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Quality Improvement of Continuously Cast Stainless Steel Blooms

through Electromagnetic Stirring

Synopsis :

Hidemaro TAKEUCHI, Yasunobu IKEHARA,

Takashi YANAL, and Shogo MATSUMURA

Electromagnetic stirring was applied in order to improve the qualities of continuously cast stainless

steel blooms for seamless tubes.
The results are summerized as follows :

(1) Grain refinement of cast structure of blooms is obtained by the stirring.

The tendency to the

equiaxed crystals grow is stronger in the order SUS 316, SUS 321, SUS 304 and SUS 430.

(2) White bands, negative segregation bands of solutes, in stirred blooms are formed.

Negative

segregation of solutes at the white band increases its intensity in proportion to equilibrium partition

coeflicient of solutes.

(3) Center cavities in blooms are converted into dispersed pourous form from pipe form and the

star cracks disappear by the stirring.

(4) A homogeneous distribution of §-ferrite in SUS 304 blooms and a refinement of Ti (CN)
clusters in SUS 321 blooms are obtained by the stirring.
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Table 1. The electromagnetic stirrer.
Main specifications
Electric | No. of phases 2-phase
power Frequency 60Hz=

source Capacity 750kVA
Stirrer No. of poles i 2-poles
Inside diameter of core j 260 mm
Height of core 150 mm
Magnetic field intensity (max) 17800e

Table 2. Continuous casting and electromagnetic stirring condition of

stainless steel blooms,

‘} Electromagneitc stirring condition Casting condition
Steel grade
Setting position Mode [Stirring intensity | Mold size Casting speed
SuUS 304
(18Cr-8Ni-0.05C)
SUS 316
18Cr-12Ni-2.5Mo0-0.06C 1.3m under . 4.5, 19, 39, 1 000~
$OS 1 ) meniscus Rotating | 914’ 435 mmFe | 210™mF$ | 1900 mm/min
(18Cr-8Ni-0.5Ti-0.06C) |
SUS 430
(18Cr-0.05C)

—~Mold

-—Roller apron

]
]
CO0O0______ |

Q0000

~—Electromagnetic
Stirrer

o
§ Q- Roller apron

Fig. 1. Position of Electromagnetic stirrer with
respect to the strand.
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Macro structure

Etch
H

Dendrite structure

Etch ;

FeGCly+ CuCl,
+HCl+ EtOH

Macro structure
Etch ;
HCI+H;0,

Dendrite structure
Etch ;
FeCl3+ CuCl,
HCl+EtOH

Cl4+H,0;

without stirring

Photo. 1. Comparison of macro-and dendrite structure

cast blooms.

x5

without stirring

cast blooms.

Table 3. Identification of solidification structure of stainless steel.

with stirring

of SUS 304 continuously

with stirring
Photo. 2. Comparison of macro-and dendrite structure of SUS 316 continuously

Steel grade

Etching

Surface
preparation

Measurement of solidification structure

5gFeCl; 300mlH,O

Ration of equiaxed

SUS 30¢ | 5gCuCl, 80mIC,H,OH | Miller finish dendrite zone
100mlHC1 =7 x100(%)
Ratio of equiaxed
SUS 316 HCl1: H,0 : H,O , . crystal zone
430 151102 3207 finish L 1000
=7 X (%)
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b) SUS 321 X 1/4
Photo. 3. Cast structure of continuously cast blooms,
Left ; without stirring
Right ; with stirring
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Fig. 2. Effect of super heat (47) and stirring
intensity on equiaxed dendrite zone ratio
of SUS 304, 321 blooms.
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a) SUS 316

b) SUS 430

Photo. 4. Cast structure of continuously cast blooms,
Left ; without stirring
Right ; with stirring
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Fig. 3. Effect of super heat (47) and stirring
intensity on equiaxed crystal zone ratio
of SUS 430, 316 blooms.

H 2R L, 2R 0LFSHE L Mo Eo k%
FLTERLAZERE Fig.4 (a) (b)

fWtrEL (K)

Y. BTA LN R BRTETHD, K74 b
N PERRBANE CRABICARTERL, £LT, @
LRMIZEFULTHETA b N2 RIS, bTFPITE
R ERT.

FIA4 kN NEOBIRITEW, Fig. SIcm/RTX5
i PG ECEREE T (K A HHERE SN D RITER
EXL—FHT B Lo, BEEHC I >TERT
5FRTA b - N2 R, BROBEC X o TEMBEL TR
DIRALIBRA R S SN TART SRR TH 5.

DERZEHFTA L - N RO Ty o BBEEEm-R
%. SUS 304 1%, [CI[Mn][Nil/g & DA —ZFF A k
IKTTESMEL I DI, -7 = 574 MBS EICAER
LCTwaoies L, SUS 316 1, [Cr] (Mo] 07 =5
4 MEocEE [CIINII[Mnlo A+ — 25 44 MEETT
EBERBRERL, 94 - N Ffor-£7 00 %
AT 301 CH Y, LOZHE 302 LFEAERMETH

— 63 —



1292 & & 8 B 63 4 (1977) E8 S
N o 308
Ti 10 > <= o |SUS 304
o8 e 2 SUS 321
12 = o |SUS316
cr 10 =
0.8 - .
12 X o5 < :
" ] J A
_ Ni olg ot = ryf)o 8"-‘2
b 4 1.8 " o [}
S 10 2y 7 )
e 02 JM )
S 1.2 o a i
P 10 W
S o8 —— ° o5 1o
5 12 S (1-Ko)
© Mn 1O S SR p oL . - .
5 08 Fig. 5. Relation between equilibrium partion
A 1.2 ratio (K,) and segregation ratio (X)
Si LO il "} owithout stirring of white band in stainless steel blooms.
?g A\Y .\Eviﬂ;eyi;ring (210 mm § )
T eI infensity
¢ lo 7 43mmFe) FIC & B @RI X TiO,, TiN DAL L5 [Ti]
o A 50 DIERITBED LN B.
whife bCI"Id N — P T HEY g > -
pistance from surface (mm) Pk, 27 v 2AERERAE T v — Ah&ﬁjﬁ‘é +5%7
4 k- N FOHEEIRIC DV TIRAR 23, BEERMHTH D
(a) SUS 321
MEOMEITIE, RMER L, 7.
% 3.2.2  23k#A
Mo L -
o R 2L LT, SUS304 D 6-7 = 54 b3 Lot SUS
.2 . 321 @ TiN % 2 ) i, ThLOBBEHMICE LIE
Cr 1O —ILXRTH e . _
o8 TERBFOREYRAE L.
N 2 - (1) -7 =54k
~ 08 -7 =34 FORIELSHICE LETERBTEORE
f S :gm_vm— % Fig.6 & Photo.5 iw7R7.
g8 9 X AT FA NRAT L APOHERECTDI-T =
g P 10 4 hOSTHVE, RENEE, RERTCEESh, 8
5 2 = BTy — M, BT LI 1D TR B3N <
%'mgg R HBILTONTI-7 =54 FREBEML, T~ RO
A 12 j:‘i;:"::irfm‘“g CHEERE O 72 dICRY LT 5. Zhick LT, Bk
oo S (intensity ro) iR 7 v — k3, BIHESREE 39 mmFe DL BB X0
L2 B T, RN, e ST B ESH S
c I.O \-o\'_/xv Podgp—a . - —
08 - 74 k- N FERE, [CIINI[Mn] XD —25 F
o it band A MERTHZEOERTH CH BB, $EDI-7 =7
. A4 A TW5. H#EHl EEIEHDO-7 T4 b
Dis ‘ face (mm) /wimb BIEM %ﬁﬁ
(b SUS 316 OWRER LT 5 &, HMEHEMIEERKCERLTVS

Fig. 4. Segregation ratio of some elements over
the cross section of white band in stainless
steel 210 mm § blooms.
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b) with stirring
dark areas are ferrite and light areas
are austenite.

Photo. 5. d—ferrite in SUS 304 blooms.

o - ferrite (%)

20 stirring intensity

without stirring | o

weak (4s,19mmFe)

STTOﬂg st'bzlz:n’l-’. s
1 I

]
0 25 50 6 100

surface centre

Distance from surface (mm)

Fig. 6. Distribution of j-ferrite over the cross
section of SUS 304 210 mm ¢ blooms.
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Scanning electron micrograph. x3000
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Photo. 6. Morphology:of Ti(CN) clusters in continuously cast blooms.
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Fig. 7. Distribution of Ti (CN) cluster over the
cross section of SUS321 210 mm § blooms.
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Fig. 8. Relation between centre cavities and
equiaxed crystal zone ratio of SUS
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Fig. 9. Relation between width of star cracks

and equiaxed crystal zone ratio of
SUS 316 blooms.
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