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ABSTRACT

The quality of steel and continuously cast semi-finished products largely
depend on the degree and control of the interaction between slag, gas, and
refractories, with the steel melt. In this work, through the analysis of some samples
from a used refractory lining of a tundish, with the help of optical microscopy, the
wear of the refractory layer was highlighted, due to the erosion and infiltration of
steel microparticles into the pores of the lining. The examination of the samples was
carried out in the interface area, metal-shotcrete, shotcrete-concrete, and the area

with refractory concrete.
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1. Introduction

The tundish represents the link between the steel
production, in the converter and its continuous
casting process. The quality of steel and continuously
cast semi-finished products largely depend on the
degree and control of the interaction between slag,
gas, and refractories, with the steel melt.

The elimination of impurity of the steel, with the
atmosphere, or with particles from the refractory
lining, as well as the technologies for making the
refractory lining of the distributor, have led to an
increase in the resistance of the refractory lining, at
the number of castings, and an increase in the purity
of the steel, from the point of view of the inclusions
[1, 3].

In the last decade, alumina-graphite (ALG)
refractories have emerged as a standard solution, for
operations from the tundish. Alumina-graphite
refractories offer good resistance to thermal shock
and increased resistance to contact with metal and
slag.

To prevent melt suction through the pores of the
tundish walls, a good thickness and density of the
refractory, as well as a low permeability, are required.
Oxidation is controlled by applying glazes to the
interior and exterior surfaces. The tundish lining is
important in the technological process. The lining
should be inert and not contribute to the growth of
exogenous inclusions in the steel [2, 8].

2. The refractory lining of the tundish

The refractory materials used to line the tundish
are often overlooked, in the importance of the
technological flow. The realization of the refractory
lining must take into account the following
considerations:

- refractory materials are materials that wear out,
and the user must take into account all the
factors that influence the quality of the
refractory material, in order to increase their
lifespan, and the impact on costs;
- the chemical composition of the refractory
material can be variable, because it is composed
of multicomponent raw materials, therefore it
should be tested;
- the quality of the refractory lining is of
particular importance and is also influenced by
the fixing method and the additives used;
- the temperature variation causes cracks for the
refractory material too, lose its resistance, break
and thus contribute to shortening the life of the
tundish;
- failures of the refractory lining must be
evaluated, taking into account all the data
related to materials, operations, maintenance and
the use of consumables, such as fluxes and
alloys, to determine the true cause, which leads
to the appearance of the defect.

Typically, the tundish liner is composed of three
layers. The working liner is made of high MgO
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material and is exposed to direct contact with the steel
[4,7].

The emergence of the technology of applying
the refractory lining, by spraying, led to an increase in
the life of the tundish. The thickness of the layer of

11/2=2 in. MgO
working lining

sprayed material is 40-50 mm, but an additional 10-
15 mm can be applied to the area of contact with the
slag. (Fig. 1).

Areas subject to a strong erosive flow require
refractories based on magnesite.

steel shell

6~7 in. castable
refractory

1f2=1in. insulating
material

Fig. 1. Cross-sectional view of a tundish liner

At the distributor from the continuous casting
machine, the refractory lining is made of shotcrete
TUNDEX, with the following physical and chemical

characteristics: - 50-75 % magnesium oxide; - 1-5%
glass, oxide and chemicals.

Table 1. Physical and chemical properties of the refractory lining

Physical state Color Odor pH Density Solubility
i , | partially soluble in the
solid (powder) grey odorless alkaline 15 [Zl(ﬁgscm following materials: cold
water and warm water

Table 2. Standard values of the TUNDEX 175 CS layer composition

MgO% | SiO% | CaO% Fe: O3%

Al O3% C% | Bulk density g/cm?®

73-78

15-20 1-2 0.6-1.2

<1 2-4 1.5-1.7

3. Optical microscopy of the samples,
from the tundish lining

Optical microscopy, is a method of analysing
the quality of concrete samples, the purpose of the
control being the determination of the existence of
degradation due to corrosion.

In optical microscopy, non-oxidized steel
strongly reflects light, and corrosion products, reflect
the light more attenuated, than steel, with a stronger
intensity, than aggregates and cement stone.

Steel and corrosion products are opaque in light
transmission. Aggregates are generally transparent in
light transmission.

The aggregate particle, in the upper and middle
portion of the image is subject to the chemical
reactions and thermal shocks that occur. The
aggregate particle is more porous inside, and denser
at the contact surface with the cement stone.

Alternating layers of ceramic material, silica gel
and corrosion products, deposited on the side faces of
the crack, can be seen in the images below (Fig. 2-5).

The examination of the samples was done with
an Olympus BX51M optical microscope, the samples
being taken from the used refractory lining, of a
distributor from the continuous casting machine.

Through microscopy, the wear of the layer due
to the erosion and infiltration of steel microparticles
into the pores of the lining was highlighted.

The impact zone of the melt with the blasted
surface of the distributor was highlighted, at 100X
magnification.

Examined:

- the area from

shotcrete - metal;

- the area at interface 2, respectively shotcrete-

concrete;

- the area with refractory concrete.

interface 1, respectively
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It can be observed a surface wear, highlighted
by the roughness of the contact surface. Also, the
steel particles penetrated the capillaries of the
shotcrete layer (Fig. 3).

It can be noted that both the shotcrete layer and
a good part of the concrete layer have been damaged.
The liquid alloy particles penetrated the capillaries,
due to the porosity of the material, as well as due to
the microcracks, which appear due to the temperature
gradient, and the pressure exerted on the walls of the
distributor.

Analysing the multitude of causes that lead to
the deterioration of concrete elements, it is noted that

most of them evolve, depending on a very important
characteristic of hardened concrete — permeability
(STAS 3518-89).

Permeability can be defined as the property (of a
material with a porous structure), which

quantitatively characterizes the ease with which a
fluid or vapor passes through it, under the action of a
pressure difference.

For concrete constructions, which are located in
environments exposed to wear, and in areas of intense
exploitation, obtaining concretes with a low degree of
permeability is essential.

1
100 pm

Fig. 2. The appearance of the sample, in the area at the shotcrete -metal interface
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Fig. 5. The appearance of the sample, in the area of the refractory concrete wall

4. Phenomenon of pores production

Pores represent any space in the concrete
structure (spherical or cylindrical), which is filled
with air or water, and which can have a winding
route, through the section of the concrete element.

In order to understand the complexity of the
concrete formation mechanism, as compact as
possible, it should be remembered that each of its
components (binder and aggregate) has its own
permeability, and that the products obtained as a
result of the reactions between them will influence, in
a certain way measure, the general permeability of the
mass [5, 6].

The dehydration of the hardened binder gels,
and its weak adhesion to the aggregate granules,

makes the concrete always represent a microporous,
with a microcracked system - gel pores. Thus, it can
be found that the permeability of the cement paste
varies over time, depending on the progress of the
cement hydration process.

Spherical pores appear due to the resettlement of
cement granules, according to their weight,
immediately after the preparation, transport, and
placing of the concrete. The excess water is collected
on top, from which the air included in the mixing is
separated in bubbles. The pores under the aggregates
(spheres), are finer than those created by the inclusion
of mixing air, and are not visible to the naked eye [7].

Capillary pores in concrete appear due to the
loss of excess water through evaporation (Fig. 6).

Fig. 6. The image obtained by optical microscopy of a pore that appeared in the lay of ceramic
material

Analysing the aspects presented, we can
highlight several factors that influence the
permeability of concrete of the tundish following
corrosion:

- fineness of cement grinding (the finer the

cement, the lower the permeability);

- cement dosage (increasing the cement dosage

reduces permeability);

- the type of cement (cements with additions,
require a larger amount of water, which can
increase permeability);

- concrete treatment after putting into work
(keeping fresh concrete in a humid environment
for as long as possible, it decreases
permeability);

- the use of additives in concrete compositions
(use correctly, they considerably reduce
permeability);
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- the existence of tensile stresses and
compressive stresses above the cracking limit
(increase permeability).

Corrosion can also continue in compact and
thick layers. In this case, the film of reaction products
does not adhere at the metal, but detaches as it forms
and falls. This detachment can occur for the following
reasons:

- the volume of the formed oxide is greater than
the volume of the original metal, and this
increase in volume, caused by oxidation, can
produce internal stresses that exceed the
adhesion between the corrosion layer and the
metal. These efforts are all the greater, as the
ratio between the volume of the oxide, and the
volume of the metal from which the oxide
originates, is higher;

- the formed oxide layer has a different

coefficient of thermal expansion than that of the

base metal and when the temperature of the
surrounding  environment  varies, internal
stresses arise due to unequal expansions.

The porosity of the layer of ceramic material is
an important factor that leads to the degradation of
the refractory lining of the tundish and is influenced
by a multitude of phenomena that were highlighted
previously.

5. Conclusions

The quality of the refractory lining is of
particular importance and is also influenced by the
fixing method and the additives used.

The wvariation in temperature causes the
refractory material to crack, lose its strength, break
and thus contribute to shortening the life of the
tundish.

The tundish lining is composed of three layers.
The working liner is made of high MgO material and
is exposed to direct contact with the steel.

Areas subject to a strong erosive flow require
refractories based on magnesite. At the tundish, from
the continuous casting machine, the refractory lining
is made of shotcrete TUNDEX.

The samples taken from a used tundish, from the
continuous steel casting machine were also examined
by optical microscopy.

Optical microscopy is a method of analysing the
quality of concrete samples, the purpose of the
control being to determine the existence of
degradations due to corrosion.

We highlighted through microscopy the wear of
the layer due to the erosion and infiltration of steel
microparticles into the pores of the lining.

We examined: the area at the metal-shotcrete
interface, the area at the shotcrete-concrete interface,
the area with refractory concrete.

Both the shotcrete layer and a good part of the
concrete layer were damaged. The liquid alloy
particles entered the capillaries, due to the porosity
given by the material, as well as due to the
microcracks that appear due to the temperature
gradient, and the pressure exerted on the walls of the
distributor.

Analysing the multitude of causes that lead to
the deterioration of concrete elements, it is noted that
most of them evolve according to a very important
characteristic - permeability.

For concrete constructions that are located in
harmful exposure and exploitation environments,
obtaining concretes with a low degree of permeability
is essential.

The durability of concrete decreases through the
degradation of the intimate structure due to the
phenomena of dissolution, expansion, cracking or
exfoliation.

The porosity of the ceramic material layer is an
important factor that leads to the degradation of the
refractory lining of the tundish and is influenced by a
multitude of phenomena that have been highlighted.
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