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Pulay % Ji ¥ & 75 S 1O ah #EL e 0 7

JUMT AL, 4k R A B SN 5.0x10°
eV/atom, FANEF B A/NT 0.1 eVinm, KA ZE
i~ 5.0X107° nm, M HfmZ(ET 0.02 GPa, #il
Bl 330 eV, EFE 0.02 nm™* ) K &[], Mg Al
6>6>6, Mg,Sn Fl AlLY 5 6>6>4. 15 AT K A 1) & A
AL 1 iR .

1 MgwrAlz, Mg2Sn F ALY AH ) & i 25 4
Fig.1 Crystal cells of Mgi7Al12 (2), Mg2Sn (b), and ALY (c)
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2.1 BESEHMBIEER
Mg37Al, M@oSn FT ALY 1 8h 1R 25 549 Z 500r b i
WHOY MBI T L LA 2 cpl0 18220 5 b i g S 4 SR
5 At 1 S 56 AN ER AR 3 A 45 AT LU, R ITH LA
RELGEM NI RE TS, BRRERSA
2.2%, RWIHATHHE S RE = EAER.
2.2 BeEmRASHEERE
Mg;7Al,, Mg,Sn Al ALY 4 4 T B (AH) Rl 45
B 8 (Econ) TS0 70 K 40 R A =
E, —N,E{ —N,E?S

— Et_NAE:_NBEaB
on N, +N,
Kb B &AM SRER: BN, EPBIERE A, B
TR VPHBARTFHREE: EN, EXAE A, B G
ZHMETHREE; Na Ng 2B GRS A, BRT
FEE. Mgy AL, Mg,Sn Fil ALY 4 4T 1 #((AH)
FNZE 4 B (Econ) O TT S5 45 15 T3¢ 3 1019230,

M 3 HFATLLE W, Mgy Al & & T8 Ri#-2.20
ki/mol 5 it & {f—4.64 kI/mol™ 41/ ; Mg,Sn ¥4 4T
J§#4—21.27 kd/mol 5 5256 {4 —24.30 kd/mol™ A1t {8
-21.81 kImol™8%5 & (IR UF . ALY A 4 % A
—48.45 kJ/mol it E{E-52.32 kd/molth 43 3
WA TAEMIE F LS. BT ALY BT
B, Mg,Sn K2, Mg/Al, ik, R ALY &5
B, HA SR ER, HIRN MgoSn, MggrAly,
METE B -

MR 3 HIETT LLE . Mga,Aly, R 45 & AE-233.89
kd/mol 511 (i -287.61 kI/mol“H 25 A £ ; Mg,Sn (1
4 4y fi6-237.01 kd/mol 5 it 54 {t-234.88 kd/mol 843
Bl . ALY 454 f—438.39 ki/mol Flit 5 {4 —-442.39
kI/mol™ b 73 55, RATHE S BT AE . Sk R
SEVER S R E 0, EE BT, KA REE L
RAE SRR o RS B R T BT B T, WA
BEMIBUEER N, 1A AR 2P, i, ALY S5 Hikfa
B, M@oSn IRZ, Mg Al mANEEE. Hrku, E
i E Mg-Al-Sn RN Y TR, R ALY AT LLE
R R A MRS T
2.3 HETHEH

WE, ARG T PSR E T &S
Mt e e S S EE T . NIRRT, AL
YEIFH T MgyrAl,, Mg,Sn Al ALY = A1 [ HL 7 45 4,
HH R TIX A AR e S D R AR .
Mgy, Al Mg,Sn Fl ALY =% E KR WK 2 fr
Ne Mgi7AlL, Mg,Sn F1 ALY =AH, i1 3 E4E

E

(2

AH = (1)
Na+Ng HTE-10~0 eV, 2 5HIKIET Mgs, Mgp, Als, Alp
Fz 1 MgisAl, Mg,Sn 1 ALY HHIIEEHS
Table 1 Crystal structure parameters of Mgi7Ali2, Mg,Sn and Al,Y phases
Phase Atom number in cell Space group Structure type Pearson sign Atom site
Mg( 1)(0,0,0)
- Mg(11)(0.328,0.328,0.328)
Mgi7Al1, 58 143m Al12 cl58
Mg(111)(0.356,0.356,0.040)
Al(0.090,0.090,0.274)
Mg(0.25,0.25,0.25)
Mg.Sn 12 Fm3m C1 cF12
Sn(0,0,0)
ALY 24 Fd3m C15 CcF24 Al(0.625,0.625,0.625)

Y(0,0,0)
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&2 MgrAlp, MgSn # ALY ML EREEH
Table 2 Lattice constants of Mgi7Ali2, Mg2Sn and Al,Y (nm)
Lattice constants, a/nm 3 3
Phase - - Vo/nm plg€m
Present Experiment Calculation
Mgi7AlL, 1.056 1.05401 1.057% 1.180 2.07
Mg,Sn 0.682 0.6761*% 0.6831%% 0.318 3.50
AlY 0.791 0.787[2 0.772017 0.494 3.84
£ 3 MgpAlz, MgSn F1 ALY BI& &R ALE 4 RE
Table 3 Heat of formation (AH) and the cohesive energy (Econ) of Mgi7Ali2, Mg.Sn and Al,Y
Phase AH/kJ mol™ Econ/kd mol™
Present Experiment Calculation Present Experiment Calculation
Mgs7Al L, -2.20 - —4.6411% —233.89 —287.6111%
Mg,Sn —21.27 —24.30! —21.8108 —237.01 —234.888
Al,Y —48.45 —52.3211°] —438.39 —442 3910
1 Mgs, Mgp, Sns, Snp LK Als, Alp, Ys, Yp, 050 & s
> . [y 5 - s 3 F a
Y d FUEN BT DTk . an SRR RIS % B EH Fermi gég
BE ML AF AT B, R WA R b B s S 420, 6.3 Alp
ST I Mg,Sn A7 AR B8 BT B, R B Mg,Sn B AH %, 00 Vo
e . XK 2a~F 2¢ 3Rl AT A AT AT DAAS égég
Mgy7Al, 1 Mg s 5 Al s,p &4 441k, (B2 555 Mg,Sn 0.3] Mg p
Mg s,p 5 Sns,p WA Z4b, H b5 E L Mgy,AlL 01'8 oA
ok, ALY FEZER Y dH Als, p IR, Ak ; :
Vg 51 FE L L Mgy Al SR 2, BRI EE Mggr Al 240 55 0*3%0-0 -5.0 0.0 5.0 10.0
FESH . X 3 G 101k & £ i A AR P A T AL 0.15/M9° WW
HHBHEERROEERR. SHE 2 #—200Hh, & 0,007~ ;
BL7E-10 eV-Fermi REZEZ 1], Mgy Aly, 3465 o |
T B T A 2.423 808, Mg,Sn il ALY [ FH 3 06" \
wn
B S5 1) OB L 003 il O 2.656473 1 2.997077. Q 0.0r
. " e . o 0.6
M0 S B PR OB K, PR A [R) A LR bk, 45 M Bt 0.0
HAa R, Bk, ALY KR E R, MgrAl, 2} MeS" |
Meitfe et zE, S8 aRMNTEEREYE,, R o 50 0.0 5.0 10.0
I AIE S 7 HL - 25 R W s PR TR 8-2 Alp E c
& @S H A, 1T LU B AN [R5 1) 4 PE i 55 7% 0.0 AT
o Mg1rAlLy, Mg,Sn Al ALY 12 T2 4 £, 015 02
i il 24 2(3) 7, S g5 Y YA k
% 0.0 :
f =M _keTDy 00260 (3) Q02| YP
ne ne ne 0.0 ~ R ; R
S !
i, Dy H0 5 M Fermi AEZEAL i) DOS M, T £ 01 WA
RIS 5 N T N 53 0 8 B I BRI P T 2.5/ A
P kg /2 Boltzmann # (. ne A3 ne=N/Vo 115 0%  s0 00 50 10.0
3, N2 e, Vo&at iR, MHSSHAIT Energy/eV

HAERWE 4 Fiom. WRATRIL, o (883 IR T 518
Mg,Al,>Al,Y>Mg,Sn . W, & t&ENA
Mg Al B Z KA MgaSn.

M & B L&Y H Mulliken B 5 #8304 B A,
A DL B[R] — A4 2R AN [ J5 1 22 T D B g 2 158 00 % L

Kl 2 MgirAliz, Mg.Sn Fl AlY 1975 % &
Fig.2 Density of states (DOS) of Mgi7Al12 (a), Mg.Sn (b), and

ALY (c)

B RAR F R T A IR S T

Mgi7Al,, Mg,Sn Fl
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ALY 1) Mulliken ¥ 548 £ Wi 45 R 5 TR 5. &
AT R I, MgrAly, F1 T A Mg &7 AL JE T K
TR, RRERAT RN 12.02; Mg,Sn i,
B M Mg J5F 17 Sn 7 KA T8, #5 da S4
2100 4 ALY H, BTN Y TR Al JETFRET
¥, BB B AL N 5.84. 1 Mgi7AlL,, Mg,Sn Al
ALY R Z A 1) 5 2 o i 2 58, 12 Fi 24, N3
TR FHAL 40507 0.21, 0.33, 0.24. KH] 3
Tl 4 @ 184k & 0 B0 B F B Bl SR B 55 1T N
Mg,Sn>Al,Y>Mg7Al ;.

MNZE Gy WA 25 FE I rp, AT R B TR AL A )
(S A BT . MgizAlLL, MgoSn T ALY 9 (111) T ¥ 2
43 BT 2 B P 4y i 81 T 1 3a~18] 3¢ . Mgyr Al 2
73 BT 35 B 145 v £k ) —26.440 £ 51| 25.674 e/nm?,
6] B £ 9 13.032e/nm®; Mg,Sn ) 22 43 L fif 25 B 8] 25
2 \-12.083 e/nm® 2 il ] 18.054 e/nm®, [A1KEG LN
7.531 e/nm®; ALY ()2 43 B fif 55 i R 25 v 48 M\ —11.562
2213 12.473 e/nm®, [AIBE 21N 6.012 e/nm®; MK 3a
AR EL,  MgyrAly, H, Mg-Mg 2 18] il 4 J@ 48, Al-Al
Z A AL, Mg-Al Z 18] RS T8 . A 3b AT BLK
W, Mg,Sn H, Mg-Mg 2 [A sl 4 @ 4, Sn-Sn 2 [H] i,
A B, Mg-Sn Z [8] B T8 . K 3¢ I BRI, Y-Y
Z NG E e, Al-AlL Z AL B, AlLY 2 RS
T, 4 IR, Mgy Alyp, MgoSn Fil ALY A
e R, ST ENGS, RHERTE
A0 25 0 e M AN AT G
2.4 MR

KBS BB Mg7Al, Mg,Sn Al ALY 1
Jio X 3 R4 @ i S BE TR, ST Rk
AL AR N Crys Cro Al Cyge R 6 FIH T
Mgi7Al, Mg,Sn Fl ALY M #EPEE 5. 3K 6 Fidk
—3H 151, Mg AL, Mg,Sn Fl ALY 23 & 5777 ik
PR R B bR AHE: Cp+2C15>0, C11>|C1a|s Cus>0o
H Mgy;Al, Mg,Sn il ALY A #0E 8 A it e 5
SCHR BT AR IE 45 S b 7 A D280 S i AR A op S

4 MgrAli, Mg,Sn Fl ALY 1HE) Fermi BERESHEE (Do,
MEFEH (N), NEFEEN), RBEARVINERE
S (fn)

Table 4 Calculated density of states at the Fermi level Dy,
total number of valence electrons N, the cell volu-
me Vo, density of valence electrons n. and metalli-
city parameter f, of Mgi7Al12, Mg>Sn and Al,Y phases

Phases Ds N Vo Ne fm

Mgi7Al1, 11.612  196.264 590.137 0.333  0.908
Mg2Sn 0.529 44.081 79.603 0.554  0.025
ALY 3.292 52.142 123.603  0.422  0.203

s 0%
o 9‘@@‘
'@t @ -
o8

-
v .
B

—-13.426

—-26.440

—18.054

-10.523

S‘ - 2.985
—-4.550
—-12.083

AF Ve

Slicel

b

-12.473

- B.481

W
-0.453
- 5554
--11.5662
- Y

3 MgwrAlz, MgeSn Fl AlY 1122 43 i s % i 15
Fig.3 Electronic charge density difference contour plots of

Mgi7Al1; (2), Mg2Sn (b), and ALY (c)

% 5 Mg17A|12, Mg28n %l] Ale E"] Mulliken %%5*&%{
Table 5 Mulliken electronic populations of Mgi17Al12, Mg,Sn and Al,Y phases

Electron orbit Transfer Transfer
Phase Atom Number
S p d charge charge/atom
Mg( 1) 24 0.78 6.95 0.00 0.27
Mg(1I) 2 0.75 6.52 0.00 0.73
Mgi7Al 21
S Mg(11D) 8 0.79 6.70 0.00 0.51 0
Al 24 1.27 2.23 0.00 -0.50
Mg 8 0.76 6.74 0.00 0.50
Mg.Sn sn 4 1.45 3.54 0.00 ~0.99 0.33
Al 16 1.21 2.16 0.00 -0.37
AlY Y 8 0.26 -0.06 2.07 0.73 0.24
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F+ 6 MgirAl, MgzSn F ALY HERIEM S8
Table 6 Elastic constants (Cy;, Cy, and Cas) of Mgi7Alg,
Mg,Sn and Al,Y

Elastic constant/GPa

Phase Source
Cu Cow Cus C12Cus
Present  90.86  26.20  29.43  -3.23
Mgi7Al1, 126]
cal. 88.38 2354  26.95
Present 72.32 25.94 32.25 -6.30
Mg,Sn  Cal.l'® 6855 2595 3032  -4.37
Exp.?¥ 8240 2080  36.60
Present 172.73 36.93 56.38 -19.46
AlLY cal.® 17166 3274 5408 -21.34
Exp.B9  90.00 34.00 6200 -28.00

T Mgi7Al, Mg,Sn HT ALY RIS 5 B 1 5 45
ﬂ%

T8 BRI A S ), @ Id Voigt-Reuss-Hill
(VRH)JEUHMJ%{&%EHEEMSE‘J*%%B”O FHAR (D

~AR (3) PR LATFS Y 3 4 1] 4k A 0 ) A

(B). BV E(G). KA E(E):
:l(cn"'zclz) 1
3
G=é(3C44+C11—C12) 2)
E=9BG/(3B+G) (3)
S A5 1 S R B CAD AR B (v) 4 590 3 ek 28 3K(4) B2
F(5) P 545 5.
A:2C44/(C11— ClZ) 4
v=(3B-E)/6B (5)

Mg;7Al,, Mg,Sn Fl ALY 4R & (B) BY DIAR & (G)
W AR (E) . VAR B (v) A itk % ) Sk R 5 (A) 31 T
RKTH. —BAEWT By G MK, SRR FE 8tk
B MgiAl,, Mg,Sn A1 ALY # B, G % T & 4 i,

MWHE 4 Al EH, ALY [ B, G ik, HIkN
Mgi7Al, M@oSn By, DR FE AN vy B 1Y A

7 MgrAlp, Mg.Sn i ALY HER =
Table 7 Calculated moduli of Mg17Al12, Mg@2Sn and Al,Y phases derived by this work, reference

and experiment from elastic constants

Modulus/GPa Poi Ani i
Phase Source G/B 0|.sson nls.ot.roplc
B G E ratio, v coefficient, A
Present 47.75 30.59 75.62 0.64 0.24 0.91
Mgi7Al1, 28]

Cal. 45.15 29.14 71.94 0.65 0.23

Present 40.07 28.74 69.58 0.71 0.21 1.39
Mg,Sn cal.l 40.15 26.71 65.59 0.66 0.23 1.42

Exp.*! 41.30 34.20 80.50 0.83

Present 82.19 60.74 146.20 0.74 0.20 0.83
ALY cal.® 79.05 60.23 144.09 0.76 0.20

Exp.l¥ 90.00 34.00 62.00 0.84

AlLY>Mg,Al;,>Mg,Sn. R4 Pugh #6B4, G/B HLE
A AL AEVE 5 I . 75 G/B>0.57, MIiZAH 2k,
N R AE M N 7 AT FE H Mgi7AlL, Mg,Sn Al ALY
ff1 G/IB EL 43y 0.64, 0.71 F10.74, F£Wix =A%
ffatE; b ALY B G/B thie k. B ALY 7EiX = A
R R MR RS BE (V) T DA R A R A TR AR R
71, —MAE-1-05 Z A4k, Hifta k(WK MR
(R 1) AR T RE )R AT o THELAE SRR, MgirAlL,
Mg,Sn Fl ALY KJvEFa L7354 0.24, 0.21 A1 0.20, #
A Mgi7Al, ¥ 18] A8 T Be 1B 0T .

ARWFFERE— L 7081 T MgrAl, Mg,Sn F1 ALY (1)
Cauchy Fk /7. 7774584 & R4k & 901% Cauchy J& 71
Hl (Cip-Cag) HKF B, Cauchy [E/ME W 6. Wi
& Cauchy & N IEME, WAEIERI NENE, B

HAEMOIE, EREMEMEF; 2z, HHLEYE Cauchy

(e}
o

(o]
o o o
T T T

o
T

Bulk Moduli, B/GPa
w Eay ul (o)) ~l

o
Shear Moduli, G/GPa

o
T

20
Mgi7Al 12 Mg2Sn

Compound

ALY

Kl 4 MgurAl, Mg.Sn fl AlY /1) B, G 1H
Fig.4 Bulk moduli (B) and shear moduli (G) of Mgi7Al12, Mg2Sn
and Al,Y phase
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IR, BRI, AR, i
P, 3K 6 I LR IL, MgiAl, Mg,Sn I ALY
i0] (C12*C44) ﬁi’)ﬁ'\jﬁﬁ, E'ﬁ MgnAllz’ Mg,Sn il
ALY BRI ALE M ALY B Cauchy JE /1(Cy—Cas)
HE A, UE ALY MffitEis, 5 GIB HEI M4
R4 .

3 &£ it

1) Y & 41k Mg-Al-Sn & 4 H 1) Mgy7AlL,, Mg,Sn
R ALY AH I b A 285 $4 2 HORD b B0 S a0 1 A 3L
T FARAE AW G o« A A0 RE 7 F0 45 #8) e E PR i 3] 55
(I T 359 Al,Y>Mg,Sn> Mgi7Al ;.

2) Mgi17Al1,, Mg,Sn HT ALY 1) BB RRAE /2 4 8
BTSN S, MgSn B TR &R
PERIF 8 MgrAl,, 822N Mg,aSh.

3) Mgi7Al12, Mg,Sn Fil ALY #BIEMEtEAH, ALY
if HL 5 fi
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First-Principles Calculation of Electronic Structure and
Elastic Property of Binary Phases in Mg-Al-Sn-Y Alloy

Liu Zheng, Ju Yang, Mao Pingli, Yu Bo, Wang Feng
(Shenyang University of Technology, Shenyang 110870, China)

Abstract: The structural stability, electronic structures and elastic properties of Mgi7Al12, Mg@2Sn and Al,Y phases in Mg-Al-Sn-Y alloy
have been investigated by CASTEP program based on the density functional theory. The calculated results of heats of formation and
cohesive energies show that Al.Y phase has the strongest alloying ability and structural stability. The structural stability mechanism and
the brittle behavior were obtained from the electronic structure of these three intermetallic compounds. The three independent crystal
elastic constants of Mgi7Al12, Mg2Sn and Al,Y phases were calculated; bulk modulus, shear modulus, Young’s modulus, and Poisson’s
ratio were predicted. Further analysis shows that Mgi7Al12, Mg2Sn and Al.Y phases are all brittle phases, and Al,Y are the brittlest and
stiffest.
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