F

T3] Fonore (EEE

Vol.68 No.7 2019

EATERAEY MgZn, ¥1 Mg,Y HZ

1ERERYSE—TEIRIBRASS

B A" BER, N OE, E E

(1 RBET W ASEMRRZ S5 TESE, TTHHE 110870; 2. MRMEAZILIGHEFE 0, Tk 110034)

TEE BN

= &=(1983-), =, &
T4, FEMRHEAAE
BEF RTINS . E-mail:
gaoy@synu.edu.cn
BIREE

A, &, #E, B5L,
BT4ESIm, BiFE: 024-
25497131, E-mail: maopl@
sut.edu.cn

FEDZES: TG146.2
NEMRARE: A

WEMRS : 1001-4977 (2019)
07-0692-07

BEamB:
XREANZHS
(51571145) ,

WS HER:

2019-01-03 RIS,
2019-02-21 WRIEITHS .

WE: ATHREDTIMg-Zn-YE SN, FIAETEEZREE (DFT) NWE—M
FRERE, AR TME-Zn-YEEFTEBEAEYIMIZNn,FIMg,YE0 ~ 40 GPal= [EE TR =
MERE, LIRMOZnfIMg,YHIERIESH . EREH, Mo, YIESERE FEMyZn, 3 F 5% . &
FoEEHCHIMRER, DT MIZn Mg, YRIAIRIES (B) . BITIEE (6) . K&
£ (E) Bt (v ) . SARHEH (4) EHESH. EREH, MgZn,fIMg,YES/E
B IR B MEAE M LU RIFI DS MR, $t—2 o rF&RBMgZn M558t
BES1 . HEIROMOEZEE D . NIESMHREEM TMG,Y . BEEEIAVIENN, MgzZn AI2BHERNGEME
BRI, MMo,YRIZE S SIEE S IEEEE .,

XHEE: Mg-Zn-Y&®; F—HRIE; HFMaE

(2T NAPRRNESEME, BENFL74 glem’, —BLRESEEEE
HEVEEF. NIETF . RIYBRENT . MEEERSTFRIERSHS, TIZRATF
Ei5. WL, BFSEEMEY. tEEETESHKEENRELR, EaeWs
BPORERTR T REER. Zn5YXREENESE TR MEERENZnTETLL
EBERSES SIS RN HERY . Bt Ye LR M ERRIER,
HMIESEENEE M.

tH5RE, =TAEM-Zn-YEERSNHNES, HOZMEBnTEME
%, A2HPEESBEMgZn,. Mg,Zn. Mg,Y. MgYZ=7tiE, LARWEMg,Zn,Y,.
I#BMg,Zn.Y,. X8 (EHI6H. 14H. 18R. 24R#H) . Mg-Zn-Y&EEM=E2ERE
FES1X610 MPa, fHIKEEIA5%" . Mt SH=EEEIREEIRSTERKE G
BE. INSEREENMI-Zn-YEE, RATIEECEHRT T KEMR, BR2F
ZWFRMUNZBEOE N TRIBFEL . SiofaeEtt. HEteeE, RAOBNEEERE
FEAREHE . F—HRIENELREETEEZRIEIS (DFT) —HRS
%, INHAEES T SIS IREEEREI MR E NIV IER .

HFINREDIIMR SIS HINMTRETEE B0 . FALL, AAREERMg-
Zn-YEEHFEEABENEYIMIZn A MY, YIEAHRN R . FIBEE—4HRIESE,
WHZEESIXIMIZn, FIMg, Y 5192 E RN D F 14 BERISE .

1 HEMESHERE

MgZn,FIMg,Y B & EWEMY-Zn-YEESTERNEE _TTHEY, HANH
RIS, EWRNELIR, SHRSHWNELIFIR. ISP EMIZn, Mg,Y &8
=T fES @ EERSEeINESD, TIMNREDIER T™MgZn, 1M, Y SRIBHIEIEA
£T7EN

AHRROFEIRIIIRATEZ RIS AERNICASTEPRIAFES , IR XKENE
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I M AEIR{GGA-PBEF R, . &SR aEHTAES
FH 9340 eV, SEFE6 x 6 x 4F15 x 5 x 2fIK L& BIRT
MgzZn, f0Mg, Y TSR ERNEEEITE .. B
SATWSHEE L x 10° eViatom, (AREEEE T x 10°
eV/atomBTIAEIIZES , R H{mZE/90.05 GPa,

2 HFEREITIE
21 BRAEEIEEN

MgZn,F0MQ,Y BI&S L (alay, cley) « AFRSE
(VIVy) BEESHIZ AL INE 2P, EFao. cofl
Vo0 ENTHENFESH . NEFTBER,
MgZn,FIMg,Y Balay. clc FOVIV BEEEFIRIIE HNTIRE
K, MEIEAREREREETEENBLE ., HHR
EHRNET, BEKESERPNTHMBER, R7ER
M EFE I E . ZHIMREIRIEIE, BT RN
[EFHIPIEINEE, LR R EELUESE . WEF
AR LARIE, MgZn,fIMg,YAJatiAIR) E48 15/ Fc
H, FEHAE{0 00 LHEAIREERESST{1 0 0 0}E™ .
LHNRESIXEI40 GPalT, MgzZn,f1Mg,Y Haifi 9>
FIERE T9.47%H112.24%, 9 BI4E5E 7 11.60%70
13.88%, 1AFRS B/ T 29.50%7F135.07% ., FLLATIR
BE, 7£0~40 GPafy/EAT, Mg,YXJESEMEUK,

(a) Mgzn,

® vy
°Zn

» [)
£ 5% FouNDRY

Mg,YEEMOZn,ENN5 F 548 . BITILEE 2 %A
DBRISNSHEENXENXRERE, B (1) -
(6) , HMAHESESITEEEENTHERIESE.
ala, (MgZn, ) =0.997 96-0.003 73P+3.612 24 x 10°P* (1)
alay (Mg,Y ) =0.995 83-0.005 28P+5.376 67 x 10°P* (2)
cley (MgZn, ) =0.997 55-0.004 17P+4.242 26 x 10°P* ( 3)
cley (Mg,Y ) =0.996 09-0.005 89P+6.460 91 x 10°P* (4)
VIV, (MgZn, ) =0.992 71-0.011 09P+1.192 13 x 10*P* (5)
VIV, (Mg,Y ) =0.986 42-0.015 33P+1.778 19 x 10*P* (6 )

2.2 HEF4EE

SRR R REINEB R TR RERY
EFESH ., EFEMEHOILUTEEMENARES
B. EIYIEEC. HEEBE. AL v IO FMEAZE
BESHCRRNRARM R NZ4EE . MgZn,FIMg,Y
BFAARAEE, BE6NEMEEHC,. Ch. Cs.
Cssn CoiflCes, Coe= (Cyy—Cyy) 125 THEKRISAIMgZN,FN
Mg, YFEOE D RIS EHEC ) FTFR2F, 1O ER
I R ERRMARERE: €, >0, C,—-C,>0, Cy
>0, (Cu+Cy,) C3-2C°;>0. FH, OEATHITE
ERS5HMAREREAYES, REAHARAITED

=
{EO

(b) Mg,Y

El SRMREHD
Fig. 1 Crystal structures

£1 MgZn,fMMg,YHI &S %
Table 1 Structure parameters of MgZn, and Mg,Y

ayA c/A
SRAEY  EWE ETH S AL : : VIR pl(g-em?)
AUGtE BEHE AR 3%
Mg: (0.33, 0.67, 0.062)
[7] [7]
Mgzn, P6,/mc 12 Zn. (0, 0, 0) 516 8.62 8.56 201.17 5.120
[8] [8]
Zn: (034, 017, 0.25) 5.23 8.47
Mg: (0, 0, 0) 19 91
MgY  PeJmc 12 6.04 9.96 9.75% 31739 2.968
0 3 Mg: (0.84, 0.68, 0.25) 6.06 1 9.7t

Y: (0.33, 0.67, 0.62)
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EWMEHESE T (0~40 GPa) RIS L HIZINE
3F7R. MEBETLABEE, MgZn,dIMg,YAICy . Cip. Cis
FCo.IIBEE SRV MNMIVERIEN, (BC, AIESEITF
&, RIBAMLEDC,. Cp. CfNC X EFIAVBURI4ER
ES5TFC,, XAJBERHTMIZn Mg, YIIZ B E R
1ERAY. 120~ 40 GPafIEJISEEA, MgZn,f1Mg,YHY
CoFlCHBERERTEMBEMEEL, XEREMIZN,
FIMg,Y fradhF0ctRI RN D T 2 0] £4809, 7ockH
HIAB) R84 SR T atig A~ o) E4g e .

MgZn,#IMQ,Y & = ERE TR A & D AN E 4FT
No MAAESIC,-CoPTLARRFIKT AT R A0SE M S e
M, HC,-C NIEER, MENIENM R, kRZ2FD
BREEN . NE4RTLIER, MyZn,fMg,YTEm EIREE
THENRIFARENME, MgZnA95EEZEHTMg,Y .

SIMITAETIC 1o CeefNC15—Coy P LARSRF M & B 41
FIHORHEEIR « HC-Coet1C,-C o AYENIERTZRBBA R
SERMASERES, k2RI HMBLEEN ¥,
ME4FTLAE L, MgzZn,f1Mg,Y RIS S REEE RIS
MEMEEFNE BRI

N RIREFIMgZn, f1Mg, Y FI (A& £ BFIBI ) E
SEER AVoigt-Reuss-HillE T EF#1E, TEAT
LU N

B=[2 (Cy+Cyy ) +C3+4C )19 (7)
G= (7C4-5C,+12C,,+2C5—4C; ) 130 (8)

2
C

= 9
! C1|+C12+2C33 - 4C13 ( )
2
GR=§ { " CCe :| (10)
2 |3B,C,,Cig 1y (Cyy +Co)
B= (B+B,) 12 (11)
6= (GA+Gy) 12 (12)

X TAIRVAIRS B E VoigtilReuss, c’=
(CutCpy) C3-2C" 5,
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1.00 —e— a/a, (Mg,Y)
—a— clc, (Mg,Y)
0.96} —a— ala, (MgZn,)

—¥— clc, (MgZn,)

—e— ala, (Mg,Y)
—m— c/c, (MgZn,)

0 10 20 30 40
FES1/GPa

E2 MgZn,fIMg,Y W alag. clefIVIVBEETIAIZL
Fig. 2 Normalized lattice parameters ala,, clc,and the normalized
volume VIV, of MgZn, and Mg, Y as a function of pressure

FMAXEBHAEESHEIES, gH—PSitEX
HIBECIRBERTAA Y, THEATATT,
= 9BG
3B+G

B-2G

: (14)
B+-G
3

MgZn,fIMg,Y 7E0/E 0 F i 88 Sttt 8
ERFITRST, HHERSEMHRERNE, H—
SERBAFFRAOH EAS . FIEERIMgZn,FIMg, YA
WREBIIATEEEC, RPF/NTSRBNEBMZn,
MM, YRR B EBRENIDEROFYN, X585
BB RREEBNEMEBUEN O TERE—H
K.

BT KRR R FUTRHE A RN T
FURIBEN, BIEMA, JEAENUME". NE3T
AN, FEOENIRE FMoZn AN BT AORENEE T
Mg,Y. B, BTIEECRFIMTI R NN IIE

(13)

y=—

2

Fz2 MgZn,fIMg,Y ZE0IE /1 T RIS E 4]
Table 2 Elastic constants of MgZn, and Mg,Y under O pressure

SRS . HPEH KUGPa
Cn Cr Cy Cy Cu
AU 89.37 85.03 22.59 135.63 19.91
MgZn, CikfE 91.25 87.27 28.62 147.59 20.21
SCk " 91.25 85.27 23.38 198.31 24.88
AU 79.18 25.44 27.84 81.84 19.11
Mg,Y SRk 76.83 25.41 21.11 83.96 17.78
SCHR A 62.86 39.91 27.16 77.07 17.42
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BTt FREE D, CEMK, KRBT REEN
s, PIEE, fE0ENIME FMg, YR ZHI
BENE @ TMgZn,, MinEKEEENZHIEERRNIER
—NMEtR, EEHA, MRNIESAY. S5, &
0/ENIE M, YHINIE X FMgZn, . ;ARALL v ATLR
A RSB IR9EE D, HE—MKRE-1~05, v{EW
KM EHIEE LT . FE0/ENIRE TMgZn, 2B Bsa T
Mg,Y . Iit9h, REEBSEITIRECRILLERT LARRH]
W RIRIE RS . HB/IGESTLT5, MEEI
FEMHASAE, R EMEREIEEEY . ST, MgZn,
FIMg,YTEOE NINE IO EIREMEAFE, FFEMgZn,A9
FEMZSRTME,Y, XEWFAENC,-C HDHTERE
—H9.

MgZn,A1Mg,Y7#E0 ~ 40 GPa/Eh FHIAIEER. B
PR ECHIH KBRS EIT W& UIESF~. NESA]
LAEH, MgZn Mg, YRIKEER. BB SN
FREEEIEEEDISINMmIEMN, WALEXER,
WREZETIINAENDERT, BN EMETI0EE
LRRESERRS . #—E oA, EaEK
B TMgZn, A9 Z R BEIAE 2T Mg,Y; £0~5 GPa

b

» [)
£ 5% FouNDRY

FEERET, Mo, YHETIESECHIHEKEEERES
FMgzn,, FRIEAIM,YITETIEE N SRIER ST
MgZn,. 7E5~40 GPafIEEHIE T, Mg, YRISITIIES
CHpRIES L2 EISIBINAESE, MMIZn,NCSEE
M EIVRIRIENNFEE, LEATMgZn, A9 IBE HFINIE
ETFMe,Y , RBBESERE TMgZn A9 HRE
i FMg,Y .

MgzZn,FIMg,Y AR LY v B [E D Z 4 B 2 20 &
6P~ . ME6EIE HMgZn, A AL RE E 1S 0 b
€, Mg, YRS EMELREE DG NS, HESER
IBEMZn YT BT, RmESAI{EEM,YRIA]
Bitgeg, H—E o A0 ~ 40 GPafIESI3E
EMA, MgzZn,f0Mg,YAT v B 517£0.314 ~0.407 25
0.272~0.410 62[8), XtBFEBEMgZn,F;IMg,Y f9/REF 8]
HESERE MAMRFROEREFE .

MgZn,f01Mg,YBIB/GIEREE DT RI LN E 7P
No 1E0~40 GPafYESSEEIN, MgzZn,IMg,YRIBIG
BEYSTL75, RERMERDTSERE MOAREFR
FHISERME . IRADHTEIRIL, MgZn,f9BIGIEREES
IBINMREME, Mo, YRIB/GIEREEDISINMIgHN, 55R%

£3 MgzZn Mg, YHIhFES#
Table 3 Mechanical parameters of MgZn, and Mg,Y

EEtt A=y i H BIGPa GIGPa EIGPa v A BIG
AU 63.78 12.74 35.84 0.41 9.17 5.01
MgZn, SCHk(E® 68.79 12.65 35.77 0.41 10.15 5.43
SCHik e 70.71 16.12 45,57 0.39 8.32 4.39
AU 44.70 23.32 59.60 0.28 0.71 1.92
Mg,Y SRR 41.43 23.59 59.48 0.27 0.69 1.76
SCHikAE 42.00 23.00 59.00 0.26 - 1.83
- C, [
asof o " MgZn, 120
- C, 80y
300 M —y— C13 40 — Cu_cu (Manz)
. e L ol - C,—C, (Mg,Y)
?5 ll M E 1201
& R sof
*ﬁ - C, Mg,Y g sl - Cy-C (MgZn,)
e Cll Cu_car M; 2Y
200 & C, E of .- (Mg,Y)
-~ C, 300}
100} = C., 200}
100 w)
ol , , ) ) ) .o CirCy (MgY)
0 10 20 30 40 0 10 20 30 40
JEF1/GPa JES1/GPa

E3  MgzZn,AIMg,Y EREEND FRIEME L
Fig. 3 Elastic constants C; as a function of MgZn, and Mg, Y as a
function of pressure

El4  MgZn A IMg,YEARBES I EES
Fig. 4 Cauchy pressure as a function of pressure
for MgZn, and Mg,Y
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A= EIME FMgZn, ROSEEME T, Mg,YRISEE MG
s, HFEZFREREEM,YEEECEESEHRE TR
BMgZn, B

MRIIOMENINSEOREETTESHEEEINE
HEXM, BEITLUBISEEE TSR T
EMSME, HEA XM ¥,

2C44

GG (1)

MgZn,FIMg,YFE0 ~ 40 GPa/E /) FHIsE 4R St
RHUWERHT . DT AIIOESDT, MgZn, 9@
MHEERESTM,Y, BEEIHNEIIMZn S
MHRREAEBRETRE, MM YHNEOF4HIEEEEIENM.

IMART LR B EEFETIER T RANE[a S
HESHCRIBARANSRARURE .. AESA,F0551]
BEAMNSESETEAR T 2.

200+ = B (MgZn,)

& G (MgZn,)
200l = £ (MeZn,)

- E(MgY)
100-/,#:-—-)‘

0 10 20 30 40
JE71/GPa

—
(=]
S

—
(=
(=]

BMER/GPa
3

E5 MgZn, Mg, Y RE)ED RS RS
Fig. 5 Calculated bulk modulus B, shear modulus G and Young's
modulus £ as a function of pressure for MgZn, and Mg,Y

55 -= B (MgZn,)
5.0
451
401

Q

A 35r
30F
251
2.0,
150 . . . .

> 0 10 20 30 40

JE1/GPa

E7 MgzZn,fIMg,YEARRED FHIBIG
Fig. 7 Calculated B/G as a function of pressure
for MgZn, and Mg,Y

AB:BV_BR (16)
B, + B,
GV_GR

= 17

¢ G, +G, (17)

HAMASBRORS AFEEME, EEEHINEIL
HEQRME. NESHIILIEDL, MgZn,5Mg,YAIAE
BF0, BREEDEMTUABE, RBEEGHESDLE
RAERINAZSOEME. #—251, ATAIMIZn,M
AJERBEDEINMERIE, Mg,YRIAEREE IS I0mig
; FEEEYAGE, MgZnEHSRtIEERE
DIEINMRME, Mo, YHIZ R EMZEREIGINMmG
M. &L ESTEBMZN,S5Mg,Y & B ST
SHMEBIESIFNG

042} -= v (MgZn,)
o4ol® ~*V (M&Y)
0.38}
0.36}
* 034}
0.32}
0.30}

0.28F

02675 10 20 30 0
FEF1/GPa

El6 MgzZn,MMg,YTEAREI B
Fig. 6 Calculated Poisson's ratio (v ) as a function of pressure
for MgZn, and Mg,Y

8.
6l
4}
2.
B0
#06r —&— 4, (MgZn,)
%0'4' —o— 4o (MgZn,)
021
H 0
® 4l = 4 (MgY)
2_—0—AG(M82Y)
0.

0 10 20 30 40
JFEJ1/GPa

E8  MgZn Mg, Y EAEES FHISEIE =0 RIE R
Fig. 8 Calculated elastic anisotropy of MgZn, and Mg,Y as
a function of pressure
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(1) MgZn, 7 IMg,YRIHEXS RIS EEL (alag. cley)
R EE VIV MEE D RIIE DT, 720~ 40
GPayMERIES TMgZn, Mg, YIS LIFRETFZFE, Mg,Y
XS EDEMER, B E4EHERTMIZn, .

(2) MgZn,AIMg,YRUSBMEEEIC, . MEEB. B
IEEG. MEEEEIMEESIBAMIEN, HBEES

» [)
£ 5% FouNDRY

BEERFBMZn AIABIYIRESD « HEIIMIZIZREN
NIEESEWME FRFRINEN TM,Y .

(3) IBatL. WWFAESDFIBICHITELERER,
EBEWRT, MgZn Mg, Y AEGE HERRIL I H
ORFN, WRMEBIESEMESSFE, BEED
AIIED0, MOZn AYZBIEFNZEMERIRSBRMR, Mg, YHRIZE
St IMIGEEE

(4) ZRERBMSMFIEEDTFRRA, MgZn,

EWET, MgZn,MIMg,YERIME RIFRITIFIERE; Mg, Y IR B RMEZIMEREDFN .
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First-Principles Study on Mechanical Properties of Metal Compounds
MgZn, and Mg,Y under Pressure

GAO Yan"? MAO Ping-li', LIU Zheng', WANG Feng'
(1. School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China;
2. Experimental Teaching Center, Shenyang Normal University, Shenyang 110034, Liaoning, China )

Abstract:

In order to investigate the effect of pressure on the properties of Mg-Zn-Y alloy, the mechanical properties of
metal compounds MgZn, and Mg,Y under high pressureof 0-40 GPa were studied by first-principles method
based on density functional theory (DFT). The unit cell parameters of MgZn, and Mg,Y were analyzed.
The results show that Mg, Y is easier to compress than MgZn, under high pressure. Based on the results of
the elastic constant C;, the bulk modulus (B), shear modulus (G), Young's modulus (), Poisson's ratio (v),
anisotropy index (4) of MgZn, and Mg,Y were analyzed. The results show that both MgZn, and Mg, Y exhibit
plasticity and ductility in high pressure environment, and all show good mechanical properties. Further
analysis shows that MgZn, has better performances than Mg,Y in shear resistance, resistance to external
force deformation and stiffness. With the increase of pressure, the plasticity and ductility of MgZn, decrease
simultaneously, while the plasticity and ductility of Mg,Y show an increasing trend.
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Mg-Zn-Y alloys; first principles; mechanical properties
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