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Production of Reduced Iron by Model Plant of Shaft Furnace

Kiichi NARITA, Dentaro KANEKO, Yoshio KIMURA, Yoshimichi TAKENAKA,

Hidetoshi TANAKA, and Yutake INADA

Synopsis:

Experimental production of reduced pellets was performed using a small scale shaft furnace having in—
side diameter of 250 mm and recluction zone height of 2.7 m. The furnace was designed to permit con—
tinuous production of reduced pellets at the rate of 1.5 ton/day.

Effects of operational factors such as reduction temperature, gas composition and gas flow rate on the
reduction behaviors of iron oxide pellets as well as the properties of products were investigated and fol-

lowing results were obtained.

1) Reduction rate of the pellets in the furnace increases according to the rise of reducing gas temper—

ature and gas ratio.

2) The utilization of reducing gas is in a range from 30 to 43% and it becomes higher as reducing gas

temperature increases.

3) The degree of reduction of products decreases rapidly when R value of reducing gas is less than 15.
4) The temperature in the furnace is lowered and progress of reduction is retarded as the ratio of H,
to CO in the reducing gas increases due to the endothermic reaction caused by H, reduction of iron oxide.
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Photo, 1. General view of the model plant of
shaft furnace.
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Fig. 2. Dimensions of the experimental shaft
furnace.
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Table 1. Chemical and physical properties of raw materials.

Properties Chemical composition (wt%,) Physical properties
s(si(gzp re- Apparent | Porosity Bulk
Raw TFe | FeO | CaO | SiO, | ALLO, S o trength | density densit
ial g kg/1
materials (kefp) | (eg/) | (%) | (&)
Pellet W 65.21/ 0.39 | 0.42 | 3.47 { 1.97 | 0.034] 0.002 288 3.61 27 .4 2.12
Pellet S 66.60| 0.36 | 0.16 | 1.97 | 0.23 | 0.012 0.002 203 3.76 25.8 2.27
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Table 2(a). Experimental operating conditions and results.

— |
= Temperature (°C) e g‘ 9 Gas composition? (%) = Fay
S & S [ a 22| 3 o] g A SE
QSA Zz | 8 g1 | &z gg §¢ | H, |CO |CO,|CH,| N, |o=
T L0l 8 2| A|B|CIDJE | o |2 g 2% | 2— | g & [Bustle Bustle Bustle |Bustle {Bustle a >
o S| = g S S& | o= ‘E »Z | Top | Top | Top | Top | Top SZE
/A = 5
57.5|38.1 | 3.1 0 1.6
R-53 | 747 731} 659| 625| 603 580 161 64 51 | 130 1260 | =5°3 1991|9225 | 0.7 2.4 9.8
55.8140.3] 3.2 0.7} O
750 R-51 | 750| 774| 759| 693| 647| 616| 249 75 53 1160 [1420 | 5091 936|220 o 9.9 [10.2
58.8137.2| 2.4 0 1.6
R-52 | 745| 790] 762| 740| 688| 638 267 86 51 | 170 |1680 | 55| 930|229 1.2 2.1 9.8
57.0138.3| 2.7 0.3 1.7
R-54 | 747| 805| 811| 788{ 758] 711} 461] 105 57 | 190 |1830 | 495197719201 1.3| 1.4 10.9
52.91428| 40| 0.3 O
R -21 | 845/ 820; 800] 765| 670, 610 200, 63 52 | 100 1210 | 33'4 | 93'5 | 276 0.3| 1.7 10.0
54.1|42.7| 3.0 0.2| O
850 R -22 | 840| 850 820 790| 750| 650 275 73 51 | 120 1450 36"y | 960|258 04| 1.4 9.7
55.9141.4| 2.5| 0.2 O
R-23 | 840| 850 830| 810; 780| 660f 330, 92 51 | 140 1800 | 39°0 1 97'119220! 0.6 1.3 9.8
56.9140.3{ 2.6| 0.2 0
R-11 | 840| 840{ 825]| 815 780} 756 340 103 51 | 170 12020 | =5'0 | 24,3244 0.3 o |98
55.7 | 41.7 | 2.5 0 0.1
R-81 | 943| 887 859| 787| 679 627| 196| 88 77 | 160 1150 | 3='e 19331998 0.2 0.1 14.7
55.4142.2| 24| O 0
050 R-82 | 939| 902 867| 830] 792| 679| 220; 86 67 | 159 (1300 34'2 %78 2790 0.1 0.1 [12-8
6.1 32. 1.8 0.1 0
R -84 | 940| 872| 816| 711| 656| 609 198 101 73 1140 1390 | o221 99'3(9239] 03| o [40
56.541.4 | 2.0 O 0.1
R-83 | 949| 921| 903| 851 828/ 720| 249 101 68 | 160 1490 | ;55| 991|234 0.2 0.1 [!3-1
1) Objective of the operation 2) Dry base
Table 2(b). Chemical and physical properties of products.
Reduction Test Chemical composition (%) Degree of |Degree of | Comp- Bulk
gas temp. e reduction |metalliz- | ression density
. No. ation strength
) ° TFe MFe | FeO | @ %) | ) | Ge/p) | ke
R-53 81.0 49.35 30.82 0.21 70.71 60.93 29 1.52
750 R-51 86.19 73.34 12.61 0.31 88.85 85.09 22 1.52
R-52 87.84 81.18 6.46 0.79 94.31 92.42 16 1.60
R -54 89.15 85.77 3.48 1.80 97.74 96.21 17 1.51
R-21 85.88 68.25 19.21 0.55 85.57 79.80 19 1.60
850 R-22 90.29 86.27 4.05 0.36 66.72 95.57 16 1.56
R-23 90.66 86.47 3.86 0.46 96.47 95.38 16 1.50
R-11 89.40 86.10 4,19 0.60 97.52 96.31 18 1.60
R-81 84.21 62.76 22.95 0.12 81.54 74.53 22 "1.66
950 R-82 89.47 85.08 4,73 0.27 96.45 95.09 27 1.60
R -84 86.41 71.13 17.01 0.16 87.38 82.31 22 1.59
R-83 90.09 87.58 2.17 0.39 97.83 . 97.21 28 1.60
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Photo. 2. Microstructure of the reduced pellet observed by SEM
Reduction gas temperature ; A : 750°C, B :850°C, C : 950°C
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Fig. 3. Variation of temperature, gas composition
and degree of reduction in the experi-
mental shaft furnace.
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Fig. 4. Variation of chemical and physical pro-
perties in the experimental shaft furnace.
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