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The Effect of Fluid Flow on the Formation of the Negative
Segregation Zone in Steel Ingots

Kantaro SASAKI, Yasuo SUGITANI, Sumio KOBAYASHI, and Susumu ISHIMURA

Synopsis:

The influence of the fluid flow induced by an electromagnetic stirrer and the solidification rate on the
formation of the negative segregation zone in carbon steel ingots was investigated.

The results obtained are summarized as follows.

(1) In the region solidified in the presence of the fluid flow, the growth of columnar dendrite is suppress-
ed and the negative segregation of all the solute elements is generated. These tendencies become remar-
kable when the fluid flow becomes vigorous or when the solidification rate becomes slow.

The following relation was obtained experimentally, '

U/V<130 K,=1-4.17x10-2(1—%,) (U/V)e-58
U/V=130 K,=0.54(clement C), 0.86(element Mn)
0.44(element P)
where K, is the degree of the negative segregation, U{m/sec) the flow rate of the bulk liquid, V(cm/sec)
the solidification rate, and k, the equilibrium distribution coefficient.

(2) The washed depths in the interdendrite generated by the fluid flow were calculated for each ele-
ments by the complete mixing model. It was found that the washed depth for each element well agreed
with each other and that the washed depth becomes deep when the fluid flow becomes vigorous or when

the solidification rate becomes slow.

(3) The calculated results showed that the influence of the diffusion of solute clements in the interden—
drite along the solidification direction on the calculated washed depth was negligible.
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Table 1. Characteristics of the electromagnetic

stirrer,
Main specifications
. No. of phases 2-phases
Electric
Frequency 80 Hz
powier source
Capacity I5 KVA
No. of poles 2-poles
X Electric voltage (max.) 220 V
Stirrer
Electric current (max.) 140 A
Magnetic field intensity {max)| | 500 gauss
Experiment-1.
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Tig. 1. Experimental apparatus..

Experiment- 2. (Semi-continuous casting)
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Fig. 2. Experimental apparatus.

g X 5 FENTORLAROBR TS S. RER
A U BRI EE ORISR Table 1 2R
(1) &1

FEOEE O g Fig. 1 @RT. 130~145mm § X
400 mm OISR Y 100 kg DOIEMEEAN L7,

Table 2. Chemical compositions of the carbon
steel used in the experiments. (%)

C Si Mn P S Cr

0.4470.50|0.30~0.3510.63~0.2010014~0030100(5~0.030 0.14~0.16

Table 3. Electromagnetic stirring conditions of
the carbon steel.
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—0.3419), F¥v=0.8019, kF=0.2020 2 F\ 7z, 7z,
Fig. 11 [z L7z state (1), (3) OEBOEIEIK
TCEHETE CHE L-BEEEB B OR S L TRIRERS fi,

bk FEHRHERERZAE L Fig. 5 1k
TARY. Ei, BEEBREORI 2RO HERCLEREK
FagR, BRI Lh 1489°C2n, 1438°C2) - L
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BB ONTHRIEBESIZEL LS. T OREBEERED
BECOWTIETY FI4 oI AES<ESL
TWwWb EFEx2bhb.

Fig. 13 WiIEBLWORDILERER, SLULD
EEREERE»SHE LLRTREEZ L O NER, X URE
WMTRLTVS. SEE SN AEBRFRIE»RVIESD
W B B3, EFEIICIEERE D ORDIFER LITEX W
—FHER LTS, KERTRERIBICH N ZINZT
WB T, BIRORLIEMO TR OV O B OTREIO
L7 b, BEBRCERT BRI OZE R
BT B LT B. —F, FlEDWDOERITEEEIC
SOV EE RES S T WD O THEITR O IR IEE v
PO OEE DL EZITH. DL TEEDOER
EEANFIT—F LT 23T K T4 MEEORLIER
~NO BRI R, 7V 2 BB S < ThilE
ERCERCTHEATELBRNIVWILEZERLTVWS T
Licks. L L, Fr ko4 MEREOEIRES X
7 RO TRENERE, BREEEOFEDNCCERTREDR
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Table 4. Characteristics of the solute elements in the carbon steel.

solute {my(G/,, )| DM 1 C (%) [V (6o o) G (*Cin)

-a

c |-8L1 |7oxi0®[044  I5x107| 18 |soxio~soxC
Sand - - _ _

casting| Mn [-50 3.9x16°(083 | 5x10 31 18 |30x0> 33x10°
<5 3 -1 -1

P |-483 |47x107 %025, | 5xI0 18 |10x10 ~ 1L4x10

-81.1 [79x16°%(047 . [25xI0%| 34 |2sxo-28k0”

Ingot M 51 0ea -2 -2 -2
casting n |-50 [39xI0 |83 5 [25x10 34  [12xi0 ~ |.3;ﬁ)_1

P |-483 |47x10°(9922  _125x6%| 34 |saxio> 40xi0°
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Fig. 14. Comparison of the washed depth between
the complete mixing model without diffu-
sion and with diffusion toward the solidi-
fication direction.
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U/v<130 ofs  K,=1—4.17x10-2(1—k)
(UJV)o-s8
K,=Ke, min. : KS, min.=0.54,

K¢, min.=0.86,
K%, min. =0.44
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EEOERENISR Uk SR BERS G EH Uizt
HRIESVE L DRSS DV A b b IEiE F—& 7k
5. i, WENRERAEL, LrdREEEMNEL K
LBX OHRMFRIIFIEL 5.

(4)  (3)HDHERIIIEE RS OBEEIT H R~ DK
MEBETLIEEL LEVEESL TIHITLAYEIRD
LT, IEEEE L PEE LR BE ]
EF—ZDIELDERETIRLL L EBETHS. Lz
BOTIHREIC X 5B REZRETT 5 Y > TRF U R
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