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FHAN W-Mgs Yo Zns A1 ) f K 5 £ B BOKS A0 - 45 0. T BOAS B oF 5 45 R B, X-MgioYZn A F1 W-
MgsYoZng A& B A GBI s, IF B W-MgsYoZng # B 008 AR, 7 45 M i B o i & W, W-
Mgs Yo Zng A B8 I 3 2ok 5 Mg 1) 2p LB Zn (19 3p FUIE A Y (19 4d BUIE (K DTk, 11 X-Mga12YZn Al A%
U T TR Mg [ 3s Rl 2p BUIE . Zn 1 3p HUE AT Y (1) 4d BB O vTik. X+ W-MgsYoZns #H (011) Tfi A1 X-
Mg12YZn A (0001) [ ) B 77 25 FE 0 M2 1, WA Zn-Y JR-F IR A 7 3608, H W-Mgs Yo Zng AL
PEEE X-Mg1oYZn AH R LA PR BT 5. 75 PR BR AR AE AL, W-MgsYoZng AHEA B 2 (1 bl 14, thiE 1
W-MgsY2Zng A H X-Mg12 Y Zn AHA 58 47 AR R E 4.
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71K 610 MPa. ZE i 22 3K 3] 5% 1K Ja ) HE 2
A ¥ (long-period stacking ordered, LPSO) #H4 55
MgorYoZny (at.%) & 4. Wk =y (0 i o i 2 v
H AZ91-T6 A 41 4 £, [R5 T HAth ¥ 75 FH 4K
44 (Ti-6A1-4V) FIEE A4 (7075-T6). R K%
P RE £ Z P T 100150 nm K /N 40 4L hep(2H)-
Mg fki P28 1 nm BI5R B A5 Mgoa Ys A1 A
K25 KR LPSO M ). 7 Mg-Y-Zn R & &
T ML 31 LPSO AR M 6H, 10H, 14H, 18R
AT 24R G581, 4G Grobner 5 12 4+ 57 Mg-Y-
Zn = JuAHE, BEfE 5 B 5L R K BOAE P AT I = ot 4
J& A4k &0 3 B A5 W-Mgs Yo Zns A X-Mgi2YZn
FH AN T-MgsYZng AH. o W AH A 1HI 0 37 77 45 44,
J&F AIMnCug 45 ¥ 284 U531 TR Ry — T A o o
A, UHE S FEH Blag = 0.519 nm 2. X-Mgi,YZn
FIN LPSO A, - i1 Luo 1 Zhang ') 31 38 () X-
Mg YZn AH B A 18R K J& W B AT /7 45 4, e
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it ¥ s CBCBCBACACACBABABA, & 4% H %
a =322A, ¢c=46.99 A. {HZ Luo % & A #t
FE b ) & A5 B, RIS MR TR 2 AR
18R M. Zhu %5 M i 408 7 Me-Y-Zn-Zr & 4
T2 IR 18R A1 14H 4544 11 LPSO #H, 18R J& T4}
b &R, HE T &2 ABABCACACABCBCBCARB,
P Ba = 11.12 A, b = 19.26 A, ¢ = 46.89 A,
B = 83.25°, il A MgioYZn. 14HAHJE T /S M db
2, HEVEINF J& ABABCACACACBAB, &% H %
a=11.12 A, ¢ = 36.47 A, %5 & Mg12YZn, 3£ H
14H #H A2 Mg-Y-Zn & 4 #2288 4.

BT R R I R — VR R B T, REE
TE AN AR T S 56 09 1 2% T HE AR TN & & 1
BT AR EtESEEE, o& 2Ny 2
A S W B 19200 X Mg-Y-Zn & 4
H I = E R A, MIC&#T 7T 271
FEHE T, — & Zn, Y LR & & AR
ZEF) LPSO M AE B2 M BT 7T, Chen %5 PRI 45
—PERBUHE T 6H 45 R (1) LPSO M 45 & he, 45
REHIBMY JCHR LW TN E, BN Zn
TCEAE R E MRS, 1T Tang 25 22 A 70 45 B %
Wl Y, Znou R U A2 38 I 6H 4544 LPSO AH
fFaE e, S IAH R RS Y 1 Zn, Y TG 30 1
ML e R BUR 4. Tang & Pkt 5
T 18R 45/ LPSO AH, MBI FAfiE 7Y, Zn Ji
TIEZMP AL E, 45 I\R T 18R 45 A et
b5 Y JC R MW N2 B InAa e, s N Zn Jo R0
Fogt i fase RS AR5 /. Tikubo 25 P4 i+ 5
T Mg JR 44 AN [R] 28 84 (1 LPSO A 11 2 B e,
SER KU 14H MISRHEL 2H S5 B nfasE. Ma
S0l ig A — M R B O VA T 4E M R
P, B R R R 1 5% Zn,, Yo, (Mg) BN F) 14H M
B IR O 45 R A4S 21 T RS E I 14H A1
SERIRE R Mg42Y16Zn12. 55— J7 [ A2 X T LPSO
FH LT Z5 R0 M7, Wang 28 (261 5@ 5 45 Mg J5 1
T HAN [F) 45 #4 1) LPSO AH (10H, 14H, 18R H124R)
HLAF 25 B2, 0 AT T S M 2 B IR 2 4 A A 1 DL, 10H,
14H, 18R F124R (M 245 B FE 4y & 2/5, 1/3, 2/7
F1/4. Kimizuka %5 P 3157 B4 LPSO 4544 1)
Mg116Al12Y 16 M1 Mg116Zn12Y 16 FHHT L1 B4 BIFE ]
HA 7 25 BE 23 AT I O, B 9T 45 R AR B Mg116ALi2 Y6
I Y-Y JE 2 (8 JE 8 A A B R B R R 2
()8 7 A PERFAIE, (17 22 10 £ B A A8 B 20 AT R
. ME Mgyi6Zn1o Y6 M, K B fap SR 4 H 7%
B, TEARZ A TE Rz s & E . 5T

W-MgsY2Zng A IR 7T, Tang 2 23] FI I 8 — 1 &
HOPVEH T W-MgsY 2 Zng F T RS RIS 55
FHANT T g Ra e v, (R AR S Ha A 25 5 R i
R AT, BT, eSS M RE S
FH A — 1 JE 1 7 R 3

BARATE AR Mg-Y-Zn &4 = uib &9
BT T RERFA, JF HAFE) T —54 NIl E R4
BOEHEXNT W-MgsYsZng AH AN X-Mgi2Y7Zn A
IO H, - 45 A6 PR ARRAIE P8 A A LA S T AR 45 R A
MR RSO KA ERHF T N T HEATH.
RZ| M FE A Mg-Y-Zn & 4+ 1 LPSO AH A1 W AH )
WORA T, A W E T JZ IR A FE AT AT 1) 43 A
PR, AR SR 2 T %5 BV R B (1 58 — [ 2R
PP U v, AERR AT Me-Y-Zn & & )
W-MgsYoZns #H A X-Mg1oYZn A 1) A% 5 % 1
B~ 25 B DA R Ly 5 B R AR AR E
R BT RV, PAHIX Me-Y-Zn & 4 Wik 52 it
Higts T,

2 WHEEA ST ®
2.1 tEER

W-MgsYoZns AHH X-Mg12YZn AH 2 1E Mg-Y-
In & 4 T e 55 B B R R RO S A R R AE, W-
MgsYoZng AH d 415 8 B AIMnCu, 4514, Fr&
BN Fm3m, @ HEH N =b=c=691A4A,
a=Lf=~v=090°, i EHI6ANET, Hi6
ANMgJE T, AN Y F 7 M6 A Zn J5i 7 19 Mg &
FAHBENAZEM AL E, Mg(D) & F Wyckoff {7 &
4 (0.5, 0.5, 0.5), Mg(IT) J&i-F M (0.25, 0.25, 0.25),
Y J5EF 5 (0, 0, 0), Zn ¥4 (0.25, 0.25, 0.25). £
(0.25, 0.25, 0.25) fir B A 8 A58 A bx, Mg(II) Al
In i T B SR RAZL 3, AR
Mg(ID) J5i F 6 4> Zn Ji 7 B T 8 A br b, BT
XPRRPESEA 3P A 7 A 454, AR 48 BE & A MK R
AR WOAH B f B E S5 . X-MgioYZn AH &
L1 25 40 22 4 A e, TEIE IR IE H, Zha
MR A AR IR % - S S TR &
SR RE R O X S 2 i 1 Mg-8Y-2Zn-0.6Zr
(wt.%) & 4 1E1% 4 4 J@ 21U 5 s 1ok 72 % s 1 7
LPSO # (18R A1 14H) A1 500 °C i () & 5 Ab # 41
2l WU R, 18RAHE T A& &, I HE B
JIi 5> N ABABCACACABCBCBCAB, Zn f1Y J&
THFPHUE REBC, ABEANCA JZH, fiks 4
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a=1112A,0=19.26 A, c = 46.89 A, 8 = 83.25°,
%5 N MgoYZn, 1A & 2 5 )38 #) Mg YZn.
18R AH E BRI TH S HLF, 7£500 °CH B 2
AFEE I, FEIZR FE T A K Fkk B[R] 18R 38 T
AR R T4H A, LAHAH N S M i &R, HEBRJZ T R
ABABCACACACBAB, Zn filY Ji-T 24 7 i
HHEABCHCBE, Wik HEH N =b=11.12 A,
c=3647T A, a = B = 90°, v = 120°, L2
Mg12YZn, FIFRIE Y Mg-Y-Zn R 48 o XA 5 4
FAR DA R, AR SO ) X-Mg o YZn 4 B A
T4H AH. 1T4H AH S L 14 2, FHARH E 2 (R [A) R
&, B2 12057, b f 1444 Mg JR7, 124
In 7 7AN2AY JE T, B, C, CHIBIUJZE 7375 H1 3
ANY FF3 DN Zn R TH 64> Mg J5 1 548, YR T
53R B AL B 50N (0,1/2), (1/2,0) F1(1/2,1/2),
Zn J5 7L B 4 B N (0,0), (2/3,1/3) F1(1/3,2/3),
Mg J5 717 B 53 5N (1/6, 1/6), (1/6, 4/6), (2/6,
5/6), (4/6, 1/6), (5/6, 2/6) F1(5/6, 5/6), 4 10
JEIX A B A Mg J5 7 535, A, BRICJZAH
XF AR, AL E EE AR AL BR 2 (0, 0), (1/6, 0) Al
(2/6, ). BRI 1 s 29,
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Mg i1 Zn B FAY T

Fig. 1. (color online) Crystal structure: (a) W-
Mgz Y2Zn3 phase; (b) X-Mg12YZn phase; yellow, grey
and blue balls stand for Mg, Zn and Y atoms, respec-
tively.

2.2 EF&E
AN itHEMAHETFEEZHHELH

VASP(Vienna ab-initio simulation program) [50:3!]

B, T 5 R TR R AR LA R S %
ST, LTSS R BRI SR BEIE A

Perdew-Burke-Ernzerhof ¢ &R #UCR k. 11E B
EWI A Mg(3s, 2p), Zn(3d, 4s), Y(4s,
4p, 5s, 4d). X F-1H i RE B AT E SRS, e
AR KT RUE 1 360 eV, AT I IX K Rk HUCR
F Monkhorst-Pack P2 773k, % W-Mgs Y2 Zng #,
e R PR ES x 8 x S K s #H4T S5 Mt fk,
RIGIEF 12 x 12 x 12/ K s 34T H 18 %5
FEMTHE. 0T X-Mg12YZn #H, 454046 A 1
BTG x 6 x 2718 x 8 x 411
K WM HEAT . S G A DA R I SR HERR R 50
(conjugate-gradient), *41FHEFTA 5+ L1777/
F0.01 eV/A AR TE K. BAEMSEEHHE
Bk AT s AME IERI DU AT V5, ik R B RERAR
ARG SEAE 1.0 x 1074 eV /atom NI, T 45K H
‘T EAT IR, FHFUCNIE RS

3 HHLR G
3.1 TEHREEH
T VRN BT R B U S B T SR, N W-

MgsYoZng A A1 X-Mg1o Y Zn AH & J A& BURH JiR 7 44
PRIEAT 7800 B UL S Rt Ak, 4521 db A 1) ~F- 187
M E TP R aER AL KA ARG
ok LB PR AT X b, AT CLR B R4k R S G 4
R—FEARLE, W-MgsYoZng AH I THE kg B £UE
a=06.9742 A, b = ¢ = 6.9397 A, 592 IE )45
Fa=>b=c=6848 AP ML, HIRWZESHN
1.842% H11.339%. X-Mg1oYZn A ) 505 &
fHa=0b=11.0089 AFlc=366574 A, 5525
Ba=b=11.1ARMc =365 APYIEHHER, W
Z0r 1N 0.821% A10.431%. 3 15t B A SC AT % FH 1)
RN EMTHE S HR A E .

#1 W-MgsYoZns MM X-Mg1oYZn AH G k& H it 5

115 506 1 1 LA

Table 1.
Mg3zYaZnzand X-Mgi2YZn phases comparing with

Experimental lattice constants of W-

that by the present calculation.

Uil mR R SRIME/A /A RE/%
W-Mg3zY2Zn3 a 6.848 331 6.9742 1.842
6.848[33]  6.9397  1.339
c 6.848[33]  6.9397  1.339

X-Mg12YZn a 11.1034 11.0089  0.821
b 11.1034  11.0089  0.821
c 36.5034  36.6574  0.431
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3.2 Bk

N T 5 Mt W-MgsYoZns F1 X-Mg,YZn 5 AH
RSN, AR T = e e et A5
AN T B B0 e i A T RoR A
(Btot — NMgE;\(/flgid — NvEGia — NanEZha)

(Nmg + Ny + Nzn) ’
(1)
Horfr, AH ARG, Euor A E W) T I
B ENE . EY L R EZ S5 OR Mg, Y AN
Zn TE[E S HR T SRR, Nug, Ny F Nzy 7051
#on W-MgsYoZng AHA X-MgyoYZn AR &
RS Mg, Y A1 Zn JR-F%CH .

FAEREFHIRETAEXASITES
J& )4k & P M S BB =R A AL Mg,
AV G N T S ) DS s = i i [
—1.5325, —1.2681 fil —6.4621 V. it H 15 3| 1
PR R ds g R A AE K2k R T R
AL, 5 AS B)H W-Mgs Yo Zng A T BGIE N
—0.2787 eV /atom, F3CHR [28] 1 3 i 1F 5 45 R
—0.2742 eV /atom JEHF FEir. 111 X-Mg12YZn #H
TERHE 2 —0.0268 eV /atom, iz 15T W-Mgs YaZng
TR UG

HTHRAE R — B B R I, W-Mgs Yo Zng Al
X-Mg12YZn P AHER A 57 BT e, 2 BH 9 A A X
T B Mg, Y M Zn # e ¥ oA € B4k &4, IF
H W-MgsYoZng # E X-MgoYZn A B A 5 A% 1)
TE B

AH=

F#2 W-MgsYaZng HAT X-Mg12Y Zn H ISR
Table 2. Forming enthalpy of W-MgsY2Zn3 phase and
X-Mgi12YZn phase.

# HEER eV TERNE /eV-atom—!
W-MgsYaZn3s —47.1117 —0.2787
X-Mgi12YZn —317.9499 —0.0268

3.3 ~EE

NTRBREMMMHEE MR ERNZS, K
BT W-MgsYoZng A1 X-Mg1,YZn % AH & [
A AR N T B o e A B R, 2 (a) AN
B2 (b) frw, HhREEEAE0 eV AL B A B
MELE R R TOKREMALE. K 2 (a) N W-MgsYaZns
FH UGN 2S5 B Ay A B, o K, W-
MgsYoZng AH I RBE HE - 3 22 e & Y [ 40 A A2

—7.53—0 eV Z ], %t F W-MgsYoZns #4177 1K
BEIXAE —7.53——6.82 eV Z A FF — MR 241 1) 0,
W AR, T B Zn N 2 3d LB Tk,
—6.82——2.53 eV My X Y L F K F Mg 1) 3s
BUIE A Zn 1 4s BUE R DTER, DL A/ Mg 1) 2p 1
B TR, 75 —2.53—0 eV i X 8], Mg ) 2p $id .
Inff3pBERMY M Ad BB KA T EE, WL
FX R T IS, EFORRE DL LR IX
0-—7.51 eV FEEE K HHE 1 Mg [ 2p $U1E Zn 1) 3p
HOER Y ) 4d PUE K, Ho Mg B 2p FLIE MY
) 4d BUEFE 5.07—7.51 eV X [B &L T #iE 241k

(a) — Mg(s)

3
2
—— Mg(p) :
1+
0 N N 1
2
1
0

—— Zn(s)

C — Zn(p)

] M .
. N DAL

— Y(s)

10 — Y(p)
50 — Y(d)
50 1 1
§8 E —— MgsYoZnz(Total)
20F
10F M
0 1

AP /states-eV 1

—-10 -5 0 5 10
AEiE eV
30F (b) — Mg(s)
20[ —— Mg(p)
10 xf\
0 1
4F —— Zn(s)

D /states-eV 1
[E
[N, B e RN ) (en]
T T T
ool
2z

) 100 —— Mg12YZn(Total)
50 M/\—\/\
0 1 L

0
H/eV

fig
B2 (MTEEMR) QMR
#H; (b) X-Mg12YZn #H
Fig. 2. (color online) Total and partial state density:
(a) W-MgsY2Zn3 phase; (b) X-Mgi2YZn phase.

zu::fg (a) W—MggYQan

512 (b) 9 X-Mgyo Y Zn A 4 (1) 45 85 B il 4 U
AEE, WA FEE B A vl A1, X-Mg12YZn A
B T RE RV VR AE —7.21-0 eV 2 JA, BT
53 Aii bt W-Mgs Yo Zng AH B I & 384k, 76 4 5 1%
e X —7.21——6.85eV Z [A] A3 0§ E 1R K 19 22 i
U [FIRE S Zn IO N )2 3d BUIE FEL T DTk, 75 —6.85—
—2.30 eV iy IX [ HL 7 32 R H Mg ) 3s P i
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Zn [ 4s BUIE F DTk, 84T /b B 1K Mg 1) 2p HUIE 1)
TUER; £ —2.30—0 eV X LT EERE T
Mg 1] 3s F1 2p &\ Zn 1] 3p FUIEFNY 1) 4d $LIE K]
TR, LAK DB Zn ) 4s BB B TR, IF HLAEZIX
1 Mg () 2p B, Zn K 3p A1 Y (K] 4d B k4= T &
B, RFE TR AN, FEFKRES UL i)
S X R Ak, 4 A 7E 0—2.08 eV X [h], %
FE AR HYE A Mg ) 35 F1 2p BUIE L Zn Y 3p ATY ) 4d
BUIE A 4

Bk B2 a) A2 (b) 4 B Al EL, W-
MgsYoZns F AT X-Mg1oY Zm A ) 5 B2 R 4 06 ) fiE
BIEE AN, W-MgsY 2 Zng HH AR5 76 7
—7.53—0 eV yERE M, 1M X-Mg1oYZn AH A 1475 7E
—7.21—0 eV i, X-Mg1oYZn A HL Ry dsk k5 5.
W-MgsY2Zng HAT X-Mg1o'Y Zmn AH ) 3% K 11 {1 #5
BRVELAE, B H I B, X — A BRI B
B & BB T S B T 1) 2R TR R ) o B A
FEAE T T e Ve ) A B, R A RN TT DA S B3
PRI TR S5, W-MgsYoZng AH M ()2 06 18] 25 (1%
Fi) KT X-MgyoY Zn AH P I 1 9 U ] PR 158 B W-
MgsYoZns AH LA P B X-Mg o YZn A1 5 36400 1
g 126,

GEERY, G0 REN PR R T AR
WA S AR E M. U T R A T SRR R4 LA
T, WHEZ MR T AT EIRR R, Bk T4
Hhn, SN RO A B R RGO, AR R e P
K. TEPOR R K RE S b, W-MgsY o Zns A
BT JR T R R H T 00 5.2898, T X-Mg2ZnY #H
AF B JT RCBEE L FEOA 2.7473, W-Mgs Yo Zng A
TEFOKBE AR BE AL I B T3 2 BRItk
ey 1) 40 MR B A PR O iR, 85 ) O i e 290081
X-Mg12YZn FHTE 2 K BE A B 2040 1 F i L T2
b, MR TEHE W-Mgs Yo Zns Ml 2.

3.4 HEEE

N T 0 T R AE B B AE, FRAT TR
far % BE Ay AR AT 7 o dr. B 3 (a) N W-MgsYaZng
AH (011 [H HELAuf 25 BE 404 PTLAE W Zn JRFFY Ji
TZEBFmESERE AR THBERNBE TR
AL TT e, B DA Z [RTE R T R ) A
X S ETH RSB E T R 0. Zn R
57n G2 B AES, (H2 Zn 55/
Y EFZ BT aESE, R Tt AEAH
SR TT I, PR T IR R R S i, FL

S PEEL Zn J5 A Y R R ARG R8s, Mg 5
M Zn JR T (8 T AT ORI 5, TR 7
wPE, HCEMZ W ke m . Mgl 7Y 57
Z IR 25 S PR B, SO IR BT T, B DL
MIZ AR R 2 T

0.0026
(b)

E3 (MTEE) BmEEs M (a) W-MgsYoZng
(011) ; (b) X-Mg12YZn #i (0001) Ti; (103e/nm?)
Fig. 3. (color online) Distribution of the charge den-
sity: (a) (011) plane of W-MgsY2Znsphase; (b) (0001)
plane of X-Mg12YZn phase (103e/nm?).

K13 (b) N X-Mg12YZn AH AL 7% Zn 7 F1 Y J&
T B JZ (0001) THI H) LA 2 BE 0 AT . N e
UAE H Zn J5 TR Y, J5 7 2 (A B = SRR, H
Ji - J& B T e = B B R 7 Mk, BT AR 2
(TR T BB I S B, (H AT B2 Yo JR T2 Zn
JEF BRI AR, T Zn R 75 SR AR Y, BT
ZEBHED, NSRS, XRENY, 5
T5 Mg Ji 12 [BJE R 1 77 n it Lt g, i) 175
I AR Zm JRF 1 BB, 3X 1T RE S LPSO iX Fh s ik
f) 4% 1) S5 A HEAT A 5. Mg JR 15 Yo JR 1 2 18]
HEatBH A ES, FHBEE TR, R R
2, (HRE MR TR FaESH Zn 5 T/
Yo JR 2 A E S, bt Zn & FAY, T2 I8 H
FrEZM, FILEMA ML Zn JJEFRTY, JRF 2 (8]
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(155, T b Zn JR 7 A Y, JR 7 [E i 5E. Mg J5 ¥
HnE 2 METFZ A 0EMES, Btttk
IR55. i — Pt 3 (a) A1 3 (b) KB, W-
MgsY2Zng AHHT X-Mg12 Y Zn AH 5 15 60 5 3 A B2 Al
4y, H W-MgsYoZns #H bt X-MgyoYZn A #4 # A
WRETEOR, AR, Bk W-MgsYoZng
FHEE X-Mg12 Y Zn AHA S 4 AH AR E .

4 % #®

A S K W-MgsY2Zns Al X-Mg1oYZn %5 A (£
ST AR B TR RS . A RN FR A AT
TWHA, A SRR EE T 5 2 R B 1 28—
PEJFE B SRAS H. Th 5 b st TR AT B A A%
RS SIS RS B B 25 A AR, R T RS
() dm R 2 MR T JE I T O I T R A SRR
W-MgsYoZng A8 1 X-Mg1,YZn # #B B A 71 1) &
Bk, H W-MgsYoZng AH T Bk b X-Mg12YZn
MR RS AL SEEMITHE R T W-
MgsY2Zng AH % B I 32 oK H Mg [ 2p Ui Zn
1) 3p FLIE FNY /) 4d P (1) o7 R, T X-Mg12YZn
HH ) o W 3 355k 1 Mg ) 3s AT 2p #LIE . Zn
SpPE Y (1) 4d P E I oIk, FF H W-Mgi2ZnY
FHEE X-Mgs YoZng #H B 3 PETE5E. 75 28 oK BE K
FI RE e Ab, W-MgsYoZng A EE X-Mg1,YZn A5
B2 0 B TR, R B W-Mg3 Yo Zns AH L X-
Mg, YZn H A 5 R a2 () 45 40, F far 25 5 or AT R
B: W-MgsYoZng AH A1 X-Mg1oY Zn AH# AL 7 A
B I H W-Mgs Yo Zns HHEEAE FH SE 5%, 4580580
FooE, S B M B 45 SRAH — 2L
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Abstract

In the paper, the first-principles pseudopotential plane-wave method based on density functional theory is used
to investigate the crystal structures, enthalpies of formation and electronic structures of X-Mgi2YZn phase and W-
MgsYoZns phase in Mg-Y-Zn alloys. The obtained lattice constants of two phases are in good agreement with the
available experimental values, which can reasonably reflect the accuracy of theoretical calculation. The calculated
enthalpies of formation indicate that the W-MgszY2Zn3 and X-Mgi2YZn phases have negative enthalpies of formation,
which are —0.2787 eV /atom and —0.0268 €V /atom respectively. Both phases can form stable structures relative to single
crystals Mg, Y and Zn, and the enthalpy of formation of W-MgsY2Zn3 phase is lower than that of X-Mgi2YZn phase.
The results for density of states show that the bonding of W-MgsY2Zn3 phase occurs mainly among the valence electrons
of Mg 2p, Zn 3p and Y 4d orbits, the bonding peaks between —2.53 and 0 eV are derived from the hybridization of Mg
2p, Zn 3p and Y 4d orbits, the peaks between 5.07 and 7.51 eV predominantly originate from the hybridization of Mg 2p
and Y 4d orbits. However, the bonding of X-Mgi2YZn phase is mainly among the valence electrons of Mg 3s, Mg 2p, Zn
3p and Y 4d orbits. The bonding peaks between —2.30 and 0 €V originate mainly from 2p, 3p, and 4d orbit hybridization
of Mg, Zn and Y, the peaks between 0 and 2.08 eV originate from the hybridization of Mg 3s, Mg 2p, Zn 3p and Y 4d
orbits. At the same time, there is a pseudo-gap near each Fermi level of W-MgsY2Zns and X-Mgi2YZn phases, which
implies the presence of covalent bonding in the two phases. In addition, the charge densities respectively on (011) plane
of W-MgsY2Zns phase and (0001) plane of X-Mgi2YZn phase are analyzed, and the results indicate that the Zn-Y band
exhibits covalent features in W-MgsY2Zn3 phase and X-Mgi12YZn phase, the covalent bonding of W-MgsY2Zn3 phase
is stronger than that of X-Mgi2YZn phase. Compared with X-Mgi2YZn phase, W-MgsY2Zns phase has a good phase

stability attributed to its more bonding electron numbers in a low-energy region of the Fermi level.

Keywords: Mg-Y-Zn alloy, first-principles, phase stability, electronic structure
PACS: 71.20.-b, 61.66.Dk, 63.20.dk, 64.75.—¢g DOI: 10.7498/aps.64.187102
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