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STUDY ON

Effect of Oxidation of Molten Steel by Air on the Non-Metallie Inclusions
in Steel.

. No. 3: Oxidizing Velocities of Various Elements and Rec1proca1
Effect of Various Elements on the Oxidation '

Shizuya Maekawa and Yoshitaka Nakagawa

Synopsis: :

Oxidation of molten steel during pit-practice is influenced with oxidizing velocmes of vari-
ous elements in it. The authors made experiments on oxidizing velocities of various elements
in molten steel by air and the effect of the third element on oxidation and its velocity. The
rate of the various elements removed by oxygen in air was measured and the velomty const-
ants were determined.

The results obtained were as follows.

1. At all range of experimental temperature the oxidation rate of aluminium was most
rapid as compared with those of other elements.

“The amount of the residual oxides in molten steel that were SiQ,;, MnO and FeO were decre-
ased by reason of existence of aluminium.

2. The oxidation of carbon was next rapid, but its velocity varied slightly with tempera-
ture and the carbon in molten steel behaved similarly with aluminium.

3. The oxidation.of high-carbon molten steel by air during its pourong did not act as the
principai origin of non-metallic inclusions in steel. On the other hand, in the case of high
aluminium content, the oxidation by air was expected to be the origin.

They also mentioned of the relaticn between oxidation of molten steel by air during pit-

practice and non-metallic inclusions in practical p,rocess.
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mental bath.
C% | Si% | Mn% | Al% | P, S%
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2 086 0+45 ‘057 | — 4
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4 | 025 | 045.| 057 | — | 7

(2) BLRSEE O EH

—fgi Oz i ibrﬂ¢®h1&%x?@%ﬂimﬁ
DEDTELETRLLD.
0, (in air) »2[0} (in mdlten steel) == (1)

[0] + [M]—[MO] RN D)

(2) ROBEIZ
—~dM/dt="Fk,[0] - [M]— ks [MOJ -~ on e (3)

T DE4S [MO] Aol RN FE 5%65;57&5%##—‘ ‘

T (FEBROZE <£—E)ﬁi§f“ft%%0ﬁ%:{?;%%§bfwé X
97‘;3‘%A) T (3) KT '

—dM/dt kl[O} [M] coresrrrrnernnrnmeneea (4 )
DL HbbThd. Ll [0] BELH D O X
hEka s, «@&%@&$Eu~mfagﬁoﬁm$
(01— L BML 2 5.

fEoT (4) Rz
— dM/dt = By [M] - ereerenne s e cucmneanenenes (5)
72721 ko=Fk[0]
Mz BREEOVTR—RKEEE LT (3) RED &
ThEDDE
—=1/0°438(to—t,) -log Mt; /Mty «-eee-(6)
72751 Mt B X0 Mty BEhFhesf t 530 t
TR ABIRE oML A DRERZTRT .
U 7= 255 T BEAIRS BT P4 31 BIA SRR DR IR D 2
ﬂzknmﬂfﬁ%bzﬁf;ft&ﬁifﬂaﬁ%% LS5 5.

1L £ R B B

(1) FRETROBILERE

i) BEPOXBERISBREOFLVHE

50k No. 1 IIBERFCRWVWT G, Si,
BEFREEMIFOELL (9 111%) 450

Mn, Al @
PR . 2 cn

B5HDT, FOELIKEESE Table 2 KR

7L, BREERSOTRIBRFRETSH 5. kil
HEEM XD 5 HEOEETT.

1600°C T W TR E TR L FRFIC Al D HHHEIR
%k&mz%%?éﬁ,%®%®mmﬁé%mMén@
v. Al EREFIRETCRON 80% ETETY
CrmibaBtaT 5. EHic Al 35J:ZﬁCrb§E§1ti&/}‘b
< Si BoFNF 40% ¥ X% 80% RREIWC/L B &SI
DBEALLIIU®, DWW TIZhbO % PEELEd L T
Al 3308 C 3 Mn B0 35% & XU 85% IBEEITL

5 Mn 2BE{LEZEMAT 5. ;®%é%&%®&wm
HV$FMA1CS1Mn®WLﬁTbD & iz Al DOFE
mhﬁmmmﬁﬁwﬁﬁibﬁ+ﬁeiﬁa F/Cx

‘Al @ 1/5 DIFTH 52 Si & Mn L TH7k D
By, —F Al pZhdTEEIRZSE Si © Mn O
ﬁﬁﬁ%mx&aéﬁC@ﬁgmﬁﬁtw;zhuA1
BYCCOEEILL DT Si 2 Mo OE{LEESP7
DEIBWEER ST D EEFEILLNS.

—% 1520°C DIF-E AT L REFC Al 3 X0 Siss
B BAAT 525 Si OEMLEER Al X 02708 L
v Al B X8 Si BE{EEA LT Al ACOFY 85%
Mn 0¥ 95% LIFic/a2>TCHk XU Mn 2585 L 2 BY
BT 5. COBEERSOBILRICEEDOKR S JUIE
FriE 1600°C DB LRILTH S5, Al 35 XU CoRi
CEEES VLY, aﬁuxﬁMnmﬁﬁﬁﬁﬁi

B e Al 93 HEENTOX Do TE(HIT]

L Si X0 Mn OFERAHETKELD-

i) Si 33Xt Mn oigibick XI1ETCEDBH

Al #&%F Si'HX Mn B& %2 LCCREE
Z L LIBA 0EYFERE Table 3 WWiRT-

Si XU Mn OELESEEREIC X 2T D
KEREELY ST HIEBHLMT, Thvik Fig. 1 12
ZiE | |

F b bLEEOE WSS Si X0 Mo OfE{LEREE
VNE T DIBEOREICENMKERKRE {HbILTW
5. ¥7- Si 10 Mn ORLEECHIIETCED
e Fig. 2 O {ME LS CROKL BT LD
DTEFDOEEXETLTWS. iz Si Rzog#HzeR
PRELSF BT EBI pHLNG.

(2) Btk X ETRERTEELDEE

Dl E K O AR R DB LRI 2T 3~ 72 28
C,Si,Mn, Al ZOE{LEEICIINE DERSS D »D
BILEEAL 5 Al 510 C OFEICE DT, Si,Mn
EOBILEESEH EVWB U B LABF R, 5K

-— 33 —



1218 o # E4E BB
Table 2. Oxidizing condition of various elements (bath: No. 1)
Temp. Time Conditions of Chemical COmposmon % koX 10® g-cm~t-mn-!
C) (mn) oxidation C Si Mn Al i C Si + Mn Al
1 Lo 20| c-zea 1- 050 0530 - o ’ .
0 Men down 1_ 12 | 1°16  1°05 , 1407 ° N B
T 77 Carbon begins to © 0260 | 0°390 1°C50 | 0-465 | .. T -
C 775 oxidized " 1t19 | 1t16 1403 , 0voa 072 : 4195
_ Silicon begins to . 0°205 [ 0°50 1030 ' 0°230 ..., I
B ‘_*,3” - oxidized ' 09 | 1-16 1:05 0+47 972 O "‘ 40t40
1620 - Lo ' Maganese begins 07195 | 0°580 1°C53  0+170° ... . . |~ car
20 to oxidized - 0'89 | 1414 1.5 ' 035 O o'l | 01, 6880
i 0°175| 0°570 1+030 - 0+075 « .., ... T T
» | o8l 1415 103 | 015 06e  0%la.. 0%3% |
0°160 | 0°560  1°000{ 0°017 ; ..,  ~.. 7. '
R B Rt R R
0°110 | 0465 0°710 oo | e . o |
45 j‘ 0-51 001 071 | 0°002 | 0°8, 6 | Lt |
Melt down silion . . A= . f o
0 and aluminium ?fgo ?_?20 igg3 ?g;o 0°4, 1+25
o begins to oxidized - N T '
Carpbon and man- | ‘ ‘ .
| . k . . .
4 ganese begins to ?,fgo ?_825 iggo ‘L ?,ggo 0°8¢ ‘ 0°5s 0*4y | 686
| oxidized e e ] | :
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1520 092 ' 092 | 09 | 067 ° i ° L et
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o .l os6 o052 | 0es 000z | O ¢ 0% | 06
| 0°100 | 0°150 | 0°335 ‘
45 . . . . .
| 016 E 0°30 | O-34 ; 07002 | 0°3 1°13 | 08
* Table 3. Oxidizing conditions of various elements (bath No.2~4)
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i
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! . 1580 v 06 04
i 1
| 1520 . 074 1*1s 1°1,
4 0:250 1 # // 1560 | ” 1°0; 0°9
0.78 0‘62
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Table 4. Variation of oxides during pouring

(90ton ladle, 9ton ingot)
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‘g Osi:OAL‘EO Omlotuézo
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5 | g™ 070004000650 0070 0005|0008 | 0* 008 -
6 tr 10-00850°009, tr 10°0114]0°011,.
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DIRECT OBSERVATION OF NON-METALLIC INCLUSIONS
IN STEEL WITH AN ELECTRON MICROSCOPE

Takeshi Akutagawa, ITku Uchiyama and Akira Fukami

Synopsis:

It is significant to study on the inclusion in steel.

The anthors tried the direct observation pf

inclusions in steel with an electron microscope by extraction replica technique using evaporated
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