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Abstract

Porcelain stoneware tiles frequently undergo a polishing process, aimed atimproving their aesthetical appearence, that brings about a consisten
material removal, with formation of superficial defects and opening of closed pores. The consequent degradation of surface characteristics—
and especially the increased sensitivity to stains—represent the main limit to the use of polished tiles in many indoor and outdoor applications.
In order to better understand the role of microstructure on the resistance to stains, a phenomenological study of staining/cleaning operations
(ISO 10545 parts 14 and 16) and a thoroughful physico-microstructural characterisation of tile working surfaces (SEM, open and closed
porosity, rugosimetry, MIP) were carried out on twelve industrially manufactured and polished products. Diverse staining behaviours proved
to be connected with different tile microstructures, being the surface roughness as well as the amount and shape of coarser pores the mos
influent variables. Through a statistical approach, an empirical predictional model of the amount of stain retained by the tile surface after mild
washing with warm water was set up. It is based on roughness measuremen®R,(BottR,), estimation of macropores (i.e. 1-fafn by

MIP) and pore roundness (by image analysis of SEM photomicrographs).

© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction a worsening of functional performances, particularly an
increased sensitivity to staining agents, that is currently the
Porcelain stoneware tile—a low porosity, glass-bonded main limitation to their use in many outdoor and indoor
material with excellent technical characteristics—is widely applications’1°
used in the building industry. For this reason, these prod-  The resistance to stains is to a large extent related to the
ucts are required to have ever improved service perfor- “mjicrostructural quality” of the tile surface, thus amount,
mances in terms of mechanical, tribological and functional sjze and morphology of defects (e.g. pores, cracks, grooves).
propertiest™ The previous studies on this subject found a generic de-
Nowadays, the widespread industrial process of polis- pendence of the stain resistance on the superficial con-
hing—aimed at enhancing the aesthetical appearance ofcentration of pores and defects, but without any univocal
products—brings about a relevant material removal from correspondence with the amount of stain retained by the
the tile surface, commonly ranging from 0.4 to 0.8 rfA. tile surface’12
These grinding/polishing operations induce a significant A better understanding of the role of surface microstruc-
degradation of the superficial characteristics, due to bothtyre is fundamental to achieve a phenomenological model
the formation of cracks and flaws produced by the machin- of the staining behaviour, in order to improve the tile per-
ing procedure and to the opening of closed pores occurringformance. The rationale of the present study is to charac-
into the ceramic bod¥® Overall, the polished tiles exhibit  terise different typologies of industrially polished porcelain
stoneware tiles, trying to point out the relative influence of
* Corresponding author. surface morphology and ceramic body microstructure on the
E-mail address: dondi@istec.cnr.it (M. Dondi). resistance to stains.
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Table 1
Resistance to stains of porcelain stoneware tiles expressed as CIELab colourimetric parameters before (reference) and after staining aith cleaning
warm water (step 1 of ISO 10545-14) in absoluté,(a*, b*) and relative termsAL*, Aa*, Ab*, AE*)

Sample Typology Reference AL* Aa* Ab* AE*
L* a* b* Mean S.D. Mean S.D. Mean S.D. Mean S.D.

P1 Single colour 79.3 14 99 -12 0.1 1.2 0.1 0.4 0.0 1.7 0.2
P2 Double loading 85.3 -04 6.3 -1.8 0.2 1.7 0.2 0.3 0.0 2.5 0.2
P3 Double loading 82.4 0.6 8.0 -27 0.3 15 0.1 1.2 0.1 3.3 0.3
P4 Soluble salts 76.7 -04 7.9 -1.1 0.1 1.7 0.2 0.8 0.1 2.2 0.2
P5 Salt and pepper 622 -1.3 2.6 -3.8 0.4 1.8 0.2 0.7 0.1 4.2 0.4
P6 De-mixed 78.6 1.2 81 -6.2 0.6 3.9 0.4 2.4 0.2 7.7 0.8
pP7 De-mixed+ granulated 68.7 11 92 -13 0.1 1.6 0.2 0.3 0.0 2.1 0.2
P8 Soluble salts 885 -0.2 4.8 -3.7 0.4 2.7 0.3 1.0 0.1 4.7 0.5
P9 Micronised 77.1 4.1 13.0 -3.7 0.4 25 0.3 1.3 0.1 4.6 0.5
P10 De-mixed+ granulated 77.5 2.1 11.3 -2.6 0.3 2.2 0.2 0.5 0.0 34 0.3
P11 Polished glaze 87.3 -0.7 4.6 -2.1 0.2 1.6 0.2 0.4 0.0 2.7 0.3
P12 De-mixed+ micronised 80.9 2.6 10.6 -4.6 0.5 2.6 0.3 1.8 0.2 5.6 0.6
2. Materials and methods 3. vigorous brushing with a rotary equipment plus an alka-

line detergent.

Twelve different types of industrially manufactured porce-  Five fragments of about 20 dreach were utilised for
lain stoneware tiles were selected, in order to represent thegyery sample. The colour difference before and after the
wide range of technical performances, and decoration tech-staining and cleaning operations was measured by means
niques of the products currently on the markéat{le 3. of a spectrophotometer (Hunterlab, MSXP 40008, illu-
All samples underwent the same grinding/polishing process minant D65 and visual angle Ipand expressed asE*
carried out i_n an ind_ustria_l plant, but th_e glazed_t_ile (sam- (=/(AL"2 + (Aa*)2 + (Ab*)2), where AL*, Aa* and
ple P11) which required different operating conditions. EV- s+ gre the variations of the respective CieLab parameters,
ery product was characterised determmlng its resistance totaking the as-received polished surface as a reference (stan-
stains as well as surface and bulk properties. dard 1SO 10545-16). As the results of the three cleaning

The stain resistance and the cleanability of the tile work- steps are strictly correlated each otHig( 1), just the AE*
ing surface were appraised following the ISO 10545-14 stan- 5,5 after the warm water cleaning step will be presented

da_rd, [:]Sir!g the_red staining agent (i.e: 5_150%, wi/w, of _fgrric hereafter. The following physical and microstructural char-
oxide in light oil). The amount of staining was quantified iaristics were determined:

after each cleaning step: e bulk density Dp) and open porosityR,) by water sat-

1. mild washing with warm water; uration under vacuum and Archimedes’ principle (ISO
2. washing with warm water plus a neutral detergent; 10545-3)

9 T T T T

8+ e CLEANING STEP 2 e .

NEUTRAL DETERGENT =-0.831 + 1.052 * x

“®_ CLEANING STEP 3
6 F ABRASIVE + BRUSHING = -0.584 + 0.606 * x ]

1 2 3 4 5 6 7 8 9
CLEANING STEP 1: WARM WATER

Fig. 1. Comparison of the intensity of stainingE*) measured after the three cleaning steps of standard 1SO 10545-14: mild washing with warm water
(step 1) versus washing with warm water plus neutral detergent (step 2) and brushing with alkaline detergent (step 3).
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e total porosity P;) by the relationP;, = 1 — (Dp/Ds), 3. Results and discussion
whereDgs is the specific weight of the ceramic material
measured by Helium pycnometry (Micromeritics MVP  3.1. Physical and microstructural characteristics
1305)

e closed porosityR.) as differenceP. = P; — Py The total porosity amounts to about 3—7%, being mostly

e surface roughness with a Talisurf Plus equipment (Rank represented by closed pores with a negligible fraction of
Taylor Hobson) calculating on five 80 mm runs (stan- open pores (at maximum 0.2%) while the bulk density
dard CEN 85): the average roughneBg)(and the total fluctuates in the 2.37-2.44gcrh interval. The porosity
height of profile R,), i.e. the sum of the maximum peak calculated by image analysiBi§) range from 3 to 10%, in
height and the maximum valley depth within the evalua- acceptable agreement witavalues. The average roughness
tion length values vary from 0.14 to 0.56m (Ry) and the total height

e pore size distribution by mercury intrusion porosimetry of profile (R) was found to be from 6 to 1om (Table 2.
(ThermoFinnigan Pascal 140 and 240) on tile fragments Porcelain stoneware microstructure is characterised by
with an apparent area around 3tm a fair variability of pore size distribution and pore shape

(Table 3. Mercury porosimetry revealed that either mi-

Cumulative curves and frequency histograms of mercury f:ropordes go('ﬁ“m) orhmacropolrgsh(>nm) car;} predom-
intruded in function of pore size—though affected by a mfate epending rc]m the ?famp e, however, tkelmean size
limited significance due to the low porosity of porcelain ©f macropores—though affected by a remarkable standard
stoneware—exhibit a clear bimodality, with two populations d€viation—varies in a rather narrow range (9418 with
approximately in the 0.01-0ydm range (hereafter referred '€ €xception of the glazed surface (sample P4L18pum).
to asmicropores Pmi) and the 1-5Qum range (callednacro- The pore morphology is characterised by moderate varia-
pores Pra), respectively tions of pore aspect ratio and pore roundness (both in the

The ”r]nié:rostructure 'Was investigated by SEM (Leica 1.37-1.53 range and exhibiting a considerable standard de-
Cambridge Stereoscan 360) on the working surface of Vidtion of data). _ _
tiles, preliminarily washed, dried and gold-coated. An im- The surface of polished porcelain stoneware tiles presents
age analysis was performed, using the Image Pro Plus 4 Odiverse microstructural elements, either intrinsic features of
software, on SEM photomicrographs previously interpreted the ceramic.body (e.g: re;idual porps) or supe_rficial defects
in order to highlight the textural elements. The follow- Ccréated during the grinding/polishing processg( 2). In
ing parameters were measured: pore voluRg mean particular, different kinds of residual pores are usually found:

size of macropore®,,, pore aspect ratioPy) and pore  (a) small-sized (commonly10um), spherical pores, that

roundnessRyo). These latter variables were calculated as  were probably gas-filled, so resulting insinterable during
the ratio between the major axis and the minor axis of the industrial firing;

the ellipse equivalent to the por®4) or according to the  (b) coarse-sized (often >20m), irregularly shaped pores,

equation perimetéf(4r x area) for Py; in both cases, presumably originated from coalescence of smaller
a round pore has a valuel, while other shapes have pores during sintering or inherited by large defects of
values >1. the green compact;
Table 2
Physical properties of porcelain stoneware tiles
Sample Open porosity  Closed porosity  Total porosity Bulk density Specific weight ~ Mean roughness  Total height of

(Po) (vol.%) (Pc) (vol.%) (Py) (vol.%) (Dp) (gem3) (Ds) (gen3) (Ra) (pm) profile (R) (r.m)

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
P1 0.21 0.05 443 0.14 4.64 0.09 244 0.01 256 0.02 0.33 0.08 12.73 2.00
P2 0.15 0.06 584 0.18 599 0.12 242 0.01 257 0.02 0.31 0.09 10.82 5.50
P3 0.21 0.06 442 0.15 4.63 0.09 241 0.01 253 0.02 0.22 0.06 7.26 2.92
P4 0.11 0.03 3.65 0.10 3.76 0.08 242 0.01 251 0.02 0.22 0.06 9.01 4.10
P5 0.21 0.10 4.14 0.18 435 0.09 238 0.01 249 0.02 0.29 0.08 9.23 4.62
P6 0.15 0.10 565 0.21 580 0.12 237 0.01 252 0.02 055 0.11 13.05 4.56
P7 0.14 0.02 425 0.11 4.39 0.09 238 0.01 249 0.02 0.43 0.18 1490 6.88
P8 0.14 0.12 6.63 0.25 6.77 0.14 237 0.02 254 0.02 0.35 0.07 9.98 342
P9 0.12 0.07 443 0.16 455 0.09 242 0.01 254 0.02 0.25 0.07 745 1.96
P10 0.12 0.04 3.13 0.10 3.26 0.07 240 0.01 248 0.02 0.20 0.03 6.57 257
P11 0.15 0.03 456 0.12 471 0.09 240 0.01 252 0.02 0.14 0.05 8.29 255
P12 0.08 0.04 345 0.11 3.53 0.07 244 0.01 253 0.02 0.25 0.09 7.24 321

S.D.: standard deviatiom (- 1).
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Table 3
Microstructural properties of porcelain stoneware tiles
Sample Porosity by i.a. Micropores Macropores Mean pore size Pore aspect Pore roundness
(Pia) (vol.%) (Pmi) (vol.%) (Pma) (vol.%) (Pav) (um) ratio (Par) (1) (Pro) (1)
Mean S.D. Mean S.D. Mean S.D. Mean S.D. mean S.D. Mean S.D.
P1 8.0 0.8 3.9 0.4 0.7 0.1 11.0 5.5 151 0.45 1.42 0.40
P2 9.7 1.0 5.1 0.6 0.9 0.1 125 7.5 141 0.57 1.37 1.17
P3 5.3 0.5 4.2 0.5 0.4 0.1 10.6 5.4 1.54 0.52 1.47 0.39
P4 4.0 0.4 3.0 0.3 0.8 0.1 11.3 6.4 1.48 0.45 141 0.40
P5 4.8 0.5 3.8 0.4 0.6 0.1 9.6 6.3 1.46 0.46 1.50 0.89
P6 45 0.5 0.3 0.1 5.5 0.6 10.0 7.1 1.49 0.50 1.53 0.89
pP7 3.2 0.3 0.1 0.1 43 0.5 9.1 5.5 1.48 0.58 1.48 0.47
P8 7.3 0.7 5.1 0.6 1.7 0.2 10.2 5.0 1.37 0.33 1.37 0.29
P9 4.4 0.4 4.2 0.5 0.4 0.1 9.3 4.7 1.53 0.55 1.49 0.43
P10 2.8 0.3 0.7 0.1 2.6 0.3 10.2 5.4 1.52 0.44 1.50 0.38
P11 6.7 0.7 2.9 0.3 1.8 0.2 17.6 14.3 1.52 0.56 1.47 0.45
P12 7.0 0.7 0.1 0.1 34 0.4 10.6 5.8 1.48 0.47 1.47 0.58

S.D.: standard deviatiom (— 1).

(c) discontinuities around bigger particles, partly deriving 3.2. Resistance to stains
from residual stresses (e.g. polymorph transition of
quartz). The amount of red stain retained on the tile surface is
summarised in terms of CIELab coordinatd@alfle 1. The
Other textural features may be to a large extent attributable surface is considered completely clean when the colourimet-
to the machining operations, such as: ric variation after staining/cleaning operations drops below

1.0AE*, that is a value approximately corresponding to the
(d) scratches and thin grooves (several millimetres long and detection limit of human eye.

few micrometres wide); Overall, the samples taken into account exhibit four dif-
(e) larger grooves and chips (generally 10p20); ferent trends of the intensity of staining in function of the
(f) abrasion of the edge of coarser pores. cleaning stepsHig. 3):

[ 200um I Electron Image 1

Fig. 2. Example of typical microstructural elements on the working surface of polished porcelain stoneware tiles. Description of single ekb@éats. in
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Fig. 3. Cleaning behaviour of the porcelain stoneware tiles.

(a) surfaces easily cleanable by washing with the neutral surface with almost no other microstructural element

detergent used in the step 2 (samples P1, P2, P7 and (example P11AE* 2.7).
P11); (c) Tile surfaces that are moderately stained after the clean-

(b) surfaces that are completely clean only after brushing ing step 3 seem to be less compact than those of previous

with an alkaline detergent as in step 3 (samples P3, P4,  categories, having a frequent occurrence of pore clusters
P8 and P10); with an irregular morphology (example P1QE* 3.4).

(c) surfaces that remain moderately stained even after the(d) The surface with the worst performance—being heav-

cleaning step 3 (samples P5 and P9); ily stained after cleaning step 3—is characterised by a

(d) surfaces heavily stained that cannot be cleaned with the  wide range of pore sizes and particularly the presence

standard procedure (samples P6 and P12). of coarse, spherical pores with a peculiar internal mi-
crostructure, consisting of an apparently granular, some-

3.3. Sain resistance and microstructure times fractured filling that offers a vast area for the stain

The above described behaviour of tiles during the stain-
ing/cleaning operations may be related to different surface
microstructures, whose examples are represented in SE
photomicrographsHig. 4).

attachment (example PAE* 7.7).

The intensity of staining is contrasted with the most sig-
Mnificant parameters describing amount, size and shape of
porosity Fig. 5. Overall, every binary relationship has a
poor statistical significance, suggesting that the resistance to

(a) Easily cleanable products present a very compact tex-stains has a complex dependence on several microstructural

(b)

ture, with low porosity and some coarse pores (up to variables.

50pm). In the case of sample PAE* 1.7 after clean- However, a noteworthy positive trend may be seen be-
ing by mild washing with warm water) the occurrence tween stain intensity on one side and average roughness,
of small grooves—aboutbm, presumably produced by amount of macropores and pore roundness on the other side.
the polishing treatment—is not influent on the resistance In contrast, an inverse correlation seems to exist between
to stains. AE* and mean size of macropores, while the influence of
Another class of tiles relatively easy to clean—at least total porosity on the stain intensity is weak, since data suffer
when the stain is a liquid or a viscous paste—is charac- of a considerable scattering.

terised by coarse spherical pores, originated by gas en- On the other hand, the relationship with the total height
trapment in the glaze layer, spread over a rather smoothof profile is doubtful; as a matter of fact, the positive trends
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f 600um 1 Electron Image 1 100pm Electron Image 1

600um 1 Electron Image 1 100um Electron Image 1

B00um 1 Electron Image 1 100um Electron Image 1

I 6500um 1 Electron Image 1 100pm Electron Image 1

Fig. 4. SEM photomicrographs with examples of easily cleanable (samples P1 and P11), moderately stained (P10) and heavily stained surface (P6).
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Fig. 5. Binary correlations of the intensity of stainingE* after cleaning step 1 of ISO 10545-14) with total porosRy)( average roughnesg&y), total
height of profile R;), amount of macroporesf,5), mean size of macropore®4,) and pore roundnes$).

betweemAE* andR; or R, exclude four outliers (i.e. P1, P2, The dependence of the stain intensity on other variables,
P4 and P7) that are less stained than expected on the basis afuch asR;, Pay, Pay Or Py, is much less significant.
roughness measurements. These easily cleanable products These results provide a new insight into the design of
are characterised by the lowest valuegf and Pyo. stain-resistant tiles: in contrast with previous studi&s?
These observations are to a large extent confirmed by athe role of total porosity is completely denied and even
statistical analysis with extraction of principal components the emphasis on a specific critical range of pore size (e.qg.
(Fig. 6): the intensity of staining appears to be directly re- 1-10pm)? is debated. Hence, the attention of tilemakers
lated with the values oRy, Prg Or Pma. In this standview, should be paid to both the polishing treatment and the final

the stronger the stain resistance: stage of sintering. A proper compromise between grinding

and polishing operations, in fact, should ensure a minimum
e the smoother the surface; surface roughness, while a suitable firing cycle is required
e the rounder the pores (i.B closer to 1); to avoid a microstructural coarsening, with consequent pore

e the lower the amount of coarse pores (i.e. 150). growth13
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Stain intensity
.

Factor 2

1.0 -0.8 -0.6 0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Factor 1

Fig. 6. Plot of factors 1 and 2 extracted by the principal components analygis. intensity of staining after the warm water cleaning stBp; bulk
density; Py, open porosityP;, total porosity;Pc, closed porosityR,, average roughnesg;, total height of profile;Pyi, micropores;Pma, macropores;
Pia, pore volume by image analysiBay, mean size of macroporeBy,, pore aspect ratio®;,, pore roundness.

3.4. Prediction of the stain resistance the total height of profileR;) are the most influent variables

according to their standardised correlation factors, while mi-
A further statistical elaboration of data was performed, nor effects are attributed to the amouBty6) and the mean

through a multiple linear regression analysis, taking* size Pay) of macropores. Taking into account the sign of

as the dependent variable and the main microstructural andthe correlation factors, it appears that:

physical parameters as independent variables, in order to

guantify their influence on the resistance to stains. This pro- e the rougher is the surface, the stronger is its sensitivity to

cedure provided a simple predictional model with a good stains;

reliability (multiple correlation factoR? = 0.92, p-level < e a greater height of profile is not detrimental to the stain
0.002) based on four variables selected through forward resistance, probably because coarser pores are easier to
stepwise analysid{g. 7). The average roughnesR,j and clean812
0 [ s.e. B s.e. p-level
o T
Int. 2.680 1.590  .143
gl Ra 1.794 .312 27.671 4.816  .001
R.  -1.604 .235 -1.011 .148 <.001 i
L Pa 304 158 224 116 .102
" Prma 129 159 131 162 .449
S ef ]
©
>
T 5r
()
e |
g 4
o
O
3 |
Multiple regression coefficient RZ =0.920 |
2 Probability (p-level) < 0.002

e Regression confid. 95%

1 2 3 4 5 6 7 8 9
Predicted values

Fig. 7. Observed versus predicted values of intensity of staining after mild washing with warm w&®r dbtained by multiple regression analysis.
Both standardisedg) and non-standardised) correlation coefficients as well as respective standard errors and probability levels are listed for each
variable selected by the statistical procedutg = average roughnes®; = total height of profile,Pna = amount of macropores?,, = pore roundness.
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In reality, this latter statement is in contrast with the other References

two variables selected: an increase of both the amount and

the mean size of macropores contributes to decrease the1. Manfredini, T., Pellacani, G. C. and Pennisi, L., Porcelainized

resistance to stains of polished surfaces.

To improve this empirical model, it seems necessary
to evaluate better the ‘microstructural quality’ of the tile
surface, particularly some factors playing a determinant
role, but very difficult to quantify, such as the irregular
microstructure of the interior of macropores in the tile with
the worst resistance to stains (sample P6).

4, Conclusions

The resistance to stains of polished porcelain stoneware

tiles depends to a large extent on the surface microstructure.

The amount of stain retained by the tile surface is somehow
proportional to the concentration of superficial defects, ei-
ther inherited by the ceramic body (i.e. pores) or originated
during polishing (e.g. grooves, scratches).

This investigation has succeeded—coupling a phe-
nomenological study of cleaning behaviour with a thor-
oughful microstructural characterisation of the polished
surface—in highlighting the primary role of the surface
roughness, together with the important effects due to the
amount, size and morphology of pores. A significant con-
tribution has been brought toward a quantitative evaluation
of stain resistance and its prediction.

A statistical approach allowed to develop an empirical 1

model able to predict the intensity of staining after mild
washing with warm water, which is based on measurements
of surface roughness (bofRy and R;) pore roundness (by
image analysis of SEM photomicrographs) and amount of
macropores (by mercury intrusion porosimetry).

Acknowledgements

Authors are grateful to Penta Group, Castellarano (ltaly)
which provided the samples and carried out the polishing
treatments.

stoneware tilesAm. Ceram. Soc. Bull. 1995, 74(5), 76—79.

. Dondi, M., Ercolani, G., Melandri, C., Mingazzini, C. and Marsigli,

M., The chemical composition of porcelain stoneware tiles and its
influence on microstructural and mechanical propertigtgrceramics
1999, 48(2), 75-83.

. Dondi, M., Fabbri, B., Manfredini, T. and Pellacani, G. C., Microstruc-

ture and mechanical properties of porcelainized stoneware tiles. In
Proceedings of the Fourth ECer S Conference, ed. C. Palmonari. Faenza
Editrice, Faenza, 1995, pp. 319-326.

. Menegazzo, A. P. M., Paschoal, J. O. A., Andrade, A. M., @ayv

D. and Carvalho, J. C., Evaluation of the technical properties of
porcelain tile and granite. IRroceedings of Qualicer 2002. Camara
de Castellon, 2002, pp. 211-230.

. Orts, M. J., Sanchez, E., Garcia-Ten, J., Ibafiez, M.J., Sanchez, J.,

Soler, C.et al., Comportamiento del gres porcelanico durante la
operacion de pulidoBol. Soc. Esp. Ceram. Midrio 2001, 40(6), 445—
453.

. Esposito, L. and Tucci, A., Porcelain stoneware tile surfages.

Ceram. Soc. Bull. 2000, 79(5), 59-63.

. Beltran, V., Ferrer, C., Bagan, V., Sanchez, E., Garcia, J. and Mestre,

S., Influence of pressing powder characteristics and firing temperature
on the porous microstructure and stain resistance of porcelain tile.
Ceram. Acta 1996, 8(4/5), 37-51.

. Di Primio, S., Argnani, A., Nofri, R. and Gislimberti, A., Gres porcel-

lanato: proprieta chimico-fisiche delle materie prime e la sporcabilita.
Ceramica Informazione 1999, 387, 264—269.

. Paschoal, J. O. A., Menegazzo A. P. M., Lemos, F. L. N., @auv

D. and No6brega R. S. N., Study of porcelain tile stain resistance. In
Proceedings of Qualicer 2000. Camara de Castellon, 2000, pp. 213-
215.

Esposito, L. and Tucci, A., Pulimentacion de baldosas de gres porce-
lanico: aspectos superficialeSécnica Ceramica 2000, 288, 1268—
1275.

. Esposito, L., Tucci, A., Malmusi, L. and Piccinini, A., Wear resistance

and stain resistance of porcelain stoneware tikés; Eng. Mater.
2002,206-213, 1759-1762.

. Esposito, L., Tucci, A., Rastelli, E., Palmonari, C. and Selli, S., Stain

resistance of porcelain stoneware tiléen. Ceram. Soc. Bull. 2002,
81(10), 38-42.

. Dondi, M., Raimondo, M., Zanelli, C., Tenorio and Cavalcante, P. M.,

Sintering mechanisms of porcelain stoneware tilesProceedings of
SINTERING 2003, International Conference on the Science, Technol-
ogy and Applications of Sintering. Penn State University, USA, 2003,
7 pp.



	The role of surface microstructure on the resistance to stains of porcelain stoneware tiles
	Introduction
	Materials and methods
	Results and discussion
	Physical and microstructural characteristics
	Resistance to stains
	Stain resistance and microstructure
	Prediction of the stain resistance

	Conclusions
	Acknowledgements
	References


