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MAGNETIZATION AND CURIE POINT OF LiZn FERRITE 

SYNTHESIZED BY ELECTRON BEAM HEATING OF 

MECHANICALLY ACTIVATED REAGENTS 

E. N. Lysenko, V. A. Vlasov, A. P. Surzhikov, and S. A. Ghyngazov  UDC 621.355 

The paper studies magnetization of Li0.4Fe2.4Zn0.2O4 lithium-zinc ferrite sintered by electron beam heating of 
a mechanically activated mixture of initial Fe2O3–Li2CO3–ZnO reagents based on measurements of the specific 
saturation magnetization and Curie point. Initial reagents are mechanically activated in a planetary ball mill 
for different time at 1290 and 2220 rpm grinding rate. Specimens are heated by using the pulse accelerator 
ILU-6 at the electron energy of 2.4 MeV. The synthesis temperature is 600 and 750°C at the exposure time not 
over 120 minutes. It is shown that preliminary grinding at 2220 rpm and successive electron beam heating at 
750°C for 120 minutes, lead to the formation of the main ferrite concentration with the chemical formula 
specified during the reagent mixing. This is confirmed by the data on the specific saturation magnetization of 
80 emu/g and the nominal value of the Curie point of 500°С. This mode allows to significantly reduce the 
ferrite synthesis temperature compared to the traditional ceramic technology. 
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INTRODUCTION 

Lithium-zinc (LiZn) ferrite materials possess the high saturation magnetization, Curie point, permeability, and 
low coercitive force [1−4]. In this regard, lithium-zinc ferrite is widely used in high-frequency electronic devices such 
as microwave circulators, phase shifters, radar absorbers, and also in computer industry [5−8]. 

Depending on the morphology of synthesized particles, the following synthesis methods are currently used: 
solid-phase synthesis, sol-gel technology, microwave heating, etc. [9−14]. As for the LiZn ferrite fabrication, the solid-
phase synthesis is based on the high-temperature heating of compacted materials in commercial furnaces using initial 
Fe2O3–Li2CO3–ZnO oxides [15−18]. The main weakness of this technique, is irreproducibility of electromagnetic 
properties of materials synthesized at high temperatures and, consequently, the stoichiometry violation caused by zinc 
and lithium evaporation during the synthesis as well as a multi-stage and prolonged production process. 

In [19−22], the method of heating the initial oxide mixture is proposed to decrease the temperature and time of 
the ferrite synthesis comprising readily volatile components using a high-energy electron beam. In the literature, this 
method is often known as the radiation-thermal synthesis, which provides the electron beam energy over 1 MeV to heat 
bulk specimens due to the energy interaction and absorption in a solid. Using thermostatically controlled cells, it is 
possible to gain a uniform depth temperature distribution during the synthesis process [23]. The decrease in the 
synthesis temperature and duration, is gained via the higher rate of the solid phase interaction between initial oxides due 
to the radiation defect formation by the electron beam [24−27]. The inclusion of the preliminary compaction procedure 
in the production process, allows to enhance the fabrication of lithium ferrites, especially in the case of lithium-
substituted ferrites with complex compositions [28]. 

National Research Tomsk Polytechnic University, Tomsk, Russia, e-mail: lysenkoen@tpu.ru; vlvitan@tpu.ru; 
surzhikov@tpu.ru; ghyngazov@tpu.ru. Translated from Izvestiya Vysshikh Uchebnykh Zavedenii, Fizika, No. 11, 
pp. 86–92, November, 2022. Original article submitted October 12, 2022; accepted for publication October 20, 2022. 

1064-8887/23/6511-1886 © 2023 Springer Nature Switzerland AG 

DOI 10.1007/s11182-023-02847-x



 1887

In [29−31], it was demonstrated that the rate of the solid phase interaction during the ferrite synthesis, was 
increased via the preliminary mechanical activation of initial powders in a ball mill. This procedure combined with the 
electron beam heating provided the synthesis of ferrite powders without the preliminary compaction of materials [32]. 

The aim of this work is to study the magnetic properties of lithium-zinc ferrite material synthesized by using 
the electron beam heating of the mechanically activated mixture of initial Fe2O3–Li2CO3–ZnO reagents. 

EXPERIMENTAL 

The synthesis of the lithium-zinc (LiZn) ferrite (Li0.4Fe2.4Zn0.2O4) material was based on initial 86.05 wt.% 
Fe2O3, 6.64 wt.% Li2CO3, and 7.31 wt.% ZnO oxides, which were dried and then mixed with each other. 

The mechanical activation of the Fe2O3–Li2CO3–ZnO powder mixture was performed during 10, 20, 30, 60 and 
120 min in a planetary ball mill AGO-2S (OOO, “Novitz” Russia) with steel balls and glasses. Grinding was conducted 
in a translatory glass motion at 1290 and 2220 rpm rotational velocity. 

 The synthesis of the LiZn ferrite material utilized the electron beam heating with a pulse accelerator ILU-6 
from the Budker Institute of Nuclear Physics SB RAS (Russia) [33]. The operating parameters of the ILU-6 included 
2.4 MeV electron beam energy, 400 mA pulse current, 500 µs pulse time. The synthesis temperature ranged between 
600 and 750°С and provided by the pulse frequency varying within 5 and 12.5 Hz. The process time did not exceed 
120 min. 

The obtained results were compared to those obtained for specimens synthesized by the conventional ceramic 
technology based on the specimen heating in a laboratory furnace under the same temperature-time conditions. The 
process parameters and specimen abbreviations are given in Table 1. 

The specific saturation magnetization was measured by an induction magnetometer N04 at magnetizing field 
of 4.7 kOe. The LiZn ferrite material was characterized by the low coercitive force on the order of 1 Oe. It was 
therefore easily magnetized in the external magnetic field prior to the saturation magnetization. The N04 was 
calibrated on a reference specimen. 

The Curie point of specimens was detected using the thermomagnetometric analysis based on the 
thermogravimetric analysis with the applied external magnetic field. The thermal analyzer Netzsch STA 449 C Jupiter® 
(Germany) and permanent magnets providing the external magnetic field of 4.7 kOe, were used for the measurement of 
thermal effects. This procedure was described in detail in [34−37]. 

TABLE 1. Process Parameters and Specimen Abbreviations 

Specimens Modes Mechanical activation, rpm Synthesis temperature, С 

МА1_Т_600 Thermal synthesis 1290 600 

МА1_Т_750 Thermal synthesis 1290 750 

МА2_Т_600 Thermal synthesis 2220 600 

МА2_Т_750 Thermal synthesis 2220 750 

Т_600 Thermal synthesis  600 

Т_750 Thermal synthesis  750 

МА1_RT_600* Radiation-thermal synthesis 1290 600 

МА1_ RT_750 Radiation-thermal synthesis 1290 750 

МА2_ RT_600 Radiation-thermal synthesis 2220 600 

МА2_ RT_750 Radiation-thermal synthesis 2220 750 

RT_600 Radiation-thermal synthesis  600 

RT_750 Radiation-thermal synthesis  750 

*RT – radiation-thermal synthesis. 
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RESULTS AND DISCUSSION 

It is known that, the LiZn ferrite synthesis occurs in accordance with the following formula:  

Li2CO3 + (5x)(1x)1Fe2O3 + 4x(1x)1ZnO→4(1x)1Li0.5(1x)Fe2.50.5xZnxO4 + CO2. 

The formation of high permeability ferrite with the Li0.4Fe2.4Zn0.2O4 composition occurs during the synthesis at х = 0.2. 
It is characterized by a spontaneous magnetization and rectangular hysteresis loop.  

Figure 1 plots thermogravimetric (TG) and differential thermogravimetric (DTG) curves obtained in specimen 
heating with the applied external magnetic field. The weight change observed on the TG curve, is associated with the 
jump in the region of the magnetic phase transition, i.e., the magnetic-to-paramagnetic transition in the synthesized 
magnetic phase, but it is not associated with the change in the specimen weight. The weight jump value depends on the 
ferrite phase content and magnetization. The higher its concentration and magnetization, the more intensive is the 
weight jump. As can be seen in Fig. 1, the weight jump in specimens grows with increasing synthesis temperature, glass 
rotational velocity, and during the transition from thermal to radiation-thermal synthesis. This indicates to the higher 
content of the synthesized ferrite phase in these specimens. 

The DTG(M) peak position allows us to identify the Curie point of the obtained magnetic phase, whereas its 
width shows the degree of homogeneity of the ferrite phase composition synthesized in different modes. Wide and 

 

Fig. 1. Thermomagnetometric analysis of LiZn ferrite specimens synthesized during 
120 min from mechanically activated powder mixture.  
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extended peaks on DTG(M) curves as well as small weight jumps on TG(M) curves observed for МА1_Т_600, 
МА2_Т_600, МА1_RT_600 specimens, indicate to the formation of a low concentration of the magnetic phase in the 
given modes. 

According to the thermomagnetometric analysis, the LiZn ferrite content is higher after its synthesis from 
mechanically activated powders at the Curie point approaching to that of Li0.4Fe2.4Zn0.2O4. At the same time, in our 
recent research [28], we report on the high content of the intermediate LiZn ferrite phase Li0.5(1x)Fe2.50.5xZnxO4 
synthesized at different Curie points from non-activated reagents.  

The significant LiZn phase accumulation is observed in specimens synthesized at 750°С and different process 
time. As presented in Fig. 2, the DTG(M) peak intensity means the high content of this phase in specimens produced 
during 60 min and longer. A comparison of these peak positions by the Curie point of LiZn ferrite to those observed by 
Abu-Elsaad et al. [38], shows that during the electron beam heating at 750°С synthesis for 120 min, the formation of the 
main ferrite (Li0.4Fe2.4Zn0.2O4) content occurs during the reagent mixing.  

Kinetic dependences in Fig. 3 show the equipment weight change (НTG) and the DTG(M) peak height 
(НDTG) during the thermal analysis of specimens obtained at different synthesis modes. According to the kinetic 
analysis, at 60-min process time, НTG curves describing the obtained phase magnetization, get to plateau, that indicates 
to inexpediency of loner sintering processes. The higher magnetization is observed for specimens synthesized from 
powders mechanically activated at a higher grinding rate.  

Kinetic dependences in Fig. 4 show the specific saturation magnetization of LiZn ferrite specimens obtained at 
different synthesis modes. The specific saturation magnetization S of all specimens, grows with increasing process 
time, which is associated with the magnetic phase accumulation in these specimens. At short process times, the specific 
saturation magnetization rapidly grows. During further synthesis, the rate of the change in the specific saturation 
magnetization drastically slows down, and the curves get to plateau. 

Our results show that the temperature growth up to 750°С and the higher grinding rate, accelerate the formation 
of the magnetic ferrite phase. The electron beam heating of specimens provides them with the high specific saturation 
magnetization by the beginning of isothermal synthesis (see Fig. 4, reference point of curves). This probably indicates 
to the high LiZn ferrite concentration, which appears at the stage of specimen heating. The specific saturation 
magnetization of Li0.4Fe2.4Zn0.2O4 ferrite is close to the nominal value [39, 40]. 

 

Fig. 2. Thermomagnetometric analysis of LiZn ferrite specimens 
synthesized at 750С and different process time.  
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Fig. 3. Kinetic dependences of equipment weight change НTG and DTG(M) peak height 
НDTG during heating LiZn ferrite specimens obtained at different synthesis modes. 

 

Fig. 4. Kinetic dependences of specific saturation magnetization of LiZn ferrite specimens 
obtained at different synthesis modes.  
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The measurement of ferrite magnetic properties showed the accelerated formation of the homogeneous 
composition of the ferrite phase based on the preliminary mechanical activation of initial reagents followed by the high 
energy electron beam heating.  

CONCLUSIONS 

The specific saturation magnetization and the Curie point were investigated for LiZn ferrite comprising 
Li0.4Fe2.4Zn0.2O4 synthesized by the electron beam heating of the mechanically activated mixture of initial Fe2O3–
Li2CO3–ZnO reagents. The analysis of the obtained results showed that the ferrite phase content in synthesized 
specimens depended on the heating temperature, mechanical activation conditions, and synthesis modes. 

In mechanically activated initial powders, the ferrite synthesis was more rapid, that was confirmed by the high 
values of the specific saturation magnetization and nominal values of the Curie point. The rate of powder grinding in 
the planetary mill played an important part in the degree of the mechanical activation and, consequently, the number of 
products synthesized. 

Our experiments showed that the high-energy grinding of initial powders and their successive electron beam 
heating led to the formation of the homogeneous composition of the ferrite phase during the synthesis process. The 
synthesis temperature of 750°С was significantly lower than 900°С used in the traditional ceramic technology. This fact 
can exert a positive effect on the ferrite stoichiometric composition also comprising readily volatile components. 
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