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ARTICLE INFO ABSTRACT

Editor: Dr. GL Dotto The presence of anionic and cationic dyes in wastewater has highlighted a great necessity to develop new and
effective approaches for their simultaneous removal. Herein, graphene oxide-manganese dioxide (GO-MnO3)
nanocomposite was synthesized using a hydrothermal method to reduce pollution load of wastewater. In this
stidy, synthesized material was utilized as adsorbent for the removal of cationic methylene blue (MB) and anionic
methyl orange (MO) dyes from aqueous solution that act as model organic pollutants. The morphology, chemical
structure, thermal stability, and other properties of the synthesized adsorbent were characterized using Field
emmision scanning electron microscopy, Powder X-ray differaction, Raman spectroscopy, Fourier transform
infrared spectra, Energy dispersive spectroscopy, Thermogravimetric analysis, and Brunauer-Emmett-Teller
surface area techniques. The kinetics results showed the removal efficiency of 50.48% and 85.35% within the
starting 5 min for both MO and MB, respectively, and fitted well to a pseudo-second-order kinetics model. The
isotherms adsorption results fitted well to the Langmuir isotherm model, confirming the monolayer adsorption
and give maximum adsorption capacities 149.253 and 178.253 mg/g for MO and MB, respectively. GO-MnO
showed a good reusability and gave > 90% removal efficiencies after seven continuous cycles. Lastly, the
simultaneous adsorption performance of the adsorbent for both dyes ggave 100% removal efficiency. All these
results give a direct visual impression of the fast kinetics efficiency and high adsorption capacity for real
wastewater treatment application.
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1. Introduction process is getting more attention due to lower cost, ecofriendly nature,

and higher removal efficiency [10]. Unfortunately, this adsorption

Throughout the world, the discharging of excess organic dyes from
different industries such as leather, cosmetics, textiles, paper etc. have
the serious water polluted resources and caused a great damage to
human health and aquatic system [1]. These different organic dyes are
non-degradable, and create carcinogenic, breathing, vomiting, eye
burns, diarrhea and nausea in human beings [2,3]. Therefore, removal
of both cationic and anionic dyes from an aqueous system to avoid
harmful effect on humans and environment is necessary and challenging
task [4]. Till date, various physical, chemical, and biological processes
including precipitation, coagulation, oxidation, membrane filtration,
and adsorption methods for the successful elimination of various dyes
from polluted water have been reported [5-9]. Among them, adsorption
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process suffered from poor selectivity and reusability, and low kinetics
rate which restrict their further practical applications. Recently, many
different types of adsorption reagents to remove different dyes from
water have been used, which are expected to possess different advan-
tages including cost effectiveness, high efficiency, low energy con-
sumption, as well as good recyclable ability [11,12].

Exploration has been focused on finding inexpensive and environ-
mentally friendly adsorbents for the removal of dyes or other various
pollutants from water through adsorption. Graphene is a well-known 2-
D carbon allotrope, consists of a atomic layer of graphite and sp? bonded
carbon atoms organized in a hexagonal or honeycomb lattice which
provide planarity [13]. It possesses high surface area (2630 m2/g),
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Fig. 1. (a) XRD patterns, (b) Raman spectrum (b) FE-SEM image, and (c) EDS spectrum and elemental composition (inset) of GO-MnO; nanocomposite.

excellent transparency, unmatched, conductivity, and good mechanical
strength for different applications including wastewater treatment.
However, the use of primitive graphene has proved challenging due to
very low solubility [14], and easily agglomerated due to Vander Waals
interactions [15].

Over the past few years, the research on composites of graphene
oxide and reduced graphene oxide have attracted great attention
because of their broad spectrum of applications in the various fields
including removal of different types of pollutants from water [16-21].
Also, different metal oxides such as Fe;03,TiOo, ZnO,, ZnO, Co304,
GO-CuFey04 etc. have been utilized as promising materials due to
relatively high surface area, low cost, and abundant availability in na-
ture [22-25]. In them, nanosized manganese dioxide (MnOgz) has
received a considerable interest due to its higher surface area and active
sites, non-toxicity, lower cost, easy availability, and ecofriendly nature,
which are necessary for a material to be a good adsorbent for environ-
mental applications, especially in wastewater treatment [26-28]. Many
researchers have reported the composites of MnO; as adsorbent to
improve the adsorption properties and removal efficiency for different
organic contaminants [29,30]. Graphene based metal and metal oxides
nanocomposites were used for removal of different water pollutants
from polluted water [31].

In this work, GO-MnOy nanocomposite was synthesized by simple
one-pot hydrothermal process and characterized by using PXRD, FE-
SEM, Raman, elemental mapping, EDS, FTIR, BET, and TGA tech-
niques. Then, kinetics, isotherm and reusability analysis were

investigated against typical cationic dye: Methylene blue (MB) and
anionic dyes: Methyl orange (MO from aqueous solution.

2. Experimental work
2.1. Materials

All chemicals were used of analytical grade without any additional
purification. Graphite powder (200 mesh), Sodium Nitrate (NaNO3),
Sulfuric Acid (H2SO4, 98% purity), Potassium Permanganate (KMnQy),
Hydrochloric acid (HCl, 37% purity), Hydrogen Peroxide (H202) were
used of Thermo Fisher, India. Methylene blue (MB), and Methyl orange
(MO) were procured from Sigma Aldrich, India.

2.2. Preparation of GO-MnQOy nanocomposite

GO was synthesized using graphite flakes by modified Hummer’s
method as mentioned earlier by our group [32]. The nanocomposite of
GO with MnO, was prepared according to one step hydrothermal pro-
cess. Briefly, 500 mg KMnO4 was dissolved in DI water and then 700 pL
HCI was added slowly. Then 100 mL GO (50 mg) dispersed solution was
added into the KMnOy4 solution and sonicated for 30 min to make it
proper homogeneous solution. After that, this dispersed solution was
shifted into a Teflon-lined stainless-steel autoclave and maintained
120°C temperature for 10 h, and then, allowed to cool at room tem-
perature. After that, the product was washed several times with DI
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Fig. 2. Elemental mapping of synthesized GO-MnO, nanocomposite.

water, dried in vacuum oven at 50'C, and finally obtained the nano-
composite 1:5.50 (wt%/wt%) ratio of GO and MnOs,.

2.3. Batch adsorption experiments

The standard stock solutions 1000 mg/L concentrations of model
pollutants MB and MO were prepared for further experiments. The pH of
the solutions was maintained 4.3 and 10.5 for MO and MB dyes,
respectively, by using 0.01 M NaOH and 0.01 M HCI solution for the
experiments. The kinetics experiments were performed by using 50 mL
volume of 150 mg/L initial concentration with 50 mg adsorbent at fixed
interval 5, 10, 20, 30, 50, 80, 120, 180, and 300 min. The isotherm
experiments were performed within concentration range (10-600 mg/L)
using fix amount of adsorbent 50 mg for 24 h equilibrium time. The
reusability experiments were performed up to seven cycles with initial
50 mg/L concentration. The experiments for simultaneous removal of
both dyes from mixture were carried out at 7.12 pH with 100 mg/L
initial concentration. For adsorption, the solution mixture was shaken
vigorously at 25 °C at controlled incubator shaker with 150 rpm shaker
speed, and then the samples were separated using 0.45 um syringe filter.
The initial and final concentrations of the MB and MO dyes were
analyzed using UV-Vis spectrometer at a wavelength of 663 and 464 nm,
respectively. The removal efficiency (%) and adsorption capacity (Q.)
were calculated according to Egs. (1) and (2):

G - C)

100 1
C. (€Y

% Removal =

Q= (G - C)x (&)

where, Q. (mg/g) is the adsorption capacity of the adsorbent at equi-
librium; C, and C. (mg/L) are the initial and equilibrium concentrations
of dyes, respectively; V (mL) is the volume of the solution and W (g) is
the weight of adsorbent. The point of zero charge (pHypc) of the GO-
MnO; nanocomposite was examined using pH drift method which was
found to be 4.7. This pHzpc is closer to earlier reported value [33].

2.4. Characterizations

The crystalline phase, structure, and purity of the synthesized GO
and GO-MnO2 nanocomposite were analyzed using high resolution
powder X-ray diffraction (PXRD), Rigaku (Smartlab), Japan, using
monochromatic Cu K, radiation (Ko = 1.541 A) with scan speed 2°/min,
step size 0.02 in the range of 5-80 . Raman spectra were measured on
Raman microscopy (XploRA PLUS, Horiba company, Japan) at excita-
tion wavelength 785 nm. The surface functional groups of the synthe-
sized adsorbent were examined using Fourier transform infrared
spectroscopy (FT-IR), Nexus 670, Thermo Electron Corporation, United
States in the range of 400-3800 cm™!. The surface morphology and
microstructure information were examined by Field emission scanning
electron microscopy (FE-SEM), SU-8010, Hitachi, Japan) at working
voltage 10.0 kV voltage. The elemental mapping and compositional
analysis were investigated with the Energy dispersive X-ray spectros-
copy (EDS) attached with FE-SEM. The values of specific surface area
and porosity of GO-MnO, were measured by  BET
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Fig. 3. (a) FT-IR spectrum of GO and GO-MnO, nanocomposite, (b) combined graph of TGA and DTA, (d) N, adsorption-desorption isotherm, and (d) pore size

distribution of GO-MnO, nanocomposite.

(Brunauer-Emmett-Teller) and BJH (Barrett-Joyner-Halenda) methods,
respectively on BelsorpX mini, MicrotracBEL Corp. (Japan) at 77.35 K
using Ny adsorption-desorption test. The thermal stability was investi-
gated on Thermogravimetric analyzer (TGA), EXSTAR 6300. The sam-
ples were heated 10 °C/min heating rate under N, atmosphere in the
range of 35-900°C. The initial and final dyes concentration was exam-
ined by measuring the absorbance on UV-Vis spectrophotometer, UV-
2600 model, Shimadzu Company.

3. Results and discussions
3.1. Characterizations

The powder XRD patterns of the synthesized GO and GO-MnO,
nanocomposite are represented in Fig. 1(a). GO exhibits a sharp peak at
10.5° corresponding to the (001) reflection, which confirms the suc-
cessful formation of GO via oxidation of graphite. The prepared GO-
MnO; nanocomposite showed the different diffraction peaks situated at
20 = 26.4°, 28.8°, 37.5°, 42.78°, 56.74°, and 60.3° and 72.55°which are
corresponding to diffraction plans (220), (310), (211), (301), (600),
(521), and (312) of tetragonal phase of MnO5 according to JCPDS file
no. 00-044-0141 (space group:I14/m; a = b = 9.7847,c = 2.8630;
a = p =7y =90°). In the PXRD pattern of GO-MnO, nanocomposite, the
peak (001) of GO nearly disappeared, which may be due to the
diffraction signals of oxygen-containing groups of MnO_ Earlier, it was
also mentioned that diffraction peaks become reduced or even vanish
due to increasing or decreasing the content of GO. Also, another reason

behind the loss of GO peaks may be the exfoliation of the regular
lamellar structure of GO sheets [34].

The crystallite size of GO-MnO; was calculated by Debye- Scherrer’s
equation which is given as:

D = kM cosB 3

The crystallite size of GO-MnO» nanocomposite for the major
diffraction peak attributed to (310) was found to be about 31.72 nm. In
the PXRD patterns, no other peak of any impurity or other raw materials
were observed in the synthesized GO and GO-MnO; nanocomposite,
confirming the formation of high purity materials. The Raman spec-
trums of the synthesized GO and GO-MnO; nanocomposite are given in
Fig. 1(b). GO shows two major peaks at 1590 and 1350 cm_l, indicating
the G band and D band of carbon based compound [35]. The intensity
ratio of the G band and D band (R=Ig/Ip) represents degree of graphi-
tization, and a higher ratio indicates good quality of the graphitization.
In the current GO synthesis, this calculated ratio is 1.013, indicating that
sample shows high graphitization in turn better quality and high con-
ductivity. GO-MnO, nanocomposite shows another sharp peak which
appears at 662 em ! represents Mn-O stretching vibration, and D and G
band nearly disappear due to smaller concentration of used GO [36].
This Raman data strongly supported to the XRD results. FE-SEM image of
GO-MnO; nanocomposite is shown in Fig. 1(c). The particles of MnO4
are uniformly distributed over the exfoliated and aligned sheets of GO
which are forming a 2D network with little bit aggregation. The MnO,
nanoparticles seem to be sharp, a crystal-like structure having small rods
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and little bit of spherical shape. These sharp structures and highly
focused images show the highly crystalline nature of MnO3 in GO-MnO,
nanocomposite. The EDS spectrum of the synthesized GO-MnOs is pre-
sented in Fig. 1(d) to examine the purity and elemental composition. The
spectrum shows the presence of only C (at. 15.68%), O (at. 65.52%), and
Mn (at. 18.81%) elements, which are highly pure as according to our
expectations (Table in inset of Fig. 1(d)). Furthermore, the elemental
mapping of GO-MnO; nanocomposite is shown in Fig. 2, which clearly
indicating the uniform distribution of C, O, and Mn elements throughout
the surface. FTIR spectrum of synthesized GO and nanocomposite are
shown in Fig. 3(a). In GO, peaks observed at 3404, 1733, 1622, 1403 and
1116 cm ™! which are corresponding to the stretching vibration of hy-
droxyl groups, carbonyl group of carboxylic acid, olefine group, ether,
and alkoxy C-O groups, respectively [37]. These peaks indicated that
graphite was successfully converted into GO. All peaks of GO reflected in
FTIR of GO-MnO; nanocomposite, only peaks intensity was reduced due
to binding of GO with MnO5 which confirmed the nanocomposite for-
mation. Along with the one additional peak showed at 511 cm™! in
nanocomposite could be assigned to Mn-O vibration of the GO-MnO,
nanocomposite [38]. The TGA data exhibits three weight loss stages as
represented in Fig. 3(b). The first stage shows the decline weight of
13.5% up to 110 °C due to loss of adsorbed moisture content. The second
step indicates weight loss of 12.5% in the range 110-390 °C due to
removal of the oxygen-bearing functional groups. The third stage in-
dicates the loss of 47% in the range of 300-600 °C which indicates the
thermal decomposition of GO and the evolution of oxygen by conversion
of MnO; into Mny03 (~ 470 °C) [39]. DTA graph displays only one major
peak between 410 °C and 550 °C probably due to the transformation of
Mn (IV) to Mn(IIl). N adsorption-desorption of the synthesized
GO-MnO;, is shown in Fig. 3(c). The isotherm is typical IV, with hys-
teresis loops type H3, indicating the mesoporous structure with a rela-
tive pressure between 0 and 1. The BET specific surface area, cumulative
pore volume and average pore diameter were measured to be
26.359 m?/g, 0.97906 cm®/g, and 15.443 nm, respectively. Pore size
distribution in the GO-MnO, adsorbent is given in Fig. 3(d), indicating
broad pore size distribution with a maximum value at 2 nm.

3.2. Effect of contact time and kinetics

The contact time effect is an important parameter for the analysis of
equilibrium between adsorbate and adsorbent. Fig. 4(a) indicates the
effect of contact time on dyes removal which shows 50.48% and 85.35%
removal efficiency in starting 5 min and attends equilibrium in 60 and
20 min with the removal of 94.17%, and 98.98% for MO and MB dyes,
respectively. The fast adsorption for MB was observed in comparison to
MO dye due to more interaction between existing opposite charges on
GO-MnO; nanocomposite and MB dyes than GO-MnO; nanocomposite
with MO. Also, the faster adsorption in the earlier time was attributed to
the sufficient surface area and availability of reactive sites on the
adsorbent which became saturated to attend equilibrium.

Pseudo-first-order (PFO) and Pseudo-second-order (PSO) kinetic
models were measured to investigate the adsorption mechanism of dyes
onto the surface of GO-MnO, nanocomposite. The PFO kinetic model
describes that the rate of change in solute adsorption is directly pro-
portional to the change observed over time between saturated and the
adsorptive solid concentration, while PSO kinetic model assumes that
the rate of adsorption is measured through interaction between the
adsorbate and adsorbent. The PFO and PSO kinetics model in the linear
form are given below Eqs. 4 and 5, respectively [40]:

In(Qe - Q) = In Qe — kit 4

L ©)

where, Q. and Q; are the amounts of dyes adsorbed (mg/g) on the sur-
face of adsorbent at equilibrium and at a given time t (min), respectively,
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Table 1
Adsorption kinetic parameters of MB and MO dyes onto GO-MnO,, adsorbent.

Dye  Pseudo first order Pseudo second order

R? Iy Qe (mg/ R’ ko (8/ Q. (mg/

(min’l) g) mg-min) g)
MO 0.975 0.0776 116.16 0.999 0.0018 144.927
MB 0.896 0.113 67.96 0.999 0.0156 150.375

ki (per min) and k; (g/mg. min) are the rate constant for PFO and PSO
kinetics, respectively. The linear plot between In(Q, — Q;) versus t and t/
Q. versus t for PFO and PSO linear fitting are presented in Fig. 4(b) and
(c), respectively, and kinetics parameters are showed in Table 1. The
value of correlation coefficient (Rz) for PSO kinetic model had excellent
fitting (R2 > 0.99) for both MO and MB dyes in comparison PFO, which
clearly depicts that the PSO rate adsorption process is predominant
through chemisorption rate determining step. Also, a higher value of
rate constant (k) for MB confirms a faster adsorption rate towards
cationic dyes than anionic dyes.

3.3. Effect of initial concentration and adsorption isotherm

The effect of initial dyes concentration on the removal efficiency was
studied in the range of 10-600 mg/L concentrations and the removal
efficiency data is plotted in Fig. 5(a). Fig. clearly shows that as the
concentration was increased from 10 mg/L to 600 mg/L, the removal
efficiencies decreased from 100% to 29.63% and 24.88% for MB and
MO, respectively. The adsorption capacities were enhanced from 10 to
177.83 mg/g and 10-149.28 mg/g for MB and MO dyes, respectively.
This might be due to an increase in the initial dye concentration cause
the adsorption sites on the GO-MnO, adsorbent surface to be saturated,
which leads to a decrease in the removal efficiency. Opposite of this
trend, an increase in dye concentration causes the adsorption capacity of
the adsorbent to increase.

Two famous isotherm models Langmuir and Freundlich were used to
investigate the phenomena that occurred at the surface of the nano-
composite during the adsorption process. Langmuir isotherm model
[41] describes monolayer surface and homogeneous adsorption process.
The linearized form can be expressed according to Eq. (6):

CE/QC = Ce/Qm + 1/KLQm (6)

Freundlich isotherm model [42] describes heterogeneous sites with a
non-uniform distribution. The linearized equation can be written as Eq.

7):

InQ, = mKg + 1/n(InC.) )
where C. (ng/L) is the concentration of dyes in equilibrium solution,
and K, (L/g) is the Langmuir adsorption constant. Q. and Q,(mg/g) are
the amounts of dyes (mg/L) adsorbed on adsorbent at equilibrium and
maximum adsorption capacity of GO-MnO, nanocomposite, respec-
tively. Kg (mg'™/" L1//g) and n are Freundlich adsorption equilibrium
constant and adsorption intensity constants for the Freundlich adsorp-
tion isotherm, respectively. The value of 1/n shows different types of
isotherms: 1/n = 0 means the adsorption is either irreversible, 0 < 1/
n < 1 means favorable adsorption, and1/n > 1 means the contrary [43].
The linear fitting plots for Langmuir and Freundlich isotherm models are
shown in Fig. 5(b) and (c), and their corresponding calculated param-
eters are listed in Table 2. Table 2 indicates the better correlation co-
efficient (R> > 0.99) value and closer calculated Qm,cal Values with
experimental Qpexp values for Langmuir model than the Freundlich
model, which is a criterion for the fitting degree for the system. This
better fitting indicating monolayer adsorption of both MB and MO dyes
onto GO-MnO, nanocomposite which are occupied on the homogeneous
surface of the adsorbent. The value of 1/n for both dyes exists between
0<1/n<1, confirming the favorable adsorption process. The
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Table 2
Isotherms parameters for MB and MO dyes.
Dye Langmuir Freundlich
Qu, exp R? K, Qn, cal. (mg/g) R? 1/n K
MO 149.289 0.999 1.101 0.980 142. 593
149.253 0.007
MB 177.836 0.999 1.827 0.966 149.157
178.253 0.023
calculated Qp, values from the Langmuir model were 178.23 and
Table 3 ) o . . 149.253 mg/g for MB and MO dyes, respectively.
Comparison of adsorption capacity with various adsorbent materials for MB and X . e . .
A comparison of adsorption capacities of different adsorbents with
MO dyes. . .
current synthesized GO-MnO, nanocomposite adsorbent towards MB
Adsorbent Pollutant  Kinetic order and f:gthe“'{‘ model;  Refs. and MO dyes has been listed in Table 3. Table clearly shows good
rate constant (g/ sorption adsorption capacity of GO-MnO nanocomposite for MB and MO dyes
mg.min) capacity (mg/g) | .
— - adsorption that of other presented adsorbents. Also, synthesized GO-

KOH modified MB Pseudo second Langmuir; 212.8  [46] MnO, nanocomposite needed a shorter time for equilibrium state

Metroxylon spp order,
498 x 10-8 compared to some other reported adsorbents.

Blast furnace slag MO Pseudo second Langmuir; 167 [47]
acid-alkali oder, 3.4. Regeneration and reusability of adsorbent
precipitate 1.429 x 10
(BFSAP) o o .

Acetic acid and - MO Pseudo first Langmuir; 90.44  [48] Recyclability and reusability are other important parameters of any
arginine order,59 x 1073 adsorbent for the practical application purpose. The desorption was
l‘gl’relf“ated carried out using 0.1 N HCl and 0.1 N NaOH for MB and MO dyes,
:(ﬁ;;‘;‘feaves respectively [44,45]. The recyclability was carried out using 50 mg

FeOOH/ MO _ Langmuir and [49] GO-MnO, nanocomposite adsorbent with 50 mL solution of 50 mg/L
carbonized Frundlich; initial dyes concentration at solution pH 4.3 and 10.5 for MO and MB
bacterial 107.68 dyes, respectively. The performance for seven successive cycles is shown
cellulose in Fig. 6(a). The results indicate a very slight decrement in the adsorp-
neocompostte ti I efficiency after th les and it than 90% aft

Modified MB Pseudo second Langmuir; 47.62  [50] ive removal efficiency after three cycles and it was more than 90% after
activated order, 1.9 x 10~ continuing seven cycles. Thus, for the practical purpose, the synthesized
carbon GO-MnO, nanocomposite could be a good adsorbent for the wastewater

Graphene oxide MB Pseudo first - [51] treatment containing cationic and anionic dyes.
nanocomposite order, 5.6 x 1073

Cellulose based MB Pseudo second Frundlich;41.36 [52]
nanocomposite order 4.4 x 1073 3.5. Simultaneous removal of MB and MO dyes

GO-MnO, MB Pseudo second Langmuir This
Nanocomposite ‘;;d;r’x 10 178 study The removal efficiency was also investigated by taking individual

MO 18 x 10-° 149 100 mg/L initial concentrations and a mixture of both dyes using pH 4.3,
10.5, and 7.12 for MO, MB, and mixtures, and almost 100% removal in
both dyes was observed. These experiments were carried using syringe
and the image of the dyes before and after adsorption are represented in
100

=) 0
=] =)

% Removal
-
[—)

20

3

4
Cycles

MB) || (MO) | (Mix)

g (b) M&-g“d

| ;

Before adsorption After adsorption

Fig. 6. (a) Reusability performance of GO-MnO, nanocomposite by seven cycles of adsorption/desorption. Initial concentration: 50 mg/L, dose: 50 mg, pH: 4.3 and
10.5 for MOand MB dyes, respectively (b) Image of individual and mixture of dyes before and after the adsorption. Initial concentrations: 100 mg/L, pH: 4.3, 10.5
and 7.12 for MO, MB and mixture, respectively.
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Fig. 6(b) which clearly indicating the fast removal efficiency of both
dyes for practical purposes.

4. Conclusions

In summary, GO-MnO; nanocomposite was synthesized using hy-
drothermal process and used for the removal of cationic MB and anionic
MO dyes from the aqueous solution. The different characterizations
PXRD, Raman, elemental mapping, and FT-IR confirm the formation of
high purity adsorbent with uniform elemental distribution. GO-MnO3
nanocomposite showed sufficient potential in the removal of MB and
MO dyes from the aqueous solution. The rapid removal 50.48% of MO,
and 85.35% of MB occurred in starting 5 min, and further, about 94.17%
of MO and 100% of MB dyes were adsorbed within 60 min. Kinetics
results followed to PSO kinetics model. The isotherm model fitted well
with Langmuir isotherm model and showed maximum adsorption ca-
pacities 149.253 and 178.253 mg/g for MO and MB dyes, respectively.
The regenerated GO-MnO, adsorbent showed more than 90% removal
efficiency after seven continuous cycles. The simultaneous removal re-
sults of both dyes at lower and higher concentrations give 100% removal
efficiency. From these results, it can be assumed that the synthesized
adsorbent can be used for column packing in column fabrication to
purify the water by filtration. By considering the low cost and higher
adsorption potential, GO-MnO, nanocomposite will be becoming a
promising candidate for simultaneous removal of cationic and anionic
dyes from polluted water for water purification.
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