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ABSTRACT

A thin glass-ceramic layer belonging to the LiO.-Z rO.-5iO.-AI,O, system (LZ5AJ was used
ouer porcelainized stollewarefloor tile sill/aces to protect them and improue product properties. A
glaze of the studied glass-ceramic was obtained, appropriately prepared and applied ouer the surface
of a glazed potcelainizrd st'J1leware. This material was sintercd for 70 mill at 900"C. The resII Its
obtained showed that obrasion resistance (PEl) rose f rom 3 to 5 alii! hardnes« (Mohs scale) rose
from 4 to 9.
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INTRODUCTION

Th e Porcelaini zed Stoneware share in th e world ceramic tile market has grown, due
to certai n p roperties such as very low porosity an d high mechanical st rength , However,
w he n poli sh ed , its closed porosity (about 6 to 8 %) becomes exposed, allowing pe ne tration
of dirt and surface sta in ing. To overcome this problem, the ap plica tion of a tradition al
glaze layer over the cera mic body in a sing le fire cycle ha s been shown to be a possible
alte rn ative, and ha s found some following. Nevertheless, for polishi ng thi s prod uc t
exh ibits the sa me problem with time, since these glazes also have closed poros ity, low
hardness and low abras ion resistance, so that the final prod uc t also loses its aesthe tic
characteris tics . A technical alternative could be the application of a thin layer (abou t 5 to
lO rnm ) of a glass-ceramic mat erial over the porcelainized stoneware surface. Such
materia ls h ave been used w ide ly in different areas of so ciety and industry!'! includ ing the
ceram ic tile area!". One of the glass-ceramic systems of practical interest is the LZS system
(Li,O-ZrO,-SiOJ, which has interesting properties for applica tions as glazes in covering
cera mic pla tes .-Previous research works carried out by Novaes de Oli veira et all' -11 show
tha t cer ta in composi tions of the LZS sys tem exhibit, in particular, high bending st rength
as well as high abrasion and che m ical resistance, when compared wi th traditional
ma terials . With respect to the manufacturing p rocess, these materials can be obtained at
lower tempe ra tures (800-900°C) and in extremely short tim es (35-60 minu tes ) usin g the
same cond itions and machines of a trad itional ceramic industrv. However, it is necessarv
for this layer to be compatib le w ith the ceram ic base. For exa mple, thi s system has a high
coefficient of therm al expans ion (9-11 x lO ' ''C ') compared to the ceramic base (5.5-7.0 x
10"'''C l). In recent researches of the authors!", th e che mical composition of th e LZS system
has been modified w ith the add itio n of AI,O. to correct the coefficient of thermal
expansion . This new sys tem, LZSA, ha s sh mvn"a w ide range of coefficient of thermal
expans ion va lues, bei ng easily adjustable for the purposes of th is work. Moreo ver, it is
desirable to maintain th e design of the p roduct, inclu ding the brightness, and if possible
to add aesthe tic va lue. Th is work shows the resu lts obtaine d in the d evelopment of a
gla zed porcelainized sto neware p roduct covered by a thin glass -ceramic glaze, using a
glass-ceramic be longing to the LZSA sys tem, th erm ally treated at 900"C for 70 min, with
the objec tive of improving the mechanical properties, main taining its brigh tness.

EXPERIM ENTA L PR OCEDUR ES

A com position of the LZSA syste m w as prepared from app ropria te amounts of
Li,COy ZrS iO" SiO" AI,O, and spod umene as raw mat erials. The batch compositio n of
abou t 1 kg was placed in a mullite cruc ible and melted at about 1470"C for 2 h in a gas
furn ace. The melt was quenched in water and dried. Subsequently, an addition of 10 w t%
of Alp" SiO, or ZrSiO, was mad e to th e glass (frit) as a second phase, and referenced
PlOA, PlOB and PlOe, respectively. Each com position was dry milled in porcela in ball
mills for 3 h an d then sieved to yield a powder. Each composi tion was appropriately
p repared and app lied over a glazed porcelainized stoneware p roduct. Th e samp les were
iso thermally sin tered in a labora tory roller kiln (± S"C) for 70 min at 900"C. Subsequen tly,
the sa mp les were subjected to surface abrasion and stain resistance tests, accord ing to ISO
10545, and the Mohs hardness test.

RESULTS AND DI SCUSSION

There is a demand in the ceramic tile m arket for a p roduct w ith hi gh resistance to
abra sio n (PEl 5), high stain resistan ce (class 5), and hi gh Mohs hardness (above 8). On the
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other hand, it is im portan t for th is p rod uct to have a pleasant aesthe tic appearance . It
was thus th ough t that a high performance g lass-ceramic co uld be used as a p ro tecti ve
coa ting of a glazed porcelai n ize d s toneware tile . Th is p rotective coa ting, compa tib le w ith
the glazed base, must have high mechanica l p ro perties and also allow the brigh tness of
the g lazed product to be observ ed . Accord ing to recent w ork by the au thors!", a g lass
ceram ic contain ing 11.7 % Lip , 68.6 % SiO" 12.6 % Z rO, and 7.1 % Alp, w t% would
present so me of the desired mechan ica l p roperties. This com p os ition achieves a re la tive
dens itv of 92 'j{, when it is sin tered for 70 min at 900"C. In these condi tions , thi s
com posit ion shows an interes ting coefficien t o f thermal expansion (5.5 x 10"' "C I) w hen
compared with the porcela in ized sto neware glaze. Neve rtheless, it is an opaque materi a l.
Therefore, a fu ll layer cou ld not be used. An appropriate design was then sought,
illus tr a ted in figure 1, co nta ining poin ts of the protective laye r app lied in a geometrically
regu la r arra ngement. Severa l s itu ations were tested varying the number of poi n ts per
squa re cen timetre, from 44 to 576 p oints, over an appropria te ly chosen g lazed
porcela inized sto neware p roduct, co n taini ng a low porosity g laze an d high brightness;
how ever the Mo hs hard ness was low (4).
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Figure 1- Schematic picturesltOZl'il1S the desig/l tested:
(aJoris il ml surface (porct'lI7illi:ed stoneicuregl ll :c ) Iw d (/1) s lass-ceramicSIll:£, .

The stu d ied glass-ce ra mic has low hardness (6 on the Mohs scale) for the p urposes
of th is work. To attempt to overcome th is lim ita tion, 10 w t% of a second phase was ad ded
to the com position: AI,O" SiO, and ZrO" referenced PlOA, P10B and plOe , res pectively.
This addi tion increased the hardness to 9 on the Mohs scale . The sin te red sa m ples showed
a good brigh tness and appea rance. The tests w ith regard to the design (number of po in ts
pe r squa re cen timetre) showed tha t the sam ples with 144, 324 and 441 points pe r squa re
centimetre showed better brigh tness and abrasion resistance. However, the p lOA sa m ple,
conta in ing 10 % AJ,O" showed low surface abrasion res istance. Th e final results o f Mohs
hard ness, ab rasion res istance an d stain resist ance are gi ve n in Table 1.

STA IN ABRASION
SA M PLES RESIST ANC E R ESI STA.'iC E HARDNESS

(C LASS) (PE l) L\ l ohs)
P IOA 5 4 > 9
P IOS , 5 > 9
P IOC 5 5 > 9

TaNe 1 - f\. /.'s lI lts Oht ll i llCd (~f tire tested samplc,:, .
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CONCLUSION

CA STELLO" (SPAI,, )

Th is work showed that the glass-cerami c belong ing to the LZSA system applied as
geometrically regular points over a glazed porcelaini zed stoneware tile is an interes ting
techn ological solu tion to obtain a high performance product, w ith regard to mechani cal
resistan ce and bright ness.
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