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MnOx/ WO3 nanoparticles were synthesized by an impregnation method and the physicochemical properties of compounds were 

characterized by atomic absorption spectroscopy (AAS), energy dispersive X-ray analysis (EDX), X-ray diffraction (XRD), scanning 

electron microscopy (SEM) and transmission electron microscopy (TEM). The catalytic degradation of an organic dye, methylene blue, 10 
in the presence of nano-MnOx supported on WO3 as catalyst and hydrogen peroxide, H2O2, as the oxidant has been studied at room 

temperature in water. Effects of oxidant amount, catalyst composition and an OH-radical scavenging agent on the degree of 

decomposition of MB dye were also studied. 

. 
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Introduction 
Methylene blue (MB) is one of the most commonly used dyes in 

various industries for textiles, printing, rubber, etc. [1-3]. The 

effluents from these industries are a major source of 

environmental pollution.  Not only do water bodies become 20 
colored, but environmental damage occurs to living organisms by 

decreasing the dissolved oxygen capacity of water and by 

blocking sunlight, thereby disturbing the natural growth activity 

of aquatic life. Therefore, the treatment of effluents containing 

dyes is one of the challenging problems in the field of 25 
environmental chemistry [4-8]. 

The synthesis and characterization of complex transition-metal 

oxides with controlled size, shape, uniform dimension, and 

structure have attracted considerable interest due to their unique 

physicochemical properties and potential applications in catalysis 30 
and material science [9–12]. Among these, manganese and 

tungsten oxides have gained increasing attention because of 

outstanding structural diversity and useful chemical and physical 

properties, which makes them suitable for various applications 

such as catalysis, water treatment, lithium-ion batteries, magnetic 35 
resonance imaging, sensor material, etc. [9–16]. These 

compounds are cheap, environmentally friendly and can be 

prepared as nano-sized particles with large surface area, with high 

active sites densities. Their polynuclear structure should allow the 

occurrence of multi-electron and complex reactions. Moreover, 40 
metal oxides have no easily oxidizable ligands and thus are robust 

under a wide range of conditions. They could be used in bulk, 

supported, or colloidal forms and can be synthesized easily [17, 

18]. 

Among many applications, manganese oxide has been widely 45 
used for the degradation of organic dyes for environmental 

remediation [19–21]. Recently Nie et al. reported layered 

manganese oxide suspension as a highly effective catalyst for the 

decolorization and degradation of methylene blue in the presence 

of H2O2 at neutral pH [22]. Also, other studies [23, 24] 50 

investigated the use of manganese oxides to degrade organic 

pollutants.  

Herein we report the first preparation of nano-MnOx supported on 

WO3 as an efficient catalyst for the green decomposition of 

methylene blue (MB) using hydrogen peroxide (H2O2) as the 55 
oxidant (Scheme 1). The extent of dye decomposition was 

monitored using UV-vis spectroscopic techniques.  
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Scheme 1. Structure of methylene blue (MB). 60 

Experimental 

Materials  

Na2WO4·2H2O, HCl, Mn(NO3)2.4H2O, Methylene blue (MB), 

CH3OH, DMSO and H2O2, were purchased from Merck and Fluka 

and were used without further purification. 65 
 

Characterization 

Transmission electron microscopy (TEM) was conducted on 

carbon-coated copper grids using a FEI Technai G2 F20 Field 

Emission scanning transmission electron microscope (STEM) at 70 
200 kV (point-to-point resolution <0.25 nm, line-to-line 

resolution <0.10 nm). TEM samples were prepared by placing 2-

3 drops of dilute ethanol solutions of the nanomaterials onto 

carbon coated copper grids. Composition was characterized by 

energy dispersive spectroscopy (EDS) line scans in STEM mode, 75 
and by energy-filtered (EF) imaging spectroscopy (EF-TEM). 

SEM was carried out with Philips CM120 and LEO 1430VP 

instruments.  The X-ray powder patterns were recorded with a 

Bruker D8 ADVANCE (Germany) diffractometer (Cu-Kα 
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radiation). Manganese content in bulk and on the catalyst surface 

was determined by atomic absorption spectroscopy (AAS) and 

energy-dispersive X-ray (EDX). AAS was performed on a Varian 

Atomic Absorbtion Spectrometer AA 110. Prior to analysis, the 

oxide (1.0 mg) was added to 1 mL of concentrated nitric acid and 5 
H2O2, left at room temperature for at least 2 h to ensure that the 

oxides were completely dissolved. The solution was then diluted 

to 10.0 mL and analyzed by AAS. Absorption spectra were 

recorded by a CARY 100 Bio VARIAN UV–vis 

spectrophotometer. FT-IR spectrum was obtained by using a 10 
Unicam Matson 1000 FT-IR spectrophotometer using KBr disks 

at room temperature. 

 

Synthesis  

An aqueous solution (10 cm3) of Na2WO4·2H2O (0.825 g; 2.5 15 
mmol) was acidified with a HCl solution (6 M), and a white 

precipitate of WO3.nH2O was obtained. The solid of WO3.nH2O 

was washed with water for several times and dried at 50 °C. WO3 

was prepared by dehydration of WO3·nH2O at 500 °C for 3h. 

MnOx supported on WO3 was prepared by an impregnation 20 
method using Mn(NO3)2.4H2O as a source for Mn. The required 

amount of Mn(NO3)2.4H2O, to give 5 wt% Mn loading, was 

mixed and was pulverized with WO3. Methanol (20 mL) was 

added to the mixture of Mn(NO3)2 and WO3. This mixture was 

mechanically stirred to ensure the homogeneous distribution of 25 
Mn(NO3)2.4H2O over the WO3 support. After stirring, CH3OH 

was evaporated under vacuum using a rotary evaporator. 

Dissolution of Mn(NO3)2.4H2O and evaporation of CH3OH were 

performed three times to optimize the distribution of 

Mn(NO3)2.4H2O. After the third evaporation process, the residual 30 
solid was ground and calcinated at 500 °C for 4h. MnOx was 

prepared by taking an aqueous solution of Mn(NO3)2.4H2O and 

urea as a fuel in a muffle furnace maintained at 500 °C for 4h. 

 
 35 
Methylene blue degradation 

The catalytic activity of the catalyst was demonstrated by 

degrading MB in aqueous solution. A round-bottom flask was 

charged with 50 mL of aqueous MB (10 mg/L) and 10 mg of 

catalyst was added. H2O2, (10 mL, 0.1 mol) was added and the 40 
reaction mixture and was stirred under ambient conditions. For a 

given time interval, a small quantity of the mixture solution was 

pipetted into a quartz cell, and its absorption spectrum was 

measured using an UV–visible spectrophotometer.  

 45 
Results and Discussion  
 

Catalyst characterization 

The X-ray powder diffraction patterns of MnOx/WO3 catalyst are 

shown in Fig. 1. Data for pure WO3 are also included in Fig. 1. 50 
The XRD pattern of the WO3 support contains peaks 

corresponding to lattice reflection planes (002), (020), (200), 

(120), (112), (112), (201), (220), (222), (004), (040), (140), (420), 

and (402) as referred in the JC-PDS 01-075-2072 [25]. As shown 

Fig. 1, the manganese oxide pattern was difficult to estimate from 55 
the XRD data, due to the fact that the most intense lines of the 

manganese oxide phase almost coincide with the diffraction lines 

of the WO3 support.  

However, the support line intensity decreased with the loading of 

manganese on the WO3, attributed to the formation of crystalline 60 

manganese oxide. The absence of the XRD peaks of individual 

MnOx suggests that the manganese oxide particles are in a highly 

dispersed state, or that insertion of manganese ions into the WO3 

lattice may occur [26]. 

 65 

 
Fig. 1. XRD pattern of WO3 and MnOx/WO3 

 

The amount of the manganese supported on the WO3 was 

determined by AAS analysis. The catalyst was stirred in HNO3 at 70 
room temperature for 5 h and the solution was subjected to AAS 

analysis. MnOx/WO3 contained 4.8 wt. % Mn. It is well known 

that EDX technique supplies an accurate determination of relative 

atomic concentration of different elements present on their 

outermost surface layers. EDX investigation of MnOx/WO3 75 
showed that the relative atomic abundance of manganese present 

in the surface of the WO3 was obtained 3.2% (Table 1). The 

differences attained for Mn contents in bulk and on the surface of 

catalyst suggest that the composition of the surface layers of the 

catalyst is slightly different from its bulk composition. 80 
 

Table 1. EDX investigation of MnOx/WO3 

 
 

The Mn distribution on WO3, particle morphology and textural 85 
properties of MnOx/WO3 catalyst was also studied carefully by 

SEM and TEM and representative images are shown respectively 

in Fig. 2. and Fig. 3. Aggregated nanoparticles with spherical 

shapes are observed with particle diameter in the range of 50–80 

nm. 90 

Page 2 of 5New Journal of Chemistry

N
ew

 J
o

u
rn

al
 o

f 
C

h
em

is
tr

y 
A

cc
ep

te
d

 M
an

u
sc

ri
p

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

 
Fig. 2. SEM images of (a) WO3 (b) MnOx/ WO3 

 

 

  5 
Fig. 3. TEM images of MnOx/ WO3 

 

Catalytic effects 

 

The activity of the catalysts is expressed as the percent decrease 10 
in dye concentration during the reaction, as measured by 

absorption intensity. A plot of the percentage decrease in [MB] 

versus time represents the influence of oxidant on the 

decomposition of MB dye catalyzed by MnOx/WO3 and WO3 

alone at room temperature (Fig. 4).  As can be seen, nearly no 15 
degradation was observed over 120 min, when H2O2 alone was 

added to the MB solution.  

 

 
Fig. 4. Percentage decomposition of MB with different conditions. The 20 

reactions were run in duplicate. 

 

The use of different oxides such as Al2O3, SiO2, CeO2, ZnO and 

WO3 as catalyst supports, were also examined to study the effects 

of support on the catalytic degradation of methylene blue (Fig. 5).  25 
When the MnOx/WO3 catalyst was added to the MB solution 

containing H2O2, the removal of MB was complete after 60 min, 

showing that MnOx/WO3 facilitated the oxidation of MB by 

H2O2. The catalytic activity of the system decreased dramatically 

when MnOx/WO3 was replaced by WO3, as shown in Fig. 4. 30 
These results indicate that the absence of MnOx substantially 

increased the decomposition of the dye, because doping process 

results in changing the chemistry of the surface of treated solids, 

brings about some changes in the electronic structure of the 

doped catalysts and may also affect solid–solid interactions 35 
between the manganese oxide catalyst and its WO3 support [27]. 

 
Fig.5. Effects of the catalyst supports on the percentage decomposition of 

MB. 10mg  catalyst, 50 mL MB(10mgL-1), 10mL H2O2 (30%); 60 min. 

 40 
The effect of H2O2 amount on the percentage decomposition of 

MB is shown in Fig. 6. When the amount of H2O2 varies from 0 

to 0.1 mol, the percentage decomposition of MB increased from 0 

to ca. 95%. With a further increase of H2O2 to 0.15 mol, the time 

for complete decomposition of MB decreases from 60 to 45 min. 45 

 
Fig. 6. Effects of the amount of H2O2 on the percentage decomposition of 

MB. 10mg  catalyst, 50 mL MB(10mgL-1) ; 60 min. 

 

Representative UV–vis spectra changes observed during MB 50 
degradation by MnOx/WO3 and WO3 in the presence of H2O2 are 

depicted in Fig. 7. The intense absorbance of MB at 296 and 

664nm decreased rapidly and disappeared almost completely 

within 60 min in the presence of catalytic MnOx/WO3. When 

pure WO3 was used as catalyst, loss of MB took more than 130 55 
min (Fig 7. (b)). 
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Fig. 7. Changes in the UV-vis absorbance spectra of MB dye using a) 

MnOx/WO3 b) WO3 catalyst with H2O2. 

 

The typical IR spectra in region 4000–500cm−1 of MB before and 5 
after treatment also demonstrated the total degeneration of dye 

(Fig. 8).The IR spectra of MB exhibit C=N and C–N stretching 

vibration peaks in the heterocycle of MB at 1604 and 1399cm−1, 

respectively and the C–N bond connected with benzene ring and 

N–CH3 at 1356 and 1332cm−1 [28]. After treating dye by air for 10 
about 60 min, these peaks decrease in intensity to disappear, 

indicating the total destruction of aromatic ring of dye molecule 

in the presence of MnOx/WO3 catalyst and H2O2. 

 
Fig. 8. Changes of MB in FT-IR spectra during degradation: (a) 0 min; (b) 15 

after 60 min reaction 
 

In order to show the merit and efficiency of the present catalytic 

system in comparison with recently reported protocols, we 

compared the results of the MB removal in the presence of other 20 
catalysts. As shown in Table 2, our catalytic system is superior to 

some of the previously reported catalysts in terms of reaction 

conditions. In contrast to similar, previously reported systems, the 

catalytic system presented in this paper does not suffer from the 

harsh reaction conditions, such as high calcination temperature 25 
(entry 2), long reaction time (entries 2-5), using large amount of 

catalyst (entries 3, 4) and using large amounts of oxidant (entry 

5). In addition, the attractive features of this catalytic system, 

such as low cost, and ease of use, make it particularly suitable for 

the MB removal. 30 
 

Table 2. Recently reported catalytic systems for the MB removal 

by different catalysts.  

 
 35 
It has been reported that the catalytic removal of methylene blue 

in the presence of H2O2 and manganese oxide follows a radical 

oxidation pathway [30]. This pathway may be taken due to 

hydrogen peroxide being a source of OH radicals when 

decomposed homolytically. Therefore, to further verify the role 40 
of OH radicals in the oxidation system of the nano-MnOx 

supported on WO3, we examined the effects of DMSO as an OH-

radical scavenging agent in this process. The hydroxyl radicals 

could react with DMSO to give high yields of CH3 radicals, 

which leads to methane and ethane as final products [31]. As 45 
shown in Fig. 9, the removal of MB was decreased from 95% to 

64% in the presence of DMSO within 60 min. This suppressive 

effect was dependent on the concentration of DMSO under these 

conditions. These results confirmed that OH radicals have the 

main role in the decolorizing process, which is enhanced by H2O2 50 
and suppressed by DMSO. 

 
Fig. 9. Effects of various concentrations of DMSO on the removal of 

methylene blue in the presence of MnOx/ WO3 and H2O2. 10mg  catalyst, 

50 mL MB(10mgL-1), 10mL H2O2 (30%); 60 min. 55 
 

In order to clarify the role of manganese in the product of 

hydroxyl radicals, new catalyst of MnOx/ WO3 with 23.5% Mn 

loading were prepared. As shown Fig.1, the X-ray powder 

diffraction patterns of MnOx/WO3 (23.5% Mn) showed no 60 
significant change with the XRD pattern of the MnOx/WO3 (4.8% 

Mn). Also the result of catalytic studies reveals that two 

MnOx/WO3 catalysts with different Mn loading are almost 

equally effective in catalysis of the MB degradation. Therefore, 

manganese is not only effective for the product of OH radicals 65 
and WO3 as support have also essential role.  

Finally, the effect of repeated uses of the catalyst on its catalytic 

activity was examined. After the end of the first experiment, the 

catalyst was washed with doubly distilled water, and dried prior 

to the next use. The results in Fig. 10 demonstrated that 70 
MnOx/WO3 maintained similar activity after a four runs of the 

catalyst. 
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Fig. 10. Recycling studies of the MnOx/WO3 catalyst in the degradation 

of MB. 10mg  catalyst, 50 mL MB(10mgL-1), 10mL H2O2 (30%); 60 min. 

 

We also found that XRD and reflectance infrared Fourier 

transform spectra of both fresh and used catalysts are very similar 5 
(Fig. 11). The results show that the catalyst is not changed in the 

reaction. 

 

 
Fig. 11.  (a) XRD pattern of used catalyst; (b) IR spectra of fresh (red) 10 

and used (blue) catalyst. 

Conclusions 

The nano-MnOx supported on WO3 was successfully synthesized 

using an impregnation method. This new material, MnOx/WO3, 

was found to be an effective catalyst for the destruction of MB, 15 
an important industrial dye and problematic pollutant. Effects of 

oxidant amount and catalyst composition (WO3 with and without 

MnOx) on the degree of decomposition of MB dye were also 

studied. The catalytic activity of the system decreased 

dramatically when MnOx/WO3 was replaced by WO3. To verify 20 
the role of OH radicals in the oxidation system of the nano-MnOx 

supported on WO3, the effects of DMSO as an OH-radical 

scavenging agent was examined in this process. Finally, a further 

set of experiment was carried out to check the reusability of the 

MnOx/ WO3 catalyst for the MB degradation at room temperature 25 
for 60 min. 
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