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Abstract

Cold sintering process (CSP) has attracted considerable attention in recent years as an efficient and
energy-saving method for ceramic preparation due to its extremely low sintering temperature and
short sintering time. However, it still faces issues such as insufficient density and reliability. This
paper employs a chemical coating method to introduce a breakdown-resistant SiOz phase onto the
surface of ceramic powders, optimizing the cold sintering performance of Bio.sNao.sTiO3(BNT)-based
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ceramics. The effects of different heat treatment temperatures on the phase structure, microstruc-
ture, and ferroelectric properties of cold-sintered 0.78BNT-0.22NN@SiO: ceramics have been sys-
tematically investigated. As a result, ceramics with a relative density close to 99% were successfully
prepared via the CSP with an optimized heat treatment temperature. The results indicate that the
cold-sintered 0.78BNT-0.22NN@Si0:2 ceramic heat-treated at 1050°C has a room temperature die-
lectric constant of 1340 and a dielectric loss of 1.4%, exhibiting excellent temperature stability of
the dielectric properties. Moreover, its maximum discharge energy storage density at room tem-
perature is 3.56 ] /cm3, and the energy storage density variation rate is only 3% within the frequency
range of 1 Hz to 100 Hz, demonstrating outstanding energy storage performance.
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Figure 1. (a) XRD pattern and (b) relative density of cold-sintered 0.78BNT-0.22NN@SiO2 ce-
ramics at different heat treatment temperatures
B 1. TRIALIESE T41ELE 0.78BNT-0.22NN@SIO: BaE I (a) XRD EikF(b) HExIHBE

N T RIFFEAN R R A FRR, B2 0f 74 e 2t 0.78BNT-0.22NN@SiO i Y AH X 55 A FE I , AR 445 B K AR A
AEM R SLPRE R, IS T MR 5 B, AR 8 B AR AT T, Wl 1(o) . BEE
SRR BT, AR 2 BT A TR S, HAAE PRy 1050°CY, A SR K4
XYEERL, AR IR B B0 98.8%. oKt i Se A b B R PR 950 CEliT iy & 1100°C I, AR E
W BT, IX AT e PR i B (i (R TC5 I8 B A AR AR AR T 5 B e AR S, AT FELRS: T g e (O B0 it
FEs IR I e U ) N DRV e 46 ) B B O AR A S T 45 R A I HE AR, G ORI RS AN 2] SRR IR,
[ It 2 A e LI R G 0 . PRI, RS A B AR BRI FE ) T 583 0.78BNT-0.22NN@SiO, Fiy B 1 i

DOI: 10.12677/ms.2024.1412189 1743 PR R


https://doi.org/10.12677/ms.2024.1412189

PN E

FEFEPRAR B ShIR E ZE C

K 2 AR [R] AL BRE G A B4 0.78BNT-0.22NN@SIO, M4 ) FESEM M ESR, JiEid Nano
Measurer it It 1P R RSE, B AR SRR 0 A AT RUE H, AN [RGB B2 (R &
WIS, B WS ALIEKIAEAE. 950°C . 1000°C HAbHRE Bk R~F o A o949, {34
AEFRIG AR, AE AR LR I LA BeSh i VA - DU AR AR AERASUTIE . BEE AL BRI L)

T, AEmASTUER AL NS A, 1050 °CHAbBFE 5 HILE W &G 5t . 1100°C FAKEFEFE & T b R
P, A RLR AR AR
Mean/pm=0.95+0.35
() 5| ' 950 C
g
€ 20
S
=1
£
3 10t
0
0.0 05 1.0 15
Grain size (um)
) 4 Mean/um=1.00£0.36
_ 1000 ‘C
z
g
=3
o

0
0.0 0.5 1.0 15 2.0
Grain size (um)

40 Mean/pm=1.09%0.41
1050 'C

Cumulant (%) 9
w
o

0 05 10 15 20 25
Grain size (pm)

h) Mean/um=1.930.70
1100 C

20+

10+

Cumulant (%)

0 1 2 3 4 5
Grain size (um)

Figure 2. FESEM diagram of cold-sintered 0.78BNT-0.22NN@SiO2 ceramics at different heat treatment temperatures and
corresponding grain size distribution; (a, ) 950°C; (b, f) 1000°C; (c, g) 1050°C; (d, h) 1100C
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Figure 3. Surface morphology and EPMA analysis results of 0.78BNT-0.22NN@SiO2 ceramics after heat treatment at 1050°C
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Figure 4. Hysteresis loop and current curve of cold sintered 0.78BNT-0.22NN@SiO2 ceramics with varying electric field
strength at different heat treatment temperatures; (a, d) 1000°C; (b, €) 1050°C; (c, f) 1100°C
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Figure 5. Cold sintered 0.78BNT-0.22NN@SiO2 ceramics at different heat treatment temperatures (a) electric hysteresis loop
at 150 kV/cm electric field strength and (b) energy storage density and energy storage efficiency varying with the electric field
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Figure 6. Cold sintering of 0.78BNT-0.22NN@SiO2 ceramics at different heat treatment temperatures variable temperature
hysteresis loop at 120 kV/cm electric field strength (a) 1000°C; (b) 1050°C; (c) 1100°C and (d) discharge energy density and
energy efficiency
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Figure 7. Cold sintering of 0.78BNT-0.22NN@SiO2 ceramics at different heat treatment temperatures at 120 kV/cm electric
field strength, unipolar hysteresis loop at different frequencies (a) 1000°C; (b) 1050°C; (c) 1100°C and (d) discharge energy
density and energy efficiency
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Figure 8. Relationship between dielectric constant and dielectric loss of cold sintered 0.78BNT-0.22NN@SiO2 ceramics at
different heat treatment temperatures
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