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Effect of rotating electromagnetic field on solidification structures
and mechanical properties of tube billets of BFel0—1—1 alloy
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Abstract: The effects of rotating electromagnetic field on the solidification structure and mechanical properties of
horizontal continuously cast tube billets of BFe10—1—1 alloy were investigated and theoretically interpreted. The results
indicate that the conventional coarse columnar grains change to fine equiaxed ones with the application of commercial
frequency electromagnetic field during horizontal continuous casting. Meanwhile, the segregation of Ni element is
suppressed and distributes more uniformly over the cross section. After the electromagnetic treatment, the tensile strength

of the billets are all improved, and when the input current is 80 A, the increase of tensile strength, elongation and

hardness are 15.3%, 10.9% and 58.6%, respectively.
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Fig.1 Schematic views of experimental apparatus and side
view showing three-phase coil: 1—Graphite core; 2—Inlet; 3—
Mold; 4—Coil; 5—Copper out-jacket; 6—Cooling water;
7—Drawing machine; 8—Tube billet
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Table 1 Experimental conditions

Billet size Pouring 0 Casting sgeed/ Cooling ;Vaj[ler
temperature/C  (mm-s™) flow/(m™h ™)
X
@83 mm 1250 5.7 1.8
21 mm
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Table 2 Physical properties of materials

Material o/(A-V''m™) e
Graphite(C) 7.04Xx10* 1.0
BFel0-1-1 alloy 2% 10° 1.0
Graphitewall Initial shell *+— 50 Hz
1.0 : *— | Hz
' +— 5 Hz
*— 10 H
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Fig.2  Attenuation curves of electromagnetic field with

different frequency in graphite mold and initial shell

HH P 2 WL, W Aitn 50 Hz 1) CAR L3,
EORAT S ST L BE T 7 R AR, BT8R A —
A I FHAE G SRS A s 76 7 TR P B AL i 1 iy
FERTA 63.3%; WAy, B s
1 000 Hz [ HIREI B E B RN 8 mm Ab I 2 5t
FE R TTAL ) 37.6%, 107 VA PN BE A R I 0 5 {38



924 PR R AR

2007 £ 6 H

4 12.9%. [Ft, 0] BEHE T H AL I G B e ] B
WEIRWRER, RIS E S 50 Hz.

2 FR5118

P R GG 2 WA N BN 1 et
R EIBGRRE, 208 BOL. JREHERE RN
e ZHE o KT IR IN o MR 3 2y & s B T A2
[ o RN LR NS S 8 A A A A 1 SRR
et EATAEAR R MR BRI, DRIERR T R AMI h 3
B AR A B S5 R A, AR ARH
SRR BEER S, i A AN S, Wl 3 s

B3 AHE I R 7 R R e A 21
Fig.3 Macrostructure of tube billets without application of
REF
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Fig.4 Macrostructure of tube billets with application of
REF (/=80 A)
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Fig.5 Distribution of Ni on cross-section of BFe10—1—1 alloy

by EPMA analysis: (a) Without REF; (b) With REF
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Table 3 Effect of REF on mechanical properties of tube
billets

Tensil
enstie Yield strength, Elongation,
Sample strength, o/MPa /%
o/MPa : ’
Without REF 254.3 114.0 21.5
With REF 293.1 126.4 34.1
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s, BRI R B, UK R4
T 58.6%.
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Fig.6 SEM micrographs of fracture surface of tensile samples:

(a) Without REF; (b) With REF
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