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Phase transition and grain growth Kkinetics of
nanocrystalline 8% yttria stabilized zirconia powder

LIU Chun-bo, YU Lian-sheng, JIANG Xian-liang

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The nanocrystalline ZrO,-8%Y,0; (mass fraction) powder prepared by co-precipitation method was calcinated
at high temperature from 1 100 C to 1 300 ‘C for 2—32 h. The changes of the phase composition, morphology and
particle size before and after the high temperature calcination were investigated by XRD, SEM and TEM, respectively.
Both the grain growth kinetics and growth mechanism were analyzed. The results indicate that the contents of the
monoclinic phase and tetragonal phase of ZrO,-8%Y,0; powder decrease with increasing the temperature and time, the
content of cubic phase increases with the increasing temperature and time. The grain size increases with increasing the
temperature and time. At 1 250 °C, the grain growth exponent is 6, and the kinetic rate constant is 7.626 X 10"' nm*/min.
The grain growth is controlled by surface diffusion with lower activation energy (64.35 kJ) below 1 200 C, and
controlled by lattice diffusion with higher activation energy (116.40 kJ) above 1 200 C. Grain-rotation-induced grain
coalescence growth mechanism is also observed. Low growth activation energy is attributed to the introduction of large
oxygen vacancies and grain-rotation-induced grain coalescence growth mechanism.
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Zr0,-8%Y,05 ¥y AR T IUTTHIIAEE S Y,05 B4
Ko M Y,05 HEANF Zr0, fiks L T Y 2o~ ok
‘R, PENESARS S ot ER, 5 ot HE
S ERESU VA DI K S O ol 4 il O] WV O N WA

(112),

(200),

1 49K ZrOy-8%Y,0; ¥ K 1) TEM 14 =
Fig.1 TEM image of nanocrystalline ZrO,-8%Y,0; powders g
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20/(°) powders calcinated for 2 h at different temperatures: (a) Whole
2 49K Zr0,-8%Y,0; 3 K H) XRD i pattern; (b) 20 from 27° to 33° showing (101), peak; (c) 20

Fig.2 XRD pattern of nanocrystalline ZrO,-8%Y,0; powder from 72° to 76° showing (400), peak
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Fo HIREHAAMEE, WL T LAt E 3yl Al
BRI (I D) (11 1), BT 5048 B3 P A T
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Fig.4 Phase contents of nanocrystalline ZrO,-8%Y,03

powder calcinated at different temperatures for 2 h
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Fig.5 XRD patterns of nanocrystalline ZrO,-8%Y,0; powder
calcinated at 1 250 ‘C for different times: (a) Whole pattern; (b)
20 from 27° to 33° showing (101), peak; (c) 26 from 72° to 76°
showing (400), peak
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Fig.6 Phase contents of nanocrystalline ZrO,-8%Y,03
powder calcinated at 1 250 °C for different times
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) SRR IR, XS E Y (X IR D T RGHT (37
DA, RL, Bl SRR A K, DU AT
Wb, e, R R T AR AT T A
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Fig.7 TEM images of nanocrystalline
Z1r0,-8%Y,0; powder calcinated at different
temperatures for 2 h: (a) 1 100 ‘C; (b) 1 150

‘C; (¢) 1200 C; (d) 1 250 C; (e) 1 300 C
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ZHVRDIR RS, AN B AN SRR A o K
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ATLAE H, 2651 150 "CHE4SE 2 h J5 0 R /N3 A1 5
ANEEY, R TR, PRI R RS20 138 nm(

Average grain size/nm
—
o0
=)

100" . s .
1100 1150 1200 1250 1300

Calcination temperature/C
B8 Pk /NS BRI BN R

Fig.8 Relationship between average grain size and calcination

temperature

Kl 8). MKl 7(c)~(e)rT LA th, dbkiIEI B A I WAL
b, B TN L, 402K Zr0,-8%Y,0; R4 1200 C
Be 2 h 3 1300 “CHEEE 2 h J5 -3 diks Ro~F RN A
162 nm HhNE] 272 nm(WLKEl 8). SAKE, 41K
Zr0,-8%Y,05 ¥y K £ 1 200 “CHEBE 2 h 7 (K ik /N E
K E I AT 1200 "CHB% 2 h LAHT I AH A4
5T, WK ZrOr-8% Y05 ¥y A RLZR [ P (1 73 Y05 M
FECVA R, R Y05 BokL Lk NS A B d g o

YK Zr0,-8%Y,05 ¥ 2K b PR AF K 3 BUE G
HBE L AR AE 2%, DT, SR R S T B ik
— U I S B o I TR ORE L R AR K R . 4K
Zr0,-8%Y,0; ¥R L 1 250 °C i BB AN [ I 1] fr)
FESEM 41 9 s, 91K ZrO,-8%Y,05 #i K 1)
BN AN RN e I 1R AR A DG R sl 10 i
No HIE 9 FT 10 WLAE H, 49K ZrO,-8%Y,0; ¥y K
281 250 “Crapli b AN Rl (B J5, Begs T =,
R KT B, TS AN B A kLR A Bk
KRB ATHRR, SR/ 1250 CHeRE 2 h 1) 213
nm &K KE] 1250 CHBE 32 h ) 340 nm.

2.4 K Zr0,-8%Y,0; Bt K h=
241 RERKIRECS SR A KRR

HRAE Brook i A K5l 7 AR, fE A b
R KA T R s

Vs
B9 41K Zr0,-8%Y,0; ¥ KL 1250 °C il B AN IS ] 1Y SEM 5

Fig.9 SEM images of nanocrystalline ZrO,-8%Y,0; powder calcinated at 1 250 “C for different times: (a) 4 h; (b) 8 h; (c) 16 h; (d)

32h
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iRt ) PIL RO, (5 RT s hy
nlnD=1Ink +Int (6)

Ha(6) A, In D—In r RHL&KRR, HEEN
Un, #¥EN Ink/n. ¥ In DX In ¢ fFE, 458 wE 11
Jis, R O)HATZERIE, KIS 1/n=0.164 51, W
b2 K AR n~6; Ink/n =4.56, T SRiAE KR B
k=7.626X10" nm*/min.
242 §RAEKEIEE

7~10 B gk Z2rO,-8%Y,0; HiKZ: 1 100~
1 300 CHRFETEREILLS 1 250 “C i Bese AN ) 18] fr)
SRR/, AR SE T 4K SR PRI D RS R
EERP IR -SG5 A NS DAY S 1 AP 7 B/ S
Zr0,-8%Y,05 B A I it bz K I AR T JB Al 52 1 4
WOSIRE . O T HE UK RO R OIS e, K
FR 5 e 2 i A5, AKX T
D, = Dytexp[-Q/(RT)] (7

AHA: D, A Dy 53 2R R W46 AR — R R g K
Zr0,-8%Y,03 My A Mk ] 5 R RN EEIR ML,
R=8.314kJ/("C'mol); TXK/NBEIIFELNNERE; Q&

In(D, /Dy) =—0Q/(RT) )

O %1, In(D/Dy)—1/T R HZ&KZR, Hpl
HH—OIR ARG 8 T YIK Zr0,-8%Y,05 Ky RZEAF]
M EERREE 2 h JE PSRRI IR, R In(D/Do) %t
UTYER, & 12 s, MA@ B T4k M), 7T
WLAE T 100~1 300 CELE RS fidf IR 84
RMEOCFR, 5 1 200 CHRERA—Piri, WL 1
100~1 300 °CSEEGE I A dfokr A K 1 B s AR L B
AT, WRHERO)BHTEIERI, fE 1200 CHLE
LR, RA3-Q/R=-7.74, Wik KIEILEE 0=64.35
kJ/mol; 7£ 1200 CHELLE, KIEG-0/R=-14.0, NI
i KIELAE 0=116.40 kJ/mol. WK, 49K ZrO.-

59
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5.6

In D/nm

5.5F
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53
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Fig.11 Relationship between In D and In ¢ of nanocrystalline
Z1r0,-8%Y,0; powder
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Fig.12  Relationship between In(D/D,) and 1/T of nano-

crystalline ZrO,-8%Y,0; powder
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8%Y,05 B AR 1) b b K BTG e AT 3YSZ T
KL SR S A K80 BE(580 kJ/mol)!™ o T AL
LG FFE R ILAE ZnO, HAKE R, R0 IR,
FLYRKAARL IR A KO BB 20 24 20 kI/mol, T HLAHCK 2%
A A KR RERNZ) N 275 kI/mol™, wl WL, AEH
I AR O e 2 oK A A A B 48 ks AR KT R

— Ak,

2.5 YK Zr0,-8%Y,0s ¥ R &K 4 KAl

28 JLPR oL AR A R R 305 ot AR 2 TR ) Ji
VMR RS ) 5 — AN RORL,  AEAG /D T PR ks /N
LA PNV A SN vl s U S S AW o
1 B 18 (Ostwald ripening) . 2002 %, MOLDOVAN
PO T Gk BRI A KO FE IR T AN
AEACATL, BRIVt e A BK ) PR R 2R 75 (Grain-rotation-
induced grain coalescence, GRIGC). I il il it 154
AL () 3 [F] R 32 A SERURL 122 [ ) SR 5 SRS TR R
A KK AR

Zr0,-8%Y,05 B ARTE 1 100~1 300 Cifi & i [l Py
MR 2~32 h B SRR AE KB ) 2 E o g AR, K
Zr0,-8%Y,05 i AR vk A KA 43 A AP B

1) #£1200 ‘CLAR, DAY HHLH) FH RS
A BT, QUK SRR TIRERIEATR,
Lz [l T W B HBESINE, TEMVF 2 RAH,
ENITE RGBS TR CEyb e S NP p o B
il AR RIS, ARRLZ [ () S TR AAAR
SERER SR 13(a)). X —Fr Bk kK
b 2% 5/ NP 2 VA9 T VA B SO Bt 57 [

2) £1200 ‘CLLE, LSS HOMLHIA 32 10245
A, MIBRER A E] 1 200 CLLUS, LARITY HUE
BRI AK ORISR G AE kS, AR AR AR DL A%
PHRONE, B SRS BOAIIEA T, OB TA) St RV
5o TERORIMRL . 4P 13(b) BT . X BER ok
AR AN, AN AR Ak AR TR AL RE R

T34h, B 13(c) T A, o AR AR AR AR A R
ATy ) e S eI SRSl o NI A DN IR S S
TERRL. XM R AT R 5] dihiads il AR 1 3
fib b X R WIS, IR AR L
IR AL e EL 22 0t TG AL RE

HET Zr02-8%Y,03 B AAE 1 100~1 300 Cifit
Bl 9 M B8 2~32 h H KL AR K HL ) o B
Zr0,-8%Y,05 My AR E AT BRA ks A= A JonT: 5E 1) gt PR AT
RESR AP 1T — 2 oK SRLAS B (/N RO R0 3 5
EUP Y eI TTASA N4 (=Rl VAT NI 1P NUTiY At )
KIARE, (LK TR SN TE i e kL iess

13 492K ZrO,-8%Y 05 My AAN R KB it A AL
TEM Fil FESEM {4

Fig.13 TEM and FESEM images of grain growth mechanism
of nanocrystalline Zr0,-8%Y,0; powders calcinated at
different temperatures: (a) 1 150 ‘C; (b) 1 300 C; (¢) 1 250 'C
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2) YK ZrOr-8%Y,05 My K& mrilidibe e, ki )L
~ B A T v RS T K T A A

3) 41K ZrO,-8%Y,0; M K TE 1250 CEHE BT,

LR AERKIEHET 6,
7.626 X 10° nm’/min.

4) YK Zr0,-8%Y,05 7E 1 100~1 300 CHIIEEE
Pl 22 A 16 R A A3 A B AR 3 DX v i XA ]
1200 CHEELAR, Ak KIS IhEEN 64.35 kI/mol;
1200 ‘Ci LA B, doRiZEKImAE) 116.40 kJ/mol.

5) 41K Zr0,-8%Y,0; K3 R AE 1 100~1 300 CHi
FESE L2 A R AR AR KL I . 2 1 200 'CRAR
FELUREY HON EMRSEK, 41200 CLLEE
LAY HON EERAEK . T4, @ n] Lk e
OB RS A KAUE . AR SR AR KBS BRIV T
KI5 NN SR 3 K Sl (3R A AR K AL

TR VS SN SPT I S
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