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Synopsis :

A ladle refining furnace (ASEA-SKF process) with a capacity of 100t/charge was
completed and went into operation in March 1970 at Mizushima Works. This furnace
had been under construction as part of the first construction plan of electric arc furnace
shop with a purpose of producing high grade carbon steel and alloy steel for forging and
heavy plates. In the LD-LRF process, mother metal is transported to LRF as semi-killed
steel from the distant No.1 LD shop about 3km away, and is converted in LRF into
steels of various grades by adding alloys up to 12% maximum. In April, 1971, a 30t
electric arc furnace was started up and the EF-LRF process was put into practice. The
standard practice consists of heating-degassing, but the degassing may be omitted in
case the steel is of such grade that it is little affected by hydrogen, because a sufficiently
low oxygen level can be attained only by heating and stirring. The refining of 100t takes
1.5 to 2h for carbon steel and 2 to 3h for alloy steel including 30min of degassing. All the
steel product obtained by this process possess superior quality, free form variation. The
oxygen level of the slab for heavy plates and forging ranges between 10 and 25ppm, and
the hydrogen level in the molten steel after degassing is 1.4ppm on an average. Further,
nitrogen is reduced to 40 to 50% of its initial content. The superiority of this refining

process was not only confirmed by the actual experience from more than a year's



operation, but has also been receiving good evaluation from users. This paper presents
briefly some features of the subject plant, operational experiences, and the gas content

of the steel thus obtained.

(c)JFE Steel Corporation, 2003
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Synopsis :

A ladle refining furnace (ASEA-SKF prosess) with a capacity of 100i/charge was completed and
went into operation in March 1970 at Mizushima Works. This furnace had been under construction as
part of the first construction plan of electric arc furnace shop with a purpose of producing high grade
carbon steel and alloy stsel {or forgings and heavy plates.

In the LD-LRF process, mother metal is transported to LRF as semi-killed steel from the distant
No.1 LD shop about 3km away, and is converted in LRF into steels of various grades by adding
alloys up to 12% maximum.

In April, 1971, a 30t electric arc furnace was started up and the EF.-LRF process was put into
practice. The standard practice consists of heating-degassing, but the degassing may be omitted in
case the steel is of such grade that it is little alfected by hydrogen, because a sulficiently low oxygen
The refining of 100t takes 1.5 to 2h for carbon

stee]l and 2 to 3 h for alloy steel including 30 min of degassing.

level can be attained only by heating and stirring.

The
cxygen level of the slab for heavy plates and forgings ranges between 10 and 25ppm, and the

All the steel producls obtained by this process possess superior guality, free from variation.

hydrogen level in the molten steel alter degassing is 1.4 ppm on an average. Further, nitrogen is

reduced to 40 to 50% of its initial content.

The superiority of this refining process was not only confirmed by the actual experience {rom more
than a year’s operation, but has also been receiving good evaluation {rom users.

This paper presents briefly some leatures of the subject plant, operational experiences, and the gas
content of the steel thus obtained.
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Table 1 Refractory for ladle refining furnace

Use Ladle Heating cover
Quality ‘ Wall, bottom ‘ Slag line ; Ramming \ Brick
Refractormess (SK) ‘ =38 =38 ' 1860°C : ?5;37
| - : ) AT
Apparent porosity (%) | 26.7 ‘ 14.7 | .
e e L . L
Bulk density } 2.45 2.92 : 2.6 ; 2.53
- [ ‘ SR — - e R ——
Compressmn strength (kg/cm?) ‘ 8551280 ‘ — | 550
Strength under load (T\°Cy 1520 1700 | | > 1700
(TZ°C 3 - 1740 | :
Expansion ratio (//) \ —%0 94(1500°C) 42, 15(1500°C)| |
S0, ! 2 i 15 i 24
TALD, 73 | 77 , 72
Chemical analysis ) Fe, 0, 3 1.1 ‘ : 1.1
L ca0 68 '
I Mgo 88~89 ‘
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Table 2 Distribution of inclusion size in molten

steel during treatment

Size of | ) T
inelusion Number of leuSlon
(per 6.25 mm’ )
bamplmg ) i e
Deoxi- period 61; - u‘255\’ z‘);) = 50p
gait}gg - « - B ....\.‘U 1t 7:{1
. 1 : o | oo
S.K o 3 1 0
; 3 5 I oo
_(Noan | ¢ U B
1 : 11 2.5 0 0
K 2 2.5 0 i} 0
(No AD 3 2.5 1 0.5 0
1 4.3 2 0 0
K 2 1 0 o | o
(Al add.> 3 1.3 i 0.7 0 0
Sampling period
1 : Before degassing
2 . After degassing
3 In ingot case
Deoxidation
S.K : Semi-killed before degassing
K : Killed before degassing
Sampling position of slab
Top
»—-—x Surface
108 »---a Intermediate

Oxygen centent (ppm)

Center Width of slab

30t ingot

Bottom pouring

Chemical analysis;

0,12, 500.31, Mn 1.07 P 0,015, 50,008
AL 0,027, Ni 0.22, Mo §.62, V 0.04(%7)

Fig. 12 Oxygen distribution in slab for

heavy plate
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Oxygen content!ppm}

o
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{(enter
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Distance fram center (mm) Surface

40t ingot

Top pouringlin Ar}

Chemical analysis .

 0.54,51 0.31,Mn 0.82,1 0.015,5 0.007
Al G.0041%)

Fig. 13 Oxygen distribution in large

forged bloom
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FFRLEFLASBLL
4o Fm e, Fig 14 740 x
BANG IR E RS E

T

% W P

OB ETERLD

|dmmm\ M%mu dCoorian |
" Surface | 0.019 0.0 |0 0.038
Center y 0.050 ‘ 0.006 0 0.056
] Center l 0.044 \ (.013 0 0.057
Top p Surface 0031 | 02 | o 0.056
. |
4 i _ [ PR S R _
Center 0.019 ‘ (.013 0,006 0.038
Surface 0.044 0.006 | 0.006 | 0.056
Edge s - JOTT P, e e — s N
Center 0.031 | 0.006 0.006 0.044
Surface p.044 | 0.018 0 0.063
| . L | — _
Center 13 0.050 ‘ 0.013 0 0.063
l Center \ 0031 0.019 0 ‘ 0.050
Middle Surface \ 0.031 | o006 | 0.006 0.044
% . _. oo
‘ Center ‘ 0.038 | 0.013 \ 0 0.051
Surface | 0.038 0.013 ‘ 0 | 0.051
‘ Edge P — — -
‘ Center ‘ 0.088 1 0.013 | 0.006 ‘ 0.057
' 1 Surface 0019 0.006 © 0 ' 0.025
Center 1y ‘ 0.019 0.006 0 0.025
. S — - . _— . —— "‘E . —
i Center 0.019 0.019 0 | 0.038
- [ [F . i —
Bottom Surface ‘ 0.035 0 ‘ o 0.025
1/2 e _ _ _ .
| Center | 0.025 0.044 0.006 | 0.075
Surface |  0.013 ‘ 0.013 } 0 | 0.2
Edge - _ [ -
| Center | 0.037 Lo 019 | 0 ‘ 0.056
Chemical analysis: (%)
C0.19 Si0.30 Mni.35 PO0.013 S 0.007
Ni 0.69 Mo 0.54 Al 0.032 O 0.0013~0.0026
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