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Synopsis :

The R-H circulation flow degassing equipment, installed at the open hearth shop of
Chiba Works in 1966, has treated about 700,000 tons of steel for the last two and a half
years of operation. The supersonic test shows that the defects found in the degassed steel
treated at the fully killed condition were as few as only one-tenth of those found in the
traditionally quenched and tempered high-strength open-hearth steel. Moreover, the
degassing process renders it possible to economically produce heavy plates of over 40mm
thickness, and even those of 150~200mm thickness. The success was largely based on
the following ideas: (1) The degassing process should be operated in such a way that the
entire molten steel gets perfectly mixed. (2) This process accelerates the floating up and
separation of oxide impurities. While it remains as challenging a theme as ever to study
refractories themselves more deeply since the refractories of the degassing vessel have
an essential influence over the cost of degassing operations, it may still be called a
considerable success to have been able to prolong the life of the legs of vessel up to 50~

60 treating times by relining the legs with magnesia-alumina-spinel castable.

(c)JFE Steel Corporation, 2003
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Development for Quality of Quenched and Tempered High Strength Steel by R-H

Circulation Flow Degassing Process and Improvement of Refractories for Snorkels
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Toyohiko Ota

Synopsis :

i B &/ AW

Yoshihare lida

The B-H circulation flow degassing equipment, installed at the open hearth shop of Chiba Works
in 1966, has treated about 700,000 tons of steel for the last two and a half years of operation.

The supersonic test shows that the defects found in the degassed steel treated at the fully killed
condition were as few as only one-tenth of those found in the traditionally quenched and tsmpered

high-strength open-hearth steel.

Moreover, the degassing process renders it possible to economically produce heavy plates of over

40mm thickness, and even those of 150~200mm thickness.

The success was largely based on the following ideas:
{1) The degassing process should be opsrated in such a way that the entire molten steel gets

pariectly mixed.

(2) This process accelerates the floating up and separation of oxide impurities.
While it remains as challenging a theme as ever to study refractories themselves more deeply since

the refractories of the degassing vessel have an essential influence over the cost of degassing opera-
tions, it may still be called a considerable success to have been able to prolong the life of the legs

of vessel up to 5O~B0 treating times by relining the legs with magnesia-alumina-spinel castable.
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I 1-stage starting e]ector.l sef
Pump system ¢ of watering pump and 4 stage
i steam ejectOr

Capacn.y 400kg/h (Weight of air at wcrk
ing pressure)

Working pressure 0. 5mmHg

Ultimate pressure L 0. 2mmHg

Steam consumption i i4. 6t/h

|

Cooling sea water 1,650m3/h {(max 30°C)

consumptmn

Table 2 Pump down time and pressure

zy2 AT O

[
Time(min)‘ Prei;s!l:;::H 2 Pressure stage

0 | 760 | W.R.P. & stage

2 | 200 | W.R.P. starter & 4on
2.0~2.5 80 W.R.P. 4 & 3 on starter off
2.5~3.0 30 W.R.P. 43 & 2on
3.0~3.5 2 W.R.P. 4.3.2& lon
25 ~ 30 (End{0.18~0.5} | W.R.P. 43.2.1
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Fig. 3 Vacuum vessel
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Table 3 Specification of ladle lifting unit

274t (the ladle and the steel 220 t;
ladle supporter, guide frame
and cylinders, 54 L)

2. 6m/min

2.6m/min (at 274 tons)
1.0m/min (at 274 tons)

0. 8m/min (at 54 tons)

1,830mm

non-flammable o1l 3000 1{Cellutube 220)
4x 170 {/min, 130kg/cm?2G
2x110kW, 6 poles, with pumps on
both sides

1x11.7 {/min, T0kg/cm2G
1x2.2kW, & poles

2x400mmg (outer diameter)
220mmg

3x64=192tons (for each set)
(number of cham set i3 4)
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Fig. 4 Alloy addition hoppers
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Table 4 Relation between snorkel diameter

and circulation rate

Snorkel diameter Circulation rate (t/mm)

(mm) \usmg equation 1]| using equation (2)
230 i %% ! 27
280 36 36
300 i 40 ' 40

330 | a7 46

Go: Ar & (Ifmin)
D EmERE (em)
W meE (t/min)
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Table 6 Relation between supersonic test and
ladle Al (sol) %

7i.adle Al In 7(;; WFr;cIL;encyof defects found
(sab) g ight by supersgnic_test
»x10-3(9) (t) iplate thichness plate thickness

~ I (520mm) | (20~50mm)
<20 < 13 . 100 1,24
>18 : 1.50 3.56

— e SN E— - I - . —
=20 <13 1.56 | 3.88

18 3.06 ‘ 3.34

October 1969

Table 5 Result of supersonic tests for heats
treated with 230, 280 and 300mm

diameter snorkel

o Iniot I l'requency of defects found

Snorkel %veigh by supersonic test
(mm) ) iplate thicknessiplate thickness
o ‘ _(Z20mm) § (20~50mm)

230 <13 ‘ 1. 96 3. 60

>18 ‘ 3.70 3.02

280 <13 }..00 .94

>18 160 1. 66

300 <13 | 1,40 2.00

>18 ‘ 1.00 1. 60
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Table 7 Effect on the result of supersonic test
by Al addition in R-H chamber

“™1” Frequency of defects found
Al Ingot weight ____ by supersonic test
(t) plate thickness plate thickness
oo (E20mm) (20~50mm)
No <13 | 100 1.86
add. >18 | 1.00 3.06
Add <13 | 142 4.5

>18 5 3.38 3.68
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Table 8 Chemical composition of

magnesia—alumina—spinel castable (%)
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