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ABSTRACT

The removal of Co(Il) ions using Fe-MCM-41 adsorbent was studied. The removal of Co(II) ions
using Fe-MCM-41 adsorbent was studied. Fe-MCM-41 was synthesized by using sonochemical
method. Characterization by using XRD of the resulting material showed the peak 28 about 2.27° as
a characteristic of mesoporous material. Then Fe-MCM-41 was interacted with solutions containing
Co(II) ions at various concentrations. The Langmuir equation indicated monolayer adsorption
could be well-fitted for the adsorption isotherms. The maximum adsorption capacity of Co(Il) ions
on Fe-MCM-41 was 62.89 mg/g. Therefore, it could be conclude that the concentration of Co(II) ions
in an aqueous solution can be reduced by using Fe-MCM-41 adsorbent.
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INTRODUCTION

Heavy metal water pollution is still an
environmental issue that concerns many
researchers worldwide. Heavy metals have
high toxicity, are non-degradable, and
bioaccumulate, making them harmful to
organisms. Many industries, including battery
manufacturing, pigments and paints,
metallurgy and mining, and electronics, widely
use cobalt as a heavy metal (Briffa et al., 2020;
G. Wang et al,, 2020; Q. Wang & Yang, 2016).

Cobalt, an essential trace element, is
required in small amounts for biocatalysis,
within the organism. Cobalt deficiency can
affect vitamin B12 formation, reducing red
blood cell production, and anemia. However,

excessive cobalt intake causes serious
problems such as asthma, allergies, heart
damage, heart failure, and thyroid and liver
damage (Briffa et al, 2020; Das et al., 2023;
Shafaei et al, 2011). Therefore, the cobalt
content must be reduced or eliminated before
the effluent of industrial wastewater is
released into the environment.

In aqueous solutions, cobalt is present in the
form of Co(II). Many methods have been used
for the removal of Co(ll) from aqueous
solutions, like membran separation, ion
exchange, chemical precipitation,
electrocoagulation, bioremediation, and
adsorption (Kulkarni, 2016; Luo et al., 2018;
Shafaei et al, 2011; G. Wang et al, 2020).
Adsorption is a way to get rid of heavy metal
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ions by using an adsorbent surface with lots of
functional groups, well-developed pores, or a
high specific surface area (Abbou et al.,, 2021;
Briffa et al., 2020; Das et al,, 2023; G. Wang et
al, 2020). It is an efficient, operable, and
economical method for removing Co(ll)
(Siddiqui et al., 2021).

Researchers  have  investigated  the
adsorption of Co(Il) from aqueous solutions
using porous materials as adsorbent
(Hernandez-Ramirez et al., 2007; Siddiqui et
al, 2021; Yang et al,, 2022). Among the porous
adsorbents, mesoporous has interested
researchers to study its use as adsorbent for
heavy metals (Bernabé et al., 2019; Salmani et
al, 2020; Siddiqui et al, 2021). Silica-based
mesoporous are one of the most widely used
adsorbents in recent years (Cashin et al., 2018;
Salmani et al,, 2020).

MCM-41 is one of mesoporous silica-based
with  great thermal stability, having
honeycomb-like pores with a diameter of about
15-100 A and a specific surface area of ~1,000
m?/g. (Alardhi et al, 2020; Albayati, 2019).
MCM-41 application as an adsorbent is limited
to the adsorption of gases and organic
compounds (Cheng et al, 2020; Santos et al,,
2019; Shen et al, 2021; Zhao et al, 2022).
Among them is by inserting trivalent elements,
such as Al or Fe, into the silicate framework,
leading the originally neutral MCM-41
framework to become negatively charged due
to the presence of Brgnsted acid sites (Bedoya
etal, 2022; Hung et al., 2024).

Some authors reported successfully
inserting AIl(IlI) into the MCM-41 silicate
matrix hydrothermally (Bedoya et al, 2022;
Hung et al., 2024; Vu et al,, 2020). Al-MCM-41
products were found to be good for adsorption
of metal ions, including Pb(Il), Cu(ll), and
Cd(II). Parida and Dash (2010) and Ngcobo and
coworkers (2023) also reported the successful
hydrothermal insertion of Fe(Ill) into the
MCM-41 framework and the Fe-MCM-41
product has the ability to adsorb Cu(Il) metal
ions.

Therefore, in this works is necessary to
modify MCM-41 to improve its performance, in
this study, MCM-41 was modified to Fe-MCM-
41 by using sonochemical method, which was
used to remove Co(Il) ions in aqueous
solutions.

MATERIALS AND METHODS

Materials and Tools

This study used materials manufactured by
Merck including sodium silicate solution (SSc),
cethyltrimethylammonium bromide (CTAB),
iron(IIl) nitrate nonahydrate (Fe(NOs3)3.9H:0),
ethyl acetate (EAc), and cobalt(Il) nitrate
hexahydrate (Co(NO3)2.6H.0). Distilled water
was purchased from CV. General Labora
(Yogyakarta, Indonesia).

The tools used were laboratory standard
glassware and porcelain, vacuum pump, digital
oven (Fischer Scientific 655K), analytical
balance (AND G20), hotplate stirrer (IKA C-
MAG HS7), ultrasonic bath (Bransonic 220, 48
kHz), and furnace (FB 1310M-33).

Fe-MCM-41 synthesis

Fe-MCM-41  synthesis modified the
procedure of Syamsuri et al. (2017). The
materials with a molar ratio of 0.33 CTAB: 0.1
Si: 0.011 Fe: 1.86 EAc: 450 H,O were mixed.
The mixture was stirred until a white slurry
was formed and sonicated for 90 minutes. The
precipitate was filtered, washed to neutral, and
dried at 110°C for 6 hours. Finally, it was
calcined at 550°C for 6 hours. Fe-MCM-41 was
characterized by XDR (Shimadzu 6000) and
FTIR (Shimadzu Prestige 21).

Adsorpsi study of Co(1I)

A fixed amount of 200 mesh Fe-MCM-41
(0,01 g) was placed into 10 ml of Co(Il)
solutions of different concentrations in a vial
bottle. The mixture was stirred for 15 minutes
and filtered. The Co(ll) concentration in the
filtrate was analyzed by AAS (Perkin-Elmer
3110).

The amount of adsorbed Co(II) ions per unit
adsorbent mass at time ¢: (mg/g) was
calculated by the following equation:

(Co-ClV

Q="
Co(1II) removal efficiency (R%) was calculate by
the following equation:
Ria= ﬁx‘l[]llil%

Co
where C, is the Co(II) ions initial concentration
(mg/L), C: is the Co(lI) ions concentration left
in aqueous solutions at time (mg/L), V is the
volume of the aqueous phase (1), and m is the
bentonite amount (g).
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RESULTS AND DISCUSSIONS

Characterization of Fe-MCM-41

The X-ray diffractogram in Fig. 1 shows a 20
shift of the 100 plane to a smaller value, from
about 2.39° to 2.27°. This is followed by a
decrease in peak intensity in the [100] plane.
The increase in d-spacing value occurs due to
the isomorphic substitution of Si-O bonds by
longer Fe-O bonds. The decrease in intensity is
due to the irregular arrangement of atoms in
the Si-O-Fe bond and the lack of uniformity of
the MCM-41 mesoporous structure caused by
the entry of trivalent elements into the MCM-
41 framework.

The diffractogram pattern in Fig. 1 is similar
to Adjdir et al. (2009) dan Boudinar et al.
(2024). The direct synthesis of Al(III) resulted
in a decrease in the intensity of the main peak
of MCM-41 as well as a 20 shift to a smaller
value. The reduction in the intensity of the
main peak is due to the isomorphic
substitution of the Si-O bond (1.61 A) by the
longer Al-O bond (1.69 A). This was also
reported by Parida & Dash (2010) and Hu et al.
(2024) successfully synthesized Fe-MCM-41.
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Figure 1. X-ray diffractograms of: (a) MCM-41
and (b) Fe-MCM-41

In Fig. 2, the absorption band at 1427 cm-1
is observed which indicates the presence of
Fe(IlI) species in tetracoordinate form. This
corresponds to the study of Bordiga et al
(1996) and Suyanta et al. (2023) that Fe(III)
tetracoordinate absorption in the silicate
framework is observed in the 1430-1380 cm-!
region. The figure also shows the shifting of
typical MCM-41 absorption bands at 1087 cm!
and 794 cm! to the smaller wave numbers,

1056 cm-1 and 786 cm-1. This shift is due to the
isomorphic substitution of the Si-O bond by the
longer Fe-O bond. Based on this, it could be
said that Fe(Ill) is incorporated into the MCM-
41 framework.
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Figure 2. FTIR spectra of : (a) MCM-41 and (b)
Fe-MCM-41

The performance of Fe-MCM-41 in
adsorbing Co(II) ions

The performance of Fe-MCM-41 in
adsorbing Co(Il) ions was investigated by
metal concentration. The metal concentration
variations in this study were 100, 150, 200,
250, and 300 ppm. After each mixture was
stirred for 15 minutes and filtered. The Co(II)
concentration in the filtrate was analyzed. The
results obtained from the experimental studies
are shown in Fig. 3. It can be seen that the
equilibrium adsorption capacity of the Fe-
MCM-41, q. increases with an increased initial
concentration of Co(Il) ions.
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Figure 3. The dependence of the equilibrium
adsorption capacity on the initial
concentration of Co(II) ions
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Adsorption isotherm studies were done to
determine the maximum adsorption capacity of
Fe-MCM-41 in adsorbing Co(II) ions. Both the
Langmuir and Freundlich adsorption isotherms
are widely used adsorption models. The
calculated results and correlation coefficients
(R2) are listed in Table 1.

Table 1. Langmuir and Freundlich isotherms

Parameters

Isotherm Parameters Value
Langmuir R2 0.997
qm (mg/g) 62.89

b 3140

Freundlich Rz 0.995
Kr 80.97

1/n 0.59

From the correlation coefficients (R?) in
Table 1, the adsorption of Co(II) metal ions on
Fe-MCM-41 follows the Langmuir adsorption
isotherm model. Therefore, the adsorption of
Co(II) metal ions on Fe-MCM-41 is monolayer
adsorption, where the active sites on the
adsorbent surface have the same ability to
interact with the adsorbate. Comparison of
adsorption capacity of various adsorbents were
illustrated in Table 2.

Table 2. Adsorption capacity of Co(Il) metal
ion on various adsorbents

Adsorption
Adsorbent capacity Ref
(mg/g)

MCM-41 0 (Lam et al,,
2006)

SA-MCM-41 4,12 (Mathew,
2018)

RH-MCM-41 67,93 (Hatem etal,,
2024)

Fe-MCM-41 62,89 This work

CONCLUSIONS

The concentration of Co(Il) ions in an
aqueous solution can be reduced by using Fe-
MCM-41 adsorbent. The Langmuir and
Freundlich models were used to fit the
adsorption isotherm. The Langmuir equation
indicated monolayer adsorption could be well-
fitted for the adsorption isotherms. The
maximum adsorption capacity of Co(II) ions on
Fe-MCM-41 was 62.89 mg/g.

ACKNOWLEDGEMENTS

The authors would like to thank
Universitas Islam Negeri Raden  Fatah
Palembang for providing the BOPTN
Research Fund 2024 year for the Capacity
Development Cluster.

REFERENCES

Abbou, B., Lebkiri, I, Ouaddari, H., Kadiri, L.,
Ouass, A., Habsaoui, A., Lebkiri, A., & Rifi,
E. H. (2021). Removal of Cd(II), Cu(II), and
Pb(II) by adsorption onto natural clay: a
kinetic and thermodynamic study.
TURKISH JOURNAL OF CHEMISTRY, 45(2),
362-376. https://doi.org/10.3906/kim-
2004-82

Adjdir, M., Ali-Dahmane, T., Friedrich, F,
Scherer, T., & Weidler, P. G. (2009). The
synthesis of A-MCM-41 from volclay — A
low-cost Al and Si source. Applied Clay

Science, 46(2), 185-189.
https://doi.org/10.1016/j.clay.2008.11.0
09

Alardhi, S. M., Alrubaye, ]J. M., & Albayati, T. M.
(2020). Adsorption of methyl green dye
onto MCM-41: Equilibrium, kinetics and
thermodynamic studies. Desalination and
Water  Treatment, 179, 323-331.
https://doi.org/10.5004/dwt.2020.25000

Albayati, T. M. (2019). Application of
nanoporous material MCM-41 in a
membrane adsorption reactor (MAR) as a
hybrid process for removal of methyl
orange. DESALINATION AND WATER
TREATMENT, 151, 138-144.
https://doi.org/10.5004/dwt.2019.23878

Bedoya, ]. C, Valdez, R, Cota, L. Alvarez-
Amparan, M. A, & Olivas, A. (2022).
Performance of Al-MCM-41 nanospheres
as catalysts for dimethyl ether production.
Catalysis Today, 388-389, 55-62.
https://doi.org/10.1016/j.cattod.2021.01.
010

Bernabé, 1., Gomez, ]. M., Diez, E., Saez, P., &
Rodriguez, A. (2019). Optimization and
Adsorption-Based Recovery of Cobalt
Using Activated Disordered Mesoporous
Carbons. Advances in Materials Science
and Engineering, 2019, 1-10.
https://doi.org/10.1155/2019/3430176

Bordiga, S., Buzzoni, R., Geobaldo, F., Lamberti,
C., Giamello, E., Zecchina, A., Leofanti, G.,
Petrini, G., Tozzola, G., & Vlaic, G. (1996).
Structure and Reactivity of Framework



M M F Syamsuri et al/ Stannum : Jurnal Sains dan Terapan Kimia, 6(2) (2024) 109 - 114

and Extraframework Iron in Fe-Silicalite
as Investigated by Spectroscopic and
Physicochemical Methods. Journal of
Catalysis, 158(2), 486-501.
https://doi.org/10.1006/jcat.1996.0048
Boudinar, M., Draoua, Z., Tabti, H. A., Guezzen,
B., Kadeche, A., Ramdani, A, Ammam, A,
Ech-Chergui, A. N., Boudia, R. A, & Adjdir,
M. (2024). Adsorption isotherm and
kinetic modeling of malachite green (MG)
dye on cost-effective mesoporous material
Al-MCM-41 synthesized from local clay.
Reaction  Kinetics, Mechanisms and

Catalysis, 137(4), 2331-2348.
https://doi.org/10.1007 /s11144-024-
02636-8

Briffa, ]., Sinagra, E. & Blundell, R. (2020).
Heavy metal pollution in the environment
and their toxicological effects on humans.

Heliyon, 6(9), e04691.
https://doi.org/10.1016/j.heliyon.2020.e
04691

Cashin, V. B, Eldridge, D. S., Yu, A,, & Zhao, D.
(2018). Surface functionalization and
manipulation of mesoporous silica
adsorbents for improved removal of
pollutants: a review. Environmental
Science: Water Research & Technology,
4(2), 110-128.
https://doi.org/10.1039/C7EW00322F

Cheng, S., Liu, Y, & Qi, G. (2020). Microwave
Synthesis of MCM-41 and Its Application in
CO 2 Absorption by Nanofluids. 2020(11).

Das, S., Sultana, K. W., Ndhlala, A. R., Mondal, M.,
& Chandra, [. (2023). Heavy Metal
Pollution in the Environment and Its
Impact on Health: Exploring Green
Technology for Remediation.
Environmental  Health Insights, 17.
https://doi.org/10.1177 /117863022312
01259

Hatem, R. S., Hussain, A. F., & Mihsen, H. H.
(2024). Green synthesis, characterization,
and adsorption of Co(II) and Cu(Il) ions
from aqueous solution by mesoporous
silica MCM-41. Chemical Papers, 78(11),
6331-6342.
https://doi.org/10.1007/s11696-024-
03538-8

Hernandez-Ramirez, O., Hill, P. L., Doocey, D. ],
& Holmes, S. M. (2007). Removal and
immobilisation of cobalt ions by a novel,
hierarchically structured,
diatomite/zeolite Y composite. J. Mater.
Chem., 17(18), 1804-1808.

https://doi.org/10.1039/B700048K

Hu, Y. L, Chen, C, Li, W. X, & Zhang, Q. Y.
(2024).  Efficient and Convenient
Transformation of CO2 into a-Alkylidene
Cyclic Carbonates over Reusable and
Heterogeneous Cu-MCM-41 Supported
Ionic Liquid Catalyst. Silicon, 16(2), 513-
523.  https://doi.org/10.1007/s12633-
023-02692-0

Hung, M. ], Lin, Y. W,, Lin, W. T,, Lee, W. H., Kuo,
B. Y., & Lin, K. L. (2024). Functionalization
of mesoporous Al-MCM-41 for indoor
humidity control as building humidity
conditioning  material.  Journal of
Molecular  Structure, 1299, 137024.
https://doi.org/10.1016/j.molstruc.2023.
137024

Kulkarni, S. J. (2016). Research and studies on
cobalt removal from  wastewater.
International Journal of Research and
Review, 3(7), 41.
https://www.academia.edu/download/6
3785292/1JRR00820200630-11471-
17dvvac.pdf

Lam, K. F, Yeung, K. L., & McKay, G. (2006). A
Rational Approach in the Design of
Selective Mesoporous Adsorbents.
Langmuir, 22(23), 9632-9641.
https://doi.org/10.1021/1a061410p

Luo, W, Bai, Z.,, & Zhu, Y. (2018). Fast removal
of Co(ii) from aqueous solution using
porous carboxymethyl chitosan beads and
its adsorption mechanism. RSC Advances,
8(24), 13370-13387.
https://doi.org/10.1039/c7ral3064c

Mathew, A. (2018). Metal Adsorption Property
of Succinamic Acid Functionalized MCM-
41. International Journal of Applied

Chemistry, 5(1), 6-14.
https://doi.org/10.14445/23939133 /ijac
-v5i1p103

Ngcobo, M., Ouissa, A, Kleist, W., Thiel, W. R, &
Ojwach, S. O. (2023). Regulating the
physical properties of silica immobilized
Fe(II), Ni(I) and Co(lII) catalysts towards
ethylene  oligomerization  reactions.
Molecular  Catalysis, 549, 113465.
https://doi.org/10.1016/j.mcat.2023.113
465

Parida, K. M., & Dash, S. K. (2010). Adsorption
of Cu2+ on spherical Fe-MCM-41 and its
application for oxidation of adamantane.
Journal of Hazardous Materials, 179(1-3),
642-649.
https://doi.org/10.1016/j.jhazmat.2010.0



Removal Co(Il) Ions in Aqueous Solution using Fe-MCM-41

3.051

Salmani, M. H., Ehrampoush, M. H., Eslami, H., &

Eftekhar, B. (2020). Synthesis,
characterization and application of
mesoporous silica in removal of cobalt
ions from contaminated water.
Groundwater for Sustainable Development,
11, 100425.
https://doi.org/10.1016/j.gsd.2020.1004
25

Santos, L. F. S, de Jesus, R. A, Costa, J. A. S,

Gouveia, L. G. T., de Mesquita, M. E.,, &
Navickiene, S. (2019). Evaluation of MCM-
41 and MCM-48 mesoporous materials as
sorbents in matrix solid phase dispersion
method for the determination of
pesticides in soursop fruit (Annona
muricata). Inorganic Chemistry
Communications, 101, 45-51.
https://doi.org/10.1016/j.inoche.2019.01
013

Shafaei, A., Pajootan, E., Nikazar, M., & Arami,

M. (2011). Removal of Co (II) from
aqueous solution by electrocoagulation
process using aluminum electrodes.
Desalination, 279(1-3), 121-126.
https://doi.org/10.1016/j.desal.2011.05.
070

Shen, X, Du, X, Yang, D, Ran, |, Yang, Z, &

Chen, Y. (2021). Influence of physical
structures and chemical modification on
VOCs adsorption characteristics of
molecular sieves. Journal of Environmental
Chemical Engineering, 9(6), 106729.
https://doi.org/10.1016/j.jece.2021.1067
29

Siddiqui, M. N., Chanbasha, B., Al-Arfaj, A. A,

Kon’kova, T, & Ali, I. (2021). Super-fast
removal of cobalt metal ions in water
using inexpensive mesoporous carbon
obtained from industrial waste material.
Environmental Technology & Innovation,
21, 101257.
https://doi.org/10.1016/j.eti.2020.10125
7

Suyanta, S., Kuncaka, A., & Mudasir, M. (2023).

Impregnation of Fe3+ into MCM-41 Pores:
Effect of Fe3+ Concentration on the
Weight Percent of Fe-Frameworks and Fe-
Non-Frameworks. Indonesian Journal of
Chemistry, 23(4), 984-996.
https://doi.org/10.22146/ijc.79468

Vu, D.-H., Bui, H.-B,, Bui, X.-N., An-Nguyen, D.,

Le, Q.-T., Do, N.-H., & Nguyen, H. (2020). A
novel approach in adsorption of heavy

metal ions from aqueous solution using
synthesized MCM-41 from coal bottom

ash. International Journal of
Environmental  Analytical =~ Chemistry,
100(11), 1226-1244.

https://doi.org/10.1080,/03067319.2019.
1651300

Wang, G., Zhang, Y., Jiang, S., Ma, X,, & Wei, B.

(2020). Removal and recovery of cobalt
from Co(Il)-containing water samples by

dithiocarboxyl polyethyleneimine.
Separation and Purification Technology,
251, 117338.

https://doi.org/10.1016/j.seppur.2020.1
17338

Wang, Q., & Yang, Z. (2016). Industrial water

pollution, water environment treatment,
and health risks in China. Environmental
Pollution, 218, 358-365.
https://doi.org/10.1016/j.envpol.2016.07
011

Yang, ., Chen, H.-Q., Shi, N, Wang, T, Liy, |., &

Pan, W.-P. (2022). Porous carbon with
uniformly distributed cobalt
nanoparticles derived from ZIF-67 for
efficient removal of vapor elemental
mercury: A combined experimental and
DFT study. Chemical Engineering Journal,
428, 132095.
https://doi.org/10.1016/j.cej.2021.13209
5

Zhao, D., Qian, ]J., Wang, Y., Ma, Z, & Ma, X.

(2022). Reactive Adsorption of Gaseous
Anisole by MCM-41-Supported Sulfuric
Acid. Catalysts, 12(9), 942.
https://doi.org/10.3390/catal12090942



