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DESCRIPTION CN116534893A

A solid-phase synthesis method for calcium-doped barium titanate powder

— SIS R R ER YU (R BV EIAE & RO

[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 solid-phase synthesis method for calcium-doped barium titanate powder.

KBRS MBI E AT, TEHSR—MISE R AR INHAR BRSO,

[0003]

Background Technology

BHREA

[n0002]

BaTiO<sub>3</sub>is a ferroelectric perovskite with a high room temperature dielectric

constant of 2000-3000 and a moderate Curie temperature (T<sub>C</sub>) of 120°C.

BaTiO<sub>3</sub>2—MEEBIEHE , EERENERNTEBEE2000-3000f1EFHNEERRE
(T<sub>C</sub>)120°C,

Currently, BaTiO3-based ceramics form the cornerstone of X7R multilayer ceramic capacitors.
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E#l, BaTiO<sub>3</sub>EMEEMTXTRZEHEEBRRBNER,
However, in order to meet the X8R specification, the operating range of the device needs to be

extended to 150°C.

SR, AT HEXSRAME, BENITIEEEFTEY EEI150°C,

In the prior art, T<sub>C</sub> can be improved through appropriate chemical doping.
Although it is known that A-site dopants such as Pb<sup>2+</sup> and Bi<sup>3+</sup> can
achieve this effect, this method is subject to environmental regulations and/or is not suitable
for processing in the reducing atmosphere required to manufacture the base electrode.
Ca<sup>2+</sup>, Ba<sub>1-</sub><sub>x</sub>Ca<sub>x</sub>TiO<sub>3</sub>

prepared as A-site dopant, with appropriate addition of T<sub>C</sub>.

MERXARR, BIEENUFEERA LIRS T<sub>C</sub>, BEABFALIEZFINPb<sup>2+<
/sup>#Bi<sup>3+</sup>FI LASKIIZAR, BZMFERRIMFZENNGLY, HE/HRNESEH
ERMEBRFTRNERSF FHITMI, Ca<sup>2+</sup>, {ERNAMIRIERFIHIFIIBa<sub>1-<

/sub><sub>x</sub>Ca<sub>x</sub>TiO<sub>3</sub>, EEIENT<sub>C</sub>,

[n0003]
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The preparation methods of barium titanate are mainly divided into two categories: solid-

phase method and liquid-phase method.

KBNS AEB D AMAE . BRENRIEE.

Powders prepared by liquid phase method have fine and uniform grains, but the cost is high
and the process is complicated. In addition, during the preparation of liquid phase method
such as hydrothermal reaction, there are a large number of hydroxyl and proton defects in the
crystal lattice. During the calcination process, a large number of point defects will aggregate
to form pores, which will reduce the powder density and suppress tetragonal distortion.
Therefore, it is not suitable for use in high-reliability miniaturized MLCC devices. Solid-phase
methods, such as planetary ball milling, are a traditional method for powder preparation.
They use grinding media to mix and grind raw materials, and are characterized by low cost,
high output and simple process. However, the resulting particles are often large and unevenly
distributed. Therefore, choosing a suitable preparation method is of great importance for

synthesizing barium calcium titanate powder with high c/a and small particle size.

BADERIERIR AR NS, BRAARE. T2RIEER, HFERBZIIKARNEIEIEZF
BREFEAERE. BFiRE, BREIEPRENRREIBET AR, BEEROEEEHMNGIMES

HRE, FEERTEUEANEUMLCCEM. BIEE, MITEXE, B—MERIMIAHIES
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%, BEMENTREREES. BHA, BENAR. FEAR. IZEPNFR, BREFSEIRIBHL
BR. 75 A58, REERSENRIER ENTEME/a. MIRNABRISHEREEERE

Fo

[0006]

Summary of the Invention

RARE

[n0004]

To address the aforementioned technical problems, this invention provides a solid-phase

synthesis method for calcium-doped barium titanate powder.

R BRI, Z5&k BRI M —ihi5 8 BRI ARV EIAE & RliE.

[n0005]

On the one hand, the present invention provides a solid-phase synthesis method for calcium-
doped barium titanate powder, wherein the chemical composition of the calcium-doped
barium titanate powder is (Ba<sub>1-x</sub>Ca<sub>x</sub>)<sub>m</sub>TiO<sub>3<

/sub>, wherein 0.00<x<0.08,0.90<m<1;
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—FH, AEPRE—FMIEEAURRINMENEESHE, PR ARERINM AR FEAR N
(Ba<sub>1-x</sub>Ca<sub>x</sub>)<sub>m</sub>TiO<sub>3</sub>, Ef, 0.00<x<0.08,

0.90<m<1;

[n0006]

The solid-phase synthesis method includes the following steps:

FRAEMREREEEUA TSR

[n0007]

(1) Add titanium source, barium source and calcium source to solvent according to

stoichiometric ratio to prepare mixed slurry and then grind it;

(DB ELLRRIR. JURMISRMNATEHBCR SR EARHITHRE;

[n0008]

(2) Dry the slurry after grinding in step (1);
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QBT BR(1)ZIRERRIRELEITHT;

[n0009]

(3) The dried slurry from step (2) is crushed and sieved to obtain powder;

BV BFT B Q)M T ERIRFEITHEL RS 2IRR;

[n0010]

(4) Heat the powder obtained in step (3) to 800-1000°C and keep it at that temperature for 1-5

hours.

(415 B (3)152RIR R FHE E800~1000°CHRIE1~5ho

[n0011]

In a preferred embodiment, in step (1), the titanium source is titanium dioxide;

ERMENSEA N, TE()F, FrRRA ALK,

[n0012]

Preferably, the barium source is barium carbonate;
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g, FrRPURAMRERN;

[n0013]

Preferably, the calcium source is calcium carbonate;

i, FmRs5RAMERS;

[n0014]

Preferably, the solvent is ethanol.

ks, FrdAFIA e,

[n0015]

In a preferred embodiment, in step (1), the particle size of the titanium dioxide is 1 to 300 nm;

ERESERES TN, TE(1)H, Frid S WREvAIEH1~300nm;

[n0016]
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Preferably, the titanium dioxide has anatase crystal form;

i, Frd SR @EE R ;

[n0017]

Preferably, the barium carbonate has a particle size of 1-100 nm;

ik, FrAERERENAYAIIZ /91~100nm;

[n0018]

Preferably, the calcium carbonate has a particle size of 1-200 nm.

s, FrdRERFSAIRITE /91~200nm,

[n0019]

In a preferred embodiment, the grinding in step (1) is sand grinding;

ERMEESEA N, TE()F, FRRRENRDE;
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[n0020]

Preferably, the diameter of the abrasive media used in the abrasive mill is no greater than 0.1

mm;

ks, FrRbbERAMENRIERZEAAT0.1mm;

[n0021]

Preferably, the milling speed is 1000-3000 r/min, and the milling time is 1-4 h;

flliktth, FmARRYEERIF%IE/91000~3000r/min, FridfbERIETSEII1~4h;

[n0022]

In some specific embodiments, the filling amount of the grinding media (i.e., the volume ratio

of the grinding media to the grinding tank cavity) is 20-60%.

FEREAFKHES IV, FrRREN BRRFRE (RIRYE T B SR BRI (RBVEFRLE) 7

20~60%:

[n0023]
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In a preferred embodiment, in step (2), the drying process is carried out at 80-100°C for 24-48

hours.

ERMIESERES T, TE(Q2)H, FriditF/980~100°CHEF24~48h,

[n0024]

In a preferred embodiment, in step (3), the sieving is performed through a 100-300 mesh sieve.

ERMESERES TN, SE,(3)HR, Friddinad100~300H o

[n0025]

In a preferred embodiment, in step (4), the heating rate is 5 to 15 °C/min.

ERMIEREA N, TE(E)F, FrdARAEERA5~15°C/min.

[n0026]

In some specific embodiments, step (4) is followed by a grinding operation, wherein the

grinding is performed to grind particles to a size of 200-300 nm.
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ARLEAGNSERA T, TR(4)EEEIEHRERE, FrRtRENRERZZE200~300nm,

[n0027]

In another aspect, the present invention provides calcium-doped barium titanate powder

obtained by the above-described solid-phase synthesis method.

X—7H, A&PRREMH EREEEHRESEINTSIER BRI,

[n0028]

In another aspect, the present invention provides the use of the above-mentioned calcium-

doped barium titanate powder as a dielectric material.

X—7H, &RRMH ERITERABRIHAEAT BB AR,

[n0029]

Preferably, the calcium-doped barium titanate powder is used to prepare electronic

components; more preferably, the electronic components are multilayer ceramic capacitors.
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ks, SRR EATHISBEFENAE, Bk, BFaithZEEERR

%o

[n0030]

The above technical solution has the following advantages or beneficial effects: The present
invention uses a solid-state method to synthesize calcium-doped barium titanate powder.
The prepared nano-calcium-doped barium titanate powder has excellent performance, high
tetragonality, good crystallinity, small particle size, uniform particle size distribution, and

smooth particle surface.

ERBRALTEERUN TR EBETNR: NAAXRABERESHISERABRINE, HIETFERIH
KIGBRARINMAERAE. OHMSE. EREF. R/ RESHNS, BEFNREGE.
This method has a simple preparation process, is easy to operate, and has low raw material

costs, making it suitable for large-scale industrialization.

ZHEREIZER, B85, FERRAE, EaAMES 1L,

The process provided by this invention fully demonstrates the advantages of solid-state
methods in industrial preparation of small-particle-size, highly tetragonal powders, and is
simple to operate, making it suitable for the preparation of multilayer ceramic capacitors

(MLCCs).
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FERRENTZRDEI T BFZET L EFIE/WIE. SEGEMREREHNNE, ERTH

BEZREEEERZE(MLCC).

[0034]

Attached Figure Description

P EI35E B

[n0031]

Figure 1is a process flow diagram of the solid-phase synthesis method for preparing calcium-
doped barium titanate powder in the embodiments and comparative examples of the present

invention.

Bl 127 A& BASSHE I LUK 3 EE G FR EI48 & B AR & F5 8 R BRI A T2 A2 E;

[n0032]

Figure 2 is a SEM image of the calcium-doped barium titanate powder prepared in Example 1

of the present invention;
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B2 274 & BRSE i 1 PRl & AU 5518 R A ER T A RISEME] 5

[n0033]

Figure 3 is a SEM image of the calcium-doped barium titanate powder prepared in Example 2

of the present invention;

B3R 4 A& BASEhE 2 PRl & Y518 2R SABR IR A RYSEM L ;

[n0034]

Figure 4 is a SEM image of the calcium-doped barium titanate powder prepared in Example 3

of the present invention;

El4 27 & BRI i 3P & BV 512 S A BRI ARISEME] 5

[n0035]

Figure 5 is a SEM image of the calcium-doped barium titanate powder prepared in

Comparative Example 1 of the present invention.
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El5 24 A& BRI EL B 1 PRl & Y3518 R sABR IR A RISEM L5

[n0036]

Figure 6 is a SEM image of the calcium-doped barium titanate powder prepared in

Comparative Example 2 of the present invention.

|62 s A& BAX LL F 2Pl & BY 542 - RRER SR (AR SEME] ;

[n0037]

Figure 7 is an XRD pattern of the calcium-doped barium titanate powder prepared in the

embodiments and comparative examples of the present invention.

Bl 72745 % BRI LA K 3 L5 AR PRl 8 Y $55 20 SRER S A BYRIXRD B

[0042]

Detailed Implementation

BiALR

[n0038]
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The following embodiments are only some embodiments of the present invention, and not all

embodiments.

TREFEFIINZE A R BARY—ER 72 2], RS2 RaISLhafl.
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.

Fitt, LATRHRYZAS & BASShE Py iFdH+ IE S ERFIERRIPHIAR L BRRVEE, MENXERTR
78 % BRRYIE TE SRt

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 ARLBARISERES, RNMIRAARELE FH LSS oIBEIR FRRSBVFRE Hstnefl, 8

BT AR RIFSERE

[n0039]
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In this invention, unless otherwise specified, all equipment and raw materials can be

purchased from the market or are commonly used in this industry.

EAREAT, EIFNE, FrENRENERREYIMNHWESEARTILE R,
Unless otherwise specified, the methods described in the following embodiments are

conventional methods in the art.

TREREFIRRTE, TR, HWARTHREN S %o

[n0040]

Example 1

SEhEf1

[n0041]

As shown in Figure 1, in this embodiment, the solid-state synthesis of nano-calcium-doped

barium titanate powder includes the following steps:

NEFAR, AKEGIF, BEESHRARGEARBRIEEEUTIER:

27-01-2026 - Page 18



[n0042]

(1) Ingredients: Barium carbonate, titanium dioxide and calcium carbonate are mixed
according to the stoichiometric ratio (Ba<sub>0.96</sub>Ca<sub>0.04</sub>)<sub>0.95<
/sub>TiO<sub>3</sub>, and ethanol is added. After mixing, a powder slurry with a solid

content of 30% is obtained.

(1)B2#t: WERIL. —|E. MERFBIREBHFITELL(Ba<sub>0.96</sub>Ca<sub>0.04</sub>)

<sub>0.95</sub>TiO<sub>3</sub>fg#}, HIMAZE, EBESEEEIESEN30%IMERN,;

[n0043]

(2) Sand milling: The slurry obtained in step (1) is sand milled using zircon balls with a
diameter of 0.1 mm as the sand milling medium, and the zircon ball filling amount is 40% (i.e.,
the sand milling medium accounts for the volume ratio of the sand milling tank cavity); the
sand milling parameters are set as follows: sand milling speed 2000 r/min, sand milling time 2

h;

QWE: BIE(1)FIRRELAITIE, RAERN0.ImmBEXKAMENR, HIKIETEE40%

(BMBDEET TR SRV EEHERZ AR RYIATRLL); RENSIHKE N BENFEIE2000r/min, FYEERTIEN2h;
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[n0044]

(3) Drying: Dry the slurry after sand milling at 90°C for 24 hours in an electric heating forced-air

drying oven;

(KT B EERRETERASEXTFIRFEF0°CHETF24h;

[n0045]

(4) Sieving: The dried slurry is ground and pulverized in a mortar and passed through a 200-

mesh sieve to obtain uniform powder;

(4)d 7. BTSRRI BSRERT, Z20087, [EYIHMR;

[n0046]

(5) Calcination: Heat to 950°C at a rate of 10°C/min and hold for 1 hour;

(5)M&J%: LA10°C/minAEREFHEZEIS0°C, fRiElh;

[n0047]
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(6) Grinding: Grind the calcined product with a mortar and pestle to obtain barium calcium

titanate powder.

(6)HFEE . WIRIRIERIYIRRARE, [FEIRERIIGHE,

[n0048]

The scanning electron microscope (SEM) image and particle size distribution map of the
calcium-doped barium titanate powder prepared in this embodiment are shown in Figure 2.
The average particle size of the sample is about 228 nm, the particle size distribution is

uniform, and there are no abnormally large particles.

A= SRt B O ES IS 2 SRR YU ARV BB F B 5% (SEM) BN 12 D A Bl W B 2P 7, HFanAY Y
KI12£99228nm, ¥RRHWIYE, TREARTHL

The X-ray diffraction (XRD) pattern is shown in Figure 7. There are no other impurities. There is
a distinct splitting peak at the characteristic peak 20 = 44-46°, which corresponds to the (002)
and (200) crystal planes of the tetragonal phase barium calcium titanate, respectively. The

tetragonality c/a=1.0094.
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XEYELA75% (XRD) BB MNE TR, THEMRAE, EIFEE20=44-46" 0 BHENDRIE, HO5IXN

TP HEEAEREIE5RY(002)#0(200) W &E, A Mc/a=1.0094,

[n0049]

Example 2

SEhE {512

[n0050]

As shown in Figure 1, in this embodiment, the solid-state synthesis of nano-calcium-doped

barium titanate powder includes the following steps:

SNEILFR, KGR, BEMASHRARSERARIMEEEUATIR:

[n0051]

(1) Ingredients: Barium carbonate, titanium dioxide and calcium carbonate are mixed
according to the stoichiometric ratio (Ba<sub>0.99</sub>Ca<sub>0.01</sub>)<sub>0.95<
/sub>TiO<sub>3</sub>, and ethanol is added. After mixing, a powder slurry with a solid

content of 30% is obtained.

27-01-2026 - Page 22



(1)B2%t: WERIL. —|E. MERFSIREBUFITELL(Ba<sub>0.99</sub>Ca<sub>0.01</sub>)

<sub>0.95</sub>TiO<sub>3</sub>fc#l, HIMANZEE, ESEFINEEE/H930%IMERE,

[n0052]

(2) Sand milling: The slurry obtained in step (1) is sand milled using zirconium balls with a
diameter of 0.1 mm as the sand milling medium, and the zirconium ball filling amount is 40%;
the sand milling parameters are set as follows: sand mill speed 2000 r/min, sand milling time 2

h;

QM. BIE(1)SIRIREAITIE, RKAERZN0.ImmAVEEIK A BN, HIKETTEL0%;

WENSHIZEN . WENEZE2000r/min, #PEERE 2h;

[n0053]

(3) Drying: Dry the slurry after sand milling at 90°C for 24 hours in an electric heating forced-air

drying oven;

()T BRI R AN T IRFEF0°CHETF24h;

[n0054]
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(4) Sieving: The dried slurry is ground and pulverized in a mortar and passed through a 200-

mesh sieve to obtain uniform powder;

(4)3 5. MTFRRBEE R ESREE, 20087, [EIHIHRK;

[n0055]

(5) Calcination: Heat to 950°C at a rate of 10°C/min and hold for 1 hour;

(5)IRMsE: LL10°C/minBYiERZERFAEES50°C, RE1Llh;

[n0056]

(6) Grinding: Grind the calcined product with a mortar and pestle to obtain barium calcium

titanate powder.

(6)HFEE . IR IERI Y RERAAE, FEIKERINISH A,

[n0057]

The scanning electron microscope (SEM) image and particle size distribution map of the

calcium-doped barium titanate powder prepared in this embodiment are shown in Figure 3.
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The average particle size of the sample is about 219 nm, the particle size distribution is

uniform, and there are no abnormally large particles.

AL & BTSSR AR M AR 38 BB F E 53R (SEM) BIRIALZ D A BN EIB3FR, HFamivTty
RI12£99219nm, KIZHHINE, THREARFRL

The X-ray diffraction (XRD) pattern is shown in Figure 7. There are no other impurities. There is
a distinct splitting peak at the characteristic peak 208 = 44-46°, which corresponds to the (002)
and (200) crystal planes of the tetragonal phase barium calcium titanate, respectively. The

tetragonality c/a =1.0087.

XEYELf75¢ (XRD) BB MNE TR, THEMIRAE, EIFEE20=44-46" 0 BHENDRIE, HO5IXNN

TP HEEAERENE5RY(002)#0(200) W &E, MHFAMc/a=1.0087,

[n0058]

Example 3

SEhtEf)3

[n0059]
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As shown in Figure 1, in this embodiment, the solid-state synthesis of nano-calcium-doped

barium titanate powder includes the following steps:

SNEILFR, AKHEfIR, BEMASHRARSERARINEEEUATIR:

[n0060]

(1) Ingredients: Barium carbonate, titanium dioxide and calcium carbonate are mixed
according to the stoichiometric ratio (Ba<sub>0.93</sub>Ca<sub>0.07</sub>)<sub>0.95<
/sub>TiO<sub>3</sub>, and ethanol is added. After mixing, a powder slurry with a solid

content of 30% is obtained.

(1)B2%: BRI, —|E. MERTBIREBUFITELL(Ba<sub>0.93</sub>Ca<sub>0.07</sub>)

<sub>0.95</sub>TiO<sub>3</sub>fc#}, HIMAZE, EBESEFEIEESEH30%IMERE,

[n0061]

(2) Sand milling: The slurry obtained in step (1) is sand milled using zirconium balls with a
diameter of 0.1 mm as the sand milling medium, and the zirconium ball filling amount is 40%;
the sand milling parameters are set as follows: sand mill speed 2000 r/min, sand milling time 2

h;
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QB BHE()GHNRAHTOE, RAEEN0ImmNERIBENS, BIREREA0%;

WENSHIZEN . WENEZE2000r/min, HPEEREA2h;

[n0062]

(3) Drying: Dry the slurry after sand milling at 90°C for 24 hours in an electric heating forced-air

drying oven;

()T B BRI RSN T IRFEHFO0°CHETF24h;

[n0063]

(4) Sieving: The dried slurry is ground and pulverized in a mortar and passed through a 200-

mesh sieve to obtain uniform powder;

(4)d 77 MTFRRRE BHARERE, J20087, [FEIHTMRK;

[n0064]

(5) Calcination: Heat to 950°C at a rate of 10°C/min and hold for 1 hour;
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(5) M. LA10°C/minRYREFARZEI50°C, Rimlh;

[n0065]

(6) Grinding: Grind the calcined product with a mortar and pestle to obtain barium calcium

titanate powder.

(6)HREE: WIRIRISRIYIRRARE, FEIRERIISE.

[n0066]

The scanning electron microscope (SEM) image and particle size distribution map of the
calcium-doped barium titanate powder prepared in this embodiment are shown in Figure 4.
The average particle size of the sample is about 213 nm, the particle size distribution is

uniform, and there are no abnormally large particles.

= SRt 6l & U FS IS A AAER PUMARY IR BB F B 43R (SEM) BN K R D A Bl W B4R, HFanBYFEY
RI12£99213nm, KRS HINE, TEEARTKL

The X-ray diffraction (XRD) pattern is shown in Figure 7. There are no other impurities. There is
a distinct splitting peak at the characteristic peak 20 = 44-46°, which corresponds to the (002)
and (200) crystal planes of the tetragonal phase barium calcium titanate, respectively. The

tetragonality c/a=1.0081.
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X53£51784 (XRD) Bl WNE 7R~ , TTHEHMZHE, EHFEIE20=44-46°0BEEM D HIE, ERRIFR

FPU 5 ABEAERTIE5H9(002)F1(200) W &E, PU751%c/a=1.0081,

[n0067]

Comparative Example 1

xFEEfI1

[n0068]

This comparative example uses the same method as Example 1, except that the
stoichiometric ratio of the calcium-doped barium titanate powder is (Ba<sub>0.96<

/sub>Ca<sub>0.04</sub>)<sub>1.05</sub>TiO<sub>3</sub>.

A ELFIRAS KLFIMERNTGE, KAXET, HERARBRIMHANLFITELLJ(Ba<sub>0.
96</sub>Ca<sub>0.04</sub>)<sub>1.05</sub>TiO<sub>3</sub>,

The XRD of the calcium-doped barium titanate powder obtained in this comparative example
is shown in Figure 7. The characteristic peak at 20 = 44-46° is a single peak, with no obvious

splitting peak. The synthesized barium calcium titanate powder is mainly cubic phase.
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A3 EL IS EIRVES IS R SAER PUAMARUXRDINE TFRR, TEASIELR20=44-46°b N B, TRHEER
£, SRRERINSHEANTERLHHERE,

The SEM image of the calcium-doped barium titanate powder obtained in this comparative
example is shown in Figure 5. The particle size of the calcium-doped barium titanate powder
is relatively large. This is because when the molar ratio of (Ba+Ca) to Ti is greater than 1,
Ca<sup>2+</sup> can be forced to occupy Ti sites, and the resulting oxygen vacancies

promote particle growth.

AL FIE EIRVESS R KRR I (A BV BYSEMBISNEISFR, S8 RHRIM AN ERTRA, RE
2 Y(Ba+Ca)5TIHERL ATF18Y, mIIB{ECa<sup>2+</sup>HiETiI, FAENET (R T B

BEK

[n0069]

Comparative Example 2

X B2

[n0070]
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This comparative example uses the same method as Example 1, except that the
stoichiometric ratio of the calcium-doped barium titanate powder is (Ba<sub>0.96<

/sub>Ca<sub>0.04</sub>)<sub>0.90</sub>TiO<sub>3</sub>.

ALK A S KaF1BEIN TG E, KaIET ISR HERIRHAN L F 1T 2L/ (Ba<sub>0.96<
/sub>Ca<sub>0.04</sub>)<sub>0.90</sub>TiO<sub>3</sub>,

The XRD pattern of the calcium-doped barium titanate powder obtained in this comparative
example is shown in Figure 7. The characteristic peak at 26 = 44-46° is a single peak with no
obvious splitting peak. The synthesized calcium-doped barium titanate powder is mainly

cubic phase.

AFTEE FIS R ESIE BRI A RIXRDEISNE TR, TEIFEIE20=44-46°b N EEIE, TREEHR
g, SRRTSERARIMANETERTIHERE,

The SEM image of the calcium-doped barium titanate powder obtained in this comparative
example is shown in Figure 6. The particle size of the calcium-doped barium titanate powder
is relatively small because TiO<sub>2</sub> excessively inhibits the particle growth of

(Ba<sub>0.96</sub>Ca<sub>0.04</sub>)<sub>0.90</sub>TiO<sub>3</sub>.
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XS EEFIF R RV F IS 2 BN BR A R Y SEMBEI SN EIOFR N, $EIE AR I ERIRN R R TR/, REZE
TiO<sub>2</sub>Z £##H T (Ba<sub>0.96</sub>Ca<sub>0.04</sub>)<sub>0.90<

/sub>TiO<sub>3</sub>MEfI 4 £,

[n0071]

In summary, this invention synthesizes tetragonal phase nano-doped barium titanate powder
using a solid-state method, producing highly tetragonal, uniformly sized barium titanate
powder with an average particle size of approximately 250 nm. This provides a new approach

for producing small-particle-size, highly tetragonal barium titanate powder.

PR, AAPRARABRERAS MG EARGERRERIME, fEHSHEAME. Fhys, F15

RI1ZL99250nmBYESIEZR ARER IR, REF/ MR, BEGERTSE IR INRHATE A R,

[n0072]

The above description is only a preferred embodiment of the present invention. It should be
noted that for those skilled in the art, several improvements and modifications can be made
without departing from the principle of the present invention, and these improvements and
modifications should also be considered within the scope of protection of the present

invention.
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