FiERE AR Vol.43 No.07
+546 - FOUNDRY TECHNOLOGY Jul. 2022

DOI:10.16410/j.issn1000-8365.2022.07.012

Sr T it Mg,Si/Al-Cu-Si E&#EIHIHIES
(AR M RE

XIFHF 2 ET L A RE
(AR Tk 5 A AR ALl TARSF G, 7Ty A8 4511005 2.7 d 3 TR 5 MR 5 T2 515, 7 £4F 454000)

H OECRRBEERIE T 2%Mg,Si/Al-3%Cu-3%Si(x=15,20,25 F1 30)% &+ B, F k5 15%F1 25%Mg,Si & 1Y
LA MREE IR Sr EAT T AR R AR B, 45 R R A MR AL 2 A O M,Si e SR Me,Si e, IR
6-AlLCu 3 7 Si FHOR Q-(ALCU,MgSi) M A, Hr Mg,Si yyu B9 SRR ST 290 31.2 pm, BEHE Mg,Si 7 & 1934 i,
Mg,Si i FFURER 55 748 0 T ML R BB AR . Im A 0.04%Sr X 15%Mg,Si/Al-3%Cu-3%Si #E 17748 Tt 4b 3 Mg,Si . 1Y
RERGE I8N ZE 201 pm, SR AR MgoSi oy BN 20008 . S —PERFLH AR e R Sr 6 Mg,Si H 45 & e AL K A48
N St B RHLBE A R W Srf ST W B E Mg,Si SR {111} i [ OF BUIR R AR P B Mg BT B8 {100}
B TR {111} b T A R X 2 T AE , AT I ) Mig,Si Y <100> & AR Y A KRR SRR T Mg, Si BRI S Ak . Xt 15% A
25%Mg,Si/A1-3%Cu-3%Si & & Mk AR A AT 3 AU, AR RH, 2 0.04%Sr 25 1 15%Mg,Si/Al-3%
Cu-3%Si & A MBI 38 B AT 25 0 A8 fie i, 43 A B 246.9 MPa il 1.23%.,

KB : Mg,Si/Al-3%Cu-3%Si & G bRk ; 28 B AHLHE 55 — PR BT s Mg,Si dm ik

HmES %S TB33I1 SERARIRAD A X EHE:1000-8365(2022)07-0546-08

Mechanism and Microstructure of Sr Metamorphic Mg,Si/Al-Cu—Si Composites

LIU Dandan'?, MENG Lina', SUN Zhan'

(1. School of Materials and Electrical Engineering, Zhengzhou University of Industrial Technology, Zhengzhou 451100,
China; 2. School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: In this paper, x%Mg,Si/Al-3%Cu-3%Si (x=15, 20, 25 and 30, %) composites were prepared by smelting method.
Firstly, the as-cast microstructures of the prepared materials were analyzed, and the results showed that the microstructures
of the as-cast composites were composed of polygonal block Mg,Si primary, rod-shaped Mg,Si eutectic, netting 6-AlCu,
residual Si and small block Q-(Al,Cu,MgSi;) phases. Among them, the size of Mg,Si primary is 31.2 pum. Increasing
of Mg,Si content, Mg,Si primary changes from angular polygon to coarse dendrite. The alloy of 15%Mg,Si/Al-3%Cu-3%Si
was modified by adding 0.04%Sr, the Mg,Si primary size was reduced to 20.1 pwm, and the angular polygon Mg,Si primary
was transformed into more rounded polygon. Using first principle to calculate binding energy and adsorption of the
metamorphic element Sr in Mg,Si revealed the metamorphic mechanism on Sr. The results show that Sr preferentially
adsorbed on {111} plane of the Mg,Si crystal, and dissolved in and replaced Mg atoms from original Mg,Si crystal lattice.
Therefore the relative surface energies of {100} and {111} crystal planes of unmodified Mg,Si were changed. As a result,
the growth of Mg,Si along the <100> direction was inhibited and finally the refinement of Mg,Si particles was realized.
Three point bending tests were conducted on 15% and 25%Mg,Si/Al-3%Cu-3%Si composites and their metamorphism. The
results showed that the bending strength and the bending strain of 15%Mg,Si/Al-3%Cu-3%Si composite metamorphized by
0.04%Sr were the highest, respectively reaching 246.9 MPa and 1.23%.
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Fig.1 The truncation energy and K-points convergence test of Mg,Si crystal
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Fig.3 Microstructure of as-cast x%Mg,Si/Al-3%Cu-3%Si alloys, x=15, 20, 25 and 30
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Fig.4 SEM morphology and EDS results of the as-cast 15%Mg,Si/Al-3%Cu-3%Si composite alloy
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Fig.6 Structure of Sr modified Mg,Si/Al-Cu-Si
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Fig.7 Crystal structure of Mg,Si
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Fig.8 The surface energy calculation model for {100} and {111} surface of Mg,Si crystal

N,
E slab™ slob E bulk

= N bulk
Bug=— (M

R | F 2575 25 T 25 W0 T2 5 A 5 (0 RE 0 5 Epy, 25775
E%ﬁ%ﬂ%%%ﬁﬁﬂ%%ﬁg%w%ﬁ%ﬁi

JEF A BB R 5 A RO LU (R A U2 it
SRR R TR

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

SR EARE (11118 Mg- T Ui ) 2 1 AE SR AT,
iR T FETE A 2R DR R AE R B R
FP A 4 FRRER W B SO 43 SR AV (top) A
37 (bridge) A0 i (Hep & Fec), i M 47 A T0AY 4%
AT — A W B A O S AT PRI L, 23 SR A T 3
A Mg i F AR = Mg b BT 2 2 Si
J 19 b7 (B) Hep s 7). F 3 4> Mg Ji (1

http://www.cnki.net



(EEEFARN07/2022

X F+7F, % Sr TR Mg.Si/Al-Cu-Si E & # B2 SA LA MR «551-

O HAL T4 3 J2 Mg 5 B 75 (B Fee s07)  7EAE
SUTHE I Sr T E 7 W ETE 4 Bl L b BT
Sr (14 W RS A RE PR AN BRFBILAR o {110 1T ) 4 Fof R
SALANE 9 FroR . FE R T KA 200K SriR
I 4 AR AL T R AR A

9 Mg,Si i {111} 1 () 4 Ffr i B 457 % 73 &
Fig.9 The schematic diagram of the four adsorption sites for
{111} plane of Mg,Si crystal

232 RSG5 ARE
Sr JTLEAE Mg,Si B BkS 19313 A 2

1 / bulk bulk bulk \

N No Ny |E~NyEy, ~NsEg —NsEg, | (2)
A B A S B BB 1R 5 Ny Ns AT N 5351

£ 4 ML BT A Mg Si A St BT (01 8 B
Eo L Ey 53304 B RLIE F-19 Mg Si Al Sr 45 [F 4
W A 00 G R B R R

LSRR Sr i Mg J5T BT MR B 51
T SiCE MRS A E B Sr B Me,Si )
e b Mg ST B 5 TR AR B 4 Si LT, 18
R SR 2,

R2LAESNEWHEXSHE, .E

Tab.2 The relevant parameter of metamorphic element
bulk

AH#=

bulk bulk bulk
Elements Ey eV Eyg six,/eV By si,x,/eV

Sr -209.066 -8084.680 -8 946.878

bulk bulk bulk
Ey, ==973.953 eV, Eq =-107.262 eV ,Ey, 5 =
-8222.685eV,AH), 5 =16.201 kJ/mol

R A2 3) i MggSiy, Mg:SiuX, FIMgSisX,
(45 A e, DI AT LUBG R St B4 I b A 1 e 12

1 / M Si Sr
ECOh: NMg+ N Si+ & ( El_N MgEat;gm _N SiE atom _N STE atom ) (3)
Sl B SR AL 9 BB B B, By By 4

atom atom atom

27~ Mg . Si Ml Sr JCE MY A T I RE AL Ny, N
FI Ny, 53 590 3278 25 J5L - 16 M 235 ) A5 70 e 1) J52 - 114
ML

SR MgSi, &5 SRRt nl DUAE

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Mg,Si [ G it I 1) 235+ e PRy . T St B 4 Mg
JE 15 1 235 R s PR AR HE T R ST R TR 45 R R
FEVES LR, BTLL Sr B ) T g 4 Mg,Si i M Mg
JEF , I RZ I Mg,Si ZEM IR R g AR KBS
2.3.3 SRR ARE YT

W [ B AT DA 3E 2o 2 2 (4) TR

E=Esgw—Egp—Es (4)

KN, Esyan J AR R 2589 JLTEAG IS 19 BE 32 5 E e
SR AR B A DR Y 2l 2 T TR S R A B
W A B A IR T OLE 5 R B R () 4 /N B2
SEITAR A L U AR A S BT AR i e A

2311, Sr 7E Top s B W B RE b -1.276 €V,
55 H A 3 P A AR L HL AT R R W B R, A
Bridge 1 Fee s A H A A [ 1) W B e
24 TRERHE

WFoE 2B, — T B T 3R A 35 5 1 17 T B 1)
Mg,Si #1385 W &R AR 1Y) <100> & 1) A1 <111>
i ] B AR K BE 22 L RS2 I Mg,Si B AE KB 3 T
{100} A1 {111} 1 A9 A8 K 5 3 4R A2 3148 i T R 1 5%
MY, EAR S Y R KT Mg YRR
B AT Mg,Si Atk 7 A i S, RIRE 4n ke, St SR T
K5 B MgSi i s A Mg J5E 7, 7321 A4 &b i 5
FAE o Y Sr 1EREME I BT E Mg,Si i {111} & ifl )7
YCAE T {100 1T AT {111 ) T % AH X 3% 1@ 88 , A i 370 il
<100> & ) iy A K B, I 20 AE Mg,Si B S, Xt
AT /U 57 7 465 FA 42 R 2 i % 2 KO AR K ik
S T8 U R 3 T30, 3 52 6 1> {100 & 18T 41
BB ST T PR ATER 8 A {111}t T A FEIE B Ay /T 44
FAL P A MeSi it et & <100> Jr A& 4
K ISR T <111> J7 [0 ,Mg,Si & K L0, ik
M LIS ATRE <100> J7 [0 (ARG o 8 T3
IR RS RE A9 2 {111} 1 45 H 2% 1 AE AR A, W
HOATEE , TEBER B Mg,Si UKL I 5% 55 19 7] 58 14 i
K MAEFTICE Sr M AJERG |, Sr 385 iy W B 7
{11 TE b, {4 {100} & 1 AT T1L ) & 1T B AH X 3=
1 RE & A AR, NITTTE—E R BE il T Mg,Si Wy
<100> J7 A AE R R, SR ZBE [ TR L MgsSi o
FROSE AR BT 28 i Z B /N 13 30% , ik 21 A8 5T Y
B,

3 T MEERETORR

K10 M 15%F1 25%Mg,Si/Al-3%Cu-3%Si &2 &
MRS Rt 2k . d B P Mg,SI/AL-3%
Cu-3%Si B G M B A Ma vk Wi 22, #2800 By o B
FIC2S W A8 B L 15%Mg,Si/Al-Cu-Si & 45 R Bt

http://www.cnki.net



«552-

FOUNDRY TECHNOLOGY

Vol.43 No.07
Jul. 2022

10 MgSi/Al-3%Cu-3%Si & G M 85 25 R 728 Bt

ARV 3 VA Hh 2%

Fig.10 The flexural stress-strain curves of as-cast Mg,Si/Al-3%Cu-3%Si composites

BE NPT AR 4350 A 196.75 MPa Hl 1.06% , 48
ai 0.04%Sr 78 it , 15%Mg,Si/Al-Cu-Si & &+ #H 1 bt
Ao B R N AR A BT i, iA %) 246.9 MPa Fil
1.23%, 4 Mg,Si & i hn 2 25%HF , Mg,Siyy 4. H i
BRI AS AR AR, FLR I MgySi g4 22 F BT 51 45
Gy AN e T = A A, S BRI S M

AEFRAR ,25%Mg,Si/Al-Cu-Si & A+ RHHTS 5 BEFIT
AR5 R 181,57 MPa il 063%, £:330.04%Sr 25
JOT A0S SR B RIS N A8 43 R 3 192.8 MPafl0.74% .,

K 11(a) N 15%Mg,Si/Al-3%Cu-3%Si & &+ Kl
[ B FIE B, MgoSi gy o 14 £ B2 5 B 00 S8 L AE AR 1 2

Bl 11 15%Mg,Si/Al-3%Cu-3%Si & & # kL& 0.04%Sr 42 5T

B85, o T AR MR 2L Mg,Si s %
T, F TG AL SEARROBE %, 2EAh R IR T |
ALK I MeSi 10 J2BRAD 25 50 72 (RS SE AL, 24
AR T R A, MgSiy e 5 Al 30K i R

L5 TN, 4 Ma,Si e S50 B 2 19 A5 Bl K T
T A A T R T RE , B0 MesSi e 5
AUEIRB S R RS TR TR AW, 11(b) W
15%Mg,Si/Al-3% Cu-3%Si & & # kBt £ 33 0.04% Sr
75 5 9 17 1 59, Moo ]S B 080 L2 A
Bk, 7 2R A0 A 7 9 03 0 B PN B R
TR A A TR T

T 0 11 350

Fig.11 Fracture images of as-cast 15%Mg,Si/Al-3%Cu-3%Si composites and 0.04%Sr metamorphism
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