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Mechanism of Fume Formation during the Decarburization of High Carbon
Iron Melt
Hidetake IsHIKAWA and Chikara SAITO
Synopsis :

Charactristics of fume formation during the decarburization of high carbon iron melt by O,, O,-Ar or
0,-CO, were studied using a 15 kg induction furnace. The results obtained are summarized as follows ;

(1) Remarkable increase in the rate of fume evolution accompanied by fine iron droplets emission was
observed when the oxygen flow rate and oxygen content of top blowing gas exceeded some critical values.
This critical condition seemed to correspond to the onset of CO bubble formation beneath the bath surface.

(2) Tt was found that the temperature of the jet impinging zone measured by a two-color pyrometer
through the oxygen lance rose up to 2 200°C only when bubble bursting took place. Bubble bursting was
supposed to be the main cause of fume formation both by bursting itself and by accelerating the vaporization
of iron.

(3) The effects of bath temperature and C, S, Si, Mn and Al contents of hot metal on the critical oxygen
flow rate of bubble bursting were examined and it was made clear that they had significant effects on this
critical condition.

Key words : steelmaking ; decarburization ; fume ; top blowing.
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Fig. 1. Experimental apparatus.
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Fig. 2. Effect of O, flow rate on the rate of fume
formation.
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Fig. 3. Effect of nozzle gas composition on the
rate of fume formation (laminar jet).
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Fig. 4. Effect of nozzle gas composition on the
rate of fume formation (turbulent jet).
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Fig. 5. Effect of bath temperature on the rate of
fume formation.
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Fig. 6. Effect of nozzle gas composition and bath
temperature on fume formation.
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Fig. 7. Size distribution of fume particles.
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Table 1. Chemical analysis of bubble burst particles.

T.Fe(%) | M.Fe (%) | Fe** (%) |Fettt (%) C(%)

95.5~97.6 | 87.0~%4.7 2.4~6.7 (0.2~4.1) 1.3~2.4
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Fig. 8. Temperature of the jet impinging zone mea-
sured by two color pyrometer.
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rate for bubble bursting.
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Fig. 13. Effect of [ % Si], [%Mn], [ % Al] on the
critical O, flow rate for bubble bursting.

EETS.

3-2-3 [Si], [Mn], [Al] »%

BHPICHED Si, Mn, Al % EDORBR S EH S
NBEL, NTW - 8= FRAEDRRBERE Fo,*
EA/PNEL B EMNRB SR 1500°C O Fe-3.5%
C OZTLHRESKIC Si, Mn 2V EFEML T Fo,* DAt
2HE LR % Fig 13107 %. [Si] Ti30.02%
EE T, [Mn] Tit 0.2% BEI T, IMMEOHEMIC
Lo T Fo,* #MET$ %75, £hllEFEmMLTY
Fo,* WhE KT LZWV,

ORI, BOEIMENT IR VTOHEELTVITD
AT, Fo,* WKELENSD I EHFRMENT, 7
VIFAEOIFEFER LSS, BP0 [CliItk2T
BT &N, 1500°C Tix [Al] #& A5 0.003~0.006%
L. TRICEDT Fo,* Offin Fig 13 ISR LA &
HKIBICIKT T 5. COBRTOREEMN [Al] L% b
DTHAZ LI, T2V TH2ITHKIIVEN Al
PRML - ERTHIE s, L L, [Si], [Mn] &
By, BOEOBBERFE TSV O [Al]l BENPE
DEALT AR S S DT, Al IRINE % R »
ABHEBRIBI hbhhor,

Morris 519 3 22 (FOFEIHIC L 2T, La— LD
BT HRAEMGIIENDAILERHBL, Thrko
ELSRBATAS [SI] LB THLERELTY
L. PRSI IOX) BWMED [Si] 25N T N 23— R
FREICKE CEETAEEBE LT, RIEMPEOHMNIC
R L 7B A & 2 D, CO RIBDAK ERHET %
SEREBLEELTWVS. ZOWREHEREIENIEH
HMNTHEVD, REBRICASNS & % Si, Mn, Al %
EOFBEFILBICHBELI 2 —20ELFLEbIA,



BIRFEKOBIRED € 2 — 4 O A 83

4. # B8

15 kg SEKRERIF T, BRFBBHFOBPKEDO € 2 —
LADERBE T RE LR, UToZ LaHBEL .

(1)REMFIIE2BEOHRENFHHMEUALIC LD E, B
AEB A & CO KEARE LIZ LS, Bl 2 KIa0mH

(DNTW - W= HR) 2L HDOT, La—2DH
HEBVEETEHE LD, ZEOWMABSNTORY
HLFRDOEND LI B,

(2 )BSKIREI IR, Lo vBERES L UEY
FERIBEE T, /N7 - N— X FEEEICAS.

(3)#%k [C] MWEWHEA, L wBEHETN T -
IN— R MEEICABN, Fl—HTARETOL 2 — A5
HERIP LA,

(4)VE®D S, Si, Mn, Al DFEEICEDT, N7 -
N— A MHABEBIDRT %5,

X 73

1) K. H. SARGENT: Recent Advances with Oxygen in Iron and
Steelmaking(1964), p. 296 [Butterworth & Co., London]

2) D. W. HopkiNs, W. JoHNSON and R. DAVIES: Ironmaking
Steelmaking (1975), p. 25

3) REEZ, PiEs—, \WWHEZS, BFE—1, +HR,
EREIEAL: $k &%, 70 (1984), S1023

4) SUERYE, S3slE: 4R 19 £-No. 10690 (BEHI 60 4
108)

5) ARET, MR F, MEM—KLM, 71 (1985),
5986

6) KEFRIE, R¥ 3, FMEBIES: S8, 72 (1986),
S239

7 ) E. T. TURKDOGAN, P. GRIEVESON and L. S. DARKEN: J.
Met., (1962) July, p. 521

8 ) E. T. TURKDOGAN: Trans. Metall. Soc. AIME, 230 (1964),
p. 740

9) /NREHE, s K&, 50 (1964), p. 1735

10) J. P. Morgis, J. P. R10TT and E. G. ILLIG: J. Met. (1966),
p. 803

11) A. F. ELLIS and J. GLOVER: J. Iron Steel Inst. (1971),
p. 593

12) L. A. BAKER and R. G. WARD: J. Iron Steel Inst. (1967),
p. 714

13) D. N. GHosH: Ironmaking Steelmaking (1975), p. 36

14) P. A. DisTIN, G. D. HALLETT and F. D. RICHARDSON: J.
Iron Steel Inst. (1968) Aug., p. 821

15) N. H. El KADDAH and D. G. C. ROBERTSON: Journal of
Colloid and Interface Sei., 60 (1977), p. 349

16) D. M. NewrtT, N. DoMBrowsKI and F. H. KNELMAN: Trans.
Inst. Chem. Eng., 32 (1954), p. 244

17) F. H GARNER, S. R. M. ELLIS and J. A. LACEY: Trans.
Inst. Chem. Eng., 32 (1954), p. 222

18) =hAEHE, BEHZ, LIAX %, KIUHEE: eI 22
(1958), p. 680

19) BIERE, SHEM, HALH: LFITH¥HRTE, 6
(1979), p. 565

20) H. Nomura and K. MoRt: Trans. Iron Steel Inst. Jpn., 13
(1973), p. 325

21) D. R. SAIN and G. R. BELTON: Metall. Trans. B, 7 (1976),
p. 235

22) D. R. SAIN and G. R. BELTON: Metall. Trans. B, 9 (1978),
p. 403

23) H. G. LEE and Y. K. RAD: Metall. Trans. B, 13 (1982),
p- 403




