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The Effective Various Oxygen Removing Agents on the Gas
Content in Steel

By Mitsuo Kikuta and Shin Kimura
Yasugi Works, Hitachi, Ltd.

Abstract

The gas content in steel is mainly governed by the steel refining method.
And it is well known that this gas content, especially oxygen, has a serious
effect on the various properties of iron and steel. For this reason, numerous
studies have been made concerning oxygen removing agents since quite long
ago.

This report deals with a part of the researches conducted by the writers to
examine the effect of various oxygen removing agents on properties of carbon
steel. Three types of oxygen removing agents, i.e., Al, Si, and Mn were used
for blowing various types of carbon steel differing in carbon content. Then
the gas content was analysed to study the relation between the oxygen removing
agent and the remaining gas content. The results were examined statistically.
As the result, in respect to Si and Mn, the mutual effect between these oxygen
removing agents could not be observed; but the remaining gas content was
lowered in the case of the Al agent. It was also observed that the oxyen can
be forced out most easily from the specimen that has been applied oxygen
removing by Mn from the gas force-out curve.

This proves that Al is the most effective of the above three ; that this
oxygen exists as oxides of each oxygen removing agent element; and that it is
reduced to its element and forced out in ratio to the relative difficulty of the
decomposition of the oxide.
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Table 1. Chemical Composition of Specimens
- i -
=% % No. TR % ¢ Si | Mn P | s | N Cr Cu Al
CA-1 0.67 0.11 | 0.2 0.018 | 0.01L | 0.01 008 0.02 0.01
2 P 1.01 0.05 0.21 0.015 | 0.010 | 0.02 0.11 0.03 Nil
3 | . 1.15 0.10 0.17 0.016 | 0.012 |  0.01 0.11 |  0.02 0.03
4 1.57 0.10 0.31 0.021 0.015 0.02 0.12 0.03 Tr
CS- 0.47 0.25 0.06 0.019 0.013 0.04 0.15 0.05 Nil
2 o 0.78 0.43 0.06 0.015 0.010 Tr | 013 0.04 Nil
3 .06 0.62 0.07 0.015 0.011 | 0.03 | 0.14 0.04 T
4 &3 T 1 1.28 0.41 0.06 0.015 | 0.013  0.02 0.15 0.03 Nil
5 1.36 0.46 0.07 0.015  0.012 | 0.01 | 0.14 0.03 Nil
6 1.47 0. 52 0.09 0.017 | 0.010 0.02 | 0.14 0.03 Nil
7 1.59 0. 61 0.11 0.015 | 0.010 Tr 0.14 |  0.03 Tr
CM-1 0.60 | 0.16 0.21 0.019 0.010 Tr 0.08 | 0.03 Nil
2 | 0.93 07 0.32 0.016 0.010 R R X 0.02 Nil
3 112 \ 0.11 0.30 0.016 0.009 0.02 0.10  0.02 Nil
4 VBB e | oo | o5 ©0.020 | 0.009 |  0.01 0.11 | 0.04 Nil
5 l 1.98 | 0.12 0.62 0.033 0.011 | 0.02 0.12 0.02 Nil
6 | 2.19 o 0.14 0.51 0.042 | 0.011 0.03 0.08 | 0.03 Nil
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Fig.1. Relation between Extracted Gas

and Extracting Temperature
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a2 FE OHF A 45 W O# XK Table 2. Results of Gas Analysis
| CA (Al i ™) CS (SilE m) W CM (Mn i )
ND S T e —— — e : = —
) o, |Total Gas| & o . ., | Total Gas " —_— . ‘ .. | Total Gas ,, = <
N _(EA |_C_.£2.__r‘r1003'5 11’6_‘_ e I\if | CA____C.C./]Ul}g H7 0% | N'é_'i C% ‘c-q.;"lOOg 7 ‘ 0% \ N7
1 | 0.67 | 12.46 | 0.00012 0.0027 | 0.0092 | 0.47 | 16.77 | 0.00015| 0.0056 1 0.0091  0.60  16.48 0.00016; 0.0060 = 0.0079
2 1.01  12.42 | 0.00014 0.0028 0.0087 | 0.78 | 14.03 | 0.00011| 0.0043 i 0.0085 | 0.93 = 14.98  0.00012 0.0049  0.0085
: | l |
3 | 1.15  14.55 | 0.00017 0.0038 1 0.0092 | 1.06 | 14.59 | 0.00015 0.0041 | 0.0090 = 1.12 = 16.03  0.00015 0.0057 0.0080
4 1.57  13.85 | 0.00015 0.0038 | 0.0086 1.28 | 14.22 ‘ 0.00012 0.0043 0.0086 1.5 14.83 0. 00015 0.0049  0.0079
5 | — — = - — || 1.36 i 14.11 | 0.00013 0.0046 0.0078 1.98 | 15.26 00012 0.0051 = 0.0085
| | | | |
6 P — - — — il 1.47 | 14.90 | 0.00012 0.0049 | 0.0084 '; 2.19 | 16.09 | 0.00015 0.0054 0.0086
e — — ‘ — — 1.59 | 17.10 | 0.00014/ 0.0058 0.0093 ‘} — ‘ — — S (—
P ‘ — | 13.39 0.00015‘ 0.0033 | 0.0089 | —  15.11 | 0. 00013: 0.0048 | 0..087 | — | T2 | 0.00014] 0.0053 | 0.0082
| | | S e
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Table 3. Relation between Extracted Gas Table 4. Results of Inclusion Analysis
and Extracting Temperature
. o % & H & (%)
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Fig.4. Relation between Extracted Oxygen
and Extracting Temperature on the
Specimens which differ in Deoxidiz-
ing Methods
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Table 5. Assistant Table of Calculation
(Oxygen)
| CA cs | cm

1 7 | 36 40 |

2 23 29

3 18 21 37

4 18 23 i 29 ;

5 | —_ ' 26 | 31

6 - | 29 | 34

7 | = |

i 51 | 196 200 T =447
Moofr 4 7 | 6 N=17
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HHrEBRPISED, WHEIDHEE T LLTICHEST
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=1,052
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Table 6. Analysis Table of Variance
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V=2U0+2V?*-1/MQQU)*—1/N(2V)*

=761+5,756—2,601/4—38,416/7=379
b=MN(M+N)/ M+ N—2=308/9=34
Gt Fy=D?*/Vé= (—427)2/379 x 34=14.1
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V=2 42V ~L MO UP—-LN(ET)?
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Equilibrium on the Each Kinds of
Deoxidizing Agent
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Table 7. Assistant Table  of Calculation
(Nitrogen)
Ca. [ €8 | M
1 12 ! 11 — 1
2 7 5
3 12 10 0
4 6 6 -1 |
5 — — 2 ' |
6 - 4 6 !
7 — 13 =
Al 37 ‘ 47 | 14 T =98
B I 4 7 ' 6 N=17

4 8 #E o B b3 Mr =
Table 8. Analysis Table of Variance
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