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Polydopamine-coated magnetic nanochains as efficient dye adsorbent
with good recyclability and magnetic separability
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g r a p h i c a l a b s t r a c t

Core@shell structured polydopamine-coated Fe-Fe2O3 nanochains display high adsorption ability toward malachite green and good magnetic separation
functionality.
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a b s t r a c t

High adsorption ability and good separation functionality are necessary to an excellent adsorbent for
organic dye removal from wastewater. In this study, core@shell nanostructured magnetic Fe-
Fe2O3@polydopamine (PDA) nanochains (defined as Fe-Fe2O3@PDA NCs) were facilely synthesized
through self-polymerization of dopamine on the surface of Fe-Fe2O3 NCs. The dye adsorption perfor-
mance, recyclability and magnetic separability of the Fe-Fe2O3@PDA NCs were investigated through
selecting malachite green (MG) as a model organic dye. The effects of initial MG concentration, initial
solution pH, temperature, and contact time on dye adsorption were systematically studied. Results show
that the adsorption capacity of the Fe-Fe2O3@PDA NCs for MG was 61.22 mg/g at 25 �C. Both p-p stacking
and electrostatic interactions might be responsible for the adsorption of MG on Fe-Fe2O3@PDA NCs. The
adsorption kinetic follows both pseudo-second-order kinetic and Weber’s intraparticle diffusion models.
And the adsorption isothermal models fit Langmuir well. Besides, the Fe-Fe2O3@PDA NCs exhibit good
recyclable adsorption property towards MG dye.

� 2018 Elsevier Inc. All rights reserved.

1. Introduction

The industrial revolution brings a period of growth and prosper-
ity to many countries in the last century, but also causes all sorts of
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pollution problems [1]. In all kinds of pollution, water contamina-
tion with organic dyes has attracted widespread attention because
of their adverse effects on the environment and public health [2–
4].

New data shows that the production capacity of more than
100,000 commercial dyes is over 7 � 105 tonnes per year [5]. Espe-
cially, the dye consumption of global textile industry is more than
10,000 tonnes per year and approximately 5–10% of dyes is directly
discharged into water streams [6]. Notably, most dyes can enter
into the food chain and possibly cause teratogenetic, carcinogenic
and mutagenic effects towards human being [7]. Furthermore,
the released dyes could also give undesirable color to the water,
which will reduce sunlight penetration and affect the photosynthe-
sis of aquatic organisms and biological toxicity [8,9]. Therefore, it
has been an urgent subject for researchers to remove dyes from
the polluted water.

To date, lots of approaches have been reported to treat wastew-
ater containing different classes of dyes [10], e.g., biological treat-
ment [11], chemical technologies (e.g., ion-exchange [12],
oxidation [13], photocatalytic degradation [14]), and physical
methods (e.g., adsorption and membrane filtration [15]). Among
these techniques, physical adsorption is considered to be the most
effective method due to its relatively high efficiency, simple design
and convenient operation [16,17]. However, many traditional
physical adsorption adsorbents, such as clay [18,19], chitosan
[20,21], activated carbon [22], silica [23], zeolite [24], and polymer
resins [25,26], suffered from low adsorption capacity and effi-
ciency, and inefficient regeneration performance. Recently, the
polymer-based micro- and nanomaterial adsorbents have received
considerable interest and become the good candidates for removal
of dyes from wastewater in terms of their large surface area, con-
trollable sizes, morphologies, and abundant surface functional
groups [27–30]. Especially, the large surface area and abundant
functional groups of the adsorbents endows them with more
adsorption sites available.

Although physical adsorption provides a promising method for
environmental remediation, the lack of effective recycling of the
adsorbent from aqueous environment also causes a severe sec-
ondary pollution [31]. Traditional separation methods such as fil-
tration or centrifugation are usually uneconomical and time-
consuming to separate adsorbents which are macro- and nanoscale
in size. Therefore, to overcome the recycling difficulties, endowing
the adsorbents with magnetic separation functionality is an easy
and economical manner. With the help of an external magnetic
field, the adsorbents after adsorption of pollutants can be easily
recycled from wastewater. It should be noted that high magnetic
response for magnetic adsorbents is always necessary to promote
the magnetic separation process.

Polydopamine (PDA) is a kind of polymer with both catechol
and amino functional groups, which can be easily formed by oxida-
tion of dopamine. Based on its excellent structure feature, PDA has
showed potential applications in many fields, such as drug carriers
[32], biosensor [33], and analysis of protein [34], etc. Recently,
PDA-based materials have also been used in the field of environ-
mental remediation, including removal of p-nitrophenol [35], dyes
[36] and heavy metal ions [37] from polluted water. More recently,
we have demonstrated that pure polydopamine microspheres are a
high-efficiency adsorbent for the removal of methylene blue [38].
In terms of PDA-based adsorbents, however, most reported studies
only focused on how to improve the adsorption capacity but
ignored the fast separation and recyclability of adsorbent.

In the present study, we developed a novel and efficient method
to prepare the core@shell structured one-dimensional magnetic
Fe-Fe2O3@PDA NCs adsorbent with high saturation magnetization
for removal of malachite green (MG). To obtain this target, mag-
netic Fe-Fe2O3 NCs were firstly synthesized through one-pot reac-

tion between FeCl3 and NaBH4. Then, the Fe-Fe2O3 NCs were coated
by PDA through in situ polymerization of dopamine to afford mag-
netic Fe-Fe2O3@PDA NCs with high surface area and abundant
active adsorption sites, which could enhance the adsorption capac-
ity of MG. It should be noted that the magnetic Fe-Fe2O3@PDA NCs
adsorbent possess ultrahigh saturation magnetization of 96.7 emu
g�1, achieving the fast separation from aqueous solution after
adsorption of MG by applying an external magnetic field. More
importantly, the adsorbed MG can be facilely removed from the
absorbent with the help of glacial acetic acid, which allowed the
reuse of the adsorbent.

2. Experimental

2.1. Materials

Ferric chloride hexahydrate (FeCl3�6H2O), cyclohexane, sodium
borohydride (NaBH4), dopamine hydrochloride (DA), malachite
green (MG), eosin-Y (EY), tris(hydroxymethyl) aminomethane
hydrochloride buffer (Tris-buffer) and ethanol were purchased
from Sinopharm Chemical Reagent Co. Ltd. All these chemical
reagents were analytical reagent grade and were used directly.
Deionized water was made by ourselves.

2.2. Preparation of the Fe-Fe2O3@PDA NCs

Fe-Fe2O3 NCs with ultrahigh saturation magnetization were
firstly prepared according to our previous study [39]. 50 mL Tris-
buffer and 0.05 g Fe-Fe2O3 NCs were mixed and stirred using the
magnetism of magnetic chains in the darkness. After 30 min, 0.1
g DA was added into the above solution and the reaction mixtures
were stirred for 24 h under the same conditions. The product was
collected by magnet and washed three times with deionized water
and ethanol respectively. The obtained product was named as Fe-
Fe2O3@PDA NCs.

2.3. Characterization

The morphology, structure and size of as-synthesized samples
were characterized by scanning electron microscopy (SEM, JEOL
JSM-7401F) with an acceleration voltage of 5.0 kV and transmis-
sion scanning microscopy (TEM, JEOL JEM-100CX) operated at
200 kV. X-ray powder diffraction (XRD) was used to test the
diffraction of powder sample in 5–90�. The X-ray photoelectron
spectroscopy (XPS) was measured by RBD upgraded PHI-5000C
ESCA system (Perkin Elmer). The specific surface area was mea-
sured by an ASAP 2020 adsorption apparatus using the Bru
nauer–Emmett–Teller (BET) method. Besides, the average pore size
and total pore volume were also determined. Fourier transform
infrared spectroscopy (FTIR) were taken with a Perkin-Elmer para-
gon 1000 Fourier transform spectrometer, pressed with KBr pellet
at the scanning wavelength range of 4000–400 cm�1. Magnetic
measurement was performed by a Vibrating Sample Magnetome-
ter (VSM, LDJ9600) at 298 K between �1 T and 1 T. UV–vis spec-
trophotometer (Electrical and Instrument Analysis Instrument
Co., Ltd. Shanghai, 752 N) was employed to determine the concen-
trations of MG and EY left in supernatant solution with the maxi-
mum wavelength of 616.9 nm and 517 nm, respectively.

3. Results and discussion

3.1. Preparation and characterization of the Fe-Fe2O3@PDA NCs

Scheme 1 illustrates the preparation process of the magnetic
Fe-Fe2O3@PDA NCs and the chemical structure of PDA. Firstly,
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