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The paper discusses the results for the sample with a high degree of purity 

(nanopowder with true density of 4.96 g/cm3, particle size of 60 nm and puri-
ty of 98.5%; SkySpring Nanomaterials, USA) and, in comparison with it, 
prepared one in the form of a pill of size 4×15×5 mm for 1 hour; the surface 

morphology of the irradiated sample under the influence of γ-rays is studied. 
The AFM (atomic force microscopy) results show that the phases included in 

the composition of the ordinary MnFe2O4 nanoparticle are compactly assem-
bled into different parts, and the presence of slight surface roughness is ob-
served. In the irradiated sample, the phases are evenly distributed, and the 

surface roughness is clearly visible. 

Key words: manganese ferrite, nanoparticles, γ-rays, surface morphology, 
AFM. 

У статті обговорюються результати стосовно зразка високого ступеня чис-
тоти (нанопорошок зі справжньою густиною у 4,96 г/см3, розміром части-
нок у 60 нм і чистотою у 98,5%; SkySpring Nanomaterials, США) і, в порів-
нянні з ним, приготованого у формі пігулки розміром 4×15×5 мм упро-
довж 1 години; досліджено морфологію поверхні опроміненого зразка під 

впливом γ-променів. Результати АСМ (атомно-силової мікроскопії) пока-
зують, що фази, які входять до складу звичайної наночастинки MnFe2O4, 
компактно зібрані в різні частини; також спостерігається наявність неве-
ликої шерсткости поверхні. В опроміненому зразку фази розподілені рів-
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номірно, та чітко видно шерсткість поверхні. 

Ключові слова: ферит Манґану, наночастинки, γ-промені, морфологія 

поверхні, АСМ. 
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1. INTRODUCTION 

As we know, compared to large-scale materials and microparticles, 
nanoparticles exhibit more sophisticated and greater properties and 

enable their application in a large number of different fields. As a key 

member of the ferrite family, MnFe2O4 has been the subject of exten-
sive research due to its special magnetic and electromagnetic proper-
ties. Understanding the magnetic properties of nanoparticles in mag-
netic materials is one of the important topics. The magnetic transitions 

present in nanostructured MnFe2O4 oxides with a spinel ferrite struc-
ture are widely used in industrial and medical biology. This nanoparti-
cle is also a non-toxic compound and an environmentally friendly non-
corrosive material, resistant to high temperature and impact. In 

MnFe2O4, about 80% of the Mn2+
 ions are in the tetrahedral site and 

20% in the octahedral site, so it is a partially inverted spinel. Spinel 
ferrites have the structure AB2O4, where A and B represent the tetra-
hedral and octahedral cation sites, respectively, and O represents the 

oxygen anion site. In the normal spinel structure, site A is occupied by 

Fe3+
 ions, and in the reverse spinel structure, site A is occupied by Mn2+

 

ions. It is possible to control the shape and particle size of the MnFe2O4 

compound, as well as adjust the catalytic, magnetic, dielectric, elec-
tronic, optical and electrical properties [1, 2]. By adding certain cati-
ons or anions to change the concentration of electrons and holes, the 

magnetic, optical and electrical properties of ferrites can be improved 

or adjusted. Spinel-containing ferrites have several advantages over 

inverse spinel ferrites, in part because they are cheaper, easier to man-
ufacture, and have different magnetic properties. Furthermore, the 

radius, charge, lattice energy and crystal site stabilization energy of 

the solute ion added in sites A and B significantly affect the distribu-
tion of cations. Manganese ferrite (MnFe2O4) nanoparticles, which be-
long to spinel ferrites, are used in magnetic applications, such as re-
cording media devices, drug delivery, ferrofluids, biosensors and con-
trast enhancement agents for MRI technology. There are many exper-
imental synthesis methods to obtain MnFe2O4 ferrites. Among them, 

thermal decomposition, sol–gel, colloidal emulsion, sol-
vo/hydrothermal and laser pyrolysis, etc. methods can be shown. Sol-
vo/hydrothermal synthesis is an environmentally friendly approach to 

produce small and uniformly distributed nanostructures. It also makes 
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it easy to add particles to create composite materials [11]. The sol-
vothermal synthesis method, usually obtained using a microwave ov-
en, allows precise control of the parameters of compound properties, 
phase purity, high productivity, reproducibility, uniform particle 

morphology. Manganese ferrites at the nanoscale exhibit interesting 

morphological characteristics. Considering these and other character-
istics, it can be assumed that manganese ferrite nanoparticles can be 

used in elements used in telecommunications by forming a composite 

with the polymer materials used in our previous work [3–10]. They 

have a wide range of applications ranging from fundamental research 

to industrial applications. In the present study, the surface morpholo-
gy of ferrite nanoparticles was investigated. 

2. EXPERIMENTAL DETAILS 

Nanopowder sample with a true density of 4.96 g/cm3, a particle size of 

60 nm and a purity of 99.95% (SkySpring Nanomaterials, USA) was 

used during the studies. The MnFe2O4 nanoparticle has a spherical 
shape depending on the synthesis process. These particles in powder 

form are manufactured by pressing. Pressing process Model No. FTIR 

hydraulic press with ATHP-15 is made. The process was carried out 

under complete laboratory conditions. To do this, the nanoparticle in 

powder form is poured into a special mold of 4 mm wide, 15 mm long 

and 5 mm high and pressed at room temperature to form a pill. The 

pressure during pressing was 50 kg/cm2. The samples obtained in the 

form of pills were irradiated with a gamma ray with a radiation power 

of D = 1.41 gray/sec and a radiation dose of 50 gray. Nanoeducator, 
Scanning probe microscope (Northern Ireland), AFM (atomic force 

microscopy) also studied the surface morphology of the sample at the 

nanoscale. 

3. RESULTS AND DISCUSSION 

In our research, atomic force microscopy (AFM) of a nanoparticulate 

antiferromanganese-based sample was studied. Despite the wide appli-
cation of AFM in materials science and its scientific and engineering 

impact, atomic force microscopy has been rarely used in magnetic na-
noparticles. When doping is performed on various samples, TEM, 
SEM, etc. are used when studying their structure. It is very suitable to 

learn AFM analysis at the same time as analysis. In our work, the AFM 

images of the pure MnFe2O4 nanoparticle and pellet of size 4×15×5 mm 

prepared and irradiated under the influence of gamma rays for 1 hour 

were examined. The surface morphology, topology and coating thick-
ness of the MnFe2O4 composite elements were determined using AFM 
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images. The AFM images were taken at 24°C, being stable and repro-
ducible. Figure 1(a) shows a topographical image of a typical contact 

mode AFM top view of a MnFe2O4 nanoparticle. The nanoparticles with 

a spherical diameter of 60 nm are irregularly distributed in the thin 

layer. In Figure 1(b), a large number of bumps are observed on the sur-
face of the joint, indicating that this feature belongs, for example, to 

MnFe2O4, a magnetic nanoparticle. In some areas, a compact agglomer-
ation of magnetic particles caused by strong attraction between nano-
particles can be observed [12, 13]. 
 Figure 1(c) shows the AFM image of the same point in front three-
dimensional topographic format, i.e., 3D. At 24°C, a few particles of a 

nanoparticle size mentioned above mixed with medium-size particles 

form a relatively irregular surface with a given and increasing rough-
ness. Looking at a 3D topographic image, we see many protrusions that 

break up the flat surface, causing roughness. Moreover, as shown in 

the 2D and 3D topographic images of MnFe2O4, it is clear that the 

thickness increases due to the precipitation of Mn+
 ions in the ferrites, 

which increase the thickness with the increase of the coating layer. The 

morphological study shows that the thickness of the coating increases 

due to the accumulation of particles in the surface layers. Figure 1(d) 

 

Fig. 1. a) typical topographic AFM image of a MnFe2O4 nanoparticle (in con-
tact mode), b) 2D topographic image of a nanoparticle, c) 3D topographic im-
age of a nanoparticle, d) height histogram of a nanoparticle obtained from 

data from a scanned surface 3×3 µm2. 
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shows a histogram of the height size distribution of a MnFe2O4 nano-
particle obtained from data of a scanned area of 3×3 µm2. This figure 

shows the elevation of the cross section produced by the irregular sur-
face, which causes the roughness associated with the typical topo-
graphic image of a nanoparticle. From the data of the 3×3 µm2

 scanned 

area of the MnFe2O4 nanoparticle, it can be observed that the total sur-
face roughness is approximately 67 nm [14, 15]. 

 Figure 2(a) shows AFM images of a sample of MnFe2O4 nanoparticles 

prepared as 4×15×5 mm pellets and irradiated under the influence of γ-
rays for 1 hour. Here, there is a topographic image of the AFM in con-
tact mode. According to the topographic image, the crystal phases of 

the sample irradiated under the influence of γ-rays for 1 hour are dis-
tributed more evenly, and it is proven that the crystal phase is better. 
Spherical nanoparticles with a diameter of 60 nm are regularly dis-
tributed in the thin layer. Figure 2(b) shows that the phases are regu-
larly distributed on the surface of the MnFe2O4 composite, unlike the 

2D topographic image of the unirradiated sample. In the topographic 

image of the sample irradiated under the influence of γ-rays, the re-

 

Fig. 2. a) typical AFM topographic image (in contact mode), b) 2D topographic 

image, c) 3D topographic image, d) height histogram obtained from data of a 

3×3 µm2
 scanned area of a sample irradiated under the influence of γ-rays for 1 

hour. 
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verse agglomeration process occurs in the entire area, i.e., due to the 

lack of attraction between the nanoparticles, compact aggregation of 

the nanoparticles is not observed. The reason for this may be that the 

magnetic moment of the substance takes on an average value, depend-
ing on the valence of iron oxides (Fe2+

 and Fe3+) and also due to the ef-
fect of the given temperature during pressing. 
 Figure 2(c) shows the three-dimensional topographical image before 

AFM, i.e., 3D, of the same point of the sample irradiated under the in-
fluence of γ-rays for 1 hour. Looking at the 3D topographic image, we 

see that the sample surface consists of roughness, which leads to an 

irregular layer. Even the roughness created along the surface appears 

in a regular form in terms of appearance. As shown in the two topo-
graphic images, the thickness also increased due to the precipitation of 

Mn+
 ions in the ferrites, which increased the thickness with the in-

crease of the coating layer. Figure 2(d) shows a histogram of the height 

size distribution obtained from data of a 3×3 µm2
 scanned area of a 

sample irradiated under the influence of γ-rays for 1 hour. This figure 

shows the elevation of the cross section produced by the irregular sur-
face, which causes the roughness associated with the typical topo-
graphic image of a nanoparticle. From the data of the 3×3 µm2

 scanned 

area of the MnFe2O4 nanoparticle, it can be observed that the total sur-
face roughness is approximately 4.7 nm. 

4. CONCLUSIONS 

In our research work, the necessary data for the important characteris-
tics of the MnFe2O4 nanoparticle and the sample prepared in pill form 

of the above-mentioned size and subjected to the influence of gamma 

rays by AFM were presented. It was shown the similarities and differ-
ences observed in the polydispersity parameters obtained from the 

AFM data of the MnFe2O4 nanoparticle and the gamma-irradiated sam-
ple prepared as a pellet. As can be seen, the agglomeration process is 

clearly manifested on the surface of an ordinary nanoparticle. In the 

irradiated sample, no compact agglomeration is observed; on the con-
trary, the individual phases of the compound are arranged in an order-
ly manner. The reason for this regularity may be due to changes in va-
lence of ferrite oxide. 
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