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ABSTRACT

MAGNETIC REDUCED GRAPHENE OXIDEAS ADVANCED MATERIALS FORADSORPTION
OF METAL IONS. Magnetic Reduced Graphene Oxide (MRGO) is graphene-based material that modified by
introducing iron oxide nanoparticles onto the surface of graphene oxide (GO). MRGO exhibit some unique and
advanced properties and characteristic including high surface area, superparamagnetic characteristics and
adsorption ability against ions and molecules. In this research, MRGO was prepared by the Hummers method,
followed by reacting ferrochloride tetrahydrate and ferrichloride hexahydrate through co-precipitation method
for the formation of iron oxide nanoparticles on the GO surface. MRGO was prepared with various composition
of ferrochloride tetrahydrate. Furthermore, the resultant of MRGO was characterized by Scanning Electron
Microscope (SEM), Fourier-transform Infrared (FT-IR) Spectroscopy, and Atomic Adsorption Spectroscopy
(AAS). Adsorption characteristics test was conducted against electroplating waste-based metal ion. The SEM
results showed that GO exhibited the layered structure meanwhile MRGO exhibit as Feƒ O

4
-modified GO

layered surfaces. MRGO made by different ferrochloride tetrahydrate differed in the iron oxide nanoparticles
formation on the surface of GO. Increasing the composition of ferrochloride tetrahydrate increased the formation
of iron oxide nanoparticles. Moreover, MRGO (FeCl‚ .4H‚ O 0.0064 M) is successfully applied as nickel metal
ion adsorbents with the adsorption ability of 78,24%. This result showed that MRGO have a potential
prospect as an effective and efficient advanced adsorbent material candidate.
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ABSTRAK

MAGNETIC REDUCED GRAPHENE OXIDE SEBAGAI MATERIAL MUTAKHIR UNTUK
PENYERAPAN ION LOGAM. Magnetic Reduced Graphene Oxide (MRGO) merupakan material berbasis
graphene yang dimodifikasi dengan adanya nanopartikel besi oksida pada permukaan Graphene Oxide (GO).
MRGO menampilkan sifat dan karakter yang unik dan mutakhir seperti luas permukaan yang tinggi, karakter
superparamagnetik serta kemampuan penyerapan terhadap ion dan molekul. Pada penelitian ini, MRGO
dipreparasi dengan menggunakan metode Hummer yang diikuti dengan mereaksikan ferrochloride tetrahydrate
dan ferrichloride hexahydrate melalui metode kopresipitasi untuk membentuk nanopartikel besi oksida pada
permukaan GO. MRGO dipreparasi dengan memvariasikan konsentrasi prekursor ferrochloride tetrahydrate.
Selanjutnya, MRGO yang dihasilkan dikarakterisasi dengan menggunakan Scanning Electron Microscope (SEM),
Fourier-Transform Infrared (FT-IR) Spectroscopy, dan Atomic Adsorption Spectroscopy (AAS). Karakter adsorpsi
diuji dengan menggunakan ion logam nikel. Hasil observasi SEM menunjukkan bahwa GO menampilkan struktur
lapisan sedangkan pada MRGO menampilkan adanya nanopartikel besi oksida pada lapisan permukaan GO.
MRGO menampilkan sebaran nanopartikel besi oksida yang berbeda pada konsentrasi yang berbeda. Peningkatan
konsentrasi awal prekursor ferrochloride tetrahydrate akan meningkatkan pembentukan nanopartikel besi
oksida pada GO. MRGO (FeCl

2
.4H

2
O 0,0064 M) dapat diaplikasikan pada ion nikel sebagai adsorben dengan

kemampuan absorspi sebesar 78,24%. Hasil ini menunjukan bahwa MRGO memiliki prospek yang potensial
sebagai kandidat material untuk adsorben ion logam yang efektif dan efisien.

Kata kunci: Graphene oxide (GO), Nanopartikel magnetik, Adsorpsi
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INTRODUCTION

Treatment of waste is in needed in order to
develop a green environment. Metallic ions that
discharge into the environment as a waste from the
factory could become a serious problem for the human
and its environment. The system that could adsorb
metallic ions become an emerging issue to overcome
these problems.

Recently, nanotechnology plays an important
role as a prospect technology that could be developed
to overcome the human problems. Various advanced
materials have been developed as adsorbent materials
including nanoparticles, polymeric-based material,
ceramic-based materials, and nanocomposites
materials.

Nowadays, graphene oxide (GO) materials
have obtained a great of interest both scientist and
technician [1]. GO could be synthesized through
well-developed process and method namely chemical
exfoliation [2]. GO possesses several unique and
powerful properties including high surface area and
accessible for chemical or physical functionalization.
Moreover, GO possesses a good characteristics as a
potential adsorbent materials [3]. Various applications
have been developed by using GO such as for bio-
detection [2], SERS detection [4], supercapacitors [5],
nano-filler [6], drug carrier [7] and absorbent for dye
molecules [8].

Magnetic nanoparticles exhibit unique and
powerful properties that could be elaborated in term of
their size and their ability to interact with external
magnetic field exposure [9]. Magnetic nanoparticles
could be prepared through co-precipitation
method [10].

Furthermore, external magnetic field have
been developed as a promising stimuli system to
triggered some functions and characteristics.
External magnetic field could be used directly to the
magnetic materials system without contact
forces.

For instance, magnetic force has been developed
as absorption assisted process for magnetic-based
separation or filtration [8]. GO could be combine with
magnetic nanoparticles in order to developed magnetic
reduced graphene oxide (MRGO). Furthermore, MRGO
could be developed as a template for detection of
molecules and metal ions through magnetic separation
techniques [1,3,8,11].

In this study, MRGO was developed through
the preparation of GO materials followed by the in situ
self-assembly formation of iron oxide nanoparticles on
the surface of GO. The structures and morphology of
MRGO were evaluated systematically by using SEM and
FT-IR spectroscopy. Absorption and separation
processes were evaluated through atomic absorption
spectroscopy (AAS) data.

EXPERIMENTALMETHOD

Materials

Graphite powder (<20 μm synthetic), ferro
chloride tetrahydrate, ferrichloride hexahydrate and
fuming nitric acid (HNO

3
) were purchased from Sigma-

Aldrich. Potassium permanganate (KMnO
4
) and sulfuric

acid (H
2
SO

4
) were purchased from Baker. Hydrogen

peroxide (H
2
O

2
) was purchased fromAcros. Hydrochloric

acid (HCl) was purchased from Scharlau.All the chemicals
were used without further purification.

Scanning Electron Microscope (SEM), Fourier-
transform Infrared (FTIR) Spectroscopy, and Atomic
Adsorption Spectroscopy (AAS) were used for
identifying the structure, functional groups
characteristics and metal ion absorption capability,
respectively.

Methods

MRGO material was prepared via modified
Hummer’s method using flake expandable graphite as
the original material followed by the in situ self-assembly
of iron oxide nanoparticles on the surface of GO
(Figure 1). Briefly, graphite flakes powder was mixed with
concentrated sulfuric acid under homogeneous stirring
for 1 h. Subsequently, the suspension was put into water/
ice bath in order to keep the temperature below 5°C.
Afterwards, concentrated of nitric acid and potassium
permanganate were added into the mixture and followed
by stirring for 5 days. In the next step, deionized water
was added slowly and stirred continuously for 2 hours.
An aliquot of hydrogen peroxide was slowly added and
continue stirring for 2 hours and left for 24 hours to
precipitate the GO. Further, the supernatant was removed
followed by adding distilled-water, H

2
O

2
and HCl and

continue with stirring for 2 h to stop the reaction. The
resulting suspension of GO was then centrifuged at 4500
rpm. Centrifugation process was conducted three times.
The final suspension was washed by using deionized
water until pH neutral was achieved. The product was
dried at 40o C in vacuo which resulted in GO powder.

In order to prepared the MRGO, an amount of
ferrochloride tetrahydrate and ferrichloride hexahydrate

Figure 1. Preparation of magnetic reduced graphene
oxide
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were added into the GO suspension under the
homogeneous mixing in the basic condition. Various
initial concentration ofFeCl‚ .4H‚ O (0.0016,0.0032, 0.0064,
and 0.0129 M), in which the ratio of FeCl

2
.4H

2
O/

FeCl
3
.6H

2
O of 1 : 2, was used to observe the effect of

initial precursor concentration on the surface and
morphology of MRGO. Eventually, the MRGO was
collected magnetically and washed several times by
using deionized water.

The resultant materials were characterized in
terms of its structure and morphology by using SEM
and FT-IR spectroscopy. Nickel ion generated from
electroplating-based waste was used to investigate the
metal ion absorption process and mechanism triggered
by external magnetic field (Figure 2). Briefly, MRGO was
mixed with nickel ion solution then mixed through stirring
for 6 hours. Afterwards, external magnetic field was
applied to the suspension for 30 minutes. Atomic
absorption spectroscopy (AAS) was used to analyze
the metal ion concentration.

RESULTS AND DISCUSSION

Figure 3 shows the images of GO and MRGO in
solution. GO material exhibited the dispersion on the
aqueous solution. GO have no attraction under the
application of external magnetic field. Interestingly,
MRGO could easily interact with external magnetic field
exposure. This phenomenon confirmed the

superparamagnetic behaviors of MRGO in which the
MRGO could attract easily during the external magnetic
field applications, meanwhile without external magnetic
field applications, the MRGO would dispersed again in
the system without magnetic characteristics.

Figure 4 shows the SEM images of GO. GO
exhibited sheets wrinkle structures. Chemical exfoliation
based on Hummers’s method could disintegrated the
graphite layer through the reaction with strong acid
followed by oxidation mechanism. Through this process,
a few layers of GO could be developed simultaneously
with the development of various chemical groups on the
surface of GO. This result is in accordance with the
previous investigation [8].

Figure 5 shows the FT-IR spectrum of graphite,
GO, and MRGO. FT-IR spectrum of graphite exhibited
no significant peaks that could be observed. Meanwhile,
FTIR spectrum of GO and MRGO are intense with various
functional groups due to the transformation process from
graphite to GO and MRGO. FT-IR spectrum of GO at
3607 cm-1 due to hydroxyl (O-H) stretching, 1732 cm-1 for
carbonyl (C=O) stretching, and 1222 cm-1 for C-OH
stretching. The stretching of C-O could be observed at
the wavenumber of 1076 cm-1. The peaks around
1106 cm-1 indicated the C-O-C epoxide stretching. The

Figure 2. Schematic of magnetic-triggered absorption
process

Figure 3. Images of GO (a) and MRGO (b) suspension
under external magnetic field exposure

Figure 4. SEM images of GO

Figure 5. FT-IR spectrum of graphite, GO and MRGO.
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peak at around 1643 cm-1 indicated the C=C aromatic
stretching which confirmed the presence of sp2

hybridized honeycomb lattice. Meanwhile the C-H
aliphatic could be observe at wavenumber of 1390 cm-1,
874 cm-1 and 675 cm-1. The presence of these functional
groups confirmed the presence of oxygen thus indicated
the successful formation of graphene oxide through
chemical exfoliation of graphite by hummer’s method.
Furthermore, the peaks at around 1732 cm-1 and 1390 cm-

1 for C=O and C-H, respectively were slightly disappeared
indicated the formation of MRGO. The peak of C=C was
also shifted which might be due to the modification of
GO surface through iron oxide nanoparticles (Fe

3
O

4
)

immobilization. The peak at around 400-700 cm-1

confirmed the signature of Fe-O in Fe
3
O

4
. Moreover, the

peak at 1440 cm-1 confirmed the interaction between
carboxylic groups with Fe which further confirmed the
formation of MRGO, based on the interaction between
Fe

3
O

4
with GO.
Figure 6 shows the SEM images of MRGO with

various concentration of FeCl
2
.4H

2
O. The iron oxide

particles were developed in nearly spherical structures
and attached homogeneously on the surface of graphene
layer. SEM observation also revealed that increasing
concentration of iron oxide precursor will increase the
immobilization of iron oxide. This result is in accordance
with the previous investigation [3,11,12].

Based on the measurement of magnetic
separation experiment by using AAS, after 30 minutes
of application of external magnetic field, the MRGO
could absorb about 78,24% of nickel ion. These
phenomena might be due to the development of
sufficient electrostatic interaction among the
negatively charge of functional groups containing
residual oxygen with positively charge of adsorbates
of nickel ion. Further, these results proved that
MRGO could effectively absorb the metal ion and
potentially applied for the metal ion-waste treatment and
purification.

CONCLUSION

We prepared the MRGO via hummer’s method
followed by in-situ self-assembly co-precipitation of iron
oxide nanoparticles. The results showed that the iron
oxide nanoparticles was dispersed on the surface of
graphene oxide. Furthermore, MRGO nanoparticles were
developed as superparamagnetic nanoparticles.
Adsorption experiment results showed that MRGO could
absorbed nickel metal ion efficiently with the absorption
ability around 78,24% upon 30 minutes. Eventually, this
result showed that MRGO have a potential prospect as
an effective and efficient advanced adsorbent material
candidate.
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