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Abstract

The long term stability of the newly developed materials has been improved by reducing

shrinkage. Moreover, the product lineup can be used for various construction methods including

casting, pumping, troweling and gunning.
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1. Unshaped Refractories for Reheating

Furnaces

Reheating furnaces are used to reheat the
steel slab during the hot-rolling process. In the
most common walking-beam type reheating
furnace, unshaped refractories are used for the
wall or skid-pipe”, and require a high thermal
insulation property to reduce heat loss”. As
skid-pipe materials, they are required to resist
reaction with mill scale and to provide enough
strength to withstand impact during operation.
In addition, they are also required to have
volume stability, which resists shrinkage during
the thermal cycle because the furnaces run for
longterms.

The long term stability of the developed
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Fig.1 Microscopic image of developed material

LX-160-1 after heating at 1500°C.
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Fig.2 Cross section of the sample after cup test. (a)
High-alumina low cement dense castable, (b)
Light weight insulating castable LX-160-1.

materials was increased by reducing shrinkage
after heating based on Calcium hexa-Aluminate
(CA6) series insulating unshaped refractories,
which have the good thermal insulating ability
and resistance to reaction with mill scale®”.
Furthermore, troweling and gunning materials
have also been developed in addition to castable
materials.

2. LX-160 Series Low-shrinkage
Lightweight Insulator

2. 1 Characteristics of LX-160 series

The LX-160 series is a product group
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w720 unshaped refractories. A microscopic image 1S

Table 1 Specifications of developed materials
LA-150-2 L X-160-1 LX-160T-1 LX-160G-1

Chemical composition Al:Os 87 89 89 89
/ % Ca0 13 " " "

Permanent linear change 110°C-24h -0.10 -0.10 -0.10 -0.11
/ % | 1500°C-24h -1 -0.28 -0.26 -0.63

Modulus of rupture 110°C-24h 2.5 1.1 1.6 4.8
/ MPa | 1500°C-24h 3.6 4.8 5.0 6.7

Notes Conventional Material Material Material

material developed for developed for developed for
casting or troweling gunning
pumping




Vol. 61 2018

L. . =

NS
~
(]
(@)
-y
T 056
O
S
-
=
s -10F
g M 110°C 24h
5 ¥ 1000°C 3h
o 1500°C 3h
-1.56
Conventional Developed
LA-150-2 LX-160-1

Fig.3 Permanent linear changes on conventional
material and developed material.
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Fig.4 XRD patterns of conventional material and
developed material after heating at 1500°C.

shown in Fig.l. The texture has many pores
and cavities, which means it is porous. The
typical properties of the developed materials
are summarized in Table 1. The high purity
AlO;-CaO composition of materials renders
high heat resistance and high corrosion
resistance properties. In addition, The LX-160
series has achieved drastically improved long
term stability, which was an issue with this
category of materials, by reducing shrinkage
after heating.

The cross sections of the samples after cup
test with mill scale as an erosion agent are
shown in Fig.2. A large penetrated area was
observed in the high-alumina castable sample.
On the other hand, in the LX-160-1 sample, no
changes were detected and the penetrated area
was very small.

The permanent linear change data of
conventional material LA-150-2%, and developed
material LX-160-1, are shown in Fig.3. Because
LX-160-1 material has low shrinkage after
heating, it performs stably near the heating
burners where the temperature is especially
high. Moreover, it can also be used in batch
type furnaces without any problems. The
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Fig.5 Appearance of troweling material
LX-160T-1 application test.

Fig.6 SRG (Shinagawa Refractories Gun).
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XRD patterns of the conventional and
developed materials are shown in Fig4. The
chemical composition of the calcium aluminate
compounds in the developed product shifted to
high alumina content. It is assumed that the
crystal formation shift to CA6, which yields
expansion®?, from Calcium di-Aluminate (CA2),
which yields shrinkage, resulted in reduced
shrinkage of the material.
2. 2 LX-160-1 castable material

Newly developed LX-160-1
material. It can provide a low bulk density
body by

aggregates and large amount of water addition.

IS a castable

construction using lightweight
In addition, this material is also available for
pumping construction because of its non-
segregating and self-fluidity properties.
2. 3 LX-160T-1 troweling material

Troweling material LX-160T-1 has been
developed by imparting shape retainability
and troweling workability to LX-160-1. The
appearance of the application test on a brick
is shown in Fig.5. The material can provide
favorable workability without any drooping or
peeling problems during construction. Thus,
it is suitable for small scale construction and
repair work.
2. 4 LX-160G-1 gunning material

The binder system and the grain size
distribution of LX-160G-1 have been adjusted
for gunning work based on LX-160-1. This
material is suitable for construction with
gunning equipment such as SRG (Fig.6), and
repair and construction of the furnace wall.

The appearance of the gunning test sample is
shown in Fig.7. The material stuck to the wall
strongly without drooping or peeling. A cross
section of the construction sample is shown in
Fig.8. No problems, including segregation of
aggregates, were found in the texture at the
actual construction site.
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Fig.7 Structure appearance of gunning material
LX-160G-1 application test.
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