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Abstract

The corrosion resistance of unburned Al:O;—-MgO bricks was improved by focusing on the in-situ
microstructure evolution associated with the spinel forming reaction. A suitable microstructure
evolution was achieved by densification of a green body consisting of raw materials with an
appropriate grain size distribution. The effectiveness of the improved materials was validated by a

Shinagawa Technical Report

laboratory corrosion test as well as commercial application to a steel ladle metal line.
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1. Introduction

Recently, the load on refractories for the steel
ladle has been increasing in accordance with
the increase in secondary refining treatment.
Therefore, improvement in the durability of the
refractories is required not only for the slag
line but also for the metal line of steel ladles.
Burned high Al,O; bricks, which are widely
used in the steel ladle metal line lining, show
insufficient durability due to poor corrosion
While unburned ALO;-MgO-C
bricks, which are also commonly used for steel

resistance.

ladle refractories, show better corrosion and
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Fig.1  Thermalexpansionbehavior of conventional
type ALTIMA.
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thermal shock resistance, they have negative

influences such as carbon pick up into molten

steel and/or excessive heat emission.

In order to deal with these issues, we previ-
ously developed ALTIMA, an unburned Al:O;-
MgO brick, for the metal line lining. The original
idea in developing ALTIMA came from AlLO;-
MgO castables, which are popular materials for
the steel ladle metal line exhibiting sufficient
performance in the Japanese integrated steel
mills. The favorable features of ALTIMA"™
are briefly summarized as follows;

1) Carbon free composition allows low ther-
mal conductivity, which prevents heat loss,
as well as eliminating the risk of carbon
pick up.

2) An unburned structure enables in-situ spi-
nel formation that strengthens the bonding
structure along with increasing volume as
shown in Fig.1, resulting in the prevention
of joint openings.

3) Thanks to appropriate creep deformation
(also shown in Fig.1l), further structure
strengthening, which improves corrosion
and penetration resistance, is achieved by
heating under restrained conditions.

4) Extra investments for castable refractory
installation equipment such as mixers,
molds, vibrating facilities and drying facili-
ties are unnecessary.

Though ALTIMA has many favorable fea-
tures, modern intensive steel refining treatment
requires further improvement in the corrosion
resistance of this brick. In this paper, our
new findings on the slag corrosion resistance
of ALTIMA, i

structural development on the slag corrosion

e., influence of in-situ micro-

resistance, and test results of newly developed
ALTIMA in a commercially operated steel ladle
are described.
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Table 1 Properties of test samples
Conventional | Sample [Sample
type A B

Chemical composition
(mass%)

AlLO, 88 88 88

MgO 7 7 7
Green packing degree 100.0 103.6 103.0
After 1600°C-10h
Apparent porosity (%) 214 18.1 17.0
Bulk density (g=cm?) 2.94 3.04 3.04
Modulus of rupture (MPa) 18 20 21
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2. Influence of Microstructure Evolution on

Corrosion Resistance of ALTIMA

2. 1 Background

Generally, many factors such as the chemical
composition, kinds of raw materials, porosity,
microstructure, and so on, influence the cor-
rosion resistance of refractories. Among those
factors, we empirically assumed that the in-situ
microstructure evolution associated with the
spinel forming reaction is essential for the
improvement of the corrosion resistance of
ALTIMA. Based on that assumption, optimum
packing structure that suitably promotes in-situ
microstructure evolution and consequential
improvement in slag corrosion resistance was
investigated.

2. 2 Experimental methods

In order to wvalidate that assumption, the
following three samples; conventional type
ALTIMA and two types of densely-packed trial
samples (A and B) were prepared. The chemi-
cal compositions of each sample were identically
88mass% alumina and 7mass% magnesia. For
the two trial samples, the maximum grain size
and grain size distribution were adjusted by
trial and error method to maximize the green
packing degree. Subsequent to mixing the raw
materials with a binder addition, the mixtures
were pressed followed by curing in an electric
oven.

For evaluations of the microstructure evolu-
tion associated with the spinel forming reac-
tion, measurements of apparent porosity, pore
diameter distribution, and also microstructure
observations by EPMA were carried out for
each sample after heating at 1500C for 10h in
an electric furnace.

In addition, the high temperature thermal
expansion behavior of each sample was
measured since the spinel forming reaction is
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Fig.2 Microstructures of samples after heating

at 15600°C-10h. FA, fused alumina; S+L, fine
spinel and liquid; P, pore.
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accompanied by considerable volume increase.

The slag corrosion resistance of these samples
was evaluated by rotary drum method utilizing
an electric-arc as the heat source. The test was
performed for 3 hours at 1650C using slag with
a basicity of 2.0. The slag was exchanged every
1 hour so as to maintain corrosivity.

2. 3 Experimental results

The green packing degree, which is normal-
ized by conventional type, and properties after
heating at 1500C for 10 hours are listed in
Table 1. The green packing degree of both trial
samples A and B were approximately 3% larger
than that of the conventional type. The smaller
apparent porosity and larger bulk density of
the post heated samples also indicate that the
densely-packed structure of trial samples was
retained after high temperature heat treatment.
The post heating modulus of rupture of the trial
samples was slightly larger than that of the
conventional type.

On the other hand, the post heating micro-
structures were markedly different among these
three samples. Fig.2 shows the microstructure
of each sample after heating at 1500C for
10h. In each specimen, fused-alumina grains
and a network texture consisting of very fine
spinel particles and liquid phase were observed.
Hereafter, the network texture is referred to as
spinel network. The microstructure of sample
A is very similar to the conventional one, how-
ever, the degree of spinel network development
is much higher. On the other hand, sample B
showed a matrix with poorer spinel network
development (Fig.2).

While the pore diameter of trial sample A
was distributed in almost same range as the
conventional type, as shown in Fig.3a, trial
sample B showed a larger pore diameter distri-
bution as is obvious in Fig.3b.

As shown in Fig.4, the thermal expansion
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Fig.3  Pore size distribution after 15600°C-10h. The
values of median pore diameter of each
sample are also indicated in the figures.
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Fig.4 Comparison of thermal expansion behavior
among each sample.

behavior of each sample varied as well. While
rapid expansion induced by spinel formation
was detected from 1150C both for conventional
material and trial sample A, trial sample A
showed larger thermal expansion at 1500C.
The beginning point of the rapid expansion of
trial sample B was detected at 1250C, which
was higher than the conventional material and
trial sample A, however, the thermal expansion
of trial sample B at 1500T is almost identical to
conventional material.

The corrosion resistance of the samples also
varied. Figs. 5 and 6 show cross-section of the
samples after the corrosion test and the corro-
sion index of the samples, respectively. While
almost no improvement in the corrosion resis-
tance was recognized for densely-packed trial
sample B, trial sample A demonstrated a 35%
reduction in corrosion. In each post corrosion
tested sample, only a shallow slag penetration
layer, i.e., 1-2mm in thickness, was observed.

2. 4 Discussion

In this subsection, the microstructure evolu-
tion process at high temperature is discussed
followed by a description of the influence of the
microstructure on corrosion resistance.
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Fig.b  Cross-section of samples after corrosion

test.
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Fig.6  Corrosion index of each sample.

Although the post heating apparent porosity
and bulk density of both trial samples were
almost same, the post heating microstructures
which are evaluated by degree of spinel network
development, were varied. These results sug-
gest that the post heating microstructures, i.e.,
spinel network development degree, depends on
the grain size distribution and packing struc-
ture of the green body.

Under the high temperature condition, spinel
(MgAlO,) is formed by the in-situ reaction
between Al:O; and MgO. Thus, in the case of
unburned ALO;-MgO material, “microstruc-
ture evolution” is equivalent to spinel network
development. Existence of a small amount of
liquid phase in the spinel network of all samples
(Fig.2) indicates that the dominant mechanism
of spinel formation at high temperature was
cation diffusion in the liquid. Therefore, the
proximal arrangement of Al.O; and MgO grains
would result in a thick layer of the development
of the spinel network. Since the contact point of
these grains become the junction of the spinel
network, detailed development of the spinel net-
work can be achieved by increasing the density
of the contact points.

These two effects, i.e., proximity and contact
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point density, can explain the difference in the
microstructures after heating. The high develop-
ment degree of spinel network in densely-packed
trial sample A is considered attributable to the
proximal arrangement of unreacted alumina
and magnesia grains achieved by the densifi-
cation of the green body. On the other hand,
the low development degree of spinel network
in spite of low porosity in the trial sample B
reflects the lower density of the contact points
of grains, which is attributable to grain size
arrangement. It is consistent with the results
for thermal expansion behavior in Fig.4, that is,
promotion of spinel formation in trial sample A
resulted in higher expansion, and, the inhibition
of spinel formation in trial sample B raised the
detected point of rapid expansion beginning
temperature.

Next, the influence of the microstructure
on slag corrosion resistance will be discussed.
Assuming that mass transfer limits refractory
dissolution, largeness in contact area between
refractory structure and molten slag is one
of the most important factors influencing cor-
rosion resistance to slag. Hence, improvement
of the corrosion resistance in trial sample A
can be explained by reduction of the contact
area derived from the complex well-developed
spinel network structure and smaller apparent
porosity after heating. However, it is impossible
to explain the poor corrosion resistance of
the trial sample B by this mechanism since a
smaller contact area would be achieved for low
porosity and large pore size sample B. Thus, it
was suspected that another factor governs the
corrosion mechanism of trial sample B.

The poor corrosion resistance of trial sample
B is considered attributable to the large pore
diameter as shown in Fig.2. In this structure,
it is easy to exchange the infiltrated slag with
bulk slag due to low flow resistance, resulting
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in a low saturation degree of the slag infiltrated
refractory. According to Fick’s Low, which
describes the diffusion process, mass flux ]
(kg/m?s) can be expressed by Eq. (1).

]= % (ns_”) .................................... (1)
Where, D, 6, ns and n denote the diffusion
coefficient (m®/s), effective boundary layer

thickness (m), saturation concentration (kg/m?
and concentration (kg/m’), respectively. As
indicated in Eq. (1), the refractory dissolution
rate becomes higher as the saturation degree
of refractories components in molten slag
decreases. Since it is natural to hypothesize
that the refractory composition dissolves in
infiltrated slag as well as bulk slag, a higher
dissolution rate in the infiltrated slag promotes
overall refractory corrosion (Fig.7).

Thus, our empirical assumption that the
microstructure evolution is essential for the
improvement of the corrosion resistance of

ALTIMA was experimentally validated.
3. Results of Field Trial

We developed a new ALTIMA brick based on
the results described above, and the developed
ALTIMA was used for the metal line lining in
a commercially operated actual steel ladle at an
electric furnace steel-maker. As a result, marked
improvement in the wear rate was recognized
as follows; 1.Imm/heat for developed material
installed for corrosive zone and 1.8mm/heat for
conventional one installed for the ordinal zone
(Fig.8).

As is obvious in the cross sections of the
bricks after use, in Fig.9, the newly developed
ALTIMA exhibited thinner slag penetration
layer thickness. Hence, excellences in structural
spalling resistance as well as slag corrosion
resistance were verified by commercial applica-
tion.
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4. Conclusion

We developed unburned Al:O;-MgO bricks
with high corrosion resistance for steel ladles.
The developed brick was obtained according
to the investigation results that the in-situ
microstructural development associated with
the spinel forming reaction at high temperature
is important for improvement of corrosion resis-
tance. The developed bricks showed excellent
durability at the metal-line in a commercially
operated steel ladle.
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