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Deoxidation and Desulfurization of Liquid Steel with Calcium

Complex Alloys

Synopsis:

Tohei OTOTANI and Yasuzi KATAURA

In order to determine the effect of immediately injected calcium alloy on the oxygen and sulfur
contents of liquid steel, the deoxidation of steel with different calcium complex deoxidizers was stu-
died at 1600°C by means of the high frequency induction melting in a magnesia lined crucible,
covering unslaked lime to a depth of 10 mm. The results obtained are as follows: ’

(1) Although 29 of SiMn addition which was done at once or dividingly decreased the oxygen

content to 0°0049;, the desulfurization was not significantly influenced.
complex deoxidizer containing aluminium, after lowering the oxygen content,

The addition of calcium
decreased the sulfur

content considerably below that obtained with CaSi, CaSiMn and CaSiBa additions,

(2) With a constant oxygen content the amount of sulfur was a minimum in the case of steel
deoxidized dividingly with the calcium complex deoxidizer containing aluminium; here the S/O ratio
was about from 0°67 to 0-90, while when deoxidizing with CaSi or CaSiMn it was about 2- 3.

(3) Electron-probe microanalysis of the non-metallic inclusions in ingots, which were produced

with the calcium complex deoxidizer containing aluminium, showed various concentrations of CaO
(26 to 46%), Al,O,(40 to 542;,), and CaS(to 349;), possibly due to the presence of complex oxy-

sulfide inclusions.

(4) From some difference in the yield of silicon and aluminium in ingots and in the ratio of
desulfurization to deoxidation, a favorable calcium complex alloy will have to possess the constituent

ratio as Al: Ca:Si:Mn:Fe=1:1:1:1:1.

(Received Jan. 29, 1971)
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Table 1. Chemical composition of deoxidizers (%).
Deoxidizer Al Ca Si Mn Fe Ba
SiMn — — 290 59-1 — —
CaSi 0-84 2895 556 — — —
CaSiMn — 12-42 55:70 15-15 — —
CaSiBa 0-92 14-93 6000 0-49 | 5-92 | 15-70
Ca alloy (1) ' 92063 10:77 2121 17-58 29-30
Ca alloy(2) 20°06 2320 26-90 779 1810 : —
Ca alloy(3) 20-35 19-86 92279 16-52 Bal. | —
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Table 2. Chemical composition of ingots and deoxidizer used.
o % Si Mn P S Total Al | FeS add(%)| Deoxidizer (%)
M-1 0-012 0-002 0-38 0-005 0-031 — 0-12 SiMn 1-0
M-2% 0-023 0-19 1-01 0-006 0-006 0-011 0-12 SiMn 2-0,Al 02
L-1 0-006 0-009 0-02 0-002 0-006 0-009 — Ca alloy(3) 05
L-2 0-012 0-010 0-10 0-003 0-024 0-011 0-12 Ca alloy(3) 10
L-3 0-023 0-067 0-22 0-004 0-006 0-031 0-12 Ca alloy(3) 20

*  Aluminium was added after 6 min from SiMn addition.

Table 3. Chemical composition of ingots and deoxidizer used.
Har—2 ¢ | si | Ma P S | Towmt al| ca | F¢ | Deoxidizer(%)
1 0-012 | 0-006 004 | 0°003 | 0-046 — — 012 —
2 0104 | 0-23 094 0006 | 0°043 — — 0°12 | SiMn 2-0
3 0-057 1-42 0-26| 0004 | 0014 0-003 — 0-12 | Mn 0-5,51 0-2,CaSi 2°4
4 0-073 1-20 0:22 ! 0'004| 0014 0-005 | 0°004 012 | CaSi 2-4
5 0-044 0-62 0-27 | 0006 | 0016 0-018 — 0-12 | CaSiMn 2.0
6 0-022 0-59 0-44 | 0-003 | 0-019 0:020 | 0009 0-12 | CaSiBa 2°0
7 0-033 0-52 0-40 | 0°002 | 0004 0-13 | 0-005 — | Ca alloy(1) 2-4
8 0-038 055 0-41 | 0002 | 0-007 0-13 | 0-006 012 | Ca alloy(l) 2°4
9 | 004 | 062| 054( 00003] 00005 024| 0006 — | iP5 02 Caalloy
10 i 0-030 0-63 0-58 | 0-003 | 0°-006 022 | 0008 012 12/11;1 32, Si 0°2,Ca alloy
11 0-047 0-35 0'15| 0004 | 0-004 0-06 | 0°014 012 | Ca alloy(2) 2'0
12 0-024 0-34 0-22 | 0°003 | 0-006 0-04 | 0-009 0'12 | Ca alloy(3) 2°0
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Fig.1. Changes in oxygen and sulfur contents with time in melting at 1 600°C
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Changes of oxygen and sulfur contents in liquid steel after SiMn Al or Ca alloy (3) addition.
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Fig. 3. Effect of SiMn upon oxygen and sulfur
residuals in steel.
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Fig. 4. Effect of CaSi upon oxygen and sulfur
residuals in steel.
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Fig. 5. Effect of CaSi or CaSiBa-upon oxygen and
sulfur residuals in steel.
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Fig. 6. Effect of CaSiMn upon oxygen and sulfur

residuals in steel.
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Fig. -7. Effect of Ca alloy(l) upon oxygen and sulfur residuals in steel without FeS addition.

— 18 —



AT AEEELIT X BEHEOREE, BiticowT

022
I |
0.20\ —-— Mn,Si predeoxidation (Heat 10}
No .predeoxidation (Heat 8)
. o .

o8 o } 30sec after deoxidation
.
. | ©0sec after deoxidation Q

Bl

:\3 ol4 | \
3 o2
3
& oo Y
QU
g \
E oos
\\
006 |- %
k@4
004 &\?\\‘\ e

o]
0 0102 05

T
0oz | \%E§§?§§§: ‘ 0 g
12 24

Ca alioy (1) addition (%)

Fig. 8. Effect of Ca alloy(l) upon oxygen and sulfur residuals in steel.
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Fig. 9. Effect of Ca alloy(2) or (3) upon oxygen
and sulfur residuals in steel.
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Fig. 10. Effect of various complex.-deoxidizers upon sulfur residuals in steel.
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desulfurization is different. '
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Fig. 12. Line scans of electron-probe microanalysis
of AlKa, CaKa and SKa from the non-
metallic inclusion in Heat 8.
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