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ABSTRACT

This work provides a comprehensive study of the mesoporous Mg
(x)

Fe
(1-x)2

O
4
 nanoparticles synthesized via sol-gel

auto-combustion method. The main objective of the current research is to influence by increasing the concentration
of ferrite with magnesium in nanostructure Mg

(x)
Fe

(1-x)2
O

4
 (X= 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9) and carry

out the investigation with exposed to Liquid petroleum gas (LPG). The prepared Mg
(x)

Fe
(1-x)2

O
4
 samples were

characterized using XRD, Scanning electron microscope, UV-Visible spectroscopy, Particle Size Analyzer. The
nanostructured Mg

(x)
Fe

(1-x)2
O

4
 (x=0.1,0.5 and 0.9) films deposited by spin coating technique, has been studied for

sensing performance towards LPG at 500 ppm at different operating temperatures.
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1. INTRODUCTION

Spinal ferrites are having important electrical and magnetic properties. Nano ferrites materials offer more
sensitivity, selectivity and long- term stable sensor material. MgFe

2
O

4
 gas sensors have important parameters

such as phase formation, crystalline size, size of the particle and grain, surface area etc. Magnesium ferrite,
MgFe

2
O

4
 is regarded as an essential candidate of the spinel family. It has a cubic structure of the normal

spinel type and is a soft magnetic n-type semiconducting material, which finds a wide number of applications
in heterogeneous catalysis [1], gas sensors [2], transformers, Ferro fluids and magnet core of coils [3].
Among various materials used for sensing application, ferrite is used as a good class of sensing materials.

Liang-Dong Feng et al reported that Sr-doped SnO
2
 thick film sensors were prepared using screen-

printing technique and high sensitivity of 12.7 in the temperature range 210-3000 C for detection of 10ppm
concentration of LPG [4]. Sumanta Kumar Tripathy et al reported that Semiconducting tin oxide (SnO

2
)

thin film was synthesized on glass substrate by Sol-gel dip coating method. The thickness of the film was
is 645.98nm and grain size was 48.5nm. The sensitivity of the film was more for 50ppm of CO Gas
concentration at 2200C temperature and response time is 20s [5]. Chaugule V V et al used Bacillus subtilis
and nano crystalline MgFe

2
O

4 
which was synthesized by self-combustion route. Bacillus subtilis MgFe

2
O

4

thick bio-film has noticed highest response of 20s for 300ppm of CO
2 
gas concentration at 3700C temperature

[6]. Sachin Bangale et al reported that Escherichia coli–MgFe
2
O

4
 synthesis route employed in this study

may also be used for the synthesis of other bacterial cells and metal oxides respectively. A response of 30s
at 30ppm concentration of ammonia at 37°C was observed. The applied sensor showed rapid response and
fast recovery to ammonia gas. The sensor has good selectivity to ammonia compared to ethanol, acetone,
CO

2
 and LPG [7]. Sachin Bangale et al reported that Pseudomonas aeruginosa MgFe

2
O

4
 noticed highest
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response at 30ppm concentration of H
2
S at 3700 C temperature. Also, response time, recovery time was 17s,

55s respectively [8]. Sonali L. Darshane et al reported that Single-phase nanocrystallite (H”16 nm) spinel
zinc ferrite was obtained from the environment-friendly simple molten salt route at a relatively low processing
temperature and for a short duration. The sensor based on this material exhibits a marked selective response
time of 30s toward 200 ppm of H

2
S at 2500C [9]. P Samarasekara et al reported that the CO

2
 gas sensitivity

of the film synthesized at a substrate temperature of 130°C was measured to be 2.17 at 100°C. The gas
sensitivity at N

2
 has been investigated to study the cross-sensitivity. The response and recovery time of this

film were 5s and 10 min, respectively for CO
2
 [10].

P P Sahay et al reported that Al-doped zinc oxide thin films prepared by chemical spray pyrolysis
technique have been studied for LPG sensors. The 0.5 % of Al-doped ZnO film shows the maximum
response (<“89%) at 3250C to 1vol% LPG in air, whereas in the case of undoped ZnO, the response is
found to be about 40% at the same operating temperature and concentration of LPG in air [11]. G S Trivikrama
Rao et al reported that thick film ammonia gas sensor elements with and without dopants were prepared
and characterized. Among all of the devices tested, the Pd–ZnO exhibited good sensitivity and response
time to NH

3
 at room temperature. The gas sensitivities to 30 ppm of NH

3
 of ZnO (Pd), ZnO, ZnO (Fe) and

ZnO (Ru) were 60, 35, 25 and 10%, respectively [12].

Lalchand A. Patil et al reported that Pure ZnO thick films were observed to be less sensitive to NH
3
 gas

even at higher temperature. MnO
2
 modified ZnO sensors showed crucial response to NH

3
 gas at room

temperature. The sensor was highly selective to NH
3
 gas (50 ppm) against other toxic gases of higher

concentrations (1000 ppm). The sensor showed very rapid response time 10s and recovery time 50s to NH
3

gas [13]. D R Patil et al reported that Pure ZnO thick films were observed to be sensitive to NH
3
 gas but at

higher temperature. Cr
2
O

3
-activated ZnO sensors showed crucial response to NH

3
 gas at room temperature.

The sensor was highly selective to NH
3
 gas (300 ppm) against other toxic gases of higher concentrations

[14].

2. MATERIAL PREPARATION

2.1. Synthesis of Mg
x
Fe

(1-x)2
O

4
 nanoparticles

The Mg
(x)

Fe
(1-x)2

O
4
 powders were prepared by using sol gel auto combustion synthesis. The materials used

as precursors were Magnesium nitrate hexahydrate Mg(NO
3
)

2
.6H

2
O, Iron nitrate hexahydrate Fe(NO

3
)

2
6H

2
O

and glycine (Sigma Aldrich). All of them were of high purity (99.9 %,). Glycine possesses a high heat of
combustion. It is an organic fuel providing a platform for redox reactions during the course of combustion.
Magnesium nitrate and Iron nitrate were dissolved in separate 500ml Beaker with each 25ml of Distilled
Water and keep stirring for 20 min, after that add both chemicals slowly with Glycine and keep stirring for
30min. The accurate weight of each chemical taken for total Magnesium ferrite series Mg

(x)
Fe

(1-x)2
O

4

(X= 0.1 to 0.9). Then keep the beaker on hot plate and maintain 800C to 1000C to form thick gel. Later,
increase and maintain the temperature range of 1800C to 2000C. Slowly fumes & flames will be seen due to
the above procedure. The nanocrystalline Mg

(x)
Fe

(1-x)2
O

4
 powders were formed within a few minutes and it

was sintered at about 6500C for 4 hours. The color of each Magnesium Ferrite was different in the series of
Mg

(x)
Fe

(1-x)2
O

4
 (X= 0.1 to 0.9) [15]. The sintered Magnesium Ferrite samples were used for thin film coating

using Spin Coater.

2.2. Fabrication of thin film

Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1 to 0.9) thin films were deposited onto well cleaned silicon substrate using a conventional

spin coater system. Before coating, a gel kind of solution was prepared by adding of Hydroxyethyl cellulose
(HEC) 100mg to 5ml of methanol and 5ml of distilled water and stirred for 1hour at room temperature.
Later, this was mixed with 300mg of magnesium ferrite. This resulted in a viscous gel which was used for
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thin film coating at 3000 rpm in spin coater. Next, the thin films were dried and annealed in different
temperatures. The obtained film was then used for the sensing after adding silver contacts by dropping
technique.

3. RESULTS AND DISCUSSION

3.1. Characterization of Mg
(x)

Fe
(1-x)2

O
4
 nanoparticles

Figure 1 shows the XRD pattern of Mg
(x)

Fe
(1-x)2

O
4
 series prepared by sol-gel auto combustion with fuel to

oxidizer ratio of ø=1. It is observed that in Mg
(x)

Fe
(1-x)2

O
4
 series x=0.5 sample matches with JCPDS 71-

1232. The lattice parameters were obtained at a=b=c=0.83nm and cubic structure. Remaining samples
such as x= 0.1, 0.2, 0.3, 0.4, 0.6, 0.7, 0.8 and 0.9 did not match with JCPDS number due to its oxidizer
percentages in the respective samples. The Mg

(0.5)
Fe

(0.5)2
O

4
 (x=0.5) sample has equal ratio of Magnesium

and iron Percentages. X-ray diffracted peaks are corresponding to the planes (2 2 0), (3 1 1), (4 0 0), (4 2 2),
(5 1 1) and (4 4 0) observed at 30°, 35°, 43°, 54°, 57° and 62° respectively as shown in Figure1. The
average crystallite size was measured by Debye-Scherer’s equation as mentioned below,

Figure 1: XRD pattern of Mg
(x)

Fe
(1-x)2

O
4
 series prepared by sol-gel auto combustion with fuel to oxidizer ratio =1.

K
D

Cos

�
� �

� (1)

Where D is the average crystallite size of the particles, K is Debye Scherer’s constant (= 0.94), � is the
wavelength of the Cu K�- radiation (=0.154 nm), � is the full width half maximum (FWHM) of the peak
and � is the Bragg’s angle [16-20]. The crystalline size estimated using Scherer formula is in the range of
12-24 nm.

Figure 2 shows the SEM Images of various Magnesium Ferrite samples at x=0.1, 0.5 and 0.9. It is
observed that the Mg

(x)
Fe

(1-x)2
O

4
(x=0.1,0.5,0.9) nanoparticles showed remarkable change in the structure

with respect to porosity, grain size of sample. It has frothy and small holes within structure, which may be
due to escaping large number of gases during the combustion. The porosity in all cases is found to be
entirely intergranular and shows high porous structure in nature. It is observed that the porosity of the
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(a)

Figure 3: Reflectance spectra of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1to 0.9) nanoparticles

(b)

Figure 2: SEM Images of Magnesium Ferrite (a) Mg
0.5

Fe
(0.5)2

O
4
, (b) Mg

0.1
Fe

(0.9)2
O

4
, (c) Mg

0.9
Fe

(0.1)2
O

4
.

(c)



Sol-gel auto-combustion synthesis and LPG sensing performance 463

samples will increase when the magnesium percentage is increased (0.1 to 0.9) while decreasing the
percentage of ferrite (0.9 to 0.1). This can be observed from Figure 2. In the Mg

(0.5)
Fe

(0.5)2
O

4
 (x=0.5) sample,

the porosity observed was around 200 nm.

Figure 3 shows the Reflectance spectra of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1to 0.9) nanoparticles. The optical

properties of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1 to 0.9) are investigated by UV-visible absorption spectroscopy. The

reflectance spectra of pure and magnesium ferrite nanoparticles were analyzed in the spectral range of 300-
900 nm. It is clear that all the samples show optical properties in the visible region. In pure Mg

(x)
Fe

(1-x)2
O

4

(x=0.5) sample, the reflectance percentage decreases with equal ration of Mg-Fe percentage. But in the
case of remaining samples, Mg

(x)
Fe

(1-x)2
O

4
 (x=0.1, 0.2, 0.3, 0.4, 0.6, 0.7, 0.8 and 0.9) reflectance percentage

was almost equal. All the samples in the series showed two peaks around 338 nm and 833 nm wavelength.

Figure 4 shows the particle size analyzer histograms of Magnesium Ferrite Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1,0.5

and 0.9). It was observed from the particle size analyzer that the average particle size was obtained for
Mg

(x)
Fe

(1-x)2
O

4
 (x=0.1,0.5 and 0.9) as 34.7 nm, 38.2 nm, and 22.5 nm, respectively. From this result,

Mg
0.9

Fe
2(0.1)

O
4
 shows the least average particle size. Hence, these results were supported to XRD average

crystallite size.

(a)

(b)
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3.2. Performance of sensing for 500 ppm LPG

As discussed above, the sensing film was maintained at a temperature of 50 °C to 400 °C in a closed
chamber and was degassed using rotary pump. In order to create atmospheric pressure inside the chamber
synthetic air is admitted in to the chamber. The film resistance at the point of time is taken as base resistance
(R

air
). Consequently, when 500 ppm concentration of LPG is introduced in to the chamber, the chemisorption

process will takes place on the surface of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1,0.5 and 0.9) samples. This will increases the

resistance of the films. The change in the film resistance at saturation point is R
gas

. The factors effect
Resistance are operating temperature, sensing element, concentration of LPG, ohmic contacts etc. The
sensitivity was calculated using Equation 2,

Sensitivity = [(R
air

 – R
gas

)/ R
air

] (2)

Figure 4: Particle size Analyzer Histograms of Magnesium Ferrite
(a) Mg

0.1
Fe

(0.9)2
O

4
, (b) Mg

0.5
Fe

(0.5)2
O

4
 (c) Mg

0.9 
Fe

(0.1)2
O

4

(c)

(a)
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(b)

(c)

Figure 6: A comparative graph of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1,0.5 and 0.9) samples for sensitivity at 500 ppm LPG.

Figure 5: Sensitivity of Magnesium Ferrite (a) Mg
0.1

Fe
(0.9)2

O
4
, (b) Mg

0.5
Fe

(0.5)2
O

4,

(c) Mg
0.9

Fe
(0.1)2

O
4
 films for 500 ppm LPG at different temperature ranges.
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Figure 6 shows the comparative graph of Magnesium ferrite samples for sensitivity at 500ppm LPG. It
was observed that the sensitivity of Mg

(0.5)
Fe

(0.5)2
O

4
 was high compared to the remaining two samples. The

sensing response was calculated by measuring change in resistance. Using the Pico ammeter at fixed bias
voltage of 2V, it was observed that sensitivity is 0.6 for Mg

(0.5)
Fe

(0.5)2
O

4
 sample. It was high due to equal

percentage of Mg-Fe ratio compared to remaining two samples Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1 and 0.9).

4. CONCLUSION

In this work, nanoparticles of Mg
(x)

Fe
(1-x)2

O
4
 (x=0.1 to 0.9) are synthesized using sol–gel (auto combustion)

route with a view to understand the changes of properties in the Nano regime. Nanoparticles of Mg
(x)

Fe
(1-

x)2
O

4
 were observed to be in the form of mixed spinels. Structural, morphological and optical properties are

studied successfully by changing the concentration of the Mg-Fe percentage. This performance study on
the different concentration of Mg

(x)
Fe

(1-x)2
O

4
 (x=0.1, 0.5 and 0.9) will be helpful for the optimization of

various important parameters such as operating temperatures and sensitivity to LPG sensor.
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