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ABSTRACT

Thesolgel processwas successfully prepared Silver/Silicananocomposites.
In this paper, our aim was to develop the silver based nano composites
using sol gel method. Thiswork is mainly focused on to study the synthe-
sis of metal composites by sol gel method. We will also observe the mor-
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phologiesand dimension of silver nitrate doped nano composites areinflu-
enced dueto alteration in growth parameters such as different composition
or thermal treatment. The structure of the sample prepared was studied
using X-ray Diffraction (XRD), Energy dispersive X-Ray Spectroscopy
(EDS), High Resolution Transmission Electron Microscopy (TEM).
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INTRODUCTION

Synthesisand characterization of nano-sized me-
tallic powdershaveattracted attention of thematerias
community due to their promising properties™=l,
Nanomateria shave propertieswhich depend inherently
onthesmdl gransze They show sgnificantly different
properties compared to the bulk material. In
nanomaterials, thesurfaceformsasharp interface be-
tween aparticleand its surrounding atmosphere. Prop-
erties of nanocrystallites depend on the preparation
methods; molar ratio of the precursor used and post
trestment'd. Thesurfacevolumerdtio of nanomaterids
isvery large. Nanotechnol ogy isinthe precompetitive
stagewhichmeansitsuseislimited; nanoparticlesare

being usedinanumber of industries. Intherecent pag,
nanocrystallineslver oxide/slicateshave been synthe-
sized by various methods, e.g. precipitationin high-
boiling poyal cohol solutions, inversemicro emlusion,
co-precipitation, hydrotherma and solgd auto-combus-
tion*1°, Nano scale materialsareused in el ectronic,
magnetic and optoe ectronic, biomedical, pharmaceu-
tical, cosmetic, energy, cata ytic and materialsapplica-
tiond™-4, Areas producing the greatest revenue for
nanoparticlesreportedly are chemica-mechanica pol-
ishing, magnetic recording tapes, sunscreens, automo-
tive catalyst supports, biolabeling, electro conductive
coatingsand optical fiberg'>?1 Thereare anumber of
techniques used to prepare nanomaterials. The solgel
processisamethod that isused commercialy in many
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gpplications, suchasforming coatingsonwindow glasses
One cansummarizethekey advantages offered by the
solgel process. Thereare, it usesrelatively low tem-
peratures, can create very fine powders, produces com-
positionsnot possibleby the solid statefusion. In addi-
tion, it alowshigher doping concentrationsand amore
uniformdistribution of metal inthe host glassmatrix to
be achieved. The solgel method consists of series of
seven steps. mixing, casting, gelation, ageing, drying,
dehydration, and dengfication. Nanomaterid shavethe
structura featuresin between those of atomsand bulk
materials. Whilemost micro-structured materiashave
smilar propertiesto the corresponding bulk materials,
the properties of material swith nanomaterialsdimen-
sonsaredgnificantly different fromthoseof atomsand
bulk materials. Due to nanometer size, many of the
mechanically propertiesof nanomateriadsaremodified
to bedifferent from the bulk materiasincluding, the
hardness, el astic modul us, fracture toughness, scratch
resistance, and fatigue strength etc. Therma properties
of nanoparticleshaveonly seen slower progress. Re-
cently, it hasbeen shown that silicaglassescontaining
certain amountsof slver, prepared by solgel method,
canbecrystdlizedin crigtobditephaseat anneding tem-
peratures much lower than 500°C predicted by the
phasediagrams. Prior totheformation of thecrigtobdite
phase, theslver formsnanocrystaline aggregateswhen
the bulk samples are heat treated at temperatures of
500°C or higher.

Inthe present report, we have studied effect of cal-
cinationstemperaturewith prolonged anneding timethat
mainly supportsthe development of thesIver silicates
nanocrystalitesin caseof slver-containing-silica. The
stem of thisstudy isintheresultsof our earlier report'Y,
inwhich, we demonstrated the effect of temperature
andtimeon silver nanoparticles. Wefound that the av-
eragesizeof theslver nanocrystallitesinaslicamatrix
was~50 nm. The X-ray diffraction (XRD), Energy dis-
persive X-Ray Spectroscopy (EDS), High Resolution
Transmission Electron Microscopy (HRTEM) datafor
slver slicatesispresented.

EXPERIMENTAL

Silver oxide/slicateswere prepared by mixing high
purity reagents (CH,CH,O)Si (TEQS) Tetraethoxy S-
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lane (Aldrich 99.999), ethanol (Aldrich 99.9995), and
deionized water. To preparethe samples, themolar ra-
tio of starting solution was taken as TEOS: H,O:.
C,H.OHwas 1:11:5. (0.1-1 wt %) of AgNO, wasin-
troduced inthe pre-hydrolyzed sol ution. About 80% of
thetotal water was used for hydrolysisand condensa-
tion reaction and rest for thedissolution of AgNO,. The
pH of resultant solutionswastwo. Theresultant homo-
geneous solutionswerefilledinamold and placedin
drying oven a room temperature. The gel ation occured
after 17 days. After gelation the sampleswerestill 1 ft
ingdetheovenfor 30 days, for ageing (whichresultsin
afurther shrinkageand stiffening of thegel), until no
shrinkage appeared. Densification of the prepared
sampleswasobtained by annedinginair, at different
temperatures (100, 200, 400, and 500°C) and time
(1h). TheX-ray diffraction (XRD) patternsof thepre-
pared samples were recorded with a Philips X-ray
diffractometer PW/1710; with Ni filter, using
monochromatised CuKa radiation of wavelength
1.5418A%at 40KV and 30 mA. Using XRD data ap-
proximate crystalline size was also determined via
Scherrer formula;

D,,=kiA/pCoso, (1)
wherek isacongtant whichistakenas0.9for calcula-
tion, B isfull width at haf maximum (FWHM) inradi-
ans, 0 isthe Bragg angle at which the peak maximum
occurs. A isthewavelength of X-ray radiation used for
the study. The particle size and aggregation state of
particleswerefurther measured with transmission elec-
tron microscope (model -FEI-Tecnai F30 G2 STWIN
(300kV FEG)).

RESULTS

XRD

Figure 1 showsthe XRD patterns of as prepared
samples sintered at 100, 200, 400 and 500°C. Silver
crystalinediffraction peakswere not observedinthe
sample (0.1 wt % and 0.2 wt %) hest treated at 100
and 200°C. Itishdieved that absenceof silver peaksin
these sampleswas dueto highly dispersed silver spe-
cies. Silver crystalinepesk that isrdatively weak and
broad, indexed as (111) appeared at 20 = 38.3°inthe
samples (0.5 wt %) sintered at 400°C. No other dif-
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fraction peakswere observed at higher anglesin this
sample. Diffraction pesksobserved a higher angles, in
the samples (1 wt %) sintered at 500°C may be attrib-
uted to polycrystalline growth of Ag particles. Silver
peaksindexed as(1 1 1) and (2 0 0) were observed at
angles 38.3° and 44.6° inthe sample calcined at 500°C.
These peaks correspond to the formation of
nanoparticlesintheamorphoussilicanetwork after Sn-
tering. Thediffraction peaksbecameintenseand their
FWHM turned suggesting graduadly narrow anincrease
inparticlesze. Themeanszeof slver nanoparticleswas
estimated by Scherer’sequation. Mean silver particle
gzes(diameters) estimated intheslicamatrix varied from
about 25 to 45 nm in these composite samples. The
resultsindicatethat withtheincreasein annedling tem-
perature during sintering of samples, meansizeof Ag
nanoparticlesintheamorphous SO, matrix increased.
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Figurel: XRD pattern of thedifferent amount of silver doped
samplesannealed at 100°C, 200°C, 400°C and 500°C

Energy dispersivex-ray spectr oscopy (EDS)

Thedetailed elemental analysisof Agdoped SO,
nanoparticleswascarried out by using Energy Disper-
sve X-ray Spectroscopy (EDS), whichisshowninFig-
ure2(a, b). Thespot EDS measurement was performed
with reduced beam size and low accel erating potential
to enhancesigna to noiseratio.

The EDS study revealed that our SO, ispureand
stoichiometric. Theelements Silicaand Oxygen are
present in exact 1:2 stoichiometric ratio. In the doped
casethereisapeak showingthepresenceof silver which
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isdueto silver doping during sample preparation and
thereisno other e ement depi cted.

®)

Figure 2 : Energy dispersive spectra (a) SIO, (b) 1 wt %
AgSO,,

HRTEM micrographs

Figure 3 show the TEM micrographsof thedisper-
sion of silver nanoparticles in SIO, matrix. The
nanoparticles with amean size closeto 13 nm were
observed inmicrograph. TEM micrographwithamean
grain size of around 20 nm was observed which was
alsojustified by XRD, data. TEM micrograph some
flakes of Ag are also shown whichisdueto thehigh
doping of slver.
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Figure3: TEM micrographsshowingthedisper son of Slver
in SIO, matrix (a) 500°C (1 wt%).

CONCLUSIONS

The solgel process successfully prepared silver-
doped silicasamples. The sampleswere characterized
by XRD, EDSand HRTEM, and theformation of Ag/
SO, nanocompositeswas confirmed. Itisfound that
theevolution of the system asafunction of theanned -
ing temperature and doping percentageisnecessary for
obtainingananocl ustersdistributionin glicamatrix.
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