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a b s t r a c t
Molybdenum (Mo) is an important pollutant in surface water. Removal of Mo from aqueous solutions 
by adsorption using low-cost and environmental friendly adsorbents has gained wide acceptance. 
Drinking water treatment residue (DWTR) is an inevitable by-product during potable water pro-
duction that has the high capability of adsorption of heavy metals. However, the characteristics and 
mechanisms of Mo adsorption by DWTR still remain unclear. In this study, we showed that Mo(VI) 
adsorption by DWTR followed the pseudo-second-order rate. The adsorption isotherms for Mo(VI) 
were best described by the Langmuir model. Thermodynamic parameters indicated that the adsorp-
tion process was endothermal, entropy increasing, and spontaneous. Electrostatic interaction and 
surface complexation were found to be major adsorption mechanisms. The adsorption rate of Mo(VI) 
by DWTR was dependent on pH values and lineally increased as pH decreased from 10 to 4. The 
estimated maximum adsorption capacity was 31.06 mg/g at 318 K at pH 2.0. Desorption experiments 
were also performed to evaluate the potential of DWTR regeneration. These results suggested that 
DWTR was a green, efficient, and recyclable adsorbent for Mo(VI) and could be used for removal and 
recovery of Mo from polluted environments.

Keywords: Mo; DWTR; Adsorption; Desorption; Isotherms

1. Introduction

Molybdenum (Mo) is a key micronutrient for both plants 
and animals and has long been known as one of the bio-
logically active transition elements [1,2]. The provisional 
dietary intake recommended is 75–250 μg/d for adults and 
older children [3]. However, it would become toxic when 
Mo concentration in water is over 5 mg/L, and the toxic 
degree of molybdate compounds ranks between those of 
Zn(II) and Cr(III) compounds [4]. Notably, due to the huge 
Mo effluents from mining tailings without any pretreatment, 

Mo pollution of surface waters has become an important 
environmental problem [5], and Mo pollution events have 
been reported around the world, such as in Brenda Mines 
in British Columbia, Canada; the San Joaquin Valley, USA; 
and in Wujintang Reservoir, China [6]. Mo can exist in vari-
ous oxidation states ranging from +2 to +6 in water solution, 
while molybdate ion (MoO4

2−) is the most soluble species, and 
is widely distributed in natural environment and wastewater 
[7]. Therefore, removal of MoO4

2– from aqueous solutions 
is of significant importance from an environmental point 
of view. From an economic standpoint, its recovery would 
also be attractive because Mo is a precious metal with many 
industrial applications.
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Methods, e.g., ion exchange [8], chemical precipitation [9], 
and adsorption [10], have been developed for Mo pollution 
control in aqueous solutions, and most of them have been 
demonstrated to be effective under various environmental 
conditions. Among these methods, adsorption gained wide 
acceptance because it was an efficient and economically fea-
sible process for purification [11]. Reasonably, a low-cost 
and environmental friendly adsorbent with high adsorption 
capability can promote the application of Mo adsorption for 
environmental remediation. Many studies have found that 
iron and aluminum oxide-based adsorbents were feasible for 
Mo(VI) removal [12,13]. Interestingly, recycling of drinking 
water treatment residue (DWTR), a by-product contain-
ing relatively high Al and Fe contents, for adsorbents has 
received increasing attentions from scientists [14,15].

DWTR is an inevitable and nonhazardous by-product 
generated hugely during potable water production. The high 
contents of Al and Fe from DWTR were mainly from the used 
flocculants for water purification and existed as amorphous 
forms, endowing DWTR with high adsorption capability [16]. 
It has been reported that DWTR exhibits high capability to 
adsorb Co [14], Cu [15], As [17], and Hg [18]. Accordingly, 
we hypothesize that DWTR can also be a good material for 
Mo adsorption from aqueous solutions. However, due to lack 
of a sustainable application, DWTRs are mainly disposed by 
landfilling with high cost [19]. Successful development of 
an Mo adsorbent based on DWTR would lead to a win-win 
method for environmental remediation.

Therefore, adsorption of Mo(VI) from aqueous solu-
tion by using DWTR was investigated in this study. The 
adsorption kinetics, equilibrium studies, the effects of pH 
and temperature, and the binding mechanism were partic-
ularly investigated. The stability of adsorbed Mo was also 
determined based on desorption tests. The results will pro-
vide important information on the recycling of DWTR and 
its application in the removal of heavy metals from aqueous 
solution.

2. Materials and methods

2.1. Chemicals and materials

Sodium molybdate 2-hydrate (Na2MoO4
•2H2O) was 

employed to prepare a stock solution containing 1,000 mg/L 
of Mo(VI), which was further diluted with deionized water 
to desired quantity. The DWTRs were collected from the 
Capital water treatment plant in Maanshan, China, which 
primarily treats surface waters from the Changjiang River. 
Moreover, Fe and Al salts are the primary coagulants used 
in the water treatment process. Fresh DWTR samples were 
air-dried, ground, and sieved (<0.15 mm) prior to use. 
Distilled water was used throughout the entire experiment. 
All reagents were of analytical grade and were used without 
further purification.

2.2. Batch experiments for Mo(VI) adsorption

Batch adsorption experiments were carried out by 
agitating 0.1 g of DWTR with 100 mL aqueous solution of 
0–100 mg/L Mo(VI) in a shake table. The ionic strength 
(0.1 mol/L NaCl) of the Mo(VI) solution was adjusted to 
constant value. Continuous shaking was provided during 

the experiments with a constant agitation speed of 180 rpm. 
Blanks were carried out with the same procedures as the 
samples. All the experiments were repeated three times. The 
data presented in both the tables and figures are average val-
ues. The Mo concentrations adopted here were mainly based 
on wastewaters, in which the dissolved Mo could be as high 
as 30 mg/L [20].

The adsorption kinetics experiment was carried out at 
an optimum pH with an initial concentration of 50 mg/L for 
different time intervals. Isotherm studies were performed 
with concentrations of Mo(VI) from 2 to 100 mg/L at varying 
temperatures of 25°C, 35°C, and 45°C. The shaking time was 
24 h, which was the optimum time determined by the kinet-
ics experiments. At the end of the adsorption equilibration 
time, the suspensions were filtered through 0.45 μm pore size 
filters, and the residual molybdate ion was analyzed.

The effect of pH was investigated by adding 0.1 g of DWTR 
into 100 mL aqueous solution of 10 mg/L Mo(VI). The pH 
of the solutions was adjusted to 1.0–10.0 before being mixed 
with the DWTR. After mixture, all the samples were shaken 
for 24 h at 25°C. Both Mo(VI) concentration in the solution 
and pH after adsorption were measured. The initial pH of 
the mineral suspensions containing Mo(VI) was adjusted to 
the range of 1.0–10.0 using 1 mol/L HCl or 1 mol/L NaOH 
additions, and the changed total volume was <2%. The point 
of zero charge (PZC) of the material was tested by the mass 
titration method, which demonstrated that the pH of the sys-
tem will approach pH∞ = (pK1 + pK2)PZC/2 under the limiting 
conditions of “infinite” mass/volume ratio [21]. Percentage 
adsorption (%A) for Mo was calculated according to Eq. (1):

%A =
−( )

×
C C
C
i e

i

100  (1)

where Ci is the initial concentration of Mo(VI) and Ce stands 
for the equilibrium concentration measured after adsorption 
on the DWTR.

2.3. Desorption studies

Desorption experiments were conducted by adding 1 g 
of DWTR to 1,000 mL aqueous solution of 10 mg/L Mo(VI), 
followed by stirring for 24 h at 25°C. After adsorption, the 
suspensions were filtered and the Mo(VI) concentration 
was analyzed. After being washed three times with deion-
ized water, the residuals were dried overnight at 105°C and 
stocked in glass bottles. Then, 0.1 g samples were suspended 
in 100 mL distilled water with six concentrations of NaOH 
solutions (0.001, 0.01, 0.05, 0.1, 0.5, and 1 mol/L). The sus-
pensions were shaken for 5 h (desorption equilibrium was 
reached within 5 h) and centrifuged. The desorption effi-
ciency was calculated from the amount of Mo released into 
the solutions.

2.4. Analyses

The structure and surface characteristics of adsorbents 
were measured using scanning electron microscopy (SEM) 
(Hitachi S-4800, Japan). Specific surface area was measured 
by Brunauer-Emmett-Teller method using Micromeritics 
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Tristar 3020. The elemental properties of the DWTR were ana-
lyzed using an ARL ADVANTX IntellipowerTM 3600 device 
(X-ray fluorescence (XRF), Thermo Fisher Co., Switzerland). 
Powder X-ray diffraction (XRD) patterns at 2θ angles from 
10° to 80° were recorded at an interval of 0.33° on an UItima 
IV diffractometer using Cu radiation (40 kV, 40 mA). Fourier-
transform infrared spectroscopy (FTIR) spectra were recorded 
on a Nicolet 6700 FTIR spectrophotometer. The X-ray photo-
electron spectroscopy (XPS) analysis was taken by an XPS 
Escalab 250Xi with the monochromatic Al Kα X-ray radiation. 
The pH value of the solution was measured by S-3C model 
pH meter, while the concentrations of molybdate were 
measured by using PE AA700 model atomic absorption 
spectrophotometer.

3. Results and discussion

3.1. Characterization of the DWTR

SEM and XRD analyses showed that the original DWTR 
was porous and amorphous with a rough surface (Fig. 1(a)), 
which was consistent with reported findings by Quinones 
[18]. XRF analysis showed that the original DWTRs contain 
predominantly high levels of Si, Al, and Fe contents of 41.1%, 
30.8%, and 17.2%, respectively, and relatively small amounts 
of Ca, K, Mg, and other elements. XRD patterns of the DWTR 
did not reveal many sharp diffraction characteristic peaks 
over a broad range of d-spacings (10°–80°, 2θ), indicating that 
they were primarily short-range-ordered materials (Fig. 1(b)). 
However, XRD spectra for DWTR showed some sharp peaks 
that can be attributed to the presence of quartz and other 
weak peaks of mostly unidentified minerals. The surface area 
of the DWTR was 64.58 m2/g (particle size < 0.15 mm), which 
is close to the findings of other authors [14].

3.2. Adsorption kinetics of Mo(VI) adsorption on DWTR

Adsorption kinetics can provide valuable insight into 
the reaction pathways and mechanisms. The results showed 
that the adsorption kinetics included a rapid initial adsorp-
tion followed by a smooth increase, with equilibrium reached 
in less than 24 h (Fig. 2). Then, four common kinetic models 

such as the pseudo-first-order model, pseudo-second-order 
model, Elovich mass transfer model, and intraparticle dif-
fusion model were employed to describe the adsorption 
process of Mo(VI) on DWTR.

The pseudo-first-order model is used when the rate of 
occupation of binding sites is proportional to the number 
of unoccupied sites on the biosorbent. The pseudo-second- 
order model is applied when the rate of occupation of 
adsorption sites is proportional to the square of the num-
ber of unoccupied sites on the biosorbent [22]. The Elovich 
equation and intraparticle diffusion equation are used to 
identify the importance of diffusion in the sorption process. 
The expression formulas and the correlative parameters of 
these kinetic models with the correlation coefficients (R2) 
were represented in Table 1.

It can be seen from Table 1 that the correlation coefficient 
for the second-order kinetic equation was approximately 0.993. 
The calculated qe values also agree well with the experimen-
tal data (qexp = 16.28 mg/g). Such information indicated that 

 
Fig. 1. SEM analysis of DWTR (a) and XRD patterns of DWTR (b).

 
Fig. 2. Adsorption kinetic data for Mo(VI) on DWTR. 
Conditions: Solid/liquid = 1 g/L, temperature = 298 K, initial 
Mo concentration = 50 mg/L, pH = 2.0.
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adsorption of Mo(VI) onto the DWTR is best represented by 
the pseudo-second-order kinetic model, based on the assump-
tion that the rate-limiting step may be chemical sorption or 
chemisorption involving valency forces through sharing or 
exchange of electrons between adsorbate and adsorbent [10].

In the case of the Elovich equation, the correlation 
coefficients are lower than those of the pseudo-second-order 
equation. Elovich equation is useful in describing adsorp-
tion on highly heterogeneous adsorbents, but this situation 
indicates that the Elovich equation might not be sufficient to 
describe the mechanism. The intraparticle diffusion model 
could not well describe the adsorption (R2 = 0.691, compared 
with other models) suggested that the intraparticle diffusion 
may not be the rate controlling factor in determining the 
kinetics of the process [23].

3.3. Adsorption isotherms on DWTR

The adsorption isotherms express the specific relation 
between the concentration of the adsorbate and its degree of 
accumulation onto adsorbent surface at constant tempera-
ture [11]. Several isotherm models were used to fit to the 
experimental data and evaluate the isotherm performance 
for Mo(VI) adsorption. These isotherm models include 
Langmuir isotherm, Freundlich isotherm, Temkin isotherm, 
and Dubinin-Radushkevich isotherm, and these equations 
were expressed in our previous work [6]. The adsorption 
isotherms and the fitting model parameters with R2 for the 
different models are shown in Fig. 3 and Table 2.

It can be seen that the Mo adsorption contents by DWTR 
increased as the initial concentrations increased, and the 
Langmuir isotherm model showed the best fit to adsorption 
data than the other isotherm equations in terms of coeffi-
cient. The fact that the Langmuir isotherm can well describe 
the adsorption may be due to homogenous distribution of 
active sites on the adsorbent surface. A further comparison 
of the Mo(VI) adsorption capacity of some adsorbents based 
on the values of Q0 (Table 3) indicated that the present adsor-
bent has high adsorption capacity (24.43–31.06 mg/g) in 
comparison with the reported adsorbents.

From the Temkin isotherms, typical bonding energy 
range for the ion-exchange mechanism was reported to be in 
the range of 8–16 kJ/mol while the physic-sorption process 
was reported to have adsorption energies less than −40 kJ/mol 
[24]. The value of bT (3.60–4.55 kJ/mol) obtained in the pres-
ent study indicated that the adsorption process seemed to be 
involved in the chemisorption and physic-sorption.

3.4. Thermodynamics of Mo(VI) adsorption on DWTR

Temperature is one of major factors affecting adsorption 
process. The Mo(VI) adsorption by DWTR was determined at 
three different temperatures (298, 308, and 318 K). The ther-
modynamic parameters such as Gibbs free energy change 
(∆G°), enthalpy change (∆H°), and entropy change (∆S°) were 
calculated using the following equations:

∆G RT K° = − ln ad  (2)

Table 1
Comparison of the four kinetic models for Mo(VI) adsorption on DWTR at 298 K.

Kinetic models Expression formula Parameters 298 K

Pseudo-first-order ln lnq q q k te t e−( ) = − 1

qe (mg/g) 15.30
k1 (1/min) 0.51
R2 0.932

Pseudo-second-order
t
q k q

t
qt e e

= +
1

2
2

qe (mg/g) 16.74
k2 (mg/g min) 0.04
R2 0.993

Elovich mass transfer q tt = ( ) + ( )β αβ βln ln α (mg/g min) 6.95

β (g/mg) 2.63
R2 0.939

Intraparticle diffusion q k t dt = +dif
1 2/

kdif (mg/g min1/2) 1.69
d (mg/g) 7.01
R2 0.691

 
Fig. 3. Adsorption isotherm data for Mo(VI) on DWTR. 
Conditions: Solid/liquid = 1 g/L, shaking time = 24 h, pH = 2.0.
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lnK S
R

H
RTad =

°
−

°∆ ∆
 (3)

where R is the gas constant (8.314 J/(mol K)), T is the abso-
lute temperature (K), and Kad is the adsorption equilibrium 
constant. Then the Gibbs free energy of adsorption (∆G°) is 
determined from Eq. (2). Plotting lnKad against 1/T gives a 
straight line with slope and intercept equal to ∆H°/R and 
∆S°/R, respectively; see Eq. (3).

The values of ∆G°, ∆H°, and ∆S° for Mo(VI) adsorption on 
the DWTR have been calculated and are shown in Table 4. The 
value of ∆H° was positive in the process of Mo(VI) adsorbed 
on DWTR, suggesting that the adsorption process is endo-
thermic and temperature dependent. The positive value of 
∆S° showed the increased randomness at the solid/solution 
interface during the Mo(VI) adsorption. The negative val-
ues of ∆G° indicated that the adsorption process was spon-
taneous in nature. Moreover, the decrease in ΔG° values 
with increasing temperature suggested that the adsorption 
process is favorable at high temperatures. The ∆G° values 
obtained in this study for Mo(VI) were less than −10 kJ/mol, 
suggesting that the physical adsorption mechanism existed 
in the adsorption process.

3.5. Desorption studies

Desorption experiments were performed to evaluate 
the potential of DWTR regeneration. It indicated the Mo 

desorption rate above 60% under investigated NaOH con-
centrations (Fig. 4(a)). The desorbed amount of Mo increased 
along with NaOH concentrations, from 65.31% to 81.85%. 
Moreover, 0.05 mol/L NaOH solution is sufficient for Mo 
desorption. Desorption of Mo resulted from the displacement 
of Mo from the adsorbent sites by OH− ions [30]. In addition, 
three cycles of adsorption-desorption experiments were car-
ried out to investigate the regeneration of DWTR for Mo(VI) 
removal efficiency. The results showed that about 75.33% of 
Mo(VI) could be removed after three cycles, in the condi-
tion of 10 mg/L initial Mo(VI) concentration and 0.05 mol/L 
NaOH desorption solution (Fig. 4(b)). These results con-
firmed that DWTR had a certain potential to be reused for at 
least three cycles.

3.6. Adsorption mechanism of Mo(VI) on DWTR

3.6.1. Adsorption mechanism characterized by the pH analysis

The variation of aqueous solution pH is a crucial 
controlling factor in the process of Mo(VI) adsorption. 
Therefore, the effect of initial pH for Mo(VI) removal with 
DWTR was investigated and the results are shown in Fig. 5. 
The process of DWTR for Mo(VI) removal exhibited that the 
adsorption capacity increased first, climbed the peak, and 
then followed by a decrease with the further increase of 
pH in experimental solutions. This similar trend of Mo(VI) 
adsorption was also observed in other studies [2,6]. It was 

Table 2
Isotherm model parameters for Mo(VI) adsorption to DWTR at three temperatures.

Isotherm models Expression formula Parameters 298 K 308 K 318 K

Langmuir
C
q

C
Q Q b

e

e

e= +
0 0

1 Q0 (mg/g) 24.43 28.03 31.06
b (L/mg) 0.38 0.28 0.25
R2 0.988 0.995 0.992

Freundlich ln ln lnq
n

C ke e F= +
1

kF (mg1–n Ln/g) 8.45 8.12 8.73
n 0.26 0.29 0.29
R2 0.903 0.951 0.947

Temkin q RT
b

A RT
b

Ce
T T

e= +ln ln
A (L/g) 12.28 9.34 9.75
bT (kJ/mol) 3.60 4.16 4.55
R2 0.949 0.960 0.946

Dubinin-Radushkevich ln lnQ Qe m= −βε2
Qm (mg/g) 22.64 24.85 26.91
Β × 10–2 (mol2/kJ2) 0.096 0.107 0.111
R2 0.942 0.909 0.891

Table 3
Comparison between the adsorption of Mo(VI) by DWTR and other adsorbents reported in literature

Adsorbents Adsorption capacity (mg/g) References

Nano-magnetic CuFe2O4 30.58 [25]
Maghemite nanoparticles 33.4 [1]
NaOCl-oxidized multiwalled carbon nanotubes 22.73 [26]
Carminic acid-modified anion exchanger 13.5 [27]
Zeolite-supported magnetite 18.0 [28]
Hydrotalcite-like layered double hydroxides 16.2 [29]
Drinking water treatment residue 24.43–31.06 Present
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apparent that the adsorption of Mo(VI) was considerably 
influenced by pH values of aqueous solution. The effect of 
adsorption with pH could be explained by the electrostatic 
attraction between adsorbent and adsorbate. 

The results demonstrate that the maximum amount of 
Mo(VI) adsorption can be reached when low pH from pH 1.5 
to 4.0 can be maintained. Such a maximum removal can be 

due to the change of Mo(VI) to other species in the pH range 
2.0–4.6, such as Mo7O21(OH)3

3–, Mo7O22(OH)2
4–, Mo7O23(OH)5–, 

and Mo7O24
6– [31]. The lower removal rate at pH < 2.0 may 

be attributed to the higher concentration of Cl− anions, 
which compete with the molybdate anions for interaction 
with the adsorbent active sites [30,32]. The pHPZC of DWTR 
was approximately 7.35, and the surface charge of DWTR 
would be positive at a pH less than the pHPZC. Consequently, 
at lower pHs, Mo(VI) adsorption would be facilitated by 
electrostatic attraction. As pH raised above the pHPZC, the 
surface charge of DWTR became predominantly negative 
and Mo(VI) adsorption decreased.

However, the proposed explanation is not fully consis-
tent with the presented data, showing a sharp decline of 
Mo(VI) adsorption far below the pHPZC of DWTR. Therefore, 
electrostatic attraction is only one part of the explanation 
for the drop of Mo(VI) adsorption at pH 4.0–7.35. It is 
explainable and could be rather attributed to the tendency of 
weak acid adsorption to drop at pH above pHPZC of DWTR.

3.6.2. Adsorption mechanism characterized by the 
FTIR analysis

The sorption pattern of metals onto materials is attrib-
utable to the active groups and bonds present on sorption 
materials. Therefore, FTIR spectroscopy was employed 
to identify the functional groups present in the native 
sorbent (DWTR) and Mo-loaded sorbent (DWTR-Mo) in 
our study (Fig. 6). The absorption peak around 3,426cm–1 
can be assigned to stretching vibration of O–H and −NH 

(a) (b)

Fig. 4. (a) The percentage of Mo desorption from DWTR after interaction with different NaOH solutions for 5 h at 298 K. (b) Reusability 
of DWTR. Desorption conditions: 0.05 mol/L NaOH solutions for 5 h at 298 K.

Fig. 5. Effects of varying pH values on Mo(VI) adsorption. 
Conditions: solid/liquid = 1 g/L, T = 298 K, initial Mo(VI) 
concentration = 10 mg/L.

Table 4
Thermodynamic parameters for the adsorption of Mo(VI) on DWTR

Temperature (K) ∆G° (kJ/mol) ∆H° (kJ/mol) ∆S° (J/(mol K)) R2

298 −1.372 5.504 23.133 0.970
308 −1.657
318 −1.833
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stretching [11]. The peaks around 1,038cm–1 were assigned 
to the Al–OH bands [33]. The bands at 530–540 and 460–
470cm–1 were assigned to the stretching vibrations of the 
Fe–O nucleus [34]. After adsorbing Mo(VI), the peaks at 
533 and 1,038cm–1 shifted to 525 and 1,022cm–1, respectively, 
which may result from the complexing reaction between 
Fe(Al)–O group and Mo(VI) [35].

3.6.3. Adsorption mechanism characterized by the 
XPS analysis

XPS analysis was performed for further verifying the 
adsorption mechanism inferred by the FTIR analysis. As seen 
from Fig. 7, the 3d3/2 and 3d5/2 spectra of Mo existed at 235.7 
and 232.5 eV, respectively, corresponding to the Mo6+ state 
[36]. Obviously, there was no redox reaction in the removal 

of Mo(VI) onto the DWTR, which further indicated that 
chemic-sorption and electrostatic attraction existed between 
Mo(VI) and DWTR. Moreover, the XPS data are in good 
agreement with FTIR data. 

It was reported that Mo(VI) were adsorbed mainly by 
electrostatic attraction and chemic-sorption [30,37]. In this 
study, the adsorption of Mo(VI) was considerably influenced 
by pH values of aqueous solution. Mo(VI) was adsorbed onto 
the DWTR and there was no other Mo valence state, which 
were confirmed by the XPS of DWTR-Mo. Furthermore, the 
change of Al–OH and Fe–O bands in DWTR indicated that 
adsorption of Mo(VI) was related to Fe and Al. Therefore, 
it was deduced that the main mechanisms of Mo(VI) 
adsorption on DWTR should be controlled by electrostatic 
interaction (physic-sorption) and surface complexation 
(chemic- sorption) mechanism. The suggested mechanisms of 
Mo(VI) adsorbed onto DWTR are shown in Fig. 8.

 

Fig. 6. FTIR spectra of DWTR and DWTR-Mo(VI). Fig. 7. XPS spectra of the DWTR after Mo(VI) adsorption.

Fig. 8. The suggested mechanism of Mo(VI) adsorbed onto DWTR.
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4. Conclusions

The proposed DWTR was fast and efficient for Mo(VI) 
removal from solutions. The effects of various conditions for 
the Mo(VI) adsorption were investigated systematically. The 
sorption process of Mo(VI) followed pseudo-second-order 
kinetics with 24 h required to reach equilibrium. The sorp-
tion isotherm could be fit well by the Langmuir model, and 
the maximum adsorption capacity reached 31.06 mg/g at 
318 K. Thermodynamic parameters revealed that adsorption 
process was feasible, spontaneous, and endothermic. The 
desorption/regeneration study revealed that the adsorption 
sites occupied by Mo could easily be replaced by OH−, and 
the DWTR-Mo could be rapidly recovered from the solutions. 
FTIR and XPS analyses showed that electrostatic interaction 
and surface complexation were the two major adsorption 
mechanisms for the sorption of Mo(VI) by DWTR. Results 
indicate that DWTR could be a suitable and beneficial material 
for the Mo(VI) removal.
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