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Abstract 

The authors described the results of their studies of 

corrosion resistance and mechanical properties of multilayer metal 

materials. They carried out experiments on deliberately pitted 

samples in various media (sodium and ferric (III) chlorides, sodium 

hypochlorite, and sodium dichromate). They show that anodic 

dissolution of the sacrificial protector occurs in non-oxidizing media 

and that the outermost layer metal is passive in oxidizing media. 

Samples of a multilayer 08Х18Н10Т - steel 10 - 08Х18Н10Т 

materials were made for layer by layer shear test that showed the 

breaking stress to be equal to between 190 and 215 MPa. Bending of 

08Х18Н10Т - steel 10 - 08Х18Н10Т samples until their opposite 

ends were in parallel caused no rupture, layer separation, or 

cracking. These multilayer materials have high mechanical and 

technological properties. 

Keywords: corrosion, multilayer material, electrochemical 

potential, pitting, explosive welding. 

 

1 Introduction 

Processing equipment in the chemical, oil refining, and 

paper industries, power engineering, transportation, and shipbuilding 

must be operated in a safe and reliable environment. Corrosive 

media cause general and local corrosion of metal structures, affect 

the service properties of materials, and increase equipment 

manufacture, installation, and repair costs. 
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It is an object of this study to explore a new class of 

multilayer metal materials combining high corrosion resistance, and 

high mechanical and service properties. 

Multifunctional multilayer metal materials can be used 

instead of widely applicable bimetals and corrosion resistance high-

alloy steel or alloys [1, 2]. 

Multilayer corrosion-resistant metal materials have high 

corrosion resistance to general corrosion and localized corrosion. 

The high-alloy steel or alloys provide their corrosion resistance to 

general corrosion. Multilayer structure provides their corrosion 

resistance to localized corrosion. The pitting corrosion is one of 

dangerous varieties of localized corrosion [3, 4]. The pitting 

corrosion makes on passive metal surface and develops in the form 

of deep pits. Well-known methods of corrosion protection to pitting 

corrosion are inhibitors, alloy composition (doping of Cr and Mo for 

steels) and electrochemical protection [2, 5]. 

Multifunctional multilayer corrosion-resistant metal 

materials are obtained on the «sacrificial pitting protection» principle 

[6]. The international application РСТ WO2010/036139 

A1«Multilayer material with enhanced corrosion-resistance 

(variants) and methods for preparing same» was filed. The patent of 

Eurasian Patent Organization was taken out [7]. The idea is that a 

multilayer material has at least three layers that are chosen 

depending on the medium composition and values of stationary 

electrochemical potentials [8-12]. The authors’ material is distinct 

from any other in that its protective layer is placed between the 

layers it protects. 

The external layer is made of a material that has a 

sufficiently high corrosion resistance and is passive in the 

surrounding medium. The material of the second internal layer is 

chosen to have its stationary electrochemical potential when brought 

into contact with the working medium below the stationary 

electrochemical potential of the first layer material. As pitting 

reaches the second layer material the latter turns into an anode and 

the first layer material becomes a cathode. The anode, or sacrificial 

protector, dissolves gradually. Anode dissolution reaction may 

continue until a cavity, or lens, of considerable size is formed in the 

protector. Depending on medium composition, material of the first 

layer releases hydrogen, reduces oxygen, or sustains other 

electrochemical reactions. The third layer is similar to the first layer 

in composition. The ratio of the stationary electrochemical potentials 

of the first and second layer materials is suitable for mediums that do 

not contain oxidizing agents. The schematic polarization curves in 
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Fig. 1 show the case when medium does not contain oxidizing 

agents.  

 

 
Fig. 1 Schematic polarization curves of the first outermost 

layer and the second internal layer in 

 non-oxidizing media 

A1 – anodic curve of the first external layer 

K1 – cathodic curve of the first external layer 

A2– anodic curve of the second internal layer 

K2 – cathodic curve of the second internal layer 

E1 – stationary electrochemical potential of the first external layer 

E2 – stationary electrochemical potential of the second internal layer 

E12 – stationary electrochemical potential in contact condition of 

first external layer and second internal layer in non-oxidizing media 
 

The corrosion rate of the second layer may increase and the 

reaction continues until the sacrificial protector is dissolved 

completely. Where the reaction products are insoluble substances 

they can clog individual pits and, therefore, slow down the corrosive 

destruction rate of the multilayer material as a whole. 

If the working medium contains an oxidizing agent, the 

material of the first external layer is also chosen on the condition that 

it is in a passive state and has a high resistance in contact with the 

medium. The material of the second internal layer is chosen on the 

condition that its electrochemical potential in the medium is higher 

than the potential of the first layer material. Eventually, pits develop 

in the first layer and reach the second layer. The resulting contact 

difference between the potentials is sufficient for slow-solving 

products to form on the surface of the first layer metal in a reaction 

of anodic dissolution of the first layer metal resulting in its 

passivation and, therefore, end of pitting. In this case, the second 
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layer serves as the cathodic sacrificial protector. The corrosive 

potential of the first layer steel maintains its steadily positive value 

conforming to its passive state and high corrosion resistance. The 

schematic polarization curves in Fig. 2 show the case when medium 

contains oxidizing agents. 

 

 

 
Fig. 2 Schematic polarization curves of the first external 

layer and the second internal layer in oxidizing media 

A1 – anodic curve of the first external layer 

K1 – cathodic curve of the first external layer 

E1 – stationary electrochemical potential of the first external layer 

K3 – cathodic curve of the second internal layer 

E31 – stationary electrochemical potential in contact condition of first 

external layer and second internal layer in oxidizing media 
 

A layer of structural steel of required thickness may be 

welded as a supporting layer to the multilayer material to give it high 

structural strength. 

Explosive welding was used to produce three- and four-

layer materials comprising 08Х18Н10Т - steel 10 - 08Х18Н10Т 

(analog AISI 321 - ASTM 1010 - AISI 321) and 08Х18Н10Т - steel 

10 - 08Х18Н10Т - 09G2С (analog AISI 321 - ASTM 1010 - AISI 

321 - A 516-55) as intermediate sheet products measuring 1,000 × 

1,500 mm. Explosive welding is well-known technology which are 

used for manufacturing of bimetal and multilayer metal materials 

[13, 14]. The layers of steel 08Х18Н10Т and steel 10 were 2 mm 

thick. This welding technique was also used to obtain a three-layer 

material 08Х18Н10Т - М1 - 08Х18Н10Т (analog AISI 321 - 

C11000- AISI 321) in which technical copper M1 was used as the 

second layer.  
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2 Experimental materials and methods 

The complexity of a problem consists in absence standard 

tests for resistance to pitting corrosion which intend for multilayer 

materials. Standard tests GOST 9.912-89, BS EN ISO 11463:2008, 

ASTM G48 – 11 [15, 16, 17] intend for monometallic materials. 

The first external layer must contact with corrosive medium 

in the course of prolonged period to such an extent that pitting 

corrosion penetrated into its full thickness. Then the deep foci come 

up to second layer. The second layer becomes a protector because of 

the difference of electrochemical potentials. Methodology with a 

man-made pit was used in order to reduce the test time [18]. 

Multilayer materials were tested in oxidizing media ferric 

chloride (FeCl3), potassium chlorate and dichromate, and sodium 

hypochlorite and in non-oxidizing media (sodium chloride) to verify 

our hypothesis. The samples were plates measuring 40×25 mm 6 mm 

thick obtained by explosive welding. A hole 1 mm in diameter was 

drilled at the sample centre to the middle of the sacrificial protection 

layer to provide a man-made pit. The end surfaces of the sample 

were coated with heat-resistant adhesive as insulation. 

An experiment was conducted on a 08Х18Н10Т - steel 10 - 

08Х18Н10Т sample in a medium containing no oxidizing agents. 

Corrosion tests were conducted in a sodium chloride solution at a 

concentration of 0.1 mol/liter at room temperature for 4,100 hours. 

At the end of the test, the sample was cut across the hole center. Fig. 

3 and fig. 4 shows photographs of the sample removed from the 

solution, with corrosion products cleared away. Fig. 5 shows 

distinctly that a cavity extending to the full depth of the layer was 

formed in the protector due to anodic dissolution. The dissolution 

boundary runs along the weld of wavy configuration that is typical of 

explosive welding. 
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Fig. 3 Plan view of 08Х18Н10Т - steel 10 - 08Х18Н10Т sample: 

1 – the man-made pit; 2 – the external layer; 3 – the second layer - 

sacrificial protector; 4 – the third layer 

 

 
Fig. 4 Cross-sectional view of 08Х18Н10Т - steel 10 - 08Х18Н10Т 

sample 

1 – the man-made pit; 2 – the external layer; 3 – the lens in 

sacrificial protector 

 

Experiments were carried out in a medium containing 

oxidizing agents on samples: 

Sample 1: 08Х18Н10Т - copper М1 - 08Х18Н10Т; and 

Sample 2: 08Х18Н10Т - steel 10 - 08Х18Н10Т. 

Corrosion tests of Sample 1 were carried out in solutions of 

potassium chlorate (a) and potassium dichromate (b) at a 

concentration of 0.1 g-equiv/liter at room temperature for 4,700 

hours. Fig. 5 shows photographs of the samples after the tests. No 

traces of corrosion were found on the stainless steel and copper 

surface. The hole walls retained their original shape, and no pitting 

occurred on the outer surface of steel 08Х18Н10Т. 
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The ratio of the areas of the protector and the surface 

protected was calculated to be 1:250. 
 

  
a  (b) 

Fig. 5 08Х18Н10Т - М1 - 08Х18Н10Т samples after 

immersion in solution of potassium chlorate (a) and solution of 

potassium dichromate (b): 1 – the man-made pit; 2 – the external 

layer; 3 – the second layer 

 

Corrosion tests of Sample 2 were carried out in a solution of 

sodium hypochlorite at room temperature for 580 hours and a 

solution of ferric chloride at a 10% concentration at room 

temperature for 1,900 hours. 

Fig. 6 showing photographs of the sample following 

immersion in the ferric chloride and sodium hypochlorite solutions 

clearly demonstrates that a cavity was formed in the sacrificial 

protector because of anodic dissolution. The dissolution boundary 

runs along the weld at the line of contact between the first layer and 

the protector. The sample surface has not changed after the tests and 

no new damage foci in the form of pits have been observed. 
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(a) (b) 

Fig. 6 Three-layer 08Х18Н10Т - steel 10 - 08Х18Н10Т 

sample after immersion in solutions of ferric (III) chloride (a) and 

sodium hypochlorite (b): 1 – the man-made pit; 2 – the external 

layer; 3 – the second layer - sacrificial protector. 

 

The microstructure of the interlayer boundaries of the 

08Х18Н10Т - steel 10 - 08Х18Н10Т material has been studied [19]. 

The weld line has a distinctly wavy pattern in both instances, which 

is indication of sufficient strength of the weldment. Double 

amplitude and wavelength have been determined (Table 1). Fusion 

zones 70 to 110 µm long and 30 to 50 µm thick occur. The 

difference of parameters λ and 2А was result in changes of collision 

parameters which modify for every interlayer boundaries [20]. 

Table 1 Parameters of the Wavy Pattern of Interlayer 

Boundaries 

Interlayer boundary 
Wave period λ, 

µm 

Double amplitude 

2А, µm 

08Х18Н10Т – steel 

10 
300-350 90-130 

Steel 10 - 

08Х18Н10Т 
150-80 40-60 

 

The multilayer 08Х18Н10Т – steel 10 - 08Х18Н10Т 

material was used to make samples for shear tests by layer that 

showed the breaking stress to be between 190 and 215 MPa. The test 

results confirm that the layers are joined with a strength conforming 

to the requirements of the GOST 10885 [21]. 

Bending of 08Х18Н10Т - steel 10 - 08Х18Н10Т samples 

until the opposite ends are in parallel in accordance with GOST 

14019-80 [22] was carry out. It did not cause rupture, layer 

separation, or cracks.  

The multilayer metal materials of high corrosion resistance 

may be used in the manufacture of equipment for the chemical, oil 

refining, and paper industries, power engineering, including nuclear 
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power engineering, and waste processing and disposal equipment 

[23, 24]. 

 

Conclusions 

The technique described here is intended for producing 

multilayer metal materials on the principle of sacrificial pitting 

protection of materials against pitting corrosion. 

A batch of test samples of multilayer materials was 

produced by explosive welding. The results of sample testing in 

model media have shown that the principle of sacrificial pitting 

protection has been verified and is efficient in protecting materials in 

contact with corrosive media. 

These multilayer materials have high mechanical and 

technological properties. 
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