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Abstract

In the present work, several ceramic tiles, characterised by different glazes, were considered in order to define the role played by the glassy and
crystalline phases on the leaching mechanisms and the deterioration of the mechanical properties. The glazed working surfaces were subjected
to chemical attack by using a strong basic solution and the chemical analysis of the leached solutions was performed. Before and after the
chemical attack, the glazed surfaces of the samples were analysed from both the microstructural and mechanical point of view. In this context,
the microstructure was observed by SEM and analysed by X-ray diffraction. In order to define other possible changes, roughness measurements,
Vickers hardness and micro-scratch tests were also performed.

The results made it possible to deepen the understanding of the mechanisms of elements release caused by the chemical attack and their
implications on microstructural and mechanical degradation of the working surface of glazed ceramic tiles.
© 2008 Elsevier Ltd. All rights reserved.

Keywords: Glazed ceramic tile; Alkaline attack; Microstructure; Scratch resistance; Mechanical degradation; Tiles

1. Introduction

Silicatic ceramic surfaces are widely used for heavy duty
applications, for both indoor and outdoor destinations. The need
to clean the working surface of ceramic tiles with chemical
agents, having strongly basic pH, is an usual practice, even if
no information is available on the microstructural changes of
the working surface and the corresponding decrease in perfor-
mances. More in general, keeping in mind that tiles interact with
the environment they are placed in, it is fundamental to know
the capability of their working surface to withstand the different
substances they come into contact with. In fact, the chemical
resistance of the working surface of glazed ceramic tiles repre-
sents an important feature for their quality and correct service
life. In this context, a great emphasis is focused on the deter-
mination of the chemical resistance, which is reported in the
standard EN ISO 10545-13 together with the testing method.’
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However, the standard simply provides a classification based on
every effect caused by the contact among the established chemi-
cal solutions and the glazed working surface. As a matter of fact,
the test results do not give any information about possible dam-
age and mechanical weakening induced in the glaze layer. This
occurrence could increase the deterioration rate of the working
surface, compromising the life cycle of the tile.

In the literature, several investigations have shown that soda-
lime glasses and ceramics are sensitive to humidity.2~? Recently,
this sensitiveness, in terms of fracture resistance of the working
surface of glazed ceramic tiles, to water and chemical solutions
has been remarked.!” The tests, intentionally performed with
strong solutions and short times, make it possible to quickly
simulate the service conditions, where the working surface of
tiles is subjected to frequent washes with the use of clean-
ing agents whose nature and chemical composition are nearly
always unknown. Since, during the life cycle, the working sur-
face of tiles is also exposed to different stresses coming from the
environment, if a chemical deterioration occurs, the mechanical
resistance is also likely to change. These features, strictly con-
nected with the behaviour of materials and completely ignored in
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the classification of tiles, are going to become very important in
view of the current tendency to confer different functionalities to
the working surface,!! due to the requirements to safeguard the
characteristics, the reliability and a correct behaviour during ser-
vice. To acquire such information, a viable testing method could
be the determination of the mechanical characteristics, before
and after leaching, and the chemical analysis of the leached
solutions, to evaluate the presence of the elements given off by
the glazed tiles. This method takes into consideration the role
played by the microstructure and content in glassy and crys-
talline phases on the leaching mechanisms and the deterioration
of the mechanical characteristics of the glaze layers.

In the present work, addressed to investigate the above-
mentioned problems, different glazed ceramic tiles were
considered. Microstructural and mechanical characterisation of
their working surface was performed before and after a chemical
attack by a strong basic solution.'? To define the role of the glassy
and crystalline phases, the results were evaluated also in the light
of the chemical analysis of the leached solutions. These determi-
nations contributed, on one hand, to explain the mechanisms of
the elements release by the glazed surfaces and, on the other, to
evaluate the amount of the degradation of the working surface.

2. Materials and experimental

For the present investigation five different kinds of glazed
tiles, single-fired products of 10cm x 10 cm in dimension, were
chosen and denoted as G1, G2, G3, G4 and GS5.

The products were characterised by the same ceramic body,
the starting composition of which contained 38 wt% of illitic-
kaolinitic clays, 49 wt% of feldspars and 13% of silica sand.
These raw materials were wet milled and the resulting spray
dried powder were uniaxuially pressed, at 32 MPa, to obtain
10cm x 10cm tiles. The surfaces of all the samples were
covered by an intermediate layer of whitish engobe and, sub-
sequently, by different glazes; the double disc technique was
used for both the applications. In Table 1, the raw materials
used for the preparation of the engobe and glazes are reported.
For the different glazes their chemical composition is reported
in Table 2.

All the glazed tiles were fired in an industrial roller kiln, with
a thermal cycle of 32 min (cold to cold) and maximum tempera-
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Table 2
Chemical analysis of the tested glazes, wt%.
Gl G2 G3 G4 G5

SiO, 44.32 48.21 46.09 47.41 66.61
AL O3 11.83 12.89 13.03 13.30 6.28
TiO, 0.00 0.06 0.27 0.00 0.27
K,O 2.12 2.04 2.55 1.95 1.83
CaO 2.16 3.09 2.40 4.45 3.11
Fe, 03 0.00 0.00 0.00 1.40 0.46
MgO 2.29 0.87 2.37 0.00 0.41
Na,O 3.42 4.60 297 4.53 5.40
ZrO, 15.35 9.79 11.85 0.67 0.00
ZnO 4.82 5.66 5.37 9.31 5.53
PbO 8.88 6.99 6.68 7.93 4.11
BaO 4.81 5.63 6.42 6.74 5.23
CoO 0.00 0.00 0.00 0.58 0.00
SeO, 0.00 0.18 0.00 0.00 0.12
CdO 0.00 0.00 0.00 0.00 0.65
Cr03 0.00 0.00 0.00 1.73 0.00

ture of 1170 °C. Their water absorption and the flexural strength
values were determined by following the methods recommended
respectively in the standard ISO 10545-3 and ISO 10545-4.13-14
On the basis of the results reported in Table 1 and of the method
of manufacture (dry pressing), the studied products are classi-
fied as belonging to the group BII,, according to the standard
EN 14411.15

In order to establish the critical parameters for the experimen-
tal tests, the glaze thickness of all the products was determined
on the polished cross section of the samples, by using a metallo-
graphic microscope (Leica, DM/LP, D) equipped with an image
analyser system (Qwin v.2.2, Leica, D).

The mineralogical phase composition of the glaze layers was
assessed by X-ray diffraction analysis (PW3830, Philips, NL),
carried out directly on the glaze surfaces, working in a 26 range
of 10-70° with a scanning rate of 0.02° 260/s. Even if it was
not possible to carry out a quantitative analysis of the phase
composition, the qualitative comparison of the relative intensity
of the peaks, in the XRD spectra, make it possible to evaluate
the level of crystallinity in the different glazes, thanks to the fact
that all the tested specimens had the same geometry and were
analysed in the same conditions.

Table 1
Main characteristics of the tested samples.
Sample Raw materials, wt% Glaze thickness, pm Glazed tile
Engobe Glaze W.A., wt% o, MPa
Frit" Crystals™ Frits™*" Crystals™
Gl 15 85 75 (a, b) 25 170 5.2 355
G2 15 85 76 (a, b, ¢) 24 171 5.6 36.3
G3 15 85 60 (a, b, d) 40 186 5.6 37.2
G4 15 85 68 (a, b) 32 171 5.8 342
G5 15 85 100 (b, c, d) 0 100 5.5 337

* Ba, Na based frit.
- Clays, feldspars, quartz, zircon.

“** (a) Ba, Ca, Zn crystallizing frit, (b) Pb based frit; (c) Se based frit; (d) Ba based frit.
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The alkaline attack was performed by exposing the glazed Table 3
surface of the tiles to a KOH solution, 20 g/1, at a constant tem- Chemical analysis of the amorphous phase of the tested glazes, wt%.
perature of 23 °C, for seven days. The chemical analysis of the Gl G2 G3 G4 G5
leached solutlops was performed by an atomic emission spec- 510, 5333 5166 5274 5146 66.61
troscopy (Perkln Elmer, ICP-OES Optlma 3200 XL, NL), as AlLO;3 12.89 12.90 13.37 12.08 6.28
described elsewhere. !¢ TiO, 0.00 0.00 0.00 0.00 0.27
The surface morphology of the as-received and the leached K>0 3.24 2.7 3.43 1.98 1.83
tiles was observed by using a scanning electron microscope Ca0 2.26 4.05 2.63 4.86 3.11
(SEM, Zeiss EVO 40, D) equipped with an energy-dispersive Fe205 0.00 0.00 0.00 0.36 046
’ ’ quipp gy-cisp MgO 2.10 1.07 242 030 0.41
X-ray analyser (EDS, Inca, Oxforfi Instrumentst UK). The same  Na,0 3.86 477 421 570 5.40
system was used also to determine the quantitative chemical 70, 0.00 1.51 1.69 0.00 0.00
composition of the glazes and of selected area, corresponding ZnO 5.24 6.77 5.35 8.10 5.53
to the amorphous phases. The chemical compositions values, PbO 10.57 8.54 743 2.37 411
reported in Tables 2 and 3, are the average of almost five analyses BaO 651 595 6.02 538 523
p Lapt ’ ge ot aim: y CoO 0.00 0.00 0.00 021 0.00
performed in different area and corrected with inner standards. Se0, 0.00 0.00 0.00 0.00 0.12
The average and maximum surface roughness, R, and Rpax,  €do 0.00 0.00 0.00 0.00 0.65
were measured on both the as-received and leached surfaces, by Cr,03 0.00 0.00 0.00 0.20 0.00
using a roughness meter (Hommel Tester, T2000, D), according
to the test method recommended in the standard EN 623-4.17
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Fig. 1. X-ray diffraction patterns of the G1, G2, G3, G4 and G5 glazes (a= plagioclase, b = celsian, m = magnetite, p = petedunnite, q = quartz, z = zircon).
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To detect possible variations of the mechanical performances
induced by the chemical attack, hardness and scratch resis-
tance of the glazed surfaces were also determined. Vickers
hardness measurements were performed by using a semiauto-
matic hardness tester (Zwick 3212, D), applying an indentation
load of 0.5N and micro-scratches were produced on the sur-
faces of suitable specimens (~10mm x 20 mm) with the aid
of a specific instrument (Scratch Tester, Open Platform, CSM
Instruments SA, CH). The tests were performed by using a Rock-
well diamond tip, 200 pwm in diameter, which was drawn across
the glazed surface under a progressively increasing load (“pro-

Photo No. = 2527

dh Mag= 230KX WD= 9.0mm

EHT =25.00 kV

gressive scratch™). The following conditions were used: initial
load of 1N, final load of 30 N, loading rate of 14.5 N/min and
scratch length of 2 mm (corresponding to an indenter tip speed
of 1 mm/min). The instrument is also equipped to detect the
acoustic emission, as well as the normal load applied to the
glazed surface, the tangential and friction force. The scratch
tracks, three for each samples, were observed by an optical
microscope and SEM to identify the critical load'® and to eval-
uate the possible mechanical degradation of the glazed surfaces
caused by the chemical attack. In order to define the influence
of the glaze composition on the scratch resistance, soda-lime

WD = 8.0mm

20, Mag= 234 KX EHT = 25.00 kV Photo No. = 2561

"ﬂ' Mag= 230KX WD=10.0mm EHT = 26.00 kv Photo No. = 2528

(e

o Mag= 230KX WD= 9.0mm

EHT = 25.00 kv Pheto No. = 2530

Fig. 2. SEM-BEI micrographs of the surface of samples: (a) G1, (b) G2, (c) G3, (d) G4 and (e) G5 (after chemical attack).



V. Cannillo et al. / Journal of the European Ceramic Society 29 (2009) 1561-1569 1565

glass samples were also tested, considering them as a reference
material.

3. Results and discussion

The comparison of the XRD spectra, collected on the glaze
layer of all the tested samples (Fig. 1), shows that the amount of
glassy phase progressively increases from sample G1 to sample
GS5. In particular, as regards G1 and G2, the glaze presents a
rather low amount of glassy phase and zircon is the main crys-
talline phase with a small amount of plagioclase and quartz. The
different colour of the glazes, G1 yellow and G2 orange, has to
be attributed to the higher amount of zircon, a white pigment,
in G1. Zircon is present also in G3, white glaze, associated with
alkaline feldspars and quartz, but in a rather higher amount of
glassy matrix. The SEM observation of the surfaces of G1, G2
and G3 shows that the zircon crystals (Fig. 2 a—c) are homoge-
neously distributed in the glassy phase and they are characterised
by a well evident plate-like shape, while quartz and feldspar
(plagioclase and celsian) crystals (black spots in Fig. 2 a—) do
not present well defined grain boundaries, evidence of a partial
reaction with the surrounding glassy phase.

The degree of crystallization of G5 sample, red colour, is so
low that the XRD analysis (Fig. 1) does not detect the pres-
ence of any crystalline phase, even if, from SEM observation,
traces of small alumina grains surrounded by elongated calcium
aluminate crystals can be observed (Fig. 2e). Similarly, in G4
sample, black colour, even if the degree of crystallization is low,
small peaks, corresponding to a calcium-zinc silicate (petedun-
nite), celsian, magnetite, plagioclase, zircon and quartz (Fig. 1),
are present. While petedunnite and magnetite are used as pig-
ments, zircon, plagioclase and quartz are relict of unmelted raw
materials and celsian crystals are new phases derived from the
barium-based crystallizing frits. As revealed in sample G5, the
location of the calcium aluminate crystals suggests that they are
new crystals formed during sintering at the boundary between
the alumina grains and the melted glass. These newly formed
crystals are small in size, less than 5 pm, and they are mainly
grouped in very defined areas, where the crystallization con-
ditions were satisfied during the firing step. This causes some
microstructural non homogeneities.

The results of the leaching tests of the tested samples are
reported in Table 4. To clarify the different behaviours pre-
sented by the tested samples, it is necessary to underline, that, as
reported from the literature,!® the contact of a silicate glass with

Table 4
Chemical analysis of the leached solutions after alkaline attack, wt%.
Gl G2 G3 G4 G5

Si 1.47 1.36 2.16 3.32 2.40
Al 0.02 0.10 0.00 0.00 0.00
Ca 0.01 0.00 0.01 0.00 0.00
Mg 0.03 0.02 0.03 0.02 0.01
Na 0.33 0.40 3.10 3.73 1.68
Zn 0.01 0.05 0.04 0.03 0.02
Pb 0.07 0.07 0.16 0.10 0.03
Ba 0.03 0.02 0.00 0.02 0.03

a water-based solution causes ion exchange phenomena, with
a preferential extraction of alkali ions. In this way, an alkali
modified surface film, rich in silica, is formed on the glass sur-
face; the thickness and mechanical characteristics of such a film
depend on both the chemical composition of the glass and the
test conditions, i.e. time, pH and temperature. Although, silicate
glasses are generally resistant to water and acid attack, they are
susceptible to strong alkaline solutions, because OH ions are
able to attack the silica-rich layer by breaking the silica—oxygen
link, thus decomposing and dissolving the silicate network.?”
According to this mechanism, in the leached solutions, Table 4,
while the amount of elements, such as aluminium, calcium,
magnesium, zinc, lead and barium, is rather low and substan-
tially the same for all the samples; the leaching of silicon and
sodium is much higher and their relative amount is quite differ-
ent for different samples. Such behaviour can be related with
the amount and chemical composition of the glassy matrix of
the tested glazes. From Table 4, the silicon and sodium release
is different, even though the original contents in the amorphous
phase of the unleached samples are not significantly different
(Tables 2 and 3). In particular, the silicon and sodium per-
centages are lower for those samples characterised by a high
crystalline phase content. In fact, G1 and G2, which are highly
crystalline glazes, show a very low release of silicon and sodium
(the contents in the leached solutions are respectively 1.47 and
0.33wt% for G1, and 1.36 and 0.40wt% for G2), while the sil-
icon and sodium contents rise to 2.16 and 3.10wt% for G3 and
3.32 and 3.73wt% for G4, which are less crystalline. As listed in
Table 4, the sample G5, which is almost completely amorphous,
shows a relatively low loss of silicon and sodium, lower — for
example — than sample G4, which is more crystalline; the rea-
son has to be attributed to the chemical composition of the G5
(Table 2), that, compared to the other samples (Table 4), contains
the minimum amount of modifying oxides, such as PbO. Due to
its molecular dimensions, such kind of oxide strongly destabi-
lize the network structure of glasses, decreasing their chemical
durability, more than BaO, CaO and NaO.2!

The morphological study of the corroded surfaces confirms
as, for all the samples, the glaze corrosion starts from the depoly-
merising of the glassy phase (Fig. 3a). Such reacted layer,
characterised by a reduced density,'® successively detaches
revealing rather smooth areas of bulk glass (Fig. 3b), where
residual crystals may survive thanks to their higher resistance to
the basic chemical attack (Fig. 3c).

The surface of the most crystalline sample, G1, evidences a
large presence of crystal structures, whose boundaries have been
highlighted by the dissolution of the glassy phase (Fig. 3c). The
surface of sample G5, which is almost completely amorphous,
results to be the most homogeneous and smooth one after chem-
ical attack (Fig. 4a), even if the few crystals of alumina and the
fine acicular crystals of calcium aluminate, which are present
in the glassy matrix as mentioned above, have been revealed
(Figs. 2a and 4b).

Since the chemical attack did not affect the crystalline phases,
after leaching the most crystalline glazes showed a greater
amount of crystal grains than the most amorphous ones. As a
consequence, the unevenness of the surface morphology is more
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Fig. 3. SEM-SEI micrographs of the surface, after chemical attack with KOH
of samples: (a) and (b) G3 and (c) G1.
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Fig. 4. SEM micrographs of the surface after chemical attack with KOH of G5
samples: (a) G5 and (b) G1.

relevant in the highly crystalline samples than in the amorphous
ones, as confirmed by the results of the roughness tests (Table 5).
In fact, R, values are usually increased by the alkaline attack, but
this phenomenon is especially evident in the highly crystalline
glazes, whose roughness resulted so high, that the measure could
not be performed. The same trend was confirmed also by the
maximum roughness values, Rpax.

As shown in Table 5, in spite of the different crystallinity
exhibited by the glazes, the Vickers hardness values of the dif-
ferent samples are included in a rather narrow range, probably
due to the large amount of silicate glassy matrix which charac-
terises all these kinds of glaze layers. After the alkaline attack,
the hardness significantly decreases only for samples G4 and

Table 5
Vickers hardness HV (0.5 N) and average and maximum roughness, R, and, Rmax, of the tested glazes, before and after alkaline attack.
HV, GPa Ra, pm Riax, pm
Sample Etched Etched Etched
Gl 72 +0.7 74405 0.94 + 0.12 nd 7.18 £ 2.18 nd
G2 74+ 0.7 72405 0.87 + 0.05 nd 7.21 +2.19 nd
G3 73 +0.8 nd 0.67 £+ 0.05 0.72£0.08 5.30 + 0.52 6.32+0.92
G4 6.9 + 0.7 6.0+0.5 0.51 + 0.08 0.65+0.06 5.05 £ 0.97 5.194+1.49
G5 73 +0.6 6.5+0.2 0.70 + 0.09 0.70£0.15 496 + 145 5.14+1.44
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Table 6

Scratch critical load Lc of the tested glazes before and after alkaline attack.
Lce, N

Sample Etched

Gl 15.5 15.5

G2 14.1 14.1

G3 12.8 9.5

G4 14.0 13.0

G5 8.6 4.7

SL glass 5.6 10.1

G5, the ones characterised by the heaviest corrosion. It can be
deduced that a high content of crystalline phases, limiting the
chemical attack, also prevents the decrease in surface hardness.
As regards the sample G3, it was not possible to measure its
hardness after the chemical attack, because the excessive sur-
face deterioration made it impossible to clearly measure the
impression dimensions.

The scratch resistance of the different glazes, before and after
the alkaline attack, can be assessed by the analysis of the critical
load values, Lc.2? In the present work, it was assumed that the
critical load corresponds to the appearance of the first complete
circular ring crack. The values, determined by means of SEM
observation, are reported in Table 6.

The as-received soda-lime glass, considered as reference
material, is characterised by the lowest Lc value. However it is
worth noting that, after alkaline attack, the soda-lime glass pre-
sented an anomalous behaviour, since the Lc value was higher
than that measured for the as-received surface. This increase
in scratch resistance (i.e. increase in Lc) can be related to the
large amount of sodium ions that are easily exchanged with the
potassium ones which are present in the alkaline solution.”> The
larger dimension of the potassium ions causes an expansion of
the soda-lime glass network of the sub-surface layer, constrained
by the bulk material below. As a consequence, a surface layer,
about 100 wm in thickness, is subjected to a compression stress
field. This surface condition could be able to enhance the scratch
resistance. The cracks arise and develop, following the same
evolution observed on the surface of the as-received soda-lime
glass, only when the stress field induced by the applied load
overcomes the compressive stress field.

As regards the glaze layers, it should be noted that during
each scratch test, due to the progressive increase of the applied
load, the penetration depth of the indenter tip increases, reaching
its maximum at the end of the scratch. The maximum depth,
especially after chemical attack, can be as high as 60-70 pm, a
value which is lower than the glaze layer thicknesses (Table 1).
That does not invalidate the Lc evaluation, since the indenter tip
is very far from the ceramic substrate when the Lc is reached.
In fact, as shown in Table 6, Lc is at most 15.5 N. Moreover,

)

Ay v

— 20 um

— 20 um

Fig. 5. SEM micrographs of representative scratches: samples (a) G4 and (b) G1.



1568 V. Cannillo et al. / Journal of the European Ceramic Society 29 (2009) 1561-1569

the ceramic substrate is the same for all the samples, hence the
differences in the glaze behaviour are to be ascribed only to the
intrinsic properties of the glaze layer.

The G5 glaze, even if it is almost completely amorphous,
presents a Lc value rather higher than the soda-lime glass. Such
difference depends essentially on the development of a com-
pression stress field in the glaze layer of G5, during the firing
step, caused by the different expansion coefficient between the
ceramic body and the glaze layer, not present in the soda-lime
glass, that prevents the crazing phenomena.?”

As a general trend, the presence of crystalline phases con-
tributes to increase the Lc in the as-received samples, Table 6.
For example, G4, just slightly more crystalline than G5, reveals
a higher scratch resistance (i.e. higher value of Lc). More-
over, after the chemical attack, the poorly crystalline samples,
characterised by a higher leaching effect, showed a remarkable
decrease in Lc. G1 and G2, the more resistant ones from a chem-
ical point of view, present rather similar Lc values before and
after the alkaline attack. As a matter of fact, the SEM observa-
tion of these samples, before and after chemical attack, reveals
only light morphological changes, which do not seem to affect
their mechanical behaviour.

Additional information may derive from the analysis of the
scratch morphology, which is particularly significant for sample
G4. In fact, even if it contains a low amount of crystalline phases,
the Lc measured is rather similar to that of the more crystalline
ones; however, the analysis of the scratch morphology reveals
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Fig. 6. Acoustic emission curve: samples (a) G5 and (b) G1.
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Fig. 7. SEM micrograph of the surface of sample G1, near the first contact zone
indenter-surface: the arrows point out the development of cracks.

that the lateral damaged areas, around the scratches, are much
more extended than in the highly crystalline samples (Fig. 5).
The material removal mode drastically changes, as observed
also in other class of ceramics,?*2> revealing a transition to a
prevailing brittle behaviour.

The effect of the surface roughness on the crack propagation
modes may be appreciated by the acoustic emission evaluation.
In fact, for very smooth surfaces, which are strictly related to the
presence of a large amount of glassy phase, it becomes rather
clear that the acoustic emission is very low at the beginning of
the scratch test; then it suddenly increases when the first ring
cracks form. This is the case, for example, of the soda-lime
glass and sample G5 (Fig. 6a). As regards the rough surface of
highly crystalline samples, small cracks immediately form at the
first contact between the surface asperities and the indenter tip
(Fig. 7). Such small cracks do not compromise the functionality
of the glaze layer, however the crack initiation is revealed by
the presence of several peaks of the acoustic emission. This
behaviour is typical of highly crystalline samples, such as G1
(Fig. 6b). As a matter of fact, for every crystalline sample it is
extremely difficult to identify the Lc on the basis of the acoustic
emission and only microscopic observations can be sound.

4. Conclusions

In the present research, in order to investigate the effect of
a chemical ageing which simulates the action of cleaning prod-
ucts and other chemicals in the environment, different glazed
single-fired tiles were subjected to a strong alkaline attack and
characterised from a chemical, microstructural and mechanical
point of view.

The different content in crystalline phases deeply influenced
the behaviour during the chemical ageing, since the alkaline
attack selectively affected the silicate glass matrix, leaving the
crystals almost unaltered. As a consequence, not only the highly
crystalline glazes showed superior mechanical properties than
the glassy ones, but also resisted the chemical attack better. In
fact, after the chemical ageing, the decrease in Vickers hardness
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and scratch resistance was more relevant for the amorphous
glazes than for the highly crystalline ones.

As regards the scratch resistance, the combined analysis
of surface morphology and acoustic emission proved different
mechanisms, depending on the glaze crystallinity: poorly crys-
talline glazes underwent a wide superficial depolymerisation and
material removal, which resulted in smooth, but mechanically
weakened surfaces, characterised by the development of well
defined ring cracks under low applied loads; highly crystalline
glazes exhibited a very rough surface, due to the surviving crys-
tals brought to light by the selective removal of the silicate glass
matrix, and the first contact of the scratching tip with the surface
asperities immediately caused small cracks — perceived by the
acoustic emission recording — without compromising the glaze
functionality, while the real critical load — defined by SEM —
was significantly higher. Aside the content in crystalline phases,
the relevance of the chemical composition was revealed by the
analysis of the scratch tests on a bulk soda-lime glass (reference
material), whose resistance was increased (and not reduced) by
the chemical ageing, since the exposure to the KOH solution
promoted a Na-K ion exchange, producing a compressive stress
in the sub-surface layer, which improved the glass strength.
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