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Influence of Hydrogen on Reduction of Iron Ore Sinter with Ar-CO-H,

Mixture under Heating-up Condition
Kuniyoshi IsHIl, Naoki KAsAl, Yoshiaki KASIWAYA and Shin-ichi KoNDO

Synopsis :

Iron ore sinter was reduced in a graphite crucible with Ar70%-(CO+H,)30% gas mixtures and the effect
of addition of Hy gas to Ar-CO gas mixtures on reduction was investigated during heating at constant rates.
The process was followed by gas analysis. Apparent reduction rates with CO, Hy gases and C, and overall
rate as the sum of those rates were separately calculated from the mass balances of oxygen and carbon.

The reduction rate increased with addition of H, gas, especially at the temperatures below 1 100°C, and
the smelting reduction above 1280°C decreased. The overall rates of reduction with Ar-CO-H; gas mix- |
ture were computed assuming the additivity for the reductions with CO and H; gases. Then, it was found |
that there were negative deviation from additivity about 450-600°C and positive one in the range of
600-800°C. The extraneous effects were attributed to the direct reaction of iron oxide with CO gas and C
promoted by H, gas addition. It was also concluded that water-gas shift reaction played at least no impor-
tant role in accelerating the reduction.

Key words : direct reduction ; ironmaking ; non-isothermal reduction; CO-H, mixed gas; gas analysis;
carbon deposition ; water-gas shift reaction.
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Fig. 1. Schema of experimental apparatus.
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Table 1. Chemical composition of the sinter employed.
(wt%)

T. Fe FeO SiO; Aly03 Ca0 MgO  Ca0/SiO,

58.7 5.32 5.70 1.92 7.87 1.10 1.38
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Fig, 2. Variation of the gas composition ex-
hausted during heating-up reduction 10°C/min
using a graphite crucible with Ar-26.5%CO0-3.5%H,
mixture.
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Fig. 3. Apparent reduction rate of sinter with
CO, H, and solid carbon (C) during heating-up re-
duction of 10°C/min using a graphite crucible with
Ar-(CO+H,)30% mixtures.
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Fig. 4. Influence of Hy on (a) reduction rate and
(b) reduction degree of sinter with® Ar-(CO +
H,)30% mixtures at heating rate of 10°C/min.

Table 2. Apparent contribution of three kinds of
reductant {(CO, H, and C) to the final reduction of
sinter within a graphite crucible with Ar-(CO +
H,) 30% mixtures under heating-up condition.

Apparent contribution (%)

Heating rate 5°C/min 10°C/min 15°C/min

Reductant
Reducing gas CO H, C|{CO Hy C |CO Hy C

Ar-30%CO 74 0 26|58 0 42|44 0 56
Ar-26.5%C0-3.5%H; 75 4 21|63 5 31|48 7 45
Ar-23%C0O-7.0%Hz 729 19155 14 30|40 16 44
Ar-30%H 0 93 7 0 8 18| 0 58 42
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Fig. 5. Effect of heating rate on (a) reduction rate
and (b) reduction degree of sinter with
Ar-26.5%C0O-3.5%H, mixture. The data measured
with Ar-30%CO and Ar-30%H, at 5°C/min are also
presented.
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Fig. 6. Effect of heating rate on the gasification
rate during heating-up reduction of sinter. Each
curve corresponds to the respective one in Fig. 5.
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Fig. 7. Results of parameter fitting for the rates
of CO reduction and H, reduction of sinter.
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Table 3. Chemical reaction rate constants, k (cm/s), and diffusibilities, § (—), for three interface unreacted

core model obtained by parameter fitting method.

k=exp(A-B/T) [cm/s]

0 =exp(C-D/T) [—]

Reduction Ar-30%CO Ar-30%H, Ph Ar-30%CO Ar-30%H; -

step A B B ase C D C D
H—M 8.7 9 000 11.3 11 300 M 1.36 3600 0.060 2300
M—W 8.9 10 200 13.8 14 200 W 2.5 4800 3.8 6 600
W—Fe 10.4 12 000 16.3 17 000 Fe 1.07 4500 2.3 6 500
M—Fe 7.9 9500 10.5 11 400

H ; Hematite M ; Magnetite W ; Wustite Fe ; Metallic iron
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Dotted lines also show the curves calculated by considering the
change of gas composition caused by carbon deposition and
gasification.

Fig. 8. Comparison of the reduction rate calcu-
lated by assuming additivity for both reductions by
CO and H,; (full line) with the overall rate
observed.
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Fig. 9. Effectiveness factors (efficiency) of H, re-
duction on the reduction of sinter with Ar-(CO +
H,)30% mixtures (heating rate : 10°C/min).
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Fig. 10. Estimated rates of side reactions during
the heating-up reduction of sinter with Ar-(CO +
H,) 30% mixtures at 10°C/min.
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