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ANALYSIS OF THE POSSIBILITIES OF USING COATINGS
TO IMPROVE THE PERFORMANCE PROPERTIES OF
MAGNESIUM ALLOY CASTINGS

Marek Mréz, Sylwia Olszewska*
Rzeszow University of Technology, Powstancow Warszawy 12, 35-959
Rzeszow, Poland

* s.olszewska@prz.edu.pl

Abstrakt

The paper presents the results of scratch test tests of the connection of two
Al,031+40%TiO, and WCCoCr coatings with an AZ91 alloy casting. The coatings
were applied using the APS (Atmospheric Plasma Spraying) method. The criterion for
the correct coating production was the thickness of the Al,O3;+40%TiO, coating
ranging from 280 to 300 pm, while for the WCCoCr coating the thickness was from
140 to 160 um. Microstructure tests and analysis of the chemical composition of the
substrate material and Al,03+40%TiO, and WCCoCr coatings were performed. The
analysis of the coating-substrate connection condition was performed based on
microstructure tests before and after the scratch test. The scratches were made in the
direction from the substrate to the coating. The scratch depth and width were
determined in the scratch test. Based on the conducted tests, a very good quality of the
Al,031+40%TiO, and WCCoCr coatings connection with the with the AZ91 alloy
casting was found. The effect of the indenter interference during scratching is the
process of degradation of the AZ91 alloy microstructure and coatings. Cracking plays
the main role in this process. In the case of coatings, the effect of the indenter action
is a network of microcracks, while in the AZ91 alloy microstructure, cracks appeared
in large precipitates of the y-Mgi7(Al, Zn):» phase. The obtained lower values of the
geometric scratch parameters (width and depth) of the coatings, compared to the AZ91
alloy substrate, indicate the possibility of using coatings to improve the functional
properties and scratch resistance of elements and machine parts made of magnesium
alloy.



THE INFLUENCE OF MICROSTRUCTURE MODIFICATION
OF ALSI ALLOY USING FSP ON MATERIAL PROPERTIES

Magdalena Radon*, Bogdan Kupiec
Rzeszow University of Technology, Powstancow Warszawy 12, 35-959
Rzeszow, Poland

* m.radon@prz.edu.pl

Abstrakt

An aluminum-silicon casting alloy was subjected to friction-based surface layer
modification with material mixing using the Friction Stir Processing (FSP) method.
The aim of the study was to assess the impact of the modified microstructure on the
linear distribution of microhardness values and on material properties. The HVO0.1
microhardness of the modified material was analyzed under a 100 g load, maintaining
a distance of 0.4 mm between individual points and 1 mm between the lines along
which microhardness measurements were performed. The coefficient of friction was
determined by performing scratches under varying force values using the scratch test
method with a diamond Rockwell indenter at a sliding speed of 0.5 mm/min.
Additionally, the scratch test assessed the depths and widths of the grooves. Macro-
and microstructural analyses of the subsurface layer area of the AISi alloy after
modification were conducted. The research results indicate a smaller variation in
microhardness values in the modified material compared to the as-cast state. Changes
in other material parameters are also observed.
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ANALYZA UNAVOVYCH VLASTNOSTI AUSTENITICKYCH
LIATIN S GUELOCKOVYM GRAFITOM

Alan Vasko*
Zilinskd univerzita v Ziline, Strojnicka fakulta, Univerzitna 8215/1, 010 26
Zilina, Slovenskd Republika

* alan.vasko@fstroj.uniza.sk

Abstrakt

Austenitické liatiny s gul'6ckovym grafitom maju vybornua kombinaciu pevnostnych a
plastickych vlastnosti, ale aj d’alSie vyhody, ako napr. vysokl odolnost’ proti korozii,
vynikajiicu odolnost’ proti opotrebeniu a erdzii, dobri huZevnatost’ a stabilitu pri
nizkych teplotach, vynikajucu tepelni a oxidacni odolnost’, dobra zlievatelnost,
obrabatel'nost’ podobnt austenitickym nehrdzavejliicim oceliam a niektoré austenitické
liatiny su navySe nemagnetické. Pre praktické pouzitie tychto liatin st vSak dolezité aj
unavové vlastnosti a lomové spravanie odliatkov pri inavovom namahani. Tie suvisia
s mikrostruktirou a mechanickymi vlastnostami. Cielom tejto Stidie je stanovenie
unavovych vlastnosti a analyza tnavového lomu dvoch austenitickych liatin s
gulockovym grafitom v spojitosti s ich mikroStruktirou a mechanickymi
vlastnostami.



ANALYZA TVRDONAVARU VYHOTOVENEHO
TECHNOLOGIOU ZVARANIA TIG

Radoslav Konar*
Zilinskd univerzita v Ziline, Strojnicka fakulta, Univerzitna 8215/1, 010 26
Zilina, Slovenskd Republika

* radoslav.konar@fstroj.uniza.sk

Abstrakt

Prispevok sa zaobera analyzou makroStruktiry, chemického zloZenia, tvrdosti a
tribologickych vlastnosti tvrdonavaru vyhotoveného technoldégiou TIG s pouzitim
tvrdokovového pridavného materidlu UTP-A 696. Analyzovany bol jedno, dvoj a
trojvrstvovy navar. Analyza je zamerana na vplyv poltu vrstiev navaru na jeho
vlastnosti. Vysledné vlastnosti tvrdonavaru ovplyviiuje najma premie$anie pridavného
a zékladného materidlu a tepelny rezim pri zvarani. Tvrdonavar vyhotoveny
technolégiou TIG je mozné pouzit na renovaciou opotrebenych funkénych casti
strojnych sucasti ako st zlievarenské formy, tvarniace nastroje, mlecie mlyny a pod.
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HODNOTENIE KOROZNEJ ODOLNOSTI NAVAROV
MERANIM INTERMETALICKYCH FAZ

Janette Brezinova*, Jan Vinas, Jakub Brezina
Technicka univerzita v KoSiciach, Strojnicka fakulta, Letnd 9, 042 00 Sever
Kosice, Slovenska Republika

* janette.brezinova@tuke.sk

Abstrakt

Prispevok prezentuje vysledky vyskumu zamerané¢ho na renovéciu foriem pre
vysokotlakové odlievanie zliatin hlinika. Na renovaciu bola pouzitd technoldgia
laserového navarania. Boli overené renovacné postupy, ktoré zvysia technologicka
zivotnost’ foriem. Bola realizovana tiprava povrchu textirovanim pre zabezpeéenie
potrebného mazacieho u¢inku pri zabehu formy. V prevadzkovych podmienkach je
mozné uplatnit’ navrhnutd metodiku hodnotenia kvality separaénych prostriedkov
meranim kontaktnych uhlov a zvysit ochranny u¢inok vhodnym textirovanim
povrchu tvorbou zasobnych jamiek. Bol navrhnuty postup pre hodnotenie odolnosti
materidlu navaru pri kontakte s taveninou zliatiny hlinika stanovenim koeficientu
kor6znej odolnosti, ako pomer hrubky intermetalickej fazy vzniknutej na povrchu
navaru k hrubke intermetalickej fazy na povrchu materidlu tvarového dielu formy po
ponore v tavenine zliatiny hlinika. Jedna sa o efektivny spdsob stanovenia vhodnosti
materialu pre renovaciu exponovanych ¢asti foriem v podmienkach vysokoteplotnej
korozie.



MATRIX REPLICA METHOD IN DIAGNOSIS -
STEREOLOGICAL PARAMETERS AND IMAGE ANALYSIS
FOR MATERIAL CONDITION ASSESSMENT

Justyna Kasinska'*, Pawel Malinowski>

! Kielce University of Technology, 7 Av. Tysigclecia Panstwa Polskiego, 25-
314 Kielce, Poland

2 AGH University of Krakow, Adama Mickiewicza 30, 30-059 Krakéw, Poland
* kasinska@tu.kielce.pl

Abstrakt

Diagnostics in the power industry is a complex issue that determines the safe operation of
equipment and systems. The future challenges for the energy sector include, among others,
improving the efficiency of power units and, consequently, the development of energy
control and diagnostic processes. In this work presents a new approach to assessing the
microstructures of 13HMF steel after long-term operation. Using stereological parameters
with the simultaneous use of digital image analysis, the author show that the non-
destructive method of matrix replicas allows a very accurate representation of the
microstructure of the material. Non-destructive testing and machine learning used in
diagnostics for the analysis of the obtained results are promising techniques applying
modern methods of artificial intelligence. However, they are not utilized in actual
engineering practice due to the lack of a sizable database of materials following extended
use. The development of such a diagnostic model, which is a challenge now, will enable
the further development of material testing not only for the energy sector but also for other
key industries. The author present a preliminary evaluation of combining quantitative
assessment of the microstructure via semi-automatic image analysis with the participation
of an operator. It was demonstrated that numerical parameters for the chosen microstructure
of 13HMF steel after long-term operation could be added to the operator’s comparison
evaluations. The tests were carried out using the matrix replica technique and the
measurements were made on metal samples and identical regions of the replicas. The mean
chord length and the mean cross-sectional area were measured on metallographic
specimens and replicas. Values of 15.78 and 15.39 pm mean chord and 373.4 and 352.4
um? mean cross-sectional area were obtained. No statistically significant differences
between measurement results were found.
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INFLUENCE OF THERMAL CONDITIONS DURING
PLASTER MOLD CASTING ON THE PROPERTIES OF
AlSil0Mg ALLOY

Katerina Miczkova*
Vysoka Skola Bariskd — Technickd univerzita Ostrava, 17. Listopadu 2172/15,
708 00 Ostrava — Poruba, Ceskd republika

* katerina.miczkova@pysb.cz

Abstrakt

This study examines the influence of plaster mold cooling conditions on the as-cast
structure and properties of AlSilOMg alloy. The aim was to describe how different
combinations of pouring and mold temperatures affect the alloy’s behaviour during
solidification. While the effect of pouring temperature on casting properties is well known,
this study extends the analysis to explore the impact of mold preheating, providing a
broader understanding of how cooling rates influence microstructure, fluidity, linear
thermal expansion, and mechanical properties such as tensile and compressive strength.
These parameters were assessed under different casting conditions. Microstructure analysis
combined optical observation and quantitative SDAS measurement. The results confirmed
that lower mold temperatures (25 °C) produced finer-grained structures with fewer
shrinkage cavities and porosities, resulting in higher mechanical properties. However, these
conditions reduced fluidity and increased thermal expansion. In contrast, molds preheated
to 580 °C improved fluidity and reduced thermal expansion but led to coarser
microstructures and lower mechanical properties. The study identified the optimal casting
conditions for balancing fluidity, mechanical properties, and thermal stability. Lower mold
temperatures (25 °C) combined with higher pouring temperatures (680 °C or 730 °C)
helped offset the reduced fluidity caused by rapid cooling, while still maintaining
acceptable mechanical properties and relatively low thermal expansion. The results also
showed that using extremely high mold temperatures significantly reduces mechanical
performance. For practical applications, preheating molds to more moderate temperatures
would provide a better balance across all measured properties. Future research could further
refine these temperature ranges to optimize process parameters for geometrically complex
and thin-walled castings, as well as other demanding applications.



SPRAWNOSC CIEPLNA SPAWANIA LASEROWEGO STALI
ARMOX

Andrzej Trytek*, Mirostaw Tupaj, M. Surowaniec, J. Czaja, M. Mucha
Wydzial Mechaniczno-Technologiczny Politechniki Rzeszowskiej w Stalowej
Woli, Kwiatkowskiego 4, 37-450 Stalowa Wola, Poland

* trytek@prz.edu.pl

Abstrakt

Rosnace potrzeby przedsicbiorstw przemystu obronnego przyczyniaja si¢ do zmian
technologicznych i konstrukcyjnych w produkcji pojazdéow specjalnych. Produkcja
pojazdow specjalnych to gldwnie procesy cigcia i spawania stali pancernych oraz
trudnoscieralnych stosowanych do ich budowy. Spawanie stali pancernej jest
szczegblnie wazne ze wzgledow na wlasciwosci uzytkowe konstrukcji oraz ich
pbézniejsza zdolno$¢ ochrony balistycznej. Prowadzenie procesu spawania wymaga
doktadnej wiedzy o parametrach jakie nalezy zastosowaé. Gléwnym czynnikiem
wplywajacym na jakos$¢ polaczen spawanych jest ilo$¢ ciepta pochlonigta przez
laczone elementy, ktora w istotny sposdb wplywa na mikrostrukture zlacza
spawanego. Dobor parametrow spawania bez znajomosci ich efektywnosci przyczynia
si¢ do niekorzystnych zmian wlagciwosci potaczenia spawanego lub jego uszkodzen.
Dlatego istotne znaczenie ma okreslenie sprawnosci cieplnej procesu spawania. W
niniejszej pracy wykorzystano spawalniczy kalorymetr przeptywowy do oceny ilosci
ciepta przejetego podczas laserowego spawania stali ARMOX. Podczas badan
zmieniano moc lasera P od 1000 do 4000 W oraz predko$¢ przemieszczania zrodia
ciepta vy od 200 do 800 mm/min. Na podstawie uzyskanych wynikéow okreslono
rzeczywistg ilo$¢ ciepta Or.. przejetego przez spawang blache ARMOX o grubosci 10
mm i wyznaczono sprawno$¢ cieplng tego procesu s. Wyniki badan poréwnano z
obliczona teoretyczng iloscia ciepla Oy, oraz energia liniowa spawania E. Uzyskane
wyniki wskazuja, ze w pewnym obszarze parametrow mozna uzyskaé zblizona
sprawno$¢ cieplng np. stosujac duza moc wigzki lasera i wysoka predkosé
przemieszczania lub niska predko$¢ przemieszczania i mata moc wigzki lasera.
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UDRZITELNOST VE VYROBE JADER A FOREM
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Abstrakt

Na zéklad¢ obecné zndmé definice lze jako udrzitelnost chapat efektivni vyuziti
omezenych zdroji pii tvorbé produkti a sluzeb v souvislosti s dlouhodobym
dosazenim zisku a bezpecnosti podniku. To plati v riznych oblastech lidské ¢innosti.
V oblasti slévarenské vyroby forem a jader lze udrzitelnost vyroby dosahnout vyuzitim
material s vys$$i pfidanou hodnotou, které maji pozitivni efekt nejen na kvalitu
vyrabénych komponent. Aplikace téchto materiald mé zaroven pozitivni vliv na
celkovou nakladovost vyroby a zaroven jsou spliovany podminky -cirkularni
ekonomiky. Tento pfispévek je zaméfen na predstaveni praktického vyuziti
nekifemennych ostfiv na bazi aluminosilikatovych materiald, které pifinaSeji nejen
ekonomické benefity ve vyrobé litych komponent, ale zarovet mohou byt napomocny
k dosazeni optimalizace procesu vyroby forem a zejména jader. Piispévek se rovnéz
zabyva porovnanim zékladnich fyzikalné-chemickych a technologickych vlastnosti
vybranych aluminosilikdtovych ostfiv s jinymi, ve slévarenské praxi bézné
pouzivanymi ostiivy. Soucasti prispévku jsou rovnéz pripadové studie aplikace osttiva
Cerabeads ve vybranych slévarnach bez geografického omezeni.



MOULD TEMPERATURE STABILITY ANALYSIS BASED ON
HPDC DIE CASTING DESIGN
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AGH University of Krakow, Adama Mickiewicza 30, 30-059 Krakow, Poland
* mbr@agh.edu.pl

Abstrakt

Mould temperature in the High Pressure Die Casting (HPDC) process is an important
technological parameter that determines the stability of the process and the quality of
the castings produced. Incorrect cooling strategies, the wrong amount of coolant and
the failure of thermostatic systems can lead to disturbances in the thermal balance of
the mould, resulting in uncontrolled temperature fluctuations. This has a direct impact
on the quality of the castings, increasing the risk of defects such as thermal cracking,
shrinkage porosity or microstructural inhomogeneity. Despite the importance of
temperature control, its effective management throughout the lifecycle of a production
project remains a constant challenge. Underestimating or downplaying temperature
destabilisation events leads to a gradual loss of process control. In high-volume
production, where maintaining high repeatability is critical, failure to monitor mould
thermal parameters can result in significant production losses and increased tool wear.
Effective temperature control requires the use of appropriate monitoring methods.
Thermal imaging is an effective technique for detecting incidental temperature
perturbations, but its limited ability to detect subtle accumulation changes means that
it does not always allow early detection of factors affecting long-term mould stability.
In such cases, it is essential to collect and analyse process data to identify trends and
relationships between temperature variations and casting quality. The aim of this paper
is to analyse the history of mould temperature variation in a selected HPDC project,
and to identify and discuss perturbations that occur during batch production. Methods
of data collection, management and analysis are also presented to enable more
effective control of thermal parameters in the die casting process.
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Zuzana Surdova*, Eva Tillov4, Martin Mikolajcik
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Abstrakt

This study examines the effect of increased iron content (0.123—1.2 wt.% Fe) on the
microstructure, porosity, and hardness of the A356 (AlSi7Mg0.3) alloy, comparing
alloys with and without manganese (Mn) addition. A356 is widely used in the
automotive and aerospace industries due to its excellent mechanical properties and
castability; however, excessive iron in secondary (recycled) aluminium alloys
promotes brittle Fe-rich intermetallic phases, reducing mechanical performance. Mn
is expected to modify these phases, potentially enhancing alloy properties. The
microstructure is analysed to evaluate the morphology and distribution of Fe-
intermetallic phases and their transformation with increasing Fe content and Mn
addition. Porosity, a critical casting defect affecting mechanical properties, is assessed
in terms of pore type, size, and distribution to determine its correlation with Fe content.
Additionally, Brinell hardness testing is conducted to evaluate the impact of Fe-
induced microstructural changes on hardness. The findings provide insights into the
feasibility of using secondary A356 alloys with higher Fe content while maintaining
adequate mechanical properties for industrial applications. Understanding the
interplay between Fe content, Mn addition, microstructure, and porosity is essential
for optimising alloy composition and refining processing techniques to enhance the
performance and sustainability of cast aluminium components.



MICROSTRUCTURE AND MECHANICAL PROPERTIES OF
VARIOUS ALZN10SISMG ALLOY MELTS WITH HIGH IRON
CONTENT
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Abstrakt

The present study investigates the microstructure and mechanical properties of
secondary AlZn10Si8Mg alloy melts with high iron content. Four different melts of
the alloy with various iron content were analysed to assess the influence of iron-rich
intermetallic phases on microstructure evolution, Vickers hardness (HV), and
microhardness (MH). Optical microscopy was used to characterize the morphology
and distribution of iron-containing phases. Results indicate that increasing iron
content leads to the formation of coarse intermetallic compounds, primarily Al-Fe-Si,
which significantly impact hardness of the alloy. Microhardness testing of individual
phases confirmed that iron-rich intermetallic phases exhibited higher hardness
compared to the aluminium matrix. Three of the melts tested were alloyed with
manganese to modify the morphology of iron-rich phases. These alloys usually
exhibit better mechanical properties if the required ratio of manganese to iron is
maintained. The effect of the copper addition was also investigated. This study
provides a basis for further research on the effect of iron on the mechanical
properties of recycled aluminium alloys. Up to now, not enough research attention
has been given to alloys with such a high iron content.
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TIN IN SPHEROIDAL GRAPHITE CAST IRON: FRIEND OR
FOE OF AUTOMOTIVE CASTINGS?

Bogdan Cygan*, M. Gorny, Tomasz Tokarski
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Abstrakt

Tin is an element commonly used in grey cast iron with flake graphite. Sn is also
increasingly used for ductile cast iron, but this application is very limited, especially
for castings intended for the automotive industry, where the requirements for
mechanical properties (Rm, Ro2, As, KC) and microstructure are high. Tin is an
effective pearlitizer for both types of cast iron (grey with flake graphite and spheroidal
with nodular graphite), and its effect on the pearlitization of the matrix is about 10
times greater than that of copper, which, given the current prices of Cu and Sn, makes
it very competitive. The use of Sn carries certain risks depending on the Sn content in
the alloy. Ductile cast iron with a small addition of tin is characterized by attractive
mechanical properties, but after exceeding certain critical values, it can pose a risk,
especially for castings with safety characteristics. Therefore, the use of Sn in optimal
values can be beneficial, and after exceeding certain limit values, it becomes a real
threat (drastic decrease in mechanical properties, mainly As and KC). Therefore, Sn
can become a Friend or Foe of the metallurgist. The aim of the research was to
determine the effect of Sn on the microstructure and mechanical properties of ductile
iron. Within the scope of this work, research was carried out for castings with a wall
thickness of 12.5 and 25 mm, respectively. Metallographic research included analysis
of graphite in terms of the number of graphite nodules, nodularity, and the distribution
of graphite particle sizes. The study of the metal matrix consisted of determining the
effect of tin on the type and phases fraction. SEM-EDS studies allowed for the
assessment of tin segregation. The research results indicate a safe limit of Sn use for
ductile iron castings, so that the casting meets the customer's requirements in the
context of the possibility of using Sn for responsible castings intended for the
automotive industry.
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Abstrakt

Thanks to strict environmental regulations, improvements in energy efficiency, and
the trend in European industry to move away from harmful technologies over the past
few decades, the negative impact of European industry on the environment has
improved. In order for the European industry to become more environmentally
friendly in the future, it is necessary to implement new innovative technologies.

The total production of castings in CAEF countries in 2023 amounted to over 14
million tons, and a significant part of these castings were produced using sand molds
and cores. Thus, the development of environmentally friendly molding sand
technologies is an important part of the Green Deal policy. The aim of the paper is to
analyze modern solutions for molding sands, both with organic and inorganic binders.

In molding sands with organic binders, the innovative approach of replacing part of
the binder with biodegradable additives reduces the harmfulness of molding sand at
the stage of casting production and contribute to solving the problem of hazardous
post-regeneration dust utilization, which is crucial from waste management point of
view. Another solution are molding sands with organic binders based on modified with
furfuryl alcohol resins cured by hardeners with reduced sulfur content, which are less
environmentally harmful and ensure production of high-quality ductile iron castings.
Molding technologies with alkyd resins hardened by catalyst based on isocyanates and
alkaline phenolic resin hardened by esters are a less environmentally harmful
alternative to molding sands with commonly used in foundry practice furfuryl resin.
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Molding sands with environmentally friendly inorganic binders based on sodium
silicates and aluminosilicates were also analyzed. Molding sands with solid and
hydrated sodium silicates with additives improving their knocking out properties can
be used as well as new ester hardeners based on esters of carbonic acid and their
mixtures with hardeners based on acetic acid used commonly in chemically hardened
molding sands with hydrated sodium silicate.

Finally, due to the harmfulness of respirable dust from silica sand for foundry workers,
various sand matrixes, including advanced synthetic ones, were analyzed, also for 3D
printing of sand molds and cores.

Funding/Acknowledgments:
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Abstrakt

Due to the high technological potential, also in thin-walled casting, 3D printing
technologies in the foundry industry are developing very dynamically. Binder jetting
technology is most commonly used for the production of sand molds and cores with
3D printing. The binding materials used in foundry practice are organic resins
modified with furfuryl alcohol. These materials are characterized by excellent
technological properties, but at the same time they are harmful to the environment.
Environmentally friendly inorganic binders are an alternative to the organic binders
used for the production of molds and cores, and this is the subject of research carried
out at various research centers.

This work determines the influence of molding sands’ with different inorganic binders
composition on their chosen properties. The molding sands with 3 commercial
inorganic binders used in traditional mold and core production technologies were
tested as well as the molding sands dedicated to 3D printing with new binders based
on them. Four types of hardener were used for chemical curing.
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The molding sands’ technological (strength properties, permeability, abrasion) and
thermophysical (thermal deformation) tests and the physicochemical tests of binders
(viscosity, wettability of the quartz substrate) have shown that inorganic binders
elaborated on the basis of commercial binders can be used in 3D printing technology.
The selected sands’ compositions were chosen for further research.

Funding/Acknowledgments:
The research is co-financed within AGH Research Project No 16.16.170.654/B507.

The research is co-financed within
NetCastPL4.0 project. The project is funded
NETCAsTPL4.0 by the European Union under the Horizon

-NETWORKING -
Europe programme, Grant Agreement No.

101159771.
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Abstrakt

Die casting is characterised by very high productivity, which depends on the type of
alloy to be cast, the size of the casting (its mass) and the type of die casting machine.
The cost of producing a product consists of material costs, labour costs and tooling
costs. The cost of producing a casting (considering only the casting process) can be
reduced by increasing the number of cavities in the pressure mold. This is not always
possible without changing the die casting machine to one with a higher short-circuit
force. And in view of the larger cavity volume of the mold (and thus the volume of air
that has to be removed from inside the mold), it is necessary to use so-called vacuum
systems.In this paper, an abbreviated cost analysis has been carried out for the
production of castings in a two-cavity mold and a six-cavity mold using a Vacuum
system. All of the solutions developed were implemented in the Silum foundry,
resulting in a 22% reduction in the cost of castings. The project was carried out in a
scientific-industrial consortium between: Lukasiewicz Research Network - Krakow
Institute of Technology, Lodz University of Technology and SILUM Group. The aim
of the project was to develop a technology for the production of high-tightness castings
using the Vacuum Assisted High Pressure Die Casting (VADC) process, which would
significantly reduce the cost of casting production. The paper is based on the results
obtained under the application project number POIR.04.01.04-00-0117/18 entitled:
"Innovative production line for manufacturing die castings with significantly reduced
porosity". The project is co-financed by the European Union from the European
Regional Development Fund under the Intelligent Development Programme 2014-
2020. The project was carried out under the competition of the National Centre for
Research and Development.
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Abstrakt

The main problem with the use of pressure castings from aluminum alloys for, among
others, critical parts in the automotive industry is the presence of porosity. Obtaining
castings with reduced porosity is a very difficult task, requiring a number of changes
in relation to the classic pressure casting process. This basic defect limits the area of
application of pressure castings. In addition to reduced tightness and inadequate
external surface quality, it can reduce the strength and/or plastic properties of the
castings. One of the solutions to avoid problems in the production of high-quality, tight
and at the same time thin-walled and durable castings from Al alloys can be the use of
a special high-pressure casting solution using the so-called "vacuum". The use of the
Vacuum system in pressure casting can significantly reduce the porosity of castings.
The amount of gas present in the pressure casting is influenced by the geometry of the
part and the process parameters. The article presents selected studies on reducing
porosity in pressure castings using the Vacuum system. Microstructural tests, density
tests, X-ray and CT, and a tightness test of the castings were carried out. The work
uses the results obtained within the application project no. POIR.04.01.04-00-0117/18
entitled "Innovative production line for the production of pressure castings with
significantly reduced porosity" co-financed by the European Union from the European
Regional Development Fund under the Smart Growth Program 2014-2020. The work
presents selected studies on reducing porosity in pressure castings using the Vacuum
system. Microstructural tests, density tests, X-ray and CT, and a tightness test of the
castings were carried out. The work uses the results obtained within the application
project no. POIR.04.01.04-00-0117/18 entitled "Innovative production line for the
production of pressure castings with significantly reduced porosity" co-financed by
the European Union from the European Regional Development Fund under the Smart
Growth Program 2014-2020.
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Abstrakt

Problematika vyskytu degradovanych forem grafitu v odlitcich se fesi pfedevsim ve
spojitosti s litinou s kuliCkovym grafitem. Nicméné je vyrazné spojend i s vyrobou
litiny s lupinkovym grafitem a je tedy tieba zabyvat se pri¢inami, které zptisobuji
vznik nezadoucich struktur a hledat feSeni, jak jim pfedchézet nebo je fidit. Cilem
tohoto pfispévku je ovétit vliv vybranych stopovych prvki na morfologii grafitu,
zménu struktury a s tim spojené mechanické a fyzikalni vlastnosti litin s lupinkovym
grafitem. A nasledné zhodnotit moznosti vyuziti takto zménénych vlastnosti v
technické praxi.
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Abstrakt

The foundry industry generates very large amounts of spent materials. In sand mould
technology, the waste mainly consists of the used moulding and core sands. The
increasing cost of waste storage forces foundries to intensify the search for ways to
reduce material consumption, on the one hand, and to effectively re-use the waste
generated in the production process, on the other hand. This article discusses the results
of studies exploring the possibility of using spent moulding sand as a ceramic material
for successive layers of ceramic shell moulds. Industrial regenerates from three
foundries were used for the tests. The tests used regenerates from the process of dry
mechanical reclamation of waste sands with furfuryl binder obtained from three
foundries. Physicochemical properties of the regenerates were tested, and then
experimental ceramic materials were produced using regenerates from waste masses
as a topping material. The tests showed that ceramic moulds made on the basis of
regenerates are characterised by very good technological parameters, and the castings
made in these moulds are characterised by good surface quality and functional
properties. The use of regenerate from furan masses to make multi-layer ceramic
moulds.
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Abstrakt

The paper deals with the comparison of cast test specimens (tensile test specimens,
notch toughness test specimens, spectral test specimens) from ductile iron cast by
LPIC (Low Pressure Investment Casting) technology compared to gravity investment
casting in shells made by wax melt model (GIC). A single melt of the same chemical
composition for both LPIC and GIC technology is compared. A basic description of
the newly developed LPIC technology is given, including the new metallurgical
process and the newly developed modification method using FeNiMg modifiers,
where the reaction is not as stormy as with FeSiMg, and including verification of the
process parameters on a newly developed casting machine for proper casting and
filling of the casting tree. Everything is compared to the results from metallographic
cuttings, mechanical tests, hardness tests and SEM analysis of fracture surfaces. As a
result, there was an improvement of 29% in mechanical properties, 18% in ductility,
3% in hardness and 6% in notch toughness for LPIC compared to castings made by
GIC technology.
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DENTAL IMPLANTS PRODUCED BY MG-ALLOY
INFILTRATION OF CERAMIC SCAFFOLDS

Anna Dmitruk*, Krzysztof Naplocha, Sheng-Ru Chen, Jia-Chang Wang,
Natalia Lobacz-Razny

University of Science and Technology, Wybrzeze Wyspianskiego 27, Wroctaw,
Poland

* anna.dmitruk@pwr.edu.pl

Abstrakt

The main focus of this study is to produce prototype two-material teeth implants with
3D-printed solid ceramic crown and skeleton roots filled with metal, characterized by
good connection and acceptable thermal stability for the foreseen application.
Combination of alumina and Mg-alloys together with the chosen manufacturing
methods offers not only biocompatibility of the whole easily customized implant but
also bioresorbability of the metal part, enabling further tissue regeneration. Joining of
these components can be achieved by selected foundry techniques (e.g. squeeze or
investment casting). Interface quality was established using SEM-EDS analyses, while
the thermal stability of the composite and its particular constituents was assessed
during thermal expansion tests in the temperature range up to 100°C and compared
with the literature data. Multiple systems consisting of variously shaped ceramics,
differing casting alloys and possibility of prolonging the degradation period of Mg-
based part by utilization of plasma electrolytic oxidation (PEO) protective oxide layers
will be presented and discussed. After fullfilling its purpose, Mg is believed to be able
to be successfully metabolised without harming the human body, however alloy
additives should be also taken into account by e.g. avoding of the Al content and
replacing it with other elements such as e.g. Zn. This work has been developed in the
frame of the CERMET project, funded by the National Centre for Research and
Development POLTAJ10/2022/53/CERMET/2023 (Poland) and National Science and
Technology Council 112-2923-E-027 -001 -MY3 (Taiwan).
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Abstrakt

Foundry dust is a significant component of the waste produced by the foundry industry
worldwide. This waste is generated during mould making, melting, casting and
discharging of moulds, where dust particles are released and subsequently captured by
filters. Like most foundry waste, foundry dust usually ends up in landfills. However,
this method of waste management faces problems related to environmental and
economic requirements, especially in view of tightening legislation. It is important to
point out that foundry dust contains components that could be reused in the production
of foundry mixtures. The aim of this study is to evaluate the possible positive and
negative effects of two foundry dust samples on the quality of the green sand mixtures.
Basic analyses include the chemical composition of the leachate in aqueous solution
and the granulometric composition of the dust particles. Furthermore, the properties
of other ingredients for the preparation of green sand mixtures will be characterized.
The study serves as a starting point for future research in the reuse of foundry dust in
green sand mixtures, thus contributing to the sustainability of industrial processes.
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Abstrakt

Prispévek se zabyva vlivem obsahu kiemiku a tloustky stény odlitku na sklon ke
vzniku chunky grafitu. Byly provedeny tfi tavby s obsahem kiemiku 4,0; 4,1 a 4,5 %
Si. Odlity byly zku$ebni bloky o tloust'ce stény 25, 50, 75 a 100 mm a krychle o hrané
160 mm. V odlitcich byly pomoci termoclankti méfeny doby tuhnuti. Nasledné byly
meéfeny mechanické vlastnosti (Rm, Rp0.2 a A) v riznych prifezech odlitkl. Také
byly odebrany vzorky pro metalografické hodnoceni struktury, a to od povrchu odlitku
az do jeho stfedu. Sledovan byl zejména vyskyt chunky grafitu v zavislosti na
vzdalenosti od povrchu, resp. na dobé tuhnuti. Bylo zjisténo, ze vSechny vzorky ze
vech taveb a z odlitkii viech zkoumanych tlousték splituji pozadavky normy CSN EN
1563 pro material EN-GJS-500-14 na minimalni hodnoty Rm a Rp0.2. Pozadavky na
minimalni taznost byly splnény v pfipadé materialu s obsahem 4,0 % Si pouze u blokt
tloustky 25 a 50 mm. U tavby s obsahem 4,1 % Si pouze u nékterych vzorkt z bloku
tloustky 75 a 100 mm. U materialu s obsahem 4,5 % Si u vSech vzorkl ze vSech
zku$ebnich bloka, tedy 25, 50, 75 i 100 mm, pouze u vzorkd z krychle o strané 160
mm byla naméfena hodnota taznosti 11,7 %, tj. t€sné pod pozadavkem normy.
Piekvapivé, mnozstvi chunky grafitu nalezeného v odlitcich blokli v§ech tlousték bylo
minimalni. Misty byl pozorovan vyskyt vermikularniho grafitu. V odlitku krychle o
hran¢ 160 mm byl dle ocekavani nalezen chunky grafit, jeho nejvétsi vyskyt byl v
okoli tepelné osy. Nejvice u materialu s obsahem 4,0 % Si (51 %), nejméné u materialu
s 4,5 % Si (38 %). Matrice byla vzdy bez vyjimky plné feritickd, bez pfitomnosti
perlitu.
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Abstrakt

Cilem provadéného vyzkumu bylo korozni porovnani litych duplexnich (austeniticko-
feritickych) korozivzdornych oceli a vybranych slitin proti bodové korozi. Pomoci
hodnoty PREN (pitting resistence equivalent number), je mozné teoreticky urcit
odolnost korozivzdornych oceli proti bodové korozi. S rostoucim mnozstvim
legujicich prvkd se zvySuje hodnota PREN a tim i odolnost proti bodové korozi.
Ochranu korozivzdornych oceli zajistuje pasivni vrstva tvofena piedevsim . Celkem
bylo korozné testovano sedm slitin. Vybrany byly ¢tyii zastupci litych duplexnich
korozivzdornych oceli (ASTM A890 4A-standard, A890 5A-super, A890 6A-super a
A890 7A-hyper) se zvySujici se hodnotou PREN. Jednou z prednosti duplexnich
korozivzdornych oceli je vynikajici korozni odolnost v prostiedi motiské vody.
Hlavnim motivem tohoto experimentu bylo otestovani korozni odolnosti nové hyper
duplexni korozivzdorné oceli A890 7A pro odlitky. Hlavnimi pfednostmi hyper
duplexnich korozivzdornych oceli jsou vyborné mechanické vlastnosti, které dosahuji
az dvojnasobku meze kluzu i meze pevnosti v porovnani s austenitickymi nebo
feritickymi korozivzdornymi ocelemi. DalSimi testovanymi slitinami byly:
austenitickd korozivzdorna ocel 1.4301, niklova superslitina Inconel 718 a
vysokoentropicka slitina (HEA) CoCrFeNi. Korozni testovani prob&hlo podle normy
ASTM G48-11 v prostredi 6% vodného roztoku pfi teploté 50 °C po dobu 72 hodin.
Soucasti hodnocenych parametrit byly hmotnostni ubytky testovanych vzorkd,
vizualni a metalograficka analyza.
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Abstrakt

Prispévek se zabyva moderni technologii vyroby tenkosténnych odlitk v technické
praxi. Dotyka se soucasnych divodl pro narust potfeby téchto typh odlitki, nastifiuje
spojitost s konstrukénimi a optimalizaénimi metodikami a rozebira vyzvy, které z
jejich pouziti vyplyvaji ve vztahu k plnéni dutiny keramické skofepiny. Pozornost je
vénovana specifickym vlivim na zabihavost se zaméfenim na povrchové napéti a
zejména prodysSnost skofepiny, pro niz jsou provedeny a prezentovany experimenty s
vyhodnocenim plochy zab&hnuti s vyuzitim obrazové analyzy na experimentdlnim
odlitku. Experimenty jsou provadény pro material odlitku AlSi7Mg0.3 a alumino-
silikatovou skofepinu. Pro méfeni kontaktnich thld mezi kovem a skofepinou je
vyuzito metodiky lezici kapky (CP sessile drop test). Povrchové napéti je pocitano na
zaklad¢é pendant testu. Jsou prezentovany vysledky pro nékolik typd material
skofepiny. Pro méfeni prodysnosti keramické formy bylo sestaveno experimentalni
zafizeni, které umoznuje méfeni prodysnosti v zavislosti na teploté. Byl proveden
virtudlni experiment s vyuZzitim numerické simulace v programu ProCAST s vyuzitim
kritéria Misrun sensitivity. Je provedena verifikace simulace s naméfenymi daty s
doporuc¢enim prahovych hodnot pro Gcely post-processingu.
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Abstrakt

This paper focuses on the evaluation of models for the production of vulcanized rubber
moulds for the spin casting technology of low-melting alloys of the ZAMAK type.
The main focus is on the high temperature resistant resin produced by SLA technology,
which was used to produce the main model used to prepare the mould. For comparison,
brass models produced by investment casting on the melt model were used. The master
models used for investment casting were created by FDM 3D printing technology from
different materials with different surface finishes. The SLA model was prepared in
approximately one hour, while the production of the metal models was significantly
more time consuming. After the vulcanisation mould was created, test castings were
produced and their quality assessed. The results thus compare the suitability of the
materials and technologies used to achieve detailed and accurate castings and provide
recommendations for optimizing the model fabrication process.
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Abstrakt

High-pressure casting results in a high quality surface and good mechanical properties
of castings. Under the effect of pressure, integral and solid castings are achieved
without a large number of foundry defects. The correct and proper setting of
technological parameters plays a very important role in minimizing casting defects.
The aim of the presented article is to determine the optimum maximum piston velocity
for a casting in the high-pressure casting process with two height variants, depending
on their internal quality. It is because the internal quality of particular castings is
important in terms of proper functionality in operations where the biggest problem is
the porosity of the casting. The main cause of porosity formation is the decreasing
solubility of gases (most often hydrogen) during the melt solidification. Solubility
represents the maximum amount of gas that can dissolve in a metal under equilibrium
conditions of temperature and pressure. Macroporosity and microporosity were
determined from the sections of the surfaces in the determined zones of the castings.
Here, the results was that the macroporosity decreased with increasing piston velocity.
Ideal microstructure was evaluated at a piston velocity of 3 m/s for both types of
castings. On the other hand, the increase in tube size has shown that velocities of 3 m/s
and higher, the tube is more prone to macroporosity formation. The highest hardness
was achieved at the piston velocity of 2 m/s at both tube lengths.
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Abstrakt

The melting of lanthanum, a rare metal, requires a temperature of around 920 °C,
which is relatively low compared to the melting points of other rare earth metals.
Lanthanum is a soft, silvery-white metal that has wide industrial applications,
particularly in the production of hydrogen fuel cells and other technologies.
Lanthanum and its alloys, especially those combined with other rare earth elements
like cerium and neodymium, exhibit excellent hydrogen absorption capabilities. This
makes them ideal materials for use in hydrogen storage systems. Lanthanum alloys
can efficiently store hydrogen at high pressures and low temperatures, enabling
hydrogen storage for later use in energy applications. Given the growing demand for
materials used in hydrogen technologies, there is an increasing focus on the recycling
of these metals. Recycling lanthanum and its alloys is crucial for sustainability, as rare
earth elements are limited, and their mining can have negative environmental impacts.
Effective recycling not only conserves natural resources but also reduces the
environmental burden associated with the extraction and production of these materials.
Rare metal recycling technologies can significantly contribute to the development of
sustainable energy, which is vital for the future of clean and renewable energy.
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Abstrakt

This research focuses on applying investment casting method for manufacturing thin
wall spatial aluminum structures for enhancing heat transfer in latent heat storage.
Rapid prototyping procedure was applied for manufacturing structures with use of 3D
printing method for disposable patterns to create gypsum precise mould. Castings
quality was evaluated in terms of possible casting defects. Moreover thermal
performance was evaluated in laboratory scale heat accumulator. Four castings were
connected in two heating sections and immersed in phase changing material (PCM)
based on nitrate salt mixture. Testing procedure involved multiple melting and
solidifying cycles of the PCM to examine long term behavior of castings in harsh
molten salt environment and cyclic mechanical stress from PCM volume expansion
during melting/solidifying process. It was found that implementing additional casted
aluminium structures in PCM bed can significantly change melting/solidifying
characteristics and improve storage charging time. This work has been developed as
part of the ASTEP project, funded by the European Union’s Horizon 2020. Europe
research program under grant agreement No. 884411.
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Abstrakt

Additive manufacturing technologies in the foundry industry enable more efficient and
optimised production processes. In particular, the use of additive manufacturing for
sand moulds facilitates the creation of complex geometries that were previously
unattainable using conventional methods. A key advantage of this technology is the
ability to produce sand moulds directly from CAD models, eliminating the need for
costly core boxes or patterns [1]. The production of no-bake casting moulds with furan
resin has been well established in the industry for many years and has also proven
highly effective in additive manufacturing using the Binder Jetting method. This
technology fabricates sand moulds and cores layer by layer, with the binder selectively
applied according to the CAD model of the printed objects. The unbound ceramic
matrix can be reused, a process referred to as reclamation in studies on Binder Jetting.
However, in conventional casting, reclamation involves refining the sand matrix by
removing binder and catalyst residues to restore sand quality comparable to fresh
material. This facilitates the implementation of sustainable production practices,
promotes a circular economy, and reduces waste, thereby positively impacting the
environment. Currently, limited research has been conducted on the reclamation or
recycling of sand matrices in Binder Jetting technology. Therefore, leveraging their
expertise in conventional foundry processes, the authors have undertaken research into
the use of reclaimed sand in Binder Jetting. The study compares the technological
properties of incrementally manufactured moulding sands derived from fresh sand,
unbound loose sand from the printing process, and sand subjected to mechanical,
thermal, and thermo-mechanical reclamation.
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Abstrakt

Cast iron is a structural material whose properties can be controlled as required: from
ductile, through high strength grades, to high hardness and wear resistance grades. Iron
alloys with increased hardness are the largest group of materials used for wear resistant
structural components. The most commonly used are cast steels: mainly martensitic,
austenitic manganese and chromium steels and, to a lesser extent, white martensitic
and chromium cast irons. Wear-resistant plastics also include a group of composites
reinforced with hard ceramic phases such as nitrides, carbides, borides or oxides. This
paper describes the influence of chromium, titanium and vanadium alloying additions
on the properties of white cast iron. The chemical composition of the cast iron was
designed to give the highest possible abrasive wear resistance at low production cost.
Four grades of white cast iron were cast, thermally analysed and then heat treated.
Initial and post-heat treated samples were examined for microstructural analysis
(optical microscopy), chemical composition of crystallised phases (scanning electron
microscopy), hardness and abrasive wear resistance. The study showed that small
additions of titanium, chromium and vanadium resulted in a significant increase in
hardness and wear resistance. The alloying additions also cause stabilisation of both
eutectic and primary carbides.
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Abstrakt

This paper investigates hybrid aluminum castings produced by the overcasting
method. The principle of this innovative technique is to overcast a porous cellular core,
created by foaming a molten aluminum alloy. The high porosity and low density of the
porous core ensure the castings are lightweight and better suited for dynamic loading.
The final structure of the porous material is significantly influenced by the parameters
of the foaming process. In the experimental part of this study, porous cores were
foamed using various pressures. The objective was to evaluate the influence of this
parameter on the mechanical properties of both the porous cores themselves and the
resulting hybrid castings. Uniaxial static compression tests were performed on
cylindrical cores and hybrid castings, while impact tests were conducted on prismatic
cores. The results of the porous core compression tests show high variability in the
maximum compression force when an uncontrolled foaming pressure is used. The
highest and most consistent maximum force (Fmax) was achieved using starting
pressures in the range of 0.1-0.2 MPa and stabilizing pressures of 0.05 MPa and 0.101
MPa. The compression test results of the hybrid castings were found to be dependent
on the surface treatment of the porous core. X-ray tomography revealed that using a
10% HsPOs acid treatment resulted in the least penetration into the core. This led to a
compression strength three times higher than that of the highly penetrated hybrid
castings. Furthermore, impact testing of the prismatic porous cores showed an average
ductility 3.4 times higher than that of solid specimens of the same dimensions.
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Abstrakt

Clanok sa zameriava na skiimanie vplyvu niébu (Nb) na vybrané vlastnosti hlinikovej
zliatiny AlSi5Cu2Mg. Hlavnym ciel'om prace je posudit’, ako pridavok Nb vplyva na
mechanické a fyzikalne vlastnosti skimanej hlinikovej zliatiny AISiSCu2Mg. V ramci
vyskumu bude vykonand komplexna mikrostruktirna analyza hlinikovej zliatiny
AlSi5Cu2Mg legovanej Nb. Doéraz bude kladeny na stanovenie potenciadlneho
ockujuceho u€inku Nb. Vramci vyskumu bude vykonané hodnotenie vplyvu
vybraného rezimu tepelného spracovania na skumané vlastnosti a mikrostrukturu
hlinikovej zliatiny AlSi5SCu2Mg s pridavkom Nb. Hlavnym cielom prace je vyvoj
hlinikovej zliatiny, ktora by nasla uplatnenie v oblasti velkorozmernych odliatkov.
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Abstrakt

This study investigates the mechanical behavior of the AlSi9Cul alloy after T6 heat
treatment, with a focus on its strain hardening response. Uniaxial tensile tests were
conducted on heat-treated specimens to determine the strain hardening exponent (n)
and the strength coefficient (K) based on the Hollomon equation. These parameters
were subsequently used to assess the alloy’s potential for strain strengthening during
mechanical surface treatments such as roller burnishing, shot peening, and grit
blasting. The results indicate that the specimens aged at 160 °C for 4 hours exhibited
the highest values of n and K, implying the greatest capacity for strain hardening under
plastic deformation. Conversely, the lowest hardening potential was observed in
specimens subjected to overaging at 240 °C for 10 hours, where both n and K were
significantly reduced. These findings underscore the strong dependence of strain
hardening behavior on the thermal exposure parameters applied during aging.
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