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Some Considerations on the Behaviours of Chromium
in the Steelmaking Process

By Toshiyuki Watanabe, Shizuo Dateyama, Teiichi Suzumoto

and Akio Okamoto

Yasugi Works, Hitachi, Ltd.

Abstract

The behaviours of chromium in steel molten under the existence of basic slag in

the electric arc furnace were studied, and the results obtained are as summarized

below.

1. The chromium reaction under the basic slag appeared to be:
2[Cr]+4+3(FeQ)=(Cr,03)+3[Fe]
The effect of temperature on the relation was derived and could be defined by

the equation:

(Cr,03)[CTP _
[Cr T

log

= 5290 _ 34 57

2. The relation between the oxidation ratio of chromium contained in the charging

materials and the carbon content at melt-down was made evidient from the above

chromium reaction.

3. The new refining method without oxidation of chromium in the oxdizing

period was tested and good results were obtained.

In addition, it was found that the chromium reaction between acidic slag and

molten steel was related to the basicity of slag.
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Table 1. Results of Melting Test
- P WA | B W |niEET R 14 il b o H CrJ:%E?'i M b B Cr %/ﬁﬁ
i 3] JEas - _.\ H}fl s
Cr(%) C(%) |Cr(%) C(%) | C(%) |Cr(%)| C(%) |Cr(%)| (%) (%) | Bfe= | (kg)
sige g | 220 1 1.03 ] 0.15| 0.38| — | 0.21| 0.25 | 0.07 | 0.21 | 37 0.14 | 0.84 80
52015 | 1.03 | 0.13 041 | 0.08 — 026|007 023 40 | — | 089 60
= | | T T W | |
SH 100 | 52016 | 1.03 | 0.18 042 | 0.12 0.23 026 0.08 025 41 ‘ 0.15 = 0.96 | 110
o g | o207 1.03| 021 068 0.14 | 0.27 | 068 011 044 66 | 016  0.65 70
SNC 901 52108 | 1.03 | 0.25 | 0.56 | 0.22 | 0.24 | 049 | 0.11 | 029 54 = 013 | 059 | 80
- SR SR M S I | | |

SH 100 | 52019 | 0.91 | 0.17  0.37 | 0.08 0. 0.20 | 0.10 | 018 41 010 080 | 385

- . _ [ | . | | | |
52020 | 1.06 | 0.14 | 0.41 | 0.05 0.25 024 0.06 0.26 39 ‘ 0.10  1.08 | 100
e g | 52071 106 015 0.61] 0.07 0.09 033 007 020 58 | 0.02 0.8 100
NE 80 s000 | 1.06 | — — 007 011030 0.06 027 — | 005 0.0 50
52023 | 106 | — — | 019 027|026 0.07 024 — | 020 092 | 120

- . | ——- — = _ et | | |
e - 52024 | 1.00 | 0.18 | 0.56  0.09  0.23 | 0.22 | 0.08 027 56 | 0.15 | 1.3 80

/ | | | |
52025 | 1.00 | 0.16 | 0.47 | 0.14 020 032 | 0.06 024 47 | 014 075 | 80
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Table 3. Results of Chemical Analysis of Molten Steel and Slag
e 4 5% Vaa (%) o 15 D% S (%)
1 ) PR SN | . .
G ‘ Si | Mn | P S | Ni | Cr |SiO; | CaO | MgO ALO; | MnO | Cr,0; | SFeO
1038 0.12  0.36 | 0.25 |0.013] 0.010| 0.22 | 13.73]34.00|19.33| 12.33 | 13.70 3.94 | 13.36 | 3.24
1939 0.11 | 0.47 | 0.32 | 0.008 0.009| 0.13 113.90 85.45 31.06| 11.15 15.18 |  2.08 | 3.65 | 1.41
1940 | 0.14  0.55 | 0.29 |0.010 | 0.008 | 0.16 |13.67 [34.00|27.02 | 11.41| 17.08 | 2.65 6.51 | 1.31
1942 0.14  0.40 | 0.35 | 0.010 | 0.010 | 0.30 | 13.20 | 34.30 | 24.55 | 13.24 | 17.22 3.01 541 | 1.96
1943 0.15  0.34 | 0.31 [0.007 | 0.009 | 0.17 | 13.50 [34.48 2528 | 9.92| 17.38 | 3.24 7.64 | 2.07
1944 | 0.17 | 0.44 | 0.33 [ 0.007  0.010 | 0.13 13.8029.58 | 17.85 11.75| 18.10 | 4.54 | 8.06 | 2.01
1945 ‘ 0.17 | 0.32 | 0.25 | 0.018 | 0.009 | 0.21 :13 70 | 34.40 | 11.03 | 16.80 | 20.02 | 4.14 | 12.26 | 1.36
1946 | 0.13 | 0.39 | 0.30 | 0.014 | 0.009 | 0.16 |14 47 1 30.56 | 14.47 | 11.20 | 20.08 | 11.21 9.22 | 3.20
1947 | 0.16  0.41 | 0.30 | 0.015|0.010 | 0.15 |13.93(38.10|11.23|12.11 19.92 4.63 | 11.38 | 2.60
1048 | 0.17 | 0.54 | 0.26 0.018 | 0.009 | 0.17 :19 83(38.00 | 15.40 | 11.22 | 18.02 5.71 i' 10.06 | 1.57
1949 ‘ 0.18  0.53 | 0.51 | 0.011/0.008| 0.17 13.57 |34.94|25.34| 8.16| 16.60 = 6.36  6.49 | 1.09
1950 | 0.18  0.46 | 0.28 | 0.008 0.009 | 0.13 | 13.67 |34.74 | 10.16 | 1645 19.26 @ 5.18 1321 0.99
1951 | 0.16 0.35 | 0.23 |0.010 0.010 | 0.14 |12.97 | 41.06|10.28 | 11.84| 18.00 | 6.06 12.25  1.56
1952 | 0.30 | 0.40 | 0.29 |0.008 0.008 0.15 |13.43 34.20120.34| 7.60 22.78 613  6.95 187

SRS - CVEPER




606 7 Fn 28 4£ 3 H H 3 o = 235 % #3e
& 4 F B % O B O 4 B O C ¥ o M
Table 4. Free State Composition of Molten Slag and Equilibrium Value of Cr Reaction
fa | | v . r |
(Si0,) | (CaO) | (MnO) | (FeO) | ~Ca0/2Si0 | K K oK Cr,0,/Cr
| N B | 1 o
1938 176 | 13.3 | 089 | 2.04 0.57 027 | 0.42 : 0.0021 | 0.0083 0.97
1939 | 14.4 22.2 0.65 | 0.11 0.88 | 0.17 0.22 | 0.0068 = 0.0038 0.26
1940 | 149 | 168 075  1.04 0.79 0.32 | 041 | 0.0155  0.0310 0.48
1942 15.8 ‘ 17.8 0.80 1.42 0.72 0.19 0.26 | 0.0043 = 0.0108 0.41
1943 | 15.6 - 18.0 | 0.84 1.49 0.73 | 0.25 0.34  0.0047 0.0127 0.57
1944 155 | 127 | 1.03 = 1.48 0.60 | 0.26  0.35 | 0.0052  0.0131 0.58
1945 227 | 68 | 085 1.01 0.32 -~ 0.59 0.80 = 0.0260 0.0635 0.90
1946 | 163 | 10.2  1.65 | 1.58 047 | 019  0.39 | 0.0016 0.0129 0.96
1947 | 252 | 6.8 0.86 = 1.65 0.30 0.28 0.45 | 0.0033 | 0.0131 0.82
1948 | 222 | 9.8 | 101 | 112 0.41 0.45 | 0.63 | 0.0158 | 0.0435 0.78
1949 | 155 | 17.9 | 124  0.88 0.73 0.49 | 0.48 | 0.0272 | 0.0517 0.48
1950 23.4 6.3 | 0.95 0.78 0.29 0.88 | 1.11 ' 0.0729 | 0.1491 | 0.97
1951 280 | 6.0 | 0.95 1.07 0.25 0.55 | 0.80 | 0.0139 ! 0.0603 0.95
1952 171 | 14.1 | 1.11 | 1.35 0.59 0.25 | 0.34 l 0.0059 = 0.0157 0.52
SRl -0
% 5 £ Cr i o T IHM Kk ¢ %R E ;
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Table 6. Correlation of Cr Oxidation Degree
H E L R ey i £
(Ca0)/(SiOy) 086 <0.1% (Crs05)/[Cr]=1—0.5(Ca0)/(Si0y)
ISi0.9 | = _ |
(Si0.) % | 0.79 <0.1%4 ‘ (Cr03) /[Cr]=0.052(Si0,) —0.31
(SiO)Ca0 | —0.82 <0.1%  (Cry05)/[Cr]=1.62—0.067(Si0y)Ca0
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Fig. 12. The Influence of Basicity on the Cr
Equilibrium
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