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Heavy metal pollution has become a serious problem due to increasing industrial
waste, causing damage to water ecological environment, economic development and
human health through their toxic effects. A unique Triamine-Iron-ordered mesoporous
carbon (TriFeOMC) material was produced via a soft template approach. The ensuing
sample of TriFeOMC was tested for the adsorption of arsenic (As) and Lead (Pb) along
with its comparison with other two materials, which are Ordered mesoporous carbon
(OMC) and Iron-ordered mesoporous carbon (FeOMC). The adsorption efficiency of
TriFeOMC was excellent (92%) for the adsorption of As whereas, OMC has shown
higher efficiency (88%) for the adsorption of Pb. The interaction between amino group
and acidic groups on the surface of carbon formed a strong layer during Pb ions
adsorption process, which resulted decreased adsorption of Pb on TriFeOMC. The
Langmuir model fit for OMC, while Freundlich model fit for FeOMC. Both models fit
for TriFeOMC for As whereas, Langmuir model showed comparatively better fit for
Pb. The adsorption process followed an almost similar way of both pseudo models
for Arsenic and Lead adsorption for OMC, FeOMC, and TriFeOMC and the adsorption
process has been followed by pseudo-second-order for the adsorption of Pb. The novel
material TriFeOMC with large pore volume and large surface area showed excellent
results for the adsorption of arsenic from the aqueous solution. The results show the
highest efficiency of TriFeOMC for adsorption of arsenic from arsenic-polluted water
due to higher adsorption capacity with total pore volume 1.70 to 300.00 nm along with
highly suitable pore width of 0.0680 cm3/g for adsorption, and therefore, it is highly
recommended to use TriFeOMC for the adsorption of arsenic from polluted water.

Keywords: adsorption, triamine, ordered mesoporous carbon, arsenic, lead

Frontiers in Materials | www.frontiersin.org 1 May 2020 | Volume 7 | Article 112

https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#editorial-board
https://www.frontiersin.org/journals/materials#editorial-board
https://doi.org/10.3389/fmats.2020.00112
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fmats.2020.00112
http://crossmark.crossref.org/dialog/?doi=10.3389/fmats.2020.00112&domain=pdf&date_stamp=2020-05-19
https://www.frontiersin.org/articles/10.3389/fmats.2020.00112/full
http://loop.frontiersin.org/people/962922/overview
http://loop.frontiersin.org/people/812658/overview
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/
https://www.frontiersin.org/journals/materials#articles


fmats-07-00112 May 16, 2020 Time: 16:42 # 2

Khan et al. Tri-Amine Modified Ordered Mesoporous Carbon

INTRODUCTION

Over the past few decades, industrialization and urbanization
posed severe threat to the surface and ground waters through
polluting them with toxic heavy metals. Arsenic (As) and Lead
(Pb) contamination is a global environmental issue (Hu et al.,
2017; Mohan et al., 2017). Arsenic has carcinogenic and it
has toxic effects on humans and other organisms. The global
emissions and cycling of As is expected to increase due to
increased industrial applications of As as pesticides and so on
(Mandal and Suzuki, 2002; Sun et al., 2009; Hu et al., 2017).
Lead has the ability to imitate zinc, iron and calcium due to
which it has been considered as disaster for living organisms.
Lead effects on human beings are related to certain types of
disorders which includes carcinogenic, genotoxic, reproductive,
and neurological defects (Kumar et al., 2014; Mohan et al., 2017).
Therefore, removal of As and Pb from water is one of the major
environmental problems.

Adsorption is being considered as a favorable technological
adaptation for the treatment of the heavy metals. Adsorption
is a comparatively simple, cost-effective, eco-friendly (Alqadami
et al., 2016; Li et al., 2018; Xiang et al., 2019) and versatile
method as compared to other methods such as reverse osmosis,
biological treatment, or coagulation (Ning, 2002; Song et al.,
2006; Ma and Zhang, 2008). The mesocarbon materials have
been considered as most sophisticated materials having large
pore volumes, regular pore structure, high specific surface
areas, and are highly stable mechanically (Lee et al., 2002;
Hamad et al., 2016). The adsorption mechanisms of heavy
metals are complex due to a variety of structural complexions,
electrostatic attractions, and adsorption. The studies showed
the extensive use of ordered mesoporous carbon (OMC)
materials for heavy metals and organic materials removal
from drinking waters (Zhang et al., 2009; Wang et al., 2012;
Ding et al., 2014).

The OMC materials has been recognized as the promising
nanomaterials for water treatment applications due to high
surface area, large pore size and volume, and adjustable meso-
structure with excellent thermal stability (Liu et al., 2006; Wan
et al., 2008; Zhu et al., 2014; Qiu et al., 2015). The advanced
recent techniques for their synthesis and manipulations with
higher availability and low cost, offers new opportunities for
such materials to be used for environmental applications (Zhang
et al., 2005; Xue et al., 2009). The OMCs and modified OMCs
has been proven very efficient for adsorption of bio-chemical
pollutants (Szabó et al., 2006; Yang et al., 2010), and heavy
metals (Zhang et al., 2009; Wang et al., 2012; Yadaei et al.,
2018) from drinking and wastewater (Zhao et al., 1998; Vinu
et al., 2007; Zhu et al., 2009; Wu et al., 2010; Hamad et al.,
2016). The amine functionalized OMC possesses the high surface
area, ordered structure, and interconnected large mesopores
(Teng et al., 2015). There are two types of templates which
include the hard (Lee et al., 2002) and soft templates (Liang
et al., 2008; Mayes et al., 2010) being used for the production
of mesocarbons. The structure of mesoporous materials can
be adjusted using the optimization process. There are two
types of soft templates to adjust the pore size of mesoporous

carbons known as Triblock copolymers Pluronic F-127 and P-
123 (Lee et al., 2002; Liu et al., 2006; Zhang et al., 2006).
As discussed above, previous studies on adsorption of heavy
metals on mesoporous carbons have suggested that mesoporous
carbon has good efficiency as an adsorbent for the adsorption
of heavy metals from the aqueous solution. However, the
modified mesocarbons application and their efficiency for heavy
metals removal are still needed to investigate. Especially, the
modification of mesocarbon materials with organic compounds
is a challenge itself.

The ordered mesoporous silica modifications with amine
group has been well documented (Zeleňák et al., 2008; Chew et al.,
2010; Wang et al., 2015) but there has not been a strong study
supporting the modified OMC materials modification with amine
group. Titirici et al. (2007) performed the one step modification
of mesoporous carbon with primary amine group using SBA-
15 silica template and results showed the excellent structural
properties of the amine modified carbon materials. Teng et al.
(2015) developed amino-functionalized ordered mesoporous
material, which had also been found with excellent material
structural properties.

The objective of the current study was to prepare highly
sophisticated modified mesocarbon materials for the adsorption
of heavy metals (Arsenic and Lead) from the aqueous solution.
Also, to evaluate the performance of modified mesocarbon
materials for adsorption of As and Pb as compared to
mesocarbons from water, including the adsorption isotherms
and adsorption kinetics. The experiments were conducted to
estimate the adsorption behavior, mechanisms, and efficiencies
of all materials. The results of synthetically optimized adsorption
were compared to conclude.

MATERIALS AND METHODS

Materials Used for the Experiment
The material used as a soft template (triblock copolymer Pluronic
F127) and formaldehyde solution with % of weight 36.5–38
were bought from Sigma-Aldrich. Other materials including
phenol, HF, AR grade ethanol, HCl, and NaOH were obtained
from Nanjing the preferred chemical Co., Ltd., Nanjing, China.
The above-mentioned materials were used directly without any
further sanitization.

Preparation of Resol Precursors
Using the base catalytic process, phenol soluble resin resol
was produced by phenol and formaldehyde solution. A NaOH
aqueous solution (1.3 g with a weight of 20%) was added to
the molten phenol (6.10 g at the melting temperature of 40◦C).
The resulting solution was mixed with formaldehyde solution
(10 g) and stirred at 70◦C temperature for 1 h. The materials
obtained were normalized by temperature reduction at 25◦C, and
the pH value of 7 was maintained by HCl (0.6 mol). Vacuum
furnace technology had been used to remove the water from
the material. To obtain the ethanol solution synthesized from
phenolic resin RESOL (weight 20%), the synthesized material was
dissolved in ethanol.
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Preparation of Mesoporous Carbon
Material
As a carbon resource, phenolic resin RESOL solution is used
to synthesize mesoporous carbon and was added in ethanol
solution with Triblock F-127 copolymer as a template. The
mass ratio of 1:1 of synthetic phenol and F127 resin has been
used (Meng et al., 2006). When preparing the solution, ethanol
(19.0 g) and F127 (1.0 g) are added to the phenolic Resin RESOL
solution (5.0 g weighing 20%) and stirred to obtain a standardized
solution (Liu et al., 2006; Ding et al., 2014). Ethanol evaporated
from the synthetic material by using the combustion furnace
at temperatures from 90 to 110◦C (Ding et al., 2015). After
the ethanol evaporates, a transparent layer was obtained for
calcination. Quartz containers with a nitrogen atmosphere and
with a flow rate of 70–100 cm3/min are applied to synthetic
materials. Triblock copolymer template has been removed by
using a tubular boiler with the temperature maintained at
400◦C for 6 h. The materials were carbonized at temperature
up to 900◦C for 3 h with up to 3◦C/min heating rate after
calcination. After the completion of calcination and removal of
Triblock copolymer template, the resultant product was cleaned
by washing and drying (Yuan et al., 2013). The resulting carbon
material obtained after removal of the template was powdered
through crushing before use with 0.2 and 0.5 mm controlled
particle diameter.

For the preparation of FeOMC, initially, the mixture was
prepared by using 1.0 g as-synthesized OMC. The solution was
prepared in alcohol (10 mL) by adding oxalic acid (0.05 g), and
Fe(NO3)3.9H2O (0.721 g) and 1.0 g of OMC was then added
into it along with drop-wise addition of furfuryl alcohol (2 mL).
The resultant solution was dried by heating for 10 h at 90◦C and
calcinated at 900◦C for 2 h. The powdered FeOMC was dissolved
in NaOH solution (2.0 mol/L) with the temperature set at 90◦C
and processed for washing and drying.

For the preparation of TriFeOMC, firstly, 30 mL of toluene
was dispersed on 1.0 g dried (at 100◦C for an hour) FeOMC. The
mixture was placed in an oil bath with 85◦C fixed temperature by
using a flask. Secondly, triamine (3 mL) was mixed using reflux
in the flask of mixture up to 20 h. The toluene was used to wash
the filtered mixture of TriFeOMC. The washed TriFeOMC solid
was vacuum dried at 50◦C for 2 h.

Characterization of the Materials
The nitrogen sorption method was used to determine the
characteristics of OMC, FeOMC, and TriFeOMC which
includes porosity and surface area, using surface area analyzer
(ASAP2020). The pore width distribution and pore volume,
and pore size distribution were determined by the Brunauer–
Emmett–Teller (BET) method and Kelvin Eq. (1), respectively:(
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Whereas, Vm, α, G, and T are molar volumes, surface tension,
the universal gas constant, and the absolute temperature of the
adsorbate, respectively (Kruk et al., 1997; Ding et al., 2015).

The following equation has been used to determine the pore
volume:
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Whereas, A(BET, r), and Vr (p/p0) are the BET specific surface
area and the adsorption isotherm, respectively (Kruk et al.,
1997; Ding et al., 2015). The images of OMC, FeOMC, and
TriFeOMC for mesoporous structures were obtained through
SEM, S-3400N and TEM, H-800.

The microscopic structure of OMC, FeOMC, and TriFeOMC
with large (SEM) and small (TEM) magnifications (20 nm)
provided the clearer perspective of the materials. The properties
of mesoporous materials changed which can be seen as a well-
ordered and enhanced structure of TriFeOMC as compared
to OMC and FeOMC. The SEM images show that OMC
structures are more like hexagonally shaped monoliths, while
FeOMC structure looks like irregular structured monolith shapes
(Figure 1). The TriFeOMC structure is more ordered, as-
synthesized microporous with cylindrical shapes. The TEM
images showed cylindrical shapes of OMC, a high surface area
with small microparticles in FeOMC, and string shaped well-
ordered shapes of TriFeOMC. The TEM images of TriFeOMC
has shown a higher-order periodic degree; which confirms the
two-dimensional string shaped distribution of the pores with
connected pore channels, and uniform sizes as compared to
OMC and FeOMC. The current paper focuses on the adsorption
of heavy metals (Arsenic and Lead) by using the three above
mentioned mesoporous materials.

The amine content of TriFeOMC has been determined by
the Q500 (TGA Instruments) apparatus. The amine loading was
calculated by weight loss during sample calcination at 1000◦C
(Harlick and Sayari, 2006). The magnetic field of 4.7 T has been
used at room temperature on the instrument Bruker ASX200
to collect the Cross polarization (13◦C) and CP-MAS NMR
(magic angle spinning nuclear magnetic resonance) spectra for
OMC, FeOMC, and TriFeOMC. The spinning frequency was
4.5 kHz with 50.32 MHz of the resonance frequency. There were
2 min contact time with 2 s recycle delay (Yangui et al., 2017).
The FTIR spectroscopy analysis with wave number from 400 to
4000 cm−1 was performed by using Thermo Scientific Nicolet
6700 instrument.

The adsorption rate was quantified by using the following
equation:

R (%) =
Ci − Ce

Ci
× 100 (3)

Whereas, Ci and Ce are the initial and the equilibrium
concentrations (mg/L), respectively. The number of heavy metals
(As, Pb) adsorbed per unit mass of adsorbent qe (mg/g) can be
calculated as:

qe =
Ci − Ce

m
× V (4)

Whereas, m (g) is the adsorbent mass and V (L) is the solution
volume used in the present study.
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FIGURE 1 | Scanning electron microscopy (a–c) with 5 times magnification of the specified area (1 µm) and transmission electron microscopy (d–f) images of OMC,
FeOMC, and TriFeOMC, respectively.

RESULTS AND DISCUSSION

Properties of Materials
Nitrogen adsorption/desorption analysis explained the order
of OMC and modified materials. BET surface area was
46.5697, 56.3290, and 54.3382 m2/g for OMC, FeOMC, and
TriFeOMC, respectively (Figure 2). The results revealed that
the isotherms of OMC and TriFeOMC were strongly constant
channelized mesopores. The synthesized TriFeOMC had very
well defined uniform mesopores, which shows similarity with the
results of TEM images.

The Langmuir and BET linear plots further confirmed the
higher order of amine-modified mesoporous materials. The
Langmuir fits were highly fitted with the higher surface area while
the BET surface area graph showed the comparatively better
surface area of TriFeOMC than other two materials (Figure 3).

The OMC, FeOMC and TriFeOMC adsorption at a single
point has been found nearly 187.2160 nm with the pore
width at P/Po = 0.9896: 0.0629, 0.9896: 0.0687, and 0.9896:
0.0727 cm3/g, respectively whereas, BJH Adsorption capacity
of OMC, FeOMC and TriFeOMC from the total pore volume
has been found from 1.70 to 300.00 nm with the pore width
of 0.0562, 0.0638, and 0.0680 cm3/g respectively. The BJH
Desorption capacity of OMC, FeOMC, and TriFeOMC from
the total pore volume has been found from 1.70 to 300.00 nm
with the pore width of 0.0587, 0.0746, and 0.0788 cm3/g
respectively. The adsorption average pore diameter (4V/A by
BET) of OMC, FeOMC, and TriFeOMC were 5.4059, 4.8709, and
5.34833 nm (Figure 4).

During the post-processing of OMC, the iron and Triamine
have been transferred toward the pores of the template due
to the condensation in the capillaries. Similarly, the surface
of the BET surface area decreased sharply and pores volume
decreased slightly. The obtained TriFeOMC has a low surface
area as compared to OMC and FeOMC, as mentioned above.
The existence of small surface area and a decrease in the
pore volume of TriFeOMC have been found the reason for
highest Arsenic adsorption capacity. The results of Hamad et al.
(2016) also showed that amino modification caused a decrease
in the pore volume and pore size of the surface area of the
modified material. The results by Yangui et al. (2017) also
showed that the surface of P-10 and SBA-15 decreased abruptly
during the process of amine grafting, it also decreased the
pore diameter and pore volume which indicated the grafting
of organo-silane groups on the internal surface of the amine
modified materials.

The effects of thickness on the nitrogen adsorption/desorption
were investigated and found that the increase in thickness is
in direct proportion to the adsorption capacity of the materials
(Figure 3). More precisely, at the low thickness, the adsorption
capacity of OMC was higher than the other materials while at
the higher thickness, the adsorption of modified materials was
slightly higher than OMC as determined by t-plot drawn in
Figure 5 through Harkins and Jura analytical approach.

The amine loading up to 1000◦C of TriFeOMC was calculated
and found that modified weight loss decreased to 40% at 1000◦C.
There were higher fluctuations found in derived weight (%/◦C)
during the calcination of samples and reached at 0.059 (%/◦C)
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FIGURE 2 | Nitrogen adsorption/desorption Isotherm absolute and linear plots of OMC, FeOMC, and TriFeOMC.

FIGURE 3 | The Langmuir and BET surface area plots of OMC, FeOMC and TriFeOMC.

from a total of 0.20 (%/C◦) as shown in Figure 6. The total size of
the sample was 14.96 mg for amine content measurement in the
present study. The amine content ranged from 3.29 to 7.18 mmol
N/g in the present study.

Fourier transforms infrared (FTIR) spectra for OMC, FeOMC,
and TriFeOMC has been recorded. Figure 7 shows comparative
spectra of OMC, FeOMC, and TriFeOMC with two band ranges
from 1633 to 1666 cm−1 and 3413 to 3444 cm−1 for all materials.
The elongation at 935 and 3689 cm−1 could be associated with
the CH2 deformation, symmetric CH stretching, and aliphatic
CH stretching vibrations (Silverstein et al., 2014; Yangui et al.,
2017). These results showed that the functionalization of triamine
group materials was effective. Alqadami et al. (2016) used the
FTIR technique to describe the behavior of materials after
the adsorption of toxic dye from wastewater; concluding that
material nanoparticle size increased after adsorption.

The experiment was conducted to identify the efficient dosage
which could be used for further experiments on heavy metals
adsorption by OMC, FeOMC, and TriFeOMC. 0.04 (g) dosage
has been found the best for estimating the adsorption capacities
of OMC, FeOMC, and TriFeOMC, as shown in Figure 8. More
precisely, TriFeOMC was the most efficient material found for

the adsorption of As and OMC showed the highest adsorption
efficiency for Pb in the current study.

Most of the heavy metals including As and Pb are pH
dependent contaminants but use of pH 7 is well documented to
understand the initial effects of new materials on the adsorption
of heavy metals at this neutral pH. The surface of the mesoporous
carbon materials is negative, which interacts with Pb ions at
higher pH. At lower pH, the adsorption of Pb is very low due
to strong competition between protons and available Pb ions for
adsorption. Whereas, pH from 5.0 to 6.5 increases the negatively
charged carbon materials interaction with Pb ions (Mohammadi
et al., 2010; Mouni et al., 2011; Alghamdi et al., 2019) until it
goes pH > 7. The Lead hydroxide starts to precipitate above pH
7 in the aqueous solution (Boujelben et al., 2009; Shen et al.,
2018). Moreover, the interaction between amino group and acidic
groups on the surface of carbon formed a strong layer during
Pb ions adsorption process, which also resulted in the decreased
adsorption of Pb on TriFeOMC. Alqadami et al. (2017) used
the surface charge potential to describe the agglomeration of
materials and showed that nanomaterials containing metallic
ions showed negative charge at pH ≤ 7 and positive surface
charge at pH > 7.
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FIGURE 4 | The pore volume and pore width comparisons for adsorption and desorption of OMC, FeOMC, and TriFeOMC.

FIGURE 5 | The t-plot (Harkins and Jura) between nitrogen adsorption quantity vs thickness of OMC, FeOMC, and TriFeOMC.
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FIGURE 6 | Loading of amine content during calcination of TriFeOMC samples.

FIGURE 7 | FTIR spectra of OMC, FeOMC, and TriFeOMC showing two major band ranges.
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FIGURE 8 | The percent adsorption of Arsenic (As) and Lead (Pb) by OMC, FeOMC, and TriFeOMC at different dosages with constant pH = 7 and T = 25◦C.

Adsorption Isotherms
To compare the adsorption capacity of OMC, FeOMC and
TriFeOMC, the As and Pb adsorption isotherms data were fitted
by Langmuir non-linear model Eq. (5) and Freundlich non-linear
model Eq (6);

qe =
qm.KL.Ce

1+ K.Ce
(5)

Where Ce: heavy metals concentration at equilibrium (mg/L);
qe: adsorption capacity at equilibrium (mg/g); qm: maximum
adsorption capacity (mg/g); and KL: adsorption constant.

qe = Kf C
1
n
e (6)

Ce and qe have been shown above, Kf and 1/n are constants of
Freundlich isotherm.

The Langmuir and Freundlich isotherms of As and Pb for
OMC, FeOMC, and TriFeOMC are shown in Figure 9. The
results for both model fit were complex. Langmuir model
fit for OMC, while Freundlich model fit for FeOMC. Both
models fit for TriFeOMC for As whereas, Langmuir model
showed comparatively better fit for Pb. The maximum adsorption
capacities for Arsenic were 21.44, 27.41, and 37.78 mg/g for the
materials (OMC, FeOMC, and TriFeOMC, respectively), which
indicates that TriFeOMC was most efficient and effective for
the adsorption of Arsenic. The results of Wang et al. (2018)
showed that the iron-containing mesocarbon materials (FeOMC)
had a higher affinity for As adsorption than OMC, which is
in agreement with our results. Showkat et al. (2007) prepared
amine modified materials using ordered mesoporous silica and
found that new materials had a comparatively better adsorption
efficiency for As and Pb than the other previously prepared
ordered mesoporous silica materials.

Similarly, the maximum adsorption capacities of OMC,
FeOMC and TriFeOMC for Lead (Pb) adsorption were 28.53,
4.95, and 9.39 mg/g, respectively, which shows the higher capacity
of OMC material as compared to FeOMC and TriFeOMC. The
results of Lee et al. (2016) also agrees with our results in terms of
Pb adsorption, showing that amine modified mesoporous silica

showed less affinity for Pb adsorption than Thiol-functionalized
mesoporous silica.

More precisely, TriFeOMC was comparatively better
adsorbent than FeOMC. The reason for TriFeOMC reduced
adsorption capacity for Pb might be due to the Pb response
to the amines, which created a layer on the upper surface of
the adsorbent resulting in the reduced adsorption. Therefore,
it can be concluded that the newly developed amine modified
ordered mesoporous carbon (TriFeOMC) is the best adsorbent
for adsorption of Arsenic whereas, it has less capacity for Lead
(Pb) adsorption.

There is a long history of preparation of materials for
the adsorption of heavy metals from wastewater. Li et al.
(2017) used nanoscale zero-valent iron to remove heavy metals
from waste water using batch experiment and removed As(v)
with comparatively high efficiency. Graphene oxide-MnFe2O4
nanohybrids have been used by Kumar et al. (2014) and
successfully removed Pb, As(III) and As(V) from aqueous
solution. The use of cation exchangers also showed the higher
efficiency for the removal of Pb from aqueous solutions
(Naushad, 2014; Naushad and ALOthman, 2015; Naushad et al.,
2015). The use of amine surface functionalized magnetite
nanoparticles prepared by Nata et al. (2011) resulted in
the enhanced thermal and mechanical properties of cellulose
nanofibrils and demonstrated the higher efficiency of As(V)
removal due to the presence of iron-oxide and amine contents.
Taleb et al. (2019) also removed As from magnetite-loaded amino
modified nano-cellulose adsorbents with good removal efficiency.
Önnby et al. (2014) used Aluminum nanoparticles incorporated
amine rich cryogels nano-composites for the removal of As
showing successful removal of As(V) from aqueous solution.

Adsorption Kinetics
The adsorption kinetics of Arsenic and Lead were also
investigated for adsorption behaviors of OMC, FeOMC, and
TriFeOMC. The dosage of 0.03 g of adsorbents (OMC, FeOMC,
and TriFeOMC) has been used in the solution with the initial
concentrations of 9.45, 10.28, and 9.97 mg/L of Arsenic and
solution was monitored at different time, namely 20, 40, 60, 80,
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FIGURE 9 | Langmuir and Freundlich isotherms of As and Pb for OMC, FeOMC, and TriFeOMC.

and 120 min at optimum pH (7) and at constant temperature
of 25◦C. The initial concentrations of Lead (Pb) for the same
experiment were 11.15, 11.46, and 11.68 mg/L with 0.03 g of
OMC, FeOMC, and TriFeOMC with the same temperature, time,
and pH. The study of adsorption kinetics at the solid-phase
interface is of major importance for determining the uptake
rate of the prepared material (adsorbate). The pseudo-first-order
kinetic model in non-linear (Eq. 7) equation form is given below;

qt = qe
(
1− e−K1.t

)
(7)

K1 is adsorption constent, adsorption at equilibrium (qe) and R2

by using linear fit statistics for both heavy metals. Similarly, the
non-linear pseudo-second-order equations is;

qt =
K2q2

e t
1+ K2qet

(8)

K2 is adsorption rate constant, equilibrium adsorption (qe), R2,
and initial adsorption rate (H).

The results of both non-linear kinetic models are presented
in Table 1. For OMC, FeOMC, and TriFeOMC, the adsorption
process followed an almost similar way of both pseudo models
for Arsenic and Lead adsorption and the adsorption process has
been followed by pseudo-second-order for the adsorption of Pb
(Table 1). The fact that equilibrium adsorption capacities (qe)
which have been calculated through the pseudo-second-order
model overall have been found comparatively more closely and
therefore suggests the usage of this model to analyze the data for
such experiments.

The mechanisms for the heavy metals adsorption on to
the mesoporous carbons and modified mesoporous carbons
are important to understand. Adsorption is the most favorable
technique adopted by researchers around the globe for heavy
metals removal. Naushad et al. (2016) used the adsorption
techniques for the removal of mercury from aqueous solution
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TABLE 1 | The parameters of adsorption kinetics of arsenic and lead on OMC, FeOMC, and TriFeOMC at pH 7 (R2 is the correlation coefficient of the model fits) using
non-linear models.

Arsenic (As) Pseudo-first-order Pseudo-second-order

Parameters qe (exp) K1 (min) qe (theoretical) R2 K2 (min) qe (theoretical) R2 H (mg/g/min)

OMC 9.45 0.0482 11.43 0.99 0.0091 9.22 0.99 0.77

FeOMC 10.28 0.0429 12.74 0.99 0.0097 9.91 0.99 0.95

TriFeOMC 9.97 0.0559 11.79 0.98 0.0089 9.27 0.99 0.76

Lead (Pb) Pseudo-first-order Pseudo-second-order

OMC 11.15 0.0476 10.63 0.97 0.0045 10.91 0.99 0.54

FeOMC 11.46 0.0662 9.93 0.97 0.0096 11.07 0.99 1.17

TriFeOMC 11.68 0.0148 7.82 0.92 0.0059 12.21 0.97 0.88

and successfully removed it using an alizarin red-S-loaded
amberlite IRA-400 resin. Mironyuk et al. (2019) used mesoporous
carbonated TiO2 for the adsorption of strontium and successfully
removed the strontium ions from aqueous solution. A nano-
adsorbent prepared by using an organic ligant with mesoporous
silica for the adsorption of Pb(II) by Shahat et al. (2015), and
successfully removed Pb(II) with excellent adsorption efficiency.

There are several interactions between surface functional
groups and ions of the target metals, including electrostatic
interactions, chemical interactions, and surface precipitation
(Hamad et al., 2016). In the case of the present study, Tri-amine
modified mesocarbon materials have shown major chemical
interactions with Pb. The interaction strength between the
surface functional groups and metal ions mainly depends on the
properties of material surface ions. Phenol resin resol template
consists of the acidic groups and in case of amine groups;
the adsorption in the amine group is mainly dependent on
nitrogen atoms which are mainly responsible for the formations
of the ligand with the metal ions. In Figure 7 it has been
shown that symmetrical bending of NH2 have not found at the
bands of 400 and 3689 cm−1 for Triamine modified mesoporous
material for both heavy metals. This result verifies the interaction
between amino group and acidic groups on the surface of carbon
during heavy metal ions adsorption process. The discussed
mechanism has more effect on the efficiency of Pb adsorption
onto TriFeOMC due to the creation of a strong layer at the
surface after interaction with Pb. The amine group –NH2
interaction with Arsenic easily formed coordination complexes
which have been found highly responsible for efficient adsorption
of As by TriFeOMC.

CONCLUSION

The synthesis of OMC materials with iron and later with
Tri-amine has been done successfully using a soft template
containing phenol resin resol and triblock copolymer F-127.
The physiochemical properties of materials were characterized
using N2 adsorption/desorption isotherms, scanning electron
microscopy (SEM), transmission electron microscopy (TEM),
and surface area analysis determined by Brunauer–Emmett–
Teller (BET). The spectra through Fourier-transform infrared
spectroscopy (FTIR) were recorded for OMC, FeOMC, and

TriFeOMC. The finally obtained TriFeOMC material has been
found with higher porosity and a large surface area which make
this material an excellent adsorbent of As. The comparison of
OMC, FeOMC, and TriFeOMC has been made to check their
efficiency for adsorption of As and Pb. The adsorption percentage
of TriFeOMC was excellent for As whereas, Pb adsorption was
highest on OMC. The less efficiency of TriFeOMC for Pb was
due to the formation of a thin layer due to the chemical reaction
between amine and Pb. The Langmuir model fit for OMC, while
Freundlich model fit for FeOMC. Both models fit for TriFeOMC
for As whereas, Langmuir model showed comparatively better
fit for Pb. The adsorption process followed an almost similar
way of both pseudo models for Arsenic and Lead adsorption for
OMC, FeOMC, and TriFeOMC and the adsorption process has
been followed by pseudo-second-order for the adsorption of Pb.
The present study provided strong evidence of As adsorption
from aqueous solution using the novel material TriFeOMC as an
excellent adsorbent with excellent performance.
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