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A transparent ceramic glaze with good apparent quality and water wettability was successfully prepared by adjusting
the mass fraction ratio of Na,O/K,O and R,0/Al,0; at 1280 °C. The effects of the Na,O/K,O and R,0/Al,O; ratios
on the surface energy and glossiness of the ceramic glaze were studied in the present work. The results show that
the mass fraction ratio of Na,O/K,O and R,0/Al,0; showed an obvious effect on the high temperature viscosity and melting
temperature of the glaze, the density of the glaze network structure and the number of broken bonds on the glaze. When
Na,O/K,0 = 0.8 — 1.6, R,O/Al,0; = 0.8 — 1.2, the glaze showed a glossiness of 88.3 — 108.3 with a 0.11 — 12 % increase,
and the surface energy of 70.17 — 78.5 mJ-m™ with a 5.62 — 29.55 % increase, being obviously higher than those
of the basic glaze. The greater the surface energy of the glaze was, the greater the polarity component was, and the better
the wettability of the water on the glaze was, which would be conducive to improving the antifouling and easy cleaning

of ceramic products.

INTRODUCTION

Ceramic products are widely used in architecture,
interior and exterior decorations, kitchen and sanitary
wares, and the daily life of families. However, ceramic
glazes are frequently contaminated by dust, dirt,
or kitchen oil during use, which not only requires a lot
of manpower to clean, but also easily cause potential
threats to one’s health if too many detergents are used.
Thus, in recent years, attention has been drawn to how
easily the ceramic product can be cleaned and that they
are anti-fouling [1].

To improve the anti-pollution and self-cleaning
performance of materials, up to now, two surface anti-
fouling technical approaches are often used: surface
coating treatments and adjusting the surface composition.
Surface coating treatments are one kind of commonly
used technology, which usually include super hydro-
phobic technologies and super hydrophilic technologies.
A super-hydrophobic surface usually requires the material
to have a slip angle to be less than 10 degrees and a contact
angle to be higher than 150 degrees. In order to obtain
a material surface to be super-hydrophobic [2], super-
hydrophobic surface treatments are made on the material
surface with organic solutions [3, 4], or adopting a micro-
nanometre super-hydrophobic surface design method
so as to obtain surfaces with a larger water contact angle
and smaller sliding angle [5, 6], which assist in keeping
droplets to be spherical in shape to make them simple
enough to glide over the material surface and remove

any polluting particles. For extremely hydrophilic
surfaces, the surface has a water contact angle of less
than 5° and a droplet diffusion time of less than 0.5 s
[7]. Such a technology is usually required to generate
a hydrophilic coating on the material surface through
the photo-induced super hydrophilicity of TiO, [8, 9].
The substantially strong affinity for water could result
in a lower surface area between the dust particles
and the coating and a lower capacity for electrostatic
adsorption. Moreover, water droplets may pass through
the coating-dust contact, causing the dust or dirt
to be simply washed away by the water flow. Nonetheless,
whether a surface is super-hydrophobic or super hydro-
philic, the technical specifications of producing them
are very stringent, and the product’s shelf life is very
short due to the poor wear and tear characteristics during
usage as well as the high production costs, which make
industrial batch manufacturing inappropriate.

Another antifouling technology, i.e., adjusting
the surface composition technology, includes an anti-
bacterial ceramic glaze technology and an intelligent
cleaning glaze technology. The antibacterial ceramic
glaze technology involves adding antibacterial agents
to the ceramic glaze, such as photocatalytic antibacterial
agents [10] or antibacterial metal ions, such as Ag, Cu,
Zn, etc. [11-13]. Although this technology could make the
ceramic surfaces more resistant to bacteria and viruses
and depress their survival rate on the ceramic surface,
it cannot actually make the ceramic surfaces easier
to clean. The intelligent and clean glaze technology
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applies a layer of metal ions on the glaze that reacts with
the soiling substances on the ceramic surface to decrease
the adherence of dirt and prevents the generation
of black spots. Nevertheless, the massive alkali metal
ions in the ceramic glaze make the melting temperature
of the glaze to often be low, leading to the glaze having
a medium hardness, strength, and wear resistance [14].

The ceramics themselves have water wettability,
and their anti-fouling and easy cleaning ability have
been found to be closely related to the surface energy
of the glaze and its contact angle with the liquid
on the surface [1]. The better the hydrophilicity
of the glaze, the easier it is for the water to spread into
a water film on the glaze, which helps to block
the contact between the dirt and the glaze, so that
the dirt can be easily carried away by the flow of water.
The chemical composition and surface structure of cera-
mic glazes have an impact on their wettability [15],
although the relationship between the surface structure
and water wettability of ceramic products have extensively
been studied in the past decades, little research has
been undertaken on the effect of the glaze composition
on the surface energy and water wettability of the glaze.
Thus, this study combines the above two methods
and mainly refers to the cleaning principle of super-
hydrophilic technologies [16-18] to adjust the chemical
composition of the glaze, as well as to especially focus
on the impacts of alkali metal oxides and their ratio
to Al,O; on the surface energy and polarity compo-
nents, to improve the wettability of water on the glaze
and obtain a ceramic glaze with improved an anti-fouling
and easier cleaning performance.

EXPERIMENTAL

Experimental design and process

The composition of the glaze commonly used
for domestic ceramics was selected as the basic ingre-
dient, and the experimental glaze composition was de-
signed using a method of controlling the single factor
variables. The contents of Na,0O and K,O changed
from 0 to 10 % based on the selected basic glaze ingre-
dient, the mass proportion of the other remaining
oxides being relatively unchanged, in which the mass
ratio of Na,O/K,0O were changed from 0.8 to 2 and that
of alkali metal oxide R,0/AlL,O; in the glaze from
0.8 to 1.2. The glaze pastes composed by Na,CO,,
K,CO;, MgO, CaO, potash feldspar, kaolin and a quartz
mixture were prepared by wet ball milling for 1 h. After
the ceramic green bodies were prepared using traditional
ceramic paste by pressing in a mould, the mouldings were
dried. The glaze pastes were applied on the final samples
by a dipping method. Finally, the ceramic materials were
fired at 1280 °C for 30 min, and then cooled naturally
with a furnace.

Performance characterisation

To ensure the glaze quality, preliminary screening
was carried out by observing whether there were obvious
defects in the glaze and whether the glossiness and sur-
face energy of the glaze were larger than or equal to that
of the basic sample. The contact angle of the ceramic
glaze surfaces was measured by a contact angle meter
(SL200A, USA). The solid surface energy and its dis-
persion component and polarity component of the glaze
surface were calculated by measuring the contact angle
of two liquids with a known surface tension on the solid
surface according to Young’s equation using the Owens,
Wendt, Rabel and Kaelble (WORK) method, i.c.,
the geometric average method [19], in which distilled
water and ethylene glycol were selected as the test liquids
in the present experiment. The glossiness of the samples
was measured by a gloss meter (WGG-60, China).
The surface morphology was observed by a scanning
electron microscope (Quant 450FEG, FEI, USA).
The silicon coordination in the glaze layer was characte-
rised by a solid-state nuclear magnetic resonance spectro-
meter (NMR) (Advance 111 400MHz, Bruker).

RESULTS AND DISCUSSION

Changes in the glaze glossiness

The chemical composition and properties
of the basic glaze are listed in Table 1. The glossiness
of the basic glaze sample was 83.6 and the surface
energy was 70.09 mJ-m?, which could effectively meet
the commercial requirements of daily ceramic products.
Based on the basic glaze composition and maintaining
a Na,O/K,0 ratio of 0.67 — 2.0 and a R,0/Al,0,
ratio of 0.72 — 1.26, the previous single factor study
on the effects of alkali metal oxides on the surface
energy and glossiness of the ceramic glaze found that
the contents of Na,Oand K,O as well as the ratio
of the alkali metal oxides (R,0: Na,0O + K,O)
to the Al,O; content (R,0/Al,0,) showed an obvious
effect on both the surface energy and glossiness, giving
a glaze glossiness of 88.3 — 112.6 and a surface energy
of 70.62 — 78.62 mJ-m™>. Thus, on the premise of en-
suring the glossiness being higher than or equal
to the basic sample, the Na,O/K,O ratio was varied
at 0.8, 1.2, 1.6, 1.8 and 2, and the R,0/Al,O; changed
at0.8,0.9, 1.0, 1.1 and 1.2, in the present study.

Figure 1 shows changes in the glossiness (GU)
with Na,O/K,O under the different R,0/ALO; ratios.
The glossiness first increased and then decreased with
an increase in Na,O/K,0. When Na,0/K,0 = 0.8 — 1.6
and R,0/A1,0,=0.8 — 1.2, the glossiness of the obtained
sample varied between 88.3 — 108.3, being larger than
that of the basic sample (Table 1). Whereas, when
Na,O/K,0 was greater than 1.6, the glossiness began
to obviously decrease, giving a lower value of 80.9
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Table 1. Chemical composition and properties of the basic glaze.

Chemical composition (wt. %) Glaze properties
SiO, AlLO, CaO MgO Na,O K,0 vs (mI'm?) 4 (%) Gloss
59.00 11.12 14.16 2.02 6.12 7.58 70.09 93.43 83.6
when compared with that of the basic sample pinholes and other defects in the glaze surface could

at Na,O/K,0 = 2 and R,0/Al,0, = 1.1. It can be seen
from the above results that the glossiness of the glaze
could be improved by properly increasing the relative
content of Na,O at R,0/ALLO; =0.8 — 1.2.
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Figure 1. Variation trend of the ceramic glaze glossiness (GU)
with Na,O/K,0.
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In general, the glossiness of a ceramic glaze is re-
lated to the refractive index of the glaze and depends
on the specular reflection degree of light on the glaze.
To a certain extent, it also reflects the smoothness
degree of the glaze surface, that is, the fewer defects
in the glaze, the smoother the glaze, the stronger
the reflection effect, and the higher the glossiness [20].
Na,O and K,O, as network modifiers in the network
structure of silicate glass, can provide “free oxygen”
to break the Si—O network and reduce the glaze melting
temperature. In addition, the alkali metal ion R" has
a reverse polarisation effect on the Si—O bond, greatly
weakening the Si—O bond strength and effectively
reducing the viscosity of the glass melt and enhancing
its fluidity [21]. In the present work, only the relative
mass content of Na,O and K,0 was changed, the amount
of Na,O was more than that of K,O at the same mass
percentage due to its low molecular weight. Therefore,
with an increase in the amount of R" in the glaze,
the glaze firing temperature and glaze melt viscosity
gradually decreased, which would facilitate the large
bubbles produced by the green body and glaze during
the firing process to be discharged smoothly, eventually
leaving the small bubbles to be uniformly distributed
in the middle of the glaze layer. Moreover, the glaze

be effectively reduced. However, too high of an R"
content would also lower the glaze melting temperature
and the viscosity of the glaze melt. The bubbles originally
located in the middle of the glaze layer gradually grow
instead and are released to the glaze layer one after
another, giving rise to a large number of pinholes
in the glaze. Consequently, the glaze glossiness
of the sample increased at first and then decreased with
an increase in Na,O/K,O (Figure 1).

S00pm

Figure 2. SEM images of the ceramic glaze surface. (a): sample
Al prepared at Na,0O/K,0 = 1.2, R,0/A1,0; =1 (b): sample A2
prepared at Na,O/K,0 =2, R,0/Al,0, = 1.

Figure 2 shows the SEM images of the glaze
surface of the sample prepared under R,0/Al,O, =1 and
Na,0/K,0 = 1.2 and 2, respectively. The number
of pores on the glaze surface for sample Al obtained
at Na,0O/K,0 = 1.2 was obviously smaller than that
of A2 obtained at Na,O/K,O = 2, which further proved
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that the low viscosity of the glaze caused by too high of
an Na,O/K,O ratio was one of main reasons that led to
the appearance of glaze pinholes on the glaze surface and
the glaze glossiness.

Figure 3 shows the changes in the glossiness (GU)
of the samples obtained from different Na,O/K,O and
R,0/Al,0; ratios. On the whole, the glaze glossiness
first decreased and then increased with an increase
in the R,0/Al,O; ratio. When Na,O/K,0=0.8 — 1.8, R,0/
ALO; = 0.8 — 1.2, the glossiness of the glaze changed
between 88.3 to 108.3, which was larger than that of the
basic sample (Table 1). Whereas, when Na,O/K,0 = 2,
R,0/Al,05 =1 — 1.2, the glossiness of the glaze varied
from 80.9 to 91.7, being slightly lower as a whole.
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Figure 3. Variation trend in the ceramic glaze glossiness (GU)

with R,0/AL,0;.

The glossiness of the ceramic glaze has been found
to also be affected by the reflectivity of the glaze.
According to the calculation formula of the glaze
reflectivity [20]: R = (n - 1)%(n + 1)* (R is the reflectivity
of the glaze and n is the refractive index of the glaze),
the higher the refractive index, the higher the reflectivity,
that is, the higher the glaze glossiness. With an increase
in the alkali metal or alkaline earth metal oxide,
the ratio of oxygen to silicon in the glass structure
increases, and the three-dimensional network structure
of the glass gradually disintegrates, which reduces
the elastic modulus, chemical stability and viscosity
of the glass. When the content of R,O increases, the free
oxygen content increases, which will destroy the network
structure of the silicon-oxygen tetrahedron, resulting
in a decrease in the glaze density, refractive index
and glossiness. In addition, increasing the R,O or de-
creasing the Al,O; content in the glaze chemical
composition is beneficial in reducing the firing
temperature and high temperature viscosity of the glaze,
which is not only conducive to the smooth elimination
of air bubbles and improvement in the fluidity
of the glaze melt, but it also closes the pits and reduces
the pinholes on the glaze surface. Therefore, when

the Na,O/K,0 is constant, the glossiness increases with
an increase in the R,0/Al,0; ration (Figure 3).

On the other hand, it can be seen from Figure 3
that the glossiness showed the lowest value with
the increase in the R,0/Al, O, ratio and the lowest value
would decrease with the increase in the Na,O/K,O
ratio. The main reason may be speculated to be related
to the increase in the amount of the alkali metal ions
and free oxygen due to the molecular weight of Na,O
being less than that of K,O. In general, the glass network
structure is more likely to be further damaged with
an increase in the free oxygen, resulting in a loose
structure in the glaze layer and a decrease in the refractive
index. Meanwhile, the decrease in the glaze glass firing
temperature and viscosity may also give rise to the re-
reaction between the substances in the glaze and green
body to produce a large number of air bubbles, which
will easily rush out of the glaze and result in a large
number of pinholes in the glaze. Therefore, a decrease
in the glaze density and the combined action of the
glaze pinholes led to the low glossiness with an increase
in the Na,O/K,0 ratio as a whole.

From Figure 1 and Figure 2, it can be seen that
the glossiness obviously changed with the Na,O/K,O
and R,0/Al,O; ratios, which was mainly the result
of the joint action of the glaze network structure and
high temperature performance of the glaze. Therefore,
in order to obtain a higher gloss glaze, it is necessary
to adjust the chemical composition of the glaze to make
the network compactness of the glaze and the high
temperature properties of the glaze to be in a suitable
range.

Glaze properties
Wettability and surface energy of the glaze

Figure 4 shows the changes in the surface energy,
polarity ratio and water contact angle of the samples
obtained under the different ratios of R,0/Al0,
and Na,O/K,O. The surface energy and polarity ratio
of the glaze increased at first and then decreased
with an increase in the Na,O/K,O ratio. When Na,O/
K,0 = 0.8 — 1.6 and R,0/Al,0, = 0.8 — 1.2, the surface
energy of glaze varied between 70.17 — 78.5 mJ-m?,
being greater than that of the basic glaze sample (Table 1).
When Na,O/K,0 was more than 1.6, the surface energy
of the sample began to obviously decrease. In addition,
it can be seen from the above picture that the surface
energy and the polarity ratio show a similar change
in trend, while the contact angle of water showed
an opposite trend to the surface energy.

Water molecules are a strong polar molecule,
it is easy to form a strong affinity on the ceramic glaze
with a large proportion of surface free energy polarity.
The solid surface energy originates from the periodic
and repetitive interruption of the solid surface atoms,
which destroys the symmetry of the particle force field
on the surface, resulting in the surface atom being
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Figure 4. Variation trend in the ceramic glaze surface energy,
polarity ratio and water contact angle with Na,O/K,0.

in a non-uniform force field, eventually showing
an increasing energy and remaining a bonding force.
For the silicate glass network structure, because
the network forming ions have a relatively small radius
and a high electric field strength, they can form an ion
covalent bond with O%*, providing a large bond force
[22, 23]. Moreover, the greater the bond force inside
the surface, the greater the surface energy and the density
of the network structure. Thus, the amount of bridging
oxygen atoms would directly affect the surface energy.
Zhou [24] found that there were broken bonds (Si—O%)
on the glaze surface, which could form hydroxyl
groups with water through a chemical adsorption,
and these hydroxyl groups continued to adsorb water
molecules through physical adsorption. These two
kinds of adsorption finally caused the glaze surface
to have polarity and hydrophilicity. Thus, the amount
of non-bridging oxygen atoms in the glaze would also
affect the hydrophilicity of the glaze. Nevertheless,
an increase in the number of broken bonds also negatively
affects the hardness and corrosion resistance of the glaze.
Therefore, in order to obtain ideal ceramic products,
it is necessary to ensure that they have an improved
glaze surface energy and an appropriate network density
at the same time.

Alkali metal oxides are one of important influencing
factors on the glaze glass network. Changes in the ratios
of potassium to sodium oxides and their relative amount
to ALO; (R,0/AL0;) are intimated with the amount
of non-bridging oxygen or bridging oxygen atoms
in the glaze. Although increasing the proportion of Na,O
can enhance its destructive effect on the glass network
structure in favour of obtaining a high gloss glaze,
the increase of the Si—O* amount in the glaze is conducive
to the formation of hydrogen bonds between the glaze
and water molecules to increase the surface polarity
and surface energy. Therefore, as shown in Figure 4,
the surface energy increased with an increase in the
Na,0/K,0 ratio, but the loose network structure caused
by the increase of the non-bridging oxygen atoms
weakened the internal bond force of the glaze, leading
to a decrease in the surface energy at a high Na,0/K,0O
ratio.
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Figure 5. Variation trend in the ceramic glaze surface energy,

polarity ratio and water contact angle with R,0/Al,0;.

Figure 5 shows the changes in the surface energy,
polarity ratio and water contact angle with the different
Na,O0/K,0 and R,0/Al,0, ratios. When Na,O/K,0 varied
between 0.8 to 1.6, the surface energy first decreased
and then increased with the R,0/AlLO; ratio, giving
a surface energy of 70.17 — 78.5 mJ-m™, which was larger
than that of the basic sample (Table 1). Under Na,O/
/K,0 = 1.8 — 2, the surface energy gradually increased
with the R,0/Al,0; ratio before R,0/AL,O; = 2, giving
a surface energy of 62.02 — 70.03 mJ-m™, being smaller
than that of the basic sample. As discussed in the previous
section, the R,0/Al,0, ratio is directly related to the
role of ALO; in the glass network structure. Because
the R,0/AL,0; (mol. %) designed here was more than 1,
AI*" existed in a tetrahedron as a network-forming
body [25]. However, when the efficiency of increasing
the number of interruption bonds in the glass network
on increasing the surface energy is less than that
of weakening the internal bond force on the glaze,
the surface energy will decrease as a whole. Therefore,
when Na,O/K,0 = 0.8 — 1.6 and R,0/A1,0;,=0.8 — 1.1,
or when Na,O/K,0 = 1.8 — 2 and R,0/Al,0,=1.1-1.2,
the surface energy decreased with an increase
in the R,0/AlL,O; ratio. Conversely, when the efficiency
of the increase in the surface energy has greater than that
of the weakening of the internal bond force on the glaze,
the surface energy will increase as a whole. Therefore,
when Na,O/K,0 = 0.8 — 1.6 and R,0/AL,0;=1.1 - 1.2,
or when Na,O/K,O = 1.8 and R,0/Al,0; = 0.8 — 1.1,
the surface energy increased with an increase
in the R,0/Al,O; ratio. In addition, it can be seen
from Figure 5 that the overall surface energy of the
samples obtained at Na,O/K,O = 1.8 — 2 was lower than
that at Na,O/K,O = 0.8 — 1.6, which was speculated
to be mainly attributed to the great damage caused
by the high amount of R,0.

Increasing the network compactness of the glaze
layer and increasing the number of broken bonds
on the glaze surface will increase the surface energy
of the glaze, but the denser the network structure
of the glaze layer reduces the number of broken bonds
on the glaze surface. Thus, adjusting the chemical
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composition of the glaze, especially the Na,O/K,O
and R,0/Al,0; ratio to make the network density
and network compactness of the glaze layer to be within
a suitable range could provide a useful route to prepare
a ceramic glaze with high surface energy and high gloss,
and to facilitate an improvement in the stain resistance
and easy cleaning performance of the ceramic glaze.

Structural analysis

Figure 6 shows the *Si MAS-NMR spectra
of samples Al and A2 prepared at R,0/Al,O, = 1, Na,O/
K,0 = 1.2 and 2, respectively. Both samples A1 and A2
have a wide ?Si MAS-NMR band in the -120 ~ -60 ppm
range, and the absolute value for the A1 chemical shift was
greater than that for A2. Ananthanarayanan [26] pointed
out that the wide resonance spectrum of silicate glass
could be decomposed into three independent resonances
with a different Q, (where n is the number of bridging
oxygen bound to Si, that is, Q, is [SiO,], Q, is [Si0,07T,
Q, is [Si0,0,%7%). Chen’s SiMAS-NMR spectra study
on borosilicate glass indicated that the peak located
at -70 ~ -90 ppm, -90 ~ -106 ppm and -100 ~ -120 ppm
belonged to Q,, Q; and Q,, respectively [27]. According
to the literature, the three resonance spectra at -83, -91
and -100 ppm in this experiment should be attributed
to Q,, Q; and Q,, respectively. It can be seen from
the peak separation results that the Q, peak area ratio
of samples Al and A2 was much larger than that of Q,
and Q2, and the Q, area values of the two samples were
similar. Although the area proportion of Q, for sample
A1 was larger than that for A2, the proportion of Q; was
less than A2. Such a result should be related the amount
of non-bridging oxygen in the glaze glass network.
Since sample A2 contained a high Na,O/K,O ratio, much
more alkali metal ions would exert a destructive effect
on the network structure of glaze glass and increase
the amount of non-bridging oxygen, resulting in a re-
latively loose glass network structure, so that the Q,
of A2 was larger than A1, and the surface energy of Al
was also larger.

In addition, according to the calculation
formula of the bridging oxygen number of alumino-
silicate glass, when (R,0 + RO)/AlL,O; (mol. %) > 1,
X = 0O/(Si + Al) (mol. %), the bridging oxygen number
Y can be expressed as Y = 8 — 2X [28], the theoretical
bridging oxygen number Y of samples Al and A2
was 3.425 and 3.413, respectively, that is, the network
structure of Al was slightly denser than A2 in theory.
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Figure 6. The *SiMAS-NMR spectra and their peaks

of samples A1 and A2 (the correlation coefficient of the fitting
R? for each sample is more than 0.99).

Furthermore, it can be seen from Figure 6 that
the absolute value of the peak position of A1 was greater
than that of A2 [29] and the proportion of Q, was also
slightly higher than that of A2. The above detected
results also further confirmed that the polymerisation
degree of A1 was indeed greater than that of A2, leading
to a denser structure and showing a higher surface energy
of 11.98 mJ-m? than that of A2.

Table 2. Chemical composition and glaze properties of A1 and A2.

Samples Chemical composition (wt. %) Glaze properties
SiO, ALO; CaO MgO Na,0O K,0 Na,0/K,0 R,0/AlL0, s ¥s' Gloss Y
(mI'm?) (%)
Al 60.56 1142 1454  2.07 6.23 5.19 1.2 1 7591 96.7 943 3425
A2 60.56 11.42 1454  2.07 7.61 3.81 2 1 63.93 91.5 884 3413
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CONCLUSIONS

The glossiness and surface energy of the cera-
mic glaze could be effectively improved by adjusting
the R,0/Al,0, and Na,O/K,O ratios in the chemi-
cal composition on the basis of the basic glaze.
The ceramic glaze obtained had small numbers
of pinholes and showed a high surface energy
and good water wettability and glossiness. Its surface
energy was mainly affected by the internal network
structure. The compactness of the network structure
in the glaze layer together with the broken bond
determined the surface energy and water wettability.
The greater the surface energy of the glaze was,
the greater the polarity component was, and the better
the wettability of water on the glaze was, which
would be conducive to improving the anti-fouling
and easy cleaning of ceramic products. The improvement
in the glaze glossiness was mainly due to the high
network density of the glaze layer and the suitable high
temperature viscosity and firing temperature, and the im-
provementofglazesurfaceenergy wasmainly duetothein-
crease in the density of glaze network and the increase
in the number of broken bonds on the glaze. When Na,O/
K,0=0.8—1.6,R,0/A1,0,=0.8 — 1.2, the surface energy
was 70.17 — 78.5 mJ-m™ and the gloss was 88.3 — 108.3,
being obvious higher than those of the basic glaze.
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