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Effect of electromagnetic stirring on
solidification structure of clad ingots

ZHAO lJia-lei, FU Ying, CAO Zhi-qiang, ZHONG De-shui , LI Ting-ju

(Department of Materials Science and Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: The solid-liquid compound method was used to prepare 3003/4004 and 5056/AZ91 clad ingots. The optical
microscope and XRD were used to analyze the effect of electromagnetic stirring on the modification of solidification
structure. The results show that, with electromagnetic stirring, the interface morphology of solidification structure
obviously changes. For 3003/4004 clad ingot, without electromagnetic stirring, the solidification structure of 4004
aluminum alloy near the interface is coarse dendrite, when electromagnetic stirring is used, the solidification structure of
4004 aluminum alloy changes into non-dendrite crystal. For 5056/AZ91 clad ingot, without electromagnetic stirring, the
of intermetallic compounds congregate on the interface, which closing to 5056 side and AZ91 side are Mg,Al; and
Mg, ;Al,. When electromagnetic stirring is used, the forced convection in AZ91 melt caused by Lorentz force washes
against 5056 solidification shell to remelting, a great quantity of Al element involves in the core of the ingot and mixed
with magnesium alloy melt, so that Mg,Al; is generated from the interface to the core.
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Table 1 Chemical composition of experimental materials

SRR 3003, 4004, 5056 K AZ91 44, H
AR 1 BT A S BT R ) PR T b AR
PRGN HLREIR BN 4, FCRARERE o B2 0 ik o0 e ik 3
RAEZR VRN R SR, s R A4 B = e 1)
TIN5 B S N LR OB B . 85 R 304 AN AN
M, HIAAN 70 mm, A 75 mme AERECHILF
G MAEPIA A B s s, RERR G SRR AT
HRAE LA 50 C RS T PR 20 min Aty o BAKRSE
R 1 Bs. fEiile 3003/4004 EHEE R JEHTE
WEREAR, B EHRE R 700 CIIANZ 3003 4 42
ANFWMER R, FE 10s 5, B85 AR B 45
Pt ke, R —HEJE A 10~12 mm EEE. K5,
W B A 600 “C 1) 4004 444581 £ 3003 #E5eH (ML
3003 e NI L) g 560~580 °C), [H] I it i i
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RN TS FIR T AR, AMZ 5056 A 4peiE
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mm, HEFCiifE 580~600 'C, WJE AZ91 HEVHIEE N
595 °C, Wit s AR 15 mT. HuiELr =

Mass fraction/%
Material

Si Mn Mg Fe Cu Zn Al
3003 0.6 1.0-1.5 0.7 0.05-0.20 0.10 Bal.
4004 9.0-10.5 - 1.0-2.0 - 0.25 0.20 Bal.
5056 0.6 1.0-1.5 5.5 0.7 0.05-0.20 0.10 Bal.
AZ91 9.0-10.5 0.10 Balance 0.8 0.25 0.20 1.0-2.0
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Fig. 1 Schematic diagram of experimental process
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Fig. 2 Macrostructures of 3003/4004 cladding ingots: (a) Without electromagnetic stirring; (b) With 80 V electromagnetic stirring
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Fig. 3 Microstructures of interfaces of 3003/4004 cladding ingots: (a) Without electromagnetic stirring; (b) With 80 V

electromagnetic stirring
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Fig. 4 Macrostructures of 5056/AZ91 cladding ingots: (a) Without electromagnetic stirring; (b) With 80 V electromagnetic stirring
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Fig. 5 Microstructures of layer between reaction zone and matrix alloys without electromagnetic stirring: (a) AZ91 side; (b) 5056

side
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Table 4 Composition analysis of elements at different positions in reaction zone by EPMA

Mole fraction/%
Element
Position 1 Position 2 Position 3 Position 4 Position 5
Mg 72.854 60.168 51.276 48.091 40.363
Al 26.917 39.712 48.585 51.771 59.523
Phase Mg;Al +a-Mg Mg;Aly, Mg, Als
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Fig. 6 XRD patterns of marked area in Fig.4: (a) Without
electromagnetic stirring; (b) Position 1 with electromagnetic

stirring; (c) Position 2 with electromagnetic stirring
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