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DESCRIPTION CN115959703A

Calcium-doped barium titanate powder, preparation method and uses

SRR, flETERERGE

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of dielectric ceramic powder preparation technology,
specifically to calcium-doped barium titanate powder, its preparation method, and its

applications.

KRS REN FFEEMEHFRATER, BETRISBR AR, flI&FERERE,

[0003]

Background Technology

BEREEA

[n0002]

Multilayer ceramic capacitors (MLCCs) are among the most widely used and most important
electronic components in electronic devices, often referred to as the "rice of industry." They
possess high capacitance, high reliability, and excellent high-frequency characteristics. To

meet the development requirements of high capacitance, high temperature, high voltage,
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high frequency, high reliability, and miniaturization of multilayer ceramic capacitors in the 5G
era, developing high-performance dielectric ceramic powders suitable for industrial

production and application has become an urgent task.

ZEMEERH(MLCO)BEFKETHERARSHERERERNBFaEffz—, Wik Tz

X

T, HEAAEHES. SURGENEENEIEE, ATRECHAZEEERRTHENEE. &

\

m BE. B SREERNEY B/ NARFEXR, AREETIHKEFRNANSERE
BN BEEMERAESZ R0

MLCCs are multilayer chip capacitors composed of ceramic dielectric and metal internal
electrodes stacked together and encapsulated with end electrodes. By selecting dielectric
materials with higher dielectric constants, smaller ceramic dielectric powder particles, and
increasing the number of dielectric layers, the performance requirements of rapidly

developing electronic devices can be met.

MLCCRHEMENRMEBAEREMN, nBERIPRARNAINZERRS, BIERAFTESH

i}

B, BMENFIRTMAE/ N BRI URIEMTBENESE, AILURERELZRIEFIZEHYE
Therefore, the synthesis of ceramic powders for dielectric layers and internal metal electrodes

is crucial.
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Eit, BFHEENEEANSERNEENENSHREXEE,

[n0003]

In MLCCs, the commonly used dielectric ceramic filler powder is BaTiO2-based material.

EMLCCH, ERAMNENREERETHAEBaTiO<sub>3</sub>EM#l,

The dielectric constant of high-dielectric materials is related to their microstructure, i.e.,
tetragonality. Unmodified BaTiO2 ceramic powder exhibits limited tetragonality and a
narrower operational temperature range for MLCCs. To adapt to the rapid development of the
electronics industry, it is necessary to develop dielectric materials with better performance.
Improving the preparation process and doping barium titanate-based materials to enhance
their performance are two of the most common methods. Ca-doped BaTiO3-based materials
(Ba4Ca5Ti06, BCT) are considered the most important candidate materials for lead-free
optoelectronic modulators and memory devices. Furthermore, BCT materials possess a more
stable tetragonal ferroelectric phase, exhibiting better temperature-capacitance
characteristics and a higher dielectric constant, which can broaden the operational

temperature range of barium titanate for MLCCs.
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ST EMEINNT B ERSMRRHEEIE A 1EE X, EFBaTiO<sub>3</sub>fEEMEATERE
ERMERY, FAMURMLCCRYRESEEREREXELR)Y, ATENEFINRELRRE, FEFL
MEREEIFRI TR, HAu# S T Z MM AN #H 1T Aot U ERERIEM R R L sE 2
MEERNGE, HEd, CaBZmBaTiO<sub>3</sub>&(Ba<sub>1-X</sub>Ca<sub>x<

/sub>TiO<sub>3</sub>, BCT)#IA\AETHICHEIAGBMEZMERIFIREZNEREMF, BBCTH
HESERENIEAHKENR, BEAEFNFERENESN TEEY, JHEARINATMLCCAYE

FErIR{EXa,

[0006]

Summary of the Invention

YL INES

[n0004]

To address the aforementioned technical problems, this invention provides a calcium-doped
barium titanate powder, its preparation method, and its applications. By improving the
preparation process of barium titanate powder and doping it with Ca, the resulting barium
titanate-based powder exhibits excellent tetragonality and can be applied to the dielectric

layer of multilayer ceramic capacitors.
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X ERERARRER, A&BBIRM IS RRERINE. RIETEARERE, B HEARR AR

HIETZ, BRI ERERCanE, RENARINEMFEGRIFNNS Y, INATFZER

RERBHEN TR,
[n0005]

To achieve the above objectives, the present invention is implemented through the following

technical solution:

NTERLERER, RREAEIUTRARGREELN:

[n0006]

The first aspect of this invention provides a method for preparing calcium-doped barium

titanate powder, comprising the following steps:

IERAE—HERH SRR ENGIES A, SFRNMTEE:

[n0007]

Step (1), prepare powder | by atmospheric pressure hydrothermal method: add the first Ba
source to water, stir to dissolve, then add an aqueous dispersion containing Ti source, stir and

react at a certain temperature, and then dry to obtain powder |;
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FE(Q1), BEKRERIENE: FE-BaRMNKS, HHZH, BMASETIRAKDER, &

—EmE T RN ETIESEIRE;

[n0008]

Step (2), solid-state method to prepare calcium-doped barium titanate powder: After adding
the second Ba source and Ca source to powder I, mix and ball mill, dry and sieve, grind, and

finally calcine to obtain calcium-doped barium titanate powder;

TR(2), EHEREHERIMERIA . FRHAIFNINE —BailfM CalREBREIKE, TIRITHaH

B, RE#ETRFSEITHERIRERINE;

[n0009]

In step (1), the molar ratio of Ba contained in the first Ba source to that in the second Ba
source is 0.05 to 0.5, and the molar ratio of the total Ba contained in the first Ba source and
the second Ba source to that contained in the Ti source is 0.99 to 1.01. In step (2), the molar
ratio of Ca contained in the Ca source to that in the first Ba source and the second Ba source is

0.01to 0.5.
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FE(1)F, F$—BalR5E _BalREHMBarIE/RLE}0.05~0.5, E—BailR5% _Balf&HHIEBa
STiRFEEMTIRIE/RLEA: 0.99-1.01, F&(2)F, CalrgERICasE—BaFME_Balfrad

BY/5 BarVE/REL90.01~0.5,

[n0010]

In some specific implementations, in step (1), the molar ratio of Ba contained in the first Ba
source and the second Ba source is 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5 or any value

between them.

ARLEARFNImARTR, PE()FP, F—BalRE5E _BalRE&EMBamE/RLE70.05. 0.1,

0.15. 0.2, 0.25. 0.3, 0.35. 0.4. 0.45. 0.5 E(IZEMNEREE,

[n0011]

In some specific implementations, in step (1), the molar ratio of the total Ba contained in the
first Ba source and the second Ba source to the Ti contained in the Ti source is 0.99, 1.00, 1.01

or any value between them.

FERERFRIEESINH, TPE()F, F—BaRS5F _BalfEBEREBasSTIRPERERITIHERLL

790.99. 1.00. 1.01sXEAIZEINEEE.
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[n0012]

In some specific embodiments, in step (2), the molar ratio of Ca contained in the Ca source to
the total Ba contained in the first Ba source and the second Ba source is 0.01, 0.1, 0.15, 0.2,

0.25,0.3,0.35, 0.4, 0.45, 0.5 or any value between them.

AXRLERFRISEEAS TR, PRQ2)F, CaREHERCas%E—BalfiE —BalRS B S BalE/REL

790.01, 0.1 0.15. 0.2, 0.25. 0.3. 0.35. 0.4, 0.45. 0.5 EfIZENEEEE.

[n0013]

Furthermore, in step (1), the first Ba source is a water-soluble Ba source, and the Ti source is
TiO<sub>2</sub> with anatase phase; the stirring reaction environment is alkaline with

pH>10.

H—FH, PE(1)P, F—BalRAKAMEBaR, TiRAREIHAN HITIO<sub>2</sub>; #ii#x

RZIF R A%, PH>10,

[n0014]
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In some specific embodiments, the first Ba source is barium hydroxide, barium nitrate, barium
chloride, or any other water-soluble Ba source, which can be used alone orin any

combination.

AXRLERARNEHEA TR, F—BaFASENKI. Wi, KUINKEEERKEMEBaIR, AJUE

JRERWAIUERRE R,

[n0015]

Furthermore, in step (2), the second Ba source is BaCO<sub>3</sub>, and the Ca source is

CaCO<sub>3</sub>.

H—ih, SE(2)H, £ -BajENBaCO<sub>3</sub>, CaijRACaCO<sub>3</sub>,

[n0016]

Furthermore, in step (1), after adding the aqueous dispersion containing Ti source, the stirring

reaction temperature is 80°C-120°C, and the stirring reaction time is 30min-12h.

=, FR(1)F, MASETIRFKDEREHRA RN EEN80°C-120°C, fitHRMNATEAN

30min-12h,
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[n0017]

In some specific embodiments, in step (1), after adding the aqueous dispersion containing the
Ti source, the stirring reaction temperature is 80°C, 90°C, 100°C, 110°C, 120°C or any

temperature between them.

ERLEAFNESHEARFR, TR)F, MASETIRN/KSEREHHREEE /80°C. 90°C.

100°C. 110°C. 120°CHEMIZENEREE,

[n0018]

In some specific embodiments, in step (1), the stirring reaction time is 30 min, 1 h,3h,5h, 7 h,

10 h, 12 h or any reaction time between them.

ARLEAEMLHEART, SEB()D, HERNEA30mine 1hy 3h, 5h. 7h. 10h. 12h=E

Nz B R ES & Rz AT 8],

[n0019]

Furthermore, in step (2), the calcination temperature is 300°C-1300°C, the calcination time is

30min-4h, and the heating rate is 2~15°C/min.
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T, SEQ2)H, HESEREA300°C-1300°C, JBIEATEIN30min-4h, FHREREKE2~15°C

/mine

[n0020]

In some specific embodiments, in step (2), the calcination temperature is 300°C, 400°C, 500°C,

600°C, 700°C, 800°C, 900°C, 1000°C, 1100°C, 1200°C, 1300°C or any temperature between them.

EXRERFEEA TR, PRQ)FP, BIEE300°C. 400°C. 500°C. 600°C. 700°C.

800°C. 900°C. 1000°C. 1100°C. 1200°C. 1300°CEEflzZBEINEREE-

[n0021]

In some specific embodiments, in step (2), the calcination time is 30 min, 1 h,2h,3 h,4hor

any reaction time in between.

ERLEARANEmA IR, PEQ)F, BEREN30min. 1h 2h 3h 4shTFHENZENERRKE

B E]o

[n0022]

In some specific embodiments, in step (2), the heating rate is 2°C/min, 3°C/min, 4°C/min, 5°C

/min, 7°C/min, 10°C/min, 12°C/min, 15°C/min or any heating rate between them.
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ERLEEANLEART, PEQ2)H, FREFRN2°C/min. 3°C/min. 4°C/min. 5°C/min. 7°C

/min. 10°C/min. 12°C/min. 15°C/minEENZEINESHERERE,

[n0023]

Furthermore, in step (2), the ball milling media are zirconium beads and deionized water, and
the ball milling time is 24 hours. In the technical solution of the present invention, the ball
milling operation makes the hydrothermal product of step (1) mixed evenly with the second

Ba source and Ca source.

H—Fi, TRQ2)P, KENRAERMEB K, KENEN24h, ZEANKRALZRES, KER

RERTE (1) RIKATY 5 % —BalfH CalfE 5195,

[n0024]

Furthermore, in step (2), the sieving operation is performed using a 200-mesh sieve.

s, TRQ2)P, IiniR(EER2008 HEHT.

[n0025]
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The second aspect of the present invention provides calcium-doped barium titanate powder

obtained by the above preparation method.

A PAE —HEiR i bR & 75 A REXRYT5S 2 IR ER IR (AR,
In the technical solution of the present invention, the calcium-doped barium titanate powder
obtained by the above preparation method has Ca element in the Ca source that can partially

replace the A site of the barium titanate group.

REPRRAG RS, Z3 ERHEFEAFEINGERRERINE, CalfhpyCartRaeBafo N

RERINEHIALL,

[n0026]

Furthermore, the chemical structural formula of the calcium-doped barium titanate powder is
Ba<sub>x</sub>Ca<sub>1-x</sub>TiO<sub>3</sub>, where x is 0.8 t0 0.9, and its

tetragonality c/a=1.009-1.011.

FH—HH, FTIRESE KRB AR L F 54 J9Ba<sub>x</sub>Ca<sub>1-x</sub>TiO<sub>3<

/sub>, EHx#0.8~0.9, HEMM7c/a=1.009-1.011,

[n0027]
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In some specific embodiments, the x in the chemical structural formula Ba<sub>x<
/sub>Ca<sub>1-x</sub>TiO<sub>3</sub> of the calcium-doped barium titanate powder is
0.8,0.81, 0.9 or any value between them, and its tetragonality c/a is 1.009, 1.010, 1.011 or any

value between them.

AERLEEANLIES NP, FRRSIEASRBRIM AN EEWBa<sub>x</sub>Ca<sub>1-x<
/sub>TiO<sub>3</sub>#A9x50.8. 0.81. 0.9 ENIZEIMEEE, EMAEc/a}n1.009.

1.010. 1.011sRENIZENEEE,

[n0028]

A third aspect of the present invention provides the use of the above-mentioned calcium-
doped barium titanate powder as a dielectric material, and further, the use of barium titanate
powder in the preparation of electronic components, wherein the electronic components are

multilayer ceramic capacitors.

KEAFE = A ERE LRSS R KBRIMAEAN BRI RIS, #—DH, KERIMERTHIER

FreastBAE, FRRBEFR NS EREEBRSS.

[n0029]
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The above technical solution has the following advantages or beneficial effects:

ERFZAAFEEBNTARAERETIR:

[n0030]

This invention employs a atmospheric pressure hydrothermal assisted solid-state synthesis
method. First, at atmospheric pressure and low hydrothermal temperature, a soluble Ba
source and a Ti source seeded with TiO<sub>2</sub> are dispersed in an aqueous solution
and stirred for reaction. Then, a second Ba source and a Ca source are mixed with the above
hydrothermal product using a solid-state synthesis method, ball-milled, dried, and calcined to
obtain highly tetragonal calcium-doped barium titanate powder. This invention improves the
tetragonality and dielectric constant of barium titanate powder by Ca doping the barium
titanate material and adjusting the reaction temperature and raw material ratio, allowing Ca
to partially replace the A-site of the barium titanate group. Furthermore, by adjusting the raw
material ratio, a suitable final stoichiometric product can be obtained, and the particle

properties of the product can be controlled by changing the process.

KEPRRBEEXKNEBIERERNGIERE, BAEREERERKFEET, FERRLAHRBaTRFLL
TiO<sub>2</sub>RFHFMTIREDEIEAE RS, HiERN; AGBEMESHEEE _Balg, Calk

5 KRR SIKE, TIRBFEIAR[FEISIA ERITHERIKBRIR, AR X AR
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W

Eh#{TCaig %y, BT IAERMEEMEREECLL, F1ECanZREBIINAARRINERAN, 'S TR
PRHAR M TEEL, BETRREAEL, SRSENRXLFITESY), HEEINRE
T 236 mB Rt R F L <o

The present invention features a simple process, readily available raw materials, and high
product stability, providing new technical support for the preparation of ceramic powders in

high-capacitance multilayer ceramic capacitors.

KXERRAIZER, FHERE, mRREMS, NHEEEETNZERERRSETHEENFREMHR T —

MR AR 2 FFo

[0034]

Attached Figure Description

P ] 15 BF

[n0031]

Figure 1 is an XRD pattern of the calcium-doped barium titanate powder synthesized in

Example 1 of the present invention;
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El 124 % BRI 15 RIS IS 2 SRR SURHARIXRDIE ;

[n0032]

Figure 2 is a SEM image of the calcium-doped barium titanate powder synthesized in Example

1 of the present invention;

E2 R A & BASEHEf 1 5 R B TS 2R SRER SR ARISEME ;

[n0033]

Figure 3 is the XRD pattern of the calcium-doped barium titanate powder synthesized in

Example 2 of the present invention;

B34 & PRSEHER2 5 MAY TS5 - SRER SRHARIXRDE] ;

[n0034]

Figure 4 is a SEM image of the calcium-doped barium titanate powder synthesized in Example

2 of the present invention.

El42 A< & RS HER2 & ARI TS5 - RRER SR HARISEME,
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[0039]

Detailed Implementation

BALiER

[n0035]

The following embodiments are only some embodiments of the present invention, and not all

embodiments.

TRERMEHINZE A LB —ER 5 SLhEfl, MAE2ERISEREH,
Therefore, the detailed description of the embodiments of the present invention provided
below is not intended to limit the scope of the claimed invention, but merely to illustrate

selected embodiments of the invention.

Eiit, LATRHRYZAS & BASSHER] P aYiF i IE S ERFIERRIPHIR L BRREE, MENXERTR
=% PARYEE Kt

Based on the embodiments of the present invention, all other embodiments obtained by
those skilled in the art without inventive effort are within the protection scope of the present
invention.
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BT ARPABSERER, ATERAARERE RS SEIRIRIR TRRSHIFTE H k6, &8

BT A %P RIFSERE,

[n0036]

The technical solution of this invention is to design a method for preparing calcium-doped
barium titanate powder. This method is mainly based on solid-state method and
supplemented by atmospheric pressure hydrothermal method. Doping barium titanate
powder with Ca element can greatly improve the dielectric constant of barium titanate-based

materials.

R A T RET IR — S8 R BRI AR 5%, &I AUBEERAE, BEKRER

H, WHREBRIMEBRCaTR, JAKRRESHRRNEMHNTEER,

[n0037]

In the following embodiments:

TIRLAEGI

[n0038]
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(1) The selected raw materials are Ba(OH)NER17 « 8HNER180, anatase TIONER19, BaCONER20

and CaCONER21;

(1)FmiZkRE IBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0, $i$tH tHTiO<sub>2</sub>,

BaCO<sub>3</sub>#1CaCO<sub>3</sub>;

[n0039]

(2) Control the addition ratio of raw materials Ba(OH)2 - 8H20 and BaC024, and change the

addition ratio of CaC0O25.

(2)1zH#I/E¥IBa(OH)<sub>2</sub> « 8H<sub>2</sub>0F1BaCO<sub>3</sub>BIAMINELHI, 2XZE

CaCO<sub>3</sub>HIAN LG ;

[n0040]

(3) In the atmospheric pressure hydrothermal method, Ba(OH)<sub>2</sub> + 8H<sub>2<
/sub>0 is first dissolved in water, heated and stirred, and then TiO<sub>2</sub> of the
anatase phase is added. Water is then added to the dispersion, the heating temperature is set,
and the reaction is stirred continuously for several hours. The pH of the stirring reaction is

>10.
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BERBEKAZER, JoiiBa(OH)<sub>2</sub> + 8H<sub>2</sub>0&TF KA, MAMIFE, Bl
N$REKH #ERITiIO<sub>2</sub>, BEAIKTFHERTP, IREMMEE, B RNEVNY, 5

HRMNAIpH>10;

[n0041]

(4) When the hydrothermal reaction at normal pressure is over, transfer the hydrothermal
product to a ball mill jar, dry it, and add a certain proportion of BaCO<sub>3</sub>and
CaCO<sub>3</sub>. Use deionized water and zirconium beads as the ball milling medium to

carry out solid-phase synthesis and mix and ball mill for several hours.

(4) B EKARMNER, FKAFYEBEIRERESD, TREMA—ELLHIFBaCO<sub>3<

/sub>, CaCO<sub>3</sub>, UEXBEFKMBEKNKENE, HITEBRSGHEK, BEKELHUE;

[n0042]

(5) After ball milling, the product is dried, sieved and ground, and an appropriate amount of

powder is calcined.

O)HKELRE, MY TIRaIHAMESNE, BEEMERER,
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[n0043]

Example 1:

SEhEfI1

[n0044]

In this embodiment, the molar ratio of Ba/Ca in the total Ba source and Ca source during the
entire reaction process is 0.9/0.1, the molar ratio of Ba(OH)31 - 8H320 to BaC033is 0.25/0.75,
the molar ratio of Ba/Ti in the entire reaction is 1, and the materials are prepared according to
the molar ratio of Ba(OH)34 - 8H350:BaC036:CaC037 =0.225:0.675:0.1, and the obtained

barium titanate powder is Ba38Ca39Ti040.

KLHEHIF, BANRMIIZEHHNEBaRESCCalEHaBa/CalyE/REE/10.9/0.1, Ba(OH)<sub>2<
/sub> « 8H<sub>2</sub>05BaCO<sub>3</sub>HJE/Rtt90.25/0.75, BN RMHEIBa/TiEYE
REbA1, 3REEBa(OH)<sub>2</sub> *+ 8H<sub>2</sub>0: BaCO<sub>3</sub>: CaCO<sub>3<
/sub>=0.225: 0.675: 0.189E/RELGIFHITERR, FRIGHVEAERTAD{AIBa<sub>0.9<
/sub>Ca<sub>0.1</sub>TiO<sub>3</sub>,

First, weigh 7.2427 g of Ba(OH)O into a three-necked flask, add 25 ml of water, and stir

continuously for 30 min. Then, weigh 0.1 mol of 8.003 g of TiO and 15 ml of water into the
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aqueous dispersion of Ba. Set the heating temperature to 100°C and perform a hydrothermal
reaction at atmospheric pressure for 6 h. After the hydrothermal reaction is completed,
transfer the hydrothermal product to a ball mill jar for drying, and weigh out the product
according to the specified proportion. BaCO<sub>3</sub>and CaCO<sub>3</sub> were
mixed in a ball mill jar, with zirconium beads and deionized water as the milling media. The
hydrothermal product was then mixed with BaCO<sub>3</sub>and CaCO<sub>3</sub> and
ball-milled for 24 hours. After ball milling, the mixture was dried, ground, and passed through
a 200-mesh sieve. Approximately 1 g of the powder was placed in a muffle furnace and

calcined at 950°C-1100°C with a heating rate of 5°C/min and a holding time of 2 hours.

SCHFRENT.2427gHIBa(OH)<sub>2</sub> * 8H<sub>2</sub>0F = OKRA, MA25mIfK, $H4:
BHE30min/S, ZEEHIFREX0.1molfY8.003giTiO<sub>2</sub>F115mIBY7K FBatk D ERF, i
BMPCRE100°C, BEKRAKRMNG6h; KARNERG, BKAFESEIREREPTIZ, TEEZ
BREbBIACELRYBaCO<sub>3</sub>fCaCO<sub>3</sub>FIKE#EF, KENRNEKNEET
K, BFHRAIKAF=H)5BaC0O<sub>3</sub>Ff1CaCO<sub>3</sub>B 5FkEE24h; fFIKEL®R
fa, MREHTTIEE, MEHZI20087, BRA1ghIMAE TS FHIPRTEI50°C-1100°Cliekk, F
RIRFEA5°C/min, REREIE2h,

Figure 1 is the XRD pattern of Ba<sub>0.9</sub>Ca<sub>0.1</sub>TiO<sub>3</sub> powder
prepared by calcining the calcium-doped barium titanate powder synthesized in this

embodiment at 950°C, 1000°C, and 1100°C for 2h. Figure 2 is the SEM image of Ba<sub>0.9<
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/sub>Ca<sub>0.1</sub>TiO<sub>3</sub> powder prepared by calcining the calcium-doped

barium titanate powder synthesized in this embodiment at 1000°C and 1100°C for 2h.

B 1 22 SEHEGI & AR5 2 A ES UHATEO50°C. 1000°C. 1100°CHRIE2haHl&AIBa<sub>0.9<
/sub>Ca<sub>0.1</sub>TiO<sub>3</sub>#}{AEIXRDE], E2 7S IESIEIAERI (A
7£1000°CF11100°CH 2 hfgHl&rIBa<sub>0.9</sub>Ca<sub>0.1</sub>TiO<sub>3</sub>¥}{&RY

SEMIE],

[n0045]

Example 2:

SEhtEf2:

[n0046]

In this embodiment, the molar ratio of Ba/Ca in the Ba source and Ca source during the entire

reaction process is 0.8/0.2, the molar ratio of Ba(OH) « 8HO to BaCO ...

AELMEGIF, BiRMIZEPRIBalRS CalfHRYBa/CaBvE/REL790.8/0.2, Ba(OH)<sub>2<

/sub> + 8H<sub>2</sub>05BaCO<sub>3</sub>MIEE Rt 0.25/0.75, N RNFHIBa/TiRIE
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IREE A1, #%RBBBa(OH)<sub>2</sub> « 8H<sub>2</sub>0: BaCO<sub>3</sub>: CaCO<sub>3<
[sub>=0.2: 0.6: 0.289E/RLLGIFHITECEL, HIFHITHIS ALK IBa<sub>0.8<
/sub>Ca<sub>0.2</sub>TiO<sub>3</sub>,

First, weigh 6.4381 g of Ba(OH) + NER64 + 8HO into a three-necked flask, add 25 ml of water,
and stir continuously for 30 min. Then, weigh 8.003 g of TiO « NER66 and 15 ml of water into
the aqueous dispersion of Ba. Set the heating temperature to 100°C and perform a
hydrothermal reaction at atmospheric pressure for 6 h. After the hydrothermal reaction is
completed, transfer the hydrothermal product to a ball mill jar for drying, and weigh out the
product according to the specified proportions. BaCO<sub>3</sub> and CaCO<sub>3</sub>
were placed in a ball mill jar, with zirconium beads and deionized water as the milling media.
The hydrothermal product was mixed with BaCO<sub>3</sub> and CaCO<sub>3</sub>and
ball-milled for 24 hours. After ball milling, the mixture was dried, ground, and passed through
a 200-mesh sieve. Approximately 1g of powder was placed in a muffle furnace and calcined at

950°C-1100°C with a heating rate of 5°C/min and a holding time of 2 hours.

S FREN6.4381gRIBa(OH)<sub>2</sub> * 8H<sub>2</sub>0F = OKHEA, MA25mIfK, $H4:
BE30minfg, BIRLLBIFRERS.003gMITiO<sub>2</sub>F115mIAYKFBaf Ik S EURS, REMHK
BENL00°C, BEKARNGh; KARNERRE, BKAFYESEIKEZDTIE, FREUZRLLE)
FRtbAIBaCO<sub>3</sub>#1CaCO<sub>3</sub>FIKERES, IKENRNEHRMEBEFK, B

RBYK =) 5BaCO<sub>3</sub>FCaCO<sub>3</sub>’B&IKEE24h; FHKELRG, MRS
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Y T TIRE, EHT20080, BX91gkAE TS FIPHRTEIS0°C-1100°CIERG, FARIEZFA5°C
/min, RERBEIZE2h,

Figure 3 is the XRD pattern of Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub> powder
prepared by calcining the powder at 950°C, 1000°C, and 1100°C for 2h in this embodiment.
Figure 4 is the SEM pattern of Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub> powder

prepared by calcining the powder at 1000°C and 1100°C for 2h in this embodiment.

E32 ALV A1E950°C. 1000°C. 1100°CIR2h/aHI&RIBa<sub>0.8</sub>Ca<sub>0.2<
/sub>TiO<sub>3</sub>#{ABIXRDE], El4EZSIHERIBI#ATEL1000°CHI1100°CHRR2hEHI &Y

Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub>¥{&xHISEME,

[n0047]

Comparative example:

Xt LB

[n0048]

In this comparative example, the molar ratio of Ba/Ca in the Ba source and Ca source
throughout the reaction process is 1, the molar ratio of Ba(OH) + 8HO to BaCO is 0.25/0.75, the

molar ratio of Ba/Ti throughout the reaction is 1, and the materials are prepared according to
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the molar ratio of Ba(OH) « 8HO:BaC0:CaCO = 0.25:0.75:0, resulting in barium titanate powder

of type BaTiO.

XL, BORMNEEZFRBBalRS CalrRIBa/CalyE/REEA1, Ba(OH)<sub>2<

/sub> « 8H<sub>2</sub>05BaCO<sub>3</sub>MEE/RtL90.25/0.75, EARNAIEIBa/TiHY
BE/REL A1, #&BBBa(OH)<sub>2</sub> + 8H<sub>2</sub>0: BaCO<sub>3</sub>:
CaCO<sub>3</sub>=0.25: 0.75: ORYEE/REbGI#HITACR, HIFHIRERINM K IBaTiO<sub>3<
/sub>,

First, weigh 8.0474 g of Ba(OH)NERS85 » 8HNERS860 into a three-necked flask, add 25 ml of
water, and stir continuously for 30 min. Then, weigh a certain mass of TIONER87 and 15 ml of
water into the aqueous dispersion of Ba. Set the heating temperature to 100°C and perform a
hydrothermal reaction at atmospheric pressure for 6 h. After the hydrothermal reaction is
completed, transfer the hydrothermal product to a ball mill jar for drying. Weigh BaCONERS88
according to the specified ratio into the ball mill jar. The ball milling media are zirconium
beads and deionized water. Mix the hydrothermal product with BaCONER89 and ball mill for
24 h. After ball milling, dry the mixture, grind it, and pass it through a 200-mesh sieve. Take
about 1 g of the powder and place it in a muffle furnace for calcination at 950°C, 1000°C, and

1050°C, with a heating rate of 5°C/min and a holding time of 2 h.
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SEHREN8.0474gHIBa(OH)<sub>2</sub> « 8H<sub>2</sub>0F = OEHRH, MIAN25mIBIIK, 54
BHE30mInfG, RELHIFREN—EBREMTiIO<sub>2</sub>F15mlfKFBafuk D EGRS, RENHR
BEN100°C, BEKARNGh; KARNERRE, BKAFYESEIKEZPTIE, FEUZRLLE)
FotbAIBaCO<sub>3</sub>FIKER#EH, KEMBAEHRMERFK, BFHRRKRSYS5
BaCO<sub>3</sub>E&IkEE24h; FHKEBLERG, MRESHTTI®E, MEHZ2008, BWYlg
BMAE F S FIFHTEIS0°C. 1000°C. 1050°CHRKE, FHRIEZFAS5°C/min, RERTEIZE2h,

Table 1.

=1
These are the c/a values of the comparative example and Example 1 at different calcination

temperatures.

A LB 5 LR 1TE R RRERE TRIC/alvE,

[n0049]

In the above experimental results, for Example 1, it can be seen from the XRD pattern in Figure
1 that as the calcination temperature increases, the peak splitting degree in the range of 44°
-46° increases, indicating that the tetragonality of Ba<sub>0.9</sub>Ca<sub>0.1<
/sub>TiO<sub>3</sub> increases with the increase of calcination temperature; it can be seen

from the SEM image in Figure 2 that the particles are square, the particle surface is relatively
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smooth and round, and the particle size increases with the increase of calcination

temperature.

EALILERD, XFKMFIL, MELRXRDEIFRAILUEL, MERKEEIRS, 44°-46°HEEIRA
RIIEEE TS E LR, JiBABa<sub>0.9</sub>Ca<sub>0.1</sub>TiO<sub>3</sub>RII0 75 14 FElEk I
mERSMEM, MER2BSEMEHRRILEY, FREST, FHRRERANLERE, BEEERFE

Eiem, BA/NREZIEm.

[n0050]

For Example 2, it can be seen from the XRD pattern in Figure 3 that the peak splitting degree in
the range of 44°-46° increases with the increase of calcination temperature, indicating that the
tetragonality of Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub> increases with the
increase of calcination temperature, while the splitting degree is the same at 1000°C and 1100°
C; it can be seen from the SEM pattern in Figure 4 that at 1000°C, the particles are square and
the particle surface is relatively smooth and round, but at 1100°C, there are no obvious grain

boundaries between particles, indicating that it is about to be over-calcined.
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FFEAEGI2, MEBBIXRDEIFRAIUEY, MEBRKEREIRS, 44°-46° R CRAMNIEESNIZEE
58, JBABa<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub>MII0A 4 IRk E EiR = mig
0, M1000°C51100°CRYRYESIEE—1E; MEARMISEMERAILIFL, 7£1000°CH, FHiE A

2, FRIRERAICERE, B27E1100°CH, TRREMFKRSTRIZBR&ER, BIREE

[n0051]

Table 1. c¢/a values and dielectric constants of barium titanate powders at different

calcination temperatures in the examples and comparative examples.

&1 KHEfIFM L FIERRIRGRE TR ARBRINRHMARIc/afE. TTEEER.

[n0053]

Table 1 shows that the atmospheric pressure hydrothermal assisted solid-state process can
prepare barium titanate with high tetragonality. When a small amount of Ca is doped, the
tetragonality of barium titanate is significantly improved. When Ba<sub>0.8</sub>Ca<sub>0.
2</sub>TiO<sub>3</sub>is calcined at 1000°C, c/a =1.01, and when Ba<sub>0.9<
/sub>Ca<sub>0.1</sub>TiO<sub>3</sub>is calcined at 1100°C, c/a=1.011. At the same

calcination temperature, Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3</sub> has higher
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tetragonality. Therefore, the calcination temperature is closely related to the amount of Ca
doping. When performing A-site Ca doping on BaTiO<sub>3</sub>, the required calcination

temperature decreases as the amount of Ca increases.

MR1IFEL, XABEKAMBERZNIZAHIEHSEAENRERINE, FERDECaxE
B, MARREMIES 7THEBIEMINAMY, Ba<sub>0.8</sub>Ca<sub>0.2</sub>TiO<sub>3<
/sub>7E£1000°CI)ERt, c¢/a=1.01, Ba<sub>0.9</sub>Ca<sub>0.1</sub>TiO<sub>3</sub>7E
1100°CHERY, c/a=1.011, TEREFEAEEEEE T, Ba<sub>0.8</sub>Ca<sub>0.2<
/sub>TiO<sub>3</sub>MU A HEE, FIBEFEESCaNBRERRANXR, X
BaTiO<sub>3</sub>#1TAIRCaiZ 2BY, FEEIERENIES, FIHIVREEER,

The dielectric constant is usually positively correlated with the tetragonal c/a value. The
BaTiO<sub>3</sub> and calcium-doped barium carbonate (BCT) materials prepared under
the above conditions have a much larger dielectric constant than BaTiO<sub>3</sub> when

the Ca doping amount is 0.2. The former is more than twice that of the latter.

TEBEHTEESNG Ec/aBRA/NEEX, B ERFA THIENBaTiO<sub>3</sub>FMI5E i

BREN(BCT)#4K}, CartRIEHREN0.2MHIBCT, HNBEHTATFBaTiO<sub>3</sub>, FiELLE
EH2F1EZ.,
[n0054]
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The above description is merely a preferred embodiment of the present invention and does
not limit the patent scope of the present invention. Any equivalent transformations made
based on the content of the present invention's specification and drawings, or direct or
indirect applications in other related technical fields, are similarly included within the patent

protection scope of the present invention.

A EFRRMN A A & BREVAESSRE G, HIEFEILIRGIZ &R EFIERE, NEF A4 LERNRHRHE
RNEFENFNZM, NEZWEZCAEEMEXIRAIE, HEESEERLZBENETAERIFE

BN
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