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Effects of adding KNN and BBS glass on
microstructure and dielectric properties of BaTiO; ceramics

CHEN Guo-hua®?, YANG Yun"? WANG Li-na', SUN Qian-kun', YUAN Chang-lai"? JIANG Min-hong"*

(1. School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Information Materials, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: BaTiO; (BT) capacitor ceramics with KqsNaysNbO; (KNN) and BBS glass (BBS) were prepared by the solid
state reaction route. The effects of doping KNN and BBS on the crystal structure, microstructure and dielectric properties
were investigated by means of X-ray diffraction (XRD), scanning electron microscope (SEM) and impedance analyzer.
The results show that KNN-doped BT ceramics exhibit pure perovskite structure. AC/Cysc values at high temperature
obviously decrease with increasing KNN content. 3%—5% (mole fraction) KNN-doped BT ceramics are satisfied with the
EIA X7R specification. Adding 1% (mass fraction) BBS and 3% (mole fraction) KNN have no effect on the crystal
structure of BT ceramic. However, the secondary phases, Bi,B,Oy and BaTisO,;, occur when BSS content is more than
3% (mass fraction). BT ceramic sample with 3%BBS (mass fraction) and 1%KNN (mole fraction) sintered at 1 100 ‘C
shows medium dielectric constant (1 045), low dielectric loss (0.74%), high volume resistivity (5.5X 10" Q-cm). The
variation of dielectric permittivity for BT-KNN ceramic compared with room temperature is about —6.6% at —55 C,
—1.7% at 125 °C and —13.2% at 150 "C. The as-prepared ceramic material has great potential as X8R multilayer ceramic
capacitors at intermediate temperature.
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Fig. 1 XRD patterns of BT ceramics with different KNN

contents
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Fig. 3 SEM images of surface of BT ceramic samples with various KNN contents: (a) 0.5%; (b) 1.0%; (c) 3.0%; (d) 5.0%
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Fig. 6 XRD patterns of BT-3KNN ceramics with different BBS contents
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Fig. 8 SEM images of surface of
BT-3KNN ceramic samples with various
BBS contents: (a) 1.0%; (b) 3.0%; (c) 5.0%

Table 2 Properties of BT-3KNN system ceramics with different BBS contents

Temperature coefficient of capacitance/%

Mass fraction of BBS/% &5 tan(0/%) p/(Q-cm)
-55°C 125 °C 150 °C
1 1543 1.9 7.4X10" —-24.5 -18.7 —-39.4
3 1045 0.74 5.5x10" —6.6 -1.7 -13.2
5 904 0.55 3.3X10" 0.27 -8.0 -20.3

&50c: Permittivity at 25 °C; p: Resistivity; TCC: Temperature coefficient of capacitance
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