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Reduction of the Amount of Nitrogen Oxides Formed during Sintering
by Using Coke Prepared from the Mixture of Coal and Iron Ore

Eiki Xasa, Takeshi Suvcryama and Yasuo Owmort

Synopsis :

Combustion experiments of packed bed were carried out using compacts of powder mixtures of metallic iron and coke,

and coke prepared by admixing of iron ore with the raw materials, in order to verify an effect of the existence of metallic
iron and/or the lower oxides of iron in the vicinity of burning coke particles on the reduction of the amount of nitrogen
oxides emission. Conversion ratio of N in coke into NOx decreased by about 209 during combustion of the compacts
containing 10 mass% of metallic iron, comparing to that without metallic iron. Content of N in the coke prepared by
admixing of iron ore lowered more than the value estimated from the mixing proportions of the raw materials. The
results of the combustion experiments using such iron-bearing coke showed that the conversion ratio into NOx
decreased by about 20 to 40% and the emission amount of NOx also reduced by 35 to 559% depending on the preheating

temperature of samples.

Key words : iron ore sintering ; packed bed ; coke combustion ; NOx formation ; iron oxides ; iron-bearing coke ; conversion ratio into

NOx.
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Table 1. Composition of metallurgical coke used
for the experiments.

Elemental composition C N S H
(mass?%) 85.5 1.06 0.50  0.38
Ash composition T.Fe SiO; CaO  ALO, MgO
(mass%) 15.7 45.7 4.8 22.3 1.7

Ash content : 9.82 mass%

Table 2. Mixing ratio of metallic iron, metallurgi-
cal coke and bentonite powder for the
preparation of compacts used for the

experiments.

Sample Metal-Fe Coke Bentonite
name (mass%) (mass%) (mass%)
Fe-0 0 50 50
Fe-10 5 45 50

10 40 50

Fe-20
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Fig. 1. Changes in combustion rate and, NO and
NO, concentration of outlet gas during com-
bustion of compacts of coke and iron powder
mixtures.
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Fig. 2. Effect of mixing ratio of iron powder for
compacts of coke on the average conversion
ratios, F° NO, Fo0. and F’xo+no..
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Table 3. Elemental and ash composition of coal
used for the preparation of iron - bearing
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Table 5. Mixing ratio of coal and iron ore, and

charging density for the preparation of
iron - bearing coke.

Coal Iron ores Charging density
Sample No. (mass%) (g/cm?®)

1 100 0

2 95.2 4.8 0.73
3 90.8 9.2

4 83.2 16.8

5 100 0

6 95.2 4.8 0.78
7 90.8 9.2

8 83.2 16.8

9 100 0

10 95.2 4.8 0.82
11 90.8 9.2
12 83.2 16.8

Table 6. Elemental composition of the iron-bearing

coke. coke samples.

Elemental co(l)nposition C N S H Ash VM Elemental composition (mass%)
(mass2%) 87.7 2.3 0.5 4.8 8.6 28.0 Sample No. C N T.Fe M.Fe
Ash composition Si0, ALO;Fe,0; TiO, CaO MgO K,O Na,O 1 82.44 1.12 0.58 0.38
(mass%) 306 s82 11 13 — o1 06 — 2 78.92 0.90 4.00 2.33
. : . : ' : 3 77.38 0.90 5.52 2.98
4 75.87 0.92 7.07 3.88
Table 4. Chemical composition of iron ore used for 5 82 52 1.13 0.58 0.36
the coke preparation (in mass%). 6 78.88 0.92 4.56 2.62
- 7 77.46 0.92 6.77 4.23
T.Fe SiO, ALOs P S 8 76.76 0.92 7.56 4.32
67.54 0.51 0.80 0.058 0.006 9 33 64 114 0.60 0.38
Na.,0+K,0  TiO, FeO Ca0 MgO 10 79.46 0.94 4.24 2.64
11 77.68 0.92 6.16 3.76
0.030 0.06 0.12 0.05 0.04 12 75.97 0.91 8.97 5.66
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Fig. 3. Relation between iron content and specific

surface area of iron-bearing coke.
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Fig. 4. Relation between iron content and apparent
density of iron-bearing coke.
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Fig. 5. Relation between specific surface area and
apparent density of iron-bearing coke.
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Fig. 6. X-ray diffraction patterns for iron-bearing
coke samples.
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(a) SEM image 100 um (b) Fe—Ko (©) Si-Ka

Fig. 7. SEM, Fe-Ka and Si-Ka images for the cross section of iron-bearing coke (No.4).
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Table 7. Comparison of averaged conversion ratio
into NO and NO,, F’xo+no,, obtained by
the combustion experiments using iron-
bearing coke.

Preheating temperature

800°C 1000°C
Sample No. Fno+no, (=) A(%) Fxo+no, (=) A(%)
1 0.434 - 0.291 —
2 0.377 —13.1 0.309 6.2
3 0.404 —6.9 0.259 —~11.0
4 0.345 —20.5 0.225 —22.7
5 0.417 - 0.339 —
6 0.351 —15.8 0.295 —13.0
7 0.351 —15.8 0.284 —16.2
8 0.351 —15.8 0.241 —28.9
9 0.378 — 0.372 —
10 0.378 0 0.257 —30.9
11 0.338 —10.6 0.246 —33.9
12 0.318 —15.9 0.216 —41.9

A I Ratio(%) of difference from F'vo+no, obtained by the base
samples (No.1,5 and 9) prepared without iron ore addition.
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