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ABSTRACT

Red ceramics are part of one of the sectors of ceramic materials that make up the formation of the civil con-
struction complex. In Cariri region and in the rest of Brazil, this segment uses clay as the main source of raw
material, which favors the appearance of micro, small and medium enterprises that produce most of the prod-
ucts manufactured by the red ceramic sector. The objective of this work was the mineralogical and techno-
logical characterization of a clay sample from one of the potteries in Cariri region, intended for the manufac-
ture of products to be used in civil construction such as tiles and bricks. For that, the techniques of X-ray flu-
orescence and X-ray diffraction were used, in addition to determining the physical-mechanical properties of
the specimens by 4 ton-force uniaxial pressing followed by firing at 800, 900 and 1000°C. The results
showed that the sample is composed of quartz, kaolinite, smectite and muscovite and that it has granulometry
mostly in fine fractions; after firing the clay shows reddish color and the Atterberg limits are within the range
indicated for use on red ceramics. The clay under study has technological properties suitable for manufacture
and the specimens burned at 800°C do not meet the values indicated by the literature. The studied clay
proved to be suitable for application in tiles and perforated bricks.
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1. INTRODUCTION

The Brazilian ceramics sector is of great importance for the country, both in terms of the generation of for-
eign exchange and the generation of jobs, with the industrial segment of red ceramics being the most promi-
nent. With approximately 6903 ceramic companies and potteries spread across the country, it is estimated an
annual turnover of around R$ 18 billion and a share of approximately 293 thousand direct jobs and 900 thou-
sand indirect jobs [1, 2].

Red ceramics are characterized within the ceramic sector, due to the red color of their products mainly
intended for civil construction such as roof tiles, bricks, tiles, structural and sealing blocks, among others [3].
This segment represents 4.8% of the construction industry and 90% of all masonry and roofing constructed in
Brazil [1].

Despite this importance, the industrial field of red ceramics in the country is still considered to be
quite artisanal, as it mainly has micro, small and medium-sized enterprises. Most of them are characterized
by simple and familiar organization that work with outdated production processes, outdated methods and
systems that spend a lot of material and energy, in addition, these projects are subject to a series of economic,
environmental and quality problems of manufactured products that, in general, have low added value making
it impossible to grow and modernize these [4, 5].

The constitution of this segment by small enterprises is linked to the abundance of the main raw mate-
rial, clays, its low cost, the ease of access that, in general, is located in the vicinity of the ceramics industries
and its relatively simple processing. In that last, the red ceramic manufacturing process generally takes place
by using a ceramic mass resulting from the mixture of a clay of high and another of low plasticity which are
known in non-technical terms as "lean" and "fat" clays, submitted to homogenization and molding by manual
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processes, extrusion and pressing, followed by drying and firing [6].

The clays used in the process have, in general, very fine granulometry, different degrees of plasticity
when in the presence of a certain percentage of water, good workability, resistance to green enough for han-
dling, dry and after firing; carried out at temperatures ranging from 800 to 1250°C, depending on the nature
of the clays. The characteristics of this raw material depend on the geological formation and the location of
extraction [7, 8].

In a study, RACANELLLI, et al. [9] carried out physical, chemical and mechanical characterizations in
two clays in the Northeast region of the state of Para, Brazil. Specimens were prepared by uniaxial pressing
with a pressure of 20 Mpa and burned at temperatures of 850, 950 and 1050°C. As a result, the clays found
were composed of kaolinite, which can present good plasticity, with high levels of silica and low levels of
alumina. The physical-mechanical results indicated that the clays had characteristics favorable to the produc-
tion of red ceramics, specifically sealing blocks.

Based on the characterization of clay deposits in the southern region of Amap4, carried out by SILVA,
et al. [10] and SILVA, et al. [11], they were found to have kaolinite, mica and quartz composition. In addi-
tion, for both, the physical-mechanical properties obtained in specimens by uniaxial pressing at 20 Mpa as
the water absorption content, tend to decrease with increasing firing temperature, while the rupture module
grows with increasing temperature. Clays have characteristics suitable for applications in the red ceramic
industry and others for applications in dense refractories.

Another study on the characterization of clays in Brazil was carried out by RAMOS, et al. [12] in
Parelhas in Rio Grande do Norte. The authors carried out the physical, chemical and mineralogical character-
ization of samples from new deposits in this region. They observed that the clays were composed of kaolinite
and smectite clay minerals containing quartz and feldspar. According to Atterberg's limits, the samples were
classified as highly plastic. Finally, clays have the potential to be used as a raw material in the red ceramic
industry.

The characteristics and technological properties of clays used in the red ceramic industry in Sdo Do-
mingos do Sul in the northern region of Rio Grande do Sul, were determined by PEREZ, et al. [5] with the
elaboration of specimens also by uniaxial pressing at 20 Mpa and in two firing temperatures, 800 and 900°C.
The authors observed that the clays are basically formed by kaolinite, quartz, oxides and hydroxides of Fe.
The ceramic masses are highly plastic and most of them have characteristics suitable for extrusion molding.

BRITO, et al. [13] carried out physical, chemical, mineralogical and thermal characterizations on four
clays from deposits in the municipality of Cubati in Paraiba, Brazil. For the study, specimens were made by
uniaxial pressing at 19 Mpa and burned at four temperatures ranging from 750 to 1150°C. The main oxides
present in the clays were SiO,, Al,O; and Fe,O5 and these were made up of smectite, quartz and kaolinite.
According to the physical-mechanical properties of the four clays, only one presented excellent characteristic
for the production of red ceramics.

And this way leads to industrial processes the need to identify the type of clay and its mineralogical
and technological characteristics, since the properties of the final product are directly interconnected with the
initial particularities of the raw material. In addition, the knowledge of these makes it possible to establish
suitable formulations, as well as to improve the processing conditions in order to reduce production costs,
ensure the required quality of the products and increase their added value; and these are the big impasses of
small ceramic enterprises [7, 8].

In state of Ceard, red ceramics is a traditional branch with a structure of micro, small and medium-
sized enterprises [14]. According to data collected by Revista da FIEC [15], in 2013, there were a total vol-
ume of 412 industries in activity in that state, distributed in 93 municipalities. In Cariri region, located in the
south of Ceara (Figure 1), according to Souza [16] and Alves [17] the number of industries comprising the
ceramics pole in this region is about 20 companies with a family profile distributed in six municipalities, be-
ing Crato, which stands out for concentrating the largest number of projects. These produce a large amount of
structural materials, mainly tiles and blocks intended for civil construction.

Despite the importance that the ceramics pole presents for the Cariri region and knowing that, the
knowledge of the mineralogical and technological characteristics of the used clays can provide improvements
in the development of ceramics activities in the region, little research has been carried out on the properties
of the clays used and these are suitable properties required for the manufacture of red ceramic products.
Therefore, it needs more studies with this approach in order to have an understanding of the characteristics of
the clays used and if they are suitable for the manufacture of the materials, which are intended.

Within this context and in order to contribute to the development of ceramics activities and enterprises
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that have deficiencies regarding the adequacy of formulations and processing conditions of the ceramic mass
used in the manufacture of red ceramics. The present work aims to present a study, through the mineralogical
and technological characterization of one of the most used clays in the manufacture of structural ceramic
products, which comes from one of the main potteries in the Cariri region. It also aims to analyze the influ-
ence of heat treatment on the clay under study, making it possible to relate the temperature and the type of
product to be manufactured with the required final quality.
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Figure 1: Location map of the Cariri region and the distribution of the number of companies by municipalities.

2. MATERIALS AND METHODS

The granulometric distribution was determined according to NBR 7181/16 [18]. At first, 100g of clay, de-
flocculant and water were separated and then the sifting technique was used up to the size of 200 mesh. Be-
low this diameter, the sedimentation technique was used. The use of deflocculants for this process is relevant
so that the particles remain deflocculated and do not agglomerate.

The plasticity characteristics were determined using the Attenberg limits. The liquidity limit (LL) was
performed using the Casagrande test following NBR 6459/16 [19] and the limit and plasticity index follow-
ing NBR 7180/16 [20]. The chemical composition was determined by X-ray fluorescence with equipment
from Shimazdu EDX 720, and by X-ray diffraction from Shimadzu, XRD 6000 with CuKa radiation (40kV,
30mA, 0.02° step) and 26 scan from 5 to 50°. (Cristallography Open Database) using the Match! 3 software.

To determine the technological properties, 30 proof bodies were molded through the uniaxial pressing
process, using a rectangular steel matrix with internal dimensions of 80 x 25 mm. For this, a moisture content
of 7.0% of the total weight of the clay was added and left for 24 hours for homogenization. Shortly after fill-
ing the mold with an amount of mass sufficient to obtain a body of approximately 25g, compaction was car-
ried out by applying a pre-press under a load of 2 ton-force, so that there is air release between the particles
and later, a press of 4 ton-force, being finally removed. The compression load values were determined ac-
cording to observations in the literature [9, 10].

After the shaping step, the specimens were dried at 100°C for 24 hours and subsequently burned in an
oven at temperatures of 800, 900 and 1000°C, at a heating rate of 10°C.min™* and kept on the landing for 2-
hour. The firing temperature values were determined according to the usual in ceramic industries and the
literature values [9, 10]. The cooling occurred by natural convection, turning the oven off. After this process,
technological tests were carried out to determine the physical-mechanical properties of the linear burning
shrinkage, apparent density, water absorption and the flexural strength tension.
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3. RESULTS AND DISCUSSIONS

According to NBR 6502/95 [21] clay fraction is considered, particles with dimensions smaller than 0.002
mm, while silt comprises diameters between 0.002 and 0.06 mm and, dimensions greater than 0.06 and
smaller or equal at 2.0 mm are called the sand fraction. The first presents good cohesion and plasticity when
in contact with water, a different result occurs with the sand fraction, which is non-cohesive and non-plastic.
Then, with these considerations, it can be seen in Figure 2 that the sample analyzed presented approximately
the following distribution: 19.6% clay, 46.6% silt and 33.8% sand. These granulometric results show that the
sample has mostly fine fractions, which can give the ceramic mass a high plasticity and contribute to a great-
er packaging of the particles during pressing and in sintering during firing; since the particles have a greater
reactivity with each other, due to having a higher surface area. Such characteristics can be important for more
specific productions that require greater plasticity, bringing advantages for conformation by extrusion or
molding.

There’s no doubt that the granulometry of the ceramic mass can significantly alter the plasticity,
workability, density, processing, conformation, drying of the material and mechanical resistance. The levels
of finer or coarser fractions can modify the proportions to obtain the best mixture of particle sizes that the
final product requires. Difficulties in processing in many cases can be attributed to uneven distribution of
granulometry, so formulations that manage to bring the final composition to the effectiveness of associating
the properties of the clay, silt and sand fractions are relevant [22, 23].
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Figure 2: Granulometric distribution of clay.

Table 1 shows the chemical composition of the sample under study. It’s possible to observe a typical
result of clay used in the production of red ceramics, where there’re a predominance of silicon dioxide (SiO5),
aluminum oxide (Al,O5) and iron oxide (Fe,03) [5, 24, 25]. It’s observed that the highest content in weight in
the sample is SiO, with 62.308%, since it can be present both in the structure of clay minerals, as well as in
the form of free quartz. SiO, present in the structure of clay minerals and combined with accessory minerals
such as Al,Os;, K,0, MgO and CaO can form, during burning, the glass phase [26]. The second that has the
highest content is Al,O; with 24.826%, probably being associated with kaolinite [27]. Fe,O3 presents a per-
centage of 5.937%, which indicates that after burning the product will present a reddish color due mainly to
the oxidation of the iron compound [28]. The K,O, MgO and CaO present in the sample are the main fluxing
oxides, they help in the formation of the glass phase (vitrification) during firing and reduce the sintering tem-
perature promoting more easily the densification of the ceramic body [29]. sample also presents fractions of
TiO,, SO3, MnO, ZrO, and Ag,0.
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Table 1: Chemical composition of clay.

COMPOSITION PERCENTAGE (% BY WEIGHT)
Si0, 62.308
Al,O4 24.826
Fe,0; 5.937
K;0 2.699
MgO 2.398
Tio, 1.045
Ca0 0.455
SO, 0.153
MnO 0.074
Zr0, 0.044
Ag,0 0.024

In the clay in natura diffractogram, Figure 3, diffraction peaks were found referring to the crystalline
phases of quartz (SiO,), kaolinite, smectite in specific of the montmorillonite type and muscovite mica. Re-
lating the diffraction patterns and the chemical composition (Table 1), it was possible to notice that the kao-
linite present is in the badly crystallized form, because according to MACEDO, et al. [27], the diffraction
peaks present with low intensity and because there is a high content of aluminum oxide present in the sample,
it is not in the form of phases which are sources of this oxide in high quantity such as gibsite or bohemite.
Smectite and muscovite are the main sources of the K,O, MgO and CaO oxides present. The kaolinite and
montmorillonite clay minerals observed, favor the development of the plasticity of the ceramic masses when
moistened, since an interparticle film of water is formed facilitating the sliding between them, an effect
known as hydroplasticity; and, in addition, its lamella-like structure and fine granulometry gives a large sur-
face area [24]. The presence of high levels of clay minerals would provide high values of plasticity to the
mass, which would be inappropriate or would compromise some manufacturing processes. With this, the
quartz present, acts as a reducer of the plasticity in the mass, balancing these values, being one of the possible
reasons for having masses with plasticity limits suitable for red ceramic [27]. In addition, in the firing stage,
it facilitates the drying process and minimizes the retraction of the ceramic piece [30].
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Figure 3: X-ray diffractogram of the clay in natura under study and its main crystalline phases.

The results obtained from Table 2 were determined using the Atterberg and plasticity indexes. Based
on data in the bibliography [24, 27] it is noted that the values achieved are within the ranges of 30 to 60% for
LL, 15 to 30% for LP and 10 to 30% for IP, observed for ceramics red. Through the Jenkins classification [31,
32], in which the soils can be categorized into weakly plastics 1 <IP <7, moderately plastics 7 <IP <15 and
highly plastics IP> 15, it is observed that the sample fits this last category, for having an IP content of 18.9%.
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This result can probably be attributed to the presence of kaolinitic and montmorillonite clay minerals [24].

According to SANTQOS, et al. [33] the plasticity index values and the plasticity limit can be catego-
rized clays into characteristic areas of acceptable, optimal or excessively plastic extrusions. The acceptable
one presents an IP between 10 and 34% and an LP remaining between 18 and 31%, however, for an optimal
extrusion the clay must present a plasticity index between 15 and 25% whereas the plasticity limit must be
between 18 and 25%. Based on these considerations, it can be noted that the ceramic sample is not suitable
for classifying clays in the extrusion zone. Because of this, many ceramic enterprises mix with different types
of clay to obtain the plasticity necessary to process the masses by extrusion.

Table 2: Atterberg limits of the sample.

SAMPLE LL (%) LP (%) IP (%)

Clay 35.7 16.8 18.9

Figure 4 shows the color of the specimens after burning at temperatures of 800, 900 and 1000°C. It is
observed that the samples have an orange-red hue, resulting from the content of iron oxide present in the clay,
which is 5.937%, as shown in Table 1. Therefore, it is one of the important characteristics for the production
of red ceramics. It is also noted that there was no color change as significant with an increase in temperature;
however, the little shade variation that occurred may be associated with the release of Fe?" at temperatures
close to 1000°C, as observed by ROVERI, et al. [34].

800°C

900°C

1000°C

Figure 4: Colors of the specimens after firing at 800, 900 and 1000 °C.

During the first drying stage of the specimens of the sample, there was a linear retraction of 0.42%,
this is the result of the evaporation of the processing water which, when it is eliminated and when the spaces
left by it appear, there is an approximation of the particles as a result of the forces of electrostatic attraction,
causing drying and contraction in the dimensions of the material [35, 36]. A strict control of the shrinkage on
drying is beneficial for the later stages of the production of ceramic pieces, since there will be a closer ap-
proximation of the particles, reducing porosity and facilitating the sintering process.

The results of the technological tests of the clay after firing at 800, 900 and 1000°C, are illustrated in
Figures 5, 6 and 7. Figure 5 shows the values of the linear shrinkage of the firing and the apparent density. It
was noted that these two properties increase as the firing temperature rises. These results for both can be at-
tributed to a higher liquid phase content at higher temperatures [37], caused by the melting of the fluxing
oxides present in the chemical composition of the sample as shown in Table 1, which provide even more the
approximation of the solid particles and the filling of the empty spaces between them, generating physical
changes such as volume contraction [13]. Therefore, the retraction value was below 1%, which is important,
as mentioned by ZACCARONA, et al. [35], AMORIM [38], VIEIRA and SILVA [39], these should not ex-
ceed 6%, since they can cause problems of deformation in the ceramic body, facilitating the nucleation of
cracks in the final product.
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Figure 5: Linear shrinkage and clay apparent density.

Regarding the loss to fire (Figure 6), it appears that the samples showed a loss of 8.75%, 8.76% and
8.89% for temperatures of 800, 900 and 1000°C, respectively. It is clear that the higher the burning tempera-
ture, the higher the loss to fire. Despite this increase, the variation in this parameter is not so significant. The
losses analyzed are probably related to water evaporation (adsorbed or combined), burning of organic matter
and / or loss due to dehydroxylation of the clay minerals present in the sample [24, 25, 37]. Loss to fire is the
main reason for the appearance of porosity in a ceramic body and samples with high loss have an increase in
porosity. However, in relation to the burning temperature increase, the opposite result occurs even with the
increase in loss to fire, as shown in Figure 6. It is observed that there is a decrease in the apparent porosity,
going from 25.05 to 23.02% with the increase of the burning temperature from 800 to 1000°C, a result that
can refer to the increase of the vitreous phase due to the fluxing oxides function that fills the voids left by the
loss of material. This result corroborates the increase in apparent density, as they are intrinsically related [13,
16, 24, 27].
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Figure 6: Loss to fire and apparent porosity data at 800, 900 and 1000°C firing temperatures.

Figure 7 shows the water absorption and flexural strength at the aforementioned firing temperatures.
The values obtained for the water absorption content in the sample showed a reduction with the increase in
temperature and an opposite result occurred with the flexural strength tension. These two results would prob-
ably be related to the reduction in porosity due to the increase in apparent density with the increase in tem-
perature. For the temperature of 800°C, a higher water absorption index and lower resistance to flexion are
observed, this occurs because the sintering reactions are still in the initial stage and therefore the phase trans-
formations that occur at that first temperature, can result in an increased porosity in the ceramic body, as seen
in the apparent porosity results, Figure 6. For higher temperatures, 900 and 1000°C, the phase transfor-
mations are in more advanced stages, favoring greater formation of the vitreous phase, which provides for a
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reduction of the pores allowing greater packaging in the internal structure of the ceramic piece. Consequently,
it hinders the absorption of water and confers a lower number of weakening points which prevent the applied
stress from being completely absorbed and evenly distributed in the ceramic body structure [40, 41], thus
reflecting higher values of flexural strength.
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Figure 7: Water absorption and clay flexural strength.

Comparing the water absorption values and the flexural strength tension of the clay, obtained at dif-
ferent firing temperatures, with the limits indicated for masonry bricks, perforated bricks and tiles as reported
in the literature and standards [24, 42, 43], Figure 8, it is possible to infer the type of product that can be
manufactured by the sample and the firing temperature that will meet the necessary requirements for the
product. As a result, it is observed that at temperatures of 900 and 1000°C the values are within those rec-
ommended for perforated tiles and bricks. However, at 800°C the result is not ideal for the production of any
of the analyzed products, due to the values being outside the minimum and maximum flexural strength and
water absorption tension suggested by the literature.
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Figure 8: Indicated water absorption regions and flexural rupture module for masonry bricks (MB), perforated bricks
(PB) and tiles (TE) according to [24, 42, 43] and the respective values obtained from the clay at temperatures firing tem-
peratures of 800, 900 and 1000°C according to Figure 7.
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4. CONCLUSION

The sample under study consists basically of quartz, kaolinite, smectite and muscovite; after firing shows
reddish color; it has granulometry mostly in fine fractions: silt and clay; and the Atterberg limits are within
the range indicated for use on red ceramics. The properties of linear shrinkage, water absorption, flexural
stress and apparent density obtained in the laboratory showed good results as the firing temperature increases.
From the characterization of the sample, it was found that it is suitable for applications in perforated bricks
and tiles at firing temperatures at 900 and 1000°C. However, at 800°C the values obtained do not fit in any of
the analyzed products.

With this, the present work makes it possible to predict the behavior of the sample during the pro-
cessing of the ceramic pieces, as well as their performance, making it possible to point out and adapt the con-
ditions necessary to maximize production, promoting the development of the ceramic industries in the region.
In addition, the work contributes to fill the gap in the literature of studies related to clays in Cariri region.
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