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Abstract: With rapid advancement of aviation industry, high-temperature structural materials used in aero-engines are
encountering increasingly severe service environments and performance challenges. To meet exacting requirements of
future technologies, turbine inlet temperature of advanced aero-engines with a thrust-to-weight ratio exceeding 10 is
projected to surpass 1500 ‘C. Al>Os-based directionally solidified eutectic ceramics are regarded as ideal and key can-
didate materials for next-generation extreme working conditions, particularly for long-term use in high-temperature ox-
idative environments, owing to their melting points exceeding 1700 ‘C, outstanding high-temperature stability, and in-

herent oxidation resistance. This paper provides a comprehensive review of microstructural characteristics of ALOs-
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based directionally solidified eutectic ceramics, with particular emphasis on their morphological features, crystallo-

graphic relationships and interfacial structures. Subsequently, discussion focuses on strategies for microstructure control,

including optimization of processing parameters, optimal selection of eutectic components and implementation of inno-

vative approaches such as high-entropy design. Furthermore, a comprehensive analysis is conducted to evaluate stability

of these materials under typical high-temperature service conditions, including thermal exposure, oxidative environ-

ments, and chemically corrosive media, with particular emphasis on their chemical stability characteristics. Based on

this comprehensive review, key scientific issues and core technical challenges in current research are identified. Future

research directions are also proposed to establish a theoretical foundation and provide technical guidance for engineering

application of these materials in advanced aero-engine systems.

Key words: Al>O;-based eutectic ceramic; directional solidification; microstructure control; microstructure stability;

environmental stability; review
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Fig. 1 Typical microstructure of Al2O3-based directionally solid-
ified eutectic ceramic(?8-3]

(al-c1) Three-dimensional network structure of (al) YAG/AL,O5?% 2%,
(bl) Er3A15012/A1203[30] and (Cl) Yb;AlsO]z/Ale3[30]; (3.2-()2) SEM mor-
phologies of transverse section of (a2) YAG/ALO;* 21, (b2)
EAG/AL,055% and (c2) YbAG/ALO;5%
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Fig. 2 Microstructure of top surface of LPBF-fabricated sam-
plel3s)

(a) Needle-like ZrO, settlement in the center of the molten pool; (b) Im-
perfectly needle-like ZrO,; (¢) Colony eutectic with nano spherical ZrO,
structure; (d) A dendritic ZrO, located in colony eutectic structure; (e)

Needle-like structure ZrO, located in colony eutectic structure; (f) Ag-
gregation, growth, and elongation of nano spherical ZrO,
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Table 1 Crystallographic relationships in Al2O3-based directionally solidified eutectic ceramics fabricated via various methodst?!> 25

44-53]

. Preparation Crystallographic relationship
Eutectic system . . . .
method Growth direction Interface relationship
YAG/ALO3*4 MLSPM <10T> YAG // <1010> AL,O3 (121) YAG // (0001) Al>O3
YAG/ALO3%%] OFZM <011> YAG // <1100> Al,O3 (211) YAG // (0003) Al>O3
YAG/AL 034! LEZM <111> YAG // <1010> ALO;3 (112) YAG // (0001) Al2O3
YAG/ALO;4! Bridgman <101> YAG // <1100> Al,O3 (211) YAG // (0001) Al,O3
YAG/AL O3] Bridgman <110> YAG // <1120> or <0170> AL>O3 (112) YAG // (0001) AL2O3
REAG/AL Q5] OFZM <110> or <210> REAG // <1010> AL,O3 (121) REAG// (0001) ALOs RE=Y, Yb, Er, Dy
YAG:Ce**/Al203%] LFZM <110> YAG:Ce** // <1100> ALO3 (220) YAG:Ce*" // (1120) Al2O3
YAG/Al,03/Zr0,148] OFZM <001> YAG // <1010> Al,03 // <001> ZrO> (001) YAG // (0001) Al203 // (100) ZrO:
YAG/Al,03/Zr0,15] OFZM <001> YAG // <1100> Al,O3 // <001> ZrO> (001) YAG // (1120) Al,O3 // (001) ZrO2
YAG/Al2,03/Zr0,121 u-PD <100> YAG // <0110> ALO3 // <100> ZrO: (031) YAG // (0003) Al>O3 // (010) ZrO:>
Z1r02/AL0351 CZ/OFZM  <010>/<001> ZrOs // <0001>/<0110> ALOs (100) Zr0O2 // (2110) Al20s
Zr02/AL05152] CZ/OFZM <001> ZrO2 // <0110> Al>O3 (100)/(010) ZrO> // (2110)/ (0001) Al>O3
Zr02/ALO3153) LHFZ <011> ZrO2 // <0001> Al,O3 (200) ZrO> // (2110) Al,O3

*MLSPM represents modified laser surface processing method; LHFZ represents laser-heated floating zone method.
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(a) YAG/ALO:2%; (b-d) YAG/ALO,/ZrO,152

R 7 AR R 1A ik ] S o 2L R
fn AR S R R I AL LA, AR AT Nabarro 772 54
Bramfitt ~J~ [ £ i i 1 At 2 5 T & 4 A I5E 52 (51,
2))-

2(mdy—nd,
e (mdy—ndc) (1)
de+ndC

Ho, F RBREECE £ REAG/ALOs 35 5 Mg &
n Kl m 43 AR — 4R -y % REAG M5
ALOs FF RSB B, W 3 fTaR 50, de
F du 55519 REAG Fl AlLOs X 8 [ &5 T 18] 6 .

ity 1 3

=3 2, ¢
i=1

0

d<uvw>2 cos 9_d<uvw>ﬁ /d<uvw>£{) (2)

Horb, 6 FROREETCEE 5 (hkDr FH(hkD)A 53 34K REAG
5 ALOs FHEFE B TH ; <uvw>r Fl<uvw>p 73 5 R 7R
REAG I ALLOs 7E % H LS5 2 T (hkl) b R HE 2L
i 75 0 %78 REAG 5 AlLOs f T 2 [8] () °F T & £,
WK 4(a, b)FT RN,

(a) ‘40 @ ad

c-sapphire 2[1100]

GAP-I [121] [202] 8=4.1° 23.55A

[2680] 15 ay
16.49M 25184

c-sapphire 4[1 120]
GAP-| [121]

16.65A19.04A

e-sapphire 2[1100]

GAP-I1 3(100] [3120]

17.16A
16,494, = 3
P 8=2.3 15.9A] / 1%‘22};'
A [301] ‘ -
/ /
| 25 GAP-I1 [001]

c-sapphire [1120] 4.76A5.24A

)

P 4 GAP/ALOs 5 [ € [F] L o M 2 10 5 1 5 C ) s o 421
Fig. 4 Schematic illustrations of lattice mismatch in GAP/AL2O3
directionally solidified eutectic ceramics[4*!
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2 M EARESL R R R L IR T E L 2 O R DL TSR0 19-20, 22, 46,49, o1-68)

Table 2 Eutectic systems, preparation methods, Av'/? and microstructures of some Al2O3-based eutectic ceramicsl!'? 19-20, 22, 46,49, 61-68]

Eutectic system Preparation method C=v"?/(um'-s70-%) Microstructure
YAG/A1 031401 OFZM 11.6 Chinese script
YAG/ALO349] Bridgman 44.7 Chinese script/Cellular structure
YAG/A1O5(2%) EBFZM 6.7 Chinese script/Lamellar structure
YAG/AL 0361 LHFZ 10 Chinese script
YAG/AL O3 u-PD 10 Chinese script
YbAG/AL050%) LFZM 11.5 Chinese script
EAG/ALO31% LHFZ 11.6 Chinese script
ALO3/YAG:Ce¥1#] LFZM 22.0 Chinese script/Cellular structure
YAG/ALO3/Zr0¢3] u-PD 8 Chinese script/Geometric structure
YAG/ALO3/ZrO1%4 u-PD 8 Chinese script
YAG/AL03/Zr01%3] LFZM 12.4 Chinese script/Cellular structure
YAG/A1203/Zr0,%°] LFZM 14.7 Chinese script/Cellular structure
YAG/A1203/Zr0120 p-PD 6.5 Chinese script
YAG/A1203/Zr0,7] EBFZM 5.3 Chinese script/Cellular structure
Zr02/ A1, 031681 Laser 3D printing 1 Chinese script/Cellular structure
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Fig. 6 Crystallographic orientation EBSD images and corre-
sponding inverse pole figures of YAG/ALOs eutectic ceramic
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Fig. 9 (al-d3) Surface SEM images of Al>Os-based directionally
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Al20s3-based eutectic ceramics sintered at (e) 1450 and (f)
1500 °Cl*3l

3.1 SRREM

AR 25 I v ] G o ) R AR 1 O URE HL3Y )
AR 3E SR AL 2R, n] A Ak ] v R PR B 1 i A
W, iR RS IRA SRR E . R
RilAE K % AR B R 2 ) 1600 °C T #AAb B
20 h J5, HmE. JUARSE. FREHRS & DL A A
PRI AR A AL, KB KO s AR P,
L 3D FTENHI 4% (1) GAP/ALOS/ZrO, i W % 5 3
WAL s RAR e E, 76 1500 °C FiB K 200 h J5 4
LS 2 B2 5T S 4 R B AR, HLAROR 3 AR ot
H IG5 LR THTESAE 1400 °Crpii T A PR +F
FaoE, i FE RIS HE R 80%, WK 9(al~d3)r
TR TR A 0 o 45 v ) 4% A SR A R R A R B
7E 1450 5 1500 °CH LI J5 15 5 BT B 19 ff ok KK
W 9(e, TR BB AN, 7E 1400 °CRAL B 2614 T,
TN N X v ) % 1) EAG/ALO5/ZrO, 35 0 M %
(R S FF IR AR K R AR — e R R A HER T
R RE SO AR BRI, HA AR K32 3
PO, BRI U O R A B4 2R DS,
5 DR - ‘

R
R
D 2“"‘\‘;"‘-\\:. o =

‘ﬂl.‘!;;! ki

K10 SR A R B I 22 ) 4% 1) GAP/ALOs iy Mg B4 1773
K HAKE PR 5 oM 2H 24 i AR 0]
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