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Preface

This book presents selected papers submitted for the 12th International Symposium
on High-Temperature Metallurgical Processing at The Minerals, Metals & Materials
Society (TMS) Annual Meeting & Exhibition held in Anaheim, California, USA
in 2022. The symposium created a platform for presenting ongoing research on the
analysis, development, and/or operation of high-temperature processes that involved
processing of mineral resources, production, and treatment of metals, alloys, ceramic
materials, etc. It also provided a space for reporting fundamental and applied research
related to metallurgical waste generation, characterization, minimization, collec-
tion, separation, treatment, and disposal. Moreover, it was open to people who are
interested in integrating experiment and computation to solve enduring engineering
problems due to the high complexity, high cost, and high energy consumption of
metallurgical process and to those who work on improving practical metallurgical
processes based on techno-economic and life cycle analyses for commercial-scale
production, which identify how to enhance economic feasibility and minimize envi-
ronmental impact. At the TMS 2022 Annual Meeting & Exhibition, this symposium
received a total of 73 abstracts from authors from around the world, of which 68
submissions were accepted. After peer review, 58 papers were included in the book.

This book is expected to serve as a treasured reference for academia and industry
covering a wide range of research fields. Educators, researchers, professionals, and
students will enjoy the diversity of topics that reflect brilliant achievements of
the authors on developing innovative and sustainable technologies and routes for
minerals processing, physical metallurgy, process metallurgy, and materials science
and processing.

The editors of this book would like to express their gratitude to the authors for
their contribution and willingness to share their research findings and to the reviewers
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for their time and effort that ensured the quality and timeliness of the publication.
The editors would also like to thank the Pyrometallurgy Committee and Extraction
and Processing Division of TMS for sponsoring the symposium and Springer for
publishing the book.
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3D Experimental Model Study )
on Gas-Solid Flow of Raceway in BF

updates

Cong Li, Qingguo Xue, Xing Peng, Haibin Zuo, Xuefeng She, Guang Wang,
and Jingsong Wang

Abstract The transfer phenomenon and chemical reactions happening in raceway
play akey role in both metallurgical principle and industrial operation of blast furnace
(BF). Hot air with high blasting velocity resulting in efficient gas—solid motion, which
determines the velocity field and furthermore temperature field, influences the total
rate of chemical reaction. A 1/3rd scale 3D cold sector experimental model taking
blast air kinetic energy as similarity criterion is built to study the gas—solid motion
phenomenon by using 80—110 m/s gas inflow and real coke granule (average dimeter:
10-12 mm). The results indicate that, to study the movement inside of raceway, using
the blast air kinetic energy as similarity criterion is much more reasonable than the
Reynolds number or Froude number.

Keywords Raceway - Blast air kinetic energy  Cold experimentation *+ Gas—solid
interaction

Introduction

In BF production, the transmission phenomenon and chemical reaction in raceway
are very important and have always been the focus of research. For example, raceway
in actual BF by microwave reflection method is directly measured [1]. Through the
cold physical model, the different effects of two-dimensional slot model and three-
dimensional sector model in whole furnace model are studied [2, 3]. The application
of numerical simulation can comprehensively study the multiphase flow, temperature
field, transmission phenomenon, composition distribution, and chemical reaction in
BF [4, 5].

In the cold simulation of physical model, the commonly used coke particle substi-
tutes are glass beads, plastic balls, beans, and grains. The density, equivalent diameter,
and internal friction coefficient of these particles are very different from those of coke.
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Besides, the selected similarity criterion is generally Reynolds number or Froude
number, and thus, the blast speed is low. There are some deficiencies in revealing the
particle motion under the interaction of gas—solid, especially the high-speed motion
[2, 6].

In this paper, using blast air kinetic energy as similarity criterion and coke as filler,
a 1/3rd scale 3D sector physical model is established to simulate the gas—solid flow
in the lower part of BF at four blast speeds of 80, 90, 100, and 110 m/s, with emphasis
on the particle movement in the raceway. Experiments show that it is reasonable to
use blast air kinetic energy as similarity criterion and coke as filler, which can more
accurately reflect the actual situation in the raceway of BF tuyere and improve the
reliability of physical cold simulation.

Model Description

Model Geometry

A cold sector model scale of 1/3rd was determined. The basic geometric dimensions
of the model are as follows. The cold model is made of plexiglass, and measurement
holes with an alignment of 10 x 10 cm are reserved on one side wall, as shown in
Fig. 1 (Table 1).

Fig. 1 3D model experimental facility (empty and charged)
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industia BF and moel (it Real industrial BF_| Model

mm) Hearth radius 2600 867
Hearth height?® 2900 540
Bosh height 3000 1000
Belly radius 3000 1000
Belly height 1200 100
Tuyere diameter 100 35
Tuyere central line height 2500 400
Raceway depth® 998 350
Raceway height 865 300
Raceway width 563 200

 Hearth is shortened for the reason of no hot metal liquid
b Raceway parameter is calculated according to literature [7, 8]

Table 2 Bl,aSt air l.<inetic Real industrial BF | Model

energy real industrial BF and

model Tuyere diameter (mm) 110 35
Real blast speed (m/s) 190 110
Mass flow (kg/s) 1.136% 0.1275
Blast air kinetic energy (kJ/s)® | 20.495 0.771

4 The effects of blast pressure and temperature are considered
® The ratio of is 26.58

Taking Blast Air Kinetic Energy as the Similarity Criterion

In this experiment, the blast air kinetic energy is used as the similarity criterion when
determining the blast speed. The size of coke particles should also be one-third of
the actual coke, so the mass of actual coke in industry is 27 times that of the coke
particles used in this model. The blast air kinetic energy should also be reduced to
one twenty seventh of actual BF (Table 2).

Particle Physical Properties and Measuring Devices

According to the real density and volume, six kinds of particles are selected: hollow
alumina ball, coke (average diameter 12 mm), chickpea, black bean, red bean, and
mung bean. The physical properties are shown in Table 3.

The density and average equivalent diameter of coke and chickpea are similar.
Therefore, when filling the model, gray chickpea is used to replace some coke parti-
cles, which not only ensures the accuracy and reliability of physical simulation, rather
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Table 3 Particle physical properties

Real density Average single Average single Average
(kg/m3) particle mass (kg) particle volume equivalent
(m3) diameter (m)
Alumina ball 2435 1.35E—03 5.56E—07 0.0102
Coke 1280 7.92E—04 6.19E—07 0.0106
Chickpea 1242 6.54E—04 5.26E—07 0.0100
Black bean 1163 2.10E—04 1.80E—07 0.0070
Red bean 1302 1.31E-04 1.01E-07 0.0058
Mung bean 1360 6.15E—05 4.52E-08 0.0044

than hollow alumina ball, chickpea, black bean, red bean, or mung bean, but also
plays a role of tracing.

Use L-shaped pitot tube + digital display instrument and hot air velocimeter to
measure the gas flow velocity in the model. Use a high-speed industrial camera to
capture particle motion and obtain motion data, and the image storage interval is
25 ms.

Results and Discussion

Gas Superficial Velocity Distribution

After obtaining the velocity values in the horizontal and vertical directions, the
contour map of gas flow superficial velocity distribution on the vertical plane passing
through the tuyere central line is drawn, as shown below (Figs. 2, 3,4, 5, 6, 7, 8 and
9).

It can be seen from the contour map that after the core air flow enters the model
from the tuyere, because the space expands instantaneously, the kinetic energy decays
rapidly, and the velocity gradient is large. The core air flow quickly decays from high
speed to 25-40 m/s differently. When approaching the end wall, the horizontal speed
further decays to 3—7 m/s differently. Finally, subject to the obstruction of the end
wall, the core air flow turns to the vertical direction.

Motion of Single Particle Under the Interaction of Gas—Solid

Through a pipe above the tuyere, a single particle of six kinds is put into airflow.
A horizontal section is set when making the pipeline, so as to avoid friction and
gravity to the greatest extent. Record the horizontal position of particles between
two contiguous pictures (the scale plate in the image below is 5 x 5 cm), and the
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Fig. 2 Contour of axial velocity in plane XY through tuyere central line (blast speed: 80 m/s, X
and Y axes unit: cm)
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Fig. 3 Contour of radial velocity in plane XY through tuyere central line (blast speed: 80 m/s, X
and Y axes unit: cm)

storage interval of two contiguous pictures is 25 ms, so as to obtain the particle
movement speed (Fig. 10).

The moving speed of particles is measured for many times, and the average value
is taken to obtain the results, as shown below (Fig. 11).

It can be seen from the above figure that with the increase of blast speed, the
particle movement speed increases obviously, and the movement speed of particles
with low density and small equivalent diameter, such as mung bean and red bean,
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Fig. 4 Contour of axial velocity in plane XY through tuyere central line (blast speed: 90 m/s, X
and Y axes unit: cm)
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Fig. 5 Contour of radial velocity in plane XY through tuyere central line (blast speed: 90 m/s, X
and Y axes unit: cm)

increases more obviously. This is consistent with the sharp increase of the specific
surface area of powdered charge (<5 to 8 mm) and the easy fluidization of powdered
particles.
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Fig. 6 Contour of axial velocity in plane XY through tuyere central line (blast speed: 100 m/s, X
and Y axes unit: cm)
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Fig. 7 Contour of radial velocity in plane XY through tuyere central line (blast speed: 100 m/s, X
and Y axes unit: cm)

Multi-particle Motion Under Gas—-Solid Interaction

Multi-particle motion experiments were carried out under four blast speeds: 80, 90,
100, 110 m/s. Three kinds of particles: alumina ball, chickpea, and coke are put into
it (Fig. 12).
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Fig. 8 Contour of axial velocity in plane XY through tuyere central line (blast speed: 110 m/s, X
and Y axes unit: cm)

Radial velocity
Vertical distance from tuyere

o w220 30 40 s 60 70O 80
Horizontal distance from tuyere

0 10 20 30 40 50 60 TO B0 90 100

Fig. 9 Contour of radial velocity in plane XY through tuyere central line (blast speed: 110 m/s, X
and Y axes unit: cm)

After obtaining the position information, similar to the motion of a single particle,
the motion speed of particle can be calculated, as shown in Table 4.

Because of the elastic collision force between particles, the velocity of most coke
particles is lower than that of single particles. At 100 m/s and 110 m/s, there are more
moving particles, and the particle velocity decreases significantly. The frequency of
particle at 100 m/s entering in the middle low-speed region is more than 110 m/s
(Fig. 13).
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Fig. 10 Two contiguous images of alumina ball at 80 m/s blast speed
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According to the particle velocity and direction, the raceway can be divided into
four regions: the lower rightward region, the upper leftward region, the right upward

region, and the middle low-speed region.



