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DESCRIPTION CN118183830A

A calcium-doped barium titanate powder, its preparation method and application

— SIS R BRI (R K Bl & 75 A M AR

[0001]

Technical Field

ARG
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[n0001]

This invention belongs to the field of nano-ceramic powder preparation, specifically referring

to a calcium-doped barium titanate powder, its preparation method, and its application.

KRB THREEMMARIEIIA, 15528 —MISERARBRINHA R EH S &S EZMR A,

[0003]

Background Technology

BHREA

[n0002]

Barium titanate is an important basic raw material for multilayer ceramic capacitors (MLCCs)
due to its high dielectric properties, environmental friendliness, and non-toxicity. As MLCCs
gradually develop towards miniaturization, large capacity, and high reliability, higher
requirements are being placed on the particle size, dispersibility, tetragonal phase, and other

structural parameters of barium titanate.
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RERINAEESTEMNE, BENFRERY. T5HEFHERZEMERR S (MLCC)EZEMEM
#, FEEMLCCEHRVNE. XBE. SUENFHEARE, MREMANBHART. 28%E. m75

BELEHSHRERESHENR,

[n0003]

Meanwhile, the dielectric constant of barium titanate ceramics varies greatly with
temperature, and near the Curie temperature, the dielectric constant undergoes a sudden
change, manifested as a very sharp Curie peak. Furthermore, its wide hysteresis loop and low

breakdown strength limit its widespread application in energy storage capacitors.

FESAERIEZENTEEHEENTHER, METEERERENE, TEEHSLAERT, RIU*E
FREIEFERY, MEEARNEHFRSZNENEEFRERS T HEE BRI F 2N A,
Barium titanate is an ABO-NER1-perovskite structure, and its high-temperature stability can

be improved by doping different metal elements into Ba or Ti sites in the crystal lattice.

RERFE—FHABO<sub>3</sub>$55AH &1, BIERRPERFRNERBTRHNBaIsE Tifl

Appropriate calcium doping can shift the Curie temperature in BaTiO<sub>3</sub> towards
higher temperatures, expand the temperature range of the tetragonal phase, broaden the

Curie peak, and improve temperature stability.
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EEM 5B A LUEIFBaTiO<sub>3</sub>FNEREERERS AR, MAEEREEXIE
R, BREZE, REREMEIT.
The inclusion of calcium in the barium titanate lattice can not only effectively reduce the grain
size and thus improve energy storage performance, but also enhance the stability of the

ceramic under high pressure and reduce dielectric loss.

SHENRERINRASH, FNNAI LB N@ERI R Mgt se, MBEALIREREESES

IBTRRENE, FRERERRTT B,

[n0004]

Currently, solid-phase and liquid-phase methods are commonly used to synthesize calcium-
doped barium titanate powder. Solid-phase methods use abundant and readily available raw
materials, have simple and convenient processes, low production costs, and mature
technology. However, the synthesized powder has a large particle size, severe particle
agglomeration, poor dispersibility, and the reaction needs to be carried out at high

temperatures, which consumes a lot of energy.
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BRIERISE AR AR BEMENREE, BREZREFERSE. TZERAHE. A
. B, BRERIMEFRIEAR. BREARTE, 78ltE. AERNFEESE FHIT. #EE
Ko

Zhang Lei et al. synthesized calcium-doped barium titanate powder using a rotary kiln low-
high speed two-stage calcination solid-state method. Compared with the traditional one-
stage high-temperature solid-state calcination, the obtained calcium-doped barium titanate
has the advantages of uniform particle size and high tetragonality, but the average particle

size is 1.32 um, which is relatively large.

KEFARABLEEFR-SEREEIRIRERES R ISHERIVARIE, BT ERN—ERSREE
Bk, RENGERARINAEEHZNS. OAMREFNR, BFRNFEIYRTELI2um, Tkl
RS8R

Zhu Guisheng et al. synthesized calcium-doped barium titanate powder with an average
particle size of about 100 nm and good dispersibility through a hydrothermal method.
However, the reaction requires a high concentration of KOH as a mineralizing agent, and a
large amount of water is needed to wash away the alkaline mineralizing agent. Moreover, it is
easy to leave trace amounts of alkaline or alkaline earth metal ions in the barium titanate
body, which makes it unsuitable for use in the field of high-purity electronic materials. This is
because they used H<sub>2</sub>TiO<sub>3</sub> as the titanium source, which contains a

large number of hydroxyl groups in its structure. The calcium-doped barium titanate powder
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prepared by them has a high hydroxyl defect and a low tetragonal phase content (c/a=

1.0036), which cannot meet the requirements of practical applications.

KRIFMFANBIKE, GT FIHRRI100nmAEGN. 2EMEREFRTSIE A RERI K, BRN
FESRENKOHIENT 5T4HEITER, ERFBEARERNRRILFREEN LF, MERZEMM
ENRMERER T EBE FEARRNSEPNABMEEZN AT SAEEFMETUER, HAEXRA
H<sub>2</sub>TiO<sub>3</sub>}kiF, HEMPFSHERENZE, HEIEHSERRERINE

BRBGRE, IA5ESBRIE(C/=1.0036), TEHELRRABR.

[0007]

Summary of the Invention

RARE

[n0005]

To address the technical problems of large particle size, wide distribution, poor dispersibility,
high defect content, low tetragonal phase content, and large amount of mineralizer required

in the solid-phase method of preparing barium titanate, this invention proposes a barium
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titanate powder, its preparation method, and its application. This invention produces small-
sized, highly dispersed barium titanate powder with a high tetragonal phase content, and the

preparation process is simple and does not require the addition of mineralizer.

NT BRINE RARPERIEHFHHEARBRIMRERTRAR. DHIRE. DEIEEURREERE

, OAESERUNRFEBRRENY LHIBEARRE, RLFRE T —MISERABRINHARE

]m

S8
SIEHETILA, HEHIRT. B, NAESBRENNBERARIME, BHETRATE

FMAFLF. TZREE,

[n0006]

To achieve the above objectives, the technical solution of the present invention is

implemented as follows:

NEMERBRY, FEBARRASREXFLIUH:

[n0007]

A method for preparing calcium-doped barium titanate powder, comprising the following

steps:
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— SIS R RER I ABRIE 7R, DB

[n0008]

(1) Prepare a barium salt solution of a certain concentration, heat to dissolve, and after

complete dissolution, cool down and add an appropriate amount of calcium source.

(1)ECH—ERERNIERR, MPAEHE, BR2ERERMNEENTR;

[n0009]

(2) Weigh the titanium source according to a certain barium-calcium molar ratio, add it to a
barium salt solution containing calcium, and emulsify and shear at high speed to obtain a

calcium-doped barium titanate precursor solution.

(23R —E ENINTSE/RILIESCR, MAZISEHHINERRTD, SRAKIY], [EFHERK

BRI RIAA R

[n0010]

(3) The calcium-doped barium titanate precursor solution was transferred to a high-

temperature reactor and hydrothermally reacted to obtain a barium titanate suspension.
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Q)RR AN R FAREBES RRNETR, #HITKARNSEHKERINZFR;

[n0011]

(4) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(4)F BB A RERINAFRAITHIE. EEFKUE TERUKLMERIFEISE AR,

[n0012]

In step (1), the barium source in the barium salt solution is Ba(OH)<sub>2</sub> « 8H<sub>2<
/sub>0, the solvent is deionized water, and the concentration of the barium salt solution is 2-

3 mol/L.

iR 25 B (1) P ENER AR P LR /9Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, AFIAEEFK, N

IR REKE 792-3mol/Lo

[n0013]

In step (1), the temperature for heating and dissolving the barium salt solution is 70-90°C, and

after complete dissolution, the temperature is lowered to 40-50°C.
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FiR 5 8 (1) R A SRR RBR RN T0-90°C, #522 MRS HIEEI40-50°C,

[n0014]

In step (1), the calcium source is one or a mixture of two or more of CaCl<sub>2</sub>, Ca
(NO<sub>3</sub>)<sub>2</sub>, Ca(CH<sub>3</sub>C0O0)<sub>2</sub>and Ca(H<sub>2<

/sub>PO<sub>4</sub>)<sub>2</sub>.

Frid 558 (1)F 53R I CaCl<sub>2</sub>. Ca(NO<sub>3</sub>)<sub>2</sub>. Ca(CH<sub>3<
/sub>CO0)<sub>2</sub>F1Ca(H<sub>2</sub>PO<sub>4</sub>)<sub>2</sub>H#)—Fh =} FHFh

U ERES,

[n0015]

In step (1), the molar ratio of calcium source to barium source is (1-10):(90-99).

PR B8 (1) PSR FURRIE/REE /9 (1-10) 0 (90-99).

[n0016]

In step (2), the titanium source is anatase titanium dioxide formed by treating titanate

nanotubes (NTA) at 300-700°C for 0.5-8h.
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iR 25 B8 (2) PSR A EKERAK E (NTA) 212 7£300-700°C,  203E0.5-8h[EAZ BBV — |1k,

[n0017]

In step (2), the molar ratio of (barium source + calcium source) / titanium source is (1.0-1.2):1.

PR B8 (2) h (SUR+150R) /SRR EE/REE 79 (1.0-1.2) 1 Lo

[n0018]

The hydrothermal reaction in step (3) is carried out at a temperature of 160-200°C for 8-48

hours.

PR T 38 (3) 7k N AT REEZ 79160-200°C, BYE]/98-48h,

[n0019]

The calcium-doped barium titanate powder prepared by the above preparation method.

ERHIE T AR ERITSS R ABR A

[n0020]
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The above-mentioned calcium-doped barium titanate powder is used in multilayer ceramic

capacitors.

ERTHERABRI AT S R E B S EPHIN A,

[n0021]

The beneficial effects of this invention are:

RERAFENE@NRE:

[n0022]

(1) In this invention, titanate nanotubes (H<sub>2</sub>Ti<sub>2</sub>0<sub>4</sub>(0OH)
<sub>2</sub>, NTA) have a one-dimensional tubular structure, which is converted into

anatase titanium dioxide after high-temperature calcination.

(1) &2 FARERER K B (H<sub>2</sub>Ti<sub>2</sub>0<sub>4</sub>(0OH)<sub>2</sub>,
NTA)BEBE—4HEREN, SdmRBREZC ST 8Kk,
This titanium dioxide has the characteristics of small particle size and high dispersibility, and

its structure has a high oxygen vacancy content, which affects the Ti-O bond length around
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the vacancy, changes the local coordination environment, and generates a reduction surface.
All of these are conducive to improving the reactivity of titanium dioxide. This titanium
dioxide also has the characteristics of uniform size distribution, which keeps the dissolution-

nucleation rate relatively consistent.

ZZSUHKEETHRT ), SEEREFHR, BEEMAERENEZUSE, o7 =RER
Ti—OE#EK, ATR/FEMIFME, FERRERE, XEEFTRES _SURKNRNENE, R8Ik
WEEBHINRT 2, EaE-BIERREREEN —BEF T =

When used as a titanium source for the hydrothermal preparation of calcium-doped barium
titanate, it exhibits good reactivity, a mild and easily controllable reaction process, and the
prepared calcium-doped barium titanate has the advantages of small particle size (average
particle size <100nm), high dispersibility, uniform calcium distribution, and high tetragonal

phase content.

SERFARCERIESER KRNV ICREN, EERGFNRNEYE, RENSEERMZTiER, &85
N FSIE A RN EA G TR R T/ N TIRIFLI<100nm). 28MS. BRI HINS. OAEEE

SRR

[n0023]
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(2) The present invention uses titanium dioxide after heat treatment of titanate nanotubes as
titanium source. The high reactivity in the hydrothermal process avoids the use of high
concentration of inorganic alkali mineralizer. This reduces the subsequent large amount of
water washing process and avoids the residue of trace alkaline or alkaline earth metal ions in
barium titanate body, thereby meeting the requirements of MLCC for the purity of raw

materials.

(2) A REAURBRAKELI RO EEN —ASUANRR, EAKAIETRENRAES, B#RTE
RAERENTHRE KF, X—HERLD T EENAENKEIRE, BIM—FEERT HENRMEE

BRI EREEFERRNSEPIRE, MimHEMLCCHRMHAERIER,

[n0024]

(3) The preparation method proposed in this invention avoids the problems of high energy
consumption and large particle size and serious particle agglomeration caused by the high-
temperature calcination process of solid phase method, and also avoids the problem of using
mineralizers in the traditional liquid phase preparation process. This method is low in cost,
safe, simple in process, and can also realize the large-scale production of powder, which
meets the development requirements of subsequent high-temperature, thin-layer and

multilayer ceramic capacitor products.
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(3) AR ERR B BVHIE 77 AR G T B AN S RIRGT 125 | R REFE R AR HL IS B ARI 1R R~
K. FRIFIRTERRE, X#% T ERRAHREZIREPEEERT WHIRE, &7 ENAR.
2. TZEB. TS ENAREES, AEESSE. FEZEREBRSFT ML

EXRo

[0028]

Attached Figure Description

Py ET35E A

[n0025]

To more clearly illustrate the technical solutions in the embodiments of the present invention
or the prior art, the drawings used in the description of the embodiments or the prior art will
be briefly introduced below. Obviously, the drawings described below are only some
embodiments of the present invention. For those skilled in the art, other drawings can be

obtained based on these drawings without creative effort.

AT EFBMG AT LZALEONME R AFRIRATLE, TERFLEGININE KAIERPFAIFE
ERNMEEESMNE, EMEHH, TEERPRMERNEAR LRI —EL5wM, HFARTUE

EERAAGRFKMH, EAMFHEERGEIRIEIR T, Er] LURIEX L MERIFE A E,
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[n0026]

Figure 1 shows the XRD pattern (a), SEM pattern (b), and ESR spectrum (c) of the titanium

dioxide source used in Example 1 of this invention.

El 17 % BRI i 168 AR Y — S L B SARAIXRDE] (a) M SEME (b) FIESRIEE (c)o

[n0027]

Figure 2 shows the SEM image (a), particle size distribution (b), and elemental distribution (c)

of the calcium-doped barium titanate powder prepared in Example 1 of the present invention.

B2 N4 & BASL A 15 & 5518 R IRER I RAISEME (a). Kui2 0Bl (b) RTE D HE(c).

[n0028]

Figure 3 is a SEM image of calcium-doped barium titanate prepared using titanate nanotubes

as the titanium source in Comparative Example 1 of this invention.

B3 7 & BRFS L 1162 R IAER AR E N SR S BV 58 2~ SRER PIBYSEM L

[n0029]
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Figure 4 shows SEM images of the calcium-doped barium titanate powders prepared in

Examples 2-4 of this invention, where (a) Example 2; (b) Example 3; and (c) Example 4.

El4 77 & B f2-4H) E RIS IS BRI RRYSEME], Hep, (a)SkhEfI2; (b)SEREHI3; (c)SENE

514,

[n0030]

Figure 5 shows the XRD patterns of the calcium-doped barium titanate powders prepared in

Examples 1-4 of this invention.

El5 97 % BRSE e 1-4H & RI 518 Z~ RRER UK R RIXRDE,

[n0031]

Figure 6 shows SEM images of calcium-doped barium titanate powders with different calcium
contents prepared in this invention and their corresponding particle size distribution

diagrams, wherein (a) Example 5; (b) Example 6; (c) Example 7; (d) Example 8; (c) Example 9.

El6 N7 & BRI E IR E 5 S ERVTSERARER M RSEMEIREXN VATRIIZ2HE, HA, (a)3Kht

5155 (b)S=rtf5l6; (c)SEmfl7; (d)SEhEfhl8; (c)S=nEflo.
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[0036]

Detailed Implementation

BALiER

[n0032]

The technical solution of the present invention will be clearly and completely described below
with reference to the embodiments of the present invention. Obviously, the described
embodiments are only some embodiments of the present invention, and not all

embodiments.

TERBEESARRALMG, NALPNRALTEHITERE. TEMER, A, FRIERRSSHEFIRIX
EBAREP—EBH LG, MAE2EBRILHEG,
Based on the embodiments of this invention, all other embodiments obtained by those skilled

in the art without creative effort are within the scope of protection of this invention.

BT ARRPAFRILES, SMAEERARARTREMHENERSEIARE TARSHIFRTE EfthsthE

51, #BETALKBRBRIPEERE,
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[n0033]

The preparation method of titanate nanotubes used in this invention is as follows:
TiO020Ti02102H20 is dispersed in 80 mL of 10 M NaOH solution, stirred evenly, and then
placed in a polytetrafluoroethylene hydrothermal reactor and reacted at 120 °C for 24 h to
prepare Na20TiO22H20. Then, Na20TiO250H26H270 is washed with water until pH = 10,
then acid-washed with HCl solution at pH = 1.0 until pH = 1.2, stirred for 4-5 h, washed again
with water to remove CI280 until neutral, filtered, and finally dried in a vacuum oven at 60 °C.

The obtained product is titanate nanotube (H29TiO300H31H220), abbreviated as NTA.

IS &R ERNRERAKENHIE ST ETiO<sub>2</sub>53EI7E80mL, 10M NaOHF&
B, #ISRETRENSCHEKARNER, H1E120°C/Riz24h, BIRIHI&ENa<sub>2<

/sub>Ti<sub>2</sub>0<sub>5</sub> *+ H<sub>2</sub>0, K& Na<sub>2</sub>Ti<sub>2<
/sub>0<sub>5</sub> « H<sub>2</sub>07k%ZEpH=10, BEpH=1.089HCUARER KEpH=1.
2, #ii##4-5h, BRKFEERRCl<sup>-</sup>EhtE, 8, REET60° CETHETIR, FREF™
SREN R REE K B (H<sub>2</sub>Ti<sub>2</sub>0<sub>5</sub> « H<sub>2</sub>0), f&#R

NTA.

[n0034]

Example 1
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SEhEf) 1

[n0035]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

A SERE B — RIS I8 R AER I AR RI & 7508, TRAT:

[n0036]

(1) A certain amount of titanate nanotubes were weighed and placed in a muffle furnace and

heat-treated at 600°C for 2 hours to obtain anatase titanium dioxide.

()R —EERBRARERET IFHIH, F600°CTFARLIE2MFEITHIE — ALk

[n0037]

(2) Weigh high-purity Ba(OH)33 « 8H340, add deionized water to prepare 2.5M Ba(OH)
35 - 8H360, stir and heat to 85°C until completely dissolved, then let it cool naturally to 45°C
and add Ca(CH3CO00)380, controlling the molar ratio of barium source to calcium source to

be 95:5.

27-01-2026 - Page 20



)& 54EEBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, HMIAZEBEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#E MM RIS CIFeLAMfG, BIAREZE45°CENMANCa

(CH<sub>3</sub>C00)<sub>2</sub>, Z=HIIVEFMFEIRAIERL95: 5

[n0038]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.06:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

(3)MAT (1) P HIFRIRIMA I ECHIF RIS B 15ERYBa(OH)<sub>2</sub> « 8H<sub>2</sub>0
AR, (BailR+CalR)/TiRRVE/RLLITHIFEL.06: 1, 1000rmp FEEEIYI3min, SEIFHHEHRAERIA]

IXAR R

[n0039]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.
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(4) R SR ARBRINA IR AR EBERNESR, £200°CTAARNAShG, RANEER, F7

S8 R AER IR T Ko

[n0040]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(S FHHER BRI REITHIR. EBFKEHF, BT, HERFEIGERARIMA,

[n0041]

Figure 1is a structural characterization diagram of the titanium dioxide source used in this

embodiment.

E 1 A LHEGIFTE RN — | L IRRRI S RIEE,

As can be seen from the XRD pattern in Figure 1a, the titanium dioxide source has an anatase
crystal structure. As can be seen from the SEM pattern in Figure 1b, the titanium dioxide
particles are composed of small particles of 20-50 nm with uniform dispersion. As can be seen
from Figure 1c, its structure is rich in bound single-electron oxygen vacancies, which are all

conducive to improving its reactivity.
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MEl1la XRDEIRTLAE iz — SRR A R BELEH), Elb SEMERILIEL, &SR
EHB20-50nmBYNFRRIHR, BRI EEYS, MEILCAIUBELEEHPEEREEBTAT, X

EREMNTREERNEM,

[n0042]

Figure 2 shows the SEM image, particle size distribution, and elemental distribution of the

calcium-doped barium titanate powder prepared in this embodiment.

B2 A 5Lt 5 B & RIS IS R AR IR R ISEMEL. IR D HELUKATESRE,

Figures 2a and 2b are SEM images and particle size distribution diagrams of the prepared
powder, respectively. It can be seen that the average particle size of the calcium-doped
barium titanate powder prepared under this preparation process is about 97 nm. The particle

size is uniform, the distribution is narrow, and the dispersibility is good.

E2afE2b72 2 AHIEHARNSEMENN R D ME, AIUESL, ZHIEIZHRMH THIEERTGE
FABRIMATIIRZA NI TNm, KIFEKRK/IFE), DHRE, DEIEF.
Figure 2c shows the elemental distribution of calcium-doped barium titanate powder. It can

be seen from the figure that calcium is uniformly distributed inside the barium titanate.
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BER2cHISB R AR AR TE D HE, MEFRAIUER STRERBRINNE TS5,

[n0043]

Example 2

SEhE {512

[n0044]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSERER B — RSB R AER I AR R 750k, TRAT:

[n0045]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 300°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE300°CFARLE2hSEIHRAN —Afik.
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[n0046]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 95:5.

(2)¥FEE4iEBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, MAZEBFkEeHI2.5MAIBa(OH)
<sub>2</sub> -« 8H<sub>2</sub>O#i NN E|85°CIFe L AafRE, BAREEALSCHMANCa

(CH<sub>3</sub>C00)<sub>2</sub>, E=HIPRFMIGIRAVERLE 95 5

[n0047]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.06:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

(3)MMANZ B (1) P HIFRVECEINARIE ST & B 155 8Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0
AR, (BailR+CalR)/TiRRERLLIESITEL.06: 1, 1000rmp FEEREII3min, SEIF5S BN AT

IXAR R
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[n0048]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RSB RARBRINA IR A REB IS ERNETR, £200°CTAARN4A8hG, RANEER, F3

ISR BRINRF Ro

[n0049]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(S FHEBARERINAFRETHIE. EEFKLF, BT, HERSIIHSRUKER N,

[n0050]

Example 3

SEhEf13
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[n0051]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZASEHE B — SIS R AER I AR RI & 7508, TRAT:

[n0052]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 400°C for 2 hours to obtain anatase titanium dioxide.

()R —EEREBRARERET IFHIF, F400°CTARLE2MFEI TR — ALk

[n0053]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 95:5.
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(2)FFEE4EBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, AIAZEBEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>OE MMM R’ CIEFeLAMfG, BIAREZEA45°C/ENMNCa

(CH<sub>3</sub>C00)<sub>2</sub>, =HIPEFFERAIERLE 95 5

[n0054]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.06:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

G)MAT B (1) HIZFNEIEIMAN B HIF S B F5EhABa(OH)<sub>2</sub> « 8H<sub>2</sub>0
AR, (BalE+CalR)/TiRIEE/RELIEHITEL06: 1, 1000rmp FEiREIYI3min, S2IF5E3 K ELENA]

AR R

[n0055]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.
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(4) RS RARBRINA IR AR IR ERNESR, £200°CTAkARNAShG, RANEER, F7

SIS UBR IR Ro

[n0056]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(SIS ARBRINBFRETHIE. EBEFKAF, BT, HAERSIISSRUKERIA,

[n0057]

Example 4

SEHEfl4

[n0058]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSEHEG B — RSB R AER I AR R & 750k, TRAOT:
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[n0059]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 700°C for 2 hours to obtain anatase titanium dioxide.

()R —EEREBRARERET IFHIH, FET00°CTFARLE2hFEIFHIE — ALk

[n0060]

(2) Weigh high-purity Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 95:5.

)& 54EEBa(OH)<sub>2</sub> *« 8H<sub>2</sub>0, HMIAZEEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#HNNAFIS5° CIFeLAftfE, BAREZE45°CENMNCa

(CH<sub>3</sub>C0O0)<sub>2</sub>, FHITRFMFERAVEE/RLLA95: 5.

[n0061]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<

/sub> « 8H<sub>2</sub>0 solution containing calcium salt, and control the molar ratio of (Ba
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source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

()MMAFZE (1) HIFRENEIA B HIFI S B 155 8Ba(0OH)<sub>2</sub> + 8H<sub>2</sub>0
AR, (BaifR+CaiR)/TiRE/RELIEHITE1.06: 1, 1000rmp FEEEItI3min, S2I558 2B PN ATIR

(97

[n0062]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RS RARBRINA IR A REB IR ERNESR, £200°CTAkARNAShG, RANEER, F7

SIS R UBR IR Ro

[n0063]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.
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(SIS ARBRINBFRETHIE. EBEFKLF, BT, HERSIISSRUKER A,

[n0064]

Example 5

SEhEIS

[n0065]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSEHERG B — RSB R AER I AR R & 750k, TRAT:

[n0066]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE600°CTFRAE2hSEIHRAN — ALk,

[n0067]
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(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 99:1.

)FE54EEBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0, HMIAZEBEF/KEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>OHFNNM RS CIEFeLAfMtfE, BIAREZE45°CENMANCa

(CH<sub>3</sub>C00)<sub>2</sub>, =HIPVREFMFEREAIERLH99: 1o

[n0068]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
the molar ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to

obtain calcium-doped barium titanate precursor solution.

G)IIAT B (1) HIEFRER B HIIFAIBa(OH)<sub>2</sub> + 8H<sub>2</sub>0#1Ca
(CH<sub>3</sub>C0O0)<sub>2</sub>a7%, (Baig+Calg)/TiEAE/RLLIZHITEL.06: 1, 1000rmp

TEEEYI3min, SRS ARERINAIRKIERR,

[n0069]
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(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 24 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RSB R ABRINAI A A REBZEIBERNES, E220°CFKARN240G, RAEER, FE2

TSI BRI T Ko

[n0070]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

OV FHERRBRINBFREITHIE. EEFKEFR, BT, HERRFEIGERARIMHA,

[n00T71]

Example 6

SEhtEf6

[n0072]
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The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZASEHEG B — RSB R AER I AR R & 750k, TRAOT:

[n0073]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE600°CTFRALE2hSEIHRAN — ALk,

[n0074]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 98:2.
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(2)FFEE4EBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, AIAZEBEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>OE MMM R’ CIEFeLAMfG, BIAREZEA45°C/ENMNCa

(CH<sub>3</sub>C00)<sub>2</sub>, =HIPVEFMFERAIERLE 98 2

[n0075]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
the ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to obtain

calcium-doped barium titanate precursor solution.

G)IIAT B (1) HIEFNRER B HIIFAIBa(OH)<sub>2</sub> + 8H<sub>2</sub>0#1Ca
(CH<sub>3</sub>C00)<sub>2</sub>/Ai&, (Bajf+CaiR)/Ti/RAV/RELITHITEL.06: 1, 1000rmp™F

SR TI3min, FEITSBAREBRIFIRIEER.

[n0076]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 24 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.
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(4) RS RARBRINA IR AR REBEBERNESR, £220°CTAkARN240G, RANEER, F7

SIS UBR IR Ro

[n0077]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(SIS ARBRINBFRETHIE. EBEFKAF, BT, HAERSIISSRUKERIA,

[n0078]

Example 7

SEhER T

[n00T79]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSEHEG B — RSB R AER I AR R & 750k, TRAOT:
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[n0080]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()FER—EERBRARERE T IFHIH, F600°CTFARLE2hFEITHIE — ALk

[n0081]

(2) Weigh high-purity Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 97:3.

)& 54EEBa(OH)<sub>2</sub> *« 8H<sub>2</sub>0, HMIAZEEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#HNNAFIS5° CIFeLAftfE, BAREZE45°CENMNCa

(CH<sub>3</sub>C0O0)<sub>2</sub>, =EHIFVEMITIRAIERLEAT: 3,

[n0082]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<

/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
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the molar ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to

obtain calcium-doped barium titanate precursor solution.

G)IIAT B (1) HIEFRER B HIIFAIBa(OH)<sub>2</sub> + 8H<sub>2</sub>0#1Ca
(CH<sub>3</sub>C00)<sub>2</sub>a#%, (Bajgi+CaiR)/TilRRYE/RLITHI7E1.06: 1, 1000rmp

TEEEYI3min, SRS ARERINAIRKIERR,

[n0083]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 24 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RS RARBRINA IR A REBEBERNESR, £220°CTAkARN240G, RANEER, F7

SIS R UBR IR Ro

[n0084]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.
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(SIS ARBRINBFRETHIE. EBEFKLF, BT, HERSIISSRUKER A,

[n0085]

Example 8

K18

[n0086]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSEHERG B — RSB R AER I AR R & 750k, TRAT:

[n0087]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE600°CTFRAE2hSEIHRAN — ALk,

[n0088]
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(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 96:4.

)FE54EEBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0, HMIAZEBEF/KEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>OHFNNM RS CIEFeLAfMtfE, BIAREZE45°CENMANCa

(CH<sub>3</sub>C00)<sub>2</sub>, =HIPVEFMFERAIERLH96: 4.

[n0089]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
the molar ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to

obtain calcium-doped barium titanate precursor solution.

G)IIAT B (1) HIEFRER B HIIFAIBa(OH)<sub>2</sub> + 8H<sub>2</sub>0#1Ca
(CH<sub>3</sub>C0O0)<sub>2</sub>a7%, (Baig+Calg)/TiEAE/RLLIZHITEL.06: 1, 1000rmp

TEEEYI3min, SRS ARERINAIRKIERR,

[n0090]
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(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 24 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RSB R ABRINAI A A REBZEIBERNES, E220°CFKARN240G, RAEER, FE2

TSI BRI T Ko

[n0091]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

OV FHERRBRINBFREITHIE. EEFKEFR, BT, HERRFEIGERARIMHA,

[n0092]

Example 9

K9

[n0093]
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The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZASEHEG B — RSB R AER I AR R & 750k, TRAOT:

[n0094]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE600°CTFRALE2hSEIHRAN — ALk,

[n0095]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 90:10.
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(2)FFEE4EBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, AIAZEBEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>OE MMM R’ CIEFeLAMfG, BIAREZEA45°C/ENMNCa

(CH<sub>3</sub>C0O0)<sub>2</sub>, =HIHREFMELIRIIE/RLE7990: 10,

[n0096]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
the molar ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to

obtain calcium-doped barium titanate precursor solution.

G)IIAT B (1) HIEFNRER B HIIFAIBa(OH)<sub>2</sub> + 8H<sub>2</sub>0#1Ca
(CH<sub>3</sub>C00)<sub>2</sub>/Ai&K, (Baijf+CaiR)/TiRAE/RLITHI7E1.06: 1, 1000rmp

TEEEYI3min, SRS ARERINAIRKIEARR,

[n0097]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 24 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.
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(4) RS RARBRINA IR AR REBEBERNESR, £220°CTAkARN240G, RANEER, F7

SIS UBR IR Ro

[n0098]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(SIS ARBRINBFRETHIE. EBEFKAF, BT, HAERSIISSRUKERIA,

[n0099]

Example 10

K10

[n0100]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZSEHEG B — RSB R AER I AR R & 750k, TRAOT:
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[n0101]

(1) A certain amount of titanate nanotubes were weighed and placed in a muffle furnace and

heat-treated at 600°C for 0.5h to obtain anatase titanium dioxide.

()R —EERBRARERET IFHIFH, E600°CTFARLIE0.ShFEIHRIE — ALK,

[n0102]

(2) Weigh high-purity Ba(OH) - 8HO, add deionized water to prepare 2M Ba(OH) - 8HO, stir and
heat to 70°C until completely dissolved, then let it cool naturally to 40°C and add CacCl,

controlling the molar ratio of barium source to calcium source to be 95:5.

)& 548EBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0, HMIAZEBEFKEHI2MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#t MM ENTOCIF L AME, BIABEZE40°CFMA

CaCl<sub>2</sub>, {=HIPUEMIERERIE/RLL95: 5

[n0103]
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(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

()MIANF E (1) HIFHEREIMN B EFIFHNEE HBERIBa(OH)<sub>2</sub> « 8H<sub>2</sub>0
BR, (BalR+CalR)/TiRMIEE/RELIZHITEL: 1, 1000rmp FEEETI3min, F2I§5BZEL AT

RE R

[n0104]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) SR ARBRINA IR A REB IS ERNESR, £200°CTAARN4AShG, RAEER, 2

ISR HRBR IR F Ro

[n0105]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.
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S F B ARERINAFRETHIR. EBEFKUFE, BT, HERSEIHERIKERINA,

[n0106]

Example 11

SEhEI11

[n0107]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZANSERE B — TS IS R AER I AR R 7508, SRAT:

[n0108]

(1) A certain amount of titanate nanotubes were weighed and placed in a muffle furnace and

heat-treated at 300°C for 8 hours to obtain anatase titanium dioxide.

()M —EERBRARERE T IFHIFH, FE300°CTFARLEShSEIHAN — ALk,
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[n0109]

(2) Weigh high-purity Ba(OH) + 8HO, add deionized water to prepare 3M Ba(OH) - 8HO, stir and
heat to 90°C until completely dissolved, then let it cool naturally to 50°C and add Ca(NO),

controlling the molar ratio of barium source to calcium source to be 95:5.

()& 54EEBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0, HMIAZEBEFKEHIIMAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#HFNMNAFN0°CIFeLAMtfE, BIAREZE50°CENMANCa

(NO<sub>3</sub>)<sub>2</sub>, {=HIPUEMIGRIIE/REE95: 56

[n0110]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.2:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

)IIAFTE (1) HIFHHFEIAN R EEHIFH S B F5ERIBa(0OH)<sub>2</sub> « 8H<sub>2</sub>0
BR, (BalR+CalR)/TiRMIEE/RELIEHITEL.2: 1, 1000rmp FEEREIYI3min, SEIFEE KB AT

IXAR R

[n0111]
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(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) RSB RARBR N IR AR IS ERNESR, £200°CTAARN4A8hG, RANEER, F3

ISR BRINRF Ro

[n0112]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(OB ARERINAFRETHIR. EBEFKLF, BT, HERSIIHSRUKERINA,

[n0113]

Example 12

SEhE512

[n0114]
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The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

ZASEHEG B — RSB R AER I AR R & 750k, TRAOT:

[n0115]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.

()M —EERBRARERETIFHIFH, FE600°CTFRALE2hSEIHRAN — ALk,

[n0116]

(2) Weigh high-purity Ba(OH) + 8HO, add deionized water to prepare 2M Ba(OH) « 8HO, stir and
heat to 70°C until completely dissolved, then let it cool naturally to 40°C and add CaCl,

controlling the molar ratio of barium source to calcium source to be 95:5.

2)MEZAEBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, MIAEBF/KEHI2MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O I MAET0°CIFZL ARG, BAEEL0°CEMA

CaCl<sub>2</sub>, 1=HIPURME5REIERELA95: 5,
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[n0117]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.1:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.

S)IIAFT B (1) HIEFEHREIMA R EE ST S B 52 RIBa(OH)<sub>2</sub> « 8H<sub>2</sub>0
B, (BaiR+CalR)/TiRAIE/RELITHITEL.L: 1, 1000rmp FEREIYI3min, 52552 AL A

IXIAR R

[n0118]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 220°C for 8 hours. After cooling to room temperature, a

calcium-doped barium titanate suspension was obtained.

(4) RSB R ABRINA A A RIEFBZEIBERNES, E220°CFKARNShG, RNEER, F5

ISR UBR IR Ro

[n0119]
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(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

O F B ARERINAFREITHIE. EBEFKLE, BT, HERSEIHERIKERINA,

[n0120]

Example 13

SEEf13

[n0121]

The preparation method of calcium-doped barium titanate powder in this embodiment

includes the following steps:

AN SERE B — SIS R AER I AR R & 7508, TRAT:

[n0122]

(1) Weigh a certain amount of titanate nanotubes and place them in a muffle furnace. Heat

treat them at 600°C for 2 hours to obtain anatase titanium dioxide.
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()M —EERBARERETIFHIFFR, E600°CFARAE2hSEIFHRAN — ALk,

[n0123]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2M Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, stir and heat to 70°C until completely
dissolved, then let it cool naturally to 40°C and add CaCl<sub>2</sub>, controlling the molar

ratio of barium source to calcium source to be 95:5.

2)MEZAEBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, MIAEBF/KEHI2MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O MM E|70°CIF ARG, BAMEE40°CHMAN

CaCl<sub>2</sub>, 1=HIPURME5REIE/RELA95: 5,

[n0124]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 solution containing calcium salt. The molar ratio of (Ba source + Ca
source)/Ti source is controlled at 1.06:1. Shear at 1000 rpm for 3 min to obtain calcium-doped

barium titanate precursor solution.
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)MIAFE (1) HIFHFEIANZEEHIFH S B F5EIBa(0OH)<sub>2</sub> « 8H<sub>2</sub>0
AR, (BalE+CalR)/TiRERE/RELIZSHITE1.06: 1, 1000rmp FEREITI3min, FEIFEEZEAER NI

XA R

[n0125]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 160°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.

(4) SR ARBRINA IR A REB IS ERNESR, E160°CTAARN4AShG, RANEER, 2

SR RBR IR F Ro

[n0126]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(S F B A RERINAFRETHIE. EBEFKLF, BT, HERSEIHSRIUKERINA,

[n0127]

Comparative Example 1
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xFEEfI1

[n0128]

The preparation method of calcium-doped barium titanate powder in this comparative

example includes the following steps:

ZAFF EL BB — TS8R ABR I AR R & 7508, TRAT:

[n0129]

(1) Titanate nanotubes that have not undergone temperature treatment were used as the

titanium source.

(1) LU B 2R E RV IAER A K E IR,

[n0130]

(2) Weigh high-purity Ba(OH)<sub>2</sub> + 8H<sub>2</sub>0, add deionized water to
prepare 2.5M Ba(OH)<sub>2</sub> « 8H<sub>2</sub>0, stir and heat to 85°C until completely
dissolved, then let it cool naturally to 45°C and add Ca(CH<sub>3</sub>C00)<sub>2</sub>,

controlling the molar ratio of barium source to calcium source to be 95:5.
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)& 54EEBa(OH)<sub>2</sub> « 8H<sub>2</sub>0, HMIAZEBEFKEHI2.5MAIBa(OH)
<sub>2</sub> « 8H<sub>2</sub>O#E MM RIS CIFeLAMfG, BIAREZE45°CENMANCa

(CH<sub>3</sub>C00)<sub>2</sub>, Z=HIIVEFMFEIRAIERL95: 5

[n0131]

(3) Add the titanium source prepared in step (1) to the prepared Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>0 and Ca(CH<sub>3</sub>C0O0)<sub>2</sub> solution, and control
the molar ratio of (Ba source + Ca source)/Ti source at 1.06:1. Shear at 1000 rpm for 3 min to

obtain calcium-doped barium titanate precursor solution.

G)MMAT B (1) P HIESIRBBHIIFAIBa(OH)<sub>2</sub> « 8H<sub>2</sub>0FCa
(CH<sub>3</sub>C00)<sub>2</sub>a#&, (Bajgi+CaiR)/Ti/RRYE/RLITHI7E1.06: 1, 1000rmp

TEEEYI3min, FEITSBARERINATRKIER R,

[n0132]

(4) The calcium-doped barium titanate precursor solution was transferred to a high-pressure
reactor and hydrothermally reacted at 200°C for 48 hours. After cooling to room temperature,

a calcium-doped barium titanate suspension was obtained.
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(4) R SR ARBRINA IR AR EBERNESR, £200°CTAARNAShG, RANEER, F7

S8 R AER IR T Ko

[n0133]

(5) The calcium-doped barium titanate suspension was filtered, washed with deionized water,

dried and ground to obtain calcium-doped barium titanate powder.

(S FHHER BRI REITHIR. EBFKEHF, BT, HERFEIGERARIMA,

[n0134]

Figure 3 shows the calcium-doped barium titanate powder prepared in this comparative
example. As can be seen from the figure, the calcium-doped barium titanate particles
prepared using NTA as the titanium source have not grown completely and the particle size

agglomeration is quite serious.

B3 A LLHIH ERITEIE AR ERTKMA, MEIFREILIEL, UNTAARRRIESEIRITSE R RER

BRI ERAANTE, FRRTHIRILE™E,

[n0135]

Test case
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Mzt 1

[n0136]

The prepared barium titanate powder was subjected to performance tests. The grain size was
observed using a scanning electron microscope (SEM). The tetragonality c/a of the powder

was obtained by XRD testing and refinement.

X il & H AV ERBR SR (A T I RE IR, FIFBItEEBIR(SEM) MR EKIA/N; FIAXRDUIHAHFESE
A %c/a0

The synthesized powder was characterized using a nanoparticle size and zeta potential
analyzer, and the non-uniformity coefficient MD = (D<sub>90</sub>-D<sub>10</sub>)

/D<sub>50</sub> was obtained. The smaller the MD, the more uniform the sample.

REAPKNLE KzetalB (USSR AFHITRIE, AILISEIRIISREMD = (D<sub>90<
/sub>-D<sub>10</sub>)/D<sub>50</sub>, MD#k/N&K#¥REI5,
The effects of heat treatment of titanate nanotubes and calcium content on the properties of

calcium-doped barium titanate powder were investigated.
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DARF T ABRMAK ERLIEIGE EXN TS AR I AN BERIRZ IR,

[n0137]

(1) The effects of different heat treatments on the properties of calcium-doped barium

titanate powder are shown in Figure 4, Figure 5 and Table 1.

(1) SRERR EBV A RIFRCIEX F512 R AR P AMERERYRZMR, SSRUE4. BISHIR1FIT.

[n0138]

Figure 4 shows scanning electron microscope images of the calcium-doped barium titanate

powders prepared in Examples 2-4. As can be seen from the figure, the average particle sizes
of the prepared calcium-doped barium titanate powders at heat treatment temperatures of
300°C, 400°C and 700°C are 95nm, 100nm and 88nm, respectively. The particle sizes are

uniform, the distribution is narrow, and the dispersibility is good.

El4 7L 5E512-46 E RIS IE AR ERIKHMAR I B RE, MEIRRILIEL, TALIERE300°C,
400°CLARZ700°CHY, Hl&EBITSIERABRINM AT IINIIZ I 5195nm, 100nm. 88nm, HHIEA/N

¥, DHRE, DEEE.

[n0139]
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Figure 5 shows the XRD patterns of the calcium-doped barium titanate powders prepared in
Examples 1-4. As can be seen from the figure, the characteristic peaks of pure barium titanate
are obtained, and no impurity peaks appear, which indicates that calcium has entered the

barium titanate lattice to form a solid solution.

EI5 9 SE R 1-4H & B TS 2R SRER TN ABIXRDEE, MEIFRRILIEW, S2IN4tERIABR IS

1, A2, BNiEATSEH N KBRS AR EAE,

[n0140]

Table 1. Effect of different heat-treated titanium sources on the properties of calcium-doped

barium titanate powder

RINERIRIRIT TS SR ABR SRHA I RERIRZ A

[n0142]

As can be seen from Table 1, the calcium-doped barium titanate prepared from titanium
dioxide obtained by calcining NTA at 600°C for 2 hours has a high tetragonal phase content

and a low non-uniformity coefficient. Therefore, 600°C is the optimal calcination temperature.
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MERIFFLFER, NTAZE600°C, 2hBVERFRMIBEIIN —SURNNERIENSIES A URERINES

SHNELGEEE, RNERIIRBIRIR, EiL600° CAERRIENIRFEEE.,

[n0143]

(2) The effect of different barium source/calcium source molar ratios on the properties of

calcium-doped barium titanate powder is shown in Figure 6 and Table 2.

(2) RNEFUE/ F5REE/REE X FHE R SABR I A I BERIRO N, 5 RUNEI6AR2FAR,

[n0144]

Figure 6 shows scanning electron microscope images of the calcium-doped barium titanate
powders prepared in Examples 5-9 and their corresponding particle size distributions. As can
be seen from the figure, the synthesized powder particles are small in size and have a

relatively uniform particle size distribution.

&6 /9 SR 515- 9 & BRI 512 R R ER TAHMARY e B IR B S AR WAV 7370, MEIFRRILIE L,

BRI EFRN RS RN, BRESHERNAYS.

[n0145]
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Table 2. Effect of barium source/calcium source molar ratio on the properties of calcium-

doped barium titanate powder

R2YUR/F5IRBIEE /R EL IS $518 SR SABR SRHA M BERT R

[n0146]

Examples of Barium Source/Calcium Source Molar Ratio (c/a) MD Example 1 95:5 1.0074 0.723
Example 599:1 1.0073 0.931 Example 6 98:2 1.0072 1.156 Example 7 97:3 1.0069 0.732 Example

896:41.0070 0.979 Example 9 90:10 1.0072 0.986

Schef5l $UR/ €5 RRYEE/REL c/a MD SSh#Ef11 95: 51.0074 0.723 SEA#51599: 1 1.0073 0.931 SEtE (!
698: 21.0072 1.156 LA#EHI7 97: 31.0069 0.732 LA#EFI8 96: 4 1.0070 0.979 LH#EFRI9 90: 10

1.0072 0.986

[n0147]

As can be seen from Table 2, when the molar ratio of barium source to calcium source is 95:5,

it exhibits a higher tetragonal phase content and a lower inhomogeneity coefficient.

MFR2FEILLE R, JUR/F5RIE/REE95: 58, RMHIREHNEAGHEEEMBENTIT R,
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[n0148]

In summary, this invention proposes a method for preparing calcium-doped barium titanate
powder without the need for mineralizers. When using titanium dioxide obtained by high-
temperature calcination of titanate nanotubes as the titanium source for preparing calcium-
doped barium titanate by hydrothermal method, the titanium dioxide has small particle size,
high dispersibility and high oxygen vacancy content, thus successfully preparing calcium-
doped barium titanate powder with small particle size, uniform size, narrow distribution,

good dispersibility and high tetragonal phase content.

GREFR, AEPRIRL T —MIEHBN U5TRY, SRR ENGIESZE, URBARELISE
IR EN — S U RIEKPCERIE S E A RERIMNEN, AT 28 MRKEETNRT /N, oEER
SEEMARRESNATZMUESE, REE TR/, RI9Y, 2H8%E, s8EFEENGES

RERTSIE R ARBR IR

HHIHI

This invention avoids the use of high-concentration inorganic alkali mineralizers, thus
avoiding extensive water washing processes and the residue of alkaline ions in calcium-doped
barium titanate powder, and meeting the high purity requirements of powder materials for

electronic components.
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KPR R RS RERTAERE 17, AILUERKXERKREE UM E FE SIS R BRI

PRRE, HERF IR EMEEAERNENR,

[n0149]

The above description is only a preferred embodiment of the present invention and is not
intended to limit the present invention. Any modifications, equivalent substitutions,
improvements, etc., made within the spirit and principles of the present invention should be

included within the protection scope of the present invention.

A EFRRMN A & BRRVEMESS RIS , HARBLUIRG AL, NAERLRRSHEMENZA, FrfE

BB, FEBR. UAF, YNESERLANRIFEEZA.
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