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Influence of calcination conditions on oxlate precursor-derived
ultrafine 8 % yttria stabilized zirconia powders

LIU Jrjin', CHEN Zong zhang’
(1. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
2. College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China)

Abstract: Ultrafine 8% ( mole fraction) yttriastabilized zirconia (8YSZ) powder was prepared by nonlinear heating of
the oxalate precursor of yttrium and zirconium ions. The effects of molar ratio of metal ions to H,C,04, and thermal de-
composition of precursor on the crystal structure, specific surface area, grain size and morphology of 8YSZ powder were
studied. The thermal decomposition process of the oxalate precursor was optimized through varying heating rate in differ-
ent temperature ranges. The powders produced through optimized thermal decomposition process ( nonlinear heating
method at 600~ 700 C), were weakly aggregated and equiaxial, with a narrow particle size distribution of 90 = 100 nm.
The kinetic for grain growth during calcination process was investigated. T he results show that grain growth is controlled
by grain boundary or lattice diffusion with higher activation energy (192. 92 kJ/ mol) when temperature is above 700 C,
or controlled by surface diffusion with lower activation energy (87.38 kJ/ mol) when temperature is below 700 C.

Key words: yttrizstabilized zirconia; nonlinear heating method; oxalate precursor; grain growth

EACH RA B R R R L« m R RT R | AR
AL T RE . TR AR D R e,
2 PR B A AR | AL TR AR AR | A
C/iLp SN 47 S = I N1V WS EE RN Y P TEE TS

T RE M BRI S BE, PRI SL R A 4 SRR/

BARE S SORIAR 93 A7 78 BB AN BRANAKN A4 R AR

© WRiH: 200406~ 09; &7 H: 2004~ 09~ 22
WA xgkik(1966 - ), B, M, it

JRAN & 75, O R R e R . H
Y, AAMHE R R A UUEi W
BEBE  KBGE AR B LIRS - AR
VB B BIRVE  WFLIBIE KB G AR IR T BT
PR RN, (HAREHL R B B L P2 R AR . E miR
M s FI 5 4%, e LA T SEBrpipgi A =570

WIRMEE: x4k, 64 Hi%: 0731-8836833; E-mail: csuliujj@ sina. com



+ 1834 P E A 4R R

2004 4E 11 H

BAPR SR LT vE VT H T A B B %, SR
VEL R R AR R & B S R AL R L & W) ZrO
(C204) + Yo Co04) 3 HIKLTFAR/N, 1RZE ) B UK
X, Btk e mAES . A, SRNERES
S IUTIE ZrO( C204) FEFHEAR . AC1EH L4
JEESFIEL I IR A S W A T AR, SR AR A SE
R VAR S S 7, 4E 20~ 800 CZ[H], #3iH
B DR AR e FE A [R] o B Pk 2 fide o B AN A A0 B 1)
FZERE, ELER BT 1) 8% Y205 R 5E Zr0O, K3 K
(8YSZ) HIJEFU AN di WL K /N Je Fo o341, AT € dse
BB T

.
1 =25

1.1 8YSZ #y AR &

BT R FIBR A AL (Y205, 99.99%) #F, H4x
HHTEE . 3% (Zr02) 0.92( Y203) 0. 0s LK, FREX ZrO-
Cl*8H,0 . Y,05 MR . 56K A ALE I E R v i,
SR IMAGRAR, FE RS TR RHIR, FF LA SR
WK W R, K H B B A Zr0CL * 8H,0 F
HoCoO4( BHEHIEE/REE N 1. 2) IBFSAH, AR A
Ja R IZHIEE . BB Iy A O O B SR TR, TR
It R 25 S R K 48, TR A ) 7R 9 R
M. 75 80 CT¥ A ERBYIHT 12 h, B4k,
RENEE AR LR A AT IR AR, 7E 700 CFHEE
LR INPGEIERE 2 h, 153 8YSZ 41K} .

1.2 R4k K 8YSZ ¥ K R AL

X RN AAAE R ZE B A, B VAR BTV

8YSZ Ky A A VR, X284 TA Instruments 2
][] SDT2960 . % D/ max-rA FIAT5HH /3 H7 SE AL
BER SRS RY, SRA(111) HATSIE(20= 30. 28°),
FH it SR 5 8YSZ 1 dkr X~

Dxwo= 3.8 (1)

X AN BAWKRKIEER IS 04
ik, K HEH.

Monosorb BLiE =X bE 2 T 43 H A %€ K oK 19 LE
R . T U453 HF 38 AR R /)N

DBET - FBBET (2)

XA Sper A BET MR & M EER TR, m®/g;
Dger ARLFHEHAL, nm; P4 8YSZ WIHIRE L, of
em®, BUE KN 6.01 g/ em®; H] HITACHI H-800 i& 5}
HLEL(TEM) MLEZ 8Y SZ ¥y K I ftoki K /NFITES

2 HiREiHE

2.1 &EETHERRKEER X =) KR L+

AN

ZrOCl* 8H,0 . Y(NO3)3 « HyC204°2H,0 A H
B S N, T8 RSB IR £h VR A H DR A4, 4 I TR AT R R
VB

ZrOCly* 8H,0+ H,C20402H,0 —>

7:0C204°2H,0+ 2H,0+ 2HCI 1 (3)
Y(NO3) 3+ H,C,04°2H,0 —™
Y2(C204) 3+ 2HNO3+ 2H,0 (4)

FHT 3 MR SRS T8RRI ER
r XPEITES L R/ EISE R . BL 250 'C/h B
POH T4 800 CHRR AT IR A, TRl 2 h, MEke™
Y1 8YSZ F BET TR & Ho P 3500 1 K/ a5 R AR
1. 8RR, r= 1.2, Pif3 8YSZ KR Kkttt
N, T Hd B R AT AE TR AR R, SRR A AL
VIR, o KR A B e A A SRR B A i, A
Ak KOK

K1 r XPYTE AR T K B 52
Table 1 Effects of r on morphology and

particles size

r S BET/ ( m2' g7 1) DBET/ nm
1.0 31.47 32
1.2 62. 36 16
2.0 20. 56 49
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Fig.1 TG- DTA curves of oxalate precursor
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Fig.2 XRD patterns of 8YSZ calcined at

various temperatures
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Table 2 Effects of calcination condition on

8Y SZ particle size

Heating rate/ D xgp/ S per/ Secondary
(Ch™ Y nm (m> g™ 1 particles size/ nm

100 8~ 10 36 150~ 270

250 10— 12 62 100~ 200

600 9-11 45 100~ 220

B
Norr lincar 12- 14 76 90 = 100
heating
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Fig.3 TEM images of 8YSZ powders caclined at different heating rates
(a) —100 C/h ; (b) —600 C/h; (c) —250 C/h; (d) —Normrlinear heating



F 1458 11§

Mkt S MR AR R

BT K A 1l 26 SR AL B PR RE T 5 + 1837 -«

55

In(Dpgr/nm)
>

My
(%]
T

25F

085 090 095 1.00 105 L10 LIS
T-1/10-3K 1

K4 nD 57 '"fxF
Fig. 4 Plot of In D as function of inverse

temperature for powders calcined for 4 h
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Fig. 5 Plot of In D as function of In ¢ for
8Y SZ powders calcined at 700 C
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Table 3 Activation energy for grain growth at

different calcinations temperatures

Temperature/ ‘C Q/(kJ*mol™ ")

< 700 87.38
> 700 192.92
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Fig. 6 Schematic diagrams of grain growth for

8YSZ during calcination process
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