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Table 1
and AZ31B magnesium alloy

Chemical composition of 6061 aluminium alloy

Mass fraction/%
Al Mg Zn Mn Si Cu Fe

Alloy

6061  Bal. 0.89 0.01 0.01 0.65 028 0.10
AZ31B 2.66 Bal. 0.73 044 0.01 - -

AZ31B magnesium
Mould p]ate

6061 aluminum AZ31B magnesium
alloy melt plate

i

Schematic diagram of fabrication process of bimetallic composite Mg/Al: (a) Preparation of 6061 aluminum alloy

melt and mould; (b) Pouring of melt; (c) Al/Mg bimetallic composites
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Fig.2 Schematic diagrams of tensile sample and shear sample dimensions: (a) Shear specimen; (b) Tensile specimen
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Fig. 3 Interface morphologies of Al/Mg composites fabricated from 6061 aluminum alloy at different pouring temperatures:

(a) 640 C; (b) 660 C; (c) 680 C; (d) 700 C
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Fig. 4 Interface SEM images and corresponding EDS element line scanning results of Al/Mg bimetallic composites
fabricated from 6061 aluminum alloy at different pouring temperatures: (a), (a') 640 ‘C; (b), (b’) 660 C; (c), (c’) 680 C;
(d), (d") 700 C
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Fig. 5 Microstructures of tbonding interface of Al/Mg bimetallic composites fabricated from 6061 aluminum alloy at

pouring temperature of 660 C
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Fig. 6 Vickers microhardness of Al/Mg bimetallic composites fabricated from 6061 aluminum alloy at different pouring

temperatures: (a) 640 C; (b) 660 ‘C; (c) 680 ‘C; (d) 700 C
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from 6061 aluminum alloy at different pouring temperatures

Shear strength of Al/Mg composites fabricated
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Table 2 Comparison of shear strength of Al/Mg composites
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Composite material Complex method Shear strength/MPa Reference
A380/AM60 Solid-liquid compound casting 33.58 [25]
Al/Mg Liquid-solid compound casting 5.8 [26]
Al/Mg(Ni media layer) Liquid-solid compound casting 25.4 [27]

6061/AZ31B Liquid-solid compound casting 39 This work
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Fig. 10 EDS scanning analysis of point at bonding interface of composite materials at pouring temperature of 660 C
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Table 4 EDS analysis results of composite materials at pouring temperature of 660 ‘C

Area Mole fraction/% )
- Possible phase
No. Al Mg Zn Si Mn Fe Cu
1 2.6 96.3 0.7 0 0.4 0 0 a-Mg
2 22 97.0 0.5 0 0.3 0 0 a-Mg
3 48.7 50.5 0.5 0 0.3 0 0 Mg ,Al,,
4 49.9 44.6 1.4 0 0.5 3.4 0.2 Mg ,Al,,
5 59.5 40.3 0.2 0 0.0 0.1 0 AlMg,
6 60.6 37.9 0.0 0.5 0.0 0.8 0.2 AlMg,
7 96.8 0.9 0.0 22 0.0 0.1 0 a(Al)
8 99.1 0.7 0.0 0.2 0.0 0.0 0 a(Al)
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Fig. 11  Shear fracture morphologies of composite material and its XRD pattern: (a) SEM image of fracture near Al side;
(b) Macro view of shear fracture; (¢) SEM image of fracture near Mg side; (d) XRD pattern of Al side fracture; (e) XRD

pattern of Mg side fracture

HAUCHR[25-27], ASLIETE AUMg W4 B E
A PPRLET U)W AR BRI H ALMg, Mg, ,Al,, 5l
JREE @ Ik A A, SR AN R IR STk
) AlMg,Zn, # . Mg,,Al,, N J7 @i, Mg,Al N
VU5 i, 1T AlMg,Zn, /N5 d . =R AR L
RGN ET EEMEIINEEX AN,
{2 AlMg,Zn, M LA 58 5 AZ31B G & JZ 1
45401, AlMg,Zn  M7E S & MR AR /N T
Mg, Al, A0 1), &2 3] T 48 & 5 A0 1 1 P,
AlMg,Zn AR, 380 T Mg, Al, Fil Mg, Al #
Pt PEAR O PR 20 %, 1 5 AlMg,Zn,, I 389 1 iz
w7 ALMg, FMg AL, MIfide s 7 &2 & MRk 4
AR,

4 ZEip

1) K - 52 & 5518 J7 160 D il £ AMg
W4 B EAMEL, HEEFE 6061 554 45t E 1

FHE G ADRE S X358 B2 I, &)@ (A &
VAR BB K.

2) S APPSR DX Al P S e F O
G FEAAR,  BE BT IR B ) o B O U X5 BN
360um 340 2] 1120 um, H. B U150 I 7 78 Fit i ik
PEX AL HE W

3) AUMg X< | B a MR & Sl ml 73 v A
X3, Bl 6061 45 & <6 5= 1A (a(AL), 55 ML I X
(ALMg,+a(Al), H[a] i ¥ X (ALMg, Mg ,Al,,),
BEM L X (Mg, Al ,+a-Mg) Fl AZ31B & 4 714k
(o-Mg).

4) PRI N 680 CHY Tl & XN 4@ = A+
BHERE e, BT V)982 0N 39 MPa, L@
49.5 MPa.
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Microstructure and properties of
aluminum/magnesium bimetallic casting composites

YANG Hao-kun', QIU Jin', ZHOU Hong-wei', LI Yuan-dong" %, LIU Wen-jing', SONG Zhao-xi'

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Nonferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Using 6061 aluminum alloy as the pouring melt and AZ31B magnesium alloy as the solid substrate, the
Al/Mg bimetallic composite was prepared by the solid-liquid compound casting method. The effects of 6061
aluminum alloy melt pouring temperature of on the interface structure, width, phase composition and mechanical
properties of the composites were mainly studied. The results show that with the increase of pouring temperature
of 6061 aluminum alloy melt, the width of interface transition zone of composite increases from 360 pm increased
to 1120 um. And the volume fraction of intermetallics increases. When the pouring temperature of 6061 aluminum
alloy melt ranges from 660 to 700 ‘C, a well metallurgical bonding interface of 6061 and AZ31B bimetal can be
obtained. The vicinity of the interface can be divided into five different regions. Aluminum alloy matrix area,
magnesium alloy matrix area, and the area near the aluminum alloy side are mainly composed of a(Al) and Al,Mg,
phases, and the area near the magnesium alloy side is mainly composed of a-Mg and Mg ,Al,, phases, and the
intermediate transition zone is composed of Mg ,Al, and Al,Mg, phases, AIMg,Zn,, phase is found in the
intermediate transition zone, which is effective to improve the interface bonding performance of the composite.
When the pouring temperature of 6061 aluminum alloy melt is 680 ‘C, the interface bonding strength of the
composites is up to the maximum, in which the shear strength is 39 MPa and the tensile strength is 49.5 MPa.

Key words: 6061 aluminum alloy; AZ31B magnesium alloy; bimetal compound casting; interface structure;

mechanical property
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