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Abstract: Al,O;-ZrO,-based eutectic ceramics, fabricated by rapid solidification technology and composed
of ultrafine, three-dimensionally intertwined single-crystal domains, represent a distinct category of eutectic
oxides. These materials exhibit exceptionally high-temperature mechanical properties, such as strength,
toughness, and creep resistance when aligned along the preferred growth direction, rendering them preferred
ultrahigh-temperature structural materials for long-term operation in high-temperature oxidizing atmospheres.
This paper comprehensively reviews the eutectic systems, advanced preparation techniques, microstructure
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characteristics, and mechanical properties of Al,O;-ZrO,-based eutectic ceramics, with particular emphasis
on their high-temperature mechanical performance. It begins by summarizing the material systems of Al,O;-
ZrO,-based eutectic ceramics developed to date, followed by a concise introduction to the basic principles,
advantages, limitations, and application areas of their advanced preparation technologies. Finally, a detailed
comparative analysis is provided, highlighting the typical microstructures and high-temperature mechanical
properties-including creep resistance and flexural strength-of Al;O;-ZrO,-based eutectic ceramics prepared
by advanced processes. Compared to traditional eutectic ceramics, Al:O;-ZrO,-based eutectic ceramics
fabricated by rapid solidification technology, characterized by unique microstructures and superior
mechanical properties, not only enhance the performance and preparation efficiency of conventional sintered
oxide materials but also demonstrate unprecedented potential for applications in extreme environments
involving high temperatures, high pressures, and strong oxidation.
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Fig.1 Al,O4-ZrO,-based eutectic system .schematic diagrams of lattice structure of rare-earth aluminum garnets and perovskites

(a)eutectic formation by alumina and rare-earth compounds ; (b)lattice unit cell of Y,ALLO;, and GdAIO,'
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Table 1 Material systems, chemical compositions and melting points of Al,O;-ZrO,eutectic ceramics

Eutectic phases

Composition/ (mol/ % ) -
Matrix Secondary phases

Eutectic points T/C Ref.

63A1,0,-37Zr0, ALO, 710, — 1862 [18]
81.5AL,0,-18.5Y,0, ALO, YAG — 1827 [19]
65A1,0,-16Y,0,-197Zr0, ALO, YAG 710, 1717 [20]
77Gd,0,-23A1,0, ALO, GAP — 1719 [21]
58A1,0,-19Gd,0,-23Zr0, ALO, GAP 710, 1662 [22]
81A1,0,-19Er,0, ALO, EAG — 1860 [23]
65.9A1,0,-15.5Er,0,-18.6ZrO, ALO, EAG 710, 1720 [24]
65A1,0,-16Re,0,-197r0, ALO, (5RE,,)AG 710, [25]
63A1,0,-347r0,-3Y,0, ALO, YSZ — 1860 [26]
58A1,0,-32.72r0,-9.3Y,0, ALO, YSZ — 1862 [27]
46.5A1,0,-53.5EuAlO, ALO, Eu,0, — 1712 [28]
54A1,0,-27Y,0,-19Z10, ALO, YAG YSZ 1717 [29]
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Table 2 Advanced fabrication techniques for Al,O3;-ZrO,-based eutectic ceramics

Fabrication  Al,04-ZrO,-based . . Temperature gradient/ Average eutectic Eutectic

technique eutectic ceramic Dimension/mm (Ceem™Y) spacing/pm microstructure Rel.

MB ALO,-YAG 45X120X 20 <2X10% 40+5 Irregular lamellar [50]

OFZ ALO<YAG-ZrO, ®1X35 (6>10)%10° 10-50 Columnar (23]

LFZ ALO;-YAG-YSZ D7 X 60 10° 0.3-3.1 Lamellar cellular [51]

68X T7X3S

u-PD ALO-YAG-Z10, ®5X 100 10° 1-10 Lamellar cellular ~ [20]

DED ALOs-GAP-Z10, ®5X90 =10° <1 Banded [22]

LAM ALOSZrO, 70X 10X5 =>10° 0.2 Columnar [46]

FS ALO,-GAP-ZrO, 20X 3X1 1-3 Rod-like lamellar [48]

OAFR ALOS7r0, ®30%5 >10? 0.14 Lamellar cellular ~ [52]
8 3B W 91 485 450 MPa (165 525 s, 0
BAL 150 MPa) , AT A 2% 25 it 33 B2 Sl o 3t 2 R
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Table 3 Eutectic systems, manufacturing technologies and bending strength of alumina-based eutectic ceramics

Eutectic system Technique Dimension /mm Test temperature /°C Strength /MPa Ref.
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ALO;-GAP MB 3X4X 36 RT-1600 695 [67]
ALO,-710, MB 26 RT-1500 800-1130 [68]
ALO<YAG-7r0, LFZ D1.6X8.5 RT-1500 1600-3000 [69]
ALO,-YAG-YSZ LFZ — RT 4600 [70]
ALO-EAG-ZrO, THZM ®10 RT-11450 660-805 [71]
ALO,-(5RE, ,)AG OFZ 9120 RT 333 [60]
ALOSYAG OF7 9120 RT-1300 344-339 [72]
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