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IN PA6/PE POLYMER MIXTURE FRICTION AND WEAR 

The effect of high-density polyethylene compatibilizing additives on mechanical and 

tribological properties of polyamide 6/high-density polyethylene mixture was studied. The 

percentage of compatibilizers (C) in the general polyolefin content was from 0 to 100 %. In 

addition, the chemical composition of C was changed by grafting different amounts of car-

boxyl groups to macromolecules of polyethylene. The range of optimal concentrations of C – 

from 25 to 75 % of the total polyolefin component – allowing to obtain the best combina-

tion of mechanical and tribological characteristics of polyamide 6/polyethylene mixture 

was identified. 
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CHARACTERIZATION OF MANGANESE FERRITES 

OBTAINED BY MECHANOSYNTHESIS 

Manganese ferrite MnFe2O4 was obtained by mechanosynthesis, high energy milling 

was used and chemical reaction was based on precursor oxides Fe2O3 and MnO. Charac-
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terization showed magnetic saturation of 49,77 emu/g, and when the milling time was 

16 hours the magnetic saturation decreased due to increment of volume in phases FeO and 

Fe, irregular morphology was observed, spinel structure at 12 hours of milling with the 

maximum value of spinel phase was found, the results of Raman technique showed the 

change in octahedral and tetrahedral sites.  

Introduction. Ferrites are ceramics studied since 1909 with applications in stor-

age data devices, heart valves, microwave devices, MRI contrast, telecommunica-

tion parts and pigments, etc. [1–4]. The magnetic and electric properties of ferrites 

depend on such factors as crystalline structure and particle size, the process of mech-

anosynthesis has the characteristic to promote nanometric sizes. Sometimes the 

variations in some factors get different saturation magnetic values [5, 6]. 

There are different methods in ceramic synthesis such as coprecipitation, sol-

gel, calcination, hydrothermal and mechanosynthesis [1, 7, 8];
 
some methods need 

variations in the temperature, pH control or the use of acids to get the chemical 

reaction, it causes such problems as high demand of electric energy, consumption 

of combustible fuel and contamination with acids. A method at ambient tempera-

ture and without use of acid is the mechanosynthesis method, it consists of getting 

chemical reaction by adding mechanic energy [9]. 

Ferrite MnFe2O4 is a soft magnetic material with spinel structure, its structure 

has two octahedral and one tetrahedral sites, spinel structure facilitates the in-

crease of value of magnetic saturation [10]. 

The work shows the synthesis of manganese ferrite MnFe2O4 from MnO and 

Fe2O3 and results of magnetic saturation, morphology, crystalline phases and Ra-

man characterization. 

Experimental Procedure. Powder oxides MnO and Fe2O3 from Sigma-

Aldrich with purity 99 % were used in milling process, milling times from 0 to 

16 hours, the equipment utilized was a SPEX 8000D Mixer/Mill, with stainless 

steel vial (50 cm
3
) and six steel balls (12,7 mm diameter), volume ratio 1:8, 

at room temperature under air atmosphere. 

Reaction 

MnO+Fe2O3 MnFe2O4. 

Powders were characterized by X-ray diffraction (XRD) using a Philips P1710 

diffractometer with CoKα (l = 0,17902 nm) radiation. Patterns were collected in 

2θ interval of 20–90° with increments of 0,05 (2θ). The Rietveld refinement was 

used to determine volume of phases and crystal size, MAUD was the software 

utilized. Magnetic saturation was measured at room temperature, using vibrating 

sample magnetometer, fields applied were between –12000 and 12000 Oesterds. 

Powder morphology was observed with a scanning electron microscope using a 

JEOL 6300, with 20 kV. Raman characterization was with a spectrometer Spec-

trum GX Perkin Elmer, NIR FT-Raman. The observation range was 300 to 

800 cm
-1

. 
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Results and discussion. At different milling times between 0 and 12 hours, 

the best result of synthesis was obtained at 12 hours of milling. The figure 1 shows 

the XRD spectrums with results correspond to 12 and 16 hours of milling. In the 

case of spectrum for 12 hours the peaks corresponding to ferrite MnFe2O4 at 

20,9°, 34,6°, 40,8°, 49,7°, 62°, 66,3°, 73,2°, 87,3° were observed. The results 

show there are few percents of iron phase detected on 52,4° and low intensity in 

peaks of iron oxide II (FeO) at 42º, 48,9º and 71,6º. The synthesis was possible 

because the precursors oxides had cubic structure like it was established by Hume 

Rothery rules, the powder ratio was adequate to chemical reaction and the energy 

added by mechanosynthesis was sufficient. The diffraction results show at 

16 hours of milling the FeO and Fe phases increase due to possible contamination 

of vials and balls. 

 

Figure 1 – The XRD patterns for the studied products at 12 and 16 hours of milling 

 
Table 1 

Composition Phases 
% Volume 

Phase 

Red 

Parameter 

MnFe2O4 93,31   a = 8,499 

MnO  0,01   a = 4,284 A 

FeO  6,67982 a = 4,356 

The results of spectroscopy Raman (figure 2) show the changes in tetrahedral 

and octahedral sites at the different milling time. Between 9 and 12 hours it is pos-

sible to see the change on the peaks upon 650 cm
-1

. The characterization presented 

by Yu [11] shows the Raman spectrum of a spinel structure, determining that the 

crests in lines after 600 cm
-1

 corresponding to tetrahedral sites while the peaks that 

occur at lower values 600 cm
-1

 correspond to octahedral sites. At a time of 0 

hours, there is no spinel structure, in the line of 1 hour the process distinguishes 

the presence of the first sites of iron, after 3 hours octahedral sites are changed due 

to the movement of cations, at 9 hours of milling the spinel structure are observed, 
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finally after 12 hours for both tetrahedral iron sites, presenting a broad peak at 660 

are observed while octahedral sites for the iron and manganese in 400 and 500 are 

observed. In that curve the amplitude of the peak has been increased with respect 

to the results at 9 hours, the increase in width of peak in the line at 12 hours, indi-

cating that the material is more susceptible to magnetization. As shown in figure 2 

the intensity increase at 12 hours gives the possibility to distinguish the reduction 

of line distortions showing a response curves in the sites of the spinel. Thus the 

effect can be seen at synthesis by mechanochemical method that leads to an ade-

quate diffusion for the formation of spinel structure oxides from precursors of cu-

bic structure. 

 

Figure 2 – Results of Raman spectroscopy at milling times 0 to 12 h 

Figure 3 shows the images corresponding to different milling times where can 

be seen that the particles have irregular morphology, featuring some agglomerates 

caused by the milling process and the particles are of sizes between 0,4 and 0,6 

micrometers. 

In micrograph 3, a there is observed the homogeneity on the particle size of 

powder before starting the milling process. Figure 3, b shows particles and ag-

glomerates of various sizes and the increase in size due to deformation and weld-

ing, while micrograph 3, c shows that it is possible to observe particles and ag-

glomerates larger than in micrograph 3, b. After 9 hours in figure 3, d there are 

minor variations in size with respect to the milling time, these smaller sizes are 

beneficial for synthesis because there is a greater surface area to promote the reac-

tion, in figure 3, e with 12 hours of milling particles are observed between 400 and 

500 nm, the energy input has been achieved at synthesis. In figure 3, f size parti-

cles with fewer agglomerates are observed. 

The process generated by mechanosynthesis can be observed in particle and 

agglomerate size variations. First there are agglomerated particles. The formation 

of agglomerates is observed during a time of three hours, their average size de-
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creases with the increasing grinding time reaching the proper size at the time of 9 

to 12 hours.  

 

   

    

  

Figure 3 – Micrographs at different times: a – 0 h; b – 3 h; c – 7 h; d – 9 h; e – 12 h; f – 16 h 

 

Average size of a particle. The change of particle size in the process of mech-

anosyntesis usually begins with the grow of a particle due to the deformation of 

particles or welded particles as shown in figure 4. The increase of average size 

results in promoting the diffusion of atoms, with particle growth the accumulation 

of the stress and deformation increases. When the particles achieve big size the 

fractures promoting the formation of new surfaces to facilitate the synthesis reac-

tion occur. As it can be seen in the Raman results between one and seven hours 

lines, the spinel curve reported by Yu isn’t detected. It happens in concordance 

with the new surfaces generated after 9 hours when the particle size is reduced and 

at 12 hours the last one in accordance with the high value in volume percentage of 

a) b) 

c) d) 

e) f) 
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manganese is detected with XRD, keeping the proper size of new compound. The 

results at 12 hours in particle sizes between 80 nm and 6 micrometers in the com-

position are detected. 

 

Figure 4 – Distribution of average size of the particle at 0 h, 3 h, 7 h, 9 h and 12 h 

Previous characterizations provide information about the results to be pre-

sented in this section due to the formation of spinel structure detected by XRD. 

The highest proportion is to 12 hours of milling, the increase in amplitude of the 

peaks width is observed in tetrahedral and octahedral sites in Raman analysis. The 

particle size the contamination to 16 hours of milling decreases the value of mag-

netic saturation. All factors modify the magnetic results at every time of milling as 

shown in figure 5. 

 

Figure 5 – Curves of magnetic saturation with milling time 0 h, 12 h, and 16 h 
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П. ВЕРА СЕРНА, А. М. БОЛАРИН МИРО, Ф. САНЧЕС ДЕ ХЕСУС 

ХАРАКТЕРИСТИКИ ФЕРРИТА МАРГАНЦА, 

ПОЛУЧЕННОГО МЕХАНОСИНТЕЗОМ 

Феррит марганца MnFe2O4 был получен механосинтезом с использованием высо-

кой энергии размалывания и химической реакции на базе первичных оксидов Fe2O3 и 

MnO. Установлено, что насыщение при намагничивании составляет 49,77 А⋅м2/кг. 
При времени помола 16 часов магнитное насыщение снижается из-за приращения 

объема фаз FeO и Fe, наблюдается нерегулярная морфология. Было обнаружено, что 

при 12-часовом помоле величина фазы шпинели максимальна. Результаты Раманов-

ского исследования выявили изменение расположения октаэдрических и тетраэдри-

ческих узлов. 
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