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Abstract 

Corrosion protection is very important for metals in modern society with respect to 

industrial development. Nowadays economic and environmental friendly coatings can 

satisfy the need for the corrosion protection. This thesis project work aims to: i) 

investigate the effect of corrosion on the mechanical strength and magnetic properties 

of four types of un-treated and treated Somaloy® component samples (Somaloy®700 

1P, Somaloy®700 3P, Somaloy®700HR 5P and Somaloy®110i 5P) provided by 

Höganäs AB and laminated steel sheets, by salt spray test; ii) evaluate the protective 

properties of the coatings by Electrochemical Impedance Spectroscopy (EIS) 

measurements in 0.1 M NaCl solution during 7 days exposure. The tested surface 

coatings are: phosphoric acid coating, sodium silicate coating, DCA-Modified silicone 

conformal coating and water-borne single paint coating, respectively.  

 

Based on the results from transverse rupture strength (TRS) and hysteresis loop 

measurements after the salt spray test, although the bar samples are covered by the 

coatings, the corrosion leads to a decrease in the mechanical strength to a certain extent. 

On the other hand, the corrosive environment in the salt spray test hardly has any 

influence on the magnetic properties of the untreated and four types of treated 

Somaloy® components. However, the magnetic parameters for the laminated ring 

samples have a great variation after the salt spray test.  

 

The EIS measurements give a corrosion (polarization) resistance value (ohms.cm2). For 

the untreated samples, the corrosion resistance is very low, only several hundreds ohms. 

It decreases with time during the exposure, and then increases slightly after 1 day 

exposure, due to the corrosion products formed on the surface. For the sodium silicate 

coating, initially the corrosion resistance is at the level of several tens of thousands 

ohms, but it decreases to several hundred ohms after 1 day exposure. The results 

indicate that this coating losses its protective property rapidly, probably due to that the 

sodium silicate film dissolves in the corrosive solution. For the water-borne single paint 

coating, the corrosion resistance is very high initially, at the level of 109 ohms. The 

corrosion resistance also decreases somewhat with time, but it remains at a high level 

of 108 ohms for a long time, indicating a good and stable protection. 

 

The EIS experiments indicate that the water-borne single paint coating has a more 

effective and stable protection than the sodium silicate coating and can provide a better 

corrosion protection for the Somaloy® components. 

 

Key words: corrosion protection, soft magnetic composites, phosphoric acid coating, 

sodium silicate coating, DCA-Modified silicone conformal coating , water-borne single 
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1. Introduction 

1.1 Soft Magnetic Composites (SMC) 

In the past several years, the development of soft magnetic composites (SMC) material 

has been an increasing tendency, accelerated by the consumption of electromagnetic 

applications and processes in materials synthesis and characterization techniques. As a 

new kind of materials, more and more people pay attention to the SMC material because 

of its unique characteristics. Compared with the most traditional silicon steel lamination, 

soft magnetic composites (SMC) material accounts for larger percentage in 

electromagnetic application at high frequency due to low core loss or sufficient 

induction. [1] 

 

SMC material is usually manufactured by pure iron or iron alloy powder particles of 

size 50~150 μm with bonding and a layer electrically insulated film schematically 

shown in Figure 1. [2] Somaloy® components are used for electromagnetic applications 

such as motors, inductor, actuators and pulse-transformers etc. These Somaloy® 

components are produced by powder metallurgy process show some porosity and 

surface conditions ruled by the additives and processes involved in the manufacturing 

steps. The process includes the production of iron powder, mixing with lubricants and 

uni-axial compaction into desired shape. After compaction the component is in the 

“green state”, which is heat-treated at appropriate temperature which is limited by the 

thermal stability of the coating. [3][4] 

 

Figure 1 SMC material principle 

The typical characteristic of SMC material is isotropic property because it is fabricated 

by powder particles, which breaks the traditional motor design and makes flexible 

analysis of 3-D magnetic circuit design. Due to the insulation coating of each powder 

particle, the eddy current loss of SMC material is smaller against the silicon steel sheet. 

Total iron loss of the material in the frequency range of several kilo Hz is determined 
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by the hysteresis loss, which makes SMC material especially suitable for high 

frequency applications. [5][6] The pressing process of the material is simple without 

leftover material waste, which becomes cheap and environment-friendly, and the costs 

will be low for mass production. As SMC materials cannot be sintered, the strength is 

lower than that expected in steel lamination or sintered components. Typically, the 

transverse rupture strength (TRS) is in the range of 50-150 MPa. There are obvious 

differences of magnetic properties between SMC materials and laminated steel sheets 

due to the different structures. In the SMC material, the magnetic flux passes through 

non-magnetic material portions such as insulation coating and pores, which results in 

decreased permeability. The maximum relative permeability is around 10 times higher 

in the laminated sheets compared to SMC materials. [2] 

1.2 Basics of corrosion 

From practical standpoint, metallic materials are usually exposed to corrosion due to 

chemical reactions with aqueous and atmospheric environments. The effects and 

consequences of corrosion are various, and the impacts on the operational effectivity 

and safety of equipment or construction machines are normally much worse than the 

simple loss of a mass of metal. [7] For example, reduction of metal thickness resulting 

in loss of mechanical property and failed surface structure. When the metal is lost in 

localized area, the cracks are exposed on the surface so that considerable damping may 

arise from quite a small quantity of metal loss. Hence, metallic corrosion is one typical 

kind of the concerned problem that we need to solve in our industrialized society. [8]  

 

Regarding corrosion, one normally refers to the oxidation reaction and dissolution of 

metallic material. The oxidation is coupled with reduction of the non-metallic reactants, 

like oxygen, to build equilibrium of redox reactions. Virtually at the anodic sites on the 

surface the metal goes into aqueous environment as metallic ions, which is the anodic 

reaction. Meanwhile the reduction of oxygen typically takes place at the cathodic sites 

on the surface, which is the cathodic reaction. The anodic and cathodic reactions form 

an electrical circuit that is completed by ions in the electrolyte that migrate between 

cathode and anode through the electrolyte, shown in Figure 2. [8][9] 

 

 

Figure 2 Corrosion cell in action 
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Iron is one type of the most regularly used metallic materials. The corrosion mechanism 

of iron is the most extensively investigated in the studies of common corrosion 

phenomena. In the aqueous environment, the main corrosion products of iron are 

mainly complex compounds of hydrated iron oxides and other derivatives, which form 

an insoluble and dense layer and attach to the metallic surface. The corrosion reaction 

may be limited by itself due to passivation. [9] Usually the iron oxides are porous and 

very sensitive to the existence of chloride ions, which will cause the iron oxide layer to 

dissolve quickly in corrosive solutions. 

 

The most common electrochemical reactions in the corrosion of steel are shown as 

following: 

      Anodic reaction: Fe → Fe2+ + 2𝑒−                   (1) 

 

   Cathodic reaction: 2H+ + 2𝑒− → 𝐻2                 (2a) 

 

                  or   O2 + 4𝑒− + 2𝐻2𝑂 → 4OH−                (2b) 

 

In acids environment the most important reaction is reaction 2a, while oxygen reduction 

2b usually occurs in neutral and alkaline solutions of the pH range 6.5-8.5. In this latter 

case corrosion is usually concomitant by the formation of solid corrosion products from 

the anodic and cathodic reactions. [8] 

Formation of iron oxide: 

 

                                   Fe2+ + 2𝑂𝐻− → 𝐹𝑒(𝑂𝐻)2                    (3a) 

 

       4Fe(OH)2 + 𝑂2 → 2𝐹𝑒2𝑂3 + 4𝐻2𝑂                (3b) 

 

In reaction 3a, the product firstly generated by corrosion is usually green, and the partial 

oxidation reaction occurs in the air. The reaction 3b is hydration and oxidation reactions. 

The light red rust is a complicated compound that is precipitated due to the secondary 

reaction. [8] 

1.3 Effects of corrosion 

Corrosion affects directly or indirectly our daily life. For example, reinforcing steel bar 

in concrete may proceed to corrode gradually in the atmospheric environment, which 

leads to the failure of highway or bridge. [9] A large number of corrosion occurs in the 

major industry, like nuclear plant and chemical plant. Due to the pollution of corrosion 

products, the industrial plants may be shut down by the government, which can lead 

some economic consequences, such as failure of corroded equipment, cost on the 

maintenance of equipment, contraction of service life of products and loss efficiency of 

energy consumption. For example, the U.S. economy almost spent $8000 billion every 

year on the corrosion of metals. 
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Some consequences are social as following: [9] 

 Safety, failure which is led by corrosion can cause a series of safety problems, such 

as the collapse of construction, release of toxic product and explosion. 

 Health, the pollution which is led by corrosion is not suitable for the development 

of environmental-friendly society. From the environmental-friendly and health 

view, the toxic elements which are harmful to the health maybe reduced as far as 

possible.  

The enormous costs of corrosion supplied lots of opportunities to the market. The 

opportunities occur in many aspects, like the reduction of corrosion cost, research and 

development of new products and expansion of the market. At the same time, it will 

simulate the entire market and develop competitive advantage by more corrosion-

resistant products, which is beneficial for the further development of this industry. 

1.4 Corrosion Protection 

The application of protective coating to the surface of metallic materials is a common 

and efficient method of preventing the metal from corrosion, while introducing other 

request properties of the metallic surface, such as mechanical property, noise reduction 

and electronic insulation. The action mechanism of protective paint films is primarily 

isolation of metal from aqueous and atmospheric environments and limiting the rate of 

the reaction on the anode and cathode. 

 

The mechanism of protecting metal from corrosion by an organic coating can be divided 

into three types: the electrochemical effect, the physicochemical effect and the adhesion 

to the substrate. [11] A good adhesion of the coating layer to the metallic surface is very 

important because the effect of the protective coating may be failed at areas where the 

coating is separated from the metal and the electrolyte has an access to the metal, so 

that the corrosion occurs. [10] 

 

Regarding the electrochemical effect of an organic coating, the electrical resistance of 

the organic coatings is very high and the ion solubility is very low, which may result in 

a slow rate of corrosion because of the high resistance in the electrical circuit of the 

corrosion process. The ionic paths will be prohibited to form between the anode and 

cathode; thereby the formation of corrosion products is slow. [11] [12] [13] 

 

The physicochemical effects include different coating properties related to the addition 

of vehicle, pigments and inhibitive primers.  

(1) Barrier coatings reduce current transfer between the anode and cathode. The coating 

protects the metal from corrosion due to its high resistance, and it limits oxygen 

diffusion and inhibits the cathodic reaction. As the basic requirements of barrier 

coatings, they should be impermeable to ionic species and maintain good adhesion in 

aqueous environments. Using barrier coatings to prevent corrosion is schematically 

illustrated in Figure 3. [14] 
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Figure 3 Corrosion control by barrier coating 

 

(2) Cathodic protection can be done by pigments, such as flat plate aluminum flakes, 

glass flakes, stainless steel flakes and micaceous iron oxide. One common example is 

galvanic protection by zinc primers, because zinc is much more active than iron as 

shown in Figure 4. [14] 

 
Figure 4 Fundamentals of corrosion protection by zinc-rich primer 

 

((3) Inhibitive primers protect metal from corrosion through formation of passive layers 

on the metallic surface. Like chromate-based pigments, they are subjected to 

environmental concern about the toxicity of the components such as hexavalent 

chromium, which are likely to be replaced by innocuous products. The corrosion 

mechanism of inhibitive primers is schematically shown in Figure 5. [14] 

 
Figure 5 Corrosion protection by inhibitive primer 

 

Polymer coatings usually provide corrosion protection through a barrier effect, as 

illustrated in Figure 6, which shows the reactions related to corrosion taking place on 

the metal surface covered by a polymer coating. The diagram shows that iron ions 

generated on the metal surface and chlorine ions from the corrosive solution diffuse 

slowly since the diffusion path is prolonged. 

 

For coatings used in practical applications, the range of the thickness is from several 

micrometers to several hundreds of micrometers. [15] Because the effect of coating is 

dependent on the thickness, it must be taken into account when comparing the 

performance of different coating materials. 
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Figure 6 Corrosion mechanisms of a polymer coating on the metallic substrate [10] 

 

1.5 Aims of this thesis work 

The aim of this work to investigate the corrosion behaviors of four types of surface 

coatings of Somaloy® component samples and laminated steel sheets in salt spray test 

and evaluate the mechanical property and magnetic performance of corrode samples. 

The four types of treated materials includes phosphoric acid coating, sodium silicate 

coating, DCA-Modified silicone conformal coating and water-borne single paint 

coating, respectively.  

 

The corrosion protection of four types of coatings on Somaloy® component in 0.1 M 

NaCl solution were investigated by electrochemical impedance spectroscopy (EIS) 

after different exposure time intervals, 1 hour, 1 day, 3 days, 5 days and 7 days. The 

final goal of the work is to bring forward some results to create a primary corrosion 

protection recommendation for customers of Höganäs AB who develop new designs 

for Somaloy® components.  
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2. Basic Theory 

Basic theory of magnetism and electrochemistry are necessary for the reader to more 

easily follow the discussions about the results. The basic knowledge of these two 

subjects is presented briefly in this chapter. 

2.1 Theory of Magnetism 

Working in International System of Units, the magnetic permeability µ is defined by: 

B = μ ∙ H                                                                                (4) 

The magnetic field H (A/m) generated by a current (𝑖) going through a coil (N turns) 

wound around a magnetic core (𝑙) is such as: 

H =
𝑖 ∙ 𝑁

𝑙
                                                                              (5) 

Magnetic induction B (T) and magnetic field H are linked in a given material. The 

magnetic permeability µ (H/m) is the degree of magnetization of a material that 

responds linearly to an applied magnetic field.  

The magnetization M (A /m) is defined as: 

B = μ0 ∙ (𝐻 + 𝑀)                                                               (6) 

Where μ0 (H /m) is the permeability of free space. The susceptibility 𝜅 (dimensionless) 

is the ratio M/H. From the above 

μ = μ0 ∙ (1 + 𝜅)                                                               (7) 

The relative permeability µr is defined as:  

μ𝑟 =
𝜇

𝜇0
= (1 + κ)                                                            (8) 

The relative permeability µr and susceptibility𝜅 are material properties, frequently 

reported for both magnetic and ‘non-magnetic’ materials. [16] 

2.1.1 Hysteresis loop 

The Hysteresis loop curve of a ferromagnetic core indicates graphically the relationship 

between its magnetic induction B as a function of the magnetic field H. As shown in 

Figure 7, at the tips of the curve, the maximum values of the magnetic field H and 

magnetic induction B are defined as Hmax and Bmax. When the magnetic field circulating 

around the core also reduces to zero (H=0), the residual induction Br is called 

remanence. 

When the flux density reaches to zero (B=0), the magnetising force which must be 

applied to null the residual flux density is called a “Coercive Force”, Hc. Regarding to 

the ferromagnetic materials, the magnetic properties are greatly affected by the heat-

treatment process and the content of pure iron. Soft magnetic materials have narrow 

hysteresis loops due to low values of coercive force Hc, high permeability μ, low eddy-
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current losses and high magnetic saturation inductions, shown in Figure 8. [16] 

 

 
Figure 7 Hysteresis loop curve 

 

 

Figure 8 Hysteresis loop curve of soft magnetic materials 

2.1.2 Iron losses 

There is no losses occur in an iron core if the circuit is subject to a constant magnetic 

field (only losses in the copper winding). But when the circuit is subject to a changing 

magnetic field, magnetic losses occur. Total iron losses is equal to hysteresis losses plus 

Eddy-current losses, which is expressed by equation (9): 

 

𝑃𝑡𝑜𝑡 = 𝑃𝐻𝑦𝑠𝑡𝑒𝑟𝑒𝑠𝑖𝑠 + 𝑃𝐸𝑑𝑑𝑦−𝑐𝑢𝑟𝑟𝑒𝑛𝑡                                     (9) 

 

The value of total iron losses is dependent on the material, the induction level and the 

frequency. Hysteresis losses is the energy lost as heat in reversing the magnetization of 

the ferromagnetic material. Eddy-current losses is the electrical current induced in the 

circuit by a changing magnetic field in the conductor, which have two effects: Joule 

heating and creation of a magnetic field, opposed to the change of the external magnetic 

field. 
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2.2 Theory of electrochemical impedance spectroscopy (EIS) 

In recent several years, electrochemical impedance spectroscopy (EIS) has been widely 

used in the study of corrosion processes and evaluation of coatings in different kinds of 

corrosive environments. [17] Valuable mechanistic and kinetic information of corrosion 

processes and surface electrical properties can be derived from the EIS spectra with a 

wide frequency range. [18] [19] The main advantage of EIS technique is non-

destructive, fast and quantitative. It can be used in wide range applications, especially 

for evaluation of high resistance materials (paint and coatings). 

 

The theory of electrochemical impedance is a well-developed branch of AC theory that 

describes the response of an electrical circuit in the frequency domain, in terms of the 

impedance, i.e., ratio of the potential to the current. [16]  

Similar to Ohm’s law: 

Z =
𝐸𝑡

𝐼𝑡
=

𝐸0 sin(𝜔𝑡)

𝐼0 sin(𝜔𝑡 + 𝜑)
= 𝑍0

sin(𝜔𝑡)

sin(𝜔𝑡 + 𝜑)
 

 

                   =𝑍0 exp(𝑗𝜑) = 𝑍0(𝑐𝑜𝑠𝜑 + 𝑗𝑠𝑖𝑛𝜑) = 𝑍′ + 𝑗𝑍′′                  (10) 
In the above equation (10), Et and It are defined as potential and current, respectively. 

Z is defined as impedance (a vector parameter), the ac equivalent of resistance. 

Impedance values are also measured in ohms (Ω). The impedance parameter also 

includes capacitive component and inductive component, which means that, in addition 

to resistors, capacitors and inductors also impede the electrical flow in AC circuits. [20] 

 

A metallic sample immersed in an electrolyte that contains some aggressive ions is an 

electrochemical corrosion system. The resistive component of the impedance is 

determined by the resistance of the electrolyte and surface film as well as the charge 

transfer resistance, while the imaginary component of the impedance is related to the 

capacitance of the double layer at the metal-electrolyte interface and the surface film. 

When measured at the open-circuit potential of the metal in the electrolyte, a parameter 

termed as polarization resistance can be obtained from the EIS spectra. The value of 

polarization resistance is regarded as a measurement of the corrosion resistance, which 

is associated with the charge transfer resistance and ohmic resistance of the surface film. 

[19] 

 

Figure 9 Equivalent circuit for a simple electrochemical corroding system [20] 

RΩ is the resistance of the solution between the reference electrode and working 

electrode; Rp is the polarization resistance at the interface; CDL is the capacitance of the 
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double layer. 

 

In general, Nyquist plot and Bode plot are the most common ways for data presentation 

of the EIS results. In the Figure 9, the impedance of the equivalent circuit can be 

expressed as following: 

Z = 𝑅Ω +
1

1
𝑅𝑃

+
1

𝑍𝐶

= 𝑅Ω +
1

1
𝑅𝑃

+ 𝑗𝜔𝐶𝐷𝐿

                               (11) 

After arrangement: 

Z = (𝑅Ω +
𝑅𝑃

1 + (𝜔𝐶𝐷𝐿𝑅𝑃)2
) − 𝑗

𝜔𝐶𝐷𝐿𝑅𝑃
2

1 + (𝜔𝐶𝐷𝐿𝑅𝑃)2
               (12) 

 

Assuming a = 𝜔𝐶𝐷𝐿𝑅𝑃 

 

Z = (𝑅Ω +
𝑅𝑃

1 + 𝑎2
) − 𝑗

𝑎𝑅𝑃

1 + 𝑎2
                                             (13) 

 

 

Figure 10 Nyquist plot for a simple electrochemical corrosion system 

 

This semi-cycle is the Nyquist plot for the electrical circuit shown in Figure 10. The 

radius is RP/2 and the center point is (x = 𝑅Ω +
1

2
𝑅𝑃,y=0). 

At the high frequency, the  ω → ∞, the impedance is almost entirely created by the 

ohmic resistance,x = 𝑅Ω, y=0; 

At the low frequency, the   ω → 0 , the impedance also approximates a pure 

resistance,x = 𝑅Ω + 𝑅𝑃, y=0; 

When the imaginary part (capacitive component) reaches to maximum value (θ=max), 

frequency ω_m=1/(C_DL R_P ), the value of RS, RP and CDL can be acquired through 

Nyquist plot. 

In the Figure 11, at the highest frequency, the ohmic resistance dominates the 

impedance and log (RΩ) can be obtained. At the lowest frequency, the polarization 
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resistance or charge transfer resistance also can be read, log (RΩ+RP). 

 

 

Figure 11 Bode plot for a simple electrochemical corrosion system [20] 
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3. Experimental 

Here is a description of the Somaloy® components samples and four coatings tested in 

this thesis work, and of the key techniques and methods used to evaluate them. 

3.1 Somaloy® Components Samples 

The Somaloy® components samples used for experiments were provided by Höganäs 

AB, Sweden. The Somaloy® is a whole system that ensures the optimal SMC material 

for different application. The final properties of samples are determined by Somaloy 

press-ready system and component manufacturing process (compaction and heat 

treatment). The Somaloy® performance levels are 1P, 3P and 5P, shown in Table 1. 

 

Table 1 Somaloy® performance levels 

Performance level 1P 3P 5P 

Feature Baseline High strength 

High permeability 

Lowest losses 

 

In our experiments, the bar samples are used in the mechanical strength test and the 

ring samples are used in hysteresis loop measurements to measure the magnetic 

parameters of different products, the detailed information are shown in Table 2. The 

dimension of bar samples is 90mm×12mm×6mm, while the outer diameter and inner 

diameter of ring sample is 55mm×45mm and height of rings is about 5 mm. 

 

Table 2 Information of different Somaloy® base powder 

Somaloy® base powder Bar Samples  Ring Samples 

Somaloy 700 3P marked 3C Marked A 

Somaloy 700HR 5P marked 5E Marked 700HR 5P 

Somaloy 110i 5P marked 5C Marked 5G 

Somaloy 700 1P marked 2F Marked 1A 

Indmix A marked Indmix A Marked Indmix A 

Laminated — Marked laminate 

3.2 Coatings 

3.2.1 Phosphate coating 

Phosphate coating has been widely used for the surface treatment for steel. In general, 

the existence of phosphate coating has two major functions: increasing the corrosion 

resistance and serving as an externally applied lubricant. In the phosphating process, a 
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dilute phosphoric acid solution is used for immersion, during which it chemically reacts 

with the metal to form a thin and insoluble layer on the surface. The compounds in the 

phosphate coatings on steel are mainly Fe3(PO4)2∙8H2O and Fe3PO4∙2H2O. 

Generally this coating has the advantages of low cost, simple processing and 

satisfactory protection. [21] 

 

In our experiments, the phosphating procedure is as following: the Somaloy® 

component bar samples are firstly cleaned. This step is very important because the 

cleaning prevents fingerprints or other pollutants that may contaminate the sample 

surface. Then the samples are immersed in the phosphoric acid solution for 5 minutes. 

The next step is rinsing by deionized water to remove the residual acid. Lastly the 

samples are dried in the furnace at 120 °C for 2 hours. 

3.2.2 Sodium silicate coating 

Sodium silicate coating has been frequently used as effective corrosion inhibitor for 

metal instead of the hexavalent chromate salts due to the toxicity and carcinogenicity 

of chromate. Sodium silicate coatings with a good corrosion resistance are prepared by 

immersion in sodium silicate solutions, which is non-toxic and low price method. [22] 

Silicate films act as a barrier to oxygen diffusion towards the metal surface, resulting 

in the inhibition of corrosion.  

 

The sodium silicate solution is made with the proportion of 2:1 (sodium silicate: water). 

The Somaloy® component bar samples are heated at 150 °C for more than 1 hour. Then 

the samples are immersed in the sodium silicate solution for 4 minutes, and then cleaned 

by paper to remove residual sodium silicate solution. Finally the samples are heated for 

hardening at 150 °C for 1 hour. 

3.2.3 DCA-Modified silicone conformal coating (SCC3) 

DCA is a flexible, transparent and unique modified silicone conformal coating 

specifically designed for protection of electronic circuitry. It can be cured at ambient or 

elevated temperature, while the optimal properties can be achieved by heat curing. The 

heat-cured coating is resistant to many solvents used in aerospace and automotive 

industries. DCA is suitable for use at a very wide operating temperature range -70 ~ 

200 °C. For application onto the metal surface, DCA can be sprayed, dipped or brushed. 

The thickness of the coating depends on the method of application, typically 25-75 

microns in practice. [23] 

 

In this work, DCA aerosol was sprayed onto entire surface of the Somaloy® component 

bar samples, which were dried at room temperature (around 25 °C). Then the bar 

samples were placed in a furnace for heat treatment at 120 °C for 2 hours. 
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3.2.4 Water-borne single paint coating 

TEKNOCRYL AQUA COMBI 2780-91 is an air-drying water-borne primer and single 

coat paint based on acrylate dispersion and alkyd that contains active anticorrosive 

pigments. This commercial paint product is intended for single coat painting and as 

primer in coating systems including a topcoat. It can be used for painting on steel, 

aluminum or zinc, for both in- and outdoor applications. The paint dries quickly and 

has very good anticorrosive properties. [24] 

 

For application of the coating onto the samples, first of all, the sample surface was 

cleaned (by detergent, water or ethanol) to remove contaminants that might be 

detrimental to the painting. When the samples were dried, the paint was sprayed onto 

the sample surface by a spraying guns operated at the ambient temperature. For curing 

of the coating, the painted samples were kept indoors with normal ventilation conditions 

at 20 °C for a minimum of 40 hours. 

3.3 Salt spray test 

Salt spray test is a standardized accelerated corrosion test method that is commonly 

used for evaluation of the corrosion resistance of metallic materials and surface coatings. 

The salt spray process actually is designed to simulate atmospheric corrosion in 

corrosive environments that contain chloride ions, which may originate from a marine 

source or road deicing salt. This test is widely used in the corrosion study because it is 

relatively cheap, simple and reasonably repeatable. The accelerated laboratory 

corrosion test can be used for evaluations of metals and their alloys, metallic coatings, 

chemical conversion coatings and organic coatings on metallic materials. [25] This 

International Standard method does not specify the dimensions of the tests specimens, 

the exposure period for a particular product, or the interpretation of the results. Such 

details are provided in appropriate product specifications. 

 

The salt spray test contains cyclic exposure to the conditions: (1) A wet phase, for a 

specific time period with repeated slat spray and then with the left wetness that stays 

on the samples for several hour. (2) A phase of dominated cyclic humidity conditions, 

where the specimen is exposed to either high or low humidity condition. The two phases 

should be repeated for at least several times. [25] 

 

In this work, the salt spray test was performed according to the ISO 16701 in an Ascott 

Salt Spray Chamber. This accelerated atmospheric corrosion test was repeated three 

times of 6 h exposure to a slightly acidified solution (pH 4.2) containing 1 wt. % sodium 

chloride, and this was done twice per week. The salt spray cycle was followed by a 

conditioning of controlled humidity cycling between 95 % RH and 50 % RH at a fixed 

temperature of 35 °C. 
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For the salt spray test, after each week at least three samples were taken out from the 

chamber to measure the weight increase and mechanical strength (TRS), and one ring 

sample was used for measuring the hysteresis loop to obtain the magnetic parameter in 

order to evaluate the change due to the corrosion. 

3.4 Transverse Rupture Strength (TRS) 

Transverse rupture strength (TRS) is one of the most common and simplest method to 

test the mechanical properties of cemented carbide composites in powder metallurgy 

industry. TRS is very sensitive to the porosity of the metallic specimen. When the 

porosity level is high, the compactness is poor and the value of TRS will be low. 

 

According to the standardized method ( ISO 3327), the cross-section of rectangular 

sample with a specific dimension is placed on two supports and loaded centrally until 

the rectangular sample is cracked, shown in Figure 12. [26]  

 

 

Figure 12 Schematic diagram of transverse rupture strength test 

 

The transverse rupture strength is determined as the cracking stress in the surface zone, 

the TRS value is calculated by equation (14): 

TRS =
3𝐹𝐿𝑘

2𝑏ℎ2
                                                             (14) 

 

In the salt spray test, at the beginning each one week three pieces bar samples with 

coatings or no coating were taken out from the chamber and measured TRS value, then 

calculating the average value to judge the effects of corrosion on mechanical property. 

Then the timeline may be appropriately extended to three or four weeks according the 

results of the previous several weeks. 

3.5 Hysteresis loop measurement 

To the hysteresis loop measurement, the corroded ring samples (55/45/5) that are taken 

from the chamber firstly need to be winded by the RUFF winding machine ( shown in 
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Figure 13) with 100 turns two times. The inner winding should be attached to the 

“sense/secondary”, and the outer primary winding should be attached the “drive”. Then 

start the program “MPG-Expert” to measure magnetic parameters in the AC or DC 

mode by the machine Brockhaus MPG200D. The hysteresis curve and new curve, the 

information of maximum magnetic flux Bmax, maximum permeability μmax and 

remanence Br can be read in the DC mode data. The total losses can be obtained from 

the AC mode. 

 

Figure 13 RUFF winding machine 

3.6 EIS measurement 

Evaluation of protective properties of above-mentioned coatings was performed by EIS 

measurements in 0.1 M NaCl solution (electrolyte). Each electrochemical cell for the 

measurements consisted of a sample as working electrode, a saturated Ag/AgCl 

electrode as reference electrode and a platinum strip as the counter electrode. The EIS 

measurements were performed at the corrosion potential of the sample in the solution, 

using a multi-channel Autolab instrument (model: PG STAT 128N) shown in Figure 14. 

The ac perturbation amplitude was 10 mV and the frequency range was 104 - 10-2 Hz. 

The diameter of the round sample was 2.5 cm and the height was around 2-3 mm, while 

the surface area exposed to the electrolyte was about 0.8 cm2. Two types of treated 

samples, three pieces of parallel samples of each type, were measured during one-week 

exposure. The EIS spectra were recorded at the time intervals of 1h, 1 day, 3 days, 5 

days and 7 days. For quantitative analysis, fitting of the spectra by using an equivalent 

electrical circuit was made using the software Nova 1.11.   

 

Figure 14 Autolab instrument with 8 channels for electrochemical measurements 
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 4. Results and Discussion 

In this chapter, some interesting results are obtained from our experiments. This chapter 

can be divided into two parts. The first part shows the photos of corrosion process 

during salt spray test, the results and discussion of mechanical strength test and 

hysteresis loop measurements of untreated or treated Somaloy® components after salt 

spray test. The second part is related to the evaluation of the protective effect of coatings 

by electrochemical impedance spectroscopy (EIS) measurements. 

4.1 TRS and Hysteresis loop measurements 

4.1.1 Untreated Somaloy® components 

Figure 15 shows that the photos of the four types of untreated Somaloy® components 

bar samples were obtained before they were taken out from salt spray chamber to 

measure the values of TRS every time. These photos indicate that the Somaloy® 

components have a very low corrosion resistance and corrode very fast in the aggressive 

environments. For example, there were many rust on the whole surface of the S700 5P 

samples only after 1day. From the change of the rust color, the reddish ferrous oxides 

products gradually turned into dark red ferrous ferric oxides. 

 

Figure 15 Photos of untreated Somaloy® components corroded bar samples 

 

Table 3 is the variation of TRS values for the four types of untreated Somaloy® 

components bar samples with timeline. The mechanical strength of S700 3P, S700HR 

5P and S700 1P decrease on different levels, around 10 %, 7 % and 20 % respectively 

compared to the reference samples. While the TRS value of S110i 5P increases over 

time in the atmospheric environment.  
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Table 3 TRS [MPa] data of untreated Somaloy® components bar samples 

 Reference 1 week 2 weeks 4 weeks 9 weeks 

Somaloy® 700 3P 136 127 125 124 122 

Somaloy® 700HR 5P 65 62 62 62 60 

Somaloy® 110i 5P 35 38 47 46 44 

Somaloy® 700 1P   39 37 35 33 32 

 

Table 4 Data of magnetic parameters of untreated Somaloy®700 3P ring samples  

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.401 1.631 812 221 9.6 43.3 130.6 1348 

1 week 1.393 1.628 787 227 9.6 43.5 130.2 1385 

2 weeks 1.389 1.622 796 223 9.6 43.5 131.0 1379 

4 weeks 1.397 1.630 805 215 9.4 43.0 130.4 1368 

9 weeks 1.366 1.596 809 227 10.1 45.2 134.8 1404 

 

Table 5 Data of magnetic parameters of untreated Somaloy®700HR 5P ring samples  

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.325 1.575 609 126 6.3 30.7 99.1 1713 

1 week 1.312 1.569 578 130 6.4 30.6 97.3 1810 

2 weeks 1.309 1.562 585 130 6.5 30.8 98.1 1801 

4 weeks 1.296 1.548 566 129 6.5 31.0 97.9 1873 

9 weeks 1.290 1.542 573 129 6.6 31.4 99.7 1871 

 

Table 6 Data of magnetic parameters of untreated Somaloy®110i 5P ring samples 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 

10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 0.880 1.327 205 209 9.8 41.3 112.0 4995 

1 week 0.849 1.303 194 225 10.3 43.5 118.1 5309 

2 weeks 0.868 1.312 200 218 10.2 42.8 116.8 5156 

4 weeks 0.828 1.28 187 231 10.7 45.1 122.7 5553 

9 weeks 0.835 1.270 192 221 10.4 43.8 119.2 5446 
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Table 7 Data of magnetic parameters of untreated Somaloy®700 1P ring samples  

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 

10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.308 1.572 534 213 9.6 42.8 127.2 1888 

1 week 1.288 1.554 517 206 9.4 42.3 126.3 1982 

2 weeks 1.292 1.558 514 206 9.4 42.3 125.9 1976 

4 weeks 1.286 1.552 512 206 9.5 42.6 127.2 2003 

 

Table 8 Data of magnetic parameters of laminated ring samples 

Date 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 

10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.531 1.690 7376 35 3.3 26.7 123.7 322 

1 week 1.342 1.481 5808 36 4.1 32.0 145.9 363 

3 weeks 1.336 1.477 6004 35 4.1 31.3 141.1 357 

7 weeks 1.337 1.475 6524 33 4.0 31.0 141.9 352 

 

Table 4, Table 5, Table 6, Table 7 and Table 8 are the magnetic parameter data of four 

types of untreated Somaloy® components and laminated ring samples by salt spray test. 

The results show that the maximum magnetic flux of four untreated Somaloy® 

components samples at 4kA/m and 10kA/m decrease slightly even after 9 weeks. The 

maximum permeability, coercive force at 10kA/m and magnetic field at 1T/1kHz 

somewhat fluctuate compared to the reference samples. Regarding the core losses, the 

values are almost same at 1T and 100Hz, 400Hz, 1000Hz in the nine weeks. 

 

However, the results of laminated ring samples have a big change compared to the 

reference samples. The maximum magnetic flux at 4kA/m and 10kA/m both decrease 

approximately 12 % only after one week. The maximum permeability decreases so 

much after 1 week, around 20%.Then the following six weeks it increases 12 %. Core 

loss at 1T and 100Hz, 400Hz and 1000Hz increases 26 %, 20 % and 18% respectively. 

While the coercive force at 10kA/m and magnetic field at 1T/1kHz increase after 1 

week and then decrease slightly the following six weeks 

Compared to the results of four untreated Somaloy® components samples, the magnetic 

properties of laminated ring samples are not very stable and some magnetic parameters 

vary greatly. Thus the corrosion does not have a significant effect on the magnetic 

properties of Somaloy® components bar samples. 
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4.1.2 Phosphate coating 

Figure 16 shows the photos of Somaloy® components bar samples with phosphate 

coating were corroded by salt spray test. From the pictures the ferric phosphate layer of 

all the four Somaloy® components samples had already been destroyed and the rust 

distributed the whole surface only after one week. 

 

Figure 16 Photos of corroded bar samples with phosphate coating 

 

Table 9 shows the TRS values for the four types of Somaloy® components bar samples 

with sodium silicate coating after 1week, 3weeks and 7 weeks. The TRS of S700 3P, 

S700HR 5P and S700 1P change a little compared to the results of untreated samples. 

While the results of S110i 5P samples still increase by a slight, but generally less than 

the values of bar samples with sodium silicate coating  

 

Table 9 TRS [MPa] data of bar samples with phosphate coating 

 1 week 3 weeks 7 weeks 

Somaloy® 700 3P 135 132 127 

Somaloy® 700HR 5P 62 62 63 

Somaloy® 110i 5P  36 35 38 

Somaloy® 700 1P 45 45 45 

 

Table 10, Table 11, Table 12 and Table 13 are the magnetic parameter data of four types 

of Somaloy® components with phosphate by salt spray test. From the results the 

magnetic parameters of four Somaloy® components fluctuate slightly in the range of 

allowed-error, like the maximum magnetic flux at 4kA/m and 10kA/m, the maximum 

permeability, coercive force and core loss at 1T and 100Hz, 400Hz, 1000Hz seldom 

change. Thus corrosion seldom affects the magnetic properties of the Somaloy® 

components with phosphate coating. 
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Table 10 Data of magnetic parameters of Somaloy®700 3P ring samples with phosphate 

coating 

 

Table 11 Data of magnetic parameters of Somaloy®700HR 5P ring samples with phosphate 

coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.333 1.576 613 126 6.4 30.9 99.2 1682 

3 weeks 1.326 1.576 606 128 6.5 31.1 99.0 1711 

7 weeks 1.320 1.569 598 129 6.5 31.2 99.6 1737 

 

Table 12 Data of magnetic parameters of Somaloy®110i 5P ring samples with phosphate 

coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 0.828 1.284 187 214 10.1 42.8 116.7 5534 

3 weeks 0.816 1.274 183 221 10.4 43.7 119.7 5670 

7 weeks 0.821 1.272 185 224 10.5 44.1 120.2 5609 

 

Table 13 Data of magnetic parameters of Somaloy®700 1P ring samples with phosphate 

coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core loss 

@  1T 

and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.276 1.552 484 205 9.4 42.2 125.4 2107 

3 weeks 1.281 1.552 500 211 9.6 42.9 126.7 2046 

7 weeks 1.281 1.549 499 208 9.6 42.8 126.5 2041 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.381 1.612 794 218 9.5 43.2 130.5 1407 

3 weeks 1.372 1.609 789 216 9.5 43.3 131.6 1427 

7 weeks 1.372 1.608 784 217 9.6 43.3 130.7 1437 
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4.1.3 Sodium silicate coating 

Figure 17 shows the images of Somaloy® components bar samples with sodium silicate 

coating were corroded by salt spray test. The sodium silicate coating has a different 

effect on the four types of Somaloy® components in the corrosive environments. There 

were several small parts of rust on the surface of S700 3P samples even after 7weeks. 

S700HR 5P and S110i 5P samples corroded very fast and the reddish ferrous oxides 

bestrew the whole surface only after one week. Some pitting existed on the surface of 

S700 1P samples in the first week and then the area pitting gradually increased with 

time, till the seventh week the rust almost distributed the entire surface. 

 

 
Figure 17 Photos of corroded bar samples with sodium silicate coating 

 

Table 14 shows the TRS values for the four types of Somaloy® components bar samples 

with sodium silicate coating after 1week, 3weeks and 7 weeks. The results of S700 3P, 

S700HR 5P and S700 1P change slightly compared to the results of untreated samples. 

While the results of S110i 5P samples still increase but not so much. For S700 3P, 

S700HR 5P and S700 1P, the sodium silicate coating may increase the mechanical 

strength more or less, although the corrosion reduces mechanical property. Thus the 

sodium silicate coating can form a layer to prevent the corrosion to influence the 

mechanical property to some extent. 

 

Table 14 TRS [MPa] data of bar samples with sodium silicate coating 

 1 week 3 weeks 7 weeks 

Somaloy® 700 3P 132 130 129 

Somaloy® 700HR 5P 63 63 61 

Somaloy® 110i 5P  40 43 43 

Somaloy® 700 1P 48 47 46 
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Table 15, Table 16, Table 17 and Table 18 are the magnetic parameter data of four types 

of Somaloy® components with sodium silicate coating by salt spray test. From the 

results the magnetic parameters of four Somaloy® components are stable, like the 

maximum magnetic flux at 4kA/m and 10kA/m, the maximum permeability, coercive 

force and core loss at 1T and 100Hz, 400Hz, 1000Hz almost same within the error-

allowed range. Thus corrosion seldom affects the magnetic properties of the Somaloy® 

components with sodium silicate coating. 

 

Table 15 Data of magnetic parameters of Somaloy®700 3P ring samples with sodium 

silicate coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.390 1.622 812 218 9.5 43.1 130.5 1372 

3 weeks 1.390 1.625 802 219 9.5 43.3 130.7 1386 

7 weeks 1.386 1.618 805 216 9.5 43.2 131.2 1389 

 

Table 16 Data of magnetic parameters of Somaloy®700HR 5P ring samples with 

sodium silicate coating 

 

Table 17 Data of magnetic parameters of Somaloy®110i 5P ring samples with sodium 

silicate coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 0.822 1.281 185 218 10.2 43.2 117.8 5570 

3 weeks 0.813 1.271 182 221 10.4 44.1 120.2 5700 

7 weeks 0.811 1.269 181 226 10.2 43.9 120.0 5733 

 

 

 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.323 1.569 603 130 6.5 31.7 102.4 1733 

3 weeks 1.329 1.575 612 128 6.5 31.5 101.8 1695 

7 weeks 1.314 1.560 598 129 6.8 32.5 104.1 1753 
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Table 18 Data of magnetic parameters of Somaloy®700 1P ring samples with sodium 

silicate coating 

Date 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

1 week 1.305 1.563 561 209 9.4 42.1 125.5 1857 

3 weeks 1.320 1.571 579 202 9.2 41.2 123.0 1777 

7 weeks 1.314 1.567 572 200 9.1 41.1 122.8 1805 

4.1.4 DCA-Modified silicone conformal coating (SCC3) 

Figure 18 shows that the photos of Somaloy® components bar samples with DCA-

Modified silicone conformal coating were corroded by salt spray test. The four kinds 

of bar samples with DCA-Modified silicone conformal coating all corroded quickly. 

After two weeks the ferrous oxides rust distributed on the whole surface. Thus this kind 

of coating has a low corrosion resistance that cannot form an effective layer to prevent 

corrosion to destroy the samples. 

 
Figure 18 Photos of corroded bar samples with DCA coating 

 

Table 19 TRS data of bar samples with DCA coating 

 Reference 2 weeks 5 weeks 

Somaloy® 700 3P 136 124 122 

Somaloy® 700HR 5P 59 58 59 

Somaloy® 110i 5P 37 42 42 

Somaloy® 700 1P 41 40 39 
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Table 20 Data of magnetic parameters of Somaloy®700 3P ring samples with DCA coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.400 1.629 832 209 9.3 42.7 131.6 1319 

2 weeks 1.392 1.623 804 220 9.6 43.7 131.9 1373 

5 weeks 1.398 1.628 826 215 9.4 42.9 130.5 1334 

 

Table 21 Data of magnetic parameters of Somaloy®700HR 5P ring samples with DCA coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.328 1.574 610 125 6.3 30.7 99.6 1682 

2 weeks 1.324 1.574 604 126 6.4 30.4 97.2 1732 

5 weeks 1.324 1.572 611 125 6.3 30.7 99.2 1720 

 

Table 22 Data of magnetic parameters of Somaloy®110i 5P ring samples with DCA coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 

10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 0.873 1.318 202 215 10.1 42.4 115.1 5091 

2 weeks 0.868 1.315 200 215 10.1 42.6 115.4 5157 

5 weeks 0.871 1.315 201 213 10.0 42.2 114.7 5114 

 

 Table 23 Data of magnetic parameters of Somaloy®700 1P ring samples with DCA coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.301 1.564 526 206 9.4 42.1 126.0 1929 

2 weeks 1.303 1.566 527 206 9.4 42.3 126.1 1926 

5 weeks 1.311 1.571 538 210 9.5 42.8 127.3 1876 

 

Table 19 shows the TRS values for the four types of Somaloy® components bar samples 

with DCA conformal coating after 2 weeks and 5 weeks. The results of S700 3P 

decreases about 10 % compared to the reference samples. After 5weeks S700HR 5P 
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and S700 1P change slightly, only 0.6 % and 5% respectively. While the results of S110i 

5P samples still increase, around 15%. 

 

Table 20, Table 21, Table 22 and Table 23 are the magnetic parameter data of four types 

of Somaloy® components with DCA conformal coating by salt spray test. From the 

results, the maximum magnetic flux at 4kA/m and 10kA/m, the maximum permeability, 

coercive force and core loss at 1T and 100Hz, 400Hz, 1000Hz almost same within the 

error-allowed range every time. Thus corrosion seldom affects the magnetic properties 

of the Somaloy® components with DCA conformal coating. 

4.1.5 Water-borne single paint coating 

Figure 19 shows the photos of Somaloy® components bar samples with Water-borne 

single paint coating by salt spray test. From the pictures, after 5 weeks several pitting 

appear on the surface of the four kinds of bar samples. Compared to another three 

coatings, the protective effect of this paint is better and the corrosion resistance is much 

higher than others just from salt spray test. 

 
Figure 19 Photos of corroded bar samples with Water-borne single paint coating 

 

Table 24 TRS data of bar samples with Water-borne single paint coating 

 Reference 2 weeks 5 weeks 

Somaloy® 700 3P 140 136 129 

Somaloy® 700HR 5P 65 61 61 

Somaloy® 110i 5P  35 37 39 

Somaloy® 700 1P 42 39 40 

 

Table 24 shows the TRS values for the four types of Somaloy® component samples 

with DCA conformal coating after 2 weeks and 5 weeks. The TRS value of S700 3P, 



 

27 
 

S700HR 5P and S700 1P decreases about 8%, 5% and 7%, respectively, compared to 

the reference samples. While the TRS of S110i 5P samples increase, around 8%. 

Table.25, Table.26, Table.27 and Table.28 are the magnetic parameter data of four types 

of Somaloy® components with Water-borne single paint coating by salt spray test. The 

results of magnetic parameters basically have no obvious change, even some 

parameters are same as the reference samples. Thus corrosion does not influence the 

magnetic properties of the Somaloy® components with Water-borne single paint 

coating. 

 

Table 25 Data of magnetic parameters of Somaloy®700 3P ring samples with  

Water-borne single paint coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.396 1.630 798 220 9.9 43.4 132.8 1371 

2 weeks 1.397 1.629 816 215 9.4 42.7 129.4 1350 

5 weeks 1.397 1.63 810 217 9.6 42.9 131.8 1362 

 

Table 26 Data of magnetic parameters of Somaloy®700HR 5P ring samples with  

Water-borne single paint coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.327 1.576 603 129 6.4 30.8 98.1 1729 

2 weeks 1.327 1.576 602 126 6.3 30.3 96.5 1722 

5 weeks 1.327 1.576 602 127 6.4 30.6 97.4 1725 

 

Table 27 Data of magnetic parameters of Somaloy®110i 5P ring samples with  

Water-borne single paint coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 0.877 1.321 203 210 9.9 41.5 113.0 5056 

2 weeks 0.877 1.321 202 215 10.1 42.5 115.2 5064 

5 weeks 0.877 1.321 202 213 10.1 42.6 115.0 5060 
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Table 28 Data of magnetic parameters of Somaloy®700 1P ring samples with  

Water-borne single paint coating 

Time 

B @ 

4kA/m 

[T] 

B @ 

10kA/m 

[T] 

µmax 

Hc at 

10 

kA/m 

[A/m] 

Core 

loss @ 

1T and 

100Hz 

[W/kg] 

Core 

loss@ 

1T and 

400Hz 

[W/kg] 

Core 

loss @  

1T and 

1kHz 

[W/kg] 

H at 

1T/1kHz 

[A/m] 

Reference 1.312 1.57 534 204 9.4 42.1 126.1 1886 

2 weeks 1.308 1.571 529 214 9.7 43.3 128.5 1907 

5 weeks 1.308 1.571 530 211 9.8 43.0 128.1 1900 

 

4.2 EIS results – corrosion resistance and stability 

Based on the results of the salt spray test, S700 3P and S700HR 5P were chosen by 

Höganäs AB as the substrate materials, while sodium silicate coating and water-borne 

single paint coating were chosen as the coating materials for EIS measurements. These 

two coatings were chosen because of the low corrosion rate as judged from photos of 

corroded samples taken after the salt spray test. The EIS measurements were performed 

to quantitatively evaluate the corrosion resistance, and especially for comparison 

between the coatings. The detailed schedule of EIS measurements are shown in Table 

29. 

Table 29 Schedule of EIS measurements 

1st week Untreated 

 2nd week sodium silicate coating 

3rd week water-borne single paint coating 

4.2.1 Untreated Somaloy® components 

The Nyquist plot and Bode plots of the untreated S700HR 5P and S700 3P during 7 

days exposure to 0.1 M NaCl solution are shown in Figure 20 and Figure 21, 

respectively. The figures display the EIS spectra obtained after different time intervals, 

showing the time evolution of the impedance response of the samples in the solution. 

Essentially, all the spectra exhibit one time constant feature, i.e., one semicircle in the 

Nyquist plot and one peak in the Bode plot. Therefore, the EIS spectra could be fitted 

by using the simple equivalent circuit shown in Figure 9, which is commonly used for 

spectra exhibiting one time constant feature. The fitting results are given in Table 30 

and Table 31, respectively. 

 

In the simple equivalent circuit shown in Figure 9, the parameter RΩ is the resistance of 

the solution between the reference electrode and working electrode; RP is the 
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polarization resistance of the sample in the electrolyte, which is a measure of the 

corrosion resistance; CDL is the capacitance of the double layer. In practice, the constant 

phase element (CPE) is a parameter that is used instead of the double layer capacitor 

since the double layer does not behave as an ideal capacitor. The impedance of CPE 

can be expressed by [17] [27] 

                                                        Z𝐶𝑃𝐸 = [ Y0(𝑗𝜔)𝑛]−1                                                   (15) 

Y0 and n are frequency independent parameters, 0 ≤ n ≤ 1. 

 

In general, the EIS results show that the value of polarization resistance RP for S700HR 

5P is only several hundreds of ohms.cm2, and is a little smaller than the value of S700 

3P, a few thousands of ohms.cm2. As expected, the corrosion resistance of these 

untreated samples (like iron and carbon steel) in the corrosive NaCl solution is very low, 

indicating a high corrosion rate of the Somaloy components without any protective 

surface coating. 

 

Figure 20 EIS spectra for untreated Somaloy®700HR 5P during exposure to 0.1 M 

NaCl solution: (a) Nyquist plot, (b) Impedance modulus, (c) Phase angle 

 

Table 30 Data obtained from EIS spectra fitting for untreated Somaloy®700HR 5P 

Time RS (Ω.cm2) RP (Ω.cm2) Y0 (F/cm2) n 

1 hour 32 529±195 (5.75 ± 0.76)×10-3 0.61±0.02 

8 hours 34 521±220 (5.87 ± 0.59) ×10-3 0.58±0.03 

1 day 33 320±154 (4.29 ± 0.51) ×10-3 0.55±0.04 

5 days 36 744±306 (6.52 ± 1.21) ×10-3 0.41±0.03 

7 days 35 1075±452 (7.13 ± 1.47) ×10-3 0.39±0.02 

The EIS results provide information about time evolution of the corrosion resistance, 
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e.g., formation of corrosion products or stability of the coating on the surface. For 

S700HR 5P, as seen in Table 30, the RP value after 1 hour exposure was a little larger 

due to initial iron oxides layer formed on the surface. Then it decreased with time during 

the first day exposure because of dissolution of the oxide layer in the chloride solution. 

During the following days the RP value increased to a certain extent due to the corrosion 

products formed on the surface that exhibited a limited corrosion protection effect. As 

seen in Table 30, the S700 3P samples also exhibited the same time variation, i.e., the 

RP value decreased in the beginning and then increased slightly during longer exposure 

due to the corrosion products formed on the surface. 

 

Since the EIS measurement involves both resistive and capacitive properties of metal-

electrolyte interfaces, additional information can be derived from the capacitance 

values. The non-ideal capacitive behavior of the electrochemical double layer is often 

related to the heterogeneity of the electrode surface. A larger deviation of n from 1 

implies more heterogeneous surface. In Table 30, the value of n decreased slightly with 

time, indicating that the surface of the sample become rougher due to uneven corrosion 

of the surface. However, in Table 31, the value of n decreased in the beginning, then 

increased later and stabilized after several days exposure. This indicates a different 

surface condition of S700 3P as compared to S700HR 5P. 

 

 

Figure 21 EIS spectra for untreated Somaloy®700 3P after exposure 0.1 M NaCl 

solution: (a) Nyquist plot (b) Impedance spectra (c) Phase angle spectra 
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Table 31 Data obtained from EIS spectra fitting for untreated Somaloy®700 3P 

Time RS (Ω/cm2) RP (Ω/cm2) Y0 N 

1 hour 37.70 1215±7 (1.06±0.02)×10-3 0.721±0.03 

8 hours 42.00 1390±61 (2.32±1.18)×10-3 0.661±0.04 

1 day 41.23 2187±510 (2.20±0.79)×10-3 0.571±0.051 

5 days 38.37 2073±768 (2.18±0.79)×10-3 0.675±0.032 

7 days 38.83 2610±1411 (2.11E±0.8)×10-3 0.666±0.037 

4.2.2 Sodium silicate coating  

Figure 22 and Figure 23 show the Nyquist plots and Bode plots for the sodium silicate 

treated S700HR 5P and S700 3P, respectively, during exposure to 0.1 M NaCl solution 

for 7 days. In the Nyquist plots, the diameter of the semicircle for the first hour was 

quite large, but it decreased significantly after 1 day exposure. The fitting results are 

given in Table 32 and Table 33, respectively, showing the quantitative data of the 

parameters.  

 

Figure 22. EIS spectra for Somaloy®700HR 5P with sodium silicate coating during 

exposure to 0.1 M NaCl solution: (a) Nyquist plot, (b) Impedance modulus, (c) Phase 

angle 
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Table 32 Data obtained from EIS spectra fitting for Somaloy®700HR 5P with sodium 

silicate coating 

Time RS (Ω.cm2) RP (Ω.cm2) Y0 (F/cm2) n 

1 hour 43 2230±803 (1.90±0.19)×10-3 0.57±0.09 

1 day 41 890±313 (3.85±0.46)×10-3 0.56±0.08 

2 days 43 689±386 (3.62±0.79)×10-3 0.54±0.03 

3 days 42 1015±577 (3.74±0.63)×10-3 0.53±0.02 

5 days 40 936±228 (4.40±0.86)×10-3 0.52±0.05 

7 days 38 917±278 (4.97±1.41)×10-3 0.52±0.05 

 

It can be seen from the EIS spectra and fitting data, after 1 hour in the solution, the 

polarization resistance for the sodium silicate treated S700HR 5P and S700 3P samples 

was much larger, in both cases, than the untreated samples. This indicates that the 

sodium silicate coating on the sample surface acts as a protective film in the initial 

period of exposure. However, the polarization resistance dropped to the same level of 

the untreated samples after 8 hours exposure, probably the sodium silicate protective 

film dissolved quickly in the electrolyte solution and then the corrosion occurred almost 

the same as the untreated samples. After several days exposure the RP value increased 

a little bit due to the corrosion products formed on the surface. 

Besides, in both cases, the n values decreased slightly with time, see Table 32 and Table 

33. The results indicate that the surface of the S700HR 5P and S700 3P samples become 

coarser due to uneven corrosion on the surface. 

 

Figure 23. EIS spectra for Somaloy®700 3P with sodium silicate coating during 

exposure to 0.1 M NaCl solution: (a) Nyquist plot, (b) Impedance modulus, (c) Phase 

angle 
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Table 33 Data obtained from EIS spectra fitting for Somaloy®700 3P with sodium 

silicate coating 

Time RS (Ω.cm2) RP (Ω.cm2) Y0 (F/cm2) n 

1 hour 44 40200±5568 (2.06±0.23)×10-4 0.78±0.03 

1 day 40 2827±1139 (6.58±2.39)×10-4 0.75±0.06 

2 days 40 2063±353 (1.29±0.46)×10-3 0.70±0.05 

3 days 38 2943±677 (1.56±0.5)×10-3 0.69±0.07 

5 days 37 2147±494 (1.85±0.55)×10-3 0.68±0.08 

7 days 33 2970±197 (2.05±0.6)×10-3 0.68±0.07 

 

4.2.3 Water-borne single paint coating 

Figure 24 and Figure 25 show Nyquist plots and Bode plots of water-borne single paint 

treated S700HR 5P and S700 3P, respectively, during exposure to 0.1 M NaCl solution 

for 7 days. The fitting results of the water-borne single paint treated S700HR 5P and 

S700 3P are given in Table 34 and Table 35, respectively. Although the polarization 

resistance also decreased slightly over time, it was 6 or 7 orders of magnitudes higher 

than that of the untreated samples and the sodium silicate treated samples. After 7 days 

exposure, the polarization resistance still remained to be a very high level, which 

indicates a very good corrosion resistance and stability of this coating, and in this case 

the corrosion rate of the substrate metal is negligible. 

 

For the treated S700HR 5P, the RP value decreased to a certain extent with time until 5 

days exposure. This indicates that water and corrosive ions penetrated this water-borne 

single layer polymer coating, which may lead to degradation of the coating after long 

term exposure. The water uptake and transport towards the metal surface is also 

reflected in the increasing value of the capacitance (Y0 in Table 34), which is often 

observed in the study of polymer coatings. The low value of the capacitance of the 

treated samples is due to a thick polymer coating, while the water uptake into the 

coating caused the increase of the capacitance. Moreover, the n value decreased slightly 

but was larger than that of untreated samples and sodium silicate treated samples, 

indicating that the surface with the water-borne single paint coating was more 

homogeneous. After 7 days exposure, the polarization resistance increased slightly 

compared to earlier period (1-5 days). This is likely due to the formation of some 

corrosion products on the metal surface at the metal-coating interface. The extent of 

corrosion of the metal underneath the coating is expected to be much lower than the 

untreated sample, and the corrosion product could be incorporated into the coating and 

thus contribute to the increased polarization resistance.  
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Figure 24. EIS spectra for Somaloy®700HR 5P with water-borne single paint coating 

during exposure to 0.1 M NaCl solution: (a) Nyquist plot, (b) Impedance modulus, (c) 

Phase angle 

 

Table 34 Data obtained from EIS spectra fitting for Somaloy®700HR 5P with water-

borne single paint coating 

Time RP (Ω.cm2) Y0 (F/cm2) n 

1 hour (9.85±6.87)×109 (5.87±2.33)×10-10 0.83±0.03 

1 day (2.67±3.28)×109 (2.98±2.67)×10-9 0.80±0.02 

3 days (8.86±1.06)×108 (9.51±16.1)×10-8 0.68±0.20 

5 days (4.86±0.62)×108 (5.98±9.81)×10-8 0.71±0.11 

7 days (7.06±0.96)×108 (2.74±4.69) ×10-7 0.69±0.17 

 

For the treated S700 3P, similar features were observed as the treated S700HR 5P. 

However, the RP value of the treated S700 3P did not show a significant decrease during 

the exposure, but remained to be stable during the exposure period. The results suggest 

that the coating on S700 3P exhibited a high stability in the corrosive solution. A 

possible explanation is that surface condition of S700 3P is more favorable for the 

adhesion of the water-borne single paint coating, so that the penetration of water and 

the corrosive ions is more inhibited as compared to S700HR 5P. 
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Figure 25 EIS spectra for Somaloy®700 3P with water-borne single paint coating after 

exposure 0.1 M NaCl solution: (a) Nyquist plot (b) Impedance spectra (c) Phase angle 

spectra 

 

Table 35 Data obtained from EIS spectra fitting for Somaloy®700 3P with water-

borne single paint coating 

Time RP (Ω.cm2) Y0 (F/cm2)  n 

1 hour (2.50±2.26)×109 (1.59±1.66)×10-9 0.79±0.04 

1 day (2.72±2.72)×109 (4.72±8.04)×10-8 0.70±0.25 

3 days (2.34±2.49)×109 (9.58±16.5)×10-8 0.70±0.28 

5 days (2.02±2.20)×109 (1.18±2.02)×10-7 0.69±0.29 

7 days (4.37±4.86)×109 (3.72±6.31)×10-8 0.74±0.24 

 

It should be mentioned that the standard derivations of the resistance and capacitance 

values are large. This is most likely caused by uneven coating thickness and other 

differences between the parallel samples. A better control of the surface condition and 

the coating thickness is desirable for achieving a good reproducibility of the results.   

 

Strictly speaking, coating thickness must be considered when comparing the results 

from the EIS measurements. To gain information about the coating thickness, cross-

section of the treated samples were examined by SEM, as shown in Figure 26. The 

results show that the thickness of the water-borne single paint coating was 

approximately 95 μm while it was only 2~3 μm for the sodium silicate coating. The 

thickness of the water-borne single paint coating is around 50 times thicker than that of 

the sodium silicate coating. In contrast, the corrosion resistance of the water-borne 



 

36 
 

single paint coating was around 105  times larger than the sodium silicate coating. 

Obviously the water-borne single paint coating provides a much better corrosion 

resistance for the Somaloy® components as compared to the sodium silicate coating. It 

might be possible that a thinner water-borne single paint coating is sufficient for the 

corrosion protection. Further study is necessary to determine an optimal thickness. 

 

Another important aspect is the effect of the surface condition on the EIS measurements. 

The heterogeneity of surface was very different in the three groups of samples, as shown 

in Figure 27 and Figure 28 for the treated S700HR 5P and S700 3P, respectively. The 

water-born single paint coating was thick and the surface was less heterogeneous than 

the untreated and sodium silicate treated samples. In comparison, there were a lot of 

defects on the surface of the untreated samples. The sodium silicate coating needs to be 

improved since some part of the surface was not covered by the coating (Figure 28), 

which could be the explanation of the fast decrease in the corrosion resistance observed 

in the EIS measurements. 

 

 

Figure 26 SEM images of the cross-section of Somaloy® samples with different 

coatings: (a) water-borne single paint coating (b) sodium silicate coating 

 

 

Figure 27 LOM images showing surface conditions of S700HR 5P with: (a) 

untreated; (b) sodium silicate coating; (c) water-borne single paint coating 
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Figure 28 LOM images showing surface conditions of S700 3P with: (a) untreated; 

(b) sodium silicate coating; (c) water-borne single paint coating 

4.3 Economic, health and safety aspects of coatings 

From all the above results, considering the economic aspects, phosphate coating and 

sodium silicate coating are made by common chemicals, so the costs are very low and 

the operation processes are very simple. While the protective effects of the two coatings 

are obviously bad. But the DCA aerosol is one commercial product which is used on 

the electronic equipment, the price is a little expensive than the two inorganic coatings. 

Its protective property is poor and it does not have an effective protection for the 

Somaloy® components. Water-borne single paint coating is also a commercial product 

and the inductor team of SMC Division at Höganäs AB has used this paint on their 

inductor products. Especially the cost is not very high and it has a very large corrosion 

resistance that this paint can prolong the service life of Somaloy® component products 

under the corrosive environment.  

 

When considering the good corrosion protection effect of coating, the safety and health 

aspects can be ignored. From the environmental-friendly and health view, the toxic 

elements maybe reduced as far as possible. For the spray paints, most of the health and 

safety effects are caused by some common solvents in the spray paints, such as toluene, 

xylene, ketones, esters and alcohols. The main health and safety effects from exposure 

to these solvents can include eye and skin irritation, respiratory tract irritation, light 

headedness and nausea. Repeated exposure to these solvents can cause long term health 

effects such as nerve, kidney or liver damage. Paints also contains pigments which 

mainly include lead, chromium and nickel. Exposure to metals can cause heavy metal 

poisoning. [28] In this experiment, these two inorganic coatings are combined by two 

simple compounds and water with fixed proportion. But the phosphoric acid is one kind 

of strong acids and has irritant smell. During the treatment process of phosphate coating, 

the operation should be followed by the safety principles and avoid the acid damaging 

the skin. The sodium silicate is not dangerous for the health. There are no toxic elements 

or products inside, like lead, chromium and chlorine. For the two spray paint coatings, 

there are not so much harmful element inside. But the special clothes and equipment 

are necessary during treatment process. In a word, although the four coatings itself do 

not have toxic substance which is dangerous to the health, the safety principles should 

be followed to avoid damaging the human. 
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5. Conclusions 

Base on the TRS and Hysteresis loop measurements after the salt spray test and the EIS 

measurements during exposure to 0.1 M NaCl solution for 7 days, following 

conclusions can be made:  

 Although the bar samples are covered by the surface coatings, the mechanical 

strength decreases more or less over time due to the corrosion attack by the salt 

spray.  

 In contrast, the corrosive environments hardly influence the magnetic properties of 

the untreated and the four types of treated Somaloy® components. But the 

magnetic properties of the laminated ring samples have a significant change after 

the salt spray test. Thus the stability of magnetic properties for SMC materials is 

much better than the laminated steel sheets. 

 For the untreated Somaloy® component samples, the corrosion resistance is low 

and further decreases with time during the exposure to the NaCl solution.  

 For the sample with the sodium silicate coating, the initial corrosion resistance is 

relatively high but decreases to a low level as the untreated sample after 1 day 

exposure, thus it cannot provide a stable corrosion protection. 

 For the samples with the water-borne single paint coating, the initial corrosion 

resistance is 6-7 orders of magnitudes higher than that of the untreated and sodium 

silicate treated samples, and it remains to be very high during the exposure, despite 

of some decreases over time due to the penetration of the corrosive solution. The 

water-borne single paint coating can provide a very good stable corrosion for the 

Somaloy® components 
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6. Suggestions for future work 

 Contact coating companies who can supply suitable commercial coatings to find 

more suitable coatings for the corrosion protection of SMC and establish suitable 

application method that can ensure uniform and proper control of the thickness of 

the coating on the SMC components. In order to guarantee the accuracy and 

reliability of the results in the experiments, the thickness of each coating material 

should be kept same when the coatings are treated on the samples. Without the 

influence of coating thickness, in the same exposure condition the values of 

mechanical strength and the initial corrosion resistance obtained are much more 

reliable. It is much easier for us to make a comparison of the protective property 

under the same condition. 

 Evaluate different types of coatings in relevant exposure conditions, to find optimal 

coating type and coating thickness for the SMC components. Due to different kinds 

of Somaloy® components used into different applications, the corrosion processes 

of Somaloy® components perform in the different environmental conditions. 

Different coatings may be suitable to different Somaloy® components in the fixed 

environment.   
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