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The present paper describes the nonohmic behavior of the SnO
2
.MnO-based system and ana-

lyzes the influence of the sintering time and the Nb
2
O

5
 concentration on this system’s electrical

properties. A nonlinear coefficient of ~7 was obtained for a 0.2 mol%-doped Nb
2
O

5
 composition,

which is comparable to other values reported in the literature for the ternary SnO
2
-based systems.

A recent barrier formation model proposed in the literature to explain the nonlinear electrical
behavior of SnO

2
-based systems is used to clarify the role of the MnO constituent in the formation

of the barrier, taking into account the influence of segregated atoms, precipitated phase and oxy-
gen species in the grain boundary region.
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2. Experimental Procedure

The ceramic samples used in this study were prepared
using the ball milling process in an alcohol medium. The
oxides used were SnO2 (Merck), MnO2 (Aldrich), and Nb2O5

(CBMM). The composition of the molar system was
(99.5-X)% SnO2 + 0.5% MnO2 + X% Nb2O5, with X being
0.05; 0.10; 0.15 and 0.2% (SMNbX). The chemical analy-
sis of SnO2 revealed that the main impurities were
Pb (< 0.01%), Fe (< 0.01%), Ge (< 0.005%) and
Cu (< 0.005%), all in mol%. The powder obtained was
pressed into pellets (9.0 mm × 1.0 mm) by uniaxial pres-
sure (~1.5 MPa), followed by isostatic pressure at 150 MPa.

The sintering temperature was determined after a linear
shrinkage and linear shrinkage rate study as a function of
temperature, using a NETZCH 402E dilatometer at a con-
stant heating rate of 10 °C/min up to 1450 °C in an ambient
atmosphere.

The pellets were sintered at 1300 °C for 1, 2 and 4 h.
The heating and cooling rates used were 10 °C/min. The
tetragonal structure of SnO2 (rutile structure) was confirmed
as the single phase by X-ray diffraction (SIEMENS Model
D-5000) on the mixed powder. The mean grain size of the
samples was determined based on an analysis of SEM mi-
crographs (ZEISS DSM 940A), following the ASTM
E112-88 standard. The microstructures were also charac-
terized by an X-ray energy dispersive spectroscopy (EDX)

1. Introduction

Our research group has discovered a class of polycrys-
talline nonohmic devices composed predominantly of SnO2

1

and, since this discovery, we have been engaged in exhaus-
tive studies involving this class of ceramic materials2,3-8.

Although SnO2 is normally used in devices made of
porous materials such as gas sensors9,10, the addition of CoO
and MnO2 to SnO2 produces high densification11,12, allow-
ing for the development of other electronic devices such as
varistors1-8,13. However, most of the nonlinear electrical be-
havior of these ceramics has been obtained in the SnO2.CoO-
based systems1-8,13. Yongjun et al.14 have demonstrated that
CoO can be replaced by ZnO without significantly altering
the nonlinear coefficient (α) when compared to the original
SnO2.CoO-based system, the first of such SnO2-based sys-
tems reported on in the literature1. Castro et al.11 have also
shown how dopants such as Co3O4, CuO, MnO2, Bi2O3 and
Sb2O3 can influence the dielectric properties, microstruc-
ture and densification of SnO2-based ceramics.

The main goal of this work is demonstrate that it is also
possible to produce good nonlinear electrical properties in
SnO2.MnO-based systems such as the ones present in
SnO2.CoO and SnO2.ZnO. An investigation was also made
of the influence of the Nb2O5 concentration and sintering
time on the nonlinear electrical behavior of the
SnO2.MnO-based system.
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stage attached to the scanning electron microscope.
For the electrical measurements, the two faces of the

samples were coated with silver paste, after which the pel-
lets were heat treated at 300 °C for 30 min. Current-tension
measurements were taken using a High Voltage Measure
Unit (KEITHLEY Model 237). The nonlinear coefficient
(α) was obtained by linear regression on a logarithmic scale
of around 1 mA/cm2 and the breakdown electric field (E

b
)

was obtained at this current density.

3. Results and Discussion

The tetragonal structure of SnO
2
 (rutile structure) was

confirmed as the single phase by X-ray diffraction (SI-
EMENS Model D-5000) on the mixed powder. Figure 1
shows the X-ray diffraction patterns (XRD) of the samples
studied, indicating that only the cassiterite phase deriving
from the SnO

2
 is present, as has been observed in other re-

ports on SnO
2
.CoO-based systems1,8,11.

Figure 2 shows the linear shrinkage rates for the sys-
tems studied. A mass transport mechanism is visible, lead-
ing to densification at temperatures ranging from approxi-
mately 1000 to 1350 °C, which is probably the same pro-
cess discussed by Cerri et al.11. This densification process
was attributed to mass transport through the grain bound-
ary caused by oxygen vacancies. The inset of Fig. 2 shows
that the increase of Nb

2
O

5
 doping concentration caused a

reduction of the linear shrinkage rate.
Figures 3 and 4 illustrate the typical SEM micrographs

found in SMNb0.05% and SMNb0.2% sintered for differ-
ent lengths of times. These SEM micrographs reveal that
the microstructure produced in SnO

2
.MnO-based systems

is similar to that obtained in SnO
2
.CoO-based ceramic sys-

Figure 1. XRD patterns of SnO
2
.MnO-based systems sintered at

1300  °C for 4 h. a) SMNb0.05%; b) SMNb0.10%; c) SMNb0.15%;
d) SMNb0.20%.

tems1-8,13. However, a precipitate was clearly observed in
some of the SEM micrographs, mainly when higher con-
centrations of Nb

2
O

5
 were present, as shown in Fig. 4b and

as discussed in Ref. 15. The evidence indicates that this
precipitated phase is rich in Mn and oxygen.

Table 1 lists the mean relative density obtained for each
sintered sample. The mean grain size (d) increased in all
the systems as with longer sintering times due to the coa-
lescence of grains in the final sintering stage. The d values
showed a tendency to decrease with increasing concentra-
tions of Nb

2
O

5
 doping. This finding suggests that higher

concentrations of Nb
2
O

5
 cause greater precipitation of Mn

at the grain boundary in SnO
2
.MnO-based systems, thereby

hindering sintering and densification. Our EDX analysis
revealed that Nb

2
O

5
 is homogeneously distributed on this

polycrystalline ceramic and that, similarly to the SnO
2
.CoO-

based system1-8,13, it forms a solid-state solution with SnO
2
,

as illustrated below:

x
OSnSn

SnO OVNbONb 1042 ''''
52

2 ++ → • . (1)

Thus, since Nb
2
O

5
 forms a solid solution, it may cause

Mn precipitation when present in higher concentrations.
Similarly to the SnO

2
.CoO-based system1,6, Nb

2
O

5
 is also

responsible for grain conduction, while Mn segregation
and/or precipitation is responsible for grain boundary re-
sistance and potential barrier formation, based on the model
proposed4,15.

Table 2 lists the nonlinear coefficient (α) and breakdown
electric field (E

b
) obtained for the SnO

2
.MnO-based sys-

tems, as well as the influence of sintering time on the non-

Figure 2. Linear shrinkage rate as a function of temperature for
the concentrations of Nb

2
O

5
 (mol%): (♦) 0.05%; (×) 0.10%;

(∇) 0.15%; and ( ) 0.20%
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Figure 3. SEM micrographs of the SMNb0.05% composition sintered at 1300 °C for: (a) 1 h; (b) 4 h.

Figure 4. SEM micrographs of the SMNb0.2% composition sintered at 1300 °C for: (a) 1 h; (b) 4 h.

Table 1. Mean grain size (d) and relative density values (ρ
r
) for the SnO

2
.MnO

2
-based varistor system with varying sintering times

Sintering Time (h)

1 2 4

System d (mm) ρ
r
 (%) d (mm) ρ

r
 (%) d (mm) ρ

r
 (%)

SMNb0.05% 4.3 98.4 5.7 97.7 6.7 97.9
SMNb0.10% 4.7 97.0 5.7 98.1 8.0 99.1
SMNb0.15% 3.3 98.4 4.9 99.1 6.8 98.9
SMNb0.20% 2.4 98.8 3.7 99.3 5.5 98.7



282 Orlandi et al. Materials Research

linear electrical properties of this varistor system. Figure 5
illustrates the characteristic I-V curves as a function of Nb

2
O

5

for systems sintered for 2 h. As shown in Table 2, the α and
E

b
 values remained unchanged with sintering time in the

SMNb0.05% samples. However, the other systems showed
a decrease in the α and E

b
 values as the sintering time in-

creased. The reduction of the α value with sintering time in
the SMNb0.15% and SMNb0.20% samples may have re-
sulted from the more heterogeneous microstructure and
composition of the grain boundary region, as suggested by
the SEM micrographs in Fig. 4. The heterogeneity of the
grain boundary was likely formed by Mn segregated atoms
as well as by the presence of a new precipitated Mn-rich
phase. The presence of precipitated phases and the increase
in mean grain size possibly caused a less effective potential
barrier throughout the microstructure, which is responsible
for decreasing the breakdown voltage and increasing the
leakage current.

The best α values were recorded for the SMNb0.2%
samples, mainly those sintered for 1 h, which presented an
a value of ~ 7. This value is comparable to those reported in
other references, such as Refs. 1, 3 and 6 for SnO

2
.CoO-

based systems doped with 0.05 mol% of Nb
2
O

5
 and for

SnO
2
.ZnO-based systems14. We believe that the addition of

a small amount of Cr
2
O

3
 may improve the nonlinear electri-

cal properties, as is the case of the SnO2.CoO-based system
reported on in Ref. 3. The addition of Cr2O3 to the
SnO2.MnO-based system will therefore be the subject of
future work.

The present work demonstrates that it is possible to de-
velop nonohmic properties in SnO2.MnO-based systems
such as SnO2.CoO- and SnO2.ZnO-based systems. All these
systems, doped with only small concentrations of Nb2O5

(0.05 mol%), display a values of ~ 7 to 241,6,13,14. Our re-
search group recently demonstrated that this system’s
nonohmic behavior derives from the existence of a poten-
tial Schottky-type barrier at the grain boundary7 similar to
the barrier found in traditional ZnO-based systems. Further-
more, we have shown that the nonohmic properties of SnO2-
based varistor systems are dependent on an atmosphere treat-
ment5,13. The sum of these characteristics and the similarity

of the nonlinear electrical behavior observed in different
SnO

2
-based systems suggest that the formation of the po-

tential barrier is similar in all these SnO
2
-based systems15.

These findings, moreover, agree with the barrier formation
mechanism model we proposed and discussed in a recent
article5,7,13,15.

It is important to emphasize here that, since there are
Co, Zn and Mn atoms segregated (and some of them also
precipitated) at the grain boundary (which is a highly
nonstoichiometric region of the material) of these
SnO2-based systems, defects such as ''

SnCo , ''
SnZn , ''

SnMn or
'
SnMn  will give rise to ''''

SnV  in grain boundaries and, hence,
generate excess oxygen in this region, as discussed in detail
in Refs. 4, 5 and 15.

4. Conclusions

In conclusion, the present work discussed a new com-
position based on SnO

2
.MnO doped with Nb

2
O

5
, whose

nonohmic behavior was similar to that reported on in the
literature for other ternary systems. The α and E

b
 values

remained constant with variable sintering times in the sys-
tem doped with 0.05 mol% of Nb

2
O

5
 but decreased in com-

Figure 5. I-V characteristic curves of compositions sintered for
2 h. (♦) 0.05%; (×) 0.10%; (∇) 0.15%; ( ) 0.20%.

Table 2. α, E
b
 and values for the SnO

2
.MnO

2
-based varistor system with different sintering times.

Sintering Time (h)

1 2 4

System α E
b
 (V.cm-1) α E

b
 (V.cm-1) α E

b
 (V.cm-1)

SMNb0.05% 1.3 900 1.4 1600 1.5 1530
SMNb0.10%  2.5 7060 3.7 7610 3.4 8860
SMNb0.15%  4.1 8500 4.0 6950 3.5 4640
SMNb0.20%  7.3 9350 5.8 7100 4.1 4900
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positions containing higher concentrations of Nb2O5. The
latter behavior was attributed to an increase of mean grain
size and to microstructural heterogeneity (mainly in the grain
boundary region), which generated higher leakage current
values. The best nonohmic behavior was found in the samples
doped with 0.20 mol% of Nb2O5, whose α value was ~7.
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