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Abstract. The synthesis of soft magnetic Ni,Zn,;Fe,O, with variations in composition (x =
0,2 — 0,8) by the co-precipitation method has been carried out. The research objective was
to determine the effect of x variation on the crystal structure, microstructure, magnetic
properties, and density. The samples were characterized by their crystal structure using
XRD, microstructure using FE-SEM, magnetic properties using VSM, and physical
properties (True Density). The XRD analysis results obtained two phases, the major phase
is nickel-zinc ferrite, and Fe,O3 shows as the minor phase. The crystal size increased and
the lattice parameters decreased with the increase in nickel content. The results of FE-SEM
analysis at x = 0.2 are spherical in shape with an average particle size found about 47.07
nm. The results of VSM analysis showed that the increase in nickel content, the higher the
magnetization saturation value, and the super-paramagnetic properties of all samples
obtained. The results of the analysis of physical properties show that true density decreases
with an increase of nickel content in each sample.
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1 Introduction

Ferrite spinel nanoparticles have the structural formula MFe,O, (M is a divalent metal ion,
including Ni, Co, Cu, Mg, Zn, Mn, Fe) with a cubic spinel crystal structure. Ferrite spinel
nanoparticles have superior properties such as high electrical resistivity, high permeability and
negligible loss of eddy current. The propagation of high frequency electromagnetic waves
makes this material very potential for application in data storage technology, microwave
equipment, telecommunications equipment, drug delivery systems, ferro-fluid technology, and
gas sensors. Nanoparticles have the potential to be applied in the clinical field if they have a

narrow size distribution and super-paramagnetic properties. Iron sand is sand with a high iron
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content. Usually the color is dark gray or blackish in color. This sand consists of Fe;O,

magnetite and also contains small amounts of titanium, silica, manganese, calcium, and

vanadium [1-4].

NiZnFe,O4 nanoparticles are soft magnetic materials with low coercivity and saturation
magnetization but have high electrical resistivity, making this material very suitable for
applications in magnetic and magneto-optics fields. Many methods have been developed to
synthesize NiZnFe,O, nanoparticles such as the combustion method, the co-precipitation

method, the sol-gel auto-combustion method and the hydrothermal method [5].

Co-precipitation is one of the methods used to make nanoparticle material preparations. The
working principle of this method is to convert a metal salt into a precipitate using a hydroxide or
carbonate base precipitate which is then converted to its oxidized form by heating. The co-
precipitation method is the most effective method because this method can be used in normal

environmental conditions.

Synthesis of magnetite nanoparticles using the co-precipitation method is expected to have
mono dispersive properties. Mono dispersive properties mean that the magnetite particles are
evenly or uniformly distributed. The resulting precipitate is influenced by the concentration of
solvent and precipitant, heating temperature, and the duration of stirring. The co-precipitation
method with various concentrations of iron salt solutions and settling solutions affects the

amount of powder and the magnetic properties of the magnetite formed [6-10].

Materials can have natural or artificial magnetic properties (electromagnets). Magnets are also
an advanced material that is very important for a variety of advanced technological applications,
functioning as a component in converting motion energy into electricity and vice versa, such as:

automotive, electronics and energy [11-13].

In this research, we synthesis ferrite composite of Ni.Zn, 1Fe,O, with variation of composition
(x = 0.2 — 0.8) from natural iron sand using simple co-precipitation method. The aim of the
parameter is to investigate the effect of the substitution value of x on the structure and magnetic

properties of nickel-zinc ferrite.

2  Methods

The materials used in this study were Lombok Krandangan Iron Sand, NiCl.6H,O (Nickel
Chloride Hexahydrate), ZnCl, (Zinc Chloride), HCI (Hydrochloric Acid), NaOH (Sodium
Hydroxide), and aquades. Dissolved 8 grams of iron sand that has been crushed until smooth
with 25 ml of 37% HCI. Then the mixture is stirred with a stirring rod until it is homogeneous

for about 20 minutes.
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Table 1. Sample Mass Calculation Niy Zn;., Fe,04

Sample NiCl,.6H,0 (9) ZnCl; (9)
Niy Zny.« Fe,0,

x=0.2 1.615 3.707

x=0.4 3.230 2.780

x=0.6 4.846 1.854

x=0.8 6.461 0.927

Each mass of the two materials is mixed and dissolved with 25 ml of distilled water until
homogeneous. The solution is mixed with a solution of iron sand and stirred for about 20
minutes until a brownish-orange solution is formed. This solution is used as a precursor to the
synthesis of nickel-zinc ferrite. Further, 30 g NaOH was dissolved in 250 ml distilled water at
80°C and 500 rpm for 20 minutes. Then the co-precipitation method is carried out by dropping
the nickel-zinc ferrite salt solution, drop by drop for about 20-30 minutes into the NaOH
solution (in a stirring state) to form a black nickel-zinc ferrite precipitate. Then the temperature

was increased to 100°C for 1 hour and 40 minutes.

The precipitate was washed several times with distilled water. Then dried in an oven at 80°C for
2 days until dry. Further, the dried sample is crushed to form a powder. Samples that have been
dried and cooled at room temperature are characterized for their physical properties (density),
crystal structure (X-Ray Diffraction), microstructure (FE-SEM), and magnetic properties (VSM
- Vibrating Sample Magnetometer).

3 Result and Discussion

3.1. True Density
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Figure 1. Measurement results of true density against composition x

Figure 1 shows a decrease in density with variations in composition. The density decreased
along with the decrease in zinc levels in each sample because the zinc density was greater than

the nickel density and the temperature used at the time of measurement was 21°C. Based on the
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data sheet from Sigma-Aldrich with code number 641669-10G the density of Nickel Zinc

Ferrite at 25°C is 2.81 g/cm® and we can see in Figure 1 that the density value of each

composition is close to the value of the data sheet.

3.2.  X- Ray Diffraction (XRD)
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Figure 2. XRD pattern of nikel zinc ferrite ( Niy Zn; x Fe;04)

Figure 2 is the result of XRD characterization. The graph obtained is in accordance with the
JCPDS reference (PDF Card No. 00-008-0234 Quality: 1) and the main peak miller index value
in area 20 is the peak of the plane (311) of each sample. Based on the PDF, the other peaks
identified in the pure nickel zinc ferrite (NixZn;.<Fe,O,4) nanoparticle samples were fields (111),
(220), (222), (400), (422), ( 511), (440), (613) and (533).

The difference in intensity occurs because the mass of nickel is increasing. By increasing the
mass of nickel will increase the crystal size resulting in increased intensity. The increase in
intensity also has an effect on the increase in the magnetization saturation value as evidenced by

the results of VSM characterization.

Figure 2 shows the appearance of another diffraction pattern at (003) and (006) for each
variation, the new peak indicated as Fe,O; (Hematite) peaks according to the reference (PDF
Card No. 04-013-3305 Quality: I). This happens because in the process of washing the sediment
there is air entering so that oxidation occurs in the sample. As quoted that distilled water and
acetone are needed followed by heating at room temperature in the process of washing the

precipitates so that the residue can be lost [14,15].

Based on the analysis of XRD data, the soft magnetic nanoparticle sample Ni,Zn;Fe,O4 has a
cubic crystal structure. Calculation of lattice parameters on the soft magnetic of Ni,Zn;, Fe;O4
nanoparticle sample using the Cohen method. The determination of crystal size can be
determined using the Scherrer equation. Based on the Scherrer equation, the crystallite size is

shown in Figure 3, the increasing crystal size is obtained. This shows that the crystal grain size
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of NiZn,4Fe,O, increases with increasing nickel content and decreases when zinc levels

increase [15].
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Figure 3. Graph of crystal size calculation and lattice parameters on sampel Ni,Zn;Fe,O4

3.3. Field Emission Scanning Electron Microscope (FESEM)
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Figure 4. FE-SEM image of Ni,Zn; sFe,04 (X =0.2)
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Figure 5. The histogram of grain size of Ni,Zn; 4Fe,0, (X = 0,2)

The surface morphology of sample x = 0.2 was observed by FE-SEM as shown in Figure 4. The

particles formed a nearly spherical average shape. The average particle size was analyzed by
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ImageJ, and the histogram is shown in Figure 5. The average size of the particle size by

histogram analysis is found about 47.09 nm. The result has good agreement with Deshmukh
(2017) which found the average particle size for nickel-zinc ferrite is between 41-74.6 nm. From
the results, it can be seen that particle size contains multi crystals, which compared to the XRD

results for a crystal size x = 0.2 of 16.14 nm [15].

3.4. Vibrating Sample Magnetometer (VSM)
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Figure 6. Hysteresis Curve of Niy Zn;, Fe,04 (X = 0.2 -0.8)

Figure 6 shows that the saturation magnetization value from x = 0.4 - 0.8 is getting bigger as the
nickel content increases in the sample so that the magnetic properties are getting stronger. At x
= 0.2 the graph is greater than x = 0.4 because the impurity phase is lower than x = 0.4. The
coercivity value of each sample is very small which is a characteristic of soft magnetic and
tends to fluctuate. The coercivity value is not linear in the sample, this is estimated because of
the impurity phase Fe,O; in each sample. This phase has antiferromagnetic properties because
the properties of the impurities are different from the nickel zinc ferrite properties, so it will
contribute to each sample. In this study, a soft magnetic field with magnetic properties is
superparamagnetic with an increased saturation value, small coercivity and remanence and a

value close to previous studies [16-20].

4  Conclusion

The nanoparticle of NiyZn;.4Fe,O, (x = 0.2 — 0.8) has been successfully synthesis. The density
measurement obtained the density value decrease by the increase of nickel content. The XRD
results show the nickel-zinc ferrite phase, however, there another impurity peak is known as
Fe,O5 (hematite). The crystal size of the sample from x = 0.2 - 0.8 was increased and the lattice
parameters decreased with the increasing nickel content. The FE-SEM results showed that the
average particle size of the sample with the variation of x = 0.2 about 47.09 nm, and formed a
nearly spherical shape in form. The magnetic properties from the VSM characterization resulted

that the magnetization saturation increased along with the increase of nickel content. In
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addition, the magnetic properties of nickel-zinc ferrite show super-paramagnetic behavior with

narrow coercivity in shape.
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