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ABSTRACT

The synthesis of nanoparticles has become a highly developed field owing
to the scientific and technological interest due to the structural peculiarities
and unusual physical and chemical properties. The one step solid-state reac-
tion technique was employed to prepare nanopowders of SnO,, Sr,SnO, and
SrsSnQO, through different weight ratio of Sn : Sr. Thistechnique wasfound to
give spherical products of uniform size and shape in over 90% yields. The
materials have a variety of applications in ceramic diglectrics, gas-sensing
materials and battery electrode bodies. Characterization of specieswas car-
ried out using X-ray diffraction, SEM and TGA analysis. Investigation of
samplesreved ed that, agglomerationsof well connected, small grainslumped
together with large number of pores have been formed. The XRD pattern
analysis has shown that the change in crystalline sizes after calcining at
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various temperatures.

INTRODUCTION

The synthesisof nanoparticleshasbecomeahighly
devel oped field owing to the scientific and techno-
logical interest dueto the structural peculiaritiesand
unusud physica and chemical propertiesthey may lead
to*2, Nano-scaled particlesare of great importance
if the conformation of ceramicsisconsidered; they
have been found to enhance the mechanical, electri-
cal, thermal, catalytic and optica propertiesof diverse
ceramic material 4. Alkaline earth stannates have
received more and more attention in recent years as
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components of ceramic diel ectric elements®. Stron-
tium stannate, SrSnO,, has been reported to be used
in humidity sensorg®. Solid solutionsof akalineearth
titanates and stannates are al so used for the fabrica-
tion of ceramic boundary layer capacitord”. Thephase
equilibriain the SrO-SnQO, system have been studied
by severd authorg®%. Theexistanceof thetwo stable
phases SrSnO, and Sr,SnO, has been reported!® 9.
Sn0O,, Sr,SnO, and SrSnO, nanoparticles have been
synthesized by soli state-reaction method. The pro-
duced sulfonamide nanoparticleswere characterized
by X-ray diffraction (XRD), infrared spectroscopy
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(IR) and scanning el ectron microscope (SEM) and
another techniques.

METHODS

Materialsand general methods

SnCl,.5H,0, Sr(OH), and SCl,, and sol ventswere
purchased from Merck company. Theinfrared spectra
of thecompounds as K Br-diskswererecorded inthe
range of 4004000 cm™ with aMattson 1000 FT spec-
trometer. Powder X-ray diffraction (XRD) was car-
ried out on aPhilipsdiffractometer of X pert Company
with monochromatized Cu-K  radiation. A multivave
ultrasonic generator (Sonicator_3000; Misonix, Inc.,
Farmingdale, NY, USA), equipped with aconverter/
transducer and titanium oscillator (horn), 12.5mmin
diameter, operating at 20 kHz with amaximum power
output of 600 W.

EXPERIMENTAL

The powder of SnCl,.5H,0 (0.01 mal), Sr(OH),
(0.04 mol) and SrCl,, (0.01 mol) were used as starting
solid materials. The powderswereweighed in three
different preparative categorieswith Sn:Sr weghit ra-
tioof 1.1, 1:2,and 2: 1 toyield SrSnQO,, Sr,SnO, and
SO, respectively. Each of thiswasball-milled a room
temperaturefor 30 minutesusing zirconiasballsasa
milling medium. Accordingtorelation (1), themixing
process accompani ed by emission of water vapor from
thesurface:

SnCly, 5H,0 + 2 Sr(OH),

| ®

2 SrClz + SnOZ, Hzo + 6 Hzo

The product waswashed, treated in an ultrasonic
for ten minutes and then centrifuged (8000 rpm) for
about 15 minutes. Theyield wascalcined at different
temperature between 200-1000 °C. It was found that
four hoursca cinationsled to better performance, where,
the powder size of SrSnQO,, Sr,SnO, and SnO, were
obtained intherange of X-ray diffractometery (XRD)
and the diameters of theresultant nanopowderswere
determined from the Scherrer’s equation:
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D =0.89/Bcos0

Themicro structural feature of nanopowderswas
studied by meansof SEM. TGA of nanopowderswas
examinedin O, at aheating rate 20 °C min™ fromroom
temperatureto 1000 ‘C (Figure 1).
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Figurel: TGA nanoparticlesSnO,

RESULTSAND DISCUSSION

The XRD pattern of nanotin oxidesampleaspre-
pared with 2:1 Snto Sr ratio and cal cined at tempera-
turerange of 200 °C to 1000 °C is given in figure 2.
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Figure2: X-ray diffraction patternsfor nanoparticlesSnO,

TABLE 1: Effect of calcinationstemperatureon powder size

Calcinations
temperature 200 400 600 800 1000
(9]
d sho2 (NM) 336 699 1423 2800 32.00
d srsnoz (NM) 1659 35.60 49.80 66.35 66.37
d sr2s004 (NM) 1400 24.00 39.00 49.80 36.17
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Thisfigurea so confirms phase purity and tetragona
rutilecrystallinestructure of SnO,. Theeffect of calci-
nationstemperature on powder size of thesamplesis
summarizedinTABLE 1.

The SEM imageof ShO,, sampleisshowninfigure
3. Theagglomeration of 50-70 (nm) connected ongrains
lumped togeder with large number of pores could be
observed.
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Figure3: SEM of SnO, prepared at 400°C

The morphology of SrSnO, sample obtained via
1:1, Snto Srratioispresented infigure4. Deficiency of
Snwith compareto SnO, sampleisled to change par-
ticleshapefromrutileto provskitestructured. Coades-
cenceof small grainstogether with their subsequent den-
sficationwithout much grain growthisseenthisfigure.
It should be noted that due to loss of tin as volatile
SnO, from the surface of the sample, the porosity of
Sr'Sn0,, isinterestinginthesensetha, it containswell-
connected porosity and still smaller grains. It hasbeen
documented that such structureswith small crystalline
size, well-formed intergranul ar connectivity and open
channelsare desired features of gas-sensing devices.
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Figure4: SEMof SrSnO, prepared at 400°C

Figure 5 showsthe SEM micro structural images
of Sr,SnO, prepared by 1:2 Sn, Sr. Strong agglomera-
tion accompanied with spherically shaped grainswas
formed. However, further geain growth wasnot seen.

Woadzriolsy Secionce mmm—

Synthesize of SnO,, SNSNO, and Sr,SnO, nanopowders

MSAIJ, 7(3) 2011

Figure5: SEM of SrVVZSnO4 prepared at 400 °C

CONCLUSION

According to our observation, the SrSnO,, Sr,Sn0O,
and SnO, powdersobtained after cal cinations (400 °C)
revedl ed that theraw powder derived from solid-state
reaction route were of very small (sub-micron) par-
ticlessze.
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