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Hexavalent chromium is one of the most hazardous contaminants that threaten the
environment. The present research work involves the synthesis of Graphene Oxide/
Zinc molybdate (GO/ZM) nanocomposite by wet chemical route. The structure and
morphology of the synthesized samples were analysed by various characterization
techniques such as X-RayDiffraction (XRD), Fourier Transform Infrared Spectroscopy
(FTIR), UV-Vis Spectroscopy, and High-Resolution Transmission Electron
Microscopy (HR-TEM), Brunauer-Emmett-Teller (BET) surface area analysis,
Barrett-Joyner-Halenda (BJH) pore size analysis and Raman Spectroscopy. The
efficiency of the prepared samples for removing hexavalent chromium from the
water was investigated by performing batch adsorption studies. The maximum
adsorption capacity was optimum at using 6 mg adsorbent, under conditions
pH 2 with contact time for 120 min and temperature 283 K. Two isotherm
models and two kinetic models were used to study the adsorption mechanism of
Cr(VI) ions adsorption on the surface of GO/ZM nanocomposite. The results of
isotherm and kinetic modelling shows that the adsorption of Cr(VI) using GO/ZM
nanocomposite was well described by Freundlich Isotherm model with higher
correlation coefficient (R2 = .985) and follows pseudo second order kinetic model.
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1 Introduction

A proper water treatment process is inevitable for sustainable living and a healthy
environment. Therefore, it is vital to develop an innovative and advanced system for water
purification with low energy consumption, high efficiency, and cost-effectiveness. Among the
various contaminants which pollute the water bodies, heavy metals are considered more toxic
and life-threatening. Chromium is one of the most hazardous heavy metal pollutants which can
cause serious threat to the environment. It is considered to be highly toxic and poisonous, which
has mutagenic and carcinogenic effects on animals, plants, humans, and microbes (Mishra and
Bharagava, 2016). Chromium exists in two stable oxidation states as trivalent Cr (III) and
hexavalent Cr (VI) in which Cr (VI) is found to have an extremely high toxicity. Also, Cr (VI)
shows very high mobility that it is easily transported via soil and water (Karthik andMeenakshi,
2014). Several industries use chromium for a variety of applications and discharge a large
quantity into the environment, including tanneries, paints, pigments, electroplating, metal
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processing, wood preservatives, textile, dye, steel fabrication, and
canning factories (Ali et al., 2016). Biological amplification of Cr
(VI) in the food chain increases the chances of Cr (VI) toxicity in
humans that when it enters an organism it is reduced by proteins or
intracellular antioxidants to chromium (III), which then interacts with
DNA or proteins, resulting in adverse toxic effects such as
degenerative diseases and cancers (Buters and Biedermann, 2017;
Chen et al., 2018).

There are several methods for the removal of chromium from the
solution which include methods such as ultra-filtration techniques,
electrocoagulation (Hamdan and El-Naas, 2014), reverse osmosis,
photocatalysis, and adsorption (Enniya et al., 2018). In contrast to
other techniques, adsorption is widely used because of its high
effectiveness, simplicity, ease of operation, and relative affordability
(Avila et al., 2014). A variety of adsorption methods have been
developed for the adsorption of Cr (VI) ions which includes
biomaterials, zeolites (Neolaka et al., 2017), activated carbon
(Enniya et al., 2018), and clay minerals (Shaban et al., 2018).

Nanostructured material-based adsorbents are now gaining more
attention than conventional adsorbents because they have a large
number of active sides, high specific surface area, superior thermal and
mechanical stability, and low intra-particle diffusion resistance and are easy
tomodify or functionalize (Herrero-Latorre et al., 2018; Liu et al., 2019a). In
the present work among various materials, graphene oxide incorporated
with zinc molybdate nanoparticles is used as a nano-adsorbent for the
removal of Cr (VI) ions fromwater. Graphene oxide is the oxidized form of
graphite with the presence of atomic layers of sp2-hybridized carbon atoms
arranged in a hexagonal structure. Due to its planar sheet-like morphology,
it has an extensive specific surface area and high adsorption capacity,
providing both sides for active adsorption (Thangavel and Venugopal,
2014). However, in some cases, the adsorption capacity of graphene
materials may reduce since they tend to form aggregates due to Van
derWaals forces and π-π interactions between the planar sheets. Graphene
oxide is a monolayer material with several oxygen-containing functional
groups such as epoxy, carboxyl, and hydroxy groups, making it an excellent
adsorbent for heavy metal ions. The oxygen-containing functional groups
are eliminated when GO is reduced, which decreases the adsorption of
heavy metal ions (Gao et al., 2011). There has not been much exploration
into removing metal ions using graphene oxide compared to the other
carbon adsorbents. The development of GO based nanocomposite would
be a promising material for improving the effectiveness of removal of
contaminants through the adsorption process. In the present study the
ability of zinc molybdate (ZnMoO4) nanoparticles to enhance the
adsorption properties of GO has been investigated. ZnMoO4 was
reported to be an efficient nano adsorbent for removing methylene blue
dye via the adsorption technique. Thus the adsorption properties ofGOand
ZnMoO4 can be combined together to develop a more efficient adsorbent
for the removal of chromium metal ions (Oudghiri-Hassani et al., 2018).

Though the as prepared graphene oxide/zinc molybdate
nanocomposite is already used for battery and supercapacitor
applications, the adsorption capacity of the nanocomposite is not
yet investigated for the removal of hexavalent chromium from water.
In this paper, we report the facile synthesis of economically viable
novel adsorbent GO/ZM nanocomposite which can eliminate Cr (VI)
metal ions from aqueous solutions having different characteristics. It is
performed through a batch adsorption study by varying initial
concentration, pH, contact time, adsorbent dosage, and
temperature. We also report the kinetic and isotherm studies to
observe the adsorption behaviour of GO/ZM nanocomposite.

2 Materials and methods

2.1 Reagents and materials

Fine graphite powder (98%) was supplied from Loba Chemie Pvt.
Ltd. Sulfuric acid (H2SO4), potassium permanganate (KMnO4),
hydrogen peroxide (H2O2) solution 30%, zinc acetate dihydrate
(Zn(CH3CO2)2·2H2O) and sodium molybdate dihydrate
(Na2MoO4) were purchased from Sisco research laboratories Pvt. Ltd.

2.2 Synthesis of graphene oxide

Graphene oxide was synthesized using Hummer’s method. A total of
2 g of fine graphite powder was mixed with 2 g of sodium nitrate and
dissolved in 50ml of sulphuric acid by continuous stirring under an ice bath
maintained in the temperature range 0–5°C. Potassium permanganate was
added to themixture very slowly to prevent an excessive rise in temperature.
Then themixture was continuously stirred for 2–3 days until a thick brown
paste-like consistency is obtained. Further, we add distilled water dropwise
to themixture, and the temperature rises above 80°C.More distilled water is
added until we obtain a uniform-coloured brown diluted solution. Finally,
hydrogen peroxide (H2O2) is added to terminate the reaction, and the
colour of the solution gets changed to yellowish-green colour. The solution
was kept for ageing and then washed several times using hydrochloric acid
and distilled water until it becomes neutral. The obtained mixture is then
dried at a temperature of 80°C (Hou et al., 2020).

2.3 Synthesis of zinc molybdate

ZincMolybdate nanoparticles were synthesized via the co-precipitation
method. 0.3M Sodium Molybdate solution was added dropwise to 0.3M
zinc acetate solution. The mixture was then continuously stirred for 1 h
until a white precipitate is formed. Now the suspension was centrifuged
with ethanol and distilled water and then the precipitate is dried in a hot air
oven at 60°C for 4 h. The sample was annealed at 400°C in amuffle furnace
(Jia et al., 2013).

2.4 Synthesis of graphene oxide/zinc
molybdate nanocomposite

0.1 g of graphene oxide in 10 ml ethanol was ultrasonicated for 1 h
to disperse it uniformly in the solution. ZnMoO4 nanoparticles were
added to the dispersed GO solution. The mixture was ultrasonicated
again for 1 h at room temperature to obtain a homogeneous solution
and then kept for ageing for a few hours. Later it was centrifuged with
distilled water and dried at 60°C for 4 h (Rodríguez et al., 2020).

2.5 Characterization techniques

The crystallinity, particle size, and phase structure of graphene
oxide (GO), zinc molybdate (ZM) and GO/ZM nanocomposite were
investigated by X-ray diffraction (XRD) by BRUKER United States
D8 Advance, Davinci. The morphology of the as-prepared samples
was characterized by a High-resolution transmission electron
microscope (HRTEM: JEOL Japan). The absorbance of the samples
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was measured using UV-Vis Spectrometer. The values of specific
surface area and pore size distribution were evaluated by
Brunauer–Emmett–Teller (BET) and Barrett-Joyner-Halenda (BJH)
methods respectively using Quanta chrome Instruments, Autosorb IQ
series Nitrogen adsorption/desorption analyzer. The functional
groups of the material were studied using Fourier transform
infrared spectroscopy (FT-IR). To examine the chemical
composition and lattice parameters of graphene oxide Raman
spectroscopy was used.

2.6 Adsorption studies

The adsorption process has to be optimized through a batch study
to determine the ideal condition for the adsorption of Cr (VI) on the
surface of GO/ZM to occur. A stock solution (60 mg/L) of Cr (VI) was
prepared at room temperature and stirred at a speed of 200 rpm. The
test solution for each study was prepared by diluting the stock solution.
The effect of pH in the adsorption of Cr (VI) by GO/ZM
nanocomposite was studied by varying the pH value of the solution
from 2 to 8 by adding either 0.1 M HCl or 0.1 M NaOH. The amount
of adsorbent dosage was optimized by adding various amounts of
adsorbent ranging from 2 to 8 mg. The contact time between Cr (VI)
and the adsorbent was varied between 0 and 300 min and the
percentage of removal was calculated. Also, the optimum
temperature for the adsorption was found by varying the
temperature over a range of 283K–343 K. All the optimization
studies were performed using 10 ml of 40 mg/L Cr (VI) solution.
Then the aliquot was analysed using UV-Vis absorption spectroscopy
at λmax 350 nm (Sanchez-Hachair and Hofmann, 2018) and in each
case, the adsorption capacity was calculated. The adsorption capacity
(qe) of the adsorbent for the removal of the contaminant was
calculated using the formula:

qe � Cinitial − Cfinal( )V
m

(1)

where Cinitial (mg/L) is the initial concentration of the solution, Cfinal

(mg/L) is the concentration of the solution at equilibrium, V is the
volume of the Cr(VI) solution in litres and m is the amount of the
adsorbent used in grams.

The removal percentage of the Cr (VI) using the GO/ZM
nanocomposite is calculated using the formula:

% removal � Cinitial − Cfinal( )
Cinitial

ⅹ 100 (2)

Where Cinitial is the initial concentration of the Cr (VI) solution and
Cfinal is the final concentration at the end of the adsorption process.

3 Results and discussions

3.1 X-ray diffraction analysis

The crystalline structures of GO, ZM and GO/ZM
nanocomposite were analysed by XRD patterns. The XRD
patterns of the synthesized samples are shown in Figure 1. The
XRD spectra were measured in the scan range of 5° to 60°. The
diffraction pattern of graphene oxide shows the characteristic peak at

2θ = 10.05° with crystal plane (1 1 1), which corresponds to an
interlayer spacing of 8.79 Å.The XRD pattern of pure zinc
molybdate, reveals the characteristic peaks at 2θ values of 16.3°,
19.4°, 25.12°, 25.6°, 26°, 28.7°, 29.59°, 30.42°, 30.47°, 30.8°, 33.06°, 33.6°,
38.8°, 42.68°, 45.38°, 48.3°, and 49.09° which corresponds to the miller
indices (−1 1 1), (1 0 1), (1 1 1), (0 2 1), (−2 1 1), (−2 0 2), (0 −1 3),
(1 −22), (−2 -1 1), (0 −3 1), (−2 −2 1), (−2 1 3), (−3 1 1), (0 3 2), (0
4 0), (0 4 1), and (−2 0 5), respectively. The identified diffraction
peaks are matched with JCPDS card no 96-1528283 and are assigned
to the anorthic crystal structure with P-1 space group. For GO/ZM
nanocomposite, the XRD pattern exhibits only the broadening and
low-intensity diffraction peaks of zinc molybdate. In the hybrid
matrix, no obvious diffraction peaks of graphene can be observed,
probably because the crystallinity of graphene is inadequate (Wan
et al., 2017).

3.2 FTIR analysis

FTIR analysis was used to determine the types of functional groups
and chemical bonding of the molecules present in the GO/ZM
nanocomposite. The characteristic absorption of functional group
vibrations of GO/ZM nanocomposite was identified by performing
the FTIR analysis in the scan range between the wavenumbers 500 and
4000 cm−1, as shown in Figure 2. Depending on the relative mass of an
atom, the constants governing bonding force or rigidity, as well as the
geometry of the atom, each functional group vibrates with a specific
frequency or wave number. In the FTIR spectrum of GO the broad
peak above 3000 cm−1 appears due to the high density of hydroxyl
groups on the surface of GO. The infrared bands at 3524 and
1608 cm−1 are attributed to the stretching and bending motions of
OH in the water molecule. The adsorption bands at 1282.51 and

FIGURE 1
XRD diffraction pattern for GO, ZM and GO/ZM.
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1074.39 cm−1 correspond to the epoxy C–O and alkoxy C–O groups,
respectively. Thus, the formation of GO by the oxidation of graphite
was confirmed by the presence of oxygen-containing functional
groups, such as C=O and C–O. In the FTIR spectra of the GO/ZM
nanocomposite, mostly [MoOy]

n− is responsible for adsorption bands

in the 700–900 cm−1 range (Hardcastle and Wachs, 1990; Reddy et al.,
2018). At wave number 1717.38 cm−1, there is an absorption peak
related to C=O stretching vibrations from carbonyl or carboxyl
groups.

3.3 Raman spectroscopy

Raman spectroscopy is widely used to characterize graphene’s
structural and electronic properties, including defect density, disorder,
and defects (Gurunathan et al., 2012). The presence of graphene oxide
in the GO/ZMnanocomposite was confirmed by Raman spectroscopy,
as shown in Figure 3. It can be observed that both GO and GO/ZM
nanocomposite exhibit two characteristic peaks at 1331 and
1590 cm−1, corresponding to the disorder-induced D-band and
graphitic G-band, respectively (Peng et al., 2016; Yang et al., 2016).
At 1331 cm−1, the D vibration band is formed by j-point photons of
A1g symmetry, and at 1590 cm−1, the G vibration band from the first-
order scattering of E2g phonons by sp

2 carbon can be observed. From
the spectra shown in Figure 3, it is observed that the ID/IG ratio for GO
and GO/ZM are 1.07 and 1.11, respectively, which implies that the
addition of ZnMoO4 to GO nanosheets increase the number of
vacancies and defects in the GO/ZM hybrid (Liu et al., 2016).

3.4 UV-visible spectroscopy

From the UV–visible analysis, the presence of intermediary energy
level due to imperfection/lattice distortion can be investigated. UV-
visible absorption spectra of the as-synthesized GO, ZM and GO/ZM
is plotted in Figure 4. The single absorption peak at 215 nm for GO is
attributed to the Π–Π* Plasmon interactions. The sp2 clusters of the

FIGURE 2
FTIR Spectra of GO/ZM nanocomposite.

FIGURE 3
Raman spectra of GO and GO/ZM.

FIGURE 4
UV-vis spectra of GO, ZM and GO/ZM.
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GO synthesized via the Hummers method, coupled with C=C, C=O,
and C-O linking units, are accountable for the peak at 215 nm (Song
et al., 2014). The recorded absorption spectra of ZnMoO4 depict broad
absorption spectra in the range of 200–400 nm peaking at 360 nm. The
absorption peak of ZnMoO4 is due to defects in the ZNMmatrix. The
broad absorbance peak reveals that the emission process is a direct
consequence of multi-energy clusters of MoO4 units (Lovisa et al.,
2019). With the addition of GO, the absorption peak is broadened and
shows a blue shift.

3.5 Transmission electron microscopy

The surface morphology of GO, ZM, and GO/ZM
nanocomposites were investigated by High-resolution Transmission
Electron Microscopy (TEM). Figure 5 shows the TEM images of the
GO, ZM, and GO/ZM nanocomposite, respectively; Figure 5A shows
that graphene oxide has a sheet-like morphology, and as shown in
Figure 5B, ZnMoO4 nanoparticles appear to have a pebble-like

structure. Furthermore, the TEM image of GO/ZM in Figure 5C
reveals that s the pebble-like structured ZnMoO4 nanoparticles non-
uniformly distributed on the graphene oxide sheets. The metal oxide
nanoparticles prevent the restacking of the graphene oxide sheets and
provide an increased surface area (Majumder et al., 2019).

3.6 BET studies

N2 adsorption-desorption isotherm curve of GO/ZM
nanocomposite is obtained by the gas sorption measurement
performed at 77.35 K. From Figure 6A, it is understood that the
isotherm resembles type IV hysteresis in which narrow area in the
lower pressure region indicates an open porous structure, and the
presence of macropores is indicated by the hysteresis loop at the high-
pressure region. Thus, it can be concluded that the sample is
mesoporous (Mukhtar et al., 2020). The surface area of the
adsorbent is obtained to be 121.181 m2/g. The porosity distribution
of GO/ZM nanocomposite is shown in Figure 6B. The average pore

FIGURE 5
HRTEM images of (A) GO (B) ZM (C) GO/ZM nanocomposite.

FIGURE 6
(A) N2 Adsorption-Desorption Isotherm of GO/ZM, (B) Pore size distribution curve of GO/ZM.
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radius is calculated to be 2.1528 nm by the Barrett-Joyner-Halenda
(BJH) model, which confirms the mesoporous (2–50 nm in size)
nature of the adsorbent.

3.7 Adsorption studies

The effect of various parameters such as initial concentration, pH,
contact time, adsorbent dosage and temperature on the removal of Cr
(VI) ions using GO/ZM was investigated to optimize the adsorption
process.

3.7.1 Effect of initial concentration
The effect of the initial concentration of the Cr (VI) ions on the

adsorption process is shown in Figure 7A. The experiment was
conducted at room temperature with different initial
concentrations of 10, 20, 30, 40, 50, and 60 mg/L of Cr (VI)
solutions. 6 mg adsorbent was added to 10 ml of each
concentration, and the adsorption capacity was calculated. It was
found that the adsorption capacity of the adsorbent increased with the
increase in the initial concentration of the chromium ions present in
the solution. Due to its higher concentration, this may be due to more
vacant sites on the adsorbent occupied by the adsorbate molecules
(Prasetya et al., 2020).

3.7.2 Effect of pH
The pH of the solution plays a significant role in the distribution of

the Cr (VI) metal ions and the surface potential of GO/ZM adsorbent
(Liu et al., 2019b). To evaluate the adsorption capacity of GO/ZM for
the removal of Cr (VI) ions under both acidic and alkalic conditions
pH of the 40 mg L−1 Cr (VI) solution was varied from 2 to 8 and the
corresponding absorbance for each pH was noted as shown in the
Figure 7B. The pH of a solution influences both the surface charge of
the adsorbent and also the speciation of the metal ions. The results
indicate that the maximum removal of the Cr metal ions occurs at a
lower pH 2. At pH 2, the maximum adsorption capacity is obtained
due to the protonation of functional groups (-OH and -COOH) on a
significant fraction of the adsorbent, resulting in a sizeable electrostatic
affinity with negatively charged chromium ions (Neolaka et al., 2018;
Neolaka et al., 2020). There is a drastic decrease in the removal
percentage as the pH of the solution is increased above 2 because
the oxidized functional groups deprotonate to form an opposing
adsorbent surface and the anionic species of Cr (VI) become more
resistant to the electrostatic interaction (Neolaka et al., 2020). Also,
increased interactions between Cr (VI) anion and OH− ion at higher
pH could cause a decrease in Cr (VI) adsorption on GO/ZM
nanocomposite (Wang et al., 2017).

3.7.3 Effect of contact time
The contact time is one of the significant factors to find the

equilibrium between the adsorbent and the adsorbate. In the present
work, the experiment was carried out at room temperature with
40 mg/L Cr (VI) solution and 6 mg adsorbent at pH value 2 to
study the effect of contact time on the batch adsorption of Cr (VI)
ions on GO/ZM adsorbent. To determine the equilibrium time for the
maximum adsorption progress, the contaminant and the adsorbent
were treated over a contact time varying from 60–300 min. As shown
in Figure 7C, the adsorption capacity of Cr (VI) from the aqueous
solution using the adsorbent increases rapidly up to 120 min and then

gradually decreases from 180 to 240 min. The higher adsorption in the
initial stages might be attributed to the greater availability of
adsorption sites, which saturates as the adsorption progresses
(Mondal and Chakraborty, 2020). The surface area obtained from
the BET isotherm model is found to be 121.181 m2/g, which might be
insufficient for adsorption after it reaches the equilibrium
contact time.

3.7.4 Effect of adsorbent dosage
The effect of GO/ZM adsorbent dosage for the removal of Cr (VI)

at room temperature is shown in Figure 7D. The experiment was
carried out in the range of 2–8 mg of adsorbent dosage. The study
shows that when the adsorbent dosage was increased from 2 to 6 mg,
the adsorption capacity also gradually increased later when the
adsorbent dosage became 8 mg, the adsorption capacity got
decreased. Thus maximum removal of Cr (VI) was observed when
the adsorbent dosage was 6 mg per 10 ml Cr (VI) solution. This
significant decrease in the adsorption capacity might be due to the
heterogeneous distribution of the active sites throughout the surface of
the material (Liu et al., 2019b), which is also clearly evident from the
Freundlich isotherm correlation coefficient value, which is discussed
in section 3.3.

3.7.5 Effect of temperature
Temperature is one of the crucial factors which influence the

adsorption progress. To study the effect of temperature on the
adsorption process 6 mg adsorbent was added to 10 ml of 40 mg/L
Cr(VI) solution with pH value 2, and the temperature was varied from
283 to 343 K. As shown in Figure 7E, the results indicate that the
adsorption progress gradually decreased as the temperature was
increased. Maximum adsorption was observed at 283 K thus, it can
be concluded that the reaction is exothermic.

3.8 Adsorption isotherms

The adsorption mechanism can be better understood with the help
of adsorption isotherms. Isotherm studies using the GO/ZM
nanocomposite adsorbent were performed with different initial
concentrations of Cr (VI) solution of 10, 20, 30, 40, 50, and 60 mg/
L. In the present study two theoretical models, Langmuir and
Freundlich isotherms were used to examine the adsorption
behaviour of GO/ZM adsorbent for the removal of Cr (VI) ions.

The mathematical expression for Langmuir isotherm is given by
the equation:

1
qe

� 1
KL. q max

1
Ce

+ 1
q max

(3)

where qe is the equilibrium adsorption capacity (mg/g), Ce is the
equilibrium concentration (mg/L), qmax is the maximum adsorption
capacity (mg/g) and KL is the Langmuir constant related to the
adsorption rate (L/mg).

The mathematical expression for Freundlich Isotherm is given by
the equation:

logqe � logKF + 1
n
logCe (4)

where 1/n is the adsorption intensity and KF is the Freundlich constant
related to the adsorption rate (L/mg).
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From Figure 8 and Figure 9, we can conclude that when
compared to other isotherm models, the Freundlich model is well
suited to represent the experimental data which is characterized by a
higher correlation coefficient value (R2 = .985). This might be
attributed to the multilayer adsorption and the heterogeneous
distribution of the active sites on the surface of the adsorbent.
Furthermore, the adsorption parameters obtained from the
isotherms models are shown in Table 1.

3.9 Adsorption kinetics

The kinetic analysis provides significant information regarding the
path and mechanism of adsorption as well as the rate of adsorption (Li
et al., 2018). To understand the adsorption kinetics between the
adsorbent and the adsorbate, two kinetic models of pseudo first
order (PFO) and pseudo second order (PSO) as shown in Table 2
were used.

FIGURE 7
Effect of different optimization parameters on the adsorption of Cr (VI) onto GO/ZM nanocomposite (A) Initial concentration (B) pH (C) Contact time (D)
Adsorbent dosage (E) Temperature.
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The mathematical expression for pseudo first order kinetics is
given by:

ln qe − qt( ) � ln qe − k1t (5)
where qe (mg/g) is the equilibrium adsorption capacity, qt is the
adsorption capacity at time t and k1 is the rate constant (L/min).

Similarly, the mathematical expression for pseudo second order
kinetics is given by:

FIGURE 8
Langmuir isotherm for adsorption of Cr (VI) onto GO/ZM
nanocomposite.

FIGURE 9
Freundlich isotherm for adsorption of Cr (VI) onto GO/ZM
nanocomposite.

TABLE 1 The value of isotherm parameters in the adsorption of Cr (VI) ions using
GO/ZM nanocomposite.

Isotherm model Parameters Values

R2 0.944

Langmuir qmax (mg/g) 20.420

KL (L/mg) 0.158

R2 0.985

Freundlich 1/n 0.537

KF (L/mg) 3.351

TABLE 2 The value of kinetic parameters in the adsorption of Cr (VI) ions using
GO/ZM nanocomposite.

Adsorption kinetic model Parameters Values

qe (mg/g) 0.407926

Pseudo First Order k1 (L/min) −0.0000662

R2 0.01451

qe (mg/g) 50.35246727

Pseudo Second Order k2 (L/min) 0.011529366

R2 0.99967

FIGURE 10
Pseudo first order kinetic model for adsorption of Cr (VI) onto GO/
ZM nanocomposite.
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t
qt

� 1
k2qe

2
+ t
qe

(6)

where k2 is the rate constant (mg/min).
Figure 10 and Figure 11 show the results of linear fitting for

pseudo-first order and pseudo-second order, respectively. From
Table 2, which depicts the values of the kinetic parameters, it is
clear that the adsorption of Cr (VI) using GO/ZM nanocomposite
follows pseudo-second-order kinetic model with a higher
correlation coefficient (R2 = .9997) when compared to the
pseudo first-order kinetic model. The PSO kinetic model for
Cr(VI) adsorption on GO/ZM nanocomposite is based on the
assumption that the rate-controlling step in the process is
chemical adsorption or chemisorption (Kecili and Hussain,
2018).

4 Conclusion

In summary, Graphene Oxide-Zinc Molybdate nanocomposite was
synthesized successfully. The optimized parameters for adsorption of
Cr(VI) ions using the synthesized nano adsorbent are pH 2, adsorbent
dosage of 6 mg in 10ml of 40 mg/L Cr(VI) solution, contact time of
120min, and temperature to be 283 K. From the adsorption isotherm
studies, it is found that the adsorption of Cr (VI) ions using GO/ZM
nanocomposite follows the Freundlich isotherm model which has a better
fit compared to the Langmuir isotherm model. While based on the

adsorption kinetic study, the adsorption process followed the pseudo
second order kinetic model which predicts the chemisorption behaviour.
The BET studies show that it follows type IV isotherm, and the surface area
of the adsorbent is found to be 121.181 m2/g. Also, from the BJHmodel, the
average pore size is obtained to be 2.1528 nm. So based on all the obtained
results, it can be concluded that the adsorption of Cr (VI) ions using GO/
ZM nanocomposite is multilayer adsorption and the adsorbent is
mesoporous material with a heterogeneous surface.
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