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Study of the Deoxidation Ability of Silicon in the Molten
Stainiess Steel

Tetsuya WATANABE and Takeya TOHOGE

Synopsis:

Silicon is a prime deoxidizing element for stainless steel. It can be considered that the deoxidizing ability
of silicon may be increased by rcducmg Asjo, under the basic slag. This effect, however, has not been
understood clearly.

Standing on this viewpoints, the study has been made of the SiO equilibrium for 18Cr—8Ni melt, and also
of the effect of crucible materials and that of slag composition on the deoxidation power of silicon.

The results are summarized as follows:

(1) The experimental equations for Si-O deoxidation equilibrium for 18Cr—8Ni stainless melt are given
as follows.

log Ksi=19690/T +5 91440 041 «ooureeuemneiriicieiniineciinr e (1)
(using log £ = —0-040 [2,Cr])
log Kgi= —31 740/ T+ 12347 +-0- 041 - e (2)

(using log f§*= (—369/T+0-137) [%Cr] +0 0024 [%Cr]l "5)

The value of log Kg; at 1 600°C accords well with that of the equation for Fe-8i-O system recommended
by GAKUSHIN (Japan Society for the Promotion of Science, 19th Committee).

(2) As to the effect of crucible materials on the deoxidation power of silicon, it is increased by the use
of the CaO and CaO-S8i0, crucible, and the effect of Al,O, crucible is considerablly small. The effect of
MgO and ZrO, crucibles is larger than that of AL,O, crucible but smaller than that of CaO crucible.

(3) The deoxidation equilibrium of silicon under the CaO-SiO,~Al, O, (sat.) slag has been measured
at 1 600°C, and the relation between the (% Ca0)/(%8i0,) and ag;g, has been determined. The result
indicates that the oxygen value by silicon deoxidation is greatly influenced by the basicity of co—existing slag
and that the observed values of agjo, are larger than the ones estimated from the slag composition.

(4) From the above mentioned results, it can be concluded that the deoxidation power of silicon in the
actual stainless steel melt is increased by using the basic slag. However, it seems to be difficult to attain the
equilibrium oxygen value that accords with the value of ag;o, expected from the slag composition.

(Received Jan. 23, 1974)
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(1) Flowmeter (6) Gas mixer
(2) conc. H;SO, (7) Bleeder
(3) CaCl, (8) Air pump
(4) P05 (9) Mo-Furnace
(5) Pd Asbestos(350°C) (10) cock
Fig. 1. Schematic diagrams of the apparatus.
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Table 1. Crucible dimension.
Crucible Dimension

Si0, quartz glass 330D x 30ID x 60H

Al O, SSA-H 30 %23 x150

TODA SA-(IT) | 35 x28 x150

MgO TODA F.G 30 x24 x 50

ZrO, TODA ZRP 34 x28 x120

CaO home-made 27 x16 x 28
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Table 2. Interaction parameter.
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Fig. 3. Deoxidation curves with silicon in silice
crucibles for 18Cr-8Ni melts at 1 550°C.
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Fig. 4. The effect of silicon content on the equili-
brium constant, Kg; and the product, K, for
16°5~17-5Cr-8Ni melt with silica crucibles.
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Table 3. Comparison of log kg; at 1600°C.

e¢* or log§* log ks Metal composition
eg" = —0"0409 —4'6274+0-014
Present study : (17—17-5) Cr-8N1
Kojmma et al’s log f§» —4:62540°014
SEcawa et al® e3r=—0-0399 —4-64+0-02 18Cr-8Ni
Sano et al2 Kojma et al’s log f§° —4-80 18Cr-9Ni
Fuwa et at® e§ = —0-040 —4+55 17Cr-8Ni
GAKUSHIN® —_— —4:64 Fe-S8i-O system
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BRECERLAR) LFHiCI—HL, —FH, &5
B @ log f§ AT E, FIRHRE (=L,
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Table 4 R LAZEFRERF — 2BV THELELOEFT
k3 Si OREENIOERC WL, FR0E2HT
X 5.

Table 4 TR T X SR CHED 32 21F BV TD,
IREE, Si% WX DT Gsio, BETELDPTWES. HE
PEL L BIT2h, Gsio, BAE KBHARHY, =
7oy Si% DBEVE Bsio, BRIEARBERBEHB. —h
HEERNCETEZ L NES T TS 2 LT, BER
Bné, BBEERDTHD S0, & 52150 SEES
BL, Efn, 72vv ) aViEMAiIORESERR, =

log @si0,=log &s; - @§—log Kg; -----

— 54 —



=)

L

257V LARBRIY YY) 3 vORBECRET 3R 2131

Table 4. Activities of silica for various crucibles.

QAsioz (Si % in melt)

Crucible materials

1600°C

1 550°C 1 510°C

0-002, (0-42)
CaO 0+ 004, (0- 55)

0-008, (0* 26)

0+ 0054 (0 63) 0+ 007, (0°77)

0-005; (0-23)

Ca0-SiO,
0- 008 (0 23)

Ca0/5i0=80/20

0° 003, (0 20) 0+ 008, (0 36)
0°022, (0°47)

0-016, (0-69)

CaO-CaF,
(85Ca0-10CakF,)

0-007, (0 14)
0-010, (0* 36)
0019, (0-37)

CaO-CaF,
(77Ca0O-15CaF)

0°027, (0" 60)

Ao 0-12, (0-42) 8:%;2 Eg:‘;%% 0-25, (0-49)

o 0-41, (1°26 055, (1-0%) 0-51, (1-40)
6 ( ) 0.204 (1.29) - 4

0-027, (0 38) 0022, (0°37) 0-0854 (0° 33)

MgO 0-175 (1-02) 0-038, (0°41) 0-11, (0°92)

. . . . 4,

ZrO, 0-051,(1°03) 8-83&%?-33% 0033 (0" 54)

Table 5. Synthetic slag composition used for present work.

Experimental series %, CaO % Si0, o5 AlOy 9, C

@ B-1~B-3 30-1 85 576 0:040
® B-4~B-6 26-8 12:8 56-7 0-024

®  B-7~B-9 246 18:0 540 0026
® B-10~B-12 22-8 24-4 48-5 0-023
® B-13~B-15 21-0 317 44-6 0-018

® B-16~B-18 14°5 37-9 43-8 0-022
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&0 BT, Z10, 501F, MgO 5O TRESEE
R L, 1600°C T Si 2iRNL, BEEFHZTTR
St L L, ZrO,; MgO 501Ed, 27 J TS,
lhr & 7= F4Byr Liz. £HhT, 27 7% CaO-SiOx-

ALO; (sat) % & L, ALOs 32X EHAWT, Ca0/5i0;
EE xRS VHEETO Si OREBECOVWTRNST
sl iz

AFREIITHEO CaCOs AlLO;, SiO. S B D
SEOHTEREFC TERL, $ECE SR THT
Lcol 2. AOLHEDMEE Table 5 xR T.

EERT FIRO X ST LTEDBTREE 758 LBEs
200g, Fe,0, 0-3g % ALO, 52K AN, Mo i
We, Ar Sifdic TIAREL, 1600°C T 5~10 min {R
BLChL, 7=ovyarERmMLE. DWTERE
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KB, ERAEBIER T SIIGE AL BEELL» DT

— 55 —



2132 % & ]

60 &£ (1974) 142

BRI & LT, 2EEDOR T 2120w, % 2o
0 DRERFZEILEFAIcL 25, Fig. 7 KR+ X 5ici3iE
3hr T 0 Blx—Fitiy, FHELLDOEHEEX
N7=DT, DUITFOEBRITT T Shr R cFL o

300
1 600°C, Ca0-Si0,—Al.0s sat. slag, |8Cr-8Ni melt
e B-6 (%Ca0)/(%si0,}) =209
I 200 L o B-l12 P =093
Y x B-I5 . =066
= o
| =
& 100} : -
% —
o
O ] 1 L 1 L
0 | 2 3 4 5
Time (hr)
140
|20 1 600°C, Ca0-Si0,—AlOs sat. slag, I8Cr-8Ni melt
[« B-6 (%Cc0)/(%si0,) =209
© 100 o B-i2 ’ =093
= ..
5 sol x B-15 . =066 -
]
— 60}
2 o
B 40%p . .
]
Lo F\_//
O 1 ] 1 1

Time (hr)

Fig. 7. Deoxidation curves with silicon in alumina
crucible covered with CaO-8i0,-Al, 0O, sat.
slag at 1600°C.

Table 6. Selica activities for various composition
of Ca0-8i0,-Al,0; sat. slag as 1 600°C.

(%CaO) asioz

Heat No V= - n

(%SIOZ) x o
B-3 3:54 0°038, |
B —4»»\., B —6 2 ¢ 09 O * 0579 0 * 0095 3
B-7~B-9 1-37 0-118; | 0-019, | 3
B-11, 12 0-93 0-180, | 0-020, | 2
B-13~B-15 0-66 0-199, | 0-024, | 3
B-16~B-18 0-38 0-487; | 0-058, | 3

o ERRFE-HADR T Siet L, FRER Si% T
gawd 02, 05, O 8% AN ED 7 r 0oy aLR
WILT, 83 k— M FORWERY L . EEkE
Rik, BHEDRS ZizonT, (9) RickoTste
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Fig. 8. The effect of the basicity of CaO-SiO,-
Al O; (sat.) slag equilibriated with liquid
stainless steel on the activity of silica.

Table 7. SiO, activities for CaO-5i0,-Al,0; sat. slag and slag composition
after deoxidation equilibrium experiment.

Slag composition, wt %
Heat No asioz ,
CaO Si0, AlLO, FeO Cr,O4
B-3' 0°049, 277 9-0 59-3 0-2 06
B -6' 0-068, 23-3 0-0 64-4 0-3 04
B-9’ 0-12 104 64 78:0 0-7 140
B-12' 0-21, 10°1 3-4 721 0-9 11
B-15 0-30, 11+1 0-0 63-8 0-6 1-6
B-16' 0-49, 85 1-4 67-0 05 1-4
B-20! 0-0038 34-2 1-9 61-7 03 0-3
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