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The buildings of the former Dominican monastery, now Gustav Mahler Hotel belong, were founded during the
early history of Jihlava. First written notes about the cloister are dated in the mid of 13th century. The original
middle age cloister was rebuilt in a baroque-style during the 17th and 18th centuries. Gothic elements can
be found in the southern part of the Cloister's ambit. The western part of the cloister had been designed in
the baroque style, today part of the hotel facing to the street. Simultaneously in this time were the monastery
refectories decorated with oval medallions - the frescoes patrons and founders of the Dominican order. Many
historical events had occured in the cloister. Among them most notably, had been the meetings held by the
aristocracy that had influenced the historical movements in the Czech kingdom.
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Carbon is one of the most important elements in steel

to obtain desired properties in the core, case and on the
surface. Optimal case and core properties are mainly
obtained by the thermochemical heat treatments
carburising and carbonitriding. The optimum surface
properties in several applications are obtained by a variety
of carbon-based surface engineering techniques like PVD,
CVD and others. There are a large number of specific and
application based processes and techniques available
with typical advantages and disadvantages. Some of the
processes and techniques are still in the development or
in the optimization phase driven by new scientific insights
in many specialized institutes. The field of applications

is very wide and the techniques are used in almost all
industrial sectors.

A wide range in temperatures and process parameters
are available to produce the best properties for each
application. Due to the continuous evolution in the
demands and new applications there is a continuous need
to improve the existing processes and to development

of new processes and techniques. Driving forces are
quality, performance of parts, cost effectiveness,
competitiveness, environment.

The possibilities offered by the use of computers,
numerical methods, specific softwares, electronic devices
are important for the actual state of the technique and the
fast evolution to the new future state of the art evolution.

Prospective authors wishing to present papers are
invited to submit a tentative title and an abstract on the
following topics:

- New theoretical insights and fundamental knowledge.
- Recent developmentsin the processes and application.
- Optimisation of processes and equipment

- Use of numerical methods for simulation and
development of processes and parameters

- Influence of the materials to be treated

- Comparison between different techniques based on
practical results obtained

- Measuring techniques: process parameters,
microstructure evaluation, hardness measurement

- Quality Control and quality management
- Cost effectiveness and total cost of ownership
- Obtained results in specific applications

- Control of distortion: quenching, material and pre-heat
treatment processes, design

- Environmental impact

- Failures and failure analysis

Call for Papers
11.-12. 11. 2020

Hotel Gustav Mahler, Jihlava, Ceska republika
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Redukce hmotnosti automobilovych souéasti E m m
pomoci vhodnych procesu tepelného zpracovani

Weight reduction of automotive components by
optimized heat treatment processes

Herwig Altena
Aichelin Holding GmbH, Austria, Herwig.Altena@aichelin.com . e me R

In recent years, the weight reduction of automotive components has become increasingly important. While
weight reduction has always been essential for the aerospace industry, numerous other branches are now
working on component weight reduction - above all powertrain manufacturing.

The lecture cites various examples which will show that an optimization of the process technology or
a change of the heat treatment routine could allow for a weight reduction of the parts while meeting all
technological requirements. Besides the use of high pressure gas quenching after gas carburizing or low
pressure carburizing (LPC), the optimization of parts geometry and loading is necessary to reduce distortion
and weight.

In order to improve the component strength of screws, an austempering process instead of martensitic
hardening was carried out. Thus, both dimensions and weight of the screws can be reduced without limiting
the technical properties. Furthermore, screws made of aluminum alloys are increasingly often solution-
annealed and aged in mesh belt furnaces. These aluminum screws can substitute steel screws and therefore
contribute to further reducing the weight of cars.

High strength steel blanks, manufactured by hot stamping, are used in the automotive industry more and more
often. The process of hot stamping of steel blanks, the required furnace technology and their applications will
be discussed at the end of the lecture.

Nové vyvojové trendy v oblasti technologii
tepelného elektronového paprsku

New developments in the field of thermal electron beam
technologies

Rolf Zenker #°, Anja Buchwalder 2
@ TU Bergakademie Freiberg, Institute of Materials Engineering, Germany
© Zenker Consult, Mittweida, Germany

Topic: Plenary Lecture

DIGITAL SERVICE
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in the automotive industry, aerospace, mechanical engineering and medical technology. EB perforation is ' ' '

High-energy electron beam (EB) is advantageously useable for thermal processes of metallic materials,

a long established special application for the production of fine-mesh sieves, e.g. in the chemical and food [ R -t —_ L ¥ W
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industry. Further concrete applications are about to be transferred into industrial practice. In the last few
years, the additive manufacturing a great attention is paid. Compared to other processes (Laser, TIG), the
electron beam technologies are characterized above all by its faster build-up rates and the processing of
high-melting metals.

Current research activities are directed towards generation new technical-technological solutions using the
special advantages of the electron beam, such as surface-independent energy input, flexible beam guidance,
high beam and overall efficiency (energy efficiency) and vacuum (inert process atmosphere).

Current industrial R&D trends, such as E-mobility, resource saving, lightweight construction, automation,
quality control and documentation and permanently new and more complex demands with regard to new
materials and/or increased load behavior are the driving forces behind these activities.

Furthermore, new solutions for flexible and/or geometry adapted beam deflection techniques, enhanced EB
process control, and raised productivity are urgently required.

For many of the above mentioned technologies such as liquid phase surface treatments, combined surface
treatments, brazing or profiling, a broad basic knowledge is available and will extended by further investigations.
Currently the transfer of know how from research to industrial applications operate is being promoted.

The contribution demonstrates exemplarily the state of the art in R&D and industrial application for selected
thermal EB technologies.

Keywords:
electron beam, surface treatment, joining, ablating, additive manufacturing

Tepelné zpracovani austenitické oceli se zvySenym
obsahem boru

Heat treatment of austenitic steel with increased boron
content

Antonin Kfiz; Petra Cejkova; Petr Benes; Vaclav Machek

V soucasné dobé jsou v automobilovém pramyslu popularni oceli s obsahem boru. Typickym predstavitelem
je ocel 22MnB5. V této oceli je 0,0008 az 0,005 %B. Jiz tato koncentrace zpUsobi zménu chovani pfi rychlém
ochlazeni, které vyvola zékalné struktury i bez nutné vyssi koncentrace uhliku. Tento Clanek popisuje viiv béru
v ocelich pfi koncentraci prevysuijici 1 %B. Nejedna se o obycCejné uhlikové oceli, ale austenitické oceli na bazi
AISI 304 + 1,2 az 1,6 %B. Tyto specifické oceli maji take specificke vyuziti, a to jako kazety (kose) v kontejnerech
na vyhorelé jaderné palivo. Tento Clanek se vénuje vlivu tepelného zpracovani — homogenizacniho zihani. Po
ohtevu nad 1050 °C dochézi ke zméné rozlozeni boridd, ale také k homogenizaci koncentrace dalsich prvka.
To se projevi ve zméné struktury, ale také v mechanickych vlastnostech tepelné zpracovanych odlitkd. Clanek
popisuje nejen praktické vysledky stanovené experimentalnim programem, ale tyto poznatky jsou dany do
souvislosti s provedenou reSerSi i zkuSenostmi pracovnika, ktery tuto ocel kdysi v ocelarné Poldy Kladno

vyvijel.

Klicova slova:
ATABOR, tepelné zpracovani, kontejnery na jaderné palivo
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In today’s automotive industry, boron steels are popular materials. 22MnB5 grade is a typical member of this
class of steels. Its boron content is between 0.0008 and 0.005%. This concentration is sufficient to change
the steel’s response to rapid cooling and lead to hardening structures which normally form in materials with
higher carbon levels. This paper describes the effects of boron in steels which contain more than 1% of the
element. They are not ordinary carbon steels but austenitic steels derived from AISI 304 with a boron addition
between 1.2% and 1.6%. These specific steels have their specific use: as receptacles (baskets) in spent
nuclear fuel storage casks. This paper deals with the effects achieved by heat treatment — homogenization
annealing. Heating above 1050°C changes the distribution of borides and homogenizes the concentrations
of other elements. This is manifested in microstructural changes as well as mechanical properties of heat-
treated castings. Results of the experimental programme are discussed and correlated with literature search
data and with experience reported by an engineer who developed the steel long ago at Poldi Kladno steelmill.

Keywords:
ATABOR, heat treatment, spent nuclear fuel storage casks

Tvorba mikrostruktury béhem kryogenniho
zpracovani Cr-V ledeburitické oceli

Formation of microstructure during sub-zero treatment
of Cr-V ledebuiritic steel

Peter Jurdci
Faculty of Material Sciences and Technology of the STU in Trnava, Paulinska 16,
917 24 Tmava, Slovakia

Prestoze se kryogenniho zpracovani Siroce pouZiva v rliznych prlimyslovych odvétvich vice nez 100 let, byly
metalurgické principy mikrostrukturnich zmén objeveny az v poslednich nékolika letech. Bylo provedeno
mnoho experimentalnich praci s cilem popsat, co se déje v mikrostrukturach loziskovych oceli, chromovych
nastrojovych oceli pro préaci za studena a v chrom-vanadovych ledeburitickych ocelich, pokud jsou podrobeny
zpracovani v teplotnim rozmezi 4 - 273 K a pro rlzné doby trvani. Ziskané vysledky ukazuji, Ze zmény
v mikrostrukture a tim i v mechanickych vlastnostech nezavisi pouze na pouzitém rezimu zpracovani, ale Uzce
souvisi s chemickym slozenim oceli. Tento ¢lanek je zaméren na popis toho, co se stane, kdyz se 7% Cr - 6%
V ledeburitickéa ocel podrobi kryogennimu zpracovani pri rliznych teplotné-casovych reZzimech.

Despite the fact that the sub-zero treatment has widely been employed in various industrial branches more
than 100 years, metallurgical principles of microstructural alterations was discovered only over past several
years. Many experimental works have been done in order to describe what happens in the microstructures of
ball bearing steels, chromium cold work tool steels, and in chromium-vanadium ledeburitic steels when they
are subjected to the treatment within a temperature range 4 - 273 K and for different durations. The obtained
results infer that the changes in microstructure and thus in mechanical properties depend not only on the
treatment regime used, but they are closely related to the steel chemistry. The current paper is focused to
the description of what happens when 7%Cr - 6%V ledebuiritic steel is subjected to sub-zero treatments at
different temperature-time schedules.
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VACUUM FURNACES
FOR HEAT TREATMENT Nékteré aspekty kryogenniho zpracovani

Leader in the aerospace sector and in cutting-edge industries for over 70 years. nastrojovych oceli
Some aspects of cryogenic processing of tool steels.

Zdenék Kolar, Stanislav Tobolik
Pilana Knives a.s. Hulin, Czech Republic, 732 744 171, kolar@pilana.cz, tobolik@pilana.cz

Clanek popisuje problémy spojené se zkoumanim zmén struktury po kryogennim zpracovani kalenych
nastrojovych oceli. K zlep$eni tohoto stavu je pouzita metalograficka pila, kdy jsou pouzity réizné zpracované
vzorky a sledované zmény struktury je mozno sledovat za pomoci akustickych jev( vznikajicich pfi samotném
fezani.

V dalsi ¢asti je vénovana pozornost kvalité povrchu zkoumanych vzorkd.

The article describes the problems associated with the research of structural changes after cryogenic
processing of hardened tool steels. If metalographic saw is used to improve the condition of steel, diferently
processed samples are used and the structural changes are observed by monitoring of accoustic effects that
arise during the cutting.

The next section, the article focuses on the surface quality of the examined samples.

Difusni vrsty Fe-Me-B pro povrchovou modifikaci
uhlikovych oceli a slitin

Fe-Me-B diffusion layers for surface modlfication of
carbon and alloy steels

Mishigdorzhiyn Undrakh
East Siberia State University of Technology and Management (Russia)

Tempering, annealing, stress relieving Aluminum brazing Multicomponent boron-based diffusion layers are capable to provide a wider variety of surface improvements
compared to pure boriding. In this research, we consider a way to increase mechanical properties of carbon
and alloy steels by using two-component thermal-chemical treatment (TCT) such as borochromizing (B-
Cr), boroaluminizing (B-Al), and boronickelizing (B-Ni). Diffusion treatment of steel surface was carried out
by pack method in powder mixtures, containing the above-mentioned elements and sodium fluoride as an
activator. The exposure time was 2-4 hours, the treatment temperature was 950-1050 °C. Pure boriding
was conducted additionally to compare with two-component methods. The metallographic analysis revealed
diffusion layers with tooth-like structure after B-Cr and B-Ni diffusion TCT, which consists of iron boride
FeB as an outer phase and Fe2B as an inner one. EDS analysis revealed that these compounds contain
a small amount of Ni and Cr. Another structure was obtained after B-Al diffusion TCT — namely a complex
heterogeneous structure, where hard iron borides were mixed with softer phases — Fe3Al and a-Fe(Al). The
layer thickness after boroaluminizing increased from 110-190 pm to 550-570 um, compared to pure boriding,
borochromizing, and boronickelizing. The maximum microhardness values reached about 2000 HV after all
three methods. Wear tests indicated that the samples with the tooth-like structure were slightly superior to
the ones with heterogeneous structures.

Keywords:

thermal-chemical treatment, borochromizing, boroaluminizing, boronickelizing, multicomponent diffusion
Fours Industriels JLEE )7 treatment, metallography, microhardness, wear resistance.
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SyncroTherm - aplikace a procesy ve vakuu
SyncroTherm — applications and processes in vacuum

Marcus Schmidt
ALD Vacuum Technologies GmbH, Germany, Marcus.Schmidt@ald-vt.de

The air which surrounds us primarily consists of a nitrogen and oxygen mixture. This gas mixture is the basis
for all life on our planet. However beneficial the effect may be on life, the disadvantageous it is in certain
processes, especially in combination with high temperatures. These oxidation processes, when reinforced by
high temperatures, act highly aggressively towards materials and build oxides between the oxygen and the
metallic elements.

Heat Treatment in vacuum helps to prevent these negative effects.

Vacuum heat treatment does not only lead to advantages in quality but also offers entirely new options,
especially with the SyncroTherm plant, regarding cycle time and process flexibility through random process
routings, thus creating a variety of heat treatment possibilities.

The SyncroTherm plant’s high level of automation sets new standards and stands out in terms of production
integration, | 4.0 functionality, full traceability of parts through laser codes as well as conformity with important
quality standards such as CQI 9 or Nadcap.

The One-Piece-Flow-Production allows generating cycle times of < 8 min. The SyncroTherm plant also
offers new process options such as the intermediate cooling process, for example. Generally, special micro-
alloyed steels are used in high treatment temperature carburizing (>=1000°C) in order to prevent a coarse-
grained structure. However the intermediate cooling process allows to perform high-temperature carburizing
using cost-effective conventional steels. The resulting coarse grain structure will be refined by means of an
intermediate cooling step followed by a reaustenitizing and quenching step. This leads to significantly shorter
process cycles without the need for special micro-alloyed steels.

In addition to low pressure carburizing, further heat treatment processes such as neutral hardening, annealing,
tempering, brazing or sintering of PM-parts in vacuum are well established.

Prediktivni udzba peci pro tepelné zpracovani
Predictive maintenance for heat treatment furnaces

Uwe Schmiedeke
VA Schmetz GmbH, Zum Lonnenhohl 23, 44319 Dortmund, Germany, Uwe.
Schmiedeke@lva-Schmetz.de

Predictive maintenance (PdM) is part of the fourth industrial revolution. By networking machines and systems,
conditions and processes can be viewed and adjusted from anywhere. With the help of PdM, necessary
maintenance can be better planned in the future and plant downtimes can be minimized. The combination
of condition monitoring and advanced self-learning algorithms is not only the enabler to monitor the furnace
condition, but to predict the evolvement. This gives you the opportunity to act before component failures or
furnace downtimes occur.

The system from IVA Schmetz is already in use at pilot customers. The connected furnaces are fully integrated
into the production process and provide real data. The algorithm uses this all previous data and results to
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calculate and evaluate the current condition of the furnace. By incorporating past conditions and results into
the condition evaluation, the algorithm gains experiences and thus becomes more intelligent and in regards
of the results and predictions more and more accurate.

The success so far makes clear how much potential PAM has for the heat treatment industry.

Nizkotlaka cementace velkych ozubenych kol
v jednokomorové vakuové kalici peci

Low pressure carburizing of large gears in single
chamber vacuum oil quenching furnace

Lebigot Philippe
Fours Industry BMI, France

Some thermochemical treatment applications may require some furnace adaptation, heavy engineering
modifications or even a new furnace concept and design in order to meet customer’s specifications, his
production capacity and last but not least, his budgetary constraint.

This case study relates to the carburizing of large gears for railway train bogies in a single chamber vacuum
oil quenching furnace. Besides the usual metallurgical criteria of carburizing thickness, core and surface
hardness and microstructures, customer is strongly expecting a reduction of distorsion to avoid or to reduce
mechanical reworking. In the presentation, we will go through the different technologic choices to meet
these specifications, including the choice of furnace typology which influences the transition phase between
hot zone and oil bath but also the selection of quenching oil and the choice of fixtures design.

4D kaleni - kontinualni vakuové kaleni jednotlivych
dili jako moderni nahrada kaleni pod lisem

4D Quench - single-piece flow vacuum heat treatment
as modern alternative to a press hardening

Marcin Przygonski
SECO/WARWICK S.A., ul. Sobieskiego 8, 66-200 Swiebodzin, Poland
Marcin.Przygonski@secowarwick.com , Www. secowarwick.com

Material distortion is an undesired characteristic observed when a produced component requires a thermo-
chemical heat treatment process followed by a rapid quench to obtain desired mechanical and metallurgical
properties including a uniform case depth and hardness profile. Due to the distortion taking place during
this process, the manufacturer is faced with the costly choice of leaving excess material on a machined
component before the heat treatment process, only to be removed after the heat treatment process by post
heat treatment manufacturing methods. When steps are taken to reduce material distortion (prior to hard
machining operations), manufacturers can significantly reduce the component cost and subsequently speed
up the overall manufacturing process.

This paper will discuss the unique method of distortion control for heat treated and quenched components
by use of a 4-Dimensional High-Pressure Gas Quench (4D HPGQ) technique. This system has the ability to
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AtmOSfériCké pece pro tepelné zpracovénl' kOVG quench a single component without fixturing versus either a free quench or complex press quench approach.

Atmosphere furnaces for metal heat treatment The 4D HPGQ process results in each component being individually quenched in an identical manner while
having minimal distortion in relation to the green component. 4D HPGQ systems are easily integrated into

machining centers improving lead time and costs associated with traditional heat treatment processes.

Keywords:
Single-piece flow, case hardening, low pressure carburizing, high pressure gas quench, in-line manufacturing,
lean manufacturing, mass production, distortion, quenching, press quench

Vyhody a vlastnosti laserem kalenych povrchu
S avEnE e e EETET Advantages and properties of laser-hardened surfaces

Profitherm type batch furnace
Stanislav Némecek

RAPTECH s.r.o., U Vodamy 473, 330 08 Zruc-Senec, Czech Republic,
nemecek@raptech.cz

Prispévek shrnuje poznatky studia viastnosti a chovani laserem kalenych povrchd. Bude uveden viiv kaleni na
Zivotnost a tribologickou odolnost forem a dalSich strojnich dildi. Déle je popsan vliv procesnich parametr( na
zbytkova napéti, jejich smér a velikost, a s tim souvisejici chovani po strance deformaci, Unavového chovani
pfi cyklickém zatézovani atd.

The paper summarizes the findings of the study of properties and behavior of laser hardened surfaces. The
influence of hardening on the service life and tribological resistance of molds and other machine parts will
be presented. Furthermore, the influence of process parameters on residual stresses, their direction and
magnitude, and related deformation, fatigue behavior under cyclic loading, etc. are described.

Prabézna pec SOLO 322
Continuous furnace SOLO 322

Porovnani vlastnosti nastriku NiCrBSi pretaveného
elektronovym svazkem pfi rizném zptsobu
vychylovani

Comparison of the properties NiCrBSi coating remelted
by an electron beam with different deflection techniques

Jiri Matlak
VUT v Bne, Matlak.Jirka@gmail.com, +420 721 968 179, Czech Republic

Tepelné zpracovani termicky nanasenych nastiikl mdze vést ke zlepSeni mechanickych viastnosti materiélu.
Slitina NiCrBSi profituje predevsim z pretaveni pfedem naneseného nastfiku. Technologie elektronového
svazku umoznuje dobré ovladani procesu a vysledky zpracovani zavisi i na zvoleném zptsobu vychylovani
EB. Testovany byly ¢tyfi techniky vychylovani — 6 bodd, linka, pole a meandr. Pretavenim dochazi ke snizeni
Linka pro tepelné zpracovénl' porozity a vytvoreni tii strukturnich zon s rliznym chemickym sloZenim a tvrdosti. Zplsob vychylovani ovliviiuje
Heat treatment line SOLO Profitherm predevSim riziko vzniku trhlin a podil jednotlivych strukturnich zén. Pretavenim klesa povrchova drsnost
a zvySuje se odolnost proti opotfebeni.

The thermal post treatment can increase the mechanical properties of some of thermally sprayed coatings.
The NICrBSi alloy profits from remelting of the previously sprayed coating. The electron beam technology
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allows a good process control and the treatment results also depend on the selected EB deflection. Four
deflection techniques were tested - 6 points, line, field and meander. The remelting reduces the porosity and
creates three structural zones with a different chemical compositions and hardness. The deflection technique
influences the risk of cracking and the proportion of the individual structural zones. Remelting reduces the
surface roughness and increases the wear resistance.

Vyuziti robotu pfi tepelném zpracovani materialt
Robots and their usage in material treatment

Ladislav Kraus
YASKAWA CZECH s.r.0., Czech Republic

MozZnosti automatizace tepelné Upravy materidl pri vyuZiti robotd. Roboty budou predstaveny jako nosice
tepelného zdroje, nebo jako nosice tepelné upravovanych predmétl, které Ize zaroven roboticky ukladat do
skladovych pozic.

The possibilities of robotic automation in material treatment. The robots will be introduced in the roles of heat
source carriers, or carriers of treated parts, with possibility to use them for placing of treated parts in stock
afterwards.

Optimalizace ¢isticiho procesu
Optimization of cleaning process

Roman Konvalinka?, Martin Hornak®

a SurTec CR s.r.0., Michelské 1552/58, 14000 Praha 4, Czech Republic,
roman.konvalinka@surtec.com

©SurTec SK, s.r.0., Homy Ohaj 299, 95201 Vrable, Czech Republic,
martin.hornak@surtec.com

Nezbytnou soucasti modernino strojirenstvi a povrchovych Uprav je fada disticich krokd. PFi navrhovani
technologického postupu vyroby je nezbytné se zamyslet nejen nad pozadovanou kvalitou Cistotou, ale
i ekonomikou vyroby. Zjednodusené plati, ze ¢im vyssi néroky na Cistotu dild, tim vy$Si naklady musime
vynalozit. Nejedna se pouze o pfimé naklady na chemii, ale i na zafizeni, pracnost vyroby, vicenaklady dané
zmetkovitosti a likvidaci odpadU. Spravna optimalizace vede nejenom k dostatecné kvalité, ale i priznivym
vyrobnim nakladdm.

Cleaning and degreasing steps are essential part of surface treatment. The proposal of cleaning process has
to consider not only the quality of cleaning process, but also the overall process cost. Generally, the higher
cleaning requirement, the higher is the cost. The total cost consists not only from expenses for chemicals
and energies, but also from cost for labour, waste treatment, reject rework and machine utilization and
depreciation. The proper process optimisation results in good quality while keeping reasonable overall cost.
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Vyuziti zarizeni pro inkrementalni tvareni
kruhovych ty¢éi HDQT-R 30-12 k tepelnému

a termo-mechanickému zpracovani oceli

Use of device for incremental forming of round bars
HDQT-R 30-12 for heat and thermo-mechanical
treatment of steels

Michal Pekovic¢
Faculty of Mechanical Engineering — Regional Technology Institute, University of West
Bohemia in Pilsen, Univerzitni 8, 306 14 Pilsen, Czech republic, pekovicm@rti.zcu.cz

Prlimyslové vélcovny v dnesni dobé vyuZzivaji pro redukci préimérd kruhovych ty¢i konvenéni technologie
podélného valcovani. Stroje pouzivané v téchto valcovnach jsou vétsinou jednoucelové a nejsou doplnény
moduly pro dalSi tepelné zpracovani vyvalku ihned po tvareni. Experimentaini zafizeni pro inkrementaini
tvareni kruhovych ty¢i HDQT-R 30-12 je urceno k redukci prdméru tyGového materidlu technologii kosého
valcovani, ktera je vhodna pro tvareni sirokého spektra oceli, od uhlikové az po uslechtilé konstrukeni oceli
a také pro obtizné tvafitelné materialy. Vysoka modularita celého zafizeni umoznuje zaradit pfimo za tvareni
krok tepelného zpracovani pomoci rliznych modulti. Diky usporadani modulli Ize po valcovani vyvalek prudce
ochladit na poZadovanou teplotu vodni sprchou nebo ve vodni lazni, nebo viozZit do pece pro dohrev &i
vydrz na teploté. Diky tomuto usporadani je zarizeni schopno produkovat valcové, kuzelové a jiné rotacné
symetrické tvary s pfimou podélnou osou a s rdznymi variantami tepelného zpracovani. Po celé délce
valcovaci trati jsou umistény senzory snimajici teplotu vyvalku, sily a momenty ve valcovaci stolici a dalsi data.
Z téchto dat je mozné zjistit presny pribéh termo-mechanického zpracovani a pripadné navrhnout Upravu
procesu zpracovani pro dosazeni lepsich mechanickych viastnosti materialu. Prispévek se zabyva moznostmi
termo-mechanického zpracovani konvenéni oceli 42CrMo4 a experimentalni oceli 42SiCr s vyuZitim rdznych
postupl tepelného zpracovani po valcovani za tepla.

Klicova slova: tvareni, tepelné zpracovani, vysokopevné oceli, kosé valcovani

Today, industrial rolling mills use conventional longitudinal technology to reduce the diameter of round bars.
Machines used in these rolling mills are mostly single-purpose and are not equipped by modules for the
further heat treatment of the rolled steel after forming. The experimental device for incremental forming of
round bars HDQT-R 30-12 is designed to reduce the diameter of bars by the technology of three-roll skew
rolling, which is suitable for forming a wide range of steels — from carbon to noble tool steels as well as for
materials which is difficult to form. The high modularity of the entire device makes it possible to incorporate
the heat treatment step by means of various modules directly behind the forming. Due to the arrangement of
the modules, after rolling the rolled products can be quenched to the desired temperature by water spray or in
a water bath, or inserted into a furnace for reheating or holding at temperature. Due to this arrangement, the
device is capable of producing cylindrical, conical and other rotationally symmetrical shapes with a straight
longitudinal axis and with different heat treatments. Temperatures, forces and moments in the rolling mill
and other data are collected during the passage of the workpiece through the whole machine. From these
data it is possible to determine the exact sequence of the thermo-mechanical treatment and, if necessary, to
propose a modification of the processing to achieve better mechanical properties of the material. The paper
deals with the possibilities of thermo-mechanical processing of conventional 42CrMo4 steel and 42SiCr
experimental steel using various methods of heat treatment after hot rolling.

Keywords: forming, heat treatment, AHSS, three-roll skew rolling

21



Ochranné atmosfeéry
pro tepelné zpracovani

e dusik evodike argon ¢ hélium « kyslik « oxid uhlicity  specialni plyny «

Dodavame ty spravné technologie, technicke plyny, které vam umozni:
- efektivnéji soutezit na trhu
- zvysovat produktivitu a vykonnost
- snizovat naklady a setfit cas

Pro vice informaci volejte 800 100 700 nebo piste na infocz@airproducts.com

tell me more

airproducts.com
airproducts.cz

AIR 7.
PRODUCTS 2=

Aplikace polymeru v tepelném zpracovani
Application of polymeric quenchants in heat treatment

Lubos Prochazka
ECOSOND s.r.o., KVodame 531, 257 22 Cercany, Czech Republic,
prochazka@ecosond.cz

Pouziti polymerickych kalicich lazni k tepelnému zpracovani. Typy polymer(, ochlazovaci schopnost, porovnani
s dalsimi kalicimi médii, méfeni koncentrace polymeru a péce o lazen. Polymery s kratkym fetézcem. Moznosti
michani riznych polymert v jedné lazni.

Application of polymeric baths for quenching of steel parts. Polymers type, comparision with others cooling
quenchant, polymeric concentration measurement, care of polymeric quenching bath. Polymers with short
chains. Possibility of mixing different polymers.

Tepelné zpracovani vysoce pevné maraging oceli
vyrobené 3D tiskem

Thermal treatment of high-strength 3D-printed maraging
Steel

Angelina Strakosova 2, Dalibor Vojtécha, Jiri Kubasek 2
@ Department of Metals and Corrosion Engineering UCT Prague, Technicka 5,
166 28 Prague 6, Czech republic, strakosa@vscht.cz

Maraging oceli jsou zajimavymi materialy pro badani po tepelném zpracovani, coz vychazi z ndzvu “maraging”
— martenzitické vytvrditelné. Po zihani a kaleni ma ocel X3NiMoCoTi 18-9-5 vynikajici mechanické vlastnosti
(mez pevnosti az 2000 MPa a tvrdost okolo 50-55 HRC), je houzevnata a dobre svarfitelna. Dalsi vyhodou
téchto materidlll je moznost vyrabéni nejenom konvenénimi, ale i modernimi zpdsoby, jednim z nich je
selektivni taveni laserem (SLM).

V daném pfispévku je zkouman vliv tepelného zpracovani 3D-tisténé X3NiMoCoTi 18-9-5 maraging oceli na
vyslednou mikrostrukturu a mechanické viastnosti.

Maraging steels are becoming interesting for research after thermal treatment, which is based on the name
~.maraging” — martensite-aging. After solution annealing and precipitation hardening, the XSNiMoCoTi 18-9-
5 steel has excellent mechanical properties (tensile strength reaches to 2000 MPa and hardness is 50-55
HRC), it is ductile and well weldable. The advantage of these materials is the possibility to be manufactured
not only by conventional methods but also by modern additive manufacturing (AM) methods. One of which
is selective laser melting (SLM).

In this paper, the influence of thermal treatment to 3D-printed X3NiMoCoTi 18-9-5 maraging steel to final
microstructure and mechanical properties is investigated.
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Vybér vhodného rezimu zihani pro uvolnéni pnuti
a stabilizaci struktury slitiny Ti6Al4V pripravené
3D tiskem metodou SLM

Choosing a suitable heat treatment regime for stress-
relief and microstructure stabilization of TI6GAI4V alloy
3D-printed by SLM method

Michaela Roudnicka, Alena Michalcova, Enas Ghassan Hamed Alzubi,
Dalibor Vojtéch

Department of Metals and Corrosion Engineering, UCT Prague, Technicka 5, Praha 6,
Czech Republic, michaela.roudnicka@vscht.cz

Pri zpracovanim slitiny TiBAI4V 3D tiskem metodou SLM (selektivnino taveni kovového prasku laserovym
paprskem) vznikaji v materidlu vysoka pnuti v disledku vysokych teplotnich gradientli mezi pravé tavenym
mikroobjemem prasku a jiz zhutnélym materialem. Ochlazovaci rychlosti tak dosahuji fadove az 108 °C/s.
Pri téchto rychlostech probiha bezdifuzni martenziticka transformace, ktera rovnéz pfispiva k vnitrnimu
pnuti v materidlu. Vysoka vnitfni pnuti mohou predstavovat problém jiz béhem samotné vyroby; mohou se
projevit praskanim vyrobkd, deformacemi tenkych ¢asti apod. | u bezdefektnich vyrobkd vSak vnitfni pnuti
negativné ovliviuiji jejich vlastnosti, zejména snizuji taznost. Proto je zadouci po samotném 3D tisku zaradit
tepelné zpracovani, které pnuti snizi a metastabilni martenzitickou strukturu pfeméni na stabilni. Ddsledkem
tepelného zpracovani je narlst taznosti na Ukor pevnosti. Predmétem tohoto prispévku je nalezeni takového
rezimu tepelného zpracovani, které poskytne nejlepsi kombinaci mechanickych viastnosti.

During processing of Ti6AI4V alloy by a 3D printing method SLM (selective laser melting), high internal
stresses are developed in the material as a result of high temperature gradients between microvolumes of
the powder melted at a given time and the already solidified material. Cooling rates thus reach up to the
order of 108 °C/s. At such rates, a diffusionless martensitic transformation occurs, which also contributes to
internal stresses in the material. High internal stresses can be a problem already during production; they can
manifest themselves by cracking of products, deformations of thin parts, etc. Even with defectless products,
internal stresses negatively affect their properties, in particular they reduce ductility. Therefore, it is desirable to
include a heat treatment after the 3D printing, which would reduce the stresses and transform the metastable
martensitic structure into stable one. As a result of the heat treatment, the ductility increases at the expense
of strength. The subject of this paper is to find such heat treatment regime that provides the best combination
of mechanical properties.
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Tepelné zpracovani aditivné vyrobené maraging
oceli

Heat treatment of addltively manufactured maraging
steel

L. Kucerova, I. Zetkova, M. Bystriansky, K. RubeSova
RTI, UWB in Pilsen, Univerzitni 8, 301 00 Plzen, Czech Republic, skal@rti.zcu.cz

Aditivni technologie predstavuji moderni metodu zpracovani kovd, pomoci které Ize vyrabét pomérmé slozité
tvary produktli bez potfeby specidlnich nastrojl a s minimalnimi ztratami materialu. Diky specifickym teplotnim
podminkam vznikaji v aditivné vyrobenych soucastech velmi neobvyklé mikrostruktury a velké vnitfni pnuti.
Z téchto divodU je obvykle potreba provést nasledné jesté tepelné zpracovani na uvolnéni vnitfniho pnuti
a Upravu mikrostruktury a mechanickych viastnosti. V tomto pfispévku budou predstaveny zakladni metody
tepelného zpracovani tisténé maraging oceli a jejich vliv na mikrostrukturu a mechanické vlastnosti. Aditivnim
zpracovanim byla na maraging oceli ziskana velmi jemna buné&na mikrostruktura se zbytkovym austenitem
vylou€enym na hranicich bunék, pevnosti cca 1100 MPa a taznosti 11%. Naslednym tepelnym zpracovanim
byla ¢aste¢né nebo zcela odstranéna plvodni bunééna mikrostruktura a diky rizné mife precipitace byly
dosazeny pevnosti v rozmezi 1050 MPa — 2100 MPa a taznosti 5% - 15%.

Additive technologies belong to advanced methods of metal processing, which enable production of relatively
complex shapes of the products without special tooling and with minimal material losses. Due to a specific
thermal conditions, additively produced parts possess not only special microstructures but also significant
residual stresses. This is the reason why post processing heat treatment is strongly recommended to adjust
the microstructure and thus improve mechanical properties and decrease residual stresses. The basic
methods of post processing heat treatment of additively manufactured maraging steel will be presented
in this contribution and their effect on the final microstructure and mechanical properties will be described.
Additive manufacturing of maraging steel produced very fine cellular microstructure with retained austenite
at cell boundaries, which reached the ultimate tensile strength of 1100 MPa and total elongation of 11%.
The post processing heat treatment resulted in partial or full dissolving of the original cellular microstructure
and due to various intensity of precipitation, the tensile strengths reached 1050 MPa -2100 MPa and total
elongations 5% - 15%.
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Analyza vlivu odliSné vysky béhem 3D tisku

na dilech z maragingové oceli MS1 pred a po
tepelném zpracovani

Analysis of the influence of different height during 3D
printing on parts from MS1 maraging steel before and
after heat treatment

Hana Jirkova, lvana Zetkova, Katerina Opatova, Ludmila Kucerova,
Katerina RubesSova

University of West Bohemia, Regional Technological Institute, Univerzitni 22,
301 00 Pilsen, Czech Republic, hstankov@rti.zcu.cz

Aditivni technologie predstavuji v soucasné dobé rychle se rozvijejici odvétvi, které nachazi uplatnéni v riznych
oblastech prdmyslu. P¥i spravné navrzenych parametrech tisku véetné vhodné zvolenych podpor je mozné
vyrabét tvarove slozité soucasti. Pro ziskani soucasti s pozadovanymi mechanickymi vlastnostmi je nutné po
3D tisku provést tepelné zpracovani, které vedle zajisténi potrebné mikrostruktury vede i k odstranéni vnitfniho
pnuti. Jednim z faktor(, ktery je nutné také brat v tvahu béhem navrhu procesu tisku je vyska jednotlivych
dilé umisténych na platformé. Pravé rozdilna vyska nékterych dilli vede k tvorbé vyrazného prechodu, ktery je
patrny beéhem metalografického pozorovani.

Z prasku maragingoveé oceli MS1 byl na platformé, na které byly tistény i dalsi dily, vytiStén dil vyrazné presahuijici
ostatni svou vyskou. Tisk byl proveden metodou pfimého spékani kovového prasku (DMLS). Bylo provedeno
metalografické hodnoceni vytisténého dilu véetné méreni tvrdostnich profilll. Poté nasledovalo rozpoustéci
zihani s rliznou dobou vydrze. Vysledky ukazuji, Ze Zihani na teploté 820°C vede k odstranéni pfechodu na
samostatné vytisténém dile a odstrariuje skokovou zménu vlastnosti zplisobenou tiskem koncentrovanym
pouze na jednu soucast.

Klicova slova:
3D tisk, maragingova ocel, zihani

Additive technologies are currently a fast-growing industry that finds application in various industries. With
appropriately designed print parameters, including suitably located supports, it is possible to produce complex
shape components. To obtain components with the required mechanical properties, it is necessary to perform
heat treatment after 3D printing. After the heat treatment, not only the required structure is achieved but also
the internal stress is removed. One factor that must also be taken into account during the design process is
the height of the individual components placed on the platform. The different height of some parts leads to
the formation of a significant transition that is evident during metallographic observation.

From the powder of MS1 maraging steel, the part significantly higher than the others was printed on
a platform. The printing was performed by direct metal sintering (DMLS). The metallographic evaluation
of the printed part was carried out, including hardness profiles. This was followed by solution annealing at
different holding times. The results showed that annealing at 820 °C leads to the removal of the transition on
the separately printed part and eliminates the step change of properties caused by printing concentrated on
only one component.

Keywords:
3D printing, maraging steel, annealing
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Tepelné zpracovani v siti pracovist - vyzva pro
zarazeni pece tepelného zpracovani do svétového
prumyslu 4.0

The networked hardening shop - the challenge to the
hardening plant in the world of Industry 4.0

Gerald Hiller
ECM GmbH, Carl-Legien-Str. 15, 63073 Offenbach, Germany, g.hiler@ecmtech-gmbh.de

The industrial world is facing am further, profound change. With loT (Internet of Things), it will be possible for
the individual production steps to network with each other. The material transport is carried out via transport
equipment, which is networked and automatically take the product to its next production step. These small,
intelligent modules for the Heat treatment industry a new challenge presented. They enable higher variants,
smaller quantities per variant and are flexible and cost-effective. The storage of finished products, which
includes the entire value added, is reduced for cost reasons. Production starts, as soon as the customer
has configured and ordered his product via the Internet. The order is transferred directly to production and
production starts fully automatically. Raw parts are taken out of the warehouse and driven from production
step to production step in a targeted manner. Each process step is documented and can be assigned to the
individual component. In the event of a failure of the entire assembly in operation, complete traceability can
be ensured.

Tepelné zpracovani a prumysl 4.0 a jejich vazba na
erp systémy

Heat treatment and industry 4.0 and their links to the erp
system

Jifi Stanislav
JST Consultancy, Elisky Krasnohorske 965, 46014 Liberec 14, Czech Republic,
stanislav.jirka@gmail.com

Jiz nékolik let je diskutovan problém Pramysl 4.0 a jeho vztah k totalni digitalizaci procest v podminkach
tepelného zpracovani. Nicméné kromé vyjimek jako je napf. fizeni TPM nebo sbér procesnich dat neni jasné
specifikovano, co je cilem této digitalizace.

Bez ohledu na to, jak jsou stanovena zakladni kritéria pro Prlimysl 4.0 v podminkach provozu tepelného
zpracovani je zfejmé, ze primarnim cilem je ekonomizace vyroby ve vSech rovinach. Jedna se tedy
o provazanost technickych a ekonomickych dat. Detailn€ji je tento problém feSen v této prednasce vcetné
ramcoveé analyzy dostupnosti softwarovych feSeni na trhu.

The problem of Industry 4.0 and its relation to total digitization of processes in heat treatment has been
discussed for several years. However, except for exceptions such as TPM management or process data
collection, it is not clearly specified what the goal of this digitization is.

No matter how basic criteria are set for Industry 4.0 under the conditions of heat treatment operation, it is
Clear that the primary goal is to economize production on all levels. It is therefore a link between technical and
economic data. This problem is addressed in more detail in this lecture, including a general analysis of the
availability of software solutions on the market.
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Vliv predbézného a nasledného tepelného
zpracovani na mikrostrukturu a adhezi tenkych
filma AITiN nanesenych na selektivni laserem
tavené slitiné Ti6AI4V

Effect of pre and post heat treatments on microstructure
and adhesion of AITiN thin films deposited on selective
laser melted Ti6AI4V alloy

A. Fiorese", S. Battiston?, C.A. Biffi®, F. Montagner?, V. Zin?, A. Gionda',

J. Fiocchi?, A. Tuissi®

"TAV VACUUM FURNACES SpA; Via dellindustria 11, 24043 Caravaggio (BG), Italy

2 National Research Council; Institute of Condensed Matter Chemistry and Technologies
for Energy, Unit of Lecco, CNR ICMATE; C.so Stati Uniti 4, 35127 Padova, Italy.

% National Research Council; Institute of Condensed Matter Chemistry and Technologies
for Energy, Unit of Lecco, CNR ICMATE; Via Previati 1/E, 23900 Lecco, Htaly.

* Corresponding author: a.fiorese@tav-vacuumfurnaces.com

The goal of the present work is to investigate the effect of the pre and post heat treatments on the microstructure
and mechanical properties of TiGAI4V alloy coated with AITIN thin films.

The samples were first printed by selective laser melting (SLM) and then coated via reactive Physical Vapor
Deposition High-Power Impulse Magnetron Sputtering (PVD HIPIMS). The samples were heat treated at
700°C, 850°C and 950°C under high vacuum for 1 hour. The structure, the composition and the mechanical
features of the realized thin films were investigated by X-ray Diffraction, Energy Dispersive Spectroscopy
associated to Field Emission Scanning Electron Microscopy (FE-SEM), and nanoindentation, respectively. It
was found that the realization of the heat treatment before or after the PVD HIPIMS can influence the adhesion
of the thin films and the resulting microstructure.

Keywords:
Selective laser melting; Ti6AI4V; thin films; vacuum heat treatment; microstructure, High-Power Impulse
Magnetron Sputtering, AITiN.

Problémy pri slinovani béhem pripravy slitin
Ti-Al-Si

Sintering problems during preparation of Ti-Al-Si alloys
Anna Knaislova, Pavel Novak, FrantiSek Priisa

Department of Metals and Corrosion Engineering, UCT Prague, Technicka 5, Praha 6,
Czech Republic, E-mail: knaisloa@vscht.cz

Slitiny Ti-Al-Si jsou materidlem pro vysokoteplotni aplikace. VyznacCuji se nizkou hustotou, dobrymi
mechanickymi vlastnostmi a vybornou oxidacni odolnosti v porovnani s ostatnimi bézné pouzivanymi slitinami,
jako jsou slitiny niklu nebo korozivzdorné oceli. Priprava slitin Ti-Al-Si je velmi problematicka z divodu vysokych
teplot tani, reakce mezi taveninou a tavicimi kelimky a s atmosférou v peci nebo tvorbou trhlin a pord béhem
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procesu. PraSkova metalurgie se zda byt slibnou metodou pro pfipravu Ti-Al-Si slitin, ale i zde je mnoho
komplikaci. V této praci byly Ti-Al-Si slitiny pfipraveny nekonvenénimi zptisoby praskové metalurgie a cilem
této prace bylo popsat problémy b&hem slinovani téchto materiald a nastinit mozna reseni.

Ti-Al-Si alloys are material for high-temperature applications. They are characterized by low density, good
mechanical properties and excellent resistance against oxidation in comparison with other commonly used
alloys, for example nickel alloys or stainless steels. The preparation of Ti-Al-Si is very problematic due to
high melting points of the intermediary phases, the high reactivity of melt with the melting crucibles and with
the atmosphere in the furnace or formation of the cracks and pores during the process. Powder metallurgy
seems to be a promising method for preparation of Ti-Al-Si alloys but there are still many complications. In
this work, Ti-Al-Si alloys were prepared by unconventional powder metallurgy techniques and the aim of this
work was to describe the problems during the sintering of these materials and their solution.

Pouziti za tepla tvarenych oceli v automobilové
karoserii a jejich bodové odporové svarovani
Applications of press hardening steel in car body and its
resistance spot welding

V. Kucera', J. Petr-Soini?, T. Pilvousek?, D. Vojtéch'

Department of Metals and Corrosion Engineering, University of Chemistry and
Technology, Prague, Czech Republic

2SKODA AUTO a.s., Mlada Boleslav, Czech Republic

Za tepla tvarené oceli dosahuji pevnosti az 2000 MPa a nachazi uplatnéni pfevazné pro bezpecnosti prvky
karoserie s vysokou odolnosti proti narazu. Tyto oceli zvySuji bezpecnost posadky a zarovert umoznuiji redukci
tloustky plechd, a tedy snizeni hmotnosti konstrukce celého vozu. Z tohoto diivodu jejich podil v automobilové
karoserii neustéle nar(sta. V soucasné dobé se pro tvareni za tepla nejCastéji vyuziva ocel s oznacenim
22MnB5 s poviakem Al-Si. Hlavni funkci poviaku Al-Si je ochrana oceli proti oduhli¢eni a oxidaci pfi tepelném
zpracovani. Béhem tepelného zpracovani vSak dochazi ke zménam v chemickém a fazovém slozeni poviaku,
které silné zavisi na podminkach procesu. Pravé toto proménlivé slozeni zplsobuje fadu komplikaci pri
technologiich spojovani, konkrétné bodovém odporovém svarovani. Z tohoto ddvodu je snaha nahradit
povlak Al-Si, povlaky na bazi zinku, jez se v pfevazné veétsing uzivaji jako povrchové ochrana automobilové
karoserie proti korozi.

Podékovani: Financovano z Uéelové podpory na specificky vysokoskolsky vyzkum (MSMT &. 21-SVW/2019).

Press hardening steel reaches the strength up to 2000 MPa and it finds applications mostly as safety
components in a car body with high impact resistance. The steel increases the safety of the passengers while
at the same time reducing the thickness of the sheets and thus reducing the weight of the entire car bodly.
Hence, the part of the press hardening steel in the car body is incessantly increasing. Currently, 22MnB5
steel with Al-Si coating is most commonly used. The main role of the coating is to protect and hinder the
oxidation and decarburization of the steel during heat treatment. During hot stamping, however, the chemical
and phase composition of the coating change and strongly depend on the process conditions. This variable
distribution of the phases and inhomogeneities have a negative impact on joining technologies, particularly
resistance spot welding. Therefore, there is an effort to replace the Al-Si coating by zinc-based coatings,
which are predominantly used in car bodies as corrosion protection.

Acknowledgement: The authors wish to thank the Financial support from specific university research
(MSMT No 21-SVV/2019) for its financial support of this research.
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Objemové neuplna fazova transformace
v Ti grade 2
Volumetrically incomplete phase transition in Ti grade 2
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Czech Republic, Tel.: +420 721 869 628, e-mail: Karel. Tesar@fjfi.cvut.cz

v souvislosti s tepelnym zpracovanim nebo prehfatim konstrukeni soucasti. V ojedinélych pfipadech, kdy je
teplotné vyvolana fazova transformace prerusena predtim, nez je transformovan cely objem materialu, mohou
vznikat atypické mikrostruktury. Tyto mikrostruktury maji asto nevyhodné viastnosti a proto je nutné material
detailné charakterizovat. V této praci tento fenomén demonstrujeme na komercné distém titanu. Je také
ukézana a diskutovana pritomnost zelezem stabilizované 3-Ti faze a y-TiH hydridu.

Phase transitions in metallic materials are often the most important effects which can be studied with respect
to the heat-treatment or overheating of a construction part. In a rare case that temperature-induced phase
transition is interrupted before the whole material volume is transformed, atypical microstructures can be
formed. These microstructures often have detrimental properties and thus a detailed characterization is
necessary. In this work, we demonstrate this phenomenon on commercially pure titanium. The presence of
the Fe-stabilized B-Ti phase and the y-Ti hydride is shown and discussed.

Hybridni technologie pro aditivhé vyrabéné
komponenty (AM) vyrobené z AISi10Mg
Hybrid technology for additive manufactured (AM)
components made from AlSi10Mg

Martin Michler?, Paul Hollmann?, Rolf Zenker*

dnstitute of Materials Engineering — TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5,
D-09599 Freiberg, Germany, martin.michler@iwt.tu-freiberg.de

vZenker Consult, Johann-Sebastian-Bach-Str. 12, D-09648 Mittweida, Germany,
contact@zenkerconsult.de

Powder bed-based additive manufacturing processes such as selective laser beam melting (SLM) are

particularly well suited for the production of geometrically complex functional metal components. In
comparison to conventional manufacturing processes, however, the size of the components that can be
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produced is not only limited technically by the volume of the construction chamber, but also by economically
factors due to the low build-up rates.

By providing a reliable welding technology, additive manufactured components can be joined to conventional
structures at the exact location where the associated higher complexity or functionality is necessary for the
application, thus reducing costs and/or increasing the application spectrum of AM components. Therefore,
this study investigates the production of mixed joints from AISi1OMg material by electron beam welding
(EBW). The AM material used was produced by selective laser melting, whereas the conventional material
was produced by die casting (DC) and continuous casting (CC).

It is already known that EB welding of SLM-processed aluminium in deep welding modes results in the
distinctive formation of pores in the manufactured weld seams, and that pore-free weld seams can only
be produced by changing from the keyhole welding mode to heat conduction welding. These results
could be confirmed by the investigations, which is why two different joining strategies were investigated to
reduce porosity in the welding zone. The welded joints produced were characterized by ultrasonic testing,
metallographic investigation of cross sections, hardness measurements and micro-tensile tests. While
a beam offset did not lead to a significant reduction in weld porosity, a multi-bath welding process and the
configuration of selected welding parameters could produce seams of sufficient quality. The investigations
proved the applicability of the EB keyhole welding mode in electron beam welding for the production of low-
porosity SLM mixed joints.

Slitiny Fe-Al-Si pro aplikace ve spalovacich
motorech

Fe-Al-Si alloys for applications in internal combustion
engines

Pavel Novak, Lenka Rieszova, Katefina Nova, Filip Prasa
Department of Metals and Corrosion Engineering, UCT Prague, Technicka 5, Praha 6,
Czech Republic, panovak@vscht.cz

Aluminidy Zeleza jsou po léta povazovany za materidly vysoce odolné vici vysokoteplotni oxidaci na vzduchu
a v prostredi sloucenin siry. Pfedchozi vyzkum naseho tymu ukazal, Ze Ize oxidacni odolnost na vzduchu jesté
vyrazné vylepSit pfidavkem kfemiku. Slitiny Fe-Al-Si maji rovnéz vyborné mechanické vlastnosti za vysokych
teplot. Dosud vSak nebyla u tohoto typu slitin studovana odolnost v prostredi simulujicim spaliny. Tato prace
je zamérena na popis oxidacni odolnosti v atmosfére oxidu uhli¢itého, ktery je hlavni slozkou spalin. Dale byla
stanovena tepelna stabilita pfi dlouhodobém zihani v tomto prostredi.

Iron aluminides have been considered as materials resistant against high temperature oxidation in air and
Sulphur-containing environments. Previous research of our team proved that the oxidation resistance in the
air can be significantly improved by the addition of silicon. Fe-Al-Si alloys have also very good mechanical
properties at high temperatures. However, the resistance in the environments simulating combustion gasses
have not been studied yet. This work focuses on the oxidation resistance in carbon dioxide, which is the
main component of the combustion gasses. Thermal stability was tested during long-term annealing in this
environment.
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Tepelné zpracovani jako soucast procesu montaze
motoru
Heat treatment as part of the process assembly engine

Jakub Mraz
TEDOM a.s. (Czech Republic)

Seznameni s produkci divize motory. Viyroba, repase a GO prevazné plynovych motorli TEDOM, SCANIA,
LIEBHERR, MAN, KUBOTA... Specifikace montaznich a hlavné p 6 edmontaznich operaci uloZeni s pfesahem.
Nahrada silového ulozeni s pfesahem zahratim nebo zmrazenim jednoho dilu spojované dvojice. Napriklad
ohfev ozubeného vénce startéru pfed montazi na setrvacnik Ize vyuzit jako napousténi po indukénim kaleni
zubl. Prispévek vSak predklada hlavné vyuziti mrazeni v tekutém dusiku pred motézi sacich a vyfukovych
sedel ventil do hlav valcl. Sedla ventilll se odlévaji z kobaltovych slitin typu STELLIT nebo kalenych litin.
Doba mrazeni souvisi s napétovymi i strukturnimi zménami, extrémy. Praktické poznatky a opatfeni — predpisy
pro vyrobu. Smér dalsiho vyvoje.

Zvysovani zivotnosti rypadlovych zubu
Improving the service life of excavation teeth

Pavel Suchmann?, David Hradil>, Tomas Gregor?, Vlastimil Moni®
sCOMTES FHT a.s., Préimyslova 995, 334 41 Dobrany, CR, dhradi@comtesfht.cz
\Wzkumny Ustav pro hnédé uhli a.s., T, Budovatelll 2830/3, 434 01 Most, CR,
moni@vuhu.cz

Nizkolegovana ocel pouzivana pro vyrobu rypadlovych zubl je velmi vyhodnou variantou z hlediska ceny.
Odolnost proti opotfebeni téchto zubu je ovSem nedostacujici. Zuby maji velmi kratkou Zivotnost, coz vede
k jejich neustalé vymeéné a prerusovani samotné tézby. Nabizejicim se rfesenim je nahrada stavajici oceli
oceli vice legovanou, s vyssSi odolnosti proti abrazivnimu opotfebeni (napf. Hadfieldova ocel). Toto feSeni
ovSem vyrazné navySuje cenu celé tézby. Mnozstvi vyrabénych zubl se ro¢né pohybuije v fadu nékolika tisic
kusU. ZvySovani zivotnosti je také mozné Upravou postupu tepelného zpracovani (TZ) &i pouzitim chemicko-
tepelného zpracovani (CHTZ). Tento Clanek pojednava o vyuziti kryogenniho zpracovani a procesu boridace
pfi zachovani stavajicho materiélu. Vliv pouzitého postupu TZ a CHTZ byl pozorovan na zakladé zkousky
odolnosti metodou pin-on-disk a pomoci zkousky odolnosti proti abrazivnimu opotfebeni. Vivem boridace
dochazi k velmi vyraznému zvySeni odolnosti, coz potvrzuji vysledky provedenych zkousek.

Low alloy steel used for the production of excavator teeth is a very advantageous option in terms of price.
However, the wear resistance of these teeth is insufficient. Excavator teeth have a very short service life, which
leads to their constant replacement and interruption in extraction itself. The solution offered is to replace the
existing steel with more alloyed steel, with higher abrasion resistance (e.g. Hadfield steel). However, this
solution significantly increases the price of entire mining. The number of teeth produces is in the order of
several thousand per year. Service life enhancement is also possible by adjusting the heat treatment process
(HT) or by using thermo-chemical treatment (TCT). This paper discusses the use of cryogenic treatment and
the boridation process while preserving existing material. The effect of HT and TCT used procedure was
observed by wear resistance method the pin-on-disc and by abrasion resistance test. Due to the boridation,
a very significant increase in resistance was achieved, as confirmed by the results of the tests carried out.
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Uniform Magnetic Heating (UMH) - specialni
proces tepelného zpracovani pouzivany

ve velkovyrobé v automobilovém a zelezni¢nim
prumyslu

Uniform Magnetic Heating (UMH) - a special thermal
treatment process used in large scale production in the
automotive and rail industry

Nils Ruecker?, Filip Vrablik®
gpro-beam systems GmbH, www.pro-beam.com, Germany
*ECOSOND s.r.0., www.ecosond.cz, Czech Republik

As a specialist for electron beam technique the pro-beam group does not only offer job shop production,
but manufactures electron beam systems as well as heating machines for several industrial applications. For
heating of components pro-beam uses the UMH-process (uniform magnetic heating). Workpieces are placed
into an alternating magnetic field for UMH heating. The change of the direction of polarisation generates
friction losses and thus heat in the workpiece.

We will explain the theoretical fundamentals of the UMH- technology and its advantages compare to
conventional heating process.

Vysoce Cisty kapalny ¢pavek 4.0 pro tepelné
zpracovani kovu

High pure liquid ammonia 4.0 for heat treatment of
metals

Tomas Ersil
GHC Invest, s.r.o.

Spolec¢nost GHC Invest, ¢len némeckého koncernu Gerling, Holz & Co. Hamburg zalozeného jiz pred 115 lety
— v roce 1904, je v Ceské a Slovenské republice dodavatelem vysoce ¢&istého kapalného &pavku 4.0 pro
tepelné zpracovani kovd.

Vysoké kvality kapalného ¢pavku 4.0 o Cistoté 99,99 % je dosahovano a garantovano diky velmi precisni
vyrobé nejnovejsimi technologiemi a také stalou kontrolou a udrzovanim Cistoty tlakovych nadob, do kterych
se kapalny ¢pavek pIni a ve kterych je dodavan k zakaznikdim.

Podle mnozstvi odbéru kapalného ¢pavku a podle prani zakaznika je Cpavek dodavan ve dvou velikostech
tlakovych lahvi s jednoduchymi nebo dvojitymi ventily, v tlakovych sudech anebo, pfi velkych odbérech, také
v ISO kontejnerech.

Nabizeny kapalny &pavek 4.0 o istoté 99,99 % je vyrdbén a do tlakovych nadob pinén v Némecku. V Ceské
republice je pak k zakazniklm distribuovan ze sklad spole¢nosti GHC Invest v Kralupech nad Vitavou
a v Prerové a na Slovensku ze skladu ve mésté Martin.
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The company GHC Invest, member of german concern Gerling, Holz & Co. Hamburg founded 115 years
ago — in 1904, is a supplier of high pure liquid ammonia 4.0 for heat treatment of metals in the Czech and
Slovak Republic.

The high quality of liquid ammonia 4.0 with a purity of 99.99 % is achieved and guaranteed thanks to the
very precise production of the latest technologies, as well as the constant control and cleanliness of pressure
cylinders into which liquid ammonia is filled and delivered to the customers.

Depending on the quantity of liquid ammonia and customer requirements, the ammonia is supplied in two
sizes of cylinders with single or double valves, in pressure drums or, in the case of large offtakes, also in ISO
containers.

The offered liquid ammonia 4.0 with a purity of 99.99 % is produced and filled into pressure cylinders in
Germany. Then in the Czech Republic the ammonia is distributed to customers by the company GHC Invest
from warehouses in Kralupy nad Vitavou and Prerov and for Slovakia from warehouse in Martin.

Pozadavky na kvalitu v tepelném zpracovani
Quality requirements in heat treatment

Stanislava Raskova
Ing. Stanislava Raskova, MBA, Czech Republic, raskova.s@seznam.cz

Tepelné zpracovani kovl je velmi vyznamné pro dosazeni pozadovanych viastnosti mnohych vyrobk{ pfi
jejich praktickém pouziti. Vzdy se jedna o procesy, kdy vysledek, pozadované vlastnosti vyrobku, jsou
odvislé od definice pozadavku zadané zakaznikem, vlastnosti produktu urceného k tepelnému zpracovani,
Urovné znalosti procest tepelného zpracovani, technické zpUsobilosti zafizeni a objektivnim posouzeni
vysledné Urovné dosazené shody s pozadavky zakaznika. Mnohé zkuSenosti stale prokazuji, ze ne vzdy se
dafi dosahnout pozadovaného vysledku. Existuje néjaka podpora, kterou Ize omezit riziko, ze pozadované
vlastnosti nebudou dosazeny?

Cilem této prednasky je priblizit provoz{im tepelného zpracovani zasady standard(, podplrnych metod
a navodu, které zakaznici od svych dodavateld pozaduji. Dodrzovani zasad pro fizeni procest a vyuziti i
daldi podpory pro fizeni procesti mdze i provozdm tepelného zpracovani prinést prospéch v oblastech,
které je provazi kazdy den a zatim zUstavaji nepovSimnuty. Stoji za to ziskat i takové hodnoty, které zatim
nepozorovang unikaji?

Heat treatment of metals is very important for achieving the desired properties of many products in their
practical use. There are always processes, where the result, the required properties, are dependent on the
definition of the customer’s requirement, the product properties for the heat treatment, the level of knowledge
of the heat treatment processes, the technical capability of the equipment and the objective assessment of
the resulting level of compliance. Many experiences are showing the desired results always are not achieved.
Is there any support to reduce the risk, that the required properties will not be achieved?

The aim of this paper is to bring near the principles of standards, methods and guidelines required from the
customers to heat treatment plants. The process approach observance can bring also benefit to the heat
treatment processes in the areas that accompany them every day and remain unnoticed. Is it worthwhile to
obtain such values that have now yet escaped unnoticed?
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Austenitometr - Pfenosny Méssbauertv
spektrometr pro rychlé a nedestruktivni stanoveni
mnozstvi austenitu

Austenitemeter — Portable Mdssbauer spectrometer

for rapid and nondestructive determination of austenite
content

Jifi Pechousek, Petr Kubecka
Univerzita Palackeho v Olomouci, Czech Republic

V uvedené prednasce predstavime vyuZiti Mdssbauerovy spektroskopie pifi uréovani mnozstvi austenitu
v ocelich. Tato jaderna analytickd metoda umoZznuje rychlé urCeni mnozstvi austenitu ve vzorku cca do
10-20 minut s dostateCnou presnosti. Standardni rezim analyzy umoznuje uréeni pomeéru austenit-ferrit
s vysokou presnosti jiz po nékolika hodinach pfip. dnech méfeni pro laboratorni vyzkum nebo pribéznou
kontrolu kvality. Mdssbauerova spektroskopie v odrazové geometrii umozfiuje nedestruktivni analyzy pfi
studiu jak rozmérnych tak i malych vzorkd, a je schopna kvantifikovat relativni zastoupeni fazi austenitu a feritu
na zékladg jejich rozdilnych magnetickych viastnost zplisobem, ktery je relativné nezavisly na tvaru, velikosti
a orientaci ¢astic. Touto metodou Ize ,sledovat® i atomy Zeleza majici rlizné sousedni prvky v ramci struktury
slitin zeleza.

Spalovaci prvkova analyza
Combustion elemental analysis

Vaclav Rach, Ludék Bech
Havlickova 361, 252 63 Roztoky u Prahy, Czech Republic, vaclav.rach@metalco.cz

V dnesni dobé jsou kladeny stéle vétsi naroky na stanoveni obsahu prvki v nejréiznéjich vzorcich. Presna
a spolehliva prvkova analyza je dllezita pro uréeni viastnosti zkoumaného materidlu, pro analyzu kvality
okolniho prostredi, a prfedevsim pro zjisténi slozeni zkoumaného predmeétu.

Jednou z metod prvkové analyzy je spalovaci elementarni analyza, pomoci které je mozné velmi presné
stanovit koncentraci prvk( prevazné v pevnych materidlech. Bézné Ize touto metodou stanovovat vodik,
uhlik, dusik, kyslik a siru. Oproti ostatnim analytickym metodam je vyhodou spalovaci analyzy jeji rychlost,
jednoduchost, robustnost a nizké detekeni limity.

Samotna analyza zacina zvazenim a zavedenim analyzovaného vzorku do pece, ve které dojde k jeho spaleni
a prevedeni do plynného skupenstvi. Plynny vzorek je veden pres filtry necistot a interferent(l do detektoru
(infracerveného nebo tepelné vodivostniho), ve kterém dojde k zaznamenani signalu, ktery je nasledné
vyhodnocen pomoci pocitace a pfepocitan na obsah analyzovaného prvku ve vzorku.

Mezi oblasti, ve kterych se vyuzivaji spalovaci analyzatory, patfi napfiklad strojirenstvi, metalurgie, produkce

elektrické energie, analyza nerostnych surovin, zemédélstvi, analyza zivotniho prostredi, Iékarstvi nebo véda
a vyzkum.
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Nowadays, increasing demands are placed on determining the content of elements in various samples.
Accurate and reliable elemental analysis is important for determining the properties of the analysed material,
for analysing the quality of the environment and especially for determining the composition of the analysed
object.

One of the methods of elemental analysis is the combustion elemental analysis by which it is possible to
determine very accurately the concentration of elements especially in solid materials. Hydrogen, carbon,
nitrogen, oxygen and sulphur can be determined by this method. Compared to other analytical methods,
the advantages of the combustion elemental analysis are especially fast, robust and simple analysis and low
detection limits.

The analysis starts by weighting and introducing the sample to the furnace, where it is combusted and
converted into a gas. The gaseous sample passes through dust and interferent filters to detector (infrared or
thermal conductivity). A signal of the gaseous sample is registered, then calculated by a computer and finally
converted to the amount of the analysed element in the sample.

Combustion elemental analysers can be used in engineering, metallurgy, production of electric energy,
analysis of minerals, agriculture, environment, medicine or science and research.

Oceli po nozire - struktura, vlastnosti
Steels for cutlers — structure and properties

Vladimir Suchanek
HANYKO Praha s.r.o. (Czech Republic)

Lidé vzdy pouzivaly Lidé vzdy bojovali o preziti at uz o potravu v prirodé nebo mezi sebou o dostupné
zdroje. K tomu potfebovali vhodné nastroje. Kvalitni nastroje znamenaly vétsi Sanci na preziti. To vedlo
k technologickému pokroku a k pouzivani nejlepsich dostupnych materidlé pro jejich vyrobu. Pazourek,
obsidian v dobé kamenné; med &i bronz v dobé bronzové; zelezo pak v dobé Zelezné. Uz Keltové, Vikingoveé
a Frankové uméli udélat mecCe a dyky naro¢nou technologii kovarského svarovani a nasledného tepelného
zpracovani — tvrdy bfit a houZzevnaté jadro. Spickovych kvalit pak dosahla vyroba ve stfedovékém Japonsku.
Evropané se pak seznamili v ramci kfizovych vyprav s legendarnimi zbranémi vyrobenymi technologiemi,
které uz nejsou detailné znamy — zbranémi s damascénské oceli.

Budeme zde prezentovat situaci u noz( loveckych — ne u nozt pro bézné kuchynské pouZiti. | ty véak mohou
byt krasné, s dlouhodobym uzitim. Cena vSak tomu taky odpovida — jedna se o ruéni zakazkovou vyrobu.

Aktualné je pro nozire typické pouziti:

e uhlikovych oceli,

e glitinovych oceli (pro vyrobu pruzin)

e nastrojovych oceli,

e uhlikovych oceli platovanych nerez ocelemi,

e nerez oceli;

e nerezové praskové oceli

e damascénské oceli (vytvorenych technologii kovarskym svarfovanim kombinuijici riizné druhy)

e damascénska ocel typ waze (objevuji se velmi zfidka — jedna se o moderni repliku starych zapomenutych
vyrobnich postupd)

V pfispévku jsou dokumentovany struktury vybranych typl po tepelném zpracovani.
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praktické kurzy materialografie
v Cechach a na Slovensku
a aplikacné zamérené webinare
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Struers GmbH, organizaéni slozka, Védeckotechnicky park
Prilepska 1920, 252 63 Roztoky u Prahy
Tel.: +420 233 312 625, e-mail: czechrepublic@struers.de
www.struers.com

Méreni koncentrace plynu v kalirnach
Measurement concentration of gases in hardening
shops

Milan Landa
Ing. Milan Landa, Boretin 2, 470 01 Struznice, Czech Republic, landam@email.cz

Vyvoj elektroniky pro sledovani zivotniho prostredi pfinesl nové moznosti méfeni pecnich atmosfér a detekce
jejich uniku na kalirnach. Méfeni ukazala, Ze jsou redlné prekracovany povolené koncentrace kysli¢niku
uhelnatého, aniz by o tom tusili jak pracovnici, tak vedeni provozu. Noveé senzory a pristroje nabizi moznost, jak
toto nebezpedi indikovat a minimalizovat pfi nizkych nakladech a pfinasi zjiednoduSeni pfi kontrole vlastnosti
pecnich atmosfér.

The development of electronics for environmental monitoring has brought new possibilities for furnace
atmosphere measurement and leak detection in hardening shops. Measurements have shown that the
permissible concentrations of carbon monoxide are actually exceeded, without the knowledge of both
workers and plant management. New sensors and instruments offer the possibility to indicate and minimize
this danger at low costs and simplify the control of furnace atmosphere properties.

Pokrocila materialografie a méreni tvrdosti:
Fazové transformace v titanu

Advanced materialography and hardness testing:
Phase transitions in titanium

Karel Tesar®*<", V. Gartnerova?, A.Jager?

a Struers GmbH - Organizacni slozka, Vedeckotechnicky Park, Roztroky u Prahy,
Czech Republic, Karel, Tesar@ffi.cvut.cz

® Department of Materials, Faculty of Nuclear Sciences and Physical Engineering,
Czech Technical University in Prague, Prague, Czech Republic

¢ Department of Dielectrics, Institute of Physics of the Czech Academy of Sciences,
Prague, Czech Republic

V této praci se zaméfujeme na komercné Cisty titan. S pomoci produktl Struers je provedena Uplna
charakterizace mikrostruktury pro tento material. Mimo védeckych vysledk( je diraz kladen také na metodiku
materidlografické pripravy a méreni tvrdosti. Bézné problémy pripravy vzorkl jsou diskutovany a jsou navrzeny
jejich feseni. Sortiment produktd Struers je pliné vyuZzit pro Sirokou Skélu charakterizacnich technik pro tento
materidl. Jsou predvedeny vysledky efektivni pfipravy pro svételnou mikroskopii a skenovaci a transmisni
elektronovou mikroskopii.

In this work, we focus on commercially pure titanium. Full characterization of the microstructure is performed
using Struers products. Apart from the scientific outcomes, an emphasis is placed on the methodology
of the materialographic preparation and the hardness testing of the samples. Common problems of the
sample preparation are discussed and the solutions are proposed. Wide range of preparation methods for
this material is shown using the whole Struers portfolio. Effective methods for light microscopy, scanning
electron microscopy and transmission electron microscopy are presented.
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Nové metalografické stroje a prostredky pro
pripravu vzorku

New metalographic machines and consumables for
sample preparations

Roman Zapletal, Vit Gromes
TSI System s.r.0., Marianske nam. 617/1, 617 00 Brmo, Czech Republic,
info@tsisystem.cz

Pro pripravu metalografickych vzork{ jsou k dispozici nové stroje a prostredky francouzského vyrobce LAM
PLAN. Automaticka rozbruSovaci pila CUTLAM 3.1 mé az tfi motorizované osy a s kotou¢em o prliméru
300 mm umozni déleni vzorku do prdiméru 110 mm. Nova fada rozbruSovacich kotoucl Excellence umozniuje
rychlejsi déleni vzork( bez jejich vyhrati. Bruska RECTILAM 2.0 pro hrubé brouseni ma brusny kotouc
o prdmeéru 356 mm a umoznuje nastavit Ubér od 0,1 do 1,0 mm. Nové pryskyfice PHENOFREE pro zalévani
zatepla jiz neobsahuiji Skodlivé fenoly a formaldehydy. Némecky vyrobce KULZER uvadi na trh legendarni
hmoty TECHNOVIT pro zalévani zastudena nyni nové bez obsahu toxickych amin( a ftalatd.

New machines and consumables by the French manufacturer LAM PLAN are available for the preparation
of metallographic samples. The automatic cutting machine CUTLAM 3.1 has up to three motorized axes.
With 300 mm diameter cut-off wheel is able to cut samples up to 110 mm. The new Excellence cut-off
wheel series allows faster sample separation without heating them. The RECTILAM 2.0 grinding machine
has a grinding wheel with a diameter of 356 mm and allows you to adjust the removal rate from 0.7 to 1.0
mm. The new PHENOFREE hot moulding resins no longer contain harmful phenols and formaldehydes. The
German manufacturer KULZER is launching the legendary TECHNOVIT resins for cold mounting now free of
toxic amines and phthalates.
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Vlastnosti slinutych karbidu s riznym typem pojiva
po boridovani

Properties of cemented carbides with different types of
binder after boronizing

Vojtéch Pricha
University of West Bohemia in Pilsen, Czech Republic

Prispévek se zabyva moznosti chemicko-tepelného zpracovani slinutych karbidl (SK) boridovanim. Pro
experimentalni program byly zvoleny 3 rlizné sorty SK s velice jemnou frakci zrn karbidu wolframu (WC).
Struktura téchto SK se liSila chemickym slozenim pojiva. Byly vybrany dvé sorty SK, u kterych bylo pojivo
tvoreno Cistymi kovy a to kobaltem a niklem. U treti sorty SK bylo zvoleno komplexni pojivo na bazi Fe-Co-
Cr. Objem pojiva byl pro vSechny zvolené sorty SK shodny a to 8 hm. %. Velikost zrna WC se pohybovala
mezi 0,5-0,8 um. Z vybranych sort SK byly vytvoreny vzorky, z nichz ¢ast podstoupila proces boridovani a to
v nékolika rliznych rezimech. Gilem provedeného experimentu bylo urcit, jakym zplisobem ovliviiuje proces
boridovani kone&né vlastnosti SK a jejich strukturu. K hodnoceni strukturnich zmeén byly pouzity techniky RTG
difrakce a techniky svételné a elektronové mikroskopie. K hodnoceni zmén v mechanickych vlastnostech
a odolnosti proti opotfebeni byly pouZito méfeni tvrdosti a zkouska Ball on Disk.

The paper deals with the possibility of thermochemical treatment of cemented carbides (CC) by boronising.
Three different CC grades with a very fine tungsten carbide grain fraction (\WC) were selected for the
experiment. The structures of the CCs varied in the chemical composition of the binder. Two CC grades
had a binder consisting of pure cobalt and nickel respectively. The third grade of CC had a complex binder
based on Fe-Co-Cr. The binder volume was the same for all CC grades, namely 8 wt. %. The grain size of
the WC ranged between 0.5-0.8 um. Samples were taken from the different CC grades. Some of them were
boronised using several different regimes. The untreated samples were used as reference samples. The aim
of the experiment was to determine how the process of boronising affects the final CC and its structure. X-ray
diffraction, light and electron microscopy techniques were used to evaluate the structural changes. Hardness
measurements and a Ball on Disk test were used to evaluate the changes in the mechanical properties and
wear resistance.
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Vliv zrychlenych mikrostrukturnich déju na
houzevnatost a unavové chovani zuslechténé
pruzinové oceli 51Crv4

Effects of accelerated microstructural processes on
toughness and fatigue behaviour of heat-treated 51CrV/4
Spring Steel

Jakub Kotous'?, Daniela Nachazelova'®, Jaromir Dlouhy'*
'COMTES FHT a.s., Primyslova 995, 334 41, Dobrany, Czech Republic
dkotous@comtestht.cz, “dnachazelova@comtestht.cz, “jdlouny@comtestht.cz

Snaha urychlit vyrobni procesy ma za pricinu v prvni fadé usetfit financni naklady. AvSak ne vzdy to jde.
Casto mezi Sasovou narognosti a vyslednou kvalitou plati pfima uméra. Tak tomu je i u #hani na mékko.
Toto sferoidizaéni zihani je fizené difiznim tokem atomd a proto je ¢asové velmi naro¢né. Pii zkracovani
vydrzi klesa i pomér sferoidizovanych karbidd. Vyvoj a optimalizace pecniho zihani na mékko prinesla
pokrok a pomoci ¢astecné nebo Uplné austenitizace Ize z celkové doby procesu usetfit par hodin. Presto
se stdle jedna o nékolika hodinové zpracovani. Vyvoj a vyzkum zrychlené sferoidizace ASR (Accelerated
Spheroidisation and Refinement) v COMTES FHT dokazal provést sferoidizacni zpracovani v fadech minut.
Proces ASR vyuziva rychlych indukénich ohtevd a cyklovani kolem teploty Ac1 nebo jej je mozné dosahnout
pomoci termomechanického zpracovani. Diky absenci dlouhych vydrzi nestihne zhrubnout zrno ani karbidy
a vysledna struktura je v porovnani s zihanim na mekko mnohem jemnéjsi. To ma dopad jak na samotny
pribéh kaleni, tak na finalni mechanické vlastnosti.

Tento experiment je zaméfen na porovnani mechanickych vlastnosti v zuslechténém stavu po zrychlené
sferoidizaci ASR a konvencniho zihani na mékko. Velka pozornost je vénovana vlivu na lomovou houzevnatost
a unavové chovani materidlu. Experimentalnim materidlem byla zvolena pruzinova ocel 51CrV4.,

Generally, the underlying motivation for shortening the manufacturing process is cost saving. Sometimes,
this proves unfeasible. Final quality is often directly proportionate to the time expended. This is the case with
soft annealing. The effects of spheroidisation annealing are diffusion-controlled, which means the process is
time-consuming. When the annealing times are reduced, the proportion of spheroidised carbides decreases.
Development and optimisation of soft annealing processes in furnaces led to a progress which cut the process
times by several hours thanks to steps involving partial or full austenitizing. Still, the treatment requires several
hours to complete. Recently, research into and development of the ASR (Accelerated Spheroidisation and
Refinement) at COMTES FHT led to a spheroidising process with durations on the order of minutes. The
ASR relies on rapid induction heating and cycling around Ac1. Alternatively, the process can be induced by
thermomechanical treatment. In the absence of long holding times, grains and carbides cannot coarsen,
leading to much finer microstructures than soft annealing. This is manifested in the subsequent quenching
process and the final mechanical properties.

The present experiment focused on comparing mechanical properties of heat-treated ASR-spheroidised
material and conventionally soft annealed material. The effects on fracture toughness and fatigue behaviour
were closely monitored. The experimental material was 51CrV/4 spring steel.
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Prasek jako vstupni parametr aditivhé vyrobené
maraging oceli

Powder as an input parameter of additively produced
maraging steel

Martina Koukolikova
COMTES FHT a.s., martina.koukolikova@comtesfht.cz

Aditivni vyroba (AM) umoznila nejenom konstruktérim v poslednich nékolika letech posilit obrovsky
rozmach pfi navrhovani a optimalizaci strojnich sou¢asti. Souc¢asti aditivni vyroby neni pouze navrh samotné
komponenty, ale jednotlivé kroky spojené s tvorbou pocitacové dokumentace nezbytné pro pripravu AM,
vybér vhodného materidlu a samotny tisk s naslednym tepelnym zpracovanim. Parametry procesu, vcetné
vybéru prasku, maji vyznamny vliv na vysledné viastnosti komponenty. Hlavnim cilem vyzkumu bylo porovnat
vlastnosti material(i od rliznych vyrobcl prasku. K analyze materidl( byly pouZity mikro-tahové zkousky (M-
TT), podporené metalografickou a fraktografickou analyzou, coz umoznilo podrobnou analyzu vyslednych
vlastnosti komponent.

Additive manufacturing (AM) has enabled not only designers over the last few years to boost a huge boom in
the design and optimization of machine components. Part of the additive manufacturing is not only the design
of the component itself, but also the individual steps involved in the creation of computer documentation
necessary for the preparation of the AM, the selection of suitable material and the printing itself with
subsequent heat treatment. Process parameters, including the choice of powder, have a significant effect on
the resulting component properties. The main aim of the research was to compare the properties of materials
made from different powders manufacturers. A micro - tensile tests (M-TT), reinforced by metallographic and
fractographic analysis, were used to analyse the materials, allowing a detailed discussion of the resulting
material properties.
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AIR PRODUCTS spol. s r.o.
Www.airproducts.cz

Air Products (NYSE:APD) je predni svétovou spole¢nosti zabyvaijici se vyrobou
pramyslovych plynd a s nimi souvisejicich zafizeni.

Air Products (NYSE:APD) is a world-leading Industrial Gases company providing
atmospheric and process gases and related equipment to manufacturing markets.

Stand 2

Cronite CZ
www,safe-industry.com/en/safe-cronite/cronite-cz-brno

Safe Cronite is leader in heat treatment assembly jigs (base trays, baskets etc.)for all types
of the furnaces (chamber type, pusher, pit, LPC, vacuum etc.) and incineration hearth
markets, and recognised around the world for its Cronite Castings (UK), AMR KLEFISCH
(Germany) and Cronite Mancelle (France) trade names. We cumulate over 50 years of
experience in designing and producing heatproof cast steel components that are resistant
to high temperatures, abrasion, and corrosion.

We supply all important hardening shops including automotive industry as well as furnace
makers. We keep at disposal large palette of standard patterns, can also develop new
design of fixtures for heat treatment to optimize the capacity at the customer.

We are also supplier of fabricated fixtures, radiant tubes and rollers for industrial furnaces.
Over 4% of turnover is reinvested in R&D. Modern design assistance methods enable
achieving continuous improvements.
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Tenova (SCHMETZ + B.M.I. + IVA)
www.bmi-fours.com

BMl is a French designer and manufacturer of vacuum furnaces for the heat treatment of
steels. With more than 70 years of experience and over 1400 units in operation worldwide,
BMI has proven its expertise in providing premium heat treatment solutions. Our in-house
Engineering office and Metallurgical laboratory allow us to offer our customers taylor-made
solutions (design, size, process...) in order to meet their most specific requirements. We
have extensive knowledge of the aerospace and medical sector for which we comply

with the industry standards (AMS2750E...). We also have a strong customer base in
commercial heat treatment, general industry, tooling, automotive...

WWW.iva-online.com, www.schmetz.de

IVA was founded in 1984 and is specialized in engineering and manufacturing of heat
treatment equipment for application purpose like gasnitriding, oxidizing, tempering,
annealing, gasnitrocarburizing, gascarburizing, bright aneealing and carbonitriding.
Beyond the furnace production IVA is known to be strong in delivering all inclusive,
automated furnaces, processes and companion system. This also includes new hard- and
software developments as well as heat treatment process optimization even for external
systems.

1945 SCHMETZ was founded as a manufacturer of various industrial furnaces. and soon
focused on the production of vacuum furnaces that were subsequently developed with
close contact to the customer to increase the capacity of each furnace and to improve
process results.

With its first overpressure gas quench furnace and the two-direction cooling system
SCHMETZ quickly became market leader in 1982. SCHMETZ furnaces are used for the
applications hardening, tempering, high temperature brazing, recrystallization, annealing,
solution treatment and aging. Both brands are united in the company IVA Schmetz GmbH,
a reliable partner in heat treatment.
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ECOSOND s.r.o.
WWW.ecosond.cz

ECOSOND (Ltd. company) was established in 1992 as a specialized company for the
development, training, services, expertise and supplies in the field of heat treatment of
steel. We are partner of hardening shops and production plants with heat treatment and
chemical heat treatment of metals. Our company has many years of experience that we
would like to share with you to keep your processes under control.
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Metalco Testing s.r.o.
www.metalco.cz

Spole&nost Metalco Testing s.r.o. je v CR a SR technologickym leaderem v doddvkéch
pristrojii a spotfebnich materidl(l pro materidlové analyzy a tepelného zpracovani. Nabizi
zafizeni, ktera jsou ve svém oboru naprostou Spickou. Zastupujeme: némeckého vyrobce
ATM - technologicky nejpokrodilejsi firmu ve vyvoji a konstrukai strojd pro materialografii
(metalografii), QNESS — zaméfuijici se na vyvoj a vyrobu inovativnich high-end tvrdomérd,
ELTRA - predni vyrobce elementéarnich prvkovych analyzator, CARBOLITE GERO - vyvoj
a vyroba vysokoteplotnich peci a susaren pro laboratorni, védeckeé a vyrobni aplikace,
EXAKT - systémy pro ultra precizni déleni a odbrusovani materidli téch nejrozsahlejsich
fyzikalnich viastnosti, WIESER AUTOMATION - zabyvajici se navrhovanim, vyrobou

a dodavkami plné automatizovanych pracovist. Metalco Testing nabizi kompletni vybaveni
materidlovych a specializovanych laboratofi véetné 3D vizualizace. Co potfebujete pro
kontrolu kvality materidlu, dostanete u nas - z jednoho zdroje.

Company Metalco Testing s.r.o. is a technology leader on CZ/SK market in the supply of
instruments and consumables for material analysis and heat treatment. It offers devices
that are at the forefront in their field. We represent: the German manufacturer ATM -

the most technologically advanced company in the development and construction of
machines for materialography, QNESS - focusing on the development and production

of innovative high-end hardness testers, ELTRA - a leading manufacturer of elemental
analysers, CARBOLITE GERO - development and production of high temperature furnaces
and dryers for laboratory, scientific and manufacturing applications, EXAKT - systems

for ultra-precise cutting and abrading of the most extensive physical properties, WIESER
AUTOMATION - designing, manufacturing and supplying fully automated workplaces.
Metalco Testing offers complete solutions for material and specialized laboratories
including 3D visualization. What you need to check the quality of the material you get from
us - from one source.
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REALISTIC a.s.
www.realistic.cz

Today the company is an important worldwide manufacturer of high-end industrial electric
and gas furnaces.

The portfolio of its products are devices for the technology:

heat treatment and chemical heat treatment of metals
firing porcelain and ceramics

preheating before the forging and post processing
melting of nonferrous metals

drying or special warmings.

/) Struers
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Struers GmbH
WWW. Struers.com

Struers je predni svétovy vyrobce zafizeni a spotfebniho materidlu pro pfipravu
materialografickych povrcht a analyzu pevnych materidl(. S viastni fadou tvrdomeér(
Duramin se zaméfujeme také na méreni tvrdosti. ZajiStujeme aplikacni podporu a jsme
akreditovani pro kalibraci tvrdomérd. Zakaznikdm poskytujeme aplikacni podporu pro
pripravu povrcht nejriizngjsich pevnych materidld, nejcastéji pak pro pripravu kovl. Nasim

Struers is the world's leading manufacturer of equipment and consumables for
materialographic surface preparation of solid materials. Also thanks to Struers wide range
of hardness testers and specialized equipment for picture analyses we cover wide range
of our customers specific needs. Struers has affiliates in 24 countries, qualified service
personnel, experienced metallographers and a worldwide network of dealers.

Stand 8

Ing. Ludmila Ludwigova

Our company was founded in 2004. The company's core business is the installation
and repair of vacuum furnaces. During our existence, we have achieved thereputation of
a reliable partner in the area of heattreatment with scope throughout the Czech Republic.

Stand 9

AICHELIN GmbH
Www.aichelin.com

Tepelné zpracovani kovovych soucastek a komponent( je nasi znalosti a vasni. Elektricky
nebo plynem topené pece, zafizeni pro indukeni ohfev nebo frekvenéni ménice, typizovana
zarizeni nebo zafizeni na zakéazku, mame pro Vas jakékoliv feSeni. Od automobilové vyroby
k drobnym soucastkam, od Zihani ke kaleni pod lisem — kombinujeme zkuSenosti se
specifickou odbornosti. Udrzba, opravy, hodnoceni, vylepeni pro jakéhokoliv zakaznika.

Heat treatment of metallic parts and components is our skill and passion. Electrically
heated or gas-fired plants, induction heating systems or frequency converters, standard
or special facilities - whatever it is, we have a solution. From the automobile to small parts
production, from annealing to press hardening - we combine experience with specific
expertise. Maintenance, repairs, assessments, upgrades and more for plants by any
manufacturer.

Bandas Metalicas Codian S.L.
www.codinametal.com

Jiz vice, jak jedno stoleti je CODINA prednim vyrobcem pletiv pro pouziti v nejriiznéjsich
pramyslovych odvétvich. CODINA, situovana v provincii Barcelona, vyrabi produkty jako
jsou dopravni pasy, kovove tkané filtry nebo odlucovace par.

With over a century of history CODINA has been a leading producer of woven wire
meshes for use in processes and equipment for all industries. Located in the province of
Barcelona, CODINA manufactures a variety of products from metallic fabric filters, knitted
mesh demisters and conveyor belts.

51



inile

Making our world more productive

v

Palacky University
Olomouc

AZ PROKAL

SERVIS PRO KALIRNY

52

Stand 10

Linde Gas a.s.
www.linde-gas.cz

Linde Gas a.s. je nejvétsi vyrobce a distributor technickych, medicindlnich a specialnich
plynti v CR. V oblasti chemicko-tepelného zpracovani kov(l nage spole¢nost poskytuje
kompletni soubory aplikaci technickych plynd, které prispivaji ke zvySeni produktivity

a kvality vyroby. Jedna se zejména o ochranné a reakeni plyny jako dodavané plyny.
Nabizime Ffadu metod a systému zasobovani, kterymi se stava hospodarnégjsi a provozné
jist&jsi nasazeni doddvanych plynl nez vlastni vyroba ochrannych a reakénich plynl

v generatoru. Zakaznikiim nabizime sofistikovana feseni s pouZitim dusiku, metanolu

a vodiku, CARBOFLEX® a HYDROFLEX®. S vybérem vhodného plynu a zafizeni pro Vasi
aplikaci Vam radi pomohou nasi aplikaéni inzenyri.

The Linde Gas a.s. company is the biggest producer and distributor of industrial,
medicinal, and specialty gases in the Czech Republic. In the area of the chemical and
heat metal treatment, our company offers comprehensive solutions of industrial gas
applications that contribute to the production effectiveness and quality enhancement.
It mainly concerns the protective and reaction gases that we supply. We offer different
methods and supply systems that secure more effective and safer application than

the protective and reaction gas production in the generators. We offer our customers
smart solutions by utilisation of nitrogen, methanol, and hydrogen - CARBOFLEX®
and HYDROFLEX®. Our applications engineers are ready to help you by the gas and
equipment selection that is the most suitable just for your specific application.
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Univerzita Palackého v Olomouci
WWW.VDUP.CZ

Univerzita Palackého v Olomouci je vysoka skola s dlouhou tradici. Byla zalozena jiz

v 16. stoleti a je tak nejstarsi vysokou $kolou na Moravé a druhou nejstarsi v Ceské
republice. V sou¢asnosti predstavuje moderni vzdélavaci instituci se Sirokou nabidkou
studijnich obord a bohatou védeckou ¢innosti. Na jejich osmi fakultach studuje pres
24 000 student(, coz tvori celou pétinu obyvatel mésta Olomouce.

Palacky University in Olomouc is a university with a long tradition. It was founded in the
16th century and is the oldest university in Moravia and the second oldest in the Czech
Republic. At present, a modern educational institution with a wide range of fields of study
and extensive research activity. At its eight faculties studying over 24,000 students, which
make up a fifth of the population of Olomouc.

Stand 12
AZ PROKAL s.r.o.
www.azprokal.cz

Vyroba kos a pfipravki pro tepelné zpracovani kovd.
Siroky sortiment pfislusenstvi.

TANV

L *emeczrum

Stand 13
TAV VACUUM FURNACES SPA

TAV VACUUM FURNACES designs and manufactures advanced vacuum furnaces,

with the highest quality standards and in a wide range of geometries and dimensions
delivered worldwide. TAV VACUUM FURNACES range of products includes horizontal and
vertical vacuum furnaces, with graphite or all metallic thermal chambers, and cooling gas
pressures up to 15 bar. TAV VACUUM FURNACES customers are the leading companies
in the industry of aviation/aerospace, automotive, commercial heat treatment, additive
manufacturing, Gas Turbine and the most prestigious R&D laboratories.
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ROTANEO s.r.o. + KOMPOZITUM s.r.o.
WWW.rotaneo. sk

Spolo¢nost Rotaneo s.r.o. je vyrobcom technickej keramiky a je na
trhu od roku 2006 / jej predchodcom bola spolo nos Borstela s.r.o.
- rok 2000 - 2006 /.

Hlavny vyrobny program sa sustreduje na vyrobu:

siliciumkarbidovych tesniacich krizkov

siliciumkarbidovych tesneni

siliciumkarbidovych axialnych a radidlnych kiznych lozisk

siliciumkarbidovych komponentov do - ¢erpadiel, vyvev, autoklavov a miesadiel
siliciumkarbidovych horakov a trysiek pre energeticky priemysel
siliciumkarbidovych triediacich a mlecich kolies

netypizovanych suciastok mechanickych upchavok

NaSa spolocnost sa dalej venuje predaju nahradnych dielov pre vyhrevné komory

do vakuovych peci ako su grafitové vyhrevné elementy, keramické podloZky a izolacie,
molybdénové diely, CFC diely a rosty , grafitové izoldcie .V spoluprdci so sesterskou
spolocnostou Kompozitum vyrabame grafitové vyhrevné elementy uz viac ako 20 rokov.

Main production program of company Rotaneo is production of technical ceramic,
especially production of siliciumcarbide products. Usage of siliciumcarbide products is
mainly in sealing applications (sealing rings and bearings), high temperature applications
(burners) and as wear resistant materials (nozzles for sandblasting). In our company

is situated whole production procedure of siliciumcarbide material, from mixing of raw
material till final inspection. We own 3 vacuum furnaces where maximum temperature
reaches more than 1600 °C.

In field of vacuum furnaces we have many years of experience, which is why we o er our
customers tailor made solutions in supplying of spare parts, reparations and service of
vacuum furnaces. For vacuum furnaces we o er these services:

- production of graphite elements (in cooperation with our sister company Kompozitum)
- supplying graphite insulating materials and CFC elements

- supplying ceramic and molybdenum elements

- service and reparations of furnaces (in cooperation)

WWW. kompozitum. sk
KOMPOZITUM s.r.0. is a leading manufacturer of carbon and graphite products including

their impregnations by various mediums like resins and molten metals. By manufacturing
graphite parts - KOMPOZITUM focuses on all segments of heat-treatment industry.
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LABTECH s.r.o.
www.labtech.eu

LABTECH s.r.0. je Ceska spolecnost, dlouhodobé se zabyvajici laboratornimi rozbory

a zkouskami, prodejem, servisem a aplikaéni podporou laboratorni instrumentace
mechanickych zkuSebnich zatizeni, prlimyslovych testovacich zafizeni, vakuové techniky
a testovani netésnosti. Spole¢nost rovnéz vyrabi viastni analytické pfistroje, pfislusenstvi
a stanice pro testovani netésnosti.

LABTECH is Czech company which was established in 1991.Company is involved

in laboratory analysis and testing, sales, service and application support of laboratory
instrumentation, industrial testing equipment, vacuum technology and leakage testing.
The company also manufactures its own analytical instruments LTX analyzer, accessories
and Leak testing stations.
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TSI System s.r.o.
www.tsisystem.cz

TSI System pusobi jiz 28 let jako obchodné technologicka spole¢nost zamérena na
Siroké spektrum modernich méficich a zkuSebnich technologii. Spolecnost spolupracuje
s prdmyslovymi podniky, s jejich vyrobnimi a vyvojovymi provozy, s organizacemi pro
udrZbu vyrobnich prostrfedkd, s vyzkumnymi laboratofemi a s univerzitnimi pracovisti.

TSI System has been operating for 28 years as a sales and technology company.

The company is focused on wide range of modern measuring and testing technologies.
TSI System cooperates with industrial companies, with their production and development
departments and also with research laboratories and technical universities.
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YASKAWA Czech s.r. o.
WWW.CZ.yaskawa.eu.com

Spole¢nost Yaskawa predstavuje kvalitativni Spicku mezi globalnimi hraci na poli
robotizace a automatizace. Diky neobycCejné Sirokému produktovému portfoliu je
spole¢nost dodavatelem samostatnych robotd, i velmi sloZitych robotickych celkd.
Na ¢eském a slovenském trhu plsobi spolecnost Yaskawa jak sama, tak téZ s fadou
kvalitnich lokélnich systémovych integréatord.

Yaskawa is a top-quality global leader in robotics and automation. Thanks to its extremely
wide product portfolio, the company is a supplier of individual robots, as well as very
complex robotic units. Yaskawa operates on the Czech and Slovak markets by itself and
with a number of high-quality local system integrators too.

GALTEX

PhoenixTh g
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Galtex spol. s r.o.
www.galtex.sk

Spolo¢nost Galtex od roku 1993 vykonava a zabezpecuije:

- servis a opravy zariadeni pre tepelné spracovanie

- rekonétrukcie, renovacie a modernizécie zariadeni pre tepelné spracovanie
- opravy a vymeny vymuroviek

- stahovanie kompletnych kaliarni

Galtex spol.s.r.0. je vyhradnym zastupcom vyrobcu horakov Noxmat pre Cesku
a Slovensku Republiku.

Company Galtex since year 1993 performs and secures:

- service and repair of the heat treatment devices

- reconstruction, renovation and modernization of heat treatment devices
- repair and replacement od furnace lining

- relocation of entire hardening rooms

Galtex I.t.d. is an exclusive distributor of Noxmat (burners producer) for Czech and Slovak
Republic

Stand 19

PhoenixTM
WWW. phoenixtm.com

PhoenixTM designs and manufactures temperature profiling systems for industrial heat
treatment processes such as aluminium and steel heat treatment, steel slab re-heat, glass
annealing, windscreen bending, ceramic firing, wet paint curing and powder coat curing.
Measuring the temperature profile of products through these processes is achieved by
attaching thermocouples to the product, connecting these probes to a Data Logger,

and by protecting the Data Logger with a Thermal Barrier, the whole system can travel
through the heat treatment process together with the product. In this way the true product
temperature is monitored and stored for later analysis.

55



© Radnice

y m<2._m—o?... b

%190~ .
L &F . Odbor
depravy
Autobusové e,
>Sou@m%m.mqﬁmw\. x%v.. L
. ml. E -046@1 - -—
N = s 50"
O VS polytechnicka * .
o 8.
Qe N -2, C0 B
N e - > Jinlava
» /.o et .._..-
& | -~ a__mw.,, Horacky
%S0, Zimni - 4
3 %%, stadion .. Gymnézium
rO ,@\@x #.r
.me w“Smetanovy sady - . PaTk J.
%d Pivovar *.x", . Mas
Jihlava ¥ _B == Kino A
Aty A3 Bukla
....-.-.m! II-.‘.-.- L L lF
b L LT T .-..J\—-ﬁ o ...Ill-.—ﬂl .-_-...
:—w—qx.m*.—rq -...-... — .-.1 JMm q
N * Z
U Ri b . I~y
5 Vovary - .__,..”. 5 \ A
g - % E
S t w y 6& - ,
M S %M Park Gusitava
a 'S ‘Mahleraz,
c =] " 2
> Piy, N .
R O_\QWC o
TSR BBIT I 2o\
i S g
==
Délnicky, tftim K
H. < “..-.!....-

I * Pramen 00\‘.
resni £ CAA%
ogi&lniho ) Qmw ;
bmWE ﬁ%@

3 ; i

= n

® q % Katastralniura

Sl oP: Jiblava=

Sl == &y
LB 4 Fo
9 ko
P od prike pe
\— =
c
?. S G
/o.o.%. = S ©
<e = =R <
o N
0 50 100 200m 3 N

L 1 1 1 1 1 1 1 ]
Statutarni mésto Jihlava (2014) Mapovy podklad © OCN_ANN_‘__.NQ-.:

Ceskéa
posta

agistr:

Kosmakova B

Smetanova
==

a3 v

1
.2 L
m.m»m knii o<:mM3 ava

sta Jihla
wﬂ %

LWL

N ;
.m... mm@ém_roﬁrmroi

- LW,‘T“_“.——N.QMUB._\“”.P s

i
o E H
o 19 ]
(1
tns S i
'ysocina ﬂo::.m:f % .“.
Na Stoupac o -
= "
-
0be Ulehlova wC :
N :
\@ -
.
I.‘.‘.
Amfiteatr ..._
= £
Kasaren %.
Lanovy

S
Hotel £ %.v park
Gustaj PRALEZ
Zm:_m«

3

|

T LA L T
Jihlavka

%

-rhn-w
] .a@o,_
e
] i@ m.@
Nl 13 e,
| o
: nam, -
{ B “wmatalazeb =
L S S
. g & iz
L5 FF) 2 o DL
N Odbo

rozvojova s

~ EEPKEUP.IIII.I]II

i Cinestar
7

\\y CITY a2

\l. PARK TouaSs

© Jihlavské podzemi
Q Kostel sv. Ignace z Loyoly
@ Kostel Povyseni sv. Kfize
O Oblastni galerie Vysociny
Q Muzeum Vyso&iny
° Nameésti
e Park Gustava Mahlera
m Brana Matky Bozi

Kostel Nanebevzeti Panny Marie
e Opevnéni
6 Dim Gustava Mahlera
® Kostel sv. Jakuba Vétsiho
e Kostel sv. Ducha
e Kostel sv. Pavia
6 Kostel sv. Jana Kititele
@ Pamatnik kralovské prisahy
® Zidovsky hibitov
@ Kaple Bolestné Panny Marie
@) Hraniéni Kamen (Morava-Cechy)
@ Kasna Amfitrité
@ Neptunova kasna

EEmam w8 AR e

@ Mariansky sloup

Centrum
environmentalni
vychovy PodpoVRCH

L1
LT
-
--"'*"h.q. "!
LT e L

0@ divadio, galerie
CIEE hotel, penzion, ubytovna
restaurace, kavarna, vinama
o £ koupalisté, bazén

@ - parkovisté, jednosmérna ulice
EB0 autobus, viak, benz. pumpa
MHD - zastavky
= — MHD - trolejbusy, autobusy
« « « « cyklostezky, cyklotrasy

[ sménama, zdravotnicka zafizeni

~




AT2

ASSOCIATION

FOR THE HEAT TREATMENT OF METALS, z.s.

WHO WE ARE

The Association for Heat Treatment of Metals (ATZK)
is an independent professional organization
originating from a voluntary union of legal entities.
ATZK was established in order to bring together
professional interests in the field of heat treatment
of metals and in the advancement of the level of this
entire branch of technology. ATZK establishes

and maintains organizational and professional
contacts with foreign associations, primarily

the International Federation for Heat Treatment
and Surface Engineering (IFHTSE) and the German
company Arbeitsgemeinschaft Warmebehandlung
und Werkstofftechnik (AWT). ATZK produces

a quarterly bulletin with information from

the branch, which keeps its members updated on its
activities and events.

Ing. Filip Vrablik Ing. Alexandra Musilova
ATZK President ATZK Executive Secretary

WHAT WE OFFERTO
OUR MEMBERS

> An prefential participation in technical ATZK seminars
> Participation in organizing professional seminars

> Training aimed at professional development
in the field of heat treatment

> An attractive participation fee for professional
conferences

> Advertising opportunities in the ATZK bulletin

> Information, perspectives, and expert opinions
or their inclusion in the full service provided by ATZK

> Information acquired from both foreign
and domestic professional publications

> The application of knowledge and materials obtained
through the international contacts of ATZK

> Information on events organized by ATZK
and their foreign partners

> The opportunity to submit proposals concerning
the organization of other (new) educational
events of ATZK

K Vodarné 531, 257 22 Ceréany, Czech Republic, IC: 45249903, DIC: CZ45249903
Tel.: (+420) 317 777 772-5, E-mail: asociacetz@asociacetz.cz

www.asociacetz.cz




