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Considerations of Iron Reduction Processes.
(Basic study on iron making by a miniature
blast furnace— 1)
Felipe P. CALDERON, Akimitsu OHKURA
and Dr. Yukio MATSUSHITA.
1. Introduction
This paper is with reference to an earlier paper®.
The same furnace was used with some modifications
made particularly in the smelting zone and in the

hearth region. The furnace condition with regards
to blast volume and temperature, were very close to
those of the earlier operations. In the present paper,
additional data are provided on the partial reduction,
change of Fe3+, Fet*+, Fe content along the shaft,
silicon and carbon content of the crude metal. The
prineipal object of this paper is to investigate the gas
distiribution with change of orefcoke ratio.
2. Experimental Procedure
The method of operation®). the volumetric chemical
analysis,
solid samples were the same as those in the previous
operations?. In the present investigation, the ore/coke

the x-ray and microscopic analysis of the

ratio was changed at certain period and gas samples
were obtained at each interval and each change of
ore/coke ratio. The gas samples were analyzed by
use of a gas chromatograph of the kathorometer type.
3. Results and Discussion

From the résults of the volumetric chemical analysis,
an equation. was derived expressing the progress of
reduction from the higher levels down to the smelt-
ing zone. From the same analysis, the Fed*, Fe?*,
and Fe content along the shaft were obtained. Ap-
parently, the degree of reduction is a function of various
factors and conditions, although temperature could
play a very important factor. As shown in Fig. 1,
there is a marked difference between the degree of
reduction of the two operations. The dependence of
reduction with temperature is very ably demonstrated
by A. Ohkura in his investigation?) on reductio) rate
of iron ores in the fluidized bed reactor. -

The x-ray and microscopic analysis gave similar
results as to the progress of reductions along the shaft.
Fig. 2 shows the progress of reduction indicated by
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Fig. 1. The progress of fractional reduction down

the furnace shaft.
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Fig.3. Carbon conteni of samples at different level.

the change of Fe content as mentioned above. The
reduction proceeds as follows:

Fe;O, —— FeO —— Fe
The co-existence of FegO,, FeO and Fe observed under
the microscope, notably those above the combustion
zone, is a clear indication that iron oxide reduction is
a reaction limited by CO/CO, ratio and temperature.
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Fig. 4. Silicon content of -samples at different level.

This is due to the difference of the oxygen potential
of the oxides of iron at different temperature levels.
When the carbon monoxide gas gets in touch with
the charge in the upper part of the furnace, it is cooled
and forms carbon dioxide and free carbon.
2C0 — 5 CO3+C  ovveereeinmnenniennenne(1)
This carbon in the form of fine powder and soot were
found deposited on the furnace walls, some obviously
penetrated into the porous ores, and at the higher
temperature regions, reduced any remaining oxide.
FeO+C ——Fet QO «orerreemeenrennnnnen(2)

Solid samples obtained above the boshes were spongy
mass of iron. This is because the remaining carbon
was dissolved and consequently lowered the melting
temperature. Coke extended down into the hearth.
Intermingled metals and coke suggest that the molten
metal ran through the coke making it saturated with
carbon. It is to be expected therefore that carbon
content increases down to the hearth. But due to the
great velocity of the blast and the excess of oxygen used
and the resulting turbulence in the boshes oxidation of
dissoved carbon was enhanced.

2C+0,—2CO
The decrease of carbon content at the tuyere level is-
shown in Fig. 3.

It will be noted that the direct reduction of iron
oxide is highly endothermic and is therefore favored
by a high temperature. On the other hand, the reduc-
tion of the other metalloids such as silicon, manganese
and phosphorous are even more endothermic. Silica
is reduced to a certain extent in the smelting zone
The reduc-
tion of silica can be illustrated according to the over

resulting in a proportion of silicon in iron.

all reaction:
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(8i0z) +2[C]=[Si]+ {2CO}  ----e-eeevo (€))
[asil - P&o A
- == s (H
[asio,]-[a%] ©
G =161,500—87-4T -+ (6)
300
IogK=19‘l——3—5—’T—— (7
As would be expected from the - temperature de-
pendence of the equilibrium constant, the silicon -

content of the metal increases rapidly with increasing
temperature. This is shown in Fig. 4.

Fig. 5 gives a summary of the gas distribution along
the shaft of the miniature furance. Results are those
obtained along the center line and those adjacent to
the in-wall of the stack. ‘

As soon as the air and coke meet, at the tuyeres
combustion takes place.

2C40,;=2C0O+26,000 cal
It is this CO that is responsible for the reduction of

‘derease of CO, content.

oxides in the upper part of the furnace. Theoretically
from equation (8), it can be shown that the maximum
amount of CO would be about 34.7%, and little or no
CQO, is formed. In this investigation, it was found that
about 5% CO; is present at the tuyere zone. This
high content of CO; is due to the reaction of carbon

“and oxygeri, the latter being used in excess and with

a velocity higher than those of a commercial furnace.
C+0, — CO, _ e (9)
Generally, the tendency of the ascending furnace
gas composition is an increase in CO content and
This is contrary to the fact
that more CO, is formed as the ascending gas meets
more and more oxide as illustrated in the following
reactions:
F630§+CO=3F€O.+002
FeO+CO=Fe+CO,
and in addition, the velocity of the reaction shown
below is decreasing since this is an endothermic

)

reaction and therefore a function of temperature.

Ore/coke
) ) CH+COy —— 2C0 cweevvemvinninninnnnn(12)
Top 0 Oresoke o7 - .
03 It is highly probable that the phenomena en-
countered in this mvestigation is due to the
1-1190°C L following reasons:

-== Center Fe,O,+CO —2 3FeO+COy ------ (13)
@ — Side Equation (13) is reversible and a function of
3 temperature. The temperature of the gas samples
2-1450°C| L were in the neighborhood of 1200~1500°C.
The CO; formed as shown in equation (13)
could have been directly reduced by carbon,
3-1 560°% the latter being used in excess, shown in equation

i (14)

CO,+C——2C0 -emeerveerenennea(14)
Also, since the upward velocity of the stream
of gases is comparatively rapid, any CO; formed

) 1 ! B ) .
Bonoj o 10 50 30 46% but unreduced by carbon is quickly removed
i from the reacting phase thus reducing the con-
Fig.5. Gas distribution with change of ore/coke ratio. centration of CO; in the reacting zone.
Table 1. Gas analysis.
P
%CO 2% CO —_c0
Ore/ Coke | gmole 7 %CO; CO/CO: Pco+ Pco,

Coke ratio Side Center Side Center Side Center Side Center

1 3360 3540 2-37 3:65 14-20 9-70 0-9341 09065

03 5,880 2 2970 34-75 1-25 525 23-75 6-62 0-8866 0-9295

3 28'55 27°10 3-10 7-82 9-20 3-46 0.9358 0-9536

1 18-40 | 33-80 1-90 2-50 9-68 13-52 0-9596 0-8687

07 2,520 2 28-45 32-20 2-32 2-60 12-27 12-39 0-9247 0-9252

3 23-10 28°35 6-35 1-20 3-64 23-60 0-8851 0°8609

1 28-35 31-30 1-94 1-52 14-60 20-60 0-9020 07760

1.0 1,760 2 21-20 2520 2-75 4-07 7-71 6-19 0-7860 09593

3 21-35 31-90 650 269 4-39 11-86 0-7666 0.9222

1-0 1,760 Tuyere 7:85 5-22 1-5 0-6039
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The slight increase of CO; with the increase of oref
coke ratio is to be expected as the system becomes
more oxidizing atmosphere. It is very interesting to
note that the gas composition in this investigation under

the { prevailing temperature are in the neighborhood
~ of those found in the commercial blast furnace.

In a commercial furnace, reduction often proceed
before a red heat zone is reached. Calculation of the
oxygen potential of the gases from the results of gas
analysis suggests that reduction occured in the boundary
of liquid oxide and delta iron. This finding is in agre-
ement with. the physical appearance of the samples
‘obtained when the furnace was opened.

4. Summary and Conclusion
FeyO,, FeO, and Fe were found to be in wide range in
the Stack. Formation of vesicular thin shells of metal
of varying sizes occured in the melting zone. These
thin shells enclosed tiny spherical mass of -solid metal.
Blast velocity and amount of oxygen affected the carbon
content in the liquid iron at the combustion zone.

Silicon, at low concentration is not re-oxidized, due to -

the close affinity of iron and silicon.

Theoretical calculation of material balance, heat
balance, and amount of blast are indispensable guide
for a smooth operation. When the blast volume was
changed and ore the charge ratio varied, it considerably
affected the stability of tapping time and fluidity of
slag and amount of metal tapped.

The reducing power in a blast furnace is expressed
by the CO/CO, ratio and temperature. It apperrs
here that the coke consumption and gas velocity seem
" to be the important controlling factors. The CO/CO,
ratio is very high, largely due to the high heat loss,
but on the other hand, the amount of coke and velocity
of the upstream of gases affected the amount of CO
and CQ, at the reaction zone.
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Fig.1. Thermal expansion of silica brick.
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