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ABSTRACT

AlLOA-ZrO, particulate composites were prepared by sintering al 1500°C and 1600°C for 2h in ar and, miciostructure
and mechanical properties of the composites were investigated. Although most ZrQ; particles existed al Al,O, grain
boundaries. a fow Zr(; particles existed within Al,O; grains. AlyO; grain growth was depressed due to the pinning effect
by Zr0, particles. During sintering, coarsening of intergranular Zr(, particles cocurred as a result of the elimination of
Zr0, iniraagglomerate grain boundaries and the coalescence of dragged ZrQ, particles by migrating Al,O grain
boundries, Changes in mechanical properties of Al,O; composites were dependant on microstructure of Al,Oy matrix and,
on size and structurc of dispersed ZrO,.
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Fig. 1. XRD patterns of (a) 100AL, (b) S80AL/10YZ/10CZ,
{c) 8OALJ20YZ and (d) B0AL/20CZ compacts

sintered at 1600°C for 2 h
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Fig. 2. Relative sintered density of (a) 100AL, {b) 80AT/
10YZ/10CZ, (2) BOAL/20YZ and (d) S0AL/20CZ
COMIPAacts.
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20CZ compacts sintered al 1600°C for 2 h.
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Fig. 5. Bending strength of sintered {a) 100AL, (b) B0AL/
10YZN10CZ, (cy 8DAL/20YZ and {d} BOAL/20CZ

compacts.
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Fig. 6. Fracture toughness of sintered (a) 100AL. {b) 80AL/
10YZ/10CZ, () BOAL/20YZ and {d} BOAL/20CZ
compacts.
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Fig. 8. Profiles of induced Vickers indentation cracks for (a)
BOAL/OYZ/ACCZ and (b) SC0AL/20YZ compacls
sintered at 1600°C for 2 h.

4L FE2 dFNLRol, G208 4 2
10,08 Fale] AmEle), AR v v
S80AL/10YZ/10CZ AFAAME dFnt Y-higs &
F A Fig. 8a). A7 1= ol

4.1 #

L0DAL 3HR-AA 2R me] A5e dfafe] B
ot & AT ol e AR QAT aEs
SakslT, el AU EIAAdDT (S089%)E ZuiA|
Art dFepted 28E 5 &rt— A EAete]

(1000~2000 ppmp "+ Hoerv= 2TA H§xls €5
HLbeh A2 2uelrt oAy dAle) Yoz Easke
PRl TEE ZRETh Zr0, Rk Frl)) whE Ek e
AU Tk uic'l Al 711 FHol M Ak
ATl Az, v AEFYe) YAETEE 03 pm.
HIEAE - 180~240 mi/e)@] SR sl gFuu

HHETFAA 20 pm, FEEE 41 migel ¥]sk
2AETE AT YR BAs we B39

Al Ayt o2 e)EjFl Ade] e, AE4EE
Azge] Fl-go] S7HEeE, QA= AageE
G 2 qheA|e) vsle] B8] asin)” 24,
Weabgs A=) o] Zi0, Yabe AkgelA o
APdde s Wefala, old] w2 whelg e Fuuldal 1
AL 44L dxg TaAzIch Aridez g
el wAS 80AL/20CZ A7 4
B AZLTN A7 uhE Aol R(93.0%(1500°C)
1 94.4%(1600°CHE HERASITE A, 717%442] 5ot
o] Lol Agahd 7l Zr0,2] ol uke
7];{])\1;_} }A;ﬂ— Cﬁz—ﬂyl— H“c;-‘ﬁlj;ﬂg] AHAYUEE 71-}-.]\15‘!
= Q).

ZTAEFA NN 7 F7E] 70,
(Figs. 3, 4). =, ALO;3A} Alo]]
Al diaog =% clRd 20, EA%
ALOYAPAA fATeE e wiAF 20, 4At
oleh. AFR=7 1500°CHIA 1600°CR gl nizhd
HA 710, PR YUl Zr0, HRED whE SR A
Ak, ARt EgA A A2 gAke] 48 Ostwald
ripeninge’}t ¥4 (coalescence) ™58 B3k old

Atk Fgs. 3, 904 £ 5 2l vielgdo]. oi§ e Z0,
e HIEHE ALO; 7ol EAllsha, mepd &
AAHE Zro, 4] Fisls F2 A7) LA
AAHEE 2 Ak 2 ALOSIAY EAlske =
zr07 WAL =hElrE BAolla ot A2 ¢ 'M?l
s AT doldtia ©AHE = g
A Ak o A diAs SgUAE st
B AgelM AxE ZTA FEAL AelME 717
2 ALO, ARl AR FAIS 20, YRS
A= *37}3‘ T Ao Tk 7R gAelBe] 2
HErhd, -SHAHe o] PASE oF 20 94

Frale

YAt Exstsict
Aste @l m

o"‘ How e

[+

e FHrHE oA R0 wel ohk gEA A
T 1200°C ole] Ad2EdA] Y-TZPe| 49 4A
22| s|Eg|&o| BA2], CeTZP H-H0lA 9] Aalg2
el wlsle] HAlel, mEkA] ]Eﬁhrol i
7] elFze 449 drapg mechanism™] 2JFA] A%

o2 ghel] Ce-TZPY 9= o] 7|79 Hao= ¢13]

o TS} AEe = fu:] " FUE 220 voltk)
o] LO.E BEle ZTAY) A5 YoM, 21593 a3
9 %k%ﬂi Sl8led B0ALROYZ 3 80AL/IOYZ/10CZ
o] HEled S0ALR0CZ LA 7Zr0.9] AtiHos
Z Y9%o] defdtt.

Zr0, YA A7) 2)3 ALO, SEAe] LM g
Aws) mhglde] TEL OEe] ¥ o agles A
HE & 0]\2 A Atk A, =2 e vlAF Zr0y
Ql
=

T BAE 9AL] pnningel] TR 7174

[ﬁlo

A 36 H Al 7 F(1999)



740 AT - olbE - RS

Ydake| et E4, 20, YRl THE B
213 BikAe] Agleln). wWegly AEulids T=s
214l mAE= YA Feke
t>m HEleE2 7 AH s}
well. Y749 F7le Goffith 2]
&, wlghA] sl sl AFEith s S AW
9] mbHe] sl XRDE F@E4F A=), 30AL/
10YZA10CZ, S80ALP20YZ B! 80AL/Z0CZ A4 A (1600°C)
o] AL halAARe zkzt 3, 26, 6.3 vol%e T
g AgerRRe danEs e s ot ¥
g gekEhd, oFg S8 A7|2 sk dAE W
= WA volBeler, 238 24 A
o|ESA] gokt], el 2El| ukE 2AE AR
skl FlAte] 9 Al AR A2s] oo
Zr0,= 6.0 10°CH2 D20 Ho-ALO, = 100 10°CY
1Ay gagste] BYa|2 dsie] dEE viEd 2
Wkl E 70,0 AEES] em HE|Z 918 nMe
del 2)gt Hew FHHAL,

5&% £

g89] ALOYZIO, EFA7T F71500A 1500 B
1600°C, 2417} A 2lsle] A==gr). 20,8 H7F
' ALGE] PEE EvEos oFsigan Eg o
o] v|ArEe) g Hrgk e PaAEH o] £
= YZY-TZPYE {718 A8} YZ/CZ(Y,Ce-TZP) 2
CZCe-TZPYE F71er ZA4Rr) o #ch gL
Bl Ao} 20, YRR ALOE] YU EXsile
U tjEEe) zro,A s A1k HEE ALO; fA-e
EASED 70,2 YA AFHEE, YR £
Aale 720, AR M2 PALER ALO; BAAT
olo] ZAERe 710, YATE ALO; GAIS) ol Fol g5
A Az Hol] FAR FAAAS Bl dold + U
ol Zr0.2) HoHuAL vze] A%rt AY stk

7108 Arlel] W ALO, AdH|9) 7)AA 42 gk
Abs 37RAE] Fo vl TaE S ofsia] AuEs
Aow vepdcl FlRe] o oA, skt B
Ake] gulFte] Bo)R o5k WAlsks mHaE E U
AR E 7i0,Y AL emHER A nd s,
710,28 287 t>m WEo|t)k, B Helds A
Aer @ HE 70,2 BHe DAGe) A9 FO9H
e Biaident s czste] AsrE A Fih

o] =ge 1000 = -k Ekr

ERLE L

2715 - g
£ deh pAE AT ohgd Fos 4aisd
TEEFHE AT IRE AW Bk

1Q.

11,

13.

REFERENCES

. N. Claussen, “Fracmure Toughness of Al,Oy with an

Unstabilized 710, Dispersed Phase,” J. Am. Ceram.
Soc., 59(1-2), 49-51 (1976)
W.C Moffau and H K. Bowen, “Thermal Processing
and Properties of Highly Homogencous Alumina-Zi-
reonia Composile Ceramics,” J. Mater Sci.. 24, 3984
3999 (1989).

. DY Green, “Critical Microstructure for Microcracking
in ALO,-Zr0, Composile,” J. Am Ceram Soc, 65(12),
G10-614 (1982).

. RA. Cutler. RJ. Mayhew, E.M. Prettyman and A.V.
Virkar, “High Toughness Ce-TZP/ALO, Ceramics with
Improved Hardness and Swength.” J Am. Ceram. Soc.,
T4(1), 179-186 {1981).

. K. Tsukuma and K. Ueda, “Strength and Fracture Tough-
ness of [soatatically Hot-Pressed Composites of AlO4
and Y,0,-Partially-Stabilized 7r0,." J. Am. Ceram
Soc, 68(1), C-4-C-5 (1985).

. DJ Green. R Hannink and M.V, Swain, Transfor-
mation Toughening of Ceramics, pp 57-93, CRC Press,
Inc.. Boca Raton, Florida, 1989

. I. Wang and R. Stevens. “Zirconia-toughened Alumina
(ZTA) Cetamucs.” J. Majer: Sci., 24, 34213440 {1989).

CO1FEL &8, A9, 271F, EAM, “Y-TZP/Ce-
TZp F&AEHE 2] A= 3 BEAAT," 498,
33010, 1177-1185 (1994).

. Q82 ol&g, AYT, 2715, FEAl, “Yy05-Ce0s-

700, FEATY 2 Az W B4 I A2 717

A ogd 2 A AN aydshEA), 3401), 102-108

(1957)

E. Tsukuma, Y. Kubola and T. Tsukidate, “Thermal and

Mechanmcal Properties of Y,0;-Stabihzed Teragonal Zi-

coniz Polycrystals”, pp. 382-390 m Advances in Cera-

mics, Vol. 12, Science and Technology of Zirconia IL

Ediled by N Claussen and M. Ruhle, The American

Ceramic Society, Columbus, Ohio. 1983,

K. Teukuma, “Mechanical Properties and Thermal St-

ability of CeQ, Contamning Telragonal Zirconia Poly-

crystals,” Am. Ceram. Soc. Bull.. 65(10). 1386-1389

{1988).

. H. Toraya, M Yoshimura and S. Sermiya, “Quantative

Analysis of Monochinic-Stabilized ZrO, Systems by X-

ray Diflractions,” J. Am. Ceram. Sac.. T1(3), C-183-C-

L84 (1984).

B.R. Lawn and ER. Fuller. “Equilibrinm Penny-like

Cracks in Tndentation Fractare,” J. Marer. 5ci., 10, 2016-

2024 (1973).

. I, Netleship and R. Stcvens, “Telragonal Zircoma Poly-



15.

AL Oy Z10, S8 axlTE g 7)Al 442 741

crysials (TZP)-a Review,” Int. J. High. Tech. Ceram., 3,
1-32 (1987).

K. Ramjbar. B.T. Rao and T.R.M, Mohan, “Efiect of
Zirconia Allotropes on Fracture Toughness of ot-Alumma”
; pp- 473-484 in Advances in Ceramic-Matrix Com-
posites, Vol. 38, Ceramic Transactions, Edited by N.P.

Bansal, The American Ceramuc Society, Westerville,
Ohio, 1993.

16. MM.R. Boulz, AJ.A. Winnbust and A.J. Burggraaf,
“Yttria-Ceria Stabilized Tetragonal Zirconia Polycryslals
: Sintering, Grain Growth and Grain Boundary Segre-
gaton,” J. Eur. Ceram. Soc., 13, 98-102 (1954}

Al 36 A A7 E(1999)



