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Effect of Electromagnetic Stirring at the Final Stage of
Solidification of Continuously Cast Strand

Hideaki Mi1zuramt, Masami KoMATSU, Toru KiTAGAWA, and Kiminari KAWAKAMI

Synopsis :

It is commonly observed that severe V—channel segregates are associated with the equiaxed zone in
the central region of a strand. This type of segregation may deteriorate the product qualities especially

for sour gas service.
at the final stage of solidification.

The modification of V-segregates is found to be attained by electromagnetic stirring
The laboratory scale stirring experiments have been carried out in order

to eliminate V-segregation and the following results have been obtained.
1) V-segregation streaks can be eliminated by linear or rotary type stirrer at the final stage of solidi—

fication.

2) The upward flow of molten steel at the solidification front which may prevent the inter—dendritic

liquid flow toward the bottom is effective.

3) In the case of stirring by rotary type stirrer, adequate amount of fine equiaxed crystals is necessary.
Alternating stirring at the final stage of solidification may prevent coagulation of equiaxed crystals and

modify the packing of them.

4) It was found that only weak stirring is enough.

5) Ttis important to time the stirring to the progress of solidification.

Optimum stirring period should

be aimed at right after the precipitation of crystals, fraction of solid equals to 0.1 at the center of a strand.

1. &

ERFEIT BT, SR OO Ll Ha N X,
WEOE EZE 579, $HAR REIE L ki
L RREEH O ERBRERSH#E Sh 509,

—RCERINL kB HF I BT 2 B L b, &
PO O S E RN UPOREN, v i —Fe o Ty,
BRBREEIRS. LHLisns, RREEE+45
T EOFESTIRY AL LD S &, WITEBEORKE
FECOIHECAE 5 TANORIEBMOBRE BRI LYV
ROA LY —7 (VIRH) 2SR Eh, Zhi Eikams
B EOREECRHBEE oy BEERREORYEELT
W5,

BB E A B CE A IR 2 BT 2 = LS
SR DFEIRIC IR B v VIR DL b & D7en35 &
Biboh, BHBHER O S8k R 4 BT 5 ERUB R
B OV TERBEMR I Z 1T ok 0 CHid T 5.

2. R B A &
BABERC S e BOSMBERT S S v — 2

i

WREVy FORGEFORELY v 2 v— T 50,
2R MR L 1- 250 kg OFR%E 150mmf, HX Im o
M KB D FERNCEEE L, HROTR % L B E X e/,
KR LSO MY Table 1 1@, 35 L ovEEak
EofgY Fig. 1 R L.

BRAEORIYIT 5 723, Table 2 r R L
V=7 BB IERMOB 2 1 A &R OB I KA
DOHROICRE L. Y =7HER M v Ao BnE
BT IO a A A28RO4ED 5 LD 2 HICHN L
TRELTCWS. CoBE, 2 AXRBELTHLHED
BEAMC LR Y 52 B ey, o 2 ik T
MHrRETHE Ex KB =70 KR X b HRL T
5.

Table 3, 4 WRTHWABEED T TEBREIT, #HH
D~ 7 v il BomYTE%#RAE L. Table i Dy
EMR (f9) 23 0.3 132 B E R o B 3
TAHERBHLOERETHS. Dyg=50 mm (38t T
EA A LIAD 2B, F7- D=35mm (347 <
&b 40mm OSELPAHEIR A OIS 5 B
YT L LR FHERCIVEZIL TV 5. B

FEFN 57 4 4 ARDBEASICTRE WM 58 £ 6 A 29 A 24 (Received June, 29, 1983)
* AR (k) KTk (Technical Research Center, Nippon Kokan K. K., 1-1 Minamiwatarida-cho

Kawasaki~ku 210)

*2 A () K F%E AT I.f& (Technical Research Center, Nippon Kokan K. K.)

— 44 —.



B B E L BB 0 BRI R 195

Table 1. Chemical composition of steel.

%C % Si % Mn %P %S sol Al%
0.15 0.20 0.70 0. 015 0.015 0.030
0. 45 0.20 1.05 0.015 0.015 0.030

1504
|‘ ” I Powder
i Refractory
" Stainless steel
Y v plate

Stirrer

&
=4
2
" Molten steel
Fig. 1. Schematic diagram of experimental

apparatus.

Table 2. Specifications of stirrer.

Type Linear Rotary
No. of phases 3 3
No. of poles 2 2
Frequency 50 Hz 50 Hz
Electric current Max. 800 A Max. 1700 A
Capacity 100kVA 150 kVA
Core size 165 mm X575 mm 300¢, 150 mmH

Table 3. Stirring conditions by linear type stirrer.

I Stirring Stirring .
Condition direction intensity Stirring pattern
A without stirring
B T T 700 A% 1 min continuous
C l T 700 A at Ds=50 mm
D 1 1 400 A 10's interval
F ! l 700 A at Ds=50 mm
1 min continuous
E 1 1 700 A at Dg=35 mm

* Ure=~10 cm/s

Table 4. Stirring conditions by rotary type stirrer.

Stirring 0o . TP

intensity Ure =10-20 cm/s at final stage of solidification
first stage of solidification

Stirring (crystal multiplication)

timing final stage of solidification, Ds=50 mm and 35 mm
(packing of equi-axed crystals)

Stirring continuous

pattern alternating
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Photo. 1. Macro structure of longitudinal section
of ingot without stirring.
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Photo. 2. Macro structure of longitudinal section of ingot at various stirring conditions
B, G, E and D correspond to those shown in Table 3).
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A zone : Progress of solidification front during stirring period,
which difined by the fraction of solid equal to 0.3.

B zone : Segregation streaks located in the zone were control:
led during stirring period.

Fig. 2. Solid fraction distribution during stirring

period.

BREIC 1min 8§ L C RECEE L -54 © @bl
DEDORFBORITIRIMA R L. OVREREM I3, =2
R CHRD LR X 5 R HED RIS bhe
Ve 2R, ARRERWCRETBLAE LS 240
DREE IR TOIWBERECIE FTRERAE T, = 0%
2CVRNOBE R Shicikd s Bbhhs, £
Photo. 2 (B) o~ 7 v EEE L T VIEFATE
TRTWHZ ERHRL T 5.

LiehioT, VU =7 BB o 4 AT X 5 BE s
REBFCICHT 554, BERAEOLECH->TE
FAWH G2 B, SR OB R TOR TR E 75
TENRFEELVA, Tz LRBRITEL B
CHREREC TRERAAET 2 2 LT bhicw. =0

stirring
Without Ds="50mm
1.6 r' stirring ' (Imin)
1.4 '
o
Qiaf I
(&) 1
1.0
0.8

[ S U N SN N N SN N T

<Bottom 150 120 90 60 30 30 60 90 120 Top—
Center

Distance from the center of cast (mm)

Fig. 3. Carbon distributions along center line
in the ordinary and the stirred casts.
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Fig. 4. Carbon distributions along center line in
the ordinary and the intermittently stirred casts.
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Photo. 3. Macro structure of the transverse and
the longitudinal section of ingot with one way
rotative stirring.
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Photo. 4. Macro structure of longitudinal section
of ingot with alternating rotative stirring at final
stage of solidification.
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Photo. 5. Macro structures of longitudinal section
of ingot with stirring at first stage (G) and stir-
ring at both first stage and final stage H).
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Fig. 5. Carbon distributions along center line in
the ordinary and stirred casts,
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Fig. 6. Carbon distributions along the horizontal

direction at the center portion in the ordinary
and the stirred casts.
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Photo. 6. Macro structures of longitudinal section
of ingot with stirring in the earlier period of final
stage (I) and stirring in the optimum period (J).
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Photo. 7. Micro structures of ingot in the central
zone.
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Fig. 7. Relation between particle size and maxi-
mum segregation ratio of phosphorus.
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Fig. 8. Effects of stirring conditions on the
microscopic V-segregation pattern.
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