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ABSTRACT:

In this study, zinc ferrite nanoparticles with a diameter of less than 50 nm were synthesized. Using XRD (X-ray
Diffraction), Scanning Electron Microscope (SEM) and Transmission Electron Microscope (TEM) the morphology
and structure of this ferrite was investigated. The formation of spinel phase in Zn-Mn ferrite was shown by X-ray
analysis. SEM photograph has shown spherical shape of nanoparticles and the dimensions of the samples were
confirmed by Transmission Electron Microscope (TEM) at the nanoscale. Using the Debye-Scherrer formula, the size
of Mn ferrite nanoparticle crystals was calculated to be about 13 nm. To check the properties related to the sensitivity
of this ferrite, a fully insulated Plexiglass box was used and placed in it. By injecting 1 mL of liquid and vapor it, we
will have 200 ppm concentration of each sample in this box. Then the injected vapored sample in this box is exposed
to the ferrite. After this step, the conductivity of the ferrite in a closed circuit was changed. By changing the sample
type, amount of this conductivity was varied. Five gases were tested in this project: ethanol, dimethyl formamid,
carbon tetrachloride, acetonitrile and acetone. Among these samples the carbon tetrachloride had the best sensitivity
performance. Finally, the sensor equation for carbon tetrachloride was extracted by applying different concentrations
of it from 20 to 200 ppm.

KEYWORDS: Carbon Tetrachloride Sensor, Ferrite, Gas Sensor, Manganese Zinc Ferrite Nanoparticle, Sensitivity,
X-ray Diffraction.

1. INTRODUCTION much faster for specific gas detection applications [15-
Nanoscale metal oxide sensors show good 20].

sensitivity and selectivity in detecting gases [1-7].
Therefore, by using different metal oxides, we will
have a wide range of materials for this purpose.
Nanostructured materials offer new ways to improve
and enhance the properties and efficiency of gas
sensors due to their much higher surface materials
compared to micro and macro grained materials [8-14].
Hence, due to the increased sensitivity of
nanostructured sensors, these types of sensors respond

Paper type: Research paper
DOI: https:// 10.30486/mjee.2022.696509

Previous studies regarding the use of manganese
and zinc ferrite as gas sensor materials include ZnO to
LPG [21], manganese zinc ferrite nano particles to
ethanol [22], zinc copper ferrite nanocomposites to
LPG and CO2 [23], zinc copper ferrite nanoparticles to
LPG [24], ZnO to formaldehyde [25] and manganese
nickel ferrite nanoparticles to humidity [26].

Nano ferrites are synthesized in various methods
[27-34], but in this study we applied an effective
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co-precipitation method.

Nano sized manganese zinc ferrites are found to
exhibit interesting gas sensing properties. These nano
particles are responded to different gases Such as
ethanol, dimethyl formamid, carbon tetrachloride,
acetonitrile and acetone. Among these gases, carbon
tetrachloride shows the best full response at all
examining temperatures.

2. EXPERIMENTAL
2.1. MnosZnosFe204 nanoparticles Synthesis

At first, zinc chloride, manganese chloride and
ferric chloride solutions, by the molar ratio of 1:1:4
were dissolved in double-distilled water. The zinc
chloride and manganese chloride solutions were slowly
added dropwise to ferric chloride solution for 10
minutes. After that, 8M saturated NaOH solution was
added until the pH of the solution reached 12.
Manganese zinc ferrite nanoparticles began to
precipitate in the solution and the resulting mixture was
stirred for 30 minutes by a magnetic stirring device.
After stirring, the resulting mixture was filtered through
a soft filter and the obtained powder was washed
several times with distilled water, and each time the
conductivity of the washing solution was measured
until its conductivity reached less than 50uS/Cm. Then
the powder was dried at 100 degrees Celsius. After this
step, the sample was heated for 3 hours at a
temperature of 500 degrees Celsius in the furnace.

0.5MnCl,+0.5ZnCl,+2FeCl; +8NaOH >
Mng.sZnosFe,04 + 8NaCl + 4H,0 Q)

X-ray diffraction (XRD) patterns on Bruker D8
Advance X-ray diffractometer with Cu Ka anode
(A=0.1542 nm), SEM (scanning electron microscope)
and TEM (transmission electron microscope) were used
to analyze the particle size distribution.

Scherer's equation was used to calculate the
structural coherence length:

D=0.9A/p Coso )

In this equation, D is the crystal size in nanometers,
A is the wavelength of Cu-Koa and is equal to 0.154 nm,
B is the half width of the peak in radians (instrumental
line width subtracted) and 6 is the corresponding
diffraction angle.

2.2. Interface Preparation

Similar to Fig. 1 to prepare the sensor tablet and
interface parts, first, two copper conductor wires with a
thickness of 0.2 mm were placed on the mica
insulation surface with a diameter of 1.4 cm in a E
shape. Then, 0.2 grams of MngsZngsFe.04 nano-
powder ferrite, which has been calcined at 500 degrees
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Celsius, was pressed on the insulation surface with a
manual press for 30 minutes. Pressing was done at a
pressure of 600 kg/m2.

In Fig. 2, schematic cross section of applied
interface from two, right side and left side view is
presented. The output copper wires were connected to a
resistant circuit.

Fig. 1. Schematic figure of applied interface.

-

Fig. 2. Schematic cross section of applied interface
from two (A), right side and (B), left side view.

3. RESULTS AND DISCUSSION
3.1. Particle Size Determination

XRD  patterns of  MngsZngsFe.04  ferrite
nanoparticles are shown in Fig. 3. As can be seen in the
figure, all the samples are single phase and have spinel-
ferrite structure. In addition, the average particle size
determined by the Debye-Scherer formula is 13nm.
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Fig. 3. XRD pattern of the MngsZngsFe204 nano
particles.
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The grain size and surface morphology of the
material were obtained by scanning electron
microscopy. The SEM image of MngsZngsFe;0s ferrite
nanoparticles is shown in Fig. 4. Based on this picture,
the size of nanoparticles is 18x19x25 nm.

It is evident from this figure that the particles of
MnosZnosFe;0s4  nanoparticles have a random
orientation. However, the packed structure with pores
is observed in it. The observed pores are responsible for
absorbing the target gas. The clustering of particles in
the shape is continuously reduced and therefore the
porosity increases and the grain size is reduced, which
was confirmed by XRD analysis.

Fig. 4. SEM image of MngsZngsFe2O4 nano particles.

The TEM photo of MngsZngsFe,Os sample is
shown in Fig. 5. As can be seen, the size distribution is
almost in the entire photograph, which means that the
synthesis method is suitable. In addition, the size of the
particles in this photo was determined below 20 nm.
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Fig. 5. TEM image of the Mno sZngsFe.O4 powder after
3 hours heating at 500°C.
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3.2. Gas Sensor Process

In this sensor, the resistance changes when exposed
to different gases, and also the amplitude of resistant
changes in the defferent gas concentration. The
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diagram of variation of the sensor sensitivity against
different gases for different temperatures of the sensor
substrate is shown in Fig. 6.
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Fig. 6. Diagram of sensor sensitivity in different
substrate temperatures (exposed with 5 different
gases).

4. CONCLUSION

The MngsZnosFe,04 was synthesized by simple co-
precipitation method. The nano particle sizes were
determined a few nanometers (less than 20 nm). This
size was confidence by XRD and TEM studies. In XRD
pattern according Debye-Scherrer's equation, the mean
particle size is 13 nm. The TEM image confirms the
manganese zinc ferrite nanoscale formation on glass
surface.

A sensor interface was prepared to check the
sensitivity. This interface was exposed to five gases,
ethanol, dimethylformamide, carbon tetrachloride,
acetonitrile and acetone. The best response was
obtained for carbon tetrachloride. Finally, the sensor
equation for carbon tetrachloride in the concentration
range between 20-200 ppm was derived.
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