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Introduction

Water pollution is a serious issue that is expected 
to worsen over the coming decades. Some organic 
compounds such as dyes are not biodegradable 
or bio-transformable and hence persist in the 
environment for a long time. Industrial dye 
effluents, resulting from different products such 
as: paper, plastics, leather, pharmaceutical, food, 
cosmetics, dyestuffs and textiles, have always 
been a serious environmental problem [1]. Methyl 
blue (MB) is one of the most common dyes, which 
is widely used as coloring agent and disinfector in 
dye stuffs, rubbers, pharmaceuticals, pesticides 
and varnishes [1].

Therefore, removal of such pollutants from 
water is important to protect the environment. 
Among the various methods available for water 

purification, adsorption is a fast, inexpensive and 
widely applicable technique. Several adsorbents 
have been investigated to remove MB from 
aqueous solutions such as, graphene oxide [2], 
composite [3-5], clay [6], adsorption waste [7], 
activated carbons [8, 9], pyrolytic tire char [10] 
and palygorskite [11].

Metal oxide nanoparticles exemplify low 
cost, easy to produce and chemically stable 
materials. Tungsten oxide (WO3) is an interesting 
transition metal oxide that used in wide-range 
of applications such as; Photocatalysis [12, 
13] electrocatalysis [14], Li-ion batteries [15],
Electrochromic [16], thermochromic [17] and 
photochromic devices [18]. WO3 nanoparticles 
have been successfully synthesis with different 
morphologies e.g. nanoneedles [19] or nanofibers 

METHYLENE blue (MB) dye was successfully adsorbed on hydrothermally prepared
tungsten oxide (WO3) nanosheets. Scanning electron microscopy (SEM), X-ray 

diffraction (XRD), Fourier transform infrared (FTIR) and energy-dispersive X-ray spectroscopy 
(EDS) were used to characterize the prepared powder.  Different parameters affecting 
the adsorption process were investigated such as, contact time, tungsten oxide dose, MB 
concentration, pH and temperature. In order to detect the kinetic of adsorption process, first, 
second-order kinetics and intra-particle diffusion models were considered. The second-order 
model exhibited the best description of MB adsorption onto WO3.H2O. Adsorption equilibrium 
data obtained from Langmuir, Freundlich and Tempkin isotherm models showed that the dye 
uptake is a chemisorption process and the dye species prefer to adsorb on the WO3.H2O surface 
as a monolayer with adsorption capacity Qo = 13.33 mg g-1. Thermodynamic data revealed that 
the adsorption reaction is exothermic and spontaneous. The effect of different crystalline phases 
of tungsten oxide nanosheets was also investigated. The hydrated form (WO3·H2O) nanosheets 
(orthorhombic)showed higher adsorption performance than the non-hydrated structure WO3 
nanosheets (monoclinic).
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[20], nanowire [21- 23], nanorods [24], nanoplates 
[25] and nanosheets [26]. Several techniques were 
investigated for preparation of tungsten oxide 
nanostructures, among of them pulsed spray 
pyrolyzed [16], anodization [27], arc discharge 
[28], pulsed laser deposition [29], precipitation 
[30] and hydrothermal method [30-32].

    The hydrothermal method, in which the heat of 
the feed liquid (usually water) is rising up to its 
supercritical state and the hydrothermal synthesis 
reaction, occurred in the supercritical water. 
Under the hydrothermal condition the properties 
of the feed change drastically around the critical 
point and therefore the equilibrium and speed 
of reactions in used liquid also change greatly. 
Consequently, the phase state also remarkably 
changes with the property changes and it forms a 
uniform phase with the gas which make a suitable 
environment for growth of the crystals. So, the 
obtained nanoparticles were found to be as a 
single crystalline in most cases and had smaller 
particle size compared with those synthesized 
under the subcritical conditions. This technique 
used to synthesis large number of compounds 
such as complex oxides, tungstates, molybdates, 
carbonates, silicates, etc. The hydrothermal 
synthesis appears to be wide applicable method 
this is referring to the capability of this technique 
to synthesis not only the fine metal oxide particles 
of a single component but also the composite of 
mixed material, less complicated, low temperature 
and cost-effectiveness efficient tool for the 
synthesis of anisotropic nanoscale materials

    Herein, an easy hydrothermal route is reported 
for preparation WO3 nanosheets (two crystalline 
structure of WO3 were prepared; hydrated form 
WO3.H2O (orthorhombic) and non-hydrated 
form WO3 (monoclinic)). The acidification step 
of Na2WO4 was carried out using suitable ion 
exchange resin to produce H2WO4 species which 
is the building unit of WO3 nanosheets. Moreover, 
the hydrated form WO3.H2O shows a good 
adsorptive capability towards the cationic organic 
dyes in water.

Experimental

Materials
Sodium tungstate dehydrate (Na2WO4·

2H2O, > 
98%) from Sigma-Aldrich. Strong HCl acid (type 
of cation exchange resin) were obtained from 
Merck. All the adsorption experiments were done 
using distilled water.

Preparation of Ion-Exchange Resin Column
A plastic column with height of 10.0 cm 

and diameter 2.8 cm was filled with 50g of the 
cation exchange resin. Before the using of ion 
exchange resin, 50 mL of doubly distilled water 
was introduced to move through the column to 
clean the resin. 

Preparation of Tungsten Oxide Nanostructure
In a typically experiment, a schematic diagram 

of the different experimental stages is seen in (Fig. 
1a-c), a solution of Na2WO4 (0.5M) was prepared 
by dissolving a certain amount of Na2WO4·2H2O 
salt with 10 mL deionized water. The packed 
column was filled with the prepared solution. 
Fig. 1a demonstrates that the yellow solution was 
recovered from the column by elution process. 
The solution could charge onto a stainless-steel 
autoclave cell and aged at 50°C in a muffle for 24 
h. After that, the autoclave cell left to cool to room 
temperature in air (Fig. 1b). The obtained yellow 
powder was collected by centrifugation and 
washed 5 times with distilled water and finally 
it was dried at 70 oC. Additionally, a part of the 
collected powder was annealed at 350°C for one 
hour in air, Fig. 1c.

Characterizations
The morphology was determined by scanning 

electron microscopy (SEM; JSM 6360LA, Japan). 
The crystal structure of the samples was specified 
by X-ray diffraction (XRD; Shimadzu XRD-
6100). Fourier transform infrared (FT-IR) analysis 
was done using Shimadzu FTIR (Model, FTIR-
8400, Japan) to depict the functional groups of 
the sorbent. The elemental analysis of the sorbent 
before and after the adsorption process was done 
by the EDS unit related to SEM.

Adsorption Studies
Typically, the tested MB dyes was prepared by 

dissolving 1.0 g of the dye powder in 1L double 
distilled water to organize a solution of (1000 
mg/L) of MB and desired concentrations were 
prepared with further dilution. Batch experiments 
were investigated in50 mL glass beaker contains 
10 mL of dye solution with different doses of 
the nanopowder composite in the range (5–50 
mg) were used as adsorbents for each adsorption 
test. Definite initial concentrations ranged from 
(50, 100, 150, 200 mg/L) of MB dye solution 
were prepared. The initial pH of dye solution, 
ranged from 2.0 to 6.0, was appropriated using 
0.1 M NaOH and HCl solutions. The temperature 
was varied from 25 to 80 °C. The samples were 
collected by centrifugation and the concentration 
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of the remaining dye species was detected at 662 
nm using UV/Vis. Spectrophotometer-Double 
beam (T80+, PG instruments Ltd., UK.). The dye 
removal percent (R%) is defined as given formula 
(Eq. (1)):

                                                                                                                       (1)  

where C0 and Ce are the initial and equilibrium 
concentrations of the liquid phase of the dye 
(mg/L), respectively.

Mathematical Modeling

Adsorption Kinetics; Pseudo first order kinetic is 
given by Lagergren equation [33], Eq.2:

                                                    
                                                                          (2)

qt is the amount of solute sorbed per mass of 
sorbent (mg/ g) at any time, qe is the amount of 
sorption at equilibrium time and Kads (min-1) is the 
rate constant of pseudo first order sorption. 

Fig. 1. Schematic diagram illustrated various experimental steps: a) ion exchange step of Na2WO4•2H2O, b) 
hydrothermal process of H2WO4, c) depiction of atomic structure of hydrated (WO3.H2O) form and its 
conversation into anhydrous structure (WO3) and d) the dye removal by using the two different structure

                                                                                                                                 (3)

v is the volume of dye solution (mL) and w is the 
dry weight of the adsorbent (g) and

                                                                                                                                  (4)

where Ct is the concentration of the dye (mg/L) 
at different time intervals. A pseudo second order 
kinetic model is explained by Ho equation [34], 
Eq.5.

                                                                                                  (5)

where K2 is the pseudo second order rate constant 
(g mg-1min-1).

Weber–Morris Intra-Particle Diffusion Plot
The kinetic results have been developed by 

using the Intra-particle diffusion model. This 
model has been developed by Weber and Morris 
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[35]. The initial rate of intra-particle diffusion is 
calculated from the linearization of equation. The 
sorption process is directly proportional to the 
square root of the contact time as follows in Eq.6.

                                                                
                                                   (6)   

where Ki is the intra-particle diffusion rate 
constant (mg g-1 min-1/2), C is the intercept and qt 
is the amount of dye adsorbed (mg g-1).

Isotherm Models
The adsorption isotherm is very helpful to 

represent how the adsorbed molecules spread 
between the liquid and the solid phases when the 
adsorption process achieves an equilibrium state. 
Adsorption isotherm were investigated by the 
three most applied models; Langmuir, Freundlich 
and Tempkin models. The parameters obtained 
from the models give important information about 
the sorption mechanism, the surface property and 
affinity of the adsorbent. The isotherm models are 
stated as follows:

Langmuir isotherm supposes that the surface 
contains homogeneous binding sites, equivalent 
sorption energies and no interaction between 
the adsorbed variables. Its mathematical form is 
established as in Eq. 7:

                                                                                                                       (7)

where Q0 is the monolayer adsorption capacity 
(mg/g), b is a constant concerning the free energy 
of adsorption, qe is the equilibrium adsorption 
capacity (mg g−1). A plot of Ce/qe versus Ce gives 
a straight line where Q0 and b are two parameters 
which are determined from the slope and the 
intercept, respectively.

Freundlich isotherm is an empirical equation 
based on an exponential distribution of adsorption 
sites and energies. It is represented as in Eq. 8;

                                                                                                         (8)

where Kf (mg/g) and n are the Freundlich 
exponents, related to adsorption capacity and 
adsorption intensity, respectively. Therefore, a 
linear plot of log qe versus log Ce determines the 
Freundlich exponents and also prove the reliability 
of the Freundlich model.

Tempkin isotherm model is supposing a directly 
proportional between the sorption process is to 
the square root of the contact time as presented 
in the following equation Linear form of Tempkin 
isotherm model is expressed by Eq. 9;

                                                                                                               (9)   

where B1 is the constant related to heat of sorption 
and A1 (L/mg) is the Tempkin equilibrium 
isotherm constant.

Thermodynamic Model
For the calculation of thermodynamic 

parameters, the subsequent equations were used:

                                                                                                                                      (10)

                                                                                                                        (11)

                                                                                                                       (12)

where Kc is the equilibrium constant, Ce is the 
equilibrium concentration in solution (mg/L) 
and Cad is the amount adsorbed on the adsorbent 
(mg/L) at equilibrium.DG°, DH° and ∆S°are 
changes in Gibbs free energy (kJ/mol), enthalpy 
change (kJ/mol) and entropy change (J.mol/K), 
respectively. R is the gas constant (8.314 J/mol K) 
and T is the absolute temperature (K).

Results and Discussion                                                         

Characterization 
The morphology of as-prepared WO3·H2O 

at different magnification is presented in SEM 
micrographs, Fig.2a- b. From the SEM images 
WO3·H2O appears as a nanosheets structure with 
a heterogeneous size and dimensions as seen in 
Fig. 2c. This plate form confirmed its layered 
crystal structure. The as-prepared tungsten oxide 
(hydrated form, WO3·H2O) was annealed at 
350°C in air for 1 h to give (non-hydrated form, 
WO3). The XRD of the two forms (WO3·H2O and 
WO3) are shown in Fig. 3.    

The FTIR spectra of WO3.H2O, MB and 
WO3.H2O/MB complex were presented in Fig.4. 
From the IR spectrum of WO3.H2O, Fig.4, the 
intense broad band at 3406 cm-1 revealed the 
stretching motion of (O-H), the medium narrow 
band at 1616 cm-1 is characteristic of in-plane 
bending δ (H-O-H) of the water molecule. A very 
intense broad band in the region 902-621cm-1 
corresponding to different motion arising from 
W-O linkage. Therefore, the band at 902 cm-1 
refers to the stretching of (W=Ot) (where Ot the 
terminal oxygen). The bands at 763 cm-1 and 694 
cm-1 revealed the stretching (W-O) and the band at 
713 cm-1 is due to stretching (W-O-W) [36]. The 
bands characteristic to MB-dye are showed in 
Fig. 4. Additionally, after adsorption of MB over 
WO3, the WO3.H2O/MB complex is created and 
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its IR spectrum is given in Fig. 4. In comparison 
between the three IR spectrum of WO3.H2O, MB 
and WO3.H2O/MB complex, we can detect that 
there is a shift in different bands for both MB 
and WO3.H2O and WO3.H2O/MB complex. In 
contract, for MB the benzene ring stretching band 
at 1597 cm-1 (Fig.4) is shifted to 1624 cm-1 (Fig. 4) 
and the symmetric deformation of –CH3 at 1350 
cm-1 (Fig.4) is shifted to 1388 cm-1 (Fig. 4) [37]. 
Furthermore, the stretching bands at 902, 763 
and 663 cm-1 of WO3.H2O (Fig. 4) are shifted to 
912, 798 and 663 cm-1, respectively (Fig. 4), this 
is attributed to the interaction between the WO3.
H2O and MB-dye [38].

EDAX analysis shows that the prepared 
WO3.H2O is very pure as shown in Fig.5. The 
prepared powder is mainly composed of %At (W 
= 30.58 and O = 69.42) this percent around the 
stoichiometric composition of WO3. After treating 
the contaminated water of MB by WO3.H2O, the 
EDAX analysis showed the presence of carbon, as 
revealed in Fig.5, denoting an interaction between 
MB and WO3.H2O.

a
b

c

Fig. 2. SEM micrograph of as-prepared tungsten oxide at different magnifications 

Adsorption Equilibrium Studies
Effect of Contact Time
The effect of contact time on the removal 

percent (%R) of MB-dye at WO3.H2O dose 50 
mg, [MB] 100 ppm, pH 7 and T 25 ºC is observed 
in Fig. 6. However, from Fig. 6, the adsorption 
of MB-dye by WO3.H2O is simultaneously 
occurred, where 97% of the dye was removed 
within 1 min. After that the adsorption percent 
becomes constant for almost 1 hr. Therefore, 1 
minute was selected as contact time for other 
experimental parameters.

Adsorption Kinetics
The mostly famous two models used to 

analyze the adsorption process are the pseudo 
first and second order kinetic, which are shown in 
Figs. 6b & c, respectively. The fitting parameters 
of experimental data obtained by using the 
linear equations (2& 5) are reported in Table1.
The value of the correlation coefficient, , of the 
pseudo second order is 0.999 and the calculated 
qe value equals (10.03 mg g-1) is more  near to 
the experimental value. This suggests that the 
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Fig. 3.  XRD pattern of as-prepared tungsten oxide sample (WO3.H2O) and after annealing at 350 °C in air for 1 
h (WO3).
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Fig. 4. FTIR spectra of a) tungsten oxide, b) MB and c) complex of MB and tungsten oxide.
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TABLE 1. Calculated parameters of pseudo first order and pseudo second order kinetic models

Adsorbent                                                            Parameter MB

qeexp (mg g-1) 9.95

First-order kinetic parameter
K1 (min-1)

qecal (mg g-1)
R2

-1.460
3.800
0.890

Second-order kinetic parameter
K2 (g mg-1min-1)

qecal(mg g-1)
R2

1.530
10.030
0.999

Intra-particle diffusion
ki (mg g-1 min-0.5)

C
R2

3.730
5.680
0.940

Fig. 5. EDAX analysis of a) tungsten oxide and b) complex of MB and tungsten oxide.

adsorption of methylene blue on the nanoplates 
follow the second-order kinetics. The qt values 
are plotted against t0.5 (according to Eq. 6), the 
obtained straight line does not pass into the origin. 
From the obtained results (Fig. 6d), it is clear that 
the intra particle diffusion is not the only rate 
dominant process in this system.

The Effect of WO3.H2O Dose 
The removal percent () of MB-dye improved 

from 12 to 97% as WO3.H2O dose increased from 
5 mg to 50 mg as indicated in Fig. 7. This may 
refer to the fact that as the dose of the WO3.H2O 
increases, larger surface area and more adsorption 
sites are created resulting in removal of higher 
number of MB-dye molecules [39, 40].

The Effect of the Initial Dye Concentration
Apparently, as the initial concentration of 

MB-dye increases, lowering in the removal 
percent (R%) takes place. In this study, 50-200 
ppm MB-dye was tested and a reduction in the 
removal percent (%R) was recorded, as shown in 
Fig.8a. This may be attributed to as more sites in 
the substrate are filled; it becomes more difficult 
for the MB-dye molecules to fit onto an available 
vacant site. Moreover, the adsorbed molecules are 
more likely to adsorb as a monolayer on a surface 
containing a finite number of identical sites [41].

Adsorption Isotherm
Adsorption isotherm is a most powerful way to 

report how solutes interact with adsorbents and it 
is essential to optimize the use of these adsorbents. 
Some adsorption models are considered for the 
MB-dye adsorption such as Langmuir, Freundlich 
and Tempkin isotherms.
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Fig.6. a) Effect of the contact time on the removal percent (R%) of MB-dye from aqueous solution by WO3.H2O, 
b) Lagergreen plots, c) Pseudo second-order plot and d) Weber–Morris intra-particle diffusion plot for 
the adsorption of MB using WO3.H2O. 
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[MB] = 100 ppm, pH = 7 and T = 25 oC)
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Langmuir Isotherm Model
Langmuir isotherm assumes a monolayer 

adsorption onto a surface containing a finite 
number of uniform adsorption sites with no 
transmigration of adsorbate in the surface plane. 
The adsorption isotherm was investigated 
according to the linear form of Langmuir model 
using Eq. 7. The linear plots of the regression 
equations are shown in Fig. 8b and the regression 
coefficients (R2) are recorded in Table 2. As 
detected, the resulted value of R2 is 0.98, which 
explains why Langmuir model is suitable to fit 
with adsorption process of methyl blue dye onto 
WO3 that indicating the chemisorptions process. 

According to the results of the Langmuir 
isotherm shown in Table 2, The value of RL which 
describes the shape of the isotherm is given be 
(Eq.13):

                                                                                                                                   (13)

where RL should be 0 < RL< 1. The type of the 
isotherm depends on RL values. If RL> 1 the 
isotherm is unfavorable, if RL equals 1 that 
means linear isotherm, for RL< 1 the isotherm is 
favorable and when RL = 0 it is irreversible. The 
significance value of RL is setbetween0.895 and 
0.681 as in Fig. 8c. This assumed that the WO3.
H2O is suitable for adsorption of MB dye under 
these conditions.

Freundlich Isotherm Model
Freundlich isotherm model assumes 

heterogeneous surface energies, in which the 
energy term in Langmuir equation varies as a 
function of the surface coverage. Adsorption 

isotherms were examined using the linear form of 
Freundlich model using Eq. 3. The linear regression 
is presented in Fig. 8d. The regression coefficient 
(R2), kf and nf are calculated and displayed in Table 
2. The value of 1/nf is less than unity indicating 
that the adsorption occurs at low concentration, 
while the amount of adsorbed molecules became 
lowest at the highest concentration.

Tempkin Isotherm Model
The adsorption data for MB on WO3.H2O were 

analyzed referring the Tempkin isotherm model 
Eq. 9 and the linear regression is plotted in Fig. 
8e. The correlation coefficient ( = 0.906) shows 
the poorest fit to the experimental adsorption 
equilibrium data, as summarized in Table 2. 

The Effect of Solution pH 
The charges on the adsorbent surface and the 

degree of adsorption are highly affected by the pH 
of the solution. Fig. 9 shows the relation between 
the pH in the range (2-6) and R% of MB-dye. It 
is clear that the dye removal percent increases by 
increasing pH or by lowering H+ concentration 
this is due to the increase the negativity of 
nanoparticles. This manner will be lead to 
increase the electrostatic attraction between 
the nanoparticles and the positively charged 
dye species. On the other hand, at low pH, the 
concentration of [H+] is high and the H-ion will 
be more competitive the cationic dye species on 
the adsorbed active sites of WO3 NPs.

The Effect of Temperature
The physical bonding between the dye 

molecules and the active sites of WO3.H2O 
nanostructure becomes weaker by raising the 

TABLE 2. Parameters of Langmuir, Freundlich and Tempkin adsorption isotherm models for MB 
adsorbed by WO3.H2O.

Isotherm models Parameter Value

Langmuir
Qo (mg g-1)

b (mg-1)
R2

13.330
2.34 x 10-3

0.980

Freundlich
Kf (mg g-1)

1/n
R2

6.683
0.187
0.812

Tempkin
B1
A1
R2

1.604
2.6 x 104

0.906
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temperature that results in lowering R%. Fig.10a, 
shows that R% decreases with increasing the 
temperature from 25 ºC to 80 ºC. In addition, the 
solubility of the dye molecules increases, thus the 
interaction between the dye molecules and the 
solvent becomes stronger than that between the 
dye molecules and the sorbent [42].

Thermodynamic Study
The studies of thermodynamics have been 

applied to estimate the spontaneity of the adsorptive 
process. The thermodynamic parameters values 
for the adsorption of MB on WO3. H2O at different 
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Fig.  9. Effect of pH on the removal percent (R%) of MB-dye from aqueous solution by WO3.H2O. (Time = 1 min, 

WO3 dose = 50 mg, [MB] = 100 ppm and T = 25 oC)

temperatures were computed and listed in Table 
3. The Gibbs free energy change (∆G°) was 
estimated using Eq. 11, also the values of (∆H°) 
and (∆S°) have been calculated from the slope and 
intercept of the relation of ln Kc versus 1/T using 
Eq. 12. From the data of Fig. 10b, the values of 
(∆G°) are negative showing that the sorption of 
MB-dye on WO3.H2O is an instantaneous process. 
The negative value of enthalpy change ∆H° is a 
further confirm for the exothermic nature of the 
process and the negative entropy ∆S° reflects the 
affinity of the adsorbent material toward the dye 
molecules (Table 3).
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Fig.10. a) Effect of the temperature on the removal percent (R%) of MB-dye from aqueous solution by WO3.H2O 
and b) Plot of ln K versus T-1 for sorption of MB by WO3.H2O.  (Time = 1 min, WO3.H2O dose = 50 mg, 
[MB] = 100 ppm and pH = 7)
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TABLE 3. Thermodynamic parameters for MB sorption by WO3.H2O.

T, (K) ΔGo (kJ/mole) ΔHo (kJ/mole) ΔSo (kJ/mole)

298 -3.27

-0.55 -210.85
323 -2.47

343 -1.68

363 -0.69

The optimum conditions of our experiment 
(Time = 1 min, solid dose = 50 mg, [MB] = 100 ppm, 
pH = 7 and T = 25 ºC) were applied using the other 
crystal structure of tungsten oxide (non-hydrated 
form, WO3, refers to Fig. 1c). The experimental 
results illustrate that the phase transferring (from 
the hydrated form WO3.H2O to non-hydrated WO3 
crystal structures) leads to a decrease in R% from 
97% to 11%, respectively, as in Fig. 11a. This 
may be attributed to the terminal oxygen atoms 
presented in the hydrated structureWO3.H2O that 
are ‘‘unsteady state atoms”. As a consequence, 
the unsteady state oxygen atoms interact with 
nitrogen atoms in MB molecules leading to a 
rapid adsorption of MB [36]. In addition, the 
presence of the interlayer H2O molecules in the 
hydrated form increases the adsorption by the 
electrostatic attraction between the O-atom lone 
pair of the interlayer H2O molecules and the 

positive charge of N-atom of MB molecule. The 
detailed explanation is schematically illustrated 
in Fig. 11b. While annealing at 350oC, the 
phase will be transferred from orthorhombic 
to monoclinic. This transformation consumed 
the terminal oxygen (W=Ot) in the formation of 
W-O-W network structure and this may decrease 
the activity of the new structure.

    The Maximum MB molecule uptake capacity, 
given by  in Langmuir model, was 13.33 mgg−1, 
Table 2. Identical values of MB adsorption on 
other adsorbents obtained from the literature are 
demonstrated in Table 4. The Adsorption capacity 
is minimal in this study compared to some 
adsorbent. However, this result does not reduce 
the probability of using WO3.H2O as adsorbents 
for MB abstraction from aqueous solutions, since 
it displays suitable adsorption capacity comparing 
to the other.

TABLE 4. Langmuir based maximum adsorption capacity of several adsorbents for MB adsorption.

Adsorbent Q, mg g-1 References

Natural zeolite 23.60 43

NZVI/ZSM 20.88 44

Modified pumice stone 15.87 45

WO3.H2O 13.33 This study

Melamine—Urea resin 12.10 46

Raw beech sawdust 9.78 47

Guava seeds activated carbon 6.50 48

Coir pith activated carbon 5.78 49

Posidoniaoceanica (L.) fibres 5.60 50

Fly ash 5.57 51

Neem leaf powder 3.76 52
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Fig. 11. a) Comparison between the R% for both hydrated (WO3.H2O) and non-hydrated (WO3) structure and b) 
Schematic illustration of the proposed “adsorption-mechanism’’ of WO3.H2O to MB.

Conclusion                                                                                       

Experiments indicated that hydrothermally 
prepared tungsten oxide nanosheets are suitable for 
the sorption of methylene blue dye from aqueous 
media. Adsorption kinetics was well fitted by 
pseudo-second order kinetic model equation. The 
adsorption equilibrium was better described by 
Langmuir model in comparison to both Freundlich 
and Tempkin models. The thermodynamic 
parameters present that the adsorption process 
is spontaneous and exothermic. Additionally, the 
data reflect the affinity of the adsorbent material 
toward the dye molecules. The hydrated structure 
WO3.H2O possesses a better adsorption than 
anhydrous WO3. This study exhibits WO3.H2O 
as an inexpensive and easily prepared adsorbent 
for the removal of cationic dyes in aqueous media 
treatments.
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