Spring 2023. Vol 14 . Issue 51

Research Paper
Investigating the effect of different sources of magnesium oxide
on the structure and final properties of wall tile bodies
containing CaO using rapid firing method

Gholamreza Khalaj!, Abolhassan Najafi™, Amir Hossein Mahmoud Hosseiny?

1- Department of Materials Engineering, College of Technology and Engineering, Saveh Branch, Islamic
Azad University, Saveh, Iran

2- Department of Materials Science and Engineering, Faculty of Engineering, Imam Khomeini International
University, Qazvin, Iran

Abstract

Introduction: In this research, the effect of different sources of magnesium
oxide and the effect of CaO/MgO ratio, as the main oxides that activate the
reactions during wall tile firing, on the path of transformations and the formation
of useful phases such as Anorthite, Diopside, and Wollastonite, and the reduction
of the destructive phase of Gehlenite and free quartz was studied.

Methods: Three groups with 12% wt. of calcium carbonate - as the main source
of CaO supply - and different weight percentages (5, 7 and 10%) from local soils
supplying MgO in Iran (Zanjan talc, Boroujard talc and Abdol-Abad dolomite)
were built. After forming with a press, the mixtures were sintered in a fully
industrial process and in a fast firing furnace. By means of X-ray diffraction test
and with the help of Rietveld refinement method which was carried out in Maud
software, the weight percentage of the forming phases of the final microstructure
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. Findings: In the samples containing talc, with the increase of the weight
10.30495/jnm.2023.31927.1999 percentage of talc and the decrease of CaO/MgO ratio, the weight percentage of
Anorthite and Gehlenite phase increased and the Diopside phase decreased. Also,
the coefficient of thermal expansion and moisture expansion test decreased by
decreasing the ratio of CaO/MgO. In samples containing dolomite, increasing the
weight percentage of CaO oxide, despite the acceptable weight percentage of
MgO oxide, led the tendency of the structure towards the formation of more
calcium aluminosilicates such as Anorthite and Gehlenite. The extreme increase
of Gehlenite phase (6% wt.) caused a large increase in thermal expansion
coefficient (8.35 x 10 units/degree Celsius) and moisture expansion percentage
(0.12%) in the sample with 10%wt. dolomite.
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Extended Abstract

Introduction

During the past years, many researches have
been carried out in the field of microstructural
and phase changes, sintering behavior of
components with each other, different roles of
CaO0 and MgO oxides in the microstructure and
final properties of tile bodies and crystallization
of various crystalline phases[1-5].

It has been done by various researchers

In the previous articles, some basic and general
concepts in the tile and ceramic industry, raw
materials used in all types of bodies and the role
of each of these materials in the structure and
final properties of tiles and the microstructural
changes of bodies in During the baking process,
it has been briefly examined[6-10].

In the past researches, there has not been much
focus on studying the simultaneous effect of
CaO and MgO oxides. According to the
research, the presence of MgO oxide in the
initial mixture causes the formation of a large
amount of glass phase inside the body[11-15].
The formation of a large glass phase can change
the mechanism of microstructural changes in
general. It is possible that with the presence of
abundant glass phase, the formation of
crystalline phases does not follow linearly and
directly the increase or decrease of various
oxides inside the body. For example, it is
possible that CaO oxide in direct contact with
clay or aluminosilicates present in the structure
has a different behavior from its behavior in the
presence of MgO oxide and glass phase[16-20].
On the other hand, besides the fact that MgO
oxide can directly participate in the formation
of crystalline phases, it can also play a
mineralizing role in the crystallization of other
phases such as Anorthite. This means that the
increase of MgO in the initial addition does not
necessarily lead to the development of
crystalline phases containing this oxide (for
example, Diopside). Therefore, here, there is a
context to study the mutual and simultaneous
effect of these two oxides through their weight
percentage ratio in the initial mixture. Also, a
detailed and quantitative study has not been

done on the weight percentage of the phases
formed in the final microstructure of various
mixtures. A detailed quantitative study makes it
possible to carefully examine the effect of the
formed phases on the final properties, and
especially the important feature of the thermal
expansion coefficient - which has not received
much attention from researchers - and the
importance of each in improving or The quality
of the bodies is well received[21-25].

In this research, the simultaneous effect of CaO
and MgO oxides on the final microstructure
was investigated through their weight
percentage ratio. The weight percentage of the
final crystalline phases was accurately
calculated and a logical connection was made
between these values with the final properties,
especially the characteristics of the coefficient
of thermal expansion and the percentage of
moisture expansion. In this way, considering
these properties, the optimal CaO/MgO ratio
was determined in each of the mixed groups.
During this study, the mechanism of
transformations and the formation path of the
final crystalline phases were also explained as
much as possible using various identification
tools such as X-ray diffraction and electron
microscope.

Materials and Methods

To determine the water absorption percentage
from the ISIRI 3994 standard, the moisture
expansion percentage from the ISIRI 9169-10
standard, the bending strength value from the
ISIRI 9169-4 standard, and the thermal
expansion coefficient from the dilatometric
device (Expertsystem - Misura 3/32 - ODLT)
was used. X-ray diffractometer (Phillips, PW
3040/60, Cu ko) was used to determine and
examine the phases formed in the
microstructure of all samples. Maude software
(Ver. 2.33, Rev. 1.5, 2010) was also used to
determine the quantity (weight percentage) of
each of the phases formed in the bodies. This
software uses Rietveld refinement method for
guantitative analysis. A scanning electron
microscope (Vega Il, TESCAN) and a field
emission scanning electron microscope (Mira
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3, TESCAN) were used to observe the final
microstructure and elements of the samples.
Baked samples were prepared in dimensions of
5x5x20 mm.

Results and Discussion

In the CD group, according to the results,
although sample 3CD has the highest total
weight percentage of useful phases of
Anorthite, Diopside and Wollastonite, but due
to reasons such as the formation of a large
amount of glass phase and the extreme
formation of Gehlenite phase (more than any
other sample in this According to the results, it
has the highest coefficient of thermal expansion
and percentage of moisture expansion among
all the research samples. Therefore, it is not a
good example. In the comparison between 1CD
and 2CD samples, 1CD sample had more
suitable conditions due to its lower thermal
expansion coefficient and higher total weight
percentage of useful phases and was chosen as
the selected sample.

In samples containing dolomite, the presence of
a large amount of CaO oxide (about 11% wt.
and more than other groups) despite the
presence of an acceptable weight percentage of
MgO oxide (more than 2% by weight), leads the
microstructure to extreme formation. led to
Gehlenite phase (up to 6% by weight). This
increase of Gehlenite phase, despite the
presence of a large amount of Anorthite phase,
causes a strong increase in moisture expansion
and thermal expansion coefficient (more than
all other groups).

Conclusion

In this article, various samples of common raw
materials in the production of wall tiles were
made by adding calcium carbonate (as the main
source of CaO) and different sources of MgO
supply, and the effect of CaO/MgO ratio on the
microstructure and final properties of these
samples, checked out.

In samples containing dolomite, the presence of
a large amount of CaO oxide (about 11% by
weight and more than other groups) despite the
presence of an acceptable weight percentage of
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MgO oxide (more than 2% by weight), leads the
microstructure to extreme formation of the
Gehlenite phase (up to 6% by weight).

This increase of Gehlenite phase, despite the
presence of a large amount of Anorthite phase,
causes a strong increase in moisture expansion
and thermal expansion coefficient (more than
all other groups).
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5-Field Emission Scanning Electron Microscope
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