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ABSTRACT

The paper presentsdeal swith the effect of poly vinyl alcohol (PVA) amount
as gel making agent of sol-gel combustion method on the morphology and
the particles sizes of chromium oxide nanostructures (CONS). Chromium
nitrate is dissolved in 1:1 water ethanol mixed solvent. Some different
amounts are dissolved in the chromium nitrate solution under controlled
temperature to make a sol. The solvent of the sol is evaporated under
controlled temperature to obtain a high viscous material which called gel.
The suitable pyrrolysis temperature of the gel is found by TGA/DTA
analysis. The homogenous gel is slowly pyrrolized under 500 °C by an
electrical furnace to obtain a CONS sample. Five different samples are
synthesized by using different amounts of PVA. The morphology, particles
sizes and the composition of the CONS is characterized by SEM, TEM,
XRDandDLS. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Nanomateridshavesmadl grain sze(100nmor less)
and largesurface, often exhibited uniquenove proper-
tiesrelativeto those of the coarse-grained counterparts.
Chromium (111) oxidenanogtructures(CONS) with high
surface areas have attracted considerable attention in
therecent years. They exhibit useful and fantastic prop-
ertiescompared tothemicrometer-sized materids. The
chromium oxide nanoparticles have awide variety of
applications such as photonic and e ectronic devices
and drug delivery!*3, coating materialsand weer resis-
tancematerial§34, hydrogen storage’>7, cataystg®19,
digital recording system™, dyeand pigment{*13, ad-
vanced colorants'¥, solar energy application*. Vari-

ous methods have been reported to synthesize CONS
such as sonochemical methods*®, mechanochemical
reaction and subsequent heet treatment™, laser induced
deposition™®, hydrothermal’®¥, solid thermal decom-
position’??, bio-method?!, combustion??, nanocasting
method®, sol—gel®, predi pitation-gelation®!, and oxi-
dation of chromiumin oxygen'®l.

Chromic oxide (Cr,O,) isanimportant refractory
materia duetoitshigh metingtemperature (~2300°C)
and oxidationres stance; dthoughitssinter-abilityisvery
poor and requiresspecid sintering conditionto achieve
high density. For such an gpplication, theavail ability of
nanosized powderswoul d be desirable sincethey usu-
ally present high surface areasand may favor thesin-
tering process®®l, In addition, thiskind of powdersis


mailto:karami_h@yahoo.com

308

Effect of gel making agent on the morphology and particles sizes

NSNTAIJ, 8(8) 2014

Full Paper e

essentid for preparing nanocrystaline ceramics, which
may present improved properties (hardness, toughness,
etc.) over theconventiond ones. Incatayss, both chro-
mium oxideand supported chromium have been used
in many reactionssuch asammoniadecomposition”,
dehydrogenation'®, and oxidation of tolueneg?!. Cal-
cined catalysts, whether supported or unsupported,
perform actively in redox reactions.

Chromium oxide nanoparticleswith crystalssizes
of 30-70 nm were prepared via hydrothermal synthe-
S99, Also, nanoporous chromium oxideswere pre-
pared by solid thermal decompositionusingcitricacid
astemplate agent and the rel ation between the struc-
tureand the reaction conditionsof chromium oxidewas
investigated®. In addition, chromium oxide
nanocrystallites have been synthesized by thermal de-
composition of solid precursorsand eval uated as cata
lystsfor ammoniadecomposition.

Among thevarious methods used to prepare meta
oxides, thesol—gel process has wide interests. The sol—
gel methodisbelieved to preservethe advantages of
making nanosca e pore diameter, narrow poresizedis-
tribution, and superior homogeneity. Recently, El-Sheitkh
et d. hasbeen reported as mplemethod to synthesize
controlled size chromium oxide nanocrystal %, They
prepared chromium oxide nanopowder viathereduc-
tionof K,Cr,O, by maleicacid at pH 7 and room tem-
perature. Theresulting solution was stirred for 24 h,
and left for 15 daystoform agreen gel. Theobtained

gel waskept at room temperaturefor about 24 h, fol-
lowed by heating at 110 °C for about 24 h. The dried
sampleswere annealed at different times (3to 12 h)
and different cal cination temperatures (300 to 600 °C).
During the calcination processthe green gel converted
to black grey color. They investigate the effect of pH,
reduction agent concentration, and ca cinationstimeand
cacinationstemperature. Based on thisreport, prepa
ration method isvery time consuming (at least 96 h).

Previous, we developed a novel and fast PVA-
based sol-gel method to synthesize metal oxide
nanoparticles®. Inthiswork, CONSis synthesized
by sol-gel consumption method based on PVA asgdl
making agent. Thetotd time of thissynthesisislower
than6h.

s

#

Figurel: Thesynthesized green CONS
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Figure2: TGA/DTA analysisof theun-pyrrolized gel consisting chromium nitrate
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EXPERIMENTAL

All materialsand reagents were purchased from
Merk of Fluka. Doubledistilled water wasused in all
experiments. Thermogravimetricanalyss(TGA) and dif-
ferential scanning calorimetry (DSC) weresimulta-
neoudy performed using athermogravimetric analyzer

= Full Paper

(TGA/DSC1, Mettler Toledo) for therma studies. The
morphologies, Particlessizesand the compositions of
sampleswere characterized by the scanning el ectron
microscopy (SEM, Zass SgmalV R, Germany). A trans-
mission electron microscope (TEM, ZeissEM 900, 80
keV) was used to measure the size and shape of par-
ticlesaccurately. Sizedistribution diagram of the opti-
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Figure3: SEM imagesof the CONSssampleswhich synthesized via different amountsof PVA (% wt); a=without PVA, b=0.5,

c=1,d=15e2f=3andg=4
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mized samplewasobtaned by DLS(Mdvern, Zetasi zer
Nano ZS3600).

RESULTSAND DISCUSSION

In the proposed method, the gel network rigidity
controlsthe morphology and particle sizeof the syn-
thesized sampleto makeauniform CONS. Inthegel
sructure, chromium satishomogeneoudy dispersedin
the polymeric network. Because of gel network rigid-
ity, thedispersedionsinthe gel network can not alter
their positions. Therefore, during the combustion of the
gel’s outer layers, the chromium salt of the burnt layers
iscacinedtoyield Cr,O, nanoparticles. Figure 1 shows
thered imageof the synthesized nanomaterial.

To obtain suitable temperature to increase the
samplecrystd linity, theun-pyrrolized gel wasanayzed
by TGA/DTA (Figure2). Figure 2 showsthat the gel
pyrrolysisand chromium salt calcinationsares multa:
neoudy taken at about 400 °C. The formed chromium

oxide (Cr,O,) nanoparticlesarestableat thermal range
of 400to 800 °C. Therefore, to increase sample crys-
tallinity, all sampleswere heated to 500 °C for 3 h.

Inthismethod, the PVA ismain factor which con-
trol themorphology and particlessizesof the sample.
Toinvestigate the effect of PVA amount on the mor-
phology and the particlesszesof CONS, seven samples
with different amount of PVA content (0,0.5,1, 1.5, 2,
2.5, 3, and 4) in the sol were synthesized. Figure 3
showsthe SEM images of the prepared CONSs. Asit
can be seenin Figure 3, PVA content can changethe
morphology and particlessizes of the samples. Based
ontheFigure3, the 1.5% PVA issuitablevalueto syn-
thesizeuniform and smdller particlesof CONS.

Thesynthes zed samplevial.5% PVA isidentified
by energy dispersive spectroscopy (EDS). Figure 4
shows the EDS peaks of the CONS. Based on the
EDS peaks, the sampleisonly included chromium and
oxygen atoms. With respect to theweight percentage
of the Cr and O, the sample can be Cr,O,,.

%]
(=]

c_'llllllllll.llllllllllllt

cps/eV
«4

b
o

o

1 2 3

Illllllllllll‘ltlllllllillllllllll'lll

B 5 6 7 keV

Figured: XRD patternsfor thesynthesized CONS
18

Figure5: TEM imagesof thesynthesized CONSsample
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Figure6: Sizedistribution result for CONSanalysis
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Thesamplesynthesi zed viaoptimum amount of PVA
isstudied by TEM (Figure5). Based on the present
images in Figure 5, the sample includes rice shape
nanoparticleswith 70 nm average diametersand 180
nm averagelengths.

To exactly evaluate the sizes of sample particles,
the CONSsampleisandyzed by DLS(Figure6). Basd
on the shown sizesdistribution diagram, 80% of par-
ticlesarein80to 130 nmrangeof sizedigtribution. The
average diameter presented in DLSisnot agreewith
TEM image because, the particlesarerice shape (di-
ameter lower than length) so, DL S presents average
amount for diameter and length.

CONCLUSIONS

PVA-based sol-gel combustion method can beused
asaconfident and controllable method to prepare chro-
mium oxide(Cr,O,) nanoparticles. Inthismethod, PVA
isused asasuitablegd making agent in polymer-based
sol-gel method. Theamount of PVA insol ismainfac-
tor to control themorphol ogy and particlessizesof chro-
mium oxidenanoparticles.
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