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ABSTRACT

This study investigated the thermal conductivity and thermal diffusivity properties of magnesite bricks
produced at different pressures (1400, 1500 and 1600 kg/cm?) and different thicknesses (20 mm, 30
mm and 40 mm). The measurements were carried out in the temperature range of approximately 24-
25.6 °C and the temperature coefficient of resistance (TCR) remained approximately constant (around
0.00466 K-!) for all samples. According to the data obtained, as the pressure increases, the density of
the bricks increases and the porosity decreases. This leads to an increase in thermal conductivity.
Especially the highest thermal conductivity (20.25 W/m-K) and thermal diffusivity (0.57 m?%/s) values
were obtained for the bricks produced at 1600 kg/cm? pressure and 20 mm thickness. In terms of
thickness, a general decrease in the coefficient of thermal diffusivity was observed with increasing
thickness. This indicates that thicker structures show more resistance to thermal energy transfer. For
example, the lowest thermal diffusivity value (0.19 m*s) was recorded for the 30 mm thick specimen
under 1400 kg/cm? pressure. In conclusion, magnesite bricks' thermal performance varies depending
on the applied pressure and the geometric thickness. Denser and more conductive bricks are obtained
under high pressure, while heat dissipation is limited as the thickness increases. Therefore, the

selection of refractory material should be optimized by considering these two parameters.

Keywords: Magnesite brick, refractory material, thermal conductivity, thermal diffusivity, Hot Disk

TPS 2500 S
INTRODUCTION

Refractory materials play a critical role in maintaining structural integrity and thermal performance in
high-temperature applications(Feng et al., 2021). The efficient operation of kiln and clay systems used
in power generation, cement, glass, iron, and steel industries depends on high-performance refractory
stability(Vasi¢ et al., 2023). Magnesite (MgO) based refractories are the indispensable building blocks

of these systems thanks to their superior properties such as high melting temperature, chemical
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resistance, and thermal stability(Q. Chen et al.,, 2023). Refractory performance is not limited to
mechanical strength; thermophysical parameters such as thermal conductivity (k) and thermal
diffusivity (o) are of great importance, especially in terms of energy conservation and heat
management(Borges et al., 2025). In the literature, many studies have reported that these parameters
vary depending on material microstructure, porosity, and particle size(Usseglio-Viretta et al., 2020).
For example, in polycrystalline refractory materials, grain boundaries are known to have significant
effects on thermal resistance, while in porous materials heat transfer is limited at the gas-solid
interface(Smith et al., 2003). In recent years, environmental sustainability has also become prominent
in refractory research(Y. Chen et al., 2023). In particular, the recovery of waste magnesite refractories
is evaluated using criteria to reduce the carbon load (Mufoz et al., 2020). Furthermore, magnesite
configurations modified with biological additives such as lignin stabilizers have been shown to
improve thermal and mechanical durability(Manni et al., 2022; Sarkar, 2023). In terms of thermal
measurements, TPS (Transient Plane Source) based instruments such as the Hot Disk TPS 2500 S are
capable of simultaneously determining both thermal conductivity and diffusivity with high precision
and accuracy(Hot Disk Instruments, n.d.). This technology is particularly preferred for heterogeneous
materials (e.g. magnesite bricks); the compliance of this zeroing technique with the ISO 22007-2
standard is widely accepted in the industry(Yina & Talapin, 2013). This study aims to experimentally
evaluate the thermal performance of magnesite bricks produced at different pressures (1400-1600
kg/cm?) and thickness (20-40 mm) variations. The production process was based on realistic protocols
realized in an industrial-scale company (SORMAS A.S.). The measurements performed using a Hot
Disk TPS 2500 S device aim to reveal the effects of material microstructure optimization on thermal
conduction. In summary, while it is known in the literature that factors such as particle boundaries,
porosity, microstructure and additives have significant thermal effects, in this study, the experimental
approach based on the optimization of many parameters is supported by clear results and original data

that can guide industrial applications are presented.
MATERIALS AND METHODS

The refractory samples examined in this study were obtained from the industrial production processes
of SORMAS A.S. operating in Turkey. The raw materials used in producing the samples, the shaping
and firing conditions applied, experimental measurement procedures, and analysis methods are

presented in detail below.
Sample Production and Preparation Process

The main raw materials used in the production of refractory bricks are sintered spinel, seawater-
sintered magnesite, totanine, and water. These raw materials are pre-treated and reduced to specific
grain sizes. Sintered spinel was separated into 0-1 mm and 1-3 mm fractions, while seawater sintered

magnesite was prepared in 63 pm powder, 0-1 mm, 1-3 mm and 3-5 mm fractions. Totanine and water

www.internationalazerbaijancongress.com azerbaijancongresses@gmail.com

750



*

Tth International Azerbaijan Congress on Life, )
Engineering, Mathematical, and Applied Sciences hitps://dol.org/10:30546/19023.978-9952-857
|| Congress Proceedings Book ISBN: 978-9952-8573-6-8

were added to the mixture as a binder, and the additives were workability-enhancing. These
components prepared according to the determined ratios were weighed to form a 1250 kg blend. In
order to obtain a homogenous mixture, the raw materials were mixed in a Gustav Eirich brand mixer
for 10 minutes and then transferred to the press bunker with a transfer trolley. The forming process
was carried out using LAIES HPF III model hydraulic press with a capacity of 1600 tonnes. Three
different pressure levels were applied within the scope of production parameters: 1400, 1500 and 1600
kg/cm? (approximately 137, 147 and 157 MPa). In the same way, bricks of three different thicknesses
were produced: 20 mm, 30 mm and 40 mm. The base dimensions of the bricks were kept constant at
198 x 220 mm for all specimens. After pressing, the dimensions and raw densities of the specimens
were checked, followed by drying to remove moisture. The dried bricks were fired in a 115 m long
tunnel kiln at a temperature of 1540 °C, which is considered suitable for magnesite-based refractories.
This temperature was reached in the kiln section, which is defined as the "fire zone," and the bricks

were kept here for about 2 hours. The total firing time in the kiln was 72 hours (3 days).

The bricks produced after firing were made ready for analyses to be tested in SORMAS A.S. R&D

laboratory. Sample views before and after production are shown in Figure 1 and the flow chart of the

production process is shown in Figure 2.

Figure 1 Pre and Post Production Views of the Samples
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Figure 2 Production Process Flow Chart

Measurement of Thermal Properties

A total of nine different samples were selected from the fired refractory bricks. Each sample represents
different combinations of pressure and thickness. Thermal conductivity, thermal diffusivity and
temperature coefficient of resistance (TCR) values were determined on these samples. The
measurements were performed using a Hot Disk TPS 2500 S Thermal Constants Analyzer. This
device works with the Transient Plane Source (TPS) method and can simultaneously measure thermal
conductivity and diffusivity coefficients with high precision. Due to its high accuracy, the TPS method

is especially preferred for refractory materials with heterogeneous structures.

Figure 3 HotDisk TPS2500S Thermal Conductivity Measurement Device(Hot Disk Instruments, n.d.)

During the measurement process, the special nickel sensor of the device was positioned between the
two samples; the sensor functioned simultaneously as a heat source and a temperature measurement
tool. The samples were tested at room temperature (approximately 24-26 °C), and the power and time
settings determined automatically by the device were applied to each measurement. The data obtained
were analysed through the instrument software and thermal conductivity (W/m-K), thermal diffusivity
(m%s) and TCR (K-') values were calculated. The measurement results were classified and evaluated
according to the production parameters of the samples and the effects of these parameters on thermal

performance were examined.
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EXPERIMENTAL RESULTS

In this section, thermal conductivity and thermal diffusivity values of magnesite based refractory
bricks produced at different pressures and thicknesses were analysed. The measurements were carried
out using a Hot Disk TPS 2500 S device at conditions close to room temperature. The measurement

results were correlated with the production parameters (pressure and thickness) and presented

graphically.
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Figure 4. Thermal conductivity values of magnesite bricks with different thicknesses under varying

compaction pressures

As seen in Figure 4, thermal conductivity values generally tend to increase with increasing pressure.
Thermal conductivity is a critical thermophysical parameter that indicates how much heat a material
transfers per unit area per unit time. According to the experimental results, it was observed that the
thermal conductivity values generally increased as the pressure increased. This can be explained by
increased intergranular contact areas and decreased porosity in the specimens formed under high
pressure. The thermal conductivity is quite low since the pores are generally filled with air. Therefore,
the decrease in the pore ratio increases the efficiency of the total heat transfer paths in the material and
facilitates heat conduction. For example, the sample with a pressure of 1600 kg/cm? and a thickness of
20 mm reached the highest conductivity value (20.25 W/m-K). This value is a result of the effect of
high density combined with low thickness. In contrast, the specimen with 1400 kg/cm? and 30 mm
thickness measured the lowest conductivity value (16.037 W/m-K). This indicates that the

combination of low pressing pressure and medium thickness creates more micropores and a lack of
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contact within the material. The thickness parameter has a more limited effect on the thermal
conductivity compared to the pressure. This indicates that the thermal conductivity is more sensitive to
the chemical and physical properties of the material (porosity, grain density, binder phases)(Brosa
Planella et al., 2021; Hung Anh & Pasztory, 2021a). Similar results have been frequently emphasized
in the literature. Reducing micropores and binder phases in dense and compact refractories directly

increases conductivity by increasing the continuity of heat carrier pathways.
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Figure 5. Thermal diffusivity values of magnesite bricks with different thicknesses under varying

compaction pressures

Figure 5 shows the effect of thickness change on the thermal diffusion coefficient. The thermal
diffusivity coefficient indicates how quickly the material reacts to a temperature change and how
quickly it conducts heat. This parameter is important for understanding the thermal behaviour of the
material, especially during transient (time-dependent) temperature changes. According to the
experimental findings, pressure and thickness combinations significantly affect thermal diffusivity. n
remarkable result is the highest diffusivity value of 0.57 m*s measured at 1600 kg/cm? pressure and
20 mm thickness. This is the result of the combination of both the dense structure obtained by high
pressing and the low thermal resistance provided by the low thickness. Such a structure offers a
refractory material structure that can react quickly to temperature change, effectively conducting heat.
On the other hand, the lowest thermal diffusivity value of 0.19 m?/s was measured at a pressure of
1400 kg/cm? and a thickness of 30 mm. This shows that the thicker structure creates greater resistance

to heat flow, and the porous microstructure slows down heat dissipation. While heat travels a longer
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path through the thick material, it is also trapped in the micropores and the conduction velocity
decreases. These findings are in line with the effects of porosity on propagation reported by (Sharma
& Dubey, 2023). Furthermore, the coefficient of expansion is directly related to the heat capacity and
density of the material. Increased porosity reduces the heat capacity, while low density severely limits

the heat-carrying capacity. This results in low diffusivity values.
DISCUSSION

In this study, the thermal properties of magnesite-based refractory bricks produced at different
pressing pressures and thicknesses were investigated, and the data obtained were evaluated in terms of
the effects of production parameters on thermal conductivity and thermal diffusivity. The findings
reveal that the physical and chemical properties of the material play a decisive role on the heat transfer

behavior.

It was observed that an increase in pressing pressure increases the physical density of the refractory
bricks and decreases the porosity, resulting in a significant increase in thermal conductivity. Dense
structures are known to facilitate heat transfer by minimizing thermal resistances caused by air gaps.
The results confirmed this with high thermal conductivity (20.25 W/m-K) and diffusivity (0.57 m?/s)
values, especially in 1600 kg/cm? pressure-formed specimens. These results align with the density-
conductivity relationship in the literature(Yu et al., 2023). Pressing also strengthens the intergranular
bond structure, increases the physical integrity of the material and provides continuity in heat transport
pathways. This has a positive effect on thermal conductivity. The pressure-sensitive thermal behavior
of refractory materials is an important production parameter that must be taken into account,
especially in high-temperature furnace designs. Thickness variation has shown a significant effect,
especially on the thermal diffusivity coefficient. Increasing thickness limits the propagation rate,
requiring heat to travel a longer path through the material. This can be explained by the fact that the
thicker structure acts as a thermal resistance, reducing the rate of energy transfer. The low diffusivity
value (0.19 m?s) measured in the 30 mm thick specimen under 1400 kg/cm? pressure is a clear
example of this effect. On the other hand, the effect of thickness on thermal conductivity was more
limited and showed a weaker trend compared to the pressure factor. This suggests that conductivity is
more related to the material's physical density and chemical composition. Parameters such as chemical
bond structures, doping phases and grain size distribution within the material are decisive at this point

(Hung Anh & Pasztory, 2021b; Zhou et al., 2022).

The results obtained support the relationships between physical density, porosity and thermal
properties of refractory materials in the existing literature. However, this study makes a unique
contribution in that it is based on samples obtained from industrial-scale production processes. In
particular, the measurements made with the Hot Disk TPS 2500 S instrument directly and reliably

reflect the effect of changes in physical properties on thermal performance, which increases the
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scientific power of the study. Furthermore, this study has shown that optimizing production
parameters can improve thermal conductivity and thermal diffusivity. Such optimizations are critical

to reducing thermal losses and increasing refractory life in energy-efficient industrial systems.
CONCLUSION

In this study, the thermal conductivity and thermal diffusivity properties of magnesite-based refractory
bricks produced at different pressing pressures (1400, 1500 and 1600 kg/cm?) and thicknesses (20 mm,
30 mm, 40 mm) were experimentally evaluated. The production was carried out under industrial-scale

conditions, and the measurements were taken with a high-accuracy Hot Disk TPS 2500 S device.
The findings can be summarized as follows:

Increasing the pressing pressure increases the physical density of the material and reduces porosity,
resulting in a significant increase in both thermal conductivity and thermal diffusivity. The highest

conductivity and diffusivity values were obtained under 1600 kg/cm? pressure.

An increase in thickness shows a limiting effect, especially on thermal diffusivity. Thicker specimens
exhibit a greater resistance to heat flow, slowing down the response of the material to temperature
changes. Thermal conductivity, conversely, was less affected by thickness variation and more related

to density.

The temperature coefficient of resistance (TCR) remained approximately constant in all samples,

reflecting the thermal stability of magnesite-based refractory materials.

These results clearly demonstrate the need for careful control of manufacturing parameters in
refractory material design. Determining the optimum pressure and thickness combination is critical,

especially if energy efficiency is targeted in high-temperature applications.

In future studies, using different additives, comparison of binder types, phase analysis, detailed
microstructural characterization (e.g. by SEM and XRD analysis), and chemical composition will
provide a more holistic view of material performance. Furthermore, the effects of prolonged use under
high temperatures on the material's thermal properties are also available for investigation. This study
provides a holistic approach covering the whole process from production to measurement, which will
shed light on both academic and industrial applications and provide important technical data to

decision-makers in refractory engineering.
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