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FH Ak 22 L 0T 3E B ) &% 69 40 8% PSZ(Partially Stabilized Zirconia) [ & %€ 8 T 15 4 Mg-PSZ
BT ARMB ALY DY B4R MgO & hn N B A1 & 18 400 K R PR B M s B
(<1550°C), A1t F Y.03 Fl MgO B AR EMEM o-ALO; B BER KRG RN T
M, KB TEEBHAS PSZEE.

FEN T AP, ATAEUTIW Zr0, HEE, AUBRERSEH SR, EH&d
BaiaAEm KRS ZBRENREAR. BAHARLSCER [1] R840 H R E M13-S
A, 3% TZP #B AL CeO, fERE B Ce-TZP A8 M A G R R T it Y-TZP E X
B%, TRAHATLFEREEGTFRBE ], ZRE) CeO, MHMER, MABMMNKE, 5HiF
HRREVTFERE, ¥ CeO, TMEARE G REFTIAT Mg-PSZ $4 8. Xt Frigit+ L2
BRI R R MR ERE . M ITEREXT I, URRBAFRENH &SI LM ITH.
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PATOL ZrOs, b2 Y203 . CeO2 \ B2 it MgO FIB ALK a-AL O3 N FK, FVLBERER
¥R AwE. BT TRE (Fich CM) | 84 KE (SM) —futl& TZ (WE 1). BH &
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ERFE L CeO; HMARRBE TZP b} & B XS (HRY, Y-TZP 5 Y,03 fl CeO; I MA R
4351 2.3~2.5mol% H1 12mol% B BF 5% LR 3 S B E 6, B Imol% Y203 #9484 F 5mol%CeO;
WEEER. SHARELESHESHESR ., T EMS#EREE R 666x8mm WEF, R
JEEERR P 1550°C, 4h AL, MR HEZR. MEEAEMTRR T A 2.5%x5x25mm #)
K& REEFHEE D, F 1100°C kb 0~24h. = S M SENB = S5 i34 5
MEREWRTREANNSAE. FB XRD, SEM ., TEM #1795 B8 aW 45 .

Zr0; CM Ball-milling in
MgO ethanol [ Drylng at 80 © I

Y;0; l Calclnntlonl
SM \ >
(Ce0y) Ball-miliing in —vIFnst drying at 180 T l
a-ALO; distilled water

I Powder HTwing & Sieving HBall-milllng in ethanill‘—

M1 YREEHERRTERER

Fig. 1 Flow chart of powder preparation by mechanical milling-mixing
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Table 1 Compositions and preparing processes of samples

Composition z%

Sample Processing
MgO Zr0; Y203 CeO3 Al,O3
Al 18 82 1 - 5 Coprecipitation
B 18 82 1 - 5 CM
C 18 82 1 - 5 SM
D 18 82 - 5 5 SM

* Y203, CeOz and Al,O3 are additional; ** Sample A L.LE. Sample M13-S of reference [1]
3 &R 5tk

3.1 HIEFET X EEREM R m

B 1T TRt (CM) MBS /KE (SM) B TEHRER. H CM ¥ &
PRATE R EREE, YR ZBAEA B, M SM $reHB BRI ERE, UEBFKERZBIE NN
B, BRE VY CBAE EREE, LITHTR., BRIP4 NERAR. WTEEPT Z
MUHR WETIZ.

MFERLIHFA, B, C., DEAFMKFENNS, MEKBREEHNERES A 25.82%
1.71% + 3.98% F1 4.01%. B8R, RAZITTEEH SHR R A, BEITREUSELY TER
W RAFE, B B KEEAY, BIBRBEK (25.82%). R CM TZM
Bid#, HIRE (1L.71%), FERRESBHISIANEREEE THRBSHFIDWERTE.
MERASMITZHWC. Dik#, WEEFRELELRX -G, LHYH 2.27%~2.30% H5
Bk, XERHTFREBEVBKBRES BIKSTE O, FEAYM R EVHILER
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Bi, =4 Zr-OH S@41EA, HERHSEERREABPHREENTRY W: Zr-OB+HO-
Zr=2r-0-Zr+ W0, EER H S R M B FIE, ELERMPIFIERORE, LB
18 5 A 19 8 L B O Im LA T B

BAh, KERH T, BT AKORMEAER REAEHEIRE SRR, Hik
RAHBCCHRETHRLYE, FXEASTREL. KR, NREH RS 4. FoftR
TMO B FEENMAENRAR, EHBNOHIEBERIE.

BM2AETAALIEMENEHE TEM By, TLUFE, RAAFFIRERNENH
B A, BRRAT B/, FHEum AL, MRERECURE, Biaowtkd. RAEIL 20,
F#, ACM . SMTZH&K B, C. Dk, BRRTRAFIVIIEEN &M,
CMMBEHEBELISumES, SMEC . DEREEY 0.15~0.20um, =ZF¥H N KM
RERAEERE, HioBRERET

M2 FALEMEHN®HEA,. B, C., DK TEM KK
Fig. 2 TEM photographs of powder A, B, C, D prepared by different processes

3.2 BERASERER

AR AREGHEREN TR JLUELE, FAETZRH &8RS Y% 1550°C, 2~4h P}
BEEE, AXEEEES 8% UL BEEKES XRD HFHEREH, BNE o-ALOs K
NE5SLEM MgO REAERT MgAl,Oy, MgO . Y303 . CeO, BB EMNLTE BT Zr0,
s, HARMU c-Z0 A E.

AR g RARES SEM H L& (B 3), Tl ZrO; VIR ERSMESN B, C.
D&, MLFHATRENEN AR, RRERFENER, B 2~5um, MgALO, KR
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WRESSTTFREAMNER L, U EXRERAEM, REIT 20, fEHEERS, #A
NREERS LY, ARTLURIEMOMRSN. hR2EM2, 3/L, B, C. D
BERRH A BRA KX I~ F, TR &RRTHE, KRETASTFIRESITRE
F&Ee R BEER, ERYIEPBRER K.

%2 BRNREER
Table 2 Sintering properties of powders

Before sintering Sintering After sintering
Sample  Grain size  Green density  schedule  Grainsize  Bulk density Main
/pm /gem™ /pm /gem™? phase
A 0.05 3.18 1560°C,2h 2~5 5.56 c-Zr0;
B 0.15 3.27 1550°C,dh 2~5 5.55 c-Zr0,
C 0.16~0.20 3.24 1650°C,4h 2~5 5.54 ¢-Zr0;
D 0.15~0.20 3.26 1550°C,4h 2~5 5.56 c-Zr0;

- Y ™
] l‘.,_‘ .
“prh g N

B3A. B, C, DReRRaNREKSEM B4
Fig. 3 SEM photographs of the surface of A, B, C, D samples
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MTPSZMBME, RAZFHBRLEIZRARBEATMHAR, AERKERHEEN
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HERAXRME. dEES, WHRKESERENEA (<24h) BDREE . FHEHE1E.
HE 4() R, ERFARHER, 4. FEBEESBRENRED, LELARERE
B A IR REAE A B 24h A3k BB IR B 0E{H (24 800MPa); R CM L. #HI&8 BidE 5 R H
SM TEH &M Cidf:, ERBRBEYA 12h X FEHE, 25K 705MPa il 675MPa. Xt F A
5mol%CeO; fXE 1mol% Y03 fEREF M E/Le ., EHET SR EN XD, BREEE NN
7E 20h 4b, Wik 688MPa. B 4(b) ;R i, WRKHENMHETBEE, HEB M MEEEA
REERE KT E.
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B 4 E#H 1100°C Kb EGT A2 - WRIERML
Fig. 4 Relationship between mechanical properties and ageing time at 1100°C for the samples

(a) Strength curve; (b) Toughness curve

HE 4 RE: (1) PSZHBZHUERMBIBRT HEEREESL, FERE
THHRMEARMAERREAHEE. XPEIMARKSH MO, BEIRRERRS R
BE, SEMBLEL c-ZrO2(SS) BB M EARE TH;: M Y205 . CeO, WHEASREFHAEMN
BastESIBPRURESRIA. HRLERRCEME S RERNY, K 4EILIE 5 #R M
(c-ZrO3(S8) »t-Zr02(SS)+MgO), £/ t-ZrO, #r i K AU . K KB A HERF, W
AREERXN A FRHEMEMERN. X—SEEXK 5] PiRERR, HARKR. HEE
PAL B EEE N RE ., BEFAEREEIER t-2r0; AT AERB RS, KX, RAEET
BHSMERBL.  (2) B 4(a) 7 A4 R BE B R A0 2 8] AR AL S8 RS B K, T B M TR B
Fi 2 b 78 B (6] 5 N R RIS BCR BUE (LA 4(b)). M F 44 PSZ MR S, KEMREWTHF
ERSEX-AZMRE MRUEHRSIB IS TEETE, TR T 5658 K
—#RE; MUBLWOFEDNHEIERBEABRBRTRER P 3) A42%H, MITL
Zr0; HFCKEL, RAYMEBE LY, EH&IBPHOUEE T KREZBENTEN R,
A AT A5 o D2t R BT B9 PSZ Mg e st WRIMLTE . R AT, N4 & PSZ #
BT EAURRET —REERR.

3.4 Jk{LiE

Y-TZP # B BB T ZRF, F 150~400°C HHB T, HIEMBAKERFENHL
T, HHEEFERREMARM AR EEBRABE LR THERFEEA . 5 Y-TZP #
B, MgPSZ LK at®E)5, BEMMARKELASK, KU Mg-PSZ RFRIFHHAK
Wt U S F B EOEMAR PSZHRIE, Y03 WIMARTREET B EIR N
PR 7 MH CeO: B Y.0; ARG REN B ER BB TAKMA 7 §H3¢ B & 8L
#C, D HITHESREHS PSZ MEMHT K.
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B C. DIXFET 1100°C R B &4 THER N EHREIHEEHNEN, WEHFLHE
F (180°C, 1MPa) §/K#kF T 4> FI 4L ¥ 10h 0 20h /5, FIA=S BB ERFAKXETH

B RE or(E 5), FIH XRD 343 b8 m-ZrO; AHE AR (LA 6).
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Fig. 6 Monoclinic phase content after hydrother-
mal ageing of sample C and D in an autoclave
with water vapour at 180°C and 1MPa. Values
for 3Y-TZP after Hirano & Inada!®

B 5B i, B % 6985 PSZ AHSHE (180°C, 1MPa) Ik #45k f4 T #4b 2 20h, 3R B9
FRAEMAK. R (Ce, Mg)-PSZ bk (D 4REE) IRBEHRIEM, M2 F, (Y, Mg)-PSZ
BB (CRB) WA —EREAER, XS Y0, WEEHR. R (8] &t Y-TZP
PR K S T AT R B HLIE , A ME AT Y205 5K OH- BT KA AR
YO(OH) A &4, WM t-2r0, HIK R, FE S HERMEERER. £4%F Y-TZP ki
EMBEPRER—, B CeO; HR Y,05 Hl&# CeTZP bl R AN S HAEK
Bt (0,

Bl 6 7% ik #% FFF (180°C, IMPa /K¥8)3Y-TZP #1448 & C . D bbbty 414825
MR HF (Ce. Mg)-PSZ bk (D iX#h) HAHH & REGH A ERT W2 L BA, T
SY-TZP HA} i 81 IR ], (Y, Mg)-TZP #1H (C ) AF —HZ M. XEW. (1)
(Ce, Mg)-PSZ #H# LU (Y, Mg)-PSZ HRIFMITKALE M (2) HA BT M PSZ AR
& TZP BN E R RIFAIAILIE. XTRSHBHARAMLNELHNAL. PSZ HH
t-ZrO, 7 4K TE ST AR SR P A EL LS AFAE, 5 Y-TZP bhH 8 BRI 34 LUE B ¢-ZrO, HIFF
A, HOUKAHESR. Y0, AR Y-TZP ERESBE (Y, Mg)-PSZ 4,
A 5K FH OH- BT RMEM . MTTRAET 200, BB EH. T CeO, YFFTE,
MAERKERE EMET TZP & PSZ BB A HT ALt

B 5 % PSZ #R IR REK M40 2R (180°C,
1MPa) B} [H] #9224

Fig. 5 Flexural strength vs time of hy-
drothermal treatment at 180°C , 1MPa for
fine-grained PSZ ceramics
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1. BT ZrO, fEJFRL, RAVBRERSITE, RAETERBERMKBET (L1550°C)
BB AAd (2~5um) SLTRRE |ALE (CSZ) B &, £ 1100°C & i R ab Bl (Y,
Mg)-PSZ #1}, ZiR5RE 4 700MPa, HI#E7E 15MPa-m!/? 247 53R F b2 3L UT e vk il & 1Y
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HMARTARAHEAL, KEBMSHHERL ZRBERE, HEEES.

2. MBEEHERMHMITES, EHEIRPHSAZET KRB ZEEREAN
B, BB ENER R/ DEIBERELZEELRK. RESANBREWH gD
REEE, KRS KELZRTITHY.

3. % CeO. 15 & 5 & 7] A ¥ 7] ) 45 1 58 ¥ 7E 680MPa, #4425 15MPa-m?/? Z2 45 # 41
o PSZ BB AT . B AT CeO; IMABRAXNE L, FTFHEARREHS, HCeO: &y
e, FFHF ks
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Process and Properties of Fine-grained (Y/Ce, M)-PSZ/MgAl,O,
Ceramics

MA YA-Lu! YUAN Qi-Ming TAN Jia-Qi |{ZHU Xuan-Hui|
(Department of Materials Science end Engineering, Tianjin University  Tianjin 300072 China)
t(Depatment of Chemistry, Tianjin University  Tianjin 300072 China)

Abstract

Compared to fine-grained PSZ ceramics prepared by coprecipitation, the costabilized (Y,
Mg)-PSZ and (Ce, Mg)-PSZ wigh MgAl,0, spinel additions were developed, in which industrial
zirconia was used as the main starting material. Powders were prepared by mechanical milling-
mixing process. During mixing process, distilled water was partially used as ball-milling medium
instead of ethanol. Feasibility for milling-mixing in distilled water was studied. The experimental
results showed that fine-grained PSZ ceramics sintered at low solid solution temperature (<1550°C)
could be achieved by mechanical mixing process, as well as coprecipitation. These materials had
good mechanical properties: the flexural strength and fracture toughness at room temperature
were about 700MPa and 15MPa-m!/?, respectively. After hydrothermal treatment (180°C, 1MPa,
in distilled water) up to 20h, (Ce, Mg)-PSZ materials exhibited much better thermal stability than
(Y, Mg)-PSZ ceramics.

Key words fine-grained (Y/Ce, Mg)-PSZ/MgAl.0O4 ceramics, industrial zirconia, mechanical
milling-mixing process, mechanical properties, thermal stability



