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ABSTRACT

Semiconductive nanoparticles of MgFe,O, were synthesized by a solution combustion technique.
The process was a convenient, environment friendly, inexpensive and efficient method for
synthesis of MgFe,O, nanoparticles. The synthesized materials were characterized by TG/DTA,
XRD, and TEM. Electrical properties of the synthesized nanoparticles are studied by AC
conductivity measurement. Electrical conductivity of the nanomaterial MgFe,O4 was increased
with the temperature.
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INTRODUCTION

Spinal of the type Kf M,*'O, attract the research interest because of thegatits practical
application [1-2]. Spinel ferrites with the genef@mula AFeO, (A = Mn, Co, Ni, Mg, or Zn)
are very important magnetic materials because eir timteresting magnetic and electrical
properties with chemical and thermal stabilities [dagnesium ferrite (MgF©,) is one of the
most important ferrites. It has a cubic structuiearmal spinel-type and is a soft magnetic n-
type semiconducting material, which finds a numdeapplications in heterogeneous catalysis,
adsorption, sensors, and in magnetic technologi€s.[Recently, nanostructures of magnetic
materials have received more and more attentiontaluleeir novel material properties that are
significantly different from those of their bulk woterparts [6-9]. Current years have been
increased interests in study the gas sensing grepesf ferrites [10-12]. Gopal reddy et al.
reported the response of copper ferrite (GOgeand zinc ferrite (Znk©,) for hydrogen sulfide
(H2S) and that of nickel ferrite (NiE®,) for chlorine gas (G) [10]. One of the present authors
(Y-L.Liu) also confirmed that Znk©®, possessed gas sensing properties foS H

506
Scholarsresearch library



Sachin V. Bangale et al Arch. Appl. Sci. Res., 2011, 3 (5):506-513

[11].magnesium ferrite (Mgkz8,) is one of the important ferrites with spinel sture [13]. It is
used as a catalyst [14] and humidity sensor [15$. &lso an n-type semiconductor with the band
gap of 2.18V [16].

The need for a novel gas sensor capable of prayidihiable operation in harsh environment is
now greater than ever. Such sensors find a ranggpplication, including the monitoring of
traffic pollutants or food quality with speciallyesgigned electronic noses [17-18]. Gas sensors
based on metal oxides are commonly used in thetororg of toxic pollutants and can provide
the necessary sensitivity, selectivity and stabigquired by such system [19]. Commonly used
oxides include zinc oxide, titanium dioxide, iroxiade, tungsten oxide and tin oxide. These
materials have successfully been employed to datestge of gas vapours, particularly ethanol,
methanol and propanol [20-21].

Among various materials used for sensing applioatierrite is used as a good class of sensing
materials. But they suffer a drawback of being ighér temperature [22]. Consequently, it is
interesting to investigate the gas-sensing proggei MgFeO,. The gas sensing efficiency of
the materials depends on its microstructural ptoggerwhich are related to its method of
preparation, the later plays a very important neléh regard to the chemical, structural and
properties of a spinel ferrite. Mgk, is routinely synthesized by combustion method of
precursors zinc nitrate, magnesium nitrate andimggyas fuel [23]. Alternatively, a number of
wet method including coprecipitation [24], sol-gi5], microemulsions [26], oxidation
techniques [27] and hydrothermal synthesis [28].id@nl process should be environmentally
friendly and should be as simple as possible. Aeh@veparation technique of nanomaterial,
combustion synthesis at ambient conditions, hasn beéeveloped to prepared nanosized
compounds. It was a high-yielding, low-cost andléasynthesis method.

In this paper, we have synthesized MgB-enanoparticles by novel combustion reaction. One of
our aims is to develop a general synthesis methddeaplore the gas sensing properties of the
MgFe O, nanopowder. We found that the process is a coawmgnienvironment friendly,
inexpensive and efficient. Furthermore, the MgPeobtained possesses excellent gas-sensing
responses to reducing gas and grain size is alde8b hm. Here the presented a static gas sensor
using these nanoparticles. This discovery could iaidhe synthesis of low cost and room
temperature ammonia gas sensors.

MATERIALSAND METHODS

2.1 Powder preparation

In this study polycrystalline MgkL©, powder was prepared using combustion technique. Th
materials used as precursors were magnesium nitex@hydrate Mg (N¢€),.6H,O, iron nitrate
hexahydrate Fe(N§h6H,Oand glycine (all these were purchased from AR &raidQualigen
fine Ltd.India). All of them were of high purity9.9%, 98%, and 99.9% respectively). Glycine
possesses a high heat of combustion. It is an mrdael providing a platform for redox
reactions during the course of combustion. Iniadhe magnesium nitrate iron nitrate and are
taken in the proportion 1:1:4 respectively and twoles of glycine were dissolved in a beaker
slowly stirring by using glass rod clear solutioaswobtained. Then they formed solution was
evaporated on hot plate in the temperature rangé€’af to 80C resulting into a gives thick gel.
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The gel was kept on a hot plate for auto combustiod heated in the temperature range of
17FC to 188C.The nanocrystalline Mgk®, powder was formed within a few minutes and it
was sintered at about 5 600C, 700C, and 808C for about 4h we when got a brown colour
shining powder of nanocrystalline Mglk®[29-30].

2.2 Thick Film Preparation

The thixotropic paste was screen printed on a gtadsstrate in desired patterns. The films
prepared were fired at 58D for 4 h. Silver contact were made by vacuum exatfmn for
electrical measurements.

2.3 Characterization Techniques

The as —prepared samples were characterized by T&{Bermal analyzer (SDT Q600 V 20.9
Build 20), XRD Philips Analytic X-ray B.V. (PW-371Based Model diffraction analysis using
Cu-K, radiation), A JEOL JEM-200 CX transmission electroicroscope operating at 200 kV
analysis.

RESULT AND DISCUSSION
3.1 Spindl structure and for mation analysis
2GNH30; + (9/2) @ — Not +4CQ 1 + 5H,0 1 (1)
Zn (NQ)s + Fe (NQ)s + 4GHsNO, — ZnFeO4 + 8CGt + 1001 + 5NT - (2)

The TG curve in Fig. 3hows a minor weight loss step (20%) from 30 uphout 278C and
two major weight loss steps from 270 to 45%60%). No further weight loss was observed up to
1000C. The minor weight loss was related to the losmoisture and trapped solvent (water and
carbon dioxide) in the as-spun MgBa nanopowder, whereas the major weight loss wasalue
the combustion of organic matrix. On the DTA curegin exothermic peaks were observed at
~290 and ~450°C, suggesting the thermal events related to therdposition of Mg and Fe
nitrates along with the degradation by dehydratorthe nanopowder, which was confirmed by
a dramatic weight loss in TG curve at the corredjpantemperature range (270-46%. The
plateau formed between 455 and 1®n the TG curve indicated the formation of criista
MgFe0, as the decomposition product. As confirmed by X&id FT-IR analyses as showed in
Figs. 2and 5 respectively.

3.2 XRD study

The XRD patterns of the calcined Mgkg are shown in Fig. 2. All of the main peaks are
indexed as the spinel Mgf®, in the standard data (JCPD No: 88-1935). The geecaystallite
sizes of MgFgD, samples were calculated from X-ray line broaderofghe reflections of
(220), (311), (400), (511), and (440) using Sch&requation (i.e., D = 0.89K¥(co®), where k

is the wavelength of the X-ray radiation, K is anstant taken as 0.89, h the diffraction angle,
and b is the full width at half-maximum [31] , anére found to be 16 £ 4, 18 + 1, 25 + 2, and
26 + 3 nm for the samples of Mgf, calcined at 500, 600, 700, and 800respectively.
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Fig. 1. TG-DTA curve of mixed precursor MgFe,O,.
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Fig.2 XRD pattern of calcinied mixed precursor MgFe,0, at a’500°C, b 600°C, c 700°C and d 800°C in air for 4 h.

3.3 Particlesize distribution studies.

Fig. 3 has been carried out by using dynamic Iggattering techniques. (DL\%a Laser input
energy of 632 nm) It was observed that magnesiom axide nanoparticles have narrow size
distribute within the range of about 10-15 nm. Whare well match with calculated value and
was calculated it from Debye-Scherrer equation.

3.4TEM studied

The detailed morphology and crystalline structuréhe MgFeO, calcined at 700 and 880 for

4 h were further investigated by TEM, and the TENgt-field images with corresponding
selected-area electron diffraction (SAED) patteshthese two samples are shown in Fig.4. It is
clearly seen from the TEM bright field images tbath samples consisted of packed Mgbe
particles or crystallites with particle sizes of0~20 and 25-80 nm in diameter for the samples
of 700C-calcined and 80C-calcined, respectively. It is seen that the plrtsizes of MgF€,
contained in the calcined Mg, are quite uniform. Since the electro spun powderewery
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standard data (JCPDS: 88-1935). The diffractioggiare identified as the (111), (220), (311),
(400), (422), (511), and (440) planes. This conauitls the results of XRD presented in Fig. 2.
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Fig.3 Particlesizedistribution studies

Fig.4 TEM images with corresponding SAED patter ns of the M gFe,O, samples calcined in air for 4 h at a
700°C and b 800°C.

3.5 FT-IR Studied

The formation of spinel Mgk©, structure in the calcined Mgk, was further supported by
FT-IR spectra (Fig.5). Here, we consider two rangeghe absorption bands: 4000-1000 and
1000—400 cnit as suggested by previously published studies P3118 the range of 4000—1000
cm?, vibrations of C@ and moisture were observed. The intensive banfl&#7 cnt is due to
O-H stretching vibration interacting through H bsnd’he band at ~ 2920 €mis C-H
asymmetric stretching vibration mode due to the »Clgroups of the long aliphatic alkyl
groups. They(C=0) stretching vibration of the carboxylate gra€0,>? was observed around
1380 cnt and the band at ~1016 ¢nwas corresponded to nitrate ion traces. Therefoee
COs* and CQ vibrations disappeared when calcinations tempezatas increased. In the range
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of 1000- 400cH, a typical metal—-oxygen absorption band for theedpstructure of the ferrite
at ~560 crit was observed in the FT-IR spectra of all of theicald MgFeO, samples. This
band strongly suggests the intrinsic stretchingatibns of the metal (Fe> O) at the tetrahedral
site [33].
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Fig. 5 FT-IR spectra of the M gFe, O, composite samples calcined in air for 4 h at different temperatures. a
As-spun, b 500°C, ¢ 600°C, d 700°C, and e 800°C.

4. Electrical properties

4.11-V characteristics

Fig.6 depicts |-V characteristics of Mgk films. It is clear from the symmetrical I-V
characteristics that the silver contacts on thedilvere ohmic in nature.
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Fig.6 1-V characteristics of the sensor
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4.2 Electrical conductivity

Fig.7 shows the variation of log (conductivity) Wwitemperature. The conductivity values of
sample increase with operating temperature. Thee@se in conductivity with increasing
temperature could be attributed to negative tempexacoefficient of resistance and
semiconducting nature of Mgk®y. It is observed from fig. 7 that the electricahdactivities of
the MgFeO;, films are nearly linear in the temperature rarrgenf50- 408C in air ambient.

Resistivity moh.cm

711
250 300 350 400 450 500 550 600 650 700
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Fig.7. Variation of Resistivity with reciprocal operating temperature (K™
CONCLUSION

(I) Nanocrystalline MgF£, has been synthesized by self combustion route. Syimthesis route
may be used for the synthesis of other metal oxide.

(I) These nanoparticles with show good |-V ch&eastics with ideal semiconducting nature at
room temperature.

(1l1) Elemental analysis confirmed by using EDX. Enicrographs show the material is porous
in nature. TEM image shows grain size of the matevas 16-26 nm.
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