Material-ES

www.sociemat.es/Material-ES

MINERAL CIRCULARITY OF KAOLIN FOR INDUSTRIAL APPLICATION IN
BRAZILIAN PORCELAIN TILES

A.B. Comin'?, A. Zaccaron?, E. Saviatto?, F. Raupp-Pereira?, M.J. Ribeiro®, G.S. de Souza®

1 Mining Engineering Department, SATC University, Rua Pascoal Meler, 73, Universitario, 88805-380,
Criciima - SC, Brazil
2 Post-Graduate Program on Materials Science and Engineering (PPGCEM), University of the Extreme
South of Santa Catarina - UNESC, Avenida Universitaria 1105, 88806-000, Criciima, SC, Brazil.
fraupp@unesc.net
% Materials Research and Development Center (UIDM), Polytechnic Institute of Viana do Castelo, Rua
Escola Industrial e Comercial de Nun’Alvares, 4900-347, Viana do Castelo, Portugal.

Abstract: Kaolin is one of the main compositional raw materials of porcelain tiles, which has an important role in
regulating the ceramic body refractoriness, avoiding dimensional problems caused in the firing process. For this, a high
level of purity is required, reducing the presence of oxides that could affect the final product quality. The ceramic center
in the south of Santa Catarina (Brazil) is supplied by kaolin from other regions, resulting in a cost increase in the
process, motivated by the logistics of this material. In order to reduce operating costs, it is necessary to create
alternatives for the use of mineral deposits close to the industrial production centers. In this way, a source of regional
kaolin geologically contained in a sedimentary deposit of the southern ceramic center of Santa Catarina was sought
from the adequacy of the kaolinite concentration, through unit operations of beneficiation by classification. The results
indicate that the sieving method reduces the amount of quartz, resulting in aluminum oxide contents in the order of
28.20%, compared to the 19.05% contained in its natural state. In the mining activity, large volumes and tonnages of

materials are extracted and moved, and the total use fits within the circularity concepts.
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1. INTRODUCTION.

Brazil is one of the main players in the world market for
ceramic tiles, occupying the third position in production
and the second in consumption in the world, in addition
to being the seventh in the ranking of exports [1]. In
response to this great demand, a considerable volume of
natural raw materials is needed, which grows according
to production [2].

Among the materials developed and commercialized,
porcelain tiles stand out for their technical
characteristics, being considered a noble finished
ceramic product for floor covering, whose production
grows annually [3, 4]. The normative complexity and
procedural specifications for porcelain tiles would
consequently be associated with the nature of its raw
materials, which require greater purity and quality [5].
Another aspect of great relevance, in the case of the
ceramic tile producing complex located in the south of
Brazil, is the scarcity of reserves of ores with the
necessary technical characteristics and the strong
influence on the costs of the final products, related to
the distance from their origin and use place [6].

The raw materials for the production of porcelain tiles
have been of great interest in the development of
scientific studies since the end of the 90s [7-9].
However, with the growth in demand for ceramic
industrial materials, as well as their high level of
demand and quality, it is up to the extractive industry to
develop products with a good cost-benefit ratio, through

satisfactory mining and processing techniques in their
deposits use [10, 11].

Porcelain tiles are vitreous ceramic products commonly
composed of a triaxial clay-feldspar-quartz raw material
[12]. Each incorporated raw materials, in the
formulation of porcelain tile, has decisive functions in
obtaining a high-performance product [13]. Kaolin or
china clay (Al,03Si0Os(OH),) is the main source of the
mineral kaolinite which is chemically expressed as
Al;03.2Si0,2.2H,0. When fired at temperatures above
1100°C, it crystallizes into  mullite  fibers
(3Al:05.25i0;). As a result, flexural strength and
dimensional control are increased as this new crystalline
phase appears [14].

For a better product performance there is a need to
minimize impurities in the raw materials [15, 16].
However, by nature, it is very common for there to find
variations within a deposit, resulting in a lack of
mineralogical consistency between batches [17].

It should be noted that in order to develop any mineral
product, the whole process begins with a satisfactory
geological study, qualifying and quantifying deposits
with technical and economic viability. For this, it is
necessary to invest in the parameterization of
engineering  studies, aimed at technological
characterization, and processing tests.

In parallel to the technological issues that refer to the
mining-ceramist sector, the beneficiation process
generates a by-product that fits the premises of mineral
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circularity (Figure 1). CNI data [18] reveal that in
Brazil, 76% of companies already develop some circular
economy initiative.
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Figure 1 - Schematic image of mineral circularity.

Thus, this study adds alternatives to the raw materials
demand, based on the availability of processed kaolin
from places much closer to producing regions, in this
case, in the State of Santa Catarina, in the south of
Brazil.

2. MATERIALS AND METHODS.

2.1 Raw material collection

The raw kaolin sample (Kr) was collected directly from
the mining front in 3 different locations, with a volume
of approximately 10 kg, which was subsequently
quartered and packaged.

2.2 Processing and characterization

The collected sample (Kr) had the particle size
distribution determined by laser diffraction (CILAS
1064 equipment) in the range of 0.04 pm to 500 pum
during a period of 60s, and using sodium polyacrylate
(Disperlan LP/G, Lamberti, Brazil) as a dispersant, in
order to evaluate the distributed coarser and finer
concentrations of the sample. Thus, a percentage of
retained material (coarse kaolin - Kc) and another
percentage of material passing through (passing kaolin -
Kp) of the classified material were obtained.

All samples (Kr, Kc and Kp) were wet sieved (#4, #8,
#16, #30, #50, #100, #200 and #325 ASTM mesh
sieves) to evaluate the granulometric distribution, and
were chemically characterized by X-ray fluorescence
spectrometry in an X-ray spectrometer (Philips, model:
PW2400) by wavelength dispersion (WDXRF). The
loss on ignition (Lol) of the samples was performed
after calcination at 1000°C for 3 h. Their mineralogical
characterization was performed by X-ray diffractometry
(XRD) in a Shimadzu diffractometer (XRD-6100), with
20 scanning from 4 to 70°, reading at 15 rpm,
acceleration of 40 kV and 30 mA, with an incident
radiation CuKal of L = 1.5406 A.

3. RESULTS AND DISCUSSION.

In order to understand the granulometric distribution of
Kr (Figure 2 and Table 1), in the condition of its
homogeneity or heterogeneity, the indicators where the
particle sizes are represented are shown. The results
demonstrate that the passed over material has a
heterogeneous distribution, although it presents 50% of
the particles below 15.2 um, which shows a satisfactory
presence of clay mineral fractions. The granulometric
average is presented with a value of 66 um.
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Figure 2 - Cumulative granulometric distribution and

frequency curve of raw kaolin.

Table 1 - Size distribution and average particle diameter
of raw kaolin.
Raw Diameter (um)
material D1o Dso Dgo D100 | Daverage
Kr 121 | 1525 | 265 | 500 66

The samples underwent the wet granulometry test
(Table 2). For Kr, the 300 pum (#50 ASTM mesh)
cutting range shows 37.59% retained and 62.41%
passing through. The retained material has a coarser
granulometry, represented by quartz and feldspar
minerals. The passing fraction consists of clay minerals
and finer quartz. Kc was basically uniformly
concentrated in three ranges of particle size distribution,
approximately 30% per cut range. It is therefore a
medium quartz sand. This material materializes as a by-
product of this unitary operation. It is observed that the
fine fraction of the Kp sample was concentrated below
45 pum (#325 ASTM mesh), that is, it represents a good
concentration of clay minerals. In a future test, it is
possible to evaluate the cut for Kr in a 150 pm (#100
ASTM mesh), since there is a percentage of 19.08% of
Kp in this granulometry, tending to be a material with a
greater presence of quartz.

The chemical analysis (Table 3) shows that Kr is a clay
mineral, with the presence of oxides such as silica
(SiOy) in the order of 69.89%, alumina (Al;Os) with
19.05%, alkaline oxides such as potassium oxide (K20)
with 4.75%, and presence of chromophore oxides such
as iron (Fe»03) and titanium (TiOy) together in the order
of 1.27%. The loss on ignition (Lol) of 4.64%, although
low, is indicative of the water loss in the constitution of
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kaolinite, in the form of clay mineral. For Kc it shows a
considerable concentration of SiO, content (83.93%),
also a small increase in the alkali content, with 5.19% of
K20, and on the other hand, great reduction for the
Al>,O3 contents (9.86%) and Fe,Os/TiO, chromophores
(0.25%). The Kp sample shows an important
concentration of Al,Os; content (28.20%). Therefore,
there is also an increase in the percentage of Lol
(8.64%). A reduction in SiO; content (56.41%) and a
reduction in K;O (3.87%) can also be observed. On the
other hand, an increase in the content of chromophore
oxides (Fe203/TiOy) is observed with a sum of 2.38%.

Table 2 - Wet granulometry test of the studied samples.

Sieve Passing (%6)

(ASTM mesh) Kr Kc Kp
#4 - - -
#8 0.62 1.65 -

#16 12.08 32.13 -
#30 12.21 33.74 -
#50 12.68 31.17 -
#100 11.88 1.01 19.08
#200 5.68 - 9.13
#325 5.72 - 9.18
base 39.12 0.30 62.59

Table 3 - Chemical compositions (%w) of the samples,
obtained by X-ray fluorescence.

Oxides Kr Kc Kp
Al203 19.05 9.87 28.21
CaO 0.07 0.05 0.08
Fe203 1.01 0.14 1.88
K20 4.75 5.20 3.87
MgO 0.05 <0.05 0.12
MnO <0.05 - <0.05
Na20 0.23 0.20 0.22
P20s <0.05 <0.05 <0.05
SiO2 69.90 83.93 56.42
TiO: 0.28 0.11 0.51
Lol 4.65 0.51 8.64

For the mineralogical analysis (Table 4 and Figure 3), it
is understood that Kr is a clay with the presence of
quartz and feldspar. For Kc, there is a higher percentage
of quartz and a lower percentage of feldspar. The
contained microcline fraction justifies the presence of
alkaline oxides (potassium), which denotes that the
deposit did not undergo a complete physical and
chemical change from feldspar to clay minerals, such as
kaolinite. For Kp, there is a higher concentration of
kaolinite, as it is the typical fine fraction of the clay
mineral, as well as the presence of feldspar and quartz
in a finer form.

Table 4 - Quantification of mineralogical phases

Quantification (%)
phase Kr Kc Kp
quartz 36.46 67.10 17.18
kaolinite 32.51 - 57.93
microcline 31.03 32.90 24.89

Thus, the increase in the alumina (kaolinite) content and
reduction of silica (quartz) was positive by the
granulometric separation in the analyzed fraction. An
increase in the iron presence, and titanium oxides is also
observed according to the chemical analysis of the
passing powders, but absent in the mineralogical
characterization.

B000 ~jr——f——y——y—t et
T Kp Q - quartz (POF O-046-1045)
5000 K - kaolinita (POF 01-080-0856)
M - microdine (POF 01.0758-1238)
4000 - g

3000 ~
2000 - K
1000 M Kl

0

80004 Kc Q
5000
4000 +

3000
2000

Intensity (counts)

1000 ] | |

0
60004 Kr
5000 Q
4000 +
3000
2000 +
1000 | | i Qg @@ qQa aq

0 — | V- AN ekt v A . A

PRIl S TR ey skl St  Pegm 2 |
40 50 60 70

2 theta (°)

Figure 3 - Mineralogical analysis of Kr, Kc, and Kp
obtained through X-ray diffraction

4. CONCLUSIONS.

The results showed the viability of the applied
technique, as there was a substantial gain in aluminum
oxide (Al;03), in the order of 9.15%, resulting in a
cumulative percentage of 28.20% of alumina above the
25% passed over. Other factors achieved were
fundamental, with the reduction of silica (SiO>),
represented by a decrease in content in the order of
13.77%, and with a final cumulative silicon oxide
around 56.41%. In ceramic paste formulations for
porcelain tiles, this major source of alumina in clay
minerals becomes an important property, especially in
terms of thermal stability, formation of crystalline
phases such as mullite, and its influence on the
pyroplastic deformation reducing in the ceramic
substrate. This raw material option integrates a
possibility of cost reduction in ceramic compositions,
mainly the logistical cost, because even with associated
processing, it presents a simple production technique.

It is also necessary to continue the research and
development work to add value to this mineral deposit.
For this, an important line of study is the iron oxide
contained reduction in the passing fraction, as a way to
obtain a material rich in kaolinite and with a lower iron
oxide content. However, considering the residual
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material retained from the beneficiation process, as this
materializes in a by-product rich in quartz, greater
alignment will be achieved by mineral circularity aimed
at product design, sharing, and reuse of this material.
This approach represents a systemic change that
proposes economic and new business opportunities, in
addition to providing environmental and social benefits,
in a logic of a local mineral deposits profitability.
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