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Energy Storage Properties in BaTiO3;—Bi(Mg(s5Zr.25Tip25)O3 Relaxor Ferroelectric Ceramics

HU Jiezi, LV Hongkun, DING Liwei
(State Grid Zhejiang Electric Power Research Institute, Hangzhou 310000, China)

Abstract: BaTiO;3-Bi(Mgg sZrg,5Tig5)O;3 ceramic was prepared by a solid-state method, and the influence of Bi(Mgg sZrg25Tig25)O3
content on the microstructure, dielectric, ferroelectric and energy storage properties of BaTiOz-based ceramics was investigated. The
ceramic has a tetragonal phase structure when the sample composition x<0.03, and the structure of the ceramic changes from a
tetragonal phase to a cubic phase when x=0.06. This ceramic shows a good temperature stability. The dielectric constant peak
becomes wider and lower, and the material gradually changes from a ferroelectric to a relaxor ferroelectric as Bi(Mgg sZrg25Tig25)O3
content in the composition increases. The dielectric constant of the sample keeps stable from room temperature to 500 C. The
addition of Bi(Mgy sZr,5Tip25)O; can make the hysteresis loop to be slimer, the remnant polarization P, decreases, and the
integral area of the upper branch of P—E loop with respect to the polarization axis become larger. Thus, the material energy storage
density increases. The energy storage density of the material firstly increases and then decreases, while the energy storage
efficiency increases from 75.08% to 92.35%. The maximum energy density of 0.80 J/cm® can be obtained with a high efficiency of
88.97% as x=0.1.
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0.03 1250 5.654 92.9
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0.40 1 000 6.195 90.7
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(a) XRD patterns from 10° to 70°

(b) Enlarged patterns around (200) peak
Black dot denoted the second phase BaBisTi4sO;s in x=0.30, while the

asterisk denoted the second phase BiO, in x=0.40.

K1 (1-x)BaTiOy;—xBi(MgsZros Tig.5)03 B & ] XRD it
Flg 1 XRD patterns of (1—X)BaTi03—XBi(Mg0_5ZrO_25Ti0_25)03
ceramics with different compositions

%2 (1-X)BaTiO;-xBi(Mgy sZr 25Tl 25)O0; B E B 25 WS

Table 2 Structure parameters of (1-xX)BaTiOs;—
XBi(Mgy sZr,5Tij25)0; ceramics
X Space group Cell parameters/A
0.03 P4mm a=3.99525(17)
0.03 P4mm c=4.026 42(15)
0.06 Pm3m a=4.003 95(28)
0.10 Pm3m a=4.005 56(22)
0.20 Pm3m a=4.01998(10)
0.30 Pm3m a=4.03781(13)
0.40 Pm3m a=4.036 89(13)
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B2 (1-x)BaTiOs—XBi(Mgy sZr s Tig.25)03 M B K45 FLTH ) SEM B8
Fig. 2 As-sintered surface SEM images of (1-X)BaTiO;—XBi(Mgg sZrg 25 Tip25)O; ceramics
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Flg 3 DSC curves for (17X)BaTiO37XBi(Mgo‘SZTO.ZSTiO.25)03
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(a) Dielectric constant (b) Dielectric loss

B4 (1-X)BaTiOs—XBi(Mg sZro 25 Tio 25)03 B B 235 T~ A 5 A0 A R RE BB AT 22 A8 Ak fih 28
Fig. 4 Frequency dependences of dielectric constant and loss at room temperature for (1-X)BaTiO3;—XBi(MggsZrj25Tig25)O;3
ceramics

Solid arrows indicate the increasing frequency, dashed arrows indicate the physical quantity.
5 (I—X)BaTIO3—XBl(Mg05ZI'025T1025)03 B@%Eﬁi ﬁiﬁ%?ﬁ EEA%%&E{I\ %Tﬁ%%ﬁjﬁfﬂ%‘lg%'f’t%/% HEH g%
Fig. 5 Temperature dependences of dielectric constant and loss at different frequency for (1-X)BaTiO3;—XxBi(Mgg sZr(25Tig25)O;3
ceramics
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Fig. 6 Relation between In((1/e—1/ey,,)) and In(T—T,,,) and the modified Curie-Weiss fitting, indicating the diffuseness exponent

y for all compositions
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Fig. 7 Relationship between T,,,, and frequency, and Vogel-Fulcher or Arrhenius fittings

%3 VF K Arrhenius 8l & 53]
Table 3 Fitting parameters for VF and Arrhenius law

X T/ C E./ eV fo/Hz

0.1 VF 19 0.015 1.5x10’
0.2 Arrhenius 0 0.048 1.4x10°
0.3 Arrhenius 0 0.063 2.5x10°
0.4 Arrhenius 0 0.045 0.9x107
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Fig. 10 Variation of the energy storage density with applied
electric field for (1-x)BaTiO;—xBi(Mgg 5Zrg25Tip25)O03
ceramics
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Table 4 Comparison of the energy storage properties of other BT-based ceramics

Composition Dielectric | Energ?l storageﬁ3 Energ?/ storage References
strength/(kV-cm ™) density/(J-cm ™) efficiency/%
0.91BaTiO3-0.09BiYbO; 93 0.71 82.6 [4]
0.86BaTiO3—0.14Bi(Zn;,Ti; )O3 120 0.81 94 [14]
0.85BaTiO3-0.15Bi(Zn,;3Nb;3)03 131 0.79 93.5 [15]
0.90BaTiO3-0.09BiInO; 140 0.753 89.4 [16]
0.88BaTi03-0.12Bi(Mg1/2Til/2)03 224 1.810 88 [17]
0.62Nay sBiy sTiO3—0.06BaTiO3-0.32(Sro 7Bio3) TiO3 60 0.470 [18]
(1-x)BaTiOs—xBi(Mgo.sZr0.25Tip25)O;3 130 0.80 88.97 This work
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