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Abstract: This report aimed to know the performance of local mineral-based composite ceramic. The materials
used consist of Indonesian local minerals, which are jarosite and manganite minerals as sources of oxide iron
and Mangan. The materials were synthesized using the precipitation method, whereas composite ceramic was
fabricated using a screen printing method and fired at 600 °C using a furnace. The results of the
characterizations indicate that the sample forms three phases on diffraction peaks. The differences in the
resistance values in ambient and ethanol environments indicate that the sample has very different responses.
The high porosity of the sample greatly support the gas adsorption process. Thus, the sample has a high level
of sensitivity. With the above characteristics, the composite ceramic which was fabricated has the potential to
be applied to gas sensors, especially ethanol gas sensors.
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1. Introduction

Metal Oxide Semiconductor (MOS) has interesting characteristics in terms of optical, electrical,
and magnetic characteristics. These interesting characteristics are due to its band-gap values which
can easily be set. Thus, the MOS currently intrigues many researchers. In its utilization, the MOS is
often used for gas sensor [1-3], photocatalyst [4], photoluminescence [5], nanofluids [6],
temperature/ humidity sensor [7], battery [8], and magnetic applications [9].

Fe2Os-based MOS contains various minerals that are abundant in Indonesia, such as hematite,
jarosite, magnetite, manganite, and ilmenite. Fe20s can be obtained from jarosite minerals [10]. The
use of the Fe2Os semiconductor for ethanol gas detection was discussed in our previous work. We
used jarosite mineral as a source of FexOs because it has many advantages. Our previous works
showed that the samples have a lower operating temperature [11] than the common MOS(~200 °C)
[12] and high sensitivity [13]. It is a promising material to be developed and will have a high value
economically.

The synthesis of gas detection materials is greatly variable. The researcher conducted a different
method to improve the gas sensor performance such as the response of the gas sensor, selectivity,
stability, and working temperatures. A method usually used to synthesize such as the Template-free
hydrothermal method [14], Solvothermal [15], Hummers [16], Facile multi-step reaction [17],
chemical solution [18], combination co-precipitation and Microwave irradiation [19], simple soak
drying [20], the precipitation method [21]. Therefore, the choice of the sensor material synthesis
method with low cost and easy is technically advantageous.

Gas sensor performance neither affected by the synthesis method but also calcination
temperature. The calcination temperature affects the crystallinity of the materials. With increasing
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the calcination temperature, the crystallinity is higher and so good to form the great defects that can
enhance response [22]. However, the calcination temperature is too higher, it should be prevented
due to agglomeration of the gas sensor materials. Where agglomeration affecting to increase crystal
size and reduce the surface area which causes reduce the response of the sensor [23]. The calcination
temperature resulted in different working temperatures. There is a correlation non-linear between
calcination and the working temperature of the sensor. Because they are affected by the synthesis
route of the sensing materials like mentioned above. For example, refer to [22], at 700 °C calcination
temperature, the working temperature of the gas sensor is at 200 °C. It is lower than the calcination
temperature of 500 and 900 ©C. Refer to [22], 600 OC calcination temperature has a little higher
working temperature than 400 °C and lower than 800 ©C. Therefore, based on the references above
that a calcination temperature matched for gas sensor performance is between 600 and 700 °C.

Indeed, MOS-based gas sensors have many advantages, such as high sensitivity, fast response,
and recovery. However, they generally operate at high temperature between 200-500 oC [12], which
causes high energy consumption, limit applications, and have an impact on practical usage. They
affect to decrease the stability and age of the gas sensor [24]. So the gas sensor performance with high
sensitivity and the low working temperature is being carried out.

In this research, a sensor was fabricated based on composite from Fe:0s and Mn20s materials
(local mineral base), and ZnO by using a screen-printing method. Meanwhile, the synthesis of
mixture materials was done by precipitation method that is very effective to obtain composite
structure materials. The Mn20s-Fe203-ZnO composite was expected to improve sensor parameters
which are still considered weak in the previous research and to complete the minimum parameter.
Thereby, an ethanol gas sensor of local mineral composite-based that is eligible to be manufactured
commercially can be obtained.

2. Materials and Methods

Preparations of Composite Powdersby Precipitation

Mn203-ZnO-Fe:03(MZF) composite powders were synthesized employing precipitation
method. The materials used to synthesize the powders consist of Indonesia local minerals which are
jarosite and manganite minerals as the sources of oxide iron and Mangan respectively, and oxide zinc
coming from market (Merck). Jarosite and Manganite were firstly extracted to obtain the Fe2Os and
Mn20s powders. The extraction of those powders was conducted by precipitation method. The mass
ratios of the three materials were 50% : 40% : 10% for Fe2Os, ZnO, and Mn20s respectively. Each
material was mixed with 5M HCl by using a stirrer at 80 °C until they were homogeneous. The three
solvents were then mixed until they were homogenous. The step-by-step of mixture is as follow.
Firstly, the ZnCl2 solution was mixed into the FeCls solution, and then the MnCls solution was added
into the solution that had previously been mixed. After that, the mixture was precipitated with
NH4OH until the pH level of the solvent was about 8.91. Its residue was filtered and then dried at 110
°C. Later on, it was calcined at 800 °C for three hours using a furnace. Calcination having been
conducted was aimed to remove water content in the residue and to complete chemical reaction
processes. Finally, the sample was then pounded to obtain the MZF composite powders (see Figure
1).

Fabrication of MZF composite film and characterization of electrical properties and structure
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Fe,0;+ HCl ~ MN,0; + HCl Zn0 + HCl T=800-C
t =3 hours

T=110-C
t =23 hours

Figure 1. The Mechanism of the MZF powders synthesis.

The screen-printing method was employed to fabricate the MZF composite. This method was
simple and very easy to perform. The tools used could easily be obtained at a low cost. The tools for
screen printing consist of a screen that is previously given checkered pattern and squeezy that
functions to sweep paste on to the substrate.

Before alumina substrate was coated using paste, some paste was created by mixing the MZF
powder with Organic Vehicle (OV). The mixture was stirred manually until it took a form of paste.
The %wt ratios of powder and OV were 70%:30%. The MZF paste was coated on to substrate that had
previously been coated with silver electrode. Later, the sample was fired at a temperature of 600 °C
for two hours by using a furnace. Finally, the MZF composite film was obtained (see the mechanism
of fabrication image in Figure 2).

The MZF composite film was examined to recognize its characteristics. The electrical
characteristic was examined using gas sensing performance analyzer. The equipment works based
on resistance function R (Q2) to a working temperature T (°C). The data obtained were then processed
to get %response to ethanol gas in different concentrations, optimum working temperature, and its
behavior when the sample was added with different concentrations of ethanol (ppm).
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Figure 2. The mechanism of fabrication and characterization of MZF composite.

The sample was then examined using X-Ray Diffractometer Philips PW 1710 BASED to find out
its crystal structure. The X-ray of Cu with wave length of 1.54060 A was used to take the XRD pattern
at 25 oC temperature. The XRD data was analyzed with a software of X'Pert Highscore plus version
4.6a. To find out morphological structure, the sample was examined using Scanning Electron
Microscope JEOL JSM-6360LA. The SEM data was analyzed by using an Image-] software.
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3. Results and Discussion

3.1. Sensing Behavior as an Indicator for Gas Sensor

Electrical characteristics of the MZF composite had been tested in air and ethanol gas (100, 200,
and 300 ppm) environments. The characteristics of the sample can be seen in Figure 3a which shows
the sample operating in the temperature range of 210-365 °C. On the other hand, decrease in resistance
value happens on every 5 °C increasing temperature. The more increasing the temperature, the more
decreasing the resistance value will be. This characteristic shows the properties of semiconductor
materials in which their conductivity increases together with their increasing the temperature.

Differences on resistance values at different ethanol concentration show that the sample gives a
different response. In the range 210-255 °C operating temperature, the sample was still unstable to
detect the ethanol gases. So, the electrical resistance value had a random trend. However, when the
sample above 255 °C operating temperature, the sample had a higher resistance than that of not given
ethanol gas (Figure 3a)). This is caused by electrons excited from valence band to conduction band.
Then, they recombine with holes. The detailed description above shows that the composite ceramic
materials which have been fabricated are the P-type semiconductor [21-25]:

O2i) = Oz(aas) @
Ozads) + € = Ozaas) (2)
Oz(aas) + €7 = 207 (arp 3)
C,HsOHg) + 6053.[.[) - 2C0, + 3H,0 + 6e~ 4

The gas sensing mechanism of MZF can be represented by Equations (1), (2), (3), and (4). In an
ambient condition, the oxygen is absorbed by the surface of the sensing layer (Eq. 1). When it is in
the working temperature condition, the oxygen will react with free-electrons to form oxygen ion (Eq.
2). Then, the oxygen ion reacts with the MZF lattice (Eq. 3). This situation results in certain potential
barrier which is called prior condition. Later on, ethanol is injected into that environment causing
reaction between ethanol gas molecules and oxygen ion molecules in the MZF lattice. This makes the
electrons recombine with lattice holes (Eq. 4), so that a new potential barrier which is denser than the
previous one and is called final condition (resistance value is higher) is formed [26]. These prior and
final resistances indicate the responses of the sensor: the higher difference in the resistance value
between those conditions, their response and selectivity will be higher In addition, the resistance
values can also be represented by the %response function of the sensor to working temperature. This
is often called sensor sensitivity. Sensor sensitivity is shown in Figure 3b). At different concentrations,
the sample has also different optimum working temperature. In the range of 310-355 °C, the sensor
does not show its selectivity, it causes the sensor response is still random. It is assumed that the
surface of MZF film is not even, so the electron transfer (ET) is unstable for resulting the current.

The best working performance of the sample is at 360 °C. At that temperature, the sample shows
significant sensing behavior, in which its responses are approximately 42.25% (100 ppm), 47.21% (200
ppm), and 48.24% (300 ppm), respectively (see Figure 4). This operating temperature is lower another
work of Fe-based gas sensor [27]. The working temperature is affected by the thickness of the sample
[28,29], which is shown in Figure 6b). A thinner layer will widen depletion area and affect narrower
area of electron mobility among the grains (Schottky contacts is higher). This phenomenon results in
an enhancing sensitivity to target gas, but it also generates an increasing working temperature that is
very avoided.

do0i:10.20944/preprints202301.0295.v1
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Figure 3. Electrical characteristic as a gas sensor: (a) in various ethanol concentrations, (b)
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Figure 3. Relationship between %response and variation of ethanol concentrations at optimum
temperature

On the contrary, the sample layer which is thicker will decrease sensitivity and working
temperature. This is caused by the massive mobility of the electrons since the layer of electron
mobility is under the surface of the sample. It clearly shows that Schottky contact is lower [30,31].

The difference in the sensitivity of the composite ceramic to ethanol gas indicates that the sample
is able to distinguish different ethanol gas concentrations. Even though the precursor sources are
different with another research, the fabricated MZF composite has a compete performance compared
with the use of high purity precursors of Fe-based [18,27]. Otherwise, even this work had a lower
sensitivity than our previous work [32], this because difference of treatment on the temperature of
firing the film. We assumed that the temperature of firing in this work has not created the
homogenous crystal. So that, the distance between grain is various which cause the operating
temperature is high as we can see in the Figure 3b). This shows that the MZF composite which is
fabricated using local minerals of Indonesia has also good responses and is suitable to be utilized as
an ethanol gas sensor device.

Crystal and morphological structures

The scanning angle of 20 was used from 5 to 100°. The XRD pattern of the sample was shown in
Figure 5. The XRD patterns match with the database of ICDD (International Center for Diffraction Data)
or COD (Crystallography Open Database). The ICDD No. 96-200-9104 (No. 2009103 in COD database)
matches with the FeisMn2s8Zn52032 (*) at the position of 35.17, 56.51, and 62.05°[33]. The ICDD No. 96-
900-6897 (No. 9006896 in COD database) matches with the ZnsFe1sO3 (#) at the position of 30.21 and
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43.25°[34]. The ICDD No. 96-900-0140 (No. 9000139 in COD database) matches with the Fe1201s (®) at
the diffraction peak positions of 24.13, 33.112, 40.83, 49.42, 54.00, 63.96, and 71.82° [35]. These patterns
look like the XRD results of [36] which employed different source of Fe.

The addition of Mn20s into ZnO-Fe20s causes changing in the type of the semiconductor
material. The semiconductor of ZnO-Fe20s has N-type [18,19]. When the Mn20s is added, the type of
the semiconductor material changes into P-type. This happens as Zn? in ZnFe:0sis substituted by
Mn3, where the numbers of Mn3* holes are more than the numbers of electrons from Zn?*, so that the
materials of the Mn20s-ZnO-Fe20s excess the holes. This scheme deals with as reported by [37,38]
that they used P-type semiconductor from BixSb2«xTesas a source.

The three phases of the crystallite indicate that the sample is a composite which has sizes of 27.7
nm (*), 25 nm (¢), and 58.9 nm (*). The three phases are formed due to pH value in the precipitation
step of the material synthesis process. The pH value of the residue is about 8.91 which indicates that
it is still difficult to form singular phase. The structure of the singular MZF material may be able to
be formed if the pH value is about 12.5 [39].
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Figure 4. XRD patterns of composite ceramics.
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Figure 5. Morphological structure of the MZF composite: (a) surface, (b) section area.

Surface morphology of the MZF composite is shown in Figure 6a). There are a lot of small-sized
grains which form like granola all around the surface. The average size of the grains is 496.31 nm. In
addition, the surface morphologAy has a high porosity which is approximately ~172.134,1 um?. The
thickness of the MZF composite is about 2.51 pum. The thickness morphology of the composite ceramic
is shown in Figure 6b at section part. In gas sensing, the porosity and thickness are two parameters
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that are able to foster increasing sensitivity to gas. The small grain-size supports the electron
transport, so that the electrons can be excited easily and facilitated well, and the sensor will sense the
target gas quickly [40]. Nevertheless, the surface morphology is nonhomogeneous, so the transfer
electron is unstable which affects to unstable of the sensor response. This means that the small size
of the particle only is not enough, but we need the uniform surface to determine good response of
gas sensing.

4. Conclusions

The results of the characterizations indicate that the sample which was fabricated had three
phases on diffraction peaks as called a ceramic composite. The differences of the resistance values in
ambient and ethanol conditions indicate that the sample has very different responses in both
environments. The high porosity of the sample greatly supports the gas adsorption process. So, the
sample can be used for purpose ethanol detection. Limit detection of ethanol concentration need to
explore in the next research to know the minimum and maximum of concentration of ethanol can be
detected. Nevertheless, the responses can compete with other gas sensors. In the future work, we
recommend optimizing the firing temperature of the sensing layer due to this is very important to
make homogeneity of the crystal growth that will make the good surface and enhance the sensitivity
and selectivity of the gas sensor.
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