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Numerical Simulation of the Moving Bed Furnace for Reduction and Melting of
Oxidized Iron-scrap Briquette Containing Coke Breeze

Xinghe ZHANG, Reijiro TAKAHASHI, Hiroshi NOGAMI and Jun-ichiro Y AGI

Synopsis : Briquettes of oxidized iron-scrap containing coke breeze are attracting much attention as a new raw material for ironmaking from the view-
points of energy saving, recycling and environmental protection. The reduction and melting of the oxidized iron-scrap briquettes in a moving
bed reactor has been proposed for hot metal production. The aim of this study is to investigate the reduction and melting behavior of the bri-
quette in the reduction-melting furnace. For this purpose, a total mathematical model of the reduction-melting furnace has been developed
considering the rates of briquette reduction, iron melting and carburization to molten iron.

The model was applied to the reduction-melting furnace, of which inner shape is a cylinder of 1 m in inner diameter, 4.5 m in effective
height and the tuyere opening is 10% of the cross-sectional area of the furnace. Computations were performed under the conditions of air
flow rate of 1.7 kg/s, air preheating 673K and coke ratio of 350 kg/thm. The numerical simulation describes flow of three phases (gas, solid
and liquid), chemical reactions and phase changes; specifically, the distributions of temperature of the three-phase, gas concentration, reduc-
tion degree and carbon content of molten iron in the furnace. From the calculated distribution of temperature and melting ratio, it was proven
that the briquette could be melted with preheated air blowing at 673K. The reduction degree distribution showed that sufficient carbon con-

tent of coke breeze in the briquette is necessary in order to obtain higher reduction degree.

Key words: ironmaking; modeling; energy; scrap; briquette.
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Fig. 1. Schematic diagram of the reduction-melting fur-
nace with briquettes charging.
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Table 1. Dependent variable, diffusive transport coefficient
and source term.
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Table 2. Chemical reactions and phase transformation
considered in the mathematical model of the re-
duction-melting furnace.

Reaction No.
Combustion |C+1/20,=CO 1
and C+0,=C0O, 2
gasification |C +CO,=2CO 3
of coke C+H,0=CO+H; 4
Gaseous CO+1/20,=CO, 5
reaction | CO T H0=CO0, +H, 6
H2+1/2 02=H20 7
. Fe,0,+xC=nFe
Reduction + (2x-m) CO + (m-x) CO, 8
Melting Fe(s) = Fe(l) 9
Carburization |C=[C] ~ 10
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Fig. 2. Size and grid arrangement for reduction-melting
furnace.
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Table 3. Chemical composition of briquettes (mass%).

T.Fe [MFe| Fe* | Fe"' | O c |co°
Bl | 700 171]435]| 94 | 164 7.4 | 0.60
B2 [670[ 1771423 ] 7.0 {151 {11.2]099

* C/O: Molar ratio of carbon to oxygen

Table 4. Operating conditions for briquette melting
process.
B - [ ity ity /
Material Temp. | Diameter | Porosity Densn:y Feed rate (kg/s)
(K (mm) ) (kg/m’) Bl B2
Coke 298 50 0.52 1000 0.44 0.35
Briquette 298 35 048 | 3280 1.49 1.46
Air 673 - | - i 0725 1.70 1.70
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Fig. 3. Computed isotherms of gas, solid and liquid for
briquette B2 charging.
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Fig. 4. Computed concentrations of O,, CO, and CO for
briquette B2 charging.
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Fig. 5. Computed velocity vector, time line and melting
ratio of solid for briquette B2 charging.

w3,
3.3 REMHH

Fig. 527U 7 v b & a— 2 20FEFMEL K OBOE
RO A %R T . FIED & G S Bk Foh LE
TIEEHF AT — SR E TR T35, BRI
D& ZATREEITIOFEZAEY > Thb, P&
D TESTIERABERAEREN TS, 414474 VR
T X327y M3IFTES S EEA, 3300~3600s kI
BBRHIZHEALTED, 3—27 21384000 ZIZFID L X
LETRET S, MEEHLATIOORBHEIZH 5720, B
PToa—2 2130k 0 BEMI0IE S A FERESKE
o TWb, $OBBESMHNRT LI, FROBRIT
FUOEAI & DBl TIZ R II L0, BROETIZONT
BIRHEE P KEL B->T 5, £/, BRETITEMTE
FOETER02mOBEHATTE T L7,

3.4 TU4s v bOETE

Fig. 6 127U % v FBlBXUB2EERE LAGADT
Dy bHROBILEOETTETHOLEE R T, 7Ty
FB2OBARFEHON Im FA2LETRIDAIZLE S
T3, BETHOEE LD ETELEATEK 5T
W5, FPHIZREITAIZORTRIBEEIZIREL D, &
90% DEILE THMWHIZEEL Thd, ZhicHLTTY
oy FBIDBE, BILHKEZTU 7 v FB2KORRER,
FRBEICRDE L 2O B ITTEIZN60% LKL & 5

415 IR



I 416

$% & 88 Tetsuto-Hagané Vol. 87 (2001) No. 5

I

\

i 4.5

|

; 40

—
L B

| 35

s

N
w»

Height (m)

0.0

0.0 0.5
Radius (m)

B1 B2

Fig. 6. Computed distributions of reduction degree of bri-
quette B1 and briquette B2.
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Fig. 7. Distributions of computed carbon content and equi-
librium carbon concentration in liquid iron for
charging briquette B2.
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