Effects of Substituting Feldspar by Brazilian Phyllite in
Glazed Porcelain Bodies
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he objective of this study was to investigate the effect of substituting feldspar by phyllite in glazed
porcelain tiles bodies. Therefore, the behaviour during firing of a typical body containing feldspar and of
another in which feldspar was substituted by the same weight percentage of phyllite were comparatively
evaluated. The results showed that the behaviour during firing was significantly different. Water absorp-
tion decrease and linear shrinkage increase with increasing temperature began earlier in the feldspathic
body, and the variation rate was higher in comparison with the phyllitic body. The lower viscosity of the
liquid phase present in the feldspathic body in relation to phyllitic, estimated by the Giordano Model, is a
possible explanation for the observed differences. Other aspects such as different melting temperature of
the fluxing mineral as well as the liquid phase volume may also have influenced the observed behaviour.

Introduction

Sintering of porcelain bodies occurs through
melting of fluxing materials [1]. The molten
phase diffuses into the pores by capillary
forces, creating closed pores and body
shrinkage. The viscosity of molten phase
strongly influences the shrinkage and por-
osity of porcelain stoneware bodies [1, 2].
Feldspars are a group of aluminosilicate
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minerals with varying proportions of alkali
and alkaline earth elements. The feldspars
are classified chemically as albite [soda feld-
spar, Na(AlSi,0,)], orthoclase or microdline
[potassium feldspar, both K(AISi,Op) and
anorthite [calcium feldspar, Ca(ALSi,0,)]
(3, 4]. Feldspars play a fundamental role in
porcelain bodies acting as a flux during fir-
ing, forming a liquid phase and lowering the
vitrifying temperature. The microstructure of
the fired porcelain tiles is strictly dependent
on the body composition and influences the
final properties of ceramics [1].

Feldspar melts at 1150 °C producing leucite
(45i0,-A10,-K,0) and a vitreous phase [with
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a composition close to 95i0,-AL,0,-K,0] [3].
Potassic feldspar is a flux which produces a
liquid phase which viscosity does not vary
too quickly with the temperature, and which
therefore does not require a very strict con-
trol of this temperature: the firing range is
relatively broad [5].

Brazilian phyllite is a very fine metasedi-
mentary rock, primarily composed of seric-
ite, kaolinite and quartz, with an alkali
content of about 4 %, responsible for the
fluxing characteristics [6]. In Brazil, glazed
porcelain bodies may contain up to 50 % of
phyllites, especially in industries in the Sdo
Paulo State, favoured by the abundance of
this mineral in the southern state [7—10].

Despite the fact that in Brazil almost all the
glazed porcelain tiles producers use phyllite
instead of feldspar in their ceramic bodies,
there are almost no information about the
effects of this substitution. Objective of this
study was to comparatively evaluate the
effect of substituting feldspar by phyllite in
glazed porcelain tiles.

Experimental procedure

In this study, the methodology used to
comparatively evaluate the performance of
the fluxes, feldspar and phyllite, during fir-
ing, was to substitute feldspar by the same
amount of phyllite in a standard glazed por-
celain composition, as can be seen in Tab. 1.
The raw materials used were a typical com-
mercial feldspar and a phyllite from the Bra-
zilian Minas Gerais State.

The raw materials were wet milled in a por-
celain ball mill. The used deflocculant was
sodium silicate. After milling, the residue in
a sieve with apertures of 63 pm (250 mesh)
was <2 %. After oven-drying, 7 mass-%
water was added for granulation. The
moisturized powders were passed through
a sieve and contained in plastic bags for
24 h to homogenize the moisture. Prismatic
specimens (60 mm x 20 mm x 5 mm) were
pressed, using a NANETTI/IT automatic
press, at 260 and 400 kgf/cm? respectively.
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In the sequence, the specimens were dried
for 24 h at a temperature of 100 °C. Only
the compacts pressed at 400 kgf/cm? were
fired. Data for the gresification curves,
water absorption and linear shrinkage with
firing temperature were obtained through
standard procedures for samples fired in a
laboratory roller kiln during a 40 min firing-
cycle.

Chemical compositions of the raw materials
were evaluated by using X-ray fluorescence
(XRF, Phillips MagiX). X-ray diffraction (XRD,
ULTIMA IV — Rigaku) with CuKot radiation
was used for analysing the mineral compos-
itions of the raw materials. Mineralogical
phase composition was determined by ra-
tional mineralogical analysis [11].

Results and discussion

Tab. 2 presents the apparent density of
the compacts of the phyllite and feldspar
bodies pressed at two different pressures,
260 and 400 kgf/cm?respectively. It can be
seen that at the lower pressure the densi-
ties are very similar. However, at higher
pressure the compacts of the phyllite body
presented a higher density, probably due to
the broader particle size distribution of the
phyllite.

Tab.3 presents the chemical compos-
ition of the fluxes used. The content of
Na,0+K,0 in the feldspar is considerably
greater than in the phyllite, 11 mass-%
and 3,49 mass-%, respectively. The lower
content of Na,0+K,0 in phyllite is a con-
sequence of the fact that, as presented
in Tab. 4, in this mineral these oxides are
mainly contained in the mica muscovite that
represents 28 mass-% of the mineral com-
position, while in the feldspar microcline +
albite adds up to 70,2 mass-%. Therefore,
adding 50 mass-% of these raw materials,
phyllite and feldspar, in the bodies result in
an important difference in the content of
the actual flux minerals, microcline + albite
and mica muscovite.

As can be seen in Tab. 5, the theoretical
chemical composition of the mineral respon-
sible for the formation of the liquid phases
in feldspar and phyllite are considerably dif-
ferent, suggesting that the characteristics of
the liquids also should be different.

Figs. 1-2 present the variation of the water
absorption and linear shrinkage, respect-
ively, with the temperature for the bodies
containing phyllite and feldspar.
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Tab. 1 Composition of the studied glazed
porcelain bodies [mass-%]

Tab. 2 Average apparent density [g/cm?]
of the pressed samples containing
the same amount of phyllite and

Raw Material Phyllite | Feldspar feldspar (50 mass-%)
Clays 42 42
| Pressure Sample Sample
Talc 6 6 [kgficm?] with Phyllite with
Calcium carbonate 2 2 Feldspar
Phyllite 50 - 260 1,79 1,78
Feldspar - 50 400 1,90 1,85
Tab. 3 Chemical composition of phyllite and feldspar
Raw Kaolinite Mica Quartz | lllite | Microcline | Albite | Hematite | Others
Material Muscovite
Phyllite 13,8 28,0 55,1 = = = 1,0 2,2
Feldspar - - 23,1 5,9 42,2 28,0 0,1 0,8
Tab. 4 Qualitative mineralogical composition of the used raw materials [mass-%],
estimated by rational analysis [11]
Raw Chemical Composition [mass-%)]
Material
Si0, | ALO, | Fe,0, | Ca0 | MgO | TiO, PO, | Na,0 | K,O0 | MnO L.o.l. [%]
Phyllite 74,2 | 16,2 | 098 | 0,03 | 1,01 [ 0,76 | 0,05 | 0,18 | 3,31 | <0,01 4,12
Feldspar 72,6 | 153 | 0,08 | 0,19 | <0,1 | <0,01 | 0,17 | 3,31 | 7,67 | <0,01 0,29
Tab. 5 Theoretical chemical composition of mica muscovite and feldspar
Chemical Composition [mass-%] Sio, ALO, Fe,0, K,0 Na,0 L.o.1. [%]
Muscovite
KAL[SiAIJO, (OH, F), 45,21 38,36 = 11,81 = 4,07
Muscovite without L.o.l. 47,40 40,22 = 12,38 = =
Orthoclase (KAISi,O,) 42,2 mass-% 64,80 18,40 - 16,90 - -
Albite (NaAISi,0p) 28 mass-% 68,70 19,80 = = 11.82 =
Feldspar mixture 66,35 18,84 - 10,16 4,72 -

Regarding the water absorption, the tem-
perature required to reach, 0,5 %, the max-
imum values admissible for glazed porcelain
tiles were 1195 °C and 1235 °C for the
feldspar and phyllite bodies, respectively.
The slope of the curves for the two bodies
were quite different, with the feldspar body
decreasing the water absorption values
considerably faster than the phyllitic.

It can be seen in Fig. 2 that the variation of
the linear shrinkage with the temperature
of the two bodies also were quite different.
At 1195 °C the feldspathic body reached
its maximum densification and overfired
above this temperature, while the phyllitic
body didn’t presented the typical overfiring
behaviour up to 1240 °C.

Despite the difference of the apparent
densities of the compacts (Tab. 1), the total

shrinkage up to the temperatures in which
the bodies reached water absorption of
0,5 % are quite similar, suggesting that the
volume of closed pores is larger in the lower
density sample, the feldspathic body. Again,
the slope of the curves was quite different
with the feldspathic body presenting a fast-
er variation of the linear shrinkage with the
temperature than the phyllitic body.

In viscous sintering (or vitrification), one
of the most relevant characteristics of the
liquid phase, regarding the behaviour on
sintering, is its viscosity [1]. Therefore, the
data presented in Tab. 4 was used to es-
timate the viscosity of the liquid phases
through the Giordano's Model [12] and
the results are presented in Fig. 3. The es-
timated viscosity of the initial liquid phase
in the feldspar-based body is significantly
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Fig. 1 Water absorption variation of bodies containing the same amount (50 mass-%) of
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Fig. 2 Linear shrinkage variation of bodies containing the same amount (50 mass-%) of

phyllite and feldspar with the firing temperature
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Fig. 3 Viscosity variation of the liquid phases produced by the fusion of muscovite mica

and a mixture of feldspars, estimated by Giordano’s Model [12]
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lower than that of the phyllite-based body,
but the difference becomes smaller with in-
creasing temperature. Therefore, the faster
sintering rate of the feldspathic body with
respect to the phyllitic was expected. How-
ever, the strong difference observed in the
densification kinetics is not entirely justified
by the viscosity data and is likely to depend
on other factors.

One of these variables is the volume of li-
quid phase. As mentioned earlier, the vol-
ume of the fluxing mineral, mica muscovite
in the phyllitic body and a mixture of albite
and orthoclase in the feldspathic body, were
significantly different. Another aspect that
could explain the observed differences is
the fact that, as the feldspars melts earlier
than mica muscovite, and the bodies con-
taining them, during firing can allow a sig-
nificant dissolution of other minerals.

The use of Giordano's Model to estimate
the viscosity of the liquid phase has to be
seen with caution, because the model is
an empirical model, based on the charac-
terisation of a very large number of glasses,
and do not take into consideration possible
variations of the chemical composition of
the liquid phase, due to its interaction with
other mineral present in the body. Another
aspect that recommends caution is the fact
that the theoretical chemical composition
of the flux minerals was used in the calcu-
lations.

It is important to mention that the compos-
itions used in this work were developed
with the objective of allowing the compari-
son of the behaviour of the two bodies dur-
ing firing. To achieve this, the composition
of the phyllitic body was not representative
for the compositions actually used in the
factories. In Brazil, the compositions used
to produce glazed porcelain tiles containing
either feldspar or phyllite as flux minerals
are different and the firing temperatures are
similar.

In general, users of feldspathic bodies avoid
compositions containing talc and calcium
minerals, mainly to prevent problems of
pyroplastic deformation. On the other hand,
the phyllitic bodies usually contain talc and
calcium minerals.

This combination gives the phyllitic bodies
a fusibility similar to the feldspathic, and,
therefore, similar firing temperatures, with-
out the inconvenience of increasing the
pyroplastic deformation. As a matter of fact,
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usually the pyroplastic index of the phyllitic
bodies are smaller than the feldspathic.

Conclusions

In summary, in the conditions of this study,
the substitution of feldspar by phyllite in a
glazed porcelain tile body resulted in im-
portant differences in the behaviour during
firing.

The fusibility of the feldspathic body was
higher than the phyllitic. In accordance
with the Giordano's Model the viscosity of
the liquid phase initially formed in the feld-
spathic body should be lower than in the
phyllitic body and this difference should de-
crease with increasing temperature.

This difference in viscosity could, to a cer-
tain extent, explains the observed differ-
ences. However, other parameters should
also have influenced the results. One of
these parameters is the volume of liquid
phase, that was considerably larger in the
feldspathic body.

Another aspect that may be responsible for
the differences observed is the fact that the
melting temperature of the feldspar is lower
than that of the mica. So, in the feldspathic
body the liquid phase was formed earlier
than in the phyllitic and has had more time
to interact with the other minerals.
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