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Abstract: We have studied electromagnetic and corrosive properties of new soft-magnetic composite materials made from iron powder ASC 

100.29 and Atomet 1001HP, surface of which is encapsulated by insulating anticorrosive oxide coating. The results demonstrate that the use 

of such materials in power supplies, chokes, transformers, stators and rotors of electrical machines and other devices ensures their stable 

operation under various conditions. 
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1. Introduction

Composite materials with the necessary operational properties 

are widely used in components of various mechanisms and 

machines in such branches of industry as electrical engineering and 

electronics. Since the final properties of the products depend on the 

methods of the starting materials treatment, it is necessary to 

exactly select the conditions for obtaining composite soft magnetic 

materials to ensure a controlled chemical composition and structure, 

which in turn guarantees the required physical and functional 

properties. 

For materials operating in alternating electromagnetic fields, the 

most important characteristics are magnetic permeability, induction 

and losses due to remagnetization and eddy currents, corrosion 

resistance [1-5]. The value of electrical resistivity determines the 

maximal frequency with which the use of this material is advisable. 

Currently, a number of firms produce composite soft magnetic 

materials based on various encapsulated iron powders. The 

insulating layers prevent iron particles from contacting each other. 

As a result, the properties of the known composite soft magnetic 

materials are close to the properties of electrical steel. However, the 

presence of an insulating magnetically disordered substance 

between individual particles of metal particles leads to a decrease 

the magnetic permeability of the material to m = 100 – 500, and the 

magnitude of the magnetic induction is of the order of Bm = 1.6 T 

[6, 7]. The task is to increase magnetic induction and magnetic 

permeability, reduce the amount of electromagnetic losses of the 

material. Essential progress in improvement of magnetic properties 

of composite materials achieve in the present work due to using in 

quality isolate coverings various magnetic oxide – ferrites. Thus 

thickness isolation covering of iron particles have been reduced to 

some nm. The electromagnetic parameters of the obtained materials 

depend on the size, morphology of the particles and the purity of the 

initial powders; the chemical composition and thickness of the 

insulating coatings, from the atmosphere in which the treatment 

takes place. Also for practical using of such materials it is important 

to have a good corrosion resistance. 

Metal particles with applied insulating coatings are easily 

oxidized in a humid environment, but oxides on the metal surface 

significantly reduce the magnetic properties. Traditionally, various 

protective coatings are applied to metal surfaces to prevent 

corrosion. However, over time, the protective coating will 

deteriorate and the metal has to be reworked in order to protect it 

from corrosion. In addition, anti-corrosion surface treatment is not 

always effective, since the presence of defects in parts often leads to 

internal corrosion, which destroys the latter. The applied special 

insulating corrosion-resistant layers in the composite material have 

a dual purpose: reduction of electromagnetic losses and protection 

against oxidation, since each particle is encapsulated. As a result, 

parts made of composite materials based on encapsulated powder 

will be protected from both surface and internal corrosion, and the 

service life of the parts will be determined only by their mechanical 

wear. 

The aim of this work is to study the influence of the synthesis 

conditions of composite materials based on particles of iron 

powders with insulating coatings on its electromagnetic and 

corrosion characteristics. 

2. Experimental part

Based on the requirements for the initial powders the water – 

atomized iron powder Hoganes ASC100.29 (Sweden) was selected 

as the main object of studies. On the particles of the material were 

deposited layers of phosphorus, boron, titan oxides using an 

optimized technique. Purity of ASC100.29 powder is 99.5%. The 

chemical composition of the powder is presented in the Table 1. 

Table 1: Chemical composition of the water-sprayed iron powder 

ASC100.29 (Sweden). 

Type of iron 

powder 

Fe Mn Si C P 

ASC100.29 

(Sweden) 

99,5 0,08 0,04 0,08 0,01 

From the calculated and experimental data it was found that, 

depending on the particle size of the initial metal iron powder, the 

resulting composite materials can be divided into two classes: low-

frequency (f < 1 kHz) and high-frequency (f > 1 kHz). For 

subsequent high-frequency applications, powders with a size of less 

than 100 microns are screened with a separator S49-1000-1, for 

low-frequency ones with a size > 100 microns. After separation an 

insulating layer was applied to the surface of the iron particles. 

The deposition procedure included the stage of preliminary 

mixing of the initial metal powders with a given amount of reagent, 

which included an alcohol solution of orthophosphoric acid in the 

ratio of 40% H3PO4 + 60% ethyl alcohol. Instead of H3PO4, boride 

or titanium compounds can be added. 

In the next step, the prepared powder was placed in an 

insulation coating reactor. The powders with the reaction additive 

were treated in the reaction drum at a pressure of 0.1 to 1.0 atm., 

heated to a temperature of 150 – 200ºС during 15 – 30 min. As a 

result, a complex coating of ferrite compounds and phosphates 

formed on the surface of iron particles. The chemical composition 

in case of phosphorus oxide coatings is a complex system of iron 

oxides FeO, Fe2O3 and phosphorus oxide P2O5. A small amount of 

carbon and silicon are also present. The thickness of the insulating 

layer on the iron particle depends on the processing time of the 

powder and the concentration of the alcohol solution of phosphoric 

acid. 

The magnetic permeability of the composites was measured in 

the frequency range up to 2.0 kHz. To study the features of 

magnetic properties, cores were made in the form of rings by 

pressing composite powders under a pressure of 7-8 t/cm2. The 

density of the samples was determined by hydrostatic weighing in 

distilled water. Measurements of important magnetic characteristics 

– induction, loss, magnetic permeability – were performed on an

express magnetometer. The magnetization dependences of the
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obtained samples were recorded, the area of the hysteresis loop in 

pixels was determined, and losses were calculated. The pixel 

dimension was determined by measuring the magnetic flux using an 

F5050 microwebermeter. 

The corrosion behavior of composites was investigated by open 

circuit potential (OCP) and anodic polarization curves (linear and 

Tafel) using a potentiostat/galvanostat Princeton- PARSTAT 2273 

(with a specialized soft “Power Corr”) in a 3.5 wt% NaCl aerated 

solution at a temperature of 25C. The electrochemical 

measurements were performed in a glass cell of 50 ml capacity with 

thermostated jacket, with a conventional three electrode: Ag/AgCl 

(with KCl 0.3M) as the reference electrode and a platinum plate as 

counter electrode, both of them of Radiometer production. The 

working electrodes each had 1 cm2 of exposed surface. 

3. Results and discussion

 On Fig.1 is shown the static magnetization curve of a 

composite magnetic material on the basis of powder ASC100.29. It 

is visible from the resulted data, that process of magnetization as 

against laminated Si-steel is closed to linear at an induction of 

saturation ~ 2.2 T. For electrotechnical steel the induction of 

saturation is closed to 1.8 T. 

Comparative investigations of electromagnetic characteristics 

for materials on base of Hoeganes ASC100.29 and such ones from 

powders of Micrometals and Atomet companies are carried out. On 

Fig. 2 are shown the magnetization curves of magnetic-soft 

materials with isolation magnetic oxide of the iron powders 

ASC100.29 – a curve 1 and known composite materials with 

dielectric isolation at use of powders High Flux (HF) – a curve 2 

(manufactured by Micrometals, USA). 

Presence of isolation backlash between particles of iron in a 

composite material on the basis of powder ASC100.29 results to 

that initial value of magnetic permeability has also the maximal 

value (Fig. 3). 

As against it for powders of iron with a ferrite covering initial 

permeability µ0 = 80-100, and the maximal permeability µm = 800 –

1000. 

Magnetic properties of a composite material essentially depend 

on pressure of pressing or density of a product. Magnetization 

curves in a frequency range up to 2000 Hz practically coincide and 

have identical behavior for a magnetic material on basis 

ASC100.29. 

Researches of total losses at remagnetization in a frequency 

range up to 2 кHz and a magnetic induction up to 1.5 T composite 

materials using as isolator of particles of iron magnetic dielectric 

material were carried out with use of iron powders Atomet 

12001HP and ASC100.29 (Fig. 4). From the results follows, that 

losses does not exceed 5 % from total losses on remagnetization, 

and for a material on basis ASC100.29 losses are essentially less. 

Frequency dependencies of the inductance and Q-factor of the 

composite magnetic material (Fig 5) show that in frequencies range 

100 Hz ÷ 10 MHz the inductance practically does not change its 

value. The value of Q-factor reaches its maximum in the range of 

~ 20–30 kHz. With use of the developed composite materials on the 

basis of powders of iron ASC100.29 pre-production models of 

invertors power supplies up to 10 kW in a frequency range up to 

100 кHz are developed, chokes of various purpose, the pre-

production model of the electric motor for a frequency range up to 

2000 Hz is developed. 

Reliability and stability of work in various conditions of power 

supplies on transformers with the core on base of the composite 

material, determined by high value of temperature Curie – is higher 

800°С and a magnetic induction of saturation 2.1 T, compensates 

expenses for the additional charge of a copper wire and the losses 

connected to it for sources with capacity less than 1 kW. 

Fig. 1 Static magnetization curves of a composite magnetic material on 
the basis of powder ASC100.29. 

Fig. 2  Magnetization curves of soft magnetic materials with isolation 
magnetic oxide powders of iron ASC100.29 – a curve 1 and known 

composite materials with dielectric isolation at use of powders High Flux 

(HF) – a curve 2 (manufactured by Micrometals, USA). 

Fig. 3 Field dependencies of induction and magnetic permeability  of the 

soft magnetic material on base of ASC100.29. 

Fig. 4 Total energy losses per cycle as a function of frequency for 

examined magnetic cores at magnetic induction B = 1.0 T (1 – 

ASC100.29, 2 – Atomet 1001HP). 
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The results of the study of electrochemical corrosion in the form 

of the parameters calculated from the linear polarization (LP) and 

Tafel dependencies are presented in table 2. It follows from the 

table that for a composite based on a powder with grain over 100 

mkm, the corrosion rate is 0.982 mm/year, and for a composite with 

a grain of 20-100 microns – 0.485 mm/year. This fact can be 

explained by following. The experimental data on the corrosion of a 

some of metals and metal alloys, including iron-based ones, indicate 

that the grain size practically does not affect the corrosion rate. The 

exception is cases where at the grain boundaries of the metal the 

conditions are such that corrosion can acquire an intergranular 

character. The increase in grain size in such alloys creates a great 

possibility of the appearance of intergranular corrosion and can 

significantly enhance it: the total length of the boundaries of coarse-

grained metal is less than that of fine-grained metal, and, therefore, 

the intensity of corrosion per unit length of the grain boundary will 

be greater. 

Table 2: Electrochemical corrosion parameters determined from the Tafel 

curves obtained in 3.5 wt% NaCl at 28°C. 

Type of iron 

powder 

EOCP 

(V) 
R 

() 

Ecorr 

(V) 

Icorr 

(A) 

CR 

(mm/year) 

composite 

based on 
powder with 

grain over 100 

microns 

-0,574 88,231 -0,637 190,9×10-6 0,982 

composite 
based on 

powder with 

grain 
20-100 

microns 

-0,561 59,079 -0,582 61,23×10-6 0,485 

4. Summary

A method of synthesis of composite materials based on iron 

powders, the particles of which are coated with a nanoscale layer of 

phosphides, has been developed, which includes the stage of 

preliminary mixing of the initial metal powders with a given 

amount of an alcohol solution of orthophosphoric acid in the ratio 

40%H3PO4 +60% ethanol. The method makes it possible to reduce 

the lubricant content to 0.01 – 0.10%, which makes it possible to 

obtain subsequently a high-quality molded product from a soft 

magnetic composite material with a density of 7,50 – 7,65 g/cm3 

and, as a result, having high electromagnetic characteristics.  

The carried out preliminary researches of a composite magnetic 

material on the basis of powders of iron ASC100.29, surface of 

which is capsulated by ferrite and phosphides, have shown 

perspectives of their application in engineering. Unique specific 

parameters of a soft magnetic composite material – a magnetic 

induction of saturation 2.1 T, work in a frequency range up to 100 

kHz at Curie temperature from above 800ºС allow using it in high 

speed valve and valve-jet electro machines and as chokes and high-

frequency transformers. A powder-based composite with a grain 

size d > 100 mkm has less corrosion resistance. The corrosion rate 

in this case is 2 times higher, due to the fact that in this case there is 

a manifestation of intergranular corrosion. 
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Fig. 5 Frequency dependencies of the inductance and Q-factor of the 
composite magnetic material on base of ASC100.29. 
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