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Electrocaloric Effect of Ferroelectric Ceramic and Its Application

ZHANG Chao, CEN Fangjie, XIAO Wenrong, DU Quanpei, ZOU Kailun, JIANG Shenglin, ZHANG Guangzu
(School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan, 430074, China)

Abstract: Electrocaloric effect, i.e., the entropy and temperature changes arising from phase transition and dipole orientation induced
in electric fields, can realize heat transport and refrigeration. The electrocaloric cooling eliminates the use of environmentally harmful
coolants, possesses high cooling efficiency, small size and low weight as a promising environmental-friendly and high-efficiency
cooling. One key point for electrocaloric cooling toward practical cooling is to enhance the performance of the electrocaloric effect of
ferroelectrics. Ferroelectric ceramics have attracted much attention due to their high polarization, rich phase structures and variety of
regulation methods. In this review, we introduced the electrocaloric effect of ferroelectric ceramic thin films, bulks and multilayer
thick films with various compositions, and discussed the internal relations among electrocaloric effect, compositions, phase transition
behaviors and microstructures. Furthermore, we concluded the modulation approaches of the electrocaloric effect of ferroelectric
ceramics, and gave the future development of electrocaloric materials.
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Table 1 Electrocaloric Performance comparison of ferroelectric ceramic
EC materials Form T/K AT/K  AE/kV-em")  |AT/AE[/(K-em'kV™)  Method Reference
0.75Bi;,Na; 2 TiO3—0.25SrTiO; Ceramic 333 1.64 50 0.033 Indirect [132]
0.94(Nay sBiy 5)TiO3—0.06BaTiO3 Ceramic 343 1.10 40 0.028 DSC [129]
(Bayg 75S10.25)(Zr0.15Tio.35)O03 Ceramic 298 1.95 50 0.039 Th [124]
Ba(Zro>Tio.s)O3 Ceramic 312 4.50 145 0.031 Th [80]
0.97K(.sNag sNbO3-0.03LiSbO; Ceramic 345 3.33 40 0.083 Indirect [82]
PbossLag.1(Zro.6sTio 35)O03 Ceramic 300 1.50 100 0.015 Indirect [87]
0.9Pb(Mg, 3Nb,3)03—0.1PbTiO3 Ceramic 300 1.50 115 0.013 Indirect [160]
Nag sBio s(Tio.07Wo.01F€002)03 Thin Film 416 56.00 2692 0.021 Indirect [70]
PbZr.95Tig.0503 Thin Film 495 12.00 480 0.025 Indirect [36]
Pbo.o7La.02(Zr0.655n0.3Tio 05)03 Thin Film 465 20.70 143 0.145 Indirect [60]
0.93Pb(Mgy3Nb;/3)05-0.07PbTiO; Thin Film 298 9.00 723 0.012 Indirect [47]
BaTiO3 MLCC 353 7.10 800 0.009 DSC [37]
Pb(Scs5,Tag5)03 MLCC 330 5.50 290 0.018 IR [40]
PbSco.sTaps0s MLCC 300 2.50 108 0.023 Th [111]
0.9Pb(Mg,3Nb,/3)03—0.1PbTiOs MLCC 380 2.70 288 0.009 TC [152]

T represents the test temperature; |AT/AE| stands for electrocaloric strength,reference stands for literature reference,direct testing method: Thermocouple (TC),

Infrared temperature sensor (IR), Differential scanning calorimeter (DSC), Thermometer (Th).
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(c) Surface temperature change of MLCC measured through infrared camera
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