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Abstract

SnO, ceramics doped with ZnO and WO; were prepared by mixed oxide method. The effect of ZnO and WOj; additives could be explained
by the substitution of Sn* by Zn** and W®*. The addition of WOj inhibits the grain growth due to the segregation of SnZnWOg and ZnWOg at
the grain boundaries without strong influence on the densification process. The electrical characterization (log E x log J) shows that the
ternary system SnO,—ZnO-WO; exhibits a very high resistivity of around 10'* Q) m. Independently of the WO5 concentration, the electrical
conductivity of the SnO,~ZnO-WOj; system is always lower than that of the undoped tin dioxide.
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1. Introduction

Tin dioxide (SnO,) is an n-type semiconductor with rutile
type crystal structure [1]. When sintering SnO, powder, the
final bodies normally have low densities. A high oxygen
diffusion coefficient, present even at low temperatures, and
the stability of the Sn(Il) oxidation state promote oxygen
losses according to Eq. (1) [2]. Dense SnO,-based ceramics
can be achieved by introducing dopants or by hot isostatic
pressure processing [3—6]. The function of the ZnO dopant is
the creation of oxygen vacancies and Zn”g, defects
according to Eq. (2). The latter contribute to the Schottky
barrier formation and lead to a highly dense material [7]. The
addition of WO; decreases the conductivity of the varistors
when the solid solution is obtained, due to the resulting tin
vacancies (Eq. (3)), that act as acceptor levels compensating
the intrinsic n-conductivity of SnO,, through decreasing the
electron density in the conduction band.

When SnO, is appropriately doped, both, dopants and
defects may accumulate at the grain boundaries, thus
creating a potential barrier. Such ceramics exhibit then
varistor behavior, i.e. a nonlinear current—voltage char-
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acteristic as previously presented [8—10]. In the present
article we consider the possibility, that tungsten is
precipitated at the grain boundaries and promotes the
formation of potential barrier according to the Eq. (3):
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Finally, we report the effect of ZnO and WOj; additives on
the morphological and electrical properties of SnO,
ceramics. The results demonstrate that such ceramics may
find future applications as high resistance materials.

2. Experimental

The powder was prepared using the mixed oxide method
in alcoholic medium. All the used oxides were analytical
grade: SnO, (Cesbra/Br), ZnO (Auricchio/Br), WO; (Alfa
Aesar). The molar composition of the investigated system
was SnO, doped with ZnO with concentrations of 1.0 and
2.0 mol% and WO; from 0.005 to 0.01 mol%.
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Table 1

Influence of ZnO and WOj3 additives on the initial sintering temperature
(T;s), maximum sintering temperature (71,,x), relative densities (p) and
average grain size (G)

System Tis °C) Timax CO) p (%) G (um)
SnO; + 1.0% ZnO 876 1174 98.0 10.2
SnO; + 1.0% ZnO + 0.005% WO; 876 1194 96.6 59
SnO; + 1.0% ZnO + 0.01% WO; 865 1221 95.3 5.7
SnO; + 1.0% ZnO + 0.1% WO; 906 1152 95.5 6.3
SnO; + 2.0% ZnO 859 1236 97.1 6.2
SnO; +2.0% ZnO + 0.005% WO; 861 1233 96.2 5.6
SnO; +2.0% ZnO + 0.05% WO; 864 1220 94.2 5.4
SnO, +2.0% ZnO +0.01% WO; 856 1236 95.6 52
SnO; + 2% ZnO + 0.1% WO; 876 1250 95.8 5.7

Appropriate stoichiometric quantities of the starting
materials where thoroughly mixed in ethanol medium by
ball milling. Next, the dried powder mixture was pressed
into pellets by uniaxial pressing followed by isostatic
pressing at 210 MPa. No calcination was performed prior to
the pellet preparation. These pellets were then sintered for
4 h in dynamic oxygen atmosphere (flux 3 cm®/min, oxygen
purity 95%) at optimized maximum sintering temperatures,
which were obtained from dilatometry of the different
compositions and are given in Table 1. All heating rates were
5 °C/min, the samples were slowly cooled to room
temperature (cooling rate 5 °C/min).

The dilatometric analyses were performed with a Netzsch
402E unit, up to 1500 °C, at a heating rate of 10 °C/min in
oxygen atmosphere. The linear retraction and linear
retraction rates were collected every 0.5 °C. To obtain the
SEM micrographies, the sintered samples were fractured
and manual polished using 400, 600 and 1000 SiC papers.
After this procedure, they were automatically polished for
4 h using alumina with 0.05 wm particle diameter followed
by thermal etching at 1300 °C for 30 min.

To perform TEM/EDS analysis the samples were cutted
in 0.3 mm thick disks with a Low Speed Diamond Wheel
Saw (Model 650-SBT) and polished until 30 wm thickness.

After this procedure the samples were placed on the
sample holder and observed by electron transmission
microscopy (Digital Spectrometer-Pinceton Gamma Tech).
EDS (energy dispersive spectrometry) analyses were
performed in grains, at grain boundaries, triple points and
precipitates.

To perform the electrical measurements, silver contacts
were deposited on the samples surfaces (silver paint).
Current—tension (/-V) measurements were taken using a
high voltage measure unit (KEITHLEY Model 237)
connected to a computer.

3. Results and dscussion
The influence of ZnO and WOj3; dopants on the sintering

process of the SnO-based varistor was investigated by
dilatometric analyses. It was observed that the WOj3 addition
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Fig. 1. (a) Linear retraction and (b) linear retraction rate for different dopant
concentrations as a function of temperature.

affects the grain size and the final density of the sintered
samples (Table 1). The linear shrinkage rate (d(Al/ly)/dT)
and linear shrinkage Al/l; as a function of temperature for
different ZnO and WOj; concentrations are presented in
Fig. 1a and b. It was noted that the densification temperature
decreases with an increasing WOj3 concentration due to a
higher amount of Sn vacancies according to Eq. (3). These
vacancies facilitate material diffusion during sintering.
Fig. 1b illustrates the linear shrinkage rate for different ZnO
and WOj; concentrations. From these results it can be
verified that the limit to form a ZnO solid solution in the
SnO, matrix is 1.0 mol%. Here, the maximum shrinkage rate
occurred around 1200 °C. The presence of peaks close to
1080 °C for the highly ZnO-doped samples (e.g. 2.0 mol%
ZnO as shown in Fig. 1b) indicates the agglomeration during
the sintering process (intra and interagglomerates) from
particles with different sizes, i.e., SnO, (0.09 wm) and ZnO
(0.26 pm). These values were determinated before sintering.
Another peak close to 1380 °C could arise from defects
located at the grain boundaries or from a possible partial
evaporation of oxygen in the SnO, phase. The initial
sintering temperature (7j;) and the maxium sintering
temperature (7,,.x) are given in Table 1. The increase in
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