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Kinetic Studies on Deoxidation of Steel

Takaho KAWAWA and Masuta OxuBo

Synopsis:

Single- and complex-deoxidations with Mn, Si, and Al are practised in steel baths melted by high-
frequency induction furnace and Tammann-oven, respectively. Deoxidation-process are analysed on
the stand point of kinetics with an eye to quantitative measurement of the separation-rate of primary
inclusion. The results of experiments and evaluation are summarized as follows:

(1) Deoxidation-process in transient time just after the addition of deoxidizers is different from
that during the stationary time after the transient time.

(2) In transient time just after the addition of deoxidizers they are in course of reaction with
-oxygen in iron, and produced inclusions have the tendency to coagulate because of (I'eQ) or (MnO)
in the presence of Mn, in inclusions as a component, whose rapid separation brings about deoxidation
of steel. .

(3) After the transient time deoxidation-product separates from bath in course of time according
to the mathematical form C=Coexp (—kt) (¢ :time) in the stirred bath.

(4) As the separation-rate coefficients & differ in different kinds of crucibles, rate-determing step
of separation of primary inclusion in stirred bath is chemical reaction between crucible materials
and deoxidation-products.

(5) Contrary to stirred bath separation-rate of primary inclusion in tranquil steel bath is confirmed to -
follow the theoretical equation which is introduced for the first time, assuming the validity of Stokes’
law.

(6) The above theoretical equation can well explain the separation-rate of inclusion in tranquil
steel bath when the mathematical distribution form of inclusion radius, which follows N=A exp(—Ar)
(7 : Radius of primary inclusion particles) and bath height are given.

(7) Separation of inclusion in tranquil steel bath as in ladle would be promoted by stirring the
steel bath. (Received 28 Aug. 1967)
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g Run of Al deoxidation, as
influenced by bath temperature.
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Photo, 5. Inclusion observed at 2min after 0-59,Mn 039,51
and 0°39; Al deoxidation.
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Fig. 20. Distribution of the size of Al;O; inclusions
produced by Mn, Si and Al complex-
deoxidations.
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Fig. 21. Relation between nucleus radius and
degree of supersaturation.
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Fig. 22. Growth of inclusions according to three
typical models.
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Table 1.

Separation rate constant (min-!) obtained at different deoxidations of steel

bath stirred by high-frequency-induction.

Added amount temp. 0-39 0°15% [ 0-309 r 0-60%
Deoxidation 1550°C | 1600°C | 1650°C | 1600°C
Si 0-30 0-43° 0-71 0-8 0-43 0°35
Al 0-33 0-42 0-94 0-63 0-42 0:75
Mn 4+ Si Mn 0-59%,+8i 039 Mn 19,+8i 0-39%
(1600°C) 0-63 0-69
Mn +Al Mn 0-59+ Al 0:3¢9; Mn i9,+Al 0-3¢,
(1600°C ) : 052 0-63 ‘
T Teme] sseec 1600°C | 1650°C 1600°C
0-62 0-62
. (Mn 0°59%+
Mn+Si+Al 0°159,x0°15%
(Mn 0°59 +Si 039 + AL 0-39) Si10309, — 0-305 L A1)
0:609, x0-602%;,
Deoxidation
. Si 0°39,(1600°C) Al 0-324(1600°C)
Crucible
S10, 0-42 0-52
MgO 0-43 0-43
AlyOy 0-59 0-41
Ca0O-CaF, >0-93 >12
TANVEHERALE &R, 1 RNMEDOZIEEIGE L Table 2. Comparison of the distribution of inclu-

5Do7z.
2 T

TR

ui®ﬁ§#6TmRILTLtﬁf%ﬁHJ
5 LB OREE & T X 51T LS EHEKR O
ﬁbi OB LRI X 5B LB E#E L DN,
BIREEIC X B AR IIAE D D vy Fhf~OWGE L IEE
Ekﬁ#émﬁe%ﬁt&é&ﬂ%r%b
43 BIEAICHEITE 1L RAEDOD L 1B
BRI AENARE, 2 h—2 25EAIR REL
TOHEERAOERE BRI X D B, METLTE AR,
DEER I D XILHHATEB B2k, 22T
AR &B 7 & FCETRRERBETLTH S, Fig.
8 ':L.TLtT[OJ DEEN» LEMERTIXH 5B HO
RNFEWMDEF L% S E 107 518 EOMRIC X 8k
MWEEZBND. WICA b— & ZEERITH D KR
BRI B30k 5 4 1~1000 2 OF Fic STk
FTARTA =2 ZRFERIZBEH L T 5. NIk EEH
CIRA X B @b F i oS FEASEEcX 5
ELTWS. EBRELETITET 5 BETHDD
Mn Z S LIFRER TORERD X v MnO-Si0; b
L MnO-AlO;, FiTix MnO-Si0,-AlO; ZHEE
mﬁmmpﬁ CARRT D700, FEEPIEBT HREN
ESIND. FEICHIFBEE THER 05 min DRIEES
ﬁ%ﬂ%%mbfké&,l&ﬁE%@#LE%boﬁ

sion size among different deoxidations.

Bath temp.

Deoxidation °C) A* A¥E
1550 ]5@xM3.50xm3
Si 1600 4:0%108 ' 3-9x103
1650 4-0x 103 3-9x103
1550 3-0x108
Al 1600 2:7x108 2-8x 108
1650 3-6x108
Mn +Si 1600 4:1% 103 3-9x108
Mn+ Al 1600 5:0%10° | 5°4x108
{
. 1600 3:5x108 * 3-6x108
Mn +8i+Al 1650 45%105  4-6x 102
A* : determined by the rate of rise of incluion
A**% : determined by measuring of inclusion size

ESINDEX VIS, REUNEMEEATHNB L L
b2t LichA2T (15) RRFLEHIST 35
LOLLCHEBEEZEEZ RO ABIICGER TE %. Table
2ITAEEBRTEONIWES MR E—EL TR L.
44 RBHEEAORE

DL EHEBARIR TR 5B OREBELc Y LE
Blser ¢BR526Nn0TVW5. BSHBELTESELR
BB ERTI SN, T+0 R EESL L E
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