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[ABSTRACT] Al alloys are widely used in aerospace industries, but their high-temperature strength still cannot

match with steels. Addition of transition metals and rare earth elements can effectively control the precipitation

strengthening phases (Al;X) in Al alloys under high temperature conditions, and therefore their high-temperature

mechanical properties can be improved significantly. This paper summarizes the current research progresses of the

influence of microalloying elements on the high temperature precipitation strengthening of Al alloys. Combined

with first-principles calculation, the latest developments in the thermodynamic parameters and properties of Al;X

strengthening phase are described.
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Table 1 Calculated and experimental values of AL, X structural parameters
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R2 ALX LAY S FIERE
Table 2 Mechanical properties of AL X compounds

ALX #H ZEH C,/GPa | C,/GPa | C,/GPa | C/GPa
LM 129.7 29.4 —
AlLLi . .
L1, 12519 34.6'% — —
Ll 159.85 38.43 — —
ALLu
L1, 159.91% 38.41 — —
Ll 181.62 41.56 — —
Al,Sc
L1, 182.6 4597 — —
ILilj™ 188.28 65.23 —
ALTi L1, 189.41! 66.9'" =
DO, 190.4 83.1 43.1 214.7
Ll 187.0 61.7 — —
AlLZr L1, 18221 67.9'" — —
DO,,"™! 201.54 68.61 44.13 199.82
Ll 176.88 68.23 — —
Lil ™ 176.6 69.2 — —
ALHf
DO, 193.6 87.1 47.4 217.8
DO,,"™ 205.6 67.5 542 200.0
ALY Lil e 158.6 33.2 — —
AlLa Ll 123.1 32.4 — —

B/G

Li Sc

Y La Lu Ti Ti Zr Zr Hf Hf Hf

(L1z) (DOx) (L12) (DOs;) (L1 (DOx) (DOx)

(a) ALXHLEYINIB/GIE

C,/GPa Cy4/GPa B/GPa G/GPa E/GPa v
37.7 — 62.8 422 103.5 0.236"
39,24 — 62.7"" 42,77 104.47 | 0.222
60.44 — 78.9 60.54 144.6 0.194
60.4' — 79.07" 60.6"" 154.6" | 0.174"1
69.34 — 88.24 69.62 165.4 0.188

68.47 — 85.9% 7221 169.1% | 0.172!%
73.8 — 106.3 68.62 — 0.234

76.31% — 104.32" 68.41%! 168.42 0.232°
92.2 125.8 103.7 87.2 204.3 0.17
74.9 — 103.5 69.7 170.7 0.225

72.51 — 102.6™ 66.77" 164,57 | 0.2334
81.59 102.85 106.6 85.7 202.8 0.183
68.6 — 104.5 62.7 — 0.249
68.5 — 105.0 62.2 155.8 0.25
92.4 123.3 107.6 86.6 204.8 0.18
82.5 100.5 106.9 81.5 195.0 0.20
61.6 — 75.0 61.7 1453 0.177
44.9 — 62.7 45.1 109.1 0.21

030

PITEFIETEZ (0] Y A2k

Li Sc

Y La Lu Ti Ti Zr Zr Hf Hf Hf

(L12) (DOx) (L1 (DOsx) (L1y) (DOx) (DOx)

(b) ALXILEWIRIARA LEviE

3 ALX &R ENESWEHEIE / Bt B/G>1.75 70 v>0.26 B SR )
Fig.3 Ductility/brittleness of ALX intermetallic compounds (B/G>1.75 and v>0.26 are ductile)
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