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1. Introduction

Despite the large number of scientific papers and reported 
studies, investigating the process of cavitation has remained 
relevant up to now. The reason for this is the multifactorial 
causes of cavitation. In pumping mechanisms, the emergence 
of cavitation depends on the following factors: the physical 
properties of a liquid (temperature, flow rate, pressure), geo-
metric parameters of the impeller, its material. In some cases, 
in order to prevent conditions for the emergence of cavitation 
conditions for a finished article, engineers aim to influence op-
erating conditions. However, changing characteristics such as 
the temperature, flow rate, pressure of a pumping fluid entails 
technological changes and, therefore, is impractical. In addi-
tion, repairs to worn-out pumping equipment are carried out 
through surfacing work. This recovery technology requires 
additional equipment as well as mechanical processing. The 
use of a polymeric material makes it possible to restore equip-
ment on site without the use of additional equipment.

2. Literature review and problem statement

The results of studies into surface hardening with plas-
ma melting are reported in papers [1, 2]. It was shown that 

forming a wear-resistant, carbide-containing layer could 
significantly improve the surface resistance to abrasive wear. 
However, the issues related to the complexity of applying a 
plasma surfacing method remained unresolved. In addition, 
the use of this method is expedient in the manufacture of 
a new part and is not effective for repair work. The reason 
for this may be objective difficulties associated with the 
technology of applying the hardening layer, as well as the 
fundamental inability to strengthen parts with end-to-end 
wear of the surface. The use of composite and polymeric 
materials [3, 4] allows the restoration of worn surfaces of 
any level of complexity, both on the curvature of the surface 
and the thickness of recovery. However, the cited studies 
did not consider a technique for using composite materials 
under conditions of cavitation destruction. Advancements 
on the cavitation-corrosion wear [5, 6] consider the use of 
metallic coatings at the level of nanomaterials, as well as the 
application as the base for stainless steel materials. It should 
be noted, however, that the cost of such strengthening 
makes the cited studies impractical for use under conditions 
of pumping equipment. Utilization of specialized materials 
that are resistant to cavitation erosion as the base (mak-
ing a new impeller) is an effective but impractical method 
from an economic point of view under conditions of large 
machines. A variant to overcome corresponding difficulties 
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Актуальнiсть вивчення процесу кавiтацiї до сьогоднiшнього 
дня не втратила своєї сили. Причиною тому многофакторность 
причин виникнення кавiтацiї i, як наслiдок, складнiсть бороть-
би з нею. Одним з ефективних способiв боротьби з кавiтацiй-
ним руйнуванням є застосування спецiальних матерiалiв, стiй-
ких до кавiтацiйної ерозiї в перекачуючому обладнаннi, в якостi 
основи, наприклад, виготовлення нового робочого колеса.

Для цiлей захисту поверхонь вiд кавiтацiї був розроблений 
спецiальний матерiал на полiуретановiй основi (ДК-2), який 
дозволяє чинити опiр кавiтацiйному впливу без руйнування 
самого захисного шару. Для визначення ефективностi засто-
сування розробленого матерiалу був обраний метод ударного 
способу вивчення ерозiйної стiйкостi матерiалiв. Суть тако-
го дослiдження полягає в тому, щоб пiддати дослiдний зразок 
циклiчному ударному навантаженню. Для оцiнки здатностi 
дослiджуваного матерiалу чинити опiр ударному наванта-
женню були розробленi зразки у виглядi цилiндрiв, а товщи-
на дослiджуваних зразкiв була обрана з практичних умов вiд-
новлення обладнання, а саме виходячи з оптимальної товщини 
матерiалу, що наноситься при вiдновленнi. Досвiдченим шля-
хом було встановлено значення товщини шару в межах 2–5 мм. 
Експериментальне навантаження дослiджуваних зразкiв пока-
зало високу ефективнiсть застосування розробленого матерiа-
лу в якостi захисного при кавiтацiйному руйнуваннi деталi для 
рiзних режимiв навантаження. У зв'язку з тим, що полiмерний 
матерiал ДК-2 має високий рiвень плинностi, було запропоно-
вано додати загущувач у виглядi скломiсного наповнювача типу 
«Оросiл». Крiм того, з огляду на складний вид зносу перекачу-
ючого обладнання, було запропоновано змiцнити полiмерний 
матерiал мелкодiсперсним абразивним матерiалом. У данiй 
роботi виконувалось експериментальне опробування впливу 
додаткових включень на мiцнiсть полiмерного шару

Ключовi слова: захист поверхонь вiд кавiтацiї, матерiал на 
полiуретановiй основi, кавiтацiйна стiйкiсть матерiалiв
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might be the local hardening of a part. This approach is 
used in work [7], but the issue of reliability of adhesion be-
tween heterogeneous materials, as well as the conditions for 
achieving its maximum value, has not yet been studied. All 
this suggests that it is a relevant task to undertake a study 
into development of a polymeric material that would ensure 
a comprehensive cavitation-corrosion protection.

Thus, given the above considerations, it can be con-
cluded that the elimination or reduction of the impact of 
cavitation without significant financial costs is possible 
only when using hardening coatings applied onto working 
surfaces. Investigating the cavitation mechanism, one can 
conclude that the greatest damage to the working surface 
of a pump’s impeller is caused by the joint action of corro-
sive and cavitation processes, which was confirmed by pub-
lications [8, 9]. Erosion destroys the surface of a material 
and contributes to the destruction of the protective oxide 
film, promoting the corrosive destruction of the material. 
Given this, it is necessary to use a corrosion-resistant and, 
if possible, soft material as a protective material. Rubber 
and plastics are successfully used as coatings. For example, 
resistance to cavitation erosion of nylon and polyethylene 
is comparable to stainless steel resistance. One of the most 
stable materials is titanium, but, due to its high cost, it is 
not widely used.

The use of polymeric materials as a protection of parts 
from wear is well known [10, 11]. At present, Ukrainian 
market offers composite materials made by many known 
foreign companies. The most common are Durmetall (Swit-
zerland), Diamant (Germany), Locktite (USA), Belzona 
(USA), Unirep (Germany), Devcon (USA), Chester Molec-
ular (Poland), etc. In particular, as a means to protect from 
cavitation, there are polymeric materials made by Belzona 
(USA) with the following specifications (Table 1).

Table 1

Specifications for the polymeric materials made by Belzona 
(USA)

Key technical information:

Viability at 25 °C 13 minutes

Curing time for full mechani-
cal load at 25 °C

2 days

Taber wear resistance ASTM 
D4060 under a load of 1 kg 

at 21 °C

H18 abrasive circles (wet) ‒ 
39 mm3 loss per 1,000 cycles  
H18 abrasive circles (dry) ‒ 
50 mm3 loss per 1,000 cycles

Shore hardness А – ASTM 
D2240

87

Cavitation resistance with 
the modified version ASTM 
G32, 20 kHz frequency and 

50 µ amplitude

0.07 mm3/h loss of volume

Mixed product volume 
(750 g)

682 cm³

High adhesion to materials 
such as

Rubber, polyvinyl chloride (PVC), 
aluminum, copper, steel, stainless 
steel, cast iron, lead, glass, wood, 

most types of plastic, etc.

Typical application
Internal and external coating, 

equipment restoration

To protect surfaces from cavitation, it is proposed [8] to 
use the material made by Chester Molecular (Poland) with 
the following characteristics (Table 2).

Table 2 

Specifications of polymeric materials by Chester Molecular 
(Poland)

Consistency rare

Viability of the prepared composition after mix-
ing (at 20 °C)

35 minutes

Time to mechanical processing (at 20 °C) 4.0 hours

Full chemical resistance (at 20 °C) in 7 days

Maximal working temperature 150 °C

Bending temperature (DIN53462) 75 °C

Compressive strength (ISO 604) 120 MPa

Bending strength (ISO 178) 110 MPa

Shear strength for steel surface (ISO 4587) 21.1 MPa

Impact strength (ISO 179) 6.3 kJ/m2

Specific weight 1.62 g/cm3

The well-known firm Diamant (Germany) offers a range 
of materials for the protection of surfaces, in particular, 
prokeramite, procoat, multimetal keram, with the following 
characteristics (Table 3).

Table 3 

Mechanical characteristics of the material multimetal-keram 
by Diamant (Germany)

Compressive strength, MPa 160

Elongation strength, MPa 76

Shear strength, MPa 89

Bending strength, MPa 22

Modulus of elasticity, MPa 14·103

Thermal resistance, °C (duration) –40 to +90

Application time, min. 45

Hardening time at +5 °C, hours 72

Hardening time at +20 °C, hours 24 

Density, g/cm3 2.4

All the specified materials are inferior to conventional and 
special steels in their strength characteristics, but they remain 
rigid enough, which certainly does not contribute to their 
ability to effectively hinder the development of cavitation. 

The Department of Mechanical Equipment for Steel 
Works (The State Higher Educational Establishment “The 
Priazov State Technical University”) designed the polymer-
ic material DC-2. It is a two-component polyurethane-based 
material. This material combines protective anti-corrosion 
properties and, at the same time, has more elasticity and mal-
leability than the materials considered above. The material 
DC-2 has the following characteristics (Table 4).

Table 4 

Mechanical characteristics of the material DC-2

Composition application time (at 20±2 °С), min 40

Mixture density, g/cm3 liquid state 1.30–1.55

paste-like state 1.8–2,0

Hardening time at 20±2 °С 24 hours

Coating thermal stability, °С From –0 to +90

However, there is an area of the further research into the 
composition of the developed polymeric material. Given that 
parts of pumping equipment (for example, an impeller) have 
a large number of curved surfaces, and are of complex geom-
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etry, there is a certain difficulty in applying a polymeric ma-
terial. The developed material DC-2 has a high level of liquid 
fluidity in a non-hardened state. An “Orosil”-type thickener 
is used to restore such surfaces. However, the effect of the 
percentage of the thickener on cavitation resistance of the 
received material has not been studied.

3. The aim and objectives of the study

The aim of this study is to model the cavitation load on 
samples composed of the base material DC-2 with the addi-
tion of a thickener with a different percentage content and 
to determine the optimal ratio base/thickener. This would 
make it possible to form a polymeric composition of the re-
quired density, without significantly reducing the strength 
characteristics of the material.

To accomplish the aim, the following tasks have been set:
‒ to design an impact installation that could control 

geometric parameters of the examined sample, as well as the 
degree of its wear; 

‒ to determine the percentage of the composition base/
thickener for a polymeric iced material, which would make 
it possible to perceive impact loads without destroying the 
protective layer itself; in this case, a given composition in 
the liquid state should have the minimum possible fluidity;  

‒ to test effectiveness of the resulting mixture at existing 
equipment.

4. Methods for studying the cavitation resistance of  
a composite polymeric material

An impact method for studying erosion resistance of 
materials was chosen to determine the effectiveness of the 
designed material [1]. Its essence implies exposing a proto-
type to cyclical impact loading. There is a method at which 
the sample is fixed on the edge of the wheel, rotating at high 
speed, while it periodically crosses the jet of water (Fig. 1).

A given technique is not due to cavitation factors; howev-
er, the results obtained are comparable to other studies into 
the cavitation process. In particular, we compared results 
from erosion tests obtained using three techniques: 1 ‒ im-
pact, applying the energy of a water jet periodically crossing 
the test sample; 2 ‒ vibrational method, using a magneto-
strictive vibrator; 3 ‒ employing a hydrodynamic tube [1]. 
As a result of comparison, it was established that different 
testing methods provide indicators of the intensity of cavita-
tion erosion, which differed insignificantly from each other. 
The disadvantages of the impact technique are the difficulty 

to study the behavior of a material after removing the load, 
as the duration of exposure to the force of a water flow is ex-
tremely insignificant for the detection of relaxation charac-
teristics of the developed material. However, these methods 
do not make it possible to simulate the process of the effect of 
a single collapse of a vapor gas bubble on the tested surface. 
The need for such modeling is also caused by the fact that, 
in contrast to the metallic surface of equipment, exposed to 
cavitation, the composite material DC-2, which has close 
properties, would be deformed rather than destroyed under 
an impact load. From the point of view of predicting the 
behavior of the material, it is of undoubted interest to know 
patterns in the magnitude of deforming this material due to 
its composition under such a single impact load. To this end, 
an impact installation (Fig. 2) was developed, which enables, 
with strain gauge sensors, the recording of the force of im-
pact and the duration of such an impact by connecting the 
latter to an analog-digital converter and then to a computer.

The installation consists of bed 1, made of a plate 250 mm 
thick, which hosts: electric motor 2, worm gearbox 3, and 
cam 4, which at rotation lowers one end of rocker 5, thus rais-
ing load 6 to the required height. After further turning the 
cam, its profile comes out of contact with the rocker. The rock-
er, under the influence of a load weighing P, falls on barrel 7 
from height H, which in turn transmits the load to sample 8, 
mounted in a washer with a cylindrical hole. The washer is 
stationary fixed on the bed with clamp 10 and bolts 11. The 
barrel moves along guides 9, providing a coaxial location of 
the barrel and a sample, that is, centering the impact relative 
to the vertical axis of the sample. In particular, the fixing 
technique implied arranging the samples in metallic con-
tainers, in which we made cylindrical recesses. A sample was 
placed in it with an excess above the surface of the container 
within 2 mm. At the same time, the sample was fixed in a re�-
cess by sticking with the material that it was made of.

To assess the capability of the examined material to re-
sist impact loading, we designed samples in the form of cylin-
ders, of different thickness, but the same diameter. Thickness 
of the examined samples was chosen based on the practical 
conditions for restoring the equipment, namely, based on the 
optimal thickness of the material applied during the recov-
ery. We chose, as a criterion for the strength of composite 
materials, the magnitude of the structural strength limit of 
a material, and, as the destruction criterion, the moment a 
crack appeared at the side surface of samples when reaching 
the limit state within a local volume.

Four groups of samples were produced to determine the 
ability of the material DC-2 to resist impact loads:

– “0” pure material DC-2; 
– “1” material DC-2 with the addition of 15 % (by 

weight) of the material “Orosil”; 
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the rate of erosion destruction

 

112

56

7

8 10

11
9

4 23

 
  

Fig. 2. Kinematic scheme of experimental installation



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 5/12 ( 101 ) 2019

26

– “3” material DC-2 with the addition of 30 % (by 
weight) of the material “Orosil”; 

– “4” material DC-2 with the addition of 10 % (by 
weight) of an abrasive material.

The choice of additional fillers was dictated by the charac-
teristics of the base of the material DC-2. When applying the 
material DC-2 on vertical and curved working surfaces, there 
is some liquid fluidity, which greatly complicates its applica-
tion. Reducing its excessive fluidity can be achieved by adding 
a thickener in the form of the finely-dispersed powder material 
“Orosil”. In addition, it is known that the phenomenon of cav-
itation is accompanied by abrasive wear (due to the contami-
nation of the pumping liquid), and it was suggested, therefore, 
using an electric corundum with a fraction of 0.2 mm as the 
base filler. Adding an electric corundum to the base makes 
it possible to create a solidified composite material with par-
ticles distributed by volume. In the process of abrasive wear 
of such material, the primary destruction is perceived by the 
particles of electric corundum, which increases the durability 
of the polymeric layer [3]. The examined samples were made 
in the form of “tablets” with a diameter of 12 mm and a thick-
ness of 3‒3.2 mm. The load used was an effort with a magni�-
tude of 17,000 N and 25,000 N. The duration of exposure was 
5 cycles (1 cycle ‒ 1 hour). The sample was in a free state (not 
limited to the perimeter).

The thickness and diameter of the samples after loading 
were measured by the electronic vernier caliper Digital cali-
per A46. The reproducibility of results was achieved by mea-
suring each sample in three cross-sections and calculating its 
average value. In addition, the experiment involved the use 
of 5 sets of samples made from the same composite mixture.

5. Results of impact loading  
the composite polymeric samples

Analysis of results from impact loading has revealed 
(Fig. 3, 4) that the introduction of fillers to the material 
DC-2 negatively affects its strength. As shown by diagram 
in Fig. 3, the increase in diameter for cases when we tested 
samples with the introduced filler was more intense in terms 
of wear (thereby increasing the diameter of the sample to 
12‒15 % of the original value). At the same time, as shown 
by Fig. 4, thickness of the samples was best preserved in the 
absence of a filler in the form of the material “Orosil”, as well 
as in the sample containing corundum, which suggests that 
the higher characteristics of resistance to impact destruction 
would contribute to the higher resistance at cavitation.

Similar studies under a load of force 25,000 N confirm 
the best resistance by samples “0” and “4” (Fig. 5, 6).

However, such loading could lead to plastic deforma-
tions. It should be noted that the value of 25,000 N was 
chosen as the boundary (maximum) one, as the static loading 
of the same samples at 25,000 N demonstrated the crack for- 
mation at their side ends.

To confirm the effectiveness of using soft materials as 
protective under an impact influence, we have additionally 
considered a variant of applying a coating made of the more 
rigid composite “multimetal-keram”, epoxy-based, whose 
characteristics are given in Table 2.

Such a material, in contrast to DC-2, was more rigid; in 
some cases, it is used as a protective material. We studied 
its ability to withstand impact loads in line with the same 
procedure as the material DC-2; thickness of the samples 
was 2 mm and 4 mm. Our tests found that the magnitude 
of load of 25,000 N was critical on load cycle 4; the sam- 
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ple collapsed as a result. A similar destruction occurred 
at 28,000 N, but as early as on cycle 1. At the same time, 
reducing the load to 20,000 N made it possible for the sam- 
ples to withstand all 5 load cycles. When assessing these 
results, in comparison with the results from studying the 
material DC-2, we once again confirmed the thesis on the 
feasibility of using a less rigid material to protect against 
impact loads, which could be identified as an impact caused 
by the collapse of a vapor gas bubble.

Based on the results obtained, we have devised a tech-
nology to protect impellers in the pump CN 3000‒197 at 
the South Ukrainian nuclear power plant against cavitation 
wear. The recovery technology implies that a worn surface is 
pre-cleaned and degreased. Then a composite material is ap-
plied in two layers. In this case, the first layer is rubbed into 
the worn surface, and, after its polymerization, the second 
layer containing the filler “Orosil” is applied. The content 
of the filler “Orosil” was 10‒12 % by weight. Results from 
a-year-long tests (about 7,500 operating hours) showed the 
effectiveness of the application of the devised technology. 
There was no washout of the applied material, the pump af-
ter inspection was recommended for further operation. The 
result was confirmed by inspection act No. 00.GC.Ak.41-16 
as of February 20, 2019.

6. Discussion of results of studying the resistance of 
composite polymeric samples to impact loading

The results obtained suggest (Fig. 3, 4) that the in�-
troduction of a filler the type of “Orosil” in the amount 
exceeding 15 % (by weight) significantly reduces the resis�-
tance of samples to impact loading (up to 17 % compared 
to samples without fillers). The use of an abrasive material 
as a filler reduced the durability of samples by up to 5 % 
compared to samples without fillers. This behavior can 
be explained by the fact that the abrasive particles, in the 
polymer mixture, act as a reinforcement material. At the 
same time, particles of the glass-containing material “Oro-
sil” only thicken the polymeric mixture. This is due to the 
fact that the finely dispersed material does not perceive the 
impact load, and the mixture itself becomes more porous, 
which additionally leads to greater deformations. It should 
be noted that this type of loading has made it possible to 
control the geometric parameters of samples at any given 
time, which is a significant difference from a known method 
of loading with a flow of liquid.

For the method used, there is a constraint due to the 
limited number of load cycles (predetermined by the length 
of the loading process). However, this limitation can be over-
come by using interpolation methods, which could predict 
the results of loading. The advancement of the current study 
is seen in the application of a mathematical model of loaded 
objects with a complex geometric shape. The developed 
technology for strengthening a polymeric material with an 
electric corundum in the amount of up to 10 % by weight as 
a technique to protect against cavitation-abrasive wear has 
been confirmed by a-year-long industrial tests. We restored 
impellers in the pump CN 3000‒197 at the South Ukrainian 
nuclear power plant. There was no washout of the polymeric 
material. The content of an abrasive material should be in 
the range of up to 10 % by weight.

7. Conclusions

1. The use of the proposed impact method for loading 
samples, which simulates the cavitation process, makes it 
possible, first, to change the force of an impact in a wide 
range, and, second, to control a change in the geometric pa-
rameters of the examined samples in the process of loading. 
For the current study, samples were loaded with an effort of 
up to 28,000 N and a maximum diameter of samples of up 
to 16 mm.

2. The results obtained suggest that the use of composite 
materials as a protective layer not only prevents the devel-
opment of cavitation erosion, but also protects the protected 
surface from corrosion. The use of a thickener the type of 
“Orosil” is recommended in the range of up to 15 %. Further 
increase in the thickener content leads to a sharp decrease 
in the strength characteristics of the polymeric layer. Ap-
plication of the material “Orosil” within the specified limits 
ensures the lowest possible liquid flow of the material, with-
out significantly reducing the strength characteristics of the 
cured layer.

3. Adding an abrasive material makes it possible to use it 
to protect pumping equipment operating under conditions of 
cavitation-abrasive wear.

Acknowledgement

The work was carried out within the framework of research 
theme 1 (17) ‒ M (State Registration Number 0117U003994).

References

1.	 Efremenko, V. G., Shimizu, K., Cheiliakh, A. P., Kozarevs’ka, T. V., Chabak, Y. G., Hara, H., Kusumoto, K. (2013). Abrasive wear 

resistance of spheroidal vanadium carbide cast irons. Journal of Friction and Wear, 34 (6), 466–474. doi: https://doi.org/10.3103/

s1068366613060068 

2.	 Efremenko, V. G., Chabak, Y. G., Karantzalis, A. E., Lekatou, A., Vakulenko, I. A., Mazur, V. A., Fedun, V. I. (2017). Plasma Case 

Hardening of Wear-Resistant High-Chromium Cast Iron. Strength of Materials, 49 (3), 446–452. doi: https://doi.org/10.1007/

s11223-017-9886-0 

3.	 Ischenko, A. A., Rassokhin, D. A. (2018). Study of the resistance of polymer material used to protect cavitation surfaces of pumps 

from cavitation. Science and production, 19, 124–129.

4.	 Artiukh, V., Karlushin, S., Sorochan, E. (2015). Peculiarities of Mechanical Characteristics of Contemporary Polyurethane 

Elastomers. Procedia Engineering, 117, 933–939. doi: https://doi.org/10.1016/j.proeng.2015.08.180 

5.	 Starokadomskii, D. L. (2017). Epoxy composites with 10 and 50 wt % micronanoiron: strength, microstructure, and chemical and 

thermal resistance. Russian Journal of Applied Chemistry, 90 (8), 1337–1345. doi: https://doi.org/10.1134/s1070427217080249 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 5/12 ( 101 ) 2019

28

6.	 Ishchenko, A., Radionenko, A., Ischenko, E. (2017). Tribotechnical research into friction surfaces based on polymeric composite 

materials. Eastern-European Journal of Enterprise Technologies, 6 (12 (90)), 12–19. doi: https://doi.org/10.15587/1729-

4061.2017.114367 

7.	 Ischenko, A. O., Kravchenko, V. M., Dashko, O. V., Kakareka, D. V. (2017). New technologies for restoration and protection of power 

equipment with the aid of composite materials. ENERGETIKA. Proceedings of CIS Higher Education Institutions and Power 

Engineering Associations, 60 (2), 159–166. doi: https://doi.org/10.21122/1029-7448-2017-60-2-159-166 

8.	 Ishchenko, A. A. (2004). Novye polimernye materialy v praktike remonta promyshlennogo oborudovaniya. Vestnik dvigatelestroeniya, 

3, 130–132.

9.	 Zheng, Y., Luo, S., Ke, W. (2007). Effect of passivity on electrochemical corrosion behavior of alloys during cavitation in aqueous 

solutions. Wear, 262 (11-12), 1308–1314. doi: https://doi.org/10.1016/j.wear.2007.01.006 

10.	 Li, D. G. (2015). Effect of ultrasonic cavitation on the diffusivity of a point defect in the passive film on formed Nb in 0.5 M HCl 

solution. Ultrasonics Sonochemistry, 27, 296–306. doi: https://doi.org/10.1016/j.ultsonch.2015.05.018 

11.	 Wan, T., Xiao, N., Shen, H., Yong, X. (2016). The effect of chloride ions on the corroded surface layer of 00Cr22Ni5Mo3N duplex 

stainless steel under cavitation. Ultrasonics Sonochemistry, 33, 1–9. doi: https://doi.org/10.1016/j.ultsonch.2016.04.019 

12.	 Yong, X., Li, D., Shen, H. (2013). Electrochemical responses to degradation of the surface layer nano-mechanical properties 

of stainless steels under cavitation. Materials Chemistry and Physics, 139 (1), 290–297. doi: https://doi.org/10.1016/ 

j.matchemphys.2013.01.038 

13.	 Hong, S., Wu, Y., Zhang, J., Zheng, Y., Zheng, Y., Lin, J. (2016). Synergistic effect of ultrasonic cavitation erosion and corrosion of 

WC–CoCr and FeCrSiBMn coatings prepared by HVOF spraying. Ultrasonics Sonochemistry, 31, 563–569. doi: https://doi.org/ 

10.1016/j.ultsonch.2016.02.011 

14.	 Hou, G., Zhao, X., Zhou, H., Lu, J., An, Y., Chen, J., Yang, J. (2014). Cavitation erosion of several oxy-fuel sprayed coatings tested in 

deionized water and artificial seawater. Wear, 311 (1-2), 81–92. doi: https://doi.org/10.1016/j.wear.2013.12.026 

15.	 Guo, R. Q., Zhang, C., Yang, Y., Peng, Y., Liu, L. (2012). Corrosion and wear resistance of a Fe-based amorphous coating in 

underground environment. Intermetallics, 30, 94–99. doi: https://doi.org/10.1016/j.intermet.2012.03.026 

16.	 Belyaev, A. N., Flegentov, I. V. (2014). Hydrodynamic cavitation treatment as a tool for intensification of reagent processes 

in commercial technologies. Russian Journal of Applied Chemistry, 87 (8), 1077–1084. doi: https://doi.org/10.1134/

s1070427214080126 

17.	 Ishchenko, A., Artiukh, V., Mazur, V., Poberezhskii, S., Aleksandrovskiy, M. (2019). Experimental study of repair mixtures 

as glues for connecting elastomers with metals. MATEC Web of Conferences, 265, 01016. doi: https://doi.org/10.1051/

matecconf/201926501016 


