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HIGHLIGHTS

o Tellurite glass 0.25Li;0—0.20Y>,03—0.5TeO,—0.05Eu,03 has been synthesized.
o Photoluminescence properties have been evaluated at UV and X-ray excitation.

o PL intensity is significant up to ~500 K.
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The Eu®*-doped red-orange emitting phosphor of tellurite glass 0.25Li,0—0.20Y,03—0.5Te0,—0.05Eu,03
has been synthesized by the melt quenching method. The amorphous nature of the glass has been
verified by XRD measurements. The photoluminescence excitation and emission spectra, the lumines-
cence decay curves have been investigated for the composition. The phosphor can be efficiently excited
by the near UV light to realize the intense narrow red emission line (611 nm) corresponding to forced
electric dipole transition Dy — ’F, of Eu>" ions. The LiZO—Y203—TeOZ:Eu3+glass phosphor is a potential
red-orange emitting candidate for the application in WLEDs.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Tellurite glasses based on TeO, as a heavy network former
possess such unique properties as high chemical durability, a wide
range of transparency, low phonon losses, high refractive indices
and comparatively low melting points [1—4]. The glasses have
recently attracted wide attention because of their high potential to
be used as efficient hosts for rare earth element activators [1,5—10].
It should be emphasized that tellurite glasses can accommodate a
large quantity of rare element oxides with the persistance of the
amorphous state [1,10—13]. However, for several oxide
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compositions, the crystallization behavior was reported at ~1 mol%
Ln,03 addition [5,13]. The Eu* ion is among the most interesting
activators due to possible applications as a red emitting phosphor
agent with the intense emission in several bands over the spectral
range of 580—720 nm [6,7,12—22]. A lot of different chemical
compositions were evaluated to see the effects of different metals
and glass-forming agents combination on the structural, mechan-
ical, thermal and luminescence parameters of the tellurite glasses.
However, the Y,03-containing compositions were not reported up
to now. In the present study, the glass-forming and spectroscopic
properties of the Li;O + Y,03+TeO, + Euy03 oxide combination are
tested for the first time.

2. Experimental methods

The glass composition, 0.25Li;0—0.20Y,03—0.5Te0,—0.05Eu,03,
was prepared by the conventional melt quenching method. The
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mixture of high purity grade tellurium dioxide (TeO,, 99.999%,
NSU, Russia), lithium carbonate (Li;CO3, 99.999%, Sigma—Aldrich),
yttrium trioxide Y203 and europium trioxide Eu;03(99.999%, GREEN
RESOURCE CO., LTD) reagents was used as a starting charge. The well
mixed materials were placed into a platinum crucible, heated slowly
(2—3h)in electric furnace up to temperature T= 500—550 K to avoid
the powder eruption due to lithium carbonate decomposition. Then,
the temperature was increased to T= 1100 K during 4 h and the melt
was kept at this temperature for 2—3 h for homogenization. After
this, the melt portion was poured onto a steel plate heated at
T = 700 K, and the quenched ingot was cooled slowly to room
temperature. The crystallinity of the final product was tested by XRD
measurements at room temperature using a D8 ADVANCE Bruker
diffractometer (VANTEC liner detector, CuK, radiation). Detailed
information on the set up can be found elsewhere [23,24].

The transmission (absorption) spectra were recorded over the
spectral range of 200—600 nm. A 50 W incandescent and 25 W
deuterium lamps were taken as light sources, whereas a diffraction
monochromator MDR2 and FEU100 were used to detect the
transmitted light. The photoluminescence (PL) and photo-
luminescence excitation (PLE) spectra were obtained using a
luminescence spectrometer SDL-1 with excitation from a 1 kW Xe
lamp; the emission of the latter was passed through a diffraction
monochromator MDR2. The spectra of X-ray excited luminescence
(XL) were obtained with a monochromator MDR2 at T = 300 K at
the excitation from a 1 kW table X-ray set-up URS 1.0. The tem-
perature dependence of photoluminescence spectra was measured
over the range of T = 80—600 K, and the samples were heated at the
rate of 0.3 K sec. In this experiment, the PL spectral range was
separated by special glass filters.

3. Results and discussion

The appearance of a batch of glass pieces in transmitted white
light and their luminescence under UV 365 nm excitation are
shown in Fig. 1. A typical size of these pieces is about 1 mm. The
irregular shape of the pieces is provided by vitreous fracture. Under
white light illumination, the glass is colorless and transparent. The
intense red-orange luminescence, however, is observed at UV
excitation. The diffraction pattern shown in Fig. 1S does not contain
sharp peaks, and this confirms the amorphous nature of the
samples.
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Fig. 2. Transmission and PLE spectra recorded from the glass plate at T = 300 K. In the
inset, the (Ig «) dependence on photon energy is shown. Some of the 4f-4f electronic
transitions in the Eu®" are indicated.

The transmission spectrum measured at T = 300 K for the glass
plate, which was of about 1 mm in diameter and 300 pm thick, is
shown in Fig. 2a. This glass material is transparent over a wide
spectral range, and the shortwave absorption edge is located near
330 nm. One can see that an increase in transmission on the
wavelength growth is smooth enough, and this character is typical
of the glass state. At the absorption edge, there is a range where
optical absorption coefficient o. depends exponentially on photon
energy in accordance with the empirical Urbach rule [25]. The
spectrum range is shown in the inset in Fig. 2a. The exponential
shape of the absorption edge is a result of a statistical disorder in
the structure and electronic transitions between the tails of valence
and conduction bands. Also, there are narrow absorption lines
detected at 362, 394, 467 and 537 nm, and the features are asso-
ciated with the 4f-4f transitions in the Eu* ions [26].

The photoluminescence excitation (PLE) spectrum of the emis-
sion over the range of 550—650 nm is shown in Fig. 2b. In PLE
spectrum, the 4f-4f transitions in Eu>* ions at 362, 383, 394, 419,
467, 532 and 540 nm groups/lines are the most intense. Here, the
underlined spectral components are present also in the absorption

Fig. 1. A batch of glass pieces: (a) pattern in white transmitted light and (b) photoluminescence under UV excitation at 365 nm (Hg lamp).
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Fig. 3. XL (1) and PL (2, 3) spectra recorded at 300 K (1, 3) and 80 K (2) for the glass
sample. PL was excited by the 390 nm light source. The spectral resolution is 1 nm.

spectra shown in Fig. 2a. These are mainly the transitions from the
lower ground state multiplet ’F to excited state °D;: 540, 467 and
394 nm bands correspond to i = 1, 2 and 3, respectively. Thus, red
emission from the glass is excited mainly by direct absorption in the
Eu>* ions. A very weak broad band near 320 nm corresponds to
band-to-band excitation in the glass matrix, and further some
excitation is transferred to a rare earth impurity ion. The lumi-
nescence spectra recorded at the photoexcitation by UV light
390 nm are shown in Fig. 3a. In both cases, the 4f-4f transitions in
the Eu>* ions are dominant. The main line groups centered at ~590,
610, 655 and 703 nm correspond to the transitions from the excited
3Dy state to the ground state multiplets ’F;, where i = 1, 2, 3, 4,
respectively. The individual lines can not be resolved at 300 K
(dotted line in Fig. 3b), and the situation does not change signifi-
cantly when the temperature was decreased to 80 K (solid line).
Very similar spectra are recorded at X-ray excitation (Fig. 3b). This
means that matrix excitation is transferred to a dopant (Rare Earth)
ion, where the radiative relaxation takes place. There are no
emissions associated with the band-to-band or excitonic radiative
transitions in the matrix, and this, supposedly, is a result of a
nonradiative multiphonon relaxation via the states in the tails of
valence/conduction bands in the forbidden band.
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Fig. 4. Temperature dependence of the PL intensity of the of Eu>* emission over the
550—650 nm range at 400 nm excitation (curve 1). The result of approximation
following the Mott law (1) is shown with the thin curve (2).
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Fig. 5. CIE chromaticity diagram of Li;0—Y,03;—TeO,:Eu*glass phosphor under
390 nm excitation.

The temperature dependence of intensity of the red PL emission
over the spectral range of 550—650 nm is shown in Fig. 4. The PL
intensity measurements have been produced at the intracenter
Eu** excitation. The 550—650 nm emission range was separated
using the combination of ZhS18 and SZS23 glass filters. It is seen
that PL intensity decreases continuously on the temperature in-
crease from T = 80—600 K. At T = 300 K, the PL intensity is only a
half from that obtained at liquid nitrogen temperature, whereas at
T = 600 K only the level of ~20% remains.

Generally, the PL dependence versus temperature may be
described well with Mott law for the case of two, radiative and
nonradiative, recombination channels [26]:

I(T) = Io/(1 + Sexp(—E/KT)) (1)

where I is the PL intensity in the absence of quenching, S is the
dimensionless preexponential factor, k is the Boltzmann factor and
E is the thermal activation energy for quenching. The following
values of these parameters for quenching were obtained using (1):
S =3-10% and thermal activation energy E = 0.08 eV. The obtained E
value corresponds to the thermal activation energy for the non-
radiative transition from the excited to ground state. The CIE
chromaticity diagram for the glass composition of 0.25Li;O-
—0.20Y,03—0.5Te0,—0.05Eu,03 at 390 nm excitation is shown in
Fig. 5. The calculated color coordinates (0.594, 0.350) indicates a
good color purity for the phosphor in the red-orange region.

4. Conclusions

The novel tellurite glass with basic composition 0.25Li;O-
—0.20Y,03—0.5Te0; is found in this study. The presence of Y>* jons
provides good conditions for the incorporation of rare-earth ele-
ments, and red-orange photoluminescence is demonstrated in the
glass doped with Eu*. The thermal quenching experiment shows a
high photoemission up to T ~500 K. Such glass is considered to be a
promising host for phosphor creation, and photoluminescence



1194

V.V. Atuchin et al. / Materials Chemistry and Physics 147 (2014) 11911194

properties can be controlled by optimal doping rare-earth elements
selection.
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