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Table 1  Physical data of crystals and polycrysatls.

) CTE of crystal (x10° K™) Crystal CTE of Polycrystal Strength Young's Micro
Material System x10° K™ Mpay ol ok
Oy ol Ol¢ (GPa)
[Low] a<20x107°
TiO, - ALLO3 11.8 194 -2.6 (25~800C) oOrthorhombic 0.2  (RT~1000C)  10~40 5 Yes
2Mg0-2A1,05:58i10, 2.5 -0.9 (25~600C) Hexagonal 2.5 (RT~600C) 250 141 No
Li,0- Al 03-2810, 6.1 -13.8  (25~600C) Héxagonal  -7.0  (RT~900°C) 30 80 Sometime
Li,0-AL,0O3-4Si0, 2.4 7.0 (25~6007C) Tetragonal 1.9 (RT~1000C) 150 80 Sometime
[Intermediate] 20x10° =< o < 8.0x107°
Z1SiOy4 3.1 47  (25~600C) Tetragonal 4.1 (RT~1000C) 100 140 No
3A1,05:2S10, 3.0 5.7 5.0 (25~600°C)  Orthorhombic 4.0  (RT~1000°C) 300 147 No
[High] 8.0x10°%<a
ZrO,; B3mol% Y,03) Tetragonal 11 (RT~1000°C) 1200 200 No
AlO3 8.8 9.6 (25~1200°C)  Hexagonal 85 (RT~1000C) 500 400 No
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Ir'/v Repulsion energy

\ R(A)

Potential energy

l
j=— Coulomb energy

I

Fig. 1 Relationship between atomic separation and
potential energy. Atomic separation R, at 0K

increases with the temperature elevation as
R,— R, — R,
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Average linear thermal expansion coefficient, Bx106/ °C-1

Fig. 2
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A: Grains with low thermal expansion
B: Fine grains with high strength

Fig.5 Scheme of a network formed from low
thermal expansion grains embeded by
fine grains with high strength.
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Fig. 1 Mechanical model for solid with high density of
microcracks.
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Fig. 2 Minimum thermal strain required to initiate crack
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Fig. 4 Contact of three grains, A, B, and C with
different thermal expansion coefficients,
B, B’, and B”, respectively.
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Fig. 8 Schematic model for a discus-like microcrack
with an opening, AT G and a radius, L.
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Fig. 3 Composition dependence of bending strength, specific
elastic constant and internal friction of alumina-zirconia
composites: (a) alumina-unstabilized zirconia (EP-Zr0O,);
(b) alumina-partially stabilized zirconia (3YZ) fired
at 1550 °C for 3h.
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Fig. 4 Fraction of monoclinic ZrO, phase transformed
from tetragonal ZrO, phase.
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Fig. 5 Location of fracture origin seen under an optical
microscope after bending test for alumina-unstabilized
zirconia and alumina-partially stabilized zirconia
composites of different composition.
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Sum

Fig. 6 Microstructure of fracture surface near fracture origin:
(a) alumina-unstabilized zirconia (30wt% EP-Zr0,);
(b) alumina; (c) alumina-partially stabilized zirconia
(60wt% 3YZ).
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Fig. 8 Normalized fracture surface energy.
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Table 1 Analytical data of the starting powder of the eucryptite
(wt%) obtained by X-ray fluorescence

SlOz A1203 F€203 T102 CaO MgO Kzo Nazo

49.1 398 024 0.76 0.04 004 0.12 0.03

Table 2  Thermal expansion coefficient of the composite

Composition Thermal expansion coefficient
[10°K™]
3YS-PSZ YK

(W t%) (Wt%) 1275C 1300°C 1325°C

0 100 -6.3 -7.1 -7.5

25 75 -1.8 -1.8 -2.6

35 65 -0.34 -0.24 -1.0
45 55 + 1.6 + 0.98 +0.79

55 45 +3.7 +23 +2.2

65 35 +4.4 +3.2 +3.1

100 0 +11 +11 +11
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Table 3 Dissolution of lithium ions into solution from the eucryptite
powder during milling and the effect of alcohol on the dissolution

Amount of alcohol added to
water in the slip (wt%)

Fraction of the amount of
dissolved lithium ionsto the
theoretical amount in eucryptite

10
30
50
100

0.45
0.16
0.12
0.10
0.025
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20 30 40 50 60
CuKa, 26/ deg

Fig. 1 X-ray diffraction patterns of the as-received
eucryptite powder.
E, Peaks assigned for eucryptite.
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(b)
30 0 50 60

CuKa, 20/ deg

Fig. 2 X-ray diffraction patterns of zirconia. (a) as-received
3YZ powder, (b) after firing at 1300°C for 3h.
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W 35wt% YK
-A  45wt% YK
L ® 55wt% YK
0 65wt% YK
0.5FA 75wt% YK
O 100wt% Y

Expansion / %
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| | |
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Temperature / °C

Fig. 3 Thermal expansion curves of YK-
3YZS composites with various
composition ratios.
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(a) | 10 pm

(b) . . I um

- G e

Fig. 4 Microstructures of the composites with different
zirconia sources. (a) YK: 3YZS=55:45, (b)
YK: 3YZ=55:45 with ratios in wt%. Samples
were milled for 115h and then fired at 1325°C
for 3h. Microcracks observed in the sintered
body of the eucryptite itself.
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Fig. 5 Thermal expansion curves of the
composites of 55wt% YK milled
for different durations and fired at

1300°C for 3h.
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O A 1275°C
O 1300 °C
A 1325°C
OFR -
] ] | |
0 100 200 300 400

Thermal expansion coefficient / x10° °C

Milling time / h

Fig. 6 Changes in thermal expansion coefficient
of the composite for various firing
temperatures with milling durations.
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Fig. 7 Changes in bending strength of the
composites of 55wt% YK for various
firing temperatures with milling durations.
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) e i 10 pm

(b) - | 10 pm

o R —

Fig. 8 Comparison of the microstructure for the composites
of 55wt% YK fired at 1325°C for 3h with different
milling durations: (a) 21h, (b) 115h, (c) 382h.
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20 30 20 50
Cu Ka, 20/ deg

Fig. 9 X-ray diffraction patterns of the composites of 55wt%
YK fired at 1300 “C for 3h after 115h milling. Peaks
were assigned for T, tetragonal zirconia, M, monoclinic
zirconia and E, eucryptite.
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Table 1

Strength of the composites processed with different milling time

Strength / MPa
Mllllng time for size 0 ) 145
reduction /h
Milling time for mixing / h 15 40 165 15 40 165 15 40 165
1350 32 69 121 67 67 78 8 87 84
Firing temperature
/ °C 1400 36 65 108 51 61 95 74 100 101
1450 42 66 81 62 54 82 74 67 718




I8

Table 2 Thermal expansion coefficients of the composites processed with different milling time

Thermal expansion coefficients / ‘C"  (x 10)
Mllllng time for size 0 7 145
reduction /h
hMlnmg tme formixing /15 40 65 15 40 165 15 40 165
1350 -0.59 330 62 1.10 46 594 573 574 555
Firing
temperature / °C 1400 -2.50 0.21 4.58 -131 1.03 4.63 295 452 5.6l
1450 -2.09 -0.39 0.61 -0.60 -0.15 0.55 -0.02 0.03 0.0l




(4

Table 3 Dependence of thermal expansion coefficient on composition of composites

fired at various temperatures
Coefficient/ “C™ (x 10

Aluminum titanate / wt% 0 25 37.5 50 62.5 75 100

1350 80  -2.7 6.3 6.8 6.6 7.0 048
Firing temperature / “C 1400 8.7 0.86 5.6 2.1 1.7 7.8  -0.46
1450 8.8 -50 -093 048 0.27 -0.12 -0.69




Fig. 1

]
o
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~
L
2, 1450
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Fig.2 X-ray diffraction pattérns of the following composites

A) the composites prepared with different milling time for the size reduction
of aluminum titanate and for mixing for 1) Oh, 15h, 2) Oh, 165h, 3) 22h, 165h,
4) 145h, 165h, respectively, and fired at 1400°C, each name of the peak
expresses that for compounds, respectively, ZT: zirconium titanate, Z(m),
Z(t): monoclinic and tetragonal zirconia, AT: aluminum titanate.

B) the composites fired at 1) 1350, 2) 1400, 3) 1450°C

C) the composites with composition in weight fraction of aluminum titanate
1) 0.75, 2) 0.50, 3) 0.25, and fired at 1400°C
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Fig. 3 Thermal expansion curves for the composites with equal
weight ratio of aluminum titanate and 3YZ.
A) fired at 1350 °C, B) fired at 1400 “C after milling for
size reduction of aluminum titanate (TA) and for mixing
with 3YZ for 1) Oh, 15h, 2) Oh, 165h, 3) 145h, 15h,
4)145h, 165h, respectively.
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Fig. 5 Microstructures of the composites with different milling times.
A) fired at 1350°C, B) fired at 1450 °C, for size reduction of

alumium titanate (TA) and for mixing with 3YZ for 1) 0 h, 15 h,
2) 0 h, 165 h, respectively.
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Fig. 6 Microstructures of the composites with different
compositions.
A) fired at 1350°C, B) fired at 1450°C, after milling
for size reduction of aluminum titanate by an attrition
mill for 100 min. and for mixing with 3YZ for 24h.
The compositions in weight fraction of aluminum
titanate are 1) 0.25 and 2) 0.75.
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DR, [ILEICLH->THEELZTDY. Fig. 5 IZIXRICHEI DR
FE LB R OMEBZ R UTIZA, MELNEBEEOMBDX %<
HRTRICHBE R OB B LI R Z 2 HA T T 5L Fig. 5
HFCREE A 2 U7 ARICH Y 2 A3 A IR U B &R -
TWB. O E B 2T LI BT BB AR BMENIZH 0 b5
TR EBENELRS>TWATZOIHEBIZEV AR TS, —F
C, DO EZEF U2 sUIMBVEEIZ L > T _ ETH A MICEEIL,
RVTVAEBNIE VR ROND. KIBTHEMRLZLDICHEY 35308
TIINHBEBRIIBEINDD, BRBEBIIET /IS, Zhb
DEFEIY, BREBEEUMCNTERBIZITARBROER F 5
B -1 hlEZLND. LICZDIIRNEEEEOMRBEL LD
TR AERFORREZHONICTHIRVIISEFE THAS.

6.4 BHROWKIZONT
BHOBKIZOWTIIE1EICRB WO TEHERAIIC penny crack BID

AHCRBEMIESN TS, LT, FE S EOFH BT ILI=
AL—DLTAPRIZEBWTIL, BB FRIZEEELTRINIZBWTY
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WET DG ENERIN. £/, BEE TR RZ BT X HhI
BOBEICO28FLBERINT-. F4BIZRBIDZFIVBET L
ZUL=UNAZT RICBWTE, MHAEEBROERIZOWNT
XIR AR STDTIIIZBHERICETABEL RN, ARE
WHEF DO FERIZHDWTOEBEHIZOWVWTEREZEBIMLZV. Fig.
13 A), B), OEFFVBTNI=UL—UNa=T RAEOMM
BEBEETHS. ATESBEROFZ BT NI=r7 LEMOBERE
EHIZRON2BEOWHIEETHD. BRI T LU TRIRITAY,
BAHRIXITROETOVIRI BB TR > TS, Zhico =
=T EBRMUTEEMEIEL THEIZOWT, OXRICREI ORI
HIZRBITHBEOBEMET, @QIZHAINCBIIITITHRIRIZR
STHRELTWAEFEBERTED. DWIFXVEBET NVI=U b — A
FARROBHEEEEL OO R L. BFIIAEI TONR
7z, BLFUZIR - THE, RENOT OB IR SO MefFoT- 8%
xR (a, b)DMLIZ, RENEKEE()L, < NI ADLTAMAITY
BAHNERTEBADBEEINTWVS. 2TA MR IRETH
RN aA=TEN O IRETARIIGBEIE T F BT NI=
T ALDRIREDP T LB RIC TRW=OIZHEIIIE S TiERvas, |F
EHBELTEZDIEITIINOEEM B ROBEERIIIEFICA
SUE AT G DSFNZ L, BREEIITZ BT NI=T LDRIIKHIE
IFRIENDR RO E IO REWVWAREREL S TWNAIETH
5. SHIZBREDONBITIIR AN EERT, v N w7 RZX o Cidhi
RIZEEEDHOLBNIE, KINEELAZEZ T RbHHIE, SHIZ,
<N oI ZRNTHBREEALDHELHD. AL TITRAE DM
GBI RICRBZELK KBNS TITNEL, S HBIRDOBE
F—INEFINNIL, N o2 ORBIRICKH T HEER A
ABBoN5. INOBRERITBHBEROBERSEM AT, N,
LAZIVREIND. SHRIDICEBHBEROBBII OV TERE
BRODVERHD.
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6.5 RBF - SRETHRITHIESHHEEDITIEZRAF
DEBEFNSERBZFDLHLSIVOLLANIIZEITHXE
AF

UL BB AT R IR R - B iR EE S M B2 o5 D
BYE TR K13 Hasselman RRKEKOBRELZ, EEMEHNEIC
BAETHEHBHEORE LARBRIZL > TR RS R ER T
5. ZOFER, MEITAROEMELBIKT 35720, (KEUZKR
fbEBmRELDT-DIZBE TR FOREELZITY, TEKFD
NG ARBLBZENBEDEEE THS. KRB RILOT-OITITE
NMAEE Y2V OBRBEED BWVIHIEES R LN DT,
LOL, ZRLSMT, BROAREREL TODMELD S OB
SRR B, BARERDIDOEFIREZE AT, KifE G, ZLTAREK
L EREEBLINOIIELLUHRER TOBROBHERBARIZEITD
BRBRICHETITRERICIVRESNLTNS. ZOBRDF
WIS 1 BCRITAR(1-2-2)12Y, BREARKTDIETHIL,

i a2 Y 2 3
AT = ﬂf(lz 2u)2 LSU-0DNL ) e
| 2Eja”(1-07) 9(1-2v) ,
bbb,
r 2\ Ar2 75 2~ 17
AT, = 128201 - VN2 1 8lax EO] . (6-5-2)

B ER M T XL — DB BREORELE X DD TR,
BHEOBRAEIZIYN, BIO L ZHREL, ARERERETHREL
TEHETHD.

REDELZAZDIHRBIRIBRICBIIIAREREDHE, &
AR, BEAREICETAMIET —FITEOO TRLILTVS.
SHOMEICBNT, TRERLEEEER - sRE/OBRIELEY
ORI BN BAEOKE AR RER 2T H0NERN
b5, iz, BHEOGHSEITRESBIFER~DRIBMEELE
NS R D BB LA L.
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Fig. 13 Microstructures of specimens in TA-3YZ and
TA-Mu systems.

(A) aluminium titanate, (B) polished surface of TA-
3YZ composite, (C) fructure surface of TA-3YZ
composite, (D) polished surface of TA-Mu composite.
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