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Table 1  Calculated and experimental lattice constants for a-Al, Al,Zr, Al,Cu, MgZn,
Lattice Constants/nm
Materials
Cal. Ref.
a-Al a=b=c=0.4048 a=b=c=0.4056"°
AL Zr a=b=0.401996,c = 1.73367 a=b=0.39993 ¢ =1.72832""
Al,Cu a=b=0.606934,c=0.488133 a=b=0.60637,c=0.48736"""
MgZn, a=b=0.521283,c =0. 849647 a=b=0.5223,c=0.8556""
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# 2 Al-7.8Zn-1.6Mg-1.8Cu-0. 12Zr & 4 W5 _M45 A it 5T ik
Table 2 Heat of Formation and cohesive energy for the second phases present in the alloy of Al-7.8Zn-1.6Mg-1.8Cu-0. 12Zr

Heat of formation/ ( eV/atom)

Cohesive energy/ (eV/atom)

Phase

Cal. Cal. Ref.
Al,Cu -0.1683 -0.2033" -3.7383 -3.9934"
MgZn, -0.2013 -0.1428" - 1.3947 -1.3767"7"
Al Zr -0.5 -0.459"" -4.88655 ~4.657""
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AH B AR S A, B8 B G 4 v A P 5 A 09 T8 B
BIoh A kRN G B, JE W A AR AR B, B
AL Zr FHINES 5 BELE X {H f K (4. 8655eV) , 1M Al Cu
5 MgZn, 04> 5K 3.7383eV,1.3947eV, Ui H] Al
IR 5 Ze JR A5G R S vk, AL Ze IRHTBIE 19 g
Fde K, e 32 B W 5550 HAER T, 5 AL Cu, MgZn,
G, AL Ze TR 57808 o =R P AR AR E P K/
Rk N Al Zr > Al,Cu > MgZn, ,
2.3 BRBER
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ek ARG R AL A Y R B %
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# 3 MgZn, AlZr 5 Al,Cu @419 5 5 550 5 5 (GPa)
Table 3 Calculated elastic constants for MgZn, , Al,Zr and Al,Cu( GPa)
Cll CIZ C13 C33 C44 C66
Compound
Cal. Ref. Cal. Ref. Cal. Ref. Cal. Ref. Cal. Ref. Cal. Ref.
MgZn, 89.16 85.84!%2)  83.49 84.170%%) 21.41 19.86'%) 139.22 133.35%2) 20.76 19.810%!
AlyZr 211.159 208.8!%) 66.767 70.51%)  48.612 49.11%%) 204.354 208.3'%) 83.719 g87.20%
Al, Cu 179.36 186.18%*) 74.42  71.541%*)  64.39 79,203 179.36 179.420%*) 25.98 29.230%) 56.53  47.241%)

MFE 3 AL H, = /A0 0 5 SR RO S
LEAEE VG, B & o R R ) AR e
PEFIIE(3), (4) , KRG & e e = HHEH

AL T AR ENE . K L BRI I 2
Al PR AN 4 FTR o

# 4 MgZn, AL Zr 5 Al Cu Iy 5 PERE G K HAS ) S5 Y7~ S5 T A L
Table 4 Bulk modulus B, shear modulus G, and young’s modulus E, Posson’s ration » and anisotropy A for Al,Zr, Al,Cu and MgZn,

G/GPa B/GPa E/GPa B/G v A

Phases
Cal. Ref Cal. Ref. Cal. Ref. Cal. Ref. Cal. Ref. Cal. Ref.
a-Al 28.84. %] 81.970%] 77.441%] 2.840%] 0.340%] —
Al Zr 84.26  85.11%)  106.08 106.91*) 199.86 201.8'%) 1.26 1.256'**) 0.19 0.185%! 1.1 —
Al,Cu 44.02  41.17* 104.93 113.4% 115.87 109.90%*)  2.38  2.76"%*)  0.32  0.34P*)  0.70 —
MgZn, 21.83  20.17'%21 63.35 61.420%%) 58.75 54.541%%0 2,90 3,050 0.35 .35 1.40 —

H1 4 nlA R S SR E 2 EHE
PEIE T ASCHH RS 8ot & 8. UK E 6 W
FHBHR BT U1 A2 T2 BE A1 1 R/ (R B i B W L3R

AEAARE P 5T 45 5 BE 0 B SR 55 5 4 [RBE B O 4
BHEGN ) L BT 52 B 7 5 R B LG AR, 4K B Hershey
FIJMETTE R E =96GB/ (3B + G) 1 IR &t
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KA MgZn, AHTE LR A1/ TR T 6 & & 2
A CURIBOIRAL R AR A e R A
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G>1.75 B, SR RN W), BB B, B0
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L7588, M R e M b 3t Bk 7™, P 3 4 AT,
MgZn, 5 Al,Cu % B/G {54y 5% 2.90 2. 38, &
YR ABIE ; AL Ze () B/G R 1.26, H R IH i
PR, FRIA AT B A — B, T ALZr
AR ] e R A (L. 1) B3 1, 3R B0 H 4% ) [F)
PEU AL T MgZn, 5 Al Cu #H,

3 %

(1) & & mS MM MgZn,, ALZr &5
AL Cu M, AP AR X A AR S6 0 b B R i, B
R AR R, SV AR AT S R E M RN
Al Zxr > Al,Cu > MgZn, ,

(2) = F A b, AL Cu 5 a-Al BE IR Y 27 K
AE 22 (B /I, X B 46 A TR ol P RE 52 Wi 8 /0N 5 T MigZin,
5 - Al FEAR 2 K RE (B AH 22 5 K, HoR 2 5 5 k4K
TV AR o A b s, O - AL R A Y O e AR
& TR Pl BE ) o

(3) 4% F- 1 A 04 4 EC R R/ Ol AL Ze >
Al,Cu> «-Al >MgZn,, Al,Zr RS Al,Cu i) 47 0GR
PR T a-Al FER A7 TR R, 2 ] B3R
38 0 1% ) B JBWORE , $2 T IR AR AT L AL v 5
B/G 1y i+ 5 XK Wl MgZn, 5 AL Cu % 3y # 44,
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Influence of Equilibrium Phases on Property of
Al-7.8Zn-1. 6Mg-1.8Cu-0. 12Zr Alloy: First-principle Calculations

HUANG Yuan-chun" *?,  XIAO Zheng-bing" > *, ZHANG Huan-huan®, LIU Yu’

(1. State Key Laboratory of High Performance and Complex Manufacturing, Central South University, Changsha 410083, China;
2. College of Mechanical and electrical Engineering, Central South University, Changsha 410083, China; 3. Light Alloy Research In-
stitute, Central South University, Changsha 410083, China; 4. School of Materials Science and Engineering, Central South Universi-
ty, Changsha 410083, China)

Abstract: To determine the influence of equilibrium phases on the 7085 alloy, the software of Thermo-Calc and JMatPro based on ther-
modynamic calculation was used to calculate the phases may present in the typical 7085 alloy ( Al-7.8Zn-1.6Mg-1.8Cu-0. 12Zr, mass
fraction/% ). Combined with the plane wave pseudo-potential method (PWP) and generalized gradient approximation( GGA ). The heat
of formation, cohesive energy, fermi energy and elastic constant for the phases exist in the alloy were calculated by the first principle u-
sing density functional theory( DFT) as implemented in the cambridge sequential total energy package( CASTEP) , the change of corro-
sion resistance, strength and toughness maybe caused by the phases were studied. Results shown that three equilibrium phases, Mg-
Zn, , Al,Cu and Al,Zr may present in the Al-7.8Zn-1.6Mg-1.8Cu —0. 12Zr alloy. The formation of Al,Cu, MgZn, and Al,Zr is found
to an exothermic process. And among them, MgZn, has the largest electrode potential difference with a-Al, they are prone to form mi-
cro batterys, thus decrease the corrosion resistance of the alloy, while the electrode potential difference between Al,Cu and «-Al is not
much. Al,Zr has the biggest bulk moduli, shear moduli, elastic moduli, and young’'s moduli, it increases the alloy’s strength and

toughness mostly

Key words: first-principle; 7085 ; equilibrium phases; thermo-Calc; elastic properties



