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It is shown that difference between magnetic properties of hexagonal ferrites BaFe12O19 and SrFe12O19 

is connected with difference of electronic configurations of Ba2+ and Sr2+ ions, and their ionic radii. Re-

placement of Ba2+ ions by Sr2+ ions that are smaller in size effects the degree of distortions of octahedrons 

located either in a hexagonal R-block or at its boundary with S-block. It contributes to a preferred localiza-

tion of electrically active vacancies at the boundary of R- and S-blocks or in a surface layer of crystallites, 

and provides residual polarization of ferrites with hexagonal structure. 
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1. INTRODUCTION 
 

Multi-sublattice hexagonal ferrites with their sand-

wich structure present a suitable object for investiga-

tion of different effects. They are used widely in machi-

nery because they are characterized by special magne-

tic properties. Structure of replaced BaFe12O19 and 

SrFe12O19 hexagonal ferrites is isomorphic to magne-

toplumbite MeFe12O19 (Me2+: Ba2+, Sr2+, Pb2+, Ca2+) 

mineral and presents a complex of oxygen layers of two 

kinds: spinel (S) and hexagonal (R), containing Me2+ 

[1, 2]. 

Though BaFe12O19 and SrFe12O19 ferrites have been 

examined many times, there is no common approach 

until present time to explanation of differences of their 

magnetic properties [3, 4]. So ambivalent explanations 

of differences in structurally-sensitive parameters 

(such as coercitive force, magnetic energy) of these fer-

rites are connected with complexity of the effect of elec-

tronic configuration of Ba2+and Sr2+ions on material 

magnetic structure. The observed variations of such 

parameters during replacement of Ba2+ by Sr2+ are 

mostly often connected with difference of their ionic 

radii and, respectively, with internal stresses arising at 

the boundary of R- and S-blocks or inside R-block [4]. 

At the same time, the mechanism of influence of inter-

nal stresses on magnetic properties is still not clear, 

because they not only have effect on crystallographic 

anisotropy, but also provide special location of point 

and volumetric defects and configuration variations in 

the nearest Fe3+ ions’ surrounding them and, conse-

quently, measure their magnetic state. 

 

2. METHODS AND EXPERIMENTS  
 

Magnetic properties and local parameters of the 

crystal structure of BaFe12O19 (BaM) and SrFe12O19 

(SrM) ferrites are examined in this work. Monocrystals, 

isotropic and anisotropic polycrystals are presented as 

the objects of investigation in this paper. The samples 

were fabricated according to the known ceramic tech-

nology and didn’t contain extraneous phases in corre-

spondence with the data of X-ray diffraction analysis. 

Mössbauer spectroscopy, X-ray diffraction and syn-

chronous thermal analysis in magnetic field were used 

for examination of the features of crystal structure and 

determination of Curie temperature. Magnetic parame-

ters (specific magnetization s, coercitive force Hc, re-

sidual magnetization r, form of hysteresis loop) were 

measured via the standard technique: vibration magne-

tometer VS M250 in the magnetic field with intensity 

20 kE at temperature 300 K. Mössbauer investigations 

were conducted with the help of Ms-104 Em spectrome-

ter with spectra processing via the program Uni-

vem Ms. 

 

3. OBTAINED RESULTS AND DISCUSSION 
 

Based on the results of conducted researches, it was 

established that specific magnetization s and residual 

magnetization r of BaFe12O19 ferrite are lower than 

the same parameters for SrFe12O19 ferrite (see Table 1). 
 

Table 1 – Magnetic parameters of anisotropic hexagonal 

ferrites BaFe12O19 and SrFe12O19 at a temperature of 300 С 
 

Fer-

rite 

s, 
2Am

kg
 

r, 
2Am

kg
 

Нс, 

kA

m
 

P, 

kE.e

mu 

r

s

M

M
 НK 

BaM 68.8 52.27 231.8 92.5 0.76 107 

SrM 62.34 39.95 273.0 116 0.64 132 

 

s – specific saturation magnetization, r – specific 

residual magnetization, Нс – coercitive force, Р – mag-

netic power, Mr/Ms – ratio of rectangularity of magnetic 
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hysteresis loop. Parameters characterizing magnetic 

hysteresis loop (see Figures 1a and 1b) also distinguish 

substantially. 
 

 
 

Fig. 1 – Magnetic hysteresis loops of anisotropic hexagonal 

ferrites: a – BaFe12O19, b – SrFe12O19 
 

To reveal the causes of observed difference of magnetic 

properties, Mӧssbauer investigations of BaM and SrM 

ferrites were conducted. Mössbauer spectra of examines 

samples present superposition of sextets from Fe57 ions 

located in the five non-equivalent positions (Figure 2). 

Sextets appear most distinctly from nuclei of Fe3+ 

ions located in 12k (a) and 2b (e) sublattices that limit 

the magnetization. This circumstance stipulates the 

necessity of evaluation of relative population of these 

positions by Fe ions. Table 2 testifies that different 

values anisotropy constant of hexaferrites and their 

residual of integral intensity of sextets’ components 

from 12k- and 2b-sublattices, are observed for sublat-

tice 12k in polycrystalline samples BaM and SrM. It is 

known in this case that Fe3+ ions localized on the 

boundaries of R- and S-blocks (in octahedrons of 12k 

sublattice) are also characterized by lower values of 

effect probability, that testifies a more weak relation of 

Fe3+ ions with ligand environment comparing with oth-

er sublattices [1]. 
 

 
Fig. 2 – Mӧssbauer spectra of anisotropic hexagonal ferrites:  

a – BaFe12O19 at 87 K, b – BaFe12O19 at 300 K, c – monocrystal 

SrFe12O19 at 300 K, d – polycrystal SrFe12O19 at 300 K 
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Table 2 – Results of Mössbauer investigations for hexagonal ferrites BaFe12O19 and SrFe12O19 
 

Sample, 

temperature 

K, kind of 

material 

Sublattice, 

spectrum 

component 

Isomeric 

shift 

d, mm/s 

Quadru-pole 

splitting 

D, mm/s 

Magnetic fields 

in nuclei 

Fe57 H, кE 

Squares of copo-

nents 

S, % 

∑Sbcd/Sa 

fa/fbcd 

Se/∑Sbcd 

fe/fbcd 

SrFe12O19 

Monocrystal

, 300 

а-С1(Fe3+)VI 0.35 0.39 413 45.1 

0.77 0.65 

b-C4(Fe3+)VI 0.28 0.04 500 11.1 

c-C3(Fe3+)IV 0.24 0.14 485 16.7 

d-C2(Fe3+)VI 0.39 0.27 515 20.7 

e-C5(Fe3+)V 0.38 2.39 422 6.4 

SrFe12O19 

anisotropic, 

300, powder 

а-С1(Fe3+)VI 0.35 0.39 412 46.5 

0.82 0.69 

b-C4(Fe3+)VI 0.24 0.03 506 9.3 

c-C3(Fe3+)IV 0.26 0.17 489 20.8 

d-C2(Fe3+)VI 0.37 0.28 516 16.9 

e-C5(Fe3+)V 0.28 2.16 409 6.5 

BaFe12O19 

Anisotropic, 

300, powder,  

а-С1(Fe3+)VI 0.35 0.41 414 47.7 

0.85 0.61 

b-C4(Fe3+)VI 0.32 0.02 506 7.8 

c-C3(Fe3+)IV 0.26 0.21 488 19.4 

d-C2(Fe3+)VI 0.39 0.18 514 19.4 

e-C5(Fe3+)V 0.28 2.17 403 5.7 

BaFe12O19 

anisotropic 

powder, 87 

К 

а-С1(Fe3+)VI 0.47 0.42 507 50.2 

0.94 0.61 

b-C4(Fe3+)VI 0.40 0.11 533 8.2 

c-C3(Fe3+)IV 0.34 0.12 516 17.2 

d-C2(Fe3+)VI 0.48 0.21 544 19.0 

e-C5(Fe3+)V 0.35 2.28 431 5.4 
 

12k sublattice in BaM and SrM is characterized by 

more high values of quadrupole splitting equals to 0.39-

0.42 (in comparison with other sublattices); it testifies 

substantial deviation of symmetry of Fe3+ ions local 

environment from cubic one, as well as essential part of 

a covalent relation between Fe3+ ions and ligands. Ano-

malous high value of quadrupole splitting for 12k- and 

2в-sublattices are connected with the effects of overlap-

ping of electronic planes of Fe3+ ions with the nearest 

oxygen ions. It is suggested in this case that the main in-

put in the electronic part of the electric field gradient 

(EFG) on Fe57 nucleus is stipulated by 3p-electrones of 

Fe3+ ions [1, 3]. However, electronic configuration of the 

nearest Ba2+ and Sr2+ ions is not taken into account. In 

the meantime these ions can effect not only an overlap-

ping anisotropy of electronic orbits of Fe3+ ions (and, con-

sequently, a magnetic state of ions and anisotropy con-

stants), but also indirect interactions Fe3+
12k-O-Fe3+

2b. 

Moreover, it is considered that Me2+ cation type in a 

hexagonal block has a weak effect on electronic configu-

ration of Fe3+ ions. Indeed, Hл values for octahedral 

and tetrahedral sublattices in SrM and BaM are corre-

lated with the similar values for spinel ferrites. At the 

same time such differences are observed for 2в-sublat-

tice (10 kE) and 12k-sublattice (6 kE), located in an R-

block and at its boundary with an S-block. Therefore, 

replacement of Ba2+ by Sr2+ effects the main exchange 

couplings Fe2b-O-Fe4f2 and Fe2b-O-Fe12k. One of the cau-

ses of such differences is connected with distortions of 

the crystal lattice, arising due to different ion radii R 

( 2+Ba
R 1.43 Å and 2+Sr

R 1.15 Å) [1]. 

Indeed, in case of replacement of Ba2+ by Sr2+, dis-

placement of oxygen ions in the direction of the plane 

where Sr2+ ions are located increases due to a great dif-

ference between O2- (1.36 Å) and Sr2+ radii. It has to 

lead to additional distortion of oxygen octahedrons for 

12k- and 2b-sublattice in SrFe12O19. At the same time, 

quadrupole splitting for these sublattices in SrM and 

BaM has close values. Differences in dipole-dipole or 

spin-orbital interaction can be additionally attracted for 

explanation of the observed differences Heff for 12k and 

2b sublattices. However, such suggestion is hardly true 

owing to close values of isomeric shifts and quadrupole 

splitting for 12k- and 2b-sublattices in SrM and BaM 

ferrites. This fact displays the necessity of taking into 

account the difference in electronic configurations of 

Ba2+, Sr2+ ions during interpretation of differences of 

SrM and BaM magnetic properties. These Ba2+, Sr2+ ions 

distinguish in energy of atomic levels and in the effect of 

elastic stresses arising in the hexagonal R block on con-

centration and state of structural defects in this block.  

It is evident that the complexes Ba-O4 and Sr-O4 ex-

isting in the hexagonal block differ essentially in their 

balance of overlapping of cation shells; it provides dif-

ferrences in the crystal lattice power that can vary due 

to presence of defects [5, 6]. Additionally, there are six 

octahedral 12k-nodes, not occupied by Fe3+ ions and 

“prohibited” in the magnetoplumbite lattice containing 

in the elementary cell of barium hexaferrite. Such posi-

tions are characterized by substantial distortions of li-

gand environment due to close location to barium ions. If 

Ba2+ ions are replaced by Sr2+ ions, quadrupole splitting 

for 2в- and 12k-positions varies from 2.32 mm/s to 

2.16 mm/s and from 0.41 mm/s to 0.39 mm/s respective-

ly. Decrease of deformation power of a crystal lattice in 

SrFe12O19 can occur as a result of transition of oxygen 

ions in oxygen layers to new locations. It is resulted in 

transformation of valent shells for Fe3+ ions neighbor to 

Ba2+ and Sr2+ ions and varying of their magnetic torques. 

Concentration of local ferrite sections by cations ta-

kes place during preferred localization of defects in se-

parate sublattices providing decrease of internal stress-

ses. Such sections can’t be identified via X-ray diffrac-

tion due to their small extension. However, this process 

is demonstratively confirmed by difference in ferrite co-

ercitive force as well as by comparison of parameters of 
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ultra-thin interactions in monocrystals and polycrystal 

samples. Table 2 displays that relative intensity of 

spectrum lines from Fe3+ ions (located in 12k-sublat-

tice) for SrFe12O19 monocrystal is lower than that for 

polycrystal. It is stipulated by the features of structure 

of a surface layer of crystallites in polycrystal, forming 

mainly by Fe3+ and O2- ions of 12k-sublattice. This fact 

correlates with the observing widening of Mӧssbauer 

spectrum lines from nuclei of Fe3+ ions located in 12k-

sublattice. This widening of lines can be connected with 

variation of the angle between direction of magnetic 

torque of ions and the axis of electric field gradient 

(EFG) and, consequently, the angle of super-exchange 

interaction between Fe3+ ions located in 12k- and 4f2-

sublattice. Therefore, visible difference of magnetic pro-

perties of Ba2+ and Sr2+ ions is observed, in spite of the 

fact that replacement of Ba2+ ions by Sr2+ ions in hexa-

gonal ferrite doesn’t lead to apparent variation of para-

meters of their Mössbauer spectra. It is shown that 

even small Hл increase for 12k- and 2b-sublattices of 

SrFe12O19 displays strengthening of exchange links bet-

ween Fe12k-O-Fe4f2 and Fe12k-O-Fe2в in this ferrite com-

paring with BaM. It can be connected with varying of 

bond angles and distances between the nearest magne-

tic active neighbours, owing to ordering of defects cau-

sed by convergence to lowering of internal stresses at 

the boundary of R- and S-blocks. That’s why SrFe12O19 

in the most part presents a metastable system with its 

state depending on external parameters and concentra-

tion of Fe-replacing ions. 

4. CONCLUSION 
 

The results of conducted investigations display that 

the difference between magnetic properties of hexago-

nal ferrites BaFe12O19 and SrFe12O19 is connected with 

the difference of electronic configurations of Ba2+ and 

Sr2+ ions, and their ionic radii. The replacement of Ba2+ 

ions by Sr2+ ions that are smaller in size effects the de-

gree of distortions of octahedrons located in a hexago-

nal R-block or at its boundary with S-block. Elastic 

stresses arises as a result of non-correspondence of ion-

ic radii, they cause an appearance of additional single-

axial anisotropy and stimulate preference of Fe3+ ions 

to occupation of non-centrosymmetric octahedral po-

sitions. It contributes to a preferred localization of elec-

trically active vacancies at the boundary of R- and S-

blocks or in a surface layer of crystallites, and provides 

residual polarization of ferrites with hexagonal struc-

ture [10]. It is mostly typical for SrFe12O19 ferrite that 

displays a stronger multi-ferroid effect in comparison 

with BaFe12O19 [11]. That’s why we can suggest a sub-

stantial variation of magnetic properties of strontium 

ferrites in consequent increase of defect concentration 

in an R-block and their ordering due to forced diffusion 

of Sr2+ and O2- ions under the influence of the external 

effects or heterovalent replacement of Fe3+ ions.  

 

The researches were undertaken with financial 

support of the Russian Federation Ministry of Educa-

tion and Science (subsidizing No. 14.575.21.0030). 

 

 

REFERENCES 
 

1. Sh.Sh. Bashkirov, A.B. Liberman, V.I. Sinyavskiy, Mag-

nitnaya mikrostruktura ferritov (Magnetic microstructure 

of ferrites) (Kazan: Kazan State University: 1978). 

2. H. Kojima, Ferromagn. Mater. 3, 305 (1982). 

3. M.N. Shipko, E.G. Rozin, V.I. Bondar, L.A. Bashkirov, Iz-

vestiya AN BSSR. Seriya phiz.-mat. nauk (Bul. of the Aca-

demy of Sciences of Belorussian SSR. Series of phys.-math. 

sciences 1, 70 (1984). 

4. H. Stablin, Ferromagn. Mater. 3, 441 (1982). 

5. M.N. Shipko, L.M. Letyuk, V.S. Tikhonov, A.I. Fedorov, 

Krystallographiya (Crystallography Reports) 31 No 3, 597 

(1986). 

6. O.F. Verezhak, M.N. Shipko, L.M. Letyuk, V.S. Tikhonov. 

Izvestiya AN SSSR, Seriya neorg. mater. (Bul. of the Acad-

emy of Sciences of the USSR. Series of inorganic materials) 

20 No 5, 865 (1984). 

7. V.G. Kostishyn, V.G. Andreev, N.D. Ursulyak, A.G. Nalo-

gin, N.D. Chitanov, A.V. Timofeev, A.S. Komlev, 

A.Yu. Adamtsov, Poverkhnost’. Rentgenovskie, Sinkhro-

tronnye I Neitronnye Issledovaniya No 12, 68 (2015). 

8. M.N. Shipko, V.V. Korovushkin, V.G. Kostishyn, N.D. Ur-

sulyak, A.G. Nalogin, E.S. Savthenko, J. Nano- Electron. 

Phys. 7, No 4, 04075 (2015). 

9. Tekhnologiya proizvodstva materialov magnitoelektroniki 

(Fabrication technology for magnetic and electronic mate-

rials) (Under edition of L.M. Letyuk) (Moscow: Metallur-

giya: 1994). 

10. T. Kimura, Ann. Rev. Condens. Mater. Phys. 3, 93 (2012). 

11. J. Tokunaga, J. Kaneko, D. Okuyama, T. Arima, Phys. 

Rev. Lett. 105, 257201 (2010). 

 

http://jnep.sumdu.edu.ua/en/component/content/full_article/1702
http://jnep.sumdu.edu.ua/en/component/content/full_article/1702
http://dx.doi.org/10.1146/annurev-conmatphys-020911-125101
http://dx.doi.org/10.1103/PhysRevLett.105.257201
http://dx.doi.org/10.1103/PhysRevLett.105.257201

