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Abstract

By establishing a recycling process to convert used high-grade MgO-C bricks from BOF converter linings
into recycled MgO-C raw materials, an environmentally friendly product “MgO-C Green Refractories”,
which contains the recycled MgO-C raw materials in a specific blend ratio, has been developed. In the
production process of electro-fused magnesia, which is one of the main raw materials of MgO-C bricks,
a large amount of electric power is required for the electric arc melting process. Therefore, the use of the
“MgO-C Green Refractories” in various steelmaking furnaces and vessels is connected to the reduction

of CO, gas emissions. Through the promotions and expansions of “MgO-C Green Refractories”, we will

Product

contribute to the realization of a sustainable decarbonized society.
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1. Introduction

Various kinds of refractories are used in steel-
making facilities in accordance with application
purposes and operational conditions. Based on
the corporate business objective to contribute
to the establishment of a decarbonized society,
achieving carbon neutrality, the author’s company,
Shinagawa Refractories Co. Ltd., has recently been
engaged in the development of environmentally
friendly refractory products into which over 20 %
recycled raw materials, such as used refractories
generated in refractory consuming industries as well
as by-products or regenerated materials generated
in various industries, which can be qualified with
substantially zero CO. emission are blended. These
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environmentally friendly refractory products are
called “Green Refractories”, and various types of
“Green Refractories” have been developed. As part of
such development work, MgO-C Green Refractories
in which used MgO-C refractories applied as
relining materials for major refining facilities, such as
the converter furnace or RH type vacuum degassing
vessel, are blended as recycled raw materials has
been developed. Because of the large amount of
demolished MgO-C refractories, effectiveness of
their recycling application on conserving of natural
resources is highly anticipated.

Used MgO-C bricks removed from furnaces or
vessels have been recycled as sub-materials for
refining operation, roadbeds or used as raw materials
for monolithic refractory products"*?. Even though
parts of used MgO-C refractories are recycled as raw
materials for MgO-C bricks*?, negative influences
of contamination by impure elements contained in
used bricks on qualities of refractory products are
concerned in view of overall economic rationality.
The author’'s company developed MgO-C Green
Refractories by establishing an efficient recycling
process of used high-grade MgO-C bricks which
are relined in converter furnaces. The details of
development works are introduced in this article.

2. Used MgO-C Brick Recycling Process

Fig. 1 shows recycling process of used MgO-
C bricks. After being removed from furnaces or
vessels, the retrieved pieces of used MgO-C
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Fig. 1 Recycling process of used MgO-C bricks to raw materials.
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Fig. 2 Exterior appearance of recycled raw
materials.

Fig. 3 Microscopic photograph of recycled raw
material.

bricks are temporarily stored and subject to the
separation of the demolished fragments of the
used magnesia bricks which had been used for
relining in a permanent layer. Then, the surfaces
are cleaned by removing adhering materials. The
surface-cleaned used MgO-C bricks are crushed
and sieved so as to sort into specified particle sizes.
After that, the crushed particles of the used MgO-C
bricks are processed in magnet separation unit and
dryer for removing immixed impurity elements and
moisture components. After certified by acceptance
inspection, particles of used MgO-C bricks with
specified particle sizes are recycled as reborn raw
materials of MgO-C Green Refractories.

Exterior appearances and microscopic photograph
of recycled raw materials reborn from used MgO-C
pbricks are shown in Fig.2 and Fig. 3, respectively.
Similar to unused MgO-C brick, recycled raw
material from used MgO-C bricks is blackish in
color, which gradually recedes to grey color in
association with reduction in particle size. The
microscopic photographs of recycled raw materials
exhibits two major kinds of particles, fused magnesia
particles and MgO-C aggregate particles which are
composed of fused magnesia and graphite. The
appearance of fused magnesia particles in recycled
raw materials is almost similar to that of original fused
magnesia particles blended in MgO-C bricks with
neither significant alteration nor infiltration of alien
components, and the remaining of large magnesia
crystal grains in high grade fused magnesia particles
can be observed.

The physical and chemical properties of recycled
MgO-C raw materials compared with original
fused magnesia raw material are shown in Table 1.
The recycled raw material is composed mainly of
magnesia and carbon at a composition close to
the average C content in MgO-C brick relined in
converter furnaces. The high apparent porosity of
recycled raw material is attributable to the existence
of pores contained in MgO-C aggregate particles,
one of the major components in the recycled MgO-
C brick raw material.

3. MgO-C Green Refractories Blended
with Recycled Raw Materials

The typical physical and chemical data of two
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Table 1 Physical and chemical properties of recycled
MgO-C raw materials and fused MgO

Physical properties

Recycled Fused
raw material| MgO

Apparent porosity / % 8.2 0.6

Bulk density / - 3.03 3.56

Apparent density / - 3.30 3.58
Chemical composition / %

MgO 789 97.6

CaO 13 1.8

SiO: 1.0 0.5

Fe:0s 0.5 0.3

Free C 15.6 <0.1
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types of MgO-C Green Refractories containing
recycled raw materials are compared with ordinary
MgO-C brick with 15 % carbon content which is
commonly applied as relining material for converter
furnace are shown in Table 2. R20 and R40 of MgO-
C Green Refractories are named after the 20 %
and 40 % blending ratio of recycled raw materials,
respectively. In comparison with ordinary MgO-C
brick, R20 and R40 of MgO-C Green Refractories
exhibit slightly higher apparent porosity and slightly
lower bulk density, both of which are attributable
to the blending of recycled raw materials. The
degree of alternation corresponds with the blend
composition of recycled raw materials. R20 MgO-C
Green Refractory brick exhibits the almost similar
chemical compositions. The free carbon content of
R40 MgO-C Green Refractory brick is slightly higher
than that of ordinary and R20 MgO-C brick.

To evaluate the corrosion resistance of three kinds
of MgO-C brick, rotary drum corrosion test with arc
heating was conducted at 1700 C for 5 hours with
synthetic slag of 3.0 of basicity (C/S) as the corrosive
agent. The corrosion test results were compared
with a wear index of 100 representing the corroded
volume of an ordinary Mg-C brick sample specimen.
R20 MgO-C Green Refractory brick exhibited almost
an equivalent level of wear index to that of ordinary
MgO-C brick, while the wear index of R40 MgO-
C Green Refractory brick deteriorated by roughly
10 %.

The analyzed physical properties and corrosion
test results in for that R20 MgO-C Green Refractory
brick is applicable for the metal bath layer in
converter furnaces, and R40 MgO-C Green Refrac-
tory brick could be used to reline positions where
corrosive damage is not so severe, such as the
throttling part of the converter furnace. Needless to
mention, MgO-C Green Refractories can be applied
to furnaces or vessels other than converter furnaces,
such as electric furnaces or teeming ladles.

4. Estimate on Reduction of CO, Gas
Emission Volume

The amount of energy consumption required for
the production of refractory bricks depends on the
type of bricks. Among them, MgO-C brick is a typical
unfired product with low energy consumption in
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Table 2 Typical physical and chemical data of ordinary MgO-C
and two types of MgO-C Green Refractories

Physical properties

Apparent porosity /%

Bulk density

Cold crushing strength / MPa

Chemical composition

MgO /%

CaOo
Free C

Slag corrosion resistance

Wear index*

) Containing recycled
Ordinary raw material
(C=15%)

R20 R40
35 43 5.8
2.94 2.92 2.89
35 32 20
78 78 76

1 1 1

15 15 17

0w | 03 |

*The smaller index is better.
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Fig. 4 Estimated CO. gas emission volume generated
for production of MgO-C bricks.

the manufacturing process. However, since high
purity electro-fused magnesia is used as the main
raw material, the energy consumption during raw
material production accounts for a large proportion
of the energy consumption throughout the life cycle
of MgO-C brick products and has a significantimpact
on CO:; gas emissions. Therefore, we estimated the
amount of CO, gas emissions required to produce
one ton of MgO-C Green Refractory R20 and R40
with different recycled MgO-C raw material con-
tents, and compared them with a conventional
material produced only with virgin raw materials. The
electric power consumption corresponding to the
energy consumption demanded for electro-fused
magnesia production was determined by referring to
references by Ohta® or Noda” as well as interviews
with refractory raw materials suppliers and was
used in the calculations. The emission factor used
in electric power industry in Japan was adopted
for converting electric power to CO: gas emission
volume. As per Fig. 4, in which estimates of CO: gas
emission volume generated for production of these
three types of MgO-C brick are compared, 0.5 tons
and 1.0tons of CO. gas emission volume can be
reduced by replacing the conventional MgO-C brick
with R20 and R40 of MgO-C Green Refractory brick,
respectively.
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