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Theroretical Analysis on the Refining Period in Electric Arc Furnace

Isao KoBAavasHI,

Synopsis:

Kiyoshi Qura, and fwaeo MucHI

Machematical model for determining the transitional variations ot process variables which take place
during the progress of refining process in the electric arc furnace is developed in this work.

In this model, decarburization by CO gas bubbles formed on the surface of the furnace wall, direct
oxidations of carbon, silicon and chromium by the injected gas bubbles of oxygen and indirect oxida-
tions of silicon and chromium at the interface between slag and metal have been analysed theoretlcally

On the basis of the model, numerical calculations relevant to the refining period of electric arc fur-
nace have been conducted under the various operating conditions with the aid of digital computer.
The results calculated on the transitional variations of process variables have been compared with the
experimental data, and the former has been in good agreement with the latter.

Futhermore, the effects of the initial temperature of molten steel and the flow rate of oxygen on
the transitional variations of the temperature of molten steel and those of the concentrations of carbon,
silicon and chromium in it have been evaluated theoretically by the use of the model.
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Table 1. Data for numerical calculation relevant to 40 t-arc furnace.

Sectional area of furnace
Flow rate of oxygen
Initial condition:

Mass of molten steel

Carbon concentration in molten steel
Silicon concentration in molten steel
Chromium concentration in molten steel
Oxygen concentration in molten steel
Mass of slag -

Concentration of SiO, in slag
Concentration of Cr;Oj in slag
Concentration of CaO in slag
Concentration of FeO in slag
Temperature of molten steel

Parameter used:

Mass transfer coefficient in molten steel
Mass transfer coefficient in slag
Parameter defined by Eq.(8)

Estimated value:

Coeflicient defined by Eq.(22)

9-075m2
0-669 Nm3/ sec

40t
0-95%,
0°35%
18:69%,
0:019;,
2t
209,
1494,
459,
109,

1 600°C

kn=10x10-3m/ sec
ks=1-0x10-4m/ sec
a=125%10-2m3/ sec

B1=5"6x10-3(—)

Table 2. Data for numerical calculation relevant to 2 t-arc furnace.

Sectional area of furnace

Flow rate of oxygen

Initial

condition:

Mass of molten steel

Carbon concentration in molten steel
Silicon concentration in molten steel
Chromium concentration in moltér‘;'stee]
Oxygen concentration in molten steel
Mass of slag .
Concentration of SiO, in slag
Concentration of Cr,Oj; in slag
Concentration of Cao in slag
Concentration of FeO in slag
Temperature of molten steel

Parameter used:

Mass transfer coefficient in molten steel
mass transfer coefficient in slag
Parameter defined by Eq.(8)

Estimated value:

Coeflicient defined by _Eq.(22)

3-33m?2
0-0719Nm3/ sec

2 290 kg

1-369%

0-829,

15-59,

0-005%,

120 kg

32:529,

1-629,

48- 449,

2-59¢,

1590°C
km=10x10-3m/ sec
ks=1'0x10-4m/ sec

a=5"0x10"3m3/ sec

B1=2"5%10-4(—)
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Fig. 2. Comparison of the calculated results Fig. 4. Comparison-of the calculated results
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the concentration of each component
in slag with the data observed in 40t-
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concerning the transitional variations
in the process variables of molten
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Fig. 5. Calculated results of the transitional
variations in the concentrations of
slag in 2t-arc furnace.
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¥ig. 6. Calculated results of the transitional

variations in the mass of slag and in
each mass of components in 2t-arc
furnace.
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Fig. 7. Effects of the initial temperature of

molten steel on the transitional vari-
ations in the concentration of each
component in molten steel of 40t-arc

furnace.
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Effects of the initial temperature of -
molten steel on the relations of C
vs. Cr, C vs. O and C vs. Si.

Fig. 8.
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Fig. 9. Effects of the flow rate of oxygen on

the transitional variations in process
variables of molten steel in 40t-arc

furnace.
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Fig. 10. Effects of the flow rate of oxygen on

the relations of C vs. Cr, C vs. O
and C vs. Si.
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Ay o/ dz,0= (2Po/Da) V3 +oeerernsremeennnnnns

TIT, poiE (A.2) RTEDLXNS.

po=Pat 0ml(8/8c) “rrrrrrrrerieeieeraen - (A.2)

REBERIBE LZIRDINC doa & dae & OFEINEY

ELTEDTE, (A3) XBEHhS.
dz*/dz o——(l‘I‘dz a/dz O)/2 (A?,)

7272 L, dae WEELHIICERR 4 TOREE LWL
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d2o=1'340, (A.3) R XD d¥/d;,=1'170 Lt7s Y,
d,¥=0-0608m & /1 5.

Hl 5
A EH - X 2 S OERRERE (m?)
Apy, Ay : JFEEDP SR 4 Lz CO Kiflk X RRER L
ERLAmMOKRMmA (m?)
Aw : S L EM LTV B IFARER (m?)
e 1 fRG OiERE (i=1~7) (=)

Ci: 1 kG DIRE (i=1~7)
(kg mol(i)/ kg(metal)), (kg mol(i)/kg(slag))
Ci,Ci'" 1 38 - 27 VBB IU0EH - B8O 1 &K
S ORMERE (kg mol(i) /kg(metal)),
(kgmol(i) /kg(slag))
tms6s P BB X R T I OHER
(kcal/kg (metal) -°C), (kcal/kg(slag)-°C)
€p,c0s ¢p,0, : CO T AR LR EALBEDIEL
(kcal/kg mol(CO)-°C, (kcal/kg mol(Q,)-°C)
Dy VEHAAN 1 iR DYREFREL (i=1,3,4) (m?/sec)
dy, dy * [FEED BFEA Lc CO Kl X OF R 358 BB
SRR DERE (m)
dot ABREC BT DR EIALBRIBOEE
(m)
Ji BEA L R OEESRE (I=1~4) (=)
G : RERLBRE (kg mol(O,)/ sec)
& ENIEE (m/ sec?)
gc ¢ HUE R =9 80655 kgm /kg- sec?
AH : FISwefES = 202 —25{k  (kcal/kg mol)
hy PR L2 B NRTET OEERE
(kcal/m?.sec-°C)
Kt FEER (1=1~4, k=1~3) (=)
ko &38 - B OB G I B35 5 s ERAIT
DIMEABERE (m/ sec)
km, ks : VB8R - 2 2 S TROR ST BIS-T 5 i 8
B EXUR 7 FRITONEBIIRE (m/ sec)
L, ! : BRSE LIOBERZAKIEE (m)
Mi: i RBORTFRE (i=1~8)  (kg/kgmol(i))
Ny, Ny - PEED BFAET 5 CO Kk X UIR &34
AR OFEAEE  (1/m?. sec), (1/sec)
nco,1; fico,2 ¢ MFEED DR THRMANS X O R &2
LEEESREBA O CO o V¥ (kg mol(CO))

po  HAEMIC BT KN ( kg/m?)
bo: EEENA FHOKKBIBES ( kg/m?)
fco.x : [RINDOCODSGHE (k=1,2) (atm)
Qeo  KERALEFR O E (Nm3(Oy) /sec)
g1 BdESk (keal/sec)

Ri 8 - 25 JHORMTD J Ry DE N
i (j=2~7) (kg mol(j) /sec)

T, T, : 58k XOKRADBE °C)
te * FERRRER (sec)
ug : [ O LEEE (k=1,2) (m/sec)
W;: j ik OBEE (j=5~7, Ca0) (kg)
W Ws : BB XU 25 7 OHEE (kg)
Xt AR RS DENGER (j=5~T) (=)
z B OF IR (m)
vyt AT TN RS OERFRE (j=5~T7) (=)
0 : BREERER (sec)
oms s P BB LV R S FOHE (kg/m?)
=

1:C, 2:0, 3:8i, 4:Cr, 5:FeO, 6:SiO,,
7:Cr;O5, 8:Fe, *:{LFKfH, 0:¥iE
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