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A B S T R A C T   

It has been shown that structural defects can play a dominant role in the formation of the physical properties of 
ceramics. This paper presents the results of studying the physical properties of Er3Fe5O12 (ErIG) powders and 
ceramics, containing the structural defects of various types. The formation of the structural defects in ErIG was 
achieved by the mechanical activation of pre-synthesized powders using Bridgman anvils, to which fixed shear 
strain and uniaxial pressures of various magnitudes were applied in the range of 40–320 MPa. The lower anvil 
rotated at the speed of 3 revolutions per hour (rph). The structural parameters of the mechanically activated 
powders and ceramics sintered from them were studied at room temperature by the X-ray method. The band gap 
was determined by the optical spectroscopy, the magnetic properties were estimated from the hysteresis loops 
and the dielectric properties and heat capacity were studied in the high-temperature range. It has been estab
lished that mechanical activation leads to a significant smearing of antiferrimagnetic transition and to a shift in 
the phase transition temperature to the low-temperature region.   

Introduction 

Ferromagnetic properties of ferrite-garnets were discovered in 1956 
by Bertaut and Forrat [1] and Pauthenet [2] and, independently of them, 
by Geller and Gilleo in 1957 [3]. The formula of ferrite-garnets is 
R3Fe5O12 where R is one of the rare earth elements or yttrium. 

According to Nèel [4], the crystal structure of ferrite-garnets is a 
three-lattice structure, the Fe3+ ions are located in two of them (a and d), 
and the Re3+ ions are located in the third sublattice (c). All ferrite- 
garnets have approximately the same Curie points, which is explained 
by the fact that the Re3+ ions demonstrate very weak ferromagnetism; 
the interaction of the lattice c with d and a is small, so here the value of 
the Curie point is mainly determined by the interaction between the iron 
ions [5,6]. Ferrimagnetic ErIG studied in this work belongs to the rare- 
earth ferrite-garnets, which have a cubic symmetry with the Ia3d space 
group at room temperature. The unit cell contains 8 standard elements 
(160 elements): 96 – O2–, 40 – Fe3+, 24 – R3+. The cations are located in 
the tetrahedra (24d), octahedra (16a), and dodecahedra (24c). The 
dodecahedral positions are occupied by the R3+ ions, the remaining 

positions are occupied by the Fe3+ ions. If the influence of Mc on Ma and 
Md through the a − c and d − c interactions is neglected, then the total 
magnetic moment of the rare earth ferrite-garnet is determined by the 
formula [5]: 

M = Mc − [Md − Ma] (1) 

This value equals to zero at the compensation temperature, Tc, which 
is 75 K for ErIG. 

Many physical properties of ferrite-garnets depend on both the 
production methods and concentration and type of defects in them. 
Among the methods of the preparation, the following can be distin
guished: chemical coprecipitation [7], pyrolysis of aerosol spraying [8], 
sol–gel method [9–11] and solid-phase reaction method [12–14]. 

In [10], the nanosized Er3Fe5O12 was prepared by an aqueous sol–gel 
method. The minimum particle size according to SEM data was 75 nm. 
The relative amount of garnet phases in the sample Er3Fe5O12 was 
evaluated using Mössbauer spectroscopy and confirmed by XRD mea
surements. This work established a correlation between the composi
tion, particle size and magnetic properties. 
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In [11], the magnetic properties of Er-doped ErxY3− xFe5O12 films 
obtained by sol–gel method were studied. The SEM photomicrograph 
showed that the particles had a strong agglomeration and the average 
particle size was about 82 nm. With the increase of Er concentration, the 
saturation magnetization (Ms) of the films decreased linearly. The au
thors attribute this to nanoparticle thin films. The results show that the 
coercivity Hc of ErxY3− xFe5O12 (0 ≤ x ≤ 2.5) nanoparticles reaches the 
maximum when the particle size is 89 nm. 

In [12], the structural parameters, Mössbauer spectroscopy, and 
hysteresis of Er3Fe5-xGaxO12 (0.0 ≤ x ≤ 0.8) synthesized by solid-state 
reaction method were studied. When x ≤ 0.6, XRD analysis, 
Mössbauer spectroscopy analysis, and the magnetic data are consistent 
with the assumption that Fe3+ ions are substituted by Ga3+ ions at 
tetrahedral sites in the samples. When x  = 0.8, the partial substitution of 
Fe3+ ions for Ga3+ ions at octahedral sites splitted the octahedral 
component of Mössbauer spectrum into two. They found that the satu
ration magnetization decreases almost linearly as x increases, following 
a simple magnetic dilution model until x  = 0.6, and deviating slightly 
from linear behavior at x  = 0.8 due to partial substitution at the octa
hedral sites. 

In another work [13], the dielectric relaxation properties of the 
polycrystalline ceramic Er3Fe5O12 were studied in detail by measuring 
of dielectric modulus and impedance spectra. These ceramics were 
found to have a colossal dielectric constant (CDC) up to 106. At low 
temperature (T < 600 K), the dielectric relaxation at low frequency (f ≤
50 kHz) is mainly related to the Maxwell-Wagner effect. In addition, the 
authors consider that the low-frequency dielectric relaxation at high 
temperatures (T ≥ 600 K) is due to the contribution of oxygen vacancy 
and grain boundaries, which is also considered to be the origin of CDC. 

In another work [14], Gd3− xErxFe5O12 powders were studied by the 
Mössbauer method at room temperature. The results show that the 
Mössbauer spectra were approximated by three magnetic sextets cor
responding to iron ions (Fe3+) in three different environments, two 
octahedral sites and one tetrahedral site. It was found that the saturation 
magnetization (Ms) increased and the Curie point decreased slightly 
with the increase of the amount of Er3+ substituted for gadolinium. 

In [15,16], in order to obtain ferrite-garnets, the gel is uniformly 
distributed on an appropriate basis by the centrifugation and then 
calcined. In another work [17], the rare earth ferrite-garnet thin films 
were grown on crystal-oriented substrates in vacuum. 

In [18] Er3Fe5O12 was synthesized by citrate–nitrate gel combustion 
method and characterized by XRD. The isobaric molar heat capacity of 
this oxide was determined by differential scanning calorimetry method 
at temperatures ranging from 130 to 860 K. In the temperature range 
from 530 K to 560 K, the heat capacity shows an anomaly similar to the 
λ-type transition, which corresponds to a second-order phase transition 
and involving the magnetic order–disorder transition from ferromag
netic state to the paramagnetic state. The Curie temperature (Tc = 544 
K) of Er3Fe5O12 was determined by differential scanning calorimetry 
(DSC). 

The physical properties of ferrite-garnets don’t normally depend 
much on the above production methods, and the replacement of the rare 
earth element cation and/or the iron ion with the trivalent cations (the 
chemical defects) allows us to control the physical properties within the 
narrow limits [7–14,19]. 

However, the technological method (mechanical activation) for 
controlling the physical properties of any crystalline bodies has been 
widely used recently. This method consists in the targeted introduction 
of the structural defects (the dislocations and point defects) into crys
talline bodies. It makes it possible to change both the concentration of 
the structural defects and their type in the crystalline bodies. In this case, 
the stoichiometry of the compositions does not change. This work is 
devoted to this method, and its purpose is to control the physical 
properties of the synthesized erbium ferrite-garnet by the mechanical 
force action combined with the shear deformation. 

Materials and methods 

The stoichiometric amounts of Fe and Er oxides (Fe2O3 ≥ 99.0%, 
Er2O3 ≥ 99.9%, Sigma-Aldrich) were mixed in the agate mortar for 2 h 
in the presence of ethanol. The resulting composition was dried in the 
thermostat at 200 ◦C in order to remove moisture. Next, the dried 
composition was pressed into a cylinder of 5 mm high and 10 mm in 
diameter for the subsequent synthesis in the high-temperature furnace. 
During the synthesis, the sample was placed into a platinum crucible 
with a lid. The synthesis was performed at 1200 ◦C. In 4 h, the furnace 
was cooled by inertia to room temperature. The synthesized cylindrical 
sample was ground in the agate mortar in the presence of ethanol, and 
the resulting powder was dried at 200 ◦C. Synthesized Er3Fe5O12 was 
further ground into powder and studied on the Bruker D2 PHASER X-ray 
diffractometer, which uses Cu Kα (Kα1 = 1.54060 Å and Kα2 = 1.54443 
Å) radiation, with the 2θ step of 0.01◦ and the aqcuisition time of 0.1 s 
per point. The Rietveld crystal structure was refined using the FullProf 
Suite 2000 software. The diffraction pattern showed the presence of an 
insignificant concentration of the α-Fe2O3 phase. Next, the Er3Fe5O12 
powder was mechanically activated between the Bridgman anvils at a 
fixed shear strain and various uniaxial pressures, while the lower anvil 
rotated at a speed of 3 rph. The number of the rotations was equal to 
two. Each of seven portions of the powder was pressed under the fixed 
pressure but for the next set of portions the pressure was increased by 40 
MPa. The upper limit of the mechanical activation pressure was 320 
MPa, which made it possible to avoid significant amorphization of the 
composition or the formation of the high-pressure phases. The param
eter ζ, characterizing a shear deformation was determined to be equal to 
12 by the formula: 

ζ = ln(υr/d) (2) 

where υ is the rotation angle, r is the radius of the anvil, d is the 
thickness of the sample. 

All the mechanically activated powders were studied using an elec
tron microscope and a diffractometer. From seven parts of the me
chanically activated ErIG powder, one sample 10 mm in diameter and 
about 1 mm thick was pressed at 2000 N for the further sintering in a 
high-temperature furnace. All the samples were sintered together at 
1200 ◦C for 2 h. The density of the ceramic samples ranged from 6.65 to 
6.80 g/cm3, depending on the mechanical activation pressure. For the 
dielectric measurements, the silver paste was applied on the surface of 
the disks and then it was being burned into the surface at 750 ◦C for 20 
min. The dielectric properties were analyzed by the E7-20 automatic 
immitance meter produced at the Minsk R&D Institute of Instrument 
Making (MNIPI, Belarus). The optical absorption spectra were studied at 
room temperature with the Shimadzu UV-2600 two-beam IR spectro
photometer. The thermal capacity of the samples in the shape of the 4 
mm diameter discs was evaluated with the DSC 204 F1 Phoenix scanning 
calorimeter (Netzsch) in the temperature range from the ambient tem
perature to 750 K. The heating rate was 5 K min− 1 with the measurement 
accuracy not exceeding 3%. The microstructure of the samples was 
observed and examined by transmission electron microscope EVO40 
XVP (Karl Zeiss). 

The magnetic properties at room temperature were studied with the 
LakeShore VSM 7404 vibration magnetometer. 

Results and discussion 

Structural characterization 

To visualize the structural changes, all the samples that had under
gone the mechanical activation after the synthesis were studied with the 
electron microscope. Fig. 1 shows the electron micrographs of the 
starting (a) and one of the mechanically activated (b) powder samples of 
ErIG. After the mechanical activation, all the powder samples were 
characterized by the presence of a “coat” of the fine particles on the 
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surface of the larger particles. The relaxation of the mechanical energy 
supplied to the Bridgman anvils occurs through the various channels 
[20], two of which will be considered in this work: the first channel is 
the accumulation of the structural defects in the crystallites; the second 
one is the particle dispersion. 

The recrystallization, as a result of which “the healthier grains” 
absorb “the less healthy grains” occurs in the process of the mechanical 
activation at certain pressures in the activated sample due to the ballistic 
diffusion. Structurally, the latter differ from the former by the higher 
concentration of the structural defects. However, at the higher pressures 
and other magnitudes of the shear deformations, “the healthy grains” 
can be dispersed again. 

The structural perfection of the crystalline bodies and the dislocation 
density in them can be determined by the broadening of the X-ray 
diffraction profiles. This makes it possible to estimate the size of the 
coherent scattering regions, (D) and the value of the microstrains (Δd/ 
d). However, the determination of the size of the mechanically activated 
particles by the Scherrer formula leads to the incorrect results, since this 
formula does not take into account the contribution of Δd/d and the 
small size of the particles to the broadening of the profiles. Therefore, 
the separation of the D and Δd/d contributions to the broadening of the 
diffraction profiles for the mechanically activated samples is a manda
tory procedure. For this purpose, the approximation method which is 
well described in literature [21], was used in this work. The graphs of 
the dependence of D and Δd/d on the mechanical activation pressure of 
the ErIG powder samples are shown in Fig. 2.Fig. 3. 

The estimation of the dislocations density, ρD (Table 1), assuming 
that they are distributed chaotically, was performed according to the 
formula: 

ρD = 3nD− 2 (3) 

where D is the size of the coherent scattering regions. The network of 
the dislocations, in which the dislocation coincides with each edge of the 
block, corresponds to the case when n = 1; the distance between the 
dislocations is maximal and the interaction is minimal. 

As can be seen from Fig. 2, with an increase in the mechanical 
activation pressure to 80 MPa, the value of the microstrain increases 
abruptly, which is caused by an increase in the concentration of the 
dislocations. With a further increase in the activation pressure to 240 
MPa, the microstrains change insignificantly, the concentration of the 
point defects increases, the concentration of the generated dislocations 
also increases, and the value of D reaches its minimum. This means that 
for the given parameters of the mechanical activation, a decrease in the 
size of D below 50 nm is highly doubtful. At the same time, the con
centration of the point defects cannot grow if the pressure is more than 
240 MPa. An increase in D and a decrease in Δd/d observed at the 
activation pressure of 280 MPa are due to the dynamic recrystallization 
process and the absorption of the “weak” crystallites by the “healthier” 
crystallites. We had previously observed such an effect upon the me
chanical activation of the ferroelectrics-relaxors and ferroelec
tromagnets, but at other pressures [21–23]. 

A thorough study of the X-ray diffraction patterns of the starting and 
mechanically activated Er3Fe5O12 powders has shown that after the 
mechanical activation the crystalline structure of powders depending on 
the pressures is in different metastable states. The broadening of the 
Bragg maxima profiles, their shift along the diffraction angle scale, an 
increase in the background, and a change in the integral intensity 
correspond to this. As a confirmation of the above, Fig. 2 shows the 
diffraction profiles of the starting and mechanically activated powders 
at 160 MPa. The insets show the magnified reflection profiles from the 
plane (444). 

Fig. 4 shows the dependence of the unit cell parameter on the pres
sure applied during the mechanical activation of the powders. 

The behavior of the unit cell parameter is non-monotonic, and its 
oscillation in the pressure range 80–200 MPa is possibly due to the 
incomplete generation of dislocations and the active phase of the point 
defects generation. 

Dielectric properties 

Earlier in the work [24] the measurements of the dielectric constant, 
ε′(T), and the dielectric losses, tgδ, were performed in the region of glow 
temperatures, and the anomalies, ε′, were found in the temperature 
range 110–80 K and tgδ at 45 K. 

The authors compared the observed anomalies with the temperature 
measurements of the magnetic susceptibility, χ(T). The authors associ
ated the anomaly in the range 110–80 K with a decrease in the magnetic 

Fig. 1. The electron micrographs of the starting (a) and mechanically activated (b) Er3Fe5O12 powders at 80 MPa.  

Fig. 2. The dependence of the sizes of the coherent scattering regions, D, and 
the microstrains, Δd/d, of the Er3Fe5O12 powders on the mechanical activa
tion pressure. 
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susceptibility up to the compensation temperature Tc equal to 75 K. A 
noncollinear “umbrella” magnetic structure appears below this tem
perature. The change in the unit cell parameter corresponds to the ε′
anomaly observed in the same temperature range. The tgδ anomaly at 45 
К corresponds to the temperature below which the irreversibility occurs 
between the zfc and fc curves. The authors of [24] also concluded that 
the anomalies on the ε’(T) dependence observed above Tc are insensitive 

to the external magnetic field. 
To sum up, the measurements of the dielectric properties were 

studied mainly at the negative temperatures. Therefore, despite the fact 
that ErIG has a cubic symmetry at room and higher temperatures, it was 
of interest to study the temperature dependences of ε and tgδ for the 
mechanically activated ErIG ceramics above room temperature. 

Fig. 5 shows the graphs of ε(T) and tgδ(T) dependences obtained at 
different frequencies of the measuring field of the starting (Fig. 5a, 
Fig. 5a′) and mechanically activated (Fig. 5b, Fig. 5b’) powders at 80 
MPa of Er3Fe5O12 ceramics. 

As Fig. 5(a) and (Fig. 5 (b) indicate, the anomalies are found at T =
212 ◦C. An additional anomaly with a relaxor behavior of the ε(T) 
dependence is characteristic for a mechanically activated sample at T =
363 ◦C, (see Fig. 5 (b)). Such a behavior of ε(T) turned out to be char
acteristic of all the mechanically activated ceramic ErIG samples studied 
in this work. However, none of the temperatures at which the ε(T) 
anomalies are observed corresponds to the Néel temperature, TN. Ac
cording to [14,24], the Néel temperature of ErIG is TN = 564.9 and 560 
K, respectively, and for all our mechanically activated samples TN is 
located to the right of the first ε(T) anomaly. The first maximum is 
observed approximately at T = 317 ◦C for the starting sample and T =
292 ◦C for the mechanically activated sample at 80 MPa (see Fig. 5 (a’) 
and Fig. 5 (b’)). The anomaly observed at T = 212 ◦C is due to the 
thermal depletion of the impurity energy levels. To verify this assump
tion, we studied the ε(T) dependences of the several mechanically 
activated samples both upon heating and upon cooling. During the 
reverse run (cooling), this anomaly did not appear on the ε(T) 
dependence. 

Optical spectra 

The band gap (Eg) is one of the parameters that are commonly called 
fundamental in condensed matter physics. This parameter classifies all 
crystalline bodies into metals, semiconductors and dielectrics. However, 
this parameter depends on many factors, including the structural 
perfection of the crystalline body. Since the mechanically activated ErIG 
samples are disordered structures to some extent, it is of interest to study 

Fig. 3. The diffraction patterns of the starting (a) and mechanically activated (b) Er3Fe5O12 powders at a pressure of 160 MPa.  

Table 1 
The values of the dislocation density of Er3Fe5O12.  

P, MPa 0 80 120 160 200 240 280 320 

ρD⋅109, cm− 2  3 4 11 35 49 133 17 65  

Fig. 4. The dependence of the unit cell parameter of the Er3Fe5O12 powders on 
the mechanical activation pressure. 
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the effect of the mechanical activation on Eg. For this purpose, the 
intrinsic optical absorption of the starting and mechanically activated 
samples was studied. Based on the spectral shape of the reflection co
efficient R(λ) obtained at room temperature, the Kubelka-Munk function 
was calculated, which is proportional to the ratio of the absorption co
efficient α and the scattering coefficient s of an infinitely thick opaque 
sample [25]: 

F(R) = (1 − R)2
/2R = α/s (4) 

To estimate the band gap, the equation proposed by Tauk, Davis, and 
Mott [26–28] can be used: 

(hν α)1/n
= A(hν − Eg) (5) 

where h is Planck’s constant, ν is frequency, and A is proportionality 
coefficient. 

The value of the exponent n indicates the nature of the transition. It is 
known that n = 1/2 is true for direct allowed transitions, and n = 2 for 
the indirect allowed transitions. It is possible to determine the nature of 
the interband transitions by substituting these quantities into the 
equation (5) and analyzing the absorption edge. For the allowed direct 
transitions (n = 1/2), the resulting reflectance spectrum is converted to 
the Kubelka-Munk function. Thus, the vertical axis is converted to the F 
(R∞) value, which is proportional to the absorption coefficient. The 
proportionality coefficient А in the Tauk equation is replaced by F(R∞). 
Then the working equation is: 

(hν⋅F(R∞))
2
= A(hν − Eg) (6)  

Further, using the Kubelka-Munk function (hν⋅F(R∞))2 the (E⋅F(R∞))2 

dependences were constructed as the function of hν. The corresponding 
graphs for two samples are shown in Fig. 6. The point of the intersection 
of the tangent to the straight sections with the abscissa determines the 
width of the band gap Eg. As can be seen from Fig. 6, the absorption 
characteristics of the starting (Fig. 6a and Fig. 6a’) and mechanically 
activated samples at 200 MPa (Fig. 6b and Fig. 6b’) differ. The ErIG 
starting sample has more impurities than the mechanically activated 
samples do. In the latter, the effective diffusion coefficient during the 
mechanical activation increases many times. The activation energy of 
the diffusion processes decreases and most of the impurities during the 
process of sintering migrate to the crystallite surface and into the at
mosphere. The values of the Eg energies calculated from the absorption 
(reflection) spectra of the starting and mechanically activated ErIG 
ceramic samples at room temperature are shown in Table 2. 

As can be seen from Fig. 6 and Table 2, the mechanical activation of 
ErIG leads to a noticeable change in the reflection spectrum and an in
crease in the band gap. 

Heat capacity of the Er3Fe5O12 ceramics 

The study of the phase transitions and structural changes based on 
the temperature dependences of the heat capacity of crystalline bodies is 
a nondissipative method that does not induce the additional phase 
transitions. Previously, such measurements were performed in [29] in 
the temperature range from 5 to 210 K. However, the high-temperature 
region remains poorly studied so far. Below we present the measurement 
results for three ceramic samples, two of which were obtained from the 

Fig. 5. The temperature dependences of ε and tgδ of the starting (a), (a’) and mechanically activated (b), (b’) powders of Er3Fe5O12 ceramics at 80 MPa.  
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mechanically activated ErIG powder. 
As can be seen from Fig. 7, the anomaly λ, which is also observed on 

the ε temperature dependence in the shape of a “dome”, is found on the 
temperature dependence of the capacity Cp of the starting sample (curve 
1) at the temperature of the antiferrimagnetic to paramagnetic transi
tion TN ≈ 542 K. 

The mechanical activation leads to the smearing of the anti
ferrimagnetic to paramagnetic transition and the noticeable increase in 
Cp in a wide temperature range (by 5–10%) and the shift in the TN 
temperature to the low-temperature region by ΔT ≈ 10 K (TN ≈ 532 K) at 
120 MPa (curve 3) and ΔT ≈ 24 K (TN ≈ 518 K) at 200 MPa (curve 2). 
This behavior is due to the fact that the mechanical activation leads to 
the high concentration of the point defects and dislocations in the 
nanostructured ceramics [30]. The high concentration of the defects 
[23] and the deformation field created by the dislocations [31] can 
significantly affect the features of the thermodynamic values of the 
sample in the region of the phase transition. According to [23], the high 
concentration of the defects can lead to the increase in the heat capacity 
and the smearing of the thermodynamic properties in the phase transi
tion region, which is observed in the experiment. It was shown in [31] 

that the ordered regions near the dislocation lines can appear at much 
higher temperatures than the transition temperature in an “ideal” 
crystal. The ordered regions form a complex random framework that 
consists of the ordered domains (electric or magnetic) in the various 
crystallites and penetrates the entire crystal, although occupying a small 

Fig. 6. The dependence of the absorption coefficient by Kubelka-Munk function on the wavelength and function (E⋅F(R∞))− 2 on the energy, E, of the starting (a, a′) 
and mechanically activated (b, b′) powders of the Er3Fe5O12 ceramics at 200 MPa. 

Table 2 
The dependence of the energy of the Er3Fe5O12 band gap on the mechanical 
activation pressure.  

P, MPa 0 80 120 160 200 280 320 

Eg, eV  2.3  2.33  2.44  2.45  2.34  2.43  2.45  

Fig. 7. The thermal dependence of the heat capacity of the Er3Fe5O12 ceramics 
obtained from the starting (1) and activated powders at 200 (2) and 160 
(3) MPa. 
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fraction of its volume. The correlation length of such regions is very 
short. At T > TN, such a structure can be transformed into a state with a 
predominant number of the domains with a certain polarization sign or 
magnetization direction, i.e., a phase transition takes place in the 
dislocation framework. With decreasing the temperature, the thickness 
of the ordered regions of the framework grows, and at T = TN the 
comparatively large ordered clusters should appear, capturing many 
dislocations. As a result, ordering extends to the entire volume of the 
crystal in the region T ≈ TN, and this process should manifest itself as a 
diffuse second-order phase transition in the experiment. Thus, the 
experimentally observed diffuse phase transition of nanostructured ErIG 
is due to a high concentration of the point defects, the formation of a 
dislocation framework, and the crystallite boundaries. The shift of the 
phase transition of the mechanically activated sample to the low tem
perature region can be associated with a decrease in the crystallite size 
(size effect [32,33]). 

Magnetic properties 

Magnetization measurements of the polycrystalline Er3Fe5O12 sam
ples were performed at room temperature. Fig. 8 (a) shows the hysteresis 
loops of the starting and mechanically activated powder samples. It can 
be seen from the hysteresis loops that they do not saturate under the 
applied magnetic fields, therefore, the change in the magnetization was 
estimated along the tangent drawn to the curve up to the intersection 
with the M(H) axis, and by its residual value, Mr directly from the curves 
(see Fig. 8 (b)). 

Fig. 8 (b) shows that, in comparison with the starting sample, the 
value of Mr and the coercive force Hc of the mechanically activated 
samples increase. However, this growth is not monotonic, which is due 
to the different structural states of the samples. The dislocations and 
point defects generated in the process of the mechanical activation 
significantly affect the transformation of the sample into a magnetically 
ordered state homogeneous throughout the volume. The interaction of 
the domain structure with the crystal lattice defects ultimately de
termines the structure-sensitive properties of the ErIG samples, which is 
true to any magnetic materials. 

Conclusion 

In this work, the ferrite garnet Er3Fe5O12 has been synthesized by the 
solid-phase reaction method. Then, mechanically activated powder 
samples in various metastable states, have been obtained from the pre- 
synthesized powder by using Bridgman anvils, from which the ceramic 
samples have been subsequently prepared. X-ray diffraction studies have 
shown that the unit cell parameters of mechanically activated samples 
decrease in comparison with the starting sample. It was shown by 
dielectric measurements of ceramics that Er3Fe5O12 is characterized by a 
relaxor behavior of dielectric polarization, and an anomaly is observed 
in the forward run of the ε(T) dependence in the vicinity of T = 212 ◦C, 
which is caused by thermal depletion of impurity energy levels. 

The band gap has been calculated for each ceramic sample by 
measuring the optical absorption spectra. The band gap depends on the 
amount of pressure applied during mechanical activation. 

The temperature dependence of the heat capacity Cp of the starting 
and mechanically activated samples is characterized by λ – an anomaly 
corresponding to the phase transition temperature TN from anti
ferrimagnetic to paramagnetic state; moreover, for mechanically acti
vated samples, it shifts to the low temperature region. 

By measuring the magnetic hysteresis loops M(H), it was determined 
that the coercivity Hc and remanence Mr of mechanically activated 
samples are higher than the starting sample. This phenomenon is 
conditioned by different sizes and morphology of crystallites after me
chanical activation under different pressures, and by different concen
trations and types of structural defects in the crystallites of mechanically 
activated powders. 

As the result these complex studies bring us that the structural de
fects generated during mechanical activation are a mechanism that 
controls the physical parameters of Er3Fe5O12. 
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