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Abstract. An open electrode thermal poling setup was used to introduce Na* and K* cations
from chloride salt coatings into the surface of LAS glass. The thermal poling was performed at
200 °C for 180 min and 540 min at poling currents of 50 yA and 200 yA. Na* and K* migrate
from the salt coatings along the electric field lines into the glass surfaces up to 14 ym and 4 ym
in depth, respectively. As these cations are larger than the contained Li*-ions, the induced
stresses lead to an increase of surface hardness by ca. 15 % in the ion exchanged areas.
Etching trials with 5 % HF solution revealed a faster etching of these Na® and K* enriched
surface areas. The ceramisation of the treated samples led to uneven surfaces presumably
due to the influence of Na* and K* on local viscosity in combination with altered crystallisation
behaviour. The introduced cations accumulate in the valleys of the surface topology in a 1-
2 um thin glassy surface layer. Contrary to the glass samples, these areas etch away more
slowly in the etching trials and reveal protruded domains where the salt crystal contact areas
(abbreviated as cca) were in first place. The high quartz solid solution crystal content in the
surface is highest for NaCl coated samples followed by KCI coated samples and uncoated but
thermally poled samples.
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1. Introduction

The method of thermal poling traces back to the 1960s when the phenomenon of “electrode
polarisation” occurred in glasses when exposed to a strong electric field. [1], [2], [3] At elevated
temperatures, where glasses show ionic conductivity, a directed movement of network modifier
ions in the glass can be observed. The respective cations move away from the positively
charged anode towards the negatively charged cathode. Over time a depletion of these net-
work modifier ions develops at the anode faced glass surface leaving behind negative charges
(non-bridging oxygens, NBOs) which result in the build-up of a space charge opposite to the
external electric field. With the growth of this depletion layer, the space charge will also grow
and eventually cancel out the outer electric field and therefore end the thermal poling process.
During this thermal poling treatment different charge compensating processes take place in
the depletion layer, e.g. the combination of NBOs to BOs, resulting in an irreversible changed
glass structure. [4], [5] In general, thermal poling leads to a polymerisation of the glass struc-
ture, which in turn leads to different property changes in a surface layer just a few micrometres
thick compared to the original glass.

Thermal poling can alter the material properties in many ways. For example, it can cause
nonlinear optic behaviour in glasses like the second harmonic generation or change the re-
fractive index of the glass surface. [6], [7], [8], [9], [10] Also, mechanical advantage can be
drawn from these treatments, as the hardness and wear resistance can be increased. [11],
[12] Moreover, thermal poling can be used to manipulate metal nanoparticles embedded in the
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glass structure. [13], [14] Another widely used application of a thermal poling setup is the an-
odic bonding of silicon to silicate glass (e.g. Pyrex) for example for the production of pressure
sensors and accelerometers. [15]

The use of an electric field to accelerate the conventional ion exchange process during
chemical strengthening of glasses is not a new approach. Different studies have shown the
benefits of adding electrodes to the salt bath and glass sheets to drive K* ions towards and
into SLS glasses. [16], [17], [18], [19] Even modifications of the conventional salt bath setup
have been made by transferring the liquid salts into plastic pastes to form a simplified, layered
ion exchange setup of electrode-paste-glass. [20] However, all these approaches come from
the idea of using nitrate salt melts at quite high temperatures (~ 400 °C). In this work the
motivation was to use a given thermal poling setup with open electrode configuration and use
the electric field as a driving force to insert Na* or K* ions from solid chloride salts into the
anode side surface of Lithium-Aluminosilicate glass at much lower temperatures around
200 °C.

2. Experimental

An open electrode setup for the thermal poling treatments was used in which the glass samples
are placed on a bottom sheet electrode with the top electrode consisting of a thin platinum wire
floating three millimetres above the sample surface (see Figure 1). A detailed description of
the setup can be found elsewhere. [21] The open configuration allows different coatings of the
sample to be tested without interfering with the top electrode material.

Wire mount

Alumina rolls Salt coating

Keatite plate

Figure 1. Sketch of the used thermal poling setup.

The glass used for a thermal poling assisted ion exchange process was a LAS glass, for
composition see Table 1. From a 200 mm x 200 mm glass sheet, samples with dimensions of
25 mm x 50 mm were cut and afterwards ground and polished from both sides and etched in
a 1:1 mixture of H2.SO4 and HF for three minutes to achieve a smooth surface finish.
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Table 1. Composition of the used LAS glass analysed using X-ray fluorescence spectroscopy (XRF)
and inductively coupled plasma optical emission spectrometry (ICP-OES).

Oxide Mass fraction in % Oxide Mass fraction in %
SiO, 66.73 ZrO; 1.20
Al,O3 19.22 As,03 0.99
Li2O 3.77 BaO 0.84
TiO, 2.72 HfO, 0.32
MgO 2.05 K20 0.26
ZnO 1.85 Na2O 0.13

The glass samples were coated from one side with either NaCl or KCI by first preparing
saturated aqueous solutions for both salts. This was done by adding the salts to deionised
water until insoluble sediments of the salts remained at the bottom of the test tubes. Because
of the bad wetting behaviour of these solutions on the glass surfaces a spin coating process
with an external heat source was used. For this, a 3D-printed mount to centre and hold the
samples was attached to a small electric engine. With a variable voltage supply the spin rate
of the sample could be controlled to be sufficient for a complete spreading of the salt solutions.
The process was performed in three steps. First, the sample was heated to over 100 °C with
a heat gun. Then the aqueous salt solution was given onto the spinning sample’s surface using
a small pipette. Afterward, the heat gun and spinning were maintained until all water evapo-
rated. The resulting salt coatings consisted of individual small salt crystals, distributed ran-
domly over the glass surfaces (see Figure 2 a)).

The reverse side of each sample was coated with “PLANOCARBON" graphite by Plano
GmbH to assure a good electrical conductivity to the bottom electrode. This graphite paste
was applied with a small brush and after drying for about one hour the solid graphite layer was
ground plane with 600 grid sandpaper.

For both salt coatings, a set of four thermal poling parameters was chosen, see Table 2.
In addition, a coated sample of each set was exposed to the poling temperature of 200 °C
without an electric field to serve as a reference.

Table 2. Thermal Poling parameters and corresponding sample numbers.

NaCl KCI
180 min 540 min 180 min 540 min
0 uA - 09 - 10
50 uA 01 03 05 07
200 pA 02 04 06 08

Every sample was poled in duplicates simultaneously, so that one half of the samples
could remain glassy (referring to as sample set a), whereas the other half was ceramised after
the thermal poling (referring to as sample set b). After the poling, the salt coatings were re-
moved by first rinsing with tap water, afterwards with deionised water and finally cleaning the
whole sample with acetone. Sample set b was ceramised by heating to 860 °C with a ramp of
10 K:min™" and after a 10-minute dwell, letting the furnace cool down to room temperature. All
thermal poling and ceramisation heat treatments were performed in a specifically built cer-
amisation furnace by Thermo-Star GmbH.

The surface textures were analysed using a laser scanning Microscope VK-X3000 with
integrated white light interferometer by KEYENCE. EDX measurements and SEM imaging
were performed on a Zeiss GeminiSEM with 1 kV acceleration voltage for microstructure im-
aging and 15 kV for EDX measurements, looking both on top of the anode side surfaces and
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on cross sections. Prior to the investigation the samples were polished up to 0.6 um with dia-
mond suspension and using a vibration polishing machine QPOL VIBRO by ATM Qness
GmbH.

Nanoindentation of sample set a was done on an Anton Paar NHT? nanoindenter with a
diamond indenter tip of Berkovich geometry. For all measurements a maximum load of 100 mN
was set with a loading and unloading time of 30 seconds.

The XRD measurements of sample set b were performed on an Empyrean 3™ Gen. from
Malvern PANalytical using a chromium x-ray tube with Ac,ke = 2.28976 A, U = 30 kV and
I =50 mA. Measurements of the anode side surfaces were made under 10 different incident
angles ranging from 0.4° to 20° to increase the information depth with each step. High quartz
solid solution (HQSS) content was calculated with the K-factor method using an external SiO-
standard. The standard was measured at the beginning and at the end of the whole measuring
procedure to compensate for ageing of the x-ray tube.

The etching trials on the anode side surface were done using 5 % HF. On each sample
two circular etching areas with a diameter of 17 mm were bordered by pressing rubber rings
on the glass surface and therefore creating a sealed cylindrical mould for the etching solution.
500 pl of HF were given in each mould and removed after 15 minutes. The depth of the etching
edges as well as the etched surface areas were inspected via white light interferometry (WLI).

3. Results and Discussion

3.1. Surface Textures

After the thermal poling treatments, on a few samples a change in reflectivity of the treated
anode side surface was visible with the naked eye. Therefore, all samples were inspected
optically under a microscope with an integrated white light interferometer (WLI). For samples
04a, 06a, 07a and 08a rectangular areas, ranging in size from 50 ym to over 200 um, ap-
peared. These areas protrude from the surrounding surface about 50 nm, see Figure 2 b). The
size comparison with the salt coated samples before thermal poling treatments (Figure 2 a))
implies, that these regions are the contact areas of the salt crystals to the glass surface and
therefore the areas where Na* and K* ions entered the glass. This assumption is verified in the
next chapter.

The measurable protrusion of these salt crystal contact areas (abbreviated as cca) is most

likely due to the volume increase accompanied by the incorporation of larger Na* or K* ions
into the glass network, compared to the Li* ions which were there in first place.
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Figure 2. Topologies of a) salt coatings before thermal poling and b) sample surfaces after thermal
poling treatments and cleaning off the salt coatings. For better visibility the z-axes are magnified by a)
200 % and b) 20000 %. The salt crystal sizes before thermal poling coincide with the protrusion areas

afterwards.

For sample set b, i. e. after ceramisation, the glass samples show uneven and rough sur-
faces (Figure 3). With stronger thermal poling (higher poling current and longer poling time)
the surface roughness increases as shown in Table 3. The arithmetical mean height S, ranges
from just a few nanometres to over 1.4 ym.

Table 3. Surface roughness values for all thermally poled and ceramised samples.

Sample | 01b 02b 03b 04b 05b 06b 07b 08b 09%b 10b

Sainpuym | 0,006 | 0,767 | 0,156 | 1,241 | 0,005 | 0,195 | 0,161 | 1,474 | 0,018 | 0,003

The WLI images show that most visible crystal contact areas on sample set b are in the
valleys of the surface topology. This suggests a different crystallisation process in the Na* and
K* enriched areas as the reason of the rough surface. Assuming an earlier start of crystallisa-
tion or an eventually higher crystal content in these areas combined with the relatively low
viscosity at the crystallisation temperature of 860 °C, the surface roughness could be the result
of piled up material between the salt crystal contact areas. As the crystallisation of HQSS is
associated with a volume change, it could provide a driving force for the piling up of remaining
glass phase in between. To make sure that the observed surface roughness is a result of the
crystallisation, two additional samples with the same treatment parameters (coating, poling
time, poling current) as samples 04 and 08 were prepared and heated to 800 °C after poling
treatments. The temperature was chosen to just barely avoid crystallisation but to lower the
viscosity of the glass. With that it was possible to see, whether potential compression stresses
in the crystal contact areas unload before crystallisation and could lead to the surface rough-
ness. After this additional heat treatment, all samples showed the surface topologies as in
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Figure 2, which means that the unevenness of the glass-ceramics develops only during crys-
tallisation.
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Figure 3. Sample surfaces after ceramisation. For better visibility the z-axes are magnified by 2000 %.

3.2. SEM and EDX

SEM imaging and EDX measurements of the anode side surfaces and of cross sections were
conducted to quantify the Na* and K* penetration into the glass. EDX mappings of the previ-
ously WLI-analysed salt crystal contact areas are shown in Figure 4. Na* and K* are enriched
in these areas, which actually confirms the aforementioned assumption that these are the con-
tact areas of salt crystals and glass surface. EDX measurements of the cross sections (see
Figure 4) have been performed showing that firstly, Na* and K* diffuse perpendicular to the
surface to greater depths with minimal lateral diffusion leading to clearly delimited areas of
high Na* and K* concentration, respectively. Secondly, the penetration depth depends on the
species, as Na* reaches up to 14 um into the glass surface whereas the concentration profile
of K* ends at around 4 um. The first observation can be explained by the electric field of the
thermal poling process which is applied across the glass sample and acts as a driving force
for the ion movement. This shows that the alkali ions only move along the electric field lines
through the glass network with minimal lateral diffusion. The different penetration depths of
Na* and K* are a result of the different diffusivities. It has been shown in different studies that
Na* is more mobile in a silicate glass network because of its smaller ion radius and the activa-
tion energy and frequency of diffusion. [22], [23], [24] Bearing this in mind, it is self-explaining
that the diffusion depth of Na* is considerably larger than for K* given the same poling current
and time.
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Figure 4. EDX measurements of samples 04a (top) and 08a (bottom). On the left are element map-
pings from the top view of the anode side sample surface, the right images are cross-sectional map-
pings. On the right are results from line scans made perpendicular to the sample surface in the cross-
sections.

Additionally, the effective diffusion coefficients Dna and Dk can be calculated from the ob-
tained EDX-data. For all eight thermally poled samples EDX line scans were taken (see Figure
5) so that for each sample Dna and Dk can be calculated using following equation (mean

squared displacement or Einstein-Smoluchowski-relation [25]):

.,_.2
D=1 (1)

In this equation 7is the penetration depth of either Na* or K™ and ¢ is the treatment time.
The calculated diffusion coefficients are presented in Table 4.
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Figure 5. Na and K progressions over depth from EDX line scans for all thermally poled samples.
For Na the diffusion coefficients range from about 10" m?/s to 10-16 m?/s, for K the values

are a magnitude smaller, ranging from 10'® m%s to 10" m?s. In literature values from
Dna = 107"° m?/s [26], [27] to 10717 m?/s [23], [28] and D« = 10" m?/s [23] to 10-'° m?/s [29] can
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be found for different glass compositions (B203-Al,03-SiO; [26], Na20O-Al.03-SiO; [27], Rhyo-
lithe [23], SiO2 [28], Na.O-CaO-SiO- [29]). This shows a slightly faster diffusion in this study
which is most likely due to the external electric field that drives the directed diffusion. However,
it needs to be kept in mind that firstly the literature values given here are for different glass
compositions as no values could be found for LAS-glasses, and secondly that the measure-
ments in this study were only performed at a single site on each sample. This means that the
values in Table 4 are only a rough estimation and should not be treated as anything more than
that.

Table 4. Calculated diffusion coefficients for Na and K from measured penetration depths.

Na K
D in m?/s
180 min 540 min 180 min 540 min
50 A 4,2-106 5,6-10716 4,6-10"7 6,2:10°"7
200 pA 1,2-104 3,510 2,9-10°"6 3,1-10°16

After ceramisation which includes heating to 860 °C the accumulation of externally intro-
duced alkali ions at the anode side surface nearly disappears for Na® and weakens for K*, see
Figure 6. This is a result of diffusion at a temperature of 860 °C needed for the crystallisation
of the main crystal phase, HQSS. [30] The much faster diffusion of Na* helps by evening out
the concentration profile so that after ceramisation it vanishes completely. The K* ions on the
other hand are larger and therefore slower in diffusion. In combination, the concentration profile
does not smoothen that fast and the forming crystals lead to a segregation. The EDX mappings
in combination with SEM imaging (see Figure 6) show, that the K* accumulation in sample
GC08-08b is mainly present in the 1-2 ym thin glassy surface layer.

25 um

Figure 6. Cross-sections of samples 04b (top) and 08b (bottom). On the left SEM imaging of the mi-
crostructure can be seen, on the right the according element mappings by EDX measurements.
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EDX mappings from the anode side surface reveal slight deviations in concentrations of
Na*® and K* for samples 04b and 08b, respectively (Figure 7). For the NaCl coated sample 04b
no crystal contact areas are visible anymore but the KCI coated sample 08b still shows K*
enriched areas in accordance with the contact areas on the glass surface seen in Figure 4. For
both coating types, the Na® and K* enrichment is present in the valleys of the surface topology
which adds to the surface roughness formation mechanism mentioned in the previous chapter.

11008
[—=

100 pm
s |

Figure 7. SEM imaging and element mappings of anode side surfaces of samples 04b (top) and 08b
(bottom).

3.3. Nanoindentation

Hardness testing was done for all samples where crystal contact areas were visible and meas-
urable after thermal poling treatments in the glassy state (sample set a), i. e. where the poling
parameters were sufficient to introduce a high amount of Na* and K* into the glass surface.
This means no data is present for samples 01a, 02a, 03a and 05a. Five indents were placed
on the crystal contact areas and five in between for each of the other samples, see exemplary
microscopy images of samples 04a and 08a in Figure 8.
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Figure 8. SEM images of indent placements on 04a and 08a. The Na* and K* enriched areas are visi-
ble due to the slight mass contrast to the surrounding glass.

The results of these tests are shown in Figure 9. For each salt coated and poled sample
the hardness of the alkali enriched crystal contact areas is higher (ca. 8.2 GPa) compared to
the uncoated areas beside (ca. 7 GPa). The highest hardness was measured on the crystal
contact areas of sample 08a with 8.7 GPa. The coated reference samples 09a and 10a as well
as a solely polished green glass show hardness values of 8 GPa. An uncoated but thermally
poled (200 pA for 9 h) glass sample shows a hardness of 7 GPa, the same as the uncoated
areas of the otherwise coated samples. Two main findings can be determined from this: firstly,
the surface hardness increases by introducing Na* or K* into the glass via thermal poling and
secondly, the surface hardness overall decreases due to thermal poling treatments.

The first point is a direct result of compressive stresses due to the introduction of large
Na*® or K* ions into the glass network. Moreover, as K* is larger than Na* the compressive
stress introduced and therefore the hardness should be higher for the KCI coated samples, at
least for the same poling parameters. This is true for samples 04a and 08a but as there is no
data for the other three pairs of same poling parameters this point cannot be clarified conclu-
sively.

The hardness decrease due to thermal poling is counterintuitive to the general thermal
poling effects on glass structure. As several studies have shown ([5], [11], [12]) the degree of
polymerisation in the depletion layers of thermally poled glasses increases due to NBO recom-
bination to BOs and eventually leads to a rise in hardness of this layer. But this is only valid for
blocking thermal poling conditions. Other studies with open electrode setups and controlled
poling atmospheres ([11], [31], [32]) have found that water in the atmosphere acts as a charge
compensation in the depletion layer and forms Si-OH groups with NBOs, suppressing a
polymerisation of the glass network. This leads to an opposite effect regarding the surface
hardness and therefore explains the decrease of hardness in this study as the used setup here
is an open one.
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Figure 9. Hardness values measured by nanoindentation. The acronym cca stands for crystal contact
areas and refers to the Na* and K* enriched glass regions.

3.4. XRD

The calculated HQSS mass fractions for sample set b are shown in Figure 10. For both salt
coatings a similar dependency on the poling parameters is visible. A higher poling current as
well as a longer poling time decreases the crystal content in the anode side surface of the
glass ceramics. This behaviour has been shown and explained before, compare. [21], [33]
Looking at samples with the same poling parameters but coated differently (e. g. 9h @ 200 pA,
i.e. samples 04b and 08b), a smaller crystal fraction of HQSS can be found in the KCI coated
compared to the NaCl coated samples, but still more than in an uncoated and poled sample.
This effect is most likely the cause of two things. Firstly, the salt coatings shield the glass
underneath from the electric field to a certain degree due to the dielectric behaviour of these
salts. Therefore, the Li* depletion effect is not as strong for the coated samples as for the
uncoated samples which results in a higher crystallinity in the glass-ceramic surface. Secondly,
the difference in crystal content between NaCl and KCI coated samples could be due to the
different rate of diffusion of Na* and K*. Whereas Na* spreads fast during the ceramisation
heating, K* is more stationary and therefore stays mostly in the surface layer. During crystalli-
sation K* disturbs the diffusion-controlled crystal growth as Li* needs to diffuse to the crystal
and K* needs to diffuse away for the HQSS to form. Hence, the K* accumulation in the surface
could lead to a retardation of crystallisation and a slightly lower crystal content than in the NaCl
coated samples.
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Figure 10. HQSS mass fractions in the anode side sample surfaces. The error was around one per-
cent which is smaller than the marker sizes and therefore it is not shown in the graph.

3.5. Chemical Durability

The etching depths measured with WLI showed no dependency regarding the thermal poling
parameters and the different salt coatings. This suggests that the electric field strength and the
duration of thermal poling treatment only influences the depletion layer thickness but not the
structural changes itself as proposed by Sander. [34] However, differences between the crystal
contact areas and the non-coated areas appeared.

Figure 11 shows an example of the surface topology of the etched areas of samples 04a and
08a. The previously protruded crystal contact areas have changed to craters of 300 nm to
400 nm depth. This indicates a faster etching rate of the Na* and K* enriched glass areas,
which coincides with studies regarding the composition dependent etching rates in silicate
glasses. These studies show faster etching for (earth-) alkali metal containing glasses due to
a weakened silicate network or in other words less Si-O-Si bonds that have to be broken during
dissolution because of the presence of more NBOs. [35]
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Figure 11. Surface topologies of 04a and 08a after etching trials. For better visibility the z-axes are
magnified by 5000 %.

height in um

For the glass-ceramic samples, the Na* and K* enriched surface areas act differently than
for the glass samples. After the etching trials the crystal contact areas become more visible
and, opposite to the glasses, these areas now protrude from the surrounding surface. In Figure
12 WLI images of the etched surfaces of samples 04b and 08b are shown as well as EDX
mappings of etched crystal contact areas. As the EDX measurements show, these regions
have a slightly smaller Na* or K* content than the surrounding glass, which is an inversion to
the pre-ceramised condition shown in Figure 4 and also the pre-etched glass-ceramics in Fig-
ure 7.

One explanation could be a segregation effect during crystallisation combined with a lo-
cally weakened Li depletion due to the salt coating. The salt crystals dampen the electric field
and lead to a slightly higher Li* content in the cca, so that crystallisation here is preferred. But
as the Na* and K* content in these areas is quite high, these ions are pushed out into the
surrounding glass phase during crystallisation as they cannot be incorporated into the HQSS
crystal phase. This results in areas with high crystallinity at the cca surrounded by Na* or K*
enriched glass phase. During etching the glass phase is dissolved faster than the crystal phase
[36] which leads to the slight protrusion of the crystal contact areas. To bring this into accord-
ance with the pre-etched state, where the salt crystal contact areas still had a Na* or K* en-
richment, one has to look at the information depth of EDX measurements. The interaction vol-
ume range R of the electron beam with the analysed material can be calculated using the
Kanaya-Okayama equation [37]:

5

276107 7-4-E3
R=——7—" (2)
pzo

With a mean atomic weight A of 24.6 g and a mean atomic number Z of 11.9 (both calcu-
lated from the glass composition given in Table 1), an incident energy Eo of 15 keV and a
measured density p of 2.45 g/cm?® the expected penetration depth of the electrons is around
2.8 ym. Comparing this to the 1-2 ym thick glassy surface layer seen in Figure 6 means that
most of the information during EDX surface mappings of the pre-etched glass-ceramics comes
from this exact layer. As also seen in Figure 6, where the precipitated salt crystals were in
contact with this glass layer, these locations are enriched in the respective ions (at least for
K*). After etching to about 1 -2 um depth this glassy top layer is removed, revealing the under-
lying crystal phase which then was confirmed with EDX mappings again and showed the ex-
pected Na* and K* depletion.
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Figure 12. Surface topologies and crystal contact areas of 04b and 08b after the etching trials. For
better visibility the z-axes are magnified by 1500 %.

4. Conclusion

A thermal poling setup with an open electrode configuration was used to introduce Na* and K*
cations from chloride salt coatings into the anode side of LAS glass. The cations enter the
glass only perpendicular to the glass surface along the electric field lines at the salt crystal
contact areas up to 15 um deep for Na* and up to 4 um deep for K*. The large cations lead to
a measurable volume increase in the glass surface. Compression stresses build up which
eventually manifest in a higher surface hardness at the crystal contact areas. The Na* and K*
enriched surface areas etch faster in 5 % HF than the surrounding glass due to the altered
chemistry and thus weakened glass structure.

After a heat treatment for ceramisation, the obtained glass-ceramics show a very uneven
surface. Presumably, the heterogeneous salt coating and therefore the heterogeneous cation
insertion leads to locally different crystallisation behaviour. In combination with changed vis-
cosity this is resulting in a piling up of material at the sample surfaces. At the high temperature
(860 °C) needed for ceramisation the sharp concentration profiles of Na* and K* vanish due to
diffusion. For Na* only slight concentration differences can be measured whereas K* at least
partially accumulates in a 1-2 ym thin glassy surface layer of the glass-ceramics. The applied
salt coatings lead to a higher crystal content in the first few micrometres of the glass-ceramics
compared to uncoated and thermally poled samples. This is most likely the result of electric
shielding of the salts during thermal poling and therefore weakening of the Li* depletion. After
etching trials, the salt crystal contact areas become more visible again as they protrude from
the surface which means that they etch away more slowly than the rest of the glass-ceramics.
SEM-EDX show a slight depletion of Na* and K* in these areas which could be a result of
segregation during crystallisation and with that explain the altered etching behaviour.

This work has shown that thermal poling can be used to introduce cations from salt coat-
ings into glass surfaces and influence properties such as surface hardness or crystallisation
behaviour. By optimising the coating process and investigating other coating compositions it
should be possible to create homogeneous surface modifications of glasses and glass-ceram-
ics.
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