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Materials and methods

BNBSCP-xZr (x = 0-0.14) ceramics were synthesized by solid-state reaction with
related oxides and carbonates of Bi;O3 (99.9%), Na,CO; (99.99%), BaCOs (99.95%),
SrCOs3 (99.95%), CaCO3 (99.99%), PbO (99.9%), TiO; (99%), ZrO, (99%) (Aladdin).
First, the above materials were weighted according to composition design, and mixed
by planetary ball mill in absolute alcohol for 10 hours. Then the dried mixtures were
calcined at 900°C for 2 hours in the covered alumina crucible, which was ball-milled
for another 10 hours. Afterwards, the dried powders were suppressed into pellets with
the help of binder under 8 MPa, and further compacted by cold isostatic pressing under
150 MPa. After the pyrolysis of binder at 600°C, the green pellets buried by powder
with the same composition were sintered at 1180-1230°C for 3 hours in the covered
alumina crucible to obtain ceramic samples.

The samples’ crystal structure was characterized by X-ray diffraction (XRD,
Bruker D8) and the surface microstructure was observed by scanning electron
microscope (SEM, TESCAN mira4). To characterize the dielectric behaviors, the
ceramics were polished, coated by silver paste as electrodes and measured by an LCR
meter (Agilent E4980A). A ferroelectric tester (Radiant Technologies) with
temperature controlling system and commercial charge-discharge device (PolyK

Technologies) were employed to determine the energy storage performances.



Figures and Tables

Table S1 The ionic radii of BNBSCP-xZr ceramics.

ionic radius (A) coordination number

Bi3* 1.36 12

Na* 1.39 12

Ba?* 1.61 12

Sr2* 1.44 12

Ca?* 1.34 12

Pb** 1.49 12

Ti* 0.605

7+ 0.72

o* 1.4

Table S2 The ¢ and Sconsig values of BNBSCP-xZr ceramics.

? Sconfig

x=0 1.0010 1.79
x=0.05 0.9981 1.99
x=10.08 0.9964 2.07
x=0.10 0.9953 2.12
x=0.12 0.9942 2.16

x=0.14 0.9930 2.2
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Fig S1 P-E loops of x = 0.14 and corresponding variation of Pyax, Py, Pax-Pr and Wi,

n under various electric fields.

Table S3 Comparison of energy storage properties between this work and recently

reported ceramic capacitors.

Compositions E (kV/ecm) Wi (J/em?) 5 (%) Reference
x=0.10 500 6.3 89.2 This work
x=0.12 610 8.8 92.5 This work
x=0.14 630 8.6 90.6 This work
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(0-85B10sNasTiOs aNbO) 540 73 80 38
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