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Abstract — For the purpose of development of highly energy-efficient light sources, one needs to design
highly efficient green, red and yellow phosphors, which are able to absorb excitation energy and generate
emissions. Using double activation, energy can be transferred from one luminescent activator to the other
one, resulting in more efficient or brighter device operation. Co-activators can be added to a host material to
change the color of the emitted light. The incorporation of Eu® or Tb*' ions into the CaWO, crystal lattice
modifies the luminescence spectrum due to the formation of the emission centers that generate the specific
red and green light. Very efficient new red phosphors based on YNbO, and doped by Eu*', Ga¥', A" allow
recommend these materials as good candidates for different applications including LED and X-ray
intensifying screens. For double activated TAG with Ce* and Eu* and for different mole ratio Ce/Eu the
color temperature changes from 5500 K (0.331, 0.322) up to 4200 K (0.370, 0.381) and the light becomes
“warmer”. Application of TAG:Ce,Eu in the light emitting device shows the better chromaticity coordinates
of luminescence and color rendering index of LEDs. Combination of Eu’" with Dy3+ in SrAlL, O, matrix allows
us to create a material that emitted bright light for hours after ending the excitation. In this contribution we
present our results on producing some efficient phosphors with improved luminescence properties for

different applications: LED and X-ray intensifying screens, marine artificial reefs, biology and medicine.

Index Terms — Luminescence; Optical materials; Phosphors.

I. INTRODUCTION

Rare Earth (RE) phosphors can be separated into two
types: broad band emitting owing to the 5d—4f transition
(Eu”’, Ce’") or narrow band emitting owing to the
transition between the 4f levels (Eu™, Tb*, Gd**, Yb™,
Dy, Sm**, Tm®*", Er*’, Nd*" etc).

The luminescence is more intense if the band gap
between the excited state and the highest component of the
ground state multiplet becomes larger. For example,
Gd—32100 cm’ (4 eV), Tb—14800 cm” (1.8 eV),
Eu—12300 cm” (1.5 eV), Yb—10400 cm'(1.3 eV),
Dy—7800 cm™ (0.96 eV), Sm—7400 cm’ (0.9 eV),
Tm—6200 cm™ (0.77 eV), Er—5900 cm™ (0.73 eV),
Nd—4400 cm™ (0.5 eV), etc.. Gd is a very good emitter,
but the °P,,—S;, transition occurs in the ultraviolet
region (around 310 nm) that is not convenient for practical
application. This explains the prominent role played by Tb
and Eu as luminescent probes. Moreover, Eu is a unique
activator that gives both the broad band and narrow band
emissions in dependence on it valences. That’s why in this
work we focus on some different host lattices activated by
Eu and Tb in different combinations with other rare earth
elements. The co-activation or double activation by these
RE elements is discussed. In double activated phosphors
the energy can be transferred from one luminescent
activator to the other one, resulting in more efficient or

brighter device operation. If the energy transfer occurs

within the Eu-Tb complex so that it works as a donor-
acceptor pair due to small energy gap between excited
energy levels D, (Tb*") and °D; (Eu™). Secondly, co-
activators can be added to a host material to change the
color of the emitted light. Though these Eu and Tb
activators are widely used for a long time, there are many
questions had to be resolved.

First application we consider in calcium tungstate
phosphor. The optical properties of the scheelite crystal
have been studied extensively for decades [1-4]. The
continuous need for high-performance phosphors renewed
the interest in this luminescent material with more than a
century of history. Self-activated CaWO4:W is an efficient
material emitting blue luminescence related to some
tetrahedral WO, groups of the scheelite host lattice.
However, the luminescence properties of this classic
phosphor could be essentially varied by doping with RE
ions, in particular with Eu®" and Tb**, and therefore, some
new applications could be proposed. The incorporation of
Eu’" or Tb®" ions into the CaWOy, crystal lattice modifies
the luminescence spectrum due to the formation of the
emission centers that generate the specific red and green
light, respectively [5-8]. Photoluminescence (PL) and
cathodoluminescence (CL) investigations are used to
evaluate the performance of Eu’" and Tb*" activated
CaWOQ, and to put in evidence the interaction between the
two activating species.

Next interesting phosphor with improved properties
presented in this work is yttrium niobium-tantalate
Y(Ta,Nb)O,, The yttrium tantalate (YTaO,) and yttrium
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niobate (YNbO,) systems are of great interest from
fundamental scientific point of view and also for various
spectroscopic applications. The blue light emission from
host lattice could be shifted toward longer wavelengths
when rare earth ions Eu’" or Tb®" replace partially the
yttrium ions in these materials. In these phosphors,
activated by rare earth elements, the host-lattice emission
centers and the rare earth emission centers contribute both
to the overall luminescence. The growing interest toward
luminescence properties in the vacuum ultraviolet and in
the visible spectral range is due to industrial demands for
new applications. Efficient phosphors based on YNbO, and
doped by Eu®*, Ga®*, AI’* were synthesized with different
fluxes under different thermal conditions and investigated
under UV, X-ray excitation and Raman spectroscopy. The
samples co-doped by AI’" and Ga*" show higher intensity
under UV and X-ray excitation in comparison with
YNbO,4:Eu®* phosphors. The model of redistribution energy
transfer from °D; level to 'F, is proposed. Monoclinic
fergusonite crystal structure and excellent luminescent
properties under X-ray and UV excitation allow
recommend these phosphors as good candidates for
different applications including LED and X-ray
intensifying screens.

Yttrium aluminum garnet Y;ALO»:Ce** (YAG:Ce) and
terbium aluminum garnet Tb;Als0,:Ce®” (TAG:Ce) are
used as a phosphors for white light emitting diodes using
the principle of luminescence conversion. However, the
color impression of such conversion on the base of a blue
diode and these phosphors is too “cold”, a red component
is missing. The common way to improve the emission
spectra of lighting devices is with co-activation of the
conversion phosphors, for example with Eu®*, which shows
an intense line emission in the red. Results of co-doping
TAG:Ce with Eu®" are presented in this work.

In this article we propose also a new interesting direction
in the study and biology application of persistent materials:
namely  underwater  investigations of  persistent
luminescence. A new multiphase blue-green phosphor
based on SrAl,0O, was synthesized and applied in marine
conditions in the development of an artificial luminescent
reef. The possibility of algae cultivation and fish attraction
by the light of artificial reef is discussed.

Therefore, it seems attractive to develop new phosphor
materials with high efficiency and color saturation or
modify well-known compositions by co-doping them with
different combinations of efficient RE activators.

[I. EXPERIMENTAL
2.1. CaWOEv’", Th"

CaWO4RE phosphor samples described in this work
were prepared by solid state reaction from homogeneous
mixtures consisting of luminescent-grade CaWO, as host
lattice, WO3; and Eu,O5 (99,99% Jansen Chemical) and/or
Tb,O, (Johnson Mattey ”Specpure”) as activating system,
and alkaline salts as flux. CaWOQO, used as precursor in
phosphor synthesis was prepared from highly purified
CaCl, and Na,WO, solutions. The synthesis mixtures
containing flux and equivalent amounts of WO; and Eu,0;
or TbyO; were homogenized and fired at 900 °C. The
prepared powders were carefully washed, dried, and sieved.

The incorporation of trivalent RE ions into the CaWOQ,
crystalline lattice could proceed in two major ways. Either
2RE* replace 3Ca’" ions, or a pair of RE*" and M" replace
2Ca*" ions (where M' = alkaline ion). In our sample
preparation conditions, alkaline salt acts as a mineralizing
agent and also as a source of compensating ion. Based on
this principle, a series of synthesis mixtures was prepared
according to the general phosphor formula Ca;...y Eux Tb,
M,y WO,

2.2. (Y, M)NbO:Ev’" (M: Al, Ga)

There are few papers on the improvement of the red
emission of YNbO,:Eu®* under different excitations. Some
attempts have been made when other trivalent ions (Gd**,
for example) partially substituted yttrium in the host lattice
[9]. The effects of the substitution of trivalent ions such as
AP and Ga* for Y*" was investigated by Lee et al.[10]. In
this work, (Y, M)NbO,:Eu®" (M: Al, Ga) powders were
synthesized by a flux method, and then the effects of the
replacement of AI*" and Ga®* on the red emission under n-
UV and X-ray excitation were investigated first.
(Y,M)NbO,Eu** (M: Al, Ga) powders were fabricated by
firing the stoichiometric mixtures of Y,03;, Nb,Os, Al,O3,
Ga,03, and Eu,0O3 powders. LiCl (7 wt %) was added as a
flux to promote a solid state reaction and the luminescent
properties by accelerating the kinetics for the compound
formation due to the increased diffusion coefficients. The
purities of all the powders were 99.99%. The amount of
Eu,05 was in the range of 0 - 45 mol %. After ballmilling
the mixtures for 24 hours, they were fired at 1300 C for 12
hours in an electric tube furnace flowing N, gas.

2.3. Th;A150,,:Ce®" Eu’*

The powder samples have been prepared by a
conventional solid state reaction. According to the nominal
composition of Tb;Al50,,:Ce* Eu’”, the starting materials
Tb,07; Al,O3; CeO, and Eu,0; (99% for Al,O3, 99.9% for
all other oxides) are weighed and milled. Synthesis took
place in a furnace heated by induction using a sealed
alumina tube in a reducing atmosphere of H,/N, to stabilize
the Tb>" state. The crucible was made out of AL,O;. BaF,,
LiF and H3BO; as flux materials were used. The synthesis
lasted approximately 2 h at temperature of about 1500 °C.
The samples were prepared with different Ce (1, 3, 5
mol %) and Eu (1, 3,5, 7,9, 11, 13 mol %) concentrations.

2.4. Srdl,0,:Eu’*, Dy*"

Artificial rock and block made of steel slag hybrid matrix
were developed recently in Japan [11,12]. We propose
experimental artificial glow reef to make from concrete and
sand to provide hard surface. The main goal of these reefs
is to cultivate the algae in future and to attract the fish. For
this purpose the artificial block must be luminescent and
preferably excite the green light. The persistent phosphor
SrAlL,O,.Eu”,.Dy’" as a phosphorescence material and
polymer epoxy as a coating layer are proposed. Strontium
aluminate phosphor doped with Eu®" and co-doped with
Dy*" SrALO4Eu*,Dy’" were prepared by solid state
reaction approach using strontium carbonate (SrCOj;;
Aldrich, 99.9 %), aluminum oxide (Al,O;), europium oxide
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(Eu,05; Aldrich, 99.99 %) and dysprosium oxide (Dy,Os;
Aldrich, 99.99 %) as the starting materials. Small amount
(0.2 mol %) of H;BO; was used as a flux. Prior to heating
at 1250°C, the reagents were ground using a ball mill to
form a homogeneous mixture. First, the dry milling was
used for 30 minutes and then continued by wet-mixing
machine for 30 minutes. The resulting slurry was dried at
150°C for 3 hours to remove the water content. After fully
dried, the mixed white powder was placed in a small
alumina crucible and then fired at 1250°C for 2 hours under
a mild reducing atmosphere. Graphite crucible was used to
create the reducing atmosphere and to ensure complete
reduction of Eu’" to Eu’" and to crystallize and form the
luminescence centers. The mixing — milling process to get
smaller particle size and homogenous mixture was used
after calcination. An epoxy layer of SrAl,O,:Eu*’,Dy*"
phosphor were deposited on reef surface by brushing
technique.

I11. RESULTS AND DISCUSSION

3.1. Luminescence of EZT and TP activated CalWO,
phosphors

The low (0.5-1 keV) and high (20-30 keV) voltage
cathodoluminescence modes including color CL and PL
with different excitation wavelengths (147, 254, 365 nm)
were applied to investigate the luminescence properties and
the energy transfer processes in CaWO,, activated by
trivalent Eu’* and Tb”" ions.

The PL and CL spectra of the same material are rather
similar; however, there is some difference between the PL
and CL related with excitation, generation rate and volume.
In general, the CL spectra are richer because only the
electron beam excitation can induce transition between all
the defect levels, including those created by surface type of
imperfections. Observed haracteristic blue emission at 400-
500 nm is related with some tetrahedral WO, groups of the
scheelite host lattice. The specific green emission bands at
497 and 553 nm can be attributed to electronic transition
inside the Tb-center. 4 red emission bands at 596, 622, 661,
711 nm are caused by transition from emitting level *Dj to
'F\, 'F,, 'Fy, 'F, for trivalent ions of europium. The
dependence of the CL emission intensity on the activator
concentration is shown in Fig.1. The variation of the main
emission peaks of Eu and Tb with their concentration is
clearly seen. As a result, the overall chromaticity also
changes, strongly depending on the activator ratio and
concentration.

The specific green emission band of Tb centers that is
situated at 543 nm is due to electronic transition *Dy—Fs
inside Tb>" ion with 4f configuration. In order to obtain an
efficient green luminescence, the activator concentration
has to be at least 2.5 mole %.

Emission lines of Eu®" ion correspond to transitions from
the excited *Dy level to the 'F; (J = 1, 2,...) levels of the 4/°
configuration (transition from J = 0 to J = 0 being
forbidden, because the total orbital momentum is not
changed).
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Fig.1. CL spectra of CaWO,:Eu, Tb samples (codes F70-
F76) prepared with different activator concentrations

The weak emission in the vicinity of 590—600 nm is due
to the magnetic dipole transition *Dy—’F;. The strong
emission around 610—630 nm is due to the hypersensitive
electric dipole transition of Dy—'F,, induced by the lack
of inversion symmetry at the Eu’" site. In order to obtain an
efficient red luminescence, the activator concentration of
Eu has to be at least 2.5 mole %.

CL spectra and PL spectra are very similar, thus indicates
that the mechanism of energy transfer is the same,
whatever the excitation is. Both methods of investigations,
namely PL and CL spectroscopy, put in evidence a
continuous increase of the red emission band and a
considerable decrease of the green emission band (Fig.2).
Experimental results showed that no activator quenching
effect could be noticed in this concentration range, so that
the possible effect of concentration quenching is not to be
taken into consideration. To explain the experimental PL
and CL results, two- and three-level models taking into
account an interaction between Tb>* and Eu’" are proposed.
The detailed analysis is given in ref. [13].

According to the proposed model, the Tb’" emission
intensity decreases nonlinearly whereas the Eu’” emission
intensity increases linearly with activator concentration.
These calculations are in agreement with the experimental
data, as shown in Fig.2. When Eu’” and Tb’" were
simultaneously introduced in equal amounts at relatively
low concentration (up to 1.5%), the linear dependence can
be noticed and the mutual activators interaction needs not
to be accounted. The simple two-level model could be used
in this case. At higher concentration the activators
interaction has to be taken into consideration to explain the
results.
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Fig.2. Dependence of the CL intensity of the specific Eu**
red band at 612 nm and Tb*>" green band at 543 nm on
activator concentration.

The proposed models are confirmed further by numerous
measurements with different excitations such as high and
low voltage CL, PL including UV and VUV, and X-ray
luminescence.  This model is available in the most
matrices, such as yttrium tantalate, yttrium niobate,
calcium tungstate [14], zink silicate [15,16], porous silicon
[17], porous phosphate [18], zeolite-Y[19], calcium
molibdate [20], and others.

3.2. Red phosphors YNbO4:Eu3+,Al3+ and YNb04:Eu3+, Gd’
with high-emission properties

Now we show the luminescence properties of YNbO,
phosphors doped by Eu’’, Ga®, AP’" under X-ray
excitation. The improved about 1.5 times emission of these
phosphors, respectively, than that of YNbO,Eu'" was
ascribed to the redistribution of energy transfer from
excited levels.

The introduced activators can be excited directly by
excitation source or by energy transfer transition from the
host lattice. In the lattice of Rare Earth doped yttrium
niobate the doped luminescent centers, such as Eu3+,
occupy the Y sites. The NbO,” groups can absorb
excitation energy through O”—Nb’* charge transfer
transition respectively, and transfer the energy to Rare
Earth luminescent centers, which give rise to the
corresponding characteristic emission. Low intensity of
host lattice luminescence is observed in non-doped
phosphor and disappeared due to energy transfer in
activated samples. The system Y, Eu,NbO, was studied
more thoroughly because it illustrates clearly the
importance of excitation energy transport through the

lattice in order to obtain efficient phosphors.

Under X-ray excitation the relatively strong Dy—'F,
transition intensity is appeared. Usually this emission is
very weak under UV excitation. Furthermore, comparing
the luminescence under UV (254 nm) and the broad X-ray
excitation, it was found that the relative intensity of
*Dy—'Fy (J=1, 2, 4) emission peaks of Eu’’, so called
branch ratios, varies significantly with the activation
excitation energy. Under UV excitation, the ’Dy—'F,
emission is mostly trapped by the empty upper levels. On
the contrary, it is more likely that such empty levels can be
readily filled under X-ray excitation. This explains the
appearance of visible *Dy—F} transition and the increment
of the luminescence intensity of Eu’" emission centers
under X-ray excitation.

The influence of codoping YNbO4:Eu®* by AI** and Ga*"
on the luminescence properties under X-ray excitation was
studied. First, the optimum concentration of AI’* =2 mol %
and Ga*" =1 mol % was established. Since the ionic radii of
AP" (0.54 A) and Ga® (0.62 A) were much smaller than
that of Y*" (0.88 A), the crystal field surrounding Eu®"
(0.95 A) ions was expected to be altered considerably,
resulting in the change of photoluminescence properties.
The highest intensities under X-ray excitation were found
for samples (Y0.7Alg,NbOy4:Eug 3+) and
(YO_gGao,leO4:Euo,13+) doped by Eu*" 10 mol%.

The emission spectra of all Eu** phosphors show similar
features, and have been involved in the following emission
lines: °Dy—'F1, *Dy—'F,, °Dy—'F3 and °Dy—'F,. Other
transitions from °Dy to 'Fy 'Fs and Fg levels are also
allowed from the selection rules for the transition between
Stark components of Eu®* in symmetry of the actual crystal
field, but luminescence intensities are too weak.
Furthermore, there appears to be an energy transfer from
host to activator. Additionally, the transition from °D; to 'F;
level is also possible and we examined this transition more
carefully. Position of the °D,—'F; transition for all the
samples is the same (538 nm) and no shift was observed. It
means that no phase changes with incorporation Ga and Al
is appeared. The abrupt decrease of luminescence in
Y0.5Gag;NbO4:Eug ;. ** (absolutely ~ the  same  for
Yo7Alo,NbO,:Eug.*") in comparison with YNbO,:Eu**
about 1.5 times can be explained by the redistribution of
energy transfer from excited Eu®* state °D;. One additional
part of energy from excited level °D; transfers nonradiative
to the lowest level °Dy and then radiative to all the levels of
ground state decreasing intensity in °D;—'F; transition and
increasing general luminescence in other transitions. We
checked the intensities of Al and Ga doped materials in all
emission lines including the most important *Dy—'F, (612
nm) emission transition and found that the intensity
increased about 1.5 times. The proposed mechanism is
schematically presented in Fig.3. The samples codoped by
AI** and Ga®* show higher intensity under n-UV and X-ray
excitation in comparison with YNbO,:Eu** phosphors.
Monoclinic fergusonite crystal structure and excellent
luminescent properties under n-UV and X-ray excitation
allow recommend these phosphors as good candidates for
different applications.
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Fig.3. A schematic model of stimulated Eu’* luminescence
in (Y,AL,Ga)NbO, phosphors.

3.3. Yttrium and Terbium Aluminate Phosphors co-
activated by Eu’"

For the application in the blue LED a yellow phosphor
with improved luminescence properties it is interesting to
obtain Ce’" and Eu’" luminescence simultaneously in
garnets, especially for the low energy Ce’" excitation
around 460 nm. The energy transfer between Ce® and Eu’"
ions in garnets has not yet been investigated in details.
However this pair is well-known for YOCI:Ce®" Eu’" and
YAIO5:Ce*",Eu’". In the latter case, the energy transfer
should be highly effective due to the overlap of the
luminescence of Ce’" and the strong absorption of the
"Fy—°Le transition of Eu’" at about 390 nm. In garnet, the
photon energy in the Ce’" luminescence is different from
the "Fy—’L¢ and also from the "Fy(’F))—’D, (464 nm)
transition energies. Doping with 1-3-5 mol % Ce yields a
broad-band of 5d—4f luminescence Ce’". In addition to the
direct Ce*" excitation, the Eu’" contribution to the
luminescence is also expected.

To understand the luminescence mechanism in cerium-
europium double activated terbium aluminum garnet
phosphor the selectively excited emission was measured.

The emission spectra consist of a broad band
corresponding to the Ce’" 5d—°F) transition and of the
series of sharp lines arising from Eu’* >Dy—’F transitions.
(Fig.4). From the analysis the experimental results one can
conclude that the excitation of Eu’" occurs via the Ce’"
quenching luminescence. This means that the Ce®" ion acts
as a sensitizer for the Eu’" luminescence. The Eu’"
luminescence can also be activated by a Tb*" sensitizing
which is not too surprising as an energy transfer from Tb*"
to Eu’" is well-known*> **1. Therefore the Tb*" host lattice
acts as a sensitizer for the activator Eu’" but also as an
activator itself showing host lattice emission. The
fluorescence of Tb>* in the TAG is due to the transitions
from the Stark components of the *D, level to the Stark
components of the 'F) levels but the low energy excitation
used in blue LED (460 nm) is not enough to excite these
levels. 227 nm excitation and more is needed to excite the

host lattice. Nevertheless, one can expect the transfer of
energy from the Ce’* to Tb®" lattice ion due to a slight
overlap of the Ce®*" luminescence in TAG with the F, «—>D,
absorption band of Tb*" (483 nm).

Emission spectra of the blue LED including of cerium-
europium double activated terbium aluminum garnet
phosphor with improved luminescence properties in the
light emitting device is demonstrated in Fig.4. Some
additional Eu’" peaks and broadening of the spectra in the
red region significantly improves the color rendering index
(CRI) and luminescent properties of LED.

Intensity

N
’ \u/ N
_J N
380 460 540 620 T00 T80
Wavelength (nm)

Fig.4. Emission spectra of the blue LED including
TAG:Ce3+, Eu3+

3.4. A marine reef application for SrAl,O,:Eu Dy-based
persistent luminescence phosphors

Persistent phosphors can emit light for a long time from
seconds to many hours after the excitation has ended. The
irradiation used may be UV, visible light, X-ray, gamma
radiation, as well as usual sun light.

Persistent luminescence has intrigued people for
hundreds of years. The situation drastically changed about
16 years ago when Matsuzawa et al. discovered bright and
long-lasting luminescence in SrAl,O4Eu,Dy [21]. By
codoping the green-emitting phosphor SrAlLO4Eu®"
(already showing a relatively strong and long-lasting
afterglow by itself) with the rare earth element dysprosium
(Dy’"), they were able to create a material that emitted
bright light for hours after ending the excitation
(simultaneously and independently, Takasaki et al. reported
similar results [22]). They found an afterglow with both a
far higher initial intensity and a much longer lifetime
compared to traditional ZnS:Cu,Co. These investigations
have led to a renewed research interest, and it promoted the
use of these green-emitting persistent phosphors in
signalization, glow-in-the-dark toys, emergency signs, dials
and displays, textile printing, medical diagnostics, and
many other applications. Applications of persistent
luminescence phosphors are rapidly expanding.

In this article we propose a new direction in study and
biology application these materials, namely underwater
investigations of persistent luminescence. A new
multiphase blue-green phosphor based on SrAl,O, was
synthesized and applied in real sea conditions.

380



2" International Conference on Nanotechnologies and Biomedical Engineering, Chisinau, Republic of Moldova, April 18-20, 2013

The real underwater experiments in sea conditions were
carried out in Pulau Payar, Malaysia. First, the artificial
blocks covered by SrAL,O,:Eu*’, Dy*" and excited by the
sun light were installed on the ocean floor with different
relief (agropora corals, rocks, sand) and at different deep
from 2 up to 6 meters. Fig.5 shows the process of
installation artificial luminescent block on real stone in the
sea at the deep about 5 meters.

Fig.5. Installation of concrete matrix covered by
SrAlL,0,:Eu**, Dy**

Next step was the underwater luminescence
investigations. All blocks showed the bright blue-green
luminescence from all the places independently of relief
and deep. One of the examples is demonstrated in Fig.6.

Fig.6. Blue-Green color luminescence of SrAlL,O,:Eu?,
Dy*" from 5 meters deep in real sea conditions

After some minutes the fishes were interested in a new
luminescent object and gathered around it (Fig.7). Finally,
the black-tip shark was also interested in luminescence and
came near our artificial sample.

There is a risk of forever damaging the existence of
thousands natural reefs because of tsunami or other
cataclastic phenomena. We need to know how to restore or
sometimes to improve reefs and marine ecosystems.
Therefore, measuring and interpreting the impact of human
actions on the diversity on marine and oceanic life
represent one way to prevent ecological disasters and
predict possible environmental changes.

Fig.7. The fishes are attracted by bright and long-lasting
luminescence of SrALO,:Eu**, Dy**

4. CONCLUSIONS

Double activation of phosphors is a promising technique
for improving luminescent properties of materials.

The double activation of CaWO, with Tb*" and Eu’’, in
the presence of alkaline salts as flux, gives the possibility
to synthesize phosphors with variable chromatic emissions.
Variable luminescence colors could be obtained when
calcium tungstate phosphors containing 0-5 mole %
activator ions were exposed to relatively low excitation
energies, such as 365 or 254 nm ultraviolet radiations.
Under high energy excitation such as VUV (147 nm)
radiation or electron beam, white light could be observed.
Due to very good chromatic variability, CaWO4:Eu,Tb
powders are potentially utilizable in the manufacture of
fluorescent lamps for advertising signs, or other color
rendering devices.

New efficient phosphors based on YNbO, and doped by
Eu’’, Ga®*, AI’" show higher intensity under n-UV and X-
ray excitation in comparison with YNbO,:Eu®" phosphors.
The model of redistribution energy transfer is proposed and
discussed. Monoclinic fergusonite crystal structure and
excellent luminescent properties allow recommend these
phosphors as good candidates for different applications. In
particular, Y,.,AlNbO,:Eu’" and Y, Ga,NbO,:Eu’" can be
the promising red phosphors for white LEDs using n-UV
chips

For double activated TAG with Ce’” and Eu’" and for
different mole ratio Ce/Eu the color temperature changes
from 5500 K (0.331, 0.322) up to 4200 K (0.370, 0.381)
and the light becomes ‘“warmer”. Application of
TAG:Ce,Eu in the light emitting device shows the better
chromaticity coordinates of Iuminescence and color
rendering index of LEDs.

Multiphase blue-green persistent phosphor  with
turquoise luminescence was synthesized and applied for
sea investigations. For the first time the experiments with
artificial stone covered by SrA1204:Eu2+,Dy3+ based
phosphor were carried out in real sea conditions in
Malaysia. Strong and bright blue-green (turquoise)
luminescence was observed and registered under the water.
Fishes were attracted by the light of the artificial reef. The
possibility of algae cultivation is discussed.
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