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Abstract

The most important issue in refractories for the bottom-blowing tuyere of the converter is

suppression of spalling and peeling wear. We have developed high-performance tuyere refractories

in view of improving fracture toughness, and good results have been obtained by various customers.

In this report, we introduce our latest tuyere refractories and their test results.
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1. Introduction

Recently, the main converters in Japan are
the “Top and bottom blowing converter” and
“Bottom blowing converter”. In these convert-
ers, the molten steel is stirred by gas blown from
the bottom-blowing tuyere (hereinafter, tuyere),
which is highly efficient for steel refining. Since
tuyere refractories are used in a special envi-
ronment as will be described later, the required
characteristics are different from those of the
general section of converter. We have developed
various kinds of high-quality tuyere refractories
by utilizing our know-how accumulated through

years of research and development, and we
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will introduce our tuyere refractories and their

achievements in this report.

2. Structural Classification of

Bottom-blowing Tuyere

These tuyere refractories contain a stainless
steel tube-buried within the refractories and
can be classified into two structures. The first
one is a single-hole tuyere, such as a double-
tube tuyere with inert gas or propane gas flow-
ing in an outer pipe portion, and a SA (Single
Annular) tuyere, which has a slit-shaped outlet
port, by burying a refractory in the inner pipe
portion of their structure. The characteristic of
the single-hole tuyeres is the ability to achieve a
large flow rate, which creates a strong stirring
effect and a high cooling ability from the inert
gas flow.

The other is a MHP (Multi-Hole Plug) which
is embedded with many stainless steel tubes.
For converters, dozens to several hundred
tubes are usually embedded in these units, and
their inner diameters and the number of tubes
are selected with consideration of the necessary
flow rates for the operation of each converter.
The feature of the MHP is that a wide range
of flow rate control is possible, and it is possible
to reduce the amount of gas used by narrowing

the injection amount during converter standby.

3. Wear Mechanism of Bottom-blowing

Tuyere

The converter tuyere is exposed to a special
environment different from refractories in
other general sections. While the hot face is
exposed to high temperature of molten steel,
the inside of the refractory is cooled by a high

flow velocity of gas. Therefore, the temperature
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Fig.1 Cross section of a used MHP.
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difference or gradient occurring in the refrac-
tory becomes large, and the refractory receives
strong thermal stress. In addition, a sudden
change in temperature occurs when the molten
iron is charged, and the tuyere, which is blown
with gas and is cooled during standby, receives
extremely large thermal shocks. Due to these
thermal stresses, cracks develop and propagate
inside the tuyere refractories, causing intermit-
tent peeling. In fact, when cutting and observ-
ing the used tuyere refractories, in many cases
cracks are generated parallel to the hot face
(Fig.1).

There are various wear factors such as ero-
sion of the hot face, abrasion by molten steel
stream caused by blowing gas, mechanical wear
due to undissolved scrap impact, and mechani-
cal stress due to expansion of surrounding
bottom bricks. However, the main reason for
determining the life of tuyere refractories is
surface peeling caused by the occurrence and
development of cracks due to thermal stress.
As a result of tuyere refractory residual thick-
ness measurement, it is understood that wear
progresses in a stepwise manner, and sudden
wear of about 50 to 100mm may be observed.
Suppression of this peeling damage is a key to
improving the life of tuyere refractories, so it is

an important issue.

4. Necessary Characteristics for Tuyere

Refractories

From the wear mechanism mentioned in the
previous section, the characteristics required
for tuyere refractories can be determined to be
spalling and abrasion resistance. In particular,
it is important to increase the resistance to
thermal stress. MgO-C bricks with 20-25%
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Fig.2 Micrographs of MgO-C bricks after
bending test.

Fig.3 Appearance of Mono-block type MHP.
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graphite are generally applied for the purpose of
lowering the material expansion and increasing
the thermal conductivity. Meanwhile, in order
to improve abrasion resistance, methods such
as improvement of hot strength and oxidation
prevention by metal additives, e.g. Al, Si, are

generally used.
b. Shinagawa’s Tuyere Refractories

We

refractories with excellent thermal spalling

developed high performance tuyere

resistance from the viewpoint of improving
fracture toughness. Fracture toughness is a
property showing the resistance of a material
to brittle fracture. Crack initiation and progres-
sion are suppressed by the high toughness of
the material, which leads to reduction of peel-
ing damage. Fig.2 shows a microstructure of a
bending test on MgO-C material with enhanced
fracture toughness. High fracture toughness
material showed large zigzag deviation of the
crack propagation path, and necessary energy
for the rupture is large.

Furthermore, in addition to improvement in
material, it is possible to extend the distance
from crack propagation to the peeling surface

by increasing the size of the tuyere refractories,

Table 1 Typical properties of bricks for tuyere
Application MHP tuyere | MHP block Tuyere
Chemical
composition /%
MgO 80 75.5 70
C 15 20 27
Apparent
porosity /% 26 48 1.0
Bulk density 2.87 2.80 2.72
Compressive
strength /MPa 8 33 42
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Inside view of BOF after 1st heat.

Shinagawa Technical Report

and it is possible to reduce peeling damage. We
can mold large refractories by cold isostatic
press, and have obtained good results for the
large mono-block MHP in various customer’s
converters (Fig.3).

Table 1 shows the typical properties of our
representative tuyere refractories. Various line-
ups are available with graphite amounts of 15
to 25%. The optimum material can be selected
and applied according to actual wear conditions

of the converter.
6. Actual results

We applied our Mono-block type MHP to a

converter (heat size 220 ton) in steelworks “A”

Fig.4 Installation of Mono-block type MHP.
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Fig.6 Wear rate of Mono-block type MHP.
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Fig.7 Wear profile of improved tuyere brick.
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in place of conventional segment type MHP to
increase tuyere life (Fig4, 5). The life of the
Mono-block type MHP increased 40% compared
to the conventional type as shown in Fig.6 which
shows a wear rate comparison (at 1500 heats).
This converter has been operating to over 4000
heats without plugging the tuyeres.

B’

when the

Also, in the converter of steelworks
which uses single-hole tuyeres,
improved tuyere refractory with enhanced
fracture toughness was applied, the peeling
damage was greatly reduced as compared with
the conventional products. The transition of the
thickness of the tuyere refractories is shown in
Fig.7. As a result of suppressing peeling damage,
improvement of refractory life and stabilization
of wear rate was achieved.

The tuyere refractories introduced in this
report are also being used in actual convert-
ers in Japan, and good durability has been

obtained.





