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Table 1 Chemical Compositions of test alloys

Mass fraction/%

Alloy No.

Si Mg Sc Zr Al
1 6.56 0.45 0.30 0 Bal.
2 6.59 0.43 0.31 0.12 Bal.
3 6.57 0.45 0.29 0.21 Bal.
4 6.51 0.45 0.31 0.32 Bal.
5 6.51 0.41 0.45 0 Bal.
6 6.50 0.45 0.44 0.12 Bal.
7 6.52 0.44 0.46 0.20 Bal.
8 6.53 0.44 0.43 0.32 Bal.
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Fig.1 Schematic diagram of tensile sample
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2 A Zr & #E%51E Al-6.55i-0.45Mg-0.3Sc Fll Al-6.5Si-0.45Mg-0.45Sc & 41 7% Wi 2H 21
Fig. 2 Macro metallographs of cast Al-6.5Si-0.45Mg-0.3Sc and Al-6.5Si-0.45Mg-0.45Sc alloys containing different contents of Zr:
(a) Alloy 1; (b) Alloy 2; (c) Alloy 3; (d) Alloy 4; (e) Alloy 5; (f) Alloy 6; (g) Alloy 7; (h) Alloy 8

B3 Zr FEN Al-6.58i-0.45Mg-0.3Sc & 4 o 4 21 1) #2 i

Fig. 3 Effect of Zr content on microstructure of cast Al-6.5Si-0.45Mg-0.3Sc alloy: (a) w(Zr)=0%; (b) w(Zr)=0.12%; (c) w(Zr)=

0.21%; (d) w(Zr)=0.32%
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Fig. 4 Microstructure of cast Al-6.5Si-0.45Mg-0.45Sc alloy with different Zr contents: (a) w(Zr)=0%; (b) w(Zr)=0.12%; (c) w(Zr)=

0.20%; (d) w(Zr)=0.32%
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Fig. 5 Effect of Zr on grain size (a) and SADS (b) of a(Al) phase in cast Al-6.5Si-0.45Mg-xSc alloy
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Fig. 6 Eutectic silicon morphology of Al-6.5Si-0.45Mg-0.30Sc alloy with different Zr contents: (a) w(Zr)=0%; (b) w(Zr)=0.12%;
(¢) w(Zr)=0.20%; (d) w(Zr)=0.32%

Bl 7 K[ Zr &8 Al-6.58i-0.45Mg-0.45Sc & 43Rk
Fig. 7 Morphologies of eutectic silicon in cast Al-6.5Si-0.45Mg-0.45Sc with different Zr contents: (a) w(Zr)=0%; (b) w(Zr)=0.12%;
(¢) w(Zr)=0.20%; (d) w(Zr)=0.32%
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Fig. 8 Effect of aspect ratio of eutectic silicon of different
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Fig. 9 TEM images of nano size silicon with twins in alloy 3:

(a) Bright-field image; (b) HRTEM image and diffraction spots

AR ARSI B SR A HT I R AR i v, X
—J7 S EE S Si AH R AR RIS e T, 5
—Jrm A e Si BB, TS Si

FHIITES 2 I 9 4 /N PR ERCIR B 05 R (LI 6(c))s
Scv Zr HEWRPHTESL A Si AR TN 3R Si AR AR K
WHEAETHAEM, RS 3LE SikoR. #Ah, Sev Zr
FINARR T A&t RiR e, S8E &5
Rt R AT Im AN AL A, FRIK T SL AR AZ R AE K
R, (it 7 HpLh s, drimas ek e e ge iR,
& & i T i e 2 R 08 IR A 3L R AR BT SRR B Sey Zr
JEF, N3 Si AR AL T R BB J Y, B
AL Si A IR AR, HARGIE (110) 71
BEWHEM ALK, REARIANE R F R4
KU BrRL, Sey Zr AR5 9 Rl R A B0 mli
HolRe 82, Sev Ze X34k Si R AFIEM, &hT
Scv Zr JRFAE R 5 A T R B E L b i) 3R L
SR AR, WS, A ke, Wif)ET
B R ZEANURIIT) . SCRR[19-2011F # BT 7t 2%
B, HphE S ALSI-Mg &N Zr, Aepidsit
fm Si TS X T Scs Zr BEA IR INII45iE Al-Si-Mg
B, RS Gl E R P BIE Aly(Sc-.Zr,)
M, SRR Se JEFHEE D, RIS Sc
St At b Si AR R, SR, ASHE TS RS
FIANTE] o ARSI 25 R, (R P5IE Al-6.5Si-0.45Mg-
xSc AEMNGE &) Zr, ASSEIRIF 258 T Sc X3
f SiAHIAS AR o X B VF I 2 th FHdE & Ze B,
et i Si T REIR B T BE 2 (R A R T, AT BE A R
FAEIEA Si AR . (B2, ZrifdEmA, &
LT 5 SCER[7I AU RO 6. 7 AT 8), H s
PRI Rt — B I 5

2.3 Zr X5 Al1-6.58i-0.45Mg-xSc & & IF MRER

A1)

10 s AR Zr & 85%iE Al-6.5Si-0.45Mg-
xSc(x%=0.30%, 0.45%(Fi 57> 80)) & S AEFE S To #4
AEFRASE R AP ERE . B 10 HRTUAE ), BisEsE
&= (LA 10(a)), A0 Zr i, Al-6.58i-0.45Mg-0.45Sc
B&(EE SHNEEZERBEESRT Al-6.55i-0.45Mg-
0.30Sc &&(H4& 1), XRAEEEMN Sc FRFE4E
(1 a( AN & SiAH LA S B 440 AR JoT RO A K
{HH] Al-6.5Si-0.45Mg-0.30Sc & &N 0.12%Zr 2 )5
(B4 2), A& Mo EE R E. M Al-6.5Si-0.45Mg-
0.45Sc AN 0.12%Zr J (54 6), A& Mnk R BAR
WA T E, 25 Al-6.5Si-0.45Mg-0.30Sc & 4 38 &
EZEMAKCLE 10(a)), HE 0.21%Zr 1 Al-6.5Si-
0.45Mg-0.30Sc &4&(&4 2)ME 0.12%Zr ] Al-6.5Si-
0.45Mg-0.45Sc A4 (A4 6)BA fuf i 5m ¥ 1t i
B X FIRXT G TR AL 73 b 28 R — 2



2530 B 11 1

XIEAR, 2. Zr XF Al-6.5Si-0.45Mg-xSc & & OV 2 2R RN s % B (1) 2 i 2557

(a) a— UTS 111
250+ v—YS 110
o— El {9
$200} T X
Ezoo 18 £
2 17 2
HISO_ <
on 416 oo
§100 15 g
il D
@ 14
SO-Mg\ 13
0 1 1 1 Il 1 1 Il 1_2
1 2 3 4 5 6 7 8
Alloy
300
(b) 111
250+ 110
19
£200+ g &
s—UTS |5 §
£ 150} v—YS g
S o—El _g £
=100 F 15 =
[8a)]
’ N_L‘
50 13
0 | 1 1 1 1 1 1 |-2

Alloy

E 10 AFEHEHEET6 &G Al-6.55i-0.45Mg-xSc 4
(e i e

Fig. 10  Tensile properties of as-cast and heat-treated
Al-6.5Si-0.45Mg-xSc  alloy with different Zr contents:
(a) As-cast; (b)T6 heat treatment
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0.30Sc &&(&4 3HMREMBMESE 0.12%Zr 1)
Al-6.5Si-0.45Mg-0.45Sc & &(Ha NEAME, HI]
BETARE Zr 1) Al-6.5Si-0.45Mg-0.45Sc & 4 (150 E
M. R Ze BIUINTT DLTESE 851G AL-6.5Si-
0.45Mg-xSc & &tk ge M RIRT /> Sc (&, A
FITF BEAG Sc s sAs .

3 Z5ip

1) Sc X445 Al-6.58i-0.45Mg & 41 a( ADFHANFE
i Si AR —E AR AR, H Sc SRS
W, RO,

2) A5 Al-6.5Si-0.45Mg-xSc && N E & Zr,

AT Se XA 4 a ADARFIIE & Si AH 4t A0 AR
ME. 5AM Zr AE&ME, MAEE Zr £
Al-6.5Si-0.45Mg-xSc & &1 a(AD)FHR/INRT Z 0k &
[ (SDAS) F & JLih Si MBS Ak K & 4 i h e
PERERE o

3) fin Zr ] LAFERR miE Al-6.5S1-0.45Mg-xSc &
G hr Itk B )[R IS FAES Sc A & .
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Effect of Zr on microstructure and tensile properties of
Al-6.5Si-0.45Mg-xSc alloy

LIU Ya-nan, MA Yu-kun, ZHANG Guo-peng, GUO Qiao-neng, WANG Ming-xing

(Key Laboratory of Materials Physics, Ministry of Education, School of Physics,
Zhengzhou University, Zhengzhou 450052, China)

Abstract: Cast Al-6.5Si-0.45Mg-xSc (x%=0.3%, 0.45%) alloys containing different Zr contents were prepared by
traditional melting method. The effects of Zr contents on the microstructure and tensile properties of the cast
Al-6.5Si-0.45Mg-xSc alloys were investigated by means of optical microscope (OM), scanning electron
microscopy(SEM), transmission electron microscope(TEM) and electronic universal testing machine. The results show
that Sc has some refining and modifying effects on the a(Al) phase and eutectic Si phase of cast Al-6.5Si-0.45Mg alloys
without addition of Zr, and these effects are better when Sc content is higher. Adding proper amount Zr into the
Al-6.5Si-0.45Mg-xSc alloy can improve the refining and modifying effects of Sc on the a(Al) phase and eutectic Si phase
of the alloy. Comparing with the alloy without addition of Zr, the addition of Zr can further refine a(Al) phase, reduce the
secondary dendrite arm spacing (SDAS), improve the morphology of the eutectic Si phase and enhance the tensile
properties of cast Al-6.5Si-0.45Mg-xSc alloy. In addition, the addition of Zr can also decrease the usage amount of Sc
while enhancing the tensile properties of cast Al-6.5Si-0.45Mg-xSc alloy.

Key words: cast Al-Si-Mg-Sc alloy; scandium; zirconium; microstructure; tensile property

Foundation item: Project(11372283) supported by the National Natural Science Foundation of China; Project
(13A140674) supported by the Foundation of Henan Educational Committee, China
Received date: 2019-12-16; Accepted date: 2020-04-10
Corresponding author: WANG Ming-xing; Tel: +86-13525568755; E-mail: wangmx@zzu.edu.cn
(RiE T



