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Synthesis of magnetic materials by solvothermal method with
iron-mud and adsorption of methylene blue in aqueous solution

FANG Shuai', LIU Zhi-giang', CHEN Yu"*, HUO Ming-xin"%, BIAN De-jun"? YANG Xia', GENG Zhi', ZHU Sui-yi"*

(1. School of Environment, Northeast Normal University, Changchun 130117, China;
2. College of Water Conservancy and Environmental Engineering,
Changchun Institute of Technology, Changchun 130012, China;

3. Jilin Institute of Forestry Survey and Design, Changchun 130022, China)

Abstract: Magnetic material with ferroferric oxide was synthesized by one-step solvothermal method using iron mud
with low-iron-content as the raw material. The obtained magnetic material was characterized by magnetic property
measurement system (MPMS), X-ray diffraction (XRD), Mdssbauer spectroscopy, X-ray photoelectron spectroscopy
(XPS) and scanning electron microscopy (SEM). The results show that the iron content in iron mud is only 16.6% (mass
fraction), while the main impurities are silicon and aluminum oxides, iron mud with the average size of 70 nm does not
have any magnetism. After solvothermal process, the obtained magnetic material contains ferroferric oxide and assumes a
near-sphere shape with the average size of 1.5 um. The material possesses well magnetic response, and the specific
saturated magnetizing strength reaches 18.9 A'm*/kg, which can be easily magnetic separated from water. Dramatically,
the adsorptivity of the material is nearly equivalent to powder active carbon, for example, the removal efficiency of
methylene blue (10 mg/L) reaches to 92.3% in 5 min, which contributes to the chemical adsorption between the
methylene blue and the material. Therefore, this facile solvothermal method can be applied to dispose iron mud with
low-iron-content and make the mud into recoverable resource. Moreover, the prepared magnetic material has a potential
application on the treatment of dye wastewater.
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Fig. 3 XRD patterns of iron mud(a), calcined iron mud(b) and



1112 P EA SRR 2015 44 A
MMFO sample(c)



Fos AW
R OBR. JBEEIE PR MMFO £ 5 A 405 10 i B0 3

Tr W, AR BRVEHE AUBGE o6 MR R L B ELAE AU R R M P S P B 1113

Table 1 Mass fraction of iron mud, calcined iron mud and MMFO sample

Mass fraction/%
Sample -
Fe SlOz A1203 CaO KzO MgO NaZO P205 MnO
Iron mud 16.6 42.3 11.7 3.3 1.9 1.7 1.4 1.1 0.3
Calcined iron mud 18.5 43.6 12.3 3.6 1.9 1.8 1.5 1.2 0.4
MMFO 17.4 - 6.2 2.1 1.1 1.2 1.5 - 1.1
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Fig. 4 SEM images of iron mud(a) and MMFO sample(b)
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Fig. 5 Mossbauer spectra of MMFO sample
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Table 2 Mdssbauer parameters of MMFO sample

N

Oxidation LS./ Q.S./ HWHM/ Ratio/
state (mms ) (mms')  (mms) %
Fe;04 0.34+0 0.78+0 0.34+0 91.8

Fe* 1.10£0.01 2.53%£0.02 0.26+0.01 8.2

LS.: Isomer shift, related to a-Fe; Q.S.: Electric quadrupole
splitting; HWHM: Half width at half-maximum; Ratio: Spectral
area ratio.
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Table 3 Kinetics parameters of methylene blue adsorption on
MMFO

Pseudo-first-order model Pseudo-second-order model

ki/ q./ 2 kof q./ R2
min' (mgg') '  (gmg'min') (mgg) 2
054 982 0.9993 0.16 9.86  0.9996
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Fig. 10 FT-IR spectra of MMFO sample: (a) Before
adsorption of methylene blue; (b) After adsorption of
methylene blue
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