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Dimensionless Groups on a Countercurrent Reduction of Iron Ore

Tanekazu SOMA

Synopsis:

The reduction of iron ore particles is a gas-solid reaction and therefore the unreacted core model
is often applied. Material balances on a unit surface area are calculated in both gas and solid phases.
The residence time of ore is normalized by a theoretical reducing time, and it is named Ot. The
contact time of reducing gas is also normalized by a theoretical contact time, and it is named Ge.
These two dimensionless groups Ot and Gc are very advantageous to understand the phenomena in
countercurrent reductions.

Utilization coefficient diagrams are calculated by these two dimensionless parameters. These diagrams
are shown by three variables, these are the reduction temperature, ore sort, and reducing gas species.
Other conditions, such as the gas flow rate, reducing gas fraction, ore size, ore weight on the bed,
descending speed of ore, reaction rate constant, and so on are included in the two parameters. By
calculating G¢ and Ot from some conditions in the countercurrent reduction, the utilization coefficient

and final reduction degree are decided from one of these diagrams.
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Table 1. Calculation of chemical reaction rate
constant from the data of SiMaMura

et. al.19

a) Comparison of reduction degree

Reduction time ( min) 4-5| 16 44 68
Reduction degree (92%)
Measured 10-0 | 30°0 | 60-0 | 80°0
Calculated 101 | 30°'8 | 604 | 75°0

b) Calculated constant

kew =0-066 g/cm?2min =1'94cm/ sec
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Dy =16 cm?/sec F, =07
DOn=Dp=0"4 4 Fp=F,=0'7
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Table 2. Reaction rate constants calculated by the 3-interface model.

Ore Radius Gas flow rate | Temperature Reaction rate constant

kuw km km/kuw
cm N1/ min °C g/ cm? min g/cm? min

Sishen 0-075 H, 1 800 0-02 0-0081 0-41
4 4 4 4 4 0-063 0-033 0-52
Kiruna 015 4 1 200 0-034 0-0075 0-22
4 0-019 7 1 ” 00032 0-0014 0-42
Iron sand 0-038 7 1 ” 0-0014 0-00072 0-53
Sinter 0-58 4 1 ” 0045 0-022 0-49
Pellet a 0-63 4 1 4 0-076 002 0-26
b 0-59 ” 1 7 0-057 0'014 0-25
k 0-52 % 1 ” 0-084 0-035 0-42
Ipoh 071 cO 1 % 0-04 0-016 040
Nevada 0-76 4 1 ” 0-0-1 0-0035 0-21
Sinter 0-35 4 1 ” 0-04 0-015 0-39
Pellet? k. 06 CO+N, 17 4 0-051 0-010 0-20
a. 06 4 59 v 0-045 0-011 0-24

5. FOTUFTOE T Fy, Fu=037%bb{t¥K
FSEBECEE Lot Fw, Fum BIELCHET D22
LERICASH TH 5.

5. B H @ &

Fig.2 in< %4 bo 900°C [Zk1F 5 Hp 12 X B
FBTOMETH . M » AFHR, i ass
JLRERT . KA L OSEBEEIIET OO i 47
2RI R RY . X OFESBEREY 0Lk THD.

22T Ge —FEDRRIIED X 5 1 HBHIKFIE
HhESEE L 70 1), Re=1 OEUT I T ddic Lo 5 ghiiEc
HYRKHNCIEETOS (Re=1,Ur=0) %#85%5. L»

Hematite

e PR " - 1] " s

02 03 04 05 06 07 08 08 1,0
Reduction degree (-)

Fig. 2. Generalized utilization diagram for coun-

tercurrent reduction of Hematite (at 900°C,
H,).
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Fig. 3. Generalized utilization diagram for coun-
tercurrent reduction of Hematite (at 700°C,
H,).
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Fig. 4. Generalized utilization diagram for coun-
tercurrent reduction of Hematite (at 900°C,
CO).
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Fig. 5. Generalized utilization diagram:for coun—
tercurrent reduction of Magnetite (at

900°C, H,).
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Fig. 6. Generalized utilization diagram for coun-

tercurrent reduction of non-isothermal

ore bed, of which temperatur varies from

900 to 700°C in a straight gradient.
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Fig. 7. Generalized utilization diagram for fluid-
ized ore bed (1 stage).
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