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Abstract

CdSiO;: Mn?*, Tb>* long-lasting phosphor was prepared by the conventional high temperature solid-state method. Effects of the content of
Mn?* and Tb** on the luminescent properties of phosphor CdSiOs: Mn**, Tb** were investigated by means of photoluminescence (PL) spectra, the
afterglow intensity decay curves and the thermoluminescence (TL) spectra. It was found that when the Mn>* and Tb>* dopant-concentrations were
0.4 mol% and 0.8 mol% of Cd** ions in CdSiOs, respectively, the luminescence of phosphor prepared had better luminescent property and longer
afterglow time. Role of Tb** co-doped into CdSiOs: Mn?* matrix was discussed in this paper.

© 2011 Published by Elsevier Ltd and Techna Group S.r.l.
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1. Introduction

Long lasting phosphor is a kind of energy-storing material,
which can absorb the visible or ultraviolet lights, store the
energy, and then release the energy as visible light that leads to
a long lasting afterglow in the darkness. The material can be
used in many fields, including traffic signs, interior decoration,
and light sources [1-4]. The practical phosphors were focused
mainly on some oxygen-containing inorganic compounds [5],
such as oxides, aluminates, borates, aluminoborate and
silicates. They usually have suitable host absorption band,
which can be used by luminescent center. Compared to the
other phosphors, silicate ones have been paid considerable
attention because of their high chemical stability, water-
resistant property and new properties of afterglow [6—11].

Theoretically, the long-afterglow emitting of phosphors
arises from the emission of the impurity centers. If there are
adequate hole and/or electron traps with suitable depth values
within the host lattice, long-afterglow emission can be observed
in the impurity-doped phosphors. To date, it is well-known that
the luminescent properties of phosphors are strongly dependent
on the kind of dopant ion and the crystal structure of the host
lattice [12].
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As we all know, the crystal structure of CdSiOj is expected
to be one-dimensional chain of edge-sharing SiO, tetrahedron.
It is very easy to implant other ions into the host lattice and
create traps located at suitable depths that can store the
excitation energy and emit light at room temperature [13].

Rare-earth-activated phosphors have attracted much atten-
tion for their well-defined transitions within the 4f shell [14—
18]. Beside the rare-earth ions-doped phosphors, the manga-
nese ions-doped materials are good candidates for photonic
sources. Many researchers have studied the luminescence
behaviors of the Mn?" activator [19-23].

In this work, new long-lasting phosphor CdSiO5: Mn**, Tb**
was synthesized at 1050 °C via solid-state reaction method. The
luminescence properties, including photoluminescence (PL)
spectra, the afterglow intensity decay curves and the thermo-
luminescence (TL) spectra, were studied.

2. Experimental procedure

The CdSiO;: Mn**, Tb** phosphor was prepared by the
conventional high temperature solid-state method. The
starting materials were CdCO; (A.R.), SiO, (G.R.), MnCO;
(A.R.) and Tb,0; (>99.99%). Both Mn>* and Tb>* dopant-
concentrations relative to the host compound were chosen to
be varied from 0 mol% to 1.0 mol%, respectively. The starting
materials were mixed well, grinded, and then calcined at
1050 °C for 3 h. The excitation and emission spectra were
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measured by a Flurolog-3-21 fluorescence spectrophotometer
equipped with 150 W Xenon lamp as excitation source. The
afterglow intensity decay curve was measured on the same
instrument. The excitation light was blocked when the samples
had been exposed for 1 min under 254 nm UV light and the
emitted afterglow from them were recorded over a time period
of 1-120 s in the kinetic analysis mode of the spectrometer
system. The scan interval was set to 0.5s. The thermo-
luminescence (TL) spectra were recorded as the temperature
rose linearly with a heating rate of 5 °C/s within the range 35—
320 °C with a thermal luminescence detector reader (made by
Beijing Nuclear Instrument Factory, China). The thermo-
luminescence (TL) spectra of the samples were measured after
irradiation with a standard UV lamp peak at 254 nm with a
power of 15 W at room temperature. All measurements were
carried out at room temperature (RT) except for the TL
spectra.

3. Results and discussion

Fig. 1 shows the photoluminescence spectra of CdSiO; co-
doped with Mn?* and Tb**, where the concentration of Mn**
was fixed at 1.0% and that of Tb>* varied from 0.1% to 1.0%.
The excitation spectra were obtained by scanning wavelengths
from 200 to 400 nm monitored at 587 nm. The emission spectra
were scanned from 400 to 700 nm while excited at 286 nm. In
the emission spectra, a broad band centered at about 587 nm
which could be seen in all these phosphors, could be attributed
to the *T, «(G) — A, «(S) transition of Mn*" ions occupying the
Cd** sites in the lattice [24]. The emission intensity of Mn**
decreased for samples with higher concentration of Tb>*,
attributing to the quenching effect of Tb>* on Mn?*. When the
content of Tb** was 0.5%, the sample photoluminescence
intensity was highest. In the excitation spectra, a broad band
centered at about 286 nm which could be seen in the phosphors,
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Fig. 1. Photoluminescence spectra of CdSiOs: 1.0% Mn**, Tb>* series with
different concentration: (a) CdSiOs: 1.0% Mn>*, 0.1% Tb>*; (b) CdSiO5: 1.0%
Mn**, 0.3% Tb™*; (c) CdSiOs: 1.0% Mn**, 0.5% Tb’*; (d) CdSiO3: 1.0% Mn?*,
0.8% Tb>; and (¢) CdSiOz 1.0% Mn**, 1.0% Tb>" (A =286 nm,
Aem = 587 nm).
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Fig. 2. The afterglow decay curves of CdSiOs: 1.0% Mn>*, Tb>* series with
different concentration of Tb**: (a) CdSiO5: 1.0% Mn**, 0.1% Tb>*; (b) CdSiO5:
1.0% Mn?*, 0.3% Tb™*; (¢) CdSiO;: 1.0% Mn?*, 0.5% Tb>*; (d) CdSiO5: 1.0%
Mn>*, 0.8% Tb>*; and (e) CdSiOs: 1.0% Mn>*, 1.0% Tb>* at 587 nm.

could be attributed to the host absorption. For CdSiO;: Mn2+,
Tb>*, two peaks (353 and 378 nm), resulting from transitions of
Tb™*, ("F-"D,) and ("Fs—"Dj), could be seen [25-31]. The
intensity of ~286 nm broad band in all co-doped samples was
higher than that of the other peaks, which indicated that the host
absorption played the leading role in the emission of Mn** ions.
The energy was first absorbed by the host then transferred to the
luminescence center.

Fig. 2 shows the afterglow intensity decay curves of Mn*",
Tb** co-doped CdSiO; phosphors. The phosphorescence
emission intensity of all samples decreased quickly at first
and then slowly. At first, the afterglow intensity for (c) CdSiOs:
1.0% Mn>*, 0.5% Tb>*, (d) CdSiOs: 1.0% Mn*", 0.8% Tb>*,
and (e) CdSiO5: 1.0% Mn™*, 1.0% Tb’* is higher than that of
the two others. When the time is up to 40 s, compared to the
other samples, CdSiOs: 1.0% Mn>*, 0.8% Tb>" still showed
higher afterglow intensity and the situation kept to the end of
the measurement. So, the afterglow performance for the
CdSiOs: 1.0% Mn**, 0.8% Tb>* phosphor was best and the
phosphorescence for the CdSiOs: 1.0% Mn**, 0.8% Tb**
phosphor could be seen with the naked eye in the dark for more
than 0.5 h after the removal of the 254 nm UV light.

The phosphorescence spectra of co-doped samples at the
recorded decay time of 1 min after the removal of the excitation
source are shown in the inset of Fig. 3. Although the emission of
Tb** (486 nm) still exist in the phosphorescence spectra, the
emission of Mn** (587 nm) was detected mainly in the co-
doped sample in the decay process. Furthermore, for all
samples, the shapes of the bands were similar, which indicated
that Mn?* ions were the activator and Tb>" ions in the samples
played the role of the assistant activator. From the figure, we
could also see that the order of intensity of Mn?* (587 nm) was
(a) < (b) < (e) < (c) < (d). Thus, the co-doped samples repre-
sented orange afterglow and the sample CdSiOs: 1.0% Mn*",
0.8% Tb>* was the brightest, consisting with Fig. 2. The results
also indicated that the afterglow performance could be better
with proper electron traps resulting from proper Tb>* dopant.
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Fig. 3. Phosphoresence spectra of CdSiOs: 1.0% Mn**, Tb>" series with
different concentration of Tb**: (a) CdSiOs: 1.0% Mn**, 0.1% Tb>*; (b)
CdSiO;: 1.0% Mn**, 0.3% Tb>*; (c) CdSiOs: 1.0% Mn>*, 0.5% Tb>*; (d)
CdSiO;: 1.0% Mn**, 0.8% Tb>*; and (e) CdSiO;: 1.0% Mn**, 1.0% Tb>".

In order to find out the optimal concentration of Mn** for the
better luminescence property, the afterglow intensity decay
curves of CdSiO;: Mn?*, Tb** with different Mn>* concentra-
tion are shown in Fig. 4. The phosphorescence emission
intensity of all samples decreased quickly at first and then
slowly. The afterglow intensity for these samples increased at
first (1s) as follows: (e) < (d) < (a) < (b) < (c), while the
order of intensity changed after the removal of the excitation
light for 11 s, and since then, the order of intensity was always
(e) < (d) < (a) < (c) < (b) to the end of the recorded time.
Among all the samples, the afterglow performance for the
CdSiO;: 0.8% Tb**, 0.4% Mn>* phosphor was best and the
phosphorescence for it could be seen with the naked eye in the
dark for more than 1 h after the removal of the 254 nm UV light.

The phosphorescence spectrum of CdSiO;: Mn?*, Tb** with
different Mn** concentration at the recorded decay time of
1 min after the removal of the excitation source are shown in the
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Fig. 4. The afterglow decay curves of CdSiOs: Mn>*, 0.8% Tb>* series with
different concentration of Mn>*: (a) CdSiOs: 0.8% Tb>*, 0.2% Mn**; (b)
CdSiOs: 0.8% Tb™*, 0.4% Mn**; (c) CdSiOs: 0.8% Tb>*, 0.6% Mn>*; (d)
CdSiO;: 0.8% Tb>*, 0.8% Mn>*; and (e) CdSiO;: 0.8% Tb>*, 1.0% Mn>".
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Fig. 5. Phosphoresence spectra of CdSiO;: Mn**, 0.8% Tb>" series with
different concentration of Mn>*: (a) CdSiOs: 0.8% Tb>*, 0.2% Mn>*; (b)
CdSiO;: 0.8% Tb>*, 0.4% Mn>*; (c) CdSiOs: 0.8% Tb>*, 0.6% Mn**; (d)
CdSiOs: 0.8% Tb**, 0.8% Mn**; and (e) CdSiOs: 0.8% Tb>*, 1.0% Mn>".

inset of Fig. 5. In the phosphorescence spectrum, beside the
emission of Mn”* (587 nm), four peaks (415, 435, 486 and
548 nm) resulting from transitions of Tb**, (°D; — Fs),
(°D; — "F,), °D, — "F¢) and (D4 — "Fs), could also be seen
[32-51]. With the Mn>* concentration increasing (0.2-1.0%),
the Mn*" afterglow intensity for the co-doped CdSiO; samples
was higher at first and then lower. The order of Mn** (587 nm)
afterglow intensity was: (e) < (d) < (a) < (¢) < (b), which
consisted with Fig. 4.

The afterglow intensity decay curves of the phosphorescence
at 587 nm in the CdSiO;: 1.0% Mn>*, 0.5% Tb>* and CdSiOs:
1.0% Mn** are shown in the inset of Fig. 6. The afterglow
performance for CdSiOs: 1.0% Mn** was not good. A little
afterglow could be seen for CdSiO;: 1.0% Mn** samples, but
CdSiOs: Mn** samples co-doped with Tb>* had higher
phosphorescence intensity and longer decay time than only
Mn** doped ones. Furthermore, we could see that co-doped Tb™**
ions increased the initial phosphorescence intensity of the
sample.

In order to explain the enhancement afterglow process of
Tb**-doped in CdSiOs: Mn?*, it is necessary to take the TL
spectra into consideration. Fig. 6 shows the TL curves of CdSiOs:
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Fig. 6. TL spectra of (a) CdSiOs: 1.0% Mn>*; (b) CdSiOs: 1.0% Mn**, 0.5%
Tb**; (¢) CdSiO;: 0.5% Tb>*. The inset displays the afterglow decay curves of
(a) CdSiO5: 1.0% Mn>* and (b) CdSiOs: 1.0% Mn>*, 0.5% Tb** at 587 nm.
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1.0% Mn**, CdSiOs: 1.0% Mn**, 0.5% Tb>* and CdSiO5: 0.5%
Tb** samples. The TL spectra of CdSiOs: 1.0% Mn**, CdSiOs:
1.0% Mn*, 0.5% Tb** and CdSiOs: 0.5% Tb’*consisted one
primary peak at 97, 85 and 115 °C, respectively. It could be
explained by the difference in ionic radii between Cd>* and Tb**.
The ionic radii of Cd**, Mn™*, Tb>*, Si** were 0.097, 0.081,
0.0923 nm and 0.041 nm, respectively. The Tb** ions are
expected to occupy the Cd** sites in the CdSiOs: Mn** host and
no Tb>* ion is expected to occupy the Si** sites. Since the Tb**
ionic radius is smaller than the Cd*>* ionic radius, it is easy foritto
substitute Cd?* site. Due to the nonequivalent substitution, an
excess of positive charge in the lattice must be compensated [52].
There are two possible ways to fulfill the charge compensation of
the Tb** co-doped in CdSiO5: Mn** phosphor. One possible way
to fulfill the charge compensation of the Tb>" co-doped in
CdSiOs;: Mn** phosphor was that two Tb>* ions replace three
Cd>* ions to balance the charge of the phosphor, which created
two Tbg, positive defects and one V{,; negative defect
(2Tb>* — 3Cd*"). In addition, because of the relatively high
vapor pressure of the Cd** component, the vacancies of Cd**
(V) could also derive from the synthesis process [53]. All these
vacancies make up a trap level.

The TL intensity of CdSiO5: 1.0% Mn?*, CdSiOs: 1.0% Mn**,
0.5% Tb>* and CdSi05: 0.5% Tb>" increased as follows: CdSiOs:
1.0% Mn** < CdSiOs: 0.5% Tb>* < CdSiOs: 1.0% Mn**, 0.5%
Tb**, indicating that more traps were created when Tb>* doped in
CdSiO5: Mn?*. Tt implied that the ionic radii of the foreign co-
doped ions play an important role of traps formation.

4. Conclusion

In conclusion, long-lasting phosphorescence was observed in
CdSiO;: Mn**, Tb>* powder samples prepared by solid-state
reaction. The luminescence of phosphors prepared under the
condition of the content of Mn?** 0.4 mol% and Tb** 0.8 mol%
had better luminescent property and longer afterglow time. The
phosphorescence for it could be seen with the naked eye for more
than 1 h in the dark after the removal of the 254 nm UV light.
Some Tb>" ions in CdSiO;: Mn?*, Tb>* acted as a role of the
assistant activator.
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