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ZnWO4:Eu?* red nanophosphors have been synthesized by a simple, environmentally friendly and low
cost molten salt method using LiNO3, NaNO3 and KNOs as flux. We investigate the influences of the variety
and amount of molten salt flux on photoluminescence properties of these phosphors. The products belong
to the nanoparticle with particle size of around 50 nm. The PL intensity of the ZnW0,:Eu?* using NaNO3
molten flux is stronger than that of the samples using KNO3 molten flux, revealing that the remaining
impurity molten salt produces the defects within ZnWO4 host to be favorable for the luminescence of

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

AWO, type tungstates (A=Ca, Sr, Ba, Zn, Ni, Pb, Cd) have
been extensively studied for their potential application in the
fields such as phosphors, scintillation counter, laser and optic
fiber [1-7]. Zinc tungstate (ZnWO,), generally named assanmar-
tinite, possesses the wolframite structure and crystallizes in the
monoclinic system with space group P2/c, whose fundamental
building units are [WOg] and [ZnOg] octahedron different from
that of the common scheelite structure. The [ZnOg] octahedron
belongs to a distorted structure, in which two bond lengths are
twenty percent longer than the other four [8]. ZnWOy, as a kind
of AWQ, type tungstate, has attracted great interest for it can be
used as X-rays and +y-rays scintillator, opto-electron anode, pho-
tocatalysis and solid-state laser. Besides, the low hygroscopicity
of ZnWO, makes it more economic than other material such as
BisGe3 01, (BGO), which is extensively used as scintillator materi-
als. So it is urgent to require the high quality ZnWO4 nanopowders
[9-11].

AWO, functional materials have been prepared by various
“soft-chemistry” routes, such as the solid-state reaction [12,13],
hydrothermal method [14,15], microemulsion process [16], sol-gel
process [17,18], molten salt method [19-21] and so on. Various
synthesis procedures are developed for preparing certain func-
tional micrometer or nanometer materials. Molten salt method
has been extensively applied in the fields of electron ceramic
powders and some other inorganic functional materials [22].
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Molten salts can molten into ionic liquids at a relative low tem-
perature, and have already been widely used as an effective
chemical reaction medium to produce a high temperature lig-
uid environment for crystal growth [23]. The ionic fluxes molten
salts possess high reactivity toward different inorganic species
and relatively low melting points which makes them convenient
for preparation of inorganic materials. The molten salt synthe-
sis (MSS) method is one of the simplest, most versatile, and
cost-effective approaches available for obtaining crystalline, chem-
ically purified, single-phase powders at lower temperatures and
often in overall shorter reaction times with little residual impu-
rities as compared with conventional solid-state reactions. The
fundamental basis of molten salt reactions relies on the use of
different types of inorganic molten salts as the reaction medium.
As the reaction medium, the inorganic molten salts often pos-
sess a host of favorable physicochemical properties such as a
greater oxidizing potential, high mass transfer, high thermal
conductivity, as well as relatively lower viscosities and den-
sities, as compared to conventional solvents [24]. Molten salt
synthesis method is one effective way of preparing nano-scale
shape-controlled materials in inorganic synthesis field [25-28].
Afanasiev had prepared barium molybdate and tungstate micro-
crystals with rhombic shape by molten flux reaction using alkali
metal nitrates as reaction media [29]. We have also achieved the
molten synthesis of Gd;MOg:Eu3* (M=W, Mo) phosphors and
found their microstructure is strongly related to the flux species
[30].

In the context, a simple molten salt synthesis technology
is engaged in the synthesis of homogenous controlled size
ZnWO0,:Eu3* nanosphere using alkali metal nitrates (LiNO3, NaNO3
and KNOj3) as the molten salts.
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Fig. 1. The selected XRD patterns of ZnWO,4:Eu?* using (a) NaNO; and (b) KNO3 as
molten salt (A) and using LiNO3 as molten salt at 350°C for (a) 1h, (b) 4h, and (c)
8h (B).

2. Experimental
2.1. Chemicals

Starting materials (ZH(NO3)2-6H20, N32WO4~2H20, LiNO3, NaNO;, KNO3) are
purchased from Aldrich and are used as received. Rare earth nitrates are prepared
by dissolving their rare earth oxides with concentrated nitric acid.

2.2. Molten salt synthesis

In a typical MSS process, appropriate amounts of Zn(NOs),-6H,O and
Eu(NOs),-6H;0 are dissolved in the de-ionized water solution (15 mL), and 1 mmol
Na;WO04-2H,0 is dissolved in the de-ionized water solution (5 mL). Then the two
nitrate solutions are mixed by dipping and molten salts (MNO3, M =Li, Na, K) are
added further with molar ratio of Zn2*:MNOs = 1:6. The mixed solution is heated to
evaporate the water, then the product is put into the corundum crucible, and then
calcined at 350°C for 1-8 h. Finally, the products are cooled in the furnace to room
temperature. The as-synthesized powders are thoroughly washed with deionized
water for several times to ensure complete removal of the molten salt. The obtained
products are further dried at 85 °C for 24 h.

2.3. Physical characterization

X-ray powder diffraction (XRD) analysis is carried out on a Bruker D8-Advanced
X-ray diffractometer with high-intensity Cu K radiation (A=1.54 A, 40 kV/60 mA,
graphite monochromator). Thermogravimetric analysis is performed on a TG-DSC
instrument (Netzsch STA-449C) at a heating rate of 10 K/min from 30°C to a max-
imum temperature of 1000°C. The morphology of the products is studied using
environmental scanning electronic microscope (ESEM) (Philips XL-30). Transmis-
sion electron microscopy (TEM) equipped with an energy-dispersive X-ray spectra
(EDS)isrecorded on aJEOL200CX microscope with an accelerating voltage of 200 kV.
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Fig. 2. The selected SEM images of ZnWO4:Eu?* using (A) NaNOs and (B) KNO3 as
molten salt.

Photoluminescence spectra are obtained by using RF-5301PC fluorescence spec-
trophotometer with Xe lamp at room temperature. FT-IR data are collected on
Perkin-Elmer 2000 FT-IR spectrophotometer in the range of 400-7000 cm~' using
KBr pellets. UV-vis diffuse reflectance spectra (UV-vis DRS) of dry pressed disk sam-
ples are obtained on Lambda-900 UV-vis spectrophotometer and BaSOy4 is used as
a reference standard.

3. Results and discussion

Fig. 1(A) shows the XRD patterns of ZnWQ,:Eu3* phosphors syn-
thesized by molten salt method at 350°C for 5h with different
molten salts NaNOj3 (a) and KNOs (b), respectively, which indicates
that these products are ZnWO4 with remaining trace molten salts.
Both of the X-rays diffraction peaks of ZnWQ,4:Eu3* from the two
molten salts can be perfectly indexed to the monoclinic phase of
ZnWOy4 (JCPDS 15-0774), belonging to space group P2/c with lattice
parameters of a=4.691A, b=5.72A, c=4.925A, «=90°, f=90.64°
and y=90°. The broadened diffraction peaks of the XRD patterns
indicate the small crystal grain size of the products. The approx-
imate particle sizes of Gd,WOg:Eu3* and Gd;MoOg:Eu3* can be
calculated by the Debye-Scherrer’s equation.

089
" Bxcos 0

where D is the average grain size, A represents the Cu Ka wave-
length 0.1542 nm and S is the half-width. The mean particle sizes of
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Fig. 3. The selected TEM (A) and HRTEM (B) images of ZnWO,:Eu?* using NaNO; as
molten salt at 350°C for 5 h.

ZnWO0, samples using NaNO3 and KNO3 as molten salts are around
23 nm and 14 nm, respectively.

Further, we compare the XRD patterns of ZnWO,4:Eu3* phos-
phors synthesized using NaNO3 molten salt at 350 °C for different
times: (a) 1h, (b) 4h and (c) 8h, respectively (see Fig. 1(B)).
All the X-rays diffraction peaks of ZnWO4:Eu3* can be perfectly
indexed to the monoclinic phase of ZnWQO,4 (JCPDS 15-0774),
belonging to space group P2/c and with lattice parameters of
a=4.691A, b=5.72A, c=4.925A, «=90°, B=90.64° and y=90°.
With the increase of reaction time, the sharp diffraction peak of
purity appears in the XRD pattern, which is identified as LiCl phase
for the possible purity LiCl in the reactants. After reaction for 8 h,
new unknown phase product can be observed, suggesting that the
longer reaction time may produce the formation of hybrid phase. In
this experiment, the aim product of ZnWQ, can be obtained after
1h.

Fig. 2(A) and (B) shows the selected SEM images of ZnWOQ,4:Eu3*
using NaNO3 and KNO3 as molten salt. Both of them present the
homogenous nanometer particle size, whose average particle sizes
are ~55 and ~50 nm, respectively. Fig. 3(A) and (B) illustrates the
TEM and HRTEM images of ZnWO4:Eu3* using NaNO3 as molten
salt at 350°C, which takes agreement with the results from SEM
and presents the particle size of 50 nm. From the HRTEM image, the
interplaner spacing is determined to be 0.36 nm, corresponding to
the [110] crystal space.

Fig. 4 (A) shows the ultraviolet-visible reflectance absorption
spectra of ZnWO,4:Eu3* (A) using LiNO3 as molten salt at 350°C
for different times: (a) 1h, (b) 4h, and (c) 8 h. It can be found that
these samples show similar strong absorption band between 200
and 450 nm. One broad absorption band appears at the range of
200-350 nm, which is originated from the characteristic absorp-
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Fig. 4. The ultraviolet-visible reflectance absorption spectra of ZnWO4:Eu3* (A)
using LiNO5; as molten salt at 350°C for different times: (a) 1h, (b) 4h, (c) 8h and
ZnWO,:Eu3* using (a) NaNO; and (b) KNO3 as molten salt (B).

tion of WO42~ group. Another wide shoulder absorption bands
from 315 to 450nm can be observed and may be due to the
impurity in the products. Besides, the downward sharp peaks
at 591, 596, 613, 624, 653 and 705nm may be due to the self-
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Fig.5. Excitationand emission spectra of ZnWO0,:Eu3* using (a) NaNO3 and (b) KNO3
as molten salt.
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Fig. 6. Excitation (A)and emission (B) spectra of ZnWO,4:Eu3* using LiNO3 as molten
salt at 950°C for (a) 1h, (b) 4h, and (c) 8 h.

absorption of Eu3* in the ZnWOQ, crystals. Fig. 4(B) compares the
ultraviolet-visible reflectance absorption spectra of ZnWO04:Eu3*
using different molten salts (a) NaNO3 and (b) KNOs3, which shows
the similar feature as above. It is worthy pointing out that the
shoulder band of 320-425 nm of the product from KNO3 shows
the apparently weaker intensity than that from NaNOs, which cor-
responds to the result of XRD pattern. The remaining molten salt
impurity content of product from KNO3 is much less than that
from NaNOs. So this further verifies that the wide shoulder band
besides O — W CTS band is originated from the remaining molten
salt impurity.

Fig. 5 wears the excitation and emission spectra of ZnWO0,4:Eu3*
using (a) NaNOs and (b) KNO3 as molten salt. The excitation
spectra under 613 nm show broad excitation bands at the range
of 220-350nm with maximum peak of 297 nm, corresponding
to the 02~ — WS6* charge transfer state (CTS) transition. Besides,
the strong sharp excitation peaks can be observed at the long
wavelength bands, 360, 380, 392, 415 and 463 nm, respectively,
corresponding to the f-f transitions of Eu3*, 7Fg — 3Dy, Fg — °L7,
7Fo — °Lg, Fo— °D;, respectively. The corresponding emission
spectra under the excitation of 463 nm present the characteris-
tic emission peaks 576, 589, 611, 620, and 697 nm, respectively,
which are attributed as the Do — ’F; (J=0, 1, 2, and 4) transition
of Eu3*. The dominated red peak comes from the hypersensi-
tive transition °Dg — ’F, with AJ=2. This is a parity forbidden

f-f intraconfigurational transition. When the Eu3* is located at a
low-symmetry local site (without an inversion center), the hyper-
sensitive transition °Dg — ’F; is often dominated in their emission
spectra [31]. In addition, the emission intensity of the ZnWO4:Eu3*
from NaNOs molten salt is higher than that from KNOs. So it
can be found that the suitable amount of purity in the prod-
ucts may produce some defects to become the new luminescent
center, which is favorable for the luminescence of ZnWO4:Eu3*.
Fig. 6 compares the excitation (A) and emission (B) spectra of
ZnWO4:Eu3* using LINO3 as molten salt at 950°C for different
reaction times: (a) 1h, (b) 4h, and (c) 8 h, both of which present
the similar feature as Fig. 5. The different reaction times have no
apparent influence on the luminescent intensity of these prod-
ucts.

4. Conclusions

In summary, ZnWO,:Eu3* nanophosphors have been synthe-
sized by a MSS technology at low temperature of 350°C using
LiNO3, NaNO3 and KNO3 as molten salts. We believe the simple,
environmentally friendly and low cost MSS method provides a con-
venient route for preparing nano-scale materials. These products
show the particle size of around 50 nm. Using LiNO3; as molten
salt, pure phase ZnWOy4:Eu3* crystal can be obtained after 1 h and
then produces hybrid phase with the further increasing of time.
The luminescent properties of ZnWO4:Eu3* are related to the fluxes
of molten salts. The photoluminescent intensity of the as-prepared
samples using NaNO3 molten flux is stronger than the same product
using KNO3, whichis due to fact that the remaining impurity molten
salt produces the defects to be favorable for the luminescence of
Eu3".
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