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Synthesis of Ni0.4Zn0.6Fe2O4 spinel ferrite and microwave adsorption
of related polymer composite
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Nickel-zinc ferrites are important industrial materials in the production of various types of microwave devices; therefore, studies of new methods of
obtaining functional ceramic on their basis are of great interest at present. In this work, soft magnetic ceramics based on Ni0.4Zn0.6Fe2O4 spinel
ferrite with low values of the coercive force were successfully obtained under various sintering modes (1000 and 1100 ◦C, holding time – 16 hours)
based on nanostructured pre-ceramic ferrite powder synthesized by the solution combustion method. The initial powder and sintered ceramics were
investigated by EDX, SEM and PXRD methods. The electromagnetic parameters of the final product were investigated by vibration magnetometry
and using the method of rectangular waveguide transmissions in the X-band. It was shown that, depending on the selected sintering mode, it is
possible to obtain magnetic ceramics with an average grain size in the range from 1 to 3 µm and with values of the coercive force (Hc) from
16.32 to 19.41 Oe, remanent magnetization (Mr) from 3.39 to 4.31 emu/g and saturation magnetization (Ms) from 67.90 to 78.42 emu/g. After
the preparation of a ferrite-polymer composite with different content of Ni0.4Zn0.6Fe2O4 (0–50 wt%), it was found that the highest absorption
characteristics of electromagnetic waves were observed for the sample with 40 wt% of spinel ferrite obtained at 1100 ◦C, 16 hours sintering mode.
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1. Introduction

Ferrites-spinels and orthoferrites of rare earth elements remain relevant objects of research for many decades
due to their wide application in many areas of modern science and technology [1–3]. In addition to the well-known
classical areas of their application, such as the production of hard and soft magnets [4], magnetic fluids [5], sensors [6],
microwave devices [7], etc., in recent years, new opportunities have been opening up with the use of nanostructured
ferrites as materials with high antibacterial activity [8], MRI contrast agents [9], photocatalysts [10], materials for
wastewater treatment [11], magnetically recoverable catalysts [12] and many others. Interest in nanocrystalline ferrites
is primarily due to their high chemical and thermal stability and improved electromagnetic parameters in comparison
with classical micron systems of a similar composition [13–16]. Besides, obtaining multicomponent ferrites is much
easier if they are in a nanostructured form [17].

One of the most interesting representatives of spinel ferrites from an industrial point of view is the multicompo-
nent Ni-Zn ferrite of the composition NixZn1−xFe2O4, which is widely used in the production of various microwave
devices and as radio-absorbing materials (RAW) absorbing electromagnetic waves during which the incident energy
is converted into thermal due to the interaction of waves and matter [18]. Radio-absorbing materials are the most im-
portant dual-use products widely used in both the military and civilian sectors [19]. For example, for electromagnetic
shielding of aircraft and submarines, to eliminate interference and absorb secondary radiation from various electronic
devices, microwave ovens, aircraft devices, etc. [20]. There are a large number of materials that, by their conductive
and magnetic characteristics, can act as absorbers of electromagnetic waves. For example, polymers are not subject
to corrosion and are much lighter than oxide systems, but they have much higher insulation and low stability of elec-
tromagnetic parameters [21]. This problem can be solved by adding magnetic particles to conducting polymers [22].
One of the possible variants of such magnetic particles is nickel-zinc ferrite with the composition Ni0.4Zn0.6Fe2O4,
which has shown its effectiveness as a radio-absorbing material [23].

However, the use of ferrites as a radio-absorbing material places high demands on the stability of the magnetic
and electromagnetic characteristics of the final product, which is difficult to achieve when using classical methods of
production [24]. One of the promising methods for obtaining nanostructured complex oxide systems is the solution
combustion method, which has shown its efficiency in the production of spinel ferrites and orthoferrites of various
compositions [25–28]. Its main advantages are the ability to finely control the particle size, structure, morphology,
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magnetic and electromagnetic characteristics by varying the composition of the initial reaction medium, which was
shown in detail in our previous works [29–31].

In this work, the solution combustion method was used to obtain an initial nanostructured pre-ceramic powder
Ni0.4Zn0.6Fe2O4 with a high degree of crystallinity. The resulting powder was sintered according to classical ce-
ramic technology, ground and dispersed into a varnish based on an acrylic copolymer in various weight percentages
(0,10,...,50 wt%). The resulting product was tested using a rectangular waveguide transmission line method in the
X-band (8.5–13 GHz).

2. Experimental

The initial nanostructured nickel-zinc ferrite of composition Ni0.4Zn0.6Fe2O4 was obtained by the solution com-
bustion method using glycine as a fuel and a chelating agent. Nickel nitrate (Ni(NO3)2·6H2O, pur., 99.9%), zinc
nitrate (Zn(NO3)2·6H2O, pur., 99.9%), iron nitrate (Fe(NO3)3·9H2O, pur., 98.0%) and glycine (C5H5NO2, pur.,
98.0%) were used. Glycine was taken in a stoichiometric ratio according to the reaction of formation of nickel-zinc
ferrite:

0.4Ni(NO3)2 + 0.6Zn(NO3)2 + 2Fe(NO3)3 + 40/9C2H5NO2 →

Ni0.4Zn0.6Fe2O4 + 80/9CO2 ↑ +56/9N2 ↑ +316/9H2O ↑
The initial reagents were taken in a stoichiometric amount and dissolved in 50 ml of distilled water with constant

stirring for 30 min and a temperature of 50 ◦C. Then, the initial solution was heated to the autoignition temperature,
during which a brown-colored ferrite powder was formed. The combustion product thus obtained was thermally treated
in the air at a temperature of 600 ◦C for 3 hours to remove unreacted organic matter and mechanically processed in a
vibrating mill (balls diameter = 2 cm) for 4 hours. Then the milled powder was pressed using polyethylene glycol as
a binder and sintered at two temperature conditions – 1000 and 1100 ◦C for 16 hours. The resulting ceramics were
analyzed and re-ground in a planetary mill (ball diameter = 1 cm) for 12 hours to obtain a submicron powder. The
final composite was obtained by mixing nickel-zinc ferrite powders with a varnish based on an acrylic copolymer in
various weight percentages (0, 10, ..., 50%) and passed electromagnetic characterization.

The morphology and chemical composition of the resulting powder and ceramics were studied by scanning elec-
tron microscopy (SEM) and energy dispersive analysis (EDX) using a Tescan Vega 3 scanning electron microscope
and an Oxford Instruments X-act EDX microprobe analyzer. powder X-ray diffractometry on a Rigaku SmartLab 3
diffractometer (CuKα = 0.15406 nm). Magnetic hysteresis loops were obtained using a LakeShore 7410 vibratory
magnetometer. EMI absorption analysis was performed using a linear X-band method using a standard rectangular
waveguide and a VectorStar MS4640B vector network analyzer.

3. Results and discussion

The phase composition of the obtained samples of nickel-zinc ferrite was studied by powder X-ray diffractometry
(PXRD), the results of which are shown in Fig. 1. The data obtained indicate that the initial pre-ceramic powder
and the ceramics obtained on its basis are single-phase samples of Ni0.4Zn0.6Fe2O4 (JCPDS # 08-0234 ) without
impurities. The most intense reflections are observed in the sample sintered at a temperature of 1100 ◦C for 16 hours,
while the intensity of the peaks of the sample obtained at 1000 ◦C is slightly lower. The crystallite size of the initial
powder was found using the Scherrer formula and was 47±5 nm. Besides, using the internal standard (Si) according
to the Rietveld method, the degree of crystallinity of the initial sample was estimated to be 94%.

Figure 2 shows the SEM micrographs of the initial nanostructured powder and sintered ceramic. According
to the data obtained, the morphology of the initial sample of nickel-zinc ferrite is a typical picture of the products of
glycine-nitrate combustion at a stoichiometric ratio of glycine to nitrate-groups. Such porous agglomerates with a large
number of micron and submicron pores formed during abundant gas evolution during the combustion process are often
observed during the formation of other complex oxide systems [12, 17]. It should be noted that such a morphology
complicates the process of pressing and sintering the powder, which is solved by grinding the starting material in a
vibrating mill, as a result of which the formed agglomerates are broken into smaller components. The data obtained
show that the microstructure of the obtained ceramics significantly depends on the selected sintering temperature
regimes. In the case of a sample sintered at a temperature of 1000 ◦C, a large number of voids between grains are
observed, the size of which is in the submicron range (the average size is in the range from 0.8 to 1.3 microns). Despite
the small grain size, the presence of voids significantly worsens both the magnetic and electromagnetic parameters of
ceramics, which means that this temperature regime cannot be considered as optimal for sintering pre-ceramic powders
obtained under conditions of solution combustion. Nevertheless, the sample sintered at a temperature of 1100 ◦C
demonstrates a completely different microstructure from the first sample. Despite a significant increase in the grain
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FIG. 1. PXRD patterns of the initial powder and sintered ceramics of nickel-zinc ferrite

size, which lies in the range from 1 to 3.5 µm, there is also a significant decrease in the number of voids between the
grains, which in turn affects the quality and stability of the magnetic and electromagnetic characteristics.

FIG. 2. SEM images of initial nickel-zinc ferrite powder obtained via glycine-nitrate combustion
method (a,b) and ceramics based on them sintered at 1000 ◦C (c,d) and 1100 ◦C (e,f)

The hysteresis loops of samples of the initial powder and sintered Ni0.4Zn0.6Fe2O4 ceramics are shown in Fig. 3.
It follows from the data obtained that the highest values of the magnetic parameters (Hc = 16.32 Oe, Ms =

78.42 emu/g, Mr = 3.39 emu/g) are observed in the sample sintered at a temperature of 1100◦, which is due to
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FIG. 3. Hysteresis loops of Ni0.4Zn0.6Fe2O4 initial powder and sintered ceramics

the peculiarity of its microstructure. It should be noted that the appearance of the loops is similar for both sintered
specimens and differs in the values of saturation magnetization, remanent magnetization and coercive force (Fig. 4).

FIG. 4. Magnetic characteristics of obtained nickel-zinc ferrite samples

Figure 5 shows the curves of electromagnetic absorption for two sintered samples of nickel-zinc ferrite. The
measurement was carried out on a composite obtained by dispersing the crushed ceramic in an acrylic copolymer
varnish. The black curves in both figures are air measurements and were used as a reference. It is shown that with
an increase in the proportion of ferrite in the polymer matrix, a significant increase in the values of electromagnetic
absorption is observed. Both samples demonstrate approximately the same absorption values, with the only exception
that the sample sintered at a temperature of 1100 ◦C demonstrates slightly better electromagnetic characteristics. This
is due to the larger grain size and fewer voids, which in turn made the grinding process more difficult. Further increase
in the mass fraction of nickel-zinc ferrite was not possible due to the limits of dispersion into the initial copolymer
matrix.
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FIG. 5. Microwave absorption of Ni0.4Zn0.6Fe2O4-based polymer composites: nickel-zinc ferrite
sintered at 1000 ◦C (a) and 1100 ◦C (b)

4. Conclusion

Thus, a simple method was proposed for obtaining electromagnetic absorbing materials based on a copolymer
matrix and ceramics of the composition Ni0.4Zn0.6Fe2O4 sintered from a nanostructured pre-ceramic powder synthe-
sized by the method of solution combustion. This approach makes it possible to disperse up to 50 weight percent of
spinel ferrite into the copolymer matrix and achieve high values of electromagnetic absorption. It has been shown that
the most optimal sintering mode is a temperature of 1100◦C and a holding time of 16 hours at which it is possible
to obtain soft magnetic ceramics with values of coercive force, saturation magnetization and remanent magnetization
equal to 16.32 Oe, 3.39 emu/g and 78.42 emu/g, respectively.
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