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1. Introduction

Glass-ceramics are polycrystalline solid materi@istaining residual glassy phadseSuch materials show several
interesting properties, and have found applicationgifferent areas of society and industry, suchcaoktops,
cookware and bakeware, protection layers, and sethiread supports in the textile industiyThese materials have
also found application in the ceramic tile field. flact, successful examples of such applicationtlagetrademarks
“Neoparies” and “Enduro®* Among glass-ceramic systems of practical intetestLZS (LbO-Zr0,-SiO,) stands out
since the obtained glass and the formed crystafilmeses, zircon (ZrSypand lithium dissilicate (L.5i»Os), provide
glass-ceramic materials with adequate propertiesfplications such as glazes for ceramic tilesviBus research
works carried out by the authdr8 showed that certain compositions of the LZS syssemibit, in particular, high
bending strength as well as high abrasion and d&mésistances when compared to traditional naterMoreover,
they are initially white materials, and allow to belored by the introduction of an appropriatedrgamic pigment.
They are produced at lower temperatures (800®0(n short times (35-60 min) using the same camoit and
machines of a traditional ceramic factory. Howevke utilization of this system is limited by thagh coefficient of
thermal expansion, CTE (9-11x10C%), in comparison to the ceramic supports (5.5-700%iC™"). Therefore,
considering that the global CTE of the ceramic esystiepends on the intrinsic properties of eacheptesrystalline
phase, the partial substitution of zirconia by dhanwas tested to form th@-spodumeng (B-spodumene solid
solution, LO-AlL,05-4-10SiQ) crystalline phas&:*® The B-spodumene (LD-AlL,O;-4SiQ) crystalline phase shows
low CTE (0.9x1@ °C%). An appropriate crystallized amount @fspodumene could compensate the effects caused by
other formed crystalline phases, such as zircorl@XC?) and lithium dissilicate (11x10°C™), in particular,
decreasing the CTE of the material and originatings a new glass-ceramic system named LZSAO{4rO,-SiO.-
Al,O;) based mainly ofs-spodumene and zircon crystalline phasés.in this context and considering the peculiar
properties of LZSA glass-ceramics according tofevious papers, this work show results regarding tZSA glass-
ceramic layer glazes obtained by the double faisigfitechnology. A concentrated suspension comtgihiZSA parent
glass powder and a polymeric liquid base was pegpand applied on fired ceramic bodies by usingstirégraphy
technique. The double firing was conducted in aderokiln at the 700-1000°C temperature range anddfitimes
between 30 and 120 min. Powder samples were chiiynicwlyzed by X-ray fluorescence (XRF). Sinterimghavior
of glass compacts was evaluated by thermal shrankagasurements in an optical dilatometer (DIL).sGalization
temperature was determined by differential theremalysis (DTA) and microstructure and glaze layeckiness by
scanning electron microscope (SEM). Finally, fiedhceramic floor tile samples were evaluated bylyamgp typical
ceramic tests. Results indicated that the doulsiefiiang technology, in this case, is an appraedatechnical solution
to obtain sintered thin glass-ceramic glaze layersproduce high performance ceramic floor tiles &orgiven
application.
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2. Experimental procedures

A LZSA glass-ceramic frit (19L0.87r0,.64Si0,.9A1,05-molar basis) obtained by melting (1500°C/7h) afustrial
raw materials (ZrSig) Li,COs, quartz and natural spodumene) was wet milledlodatory alumina ball mill (45 h) so
that a powder with a average particle size ofiOwas found by laser scattering analysis (CILAS4.0% Chemical
composition of the LZSA glass powder was determimgX-ray fluorescence spectroscopy (Philips, PW®4and by
atomic absorption (UNICAM, Solar 969) for the litihm determination.Thermal linear shrinkage (TLS) of compacted
samples was measured by using an optical dilatorttpert System Solutions, MISURA ODHT) at 10°Qnhin air.



The crystallization temperature of the glass powdegre measured using differential thermal angh3iA (Netzsch,

STA EP 409) in air at a heating rate of 10°C.firsing powdered specimens of about 60 mg in aniakisample
holder with an empty alumina crucible as referemegerial.

Subsequently, a concentrated suspension contabngt.% LZSA glass powder and 44 wt.% organic medig
057/A Manchester) was prepared for serigraphiciegjgbns on fired industrial ceramic floor tilesftér serigraphic
applications (110 g/fn ceramic samples were dried at 110°C for 2 h hed they were fired in a roll kiln in the 700-
1000°C temperature range for 5 min at the maximemperature so that the total cycle was took fromo3020 min,
respectively. Selected fired samples were coateti &ithin Au film for scanning electron microscof$EM)
observations (Model Philips XL-30). Additional setled samples were prepared and subjected to tytpisial applied to
ceramic tiles i.e., chemical resistance, stainiegistance, abrasion wear resistance and frictiafficient (Tortus
method) according to ISO 10545. The roughnesdamed surfaces before and after abrasion wear isasaaluated.

3. Results and Discussion

Figure 1 shows the linear shrinkage curve of a L&f#ss compact. From Figure 1 it can be seen thasification,
represented by the liner shrinkage, starts at ab@QRC in close agreement to the glass transiimpérature (~600°C)
determined by DTA, attaining maximum at 850°C wlhbke shrinkage rate tends to zero. This behavioelsted,
initially, by the crystallization mainly of zircotithium silicates an@-spodumene crystalline phases according to XRD
analysis in our previous research wdtkd At higher temperatures (>1000°C) crystalline @isasre completely melted
as shown in Figure 1, since shrinkage increaséss Behavior was confirmed also by DTA.
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Figure 1. Linear shrinkage ofLZSA glass compact. Heating rate 10°C.thin

According to Figure 1, DTA and microstructural aysié selected samples were fired at 800°C for 5gimice this was
the best condition in terms of porosity and dimenal stability.

In fact, Figure 2 shows SEM micrographs related sample fired at 800°C for 5 min in which is plolesto see a very
dense and thin (average thickness of 30 um) LgB&e layer respect to the engobe layer and theterbody. It is

important to point out that the thickness of indiastglazes for ceramic tiles corresponds to abf@+600 um so that
500 to 750 g/rhof suspensions are applied.

Preliminary staining tests using chromium and ioaides on abraded surfaces, after 12,000 revokiiiothe abrasion
test equipment, show non staining points indicathag is possible to obtain glazed ceramic flokastiwith optimized



porosity for a specific application. Chemical résige tests show best results (class AA). The medstoefficient of
friction was approximately 0.64 in the dry and Oib%he wet conditions, respectively.
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Figure 2. SEM micrographs of the cross sections of sampled &t 800°C for 5 min at (a) low magnificatiaeamic
body, engobe-intermediate layer , LZSA glaze-top ¢b) at higher magnification evidencing the LZ§laze layer on
the engobe.

Abrasion wear e chemical resistances results aeetlli related to the crystalline phases mainlgair since it has
relatively high hardness (7.5 in the Mohs scale) elmemical stability. The high staining resistaraethe other hand,
is related to the low porosity observed on the LZfdved surfaces and also to the relatively lowsussd roughness.
In fact, surfaces before and after abrasion weawsbughness (Ra) values of 1.44 um and 1.74 pspecgively.

4. Conclusions

LZSA glass-ceramic glazed ceramic floor tiles web¢ained by double fast firing at 800°C for 5 miRelatively thin

(30 um) and low porosity glazed layers, applied the serigraphy technique, containing mainly zircamd

aluminosilicates crystals were obtained after inprocess.

The obtained ceramic floor tiles did not show stanpoints even after 12,000 revolutions in theaslim test
equipment.

Chemical resistance was class AA being that th&icimnt of friction can be appropriated for anifishpplications.

On the bases of the preliminary obtained resulis fossible to say that the produced ceramic ftibes are potential
candidates in a number of applications but in paldr in cases where cleaning is an important requent.
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