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A PR A T A7), E/K(NH;, 254 1k 2l 54
B3 7] AR ) RIS R B (AgNO;, [ 25 B2 ML i R
B FIEFS), BREGEAE 22 alish, AN
Ak SEEe K A28 1K

1.2 HEbHE

1) ¥ ZrOCl,8H,0 #1 YCly-6H,O #BE/R L 97:6
LA g, I ZrOCL W4 0.97 mol/L, YCl; ¥
£ 0.06 mol/L. iR —f%)5, 1k 130~150 Cii
FEVEIE MK 6~18 h JiT FARVA |, 1381 A ki e BT
o B5LKYE3~5 3, ELEH 0.1 mol/L ] AgNO; ¥
WA BN &S T, P SRR, B0 Ja e
A2 60 'C1J% 8 h, 132 AN R, WHEIF 4T,

2) B ESRECHIFET 50 mL, 43 5 I AAS =K 5 1)
KA HCL W 50 mL, T 130 ‘C/K44 18 h Ji5 HAR%A
H, R 1 YRR TR, WTEE IR AT

3) BG4 130 C/KHA 12 h 5 M A8 e BTl
76 30°C IS FE N LA ImL/min A\ 10%Z /K (F &7
)% pH=9, FHEMN—BR)G, R 1 Yk T4,
T 1000°C FERE 1h JEHTEE I3 4T

IKBUK LB Y-TZP FALWE 1 fin.

ZrO0ClL,*8H,0 —=| Mixing [«— YCl;+-6H,0
. . Distilled water, HCI or
Dissolving |=— . .
ammonium solution
Hydrolysis
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Centrifugation BITIENIN, Precipitati
g solution recipitation
Washing Washing
Drying Drying
Precursor powders ..
———— Calcmlng

Y-TZP powders

1 JKPOKEERI% Y-TZP Bk
Fig. 1 Schematic diagram for producing Y-TZP powders by
hydrothermal hydrolysis process
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S S ESTE M K g T R A
ZtOCL, + (n+1)H,0 —> ZrO, - nH,0 + 2HCI (1)
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9.12.18 h, HZL/K I [a]%F Zr FY FIUTHER KX Y-TZP
ATOKARTESR IS, 3R 1 BT AR RIK UK IRSAT T
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Fig. 2 SEM image of zirconia prepared by hydrothermal

hydrolysis process
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Table 1 Precipitation rate of Zr and Y under different hydrothermal hydrolysis conditions

Temperature/ Reaction time/ Concentration of H'/ Precipitation rate of Zr/ Precipitation rate of Y/
C h (mol-L™") % %
130 6 0.97 76.1 3.8
130 9 0.97 94.2 2.4
130 12 0.97 98.3 22
130 18 0.97 >99 25
140 12 0.97 >99 8.5
150 12 0.97 >99 153
130 18 0.73 >99 5.0
130 18 0.85 >99 1.8
130 18 1.09 98.7 1.6
130 18 1.21 >99 2.1
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Fig. 3 SEM images((a)—(d)) and particle-size distributions((a’)—(d")) of samples prepared by hydrothermal process at 130 C for

different times: (a), (a) 6 h; (b), (b') 9 h; (c), (¢') 12 h; (d), (d') 18 h
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) B=3.59

22 26 30 34 38

20/(°)
(b) 260=28.39°
» B=3.65

(©) 20=28.42°
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4 R[FEREKI 12h J5RE SR XRD 3%
Fig. 4 XRD patterns of samples prepared by hydrothermal
process at different temperatures for 12 h: (a) 130 C; (b)
140 'C; (c) 150 °C

Bl S, B TS, Y-TZP J7 9K AU
KP8R4 AN 186.2 nm /R 94.1 nm,  [A]IPRIAE 53
AR, X TR I 0, AT IR AR L
(FRIE ) Sl 7 I Bl 2 S5, AL R AR T AR 3
REME 22 R AR, TS I BRI AR, IXAE 3.4

o — D AR . [, ATOR A AEARHR T 45 R
2%, ARG RGBS AT A, b OV i
T, CAERN Y-TZP B gk s S, A5
PR ARRE AT A, D2 e Hb O B A AH PR 85
NIRRT, MR 1 BoR, e A A
T B K PUK R FE R Y P05 %

24 HIREHIRN

B4 43 0.97 mol/L ZrOCl,+0.06 mol/L Y Cl; %% 50
mL, ZM5IHIA 0.48 mol/L. 0.24 mol/L 5 /K1 0.24
mol/L 1 0.48 mol/L ] HCl %74 50 mL, J-130 C
IKH8 h, W45 SRS K HOMRBE 4300k 0.73
0.85. 1.09 F1 1.21 mol/L, X LbICHs £k R A2 /K (I FE
i(c(H") =0.97 mol/L), %2 HIREN Y-TZP gk {4
TES T SRR [R5 . & 2 A st -8R 5 XRD
e 1] 0 2.2 AT RS R R B fRSE, B 6 B
AP SEM AR K Rifa s A

F2 R HIRE FHIAER XRD 3% 11 1] 4 ML5 45 5
Table 2 Fitting results of [111] peak in XRD patterns of
samples prepared by hydrothermal process with different

concentrations of H”

Concentration of Peak Integral half-  Crystallite
H'/(mol-L™") angle/(°) width/rad size/nm
0.73 14.11 3.26 2.79
0.85 14.12 3.45 2.64
0.97 14.19 3.56 2.56
1.09 14.24 4.10 222
1.21 14.21 4.12 221

1t ZrOCL KMt FE T, A2 okt Y-TZP Hi
ORAACHRE A S M (10 1 B R 252 HOAN S CTEPL, 9
pH {HS AR B PRIHE PR B ARAE, JF— BEORFF
IKAREEHRM, B HC &k FE 5 iR X (1) 58 4k il s
B A i b i g — 21, IR, AR AR A K
AR, W HWREE R —E . d5iaR 2 5]
A, BEAE HYREE BN, Y-TZP §i KA 4G ok
R BCS I N EES VR T AN b o NI e Y AN O =K B
[FIS),  FMRORLF-3) R, RS s A A, 14
AR SRR S, SR RS A K. R 1, M H
WPELE 0.85 mol/L LA LI, Y Iyiie RIEANL HIR
N, TR AR A 0.73 mol/L I, W= 2 5%, i
B pH 1R Y (0TI 28— 8 IR
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Fig. 5 SEM images((a)—(c)) and particle-size distributions((a’)—(c’)) of samples prepared by hydrothermal process at different
temperatures for 12 h: (a), (a") 130 C; (b), (b") 140 C; (¢), (¢') 150 'C
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Fig. 6 SEM images((a)—(e)) and particle-size distributions((a’)—(e")) of samples prepared by hydrothermal process at different H"
concentrations: (a), (a") 0.73 mol/L; (b), (b") 0.85 mol/L; (c), (c") 0.97 mol/L; (d), (d") 1.09 mol/L; (e), (¢") 1.27 mol/L
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Dy, WU b 2 (8) T UL 1) 2 1T H 3 55 ok RS 6ok,
0=, Bk, @) GRE)HEHR(©O).
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FEAR NG OUT , EARRORL RS 80N, FIORE R] 7 5
YER ) Folis), 8 Dyt B4 T8 s R ks, RITR
<}V (Factor of size effects). [A]H, HE(7)n 40,
RLR IR P b pH AR OR, Pk, 43
MAEARZ TG OR, F AW HWE R T b
i, B ER & ) 20N (Factor of electrical repulsion
force) ™. W 7 Fiow, BHA RN T HREE$E R,
JELEMOR R W/, i T RORL IR SR AR, [+
I, HAR 2 (1) T oy DU) 2 348 5 7 K A R ) 1) ) 54
71 Fo MHIZOUBURL AR . R, 52 P9 77 T 1R R
FE A 4, FOUMRL R B H MRS (0 T
ELy . NP G SE LS
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Fig. 7 Schematic diagram representation of H' ion

concentration dependence of apparent particle size

2.5 1EERRYSZIE

I 130 'CKFA 12 h HI& FES, WEB Y 5, T
1000 ‘C R4 1h, it XRD 145X &k 44t
BEA BET MR SO SBebe i 5 AE B3 Al Lk
FFLBRIEAT 20T, I 5 TR EAELAN I T 4 4 i e
JE 1) XRD 475 . B 8+ 9 10 o sl ik
mh ] XRD % . SEM {51 N, 5150 0% I B fih 26 Az #LA2 40
Tl

HHE 8 I, JBEBEHT I Y-TZP Fr Ok 4A 2 b,
R Z KR EBZR Y, T 1000 CHEEE 1h o, MR
VUTTAH, TEA Y B2 FE e 5 AR,
Vi WA I ZK I Bl Y (OH); VLHEAE R0k % 1
PRl e ] LIS 3] Y-TZP ¥y A .

A — t-Zr0O,
e — m-ZrO,

20/(°)
8 JBBERTE ARSI XRD #%

Fig. 8 XRD patterns of samples before and after calcination:

(a) Before calcination; (b) After calcination without yttrium

doped; (c) After calcination with yttrium doped
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B9 Mbedi. JEFEG SEM
Fig. 9 SEM images of samples before and after calcination:
(a) Before calcination; (b) After calcination at 1000 C for 1 h
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Fig. 10 N, adsorption-desorption isotherm(a) and pore size

distribution(b) of samples before and after calcination

HE 9 151, 1000 CHEESE, B R ERFFRLF I
YBR[ AR R ARk /N, 76 120 nm 22474y
Aio HHPE 10 WG H, BET BB A FIBREHT IS (OFE
2N EE R TR 908 145 m*/g Al 11 m?Y/g, BRERT o
FEM IR Ny SR B0 B th 2638 J 1 TV B4k, HAPfE
H3 i AP, RWIRE S B — SR A [ A FL AN
KAL,  BUAE SRR B o R v = A2 T — s i 1A
Ko RN, JBUGEHTRE M AR R TS B R AU b
i, HHEALAR A i ZerpfLaRE ), FLAR S P -
THEa%h, ULHIBRERT I Y-TZP Fy ok A H A R A KTy
G T Z A FLAGAL: 1M 1000 CHBE 1 h ),
A B N LS, BRI &G, iy
FCIEL, SR 8] 2 T BRAR B ER e T 8K OE R
WIRURL, & LA LI IR RN, REARIEN o

3 it

1) 130 CKHI, JKMEEHHT, Bl K A ] 1)
K, Y-TZP BORAEURLZ Wi K, KL dG, B
25 S B ARLAT 3 A AR T, 1P RARAR AR A K

2) LE S T2 5% I A A T R 7K A Y T Py
(130~150 C), FAEWLEM TS, Y-TZP Hy S48y A7
BIRoRL RO & s, B — g .

3) BB HWKREEME S, Y-TZP FyokAr
SaP INI 7 ) =0 R NPR = D AN £ 24 NP 1 5 0 VR
A

4) WEB Y . 1000 CHEEAFE] Y-TZP ¥ K%
febEdr. ALy ERMBUN.
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Preparation of yttria-stabilized tetragonal zirconia powders by
hydrothermal hydrolysis

LIU Zhi-hong, ZHAO Li-xing, LIU Zhi-yong, LI Yu-hu, LI Qi-hou

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Yttria-stabilized tetragonal zirconia polycrystal(Y-TZP) powders of controllable sizes were prepared by
hydrothermal hydrolysis process. The effects of hydrothermal time, temperature and H' ions concentration on the particle
sizes and their distributions of the Y-TZP precursor powders were investigated experimentally. The results show that the
Y-TZP precursor powders prepared by hydrothermal hydrolysis are monoclinic with good dispersion, and the particle
sizes are 50—300 nm. The average particle size of the Y-TZP precursor increases as the reaction progresses more fully,
while aging will broaden the particle-size distribution of the Y-TZP precursor. At the range of experimental concentrate
(0.485 mol/L ZrOCl,, 0.03 mol/L YCIl;) and temperature (130—150 ‘C), when the temperature increases from 130°C to
150 ‘C, the average particle sizes of the Y-TZP precursor decrease from 186.2 nm to 94.1 nm, and the particle-size
distributions become narrow. The concentrations of H' ions affect the average particle sizes of the Y-TZP precursor
significantly, and the average particle sizes of the Y-TZP precursor increase at first, and then decrease with the increase of
H' ions concentration. Yttria-stabilized tetragonal zirconia powders (Y-TZP) are obtained by doping the precursor
powders with yttria through ammonia titration and then calcining them at 1000 ‘C for 1 h. The average particle size is
120 nm, and the size distributions become narrow.

Key word: zirconia; Y-TZP precursor; hydrothermal hydrolysis; particle size; distribution
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