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Study on the Deoxidation of Stainless Steel with Aluminium

Ichiro TAK“A;HASHI’ Masayoshi OcGAYA, and Takeshi YOSHIDA

Synopsis:

A study was carried out on the deoxidation with aluminum instead of with silicon and manganese,
aiming to improve the quality of 18-8 stainless steel, and its practical utilization was discussed.

Experimental results are as follows:

(1) 18-8 stainless steel deoxidized with Si and with Mn in a 10- kg induction furnace was then
treated with Al (0'5 to 1'0 kg/t), resulting in a fairly well reduction of oxygen content. By holding
the melt decrease of Al and increase of oxygen are recognized

(2) Experiments in an 8-t Héroult furnace have shown that, even when aluminum is added at an
early finishing stage, the recovery of oxygen before tapping takes place remarkably. Aluminum addi-
tion in ladle should also be avoided because residual alumina might give rise to surface seams.
Accordingly it is most suitable, to add aluminum at an intermediate stage.

(3) By the well-timed aluminum addition the surface defects of cold rolled sheet are far less than
those by conventional deoxidation. A little addition of titanium along with aluminum further dimi-

nishes the surface defects.

(4) For fine grain austenitic steel treated with titanium the pre-oxidation with Al is more effect-
ive, since the reduced oxygen content leads to a high yield of titanium available for the grain refi-

nement.

(Received Nov. 24, 1968)
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Fig. 1. Schematic illustration of experimental

furnace.
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Fig. 3. Typical changes in contents of Si, Mn, Al,
O and alumina in molten 18%Cr-89,Ni
steel at 1 600°C (Heat No A-8).
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Table 3. Interaction parameter (¢}) authorized in the 19th committee (Steelmaking of the
Japan Society for the Promotion of Science) and others.

; : Si Mn Cr Ni ‘ Al o
Al 00601 — — - ‘ 0- 0431 —1-861D
O L 013710 01 —0-040!3 0-00612> | —1-101D —0-1-1D
Table 4. Analytical results on solidified sample and calcurated result on molten steel.
Heat 0 (%) Al(%) ALO, (%) 0 (%) O (%)* ALO, (%)
No vacuum fusion Br-methanol equilibrated at calcurated
method acid sol method as Al,O4 1600°C from O (%)
A-1 0-0100 00252 0-0155 0-0073 0-0014 0-0030
A-2 0-0088 00644 0-0175 0-0082 0-0008 0-0017
A-3 0-0082 0-0320 0-0152 0-0071 0-0011 0-0023
A-4 0-0092 0-0708 0-0162 0-0076 0-0006 0-0013
A-5 0:0078 0-0362 0-0154 0-0072 0-0010 00021
A-6 0-0077 0-0448 0-0140 0-0066 0-0010 0-0021
A-7 0-0083 0-0400 0-0145 0-0068 0-0010 0-0021
A-8 0-0095 0-0525 0-0182 0-0086 00009 0-0019

* : Calcurated from equation (6)
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(1) Secawa et al.D
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Fig. 8. Typical changes of deoxidation product in molten 18-8
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Table 6. Analyncal results of deoxidation products (%).

Group Heat No Derldanon products Before tapping ‘ In ladle
. AlLO, | 0-0140 : 00045
$i0;+ MnO | 0-0038-+0-0006 0-0080--0-0067
|
g ALO, ‘ 00149 0-0036
C Si0;+ MnO 00038400010 00044 -+-0-0010
9 ALO, | 0-0137 0-0080
$i0;+ MnO : 0-0051+0°0018 0-0051+0-0010
10 ALO, : 0-0140 0-0063
| $i0;+MnO | 0-0055+0-0005 ; 0-0059 +0-0048
1 ALO, | 0-0166 ‘ 0-0070
Si0;+MnO 00064+ 00006 0-0088--0-0012
D 12 ALO; g 0-0190 i 00075
; 8103+ MnO | 0-0045+0-0031 \ 0-0082+0-0052
13 ALO, 0-0142 \ 0-0098
$i0; +MnO 0+0 | 0-0012+0-0007
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Photo. 1. An example of the cloud-like surface
defects of cold rolled 18-8 stainless steel
sheet.
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Fig. 10. Effect of deoxidation practice on surface
defect of final product.
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Fig. 11. Changes of grain size with annealing time

at 1 070°C.
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RO ICIER AT HETH D T LIIAMOEE
THHH, AF VA Ti2AVWsEaEES) Ti &
RIERT DIoDITTMER* %L 15 &, TiN/E2HH
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Ti T THLEHTER S 52011k, Al [GER &
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Fig. 11 3xo—HlE LT, 1t EHEEFECIEMRL R
g (1'Omm[E) OfFGEEHEXLOZEH % RL DT
5. WHroLWEL»w >, Ti BMcdhdbasil
KEIMEDFIRTH B, Al REEZATLHE L U THW
LZEWWENELL Ti OMREFEXINTVS.
Table 7 V3, ZOBHEORERE, BRKABO Ti &k
FUORED Ti BlgE&RLIcd OTHBH, [l— Ti
wmmETH, Ti BEmimcte~, Al [HER 23T e L

Table 7. Titanium, alumina and oxygen contents of the test sheets.

Addition | Soluble Ti(%5)* Insoluble Ti(25)** AlO3(%) O (%)

No addition — — — 0-0177

0-059%, Al add. — —_ 0-0124 0-0095

0-059, Ti add. 0-0062 0-0255 — 0:0158
0-059, Ti add. . . . .

afte‘; 0-05% Al add. 0-0183 0:0047 0-0094 0-0088

#* Acid-solubie titanium content containing TiN.
**  Acid-insoluble titanium content containing Ti-oxide.
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Fig. 12. Changes of grain size and hardness on 0°8
mm thickness sheet with annealing time at
1 080°C.
Test sheet is prepared by Ti addition after
Al deoxidation in a 15t Héroult furnace.
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Table 8. Analytical results of oxide inclusion in sample with and without

prempntated carbide (%).

. [ Extract f|
Presence of carbide Oxf;gif] clﬁfm?n sxo2 FeO MnO Cr203 AlLO; Ogar. Ovr
Sample without carbide ‘ i - ) : . . .
(by heat-treatment at 1 100°C><lhr) B ’ 0-0055 0-0016 0-0138 0-0245 0-0023 0-0155
Sample with carbide B ©0-0050 0-0034 0-0140 0-0328 0-0023 0-0187 | 0°0158
(by heat-treatment at 700°C X 5hr)
Sample with carbide ‘ i . . . . . .
(by heat-treatment at 700°C+5hr) 3 N N‘ 0-0055 0-0020 0-0143 0-0260 0-0014 0-0154
B : Bromine-methanol extraction method.
N : Carbide decomposition treating by nitric acid-potassium permanganate together with bromine-methanol
extraction method.
QOg¢al- and Oyr : Oxygen content calculated from oxide inclusion and its value determined by vacuum fusion
method respectively.
Table 9. Effect of extraction method on analytical results of FeO and MnO in 18-8
stainless steel (%).
Example A l Example B
Extraction method
FeO MnO | FeO MnO
Todine methanol 0-0027 * 0-0293 0-0033 0-0042
Bromine methanol 0-0030 | 0-0289 0-0028 0-0035
Table 10. Precision of quantitative analysis of oxide inclusion in 18-8 stainless steel with
bromine-methanol extraction method.
Example Item S0, FeO MnO Cr,0, Al,O,4
Mean value (X %) 0-01725 0-00277 0-0189 0-01153 0-0014¢
C Standard deviation (g %) 0-00147 0-00047 0- 00021 0-0009! 0-0001~
Co-efficient of variation (C.V.%) 85 17-0 1-1 7-9 11-4
Mean value (X%) 0-00427 0-0019+ 0-0098s 0-0132s 0:00700
D ' Standard deviation (o %) 0-00090° 0-00038 0-00025 0-0008! 0-00028
| Co-efficient of variation (C.V.9%,) 21-1 19-6 25 6-1 3-7
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Fig. 13. X-ray diffraction patterns of residue ext-
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culated from oxide inclusion content and the
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