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Abstract

Introduction: In this research, the simultaneous effect of CaO and MgO as the
main oxides that activate the reactions during rapid firing of ceramic tiles on the
path of transformations and the formation of the beneficial phase of Anorthite
and the reduction of the harmful phase of Gehlenite was studied.

Methods: Calcium carbonate was chosen as a source of CaO oxide and talc
powder as a source of MgO. After forming with a press, the mixtures were heat
treated and the bodies were sintered. XRD, Dilatometery and SEM/FESEM
analysis methods were used to evaluate the mechanism of product formation. The
phases of the manufactured bodies were identified by X-ray diffraction test. The
weight percentage of constituent phases was calculated through Maud software.
Findings: Investigations showed that with decreasing CaO/MgO ratio, the
weight percentage of Anorthite phase increased. Similarly, with the decrease of
CaO/MgO ratio, the coefficient of thermal expansion decreased. So that the
lowest coefficient of thermal expansion (7.75 x 10-6 units per degree Celsius)
was reported. Microstructural investigations showed that by fine-granulating the
primary sources of calcium carbonate and talc, the harmful Gehlenite phase was
removed from the final microstructure and the Anorthite phase increased (up to
10% by weight). Likewise, the crystals of Anorthite phase have grown more.
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Extended Abstract

Introduction

Over the centuries, the art of tile making, like
other sciences and technologies, has gradually
developed by expanding human knowledge and
experience. In the last century, with the
explosive advancement of technology, the
production of various types of tiles with various
applications and excellent quality in large
volumes has become possible through
extensive scientific studies and new machinery,
so the production of tiles has evolved from the
artistic activity into a knowledge-based
industry [1-8]. With the increasing population
and the emergence of the energy crisis in the
last decades, using old production methods, in
which tiles were fired for a long time, was no
longer cost-effective. The advent of fast-firing
methods reduced the long-term tile firing
process to approximately 1 hour. By decreasing
the sintering time, there is not enough time to
complete all the physical and chemical
reactions in the body, and the microstructural
changes in the bodies are unbalanced [9-11].
Large amounts of raw materials may remain
unreacted, and the crystalline phases formed are
often semi-stable and intermediate. This issue
causes undesirable physical, mechanical, and
microstructural properties, such as low
strength, an increase in the thermal expansion
coefficient, an increase in moisture expansion,
and the formation of delayed cracking in the
bodies [12]. The durability of these tiles is
much lower than those produced by old
methods and using a long firing process.
Physical and mechanical properties are
dropped-off more in wall tiles than floor tiles
resulting from the fast firing process [13]. In the
body of floor tiles, there are fewer problems in
the final properties due to the higher firing
temperature and the possibility of forming a
beneficial phase of Mullite [14,15].
Materials and Methods

The raw materials used in this research included
two types of clay with codes clay(A) and
clay(B), two types of feldspar with codes
feldspar(A) and feldspar(B), bentonite, calcium
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carbonate, Talc powder, and sodium
tripolyphosphate deflocculant, all selected from
local sources. Table 1 shows the percentage of
oxides in raw materials. Table 2 illustrates the
raw materials, their properties and minerals
extracted from various local sources.

Results and Discussion

As observed, the highest percentage of phase is
related to Anorthite and quartz phases, with
approximately 36% and 38%, respectively. As
observed, Albite, Diopside, Gehlenite, and
Wollastonite sub-phases are in the base body
composition.

the thermal expansion coefficient increases by
increasing temperature so that at a temperature
of 400°C, the thermal expansion coefficient is
approximately 7.86x10-6 (1/°C).

More quartz gradually participated in the
reactions than the base sample by increasing the
percentage of MgO in the structure. Moreover,
the amount of Anorthite in the bodies of this
group, independently and in comparison to the
base sample, increases gradually. In these
samples, the predominant aluminosilicate is
Anorthite.

Conclusion

In the present research, several samples of
common raw materials were created to produce
wall tiles created by adding calcium carbonate
(as the main source of CaO), in addition to
different sources of MgO supply as well as the
impact of the CaO/MgO ratio on the
microstructure and final properties. The impact
of fine-grind calcium carbonate and Talc A
were also surveyed on the final microstructure.
In the samples of Talc A, reduction of the
CaO/MgO ratio increases the weight
percentage of both Anorthite and Gehlenite and
decreases the weight percentage of Diopside
from CAl to CA3. Moreover, the thermal
expansion coefficient was decreased by
0.07x10-6 (1/°C), while the percentage of
thermal expansion was reduced by 0.20 units.
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