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Kim 5 Pl 3 T %5 B2 37 s 2 (density functional
theory, DFT) B9 %5 — R E {15 f1 HAADF-STEM
SR, $RH—FET A T1 A A BELE R, 15 R
FRIE LB T1ARIBESE A AT E.
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BHBR BN, 4 T B Vs g B b . pRLR T AT
T eRECR AR AR R T T R, SR AE AR
it JE PR R 55 ) S AL SR T i — P R
T1 FHIJE AL, AR SO R 2 AT, R %
2 RIS YE A R RE  FL T ) pREF AN R 245
(e Aa M, BFXT T1 MBS E 1, 3F18 0 g %t
HAZm, R Ag, Mg Ml Zn 76 Al/T1 5%
fifig, DU & 4 e 20T T1 AT H 520,

2 HTRRIE R ERA

A AR T DFT MK =T )
T J¥ il VASP (Vienna ab initio simulation
package) 17, 456 B WML AR, SR A THIHE
522N (projector augmented wave, PAW) Jif
PFORAIA R 75 Z R AH EAEH], o 2o
IXRER H] Perdew-Burke-Ernzerh (PBE) ) Xt
£ 3T L #¥ (generalized gradient approximation,
GGA) V- 1 8 JE 34Ty 1k 17181 A SR T A0 A Y
AlgCuyLiy, Horh & J57 A9l 22553500 - Al-
3s23p!, Cu-3d'4s! fil Li-1s'. SRH K2 (slab) 4544
B4R R, FZ2Z N ESREE N 15 A
(1A = 0.1 nm), BULKAHE A2 02, H4
J& 25 2 Z [ A EAE AL P T e i AR e
350 eV, BER AN HIMSIRTEZ /300 1 x 107 eV
1 x 102 eV /atom. i BIHIX k 5 AEEAR ST
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BEAT UL AN L 2540 115 TRl [ R 2 v
[ L2 S AR, b 2610 5 5843 it 4.
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T AR T DD TR, v )R] R B A 2R T, IR
YIEISIE A 4 A3 0. iR Rer T E AR

Ea (X) = (Efy (X) - B (X)) /2, (2)

Horr, X RRAGEHZER, o AR B, ES (X)H
BRI 2 J5 i RE R, IrLL, R RE S LR B FhEE
I Z

Equi (X) = Ege + Eret (X) . (3)
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ANRTASE, e AR N T A8 1. AR RIB R
HA R [R] BY -3 pR B, B 2[Rl — R RE, AT
AL, LTI PR R AR R ] 09, Rl 3 i Y F
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PRI, AT LA T S eR B RN ARk i 4
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SCHR [23] AR Y LT D R AL () S U B
BB (Eypenmm) 5 FKRBER (Bpermi) 222, HAK
HTHE R

® = Fyacumm — Fremi- (4)

2.3 BAREHITE
B ALRE T LIR4F M 3R AE 5 WAB 42 e R X
T1 AT BN A R i pl P e s ), R, AR T
Al/T1AFTH, WHEAFBIOTER AR E R
f7BE. PR SCHR 24, B aei A AN
ABEgy, = (EXG = BN — (i — ), (5)

i—J
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JIRTJE AL-T1 AR B Be & PAYT O R 2
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Fig. 1. Surface selection of (001), (100), (010) phase.
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Fig. 2. The configurations of different surfaces.
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5 QST o VA /-2 A S G P A S
T BRSO IR T4, 45 T 1T st TS Y
58, WK 3(a) s, ATLLE M, s 5 RIE W
ALJEF B ANEF (PR 1.02 A), S805
T2 IR T 1 Ji T B R 3K 0.23 atom /A2, i1 T H
SR 578 BE RO, ) A ELAE D
5i, A M SIS, AR 2 AR A 2 1 fE.
F LWL T TR ER, A TR
AE, AR s T R 2 SR AR R E .
A, T1AHR T I R A 7E 3.40—4.53 eV
F£ 1 T1AR 10 EEETH YR T RE AL T2 R L

Table 1. The surface energies and electron work

functions of ten surfaces.
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Fig. 3. Atomic configurations of (a) surface I, (b) surface F and (c) surface H before and after relaxation.
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Fig. 4. Electron density distribution of (a) surface 4, (b) surface C, (c) surface E, and (d) surface J.
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N FPIRAST T1 ARG Gl XT3N 1 L
P HA —EE X

WA R AS 7 1], LL1.0% M RiAs K, T
T1AH 1024510, £ XA Y J7 10 b R 48 A
~2.0% 3| 2.0% B (Ftit 25 AARDS) BIFR T AREFE
TR T O A, X B H TS AR A
, T1 AH R MR AT I R S 0. & 20
FE 25 AIRASTR, 454 1A/ 32 1 RE AT 3 R 5l
EE S RARMEZ 2.

128 2 T LA RN AR 5 , B34 T 1) 2% 17 BE
AT RBE AR RN — ) X FEJER AR
ST A DT R AN [ A ot 2 T A 5 et AS T
FEFRTH RE T I, N AR S I AE 0.19—0.59 eV, H:
W B T AR AL K. Bl 5 AT, AE TR AR
TEOLT, ARAE XA Y J5 ) BRI ARTE BUAH R, %
T RESEARANAE s 1 07 A8 185 B AH R 2 S8R i
Tt Hak A 32800 £ meE I 8. X544
J& B 55 25w A AN TR, i@ E R HIVERT,

F I RE M ZE A — A2 IR FR Y, (5 B 1 Y % 18
AEAE AL AR, 1X £ T1ME T =06
A, ARG JE PR AN K A 2 5 R T
A HLA, R R T AR A A —FE AR .

F 2 AP A A R S

Table 2.  Fluctuation of surface energy and work

function with strain.

i) i /J-m 2 IR i feV
A 0.41 0.14
B 0.59 0.09
c 0.25 0.09
D 0.16 0.12
E 0.21 0.14
F 0.31 0.07
G 0.34 0.08
H 0.37 0.05
I 0.37 0.15
J 0.18 0.04

XS TR IMBERAZ 1L, DR BB, A
1 0.15 eV. [¥] 6 g T4 H 2 ek BBl 07 28 28 4k
f1% 26 AR 1. ISR BTl N 2 SO T v 2y e R
R, FET - BER A E P RE R T TR AE A
i Ty RS /N, A4 AT P P RS . X 5 DAY
REBTEal IR P 45 b, LITEZS IR0 H A
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Fig. 5. Surface energy of surface B with strain.
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Fig. 6. Work function of surface I with strain state.
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Fig. 7. Interface model and atomic substitution positions.
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Corrosion mechanism of T1 phase in Al-Cu-Li alloy:
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Abstract

First principle calculations in the framework of density functional theory are performed to calculate the T1
phase (AlgCuyLis), which is the main precipitation in Al-Cu-Li alloy. In this paper, the surface energy values
and surface electron work functions of different termination surfaces in T1 phase are calculated. Meanwhile, the
effects of stress and common alloying elements on the T1 phase are also discussed. There are 10 different
termination surfaces for T1 phase. The surface energy varies between 0.59 and 1.28 J-m 2. It is found that the
surface energy is dependent on the atomic configuration of the surface. The relaxation of the surficial atoms
leads to low surface energy. For work function, it is controlled by the surficial atomic species. When a surface
contains Li atoms, low work function is expected, which can be attributed to the low electronegativity of Li
atom. The (010) T1 surface with Li termination has a minimum work function, 3.40 eV. In addition, as is
different from pure metal, work function of some T1 surfaces shows unique behavior under stress state. The
(010) T1 surface with Al and Cu termination has an increasing work function under the action of tensile strain.
In fact, tensile strain induces the first and second surface layer to merge, which can improve the surface
electronic density and raise work function. As a result, the corrosion resistance can be enhanced. Finally, the
effect of alloying elements on the precipitation of T1 phase is studied. A1(111)/T1(010) interface is built and the
substitution energy of Mg, Zn and Ag are calculated. Comparing with Mg and Zn atom, the energy of Ag atom
to substitute the interfacial one is low, meaning that Ag can relax the strain in the interface. Ag atom has the
closest atomic radius to Al atom, and the same chemical valence as Li atom. Therefore, Ag atom is more likely

to promote the precipitation of T1 phase, which is also in agreement with the experimental result.
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