HhRe iR A

w11 % B3 £ % Hi /N Vol. 11 No. 3
2022 F 5 A JOURNAL OF INTEGRATION TECHNOLOGY May 2022
5IZH& R

AR, TR, IRAESR, S S VU VR AE BaTio, 0N A H ¢ SYERERT AT (7], BERAR, 2022, 11(3): 108-120.
Si SK, Zhang L, Wen JX, et al. Fabrication and properties of ultra-fine BaTiO; particles with high tetragonality [J].
Journal of Integration Technology, 2022, 11(3): 108-120.

=SP75 1 BLE BaTiO; R MMARIH & SRS
AR kBT OREE TR BAY R %

(R ERFEBE R YIS B AR ST R RIS AR E BR G S BE IR 518055)
PR ERBPERAR K EGRRER AR %BE S5 215123)
P RHE R 5 XRPE b Rl 518055)
YRR R R 0 A4 R A F] S AR AT B OGS R A6 s 28R 526060)
 FE =PSRN BaTio, B4k A2 N — 2 E MR A SR I R BARL . % SCR T T WP B/ s R
FERE TIO, dAHXS SR BVETE = VR BRI RGN , I D B ] ARV B2l & B T PO J7 1 BaTio,
FRLAIAR AR o« 43T A S 4210 P - S A R R X S R FL ARSI, A B A SR A SR ) R0 B
s MRS AE I SE 5% . Raman JGIE AT X SF2RATHT I RoR, fEmAeRb B AR T, Tio, HIBLEkE AR5
JEHAR R TIO-I A BLLFAAH. ST G0 P 20 A0 X S ERATHT, S5 RFRN, WO TUE AE A AU
% SRR AN Ba, TiO, (AR, Mhoh, T/r¥his o i 7 R B R38R T BaTio; MM Ba®'
6] TiO, fabs BRI . 12O KSR 25 R Y], R EAEHN 0.1 mm 1) ZrO, BEERX G4k #H TiO,
A1 BaCO; JR AP EE 4 h, FEAE 1100 C JBEEE 3 h J&, K15 T THRAEN 186 nm. U HEA 1.009 2
HAr B BRI BaTio, MiiA, M ALE 1250 °C Bes (P EAER BN 96.11%, & B (137.8 'C) 1Y
I HEHIEE D 8 677.

KHRIR)  HAH BaTio, #nfa: DUJ7Mes wWhBEA T s A tkRe
FEISES TQ 174  XEAFRER A doi: 10.12146/j.issn.2095-3135.20210830001

WESEEA: 2021-08-30  f&EIHHA: 2021-11-02

£&WB: ERAAFRFILETIH (51802142) ; HiA T oM e S T2 E R E SR =0 H (FHR-JS-202011012, FHR-JS-202011013,
FHR-JS-202011014) ; 53k 770 84564 QI8 0 (FHR-1S-202103001)

eI ", BULTRF A, TR0 KRR A s 5K CEIRTER) . RIFFCO, BER T N2 2R RS, E-mail: zhanglei@siat.
acen; MAEEEE, W-LOTFCA, FFCU7MONIhRERIEARL: TS, WFACO, WFFCT MO TR BT, FURm g TS, WA IR
JOREHIECEM R RS, BUZG M RN, WHRIT IO ORI AR ANE, RO, WRROT IRy R R R kL



33 TR, 2 SV RN BaTio, 9K AR 1 il % 5 14 REATT 7T 109

Fabrication and Properties of Ultra-Fine BaTiO; Particles with

High Tetragonality

*

SI Shaokang'? ZHANG Lei'”" WEN Jiaxin® YU Shuhui' CAO Xiuhua*
FU Zhenxiao® SUN Rong'

'( Shenzhen Institute of Advanced Electronic Materials, Shenzhen Institute of Advanced Technology,
Chinese Academy of Sciences, Shenzhen 518055, China )
*( Nano Science and Technology Institute, University of Science and Technology of China, Suzhou 215123, China )
*( Academy for Advanced Interdisciplinary Studies, Southern University of Science and Technology, Shenzhen 518055, China )
*( State Key Laboratory of Advanced Materials and Electronic Components, Guangdong Fenghua Advanced
Technology Holding Co., Ltd., Zhaoging 526060, China )

"Corresponding Author: zhanglei@siat.ac.cn

Abstract Ultra-fine BaTiO; powder with high tetragonality is the key material for the next generation of
multilayer ceramic capacitors. In this paper, effects of medium size of the sand-milling and the phase of
the raw TiO, on the reaction activity and dielectric properties of the product were investigated, and ultra-
fine BaTiO, powder with high tetragonality was synthesized via the sand-milling process. Field emission
scanning electron microscope images and X-ray photoelectron spectroscopy showed that the fine sand-
milling media was more effective in crushing raw materials and mechanical activation. Raman spectroscopy
and X-ray diffraction pattern proved that the anatase phase of TiO, was transformed into TiO,-II phase and
rutile phase successively during the sand-milling process. Derivative thermogravimetry and X-ray diffraction
analysis proved that fine sand-milling media was better at lowering the reaction temperature and inhibiting
the formation of Ba,TiO,. The high resolution transmission electron microscopy image revealed that the
formation of BaTiO; is a process by which Ba’" diffuses into the TiO, lattice. The anatase TiO,/BaCO,
mixture were sand-milled for 4 h, using ZrO, balls with a diameter of 0.1 mm, and calcined at 1 100 C for
3 h. Then a well-dispersed BaTiO, powder with an average particle size of 186 nm and tetragonality of 1.009 2 was
obtained. Sintered at 1 250 ‘C, the density of the ceramic derived of as-prepared powder was 96.11%, and

the peak value of the dielectric constant at the Curie point (137.8 ‘C) was 8 677.
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#z1 HREEHE XPS &EE5E

Table 1 Information of the reactant mixture and binding energy infered by XPS

. JRHEC T 5 HE(eV)

v 0 g o vh B A L ELAR

LURTE (mm) BaCO; BEKEH IO, &4LFTH TIO ols ols ABE

(mol) (mol) (mol) (BaCO3) (TiO)

S1 0.3 1 1 0 531.3 528.9 2.4
S2 0.3 1 0 1 531.4 529.0 2.4
S3 0.1 1 1 0 531.1 529.1 2.0
S4 0.1 1 0 1 531.1 529.0 2.1
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Fig. 2 Raman spectra before and after TiO, sanding and XRD spectra after TiO, sanding and high temperature calcination
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Fig. 4 XRD patterns of sample calcined at high temperature, and HRTEM patterns of S4 calcined at high temperature for 3 h
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Fig. 6 The dielectric temperature spectra of BaTiO; ceramics sintered at different temperatures, and FESEM diagrams of

BaTiO, ceramics sintered at 1250 C
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Table 2 Relative density and dielectric constant at Curie point of BaTiO, ceramics sintered at different temperatures

i iy S1 S2 S3 S4
(©) T (%) P T (%) P 35 (%) ¢ MR (%) P
1250 93.10 3595 94.21 7 898 96.11 8677 97.04 8935
1300 96.57 9013 96.37 9 335 96.51 7 866 96.84 5115
1350 96.65 9680 96.43 9703 96.42 7763 97.03 5973
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