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a b s t r a c t

Eu3þ doped tellurite glass ceramics containing SrF2 nanocrystals were prepared using melt quenching
technique and subsequent heat treatment of glass in 370 �C for different time periods. Thermal prop-
erties of glass matrix have been determined based on DSC measurements. XRD and XPS results
confirmed formation of SrF2 nanocrystals in glass matrices after annealing at 370 �C. FTIR studies
revealed absorption bands in the range of 500e850 cm�1 characteristic to TeO2 glasses. Obtained ma-
terials exhibited emission originated from the 5DJ (J ¼ 0e2) to the 7FJ (J ¼ 0e4) transitions of Eu3þ ions
under 395 and 465 nm excitations. TRES measurements indicated presence of two different surroundings
of the Eu3þ ions. In glass ceramics samples longer lifetimes of 615 nm emission of Eu3þ were achieved in
comparison to the precursor glass.

© 2016 Elsevier B.V. All rights reserved.
1. Introduction

Glass ceramics containing RE3þ (RE ¼ rare earth ions) have been
widely investigated in past decades due to their possible applica-
tions in solid-state lasers, fiber amplifiers, light emitting diodes, 3D
displays etc. [1]. Among them, transparent oxyfluoride glass ce-
ramics containing fluoride nanocrystals doped with RE3þ ions have
attracted considerable attention. In such materials, fluoride nano-
crystals enriched with RE3þ are homogeneously embedded in oxide
glass matrix [2]. Due to much smaller size of nanocrystals than the
visible light wavelength and similar refractive indices between
them and glass matrix, glass ceramics are characterized by high
transparency in visible and near infrared region [3]. Additionally,
oxyfluoride glass ceramics can be prepared using simple melt-
quenching technique followed by a heat treatment, during which
crystallization of fluoride phase takes place [4].

Most of the research focused on development of transparent
tellurite based glass ceramics containing fluoride crystalline phases
such as PbF2 or CdF3 in the glass matrices [5e7]. However, these
glass ceramics contain toxic lead and cadmium fluoride raw
.

materials, so they cannot be used extensively due to environmental
concerns. For this reason, the glass ceramics containing REF3
(RE ¼ La or Y) and MF2 (M ¼ Ca, Sr and Ba) nanocrystals became a
subject of intensive research [8e15]. The alkaline-earth fluorides
provide low phonon energy and large transfer coefficient between
RE3þ ions in the crystal lattice, which can improve optical proper-
ties without a loss of transparency [16]. They are also more envi-
ronmentally friendly than lead and cadmium compounds. Studies
mostly included silica-based oxyfluoride glass ceramics. For
example, luminescence of europium in 50SiO2-22Al2O3-20SrF2-
6NaF-2EuF3 glass ceramics have been investigated by Luo et al. [17].
Recently, Imanieh et al. [18] synthesized transparent alumino-
silicate glass ceramics containing Er3þ, Yb3þ:Sr1-xYxF2þx nano-
crystals. In this case, efficient upconversion luminescence process
took place.

However, there is limited number of reports on the tellurite-
based glass ceramics containing fluoride nanocrystals doped with
RE3þ ions. Transparent glass ceramics with 32TeO2-15SiO2-28AlF3-
15CaO-10NaF-1.5ErF3 composition, containing CaF2 nanocrystals
were successfully synthesized by Zhao-xia Hou et al. [19]. CaF2
crystalline phase was obtained by controlled heat-treatment at
370 �C nucleation for 4 h and crystallization at 420 �C for 6 h.

In this paper, we have successfully prepared the Eu3þ doped
TeO2-BaO-Bi2O3 tellurite-based glass ceramics containing SrF2
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nanocrystals. The size of SrF2 crystallites has been controlled by the
change of heat treatment duration. Structural and luminescence
properties of prepared glass ceramics were studied in detail and
results proved incorporation of Eu3þ into SrF2 lattice as well as
luminescence intensity variation depending on SrF2 crystallites
size. To our best knowledge, such glass ceramics systems have
never been reported before.
2. Experimental (materials and methods)

Tellurite based glasses with the nominal composition (in mol%)
73TeO2-4BaO-3Bi2O3-18SrF2-2Eu2O3 were synthesized using con-
ventional melt quenching technique. Well mixed starting raw
materials (TeO2, BaCO3, Bi5OH(OH)9(NO3)4, SrF2 and Eu(NO3)3 were
decomposed at 600 �C for an hour and melted in porcelain crucible
at 800 �C for 0.5 h; after that time the temperature was reduced to
700 �C for another 0.5 h. Melts were poured onto preheated steel
plate and pressed by another plate immediately; then cooled down
to the room temperature. Two series of glass ceramic samples were
obtained by heat treatment of precursor glass (PG) at 360 �C and
370 �C for different time periods (series labelled as GC360 and
GC370 in Table 1). Each step of glass and glass ceramics synthesis
was carried out in air atmosphere.

Structural properties of samples were investigated using several
techniques. X-ray diffractionmeasurements (XRD) were carried out
to confirm the lack of long range order in the as-prepared glass
samples and to determine crystalline structure of obtained glass
ceramics. Measurements were performed on powder samples on
Philips X’PERT PLUS diffractometer with Cu-Ka radiation
(l¼ 0.154 nm). The size of the SrF2 crystallites was estimated based
on XRD data using Scherrer's equation. Differential scanning calo-
rimetry (DSC) measurements were executed on Netzsch Simulta-
neous TGA-DSC, STA 449 F1 in platinum-rhodium crucible in air
atmosphere with the heating rate of 10 K/min. DSC results allowed
to characterize the thermal properties of the as-prepared glass
sample: glass transition temperature Tg and crystallization peak
temperature Tc. Fourier transform infrared spectroscopy (FTIR)
measurements were carried out on Perkin-Elmer Frontier MIR/FIR
spectrometer with TGS detector in order to determinate the types
of chemical bonds in the structural units present in the samples.
The measurements were performed on pellet samples mixed with
potassium bromide KBr in weight ratio (Sample: KBr) 1:100. The
spectra were obtained in the mid-infrared range. X-ray Photoelec-
tron Spectroscopy analysis (XPS) was carried out with X-ray
photoelectron spectrometer (Omnicron NanoTechnology) with
128-channel collector. Investigated samples were pre-cleaned by
Ar ion beam. XPS measurements were performed in an ultra-high
Table 1
Designation of the glass ceramics and heat treatment parameters.

Samples series Heat treatment temperature (�C) Heat treatment time (h)

GC360 360 0.5
1.0
1.5
24.0

GC370 370 0.5
1.0
1.5
3.0
4.0
6.0
7.0
9.0
12.0
24.0
vacuum conditions, below 1.1 � 10�8 mBar. The photoelectrons
were excited by an Mg-Ka X-ray source with X-ray anode operated
at 15 keV and 300 W. The absorption spectra of glass and glass-
ceramics samples were measured using Perkin-Elmer Lambda 35
UVeVis spectrophotometer. Luminescence emission and excitation
spectra of precursor glass and glass ceramics samples were
collected by Perkin Elmer LS 55 fluorescence spectrometer using
pellet samples mixed with KBr in weight ratio 1:1. Time-resolved
emission spectra (TRES) were obtained with the employment of
pulsed spectrofluorometer designed in our laboratory and
described earlier in detail [20]. The laser system PL 2143A/SS with
Nd:YAG laser and the PG 401/SH optical parametric generator
emitting pulses of FWHMz30 ps from EXSPLA, was used as the
excitation light source. The emission signal was analyzed by a
Bruker Optics 2501S spectrometer and the Hammamatsu streak
camera C4334-01 model. All operations are fully automated and
controlled by the original Hamamatsu HPDTA software which al-
lows for the real-time data analysis. The single measurement re-
sults are obtained as a quasi-three-dimensional, colorful flat image,
with the wavelength in horizontal axis, the time in vertical axis and
the intensity expressed by a range of colors. By slicing the streak
camera image at a certain time interval, the time decays are ob-
tained [16]. All measurements except of DSC were carried out at
room temperature.
3. Results and discussion

3.1. DSC analysis

In order to analyze the thermal properties as well as the thermal
stability of the precursor glass, the DSC measurements were per-
formed. DSC result of the TeO2-BaO-Bi2O3-SrF2 oxyfluoride glass
specimen is shown in Fig. 1. One can observe the glass transition
temperature (Tg) at 348 �C, the crystallization peak temperature
(Tc) at 382 �C and themelting temperature (Tm) at 520 �C. The onset
of crystallization peak temperature (Tx) was located at 375 �C. The
glass thermal stability DT has been evaluated as a difference be-
tween Tx and Tg: DT ¼ Tx � Tg. The value of DT in case of TeO2-BaO-
Bi2O3-SrF2 sample equaled 27 �C. Additionally, Saad-Poulain (S) and
Hruby (H) parameters were estimated to further investigation of
the thermal properties in precursor glass system. The thermal
stability S parameter describes the glass resistance against devit-
rification and it is defined as [21]:
Fig. 1. DSC curve of glass matrix.



Fig. 3. XRD pattern of GC370 series.
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S ¼ ðTc � TxÞ
�
Tc � Tg

��
Tg

It takes into account the width of the devitrification peak
(Tc � Tx) the large value of which delays the nucleation process. In
studied precursor glass system, the calculated value of S ¼ 0.68. For
other tellurite glass systems, for example [22] S parameter equaled
6.89 and 11.36, whereas in case of fluorozirconate-based glass ce-
ramics with BaF2 nanocrystals [23] the S value was in the range of
0.33e0.44. The parameter H is characterizing the tendency to form
glass and involves the glass transition temperature Tg, the melting
temperature Tm and the crystallization temperature Tc [24]:

H ¼ �
Tc � Tg

��ðTm � TcÞ
Typical H values ranged from 0.1 to 2.0 for good glass forming

systems. In present study, the H ¼ 0.25, suggesting relatively high
tendency of crystallization in the TeO2-BaO-Bi2O3-SrF2 glass ce-
ramics which could be mainly caused by the 18 mol% addition of
SrF2 into precursor glass matrix. However, it might be considered as
an advantage in terms of preparation glass ceramics from the
precursor glass.

Formation of the crystalline phase in glass matrix is considered
to be strongly dependent on the temperature and time of the heat
treatment procedure [25]. In order to achieve nanosized crystal-
lites, the heat treatment temperatures were selected in the range of
several degrees above the determined Tg and slightly below the Tx.
Due to this fact, two temperatures: 360 and 370 �C were used to
obtain SrF2 nanocrystalline phase. Additionally, different times
were taken into account for both temperatures.

3.2. XRD analysis

XRD diffraction analyses were carried out in order to investigate
the structure of prepared samples. Fig. 2 shows the XRD patterns of
Eu3þ doped precursor glass and two series of glass ceramics sam-
ples heat treated at 360 and 370 �C for different time periods. The
diffraction pattern of the glass specimen (Fig. 2.) showed only the
broad amorphous halo characteristic to the presence of short range
order in glass matrix. The similar situation occurs in case of samples
heat-treated at 360 �C in 0.5, 1.0, 1.5 and 24.0 h. The XRD patterns of
these samples did not contain diffraction peaks but only the
amorphous halos indicating that at 360 �C the heat treatment
process did not result in the crystallites formation. On the other
hand, the diffraction patterns of the specimens heat treated at
370 �C (Fig. 3.) revealed several sharp diffraction peaks arisen on
the amorphous halo suggesting successful growth of crystalline
Fig. 2. XRD pattern of PG and GC360 series.
phase. The intensity of the diffraction peaks enhanced gradually
with increasing of the heat treatment procedure time indicating the
improved crystallinity. All observed peaks matched very well with
the JCPDS No. 86e2418 which corresponded to SrF2 cubic structure
with the space group Fm3m (225). The average crystallite size (D) of
the SrF2 crystalline phase in glass ceramics samples was evaluated
for each sample from the most intensive diffraction peaks (111),
(200), (220) and (311) following the Scherrer's equation:

D ¼ ðK � lÞ=ðb*cos QÞ

where K ¼ 0.9, l is the wavelength of the Cu Ka radiation, b is the
structural broadening of peak profile in radians, and Q is the
diffraction angle [26,27]. Hereby, for the heat treatment time 7, 9,12
and 24 h, the average crystallites size was found to be 17, 19, 20 and
21 nm, respectively (Table 2). It might be concluded that the SrF2
crystallites size increase gradually with the heat treatment time
elongations. Additionally, the interplanar spacing d and the lattice
parameters a were found using Rietveld Method. For GC370_9 and
GC370_24 d values were found to be smaller (d(111) ¼ 3.27 Å and
3.22 Å, respectively) than those of the SrF2. The value of lattice
parameters a changed from 5.66 Å for GC370_9 to 5.6 Å in case of
GC370_24, whereas for SrF2 a parameter equaled 5.79 Å. That might
be attributed to the Eu3þ substituting Sr2þ during the heat treat-
ment process. Because Eu3þ ions had smaller ionic radius (0.95 Å) in
comparison with the Sr2þ ions (1.13 Å), thus the d value and a pa-
rameters decreased [28,29].
3.3. FTIR analysis

To examine the network structure of the PG and GC specimens,
the FTIR spectra were obtained (shown in Fig. 4). The main feature
was the wide band in the 500-850 cm�1 spectral range, charac-
teristic to the tellurium based glass matrices [30]. It could be
deconvoluted into three contributions. The first one at 590 cm�1

was due to the Te-O-Te vibrations in TeO4 trigonal bipyramids (tbp)
Table 2
The calculated crystallite size of GC370 glass ce-
ramics samples.

Sample Size (nm)

GC370_7 17
GC370_9 19
GC370_12 20
GC370_24 21



Fig. 4. FTIR spectra of PG and GC370_24.

M. Walas et al. / Journal of Alloys and Compounds 696 (2017) 619e626622
[31]. The band at 680 cm�1 was ascribed to the symmetric
stretching vibrations of Te-O in TeO4 tbp units or Te-O-Te linkages
between two fourfold coordinated Te atoms [32]. Finally, signal at
775 cm�1 had its source in the stretching vibration of Te-O in TeO3
trigonal pyramids (tp) units and/or TeO3þ1 polyhedral groups.

In comparisonwith the infrared absorption bands of the PG, the
GC370_24 spectrum possessed similar character, which indicated
that the crystallization process had no essential influence on the
glass matrix network. These results are consistent with other re-
ports on tellurite glass ceramics systems [33] which is satisfactory
considering the fact that only SrF2 compound was intended to form
crystallites in heat treated samples. FTIR measurement confirmed
that obtained tellurite based glass samples were resistant to
devitrification.

3.4. XPS analysis

XPS analysis was performed to provide additional information
about valance states of elements that samples were comprised of.
Exemplary spectra of PG, GC370_6 and GC370_24 are presented in
Fig. 5 (from top to the bottom, respectively). Fig. 5 (a) shows Eu3d
region. Two peaks 1 and 2 were observed at 1132.0 and 1163.0 eV
Fig. 5. XPS spectra of (a
with the energy separation about 30 eV and they could be attrib-
uted to Eu3þ spin-orbit 3d5/2 and 3d3/2 doublet, respectively [34].
The intensities and positions of peaks assigned to Eu3þ remained
unchanged after heat treatment procedure. Thus, it might be
concluded that formation of SrF2 nanocrystals have no influence on
the oxidation state of europium.

Fig. 5 (b) shows the Sr 3d spin-orbit doublet. Peaks could be
deconvoluted into four separated Gaussian-Lorentzian peaks.
Apparent resolution of two Sr3d components was relatively low
which indicated presence of more than one chemical state of
strontium in the studied materials. Peaks 1 and 3 at energies 133.0
and 135.0 eV were attributed to the Sr 3d5/2 and Sr 3d3/2 in SrO
[35,36], whereas peaks 2 and 4 at energies 133.5 and 135.5 eV
corresponded to the Sr 3d5/2 and Sr 3d3/2 in SrF2. The SrO doublet
intensity decreased after crystallization process while the intensity
of SrF2 doublet peaks significantly increased for the GC370_6 and
GC370_24 glass ceramics. The SrO to SrF2 ratio varied from 1.3 for
precursor glass to 0.57 and 0.33 for GC370_6 and GC370_24,
respectively. Therefore, gradual transformation of SrO to SrF2 as a
result of heat treatment process has been revealed. Such results are
in good agreement with the XRDmeasurements confirming growth
of the SrF2 nanocrystallites in glass ceramics samples after heat
treatment procedure has been applied.

Moreover, in the region of 570e590 eV Te3d peak analysis has
been performed (Fig. 5 (c)). Tellurium signals have been detected as
a characteristic well separated spin-orbit components with peaks 2
and 4 at approximately 576.0 and 586.4 eV with distance of 10.4 eV
that corresponds toTeO2. Besides signals due toTe3d5/2 and Te3d3/2,
low intensity features (1 and 3) are present on the low-energy side
of the Te3d peaks [37]. The origin of this bands might be the
presence of other tellurium based species such as TeO3 [38]. Ac-
cording to our FTIR results, tellurium possess different local envi-
ronments. Thus, presence of TeO3 and TeO4 species in the glass
matrix might be the reason of additional bands appearance in the
XPS spectra.
3.5. UVeVis analysis

Optical study provided information about transitions in the UV
and visible range based on observed absorption bands. The
) Eu, (b) Sr, (c) Te.



Fig. 7. Excitation spectrum of PG for lem ¼ 615 nm.
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absorption spectra of Eu3þ doped glass and glass ceramic samples
in the spectral region of 380e580 nm are presented in Fig. 6.
Observed bands could be ascribed to 4f-4f transitions from the 7F0,1
levels to the excited states of Eu3þ ions. Three absorption bands
from the 7F0 ground state to the 5D2 and 5D1 states were present at
465 and 526 nm, respectively. Additionally, the absorption band at
535 nm due to 7F1/5D1 transition was observed. It is well known,
that transition from the first excited state (7F1) in the Eu3þ ions is
possible due to closely spaced 7F0 and 7F1 states. Intensity of Eu3þ

transitions in case of precursor glass and glass ceramics remained
unchanged. Additionally, the absorption edge did not shift signifi-
cantly after heat treatment procedure. Due to nanosized SrF2
crystallites [39] transparency of glass ceramics was slightly
changed, whichwas comparablewith other results, for example [5].
Since high optical transparency is one of themost required qualities
of glass ceramics systems, obtained results indicated that studied
glass ceramics systems were a good candidate for RE3þ ions hosts.
3.6. Luminescence analysis

Luminescence properties of the precursor glass and glass ce-
ramics doped with Eu3þ ions were investigated in order to deter-
mine the influence of the surroundings on luminescence intensity
of Eu3þ ions.

Fig. 7 shows the excitation spectra of PG monitored at
lem ¼ 615 nm (5D0/

7F2 transition of Eu3þ ions). Several charac-
teristic sharp peaks originating from the 4f-4f transitions of Eu3þ

were observable from the 7F0 ground state to the excited levels: 5D7
(362 nm), 5L7 (382 nm), 5L6 (395 nm), 5D3 (416 nm) and 5D2
(465 nm). Intensities of two peaks: at 395 and 465 nm were
significantly higher than other peaks. Similar excitation spectra
were collected in case of other samples, thus they were not
presented.

Furthermore, both of the 395 and 465 nm excitation wave-
lengths were used to record the emission spectra of precursor glass
and glass ceramics. The emission spectra excited by lexc ¼ 395 nm
(Fig. 8.) consisted of peaks due to transitions from the lowest
excited states 5D0 of Eu3þ and additionally, peaks assigned to the
transitions from the highest excited states 5D1 and 5D2. Several
peaks at 511, 535, 555, 588, 615, 653 and 703 nm were ascribed to
the 5D2/

7FJ (J ¼ 3), 5D1/
7FJ (J ¼ 1, 2) and 5D0/

7FJ (J ¼ 1, 2, 3, 4),
respectively. For lexc ¼ 465 nm excitation, the emission spectra of
precursor glass and GC370 samples (Fig. 9.) consisted similar peaks
at 535, 555, 588, 615, 653 and 703 nm. There was no significant
difference on the emission intensities between precursor glass and
GC360 series due to lack of crystalline phase. With the SrF2
Fig. 6. UVevis spectra of PG, GC370_6 and GC_24.
crystallites formation in GC370 series, the emission intensities were
gradually improved. This phenomenon was related to Eu3þ incor-
poration into the SrF2 nanocrystals during heat treatment proced-
ure. Although tellurite glass matrices are known to have one of the
lowest phonon energies among oxide glasses (about 700 cm�1

[40]), the SrF2 phonon energies are considerably lower (300 cm�1).
In result, the non-radiative relaxation process between the Eu3þ

excited levels 5D1,2 and 5D0 decreases and the emission from higher
excited levels occurs along with Eu3þ luminescence increasing.
Such behavior was observed only in certain low phonon glass and
glass ceramics systems [41]. The overall emission color estimated
based on Figs. 8 and 9 did not vary significantly for PG and GC
samples. It fell in the orange region for lexc¼ 395 nm excitation and
shifted to reddish-orange when excited by lexc ¼ 465 nm wave-
length. Emission spectra of glass specimen undoped by Eu3þ under
both excitation wavelengths were also measured in order to esti-
mate the influence of glass matrix on the overall emission color. It
was found that pure glass matrix emitted a weak broad band in the
blue spectral range thus it might slightly affected the overall color
by shifting it to the lower x values. However, presence of Eu3þ

transitions in PG and GC in the green and yellow spectrum region
originating from the upper excited levels (5D1,2) was the predom-
inant factor for shifting the x and y values of estimated overall
emission colors from red area.

The intensity ratio of the major emission peaks of Eu3þ: at 588
(5D0/

7F1) nm and 615 nm (5D0/
7F2) is defined as Red/Orange

ratio and reflects the local surrounding symmetry of Eu3þ ions. It is
well known, that the peak at 588 nm is due to magnetic dipole
transition and does not depend on the ligand field [20]. On the
other hand, peak at 615 nm originating from the forced electric
dipole transition allowed only when Eu3þ ions occupy a site
without a symmetry center [42]. Thus, the 5D0/

7F2 transition is
hypersensitive to the local symmetry. Decrease of the R/O after heat
treatment procedure provides an evidence of the Eu3þ incorpora-
tion into SrF2 nanocrystals. The calculated R/O values were 4.84,
4.69 and 4.13 for the PC, GC370_6 and GC370_24, respectively. The
continuous decrease of R/O in glass ceramics samples indicated the
increasing symmetry of the ligand field of Eu3þ ions. Similar dif-
ferences between R/O values for precursor glass and glass ceramics
samples were achieved in Refs. [25] and [26]. Therefore, the Eu3þ

enriching the SrF2 nanocrystalline structure was confirmed, which
is also consistent with XRD data analysis.
3.7. TRES analysis

TRES results provided further information concerning Eu3þ in
the investigated glass and glass ceramics systems. The fluorescence



Fig. 8. Emission spectra of PG and GC370 series excited by lexc ¼ 395 nm and CIE chromaticity diagram (white triangle represented PG, blue-GC370_6 and green-GC370_24). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 9. Emission spectra of PG and GC370 series excited by lexc ¼ 465 nm and CIE chromaticity diagram (white circle represented PG, blue-GC370_6 and green-GC370_24). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 10. TRES of PG, GC370_6 and GC370_24 for 615 nm observation with the excitation
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decay curves of 615 nm (5D0/
7F2) transition of Eu3þ ions in PG,

GC370_6 and GC370_24 samples luminescence excited by 465 nm
wavelength are shown in Fig. 10.

The double-exponential character of the decay curves indicated
presence of two different surroundings of Eu3þ ions. Long lifetimes
(t1) are correlated with the higher symmetry of the crystal field,
whereas the short lifetimes (t2) are connected with the lower
symmetry of Eu3þ surroundings [21]. In case of measured samples,
t1 represented the lifetime of Eu3þ incorporated into the SrF2
nanocrystals while t2 was due to Eu3þ in the glass matrix. Based on
the collected data, the Eu3þ 615 nm calculated average fluorescence
decay lifetimes in glass ceramics for both, the GC370_6 and
GC370_24 were slightly longer (t ¼ 0.68 and 0.73 ms, respectively)
comparing to the PG (t ¼ 0.67 ms). The relatively low differences
between measured lifetimes comparison to other publications
[21,25,43] might be explained as follows: Eu3þ ions partially
enriched the SrF2 crystal lattice, however some of the Eu3þ ions also
remained in glass matrix. Similar results were obtained by de
Pablos-Martin et al. [44]. They found that for aluminosilicate
wavelength lexc ¼ 465 nm.
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glasses thulium was present in both, the glass matrix and nano-
crystalline LaF3.

Therefore, along with the presented luminescence results for
GC370 series it might be concluded that Eu3þ incorporation in the
SrF2 nanocrystals is an advantage in terms of efficiency improve-
ment of investigated materials for LED phosphors applications.

4. Conclusions

Eu3þ doped tellurite glass ceramics containing SrF2 nanocrystals
were successfully synthesized. Formation of SrF2 crystallites was
confirmed by XRD patterns and the presence of the Sr-F bonds was
detected by XPS. The size of crystallites in range 17e21 nm was
controlled by modifying the heat treatment duration. Part of Eu3þ

ions enriched the SrF2 crystal lattice which was observed at lumi-
nescence results such as R/O ratio and fluorescence decay lifetimes
which depended on the Eu3þ local symmetry of surrounding
environment. For glass ceramics samples, the R/O ratio decreased
subsequently with the heat treatment time increase because the
intensity of the electric 5D0/

7F2 transition is related with Eu3þ

occupying the non-inversion symmetry positions, whereas the
magnetic dipole 5D0/

7F1 transition reflects the Eu3þ position with
the inversion symmetry in SrF2 crystal structure. The Eu3þ average
decay lifetimes were slightly longer for glass ceramics in compar-
ison with precursor glass due to Eu3þ location partially in higher
symmetry surroundings. Because of low-phonon energy environ-
ment, transitions from the Eu3þ: 5D0 as well as 5D1,2 levels were
observed. The highest emission intensity of Eu3þ was monitored in
GC 370_6 sample. Presented study suggests that tellurite glass ce-
ramics containing SrF2 nanocrystals are excellent hosts for Eu3þ

ions. Moreover, obtained results allowed to determine optimal
parameters of heat treatment procedure to enhance the Eu3þ

luminescence properties and therefore gave a possibility for further
investigation of described GC doped by various RE3þ ions in order
to achieve white light emission. Such materials might find appli-
cation in photonics for example as a LED and WLED phosphors.
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