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Desulfurization of Direct-reduced Iron Produced by Heating Iron-ore/Carbon
Composite Pellet with Hydrogen and Hydrogen/Water-vapor Gas Mixture

Haruhiko Sakamoro, Yoshiaki Icucm and Shoji Hayasmr

Synopsis

: The direct-reduced iron produced from iron-ore/coal composite pellet is generally contaminated with sulfur. In this

study, iron-ore/coal composite pellet is partially or completely reduced during heating up to given temperatures, 1173
to 1473K, at a constant rate in nitrogen atmosphere. Subsequently, it is treated with H,-H.O, H,, or CO-CO, gas
mixtures to complete reduction and to perform desulfurization. It is shown that hydrogen treatment is effective to

remove the sulfur and water-vapor addition to hydrogen can further enhance the desulfurization kinetically and

thermodynamically. The desulfurization rate is very fast and is mainly controlled by chemical reaction on the pore
surface of reduced iron. On the other hand, to treat it with a CO-CO. gas mixture is almost invalid to desulfurization.
Key words : iron ore ; coal ; char ; composite pellet ; direct reduced iron : sulfur ; desulfurization ; hydrogen ; water vapor ; reaction

rate.
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Table 1. Chemical compositions of iron ore, coal,
char and binders.

Char

roximate analysis elemental analysis
ash | VM [fixedC] C | H N s T o
279 | 6.17 | 91.04 | 8828 | 0.86 | 033 | 0.21 | 7.53

Iron ore
TFe | Si0O, | ALOs| P S K,0 | TiO, | FeO | CaO [ MgO [ Mn | LOI
66.74 | 1.76 | 0.35 | 0.051 | 0.005 | <0.01 | - | 0.68 | 0.06 - - 1276
Coal

clemental analysis proximate iS

C H N [0} H,0 | Ash | VM | TS

72.85 454 [ 168 J 100] 77 | 103

Portland cement
Si0, ALO; | Fe0s Ca0 MgO $0; Na, 0 K0

21.2 5.0 29 64.7 1.1 2.2 0.2 0.6

Bentonite
Si0, | ALO, [ Fe,0. [ CaO [ MgO | KO | Na,O

67.52] 12.97] 2.94] 3.115] 2.04 1.14] 243
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Fig. 1. Effect of temperature on the residual sulfur
content of 10mass% char bearing pellet
reacted with 80% H,-20% H,O or 80%CO-
20%CO, for 1800s.
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Fig. 2. Effect of temperature on the volume of
10mass % char bearing pellet reacted with
80%H,-202%H,0 or 80%CO-202%CO. for 1800s.
B : bentonite P : portland cement
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Fig. 3. Effect of temperature on the volume of
10mass% coal bearing pellet reacted with
80%H,-20%H,0, 80%gCO—20%CO2 or pure
hydrogen for 1800s.
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Fig. 4. Effect of temperature on the volume of

20mass% coal bearing pellet reacted with

80%H,-20%H,0, 80%C0O-20%CO, or pure
hydrogen for 1800s.
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Fig. 5. Effect of temperature on the residual sulfur
content of 10mass% coal bearing pellet
reacted with 80% H,-20%H.0, 80%C0O-20%
CO, or pure hydrogen for 1800s.
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Fig. 6. Effect of temperature on the residual sulfur
content of 10mass% coal bearing pellet
reacted with 80%H,-20%H,0 for 300s and
1800s.
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Fig. 7. Residual sulfur content of 10mass% coal

bearing pellet during the reaction with 80%
»~20%6H,0 gas mixture at figured tempera-
ture.
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Fig. 8. Residual sulfur content of 10mass% coal
bearing pellet during the reaction with pure
hydrogen at figured temperature.
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Fig. 9. Effect of temperature on the residual sulfur
content of 20mass?% coal bearing pellet
reacted with pure hydrogen, 80%C0-20%
CO, or 80%H,-20%H,0O for 1800s.
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Fig. 10. Effect of temperature on the residual sulfur
content of 20mass?% coal bearing pellet
reacted with 80%H,-20%H,0O for 300 and
1800s.
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Fig. 11. Desulfurization extent of 20mass? coal
bearing pellet which was first completely
reduced during the reaction with 80%H.-
20%H,0 gas mixture at figured tempera-
tures.
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Fig. 12. Value of the variable, y, representing the
surface site occupation of sulfur versus
value of the variable, x, representing the
activity of sulfur.
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