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Fig.1 Schematic of semi-continuous casting for the AZ31 billets

in different electromagnetic casting conditions
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Fig.2 Microstructures of AZ31 billets in different electroma-

gnetic casting conditions: (a) conventional DC casting
edge, (b) conventional DC casting center, (c) LFEC
edge, (d) LFEC center, (¢) LFEVC edge, and (f) LFEVC

center
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Fig.3 Morphologies of f-Mg;7Al,, in the AZ31 billets in

different electromagnetic casting conditions: (a) con-
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Table 1 Average grain size of @200mm AZ31 billets in diffe-
rent electromagnetic casting conditions (pm)
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Fig.4 Al (a) and Zn (b) concentration profile of the AZ31 billets

in different casting conditions
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Table 2 Mechanical properties of AZ31 billets in different
casting conditions
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T BE PRI e IR R RS P o FE R A4 2 4 1 170,
236 MPa 1 4%, 55 1 DC 5 i i A LA 0 St ik 48
M5 LFEC %t A0 LL s A 38 0. 1X & T LFEC M
LFEVC % it 5 P41 2L LG B DC 53 (172 45 41 /N 55
Mg, R4 i/ -4 .

3 HISiItiE

e sl R rh, R 4 A8 T 502 Y 45 Pl
AT G SR S A I R N O B G SS B,
AR LU J=1/u( VKB o B FLR ARG IR W3 A8
V£ & 4151k 5% 3 Lorentz J1 F=JxB WAER, F A1k
FH7o JRARABE% 2 211 Lorentz Jy i Ry .

F=[1/u(VxB)|xB=1/u(B-V)B-V(1/2uB")
Kb, B NMLRNGREE, p AAEBEN SR T7
AL 1 BUZ R SR) Jy, 5I 45 5 N 4 JE
BN R N L 26 2 TS 3 T4 Jm A T ) 77
CHRIEGK S FE TP, 6 4 s A A L A
FH W AR 2 THITE 102 W THT , 92D 55 45 it i 4 ik v B2 (B
Befit ), AT AN — URVA H, A 47] 74 ek 9 5 7 O B
F= o DA SR 5 B T 2 10 0T o ) &5 B A 1 4k P
A Ui L 3 I, AR [T DK Bl g AR F R &b T A
HIVR A X s B IR A, A5 4 s 4 B R VAR T A vl B AR
P NS A s P S B D = D o TR
IR T P AR R T BRI o RS o A P UL R 1 AR
5y, IXFEAR R T 45 i A () B gk N T IR A 1Y)
I T), AR T 5 4 P 30 5 b 38 50 K T i A%, 9
I J3 08 o FAGE ol 5 A R ) T B I R R
ZAECH o WA LR RGO S T Ak, o as ik
AT AE 1) 25 R R AR AN B Bk AR, T D 5 R 2 W)
SR AR AR R I, ] g BRI ST A% 2y, AT A A



* 1470 -

Wit e m AP RS TR

%38 4%

TREMZIE R S REEH 2% 20, Sk
TEAR IS BB b AR KB BEAE O E ARk, TR A/ 34
AFI R ERIE BIORAEZ . H, Ot dboe iR Befi
i LFEC %518 ¥ iU I B 3 Lh e 38 ), ki o8 )
REEREK K. 54, HHEH DC ¥, LFEC #45ik
I & i i TP A 5 G AT k) b e T RO T
S T8 B A oRL 32 B Sh AR IR 52, B V& T ok E N IR
BHAR T, BE AT LAY BRVE 45 5 #2587 10 $RA0 AR K TR
BT AR B, 38 AT BEAE I 44 vh A BT I TEAZ R RTINS,
AT BE G G AL R D5, AF BRI AT A 0% [ -9 AH XY
K PR A ) 8 ] 1) <6 J8 7 Il IR, WGP E, R
() AR NP AR DX “ TR B AR b, — )22 A B
L], [RIRE AT DAV T AR B A K AR A o DR
T G5 e T 0 PR I N 2 P TR AT I ORI AZ31 B
SEERRT, BEIR SRS H R DC i 1 AH L 2 dn ik,
[A] IF p-Mg;Al, *H’E%?%‘ﬁ?ﬁﬂ/]‘%\'ﬁﬁ’ 25 WA AT B S5 Dk
K, JizErkme A IR Rg s .

IS A S B, X BT 45 5 A T
RIS S50 10 ke 12 4 ] [ BT 3 i) 288 T 9 PR R AT 3 PR S 2 T
g AR IR AR N P AR AR AE RS Bo RTINS, 308 7 A A8 AR
Y B, &AL AR A NS S5 R T AR ()40 236 1) Jak
R J, = AT EAR AR AR = A B AR
3, FFI I AL A G R I A, H R A TR
AR 5 R,

XoF &5 i TOUSH RS 3508 v 20 28 P () I ol e, B T
X s A 7 A g BT TS S 2 L H N AT (] R 5 2R A
XPWRIB BN AN, 37— ANV AR R D7 1) AN Wy A R s 4
(435 JIVE o L rb i 20 45 Bl 7 24 1 i Z R A R 0t
gh i 2 T AR AR AL B — T A B R B A —
B, EVHEAHANREY . (RN A b3 A K
TEt% BEACIR ST A2 T, 38 I A1 28050 A% 50 H R

GaICESEN . WALE MRS TthEES

VA
By B

F U

Kl s ARH0 L AR v 7 2E i BT
Fig.5 Principle of low frequency electromagnetic vibration
M, M', M"—— Mutual inductance;

U——Magnetic potential difference

580 RN ot YA M R T R RE O S () B R R e
T3 B A A g T i A S B0 T A e i AT Ak
) S ME A I A5 I, B T BUEAT T B R
5 UG T B ae, AEm iy, K A%
K E, BB BRI A DR A e 3 S i 1
FE, UL B8] (R I A ™ 26 1 H i 0 55 B A
P B s X e, A0 ™ AR AN 2 K i sh, i
GRECE U WA IR R R L e R
BT IR OB AL O BRI . IXRER
PP AL P[] I3t v e i 1) AZ31 RS b L9l
PERELL WL DC #5301 W ks, B — 2Rl /R TG
WA AP ST, R LS
B 21 24 Pl [7] I3l S BN AZ31 BE hE 4141
HIE RE )52 Wi 8 1E AE BT 9T

4 & %

1) 5% M (DC)K @200 mm AZ31 BE&445E
PRAH G, 6F 2 2% 1 8k . £k Pl i PRk AT H 104 3 I
PAFIVEE IR S E Ak, 32 R L A R
ZE I BRA o TR 5 A LT T 4 e [R]  4 l TE
P IEAT F 40 3 5 B A v o0 5 100 S A 2 2 ik —
pad G

2) ARl LRGSOt 0 7 AR T A T R AR
81 i s TR [ TP/ VS i 1 P e R AP
Mg, Al FHE AL 4 /N AT

3) PR LRI I N 7 S R TR D) 2R P RE I
P o BEIR it AR o LR ik I LG LA 1 (DC) 43 i)
4N 50~60 MPa 1 40~50 MPa, SEMHURWIE KT 1 15,

EERE

[1] Mordike B L, Ebert T. Mate Sci and Eng{J], 2001, A302: 37

[2] Kojima Y. Mater Trans[J], 2001, 42: 1154

[3] Aghion E, Bronfin B. Mater Sci Forum[J], 2000, 350~351(1):
19

References

[4] Eliezer D, Aghion E, Fores F H. Adv Perfor Mater[J], 1998, 5:
201

[5] Flemings M C. Metall Trans[J], 1991, 22B(6): 269

[6] Polmear I J. Mater Sci Technol[J], 1994, 10: 1

[7] Maeng D Y, Kim T S, Lee J H. Scripta Mater[J], 2000, 43(5):
385

[8] Le Q C, Ou P, Wu Y D. Acta Metall Sin[J], 2002, 38(2): 219

[9] Lee Y C, Dahle A K, Stjohn D H. Metall Mater Trans A[J],
2000, 31: 2895

[10] Li DN, Luo J R, Wu S S. J Mater Process Technol[J], 2002,

129: 431



% 81 TR IR BN T 2O S i B S e R AL ZU S PERE R L 1471 -

[11] Vives C. Metall Trans B[J], 1989, 20: 623 [12] Vives C. Mater Sci Eng A[J], 1993,173: 169

Effect of Different Electromagnetic Field Application Ways on Microstructures and
Mechanical Properties of Semi-Continuous Cast Magnesium Alloy Billets

Zhang Zhiqiang, Le Qichi, Cui Jianzhong
(The Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education,

Northeastern University, Shenyang 110004, China)

Abstract: Using different electromagnetic fields application ways, AZ31 magnesium alloy was semi-continuously cast into billets with
diameter of 200 mm. The effects of the different electromagnetic fields application ways on the microstructures and mechanical properties
of AZ31 billets were investigated. The results show that compared with the conventional direct-chill semi-continuous cast billets, the
microstructures in the entire cross section of the AZ31 billets cast in the single alternating magnetic field or the combination of alternating
magnetic field and stationary magnetic field are significantly refined, the f-Mg;7Al,, phases become fine and dispersive, the difference of
the grain size between the border and center of the billet is reduced, and the difference of the microstructures in the billet cast in the
combination of alternating magnetic field and stationary magnetic field is smaller than that of the single alternating magnetic field casting.
The two electromagnetic field application ways are all beneficial to the homogeneous distributing of the alloy main elements in the cast
billets, to great suppressing of macro-segregation and to improving of the mechanical properties of the billets. Compared with the
properties of the conventional cast billets, the yield strength and the ultimate tensile strength of the billet cast in the electromagnetic field
are increased by 50~60 MPa and 40~50 MPa, respectively, and the elongation is doubled.

Key words: magnesium alloy; electromagnetic field; microstructure; mechanical properties
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