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Deoxidation of 18-8 Stainless Steel Si, Mn and Al

Shoichi X ATO and Hideo YOSHIDA

Synopsis:

Eexperiments are carried out to clarify the deoxidation behaviour of Si, Mn and Al is 18Cr-8Ni
stainless steel for which strong deoxidizers are needed. The molten 18Cr-8Ni stainless steel, in which
Si (03 or 0°7%) and Mn (0°4, 08 or 1°69) have already been added, is casted into the ingot
of 10 kg after one minute later of Al addition. The oxygen content, the index of cleanliness, the final
polishing surface of the samples taken from the ingot and the destribution of the oxide inclusions are
investigated together with the identification of the oxide inclusions.

The following results are obtained.

(1) The oxide inclusions vary with increasing amount of Al addition at low Si (0°3%) content,
inclusions change as follows: Mn-chromite (MnO-Cr,O3) —»Mn-Al-chromite (MnO-(Al, Cr),0;) »Mn-
aluminate (MnO-Al;Ojy, at high Mn(1-6%) content) »alumina (Al;O3), and at high Si (0-7%) content,
Mn-silicate (MnO-8i0,) —>Mn-Al silicate (chiefly 3MnQO-Al,03-3510;) —alumina (Al;O3).

(2) In the case of 0:019 Al addition, the surface defects decrease in spite of the high oxygen
content and the high index of cleanliness. These phenomina are attributed to the formation of liquid

. oxides, i.e. Mn-Al-chromite, Mn-aluminate or Mn-Al-silicates. But the granular alumina and the
alumina cluster, which are formed at higher Al addition, give a harmful effect to the polishing
surface.

(3) Therefore, the deoxidation with a suitable amount of Al to form the Mn-aluminate in 18Cr-

8Ni stainless steel is one of the ways for decreasing surface defects caused by the oxide inclusions.
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18-8 27 v VAHH® Si, Mn X8 Al [T X DB 1977
Table 1. Aimed composition of steels and combination of deoxidizer. 7
Aimed compotition of (%)
C:001,; Cr:18°0, Ni:9°0, P<<0-03, S<0-015
Combination of deoxidizer
Si (%) Mn Al Si (%) Mn Al
Heat No | "07%% | (aimed) | (added) Heat No | (aimed) | (aimed) | (added)
A-11 0-3 0-4 0-004 B-1 07 16 .0
A-12 0-3 0-4 0:01 B-2 07 1-6 0
A-13 0-3 0-4 0-02
A-15 03 0-4 0-05 A-51 0-7 0-4 0-004
A-16 03 0-4 0-05 A-52 0-7 0-4 0-01
A-53 0-7 0-4 0-02
A-21 0-3 0-8 0-004 A-55 07 0-4 0-05
A-22 0-3 0-8 0-01 A-56 07 0-4 0-05
A-23 0-3 0-8 0-02 ‘ -
A-25 0-3 0-8 0-05 A-61 ‘, 0-7 0-8 © 0-004
A-26 0-3 0-8 0-05 A-62 | 07 0-8 Q01
A-63 07 08 L 0-02
A-31 0-3 1-6 0004 A-65 0-7 0-8 ¢ 0-05
A-32 0-3 16 0-01 A-66 0-7 0-8 0-05
A-33 03 16 0-02
A-35 03 16 0'05 A-71 0-7 1'6 0-004
A-36 0-3 16 0-05 A-72 0-7 1'6 0-01
A-73 0-7 16 0-02
A-75 0-7 1-6 005
A-76 0-7 16 - 005
Table 2. Examples of chemical composition.

Heat No | C (%) Si Mn P S Ni Cr Al O (ppm)
B-1 0-050 0-60 1-55 0-005 0-008 8-79 18-05 - 222
A-11 0-005 0-24 0-39 0-008 0-009 9-40 17-82 0-003 193
A-21 0-012 0-29 0-84 0°007 0-012 8-94 1831 0-006 286
A-31 0-004 037 165 0°007 0-011 9-00 17-87 0-005 246
A-51 0-004 0-85 0-39 0-006 0-010 8-82 17-81 0-006 194

" A-61 0-004 0-83 0-78 0-006 0:008 8-73 17-78 0-005 —

TA-T] 0-004 0-83 1:77 0008 0:011 8-79 17-17 0-003 178
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Fig. 2. Oxygen contents in sucked up at one
minute after Al addition.
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Fig. 3. Oxygen contents in ingot.
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Fig. 4. Index of cleanliness in 18-8 steels at one
minute after Al addition.
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Fig. 5. Surface detects of polisied ingots.
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Table 3. Results of identification of inclusions in ingot.
Heat No Si, Mn level Al9, added 1 By microscope, EPMA By X-ray diffraction
at ! :
_B-1 High Si, high Mn 0 { Mn-silicate
CA-Il Low Si, low Mn 0-004 Mn-Al-chromite fee(@,=8-414A)
A-12 0-01 Mn-Al-silicate Spessartite
A-13 ! 0-02 Alumina a-Al,O,
A-15 0-05 Alumina a-Al,O,4
A-21 Low Si, 0:004 Mn-chromite, alumina foc (@,=8-404A)
A=22 middle Mn 0-01 Alumina
A-23 0-02 Alumina
- A-25 0:05 Alumina
A-31 Low Si, high Mn 0-004 Mn-aluminate “fee (@, =8-40A)
A-32 0-01 Mn-aluminate _a.
A-33 ., 002 Mn-aluminate, alumina | 1c¢(do=840A)
A-35 _ 0:05 Alumina fec (@,=8-37A)
A-51 Hign Si, lov Mn | ,0-004 Mn-Al-silicate, alumina Spessartite*
A-52 ‘ 0-01 Mn-Al-silicate Spessartite*
A-53 et 0-02 Alumina a-Al,Og*
A-55 0-05 Alumina
A-56 " 0-05 Alumina
A-61 High Si, . ‘ 0004 Mn-Al-silicate, alumina | Spessartite* -
A-62 middle Mn -~ 0-01 Mn-Al-silicate
A-63 0-02 Alumina a-AlLO;
A-71 Higa Si, 0-004 Mn-Al-silicate, alumina fcc(@,=8+33A), spessartite
A-72 Ligh- Mn - 0-01 Alumina
A-73 0-02 Alumina
A-75 h 0:05 Alumina
CA-76 , . 0:05 Alumina a~-AlLQy*
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Var_ioué types of inclusions in 18-8 steel deoxidized with Si, Mn and Al
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Fig. 6. Distribution of inclusions in 10 kg steel ingots.
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