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PREFACE 

We are pleased to present the proceedings of The XXIII Conference on Technologies and 

Properties of Modern Utility Materials (TPMUM 2015) held on May 15, 2015 and hosted by The 

Faculty of Materials Engineering and Metallurgy of Silesian University of Technology  

in Katowice, Poland (www.wimim.polsl.pl). 

The Faculty of Materials Engineering and Metallurgy is one of sixteen Faculties of Silesian 

University of Technology. The Faculty structure consist of four departments: Institute of Metals 

Technology, Institute of Materials Science, Department of Production Engineering and Department 

of Industrial Informatics. 

The TPMUM Conference is organised annually in conjunction with the celebration of 

National Metallurgist’s Day in Poland. It is the occasion for faculty members, students and guests to 

share and discuss the results of their research and plans for the future development of the Faculty. 

The scope includes topics related to materials engineering, in particular, advanced analytical 

methods in materials science, development and application of metal alloys, ceramics, composites, 

their processing techniques and related environmental issues. 

In addition to plenary and seminar sessions a poster session open to participants and faculty 

students is also organised. Selected, peer reviewed papers are published. 

This year’s proceedings include 62 papers peer reviewed by international specialists from 

Turkey, Portugal, the United States of America, South Africa, Poland, Czech Republic, Slovakia, 

Germany, and Romania. Papers are categorised in four chapters:  

I. Analysis, Testing and Properties of Materials, II. Surface Engineering and Corrosion Resistance, 

III. Processing Technologies, and IV. Decisions in Area of Industrial Engineering. Chapter I 

concerns with microstructure studies and correlation between microstructure and properties of 

materials. Chapter II contains papers related to the development of protective coatings and other 

methods that increase corrosion resistance of metal alloys. Chapter III. related to development of 

materials processing techniques and evaluation of materials properties during processing Chapter 

IV includes papers that describe waste and industrial management, environmental impact of 

materials processing industry and optimization of processing technologies. 

Conference should be considered a success. As the Editors of this proceedings we would 

like to thank all participants for their attendance and the effort with preparing the papers. We 

appreciate all reviewers' effort and expertise in contribution to reviewing. 

Editors 



Table of Contents

Preface

Chapter I: Analysis, Testing and Properties of Materials

Application of Micro Wear Testing in Investigations of Super Coarse WC-Co Type Sintered
Carbides
K. Harabas and J. Richter 3

Assessment of the Acoustic Properties in Octavo Bands for Selected Polyurethane Materials
T. Małysa, K. Nowacki and T. Lis 7

Effect of Neodymium Addition on the Microstructure of Ti-47Al-2W-0.5Si Alloy
W. Szkliniarz 11

Effect of Two Different Solutionizing Heat Treatments on the Microstructure of the CMSX-
4 Ni-Based Superalloy
A. Szczotok 15

Microstructure and Properties of Beta 21S Alloy with 0.2 wt. % of Carbon
A. Szkliniarz 19

Mechanism of Hot Cracking Welds of Nickel Alloy Inconel 625
R. Kocurek and J. Adamiec 25

Precipitation and Growth of Intermatallic Phases in an Fe-Ni Superalloy during Prolonged
Ageing
K.J. Ducki, K. Rodak and L. Wojtynek 29

Precipitation Processes in HR6W Alloy after Long-Term Ageing
P. Jamrozik and M. Sozańska 33

Influence of Strain Rate Effects on the Structure and Mechanical Properties of the Fully
Austenitic High Mn Steels under Dynamic Impact Deformation
M. Jabłońska, W. Moćko, K. Rodak, R. Michalik and A. Śmiglewicz 39

Structural Characterization of FeAl28Cr5 Alloy Deformed in the Hot Torsion Process
I. Bednarczyk and M. Jabłońska 43

Structure and Hardness of the ZnAl40Cu(1-2)Ti(1-2) Alloys
T. Mikuszewski and R. Michalik 47

The Effect of Compression Aided by Additional Shear Stress on Microstructure of
Composites Reinforced with Ceramic Particles
M. Tkocz, J. Myalski, B. Hekner and F. Grosman 51

The Effect of High Strain Rate on Properties and Microstructure of the Fully Austenitic
High Mn Steel
A. Śmiglewicz, M. Jabłońska, A. Płachta, K. Rodak and R. Michalik 55

The Influence of High Energy Ball Milling on the Morphology of Metal-Ceramic Composite
Powders
B.J. Adamczyk, B. Hekner and M. Sopicka-Lizer 59

The Use of Thermo-Gravimetric Studies for the Assessment of Technological Properties of
Quartzites for the Ferrosilicon Smelting Process
J. Węgrzyn and B. Machulec 63

Research of the Properties of Quartzites for the Production of Ferrosilicon
G. Kopeć and R. Przeliorz 67

Testing of Welded Joints of Gas-Tight Pipe Walls Made of New Generation Martensitic
Steel Type VM12-SHC
S. Lalik, J. Adamski and A. Balcerzyk 71

Application of a Digital Strain Analyzer AutoGrid at Thin Sheet Metals Mechanical
Characteristics Preparation and Assessment of their Drawability
M. Hyrcza-Michalska 75

Chapter II: Surface Engineering and Corrosion Resistance



b Technologies and Properties of Modern Utility Materials XXIII

The Selected Tribological and Structural Properties of Protective Coatings Obtained by
Different Methods
K. Szymański and B. Szczucka-Lasota 81

The Influence of the Chemical Composition of a Zinc Bath upon Corrosion Resistance of
Coatings Obtained on Sebisty Steel
H. Kania and L. Komorowski 85

The Influence of the Thickness of a Rebar on the Growth Kinetics and Structure of Hot Dip
Zinc Coatings
P. Liberski, K. Migacz and B. Chmiela 91

An Influence of the Self-Ageing on the Hardness and Corrosion Resistance of the
ZnAl22Cu3 and ZnAl40Cu3 Alloys
R. Michalik 95

Corrosion Resistance of ZnAlMg Alloys for Batch Hot Dip Galvanizing
M. Saternus, A. Fornalczyk, H. Kania and J. Mendala 99

Electrochemical Corrosion of Magnesium Alloy for Cardiac Implants in Artificial Plasma
Solution
J. Przondziono, P. Zbrzeski, E. Hadasik, W. Walke, J. Szala and M. Basiaga 105

Corrosion Resistance of the ZnAl40Cu(1-2)Ti(1-2) Alloys in an "Acid Rain" Environment
A. Tomaszewska, R. Michalik and M. Jabłońska 109

Mechanical Properties of Parts with Tin Coating Obtained by Hot-Dip Method
J. Mendala 113

Microstructure and Selected Properties of WC-Co-Cr Coatings Deposited by High Velocity
Thermal Spray Processes
H. Myalska, K. Szymański and G. Moskal 117

Influence of Solutionizing Parameters on the Structure and Corrosion Resistance of the
ZnAl40Cu3 Alloy
A. Tomaszewska, R. Michalik and M. Jabłońska 123

The Composite Materials for High Erosion Resistance Coatings Applied in Power Industry
B. Szczucka-Lasota, K. Szymański and J. Piwnik 127

The Impact of Al Addition to a Zn-Al Bath upon Growth Kinetics and Structure of
Coatings Obtained in the Batch Double Hot Dip Process
H. Kania 131

The Influence of the Chemical Composition of a Zinc Bath on the Growth Kinetics and
Structure of Coatings Obtained on B500SP Steel
P. Liberski, A. Skupińska and M. Nowicka-Nowak 135

The Influence of Substrate Roughness on the Surface Condition of WC-Co Coatings
Obtained Using the Supersonic Method
J. Mendala and K. Szymański 139

The Properties of ZnAlMg Alloys for Batch Hot Dip Metallization
K. Nowacki, H. Kania, J. Wieczorek and A. Smalcerz 143

Analysis of Surface Coarseness for Friction Node of Alloy AlSi17Cu5 and Cast-Iron EN-
GJL-350
R. Wieszała and J. Piątkowski 149

Influence of Modification with CuP Master Alloy and Rapid Crystallization on the
Tribological Properties of AlSi17Cu5Mg Alloy
J. Piątkowski and R. Wieszała 153

The Influence of Mass Fraction and Size of Glassy Carbon Particles on the Tribological
Properties of Metal – Ceramic Composites
B. Hekner, J. Myalski, P. Krzywda and A. Miczek 157

Tribological Properties of In Situ Composite Obtained from Sintered Mg-Ti-Al Powder
Mixture
A. Olszówka-Myalska 163

Erosion Resistance of the ZnAl22Cu3 Alloy
R. Michalik and A. Iwaniak 171

Chapter III: Processing Technologies



Solid State Phenomena Vol. 246 c

Characteristics of Fusion-Welded Joints Made Using Martensitic Steel after 100,000 Hours
in Service
A. Hernas, A. Mościcki and R. Krupa 177

Influence of Single and Summary Deformation for the Change of Limit Stress in the
Drawing Process Based on the Pelczynski Diagram
D. Halaczek 183

Investment Casting Design and Processing for Drone’s Micro-Engine Turbine Rotor
Manufacturing
S. Roskosz, D. Szeliga, R. Cygan and P. Rokicki 189

Mechanical Performance of Polymer-Matrix Laminate Reinforced with 3D Fabric during
Three-Point Impact Bending
M. Koziol 193

Welding of Gas-Tight Pipe Walls Made of Composite Pipes of 3R12/4L7 Steel
S. Lalik, J. Adamski and A. Balcerzyk 197

Effect of Preheating before Welding on the Microstructure and the Properties of SA213 T12
and SA387Gr11CL2 Steels Joints on the Example of a Sheet Piling
K. Sieczkowski and A. Szczotok 201

Computer Aided Design and Analysis of Prototype Rotary Furnace Using Visual Basic
Software
O.R. Adetunji, A.J. Adeyemi and K.I. Okediran 207

Numerical Modeling as the Method to Determine the Parameters of Tube Bending with
Local Induction Heating
M. Cieśla, K. Mutwil, J. Tomczak and T. Kawała 213

The Impact of the Heat Transfer Coefficient on High-Temperature Distributions in Steam
Valve
A. Marek 217

The Deformability of Fe-Ni Superalloy during High Temperature Deformation
K.J. Ducki, K. Rodak and L. Wojtynek 221

The Influence of the Components of the Bimetallic Tubes for the Way of Deforming in the
Hollow Drawing Process
D. Halaczek and E. Hadasik 225

Structure and Properties of Steel Welding after Micro-Jet Cooling Process
I. Bednarczyk, B. Szczucka-Lasota, T. Węgrzyn and J. Piwnik 231

The Influence of Molding Parameters on the Structure of the ZnAl40Cu2Ti Alloy
T. Mikuszewski and R. Michalik 235

Forming Construction Elements for Aviation from Light Alloys with the Use of Cold
Extrusion in Complex State of Strain
A. Mrugała and D. Kuc 240

Causes of Increased Number of Non-Metallic Inclusions in Filtered Steel
K. Janiszewski 244

Importance of Electrodes Slipping Algorithm for the Ferrosilicon Smelting Process
B. Machulec and W. Bialik 248

The Influence of Thermodynamic Conditions for Steel Filtration Efficiency
K. Janiszewski and B. Gajdzik 252

Selection of Carbon Reducers for the Ferrosilicon Smelting Process
G. Kopeć and B. Machulec 256

Chapter IV: Decisions in Area of Industrial Engineering

The Analysis of Qualification Processes of Metallurgy Sector Suppliers
M. Kuczyńska-Chałada 263

Sustainable Restructuring Process in Polish Steelworks
B. Gajdzik 267

Application of Modern Technology to Improve Safety in the Automotive Industry
J. Lisok 271

Environmental Criteria for Shielding Gas Selection during Arc Welding of Stainless Steels
J. Matusiak, J. Wyciślik and A. Wyciślik 275



d Technologies and Properties of Modern Utility Materials XXIII

Modelling of Nitric Oxide Formation During Liquid Fuel Combustion
S. Gil and W. Bialik 279

Trends Development of Machines Operation Maintenance in Metallurgical Companies in
Poland
B. Gajdzik, K. Janiszewski and R. Wieszała 284



Chapter I: Analysis, Testing and Properties of 
Materials



Application of Micro Wear Testing in Investigations 

  of Super Coarse WC-Co Type Sintered Carbides 

Katarzyna Harabas 1a, Janusz Richter 1b* 

1 Silesian University of Technology, Faculty of Materials Engineering and Metallurgy,  

40-019 Katowice, Krasińskiego 8, Poland 

a katarzyna.harabas@polsl.pl, b janusz.richter@polsl.pl 

Keywords: Sintered carbides, super coarse grains, alternative binders, mechanical properties. 

Abstract. The mico-wear abrasion test has recently become a popular method for the measurements  

of wear resistance of both coated and solid materials. It provides insight into abrasion 

micromechanisms and quantitative information (wear coefficient) of the tested samples. The 

investigated super coarse WC-Co composite (WC particles average size of 6-10 μm) reveals the 

biggest fracture resistance within the whole size range of sintered carbides, at the certain expense of 

hardness. Super coarse grades are used, among other, as coal mining tools and rock cutting/driling 

bits. In this work, ball-cratering wear tests were performed using 1 μm diamond particles as the 

abrasion medium; the abrasives used produced well-defined craters. The worn areas were observed 

and measured using optical and electronic microscopy, the wear coefficient was calculated based on 

the increasing sliding distance method. It was found that super coarse sinters abraded with 1 μm 

diamond grains were more wear resistant than the more fine grained counterparts. This result is 

attributed to the influence of the large size ratio of WC particles and diamond grains and consequent 

stronger WC embeding in the metal matrix. 

Introduction 

The ball cratering wear test is more and more popular as a method for the small-scale tribological 

evaluation of bulk and coated materials abrasion resistance. In this type of testing a fine abrasive 

medium has been applied. Silicon carbide with a 4 µm grain size is the most common type of 

abradant; however , the use of other abrasives is possible and allowed [1,2]. 

WC-Co sintered carbides possess a favourable combination of high hardness, reasonable fracture 

toughness and high wear resistance. Tungsten carbide-cobalt binder hardmetals are employed 

in a wide variety of application, especially where mechanical stressing occurs, for example mining, 

masonry, wood and metal cutting and drilling tools. Commonly the producers recommend the fine 

grained hardmetals for abrasion resistant applications at possibly mild impact loads, whereas coarse 

grained grades are intended for more severe situations regarding possible brittle fracture.  

The properties of WC-Co sinters strongly depend on the WC grain size and the cobalt content. 

Variation of these factors can also be expressed in terms of changes in Co mean free path, which is 

the essential element in controlling the thermo-mechanical fatigue behavior in WC-Co materials. 

Typically a correlation between the WC grain size (hence hardness) and wear resistance has been 

observed [3,4,5]. Nevertheless, certain works [3,6] report a higher wear resistance of materials  

of a coarser microstructure, especially in mild (low load) abrasion situations. 

Material for examination 

Samples of super coarse WC - 9.5 wt.% Co composite have been examined. For comparison 

reasons samples of a submicrometre grained grade with similar cobalt binder content have been 

tested; the bulk hardness of the samples amounts 1600 HV30 (submicrometre) and 1050 HV30 

(super coarse). Examples of the microstructures of the sinters investigated are shown in Fig. 1. 
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a) 

 

b) 

 

Fig. 1. Scanning electron microscopy micrograph of WC-Co with super coarse (a) and super 

fine grain size (b) 

Experimental procedure and results 

The geometry of the crater produced through the micro-wear testing is assumed  

to reproduce the ball geometry. The wear volume can be related to the total distance  

of sliding, S, and the applied normal load, N, by a model which is equivalent to the Archard 

equation for sliding wear: 

 V = k∙S∙N         [m
3
]                                                                                                                 (1) 

where k is the wear coefficient.  

The volume of the crater formed with a diameter b, resulting from the use of a metal ball with  

a diameter 2∙R, for b <<R is approximately equal to: 

  π∙b
4
/ 64∙ R        [m

3
]                                                                                                                     (2) 

In the current work a Plint Te-66 Phoenix Tribology device was used (Fig. 2a). A steel ball  

of 25mm diameter was driven directly by clamping the ball against the co-axial driver shafts.  

A specimen was loaded against the rotating ball by a dead weight hanging from a lever arm 

in the presence of an abrasive slurry (Fig. 2b). 

a) 

 

b) 

 

Fig. 2. Plint TE-66 micro-abrasion tester (a) and schematic diagram of the micro-scale 

abrasion apparatus (b) [2,7] 
 

The tests were carried out under the same conditions, at a constant load of 0.4 N and  

a sliding speed of 0.05 m∙s
-1

. Because the commonly used 4 μm SiC abrasives in case  

of the super coarse samples proved to produce very ill-defined craters, a diamond slurry with  

a mean particle size of 1 μm as abrasive was applied. The results were obtained from a series  

of increasing wear distances of 10 to 30 m. 
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The craters obtained and the morphology of the resulting wear of the super coarse  

and fine grades caused by the diamond slurry are presented in Fig. 3. The increase of the crater 

volume with the value of the S∙N product for super coarse WC-Co samples is presented  

in Fig. 4. The abrasion coefficient was calculated as the value of the straight line slope  

and amounted 3.88 x 10
-13

 m
2
∙N

-1
 for the super coarse sample and 6.09 x 10

-13
 m

2
∙N

-1
  

for the fine grained sinter.  

a) 

 

 

b) 

 

c)  

 

 

d) 

 
 

Fig. 3. Craters after 30 m distance abrasion and wear scars morphology of the super coarse WC-Co 

sample (a,b) and fine grade sinter (c,d) 

Fig. 4. Development of worn crater volume vs normal load and sliding distance product  

(super coarse sintered carbides abraded with 1 μm grain size diamond abrasives) 
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Summary and conclusions 

The general view regarding wear resistance increase with material bulk hardness considers mainly 

metals and alloys. In the case of multiphase materials with hard particles, the wear 

micromechanisms are more complicated. Among others grain size, or rather the ratio  

of sizes of abrasive particles to hard phase particles  becomes a structural factor controlling the wear 

resistance. 

The result obtained – an increase of micro wear resistance with grain size in WC-Co sinters, can 

be attributed to a few interrelated factors: 

- in micro wear cratering the test conditions, especially the small load applied, is not 

conducive to WC grains fracturing, 

- the high surface to volume ratio of WC particles in the super coarse grade increases their 

embedding in the cobalt matrix, 

- in case of the bigger grain size of the super coarse samples, abrasion of the metal matrix 

enabling individual WC particles pullout is deeper (hence more difficult)  

as compared to the much more fine grained sintered carbide samples. 

Owing to these structural factors the wear resistance measured through ball cratering using  

a 1 μm diamond particle abrasive proved to be higher for the super coarse sintered carbide grade in 

spite of its lower bulk hardness. This finding might extend the possible application range of super 

coarse hardmetals for fracture and mild wear resisting situations. 
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Assessment of the Acoustic Properties in Octavo Bands  
for Selected Polyurethane Materials 

Tomasz Małysa 1,a*, Krzysztof Nowacki 1,b, Teresa Lis 1,c  
1 Silesian University of Technology, Faculty of Materials Engineering and Metallurgy,  

Krasińskiego 8, 40-019 Katowice, Poland 

a tomasz.malysa@polsl.pl, b krzysztof.nowacki@polsl.pl, c teresa.lis@polsl.pl 

Keywords: noise, sound absorption coefficient, polyurethane materials, Kundt’s tube. 

Abstract. The article presents the acoustic properties of selected polyurethane materials. The study 

involved a porous polyurethane foam primary and secondary, for whom assigned the value of sound 

absorption coefficients in the frequency range of 100-1250 Hz. The study was conducted in 

impedance tube Kundt. 

Introduction 

Noise is one of the factors that has particular negative impact on the environment, and thus on the 

man in his life. Costs related to exposure to noise shall be borne by all of society, including losses 

in production, decline in the quality of services, damage to the health of workers. Consequently, any 

solution which may contribute to a reduction of noise are most desirable. 

The article presents the results of measurements of sound absorption coefficients of polyurethane 

materials which, due to its structure can be applied to reduce noise during ongoing processes. There 

are a broad class of materials which have the sound-absorbing properties, but due to its form 

(granules, wool), the mass burning properties, strength can not find an industrial application. The 

selection of sound-absorbing material, in addition to the physical parameters of the same material, 

requires consideration of the specifics of ongoing processes. 

Characteristics of research material 

For testing was chosen foamed polyurethane primary and secondary. Polyurethanes are among the 

segmented polymers, consisting of alternating segments of rigid and flexible. They are not pure 

plastics, but polymers of different chemical composition [1]. The properties of these materials 

depends mainly on the form and purpose. By analyzing their functional forms can be distinguished 

[2]: 

• flexible foams are characterized by open pores, which under pressure have little resistance to 

strain gauge, 

• rigid foams characterized by high resistance of the strain gauge under pressure, which are 

characterized by low thermal conductivity and ease of connection to the facings, 

• integral foam structure differs depending on the manufacturing process (flexible foam, rigid, 

glass fiber), 

• engineering plastics, polyurethane preparation in the form of moldings, sheets, films, and thick 

coatings. 

For the tests were initially foamed polyurethane materials labeled "P1" having a density of  

22 [kg/m
3
], and "P2" with a density of 25 [kg/m

3
]. Secondarily foamed materials labeled "W1" – 

the density of 220 [kg/m
3
] and "W2" – a density of 240 [kg/m

3
]. For testing was used a sample 

having a thickness of 40 mm. 

Characteristics of the test method 

One of the parameters characterizing the materials, products and soundproof – insulating structure 

is the sound absorption coefficient. Sound absorption is a phenomenon collection of acoustic energy 
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