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Abstract. In this research, Mn and Fe-based ceramic gas sensing were fabricated and 

characterized. This research used natural mineral which is widely available in Indonesia and 

intended to observe the characteristics of Mn and Fe-based semiconducting material.  

Fabricating process of the thick films started by synthesizing the ceramic powder of Fe(OH)3 

and Mn oxide material using the precipitation method. The deposition from precipitation 

method previously was calcined at a temperature of 800 oC to produce nanoparticle powder. 

Nanoparticle powder that contains Mn and Fe oxide was mixed with an organic vehicle (OV) 

to produce a paste. Then, the paste was layered on the alumina substrate by using the screen 

printing method. XRD method was utilized to characterize the thick film crystal structure that 

has been produced. XRD spectra showed that the ceramic layer was formed from the solid 

Mn0.5Fe1.5O3 (bixbyite) and Fe2O3. In addition, the electrical properties (resistance) 

examination was held in the room that contains air and ethanol to determine the sensor 

sensitivity of ethanol gas. The sensor resistance decreases as the ethanol gas was added, 

showing that the sensor was sensitive to ethanol gas and an n-type semiconductor. Gas sensor 

exhibit sensitive characterization of ethanol gas on the concentration of (100 to 300) ppm at a 

temperature of (150 to 200) oC. This showed that the Mn0.5Fe1.5O3-Fe2O3 ceramic 

semiconductor could be utilized as the ethanol gas detector. 

Keywords. Bixbyite, gas sensor, jarosite minerals, nanoparticle, semiconductor ceramic, XRD.  

1.  Introduction 

Jarosite mineral is one of the minerals that widely available in Indonesia. Jarosite mineral that contains 

Fe2O3, can be used as the main component of oxide ceramic-based semiconductor manufacturing. 

Several studies have been conducted to utilize the Fe2O3 in Jarosite mineral, including in fabrication of 

CuFe2O4 ceramics [1, 2], Fe2O3- NiO [3], Fe2TiO5 [4] and Fe2TiO5/Nb2O5 [5]. The gas sensor is an 

example of metal oxide ceramic application, especially on detection of flammable gases and 

hydrocarbons [6, 7]. Nowadays, alcohol gas sensor is one of the most popular necessaries. Alcohol gas 

sensor can be applied to detect the alcohol vapor on human’s breath, foods, beverages, or alcohol 

vapor in the air. The oxide ceramic-based semiconductor material is sensitive to certain gases. MnO2 is 

http://creativecommons.org/licenses/by/3.0
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a useful dopant because of the multivalency characteristic of Mn ion [8] and can improve the sensor 

quality with the thermistor constant value [4]. In the present study, Fe2O3 ceramic is suitable for 

alcohol sensor application [9]. However, the sensing performance of the sensor has not been qualified 

for sensitivity, operating temperature and response rates. The doping technique is one way that could 

develop the sensor performance as a function of Mn dopant to qualify insensitivity, sensor operating 

temperature and response rates. Furthermore, Mn addition could produce the bixbyite solid solution 

that contains different particle size than Fe2O3 phase in composite [10–12].  

2.  Materials and methods 

2.1.  Synthesis of Fe(OH)3 

Fe(OH)3 was synthesized by precipitation methods using Jarosite minerals from PD Kerta 

Pertambangan as precursors. An amount of 20 g Jarosite minerals was dissolved in HCl solution and 

precipitated using NH4OH solution that was slowly dropped until the pH value 10. The solution was 

filtered to separate the precipitate. It was heated in an oven at 110 oC for 31 h. Finally, it was crushed 

to get nanopowder. 

2.2.  Fabrication of Semiconductor Ceramic Mn0.5Fe1.5O3-Fe2O3  

Ceramic powder for producing Mn and Fe oxide-based sensors was synthesized using Fe2O3 derived 

from Jarosite mineral. Fe(OH)3 powder (1.391753 g) was dissolved in 30 mL distilled water and MnO 

powder from Aldrich with purity of 99 % (0.922777 g) was dissolved in 20 mL HCl and both were 

mixed until homogeneous. The mixture was added with NH4OH until a precipitate was formed and the 

precipitate was calcined at a temperature of 800 °C to get nanoparticle powder that contains Mn and 

Fe oxides. The powders mixed with Organic Vehicle (composed of ethyl cellulose and terpineol alpha) 

in a ratio of 74.1 %: 25.9 %. The mixture was homogeneously stirred to form a paste (Figure 1).  

 

Figure 1. Mn0.5Fe1.5O3 – Fe2O3 paste 

 

The paste was printed on a silver-coated alumina substrate using a screen. The film was heated at 

800 °C for 2 h in the air.  

2.3.  Characterization of Semiconductor Ceramic Mn0.5Fe1.5O3-Fe2O3 

The crystal structure of semiconductor ceramic Mn0.5Fe1.5O3-Fe2O3 was analyzed using X-ray 

diffraction (XRD) from Philips X-ray PW 1710 BASED type. This instrument was equipped with Cu 

target, voltage source 40 kV, current source 35 mA and wavelength of 1.54056 Å. The electrical 

resistance of the thick film was measured at various temperatures in the air and in the atmosphere of 

ethanol gas. The principle of the instrument for measuring the electrical resistance is shown in Figure 

2. 
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Figure 2. The instrument principle for measuring electrical resistance. 

3.  Results and discussion 

Thick films of Mn0.5Fe1.5O3-Fe2O3 were successfully fabricated. A sample as a representative is shown 

in Figure 3. The thick films of Mn0.5Fe1.5O3-Fe2O3 are smooth without cracks on the ceramics surface.  

The XRD pattern of the Mn0.5Fe1.5O3-Fe2O3 thick film is depicted in Figure 4.  

 

Figure 3. Representation of thick film Mn and Fe-based oxide. 

 

 

Figure 4. XRD pattern of semiconductor ceramic Mn0.5Fe1.5O3-Fe2O3.  B is from bixbite, and F is from 

Fe2O3. 
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Figure 4 shows the XRD profile of Mn0.5Fe1.5O3-Fe2O3 thick film ceramics.  The analysis was done 

by comparing the XRD pattern of Mn0.5Fe1.5O3-Fe2O3 thick film ceramics to the XRD pattern of 

JCPDS standard No. 41-1442 for Mn2O3 and JCPDS No. 33-0664 for Fe2O3. From the analysis it was 

known that the fabricated ceramic formed a ceramic composite that consists of MnxFe2-xO3-Fe2O3 

solid solution ceramic (indicated by B) and Fe2O3 (indicated by F). Here x is 0.5.  

The electrical resistance of the thick film ceramics of Mn0.5Fe1.5O3-Fe2O3 as a function of 

temperature is shown in Figure 5. Whereas Figure 6 shows the sensitivity characteristics of the film. 

As can be seen in Figure 5, the resistance decreases with temperature. This indicates that thick film 

MnxFe2-xO3-Fe2O3 material has a semiconducting property with n-type [13, 14]. The resistance of the 

samples in the ethanol-containing atmosphere (100 ppm) is smaller than that in the air. And when the 

ethanol concentration is increased from 100 ppm to 200 ppm and from 200 ppm to 300 ppm, the 

resistance decrease. This data shows that the thick film is sensitive to ethanol gas, and means that the 

thick film ceramic of Mn0.5Fe1.5O3-Fe2O3 has the potentiality to be ethanol gas sensor. 

 

Figure 5. The electrical resistance characteristic of thick film Mn0,5Fe1,5O3-Fe2O3 to temperature 

changes. 

 

Figure 6 shows that the thick film of Mn0.5Fe1.5O3-Fe2O3 ceramic is sensitive to ethanol gas. 

Sensitivity value is calculated with Equation 1. The highest sensitivity is for ethanol gas concentration 

of 100 ppm. The optimum operating temperature of the sensor is between (150 to 200) oC.  

 100%O G

O

R R
S

R

 −
=  
 

  (1) 

Where S is the sensitivity of thick film ceramics (%), RO is the electrical resistance of thick film 

ceramic in the air environment and RG is the electrical resistance of thick film ceramic in the ethanol 

gas environment. 
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Figure 6. Interpretation of thick Film Mn0.5Fe1.5O3-Fe2O3 sensitivity 

 

The decreasing of the resistance of Mn0.5Fe1.5O3-Fe2O3 thick film electricity is caused by several 

factors. One is that when the thick film is in the air environment, the thick film surface absorbs oxygen 

(O2) ions and electrons in the conduction band move to oxygen, the barrier increases. When the thick 

film surface absorbs ethanol gas, a reaction between ethanol gas and adsorbed oxygen is formed. Due 

to the reaction, barrier resistance decreases. At this time the resistance decreases, increasing the 

conduction [15]. 

4.  Conclusions 

Ethanol gas sensor can be fabricated by using thick film technology. A thick film of M0.5Fe1.5O3-Fe2O3 

ceramics that is sensitive to ethanol gas has been fabricated. The sensor ceramic has n-type 

semiconductor characteristic. The resistance decreases with ethanol gas concentration. 

Acknowledgments 

This research was funded by LP2M UIN Sunan Gunung Djati Bandung and the Ministry of Religious 

Affairs, Republic of Indonesia. 

References 

[1] Wiendartun W et al 2008 JUSAMI 43 195 – 200 

[2] Wiendartun W and Syarif D G 2012 J. Mater Res. 1 70 – 75 

[3] Hasanah L, Suhendi E, and Syarif D G 2011 JUSAMI 13 27 – 29 

[4] Wiendartun W and Syarif D G 2013 Effect of MnO2 Addition on Characteristics of Fe2TiO5 

Ceramics for NTC Thermistor Utilizing Commercial and Local Iron Oxide J. Aust. Ceram. 

Soc. 49 141 – 147 

[5] Wiendartun W, Risdiana R, Fitrilawati F, and Siregar R E 2015  The effect of sintering 

temperature on electrical characteristics of Fe2TiO5/Nb2O5 ceramics for NTC thermistor 

Mater Sci. Forum 827 262 – 265 

[6] Ahmed M 2014 Metal oxide semiconductors as humidity and NOx sensors for environmental 

monitoring (PhD thesis Politecnico, Torino) 

[7] Wang C, Yin L, Zhang L, Xiang D, and Gao R 2010  Metal oxide gas sensors: sensitivity and 

influencing factors Sensors 10 2088 – 2106 



6

1234567890‘’“”

ICAMST IOP Publishing

IOP Conf. Series: Materials Science and Engineering 367 (2018) 012041 doi:10.1088/1757-899X/367/1/012041

 

 

 

 

 

 

[8] Tanwar V G and K Sreenivas 2010 Effect of Mn Doping on the Dielectric and Electrical 

Conductivity of CaBi4Ti4O15 Ceramics Ferroelectrics 404 19 – 26 

[9] Rao B 2000 Zinc oxide ceramic semi-conductor gas sensor for ethanol vapour Mater Chem 

Phys 64 62 – 65 

[10] Patrice R, Dupont L, Aldon L, Jumas J C, Wang  E, and Tarascon J M 2004 Chem Mater 16 

2772 – 2782 

[11] Sorensen B, Gaal S, Tangstad M, Ringdalen E, Kononov R, and Ostrovski O 2010 Properties of 

manganese ores and their change in the process of calcination (Ferromanganese – 

Pretreatment for Smelting, The Twelfth International Ferroalloys Congress Sustainable 

Future, Helsinki Finland) pp 439 – 448 

[12] Kivinen V, Krogerus H, and Daavittila J 2010 Upgrading of Mn / Fe ratio of low–grade 

manganese ore for ferromanganese production (Ferromanganese-Pretreatment for Smelting, 

The Twelfth International Ferroalloys Congress Sustainable Future, Helsinki Finland) pp 467 

– 476 

[13] Patil L A 2009 Fe2O3-ZnO Based Gas Sensors Sensors & Transducers Journal 104 68 – 75 

[14] Williams, D. E. (1999). Semiconducting oxides as gas-sensitive resistors. Sensors and Actuators 

B: Chemical, 57(1-3), 1-16. 

[15] Ansari S G et al 1997 Grain size effects on H2 gas sensitivity of thick film resistor using SnO2 

nanoparticles Thin Solid Films 295 271 –  276 


