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Abstract- Nanocrystalline Mg0.7Zn0.3Fe2O4 powder was prepared by using sol–gel method. The structure and the crystal phase of the
powder were examined by X-ray diffraction (XRD). The average crystallite size was found to be 30 nm from the XRD pattern.
Further investigations were carried by using Fourier Transform Infrared Spectroscopy (FT-IR). Size and shape were analyzed by a
transmission electron microscopy (TEM). Thick films based on nanocrystalline mixed oxide Mg0.7Zn0.3Fe2O4 were fabricated by
screen printing technique and characterized by using Scanning electron microscopy (SEM) with energy dispersion X-ray analysis
(EDX). Ammonia gas sensing characteristics of nanosized Mg0.7Zn0.3Fe2O4 based thick films were investigated. Sensor element based
on Nanosized Mg0.7Zn0.3Fe2O4 was observed to be highly sensitive towards 100 ppm ammonia gas at 2000C. The quick response and
fast recovery are the main features of this sensor element. The effect of microstructure and additive concentration on the gas
response, selectivity, response time and recovery time of the sensor element in the presence of ammonia gas were studied and
discussed.
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1. INTRODUCTION
Gas sensors have become an integral part of the modern civilization due to their key role in detecting, monitoring, and
controlling the hazardous/poisonous gases from the surrounding. Metal oxides based semiconductor gas sensors have been
widely investigated for their gas sensing properties. Like other metal oxides, zinc oxide, tin oxide and tungsten oxide have been
widely studied for their gas sensing applications. However, presently many other oxides have also been explored for the gas
sensing devices. Recently, few reports have appeared on the ferrites as gas sensors [1–8].
Ferrite compounds are very important materials due to their semiconducting and ferromagnetic properties. Recently
spinel ferrites have been found as perspective gas sensor materials at elevated temperatures [9-14]. However, the researchers are
still facing cross sensitivity toward non-targeted gases, high sensitivity to humidity, long term drift towards oxygen bulk
diffusion, and transformations of the crystal structure in polycrystalline materials, are the major ones [15-17]. Spinel ferrites,
MFe2O4 (M = Mg, Mn, Fe, Co, Ni, Zn, Cu, Cd, etc.) are a technologically important group of materials. Among different
ferrites, magnesium ferrite (MgFe2O4) enjoys a special attention because of its vast applications in high density recording
media, heterogeneous catalysis, adsorption, sensors and magnetic technologies. MgFe2O4 is a partially inverse spinel and its
degree of inversion is sensitive to the thermal history of the sample, microstructure and preparative parameters.
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There are several methods for synthesizing nanosized spinel ferrite particles. To prepare nanoferrites with simple
routes by using cheap, non-toxic and eco-friendly precursors are still the core issue, among other proven synthesis methods [18].
Among these methods, the nanoparticles prepared by sol-gel method have been studied, although this synthesis provides a quick
and easy way to prepare nanoparticle, it usually produces sample with large size distribution and less defined crystal chemistry.
These nanoparticle based sensors have number of advantages such as high sensitivity, selectivity, fast response and recovery,
which set them apart from the conventional gas sensors [2]. However, to our knowledge the ammonia gas-sensing
characteristics of Zn doped MgFe2O4 have been rarely reported in the open literature.
Herein, the purpose of this work is to prepare nanocrystalline Zn doped Mg spinel ferrite by a sol-gel method with a
low calcination temperature involving low cost metal nitrates as raw materials and study of their structural and gas sensing
properties.
II. EXPERIMENTAL
2.1. Material and Methods
Nanocrystalline Mg0.7Zn0.3Fe2O4 powder was prepared by the sol-gel technique. All chemicals were of analytical grade
and were used without further purification. The stoichiometric molar amounts of Ferric nitrate [Fe(NO3)3.9H2O], Magnesium
nitrate [Mg(NO3)2.6H2O], Zinc nitrate [Zn(NO3)2.6H2O] and Citric acid [C6H8O7.H2O] were weighed separately with a ratio
0.5M:0.25M:0.5M. All the reagents were mixed with distilled water and desired volume of mixture was prepared. Obtained
mixture was stirred and heated at required temperature for 3 h and followed by heating at 80oC, until the mixture changed into
gel formation. Then, the gel was dried in an electric oven at 100oC for 24 h. The obtained powder was then calcined in a muffle
furnace at 700oC for 2 h to improve the crystallinity of the prepared material. Finally, brown colour powder was obtained.
Taken solid phase sample was grinded in a mortar to make it powder for further analysis.
2.2. Materials Characterization
The phase confirmation was determined using X-ray diffractometer (Bruker, AXD D8-Discover using Cu Kα radiation
with an accelerating voltage 40 kV). FT-IR image was recorded using 3000 Hyperion Microscope with Vertex 80 (Bruker,
Germany) to provide information about the structural coordination in the powder sample. The TEM image was recorded using
CM 200 (Philips) with an accelerating voltage of 20-200 kV.
2.3. Fabrication of sensor element and measurement of gas-sensing properties
Appropriate quantity of mixture of organic solvents such as butyl cellulose, butyl carbitol acetate and turpineol was
added to the mixture of Mg0.7Zn0.3Fe2O4 and a solution of ethyl cellulose (a temporary binder). The mixture was then ground to
form paste. The obtained paste was screen printed onto a glass substrate in desired patterns. Prepared thick films were fired at
500°C for 1 h. Surface morphology of thick film was observed by using Scanning Electron Microscope (JSM-7600F
microscope) with an accelerating voltage of 0.1 to 30 kV.
III. RESULTS AND DISCUSSION
3.1. XRD analysis
Fig. 1 depicts the XRD pattern of nanocrystalline Mg0.7Zn0.3Fe2O4 powder prepared by sol-gel method. XRD pattern
shows the spinel structure in accordance with JCPDS card. Main characteristic peaks were found at 2θ values = 29.90o, 35.21o,
56.58o, 62.14o and 73.48o which were identified as corresponding to Miller index (220), (311), (400), (511) and (440)
respectively (JCPDS card no. 73-2211). The XRD peaks and their positions with the calculated lattice parameter confirmed that
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all the compositions exhibit single-phase cubic spinel structure with Fd3m space group. No peaks from other phases
are detected, indicating high purity of the products.
The average crystallite size (D) was calculated from XRD peaks broadening using the Debye-Scherrer approximation,
which is defined as D = K/βcosθ ; where D is the average crystallite size, k is a constant equal to 0.9,  is the X-ray
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wavelength and β is the peak full width at half maximum (FWHM) and θ is the angle of diffraction.
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Fig. 1: XRD pattern of Mg0.7Zn0.3Fe2O4 calcined at 700oC.

However, the lattice constant of as-synthesized ferrite powder was a= 8.421A˚. A similar linear variation of lattice
constant with Zn content has been observed by El-Sayed [19] and Kakatkar et al. [20] for M–Zn ferrites with M = Ni, Co, Cu,
Mg. The average crystallite size was determined from the XRD pattern using Debye–Scherrer formula and was found to be 30
nm.
3.2. FT-IR analysis
FT-IR spectra of Mg0.7Zn0.3Fe2O4 nanoparticle are presented in Fig. 2. Vibrations of ions in the crystal lattice are
usually observed in the range of 4000 - 400 cm-1 in IR analysis. Two main broad metal-oxygen bands are seen in the IR spectra
relative to spinel ferrite compounds. The highest one observed in the range 560 cm-1, corresponds to intrinsic stretching
vibrations of the metal at the tetrahedral site, whereas the lowest band usually observed in the range 432 cm -1, is assigned to
octahedral-metal stretching. The Mg2+ ions occupy mainly the octahedral sites but fraction of these ions may be migrated into
tetrahedral sites. This would explain the existence of a weak shoulder in the range of 690 –710 cm-1.This confirms that the Mg
ferrite has a partially inverse spinel structure.
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Fig. 2: FT-IR spectra of nanosized Mg0.7Zn0.3Fe2O4.

3.3. SEM analysis
SEM technique was employed for finding morphology of the thick film. Fig. 3 shows SEM image of the
nanocrystalline spinel Mg0.7Zn0.3Fe2O4. The SEM technique was employed for finding morphology of the powder; it shows
formation of the agglomerated particle having size ~ 125 nm. SEM pictures show that the samples exhibit large grains structure
having regular morphology (polygons) with the presence of soft agglomerations.

Fig. 3: SEM image of nanosized Mg0.7Zn0.3Fe2O4.
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3.4. Energy dispersion X-ray analysis
The elemental composition of synthesized Mg0.7Zn0.3Fe2O4 nanoparticle has been investigated by the energy dispersion
X-ray analysis (EDX). Fig. 4 shows EDX patterns of the nanosized spinel Mg 0.7Zn0.3Fe2O4. From the EDX spectrum, the
presence of Mg, Zn, Fe and O has been confirmed and EDX results reveal almost the same ratio of Mg/Zn/Fe for the
synthesized nanoparticle as they were actually added during synthesis process. Hence, confirms the purity of nanocrystalline
Mg0.7Zn0.3Fe2O4.

Fig. 4: EDX spectrum for nanosized Mg0.7Zn0.3Fe2O4.

3.5. Gas sensing properties
To investigate gas-sensing properties, nanocrystalline Mg0.7Zn0.3Fe2O4 powder was made in the form of thick films.
The prepared films were then subjected for studying their sensitivity and selectivity at the different controlled temperatures
towards various gases in the dynamic setup
Selectivity is another important parameter of gas sensor. The Gas Response (S) against various reducing gases is
shown in Fig. 5. The bar graph shows that this material is highly selective towards ammonia as compared with the other
reducing test gases. On the bar graph, the time required for sensing of each gas with their 100 ppm concentration is mentioned.
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Fig. 5: Response of nanocrystalline Mg0.7Zn0.3Fe2O4 towards 100 ppm of various gases at 200oC.
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All the gases such as hydrogen, LPG, hydrogen sulphide, CO 2, Cl2 and ethanol vapors show response (S) below 5 while
ammonia shows 23.26, moreover it requires remarkably less time for sensing as compared with other reducing gases. So,
Mg0.7Zn0.3Fe2O4 can be potential candidate for selective detection of 100 ppm ammonia at 200oC.
Fig. 6 shows response (S) towards ammonia at various operating temperatures which indicates 200 oC as the optimum
temperature for the gas response. The sensor response to target gas depends on different parameters such as crystallite size,
thickness, oxygen adsorption, charge mobility, lattice defects, surface state, porosity, etc.
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Fig. 6: Response of nanosized Mg0.7Zn0.3Fe2O4 towards ammonia at the different operating temperatures.

The detailed mechanism of different gases inducing the different resistance change observed is not completely
understood at present. The structural features of the nanoscale ferrite complicate the sensing activities, as it involves size,
crystallite shape, phase composition, mixed valence and its surface architecture. In the gas sensing mechanism adsorbed O - and
O2- species play important role which in turn depends upon the temperature and oxidation states of the surface ions. The
selectivity shown by nanocrystalline Mg0.7Zn0.3Fe2O4 towards ammonia in comparison with LPG can be attributed to the higher
electron affinity of ammonia towards the acidic ferrite surface. At the same time presence magnesium on the surface also
increases the acidity therefore may hinder affinity towards LPG and thereby reduce the LPG sensitivity.
In Fig. 7 response towards higher concentrations of ammonia is shown, which indicates that Mg 0.7Zn0.3Fe2O4 responses
as low as 20 ppm of ammonia and the response increases linearly with its concentration. The linear relationship between the
response and ammonia concentrations suggests that the sensor response exhibits a good dependence on the ammonia
concentration.
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Fig. 7: Response towards various concentrations (ppm) of ammonia.

Fig. 8 shows ammonia response and recovery (as the change in resistance) with reference to time.
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Fig. 8: Response and recovery characteristics of Mg0.7Zn0.3Fe2O4 to 100 ppm ammonia.

The nanosized Mg0.7Zn0.3Fe2O4 senses 100 ppm of ammonia with response characteristic was good, the resistance of
the sensor obviously increased, and the response time was quick and the recovery time was fast. Fast response characteristics
may be attributed to the fast interaction of gas molecules with the sensor surface.
In order to study the stability of sensor element, sensor response of Mg0.7Zn0.3Fe2O4 to 100 ppm NH3 was measured by
repeating the tests up to the period of 30 days at the time interval of 5 days from initial measurement. The result indicates that
Mg0.7Zn0.3Fe2O4 based thick film sensor element possesses a very good stability.
IV. CONCLUSIONS
Nanopowder of Mg0.7Zn0.3Fe2O4 was synthesized using less expensive, environment-friendly and low temperature solgel route using citric acid as anionic surfactant occurring at a temperature 700oC. XRD pattern reveals that the synthesized
ferrite consists of nanocrystalline particle with average crystallite size 30 nm. SEM analysis validated the structure of final

Volume XII, Issue IV, April/2020

Page No:560

The International journal of analytical and experimental modal analysis

ISSN NO:0886-9367

powder with the grain size ~ 125 nm. The nearly cubical shaped morphology with the isolated nanoparticles shows potential of
this simple method. The sensor based on the pure Mg0.7Zn0.3Fe2O4 nanomaterial demonstrated selective response towards 100
ppm of ammonia at 200oC with a response time of few seconds and good reproducibility. On account of good characteristics
mentioned above, nanocrystalline Mg0.7Zn0.3Fe2O4 is a promising material for detection of ammonia.
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