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Abstract: Cast aluminum-lithium ( Al-Li) alloy has the advantages of low density, high modulus, high specific strength
and stiffness, and is suitable for the preparation of thin-walled components with complex structure, which is an ideal struc-
tural material for aerospace and defense industry. Based on the microstructural characteristics of cast Al-Li alloy, exploring
the effective way to enhance the strength and toughness of the alloy can consolidate its advantageous position and expand its
application scope in the field of lightweight. In this work, the development history of cast Al-Li alloys at home and abroad
was firstly outlined, and the microstructural characteristics along with strengthening and toughening mechanism of cast Al-Li
alloys were recapitulated. Then, the influence of alloying and heat treatment on the microstructure and mechanical properties
of cast Al-Li alloys were systematically analyzed, and the main ways to improve the toughness of cast Al-Li alloys were sum-
marized. Finally, for the actual engineering needs, the remaining scientific problems on the strengthening and toughening of
cast Al-Li alloys were discussed and the future research directions were prospected.
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Table 1 The properties of the cast Al-Li alloys studied domestically within the past five years

Heat treatment process/ ( “C xh)

Alloy/wt% p/(g/em®)  E/GPa YS/MPa UTS/MPa  EL/%

Solution Aging
Al-3Li-2Cu-0. 2Zr[ ] 500%32+560%24 17532 2.44 82.64 295 367 2.5
A1-3Li-2Cu-0. 27x°) 500%32+560%24 175%32 — — 338 415 2.7
Al-3Li-2Cu-0. 3Mn-0. 2Zr[ %] 500%x32+560%24 175%32 — — 314 395 3.5
Al-3Li-1. 5Cu-0. 3Mn-0. 15S¢-0. 15Zx[ 7] 500%32+560%24 175x32 2.49 — 291 415 5.5
TiB,/Al-3Li-1. 2Cu! ¥/ 500%32+560%24 17532 2.54 — 347 369 1.2
Al-2Li-2Cu-0. 2Zr[ ) 460x32+520%24 175%32 2.58 — 282 363 2.0
Al-1. 5Li-4. 5Cu-0. 2Z'™! 500%32+540%24 17516 2.62 78.32 303 350 1.4
Al-3Li-10Mg-0. 5Mn!>] 45012 170x12 2.41 — — 309 1.9
Al-3Li-5. 5Mg-0. 5Mn-0. 1Zr "] 490x 12+450x 12 175%32 — — — 200 2.3
Al-3Li-2Mg-0. 1Zc!?"] 500 10+560%20 175%32 2.44 — 247 368 4.7
Al-3Li-2Mg-1Zn-0. 12x!? 500% 10+530% 10+560x20 175x8 2.47 — 221 351 6.9
Al-3Li-2Mg-17n-0. 28¢-0. 17! 500% 10+530% 10+560%20 175x8 2.47 82. 60 253 406 7.4
Al-3Li-2Cu-0. 2Mg-0. 15Zr!*" 500x32+560%24 17532 2.44 82. 65 337 415 2.2
Al-2. 5Li-1. 5Cu-0. 5Mg-0. 15Zx[ "] — 175x32 2.43 — 381 451 2.6
A1-2. 5Li-1. 5Cu-1Zn-0. 5Mg-0. 157+ %+ 2 480x32+540x24 175%64 2.55 — 392 504 3.7
Al-2. 5Li-1. 5Cu-1Zn-0. 5Mg-0. 2S¢-0. 157" 485%24+540%30 150% 64 — — 401 565 8.2
Al-2. 5Li-1. 5Cu-1Zn-0. 5Mg-0. 2Ti-0. 2Zx[ "] — 150x64 2.55 80. 40 374 527 7.1
Al-2. 5Li-5Mg-1Cu-0. 27r!**] 5006 175%17 — — 287 358 3.4
Al-2. 5Li-5Mg-0. 2Cu-0. 1Zr!*! 465%12 175%19 2.40 79.05 226 357 6.2
Al-2. 5Li-2. 4Mg-1Cu-0. 8Si-0. 27r1>! 380%16+520%8 175%16 — — 278 374 14.7
Al-2. 5Li-1. 5Mg-1Cu-0. 2Zr[*!! 380x4+440x 12 17532 — — 341 386 5.0
Al-2. 5Li-1. 5Mg-1Cu-0. 2S¢-0. 2Zr-*! 380x4+440x12 175x32 — — 361 405 6.7
Al-2. 5Li-1. 5Mg-1Cu-0. 2Zx-0. 2Er[ 3" 380%4-+440% 12 175%32 — — 354 399 6.5
Al-2. 5Li-1. 5Mg-1Cu-0. 2Ni-0. 27r1% 380x4+540x 12 175x12 — — 322 397 7.8
Al-2Li-2Cu-0. 5Mg-0. 27r! "] 460x32+520x24 17532 2.57 78.83 317 366 4.5
Al-2Li-2Cu-0. 5Mg-0. 2Sc-0. 2Zr! %! 460x32+520%24 175%32 2.57 79.08 408 481 6.0
Al-2Li-2Cu-0. 5Mg-0. 2S¢-0. 2Zr * 3] 460%32+520%24+530x 12 1758 — — 376 458 4.1
A1-2Li-2Cu-0. 5Mg-0. 2Zr-0. 1Y 460x32+520x24 17516 — — 383 464 4.8

# ;prepared by sand casting
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Table 2 Crystallographic characteristics of the main strengthening precipitates in cast Al-Li aIon“'
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Lattice parameters/A

Phase Crystal system Orientation Morphology
a b c
8" (AL;Li) Cubic (L1,) 4.047 4.047 4.047 Cube-on-cube Spherical
6'(Al,Cu) Tetragonal 4.04 4.04 5.80 (100)4//(100), [001],//[001], Plates
T,(Al,CuLi) Hexagonal 4.965 4.965 9.345 (0001) ¢ //(111) 4 1010) v //(1 10), Plates
S" (Al,CuMg) Orthorhombic 4.04 9.25 7.18 [100]s//<100>, [010]s//<012>, Laths, rods
B’ (AlyZr) Cubic (Ll,) 4.08 4.08 4.08 Cube-on-cube Spherical
Al,Sc Cubic (L1,) 4.103 4.103 4.103 Cube-on-cube Spherical

3.2 & CuilmiEtd

6'FH(ALCu) /2% Cu 84 4P WAy W AR s AL AH
FEgH, 76 Al-Li-Cu &4 b & BP0 #17, o' M4
BT o MRETH, B 6" /0 WAL (18] 2a) ", 3
A E 6" A K I sk AE & A AY S 1|] A At T, A
(AL Culi) A2 A% M AR, 76 {111}, 25 RR AT
WO 2) ™ BFTE R, SA AP TR {111,
FORAE AT P R R I BB VI A B T, ARAE Cu A
HRE RN B AR LR T, A B4 L) sl X 43
WAL BRI 640, WRESE & AH B T, AU i u g o5 B
;Y. S"H (ALCuMg, & 2b") N Al-Li-Cu-Mg &5 4:
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VSR RS, SRR A S HAR N,
o Cu MZE 25 3F Cu [P AA M6, HIEN4 A
RS 5 S AR I B (BIAFAESE T iR AT 0 ), i
VYA AR

ML JRAT . AR A SR EREE PR  Cu A
ARSI A% L, ARG il i T8 FAkE B
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2 HEEma4atmis cu M (a) Al-Li-Cu 54 8'/6' SURSSHIFN T, A1, (b) Al-Li-Cu-Mg &40 T, AHF1 S'AH

Fig.2 Cu-containing phases in cast Al-Li alloy[lg] : (a) duplex 8'/6" phases and T, phases in Al-Li-Cu alloy, (b) T, and S’ phases

in Al-Li-Cu-Mg alloy
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Fig. 4 Effect of excess Mg on precipitated phases[lg] : (a) delayed precipitation of T, phases, (b) uneven coarsening S’ phases
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