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Sintering mechanism in yttria-stabilized zirconia :
grain—boundary-segregation effect of yttrium (III) ions

Koji MATSUI

Microstructural developments during sintering in 2 and 3 mol% Y,0,-stabilized tetragonal ZrO, polycrystals
(2Y- and 3Y-TZPs) and 8 mol% Y,0,-stabilized cubic stabilized ZrO, (8Y-CSZ) were systematically investigated

in the sintering temperature range of 1100-1500°C. In particular, grain-boundary segregation and grain-interior

distribution of Y?* ions were examined by high-resolution transmission electron microscopy- and scanning

transmission electron microscopy—-nanoprobe X-ray energy dispersive spectroscopy techniques. Above 1200°C,

grain growth during sintering in 8Y-CSZ was much faster than that in 2Y- and 3Y-TZPs. In the grain-boundary

faces in these specimens, no amorphous or second phase is present, but Y** ions segregated at the grain

boundaries over a width of about 10 nm. The amount of segregated Y** ions in 8Y-CSZ was significantly less than

in 2Y- and 3Y-TZPs. This indicates that the amount of segregated Y ions is related to grain-growth behavior;

i.e., an increase in segregated Y** ions retards grain growth. Therefore, grain-growth behavior during sintering

can be reasonably explained by the solute-drag mechanism of Y** ions segregating along the grain boundary.

The segregation of Y** ions, which directly affects grain growth, is closely related to the driving force for grain

boundary segregation-induced phase transformation.
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Fig.1 Microstructure models in Y-TZP'»-'®_ (a) is the T-C dual-phase structure; The white and gray grains
represent the tetragonal and cubic phases, respectively. (b) is the T-C dual-phase grain structure;
The gray parts of the grain-boundary indicate segregation of Y** ions, and the white and gray regions
of grain interior represent the tetragonal and cubic phases, respectively.
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Fig.2 Temperature dependence of relative density and
average grain size for 2Ys, 3Ys, and 8Ys: (@), (&), and
(M) relative densities of 2Y, 3Y, and 8Y; (O), (&), and
() average grain sizes of 2Y, 3Y, and 8Y.

Fig.3 SEM images in (a) 2Y, (b) 3Y, and (c) 8Y sintered at 1500°C.



10 TOSOH Research & Technology Review Vol.55 (2011)

12, 1500°C THERS & ©722Y, 3YK USYDSEMIE % 7
T, SYDOREMMFIZ, 2YRUIYLD 3 F LS KEL
BoTWBIEN G5, 2Y, SYKUSYD K%
LRGSO BIfR 2 B EMICINRS 72912, 2Y, 3Y
K U8YD ¥k %% ko 72 (Fig. 2). 2YKRU3Y
DTSRRI, BERSIRE ORI P > CRITTEM
OB THAL, —F. SYD P EREIX1200°C
AHADE2YROBYLD B RAWICKELS BB T LM
B oz,

KA, 2Y, 3YKUBYD Rl AH & BERS I D B R %
HND 72012, XRDHEPEE Y — P L b &7 -
7z. Fig. 412, 1300~1500°C THERE X ¥ 7-2Y, 3YLU
YDf., MU, DfE & Beftilt /& DRIt & /R ¥, 2YD
CHIZ. 1300°CTHKLTH D, ZODliEf.=6.8
mass%TdH 572, fold, TOWEHIHCIZIF—ETH
D, PR IZCHO AR A = X LIS A RIE X
BT EWgyhotz, —Ji 2YDRIE, CHOZES) L
(FEZ D BERS I ORI E > TR L 72, 2YDRy i,
BERSIRE ORI E > TR L Th D . ZOEHII,
MAHDER A DWW IR G LTV 3B Z &R LT
%o Zr0,-Y,0, R DIRBEX 12 L huF, 2mol% Y-TZP
OFEFML . RFEBROWEHPH CT-CMH & L TfHE
T3, BUZ, BllEhAMEIZ, BE7a97 7400
WHIERS CT>MEILBEAREIC K> Tk S h 7z g
DTHDERMmEND, ZORHIT, BRSO S
WA T 52YDOMEMEIE, T-CTHTH B Z L %2R
L CWwW5s, 3YIZDOWTiE, ZOEEE cMHEIZ
Bl Xz 572, 3YDOCHIZ. 1300°C Tf=10.4
masskTd ., 2YDf. (=6.8 mass%) LD dARk&< &
572, 3YDfA, BEREMIE ORI > TH AL,
1500°C Tf=17.0 mass%lZFE L 7z, —7F. 3YDfUE.
WERSIE ORI THRA LTl D . ZOCHDA
FENE ., TCIABHHZREIC & > TR S h=CH &

LCHEh5, 3YDHA . THOY,0,REW 17 (3
YKD& E< ., 2YRD S LESTHE 5D T, BEfs
DB HIBRE CT>MBEERRHEE S Z 5 5 h o728
DEEZOGND, SYDHEMIZOWTIE, 1300~
1500°C DA TCHHAH (f=100 massh) TdH > 7=,

[2] WBERRAOEGT

T— CHLEUHZERE & R R S LRk O 251t %
FEACFAN B 72912, STEM-7 7 7 u— 7EDSItH
vy BV SHEERGT, 2Y, 3YRUSYDHEHKT-D
MR TOY* 534 % # X7z, Fig.512, 1300 (a, c, e)
JU'1500°C (b, d, f) THERS & 722Y, 3YKU8YD
STEM{% &£ Y-Ka e O Zr-Ka~v v ¥V 7% FNTFh
N, 1300°C THERSE X ¥ 722YDY-Ka~ v 7 (a) T
. REEKNOY A IXIEIEY —~TH %, 1500°C
(Y-Ka~v v 7 (b)) Tid. EYIRE DM A
KR RO =i T S h 72 00, 2kiic,
FESERIN DY S mIIEIEY —Ch 5 770 Zr-Ka~v v
7 (a, b) &, Zr* B —IZ0 M LTHD, EEDOY-Ka
Vo TORRE T S, WIS, 2YOREEHK T DIF
EAER, BT, THTHELTWS EE A 6N 5,

1300°C THERS X ¥ 723Y (Y-Ka~ v 7 (c)) T,
RO I —ThH D, 1FLA LD
aki FIZTHT S %, 1500C (Y-Ka~v v 7 (d)) T
. YR O BRI AR R I B U 2 R o
WEBICBIg S h iz, A3, BRI ORI E & & 11y
KI 50T (Fig.4). KSR N TOYHRE D EWGE
B T CILHUHZREIC & > TBR S h 7=CHITH 5.
ZNDXHIZSTEM-F 7/ 7a—JEDS~ v 7. i
RIS IR & 7= YR O i O IR 3 T— CHE R 48
ELTWAZLERLTED, 2O HHEYT 5
&L 2YDY-Kav v 7 (b) TBIEEINRAR —H
ROEEE OB E Y RIS S CHT & 5 L e & h

100 [ = = £ 100 30
. Cubic s Tetragonal § Monoclinic
[}
S O:2y 2 O :2y : O:2y
2 g A
. = : — 1 3Y
Eoo | AT3Y 5 90, A3y =20 |
= O: 8y 3 O:8y 2 O: 8y
£ NoE 2
3] & &
© o
= 3 \ %
£ £
£ 10 L80 510
5 o £ E
B S -
3 g g
3 [=]
& & =
0 : : : o3 - -+ : oy 0 o u ! )
1300 1350 1400 1450 1500 1300 1350 1400 1450 1500 1300 1350 1400 1450 1500

Sintering temperature [‘C]

Sintering temperature [‘C]

Sintering temperature [‘C]

Fig. 4 Dependence of the fractions of cubic, tetragonal, and monoclinic phases in 2Y, 3Y, and 8Y with sintering temperature.
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Fig.5 STEM images, and Y-K @ and Zr-K @ mapping images by STEM-nanoprobe
EDS method, in 2Ys, 3Ys, and 8Ys sintered at 1300° and 1500°C: (a) 2Y-1300°C,
(b) 2Y-1500°C, (c) 3Y-1300°C, (d) 3Y-1500°C, (e) 8Y-1300°C, (f) 8Y-1500°C.
The white broken lines in the mapping images indicate the grain boundaries.

Bright parts in the Y-K @« mapping images correspond to regions with high Y**
ion concentrations.
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Fig.6 Conventional bright-field TEM images in 2Ys, 3Ys and 8Ys sintered at 1300°
and 1500°C: (a) 2Y-1300°C, (b) 2Y-1500°C, (c) 3Y-1300°C, (d) 3Y-1500°C,

(e) 8Y-1300°C, (f) 8Y-1500°C.
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Fig.7 HRTEM images of the grain-boundary faces in 2Ys, 3Ys and 8Ys sintered at 1300° and 1500°C:
(a) 2Y-1300°C, (b) 2Y-1500C, (c) 3Y-1300°C, (d) 3Y-1500°C, (e) 8Y-1300°C, (f) 8Y-1500°C.
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Fig. 8 Y-concentration profiles across the T-T grain boundaries in 2Ys, 3Ys,
and 8Ys sintered at 1300° and 1500°C: (a) 2Y-1300°C, (b) 2Y-1500°C,
(¢) 3Y-1300°C, (d) 3Y-1500°C, (e) 8Y-1300°C, (f) 8Y-1500°C.
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Fig.9 C-T grain boundary in 3Y sintered at 1500°C: (a) Y-concentration profile and (b) HRTEM image.
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Fig.10 Scheme of the cubic-formation and grain-growth mechanisms in YSZ proposed on the basis of the present
analytical results: (a) 2Y, (b) 3Y, (c) 8Y. The gray parts of the grain-boundary indicate segregation of Y** ions.
The white and gray regions of grain interior represent the tetragonal and cubic phases, respectively. GB is

grain boundary.
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Table1 f~-Values, Y*' ion Distributions in Grain Interiors, «-Values, and Average
Grain Sizes of 2Ys, 3Ys, and 8Ys sintered at 1300° and 1500°C
. Sintering Cubic—phase YV*+ ion distribution Av.erage
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2y 1500 7.2 honﬁgﬁﬂﬁous 33 0.5
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8Y 1500 100 Homogeneous 1.2 4
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