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The Experimental Forming Laboratory works on heat
treatment and thermomechanical treatment of metals
and on testing new concepts in physical simulation of
metalworking leading to optimization and integration of
manufacturing processes. This effort can lead to
extraordinary properties in materials and to greater |
effectiveness of manufacturing technologies.
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Development of new metalworking processes is focused on
creating unusual microstructures in ordinary materials. The
new microstructures lead to enhanced properties, such as
wear, corrosion, creep and fatigue resistance.
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* Thermomechanical simulator
* Equipment for developing incremental forming processes
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Conference Focus

The conference will focus on recent trends and findings in the field of material engineering. The
conference will cover metallography and microstructure analysis (light, electron microscopy, X-ray
diffraction phase analysis), forming, heat treatment, additive manufacturing (3D printing),
mechanical testing, defectoscopy, physical testing (DTA, dilatometry, etc.), modelling and
simulation. The conference will provide a unique opportunity to share the latest information and
knowledge and discuss them with other experts in the field.

Conference Topics

Metal forming

Heat treatment and thermomechanical processing of metals

High-strength steels

Non-ferrous metals

Mechanical testing and thermophysical measurement

Modelling (of processes and materials) and simulations in heat treatment and metal forming
Use of microscopy and X-ray methods in research and in dealing with process issues
Characterisation of microstructures produced by heat treatment and thermomechanical
processing

* New techniques and methods in metallography

« Nanomaterials - not limited to mechanical engineering

» Additive manufacturing (3D print)

We look forward to meeting you at the PING 2022 Conference.

CONFERENCE THEMES, DEADLINES, CONFERENCE FEE, INSTRUCTIONS FOR
AUTHORS, REGISTRATION, SUBMISSION OF ABSTRACTS, PAYMENT AND
OTHER INFORMATION: WWW.PING.ZCU.CZ
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Preface

We would like to introduce the Book of abstracts of the 6th PING Junior conference -
Modern Trends in Materials Engineering, which took place from 7 to 10 September
2021 in Pilsen, Czech Republic. The conference is regularly organized by the Regional
Institute of Technology (RTI, www.rti.zcu.cz) at the University of West Bohemia.

This year's event was focused mainly on master and doctoral students to support their
research activities and enable them to present the obtained results. Furthermore,
selected research projects were presented within the contributions.

This year was very demanding for organizing mass events, and our conference was
also affected by the coronavirus epidemic. For this reason, it was organized in a
combination of full-time and online participation.

A total of 19 contributions were presented at the conferences, which reflected the
research projects solved within ZCU.

In conclusion, we would like to invite you to the seventh year of the PING conference,
which will take place from 13 to 16 September 2022.

Organizing committee of PING 2021
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Analyza prifin nezadouciho zakriveni vyvalku pfi podélném
valcovani metodou numerické simulace / Analysis of the causes
of undesired curvature of the rolled piece during longitudinal
rolling by the method of numerical simulation

Corresponding author:

Sonia BeneSova, sbenesov@kmm.zcu.cz, ZapadoCeska univerzita v Plzni / West
Bohemia University

Co-authors:
Karolina Burdova
Abstract:

Pi1 experimentalnim vélcovani oceli za studena byla pozorovana nezadouci ptidavna
deformace. Pro objasnéni pficin byla provedena simulace v softwaru Deform. Byl
zjistovan vliv nestejn¢ho soucinitele tfeni, geometrické nepiesnosti uloZeni valci a
dopravniku, a dale situace, kdy valce nemély stejny primér nebo se otacely rliznou
rychlosti. Realit¢ nejvice odpovidala simulace s rGznou rychlosti otdCeni valct.
Simulace nezadouciho zakfiveni vyvalku pii rizné rychlosti otaCeni valcii a ibéru 30
% byla provedena nasledné¢ jako eclasto-plasticka tloha s cilem zjistit velikost
odpruzeni a zbytkového pnuti. Dale bylo simulovano rovnani vyvalku pod lisem.
Nehomogenni a ndhodnou deformaci a zbytkové pnuti je tfeba vzit v tvahu zejména
pii hledani vlivu valcovani za studena na mechanické vlastnosti a strukturu materialu.
/ Undesirable additional deformation was observed during experimental cold rolling of
steel. A simulation was performed in Deform software to clarify the causes. The
influence of unequal coefficient of friction, geometric inaccuracy of the placement of
the rollers and the conveyor, and also the situation when the rollers did not have the
same diameter or rotated at different speeds were investigated. The simulation with
different roller speeds corresponded most to reality. The simulation of the undesired
curvature of the rolled piece at different speeds of rotation of the rollers and removal
of 30% was subsequently performed as an elastoplastic task in order to determine the
amount of suspension and residual stress. Furthermore, the straightening of the rolled
piece under the press was simulated. Inhomogeneous and accidental deformation and
residual stresses must be taken into account especially when looking for the effect of
cold rolling on the mechanical properties and structure of the material.
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Key words:

Valcovani, ohybani, numerickd simulace /rolling, bending, numerical simulation
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Application of thermography in cyclic load and thermal shock
testing of steel components with ceramic coatings deposited by
cascaded plasma torch

Corresponding author:

Karolina Burdovéa, kburdova@rti.zcu.cz, Regional Technological Institute; Research
and Testing Institute Plzen

Co-authors:
Jakub Antos, Ludmila Kucerova, Adam Stehlik
Abstract:

Behaviour of ceramic coatings deposited on steel substrate was tested by cyclic loading
and thermal shock. Both tests of ceramic coatings were observed with thermographic
camera TIM400. Three different ceramics: Al203, Cr203 and Cr203-5Si02-3TiO2
were deposited by plasma cascade torch SinplexPro. Relation between temperature and
stress and reactions to thermal shocks were inspected. Frequency of 10 Hz, step of 20
MPa and stress ratio R0,1 were used for cyclic load testing. Load was increased every
10 minutes until the specimen fractured. The influence of diverse ceramic coatings on
fatigue limit is determined. Thermal shock temperatures were selected based on
properties of coating material. To reach desired temperature, resistance heating was
used and afterwards compressed air cooled the specimens.

Key words:

Thermography, Cyclic load, Thermal shock, Plasmy spraying, Ceramic
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Formation of catalytic nanoparticles via laser ablation in
various environments and their degradation activity on
methylene blue

Corresponding author:

Vala Lukas, valal@ntc.zcu.cz, University of West Bohemia, Research Centre New
Technologies 30614 Pilsen, Czech Republic

Co-authors:

Tomas Kienek, Tomas Kovarik, Rostislav Medlin, Josef Pola, Veronika Vavrunkova,
Michal Pola

Abstract:

There is a great interest in the synthesis of various nanosized green reusable catalysts
which would better assist various chemical reactions in wastewater technologies.
Pulsed laser irradiation of iron and cobalt sulphides in different environments (FeS in
water and ethanol; CoS2 in vacuum) allows laser ablation and generation of FeS, CoS2
nano/micro particles. The FeS-derived colloidal nanoparticles were absorbed onto
Immersed porous ceramic substrates and create solar-light photocatalytic surfaces.
CoS2-based films were deposited on Ta and Cu substrate. Generated nanoparticles
were analyzed using scanning electron microscopy, Raman spectroscopy, X-ray
photoelectron spectroscopy, high resolution electron microscopy and electron
diffraction. These complementary analyses revealed that the film on Ta consists of the
parent cubic CoS2 whereas the film on Cu exhibits a multiphase structure containing
the cubic CoS2 and cubic Co2CuS4. In a case of FeS analysis reveal high-pressure
orthorhombic FeS, cubic magnetite Fe304 and tetragonal maghemite y-Fe203
produced in water, while those formed in ethanol contain hexagonal FeS and cubic
magnetite Fe304. FeS-derived and CoS2-based nanoparticles were examined for their
catalytic effect in Fenton degradation or photodegradation of methylene blue (MB).

Key words:

Pulsed laser ablation, iron and cobalt sulphides, Fenton degradation, photodegradation,
catalysis



= Modern Trends in Material Engineering
P I N G J unior 202 1 7-10 September 2021, Pilsen, Czech Republic




= Modern Trends in Material Engineering
P I N G J unior 202 1 7-10 September 2021, Pilsen, Czech Republic

Functionalization of porous surfaces: New potential of laser
ablation in liquids used for bio/photo catalytic nanomaterials

Corresponding author:

Tomas Kienek, tkrenek@ntc.zcu.cz, University of West Bohemia, New Technologies
- Research Centre

Co-authors:

Lukéas Vala, Tomas Kovaiik, Jana Forejtova, Josef Somr, Theresia Stich, Denitsa
Docheva, Michal Pola, Josef Pola, Véra Jandova

Abstract:

Laser ablation in liquids (LAL) has been developed into a simple and versatile
technique producing various colloidal nanoparticles with novel properties and
applications (e.g. biodetection, bioactive materials and photocatalysis). One of the
typical problems faced in the bio/photo catalytic applications nanoparticles is their
instability towards aggregation and the formation of larger particles, which change the
catalytic properties and can even lead to inactive materials. A strong effort is therefore
devoted to achieving a higher colloidal stability by various stabilizers or by suitable
liquid media. However, the stabilizers are usually not environmentally friendly and
freely moveable nanocatalysts can enter biogeochemical cycles and become harmful
to the environment living organisms.

It is therefore a novel and attractive idea to make use of the adsorption of nanoparticles
on rough surfaces to bind these nanoparticles before they agglomerate in the liquid
phase. In this simple way, colloidal photo/bio catalytic nanoparticles could adhere on
a porous carrier, functionalize its surface. This unexplored potential of LAL we have
revealed for laser ablation of FeS in water and ethanol which produces FeS-derived
colloidal nanoparticles that absorb onto immersed porous ceramic substrates and create
solar-light photocatalytic surfaces. The laser induced process thus offers an easy and
efficient way for the functionalization of porous surfaces by photocatalytic
nanoparticles that avoids aggregation in the liquid phase.

Moreover, LAL induced functionalization has been found as perspective technique also
for enhancing of bioactivity of titanium porous/textured surfaces. The importance of
the synergy between the two disciplines: (i) chemical reactions of bone growth
stimulants under LAL conditions and (ii) the functionalization of laser-shaped
micro/nanotopography of titanium surface with colloidal particles generated from
targets of bone growth stimulants by laser ablation in selected liquids is examined.
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The LAL synthesis of bioconductive colloidal particles of CaTiO3, MgTiO3 and CaSi2
allowing productivity, zeta potential, size and dispersity control through selected
irradiation parameters and different liquid medium. The structure and adhesion of the
nanosols to titanium surface is assessed by IR, Raman and XP spectroscopy and SEM
and TEM analyses. In vitro osseointegration activity of the functionalized surfaces are
evaluated by examining the growth of Messenchymal Stem cells.

Key words:

functionalization, laser ablation in liquids, bioactivity, photocatalysis
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High Entropy Alloys for Hydrogen Storage Applications
Corresponding author:

Zaid Ahmed Mohammed, mohammed@rti.zcu.cz, Regional Technological Institute
Co-authors:

Ludmila Kucerova

Abstract:

Metal hydrides are promising candidates for hydrogen storage over the past four
decades. However, there is considerable variation in their thermodynamics resulting in
inhibiting to achieve desired levels of volumetric and gravimetric capacity along with
the kinetics and cycling of uptake and release of hydrogen. While alloying/ doping
and nanoscaling can destabilize these hydrides to improve kinetics along with
volumetric and gravimetric capacity, it has generally been difficult sofar to design a
metal hydride that satisfies the delicate trade-off between appropriate thermodynamic
stability and sufficiently high capacity (in addition to other desirable features like fast
Kinetics of dehydrogenation, reversibility, etc.). A relatively new class of materials
known as high entropy alloys (HEAS), which find its way to many aplications, have
recently been investigated as hydrogen storage materials. Beacuse of its four-core
effect, HEAs demonstrated outstanding hydrogen-to-metal ratios (H/M > 2) and
reversible weight capacities. In this lecture, we focus on the fundamentals of HEAs and
how HEAs are proving to be better candidates for hydrogen storage applications
relative to other metal hydrides.

Key words:

Metal hydrides, High Entropy Alloys, Hydrogen storage
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Interkritické zihani TRIP oceli s s 0,2% C, 0,55%Si, 1,54% Mn
a 1,43% Al na vicefazovou bainitickou strukturu

Corresponding author:

Toma§ Janda, jandat@rti.zcu.cz, ZapadocCeskd univerzita v Plzni, Regionalni
technologicky institut

Co-authors:
Julie Volkmannova, Nikola Skiivanova
Abstract:

TRIP oceli ve stavu po tepelné mechanickém zpracovani mohou dosahovat vysokych
pevnostnich charakteristik. Vysoké pevnosti v tahu a velké taznosti je dosahovano
zpracovanim na vicefdzovou bainitickou strukturou s vysokym podilem zbytkového
austenitu. Za timto ucelem bylo provedeno tepelné zpracovani oceli TRIP oceli s 0,2%
C, 0,55%Si1, 1,54%Mn and 1,43%Al. Ocel byla z ingotu volné pfekovana pfi teploté
1100°C na ty€e praméru 20mm. Nasledné, na zéklad¢ predchozich zkuSenosti bylo
provedena austenitizace na teploté 900°C a nasledné interkritické Zihani na bainit na
teploté¢ 425 °C s vydrzi 600 minut. Takto zpracovany experimentalni material byl
nasledné podroben metalografickym analyzdm pomoci svételné mikroskopie a
zkouskdm tahem. DosaZena struktura byla vicefdzova bainitickd s 10% zbytkového
austenitu a podilem proeutektoidniho feritu. Ocel v tomto stavu dosahovala pevnosti v
tahu 855 MPa a taznosti 28%. Vysledky této prace budou vyuzity jakozto faze ptipravy
experimentalniho materidlu pro vyzkum zaméteny na vlastnosti homogennich a
heterogennich spojii vysokopevnych oceli provadénych pomoci elektronového
paprsku.

Key words:

TRIP ocel, vysokopevnd ocel, interkritické Zihani, vicefdzova struktura, bainit
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Moznosti implementace aditivnich technologii do slévarny
drobnych odlitki

Corresponding author:

Filip Votava, votavaf(@rti.zcu.cz, Zapadoceska univerzita v Plzni
Co-authors:

David Bricin

Abstract:

Tento piispévek je zaméfen na mozZnost implementace riiznych technologii aditivni
vyroby do procesu vytavitelného modelu. Nej€astéji pouzivané AM technologie byly
pouzity pro tisk vytavitelnych modela klapek pro hudebni nastroje. Implementace byla
provedena za ucelem urychleni vyrobniho procesu novych produkti ve slévarné.
Vystupem prace by méla byt optimalni AM technologie v zavislosti na ziskan¢ kvalité
povrchu a tvaru pro vytvofeni vytavitelného modelu spolu s doporuc¢enim vhodného
materidlu. Déle byla hodnocena financni stranka variant. Pro vyhodnoceni optimalni
technologie byly provedeny: analyza obsahu popela, vizualni kontrola, drsnost povrchu
a topografie tiStetnych modeld. Po téchto analyzach byly vytavitelné modely
zaformovany, formy vypaleny a byla do nich odlita slitina cinu. Odlitky byly
podrobeny stejnym analyzam jako u modelil, navic byla provedena rentgenova analyza,
a nakonec byly vyhodnoceny vady odlitk.

Key words:

Vytavitelny model, aditivni technologie
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Moznosti zvySeni unavové Zivotnosti svarovaného uzlu oje
traktorového navésu

Corresponding author:

Miloslav Kepka, kepkamil @rti.zcu.cz, Zapadoceska univerzita v Plzni, Regionalni
technologicky institut

Co-authors:

Abstract:

Problematika inavové Zivotnosti svarl je a dlouho jesté bude aktualni téma. Moderni
metodou zvySeni zivotnosti svafovanych uzli je metoda HFMI (High Frequency
Mechanical Impact). Pfinos metody je teoreticky popsan v doporucenich vydanych
Mezinarodnim svafovacim institutem. V ¢lanku je prezentovana ptipadova studie,
které¢ demonstruje potencidlni piinos aplikace HFMI na Zivotnost svafované¢ho uzlu
traktorového navésu. Ve studii se pfitom vychazi z redlnych zatéznych spekter
ziskanych tenzometrickym méfenim a je podpofen téZ redlnymi zkouSkami
svafovan¢ho uzlu.

Key words:

svar, zivostnost, HFMI, méteni



= Modern Trends in Material Engineering
P I N G J unior 202 1 7-10 September 2021, Pilsen, Czech Republic




= Modern Trends in Material Engineering
P I N G J unior 202 1 7-10 September 2021, Pilsen, Czech Republic

Optimization of ductile iron casting production based on
numerical simulation

Corresponding author:

Ladislav Socha, socha@mail.vstecb.cz, Institute of Technology and Business in Ceské
Bud¢jovice

Co-authors:
Karel Gryc, Jana Svizelova, Miroslav Chmiel, Michaela Brathova
Abstract:

V ramci vyzkumu byly provedeny numerické simulace ve vypocetnim SW
MAGMASOFT, zaméfené¢ na optimalizaci odlévani a tuhnuti daného typu odlitku,
urcen¢ho pro lodni primysl. Tento ¢lanek prezentuje vysledky numerickych simulaci
spole¢n¢ s navrhem zmén v technologii vyroby, vedoucich ke zvySeni kvality odlitku.
Z vysledki simulaci nebyly zjiStény zavazné nedostatky navrzené technologie. Z
hlediska optimalizace plnéni vSak byla doporu€ena Uiprava tvaru zafezli pro zamezeni
rozsttiku kovu. Pro dosaZeni struktury bez vnitinich vad se doporucuje optimalizace
nalitkovani odlitku a mirnd iprava tvaru pro eliminaci rizika tvorby porezity a prasklin.

Key words:

Ductile iron, numerical simulation, filling and solidification, casting defects,
MAGMASOFT
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Prediction of defects of ductile iron casting by numerical
simulation

Corresponding author:

Jana Svizelova, svizelova@mail.vstecb.cz, Institute of Technology and Business in
Ceské Budgjovice

Co-authors:

Ladislav Socha, Karel Gryc, Miroslav Chmiel, Michaela Brathova

Abstract:

V priibéhu odlévani odlitki z tvarné litiny mohou vznikat podminky ptiznivé pro vznik
vnitinich vad v odlitcich. Pfitomnost téchto vad muize byt pro dany odlitek fatalni a
spole¢né s dalsimi okolnostmi vést k jeho likvidaci. Proto je potieba odhalit pfitomnost
vad, pokud mozZno jesté ve fazi navrhu odlitku. K tomuto ucelu lze vyuzit numericke
simulace, které jsou v dneSni dobé béZné pouzivanym néstrojem k predikci vad. Tato
prace popisuje proceduru numerického modelovani odlévani a tuhnuti odlitku z tvarné
litiny, ur€eného pro energeticky prumysl. Cilem numerickych simulaci byla predikce
odlévani, tuhnuti a napét'ovych stavl s cilem ovéfit adekvatnost navrzené technologie
vyroby. Numerické simulace odhalily mirné nedostatky v technologii vyroby, jez by
mohly pfi neoCekdvané zméné procesnich podminek vest ke vzniku vad. Tyto
nedostatky se tykaly zejména vtokoveé soustavy, nalitkovani odliku a nachylnosti ke
vzniku trhlin. Na zaklad¢€ simulaci byla navrZzena opatieni pro eliminaci rizik spojenych
se vznikem diskutovanych vad, jezZ budou zakomponovana do technologie vyroby.

Key words:

Ductile iron, numerical simulation, filling and solidification, casting defects,
MAGMASOFT
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Structural, Thermal and Viscoelastic Properties of
Nanodiamond-Reinforced Poly (vinyl alcohol) Nanocomposites

Corresponding author:

Tomas§ Remis, tremis@ntc.zcu.cz, Nové technologie - vyzkumné centrum
Co-authors:

Petr Bélsky, Tomas Kovatik, Jaroslav Kadlec

Abstract:

Advanced polymer nanocomposites comprising polyvinyl alcohol (PVA) and
nanodiamonds (NDs) were developed using a single-step solution-casting method. The
properties of the prepared PVA/NDs nanocomposites were investigated using Raman
spectroscopy, small- and wide-angle X-ray scattering (SAXS/WAXS), scanning
electron microscopy (SEM), transmission electron microscopy (TEM),
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) and
dynamic mechanical analysis (DMA). It was revealed that the tensile strength
improved dramatically with increasing ND content in the PVA matrix, suggesting a
strong interaction between the NDs and the PVA. SEM, TEM and SAXS showed that
NDs were present in the form of agglomerates with an average size of ~60 nm with
primary particles of diameter ~5 nm. These results show that NDs can act as a good
nanofiller for PVA in terms of improving its stability and mechanical properties.

Key words:

Poly (vinyl alcohol); Nanodiamond; Nanocomposite; Mechanical properties;
Morphology
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Testovani opotiebeni vyménitelnych britovych desticek z oceli
vyrobené semi-solid zpracovanim
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Abstract:

Pro snizeni naklada na vyrobu nastrojt, které se bézn¢ vyrabi z praskovych oceli, byla
odlita vysokolegovana nastrojova ocel ve form¢ ingotu. Klasicke liti totiz vede k
lepSimu vyuziti recyklovanych materidlli a celkovému snizeni nékladii na vyrobu
materialu. Tato experimentalni ocel byla nasledn¢€ zpracovana v semi-solid stavu pro
odstranéni nevhodné lici struktury a pro ziskani pozadovanych funk¢nich vlastnosti. U
nastroju se jedna predevsim o dostateCnou houZevnatost a otéruvzdornost. Za icelem
zjiSténi odolnosti experimentalni oceli viic¢i opottebeni byly vyrobeny vymeénitelné
bfitové desticky pro testy obrabéni. Desticky byly pfipraveny pomoci elektro-
erozivniho obrabéni, které bylo porovnano s konvencnim brouSenim pomoci
nastrojarské brusky. V pribéhu testovani byla optimalizovana geometrie desticky pro
dosazeni dobrého odvodu tfisky z mista fezu a dalSich feznych vlastnosti. Opotiebeni
bylo méteno pomoci digitdlniho mikroskopu a sou€asné byla métena i drsnost obrobku.
Pro porovnani byla vyrobena i desti¢ka z praSkove oceli korespondujiciho chemického
slozeni, kterd ma komer¢ni oznaceni Bohler K390 Microclean. Tato ocel byla tepelné
zpracovana na zékladé doporuceni vyrobce. Porovnanim vysledkli dosazenych na
experimentalni lité¢ oceli a komeréné vyrabéné praSkové oceli bylo zjisténo, Ze lita ocel
zpracovana semi-solid technologii dosahuje o tfetinu niz§iho opotiebeni biitu béhem
obrabéni, nez praskova ocel.
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Vyvoj karbidi v rychlorezné oceli béhem mechanického a
tepelného zpracovani
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Abstract:

Pro snizeni naklada na vyrobu nastrojl, které se béZzné vyrabi z praskovych oceli, byla
odlita vysokolegovana nastrojova ocel ve form¢ ingotu. Klasické liti totiz vede k
lepSimu vyuziti recyklovanych materialli a celkovému snizeni nakladii na vyrobu
materialu. Tato experimentalni ocel byla nasledn¢ zpracovana v semi-solid stavu pro
odstranéni nevhodné lici struktury a pro ziskani pozadovanych funk¢nich vlastnosti. U
nastroju se jedna predevsim o dostateCnou houZevnatost a otéruvzdornost. Za tcelem
zjisténi odolnosti experimentalni oceli vici opotiebeni byly vyrobeny vymeénitelné
bfitové desticky pro testy obrabéni. Desticky byly pfipraveny pomoci elektro-
erozivniho obrabéni, které bylo porovnano s konvencnim brousenim pomoci
nastrojarske brusky. V priibéhu testovani byla optimalizovdna geometrie desti¢ky pro
dosazeni dobrého odvodu tiisky z mista fezu a dalSich feznych vlastnosti. Opotiebeni
bylo méteno pomoci digitdlniho mikroskopu a sou€asné byla méfena i drsnost obrobku.
Pro porovnani byla vyrobena i desticka z praSkové oceli korespondujiciho chemického
slozeni, ktera ma komer¢ni oznaceni Bohler K390 Microclean. Tato ocel byla tepelné
zpracovana na zaklad€ doporuceni vyrobce. Porovnanim vysledki dosazenych na
experimentalni lit€¢ oceli a komeréné vyrabéné praskové oceli bylo zjisténo, Ze lita ocel
Zpracovana semi-solid technologii dosahuje o tietinu niz§iho opotiebeni biitu béhem
obrabéni, nez praskova ocel.
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ZvySovani odolnosti viici opotiebeni nastrojové ledeburitické
oceli X210Cr12 piechodem pi‘es semi-solid stav
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Abstract:

Semi-solid zpracovanim, které se vyznacuje ohfevem na teplotu mezi likvidem a
solidem, je moZné ze struktury ledeburitickych chromovych oceli odstranit nezadouci
primarni karbidy chromu, které diky svému tvaru a velikosti vedou ke sniZeni
houzevnatosti a zhorSeni mechanickych vlastnosti. Termomechanickym zpracovanim
je zase mozné rozdrobit vzniklé ledeburitické sitovi a ziskat velmi jemné
martenziticko-austenitické struktury s rovnomérné rozptylenymi a velmi jemnymi
sekundarnimi karbidy chromu o velikosti v fadu jednotek mikrometrii a mensi.

Pro experimentéalni program byla pouZzita ocel X210Crl12, kterd byla zpracovana
pfechodem pies semi-solid stav s ndslednym termomechanickym zpracovanim. Byly
ziskany velmi jemné martenziticko-austenitické struktury s jemnymi precipitaty.
Hodnota tvrdosti po zpracovani byla 830 HV10. Dalsi precipitace karbidl a ¢astecné
odstranéni dosud netransformovaného austenitu bylo provedeno kombinaci
kryogenniho zpracovani pii teploté -160 °C a popousténim na teploté 300 °C. Odolnost
vuci opotiebeni byla testovana nestandardni metodou, a to zkouskou obrabéni. Ze
zpracovanych materiall byly vyrobeny vymeénitelné biitové desticky typu C, které byly
pouzity pro obrabéni polotovaru z oceli C45. Pro srovnani byla jesté pouZita 1 desticka
vyrobend z materidlu po kaleni a popousténi dle materidlového listu dané oceli.
Vysledky ukézaly, Ze navrzené kombinované zpracovani vyrazné zvySuje odolnost
vuci opotiebeni a to az o 39 % oproti konvenénimu tepelnému zpracovani.
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