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Production of High Grade Steel by Ladle Refining Furnace

Kanji EMOTO, Takemi YAMAMOTO, Yoshiharu I1DA

Hiroshi On1, and Takesaburo NISHIOKA

Synopsis:

Since April 1970, a ladle refining furnace (ASEA-SKF process) with 100 t capacity has been operating

at Mizushima Works of Kawasaki Steel Corp.

Through the LD-LRF process, i.e., a combined process of a 180 t LD converter with ladle refining furnace,
high quality steels for forgings and extra heavy plates have been produced successfully instead of using the

conventional electric arc furnace-degassing process.

This plant can treat mother metal from 100 t (half heat of LD converter) to 30 t (electric arc furnace).
The typical operational pattern of this process consists of the carbon dioxidation at degassing period and
the sequent aluminium deoxidation with effective induction stirring. The hydrogen content is effectively

reduced at the rimmed or semi-killed state.

All this paper, some operational results, especially the deoxidation behavior during induction stirring and

hydrogen removal technique are reported.
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Fig. 1. Layout of 100t LRF at Mizushima Works.

Table 1. Main specification of LRF

(1) Heat capacity 100 t

(2) Heating equipment
(a) Transformer 8 000 kVA
Primary voltage 66 kV

Secondary voltage 280-

180V
(b) Dia. of electrode | 12 inch dia.
(3) Ladle
(a) Inner shell dia. | 3250 mm
(b) Total height 4 450 mm
(¢ ) Material SUS 304
(d) Stopper Electromotive stopper
manipulator

(4) Electromagnetic
induction stirrer
(2) Induction coil Inner dia. 3450 mm
Height 3100 mm
(b) Motor generator | Generator, motor
350 kVA x 2, 345 kW

(c) Frequency 1.0~1.2 Hz

(5) Vacuum system
a) Type Five stages steam ejector

Three stages condenser

(b) Operating pres- | 0.05 Torr
sure

(c¢) Ejection rate 45kg/h (calculated in

terms of dry air) at 0.05

Torr

(d) Steam consump-| Max 11900 kg/h

tion .
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Fig. 2. Typical pattern of LRF process.
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Fig. 3. Relation between amount of ferro-alloy
and specific electric power.
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Fig. 4. Homogenizing rate of alloy element.
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Fig. 5. Infiuence of silicon content in steel and
furnace atmosphere on hydrogen absor—
ption during arc heating.
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Fig. 7. Influence of silicon content in steel
before degassiag on hydrogen remo-
val during degassing.
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Fig. 8. Oxygen content during degassing and
Al deoxidation.
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Fig. 9. New method of aluminium addition.
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Fig. 10. Aluminium yield of quick addition in
LRF compared with conventional.
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Fig.11. Change of oxygen content and number of inclusion on
aluminium deoxidation

Fig. 11. Change of oxygen content and number
of inclusion on aluminium deoxidation.
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Fig. 12. Effect of stirring current on aluminium
deoxidation rate.
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Table 2. Rusult of Al deoxidation test.

. . - Slag composition Final value
Heat Dm:(.:t)fm Al addition g p Initial O £ (0~ 10m1n) min-1
No. | of stirring | (kg/t) | 0a0/Si0,|(FeO) (%) O(ppm) | time( min)
1 Normal 0.6 0.36 4.9 33 13 30 0.061
2 4 0.6 0.79 1.7 31 12 30 0.054
3 ” 1.0 0.82 1.8 32 11 20 0.069
4 y 0.6 2.31 0.9 46 13 20 0.083
5 4 1.0 2.51 0.5 48 15 20 0.083
6 | Reverse 0.6 0.78 | 2.0 37 15 58 0.032
7 4 1.0 2.94 1.0 57 13 20 0.126
(Remarks) Direction of stirring
Normal : Upper direction along side wall of ladle
Reverse ;: Lower direction along side wall of ladle
+. AEX b, BitEoR &R, BEf 12004
. < e 100 [
ORIV OBMEES B VI bbb 10 min 42 N R LN LR
it 20 ppm BLF, 15min i3 15 ppm CETT2 50 N: Normal stiming direction

TV B A5, 900, 600A ¢k 10min 2 TEXh i 20,
25ppm TH 5.

($)ROAD (K- ¢ +K) #FRD AL kD,
AERES DI ¢ #HH L, Xbikce=0, Fix
bbb ILBEOEE0RE K, /X8 LRF OXEEEX Y
K,=15.8x10-3  LC, n, Ky #BHTHITRO LB
DTH5.

n =0.99, K1=2.21><10‘5'---------"-“'“(5)

3-5-2 25 7#kE X OB SROREE

Al JmE, 27Uk, HXOBHEOREEME L
2 THRESERELEEECET S EcomMzRlE L,
(3) Rz X BIEELRE Ey B Ui R% Table 2
oRT. BEMREECHT SHMEFORE TS X DA
TUEIR WS, EEERITA 5 OEEE (Ca0/S10,) 53
KEWEEREL L HEABELPTHD. BT Ar
NTY P X DTS FHROTERERIF I BV T E
EREECREIETRA SV EXEORENADLNTE
n, O<15ppm #{B%icix, CaO/SiO; 75 3.0 BLED
BEEELLEL LTWwa, KEFERK LhiE, GO
/8102 % 1.0 DAT o HRiRIE R T d RIF/REGE
EnEoh, 20min AT O<15ppm 25 ARETH
5. roriimEMOGESHDR, Tiibb, HH
BN, BMOMEIRAL EOMBICERT S0 LR
b,

—%, BEAFROFEYRS L, BREEECEE, K

R : Reverse stirring direction

1 1 1 1

)
o
T

© | Al addition—

10 20 30 40
Time (min)

Fig. 13. Effect of stirring direction on
aluminium deoxidation.
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— FPCESEZ L V22 LTHIETOBREOEH 2R
ez A, Fig. 13 j2RT X 5iC, EiEd SSEEEEI~
BET 5 LEBERIGLCHEML, FRET &EFOUK
W3 DEMAARICRD bhve.
ZOXHESIEC X OTRT 5BEOERINE, 7N
EHEATIOEXZH, RXVAL ILX % Si0,; MnO,
FeO L tlo@EmiiZET 5d0E ZExbhd. Thb
L, BIFCOVWTIE, BREEZ SR LR E, CaO/
SiO; 3 1 DITF O HikHYERENE R 5 77 C ik .0 5
WEI~E S D, R 55— ZOVRERHTO B
CEE LTEREREL, O THEMRAEMEOAS S
X AT RS THRT2 REs EEsh, Ca0/
Si0, 7% 3 BEOEEEE T3 AR b k&
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Photo. 1. Typical inclusions during stirring in LRF.

Table 3. XMA result of inclusions.

|Time after Al
Specimen| deoxidation
( min) MgO| Al,O;| S10,|CaO |MnO

Result of XMA (%)

A 1 1.1 52.2 — 126.0/ 5.0
B 5 0.858.5| — |26.5 —
c 10 3.4111.7 | 36.2| 21.1/ 9.9
D 20 3.9140.1 | — | 34.6/ 2.7

WIS HBE L BT X SFRIASEKZ v LTI
END. FREECOWTE, SEROBE, BROH
EENY 1/2 KT 350 tnbERZT, 55—
ZOVREEEMLCGRET 5 ERB VDI, X5
o SiO,, MnO, FeO 7 %8 Al it X b @I
BRRCEDEVWHIELHBTES.

TR L BREROREE R T 2ERICR VT,
WiER BTFR DA D B4 Tk XMA 2 X D447 L
7-f% Photo.] ¥ X8 Table 3 12 R"¥. NEMWITEK
50p C/ANBICHY, KEDOHDIIFE L. Si0, 5
ST EREHPO Al L2355t SiO, MERS L
T ALO ILZHb Lt & Bbh s, vwihd CaO %
EHLTED, SO, Z2EB LTV ALV, T
DHHRER» LR R0 EROEBHEOFESORE T
B 55 5> Tl v,

4. #Hl an

LRF w X hEman s8R, W, EHEs, &
FFAEH, X CHEREHRR, *OMthEikicit-5 s,
T TR, BB, Lot is B s

ILD blowing & tapping }*

I} Using low H,0 material: dry cokes, burnt alloy

2) Tapping directly into LRF ladle at rimmed condition

LD slag using main)y lime stone

A 4

L LRF heating } 1) Heating at rimmed condition
2) Heating under nitrogen atmosphere

L 2

T | 1) Degassing at rimmed condition
| st degassing ! .
2) Degassing time : longer than 20 min.
* I} Degassing accelerated by Ar blowing
I I > i
IZ nd degassing I Ar flow rate : 5~100 |/min.

2) Degassing 1|me Ionger than 1O min.

v

Final refining 1) Al deoxidation ; holding time : | O min.

Fig. 14. Standard process of large forging ingot.
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Fig. 15. Hydrogen content.

30t sot
( Al=0015- 0022 %% )
Fig. 16. Distribution of oxygen in forging ingot.

LTHBNT 5.
4.1 & @

SRV e A SMAL T Hefit e, & < WERIKFEL TSR
XN o, FRo X Sic Al BiEgic X+ EEEE S
SN, EFERHEHHSIEAACE SR RAECE
Bl o el LTWE (Fig. 14)

AT CREINA-TRERY L ProkFEER Fig. 15
AT EE DT, FEE 1/ Pyo=2.4mm Hgd Ky
lppm THh%.

—7%, Fig. 16 i bikdEdiic X 580 A it o#tEm
CRITHBBESEEL TN, WIFhoBth BIFR
LAVIED D, WBEEICKE R ERITRD bR
CORRIEA X — 5 — 12 X HNEHORESUHEEDIE
iz, IR OE—{b, BT XkMOBEC X HEA
FOREBRTOLR VW P, XLEEEOEANEBET
HEHE TEBLZ LB RELFELTCWBDDEFEX

Table 4. Recent results of chemical composition
of A387-22 heavy plate."

Heat | Plate Ladle analysis(%)
No. |thickness| As Sn Sh <
1 0.011} 0.002} 0.002| 0.002} 0.00130
_ 185
2 0.009! 0.004| 0.002| 0.002 0.00112
3 0.010] 0.003| 0.002| 0.002| 0.00121
268
4 0.009; 0.004| 0.002| 0.002| 0.00112
R o
< /
o)
x13} &
L ./
<j2t [ ]
/ _(10P55bx4SnsAs)
Mg & 100 .

0009 0010 0011 0012
P (%)

Fig. 17. Relation between P and temper
embrittlement sensitivity parameter X.

& 60 Sulfide oo
uE'a, 1 Top
T 4or Bl Middie
& Bottom
c 20}
‘n
3
[§) 0 -
f—-—: 10k Silicate
o
ERIE" s Bn Nt
[Alumina
1 0O
N
_-] A\ 1 @ 1

|< 88418721 255B¢0ls0<
Size of inclusion ( 4 )

Fig. 18. Distribution of inclusions at A387-22
extra-heavy plate.

5.
42 EHBREAM

LD-LRF Zu AT &I 7-REMHROmBESEL
HOD X S5 ICE, BETEE, LSTRFTHET
ERHREBTND.
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Table 5. Oxygen content and cleaness of SUJ-2 test heat.

[ i
Corresponding ‘117
location in ingot Top Middle Bottom
O, cleaness Cleaness* (%) Cleaness(%) Cleaness(%)
Oppm Oppm Oppm
Process dA [dB+dC| Total dA [dB+dC| Total dA |dB+4dC| Total
LD—LRF 19 | 0.018 0.018 | 0.036] 20 | 0.025 0.016 | 0.041| 20 | 0.022| 0.022 | 0.048
EF—LRF 18 | 0.020; 0.019 | 0.039 0.036; 0.015 | 0.051] 17 ] 0.025 0.020 | 0.045
* 460 x 500

95+ sample: sur-2  60%5
~90r
<80 plot: LD-LRF
©60F ST : EF-LRF
3 ( Electric Arc Furnxe)
Z40F
ks
320"
R10F
0
4
a S5
1
10 107

Number ot revolutions

Fig. 19. Weibull probability diagram.

MR, ThOLORBESIRD 5 bEED S WE HEEM
ASTM A387-22 (2 1/,Cr-1 Mo) ik 375-575°C iR EE4H
WMTHEREL, »5Wi3He LBs, YIREE ST
5, Wb LBRMEMEICHTHERBE L EDTET
W3, BRI P, As, Sb, Sn, 7t &0 MERL
WMOREBKE VD, EFRMOHE, As, Sb, Sn 2K
VWHETHEMTHD, FIZIEBARS Iy TEREHALTY
DEIFMOES, As=0.008%, Sb=0.003%, It
Sn=0.010% EBETH 5O AL, &£FoE2ATiE
Table 4 [Z7RT X 5 iTHBD TR . §E0 CHERE MR
XX Fig. 179 2R+ X5 POSHEIC IO TERX
h, ZoE&As, Sb, Sn ZERIHE LT,

y_-ll—lﬁp 0. 0002+ - crenenaeaeeare et eee e ans (6)

EBEPXDHILEINTE B,

—7, fRONEmS Fig. 18 wRT X 5T, 50u LL
LORBANFEM T BB TH b BRI H2 D BE Ik
FERERIVI T —F = v VL X DERMERMR LT
w5,

4.3 W|RNH\

BIF R X OVEES (30t EF-LRF Yo +2) % &i4M

& U, LRF m#EALIRE O &% Bl — L Ti#zZHSUT-

2 2RELA. BRICRTHHRMALSTIY L— Fivm
wEEECETIMRT S, LRF ckidsa3—2 2%
VOAHIC X DR DARETH 5.

BT A 2 3 %o FALERE L, C-O sk, Si, Al %
Wi, AL/, Table 5 2 BIFR & L L CBER &
AREBIVCESEORAEERETT. AKX Vbrd L
B0, $XTCOHEETEFMCL SNEBD L LR
BiETH 5. Fio, oL dBEERGEABEOEEEY
ABRERD Fig. 19 kT X5 < hTxh, LD-
LRF o XA CliFiH%E MERLESETEL T LER
LTwa.

5. ¥ E}

BxiF & IEESF 2 A&7 LD-LRF Yo &gk
W, BRFHOFEZEN LCHEEERFP CELE L TW
iR X OESREERMOBR LR bR OME
ZDOWCR L.

BT, OBy ARG WVERESEIRRREY S
CIFER L, BZeh— KB, BAkFE2TES5EED
WEDH%D Al BERZShERANCTTRR 5 FiEe AN 7
RERLELTVWS. WERTSHRETRELOTHD,
FREORETH 2EBNEWTERNT 5 KTt
LWH LS LWy EBRRHhi.

v R, §&ks, WELE, TCOETHE
HWOBRP-MAABICL RBEEREL, Zhitk)
fREFI 3817 A RUR B/ SRRV IZIEME L, Fko v b

BIXUMEEEL AR
X 73
1) HESER, FANEH: g2, 62 (1976), 13,
p. 1691

2) #HrEgk: BOZEIRAME S ER, #52-15-
3) BEMR=RF, LEREA : gk, 60 (1974), 2,
p. 1661
4) RIgEE: A)NBEESHR, 7(1967) 36, p. 375
5) Y. Su~npBerG: ASEA J. 44 (1971) 4, p. 71 -
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- (1972) 1, p. 1
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