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Interface atomic bonding and mechanical properties of Al-Li-Zr alloy

GAO Ying-jun, WEN Chun-li, MO Qi-feng, LUO Zhi-rong, HUANG Chuang-gao

(College of Physics Science and Engineering, Guangxi University, Nanning 530004, China)

Abstract: The atomic bonding and interface energy between precipitation and matrix of Al-Li-Zr alloy were calculated
by using the “Empirical Electronic Theory in Solid” (EET). The result shows that the electronic density in interface
between ¢’ phase and matrix, is continuous under one order approximation at low stress condition, which gets a good
combination in interface between ¢’ phase and matrix, and strengthens the interface; the electronic density in the interface
between J phase and matrix is not continuous under one order approximation, which make the interface combination
weak. For the complex phase /4" with core and shell structure, not only the interface electronic density is smaller, but
also the interface energy is lower, which results to form a complex /4’ phase through the inhomogeneous nucleation of
o' phase on f' particles. It can reveal the reason why the precipitation can strengthen and weaken the alloy and thus affect
the alloy properties.
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Fig.1 Cell structure: (a) Pure Al cell; (b) Al;Li or Al;Zr cell;
(c) 1/4 5(AlLi) cell
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Table 1 Atomic bonding of interface of (111)41/(111)y (AlLi)
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231 (1)g//(111 ) gqan R AL THT E
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21 6'a(Al) FHTHAL IR BR-1 BB oF 52 1,
HE) 1) Becker £5 R OB 5T 6" o AL FETHT Ak A FE T FE o

a(Al) cell
Bond 1, D,,/nm D, /nm Ty AD/nm Ey/(kJ'mol ")
DA 12 0.286 35 0.286 33 0.208 57 0.004 2 25.564 9
DA 6 0.404 96 0.404 94 0.004 45 0.004 2 0.3857
o' cell
Bond 1, D,,/nm D, /nm Ty AD/nm Ey/(kJ'mol ™)
DA 24 0.283 55 0.282 88 0.233 27 0.004 39 28.873 7
DAY 24 0.283 55 0.282 88 0.120 37 0.004 39 20.587 7
DA 18 0.401 0.400 33 0.005 17 0.004 39 0.4527
DLt 6 0.401 0.400 33 0.001 37 0.004 39 0.2301

a(Al): p=17.625 9 nm %; §'(ALLi): p=17.127 7 nm 2, Appnin=2.4754%
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Table 2 Atomic bonding of interface of (100)/(110)aj

Al
Bond 1, D,,/nm Bm/nm T, AD/nm Ey/(kJ -molfl)
DA 12 0.286 34 0.286 33 0.208 57 0.004 2 25.564 9
DA 6 0.404 95 0.404 94 0.004 45 0.004 2 0.3857
o cell
Bond 1, D,,/nm Bm/nm T, AD/nm Ey/(kJ -molfl)
DA 4 0.275 39 0.272 49 0.326 76 0.002 6 41.649 3
DA 8 0.275 39 0.272 49 0.168 62 0.002 6 29.690 1
DM 4 0.275 39 0.272 49 0.087 01 0.002 6 21.169 1
DA 12 0.318 00 0.315 09 0.042 35 0.002 6 6.450 8
pH-H 12 0.449 72 0.446 81 0.000 31 0.002 6 0.044 7
DA 12 0.449 72 0.446 81 0.001 15 0.002 6 0.041 0
Al: p=3.67nm %; & cell: p=1.67 nm % Appin =74.74%
*3 (111)gar/(111)p (AgZoﬁﬁﬁ%}&%
Table 3 Interfacial atomic bonding of (111)4a1/(111)g (alyz0)
o(Al) Cell
Bond 1, Dp,/nm D,,/nm Tg AD/nm Ey/(kJ'mol ")
DA 12 0.286 35 0.282 15 0.238 87 0.004 2 31.7357
DA 6 0.404 96 0.400 76 0.005 10 0.004 2 0.477 1
B’ cell
Bond 1, D,,/nm D, /nm Ty AD/nm Ey/(kJ'mol ")
DA 24 0.286 38 0.288 0 0.146 7 0.001 6 19.092 9
DA 24 0.286 38 0.288 0 0.328 8 0.001 6 50.666 7
DA 18 0.405 00 0.406 6 0.001 5 0.001 6 0.142 6
Daa 6 0.405 00 0.406 6 0.007 8 0.001 6 1.004 0

a(Al): p=20.183 nm %;

B'(AlZr): p=20.083 7 nm > ; Apy=0.492 3%:

4 (002);//(001), 7 Ifi J5 1 st
Table 4 Interfacial atomic bonding of (002)s// (001)

8'(ALLi)

Bond 1, D,,/nm Bm/nm T, ena/(KJ -molfl)
DA 24 0.283 55 0.282 88 0.233 27 28.873 68
DY 24 0.283 55 0.282 88 0.120 37 20.587 65
DA 18 0.401 00 0.400 33 0.005 17 0.452 65
pL-u 6 0.401 00 0.400 33 0.001 37 0.230 13

B'(AZr)

Bond 1, D,,/nm Bm/nm T, ena/(KJ -molfl)
DATE 24 0.286 38 0.283 18 0.248 87 42.145 17
DA 24 0.286 38 0.283 18 0.229 00 28.065 73
DI 6 0.405 00 0.401 80 0.005 64 0.933 58
DA 18 0.405 00 0.401 80 0.004 78 0.414 01

S'(AlsLi): p=11.862 66 nm™>; B(ALZr): p=12.392 21 nm > Apmin=4.37%
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N 1 FIER 2 i BT LR, 0T oA
HHEAK o (ALY Z BB FhT, B/ o1 % B %
Apmin=2.4754%, F W] 5 H 5 KaAA 2[RI 5 i v 45 B2
(—HIE AP <10%)RFFIES:; ST 6 A SFAAZ [H
(IFEIT Apmin =74.74%, F W] o M HEAA R S AL+
SRR GOTAL FANIESE, F N RO, SIS
SREEECYS. U7, AE SAHFIAL T T N
17.373 nm >, Tfi¢E & AHSHAR P38 i 126 %k 2.67
nm 7o X UL OAH IR I 45 SRR, T 6 AH
BRI SIS AR SS, S AHIIHT HkE 21 T 5 i 44 5
PR, T 6 AHNS R SR 5940 . WS IRERTE
HAREH, oM GEAAR A AR, A 13.80
ml/m’, 5 14 mIm® VRS, BRI AT

Interfacial energy between precipitation and matrix of Al-Li-Zr alloys

Interface Apmin/% pa/nm > D, psnm 2 pp/nm 2 y/(mJ-m %) ye/(mJ-m %)
Al(111Y/8'(111) 2.87 17.63 17.13 - 13.80 1417
AL (111)/8'(111) 2.48 20.18 - 17.19 53.35 66.201%
Al (110)//6(100) 74.74 3.67 1.67 - 235.97 -
5'(002)//4'(001) 4.37 - 11.86 12.39 2.24 2411

yE 1s experimental value.
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