UFECERAM

The main objective of a further basic action in the Lifeceram project was to develop a body and a glaze composition in order to fabricate a new tile, based on
ceramic wastes, to be used as urban flooring.

An essential requirement for this type of body is that it must exhibit low porosity, determined by a water absorption test, with a maximum tile water absorption
of 3%. The body must also display appropriate mechanical strength, i.e. above 35 MPa. With regard to the glaze, this must be slip resistant in order to be safe
and prevent possible slip-falls of pedestrians on the flooring.

The new body composition was based on unfired and fired tile scrap, as these are the largest quantities of waste generated in the ceramic tile manufacturing
process. The volumes generated of both types of waste come from the different types of ceramic tile made (earthenware wall tile, stoneware tile, and porcelain
tile), the volumes varying highly, depending on the tile manufacturing company: Lifeceram used a mixture of equal parts of the wastes.

The procedure consisted of:

a) Milling the softest wastes (unfired tile scrap and sludge) in a hammer mill to a size below 0.3 mm.

b) Milling the fired tile scrap in a hammer mill to a size below 1.0 mm

¢) Mixing the wastes in the appropriate proportions

d) Granulating the milled material in a high-speed granulator.



The initial formulation was based on a 50:50 mixture of fired and unfired tile scrap. As may be observed in Figure 1, in which the variation of test piece density
and water absorption with firing temperature are plotted, this composition required a very high firing temperature (1190 °C) to reach low water absorption (3%).

To reduce this high firing temperature, the Lifeceram work team tested additions of different amounts of types of wastes that exhibited high fusibility, such as
glaze sludge, polishing sludge, and the waste generated on kiln filters.

Glaze sludge was very effective in reducing firing temperature, as it contained frits and small-sized particles (< 45um). The use of 10% glaze sludge in the
composition lowered the firing temperature by 20 °C.
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The waste from the kiln filters also lowered test piece firing temperature. This was due to the fluxing character of this waste, owing to the high fluorine and
calcium ion content. However, the presence of fluorine in the waste limited filter waste reuse to below 1%, in order to keep kiln gas emissions below
environmental regulatory values.

Polishing sludge, deemed the most fluxing ceramic waste, also decreased tile firing temperature. However, the presence of organic matter and abrasive
particles (silicon carbide) limited polishing sludge reuse to below 10%.
Taking into account the above constraints and restrictions, a body composition was finally obtained whose characteristics were compared with those of
compositions currently being used to make glazed stoneware tile and porcelain tile. Table 1 and Figure 2 show the main results obtained. Comparative
analysis with industrial body compositions allowed the following conclusions to be drawn:
- The pressing behaviour of the new body composition was satisfactory, though mechanical strength was low. However, the high thickness of the tile to be
fabricated (15 mm) assures sufficient breaking strength for unfired processing.
The body firing temperature was intermediate between that of stoneware tile and of porcelain tile bodies, thus allowing processing in current roller kilns.
The firing behaviour was similar to that of industrial body compositions, albeit with a greater variation in shrinkage with temperature. This aspect is not of
concern, as the tiles will be installed with a large tile-to-tile joint.

The firing shrinkage and tendency to pyroplastic deformation lay within usual values. Mechanical strength was higher than the required value (35 MPa),
though it was lower than that of industrial products.

To determine why mechanical strength was lower, test piece microstructure was observed by microscopy (Figure 3). The new body composition was observed
to exhibit highly densified regions, corresponding to the pressed granules; between these regions, small cracks were noted, which gave rise to the lower
mechanical strength.

Finally, a leaching test was conducted (Table 2), which confirmed that the waste-based body was an inert material.
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Table 1. LIFECERAM body properties compared with th  ose of commercial stoneware tile and porcelain tile bodies.

2.005 2.021 1.953
20 31 35
1163 1133 1185
3.0 4.0 0.5
2.355 2.322 2.382
6.8 6.5 7.6
2.3 2.5 3.5
380 430 580

Table 2. Recommended limits for classifying a waste as inert (Directive 1999/31/EC) and results of the ~ LIFECERAM body leaching test.

Pb <0.5 <0.5
Chlorine <800 29
Sulphur <1000 28




Figure 3. LIFECERAM body microstructure compared with that of a commercial stoneware tile body.

1 Glaze composition

Two layers need to be distinguished in the glaze: the engobe, which is applied on the surface of the body, and the glaze itself, i.e. the finished coating that
provides the product’s aesthetic qualities and surface properties.

These compositions were formulated by incorporating wastes from VERNIS (sludge, frit powder, and ceramic solids), together with other raw materials to
adjust the properties to those required for urban flooring.

Two of the three main types of waste (sludge and frit powder) were mixed and fritted to reduce their variability, yielding a frit, which was referenced FE-LIFE.
To obtain this frit, in addition to the wastes mentioned, it was necessary to use a series of raw materials to adjust the frit chemical composition and thermal
expansion.

Frit FE-LIFE contained 50% waste and was used as a raw material in obtaining the engobe.

In the case of the ceramic solids, consisting of commercial frits of different nature, it was necessary to separate these in terms of type of frit (opaque, matt, and
crystalline) in order to be able to valorise them in the engobe and glaze formulations.

The following step involved determining the maximum percentage of frit FE-LIFE that could be used in the engobe formula without impairing its stability. To
obtain the appropriate level of engobe fusibility and opacity, one of the separated frits (the opaque frit) was added directly, in addition to frit FE-LIFE. The joint
percentage to be used of the two frits was 15%, as the rest of the engobe formulation was made up of raw materials.



In developing the glaze, it was sought to maximise the content of the three separated frits: the opaque, transparent, and matt frits, offsetting the resulting
formula with a conventional frit to keep the ceramic properties stable. The final content of these frits was 15%. In this case it was not possible to use frit FE-
LIFE.

The engobe and glaze developed were used to obtain laboratory-scale test pieces on the LIFECERAM body, and the grammages were established
that needed to be applied to obtain the required ti  le appearance and properties.
These three compositions (body, engobe, and glaze) will be used in the industrial trial to be performe d in the next project phase.



The Lifeceram project study allows the following conclusions to be drawn:

- A body composition was formulated for urban flooring, which was entirely made up of waste (unfired and fired tile scrap, glaze and polishing sludge, and
kiln filter dust)
The formulated composition was close to the relative proportions generated of the different ceramic wastes.
The body exhibited appropriate behaviour for processing in current industrial facilities.
The final body properties with regard to porosity, mechanical strength, and environmental requirements were successfully achieved.
The engobe and glaze compositions of the urban floor tile were formulated with three wastes from the frit fabrication process: sludge, frit powder, and
ceramic solids.
In order to be able to incorporate the maximum amount of these wastes, two wastes (sludge and frit powder) were mixed and fritted together with other
raw materials to obtain frit FE-LIFE, which contained 50% waste. The third waste (ceramic solids) consisted of frits of different nature, which had to be
separated in order to be able to valorise them.
A satisfactory engobe composition was obtained using frit FE-LIFE and one of the separated frits, together, as 15% of the engobe composition. In the
glaze, it was not possible to use frit FE-LIFE, though 15% of the separated frits was used in the glaze composition.

LIFECERAM is a LIFE+ project, coordinated by the Instituto de Tecnologia Ceramica (ITC), with the participation of the Spanish
Ceramic Tile Manufacturers’ Association (ASCER) and the companies CHUMILLAS TARONGI, S.A., KEROS, S.A., and VERNIS,
S.A., which manufacture ceramic machinery; ceramic tiles; and frits, glazes, and ceramic colours, respectively. The project seeks
to achieve zero waste throughout the ceramic tile manufacturing process. For further information on LIFECERAM+, please check
out: http://www.lifeceram.eu
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