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Research Progress in Strengthening and Toughening of Al-Li Alloys for Aerospace
Applications
GUAN Qingkai', JIANG Yun', LIN Bo', YANG Ming*
(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025; 2. School of Materials and Metal-
lurgy, Guizhou University, Guiyang 550025)

Abstract: Al-Li alloys have attracted much attention due to the excellent performance in achieving lightweight produc-
tion of structural components in the aerospace field. The development history of Al-Li alloys at home and abroad was
reviewed, and practical applications in the aerospace field were introduced. The main preparation techniques for Al-Li
alloys were summarized, and influence of microalloying technology, thermo-mechanical treatment technology and sur-
face modification technology on mechanical properties of Al-Li alloys was deeply explored, and the related strengthen-
ing mechanisms were described. Finally, the research on strengthening and toughening of Al-Li alloys was prospected.
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Tab.l Grades and generational evolutions of domestic and overseas Al-Li alloy '*""’
o wls/% BT/
bir Bt e Cu Li Mg Zn Mn Zr Fe Si Ag Wit T R Al (g-em®)

o ft 2020 4.5 1.2 — — 0.8 — 0.3" 0.2" — 0.6(Cd) R 2.71
a BAII23 4.5~5.8 0.9~14 — — 0.5 0.11 0.15™ 0.1" — — R 2.72
1420 — 2.1 5.2 — — 0.11 0.2" 0.15™ — — i 2.74
1421 — 2.1 5.2 — — — 0.15™ 0.1" — 0.1~0.2(Sc) A 2.74
1441 2.0 1.9 0.9 — — 0.09 0.11 0.05 — — R 2.59
2090 2.7 2.1 — — — 0.11 0.12" 0.1" — — RH 2.59
8090 1.2 2.4 0.8 — — 0.12 0.10™ 0.1" — — iy 2.57
%A 1430 14~18 1.5~1.9 2.3~3.0 — — 0.11 0.15™ 0.1m — - R 2.57
1450 2.9 2.1 — — — 0.11 0.05™ 0.1" — — R 2.60
1423 — 2.1 3.7 — — 0.08 0.20™ 0.15™ — 0.1~0.2(Sc) VN —
1440 1.5 2.4 0.8 — — 0.11 0.15™ 0.1" — — A 2.55
2091 2.0 2.0 1.3 — — 0.11 0.30™ 0.2" — — R 2.58
8091 1.9 2.6 0.8 — — 0.12 0.30™ 0.2" — — RHE 2.54

, _ 0.05~0.14(Sc) o
1460 2.6~3.3 2.0~44 0.05 — — 0.11 0.15 0.1 — 0.06 (T) i 2.60
2094 4.8 1.3 0.4 — — 0.11 0.15™ 0.12" 0.4 — A —
2095 4.3 1.3 0.4 — — 0.1 0.15™ 0.12" 0.4 — N —
2096 2.3~3.0 1.3~1.9 0.25~0.8 0.14 0.15™ 0.12™ 0.25~0.6 — N —
2097 2.5~3.1 1.2~1.8 0.35™ 0.35™ 0.35  0.08~0.16 0.15™ 0.12™ — 0.15(T1) s —
2098 3.2~3.8 0.8~1.3 0.25~0.8 0.35™ 0.35  0.04~0.18 0.15™ 0.12" — 0.1(TD NhE 2.70
2099 2.4~3.1 1.6~2.0 0.1~0.5 0.4~1.0 0.1~0.5 0.009 0.07 0.15 — 0(())01(; i(ll)-;e) P 2.63

0.05(N1,0.05
2050 2.9~3.2 0.7~1.3 0.2~0.6 0.25 0.2~0.5 0.06~0.14 0.1" 0.1"  0.2~0.7 (Cr),0.05(Ga) , FTa 2.70
0.05(V)

= AF/C489 2.7 2.1 0.3 0.6 0.3 0.05  0.1" 0.1" — — AR —
AF/C458 2.7 1.8 0.3 0.6 0.3 0.08 0.1" 0.1 — — R —
2195 3.7~4.3 0.8~1.2 0.25~0.80  0.25" 0.25  0.08~0.16 0.15™ 0.12™ 0.25~0.6 0.1T1 R 2.71
2196 2.5~3.3 1.4~2.1 0.25~0.80 0.35 0.35  0.04~0.18 0.15™ 0.12™ 0.25~0.6 — NhE 2.63
2197 2.5~3.1 1.3~1.7 0.25 0.05 0.1~0.5 0.08~0.15 0.1" 0.1" — — At 2.65
2198 2.9~3.5 0.8~1.1 0.25~0.80 0.10 0.5 0.04~0.18 0.1" 0.08™ 0.1~0.5 0.05Cr R 2.69
2199 2.3~2.9 14~1.8 0.05~0.40 0.2~0.9 0.1~0.5 0.05~0.12 0.07 0.05 — 0.0001Be gy 2.64
2297 2.5~3.1 1.1~1.7 0.25 0.05 0.1~0.5 0.08~0.15 0.1™ 0.1 — — Vs 2.65
2296 2.45 1.6 0.6 0.25™ 0.28 0.11 — — 0.43 — R 2.63
“;iiled()aA;Q 2.3~5.2 0.7~1.8 0.25~0.80 — — 0.25~0.80 — — — — Ah —

Welda- =
lite210 4.5 1.3 0.4 — — 0.4 — — 0.5 — P —




B sl A OA 4 2025 4R 45 B 6 1

wB/% R/
brét wE Cu Li Mg Zn Mn Zr Fe Si Ag R ITE Al (grem®)
2060 3.96 0.75 0.85 0.4 0.3 0.11 — — 0.25 — A 272

2065 3.8~4.7 0.5~1.5 0.25~0.8 <0.3  0.15~0.5 0.05~0.15 0.1 0.1  0.15~0.5 0.1Ti Sk 2,70
X2A66  3.5~4.1 1.3~1.8 0.2~0.6 0.2~0.8 0.2~0.6 0.08~0.16 0.1™ 0.1m — 0.1™Ti B 265

2071 3.7~4.5 08~14 07~14 02 0.1~0.5 0.05~0.15 0.15 0.12 0.15 — FS —

2075 4.1~4.6 0.7~0.11 0.3~0.8 0.2 0.1  0.08~0.16 0.1 0.1  0.1~0.3 — E —

B 2074 2.6~3.3 0.6~0.9 0.3~0.7 0.1~0.6 0.1~0.5 — 0.1 0.1  0.05~0.3 — E —
2076 2.35 1.5 0.5 0.3" 0.33 0.11 — — 0.28 — it 264

2055 3.2~4.2 1.0~1.3 0.2~0.6 0.3~0.7 0.1~0.5 0.05~0.15 0.1  <0.07 0.2~0.7 — A 270

2295 3.6~4.5 0.9~1.3 0.25~0.8  0.25 0.1  0.05~0.15 0.08 0.08 0.1~0.5 — AR —

2395 3.6~4.5 0.9~1.4 0.25~0.8 0.25 0.35 0.1 0.1 0.8  0.1~0.45 — St —

2085 2.2~2.7 1.3~1.9 0.3~08 0.2 0.1  0.08~0.16 0.1 0.1  0.1~0.4 — A —
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Tab.2 Overview of major applications and characteristics of Al-Li alloys in aerospace field **!!
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Tab.3 Properties and applications of self-developed aluminium-

lithium alloy'* ™
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Fig.1 Flow chart of preparation of Al-

Li alloys by powder metallurgy™
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Fig.2 Schematic diagram of Al-Li alloy crystallization by different forming methods™”
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Tab.4 Precipitates corresponding to microalloying elements and

their effects on microstructure and properties of Al-Li alloy '+
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Fig.7 HAADF-ATEM images of T, phase in AA2055 Al-Li alloys after various aging process''"
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