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Microscopical Investigation of the High Temperature Reduction

Properties of Processed Iron Ores

Katsuhiko INOUE, Tsutomu IKEDA, and Toshiyuki UENAKA

Synopsis :

The high temperature reduction properties of processed iron ores in packed beds were investigated as
a function of applied load and reduction transition. The microstructures of cohesive packed beds quenched
during the reduction test were also studied quantitatively by the use of an electron microprobe.

The results obtained are summarized as follows ;

(1) At a given temperature, the softening viscosity of dolomite—fluxed pellets was found to have mini—
mum value at a certain reduction degree, which tends to increase as the temperature decreases. This be—
havior may be explained due to the competition of the increase of porosity and the sintering of metallic

iron formed by reduction.

(2) The permeability resistance of the. packed bed during reduction under load was found to be es—
timated accurately based on Uchida’s model even after the irrigation by liquid flowed-out from wustite

core.

(3) The melting—down of cohesive bed was found to start from the formation of Fe~C liquid at the sur—
face of iron largely grown during reduction of molten wustite with solid carbon. The fact that the sur—
face carbon concentration of the coagulated iron increases with the reduction of the FeO content in the
coexisting silicate melts shows the possibility that melting—down phenomena would be controlled by the

reaction equlhbrlum among them.
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Table 1. Specification of apparatus for reduction
test under load and the standard experimental con-
dition.

Standard experimen-

Specification tal condition

1600°C

15°/min max.

Maximum temperature up to melting-down
10°/min{ <1 000°C)

Heating rate 5°/min(>1000C)

?g&’%‘i’ duration at 120 min max. 0 min
galgw rate of reducing 20 em/s 8.3 cm/s
Composition of redu- CO/CO,-N, CO/N4(30/70)

cing gas

Applied load 2kg/cm? max. 1kg/em?
Sample chamber graphite, alumina(43g) graphite
Substance sandwich- coke, alumina ball none

ing sample layer

*TRXX rcpresents holding for XX min at 1000C hereafter.
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Table 2. Chemical compositions of processed iron ores for reduction test under load.

MgO Al,O4 Si0; Ca0 TiOy MnO T.Fe FeO Ca0/Si0,
Dolomite-fluxed pellet 1.77 1.59 3. 90 5. 39 0. 43 0.14 60. 71 0.57 1. 38
Lime-fluxcd sinter 0.50 1.72 5.70 10. 50 0.57 56.3 6. 50 1. 84
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1270°C 5mm metallic shell
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segregated slag
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R merwinite -liquid)
1330°C
_me llic shell
wustite core
1400°ck lmm
Fig. 1. Macro and microstructures of quenched bed of dolomite-fluxed pellets during
reduction under load.
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Fig. 2. The results of reduction tests under load
of dolomite-fluxed pellets, where (a) the applied
load and (b) the holding time at 1000°C were
varied extensively.
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Fig. 3. Effect of reduction degree on the softening
viscosity of dolomite-fluxed pellets during reduction
under load.
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Fig. 4. Liquid developing procedure at the wus-
tite core of dolomite-fluxed pellets (a) and the
temperature dependence of (b) pressure drop and
(c¢) direct reduction rate during reduction under

load.
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Fig. 5. Temperature dependence of MgO con-
centration in phases that appear in dolomite-flu-
xed pellets during reduction under load, (a)
wustite and coexisting silicate .melt, (b) flowed-
out phases and reduction products with solid car-
bon.
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Fig. 6. (a) Effect of direct reduction rate on
the pressure drop through cohesive bed irrigated by
molten wustite flowed out from core and (b)
the variation of pressure drop with void fraction
of cohesive bed before irrigation.
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Fig. 7. Variation of void fraction of the packed
bed of dolomite-fluxed pellets with degree of con-
traction during reduction under load at various
applied loads.
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The remarks in parenthesis show the

experimental conditions different from standard
one (Table 1).
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Fig. 9. Temperature dependence of carbon con-

centration in metallic iron formed by the reduc-

tion of molten wustite with solid carbon.
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tallic iron formed by reduction of flowed-out mol-
ten wustite with solid carbon measured by means
of electron microprobe.
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Table 3. Chemical compositions (measured by EPMA) of slag phases coexisting with coagulated
metallic iron in cohesive bed quenched from temperatures just below melting-down.

Mineral composition*

MgO Al 04 SiO; Ca0 TiOz MnO FeO

(wt%)

Dolomite-fluxed pellet Melilite 74. 4 9.92 13.53 36. 80 40. 57 0.23 0.54
(1375°C) | Merwinite 10. 2 11.30 0.98 34. 56 49.13 Q.28 0.78
Silicate glass 15. 4 5.69 2.94 19. 54 39.06 24. 66 1.41 1.72

Chemical composition at induration stage 1.77 1.59 3. 90 5.39 0.43 0.14
Lime-fluxed sinter CsS 66. 8 2.13 Q.77 34. 41 61. 36 0.43 0. 43 0.38
(1500°C) | Silicate glass 33.2 4.97 25.19 22. 69 38.56 4,78 1.23 0.26

Chemical composition at induration stage 0.50 1.72 5.70 10. 56 0.57

*calculated based upon material balance, where change in chemical composition due to

crystallization differentiation were not taking into consideration.
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