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Low coercivity microwave ceramics based on LiZnMn ferrite synthesized
via glycine-nitrate combustion
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Soft magnetic LiZnMn ferrite with low coercivity obtained via glycine-nitrate combustion was estimated in this work. According to SEM, the
synthesized ceramics have a grain size ranging from 1.5 to 8 µm and the EDX, AAS and XRD data show that the obtained samples correspond
to Li0.45Zn0.05Mn0.06Fe2.43O4 structure. The hysteresis loops of LiZnMn ferrite ceramics provide evidence for the magnetically soft nature of
the obtained materials. Basic magnetic characteristics, including remanent magnetization, saturation magnetization, and coercive force was also
described. For a sample sintered at 1000 ◦C, the values of saturation magnetization (4πMs), residual magnetization (Br) and coercive force (Hc)

were 2644 G, 2139 G and 6.4 Oe, respectively, whereas the sample obtained at 1070 ◦C shows large values of saturation magnetization (3240 G)
and residual magnetization (2459 G) and the coercive force is approximately half (3.4 Oe). Analysis of the influence of thermal treatment provided
the possibility to determine necessary conditions for obtaining microwave ceramics based on LiZnMn ferrite via solution combustion method. Grain
size distribution was examined to determine their influence on the properties of obtained ceramics.
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1. Introduction

During the last few decades, the rapid development of microwave technologies has aroused an increased interest
in classical high-frequency materials and imposed a new requirement on their electromagnetic parameters [1–3]. Some
LiZnMn ferrites have been widely used in microwave devices due to their low coercive forces (Hc), high remanent
and saturation magnetizations (Mr and Ms), great mechanical and chemical stabilities, rectangular hysteresis loop,
etc. [4–7]. The electromagnetic properties of LiZnMn ferrites depend on factors such as the type of synthesis, degree
of crystallinity, particle and grains size, degree of homogeneity for particle and grain sizes [8, 9]. There are many
techniques to obtain lithium ferrites, for example, microwave sintering which is the most popular at the moment
but has some significant flaws such as long synthesis time, the large grain size of the resulting product and high
heterogeneity degree of their size, which negatively affects the final electromagnetic parameters of ceramics [10–13].
One of the more promising methods for obtaining ferrites, which allows improving the above parameters, is the
solution combustion method. This method can result in the synthesis of ferrites with small particle and grain sizes,
high density and conversion degree, excellent electromagnetic parameters and uniform microstructure [14–19].

In this work, the glycine-nitrate combustion process has been used for preparing initial LiZnMn ferrite powder
using glycine as chelating reagent with ratio G/N = 1.5 (where G is the glycine mole fraction and N is the nitrate mole
fraction). There is the relatively large number of different chelating reagents, such as some organic acids, hydrazine,
urea, and others but using the glycine can reduce the amount of residual organic compounds in the final product
due to its lower molecular weight than other chelating agents have [20–22]. The received product of glycine-nitrate
combustion was heat sintered at various temperatures (1000 and 1070 ◦C) as a result; microwave ceramics with low
coercivity force were obtained.
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2. Experimental

This work is devoted to the investigation of microwave ceramics based on the Li0.45Zn0.05Mn0.06Fe2.43O4 ob-
tained via glycine-nitrate combustion method. The synthesis was performed under conditions of deficit of the chelating
agent (G/N = 1.5) in the reaction mixture. Initial lithium, zinc, manganese, and iron crystalline nitrates were dissolved
in 100 ml of deionized water and 10 ml of 3M HNO3 with constant stirring for 2 hours and temperature of 50 ◦C.
Then glycine was added to the reaction solution in an amount exceeding the stoichiometric ratio of 1.5. The solution
prepared this way was heated to its autoignition point. During the autoignition process, the brown powder was ob-
tained which was mechanically ground in an agate mortar. The final product was thermally treated at a temperature of
500 ◦C for 3 hours.

The obtained powder was mechanically processed in a vibration mill (ball diameter = 2 cm) for 2 hours with the
addition of bismuth oxide (LiZnMn:Bi2O3 to 95:5 wt. %) and polyethylene glycol as a binder. The addition of bismuth
oxide reduces the sintering temperature, however, despite the fact that its effect on the sintering of lithium ferrites is
well studied for solid-phase methods [4], due to the significantly smaller particle size of the original powder and, as
a result, a higher specific surface area, the amount of bismuth oxide required to successfully lower the temperature is
much higher. Sintering ceramics was carried out at two temperatures (1000 and 1070 ◦C). The two selected sintering
temperatures are most common when lithium-zinc-manganese sintering a ferrite of the similar composition [8, 23].

Qualitative X-ray phase analysis and crystal structure refinement was performed using Rigaku SmartLab 3 powder
diffractometer. The average crystallite size (coherent scattering area) was calculated from X-ray diffraction lines
broadening using the Scherrer equation:

D =
k · λ

β · cos θ
,

where k is the crystal shape factor (assumed to be 0.94 in the isometric approximation), λ is the X-ray emission
wavelength (CuKα, λ = 0.15406 nm), β is the diffraction maximum broadening (in radians), θ is the diffraction peak
position (Bragg angle).

The chemical composition and morphology were determined using a TescanVega 3 SBN scanning microscope
equipped with an Oxford INCA x-act x-ray spectral microanalysis device and atomic absorption spectrometer AA-
7000. The measurement of the magnetic properties was conducted on the vibrating magnetometer Lake Shore 7400.
The magnetic characteristics according to the hysteresis loop data were calculated using the vibration method built in
the magnetometer’s software on vibration magnetometer Lake Shore 7410. Dynamic light scattering and SEM mi-
crophotographs were used to determine the average grain size of LiZnMn ceramics obtained at different temperatures.
The measurements were carried out using a Shimadzu SALD-7500 nano.

3. Results and discussion

The phase composition of the obtained Li0.45Zn0.05Mn0.06Fe2.43O4 powder and ceramics were determined by
X-ray powder diffractometry. The obtained data show that initial ferrite powder consists of single-phase lithium-zinc-
manganese ferrite (JCPDS card # 52-0278) with an average crystallite size of 25±3 nm (Fig. 1). The conversion
degree of synthesized powder was determined to be 95% using an internal standard (α-Si).

Diffractograms of the lithium-zinc-manganese ferrite sintered at 1000 and 1070 ◦C also show the absence of
extraneous phases. The high intensity of the peaks indicates that the obtained ceramics have a high conversion.
However, the peak intensities of the obtained sample at 1070 ◦C are higher than those for the sample sintered at
1000 ◦C, which indicates a more complete degree of sintering.

The elemental composition and morphology of the obtained lithium-zinc-manganese ferrite were determined by
X-ray microanalysis, atomic absorption spectroscopy, and scanning electron microscopy. According to elemental
analysis data, the obtained ferrite corresponds to the composition of Li0.45Zn0.05Mn0.06Fe2.43O4. Fig. 2 shows the
results of SEM for the LiZnMn ferrite ceramics samples sintered at 1000 and 1070 ◦C. The obtained data suggest
that ceramics with grain size from 0.5–10 µm are obtained at both temperatures. In the case of a sample sintered at a
temperature of 1000 ◦C, porous ceramics are observed with an average grain size of 0.5–4.5 µm. The presence of a
large number of voids and the appearance of the grains is most likely due to the fact that the lithium-zinc-manganese
ferrite ceramics is not completely sintered at a given temperature. In the case of a sample that was sintered at a
temperature of 1070 ◦C the sintering passed completely, which indirectly confirms the XRD data. However, there is
an increase in grain size, which ranges from 2–10 µm.

The grain size distribution was determined by a dynamic light scattering method (Fig. 3c and Fig. 3d) and by the
analysis of the micrographs in the OriginPro software package (Fig. 3a and Fig. 3b). The obtained data correlate well
with each other and indicate that the average crystallite size ranges from 0.5–10 µm. In the case of results obtained
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FIG. 1. X-ray diffraction patterns of Li0.45Zn0.05Mn0.06Fe2.43O4 initial powder and ceramics

FIG. 2. SEM results of the LiZnMn ferrite ceramics sintered at 1000 and 1070 ◦C

by the method of dynamic light scattering, the distribution is shifted to the right side in relation to the results of
micrographs analysis, which is associated with an insufficient degree of separation of one grain from another.

Figure 4 shows the saturated B–H hysteresis loops at 298 K for lithium-zinc-manganese samples sintered 1000 and
1070 ◦C. The obtained data indicate that the hysteresis loop of the sample sintered at 1070 ◦C degrees is approximately
half that of the loop for the sample obtained at 1000 ◦C.

The data in Fig. 5 demonstrate that the saturation magnetization, residual magnetization, and coercive force
depended on the sintering temperature.

The saturation magnetization is 2644 G and 3240 G for samples obtained at 1000 and 1070 ◦C, respectively.
Residual magnetization is also higher for a sample sintered at a temperature of 1070 ◦C (2139 G vs 2458 G). However,
the coercive force for a sample sintered at 1000 ◦C (6.4 Oe) is rough twice the size of the value obtained for a sample
sintered at 1070 ◦C (3.4 Oe). These differences in the magnetic parameters of the obtained ceramic samples are related
to both the grain size and to the incomplete degree of sintering of the sample obtained at 1000 ◦C.

4. Conclusions

The present paper shows the possibility of producing a soft-magnetic low coercivity lithium-zinc-man- ganese
ceramics based on ferrite powder obtained via glycine-nitrate combustion method. The obtained powder and ceramics
are chemically and phase-pure and does not contain non-magnetic phases. The low coercivity force (6.4 and 3.4 Oe),
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FIG. 3. The grain size distribution of the obtained samples of Li0.45Zn0.05Mn0.06Fe2.43O4 ceramics
sintered at temperatures of 1000 and 1070 ◦C

FIG. 4. B-H hysteresis loops of LiZnMn ceramics samples at 298 K

saturation magnetization (3240 and 2644 G) and residual magnetization (2459 and 2139 G) are at the same level
as commercial high-frequency ceramics. It is shown that the sintering temperature strongly influences the magnetic
characteristics of the obtained ceramics and allows a two-fold reduction in their coercive force.
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FIG. 5. Saturation magnetization, residual magnetization and coercive force of LiZnMn ceramics
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