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This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN113353973A

A method for preparing calcium-doped barium titanate powder

— IS R R ER YU (R RV R & 750K

[0001]

Technical Field

ARG
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[n0001]

This invention relates to the field of ceramic powder preparation technology, and in particular
to a method for preparing calcium-doped barium titanate powder for multilayer ceramic

capacitors (MLCCs).

RERFL MEER AR ERATE, THIR—ZEEZEBEE (Multi-layerCeramic

Capacitors, LAFEFIMLCC) RRITSEZRABRIMHARIGIE 7%,

[0003]

Background Technology

BEREA

[n0002]

Barium titanate ceramics, as a ferroelectric material, have wide applications in the electronics
industry, especially in the field of ceramic capacitors, where multilayer ceramic capacitors

made of barium titanate account for the majority of the market share.
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HKERIMEEEN—MERKEMRERF TN E ZNNA, CHEERERSMEN, SThiaEEH
TR E URBRIN AN Z EEE RS E.

The first step in preparing high-performance BaTiO_NER1-based ceramics is to synthesize
high-purity, small-particle-size, highly tetragonal, and uniform-morphology high-performance

BaTiO_NER2- powder.

$IEBiEREBaTIOSsub>3</sub>BMENE— S RAMAES. HE . WAMS. HIIDNE

Y BEBaTiO<sub>3</sub>¥}{&,

[n0003]

The traditional methods for preparing BaTiO3 powder in industry are liquid phase method

and solid phase method.

Tk E#I&EBaTiO<sub>3</sub>#HARIEL S B RBEMERZE.
On the one hand, the liquid phase method is more expensive, and on the other hand, the
solution ions form a crystal lattice from scratch, which inevitably introduces more lattice

defects, making the liquid phase method less practical than the solid phase method.
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BAE—RERARS, 3—AHARSFNEBEHERR, FTaBERMESINKRSRRRE, £FR&

AR SE BTN NERES,

[n0004]

The solid-state method involves calcining a mixture of BaCO<sub>3</sub> and TiO<sub>2<

/sub> at high temperature to produce BaTiO<sub>3</sub> through a solid-state reaction.

E+B;%EMEBaCO<sub>3</sub>fTiO<sub>2</sub>HE &Y =8 T, XEBEMBRNFES
BaTiO<sub>3</sub>,

Traditional solid-state reactions require reaction temperatures above 1000°C. However, by
reducing the particle size of the raw materials, using mechanical ball milling for activation,
and increasing the contact area through uniform mixing, the required reaction temperature

can be effectively reduced.

FHREREFTZELI000°CUU LR MNEE, @I REEAIE. ERAVIMIKEENK. HEREEMEE
RERE, ATUBRERRRNNAFEEE.

During the preparation process, as the reaction temperature increases, the raw materials will
undergo two stages of reaction. Generally, the reaction BaCO<sub>3</sub>(S)+TiO<sub>2<
/sub>(S)—BaTiO<sub>3</sub>(S)+CO<sub>2</sub>(g) occurs above 650°C (above 550°C for

ball-milled activated powder).
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HEIREFR, EERMEENAS, FEEREAERTIMENRE, —ARE650°CLLL (BKE AT
{A7E550°CLA L) A &EBaCO<sub>3</sub>(S)+TiO<sub>2</sub>(S)—BaTiO<sub>3</sub>(S)
+CO<sub>2</sub>(g)#I = Mo

At temperatures above 820°C, the reactions BaCO<sub>3</sub>(S)—>Ba0(S)+CO<sub>2</sub>
(g) and BaO(S)+TiO<sub>2</sub>(S)—BaTiO<sub>3</sub>(S) occur. Traditional solid-phase
methods produce products with problems such as coarse particles and uneven particle size.
Particle size is usually positively correlated with tetragonality, making it difficult to obtain

high tetragonality while ensuring small particle size.

7£820°CLL £, &4 BaCO<sub>3</sub>(S)—>Ba0(S)+CO<sub>2</sub>(g)F1BaO(S)+TiO<sub>2<
/sub>(S)—BaTiO<sub>3</sub>(S)HR R, ZLHEMZENTmFEETAEME. FRAYSFN

B, MREESHAMEREERX, FIEUERIEPDRIZENENRSSHG .

[n0005]

In industry, the commonly used continuous high-temperature reactors are generally tunnel

kilns or rotary kilns.

T FEARESI SRR MIP—AR AR EESEREE,
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Compared to the static contact state of materials in tunnel kilns, the materials in rotary kilns
undergo step-like movements, repeatedly going through the process of single-layer formation
and collapse. The materials are constantly subjected to mixing disturbances, resulting in
particles being in dynamic contact, which helps increase the contact opportunities between

particles and makes the materials more uniformly mixed.

FRLERE = PR T RS EARRVRTS, RIRERIYIRENREE), EEERREXTMA-FZET
12, MHRAEREIESIE), HERBHNAToiSEMRT, BFIFEMmBEEgNs, &9

FERG9%,

[0008]

Summary of the Invention

REAAE

[n0006]

To address the aforementioned technical problems, this invention provides a method for

solid-phase synthesis of calcium-doped barium titanate powder using a rotary furnace with
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two rotation speeds (low and high). This method involves adjusting the furnace rotation
speed during calcination to prepare calcium-doped barium titanate powder with uniform

particle size and high tetragonality.

X ERBARRE, 2%BRHE—FRIRRIPE-SMERZEEE G RIS R RN AR E, @l

RGP R RGIERRS . SEEERTSIE R AER I A,

[n0007]

To achieve the above objectives, the technical solution adopted by the present invention is as

follows:

AL ERER, EEARARBRBRARGTREAN:

[n0008]

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

titanate powder, comprising the following steps:

FEAE—HERE—TEEA R ENGIES A, SFRNTEER:

[n0009]
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Step (1): Mix titanium dioxide, barium carbonate and calcium carbonate evenly to obtain
powder I; In the technical solution of the present invention, the barium source can also be
other oxides or salts of barium, and the titanium source can also be other oxides or salts of

titanium.

FR(1): BaAR. RERIN. MERISESYIRRKRENE; EERBENEALREF, JURBAIL

ERINEERMYEESE, WREAILIEARNECaEY. BEE,

[n0010]

Step (2): Powder lis put into a rotary furnace for calcination at a temperature of 900-1000°C, a
heating rate of 5-10°C/min, a furnace rotation speed of r<sub>1</sub>, and a holding time of

1-2h.

TR(2): BRI NOALIRAR#HITIRG, BIRE9900~1000°C, FAREZHA5%I10°C/min, IF

FElER IRE Ar<sub>1</sub>, {RET[E]A1~2h;

[n0011]

Step (3): Adjust the furnace rotation speed to r<sub>2</sub>, keep the calcination

temperature constant, and continue to keep warm for 1-2 hours;
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S8 (3): AEIPIEIEFSEE Ar<sub>2</sub>, RIFBEETRE, HEfRiE1~2h;

[n0012]

Step (4): Stop the heat preservation and cool to obtain calcium-doped barium titanate

powder;

FE(4): FLEFER, REENAISESHERABRINE;

[n0013]

In step (2), the furnace rotation speed r<sub>1</sub> is less than the furnace rotation speed

r<sub>2</sub> in step (3).

Hrh, $B(2)PIPIEIEEEE r<sub>1</sub>/NFH I (3) R IPRETeiZ R E r<sub>2</sub>,

[n0014]

Furthermore, in step (2), the furnace rotation speed r<sub>1</sub>is 1 to 4 rpm.

w—i, TBQ2)PIFIEReERE r<sub>1</sub>A1~4rpm,
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[n0015]

Furthermore, in step (3), the furnace rotation speed r<sub>2</sub>is 8 to 10 rpm.

H—i, T3P IeERE r<sub>2</sub>/48~10rpm,

[n0016]

Furthermore, in step (1), the molar ratio of titanium dioxide, barium carbonate, and calcium

carbonateis 1:0.7-0.9:0.1-0.3.

H—H, SR, ZH MR, R, FRERFSRIEE/REL91: 0.7~0.9: 0.1~0.3,

[n0017]

Furthermore, an air atmosphere is used inside the rotary kiln chamber.

i, EIARIPIEAGER

H}
,JT
i
3

[n0018]

Furthermore, in step (4), the rotation speed of the furnace cavity during the cooling process

remains unchanged from the rotation speed in step (3), and the cooling rate is 5 to 10 °C/min.
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HE—Ii, TRA)P, RN EERSTRQ)PIIELEEAR, BRERN5~10°C

/mine

[n0019]

A second aspect of the present invention provides a calcium-doped barium titanate powder

prepared by the above-described preparation method.

A &RPASE A ER M E A& 77 AR E RIS AR ER I R,

[n0020]

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, its use in the preparation

of multilayer ceramic capacitors.

I&RAE =HEiRH LRGSR BRI AT BMENAE, #H—Pt, BTHEZEEELRR

Z2HY AR,

[n0021]
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This invention takes into account the different stages of powder calcination and utilizes the
particle separation-contact dynamic process caused by the rotational motion of the rotary
furnace. By adjusting the rotation speed at different stages of powder calcination, the
separation-contact frequency of particles is adjusted. In the solid-phase reaction stage, an
appropriate rotation speed is used to ensure uniform mixing of dissimilar particles and
facilitate the reaction. In the grain growth stage, a higher rotation speed is used to frequently
break the neck contact between particles, inhibiting the mass transfer growth of particles.
This achieves high-temperature long-term heat preservation to improve the tetragonality of
the product while inhibiting particle size growth, thereby preparing calcium-doped barium

titanate powder with high tetragonality and uniform particle size.

ERPAERIIMFRIREHNAREMER, FARFIFNEEENEMRRFN D B-ZMuSIiE, &
KHAIRIRBY AR F B il R AR SR BRI A 0 B -1 AhsiER, 728 R A B A& SRR IRIE
HMFRCESS, ERNIRFHETT, ERAEKMBRERKRSEZE, MEFTRHALIERIINEMEZM,
IHIBRAE RER, HESERNEREREAESENREN, MEREERK, NmHlETSH

. REHS BTSSRV ERER AT o

[n0022]

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

solution of the present invention is to prepare calcium-doped barium titanate powder by
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using an improved solid-phase synthesis method. Through a two-stage calcination method of
low-speed and high-speed rotary furnace, at low speed, the reactants titanium dioxide,
barium carbonate, and calcium carbonate are kept in appropriate contact to complete the
metathesis reaction to generate Ba<sub>1-x</sub>Ca<sub>x</sub>TiO<sub>3</sub>. The
heat preservation stage at high speed will play a role in lattice correction and improve

tetragonality, while the particle size does not increase significantly.

ERBAFRABUTRERIEERNR: XLENEARARETRASHNENE S EHIZTEES
REREFUMME, BELFIPR-SEMREVRGE, [RIHEY, RN ZEWEA. WERIN. RERFSIREF
&Y ER, TRE DR N EMBa<sub>1-x</sub>Ca<sub>x</sub>TiO<sub>3</sub>, Si%&EF

MREM RN HERRRELE, REWUSIENER, RIKAIETREAEK,

[n0023]

Compared to traditional muffle furnace solid-phase synthesis, the calcium-doped barium
titanate powder produced by the method provided in this invention has the characteristics of
uniform particle size and high tetragonality, and can be used to prepare multilayer ceramic

capacitors.

BN FEHRNDFHIFEEGHK, EBIRHING ARSI RIS, BEREHNS. m5

HErt R, IRTHIEZEMRERSES.
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[n0024]

This invention can obtain the corresponding final stoichiometric product by changing the
optimal ratio of raw materials titanium dioxide, barium carbonate, and calcium carbonate,

and can control the particle properties of the product by changing the process.

RARTLUES LERE Rk, BB, HMERSHNRERILFIEBNNSZXUFITESY), HE

L@ P T 2 2 mBy R M B,

[0028]

Attached Figure Description

Py T 35E B

[n0025]

Figure 1 is a schematic diagram of the temperature and speed control in the process of the

present invention.

ElIARKANTIZIIZEE. FHEEEREE.,
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[n0026]

Figure 2 shows the XRD patterns of calcium-doped barium titanate powder synthesized in
Example 1, Comparative Example 1, and Comparative Example 2 of the present invention
(where R1, R2, and R3 correspond to Example 1, Comparative Example 1, and Comparative

Example 2, respectively, and the right side is a magnified view of the 45° peak).

BRARNAEEKPAEREGIL. IFEEFIL. EEHI2E MRITS S~ IRER FNRHARIXRDENE (HR1. R2. R3

DRI SEREGIL. IFEEFIL. XFEEBI2, BMAA5IERAKE).

[n0027]

Figure 3 shows an SEM image of the calcium-doped barium titanate powder synthesized in
Example 1 of the present invention, as well as the particle size distribution and average

particle size statistically analyzed from the SEM image.

B3R A& EASK 1 & R £518 A ER S (AR SEMBR i LA ARIESEMER | S 1+ RUKIIZ 53 0 S T 13

[n0028]
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Figure 4 shows an SEM image of the calcium-doped barium titanate powder synthesized in
Comparative Example 1 of this invention, as well as the particle size distribution and average

particle size statistically analyzed from the SEM image.

El4 R A& BT L1 & BB F515 BRI AR SEMBR i A ARIESEMBR = i+ RYKIZ 53 0 S T35

[n0029]

Figure 5 shows the SEM images of the calcium-doped barium titanate powder synthesized in
Comparative Example 2 of this invention, as well as the particle size distribution and average

particle size statistically analyzed from the SEM images.

El5 75 & BAXS L5125 A ESHE 2R SRBR SR (R BY SEMBR Ay AR ARFESEMBR 5 e 1 RIRLIZ 7370 B AL

/
=0

[0034]

Detailed Implementation

BALiEA
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[n0030]

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

embodiments.

TREREFUNNE A LA —ER57 E£5Efl, mAE2aBRISERES.
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.

Fitb, LT RAERA A BASShEGIPRVIFARARHIF S T REIERRIFN AL BERVEE, MEXXE&RT
=% PARVEE Kl

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.

BT ARLBARISERER, ANTMIIRAARERE (EH LSS oIER FRRSHIFRE Hthstrefl, R

BT AR RIFSERE,

[n0031]
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In the following embodiments, the characteristics of the calcium-doped barium titanate

powder were characterized using the following detection techniques or methods:

TREREFIF, FIR U N AR F R =TS8 RV ERBR A R BV M 1 TR AL -

[n0032]

(1) X-ray diffraction patterns were collected in the range of 10-80° using a Rigaku SmartLab X-
ray diffractometer manufactured by Rigaku Corporation with a step size of 0.02° and an
integration time of 2s. The lattice constant ratio (c/a) of the calcium-doped barium titanate
product was calculated by Rietveld method using FullProf Suite software for structural

refinement.

(1) R BFEEFMRASHEHNBRIEF SmartLab® SHIXFEEITHHY AL K0.02°. TR BLE]92s
HSEIE10-80 RN REXGFLEITHEE, BIFullProf Suitef X R ARietveld’E# 1 TEEIFEEIT

BB R RER IR SR B L (c/a)

[n0033]

(2) Topographic images were taken using a SEM 450 field emission scanning electron

microscope manufactured by FEI Corporation of the United States.
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(2)EEFEEFEIRABAERISEM 4508 S 17 % SHAE B RInR SRR A .

[n0034]

(3) Using Nanomeasure 1.12 software, sample and measure the particles in the electron

microscope images, count 100 to 150 particles, and make a particle size distribution map.

(3)fEENanomeasure 1.12% 4, FEIFREARAERIFTERENSE, Fit100~15070 8%, EH

RIZDmE,

[n0035]

In the examples or comparative examples below, the raw materials used, calcium carbonate
with a particle size of about 1 um, barium carbonate with a particle size of about 750 nm, and

titanium dioxide with a particle size of about 100 nm.

ETRSEREGISXS ELFIF, PREARIREHRERTSRIRIELI N 1um, HERIIATRIELINT50nm, —&
HERRIRLEL979100nm,

In order to ensure that the raw material powder is mixed evenly and in full contact, the raw
material powder is mixed evenly by ball milling. The ball milling media used is zirconium

oxide. In other embodiments, roller milling, grinding, sand milling and other methods can also
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be used to mix the raw material powder evenly, all of which are included within the protection

scope of this invention.

AT EEREMFEESREGIYY, ToEM, RRMEEIKENATISRES, FrERIKEN RN
fbis, FHEREMPHAUATRE. fE. DESFANERMMEESHS, HWEEESrLH

HIRIFSEE N,

[n0036]

Example 1

KRt 1

[n0037]

With the rotary kiln cavity placed horizontally and connected to the atmosphere, barium
carbonate, titanium dioxide, and calcium carbonate (molar ratio of Ti024:BaC025:CaC026 = 1:

0.9:0.1) were ball-milled at 480 rpm for 24 hours using zirconium oxide media (mass ratio of
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material:zirconium balls:water = 1:2:1). 15g of the uniformly mixed raw material powder was

weighed and pushed into the middle of the laboratory rotary kiln cavity using a shovel.

FELOFPERKFREESASIEZBNERT, WM. —SMEK. MERTS(BE/RELATIO<sub>2<
/sub>:BaCO<sub>3</sub>:CaCO<sub>3</sub>=1:0.9:0.1){ER &£/ Fa1E480% FIKEE24h (R
£tb, ¥El: 8Bk Kk=1:2:1), FESHINEEMEIELSg, AT FHEANXREREREIFER

BRER;

[n0038]

The heating rate of the laboratory rotary furnace is set to 10°C/min, from the initial
temperature to 1000°C. After holding at 1000°C for 2 hours, the temperature is reduced to the
initial temperature at a rate of 10°C/min and then stopped. The rotation speed of the furnace

cavity is set to 4 revolutions/minute.

R E L= ARIFIFRFHREEE}N10°C/min, MAIMEEEFZEL000°C, REE1000°CHRIERE2h

&, H10°C/miniEX, EREIWIREFLE; IREFEIRIZRE AL/ D%;
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[n0039]

Start the program;

[BEhiERF;

[n0040]

After the furnace temperature reaches 1000°C and has been held for 1 hour, the rotation

speed of the rotary kiln is set to 10 revolutions per minute.

FIFEREAZE1000°CHABRRELNG, RE[MZIPRIIFIEIERE R E /105 /733,

[n0041]
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After the experiment, the product powder was collected using a receiving shovel, and the

sample code was recorded as R1.

CRusER e RIS YIRE, HmftSIEAR1

[n0042]

The rotary kiln speed control unit used in this embodiment and the following comparative
examples does not include programming function. Therefore, parameters such as heating
temperature, heating rate, holding time and initial speed can be set once before the rotary
kiln is started. Step e, i.e., the setting of the second speed segment, needs to be manually

adjusted midway.

A SERE I AR TR RS e G R FRE ARV RIS A% R iThl B o A B e dwizthee, FMMPLvEE. FHRE
R, RENKURDRERESHAIELRIFEEI—RIZETE, TReAE_REFRNISERE
iR FahEE,

When implementing this invention using other rotary kilns, such as those with programmable

speed control units, all parameters can be set during the initial setup process.
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A ERAH CEINEEH SR RE R IP LA & BRRY, AIEVIRIRES PR —NSHIE

%,

i

[n0043]

Comparative Example 1

XFEbfIL

[n0044]

Barium carbonate, titanium dioxide, and calcium carbonate (molar ratio of Ti027:BaC028:
CaC029 =1:0.9:0.1) were ball-milled at 480 rpm for 24 hours using zirconium oxide media
(mass ratio of material:zirconium balls:water = 1:2:1). 15g of the resulting powder was

weighed and pushed into the middle of the chamber of a laboratory rotary kiln using a shovel.
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BmRBINS | bk, MBRTS(BE/REL NTiO<sub>2</sub>:BaCO<sub>3</sub>:CaCO<sub>3<
/sub>=1:0.9:0.1)FEAE LN RTE480% FEKEE24h(FRELL, #%}: k. Kk=1:2:1)R&1H9598

[RRATREX15g, R FHEASKRLERLARIPERPE;

[n0045]

The heating rate of the laboratory rotary furnace is set to 10°C/min, from the initial
temperature to 1000°C. After holding at 1000°C for 2 hours, the temperature is reduced to the
initial temperature at a rate of 10°C/min and then stopped. The rotation speed of the furnace

cavity is set to 4 revolutions/minute.

RE SR EARIFIFRFHREER}N10°C/min, MATMEREEFAZEL000°C, ZEE1000°CHRIEAE2h

&, H10°C/miniEXR, BEREIWIREFLE; IREFEIRIZRE AL/ 0%;

[n0046]
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Start the program.

BT,

[N0047]

After the experiment, the product powder was collected using a receiving shovel, and the

sample code was recorded as R2.

SKILTERfE AR IE - YIRE, HmSI1ER2,

[n0048]

Comparative Example 2

xFEE 12

[n0049]
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Barium carbonate, titanium dioxide, and calcium carbonate (molar ratio of TiO30:BaCO31:
CaC032=1:0.9:0.1) were ball-milled at 480 rpm for 24 hours using zirconium oxide media
(mass ratio of material:zirconium balls:water = 1:2:1). 15g of the resulting powder was
weighed and placed in a crucible, then pushed into the middle of the chamber of a laboratory

muffle furnace using a shovel.

BREAINS — a1k, PREATS(EE/REL ATiO<sub>2</sub>:BaCO<sub>3</sub>:CaCO<sub>3<
/sub>=1:0.9:0.1)ERE KN HRIT48055 FEKEE24h(RELL, ¥kl $#Ik: K=1:2:1)E&1959M

[REHMATRER ISgBRIRTEHIRT, B FEANKEERDHIFEESER;

[n0050]

The heating rate of the laboratory muffle furnace was set to 10°C/min. The temperature was
raised from the initial temperature to 1000°C and held for 2 hours. After the holding period,
the temperature was lowered from 1000°C to the initial temperature at a rate of 10°C/min, and

then the program was terminated.
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RERRERDHIFMIFHRER}N10°C/min, MIIIEREEFAZEL000°CHRIE2h, RELRFIA10°C

/minM1000°CEREIWIISRE LR LR ;

[n0051]

Start the program;

[BEhiERF;

[n0052]

After the experiment, the product powder was collected using a receiving shovel, and the

sample code was recorded as R3.

SKILSERfE AR IE YA, HamfSIEAR3,

[n0053]
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Results Explanation

S SN

[n0054]

As shown in Figures 3-5 and Table 1, the average particle size of sample R1 (with a rotation
speed of 4 rpm followed by 10 rpm in Example 1) is compared with that of sample R2 (with a
constant rotation speed of 4 rpm in Comparative Example 1). The average particle size of R1
(1.32 um) is smaller than that of R2 (1.34 um). At the same time, the tetragonality (i.e., c/a
value) of R1is 1.0101 and that of R2 is 1.00993. R1 is superior to R2 in all aspects, indicating
that the low-high two-stage rotation speed method is better than the constant rotation speed

process.

WNE3-5 AR RIFAT, SRHEHI135E A% 4rpmiE10rpmAIEE AR TFEIIRIIR 53 ELBI1355F B A4rpm
BIRERR2%EL, RIMEFRIR T 1.32um/NFR2BYFEIYFHRIR < 1.34um, BB A 4 (Bc/afE)R1

791.0101, R291.00993, RIZEMTR2, HERAR-EMERZENG AN TEERENTZ,

[n0055]

Compared with the sample R3 calcined in a muffle furnace in Comparative Example 2, the

sample R1 with a rotation speed of 4 rpm followed by 10 rpm in Example 1 shows, from the
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scanning electron microscope images, that the powder particles of R3 are severely
agglomerated, the grain boundaries are in close contact, there are signs of sintering, and huge

hexagonal particles have appeared.

K155 9 5c4rpm G 10rpmAYHF mR1S X EL G2 S AP R IRAVAF mR3MELL, MIFHEEEIRAVER
FHEUEER, RIMHATFTHRERTITE, KARTER, ELFRETR, BT/ NEEHNE
RBYFIHL,

Although R1 has slightly larger particle size, it is more tetragonal and shows no signs of

sintering, exhibiting better dispersibility.

RIBABRRIHA—LE, ENSEES, MEALTEREDR, 7EIERIE.

[n0056]

Table 1 summarizes the lattice parameters and average particle size of R1 (Example 1), R2

(Comparative Example 1), and R3 (Comparative Example 2).

RIRL(SEHERIL). R2(XFELAIL). RI(FFELHI2) N ERSEF FITRRL R,

[n0058]
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In summary, the method provided by this invention successfully prepared calcium-doped
barium titanate powder with high tetragonality, uniform particle size, and good dispersibility,
providing new technical support for the preparation of calcium-doped barium titanate

powder.

R LR R BR MRS ERIIRIE T RA S, RESS. DEIEFITSEARERINE, NElE

TSI R AER AR (] 7 — I BB SZ 45

[n0059]

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< & BREESSRER], FHIFFEILLIRGIZ &P EFCRE, NEF B4 AR ERHKHE
RNBFRENFNEM, NERHEERTATEMEXIRATE, HEESFETEALBENTRIRFE

ES]
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