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Abstract

China is rich in low-grade fluctuating waste heat resources, yet traditional thermoelectric technol-
ogies struggle to utilize them efficiently. Pyroelectric technology can directly convert temperature
fluctuations into electric energy, which has great recovery potential. However, the existing high-
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performance pyroelectric materials have the core bottlenecks of high cost, high pollution, and poor
adaptability to random heat sources. In order to develop lead-free pyroelectric materials with high
performance and environmental protection, barium strontium titanate (BST) ceramics were pre-
pared by the traditional solid-state reaction method with Zr#+ as the doping ion. The effects of Zr*+
doping amount on the ferroelectric, dielectric, and pyroelectric properties of the ceramics were sys-
tematically studied by means of ferroelectric properties test, dielectric temperature spectrum test,
and pyroelectric coefficient test. The results show that proper doping can effectively adjust the Cu-
rie temperature, improve the dielectric temperature stability, and significantly increase the pyroe-
lectric coefficient. Among them, the peak energy density of BSZT ceramics doped with 0.06 mol%
Zr** reached 296.4 MJ/cm and 106.0 M]/cm under the Olsen cycle and the Stirling cycle, respectively,
which was obviously improved compared with the system without Zr#+. The research results pro-
vide an experimental basis for composition design and process optimization of high-performance
lead-free pyroelectric ceramics.
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Table 1. Chemical raw materials used in the experiment
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Figure 1. Dielectric properties of BSZT ceramics with different Zr contents: (a) 0 Zr; (b) 1 Zr; (c) 2 Zr;
(d) 4 Zr; (e) 5 Zr; (f) 6 Zr
B 1 FREESEM BSZT MENEBIMRE: ()0Zr; (b)12Zr; (¢)22Zr; (d)4Zr; (6)5Zr; () 6Zr
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Figure 2. Hysteresis loops of BSZT ceramics with different Zr** contents in the range of 30°C~90°C
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Figure 3. Stirling cycle paths of 6Zr-BSZT ceramics under different temperature differences
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Figure 4. Olsen cycle paths of 6Zr-BSZT ceramics under different temperature differences
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Table 2. Comparison of properties between 6Zr-BSZT ceramics and similar pyroelectric materials reported in the literature
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Figure 5. (a) Schematic diagram of the test structure; (b) Direct thermal stimulation data graph
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