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Abstract—Magnetic chitosan microspheres made from novel polymer materials show outstanding applied
characteristics. Magnetic chitosan microspheres are rather cheap, non-toxic, tasteless, alkali resistant,
corrosion resistant, easily degradable, easily recyclable, and so on. It can be widely used in many fields. In
this paper, magnetic CoFe,0,/chitosan core-shell microspheres are prepared by means of emulsification
cross-linking technique using CoFe,0, as core and glutaric dialdehyde as crosslinking agent. The results
demonstrated that the different calcining temperature of magnetic (CoFe,0,) particles, CoFe,0,/chitosan
ratio and stirring time of the suspension medium are the most effective parameters that control the size,
size distribution, morphology and magnetism of the described microspheres. Finally, the size, morphology
and chemical structure of the prepared materials are studied by different methods. The results show that
the optimal calcination temperature of magnetic particles is 700°C, the optimal ratio of CoFe,0,/chitosan
is 1 : 1, ultrasonic dispersion time is 30 min. The prepared chitosan magnetic microspheres have small size
and are well dispersed when the stirring time is 3 h. The prepared magnetic chitosan microspheres are well
shaped spheres with a diameter from 1 to 50 pm, in which CoFe,0, particles are dispersed uniformly.
The magnetic chitosan microspheres show excellent magnetic response and have good adsorption charac-

teristics.
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1. INTRODUCTION

Chitosan is the deacetylated derivative of chitin [1—
5], the most abundant natural polymer on earth after
cellulose [6—8], obtained from crustaceans [9—12],
such as shrimps, squids, and crabs. Chitosan is the
only basic polysaccharide in nature. It can be used as
a drug carrier due to can be non-toxicity [13]. Owing
to its biocompatibility and biodegradation, chitosan
has wide application in many fields, such as wastewa-
ter treatment [ 14—16], medicine, food, drug, environ-
mental protection, light industry and agriculture [ 16—
22].

The amino group of chitosan can interact with
aldehydes or ketones with formation of Schiff bases
(aldimines and ketimines). The reaction is as follows:

—NH, + ~CH=0 — —HN=CH- + H,0.

! The article is published in the original.

The structural schematic diagram of cross-linking
chitosan is as follows:
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With the rapid development of nanotechnology, mag-
netic nanoparticles are currently being widely studied
[23]. Superparamagnetic iron oxide nanoparticles
have attracted researchers in various fields such as
physics [24], medicine [25], biology [26], and materi-
als science [27] due to their multifunctional properties
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such as small size, superparamagnetism and low toxic-
ity [28]. However, the nanoparticles tend to aggregate
due to strong magnetic dipole-dipole attraction
between particles [29]. At the same time, acid [30],
alkali [31], and salt [32] resistance of magnetic
nanoparticles is low. Recently, the combination of
organic and inorganic components at nano-sized level
has attracted considerable attention because of the
potential applications in many field [33].

In this paper, magnetic CoFe,0,/chitosan core-
shell microspheres are prepared by means of emulsifi-
cation cross-linking technique using CoFe,0O, as core
and glutaric dialdehyde as crosslinking agent for chi-
tosan. The prepared microspheres have small size and
are well dispersed when the stirring time is 3 h. The pre-
pared microspheres are well shaped spheres with a
diameter from 1 to 50 pm, in which CoFe,0, particles
are dispersed uniformly. The magnetic chitosan micro-
spheres show excellent magnetic response and good
adsorption characteristics.

2. EXPERIMENTAL
2. 1. Materials

Glutaraldehyde solution (50%), liquid paraffin,
petroleum ether, ethanol, glacial acetic acid, sodium
hydroxide, Span-80, CoCl, - 6H,0, Fe(NO,); - 9H,0
were purchased from Kemel Chemical Reagent Co.
All the chemicals were of reagent grade and were puri-
fied before use. Chitosan (M,, = 1.0 x 10°, deacetyla-
tion degree 95.5%) was purchased from YuHuan
Chemical Company, Zhejiang Province, China.
Deionized water was re-deionized (electrical resistiv-
ity >18.9 MQ cm, 25°C) and deoxygenated by boiling
for 1 hour before used.

2.2. Synthesis of Magnetite

CoFe,0, was prepared without any additional sta-
bilizer by controlled coprecipitation approach that
could be found elsewhere. In a typical synthesis, an
aqueous solution containing CoCl, and Fe(NO;); in
stoichiometric ratio was placed into the three-necked
flask and heated to 90°C under mechanical stirring
(500 rpm). NaOH solution (0.1 mol/L) was added to
adjust pH to 11 and the mixture was refluxed for 1 h.
When a light black sediment appeared, the crystal
growth was allowed to proceed for 2 h with constant
stirring (200 rpm) to produce a stable suspension. The
product was isolated from the solvent by an external
magnetic field followed by redispersing in deionized
water, and then dried at room temperature.

2.3. Preparation of Magnetic Chitosan Nanoparticles
According to mass ratio of CoFe, O, and chitosan is
1:4, 0.5 g CoFe,O, magnetic particles were quickly
added into the 40 mL acetic acid solution (5 vol %)
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containing 2 g of chitosan. The solution was placed in
the ultrasonic reactor (22 kHz, 1000 W) for 10 min to
disperse the chitosan and the magnetic particles uni-
formly. After that, 40 mL of liquid paraffin and
10 drops of Span-80 were added. Then the solution is
placed in the ultrasonic reactor (22 kHz, 500 W) for
30 min. To active CoFe,O, to get better magnetic
properties, the reaction systems were kept at 60°C for
5 h in a water bath. The cross-linked magnetic chi-
tosan nanoparticles were formed by adding 2 mL of
glutaraldehyde and by keeping the same condition for
5 h. After reaction, the prepared nanoparticles was
precipitated with centrifugation (8000 rpm for 1 h) and
rinsed with ethanol and deionized water for four times.
Finally, the prepared nanoparticles were freeze dried
for 24 h.

2.4. Characterizations of Magnetic
Chitosan Nanoparticles

X-ray power diffraction (XRD) measurement was
performed using a Bruker D8 diffractometer with
monochromatized CukK, radiation (A = 1.5426 A),
40 kV, 30 mA. Fourier transform infrared spectros-
copy (FTIR, IR Prestige-2I, Shimadzu) was used to
confirm the structure of the magnetic CoFe,0,-chi-
tosan nanoparticles. The nanoparticles were studied
by transmission electron microscopy (TEM, H-7650,
Hitachi) to evaluate their size and morphology. The
sample of CoFe,0,-chitosan nanoparticles for TEM
analysis was obtained by placing a drop of the
nanoparticles dispersion in ethanol onto a copper
micro-grid and evaporation at 20°C. The surface of
the magnetic particles was studied by scanning elec-
tron microscopy (SEM, Kyky-2800, Kyky Technology
Co.). The elemental composition of the particles was
analyzed by elemental analyzer (Vario EL III, Ele-
mentar Inc.). Magnetic measurements were done in a
vibrating sample magnetometer (VSM, PPMS-9,
Quantum Design). The sample powder was placed in
a Teflon-coated sample holder and the mass was accu-
rately measured.

2.5. Adsorption Performance Analysis

Magnetic chitosan nanoparticles were added into
methylene blue solution of certain concentration, fol-
lowed by sampling of 5 mL of above solution at regular
intervals and measuring their absorbance value, the
adsorption performance was measured according to
the change of methylene blue solution absorbance by
the formula as follows.

CO_C

0
where C, is the original concentration of methylene
blue solution, mg/g; C is after concentration of
adsorbed methylene blue solution, mg/g; 4 is adsorp-
tion efficiency, %.

/% = x 100%,
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Fig. 1. FTIR spectra of the chitosan (a), magnetic CoFe,O, particles (b), and magnetic chitosan (c).

3. RESULTS AND DISCUSSION
3.1. FTIR Analysis

The curves a, b, and ¢ in Fig. 1 correspond to the
IR spectra of the CoFe,0, particles, chitosan particles
and CoFe,0,-chitosan nanoparticles. In the curve a,
3443 and 1642 cm~! bands correspond to residual
water in KBr used for preparing the pellets. The
absorption peak located at 599 cm~! was attributed to
the Fe—O—Co stretching vibration. Bands at 1627,
1415, and 1072 cm™! are attributed to the bending
vibration of N—H bond, bending vibration of C—H
with alcohol hydroxyl groups in chitosan, and the
symmetric stretching vibration of C—O bond, respec-
tively. In the curve of » and ¢, strong and broad absorp-
tion band at 3400 cm~! can be attributed to overlap
vibration of —NH and —OH. Compared with a and c,
we can see that the bending vibration peaks at
1627 cm~! of N—H was red shifted to the absorption
peak at 1558 cm~!, and a new absorption peak at
1651 cm~! appeared, which can be attributed to Schiff
base formed by cross-linking reaction between the
—NH, groups of chitosan and the C=0 groups of glu-
taraldehyde. From the spectrum c, we also can see that
anew peak appeared at 637 cm~!, which was attributed
to the metal —Co—, showed that CoFe,0O, magnetic
particles effectively crosslinked chitosan particles.

3.2. X-ray Diffraction Analysis (XRD)

Figure 2 showed the XRD spectra of CoFe,0,
nanoparticles (Fig. 2a) and the magnetic CoFe,0,-
chitosan (Fig. 2b), respectively. As can be seen from
the figure, the peak of main crystalline phase was
attributed to CoFe,0,. Seven peaks (1, 1, 1), (2, 2, 0),
3,1,1),4,0,0), 4, 2,2), (5,1, 1), and (4, 4, 0) of
CoFe,0, can be observed in the two samples, which
coincide exactly with the JCPDS card. As can be seen
that chitosan-coating did not lead to the changes in
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the crystalline phase of CoFe,O, magnetic core. The
analysis of XRD data indicated that target product
contain microcrystalline CoFe,0,. Due to the pres-
ence of chitosan, baseline XRD peaks of CoFe,0,
were raised, it also showed where the chitosan
wrapped CoFe,0,.

3.3. SEM Analysis

Figure 3 showed the SEM picture of magnetic
CoFe,0,—chitosan composite. As can be seen from
the Fig. 3, the surface of magnetic CoFe,0,—chitosan
was relatively smooth, the size of the particles was uni-
form, and their diameter was about 30—40 um.

3.4. TEM Analysis

TEM image of magnetic CoFe,O,—chitosan com-
posite is shown in Fig. 4. It can be seen that the dispers-
ibility of magnetic microspheres was not particularly
good. The reason may probably due to the small volume
of the particles, the magnetic field had a strong influ-
ence on the particles. Another reason was the presence
of agglomeration of nanoparticles in solution. However,
it can be seen that microspheres were spherical and have
regular sizes and relatively smooth surface. The diame-
ter of the microspheres was about 1 pm.

3.5. Elemental Analysis

The data of elemental analysis of the magnetic
composite are shown in the table. The atomic ratio of
Fe and Co was about 2 : 1 and it indicated that
CoFe,0, magnetic particles were encapsulated by chi-

tosan particles integrally.
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Fig. 3. SEM of magnetic CoFe,O4—chitosan.

3.6. Adsorption of Methylene Blue

The change of the optical density of methylene
blue solution with time in the adsorption experiments
is shown in Fig. 5. With the increase of time, the
adsorbed dye quantity increased, and the solution
was near to colorless at the end of the experiment. If
the increase of adsorption time, composite micro-
spheres of methylene blue absorption curve will be
straight. The desorption efficiency is 1 = 92.85%
which is important in to many fields, such as waste-
water treatment, etc.
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Fig. 4. TEM of magnetic CoFe,O4—chitosan.

Experimental results show that magnetic CoFe,0,-
chitosan nanoparticles have good adsorption effect to
the methylene blue, which was a kind of application
prospect of dye wastewater treatment agent. Also they
can be used in absorbing Ca?*, Cd*", Mo®", Bi’*",
Cu?*, which are present in industrial wastewater.

Elemental analysis of the magnetic chitosan particles

Element | C, % 0, % N,% | Co,% | Fe, %
Content | 53.42 27.52 2.31 491 9.94
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Fig. 5. Absorption curve of methylene blue solution with
magnetic CoFe,04—chitosan nanoparticles.

4. CONCLUSIONS

Magnetic CoFe,0,/chitosan core-shell micro-
spheres are prepared by means of emulsification cross-
linking technique using CoFe,0, as core and glutaric
dialdehyde as chitosan crosslinking agent. The opti-
mum reaction conditions was as follows: the calcina-
tion temperature of magnetic CoFe,O, particles is
700°C, the optimal ratio of CoFe,O,/chitosanis1: 1,
ultrasonic dispersion time is 30 min. The prepared
chitosan magnetic microspheres have small size and
well dispersed when the stirring time is 3 h. The pre-
pared magnetic chitosan microspheres are well shaped
spheres with a diameter from 1 to 50 pm, in which
CoFe,0, particles are dispersed uniformly. The mag-
netic chitosan microspheres show excellent magnetic
response and good adsorption characteristics, and can
be applied to many fields, such as wastewater treat-
ment, etc.
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