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ABSTRACT

Chemically synthesized graphene oxide-zinc oxide (GO-ZnO) composite was used as an adsorbent to
remove malachite green (MG) from the aqueous solution. It was used due to its high thermal stabil-
ity, high surface area and porous structure which are favourable for adsorption study. Several steps
were conducted for the entire research study. GO-ZnO composite was synthesized as an effective
adsorbent material. A batch experiment was carried out by using the prepared GO-ZnO adsorbent
materials to remove the MG from the aqueous solution. The physicochemical parameters such as
pH, contact time, initial concentration and dosage of adsorbent were optimized to get the highest
removal efficiency of MG. The maximum removal efficiency of GO-ZnO adsorbent for MG dye was
found to be 94% at pH 8. Characterization was carried out to identify the morphology, crystallin-
ity and chemical compositions. The GO-ZnO adsorbent was characterized by using scanning elec-
tron microscopy, X-ray photoelectron spectroscopy, X-ray diffraction and Fourier-transform infrared

spectroscopy.
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1. Introduction

In the last few decades, graphene and its associated com-
pounds are developed as a typical class of materials due to
their distinctive composition and functional groups [1-3].
Industrial wastewater contains a huge amount of colour
effluent from various industrial sources such as synthetic
dyes, leather and textiles [4-6]. These effluents are carcino-
genic, mutagenic and non-degradable in nature that’s why
these discharge from wastewater is of great concern [7,8].
These coloured effluents entered directly into water bodies
and thus direct inhalation and digestion of effluents severely
affect not only aquatic life but also living beings including
humans [9,10]. Malachite green is also commonly used to
dye fabrics like wool, silk, cotton, and leather. It also func-
tions as a therapeutic antifungal agent in aquaculture, com-
mercial fish hatcheries, and animal husbandry, while for

humans it is applied as an antiseptic and fungicidal agent.
Furthermore, studies show that the by-products of malachite
green’s breakdown are unsafe and may cause cancer [11-13].
These effluents are complicated in chemical structure and
complex in nature, removal of these effluents is not easy
from wastewater by simple methods.

Different techniques were investigated for the removal
of these pollutants from contaminated wastewater such as
precipitation, flocculation, coagulation, membrane filtra-
tion, ion exchange, electrochemical, photo-degradation etc.
[13-16]. Out of these techniques, adsorption is regarded to
be the most popular, simple, easy, effective and economic
method for the expulsion of various contaminants (inorganic
and organic) from wastewater treatment plants. Biosorbents,
nano clay, carbon nanotubes, and activated carbon are dif-
ferent types of materials which have been used for the
adsorption process [17-20]. In wastewater treatment plants
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graphene oxide-based composite materials have attracted
significant attention because of their large surface areas,
more active functionalized sites, and presence of a carboxylic
group [21,22]. Graphene-based composites are utilizing as a
potential source to make effective and promising adsorbents
as compared to other high-cost adsorbents [23,24]. Thus,
graphene oxide with metal oxide shows high dispersion in
both water and organic solvent due to the presence of the
oxygen group. Due to the high values of Young’s modulus,
high mobility of charge carriers, excellent thermal conduc-
tivity, optical transmittance and planar structure graphene
oxide form nanocomposite materials with inorganic and
polymer materials.

In this article, a graphene oxide-zinc oxide (GO-ZnO)
composite was synthesized and applied for the removal
of malachite green dye from an aqueous solution. Various
physicochemical parameters such as solution pH, con-
tact time, the effect of concentration and dosage effect of
composite onto adsorption were optimized.

2. Experimental set-up
2.1. Malachite green and stock solution preparation

All the chemicals were used as analytical rating grades
without any further purification. 1,000 mg/L concentration
of a stock solution of malachite green (MG) was synthesized
by dissolving 1 g of MG in one litre of H,0. Standards and
working solutions were synthesized by further dilutions
of stock solution to be used in subsequent experiments.
The dye structure is represented in Fig. 1.

A batch adsorption experiment was carried out to opti-
mize the effect of the pH of the solution, initial MG concen-
tration, contact time, and dosage of adsorbent used on the
adsorption of MG by using the GO-ZnO composite adsor-
bent. The initial concentration of MG and the remaining
concentration of MG after absorption was measured using a
spectrophotometer 617 nm. Table 1 provides a list of mala-
chite green dye characteristics.

2.2. Synthesis of composite material (GO-ZnO)

Graphene oxide particles were synthesized by using a
modified Hummer’s method [25]. In a conical flask defi-
nite amount of conc. HNO, and H,SO, (1:2) were added in
1 g graphite powder and were kept up to 24 h demineral-
ized water (DMW) was used to wash the final amount and
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Fig. 1. Chemical structure of malachite green dye molecule.

was dried for some time. The powder obtained was placed
in a conical flask (500 mL) and 150 mL of sulphuric acid
was added. Next potassium permanganate (2 g) was added
slowly with constant stirring. Ice-containing bath was
used to maintain the temperature of the reaction mixture
(below 20°C) and the reaction mixture was stirred for 6 h.
After this DMW (200 mL) was added slowly resulting in
the exothermic reaction. Then, hydrogen peroxide (20 mL)
was added to the solution and the resulting solution colour
changes to yellow-brown. Finally, the resulting solution
was centrifuged at 500 rpm and washed with hydrochlo-
ric acid and double distilled water to get the product. For
the synthesis of GO-ZnO composite, the first 5 g of GO was
added into demineralized water (DMW) (100 mL) and was
ultrasonicated for about 30 min. Then 100 mL of ZnO solu-
tion was added to the solution and sonicated for 15 min.
After then, the mixture was vigorously stirred for 12 h
and pH 8 was maintained by adding sodium hydroxide.
Finally, GO-ZnO composites were obtained after filtering
the solution.

2.3. Batch studies

The batch adsorption experiment was conducted to
check the removal efficiency of MG onto GO-ZnO com-
posite adsorbent. The statistical graph was plotted using
Microsoft Excel.

The percent removal efficiency of MG was determined
by the Eq. (1):

Removal Efficiency of MG(%) = CUC;C x100% )

0

where C, = initial concentration of MG before adsorp-
tion process (mg/L); C, = final concentration of MG after
adsorption process (mg/L).

2.4. Effect of pH

The effect of pH was carried out by selecting different
pH values, which are 2, 3, 4, 5, 6, 7, 8. 9 and 10 and main-
taining the solution pH using 0.1 M of NaOH and 0.1 M of
HCL. For each run, 100 mg/L of 100 mL MG aqueous solu-
tion was prepared and the initial concentration of MG was
analysed. 0.1 g of GO-ZnO composite adsorbent dosage
was weighed and placed in a beaker that contained MG
solution. The suspension was stirred for two 2 h at room
temperature by using a magnetic stirrer. Then, the MG
solution was analysed after the adsorption process using a
spectrophotometer.

2.5. Effect of contact time

The effect of contact time was carried out on different
time intervals 15, 30, 45, 60, 90, 120, 150, and 180 min with
the optimized pH. For each run, 100 mg/L of MG dye in a
100 mL volume of the aqueous solution was prepared and the
initial concentration of MG was analysed. 0.1 g of GO-ZnO
composite adsorbent dosage was weighed and placed in
the flask that contained MG solution. The suspension was
stirred by using a magnetic stirrer at room temperature
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with different contact times. Then, the concentration of the
MG solution was measured by spectrophotometer.

2.6. Effect of initial concentration of MG solution

The effect of the initial concentration of MG solution was
carried out by selecting varied concentration range 10, 20,
40, 60, 80, 100, 125, and 150 mg/L in 100 mL of MG solution
with optimized pH and contact time. For each run, the initial
concentration of MG was analysed. 0.1 g of GO-ZnO com-
posite adsorbent dosage was weighed and placed in the flask
that contained MG solution. The suspension was stirred by
using a magnetic stirrer at room temperature. Then, some
amount of MG solution was taken and the final concentra-
tion of MG solution was measured by spectrophotometer.

2.7. Effect of amount of adsorbent

The GO-ZnO composite adsorbent dosage was varied
from 0.025, 0.05, 0.075, 0.1, 0.125, 0.15 and 0.2 g to check the
effect of adsorbent dosage on the adsorption process. For
each run, 100 mg/L MG aqueous solution was prepared.
The initial concentration of MG was analysed. The GO-ZnO
composite adsorbent dosage was weighed and placed in the
prepared MG solution. The suspension was stirred by using
a magnetic stirrer and magnetic bar at speed of 200 rpm
with optimized parameters pH, time and concentration.
After the adsorption process, the final concentration of MG
solution was measured by spectrophotometer.

3. Results and discussion
3.1. Characterization of GO-ZnO composite adsorbent
3.1.1. Scanning electron microscopy

Scanning electron microscopy (SEM) was used for the
investigation of the morphology of GO-ZnO before and
after the adsorption of malachite green. Fig. 2a shows cav-
ities and irregular and porous structures on the surface of
the GO-ZnO adsorbent. After adsorption of malachite green
dye, the GO-ZnO surface is changed, and cavities and pores
are filled with malachite green dye as in Fig. 2b. The adsorp-
tion of malachite green on GO-ZnO surface mainly depends
on cavities and multi-porous surfaces. Similar results
were reported by Hosseini et al. [26].

3.1.2. Fourier-transform infrared spectroscopy

Fourier-transform infrared (FTIR) spectra were recorded
in the range of 400-4,000 cm™ to identify the functional group
present on the surface of GO-ZnO adsorbent (Fig. 3a and b).
The spectrum of GO-ZnO adsorbent is shown in Fig. 3a.
The peak obtained at 3,320 cm™ may be attributed to the —
OH stretching vibration of the hydroxyl group (OH) of
the graphene oxide unit. The peaks at 1,730 and 1,086 cm™
may correspond to carbonyl group (C=O) and C-O group
of the carboxylic acid group of graphene oxide. The peaks
appear in the range 672 cm™ correspond to the metal oxide
(Zn-0O) group. After the adsorption of dye molecules onto
GO-ZnO, some shifts (20-30 cm™) were observed in the
hydroxyl and carboxylic groups which confirms that these
functional groups are responsible for adsorption [27].

3.1.3. X-ray photoelectron spectra of GO-ZnO

The GO-ZnO composite’s chemical state and compo-
sition may be better understood using a important charac-
terization technique like X-ray photoelectron spectroscopy
(XPS). The XPS spectra of GO-ZnO are presented in Fig. 4.
According to the survey spectrum in Fig. 4a, the main ele-
ments are Zn, O, and C. The Zn 2p spectrum is shown in
Fig. 3b, with two bands at 1,047.0 and 1,025.4 eV, which cor-
respond to Zn 2p1/2 and Zn 2p3/2 in ZnO, respectively [28].
As shown in Fig. 4c, the C 1s spectra peak appeared at 289.7,

Fig. 2. Scanning electron microscopy image of (a) GO-ZnO
adsorbent before dye adsorption and (b) GO-ZnO based
adsorbent after adsorption of malachite green dye.
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Fig. 3. Fourier-transform infrared spectra of (a) GO-ZnO com-
posite adsorbent before malachite green adsorption and
(b) GO-ZnO adsorbent after malachite green adsorption.
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which correspond to the GO functional group (C=0). Lattice
oxygen (OL) of ZnO and functional group (C=0) of GO, may
be appeared at 535.8 in the O 1s XPS peak exhibited in Fig. 4d.

3.1.4. BET surface analysis

In the current study, the GO-ZnO composite’s BET surface
analysis was carried out using Quantachrome® ASiQwin™-
Instruments (version 5.0). Pore size, surface area, and volume
of composite play significant role in the adsorption process.
Using nitrogen adsorption—desorption (BET) technique, the
GO-ZnO composite is analysed. From the results, surface
area, pore volume and pore radius of composite material
are 25.891 m?/g, 0.275 cc/g and 19.142 A, respectively.

3.1.5. X-ray diffraction spectrum of GO-ZnO

The (110), (002), (101), (102), (110), (103), (112), (201),
and (202) crystalline planes of ZnO are represented by the
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peaks at 32, 34, 6, 36.4, 47, 8, 56, 63, 68, 3, 69.53, and 77.5 in
the X-ray diffraction (XRD) pattern of the ZnO nanoparticles
(Fig. 5a). The major peaks of the XRD pattern for the GO/
ZnO nanocomposite are shown in Fig. 5b. The XRD pattern
of the nanocomposite exhibits the principal ZnO peaks, and
the diffraction peaks of the GO/ZnO nanocomposite are
similar to those of ZnO nanoparticles. The peak at 20 = 10°
is ascribed to the graphene oxide nanosheet. The GO peak
in the nanocomposite suggests that the sheets could have
been restacked. It appeared around the 20 = 12° but it is in
restacked position therefore, it’s not appeared as broad peak.
Similar, the peak at 20 = 29° indicated the ZnO presence in
the composite but after the absorption it moved to 20 = 31°.
According to the literature, GO sheet are detected between
2@ =10° to 12° and ZnO presence can be at 20 = 31° [29,30].
Its mean that there is no obvious change in the diffraction
pattern of GO-ZnO after adsorption of MG, which suggests
that the primary mechanism of removal is adsorption of
MG onto the surface of GO-ZnO rather than intercalation
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Fig. 4. Spectra of X-ray photoelectron spectroscopy of composite (GO-ZnO) (a) survey scan, (b) Zn 2p, (c) C 1s, and (d) O 1s.
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Fig. 5. X-ray diffraction pattern of (a) GO-ZnO composite and (b) GO-ZnO-MG.
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in the interlayer of the GO-ZnO. This is because intercala-
tion in the GO-ZnO would cause a change in the diffrac-
tion pattern, which would be visible.

3.2. Effect of solution pH on adsorption of dye and point zero
charge (PZC)

The removal efficiency of dye mainly depends on pH.
Adsorption of malachite green onto GO-ZnO was done and
studied by varying the pH from 2 to 10. At pH 8 maximum
removal efficiency was achieved (about 94%) as in Fig. 6.
Malachite green is cationic in therefore, the highest removal
efficiency was achieved in basic pH due to satisfactory con-
ditions for GO-ZnO surface and malachite green dye due to
the strong electrostatic force of attraction between negatively
charged GO-ZnO adsorbent and positively charged mala-
chite green dye molecules. In acidic medium low removal
efficiency was obtained due to an increase in a number of
positive charge on the surface of GO-ZnO adsorbent which
repels the positively charged malachite green dye molecules.
Similar results were reported by Muinde et al. [31].

When the surface charge of the adsorbent is zero, a phys-
ical phenomenon known as the point of zero charge (PZC)
of adsorption occurs. The pH,, . is affected by a number of
variables such as type of adsorbents used, temperature, the
number of impurities present, and how well analyte adsorb.
The solid addition approach was used to conduct this exper-
iment. The exact amount of 50 mL of a 0.01 M NaCl solution
was transferred to a flask, and the pH of the solution was
then adjusted (within the range of 2-10) using 0.1 M HCI
or NaOH solution. After that, 0.1 g of GO-ZnO composite
material was transferred into each flask and being swirled
for 24 h with the help of magnetic stirrer. The final pH of
solution after stirring was recorded. The graph of pH, and
pH, was plotted (Fig. 7). The curve revealed that the pH of
the solution was above the isoelectric point (pH_,_6.6), which
caused a significant accumulation of negative charge on
the GO-ZnO composite surface and promoted the adsorp-
tion of positively charged dye [32].
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Fig. 6. Graph of removal efficiency of malachite green (%)
vs. solution pH (malachite green concentration 100 mg/L,
adsorbent dosage = 0.1 g, time = 180 min).

3.3. Effect of contact time and linear and non-linear kinetic models

100 mg/L of malachite green dye in 100 mL and 0.1 g
GO-ZnO adsorbent dosage was used to study the effect of
contact time on the adsorption of malachite green dye at dif-
ferent times 15, 30, 60, 90, 120, 150 and 180 min. Fig. 8 shows
the relationship between contact time and dye removal
efficiency. The adsorption rate on the surface of GO-ZnO
adsorbent is faster initially and then due to internal diffu-
sion phenomena adsorption rate slows down. This is due to
the rate-determining step. After 60 min, the same removal
efficiency was observed. Therefore, the time required to
reach equilibrium was 60 min for the malachite green dye.
A similar result is reported by Arivoli et al. [33].

In order to carrying out adsorption activities, the
kinetic parameters are useful in determining the rate of
adsorption. The pseudo-first and second models” kinetic
factors were applied to recognize the kinetic of MG dye
adsorption onto GO-ZnO composite [34].
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Fig. 7. Point of zero charge study of GO-ZnO composite surface.

100 ~

o900 —o ¢

90 4

2
.

Removal (%)
3

2]
o
1

50 <

0 20 40 60 80
Time (min)

T T T T T 1
100 120 140 160 180 200

Fig. 8. Graph of removal efficiency of malachite green (%)
vs. time (min) (malachite green concentration 100 mg/L,
adsorbent dosage =0.1 g, pH =8).
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First-order represents as:

k.t

log (g, —q,)=logq, - 7303 @)

Second-order represents as:

e ®)

where k, and k, are first- and second-order rate constants,
respectively. The terms g, and g, refer to the adsorption
capacity (mg/g) of MG at equilibrium at the relevant times,
t. The kinetic model factors were calculated and tabulated
in Table 2. The value of 4, was shown to be more accurately
fitted by the pseudo-second-order and to be closer to the
value of the experimental data of GO-ZnO. For second-or-
der kinetics, the regression coefficient value (R*-0.9924) is
higher than the regression coefficient value (R*-0.8831) of
first-order kinetics model. Similar results were observed
by Ozbas et al. [35] which is comparable with current
study findings.

To comprehend better adsorbents and create the perfect
adsorption system, the most appropriate non-linear kinetic
models must be determined. For accurate prediction, these
mathematical models must be studied of the variables and
constants in adsorption process. They are essential for
streamlining the routes of the adsorption mechanism. To
effectively develop adsorption systems and express the sur-
face capabilities of adsorbents, models must be researched
[36]. Non-linear kinetic models was represented as Fig. 9
and data was tabulated in Table 2.

The pseudo-first-order non-linear model’s ability to
directly compute equilibrium sorption capacity (q,) from
the course of adsorption over time overcomes a significant
drawback of the pseudo-first-order linear model’s appli-
cation, which is that such adsorption capacity must first be
experimentally established [37].

As a result, the experimental equilibrium adsorption
capacity (q,,.) in the current study was closer than the cal-
culated eqﬁifibrium adsorption (g, ), considerably lower
the Chi-square tabular value (0.3562). According to our find-
ings, greater linear regression coefficient was obtained, the
equilibrium adsorption capacity was good fitted as com-
pared to linear model was applied to the adsorption kinetics.

Table 1
Physical properties of malachite green dye

Properties Values

Nature Cationic dye

Chemical formula C,H,.CIN,

IUPAC name [4-[4-(dimethylamino)phenyl]-phenyl-

methylidene]cyclohexa-2,5-di-
en-1-ylidene]-dimethylazanium;

chloride
Molecular weight 364.911
(1) max 617 nm

Results of pseudo-second-order exhibited two values were
comparably but Chi-square tabular value (1.8807) higher
than the pseudo-first-order and lower linear regression coef-
ficients (R* 0.9383). In comparison between experimental
and calculated adsorption at equilibrium, it was suggested
that the pseudo-first-order non-linear model’s fit the data
better than the non-linear pseudo-second-order. A very low
Chi-square test result indicates that calculated data match
experimental data very well.

3.4. Effect of initial concentration of MG and isotherm studies

Removal efficiency depends on the initial concentration
of dye. Initially, effect of malachite green dye concentration
was studied in the range of 10-150 mg/L under optimized
conditions, pH 8, time 60 min and 0.1 g adsorbent dosage.
The result is shown in Fig. 10. It can be observed from the
figure that the removal efficiency of malachite green onto
GO-ZnO initially increases with an increase in the concentra-
tion of dye which may be due to the presence of free active
sites. After some time, no significant change was observed
in the removal efficiency and finally decrease in removal
efficiency was observed with a further increase in the

Table 2
Kinetic model parameters for adsorption of malachite green
onto GO-ZnO composite

Linear kinetics

Pseudo-first-order model Pseudo-second-order model

G ogcal (mg/g) 65.96 oteal (mg/g) 120.48
k, (min™) 0.066 k, (g/(mg-min)) 0.00039
R? 0.8831 R? 0.9924
Non-linear kinetics
q, (mg/g) 96.22 q, (mg/g) 109.74
k, (min™) 0.041 k, (g/(mg-min)) 0.00050
R? 0.9871 R? 0.9383
Chi-square 0.3562 Chi-square 1.8807
120
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g 60
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o
40 = Pseudo-first order
20 —Pseudo-second order
0
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Fig. 9. Non-linearized form of pseudo-first-order and pseu-
do-second-order kinetics model.
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concentration of malachite green dye. Similar results were
reported by Guo et al. [34].

By using different adsorption isotherms, such as the
Langmuir isotherm and Freundlich isotherm model, the
equilibrium of varied dye concentrations is well identified.
In this work, different concentration of malachite green dye
(10-150 g/mL) were used. The Freundlich isotherm occurs
on the heterogeneity of adsorbents, whereas the Langmuir
model assumes that adsorption proceeds through vari-
ous functional groups present on the surface of GO-ZnO
adsorbent and predicts monolayer with homogenous active
sites. The following equation [38] reports the linearized
form of models like the Freundlich isotherm and Langmuir
model.

&:LJ'_& (4)
9. 4.b 4,

1
Ing, =1an +;InC€ )

Above given expressions, the adsorbed amount of dye
at equilibrium is denoted by g, (mg/g), the dye equilibrium
concentration is denoted by C, (mg/L), and g, and b denotes
the Langmuir adsorption efficiency and constants, respec-
tively. K. and n value denote the Freundlich constant. The
linear plot of the Langmuir isotherm, represented by the plot
C/q, vs. C, was plotted. The calculated values based on the
intercept and slope are tabulated in Table 3. From the results,
we can see that g, value (monolayer adsorption capacity) is
more favourable due to homogeneous distribution of active
sites as compared to multilayer adsorption (Freundlich
adsorption capacity) on the GO-ZnO surface. Regression
coefficient is also high (R?-0.9997) in case of Langmuir iso-
therm. The occurrence of adsorption process was designated
by the R, constant and its ranged from 0 to 1. In this study,
the R, constant was found to be 0.196, which is within the
range. This demonstrated that adsorption was favourable
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Fig. 10. Graph of removal efficiency of malachite green (%)
vs. initial concentration of malachite green solution (mg/L)
(adsorbent dosage = 0.1 g, pH 8 and time = 60 min).

[39]. Similar results were observed by different studies
which is comparable with current study findings [40—42].

Adsorption isotherms show the physical and chemical
interactions that were formed during the incubation pro-
cess between the adsorbate and the surface of adsorbents.
According to published research, linear studies and non-lin-
ear equilibrium modelling have emerged as the most effec-
tive techniques for assessing adsorption characteristics. In
the current work, coupled error analysis has been applied
using isotherms models of two and three parameters. Based
on the regression coefficient, Chi-square, and calculated g,
value, the optimal isotherm model that matches the exper-
imental data is selected. Non-linearized form of Langmuir
and Freundlich model was represented in Fig. 11 and
data is tabulated in Table 3.

The tendency of the Freundlich model to better fit data
at low experimental concentrations and the Langmuir
model to better fit data at higher experimental concentra-
tions are examples of bias that may result from the transfor-
mation of non-linear equations to linear forms in isotherm

Table 3
Langmuir and Freundlich isotherm for the adsorption of
malachite green onto GO-ZnO composite

Linear isotherm

Langmuir isotherm Freundlich isotherm

q, (mg/g) 104.16 K, (mg/g)(L/mg)"") 10.33
b (L mg-1) 0.854 n 1.52
R? 0.9997 R? 0.9407
R, 0.196
Non-linear isotherm

q, (mg/g) 129.87 K, ((mg/g)(L/mg)"*) 14.70
K, (L/mg) 0.059 n (dimensionless) 2.04
R? 0.8743 R? 0.7724
Chi-square 25.86 Chi-square 41.74

120 1
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Fig. 11. Non-linearized form of Langmuir and Freundlich
model.
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models [43]. From the results, the experimental equilib-
rium adsorption capacity (g, ) in the Langmuir model was
closer than the calculated equilibrium adsorption (g,_,),
considerably lower the Chi-square tabular value (25.86) as
compared to Freundlich isotherm (41.74). According to our
findings, greater linear regression coefficient (0.8743) was
obtained in case of Langmuir model.

3.5. Thermodynamic parameters for the adsorption

The following equations were used to determine the
free energy change (G°), entropy change (5°), and enthalpy
change (H°) for the adsorption process of dye removal:

AG®=-RTInK 6)
Ik _AS°_AH -
¢ R RT

where T (K) is the absolute temperature, R = (8.314 J-mol-K)
which is universal gas constant. K is the distribution
coefficient.

The degree of the enthalpy change (H°) and entropy
change (5°) can be used to categorize the type of interaction
between the adsorbent and adsorbate. At various exper-
imental temperatures (298-333 K), the adsorption of MG
onto GO-ZnO adsorbent was evaluated using the gradient
and intercept of the logK, vs. 1/T curve, as shown in Fig. 12.
Table 4 shows that as temperature climbed from 298 to 333 K,
G° values varied from -5.599 to -7.835 kJ/mol, and the —ve
value of G° may be attributed to the feasibility and spon-
taneity of the adsorption process with improved sorption
efficacy of MG on GO-ZnO adsorbent. In general, phys-
iosorption is indicated by a change in adsorption enthalpy
between -20 and 40 kJ/mol, and chemisorption is indicated
by a change between —400 and —80 kJ/mol [44]. A positive H°
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3.0x10° 3.1x10° 3.1x10° 3.2x10° 3.2x10° 3.3x10° 3.3x10°
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Fig. 12. Van't Hoff plot for adsorption of malachite green
onto GO-ZnO composite.

(36.95 kJ/mol) indicates an endothermic reaction and phys-
ical adsorption, according to experimental data. Hence, the
outcome demonstrated that physical forces were involved
in the MG’s adsorption onto the GO-ZnO adsorbent.

Also, the enhanced disorderliness of the solid-liquid
interfacial contact during the adsorption process of dye
(MG) onto GO-ZnO is suggested by the positive values
of S° (67.85 kJ/mol-K) [45].

3.6. Effect of amount of adsorbent

The effect of the amount of adsorbent for the removal of
malachite green dye was done by using different amounts
of dosage (0.05-0.20 g) of GO-ZnO adsorbent material
under optimized conditions (pH 8, 100 mg/L dye concen-
tration and 60 min). Fig. 13. shows the effect of the amount
of adsorbent on the removal of malachite green dye. It can
be investigated from the figure that due to a high number
of active sites present on adsorbent removal efficiency of
malachite green dye increases initially with the increase in
the amount of GO-ZnO adsorbent material. Removal effi-
ciency remains constant from 0.1 to 0.2 g maybe due to the
agglomeration or aggregation of adsorbent which leads to
a decrease in active surface sites. The removal efficiency
was achieved at 94% when 0.1 g of adsorbent was used for
the removal of dye in an aqueous solution. A similar result
was summarized by Kiani et al. [46].

Table 4
Thermodynamic experiment for the adsorption of malachite
green onto GO-ZnO composite

AH® (kJ/mol) AS° (kJ/mol')K) Temperature (K) AG® (kJ/mol)

298 -5.599
313 —6.296
36.95 67.85 303 _7.089
333 -7.835
100
g .
90
i'\c, 80
2ol g
[}
g 70
14
60
50 T T T T
0.04 0.08 0.12 0.16 0.20

Adsorbent dosage (g)

Fig. 13. Graph of removal efficiency of malachite green (%) vs.
the amount of adsorbent used (g) (malachite green concen-
tration 100 mg/L, pH 8 and time = 60 min).
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Fig. 14. Interaction mechanism of malachite green dye onto GO-ZnO adsorbent surface.

3.7. Regeneration capacity of GO-ZnO

Using various acids ((hydrochloric acid, nitric acid, sul-
furic acid), MG saturated adsorbent regeneration was car-
ried out. Adsorption of MG dyes with a concentration of
100 mg/L was taken by using 0.1 g of adsorbent materials
for desorption study. Adsorbent that had been saturated
with dye was fixed in a column after adsorption. Each acid
(20 mL of 0.1 M) was employed to elute the dye from the
adsorbents. According to the findings, using three different
acids—hydrochloric acid, nitric acid and, sulfuric acid, the
desorption rate percentage was found satisfactory up to 5
cycles, After 5 cycles, adsorbent loose its capacity by 20%—
30%. In this investigation, hydrochloric acid performs more
effectively than the other acids used in this experiment.

3.8. Possible interaction mechanism of GO-ZnO surface with MG

Fig. 14 shows the assembly of malachite green dye on
the GO-ZnO surface. Different groups like hydroxyl, epoxy
and carboxylic are present on the surface of graphene oxide.
The binding or adsorption of malachite green on GO-ZnO
is due to the presence of these groups. Malachite green is a
cationic dye and GO-ZnO in a basic medium (pH 8) is neg-
atively charged which promotes interaction between mal-
achite green dye and GO-ZnO surface functional groups
[42]. Another probability of interaction is due to electro-
static, m-mt interaction and H-bonding between malachite
green dye and GO-ZnO.

4. Conclusions

The batch adsorption method was used for the removal
of malachite green using GO-ZnO adsorbent. The results
were obtained under the optimized condition of initial
concentration, pH, solution, amount of adsorbent and con-
tact time, 100 mg/L, 8, 0.1 g and 60 min, respectively. FTIR,
XPS, XRD and SEM spectra of GO-ZnO adsorbent con-
firm the rough and spongy surface, the functional group,

crystallinity associated with GO-ZnO, effective for malachite
green dye removal. Moreover, the maximum removal effi-
ciency of malachite green onto GO-ZnO adsorbent was 94%.
GO-ZnO adsorbent material could be an alternative adsor-
bent for the removal of pollutants from industrial waste-
water due to its high surface area, high thermal stability
and high removal efficiency.
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