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Preparation and Properties of BaTiO; Ceramics by Low
Temperature Cold Sintering
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(Engineering Research Center of Electronic and Information Materials and Devices, Ministry of Education; Guangxi Key
Laboratory of Information Materials; College of Materials Science and Engineering, Guilin University of Electronic Science
and Technology, Guilin 541004, China)

Abstract: Preparation of ceramics by cold sintering process has attracted great attention, and some progress has been
made in the preparation of BaTiO; ceramics. In order to improve the performance of cold sintered BaTiO; ceramics,
BaTiO; powder with good dispersion, particle size of 100 nm and tetragonality (crystal parameter c/a of 1.0085) was
prepared by hydrothermal method, and then the powder was hydrothermally activated at 100 ‘C for 1 h with 0.1
mol/L acetic acid. Dense BaTiO; ceramics were prepared by the Cold Sintering Process at 400 °C, under a uniaxial

pressure of 350 MPa for 1 h using 10% Ba(OH),-8H,0 (in mass) as flux. The as-prepared ceramic pellets were further
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annealed at 600 C for 0.5 h. In the end, BaTiO; ceramic sample obtained excellent characteristics with relative

density of 96.62%, grain size of 180 nm, dielectric constant (g;) of 2836, and dielectric loss (tand) of 0.03. An

amorphous titanium layer is formed on the surface of the highly active powder after acetic acid treatment, which

effectively promotes the densification of ceramics, inhibits the formation of impurity phases and grain growth,

improves the dielectric properties, greatly improves the dielectric dispersion phenomenon of cold sintered BaTiO;

ceramics, and realizes the low temperature cold sintering of BaTiO; ceramics.

K ey wor ds: nano-BaTiO;; dielectric ceramics; cold sintering; low temperature preparation; dielectric properties
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Fig. 1 XRD patterns of A; and A, powders
(b) Local magnification XRD patterns in the range of 26=43°-47°
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Fig. 2 PSD curves of powders (a)A; and (b)A,

x1 MENESTHEE
Tablel Sizedistribution of powders

Powder Djo/nm Dso/nm Dgo/nm
Ay 74 103 124
A, 76 107 129
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K3 (a~c)A; FI(d~DA, ¥R ¥ SEM HI TEM i i
Fig. 3 SEM and TEM images of powders (a-c)A;| and (d-)A,
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3 3
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K4 FrR(a)A, Fl(b)A, i) Ba3d HLiE Dt i 1 RETE ]
Fig. 4 Ba3d orbital photoelectron spectra of powders (a) A; and (b) A,
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ANEISI A e TV N Ba(OH), 8H,O fE# be4fh
Ja il 2 Hh Bk B AR S R R, T TE 5 2218 Kt 2
i 5| 2 RLI AR A1 KO, M LE T A-CSP-CS #E
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Fig. 5 XRD patterns of BaTiO; ceramics
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(b, ¢) Local magnification XRD patterns in the range of 26=43°-47° and 21.5°-25°, respectively
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Fig. 7 Dielectric temperature spectra of ceramics
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Table3. Relative density and dielectrio FH T4 300 B0t 7 0 PR e B o 2 R A B ok
roperties of ceramics . NN N \
Prop UKL F T HE, 2 2 WAL T 5 46 e T 1 40 K
Relative & e@T, T. WA / I e S S N - . R
Process ettt o St (w0 MRS SR RE A ) BaTios BiK
A»-CPS  92.73% 930 1413 128 'C  0.08 UKL B, (et T AR EHE, 90 T Ba(OH), 8H,0
A-CPS-CS  95.78% 2768 5813 124 'C  0.06 R B, MITHE B T M & 1 e 45 BU% B I ORAIE f bt
A,-CPS-CS  96.62% 2836 7274 123 'C  0.03 st £ .

&: Dielectric constant at room temperature; &@7.: Dielectric peak; 7¢:
Curie temperature; tand: Dielectric loss
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() Ba® $2 AL 4h &7 5, Wb Ba(OH), 8H,0 LA
JAE S AR B A R A U TRE. A AU, A
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Fig. 8 Densification process of cold sintering of BaTiO3
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Table4 Summary of cold sintering of BaTiO3 ceramics
Process Flux (in mass) Temperature/Pressure Time/h Density/% &1 kHz) tand (1 kHz) Heat treatment Ref.
CSP-CS Ba(OH)y/TiO, 180 °C/430 MPa 1-3h 95 1760 0.04  700-900 C/3h [11]
soultion
CSp NaOH-KOH 300 ‘C/520 MPa 12h 98 1800 0.04 - [15]
Surface H,0, Ba(OH), 220 “C/500 MPa 1h 97 1550 0.02 700-900 C/3h [10]
coating/CSP-CS solution
1 mol/L acetic 20% 225 ‘C/350 MPa lh 95 1440 0.09 - [16]
acid/powder-CSP  Ba(OH),8H,O
1 mol/L acetic 11% 275 "C/350 MPa lh 92 1500 0.08 - [21]
acid/powder-CSP  Sr(OH),8H,0
0.1 mol/L acetic ~ 10% 400 ‘C/350 MPa 1h 96 2830 0.03 600 C/0.5h  This
acid/powder-CSP  Ba(OH),-8H,0 work
¢, Dielectric constant at room temperature; tand: Dielectric loss
28 BaTiOs fb ki gl i B 2 2, NGB . Journal of Materials Research, 2021, 36(6): 1285-1294.
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