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Competitive Removal of Cationic Pollutants Using GO and GO-NH2 Nano-adsorbents
and Efficiency Comparison of Single and Binary Component Systems
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ABSTRACT: Many industrial wastewater containing various cationic pollutants including heavy metals
and organic dyes with non-degradable structures that are considered as a serious threat to public health
and the environment. In this study, nano-absorbers including graphene oxide (GO) and graphene oxide
modified with 3-aminopropyltricthoxysilane (GO-NH,) was successfully synthesized and characterized
by Scanning Electron Microscope (SEM), X-Ray Diffraction (XRD) and Fourier Transform Infrared
(FTIR) analysis. GO and GO-NH, were applied to remove Pb*>* and Cd*" metal ions, and methylene blue
(MB) cationic dye from aqueous solution in single and binary component systems (Pb**-Cd?**, Pb**-MB,
Cd*-MB). In the single component system, the maximum absorption of 99%, 72.5% and 49.5% was
obtained for MB, Cd** and Pb**, respectively, by using GO. In the case of GO-NH,, maximum absorption
0f 90%, 73% and 35% was obtained for Pb**, Cd*"and MB, respectively, in single-component system. In
the presence of MB dye, removal percentage of Pb*" and Cd** showed a reduction of 10% compared to
the single component system (Rq <1) by using GO. By using GO-NH,, in the metal-dye binary systems,
the removal percentage of Pb*" and Cd** showed a reduction of 15% and around zero, respectively, to
the single component system. The adsorption rate of MB onto GO and Pb*" onto GO-NH, were in good
agreement with pseudo-second order model (R*=99; k,=0.0002g mg' min"', R*=95; k,=0.001g mg"' min-
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1- Introduction

Both dyes and heavy metals are commonly discharged by
textile, printing, tanning industries, and are major concerns
in natural water and wastewater systems. It is well known
that some organic dyes and heavy metals are toxic to aquatic
organism and are potential threats to human health [1].
Adsorption is considered one of the best methods to remove
dyes and heavy metals from contaminated waters due to
its ease of operation and insensitivity to toxic substances.
However, most of adsorption studies have been conducted
with test solutions containing either metal ions or dyes in
single system [2]. For this reason the purpose of this work
is to study the adsorption metal ions (lead, cadmium) and
organic dye (methylene blue) in single and binary solutions
using GO and chemically-modified GO-NH,. The effects
of pH, absorption dose and time on adsorption in a single-
component system were investigated. In addition, kinetic
models for pollutants with higher removal efficiency were
studied with each of the adsorbents.

2- Methodology
2- 1- Synthesis of GO and GO-NH,

The synthesis of GO was performed by natural graphite
powder oxidation according to the Hummer method [3].

Corresponding author, E-mail: a_shahbazi@sbu.ac.ir

291

Surface of GO was modified by amine group by grafting
method [4].

2- 2- Heavy metal ion and dye adsorption in single and binary
systems

The batch adsorption experiments of Pb?*, Cd*" and MB in
single and binary system ( Pb**-Cd*, Pb**-MB, Cd*- MB)
were carried out at pH=6 with a concentration of 9x107
mmo/L. Then 0.1 g/L of nano-adsorbents added to 50 mL
metal ion and dye solution. After stirring 2 h, the residual
metal concentration and dye in the aqueous solution were
analyzed by atomic absorption spectroscopy(AAS) and
visible spectrometry, respectively.

At equilibrium, the adsorbed amount of dyes and heavy
metals per unit mass of adsorbent (qe, mg/g) and removal
efficiency were determined according to the following
Equations 1 and 2:
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Where Vis the liquid volume (L), Cis the initial concentration
in the solution (mg/L), C, is the equilibrium concentration
(mg/L), and W is the amount of the adsorbent sample on a dry
basis (g), respectively. In order to evaluate the effect of each
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of the metals Pb**, Cd* and MB in a simultaneous adsorption
system with each of the adsorbents, the absorption capacity
ratio (Rq) of Equation 3 was used:

4y
R, = P 3)

Where ¢, is the binary adsorption capacity for pollutant i
and q_, is the single component adsorption capacity of that
pollutant at the same operating conditions. if Rq’i> 1, the
presence of other pollutants in binary systems improves the
adsorption of pollutant i (i.e., synergistic adsorption), (b) if
R_ =1, there is no effect on the multicomponent adsorption
of “pollutant i, and (c) if R <1 the adsorption of pollutant
i is reduced by the presence of other pollutants in the
multicomponent solution (i.e., antagonistic adsorption) [5].

3- Results and Discussion
3- 1- Characterization

Figure 1 displays the morphology of GO using scanning
electron microscopy (SEM).
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Figure 1. SEM Image of GO

Figures 2 and 3 show the structural characteristics, surface
chemistry and identification of organic groups on the surface
of synthesized nano-adsorbents by X-ray diffraction (XRD)
and FTIR spectroscopy spectra.

Figure 2. XRD analysis of GO and GO-NH,

GO-NH,

Figure 3. FTIR spectra of GO and GO-NH,

3- 2- Adsorption of heavy metals and dye from wastewater
using the GO and GO-NH, nano-adsorbent

Results of adsorption experiments using single component
solutions are reported in Figure 4. The removal efficiency for
heavy metal ions, Cd*", Pb* and MB using GO was equal
to 70.5, 49.5 and 99%, respectively, and by GO-NH, was
obtained 73, 90 and 35%, respectively.
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Figure 4. Single component removal efficiency of heavy metal
and dye using GO and GO-NH, at pH 6

The multicomponent adsorption capacities and the values
of R for all pollutants of the binary systems reported in
Table 1. Results indicateed that the simultaneous presence of
pollutants in the absorption system, using both adsorbents,
affects the percentage of adsorption.

3- 3- Effect of pH and adsorbent doses on the dye and heavy
metal adsorption

For MB, the adsorption shows a slight increase at lower
pH and sharply increases when the pH is higher than 6 by
using GO. For Pb*', the removal efficiency by GO-NH, is
also lower (7% at pH=2) while shows a significant increase
(90%) at pH=6.

Increasing MB and Pb* removal efficiency by increasing
the absorbents dose from 0.05 t0 0.1 was due to the increase
of absorption sites in the adsorption process.
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Table 1. Binary adsorption capacities of heavy metal and dye using GO and GO-NH, at pH 6

Binary system S

e vp (mmol/ g) e carv (mmol/ g) e oo+ (mmOV g) Rq,MB Rq,Cd2+ Rq,Pb2+
Cd**-MB 0.84 0.60 - 1.09 0.93 -
Pb**-MB 0.86 - 0.25 0.82 - 0.63
Cd*-Pb** - 0.65 0.50 - 0.99 1.20

GO-NH,

Cd**-MB 0.66 0.15 - 0.51 1.00 -
Pb*-MB 0.10 - 0.40 0.35 - 0.50
Cd*-Pb** - 0.73 0.79 - 1.11 0.98

3- 4- Adsorption kinetic of the MB and Pb

Pseudo-first-order and pseudo-second-order kinetic models
were used for study the adsorption MB and Pb**onto the GO
and GO-NH,. Results showed that the calculated ge values
are mainly equal with experimental qe values and R? are
relatively high for adsorption data (Table 2), which indicates
that the adsorption of MB and Pb** onto GO and GO-NH,
obeys the pseudo-second-order model.

Table 2. Kinetic adsorption models

pseudo-first-order model

pollutants  Nano- adsorbent Geca K, (min') R?
(mg/g)
MB GO 386 0.0006  0.90
Pb* GO-NH, 263 0.07 0.95
pseudo-second-order model
MB GO 294 0.0002  0.99
Pb* GO-NH, 189 0.001 0.95

4- Conclusions

In summary, GO and GO-NH, as adsorbents for cationic
contaminants such as heavy metals (lead and cadmium)
and dye (methylene blue) in a single and binary component
system. According to the results, GO is effective absorbent
for MB (99%). However, for the adsorption of heavy metals,
the GO-NH, was more effective than GO (Pb*=90%,
Cd*=73%). Finally, for the dye-metal binary adsorption, a

clear competition of both cationic species (dye and metal)
for the adsorption sites was observed (antagonistic effect).
As a consequence, the removal efficiency of Pb* and Cd*
onto GO decreased significantly from 49% to 34% and from
72% to 64%, respectively. The removal efficiency of Pb*
decreased about 15% when compared to the values obtained
in mono-component adsorption by using GO-NH,. The
sorption kinetics of MB and Pb* were well described by
pseudo second-order model.

References

[1] Mane, Venkat S., Indra Deo Mall, and Vimal Chandra
Srivastava. “Use of bagasse fly ash as an adsorbent for the
removal of brilliant green dye from aqueous solution.”
Dyes and Pigments 73.3 (2007): 269-278.

[2]Nguyen, T. A. H., et al. “Applicability of agricultural
waste and by-products for adsorptive removal of heavy
metals from wastewater.” Bioresource technology 148
(2013): 574-585.

[3]Hummers Jr, William S., and Richard E. Offeman.
“Preparation of graphitic oxide.” Journal of the American
Chemical Society 80.6 (1958): 1339-1339.

[4]Lin, Yue, Jie Jin, and Mo Song. ‘Preparation and
characterisation of covalent polymer functionalized
graphene oxide.” Journal of Materials Chemistry 21.10
(2011): 3455-3461.

[5] Wang, Shaobin, and Eko Ariyanto. “Competitive
adsorption of malachite green and Pb ions on natural
zeolite.” Journal of Colloid and Interface Science 314.1
(2007): 25-31.

Please cite this article using:

DOI: 10.22060/ceej.2017.12804.5276

Z. Salahshour, A. Shahbazi, Competitive removal of cationic pollutants using GO and GO-NH, nano-adsorbents

and efficiency comparison of single and binary component systems, Amirkabir J. Civil Eng., 50(5) (2018) 919-928.

293






