
1. Introduction
Preparation and characterization of inorganic structures 
with nano-sized dimensions and special morphology 
have obtained a great attraction and interest in material 
science and nanotechnology. Huebnerite (MnWO4) as 
the end member of wolframite (FexMn1-xWO4) [1] has 
a considerable bulk electrical conductivity and novel 
magnetic properties [2]. These novel properties arise from 
the anti-ferromagnetic spin structure of the compound [3]. 
Also, this inorganic salt possesses photoluminescence 
(PL) emission with two main bands [1,2,4]. MnWO4 has 

some other interesting properties such as high sensitivity 
to change in humidity which varies its electrical properties 
[5]. This high sensitivity makes it an appropriate 
candidate for usage in highly sensitive humidity sensors 
[6,7]. These sensors have various industrial applications 
in meteorology, medicine, food production, agriculture 
and the domestic environment [8]. Meanwhile, MnWO4 
has an attractive behavior in magnetism as an anti-
ferromagnetic compound [9,10]. 

During the last decades, nano-sized materials with 
special structure and morphology have gained widespread 
appreciation. The nano-structured materials usually have 
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fast, and cost effective method were proposed. The structure and composition of the prepared nanoplates under optimum conditions 
were characterized by EDX, X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), 
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low density and high specific surface area, which make 
them attractive for specific uses. Today, nano-structured 
materials play important roles in various fields of science 
and technology such as medicine, biology, electronics, 
chemical technology and many other fields [11-14].

Conventional methods for the synthesis of MnWO4 
micro-particles include recrystallization, chemical 
reaction in a molten salt solution, grinding in a vibrating 
mill and thermal treatment of the precursor at 1000ºC 
[15]. Unfortunately, MnWO4 crystals prepared via these 
methods have relatively large sizes, wide size distribution 
and heterogeneous morphologies. Meanwhile, most of 
these techniques usually require high temperatures, 
which makes them expensive and energy consuming 
methods. On the other hand, until today various 
processes have been proposed for preparation of nano-
sized MnWO4 crystals with different morphologies. All of 
these methods including hydrothermal [16], solvothermal 
[17], spray pyrolysis [2], cyclic microwave-assisted spray 
synthesis [1], precipitation synthesis [18,19], template 
synthesis [20], solid state reaction [21], sol-gel process 
[6] and surfactant-assisted complexation [3] have their 
benefits and related limitations. Therefore, there is 
significant interest in finding simple, easy to handle and 
more economical methods in order to prepare MnWO4 
nanoparticles; while, the proposed method should have 
an appropriate potential for scaling-up and large scale 
production of the product. Therefore, the main purpose 
of the present research was to optimize the direct 
precipitation procedure in order to produce MnWO4 
nanoplates in flower-like clusters and also investigate 
the  composition and morphological characterization of 
the produced nanoplates. To the best of our knowledge, 
various data are available on synthesis of MnWO4 micro 
and nanoparticles via various methods [15-21] but, 
there is no report on the synthesis MnWO4 nanoplates 
by direct precipitation without any surfactant, template 
or catalyst.

2. Experimental procedure

2.1. Materials and procedure
Analytical-grade manganese chloride and sodium 
tungstate were used as received from Merck Company 
(Germany). MnWO4 particles were prepared via direct 
precipitation reaction in aqueous media by addition of 
Mn2+ solution, at various concentrations and different flow 
rates, directly to the tungstate solution under vigorous 
stirring at various temperatures. When the reaction 
was completed, the precipitated MnWO4 powder was 
filtered and washed with distilled water three times. 

The resulting precipitate was then washed with ethanol 
and dried at 70ºC for 2 hours. In order to optimize 
the experimental parameters of precipitation reaction 
for synthesis MnWO4 nanoparticles, an experimental 
design approach was followed by the aid of Taguchi 
robust design. The variables (Mn2+ concentration, WO4

2- 
concentration, flow rate of addition of manganese ion 
reagent to the tungstate solution, and temperature of 
reactor) were chosen as shown in Table 1. 

2.2. Characterization of particles
The synthesized MnWO4 samples were characterized 
by scanning electron microscope (SEM) and energy-
dispersive analysis by X-rays (EDX). SEM images were 
recorded on a Philips XL30 series instrument using a 
gold film for loading the dried particles on the instrument. 
Gold films were prepared by a sputter coater model 
SCD005 made by BAL-TEC (Switzerland). The TEM 
images were obtained by a Ziess- EM900 scanning 
electron microscope. The sample preparation of MnWO4 
nanoplates was performed by their coating on the 
Cu-carbon coated grid prior to the imaging.

X-ray powder diffraction (XRD) analysis was 
performed using a Rigaku D/max 2500V diffractometer 
equipped with a graphite monochromator and a Cu 
target. The IR spectrum of MnWO4 nanoplates powder 
was measured on the FT-IR spectrophotometer 
(Bruck Equinox 55) using the KBr pellet technique. 
Photoluminescence (PL) spectrometer (Spectro 
Fluorescence JASCO fp-6200) with 290 nm excitation 
wavelength at room temperature was used for recording 
the PL spectrum of the nanoplates. 

3. Results and discussion

3.1. Nanoplate    synthesis    procedure    and  
       optimization strategy
In fractional factorial experiments, such as orthogonal 
array (OA) designs, the number of experiment trials 
for optimization of parameters can be considerably 
reduced [22-25]. The main advantage of fractional 
factorial experiments over the former sequential 
design is extraction of more precise information 
from the obtained data. In orthogonal array designs, 
orthogonal arrays are used to assign the factors to a 
series of experiment combinations whose results can 
be analyzed via a common mathematical procedure. 
The main effects of the studied factors at any pre-
selected level are independently extracted. Therefore, 
by arranging experiments orthogonal, different effects 
can be separated [26-28].
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Water insoluble inorganic salts, i.e., MnWO4, are 
commonly formed by reaction of corresponding anion 
and cathion during a precipitation procedure [29-31]. 
The particle size and shape of produced salt by this 
way is dependent upon various parameters. Thus, 
definition the distinct resultant of these interactions on 
the morphology of salt particles requires determining the 
pure effects of these parameters which is a complicated 
and time-consuming process. Therefore, optimization 
of these parameters to achieving a specific morphology 
via a statistical experiment design can be a suitable 
method. In this investigation various parameters, 
i.e., concentrations of the reagents (Mn2+ and WO4

2-), 
feeding flow rate of Mn2+ solution to WO4

2- reagent, and 
reactor temperature during the precipitation reaction. 
Factors and their tested levels were as reported in 
Table 1. Fig. 1 shows the SEM images corresponding 
to four different samples of MnWO4 produced under 
various experimental conditions of Table 1. As shown 
in this figure, the thickness of MnWO4 plates obtained 
under various reaction conditions (various conditions of 
Table 1) are different. Also, Table 1 shows the average 
thickness of the synthesized MnWO4 plates under each 
condition. On the other hand, average thickness of 
manganese tungstate plates corresponding to the effect 
of each variable under any level was calculated [32,33] 
and the results are presented in Fig. 2. The graphs 
presented in this figure reveal how the thickness of MnWO4 
plates will vary when the level of the factor is changed. 
In this study, effect of Mn2+ and WO4

2- concentrations in 
the solutions on the thickness of precipitated MnWO4 
plates under three different levels (0.005, 0.01, and 
0.1 mol L-1) was investigated. As shown in Fig. 2a, 0.005M 
as concentration of manganese ion and tungstate ion 
solutions is optimum for synthesis of MnWO4 plates with 

smallest thickness. The effect of various flow rates (2.5, 
10, and 40 mL min-1) for addition of manganese reagent 
to the reactor on thickness of MnWO4 plates was 
investigated. As could be seen in Fig. 2b, 10 mL min-1 
is the best flow rate for production of ultrafine plates of 
MnWO4. Meanwhile, our results showed that 30ºC is the 
optimum temperature for production of MnWO4 plates 
with minimum thickness (Fig. 2b).

The analysis of variance (ANOVA) for determining the 
significance of the studied parameters on the thickness 
of MnWO4 plates is shown in Table 2. ANOVA results (at 
90% confidence interval) for these experiments indicated 
that except temperature, all other variables (manganese 
ion concentration, concentration of tungstate ion solution, 
and flow rate) have significant effects in controlling the 
thickness of MnWO4 plates. In this work, the interactions 
between the variables were not considered. Therefore, 
investigation on the significant factors for preparation 
of MnWO4 nanoplates with smallest thickness showed 
that the optimum conditions of direct precipitation 
reaction are 0.005 mol L-1 of Mn2+ and WO4

2- ion, and 
10 mL min-1 flow rate for addition of manganese 
ion solution to tungstate ion solution. In Taguchi 
experiment design [26,27], the optimum performance 
(here, synthesis of MnWO4 nanoplates with narrowest 
thickness) could be predicted via following expression: 
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In this equation T/N is average thickness of MnWO4 
plates + contribution of CX, Cy, and Fz above average 
performance; while, T is the grand total of all results, 
N is total number of experiments, Yopt is thickness of 
product plates under optimum conditions, Cx, Cy, and 
Fz are optimum Mn2+ concentration, WO4

2- concentration 

Table 1. OA9 (3
4) matrix for parameter optimization in synthesis of nanoplates via direct precipitation reaction and mean diameter of produced  

      manganese tungstate.

Experiment 
Number

Mn2+ Concentration 
(M)

WO4
2- Concentration 

(M)
Mn2+ Feed flow 
rate (mL min-1)

Temperature 
(◦C)

Average Diameter 
of MnWO4 particles 

(nm)

1 0.005 0.005 2.5 0 59

2 0.01 0.005 10.0 30 42

3 0.1 0.005 40.0 60 55

4 0.005 0.01 10.0 60 65

5 0.01 0.01 40.0 0 95

6 0.1 0.01 2.5 30 110

7 0.005 0.1 40.0 30 64

8 0.01 0.1 2.5 60 115

9 0.1 0.1 10.0 0 82
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and flow rate, respectively. Based on our calculations, 
the estimated thickness of MnWO4 nanoplates under 
optimum conditions will be about 25 nm. In the next step of 
this investigation, the MnWO4 nanoplates were prepared 
via precipitation reaction under the proposed optimum 
conditions by ANOVA (0.005 mol L-1 concentration of 
manganese and tungstate, and 10 mL min-1 flow rate 
for addition of manganese ion solution to tungstate ion 
solution). SEM analysis revealed that the synthesized 
manganese tungstate plates via this experiment have 
20 nm average thickness (Fig. 3); which is in agreement 
with the estimated value for thickness of MnWO4 plates 
under the optimum conditions of precipitation reaction 
(25 nm). Thus, MnWO4 nanoplates prepared under these 
experimental conditions (optimum conditions) were used 

for composition and structure characterization studies 
such as EDX, XRD, FT-IR, and photoluminescence.

3.2. Characterization of manganese tungstate  
       nanoplates
The prepared MnWO4 nanoplates, under the optimum 
conditions, were characterized by EDX and X-ray powder 
diffraction (XRD) for evaluation of their composition 
and purity. Fig. 4 shows a typical EDX pattern of 
synthesized MnWO4 nanoplates. The observed peaks 
in the EDX pattern showed that the product is highly 
pure, and the percentage ratio of Mn and W is about 
41.9:58.1, which is compatible with stoichiometric ratio 
of these elements in MnWO4. Also, Fig. 5 shows the 
XRD pattern for precipitated manganese tungstate 

(a)

   

(b)

(c)

   

(d)

Figure 1. SEM images of MnWO4 nanoplates in flower-like clusters obtained under different runs by precipitation method: (a) run 1, (b) run 2, 
                           (c) run 4, and (d) run 7.

Table 2. ANOVA results for synthesis o MnWO4 particles via precipitation procedure using OA9 (3
4) matrix while diameters of synthesized MnWO4 

     plates (nm) are as responses.

Pooled*

Factor Code DOF S V DOF S’ F’ P’

Mn2+ concentration (mol L-1) Mn 2 2678.0 1339.0 2 2678.0 31.6 49.6

WO4
2- concentration (mol L-1) WO4 2 844.7 422.3 844.7 422.3 10.0 14.6

Flow rate (mL min-1) F 2 1616.7 808.3 2 1616.7 19.1 29.3

Temperature (◦C) T 2 84.7 42.3 - - - -

Error E - - - 2 84.7 - 6.5

*The critical value was at 90% confidence level; pooled error results from pooling insignificant effect
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nanoplates. Relatively strong intensity, also a wide and 
low diffraction spectrum for the produced manganese 
tungstate was observed. The diffraction peaks indexed 
in the XRD pattern of the sample are in agreement with 

the hydrated structure of manganese tungstate from 
PC-APD, diffraction software. 

FT-IR spectroscopy was used to investigate the 
formation structure of MnWO4. The FT-IR spectrum 

(a)

(b)

(c)

Figure 2. Average effect of each variable on the diameter of the MnWO4 nanoplates.
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(Fig. 6) for synthesized MnWO4 showed inorganic 
modes in the range 556-983 cm-1 with the low wave 
number side at 912.3, 874.3, 810.2, 749.3, 652.2, 576.2 
and 504.3  cm-1. The observed vibrations for the studied 
sample were in accordance with those of previous 
reports on manganese tungstate [16,34]. These bands 
were assigned to be internal stretching modes of ν3 (Au) 
and ν3 (Eu) transitions [16].

Fig. 7 shows photoluminescence (PL) spectrum for 
the synthesized MnWO4 nanoplates under optimum 
conditions. By using 290 nm as excitation wavelength, 
PL spectra show an electronic transition within WO4

2- 
anion molecular complex associated with the intrinsic 
emission. MnWO4 nanoplates could also be excited 
either in excitonic absorption band or in recombination 

process [2], which corresponds to the huebnerite-
structured compounds. The emissions for synthesized 
nanoplates were blue spectra at wavelength of 
415-423 nm. Although, in this study MnWO4 nanoplates 
were synthesized via different conditions compared to 
previous works the, photoluminescence (PL) results 
for our MnWO4 nanoplates were in accordance with 
those recorded by previous reports [1,2]. The results of 
characterization studies showed that the properties and 
behavior of MnWO4 nanoplates synthesized via direct 
precipitation, as in our study, are similar to the nano-
particles obtained via other methods; while, preparation 
of MnWO4 nanoplates via proposed method in this study 
is simple, and cost effective without need to use any 
template, surfactant, or catalyst.

 
Figure 3. TEM images of MnWO4 nanoplates in flower-like clusters obtained under optimum conditions of precipitation reaction.

Figure 4. EDX spectrum of synthesized MnWO4 nanoplates in flower-like clusters by precipitation method.
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Figure 5. XRD pattern of MnWO4 nanoplates in flower-like clusters prepared by precipitation method.

Figure 6. FT-IR spectrum of MnWO4 nanoplates in flower-like clusters prepared via precipitation method.
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4. Conclusion
Plate shaped MnWO4 was successfully prepared via fast, 
simple and cost effective direct precipitation synthesis 
under optimum conditions without using any surfactant, 
template, or catalyst. Produced MnWO4 nanoplates were 

composed of flower-like clusters. The composition and 
structure characterization of the produced manganese 
tungstate powder, under optimum conditions, by SEM, 
EDX, XRD and FT-IR proved formation of MnWO4 
nanoplates. The PL emission shows the intrinsic peaks 
at wavelengths of 409-420 nm for prepared nanoplates. 

Figure 7. PL spectrum (292 nm excitation wavelength) of MnWO4 nanoplates prepared via precipitation method.
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