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Abstract: The physical properties of metal melts affect the macroscopic properties of solid state structures, which are of
great significance to the fields of condensed matter physics, materials science and materials preparation technology. The
study on the measurement of the physical properties of metal melts under magnetic field is helpful to the development of
new electromagnetic metallurgy and material process control technology, and can provide guidance for the application of
magnetic field in other fields. In this paper, the research progress of the measurement of physical property parameters
(contact angle, resistivity, phase transition temperature, magnetic susceptibility, diffusion coefficient) of metal melts under
magnetic field is reviewed from the aspects of research methods and research status. The development of equipment and
experimental research of physical property measurement under magnetic field are emphasized, and the future development
direction of this field is prospected.
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Fig.1 Schematic diagrams of the overall setup designed
tomeasure the wetting behavior of metal melt on solidsubstrates
under high magnetic field®
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Fig.2 Images of different melts on the substrate under different conditions and variation of measured contact angle with time®
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Fig.3 Schematic of the device for measuring contact angle by
modified sessile drop method under magnetic field™!
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Fig.4 Variation of contact angle of Ga-In-Sn on Cu and SiO, substrate with magnetic filed intensity®!
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Fig.5 Schematic diagram of direct current four-electrode method™!
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Fig.6 Effect of alternating current magnetic field on resistance of Sn-20%Pb Alloy™!
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Fig.9 The typical cooling curves of the samples in non-magnetic field and 11.5 T strong magnetic field™
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Fig.11 The typical DTA curves of the samples under 0~45 T magnetic field during the heating process were obtained!
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680
L -a-T,
670 o I
M 660F © H
B
5 650© A
2 L K
= 640 N 4
26301x-""4
g
S 6201
610}
600

oty

0 2 4 6 8§ 10
Magnetic field, H/T
PR 13 A [a] i S 7 588 88 A A A2 3 L A28 A7
Fig.13 Magnetic field dependence of the magnetic phase
transition temperature, 7. (open triangles) and metamagnetic
transition fields, H,(open circles) and H, (solid circles) of
Mn-Bi. The broken line indicates the result determined by least
squarescalculation for 75"

4 WIHTHARNE

T P ARESUE A AR P RE A 28280l i
T A 8 B I 2 AT LT ik 2 A R B R DT e
TR AT A RO S B9 15 B RN R AL ) (R
JIHE R AR ELAE AN RE AL BE A5 1 5 R B

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

A XK, WEWT T & RIS RRAL R A5 A B
T B [ R} 2 AR B K AR R B AR AT, T
YRR T AR 22, AR [R) ) ) BT A
T IR SRR SRR T PR PR R SR B R T
VO AR 1 R R T R Y S 2R RN, 5 T AFE S, X
AN A% 32 B T [ A o A AR I e AR AR
A i, HLACE B8 7™ A5 A SN 5o 88 A /0N U i
& B IR AR R 0y ik F2 B TR B AR G R N
L L LR
4.1 EREHRTE

AR O TR R A R AR
5, 38 2k W A A AR A ST G i 32 B g D, AT

T8 AL RBIAE . A 5 A TE— W B G H T 0 5%
F R IF
F=(M-grad)H (4)

s, MO RE S O REAL SR JE . B RAL 39 50, I s
SRS RN RTT ), U 34 A 2K(5) :

o 5)

St B, RE T Bl 6 1 609 F N § pu=dx 107
Him gy HRE 5 B0 0 B BB AL 2 m S BE T H
ﬁ%%ﬁﬁ;%}ﬁﬁﬁﬁﬁﬁﬁ%@%ﬁ@@z

Ji ) R R R RE BN A ) F, RN 15
AR T A 2RO YRR v R S T R
ARk B G Ak 23 AR 0 DR SF B4) ) dt Ji a/N Jo d
BR2E | I R Y5 FIVRE it AR A S R 2k I o 4
SRE T A 5

Terzieff 55 S H ik $7 55 # R 2 4 T — &
G SRS T REIL %, LB LB Al-In &
STEWAS T 2w R 5 Al R+ 18R L
PEIZR B, 2R FH BRIV 2k B 44y == A 1 Ha i 3
556 R R R AR B AR T, R Ak R R R
Wang S5O iR AL RE AT IR | 7688 5 R A v °F
5 LA LA 8 R 7 ] S
B3k 8 O 5 7E ¥ 50 16 3 TN R BE R 3 22 180 1 B
BB EAE WL R, TR T i I AR Ak )
Mg K 14 s, 16 1.56 T BIREN 58 B R T
Cosi5Biss B 4 i AT BRI R RO AR 1k , K BAE T A
IE AR B A R O TR R AR R T S T R AR
U H Y T B L Co AHAY T(1 250 K)I ; 2 )5,
7 1380 K Ze A7 Y BUER 2 YR S8 WAL F K%, MG
T4l Co 1 T(1 394 K)(E 1513, 3 1k X HLEE 53 B 40T
5%, WAL Z 0 50 2O T RE R i TR A &

F 7 M()XWLH 0°

http://www.cnki.net



(HIE R A H08/2022

L, % MHTEEAGYENEOTRLRE 685

14 B3N BP0 R RT3 00 ik A 238 2 R [
Fig.14 Schematic diagram of magnetic susceptibility
measurement device by Faraday magnetic balance method under
magnetic field™!

[ 15 CogsBiss A 2 A i 5 1) I B A pE S
Fig.15 Temperature dependence of magnetization of Cog B ss
alloy™

A TR -
42 SHEETFARLRE

S F R T R IR 12 O 3 R A N O
PPy B Sh A AL R (8 T A BRI A, ARl
A 577 R AT T A LRI AR, REVERH I &
S5 T 1 ) S Bl A A AR B SRR R R, {EL el T
2R A e -PUBE M-SR R 8 55, R, B HAg
BIA OGR4 B Y LU BT SERY G AL R S5 2R . Enderby
SR 1964 AR I i T A LR A B T L
IERRIRE AL A, A B L B 1 AL S T J AR S I 28 1k
HAWL o i T 9% 75 86 BA W 0 SR BRA: , S BrfF e
D

5 ®#SmTH 8RHBNE

PHUE A & WL 8 2 B BAT i SR
FH a8 sl B TR A 0 AR RS il 0 5
PR BN F R HY 1R J) 1 WFoE R I 8 ik
By v 30 i e R 3 5 ) BT A A T 45 AT
A S AR RO ZH S, T OIS # J 5 Ji
T HUE VMG, R, 38 3 58 14 3 5 i R F 4 HL
J2 VA YT [ 2 B rh AL U AR 1A ORI, &R
SR IR BRI 3 SR FH A B AN -
® K BANE S Y ROTTE R R R EEE  ME L
U A X SRR AR S T IERS Y
F B0 R R B R R A O A BN -
JEsk KBS BT ITIR AR,

51 EHE-HtE

ENESE LT 1 PR A BAE N,
IR —E RS, HERE N R A RS
Ty — & TR IR RN AL 1 AR e
— B YOS B A WO R R HIBE R S
RV A] AR v R B A T ORI
JHCE A 20 & TR IE TR, LURIE A 1A 1) v JE — 2 [
BF, S T ek T % 30 S5 A S | — B R A
KRR BT R . B A0 — 1t vk T A 50 2>
PRI 0b A I RERORAN 5/ RS DR RO
T & SRR Y R h B (AR —
{18 000 Sl 2%

H i, Zhang 5 7R FIHE & B 40 48 — 4 i 72 R o
WA, WA T B RSR Y T R A B I R Y 1L
FBO R N 16 FR . IR R BT S
A TR RETE A B AR FPRE PR 3 3R R B N
1 mm, K4 35 mm (B4, o7 LAAT &0 BR X 3
s, B AHZIR RS, SC T TR MR 0.274 T K
ERE A& T IE R ALZE AL-S at.%Si R PHER
B IR ) 1 7 R A AT 0 e AR S 1

P16 BRI 70 A0 A A T i 0 < A R T A s i )

Fig.16 Schematic diagram of measuring metal melt diffusivity by capillary molten pool method under magnetic field™

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



« 686 - FOUNDRY TECHNOLOGY

Vol.43 No.08
Aug. 2022

YO LR N 5 3G A 3K R AR T
TR AP 17 Bk, i X LB A BT 40T, AR
AL-Si A 4 VAR SRR Jois A L T Ak A7 A6 82 JR N i
BT BRI R A T RE R H T P AR R AN I
16 9% F3 % I -3 B S 1) 2[R kA O 4 b 2 57
THE T A1-5at%Si/Al 55 &R JE 4 JUs A2

Pl 17 ST 1 00 5 B2 T ST B 43 14 VR 8 1y 42 RIAH T 14 40
£ S

Fig.17 Concentration profile and the corresponding fitting

results for Si component under four magnetic field intensities
from 0 G to 2 740 G™

52 KEHMEZE

KB LY HUEE 2R B4 b
N PIER A AN R B SR AR AL AL T X
. e AR 2R ER , REIIF &
AL, 2 s B R BUS | DL R R R

Z A BT AR R B o A R YRR
G R EEA K= 7S N S X (e (O (EE /g L
(RE S AR AR HI B Be R s R AR 1L, B T
PR B[], 70 SR 00 2 i X 38 2 52 30 % it 5
M) , 7 A — 5 R 220

Mathiak 4§ ™ % H B 40 & 1 45 9 76 7K 1 1
(0.25 T) . HL R (0~1.1 T) Al HE 4% 8 7% 1 (0~10 T) P
TR LR, FHIZEENE T In-Sn &
R AV BREAD R TR S B A B0 751
JEEHE E RIS WG (R S VE D R B N7 4 T 558
X, BRI % 2% . Zhang EP3E T K £ 40
BT T i R I iR N 6 T B SR A 0 5 K
PR E N 1773 K 80 B A28 41 1) 52 56 44
WE 18 FIrR . FERREFI RAERREIR ST, B Cu/Co
PG T REH RO sE e, Sy kG
VB R AY L, R FERR R AR B T Cu/Co
PEUE, BFRER I, REEAIE N T Co 7E Curb R
PHBOR E TSR 05 WAl XF Cu £E Co Wi &
By weR A WA W, 4n &l 19 iR, i Co 7 Cu
H R R B BT TR JE S T I SR, A
YJ5 ,Co £ Cu WA WU 18 2o 2028 450 % PR 7 T AN
SETEALBER G IR Y, X T RE A N TR G 1R R

B 18 sty T K B 40 A vk DU o 4 i 0 PR 3R 2 1 7 511
Fig.18 Schematic diagram of measuring metal melt diffusivity by Long Capillary Method under magnetic field*”

Kl 19 A T T 1B KA Hh 9 i v BE 2 A1)
Fig.19 The cobalt concentration profiles in copper annealed at
1 214 K with and without the high magnetic field®

s (R RO I | R B RO A

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

53 BYIRTE

B ) BTk VST e TR G K B A A R
2 B b AR TR AR AR A () A 2 25 20 5 TR, A =
Fe B R oL B AL B AL A B O A TR Y R
W VRTE Y BORT B0 T e, e sh % S0P T HUM
— B[] i, 5 R e 3 % B AR i 20 5 B RT AR B
W A o A TR YRR B 1T I RERS I/ T
B i i A v T R S, SR AR BIOT I A2 R
I, e B A sh o0 S TR AR e s, H B A
AR AMELRUEXS 55071,

<5 A TR P 2 R HICR O i R D BT R 8% i
TR O S A L ES I, H R T R BCE R

http://www.cnki.net



(HIE R A H08/2022

Bk, % WH T BB EYENENT TR

* 687

ZIN B R RS ) X I A 2 B T Y R O A AT
SN R B B, Botton ZEUVH| F H4) &) % 37 %t
& SRR VR Sh RN TF & T 9 80 B0 525 B Ak
AR R G DX F 2 BE AR AR A, GnlEl 20 i
TNe XA E B YY) BT MR AR S G B R RE
B AR RIS 9% Tt B a8 2 A, R REER T LAFE 100 mmix
100 mmx400 mm 9% [8] N7 A= 5 K 0.75 T #45% .
e A 2R B W R A B R HH
TN TER R BT A S A s LR
IS FL UL, N 3 S 7 A AR 25 T TR LG 3 FH B O A
B HE A 2% AR B A0S N S8 BB B BT A
a8 oy BIRCE T B, IR AT U o A s i i R
. A6 273 CHISMTN #4757 Sn/Snln ¥ HUE 199
BCSE S N 0.75 T #ids , 5250 45 3 5 Z 10 i) i &
JI I A B A B — 3, IR UE T XU EE e ) 3
FEE, W 21 FR

Pl 20 55 bt oe ik 5 HR 2 ET
Fig.20 Schematic diagram of shear-cell method!”

5.5
~ 5.0f
st
E oot
<

= 350
o

0 0.2 0.4 0.6 0.8
Alpha(Ha)/B*(1/T*

€l 21 Sn/Snln A4 525 2% 07
Fig.21 Experimental results for Sn/SnIn!”

6 SEMEE

W37 T 4 Ja e U B 0 P D0 B O G 7 T W B
Pers A A5 A P T 5 (I R AS RO AN B S 8

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

7 Fo X TR A A 1T B A 1 37 1) A AL A e 5 o 224
F R, B N Ah 25 AT X RESAE T 4 M R 1k
I B A T AT R TAE BT, C8TF R T
FHXT BN TG T R S ARl A AR TR i Al
Y BRI R B, R AT T — RIS
RS, T B — 20 P e A A A B AR
P, B2, 2SR s W A B R OR Y BR A, 4%
T EE R AR TIRRO B, A B
00 S 6 A o 7 AR I O v T P B
TREAT, b Z BRI RE RS T RS R
JiE e A L B R A T R T YR N

WS HA AR T | WA I FIREALRE S Z 70 )
FIRERNL , X Le RN I ARA 1 T D G T w1k
PPk AIE S 14 S 96 DN e B A T Rl ok T Bk, S
il IR T e R I R R, W 2T
Joks e HASE I DL &, A0 Y RTRE S T iR
ASCaR T A Y O ) REURIXE s T RIS, 5 AR
SRR E A VE B BT AR T AR DL K
/0 1 G WA AR A E M S 55 L B Ah I 7 R R
BN St BT T i BT RS, IS4G
JEIE R R HR B, ARG TR IR G AR R
ok U R ) oy IR L 1

SETH:

[1] AKBARI S, FRIEDRICH B. Challenges in measuring of physical
properties of liquid phases for material and process optimisation
[J]. Advanced Engineering Materials, 2007, 9(4): 280-285.

[2] WANG X D, JIANG J Z. Perspective on structural evolution and
relations with thermophysical properties of metallic liquids[J]. Ad-
vanced Materials, 2017, 29(42): 1703136.

[3] LONG Z P, JIANG Q Y, WANG J T, et al. Nucleation kinetics of
paramagnetic and diamagnetic metal melts under a high magnetic
field[J]. Journal of Materials Science & Technology, 2021, 73:165-
170.

[4] XUB, TONG W P, LIU C Z, et al. Effect of high magnetic field on
growth behavior of compound layers during reactive diffusion be-
tween solid Cu and liquid Al[J]. Journal of Materials Science &
Technology, 2011, 27(9): 856-860.

[5] YASUDA H, OHNAKA I, FUJIMOTO S, et al. Fabrication of
aligned pores in aluminum by electrochemical dissolution of mono-
tectic alloys solidified under a magnetic field[J]. Scripta Materiali-
a, 2006, 54(4): 527-532.

[6] DE RANGO P, LEES M, LEJAY P, et al. Texturing of magnet-
ic materials at high temperature by solidification in a magnetic
field[J]. Nature, 1991, 349: 770-772.

[71 ZHANG Y D, GEY N, HE C S, et al. High temperature tempering
behaviors in a structural steel under high magnetic field[J]. Acta
Materialia, 2004, 52(12): 3467-3474.

[8] HASEGAWA M, ASAI S. Effects of static magnetic field on un-

http://www.cnki.net



<688 -

FOUNDRY TECHNOLOGY

Vol.43 No.08
Aug. 2022

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

dercooling of a copper melt[J]. Journal of Materials Science, 1992,
27:6123-6126.

GARCIN T, RIVOIRARD S, ELGOYHEN C, et al. Experimental
evidence and thermodynamics analysis of high magnetic field ef-
fects on the austenite to ferrite transformation temperature in Fe-C-
Mn alloys[J]. Acta Materialia, 2010, 58(6): 2026-2032.

YASUDA H, OHNAKA I, NINOMIYA Y, et al. Levitation of
metallic melt by using the simultaneous imposition of the alternat-
ing and the static magnetic fields[J]. Journal of Crystal Growth,
2004, 260(3-4): 475-485.

ESKIN D G, MI J W. Solidification processing of metallic alloys
under external fields[M]. Switzerland: Springer Cham, 2018.
XIAO Y B, LIU T, LU Z Y, et al. Wetting transition in a molten
metal and solid substrate system in high magnetic fields[J]. Metal-
lurgical and Materials Transactions A, 2020, 51: 2333-2343.
KA IRIR L, A S RE A X Sn-20%Pb £ 43 HLBHL Y 52
el [J]. 42 )& 2 41,2013, 49(1): 101-106.

LONG Z P, WANG J T, FAUTRELLE Y, et al. Repeated nucle-
ation behaviors of pure bismuth under a high magnetic field [J].
Journal of Alloys and Compounds, 2020, 831: 154746.

HE Y X, LI J S, WANG J, et al. Temperature-induced structure
transition inaliquid Co-B eutectic alloy[J]. Materials Letters, 2019,
234:351-353.

FAN L J, ZHONG Y B, XU Y L, et al. Promoted diffusion mecha-
nism of Fe2.7wt.%Si-Fel0wt.%Si couples under magnetic field by
atomic-scale observations[J]. Scientific Reports, 2019, 9:19920.
XU Y P, ZHAO X L, YAN T L. General equation describing vis-
cosity of metallic melts under horizontal magnetic field [J]. Chi-
nese Physics B, 2017, 26(3): 036601.

AMANI M, AMANI P, KASAEIAN A, et al. Thermal conductivity
measurement of spinel-type ferrite MnFe,O, nanofluids in the pres-
ence of a uniform magnetic field[J]. Journal of Molecular Liquids,
2017, 230: 121-128.

BRUEZR. 4 TR bR P B0 B G D B R i IR Ky 1 [J]. A
S JEF S TR, 1991(4): 15-25.

BHOLA R, CHANDRA S. Parameters controlling solidification of
molten wax droplets falling on a solid surface[J]. Journal of Mate-
rials Science, 1999, 34: 4883-4894.

LAVI B, MARMUR A. The exponential power law: Partial wetting
kinetics and dynamic contact angles[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2004, 250(1-3): 409-
414.

LIUT, XIAO Y B, LU Z Y, et al. Wetting behaviors of molten melt
drops on polycrystalline Al,O; substrates in high magnetic fields
[J]. Journal of Materials Science & Technology, 2020,41: 187-190.
AHMED A, SANEDRIN R, WILLERS T, et al. The effect of dy-
namic wetting pressure on contact angle measurements[J]. Journal
of Colloid and Interface Science, 2022, 608: 1086-1093.

ZHAO T Y, JIANG L. Contact angle measurement of natural mate-
rials[J]. Colloidsand Surfaces B: Biointerfaces, 2018, 161:324-330.
MACK G L. The Determination of contact angles from measure-
ments ofthe dimensions of small bubbles and drops. . The spheroidal
segment method foracute angles[J]. The Journal of Physical Chem-
istry, 1936, 40(2): 159-167.

[26]

[27]

(28]

[29]

[30]

[31]

GOOD R J, KOO M N. The effect of drop size on contact angle[J].
Journal of Colloid and Interface Science, 1979, 71(2): 283-292.
TAYLOR M, URQUHART A J, ZELZER M, et al. Picoliter water
contact angle measurement on polymers[J]. Langmuir, 2007,23(13):
6875-6878.

XIAO Y B, LIU T, LU Z Y, et al. Instrument to characterize the
wetting behavior of molten metal on a solid substrate under high
magnetic field[J]. Review of Scientific Instruments, 2019, 90(6):
063902.

KSIAZEK M, SOBCZAK N, MIKULOWSKI B, et al. Wetting and
bonding strength in Al/ALO; system[J]. Materials Science and En-
gineering:A, 2002, 324(1-2): 162-167.

SCHMITZ J, BRILLO J, EGRY L. Surface tension of liquid Cu and
anisotropy of its wetting of sapphire[J]. Journal of Materials Sci-
ence, 2010, 45: 2144-2149.

SCHMITZ J, EGRY I, BRILLO J. Anisotropy in wetting of orient-
ed sapphire surfaces by liquid Al-Cu alloys[J]. Journal of Materials
Science, 2013, 49: 2286-2297.

[32] LIUY M, CHEN R Q, WU Z Q, et al. Measurement of contact an-

[33]

gles in a simulated microgravity environment generated by a large
gradient magnetic field[J]. Review of Scientific Instruments, 2016,
87(9): 095107.

LI C J, CAO Y, GUO R, et al. Measurement of contact angles at
room temperature in high magnetic field[J]. Review of Scientific
Instruments, 2017, 88(11): 115110.

[34] LICJ, CAO Y, LIPPMANN S, et al. Reduced wettability of solids

[35]

[36]

[37]

by a liquid Ga-In-Sn alloy in a steady magnetic field[J]. The Journal
of Physical Chemistry C, 2018, 122(48): 27451-27455.

Grimvall G. Thermophysical properties of materials[M]. Amster-
dam: Elsevier, 1999.

LI X F, ZUF Q, DING H F, et al. Anomalous change of electrical
resistivity with temperature in liquid Pb-Sn alloys[J]. Physica B:
Condensed Matter, 2005, 358(1-4): 126-131.

OIS = S ol L N e R S 2 R = U A B
2001, 15(11): 3.

[38] NAHLIK I, KASPARKOVA I, FITL P. Study of quantitative influ-

[39]

[40]

[41]

ence of sample defects on measurements of resistivity of thin films
using van der Pauw method[J]. Measurement, 2011, 44(10): 1968-
1979.

AMANN A, NALLAIYAN M, MONTES L, et al. Fully automated
AC Susceptometer for Milli-kelvin temperatures in a DynaCool
PPMS[J]. IEEE Transactions on Applied Superconductivity, 2016,

27(4): 1-4.
B, TS —F A TLEA W EN & R5 PPMS il 2+

it e KT [P]. +h & R, CN201710205453.1, 2017-08-18.
KHLIFI M, DHAHRI E, HLIL E K. Magnetic, magnetocaloric,
magnetotransport and magnetoresistance properties of calcium de-
ficient manganites La, {Ca, , ,,,MnQO; post-annealed at 800 C
[J]. Journal of Alloys and Compounds, 2014, 587: 771-777.

[42] KHLIFI M, BEJAR M, DHAHRI E, et al. Influence of Ca-deficien-

[43]

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

cy on the magneto-transport properties in La,sCa,,MnO; perovskite
and estimation of magnetic entropy change[J]. Journal of Applied
Physics, 2012, 111(10): 103909.

LICJ,REN ZM, REN W L, et al. Design and application of dif-

http://www.cnki.net



(HIE R A H08/2022

Bk, % WH T BB EYENENT TR

+ 689

ferential thermal analysis apparatus in high magnetic fields [J].
Review of Scientific Instruments, 2009, 80(7): 073907.

[44] LICJ, YANG H, REN Z M, et al. Application of differential ther-
mal analysis to investigation of magnetic field effect on solidifica-
tion of Al-Cu hypereutectic alloy [J]. Journal of Alloys and Com-
pounds, 2010, 505(1): 108-112.

[45] KOYAMA K, MITSUIL'Y, CHOIE S, et al. Change of the equilibri-
um state of ferromagnetic MnBi by high magnetic fields[J]. Jour-
nal of Alloys and Compounds, 2011, 509(5): L78-L80.

[46] ZEAEZE AT B0 SR @55 T AR AR IE E (D], 10 K 4 B 4R
BhE R, 2011, 17(1): 21-34.

[47] LIU T, WANG Q, HIROTA N, et al. In situ control of the distribu-
tions of alloying elements in alloys in liquid state using high mag-
netic field gradients[J]. Journal of Crystal Growth, 2011, 335(1):
121-126.

[48] LIU T, WANG Q, GAO A, et al. Effects of a high magnetic field
on the phase equilibria of Mn-Sb system during solidification pro-
cess[J]. Journal of Alloys and Compounds, 2011, 509(19): 5822-
5824.

[49] INABA H, SAITOU T, TOZAKI K, et al. Effect of the magnetic
field on the melting transition of H,O and D,O measured by a high
resolution and supersensitive differential scanning calorimeter [J].
Journal of Applied Physics, 2004, 96(11): 6127-6132.

[50] INABA H, TOZAKI K, HAYASHI H, et al. Magnetic effect on the
phase transitions of n-Cy,H measured by high resolution and su-
per-sensitive DSC[J]. Physica B: Condensed Matter, 2002, 324
(1-4): 63-71.

[51] GUOR, LICJ, HE S'Y, et al. Enhanced undercooling of para- and
diamagnetic metal melts in steady magnetic field [J]. Japanese
Journal of Applied Physics, 2018, 57: 080301.

[52] GUO R, LICJ, HE S 'Y, et al. Effect of steady magnetic field on
undercooling of Al-Cu alloy melts[J]. Europhysics Letters, 2019,
126: 46001.

[53] LIU T, WANG Q, LIU F, et al. Nucleation behavior of bulk Ni-Cu
alloy and pure Sb in High magnetic fields[J]. Journal of Crystal
Growth, 2011, 321(1): 167-170.

[54] WANG J, HE Y X, LI J, et al. Reexaminations of the effects of
magnetic field on the nucleation of undercooled Cu melt[J]. Japanese
Journal of Applied Physics, 2016, 55: 105601.

[55] AWAIJL S, WATANABE K, MOTOKAWA M. Influence of a mag-
netic field on melt-growth process of YBa,Cu;O,[J]. Journal of Crys-
tal Growth, 2001, 226(1): 83-87.

[56] REN Z M, LI X, SUN Y H, et al. Influence of high magnetic field
on peritectic transformation during solidification of Bi-Mn alloy
[J]. Calphad, 2006, 30(3): 277-285.

[57] ONOGI T, KOYAMA K, WATANABE K, et al. Magnetic proper-
ties of MinBi in high magnetic fields and high temperature[J]. Jour-
nal of the Japan Institute of Metals, 2007, 71(6): 489-493.

[58] FANNIN P C, MARIN C N, MALAESCU 1, et al. An investigation
of the microscopic and macroscopic properties of magnetic fluids
[J]. Physica B: Condensed Matter, 2007, 388(1-2): 87-92.

[59] TOPPING C V, BLUNDELL S J. A.C. susceptibility as a probe of
low-frequency magnetic dynamics[J]. Journal of Physics: Condensed
Matter, 2018, 31: 013001.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

[60] MICHELENA M D, UNA J L M, JIMENEZ M P, et al. A novel in-
duction-based device for the measurement of the complex magnet-
ic susceptibility [J]. Sensors and Actuators A: Physical, 2017, 263:
471-479.

[61] REUTZEL S, HERLACH D M. Measuring magnetic susceptibility
of undercooled co-based alloys with a Faraday balance[J]. Advanced
Engineering Materials, 2001, 3(1-2): 65-67.

[62] HEUEFF el B, IVEAR | 45, WRAS 42 T Ak 2 0 i AT 5T e
[3]. %14 ,2005, 54(12): 1175-1178.

[63] TERZIEFF P, LUCK R. Magnetic investigations in liquid Al-In[J].
Journal of Alloys and Compounds, 2003, 360(1-2): 205-209.

[64] WANG J,HEY X, LIJ S, et al. Experimental platform for solidifi-
cation and in-situ magnetization measurement of undercooled melt
under strong magnetic field [J]. Review of Scientific Instruments,
2015, 86: 025102.

[65] MRt 3. AT e 4R S 46 H R [M]. Jb st RE27 Hh ikt | 1986.

[66] FHuGHE 2. WA 4R [M]. dbat . Bl L, 1987,

[67] LI C J, HE S Y, ENGELHARDT H, et al. Alternating-magnet-
ic-field induced enhancement of diffusivity in Ni-Cr alloys [J].
Scientific Reports, 2017, 7: 18085.

[68] LICJ, HE SY, FAN Y F, et al. Enhanced diffusivity in Ni-Al sys-
tem by alternating magnetic field [J]. Applied Physics Letters, 2017,
110: 074102.

[69] ZHANG Z W, ZHAO X, TSUREKAWA S. Diffusion in cop-
per/cobalt systems under high magnetic fields[J]. Materials, 2021, 14
(11):3104.

[70] ZHANG K, BIAN X F, LI Y M, et al. Chemical diffusion character-
istics of Al-Si alloy melts under a transverse magnetic field [J].
Physics Letters A, 2015, 379(22-23): 1464-1466.

[71] Wi, BEARIE , LU 5, 25 0SB T 10 Homd & U vk 5 B
ST IE 1 TR [J]. AR, 2004, 18(10): 10-13.

[72] ZHANG K, TIAN X F, BIAN X F, et al. An equation describing
diffusivity of liquid atoms by magnetic confinement[J]. Journal
of Physics: Condensed Matter, 2015, 27(23): 235104.

[73] NAKAMICHI S, TSUREKAWA S, MORIZONO Y, et al. Diffu-
sion of carbon and titanium in +y-iron in a magnetic field and a
magnetic field gradient [J]. Journal of Materials Science, 2005,
40:3191-3198.

[74] OIKAWA K, QIN G W, IKESHOIJI T, et al. Direct evidence of
magnetically induced phase separation in the fcc phase and ther-
modynamic calculations of phase equilibria of the Co-Cr system
[J]. Acta Materialia, 2002, 50(9): 2223-2232.

[75] MATHIAK G, GRIESCHE A, KRAATZ K, et al. Diffusion in lig-
uid metals[J]. Journal of Non-Crystalline Solids, 1996, 205-207: 412-
416.

[76] MACLEAN D J, ALBOUSSIERE T. Measurement of solute diffu-
sivities. Part I. Analysis of coupled solute buoyancy-driven con-
vection and mass transport [J]. International Journal of Heat and
Mass Transfer, 2001, 44(9): 1639-1648.

[77] BOTTON V, LEHMANN P, BOLCATO R, et al. Measurement of
solute diffusivities. Part II. Experimental measurements in a con-
vection-controlled shear cell. Interest of a uniform magnetic field
[J]. International Journal of Heat and Mass Transfer, 2001, 44(17):
3345-3357.

http://www.cnki.net



