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(Effect of Oxidation of Molten Steel by Air on the
Non-metallic Inclusion in Steel. No. 1)
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Shizuye Mackawa and Yoshitaka Nakagawo

Synopsis: -

Molten steel is always oxidized and nitrided by air during pit process. Oxidation of molten
steel has a considerable effect upon corrosion of pit-refractories as mentioned in a previous
paper in J. Jap. Inst. Metals, 2 (1954) 57, and oxides themselves also have a danger of
becoming inclusions in steel.

Thereby the non-metallic inclusion in steel is greatly influenced with oxidation of molten
steel by air during pit process. ) ‘

The authors studied on the oxidation and non-metallic inclusion with experiments in the
jaboratory. ‘

The result obtained were as follows: , .

(1) Silicon, manganese, iron, aluminium and carbon were oxidized by oxygen in air and
total oxygen in thé molten steel increased with pouring to the mould from the ladle.
Consequently they remained in the ingot in the form of Si0,, MnO, AlLO; and FeO. These
oxides had a cause of becoming microscopic non-metallic inclusions, and inclusions were
extracted by a modifled Dickenson’s method and the total oxygen in the ingot obtained
by the vacuum fusion method increased.

(2) Silicon, manganese and iron in the high-carbon molten steel were not OdelZCd strongly
in comparison with the other kind of molten steel.

(3) The oxidation of molten steel by air were influenced with the condition of its stream.
‘The molten steel of turbulent stream were more oxidized heavily than the case of a smooth

stream. :
It was imaginable that the oxidation were also influenced with the chemical composition

of molten steel (for instance carbon and aluminium).
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Fig. 1. Experimental apparatus.
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Tablé 1. Chemical COmpdsition and melting methods of sample.
Experi- Chemical composition (%) i
ment — : ! Melting method Note
No. | ¢ | Si | Mn | Cr | Mo | Ni!
: Material; low carbon steel. 3
1 022 | 0°30 §{ 0°30 ; : - After me!t down .C, Fe-Mn The additions are added
! I' n and Fe-Si added in turn. same order as acid open
e M : hearth furnace smelt-
. eny | Ditto, but 0°06% Al added at | ing.
2, 0.22 | 036 | 0°37 l' ' l beforzi tapping.
| : ‘ : ' Material; low carbon steel. |
3 032 | 0°30, 0°35 : After melt dotyn C, Fe-Siand The additions are added
i ; Fe-Mn added in turn. { same order as basic
- e e e — i open hearth  furnace
2 1030|002 0o | | | Ditto, but 0029 Al added at i smelting.
- i before tapping.
' : The same composition
The same as the No. 1, but . !
5 0181001 029 ;, Fe-Si no added. | with bath in the before
; tapping on basic open-
| \ ‘ : . [ hearth furnace smelting.
i i ‘ M=
! | | Material; medium carbon steel.!
A 1°05 ! 611 1°21 1°20 - ‘ After melt down C, Fe-Si, Fe-|
ﬂ ] : Mn and Fe-Cr added in turn.
B 102‘086 055~120 ! Ditto.
‘ T T " The same as the No. !, but Fe-
. r; . . v2a  Oeoa . e Mo and Ni added at before
c 0°23 i 0°28 050, 0°58 ; 024 ‘ 180 tapping and other additons
| : same as A.
D |0°37:043 078 112 | | Ditto.
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Table 2. Ash in the graphite used for
nozzle and tundish.

Content of ash Composition (%)

(%)

Si0, ALO; - other

041 017 0°06 0-18
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Table 3. Chermcal composition of molten steel before and after tapping.
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Experimént . i | Mn |Experiment ses C Si l Mn Cr
No. | Position | gy | (gy (%) | No. | FOSHOR| (g | 98 | ) . (98
T. 0°22 | 0°30 | 0°30 T. 105 | 061 i 1°21 1-20
1 M. 1 021 | 030 | 028 A. | M.t 1°04 | 0760 | 112 1°19
M.2 021 | 0730 | 0°28 M2 1.03 | 0'58 | 1712 1*20
T. 0.22 | 0736 | 0°37 : |- | 1oz | oer oss | 120
2 M. 1 0°22 | 03 | 0.37 | B | M.t 1+03 | 060 | 0.53 ; 1718
M.2 0°20 | 0°36 | 0.37 M-2 1.02 | 0.60 | 0.53 1+18
T. 032 | 030 | ©0°38 T. 023 | 0°28 | 050 = 058
3 M.!1 0°32 029 0+38 C M.! 023 0°28 0-48 | 0756
M.2 0°31 | 0°30 | 0°-38 ' M.2 023 | 0°26 | 0°50 | 0756
: A
T. 0°30 | 032 | 0°40 || T. 037 | 043 { 078 1v12
4 M. 1 028 | 0°29 | 0°40 | D M. 1 03 | 0%41-1 075 1+00
M.2 0°28 ; M.z 0-36 0-42 0*75 1-08
N ]

T. 0°18 0-01 0°29 i’ ' T : Before casting
5 M.1 0+18 0-02 0-28 | Note Position M.1: After casting (H; 50cm.)
M.z2 i M.2: Ditto (H; 100cm.)
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STUDIES ON THE FLUIDITY OF MOLTEN IRON (I11I)
Yosaku Koike

Synopsis: . .
. The flowing propertxes of various molten irons were measured by the weight which flowed
out through the capillary (2.3mm diameter, 15mm length). The flowabilities of these capil-
laries were determined by the mercury at room temperature. The flowing properties of
the molten irons consisting of the almost same composition (C, Si, Mn, P, S) were different
by its molten state, especially by the oxygen content or excess deoxidizer.

Now the authors measured the flowing properties of mercury, molten tin and bismuth by
the same capillary which was used for molten iron, and obtained the relation between kine-
matic viscosity (v=»/o) and thé time (r) required to let flow constant volume of the metal.

By the theory of hydrodynamics, r is the function of », so that from the above relation
for mercury, tin and bismuth the value of v corresponding to which was experimentally
measured about the molten -iron could be obtained. The viscosity of molten iron was
calculated from the value of » . '

The viscosity of molten pig generally used was 0.0156~0.0120 at 1250~1400°C, while that
of steel (0. 3% carbon) was 0.0195 at 1535°C. The viscosity of steel at 1620°C was estimated
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