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Abstract
The effect of the SrO addition on the microstructure and structure of the glazes from the SiO2–Al2O3–CaO–MgO–K2O

system was investigated in this study. The results were obtained by testing the ability of the frits crystallization, the

stability of the crystallizing phases during the single-step fast-firing cycle depending on their chemical composition and the

effect of addition of strontium oxide. Differential scanning calorimetry (DSC) curves showed that all glazes crystallized,

and diopside and anorthite were mainly identified as dominant phases in the obtained glazes, while the size and amount of

each depended on the amount of SrO introduced. The thermal characteristic of the frits was carried out using DSC, and

crystalline phases were determined by X-ray diffractometry. The glaze microstructure was investigated by scanning

electron microscopy and transmission electron microscopy. Additional information on the microstructure of frits was

derived from spectroscopic studies in the mid-infrared range.
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Introduction

Multi-component glasses, based on glass-forming SiO2, are

used in numerous technological solutions. In traditional

ceramics, a layer of glass combined with a ceramic sub-

strate called glaze is used to impart aesthetic qualities as

well as to protect material against spotting, soaking or

adverse effects of chemicals [1–4]. Depending on the type

of product to which the glaze is applied, different tem-

peratures and firing times are used, with the firing time and

temperature determining the initial composition of the

glaze. In two extreme cases, these are glazes that are made

on the basis of raw materials or frits. In the first case, the

ceramic raw materials during the firing process melt on the

ceramic product creating a glaze, which occurs, for

example, in the technology of sanitary products or porce-

lain [4–6]. In the second case, frits are used, i.e. raw

materials pre-melted into glass, and then ground, therefore

during the firing process are melted faster and at a lower

temperature than the raw materials from which they were

produced [7]. Ceramic frits are used in the technology of

ceramic tiles production, which during the fast-firing pro-

cesses not exceeding several dozen minutes, melt on the

ceramic product creating a continuous, flawless glaze layer.

Depending on the frits used, coming from different glass

systems, glazes with different properties are obtained. The

final properties of glazes result from their oxide composi-

tion of frits and raw materials, the firing process carried out

and the microstructure of the glazes [8]. A good example of

glazes with extremely different final parameters, which

depend on the chemical composition and the firing process,

are transparent glazes and glass-crystalline glazes. Trans-

parent glazes are usually characterized by a high degree of

gloss [9] and create a glassy, almost completely amorphous

coating. Glass-crystalline glazes may, however, be char-

acterized by: higher mechanical resistance, degree of

opacity [10], lower gloss.
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The literature provides the results of research on various

glass systems, such as MgO–Al2O3–SiO2 [11–14], CaO–

MgO–Al2O3–SiO2 [7, 11, 15–19], Li2O–CaO–MgO–

Al2O3–SiO2 [17, 20, 21], ZnO–CaO–MgO–B2O3–Al2O3–

SiO2 [22], (Na2O, K2O, ZrO2, ZnO)–CaO–MgO–Al2O3–

SiO2 [11, 15, 17, 23–27], which can form the basis for the

development of frit compositions, and consequently glazes.

The role SrO plays in glaze depends on the system it is

used for, and in the structure of glass it acts as a modifier.

Strontium oxide is used in glazes as a flux with a stronger

effect than CaO. For glazes, it is usually introduced through

frits, and its content in frits is variable and depending on the

purpose may vary within the limits of 1.0–16 mass% [2].

Strontium oxide introduced into glazes instead of ZnO can,

for example, inhibit the crystallization of ZrSiO4 and allows

to obtain stable, transparent glazes with a high content of

ZrO2 [5]. In other glasses [28], SrO while substituting CaO,

promotes a higher content of crystalline phases. In glasses

with a high SrO content, up to 25 mass%, in the presence of

TiO2 up to 4 mass%, designed for use in solid oxide cells

(SOFCs) systems, glass-crystalline materials with an

expansion coefficient in the range of 10.8–13.9 (10-6 K-1)

were obtained in which Sr2SiO4, Sr(TiO3), Ca2SiO4 and

CaSiO3 were identified [29]. In the next work, glass-crys-

talline material was obtained in the BaO/SrO–MgO–B2O3–

SiO2 system at SrO content of 40.4 mass%, in which the

crystalline phases Sr2MgSi2O7 and SrB2Si2O8 were present

[30]. There are a number of works regarding glasses with SrO

for applications in various areas [31–37]; however, its high

content in these glass systems, the purpose and time of work

at the target conditions, create some limitations in the pos-

sibilities of their application as a material for frits and ulti-

mately glazes.

The main goal of this study was to investigate the effect

of SrO on the structure, microstructure and crystallization

of the glaze in the SiO2–Al2O3–CaO–MgO–K2O system.

Experimental

Materials and methods

The batches of components for frits from the SiO2–Al2O3–

CaO–MgO–K2O system modified by the addition of SrO

were prepared based on commercially available ingredi-

ents: SiO2, Al2O3, CaO, MgO, K2CO3, SrCO3. The

chemical compositions of the studied frits are shown in

Table 1.

The homogenized glaze sets in the amount of 150 g each

were melted in platinum crucibles closed with a lid. Each

batch was melted at 1400 �C with hold time of at the

maximum temperature of 2 h, and then, the melt was

rapidly cooled by pouring onto a steel plate.

The morphology of the obtained and ground frits was

observed using a transmission electron microscope (TEM)

Jeol-JEM 1011 (100 kV accelerating voltage was used).

Fourier transform infrared spectroscopy (FTIR) was used

to obtain information on the structure of the studied frits,

and the tests were performed using a Fourier spectrometer

Bruker Optics-Vertex 70V. Samples of tested frits were

prepared using the tablet method in KBr. Absorption

spectra were recorded in 128 scans with a resolution of

4 cm-1 in the mid-infrared range from 4000 to 400 cm-1.

The FTIR spectra were background corrected as described

by Robbinet et al. [38], and the curves were fitted with

Gaussian functions using Fityk 0.9.8. A correlation coef-

ficient of 0.999 was obtained for all the spectra decom-

position. The thermal activity of tested frits was

determined by means differential scanning calorimetry

(DSC) using a STA 449 F3 Jupiter (Netzsch). Frit samples

(grain size below 63 lm) were heated in platinum crucibles

from ambient temperature to 1220 �C at a constant rate of

10 �C min-1; then, the measurement was continued by

cooling the system to 600 �C. The measurement was car-

ried out on 50 mg samples with air flow of 40 mL min-1.

The aqueous suspensions of glazes, with a density of

1.6 g cm-3, were prepared from the ground frits

(\ 63 lm), which were then sprayed onto a ceramic sub-

strate (gres-porcellanato) in an amount of 0.1 g cm-2. The

prepared glazes consisted of 100% frits. Samples were fired

at 1220 �C in a fast-firing cycle; the total time of the

process was 60 min with holding for 4 min at maximum

temperature. Observations of the glaze microstructure were

carried out using a scanning microscope (SEM) on cross

sections after polishing. Nova NanoSEM 200 scanning

electron microscope (FEI Europe) was used for observation

and the EDAX analysis in microregions.

Phase analysis XRD was performed on pressed

(30 MPa) tablets with dimensions: diameter 25 mm and

height 1 mm. The tablets were then fired in the same

manner as glazes. In addition, some pressed tablets were

fired according to the firing curve and upon reaching the

crystallization temperatures Tc1 and Tc2 the samples were

taken out of the oven and rapidly quenched to freeze the

system. Phase analysis was performed on the re-grounded

material (\ 63 lm) using an X-ray analysis with an X’Pert

Table 1 Chemical composition of the investigated frits/mass%

SiO2 Al2O3 CaO MgO K2O SrO

Gl-0 48.27 18.93 19.25 9.55 4.00 0

Gl-1 47.78 18.74 19.06 9.45 3.97 1.00

Gl-2 47.06 18.46 18.76 9.31 3.90 2.51

Gl-3 45.82 17.97 18.26 9.06 3.80 5.09
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Pro X-ray diffractometer manufactured by Philips

(Panalytical).

In the work, the term frit was used in relation to melted

glasses, which were denoted: Gl-0, Gl-1, Gl-2, Gl-3,

respectively. The term glazes (as a traditional set of

ingredients applied in the form of an aqueous suspension)

in this work refers to samples prepared in 100% of melted

frits.

Results and discussion

Frits, whose compositions are included in Table 1, after

melting and pouring on a steel plate, were characterized by

uniformity and were visually transparent. The prepared

material was subjected to further tests. After grinding, the

frits were observed in a TEM microscope and images are

shown in Fig. 1.

TEM micrographs of powdered frits revealed their

homogeneous nature. The beginning of liquation or crys-

tallization was not observed.

Figure 2 shows the MIR spectra of the glasses in the

range of 1600–400 cm-1 without and with the addition of

strontium oxide. All presented spectra are characterized by

the presence of three groups of bands located in the fol-

lowing ranges: 1350–950 cm-1, 850–650 cm-1 and

500–400 cm-1.

Detailed interpretation of the MIR spectra of amorphous

materials is a very difficult task due to the large half-width

of the bands (overlapping of bands). To facilitate inter-

pretation, the MIR spectra were decomposed into samples

containing 0, 2.51 and 5.09 mass% of strontium oxide

(Figs. 3–5, Tables 2–4). After decomposition, the band

layout in all spectra is similar. And so, the band at

1116/1080/1177 cm-1 is associated with asymmetric

stretching vibrations Si=O (defects), band at 988/982/

1067 cm-1 with asymmetric stretching vibrations Si–O (Si,

Al)—silico–oxygen and alumino–silico–oxygen bridges

(bridge bonds) [39–43], bands at 905/904/960 and 855/845/

884 cm-1 with asymmetric stretching vibrations Si–O-

and Al–O-, respectively—broken silico– and alumino–

oxygen bridges (terminal bonds) [40–45], bands at

approximately 730 and 690 cm-1 with symmetric

Fig. 1 The TEM images of frits: a Gl-0, b Gl-1, c Gl-2, d Gl-3
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Fig. 2 FTIR spectra of glasses (frits)
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Fig. 3 Decomposition of the MIR spectrum of the Gl-0 glass

(0.0 mass% SrO)
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stretching vibrations Si–O–Si and Si–O–Al [26, 46, 47],

bands at 505/498/522 cm-1 are related to vibration of

alumino–silico–oxygen rings [26, 46–52], and bands at

about 443/441/453 cm-1 to bending vibrations O–Si–O

and O–Al–O (Figs. 3–5, Tables 2–4) [48–52].

To determine the effect of strontium ions on the poly-

merization of the aluminium–silicon network, the ratio (X-

Tables 2–4) of the sum of the integral intensities of the

bands associated with asymmetric stretching vibrations Si–

O- and Al–O- to the integral intensity of the band asso-

ciated with asymmetric stretching vibrations Si–O (Si, Al)

was determined.

When comparing and analysing the MIR spectra of glass

0.0 mass% SrO (Gl-0) with 2.51 mass% SrO (Gl-2)

(Figs. 3 and 4, Tables 2 and 3), it can be clearly stated that

the main difference that should be noted is the much higher

integral intensity (surface area under curve) of bands

associated with terminal bonds (bands at 904 cm-1 and

845 cm-1, Fig. 4, Table 3) and lower intrinsic intensity of

the band bound to silicon and aluminium bridges (band at

982 cm-1, Fig. 4, Table 3) on the Gl-2 glass spectrum with

2.51 mass% SrO with respect to the glass spectrum with

0.0 mass% SrO (Fig. 3, Table 2). The X ratio is much

lower for glass with the addition of 2.51 mass% SrO

(X2.51 = 1.27, Table 3) compared to an analogous ratio for

glass without the addition of SrO (X0.0 = 0.58, Table 2).

This means that the addition of strontium oxide to the

initial glass composition (Gl-0) in an amount of

2.51 mass% causes depolymerization (weakening) of the

aluminium–silicon network [26, 40, 44].

Also, the addition of 5.09 mass% strontium oxide

increases the integral intensity of the bands originating

from the broken silicon and aluminium silicon bonds

Table 2 Results of decomposition and band assignment in the MIR

spectrum of Gl-0 glass (0.0 mass%)

Center Height Area Assignment X0.0

Gl-0

1116 0.25 60.76 ta Si = O

988 0.28 49.65 ta Si–O–(Si, Al) 0.58

905 0.19 21.50 ta Si–O-

855 0.10 7.11 ta Al–O-

733 0.05 3.58 ts Si–O–Si

685 0.04 2.56 ts Si–O–Al

505 0.07 8.75 R

443 0.17 23.62 d O–(Si, Al)–O

ta, asymmetric stretching vibrations; ts, symmetric stretching vibra-

tions; R, ring vibrations; d, bending vibrations; X, the ratio of the

intensity of the integral band associated with the stretching vibrations

Si–O (Si, Al) to the sum of the integral intensities of the bands

associated with the stretching vibrations Si–O- and Al–O-

Wavenumber/cm–1

A
bs

or
ba

nc
e

1600 1000 400

10
80 98

2 90
4

84
5

73
2

68
3

49
8

44
1

Fig. 4 Decomposition of the MIR spectrum of the Gl-2 glass

(2.51 mass% SrO)

Table 3 Results of decomposition and band assignment in the MIR

spectrum of Gl-2 glass (2.51 mass%)

Center Height Area Assignment X2.51

Gl-2

1080 0.18 34.60 ta Si=O

982 0.20 26.71 ta Si–O–(Si, Al) 1.27

904 0.21 25.31 ta Si–O-

845 0.12 8.63 ta Al–O-

732 0.05 3.53 ts Si–O–Si

683 0.04 2.53 ts Si–O–Al

498 0.09 12.50 R

441 0.16 21.20 d O–(Si, Al)–O

ta, asymmetric stretching vibrations; ts, symmetric stretching vibra-

tions, R, ring vibrations; d, bending vibrations; X, the ratio of the

intensity of the integral band associated with the stretching vibrations

Si–O (Si, Al) to the sum of the integral intensities of the bands

associated with the stretching vibrations Si–O- and Al–O-
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Fig. 5 Decomposition of the MIR spectrum of the Gl-3 glass

(5.09 mass% SrO)
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(bands at 960 cm-1 and 884 cm-1, Fig. 5, Table 4) and the

reduction of the intensity of the integral band derived from

bridging bonds Si–O– (Si, Al) (band at 1067 cm-1, Fig. 5,

Table 4) with reference to glass without the addition of

SrO (Fig. 3, Table 2). The value of X based on the

decomposition of the MIR spectra of the Gl-3 glass

(5.09 mass% SrO) is 1.46 (Fig. 5, Table 4), and similarly

to the glass containing 2.51 mass% SrO it is definitely

smaller with respect to the X value for glasses unmodified

with strontium oxide (Fig. 3, Table 2).

Increasing the SrO content from 2.51 to 5.09 mass%

leads to an increase in the X ratio. It is also worth noting

that the decomposition of the MIR spectra of the glass with

5.09 mass% of SrO (Fig. 5) shows a significant shift of the

position of all bands towards higher wavenumbers with

respect to the same bands in the spectral spectrum with

0.0 mass% SrO and 2.51 mass% SrO (Figs. 3 and 4,

Tables 3 and 4). This indicates the stiffening of the glass

network; thus in a glass containing 5.09 mass% SrO, a

portion of the strontium ions breaks the bridge bonds, and

the rest of them substitutes alkaline earth cations, mainly

Ca2? cations. It results from a similar value of the ionic

radius of Sr2? ions to the ionic radius of Ca2? ions.

The DSC thermal analysis results of the frits investi-

gated are shown in Fig. 6, and the summary of results is

presented in Table 5. The glass transition temperature Tg of

the frits tested was determined in the temperature range of

740–746 �C, and no significant differences were observed

with the increase in SrO content. The high tendency to

crystallize all frits was recorded on the DSC plot. Two

temperature ranges were observed on the DSC curves,

where exothermic effects appeared. In the first range, there

are strong wide peaks (Tc1) with a maximum in the tem-

perature range of 975–985 �C. In the second, the weaker

exothermic peaks (Tc2) were recorded in the temperature

range of 1203–1211 �C which appeared just after the

occurrence of the endothermic melting-related effect,

which for all frits occurred at the temperature of 1185 �C.

In the studied frits, the maximum of crystallization peaks

was observed to shift to higher temperatures with

increasing SrO content. On the DSC curve of frits with

5.09 mass% SrO content, an additional two exothermic

effects (Tc3 and Tc4) were observed with the maximum at

1144 �C and 1113 �C, occurring during the cooling stage,

demonstrating re-crystallization.

The results of conducted X-ray examinations at the

crystallization temperatures Tc1 and Tc2, and in the entire

firing cycle for the base glaze Gl-0 and the glaze with the

Table 4 Results of decomposition and band assignment in the MIR

spectrum of Gl-3 glass (5.09 mass%)

Center Height Area Assignment X5.09

Gl-3

1177 0.10 19.94 ta Si=O

1067 0.18 34.75 ta Si–O–(Si, Al) 1.46

960 0.21 36.64 ta Si–O-

884 0.13 14.21 ta Al–O-

733 0.03 1.55 ts Si–O–Si

686 0.04 3.50 ts Si–O–Al

522 0.07 6.46 R

453 0.16 19.53 d O–(Si, Al)–O

ta, asymmetric stretching vibrations; ts, symmetric stretching vibra-

tions; R, ring vibrations; d bending vibrations; X, the ratio of the

intensity of the integral band associated with the stretching vibrations

Si–O (Si, Al) to the sum of the integral intensities of the bands

associated with the stretching vibrations Si–O- and Al–O-
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addition of 5.09 mass% SrO are shown in Figs. 7 and 8.

Such a choice results from the fact that X-ray scans of Gl-

0, Gl-1 and Gl-2 glazes were almost identical. Table 6

provides a summary of the identified crystalline phases,

and the estimated ratios of individual phases were deter-

mined on the basis of the intensity of individual reflections

from the identified minerals.

The precise determination of the content of individual

phases is due to overlapping of reflections from different

phases. On the basis of X-ray images from the crystal-

lization temperature of Tc1, the presence of mainly anor-

thite (ICSD 98-008-6328) and diopside (ICSD 98-003-

3753) as well as melilite, i.e. a solid solution of akermanite/

gehlenite crystalline phase (ICSD 98-016-0346), was found

in glazes Gl-0, Gl-1 and Gl-2. There was also presence of a

small amount of leucite (ICSD 98-016-1635). In Gl-3 glaze

with 5.09 mass% SrO content, the type and number of

individual phases were slightly different from other glazes.

In this glaze (Gl-3), the presence of strontium feldspar

[general formula (Ca0.2Sr0.8)(Al2Si2O8)] (ICSD 98-015-

7212) and diopside as main crystalline phases was found.

Larger share of akermanite/gehlenite and a lower diopside

content were also observed compared to Gl-0, Gl-1 and Gl-

2 glazes. The X-ray images from the crystallization tem-

perature Tc2 showed the presence of the same phases as on

the diffractograms registered for glazes at Tc1. The

endothermic effect noted on the DSC curves (Fig. 6)

associated with the melting of crystalline phases, which

started at 1185 �C, did not affect the total melting of the

phases present in the system, but could only affect the

melting of the newly crystallizing phase at Tc2 temperature.

The observed exothermic effect of Tc2 may also result from

the re-crystallization of the phases identified at the Tc1

temperature. In addition, XRD diffractograms of Gl-0, Gl-1

and Gl-2 glazes showed much stronger reflexes from the

diopside phase. In the case of Gl-3 glaze, stronger reflexes

from akermanite/gehlenite were also noted. The diffrac-

tograms of samples from the entire cycle showed the

presence of anorthite, diopside and leucite for glazes with

contents up to 2.51 mass% SrO, and strontium feldspar,

diopside and leucite for Gl-3 glazes with 5.09 mass% SrO

content. An increase in the intensity of reflections from

diopside and the almost complete disappearance of struc-

tures from akermanite/gehlenite were also observed in all

glazes. This may indicate the complete conversion to the

anorthite structure according to the reaction [53, 54]:

Ca2Al2SiO7 þ 3SiO2 þ Al2O3 ! 2CaAl2Si2O8 ð1Þ

Table 5 Thermal properties of frits in the SiO2–Al2O3–CaO–MgO–

K2O–SrO system

Measurement technique Gl-0 Gl-1 Gl-2 Gl-3

Transition—Tg/�C 744 743 740 746

Crystallization effect/�C
(Heating)—Tc1 975 977 982 985

(Heating)—Tc2 1203 1207 1206 1211

(Cooling)—Tc3 – – – 1144

(Cooling)—Tc4 – – – 1113

G–0 (cycle)

G–0 (1203 °C)

G–0 (975 °C)

In
te
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ity

/a
.u

.

10 15 20 25 30 35 40 45 50 55 60 65 70 75

2θ /°

Diopside
Anorthite

Leucite
Akermanite/gehlenite

Fig. 7 X-ray diffraction

patterns of frit/glaze Gl-0
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Microscopic observations of the obtained glazes showed

their high degree of crystallization, which is shown in

Fig. 7.

Based on the SEM photos, it can be concluded that the

introduction of SrO into the system caused the crystal-

lization of a bigger amount of crystalline phase. In the Gl-

0, Gl-1 and Gl-2 glazes, the shape of crystals is columnar

and partially isometric, which can be clearly seen in glaze

Gl-2 in which the grains of the crystalline phase are more

clearly visible. The glaze with 5.09 mass% SrO content is

characterized by a different morphology. In this glaze,

grains of columnar and tabular shapes were observed. The

conducted EDS point analysis did not show significant

differences in chemical compositions of individual phases.

The crystal size is slightly higher than in glazes with a

lower SrO content. These changes are related to the crys-

tallization/formation of strontium feldspar, which is not

observed in the Gl-0, Gl-1 and Gl-2 glazes, and the

occurrence of crystallization at the cooling stage at tem-

peratures Tc3 and Tc4. The occurrence of crystallization in

the Gl-3 glaze did not contribute to the formation of new

crystalline phases (phase analysis from the whole cycle), so

it can be assumed that there was a re-crystallization or the

growth of already identified crystals in the system (Fig. 9).

GL–3 (cycle)

Gl–3 (1211 °C)

GL–3 (985 °C)

In
te

ns
ity

/a
.u

.

10 15 20 25 30 35 40 45 50 55 60 65 70 75

2θ /°

Diopside
Strontium feldspar

Leucite
Akermanite/gehlenite

Fig. 8 X-ray diffraction

patterns of frit/glaze Gl-3

Table 6 Relative amounts of

crystalline phases of tested

glazes

Gl-0 Gl-1 Gl-2 Gl-3

Tc1/�C A/G (??) A/G (??) A/G (??) A/G (??)

D (??) D (??) D (??) D (?)

An (??) An (??) An (??) SF (??)

L (?) L (?) L (?) L (?)

Tc2/�C A/G (?) A/G (?) A/G (?) A/G (??)

D (??) D (??) D (??) D (?)

An (??) An (??) An (??) SF (??)

L (?) L (?) L (?) L (?)

Cycle A/G nd A/G nd A/G nd A/G nd

D (???) D (???) D (???) D (??)

An (???) An (???) An (???) SF (???)

L (?) L (?) L (?) L (?)

???, ?? and ? denotes strong, medium and weak diffraction peaks, respectively

nd, not determined; A/G, Ca2(Al0.25Mg0.75)(Al0.25Si1.75)O7) - akermanite/gehlenite; D, Ca0.8Mg1.2O6Si2-

- diopside; An, Ca(Al2Si2O8) - anorthite; SF, (Ca0.2Sr0.8)(Al2Si2O8) - strontium feldspar; L,

K(AlSi2O6) - leucite
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Conclusions

The study investigated the influence of SrO content on

microstructure and crystallization of glazes in the SiO2–

Al2O3–CaO–MgO–K2O system.

Detailed XRD and FTIR studies of frits from the SiO2–

Al2O3–CaO–MgO–K2O system modified with the addition

of SrO allowed determination of the influence of strontium

ions on their structure and microstructure. It was found that

all frits are fully amorphous after melting, containing no

crystalline phase and liquation. Spectroscopic studies

allowed to state that at selected contents of strontium

oxide, strontium ions occur in the structure of studied frits

as modifying ions that depolymerize the glass network.

This leads to a significant relaxation of the frit structure

resulting from an increase in the number of Si–O- bonds

broken at the expense of the Si–O (Si) and Si–O (Al).

In glazes obtained from frits containing up to

2.51 mass% SrO, mainly anorthite, diopside and aker-

manite/gehlenite were identified. In the glaze with

5.09 mass% of SrO, feldspar strontium [(Ca0.2Sr0.8)(Al2
Si2O8)], diopside, akermanite/gehlenite and leucite were

identified. Akermanite/gehlenite that was identified during

the firing process reacted to give anorthite and was finally

not observed in any glazes after firing. The introduction of

SrO in the amount of 5.09 mass% also caused a change in

the morphology of the obtained glaze; larger crystallites

were observed, with a tabular and columnar habit com-

pared to glazes with a lower SrO content. The increase in

the content of strontium oxide in frits compositions

increased the amount of crystalline phase in the fired

glazes.
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39. Partyka J, Leśniak M. Raman and infrared spectroscopy study on

structure and microstructure of glass-ceramic materials from

SiO2–Al2O3–Na2O–K2O–CaO system modified by variable

molar ratio of SiO2/Al2O3. Spectrochim Acta, Part A.

2016;152:82–91.
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