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Effects of simultaneously imposing high magnetic field and
alternative current on solidification structures of pure aluminum

YU Jian-bo, REN Zhong-ming, DENG Kang, REN Wei-li, LI Xi, WANG Jun

(School of Material Science and Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The refinement of solidified structure of pure aluminum by locally and simultaneously imposing a static
magnetic field and an alternating current that generated a vibration in the melt was investigated. It is shown that the
imposition refines the crystal grains greatly. The extent of grain refinement is increased with increase magnitude of
alternating current. At a certain alternating current, the refinement is increased firstly with increasing magnetic field and
then reaches the optimum value at 6 T. With further increase of the magnitude of magnetic field, the refining effect is

diminished. Two forces arise from the magnetic field, one is the magnetic vibration force and the other is magnetic

viscous force, and the refinement of grains is related to the resultant force from these forces.
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Fig.1 Schematic diagram of experimental equipment: 1 AC
power; 2 Electrodes; 3 Water cooling sheath; 4 Super-
conducting magnet; 5 Heating furnace; 6 Sample

M
Fig.2 Effects of various magnetic intensities on cross-sectional macrostructure of aluminum: (a) B=0 T, /=0 A; (b) B=1 T, I=10 A;

(€) B=2T,I=10A; (d) B=4 T, I=10 A; () B=6 T, I=10 A; (f) B=8 T, I=10 A; (g) B=10 T, I=10 A



94 hEA 5 R )

2007 E 1 H

b, NANANKIAYs [l NG FAS LS, R
B A E 200)~(g) T 3(b)~(e)): Rl 1 37 58 B2 42
kLA, Ak AR R 2 5, I
TERESARIE N 6 T I, AR R AR, AL sya
R (B 2(e)FE 3(c))s Pk — I Itz i, Aok
FOfTRAY  SX Ut 5 iR B4 B AL A E A
AEAEARAE -

2.2 HLIRSERE X EE E LH LR RY 220

V4 BT 2 RN 50 5 R 10 T AN [R] L i st
TR ) R 2. I RTL,  HRs/IN (
4(b)), ARRLAALFRBEAIST, BEHAH R (A 4(c) Al
(d)), dnkidE—2dt, mHE T RE 2(b)
HIE 4byrT s,  BEARARERGRS 1 K/ HL it 5 k3 3R
TP F AR, ARREIA /N PR B doRL s 4], 4
AN ES N

B 5 Pt B 4 sl 2 AR
(SIS P i SR IO 1 R A D LR e B i 2
B 5(c)RN(d))IX B[R] — R B8 1, it
JEROK, At i i F K

BRI SR T IR R W 6 P 18 6(a)
PR RSN 10 A IR #G3% HRE T ik kE
R AT TR KT 2 ok . i aT A, 2
R« WA /N T 6 T I, BRI 1 1
e TR SRLECSUR N AR Ry 6 T
I, ERLE A/, PSR RS20 200 pm. {H 2
WE KT 6 T, B RL B, Fpr
TR SRS T N B o 1] 6(b) T s & Wi 5tk
10 T I AN ) L B IS A A I 1) T~ 40 il e A
HIEIPT VA Y, 7E R — R FRE R r R, &
AL TR ) e KEESOR AT TN, 1ty FL RSN S ki
Kbt LA G AT

B3 10 A AT L AN R HA IR N 53 P 45 0 Al AR I 40 A v ) ) 5 i
Fig.3 Effects of magnetic fields on vertical section macrostructures of specimen at 10 A: (a) B=0T; (b) B=4 T, (c) B=6 T; (d) B=8 T;

(&) B=10T
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Fig.4 Effects of current intensity on cross-sectional macrostructures of specimen at 10 T: (a) I=0 A; (b) I=1 A; (¢) =3 A; (d) =7 A;
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Fig.5 Effects of various current intensities on refine depth on vertical section of specimen at 10 T: (a) I=0 A; (b) I=1 A; (c) =3 A;

(d) E7A; (d) 510 A
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of aluminum: (a) 10 A; (b) 10 T
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Fig.7 Cooling curves of samples under different conditions of

electrical current and magnetic field
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Fig.8 Temperature profiles in different zones of sample
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