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ABSTRACT The local structures around Zr*t and Y3+ for 2mol%Y,03-ZrOy ceramics were
studied using EXAFS technique. Comparing the LNy—treated specimen with the isothermally—treated
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specimen, the former has lower coordination numbers for Zr and shorter Zr—cation and Zr—anion dis-

tances. It was also found that the coordination number for Y-O is relatively low, the Y-Zr(Y) distance

is relatively long and there are relatively large distortions of both Zr and Y local environments in the
LN,—treated specimen. It was suggested that the most oxygen vacancies in the LN,—treated specimen
are Schottky defects which are introduced at high temperature and remained by rapid cooling of the
specimen from high temperature. The remarkable difference between the two specimens in the local
structure implies that the diffusion of both anion and cation is involved during the isothermal trans-
formation t—m. The higher coordination number for Y-O in the two specimens suggests that oxygen
vacancies are preferentially sited adjacent to Zr. The influence of Schottky defects on the stability of
tetragonal phase and isothermal transformation t—m is discussed based on the experimental results.

KEY WORDS Y,03-ZrO4 ceramics, EXAFS, t—m transformation, local structure, phase stability

BTN\ R EHW, REPHAETSHETFERZ MK T 0.732, {8 ZrO, # Zr**
5 02 B FRBH (0.80/1.40) A% FXAME Y, FrUAZERR T Zr't BT HH TR RRMLS
INTF 8 W%, BIAIAR. TiHA Zr-Os RALLHW KL FMAN FHARERR TR ERE. B
B, 2 ZrO, BAES A - WHH — BAMNEDE, tom HERERREREE, R
BN H R RMEAERFT, BANE—FHET BRI RARAE Q. EBATELYHEN Y205,
CaO . MgO . CeO, ZH iYWy PSZ #1 TZP ¥, E—ERELH THUHTHTEZRT
TREFE. RTXEMEMHIFIREK (200~400 C) BHRERFEEK t—-m FRAZE,
SHMIEHEREN BT, 3T Y.05 B2 PSZ M TZP M, mZEMEIE NI BAL
WEE, B XEEENTRtuES. CREOHRETEETEEFESRETARTE, X
FHEWWHRMD, HTFERATHEERMILEER+2ER. CRE—ZWAE, WEHK
S A2 R AT R 1 B A (48 DA R 1991 4F Nakanishi % A3 H K K ARE R A 17,
BARM SR — T RIS/ AR, A5 EBNTRIFEMERKE, FEREEH
SRATHYELR. B 2%(BRAH)Y05 HEAEWESNNEFRK (ZRU L) TRE
tom 2B, TAEKERT RRBERE) FHEEREY tom #A, RER AR H X
AR RAE B, A HSSEEE, KREATSHTRHEEABRRKOAR. ATHEREZH
REBEARED, BENRAEREHEN.

700, BB OB EIE—E Y AT EE. EIVE— S ARBES BN A 010
W HRRE T AR SN BB TRER RS, ERERREY 20, FBRER
—an, RERERBZASEN, BEEMAEMEOFHEEENER, KEEBHASIANAS
RIRER—EN. KA, BEMREEANTRAASMERKTS Zr BT H4. BHIXNE
22 7E B R AL B thAe ZE B 4y (1012,

X 5450 RS 40 45 i (EXAFS) R3E+ 26K KB KB R YRR T L 0 —FE
FB. BT EXAFS B BRT R4S WEBREFER, BT E R T A ERES 0K
RREH. T H— S8t Y,05-Zr0; Mk t—m AR A2 it ) 3 4% A0 I 75 AR O 338 2 AL Bl
B, &AM SEHRMNER L, RA EXAFS FHEHR T2HRSBMKE LN, LEH
2% (/R 4 80) Y205-Zr0; MR HEA LM, R T Zrtt f1 Y3+ BT ESRALE S ER,
FE U T USSR 09 75 AR AR SE A0 AR 22 RO B .
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LXK 2% (mol 43 3)Y203-ZrO,(2Y-PSZ) % 5 ¥ K i SEUT I 7 B & B BREBUE.
RERIE. 1500 C /25h ¥ FEReg BCIRIREE. XTB4 G WBURIRBE R B F 5 b8, — R R,
WHBEF@HE 1100 C (t #HR) FHA LN, féH; B—FE, BiREEHFM#AT 1100 C
(t AX) fRIR 10min, R/FHRHEX HF] 200~250 C{RIE 48h. FH X HEATH F R T RENHA
X

X SRS 4 S5 (EXAFS) K3 B 75 A B b5 E B T E R X% = EX-
AFS LR U317, BRAJRANFRBER SI(111), ERTRAZHENNNET Zr Y BF
# K il i) EXAFS k.

5 F o AL B 2 B 4 6 16 TH B LR P AT EXAFS B 4. Xt F Zr s1#9 EXAFS %4
B, KA ZrO(Bafl) tEA4RHE; XTTF Y 38 EXAFS #4447, gl Y.03(C BEH) AR
B, EXAFS WBB3 u(k)-k XR ML, 2 Fourier BRBIRBMLEHES. XF Zr BBHA
Y WA b EEEHRFE SN Ak: 22.5~142nm ™! F1 21~133.8nm~. N ] Fourier 383k 5
XA AL I $E 4T Fourier K& #:, BBI4BJE K& RALE R EXAFS M. #3478 10 EXAFS
ERISRURHEHAREMEE, MRS RSB S KR ER EXAFS &
¥, BEERAHENIRUENFHRE (R) . BAIH (Non) 1 Debye-Waller HF (Ac?), X
B Ao? FREAE P RALR T EE B AN FArkt R 5 R 4.

2 £ 2 5 i #

B 14 M T 2Y-PSZ i) ZrK 3417/ YK 331 EXAFS #% Fourier 2845 I3 1) & # 5 % (FT),
H 21 1 2L S HIRFLPRSBEM LN, KELZ A RPE, BR8] 105 4.
ZrO; M Y203 RAnke. 7EHA ZrO2 1, BOENMMAEHERTHAR, BE Zr-O; BAILH,
BRUBAE—EMEARZML, FHEKNY 0.216nm. KIEKRMLER Zr BFE, RN 12,
HERAMHEEMK (0.3341~0.454nm)10). 4 ZrO, #y Zr-O MM EM TN FE 1(a)
0.1611nm ZbH)SE—RENrIg, Zr-Zr BEALE K TMRXT N F B 1(a) % 0.3042nm F1 0.3554nm &b
BoMBE=mi. £/ 1(b) B, XMMTF 0.1764nm kK E— M RAIERL Y0, B Y BF
BIE4R (Y-0) RALEKTIMR; %R TF 0.3094nm 1 0.3784nm L IE —FE =ik, FER G4k
Y203 FWIES (Y-Y) BREBOHEANEZHTR. BREE 1 PRGNS, XTF85EFRAm
B, XARRHE: MTURESRME, Bt Zr 7MY BFEARN Zr(Y) BFABERS
AEBERERME L, AWt Zr-Zr(Y) f1 Y-Zr(Y) B ES BIRARERERS, £14HT
PEEREVHENEXRERE. B2 25REMMAER EXAFS HARMANHBI A ML WA
FEE N, & MERAEK EXAFS 5B AMAEABRE, ZVULALERRSEN, AT
M¥ES ZRERBEAFE.

2.1 Zr BFeEMGEH

HE 1(a) ATLLE S, 20 f1 2L R RIS ES4 Zr0, M, FEHBH=/ R

W, SRR E Zr-O MALEM Zr-Zr(Y) BN TR TR, NBEBAEER, 21 AN Zr BFiE
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Fig.1 Fourier transforms of ZrK edge EXAFS (a) and YK edge EXAFS (b)
£ 1 AEMGERESEHSH
Table 1 Fitting results of Zr and Y EXAFS
Specimen R/nm NeN Ao? /10~ 5nm? R/nm NcN Ao? /10 5nm?
Zr-O Zr-7x(Y)
Pure ZrO, (10 0.216 7T 0.3454 7
0.409 5
21 0.2157 6.5 -0.1 0.3476 7 0.3
0.3942 5 1.2
2L 0.2138 4.6 -1.7 0.3385 2.3 -0.9
0.4229 6 2.6
Y-0 Y-Zr(Y)
Pure Y0315 0.228 6 0.352 6
0.4016 6
21 0.2263 7.5 2.8 0.3492 8 6.9
0.38978 4 1.3
2L 0.2263 6.4 4.2 0.3543 7.5 10.0
0.3884 4.5 2.2

SREEM S ZrO, EAHAE, RERMEKIRELLA Zro, Bk K. 1 2L K Zr-Zr(Y)
B0 M 35 W RO BRE B B R, Mo Bt A B B, U 2L AP Zr EFRESSH
54 72:0, HERK.

BlAET 20 REER Zr-O BRI 6.5, FIK 4 0.2157nm, K4l ZrO, BE/NE. XY
F oL 8%, Zr-O BRMIBAA 4.5, PHEKSEF) 0.2138nm, HKHF 2L i&F Zr-0 BALEF
HERZ A, FHNER Zr-0 FHBKNSEE. WM RBEYAE RN A0’ E, XY -0
Er@knRERELL Zr0, N, BRSEAN ZIr-0 RURHTEAZSMNEENAEF M H XK,
W Zr-0 Bh B EMATREESHELSE Zr BFHME L.
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Fig.2 EXAFS spectra (solid line) and fitting curves (dashed line) for Zr-O and Y-O shells (a)
and Zr-Zr(Y) and Y-Zr(Y) shells (b)

Xt F Zr-Zr(Y) BRALE, mF 1 PR, 20K Ze-Zo(Y) BANERR R E 54 ZrO,
Fl, BALEEKFHRKSA Zr0, BEEHN, ABRFHRKMK, SIEFHRBKEE; EN
Ao’ ff, RUIMX T4 ZrO,, ZRMNERKMEBEN A, RAZHEHEM. X F 2L A,
Zr-Zr(Y) BRAMEZET 12, RN EERHRABMFHRK S Z2r0, ARANES. AER
M BEELD, FHRROVBHEE, BRMEERE SMERALMM, FHRRMK, BK
B EH K. MR EERY Zr-Zo(Y) REBPHEEE - ERENHE F=M0, FETHREE
SHER Zr BTRENER L. ZERMENBEERSRAEED. RALEHERKEX;
B, Zr-O BHFBELESMMELENUE Zr-0 RAL B LR AR, HWL¥in Zr-Ze(Y) B
fr R ARRRRE, AT M EIN Zr-Zr(Y) ACALiE i) TR

541 ZrO; M, WNMAKK Zr BT ESEMYELIRBRENER, X5 Y.0; MBEE
X BHFTYETERE Zr BFEeX, FAEAEPSIAASA, HUESEM Zr BF MR
Bt 5 2D AL, 2L BN Zr BEFRAEBPEASHNMEBEFEAHENENE, B
RHARERE Y BTFBRAER, "THRIE T ARIERE TRE Schottky HE.

RIBGR MR 1), £ FRET, MPMEPFER TR % TPET 4K Schottky it
M (B F=MMEE TSR =E). EEES Schottky SMRESBENRXRRAGUTE
=

A H n, &y Schottky i s, N AREPERMERS, AH, K Schottky =B EE, R A
SBHEE. BRESR, XBPSEMREREE. BT L AERNBREEBABRE+TAH, ¥
BB R BHZRER, & tom MRIBRARWRAESMEEFOT 8, FImb5HhE
R TR H KB Schottky SRIGH SRS I AT R E T oK, SB 2L 4 Zr B TR
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BRARSZIWMYAZMMMEE TR MEZT, 20K Zr-0 B HERD, £
AT AERRG T RE TROSEASMESRIE P NEGT B =
2.2 Y BFRIEMEH

B 1(b) 87, 211 2L XEKRAEREN BAR T Y205 4 Y03 =1 BIA
hrkg, SHIXHTF Y-O BB Y-Y WAERKTTR. 21 f1 2L ARG H A B R AL
W, FCALMERIRIBAM ERMNART. RERUOEMERAIE, WRETRE, EXNKRERE. BB
AXRERY BFARNHEEFAIRANERS M, BERMCESHHTFERE e/ 20
2L A Y-O RABHATA Y.0; i, FHRKMTA Y05 9, Y-Zr(Y) BAESE
KRG AL O F B K 54 Y203 MARERK; WAEAZEK Debye-Waller H 7 BEH K, #
HBIE Y05 BEIETE 210, B4, Y EBERT Zr, BMHEFRN AE S HEALR =8
. _

3&W, 5 Zr-O RfIgARL, 2170 2L WRAAEH Y-O MArigfr By m AW, WEHREK
B 2D RHER) Zr-Ze(Y) REALWERN Y-Zr(Y) REALIGAFEROVEOE, WXt T 2L kK, WEKR
PrigEWETE . AL BRI EMAERK, SUETRFRIE Y HFM Zr EFHRIEMSLEHE
THIE MERRBRENESEHENRK. NR1ATFENH, A—RAFF Zr BFHY BFKE
VEMSHEREUTRA: B—, Y-O FHBKHABAT Zr-O FHEK, XBREY EHTF
Bl Zr BFERRNEE; £, Zr-0 BHRAEBKT Y-0 B, ZHBRIIANKNESALM
BT #1244 I Schottky =R HM R T 5 RTEAK Zr BF A, ERATMIRERMK
i, RYPEKEY BFEMETER Y-0s BALLH, MEASMESR TR Zr BF; 8
=, 5 Zr-2x(Y) RALEMLE, Y-Zr(Y) RALEARKPFHRKIEX, SFRPFHBKEAD. T
LAKE, rETFTHNY BTFRESLEHBSHZANEREABE, IFANEREETFRIER
RMEFZEMHEBOARAGR, LS Y BFEAEFTROMREAX.
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Fig.3 Comparison between Fourier transforms of ZrK edge EXAFS and YK edge EXAFS for
specimens of 2L (a) and 2I (b)

W Zr BF—#, 20f0 2L REEP Y BFHESEHHRAEARR. 520 XML, 2L K
BE 1 %5 R ATV 3R R 2978 T )RR B 1 RS, &2 A J2 1) Debye-Waller B F (Ao®) 3K i) BE th 8
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X, BRERMCBEHOEFEEYM. DABIARMAEN Y-0 FHEKEAMA, B 2L
REEN Y-0 BRAKAT 21 #E, $8 2L R#Em Y-0 RALETPHFEFLENESAM. X T
Y-Zr(Y) RALE, BMRBEMRMEARR, B85 20 RBEML, 2L RBEK Y-Zr(Y) B A i fr
EVBA®, ABRFHRKBENA, BREERBTU N HPAGELE Y NHRE, SBZR
2 Y BT a8,
2.3 Schottky {3 A ABEMEM tom HTENKMNE

R, PRABARALEEZSHT, ZTBTHNY BFHNRMCBELEHEETHENER. £F
—%6T, ZTEFRYBFNREEEHZABEERRABRENEY. XBEREH. 1)
F 2Y-Zr0; 1, IR T H#M S % P47 £ 8 Schottky ZfI R REXT U HF AR EH A A EEHE
H; Q) KFBRAZNHIERR, £PESRAESEPEERAETF (S0 MART (560
My 8. REEAZARBEER, RBEHEN ZI-0O REEVEASNRE, RBHRREE. TR
B DNEHRRES WL HESE FTRARBHREHE, SERE, EEERTHUHH
MEERBAD. Y005 HANRRRES P ZEE, WUH K Schottky B XA RY %,
TSR B AE AR . XS AN Schottky 2SR BiE F oM Zr BT AE, # Zr BFH
RA R ERA IR, NTHAHNTFRAHNES. EZETF, ALY BB BAR, A
BUERKNEAEREFE. BEETMARBRENNFHER D2 FRRBEN. ME
BEF R, EBTF (Z6) MBABT (Z6) Wy 8esh B m, THFK Schottky 25 pr DR E
MEAT B %=, URFERS¥ETFH. Schottky 268>, Zr-O AL AL P i 025 A B A
P, SEEGAOBEEREE, ATRELSHE - BAMNES. B, PEZSEHRDS
KR AEMMERERRR T WG HF Schottky BEHHBRAKBY HEX. HTFERREE
T, Schéttky ZAr Y BB R FEEBEARR, FUSRMERFRONE (2T . AR
RMHARH#THEENTR. RHE, £EB0NE4T, VEIBTURESHT, WHAHS
#) Schéttky 25 B E T MEZ MWL, WHHKBEHBEZ K, NTSRELS D TIES
RENTH - BFMEE. XRBR T A4 LS T o6 TR 05 &2 R R
BRAESRMAE, HFAMEHHEWMEAE “C” BR, URAIFARERE, t—om HEBH
ERBR, TETUIHOKERL. B—FE, YR RELHD LN, BEN, REt 5
FHKEW Schottky =47, BHABEHBARMA, SEREMEN tom . BR, XFH
BRIV HA D KA.

3 & w

L SPRFEAFAAL, KB LN 42OREF Zr-0 f1 Zr-Zr(Y) ERAE %K BE R,
FHRKYBED, Y-0 REBWL, Y-Zr(Y) FHRKHBA, SRALSHENA. EHHR
BH, Zr-0 BPHREH/IT V-0 FHEK, Y-O RUKET Zr-O MAH. X Apha s
PR BERACE, Yt BFHAFHER Y-0s BALLH.

2 AHARESSHNERRNUETRSRANBFEEAETARE OV & £HRSE
HE, BTRET (Z60) FEET (Z64) B #, 2r-0 RERd M mE K g6,
FB AR BRI, AT R 4 t—m 48735
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