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Fig.1 Process flow chart for preparing high purity nano-iron oxide
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B2 ARZREETHRRIKSEEIRAEFHRERE

Fig.2 Mass concentrations of impurity ions in ferrous sulfate crystals at different crystallization temperatures
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Fig.3 Mass concentrations of impurity ions in ferrous sulfate crystals at different cooling rates
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Fig.4 Effects of recrystallization times on mass concentration of impurity ions in ferrous sulfate crystals
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Fig.5 Effects of pH of ferrous sulfate solution on mass concentration of impurity ions in ammonium fluoride process
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Fig.6 Effects of reaction temperature on mass concentration of impurity ions in ammonium fluoride process
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Fig.7 Effects of ammonium fluoride excess coefficient on mass concentration of impurity ions
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Fig.8 Mass concentrations of ammonium ion and Fig.9 Mass concentrations of ammonium ion and

sulfate ion varying with washing times sulfate ion varying with ultrasonic washing time



62 O B AR AR 530 &

2.4 BHAMAKENKHNYES T

ANV e B Bt ) i i 0 K SR ALY XRD 35 A 10 B, i R AT DL ZEAS [ R s berst, 77
SPGB R R AR AR AL IR 5 PAfNo.5—637 , 156 B 77 4 340k s 4l 0 oK SR Ak 5 2 R B T B
600~800 C I, =4l db BE R . 7G5 B4 T IR IO R IR EE S 600 C.

10 RENEEERE RS 9K AL ERAY XRD i E

Fig.10 XRD patterns of high-purity nano-iron oxide at different roasting temperatures
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Tab.1 Mass concentration of major impurities ions in high-purity nano-iron oxide
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B 11 AEMXEHTHSS4MKRLEKN SEM B

Fig.11 SEM images of high-purity nano-iron oxide at different magnifications
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12 SHMKELKIHES ML
Fig.12 Particle size distribution curves of high-purity nano-iron oxide
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Preparation of high-purity nano iron oxide

WU Wenjun, HAN Zhao, ZHANG Fuyuan, LIU Pengfei, LI Jie

(School of Metallurgical Engineering, Anhui University of Technology, Ma’ anshan 243032, China)

Abstract :

Objective Various application areas put forward demanding requirements for high-purity iron oxide nanoparticles with high purity,
small particle size and narrow particle size distribution. Currently, studies on prepared iron oxide nanoparticles pay less attention
to the purity, mainly because of the failure to purify the iron source used in the experiments. It is difficult to completely remove
the remaining ammonium ion and sulfate ion in the iron oxide by hydrothermal method of preparation, so there is a need to find an
operationally simple and effective method for the preparation of high-purity iron oxide nanoparticles. To prepare high-purity iron
oxide nanoparticles, the preparation method of iron oxide nanoparticles needs to be further improve, followed by detailed phase
analysis.

Methods Firstly, the recrystallization method was used to purify ferrous sulfate at one time. The saturated ferrous sulfate solution
was put into a low-temperature circulating thermostat for crystallization, and the ferrous sulfate crystals were prepared after remo-
ving impurities. The crystallization processes above were repeated until the purity reached the requirements. Secondly, the second
purification of ferrous sulfate was carried out by ammonium fluoride precipitation method. The ferrous sulfate crystals after the ini-
tial purification were first configured as a solution, and then ammonium fluoride and ammonia were added to the ferrous sulfate so-
lution. After precipitation and removing the impurities, a pure ferrous sulfate solution was obtained. Finally, hydrogen peroxide was
added to the pure ferrous sulfate solution for oxidation. The hydroxyl iron oxide was precipitated by adding ammonia. After further
removing impurities by the slurry mixing method and ultrasonic washing method, the iron oxide precursor was prepared and cal-
cined to obtain high-purity nano iron oxide. Subsequently, atomic absorption spectroscopy and inductively coupled plasma atomic
emission spectrometry were used to analyze the ionic mass concentration in ferrous sulfate solution and high-purity nano iron ox-
ide. An X-ray diffractometer was used to analyze the phase composition, field emission scanning electron microscopy was used to
analyze the particle morphology and a nanolaser particle size analyzer was used to analyze the particle size distribution of the final
product of high-purity nano iron oxide.

Results and Discussion When the ferrous sulfate solution is purified by recrystallization method, the crystallization temperature of
the saturated ferrous sulfate solution is selected as 10 °C, and the mass concentrations of impurities Ca>*, Mg®* and Mn** in
ferrous sulfate decrease from 161, 128 and 91 mg/L to 20, 16 and 6 mg/L respectively. With the increase of ferrous sulfate solu-
tion pH, the mass concentration of Ca®* , Mg** impurities decreases, Ca>*, Mg”* impurities form CaF,, MgF, precipitates. When
the pH is 6, the mass concentration of Ca®*, Mg® in the ferrous sulfate solution is 11.5, 7.0 mg/L, and when the pH is more
than 7, more FeOOH precipitates are generated in the solution. When the solution pH is 4, there is a minimum point in the
removal of Ca™ and Mg™ because [ MF, ],_, coordination ions (M is impurity ions such as Ca®™ and Mg”*) are formed when the
solution pH is from 3.5 to 4, and part of the CaF, and MgF, precipitates will be re-dissolved, which leads to a slowdown in the
trend of decreasing the mass concentration of Ca>* and Mg”" in the solution. Therefore, the pH of ferrous sulfate solution is adjus-
ted to 6 with dilute ammonia water when the ferrous sulfate solution is purified by the ammonium fluoride method, the reaction
temperature is set to 30 °C , the excess coefficient of ammonium fluoride is set to 5, and the mass concentrations of Ca** and Mg**
in the ferrous sulfate solution are reduced to 10.4 and 6.5 mg/L respectively. The concentration of ammonium ion and sulfate ion
in the filtrate decreases from 3, 500 mg/L to 18 mg/L after 8 times of slurry washing and 17 mg/L after 3 times of ultrasonic
washing, which tends to be stable. The SEM image results show that at the roasting temperature of 600 °C , the high-purity iron
oxide nanoparticles are all spherical particles with uniform morphology and nanometer size, and there are agglomerates between
the particles, which is because high-purity iron oxide nanoparticles have a small diameter, large specific surface area, high sur-
face energy, and easy to produce agglomerates. The results of the particle size distribution show that the median particle size Dy,
of iron oxide is 300 nm, and the particle size distribution is narrow.

Conclusion The XRD pattern result indicates that the product calcined at from 600 °C to 800 °C shows better crystallinity. At the
calcined temperature of 600 °C, the high-purity iron oxide nanoparticles are all spherical particles with uniform morphology and
nanometer size, and there are agglomerations between the particles. The prepared high-purity nano iron oxide is spherical
particles, with uniform morphology, a median particle size of 300 nm, and the mass fraction of a-Fe,O, in high-purity nano-iron
oxide is greater than 99.95%.

Keywords: high purity nano iron oxide; recrystallization method; ammonium fluoride precipitation; mixing-ultrasonic washing
method ; ammonia precipitation; phase analysis
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