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Some Consideration on the Mechanism of Deoxidation
Reaction of Molten Steel

Kazuteru SENDA

Synopsis:

The behaviour of oxygen in melt, when deoxidizer was added into molten steel, was studied. Both
macroscopic and microscopic oxide inclusions in solid steel, which was enriched with oxygen and con-
tained silicon or aluminum, were disposed inside interdendritic spaces. The result shows that all of
inclusions found in solid steel are precipitated from melt during solidification of the steel, and that
there are no suspended deoxidation products in melt. It was observed that deoxidation products were
precipitated on the inner surface of crucible during holding in melt. In some cases, the deoxidation
products were dendritic. From above experimental results, the following conclusions were introduced.

(1) When deoxidant was added in molten steel enriched with oxygen, dissolved oxygen and deoxi-
dant react rapidly to produce an oxide dissolved in monomolecule state, but not to be grown to oxide
particles.

(2) Dissolved monomolecular oxides in steel diffuse through diffusion layer on the boundary between
melt and crucible, and form oxide phase only on the inner surface of crucible. Consequently oxygen
content in steel is decreased slowly.

Rate of oxygen drop after addition of silicon in iron melt enriched with oxygen was measured.

The experimental results were consistent with theoretical result introduced by the above model of
deoxidation reaction.

When a deoxidant is added into the melt containing a great amount of oxygen, then deoxidation
occurs according to different reaction mechanism from the above mentioned./ The reaction comes
rapidly to an end. It is observed that some calcium can dissolve in molten steel.

(Received 26 Oct. 1965)
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Table 1. Examples of chemical composition of the test ingot.

Chemic‘a} Steel C Si Mn P S Cu Cr Al O
composition (%)

Aim of chemical A 0-80 0°30 0-30 — — — 1-80 0-02* —
composition before

oxygen blowing B 0-60 0 010 — — — 0-80 — —
Examplesof chemical | A ** 0°65 0-82 013 0-012 | 0-011 | O-16 1-65 tr 0-0115
composition of the

ingot Bk 0-24 0-03 0-05 0-010 | 0-011 | 0-02 0-53 0-095 | 0-0237

* Spontaneously introduced from raw materials
**  Example of silicon deoxidation

*#%  Example of aluminum deoxidation
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Fig. 1. The schematic explanation for solidification

of the test ingot.
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Photo. 1. Deoxidation products with silicon or aluminum. 8
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Photo. 2. Relation between deoxidation products and cells.
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tendency of macroscopic inclusions.

Table 2. Chemical composition of the melts used for observation of deoxidation
products precipitated on the inner surface of crucible.

. %
Deoxidation —
C Si Mn P S Cu Cr Al o* | O
R—-1 Al 0-78 0-29 n-28 0-012 1 0-0151 0-12 1-79 0-078 0’0184' 00112
R—-2 4 0-81 022 0-24 0-012| 0-015| 0-13 1-73 0-050 { 0-0168| 0°0085
R—3 -Si 0-70 119 0-30 0-0091{ 0-030 | 0-09 1'70 .| 0009 | 0-0199 0:0134
S—1 Al 0-37 0:26 0°55 0-009| 0-016 | 0-07 023 0:053 | 0-0173} 00074
S—2 4 0 38 0-21 0-49 0-009| 0-017 | 0-11 0:20 0:040 | 0:0291} 0°0070

*  Just after addmon of deoxidant
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Fig. 3. X-ray diffraction of deoxidation products precipitated

on the innner surface of crucible.
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Table 3. Chemical composition and X-ray diffraction of deoxidation products precipitated

on the inner surface of crucible.

%
Deoxidation
Si0: | AlO4 CaO | MgO | MnO FeO | Total X-ray diffraction
— . . . . . . . /4 —A1203, 6Al203 'Cao
R—1 Al 13-5 69-0 9-4 6-1 0-8 0-2 99-0 B -2Ca0-SiO,
_9- . . . . . . & —A1203, 6A1203 CaO
R—2 Al 15.2 64-5 10-0 64 07 01 96°9 3A1,0,- 2510,
: . . . . . . . a -AL,O3, 6A1;0;5-Ca0O
R—3 Si 31°5 53-0 2-2 9:0 0.8 0:8 97°3 9C20 - ALO,- $iOs
S—1 Al 19-8 59-5 81 50 1'6 0-7 947 a-Al,O4
S—2 Al 20-2 64.0 7-1 61 1:4 0-1 98'9 a-Al,O4

9min £ 1 min R & T DO BICIRRE IR AR
s SF 40 rall

LD &S AT I ORI I A UK, THW
B EMRAFFPORBEC SRS IFWNET 2L ED
L DEALIBERM» SHTH LB AR TH D L %
MFEDOTVWB EWVE S,

VAR U et X i R b amas HE A L 7Bl v + T
Viack BIZX2THEDLN TR DD, ZDEBIC
BONTBRP I LEILRERDIOTH B LidBbhix
V.

BAEIT R U7 VAR & ik 0 & ol 12 35\ B ER(L )
B O BRZEIE R F5 X OVRITE Tk~ 7 RS 42 B O 28 K
READMETOE TR LIERBER 25, BETONEE
LE RO £ R R IR & LT TR <, Bifio
Effiic FoofhFE% nucleation site & LTHFHL, D
ERMBOBRIBEITII0LHEIND.

PEk CaldiBiICiXizE A EIBM LBV EENDE
BWBE DI H®, SponsELLER L1IHHRBERHET B
CEERLED. CoEBROPESTHWEDPITEOED

Lumber
Argon == ELF—'/ Fireclay refractory
= e
[——— Alumina ring
} ;2 - -{I7|[B—"Graphite sleeve
E 1 u . -
o o o=——Graophite spiral
~ o o
o . .
© o g [ g Graphite crucible
o g .
' o a MgO crucible
o a
0 00000900000‘_3 a .
L | | A Graphite powder
1o

(a) Graphite spiral resistance furnace

& Ca Ebhpsi@wbhiz. b o Ca B & iR
PO LAREEIZLNEDTHE,D, TOT LD
LIEED Ca BPBEMICEBRL WA 2R THOT,
HEHTETS.

5. BESEEOEEMNENR

BiER RS E OE BRYLEITIE, 4 CITBRICEE
NI=BE 7 X 5 IKBb A0, TN iERER KGO
D LD EHL D TRELT, ME2ET VT
DR FFLEHCE SIS D EFE L, LRORER
FEBC X0 TR G HRE R EERICEIN T 5 2 22K
Zic. LATFC Si sk s mitERE R,

5-1 BEEEORIFROERRAE

v A YHIBEEA LT kg OBEMEEIFEREL .
WU Si & Fhnfg 1600°C 1z 150 min R{RIFL T, 6+
Rh ek sBEmEFEOLRILEE L. BIRFAD
H3% Fig. 4 (2)iTmli. w44 v vHIBRR BN
HHRICHA L THRE L. <4 v PO RER 78
mm, HBEIESE 120mm Thor. EHROLBIEL B

Argon

] | [===-High alumina refractory

I H~—— Alumina ring sleeve

o0

Alumina cement

o0

o—~—=Coil

e

00000000
o

[«]

MgO crucible

7o

—

l |LArgon

-— 75—

™~ Fireclay refractory

Unit mm.

(b) High-frequency induction furnace

Fig. 4. Schematic explanation of melting method for experiments of deoxidation rate.
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Fig. 5. Run of deoxidation after addition of 1°5%
silicon in argon atmosphere.
(Graphite spiral resistance furnace)
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Fig. 6. Run of deoxidation after addition of 1-5%
silicon in air and argon atmosphere.
(High frequency induction furnace)
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Fig. 7. Short run of deoxidation after. addition of
1+5% silicon in argon atmosphere.
(Graphite spiral resistance furnace. Final
results Si: 1-289;,)
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Fig. 8. X-ray-diffraction of deoxidation products precipitated
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Table 4. Chemical composition of deoxidation
products precipitated on the inner surface
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M: Mg SiOy
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79-2 i 42 [ 16 I 13-8 98-8
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(a) (b)

(a) solidified in the crucible
(b) sucked into the steel sam>ling tube

Photo. 1. Effect of solidifying condition of steel on
the size of inclusion (0°'259C, 0-709% Si,

0°27%Mn, 1-329,Cr, 0:0299,0;) X500
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Fig. 1. Efiect of holding time after teeming on the

occurrence tendency of macroscopic inclusions.
(0-49, carbon steel containing 0°194 Al)
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A 20min holding time at 1600°C after Al is added (3g/kg)
B 5min holding time at 1600°C after Al is added (4g/kg)
Figures represent the concentration of Al

Fig. 1. Distributions of aluminum cluster.
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(a)
Photo. 1. (a)

Cr steel.

(b) o 7:) -
Network inclusions produced in the top chilled zone of a ingot, 0-42, C-194

(b) Same inclusions as Photo. 1 (a) at high magnification. X100
(c) Same type inclusions as Photo. 1 (b) in 29,C~129%, Cr steel. %300
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