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Process of Reduction and the Behavior of Carbon-Reducing Agent in the Kiln.

(Study on the pre-reduction of iron sand in a rotary kilh—_—III)

Hideo ARARKAWA

Synopsxs

In the previous paper of this series the travel of raw mater1al and the distribution ofw
temperature in a reducing kiln had been discussed. The present study is to investigate the
process of reduction and the behavior of carbon-reducing agent in the. kiln.

By using chemical analysis, X-ray diffraction method and observation of microstructure on
the specimens which are obtained through sampling holes fixed on the kiln shell, the author

--finds that the greater part of reduction occurs in the 20 pct length from discharge end and
the half-reducing reactions proceed as follows: -Magnetite is reduced to wiistite preferentially,
ilmenite takes sintering wiistite into ulvéspinel, in the next stage partial reduction to the
metallic state of iron from ulvéspinel progresses to some extent under slagging temperature.

Free wiistite is scarcely recognized throughout the kiln with the exception of 5~9m zone
that exists in the early stage of reduction.

Generally the zone 2~3m from discharge end is approxxmately reoxidizing on account of
the oxidizing atmosphere. This atmosphere is one of the great factors causing dam-ring
troubles in a reducing kiln. '

There are two types of consumption of the reducing agent in the burden material; that is,
reduction and direct combustion including combustion of carbon monoxide which is a product
from reduction. The reactivity of the reducing agent is an important factor for the re-
duction velocity concerning the consistency of carbon monoxide in the material bed and, at the
same time, a factor influencing the consumption in direct combustion. (Received 13 Apr. 1964)
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' Table 1. Chemical compositions of materials used for kiln and sponge iron.

Material Chemical compositions (wt. %)

R Ty

Iron sand | T.Fe| FeO [Fe:05 | Si0; | CaO |MnO|ALOs | MgO| P | S | Cr | Cu |TiOs| V

(Iioka) 57°72| 26°22| 53°40| 2°80'| 0°*18 | 0°57 | 2*78 £*81 | 0°045| 0°021 0°0t ! 0°006] 11°46| 0°36,

'%gollffge iron | T.C | T.Fe | MFe | FeO [Fe;O3| SiO; | TiOz | CaO |{Al;O03 |MgO | P S | Cr | Cu

reduction) 4%67 | 59°78| 29°89| 36°25| 2°45 | 7°00 | 12°07| 0°42 | 3°50 | 1°90 | 0°094 0°101| 0*01 | 0*007

. Reducing agent | FC | Ash | VM |:Si0, | Ca0O | ALO; | MgO | Fe;05 | P s L4

Gas Cokes 85°10 | 11°75 |- 3°15 | 5715 | 0°70 | 2°13 | 025 | 2°07 | 0°043,| 0%612

Natural cokes

70°39 2495 4466 12°58 v1'46‘ 7°29 0°63 | 0°97 " 0°016 0°149

(Tagawa) .
Anthracite | o5 | 2104 | se11 | 1046 | 014 | 7740 | 0°10 | 089 | 0-022| 0-210 l
(Kanta) ) ' SN 1
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Fig. 2. Four samples of reduction curves and
the standard distribution of temperature
in the rotary kiln.
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Fig. 3. Equilibrium diagram of Fe-C-O.
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Fig. 5. FeO-Fe;03-TiO; composition diagram.
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X 200 X 750 X 2000(1/2)
Photo. 2. Half reduction sponge reduced at high temperature in.
the kiln. Metallic iron (white), Titaniferous phase (gray),

Siliceous glass (dark).
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Operation of Foundry Pig Iron with Self-Fluxing
| Sinter in the Small Blast Furnace.
Masayuki Y ASUTARE, Katsumi SAaTOo, Haruo MORITA,

Sumiry MURAO and Hiroshi SASAGAWA

Synop31s
On the occasion of the 4th blast furnace repairing in September 1960, our company conducted
the modernization of the entire installation for pig iron smelting for the purpose of the 100
percent operation of self-fluxing sinter, the chief materials of which come from domestic iron
resources. '

This installation consists of a DL type sintering machine with grate area 13°1m?, a blast
furnace with hearth diameter 10 ft-6 in and inner volume 129m3, two units of hot stoves with
heating surface 5,000m?, -a blower with maximum power 540kW, a Theisen disintegrator with

‘maximum capacity 20,000Nm3/hr and so on.

This blast furnace, since started on December 3, 1960, has been smelting the foundry pig

iron with the folloWihg features for operation: ‘

1. 100 percent operation of self-fluxing sinter.

2.  Perfect control of sizing of burden materials. ‘ ‘
Before being charged into the furnace, the sinter was sized to the mean size of 17mm, ‘
50~5mm: 92 percent upwards, and the cokes to the mean size of 45mm, 70~12mm: ‘ '

98 percent upwards. '

3. The hot blast of 900°C was used with the adoption of hxgh temperature blast.

4. By the operation of low basicity: Slag Ca0O/SiO;=1°0040°05, the decrease of slag volu-
me and the reduction of Si were accelerated. o

Thanks to the methods shown above, the operation of fouhdry pig iron has shown remar-

kably excellent records: pig products, 208 t/day, productivity, 16t/m?; and coke rate 550kg/t

‘despite the fact that no injection of fuel or oxygen was done. (Received 13 Apr. 1964)
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