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a b s t r a c t
Amine-functionalized magnetic mesoporous carbons (AFMMC) were prepared by a casting process 
using hard template, and ammonia gas and ferric salt as the nitrogen and iron source, which exhibited 
excellent adsorbents properties for the removal of anionic dye orange II (O II) or cationic dye methylene 
blue (MB) from aqueous solution. The AFMMC showed a higher adsorption capacity of two dyes 
than origin mesoporous carbon (MC), the improved adsorption capacity of AFMMC can be mainly 
attributed to the successfully introduction of the basic nitrogen-containing functional groups on the 
surface of mesoporous carbon. As isolated compounds and as a mixture of both of systems, equilibrium 
adsorption isotherms and kinetics were studied. During single dye solution system, the adsorption 
data of two dyes could be better described by the Langmuir model and pseudo-second-order model. 
Moreover, for AFMMC, the maximum adsorption capacities of 389.6 and 325.3 mg g–1 for O II and 
MB dyes in single dye solutions, respectively. The thermodynamic studies reveal that the adsorption 
of two dyes onto the MC and AFMMC were spontaneous and exothermic. The binary-component 
system was better described with Langmuir–Freundlich isotherm models. The results indicated that 
the presence of competitive adsorption between O II and MB dye occurred in binary systems, the 
maximum adsorption amount of O II or MB dye in two dyes binary-mixture systems is less than 
that of the single dye system. In addition, the removal ability of O II or MB dye after desorption not 
significantly decreased, demonstrating an excellent regeneration ability of AFMMC. The as-prepared 
AFMMC materials have the potential to be used for the efficient removal of organic pollutants.

Keywords: �Amine-functionalized magnetic mesoporous carbon; Dye; Single and binary adsorption; 
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1. Introduction

Synthetic organic dye wastewater has emerged as one 
of the most common contaminants in the environment due 
to their extensive use in many industries, such as the textile, 
paper, plastic, food, printing, and cosmetics industries 
[1]. Many of these dyes and pigments are inert, toxic, and 
non-biodegradable when directly discharged into aquatic 
ecosystems through untreated waste. In addition, dyes and 
pigments result in colored effluent, which affects water 
transparency along with their high photolytic stabilities, 

resulting in a reduction in sunlight penetration and oxygen 
gas solubility in water. The literature estimates that over 
7 × 105 tons of dye wastewater are annually discharged 
into aquatic ecosystems [2]. Additionally, the discharge of 
intensely colored dye effluents and their degradation products 
into aquatic ecosystems causes serious mutagenic and 
carcinogenic problems to humans and other organisms [3].

Several treatment processes, including chemical oxidation 
[4], biodegradation [5], photocatalytic degradation [6], and 
adsorption [7], have been developed in recent decades for 
removing dyes from wastewater. Among these treatment 
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techniques, adsorption is the most conventional and is favor-
able for removing dyes owing to its simple design, ease 
of operation, and high toxic substance removal efficiency 
[8,9]. Some researchers have studied the production of acti-
vated carbon from bamboo [10], tires [11], mangosteen peel 
[12], sawdust [13], oil palm biomass [14], and sludge [15]. 
Mesoporous carbon, a promising and effective carbon mate-
rial adsorbent, has already received much attention in for the 
large-scale removal of various dyes from aqueous solutions 
owing to its unique physical structure and large pore size, 
which would favor the adsorption of dyes with different 
molecular structures [16,17]. 

Some recent studies have focused on including functional 
groups (such as carboxyl, hydroxyl, and amine) on the sur-
faces of adsorbents to significantly improve the capacity 
and efficiency of adsorbent materials. As the performance 
of an adsorbent is influenced by its surface chemical struc-
ture in most applications, several treatments have been 
developed to modify its properties [18]. Therefore, it is 
important to determine the functional surface groups of 
the prepared adsorbents. Amine-grafted adsorbents have 
recently emerged as a promising technology that involves 
the introduction of groups to the solid’s surface, which can 
effectively increase the adsorption capacity for organic or 
inorganic contaminants from an aqueous solution [16]. 

However, such technologies are difficult to apply 
in some cases as they do not easily recover or separate 
powdered mesoporous carbon from the mixture after the 
adsorption stage [19]. Various magnetic nanoparticles with 
novel physical and chemical properties have received much 
attention as they can easily be recycled from an aqueous 
solution using a magnetic field. Therefore, magnetized 
nanomaterials have also received widespread attention due 
to their safety, excellent dispersal in an aqueous solution, 
low cost, and ability to regenerate, as well as their magnetic 
recoverability [20,21].

The aim of this study is to fabricate a recyclable and 
regenerable magnetic mesoporous carbon material by mod-
ifying it with ammonia gas and further coating it with iron 
nitrate by co-precipitation, and to then use it as an adsorbent 
for removing anionic (OII) and cationic dye (MB) from an 
aqueous solution. Mesoporous nanocomposites could solve 
the problem that nanomaterials are not easily regenerated 
and recycled after use. In addition, the modified adsorbent 
exhibited a better adsorption capacity for the two dyes than 
the untreated mesoporous carbon. This study focuses on the 
single and binary adsorption abilities of the two dyes. The 
effects of pH, ionic concentration, and temperature were 
evaluated to ascertain the single-component adsorption per-
formance. Thermodynamic data for adsorption at different 
temperatures were also calculated to further understand the 
adsorption process. In addition, batch experiments were con-
ducted to explore the materials ability to adsorb an O II-MB 

mixture from an aqueous solution. The kinetic models and 
single- and multi-component isotherms were estimated to 
explain the binary adsorption mechanism. In addition, the 
reusability and recyclability of the amine-functionalized 
magnetic mesoporous carbons (AFMMC) were assessed.

2. Materials and methods

2.1. Materials

Triblock copolymer EO20PO70EO20 (Pluronic P123), 
tetraethyl orthosilicate (TEOS, 98%), furfuryl alcohol, HCl, 
NaOH, NaCl, H2SO4 were purchased from Sigma-Aldrich 
Chemical Reagents Co., Ltd. All other reagents were of 
analytical grade. Anionic dye Orange II (O II) and cationic 
dye methylene blue (MB), as the targeted adsorbates were 
employed during the batch adsorption experiments both in 
single and binary systems in this study. Molecular charac-
teristics and structure of the two dyes are given in Fig. 1 and 
Table 1. All solutions were prepared using deionized water.

2.2. Synthesis of mesoporous carbon

The mesoporous carbon (MC) was synthesized using 
SBA-15 as template under acidic conditions and furfuryl alcohol 
as the carbon source through the following procedure [22]: In 
brief, 2.5 g of Pluronic P123 was dissolved in 12.59 mL of HCl 
(37 wt%) at 35°C under stirring with a magnetic stirrer. Then 
5.85 mL of tetraethyl orthosilicate (TEOS, 98%, Sigma-Aldrich) 
was added to mixture solution under vigorous magnetic stirring 
to form the homogeneous solution at 35°C. Finally, the mixture 
solution was magnetically stirred for another 24 h at 40°C and 
then hydrothermally treated. Afterwards, the sample was aged 
under static conditions for 24 h at 40°C and subsequently for 

Table 1
General characteristics of MB and O II

Dye Chemical class Molecular weight (g/mol) Molecular formula λmax(nm)

Methylene blue (MB) Cationic dye 373.9 C16H18CHN3·3H2O 665
Orange II (O II) Anionic dye 350.3 C16H11N2NaO4S 485
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Fig. 1. Chemical structures of (a) MB and (b) O II.
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another 24 h at 100°C. The obtained final product was filtrated 
with deionized water washing, dried at 60°C for 12 h, and then 
calcined in air by rising temperature from ambient at a rate of 
5°C min–1 to 550°C and maintain at that temperature for 12 h to 
remove the organic template. For the synthesis of mesoporous 
carbon samples according to the synthesis procedures as follows: 
first of all, 5 g of SBA-15 was impregnated with ethanol-aqueous 
solution (Vethanol: Vaqueous solution = 1:1) containing 5 g furfuryl alco-
hol and 0.5 mL oxalic acid for 24 h at 25°C. Afterwards, it was 
thermally heated at 105°C to polymerize for 24 h. Subsequently, 
the composite materials were carbonized at 900°C with a heat-
ing rate of 5°C min–1 for 9 h in inert nitrogen atmosphere, the 
carbon product then was cooled to room temperature under a 
nitrogen atmosphere. Finally, the silica template was dissolved 
with 1.0 M NaOH ethanol solution (the volume ratio = 1:1) twice 
at 100°C for 1 h. And the resulting nanocomposites were filtered, 
washed with distilled water and ethanol, and dried at 105°C for 
12 h. The samples were labeled as MC.

2.3. Amine-functionalization of mesoporous carbon 

The functionalization of mesoporous carbon was carried 
out in the furnace system under high temperature. The 
as-prepared mesoporous carbons were placed in quartz tube 
furnace with quartz boat. The loading of nitrogen-doped 
functional groups onto the surface of mesoporous carbons 
were carried out by applying heat treatment with ammonia 
gas at the desired temperature. Typically, the sample 
materials were first heated to 300°C with the heating rate of 
10°C min–1 for 3 h in nitrogen gas condition to remove impu-
rities. Afterwards, the furnace was heated to 900°C under 
the same conditions and subsequently the gas was switched 
to ammonia gas, and then the temperature was maintained 
at the same for 1 h (the flow rate of ammonia gas about 
60 cm3 min–1). Subsequently, the treatment tubular furnace 
system was converted to nitrogen and the samples were 
cooled to room temperature under nitrogen atmosphere. 
After cooling to room temperature, the resulting black solids 
were filtered and thoroughly washed several times with 
deionized water until a neutral pH of the residual liquid was 
reached, followed by drying at 105°C overnight. The samples 
were labeled as AFMMC. 

2.4. Magnetization of mesoporous carbon

AFMMC composites were synthesized through 
co-precipitation method [23]. First, 0.25 mg of FeCl2·4H2O 
and 0.50 mg of FeCl3·6H2O were dropwise slowly dissolved 
in contains the fraction amount of mesoporous carbon 
water solution (10 mL), followed by strong continuous 
agitation. Afterward, 10 mL of NH3·H2O was pumped in the 
mixture iron solution while stirring vigorously. The flask 
was connected to nitrogen gas and placed in a water bath 
was raised at heat rate of 5°C min–1 to 70°C and maintained 
with constant stirring at this temperature about 4 h. Next, 
the resulting mixtures were slowly heated and continuously 
stirred for 2 h. Finally, the loaded products were collected by 
magnet, washed several times with distilled water until the 
pH close to 7 in the residual liquid, and then dried and stored 
in desiccator until it was used. The AFMMC were formed 
through the following reaction:

Fe + 2Fe + 8OH Fe O + 4H O2+ 3+
3 4 2

− → � (1)

2.5. Structure characterization of as-prepared mesoporous carbons

The textural characterization of the mesoporous 
carbons composites were performed by N2 adsorption/
desorption isotherm at 77 K using a Quantachrome 
Autosorb 1. The specific surface area was calculated using 
the Bruamauer-Emmett-Teller (BET) equation. The element 
contents of carbon, hydrogen and nitrogen of MC and 
AFMMC were measured using elemental analyzer. The 
element contents of MC and AFMMC were measured 
using Physical Electronics PHI 5600  X-ray photoelectron 
spectroscopy (XPS) spectrophotometer apparatus with a 
monochromatic Al Kα radiation as excitation source. The sur-
face functional groups of mesoporous carbons were analyzed 
using Fourier transform infrared (FT-IR) spectroscopy. The 
point of zero charge (pHPZC) values of mesoporous carbon 
composites were determined by a mass titration method 
using pH meter. Magnetometer (AGM2900) was employed 
to analyze the magnetic properties of the samples at room 
temperature. 

The pHPZC of adsorbents were determined using pH a 
mass titration method by pH meter. Different amounts of the 
adsorbents were put in 50 mL 0.1 mol/L NaCl solutions (pre-
pared in boiled water to eliminate CO2). Then, the pH value 
of the mixture was adjusted to a value range between 2 and 
12 using 0.1 M HCl or 0.1 M NaOH solutions. 0.1 g of carbon 
sample was added to each flask. The flasks were sealed and 
shaken in thermostat shaker overnight at 30°C, and the final 
equilibrium pH values of the suspensions solutions were 
analyzed. In addition, blank tests were also studied without 
adsorbent samples to eliminate other influences. Afterwards, 
the pH values of the blank test was measured and designated 
as pHinitial, the pHPZC was taken as the point where the curve 
pHfinal vs. pHinitial crosses the line pHinitial = pHfinal.

2.6. Batch adsorption experiments 

Adsorption isotherms of O II or MB dye was determined 
both in single- and binary-component systems at different 
condition of parameters, using a thermostatic agitator. For 
the single-system adsorption experiments, 0.1 g of adsorbent 
was added to 50 mL conical tubes each containing 200 mg L–1 
of O II or MB solution. The effect of solution pH (2–12), initial 
concentration (range: 100–400 mg L–1), salt concentration 
(range: 0–1 mol L–1) and temperature (25°C–45°C) were 
investigated with the same amount of adsorbent. For the 
binary system adsorption experiments, the experiments were 
conducted by adding 0.1 g of adsorbents to 50 mL 200 mg L–1 
of initial concentrations that contained another component in 
a 100 mL flask. The solution pH was adjusted to the required 
value by adding a few drops of diluted 0.1 M HCl or 0.1 M 
NaOH solutions. Each experiment was duplicated under 
identical conditions.

2.6.1. Adsorption isotherms 

For the single-system adsorption experiments, the 
batch experimental data were analyzed using Langmuir, 
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Freundlich, and Temkin adsorption isotherm models and 
their equations are given below [24,25]:

Langmuir model:

q
C
k C

Q
k

e
L e

L e
m=

+1 � (2)

Freundlich model: 

q K Ce F e
n= 1/

� (3)

Temkin model: 

q B ACe e= 1 ln( ) � (4)

where qe and Ce are the equilibrium adsorption capacity 
(mg g–1) and the equilibrium concentration (mg L–1); Qm is 
the maximum amount of dye per unit weight of adsorbent 
for complete monolayer coverage (mg g–1); KL (L mg–1), 
and KF (mg g–1) are Langmuir and Freundlich isotherm, 
respectively; n is a measure of the adsorption capacity and 
intensity. A (L g–1) is the isotherm equilibrium constant, 
R (8.314 J mol–1 K–1) is the gas constant, and T (K) is absolute 
temperature; b is the Temkin isotherm constant, related to the 
maximum binding energy, B1 = RT/b.

For the binary system adsorption experiments, interac-
tion of two components in binary mixtures could be evalu-
ated by the ratio of adsorption capacity of one component in 
the binary solution (Qmix) to the same component when pres-
ent single (Qmax). The concentration of each component in the 
solution was measured using a UV/vis spectrometer at maxi-
mum wavelength, respectively. The multi-exponential model 
is an attractive candidate model for adsorption mechanisms 
studies that has multiple parallel routes that contribute to 
the total adsorbate amount. In this scenario, the adsorption 
equilibrium for binary-component systems, consisting of O 
II and MB dye were studied using competitive Langmuir, 
non-competitive Langmuir, and Langmuir–Freundlich 
isotherms [26–28]. 

Competitive Langmuir model: 
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Non-competitive Langmuir model:
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Langmuir–Freundlich model:
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where qe,i is the adsorbed concentration in equilibrium 
(mg g−1), Ce,i is the concentration of the liquid-phase adsor-
bate solution at equilibrium (mg L–1), the coefficients i and 
j are the dyes present, Qmax is the maximum amount of dye 
concentration (mg g–1), and KL, KLF, and m (dimensionless) are 
parameters of the isotherm model (KL and KLF are related to 
the energy of adsorption affinity).

2.6.2. Kinetic models 

For the single-system adsorption process, batch sorp-
tion kinetic experiments were carried out in 500 mL flasks 
containing 300 mL of O II or MB dye solution (200 mg L–1) 
with 0.1 g adsorbent, respectively. The flasks were agitated 
on a rotary shaker at 130 rpm under constant temperature 
(25°C). The samples were extracted at different time inter-
vals, filtered and analyzed for the dye concentrations. The 
sorption kinetics of dye was investigated using the pseu-
do-first-order, pseudo-second-order, and intra-particle 
diffusion equation [29].

The pseudo-first-order equation is expressed as follows:

ln ln q q q k te t e−( ) = − 1 �  (8)

where qe and qt are the amounts of O II or MB adsorbed 
(mg g–1) at equilibrium and at time t (h), respectively; and 
k1 (h–1) is the rate constant adsorption of pseudo-first-order 
equation.

The pseudo-second-order equation can be expressed as:

t
q k q

t
qt e e

= +
1

2
2 �  (9)

where qe and qt are the amounts of O II or MB adsorbed 
(mg g–1) at equilibrium and at time t (h); k2 (g mg–1 h) is the 
rate constant of the second-order equation.

The well-known form of intra-particle diffusion equation 
is given by:

q k t Ct p= +1 2/
� (10)

where qt are amounts of O II or MB adsorbed over a given 
period of time t; t is the adsorption time (min); kp (mg g–1 h) are 
the adsorption rate constants of the intra-particle diffusion, 
and C (mg g–1) is a constant in the intra-particle diffusion 
equation, corresponding to the thickness of boundary layer.

2.7. Regeneration test 

The reusability and recycle experiment is useful to deter-
mine the adsorption mechanism and provide valuable infor-
mation about the irreversibility of the adsorption process [30]. 
In this study, the regeneration and recycle procedures com-
prised of two steps. The regeneration of AFMMC adsorbent 
was carried out using ethanol, methanol and acetone solution 
at 25°C. The dye-loaded AFMMC were added with 50 mL of 
desorption reagent and shaken for 4 h, and the AFMMC in 
each flask were magnetically separated, washed and dried for 
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the next adsorption. To determine the reusability of AFMMC, 
the regenerated adsorbents were used for another adsorption, 
and the consecutive adsorption–regeneration cycle process 
was repeated for four times using the same adsorbent.

3. Results and discussion

3.1. Characterization of adsorbent 

Fig. 2 shows the isotherms of N2 adsorption/desorption 
and the pore size distribution of the mesoporous car-
bon materials. The curves in Fig. 2 show the presence 
of a hysteresis loop in the range of 0.4–0.6 P/P0 onto the 
mesoporous carbon’s surfaces, according to IUPAC clas-
sification, indicating that the adsorbents exhibit a type IV 
uniform mesoporous structure and contain a larger amount 
of mesopores in the material. The pores in the structures of 
these mesoporous carbon materials are mainly located in the 
mesoporous region [31].

The porosity had a strong effect on the adsorp-
tion properties of the mesoporous carbon materials. The 
mesoporous nanocomposites exhibited a high surface area, 
large pore volume, and narrow, uniform pore size distri-
bution. The analysis revealed that the two adsorbents have 
a pore structure and the narrow pore size distribution of 
2–4 nm, BET surface areas, and micropore and mesopores 
volumes of 1,185 and 1,290 m2 g–1, 3.4 and 3.6 nm, and 0.83 
and 0.89 cm3 g–1, respectively (Table 2). The N2 adsorption–
desorption analysis indicates that the AFMMC materials 
have a higher specific surface area and pore volume, as the 

introduction of the amine-functionalized process can provide 
more adsorption sites. The decrease in the micropore volume 
during the activation process could be because the activation 
reaction of mesoporous carbon became more severe under a 
high temperature, therefore, some micropores transformed 
into larger pores (mesopores), resulting in the formation 
of more mesopores in the raw MC [32]. Following this, the 
pore structure decreased to a certain extent, along with the 
loading of iron nanoparticles embedded into the pores of the 
nitrogen-doped graphitized mesoporous carbon matrix. 

Amine-functionalization lead to an increase in the 
textural properties, which might be because the thermal 
decomposition of functional oxygen groups improved the 
specific surface area and pore volume, indicating the devel-
opment of new pores and widening of existing pores during 
the ammonia-tailored activation process. Moreover, this 
decreasing trend in the textural properties was observed 
due to the pore filling effect of iron nanoparticles, and an 
excessive amount of nanoparticles was introduced to the 
mesoporous carbon’s framework or attached to its surface.

The elemental analyses of the raw MC and AFMMC are 
presented in Table 3. When the functional amine groups were 
introduced to the surface of the mesoporous carbon, the pro-
cess was found to change the total surface area and volume, 
as mentioned above; however, the surface morphology of the 
mesoporous carbon materials were almost the same. The ele-
mental analyses of the raw MC and AFMMC changed after 
ammonia modification, and the results are shown in Table 3. 
The nitrogen carbon content increased significantly after the 
activation process, while the hydrogen, carbon, and oxygen 
contents decreased significantly. This could be due to the 
burn-off of carbon under the high temperature during pro-
longed activation. The nitrogen content of AFMMC increased 
after activation, indicating that nitrogen-containing sur-
face functional groups were successfully introduced to the 
adsorbent’s surface. In addition, iron was added through 
the magnetization process, indicating that the iron oxide 
nanoparticles have successfully dispersed into the matrix of 
the AFMMC.
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Fig. 2. N2 adsorption/desorption isotherms of MC and AFMMC. 
(a) Nitrogen adsorption/desorption isotherms and (b) pore size 
distributions by BJH method.

Table 2
Pore textural characteristics of virgin MC and AFMMC

Samples MC AFMMC

SBET (m2 g–1) 1,185 1,290
VT (m3 g–1) 1.05 1.17
Vmic 0.221 0.124
DP (nm) 3.4 3.6

Table 3
Elemental composition analysis of the raw MC and AFMMC

Sample Raw MC AFMMC

C (%) 91.32 84.71
N (%) 0.18 6.32
O (%) 8.22 2.18
H (%) 2.31 1.05
Fe (%) 0 2.15
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Fourier-transform infrared spectroscopy (FTIR) was 
used to investigate the ammonification process, and results 
between 400 and 4,000 cm–1 are presented in Fig. 3. The 
observed additional characteristic peaks of AFMMC indi-
cated a high amount of nitrogen-containing bonds on the 
surfaces, which may have been the result of the ammonifica-
tion modification process. In addition, the thermal treatment 
is responsible for eliminating or rearranging the functional 
groups on the adsorbent’s surface. For instance, the pres-
ence of a new absorption band, that is, the peak at 3,135 cm–1, 
is related to the –NH stretching vibration of the primary 
amide group. Furthermore, the peak at 1,660–1,400 cm–1 
could be attributed to the amino functional group, and can 
be attributed to N–H bending vibrations [33]. These results 
suggest that nitrogen-containing groups were grafted onto 
the surface of the MC by the modification process. Several 
peaks were changed, for example, the intensities of the peaks 
at 3,400 cm–1 and 1,215–1,219 cm–1 were reduced significantly, 
which could be attributed to the thermal treatment as it may 
have eliminated some functional groups on the adsorbent’s 
surface. The peaks at 600–400 cm–1 are assigned to the stretch-
ing of the Fe–O in Fe2O3 and Fe3O4 from bending vibration. 
It can be further concluded that the iron nanoparticles were 
successfully attached to the adsorbent’s frame, which is 
consistent with the analysis of the EA results. This may be 
because the sorption behavior of the adsorbent was affected 
by the surface functional groups or it was mainly governed 
by chemical adsorption [34]. 

It was also found that ammonia gas treatment was a 
highly effective preparation method for doping N atoms 
into the carbon matrix under a high treatment temperature. 
To further understand the features of the surface nitrogen 
species, high-resolution XPS spectra of N 1s were obtained 
from the raw MC and AFMMC, as shown in Table 4. The 
XPS analysis confirmed that N and Fe species were success-
fully grafted to the MC surface, and the results indicated the 
presence of C, N, O, and Fe in the AFMMC. Ammonia gas 
can act as an important activation agent for mesoporous car-
bon. The AFMMC samples contained a high amount of N on 
their surfaces, which were provided by the high-temperature 
ammonification process, and their O content significantly 
decreased. This could be due to the number of N-group 

sites present on the carbon’s surface, as many of the oxygen 
groups decomposed, leaving vacant sites. However, there 
was still a small amount of oxygen-containing species after 
treatment with gaseous ammonia at higher temperatures. 
These XPS results were consistent with the results of previ-
ous FTIR and EA analyses [35]. Further, the appearance of 
Fe2P indicated that some new species were incorporated into 
the adsorbent’s surface.

XPS was a successful method for studying the 
nitrogen-containing functional groups on the material’s 
surface. The high-resolution N1s XPS spectra peaks of the 
amine-functionalized mesoporous carbons are shown in 
Fig. 4. The N1s spectrum region indicates that the presence of 
the four primary types of N-containing composites formed on 
the sample’s surface due to ammonization, and include pyri-
dine-like nitrogen (398–399 eV), aromatic amines (400–400.5 eV), 
quaternary nitrogen (401–402 eV), and protonated amide 
(403–403.2 eV), which mainly consists of N-containing func-
tional groups that would create a more hydrophobic surface 
and increase the composite’s affinity to hydrophobic organic 
compounds. These results further confirm that the surface of 
the MC was amine-functionalized [36].

Fig. 5 shows that the pHPZC values of MC and AFMMC 
were approximately 6.7 and 8.3, which indicates the basic 
characteristics of an adsorbent surface. This can be attributed 
to the significant amount of N species on the mesoporous 
carbons, and further indicates that functional amino groups 
were successfully grafted onto the surface, creating a surface 
that was positively charged and leading to an increase in the 
pHPZC values.

Table 4
XPS of the raw MC and AFMMC

Sample Raw MC AFMMC

C1s (at%) 91.55 87.82
N1s (at%) 0.02 6.78
O1s (at%) 6.75 2.31
Fe2p (at%) 0 1.04

4000 3600 3200 2800 2400 2000 1600 1200 800 400

5903150 1450 1217

Wavenumber (cm-1)

Tr
an

sm
itt

an
ce

(%
)

 MC
 AFMMC

3400

Fig. 3. FTIR spectra of the raw MC and AFMMC.

408 406 404 402 400 398 396 394

In
te

n
si

ty

Binding Energy (eV)

1

2

3

4

46.23%

31.31%

11.16%

5.21%

Fig. 4. High resolution N1s XPS spectra of the typical nitrogen 
functional groups on the AFMMC: (1) pyridine-like nitrogen, 
(2) aromatic amines, (3) quaternary nitrogen, and (4) protonated 
amide.



359F. Hu et al. / Desalination and Water Treatment 138 (2019) 353–367

The magnetic properties of the prepared AFMMC were 
measured at room temperature (25°C) under an external 
magnetic field ranging from –30,000 to 30,000 Oe, and the 
obtained magnetic curves are presented in Fig. 6. The presence 
of a magnetic hysteresis loop indicates that the AFMMC 
has superparamagnetic characteristics, with a saturation 
magnetization value (M) of approximately 4.53 emu g–1, as 
shown in Fig. 6 (inset). The functionalized magnetic AFMMC 
nanoparticles could be easily separated and collected from 
the aqueous solution using an external magnet.

In conclusion, All the above analyses proved that amino 
functional groups and magnetic nanoparticles were success-
fully grafted onto the adsorbent surface and frame.

3.2. Adsorption of dye in single system

3.2.1. Effect of solution pH

The effect of solution pH on the dye adsorption capac-
ities of the raw MC and AFMMC was studied at an initial 
dye concentration of 500 mg L–1, dosage of 0.03 g/50 mL, and 
adsorption temperature of 25°C. Fig. 7 shows the effect of 
solution pH on the removal of O II or MB by the raw MC and 
AFMMC. For the cationic dye, MB, the removal efficiency 
quickly increased as the pH increased from 2 to 7, reached 
the maximum adsorption at approximately pH 7, and then 
slightly increased as the pH exceeded 7.0. The lower adsorp-
tion of MB dyes under low-pH conditions is due to the pres-
ence of excess hydrogen ions (H+), which competed with 
dye cations for the limited adsorption sites of the adsorbent. 
At a higher solution pH, the mesoporous carbon’s surface 
became negatively charged due to the deprotonation of the 
adsorbent’s surface and the formation of an electrostatic dou-
ble layer, which changes its polarity, therefore, the MB dye 
sorption increases [37]. Such trends can be explained by the 
increased uptake of MB onto the mesoporous carbons, which 
is due to the neutralization of the negative sites at the adsor-
bent’s surface that facilitates diffusion and provides a larger 
active adsorption surface, resulting in enhanced uptake. As 
the pH of the solution gradually increased, the number of 
ionizable sites on mesoporous carbons also increased. 

In addition, as shown in Fig. 5, the experimental pHPZC of 
MC and AFMMC were 6.7 and 8.3, respectively. The maximum 
amount of adsorbed MB dye solution concentrations (about 

pH = 8) is slightly above the zero point charge (pHPZC = 6.7), 
deducing that the surface negative charge density of meso-
porous carbons increased which favors the adsorption of cat-
ionic dye. However, the opposite trend of anionic dye O II 
adsorption amount was also observed. It can be seen from the 
highest O II adsorption capacity at pH 2, the amount of O II 
anionic dye adsorbed on the mesoporous carbons tended to 
drastically decrease with an increase in solution pH from 2 to 
12, which could be attributed to the electrostatic interactions. 
It was obviously observed that the maximum adsorption of 
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O II at pH 2 was due to the strong electrostatic attraction 
between the negatively charged deprotonated O II dye and 
positively charged mesoporous carbons surface. But with 
an increase in solution pH, the strong electrostatic repulsion 
increased between the negatively charged surface and O II 
anionic dye molecules, thus decreasing the adsorption capac-
ity. This observation is similar to reports of Han et al. [38]. 
Taking into account these facts, it was concluded that the best 
pH to remove O II and MB dyes was at pH = 2 and pH = 8. 
Therefore, the next series of adsorption experiments were 
chosen at pH = 2 and pH = 8 as an optimum pH value for the 
next batch study.

3.2.2. Effect of salt concentration

Fig. 8 shows the effect of NaCl on the percentage removal 
of O II or MB. The presence of salt significantly influenced 
the adsorption rate of O II or MB, as the adsorption of O II or 
MB dye molecules to the adsorbent increased with the addi-
tion of NaCl. For AFMMC, the adsorption equilibrium of O 
II increased from 396.2 to 523.7 mg g–1 with the addition of 
NaCl, and that of MB increased from 345.8 to 475.6 mg g–1 
as the NaCl concentrations increased from 0 to 0.1 mol L–1, 
and then remained constant as the NaCl concentration con-
tinued to increase from 0.1 to 1 mol L–1. This suggests that 
the salt concentration has an important influence on the 
adsorption of O II or MB dyes to the two mesoporous car-
bons. This is mainly due to the increase in ionic strength, 

which can enhance the adsorption of ionic compounds, such 
as O II or MB dyes, due to the screening effect of the sur-
face charge and the reduced electrostatic repulsion by the 
added salt. Therefore, an increase in the ionic strength will 
increase adsorption. However, this result does not agree with 
the results of the adsorption of methylene blue onto natural 
zeolite [39]. MC and AFMMC should be used to efficiently 
remove O II or MB from an aqueous solution with an appro-
priate amount of added salt.

3.2.3. Effect of temperature

Temperature is an important parameter in the dye 
adsorption process. The rate of dye molecule diffusion across 
the external boundary layer and in the internal pores of the 
adsorbent increased with increasing temperature, which 
changed the equilibrium capacity of the adsorbent [40].

As shown in Fig. 9, there was a high affinity between the 
surfaces of the two mesoporous carbons and dye molecules. 
For both the O II and MB dyes, the equilibrium adsorption 
amount increased as the temperature increased from 25°C to 
45°C, indicating that the adsorption of the two dyes favored 
higher temperatures. This is likely because there was an 
increase in the number of new active sites on the raw MC 
and AFMMC for adsorption and with an increase in tem-
perature as the adsorbent polarity and hydrogen bonding 
decreased, therefore, more sites were available for O II or MB 
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uptake. This may also be due to the increase in the mobility 
of the O II or MB molecules in the solution with the increase 
in temperature. This suggests that the removal of O II or MB 
by the mesoporous carbons involves a physical process in the 
overall adsorption mechanism. An increasing number of O II 
or MB dye molecules may acquire sufficient energy to interact 
with the active surface sites. The temperature dependence of 
the dye adsorption capacity suggests that the solubility of the 
O II or MB dye increases with increasing temperature as the 
amount of dye penetrating the inner pores of the mesoporous 
carbons increases. Additionally, this behavior indicates that 
the adsorption of the two dyes on the raw MC and AFMMC 
was endothermic in nature. A similar result was observed 
for the adsorption of methylene blue onto bamboo-based 
activated carbon [25].

3.2.4. Adsorption isotherms of single-component system

According to the results of the dye adsorption isotherm 
experiments, the adsorption capacity of O II onto the MC and 
AFMMC was higher than that of MB. Therefore, the raw MC 
and AFMMC have a stronger affinity for anionic O II dye 
than that for cationic MB dye. In this study, three adsorp-
tion isotherm models, that is, the Langmuir, Freundlich, and 
Temkin isotherms, were used to describe the results, and the 
results are presented in Table 5. The experimental adsorption 
data of the O II or MB dyes onto the raw MC and AFMMC 
were well described by the Langmuir isotherm model as it 
produced better correlation regression coefficients (R2) for 
the adsorption of the two dyes than the other models at other 
temperatures, further demonstrating that the O II and MB 
dye molecules underwent monolayer adsorption onto the 
raw MC and AFMMC. The fitting isotherm of AFMMC from 
the Langmuir model exhibited maximum adsorption capaci-
ties of 389.6 and 325.3 mg g–1 for the O II and MB dyes at 35°C, 
respectively. 

In addition, the rapid uptake of anionic O II dye could 
be due to stronger affinity of amine groups for O II dye mol-
ecules than that for cationic MB dye molecules. The loading 
of ammonia on mesoporous carbons significantly affected 
anionic O II dye adsorption. The KL value indicates the affin-
ity for the binding of dye molecules; a high value indicates 
higher affinity. The values of Langmuir parameters Qm and 
KL increased as the temperature increased from 25°C to 
45°C, indicating that the adsorption capacity and intensity 
were enhanced at higher temperatures. The values of KF also 
increased with the increase in temperature, indicating that 
the adsorption process is endothermic. Additionally, a higher 
KF value indicates that the raw MC and AFMMC possess a 
higher adsorption capacity for O II or MB dyes, and an n 
value below 1 indicates favorable adsorption of dyes by the 
raw MC and AFMMC [20]. Table 6 shows the maximum O 
II or MB dye adsorption capacities of some adsorbent mate-
rials reported in previous studies. The O II and MB adsorp-
tion capacities of AFMMC were relatively higher than those 
reported in some previous works.

3.2.5. Adsorption kinetics of single-component system

The adsorption rate is an important factor when selecting 
a material to be used as an adsorbent. To evaluate the kinetics Ta
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of the sorption of O II or MB onto the raw MC and AFMMC, 
kinetic data were investigated by pseudo-first-order, 
pseudo-second-order, and intraparticle diffusion models.

As shown in Table 7, the calculated qe values are not 
consistent with the experimental values; therefore, the 
pseudo-first-order model did not fit the data well. However, 
the R2 values of the pseudo-second-order model were higher 
than those of the pseudo-first-order and intra-particle dif-
fusion models, and the calculated qe,cal values were closer 
to the experimental values than those of the other two 
models. Therefore, the pseudo-second-order kinetic model 
could describe the adsorption kinetics data more favorably. 
This suggests that the pseudo-second-order adsorption 
mechanism is predominant, and that the overall rate of dye 
adsorption appears to be controlled by the chemisorption 
adsorption process. The plot of qt against t½ should be linear 
and pass through the origin, so the intra-particle diffusion 
model was used to determine the rate-limiting step of the 
adsorption process. It could be concluded that both surface 
adsorption and intra-particle diffusion occurred simultane-
ously during the adsorption process [47,48].

3.2.6. Thermodynamic studies of single-component system

An increase in the temperature resulted in an increase in 
the adsorption capacity for the two dyes (Fig. 10). To better 
estimate the effect of temperature on the adsorption of 
O II and MB onto the mesoporous carbons, thermodynamic 
parameters, including the enthalpy (ΔH), entropy (ΔS), 

and Gibbs free energy (ΔG), were determined using the 
following equations [49]:

∆G RT kL= − ln �  (11)

ln k S
R

H
RTL = −

∆ ∆
�  (12)

where ΔG is the change in the Gibbs free energy (kJ mol–1), 
and ΔS (J (K·mol)–1) and ΔH (kJ mol–1) are the changes 
in the entropy and enthalpy of adsorption. KL represents 
the Langmuir constant, R is the gas universal constant 
(8.314 J mol K–1), and T is the absolute temperature.

The calculated ΔH, ΔS, and ΔG values are listed in Table 8. 
The positive ΔH value (O II or MB) at the three temperatures 

Table 6
Comparison of the maximum adsorption capacity of different 
adsorbents for dyes

Material Maximum adsorption 
capacity (mg g–1)

Reference

Activated biochar 161.3 (MB dye) [41]
Chitosan/activated 
charcoal

250.0 (MB dye) [42]

Montmorillonite/
CoFe2O4

97.75 (MB dye) [43]

Montmorillonite 118.62 (O II dye) [44]
Activated carbon 310.89 (O II dye) [45]
Surfactant-coated 
zeolite

38.96 (O II dye) [46]

AFMMC 389.6 (O II dye) This work
AFMMC 325.3 (MB dye) This work
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Fig. 10. Adsorption isotherms of O II or MB in the presence and 
non-presence of another dye on the MC and AFMMC.

Table 7
Fitted parameters summary of kinetics of O II or MB dyes sorption onto the raw MC and AFMMC

Dye Adsorbent qexp Pseudo-first-order  Pseudo-second-order Intraparticle diffusion
k1 × 10–2 qe R2 k2 × 10–3 qe R2 kp C R2

O II Raw MC 275.8 4.32 89.6 0.953 0.77 255.4 0.997 12.33 45.76 0.986
AFMMC 382.5 5.75 189.8 0.944 0.91 367.3 0.999 43.54 32.52 0.988

MB Raw MC 263.2 3.84 101.2 0.962 0.68 233.1 0.996 27.52 55.88 0.979
AFMMC 311.8 4.59 142.3 0.977 0.71 285.6 0.998 69.23 41.44 0.978
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(25°C, 35°C, and 45°C) reveals that the adsorption process 
is favorable and endothermic in nature. The diffusion rate 
of O II or MB dye molecules increased as the temperature 
increased. Therefore, large amounts of O II or MB dye will 
be adsorbed as a large number of active sites were utilized 
across the external boundary layer and the internal pores of 
the mesoporous carbons. The negative value of ΔS indicates 
that the order of reaction is higher during the adsorption of 
O II or MB dye onto the mesoporous carbons, which could 
be due to a combination of the affinity of mesoporous car-
bons for O II or MB dye at the solid–solution interface. The 
negative value of ΔG confirms that the adsorption of O II or 
MB dye onto the raw MC and AFMMC is feasible, and that 
the adsorption process is spontaneous in nature. The nega-
tive ΔG value confirms that adsorption was more favorable 
as the temperature increased, suggesting that the adsorption 
spontaneity and the force driving the adsorption of both 
O II and MB are proportional to the temperature, which is 
consistent with the experimental result. Additionally, the 
adsorption process is endothermic in nature. This behavior 
can be interpreted considering the electrostatic repulsion 
between the adsorbent and adsorbate, as the process draws 
some energy from the environment to overcome the repul-
sion force and move the ionic dye closer to the adsorbent. 
Therefore, a higher adsorption capacity was achieved at a 
higher temperature [50].

3.3. Adsorption of dye in binary-component system

As wastewater often contains a mixture of dyes, their 
coexistence may affect their adsorption efficiencies, there-
fore, an efficient adsorbent with a high adsorption capacity 
must be used to remove the mixture of dyes from wastewater. 
To evaluate the effect of the coexistence of dye molecules on 
their adsorption onto the adsorbents, the sorption of O II 
or MB dye in the presence of another dye was investigated, 
and the results are shown in Fig. 10. It shows a comparison 
between the single- and binary-compound experimental data 
for both O II and MB dyes, and shows that the amount of O 
II or MB dye removed from the binary solution is less than 
that removed from the corresponding individual-component 
solution. This could be due to the occurrence of competition 
for the same adsorption sites on the adsorbent’s surface [51].

When AFMMC was used to treat both dyes, the maxi-
mum amount of MB dye adsorbed decreased from 321 (in a 
single solution) to 275 mg g–1 (in the binary solution of O II 
and MB), and the maximum removal efficiency of O II dye 
decreased from 384 (in a single solution) to 302 mg g–1 (in a 
binary solution of O II and MB). These results suggest that 

the presence of the other dye may change the main interac-
tions responsible for adsorption and may, therefore, affect the 
adsorption mechanism. The O II or MB adsorption capacity 
of AFMMC was lower in the binary system than that of the 
single systems, which could be attributed to the competition 
between the two dyes for the active adsorption sites, result-
ing in a decrease in the adsorption capacity under the binary 
system adsorption. Additionally, this phenomenon could be 
due to the occupation of AFMMC adsorption sites by O II or 
MB molecules, as the steric hindrance of adsorbed molecules 
causes less dye to be removed from the binary solution. As 
shown in Fig. 10, the amounts of O II or MB adsorption to the 
MC exhibited a similar trend to those of AFMMC.

The adsorption efficiency of AFMMC was higher for O II 
dye than that for MB dye in the binary systems. This could 
be because O II is an anionic dye, therefore, it more readily 
adsorbs to the basic AFMMC surfaces due to the strong elec-
trostatic interactions between the functional groups of the 
O II molecule and the AFMMC’s surface. The presence of O 
II or MB has a negative effect on the sorption of the target 
pollutant, which might be due to interference and competi-
tion between the dyes for the specific sites on the adsorbent. 
However, the interference of the MB dye with the sorption 
of the O II dye was less intense. In a binary-component sys-
tem, the affinity of both the adsorbate and adsorbent will 
change due to the competition for available adsorption sites. 
This might indicate that the adsorption of one adsorbate 
dye would mutually hinder and exclude the other dye. The 
affinity of O II for AFMMC was high, therefore, it was pref-
erentially adsorbed onto the AFMMC over MB dye in binary 
systems. This is because the O II dye exhibited a stronger 
binding ability onto the AFMMC than the MB dye [52].

The conditions of binary systems are more complex; 
therefore, the effect of adsorption is complicated. To attain fur-
ther insight into competitive adsorption in the binary system, 
the three equilibrium isotherm parameters of the adsorption 
of O II and MB dye onto the MC and AFMMC are listed in 
Table 9. This indicates that the isotherms of O II or MB dye 
in binary systems followed competitive and non-competitive 
Langmuir models, and the Langmuir–Freundlich model. The 
adsorption data for the two dyes verify that the Langmuir–
Freundlich isotherm model represented the adsorption 
process more suitably than the competitive and non-compet-
itive Langmuir models. The maximum amount of adsorbed 
O II dye derived from the three isotherms was larger than that 
of MB dye in binary systems. The negative value of this may 
indicate that O II and MB dye molecules could not simultane-
ously bond to the same binding site. Therefore, one binding 
site was only available for one dye molecule, and competitive 

Table 8
Thermodynamic parameters of the adsorption of O II or MB dye onto the raw MC and AFMMC under different temperature

Dye Adsorbent ΔH (kJ mol–1) ΔS (kJ mol–1 K) ΔG (kJ mol–1)
25°C 35°C 45°C

O II Raw MC 25.3 0.22 –18.3 –21.6 –23.5
AFMMC 37.6 0.48 –27.1 –29.3 –31.8

MB Raw MC 21.4 0.17 –17.5 –20.4 –22.7 
AFMMC 33.5 0.35 –22.3 –25.6 –28.4
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adsorption between O II and MB dye molecules occurred in 
the binary system [53]. In addition, as shown in Table 7, the 
values of KL,i and KL,j were higher for O II dye than those for 
the MB dye, further indicating the greater affinity between 
the O II dye and the adsorbents [28]. The above studies show 
that the O II dye was more easily adsorbed by AFMMC in 
the binary system of the two compounds. These results fur-
ther indicate that the adsorption of OII dye on the AFMMC in 
both single and binary-component systems was higher than 
that of the MB dye.

3.4. Recycle and regeneration of AFMMC for dye removal from 
single and binary systems

The recyclability and regeneration efficiency is also 
an important factor for determining ideal adsorbents, 
therefore, the adsorption–desorption processes of the 
AFMMC were repeated four successive times in the single 
and binary systems, the AFMMC was collected using a 
magnet, and acetone and methanol were selected to test 
which was the most efficient solvent for regenerating MB 
and O II from the spent AFMMCs. After desorption, the 
regenerated AFMMC was magnetically separated and 
reused. The MB and O II adsorption capacity after four 
adsorption–desorption processes were tested, and the data 
are shown in Fig. 11. 

For both the single and binary systems, the AFMMC 
exhibits excellent adsorption ability and efficiency for 
the MB and O II dyes using acetone and methanol as the 
eluent. During desorption, the decreasing trend of the 
MB or O II dye removal efficiency may be because some 
of the active sites of AFMMC were destroyed or blocked, 
resulting in a decreased MB and O II dye removal ability. 
However, there was no notable decrease in the adsorption 
capacity, and the ratio of adsorption loss did not exceed 
20% in both the single and binary systems after under-
going the four repeated cycles. Therefore, there was no 
significant reduction in the active receptor sites on the 
AFMMC’s surface. This indicates that the prepared adsor-
bent could efficiently prevent the discharge of secondary 
pollutants into the environment, and it exhibits excellent 
chemical stability and regenerative ability. Ai et al. [42] 
found that the introduction of iron ions will allow the spent 
adsorbents to be easily collected using a magnet, result-
ing in good recyclability, stability, and regenerative abil-
ity in the adsorption of dyes. In addition, the higher MB 
and O II adsorption efficiencies from the single-component 
solutions than those in the binary-component systems after 

reuse confirm that competitive adsorption for the same 
adsorption sites occurred in the binary-component systems. 

3.5. Adsorption mechanisms of process

All the above data proved that the MC and AFMMC 
exhibited excellent adsorption capacities toward MB and 
O II dye. Generally speaking, the molecular characteristics 
of dyes and the physico-chemical properties of an adsorbent 
play decisive role in adsorption process [54]. From the phys-
ical structure characterization, this remarkable improvement 
of AFMMC is explained by high surface area and pore 

Fig. 11. Recycling performance of the AFMMC in removal of MB 
or O II dye from single and binary systems.

Table 9
Adsorption isotherms constants and correlation coefficients for the adsorption of O II and MB dye onto the MC and AFMMC in binary 
component system

Adsorbents Dye Competitive Langmuir Non-competitive Langmuir Langmuir–Freundlich
Qmax KL,i R Qmax KL,i KL,j KL,jj R Qmax KLF M R

MC O II 142.4 1.54 0.867 133.4 7.84 9.51 3.54 0.932 209.3 15.4 0.13 0.996
MB 121.2 1.39 0.897 162.3 4.31 2.37 5.32 0.897 184.5 11.7 0.23 0.994

AFMMC O II 213.5 2.32 0.991 215.4 13.76 12.65 8.67 0.978 283.8 8.94 0.65 0.991
MB 165.7 1.98 0.933 193.7 11.43 10.32 7.77 0.935 243.7 6.43 0.48 0.989
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volume that are the most important parameters contributes 
to the sorption capacity, thus there exist enough hydropho-
bic sites by hydrophobic interactions and the pore-filling 
effect. Additionally, the pore-size distribution is one of the 
key factors governing the extent of dyes removal because 
dyes exhibit variable affinities for different surface functional 
groups and pore sizes. Modification of the MC materials 
remarkable improve its properties, as the AFMMC has more 
amino functional groups and availability of the adsorptive 
active sites compared with the raw MC, it is reasonable to 
make it possible for the adsorbent sufficiently to interact with 
dye molecules. 

Other several important mechanisms might be involved 
in the adsorption processes by the interactions of both dyes 
and functional groups of adsorbents, including electrostatic 
attraction, hydrogen bond, planar aromatic structures, π–π 
interactions and hydrophobic interaction as driving forces 
affect the adsorption capacity [55]. From the front study of pH 
and zeta potential effect on adsorption efficiency, we could 
conclude that the electrostatic interaction plays an important 
role in the adsorption of two dye molecules onto the MC and 
AFMMC. Both acidic and basic groups were present on the 
surface of two adsorbents. However, The AFMMC had more 
basic groups than that of acidic groups and show positively 
charged character at higher pH values in comparison with ori-
gin, favoring uptake of more anionic groups due to increased 
electrostatic attraction between O II and the AFMMC surface. 
In the meantime, there are several nitrogen-containing func-
tional groups, such as the –NH2, C–N groups may offer addi-
tional affinity and more available binding sites, and of which 
could via the formation of hydrogen bond with dye molecules 
facilitate dye diffusion and adsorption process. Furthermore, 
it is worth mentioning that the π–π electron donor–acceptor 
interactions and hydrophobic interactions between organic 
contaminants and graphitic sites on the two adsorbents 
are crucial for the organic contaminants removal process 
[56]. The hydrophobic interaction is another important fac-
tor effect on adsorption efficiency. Since the adsorbability 
of organic substances onto the adsorbents, the abundant 
amino functionalities provide the AFMMC composites with 
a strongly hydrophilic character, which easily facilitates the 
formation of more hydrophobic sites that contributed to its 
excellent adsorption performance of dye molecules. Besides, 
the influence of the iron oxide particles may play a major role 
in the adsorption of dye molecules; this phenomenon can be 
attributed to enhance the mobility of dye molecules in aque-
ous solution due to reduction of surface tension and viscosity 
of solutions, which is in favor for adsorption of dyes mole-
cules onto the adsorbent surfaces [57].

3.6. Future research prospects

 AFMMC were synthesized and investigated for the 
adsorption of anionic dye and cationic dye. The results 
displayed that AFMMC were deemed to be the promising 
adsorbent, with high removal for the two dyes from aque-
ous solutions, and the stability and recyclability was remark-
able. The disadvantage of the material is that the preparation 
process is complicated and the preparation cost is relatively 
high. Therefore, the next step plan is to reduce the cost of 
preparation and carry out pilot test.

4. Conclusions

Herein, we report a feasible synthesis method for 
preparing recyclable and regenerable magnetic AFMMC 
as adsorbent for O II or MB dye in single and binary 
systems. FTIR, BET, XPS and Zeta potential measurements 
have been determined for characterizing the as-prepared 
nanocomposite. The nanomaterial exhibited the higher 
adsorption capacities and magnetic properties because of 
the introduction of nitrogen-containing functional groups 
and the impregnation of magnetic iron nanoparticles. The 
maximum adsorption capacities (Q0) of AFMMC for O II 
and MB dyes were 389.6 and 325.3 mg g–1, respectively. 
Moreover, the magnetic AFMMC could be easily separated 
from solution by an external magnetic field which will lead 
to a broad application prospects and its adsorption capacity 
could also be enhanced due to introduction of amino func-
tional groups. The adsorption capacity of magnetic AFMMC 
still can reach about 80% to be reused four times using three 
eluent, indicating that AFMMC has high potential to be used 
repeatedly for dye removal. Furthermore, the results showed 
that the AFMMC is an adsorbent with a very high adsorption 
capacity capable of removing the anionic and cationic organic 
dyes from both single and binary systems.
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