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Fig.1 Schematic diagram of semi-continuous casting of AZ61
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Fig.2 Effect of LFEC on microstructures of AZ61 magnesium alloy: (a) conventional DC casting edge, (b) LFEC edge,

(c) conventional DC casting R/2, (d) LFEC R/2, (e) conventional DC casting centre, and (f) LFEC centre
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Fig.3 Effect of LFEC on grain size of AZ61 magnesium alloy

- T S B I I L G5 A J B It 0 R AZ AR R
Y, ZHmReREREANGS SR, AR ER
KPRk SR T ia g, KER ) i b R L A G 1 A
R SRR A e, AR U B B 45 S AR, Rl 5
SREEJR A N iggh, RS B EE R L, T
FESE . I IR TS E) o DR A T N 3 IS A A
FRAE S AR AR T, T AR 45 A BE AL AR IR
KRBT R AR O, AR IR R v 20 %
REOR, AR O B e TR AR PR R i [ L B, BRIL 4G
s ooy BE IR PRIE A Ao IXRE, FESR IR T, AN
WORSEIE I AL, A A A A AR 1] ORI g, R A
A B AN HR T S AR T I T . DRIk, A S AR
WAERTE AR BRI 0 A SN A, ol B
120 L PR A S S /D o BB ST R BE M 0 i I R A Y
P AN AR A A, T 45 5 4% BE 0 — R 204
FE 4% BE DI U T ORI A% o 7 9 1) X 1 A
FITR S A 9 B 2 B K BT U0 0 K T B A 4
af s BE IR J0, SO RS AR B S T
BAGRHENBRRERTRELRE, HREZS
AR 5], SRR G S e R, It
A% PR S ) 5 1 X DA AN W7 b A 45 o 4 B A TR B o A
) Ay, PRI, AR AT P TG B di e R BN A A
R R AZ AR R I, AT 4 ) 57 HE KA o 1) T A
A, BB AL BN rh G AL AR LU H LR 3 (X 4 /)
o). ABAEM R R CAF T, B 5 rhl i kL A7) B 7
areRL A K o X T RO T A I S B I B S i
FE, BESS & W B S SRR IRERRAIR, IR ANA
Wl AR A AT T T ROk U, A R T
TR, XA TR, AR UKL A SR A A
FERT A B P i A 1, Rk Y SRR
RORE, AR LR 2 AR R AR [ AR ORL R T . [ ER

T R 2 M AR AR 510, Ja ik 9 AS TR A7 B Ak i
WA, DR A R A7 B A Al [6] AH ) JEAE HL R /N AS
[F] o (HAE[E—BFZ, AR PN & s B I ) A2 Ak
(G377 e — B0, RIAE[E — 20, 4544 N & A [
FEABURE PN 72 2 P 86 A i AL PR TR0 e 7 1) — B, IXRR I
A P PR (] R SR CE 5% [ 7 3 2 52 B0 Bk 1 HE SR )
YEF o FEIT 25 25 030 1 A TR BE BRAEG 2 [ A T B AT
AKIIAER XSk, 10 BT RS R B,
DX 3ok PE 1A R T 3 i R, DR AR PRI 0 AT o i 1 [X 3
R, FEGEEMBERE R, AbfERE R BT X
PR K B A% A AE AR LG 37 I E TS 52 3040 e HE I
MO R, 76 0% DXk [ AR R A SR 0o A & %4, BT A
AR F R e 3 A 1 1) B A B L R R 0y R K
ANTERA X ), A O BB R RS R AR £ o
2.2 #BFE (UST) 3 AZ6l 24 & EMELRFN

T WL 0t AZ61 BE A 4 T AL K RS
I SIZ B8 7 i R R 3 1 B A 4k SR i Th % 4 800 W
MR, REWREINEF AN E AZ61 B6 40
EEMEHZY, I 4 Fros. nT I S 3 S 5 BE IRt
[ 202 — @R E ik, (H g S AR
W36 Fr X o

T I AT A R AR RS AR A L, Bl 5 4R
T NG PR B G S R R ST AR. TTRLE S, TE
GeliminE A, BN SR AR P
4K . St RS A R B2, N S 3 S A AL B
B S A R B IR A0 358, AR ST 259 um ik #1208
um, R/2 4b5 0K AnRE R W LG B4R, TR, BEER
R R R D O, T H R A BN A, R
¢k R sF 235 um ik #) 200 ume.

1w R RN S A B A AR R e, AR Sk
RIS 7 A0 LI R AN IR A, IR A RS B
BT A BRI At X, A ki K
i) =t o AN T Reag A ¥ B e =X N R
XA 75 J5E (3] 3 1) 7= A= ) A o A Ak B R 9 25 50 b 43
eI . HAERR T Rem VIR A% A, T
RAERYW . 85T REBOR SR P A %, JF
i L EEAR N TEAZ A . AT ORI 23 0 3 ) B4
IR EE R, XFE S EE SR A, EIX
—XIEAEF T REMAZE R EHEROERT, T
(1 K B i R R A% Ak 1) 50 oy A 7R AN I A b T LI
A H R 2 AT 1 B 5 B0 8 DX SR N 1 5 L
o R AN G Z b o O, X SRR P RE S T R RO
1S A% KB . R A A 15 R R B o A
W E), B SEBUE AR R AL . BT LA & rERE A
VEF FREE RS, SR nanib. HUEnds. HIE



© 2388

Mo @A RS TS

Kl 4 AR AZ61 BE 4 B R 1R
Fig.4 Effect of UST on microstructures of AZ61 magnesium alloy: (a) LFEC edge, (b) (LFEC+UST) edge, (c) LFEC R/2,
(d) (LFEC+UST)R/2, (e) LFEC centre, and (f) (LFEC+UST) centre
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Fig.5 Effect of UST on grain size of AZ61 magnesium alloy
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Fig.6 Effect of (UST+LFEC) on microstructures of AZ61 magnesium alloy: (a) conventional DC casting edge, (b) (UST+LFEC) edge,
(c) conventional DC casting R/2, (d) (UST+LFEC) R/2, (e) conventional DC casting centre, and (f) (UST+LFEC) centre

300
V) pc
2801 XN UST+LFEC
7
€ 260} %
Ko
N
& 240+
=
3]
& 220
200} N \
180 Edge R/2 Centre

K7 S&5x5 AZ61 BG4 kLR IR
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Effect of Compound Physical Field on Microstructures of Semi-Continuous
Cast AZ61 Magnesium Alloy Billets

Zhang Zhigiang, Wang Zhankun, Yin Siqi, Bao Lei, Chen Baolong, Le Qichi, Cui Jianzhong
(The Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)

Abstract: AZ61 magnesium alloy was semi-continuously cast into billets with 165 mm in diameter by different external field application ways.
The effects of different external field application ways on the grain size and hardness of AZ61 billets were investigated. The results show that
compared with the conventional direct-chill semi-continuous cast billets, the grain size of the AZ61 billets cast declines from 248 pm in the edge
and 276 pm in the centre to 196 wm and 259 um, respectively (with a reduction of 21% and 6.2%, respectively) by low-frequency electromagnetic
field (f=30 Hz, 1=60 A). The structure refining effects in edge and centre are significantly diverse. However, the grain size in the edge and centre
reduces from 248 pm in the edge and 276 pm in the centre to 185 pum and 208 wm, respectively (with a reduction of 25.4% and 24.6%, respectively)
by combining ultrasonic and LFEC, and the structure refining effects in centre are significantly improved. Moreover, compared with the
conventional DC casting, the compound physical field can improve the hardness of the ingot and obviously reduce the difference of hardness from
edge to centre. Therefore, the compound physical field greatly improves the inner qualities of AZ61 magnesium alloy ingot billet, and the
microstructure is markedly refined, so the hardness of ingots is uniformly improved.

Key words: magnesium alloy; electromagnetic field; ultrasonic-electromagnetic compound field; grain refinement; hardness
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