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The Brazilian red ceramic industry monthly consumes about 10.3 million tons of clay, its main raw 
material. In most potteries, characterization of the clay is made empirically, which can result in roof 
tiles and blocks not according to standards. In this sense, this paper aims to characterize clays used 
in the manufacturing of red ceramic products in a factory located in Colatina-ES, which appears as a 
ceramic pole with about twenty small and midsize industries. The clays were characterized by: X-ray 
fluorescence, X-ray diffraction, thermal analysis (DSC/TG), granulometry, Atterberg limits and content 
of organic matter. Specimens of clay and mixture containing four clays were shaped. Specimens were 
shaped, dried at 110°C, and burned at 850ºC in an industrial furnace-type tunnel for 24 hours. The 
ceramics and mechanical properties evaluated were: mechanic strength, water absorption, apparent 
porosity, apparent specific mass and shrinkage by drying and firing. The characterization showed that 
kaolinitic clay presents high plasticity, but high porosity. The mixture formed by the four clays does 
not meet the requirements of the Brazilian standard clays for red ceramic. It is possible to confirm the 
use of the methodology of the spheres in potteries for analysis of ceramics raw materials.
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1. Introduction
The clayey raw material is natural, earthy, fine-grained, 

and susceptible to the modeling on the basis of the plastic 
consistency that it acquires in the presence of a certain amount 
of water1,2. The clays may present chemical and mineralogical 
compositions, different color and plasticity depending on the 
formation and change factors during their consolidation3. 
These chemical and mineralogical characteristics, in addition 
to the physical and microstructural, interrelate and influence 
the ceramic properties of roof tiles and blocks, the final 
products of the red ceramic industry.

Through ceramic tests in clayey specimens it is possible 
to classify and compare it with the established limits for 
ceramic properties of the Brazilian standard clays stipulated 
by Souza Santos (1975)2, and to verify if the clay or clayey 
mixture is really suitable or not for that purpose. From the 
characterization of the clay can be proposed changes in the 
production process to suit and improve the characteristics 
that are desired from the final products.

However, the clayey raw material used in the Brazilian 
factories, in most cases, is chosen empirically, without 
characterization tests and classification of use. This fact 
makes standardization difficult and influences the quality 
of the final product4,5 generating nonconformity with the 
standards.

The Brazilian red ceramics industry consumes about 
10.3 million tons of clay per month, its main raw material, to 
produce roof tiles and blocks that are used in the construction 
industry6.

Considering the importance of the characterization of clays 
in use in industrial processes, also emphasized by Morais and 
Sposto7 and Macedo et al.8, this paper aims to characterize 
four clays used in the manufacture of red ceramics products 
in the ceramic industry located in Colatina-ES-BR, which 
has a ceramic pole with about twenty small and medium-
sized companies supplying the region and neighboring cities.

2. Materials and Methods

Samples of clays were collected in the raw material 
storage piles of the red ceramic industry located in the State 
of Espírito Santo-BR. After that, the four clays were broken 
with the aid of a pounder, homogenized and quartered.

Part of the material was used for characterization tests 
and part for making prismatic pressed specimens (bars) 
and samples shaped manually (spheres) to verify ceramic 
properties of the clays following the recommendation of 
Souza Santos (1975)2 regarding the type of conformation 
of clayey samples.

For the manufacture of the bars, the clays were sieved 
in # 80 sieve (0.18 mm opening mesh) of ABNT (Brazilian 
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Association of Technical Standards), according to the 
methodology proposed in Souza Santos2. For manufacture 
of the spheres, the clays were sieved in # 40 sieve (0.42 mm 
opening mesh) of ABNT, according to the methodology 
proposed by Laboratory of Non-Metallic Materials Persio de 
Souza Santos (LPSS) of PMT-EPUSP-SP-BR by researcher 
Francisco Rolando Valenzuela Diaz.

The clays were characterized by X-ray fluorescence 
(XRF) in Philips PW2400 spectrometer; X-ray diffraction 
(XRD) with copper source (K α radiation) in Philips X- 
Pert MPD equipment; thermal analysis using differential 
scanning calorimetry (DSC), thermogravimetric (TG) with 
a heating rate of 10°C/min in air atmosphere at Shimadzu 
DTA-50; particle size analysis by laser diffraction in Malvern 
Mastersizer 2000 equipment; Atterberg limits according to 
the procedure specified in ABNT (Brazilian Association of 
Technical Standards)9,10 and analysis of organic matter by 
loss of mass by ignition11.

The identification of the samples in the DRX was done 
by comparison with files of the standard Crystallographic 
Open Database - COD12.

The bars were produced with a dry mass of 10 g and a 
moisture content of 10%, measuring 20 mm x 60 mm x 5 
mm by axial pressing at 250 Kgfcm-2 in Marcon press with 
a capacity of 15 t. The spheres were manually molded with 
dry mass of 10 g and diameter of 20 mm with a moisture 
content enough for manual molding. Test specimens were 
produced for each clay and for the mixture containing the 
four clays in the industrial dosage.

The specimens (Fig.1a) were oven dried for 24 hours at 
110ºC, after that, drying shrinkage was measured. Then, the 
specimens were burned (Fig.1b) in an industrial furnace-type 
tunnel (Fig.1c) for 24 hours at a maximum temperature of 
850ºC in a structural ceramic industry in ES.

The four clays were called in the search as A, B, C and 
D. The clay content in the industrial dosage (in mass) used in 
the red ceramic industry is: clay A (24.0%), clay B (24.0%), 
clay C (12.5%) and clay D (39.5%). The industrial dosage 
was called "4clay". 

Spheres and bars were produced with the four clays and 
with industrial dosage (4clay). For each clay and industrial 
dosage were shaped 6 spheres and 12 bars. 

The loss on ignition, water absorption, apparent porosity, 
apparent specific mass, linear, linear shrinkage of burning 
on the burned specimens and shrinkage of drying on the 
dried specimens were analyzed. The compressive strength 
was measured in the spheres, and the flexural strength was 
measured in the bars. The values obtained were calculated 
by the arithmetic average considering the standard deviation.

3. Results and Discussion

From the results of the chemical analysis (Table 1) it can 
be verified that the four clays consist essentially of silica and 

Figure 1. Details of specimens and the industrial furnace-type tunnel

Table 1. Chemical composition by XRF

Composition expressed in oxides (% wt)

 Clay A Clay B Clay C Clay D

SiO2 41.83 43.62 40.85 43.39

Al2O3 32.32 28.15 33.56 30.16

Fe2O3 8.76 12.04 7.41 9.29

TiO2 1.35 1.34 1.51 1.39

K2O 0.92 1.02 0.77 1.25

MgO 0.71 0.38 0.63 0.62

CaO 0.24 0.16 0.21 0.24

Na2O 0.18 0.23 0.16 0.17

P2O5 0.07 0.23 0.14 0.12

MnO ˂0.05 ˂0.05 ˂0.05 0.06

LOI 13.58 12.62 14.29 13.17
Note: LOI: loss on ignition.

alumina, characteristic of the raw material of red ceramics 
with refractory character. 

The values stipulated by Souza Santos2 of SiO2 between 
43.2% and 77.6% and of Al2O3 between 6.8% and 38.0% 
were met in clays "B" and "D". The "A" and "C" clays, 
with SiO2 contents of 41.8% and 40.9% respectively, 
were very close to the minimum limit and met the limits 
of Al2O3 content.
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Figure 2. X-ray diffractogram of clays A, B, C, D

Figure 3. Curves DSC/TG of clays A, B, C, D

The high content of Fe2O3 is responsible for the reddish 
color after burning, which is a characteristic of the red ceramic 
products. The loss on ignition presented by the clays was 
close to the maximum limit of the range of 6.0% to 15.7% 
specific for kaolinite clay2. This relatively high loss on ignition 
is associated with the dehydroxylation of the clay minerals 
(kaolinite) and the oxidation of organic matter13 and it can 
cause high porosity in the ceramic pieces after burning14,15.

Alkaline oxides (K2O and Na2O) contribute little to 
the formation of the glassy phase due to the low content of 

all the clays. The presence of kaolinite in the clays can be 
related with the low contents of the alkali oxides and the 
high SiO2 and Al2O3 contents16.

The X-ray diffractogram (Fig. 2) indicates presence 
of kaolinite that confirms the result obtained in the XRF, 
since in general, clay with high content aluminum presents 
kaolinite as the main clay mineral17. Quartz, which is a 
crystalline form of silica found in the chemical analysis, 
was also detected. There are indications of the presence of 
goethite and gibbsite. There is probably presence of illite 
in clays B and D. 

Fig. 3 shows the images obtained in differential scanning 
calorimetry (DSC) and thermogravimetry (TG) of the clays. 
The thermal behavior of the four clays is very similar. The 
first endothermic peak occurred near 100ºC (DSC curve), 
where there is the loss of free water between the particles. 
At around 260ºC the endothermic peak occurred due to 
the combustion of organic matter and loss of water of the 
hydroxides, probably of the gibbsite and the goethite. The 
presence of the hydroxides results in the need for additional 
energy for their decomposition.

The highest intensity endothermic peak occurred at 
about 500ºC, characteristic of loss of hydroxyl in the clay 
minerals of the kaolinite group. After 500ºC, with the exit 
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Figure 4. Particle size distribution curves of clays A, B, C, D

Table 2. Atterberg limits

Clay Liquid limit  
LL (%)

Plasticity 
limit PL (%)

Plasticity 
index PI (%)

A 76.16 37.34 38.82

B 58.62 37.50 21.12

C 67.46 42.00 25.46

D 59.61 38.37 21.24

Table 3. Organic matter content (O.M.)

Clay A B C D

O. M.(%) 57 49 68 60

Table 4. Average values of the ceramic properties on the bars

Clay LOI (%) WA (%) AP (%) ASM (g/cm3) LS(%) LQ(%) FS (MPa)

A 13.20 25.67 41.62 1.62 0.02 3.67 7.27

B 12.62 24.77 41.34 1.62 0.07 2.36 4.23

C 14.33 24.32 39.80 1.65 0.13 3.93 8.85

D 12.16 24.17 39.33 1.63 0.11 1.74 3.71

4clay 12.49 25.10 40.78 1.63 0.09 1.63 4.35

Ref.(2) - ≤25.00 ≤35.00 1.50 a 2.00 3 a 10* 2 a 17* ˃ 6.00
Note: LOI: loss on ignition; WA: water absorption; AP: apparent porosity; ASM: apparent specific mass; LS: linear shrinkage of drying; 
LQ: linear shrinkage of burning; FS: flexural strength; 4clay: mixture of 4 clays; Ref(2): Souza Santos (1975);
* values for caulinitic clay.

of water, the crystallinity disappears and metacaulinite2, 
which is amorphous and metastable, begins to form. The 
vitrification phase that would begin near 900°C with the 
formation of spinel and the nucleation of mullite from 970°C 
has not been detected on the graph.

In the TG graph (Fig. 3), which shows the loss of mass 
with increasing temperature, it can be verified that the greatest 
mass loss in the clays occurred due to dehydroxylation of 
kaolinite at about 500ºC, and the total loss value was around: 
15% (Clay A), 16% (clay B), 18% (clay C) and 12% (clay 
D), which are consistent values for kaolinite clays2 and 
corroborate the values found in FRX.

Fig. 4 shows the particle size distribution curves of the 
clays. The effective diameter (d10) is obtained with the curve, 
value of the point of 10% of accumulated volume, such that 
10% of the clay particles have a diameter smaller than it. 

The effective diameters (d10) are: clay A of 1.825 µm, clay 
B of 2.935 µm, clay C of 2.061 µm, clay D of 2.917 µm. 
By means of the data obtained in the 4 clays it is observed 
that from 7% to 14% of the grains are smaller than 2 µm; 
48% to 72% of the grains have sizes between 2 µm and 20 
µm and 14% to 45% of the grains are larger than 20 µm. 
This indicates that the clays have low "clay fraction" (grains 
smaller than 2 µm).

The Atterberg limits are shown in Table 2. The plasticity 
index (PI) indicates that the clays are highly plastic (PI ≥ 
15), which may be related to the presence of organic matter, 
which influences the values obtained in the loss on ignition, 
from 12.6% to 14.3%. This PI value causes the clays to 
demand a greater amount of water in the conformation, 
which should require a longer drying time. However, it 
results in satisfactory dry mechanical strength due to the 
good cohesion between the clay minerals present in the 
highly plastic clay18.

Regarding the plasticity limit (PL), in the case of kaolinite 
clays, the values found are within the range of 8.9% to 56.3%2.

Table 3 presents the analysis of the organic matter content 
of the clays. It can be observed that the "C" clay presented 
higher content of organic matter, which may be related to 
the higher plasticity limit, since the increase of the organic 
matter tends to increase the specific surface area of the soil 
with consequent increase of water retention, leading to higher 
values for soil plasticity limits19.

The results obtained from the ceramic properties of the 
bars are presented in Table 4. Comparison was made with 
the limit values prescribed by Souza Santos (1975)2.

Clays A and C met the minimum value of 6.0 MPa 
for flexural strength (FS), with clay C having the highest 
apparent specific mass value (MEA), that is, it has greater 
compactness and strength mechanical properties compared 
to other clays. Clays B, C, and D met the maximum value of 
25% for water absorption (WA), while clay A and mixture 
(4clay) did not meet. But, the apparent porosity (AP), with 
a maximum limit of 35%, was not met by any clay or by 
mixing them, a fact that had already been observed due to 
the high loss on ignition the clays.

The values of loss on ignition (LOI) of the clays did not 
vary greatly and correspond to the values found in the XRF. 
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Table 5. Average values of the ceramic properties on the spheres

Clay LOI (%) WA (%) AP (%) ASM (g/cm³) VSD(%) VSB(%) σ (MPa)

A 13.32 26.95 39.87 1.49 0.50 8.98 2.06

B 12.84 26.94 39.40 1.49 1.91 4.22 1.89

C 14.34 25.38 37.92 1.54 0.70 12.03 2.16

D 11.86 25.21 37.41 1.52 0.62 3.80 1.31

4clay 12.23 24.78 37.69 1.51 1.04 6.20 2.99
Note: LOI: loss on ignition; WA: water absorption; AP: apparent porosity; ASM: apparent specific mass; VSD: volumetric shrinkage of 
drying; VSB: volumetric shrinkage of burning; σ: compressive strength; 4clay: mixture of 4 clays.

Such value can contribute to the increase in the porosity of 
the pieces. The low values of linear shrinkage drying (LS) and 
after burning (LQ) were not a source of defects in the pieces.

Table 5 presents the results of the ceramic properties on 
the spheres. It is possible to verify the coherence between the 
spheres values and the bars values found, a fact also observed 
by Reis, Della-Sagrillo and Valenzuela-Diaz (2016)20.

Clays A and C and the mixture of 4 clays (4clay) 
obtained the highest values of compressive strength, with 
clay C having the highest apparent specific mass value 
(ASM), that is, presenting greater compactness. The mixture 
of the four clays met the maximum value of 25% for the 
water absorption (WA) stipulated for the bars. However, 
the apparent porosity (AP), with a maximum limit of 35%, 
was not met by any clay or by mixing them, a fact that had 
already occurred in the bars. 

The values of loss on ignition (LOI), volumetric shrinkage 
after drying (VSD) and after burning (VSB) of the clays did 
not suffer much variation corroborating the results found 
in the bars.

4. Conclusions

The chemical and mineralogical characterization of 
clays A, B, C and D showed that the predominant mineral is 
kaolinite, and the clays are considered as "silica aluminous". 
The clays contain adequate quartz and iron contents. The 
samples have a particle size distribution with low "clay 
fraction" content, but they present high plasticity influenced 
by the organic matter content.

In the bars, clays A and C met the minimum value of 
flexural strength. The clay C presented the highest value of 
ASM (apparent specific mass), that is, it presented greater 
compactness and mechanical strength, both in the bars and 
in the spheres.

Bars with clays B, C, and D met the maximum value 
of 25% for water absorption. But the porosity was not met 
by any clay or by mixing them in both bars and spheres.

The results found in the bars and spheres are coherent. 
Thus, the methodology of spheres molding can be an 
alternative for the molding of specimens, because it is a 
simple and accessible technique for the characterization 
studies of the clays in the pottery itself.

The mixture formed by the four clays does not meet the 
values of the Brazilian standard-clays for use in red ceramics 
found in the literature regarding the apparent porosity, water 
absorption and mechanical strength. Possible interventions 
in the production process, such as, the increase in the 
burning temperature of the products in the factory can be 
suggested to meet the specified limits. Besides, a study in 
the industrial mixture to increase the content of the clay C 
in the dosage, which obtained better results in the ceramic 
properties evaluated in the bars and in the spheres, can also 
be suggested.

The technological characterization of the clays realized 
in this research allows verifying if they are suitable for 
the production of red ceramics, as well as the need for 
adjustments in the production process to improve the quality 
of the final products.
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