
GEOLOGICA CARPATHICA - SERIES CLAYS, 2, BRATISLAVA, DECEMBER 1992
91-95

CARBONATIC CLAYS FOR THE PRODUCTION OF POROUS CERAMIC
TILES BY FAST SINGLE FIRING

FRANCO BILLI1, MICHELE DONDI2, BRUNO FABBRI2 and NORIS MORANDI3

'Cooperativa Ceramica ďlmola s.c.r.l., Imola (Italy)
2CNR-IRTEC, Research Institute for Ceramics Technology, Faenza (Italy)

3Mineralogical Sciences Department, University of Bologna (Italy)

(Manuscript received September 4,1992; acceptet in revised form November 16,1992)
i

Abstract: Plio-Pleistocene clayey marls are widespread in Italy and they have been widely used in the traditional Italian 
ceramic production. So, the present study was undertaken to verify the possible application of the same raw materials in 
the production of the modern porous tiles obtained through fast single Firing ("monoporosa”). For this purpose, thirteen 
clay samples were collected in a wide area near Faenza (northern Italy). The analyses demonstrated that they are quite 
uniform from the chemical, mineralogical, am^granulometric point of view. Technological tests at both laboratory and in­
dustrial level pointed out that the clayey marls in hand are suitable to be utilized in an up-to-date porous tile production. 
The optimum content in the starting body is around 25 %.
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Introduction

Carbonate-bearing clays of Pliocene-Pleistocene age widely out­
crop all along the Apenninic chain in Italy. They are fine-grained 
raw materials, which have been extensively used to obtain differ­
ent ceramic products with red paste: bricks, tiles, and artistic 
majolica wares (Bertolani et al. 1986). In particular, the tiles 
represented the typical Italian production of porous materials; 
they were processed through a double firing cycle: first the sup­
port and then the glaze. Since the last decade, this classic pro­

cessing system has been supplanted by both rapid double firing 
and fast single firing. Single fired tiles represent the so called 
’’monoporosa” (Biffi 1988).

The change of the technological route to obtain porous ce­
ramic tiles required an adaptation of the composition of both 
bodies and glazes, to avoid gaseous emissions from the body 
during the glaze maturation (Fabbri 1992). Practically this 
means that the use of the above-mentioned Apenninic clays is 
being given up. For this reason, a series of studies regarding the 
Pliocene-Pleistocene clays which outcrop in a wide area near

Fig. 1. Geological sketch of the area between Santemoand Montone rivers near Faenza (northern Italy). Stars indicate the sampling sites; numbers 
from 1 to 9: this work; letters from A to D: after Fabbri et al. (1988).
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Faenza in the northern Italy has been undertaken (Fabbri et al. 
1988; Dondi et al. 1991). The aim of the research, on the whole, 
is to verify the limits of the use, in up-to-date ceramic tile pro­
cessing, of these red firing carbonatic clays. The present paper 
represents the last part of the work; it deals with technological 
tests at both laboratory and semi-industrial scale.

Experimental

Thirteen day samples were collected in a wide area between San- 
temo and Montone rivers, nearby Faenza (Fig. 1) they are repre­
sentative of the Lover Pliocene to Lower Pleistocene Santemo For­
mation (Dondi 1982). The samples were analyzed from the chemical, 
mmeralogical, grain size, thermal and technological points of view.

The chemical determinations of the main composition were 
performed by means of an XRF spectrometer (Philips P W1480) 
on pressed tablets of the powdered samples; soluble salts were

determined through treatment in distilled water and subsequent 
analysis of the solution by means of an AA spectrophotometer 
(Pye Unicam SP9). Mineralogical data were obtained by using 
a Philips diffractometer (CuK« radiation) to recognize the 
minerals present, and a computerized program to elaborate the 
rational composition. Grain size distribution was determined 
through a sedimentation technique (Micromeritics SediGraph 
5000ET). Thermai analyses (TG and DTA) were carried out by 
a Setaram apparatus, up to about 1000 °C with a thermal gra­
dient of 10 °C/minute.

The technological behaviour of 5 samples (Nos. 1,2,3,9 and 
A) was checked, at a laboratory scale, by preparing clay tablets 
(110 x 55 x 7 mm) through dry pressing (30 MPa, 6-1 % mois­
ture). They were successively dried and then fired at several 
temperatures from 960 to 1100 °C with a cycle of 60 minutes 
from cold to cold; at the end, dimensional variations, water ab­
sorption and bending strength of the fired tablets were deter­
mined.

Table 1: Chemical, mineralogical and soluble salts composition of the clay samples.

Pliocene Pleistocene

Ltwer Middle Upper Leaver

cglg 6 9 1 D 3 5 7 2 4 8 A В C

Si02 46.46 47.75 48.90 4864 4270 45.92 4810 45.79 45.43 4680 44.81 4682 4689

AI2O3 11.41 11.47 1280 1303 1204 1251 1208 1245 1201 1237 1228 1226 1243

T1O2 055 0.64 0.61 0.64 056 0.60 0.63 059 0.61 0.60 056 0.62 055

Fe203 433 456 4.76 4.99 4.61 4.98 4.95 4.74 4.94 481 527 4.70 4.93

MnO 0.06 0.09 0.11 ad. 0.11 0.10 0.09 0.11 0.10 0.11 ad. ad. ad

MgO 298 268 3.09 214 261 247 215 268 256 3.42 268 245 356

CaO 1439 14.93 1157 10.68 1558 1328 1153 1356 1295 1293 1296 11.76 11.76

Na20 1.49 0.79 135 1.11 1.67 124 151 1.17 130 1.01 1.11 138 1.02

КгО 228 234 238 251 239 255 257 255 258 250 251 247 253

P2O5 0.15 0.15 0.17 ad. 0.15 0.16 0.15 0.15 0.15 0.16 ad ad. ad

S 081 0.09 0.16 0.06 0.13 0.15 020 021 0.11 0.02 0.01 0.12 tr.

F 0.08 ad 0.09 ad. 0.09 0.08 0.09 0.10 0.09 0.09 ad ad. ad.

L.O.I. 1554 16.77 14.20 1429 17.41 15.97 1420 1556 1557 16.07 1658 15.43 1538

S~ 0.13 0.05 0.16 tr. ad. ad. ad 0.45 ad nri. tr. 0.03 tr.

Cl' 0.01 0.01 0.02 0.05 ad. ad. ad 0.05 ad n A 0.03 0.18 0.02

Na+ 0.10 0.02 0.19 025 ad. ad. ad 039 ad nxl 0.15 035 0.10

K+ 0.07 0.04 0.05 0.08 ad ad. ad 0.07 ad n A 0.07 0.08 0.08

Ca+ + 0.03 0.03 0.02 tr. ad ad. ad 0.13 ad nxL 0.01 0.06 0.02

Quartz 26 25 27 28 21 24 25 25 23 26 22 26 27

Feldspars 12 8 11 11 13 10 12 9 11 8 11 11 9

Calcite 22 22 17 16 23 19 16 19 18 18 22 17 17

Dolomite 7 8 8 8 9 8 8 9 9 8 9 9 9

Dlite 21 26 26 26 22 25 26 25 26 26 24 24 26

Chlorite 6 6 6 5 7 7 6 7 7 7 6 6 6

Fe-oxides 3 3 4 4 3 4 4 3 4 4 4 4 4

Atxxsay 3 2 3 2 2 3 3 3 3 3 2 3 2

n.d. = not determined; tr. = traces
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As the final phase phase of the experimental work, a semi-in­
dustrial test was carried out using an experiment a body pre­
pared by employing the same raw materials, in the same propor­
tions, used for a current industrial body, except for the use of 
the carbonatic clay under examinationa in place of a marly clay 
(sample A). The industrial body was suitable for the production 
of porous tiles through fast single firing (’’monoporosa”). The 
composition of the two bodies is summarized in Täb. 3.

Dry grinding, pressing and drying of both the experimental 
and the industrial bodies were carried out in a pilot plant, while 
glazing and firing was realized in a production plant. The firing 
was carried out at 1080 °C with a 40 minutes long cycle; then an 
evaluation of the results was made by comparing the data for 
water absorption, dimensional variations and mechanical 
strength of the two products obtained.

Results and discussion

Raw material characterisation

All the clays taken into consideration show a quite uniform 
composition (Täb. 1).

From the chemical viewpoint, the samples are characterized 
by not elevated values of silica (42 - 49 %) and alumina (11-13 
%); with the AI2O3/SÍO2 ratio is always within in the range 0.24 
- 0.28. On the other hand, there are high concentrations of CaO 
(10.7 -15.6 %) and considerable contents of iron (4.3 -5% total 
as РегОз), magnesium (2.7 - 3.7 MgO), and alkalies (2.3 - 2.6 
K2O; 0.8 -1.7 ЫагО). Low but not negligible are the percentages 
of sulphur (0.06 - 0.21 % S) and fluorine (0.08 - 0.10 % F). In 
contrast to the main composition, the data relative to the soluble 
salts reveal themselves a little more inhomogeneous, in particu­
lar with reference to sulphur, chlorine and sodium. This could 
be at least partially due to the poor accuracy of sulphur and 
chlorine determination, but sodium analysis, which is much 
more precise and reliable, confirms the differences.

As regards the mineral composition, both X-ray diffracto- 
grams and thermal analyses show that the samples are con­
stituted by clay minerals, quartz, calcite, feldspars (Na-plagio- 
clase), dolomite, and poorly crystalline iron oxides or hydroxides, 
in approximate order of abundance. As far as the clay minerals 
are concerned, illite (and randomly interstratified I/S terms) is 
largely prevalent on chlorite, while kaolinite and smectite seem 
to be present only in traces. Rational mineralogical data confirm 
the qualitative indications deduced from the diffractograms: 
quartz 21 - 28 %, illite 21 - 26 %, calcite 17 - 23 %, dolomite 7 - 
9 %. This composition is consistent with that of clayey marls.

Grain size distribution of the samples (Fig. 2) is rather con­
stant and characteristic for silty clays; in fact, the clay fraction (> 
4 цт) prevails on the silt portion (4 - 64 цт), while sand com­
ponent (< 64 цт) is always negligible. It has to be stressed the 
thinness of these clays, which show an average particle diameter 
around 3 цт and a fraction less than 2цт as high as 40 - 50 %; 
this will yield a plastic behaviour in presence of water. On the 
other hand, the absence of a significant amount of smectitic 
minerals will insure the body against possible difficulties during 
drying.

Technological behaviour

The technological properties of the 5 samples taken into ac­
count are at first sight similar and consistent with the usual be-
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Fig. 2. Range of variation of the grain size distribution of the clay 
samples.

haviour of carbonate-bearing ceramic raw materials (Täb. 2). 
But, because the properties are the consequence of the combi­
nation of all the mineralogical, chemical and physical charac­
teristics of the raw materials, in detail some interesting dif­
ferences can be evidenced from one sample to another. The 
fired clays experimented are characterized by limited dimen­
sional variations, always comprised in the range 0.7 % (Fig. 3), 
but it is possible to individuate two groups of samples with a 
different behaviour when the temperature increases. Samples 1, 
2 and 3 show an expansion from 960 to 1040°C then the dimen­
sions remain practically constant. Samples 9 and A present an 
analogous trend up to 1000 °C, while the dimensions clearly 
decrease from 1000 °C to 1040 °C. It cannot be excluded that 
the different behaviour of the two groups of samples depends 
on the diverse humidity of the pressed powders, other than the 
physico-chemical characteristics of the clays; in fact it was about 
7 % in the samples 9 and A, and about 6 % in the samples 1,2 
and 3.

Table 2: Technological properties of the fired clay samples.

Senate Temperature [°C]

No
960 1000 1040 1060 1080 1100

1 +0.0 +03 +0.6 +05 +0.7 +05

Dimensional 2 -02 +0.1 +0.4 +02 +03 +02
variations

(%)
3 -02 +0.2 +0.4 +02 +03 +02

9 -03 +0.1 -02 -0.1 -05 nda

A -05 -0.1 -02 -03 -05 -05

1 17.4 17.9 17.7 18.7 17.9 17.1

Wuer 2 20.0 19.8 21.1 212 222 21.7
absorption

(%)
3 23.0 233 24.1 24.1 242 242

9 175 18.9 200 20.9 19.6 16.1

A ad. 203 21.9 21.6 210 21.0

1 17.7 183 182 18.4 220 240
Bending
straight
(MPa)

2 21.0 20.9 202 229 292 283

3 190 23.2 242 227 255 30.6

9 24.6 24.1 27.6 283 29.1 nxla.

A n.d 29.4 273 27.4 300 320

n.d. = not determined; n.da. = not determinable.
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Fig. 3. Dimensional variations of the fired samples.

FIRING TEMPERATURE (°C) 

Fig. 4. Water absorption of the fired samples.

=1040°C

CALCITE ♦ DOLOMITE CONTENT (%)

Fig. 5. Relationship between carbonate content of theclays and dimen­
sional variations or water absorption of the fired samples.

The water absorption seems to be little dependent on the 
temperature in the interval 960 - 1100 °C, so that it is quite 
constant for each sample (Fig. 4). In particular, it slightly in­
creases up to about 1050 °C, then remains constant (samples 2 
and 3) or decreases more or less slowly (sample 9 or samples 1 
and A respectively). If we consider the restricted temperature 
range at which all the samples show quite constant water absorp­
tion and dimension, that is around 1040 °C, we can see a good
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Fig. 6. Bending strength of the fired samples.

Table 3: Tfcchnological properties of the experimental and the indus­
trial bodies.

industrial body experimental body

marly clay 25% -

sample A - 25%

badia clay 25% 25%

colombara sand 27% 27%

shaping moisture (%) 15 8.7

green bending strength (MPa) 1.9 13

water absorption (%) 17.7 18.9

shrinkage (%) 1.9 29

bending strength (MPa) 92 13.0

direct correlation between the values of water absorption and 
the contents of calcite plus dolomite (Fig. 5). Furthermore, in 
the same fig., it can be seen that the dimension of the different 
samples decreases as the carbonate content increases.

Bending strength data, on the whole, are within in the range 
18 - 33 MPa, with strong variations for both the different samples 
and the various firing temperatures. The lowest data are shown 
by sample 1 (from 17.7 to 24.8 MPa), while the highest ones were 
recorded by sample A (from 27.3 to 32.8 MPa), approximately 
depending on the carbonate content and the pressing moisture: 
the higher the carbonate content and the pressing moisture, the 
higher the mechanical strength. With reference to the firing con­
ditions, the bending strength tends to be constant up to about 
1050°C and rapidly increasing for the higher temperatures (Fig. 6).

Semi-industrial test

On the ground of the above-mentioned technological proper­
ties, sample A was selected for the industrial test, since it is char­
acterized by the highest bending strenth values as well as inter­
mediate values of water absorption and dimensional variations.

The results obtained after the semi-industrial test are a bit far 
from the current parameters of’’monoporosa” tiles for both the 
industrial and the experimental bodies (Täb. 3). This is probably 
due to the different conditions of both body processing and tile 
shaping in pilot plant with respect to the industrial plant.
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Notwithstanding this, the comparison of the technological 
properties of the two bodies points out just slight differences in 
the values of water absorption, shrinkage and bending strength. 
In particular, the experimental product seems to be worse with 
reference to shrinkage (2.9 versus 1.9 %) and porosity (18.9 % 
versus 17.7 % water absorption) if compared to the industrial 
tiles. On the other hand, the experimental product presents a 
much better bending strength (13.0 versus 9.2 MPa).

Conclusion

The clayey marls widely outcropping in the hillsides near 
Faenza (northern Italy) are characterized by quite uniform 
chemical and mineralogical composition as well as homo­
geneous grain size distribution. The contents of soluble salts 
and pollutant elements (S, F, Cl) are usual and tolerable for 
ceramic applications.

Tfechnological tests carried out both in laboratory and in in­
dustrial plant highlight that these raw materials are perfectly 
suitable to be used in the production of porous tiles (’’monopo- 
rosa”) through the up-to-date fast single firing process. The 
amount of clayey marls that can be introduced into normal 
’’monoporosa” bodies is estimated in 20 - 30 % wt. at maximum.
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