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The Decarburization Mechanism for Stainless Steel Melt by Ar-0,
Ascending Gas Bubble

Yoshio KoBAYASHI and Shigeaki MARUHASHI

Synopsis:

The decarburization mechanism for stainless steel melt by Ar—QO, ascending gas bubbles was studied under
atmospheric and reduced pressures in a laboratory—scale induction furnace. Experimental results are sum—
marized as follows:

(1) The rate of decarburization is divided into two stages. In the first stage the rate is constant, being
independent of the carbon content, and in the second stage it gradually decreases with the lowering of the
carbon content in the bath.

(2) In this experiment, the critical carbon content at 1 600°C is higher than the C-Cr equilibrium point
that is determined by the Pco, and the critical carbon content at 1 700°C is slightly higher than the carbon
content at which the rate controlling step varies from the gas phase control into the carbon diffusion control

at the gas bubble-metal interface.

(3) Regarding chromium yield the submersion depth is a very important factor for reduction of chromium
oxide which is formed by Ar-O, gas bubbling. The temperature of the melt and Ar/O, ratio are also im—
portant opperational factors for effective decarburizing without an excessive chromium loss.

(4) Ar-0O, gas bubbling under reduced pressure is a very effective method for decarburizing to extra low
carbon content (G <0.004%,) without an excessive chromium loss.
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Table 1. Experimental conditions.
(A) Under atmospheric pressure (B) Under reduced pressure
Starting chemical c Cr Ni G Cr Ni
analysis (wt2;) 0.2~1.0 5, 18 0 0.01 18, 30 0
Melting weight 10 kg 100 kg
Bath depth 155 mm 250 mm
Temperature (°C) 1600, 1700 1 700
Oxidizing conditions . ‘
(1) Gas flow rate 4.0 N1/ min 0.9 N1/ min
(2) Ar/O, ratio 7/3, 1/1, 3/7 7/2~7/1
(3) Gas supplying Bubbling from top (Submersion depth Bubbling from top (Submersion depth
metho 8.0cm) 10.0cm) or from bottom
(4) Nozzle diameter ID 6 mm, OD 16 mm ID 6mm, OD 16 mm
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. Schematic diagram of experimental
apparatus.
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Fig. 2. Change of carbon content with time

during decarburization at 1600°C
1825,Cr).
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Fig. 3. Rate of decarburization plotted as a func-
tion of carbon content (A) at 1600°C (B)
at 1700°C (1895Cr).

ER TR - ZEFERTEBbr5. Thbb, i
BOEE S CIRECRTET —ETH 5588 (UIT, £—
WE WS )& BREESCREDETE & bickld
L (BUF, B2 w5 .) Thbd, DT, 08—
i OB M b1 5 CIREZ LA & X558, Ll
BOET B C(%) 1%, Ar/O, [REKO KL BIZEE, H
50, BREESEWIEERLS L. £, E—#ic
BT HPREE L, Ar-0, AT A ROEEES EOBEN
EEDITLKEL LS.

3-1-2 wHpo C-Cr, C-O Dk

Fig. 4, 5 iwikiiho C-Cr oBAfk%, Fig. 6 KK
Hho C-ODBRERYT. Hh—S#HRTRTE Peo
R % FEEE kOB A ER UCRHE L.
C+0=CO,

log K (=Pco/ag-to) =1160/T+2.00 ------ (1)®

1/4Cr,0,=3/4Cr+ O,

logK (= [%Cr13/4- ag) = —13 380/ T +5.99

220 —————r—r
Pressure 760 mmHg ’ ]
Gas flow rute 4.0Ni/min /
200} Avoratio & 773 [ / / ;/
a 3/7 G ]
Submersion depth 80cm |
180 p —-— c-Cr equilibrium
:; calculated !
Q
Siteo} //
140 /
|20 " i " PRSI s M e i
(0]0]] 005 0I0 050 100
c(%)
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Fig. 6. C-O relation during decarburization at
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Fig. 7. C-Cr relation during decarburization under
various oxidizing conditions.
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Fig. 8. Change of carbon content with time during
decarburization by Ar-QO, gas bubbling from
top at 1 700°C.
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Fig. 9. Relation between final carbon content and
Ar/Q, ratio at 1700°C.
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Table 2. The comparisons of the observed [Cler; with the calculated one at 1700°C. (wt%)

| Calculated value
Ar/O, ratio Observed [C] ey
2 Gas phase control— Consecutive Consecutive control— Liquid at 1895 Cr
control phase control
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]
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Fig. 11. Relation between [C].; and partial pre-
ssure of oxygen in Ar-O, gas mixtures at

1 700°C.
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Fig. 12. Schematic representation of decarburi-
zation mechanism by Ar-O, ascending
gas bubble.
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Fig. 13. Effects of the partial pressure of oxygen
in Ar-Q, gas mixtures on the rate of
decarburization at first stage (1 700°C).
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5%%:@%&%%“@&%“?5%#&L1,ﬁﬁ%
EEWHEROBEUNR# SN S. Fig. 13 13, &M

RIPEE R RIEE & Lz (A7) % Runge-Kutta 3=
THEE, (A-8)R X 0 EHERRFEBRINIEL KD, WIS
NicF RCD O, BCLEFERT D & LIERE R EE S
ked, FHElSh/HF—HRREEELEL 23 0TH
5. TDER, BESED/NI W, Ar/0,=7/3 DIES
XL =T 50, U/, 3/7 LBESEOHEMCON
T, KB 58— OEE T ERMREE X D/
{7 BEmMBRBEDLND. ZoZ e X, Fig. St
N5 X 5, BREHEETIE, ok Cr B5iE s
A ETR VDS, B VIR ML R ILEE - EE S 5 —
WIRREEDZRy Y EY Cr BbLEmshic
BEALTVBEELZRLERINVTHSS.

i3, Fig. 13 T Ar/Op {REL /1, 3/7 LBME
SrED T D, SIS h B 5 —EAR 5 EE SRR
REE XD b IRBHEME, 22 5IREHTIEEE
SERBE WD, PR TERT S Cr BR{ibhoE s
L, Cr gbhrsaicii@8cdnikvs%, Fig
12 oFEZE (1) OREBTRHEPFELLTLES DT
HHEDHEHANSINIS. L L, Fig. 13 oER LD
BRFEHFEORB/IE Vv Ar/0,=7/3 D&k, Cr B
(OB TRICIHITIEER T &8 BLEELSD. &
DX AT, BESFEoORPMCXD Cr BE{LMOETEE
REBIE LN ERRBIRS IR H, REEIS
8.0cm DEEDX 95z, Cr B{LMO BTG EFT L
95HL5—EDRIRIEZDH & TiE, Fig- 4, 5 T
X5, BWIEE, XU Ar/O, B Cr ¥
KESEEL, R 1700°C), »om Ar FHIRE (Ar/
0,=7/3) THiRTHIE, Xi3&D Cr Dfg{biEEsr
b, EEFE (C<0.05%) * CHETETHB.
42 FETTOBREEZDONT
KRETCOERKERIC LN, Ar-OREH AHNE
HT Yo WS ARk T 5 Cr LR TG %
TAESR D oDitiE, Ar/O, BELIE et 457E
HIESEZRTOULEVLDB L, 7o, HNEE, &
X, Ar/O, IBEHD Cr BFH T A HBETSERT
HETZEPHAL. £ 2T, ZhooERCb LS
THISRRRS LB MREZ L, Ar o CO 5 ERH
FREWVR L, BETZ2FB LR TEYy Poo BEESAT
TORRFBTOVWTHRIT L. £0BEORKFDC
IREORMZ(bIE, Fig. 8IzR4 &<, log[%Cl &
i) & ORIIIZIEEMRBERS KL TS5, £ 2T, 4-1-1
TEEETR21TEL, 2 5EETTORRMEICHK
MABELII LD 5 CIRE, T70bbatEIbAETEE»
% Consecutive control 25 k3% CiBE%S (A-13) &
CXDEH LR, 0.03[%C] &5 (HAM r?p!‘oht.
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Fig. 14. Relation between final carbon content
and C-Cr equilibrium value at extra
low carbon range (1700°C).
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Fig. 9 iz R Lc T &<, CiREH 20~40ppm % CTHHE
BRI TE Y, Cr ORMLERE, 2HiE
CHLbhEWELOMETHS. KiT, Fig. 141 C-
Cr PHistEE s FECREMBEORFRETRT. Mo
RLATEL, »OIRERKENN 5 Torr OFETH
Ar/O, {BE 7/2 TWRIST L, BUREEEZhERN 100
%D EE, FThbb, P PRAMETRTELETDH 2
Torr FiEORRD TRV Peo B 5 ENTESD. £D
EA, RiCBH LX DT, 0.03[%ClCHERMEMNE
LIRSS, C<0.03% & C R CEBR
HENRCEEDKT & &BITBRLIEBLT 50, BKHE
EAHAT 5750 T, 18%Cr, 30%Cr o vTholf
&%, Cr otk bt, CREN 20~40ppm
ECRHBEIRR =TG5z &2 Fig. 14 OFERH»
LFAlxt, ERFEFELI-FHLTCVDE. TDOXIK,
BETE Ar-O, BRE&H 2o Ar @ CO 4 EFHRREhE
DIFLNRE, Pco DIKTI S bdTHITER L, &
KREE (C<0.004%) £ CHREHT 5 &% 0fE
HLO5.

5. %

2F U VAERY, KKET, BXUCBETTAr-0O,
BEH AT X b bubbling Z{FlwiiRE LIEEOBESR
WOWCTHEE L. Fi, 2 5RKEGE B~
FRIE WO EEPDEEE L.

7, RRETCOBRELENT LR DX STk

[

5.
(1) BpEE, ZH&EsEc LT CREKGE
T—EThHHE e, CREODKRTLLICEITS
HoHICRSENS. T, B—HoBREEITERR
BICE LA EBEINT, £/, Ar-O B8 A Ok

FEHEDEME LB REL DD, BRI EEMNL
AN

T (2) AEBRICETS 1600°C T AE, Peoid
FOREINDIBNFENEHES LD dEVCIRE MY
T5. 7z, 1700°C coZphsld, &RERO SRR
TEHEE > SHARRIC IRBE R B LT 2 CIREX h b
EFBOCRECHY TS, chbix, wihd CrE
IEMT X BHRREEE LW E RIS EWERDO LS
Bz 5.

(3) BEEE, TbbRnOF LR, Ar-O,
AT ADBBEIRIC YO EPS IR T 5 Cr Bk
DBRTLRIG%Z, [UF BB TREZE5 L ORI S
BOARELTDHIEREF LV EEZLNED, Ar/O,
BELBKEV (Ar/O;>7/3) HETE, LER/NRD
Hx L LT 8.0cm BELNIET I V.

(4) Cr BItYOBEITRIEHETL 5 555 —FD
RRIES O D LT, WIRE, 3X0COHE, T
bbb Ar/O, RELY O FPCAREIEEL, "R
(1700°C), »oF Ar fHiRE (Ar/O,=7/3) Thif¥
hiE, ZEE&o G oRbiEE 2 bT, ERER
(€ <0.05%) % THKATRETD 5.

DLEomBE S Ei, WIERRERE TEMCBRT S
FEEEDOWTHRET 5729, BETF TORREEEY FE
LIckER, ko X S isiEmnsshre.

(5) BWET &L, Ar-Oz REH ZAFD Ar @ CO 4
ERHRRSHBEOMESRIL, Peo DETIZELDTHEIKC
fEFA L, #fis Cr OoBR{LEKICT, BERFER (C<
0.004%) = CHRBH T D LERELLLDS.

Appendix 5B FABCHITEIRISET I

(1)  SARRIPEHEE
Logs, FERXE LTA-DABKLT 5.

dﬂoz _ ka

2 LN af = L R L I .
—— T (nd3) - Po, (A-1)
- dno, dno, _dx__ _ _ dno, )
iﬁ" __F___ dx dt = dx UB"'(A'z)

i, SARMEBEIRE ko, KDV THE, BamD®
573, KF vy ViENWEEE LT F 2/ JR&GEEC
T HEAR A EH LT\ 5, FOfE: Hiceie O F
WERERUEEZS 25D T, T HiGBle O£ 7
WERSHOWESENCEA L, X5k, B LAEED
SHECE, BREERORER, Lo LR & TR
i EHTH LR T S AR @i 2HERE R,
* 7 RGO B i L FEE T DT, Davies! L5345
EERERAVWSE, (A1) Rix (A-3) KoXHciks.

— 165 —



2108 g & @

% 63 £ (1977) %132

555 - 4o/ Po, -+ (A3)
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(2)  wABHN CHRELERE
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d 1
_ Z;’z -5 kg (md}) - Cg omrvrvneervernenvnner (A9)

Fie, (AR (1) LRBREERVBEVWETS & (A
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”( °+1.013><106>
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HCiE &, EBDE xTD no, 13 (A-1l) RrTh5x
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1.013x 108. Cc (xDg)1/2
0g(0.5g) /4

Q[LT’ 5/12 pgh >1/12
( 7 ) '<P°+ 1.013x 108

+ (3 . +np,) /12
_ 1013 105Cg (= Dg) /2 <6RT>5/12
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HiE R OLE& L Rk, (A-B)Xxo525h%.

(3) Consecutive control!s

(D(2)D X 57, SHAEEHEOWEBBIY 2%
L7c® 7T, SABRITARES & BRI E o
@R & L, Consecutive control M4BIGATFET 5.
Consecutive control & 13, & % CiEE I B\ CEIBINT
LB T, ARSI REE D S KRR
AR IGERENC BT 5 RBE BN T 5. Thbb,
KR AR EE RS E OB VIREBIZ 55 7o, KR
YRRR D 77 5538 < WABMI AR AR & 7 503, KBS LT
SO, [EFOBESEXLEVIT/AEL LD, B
LD d B A s KHEIRETESE I 2T B kEET
HB. ok, TOHOEBEREOLENIIHEIICH I 2
AN

—7%, Consecutive control o CiEE&FIL, HEFE{E
DIWESEEEE & KABA D M E 5B % EE O MR ERE
ETREINDS 2D, Ar/OiREL, ThbbEERSE
ICEDTRILY, BERSEINNSWIE EERERCHFE
T5. ZoXiK, BESEOK/MNMc XD Consecutive
control @ CIREHHIIRL 55, EEOMESIECE
VW T Consecutive control 23pEsr4 % C (BT
DI X 5w, RO WEBENERE & AR W
EBEBEESFLL L5 ED, BRhoRnE LRI
HETDHIEX Y225 ClREREIILTO X 5Tk
bh 5.
SHNOMEBEEEX (A-DRick v 5260, ¥
7o, WABOWEBEEE G (A9 Kk hszoh
5. PE2T, [ELFOH B EICH T (Al) K&
(A-9) ABEZELWZE, Thbb, (A-DHRXE(A-10)
RABE LT 25, WARRIPRELEE Y & SRR RIAR
RICELTDEED ng, (A I2)RTHEZ LN,
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1.013 x 10¢8
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1.013% 105Cc (Dga)w(sRT)s/n
0g(0.5g) 1/

0g(h—x) \112 12/1 '
'(P°+1.o13x106> } '

(A-13) Kick T x =0, TibbRiELERMATH
FRIAIyE S A & SRR BRI LT B AR RRIL
TBEAD Cc T, KT L SARRITREEED 2
L Bied, D Co HSKFRAIYEHREESE 2> ©Consecu-
tive control [t Z5{bT B IRERICHEN T B, Ei, x=h
b bR T ST BRI R E 2> & FABRIE
s BT B EEMSET 5 HA0 Co TRHRRT
R AR SR D & T B, D Ge B
Consecutive control 7> 5 ARRIEELEERIC Z(LT B iR
YT 5. B, mo R, A IM)XXDKRDL
no s UEREET D L EORBRE dpy X VRSN
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dBf={

T

verrreennneeen- (A 13)

272 124 \1/2)1/3
o (G e )
..................... (A-14)1®
wE, 2 ZVHAaD Ar-O; BREH ADIEES 1700°
CihoTwadnET 5L, Q'=482ce/secTRIBE
dps VX 3.97cm LHEIND.

D EoBxostECE L, p, dp, 6 WWDOWTILIEH
K, BEOCIBECHISTHF —20808L, »oXDW
HEOZEII X LD TSI Wi, JIELWOHIEES
¥z, 1600°C, 1700°C o WFhofiicd 0=7.0
g/cm?, dp i OWTREHMOHETEMOBEIT LA~
CTHREE WL ANX WD dp=p=T7"0g/cm3, %7z, [EEk
iz o=1550dyn/cm & ULTEHE LA Hk, Dcix
1600°C ¢ 7x10-5 cm2/sec, 1700°C T 8x10-Scm?
/sec®CH L. $7-, D3 Bmrp 520wV THEE
42 %, 1600°C T 4.37 cm?/sec, 1700°C T 4.77
cm?/sec Tdh 5.

}

i =)
Co : MM C DT b (mol/ cm?)
dao: /7 RHE (cm)
dp,dp; : @¥E, B IO/ XVELEOKBE (cm)
Dc : 5% C O YREFR E (cm?/ sec)
Do, : Ar-Oz IRE # AT ¥ 1F B HEIEH R $(cm?/sec)

D : ZESKES | atm k175 Do (em?/ sec)
S EEERINSNE (=)
¢t BEHMEE (cm/ sec?)
h i BRRS (cm)
ke : B COMEB IR (cm/ sec)
ko, : [ABE DM EBERE (cm/ sec)
Kp: (A1) Riz 5 1 5 5 8 (=10) (=)
no, : AfAFD O, OE LK (mol)

Mesfo, t / AAMATERT 5KWFRD Ar, O,
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DE L ( mol)

Nge: VA 7/ L XE (=
Ppy: ZEAED - (atm)
Po,, Po,  BEEAE, X0/ A RaTOBESE
: (atm)

Q' : EHBRECRELZV AME (cm3/ sec)
R : &Sk EHK (cm?-atm/ mol-K)
T :RE (K)
vp: R[IBEAREE (em/ sec)
x AEELAFEOMERE (cm)
o : EWMBE (g/ cm3)
dp: BEWMLAWMOBEXE (g/ cm?)
o : EHERN (dyn/cm)
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