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Abstract

BaTiO; is a basic electro-materials widely used in the
manufacture of thermistors, mulitilayer ceramic capacitors(MLCC)
and so on. With the development of technique of micro-electronics,
the powders of BaTiO; should have some characteristics of highly
pure. ultrafine and distributing equably and so on. The performance
of electronic ceramics are influenced by these factors such as size.
configuration. distributing status of powders of BaTiOs. Especially
when the size of powders of BaTiO; reach nanometer grade, the
performance of electronic ceramic should been changed very greatly.
At present, the anhydrous methods are predominated in production
of powders of BaTiO; in our country. They are low pure and thick by
this method, which aren’t satisfied with the requirement of technique
of micro-electronics. The techniques of producing better quality
powders of BaTiO; are monopolized by the chemical factory of a
few developed foreign countries. The nanometer powders of BaliO;
rely on import more than 90% in the market of our country. So
exploiting the method of synthesizing nanometer powders of BaTiO;
with some advantage such as lower cost. on the more mild
condition. more simple operation etc that is imperative and actual
need of the development of elecironic device.

According to the above-mentioned aim, the paper, utilizing the



advantage of reaction in the water phase and the method of synthesis
by one step with distributing equably and nof 1o calcine, is attempt to
prepare the nanometer powders of BaTiO; by a synthetic method
with one step in water phase under atmosphere pressure, stresses to
study the process and parameters of preparation in the synthesis of
highly pure and ultrafine BaTiO; powders by a synthetic method
with one step in water phase under atmosphere pressure with TiCly.
BaCl, and NaOH as precursors. By means of XRD and TEM, we
comprehensively study the character of hydrolysis of TiCls and the
important process factors to synthesize nanometer powders of
BaTiO; such as temperature, the proportion of titanate to barium,
addition mode , PH value etc. Thus the most optimizatic route of
synthesizing the nanometer powders of BaTiO; was achieved.

Experiencing experiments, the BaTiO; powders with particles
of average diameter of less than 60nm, purity of more than 99.5wt%,
accurate themical coordination, approximatively spherical particles
are successfully prepared by the method. Compared with other
process, the method has a good deal of features such as shorter
period, lower cost and more simple operation and so on.

The results of this study have some significances in social and
economical benefits, which puts forward a new direction for the

development of production of nanometer powders of BaTiO; in our



country.

Key words: nanometer powders, BaTiO; a synthetic method

with one step in water phase under atmosphere pressure, synthesis
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HECEL TR R BEAM— B & RARIE S BaTios 144

F—& WER

1.1. 31§

KEEEL (BaTi0) RARMEERARRMZE., EBNEL
PERE, REBTFTIXBAEMME, B4r-REBARNARKS
MHERS TR EE R, ZFRTF I ENATSTE, R
“HTF TR, EMBRTHEANER, BT ITEREE
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PHERERERFILEENEGREER, BELT.

1.2, #RERNA
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RPN FR—FHN TS TFEHERERYRE. B8TE
BIER R TR AN, REBAGHREHIREZEA. Bk, 49KR0F
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FEREME, YeiE. BREREK. WS, AES T2 E
MEARR R,
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EHARMETFRAREMRIESR, WPETREAHEANA
ek, ETRMEETH¥CHBRNIREETT aENER.
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1.3. 1. kBRI G tRMEE o R g™

R N REARRAL, FIETHRRR. EREAEAFER, I E
TR, KR, BE, B4K1625°C, FEH 6. 08g/cn’,
AFH A Balil, 2 TREN 233.19.
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BaTiOs BaTi:0:v BaTi0. % /LFp LS. MEBRIAMENAMAR
&, HF BaTi0, SLHMMER K.
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L 5. T Mg B ek el (A N R ER
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BaTil0: 4K M k. HEBRMA"™ “K:
TiCly + B0 —¥ Ti0C1, + 2HC]
Ti0Cl, + BaCl, + 4 NaOH —* BaTi0, + NaCl + 2 H,0

2.3, REHEH

2.3.1. EASERaH

Fi 1000m] HIMEMSE—E B LB FK, MBI ashB S
b, FEhies, MAREHN—ERENEAYERE, tHe
mystk. RERRLMEHS®E, UREIBRENAEY. RF
&M, WEHN Inol/L.

2.3.2, MU AL BRI HIAC il

# 2000ml B KBHHHESEKKBEDHELSD. B
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POKE AR SRENERATAN 4 4484, HBBRER
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P EH.

2.3.3, EFEMNMERMELH
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2.3. 4. HYUREHIMALH
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EHA R P A EE™ .
(1) FERF
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(2) Y& BEEE
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KHBUERFEREZ AR ZRER. HTAHZER, MAK®K
BZ 100ml, WATEAS (0% om] 1 REM&SH, REHM
WiBR (1M) 1oml YdedN, HE T G R AREE & AT i,
FEK Y pH X 3. 5~4 i, IIATE A B (1) 20ml /EL8-& 7,
MR ERTUEN, MATRRIE) . AREEELGTE
WG, FHLL 0. 05M BB TTIE 2E C1°, LA 500ml $E7F
HECEE A e R M (BHRIRE D) « 7R 800 CHRTTIREE
T, BATEY{E BaSO.FRE, LIHE BaO A E.
(3) REBRIIIE

KA B AR T AR AR, R I ASOmT PR
AR, 40mlIRELER, 10gHRERE:, IMAZEMEWBRLAOHEREEN
T, UBESEAE. AHEMABH3 ARIPEERRD,
FHERPMARARRIPER, £RF LmMtIEmREs07T
ik, HRNET. BRReRRE, SR~ BT,
DKAHZEER, TFRPE, UMBRGEIREE R E 2R
S, IMARE RS (10%) 10nl, HEREEBERERELT
15 AR GBI S, BRI BT,
HHREPHYETER.

2.5.2. XRD A4 47
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it N R I W B KAl — 3P & ORI 20K BaTio, ¥k

FIH B ARESHIEET D/max-3c B XRD f74F{¢ % BaTi0, ¥k
FEGEEAT X BTEATE, X SHEATHtEmE 2.2 FioR. ATH JCPDS
PERHE, ABIZEHERESERABRNIN S RE, HYUKE
RISKER N4 (JCPDS  No:05-0626) © ™,

e e

T T T L b T T T 1
i 20 30 i0 50 1] 70 20
29 (% )

B22 BaTiGH&EEE R X HEHHEE

2.5.3. BHWE (TR 447
B BT 0SR RET H 7 HB00 A4S & B HEATRY, W 2.3 By
o ME 2.3 BaTiG, A BST BT E N, BaTiO M
KRN fitys, BELHk 60nn £4.

Bl 2.3 BaTiG M AHERMBEHEERA (X109
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B K EN T 2RI W WK 3 & AR B 41K BaTiO, $i 44

2.6 KB

BEERER, BAIRHBAEEKE— S & REsI& B T 9
KRR . EENBSH T BME (T KUFR, B
BRI ZEH SR MmBE SIS, RRAN 60om X5, N
BRI ATRE: BB X HEATE XRD) KT BLRIRt 7 RS T
. BAVERZ™ R RBAFIIT S SR, I scherrer A
¥, GRRLR L RFN:

L = KM/ (becos®)
HPKRFEH MR XHEHEK: o 29A: b RETHARRER
T RBHTHIER BT R Xk XRD M58 I H R & R T
WEIHHHE, BRI TR E D 48nm. 53CEAAMLLRE E AN,
B EBMLETERRTFER, BATIT RS BRI
FETREE, IAH] 99. 8%LA L.
B BB, BAVCAERE T ¥ K — & s )
# AR EIF T mAH L2 e,




B XS T 2 Em 03 W EKAE— 3 & B BB SK BaTiO, 44

#B=% WEKH—DEBEHEHNK BaTio,
/igrN:up- 1Sk 5

3. 1. POSibek ik widett

RS ER RIS, LRSS AUKERIES S
BEEES. mRAREE, RoeE-HrNTHEKERE,
A RIK S ZEALEK (Ti0,. XH0), H4, ZEBRFES R, BT BaTil,
FEERZAh, BREARKBES M. XAESERST G PO
SRS, T EGEH Ba/Ti BE/RIRE 1. Mg
M RE. A0, PR RE 2 R &K R,
St FHI% Ba/Ti BEIRLCEGE T 1. LR 2345 IR Ak R
ik, BRRFHA2EENEN.

TiCL AR BKMR, EFESPBEKETIREKBH M, £
BT S -Bt R LR, BREREXNHEETRIA
IR, FERHKERNH. BETEAET TiCl. 5K RN
B AR SE PR WA, TURR TiCL. (¥ SRR BRI, T B B UUE AN AR

HTNE TiCLBAARNE, BTAM TREMITET™, RN
TiCL 5K Z AR RPN AE R, SHRNRENBEESEEN
k. —BRIAK, EKKEBORRAAEAGS, TiCl KK
B ZHiRATH:

(1) TiCl, + HO0 = TiOH" + H' + 4C1~
(2) TioH" = TiO* +
(3) Ti0* + HO ~ =Ti0, + 2 '

S BT ANRTT R G ISR UER . 755 RUEKER YL,
& T R T KR LA A KRR i, TiCL BT Ik
FCENZEEDESILE (TIOCl,) WEAFA, B TiCLKKE
TEHITE EKBRN. ATERZRMMRNESE, *RER
BT T RBHLR, BDESMAN TICL KM (20C, WEAN
10mmol/L) B 40 mmol/L f7 NaOH ¥ ¥ P, 1R E thék, Wl 3. 1.
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WEXEUTERFL R BIAR 85 RIEFE 4K BaTio, Bk

hE & LLE W, Ticl, MHBRER LY HEHR REK
5, XA pH {9k 4. 45 F1 7. 75, 2 IERR S ERERIE
EENIRF . BT UEH, 75 pHik$) 4. 45 LIET, TiCliHi/Ke
FEHTHE—PRN; £ pH BT 4.45 5 7.75 Z A, TiCLAyK
MBEERTE DRIV, £ pH L 7.75 IS, TiCLEKMEEE
T TE=ZP RN,

10

g

(

8
6
4
2
(]
0.08 0.1 0. 15 0.2
NaDHHg A 2K /mma]

B 3.1 TiCL ¥R It E thk

FENAE 3.2~3.4 ST, BATHEE W TiCL AKET Y
BH=53k. mE 3.2, 7F pH EEEMER T, TICLAKERZ
WG, bEE pH ENTHEENE 4.5 D L, TiCLKMREREE.
% pH EFEELE 8 UL E, TiCLM/KBRGERES. Bt /aH
1523, RATKIAWE 3. 3 FRm) TiCl KRS BRI SRR I ZE
RE; B 3. 2 B Ticl Kk : M 3. 4 Binif TiCl,
TR A R A KRR B B (R M B BRI

e

3.2 TiCLEIKMAR FRE)

<y -
e 1 B



HEX ST ERMETEX FIkH -5 & RIESIEAK BaTio, H15

B 3.4 TiCL /KRR GEMD

Et, R TH2 TiCL KBREZBKERM, ReHE
TiCl, ZEMRHE RO Pt AT KA. B AR K ¥ R B R B T
I =B KRR HEAT - ALK TiCL B BUC R — &
YRR SERRVER . TS I & R R AR KRR 2N
AR L

3.2, RNREMEW

W FERNEED, BEREHRNIEREZENEERL .
HENAR, RETmERANRNES. BN RENZS T L
BHRIAR, W 3.5 iR, ALRFTSEAER 1. 283 &
FRNEEA F MBS NARAR. SRERRH: RN
BEK. =RAONERK, RNEE®E, a2, HTT
BEPHER, BOMNAERE TSR REITREM, B
T HESRESRSEER (B 3.6, 3.7 3.8 FR), BRITRM:

20



AR TR W EKAR— & & LRI E 2K BaTiO, ¥4%

EARRERRKFLT, FOPIKRRE, MEeREER
EEELT, ~YhakERs BHLOBNERK. Bid bR
ERBAVAN: XKD, ZRNREEIKN, &R KT
BEAD, RN, RMEEES HEE AHYNENK
tRYER. Bk, 7EfE SRbaERUK YRS, bRk R AR R,
PR, TR B KA 7 8 B R B AR ROR R, AL e
WTKGT, SeEERE BRKE?W. SRSBFEINE
W &HKEAKY, BTN BETRERAEEM. 2R B
R, FRREREDRR. ARNEREN, R OER
LR SRR, REBERS, REMBEHELITRE, KKk
biteeh TR, HRIT LSRR T, TR % i B R
£

360

300
i 260
& 200
& 150
¥ 100

50

&

55 60 BS 70 75 &0 85 90
o doe-¥: 3

B 3.5 RN SRR R

WRk: S | AREE: B Thn
r‘u 3 zﬂm WRT-3P ‘t-. G mlnin
ovH RW: + L ;ﬂl-ﬂw‘l?

6 -
i .t

#3 .
oo T~

EM'L_ . ‘ N

" 100 rao 300 m oon L] r00
»nY (%)

3.6 RMEBERISTH&RHEMN TG-DTG B
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WE AN T FRP L WA -3 B 4K BaTio; Bi4%

3:&' e WRT-3P B

o "~y g T

® [ ]

Tu‘l:'a'l'll: 1..‘&'«.- M 20041118
T el
HQ“;&F‘E\—, 1

82 o

R
1t45

a0 -1

38 00 00 a0 400 50 L oo
w0

B 3.7 RMEENCHEH~HE TG-DTG B

s =
TR RE l'" WRT-2P M o

T DGR 1mghn an N04-11-18

T PTG
EEGL \4

87!
100k awn
R "

W we e W0 40 0w W
Yok wWEon)

3.8 RACREN 75°CH &R TG-DTG B

3. 3. SCYLEER L 7= ik B 1 R

FEFSLRHE™*, ErTBa / Ti (B/RLEL) X F7= R skiE
MR BWRK, Ba/ TiALT BB EHRRIAER, W
BaTi0,. BaTi,0s. BaTiO:. BaTi02%. MBRMEZEEIEHHN
BaTi0y, BEJLiERIE 2R AR IR bk 7 0P M T E ISR . Y5k
YRNED b ek B At BE A0 S SRk L O e B3 1.
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HIRAZE e TR kA — S & MRIEHI% 98K BaTio; ¥HE

3.1 OREtbpiEm

PROELEL  BRBRENZERE PR UKL FERRER IV AR

0. 96 - - o
0.98 99. 65 0.973 BE
1. 00 99. 78 0. 995 HA
1. 02 99. 76 1.015 HR
1. 04 99.70 1.038 Ba

3% 1 6%, % Ba/Ti<0.96 i, ATIEHHHMKEZ
HAREKRRELROEE, HF 8B BEE R YPT Ba/ 11
BLLRBK, PEihs Ba A BZEHK, MAKNSBESED;
fE Ba/ Ti=1.00~1.02 i, P=4iraiE e e: 2t Ba" AL E
i, EHMNEERERE, ATMAKR, MERETNEFHE
BN, XRENT R BRI R T, WA EEL Ba”
AL, T, BN BT ERBA LT . A
(B A ERL IR 2, T AR SR HK  Ba" S B I, AT SE
ISR, FEt, fEER G Ba/ Ti( (BE/REL) A 1.00~1.02 4

=]

Ho

3.4, REFERNEW

WEEEVMMZNRRE, MEMREMZERERES, A
MBLNRBIEAL. 9. WITBNEERARhRREAST
Bt BRSO EA R EEAR™ ™. BN
SEEBIRBAR A S TR A, X0 E R R IR A
Rt e . EAEBRTIN, &5RBREEEL, REE.
RN WFHSEEAR, ey, EERERETR>E
RiJ1, FERREL, MEWSHRBUELER, RGN EMES
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MERFA L ERE LB B ERAE 8 & %MK BaTio, 45

BAES., EnERNIEREZ —. BHit, SHREREER
HUEALE R LU R 0T B L SRmt D R R 7= 4 OB SR — TR A SC T
BRI,
3.4. 1. GUERKETRARMBRSHHE

ERE AR ARG, BTRTRCSD, KAKIK, 5
AR TEIE. ARRES AR, —FHEREEAE, —HERER
B, KHAEZER BN TEFEEEANESERY, —BUE
M2 AR E VA A T DO R IX A S . TR T
LREM S, AR AR B BT B E AT R AN
HER. BTFHEARMBERIRNSEHETHE 3. 9 H.

€

ABEE bEAX

B39 REARMERRNSEH
ERAET, MTHEIEREEER BRTHELINESSH
S, BEBEANROLE, SEETRBEE N, BRLD. K
%, WEHEMRIRITEET. Bk 78 R3S A E)
AR EIE, BAR—BENSF, NWXERRAET .
XeEEER T ARER. £EMED, ARFERHERFRE
IR . BEERSHRERE RS, BOE RN B RS
B G, TR SUEHSERNTHEE. 8T,
FABR A REE—RENARE, WHRERBRENE 2
Vo, TR VAV VORETEESES, R VRETHRT
FEEIHHBAD TR, TEM#; VoRETERERG,
AFE. BRFTHE, BN TRRAE, LAFES bR, W
BB VLR, V8K, UER V.EAIKNEESE, V.E5NTHER
KAFIBREHE X, V. HEARRXBRFRIINEILL T

P2




R AR AT EREAS X KA — & Bk Bl & 40K BaTiO; 844

(K14 B IRBE e, V. B/ A] LUE L 15 pH B, EESSHCK
WA EEWS BB, Bk (] TR - ITTE P R s A
HARES, HRER, iR KBRS 2 (8] T R £
SEL R E AR, FRMAETESS. s, B 5 R A
MEKELER, BREEFSNTEEE—R, CHEKTNE
WIER, FEFRINERNERERS, ERERE.

H R E R R HARERR, ERHERNMBTHIE
EHPHELRBRIBSMEHERARE. Fit, TIINEF
ROl R B, RIRARAEE, @R Re™ 4+
RO EABR TR 5BE, WTHRERENERE. RE\EARE
AN, iR RN BT 24 R NGRS E
BmsTREBER, FRARMENTRERITELRTE
SN S AT PR, AT SR ITIER TR BOR AT, BLSEElaY
. T i ABpssl, kbl em A RIS EE.
3.4.2, REEHEAEE

REHFEEANTE RS FRFEE, 182 BRERE
KR AERR M MK T AR, BT REEERETER
ML FI N Cly KERAET, ERKENEAELRETFS4
B g AR M. FE FREFEFAAFFEEEN
HAEE, BENRRTLTERESERE, ROAEHRZ. &
06 o 7E AR R N R R B T8 R i A iR S ) DA AR
TR ECRA, WAPAREER~E. FUUEREL . ET
B REIEER, ERIIFEFEA REFRAKER. WFEiREit.
KRS KR, MRERTRE —ENRMEER, fEEH
8] LR gL R T R SR .

3. 4.3, IR EEERRBCR

FERFEBIAMEMBEEN. PMBZ -, ETE=M7
AR IS IR TS AN R, WM, WTHE 3. 10,
3.11 fivn: AERMBEEER~REAREE, ERE. &

25



HRASL TR T IR S A RERIE S K BaTiO; $iE

IETEA™aE AHR, HREKEAR, SMEESM . HE
ZZEBRRILVFRERE, BiAckEn, REMERESE.

o Moy

B 311 IR L BRI A S AR HOS R

3.5. mEAFRMEW

HF R A RAEW, AP IHEAE . KRIEH,
A BRI IR A SR RN RH R X E W, M E R
SRR A R S R IR S &R T, RATRABRA R ik AT
B, (1) BRI EEARBE AR — B EE YRR
s (2) B RENETESHERDAI AR — 2l
BRSBTS . % BRI RG R SBEATI,
BAIRM (B 3.12, 3,13, 3.14. 3.15 fim, HPE 3. 12 %
B 1 FrkiE s Be0 TEM B A B 3. 13 Jhig 4 1 BTk =M XRD
R B 314 g2 2 riRES AN TEM B A B 315 A8 2
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WHEAFL LERF LR FIEAM— & R0EREBK BaTio, Kk

Frak{8 7= kn i) XRD 35 B L@ 1 Frik B = R R 5 A1,
B &FHAR. EidRE 2 ke~ aesmss, dg
B

B R EE e ST, BRABA NS 1. 2 Frik
BRI RBEA—F, FEREET: &8 1 RNNITHNE,
PR pH BRI, FAREMEEE, NIMARSSEMAM
Hieh WM, SR pH EESA®. SE AR pH
THLRES OH &S RITiE, M Ba" BB AR pH 8 T 4 BETE
TR BHEASERKNE FIEAY, AT5HE”mERNA
B8 ASMFFHRTTE TROUE T, A2 UEHRENS -
WEBEREE™, HRESIEMRRE, AT K8
BRI @7 2 REMIGEIE KRN O 7, ¥WRT pi{ER
AR, B RER | FTREERFE.

& 312 B3 1 FRASRE TEM B A (0.8X107)

e

20

CPS
a = o
g SN RV ST ST NS NI M N

v v Y v T 1
3q i 80 LI 10 LR
2?7 (0%

a
»
e

B 3.13 ‘higfk 1 Frikf@r=/H XRD iS5
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B K T RRal-L i SO WA — 6 I I 0K BaTio, 45

3. 14 B17% 2 rB M e TEM B (1 X 10%)

400 =
Snn—l
400 —

300 -

¥ Axiz Tiow

200
to0 —

10 20 )] o vo 1) 70 ab
22 ¢ 1 )

B 315 #%2 ke =ME) XRD EE

3.6. RNKEIMEW
3%E Ba / Ti (BRREL) H1,02: 1, HEHKBHAZHEHT,
DALY AT R I IR, R R U RN R AT, KBER
M#% 3.2 M 3. 16, 3.17,
3.2 RMNE A RN R EEN

RBNEE (h) i %) Ba/Ti 1€ HC1 gyt

1 96. 64 1. 000 VEMR
1.5 97. 58 1. 005 BEM
2 99, 80 1. 001 =P

2.5 99. 80 1. 003 &=
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HEAFL TR LY HH KM — B & AR & MK BaTio, Bk

3.16 RECHTIEIG 1 /NBTETRIF= AT TEM B R (1X10°)

B 317 RBEEHE 2 TR his TEM B (1X10%)

WE 3.2 FTUNEH, REREANT L5 A, REREE,
BB R RAAAAT 2 K, A= EsEEF Ba / Ti
HEGER., NE 3. 16, 3.17 TREY: E—RORMEHT,
MEERNEMER, SEEX SRBRETRE, RENM
TR, TIEHE R AR R £ A F R BRI, AR AR
SR EFENREHREEHR, FEMRORNTESINE. HLR
AT W B RN R T K, RS, AR hE
WiRE . (BRIEHEAL 2 AR BUE, PR R R
K, WHAREAIREETERGME, REHHTEER 2 4
I A
3.7. pHAEMEW
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K T2 R LR KR & RIEH & K BaTio, Hi4%

pH {E%) BaTiO: S MR BH I R RAEF HE R ™ . N
AR AHERE, BaliO, HEEERHEML G TREELE.
M. M. Lencka F R. E. Riman iFid 34 J7 28040020 b & BR™, pH & 42
AR T HI SRR B S ME R D> 0K BaTi0, 814,

ALWEE T =F pH{E (PH=7. 10. 13.5) &4 F RN
W, AEBRT LR M. i 3.18. 3.19, 3.20 FiR: BEE pH (M
FHe, HAFmm. & pi=7 M&HET, REFES~RT BaTio,
SR, Bl 3. 16 GEE N, IErME XR BiEPEHRE
Zuig ., 75 pH=10 M&MHT, REBIN=Y, WHE 3. 16 frw, H
FERR R AL, (BRI, X pH=13.5 BLERY,
BRMPEAAAREY, T8RS, FRER, Negh, 8
i 3,17 K278 XRD B eEE Y, HAKRE.

v ]

:nq
q -
i

48 sq
2T {7 )

. E3.18 pH{EN 7 BHETEHE) XRD B

o
-
o

]
2{ 7 } k4

3.19 pH{EH 10 WETE™ &40 XRD El#
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HEAR T TS KA — & Rk S B0 BaTios 94

- - »
a o o e 3
=3 © a a o =
= gl )T I P e |
o

2 50
2% (7 )

B 3.20 pH{EN 13.5 KBTS 6 XRD B3

pH X EHE AR I 5 R R A %, BT TiCLIRB S
HO RAERM, £ Ti(OH), i€, ERERHT, 005 TiCL K&
KATFEMIER, HRTLON EEETY, RIFEM %
GHBETFENBTFREPIRN. RNEHBERY:

Ti(OH)*s + Ba® ——» BaTi0, + 3H.0

A A T LRSI ST, 7EW pH=13. 5 A,
KERR B ON RIS, AR AT RAEE, Kt
Bsd, TRMAERYELARRNNERS, JREHEFR
87, %4 pH {ERDF] 7 BT, T RR RN R FRARR B,
IR WO MEBAEEE, S RN KM ST E T
th, BEMAKE ZEIE, TRERESEET. 1 pHEY
10 VSR, TR AN KR T OF, Hiesmaiie g
w, EHT ORI, RNARSHRKES ZFisnm, &
R B 2

pH A A BRI BRI 55 ¢ SR . Bk
Bamd 1L 7T~1.9 28, FERTHEAN—W, K PHENRD,
WRRY ¢ AR, T SERA—IR, ¢ HAIRE pH EHY
KBIBIEE, 75 pH=8 Ll L, ¢ MAHRERE. % pH fEAH,
EFEETEEA, WTRANEAEFEREN B TERE
BRI, BRI BB

3t



HEAFAT ¥ REL 8 B EAMH— 5 & BERE 9K BaTio; 4

3.8 BRALK ] 129

IEFEAS B RIBRL I T AT i & it R Bt i 8. YR
RFERMESYREL KB MLFR, BT AR ERER K
K% FER, BTHEETHREERPRERE BRITR.
TEPEHRCREES, TR FEMhELEAR, 88
TIKERERAEX R, 55t ERCPIRPRREERE
Ostward 6", BRIACANAL T IR V8 AR BE RS AN IR T 38 Bl T H3 A2 48
. BRACETEEE, BRSO, WEER, RTHRK,
AR FEERBESH, FEHEFLR RIS A NS
MAEY EE. WERBWAH (0E 3. 3), ERMEFAEIER
T, SAEUBROR R B RGBS (A B I TU A, TSR BT LR T
FRIBEBRALE [ BRI/ . 7 BB R/ Y BaTios ¥k,
Bt AR R,

#3.3 FARAHELHERURER

BiE (h) REB/ . g"  FRCPER/om
1 19.6 43.8
2 15. 2 56. 4
3 10. 1 84.8

3.9, BREAFXBRREENER

gk d THRATAD. WRERK, mEEXRERA
AU IR, REEERIRSE, BT AZESKERIUR T 90h
FrafERpInEG R, BTRRANEERRSERE, HLHX
F 5 u FEEEH SRR T TR KD RRFRENZ R LK
gAvEm, HELEORIBOEM.

LFPURENK RER R R G BRI L Kbtk LUE
REF-GHAENREATERRRE T, XEERE O
AERRLETERETR. BTRBEANTE, BRETHE
ERRER BMEAR, WH, sTdEd, EENEYE
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MEXSATERAT R W H A — 3 BRI % 4K BaTiO, $145

B AT RAARR, SRS, SHERHEKSMER.
WAMRT R RERE (—O00 fEH, #—SHAK, WIBEHRE
HIERbE SN, WAL BB EAR . BEdERR
BETXREFWRITENS TR, HEfre R g,
FHAERL T8 2 B0 0L

ERMNEFHRBERLT, SRIURERTZRLER, R
AT TR, ENRETREFEETR. STHERN, LB
HIERI ML RIS T RA S RECER W, (B8R B
BRROREE, RRFEA, FATRETERENOEM, KK
Em—i2, s —2Eoh iR TEHAMNIERu e, R
-, BROKKT, BRTRmEkRE, AT 8EE
FRE. CRAREN RS - ERELERNER, —HEU
BRI, AT HREREIEH, AERTREELE
SR RS, FMRIBT L TN TR A .

3.10. BETZ&H

TR DL TESHHARMIE, MREIHZMN. FR
TTHAREH T ESHEREALSTHHE, BRI TEARER
TZ2%MH.

(1) VOSSR PR RN ZAEVK KB, (SR PH ERH
4.45 3 7.75 Z A, FEEEHREHBAREER T, HUSLTER
Z1B MBI K. DEHIEREREAHINALEE
i

(2) ¥+ Ba/Til (BE/RE) A 1.00~1.02 AE.

(3) ATHAIFRRENERINE, RMERENZIZHE
85°CEA k.

(4) REERPMZIMAE 28 GRE RN FET) 1 ~2%
HFmAD AR EER.

(5) #HAR AR BESEMABABHER T
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R ARSI EEM R # Tkl — 35 5 RS % 40K BaTio, ¥k

(6) RPZITEIFE 2 /BT
(7) FeAE pH EMNZRFFAE 13.5 LU k.
(8) TEREMIBEIT THRAET, FATKZEEXFE RTINS
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WK AL TS BRAT Lie X R kAR & Bkl % K BaTio, 345

BNUE KR LKL

4.1, peEpLEw

LT ERENE, EERTRASEFRERSSEBGEN
BREAEPERIT S IX L8 TR RETE RS B 4 7R A — Bk
EHETT, XTEMHERER TR DNUAREREIIN
WESEH . X MERPHARRFLE:

(1) Bit%: HETEZRTT S Mg REBEN RIS EEmAE

VP A

(2) K MNMTFERAXDEEEN;

ML ER r PERERNR, FAHE BRI RIETRR
.

NG =4nr’y + 4/34nr’AGy

E—TAIE, HEBRNROAARERN v H2T000,
XEBERTRBEFENRR. AGv AFFAE LA EH D
B2 . EVRAE S B BB 2 ¢ T, RE
EB-AMRAE L, BETE. WE 41505

AG

ABIoue es1y

0 r* \ T
B 4.1 HhiERL SRR R
SRR W BRERNZLREAE (AGED),
FRA KR, AR AEIRIEELRE, IMEERRIR
ERIRIFEEER. W NRERARARE: H r KEIRRRR A
o

4R RHIBOR BT BEAFTE, WRRR BT SMIMAR L. KR!
FEIE R o (ELCRD AT T SR T R B — LA TR R U B 1 T
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R TERE TR Bk i-— & A H)H 40K BaTio, Bk

Foiek e

WRAPLBRIBAIR, SHEERAFME, BLRAZH
R A] g — A RS R KRTE, XA ET. #
WO BB E, RS RRET AT ENE. Rumm
BB R HEER 15%.

HERIHMRBTEXTREEEKMECRMIR. B
La. Mer # Dinger &SN, AR KEER g MBALEE N ZHT
BRI SYEENNEY, B 4.2 . A—MEERENE
BITG, SEETHRESRRNRELRNAE 4.3 Fix.

4, 1
<

Nucleation rate

g

g

=8

¢

Ny il m

g Growth rate

:

o

= Co| e >
/o Cuue
Embryns  Nuclei

4.2 BBEEENEKERSHERTUEORERXR

h

2] Cam Wtion and growth
g i }
o Cr 1 H
g ! !
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