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Production and technology of iron and steel in Japan

during 1991 (Review) By S. Hosoxki

Preparation and Beneficiation

Simulation of the blast furnace by a mathematical model
. By Xuegong B1 et al.

An one-dimensional static model for simulation of the
blast furnace process has been developed. This simula-
tion model is a part of the KTH Blast Furnace Process
Model. The internal state of the furnace is described by
the calculated distribution of fourteen process variables
along the furnace axis which include temperature of the
gas and condensed phases, composition, volumetric flow-
rate, density and pressure of the gas phase, degree of
iron ore reduction, limestone decomposition and coke
solution loss.

The behaviour of these process variables in the blast
furnace is described by a set of ordinary differential
equations together with three algebraic equations. In
order to solve these fundamental equations and facili-
tate the treatment of operational data from blast fur-
nace plants, the following submodels have been built up :
(1 )submodel for data base creation, ( 2 )mass balance
submodel for the whole furnace, ( 3 ) heat balance sub-
model for the whole furnace and ( 4 ) submodel for de-
termination of the reaction rates. »

This simulation model has been used for the simula-
tion of two Nordic blast furnaces. The calculated pro-
files of gas temperature and iron ore reduction degree
show similar aspects to those measured by shaft sen-
sors in working blast furnaces. The model is useful for
obtaining a deeper understanding of the blast furnace
process.

Prediction of the blast furnace process by a mathematical

model By Xuegong B1 et al.

A prediction model has been developed based on the
simulation model presented previously. These models
are the two components of the KTH Blast Furnace
Process Model. The concept of this prediction model is
to use the same fundamental equations as in the simula-
tion model and to use some output of a simulation of a
blast furnace. Certain assumptions should be made for
an individual in operational conditions in order to build
up the mass balance and heat balance submodels for the
determination of the boundary conditions in a predic-
tion. The ore to fuel ratio and the CO utilization are
adjustable parameters in the model. The furnace inter-
nal state as well as furnace productivity and fuel con-
sumption in the last iteration are considered to be the
predicted results.

The prediction model has been designed for the fol-
lowing five cases: (1) increased blast temperature,
( 2 )oxygen enrichment of the blast, ( 3 )coal injection,
( 4 )coal injection combined with oxygen enrichment and
( 5 )changed coke quality. Morever, This model can also
been used for analysis of the thermal conditions in a
blast furnace when an operational parameter, such as
blast temperature, coke moisture and iron content in the
ore, fluctuates.

The predicted operational indices were compared to,the
ones from industrial tests. The validity of the KTH model
is indicated by this comparison.

Oxidation kinetics of cement-bonded natural ilmenite

pellets By Kang SuN et al.
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Reduction kinetics of cement-bonded natural ilmenite
pellets with hydrogen By Kang SuN et al.
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Behavior of fines in the blast furnace By M. Icua et al.
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Smelting and Refining

Modeling of laminar phenomena of chemical heat treat-
ing processes By K. T. Raic et al.
A general equation of the concentration distribution
under laminar conditions was proposed. On the basis of
this equation an integral method was derived. This
method is based on setting a balance of flux gradients of
the transfer phenomena that occur. It was shown that
the flux gradient is identical to the characteristic
quantity N which defines the state at the cross-section
perpendicular to the surface, the definition of which en-
ables the formulation of the proposed general equation.
The general appoximative integral method was applied
to the phenomena on the metal surface, mass transfer
during a heterogeneous chemical reaction in the laminar
boundary layer over a flat plate-measuring foil. A model
of the mass transfer coefficient was presented as a
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function of the limiting heterogeneous chemical reaction
rate constant, characteristic time relation and surface
function of the appropriate gas atmosphere.

The proposed model is a theoretical basis for the de-
velopment of a measuring device of non-equilibrium gas
carburizing processes.

Meniscus shape of molten steel under alternative magne-
tic field By H. Nakaba et al.
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Deoxidation of ESR slags By F. REYES-CARMONA el al.

The deoxidation system in the ESR process is a com-
plex balance between atmosphere/slag/metal reactions
involving the alloy composition, the electrode inclusion
content and additions of metallic deoxidants during
melting. We describe the relative contributions of
slag/metal reactions and added deoxidants to the inclu-
sion-forming system. It is concluded that the oxide com-
positions found in ESR ingots of low alloy steel can be
explained using the slag FeO content as a monitor of
the reaction scheme. Following this finding we also con-
clude that it is not possible in presently-developed ESR
systems to produce oxide (or sulphide) inclusions with
a Ca-content sufficiently high for shape control.

Dissolution of Fe;O; and FeO pellets in bath smelting

slags By B. Oztukk et al,

The rate of the dissolution of hematite and wustite
pellets in bath smelting type slags was investigated at
1723 K. The rates were measured by the change in their
diameter and the rate of gas evolution from the pellet.
The diameter of the pellets, as a function of time, was
obtained from recorded X-ray radiograph pictures. For
unstirred slags it was found that the dissolution of
hematite pellets was faster than that of wustite pellets
due to gas evolution from the hematite pellets which in-
creases heat and mass transfer. The rate of the dissolu-

tion of wustite and hematite pellets were much faster in
slags stirred with argon and, in this case, wustite dis-
solved faster. The rate of gas evolution during the dis-
solution of hematite with an inert gas over the slag was
also measured by using a mass flowmeter. The rate of
gas evolution was also determined under different
CO-CO; gas mixtures by analyzing the off gas with a
mass spectrometer. It was found that the amount of ox-
ygen evolved increases with decreasing the CO,/CO
ratio. From the experimental results the heat transfer
coefficient for the present conditions was estimated.
These values were extrapolated to the actual operating
conditions of a bath smelter and the melting time and
the amount of undissolved pellets at the steady state in
the slag were calculated. It was estimated that the pel-
lets melt in less than 10 sec and the fraction of un-
melted pellets, in the slag in a typical practice, is less
than 1% of the volume of the slag. The rate of produc-
tion in a bath smelter depends on the amounts of Fe*™
and Fe®™ resulting from the dissolution of the pellets.
The present results indicate that for Fe,03 pellets the
rate of iron production will be about 25% less than for
FeO.

Mechanical Behavior

The effect of hold time on low cycle fatigue of 2 )4 Cr-1
Mo steel BySehwan CHi et al.
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Surface and Environment

Analysis of Al in Zn hot dip galvanizing bath sample by

X-ray fluorescence spectrometry By Y. Marsumoto
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