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Abstract 
A comprehensive analysis of 24 variants of the Fe/polymer/SiO2 
composites in terms of the impact of iron powder particle shape 
(irregular, spherical), of the content (0.4-2.6 wt.%) and the manner of 
SiO2 application (as nano-particles or sol-gel coating), of the polymer 
type (shellac, thermoset SL450) and the method of its application as well 
as the effect of the preparation procedure of the composites (mixing 
and/or vacuum-pressure impregnation) on properties of the electrical 
insulating layer (thickness and coherence), electrical resistivity, magnetic 
coercivity and bending strength was carried out. It was found that the 
main governing factor of the microstructure formation is the shape and 
surface micro-geometry of the iron particles. These determine not only 
the uniformity of thickness and cohesion of the insulating layer of the 
applied polymer or its hybrid modification (polymer+SiO2 nano-particles 
and/or polymer+SiO2 coating), but also the most suitable method of 
preparation in terms of the achieved values of electrical, magnetic and 
strength properties of the composites. Broad ranges of resistivity (from 
the values for pure iron to the values of the order 104 μΩm), coercivity 
(120-1000 A/m) and bending strength (60-100 MPa) for the tested 
variants result from the combined effect of an entire number of factors 
related to the processing conditions used for the composites investigated 
here. 
Key words: Fe/polymer+(0.4-2.6)%SiO2 composites, microstructure, 
electrical resistivity, magnetic coercivity, bending strength 

INTRODUCTION 
Soft magnetic composites (SMCs) offer an interesting alternative to the traditional 

laminated silicon iron sheets as core material in electrical machines. They are mostly 
composed of pure iron or iron alloy powder particles insulated from each other by organic 
or inorganic phases, bonding ferromagnetic particles and providing a high electrical 
resistivity. The properties of soft magnetic materials depend on a number of factors, such as 
size, shape and purity of ferromagnetic powder, properties of the insulating material and the 
preparation procedures used. Extremely important is the insulating phase which determines 
the density, mechanical properties, electrical resistivity and essentially all magnetic 
properties of SMCc [1-3]. Different thermosets are mostly applied as organic insulation; 
[1,4] and as inorganic insulation phase, the FePO4, MgO and SiO2 compounds are most 
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commonly used [5-8]. Due to the powdered nature, the SMCs prepared by the powder 
metallurgy route are magnetically isotropic and the magnetic flux does not become 
constrained in a plane as that in laminated steels [1-3, 9-12]. A wide range of options in 
choosing the composition as well as in the preparation conditions still leaves space for 
development of new SMC concepts. Improvements of electrical-insulating phases and 
suitable heat treatment can help in the development of SMCs and to provide a good 
combination of the electrical and magnetic properties. Flexibility in preparing SMCs opens 
additional possibilities for additional investigation of factors affecting their performance.  

The contribution deals with the influence of the shape of iron particles, the type of 
insulating polymer as well as the amount and the manner of SiO2 application on the values 
of porosity, electrical resistivity, magnetic coercivity and bending strength of the 
Fe/shellac/SiO2 and/or Fe/thermoset SL450/SiO2 composites that were prepared by 
conventional mixing and by an unconventional vacuum/pressure impregnation procedure. 
The microscopic observations of the microstructure were correlated with the electrical, 
magnetic and strength properties of the investigated composite variants. 

EXPERIMENTAL MATERIALS AND METHODS 
The commercial water atomised Ancorsteel 1000C iron powder (Hoeganaes Corp., 

USA) in as-received state with irregularly shaped particles and with spherical particles 
obtained by milling in the Pallmann mill (at 11000 rpm in air) with subsequent annealing at 
710°C for 15 min in N +10%H  atmosphere was used 2 2 for the entire experiment. Two 
polymer types were used – yellow shellac (commercially available natural polymer) and 
SL450 commercial thermoset. To create a hybrid electrical-insulating layer (polymer+SiO2) 
the SiO2 component was added in two ways - as a nano-powder (fumed Silica purity of 99.8 
%, Sigma-Aldrich) admixed in the amount of 0.4, 0.8 and 2.0 wt.% to basic iron powder 
using dry mixing in a Turbula mixer and as a sol-gel SiO2 coating in the amount of 1, 2.0 
and 2.6 wt.% by use of a modified procedure according to Brunckova et al. [13]. Both SiO2 
nano-powder and SiO2 coating were used with the aim to create “barriers” preventing the 
Fe/Fe connection formation.  

Two basic groups of samples have been prepared: The first group was prepared by 
mixing the Fe+(0.4-2)wt.%SiO2 nano-powder or the Fe/(1-2.6)wt.%SiO2 coated iron 
powder with 1.0 and/or 2.0 wt.% shellac dissolved in ethanol (14g/100ml). Powder 
mixtures were dried at RT for 60 min in air and subsequently cold compacted at pressures 
ranging from 100 to 800 MPa into cylindrical compacts with a diameter of 10 mm and a 
height of 5 mm. The density, in dependence on pressing pressure and the composite type, 
was ranging from 4.8-5.3 to 7.2 g.cm-3 and corresponds to the porosity values from 28-33 to 
3-7%. Pressed samples were cured at 100°C for 20 min in air. The second group of samples 
was prepared on the basis of mixtures consisting of Fe+(0.4-0.8)wt.%SiO2 nano-powder 
and/or Fe/(1-2.6)wt.%SiO2 coated powders. Thus prepared powders were cold pressed at 
100-800 MPa into cylindrical samples Φ10x5mm3 with a density of 6.7-7.2 g.cm-3, 
subsequently pre-sintered at 740 and/or 850°C for 15 min in air and then vacuum/pressure 
impregnated (VPI). The VPI procedure was performed using a vacuum of ~10-2 kPa and 
pressure of ~500 kPa, both acting for 15 min. The formulation of the tested composites and 
processing conditions used are in Table 1. 

Microscopic observation was performed using light and scanning electron 
microscopy (Olympus GX71, Jeol-JSM-7000F coupled with EDX INCA analyser). The 
measurement of magnetic coercivity was performed using the Koerzimat HCJ 1.097. 
Electrical resistivity was measured using the Van der Pauw method [14]. The bending 
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strength was measured by use of the TIRATEST 2300 using non-standard test specimens` 
size of 5x4x20mm3. 

Tab.1. Formulation and preparation conditions of Fe/SiO2/polymer composites  

Sign. Shape and size of 
iron particles 

SiO2 [wt.%] 
application Method of preparation VPI 

M 1 irregular+1% 
shellac 

M 2 irregular+2% 
shellac 

not added  

M 3 irregular+1% 
shellac 1.0% sol-gel coating

M 4 irregular+1% 
shellac 0.4% nano-powder 

M 5 irregular+2% 
shellac 2.0% nano-powder 

mixed, compacted, cured 
at 100°C/20min/air - 

VPI 1 not added  
VPI 2 1.0% sol-gel coating
VPI 3 2.6% sol-gel coating
VPI 4 0.4% nano-powder 

Compaction, sintering at 
850°C 

VPI 5 Compaction, sintering at 
600°C 

VPI 6 Compaction and 
sintering at 850°C 

VPI 7 Compaction, sintering at 
930°C 

VPI 8 

Irregularly shaped
30-160 µm 

0.8% nano-powder 

Compaction and 
sintering at 1100°C 

1% shellac* 

VPI 9 2.0% sol-gel coating

VPI 10 
2.0% sol-gel coating 

and 2.0% nano-
powder 

Compaction, sintering at 
740°C 4.5%shellac* 

VPI 11 0.4% nano-powder Compaction, sintering 
850°C 

VPI 12 Compaction, sintering at 
600°C 

VPI 13 Compaction, sintering at 
850°C 

VPI 14 Compaction, Sintering at 
930°C 

VPI 15 

0.8% nano-powder 

Compaction, sintering at 
1100°C 

1% shellac* 

VPI 16 0.5% nano-powder 
VPI 17 2.0% sol-gel coating

Compaction, Sintering at 
740°C 1% SL450** 

VPI 18 

Spherical 100-160 
µm  

VPI 19 Irregular 30-160 
µm 

2.0% nano-powder Compaction, sintering at 
850°C 1% shellac* 

*cured at 100°C/20min/air, ** cured at 350°C /60min/air 
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RESULTS AND DISCUSSION 

Effect of processing conditions and addition of SiO2 on porosity 
The microstructure of the SMCs prepared by powder metallurgy consists of a 

ferromagnetic phase, electrical insulating phase and porosity. This is formed by volume 
pores between individual iron particles, and by thin, almost two-dimensional, 
“discontinuities”, filled-up with the electrical-insulating phase, between the surfaces of 
neighboring iron particles. It is known that the first stage of the compacting of powder is 
associated with the redistribution of powder particles by shifting and rotation with the 
subsequent development of plastic deformation in the areas of particle contacts. In the event 
of irregularly shaped iron particles with numerous protrusions at the surface, creation of 
Fe/Fe contacts may occur due to the breach of the electrical insulating layer caused by an 
inappropriately high pressing pressure. Obviously, increasing the compaction pressure 
reduces the porosity, particularly by reducing the volume of pores, but with no significant 
changes in thickness of the insulating layer between iron particles.  

 

  
Fig.1. Porosity of the M1, M3, M4 mixed 
composites in dependence on compaction 

pressure. 

Fig.2. Porosity of the VPI 1-VPI 4 
composites in dependence on compaction 

pressure. 

When comparing the values of porosity in dependence on compaction pressure for 
individual composite variants, Fig.1 and Fig.2, to see that in the case of the M1 composite, 
prepared on the basis of irregularly shaped iron particles without adding SiO2 a porosity of 
9.3-4.8% was achieved for the compaction at 400 and 600 MPa, while at 800 MPa this was 
2.8%. The addition of 0.4wt.% SiO2 nano-powder (M4 composite) causes a decrease in the 
compressibility; the porosity achieved at 400 and 600 MPa was 12-8% and ~6% at 800 
MPa. Adding 1.0wt.% SiO2 in the form of coating (M3 composite) also leads to lower 
compressibility and then also to slightly higher porosity, of 13.5-6.7% for compacting at 
400-800 MPa (Fig.1). For VPI 1,VPI 2, VPI 3 and VPI 4 composites, prepared from 
irregularly shaped iron particles, the porosity after compaction at 400 and 600 MPa 
decreases to 11-2% and to ~1% for 800 MPa (Fig.2). In the case of the composite VPI 11 
prepared on the basis of spherical iron particles with an addition of 0.4wt.% SiO2 nano-
powder, the porosity obtained at 400 and 600 MPa was 9-3.5%, which is well comparable 
with values for VPI composites prepared on the basis of irregularly shaped iron particles. 
Comparing the VPI 11 composite, impregnated with shellac and composite VPI 16 
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impregnated with thermoset SL450, both compacted at 400 and 600 MPa, to see that the 
porosity of composite VPI 11 is slightly higher (11-4% for SL450 and 13-3.5% for shellac). 

Effect of processing conditions and SiO2 addition on electrical resistivity and magnetic 
coercivity 

From the data in Fig.3 it is evident that the composite variants can be divided into 
several groups according to the values of electrical resistivity. The lowest values of 
electrical resistivity, in the range of 0.106-0.903 µΩ.m, correspond to the group of the VPI 
1, VPI 2, VPI 3, VPI 4 composites prepared on the basis of irregularly shaped iron particles 
without or with an addition of 0.4wt.% SiO2 nano-powder and/or with 1.0 and 2.6wt.% 
SiO2 coating. Higher values of the resistivity (~0.9 µΩ.m) in this range correspond to the 
porosity exceeding 20%. It is obvious that low electrical resistivity is caused by the metallic 
Fe/Fe connection created at pre-sintering, as shown by the micrograph in Fig.4b for VPI 4 
composite.  

 

 
Fig.3. Electrical resistivity of the Fe/polymer+(0.4-2.6)%SiO2 composites in dependence on 

porosity. 

The values of the magnetic coercivity for this group of composites are in the range 
from 122 to 388 A/m, Fig.5. The lowest magnetic coercivity, 122-217 A/m, but also very 
low electrical resistivity (0.1-0.3 μΩ.m) was exhibited by the VPI 1 composite based on 
irregularly shaped iron particles without SiO2 addition. Adding 0.4wt.% SiO2 nano-powder 
(VPI 4 composite) leads to a slightly higher magnetic coercivity, 169-218 A/m, but without 
significantly increasing electrical resistivity. Adding 1.0wt.% SiO2 in the form of coating 
(VPI 2 composite) increases the magnetic coercivity to 235-320 A/m, together with a 
slightly higher resistivity, about ~0.90 µΩ.m. The coating with 2.6wt.% SiO2 results in 
higher coercivity, of 284-388 A/m, but again at low electrical resistivity, of 0.48-0.75 
µΩ.m. These results demonstrate that an addition of SiO2 in the form of the nano-powder 
and/or coating in the amount 0.4-2.6wt.% SiO2 does not prevent the creation of Fe/Fe 
connections, particularly during pre-sintering, when irregularly shaped iron particles are 
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used. This is a consequence of the "shifting" of SiO2 nano-powder or broken pieces of SiO2 
coating into concave parts of the iron particle surface. Thereby ceases "the barrier" effect of 
SiO2 nano-powder or SiO2 coating, and thus also the insulating function of the applied 
layer. In Fig.4 an example of such a situation for VPI 4 composite is shown. 
 

  
a) b) 

Fig.4. Microstructure (a) and fracture surface (b) of the composite VPI 4; the insulating 
layer seems to be continuous, but with an uneven thickness. Some small metallic 

connections were formed in the “protrusions” on the iron particle surface during pre-
sintering. 

 
Fig.5. Magnetic coercivity of the Fe/polymer+(0.4-2.6)%SiO2 composites in dependence on 

porosity. 

For the composites with porosity of about 20%, or more, based on a mixture of 
spherical iron particles with 0.4wt.% SiO2 nano-powder (VPI 11 composite) or coated iron 
particles with 2wt.% SiO2 (VPI 9, VPI 17, VPI 10 composites) the electrical resistivity is 
ranging from 83 to1610 μΩ.m. In this group the lowest values of the coercivity, 178-183 
A/m, at sufficiently high resistivity 442-776 μΩ.m, were detected for the VPI 11 composite. 
In this case, a thin and continuous electrical-insulating layer was created, Fig.6. Coating 
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with 2wt.% SiO2 (VPI 9 composite with porosity higher than 10%) leads to a higher 
resistivity, 1120-1610 μΩ.m, but also to slightly higher coercivity, 288-317 A/m. The use 
of the SL450 thermoset, instead of shellac at the VPI procedure (VPI 17 composite  with 
porosity up to ~8%) with continuous electrical insulating layer, Fig.7, results in a slightly 
lower coercivity, 226-233 A/m, but also resistivity, of 562 μΩ.m, when compared with the 
VPI 9 composite. Microscopic observations showed that for composites based on spherical 
iron particles with a smooth surface, the breaking of the SiO2 coating or inappropriate 
distribution of SiO2 nano-powder does not occur.  
 

  
a) b) 

Fig.6. Microstructure (a) and fracture surface (b) of the composite VPI 11; the micrographs 
show the formation of a thin and continuous electrical insulating layer (shellac+SiO2 nano-

powder) with uniformly distributed SiO2 nano particles. 

  
a) b) 

Fig.7. Microstructure (a) and fracture surface (b) of the VPI 17 composite impregnated with 
SL450 thermoset; the micrographs show a continuous electrical insulating layer which is 

similar to the VPI 11 composite,  but it is slightly thicker. 

The values of the electrical resistivity in the range from 1620 to 2850 μΩ.m, 
however, associated with high magnetic coercivity of 407-484 A/m, correspond to the M1 
composite with porosity up to ~20%, prepared by mixing irregularly shaped iron particles 
with shellac. Relatively high values of the coercivity are a consequence of an uneven 
insulating layer thickness and the presence of large pores. Microscopic observations 
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showed that the thickness of the insulating layer in M1 (Fig.8) and VPI 1 (Fig.9) 
composites is approximately the same, about 2 microns, but the size of pores differs 
significantly. For example, at aporosity of about 10%, the mean size of pores for composite 
VPI 1 is ~1.8 microns, but for composite M1 it is significantly larger, about 14 microns. 
This difference may be due to the better densification of the VPI 1 compacts during 
sintering. When comparing Fig.8 and Fig.9, it is seen that Fe/Fe connections in M1 
composite were not created during the preparation procedure. 
 

  
a) b) 

Fig.8. Microstructure (a) and fracture surface (b) of M1 composite; the micrographs show 
good adhesion of shellac to iron particle surfaces, but the thickness of the insulating layer is 

uneven and large pores with a size up to14 microns are present. 

  
a) b) 

Fig.9. Microstructure (a) and fracture surface (b) of VPI 1 composite; the micrographs 
show that the insulating layer is not continuous; the Fe/Fe connections in places of 

“protrusions” on the surface of iron particles were formed. 

Resistivity in the range of 3697-4650 µΩ.m was detected for mixed M2, M3 and 
M4 composites, having porosity up to ~10%, prepared on the basis of irregularly shaped 
iron particles. M3 and M4 composites, in contrast to the M1 composite, have a hybrid 
insulating layer consisting of 1.0wt.% SiO2 coating or 0.4wt.% SiO2 nano-powder and 
shellac. At comparable values of electrical resistivity, the M3 and M4 composites have a 
significantly different coercivity, 886-890 A/m for M3 composite and 442-435 A/m for M4 
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composite. This is due to the non-uniform and relatively large thickness of the insulating 
layer in composite M3 (locally up to 5 microns), caused by the breaking of SiO2 coating at 
compaction as well as by large pores, up to 15 microns, Fig.10. Interestingly, M4 composite 
which is similar to M1 composite, but with added 0.4wt.% SiO2 nano-powder, has two 
times higher resistivity, of 4010-7140 μΩ.m than the M1 composite, however, the 
coercivity 425-465 and 407-484 A/m values for both composites, independently of the 
porosity, are well comparable. It is obvious that higher resistivity of the M4 composite is 
linked with a better electrical insulating ability of the hybrid layer consisting of 0.4wt.% 
SiO2 and shellac. The thickness of the insulating layer in the M4 composite locally reaches 
10 microns, as shown in Fig.11. 
 

  
a) b) 

Fig.10. Microstructure (a) and fracture surface (b) of M3 composite; the micrographs show 
that the thickness of insulating layer consisting of SiO2 coating and shellac is non-uniform, 

relatively thick; large pores with a size up to 15 microns are present. 

  
a) b) 

Fig.11. Microstructure (a) and fracture surface (b) of M4 composite; the micrographs show 
good adhesion of shellac to iron particle surfaces; the thickness of the insulating layer is 
uneven; a tendency to predominant deposition of SiO2 nano-particles in concave parts of 

the iron surface also occurs. 

The resistivity of about 7500 µΩ.m and a comparable, relatively low coercivity, 
(216-225 A/m) was detected for the mixed M5 composite based on irregular iron particles 
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and VPI 10 composite based on spherical iron particles. However, the microstructure of 
both composites is different; the M5 composite contains a hybrid insulating layer consisting 
of 2wt.% of SiO2 nano-powder with admixed shellac, while the composite VPI 10 was 
prepared with 2wt.% SiO2 coating and 2wt.% SiO2 nano-powder and impregnated with 
shellac, which is two times higher than what was applied for other mixed composites.  

Effect of pre-sintering temperature of VPI composites on resistivity and coercivity 
A part of the experiment also included an analysis of the influence of pre-sintering 

temperatures 600, 850, 930 and 1100°C prior to vacuum/pressure impregnation with 
shellac. The VPI 5-VPI 8 composites were prepared on the basis of irregularly shaped iron 
particles and VPI 12-VPI 15 composites on the basis of spherical iron particles, with an 
addition of 0.8wt.% SiO2 nano-powder for all these composites. The results showed that 
VPI 5-VPI 8 composites have a low electrical resistance (0.2 to 2.1 μΩ.m), but relatively 
low coercivity ranging from 185 to271 A/m. Lower values of coercivity, 185-196 A/m, 
were achieved for composites pre-sintered at 600 and 800°C. Low coercivity, 175-190 
A/m, was detected also for VPI 13 and VPI 14 composites on the basis of spherical iron 
particles and pre-sintered at 850 and 930°C. The coercivity of VPI 15 composite pre-
sintered at 1100°C was 344 A/m, and this is well comparable with the value for VPI 9 
composite pre-sintered at 740°C. In both cases low electrical resistivity, only 1-2 μΩ.m was 
achieved due to the formation of Fe/Fe connections during the pre-sintering. Obviously, too 
low or too high pre-sintering temperatures, 600°C or 1100°C, are not appropriate for 
processing by the vacuum/pressure impregnation. Low pre-sintering temperature causes a 
weak cohesion of the compact and consequently unrealistic values of the resistivity, higher 
than 15*106 μΩ.m. At high pre-sintering temperature, higher than 850°C, the Fe/Fe 
connections are created, Fig.12, causing ineffective vacuum/pressure impregnation. The 
influence of pre-sintering temperature on the creation of Fe/Fe connections is evident from 
a comparison of Fig.12 and Fig.13. 
 

  
a) b) 

Fig.12. Microstructure (a) and fracture surface (b) of VPI 15 composite pre-sintered at 
1100°C; the micrograph (a) shows a continuous insulating layer, but in micrograph (b) the 

numerous Fe/Fe connections are well visible. 
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a) b) 

Fig.13. Microstructure (a) and fracture surface (b) of VPI 13 composite pre-sintered at 
850°C; the micrograph (a) shows a continuous insulating layer and micrograph (b) confirms 

that the Fe/Fe connections were not created during pre-sintering. 

Bending strength of composites  
The strength was measured by three-point bending using non-standard samples 

5x4x20 mm3. According to data in Table 2, the strength of the composites prepared by 
vacuum/pressure impregnation is less than mixed. Composites based on irregularly shaped 
iron particles have a slightly higher strength. 

Tab.2. The range of the bending strength of selected mixed and VPI composites 

Composite Bending strength, MPa Composite Bending strength, MPa 
M1 80-100 VPI 1 70-80 
M3 75-90 VPI 3 60-70 
M4 70-80 VPI 11 70-80 
M5 90-100 VPI 15 80-90 

Magnetic Properties 
The measurement and analysis of the losses were performed for the VPI 4, VPI 11, 

VPI 18 and VPI 19 composites with an addition of 0.4 and 2.0 wt.% SiO2 nano-powder, 
prepared by vacuum/pressure impregnation with shellac and for mixed M2 and M5 
composites prepared on the basis of irregularly shaped iron particles. According to data in 
Table 3, it is seen that the resulting losses at 13 kHz are dependent not only on the amount 
of the electrical-insulating phase but also on the shape of iron particles, type of polymer and 
preparation method applied. The lowest losses were detected for the composite VPI 18. 
However, when comparing the permeability in the frequency range 1 kHz-40 MHz for the 
VPI 18, the composite reaches the lowest value with the average value of the relaxation 
frequency. The highest relaxation frequency is exhibited by the M2 and M5 composites 
based on irregularly shaped iron particles with 2% of shellac and without or with an 
addition of 2% SiO2 nano-powder, due to their high electrical resistance. The highest real 
component of a complex permeability is reached by the VPI 11 and VPI 4 composites with 
a lower amount of electrical-insulating phase, but the complex permeability starts to decline 
sharply from a frequency of ~ 3 kHz due to low electrical resistance. 
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Tab.3. Magnetic properties of selected mixed and VPI composites 

Composite Core loss  
f = 13 kHz, BBm = 0.1T 

[W/kg] 

Initial 
permeability 

[-] 

Relaxation frequency 
 [kHz] 

M2 188 53 1860 
M5 211 42 2930 

VPI 4 790 68 4.5 
VPI 11 543 75 4.4 
VPI 18 140 35 215 
VPI 19 201 45 82 

CONCLUSIONS 
A comprehensive analysis of the selected 24 variants of the Fe/polymer+(0.4-

2.6)%SiO2 composites in terms of the impact of iron particle shape, the content and the 
manner of SiO2 addition, the type and method of polymer adding and the preparation 
procedure on the microstructure, properties of the electrical-insulating layer, porosity, 
electrical resistivity, magnetic coercivity and bending strength was carried out. It was found 
that the main controlling factors in microstructure formation are the shape and micro-
geometry of the iron particle surfaces. These determine not only the thickness, uniformity, 
continuity and coherence of the electrical-insulating layer, but also the most suitable 
preparation procedure of the composite in terms of the final values of electrical, magnetic 
and strength properties.    

A wide range of values achieved for the electrical resistivity (from the values for 
pure iron up to the values of the order 104 μΩm, coercivity from ~120 to ~1000 A/m) and 
bending strength from ~60 to ~100 MPa is a result of the common effect of a number of 
factors related to iron powder properties as well as to those acting during the preparation of 
the composite. Electrical resistivity of the Fe/(1-2)wt.% polymer mixed variants prepared 
on the basis of irregularly shaped iron particles ranges from 1620 to 2850 μΩm. Applying a 
hybrid electrical-insulating layer consisting of 0.4 wt.% SiO2 nano-powder and/or 1-2.6 
wt.%SiO2 in the form of coating, the resistivity was increased from 3697 to 7500 μΩm, but 
with a negative impact on magnetic coercivity which, when compared with values for pure 
iron, increased more than four times, up to 400-480 A/m. Vacuum-pressure impregnation of 
low-temperature pre-sintered composites on the basis of spherical iron powder particles 
with smooth surfaces and with adding 0.4wt.% SiO2 nano-powder or with 2.0wt.% SiO2 
coating allows preparation of composites with a uniform insulating layer thickness of 
~1000 nm. These composite variants achieve an optimal combination of electrical 
resistivity (776-1610 μΩm), magnetic coercivity (175-183 A/m) and bending strength (60-
80 MPa). In the case of irregularly shaped iron particles, the vacuum-pressure impregnation 
is associated with a risk of Fe/Fe connection creation in local surface asperities, which leads 
to the loss of the insulating function of the layer. 

The results showed that the resulting core losses, real and imaginary part of 
complex permeability in the studied frequency interval from 2 kHz to 30 kHz are dependent 
not only on the amount of the electrical-insulating phase, but also on the shape of iron 
particles, the type of polymer and the preparation method applied. 
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