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ABSTRACT Due to the excellent high temperature mechanical properties, Al2O3/YAG/ZrO2

ternary eutectic in situ composite is considered to be a promising candidate for the material, replace-
ment for nickel based superalloy, of new generation aero space engine turbine blade. The directionally
solidified Al2O3/YAG/ZrO2 hypereutectic ceramics are prepared with recently developed laser float-
ing zone melting (LFZM) apparatus. Full eutectic lamellar microstructure, free of primary phase,
was obtained with hypereutectic composition. The formation of solid/liquid interface morphology
was analyzed in detail. The microstructure texture tendency was explained by combination with
interface morphology. The experimental result indicates that, just as the prediction of JH model, av-
erage spacing of hypereutectic (λav) agrees with the inverse–square–root dependence on solidification
rate (V ) according to λavV

0.5=14.7 μm1.5·s−0.5. In lower solidification rate, the lamellar spacing of
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hypereutectic is higher than that of eutectic composition, but the situation reverses in higher rate.
The main reason of such phenomenon is that the addition of ZrO2 effects the thermal and solute
transformation in the melt. The influence of transformation condition on lamellar spacing was ana-
lyzed synthetically by using classical irregular growth model. The formation mechanism of banded
microstructure, often observed in laser zone melted solidification processing, was also discussed.
KEY WORDS Al2O3/YAG/ZrO2, hypereutectic, solid/liquid interface, microstructure

1997 ', Waku % [1] ,')-() Al2O3/YAG

."*(/0&#$+%1'&*+). Al2O3/YAG .

"*(/0&#'',*()+(* 1800 +(),-)

300—400 MPa[2]. Su % [3,4] *,23-,-.'4

5.6-/+ Al2O3/YAG 7.."*(/0&#, .

,+//,0."(001, 1*,28-323//(

9:.1+;41 17.5 GPa < 3.6 MPa·m1/2. 2=

/3., [5] 54, )56>0,6?@0A142),

Al2O3/YAG ."*(/0&#''B7+)1738

41, )-(-Æ-29'87), Al2O3 5C69B7

19D. YAG, YAP < YAM %578''7+)34

*5 Al2O3, 96'B7Æ7: Al2O3 /ÆE:8F
[6].

9/.";:Æ: (67B7+9;;<;:Æ) G8;

H<<<=9., 9> Al2O3 'I8+=>-J?@'

'7+).

A- Al2O3/YAG ."*(/0&#:,'=Æ

E?>@/?=':.1+ (; 2 MPa·m0.5)[7]. 2001

', Lee % [8] *,B@5-/+<A1 0.3—2 mm, 0

500 mm ' Al2O3/YAG/ZrO2 =.."CD. K:5

E42)L3' Al2O3/YAG 7.."*(/0&#,

=5<=9. ZrO2 '<<, Al2O3/YAG/ZrO2 =.

."9>MF, :.1+M- [4,9,10]. *>, 86?K

Al2O3/YAG/ZrO2 =.."?.;)7GAN42)

'9>9&*+)B0+OÆ., [11−13]. ., [14] 5

4, H@ANÆ7'A<, Al2O3/YAG/ZrO2 =.."

&#'9>MFBMPBD, 9>=CQICJ>RD,

D, E>, &#&*+)5'@M*'SJF+. Oliete

% [10] *,23KT-.'45, )ANÆ71

1200 mm/h 42)-3' Al2O3/YAG/ZrO2 =..

"CD, /',*()A (4.6±0.1) GPa. B@, CCD

UL+'.,DVG).".;?, =DE.".;'.

,EW>. H&#DE.".;FIJG9>G@'E(

5, =E(5'@'FCK&#&*+)K.XFMY.

2=, )H&*G(HI, )Z,[42), I\H#.

;)."?]/J+GD, =5E(5'HJ(F5."

9>, >KE(57C@', DE.".;GL)^L3

L."9> [15]. E>, KBHM."*(/0&#5?

_;:@)0'. =N, 1+LM Al2O3/YAG/ZrO2 =

.?@AN01, DE.".;'.,@I7)>'. N

MN+ Su% [3,4] *,23-,-..,+H."9O.

" Al2O3/YAG/ZrO2 =.*(/0&#'9>PO.

OP, ))^3*L."9>'.;`QN, RQ

Al2O3 I8?>'.;90O'@RJ:, 3*Sab

PT'$+L."9>' Al2O3/YAG/ZrO2 =.."

*(/0&#@SE?@UH'T3,D4J. PQ*

ZrO2 '1D99>FD0,, KIGVUH.".;0

1.,KW, L,X.-'23KT-.MJANQ/)

7GANÆ7)-/ Al2O3/Y2O3/ZrO2 =.H."*

(/0&#, ;HKN/VR0PO'bN, ;Y+9>P

BD'HE, 1K/9>O(9PC9>'P.B0.,.

1 56789:;
Z 11*-'23KT-.MJANQ/M1Z. H

WL, Rofin DC015 23R. 1S.-3*(X<H, L

,;3SF23;.%Y8'T[. ;H,0cTS<Q

0UVSFT[%Y8'23JNUL50, GKKUL

B0<H. UL50'3R<A);HGK-,Z6,0

cTS9Q0UVSHHM. CUL923<HP..

-, WVS@@\SULJ)Z6, ULFB0MJAN.

H#L,WX-TBXF Al2O3 (99.99%),Y2O3

(99.99%) [9 ZrO2(99.9%) dY, U Al2O3, Y2O3 <

ZrO2 'Ze;:;41 65%, 15.4% < 19.6% '3[

\#, <<; 5%(Y8;:) ' PVA \YZV;[Wf

0(Xg, ) 25 MPa '2&)2-. 68 mm×4 mm×
4 mm 'XC]-?. HgF]-?^5 1500 +F9

G,( 2 h ]Y. 23KT-.^_)F9)B0, T

Y2367S 200 W, 3R<A 4 mm, ANÆ7 2—

30 μm/s. )^_'`g\hL_Z]675[,^R0

PO.

< 1 ������\�����`a]

Fig.1 Schematic diagram of laser floating zone melting

(LFZM) apparatus
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Fig.2 Macroscopic picture (a) and magnified surface SEM

image (b) of Al2O3/YAG ZrO2 hyper eutectic in situ

composite with growth rate of 2 μm/s
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Fig.4 SEM image (a) and EDS results of the phases denoted by A (b), B (c) and C (d) in Fig.4a of the as–solidified

Al2O3/YAG/ZrO2 ternary hypereutectic
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Fig.5 Macro (a) and micro (b) paragraphs of solid/liquid

interface with solidification rate of 8 μm/s
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Fig.6 Longitudinal and transeverse morphologies of Al2O3/YAG/ ZrO2 hypereutectic in situ composite, showing

variation of lamellar spacing with solidification rate of 2 μm/s (a, b), 4 μm/s (c, d), 8 μm/s (e, f), 16 μm/s

(g, h) and 30 μm/s (i, j)
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