694 % =

&
Xt

i 58 4 (1972) 6%

UDC 469.046.554 : 538.4

HU S PG SR D — S K DB

g 4 —

N B W

Development of a New Ladle Refining Method

Synopsis:

Kazuo WATANABE and Kiyoo ONO

A new style ladle refining method has been developed. This method is characterized by stirring and

heating the molten metal in the ladle to refine it.

This stirring method is based on Fleming’s left-hand rule, that is to say, the force is generated by
direct electric current through the molten metal in direct magnetic field. Direct magnetic field and
current are designed so that molten metal circulated up and down to be suitable to stirring in the ladle.

The molten metal is heated by arc.

First, experiment was made using small scale equipment to refine 200 kg steel. By stirring, chemical
compositions after alloy addition and metal temperature were found completely uniformed.

Scale-up method was studied theoreticaly, and 2°7 ton equipment was designed based on theoretical
scale-up method and standard dimensions obtained on experiment of 200 kg equipment.

By this ladle refining process, better quality steel was obtained compared with ‘that of normal arc

furnace steel making process.

(Received May 4, 1971)
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Fig. 2. Measured magnetic field pattern, of 200kg
equipment at 30A coil exciting current.

HERLE—CTHHTENREE L. RERXNTRERIEE
WA —TH 525, Fig. LICR Lo SiERD 50k
257 L ECEEN D DD, BIMEECEREERS
{7ah, BENIBERMREMEITHRATHD, BEH T
AT LIS o THMBBIic n b LR EN 5. BIMEAE
DOEFENZHET S ZLEIR#ETHLOT, T TRE
MEELEREBEI Y (2)ReLoTt#REhosHzst
LB OR X SHIC OV CRET L.
REREENL 4 Tk 3% 200 kg /NAEREE D VTHE
E L. BBt - VvEFERAEREZ Rz JlE
RE Fig. 2 wiind. BREEIKEZERFERALA
BRI TEBAZZEIE L, EMESrOERBELYRDS
FEdEZOLNEM, ZIZTRTFROL > CHE L
TR

—fRiz 2 X 5 IR S B h O BIREBE VIR
idskd Shvlav. L L, BRIEEMER T AHICE R
THEEZLNDD D, BHOBERPITGREWLEEE
LRI kDB Z ENRTESL. ZDOREDD ET,
BIREBEE, ROXS5C LTRDLIOBHETHD. T
b bLBEMPSIERE, DIRA L, BROERRCHENT
LA L, EROERE» SEBERCEBRAMALTL
LEFEOWTERBENY MVERILICHEL, WHE
DRy bz skdhE X v (Fig. 3 588). ARERE

Electrode

Arc
Metal surface

v

Fig. 3. Diagram which :indicates current density
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Fig. 5. Magnetic flux density and stirring force.
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Fig. 7. Observed stream of metal surface according
to magnetic field direction exachange.
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Table 1. Ratios of prototype to model and dimentions of 200kg and 27t equipment.
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It Ratios of prototype | Dimensions Dimensions of
ems to model of 200kg equlpment 27 t equipment
e S = ——
Wexght of moltcn steel L=13"5 ’ 0-2¢ 2:7¢
Lade tcale (dlamcter) ' i L=238 l 40 cm 96cm
R — O — ————— ot e € ——! — ’ - [ U ———— A e ———
Stxrrmg speed* | \/z — 1-54 : 1 l 54
- S e S S S,
Arc current density* ! 1 ! 1 1
S f
Arc current g iz 5-68 800 A 4550 A
Magnetic flux dencity in center of vessel ; 1 | 0-017Wh/m? 0-017 Wh/m?
Magnetic scale (iron core diameter) ﬂ L =238 ! I14cm 32 cm¥k*
Magnet coil exciting current** E L =238 ! 25A 56 A Fx*
e im e I ~
Magnet coil power (X 2) L= 238 2:5kW 5 Bk WHk*

# Only indicate ratio
*¥ (On condition that number of turns of coil is constant

&£ Magnet is not designed by these value because of change of magnet figure.

L  Scale factor; Ratio of prototype scale to model scale



MR FEHO—F X OIS 701

L7ch. 200kg WEE 27t EEDR Y —UARIL T

-~

238 ThHHE,L T=154 i3 4 THF-X ST,
Fig. 10 TN 05 o S22 o FEHEHRE L
TE25HE, 22T EFETE, Z0EH05x1-54=0-77
ETFhazric/d. Fig. 10 LEEELESRE 27t 2
BT >2kcz &%mrd 7 @ Fig. 13 T, o0&
07 BETHH, BRENMUSDRTERSTOAS D
Lk, HbOEBREEIT LTS,

6. 27t ZXE(LKHBEXRER

LBt it>T, 227t N7 — 2 E LS ED
ETHETIAERBROEELZRIEL, HEERLITL
27,

61 27t KBOEE

FHEODOHEZ Photo. 1 1TR§. %7, WiER% Fig.
I rd. REOBET RO LB ) TH 5.

) VEfAAFEE - mok 207t

Photo. 1. Appearance of the 2:7 t ladle
refining equipment,

®

Ladle
“—i_-?—' —— Electromagnet.
Electromagnet ‘| |
I~
\
— ™ pirtight
L chamber

Fig. 11. Schematic diagram of the 2-7 t ladle
refining equipment, '

2) 7 — YR HKERK 4550ADC, vy o kg
FX, BAEH 900kW, 509% 7

2 bovfst
3) WA : O~ 300 mm ¢ X 600 mm, B 2 A
ek 220, 7Ky, BT 400A 2 5,

4 H 3 NEE 960 mm ¢, FHIMIE S 600 mm

AEE Y, BUREES, AF94F 1 25 ZUVEBRE
THEMEEESHFACH AL LA TE 5. IR
BEOBMEFETED X HC, BRADHEMEEZET T
HTEMNTED. MMRKEARRCES, FRAKHED
BEHCTEDL L > L. BECXOTHE, #£#—7 =
I TRBUTF AP DRERH ZAHRERL L L ST
5.

6-2 AR

AR I L ISR THREICEATE D, ILEE, %4
R, S4TAM, 272 LAk EAME>VTE
DG s — xR B, LD REID . Th
LD L —DSL, REMLH (AR, Bk %
Fig. 12 i2/Rd. AR 7 — 7 FE~EEME2EAL, &
HEMEMBE LT 25N TH D, BrEIIEEEVE
RE BT L, #5 T LS 2 AR Ty AT
HHEFETHE. DTFEE LTBER X BRI OVWTR
5.

W METIBERNETRREL, Si-Mni S0
EO—MEMRMUEBICHEET 5. HEMEEEY 7 —
JIFBRERUTE ITHET Lis v, ARKI EDEE
METTERANICEAT S, HrORER T 240D
T, HEMERT, D IREFESHIEE O WERIA ¥ TOIRERK
T 100~120°C TH b, HFHAES 500~550kW C3H
BLAGE, 9 8~12min THIMOEER TS ELL,
FOBOEE LRHEEE 5~6°C/min Th 5. 547K
i ERTRv, FIEOFHAMBEET 5% Tir25~40
ming2» Y, ZOBCHRBRBAERTETT5. =5
DFRFEIBESZTHD, ZOFER, BERRBEBCRIED
|IHzEiLXy, 7—riFEE{LHAD 10~15min 2E
DIGHE L RITTIDO TR DEMMTRETH 5 T & ASHIH
L7z

7. B X B B

71 BEHR

BN O LRV ERE L3257 — 7 gk 555
BEATR U7c X 5 il 2 5 L nid, EE Bk
BREL D, TEIMRRICTR VT V. EH EEORE
ZLBENOBRREBERE Fig 13 WRd. B
W A — K 2 Y — TEHRIRERNIC T, Tz Rk
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CHlE L Twd
UTEBDOESRT — 2 Eim 2550A, B}lﬁ'ﬁq:'gl@b"’{ﬁ

BEE 0-017 Wh/m?2 oifif% 1 X L7-.

COEEDEENE 200 kg T &3

B OIEERIE

VR ORI C 20 min hpEREHE T FEH LRI O

s

12, Flow charts of typical processc$ of the ladle refining.

R

- ‘Amounts of alloy addition
. Alloy ; |Fe - SiiFe-Mn|Fe-Cr{B—Mo
weight | 4kg ! 35kg| 10kg | I'Skg
100 -
090 |- | Acdition
:\; 080 [+ A ~ A Cr
3 aonof- a Mn
2 060 -w
Qo - o
= 050}
g oo |
S ] @ ° C
O L g
G30
. x Si
020 o ®© Mo
010
0 1 { [ { i . ! | ! 1 {
-2 0 2 4 6 8 1012 14 16 18 20
Time after alioy additions (min)
Fig. 14, Chemical composition changes after alloy
addition at 1590°C.
Dfc. Fig. 13 55 07 BEOHHE I THEE.E TR

EEN °CLNI b Z E2bb» 5

7, BEEN O DBEEOTMEEDE—{LiTDWT
X Fig. 14 wR3 7&K TH5. KEE Fe-Si, Lz
Fe-Mn, &K% Fe-Cr, 7Y 4 » b Mo, &E 19 kg
wEFFRI L2 B0k gty . Akimidd
%ﬁﬁm5HMLuWTﬁ—&EOTwé-27t“@1
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DELHREN 0°9 13, 4 THE LN 2 F—o 8T
AT S E, 200kg EFBTORIES 058 k-5
200 kg 25 CHIET] 0058 ChiLiE 5 min BE TR
B—{bxh Tk, Fig. 14 © 27t #EOEHHTIL
Smin LR TH—LINTWE05, 20X D KkSE
—{ERERI DI 5%, 4 THE L i h o 2 b
PIEIESNTWD EHRLNS. F, —ffic, BESS
TCHRDHHE, 121 1009% LBIFTHY, Al Tiy
EHETTREDININEH DT 7 — 2Pk & v 209, BEEL
HLTw5.
72 BEBFHOREBHEVOELE

BETIRE LS ADRBEMBICOWTiR S, 4k
BT, BEMET2 S /5 oOB5 T 5BEESFE w5 5
ZELRDBBLDLATH B, Al #FIL, B X o<
MRBRAE K DR A T 5 2 22 X b, STk EE At
fiizbh s, Al Rmiiitic X b 100~250 ppm osE
BHEDEEEME 25~35 ppm ETTFas. F7o,
AZ T A ZNVOMEME I X0, B EE 2hT
5 BEEMOBEOMHRIE 25 & 2 v REH
2t T=UFEDEND 1/3 124 i b, 7 — 240
WEEMED D XERLUETHS. Linh, OBk
WIRTBHEOBETT — 7 fFD 1/2Foz5 sy Ecid
LILTW5.

COXS LRI X b, Wit OB s,
BETAMOBIZ Table 2 tFRT L, 7— sfEE
SBEOARI DT <CAT S,
73 BHBSIA=VTERSAFTLT I XNDER
TG BREE T, I & IS & S I B S hT
DDOTHMEDA b v 78 —FHHD / 2 TIISERRR DS 2
by = DA OE D HHEKIEh S, Lsl, T4
T U ZVORAI XY ZoME s . TR
FHALEBRERT S 2 he DUk i2 s 0T 4 BIEEIE R4 LT ue
BV s v o EAER D, 27 t OINEBES
TiHBH, FIGIOF v — D L~V E Cf ks I
hi.

Table 2. Comparison of cleanliness of tool alloy
steels. (Areads, JIS method)

\**‘\'T&)if’f mclusion|Total Type I TApe | Type
Rcﬁnmgxnahod\\“\\J A LB c
[ i i
Ladle refining method : 0-05 ' 0-04 | 0-00 | 0-01

#

Normal arc furnace

|

|

o , : !
:

method i

0-08 : 0-05 - 0-01 | 002
; i |

i
v

AT T A ENVOEEBT RS LW S 4 = 2 Hé
LARBEOMBESETH D, WL S A = L SHoEE LiF
FEOWFBIT LN 54 = /EX 65mm TL < icidph
DML NAS T 54 THI AR 30 F 5% — Bl Eas
FERINTVEA, X SITRIEI Ry 55 % 030
ET 5.

8. &

ELTERAR IR X IS IRERE L 7 — & g RE %
AT 5R[ET ORGSR A RBAR L. g
KB LH D 2 ADOERRIC X 0 B BimEk s
L, WX 0 OBERER & AT OBIROMENE
Rick 2Tz EE LT ETFAMeEEtsdocsh
5.

COFRCX W/INEFREELIEL, 3t Bilox
AT, ZOEBREER IERMETIc LD 297 t 3
EzEEh BEL, BERSBETa ok,

AREEZ AV B SE T 0 & 200 X ) s
B LoD, IIBUEIEETL 5 & 218 X DTS oI,
AR OF%E, 7 SONTIREL, iSO W ORE D 7
— VPRI e e 2DBE LD T NS RIE X
NaZ bhbdroi. T, A5 —v7 v TOERICE
W, Froude LMkt HFERIC L DT 25—
7oy FalERt Liehd, ERBERI L IOFEXHIIRYT
HDT ENBDIPDR.

R a HAANI BN 0 & 2DRIFH#ICOVWTIL,
RICHAREEE L7c 7 — 2 IPIERR & O A ESEIC X B4R
MeombicED 2 ) v bHBEZ SN EH, hHIRIBAE
fit ke Mt T H7-DDa X MEAE NS F2 Y o b2
WIZTEIRT A & WS RIBEAERE L, EE LA
moin. .

AR B 72T, K FBEH R S B ZE T SE 6,
HHED, EARBOWMK, KFSSH G EBEYERTD
MO &S 7.

8% BRA OEEHZ >V

Fig. 15 R+ X5, @Hrod 720 8hs Somps
WE BdB5 2 bhic b &, ZOREBRESELND X
S BHARERULETH 55, L KEEDIr—i%
HIIS B EEDS 70 O CTHERE SRS HEE 2 5T L 2-.

T, WMEREOWMREE BEkD 5. 14 Lo
Nwe Ho & 700E, 34 v Ci@GERE A -84, W
BROBENT X 0, BREEHIX

H
M= NGty
LRbTND. NIWHEOTIC X DT E 5 & DR

o

e (16)
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. . T I
Exiting coil e Smoil sccle magneis prepared
for magnei design
4 Magnet of 200kg equipment
- 54 5 04— o Magnet of 2'7 fon equipmant
— J 5 . '
S - : 2%
‘l’ a S 8 o3 g A
v\ e % 3
IKI» - Iron core 3= 7 \
. _ _ . . 2L 02 .
Fig. 15. Diagram which explains how to design 3 e
magnet. g g
Q) -
g€o 01
ps VIRHBROERE CH . WERREOMREE B 1T 53
o9
_ topsHy  poHo 1 . #ofly 2 o
14+N(us—1) N 1+ (1/N-—-1) N I 2 3 4 /2 r
R ¢ V)] Ratio of length to dicmeter of magnet

P12 L, UN— 1L ps. WElBRDOFEHS U/2r=2 OHEFIL, N
=014 THH ps=500 FHiE, 1/N-1& pus Tk
Xh5. —fFic, ZZTEHEZTWE LS /<10 @
BRI SWCRUDROABORELUEE TS5 TH 5.
DEIT, WIGEEOWREFEL B, WRO¥E=z2r &
FTHUE, R 2B Lis k. ZORRBEHE> DORE
Mhd O 2FICIH LT, FEFRRICIEDBDOTWB EF X
5. (ZOZ 2, FHRCZTEERD DTV HTEMN
fEEmAhic ) F, A vEERBREFINE,  He=
In/l TdHB. X2T, B dOERHTRIT BHIR
HHE Ba W,
"B 12 oy P pe Ion
242 242 N 24z N 1
Linb. ()R k v, Fhkxhd Ba %5 5D0E
WAOHBITZIRETEDD, EREIANVERE LT
Ll EnD, EED Bax(8) R X>THEL 2fE X
DhER D T x, 200 kg & FHNcH, EBRBRA
e EWBWEHEDHORGITDWT, FEBE & EHED
kst kidsskicha U/2r OB L7, Fig 16
CIRLICX 5 TH 5. 277t WEBEEE, ERARA
TCHRTaANMERIWTH 24 VERDESKEL,

By=

iron core

Fig. 16. Corrective factor for elcctromagnet'
design.

TR S & e k /NS WEIC I o7 LB X B
5. Fig. 16 0k L (I8)Ric X v, BEADFRSMBTE
5. LROHER I BOBRA LoV TORHRT D5
2%, AEFOX I 2ACEBRGEHERT HHEE, 1
BOBREIC X AEREENEHEYEER L TRDMEX
V.
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