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Abstract
The purpose of the current research is to investigate the adsorption process behavior of magnetic nitrogen
doped graphene (MNG) prepared from the orange peel in the adsorption of sodium dodecylbenzene sulfonate
(SDBS) from liquid solution in batch experiments. The characteristics results of VSM, FTIR, SEM, AFM, Raman,
elemental analysis and BET surface area analysis revealed the successful synthesis nano adsorbent. The
effective factors on adsorption performance were including adsorbent dosage, temperature, contact time, pH
and initial concentration of SDBS. The Maximum adsorption capacity for SDBS is computed to be 556 mg/g at
45 ◦C and pH of 3. The adsorption process of SDBS was found that �tted well with the Langmuir isotherm
model and pseudo-second-order kinetic equations. Thermodynamic analysis proved the spontaneous and
endothermic nature of the adsorption process. Furthermore, the SDBS can be desorbed from the fabricated
nano adsorbent by methanol solution with 88 % desorption e�ciency and MNG indicated good reusability after
�ve cycles. The �nding from this research, propose that the as-synthesized MNG could be an effective
adsorbent for water and wastewater treatment because of its convenient process and magnetic separation.

1. Introduction
Sodium dodecylbenzene sulfonate (SDBS) is a high content anionic surfactant with detergency, moistening and
foaming properties which is widely used in household detergents, �ber industry, metal plating processes, leather
industry, paper industry, agricultural chemicals (Li et al. 2020). The mean concentration of SDBS in urban
wastewaters reported between 1-10 mg/L, while its mean concentrations for industrial wastewaters were above
300 mg/L (Leyva-Ramos et al. 2020).  SDBS mainly considered as one of the most important hazards to the
aquatic life and soil, and discharges these chemical compounds into the environment can make serious
environmental problems through eutrophication, foam generation and reduce in dissolved oxygen of the
receiving water (Nazari and Ayati 2019). The removal of SDBS from wastewaters is an effortful work and needs
long time in wastewater treatment plants. So far, many conventional treatment methods have been employed to
reduce surfactants from domestic and industrial wastewaters that these methods contain physical, chemical,
biological treatments, coagulation and �ltration, ion exchange. Since these methods are generally costly,
produce some detrimental by products, lack of selectivity, need complicated instruments and time consuming;
thus cannot be effectively utilized in environmental treatments. Therefore, it is necessary to apply a candidate
approach that is capable to effectively remove or decrease the detergents from aqueous environment. Among
treatment methods, adsorption process has recently been recognized to be as potential alternatives in
environmental monitoring owing to its simpleness of design, great selectivity and low production volume of
waste, cost-effectiveness of operation (Wu et al. 2015). In this regard, some porous adsorbents including
chitosan (Parhizgar et al. 2017), polymer adsorbents (Garcia-Delgado et al. 1992), activated carbon (Zhang et
al. 2009), zeolites (Taffarel and Rubio 2010), metal oxide (Méndez-Díaz et al. 2009) and multi-walled carbon
nanotubes (Tan et al. 2008) was employed for SDBS removal from water and wastewater. Today, graphene has
attracted a high deal of attention in the �eld of adsorbing material owing to their unique physicomechanical
features including huge surface area, signi�cant electrical conductivity, desirable chemical stability, fast
charged carrier mobility and optical transparency (Singh et al. 2018). Numerous procedures have been provided
to further modify and develop the physicomechanical and electronic features of graphene including chemical
functionalization, graphene hybrid, electrochemical modi�cation and chemical doping with foreign atoms like
boron (B), nitrogen (N), oxygen (O), sulfur (S), etc (Wang et al. 2012a). By doing this, chemical doping seems to
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be as an effective method to improve the electrical conductivity properties and chemical reactivity of graphene
(Wang et al. 2010). Nitrogen consist of �ve valence electrons available for bonding with carbon atoms, and so
is regarded to be an element of highly effective for the chemical doping processes of materials (Li et al. 2016).
It was well found that the N-doped graphene (NG) displayed predominant performance compared to bare
graphene due to its the greater surface area to volume ratio and higher electrical conductivity (Yang et al. 2013,
Jiang et al. 2014). Beside, N-doped graphene possess chemically further active sites to capture of SDBS and
other pollutants through enter of nitrogen atoms into graphene carbon lattices and hence, nitrogen doping
process is of excellent potential to be applied for graphene modi�cation. Several studies have also been made
for employing N-doped graphene as a good adsorbent for use in water treatment process (Wang et al. 2012b,
Wang et al. 2014). However, the separation of N-doped graphene from the aqueous phase owing to its small
particle size seem very di�cult. Thus, the fabrication of magnetic complexes with N-doped graphene causes the
separation easier and swiftly from the aqueous phase at the �nal of the adsorption process. In various studies,
researchers have distributed Fe3O4 magnetic nanoparticles onto the graphene sheet surfaces to obtain
magnetic graphene-based materials (Yang et al. 2009, Yang et al. 2014). In the present research, we produced
for the �rst time magnetic N-doped graphene from orange peel as precursor and utilized it for adsorption of
SDBS from liquid solution in batch experiments. A characteristic privilege of this method other than that
conventional methods is the high mesoporosity and large surface area to volume ratio of synthesized magnetic
nanoparticle through chemical N-doping that would cause possible the removal of SDBS from contaminated
water. The in�uence of the different parameters such as solution pH, adsorbent dosage, initial concentration of
SDBS, temperature and contact time were investigated. The thermodynamic characteristics, including Gibbs
free energy, enthalpy and entropy of the adsorption were examined. Besides, the archived data were described
with the Langmuir, Freundlich, and Redlich Peter- son isotherm models.

2. Experimental
2.1. Chemicals

In this research, orange peel, was utilized as a good precursor material for the preparation of MNG in SDBS
adsorption process. The material �rstly was grinded and then sieved to pass by 60 µm mesh to get an uniform
particle size. Afterward, they washed completely with distilled water for eliminating impurities residues and
�nally dried in an oven at 70 °C for 48 h to until permanent weight was attained.

With the aim to the preparation and synthesis of MNG, the following chemicals were utilized: Sodium
dodecylbenzene sulfonate (C18H29SO3Na) was prepared from Acros, America and Potassium hydroxide (KOH)
was provided from Scharlo, Spain. Sodium hydroxide, sulfuric acid, hydrochloric acid (37 %), methanol, ethanol,
sodium acetate (NaAc), ferric chloride hexahydrate (FeCl3.6H2O), ethylene glycol (EG) and urea (CH N O) were

purchased from Merck, Germany. Further, deionized water (EC=0.055 μS m −1), was applied overall the
experiments.

2.2. N-doped graphene synthesis

For synthesizing of N-doped graphene were used waste orange peel as carbon source and urea as nitrogen
source. At �rst, 5 g of carbonized sample was mixed with 15 g urea based on the ratio of 3:1 on a magnetic
stirrer at room temperature for 1 h. After blending, it was dried in an oven at 110 °C for 48 h. Then, the mixture
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was placed in a ceramic boat into the quartz tube model (Nabertherm RS 80/750/11, Germany) under argon gas
�ow outside the furnace with a heating rate of 5 °C min−1, which reached 700 °C, and then it was preserved at
this temperature for 1 h. After the reaction �nished, the sample was cooled to room temperature under argon
gas overnight and was removed from the reactor at the �nale of each experiment. In the next step, 5 g of the
synthesized sample was stirred with 25 g KOH in ratios of 1:5 and was dried in an oven at 110 °C for 48 h. The
sample was heated in a ceramic furnace under argon gas �ow with a heating rate of 10 °C min−1, which
approached 900 °C, and then it was preserved at this temperature for 2 h. After the step, the samples were
cooled in an argon gas and removed from the reactor at the �nal of each experiment. Later, the sample was
mixed with 0.1 M HCl for 3 h on a magnetic stirrer to remove the potassium hydroxide compounds. Finally, the
prepared sample was �ltered and was then repeatedly washed with deionized until the pH attained 6-7 and dried
in an oven at 110 oC for 12 h (Muramatsu et al. 2014).

 2.3. Magnetic N-doped graphene synthesis

The Fe3O4-G nanoparticles preparation was performed according to the hydrothermal method. Brie�y, 0.5 g of
N-doped graphene (NG) powder was ultrasonicated in 70 ml ethylene glycol C for 3 h. Then, 0.5 g of FeCl3.6H2O
and 1 g of sodium acetate (NaAc) was added to the above mixture for 30 min. The mixture was placed into a
Te�on-lined stainless-steel autoclave and thereafter heated at 200 °C for 10 h and then cooled at ambient
temperature. Finally, the obtained nanocomposite several times was completely washed with distilled water and
ethanol and vacuum dried at -60 oC for 6 h (Ai et al. 2011).

2.4. Characterization

Earlier performing the adsorption experiments, the as-synthesized nanoparticles were determined by AFM, SEM,
BET, FTIR, Raman, VSM and elemental analysis (CHNS) as expressed in the following description. The Raman
spectroscopy analyses of the samples were recorded by using a Raman Spectrometer model (Thermo Scienti�c
DXR, USA) in the spectral range of 200- 4500 cm-1. The atomic force microscopy (AFM) image was utilized
employing a Park Scienti�c CP-Research model (VEECO) to investigate the thickness of N-doped graphene
sheets. The qualitative measurements for identifying functional groups by FTIR were performed with a
Shimadzu FT-IR 8400 spectrometer (Japan) using KBr as a background over the range of 4000–400 cm-1. The
scanning electron microscopy (SEM.LEO 1455VP microscope, Cambridge, U.K) was investigated to observe the
size and morphology of the nanocomposites. Brunauer–Emmett–Teller (BET) analysis was utilized for
calculating the speci�c surface area and the pore size distribution with a Micromeritics ASAP 2010, system
(Japan). The vibrating sample magnetometer analysis (VSM) (Meghnatis Daghigh Kavir Co., Kashan, Iran) was
examined to measure the magnetic properties of materials at room temperature. The weight percentages of
elements determined by the Carbon, hydrogen, nitrogen, and sulfur (CHNS) analyses using a Thermo Finnigan
Corporation Flash EA 1112 in G and magnetic N-doped graphene.

2.5. Batch adsorption experiments

The adsorption studies of SDBS on MNG carried out applying the batch equilibrium procedure in a set of 150
mL Erlenmeyer and was shaken on a shaker operated at 200 rpm at 25 ◦C. In batch process, the adsorption tests
were done under constant conditions, solution volume of 100 mL, SDBS concentration of 50 mg/L, an
adsorbent dosage of 0.1 g/L, pH = 3, at a temperature of 45 ◦C for 60 min. Then, the magnetic nano adsorbent
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was removed by using a magnet and the supernatant was gathered for SDBS concentration measurement. In
the batch experiments, the in�uences of, adsorbent dosage, contact time, initial SDBS concentration, solution
pH and temperature on SDBS removal were studied. The solution pH was adjusted by adding HCl or NaOH. The
�nal concentration of SDBS was measured by UV–Vis spectrophotometer (PerkinElmer Lambda
25 UV/Vis Spectrometer) at 223 nm. Moreover, blank samples (including only deionized water and prepared
adsorbent) were provided and investigated as a control. In All experiments, the mean values with three
replications were given. In the adsorption process, the performance of parameters in the removal of SDBS were
studied under different conditions including nano adsorbent dose (0.1–0.25 g/L), temperature (15–45 ◦C),
contact time (5-90 min), pH (2–10) and concentration of SDBS (50–150 mg/L).

2.6. Desorption studies

In order to evaluate the reusability of SDBS in batch mode, optimal weighting of MNG was added to 20 mL of
the methanol and ethanol as eluents. Afterward that, the spent nano adsorbent was separated by a magnet and
washed twice with deionized water and dried at 70 ◦C for 60 min, and then recycled for adsorption again.
Furthermore, the reusability of nano adsorbent was experienced under the optimized conditions. The SDBS
regeneration was calculated by equation 1:    

2.7. Adsorption kinetics

Adsorption kinetics tests were performed by mixing 100 mL of SDBS solution of different concentrations (50–
150 mg/L) with 0.15 g/L of nano adsorbent and mixture were agitated at 200 rpm at 25 ◦C. Adsorption kinetics
studies were also investigated to examine the mechanism of adsorption of SDBS onto MNG nano composite.
The Lagergren-�rst-order rate, the pseudo-second-order and the intra-particle diffusion model (IPD) models were
utilized to evaluate the adsorption kinetics. It is essential to recommend the correlation coe�cient (R2, close or
equal to 1) to calculate the propriety of different models. Generally, the higher R2 value exhibits a further
pleasant kinetic model. The kinetic models provided in the following equation (Yuh-Shan 2004, Ho 2006):

where qe and qt (mg/g) are the amount of SDBS adsorbed at equilibrium time and amount of SDBS adsorbed 

at the time, respectively. k1 (min−1) and k2 (g/mg. min) are the rate constants.

The intra-particle diffusion model (IPD), offered by Weber has been utilized for understanding to the
mechanisms and rate controlling stages in�uencing the adsorption kinetics. The kinetic results were examined
by the intra particle diffusion model to reveal the diffusion mechanism, which can be expressed as:
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where C is the intercept (mg/g) which is correlated to the boundary layer thickness and kid is the slope which

signi�es the intra particle diffusion rate constant (mg/g h1/2),which can be estimated from the slope of the
linear plot of qt versus t1/2 .

2.8. Adsorption isotherms

To evaluate the relation between the molecules SDBS adsorbed on the prepared nano adsorbent and the
concentration of SDBS remained in the liquid phase, the isotherm data were determined by the Freundlich,
Langmuir and Redlich–Peterson (R–P) models.

The Langmuir isotherm is utilized to explain the behavior of the equilibrium between adsorbate and adsorbent
and adsorption take place on a homogeneous surface which is limited to monolayer surface without interaction
between the absorbed materials. The Langmuir model can be ascribed by equation 5 (Langmuir 1918):

where Ce (mg/L) is the equilibrium concentration of SDBS solution, qe (mg/g) is the adsorption capacity at
equilibrium adsorption capacity (qm) and b are the maximum adsorption capacity (mg/g) and the equilibrium
adsorption constant (L/mg). Freundlich model is an empirical adsorption model and provide a bene�cial
perceptual basis for perception between SDBS concentration on the nano adsorbent surface and concentration
in the aqueous phase. Also, this isotherm model was developed to ascribe equilibrium adsorption for multilayer
system according to the assumption of an exponential distribution of adsorption energies for each component.
The Freundlich isotherm can be written in the linear form by equation 6 (Freundlich 1907):

where qe (mg/g) is the equilibrium adsorption capacity of adsorbent, Ce (mg/L) is the concentration of SDBS in

liquid phase at equilibrium, Kf ((mg/g)(l/mg)1/n) is Freundlich adsorption equilibrium constant and n is the
empirical constant suggesting the intensity of adsorption which proves with the heterogeneity of adsorbent.

The Redlich-Peterson (R-P) isotherm model is widely employed for demonstrating adsorption equilibrium over a
broad concentration range and can be used in both homogeneous and heterogeneous systems because of its
versatility (Piccin et al. 2011). The Redlich–Peterson (R–P) model can be expressed by the following linear
equation:

where, KRP and β are the R–P constants and qRP show the adsorption capacity in mg/g.

2.9. Adsorption thermodynamics

https://www.sciencedirect.com/topics/engineering/monolayer
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The thermodynamic studies are investigated through the calculation of standard Gibbs free energy changes
(ΔG0), standard enthalpy changes (ΔH0), and standard entropy changes (ΔS0) by performing the adsorption
experiments at different temperatures (15, 25, 35, and 45 °C) to attain knowledge about the energy changes, and
according to the following equation (Guo et al. 2014):

where the kd is equilibrium constant and its value was calculated by the ratio of qe and Ce. ΔH0 and ΔS0 values
were obtained from the slope and the intercept of the linear plots of ln ( ) versus 1/T, respectively. R is the
universal gas constant (8.314 J/mol.K) and T is the temperature (K). Where K d is the adsorption equilibrium
constant and can be presented from initial and equilibrium concentration (Co and Ce) of SDBS:  

where V and W are the solution volume (mL) and the adsorbent mass (g), respectively. The ΔGo is the change in
Gibbs free energy (J/mol) and was estimated at different temperatures, which can be expressed as follows
equation:

3. Results And Discussion
3.1. Nano-adsorbent characterization

FTIR spectra was employed in order to know the signi�cance of functional groups placed on the surface of
materials. The FTIR spectra of orange peel (a), G (b), MG (c), NG (d) and MNG (e) were shown in Fig. 1.
According this �gure, in the FTIR spectrum of orange peel and all synthesized samples, the absorption band at
3420 cm−1 is assigned to O–H stretching vibration. The presence of two peaks at 2858 cm−1 and 2925 cm−1 are
associated to symmetric and the asymmetric stretching vibration of C-H, -CH2-NH-CH2- or –CH2-NH-CH3-,

respectively (Hao et al. 2010). Also, the 1736 cm−1 and 1075 cm−1 peaks that were achieved in the FTIR spectra
ascribed to C = O bond of epoxy groups (Xue et al. 2015). The band located at 1248 cm−1 and 1384 cm−1

corresponding respectively to stretching vibration of C-N and N-CH3, which represents an increase of nitrogen in
the structure of graphene. When the nitrogen atom attaches to the carbon lattice structure, would be expected
adsorption peaks in the range of 1200 cm−1 to 1600 cm−1 (Misra et al. 2007). The peaks observed at 1248 cm−1

and 1384 cm−1 in N-doped graphene curves (curves d and e) illustrating the replacement of nitrogen atom with
carbon atom in a continuous carbon lattice. Therefore, the N-doping process in graphene sheets associated with
the C-N bond. Furthermore, two major adsorption peaks around 872 cm-1 and 588 cm-1 in N-doped graphene
curves (curves d and e) corresponding respectively to the N-H bending vibration and Fe–O stretching vibration,
con�rming that the decoration of Fe3O4 magnetic nanoparticles on graphene nanosheets (Hao et al. 2010,
Saleh et al. 2017).
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In order to determine the porous structure and synthesized adsorbents surface area, the BET analysis was
performed. The results achieved of N2 adsorption-desorption isotherms containing the BET surface area, the
average pore diameters and total pore volumes of synthesized adsorbents (G, MG, GN and MGN) are
summarized in Table 1. The BET results demonstrated that the speci�c surface area of G, MG, GN and MGN
were computed as 2525.1, 1534.1, 1640.3 and 1362.5 m2/g, respectively. It was as anticipated, the BET surface
area  of  MNG adsorbent was diminished both related to the surface N-doping and magnetite (Fe3O4)
nanoparticles in graphene structure. Based on the IUPAC adsorption–desorption isotherms, of all synthesize
material seem a hybrid of Type I and IV isotherm, which proves the mesoporosity development.The Raman
spectroscopy de�ne as a non-destructive and powerful chemical analysis technique which can provide
information about number of layers, order, vibrational modes of molecules and features of graphene-based
materials. The Raman peaks are provided in Fig. 2. It is well-known that the Raman spectra of MNG commonly
show two main peaks around 1561 and 1339 cm−1, which are assigned to D and G peak, respectively. The D
band is ascribed to sp3 carbon atoms vibration with structural defects, while the G-band is due to sp2 bonded
carbon atoms vibration in a graphitic domain. The 2D-band was acquired at 2633 cm−1, which speci�ed that the
place of the 2D-bond to be more sensitive to the graphene layers number. Furthermore, the MNG layers number
can be ascertained from the peak intensity ratio, I2D/IG. In this way, the I2D/IG intensity ratio of single, double,
triple and multi-(> 4) layers graphene is higher than 1.6, 0.8, 0.3 and 0.07, respectively (Ray et al. 2012, Akhavan
et al. 2014). In the current study, the I2D/IG ratio was found to be 0.6, suggesting that the double, triple layer
structure of graphene sheets synthesized. AFM imaging provides a wealth of information from geometry and
topology of prepared MNG sheets. The AFM magni�ed image of MNG with line scan are presented in Fig. 3. The
height measurement AFM scan revealed that the width of MNG nano sheets was between 0.8 to 1 nm,
con�rming that the single layer and high quality of synthesized MNG nano sheets. The magnetic properties of
MG and MNG and were carried out with a vibrating sample magnetometer (VSM) and results are depicted in Fig.
4. The magnetization values of MG and MNG were found to be 14 and 10 emu/g, respectively. Accordingly, the
reduction in the magnetization value of MNG sample can be illuminated by the introduction of nitrogen
functional groups on MNG surface and the proportionate reduction in Fe3O4 nanoparticles per unit weight.
Meanwhile, the magnetism curves also represented negligible coercivity and hysteresis, observing that the MG
and MNG could be rapidly allowed to separate from the liquid phase after adsorption experiment by magnet,
which approves  that the strong magnetic characteristics of the prepared nano adsorbents for SDBS removal.
The surface morphologies of G and magnetic MNG were imaged by SEM as shown in Fig. 5. It was clearly seen
from Fig.5a that the obtained graphene nanosheets consisted of thin, folded, and some crumpled structures
with wrinkled edge. The SEM image of MNG (Fig. 5 (b)) revealed that Fe3O4 NPs were successfully anchored on
the surface of graphene sheets and the average sizes of the Fe3O4 NPs decorated on the graphene surface were
estimated about 100 nm with a uniform distribution. The CHNS elemental analysis of graphene and MNG were
presented in Table 2. The results shows that carbon contents (86.10 %) in MNG slightly decreased while the
content of nitrogen increased to 1.9 % due to the N- doped graphene nanosheets.

3.2. Adsorption experiment     

3.2.1. Effect of contact time
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It is obvious that the contact time is one of the most essential parameters in the adsorption process because of
determine the needed time for SDBS molecules adsorption on the MNG nano composite to attain equilibrium.
Hence, the in�uence of contact time on the removal e�ciency of SDBS onto the as-synthesized nano adsorbent
was studied in the time range of 5-90 min in various SDBS concentrations and the obtained results are
presented in Fig. 6. The results of adsorption experiments suggested that the adsorption rate of SDBS on MNG
occurs sharply at the �rst contact time of 30 min and then approaches a constant value. From the results, the
time to attain equilibrium was 30 min with 87 % removal of SDBS observed. Also, the equilibrium adsorption
capacity (qe) of MNG increased with increasing time (qe= 217 mg/g) was mainly due to the interaction between
SDBS molecule and surface functional groups of nitrogen. It can be expressed that the rapid equilibrium state
may be due to the presence of availability of a large number of vacant sites on the nano adsorbent surface,
while the diminish can be coupled with a low SDBS mass transfer from the liquid phase to the MNG nano
composite surface. These results are agree with some reported studies in the literature for the adsorption
process of SDBS (Valizadeh et al. 2016, Kahya et al. 2018).

3.2.2. Effect of solution pH

It is well known that the solution pH can play a main controlling parameter for adsorption of pollutants from
liquid solution because it in�uences the adsorption studies greatly by affecting both the kind of ion (H+ or OH-)
solution and the adsorbates ionization degree in solution (Bian et al. 2015, Cui et al. 2015). For this purpose, the
in�uence of different pH (2.0 to 10.0) on the adsorption of SDBS onto MNG nanoparticles was evaluated (Fig.
9). According to Fig. 7, the removal e�ciency and adsorption capacity of SDBS by synthesized nanoadsorbent
were increased with decreasing the pH value. Hereupon, the highest adsorption capacity was happened in pH 2
and 3. The adsorption studies at pH=3 was conducted because of the economic and environmental reasons,
and this pH value was considered as the optimum pH for SDBS adsorption. Thus, subsequent adsorption
experiments were carried out at pH = 3. It is observed that the removal e�ciency of the SDBS reached a
maximum at pH = 3 with 94 % removal (qe = 314 mg/g). This trend can be illustrated by the fact that at this pH
value the protonation reaction by neutralization of the negative charges and enhancement of the number of
positive charges on the active sites of the adsorbent surface increases and electrostatic interactions between
the MNG surface and SDBS play a signi�cant function. Additionally, another reason might be due to the
nitrogen groups in the structure of MNG increases positive charges of adsorbent surface and �nally improves
the removal of SDBS from aqueous solution. On the other hand, at alkaline pH values, the removal rate of SDBS
by MNG was decreased because of the stronger electrostatic repulsion. Inyinbor et al. investigated the
Rhodamine B dye removal e�ciency applying Raphiahookerie fruit epicarp as adsorbent in a pH range of 2.0 to
9.0, and higher dye removal e�ciency was obtained at pH = 3.0 and the adsorption capacity increased with
decreasing the solution pH (Inyinbor et al. 2016). The removal of SDBS from an aqueous solution can be further
explained by pHzpc. With applying the pHzpc can be determined the charge on a solid surface is zero, and this
point the sum total of surface positive and negative charges on adsorbent surface are balanced (Sta�ej and
Pyrzynska 2007, Sarswat and Mohan 2016). In this research, the pHzpc of adsorbent was measured by
introducing 10 mg of adsorbent into 1 mM NaCl aqueous solution. Fig. 8 reveals the change surface charges of
MNG nano adsorbent with pHzpc curve. The pHzpc was found to be 7.4 according to the Figure 1. This pH
shows that the surface of adsorbent possess a positive charge in the pHzpc lower than 7.4 and possess a
negative charge in pHzpc greater than 7.4. 

https://sinonimos-online.com/english/coupled-with.html
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3.2.3. Effect of adsorbent dosage   

The effect of adsorbent dosage on the removal e�ciency of SDBS by MNG was examined and the results
illustrated in Fig. 9. According the results, the equilibrium adsorption capacity being strongly dependent on the
raise of the adsorbent dosage. Under a given operating conditions, the maximum removal e�ciency of SDBD
was achieved at 0.15 g/L of adsorbent dosage. It is found that with increasing absorbent dosage from 0.1 to
0.25 g/L, the SDBS removal percentage increased from 86% to 100% and the equilibrium adsorption capacity
(qe) decreased from 360 to 199 mg/g. That is due to the enhance of the number of available active sites on the
surface of the MNG at a higher amount of adsorbent, which lead to more SDBS trapping onto the adsorbent
surface. The results shows that although the removal rate increases with increase in adsorbent dosage, but the
amount of SDBS adsorbed onto per gram nano adsorbent decreases. The reason can related to the lack of the
saturation of available active sites for the absorption of pollutant. This research approved the results achieved
by other authors (Zhang et al. 2011, Sumalatha et al. 2014, Wong et al. 2020).

3.2.4. Effect of initial concentration 

In this section, the in�uence of initial pollutant concentration on adsorption capacity was investigated under
respective optimal pH. As revealed in Fig. 10, with raising concentrations of SDBS from 50 to 150 mg/L, the
adsorption capacity was raised signi�cantly from 305 to 538 mg/g. This can be clari�ed owing to the raise of
the driving force by raise of SDBS concentration in the aqueous phase and thereby to raise in contact between
SDBS molecules with available adsorption sites on the MNG surface. However, the removal percentage of SDBS
by MNG was found to reduce from 98% to 54% with increase in initial pollutant concentration. Since at lower
concentrations, the ratio of the initial number of molecules adsorbed to the available surface area of nano
adsorbent is huge, whereas at higher concentrations the available sites of adsorption become fewer, and
therefore the removal rate of SDBS which depends on the initial concentration, reduces.  

3.2.5. Adsorption kinetics 

The mechanism of SDBS adsorption process, with the help two linear equations including the pseudo-�rst-order
and pseudo-second-order kinetic models were applied to describe the empirical data of SDBS adsorption onto
MNG adsorbent and the models results are provided in Table 3. A comparison between the regression
correlation coe�cients (R2 = 0.9999) values determines the SDBS molecules adsorption on prepared nano
adsorbent followed pseudo-second-order kinetic model to achieved data compared to the pseudo-�rst-order
adsorption model. It is observed that the calculated adsorption capacity (qe2) from the pseudo-second-order
kinetic model, are favorable consistent with empirical values (qe exp) than the other one. These facts proves that
the empirical data are very well exhibited by pseudo-second-order kinetic model. Our data are given in Table 3
clearly showed a similar trend of reduce in the pseudo-second-order constant (k2) with enhance in initial SDBS
concentrations, showing the fast saturation of the available active sites of MNG by SDBS and as a result in
reaching equilibrium at lower initial concentrations in adsorption system. Literature study also suggested that
the chemical adsorption processes controls reaction rate in batch system, which related to the sharing or
electron exchange between SDBS and adsorbent sites. Consequently, the covalent chemical bonds facilitates
attachment of SDBS molecules on the adsorbent surface in solution. Bhandari and Gogate also reported similar
results when they investigated activated coconut shell as adsorbent for SDBS removal from aqueous solution.
They showed that the adsorption of SDBS onto activated coconut shell as adsorbent followed the pseudo-
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second-order mechanism and adsorption of SDBS was a chemisorption process (Bhandari and Gogate 2018).
Robati was concluded that the pseudo-second order model satisfactorily explain the adsorption kinetics of lead
onto MWCNTs and MWCNT-COOH surfaces (Robati 2013).

Based on the intra-particle diffusion diagram which shown in Fig. 11, the SDBS adsorption onto MNG comprise
two stages exhibited a multilinearity. The �rst stage was mainly ascribed to the boundary layer diffusion or
macro-pore diffusion, and second stage was owing to the intra particle diffusion or micro-sore diffusion. 

3.2.6. Adsorption isotherms

The adsorption isotherm models are utilized to explain the quantity of adsorbate on the surface as a function of
concentration at constant temperature. Hence, to perceive the SDBS adsorption mechanism onto MNG
adsorbent, the linear Langmuir, Freundlich, and Redlich–Peterson (R–P) isotherm models were employed to
describe the equilibrium empirical result �tting curves are displayed in Fig. 12 (a, b and c). These equilibrium
isotherm equations models also are explained by the appropriate constant values, and which demonstrated the
surface features and described the adsorption capacity of the nano adsorbent. Moreover, Table 4 implies the
model constant values and the regression coe�cients (R2) are achieved by �tting empirical data into the stated
isotherms. Among three models, the Langmuir isotherm was considered well �t to the SDBS adsorption than the
other studied isotherm models due to the high correlation coe�cient value (R2=0.9983). According to the
literature, it could be clearly concluded that the SDBS adsorption onto MNG nano adsorbent was monolayer
coverage (uniform) and the homogeneous in nature without any interaction between the adsorbed SDBS and
with the equivalent energy of the whole sites on the nano adsorbent surface sites. The Redlich–Peterson (R–P)
isotherm model also blends the postulation of both the Langmuir and Freundlich models; and so representing
that the adsorption mechanism is conformity with the single and multi-layer adsorption. Based on the Redlich–
Peterson (R–P) isotherm model, the adsorption can be classi�ed as Freundlich (β >1) and Langmuir equation (β
= 1). From the results, the β value was estimated to be 1, thus illustrating that the SDBS adsorption process has
a higher correlation toward the Langmuir model. Therefore, the maximum adsorption capacities values (qm) of
SDBS obtained for the Langmuir isotherm model was calculated to be 555.55 mg/g. Silvio et al., studied the
adsorption of SDBS from liquid solution by modi�ed natural zeolite with cetyl trimethylammonium bromide
(CTAB) and found that isotherm data �tted very well with the Langmuir isotherm model (Taffarel and Rubio
2010). Further, Vale et al. found the adsorption of SDS and SDBS using polyvinyl chloride (PVC) had the
greatest agreement with the Langmuir kinetic model (Vale and McKenna 2005).

3.2.7. Adsorption thermodynamic

To realize the effect of temperature on SDBS removal e�ciency, the thermodynamic parameters were assessed
at studied temperatures are given in Table 5. The plots of ln Kd versus 1/T for SDBS adsorption onto MNG can

be shown from Fig. 13. As observed in Table 5, ΔH0 have a mean value of +59.08 J/mol. According to the
positive values of ΔH0 (ΔH0 > 0) and the negative slope of Van’t Hoff con�rming the adsorption process on the
MNG nano adsorbent is an endothermic reaction which is explained by the increase of SDBS adsorption onto
MNG with rising temperature. Similar observation have been achieved in Zhang et al studies for SDBS
adsorption by modi�ed activated carbon with ferreous sulfate (Zhang et al. 2009). Additionally, the ΔH0 value is
studied to realize whether the SDBS adsorption on prepared nano adsorbents is physical or chemical. For the

https://www.sciencedirect.com/topics/chemistry/isotherm
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physical adsorption the ΔH0 value is between 20–80 kJ/mol while chemical adsorption occurs in the range of
80 to 400 kJ/mol (Rodrigues et al. 2011). Based on the estimated ΔH0 value can be elucidated that the
interaction between SDBS and MNG nano adsorbent re�ects the physical mechanism. Moreover, the negative
value of ΔG0 (ΔG0 < 0) exhibits that the adsorption of SDBS onto magnetic nano-adsorbent is spontaneous in
nature at various temperatures. In this study, the ΔG0 value varied from -67.40 to -74.43 kJ/mol with
temperature increasing from 288 to 318 K. The increase in negative values of ΔG0 with an enhancing
temperature proving that more e�cient and favorable adsorption of SDBS at higher temperatures due to reduce
viscosity and solubility of SDBS in the solution and activation energy.  Eventually, ΔS0 positive values (+234.12
(J/mol)) is caused by the increase in degree of freedom by the adsorbed species in solution and shows raised
randomness at solid–liquid interface during the SDBS adsorption onto MNG. Also, positive values of ΔS0

associated with the structural changes in adsorbate and nano adsorbent. 

3.2.8. Desorption and regeneration study

From a practical perspective, stability and regeneration are one of the most important features of an ideal nano
adsorbent since can help reduce economic costs and environmental impacts and also saving more time
remarkably. In this study, to determine the possibility of recyclable and reusability of MNG as an adsorbent, we
implemented desorption experiments under batch experimental conditions. Therefore, in this study, desorption
of SDBS was carried out in 20 ml of methanol and ethanol. It is found that the desorption e�ciency using
methanol and ethanol were obtained 88.30 % and 60.16 % , respectively, which indicated the SDBS can be
effectively regenerated using methanol compared to ethanol solvent (Fig. 14). The reusability of MNG was
examined by doing the adsorption–desorption process for �ve successive cycles and the adsorption
performance in each cycle was calculated, which was illustrated in Fig. 15. It can be depicted from Fig. 14, the
change of SDBS adsorption performances was negligible during �ve adsorption- desorption cycles and
desorption percentage was obtained at 87 % after the last cycle. According to the background information, the
lower removal e�ciency of MNG in adsorption-desorption cycles may be due to the fact that in the �rst
regeneration step, huge number of active sites on the MNG adsorbent surface have not  yet been occupied by
pollutant, but in the next steps, remains a few adsorption sites and thereby the e�ciency of MNG decrease.
Besides, the magnetic power of MNG nano adsorbent did not reduce compared to the initial step, and thus the
nano adsorbent could be effortlessly separated and reused by a magnet before and after the adsorption-
desorption process. Overall, our regeneration studies proposed that this nano material can be repeatedly
employed as e�cient adsorbent for practical application of wastewater treatment process. 

4. Conclusion
In the current study, we reported a chemical procedure in order to fabricate a highly effective nano adsorbent
from orange peel for puri�cation of SDBS from aqueous environment. The prepared MNG was characterized
very well using various analysis, proving that the iron oxide was uniformly decorated on the surface of nitrogen-
doped graphene sheet. The batch adsorption system experiments exhibited that the maximum SDBS removal of
98 % was occurred at adsorbent dosage of 0.1 g/L, contact time of 30 min, temperature of 45 oC and values pH
of 3 and initial concentration of 50 mg/L. The adsorption of SDBS onto MNG adsorbent was found to be highly
dependent on values of pH. The experimental data also highlighted that the adsorption kinetic favorably
demonstrated by the pseudo-second-order kinetic model and the negative value of ΔG0 (ΔG0 < 0) and positive

https://link.springer.com/article/10.1007/s00396-016-3920-9#Fig9
https://link.springer.com/article/10.1007/s00396-016-3920-9#Fig9
https://link.springer.com/article/10.1007/s00396-016-3920-9#Fig9
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values of ΔH0 (ΔH0 > 0) con�rmed that endothermic phenomena and spontaneous nature of SDBS adsorption
onto magnetic nano-adsorbent. The maximum adsorption capacity calculated by the Langmuir model was 556
mg/g, supporting monolayer coverage of SDBS molecules at the surface of nano adsorbent. Reusability studies
showed the SDBS can be recovered rapidly and e�ciently from the produced MNG surface applying methanol
solution with a high yield of 87 % after �ve cycles. It is believed that this research would be valuable in the water
and wastewater treatment applications due to the simplicity, reproducibility, high performance, low cost, as well
selectivity of  this approach.
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Tables
Table 1. BET surface area (SBET), total pore volume and average pore diameters of prepared
adsorbents.

(DAve.BJH (nm(Vtotal (cm3/g(SBET (m2/gAdsorbent
0.91.46842525.1G
0.80.80141534.1MG
0.90.94661640.3GN
0.90.80811362.5MGN

 
Table 2. Elemental analysis of each step of G and MNG nanosheets.

Adsorbent Weight (%)
  Carbon Hydrogen Nitrogen Sulfur
G 95.58 0.71 0.66 0.08
MNG 86.10 0.69 1.9 0.27

 

Table 3. Kinetic adsorption parameters obtained using pseudo-first-order and pseudo-second-order
models.

      pseudo-first-order pseudo-second-order
Adsorbent Conc(mg/L) qe,

exp
 (mg/g)

k1

(min-1)

qe1

(mg.g-1) 

R2 k2

(mg.g-1.min-1)

qe2

(mg.g-1)

R2

  50 305.06 0.1131 130.62   0.7623 0.0034      312.5  0.9999
  75 410.85 0.0995 249.63   0.9031 0.0012      416.67  0.9999
  100 485.42 0.1029 310.74   0.9242 0.0009      500  1

MNG 125 509.39 0.0967 255.33   0.8205 0.0013      526.32  0.9998
  150 538.09 0.0933 254.16   0.7714 0.0012      555.56  0.9998

 
 

Table 4. Langmuir, Freundlich and Redlich–Peterson isotherm parameters for adsorption of SDBS
onto MNG nanosheets. 
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Adsorbent Langmuir Freundlich R–P
MNG qm (mg/g) b (l/g) R2 Kf n R2 kRP aRP β R2

555.55 0.0000063 0.9983 313.2808 7.68 0.9858 687 1.3394 1 0.9982

Table 5. Thermodynamic parameters of SDBS adsorption on MNG at different temperatures

Temperature (K)        Kd (L/g) ΔHo (J/mol) (J/mol)oΔS ΔG  (kJ/mol) R2

288                  3.68   59.08 234.12 -67.40 0.9495
298                  4.13   -69.74
308                  4.89   -72.09
318                  6.034  -74.43

 

Figures

Figure 1

FTIR spectrum of (a) orange peel, (b) G, (c) MG, (d) NG, (e) and MNG
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Figure 2

Raman spectroscopy of MNG nanosheet.

Figure 3

AFM images of MNG nanosheet.
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Figure 4

VSM curves of (a) MG and (b) MNG.

Figure 5

SEM images of (a) G and (b) MNG.

Figure 6
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Effect of contact time on SDBS adsorption onto MNG at an initial concentration of 50 mg/L and pH value of
6.5.

Figure 7

Effects of solution pH on adsorption of SDBS at adsorption dosage of 15 mg, initial concentration of 50 mg/L
and contact time of 30 min.

Figure 8

pHpzc of MNG.
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Figure 9

Effects of different adsorbent dosages on SDBS removal by MNG at pH value of 3 and contact time of 30 min.

Figure 10

Effect of initial concentration of SDBS on adsorption removal and capacity at adsorbent dosage of 15 mg,
contact time of 30 min and pH value of 3.
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Figure 11

Kinetic models of intra particle diffusion for the adsorption of SDBS onto MNG.
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Figure 12

The equilibrium isotherm trends for SDBS onto MNG; (a) Langmuir, (b) Freundlich, (c) Redlich-Peterson.
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Figure 13

The Van’t Hoff equation of SDBS adsorption onto MNG nanosheets.

Figure 14

Effect of solvent type on the desorption of SDBS from MNG nanosheets.

Figure 15
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The adsorption-desorption cycles of SDBS on MNG nanosheets.


