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ABSTRACT

The objective of this work was to evaluate the possibility of using a clay from the city of Silva
Jardim, State of Rio de Janeiro, Brazil, in the composition of porcelain tile body. The clay investigated was a
plastic kaolinitic type with white color. Initially, a typical porcelain body composed of the mixture of this
clay with feldspar, quartz, kaolin and talc was prepared. Specimens were then obtained from this porcelain
mixture by uniaxially pressing samples until a dry density of 2.0 g/cm3 was achieved. These specimens were
then fired at 1180°C in a laboratory furnace. Physical and mechanical properties related to linear shrinkage,
water absorption and flexural rupture strength, determined by Weibull statistical method, were evaluated.
Microstructural analysis for the experimental body was performed by scanning electron microscopy, X-ray
diffraction and mercury porosimetry. The technological properties of the elaborated composition satisfied the
porcelain tile standard specifications. The microstructural analysis displayed small pores as well as a glassy
matrix. The presence of quartz, mullite and plagioclase were also detected in the fired porcelain tile. These
results indicated that the clay presents satisfactory characteristics to be used in porcelain tile body.
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1 INTRODUCTION

Among the different types of ceramic tiles, the porcelain tile is the one that presents the best
technical performance associated with high mechanical strength, high chemical inertness, high abrasion
strength and low water absorption [1-7]. According to the technical code [8], the required values for flexural
rupture strength and water absorption are higher than 35 MPa and lower than 0.5%, respectively. In term of
processing, higher compacting pressing and firing temperatures are used in comparison with other types of
ceramic tiles. The final microstructure of a porcelain tile is generally formed by 7-12 vol.% of total porosity,
20-25% of quartz and 12-16% of mullite dispersed in a vitreous matrix [2].

Ceramic bodies for porcelain tile fabrication are characteristically composed of a specific mixture of
plastic and non-plastic raw materials. This assures, after firing, an adequate vitrification and the proper
technological performance, which includes imprevious condition associated with very small amount of open
porosity.

The plastic materials used in porcelain tiles are clays and kaolin that supply plasticity and provide
the desirable mechanical strength for both, the green and dried body pieces. In addition, the plastic materials
must present favorable rheological properties for an efficient wet milling stage.

The non-plastic raw materials are inerts, fluxes and fluxing modifier. The inerts, mainly, quartz,
quartzite and feldspar sand, increase the refractoriness, decrease the linear shrinkage during the firing stage
and also regulate the SiO2/Al203 ratio, which is an important parameter for mullite formation. Quartz, with
small particle size, in the range of 10-30 um, improves the mechanical strength. By contrast, larger-sized
quartz particles tend to decrease the mechanical strength due to the induced susceptibility to micro-cracks
formation. This is a consequence of the allotropic transformation, which results in volumetric change at
temperatures around 5730C [3, 9, 10]. The fluxes, mainly feldspar and feldspathoids, make possible the
liquid phase formation, through the suppliment of alkaline oxides (K20 + Na20) [3, 9, 11]. The fluxing
modifier, such as talc, wollastonite, calcite, dolomite, are introduced in low amounts to decrease the melting
point of the body through eutectic formation with alkaline feldspars [3, 9, 12].
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Figure 1 shows a typical mineralogical composition used for porcelain tile fabrication [1]. In this pie
chart, the major constituent is the feldspar, followed by plastic materials such as clay and kaolin. Quartz and
talc are in relatively low amounts.

Table 1 shows the range of variation for the main chemical compounds of typical raw materials used
in the composition of porcelain tile bodies as well as a typical industrial porcelain tile body. It is observed
that in the industrial body, SiO2 and Al203 are the most abundant oxides. Generally, the SiO2 amount is
higher than 60 wt.%. The Fe203 + TiO2 must be maintained at low amount to avoid undesired color in the
ceramic product. The alkaline oxides, K20 + Na20, are essential to liquid phase formation. The earth
alkaline oxides, CaO + MgO, must be maintained in the low amounts showed in Figure 1, due to the
possibility of excessive fluxing as well as undesired variation on the ceramic color. Finally, the loss on
ignition (Lol) is mainly associated with the dehydratation of clay minerals. Organic matter oxidation as well
as carbonates decomposition also contributes to this parameter. The Lol must be maintained in low amounts,
normally lower than 6%, because excessive weight loss during the firing stage contributes to increase the
porosity and the linear shrinkage. The gas released can also generate defects in the glaze, which is a surface
vitreous covering.

So, the objective of this work was to evaluate the use of a kaolinitic plastic clay from the State of
Rio de Janeiro as a potential raw material for porcelain tile composition. This was performed by determining
the fired technological properties and observing the microstructure of the elaborated porcelain tile body.

O Feldspar 42-48%

B Plastic clay 27-32%
O Kaolin 12-18%
O Quartz 5-10%

m Talc 0-3%

Figure 1: Typical mineralogical composition for porcelain tile fabrication (Wt.%) [1].

Table 1: Chemical characteristics of the raw materials used in the porcelain tile body (Wt.%) [1, 2].

SiO, Al,O4 Fe,O5+ TiO, K,0 + Na,O CaO+ MgO Lol
Plastic clay 61.2-749 19.2-315 06-3.2 09-57 02-14 4.7-10.0
Kaolin 473-79.3 15.0-36.0 02-19 02-28 0.2-0.7 50-1238
Feldspar 66.3-795 115-20.1 0.05-1.0 6.1-13.3 0.30-4.2 02-138
Quartz 98.0-99.1 0.65-0.8 0.07-0.3 0.1-0.2 0.04-0.3 0.2
Talc 51.0-61.2 0.3-8.0 04-09 0.2 30.3-315 57-7.0
Industrial body 66.0-73.0 17.1-23.2 06-21 40-6.8 05-6.6 3.3-4.2

2 MATERIALS AND METHODS

The clay used in the present investigation was collected from the municipal area of Silva Jardim,
located in the State of Rio de Janeiro. This clay, denoted in this work as SJ clay, presents kaolinitic
predominance and elevated plasticity [13]. The other raw materials, such as kaolin, quartz, potash feldspar
and talc were obtained from mining facilities outside the State of Rio de Janeiro. Table 2 shows the
elaborated composition for the experimental porcelain tile body. This composition was analytically
formulated based on the typical mineralogical distribution for porcelain tiles shown in Figure 1. In practice,
this composition corresponds to the optimum amounts of fluxing, inert and plastic agents, which provides the
required technical performance after firing. Table 3 shows the chemical composition of the raw materials and
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the elaborated composition. The chemical analysis was performed by X-ray fluorescence in a Philips
equipment, model PW 2400.

Table 2: Elaborated composition (W1.%).

SJ clay Kaolin K feldspar Talc Quartz
30 15 45 3 7

Table 3: Chemical composition of the studied raw materials and ceramic body (Wt.%).

Si0, Al,0O; Fe,0; TiO, K,O0 Na,0O CaO MgO Lol- C~
Plasticclay = 49.45 31.31 1.44 168 326 034 0.29 0.39 11.44 0.06

Kaolin 4420 4020 034 050 041 038 - 009 1500 -
K Feldspar 66.80 18.30 0.10 0.01 813 370 - 010 0.01 -
Talc 62.00 0.01 007 001 0.01 001 0.01 3230 500 -
Quartz 99.66 0.15 004 001 - - - - 025 -

Ceramic body 60.36 23.67 053 0.58 470 182 0.09 1.14 586 0.02

*Lol = loss on ignition; ** C = organic carbon

The prepared experimental composition was initially wet-milled in porcelain pots during two hours.
The resulting slurry was then sieved through 230 mesh (63 um) and allowed to dry at 110°C before a final
sieving through 20 mesh (820 um).

Twenty rectangular specimens measuring 114.3 mm x 25.4 mm x 10 mm were molded under
uniaxial pressure at 30 MPa. Specimens initially containing 8% of moisture were dried at 110°C until a
constant weight was achieved and then fired at 1180°C. A controlled heating rate of 10°C/min was applied
up to the patamar temperature, at which each specimen was left for 6 minutes. Cooling occurred by natural
convection after turning the furnace off and leaving the specimen inside. These chosen values for the
technological parameter are commonly applied in laboratory procedures to simulate industrial conditions.
The evaluated properties in the fired state were: bulk density, total porosity, water absorption, linear
shrinkage and flexural strength. The bulk density was determined according to the Archimedes Principle. The
absolute porosity (Pt) was obtained using the equation: P+ = 1 — (pg/p7), Where pgis the bulk density and pr
is the absolute density obtained by helium picnometry, using a Ultrapycnometer 1000-Quantachrome
equipment. The water absorption was determined according to standard procedure [14]. The linear shrinkage
was obtained by the measurement of the length of the specimens before and after the firing stage using a
caliper with precision of + 0.01 mm. The flexural rupture strength was determined by the three point bending
test in a universal Instron 5582 machine, following the code [15]. Weibull method [16] was applied to
statistically analysis the mechanical strength results.

The microstructural analysis of the experimental and industrial ceramic bodies was performed in the
fired specimens by X-ray diffraction (XRD), mercury intrusion porosimetry (MIP) and scanning electron
microscopy (SEM). The fracture surface of a selected specimen was studied by scanning electron microscopy
(SEM) using a Zeiss model DSM 962 equipment. The pore size distribution between 0.00648 to 8.8884 um
was obtained by MIP, using a contact angle of 140° in an Autoscan 33 Quantachrome Porosimeter. Major
crystalline phases were determined by XRD in sectioned specimens, collected from the center of fired
specimens. The XRD of randomly-oriented powder was carried out in a Seifert model URD 65,
diffractometer equipped with a graphite monochromator operating with Cu-K, radiation for a 26 range from
5° to 65°.

3 RESULTS AND DISCUSSION

The values of bulk density, total porosity, water absorption and linear shrinkage of the tested
composition fired at 1180°C are shown in Table 4. The results indicated that the experimental fired ceramic
of the present work displays an excessive absolute porosity and low bulk density in comparison with others
fired porcelain tile bodies [2]. Although the water absorption (WA) attend the code, WA < 0.5%, the value of
0.48% is considered elevated. The linear shrinkage is lower than the values normally adopted for industrial
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porcelain bodies. These results are associated with the low silica and high alumina and loss on ignition
contents of the elaborated composition. Both, dry bulk density and the firing temperature must be elevated
for a better densification of the investigated composition.

Table 4: Firing technological properties.

Bulk density (g/cm®)  Absolute porosity (%)  Water absorption (%) Linear shrinkage (%)
217+ 0.20 16.5+ 0.45 0.48 + 0.18 6.99+ 1.20

Figure 2 shows the Weibull diagram for the analysis of the mechanical strength results obtained for
the investigated body composition. In principle two groups of points can be interpolated by straight lines with
different slopes. Therefore, it is suggested that a bimodal distribution, with relatively low value for m, is
associated with the mechanical behavior. The average parameters related to this bimodal distribution were
calculated from the bolder single straight line also presented in Figure 2. It is also observed that the
characteristic strength, o, of 35.1 MPa attends the specification for porcelain tile [8].
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Figure 2: Weibull diagram of the ceramic body fired at 1180°C.

Figure 3 shows the XRD pattern of the experimental ceramic body fired at 1180°C. In this figure it
is observed that the identified crystalline phases are quartz, mullite and plagioclase. The quartz and
plagioclase are residual phases that were already present in the raw materials. By contrast, the mullite was
probably formed at temperatures around 1075°C from the unstable aluminosilicate spinel phase [10].
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Figure 3: X-ray diffraction pattern of the ceramic body fired at 1180°C. Mu = mullite; Pl = plagioclase; Q =
quartz.

Figure 4 shows that the main distribution of pore peaks occurs around 0.16 um. In this figure it is
also important to note that there are two others pore population peaks at 0.02 and 0.014 um. These pore sizes
are relatively small, indicating that the experimental body displayed elevated densification mainly through
liquid phase. It was not possible to identified others population pores due to the detection limit of the

equipment.
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Figure 4: Pore size distribution curve of the ceramic body fired at 1180°C.

Figure 5 shows the micrographs corresponding to the fractured surface of the specimen fired at
1180°C. Spherical and isolated pores in a vitreous matrix can be seen in this figure. These characteristics
correspond to typical porcelain tile bodies [17], being associated with high densification through liquid phase
sintering. The coarse pores can be attributed to the O, release from the reduction of Fe,O; [18]. These pores

present radius of 10-20 um, which were not detected by the MIP in Figure 3.
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Figure 5: SEM microstructure of the fractured surface of the ceramic body
fired at 1180°C. (a) 400x; (b) 2000x.

4  CONCLUSIONS

e The investigated clay shows chemical characteristics that make possible its use in porcelain tile
composition. However, the elaborated porcelain tile body shows low silica and high alumina
contents and loss on ignition. The kaolin must be partially substituted by the investigated clay.

e The elaborated porcelain tile body showed low bulk density, which impairs the sintering process.
The investigated body showed a microstructure and technological properties compatible with
porcelain tile bodies. However, the porosity must be decreased. This can be obtained changing the
elaborated composition as well as the process parameters. The silica content must be increased,
the alumina and loss on ignition must be decreased. The changing in the process parameter
includes the increase in the dry bulk density and the firing temperature.
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