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# 1 BFO-BTO+z%MnO, ¥ 5 1ES 5

Table 1.  The refined retrieved lattice parameters, volumes and R factors for BFO-BTO+2%MnO, ceramics.

. s S/ A
ARISY /%% AL AR A R HT¥
T a C
R PC R PC R PC Ryp/%  Ryp/% 7
0 7564 2436  5.6400(2) 13.8964(0) 9893(6) 38292  63.49 6.98 4.65 2.37
0.05 72.97 27.03  5.6411(7) 13.8983(8) 3.9902(5) 383.03  63.53 5.91 4.06 1.45
0.10 7270 27.30  5.6390(5) 13.8909(8) 3.9938(5) 38254 63.71 5.23 3.81 1.2
0.20 6848 3162  5.6398(2) 13.8962(4) 3.9911(4) 38279 63.58 6.39 4.49 1.85
0.50 67.21 3279  5.6458(1) 13.8768(6) 3.9898(0) 383.07  63.51 5.80 4.09 1.50
100 6641 3359  5.6487(1) 13.8299(3) 3.9914(5) 38217 63.59 5.88 435 1.36
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Fig. 1. XRD patterns of BFO-BTO+2%MnO, samples: (a) ©
= 0; (b) z = 0.05; (¢) z = 0.10; (d) z = 0.20; (e) z = 0.50;
(f) = = 1.00.
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Fig. 2. Mn 2p XPS spectrums of BFO-BTO+2%MnO, samples: (a) = 0.20; (b) z = 0.50; (c) z = 1.00.
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Fig. 3. SEM images of BFO-BTO+12%MnO, samples: (a) z = 0; (b) z = 0.05; (c) z = 0.10; (d) z = 0.20; (e) =z = 0.50; (f) 2 = 1.00.
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Fig. 4. Permittivity and loss tangent as a function of temperature and frequency for BFO-BTO+1z%MnO, samples: (a) z = 0; (b) z =

0.05; (¢) z = 0.10; (d) z = 0.20; (e) z = 0.50; (f) = = 1.00.
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Fig. 5. (a) & and tand as a function of frequency for BFO-BTO+2%MnO, samples; (b) the leakage current for BFO-BTO+

2%MnO, samples at 50 kV /cm.
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Fig. 6. The P-F hysteresis loops for BFO-BTO+2%MnO, samples with different electric fields at room temperature: (a) = 0; (b) z =

0.05; (¢) = = 0.10; (d) = = 0.20; (e) = = 0.50; (f) = = 1.00.
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Fig. 7. (a) The change of electric field when the electrocaloric of Mn0 ceramics measured; (b) the direct measurement electrocaloric
AT of Mn0 ceramics during the electric field changes from +30 kV/cm to 0 kV/cm and 0 kV/cm to 30 kV/cm; (c) the AT of
BFO-BTO + 2% MnO, ceramics at different electric field and the AT of BFO-BTO + 2% MnO, ceramics with polarization flip
during the electric field changes from +30 kV /cm to —30 kV/cm; (d) the AT of BFO-BTO ceramics at different temperatures un-
der 40 kV/cm and 50 kV/cm; (e) the AT/E of MnO ceramics at different temperatures under 40 kV/cm and 50 kV /cm; (f) the the-
oretical AT/E of Mn0 ceramics.
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Giant electrocaloric effect enhancement due to the
polarization flip and influence of Mn** doping

on the dielectric, ferroelectric properties in
0.7BiFe0;-0.3BaTiO; ceramics’
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2) (School of Physics and Optoelectronic Engineering, Guangdong University of Technology, Guangzhou 510006, China)
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Abstract

As a kind of ferroelectric and antiferromagnetic coexistent multi-ferroic material, BiFeO; (BFO) has a
theoretical saturation polarization over 100 pC/cm?, and a Curie temperature of 830 °C, which may offer a huge
electrocaloric effect. However, owing to the evaporation of BiyO; in the sintering process at high temperatures
and the variation of chemical valence of iron ions, there are lots of point defects and also a large leakage current
existing in BFO, making the ferroelectricity of BFO hard to develop and measure. Although the forming of solid
solution with BaTiO5 (BTO) or other oxide ferroelectrics may mitigate the leakage current, high loss tangent is
still existent. This work tries to address this issue by adding manganese ions into the BFO-BTO solid solution.
The 0.7(BFO)-0.3(BTO)+2%MnO, ceramics are prepared through using the conventional solid-state reaction at
high temperature. The microstructure, dielectric characteristic and ferroelectric characteristic are investigated
by doping different Mn?* ions. Results indicate that the crystallographic structure is of rhombohedral and
pseudocubic phase coexistence. It is observed that a certain content of Mn?* ions may lead both the loss tangent
and the leakage current for BFO-BTO ceramic to decrease, which is due to the compensation of dopant Mn**
ions for the oxygen vacancies. In addition, the 0.7BFO-0.3BTO+0.5%MnQO, ceramic arrives at a maximum
polarization of 50.53 pC/cm? at 100 kV/cm. Finally, a direct approach is used to measure the electrocaloric
effect. It is found that using the polarization flip method, the ECE temperature change is observed to increase
almost 8 times when the electric field changes from 0 to —30 kV/m with respect to that when the electric field
decreases from 30 kV /cm to 0. This verifies that the Lu et al’s method is also applicable to polycrystalline first-

order phase transition ferroelectrics.

Keywords: ferroelectric, dielectric loss, electrocaloric effect
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