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Abstract BaPbO; ceramics has attracted considerable
interest due to the promising electrical applications. For
the best control of the microstructure and phase, Sb-doped
BaPbO; ceramics were prepared by a sol-gel route. Inorganic
compounds were used as starting chemicals, citric acid and
Ethylene diamine tetra-acetic acid (EDTA) as complex
chelate agent, and distilled water as solvent. Experimental
results demonstrate that the Sb-doped BaPbO; ceramics with
homogeneous composition could be prepared by the method
mentioned above. Influence of Pb/Ba ratio and Sb concen-
tration on the room-temperature resistivity and the PTCR
behavior of BaPb,,,Sb,03 (x=0.0, 0.1, 0.2 and 0<y<0.2)
compositions was investigated. The PTCR behavior was
related to the Pb/Ba ratio and major compensating defect in
BaPbO;. The lowest electrical resistivity of Sb-doped
BaPbO; was calculated to be 2.69x10* Q-cm when the
Sb concentration y=12—13 mol%. The 0.5 mol% Sb-doped
BaPbO; showed the best PTCR behavior, and its Curie
temperature is about 850 °C.

Keywords BaPbO; - Sol-gel - Donor doping - PTCR -
Room-temperature resistivity

1 Introduction

Conductive ceramics has attracted considerable interest in

developing applications. In this field, BaPbOs-based
ceramics with high conductivity has been reported [1, 2].
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Because of the low resistivity at room temperature,
BaPbOs;-based materials have been studied as possible
superconductors in numerous experimental and theoretical
works during the last century [3-5]. At the same time,
BaPbO; has become attractive in applications such as
electrodes for lead zirconate titanate (PZT) ferroelectric thin
film [6-8], corrosion resistant coating for a positive battery
electrode [9] and barrier layer capacitor [10, 11] et al. Some
researchers reported that BaPbO3 showed positive temperature
coefficient of resistivity (PTCR) characteristics [12, 13], but it
can’t [14, 15]. Both Pb/Ba ratio and processing may influence
the PTCR properties of the samples. It is therefore of great
interest to study the PTCR properties of BaPbO; ceramics.
Compared with BaTiOs-based PTCR ceramics, BaPbOs-
based PTCR ceramics have a much lower room-temperature
resistivity and higher Curie temperature. If the PTCR
property of BaPbO; could be improved, it would be of
importance for applications such as heating devices operating
at low voltage and high-current-protecting devices operating
at high temperature.

In this work the influence of Ba/Pb ratio and Sb concentra-
tion doped in B-side on the properties of BaPbO; were carried
out. Experiments showed that the improvement of PTCR
characteristic of BaPbO5; modified with Sb had been achieved.
Room-temperature resistivity was about 2.69x10™* Q-cm for
12—-13 mol% donor-doped BaPbO; ceramics.

2 Experimental

Sb-doped BaPbOj; ceramics powder was prepared by a sol-
gel route to utilize the finer control of the process on
homogeneity and microstructure. Inorganic compounds Ba
(OH),'8H,0 (98%, AR grade), Pb(CH;COO),-3H,0 (99%,
AR grade) and Sb,03 (99%, AR grade) were used as starting
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materials, citric acid (99.5%, AR grade) and Ethylene
diamine tetra-acetic acid (EDTA)(99.5%, AR grade) as
complex chelate agent, and distilled water as solvent in
this work. Powders with compositions of BaPb,,,,Sb,0;
(where x=0.0, 0.1, 0.2 and 0<y<0.2) were prepared by the
sol-gel method. The process flow chart is shown in Fig. 1.
The dried gel powder was calcined in air at 850 °C for 3 h.
The calcined powder was pressed into rectangular bars of
2.0x8.0x40.0 mm and sintered at 970 °C for 5 h in air.

The room-temperature resistivity of the ceramics was
measured with the four-point dc technique, used embedded
Pt wires as voltage probes. The resistivity-temperature (R-T)
curves were recorded with a heating rate of 2 °C min™'. The
samples were characterized by powder X-ray diffraction
(XRD, Rigaku D/max-IIIA) using Cu Ko radiation.

3 Results and discussion

3.1 Influence of Pb/Ba ratio on room-temperature resistivity
and PTCR behavior

Mulder et al. [16] revealed by '*'Sb Mdssbauer measure-
ments that Sb-doped BaPbO; existed in compositions of

Ba(OH),-8H,0+Pb(AC),-3H,0

EDTA +Citrate
90°C NH; * H,0
Stirring pH>7

Sb203 Citrate

Precursor Solution

90°C |Stirring

HNO;
’ pH<7
Sb”" Sol 1 Sol
Vacuum
60°C
Drying
Gel

Sb-BaPbO; power

Fig. 1 Flow chart of the sol-gel route for the preparation of Sb-doped
BaPbO; powder
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Fig. 2 Influence of Pb to Ba ratio on the room-temperature resistivity
of BaPb,,, O3 compositions

BaPb; ,Sb,0; with Sb in a single valance state 5+. The
products in the BaPb,,, ,Sb,O; series show black in color
and are stable in atmospheric condition. It was found that the
room-temperature resistivity considerably decreased with the
increase of lead concentration from 0 to 0.1 and the reduction
was moderate beyond the lead concentration of 0.1 as y=0 (as
shown in Fig. 2). Owing to the high volatile character, Pb is
deficient for compositions with x=0.0 and the corresponding
sample’s resistivity is highest. The 10 mol% excess of Pb is
always added in the starting materials. BaPbO; is non-
stoichiometric with Ba deficiencies as suggested by Ikushima
and Hayakawa [16], and the corresponding number of
oxygen vacancies and electrons will be required to satisfy
the site balance and charge neutrality conditions [17]:

PbO—=Pb,, + 0% + Vi, (1)
Pby, — Pby, + 2¢ (2)
Ve +2e — VS (3)

The electron is not strongly trapped by oxygen vacancy.
Therefore, some part of the excess Pb is acceptor impurity
in BaPbOs.

Temperature dependence of resistivity for the BaPb;.,O3
compositions is shown in Fig. 3. The increase of resistivity
with the increase of temperature suggesting that electrical
conduction is metallic. PTCR behavior was observed for
composition with x=0.2, but wasn’t for compositions with
x=0.0 and 0.1. So the PTC properties were determined by
the different Pb/Ba ratio in BaPb;;,O3. The observed PTCR
behavior of BaPb; ;03 possibly involves the Barium
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vacancies in grain boundaries. Excess of Pb causes the born
of Barium vacancies (as shown in Eq. 1), leading to the
build up of the potential barriers. At the Curie point, the
increase in the potential barriers is likely to dominate
the PTCR properties.

(a) 5
5
L
>
S . o
8| s S 8 8 &5 -
c = S 8 gon o
RN h& " LSy ©
20 30 40 50 60 70 80
(b) )
E
L
>
%
C
(0] —~
2| s
L
20 30 40 50 60 70 80

20/(°)
Fig. 4 XRD patterns of (a) undoped BaPbOs, (b) 1 mol% Sb-doped
BanO3

LR
~6F o /
g I-. 56 .
| |
9 5| 5.4 |
o
— 5259 03 06 09
RS
~ 4r
2 u
=
» 3t
2 —
(0]
(0
2 1 1 1 1
0 4 8 12 16

Sb-doped content / (mol%)

Fig. 5 Sb concentration dependence of room-temperature resistivity
for the Sb-doped BaPbO;

3.2 XRD analysis of Sb-doped BaPbO;

The XRD studies were performed on undoped and Sb-doped
BaPbO; to examine the phase formation and crystal structure.
Figure 4 shows a comparison of the XRD patterns of undoped
BaPbO; and 1 mol% Sb-doped BaPbOj;. Crystalline phase of
the samples was identified by comparing the X-ray diffraction
peaks of the samples with those of the standards. The XRD
patterns revealed that the samples are polycrystalline perov-
skite structure with no evidence of any secondary phases. But
these peaks were found to be splitting at 20=69.7 and 77.4° in
Sb-doped BaPbOj3. This transition might be explained that the
phase changes from cubic phase to orthorhombic or pseudo-
cubic one. It should not seem strange that the cubic,
orthorhombic and pseudocubic phases of BaPbO; were all
reported by earlier workers [18, 19].

3.3 Influence of Sb-doped concentration
on room-temperature resistivity

As shown in Egs. 1-3, carriers are electrons, which are not
strongly trapped by oxygen vacancies for the undoped
BaPbOj. V4, and e are two probable alternative compensating
defects for incorporating a donor oxide into BaPbOs. Figure 5
shows the variation of resistivity with doped concentration for
Sb-doped BaPbOs. The room-temperature resistivity increases
with Sb concentration increased from 0.0 to 0.01. the lightly
Sb-doped sample has the similar microstructure to undoped
sample (as shown in Fig. 6). Thus the change of room-
temperature resistivity as functions of donor concentration is
mainly because of the switch of the major defects. Doping of
Sb in B side causes the born of Sby, and Vp,:

Sby05—28b%, + Vi, + 500 (4)

The antimony ions occupy Pb sites, and because Sb>*
has a higher valance than Pb*", it behaves as a donor. The
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donor charge is compensated by V;;a. There is an intrinsic
equilibrium:

nil — Vi, + V5 (5)

The concentration of oxygen vacancies decreases with
the addition of barium vacancies, then the carrier concen-

Signal A= SE2
EHT = 15,00V

#
Mag= 200KX
WD = 10mm

Fig. 6 SEM images of sintered BaPbO;. (a) undoped; (b) 0.15mol%
Sb-doped; (¢) 13 mol% Sb-doped
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tration decreased resulting in the increase of resistivity. As
the Sb concentration sequentially increased, however, the
resistivity decreases. Vp, is the compensating defect in
lightly Sb-doped BaPbOs;. As the donor concentration
increases, electrons become the major compensating defect:

1
Sb,05—528b}, + 400 + 702 +2e (6)

Therefore, the resistivity decreases when electrons concen-
tration increases. The lowest electrical resistivity of Sb-doped
BaPbO; was calculated to be 2.69x10™* Q-cm when the Sb
concentration y=12-13 mol%. The resistivity significantly
increases again when the donor concentration is larger than
13 mol%. It was possibly accounted for the reducing of the
grain size (Fig. 6) and the Sb impurities beyond the limit of
solid solubility segregating in grain boundary.

3.4 PTCR properties in the Sb-doped BaPbOj3

There is no PTCR property for composition BaPb; ;05 as
mentioned above. Figure 7 shows the temperature depen-
dence of the resistivity for the BaPbO; ceramics doped with
Sb 0f 0, 0.02, 0.1, 0.5, 1.0, 5.0, 10, 13.0, and 15.0%. In lightly

80
—
5
60
@]
Y
o
-~
X
— 40}
2> 20 .
= —
o 840 870 900
7]
[0}
o

0 200
Temperature / ('C)

400 600 800 1000

—u—0.0% sb —e—0.02% sb —A—0.1% sb —v—0.5% sb
—e—1.0% sb —«—5.0% sb —»—10.0% sb —e— 15.0% sb

Fig. 7 Measured values of resistivity vs. temperature in Sb-doped BaPbO;
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Sb-doped BaPbO; (0<y<1.0 mol %), the PTCR behavior
was also accounted for the impurity incorporation equation
(Eq. 2). It is demonstrated that barium vacancies cause to the
build up of potential barriers, leading to the PTCR behavior
[20]. In the oxidized condition (such as in air), the
equilibrium defect chemistry of lightly donor-doped BaPbO;
is dominated by donor impurities and their compensating
cation vacancies [21]. There is extensive evidence that cation
diffusion is very slow in the perovskite structure. Thus the Ba
vacancies are mainly accumulated at grain boundary. Many
Barium vacancies led to a wide range of grain boundary
structures and high potential barriers, and ultimately produced
the PTCR behavior. No PTCR behavior was found in highly
donor-doped BaPbOs. The changes of PTCR behavior also
indicated a change of compensating defect from V;;a to
electron with the increase of the donor concentration. The
0.5 mol% Sb-doped BaPbO; showed the best PTCR
behavior, and its Curie temperature is about 850 °C.

4 Conclusions

Sb-doped BaPbOj; ceramics were prepared by a modified
sol-gel route with citric acid and EDTA as complex chelate
agent and distilled water as solvent. Excess of Pb causes the
born of barium vacancies, and the observed PTCR behavior
of BaPb;,03 involves the Barium vacancies in grain
boundaries. V;;a is the compensating defect in lightly Sb-
doped BaPbO;, while electrons become the major compen-
sating defect as the donor concentration increases. The
room-temperature resistivity of 2.69x10™* Q-cm for com-
position of 12 to 13 mol% Sb-doped in B-side were
achieved. The 0.5 mol% Sb-doped BaPbO3 showed the best
PTCR behavior and its Curie temperature is about 850 °C.
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