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99.61%11 Tk Mg 4E LA K2 Al-26%Si & 4. FIF R AL A
vk, I Mg, SiETE R Mg,Si AR BN E] Al
Hifil & Al-Mg,Si E &Mk IR Mg, Si JGE It
RACEL A0 1 AT A, 4 Al-15%Mg,Si Al-20%Mg,Si-
Al-25%Mg,Si 1 Al-30%Mg,Si 4 Rl =2 &4k
RRNFIFE A S3400N 494 HLBE (SEM) WL 52 il fft 20 24
R4 fe 7 (EDS) i i€ ju 3 & & . A Netzsch
DSC404 U Z /R S #A(DSC), XHARE F =4l fE &
TIL(60 mL/min)BEATORY, THIRIE 2Ty 10 “C/min. f&
6 30 min J&, FLL 10 C/min K B RERE, id
3% DSC #i#E. Fl XRD-7000 4 X AT (XRD)
i, WHASHCN Cu ¥, HE 40kV, HLI 30 mA,
K 0.02°, FHEE R N 1 (°)/min, FAFETEFEA 10°~90°,
W X O AT BE AT AR R B AN R T Kao
e UL feRRb. ATREMI A RIBEE R . BE VIR
R ZE K A Rietveld F5 1255 — RIBRIE Al-Mg,Si
A MBHRAR R FIAH & & .

=1 Al-MgSi EAME & TR IMANE
Table 1 Additions of each element in Al-Mg,Si composite

Mass fraction/%

Material
Al Mg Si
Al-15%Mg,Si 85 9.5 5.5
Al-20%Mg,Si 80 12.6 7.4
Al-25%Mg,Si 75 154 9.6
Al-30%Mg,Si 70 18.9 11.1

12 HEREE

KT Zu AR € MEM AH X iF B CASTEP
(Cambridge serial total energy package)fikl!'¥ 72 i,
CASTEP R — AT % B2 R TR ML B &1
JIEFREF . P ReE- BRI, KT
JEHEA, BT R EoR S i R R T . AR TAR
B AW AE Eo BN 380.0 eV, XF M) FFT(Fast Fourier
transformation) WX ¥ Ay 48 X 48 X 48, B, T~ [A] A H.AE
1) AT e F1AH O 35 1) R Bk B T URR FE I L GGA
(General gradient approximation) #' ] PBE(Perdew-
Burke-Ernzerhof) HE TR IE, 34 bR s F 18 5 =5 1) o
23R [ 8 B B Ultrasoft!™ . A HLIH X FH 43 %
Monkhors—Pack!" xR & s 0575, 1815 25 1H]
KM 0.05 nm ' ) k-point Z[A], k MK IKE RN
6X6X6. THHELER/MEIIPIRE Fourier Mg FiEAT,
B 46k BFGS(Broyden-Fletcher-Goldfarb-Shanno) 5.
U A SR AT LA, DRI R AR E
ZEF . HHT BB %I%AC SCE(Self-consistent field)it 5

i), KA Pulay % FEIRACIFERE P18, HBWKSK
MR R EBBERILSUE N 5.0X 107 eV/atom,
BHAMNET EOHET 001 eV, NAMWEMRT 0.02
GPa, AZfW#/NT 0.0005 nm.
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RAE AL-Mg,Si 5 & MR O = o0 3t & ~F 4 A
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Al-30%Mg,Si 4 FiASFE R 2 A B Mg,Si sz
THE S E13.9%) A0, 295 IR o -1
SOW /(I

L:L1+Mgzsip (1)
L—Mg,SipH(A+Mg,Si) 2)

e LA PONMIAERE: E N3Laidasd.

4 FPANTE] RS 52 A MR B RAS ¥ A 2 A 2R IR
FE, WIEAH Mg,Si R4 . B R WEAL, ¥
A Mg,Si IEAWIE 2, AR Wil D I VR 26
Al MAEIE S IR FER, 4 B R oy Bk 3
g, R AL RN . AR 3 B A A M
Mg,Si fll Al+Mg,Si FLb4H4. % Mg, Si SRR
NEAWHEI, WIE Mg,Si AH 8 B A .

4 AR o 2 A AR SEM B 1 FivR . B
REFE FAR I B A H LU NI A A MeoSi, B Mg, Si
TG INPORFNFE BRI Mg,Si AIREHE 2, B4
Mg, Si AH IR RS B W K 4] Mg,Si AH i &4y
KOk B 30%0F, KE ) Mg,Si #)AEAER URSHEUR
kR E - ER. BEE Mg, Si SR, YA
Mg,Si & B, RePk A1k, HIFRIER
T H LT K

XF 4 FpANR] o 2 A MRLEAT EDS 27, 45 HAH
UK B4 5, PLE 1(b)H Al-20%Mg,Si B & kH
AR ERERE o], S5 R ILE 2. A 2(a)RT A
EH, BEJURALNF EER SN Mg f1Si, H Mg,
Si Jli g oy 1.728, TR NI A A MgoSie A
2(b) AN WL, PR O A KT ERRA SR BES
Mg,Si B A a(Al), H Mg,Si ML 5 A&
13.75%, SHHEIL G S, RS H SR
Al+Mg,Si FEfH 2,

S B AT AR A — AP R, A AR
ALY AR TR E— e WA R, Ik &
HEWT IR BB B K. 2R E R
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El1 AR MgSi A& 8% Al-Mg,Si Z4 M EH SEM &

Fig.1 SEM images of Al-15%Mg,Si(a), Al-20%Mg,Si(b), Al-25%Mg,Si(c) and Al-30%Mg,Si(d)

@ Mg (b) Al
= Element  w/%
Element  w/% Mg 3.69
Mg 6l Al 8625
Al 0.54 Si 5.06
Si Si 36.45 '
Mg| .
Al I Si
L, . . . L . . .
0 2 4 6 8 10 0 2 4 6 8 10
Energy/keV Energy/keV
B2 Al-20%Mg,Si £ & %H EDS 4047
Fig.2 EDS analysis of Al-20%Mg,Si composites of position 1(a) and position 2(b) in Fig. 1(b)
i 224 S R AR DSC FFIR 2R, T5BL A1-20%Mg,Si 05 Exo 6352 C
M, W 3 B, G, 7E AL20%MgSi Ha O W
PERLEEE I AR R I 3 AN, Bl AL By Chnide 'g’ 0.5
5 Al-Mg,Si P eIk S P AT A B L R B, A4 0699 z “LoT
A Mg,Si AHAT H I R, Mg, St AH AR AE BT HA IR S 3T
(=}
46352 °C, BOPHTAH AR IR (643 C)iK. T B S 2.0
A ALMe,Si FE b LU I BLE N, HIFE = 257 N
BT IR 584.9 °C, i PHETAR ] bt i SRR FE —3.0p . .
594 ‘C. {8 DSC IR HIZkeh 56 = Vs UGS C % 400 300 600 700
Temperature/'C

B, SEEMEH Mg, Si BlCHA A 5T R AL REE 5 )
KRG EHRNL

3 Al-20%Mg,Si EA#EH DSC R ih £k
Fig.3 DSC cooling curve of Al-20%Mg2Si composites
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2.2 XRD WIEMFEE D B i@ (5)
Iy B AEH] £ 1 A-15%Mg,Si Al-20%Mg,Si - I, o

Al-25%Mg,Si 1 Al-30%Mg,Si iX 4 FlAS 6] i 70 52 &4
BHOMXT R 5 M EE S HikFE, F—mRaEs
MEL XRD #E A, A [F S S A PR XRD 8 4 K]
4 fIiR. iR, SEMETREER a(ADHAZ
JGAH MgoSi, HAA SRS =R D, MELIE .

*— Mg,Si
a— Al

_Jla x J bu_.;__,.f\_)\_j_/_k.

E(BM_JUULL,__%L_/JM
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20/(°)

B4 RE Mg,Si HE RN Al-Mg,Si & &4 XRD i

Fig. 4 XRD patterns of Al-15%Mg,Si(a), Al-20%Mg,Si(b),

Al-25%Mg,Si(c) and Al-30%Mg,Si(d)
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I3 B Al-15%MgySiy Al-20%Mg,Si Al-25%
Mg,Si fil Al-30%Mg,Si iX 4 Fi s &R 5 23K
FER K AERAS MgoSi HHE E 70008 14.7% 19.5%-
23.8%7F1 28.1%. HIULBEAE Mg, Si &= MIAWIE I,
TEHL Mg,Si AR 20 B0 T D o T80 Mg, Si &
FIRD )5 R A] RS AR B Y S AR R Mg B ST B
A SR . AR Al-Mg. Al-Si Al Mg-Si - 0& 44
K, Al-Mg-Si &G4 TR L BN & A Mg,Si
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AR, BEEIMNE AW N, pesiE g,
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Fig.5 Crystal cell of Mg,Si(a) and Mg;;Al,(b)
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Mg(1)©0, 0, 0); Mg(I[)(0.328, 0.328, 0.328);
Mg(I11)(0356, 0.356, 0.040); Al (0.090, 0.090, 0.274).

32 ARG ERE
TE AR 0T I N S B TR S R e B, )
FHE AT I G FE RS, TEE RN, RIAE
SR IR, A G R. & JR RGP A
Hpon AT :
Hypp = L =N AE:?olid -N BESBolid
N, +Ng
K Hypyy RESIEHI: Eo &8 MgySi & & 7] 4L
ERRER; Ef g M ES M HIEREZ T Mg Al
Si PSRN R T IAE R . Ny A1 N & 8 Mg fl
Si T HIA . Al Mg F0 Si (2 T e i EE 4
7N-56.4431. —973.9478 F1-107.2623 eV/atom.
Ziahe 3R TS N IR RIR Re R, R
B R R S AN R I A BT R Tl A A R iR BE
SERRSETE S G R VMM, 454G Re Lo (EBkoK,
TE R E R B AR e . B &M EEE Eon 1TTH A
/I
Eiy — NAE;:tom B NBE,Etom

E — tot
coh
N, + Ny

A B NREMILE GRS Enon T Enom 70 HIRTR
Mg,Si JE i SR Mg A1 Si H R FRIfEE. JF S
FEF Mgy Si HHEFHREE 3 8-972.2258 FI

(6)

(7

£ 2 Mg,Si Ml Mg,,Aly, HITE AT 45 & 66

-101.9021 eV/atom; Mg,Al, JF AL A FEF Mg, Al H
R T [ BE 20 7 N—972.1662 F1-52.7383 eV/atom.

BEEMAMGERITEE RS TE 2, MgSi
FHAN Mgy, AL AT G RN SE & RESS N U, RERETE
B E AR BRI, Mg,Si AHTE BRI {E iz
/NF Mg Al A, HA SRS T ss T Mg,,Al,
FHI, P Mg, Si MR ST . difA e e Yt 7t
W T 466, MeSi M4 & R4t E iR,
AR g R e . TTIL Mg, Si A& £k
eI SRR ZE AR 8 PRI T Mgy,AlL, .

33 TEE. nERBMESBEEE

K <5 (B AY S 0 (0 2 R R PR T AR Rk
ST R . TR BB BB O T AR R A T
AN PER RS, T8 RE DUAS [ 1] R s e B oy
FRE. Dk, BFFCa AR 7% FE . Mulliken A7 J&
BRI EL 7 2 B A AT it R G R R PR I AR R AR
ﬁ%ﬁﬁﬁ[zl_zz]c

HNHE— DI Mg,Si AHRT Mg, Al HTH) e R
FO AR AR E e, 3o i ih B R3S % FE(TDOS)
oy A E(PDOS), tHHARWE 6 Fin. R4EE
REBR e, ROERERRERTE, WIS mvEies, Pril
Mg,Si IR REFREL IR T Mgy,Al, 1), BI3LpPERE
o

% 3 s AEEIALEY Mg,Si Ml Mg,Aly, ]
Mulliken HL¥~ 4 ERITHELEE AL, W] DL [A) — 44 &

Table 2 Heats of formation and cohesive energy of Mg,Si and Mg;;Al;,

Hior/(kKJ'mol ™)

Eoo//(kJmol ™)

Phase
This work Experimental Calculated This work Experimental Calculated
Mg,Si -16.22 -21.20M" -17.70" -299.27 - -
Mg ,Al, -5.71 - —4.641% -263.41 - -287.612%
1.5 - p i
(a) n. —Fermi level, E; —Sis 0.6} (b) . —Fermi level, £, —Al's
1.0 A JVE e Sip | -~ Al p
.0 ; ) s —Mgs — i
-------- Mgp
0
Mg,,Al
) g7l
1
0
-10 =5 0 5 10 15 8 12 16
Energy/eV Energy/eV

Bl 6 Mg,Si fl Mg, ,Al,, &%
Fig. 6 Density of state of Mg,Si (a) and Mg;Al}; (b)
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&3 Mg,Si fl Mg, Al LT 5%

Table 3 Mulliken electronic populations in Mg,Si and Mg;;Al,

Population
Phase Atom Number S . Transfer charge  Total transfer charge
Mg 8 0.67 6.64 0.69
Mg,Si 5.52
Si 4 1.61 3.76 -1.37
Mg( 1) 2 0.71 6.53 0.76
Mg(1I) 8 0.78 6.70 0.52
Mg, Al 12.16
Mg(I1D) 24 0.78 6.95 0.27
Al 24 1.27 2.24 -0.51
R IR BT 2. 6 0 W B A L T LR U R 9 B T A
HRGGREE, RPN EFREERmEEE, & 3.300X 1072
THEEGE. Mg,Si ', B Mg 5T Al JEFr=4 2.257X102
TR, R BAT SR N 5.52, 124 1.214X 102
JEF 1 Mg, Si M 2 -85 [ 7 16 4% Fi i 2040 0.46. 1.714X 1072
X MgisAly,, B Mg JE 710 Al EF 7= T i, -8.714 X107
1 2 R A B BOR A 12.16, 58 MR T -1.914X 107
Mg Al R P R PR R 2y 0.21. Rtk -2.957X1072
Mg, Al FHFT MgoSi AHH B T3 5R AN MgoSi A ~4.000% 102
LA W, PR R B &8 AL &9 Mg,Si A Charge der}sity/
M1l MesSi U 2B e 15 5 PS8 1 s
T Mg,Aly,, BT R A B AR R LN BT Mg,Si #1 2 771X 102
RERE T BSOAH O] RS 1Y) Bl AR 454 543X 107
Mg,Si Al Mgy7AlL, fI(110)1H i) 22 73 HLf 25 L 51 1 3.143% 107
Bl 7, Mg,Si (1101 ) % 53 FL ] % J5E P 45 i 2 A 9.143% 1073
—0.04 eV/nm’ £ F 0.033 eV/nm®; MgjAl, 5 2
(110)THT f 22 73 LT 3% € JB1 55 i £ A —0.046 eV/nm® £ 23371X 102
%] 0.04 eVim®. MIE 7() T EURIL, 7E Mg,Si 1, ~4.600X 1072

Mg—Mg LRI, Mg—Mg 24 EH#; Si—
Si 2[Rl HLfr A3 AT 3R B Si—Si 2 [ 8 g 10,
HELMEE. M Mg—Si [ R aAmHEEE, K
EHA R SR, TEREGRN ST B 7(b)R LA
RIL, E Mg,Al, F1, Mg—Mg. Al—AIl 1 Mg—Al
Z AR IR 7 s, BA R RS, A
ME ARG R EEEE, WS, T,
Mg,Si BCEEA T 2 & @i, BT AL mEm S,
SHHAASBORNEER ISR e, ik,
Mg,Si B 3Lt ST InAe e . ek, W
PE BRI CER, A R, 78
HAT, Mg AL Si B A5 )2 1.24 1.5 1 1.8,
R % 70 2% 2 [B) Y F AR PR K /N ) B 22 3 v ey 2% B T T
DAffiE, Mg J ] FE Ay 3 22 ) 0 S 1 R AR PR A
(1 Si JRF I, A 1ER .

7 MgSi Ml Mg, Al 125 AT 5 5
Fig. 7 Electronic charge density difference contour plots of

Mg,Si (a) and Mg;;Al;; (b)

LR HraE REH, Al-Mg-Si RE4&H, X Si
PR 782, Mg e 5 Si TR i Fa e 1) Mg,Si
SRBIAMLEY, £ Mg 45 Al TE R EEE 1)
Mg;Al, FHe BT DASA45 583 24 1 B EL i, Be 8 I
FUETE A7 1) Al-Mg,Si a4k, AT I, 5l Mg,Si
ISR EEERZ Mg ket BEEE SR+
Mg,Si AHEIE BN, Mg,Si AH K SLbrE 5 B2 1E
ZERRR, XREHT Mg I I I A k.
1E Al-30%Mg,Si A MEHRAL A B T2, 3%
RARFIL 6.78%. FrLL, &G Mg FIMA &R
RN SR T o
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1) SEEGEE R, JRAL N 25 10 4 FAS T B

- Al-Mg,Si Ea M el EE R N a(Al)AH I
Mg,Si ZJCAH, (EAH & & i SEIIME 5 BR A A7 1L I 22 .

2) Tt g REY, MgSi M

Mg, Al BIRE A E AL G, B Mg,Si AR &
e/ BeR /MR R E R T MgsAlL,
T, B, 7E Si AR 2R T, Mg Ktk
5 Si JERGAIE [ Mg,Si @& L& .

3) 1E Al-Mg,Si E&MEHE A N A& T2,

WRIEASF RS> T Mg BB IE 20 Mg B

=N

RIS & 1E Mg, Si A SEFR & &
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Change rule of phase composition in
Al-Mg,Si composites with different contents

LI Ying-min, LIU Tong-yu, REN Yu-yan

(School of Material Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: The Al-Mg,Si as-cast in-situ composites with different amounts of Mg,Si were fabricated, such as
Al-15%Mg,Si, Al-20%Mg,Si, Al-25%Mg,Si and Al-30%Mg,Si, and the changes of phase composition in Al-Mg,Si
composite were then analyzed by combination of experiments and theoretical simulations. Microstructural examinations
were assessed by the use of SEM, EDS, DSC and XRD. The results show that phase composition of the four different
components of Al-Mg,Si composite is a(Al) phase and Mg,Si phase; and content of Mg,Si phase in the four different
components is less than theoretical value. Structural stabilities and electronic structures of possibly emerging phase
(Mg,Si phase and Mg;,Al,, phase) in Al-Mg,Si composite were investigated by first-principles program based on density
functional theory. The calculation results reveal that both Mg,Si and Mg;;Al;, can form stable compounds, whereas
Mg,Si phase has stronger bonding ability and alloying ability as well as the higher structural stability. Therefore, Mg,Si is
the priority stable phase in Al-Mg,Si composites, while the decrease of mass fraction of Mg,Si phase turns out to be the
burning loss of magnesium, and increasing the additions of magnesium can reduce the experimental error effectively.

Key words: first-principles; DSC; quantitative analysis; electron structure; charge density difference
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