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Sol-gel synthesis of RE**-activated CaWO, phosphores
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A series of red-emitting phosphores containing CaWO, : RE (RE = Tb*, Eu**, Sm’*) was
prepared by an aqueous sol-gel method using tungsten (VI) oxide, WO,, calcium nitrate
tetrahidrate, Ca(NO,), - 4H,0, terbium oxide, Tb,0., europium oxide, Eu,0,, and samar-
ium oxide, Sm,0, as starting materials. Synthesized ceramics were characterized using in-
frared spectroscopy (IR), X-ray diffraction (XRD), scanning electron microscopy (SEM),
and photoluminescence (PL) measurements. The obtained results clearly show that only
CaWO, : Eu phosphor can be effectively excited under photoexcitation at 280, 360 and

460 nm and exhibits red emission in the vicinity of 620 nm.
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INTRODUCTION

Photoluminescence study of different crystalline multinary
metal oxide ceramics, either pure or doped, mainly with rare
earth ions such as Eu*t, Er**,Nd>* etc., revealed a considerable
potential of these materials in optoelectronic applications [1,
2]. These compounds could be widely used as phosphores in
cathode-ray tubes, field emission, vacuum fluorescent and
electroluminescent displays as well as scintillators in X-ray
and positron emission tomographs [1-5]. The specific lumi-
nescence behaviour of crystalline ceramics is highly sensitive
to the initial composition of the host material, dopant or sub-
stitutant concentration and processing conditions. The opti-
cal properties of trivalent rare-earth ions (RE**) in tungstate
materials with scheelite (CaWO,) structure have been widely
investigated [6-9], especially due to their attractive third-
order nonlinear dielectric susceptibilities [10, 12]. It is well
known that rare-earth elements can form a series of isomor-
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phous tungstates with the general formula RE (WO,), [13].
Because of their attractive luminescence and structural prop-
erties, tungstates have been intensively studied and found ap-
plications in many fields such as lasers, fluorescent lamps,
and scintilators during the last few decades. Tungstates can
be divided into two groups with a different crystal structure:
scheelites (CaWO,, BaWO,, SrWO,, RE,(WO,), and PbWO,)
and wolframites (MgWO,, CAWO,, ZnWO, and others) [13,
14]. Calcium tungstate CaWO, is a representative example of
tungstates with the scheelite structure containing Ca** ions
and WO,* groups with the coordination number of eight for
Ca?* and four for W*,and is considered to be a highly func-
tional material due to its prominent luminescence properties.
When excited by short-wavelength ultraviolet radiation, X-
rays or cathode rays, CaWO, shows an efficient blue emission.
Moreover, many researchers focused their attention on euro-
pium (III) and samarium (III) ions as luminescence centres
in red light phosphores with excellent emission properties.
Thus, CaWO,, whether doped or substituted by rare-earth el-
ements, is an important optical material which has already
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attracted particular interest because of its practical applica-
tions such as laser host materials in quantum electronics and
scintillators in medical devices [15-18].

Owning to such a wide and diverse application potential of
CaWO, ceramics, new routes for the synthesis of pure and ho-
mogeneously doped calcium tungstate are highly desirable. To
date, most of the efforts in preparation of doped calcium tung-
state have been directed to single crystals, powders, and films
of CaWO,: RE. Meanwhile, there are still only a few reports on
the preparation of nano-sized doped CaWO, : RE. Such a situ-
ation has stimulated this work and motivated us to continue
investigations towards the development of synthesis routes
for the preparation of nano-sized CaWO, doped by rare-earth
elements. The sinterability and physical properties of CaWO,
doped by Tb**, Eu**,and Sm* ions synthesized in an aqueous
sol—gel process were investigated in the present study.

EXPERIMENTAL

The phosphores CaWO, : RE were prepared by the aqueous
nitrate—tartrate sol-gel route. The starting materials — euro-
pium oxide (Eu,0,,99.99%), samarium oxide (Sm,0.,,99.99%)
terbium oxide (Tb,0., 99.9%), tungsten oxide (WO,, 99.9%),
calcium nitrate tetrahydrate (Ca(NO,), - 4H,0, 99%) - were
weighed according to the desired stoichiometric ratio. Nitric
acid (HNO,) and ammonia (NH, - 4H,0) were used as sol-
vents and reagents to regulate the pH of the solutions. Tar-
taric acid (C,H O, 99.5%) was used as a complexing agent.

In the sol-gel process, WO, was first dissolved in 25 ml of
concentrated ammonia solution by stirring at 70-80 °C. Sec-
ondly, tartaric acid (TA) with a molar ratio of W/ TA = 0.25,
dissolved in a small amount of distilled water, was added with
a continuous stirring during several hours at the same tem-
perature. Next, the stoichiometric amount of calcium nitrate
tetrahydrate dissolved in distilled water was mixed with the
previous solution. To prevent precipitation, the excess of am-
monia was neutralized with concentrated HNO, until the pH
reached the value of ~1.0. Afterwards, RE O, (where RE = Eu,
Sm) or Tb,0, oxide was added directly to the reaction mix-
ture. Finally, the same amount of the aqueous solution of the
complexing agent was repeatedly added to the reaction mix-
ture to prevent crystallization of metal salts during the gela-
tion process. The beaker with the solution was closed with
a watch glass and left with continuous stirring for 60 min.
The obtained clear solution was concentrated by slow evapo-
ration at 80 °C in an open beaker. A yellow transparent gel
formed after nearly 90% of the water had been evaporated
under continuous stirring. After drying in an oven at 105 °C,
fine-grained powders were obtained. The precursor gels were
calcined for 5 h at 500 °C in alumina crucibles and reground
carefully in an agate mortar. Since the gels are very combus-
tible, slow heating (1 °C/min), especially between 150 and
300 °C, was found to be essential. After intermediate grinding
the obtained powders were annealed for 1 h at 800 °C in air
at ambient pressure.

The synthesized samples were characterized by X-ray
powder analysis (D8 Bruker AXS powder diffractometer)
using CuKa, radiation. The spectra were recorded at the
standard rate of 1.5 20 / min. After pressing the samples
into pellets with KBr (~1.5%), the infrared (IR) spectra were
recorded with a Perkin-Elmer FT-IR Spectrum 1000 spec-
trometer. The scanning electron microscope (SEM) DSN 962
was used to study the surface morphology and microstruc-
ture of the ceramic samples. The photoluminescence spec-
tra were recorded at room temperature using a Hamamatsu
spectrometer PMA-11 with a CCD camera. The samples were
excited at different wavelengths using three LEDs emitting at
460, 360, and 280 nm.

RESULTS AND DISCUSSION

The RE-Ca-W-O nitrate-tartrate gels were annealed at
800 °C to obtain the CaWO, : RE phase. The ceramic sam-
ples were characterized by XRD analysis. The XRD pat-
terns of synthesis products are shown in Fig. 1. One can see
that the calcination of the RE-Ca-W-0O nitrate—tartrate
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Fig. 1. X-ray diffraction patters of RE**-ion-activated CaW0, samples sintered at
800 °C using tartaric acid as a complexing agent in sol—gel processing
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Fig. 3. Representative SEM images of Th**-ion doped CaW0, obtained at different
magnifications

Fig. 4. Representative SEM images of Th**- and Eu**-ion doped CaWO, obtained
at different magnifications
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precursor gels at 800 °C produces a fully crystalline Ca-
WO, phase. The most intensive lines are: (112), 100% (at
20 ~28.5%); (101), ~48-51% (at around 26 ~18.0°); (204),
~29-30% (at around 26 ~47.3°). This observation is in good
agreement with previously reported results obtained for the
CaWO, phase [19]. Thus, the XRD data confirm that prepar-
ing different CaWO, : RE phosphores in the sol-gel process
using tartaric acid as a complexing agent, the single polycrys-
talline calcium tungstate phase was synthesized at 800 °C.
The results have lead to the conclusion that the proposed
sol-gel synthesis route is a very suitable method of prepar-
ing a single CaWO, phase homogeneously doped with differ-
ent rare-earth metal ions.

IR absorption spectra were consistent with the results of
XRD measurements, evidencing the crystallization process.
The IR absorption spectra of CaWO,: RE samples synthesized
by the nitratetartrate sol-gel method are shown in Fig. 2.
The IR spectra of the CaWO, : RE samples calcined at 800 °C
contain broad and intense bands peaking at 850-750 cm™,
which can be assigned to the characteristic vibrations of
WO?" in scheelite [20, 21]. Moreover, the IR spectra of rare-
earth-element-doped calcium tungstate samples calcined at
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800 °C did not show any bands attributable to carbonates or
adsorbed water. The line broadening due to the local distor-
tion of WO?~ group in powders [22] is also visible.

The textural properties of CaWO, : RE powder obtained
at 800 °C were investigated by SEM. The typical morphologi-
cal photographs of CaWO, : RE samples synthesized by the
nitrate—tartrate sol-gel route are shown in Figs. 3-6. As is
clearly seen in Figs. 3,4 and 5, the Tb**- and Eu*"-doped Ca-
WO, solids are composed of plate-like and spherical grains.
The SEM images at higher magnifications also reveal the ob-
tained individual particles to be nanocrystals with an average
particle size of less than 250 nm. It is important to note that
Tb*-doped CaWO, particles are larger than those doped with
Eu’*. Moreover, CaWO, : Sm crystals have a different struc-
ture. As is seen in Fig. 6, the crystals are porous and contain
no plate-like crystals which were observed in samples doped
with Tb and Eu. Nevertheless, one can see in the pictures with
a higher magnification that individual particles have a rather
spherical shape. Also, it has been shown in previous cases that
the obtained crystals are formed with a very well pronounced
agglomeration, indicating a good conductivity among the
grains. The SEM results evidently show that the morphological
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Fig. 5. Representative SEM images of Eu**-ion doped CaW0, obtained at different
magnifications

Fig. 6. Representative SEM images of Sm**-ion doped CaW0, products obtained
at different magnifications
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features of different lanthanide-activated cal-
cium tungstates strongly depend on the nature
of the doping metal. A particulary strong ef-
fect on material structure was observed in the
CaWO, sample doped with Sm**. As is seen in
Fig. 6, the size of the obtained crystals varies
from 200 nm down to less than 100 nm. It is ob-
vious that Sm**-doped CaWO, contains small-
er particles (~150 nm) than CaWO, : Tb and
CaWO, : Eu. The largest particles are formed
in CaWO, : Tb where the average grain diame-
ter was 250-300 nm. Moreover, agglomeration
was more pronounced in CaWO, : Tb,Eu than
in CaWO,: Sm.

The luminescence properties of CaWO,
ceramics doped with different rare-earth met-
als synthesized using nitrate—tartrate sol-gel
technique were also investigated. The emis-
sion spectra of CaWO, : Tb, CaWO, : Tb,Eu,
CaWO,: Eu and CaWO, : Sm phosphores excit-
ed at the wavelengths of 280, 360 and 460 nm
are presented in Figs. 7, 8, and 9, respectively.
The most intensive emission was observed in
the CaWO, : Eu sample. Co-doping with Tb
resulted in a very strong quenching of the
emission. Only under excitation at 280 nm, the
luminescence of CaWO, : Tb, Eu was of simi-
lar though by a factor of ~10 lower intensity
than that of CaWO, : Eu. Note that terbium
ions showed no significant emission either in
CaWO,: Tb, Eu or in CaWO, : Tb at all the exci-
tation wavelengths used. A broad band peaked
at ~720 nm was observed in all samples under
study; probably, it originated from the host ma-
terial. The samples doped with Sm showed an
emission typical of samarium ions. The strong-
est CaWO, : Sm emission was observed under
excitation at 460 nm, but emission was hardly
observable at 280 nm.

CONCLUSIONS

CaWO, : RE (RE = Tb**, Eu**, and Sm’*) were
prepared by the aqueous sol-gel method
using tartaric acid as a complexing agent. The
X-ray diffraction data revealed that a single
CaWO, crystalline phase was obtained in all
samples with different doping. IR absorption
spectra confirmed the existence of charac-
teristic vibrations of M—-O and WO,*" groups.
The textural properties of CaWO, : RE powder
obtained at 800 °C were studied by SEM analy-
sis. The SEM pictures of synthesized ceramics
clearly evidenced formation of nanocrys-
tals with an average particle size of less than
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Fig. 7. Normalized photoluminescence spectra of RE**~doped CaW0, phosphors prepared by sol-gel
method under excitation at A, = 460 nm. Spectra are normalized and vertically shifted for clarity;

intensity factors are indicated
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Fig. 8. Normalized photoluminescence spectra of RE**-doped CaWO, phosphors prepared by sol—gel
method under excitation at A_ = 360 nm. Spectra are normalized and vertically shifted for clarity;

intensity factors are indicated
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Fig. 9. Normalized photoluminescence spectra of RE**-doped CaWO, phosphors prepared by sol—gel
method under excitation at A_ = 280 nm. Spectra are normalized and vertically shifted for clarity;

intensity factors are indicated
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250 nm. Photoluminescence study under excitation at 280,
360, and 460 nm showed that CaWO, : Eu compound emis-
sion was by a factor of 10 to 100 more intensive than that of
other CaWO, : RE samples. The results demonstrate that the
aqueous sol-gel method could be successfully used for the
preparation of lanthanide-doped CaWO, for applications as
phosphor materials.
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CaWO, FOSFORY, AKTYVUOTY RE*JONAIS,
SINTEZE ZOLIU-GELIU METODU

Santrauka

Zoliy-geliy metodu, pradinémis medziagomis naudojant WO,
Ca(NO,), - 4H,0, Tb,0., Eu,0, ir Sm,0,, buvo susintetinti nano-
kristaliniai lantanoidy jonais aktyvuoti kalcio volframato (CaWO,)
fosforai. Susintetinti RE*": CaWO, pavyzdziai buvo tirti infraraudo-
ngja spektrometrija (IR), Rentgeno spinduliy difrakcija (XRD), ske-
nuojancia elektronine mikroskopija (SEM) bei fotoliuminescencine
analize (PL). Rezultatai parodé, kad gelius iskaitinus 800 °C tem-
peratiroje, susiformavo vienfaziai CaWO, fosforai, kurie gali bati
suzadinti 280, 360 ir 460 nm spinduliuote ir gali emituoti $viesg
620 nm spektro srityje.



