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BaMoOy is an important one among metal molybdate
families that have a high-application potential in vari-
ous fields, such as in photoluminescence [1] and hosts
for lanthanide-activated lasers [2]. BaMoO4 powders
have usually been prepared by conventional methods
consisting of repeated ball-milling and solid-state re-
action of BaCO3 and MoO; powders at high tem-
perature [3]. However, BaMoQO, powders prepared by
the solid-state reaction are relatively coarse with inho-
mogeneous morphology and composition because the
MoOs3 has a tendency to vaporize at high temperature
[4].

These problems may be solved by applying an ad-
vanced wet chemical solution methods. Polymerized
complex method as a modified Pechini method [5],
where several metal ions in a solution could be first
chelated to form metal complexes and then polymer-
ized to form a gel, seems to be the most suitable among
several chemical solution processes, because rigidly
fixed cations are homogeneously dispersed in the poly-
mer network and have few chances to segregate even
during pyrolysis. This method has been used to suc-
cessfully prepare highly pure samples of various oxides
such as BaTiO3 [6], Y¢WOy, [7], and superconductors
[8]. However, few studies on the chemical synthesis of
BaMoO, by the polymeric complex method have been
reported.

Microwave irradiation as a heating method has found
and developed a number of applications in chemistry
and ceramic processing [9—11]. Compared with the
conventional methods, microwave synthesis has the
advantages of very short reaction time, small particle
size, narrow particle size distribution, and high purity.
Jansen et al. [9] suggested that these advantages could
be attributed to fast homogeneous nucleation and easy
dissolution of the gel. In this work, the synthesis of
homogeneous BaMoQO, nanocrystalline powders using
a modified polymerized complex method assisted by
microwave irradiation is reported. Subsequently, the
precursor and synthesized powders were evaluated for
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the crystallization process, particle morphology, and
photoluminescent property.

Barium carbonate (BaCO3) and ammonium molyb-
date ((NHs)¢Mo070,4) were used as sources of the
metallic cations. Ethylene glycol (HOCH,CH,OH,
EG) and citric acid (HOC(CO,H)(CH,CO,H),, CA)
were used as solvent and chealating agent for the pro-
cess. Fig. 1 shows the flow chart for the synthesis
of nanocrystalline BaMoO,4 powders using a modified
polymerized complex method assisted by microwave
irradiation. The citrate solution was prepared by dis-
solving appropriate molar ratios of citric acid in ethy-
lene glycol (CA:EG molar ratio = 1:4). After com-
plete homogenization of the citrate solution, barium
carbonate and ammonium molybdate were dissolved
in the molar ratio of total chelate metal cations (TO)
and citric acid (TO:CA molar ratio = 1:5). By keeping
the solution at a temperature of 100 °C for 1 hr under
constant stirring, the solution became viscous solution.
A domestic microwave oven with 1200 W (Samsung
Electronic Corp. Korea 2.45 GHz) was used for the re-
action in the solution. The solution was placed in the
microwave oven and the reaction was performed under
ambient air for 30 min. The working cycle of the mi-
crowave oven was set between 40 s on and 20 s off. The
solution became more viscous and the color changed
to brown. No visible precipitation was observed during
the heating process. As this solution condensed, the
brown product was converted into powders after grind-
ing with a Teflon bar. Thermal analysis was performed
on this powder, hereinafter referred to as the “precur-
sor”’. Heat-treatment of the precursor was performed
at various temperatures from 300 to 500 °C for 3 hr in
air.

The crystallization process was evaluated by
thermogravimetry-differential thermal analysis (TG-
DTA, SETRAM, France), using a sample weight of
10 mg and a heating rate of 5°C/min. The existing
phase in the particles after heat-treatment was identi-
fied by X-ray diffraction (XRD, CuK,, 40 kV, 30 mA,
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Figure I Flow chart for synthesis of nano-sized BaMoO4 powders by
the modified polymerized complex method using microwave irradiation.
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Figure 2 XRD patterns of the BaMoOy4 powders heat-treated at (a) 300,
(b) 350, (c) 400, (d) 450, and (e) 500 °C for 3 hr.

Rigaku, Japan) with a scan rate of 3 °/min. The average
crystalline size of the heat-treated powders was calcu-
lated using the XRD line broadening method through
Scherrer’s formula [12]. The microstructure and sur-
face morphology of the powders were observed by
transmission electron microscopy (TEM, JEM 2010,
JEOL). The photoluminescent (PL) spectra were ana-
lyzed by a Japan Hitachi 850 Spectrophotometer.

The crystallization process of the precursor was eval-
uated by XRD, TG-DTA, and electronic diffraction pat-
tern (EDP). Fig. 2 displays the phase identification of
the BaMoQO,4 powders heat-treated for 3 hr as a func-
tion of heating temperature in detail using XRD. In
Fig. 2a, the powders of BaMoQ;, at 300 °C were amor-
phous with no crystallized phases. Above 350°C in
Fig. 2b—e, the powders were identified as BaMoO,
phases, and un-reacted or additional phases were not
detected.

Fig. 3 shows the TG-DTA curves for the BaMoOy4
precursor. In Fig. 3, with an increase of temperature,
weight loss occurs in the TG curve up to 490 °C. There-
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Figure 3 TG-DTA curves of the BaMoOy precursor in flowing air.

after the weight remains constant, indicating that the
decomposition of all organic materials and crystalliza-
tion of BaMoOQO, occurred below 490°C. The DTA
curve in Fig. 3 is interpreted as follows: (1) the in-
crease of DT curve from 350 °C corresponds to initial
decomposition of the precursor and formation of the
nuclei of the nanocrystalline BaMoOQy; and (2) exother-
mic peak at 440 °C corresponds to the crystallization
of BaMoO;,.

Fig. 4 shows TEM and electronic diffraction pat-
tern (EDP) of the nanocrystalline BaMoO, powders
prepared from 300 to 500°C. The EDP of BaMoO4
powders heat-treated at 300°C in Fig. 4a showed
only diffuse hollow rings, corresponding to an amor-
phous phase. With increasing temperature, at 350 °C
in Fig. 4b, dotted rings were observed, signifying the
nanocrystalline formation. The TEM morphology in
Fig. 4b—d showed that the sizes of the crystallites grad-
ually increased with the heating temperature. Most of
the nanocrystalline powders of BaMoO, heat-treated
between 400 and 500 °C showed primarily spherical
morphology. The powders prepared at 500 °C have rel-
atively spherical and a more homogeneous morphology
with a narrow size distribution than those treated at the
other temperatures.

The average grain sizes were determined from XRD
powder pattern according to the Scherrer’s equation
[12]. D = kA/BcosO, Where D is the average grain size,
k is a constant equal to 0.89, A is the wavelength of X-
rays equal to 0.1542 nm and B the corrected half-width
that is obtained using (111) line of the pure silicon
as the standard. Table I shows the average crystallite
sizes for the heat-treated BaMoQO,4 powders calculated
by XRD line broadening method. The calculated aver-
age crystallite sizes of BaMoQOy4 were 12, 17, 26, and
30 nm at temperatures of 350-500 °C. It is correspond-
ing to the TEM in Fig. 4 indicating grain growth with
increasing temperatures.

TABLE I Average crystallite size of BaMoOy crystallites as a func-
tion of heating temperature calculated by XRD line broadening method
according to Scherrer’s formula

Temperature (°C) Average crystallite size (nm)

350 12
400 17
450 26
500 30




Figure 4 TEM and EDP of nano-sized BaMoOy4 powders heat-treated at (a) 300, (b) 350, (c) 400, and (d) 500 °C for 3 hr.
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Figure 5 Emission spectra of the BaMoO4 powders heat-treated at (a)
350, (b) 400, and (c) 500 °C for 3 hr.

Room-temperature photoluminescence (PL) of the
prepared nano-sized BaMoO,4 powders are shown in
Fig. 5. The PL of BaMoO, has been discussed in the
frame of molecular orbital models of the [MoOﬁ‘] rad-
icals [13]. It is generally assumed that the measured
emission spectra of BaMoO, are mainly attributed
to the charge-transfer transitions within the [MoOi_]
complex [13]. With the excited wavelength at 240 nm,
the powders exhibited blue emission near 400 nm in
Fig. 5. Weak red emission bands near 670 nm were ob-
served at longer wavelength and the additional emission

band can be ascribed to a defects structure [14]. The
intensity of PL emission in nanocrystalline BaMoO4
powders prepared at 500 °C is stronger than those of
other temperatures, which indicates the great depen-
dence of the PL properties on the morphology, crys-
tallinity, and homogeneity of the BaMoO, powders.
Generally, it is noted that particles with the shape of a
non-agglomerate as well as high crystallinity plays an
important role in the improvement of luminescent effi-
ciency [15]. For the similar morphological samples, the
homogenized particles must be favorable to PL char-
acteristics because of less contamination or fewer dead
layers on the phosphor surface [16]. Therefore, the en-
hancement of the PL intensity at 500 °C in Fig. 5 is
attributed to the higher crystallinity, higher uniformity
in particle size and more homogeneous particle mor-
phology, which are corresponding to the analysis on
XRD data and TEM morphology.
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