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Fig. 1. (color online) (a) Schematic of experiment apparatus, and (b) distribution of magnetic flux density

and B.dB;/ along z axis of superconductivity magnet.
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Fig. 2. Macrostructure of Cu-30%Fe alloy solidified with (a) 0 T, (b) 0.1 T, (c) 12 T and (d) B x gradB = —92.1 T2?/m.
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Fig. 3. High-magnified images of Cu-30%Fe alloy at positions shown in Fig. 2(b) and (c).
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Fig. 4. Distribution of diameter of Fe particles under (a) 0 T, (b) 0.1 T, (¢) 12 T, and (d) B x gradB =

—92.1 T2 /m.
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Table 1. Statistic distribution of diameters of Fe-rich
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— . 26
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N NN d
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1| A
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X -5, 27
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1 A,
Co=g |l e
L (Az - 4A1) i
kquG :|
X — 5. 27b
{6.16 Ocre — xcn) (27b)
M, 2t >0,
z(t) —z(0) > 0. (28)
R, & Fe bk m) b me.
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_ 20
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. 29
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TR, WUE Fe ML FE R B34 0. 2 it A6 15
WG, Az SRR N/NTZF, BIE Fe Bk~
TR, S5ZEMAR (K 2) 85 R7—3L.

4.4 EFe BRI 5i1iE

& Fe BUKLAE 58 i 7 H g AL s, A= — A4
FEARA T, REAREMR M TE A — E IRARE. A
PRRR I RERRAL SR E M S HES R H (R R 122

M = xrcH. (31)
PSRBT IR 34 e U oy 4]

:W){ml-mg—;(myr)(mg-r)}.
(32)

P REAE B R /N A AR HOA B AT, R
my = mo = M, 2530 (30) 2N
2
= 41?‘)(/1]\407"3 <cos2 0 — ;) . (33)
A REAE 0 = 0 /Ay f/IMA, BRI 8 (a) BT B HE
HIREFEE ).
A AE S IE IS T & Fe MR 5 55 # K 8 (a) HE
Hl, KE'E Fe MUk 8 (a) {21 i@ 4 #EH

B 2T L8 () BT 7 B 38 23 & Fe UKL 14 7€ 17 HE
H. RIS IR E 18 HES 1) & Fe MURL7E H ELAN
FATHEA AN DT ) B RE R R R

R A n A E Fe ki 4R E Fe 5 )
HEFUM, AT 5 W77 18 Z 18 ) 58 RAFAE-FAT 5 2
HHRR, WE 8 (c) MES (d).

(c)

n Fe particles

K8  (a), (b) WELEH T FATIRE DA, (), (d) KE
B Fe JORLFI A

Fig. 8 (a), (b) Distribution of two magnetic dipoles
particles; (c), (d) distribution of many Fe-rich parti-
cles, where (c) showing parallel and (d) showing per-

pendicular case.
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Migration and alignment of Fe-rich particles in Cu melt
under high magnetic field”
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( Received 30 March 2016; revised manuscript received 28 April 2016 )

Abstract

The interaction among particles in front of solid-liquid interface during solidification plays a role in determining
the trajectories, distribution and sizes of particles, which eventually determines the properties of material. By using the
interaction to control the migration of particles, impurity particles can be removed from the melt. A method of using
an external high magnetic field to simulate the migration of Fe in Cu melt is proposed. Static high magnetic field (0.1
Tesla and 12 Tesla) and gradient high magnetic field (—92.1 T?/m) are subjected to the solid-liquid mushy zone of Cu-
30 wt%Fe alloy. The case without high magnetic field is also investigated for comparison. Both macro- and microstructure
of the samples are observed by optical microscope. The results indicate that primary Fe dendrites in Cu-Fe alloy are
transformed into spherical Fe-rich particles after solidification in mushy zone, and high magnetic field is capable of
changing the migration, distribution and arrangement of Fe-rich particles. In the absence of a static high magnetic field,
Fe particles are distributed in Cu melt homogeneously. With increasing the magnetic flux density of imposed static high
magnetic field, Fe-rich particles gradually migrate upwards. The migration direction is opposite to the direction of the
gravity, and there are no Fe-rich particles kept on the bottom of the samples imposed by magnetic field. In the presence
of negative high gradient magnetic field, however, the Fe-rich particles migrate downward and the direction is along the
direction of the gravity. A model is built up to clarify the body force of Fe-rich particles and to analyze their movement
while they are affected by high magnetic field. The results show that the migration behaviors of Fe-rich particles are
related to the viscous dragging force, the interaction force between magnetic dipoles, and the magnetization force induced
by gradient high magnetic field. The displacement of Fe particles is closely dependent on the body force. Through the
analysis the experimental results are well explained. The diameters of Fe-rich particles are statically summarized under
different high magnetic field conditions and in different zones. With increasing magnetic flux density of static high
magnetic field, the aggregation of particles is increased. The magnetic field gradient, however, reduces the aggregation
of particles. This might be as a result of the competitive coagulation between Stokes sedimentation and Marangoni
migration in Cu melt. Microstructure of the samples indicates that Fe-rich particles tend to align along the direction
of high magnetic field and the degree of alignment is likely to be related to external magnetic field strength, resistance
force, effective time, and initial condition of particles, etc. As they are parallel to the direction of high magnetic field,
the energy of the system is minimum, suggesting that the system is stable. The present study shed light on how to

remove strong magnetic impurity from Cu melt.

Keywords: high magnetic field, Fe-rich phase, Cu-Fe alloy, migration of particles
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