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Abstract: With the rapidly growing demand for lightweight, complex-structured heat-resistant components in the aerospace
and advanced manufacturing fields, additive manufacturing (AM) has demonstrated unique advantages in the development
of high-performance heat-resistant aluminium alloys and aluminium matrix composites because of its layer-by-layer
deposition capability and high cooling rates. This work systematically reviews the current research progress on AMed
heat-resistant aluminium alloys and aluminium matrix composites, with particular emphasis on strategies for modifying
conventional aluminium alloys, advancements in aluminium-transition metal element alloys, and the development of
ceramic particle-reinforced and whisker-reinforced aluminium matrix composites. Furthermore, future research directions
aimed at achieving breakthroughs in material performance through precise alloy composition design, innovative AM
processes, and synergistic control of multiple physical fields are outlined, providing theoretical guidance and practical
references for the further development and engineering application of heat-resistant aluminium alloys and their composites.
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2 LPBF Al-Si .(a~c) AISi10Mg 300C  4min300°C  40min  SEM;(d) Al-Si-Ni-Fe
350°C  1h BF-TEM ;(e~e;)350°C  1h HADDF-STEM EDS :(H350°C  8h
BF-TEM  ;(g) 116,20

Fig.2 Microstructure characterization of LPBFed Al-Si series alloys: (a~c) SEM images of as-printed, short-time annealed (300 ‘C for
4 min) and long-time annealed (300 C for 40 min) AlSi10Mg; (d) BF-TEM image of Al-Si-Ni-Fe alloys after annealing for 1 h at
350 C; (e~e;) HADDF-STEM image after annealing for 1 h at 350 ‘C with corresponding EDS elemental mappings;

(f) BF-TEM image after annealing for 8 h at 350 C; (g) overview of the design of the alloy**"
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1 LPBF Al-Si
Tab.1 High—temperature tensile properties of LPBF Al-Si series alloys
Composition (mass fraction/%) Heat treatment Temperature/ C YS/MPa UTS/MPa Elongation/%
Room temperature 204 358 7.2
100 181 286 10.0
AlSi10Mg"™! 300 C/2h 200 158 189 16.4
300 70 73 41.4
400 12 14 57.4
As-built Room temperature 240 385 3
Al-12Si Room temperature 138 207 3.8
300 ‘C/6 h
200 114 122 5
Room temperature 265 447 5.0
As-built
300 170 184 7.4
Al-12Si-1Ti™
Room temperature 272 454 6.0
Remelt
300 168 180 8.0
Room temperature - 469 2.8
Al-12Si-1.5Ni-2.0Fe™! As-built 300 - 271 -
400 - 98 -
Room temperature 373 602 4.2
200 317 398 12.2
Al-9.0Si-2.8Fe-2.1Mn-1.1Ni"" As-built
300 187 211 23.1
400 92 100 -
Room temperature 337.79 512.76 2.98
Al-11Si-2.5Fe-2Mn-1.2Ni-0.4Cr!" As-built
300 164.25 222.47 8.88
2 LPBF Al-Cu
Tab.2 High—temperature tensile properties of LPBF Al-Cu series alloys
Composition (mass fraction/%) Heat treatment Temperature/ C YS/MPa UTS/MPa Elongation/%
Room temperature 406 426 5.2
150 378 380 4.1
Al-5.8Cu-0.9Mg-1.4Ag-1.5Ti™ As-built 200 312 314 2.8
250 189 195 11.2
300 93 99 15.6
150 363 379 12.9
As-built 250 210 233 6.5
350 48 60 15.2
2024A1-1.3Zr™)
150 368 424 12.0
T6 250 253 279 12.6
350 73 93 21.8
Room temperature 279 385 4.4
As-built 200 187 275 12.8
300 170 215 10
Al-1.05Cu-3.18Mn-0.96Mg-0.81Zr"*
Room temperature 337 409 1.7
400 ‘C/2h 200 200 286 6.8
300 187 233 10.6
Al-Cu - Bahl Zr  AVALCusCe
B0 LPBF Al-Cu-Ce Al-Cu-Ce-Zr , , AlCu,yCe AlCu,Ce
a-Al  AlCu,Ce , B
o Al-Cu-Ce ,Zr , Al-Cu
350 C ( 3c,d)), . Wang [ ,
o ,Al-Cu-Ce-Zr s
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3 LPBF Al-Cu :(a) 2024 Al-Zr SEM-BSE; (b) L1,-ALZr HAADF-STEM .EDS

SAED; (c) Al-Cu-Ce-Zr HAADF-STEM EDS ;(d) Al-Cu-Ce  Al-Cu-Ce-Zr

SEM-BSE; (¢) AlsCusLiMg,Zn; LAEA  BF  ;(f) EDS (2 HRTEM FFT;(h, i) 6-Al,Cu

1-MgZn, :() HRTEM;(k) () O9R HRETM; (1) T2 ;(m)
400 ‘C R BF ;m (m) DF 03

Fig.3 Microstructure characterization of LPBFed Al-Cu series alloys: (a) SEM-BSE image of 2024 Al-Zr alloy; (b) HADDF-STEM,
EDS elemental mappings and SAED pattern of L1,-AL:Zr particle; (c¢) HADDF-STEM of Al-Cu-Ce-Zr alloy with corresponding EDS
elemental mappings; (d) SEM-BSE images of Al-Cu-Ce and Al-Cu-Ce-Zr after different thermal exposure; (¢) BF image of
AlgsCusLiMg:Zn; LAEA; (f) EDS elemental mappings; (g) HRTEM image with corresponding FFT pattern of region in (f); (h, i) the
morphologies of 6-Al,Cu phase and n-MgZn, phase; (j) HRTEM showing nanosized planar defects; (k) HRTEM image of 9R phase of
region in (j); (1) schematic diagram of T2 phase transformations during thermal exposure; (m) BF image of R phase after
room-temperature compressive deformation after thermal exposure at 400 C; (n) weak-beam DF image of region in (m)?3* %
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3 LPBF Al-Mg
Tab.3 High—temperature tensile properties of LPBF Al-Mg series alloys
Composition (mass fraction/%) Heat treatment Temperature/ 'C YS/MPa UTS/MPa Elongation/%
Room temperature 244 315 22.7
100 269 332 18.1
150 244 285 21.1
As-built 200 230 237 20.7
250 208 219 13.0
300 142 169 17.0
350 70 75 15.1
Room temperature 356 384 11.8
100 385 414 13.7
150 331 351 15.5
Al-Mg-Sc-Zr* 350 C/6 h 200 318 324 13.8
250 156 167 11.7
300 151 164 15.8
350 65 72 30.8
Room temperature 255 334 17.1
100 268 352 18.1
500 C/1 b and 150 185 266 19.5
350 C/6h 200 160 183 21.5
250 130 137 22.0
300 73 83 234
350 16 19 15.2
AL14.1Mg-0.315¢-0.172:% As-built Room temperature 339.2 487.6 14.8
200 - 393.9 -
Room temperature
(xedivection) 229 340 12.0
Al-3.79Mg-1.76Er-0.52Zr" As-built Room temperature 203 329 11.8
(z-direction)
300(x-direction) 70 107 16.9
300(z-direction) 62 102 15.7
4 LPBF Al-Mg :(a, ¢) Al-Mg-Sc-Zr 300 325°C 144 h TEM; (b, d) (a)
(c) EDS ;(e~ey) Al-Mg-Er-Zr HADDF-STEM EDS (D HADDF-STEM;
(2) HRTEMP**)

Fig.4 Microstructure characterization of LPBFed Al-Mg series alloys: (a, c) TEM images of Al-Mg-Sc-Zr alloys annealed for 144 h at
300 and 325 °C; (b, d) EDS line scanning results corresponding to (a) and (c), respectively; (e~e,) HADDF-STEM image of
Al-Mg-Er-Zr alloys with corresponding EDS elemental mappings; (f) HADDF-STEM image of precipitates; (g) HRTEM image of
precipitates®*!
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4 LPBF Al-Ni
Tab.4 High—temperature tensile properties of LPBF Al-Ni series alloys
Composition (mass fraciton/%) Heat treatment Temperature/ C YS/MPa UTS/MPa Elongation/%
Room temperature 278 407 9.5
Al-5.7Ni® As-built 250 206 218 16.1
300 137 143 10.4
Al-5.87Ni-0.32Sc!*! As-built Room temperature 320 s
250 248 259
Room temperature 368 460 6.0
Al-5.61Ni-0.68Sc-0.09Zr*! As-built 200 307 9 103
250 332 337 8.8
300 203 212 4.8
ALS.6Ni-0.93T5-0.93Z:! Room temperature 421.7 480.4 8.6
300 100.2 1343 50.9

SRl ES PRI

https://www.cnki.net



Vol.47 No.05

<462 - FOUNDRY TECHNOLOGY May 2026
5 LPBF Al-Ni :(a) AL-Ni TEM ;(b) EDS ;(c) AI/ALNi HRTEM;(d) (c)
FFT;(e~g) Al-Ni-Sc-Zr SEM-BSE ;(h) EDS )
SEM-BSE;; (k) 24

Fig.5 Microstructure characterization of LPBFed Al-Ni series alloys: (a) TEM image of Al-Ni alloy; (b) EDS elemental mappings;
(c) HRTEM image of the AI/AL:Ni interface; (d) FFT pattern of the region in (d); (e~g) SEM-BSE images of cellular structures in
different regions of the melt pool of the Al-Ni-Sc-Zr alloy; (h) EDS elemental mappings; (i, j) SEM-BSE images of cellular structures
in different regions after thermal exposure; (k) variation in hardness!***!

5 LPBF Al-Ce
Tab.5 High-temperature tensile properties of LPBF Al-Ce series alloys

Composition (mass fraction/%) Heat treatment Temperature/ C YS/MPa UTS/MPa Elongation/%
Al-10Ce™" As-built Room temperature 222.1 319.3 10.8
Room temperature 344 445 10
250 278 244 -
As-built 300 254 233 -
Al - 10Ce-0.4S¢-0.2Zr*
350 198 187 -
400 142 131 -
300 ‘C/12h Room temperature 404 474 9.4
i As-built Room temperature 300 438 9.3
Al-9.5Ce-0.6MgH" i
400 C/1 h Room temperature 291 416 13.8
Room temperature 427 573 4.7
250 333 454 10.2
Al-10Ce-5Ni-0.46Ti-0.23Zr* As-built
300 276 338 11.8
400 104 114 17.86
Room temperature 321 429 10.9
250 214 242 16.8
Al-3Ce-0.8Ca-1.9Mn" As-built
300 196 224 16.7
350 154 161 16.8
Room temperature 258 370 10
Al-10.5Ce-3.1Ni-1.2Mn"* 450 'C/2h 200 20
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Mg Al/Al, Ces , Ce 224 MPa o
( 6a,b), 400 C/1 h ,LPBF Al-Ce
,Ce , Al Ce;, o
, , Michi B4 LPBF Al-Ce-Ni-Mn
Al,Ce 300~400 C o
( 6c,d), AlCe Al/Al;Ce;, 450°C/2h , 35%
Al/ALCe , ( 7a~d),
o Al Ce; s 350 ‘C-200h
Al,Ce , , 400 ‘C-200 h 17%(
416 MPa, 95%, Te~g)- N
, Ni.Mn . Ti.Ca , 350 C
, 300 C ( 7h),
Al-Ce . ,Bahl B3 Al-Ce-Ni-Mn-Zr
Wu B2 Ti Zr Al-Ce-Ni , 27%
6 Al-Ce :(a, ¢) Al-Ce-Mg 400 C-1h HAADF; (b, d) (a) (c) BF-STEM
EDS ;(e) Al-Ce-Ni-Ti-Zr HAADF-STEM EDS ;(D) ;
(g~g,) Al-Ce-Ca-Mn HAADF EDS [31-53)

Fig.6 Microstructure characterization of Al-Ce series alloys: (a, c) HADDF images of LPBFed Al-Ce-Mg alloy before and after

400 C-1 h thermal exposure; (b, d) BE-SETM images with EDS elemental mappings corresponding of (a) and (c), respectively;

(e) HAADF-STEM image with EDS elemental mappings of as-stress-relieved (as-SR) Al-Ce-Ni-Ti-Zr alloy; (f) morphologies of
intermetallic; (g~g,) HAADF image of Al-Ce-Ca-Mn alloy with corresponding EDS elemental mappings &
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7 LPBF Al-Ce-Ni-Mn  Al-Ce-Ni-Mn-Zr :(a, b) Al-Ce-Ni-Mn
SEM-BSE; (c) DF-STEM;(d) (c) EDS ;(e~g) 300,350 400 °C 200h  SEM-BSE;(h)
; (i) Al-Ce-Ni-Mn-Zr SEM-BSE, HAADF-STEM; (j~1) HT-350 300,350 400 C

SEM-BSE*

Fig.7 Microstructure characterization and creep behavior of LPBFed Al-Ce-Ni-Mn and Al-Ce-Ni-Mn-Zr alloys: (a, b) SEM-BSE
images of the as-printed and as-SR Al-Ce-Ni-Mn alloy; (c) DF-STEM image of the as-SR alloy; (d) EDS elemental mappings of (c);
(e~g) SEM-BSE images after annealing for 200 h at 300, 350 and 400 C; (h) creep behavior; (i) SEM-BSE image of the Al-Ce-Ni-Zr
alloy, with the inserted HADDF-STEM image; (j~I) SEM-BSE images in the HT350 condition at 300, 350 and 400 ‘C&+%!

AlyNiCe; 100 nm AlgFe
( 7, Mn Al;NiCe;s ,
, Al;Ni ; AlgFe , 0
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6 LPBF Al-Fe
Tab.6 High—temperature tensile properties of LPBF Al?Fe series alloys
Composition (mass fraction/%) Heat treatment Temperature/ C YS/MPa UTS/MPa Elongation/%
Room temperature 400 547 3.8
Al-5Fe-6Cri*) As-built 200 e ) )
300 273 - -
400 179 - -
Room temperature - 547.17 7.0
Al-4.89Fe-4.56Cr-1.68Ti As-built 300 ' 3277 >
400 - 271.47 2.05
500 111.53 104.73 12.91
Room temperature 649 865 -
100 681 797 -
Al-8.5Fe-1.3V-1.7Si-0.3Sc!*! As-built 200 617 692 -
300 431 463 -
400 191 225 -
Room temperature 449 503 -
Al-2.5Fe-2Cu-0.6Sc-0.3Zr" As-built 100 348 386 12
200 232 274 9.0
300 142 150 4.5
LPBF R s
Cu . Mn Ti Al-Fe ( 8e~h), Al-2.5Fe-2Mn ,
o Mn Cu AlgFe, Mn) AlgFe AlsFe,
AlFe AlMn , 500 C ,
AlxCuFe, ( 8a~d), Ti 0 A ,  Wang @
Al ALTi . , LPBF Al-Fe-Mg-Sc-Zr ,AlFe
Al-Fe-Cu-Mn L1,-Al;(Sc, Zr) AlFe
Al-Fe-Mn-Ti , Fe . Sc Al¢Fe .
, 0-Al;Fe, , 300 C
8 LPBF Al-Fe :(a) Al-2.5Fe AVAlFe ;(b~d) AlgFe, AlMn  Al,;CuFe,
; (e, f) Al-Fe-Cu-Mn STEM; (g, h) Al-Fe-Mn-Ti TEM Y

Fig.8 Microstructure and phase structures in LPBFed Al-Fe series alloys: (a) Al/AlFe two-phase nanostructure of Al-2.5Fe alloy;
(b~d) crystal structures of AlgFe, Al,Mn and AlyFe,; (e, f) STEM images of Al-Fe-Cu-Mn alloy inside melt pools and at the melt pool
boundary; (g, h) TEM images of Al-Fe-Mn-Ti alloy inside melt pools and at the melt pool boundary!®!
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260 MPa o V-Si-Sc . /
, ,LPBF Al-Fe-Cr , o
Al-Fe-V-Si , 300 C
, . Pérez-Prado ™™ 865 463 MPa( 9e~k),
LPBF Al-5Fe-6Cr , 1.7 Al-La
. (1-QC La ;
)o , 400 C ,
, o 300C |La Al
200 MPa, Ti 6.9x10% m?%s,
o ,AlyFe,sCr,sTi 0.01%( )er Al-La
480 C 1, ( 7
i-QC | Aly(Ti, Cr) , Al-La
Al-Fe 500 C N o
111.53 MPa ( 9a~d). , ,  AlLa
Tang [ LPBF , R
, Al-Fe- 10a~c Ma ©7 LPBF Al-La-Sc-Zr
9 LPBF Al-Fe .(a,b) AlyFe, Cry<Ti :(c)i-QC TEM
@ (o) SAED; (¢) Al-8.5Fe-1.3V-1.7Si-0.3Sc TEM ;) (o) EDS :(2)
HRTEM FFT;(h, ) 300 400 C ;(i,k) 300 400 C HRTEM ©%

Fig.9 Microstructure characterization of the icosahedral and amorphous phases in LPBFed Al-Fe series alloys: (a, b) BF images at
different magnifications showing the microstructure of the AlyFe,sCr,sTi alloy; (c) high-magnification TEM image of the i-QC phase;
(d) SAED pattern in (c); (¢) TEM image of the molten pool center in the Al-8.5Fe-1.3V-1.7Si-0.3Sc alloy; (f) the EDS elemental
mappings of the region in (f); (g) HRTEM image of the amorphous phase interface and the corresponding FFT patterns;

(h, j) amorphous morphologies after tensile tests at 300 and 400 C; (i, k) HRTEM images of the amorphous phases after 300 and
400 Clos6l
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7 LPBF Al-La
Tab.7 High—temperature tensile properties of LPBF Al-La series alloys
Composition(mass fraction/%) Heat treatment Temperature/ ‘C YS/MPa UTS/MPa Elongation/%
Room temperature 418 453 -
Al-La-Sc-Zr'") 325°C/1h
300 246 265 -
Room temperature 334 588 -
Al-11.5La-5.5Mg-0.6Mn"" As-built 200 297 - 19.3
300 213 - 9.0
Room temperature - 588 6.4
200 - 330 19.3
Al-11.60La-4.14Mg-0.57Mn!™ As-built
300 - 217 9
400 - 62 384
10 LPBF Al-La :(a) Al-9.8La-0.46Sc-0.26Zr ECN  STEM-HADDF;(b) (a)
EDS ;(c) ECN ;(d) Al HRTEM (e, f) 325°C 168 h
ECN STEM-HADDF  ;(g, h) 300 C ;(i~1) Al-11.5La-5.5Mg-0.6Mn 300 C
BF-TEM TKD-KAM  HADDF 6.7

Fig.10 Microstructure characterization of LPBFed Al-La series alloys: (a) STEM-HADDT image of the ECN in the Al-9.8La-0.45Sc-
0.26Zr alloy; (b) the EDS elemental mappings of the magnified region in (a); (¢) 3D reconstructed image of the ECN;
(d) HRTEM image showing the interface of the cell wall and Al matrix; (e, f) STEM-HADDF images showing the morphology of ECN
in the peak-aged state and after annealing at 325 °C for 168 h; (g, h) the dislocation behavior at the fracture strain; (i~1) BF-TEM
image, TKD-KAM image, HADDF image and schematic diagram of the as-printed Al-11.5La-5.5Mg-0.6Mn alloy tensile fracture at

300 ‘Clerm
Al La; , 300 C 250 MPa,
(eutectic cellular network, ECN), , L1,-Al;Sc
. Al , a-Al/Alj Las ( 10d),
> o , 300 C 168 h
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o 325 C .
,ECN , N , N N
Alj La; 5 N N
( 10e~h), ,Zhang .
1 Mn Mg Al-La , AMCs
( 10i~1), , o
AlgMn AMCs .
, Al La; , N
; Mg o
Al , 2.1
, 300 C 213 MPa TiB,.SiC  TiC AMCs
) o , a-Al
( 11, ,
o Al-Si Al-Cu , \
Al-M g 02731 ,
, Ti.Sc . Zr .Fe Ni . N
o ,Al-Ce \Al-La  Al-Fe
, 300 C Al
o Ni.Ce.La Fe Al . TiC  SiC
. LPBF
o , Al , ALC; ALSIC,
(o} / b
2 y ’ |
o Sun™ LPBF TiC/Al-
(Al matrix composites, AMCs) Sil0Mg , TiC
. , DO0,-ALTI
, TiC  ALTi Si
) , Al-Si
o AMCs o , TiC/AlFeCr TiC
11
Fig.11 Performance summary of AM heat-resistant aluminium alloy
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TiC+ALC;+TiC “ 7 , , Al
; TiC Al 6.3% ,
, ALGC; . TiB,
o TiC ALC; Al :
, 400 C Zener cHou 7
o , TiC AlB, . Ti  Al-12Si , LPBF
1 , TiC/AlFe- Al-12Si DO0,,-ALTi
Cr i ( 12a~d)", TiB, o
, 300 C 306 MPa , (
: . 12iN). . TiB,/2618Al , TiB.
SiC AlSil0Mg , Fe Ni ,
-SiC s Al 190 C , 300°TC
, AlLC;  ALSIC, (1 12e~h)™, s 8
SiC , ;
. AISi10Mg , .
5%( ) SiC 300 C .
70.8% 81.2%, s 2.2
SiC ALGC; ,
) o , TiC N )
SiC s , , N
. LPBF ,
0]
.TiB, LPBF i .
12 .(a) TiC/AlFeCr SEM-BSE; (b, ¢) i
TEM :(d) ALCYTIC HRTEM; (e) SiC/AlSil0Mg J(£, £) ALC, ALSIC, TEM;
(h) ; (1, j) AlSi;,Ti,Bgg TKD 75771

Fig.12 Microstructure characterization of particle-reinforced Al matrix composites: (a) SEM-BSE image of the TiC/AlFeCr composite;
(b, ¢) TEM image with corresponding EDS elemental mappings of the i phase and sandwich structure; (d) HRTEM image of the
ALC4/TiC structure; (e) morphology of the SiC/AlISi10Mg composite; (f, g) TEM images of the Al,C; phase and ALSiC, phase;
(h) schematic diagram of microstructure modulation; (i, j) band contrast and phase distribution obtained from the TKD results of the
AlSi,,Ti,B, composite” "
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Fig.13 Microstructure and mechanical properties of the additively manufactured MgAIB,,/AA2024 composite: (a) schematic
illustration of the LPBF; (b) morphology and distribution characteristics of MgAIB,,; (c¢) HAADF-STEM image of MgAIB,,/Al
interfaces featuring Cu enrichment; (d) HAADF-STEM image of 6 phase; (e) schematic illustration of deformation structures at

different strains; (f) engineering tensile stress-strain curves at elevated temperatures; (g) comparison of the ultimate tensile strength®
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