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Preface

This book presents selected papers submitted for the 11th International Symposium
on High-Temperature Metallurgical Processing organized in conjunction with the
TMS 2020 Annual Meeting and Exhibition in San Diego, California, USA. More
than 120 abstracts were received. After reviewing them and the submitted manu-
scripts, over 90 were accepted for publication in this book.

As the title of the symposium suggests, the interest of the symposium is on
thermal processing of minerals, metals, and materials that intends to promote
physical and chemical transformations of materials to enable the extraction and
production of valuable materials such as metals, alloys, ceramics, and compounds.
The symposium was open to participants from both industry and academia and
focused on innovative high-temperature technologies including those based on
non-traditional heating methods as well as their environmental aspects such as
handling and treatment of emission gases and by-products. Because
high-temperature processes require high-energy input to sustain the temperature at
which the processes take place, the symposium addressed the needs for sustainable
technologies with reduced energy consumption and lowered emission of pollutants.
The symposium also welcomed contributions on thermodynamics and kinetics of
chemical reactions, phase transformations that take place at elevated temperatures,
as well as simulation of high-temperature metallurgical processes. We hope the
book will serve as a reference for both new and experienced metallurgists, partic-
ularly those who are actively engaged in exploring innovative technologies and
routes that lead to more energy-efficient and environmentally sustainable solutions.
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Hydraulic Model Study of Combined
Blowing in 65t Electric Arc Furnace
(EAF)

Xuetao Wu, Rong Zhu, Guangsheng Wei, Kai Dong and Lingzhi Yang

Abstract A hydraulic model with a similarity ratio of 1:4 was used to simulate
the blowing parameters of 65t electric arc furnace (EAF). The molten bath stirring
effects of different bottom blowing arrangements and flow rates under different com-
bined blowing conditions were studied. On this basis, orthogonal experiments were
designed to study the effects of bottom blowing rate, side blowing rate, and bot-
tom blowing arrangement on the mixing time of molten bath. The results showed
that the bottom blowing arrangement has little effect on the mixing time of molten
pool. Under the condition of combined blowing, the degree of influencing factors on
mixing time from big to small was the side blowing rate, bottom blowing rate, and
bottom blowing arrangement. The industrial experiment showed that, compared with
traditional process, the combined blowing process can increase the decarbonization
rate and reduce the consumption of iron and steel materials.

Keywords Electric arc furnace · Hydraulic model · Combined blowing

Introduction

The electric arc furnace (EAF) has played a very important role in the modern
steelmaking process. However, a prominent disadvantage in the process of EAF
steelmaking is that the stirring of the molten pool is weak and the smelting time is
long. The heat generated by the arc directly heats the molten steel in the upper part
of the molten pool, while the molten steel near the bottom and outside the arc zone
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are heated mainly by convective diffusion of heat. The bottom blowing technique
for EAF steelmaking process was proposed to promote the molten bath fluid flow,
accelerate the metallurgical reaction, and improve the quality of molten steel.

As the EAF steelmaking is a high-temperature and high-pressure process, and
it is accompanied by high-power electric energy transmission, water models and
numerical simulations have been widely used to study the metallurgical effects of
EAF steelmaking [1–4]. Wei [1] established a mathematical model and water model
to study the physical and chemical properties of molten bath with bottom blowing,
and the results showed that bottom blowing could promotemass transfer and increase
the capacity of EAF production. Schade [5] compared the major effects of bottom
blowing with traditional melting conditions without bottom blowing in Lukens steel
company. Li [6] studied the effect of bottom stirring condition on the rising height
of the EAF bath and the mixing characteristics of bottom blowing in EAF through
water model experiments. Li [7] studied the fluid flow and mixing process in a
bottom stirring EAF experimentally and numerically and found that with the bottom
blowing nozzles moving off-center, the angular velocities were increased, and the
stirring efficiency was improved significantly.

Combined blowing technology of EAF combines the characteristics of side blow-
ing and bottom blowing of EAF, which can improve the productivity of EAF and
the quality of steel, reduce energy consumption. In the present study, a hydraulic
model with a similarity ratio of 1:4 was used to simulate the blowing parameters of
65t EAF. The molten bath stirring effects of different bottom blowing arrangements
and flow rates under different combined blowing conditions were studied.

Hydraulic Experiment

In this study, a hydraulic model experiment was carried out to analyze the effect
of combined blowing on the molten bath stirring in EAF, whose instruments were
shown in Fig. 1. The side and bottom blowing gas were injected into the hydraulic
bath through three oxygen lance and three porous plugs. The side oxygen lance
consisted of stainless steel, while the porous plugs consisted of copper rod and
plexiglass. The KCl was applied as the tracer and two conductivity electrodes were
set at different locations to record the mixing time by monitoring the hydraulic
electronic conductivity in the molten bath. In order to make sure that the experiment
resultswere reliable, two experimentswere carried out for each experimental scheme,
and the results should deviate less than 10%.

Table 1 lists the dimensions of hydraulic model which was scaled down by a ratio
of 1:4. The hydraulic and compressed air were, respectively, used to represent the
molten steel and the combined blowing gases (oxygen and argon).

As previously reported, the fluid flow and mixing are caused by momentum
transfer by blowing gases and liquids [8–11]. To ensure the similarity between the
hydraulic model and real EAF, the modified Froude number of two models should
be maintained, and the equations can be expressed by Eqs. (1)–(2).
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Fig. 1 Combined blowing experimental instruments of hydraulic model experiment

Table 1 Characteristics
parameters of prototype and
model

Items Prototype Hydraulic model

Hydraulic diameter(mm) 2274 568.5

Furnace height(mm) 1700 425

Molten bath depth, H(mm) 1300 325

Lance height(mm) 500 125

Lance angle (°) 45 45

Molten bath density (kg/m3) 7000 1000

Side blowing gas density
(kg/m3)

1.429 1.293

Bottom blowing gas density
(kg/m3)

1.783 1.293

Fr ′ = Fr ′
1, that is

ρgp(π/4)d2
pu

2
p

gρlp(π/4)D2
pH

2
p

= ρgw(π/4)d2
wu

2
w

gρlw(π/4)D2
wH

2
w

(1)

Qp

Qw
=

√(
dp

dw

)2

×
(
Dp

Dw

)2

×
(
Hp

Hw

)2

× ρlp

ρlw
× ρgw

ρgp
(2)

where ρ lw, ρ lp, ρgw, and ρgp are, respectively, the liquid density of the hydraulic
model, the liquid density of the prototype, the gas density of the hydraulic model,
and the gas density of the prototype, kg m−3; dw and dp are the nozzle diameters
of the hydraulic model and the prototype, m; Hw and Hp are the molten bath depth
of the hydraulic model and the prototype, m; uw and up are the gas velocities of
the hydraulic model and the prototype, m s−1; Qw and Qp are the gas flow rates of
the hydraulic model and the prototype, m3 h−1; g is the gravity acceleration, m s−2.
Dw and Dp are the molten bath hydraulic diameter of the hydraulic model and the
prototype, m, and it can be calculated by Eq. (3).



6 X. Wu et al.

Fig. 2 The combined blowing arrangements in EAF model

Table 2 Gas flowrates of
prototype and model (single
node)

Bottom blowing
flow rate
(NL · min−1)

Side blowing flow
rate (Nm3 · h−1)

Prototype 50/100/150/200 1000/1500/2000

Hydraulic model 1.42/2.12/2.82/3.53 12.4/18.6/24.8

D = π
( D1

2 × A
360 + D2

2 × B
360

) + 2 × L1

π
, (3)

where D is the molten bath hydraulic diameter, m.
The oxygen lance and bottom blowing arrangements are shown in Fig. 2, four

different bottom blowing arrangements (A1A2, A1B2, B1A2, and B1B2) will be
analyzed in this study. Based on Eqs. (1)–(3), the parameters of combined blowing
are shown in Table 2.

In this study, the mixing time was defined as the time when the conductivity
between the two electrodes converged and remained stable. The mean mixing time
(Tmix) was calculated by Eq. (5).

Tmix = T1 + T2
2

, (5)

where T 1 and T 2 are the mixing time of the two experiments for each experimental
scheme, s.


