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ABSTRACT

Keywords: In this work, the physical-chemical characterization of clay used for the manufacture of H-10 ceramic blocks
in the municipality of Ocafia, Norte de Santander, Colombia is presented. The collection of samples was
Blocks H-10; hydrometry; carried out from the quarry of a company dedicated to the manufacture of masonry products for construction.
mixed: ceramics: brick: Initially, in the physical characterization a stratified sampling was made according to the texture and
DRX ’ ’ ’ appearance of the clay, to identify the presence of carbonates; In addition, the wet granulometry test was
’ carried out for each sample in order to determine the percentages of sand, silt, and clays. The chemical
characterization was carried out by X-ray diffraction (DRX) to the samples mixed with the procedure used
by the company, to determine the phases formed in the material and the degree of Mosh hardness, in order to
buy the values with respect to the final product manufactured by the company. Finally, the results of the final
properties of the blocks are analyzed with respect to the Colombian NTC 4205 technical standard procedure,
against the physical-chemical characteristics of the clay and the properties of the mixture used in the process,
to propose strategies and recommendations on the selection of the raw material that allows blocks with
prop g

greater mechanical properties and less production defects, thus complying with the requirements established

by Colombian technical standards.

RESUMEN

Palabras clave: En este trabajo, se presenta la caracterizacion fisico-quimica de una arcilla usada para la fabricacion de
bloques ceramicos H-10 en el municipio de Ocafia, Norte de Santander, Colombia. La recoleccion de
muestras se realiz6 desde la cantera de una empresa dedicada a la fabricacion de productos de mamposteria
para la construccion. Inicialmente, en la caracterizacion fisica se realizé un muestreo estratificado de acuerdo
a la textura y apariencia de la arcilla, para identificar la presencia de carbonatos; ademas, se llevo a cabo el
ensayo de granulometria por via himeda para cada muestra con la finalidad de determinar los porcentajes
de arenas, limos y arcillas. La caracterizacion quimica se llevd a cabo por difraccion de rayos X (DRX) a
las muestres mezcladas con el procedimiento utilizado por la empresa, para determinar las fases formadas
en el material y el grado de dureza Mosh, con la finalidad de comprar los valores respecto al producto final
fabricado por la empresa. Finalmente se analizan los resultados de las propiedades finales de los bloques
respecto a la norma técnica Colombia NTC 4205, frente a las caracteristicas fisico quimicas de la arcilla y
a las propiedades de la mezcla utilizada en el proceso, para proponer estrategias y recomendaciones sobre
la seleccion de la materia prima que permita bloques con mayores propiedades mecanicas y menos defectos
por produccién, cumplimento de esta forma con los requisitos establecidos por normas técnicas colombianas.

Bloques H-10; hidrometria;
mezclado; ceramica;
ladrillera; DRX.
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Introduccion

The ceramic process is mainly composed of three phases,
which are; preparation of ceramic paste, molding of the
piece and cooking. In the first phase of the preparation
process, the composition and plasticity are modified by
adding other clays in order to obtain a homogeneous ce-
ramic paste, then molded according to the desired shape
under pressure or extrusion. Once, the molded part has
been obtained, it is dried by controlling the evaporation
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rate of water in order to avoid defects in the piece. Sub-
sequently, the piece is sintered; that is, it undergoes the
cooking process in order to decrease porosity, increase
density and mechanical resistance [1][2][3].

According to production capacity and technological de-
velopment, brick industries have been classified as chir-
cal, small, medium and large bricks [4]. In general, these
industries maintain the production process as can be seen
in Figure 1.
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Figure 1. Block manufacturing scheme [5][6].

Generally, three components are used that play important
roles in optimizing the performance of the final proper-
ties of the blocks and ceramic materials. The first compo-
nent is clay, so its plasticity facilitates the structure of the
product, while the second is feldspar or alumina (A1203)
which is used for flux and the third is silica (SiO2) that
is used as a filler and stabilizer [7][8]. These composi-
tions are determined by chemical composition, which
is the basis of modern classification of minerals and the
approximation of mixtures with ternary diagrams [9]
[10], that in the case of many factories producing blocks
or bricks do not take into account the proportions of each
of these chemical components.

The physical-chemical characterization is carried out in
order to observe the behavior of the material in the dr-
ying stage, mainly determining the contraction rate of
the sample at the different selected temperatures and re-
lating the losses due to drying with the dry shrinkage
percentage of the test tubes formed in the laboratory [11]
[12][13][14]. In order to determine the firing

behavior of clays, it is necessary to apply the chemical
characterization techniques by X-ray Diffraction to cer-
tain specific conditions to determine the phases present
in the system [15][16][17][18].

It is for the above, that the present investigation is based
on the analysis of a clay mixture obtained from different
clay samples by performing an experimental procedure
in order to improve the characteristics of the final product
through different laboratory tests with the that the beha-
vior of the raw material (clay) can be predicted and thus
optimize the company’s resources.

Methodology

For the development of this research, a channel-type
sampling was performed to classify the clays of the qua-
rry, with an experimental type of investigation; taking
into account that the clay samples were collected directly
in the mines of a brick by direct observation. Likewise,
from the results of the analyzes that were
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obtained from the samples, the variables to be studied
for the approach and implementation of the experimen-
tal studies were determined. In addition, laboratory tests
were carried out in order to determine the variables that
were studied, to identify those that have the greatest im-
pact and thus design the optimal mixture in the manu-
facture of H-10 blocks [19][20]. Taking into account the
above, the procedure shown in the following figure 2 was
performed:

Raw ma(erlal Preparation
collection according to NTC Lab tests
(Samples) standards

Figure 2. Methodology used.
Source: Authors

After the collection of the samples, these were prepared
according to the procedures established by the NTC 4017
standard to perform the physical tests for the determina-
tion of the presence of carbonates and granulometry by
wet route; in addition to the X-ray diffraction test (DRX)
to determine the phases present and their corresponding
degree of Mosh hardness. With the results obtained, the
contraction curve of the block during burning and the
cooking curves of the samples at different temperatures
were obtained, as well as the final mechanical properties
of the blocks such as the compressive strength and the
modulus of flexion or breakage determined according to
the technical standard Colombia NTC 4205.

The stratified sampling of each of the existing layers in
the quarry were classified by color and granulometry, as
shown in Table 1. Likewise, cross-sections of the different
mantles (channel type) were made, taking care to clean
the material that is exposed to the weather and taking
fresh material (without weathering) for physical-chemi-
cal characterization.

Results And Discussion

For the development of the physicochemical characteri-
zation each of the samples was dried at a temperature
of 110 °C for 10 hours. Once dried, the quartet and ho-
mogenization were carried out, dividing each sample to
perform the different tests. The grinding of the pulp was
carried out approaching in particle size to the current
pulp of production.

HCL test to identify carbonates

This test was carried out by chemical attack with dilu-
te hydrochloric acid HCI, to determine if carbonates
are present within the chemical composition of the clay.
When the clay contains carbonates, better grinding is re-
quired to avoid problems in the finished product such as
caliches and efflorescence. In addition, if carbonates are
in large percentages, it is necessary to adjust the cooking
curve to ensure their total combustion.

The test of attack with diluted hydrochloric acid HCI for
the samples tested, was negative for all samples, being
negative discarded the presence of carbonates within the
mineralogical composition of the materials.

Granulometry by wet way.

The determination of the percentages of sands, silts and
clays, was carried out by wet cutting the dry samples on
three meshes, the 120 mesh (125 um) that retains the frac-
tions of very thick sand, coarse sand, medium sand and
fine sand; 230 mesh (63um) that retains very fine sand
and 325 mesh (45um) in which there are superfine sands
and some nodules of certain minerals. Table 2 shows the
results obtained.

SAMPLE RESIDUE
SAMPLE DESCRIPTION OBSERVATIONS M 120 (%) M 230 (%) M 325 (%) Pass (%)

1 Waste of production - Green 1 12.11 4.35 2.10 81.42

2 White A mantle thickness of 25 m Green 1A 23.67 6.65 1.81 67.86

3 White sandy A mantle thickness of 5 m Green 1B 23.77 8.50 2.30 65.43

4 Green sandy A mantle thickness of 5 m Green 1C 31.56 755 190 58.95
4A Green clay with black pints A mantle thickness of 5 m Yellow 1 1221 5.95 225 79.58
4B Green clay with iron oxides A mantle thickness of 5 m Yellow 1A 27.70 338 256 61.36
4C Green clay under the tanks A mantle thickness of 6 m Yellow 1B 33.62 9.68 299 5375

5 Sandy White Clay A mantle thickness of 2.2 m White 46.87 1454 335 35.04

6 White Clay A mantle thickness of 5.45 m S - Auth

ource: Authors
7 Red clay -
8 Green clay Table I1. Results of granulometries.
Source: Authors
Table I. Nomenclature of the Samples.
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The Granulometry data shows that green clays can be
classified into two groups:

* Green 1: Sample with lower percentages of sands retai-
ned on meshes 120, 230 and 325 and higher percentage
of through material on mesh 325, which should behave
differently in drying and cooking.

* Green 1A, Green 1B and Green 1C: Raw materials
that can be grouped by their similar particle sizes.

Also, the granulometry of the yellow clays are divided
into two groups:

* Yellow 1: Sample with good plasticity and average gra-
nulometry values on the different meshes.

* Yellow 1A y Amarilla 1B: Medium to high particle
size and lower plasticity materials.

The white material has a medium to high grain size and
is classified as an individual material; It should be noted
that on the residues grains that appear to be feldspar are
observed, so this material could have good gresification.
The texture results show that with the exception of green
sample 1A, which is categorized as purely clayey, the re-
maining samples fall within the recommended group for
perforated blocks and bricks.

X-ray diffraction analysis (XRD)

All green clays are classified as purely clay materials, ye-
llow clay 1 is classified as a silty-silty material, yellow
clays 1A and 1B and white clay are classified as degrea-
sing or thick clay materials. Figures 1 and 2 show the
diffractograms of silts and degreasers respectively. Also,
table 3 is presented on the Mosh hardness scale for the
phases present in the clay samples for the set used, as
well as the designation of each of the elements.
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Figure 3. Diffractogram for selected samples a) Yellow and b) White

Source: Authors

PHASES DENOMINATION CHEMICAL COMPOSITION HARDNESS MOSH
Hematita H Feis 5.5-6.5

Tlita I (KH;0)(AIMgFe)(SiAl)010 12
Caolinita K AL(S1205)(OH)s 225
Cuarzo Q Si0 7
Anatasa L Ti0s 5-6

Source: Authors
Table I11. Mosh hardness for the phases present in the samples.

In general, clays used in construction are called ceramic
clays or common clays; which are composed of two or
more clay minerals, usually illite, kaolinite and smectic,
with significant amounts of other minerals that are not
phyllosilicates (carbonates, quartz, etc.) and are genera-
lly used for the manufacture of building materials and
aggregates [21].

The samples have a diverse composition, of which cer-
tain trends are appreciated. Some clays find their main
field of application in the absorbent sector because they
can retain water or other molecules in the interlaminar
space (smectites) or in the structural channels (sepioli-
te and paligorskite). The hydration and dehydration of
the interlaminar space are characteristic properties of
smectites, and whose importance is crucial in different
industrial uses. Therefore, smectites in the form of mont-
morillonite are considered to absorb a large amount of
water between their interlaminar spaces, which are their
main characteristic [22][23]. As for the clay minerals, it is
observed that the majority of the samples are constituted
by the illite in an important proportion (it is generally the
second most important mineral after quartz).

In the analysis by DR X, it indicates that the clay minerals
consist mainly of silica and hydrated aluminosilicates
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with the presence of some impurities, such as Na, Fe, K
and Ca. The diffractograms reflect the phases present in
the materials and highlights the high content of micro-
cline and muscovite, which justifies its yellow color [24].
Also, this type of analysis is essential to determine their
quality based on the content of SiO2 and AI203. It can be
analyzed that the silt phase has more H (Hematite) con-
tent than degreasers, whose hardness is between 65-72
HRC. In addition, both silts and degreasers have a high
Quartz content that has a hardness of 80 HRC.

Determination of Cooking Contraction

Figure 3 shows the laboratory curve used to perform the
burning to be performed with the different pastes corres-
ponding to each sample.
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Figure 3. Burning curve performed in the laboratory.

Source: Authors

For this test, samples were organized into five types as
follows: the first with green clay 1, the second with the
mixture of green, the third with yellow clayl, the fourth
with the mixture of yellow and the fifth with the white
[25][26]. Likewise, the contraction percentages at diffe-
rent temperatures were determined and the respective
curves are observed in Figure 4.
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Figure 4. Contraction percentage vs temperature of the different samples

Source: Authors

Cooked contractions for green clay 1 and yellow clay 1
are high and have a marked increase from 1050 °C, wi-
thout ever contracting at 1200 °C. The mixture of green
clays expands to 1000 °C and after this temperature
begins to contract, this behavior is typical in materials
with sandy characteristics. Losses due to calcination of
all samples are within normal ranges for raw materials
used in the manufacture of such products. The fact of
having low losses due to calcination foresees not having
problems in cooking due to excess organic matter in the
composition of raw materials.

Weight loss percentage.

To carry out this test, blocks extracted from the artificial
dryer of the Ocana brick with a humidity percentage of
7% were selected. Samples of 10x10x2 (cm) of 200 grams
were extracted. Using a precision scale, the variation of
the weight was recorded as a function of the temperature,
which reached 1000 ° C, measurements were made every
hour for 12 continuous hours of burning, obtaining the
results for each type of clay that were subsequently ave-
raged obtaining the data shown in table 4.

Respuestas, 25 (S2), pp. 20-28, 2020,
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Temperature (°C) Time (h) Weight (gr)
100 1 199.11
200 2 192.41
300 3 191.11
400 4 190.99
500 5 186.96
600 6 181.23
700 7 180.70
800 8 180.31
900 9 177.76
1000 11 176.20
900 12 176.29

Source: Authors
Table I'V. Weight variation table.
Compressive strength.

This mechanical property of the material is one of the
most important because the quality of the ceramic block
is determined. The tests were carried out with five cooked
blocks corresponding to each of the three types of clay
(purely clay, clay-silty and clay degreaser or thick), fo-
llowing the guidelines of the Colombian technical stan-
dard NTC 4205, the results are shown in the figure 5.
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Figure 5. Compression resistance of cooked block.
Source: Authors

The minimum compressive strength of the non-structu-
ral masonry block established in NTC 4205 is 14 MPa,
and a much lower average value of 4.87 MPa was found,
with a maximum value presented of 7.91 MPa and a mi-
nimum value of 2.82 MPa.

Bending or breaking module

The rupture or flexural test (MR) module is a mechanical
property that determines the ability of the block to

withstand bending loads, stresses to which such products
are subjected. The test was performed according to the
guidelines of the NTC 4205 standard with five samples
for each type of clay and the results are shown in Figure
6.
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Figure 6. Cooked block flex or break module
Source: Authors
The results of this test show that the blocks have a low
resistance, taking into account that the standard does not
establish average values to measure the quality of this
variable. These low values are due to the fact that the
selected clay samples have high percentages of sand that
cannot be homogenized with the other contiguous ele-
ments of the mixture in the cooking process.

Conclusions

Currently, in the artisanal sector, the mixture of clays for
the manufacture of bricks is 60% of sandy clay and 40%
of plastic clay, this mixture being one of the possible cau-
ses of the poor quality of the block such as: cracks, poor
cooking, color non-uniform, among other factors that
affect the finished product by an unsuitable dosage [27]
[28][29].

Of the different types of clay found in the quarry and
initially classified by color and appearance, four different
types of green clay, three types of yellow clay and one
type of white clay were defined, which later by means of
granulometry and X-ray diffraction tests , were reclassi-
fied in: purely clay, clay-silty and clay degreaser or thick,
of which it was found that according to their composi-
tion and hardness they are suitable for the manufacture of
openwork blocks or bricks to be used in masonry.
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The results of the granulometry tests indicate that most
of the samples have a 45% fine sand index; which is of
great importance for the manufacture of ceramic pas-
tes, because it allows the samples to be classified as low
compaction materials, low plasticity, which should not be
used alone as a production paste because they will have
low dry and cooked resistance, as well as high water ab-
sorption. Also, sand is necessary for the extrusion of ma-
sonry products for construction, because it helps reduce
drying time and prevents the formation of cracks in the
pieces.

It can be affirmed that a good clay to be used in the
production of masonry products are those samples that
operate at low temperatures, that is, between 950 °C and
1050 °C. Where they also present water absorption values
that comply with the standard of finished product that is
to be produced, as established by NTC 4017 and 4205.

References

[1]R. A. Muioz, J. A. Mufoz, P. Mancilla, and J.
E. Rodriguez, “Caracterizacion fisicoquimica de
arcillas del municipio de Guapi- costa pacifica

caucana (Colombiana),” Quimica, vol. 31, pp.
537-544, 2007.

[2]R. A. Garcia-Leén and E. Florez Solano,
“Determinacion de la ventana del proceso
productivo en la fabricacion de bloques H-10 en

Ocafa Norte de Santander y la region,” Ingenio
UFPSO, vol. 9, no. 2011-642X, pp. 35-43,2016.

[3] R. A. Garcia-Leon, R. Bolivar, and E. Florez,
“Validacion de las propiedades fisico-mecanicas
de Bloques H-10 fabricados en Ocafia Norte de
Santander y la region,” Ingenio UFPSO, vol. 10,
no. 2011-642X, pp. 17-26, 2016.

[4] R. A. Garcia-Leén, E. Florez-Solano, and Y.
Medina-Cardenas, “Caracterizacion fisica de las
arcillas utilizadas en la fabricacion de productos
de mamposteria para la construcciéon en Ocafa
Norte de Santander,” Espacios, vol. 39, no. 53,
pp. 1-6, 2018.

[5] O. Riojas Castillo and N. E. Rodriguez Montana,
“Caracteristicas de hornos para productos
ceramicos del Parque Minero Industrial El
Mochuelo, localidad 19 de Bogota, D.C.,” Con-
Ciencias, 2004.

[6] R. A. Garcia-Leon, C. Acevedo-Pefialoza, and J.
Rojas-Suarez, Metodologia para la fabricacion
del bloque H-10 para la industria ceramica del
Norte de Santander. Bogota, Colombia: ECOE
Ediciones, 2019.

[7] E. Kamseu et al., “Characterisation of porcelain
compositions using two china clays from
Cameroon,” Ceram. Int., vol. 33, no. 5, pp. 851—
857, 2007.

[8] S. N. Monteiro and C. M. F. Vieira, “Influence
of firing temperature on the ceramic properties
of clays from Campos dos Goytacazes, Brazil,”
Appl. Clay Sci., vol. 27, no. 3-4, pp. 229-234,
2004.

[9]J. A. Junkes, M. A. Carvalho, A. M. Segades,
and D. Hotza, “Ceramic tile formulations from
industrial waste,” InterCeram Int. Ceram. Rev.,
vol. 60, no. 1, pp. 3641, 2011.

[10] M. Lassinantti Gualtieri, M. Romagnoli, and
A. F. Gualtieri, “Influence of body composition
on the technological properties and mineralogy
of stoneware: A DOE and mineralogical-
microstructural study,” J. Eur. Ceram. Soc., vol.
31, no. 5, pp. 673—-685, 2011.

[11] R. A. Garcia-Leon, E. Florez-Solano, and
C. H. Acevedo-Pefialoza, “Physical-ceramic
characterization of clays used in the manufacture

of mansory products for construction,”
Respuestas, vol. 23, no. 2, pp. 12-21, 2018.

Respuestas, 25 (S2), pp. 20-28, 2020,

ISSN 0122-820X - E ISSN: 2422-5053 26



Edwin Edgardo Espinel Blanco, Eder Florez Solano, Ricardo Andrés Garcia Ledn

[14] J.F. GelvesandlJ. Sanchez, “Comportamiento
de las arcillas del Area Metropolitana de Cticuta
sometidas a proceso de moldeo por extrusion.,”
Respuestas, vol. 14, no. 2, pp. 32-38, 2009.

[15] E. Barrachina, J. Llop, M. D. Notari, and
B. Carda, “Potencialidad de un residuo de
frita procedente del sector ceramico como
materia prima para la produccién de material
vitroceramico,” Ceramica y Vidr., vol. 54, no.
0366-3175, pp. 101-108, 2016.

[16] N. . Quaranta et al., “Disefio de productos
ceramicos con la incorporacion de diversos
residuos siderurgicos,” Iberimet XI, pp. 1-14,
2010.

[17] O. M. O. Zro, S. Zhai, J. Liu, and J. Wang,
“Microstructure of the directionally solidi fi ed
ternary eutectic,” vol. 42, pp. 8079-8084, 2016.

[18] B. Konar, P. Hudon, and 1. Jung, “Coupled
experimental phase diagram study and
thermodynamic modeling of the Li20-Na20O-
Si02 system,” J. Eur. Ceram. Soc., 2017.

[19] R. A. Garcia-Leon, M. A. Acosta, and E.
Florez, “Analisis del comportamiento de los
frenos de disco de los vehiculos a partir de la

aceleracion del proceso de corrosion,” Tecnura,
vol. 19, no. 45, pp. 53-63, 2015.

[20] R. A. Garcia-Leébn and R. Bolivar,
“Caracterizacion Hidrométrica de las Arcillas
Utilizadas en la Fabricacion de Productos

Ceramicos en Ocafia , Norte de Santander,”
INGE CUC, vol. 13, no. 1, pp. 53-60, 2017.

[21] M. A. Macias Lopez, “Estudio de las
transformaciones en estado solido de las
arcillas de San José de Cucuta utilizadas en la
fabricacion de baldosas mediante caracterizacion
mineraldgica por difraccion de rayos x de
muestras policristalinas.,” Universidad Industrial
de Santander, 2006.

[22] R. Amorocho Parra, “Analisis de Ia
interaccion quimica entre los fluidos de
formacion, fluidos de perforacion y composicion
mineral de rocas arcillosas en la estabilidad del

pozo.,” Universidad Industrial de Santander,
2004.

[23] R. A. Garcia-Leon, E. N. Florez-Solano,
and C. H. Acevedo-Penaloza, “Clay surface

characteristics using atomic force microscopy,”
Rev. Fac. Ing., vol. 0, no. 87, pp. 23-34, 2018.

[24] J. Linares, F. Huertas, and J. Capel, “La
arcilla como material ceramico. Caracteristicas

y compotamiento,” in Universidad de Granada,
2008, pp. 479-490.

[25] R. A. Garcia-Leon, E. Florez-Solano, and
M. M. Rodriguez-Castilla, “Application of the
procedure of the ISO 50001:2011 standard for
energy planning in a company ceramic sector,”
DYNA, vol. 86, no. 209, pp. 120-126, 2019.

[26] R. A. Garcia-Ledén, E. Florez Solano, and
C. H. Acevedo-penaloza, ‘“Caracterizacion
térmica de mezclas de arcillas utilizadas en la
fabricacion de productos de mamposteria para la

construccion,” Rev. Colomb. Tecnol. Av., vol. 1,
no. 31, pp. 22-30, 2018.

[27] H. Gutiérrez Pulido and R. De La Vara
Salazar, Andlisis y disefio de experimentos.,
McGraw-Hil., vol. 1. Mexico, 2015.

[28] M. Coronado,A. M. Segadaes, and A. Andrés,
“Combining mixture design of experiments with
phase diagrams in the evaluation of structural

ceramics containing foundry by-products,” Appl.
Clay Sci., vol. 101, pp. 390400, Nov. 2014.

27 Respuestas, 25 (S2), pp. 20-28, 2020, ISSN 0122-820X - E ISSN: 2422-5053



Caracterizacion Fisico-Quimica De Un Material Arcilloso Proveniente De La Region Nororiental De Colombia, Para La Fabricacion De Bloques H-10

[29] J. Séanchez, J. A. Orozco, and L. Pefialoza,
“Evaluacion de mezclas de arcillas para la
fabricacion de ladrillos refractarios que sirvan
para la reconversion tecnologica de los hornos
utilizados en Norte de Santander.,” Rev. Investig.
- Univ. del Quindio, vol. 26, no. 1, pp. 57-64,
2014.

Respuestas, 25 (S2), pp. 20-28, 2020, ISSN 0122-820X - E ISSN: 2422-5053



