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Reduction of Center Porosity of Round Billet by Electromagnetic Stirring in Horizontal Continuous Casting

Akihiro YAMANAKA, Kozo OTa, Masaaki TERUNUMA, Susumu TSUNTA and Toshiharu ABE

Synopsis

: In order to reduce center porosity of round billet in horizontal continuous casting, experiments of electromagnetic stirring (EMS) were car-

ried out for two kinds of stainless steel containing Nb and Ti, which had a tendency to enhance center porosity. Combined electromagenetic

stirrings in mold (M—EMS), in strand (S-EMS) and in final solidification region (F-EMS) were applied to continuous casting of 263 mm¢

round billet.

It has been found that the combined stirrings of M—EMS, S-EMS and F-EMS are most effective to reduce center porosity of the billet. A

lack of the stirrings decreases the effect on the reduction of center porosity. S-EMS was proved to have the effect to disperse equiaxed crys-

tals in the molten steel, which were formed in the mold by M—EMS and consequently, enable uniform packing of the equiaxed crystals in the

center of billet. F-EMS was proved to be most effective, when it was applied for the liquid core diameter of 40 mm to 80 mm. F-EMS is

thought to have the effect to secure the fluidity of mushy zone in the center of billet by the stirring of 15 Hz, but has no influence on solidifi-

cation structure.
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Fig. 1. Macrostructure in longitudinal section of 265 mm round billet in horizontal continuous casting (HCC).
(a) SUS347: 12Ni-18Cr-0.8Nb-Fe, (b) SUS321: 11Ni-17Cr-0.5Ti-Fe
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Fig. 2. Effect of Nb concentration on viscosity of molten
steel, liquidus and solidus temperatures of SUS347
steel.

ENTELLBDKROL T4 BRELEL kB, KEHES
TILIASRETE B OESF LRI T8RN E <, FREVERE) )1 AYE
TL, Ful74 83RBELE G2LEALNS, —F,
EEEVREE X BN O RO TR S EHEER KR E L A BI2D
NTKRIBIETFTLTCWE, ZhnFul 7 OREEES
THREGHEREELONDS,

Fig. 212, NbiRfbic &k 2 A8k E (72720, Fe-NbR)?
DOEAE, BT X 0 KD 7~ Nb BEEALIC & 2 R
1% L FEHBIBEOEN AT, KuL T 1 TEONbOR

BEAEDXIZEDHIEL-EZ A, BRKTA%D I 7 iRtk
Z&BEEZoNZBMEHER SN THD, Mr5@eT
AW CHREDEKTFTAZEALN, ML RE<HMT 5L
BPEEINSE, X512, NbD I 7 ufgiic ko EHEER
BEMET LENREXBOBMAECSLEZEL 615, #
ST, T B EBZINEDT— 2 5HTE, NbDI
mz, Fevs 1 2RELELTWREELILNS, &
FTilZ2WTE, BILICXDASREE 28 T2 205
BMOZENELD, vy a2 —FKuai 7 OREERIZON

TiE, B, OKMELDSHCEENGER, BREFIIOVTE
ZETRETHBN, A7V LAFTOINEDF — 2T
Z Ly,

3. XBRFHE

3.1 KEEHEHEICH T 5 ERBIERHBOBE

AP ESHFE IO E # BEMIBHEE & & & IZFig. 31558
. HAUNERESE (LT, M EMS&EMESR), Z TV
FERRE (LT, S-EMS), EEAMERRSE (LT,
F-EMS) #FLTHED, ThoDllALGHEEA S IR
T®H 5, M-EMS, S-EMS & & Kk A O al 5D E
MIEHEETH D, TORENMEIEEEN TS, F-
EMS i, Bl#R R TEZOHLME SFHSERO A b A
SEE A S OB TISmOEH T THERELE>TED,
F-EMS DR 123§ 2EMN4 4 3 v 7 OEHE A WBEE L
TWb, 7=, OEEKS, RATISHzE THRETS




ZEEAREE L7z,
3.2 EREH#

Table 1 IZFFEEBRFHE2TR 4. IR X NbR 7 %
0.8% &1 3 5 SUS347 & L 7z, SUS347 13 y A TEEET 5.
E—IL FH A ZIENE265mm & —EE L, $hEEE, &
YT 4y Y aNOBEEMEE S, BH—E & L, BHIE
FERALLTE, BEMERTORAFARS 201, O
M-EMS Bt @ M-EMS & S-EMS D, @M-EMS, S-
EMS & F-EMSO AL 3M D DA HE THEE A FEHE L
2o £72, M-EMS 3 42HzT—%EIZ, S-EMSIX, 4.2Hz
FXTHzDORE L 5727, ZOEEREDENE, <
2 OHEE, RBERICILACHERVEETH 5.
F-EMSI{ZRAD I5SHz T—E & Lz, 72, OD#AAD
HIZBWT, FF-EMSOIMMN E2M4ZE LT, ZO#
BAEFNT,

REERZOSHGHWHOY » P A FILEAKERIZE
D= o aiE B L7,

M-EMS S-EMS F-EMS
Type {Permanent|Permanent| Rotary
magnet magnet motor
Max-3Hz | Max-5Hz |Max-15Hz
Capacity| 0.11T 0.121 0.121
Tundish (center) |(center) |(center)
M-EMS
[Secondory S-EMS F-EMS
== cooling
CERLTI -
rha == - == O
L [
Vv == CEEL—— ==
=
Pinch roll
9500

Fig. 3. Schematic diagram of horizontal continuous cast-
ing (HCC) machine.

Table 1. Experimental conditions.

Steel grade SUS3u7
Mold size 265 mm¢
Casting speed 0.35~0.48 m/min
Superheat in tundish 28 ~ 33 °C
@® M-EMS
Stirring @ M-EMS + S-EMS
® M-EMS +S-EMS + F-EMS

BRI L 2 RPEESEEL v DX Y & —HFu L7 4 (K

4. F-EMSEIINBERFDRZERDHE

F-EMS OEIMM B DR, $hEdEOEEFIZLD,
F-EMSEIMBF D $hH O EEEIREL 4~ Z(L§5., £Z T,
F-EMS OFIMEF O E 4 HIEIZ T 5 72912, (Z#EIEIC
0 S OREEFEEOER (LIT, REEFLTESR) %
HEL,

(DRI T —XITTHFRFEER DR KX E(2), (3)
ROBAZMED S & TV, TR, AREDEIZKD
FEhEL 72, BRBIHED 13 4 23 0s5BRiREhx <,
(REAIZIZRRE S EHE T ToMSsIkE L TRMIL 72,
F - BERRIPIC L SR MR ORHIT, 2R TES,

HERBTH B0, EEY x LREANOEE I R
L"C#}ﬁbaﬁ)ﬂito
pCp(aT/ae):(l/r) {&[Ar(aT/a’p)]/ar} ....................... ( 1 )
aTIor=0 At P corvenrrererieaeieaeaaeas (2)
_a(aT/ﬂr)_—_h(n—To) At F=Rcevrerrrerveraenietiiieaiiann, ( 3 )

plEE, C, B, A BMRERE, T, SRR,
T, KB 23RBS, h o i REEURERE

HEL BURBE SO EIC L E LML, SUS34TD
LOMNES, SUS304DYIMEO TR L, @l=DAFig. 2
ISR LA A B2, &7, BHEICH W 28R Rl O
BURE R A Table 2128 T, SHEORYM AR T S /-
¥, BB T 2 M2 & SR Y x VIEOHIEE & Gt EAE
LOHE, SSEMSTDOHR T A /3y FREMNEIZKITS
GEME S = VEOFPNE L RO B A FEREL 72, £ D
R, FERERFICEST, A4 MY FPRENELE
FPEH T X b O > x LR, BEAAZR03ICHY TS Y
T VEOGREBEREITTAERKL 7.

5. RBRREEE

5.1 M-EMSO&EMU 7-15&
Fig. 4 (2D~ 7 vl & Z OEAR 279, M-EMS

DAHIMUL 72354, S owRi b L3 HERETH 0,

TrEAl:FE#As R o Nh s, ZOFEMLIE, FRNERR
FRIZ &K » TER S NSO GBI B F il c vekz
L7zdDeEZOND, FEMAOREIZII~2mmTH 5,
B LT 4 OFEFHEEIE, S3SmmERELILR > TS

Table 2. Heat transfer coefficient used for calculation

Distance from Mold Mold Mist cooling Radiation
meniscus:X(m) | X<0.15 | 0.15<X<0.35| 0.35¢X<1.3 1. 3<X
h (W/m2K) 1400 1160 hw he
(£=0.8)
h.=5.7Ts '2.Wo-%2.Va®- 27 | Va:15m/sec, W:Water density(e/m?)
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Fig. 4. Macrostructure of HCC billet (with M—EMS, ¥,=0.34 n/min).
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Fig. 5. Macrostructure of HCC billet (with M—EMS and S-EMS, V' =0.48 m/min).

:\. SR
=
Sy ‘&\\\ >/
“iﬁﬁégzy’l I
Negative
segregation

equiaxed
Columnar

i
Extent of center
porosities

L Y
- S mm

i
|
!
1
|
|

20mm
[ —

transverse section

longitudinal section

Fig. 6. Macrostructure of HCC billet (with M—~EMS, S-EMS and F-EMS, V,=0.37 m/min).
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Fig. 7. Distribution of grain size in the billet after stirring
(with M—EMS, S-EMS and F-EMS).
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Fig. 8. Effect of F-EMS on the macrostructure of HCC billet.
(a) Diamter of liquid core (Ts) in F-EMS: 114-87 mm, Extent of center porosity: 46 mm
(b) Diamter of liquid core (Ts) in F-EMS: 58-0 mm, Extent of center porosity: 32 mm.
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