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The Deoxidation Behavior of 18-8 Stainless Steel with Si,

Mn and Al

Hideo YOsHIDA and Shdichi Kato

Synopsis:

Some melts of 18-8 stainless steel of 10 kg were deoxidized at 1 550°C with @Si, @Al, @Si—-Mn, @Al after
Si-Mn, ®Si—-Mn-Al by using induction furnace. The experimental results were analysed on the basis of
thermodynamics and kinetics and summarized as follows:

(1) Oxygen content decreases rapidly until it reaches to 40 ppm in the deoxidation with Al, while some
sluggishness of the deoxidation occurs at about 1 to 10 min after the addition of Si-Mn, depending on the
amount of Si and Mn, and subsequently oxygen content decreases again and reaches to the equilibrium,
about 110 ppm with 0.6% Si and 1.6% Mn. These values are consistent fairly well with those of the cale-
ulated.

(2) The separation constant of deoxidation, &k in (Me;0,)% =C, exp (—4t) becomes smaller, in order
of with Al, Si-Mn, Si-Mn-Al, and Si. The difference of the deoxidation behavior between with Al and
Si-Mn (depending on Si and Mn contents) is to be interpreted on the characteristic of coalescence of their
deoxidation products, i. e., clustering of Al,O,, fused Mn-Silicate, semi-liquid SiO, and solid Mn-Chromite.
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Table 1. Deoxidation practice and chemical composition of heats.

Deoxidizer ': Holding | Chemical composition (%)
No. time | ; i
Si* | Mn* | Al - (min) C Si ] Mn P S ¢ Ni | Cr
S-1 i 0.3 g’ 15 0.011 | 0.31 ;ﬂ tr | 0.002| 0.013| 9.04 18.20
S-3 0.9 0.008 1 0.88 tr | 0.002 | 0.012] 8.97 18.12
A-l 0.2 0.05 | [ 0.007 | 0.17 tr 0.002 0.011 | 9.04 17.99
A-2 F 0.2 0.10 ! 15 ; 0.008| 0.14 tr 0.002| 0.011] 9.14 17.93
A-3 0.2 0.15 1| 0.008 | 0.16 tr 0.002 | 0.011 | 8.79 18.12
SM-1 0.4 0.4 . 0.010 I 0.31 0.32 0.002' 0.011] 9.18 18.02
SM-2 0.4 1.6 15 0.010 | 0.48 1.63 0.002 { 0.012 | 9.05 18.08
SM-3 0.7 1.6 0.009 | 0.66 1.69 0.002{ 0.012| 8.96 18.00
SMA-11 0.25 0.4 0.02 Si-Mn 0.006 | 0.21 0.29 0.006 { 0.011 | 9.22 17.88
SMA-12 0.25 0.4 0.05 15 0.002 | 0.15 0.25 0.006 | 0.009 | 9.15 17.64
SMA-31 0.25 1.6 0.02 0.004 | 0.11 1.25 0.006 ([ 0.010| 9.18 17.61
SMA-32 0.25 1.6 0.05 Al 0.003 | 0.14 1.47 0.006 | 0.011 | 9.14 17.48
SMA-51 0.70 1.6 0.02 10 0.004 | 0.53 1.35 0.006 | 0.009 | 8.70 18.12
SMA-52 0.70 1.6 0.05 0.006 | 0.69 1.57 0.004 | 0.010| 8.80 18.05
ASM-1 0.4 0.4 0.01 0.009 | 0.41 0.32 0.0021 0.011| 8.83 18.32
ASM-2 0.4 1.6 0.01 15 0.008 | 0.47 1.61 0.002 { 0.011 | 8.82 18.41
ASM-3 0.7 1.6 0.0t 0.008 [ 0.72 1.73 0.002 | 0.012 | 8.93 18.28

* Aimed ** Added
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Fig. 5. Relation between deoxidizer contents and
the equilibrium oxygen contents.
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9 Equitibrium
c 100 oxygen
@
j&)}
>
3 Holding time
) Fig. 6. Schematic deoxidation process.
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, : . ! R LT, 31 OREE EDRBROBREREEILE
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O =07 o4gn 06 08 D FADT L AT B EHELHDOTHS. W
0 502 o - 02 % Si-Mn [ifg, E#ad Al BROBEERTRT.
" AL, .

NIFASD 2 X b, BERFIRINE S OLEBREHS CHEITH
SFT LR OF VT, HHRERE, ¢ TO 1 REERER
MEOWSIE, KR THLbENE Z LPBFEDLNTY
5.

(Me,0,) % =Coexp(—kt) -wooeveeeienn(6)

zoT Co: EH, k: BEOEERTHS. Fig. 1ic
RUTCERL SIS, FHEIRX VRO (Me Oy):
%DZLOFF Fig. 7 KFT. HLOHERTE, BER
BRI DLHS. HiEETT. SOROOHEK
oWkt k Ofix Fig. 3 BB LTRT. AFE
B CIIBERRIEER—&HLSZ N, kFOX/NIT
NENOGBARDOT Lo T HET 580 &8
%. Table 3 Q&R 5, Al fiEENE BT <Th,
Si-Mn, Si BEOECELSHENPETLTVS. &
BEE Do, Si-Mn-Al @iy, 4£kins Mn-Sili-
cate & L, Si-Mn [BEECVE Mn/Si itk b MnO/
SiO, % HBA, TXT Rhodonite(MnO-SiO;)
& L7 {& Si BiEsso Cr-oxide A DWW CTIXEHHE
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Table 3. Decoxidation rate constant of 18-8 stainless steel.

Deoxidation J Contents of deoxidizer D;(;;i:&a;tt;on | thc(g:itgs_t?)nt
a) Si } Si 0.9 (5-3) Sio, 0.15
b) Al Al 0.10% addition (A-2) MnO-SiO, 0.46
¢) Si-Mn Si 0.5%, Mn 1.6% (SM-2) | MnO-SiO, 0.31

Si 0.7%, Mn 1.7¢9; (SM-3) ‘. MnO-SiO, 0.36
d) Al after Al 0.029 addition AlLO, 0.90
Si-Mn Si 0.294, Mn 0.3 (SMA-11)
Al 0.059, addition Al O, 0.74
| Si 0.15%, Mn 0.259 (SMA-12)
High Si Al 0.059%, addition AlLO, 0.63
and Mn Si 0.149%, Mn 1.59% (SMA-32)
Al 0.02¢; addition AlL,O, 0.67
Si 0.55%, Mn 1,352, (SMA-51)
Al 0.059;, addition Al,O, 0.42
Si 0.79, Mn 1.6 (SMA-51)
e) Si-Mn-Al Si 0.49, Mn 0.3¢, MnO-Si0O, 0.23
Al 0.01% addition (ASM-1)
l Si 0.59,, Mn 1.6% Mn-SiO, 0.23
Higher Si Al 0.0l¢; addition (ASM-2)
and Mn Si 0.7%, Mn 1.79, Mn-S5i0, 0.30
Al 0.01¢4, addition (ASM-3)

Conditions 10kg capacity, at 1550°C stirred with high-frequency induction furnace.

Fig. 7. Comparison of the separation constant
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EEBOFER» 5, Fig. 6 KR X 5 iEsaRoR
HAAREL 7 v, Fig. 2 X0 Fig. 3 COREE R
BOREE DY, MEBEO A H=X0%2E 25, [
B TR DEEIRIROBRRICBI LTIz, WFORES L
%519,

FRBEGELIF N T OB RRBI O EE T 5 2 &
BEETH 55, 10 kg BEOEHORELLEO TR
10cm/ s BEETH 01D, jihic o7 Bkt Rt £/
MATOFLC X Y SHOEL%Y HT5. 2T 10y
BORMEWMTONT, V4 I/ VE R L L5 L
KRB

RU, d: RIEEWE, o BEIEE, «: EWRLE
B, 7 : iFEHELRECT 0=7g/cm?, »=0.06g/cm -51®
ETBE, Re=1 T, BHLWRRI LI L 51z, ARE
RONEWF LOZEE D, EHEMIC Stokes Bt > 3
DEBLBIEDBTE, TIOOLNEDDTF LEES/LE
WEBOARCHBITE 2 v25. LEBOTHEDD
BRARPZ LSBT RS BGRT . TOEEREE
& LT U. LinpBORG et al. BIBNTWB X 5w,
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18-8 A5 v AED Si, Mn X Al IT X 5IGE%% 1537

BB X DN TEMMOEZE L7 LEEET X DER
EREDHAXMNRHLTHA . S LITHKXILI, @
ERFCEW T D EDBLECHY, NEMOWEPEHR
Thn. EFLIE, NEDOMEIKE VLSRR
PETHERFE LTS,

ERER»S, BEOZRID XM AMSERER
EKTHH5bhs. ChBEFHEES X CRFORRLY
ELTHREEDS WAMCIRERISImMEN DD, £
he LRER EORIGICE D, IR ET, BRI
D BB A L S5 BRI 5D T HA
5. 0%, Si XU Si-Mn BETREREBERRIO
EFERSRS LN, ZORBOEIEE S TRL, &
Si CHEHL, Xbic Mn ORFETIXVEHINLIEE
b, ZAVVEEE AR BLERR S & T U A AR AR A D
BINEC & 5P EHMSEECR D E CORMBPSRER
WODEHELTHOLNEHDTH 5. REWIIIEH
TR Silica X b L yktAD Mn-Silicate TK &
W LSNP THD. XHIEETDHE, 10~15min T H
Lo B EEE—E W KRG O iEE L R AR - Lot
DFEIREE B 5N D.

—7, Al i CIIOARREBRRDI ST DE %,
BIRETESFTEEL. Zhix ALO; AL MH U
Twb & 5ic, BREMTE ALO, F FlOBRE X 5
03 RA2 —{LBH 0, BRLDEXSHTEL, HAN
EWE LT BLEESA XY, FAMET T KESD
ALO; 1 5~10py OREIZH L, il b Didigv.
75 24 —{t ALO; D&MW r: Fig. 2 ® Fig. 3
PHELBHELNPTHS.

5. &

18-8 =5 L 2% 10 kg @REIEZSELT CIEME L,
@ Si Jifk, @ Al g, @ Si-Mn Jifig, @ Si-Mn i
fets Al i@, B XUY ® Si-Mn-Al EREIEEE 1550
°C TEW L, FEMmms S ERERNC T OEF LY
BET L.

1) Si-Mn [ CRIIMOKTE, MER—CEN
bhH, xotk BEBEZRELTHEDD, TEEREREIGE
FT5. g2 —iF Si BX U Mn g O INTRE S
h5.

Al R CRES L AMASEERIIT T, RIKEEE
wIEL, T, BEROREEZRT.

2) BEfFD 18-8 257 v v 2AMBEE T — 4 » b,
Si, Mn X Al izt 5, Si-Mn fii
BRCi, Si 0.4~1.0% T, Mn OFEEIC LV FHEESR
BEIMETT 525, Mn EMX%0WE Si 808 RAS 0k

il

v, 1550°C = Si 1.0%, Mn 1.6% dpFiz, 90ppm
BECTHhHH, Al BEgcitx 0.019%Al < 40ppm TH
D, AERTOLEBERIFEHELORW—FFRL
7z,

3) BMmEme LT, BRRAERWZ B iia =X

(Me 0,)%=Coexp (—kt)
THEHT Lzt &5, FLEGHiER, £ 1%, Al Si-Mn,
Si-Mn-Al, Si figEoECc/hE<7%b, Al HEIEFLE
ST E DT < TWwWa 2 e o,

4) LRCHEEEEh:, BEF S CORELERDIEE, KE
&, ERSHOE L, LT 5L, Al iEECRXE
75 ALO; 7 5 2% —DAKIC X 0 FE L4 3 <h,
Si-Mn [iEE TR, FIHAREE OBV, WIHARLERA I
DOEET, H—EMZ, Mn/Si ORIV ID
SEAA A O RS ¢, Silica, Mn-Silicate X
54z Mn-chromite DG MEIC X DFHHAIND.
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