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Abstract 
Perovskite-type oxide Sm1-xCaxFeO3(x = 0, 0.05, 0.20, 1.0) powders were prepared by a wet-chemical 
route using a polymer precursor method at 750 ºC and a screen-printed oxide thick films were applied 
as an acetylene sensor which outputs were measured by an AC impedance spectroscopy.  Although 
the conductance of Ca2+-substituted SmFeO3 device was high, the amount of impedance change to 
C2H2 in PO2 = 0.21 atm was low, compared with SmFeO3. 
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Introduction 
Perovskite-type oxides have been well-known 
as functional inorganic materials having a wide 
range of application.  Also, the properties are 
further improved by substituting other metal in 
A- and/or B-site, and then these above 
materials could be used in many fields such as 
oxidation catalyst,1-4 photocatalyst,5,6 electrode 
device,7 and electrolyte.8-10  In addition, the 
materials are able to be applied for a sensing 
material for detection of CO,11 NOX,12 NH3,13 
hydrocarbon,14 and VOC.15  So far a mixed 
metal oxide like perovskite-type has been 
prepared by solid reaction method, however a 
high temperature sintering and a homogenously 
crushing method has been required.  A thermal 
decomposition such as cyano-complex 
decomposition reported by E. Travelsa et al. 
could be prepared homogeneously nano-
powder at lower temperature.16  Moreover, a 
polymer precursor, a coprecipitation and a 
reverse coprecipitation are also need the low 
temperature with thermal decomposition route.  
M. Mori et al. reported that catalyst properties of 
SmFeO3 were affected by synthesis method 
and sintering temperatures.17 

Recently, development of a hydrocarbon sensor 
is accelerating with tightening regulations for 
hydrocarbon gases, such as Euro 6.  Also, the 
rules for gases generating from industry and 
building-products have been stricter.  C2H2 
which is the aim of detection in this study is 
important industry gas, as it could be used for a 
lot of fields such starting material of benzene 

and poly-acetylene, fuel of metal welding and 
so on.  Moreover, as acetylene gas is to be 
generated from insulating oils of oil-immersed 
transformer, thus acetylene gas sensor could 
be utilized as a maintenance’s marker of the 
transformer.  Therefore there are still strong 
needs to detect acetylene as combustible gas.  

In this study, the oxide thick-film device using 
perovskite-type oxide powder synthesized by a 
polymer precursor was prepared by a screen-
printing, and then the sensing properties to 
C2H2 of the device were evaluated, finally 
investigated about the response mechanism. 

Experimental 
The perovskite-type oxide Sm1-xCaxFeO3(x = 0, 
0.05, 0.20, 1.0) powders were prepared by a 
polymer precursor method.18, 19  Metal nitrates 
were dissolved in ethylene glycol (EG) solvent 
with acetylacetone (AcAc) and 
polyvinylpyrrolidone (PVP), as a coordination 
agent and a polymer additive, respectively.  The 
solution thus prepared was evaporated at 120 
ºC, precalcined at 300 ºC, and finally sintered at 
750 ºC to form powder.  The sintering 
temperature was determined from TG-DTA of 
xerogel powder evaporated at 120 ºC with the 
precursor solution.  The paste mixed with oxide 
powder, PVP and α-terpineol were uniformly 
screen-printed on Au-interdigitated electrodes 
and heat-treat at 800 ºC for 2 h.  Finally, Au 
lead wires attached with a silver paste covered 
with an inorganic adhesive were connected to 
LCR meter (HIOKI 3532-50).   
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The oxide powders were characterized by XRD 
(JEOL: JDX3500K) and BET surface area (BEL 
JAPAN, INC.: Bel sorp-mini-II-ss) 
measurements.  Gas sensing properties of the 
device were investigated by AC impedance 
method between 50 Hz and 5 MHz at 400 ºC.  
Concentration of sample gases were controlled 
by diluting with nitrogen at fixed PO2 = 0.21 
atm.  Then, sample gases and based gas 
(synthesized air) were flowed at a total flow rate 
of 100 cm3 / min. 

Results and discussion 
Figure 1 shows XRD patterns of Sm1-xCaxFeO3 
(x = 0, 0.05, 0.20, 1.0) powders sintered at 750 
ºC.  Although brownmillerite phase was formed 

in x = 1.0, perovskite phase were obtained for x 
= 0 ~ 0.20.  BET surface area of the Ca-
substitution x = 0 ~ 0.20 formed perovskites 
were 8.7 m2 / g (x = 0), 9.2 m2 / g (x = 0.05) and 
11.3 m2 / g (x = 0.20), respectively, so these 
increased with increasing Ca-substitution.  
Particles could not be grown up because the 
grain size was decreased with increasing Ca-
substitution.  This can be attributed that 
diffusion speed of Ca2+ is slower than that of 
Sm3+ at same sintering temperature, because 
ion radius of Sm3+ and Ca2+ are 1.24 and 1.34 
Å, respectively.20 

 
Fig. 2. Nyquist’s plots of (A) SmFeO3 and (B) 
Sm0.80Ca0.20FeO3 thick-film device to air or 80 
ppm C2H2 at 400 ºC in PO2 = 0.21 atm. 
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x = 0.20 

x = 0.05 

x = 0 

Fig. 1. XRD paterns of Sm1-xCaxFeO3 (x = 0, 
0.05, 0.20, 1.0) powders sintered at 750 ºC. 
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Nyquist’s plots of the SmFeO3 and 
Sm0.80Ca0.20FeO3 devices at 400 ºC are shown 
in Fig. 2.  SmFeO3 device showed a 
capacitative semicircle which draw negative 
angle in phase angle, on the other hand, 
Sm0.80Ca0.20FeO3 device showed an inductive 
plots which draw positive angle in that.  The 
SmFeO3 device draw a typical capacitative 
semicircle and had a frequency property of 
parallel equivalent circuit consisted of 
resistance R and capacitance C.  Also, the 
Sm0.80Ca0.20FeO3 device largely increased the 
conductivity by generated an oxygen defect 
which came from Ca2+ substituted in A-site.  
Then, the obtained Nyquist’s plots of the 
Sm0.80Ca0.20FeO3 device showed the positive 
angle plots caused by inductance L of Au lead-
wires.  Both devices showed increasing 
impedance in all frequencies from air to 80 ppm 
C2H2.  According to the response, it seems to 
come from oxidation reaction between C2H2 
and negative surface adsorbed oxygen.  
Electron (e-) generated in this reaction vanished 
hole (h•) in conduction band, as in reactions (1). 

  5eOH2CO5O  HC 22ads22
       (1) 

In lower (20 kHz) and higher (4 MHz) frequency, 
sensing properties of both devices to various 
C2H2 concentrations are shown in Fig. 3.  The 
SmFeO3 device could not detect C2H2 at 20 kHz 
in the capacitance due to environmental noise, 
however it could detect good response and 
concentration dependences of the resistance.  
On the other hand, resistance of the 
Sm0.80Ca0.20FeO3 device was decreased by 
improving conductance, and good 
concentration dependences were shown in 
resistance and capacitance components, 
especially large charge was observed at 20 kHz.  

This could be attributed that AC current 
increased under constant applied voltage by 
substituted Ca2+ in A-site.  And then, the 90 % 
response time to 80 ppm C2H2 of SmFeO3 and 
Sm0.80Ca0.20FeO3 were 10s and 22s, 
respectively, so there are not effects by the 
measurement frequency. 

Selectivities of the Sm1-xCaFeO3 (x = 0, 0.05, 
0.20) thick-film devices to various gases such 
as 80 ppm C2H2, 80 ppm C2H4, 500 ppm CO2 
and 500 ppm CO at 20 kHz and 400 ºC are 
shown in Fig. 4.  Here, the sensor sensitivity is 
defined as eq. (2), 

100
CR,

)CR,C(R,
[%]S

air

airgas

CR, 


       (2) 

Where R and C are resistance and capacitance 
components in air or sample gas which are 
written as a subscript notation as “air” and “gas”, 
respectively.  The all sensors showed excellent 
selectivity to 80 ppm C2H2.  That is to say, the 
response order in resistance response to 
sample gases are 80 ppm C2H4 < 500 ppm CO2 
< 500 ppm CO < 80 ppm C2H2.  The x = 0.05 
and 0.20 sensors had high selectivity to 80 ppm 
C2H2, however, the resistive sensitivity 
decreased for the substituted Ca2+ device.  The 
reason why thus phenomenon appeared is 
because x = 0.05 and 0.20 sensor improved the 
conductivity compared with x = 0 (SmFeO3). 

In conclusion, Sm1-xCaxFeO3 (x = 0, 0.05, 0.20, 
1.0) as a sensor material to detect C2H2 were 
prepared by a polymer precursor method.  XRD 
patterns of the oxide showed perovskite- and 
brownmillerite-phase in x = 0 ~ 0.20 and x = 1.0, 
respectively.  Sensing properties to C2H2 of the 
devices revealed that SmFeO3 device showed 
high sensitivity in resistance, and 
Sm0.80Ca0.20FeO3 showed response in 
capacitance compared.   

 

References and Notes 

[1] Y. Teraoka, M. Yoshimatsu, N. Yamazoe, 
T. Seiyama, Chemistry Letters 13, 893-896 
(1984); doi: 10.1246/cl.1984.893 

[2] M. O'Connell, A. K. Norman, C. F. 
Hüttermann, M. A. Morris, Catalysis Today 
47, 123-132 (1999); doi: 10.1016/S0920-
5861(98)00291-0 

[3] R. Zhang, A. Villanueva, H. Alamdari, S. 
Kaliaguine, Journal of Catalysis 237, 368-
380 (2006); doi: 10.1016/j.jcat.2005.11.019 

[4] G. Pecchi, C. M. Campos, M. G. Jiliberto, 
E. J. Delgado, J. L. G. Fierro, Applied 

 
Fig. 4. Selectivities of Sm1-xCaxFeO3 (x=0, 0.05, 
0.20) thick-film devices to various sample gases 
at 400 ºC and 20 kHz. 

IMCS 2012 – The 14th International Meeting on Chemical Sensors 766

DOI 10.5162/IMCS2012/P1.0.6

http://dx.doi.org/10.1246/cl.1984.893
http://dx.doi.org/10.1016/S0920-5861(98)00291-0
http://dx.doi.org/10.1016/S0920-5861(98)00291-0
http://dx.doi.org/10.1016/j.jcat.2005.11.019


Catalysis A 371, 78-84 (2009); doi: 
10.1016/j.apcata.2009.09.031 

[5] Y. H. Chen, Y. D. Chen, Journal of 
Hazardous Materals 185, 168-173 (2011); 
doi: 10.1016/j.jhazmat.2010.09.014 

[6] X. Zhang, K. Huo, L. Hu, Z. Wu, P. K. Chu, 
Journal of the American Ceramic Society 
93, 2771-2778 (2010); doi: 10.1111/j.1551-
2916.2010.03805.x 

[7] K. Ueno, W. Sakamoto, T. Yogo, S. Hirano, 
Japanese Journal of Applied Physics 40, 
6049-6054 (2001); doi: 
10.1143/JJAP.40.6049 

[8] T. Ishihara, H. Matsuda, Y. Takita, Journal 
of the American Chemical Society 116, 
3801-3803 (1994); doi: 
10.1021/ja00088a016 

[9] T. Ishihara, H. Eto, H. Zhong, H. 
Matsumoto, Electrochemistry 77, 115-122 
(2009) 

[10] P.V. Gosavi, R.B. Biniwale, Materials 
Chemistry and Physics 119, 324-329 
(2010); doi: 
10.1016/j.matchemphys.2009.09.005 

[11] Y. L. Chai, D. T. Ray, G. J. Chen, Y. H. 
Chang, Journal of Alloys and Compounds 
333, 147-153 (2002); doi: 10.1016/S0925-
8388(01)01688-7 

[12] M. C. Carotta, G. Martinelli, Y. Sadaoka, P. 
Nunziante, E. Traversa, Sensors and 
Actuators B 48, 270-276 (1998); doi: 
10.1016/S0925-4005(98)00011-2 

[13] G. N. Chaudhari, S.V. Jagtap, N. N. 
Gedam, M. J. Pawar, V. S. Sangawar, 
Talanta 78, 1136-1140 (2009); doi: 
10.1016/j.talanta.2009.01.030 

[14] K. Sahner, R. Moos, M. Matam, James J. 
Tunney, M. Post, Sensors and Actuators B 
108, 102-112 (2005); doi: 
10.1016/j.snb.2004.12.104 

[15] M. Tomoda, S. Okano, Y. Itagaki, H. Aono, 
Y. Sadaoka, Sensors and Actuators B 97, 
190-197 (2004); doi: 
10.1016/j.snb.2003.08.013 

[16] E. Traversa, M. Sakamoto, Y. Sadaoka, 
Journal of the American Ceramic Society 
79, 1401-1404 (1996); doi: 10.1111/j.1151-
2916.1996.tb08603.x 

[17] M. Mori, Y. Iwamoto, M. Asamoto, Y. 
Itagaki, H. Yahiro, Y. Sadaoka, S. Takase, 
Y. Shimizu, M. Yuasa, K. Shimanoe, H. 
Kusaba, Y. Teraoka, Catalysis Today 139, 
125-129 (2008); doi: 
10.1016/j.cattod.2008.08.014 

[18] K. Tsuchida, S. Takase, Y. Shimizu, 
Sensors and Materials 16, 171-180 (2004) 

[19] T. Tasaki, S. Takase, Y. Shimizu, Sensor 
Letters 9 51-54 (2011); doi: 
10.1166/sl.2011.1417 

[20] S. Luo, G. Fu, H. Chen, Z. Liu, Q. Hong, 
Solid-State Electronics 51, 913-919 (2007); 
doi: 10.1016/j.sse.2007.04.010 

 

IMCS 2012 – The 14th International Meeting on Chemical Sensors 767

DOI 10.5162/IMCS2012/P1.0.6

http://dx.doi.org/10.1016/j.jhazmat.2010.09.014
http://dx.doi.org/10.1143/JJAP.40.6049
http://dx.doi.org/10.1021/ja00088a016
http://dx.doi.org/10.1016/j.matchemphys.2009.09.005
http://dx.doi.org/10.1016/S0925-8388(01)01688-7
http://dx.doi.org/10.1016/S0925-8388(01)01688-7
http://dx.doi.org/10.1016/S0925-4005(98)00011-2
http://dx.doi.org/10.1016/j.talanta.2009.01.030
http://dx.doi.org/10.1016/j.snb.2004.12.104
http://dx.doi.org/10.1016/j.snb.2003.08.013
http://dx.doi.org/10.1016/j.cattod.2008.08.014
http://dx.doi.org/10.1166/sl.2011.1417



