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A simple method for producing nanopowders of tungsten oxides and metallic tungsten using degreased 
cotton is proposed. Ammonium tungstate NH4W12O40 was used as a precursor. A medical cotton wool 
was chosen for experiment. Structural characterizations of nanopowders were performed using X-ray 
diffraction (XRD) and Raman spectroscopy. Raman Spectra was obtained by NTegra Spectra (NT-MDT), 
where the light source is blue laser  ̴ 473 nm. Analyses of XRD spectra showed that nanopowders have a 
monoclinic structure. The morphology of synthesized nanopowders was studied using scanning electron 
microscopy (SEM). The size of nanocrystals was estimated with Scherrer’s formula. The effect of 
annealing temperature on nanoparticle sizes was investigated. The Raman spectra of the obtained samples 
were studied as a function of the synthesis temperature. In the Raman spectra, broading and red shift of 
the Raman bands with decreasing size are observed. The most pronounced Raman peaks are assigned to 
the characteristic vibrations according to the available structural data.  
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1 Introduction 
 
Tungsten and its oxides have found wide 

practical application. Recently, nanoscale materials 
based on tungsten oxides have particular interest 
due to their electronic properties. Tungsten oxide is 
an n-type semiconductor and has excess free 
electrons; therefore, it has found application as 
electrochromic [1], photochromic material [2], 
photocatalyst [3] and gas sensors [4]. Metal 
oxide/hydroxide composites such as MnO2, WO3, 
NiO, and noble metals (Ag, Au, Pt) are perspective 
materials as electrode for supercapacitors [5], since 
they can improve the specific capacitance, 
conductivity, chemical and thermal stability of 
electrode materials. Electrodes based on WO3*2H2O 
show significant power and energy efficiency at 
high charge/discharge rates [6], energy storage is 
almost 100%. This makes it possible to use 
electrodes with a large mass and high volumetric 
capacity. 

There are various methods for producing 
tungsten oxide nanoparticles, such as sonochemical 

synthesis [7], precipitation from acid [8], thermal 
decomposition [9], ion exchange [10], template 
directed synthesis [11-12] and hydrothermal 
reactions [13-14]. In this paper, a method for 
formation of metal and oxide tungsten nanopowders 
using a fibrous matrix in the form of defatted cotton 
is proposed. This novel and facile method with the 
use of degreased cotton was recently applied for the 
synthesis of cobalt oxide nanoparticles [15]. 

 
2 Materials and methods 
 
An degreased cotton (0.5 g) was impregnated 

with aqueous solution of ammonium metatungstate 
(NH4)6H12W12O40*H2O (0.01M). The solution with 
cotton was processed in an ultrasonic bath for 30 
minutes to achieve a homogenous substance. Then 
impregnated with precursor degreased cotton was 
collected and squeezed. After that the cotton was 
dried in a vacuum and annealed for 1 hour in air in 
the tube furnace with a heating rate 1oC/min. The 
annealing temperature was varied from 400 to 
700oC. It is possible to carry out reductive chemical 
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reactions using of hydrogen atmosphere during 
annealing and to obtain nanopowders of tungsten 
metal. 

The crystal structure of the sample was studied 
by X-ray diffraction (MiniFlex Rigaku) with Cu Kα 
radiation. The Raman spectra were taken using an 
NTegra Spectra (NT-MDT) spectrometer. A blue 
laser with a wavelength of 473 nm was used as the 
excitation source. The irradiation time of the 
samples by laser radiation was 30 s and the spot 
diameter on the sample was 2 μm. At 100% 
intensity, the laser power was 35 mW. Scanning 
electron microscopy (SEM) images were performed 
on a Quanta3D200i (FEI) scanning electron 
microscope. 

 
3 Results and discussion 
 
Figure 1 shows the XRD patterns of the WO3 

synthesized at temperatures from 400 to 700оС (а) 
and metallic tungsten obtained by reduction of WO3 
in hydrogen atmosphere at temperatures 550 to 
850оС (b). All peaks have a good agreement with 
the standard monoclinic WO3 spectrum. Moreover, 

there are no impurity peaks found in the XRD 
patterns. The obtained results indicate that the well-
crystallized WO3 and metallic W samples of high 
purity are produced. According to Scherrer’s 
formula, D = 0.89λ/(Bcosθ) (where D is the mean 
size of crystallites; λ is the X-ray wavelength; θ is 
the Bragg angle; and B is the line diffraction 
broadening of a peak at half the maximum intensity, 
which is calculated using obtained XRD pattern), 
the crystalline size of WO3 is estimated to be 7 nm 
in case of annealing temperature 400oC and about 
300 nm for 800оC.  

It is known that the smaller crystallite sizes, 
the broader X-ray peaks. Thus, analyzing XRD 
data of obtained samples it can be concluded that 
the sizes of tungsten and tungsten oxide crystals 
increase with synthesis temperature. However, 
the formation of the WO3 crystal phase is limited 
by the temperature of the synthesis reaction, so 
low-temperature synthesis requires a much 
longer time. As the annealing temperature is 
increased, the XRD lines become narrow, hence, 
this indicates that the crystallite size in the WO3 
powder increases. 

 
 

 

Figure 1 – XRD spectra: a) WO3 obtained at temperatures from 400 to 700°C,  
b) W powder reduced at temperatures from 550 to 850°C in hydrogen atmosphere 

 
 
 



50

Preparation method of tungsten oxide and metallic tungsten...                 Phys. Sci. Technol., Vol. 4 (No. 2), 2017: 48-53

 

The SEM morphology of the synthesized WO3 
powders has a good agreement with the X-ray data. 
It is seen from Fig. 2 that the crystallite sizes of the 
obtained WO3 samples grow with the synthesis 
temperature. This is due to the fact that individual 
nanoparticles begin to interact and form larger 
crystals with increasing temperature.  

Raman spectra of the samples obtained at 
different temperature conditions were studied. 

The main vibrational modes for the WO3 lattice 
are valence vibrations with a change of bond 
lengths (ν), deformation vibrations with change 
of the angles between the bonds – planar (δ) and 
extra-plane (γ). It is known that these modes of 
tungsten oxide are in the frequency values ~807, 
~716, ~271 cm-1, which correspond to the 
stretching of the O-W-O, W-O bonds and O-W-
O bending (see Table 1). 

 
 
 

а b 
  

c d 

Figure 2 – SEM image of WO3: a) after annealing at 400°C and b) 800°C,   
c) metallic W  powders obtained from WO3 reducing at temperature 4000C and  d) 8000C 
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Table 1 –  Characteristic Raman frequencies (cm-1) of the WO3 and literature data 
 

Vibrational mode WO3 (4000С) WO3 (8000С) literature 
V (O-W-O) 798 804 808 

   
V (W-O) 683 715 717 

Vibrations of groups WO2W - - 436 
 (O-W-O) - 372 376 
 (O-W-O) 321 326 328 
 (O-W-O) 251 272 273 

W-W  221 
Lattice mode - - 187 
Lattice mode 108 133 136 

 
 
Raman spectra of WO3 at different annealing 

temperature are shown in Figure 3. It is seen 
from the figure, the main peak around ~ 800 cm-1 
shifts and narrows, depending on the annealing 
temperature. It is obvious from Table 1 that the 
position of the Raman lines for WO3 samples 
synthesized at 400°C and 800°C are slightly 
different. It is known that the position of the 
Raman lines depends on the size of the 
crystallites, for example, in work [16] it is shown 
that as the crystallite size increases, the position 
of the Raman lines shifts toward higher 
frequencies. This is due to the fact that as the 

size of the nanocrystals decreases, the surface 
begins to play an increasingly important role, 
since the lattice constant and the melting point 
decrease. These theoretical and experimental 
data make it possible to explain the dependence 
of Raman scattering on the size of tungsten oxide 
nanoparticles. The broadening of the Raman 
peaks at ~805 cm-1, ~ 716 cm-1 and ~ 271 cm-1 
indicates a changing in the vibrational modes of 
WO3 nanoparticles obtained at low annealing 
temperatures, and a decrease in the frequency of 
Raman vibrational modes indicates a softening 
of the phonon spectrum in nanoparticles WO3. 

 
 

 

Figure 3 – Raman spectra of the obtained tungsten oxides  
as a function of the annealing temperature 

 
Figure 4.a shows the dependence of the half-width 

of the basic mode Eg as a function of the annealing 
temperature. With increasing temperature, the half-
width of the peaks decreases. The broadening of the 
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Raman peaks at ~805 cm-1, ~ 716 cm-1, and ~ 271 cm-
1 can be attributed to the broadening of the Raman 
vibrational modes in WO3 nanoparticles obtained at 

low annealing temperatures. It is also seen that the main 
peak around ~ 715 cm-1 shifts towards low frequencies 
(Figure 4b). 

 
  

a  b 
 

Figure 4 – The dependence of the half-width of the Eg mode about ~ 805 cm-1  
as a function of the annealing temperature (a) and the dependence  

of the line position about ~ 715 cm-1 on the annealing temperature (b) 
 
 
It is known that with decreasing particle sizes to 

nanometer scales, optical Raman modes shift toward 
lower wave numbers [17]. The main causes of the 
Raman redshift of semiconductors can be caused by 
the size of the crystallites, the temperature (thermal 
induced expansion and attenuation of bonds), and 
structural defects [17]. For example, the authors of 
C. C. Yang and S. Li [18] carried out a great deal of 
work on the study of Raman spectra as a function of 
the dimensions of semiconductor nanocrystals. The 
results show that the Raman frequency decreases 
with the sizes of nanocrystallites for both narrow-
gap and wide-gap semiconductors. Vibrational 
modes associated with the change in bond lengths 
can shift depending on the size of the crystallites in 
the red region, and low-frequency deformation 
vibrational modes, conversely, in the blue region 
[19]. The red shift of Raman optical modes in 
particles with small dimensions is usually associated 
in the literature with surface tension. The amplitude 
of vibrations of surface atoms is always greater than 
in the case of atoms in the volume [20-21]. 

In the framework of the model of spatial 
correlation [22], an analysis is made of the shift and 
broadening of the LO line (longitudinal-optical 
modes) of InP nanocrystals. There was a significant 

change in the spectral when the crystallite size is 
less than 10 nm. These changes are explained by the 
partial amorphization of the near-surface region of 
the crystals [23]. 

In [18], the Raman shift in TiO2 nanoparticles, 
caused by the effect of particle size reduction, is 
explained by changes in the force constants and the 
vibrational amplitudes of the nearest neighboring bonds. 
The changes are due to the effect of energy deficiency 
on the order of the binding energy of atoms on the 
surface and its effect on the force coupling constants 
between the uncoordinated surface atoms [24]. 
However, it was suggested in [25] that the observed 
changes in the Raman spectra with decreasing particle 
sizes are associated with a change in the stoichiometry 
and changes in the content of oxygen atoms in TiO2 
nanoparticles, rather than associated with any internal 
stresses or dimensional effects. 

 
4 Conclusions 
 
In summary, nanopowders of tungsten oxide and 

tungsten nanoparticles were successfully prepared by a 
facile and environmental method using degreased cotton 
as a supporter. The method makes it possible to obtain 
nanopowders of refractory metals at low temperatures. 
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The structure of the synthesized samples was studied 
using XRD, SEM and Raman spectroscopy. The 
dependence of the Raman spectra and X-ray diffraction 
patterns on the synthesis temperature of the samples 
was studied. Redshift of the Raman lines and changes in 
their shape and intensity are induced by the increasing 
annealing temperature. It can be explained by the 
increasing crystallite sizes, which also is proved by 

XRD data. An analysis of the obtained data allows to 
conclude that the proposed method is effective for 
obtaining of tungsten oxide and tungsten metal 
nanopowders with controlled particle sizes. Moreover, 
the use of degreased cotton as supporter leads to 
effective increase of specific surface area, which is 
important for electrodes in supercapacitors and 
catalysts. 
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