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CoxMn3-xO4 (1.48≤x≤1.63) ceramics were fabricated using the solid-state reaction method. Structural and electrical 
properties of specimens based on the composition ratio of Co were observed in order to investigate their applicability in 
NTC thermistors. All specimens showed a single spinel phase with a homogeneous tetragonal structure. The Co1.57Mn1.43O4 
specimen showed a maximum average grain size of approximately 6.47 μm. In all specimens, TCR properties displayed 
excellent characteristics of over –4.2%/oC. The resistivity at 298 K and B-value of the Co1.57Mn1.43O4 specimen were 
approximately 418 Ω-cm and 4300, respectively.
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1. INTRODUCTION 

The transition metal manganite MxMn3-xO4 has an AB2O4 spinel 
structure in which a M2+ ion is present in the tetrahedral A-site and 
a Mn3+ ion is distributed in the octahedral B-site, and has been 
studied for a long time as an NTCR (negative temperature coefficient 
of resistance) thermistor material where resistance changes with 
temperature [1]. Recently, applications of these passive components 
have expanded to various fields such as temperature measurement 
and circuit compensation devices in the aerospace industry, in 
addition to the automobile and medical fields. The electrical 
conduction phenomenon of transition metal manganite ceramics 
is attributed to the hopping conduction mechanism caused by an 
electron jump between Mn3+ and Mn4+ ions located at the octahedral 
sites. As some of the M2+ ions are located in octahedral sites, some of 
the Mn3+ ions are ionized to Mn4+ to maintain electrical neutrality [2]. 
Generally, electrical resistivity strongly depends on the composition 
and structural characteristics of such oxides, because the electrical 

characteristics are influenced by the distribution of the cations at 
the two sites, tetrahedral and octahedral, of the spinel structure. In 
this study, cobalt manganite CoxMn3-xO4 ceramics were fabricated in 
order to improve the resistivity and temperature-sensitive resistance 
characteristics at approximately room temperature. The structural 
and electrical properties were measured to investigate the possibility 
of their application in NTC thermistor devices.

2. EXPERIMENTS

In this study, CoxMn3-xO4 (1.48≤x≤1.63) ceramics were fabricated 
by the solid-state reaction method using high-purity Co3O4 (Aldrich, 
99%) and Mn2O3 (Aldrich, 99%) powders as starting materials. Each 
sample was weighed according to the composition formula, and 
then mixed and ground with ethyl alcohol as the dispersion medium 
for 24 hours using zirconia balls. The mixed powders were calcined 
at 900℃ for 2 hours and an organic binder (3 wt%) was added. The 
specimens were sintered at 1,200℃ for 12 hours, and slowly cooled 
to 800℃, held for 10 min, and then quenched to room temperature. 
The structural properties based on the Cu ion composition ratio were 
analyzed by X-ray diffraction (XRD) and field-emission scanning 
electron microscopy (FE-SEM). To measure the electrical properties, 
Ag electrodes were attached to the surface of the thick films by the 
screen-printing method. Electrical resistance was measured with an 
electrometer (Keithley 6517A, USA) from -10℃ to 60℃.
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3. RESULTS AND DISCUSSION 

Figure 1 shows the DTA-TG thermal analysis of Co1.60Mn1.40O4 
powder. An exothermic peak accompanied by a mass reduction 
was observed at approximately 200℃, which is attributed to the 
combustion of water and organic materials. The mass changes in the 
range of 400~900℃ are due to the oxidation and reduction of Mn3+ 
ions into Mn2+ and Mn4+ and/or Co2+ into CoIII [3,4]. It is considered 
that the small exothermic peak accompanied with the mass loss at 
approximately 1,000℃ is due to the formation of the stoichiometric 
spinel phase, CoxMn3-xO4.

Figure 2 shows the X-ray diffraction patterns of CoxMn3-xO4 
specimens. All specimens displayed a single phase tetragonal spinel 
structure and changes in the XRD patterns based on Co composition 
were not observed.

Figure 3 shows the surface microstructure of CoxMn3-xO4 
specimens as a function of Co composition. All specimens displayed 
a relatively dense microstructure, and dependence of average grain 
size on Co composition ratio was not observed. The Co1.57Mn1.43O4 
specimen showed a maximum average grain size of approximately 
6.47 μm.

Figure 4 shows the electrical resistance based on Co composi-
tion and the temperature of CoxMn3-xO4 specimens. All specimens 
displayed typical NTCR characteristics, where resistance exponen-
tially decreases with an increase in temperature, and exhibited excel-
lent NTCR properties of greater than –4.2%/℃.

Figure 5 shows the resistivity at 298K of CoxMn3-xO4 specimens. 
Resistivity was a constant value of approximately 450Ω-cm for 
Co composition ratios of 1.48 to 1.57, but increased when the Co 

composition ratio was 1.60 or greater. In general, for 1<x<3, Co2+ 
ions are distributed in all tetrahedral sites, and some Co2+ ions are 
substituted with Mn3+ ions at octahedral sites. That is, 2Mn3+

oc → Co2+
oc 

+ Mn4+
oc with the creation of Mn3+-Mn4+ pairs. In addition, Co2+-CoIII 

pairs (with a low spin state of t2g6eg) [5,6] are formed on the Co-rich 

0 200 400 600 800 1000
97.0

97.5

98.0

98.5

99.0

99.5

100.0

100.5
 

Temperaturep[oC]

W
eig

h[
%

]

-4

-3

-2

-1

0

1

Heat Flow(W
/g)

Fig. 1. DTA-TG curves for Co1.60Mn1.40O4 ceramics.
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Fig. 2. X-ray diffraction patterns of CoxMn3-xO4 ceramics; (a) x=1.48, (b) 
x=1.51, (c) x=1.54, (d) x=1.57, (e) x=1.60, and (f) x=1.63.

Fig. 3. FE-SEM surface image of CoxMn3-xO4 ceramics. (a) x=1.48, (b) 
x=1.51, (c) x=1.54, (d) x=1.57, (e) x=1.60, and (f) x=1.63.
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scanning electron microscopy (FE-SEM). To measure the 
electrical properties, Ag electrodes were attached to the surface 
of the thick films by the screen-printing method. Electrical 
resistance was measured with an electrometer (Keithley 6517A, 
USA) from -10oC to 60oC. 
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Fig. 1. DTA-TG curves for Co1.60Mn1.40O4 ceramics. 
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mass reduction was observed at approximately 200oC, which is 
attributed to the combustion of water and organic materials. The 
mass changes in the range of 400oC ~ 900oC are due to the 
oxidation and reduction of Mn3+ ions into Mn2+ and Mn4+ and/or 
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peak accompanied with the mass loss at approximately 1000oC 
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Fig. 4. Temperature-Resistance properties of CoxMn3-xO4 ceramics; (a) 
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Fig. 4. Temperature-Resistance properties of CoxMn3-xO4 ceramics. (a) 
x=1.48, (b) x=1.51, (c) x=1.54, (d) x=1.57, (e) x=1.60, and (f) x=1.63.
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phase and act as donors or acceptors. These manganese and cobalt 
pairs contribute to hopping conduction and the resistivity character-
istics are reduced [7,8]. However, when the composition ratio of Co 
increases above the critical value, the concentration of CoIII ions in 
octahedral sites gradually increases, while the concentration of Co2+ 
ions decreases. Also, as the concentration of Mn3+ ions decreases, 
conductivity decreases due to a decrease in Co2+-CoIII and Mn3+-Mn4+ 
pairs [9]. In this study, the threshold value of the Co composition 
that increases resistivity was x=1.60 and depends on the composition 
ratio, sintering temperature and time, and quenching conditions.

Figure 6 shows the ln ρ vs 1/T relationship for CoxMn3-xO4 specimens. 
Generally, the conductivity of transition metal oxides like spinel 
manganites Mn3-xMxO4 (M=Ni, Cu, Co...), is due to the presence of 
donor/acceptor Mn+/M(n+1)+ couples in the octahedral sites (such as 
Mn3+/Mn4+) that contribute to an electronic exchange via a hopping 
mechanism according to Verwey’s law [10,11]. The CoxMn3-xO4 
specimens show a linear relationship between ln ρ and 1/T over 
the measured temperature range, thus indicating the typical NTC 
thermistor characteristics described by the Nernst-Einstein relation 
[12]. This is due to the fact that both Mn3+/Mn4+ and Co2+/CoIII pairs 
on the octahedral sites act as hopping ions.

Figure 7 shows the B-value of CoxMn3-xO4 specimens. The thermal 
sensitivity of a material’s resistance, usually noted as B, is directly 
related to the activation energy Ea through the relationship B=Ea/
k, where k is Boltzmann’s constant. B-value increased with an 
increase in the composition ratio of Co from x=1.48 to 1.57; however, 
it decreased slightly for compositions of x≥1.60. For 1.48≤x≤1.57, as 
discussed in Fig. 5, with increase in the composition ratio of Co with 
its small ionic radius, Co2+/CoIII pairs increased and the distance 

between metal ions at octahedral sites decreased [13]. For x≥1.60, 
Co2+ ions decreased and CoIII concentration increased in order to 
minimize tetragonal distortion in the lattice structure.

4. CONCLUSIONS

In this study, the structural and electrical properties of cobalt 
manganite system ceramics were investigated for application in NTC 
thermistors. All specimens displayed the single phase tetragonal 
spinel structure and dependence of average grain size on the Co 
composition ratio was not observed. CoxMn3-xO4 specimens exhibited 
a linear relationship between resistivity and temperature, thus 
indicating the typical NTC thermistor characteristics. This is due 
to the fact that both Mn3+/Mn4+ and Co2+/CoIII pairs at octahedral 
sites act as hopping ions. In general, as the composition ratio of Co 
increases, the concentration of Co2+ ions located in octahedral sites 
increases. Mn3+/Mn4+ and Co2+/CoIII pairs are formed to maintain 
electrical neutrality. However, when the composition ratio of Co 
increases above the critical value, Co2+ ions decrease and CoIII 
concentration increase in order to minimize tetragonal distortion 
in the unit cell. In this study, this value was x=1.60, and it depends 
on the composition ratio, sintering temperature and time, and 
quenching conditions.
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