addgded on t hese
observations, MEIng, PSR, HRMShsh) KEVROR AR ihdreMULRiItIEnTRER s getting
oxi di zed and KWhat is getting reduced to M02 nanoparticles. The RGO Ag
conposite was ehasgedmilopastclepizRPSIq. FAG-AD1). This al so showed that as the
concentration of AgNGB increased, the oxidation of carbon got increased.

However, simlar to the observation in Raman, the extent of oxidation was
much | ess conpl@P8d Ramamepestiugacf tbe compheit2shuwgsdeatuegs ofpOrasiwell our
proposition. T, t nPA r ! | . t he EDX
spectra shomed%nﬁ@l gi:“é'ﬁ@é‘nt %ﬁseq%e&c@pﬁe\ﬁ%%ﬂgﬁéb%ﬁif](gong'ﬁh%\%d

di stribution othepaesdanck @ Mnd ti éheREhsdsite tapd wlasedh oh adevdousmepors, dime
correspondence with the corres ing _TEM.I nages. 087] I n order to enpl oy
any nanomat eri%rl‘assei%e?erpérqqyeqedg'm%zv\g?g}anﬁﬁ?tlu%sc%{tq['@H,gz%Flee mat eri al s have
to be supported on suitable substrates. Here, RGO nanoconposites were
supported on silica using chitosan as the binder. FIG 12A shows the SEM

i mges of Ch-RGO Ag@5l LI CA. The particlés are microneters in size and can
settle easily by sedinmentation. |Inset photograph shows the SEM i mage of
virgin SILICA. FIG 12B shows the SEMi mage of Ch-RGO Mh02@sl LI CA. EDAX
anal ysis reveal ed the presence of Ag and M02 on the surface of SILICA
(FIG 13 and 14). The presence of chitosan was confirned by the nitrogen
signal in both conposites. The supported conposites were al so characterized



Raman spectroscopy (FIG 12C). Al the conposites showed a fluorescence
background. This may be attributed to the presence of chitosan. The
presence wo 28i2/0@sdwandi ng (440 cm 1) is observed. |In all pcmaBzahove740
conposites confirnmed the presence of 5i02. The clear features of RGO (broad
D and G band) were evident in both Ch-RGO M02@sl LI CA and Ch- RGO Ag@l LI CA,
indicating that RGO is effectively imuobilized on SILICA surface.
Characteristic of Mi-O (630 cm 1) is observed. Vibration in

Ch- RGO Mn02@5l LI CA confirns the presence of Mi02 nanoparticles in the
conposite. Photograph in Figure 12D shows cl ear change in color after the

i ncor poration gg%i% f e yell ow
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Distribution coefficient, Kd is an inportant paraneter to conpare the
affinity of a pollutant to an adsorbent. It is possible to conpare the

ef fecti veness [0084HdGafllsboweltie é&xpandeg aiewnaf théd &anmegrepeatla obfairtdde Kd val ue.
Hi gher the Kd yalue, the re effectiventhe dsorhent nmaterial is. In
general , the KioU3Tegeste: i g reioh SERs o ednglal grentithe bl apove 10
L/ g are out st adifferegt meket catentrlue syptedl suhtbesisl GO shquwet iDbandratc1dar | y

i ndi cate that RGP an ,.1bot h support ed ups orted forms,
are excel | ent @Bﬁﬁ%%@@ﬁ%ﬁ@f&?)&%ﬁﬁ%ﬁ% toi@&@aﬁ’@ aNdhe RGO

conposi t es out peidigsdipg sahle tﬁutl@baﬁ@tﬁﬂé@i@lo@buﬁé@%ncxrn@gibrﬁraﬁdbv@@ce of RGO
as a substrate is also well denpnstrated. Kd values showed. that the

nanoparticl es PRSEEYRSIrIOEH CBt aBoth fhege RpRitines >GMaErd 8¥ varticahlmesites bet t er

candi dates. Onthelspsetrs OMRRARABAN sPéctistof\tifé BEMpYsilcBaubwegifb@etin'g t he wei ght
of silica), we see that RGO conposites in the supported form are superior

(4-5 times i ncPRSLEEORS Ko SRSCrwe sABSEAGNAlYE Pibasdirpapigditoe

unsuppor t ed RELAMRASHESRe of MSineRR3E GERFIND, Bnddridbh YFieoehy hg due to the
synergetic effect arisen fromthe conbination of materials. [0089] Kinetic

study was per f Gerfedand underwest samae chenassnds dhapeangentratiosnfvdfin@f Hg(11) by

few sel ect ed I ti8. N I ) @%ﬁ) Iaﬁg}%()% : ﬁcgﬁﬂﬁg

Ch- RGO l\/hOZ@?]ﬂ?%&Qg@rﬁe gﬁ%%@ﬂ i frlgi gur gICQ, shows S?%%tto all the

t est ed nat eri aR&aris thapandentratiomasehed Ad A\, the) Gflramch pesition waBr i st i ne RGO
and GO showed si./m Lpet | I - 100t S Y, .Si gni ficant
variation in e@gln% JI)@%IS%%I’IHﬁ%LE %&28{%‘%@% @1.&"n%ﬁr%ggrqg%%odtdgg%p%?etﬂt mat eri al ,
RGO conposi t esGo&Nowskinbi, ghtes imeims\ealed&x-tled reestiamdetiveen ]GOa@mdcoul d renove

1) conpl et fromthe agueous .nedi u o osites s orted on
SPLI Ca o o chBMEG- P RS HEEY Byt i e Ofie BerptR B b S eib P ey
adsor bent mat eKMalDg td Nmmdmanbﬁé}ﬂabﬁ.m)s tlrfeajmhbérwetti:oe lStflla’dl\/&i@};il(ﬁj(ac'eesesm,hi chis
i mportant in engineerin ign, the exper]j t i neti at a re
ol yzed wi th EoR jrote B B ob GrooRr ad £ Viider LGiHf 0t or en
pseudo- fi r st - omdey RGICAgSt X ERzedSandduis shbeanh ehedREMENGEEGIAM B trdsor pti on

gel oster stoffe K Sven.Vetenskapsakad. 1898, 24, 1).and Ho's
pseudo- second- lg}pa—ee,plft(lpi&e G-band with respect to RGO.

[0085] In the case of silver composite (FIG. 9B) similar change was
observed. However, the extent of oxidation was less for the same
concentration of metal content, as compared to that of KMnOy. This is
because of the fact that the reduction of Ag (+1) to Ag (0) requires less
number of electrons compared the number of electrons required in the
reduction of Mn (+7) to Mn (+4). Therefore, the corresponding oxidation

happening to RGO will also be less.
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Y. S.; MKay, G The kinetics of sorption of divalent netal ions onto
sphagnum noss peat reaction rate nodels. Water Res. 2000, 34, 735.).
Mat hemat iwal2or2apsesent ati ons of these nodel s are gi ven Iperanzo1gbe2rio
Pseudo-first-order equation:= g e(1l-e t)(1) -qge2k2t gt e Pseudo-
second- order equation: 1+ gkt (2)

[0086] FIG. 10 shows the XPS spectra of samples containing different
loadings of Mn. Upon increasing the precursor, KMnQO4 concentration, the
feature of Mn in the spectra became more prominent, implying the
reduction of KMnQO4 (FIG. 10 C1 to C3). In all the samples, Mn 2p3/2 peak
was centered around 641.8 eV while the Mn 2p1/2 peak was around 653.5
eV. There was no feature observed around 647 eV corresponding to the
Mn 2p3/2 signal of KMnQO4 confirming the complete reduction of KMnOy4 to
MnO, nanoparticles. The AJ of 11.6 eV confirmed that the formed species
is MnO.,. The corresponding oxidation was seen in carbon 1s and oxygen
regions. In the first sample, the carbon spectrum had less extent of
oxidation (FIG. 10A1). However, as the concentration of KMnO, added
increased, the signatures of oxidation in carbon also increased. All
oxygenated features increased in intensity as the concentration of KMnO,4
added into RGO increased. Similar trend was observed in the O 1s
spectra as well. Upon deconvolution, each sample showed three
components. First component centered around 530 eV. Metal oxides are
known to show the O 1s feature around 530 eV. In all the samples
analyzed, one component was always resolved around 530 eV confirming
the presence of MnO, nanoparticle in the sample. Oxygen in carbonyl
(C=0) and carboxylate functionalities (O=C—OH) in GO is also known to
give features around 530 eV. The second component centered around
532 eV is reported to be due to the hydroxyl oxygen (C-OH) in graphene.
The third component around 533 eV may be due to adsorbed water or due
to C-O. Based on these observations, we propose a redox-like reaction in
which the RGO is getting oxidized and KMnOy is getting reduced to MnO3
nanoparticles. The RGO-Ag composite was also analyzed by XPS (FIG.
11). This also showed that as the concentration of AgQNOs; increased, the
oxidation of carbon got increased. However, similar to the observation in
Raman, the extent of oxidation was much less compared to the oxidation
of MnO, composite, supporting our proposition. The metal composites

were analyzed by EDX also. All the EDX spectra showed metal content
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Where ge and qt are the adsorption capacity at equilibriumand at tine t,
respectively (ng/g). k1l is the rate constant of pseudo-first-order

adsor pt i omoQdimizgde4and k2 is the rate constant of pseudecsaBmndemrder
adsorption (g/nmg mn). [0091] A non-linear approach was used to find the
best-fitting nodel and kinetic paranmeters. The nodel predicted kinetic
paraneters and their associated error neasurenents show that
pseudo-first-order equation is nore appropriate in predicting the
experinmental data (FIG 16). The pseudo-first order nodel predicted plots
w th experinental data are given in FIG 16A and 16B. [0092] In order to
eval uate the RS%C £ ot h supported
and unsupportle_%((# r?)er({ggrjlggég*dlﬁgalmr{rdo%}yn vvecljtae%}ﬁbu ﬁr&ﬂﬁ# éﬂthQIL of Hg(ll)
was prepared aR6Q ghwuetsiwhioh haptaatm;e tommqwbsmm@ncerwthﬁha\ere aI so conduct ed
with -1 ng/L |l ed water. The results obtained fromthese
experinments alr-%grsén Oﬁ&hg%gl’\@n%% The data clearly established that

conpl ete (bel ow detectable |imt) renoval of Hg(l I) happened in both the
systens. The cQ-L9NS ent i the rea fect the renoval,

i ndi cating tha®0§ﬁ]gﬂodegjgpg}p]ogaqpybr@ngﬂl& g%meig? h?lﬂ a‘ﬁ%ﬂefcatl ons of real
wat er. [ 0093] purificatidre the mgtdriats rmleaolble\subpom:éd dvrieuitzBe subspatist es for
Hg(l1), batch ﬂdso qgn experl nts were duct. d in dIhS%IHed wat er by
spi king a m xt PAPCARE! ?WSTWW?&P@PN?‘ TR §MOERTR PP) and
Cd(11). Three gettsnddr. BIGIdRASHBRE e SANLIETREs aNGhERCO- Aa@sm‘lmxmél ment was

performed by using a m xture of aqueous,K solutjion of - /L, .2 ng/L and 5
nmg/ L each fourp%aﬁ? A[MCTFBE EEHIB P! mca%tl%%?%lﬂﬁy\ﬁeg%%@%?”obt ai ned for

the RGO Ag sysfget mﬁ)t@igeapw&.ﬁ‘&vé fhe%m .riha eEEh\ﬂrgrresmA FreyaaB dhdaks RGO Ag
systemis highly selective for I—(g d the selectivity varied as per
n

the order; Hg('th)SRMQmﬁg%Rﬁ @ﬁﬂQ@M V%P Xianalysis rp%%t €y RGOVh02
System i s si gniybke APERERHed ond e@rfétfeeo?em@AO(fH@t Pegngebpihbons. The

difference in selectivity pattern observed in the case of two conposites
may be due to @resereqeec?f@@ltowrbwwwwmgmbaéhe pitrogepignaldnbethal / net al  oxi de

used in the cogpasities HYELRHERLLAORL. FAULAN HaMde AR 1S known to

renove a wde rangeo ca| mai n_adsor pti on mechani sm
responsi bl e f oRamhe spe¢trosabpy § 161 2C). Adtthe compeositessbbved abet ween t he

adsor bate and 4580 BERLaro RNGRe Aol BOUGHD 80 LRl ake 8l ar g

contam nant ( sence I'ons. The
selectivity of crﬁxaéhnhng'ﬁeym*eeendemeHgIber)dlmgamme;ndbes blosdried. im glhére af finity
of Ag towards gpo(vl Ic)omposltes confirmed the presence of SiO,. The clear features of
RGO (broad D and G band) were evident in both Ch-RGO-MnO,@SILICA
and Ch-RGO-Ag@SILICA, indicating that RGO is effectively immobilized
on SILICA surface. Characteristic of Mn-O (630 cm™) is observed.
Vibration in Ch-RGO-MnO>@SILICA confirms the presence of MnO-
nanoparticles in the composite. Photograph in Figure 12D shows clear
change in color after the incorporation of composites. The color of SILICA

changed from pale yellow to brown upon coating of RGO composites.

[0088] RGO, and its composites were tested for Hg(ll) uptake. A few other
adsorbents were also compared. Distribution coefficient, Kd is an
important parameter to compare the affinity of a pollutant to an adsorbent.
It is possible to compare the effectiveness of the adsorbent by comparing

the magnitude of the Kd value. Higher the Kd value, the more effective the
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[0094] In summary, utilizing the reducing capacity of RGO different

net al / nmetal oxi de conposites were prepared. Based on different

spect r oscwPi20122896A1 Cr oscopi ¢ evi dences, the formati on was/BRUaM278hed to
be due a redox-like reaction between RGO and the netal precursor. The
oxidation of RGO mainly results in GO and netal precursors are getting
reduced into the correspondi ng nanoparticles which are attached onto the
RGO sheets, as evident from TEM and SEM Heavy netal scavenging capacity of
the as prepared materials were denonstrated taking Hg(l1) as the nodel

pol lutant. Considering the practical difficulty in applying nanomateri al

for water p““%d&%érﬁ%at@ﬁél%%ﬂ@ré@ R RO HREE of 9 L/gﬁsgé;ygﬁ% bge RO

COprOSIteS on a chea e SI | Ca e Su
tested for Hg(yead, apd@nase ati@eed@rtyﬁ@sret@tatan@ngaT@ ke valuks galdulatedbe

excel | ent candétdeqfuﬁ%npl%r dé—g&l ﬁ%cét@@é@%}G{)WHb“@ﬁ@th ggg(l It will be

apparent to those SR art t varf ous modi ica i ons and
vari ations cansdnportadend mlnsthxmqniledsfeMS iarsy extellemt csintlitdatets fdeldafif)i ng from t he

scope or spirit of i enbodi.nment f the inyvention wll
e hpparent ¢ oereklaRI TYAE BT e 26D uRmER v befam ol tEhe

speci fication materiplssttidiee. Tife itpertanseoft REO &b s slintett iBedls well 1t 1S

i nt ended t hat he s tion and es be considered as, exenplary
onl y- i th a1 erBodREiRe KAt e BN Roashar BHen e Su0p At S50 byt he
foll owing clai mg,rapr\M@tcdnﬁoo@It@e 8 0 res Betteh cARBIAERBPORICIA®eCONpr i Si Ng
reduced graphene oxj detogﬁd and nanoparticles of at |east one of a netal

and an oxi de ofOTPRISRE ViRter @iitRo Wt FONHSRENY Benppipled shica) ¥@s¥€one of

gold, silver, phaRGBIBIMPSEiledth tHE supPBAGd forMBEIE BUESROr (B50Mmed €1 | uri um

rhodi um rut henl um copper, iridium_ nmolybdenum chrom um and_cerium
increase in Kd values) in removing Hg(Il) compared to unsupported RGO-
composites. This enhancement in affinity could be due to the synergetic

effect arisen from the combination of materials.

[0089] Kinetic study was performed to understand the time dependent
removal of Hg(ll) by few selected adsorbents including GO, RGO, RGO-
MnO,, RGO-Ag, Ch-RGO-MnO,@SILICA, and Ch-RGO-Ag@SILICA.
Figure 15C shows that all the tested materials are capable of adsorbing
Hg(ll) from water. Pristine RGO and GO showed similar kinetics of
removal and did not show any significant variation in equilibrium uptake
capacity. Compared to the parent material, RGO-composites showed
higher removal kinetics and the system could remove Hg(ll) completely
from the aqueous medium. The RGO-composites supported on SILICA
also showed higher uptake rate and it is superior to all other adsorbent

materials tested.

[0090] To quantify the uptake rate, which is important in engineering
design, the experimental kinetic data were analyzed with commonly used
reaction kinetic models such as Lagergren pseudo-first-order (Lagrange,
S. Zur theorie der sogenannten adsorption geldster stoffe K
Sven.Vetenskapsakad. 1898, 24, 1).and Ho’s pseudo-second-order (Ho,
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2. The nanoconposite of claim1, wherein the nanoparticles have a dianeter
of fromabout 1 nmto 100 nm 3. The nanoconposite of claim1l, wherein the
nanopar t iwbesidmesw4a di anmeter of fromabout 3 nmto 10 mOU/IBZ11/d02840
nanoconposite of claim 1, wherein the nanoconposite conprises at |east one
of : RGO Ag, RGO Au, RGO Pt, RGO Pd, RGO Fe, RGO Rh, RGO MhOx, RGO CoO,

RGO Te02, RGO Ce203, RGO Cr203. 5. The nanoconposite of claim1l, wherein

t he nanoparticles are non-spherical. 6. The nanoconposite of claim1,
wherein the nanoparticles are of a tetrahedron shape, a triangul ar shape, a
prismatic shape a rod shape, a hexagonal shape, a cubical shape, a ribbon
shape, a {ubulgrs sapey @ i kiglioss13Bhiof of ARlent et tR%m@ T1ower shape,
a star shape, or a"'cordi hat i on e nanoconposite of claim 1,
wher ei n t he naspiEgNPOINOES mwtcmbheatefm@dmmtag%a&c@ﬂ abrBSheavy netal s

fromwater. Mathematical representations of these models are given below.

Pseudo-first-order equation: ¢, =q.l-e*) (1)
q = q.kyt
Pseudo- second-order equation: L+q.kyt (2)

Where ge and gt are the adsorption capacity at equilibrium and at time t,
respectively (mg/g). k1 is the rate constant of pseudo-first-order adsorption
(1/min) and k2 is the rate constant of pseudo-second-order adsorption

(g/mg min).

[0091] A non-linear approach was used to find the best-fitting model and
kinetic parameters. The model predicted kinetic parameters and their
associated error measurements show that pseudo-first-order equation is
more appropriate in predicting the experimental data (FIG. 16). The
pseudo-first order model predicted plots with experimental data are given
in FIG. 16A and 16B.

[0092] In order to evaluate the Hg(ll) removal capability of the RGO-
composites, both supported and unsupported in real water, a groundwater
spiked with ~1 mg/L of Hg(ll) was prepared and tested for uptake. Control
experiments were also conducted with ~1 mg/L Hg(ll) spiked distilled
water. The results obtained from these experiments are shown in FIG. 15.
The data clearly established that complete (below detectable limit)
removal of Hg(ll) happened in both the systems. The co-ions present in
the real sample did not affect the removal, indicating that such a system

can be employed for the applications of real water.
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8. The nanoconposite of claim38, wherein the one or nore heavy netals
conprise at |least one of lead (Pb(11)) and manganese (Mi(11)), copper
(Cu(l1)),woizeloal2sgeMi (11)), cadm um (Cd(I11)) and mercury PCHgB201)Ho2mex al s.

9. The nanoconposite of claim1, wherein the nanoconposite is supported on
materials conprising at |east one of alum na, zeolites, activated carbon,
cellul ose fibers, coconut fibers, clay, banana silks, nylon, or coconut
shell. 10. An adsorbent conprising a nanoconposite, wherein the
nanoconposi te conprises: reduced graphene oxide (RG)) and nanoparticl es of
at | east one of a nmetal and an oxide of the netal, wherein the netal

conpri ses at @6%] ﬂ?%h%km&@{?dsgle%‘n oot QlR@d) @Uﬁ‘u@o&f’és f@fjl'-lpgi) ROt

manganese, iro I’Ut enli um
nmol ybdenum chadsorptionagxpedesenisrwere condddied ad@@tﬂll@dmat@fbmmklm ao wher ei n

the adsorbent g (3&H eI iG HRIdMG 996 Ai(TPEGIH SRYE A, Fhive'depin vat er .

of studies were conducted and each set of experiment was performed by
using a mixture of aqueous solution of ~ 1 mg/L, 2 mg/L and 5 mg/L each
four metal ions motioned above. The selectivity data obtained for the
RGO-Ag system is depicted in FIG. 17. The results reveal that RGO-Ag
system is highly selective for the Hg(ll) and the selectivity varied as per
the order; Hg(I)<Cu(Il)<Ni(Il)<Cd(ll). However, Hg(ll) removal by RGO-
MnO; system is significantly affected by the presence of other metal ions.
The difference in selectivity pattern observed in the case of two
composites may be due to difference in chemical selectivity of the
metal/metal oxide used in the composites towards the target
contaminants. MnO; is known to remove a wide range of cations and the
main adsorption mechanism responsible for the removal is electrostatic
interaction between the adsorbate and the adsorbent. Hence, a reduction
in uptake of target contaminant (Hg(ll)) is expected in presence of other
cations. The selectivity of RGO-Ag system for Hg(ll) may be due to the
higher affinity of Ag towards Hg(ll).

[0094] In summary, utilizing the reducing capacity of RGO, different
metal/metal oxide composites were prepared. Based on different
spectroscopic and microscopic evidences, the formation was established
to be due a redox-like reaction between RGO and the metal precursor.
The oxidation of RGO mainly results in GO and metal precursors are
getting reduced into the corresponding nanoparticles which are attached
onto the RGO sheets, as evident from TEM and SEM. Heavy metal
scavenging capacity of the as prepared materials were demonstrated
taking Hg(ll) as the model pollutant. Considering the practical difficulty in
applying nanomaterial for water purification, attempts were also made to

immobilize the RGO composites on a cheap support like silica and the
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12. The adsorbent of claim 11, wherein the one or nore heavy netals
conprise at | east one of copper lead (Pb(l1)) and nmanganese (Mh(11)),
(Cu(l1)),woizeloal2sgeMi (11)), cadm um (Cd(I11)) and mercury PCHgB201)Ho2mex al s.

13. The adsorbent of claim 12, wherein the nanoconposite is supported on
materials conprising at |east one of alum na, zeolites, activated carbon,
cellul ose fibers, coconut fibers, clay, banana silks, nylon and coconut
shell. 14. The adsorbent of claim 10, wherein the adsorbent is used in a
batch set-up by m xing the adsorbent with water contam nated with one or
nore heavy netals. 15. The adsorbent of claim 10, wherein the adsorbent is

used in a colu : i 1 1 nore heavy
Tot al st hr ough CRRoa el A5 Betel r g RRNAKE, T ricklt ARerbl
nanoconposi t e, welegoandhta breexcatentaapdiiates foolnp(ll) sepoval édoceategr aphene oxi de
(R&) and nanoparticles of at |east one of a netal and an oxi de of the
netal, wherein the netal conprises at |east one of: gold, silver, platinum
pal | adi um cob@095] lmeitidersgparent t@those ekilled inuthre artrtbai vampus ut heni um copper,
iridium nolybde . chrom um and ceriu and, wher ei n. t he. nangconposite is
pas f g

bound to a sub®f Onsf“?.d Fha s‘@nt})een 'nctpgipr[r?%,t 'r\)(ﬁ@ﬁloé\ ! Or\Jé substrate
conpri ses at | égsdrtingeorafthessédpeaor splritiot the, inveetibnt @ther ambbuiatents ofar bon,
cel | ulose i befg. GORSMU d B5fdtenttb Mosc2RNBN%h Ble dbromoRTiuefign coCONU!

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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18. The adsorbent of claim 16, wherein the nanoconposite is bound to the
substrate by using at | east one of chitosan, polyaniline, polyvinyl

al cohol , wodopai2ysienyl pyrrol i done (PVP). 19. The adsor lpemtiBmfi1/ed2asom 16,
wherein the adsorbent is used for adsorbing one or nore heavy netals from
water. 20. The adsorbent of claim 16, wherein the one or nore heavy netals
conprise at |east one of copper lead (Pb(I1)) and manganese (M1(11)),
(CQu(l'l)), nickel (Ni(lIl)), cadmium (Cd(11)) and mercury (Hg(ll)) netals.
21. The adsorbent of claim 16, wherein the nanoconposite is supported on
materials conprising at |east one of alum na, zeolites, activated carbon,
cellulose fib f.ibers, clay, banana silks, nylon, and coconut
shel | . 22. Tﬁ@ﬁghgg%ﬁﬁﬁgl%f claim 16, wherein the adsorbent is used in a
batch set-up by m xing the adsorbent with water contam nated with one or

nore heavy netal - | al , xé\g i e adsorbent is
used in a col u?m’*%Q%E‘%Cgmb"}@g%gg’?‘ﬁggﬁgi%og‘f‘%@ﬁfé gnﬁleﬁgtoé(' &hﬁ@o&r@ or nore heavy
met al s t hr oughnaopadeteshd @t |dastione of a metal and an oxide of the metal, wherein

the metal comprises at least one of gold, silver, platinum, palladium,

cobalt, manganese, iron, tellurium, rhodium, ruthenium, copper, iridium,

molybdenum, chromium and cerium.

2. The nanocomposite of claim 1, wherein the nanoparticles have a

diameter of from about 1 nm to 100 nm.

3. The nanocomposite of claim 1, wherein the nanoparticles have a

diameter of from about 3 nm to 10 nm.

4. The nanocomposite of claim 1, wherein the nanocomposite comprises
at least one of: RGO-Ag, RGO-Au, RGO-Pt, RGO-Pd, RGO-Fe, RGO-Rh,
RGO-MnOy, RGO-Co0O, RGO-TeO,, RGO-Ce,03, RGO-Cr,0;.

5. The nanocomposite of claim 1, wherein the nanoparticles are non-

spherical.

6. The nanocomposite of claim 1, wherein the nanoparticles are of a
tetrahedron shape, a triangular shape, a prismatic shape, a rod shape, a
hexagonal shape, a cubical shape, a ribbon shape, a tubular shape, a
helical shape, a dendritic shape, a flower shape, a star shape, or a

combination thereof.

7. The nanocomposite of claim 1, wherein the nanocomposite is capable

of adsorbing one or more heavy metals from water.
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24. A filtering device, conprising: an adsorbent conprising: a

nanoconposite,

wherei n the nanoconposite conprises: reduced graphe

ne oxi de

(RGO andwoanpesdiciscl es of at | east one of a netal and aoTar2deo@4a he
netal, wherein the nmetal conprises at |east one of: gold, silver,
pal | adi um cobalt, manganese, iron, tellurium rhodium ruthenium
iridium nolybdenum chrom um and cerium and wherein the nanoconposite is
bound to a substrate. 25. The filtering device of claim 24, where
substrate conprises at |east one of silica, alum na, zeolites, act

carbon, cell ul
coconut shell.
nanoconp05|te

ose fi bers, coconut fibers, clay, banana 5|Iks non

| sﬁ%ou}@%?@lp%)]% S&%!{V@%ﬂ&r‘l EIﬁS:éI ﬁhérb'zr‘%f) %\@% ne O C

pol yani | i ne, pedngpriseydt I%Snt@h@bf IeaddPlp(cbll))yandnyarpgane@el(Moﬁ@) cPpyr. 2

filtering devi
candl e, a radi

(B, AR Bt 20 AehMpho BREHBR (RS, oo

packet and a bag. 28. A nethod of making a nanoconposite, the met
comprising: reguging A BRhakitd b aiS whbteih SIS ARARERNR Libated RO

on materials comprising at least one of alumina, zeolites, activated carbon,

cellulose fibers, coconut fibers, clay, banana silks, nylon, or coconut shell.

10. An adsorbent comprising a nanocomposite, wherein the
nanocomposite comprises: reduced graphene oxide (RGO) and
nanoparticles of at least one of a metal and an oxide of the metal, wherein
the metal comprises at least one of: gold, silver, platinum, palladium,
cobalt, manganese, iron, tellurium, rhodium, ruthenium, copper, iridium,

molybdenum, chromium and cerium.

11. The adsorbent of claim 10, wherein the adsorbent is used for

adsorbing one or more heavy metals from water.

12. The adsorbent of claim 11, wherein the one or more heavy metals
comprise at least one of copper lead (Pb(Il)) and manganese (Mn(ll)),
(Cu(ll)), nickel (Ni(ll)), cadmium (Cd(Il)) and mercury (Hg(ll)) metals.

13. The adsorbent of claim 12, wherein the nanocomposite is supported
on materials comprising at least one of alumina, zeolites, activated carbon,
cellulose fibers, coconut fibers, clay, banana silks, nylon and coconut

shell.
14. The adsorbent of claim 10, wherein the adsorbent is used in a batch

set-up by mixing the adsorbent with water contaminated with one or more

heavy metals.
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29. The nethod of claim 28, wherein the netal precursor is reduced by the

RGO at a tenperature of up to about 40 C
wher ei n twe 20etm@Boepr ecur sor

of claim 28, wherein the RGO is obtained by chem cal, biological,

phot ochem cal ,
met hod of cl aim 31,

or hydrothermal reduction of graphene oxide (GO.

30. The nethod of claim 28,
is reduced in-situ by the ReCr/iBaii/oikhe net hod

physi cal ,
32. The

further conprising simultaneously reducing the netal

precursor and the GO. 33. The nethod of claim 28, further conprising
m xing pre-formed netal or pre-fornmed netal -oxide nanoparticles and the
RGO 34. The nethod of claim 28, wherein the netal precursor conprises one

or nore conpouyésr

14 10, R/J/Fﬂetrélﬂqﬁ'a af@lbadiisRe £iRRALJumABNgaNESE,

f
iron, tellurium rr}%aéggt%méféen | um cop I ridium nol ybdenum chrom um

and cerium

setup by passing water contamlnated W|th one or more heavy metals

through an adsorbent bed.

16. An adsorbent comprising: a nanocomposite, wherein the
nanocomposite comprises: reduced graphene oxide (RGO) and
nanoparticles of at least one of a metal and an oxide of the metal, wherein
the metal comprises at least one of: gold, silver, platinum, palladium,
cobalt, manganese, iron, tellurium, rhodium, ruthenium, copper, iridium,
molybdenum, chromium and cerium, and wherein the nanocomposite is

bound to a substrate.

17. The adsorbent of claim 16, wherein the substrate comprises at least
one of silica, alumina, zeolites, activated carbon, cellulose fibers, coconut

fibers, clay, banana silks, nylon, and coconut shell.

18. The adsorbent of claim 16, wherein the nanocomposite is bound to the
substrate by using at least one of chitosan, polyaniline, polyvinyl alcohol,

and polyvinylpyrrolidone (PVP).

19. The adsorbent of claim 16, wherein the adsorbent is used for

adsorbing one or more heavy metals from water.

20. The adsorbent of claim 16, wherein the one or more heavy metals
comprise at least one of copper lead (Pb(Il)) and manganese (Mn(ll)),
(Cu(ll)), nickel (Ni(ll)), cadmium (Cd(Il)) and mercury (Hg(ll)) metals.

21. The adsorbent of claim 16, wherein the nanocomposite is supported
on materials comprising at least one of alumina, zeolites, activated carbon,
cellulose fibers, coconut fibers, clay, banana silks, nylon, and coconut

shell.
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35. The nethod of claim 34, wherein counter ions in the netal precursors
conprise one or nore of chlorides, nitrates, acetates, sulfates, and

bi car bonawe=012/@&e64The net hod of claim 31, wherein the @OriB20bv@7sed by
oxidizing a graphite source. 37. The nethod of claim 36, wherein
graphite source conprises at | east one of fossil fuels and sugars.
nmet hod of claim 28, further conprising varying the size of the

nanoconposi te by varying the concentration of the nmetal precursor

RGO,

39. A nethod of making an adsorbent,
t he nanoconposite of claim28 to silica.

met hod of cl ai m 28.

22. The adsorbent of claim 16, wherein the adsorbent is used in a batch
set-up by mixing the adsorbent with water contaminated with one or more

heavy metals.

23. The adsorbent of claim 16, wherein the adsorbent is used in a column
setup by passing water contaminated with one or more heavy metals

through an adsorbent bed.

24. A filtering device, comprising:

an adsorbent comprising: a nanocomposite, wherein the nanocomposite
comprises: reduced graphene oxide (RGO) and nanoparticles of at least
one of a metal and an oxide of the metal, wherein the metal comprises at
least one of: gold, silver, platinum, palladium, cobalt, manganese, iron,
tellurium, rhodium, ruthenium, copper, iridium, molybdenum, chromium

and cerium, and wherein the nanocomposite is bound to a substrate.

25. The filtering device of claim 24, wherein the substrate comprises at
least one of silica, alumina, zeolites, activated carbon, cellulose fibers,

coconut fibers, clay, banana silks, nylon and coconut shell.

26. The filtering device of claim 25, wherein the nanocomposite is bound
to the substrate by using at least one of chitosan, polyaniline, polyvinyl
alcohol, and polyvinylpyrrolidone (PVP).

27. The filtering device of claim 24, wherein the filtering device is one of a
candle, a radial porous block, vertical porous block, a filter bed, a packet

and a bag.

28. A method of making a nanocomposite, the method comprising:

reducing a metal precursor by reduced graphene oxide (RGO).
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41. The nanoconposite of claiml1 or 28 having a width of from about 50 nm
to 5 pm 42. The nanoconposite of claim1l or 28, wherein the nanoconposite
is of a swbanimeisghape, tetrahedron shape, a triangul arcshapaj/o®@7gri smatic
shape, a rod shape, a hexagonal shape, a cubical shape, a ribbon shape, a
tubul ar shape, a helical shape, a dendritic shape, a flower shape, a star
shape, a sheet shape or a conbination thereof. 43. The nanoconposite of
claim1l1 or 28, wherein the nanoconposite is used in super capacitors. 44,
The nanoconposite of claim1l or 28, wherein the nanoconposite is used in
organi c reactions conprising Suzuki coupling. 45. The nanoconposite of
claim1l or 28, wherein the nanoconposite is used in organic reactions
conprising at |east one of Suzuki coupling, hydrogenation and de-

hydr ogenat i on 2®ddei roethod ahdaion 28kwingrewfthe enatall pseenrsor is reduced by the

RGO at a temperature of up to about 40 °C.

30. The method of claim 28, wherein the metal precursor is reduced in-situ
by the RGO.

31. The method of claim 28, wherein the RGO is obtained by chemical,
biological, physical, photochemical, or hydrothermal reduction of graphene
oxide (GO).

32. The method of claim 31, further comprising simultaneously reducing

the metal precursor and the GO.

33. The method of claim 28, further comprising mixing pre-formed metal or

pre-formed metal-oxide nanoparticles and the RGO.

34. The method of claim 28, wherein the metal precursor comprises one or
more compounds of gold, silver, platinum, palladium, cobalt, manganese,
iron, tellurium, rhodium, ruthenium, copper, iridium, molybdenum,

chromium and cerium.
35. The method of claim 34, wherein counter ions in the metal precursors
comprise one or more of chlorides, nitrates, acetates, sulfates, and

bicarbonates.

36. The method of claim 31, wherein the GO is obtained by oxidizing a

graphite source.

37. The method of claim 36, wherein the graphite source comprises at

least one of fossil fuels and sugars.
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46. The nanoconposite of claim1 or 28, wherein the nanoconposite is used
as a catalyst for oxygen reduction reaction in fuel cells and hydrogen
st or age. WO 2012/028964 PCT/IB2011/002740

38. The method of claim 28, further comprising varying the size of the
nanocomposite by varying the concentration of the metal precursor and
the RGO.

39. A method of making an adsorbent, the method comprising binding the

nanocomposite of claim 28 to silica.

40. A nanocomposite formed by the method of claim 28.

41. The nanocomposite of claim 1 or 28 having a width of from about 50

nmto 5 pm.

42. The nanocomposite of claim 1 or 28, wherein the nanocomposite is of
a

spherical shape, tetrahedron shape, a triangular shape, a prismatic shape,
a rod shape, a hexagonal shape, a cubical shape, a ribbon shape, a
tubular shape, a helical shape, a dendritic shape, a flower shape, a star

shape, a sheet shape or a combination thereof.

43. The nanocomposite of claim 1 or 28, wherein the nanocomposite is

used in super capacitors.

44. The nanocomposite of claim 1 or 28, wherein the nanocomposite is

used in organic reactions comprising Suzuki coupling.

45. The nanocomposite of claim 1 or 28, wherein the nanocomposite is
used in organic reactions comprising at least one of Suzuki coupling,
hydrogenation and de- hydrogenation reactions, and cracking of

petroleum.
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46. The nanocomposite of claim 1 or 28, wherein the nanocomposite is
used as a catalyst for oxygen reduction reaction in fuel cells and hydrogen

storage.
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