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SYNTHESIS OF Y,0;-DISPERSED W POWDERS PREPARED BY ULTRASONIC SPRAY PYROLYSIS
AND POLYMER SOLUTION ROUTE

The nano-sized Y,0Oj3 dispersed W composite powder is prepared by ultrasonic spray pyrolysis of a tungsten precursor using
ammonium metatungstate hydrate and a polymer addition solution method using Y-nitrate. XRD analysis for calcined powder showed
the formation of WO, phase by partial oxidation of W powder during calcination in air. The TEM and phase analysis for further
hydrogen reduction of calcined powder mixture exhibited that the W powder with a uniform distribution of Y,0O5 nanoparticles can
be successfully produced. These results indicate that the wet chemical method combined with spray pyrolysis and polymer solution
is a promising way to synthesis the W-based composites with homogeneous dispersion of fine oxide particles.
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1. Introduction

Due to its excellent properties such as very high melting
point combined with low coefficient of thermal expansion
and excellent mechanical properties at elevated temperatures,
tungsten (W) is widely applied in various fields such as heating
sources, light bulb filaments, acrospace materials and plasma fac-
ing wall in fusion reactors [1,2]. However, a major limitation of
its use is the inherently high ductile-brittle transition temperature
and serious embrittlement. In order to overcome this brittleness
problem, a W-based composite material in which stable oxide
fine particles are dispersed by using mechanical alloying and
wet chemical processes has been developed [3-5]. However,
till now the inhomogeneous distribution of oxide dispersion and
the segregation of oxide particles at the grain boundaries are
always great challenges for the preparation of oxide dispersion
strengthened W.

Recently, the use of polymeric additives to synthesis ultra-
fine oxide particle with non-agglomeration characteristic has
been reported [6]. This polymer solution route, which uses citric
acid and polyvinyl alcohol (PVA) as chelating agents, is capable
of preventing an undesirable particle growth and achieving the
calcination with a lower temperature and a shorter time [7].

The aim of this work is, therefore, to investigate the syn-
thesis of W composite powders with homogeneous dispersion of
oxide nanoparticles. The fine W powders were prepared by ultra-
sonic spray pyrolysis of a tungsten precursor using ammonium
metatungstate hydrate and hydrogen reduction. The W pow-
ders with homogeneous dispersion of Y,05 on their surfaces
were synthesized by a polymer addition solution method using
Y-nitrate. An optimum synthesis condition is determined based
on the observed microstructural characteristics of Y,0O5-disperse
W composite powders.

2. Experimental

Tungsten powder was prepared by ultrasonic spray pyrolysis
using ammonium metatungstate hydrate (NH4)sH, W1,04 xH,0,
>85% WOj; basis, Sigma-Aldrich) and hydrogen reduction.
At first, ammonium metatungstate hydrate with concentration
of 100 mM was dissolved in distilled water of 100 mL. The
precursor solution was nebulized into microdroplets by ultra-
sonic energy with a frequency of 1.7 MHz. Then, the aerosol
droplets were sent into furnace heated to the first zone at 200°C
and the second zone at 700°C using N, gas as carrier gas with
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a flow rate of 2 L/min. In furnace chamber, solvent evaporation
and precursor decomposition occurs, producing WO; powders.
After then, collected powders were reduced by flowing H, gas
at 800°C for 1 h with heating rate of 3°C/min.

To synthesis the W powder with homogeneous dispersion
of Y,0j5 nanoparticles, yttrium nitrate (Y(NO;3);-6H,0, Sigma-
Aldrich, 237957, 99.8%) and polyvinyl alcohol (PVA, Mw
85,000-124,000) were used as the precursor and polymeric ad-
ditive. A precursor solution was prepared by dissolving yttrium
nitrate with the fraction of 0.5 wt% Y,Oj5 in the final composite
powder in distilled water with 5 wt% PVA. As prepared W
powder was then mixed with the precursor solution and stirred
for 30 min. The powder mixtures were completely dried in air
at 120°C for 24 h. Dried mixtures were calcined at 600°C for
5 h in air to obtain Y,0O3 mixed powders. The powder mixtures
were hydrogen-reduced at 800°C for 1 h.

Phase identification of powders was performed by X-ray
Diffraction (XRD) analysis. Microstructural characteristics were
examined using a field emission scanning electron microscopy

(FE-SEM), a transmission electron microscopy (TEM) equipped
with an energy dispersive X-ray spectroscopy (EDS) and selected
area electron diffraction (SAED) patterns.

3. Results and discussion

Typical morphologies of synthesized powder by USP and
hydrogen reduction are shown in Fig. 1. As clearly seen from
Fig. 1(a), spherical powders less than 2 mm in size were ob-
served in the USP powder, whereas the hydrogen reduction of
powder results in the formation of a porous structure (Fig. 1(b).
The XRD profiles registered for the synthesized powder are
shown in Fig. 2(a). After reduction in a hydrogen atmosphere at
800°C, the powder was composed entirely of W. Neither residual
W oxide nor a reaction phase were observed. Considering the
reported reduction behavior [8], it is indicated that WO; can be
completely reduced to metallic W by reduction condition used
in this study.
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Fig. 2. XRD profiles of the powder at different stages of processing; (a) USP and hydrogen reduction at 800°C, (b) addition of Y-nitrate and
calcination at 600°C and (c) W-0.5 wt% Y,0; powder after hydrogen reduction at 800°C



In order to fabricate the W powders with homogenously
dispersed Y,0; particles, a polymer addition solution method
was applied. Fig. 3 shows the SEM image for powder mixture
of hydrogen-reduced W, Y-nitrate and PVA after calcination
at 600°C. The synthesized powder mixture exhibited smaller
powder size than that of the hydrogen-reduced W in Fig. 1. This
decrease in particle size can be interpreted because the yttrium

Fig. 3. SEM image for powder mixture of W and Y-nitrate after calcina-
tion at 600°C for 5 h

(a)

Fig. 4. TEM image and SAED pattern of calcined powder mixture

(a)
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nitrate solution penetrates into the porous W powder, and the
solvent is removed during drying and calcination, resulting in
fracture due to crack formation.

XRD data for the calcined powder mixture is shown in
Fig. 2(b). The XRD pattern contains the characteristic peaks for
the WO, and W. The formation of WO, phase is explained as
being mainly due to the partial oxidation of W powder during
calcination in air [9]. Meanwhile, Y,03 peak was not observed
in the XRD analysis, which is explained because a small volume
was added below the limit of the X-ray resolution. The calcined
powder mixture was further characterized by TEM accompanied
by SAED. As shown in Fig. 4(a), the powder is in the form of
agglomerates with nano-sized particles, and the corresponding
SAED pattern could be indexed to the W, WO, and Y,Oj5. This
result suggests that the Y,Oj3 particle was crystallized from yt-
trium nitrate solution during the calcination at 600°C for 5 h.
However, in order to reduce the WO, formed during the manu-
facturing process to pure W, further heat treatment is required.

Fig. 2(c) and Fig. 5 show the XRD pattern and TEM-SAED
results for the hydrogen-reduced powder mixture at 800°C for
1 h. As shown in Fig. 5(a), aggregates composed of fine parti-
cles of about 100 nm in size were observed. The XRD profiles
registered for the pure W, whereas the SAED pattern shown in
Fig. 5(b) can be indexed to the W and Y,0Os5. In order to further
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Fig. 5. (a) TEM image and (b) SAED patterns analysis of W-0.5wt% Y,0; composite powder after calcination at 600°C for 5 h and hydrogen

reduction at 800°C for 1 h



802

Fig. 6. TEM-EDS analysis of W-0.5wt% Y,03; composite powder after calcination at 600°C for 5 h and hydrogen reduction at 800°C for 1 h

reveal the detailed microstructure of prepared powders, the dis-
tribution of alloy elements is characterized by TEM observation
and EDX mapping, as shown in Fig. 6. It clearly represented
auniform distribution of Y element in the powder mixture. From
these observations, it is suggested that the USP and polymeric
additive solution route are useful for producing W powder with
homogeneously dispersed Y,05 nanoparticles.

4. Conclusions

This study was focused on the synthesis of W powders with
homogenous dispersion of Y,0; nanoparticles. The tungsten
powders synthesized by the ultrasonic spray pyrolysis and hydro-
gen reduction showed spherical particles less than 2 mm in size.
The W composite powder with 0.5 wt% Y,O; nanoparticles was
prepared by a polymer addition solution method using powder
mixture of hydrogen-reduced W, Y-nitrate and PVA. TEM and
phase analysis revealed that the W powder with a uniform dis-
tribution of Y,05 nanoparticles can be produced by the further
hydrogen reduction of calcined powder mixture. These results
indicated that ultra-fine Y,Oj; particles dispersed W composite
powders can be fabricated by using ultrasonic spray pyrolysis
and polymeric additive solution method.
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