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Abstract:

Metal oxide nanoparticles of Co-" substitured
zinc — chromium were synthesized by using sol-
gel self ignition method v using the metal nitras
of constituent elemenis. The starting material
are mixed togethe- ding to their weight
percentage in the vton. The svnthesis
approach and svi! coacditions highly affec
the structure of cor: ixs and its physical an

s——

L

17y

S.D. Balsure: Physics Depoatiment, Jawahar Cuollege, Anads
Tuljapur, Osmanabad (M5! India, £
R.H. Kadam: Physics Depariment, Shriknshna Mahavidyads
Grunjoli, Omerga, Osmanabad (MS) Indua

S.B. Shelke: Physies Department, 8.0 M, P CJollege,

3 - il
% T
%E‘w% e

OUmerga, Osmanalypad (M) Indha
A. B. Kadam: Physics Department, Jaw gl
Tuljapur, Osmanabad (MS) Indin

Principal

Jawahar Arts, Science & Commarce Collega,
Andur Tal. Tuljapur Dist, Osmanabad

l



Jig

__________ | 1
P4

‘ |

4 INCULCATING HUMAN vALukg | Voha u i | f
] Voia sk idieed |

‘ﬂwmmé% properties. I the f}t‘;a&m%f H%f st
discuss the bottom B approsch ﬂ?% %M?f; @”;( %?
of metal oxide nanoparticley at fow iriéfz;%t:ﬁgﬁz
The stages involved in (he Prepasdtio ;i’?;
oxides via sol-gel royte. The ﬁif?"f??‘:ﬁ f‘”ﬁ*ﬁ.h}rﬂ;ér%u .
applications of metal oxide 1‘;%1;«:%’?;%{5?1:iml e f}
discussed. -5 jare alge

Key words: Cobalt oxide. bottom-up appronch . sals
gel auto-combustion, ' Riji

1. Introduction:

Because of the wide range of applications for
catalysts, sensors, microelectronjc devices te
energy conservation devices which includes solar
and fuel cells and spintronie devices [1-6], metal

E

oxides and their alloys attract much more interest
of materials scientists and engineers, The physical
and chemical properties show revolutionary
modification in smaller scale and its application
i various fields. Nano sized alloys of metal oxicles
synthesized by chemical route to provide a
convenient nrocess for the preparations of
nanostructur+ ceromic powder at comparatively
low cost, ! rmperature, less time., In this
chapter the w1 < of synthesis methods used o
prepare ithie coonlt substituted Zn-Cr oxide
nanoparticie:..

2. Composition of Metal Alloys:

Metal nitrates of gelected metals are used as
starting materials for the preparation of metal
oxides, They are easily availuble, low cost and hish
purity. The selected ferrites preparation to :i\'%'%”‘%‘mg
it valence (charge balancing) and comparable tadii
“zm_ ﬁuu;;if{“&;. Fallowig
f-] Jto combustwon

‘c{iié'f..'f%..ifiy' selected for mak
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and ;ﬁ}”
hesis Methods:
ﬁufﬁ-}ﬁ?é?!'ﬁ of phy%‘sifﬁ! iﬂnd Cl'lﬁi.z}]i{.;:&il %ynfhea%lg
| 1 b Lae lear the preparation of mfi‘-t‘é&il alloysg are
| me %%’%"0%;—19 for the preparation of ferrite materipg
;:3:1%?16 most practical applications, the materigq
with single phase structure are very essentigy
High quality single pjl:%ase stmcﬂtured materig[g
requires careful attention of various paramg‘zem
such as purity of row materials, Qhemwa‘]
composition, nature and type of 'dopant, sintering
time and temperature, smteripg atmosphere,
8 sintering rate, gain size etc. Solid state reactign
& method is generally employed for the preparation
| of metal oxides in order to achieve the above
requirements. Material syn?hesis plays an-

" important role in developing the new materials
iy with different properties. Ceramic method [7],
iy Electrochemical method [8], FHy:irothermal method
9], chemical — co-precipitatic . zethod [10], sol-
gel auto-combustion method [ |, microemulsion
method [12], microwave — refluzng [13] are some
of the most frequently used synthesis methods
for the preparation of metal osides.
3.1 Bol-Gel Synthesis Method.:

Over the last few years, the sol-gel 't{:‘fffhll%ilm’
3 attracts scientists for the preparation of mixet
| metal oxides in the nanoparticles rangt L
| relatively low temperature and cost [14]: The
method belongs 1o wet chemical method “711“‘}2
r,ryrlisifﬁ__ both chemical and physical m.(;cﬁ*s’:‘;t’:;
- during the synthesis of nanoparticles !
o mff“”f”}ﬁf at a particular step, the viscos JIANeS
' mixture suddenly increases which is @ COPHhcpal

Jawahar Arts, Science & Commerce Cofl
) v UL (=Rl ep
Andur Tal. Tufiapur Dist, Osmanaha *
K

'3, Synt




| ] f
ol
INCULCATING HUMAN VaLUgs | { Voi.4 ol st

feature of sol-gel provess W;;g "“ﬁ%{ #h?f et di
of gel formation [15-16L 1t has heen é%if*émm ol

that the sol-gel process has remarks
over traditional methods such as *g.

etter {riu‘r?‘l@ ﬂ
the chemical }mmu;rmmm The tnain featires of

the sol-gel auto-combustion i tdchiique are as
bellow, !

¢ The materials obtained 1 by usirg spl-gel f‘fie’fﬁﬂﬁg
have better homogeneity

* The sol-el synthesized powders are ol btained
with no/negligible amount of itpurity addition.

* As compared to other synthesis methods, this
method requires low sintering temperatures.

¢ This method provides better size and
morphological control to the compounds.

e Most significant phase distribution in multi-
element systems like ferrites.

¢ The samples prepared via this route require low
cost.

a) Hydrol w0 Tl process of hydrolysis started
wiflt = mesare of metal nitrates and water
with: oo hing agent usually citric acid at
the wpbient or slightly | elevated

temperatu:e

h) Polymierizaiion. In this step condensation of
§-arijzu'z-=n§ malecules will be formed and H2Q
and NO3 molecules are eliminated with the
formation of metal oxide hnkages. Polymeric
networks ;imw to colloidal ditnensions wn the
sol (liquid) «

¢} Gelafion: Tn gelal mil, (1 polynieric networks

ot Tongt o three dunensional

are linked
' vhole Lguid. In the

networ le
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pr be éw.m s;*si removing the solvent from 1, s
(e m% ure becones some what timpg'
u@ga ent las well as water and NO3J Molectjpg
remain %13*{’%! nt inside the pores of (he el

Hid) =-="-’§§ ‘?1“2: By applying the modeapa,
mm;ww&iww H20 and NO3 molecules

_ S Are
remaved leav g a hyvdroxylated metal OXide

al -"%*%%Mriz?m;%‘ This is a very important « step
%&"im}”‘ is carried out in a temperature range
480 to 850 "C. In this process al] the
:aé'z“x_:g'*i.;:'z%:tc:a and chemically bounded watey 15
removed from the powders which yields tha
pure composition of metal oxide,
§ Densification: Above 1000 °C, the
temperatures are used to obtain the oxides
in the form the dense products.

3.2 Advantages of Sol-gel Method:

Since the sol-gel method belongs to the
chemical methods of preparation, it has many
advantages over other methods of preparation. This
method provides homogeneocus mixing of
constituents at molecule level 13::% has good

stoichiometric control. This metho involves an

agueous-based processing sy« m at low-
pr‘mf ssing temperature which prec, 2s the active
powders. The details of these wo.antages are

described helow.

1. The intimate mixing of the elementis in gel form
”’f'%ui“ﬂ i reaching the 1;"1gir<*dw§aiay in a very
short interval of time to form the material
{;‘fii"s‘==a“ffi§‘¥'F4i}i‘y’ al lower temperatures than in
conventional solid state processing, often by
several hundred degrees, This makes i
Tr oy

ossible
to obtann low temperature modili %
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meta-stable phases thereby cotittoll mﬁ ﬁ

stoichiometry of ceramics wmg;m ing ﬁmi#&ﬁﬁ%
oxides.

§~ 3

Sol-gel method does not rs*quir'fs any ;_{;*imﬁ g
procedure to achieve homogeneous single phase
ceramics, thereby avoiding a potential sotizce
of contamination. The purity of precursors
makes the sol-gel process an excellent method
for making high purity materials, Grinding of
powders also produce dust, which is hazardous
and can be avoided

¢

The wet processing is a highly controllable
method for the preparation of small sub-micron
oxides. The precise size control of the particles
1s also strength of sol-gel processing. The
particles can be used e.g. as porous beads, as
filters, or as starting materials for
polycrystaliio sompounds. In the preparation

of ceramic Ludlen, + controlled particle size
distribeis o o0 ol very high green densities,
which roeh e wpntered into fally ﬁa?l“i‘%i‘ bodies.

Controlled porncie size gives a material with
better den: .otion.

4. Conventional coraraic processing cannot yield
high surface areas and small pore swes that
are typical for inorpanic gels, The p{swz bility of
controlling the porosily iz; hlg.*hi‘ l Iu&a&k?&’
copecially for applications such as ‘jj“_i"li}’iﬁ;’ﬁ’
ihermal or acoustical msulations, filtration,

cparation and chromatography.

has mogt spiceessiul use

The sol — pel method
o und films, Compared fo other commaoi
nes such as chemeal vapor
ar (e ;;w,%imil (Al }and
the e juipment

I ot
filrn preparation techoiqg
deposition (CVD), atomic la
physical vapor de
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4, S @ﬂé Synthesis via Sol-Gel Route:

| ’éh% ethods such as wet-chem;
xpr{%@lpﬂa ion and hydrothermal prog

shz

' metal | ions reduce their suitability for lar
pmﬁummg [20]. In the recent year's sol-gs
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Cobalt nitrate ((ﬁf%_}li\l{3(”’#);‘;‘;.‘1”1’,{;]? Zine ;';‘iﬁfaﬁtg
(En(NO3}3-9H20), and Chromium nitrate
(Cr(NO3}3-9H20]), citric acid (COH8O7 H20) with
high purity (99% pure] were used las initial
materials for the synthesis of CoxZn0.95-
xCr0.050 oxide nanaparticles via sul-gel route.
Whole reaction was carried out in air
atmosphere without protection of inert gases,
All metal nitrates were mixed tlmr.mi;:?ﬂlv 171
double distilled water and citric acid was mixed
in the solution by taking the molar ratio of citric
acid with metal nitrates as 1:3 with their weight
proportion. The whole mixture is kept ‘on
magnetic stirrer with hot plate. To maintain the
pH = 7 of the solution, liquid ammonia was
poured slowly with continuous stirring the
mixture until the pH maintains at 7, Along with
continuous stirring, the mixture is then heated
at constant temperature of 90"C. Due to heat
reatment evaporations process starts and after
some time the mived solution was converted
into viscous so! and finally converted in to
viscous brewp co., After removal of water
content {rom {he nicture the dark brown gel
was self ignited .4 hurnt with glowing flints.
In the decompr. 0 process the entire citrate
complex was totaily consumed and the auto-
combustion prociess was completed. Finally, the
brown colored ash was obtained as a yield of
the auto-combustion process which can be
called as ‘precursor’. The final powder was
subjected to final sintering at 600°C for o hrs.
The flow chart of the synthesis of CoxZn0.95-
xCr0.050 oxide nangparticles by using sol-gel
method 1s shown in-4 '
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