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Abstract 
WO3-based varistors with added Na2O and B2O3 were synthesized by the solid-state reaction. The undoped and 
B2O3-doped WO3 ceramics exhibited weak nonlinear I–V characteristics. The nonlinear I–V characteristics of the 
ceramics increased slightly after the addition of Na2O and more significantly after the addition of Na2O and B2O3. 
The nonlinearity coefficients α of the WO3, Na0.005WO3, and Na0.005WO3–5 wt % B2O3 ceramics were 1.86, 2.03, 
and 5.22, respectively. The breakdown voltages of the WO3, Na0.005WO3, and Na0.005WO3–5 wt % B2O3 ceramics 
were 1.56, 6.05, and 12.42 V/cm, respectively. The dielectric constant and the dielectric loss of the Na0.005WO3–5 
wt % B2O3 ceramic were ~50–150 and less than 0.3, respectively, for frequencies ranging from 1 to 1000 kHz. 
Keywords: WO3, varistor, nonlineality, breakdown voltage 
1. Introduction 
As varistors exhibit nonlinear I–V characteristics, they can be used to protect electrical devices and circuits against 
voltage surges. ZnO-based varistors exhibit large nonlinear coefficients and high energy handling capabilities (Li, 
Li, Liu, Alim, & Chen, 2002). SrTiO3-based varistors (Franken & Viegers, 1981; Li, Li, & Alim, 2006) and 
WO3-based varistors (Makarov & Trontelj, 1994 Wang, Aburas, Yao, & Liu, 1999; Yang, Wang, & Dong, 2004; 
Zang et al., 2004; Wang, Shao, Zhang, Li, & Yu, 2010) have also been investigated. To improve the nonlinear I–
V properties of a WO3-based varistor, Na2O ((Makarov & Trontelj, 1994 Wang, Aburas, Yao, & Liu, 1999; Yang, 
Wang, & Dong, 2004; Zang et al., 2004) or a rare-earth metal oxide (Wang, Shao, Zhang, Li, & Yu, 2010; Yang 
et al., 2004) has been doped in WO3 ceramics. Furthermore, WO3 has a large dielectric constant (Hirose & 
Furukawa, 2006; Miyazaki, Nose, Suzuki, & Ota, 2011); thus, WO3 ceramics may be suitable to create capacitor–
varistors (Yang, Wang, & Dong, 2004). 
Previously, we fabricated a WO3 ceramic capacitor by adding B2O3 as a sintering aid (Miyazaki, Ando, Nose, 
Suzuki, & Ota, 2015). The addition of B2O3 to WO3 affected the dielectric constants and loss of sintered WO3 
ceramics. Therefore, it became evident that the electrical properties of WO3 varistors could be controlled by the 
addition of B2O3. 
In this study, WO3-based ceramic varistors were synthesized by adding Na2O and B2O3. We evaluated the 
crystallographic structure and microstructure of the sintered ceramics as well as the effects of Na2O and B2O3 
addition on the electrical and dielectric properties. These properties were nonlinear and thus a characteristic of 
varistors. 
2. Experimental Procedure 
A mixture of powdered WO3 (Wako Pure Chemical Industries, Ltd., Japan) and Na2CO3 (Wako Pure Chemical 
Industries, Ltd., Japan) was die-pressed at 15 MPa to form a pellet. The pellet was calcined at 1100 °C for 1 h in air, 
then cooled and ground. The undoped or Na-doped WO3 powders were mixed with B2O3 powder (Wako Pure 
Chemical Industries, Ltd., Japan) with B2O3 content ranging from 0 to 20 wt%. A PVA aqueous solution was 
added to the mixture that was then die-pressed at 15 MPa to produce a pellet. The precursor pellet was finally 
sintered at 1000 °C for 20 h in air to yield the final product. 
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