v
UlSrezam @
5 Synthesis : : Materials : : Corrosion : : Environment : : Energy

Analyse : : Discover : : Coat : : Green : : Protect : : Save : : Sustain

INTERNATIONAL CONFERENCE
MEDUNARODNA KONFERENCIJA

MEETING POINT OF THE SCIENCE AND PRACTICE IN THE FIELDS OF
CORROSION, MATERIALS AND ENVIRONMENTAL PROTECTION
STECISTE NAUKE | PRAKSE U OBLASTIMA KOROZIJE,
ZASTITE MATERIJALA | ZIVOTNE SREDINE

PROCEEDINGS
KNJIGA RADOVA

Under the auspicies of the
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGICAL
DEVELOPMENT OF THE REPUBLIC OF SERBIA

Pod pokroviteljstvom
MINISTARSTVO PROSVETE, NAUKE | TEHNOLOSKOG RAZVOJA
REPUBLIKE SRBIJE

September 13-16, 2021 : : Tara Mountain, Serbia



CIP - Karanorusauuja y nybnukaumin
HaponHa 6ubnuoteka Cpbuje, Beorpag

620.193/.197(082)(0.034.2)

621.793/.795(082)(0.034.2)

667.6(082)(0.034.2)

502/504(082)(0.034.2)

66.017/.018(082)(0.034.2)

INTERNATIONAL Conference YUCORR (22 ; 2021 ; Tara)

Meeting point of the science and practice in the fields of corrosion, materials and environmental
protection [Elektronski izvor] : proceedings = Stecite nauke i prakse u oblastima korozije, zastite
materijala i Zivotne sredine : knjiga radova / XXII YuCorr International Conference = XXI YuCorr
[Jugoslovenska korozija] Medunarodna konferencija, September 13-16, 2021, Tara Mountain, Serbia
= [organized by] Serbian Society of Corrosion and Materials Protection ... [et al.]] ; [organizatori
UdruZenje inZenjera Srbije za koroziju i zastitu materijala ... [et al.] ; [editors, urednici Miomir Pavlovic,
Miroslav Pavlovi¢, Marijana Pantovi¢ Pavlovi¢]. - Beograd : Serbian Society of Corrosion and
Materials Protection UISKOZAM : Udruzenije inZenjera Srbije za koroziju i zastitu materijala
UISKOZAM, 2021 (Beograd : Serbian Society of Corrosion and Materials Protection UISKOZAM :
UdruZenije inZenjera Srbije za koroziju i zastitu materijala UISKOZAM). - 1 elektronski opticki disk
(CD-ROM) ; 12 cm
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tekst na engl. i srp. jeziku.
- Tiraz 200. - Bibliografija uz vecinu radova. - Abstracts.

ISBN 978-86-82343-28-8

a) Mpemasu, aHTUKOPO3MOHM -- 360pHMLM 6) MpeBnake, aHTUKOPO3WOHE -- 300PHULIX B)
AHTMKOpO3WOHa 3aLUTuTa -- 360pHULM T) XKMBOTHA cpeanHa -- 3awTuTa -- 36opHuLm a) Hayka o
matepujanuma -- 36opHuLm

COBISS.SR-ID 48091145

XXIl YUCORR - International Conference | Medunarodna konferencija

PUBLISHED AND CD BURNED BY | 1ZDAVAC | NAREZIVANJE CD

SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION (UISKOZAM)

UDRUZENJE INZENJERA SRBIJE ZA KORZIJU | ZASTITU MATERIJALA (UISKOZAM),

Kneza Milosa 7a/ll, 11000 Beograd, Srbija, tel/fax: +381 11 3230 028, office@sitzam.org.rs; www.sitzam.org.rs

FOR PUBLISHER | ZA IZDAVACA Prof. dr MIOMIR PAVLOVIC, predsednik UISKOZAM

SCIENTIFIC COMMITEE | NAUCNI ODBOR: Prof. dr M. G. Pavlovié, Serbia — President

Prof. dr b. Vastag, Serbia; Dr M. M. Pavlovic, Serbia; Prof. dr D. Vuksanovic¢, Montenegro;

Prof. dr D. Camovska, North Macedonia; Prof. dr M. Antonijevi¢, Serbia; Prof. dr S. Stopi¢, Germany;
Prof. dr R. Zejnilovi¢, Montenegro; Prof. dr L. Vrsalovic, Croatia; Dr N. Nikoli¢, Serbia;

Dr I. Krastev, Bulgaria; Prof. dr B. Grgur, Serbia; Prof. dr M. Gvozdenovic, Serbia;

Prof. dr S. Hadzi Jordanov, North Macedonia; Prof. dr R. Fuchs Godec, Slovenia;

Prof. dr J. Stevanovic, Serbia; Dr V. Panic, Serbia; Dr M. Mihailovic, Serbia;

Prof. dr V. Maric, Bosnia and Herzegovina; Prof. dr J. Jovicevic, Serbia,;Prof. dr D. Jevtic, Serbia;

Dr F. Kokalj, Slovenia; Prof. dr A. Kowal, Poland;Prof. dr Prof. dr M. Gligoric, Bosnia and Herzegovina;
Prof. dr M. Tomié, Bosnia and Herzegovina; Prof. Dr B. Arsenovic, Bosnia and Herzegovina

ORGANIZING COMMITEE | ORGANIZACIONI ODBOR: Dr Miroslav Pavlovic — president

Dr Nebojsa Nikolic¢ — vice president; Dr Marija Mihailovi¢ — vice president

Prof. dr Miomir Pavlovi¢; Aleksandar Putnik B.Sc.; Dr Viadimir Panic; Jelena Slepcevic, B.Sc.;

Dr Vesna Cvetkovic; Prof. dr Milica Gvozdenovic; Zagorka Besic, B.Sc.; Gordana Miljevic, B.Sc.;

Miomirka Andic, B.Sc.; Dr Marija Matic¢; Marijana Pantovic Pavlovi¢, M.Sc.; Dr Dragana Pavlovic;

Dr Sanja Stevanovic; Lela Mladenovic¢ — secretary

EDITORS | UREDNICI: Prof. dr Miomir Pavlovi¢, Dr Miroslav Pavlovi¢, Marijana Pantovic¢ Pavlovi¢, M.Sc.
SCIENTIFIC AREA | OBLAST: CORROSION AND MATERIALS PROTECTION | KOROZIJA | ZASTITA MATERIJALA
PAGE LAYOUT | KOMPJUTERSKA OBRADA 1 SLOG: Dr Miroslav Pavlovi¢

CIRCULATION | TIRAZ: 200 copies | primeraka

PUBLICATION YEAR | GODINA IZDANJA: 2021
ISBN 978-86-82343-28-8




XXIl YuCorr, September 13-16, 2021, Tara Mountain, Serbia

Chemometric approach in the monitoring of the TiNi alloy corrosion behaviour under
different coastal conditions
Pendi Vastag, Spiro Ivosevic 147

The influence of electrolyte temperature on corrosion of CUAIMnZn alloy in Na,SO4 solution
Ladislav Vrsalovi¢, Senka Gudié, Ines Garvanovié¢, Drazan Jozié, lvana lvani¢, Mirko Goji¢, Stjepan
Kozuh 148

New biomedical materials based on metal-doped fluorapatite
Dusan Milojkov, Vaso Manojlovic, Miroslav Sokic 159

Influence of Current Density and Ultrasound on the Morphology and Roughness of Zn-Mn-
CeO, Nanocomposite Coatings
Marija Ridosi¢, Mihael Bucko, Regina Fuchs Godec, Milorad Tomi¢, Jelena Bajat, Miomir Pavlovi¢ 166

Solvent Extraction of Copper From Oxide Ore By Organic Extragens
Branko Boji¢, Ljubica Vasiljevi¢, Danijela Raji¢ 167

Corrosion protection of ship structures
Srdan Bulatovi¢, Vujadin Aleksi¢, Bojana Zecevi¢ 177

Oil Recovery from Roadside Pennycress (Thlaspi Alliaceum L.) Seeds and its Application for
Biodiesel Production
Milan Kosti¢, Olivera Stamenkovié, Vlada Veljkovi' 183

Precipitation behaviour in pH adjusted lateritic ore solution
Jonas Mitterecker, Marija Mihailovi¢, Milica KoSevi¢, Jasmina Stevanovié, Srecko Stopi¢, Vladimir
Panic¢, Bernd Friedrich 190

Electrochemical investigation of lateritic ore leachates for metal ions extraction
Jonas Mitterecker, Milica Kosevi¢, Marija Mihailovi¢, Jasmina Stevanovi¢, Srecko Stopic, Bernd
Friedrich, Vladimir Pani¢ 195

Synthesis and Characterization of New Coordination Polymers Obtained Using 3d and 3d-4f
Nodes
Traian-Dinu Pasatoiu, Catalin Maxim, Augustin Madalan, Marius Andruh 199

Method development and removal study of amoxicillin by RP-HPLC
Maria Uzelac, Katarina Modi¢, Nemanja Banic 199

Removal of methyl orange using combined ZnO/Fe,03/Zn0-Zn composite coated to the
aluminium foil in the presence of simulated solar radiation
Nemanja Bani¢, Jugoslav Krsti¢, Maria Uzelac 211

Overview of Fuel A-1 and Lubricants for Mlas Motors
Bozidarka Arsenovi¢, Darinka Jevti¢, Zorica Ristic¢ 223

Damage and Defects in Welded Joints
Emina Dzindo, Rodoljub Milicevic 234

Mechanisms and morphologies of cavitation damage of NN 70 steel
Vujadin Aleksi¢, Marina Dojéinovi¢, Ljubica Milovi¢, Bojana Aleksi¢, Ana Prodanovi¢ 237

Electrochemical examination of the pyrocatechol influence on the Bray-Liebhafsky reaction
after the oscillatory period
Jelena P. Maksimovi¢, Maja C. Pagnacco 249

SPONSORS | SPONZORI 255

XXI1 YuCorr CONTENTS-III



XXIl YuCorr, September 13-16, 2021, Tara Mountain, Serbia

Mechanisms and morphologies of cavitation damage of NN 70 steel
Mehanizmi i morfologije kavitacionog oStecenja celika Nionikral 70
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? University of Belgrade, Faculty of Technology and Metallurgy,
Belgrade, Serbia

3 Innovation Centre, Faculty of Technology and Metallurgy, Belgrade, Serbia

*vujadin. aleksic@institutims.rs

Abstract

Broken test tubes for low-cycle fatigue testing of Nionicral 70 (NN-70) parent material (PM) steel
and simulated heat-affected zones (SHAZ) were used to produce samples for cavitation resistance
testing. Ultrasonic vibrational cavitation method (stationary sample method) was applied for
testing in laboratory conditions. The test conditions and procedure, sample preparation and
interpretation of results are defined by ASTM G32. The surfaces of the NN-70 PM and SHAZ steel
samples were exposed to cavitation and damage monitoring over time. Measuring the weight loss of
samples on the analytical balance after a certain time allowed us to determine the cavitation
velocity as a measure of the material's resistance to the effect of cavitation. Scanning electron
microscopy (SEM) was applied to monitor variations in surface morphology with changing test
time. On the basis of the results of the cavitation resistance test, the morphologies of the surface
damage for different exposure times of the cavitation of PM and SHAZ steel NN-70 samples were
analyzed, as well as the mechanisms that led to the damage of the sample surfaces.

Keywords: cavitation; steel NN-70; PM; SHAZ,; mechanisms and morphologies of damage

Izvod

Polomljene epruvete za ispitivanje niskociklicnim zamorom celika Nionikral 70 (NN-70) osnovnog
materijala (OM) i simulirane zone pod uticajem toplote (SZUT) posluZile su nam za izradu uzoraka
za ispitivanje otpornosti na kavitaciju. Za ispitivanje u laboratorijskim uslovima primenjena je
ultrazvucna vibraciona metoda kavitacije (metoda stacionarnog uzorka). Uslovi i procedura
ispitivanja, priprema uzoraka kao i interpretacija rezultata definisani su standardom ASTM G32.
Povrsine uzoraka celika NN-70 OM i SZUT bile su izloZene dejstvu kavitacije i pracenju ostecenja
kroz odredeno vreme. Merenje gubitka mase uzoraka na analitickoj vagi posle odredenog vremena
omogucilo nam je odredivanje kavitacione brzine kao mere procene otpornosti materijala na
dejstvo kavitacije. Za pracenje varijacija u morfologiji povrsine s promjenom vremena
ispitivanja primijenjena je skenirajuca elektronska mikroskopija (SEM). Na osnovu rezultata
ispitivanja  otpornosti na kavitaciju u radu su analizirane morfologije ostecenja povr§ina za
razlicita vremena izlaganja dejstvu kavitacije uzoraka OM i SZUT celika NN-70 kao i
mehanizmi koji su doveli do oStecenja povrsina uzoraka.

Kljucéne reci: kavitacija, celik NN-70; OM; SZUT,; mehanizmi i morfologije ostecenja

Introduction

Cavitation is a phenomenon that involves the formation and implosion of vapor or vapor gas
bubbles in a flowing fluid. The implosion of cavitation bubbles results in a number of undesirable
phenomena: pressure increase, temperature rise in the vicinity of cavitation bubble implosion,
chemical corrosion and electrochemical processes.
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Cavitation is also called cold boiling. Unlike boiling, when heated at which the pressure
rises depending on the heat supplied, boiling occurs in cavitation according to changes in pressures
in the space surrounding the bladder.

Due to changes in fluid pressure or the influence of rigid boundaries, cavitation bubbles
generally deviate from a spherically symmetrical shape. The bubbles implode forming a
micrometer that damages the surface to which it is directed, as can be seen in Figs. 1.

b)

Cavitation material destruction

The destruction of materials under the influence of cavitation is a dynamic phenomenon caused
by the repetition of the action of cavitation bubbles that implode and condition the
formation of micromlases and shock waves, which leads to the formation of high pressures and
temperatures in local microvolumes. In the case of recurrent impulses, cavitation destruction
has been shown to have fatigue character. Therefore, plastic deformation, crack initiation and
their development depend on the mechanical properties of the material (hardness, modulus of
elasticity, tensile strength and dynamic strength), the microstructure of the material (grain size,
phase and number of defects in the material), as well as surface roughness.

The four characteristic periods of material cavitation destruction are shown in Figs. 2.
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a) Weight loss [3,4,5] b) Volume loss [6]
Figure 2. Characteristic cavitation erosion curves
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Under laboratory conditions, the destruction of a cavitation material is evaluated by measuring the
loss of mass [5] or volume [6] during the time of material exposure to cavitation.

The curves of Figs. 2a and b, obtained experimentally, provides a link between mass loss, ie
volume, and cavitation action time, and shows four characteristic cavitation destruction periods.

The first period (to), (I), is the so-called. incubation period, when there is practically no loss of
mass or volume due to the effect of cavitation. During this period the material accumulates energy
and plastic deformation begins with a noticeable appearance of micro and macro reliefs. During this
period, fatigue processes and material reinforcement may occur. During this period, only minor
surface damage to the shape of the pits resulting from the loss of microscopic particles from
different places on the surface occurs. Determining the duration of this period depends on the
accuracy of the measurement of the samples during testing.

The second period (t1)), (II), is the period of onset of slight destruction of the surface layer
followed by minimal mass loss. When the limit of deformation reinforcement is reached,
continuous plastic deformation leads to the separation of the material and the formation and
propagation of cracks near the surface, resulting in the removal of the material or the appearance of
loss of mass of the material. The damaged surface becomes rougher with many small bumps.

The third period (t2)), (III), is the period of accelerated destruction followed by pronounced mass
loss. Small craters formed in the previous period merge to form entire pits on the surface layer
exposed to the effect of cavitation. Cavitation velocity can be increased to its maximum value due
to deformation of the surface and crack development. The degree of increase in cavitation velocity
will depend on the type of material and cavitation conditions. When mass loss begins, surface
characteristics change, cracks, deep pits occur, and fatigue becomes more apparent. During this
period, the loss of part of the volume reaches its maximum value.

The fourth period (t3)), (IV), is the period in which slow destruction occurs, but the pits continue
to merge and form large craters on the surface exposed to cavitation. The decrease in cavitation
velocity during this period depends on many factors such as material properties, the interaction
between the fluid flow and the worn surface through the straightening process. Residual air or gas
bubbles in deep craters can also act as a cushion and absorb some of the impact energy. This is a
period of slow destruction, but the craters still merge and form large cavities and openings on the
surface exposed to cavitation. The damaged area corresponding to this period is generally rougher
with wider craters. This stage of cavitation only occurs under certain conditions.

In the third period, (III), a decrease in cavitation damage was observed. Volume loss is reduced.
This is explained by filling the pits with water.

The last, fourth (IV), period is characterized by almost constant erosion-induced volume loss.

Material resistance to cavitation

The ability of a material to counteract the destruction caused by cavitation is called the resistance of
a material to the effect of cavitation. Laboratory tests are used to evaluate the cavitation resistance
of materials, so several methods have been developed for the laboratory testing of cavitation
resistance of materials such as [7]:

1. High-speed methods (Venturi tube);

2. Jet impact methods using both stationary and rotating samples exposed to high speed jet;

3. High-frequency vibration methods involving magnetostrictive and ultrasonic devices.
To determine the erosion rate and resistance of PM and SHAZ steel NN-70, in this work, a
stationary pattern ultrasonic vibration method and the ASTM G32 standard were used [8].
A schematic diagram of a stationary sample ultrasonic vibration test apparatus is shown in Figs. 3.
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Figure 3. Scheme of a device for testing the resistance of a material to the effect of cavitation by an
ultrasonic vibration method with a stationary sample [3, 4, §]

High frequency output current generator 360 W, generates a frequency of 20+50 kHz that is kept
constant throughout the test. A high-frequency current feeds an electrostrictive converter - a
convector in which a high-frequency current is converted into mechanical vibrations via a
piezoelectric element (zirconium titanate).
In this method, the sample of the material under test has an opening of 2 mm through which fluid
flows and the sample is placed below the front surface of the vibration concentrator with a gap. The
shape and dimensions of the specimen are prescribed by the standard [8], and fit in Figs. 3.
In this method, the destruction of the material under the action of cavitation depends on the
magnitude of the amplitude, the gap between the sample and the concentrator face, the flow of
water through the sample opening and the water temperature of the water bath. In order to
determine the standard values of the above test parameters, cavitation velocity tests were performed
depending on the above parameters. Based on these tests of the influence of individual parameters
on the cavitation velocity, standard values of these parameters were adopted, with the aim that
the results of the research could be compared:

1. Mechanical vibration frequency are 20+0.2 kHz;

2. Mechanical vibration amplitude at the top of the concentrator is 50 [Im;

3. Clearance between test sample and concentrator is 0.5 mm;

4. Water flow is 5-10 ml/s;
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5. The water temperature in the water bath is 25+1 °C.

4. Testing of the resistance of NN-70 steel to the effect of cavitation

The cavitation resistance was tested on PM and SHAZ samples, NN-70 steel. The chemical
composition of NN-70 steels is given in Tab.1, and the mechanical properties of PM and SHAZ, of
NN-70 steels are given in Tab.2.

Table 1. Chemical composition of NN-70 steel, % wt [9]

Series |C Si n S Cr i o [V 1 ) Sn
0.106 10.209 10.220 [0.005 10.0172 {1.2575 [2.361 0.305 |0.052 10.007 10.017 10.014

PM IQu Ti b |Ca b w b Ta Co -
0.246 10.002 10.007 10.0003 10 0.0009 10.0109 10.007 10.0009 10.0189 [0.0096 |-

Table 2. Mechanical properties of the materials tested, [9]
Series E, Rm, Rp0.2, (A5, Impact Hardness, [Hardness,
OPa N Pa NADa o, tonchness H\/0 HV1N
PM 221.4 853 805 18.4 121 245-269
SHAZ 225.0 884 830 8.7 79 270-280

After testing the OM and SZUT samples, NN-70 steel, with low-cycle fatigue, non-standard
samples were made from the broken SZUT tube, Fig. 4, for testing cavitation resistance by
ultrasonic vibration method according to ASTM G 32 standard [8].

The surface of the test specimens was prepared by grinding and polishing so that the same
roughness quality Ra = (0.03-0.05) pm was achieved on all specimens.

SHAZ %
1A\ r——'i A

SECTION A-A
SCALE 1:1

Sample for PM cavitation resistance testing (PMc) @
Sample for SHAZ cavitation resistance testing (SHAZc)

Figure 4. Cavitation resistance test specimens made from LCF SZUT sample 01 [9]

A refined standard stationary sample was used as the holder for these samples, as shown in Figs. 5.
Samples for metallographic testing were also made from the broken sample of the LCF SHAZ
sample, fig. 6, the results of which served as a basis for explaining the morphologies and
mechanisms of cavitation erosion of PM and SHAZ steel NN-70.

In order to explain the mechanisms of cavitation erosion, after examination of samples of PM and
SHAZ steel NN-70 on the effect of cavitation, as well as the morphology of the surfaces exposed to
cavitation erosion, the surface exposed to cavitation was observed by scanning electron microscope
(SEM), as was done in [3 , 4 and 9-14].
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Figure 5. Cavitation resistance test sample in sample holder [9]
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Figure 6. Metallographic testing specimens made from LCF SZUT sample 07 [9]

Test results and discussions

The micro structure of PM and SHAZ of NN-70 steel contains martensite and beinite, Figs. 7
[9,14].

Analyzing the microstructures of the fracture surfaces, we can see that the upper beinite is
dominated by the SHAZ, and significantly less in the PM. This is why SHAZ has a reduced

toughness compared to PM. There is very little difference in grain size and overall structure of PM
and SHAZ.
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SEI 20kV WD14mm
K30

| ) erstctur ote PM (LB-lower bainite, UB-upper bainite)

b) Microstructure of SZUT (LB-lower bainite, UB-upper bainite)
Figure 7. a) PM (martensite and bainite with carbides), b) SHAZ (martensite, bainite and ferrite
with carbides)

In addition to the above micro constituents, the SHAZ microstructure also includes a small amount
of carbide ferrites (Figure 1b). The material was found to be characterized by a high degree of
porosity.

The measured PM hardness was 269 HV1. The SHAZ hardness value was 276 HV 1.

After exposure of each sample to the effect of cavitation for 30 min, mass loss was measured. The
mass was measured on an analytical balance whose measurement accuracy was 0.0001 g. After
each test interval, the sample was dried with warm air and kept in a desiccator for 24 hours to
remove residual moisture.

To determine the cavitation velocity, which is used to evaluate the material's resistance to
cavitation, diagrams of test time-mass loss were made. The loss of mass caused by cavitation
damage is applied to the ordinate, and the abscissa records the time intervals of the test. Using the
least squares method, the points of the diagram are approximated by the direction whose tangent of
the slope angle represents the loss of mass over the period of cavitation action and represents the
cavitation velocity, Fig. 8.

Scan electron microscopy (SEM) of the surface damage of the PM sample exposed to cavitation for
30, 60, 90, 120, 180 and 240 minutes and scan electron microscopy (SEM) of the surface damage of
SHAZ samples exposed to cavitation for 30, 60, 90 , 120, 180 and 240 minutes is also shown in
Figure 8.
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Figure 8. Diagram of change in cavitation velocity and SEM of damaged surfaces of tested samples
PM and SHAZ of steel NN-70
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The scanning electron microscopy photographs analyzed the surface morphology, Figs. 8, samples
of PM and SHAZ of NN-70 steel damaged by cavitation exposure, and on the basis of it, the
mechanisms of damage occurrence were determined, fig. 9.

The cavitation rate of the PM sample is 0.018 mg/min, while the cavitation rate of the SHAZ
sample is 0.020 mg/min, and this was calculated from the diagram shown in this slide.

After 240 min of exposure of the sample surface PM and SHAZ to the effect of cavitation,
numerous wells were observed, most likely due to the porosity of the starting PM.

a')

grain-boundary grain boundary i C

a") the beginning of cavitation
: i i " i
b'") 45 min d")4n

B

.
-

X2,000 . 10pm  — SEI 20KV
— UB-RGF

PM-180 min SHAZ-90 min
Figure 9. Mechanism of surface destruction by cavitation [15, 16]

The original surface was repeatedly exposed to the destruction of cavitation bubbles, which
caused plastic deformation of the surface of the material by shock waves and micro jets
generated by the destructive bubbles, a schematic illustration of FIG. 9a . Multiple repetition
of the action of the destructive bubbles on the deformed surface causes a gradual expansion
of the surface and the accumulation of plastic deformation at the boundaries of the crystalline
grain as shown schematically in Figs. 9b ”, which corresponds to SEM photography after 45
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minutes of cavitation action, Figs. 9b '. At the boundaries of the crystalline grain, extruded
parts of the plastically deformed surface material appear. These parts produce an additional load
relative to adjacent grains with less plastic deformation and cause a high stress concentration,
resulting in a crack as in Figs. 9c . Figure 9d “shows that erosion easily occurred at the site of
crack formation. Figure 9¢ and d correspond to SEM photographs after 3 - 4 h, Figs. 9¢ 'and d".
The evolution of erosion after 5 hours is shown schematically in Figs. 9e, where we see that
cavitation erosion has invaded a wide space within the grain.

For hard constituents, such as carbides, the model of the mechanism of destruction by cavitation
erosion is shown in Figs. 10, based on SEM observations [16]. Figure 10a shows the intact
surface of an eutectic structure consisting of a metal matrix and a carbide. Figure 10b illustrates
that the metal matrix is softer than the carbide, causing plastic deformation to occur in the
matrix. In this case, carbides play the role of grain boundary from the mechanism model of
Figs. 9. Plastic deformation occurs in the matrix, and the extruded part of the material appears
near the carbide. The extruded part near the carbide has a high stress concentration that easily
initiates cracking. Figure 10c shows that the erosion takes place at the interface between the
matrix and the carbide. Erosion undermines the carbide and then ejects it from the matrix, as
shown in Figs. 10d.

This mechanism can explain the cavitation erosion of metals in which other hard constituents,
inclusions (slag, gas pores, impurities), porosity, etc. are present.

grain boundary plastic deformation

! > )

.

undermining removal

SE £ 200" » SEl 20KV
3

UB-RGF 44

UB-RGF .
PM-180 min SHAZ-90 min
A - metal matrix, B - hard constituents or inclusions (slag, gas bubbles, impurities)
Figure 10. Model of the mechanism of cavitation destruction of metals [15, 16]
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Conclusion

Based on the results related to the experimental considerations of the behavior of low alloy high
strength steel, in this case PM and SHAZ of NN-70 steel, under the conditions of cavitation
destruction based on the analysis of morphologies and mechanisms of damage, as well as a
discussion of the results of experimental tests, the following general conclusions can be drawn:

e The morphology of the PM surface is characterized by marked hardening of the material, but
the morphology of the damage in subsequent stages indicates the porosity of the PM
and cannot be related to the microstructure of the PM in which beinite is represented;

e During the examination of SHAZ specimens, two types of morphology can be observed:
morphology characteristic of martensite and damage morphology resulting from the porosity
of the material;

e In the case of SZUT, the presence of beinite is assumed to reduce the negative effect of
ferrite having little resistance to the effects of cavitation.
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