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Preparation of superparamagnetic ZnFe;O4
submicrospheres via a solvothermal method
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Abstract. Superparamagnetic Zinc ferrite submicropheres are firstly synthesized via a one-pot solvothermal
approach at 200-215°C for 4-8 hours. ZnCl,, FeCl; and NaAc are used as precursors with ethylene glycol solvent.
The X-ray diffraction (XRD) data indicate that ZnFe,O4 nanoparticles with the grain size around 1543 nm can be
successfully synthesized via the one-pot method. The scanning/transmission electronic microscope (SEM/TEM)
images further show the samples are submicrospheres self-assembled by nanoparticles with size about 375-500 nm
changed with reaction conditions. Room-temperature vibration magnetic strength measurements (VMS)
demonstrates the as-obtained ZnFe,O,4 submicrospheres show prefect superparamagnetism, whose coercivity force
and remanence are practically nil. The reaction temperature and time influence on the crystallinity, diameter, saturated
magnetic intensity and morphology of the particles.
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1. Introduction

Zinc ferrite as an important spinel oxide has been paid attention due to great potential in
various technology applications (Sun et al. 2004). ZnFe,O, as a desulfurization agent has the
properties of the iron oxide’s high temperature and zinc oxide’s high precision desulfurization, it
can recycling use. ZnFe,0,, as an antirust pigment, shows stable properties at the high temperature,
such as non-toxic odorless, insoluble in acid and alkali and no migration in the plastic. ZnFe,O,
can be applied as the dehydrogenation catalyst of butene oxidative and visible light sensitive
semiconductor. Many methods so far have been developed for synthesizing various zinc ferrite
materials, such as electrospinning method (Han ef al. 2014), lacto ferrin-assisted method (Wang et
al. 2015), propylene oxide assisted sol-gel method (Bhosale et al. 2016), homogeneous
precipitation method (Sharma and Ghose 2015), hydrothermal/solvothermal method (Surinwonga
and Rujiwatrab 2013, Reddy and Mohamed 2015, Hu et al. 2011, George et al. 2006), and so on.
Among of them, solvothermal method is an ideal approach for preparing ZnFe,O, nanomaterials
with excellent magnetism, crystal stability and special shapes. ZnFe,O, submicrometer material
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will also show important application in many fields, such as magnetic separation, and catalysis.
However, as we well known, it is rare report about how to prepare ZnFe,O, submicrometer
material with superparamagnetism.

In the present paper, we draw on the experience of a solvothermal route (Liu et a/. 2009) and
make some improvements for preparing MFe,O4 nanoparticles. It is firstly found that the one-pot
solvothermal method can be successfully applied to obtain superparamagnetic ZnFe,O,4
submicrospheres (Lopez et al. 2012, Singh et al. 2015, Liu et al. 2000), the as-prepared ZnFe,O,
sample is self-assembled by nanoparticles and show well monodispersion and outstanding
superparamagnetism. The solvothemal approach may be facile, environmentally and economically
alternative method for preparing other kinds of MFe,O,-type ferrite submicromaterials.

2. Experimental

Ferric chloride (6H,0), zinc chloride, anhydrous sodium acetate reaction in the ethylene glycol
solvent synthesized zinc ferrite nanoparticles, All the reagents used in the experiment were at the
highest purity and purchased from shanghai Chemical Reagent Lit.. In all experiment the
deionized water derived from the water purification system (smart-s15) of lab.

2.1 Synthesized process

The one-pot solvothermal method is derived and improved from the literature (Liu et al. 2009),
and some adjustments are made in the system. The typical procedure is described as follows:
0.0072 mol FeCl;-6H,0, 0.0036 mol ZnCl,, 0.04 mol CH;COONa (NaAc) and 70 mL glycol are
put into three-necked flask. After the mixture is fully mixed about two hours, it is removed into
100 ml Teflon-lined stainless-steel autoclave. The autoclaves are sealed and settled in a digital-
controlled constant temperature oven at 200- 215°C for 4-8 h. Then autoclaves are took out and
cooled to room temperature naturally. As-obtained solid precipitation samples are washed with
deionized water and absolute ethanol three times to make sure to remove excess electrolytes,
organics. Finally, the product is obtained after it dried at 60°C for some hours.

2.2 Characterization

The crystal phase and purity of the product are characterized by X-ray powder diffraction
(XRD, D8 advance). The power X-ray diffraction patterns were detected with a 26 ranges from 20°
to 80° at scanning rate 0.245 s/step. The morphologies of the ferrite magnetic nanomaterials were
inspected by scanning electron microscopy (SEM, VEGA 3 SBH) at an accelerating voltage of 5.0
kV. The room-temperature magnetic property were detected by vibrating sample magnetometer
(VSM, Lake Shore 735VSM, USA) in the range from -6000 to 6000 Oe.

3. Results and discussion
According to the typical SEM images of samples, we can find microspheres which composed

of nanoparticles at the same reaction time with different reaction temperature. From Fig. 1(c) and
Fig. 1(d), the size of samples is almost independent of reaction time, but the sample D is much
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Fig. 1 SEM images of ZnFe,0, obtained at 6 hours with different temperature: (a) 215°C; (b) 210°C;
and (c¢) 200°C; respectively and (d) at 8 reaction time with 200°C
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Fig. 2 The XRD patterns of ZnFe,O, Powder obtained at reaction temperature of (a) 215°C;
(b) 210°C; and (c¢) 200°C with the same reaction time at 8 hours
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Fig. 3 The XRD patterns of ZnFe,O4 Powder obtained with the same temperature of 215°C at
the different reaction time at (a) 8 hours; (b) 4 hours; and (c) 6 hours

better uniform then sample C. It indicates reaction time is benefit to improve monodispersion of
as-obtained product.

The microspheres structure of ZnFe,O,4 samples are characterized by XRD and relative results
shown in Figs. 2 and 3. The diffraction peaks of all samples can easily be indexed as (2 2 0), (3 1
1),(222),(400),(422),(511),(440)and (53 3) planes of cubic structure and matches well
with the standard data of ZnFe,O4 (JCPDS NO. 65-3111). The sizes of as-obtained samples, which
are calculated by Scherrer equation, only slightly alter from 11.7 nm to 18.6 nm with change in
reaction time. In the synthesis system, some glycol and its oligomer can be absorbed on the surface
of nanoparticles and form an organic layer, which inhibits the growth of crystal size, so the size of
sample does not increase obviously (Ma et al. 2013). Figs. 2(a) and 3(c) show the sharpest peak in
all, which indicate the best crystalline product can be obtained at given conditions respectively.

The TEM images in Fig. 4 show the internal structure of different nanocubes samples. From the
images we can easily find that C have the better dispersion and uniformity, with the increasing of
reaction temperature, the ethylene glycol become more and more stick, between the ferrite like
adding an isolation layer, each ferrite is separated and limited growth . The ZnFe,O, nanoparticles
in samples are spherical in shape, these submicrospheres are self-assembled by nanoparticles via a
one-pot and the average nanoparticle sizes of ZnFe,O, are from 375 nm to 500 nm. It is coincident
with the above results detected with SEM and XRD.

The room-temperature magnetic properties of ZnFe,O, nanoparticles obtained with the same
reaction time at the different temperature are detected via VSM with an applied magnetic field of
+6000 Oe, Fig. 5 shows the room-temperature hysteresis loop of ZnFe,O4 submicrospheres and the
corresponding evolution of magnetic parameters of saturation magnetization (Ms) and coercivity
(Zhang et al. 2009, 2016, Kim et al. 2016, Luo et al. 2015, Nguyet et al. 2013, Kong et al. 2014)
respectively. With the temperature rises, the saturation magnetic induction of the samples
increased. Fig. 5(c) shows it has the maximum value of saturation magnetization beyond 100
emu/g, the above results indicate that the reaction temperature is benefit to improve the Ms value
of product, which probably should be attributed to the crystallization of product promoted with the
temperature increase.
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(c) (d)
Fig. 4 The TEM images of ZnFe,0, nanocubes obtained at (a) 200°C; (b) 210°C; and (c¢) & (d)
215°C for 6 hours
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Fig. 5 The hysteresis loop of ZnFe,O, nanoparticles obtained with the same reaction time (6h) at
different reaction temperature (a) 200°C; (b) 210°C; and (c¢) 215°C

From the Fig. 6, by comparing the images of (a), (b) and (c), it is easily to find that the Fig. 6(c)
has the lowest coercivity at the room-temperature, whose value can be negligible, this behavior
reveals a characteristic of material with superparamagnetic properties. The images of Figs. 6(a)
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Fig. 6 The coercivity (Hc) field of ZnFe,O4 nanoparticles obtained with the same reaction time 6 hours at
different temperature (a) 200°C; (b) 210°C; and (c) 215°C; respectively. (d) is at 200°C with 8 hours

and (d) demonstrate that at the room-temperature the coercivity (Hc) field with reaction time has
no relationship (Silva et al. 2015). But the images of Figs. 6(b) and (c) show that with the increase
of reaction temperature, the coercivity (Hc) field decreases, almost nearly zero. This result further
confirms that it is very important to choose the appropriate reaction temperature for the
preparation of superparamagnetic ZnFe,O, material.

4. Conclusions

In summary, the ZnFe,O, self-assembled submicrosphere are successfully synthesized via a
modified one-pot solvothermal method. The method is performed at 215°C for 6 hours under
template-free conditions. Zinc ferrite submicrosphers obtained at given conditions show excellent
superparamagnetism with larger saturation magnetization and negligible coercivity and remanence.
The average nanoparticle size of ZnFe,0, is in range from 375 nm to 500 nm.

It will be further investigated if the one-pot solvothermal route can apply to prepare other
ferrite self-assembled micrometer/nanometer materials, and further promote the application
research about the superparamagnetic ZnFe,O, submicrosphere in separation field, bio-medical
field, and catalysis field, and so on.
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