’ 26.DTZ 2017 8
| B izl Corifarar)e

pniEeatrednent

= Hotel Gustav Mahler . =
# JIHLAVA, CZECH REPUBLIC EEScSr—— e

"I.;.-"-._. -
" —-—"-:.. =i

Proceedmgs of
Abstracts

21 - 23 November 2017

ecososp  ATZK

IFHTSE



AT2

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
ATZK President

Ing. Alexandra Musilova
ATZK Executive Secretary

ASSOCIATION

FOR THE HEAT TREATMENT OF METALS, z.s.

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 Cer&any, Czech Republic, IC: 45249903
Tel.: (+420) 317 777 772-5, E-mail: asociacetz@asociacetz.cz

www.asociacetz.cz

Obsah / Content

Fazové premény a difizni pochody ¢ Tepelné zpracované materialy, vztahy mezi
strukturou a vlastnostmi, vliv polotovaru a tvareni * Modelovani a simulace
v tepelném zpracovani

Phase transformations and diffusion processes ¢ Heat treated materials, microstructure and
properties relationships, influence of semifinished product and forming + Simulation in the heat
treatment

1

10

1

12

13

14

15

Tepelné zpracovani oceli s ohledem na dostate€nou prokalitelnost
The heat treatment of steels in the light of the principle sufficient hardenability
J.Pacyna, AGH University of Science and Technology, Poland

Rizeni nitridaéniho potencialu béhem podtlakového procesu ALLNIT: chovani Kn a Gspora naklad
Nitriding potential management under ALLNIT low pressure process: Kn behaviour and cost savings
M.Devienne, Fours Industriels BMI, France

Aplikace kryogenniho zpracovani v procesu nitridace
Application of deep cryogenic treatment in the nitriding process
D.Hradil, COMTES FHT a.s., Czech Republic

Nizkotlakd cementace a vysokotlaké kaleni v plynu chromem legovanych PM soucasti
Low pressure carburizing and high pressure gas quenching of chromium-alloyed PM parts
P.Pouloux, ECM Technologies, France

Vakuové tepelné zpracovani oceli jakosti CPM 10V A CPM 10V AQ
Vacuum heat treatment of quality steels CPM 10V A CPM 10V AQ
K.Tesarkova, Bodycote HT, s.r.o., Czech Republic

Matematické modelovani vlivu hlavnich , boroaluminizing” faktord na tloustku diftzni vrstvy nizkouhlikové
oceli

Mathematical modeling of the effect of main boroaluminizing factors on the diffusion layer thickness of low-carbon steel
U.Mishigdorzhiyn, East Siberia State University of Technology and Management, Russia

Vliv tepelného zpracovani mul€ovaciho nastroje na jeho trvanlivost v provozu
Influence of the heat treatment to mulcher tool durability in operation
M.Tavodova, Technic University in Zvolen, Slovak Republic

Soucasné zvySeni odolnosti proti opotfebeni a houZevnatosti nastrojové oceli pomoci kryogenniho
zpracovani - realna moznost anebo fikce

Simultaneous enhancement of wear performance and toughness of tool steel by subzero treatment - real opportunity or
fiction

PJurdi, Slovak University of Technology in Trnava, Slovak Republic

Zvyseni Zivotnosti nastroji na sekani dfeva zmrazovanim
Increase tool service life for wood cutting by cryogenic treatment
Z.KolarF, Pilana Knives a.s., Czech Republic

Vlastnosti slinutych karbidl po hlubokém zmraZeni
Properties of cemented carbides upon deep freezing
A.KFiz, University of West Bohemia, Czech Republic

Vliv mikrostruktury na hodnoty KV-46 oceli A694 F60
Effect of microstructure on the steel A694 F60 toughness values KV-46
R.Foret, VUT FSI Brno, Czech Republic

Predikce vnitFnich pnuti v procesech tepelného zpracovani
Prediction of internal stresses in heat treatment processes
P.Suchmann, COMTES FHT a.s., Czech Republic

Nové tendence v méf¥ici a regulacni technice v tepelném zpracovani
New trends in measurement and control of heat treatment processes
J.Baumann, Process-Electronic GmbH, Germany

Modelovani proudéni kaliciho média
Flow modeling of the quenching medium
P.StolaF, ECOSOND s.r.0. + VUTS Liberec, Czech Republic

Tepelné zpracovani TRIP oceli s €aste€nou ndhradou kiemiku hlinikem
Heat treatment of the TRIP steel with partial substitution of silicon by aluminium
L.Kucerova, University of West Bohemia, Czech Republic



16

17

18

Novy postup zpracovani zapustkovych vykovku z oceli s obsahem manganu 2,5%
New treatment route for closed-die forgings of steels with 2.5% manganese
D.Bublikova, University of West Bohemia, Czech Republic

Vyuziti technologie kaleni do zapustky pfi zpracovani TRIP oceli
Use of the press hardening technology for treatment of TRIP steel
H.Jirkova, University of West Bohemia, Czech Republic

Prizkum procesu kaleni za u€elem zlepSeni rovinnosti ocelové desky valcované za tepla
The investigations of quenching process for improving the flatness of the hot rolled steel plate
Liu Yu-Cheng, National Cheng Kung University, Taiwan

Zarizeni pro tepelné zpracovani ¢ Povrchové technologie CVD, PVD, povrchové tepelné
zpracovani

Furnace equipment and systems for the heat treatment < Surface technology - CVD, PVD, surface
heat treatment

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Zarizeni a technologie pro vakuové tepelné zpracovani
Equipment and technologies for vacuum heat treatment
M.Przygonski, SECO/WARWICK Europe Sp. z 0.0., Poland

Technicka a metalurgicka kritéria instalace izotermického Zihani na vykovcich automobilové pfevodovky
Technical and metallurgical criteria for installation of isothermal annealing station for car gearbox forgings
D.Zimmermann, Bosio

Nova uzaviend kalici pec Innova 4.0 - prvni zkuSenosti z praxe
New sealed quench furnace Innova 4.0 - first experiences from practice
R.Wethmar, IVA Schmetz GmbH, Germany

Vyvoj prototypu zaFizeni pro kaleni trubek v Tfineckych Zelezarnach
Development of the tube quenching unit in Trinecké Zelezdrny a.s.
M.Hnizdil, VUT FSI Brno, Czech Republic

Grafitovy material pro vysokoteplotni aplikace
Graphite materials for high temperature applications
P.Bujna, KOMPOZITUM s.r.o., Slovak Republic

P¥ipravky pro tepelné zpracovani, materidly a konstrukce
Heat treatment fixture, alloys and design
S.Palka, Cronite CZ, Czech Republic

Kalici prostfedky, vlastnosti a rozsah pouziti, novy vyzkum a vyvoj
Liquid quenchants, properties and range of application, new research and development
R.Suss, Burgdorf GmbH, Germany

Prani pfed a po tepelném zpracovani
Parts cleaning before and after heat treatment of metals
F.Vrablik, ECOSOND s.r.0., Czech Republic

Cisténi dilcd jako nedilna soucast tepelného zpracovani
Cleaning as an essential step prior heat treatment
R.Konvalinka, SurTec SK, s.r.o. / SurTec CR s.r.o0., Czech Republic

Rizeni procest nitridace plynem s proménlivym nitridaénim potencialem pro zajisténi Gspory az 50% NH3
Gas nitriding process control with variable nitriding potential for up to 50% NH3 saving
S.Heineck, STANGE Elektronik GmbH, Germany

Reseni pro zavedeni ,Industry 4.0 do modernich provozh tepelného zpracovani
Solutions for implementing “Industry 4.0” for modern heat treatment plants
K.Ritter, ALD Vacuum Technologies GmbH, Germany

0O ¢em CQI-9 nemluvi
What do not speak CQI-9
M.Landa, Czech Republic

Technologie skupiny HEF pro povrchové inZzenyrstvi se zaméFenim na PVD/PACVD, nitridaci a specialni
technologie

Technologies of the HEF Group for surface engineering with focus on PVD/PACVD, nitriding and special technologies
J.Gerstenberger, HEF-DURFERRIT s.r.o., Czech Republic, COMPANY PRESENTATION

Cenové a zdrojové efektivni povrchové tepelné zpracovani ve strojirenském, nastrojarském, leteckém,
petrochemickém a automobilovém pramyslu pomoci pulzni plazmové® nitridace

Cost- and resource effective surface layer heat treatment in gear, tool, aeronautic, oilfield and automotive industry by
PulsPlasma®Nitriding

D.Voigtlander, PVA Industrial Vacuum Systems GmbH, Germany

33 Flexibilni indukéni kalici zaFizeni upravené podle pfani zakaznika
Customer-specific, flexible induction hardening machine for hardening workshop
L.Fisher, ITG Induktionsanlagen GmbH, Germany

34 Pfetavovani povrchu elektronovym paprskem plazmové nitridované nadeutektické slitiny Al-Si vzniklé
naprasSovanim
Investigation of electron beam surface remelting of plasma nitrided spray-formed hypereutectic Al-Si alloy
E.Hegelmann, TU Bergakademie Freiberg, Germany

35 Vliv vychylovani elektronového svazku na vlastnosti povrchové kalenych vrstev
Properties of electron beam hardened layers made by different beam deflection
J.Matlék, VUT Brno, Czech Republic

36 Vliv metody vedeni paprsku a procesnich parametri pFi pfetavovani litiny na ledeburitickou strukturu
pomoci elektronového paprsku s naslednou tvorbou nitridovych vrstev
Influence of beam guidance technique and process parameters during electron beam remelting of cast iron on ledeburite
morphology and the subsequent formation of nitride layers
A.Holst, TU Bergakademie Freiberg, Germany

Metalografické metody v TZ - nové postupy, analyza vysledkt a chyb TZ, mechanické
zkousky ¢ Zpracovani neZeleznych slitin a progresivnich materiald

Metallography in heat treatment - new trends < Heat treatment of non-ferrous alloys and
advanced materials

37 Pokrocila FeSeni pro materialové analyzy v praskové metalurgii
Advanced solutions for material analysis in powder metallurgy
D.Cernicky, Metalco Testing s.r.o., Czech Republic

38 Pokrocilé metody metalografické pFipravy vybrusi: Analyza mikrostruktury fazovych transformaci po
tepelném zpracovani komeréné €istého Ti
Advanced metallography techniques of sample preparation: Microstructure analysis of phase transformation after
thermal treatment in commercially pure Ti

V.Gartnerova, Struers GmbH, Czech Republic

39 Technika LAM PLAN pro pFipravu metalografickych vzorku
LAM PLAN technology for preparation of metallographic samples
D.Keller, TSI System, Czech Republic

40 Faktory ovliviiujici presnost méreni tvrdosti: Celkem 44 faktort rozdélenych do skupin, vysvétleni jak
minimalizovat jejich vliv
Factors influencing hardness-testing measurements: In total 44 factors separated to groups, explanation how avoid their
influence
M.Josifek, Struers GmbH, Czech Republic

4 Leco AMH55 automaticky systém méreni tvrdosti
LECO AMHS55 hardness testing systems
J.Kuna, LECO Instrumente Plzen, spol. s r.o., Czech Republic, COMPANY PRESENTATION

42 P¥iCiny, které mohou ovlivnit Zivotnost forem pro tlakové liti hliniku - mat. WN 1.2343
The causes which may affect life of casting moulds - WN 1.2343
S.Raskova, Czech Republic

43 Vysokoteplotni chovani nové slitiny Fe-Al-Si vyrobené postupy praskové metalurgie
High-temperature behaviour of new Fe-Al-Si alloy produced by powder metallurgy
P.Novak, University of Chemical Technology Praha, Czech Republic

44 Vysokoteplotni oxidace intermetalik na bazi systému Ti-Al-Si
High-temperature oxidation of intermetallics based on Ti-Al-Si system
A.Knaislova, University of Chemical Technology in Prague, Czech Republic

45 Rizené starnuti profilG z vytvrditelnych slitin hliniku - provozni diagnostika
Controlled aging profiles age hardening - working diagnostics
B.Skrbek, TU Liberec, Czech Republic

46 Tepelné zpracovani 3D-tiSténé slitiny titanu
Thermal treatment of 3D-printed titanium alloy
M.Fousova, University of Chemical Technology in Prague, Czech Republic

47 Vliv tepelného zpracovani na bioaktivitu nanostrukturovanych povrcht
Effect of the heat treatment on the bioactivity of nanostructured surfaces
V.Hybasek, University of Chemical Technology in Prague, Czech Republic

48 PoZadavky na systémy managementu kvality IATF 16949:2016
Requirements for quality management systems update technical specifications IATF 16949:2016
S.Raskova, Czech Republic



Poster session SMA - Soutéz o nejlepsi referat
P1 Vliv parametr Q&P procesu na vlastnos!:i 42SiCr pceli 26. DTZ 2017 m Ia dyc h a Uto ru d o 35 Iet

R R e AT ey = THEBESTPAPER | S|4 - Best Presentation Paper
T Eadnouciho coiné na visuch £ dokovact seploty oYV TdEnich prifezech vikovic Contest

Metallographic observation for evaluating microstructural evolution on various cross-sections of forged Part upon air-
cooling from finishing temperature

S.Jenicek, University of West Bohemia, Czech Republic V rémci konference bude vyhlaSena soutéZ o nejlepsi referat autord do 35 let. Odména pro vitézny
P3 Experimentalni modelovéni materialovych vlastnosti a mikrostruktury novych UHS oceli vyuZitelnych pro referat Cini 5 000,- K€ a bezplatnou tcast na konferenci v roce 2018. Vysledky soutéze budou
press-hardening vyhlaSeny po ukonceni pfednaskovych sekci dne 23. 11. 2017.

Experimental modelling of materials properties and microstructure of new UHS steels usable for press-hardening
K.Opatova, University of West Bohemia, Czech Republic

Take part in a contest for the best paper (for authors under the age of 35). The winner will be awarded

P4 Mikrostruktura a vliv popousténi oceli Vanadis 6 zmrazované pfi teploté -140 °C . . . . .
Microstructure and tempering response of Vanadis 6 steel after sub-zero treatment at -140 °C 200 € prize and free participation on conference 2018. The SMA results will be announced after the end
J.Ptacinova, Slovak University of Technology in Trnava, Slovak Republic of the sessions on November 23 2017.

P5 Hodnoceni mikrostruktury nastrojové oceli Vanadis 6 po kryogennim zpracovani pfi -140 °C bez popousténi

Microstructural evaluation of tool steel Vanadis 6 after sub-zero treatment at -140°C without tempering
J.Durica, Slovak University of Technology in Trnava, Slovak Republic

Vybrané a schvalené prispévky budou uverejnény v ¢asopisech

P6 Vliv zplsobu tepelného zpracovani na popoustéci kiivky vybrané nastrojové oceli pro praci za studena . . s s
Influence of heat treatment parameters onto tempering curve for selected cold working tool steel Man Ufa cturi ng TeCh n O|Ogy In d exovanem v d ata ba Z| SCOpus
M.Kurik, Czech Technical University in Prague, Czech Republic av Materia IS Engi neeri ng.

P7 PFiprava slitiny TiAl15Si15 pomoci vysokotlakého slinovani v plazmatu

Preparation of TiAl15Si15 alloy by high pressure spark plasma sintering (HP SPS)

A.Knaislova, University of Chemical Technology in Prague, Czech Republic Clanky uverejnéné v asopisu jsou uznavanym vystupem z projektu dle RIV a jsou

indexovany v nasledujicich databazich: SCOPUS, Directory of Open Access Journals,
P8 Mikrostruktura a tepelna stabilita Al-Fe-X slitin . 2 e 53 .
Microstructure and thermal stability of Al-Fe-X alloys Index Copernicus, Google Scholar a Open J-Gate (OAl). Uverejnéni v casopisu
A.Skolakova, University of Chemical Technology in Prague, Czech Republic Manufacturing Technology bude zpoplatnéno.
P9 Vlastnosti slitin s tvarovou paméti Ni-Ti-(Fe, Co, Al) pFipravenych reaktivnim slinovanim
Properties of Ni-Ti-(Fe, Co, Al) shape memory alloys prepared by self-propagating high-temperature synthesis
P.Salvetr, University of Chemical Technology in Prague, Czech Republic

) Selected papers will be published in the Journal of
P10 :g:;l;ar:yz‘l:r:gifgpelneho zpracovani oceli 1.4313 pro zlepSeni mechanickych vlastnosti dynamicky Manufacturing Technology indexed in database SCOPUS

Adjustment of the heat treatment of 1.4313 steel for the improvement of mechanical treatment of dynamically loaded parts and in the reviewed j ournal o f Materials En g,‘ neerin g

§.Je¢minkové, University of Chemical Technology in Prague, Czech Republic

Papers published in this journals are indexed in following databases:

c on fe rence s p onsore d by SCOPUS, Directory of Open Access Journals, Index Copernicus,

Google Scholar and Open J-Gate (OAl).

AR . AZ PROKAL 5 Sa
PRODUCTS £=> SERVIS PRO KALIRNY o Crage
CODIm L’esprit industriel

PVA€ TePla 7 _l' i
[FPIANELE —

m VA scoomommes

m
N

€C0o506D

SCHMVIETZ

ATENOVA COMPANY

e umo

TAVENGINEERING Jihlava, Namésti cisare FrantiSka Josefa, kolem roku 1911 / Jihlava, Emperor Franz Joseph’s Square, around 1911

A TENOVA COMPANY




Misto konani konference

Jihlava, Hotel Gustav Mahler, Ceska republika
KFizova 4, 586 01 Jihlava, Ceska republika, GPS: N 49 23.883' E 15 35.434, www.hotelgmahler.cz

Budovy byvalého dominikanského klaStera, nyni Hotel Gustav Mahler, vznikly na samém zacatku
budovani mésta Jihlavy. Prvni historicky doloZené zminky se datuji do poloviny 13. stoleti. PGvodné
stfedovéky klaster byl v 17. a 18. stol. barokné prestavén. Gotické a renesancnijadro objektu je patrné
jen na fragmentech pUvodni stfedovéké vyzdoby v jizni chodbé klasterniho ambitu. V barokni dobé
byl vybudovan rozsahly komplex hospodarského kfidla, zaroven byly v této dobé klasterni refektare
vyzdobeny ovalnymi medailony - fresky patronl a zakladatell fddu dominikand. V prostorach
klastera probéhly vyznamné historické udalosti. Konaly se zde snémy zemskych stavd, které ovlivnily
historicky vyvoj v Ceském kralovstvi.

Conference Venue

Jihlava, Hotel Gustav Mahler, Czech Republic
KfiZova 4, 586 01 Jihlava, Czech Republic, GPS: N 49 23.883'E 15 35.434), www.hotelgmahler.cz

The buildings of the former Dominican monastery, now Gustav Mahler Hotel belong, were founded during
the early history of Jihlava. The first written notes about the cloister are dated in the middle of 13th century.
The original middle age cloister was rebuilt in 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 was
designed in the baroque style, today part of the hotel facing the street. Simultaneously, at that time, the
monastery refectories were decorated with oval medallions - the frescoes patrons and founders of the
Dominican order. Many historical events happened in the cloister. Among them most notably, meetings
held by the aristocracy that influenced the historical movements in the Czech kingdom.
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01 Tepelné zpracovani oceli s ohledem na
dostatecnou prokalitelnost

The heat treatment of steels in the light of the principle
sufficient hardenability

Jerzy Pacyna
AGH Universtiy of Science and Technology, Poland, pacyna@agh.edu.pl

The risk of applying traditional hardenability measures [1] based on the so-called critical diameter Dk,
ideal critical diameter Dik, basic diameter Do together with the hardenability coefficient f, which are
worldwide popularised, among others by papers [2,3], is emphasised in this paper. The problem with
traditional hardenability measures is that none of them indicates places, on the cross-section of the
hardened rod, where the - so-called - upper bainite, the component of a very low crack resistance, is
formed. Whereas a majority of steels for quenching and tempering has a high Bs temperature and -
in practice - each cooling with a rate lower than the critical rate causes formation of the upper bainite
zone on the hardened rod cross-section. The formal and practical ways of avoiding the upper bainite
zone formation in the - so-called - reliable cross-section of the hardened rod [4], are presented in
this paper.

Keywords: hardenability, sufficient hardenability, CCT diagrams, martensite, upper bainite, lower
bainite

02 Rizeni nitridaéniho potencialu béhem
podtlakového procesu ALLNIT: chovani Kn

a Uspora naklad

Nitriding potential management under ALLNIT low
pressure process: Kn behaviour and cost savings

Marc Devienne, Philippe JACQUET, Alexis Vaucheret
Fours Industriels BMI, France, marc.devienne@tenova.com

A sensor is placed inside an industrial furnace to regulate the nitriding potential during a low
pressure nitriding gaseous treatment at 300 mbar. This accurate control of the KN allows to compare
metallurgical results between two different steel grades (42CrMo4 and 32CrMoV13) but also between
this process and conventional ones at atmospheric pressure. XRD patterns were realised to control
the phases present on the surface, some micro-hardness profiles are presented to measure the
diffusion layers and micrographies were done to check the thickness of combination layers. Three
different cycles are proposed, KN=0,2, KN=0,3 and KN=2 to see the evolution of the microstructure
with the nitriding potential. The analysis of diffusion layers shows that this process seems faster than
nitriding at atmospheric pressure and the thickness of combination layers strongly depend on the
alloying elements.

Keywords: low-pressure nitriding; sensor; 42CrMo4; 32CrMoV13; XRD; nitriding potential.
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03 Aplikace kryogenniho zpracovani v procesu
nitridace

Application of deep cryogenic treatment in the nitriding
process

David Hradil, Pavel Suchmann, Michal Duchek a Jaromir Dlouhy
COMTES FHT a.s., Czech Republic, david.hradil@comtesfht.cz

Nitridace s naslednym tepelnym zpracovanim v kombinaci s dlouhodobym kryogennim zpracovanim
(DCT) vytvafi nitridacni vrstvy se specifickymi vlastnostmi. Vrstvy unikatnich vlastnosti vznikaji diky
rozpusténi podpovrchové vrstvy nitridd Zeleza a naslednou difuzi dusiku do substratu béhem
austenitizace. Vysledkem jsou jemné precipitaty karbonitrid( vznikajici v prabéhu procesu DCT
a popousténi. Kryogenni zpracovani je viozeno mezi kaleni a popousténi. Prace je zaloZena na
porovnani nové vzniklych nitridovanych vrstev s konvencné nitridovanymi vrstvami. V pfipadé
konvencniho postupu chemicko-tepelného zpracovanije nitridace finalni operaci. Jako experimentalni
material poslouZila nastrojova ocel pro praci za studena 1.2379 (19 573) a rychlofezna ocel 1.3343
(19 830). Porovnani jednotlivych procest probéhlo na zakladé méreni tvrdosti, odolnosti proti
opotfebeni metodou pin-on-disk a metalografickou analyzou.

Nitriding with subsequent heat treatment in combination with deep cryogenic treatment (DCT) produces
nitrided layers with specific properties. Layers with unique properties result from the dissolution
of subsurface layers of iron nitrides and subsequent nitrogen diffusion into the substrate during
austenitisation. Fine precipitates of carbonitrides eventually form during DCT and the tempering process.
Intermediate deep cryogenic treatment takes place between the quenching and tempering steps. This
work is based on comparing novel nitrided layers with conventionally nitrided layers. In conventional
thermochemical treatment, nitriding is the final operation. The experimental materials were 1.2379 (Czech
Standard 19 573) cold-work tool steel and 1.3343 (Czech Standard 19 830) high-speed steel. The treatment
methods were compared on the basis of hardness measurement, wear testing by the pin-on-disc method
and metallographic analysis.

04 Nizkotlaka cementace a vysokotlaké kaleni
v plynu chromem legovanych PM soucasti

Low pressure carburizing and high pressure gas
quenching of chromium-alloyed PM parts

Patrick POULOUX
ECM Technologies, France, p.pouloux@ecmtech.fr

Today Low Pressure Carburizing (LPC) followed by High Pressure Gas Quenching (HPGQ) is an
established process to produce high performance components of conventional steels in order to
combine high surface hardness and fatigue strength. On the other hand, thanks to its ability to
combine high quality and cost saving, PM process is more and more popular in the automotive
industry, especially in the transmission applications. In order to answer the increasing application
performance requirements, chromium-alloyed grades are often used because they provide a cost-
efficient way to reach high mechanical properties.
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However these materials need specific sintering conditions and cannot be surface hardened by
conventional gas carburization and oil quenching. Thus, the alternative LPC & HPGQ applied to PM
parts is very promising as the sintering at low pressure avoids contamination and improves the
sintered microstructure.

In addition higher sintering temperature can be used, leading to improved sintered structures and
mechanical properties. For example, increasing the temperature from 1180°C to 1250°C significantly
improves tensile strength and ductility combined with a structure containing very few oxygen after
sintering.

Finally by taking into account the main PM specifics that can impact LPC treatment, (i.e. mainly density
level, steel composition and core carbon content), one can select the most appropriate parameters
to maximize the benefit of this combination LPC+HPGQ & PM process.

As a consequence, the optimization of the material combined with the One-Step process cycle
(debinding/sintering/LPC/HPGQ) obtained with the newly developed ICBP® furnace, optimized heat
treatment of PM parts can be done in a cost-efficient and environmentally-friendly way.

05 Vakuové tepelné zpracovani oceli jakosti CPM
10V A CPM 10V AQ

Vacuum heat treatment of quality steels CPM 10V A
CPM 10V AQ

Klara Tesarkova, Vladimir Prochazka
Bodycote HT s.r.o., Czech Republic, klara.tesarkova@bodycote.com

V souladu s rychlym rozvojem strojirenského primyslu se zvysuji i pozadavky na tepelné zpracovani
materidld vyrabénych praskovou metalurgii. Oceli vyrabéné touto technologii splfiuji podminky
vysoké otéruvzdornosti pfi zachovani dostatecné houzevnatosti. Ocel jakosti CPM 10V byla vyvinuta
s chemickym sloZenim odpovidajicim houzevnaté oceli kalitelné na vzduchu se zvySenym obsahem
uhliku a vanadu. Z ddvodu vysoké otéruvzdornosti a houZevnatosti se jedné o jednu z nejCastéji
vyuzivanych oceli vyrabénych praskovou metalurgii. Pfispévek se zabyvad porovnanim praktického
tepelného zpracovani v zakazkové kalirné jakosti CPM 10V a CPM 10V AQ s ohledem na dosazené
tvrdosti a vrubovou houZevnatost.

The fast pace of engineering advancements results in correspondingly increasing demands on heat
treatment of powder metallurgicall steels. The steels produced by this technology fulfill the requirements
for very high wear resistance (hardness) while maintaining sufficient toughness. The steel CPM 10V is
designed with a tough, air hardening base analysis with added high carbon and vanadium. Due to high
wear resistance and toughness it is one of the most commonly used steels produced by powder metallurgy.
This lecture compares real scenarios of heat treatment in custom hardening shop of steels CPM 10 V and
CPM 10V AQ with respect to achieved hardness and impact strength.
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—rT 06 Matematické modelovani vlivu hlavnich
~boroaluminizing” faktorul na tloustku difazni
I C B P® NAN 0 vrstvy nizkouhlikové oceli
Mathematical modeling of the effect of main
LOW PRESSURE CARBURIZING AND CARBONITRIDING boroaluminizing factors on the diffusion layer thickness
of low-carbon steel

Undrakh Mishigdorzhiyn, Nikolay Ulakhanov

VACUUM HEAT TREATMENT |N THE PRODUCT'ON LlNE East Siberia State University of Technology and Management, Faculty of

Mechanical Engineering, Ulan-Ude, Russian Federation, drun@mail.ru

COMPACT AND MODUI—AR INSTALLATION FOR ARRANGED OR BUI-K LOADS The paper presents the results of a study of pack boroaluminizing of steel 20 using mathematical

planning methods. A mathematical model and nomograms of the dependence of the diffusion layer
thickness from the parameters of the thermochemical treatment (technological factors), such as:
temperature, treatment time and powder mixture composition were obtained by means of a full
factorial experiment. The degree of technological factors effect on the final result and the ranges
of their regulation was revealed. Thus, the temperature of pack boroaluminizing varied from 900 to
1000 °C, the duration of the process was 2 to 4 hours, and the ratio of the treatment components
of B203 / Al was 40/60 to 50/50 wt-%. Metallographic analysis has revealed that the depth of the
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stave, Struktira ma malud tvrdost a odolnost voci opotrebeniu. Na zaklade Stddia Struktdr a ich
odolnosti voci opotrebeniu sme navrhli nastroj tepelne spracovat za U€elom ziskania novej Struktary
s jemnymi karbidmi. Tepelne spracované vzorky sme experimentalne skusali na odolnost proti
abrazivnemu opotrebeniu.

Klicové slova: Nastroje mulCovaca, abrazivne opotrebenie, tepelné spracovanie, mikroStruktura,
mechanické vlastnosti

The article deals with heat treatment of mulcher and crusher tools used for forest growing. It is for the
increasing of durability and lifetime these tools. Those are working in heterogeneous environment, they are
exposed to impact load and very high abrasion wear. The tools are designed like the forgings or castings;
their functional places have WC tips. The tools are in operation worn-down, after sometimes sintered
WC teeth are lost. Those causes a significant deformation of the tool body mounted on a rotating roller
- adapter of base machine. Then is necessary to exchange the tools, because is threatened the function
complete device. The research described in the article is focused to the application of the methods which
can improve the wear resistance of tools. During analysis was found, tool body is made from construction
steel without heat treatment, the structure has low hardness and wear resistant. On the base of the
structure study and their wear resistant we have suggested to make heat treatment of tool for getting new
structure with disperse carbides. The samples after heat treatment we experimental proofed to the wear
abrasive resistant.

Key words: Mulcher tools, abrasive wear, heat treatment, microstructure, mechanical properties.

08 Soucasné zvySeni odolnosti proti opotrebeni
a houzevnatosti nastrojové oceli pomoci
kryogenniho zpracovani - realna moznost anebo
fikce

Messer Technogas s.r.o. Vam v oblasti tepelného

zpracovani kovul nabizi: Simultaneous enhancement of wear performance and
toughness of tool steel by subzero treatment - real
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Clanek predstavuje zakladni metalurgické zakonitosti odpovédné za zlepSeni vlastnosti nastrojovych
oceli, a naznaCuje mozny dosazitelny rozsah téchto zlep3Seni.

Mechanical properties of metallic material, such a strength and toughness are in strong conflict in most
cases. It means that high-strength steels, for instance, manifest a low toughness, and, on the contrary, low-
carbon sheet metals with a ductility of around 40% have commonly very low tensile strength. In tool steels,
their strength and hardness is closely related to the wear resistance, hence, one can naturally expect that
the higher wear resistance the lower should be the toughness. One of few possible ways how the strength
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and toughness of metallic materials can be improved simultaneously is the grain-size refinement. This
can be obtained mainly by properly chosen combination of thermo-mechanical treatment followed by
well-controlled cooling down. However, this kind of treatment is inappropriate for ledeburitic tool steels
from several reasons. Alternatively, it has been demonstrated over the last few years that properly done
subzero treatment followed by tempering can improve the wear resistance of tool steels along with their
toughness and fracture toughness. This paper demonstrates the main metallurgical principles of variations
in properties of tool steels, and delineates the possible extent of these ameliorations
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09 ZvySeni Zivotnosti nastroju na sekani dieva
zmrazovanim

Increase tool service life for wood cutting by cryogenic
treatment

Zdenék Kolar?, Stanislav Tobolik®
Pilana Knives a.s., 804,768 24 Hulin, Czech Repubilic, 2kolar@pilana.cz,
°tobolik@pilana.cz

V ¢lanku se popisuji dosavadni zkuSenosti se zkouskami Zivotnosti nastrojd na obrabéni dieva. Jsou
popsany jednotlivé zplsoby tepelného zpracovani's upozornénim na dllezité aspekty jak samotného
tepelného zpracovani tak i provadénych feznych zkouSek. Kratce jsou také obecné zminény
mechanické hodnoty zmrazovanych nozd. Déale jsou uvedeny snimky mikrostruktur Gspésnych
nastrojl a vysledky rfeznych zkousek.

In the article are described the present experiences with the tests of tool service life for wood working.
There are described particular ways of heat treatment with notice to aspects important for both of heat
treatment itself and of cutting tests carried out. Briefly are mentioned in general also the mechanical
values of the cryogenic treated tools. Further are presented pictures of the microstructures of successful
tolls and the results of cutting tests.
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10 Vlastnosti slinutych karbidt po hlubokém
zmrazeni
Properties of cemented carbides upon deep freezing

Antonin KFiZ, David Bricin
University of West Bohemia, Czech Republic, kriz@kmm.zcu.cz

Hluboké zmrazovani nachazi znacnou v praxi zna¢né uplatnéni a to nejen u tradi¢nich nastrojovych
oceli, ale i u takovych materiald jako je Seda litina. V minulosti byly provedeny ovérujici experimenty,
které potvrdily, Ze hluboké zmrazovani litinovych brdnych kotoucl vede k vétsi trvanlivosti a mensi
deformaci a to i pfi naro¢ném provozu. V soucasné dobé se hledaji dalsi moznosti vyuZziti hlubokého
zmrazovani rlznych material(. Pfispévek se proto zabyva sledovanim vlastnosti po zmrazovani
slinutych karbidd.

Byly pouzity rlizné druhy slinutych karboidl a to nejen z hlediska velikosti karbidického zrna, ale
i pojiva (kobalt nebo nikl). Provedené experimenty potvrdily, Ze pfi hlubokém zmrazovani nedochazi
ke zméné mikrostruktury (na Urovni mikrometra), ale dochazi ke zméné mechanickych vlastnosti.
V dUsledku téchto zmén vyvolanych uvedenym zmraZenim se nabizi novd moZnost prodlouzeni
trvanlivosti bfitu Feznych nastrojd.

Klicova slova: hluboké zmrazovani, slinuté karbidy, mechanické vlastnosti, fezné nastroje

Deep freezing has found considerable use in industrial practice, not only for traditional tool steels but
also for other materials, such as grey cast iron. Earlier verification experiments have confirmed that
deep freezing of cast iron brake discs provides longer life and smaller distortion, even under heavy-duty
operation. Today, further opportunities for deep freezing for various materials are sought. Therefore,
the present contribution maps cemented carbide properties upon deep freezing. The types of cemented
carbides used were varied, not only in terms of carbide grain size but also in terms of the binder (cobalt or
nickel). Experiments have shown that deep freezing does not alter the microstructure (at micrometer scale)
but it does change mechanical properties. These changes promise a new opportunity for extending the life
of cutting parts of cutting tools.

Keywords: deep freezing, cemented carbides, mechanical properties, cutting tools

11 Vliv mikrostruktury na hodnoty KV.: oceli
A694 F60

Effect of microstructure on the steel A694 F60
toughness values KV.ss

Rudolf Foret®, Jan Cech®
4 FSIVUT v Brné, Technicka 2, 616 69 Brno, Czech Republic, foret@fme.vutbr.cz
0 ZDAS a.s., Strojirenskd 6, 591 01 Zdar nad Sazavou, Czech Republic, cech@zdas.cz

Ocel ASTM A694 F60 patfi mezi HSLA oceli, konkrétné do jejich podskupiny oznacované jako Low
Carbon Bainitic Steels (LCBS), které v zuSlechténém stavu vykazuji téméF optimalni kombinaci
pevnosti a houZevnatosti a sou€asné i dobrou svafitelnost. Z LCBS se mimo jiné vyrabi vykovky pfirub
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a armatur, které se pouzivaji za zapornych teplot. V pfispévku je feSena problematika znacného
rozptylu hodnot KV-4s laboratornich vykovku z oceli A694 F60, a to na podkladé fraktografickych
a metalografickych rozbor(, doplnénych v omezeném rozsahu o metodu EBSD. Detailné byl studovan
vliv velikosti plavodnich austenitickych zrn, stépnych fazet a tzv. ,effective grains size” na hodnoty
KV-se.

ASTM A694 F60 steel belongs to HSLA steels, specifically to sub-group called Low Carbon Bainitic Steels
(LCBS), which in tempered state exhibit an almost optimal combination of strength and toughness, as well
as good weldability. From LCBS are manufactured forgings of flanges and fittings, which are used at low
temperatures. The paper deals with the issue of considerable scattering of values KV-46 laboratory forgings
from A694 F60 steel, based on fractographic and metallographic analyses supplemented to a limited extent
by the EBSD method. The influence of the size of the austenitic grains, the cleavage facets and the , effective
grains size” on KV.46 values were studied in detail.

12 Predikce vnitfnich pnuti v procesech
tepelného zpracovani

Prediction of internal stresses in heat treatment
processes

Josef Hodek, Antonin Prantl, Pavel Suchmann
COMTES FHT a.s., Primyslova 995, 33441 Dobrany, Czech Republic,
psuchmann@comtesfht.cz

Zbytkové napéti po tepelném zpracovani predstavuje obvykle velkou nezndmou. Pokud hodnoty
zbytkového napéti zname alespon pfiblizné, dokdzeme presnéji predikovat kvalitativni vlastnosti
zpracovavané soucasti. Klasicky vypocetni zplsob vede k pouZiti metody konecnych prvk{ (MKP)
ve vhodném softwaru, ale pfi tomto pfistupu se musi vypoCtar potykat s mnoZstvim probléma
zejména pak s ur¢enim materialovych vlastnosti v zavislosti na teploté a strukturnich fazich. To vede
samozriejmé ke kompromisiim, protoze ziskat kompletni materidlova data je prakticky nemozné.
Vysledkem takového vypoctu je pak vice ¢i méné presna informace o rozlozZeni zbytkovych napéti.
Experimentalné-vypoctovd metoda fezu (Countour Method) je destruktivni metoda urcovani
zbytkovych napéti, kterd k vypoctu pfistupuje zjednoduSenim na klasickou elastickou ulohu.
Jeji princip [1]-[3] spociva v Setrném rozdéleni zkoumané soucasti ve vhodném misté, pFi kterém
dojde k uvolnéni Casti zbytkovych napéti a tim i deformaci fezné roviny. Tato deformace je pak
zméFena a zpétné dosazena do elastické Ulohy jako pocatecni podminka. Vypoctem je pak vyreSen
stav, kdy dojde k eliminaci deformace Fezné roviny a tim i vyfeSenim stavu napjatosti pred fezem.
V prfedkladaném clanku je na ilustrativnim prikladu popsana aplikace metody Fezu na valecku.

Residual stress upon heat treatment is often an unknown quantity. If its value is known, qualitative
characteristics of the part can be predicted much more accurately. The classical computational approach
involves using the finite element method (FEM) implemented in a suitable software tool. An engineer
who chooses this approach faces a number of difficulties, the major one being associated with finding
the dependence of material properties on temperature, and identifying microstructural phases during
heat treatment. This ends up in compromises because obtaining material data is very demanding and
expensive. Eventually, the result provides more or less accurate information about the distribution of
residual stress. The contour method is a destructive procedure for mapping residual stresses in which
computation is simplified to a classical elastic problem. The method [1]-[3] is based on careful cutting of the
component of interest through a suitable location. As a result, some portion of residual stress is released
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and the cut surface becomes deformed. The amount of this deformation is measured and substituted in
an elastic problem as the initial condition. The conditions under which deformation of the cut surface is
eliminated are found by calculation. These conditions then represent the stress state before the cut was
made. The present study employs an illustrative example to describe an application of the contour method
to a cylinder.
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13 Nové tendence v mérici a regulacni technice
v tepelném zpracovani

New trends in measurement and control of heat
treatment processes

Jens Baumann
Process-Electronic GmbH, Germany

Driven by necessary cost reduction in order to stay competitive but also driven by new technologies
measurement and control of heat treating equipment and processes is constantly improving.
This presentation is giving an insight view on the advantages given by new approaches to existing
processes and on how new technologies can be implemented in the day-to-day business, on existing
furnaces.

The talk will cover generator controls, new calculation of carbon potential, taking methane reaction
into account, setting up atmosphere carburiziers to minimize intergranual oxidation as well as
potential controlled nitriding / nitrocarburizing, carbonitriding and neutral hardening.

14 Modelovani proudéni kaliciho média
Flow modeling of the quenching medium

Pavel StolaF', Hiren Rashiwala?, Miloslav Harant3?
'"ECOSOND s.r.o., 2VUTS Liberec, *ZVU Hradec Kralové, Czech Republic,
stolar@ecosond.cz

Pomoci metod matematického modelovani bylo simulovdno proudéni kalicho média v lazni
o objemu cca 64 m? urcené pro kaleni vykovkd. Cilem modelovani byla Uprava kalici lazné (vnitini
prepazky a clony, systém cirkulace 1dzné) tak, aby byla zarucena minimdlni definovana rychlost
proudéni kaliccho média na vsazku a doslo k jejimu rovnomérnému ochlazovani. Modelovani bylo
realizovano variantné pro prazdnou lazen, rizné prekazky v lazni a typy vsazek. Dal$i proménnou
byla ochlazovaci média (voda a polymericka lazen).

Mathematical modeling methods simulated the flow of quenching medium in a bath of about 64 m? for
hardening of forgings.The aim of the modeling was to adjust the quenching bath (internal partitions and
curtains, bath circulating system) so as to guarantee a minimum defined flow velocity of the quenchining
medium on the batch and to achieve a uniform cooling thereof. Modeling has been implemented as an
alternative to an empty bath, various bath barriers, and types of charges. Another variable was the cooling
medium (water and polymer bath).
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15 Tepelné zpracovani TRIP oceli s castecnhou
nahradou kfremiku hlinikem

Heat treatment of the TRIP steel with partial
substitution of silicon by aluminium

Ludmila Kucerova? Andrea Jandova?, Josef Kana?
2Regional Technological Institute, University of West Bohemia in Pilsen, Univerzitni 8,
30614 Plzen, Czech Republic, skal@rti.zcu.cz, jandovaa@rti.zcu.cz, jkana@rti.zcu.cz

Nizko legované vysoce pevné oceli vyuzivajici TRIP efekt dosahuji zajimavych kombinaci pomérné
vysokych pevnosti kolem 800 MPa a vysokych taznosti nad 30%. Pravé diky svym mechanickym
vlastnostem jsou vyvijeny predevsim pro aplikace v automobilovém prdmyslu. Dobré mechanické
vlastnosti téchto oceli jsou podminény jejich vicefazovou mikrostrukturou tvofenou smési feritu,
specidlniho bainitu bez karbidd a zbytkového austenitu. Tuto mikrostrukturu lIze pfipravit dvou-
krokovym tepelnym zpracovanim s prodlevou na teplotach, na kterych probiha intenzivni bainiticka
transformace. V ramci této prace bylo tepelné zpracovani provedeno v laboratorni peci na oceli
0.2C-1.5Mn-0.6S-1.5Al. Byly pouzity teploty ohfevu v rozmezi 770 - 950 °C a nasledné chlazeni na
teplotu prodlevy ve vodé nebo v solné lazni o teploté 400 °C. Byly vyzkouseny rlzné teploty této
prodlevy od 410 °C do 460 °C. Vysledné mikrostruktury byly analyzovany s vyuzitim fadkovaci
elektronové mikroskopie a mechanické vlastnosti byly stanoveny zkouskou tahem. Na zpracovanych
vzorcich byly dosazeny pevnosti 750 - 908 MPa a taznosti 33 - 42%.

Low alloyed high strength steel utilizing TRIP (transformation induced plasticity) effect achieve interesting
combinations of relatively good strengths around 800 MPa and high elongation above 30%. This is the
reason why these steels are developed mainly for an automotive industry. Good mechanical properties of
TRIP steels are obtained due to the multiphase microstructure of these steels consisting of ferrite, carbide-
free bainite and metastable retained austenite. This microstructure can be prepared by two step annealing
with the second hold in temperature region of bainite transformation. This heat treatment was carried out
in a laboratory furnace in this work using 0.2C-1.5Mn-0.65-1.5Al steel. Heating temperatures of 770-950 °C
were used with subsequent cooling either in water, or in salt bath heated to 400 °C to the temperature of
the second hold. The temperature of the second hold varied from 410 °C to 460 °C. Final microstructures
were characterised by scanning electron microscopy and mechanical properties were measured by tensile
test. Resulting microstructures achieved the strengths of 750 - 908 MPa and total elongation of 33-42%.

16 Novy postup zpracovani zapustkovych
vykovk z oceli s obsahem manganu 2,5%
New treatment route for closed-die forgings of steels
with 2.5% manganese

Dagmar Bublikova, St&pan Jenicek, Michal Pekovié, Hana Jirkova
University of West Bohemia, RTI- Regional Technological Institute, Univerzitni 22,
CZ - 306 14 Pilsen, Czech Republic, dagmar.bublikova@seznam.cz

V soucasné dobé stoupaji naroky na zapustkové vykovky z modernich oceli. Tyto vykovky vyZaduji
inovativni pristup jak v oblasti konstrukéniho feseni, tak v oblasti tepelného zpracovani. Dllezité

31



System *COOL PLUS*

Fully automatic ,,sub-zero” treatment down to -145°C
in SCHMETZ vacuum hardening furnaces and
vacuum tempering furnaces

The system *COOL PLUS* integrates a cryogenic treatment module in the single chamber
vacuum hardening furnace as well in the vacuum tempering furnace.

Controlled sub-zero freezing gradient for a slow and smooth cooling to cryogenic
temperature reduces the risk of stress cracking.

Between cryogenic treatment and the following tempering process the load has
no contact with surrounding air atmosphere - no surface corrosion can occur.

The on demand load thermocouple controlled process realizes completely
reproducible heat treatment results.

Already 60 furnaces are in operation worldwide.

A TENOVA COMPANY

IVA Schmetz GmbH - Factory Menden - Holzener Strasse 39 - 58708 Menden / Germany
Phone +49 2373 686-0 - Fax +49 2373 686-200 - info-schmetz(@tenova.com - www.schmetz.de

je dosazeni vysoké pevnosti a zaroven dostatecné taznosti zapustkovych vykovkd. Vysoka pevnost
byva Casto na Ukor nizké taznosti, a je spojena prevazné s martenzitickou strukturou. Nizkou taznost
Ize potlacit urcitym podilem zbytkového austenitu ve vysledné mikrostrukture. Jednim ze zpUsob(
tepelného zpracovani, ktery vyuzZiva kombinace martenzitu a zbytkového austenitu, je Q-P proces
(Quenching and Partitioning). Tento proces je charakteristicky rychlym zachlazenim z teploty ohfevu
na teplotu zakaleni, ktera lezi mezi teplotami Ms a Mf a naslednym ohfevem a vydrzi na teploté
prerozdéleni. Timto postupem je moZné ziskat meze pevnosti vySsi nez 2000 MPa s taznosti pres
10%.

Experimentalni program byl proveden na ocelich s obsahem manganu 2,5%. Na vykovcich z téchto
oceli bylo odzkouSeno inovativni tepelné zpracovani s cilem zajistit meze pevnosti pfes 2000 MPa
s dostate¢nou taznosti. Diky vySSimu obsahu manganu byla sniZzena teplota Mf az k 78 °C, a proto
ochlazeni na teplotu zakaleni bylo vedle vzduchu provedeno i ve vrouci vodé. Vydrz na teploté
prerozdéleni 180°C, pfi které dochazi k difdzi uhliku z pfesyceného martenzitu do zbytkového
austenitu, bylo provedeno v peci. Posuzovan byl vliv parametr(i tepelného zpracovani na vysledné
mechanické vlastnosti a vyvoj mikrostruktury v jednotlivych mistech vykovku.

Klicova slova: zapustkové vykovky, Q-P proces, zbytkovy austenit, AHSS

The requirements placed on closed-die-forged parts of advanced steels have been increasing recently.
Such forgings demand an innovative approach to both design and heat treatment. It is important to
obtain high strength and sufficient ductility in closed-die forgings. High strength, mostly associated with
martensitic microstructure, is often to the detriment of ductility. Ductility can be improved by incorporating
a certain volume fraction of retained austenite in the resulting microstructure. Among heat treatment
processes capable of producing martensite and retained austenite, there is the Q&P process (Quenching
and Partitioning). This process is characterized by rapid cooling from the soaking temperature to the
quenching temperature which is between Ms and MY, and subsequent reheating and holding at the
partitioning temperature. Thus, strength levels of more than 2000 MPa combined with more than 10%
elongation can be obtained.

This experimental programme involved steels with 2.5% manganese. Forgings of these steels were heat
treated using an innovative process in order to obtain an ultimate strength of more than 2000 MPa
combined with sufficient elongation. Thanks to a higher manganese level, the Mf was depressed as low
as 78°C, and therefore quenching was carried out not only in air but also in boiling water. Holding at the
partitioning temperature of 180°C, when carbon migrates from super-saturated martensite to retained
austenite, took place in a furnace. The effects of heat treatment parameters on the resulting mechanical
properties and microstructure evolution in various locations of the forging were studied.

Keywords: closed-die forgings, Q&P process, retained austenite, AHSS
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17 Vyuziti technologie kaleni do zapustky pfi
zpracovani TRIP oceli

Use of the press hardening technology for treatment of
TRIP steel

Hana Jirkova?, Katefina Opatova?, Josef Kana?, Martin Bystriansky?
2UNIVERSITY OF WEST BOHEMIA, RTI - Regional Technological Institute,
Univerzitni 8, CZ-306 14 Pilsen, Czech Republic, h.jirkova@email.cz

Vicefazové oceli typu TRIP jsou pro svou vlastnost pohlcovat deformacni energii pfi ndrazu vyuzivany
jako bezpecnostni prvky v konstrukci automobild. Jednou z mozZnosti jak tyto presné plechové
dily vyrabét predstavuje technologie presshardening. Vlastnosti TRIP oceli jsou vedle specifického
legovani, které je ve vétSiné pripadl provedeno manganem a kfemikem, dany i vhodnymi parametry
tepelného zpracovani. KliCovy parametr zpracovani predstavuje vydrz na teploté bainitické pfemény,
pfi které dochazi nejen k tvorbé bainitu, ale i stabilizaci zbytkového austenitu. Tato prodleva je pro
pouziti v praxi technologicky naro¢na. Proto byla experimentalné ovéfena moznost zpracovani
tohoto typu oceli technologii kaleni do zapustky.

Pomoci materidlové-technologického modelovani byly sestaveny modely odpovidajici teplotnimu
profilu technologie kaleni do zapustky, které byly odzkouSeny na nizkolegované oceli CMnSi.
V experimentalnim programu byl zjiStovan vliv teploty nastroje v rozmezi teplot RT az 550°C i vliv
rdzné rychlosti ochlazovani na vyvoj struktury a mechanickych vlastnosti. Tim byly ziskany smésné
struktury od feriticko-martenzitickych az po feriticko-martenziticko-bainitické s réznym podilem
zbytkového austenitu. Meze pevnosti se pohybovaly v intervalu 730 az 1300 MPa s taznostmi 24 az
9%.

Klicova slova: TRIP ocel, zbytkovy austenit, kaleni do zapustky

Multiphase TRIP steels are able to absorb impact-deformation energy and therefore they are used as safety
components in vehicle construction. One of the ways how to produce these precision sheet metal parts is
the press hardening technology. Besides specific alloying which in most cases is done with manganese and
silicon, the properties of TRIP steels are also determined by the appropriate heat treatment parameters.
The key processing parameter is the holding time at the temperature of the bainitic transformation, at
which not only the formation of bainite but also the stabilization of retained austenite take place. This
holding time is technologically demanding for use in industry. Therefore, the possibility of processing this
type of steel by press hardening technology has been experimentally verified.

Material-technology modelling was used to build models corresponding to the press hardening
temperature profile. These models were tested on low-alloy CMnSi steels. In the experimental program, the
effect of the tool temperature in the range from RT to 550°C, as well as the influence of different cooling
rates on the structure development and mechanical properties was investigated. Mixed structures from
ferritic-martensitic to ferritic-martensitic-bainitic with different volume fraction of retained austenite were
obtained. Tensile strengths ranged from 730 to 1300 MPa with elongations from 24 to 9%.

Key words: TRIP steel, retained austenite, press hardening
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18 Priizkum procesu kaleni za Gcelem zlepSeni
rovinnosti ocelové desky valcované za tepla

The investigations of quenching process for improving
the flatness of the hot rolled steel plate

Liu Yu-Cheng
National Cheng Kung University, Taiwan, heyman810834@gmail.com

The improvement of quenching process on the hot rolled steel plate strongly depends on the degree
of plate flatness, resulting from the distortion of the units. The heat transfer characteristics along
the steel plate, which rely on the distributions of impinging water jets, are the primary factors that
affect the degree of distortion. In this paper, finite element analysis (FEA) was applied to the cooling
process of the steel plate manufactured in one of the steel company in Taiwan. A two-dimensional
computational model was developed to simulate the distortion of the plate, including crossbows,
longbows, center buckles and edge waves. The distributions of the water jet units at the bottom and
top of the steel plate are studied to predict the heat transfer coefficients as well as the distortion
along the surface and width of the steel plate. The internal stress including thermal and structural
stresses contributed from the evolutions of internal structure is additionally investigated to fully
understand the phase transformation across the steel plate during the quenching process. This
study provides an optimal solution for improving the quality of the steel plate product in the hot
rolled steel plate milling process.

19 ZaFizeni a technologie pro vakuové tepelné
zpracovani

Equipment and technologies for vacuum heat
treatment

Marcin Przygonski
SECO/WARWICK S.A,, Poland, m.przygonski@secowarwick.com.pl

Modern, precise, energy efficient and ecological vacuum heat treatment equipment with guaranteed
technology. SECO/WARWICK's experience in developing these solutions dates back to the 70s of
the twentieth century, when vacuum-based heat treatment technologies emerged in the aerospace,
automotive, defense, metallurgical, medical, nuclear, and utility industries. Over the last 25 years,
the company’s dynamic development has delivered more than 700 complete installations in more
than 40 countries, and many of the technologies delivered have become a challenge to traditional
technologies.
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20 Technicka a metalurgicka kritéria instalace
izotermického zihani na vykovcich automobilové
prevodovky

Technical and metallurgical criteria for installation of
isothermal annealing station for car gearbox forgings

Daniel Zimmermann
Bosio, France

Izotermické Zihani soucasti prevodovky z cementacni oceli typu 18NiCr5-4, 16MnCr5 z(stava
nezbytnou a povinnou operaci kvili zajisténi optimalni opracovatelnosti tim, Ze je dosazeno jasné
rozliSené struktury z lamelarniho perlitu a feritu.

Jeho provedeni v moderni instalaci vyZaduje velmi pfesné technické udaje, pokud jde o jeho tepelné
a mechanické vlastnosti, kterych se nam podafilo dosahnout na zakladé nasledujicich kritérii:

* Princip typové instalace s ovladanim valeckd, coZ umoznuje zna¢nou flexibilitu s ohledem na
dopravovani kust volné lozenych v koSich na dopravniku a na pruznost zpracovani v pripadé
zmény vyrobni fady nebo vyrobk.

* PInéni koSt pomoci systému automatického davkovani a vaZzeni definovaného podle typu kusu.

* Rychlé a stejnorodé dosazeni austenitické struktury s presnosti teploty +/-5 °C v peci vybavené
horaky se samocinnou rekuperaci s vysokou energetickou ucinnosti kombinovanymi s tepelnou
izolaci vlaknitych moduld zajistujici znacné energetické vynosy.

+ Chlazenikontrolované ariditelné vjednotce vybavené pridavnym topenim kv(li zajisténirychlosti
chlazeni nezavisle na mitfe hustoty zatiZzeni a na masivnosti kus( a zajistujici stejnorodou teplotu
mezi jadrem a povrchem kus(.

* lzotermicka udrzovaci pec s elektrickym vytapé&nim a vybavena misicimi turbinami umoznujicimi
stejnorodou a Uplnou perlitickou transformaci u téchto pouzitych druht oceli.

+ Koncové chlazeni na vystupu pece kvili dosaZzeni teploty kusu nizsi nez 50 °C.

+ Automatické vyprazdriovani ko3d.

+ Automaticka doprava prazdnych kosl zpét k nakladaci stanici.

+ UplIn4 automatizace linky se zp&tnou sledovatelnosti viech parametr(i a diagnostikou na v3ech
urovnich.

+ Odpovida pracovnim podminkdm automobilovych vyrobcl pfi kontinualni vyrobé 7 dnl v
tydnu.

+ MozZnost provadét klasické normalizacni Zzihani s pomalym chlazenim.

Tato instalace se zpracovatelskou kapacitou 1 000 kg/h byla studovana zvlasté, pokud jde o chladici
jednotku s pfidavnym topenim a jeji flexibilitu zpracovani, diky které je dosazeno metalurgickych
vysledkl odpovidajicich naroklim koncového klienta.

Isothermal annealing of gearbox parts made of 18NiCr5-4, 16MnCr5 carburizing steel remains a necessary
and compulsory operation in order to secure optimum workability by achieving clearly defined laminated

pearlite and ferrite structures.

Its implementation in a modern installation requires very accurate technical data in terms of thermal and
mechanical properties, which we managed to achieve based on the following criteria:
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A principle of type installation with rollers control which allows substantial flexibility with regard to
the transport of parts loosely placed in the baskets on the conveyor and the flexibility of processing
in the case of a change of production type or product.

* Filling baskets using an automatic loading system and weighing defined according to the part type.

* Quick and homogeneous reaching of austenitic structure with temperature accuracy of £5 °C in
the furnace fitted with burners with automatic recovery with high energy efficiency combined with
thermal insulation by fibrous modules securing substantial energy yield.

+ Cooling regulated and controllable in the unit equipped with additional heating to secure cooling rate
irrespective of the degree of loading and the size of the parts and securing homogeneous temperature
in the core and surface of the parts.

* Isothermal holding furnace with electric heating equipped with mixing turbines allowing homogeneous
and full pearlite transformation of these types of steel.

+ Terminal cooling at the outlet of the furnace to reduce the temperature of parts below 50 °C.

+ Automatic emptying of baskets.

+ Automatic transport of empty baskets back to the loading station.

* Full automation of the line with tracking of all parameters and diagnostics at all levels.

* [t corresponds to the operating conditions of automotive manufacturers with continual production 7
days a week.

¢ Possibility to implement standard normalizing with slow cooling.

This installation with the processing capacity of 1,000 kg/h has been studied particularly as regards the
cooling unit with additional heating and its processing flexibility due to which metallurgical results are
achieved corresponding to the requirements of the end client.

21 Nova uzavrena kalici pec Innova 4.0 - prvni
zkusenosti z praxe

New sealed quench furnace Innova 4.0 - first
experiences from practice

Richard Wethmar
IVA Industriedfen GmbH, Germany, Richard. Wethmar@tenova.com

After its presentation in 2015 as a new invention for heat treatment industry, the new sealed quench
furnace InnoVA 4.0 has been successfully launched this year. The experiences with this furnace
- tested in daily production business at a commercial heat treater - have proven that InnoVA 4.0
is a solution offering a high operational reliability, reproducible material quality and a maximum
productivity. Being able to treat charges up to 2.000 kg gross weight, and combining an oil bath with
12 m3 with an innovative charge transportation system inside, furthermore a permanent monitoring
of media and energy flow, InnoVA 4.0 is a user-friendly, service reduced component which is also
capable of being integrated into the process of manufacture.
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22 Vyvoj prototypu zarizeni pro kaleni trubek v
Trineckych Zelezarnach

Development of the tube quenching unit in Trinecké
zelezarny

Milan Hnizdil®, Rostislav Turoii?, Michael Squerzi®, Martin Chabicovsky®,
Pavel Simecek¢, Miroslav Kreisinger®

“TRINECKE ZELEZARNY, a. s., Préimyslova 1000, 739 61 Trinec, Czech Republic
Rostislav.Turon@trz.cz, Michael.Squerzi@trz.cz

°Brno University of Technology, Faculty of Mechanical Engineering, Heat transfer
and fluid flow laboratory, Technicka 2896/2, 616 69, Brno, Czech Republic, Milan.
Hnizdil@vut.cz

ITA;spol. s. r. 0., Martinska 501/6, 709 00 Ostrava 9, Czech Republic, Pavel.
Simecek@ita-tech.cz

9BKB Metal, a. s., Hlubinska 917/20, 702 00 Ostrava, Czech Republic, Miroslav.
Kreisinger@bkbmetal.cz

Tento clanek popisuje jednotlivé etapy vyvojovych praci, na jejichz konci stoji funkZni prototyp
kaliciho zaFizeni, jako soucast soustavy technologickych zafizeni pro tepelné zpracovani zuslechténim
bezeSvych ocelovych trub pro oblast OCTG a energetiky v Tfineckych Zelezarnach. Vyvojové prace byly
zahajeny v Laboratofi Pfenosu Tepla a Proudéni Brno laboratornimi testy a numerickymi simulacemi
chlazeni vzorkd trubek pro potfeby navrhu typu trysek jednotlivych prstencd a jejich usporadani
do ochlazovaciho kolektoru, v€etné doporuceni mnoZstvi a tlaku vody a stanoveni odpovidajiciho
soucinitele prestupu tepla pro dalSi numerické simulace. Na zakladé téchto informaci byly ve firmé
ITA Ostrava provedeny vypocty ochlazovani trubek réiznych jakosti a rozmérd véetné predikci jejich
findlnich metalurgickych vlastnosti s cilem stanovit pocet a konfiguraci kolektor( kaliciho zafizeni
v€etné posouzeni vlivu transportni rychlosti na dosaZzenou tvrdost trubek po zakaleni.

Vysledkem vyvojovych praci byly zakladni rozmérové a technologické parametry prototypu kaliciho
zafizeni, které poslouzily jako podklad firmé BKB k vytvoreni vyrobni dokumentace a nasledné vyrobé
prototypu. V soucasnosti na prototypu probihd optimalizace technologie kaleni (v rdmci projektu
FV10253 ,Vyzkum a vyvoj progresivnich mikrolegovanych materiadla pro teplotné fizené valcovani
a ochlazovani s naslednym zuslechténim bezeSvych trub pro pouziti v oblasti OCTG a strojniho
primyslu”). Clanek shrnuje postupy a vysledky jednotlivych vyvojovych etap véetné vysledk méfeni
teplot trubek pti redlném provozu prototypu a vysledkd dopliujicich numerickych simulaci jeho
redlné ochlazovaci schopnosti. Clanek rovnéZ popisuje funkcionalitu programu HT_TUBE _SETUP
vytvoreného pro podporu technologa pfi stanovovani strategie ochlazovani s ohledem na dosazeni
pozadovanych metalurgickych vlastnosti kalenych trubek rliznych rozmér( a jakosti.

This paper describes the stages of applied research and development leading to a functional prototype
of a QUENCHING UNIT. It became a part of a closed facility of process equipment for thermal treatment
by refining and other methods of annealing of seamless steel tubes for the OCTG industry (Oil Country
Tubular Goods), power engineering and mechanical engineering in TFinecké Zelezérny. The development
of the prototype has been divided into several stages: mapping of the current state and critical assessment
of the technical and technological level of the existing equipment in the Tube Mill, laboratory testing of
tube samples cooling in the Heat Transfer and Fluid Flow Laboratory (Heatlab) of Faculty of Mechanical
Engineering, Brno University of Technology (FME BUT), including numerical simulations by ITA Ltd. in
Ostrava (ITA) with the prediction of the initial settings of the process parameters for the recommendation
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of the technological configuration of the quenching unit prototype and finally a comprehensive technical
design of the prototype QUENCHING UNIT in cooperation with BKB Metal. The design of the prototype
technical solution served as the basis for the creation of the detailed engineering documentation with the
subsequent construction of the prototype QUENCHING UNIT. Currently, the QUENCHING UNIT is used for
optimization of the quenching technology and for introduction of technology for production of new steel
grades for refining. The paper summarizes the procedures and results of individual development stages,
including the results of measured temperatures of tubes during actual operation of the prototype and the
results of additional numerical simulations of its actual cooling capacity. The paper also describes the
functionality of the new software HT_TUBE_SETUP designed to provide support to a technologist during
determination of cooling strategies with respect to achieving the required metallurgical properties of
quenched tubes of various sizes and quality grades

»Grafitovy material pro vysokoteplotni aplikace
Graphite materials for high-temperature applications

Pavol Bujna, Lubomir Stefke
KOMPOZITUM s.r.o., llkovicova 3, 841 04 Bratislava - Karlova Ves, Slovak Republic

V této predndsce jsou popsané a analyzované vlastnosti grafitového materialu z hlediska pouZiti
pri vysokoteplotnich aplikacich. Jsou zde zminény klicové vlastnosti grafitovych dilG pro pouziti pfi
tepelném zpracovani kovl ve vakuovych pecich. Grafit ma ale také svd omezeni a i tyto budou v
prispévku diskutovany.

This paper presents analysis of graphite material in termss, i.e. heating elements for vacuum furnaces.
The first paper deals with structural modifications of carbon. It ds crystalline structures and bonds of
four carbon modifications. The second part is devoted to technological process of production of artificial
graphite materials. It describes basic raw materials used in such production and separate technological
operations. The final part of the paper analyzes physical and mechanical properties of graphite material
which significantly influence their use in high-temperature applications. Great attention is devoted to
dependence of change of properties on increasing temperature.

24 Pripravky pro tepelné zpracovani, materialy a
konstrukce
Heat treatment fixtures, alloys and design

Stanislav Palka
Cronite CZ, Skrobarenska 484/8, 617 00 Brno, Czech Republic, stanislav.palka@
safe-cronite.com

Komplexnost FeSeni a precizni optimalizace tvaru pfipravkl pro tepelné zpracovani v kombinaci s
volbou optimalniho materialu tvofi zdklad pro dosazeni kvalitnich vysledkd tepleného zpracovani.
Firma Safe Cronite se jiZ pfes 60 let zabyva pravé timto sloZitym Ukolem a diky nabytym zkuSenostem
je schopna dodavat svym zakazniklim vzdy to nejlepsifeseni a dosahovat dlouhé Zivotnosti pripravkd.
Mimo standardnich pripravkd tak Ize dodat i vysoce optimalizované ¢i jednoucelové pripravky ze
specialnich slitin, vyvinutych specialné dle nejnovéjsich trendl v tepelném zpracovani jako napriklad
Mancellium ¢i v sou€asnosti nové vyvinuté materidly CR. Jiz delSi dobu trh ocekava zvyseni pracovnich
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teplot v procesu nizkotlakého nauhliceni k 1050°C. | firma Cronite se na tento trend pfipravuje a je
jiz dnes schopna dodat materialy, které jsou schopny v téchto podminkach dlouhodobé pracovat a
odolat jak z pohledu pevnostniho, tak i z pohledu chemické odolnosti.

Complexity of the solutions and precise optimization of the shape of heat treatment fixtures together with
the choice of the optimal material makes the basis to reach high quality results of the heat treatment.
Since more than 60 years company Safe Cronite deals with this complicated task and thanks to the gained
experience it is able to provide the customers with the best solutions to achieve the best possible lifetime.
Except for standard fixtures it is possible to supply also highly optimized dedicated fixtures made of special
alloys developed in accordance with the newest trends in heat treatment like for example Mancellium
or the newest alloys CR. Since some period of time the market is expecting the growth of the working
temperatures in LPC up to 1050°C. Also Safe Cronite is getting ready for this change and it is already able
to provide the materials which are able to withstand these conditions out of stress and also chemical point
of view.

25 Kalici prostredky, vlastnosti a rozsah pouziti,
novy vyzkum a vyvoj

Liquid quenchants, properties and range of
application, new research and development

Rainer SUR™, Rainer Braun™, Filip Vrablik®@®

MWBURGDORF GmbH & Co.KG, Birkenwaldstrasse 94, GER - 70191 Stuttgart,
@ECOSOND s.r.o., Krizova 1018, CZ-15000 Praha 5, mail@burgdorf-kg.de,
ecosond@ecosond.cz

According to DIN EN 10052 quenching is defined as ,Cooling a part faster than with still air”. The
quenching media commonly used for heat treatment of steel and aluminium parts are water, brine,
aqueous polymer solutions, quenching oils, molten salts and pressurized gases such as air, nitrogen,
hydrogen and helium.

Quenching is a very important part of the heat treatment process and its success. The heat transfer
characteristics of the quenchant strongly influence the parts' microstructure after heat treatment,
the resulting mechanical properties of the quenched component but also the amount of internal
stresses and distortion.

The choice of the quenchant, its proper use and adaptation to the specific component, heat treatment
installation and heat treating process is mandatory to make sure that the heat treated part meets the
well defined requirements for safe, consistent and longtime functioning. Last not least an optimized
quenching process helps to minimize the costs for heat treatment and rework.

In this paper the main liquid quenching media like quenching oils and polymer quenchants are
presented with their physical and chemical properties and their main application. Moreover the
reasons for new research and developments are shown as well an outlook to current developments
in regards to these kind of quenchchants but also to heat treatment technologies as well as
environmental, health and safety aspects.
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26 Prani v tepelném zpracovani kovu
Parts cleaning before and after heat treatment of
metals

Filip Vrablik', Rainer SuR3?
'"ECOSOND s.r.o., vrablik@ecosond.cz , Czech Republic
BURGDORF GmbH & Co. KG, mail@burgdorf-kg.de, Germany

V poslednich letech vzrlista vyznam cisténi povrchl pred i po tepelném zpracovani kovd s ohledem
na pozadovanou kvalitu jejich povrchl. Proces prani je nezbytny vyrobni krok, ktery se promita
do nédkladd na tepelné zpracovani. Zvy3ujici se poZadavky na kvalitu povrchl pred a po operacich
tepelného a chemicko-tepelného zpracovani stejné jako rostouci povédomi o Ucinku nedostatecné
oCiSténého povrchu na difuzni procesy maji za nasledek zvysSujici se slozitost celého procesu prani.
Referat predklada prehled o stavu techniky v kalirenském prostfedi a zohledfiuje také potfebnou
analyzu procesu prani ve vztahu k soucasti, povaze necistot a jejich mnozstvi, parametrd procesu
prani az po zvoleni vhodného praciho prostfedku.

In recentyears, the importance of cleaning surfaces before and after heat treatment of metals has increased
with respect to the required quality of their surfaces. The cleaning process is a necessary manufacturing
step, which ensures the function of engineering component and which is also reflected in the cost of heat
treatment. Increasing surface quality requirements before chemical heat treatment operations as well as
growing awareness of the effect of poorly cleaned surfaces on diffusion processes result in an increasing
complexity of the cleaning process. The report provides an overview of the state of the art technology
taking into account the necessary analysis of the cleaning process in relation to the part, the nature of the
impurities and their quantity, the parameters of the process, and the choice of suitable washing detergent.

27 Cisténi dilcti jako nedilna souéast tepelného
zpracovani
Cleaning as an essential step prior heat treatment

Roman Konvalinka
SurTec CR, s.r.o., Czech Republic, mh@surtec.sk

Nezbytnou soucasti tepelného zpracovani dilct je fada mycich a Cisticich krokd. Na jejich vhodném
provedeni zavisi kone¢nd kvalita vyrobku. Nedostate¢né nebo nespravné provedené cisténi mize
pfi naslednych termickych procesech zpUsobit nehomogenitu sloZeni povrchové vrstvy, Spatnou
prilnavost spojovaci vrstvy anebo zplsobovat technologické problémy pfi vyrobé.

Cleaning and degreasing steps are essential part prior heat treatment of parts. The proper carry-out of
cleaning considerably influences the final quality of the parts. Insufficient or improper cleaning may impair
the homogeneity of surface layer and adhesion of bonding layer or may cause technological problems in
production during subsequent heat treatment.
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28 Rizeni procesu nitridace plynem s
proménlivym nitridacnim potencialem pro
zajisténi uspory az 50% NH3

Gas nitriding process control with variable nitriding
potential for up to 50% NH3 saving.

Stefan Heineck
Stange Elektronik GmbH, Buro Thuringen, Wandersleber Str. 1b, 99192
Apfelstadt, Germany, sheineck@stange-elektronik.de

The requirements for heat treating shops as well as plant engineering increasing permanently
and more effective technologies are searched. With a new tested sensor controlled gas nitriding
technology the efficiency of the real process reaction of ammonia and the although happens mass
transport can be improved.

Especially the ammonia consumption is a crucial cost factor at gas nitriding. In the industry mostly
classical gas nitriding processes are done with constant adjusted gas amounts respectively constant
nitriding potentials. Although the set values of the gas flow respectively the nitriding potential are
changed in several steps empirical. This practice results in high ammonia consumption especially
during the start of the nitriding process and with high nitriding potentials. Generally the gas
consumption is very high with constant set values.

By the measurement and control of the nitriding conditions especially of the nitriding potential as a
basis of a controlled process management a clearly saving of ammonia can be achieved.

29 Re3eni pro zavedeni ,,Industry 4.0 do
modernich provozu tepelného zpracovani
Solutions for implementing “Industry 4.0” for modern
heat treatment plants

Karl Ritter
ALD Vacuum Technologies GmbH, Germany, Karl.Ritter@ald-vt.de

The industrial demands on processing machines and also on heat treatment systems are increasing
constantly. Today, high demands are placed on the transparency of processes with appropriate data
access in addition to the highest component quality. Furthermore, there are demands that plants
detect faults prior to their occurrence and indicate them to the operator.

By interconnecting the plants with each other with the possibility of accessing corresponding
databases, the transparency of productivity, media usage, maintenance tasks is created. With

appropiate applications the data can be output on modern devices (Smartphone, Tablet).

ALD Vacum Technologies GmbH has accepted these challenges for all types of furnaces in their
portfolio and offers appropriate solutions.
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The lecture presents exemplary solutions for the realization of “Industry 4.0" for the heat treatment
plant type ModulTherm.

30 O cem CQI-9 nemluvi
What do not speak CQI-9

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

CQI-9 poskytuje nastroje pro trvalé zvySovani kvality v provozech s tepelnym zpracovanim. Dokument
ma vynikajicim zplsobem zpracovanou ¢ast zabyvajici mérenim teplot a eliminaci chyb méreni. Lze ho
pouZzit jako navod, jak docilit poZzadovanych cilCi tepelného pracovani. Prilohy zabyvajici se cementaci,
vSak obsahuje pouze seznamy doporucenych metod a intervaly kontrol bez jakékoli analyzy vhodnosti
a Uskali jejich poufZiti. Cilem prednasky je doplnit praktickou informaci o sou¢asnych moznostech, na
kterych Ize v kalirné budovat systém kontroly chemické ¢asti nauhlicujiciho procesu.

CQI-9 provides tools for consistently improving quality in heat treatment operations. The document has
an exceptionally processed part dealing with temperature measurement and elimination of measurement
errors. It can be used as a guide how to achieve the desired heat treatment goals. However, Process Table
A for carburizing only lists recommended methods and check intervals without any analysis of suitability
and pitfalls for their use. The aim of the lecture is to supplement the practical information on the current
possibilities, in which a system of control of the chemical part of the carburizing process can be built in the
hardening plant.

31 Technologie skupiny HEF pro povrchové
inZenyrstvi se zamérenim na PVD/PACVD,
nitridaci a specialni technologie

Technologies of the HEF Group for surface engineering
with focus on PVD/PACVD, nitriding and special
technologies

Jan Gerstenberger
HEF-DURFERRIT s.r.0., V Zahradach 21/786, 180 00 Praha 8, Czech Republic,
info@hef-durferrit.cz

Spolec¢nost HEF GROUPE se sidlem ve Francii, je svétovym lidrem v oblasti povrchového inZenyrstvi.
Od roku 1953, kdy se transformovala v soukromou spole¢nost z tribologického vyzkumného institutu,
vyviji a poskytuje Siroké portfolio technologii, které ovliviiuji tribologické, mechanické, optické,
dekorativni, antibakterialni a elektrické vlastnosti povrchu pomoci povlakll a vrstev od tloustky
v jednotkach nanometr( az po desitky mikrometr(. Spole¢nost, vlastnéna jejimi zaméstnanci, se diky
soustavnym reinvesticim do vyzkumu a vyvoje podili ve spolupraci s vedoucimi spolecnostmi z oblasti
automobilového, leteckého, zbrojarského ¢i strojirenského priimyslu na vyvoji nejmodernéjsich
technologii, které ovliviuji vlastnosti finalnich vyrobkd pro Siroké poufZiti spotrebiteli na fadu let.
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V soucasné dobé se zaméruje zejména na oblast snizovani emisi a novych pohon( a a feSeni otazek
spojenych s ochranou Zivotniho prostredi.

The Group HEF, with headquarters in France, is world leader in surface engineering. Since 1953, when
transformation from tribological institute to private company has been performed, the company develops
and provides wide portfolio of technologies, which affect tribological, mechanical, optical, decorative,
antibacterial and electrical properties of surface thanks to coatings and layers with thickness from several
nanometres up to tens of microns. The company, owned by its employees, due to continuous reinvestments
into research and development, is involved in the development of state-of-the-art technologies that
influence the properties of end-products for widespread use by consumers for many years in cooperation
with leading automotive, aviation, armaments and engineering companies. Currently, we focus mainly on
reduction of pollution emission and new engines, as well as addressing issues related to environmental
protection.

32Cenové a zdrojové efektivni povrchové tepelné
zpracovani ve strojirenském, nastrojarském,
leteckém, petrochemickém a automobilovém
prumyslu pomoci Pulzni plazmové®nitridace
Cost- and resource effective surface layer heat
treatment in gear, tool, aeronautic, oilfield and
automotive industry by PulsPlasma®Nitriding

Dietmar Voigtlander
PVA Industrial Vacuum Systems GmbH, PlaTeG-PulsPlasma®Nitriding Systems
34534 Wettenberg, Germany, voigtlaender@plateg.de

The PulsPlasma®Nitriding of gears and tools is using more and more as alternative to standard
heat treatment processes for surface layer hardening for the improvement of wear and corrosion
protection. By this the lifetime will be longer due to the specific process conditions against the case
hardening by high temperature carburizing or by standard Ammonia nitriding (gas nitriding).

The PulsPlasma®Nitriding is a pollution free technology saving energy and other resources. The total
manufacturing costs of workpieces can be reduced significantly. Highly developed concepts of plants
and the use of PulsPlasma® technology a uniform treatment of many small parts in one workload is
possible as well as the nitriding of large tools or gear parts and components for Oilfield-, Aerospace-
and Automotive Industry.
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33 Flexibilni indukéni kalici zaFizeni upravené
podle prani zakaznika

Customer-specific, flexible induction hardening
machine for hardening workshop

Lukas Fischer
ITG Induktionsanlagen GmbH, Neckarsteinacher Str. 88, 69434 Hirschhorn,
Germany, lukas.fischer@itg-induktion.de

In the course of capacity expansion and modernisation measures, together with the customer a
hardening machine has been developed that meets the requirements - flexibility, plant availability
and process reliability - for a hardening workshop.

In addition to the before mentioned aspects, increased expectations and requirements of the
customer concerning reproducibility and quality control for the products have been a further reason
for the modernisation activities.

A compact construction adapted to local circumstances, uses of existing tools as well as detailed
training sessions and process support has completed the project.

34 Pretavovani povrchu elektronovym paprskem
plazmoveé nitridované nadeutektické slitiny Al-Si
vzniklé naprasovanim

Investigation of electron beam surface remelting of
plasma nitrided spray-formed hypereutectic Al-Si alloy

Eugen Hegelmann?, Anne Jung?, Philipp Hengst?, Rolf Zenker2®, Anja
Buchwalder?

°TU Bergakademie Freiberg, Institute of Materials Engineering, Germany, eugen.
hegelmann@iwt.tu-freiberg.de

bZenker Consult, Mittweida, Germany, contact@zenker-consult.de

Plasma nitriding of aluminium alloys is a suitable method for improving wear resistance because
of the hard ceramic AIN layer formed. However, the surface's load-bearing behaviour is greatly
limited by the low hardness of the Al base material. Previous studies deal with pre-treatment (such
as surface alloying) for improving hardness, but the effect is limited by the thermal instability of the
layers formed at the nitriding temperature (approx. 475 °C).

New investigations regarding improved load support of the thin AIN layer examine the treatment
sequence of nitriding and subsequent EB remelting. This sequence is enabled solely by the higher
melting temperature of AIN (approx. 2000 °C) compared to the Al base material (approx. 515 °C).
Because of its broad range of beneficial alloying elements (Si, Fe, Cu, Mg), a hypereutectic Al-Si alloy
(DISPAL S232) - made by spray forming - was used as the base material. The electron beam remelting
process was carried out on samples with a nitride layer thickness of approx. 3 pm.
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The focus of the present contribution is on the influence of both the beam deflection technique and
the specific energy input on surface deformation, and therefore encompasses such factors as nitride
layer damage, microstructure, phase formation and wear characteristics. As a result of the newly
formed phases, grain refinement and oversaturation of the aluminium solid solution, the surface
hardness beneath the nitride layer could be increased by up to three times compared to that of the
initial base material. The estimated enhancement in load support was evaluated by unlubricated
wear tests using a pin-on-disc configuration and scratch tests under constant loading conditions.
Furthermore, the wear mechanisms were investigated by means of detailed SEM examination of the
remelted surface layer.

35 Vliv vychylovani elektronového svazku na
vlastnosti povrchové kalenych vrstev

Properties of electron beam hardened layers made by
different beam deflection

Jifi Matlak, Ivo Dlouhy
VUT Brno, Czech Republic, Matlak Jirka@gmail.com

The usage of the high-energetic source electron beam enables repeated surface quenching of
chosen areas of an engineering part surface. Different techniques of electron beam deflections allow
the creation of hardened layers of different shapes and above all thicknesses. Experiments were
carried out on material 42CrMo4 (1.7225) and one point, seven points, eleven points, line, field and
meander were tested deflection. Influence of process speed and defocusing of the electron beam
was studied Properties of layers were compared with induction hardened layers. The electron beam
surface quenching resulted in a very fine martensitic microstructure with the hardness over 700
HVO0.5. The thickness of the hardened layers depends on the type of deflection and depends directly
(except field deflection) on process speed. The maximum observed depth was 1.49 mm. Electron
beam defocusing affects the width of the hardened track and can cause extension of the trace up to
40%. The hardness values continuously decrease from the surface to the material volume.
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36 Vliv metody vedeni paprsku a procesnich
parametru pFi pretavovani litiny na
ledeburitickou strukturu pomoci elektronového
paprsku s naslednou tvorbou nitridovych vrstev
Influence of beam guidance technique and process
parameters during electron beam remelting of cast
iron on ledeburite morphology and the subsequent
formation of nitride layers

Anja Holst?, Anja Buchwalder?, Paul Hollmann?, Rolf Zenker b

°TU Bergakademie Freiberg, Institute of Materials Engineering, Gustav-Zeuner-Str.
5, D-09599 Freiberg, Germany, anja.holst@iwt.tu-freiberg.de

bZenker Consult, Johann-Sebastian-Bach Str. 12, D-09648 Mittweida, Germany,
contact@zenker-consult.de

Electron beam remelting (EBR) of cast irons is an established procedure for generating hard and
wear-resistant functional surfaces. Due to process-specific rapid cooling after the surface melting
of cast iron, solidification occurs according to the metastable system, and a ledeburitic surface-layer
microstructure is generated (eutectic carbide + austenite + pearlite). When a subsequent nitriding
process is added, carbide morphology and distribution have a decisive influence on the formation
of nitride layers.

In this analysis, investigations on the influence of different EB process parameters are presented and
discussed, such as beam current and acceleration voltage, as well as the effect of focus position on
the ledeburite morphology, the layer thickness and surface deformation after the EBR process. Cast
iron with globular graphite was used as the base material for the present investigations.

The classification of the ledeburite was carried out by examining polished metallographic cross-
sections for the determination of the EBR layer thickness, the layer hardness and the secondary
dendrite arm spacing. The latter factor also allowed conclusions to be reached regarding the rates
of cooling. Furthermore, the local distribution of C and Si in the microstructural constituents of
the ledeburitic surface layer was essential in understanding the diffusion processes and phase
transformations during the subsequent nitriding process. For this reason, EBR layers with defined
coarse and fine ledeburitic carbides were generated and characterized in detail using EDX surface
scans.

The influence of the local microstructure, the carbide morphology and the element distributions in
the EBR layer on the formation and properties of the nitride layers are discussed in light of initial
nitriding experiments. Based on these findings, further optimization of the surface layer is possible

with respect to the selection of parameters for both the EBR and nitriding processes.

Keywords: Electron beam, Remelting, Gas-nitriding, Duplex surface treatment, Nodular cast iron
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37 Pokrocila reSeni pro materialové analyzy v
praskové metalurgii

Advanced solutions for material analysis in powder
metallurgy

David Cernicky
Metalco Testing s.r.o., Czech Republic, david.cernicky@metalco.cz

V nasi prezentaci se podivame na inovativni a efektivni feSeni pro elementarni chemickou analyzu,
metalografickou pFipravu, mikrostrukturni analyzu a méFeni tvrdosti praskovych kovi. Caste¢né
se dotkneme oblasti vyroby aditiva, procesu vstfikovani prasku, analyzy velikosti tvaru a Castic, Ci
tepelné Upravy.

Kontrola kvality kovovych praskd pouzivanych pro praskové metalurgické procesy je dllezita pro
zajisténi kvality vysledného produktu. Typickym pFikladem je méfeni obsahu uhliku v oceli, protoze
to vyrazné ovliviuje tvrdost konec¢ného produktu.

PFi procesu slinovani mohou nezadouci chemické prvky, jako je kyslik ze vzduchu (koroze) nebo vodik
z vlhkosti (vodikova kfehkost), snizit kvalitu vyrobku tak a musi byt analyzovany také.

Kovové soucasti vyzaduji dikladné zkouSeni, zejména po procesu slinovani. Zde je tfeba pouZit
vysoce kvalitni metalografické pfistroje pro fezani, leSténi a leptani pro dokonalou pfipravu povrchu
vybrusu jako predpoklad spolehlivé mikrostrukturni analyzy.

Automatizovana FeSeni poskytuji pfipravu vzorkd, kterd je pohodIné a reprodukovatelnd. Provedené
testovani tvrdosti vyrabénych spékanych kovli se musi vyrovnat s pfirozenou poréznosti slinutych
kov(, aby byla zajisténa konzistentni kvalita kazdé mérené davky.

In our presentation, we will look on innovative and efficient solutions for Elemental Analysis, Metallographic
preparation, Microstructural Analysis and Hardness Testing of powder metals. We will partly touch also
area of additive manufacturing, powder injection moulding process, Particle Size and Shape Analysis, Heat
Treatment.

The quality control of the metal powders used for powder metallurgical processes is important to ensure
a high-quality end product. A typical example is measuring the carbon content in steel, e.g., as this
considerably influences the hardness of the final product.

During the sintering process, unwanted chemical elements like oxygen from air (corrosion) or hydrogen
from moisture (hydrogen embrittlement) may degrade the quality of the product so that these should be
analysed, too.

Metal parts require thorough testing, for instance after the sintering process. Here high-quality machines
for cutting, polishing and etching has to be used for a perfect surface preparation as prerequisite for
reliable microstructural analysis.

Automated solutions deliver sample preparation, which is convenient and reproducible. Performed

hardness testing of the manufactured metals has to cope with natural porosity of sintered metals to ensure
consistent quality of every batch measured.
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38 Pokrocilé metody metalografickej pripravy
vybrusov: Analyza mikrosStruktury fazovych
transformacii po tepelnom spracovani komercne
Cistého Ti

Advanced metallography techniques of sample
preparation: Microstructure analysis of phase
transformation after thermal treatment in
commercially pure Ti

Viera Gartnerova?, Karel Tesai®
aStruers GmbH, °FJFI CVUT Praha, Czech Republic, viera.gaertnerova@struers.de

Titdn a jeho zliatiny maju vzhladom k ich mechanickym vlastnostiam, nizkej hustote a vynikajucej
kor6znej odolnosti silné zastupenie v mnohych odvetviach (medicina, chemicky, petrochemicky a
transportny priemysel, kozmické aplikacie). Aj napriek vyhodam radime titan z hladiska spracovania
k mechanicky tazko obrabatelnym a nepoddajnym materialom. Problematicka obrobitelhost Ti
spbsobuje aj zlozitejSiu metalograficku pripravu vzoriek pre mikroskopické pozorovania.

V prispevku budd ukazané postupy mechanickej, mechanicko-chemickej a chemickej pripravy
komercne Cistého Ti (cp-Ti) s duplexnou Struktirou ziskanou réznym tepelnym spracovanim. Fazy
duplexnej Struktury cp-Ti sa liSia mechanickymi vlastnostami a zvySuju naroky na pripravu vzoriek
pre pozorovania pomocou svetelnej mikroskopie (LM), riadkovacej elektronovej mikroskopie
kombinovanej s detekciou spatne odrazenej elektrénovej difrakcie (SEM-EBSD) a transmisnej
elektrénovej mikroskopie (TEM).

Cielom prispevku je prezentovat moznosti komplexnej pripravy problematického materialiu a ukazat,
Ze vhodnou kombinaciou dostupnych technologii a skdsenosti je mozné dosiahnut pozadované
vysledky bez ohladu na vstupny material aj pre techniku SEM-EBSD.

Due to low specific density, excellent mechanical properties and corrosion resistance, Titanium is commonly
used in different applications such as medicine, chemistry, transport and aerospace industry. Despite
generally outstanding properties, Ti belong to difficult-to-work material, which also make metallography
very challenging task.

In this contribution, we intend to show mechanical, mechanical-chemical and chemical routes for successful
metallography of commercially pure (cp) Ti with duplex structure, which was obtained by appropriate
thermal treatment. The two phases in cp-Ti significantly differ in mechanical properties, which make
metallography very tricky and further emphasize sensitivity to the proper choice of processing conditions
for successful observation via light microscopy (LM), scanning electron microscopy (SEM) combined with
electron backscatter diffraction (EBSD) and transmission electron microscopy (TEM).

The aim of this presentation is to demonstrate that combination of advanced metallography techniques

and expertise in difficult-to-work material may result in required information even for techniques such as
SEM-EBSD.
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39 Technika LAM PLAN pro pripravu
metalografickych vzorku

LAM PLAN technology for preparation of
metallographic samples

Libor Keller, Roman Zapletal
TSI System s.r.o., Marianské nam. 1, 617 00 Brno, Czech Republic, info@tsisystem.
cz

Od roku 1962 plsobi LAM PLAN jako specializovany dodavatel lesticich technologii. V tomto oboru
je nositelem Fady vyznamnych patent. Na ty jsou navazany moderni prostfedky pro pfipravu
metalografickych vzorkd, zndmé pod obchodnimi ndzvy CAMEO DISK, TOUCHLAM, NEODIA a BIO
DIAMANT. PIného vyuziti jedinecnych vlastnosti téchto prostfedkl se dosahne na metalografickych
strojich LAM PLAN, které tak spole¢né zaruci dokonalé zpracovani metalografickych vzorkd. Délici
stroje CUTLAM, zalévacilisy PRESSLAM a brousici a leStici stroje SMARTLAM a MASTERLAM predstavuji
svymi inovativnimi vlastnostmi technologicky vrchol zafizeni pro metalografické laboratofe a
umoznuji komplexni pfipravu vzorkl pro vyhodnoceni strukturniho stavu materiald.

Since 1962 LAM PLAN acts as a specialized supplier of polishing technologies. In this field is the holder
of many important patents. They are linked to modern consumables for preparation of metallographic
samples, known under the trade names CAMEO DISK, TOUCHLAM, NEODIA and BIO DIAMANT. Full use of
the unique properties of these consumables will reach by using the metallographic machines LAM PLAN,
which together guarantee the perfect processing of metallographic samples. Cutting machines CUTLAM,
mounting presses PRESSLAM and grinding and polishing machines SMARTLAM and MASTERLAM represent
top technology equipment for metallographic laboratories and allow the complex preparation of samples
for evaluation of structural state of materials.
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40 Faktory ovlivnujici presnost méreni tvrdosti:
Celkem 44 faktoru rozdélenych do skupin,
vysvétleni jak minimalizovat jejich vliv

Factors influencing hardness-testing measurements: In
total 44 factors separated to groups, explanation how
avoid their influence

Martin Josifek
Struers GmbH, Czech Republic, Martin Josifek@struers.de

Existuje 44 faktor( ovliviujicich pfesnost méreni tvrdosti. Tyto faktory miZeme rozdélit do skupin
dle jejich plvodu na faktory vychazejici z vlivd:

* pfristroje

+ metodiky

* materialu

* operatora
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+ prostredi
Tyto vlivy se dale déli a maji své pficiny. V okamziku, kdy zndme pfiCinu ovliviiujici naSe méreni,
muzeme ji eliminovat. Cilem pfispévku je obeznamit posluchace se vsemi moZnymi faktory
ovliviujicimi méreni tvrdosti a ukazat, jak se timto vliviim vyhnout, nebo jak se s nimi vyporadat.

There are 44 factors, which govern precision of hardness measurement. It is possible to recognise main
influences of hardness testing factors and split them up into groups reflecting their source:

* influence of equipment

+ influence of methodology

* influence of Material

* influence of Operator

* influence of Environment
These main groups have various causes and can be further categorised. In case we know the cause, which
influence our measurement, we can eliminate it. The aim of this presentation is to show all the factors,
which influence hardness measurement and to show how to overcome those factors.
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41 Leco AMH55 automaticky systém meéreni
tvrdosti
LECO AMH55 Hardness Testing Systems

Jan Kuna
LECO Instrumente Plzen, spol. s r.0., Czech Republic

+ Automaticky systém méreni tvrdosti AMH55
* Leco pfistroje na pripravu metalografickych vzorkd

+ Automatic hardness testing systém AMH55
« Leco instruments for sample preparation

42 Priciny, které mohou ovlivnit Zivotnost forem
pro tlakové liti hliniku - mat. WN 1.2343

The causes which may affect life of casting moulds -
WN 1.2343

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

Zivotnost licich forem pro tlakové liti vyrobenych z materidlu WN 1.2343 byva nestabilni. Které

hliniku.

Life of casting moulds for pressure casting produced from material WN 1.2343 is unstable. Which aspects
can be and achieve higher life of casting moulds.
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43 Vysokoteplotni chovani nové slitiny Fe-Al-Si
vyrobené postupy praskové metalurgie
High-temperature behaviour of new Fe-Al-Si alloy
produced by powder metallurgy

Pavel Novak, KateFina Nova, Tomas Vanka, Filip Prasa

Department of Metals and Corrosion Engineering, University of Chemistry and
Technology Prague, Technicka 5, 166 28 Prague, Czech Republic, panovak@vscht.
z

Prace popisuje vlastnosti nové vyvinuté slitiny Fe-Al-Si pro vysokoteplotni aplikace. Jedna se o
material tvofeny intermetalickymi slouCeninami FeAl, FeSi a Al2FeSi, ktery byl pfipraven postupy
praskové metalurgie s vyuzitim mechanického legovani a slinovani moderni metodou ,spark plasma
sintering”. Byla popsana odolnost vici oxidaci pri teplotach 800 a 1000 °C a mechanické vlastnosti do
teploty 700 °C. Pfi oxidaci se slitina pokryva vrstvou oxidu hlinitého, ktery ji G4¢inné chrani pred dalsi
oxidaci. V pfipadé mechanickych vlastnosti dochazi k narlstu meze kluzu a meze pevnosti v intervalu
teplot 400 - 500 °C.

This work describes properties of newly developed Fe-Al-Si alloy for high-temperature applications. This
alloy is a material composed of FeAl, FeSi a Fe3AI2Si3 intermetallic compounds, which was prepared by
powder metallurgy using mechanical alloying and spark plasma sintering. The oxidation resistance at
the temperatures of 800 and 1000 °C was described, as well as the mechanical properties up to 700 °C.
During oxidation, the alloy covers by aluminium oxide layer, which protects it against further oxidation.
Concerning the mechanical properties, the yield strength and ultimate compressive strength increase in the
temperature interval of 400 - 500 °C.

44 Vysokoteplotni oxidace intermetalik na bazi
systému Ti-Al-Si

High-temperature oxidation of intermetallics based on
Ti-Al-Si system

Anna Knaislova?, Vendula SimGnkova?, Pavel Novak®

sDepartment of Metals and Corrosion Engineering, University of Chemistry and
Technology Prague, Technicka 5, 166 28 Prague, Czech Republic, knaisloa@vscht.
z

Slitiny Ti-Al-Si vynikaji svoji nizkou hustotou a dobrou odolnosti proti vysokoteplotni oxidaci ve
srovnani s dosud bézné pouzivanymi slitinami niklu. Pfidavek kfemiku ve slitinach Ti-Al-Si ma
vyrazné pozitivni efekt na vysokoteplotni oxidaci, jelikoz zlepSuje adhezi oxidové vrstvy. Cilem prace
je popis oxidacni odolnosti slitin Ti-Al-Si pfipravenych reaktivni sintraci s naslednou kompaktizaci
pomoci metody Spark Plasma Sintering a zhodnoceni tepelné stability slitin pfi teploté 1000 °C, ktera
pFesahuje dosud udavanou mezni teplotu pouZzitelnosti slitin systému Ti-Al.

Ti-Al-Si alloys excel with their low density and good resistance against high-temperature oxidation in
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comparison with so far commonly used nickel alloys. Silicon in Ti-Al-Si alloys has significant positive
effect on high-temperature oxidation due to increasing adhesion of oxide layer. The TiAl205i20 alloy was
evaluated as the best alloy from tested ones, because its oxide layer protected very well the basic material
and TiAI20Si20 achieved good hardness after 400 hours of annealing.

45 Rizené starnuti profilli z vytvrditelnych slitin
hliniku - provozni diagnostika

Controlled aging profiles age hardening - working
diagnostics

Bretislav Skrbek?
®TU v Liberci, Studentska 2, 461 17 Liberec, Czech Republic, Bretislav.skrbek@tul.
z

Princip vytvrzovani slitin Al; metoda vifivych proudl. Profily dodané po rozpoustécim Zihani.
Experiment - vyrobky a slitiny. Diagnostiky pFistroji NORTEC A SIGMATEST. Aplikac¢ni vyvoj kontrolnich
uloh Provozni kontrola.

Principle hardening cimpression - molded Al alloys; method Eddy current.Shapes delivered after
diossolvent anealing. Experiment - producte and alloys. Temperatur, time aging, hardenes and tensile
strenght. Apparatus NORTEC, SIGMATEST, aplication development control work. Functional verification.

46 Tepelné zpracovani 3D-tiSténé slitiny titanu
Thermal treatment of 3D-printed titanium alloy

Michaela Fousova?, Dalibor Vojtéch?
aUniversity of Chemistry and Technology Prague, Technicka 5, 166 28 Prague,
Czech Republic, fousovam@vscht.cz

In the metals processing, 3D printing is a relatively new technology. It brings many advantages into
production thanks to its additive principle, which it is based on. One of the intended applications of
3D printing is especially regenerative medicine and aerospace industry that require products of very
complex shapes. In these domains, titanium along with its alloys belongs among the most frequently
used materials. When printing Ti6Al4V alloy, a problem in the form of high internal stresses that
results from very high cooling rates during successive laser melting of initial powder material,
occurs. These stresses are followed with low material plasticity, possible cracking of built products,
deformations of thin parts and similarly. Therefore, after the 3D printing process itself, a thermal
treatment is applied to relief the stresses. The object of this contribution is to show the influence of
atmosphere in thermal treatment process on the quality of final parts. The results show that oxygen
absence is essential in terms of material plasticity.

3D tisk je v oblasti zpracovdni kovovych materidli relativné novou technologii. Prindsi do vyroby celou
fadu vyhod diky aditivnimu principu, na kterém je zaloZen. Jednémi z cilenych aplikaci 3D tisku jsou
zejména regenerativni medicina Ci letecky pramysl, které vyZaduji tvarové velmi sloZité vyrobky. V téchto
oblastech patfi mezi nejvyuZivanéjsi materidly zejména titan a jeho slitiny. Problémem pfi zpracovanim

55



slitiny Ti6Al4V 3D tiskem jsou vysokd pnuti vznikajici v materidlu joko disledek vysokych ochlazovacich
rychlosti, ke kterym béhem postupného laserového taveni vychoziho prdskového materidlu dochdzi. Tato
pnuti jsou doprovdzena nizkou plasticitou materidlu, moZnym praskdnim vyrobkd, deformacemi tenkych
Casti apod. Proto se aplikuje po samotném 3D tisku tepelné zpracovdni, které tato pnuti minimalizuje.
Predmétem tohoto prispévku je ukdzat viiv atmosféry tepelného zpracovdni na kvalitu findlnich vyrobku.
Vysledky ukazuji, Ze z hlediska plasticity materidlu je nezbytnosti uplnd absence kysliku.

47 Vliv tepelného zpracovani na bioaktivitu
nanostrukturovanych povrchi

Effect of the heat treatment on the bioactivity of
nanostructured surfaces

Vojtéch Hybasek', J. Fojt', Z. Kacenka’, E. Pruchova’, P. Jarolimova'
"University of Chemistry and technology Prague, Czech Republic, hybasekv@vscht.
z

Titan a titanové slitiny patfi v soucasné dobé k materidlim prvni volby v mnoha oblastech
implantologie. Je tomu tak diky jejich vysoké korozni odolnosti a biokompatibilité. Povrch téchto
materidll mdzZe byt bioaktivovan, tedy podroben operacim, které vedou k podpore osseointegrace.
Jednou z mozZnosti je tvorba nanostruktury kombinaci elektrochemickych a chemickych reakci.
Vznikla nanotubularni oxidickad struktura ma priznivy vliv na precipitaci hydroxyapatitu z télniho
prostfedi a na proliferaci kostnich bunék. Primarné ma takto vytvorena vrstva amorfni charakter,
ale pomoci tepelného zpracovani je mozné jeji pfevedeni na krystalické formy oxidu titani¢itého s
dalsim pozitivnim vlivem na bioaktivitu. V ramci pfispévku budou prezentovany vysledky zvySeni
bioaktivity materialu tvorbou nanotubularni struktury pfipravené na titanu a vyvojové beta slitiné Ti-
39Nb, a vliv nasledného tepelného zpracovani. Bioaktivita byla hodnocena in vitro expozi¢nimi testy
v simulované télni tekutiné. Hodnoticim kritériem byla Uroven precipitace sloucenin na bazi Ca-P.
Bylo zjisténo, Ze tepelné zpracovani ma znacny vliv na bioaktivitu povrchu.

Préce vznikla za podpory Grantové agentury Ceské republiky (projekt 16-14758S).

Titanium and its alloys are widely used materials in implantology due to their high corrosion resistance
and biocompatibility. The bioactivity and the osseointegration of these surfaces could be enhanced by
several processes. One of them is the formation of nanostructure by the combination of electrochemical
and chemical reactions. The nanotubular oxidic structure has positive influence on the precipitation
of hydroxyapatite from the body environment and on the cell proliferation. Directly created layer has
amorphous character, but it is possible to transform it to crystalline form. This could have another positive
influence on bioactivity. The influence of surfaces nanostructuring of commercially pure titanium and
experimental beta alloy Ti-39Nb and their subsequent heat treatment on bioactivity will be presented in
this work. This has been evaluated by Ca-P based compounds precipitation on the surface during the in
vitro exposure in simulated body fluid. It was found that heat treatment has considerable influence on
surface bioactivity.

The work was carried out as a part of the 16-14758S project, which is financially supported by Czech
Science Foundation.
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48 Pozadavky na systémy managementu kvality
IATF 16949:2016

Requirements for quality management systems update
technical specifications IATF 16949:2016

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

Aktualizace technické specifikace pfinesla soulad s ostatnimi systémy managementu a také nové
pozadavky na dodavatele specialnich procest do automobilového primyslu. Cilem prednasky je
najit cestu k porozuméni nové vydané aktualizace.

Requirements for quality management systems update technical specifications IATF 16949:2016 brought
consistency with other management systems and new requirements for special processes supplier to the
automotive industry. The lecture is to find a way to understanding new update.

Poster session

P1 Vliv parametru Q&P procesu na vlastnosti
42SiCr oceli

Effects of Q&P process parameters on properties of
42SiCr steel

KateFina Rube3ova?, Ivan Vorel?, Hanka Jirkova?, Stépan Jenicek?
2University of West Bohemia, RTI- Regional Technological Institute, Univerzitni 22,
CZ - 306 14 Pilsen, Czech Republic, krubesov@rti.zcu.cz

Pozadavek vysoké pevnosti a taznosti je problémem u soucasnych modernich oceli. Tento problém
Ize vyfesit vhodnym tepelnym zpracovanim, kterym lze ziskanim vhodné mikrostruktury dosahnout
meze pevnosti kolem 2000 MPa pfi taZznosti pres 10%. Jednim z téchto modernich zplsobU tepelného
zpracovani je Q-P proces (Quenching and Partitioning). Tento proces vyuziva kombinaci martenzitu
a zbytkového austenitu, ktery je dUleZitou fazi pro zvyseni taznosti oceli.

Experiment byl proveden na nizkolegované oceli s obsahem uhliku 0,43% a legované manganem,
kfemikem a chromem. Tepelné zpracovani bylo provedeno v peci bez ochranné atmosféry a kalenf
bylo uskutecnéno v solné lazni. Pro ziskani nejlepsi kombinace meze pevnosti a taznosti byly
odzkouseny teploty pferozdéleni 250°C a 300°C, kdy dochazi k difuzi uhliku z pfesyceného martenzitu
do zbytkového austenitu a popusténi zakalné struktury. Dale byl zjiStovan i vliv teploty zakaleni 200
a 150°C. Pro zjiSténi vlivu Q-P procesu na mechanické vlastnosti byl odzkouSen i rezim predstavujici
klasické kaleni a popousténi. Po optimalizaci parametr( zpracovani byly ziskany martenzitické
struktury s malym podilem bainitu a zbytkového austenitu. Meze pevnosti se pohybovaly v rozmezi
1930 - 2080 MPa a taznosti od 9 do 16%.
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The requirement for high strength and good ductility poses problems in today’s advanced steels. This
problem can be tackled by appropriate heat treatment which produces suitable microstructures. By this
means, ultimate strengths of about 2000 MPa and elongations of more than 10% can be obtained. One of
such advanced heat treatment techniques is the Q&P (Quenching and Partitioning) process. It produces a
mixture of martensite and retained austenite, where the latter is an important agent in raising the ductility
of steel.

In this experiment, a low-alloy steel with 0.41% carbon and manganese, silicon and chromium was
used. An air furnace and a salt bath were employed for heat treatment and quenching, respectively. In
order to obtain the best ultimate strength and elongation levels, partitioning temperatures of 250°C and
300°C were applied. Partitioning involves carbon diffusion from super-saturated martensite into retained
austenite, and tempering of hardening microstructure. Effects of the quenching temperatures of 200°C
and 150°C were studied as well. To map the impact of the Q&P process on mechanical properties, an
additional schedule with conventional quenching and tempering was carried out. Upon optimization of the
parameters, the process produced martensite with a small amount of bainite and retained austenite. The
ultimate strength was between 1930 and 2080 MPa and the elongation levels were from 9 to 16%.

P2 VyuzZiti metalografickych analyz pro
hodnoceni vyvoje mikrostruktury v riznych
prufezech vykovku chladnouciho volné na
vzduchu z dokovaci teploty

Metallographic observation for evaluating
microstructural evolution on various cross-sections
of forged Part upon air-cooling from finishing
temperature

St&pan Jenicek, Ivan Vorel, Josef Kania,
University of West Bohemia, RTI- Regional Technological Institute, Univerzitni 22,
CZ - 306 14 Pilsen, Czech Republic, jeniceks@rti.zcu.cz, frost@rti.zcu.cz

UZitné vlastnosti vykovkd, a to zejména ty mechanické, jsou jednim z prvoradych aspektd, jenZ jsou
sledovany zakazniky kovaren. Tyto vlastnosti vychazeji z vnitfni struktury, jejiz vyvoj zavisi zejména
na kombinaci parametrd deformacnich proces( pfi kovani, teplotniho profilu pfi chladnuti a dale
pak tvaru vykovku. Tvarové odlisné prarezy vykovkd vykazuji odlisny vyvoj mikrostruktury, ¢imz u
vykovkU vznika vyrazna nehomogenita mechanickych vlastnosti. V ¢lanku je feSena problematika
sledovani vyvoje mikrostruktury vybraného vykovku v zavislosti na prlibéhu ochlazovani jednotlivych
prirezl. ExperimentdIni program technologického zpracovani vykovku byl provaddén pomoci
pfistupu materialové-technologického modelovani. Vyvoj mikrostruktury byl determinovan na
zakladé analytickych metod svételné a elektronové mikroskopie. Vysledky analyz byly pouZity pro
nastin optimalizacnich krok( technologického zpracovani zkoumaného vykovku.

Keywords: materialové-technologické modelovani, C45, rychlost ochlazovani, mikrostruktura

Utility properties of forgings, particularly the mechanical ones, are among the primary aspects of interest
to the customers of forge shops. These properties arise from internal structure whose evolution depends
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predominantly on the combination of parameters of deformation processes applied during forging, on the
temperature profile during cooling and on the shape of the forged part. As microstructural evolution depends
on the shape of the particular cross section of the forged part, an appreciable inhomogeneity of mechanical
properties occurs in forgings. This article deals with observation of microstructural evolution in a chosen
forged part, depending on cooling profiles of its various cross sections. The experimental programme of
mechanical working and treatment of the forged part was based on the material-technological modelling
approach. Microstructural evolution was studied using light and electron microscopic methods. Results of
this analysis provided a basis for outlining optimization steps for mechanical working and treatment of
the forged part.

Keywords: material-technological modelling, C45, cooling rate, microstructure

P3 Experimentalni modelovani materialovych
vlastnosti a mikrostruktury novych UHS oceli
vyuzitelnych pro press-hardening
Experimental modelling of materials properties and
microstructure of new UHS steels usable for press-
hardening

Katefina Opatova?, Josef Kana?, Ilvan Vorel?, Hana Jirkova®
ABUNIVERSITY OF WEST BOHEMIA, RTI - Regional Technological Institute,
Univerzitni 8, CZ-306 14 Pilsen, Czech Republic, opatovak@rti.zcu.cz

Press hardening je vysoce dynamicky proces, ktery zahrnuje rapidni zmény teploty. Tyto
technologické aspekty vyrazné ovliviiuji vyvoj mikrostruktury a mechanickych vlastnosti. Pro vyvoj
termomechanickych procesd, véetné press hardeningu, je nutno disponovat co nejpresnéjsimi
materidlovymi modely, které pri pouziti FEM metod pro navrhy technologickych procest zabezpeci
co nejpresnéjsi vysledky. Z tohoto dlvodu je nutno ziskat experimentalni cestou odpovidajici
data o chovani materialu za podminek odpovidajicim realnému procesu. Proto byly zkoumané
nizkolegované oceli DOCOL 1800 Bor a DOCOL 2000 Bor podrobeny stejné teplotni expozici, jakou
prodélava material pfi ohfevu béhem press hardening, a to vCetné vyvezeni z pece a transportu
do nastroje. V experimentalni ¢asti byly navrzeny rezimy tepelného zpracovani, které odpovidaji
teplotnim profilim redlného procesu zpracovani. Tyto vysledky slouZily jako zaklad pro FEM simulace
procesu press-hardening. Zvolenym tepelnym zpracovanim bylo u nizkolegovanych oceli dosazeno
pevnosti pres 2000 MPa s taznosti kolem 9%.

Press hardening is a highly dynamic process which involves rapid temperature changes. These process
aspects play a major role in microstructural evolution and mechanical properties. In order to develop any
thermomechanical processing sequence, including press hardening, one needs materials models of the
best possible accuracy, if relevant results are to be obtained from FEM methods employed for designing
metalworking processes. Therefore, relevant data on materials behaviour under real process conditions
must be obtained experimentally. In one of such experiments, as described here, DOCOL 1800 Bor and
DOCOL 2000 Bor low-alloy steels were subjected to thermal exposure identical to the heating sequence
for press hardening, including the removal from the furnace and transfer to the tool. Heat treatment
sequences were proposed which correspond to the thermal profiles in the actual process. The results were
input into FE simulations of press hardening. In the low-alloy steels, the selected heat treatment sequence
led to strengths of more than 2000 MPa and elongation levels of approx. 9%.
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P4 Mikrostruktura a vliv popousténi oceli
Vanadis 6 zmrazované pri teploté -140 °C
Microstructure and tempering response of Vanadis 6
steel after sub-zero treatment at -140 °C

Jana Ptacinova, Juraj Durica, Peter Juréi, Henrich Suchanek
Institute of Materials Science, Faculty of Materials Science and Technology in
Trnava, Jana Bottu 25, 917 24 Trnava, Slovak Repubilic, jana.ptacinova@stuba.sk

Skimana bola mikroStruktura a tvrdost Cr-V ledeburitickej ocele urenej pre pracu za studena, ktora
bolazmrazovana po dobu 24 hodin priteplote -140 °C. Mikrostruktira bola charakterizovana vyuzitim
svetelnej mikroskopie a riadkovacej elektrénovej mikroskopie. Tvrdost bola merana pomocou
Vickersovej metddy. MikroStruktdra konvencne tepelne spracovanej ocele Vanadis 6 je tvorena
okrem martenzitickej matrice s nizkym obsahom zvySkového austenitu aj niekolko typov karbidov -
eutektické karbidy, sekundarne karbidy a malé globularne karbidy. MnoZstvo malych globularnych
karbidov aplikaciou zmrazovania stupa. Popustanie materialu zapricinuje pokles mnoZstva malych
globularnych karbidov so zvySujucou sa teplotou popustania. V intervale nizkoteplotného popustania
je tvrdost zmrazovanych vzoriek je vySSia v porovnani s konvencne tepelne spracovanym stavom. Na
rozdiel od toho, tvrdost zmrazovanych vzoriek klesa so zvySujlcou teplotou popustania vyraznejsie
ako konvencne tepelne spracovana ocel. Okrem toho zmrazovany stav ocele vykazuje stratu
schopnosti sekundarneho vytvrdzovania.

Microstructure and hardness of Cr-V ledeburitic cold work tool steel Vanadis 6 subjected to sub-zero
treatment with soaking time of 24 h, at a temperature of -140 °C have been examined. Microstructures
have been characterized using light microscopy and scanning electron microscopy. Hardness has been
evaluated by Vickers method. Typical heat treated microstructure of Vanadis 6 ledeburitic steels consists,
besides of the martensitic matrix with certain amount of retained austenite, of several types of carbides
- eutectic carbides, secondary carbides, and small globular carbides. The amount of small globular
carbides increases as a result of sub-zero treatment. Tempering of the material resulted in decrease in
population density of small globular carbides with increasing the tempering temperature. The hardness
of sub-zero treated material is higher than that of conventionally treated steel when tempered at low
temperature. In contrast, the hardness of sub-zero treated samples decreases more rapidly compared to
that of conventionally treated steel and, in addition, sub-zero treated material induces a loss the secondary
hardening peak.
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P5 Hodnoceni mikrostruktury nastrojové oceli
Vanadis 6 po kryogennim zpracovani pri -140 °C
bez popousténi

Microstructural evaluation of tool steel Vanadis 6 after
sub-zero treatment at -140°C without tempering

Juraj Durica?, Peter Juréi®, Jana Ptacinova?

aSlovak University of Technology, Faculty of Materials Science and Technology in
Trnava, Jana Bottu 2781/25, 917 24 Trnava, Slovak Republic, EU,
juraj.durica@stuba.sk

Skimana bola mikroStruktura, fazové zloZenie a tvrdost Cr-V ledeburitickej nastrojovej ocele
Vanadis 6 po kryogénnom spracovani pri -140 °C pri rOznych Casoch vydrze. MikroStruktury boli
charakterizované pouzitim svetelnej mikroskopie, skenovacej elektrénovej mikroskopie a rontgenovej
difrakcie. Metalurgické aspekty zahfriaju znizenie mnoZstva zvySkového austenitu a zvySujuceho sa
poctu karbidov v porovnani s konvencne tepelne spracovanym materialom. Matrica je martenziticka
s urcitym mnoZstvom zvySkového austenitu, bez ohladu na Cas vydrZze kryogénneho spracovania.
MnoZstvo zvySkového austenitu sa vyrazne zniZilo z 20,2 obj. % na minimalne 3,2 obj. % pri 48 h dobe
vydrze. MikroStruktira kryogénne spracovanej ocele obsahuje eutektické, sekundarne a zvyseny
pocet malych globularnych karbidov. PocCet malych globularnych karbidov pre konvencne tepelne
spracované vzorky bol priblizne 48 x 103 / mm2 a pre kryogénne spracované vzorky boli zvySené
viac ako Styrikrat s maximom 209 x 103 / mm2 pri 24 h vydrZzi. Tieto Castice maju velkost do 500
nm, ale vo vacsine pripadov okolo 100 nm. Tvrdost bola zvySena v porovnani s konvencne tepelne
spracovanymi vzorkami z 875 + 16 HV 10 na 954.6 + 14 HV 10 pre dobu vydrze 48 hodin.

The microstructure, phase constitution and hardness of Cr-V ledeburitic tool steel Vanadis 6 subjected to
sub-zero treatment at -140 °C and for different soaking times have been investigated. The microstructures
have been characterized using the light microscopy, scanning electron microscopy and X-ray diffraction.
The metallurgical aspects include the reduction of the retained austenite amount and increase in carbide
count, as compared to conventionally heat treated material. The matrix is martensitic with certain amount
of retained austenite, irrespectively to the time of sub-zero treatment. The amount of retained austenite
has been significantly decreased from 20.2 vol. % to minimum 3.2 vol. % at 48 h soaking time. The
microstructure of sub-zero treated steel contains eutectic, secondary and increased count of small globular
carbides. The count of small globular carbides for conventionally heat treated samples was around 48 x
103 / mm2 and for sub-zero treated samples was increased more than four times with maximum 209 x
103 / mm2 at 24 h soaking time. These particles have size of up 500 nm but 100 nm in most cases. The
hardness has been increased as compared to no sub-zero treated samples from 875 + 16 HV 10 up to
954.6 + 14 HV 10 at holding time 48 h.
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P6 Vliv zpusobu tepelného zpracovani na
popoustéci krivky vybrané nastrojové oceli pro
praci za studena

Influence of heat treatment parameters onto tempering
curve for selected cold working tool steel

Yana Kuksenko?, Jana Sobotova?, Martin KufFik?, Petra Priknerova®

8Czech Technical University in Prague, Faculty of Mechanical Engineering, Karlovo
nam. 13, 121 35 Prague 2, Czech Republic, e-mail: jana.sobotova@fs.cvut.cz
°PRIKNER - tepelné zpracovani kovy, s.r.o., U letisté 279, 549 73 Martinkovice,
Czech Republic, e-mail: p.priknerova@prikner.cz

Ocel X210Cr12 je dobfe znama a Casto pouzivana nastrojova ocel pro praci za studena. Ackoliv
jsou z odborné literatury znamy doporucené parametry tepelného zpracovani, nelze najit informace,
jak se méni pribéh popoustécich krivek v pripadé kaleni ve vakuovych pecich, pfipadné pfi pouziti
hlubokého zmrazovani zafazeného mezi kaleni a popousténi. Byly pozorovany dva stavy. Prvnim bylo
kaleni ve vakuu z teploty 1020 °C proudem dusiku a nasledné dvounasobné popousténi. V druhém
pfipadé bylo do tohoto cyklu tepelného zpracovani zafazeno zmrazovani pfi-196 °C po dobu 4 hodin.
Pro sledované stavy byly zjiStény popoustéci kfivky v oblasti popoustécich teplot 400-600 °C, kde Ize
predikovat vyskyt piku sekundarni tvrdosti. Ve vybranych stavech byla provedena metalograficka
analyza a méreni odolnosti proti opotfebeni metodou Pin od disk.

Steel X210Cr12 is a well-known and frequently used tool steel for cold work. Although the recommended
heat treatment parameters are known from the literature, it is not possible to find information on how
the temperature curves change in the case of hardening in vacuum ovens, or when using deep cryogenic
treatment between hardening and tempering. Two conditions have been observed. The first was vacuum
quenching at a temperature of 1020 ° C with a nitrogen flow followed by double tempering. In the latter
case, freezing at -196 ° C for 4 hours was included in this heat treatment cycle. Tempering curves were
observed in the monitored conditions in the temperature range of 400 to 600 ° C, where the occurrence
of the secondary hardness peak can be predicted. In selected states, metallographic analysis and wear
resistance measurements were performed using the Pin on disk methodology.
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P7 Priprava slitiny TiAl15Si15 pomoci
vysokotlakého slinovani v plazmatu

Preparation of TiAlI15Si15 alloy by high pressure spark
plasma sintering (HP SPS)

Anna Knaislova?, Pavel Novak?, Filip Prisa?, Stawomir Cygan®, Lucyna
Jaworska®

aDepartment of Metals and Corrosion Engineering, University of Chemistry and
Technology Prague, Technicka 5, 166 28 Prague, Czech Republic,
knaisloa@vscht.cz

°The Institute of Advanced Manufacturing Technology. Wroclawska 37A, 30-011
Krakow, Poland

This work deals with preparation of intermetallic alloy TiAl15Si15 (wt. %) by powder metallurgy using
Spark Plasma Sintering method. Ti-Al-Si alloys are known as materials with low density, relatively good
mechanical properties in comparison with their density and good oxidation and corrosion resistance
at elevated temperatures. Preparation of intermetallics by melting metallurgy is very problematic.
Powder metallurgy using reactive sintering followed by suitable compaction seems to be a promising
method. In this work, TiAl15Si15 alloy was prepared by reactive sintering, milling and by unique ultra-
high pressure Spark Plasma Sintering within the framework of international cooperation in Krakow.
For the comparison it was also prepared by conventional Spark Plasma Sintering. The results show
that higher pressure of sintering decreases the porosity of compact sample and increases mechanical
properties, especially hardness.

Mikrostruktura a tepelna stabilita Al-Fe-X slitin
Microstructure and thermal stability of Al-Fe-X alloys

Andrea Skolakova?, Petra Hanusova?, Filip PrGi3a?, Pavel Salvetr?,
Pavel Novak?

aUniversity of Chemistry and Technology, Prague, Department of Metals and
Corrosion Engineering, Technicka 4, 166 28 Prague 6, Czech Republic,
skolakoa@vscht.cz, Filip.Prusa@vscht.cz salvetrp@vscht.cz, panovak@vscht.cz

V této praci byly pfipraveny slitiny Al-11Fe, Al-7Fe-4Ni a Al-7Fe-4Cr (v hm. %) kombinaci odlévani
a extruzi za tepla. Mikrostruktura odlévanych slitin byla prevazné tvofena hlinikovou matrici, ve které
byly pfitomny velmi hrubé intermetalické faze jako napf. Al13Fe4, Al13Cr2 and AI5Cr. Nasledné byly
metodou rychlého tuhnuti odlévané slitiny pfevedeny na pasky. Pfi tomto procesu doslo k pfesyceni
tuhého roztoku. Poté byly pasky rozemlety a zkompaktizovany extruzi. Extruze ovlivnila vysledné
mikrostruktury rozdilné. U slitiny Al-11Fe dosSlo ke zhrubnuti struktury, zatimco u legovanych slitin
byla struktura jemnozrnna a ¢astice byly v matrici rovhomérné rozptylené. BEhem zkousSek tepelné
stability pFi 300 °C bylo zjiSténo, Zze chrom je nejvhodnéjSim prvkem pro zvySeni tepelné stability
téchto slitin.

In this work, Al-11Fe, Al-7Fe-4Ni and Al-7Fe-4Cr (in wt. %) alloys were prepared by combination of casting

and hot extrusion. Microstructures of as-cast alloys were composed of aluminium matrix with large
and coarse intermetallics such as Al13Fe4, Al13Cr2 and AI5Cr. Subsequently, as-cast alloys were rapidly
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solidified by melt-spinning technique which led to the supersaturation of solid solution alloying elements.
These rapidly solidified ribbons were milled and compacted by hot-extrusion method. Hot-extrusion caused
that microstructure of Al-11Fe alloy coarsen whereas microstructures of alloyed materials were fine with
uniform dispersed particles. Moreover, long-term thermal stability was tested at temperature 300 °C for
as-cast and hot-extruded alloys and chromium was found to be the most suitable element for alloying to
improve thermal stability.

Vlastnosti slitin s tvarovou pameéti Ni-Ti-(Fe, Co,
Al) pripravenych reaktivnim slinovanim
Properties of Ni-Ti-(Fe, Co, Al) shape memory alloys
prepared by self-propagating high-temperature
synthesis

Pavel Salvetr, Andrea Skolakova, Barbora Kasparova, Pavel Novak
University of Chemistry and Technology, Department of Metals and Corrosion
Engineering, Technicka 5, 166 28 Prague 6, Czech Republic, salvetrp@vscht.cz

Tvarova pamét, superelasticita a pseudoplasticita jsou vyjimecné vlastnosti slitin Ni-Ti, které jsou
fazeny mezi SMAs (z anglického Shape Memory Alloys - slitiny s tvarovou paméti). Nositelem téchto
vlastnosti je intermetalicka faze NiTi. Vedle této faze je vzdy pFfitomna jesté faze Ti2Ni, ktera je tvrda a
kiehka, diky cemuz je ve slitiné nezadouci. Cilem této prace bylo urcit vliv vybranych legujicich prvk({
(zeleza, kobaltu a hliniku) ve dvou rdiznych mnozstvich (1 hm. % a 3 hm. %) na mikrostrukturu, fazové
sloZeni, tvrdost a transformacni teploty slitiny Ni-Ti. Zkoumané vzorky byly pfipraveny postupem
reaktivniho slinovani pfi teploté 1100 °C. Legovanim vybranymi prvky nedochdazelo k podstatnému
sniZzeni mnoZstvi Ti2Ni faze, naopak legovani hlinikem jeji podil zvySovalo. VSechny tfi legujici prvky
vedly ke zvySeni tvrdosti slitiny Ni-Ti. Pfi diferencni termické analyze byly pozorovany fazové premény
pouze ve slitiné legované 1 hm. % hliniku.

Shape memory, superelasticity and pseudoplasticity are the exceptional properties of Ni-Ti alloys, which
are listed among SMAs (Shape Memory Alloys). The carrier of these properties is the intermetallic NiTi
phase. In addition to this phase, the Ti2Ni phase is always present, which is hard and brittle, and therefore
it is undesirable in the Ni-Ti alloys. The aim of this work was to determine the influence of selected alloying
elements (iron, cobalt and aluminium) in two different amounts (1 wt. % and 3 wt. %) on the microstructure,
phase composition and amount of the Ti2Ni phase, hardness and transformation temperature of Ni-Ti-X
alloy. The samples examined were prepared by self-propagating high-temperature synthesis at sintering
temperature of 1100 ° C. By altering the selected elements, the Ti2Ni phase was not reduced, on the contrary
aluminium increased its amount. The Ni-Ti alloys alloyed with these three alloying elements proved to be
harder. The phase transformations were observed only in the sample with 1 wt % of aluminium at heating
and cooling curves from differential scanning calorimetry.
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10 Uprava reZimu tepelného zpracovani oceli
1.4313 pro zlepSeni mechanickych viastnosti
dynamicky namahanych dila

Adjustment of the heat treatment of 1.4313 steel
for the improvement of mechanical treatment of
dynamically loaded parts

Sarka Je€minkova'2

1Ustav kovovych materiél( a korozniho inZzenyrstvi, University of Chemical
Technology in Prague, Czech Republic

2Howden CKD Compressors s.r.0., Czech Republic

Prispévek se zabyva optimalizaci reZimu tepelného zpracovani dodanych vykovk{ z oceli 1.4313 pro
dynamicky namahané dily, jako jsou svafence obéznych kol do turbokompresoru. Po provedeni
rezimu tepelného zpracovani z interni smérnice vychazejici z platnych norem a nasledného ovéreni
mechanickych vlastnosti dodaného materialu bylo zfejmé, Ze vrubova houzZevnatost je pro danou
aplikaci nedostacujici. Dlvodem nefunké&nosti standardné pouZivaného rezimu tepelného zpracovani
nekvalitni material od dodavatele z Ciny, vyznacujici se mirnymi odchylkami v chemickém sloZeni
oproti slozeni danému normou.

Diky vysoké pevnosti a mezi kluzu bylo mozné dosahnout Upravou rezimu tepelného zpracovani
pozadovaného zvySeni vrubové houzevnatosti. Souvisejici snizeni meze pevnosti a meze kluzu
vedlo ke stale akceptovatelnym parametrdm. Prace podrobné popisuje vztah mezi mechanickymi
vlastnostmi a podminkami tepelného zpracovani pro dany material.

This paper deals with the optimization of the heat treatment regime of supplied forgings made of 1.4313
steel for dynamically loaded parts, such as welded impellers for turbo-compressors. After heat treatment
defined by internal documentation and technical standards, the mechanical properties did not reach
required fracture toughness. The reason for the failure of the standard heat treatment procedure was the
low quality of the material supplied from China, which was characterized by minor variations in chemical
composition from the intervals defined by technical standard.

Due to high ultimate tensile strength and yield strength, the improvement of fracture toughness was
feasible by variation of the heat treatment procedure. The corresponding decrease in the ultimate tensile
strength and yield strength led to still acceptable values. The work describes the relationship between the
heat treatment conditions and properties of the given material in details.
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Stand 1

SECO/WARWICK Europe Sp. z o.0.
www.secowarwick.com

SECO/WARWICK is a technological leader in innovative heat processing solutions.
Expertise includes end-to-end solutions in 5 categories: vacuum heat treatment,
atmosphere and aluminum thermal processing, controlled atmosphere brazing of
aluminum heat exchangers and vacuum metallurgy. SECO/WARWICK Group has
11 companies located on three continents with customers in nearly 70 countries.
The company provides standard or customized state-of-the-art heat processing
equipment and technologies to leading companies in the following industries:
automotive, aerospace, electronics, tooling, medical, recycling, energy including
nuclear, wind, oil, gas, and solar and production of steel, titanium and aluminum.

SECO/WARWICK: Invention Meets Reliability.

Stand 2

AIR PRODUCTS spol. s r.o.
www.airproducts.cz

Air Products (NYSE:APD) is a world-leading Industrial Gases company in operation
for over 75 years.

Stand 3
Tenova (SCHMETZ + B.M.I. + IVA)

www.schmetz.de

Horizontal high temperature vacuum chamber furnaces
Vertical high temperature vacuum furnaces
Vertical high temperature vacuum pit type furnaces

www.bmi-fours.com

High temperature vacuum furnaces
Low pressure thermochemical heat treatment
Low temperature vacuum furnaces

www.iva-online.com

InnoVA 4.0

Horizontal retort furnaces
Pit type furnaces

Sealed quench furnaces
Box-type furnaces

Rotary hearth furnaces

Stand 4
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 heat treatment of
steel.
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Stand 5

ECM Technologies
www.ecm-furnaces.com

We started heat-treating furnaces in 1928. Since that time, ECM Technologies’
personnel has always been totally committed to extending its knowledge in the
fields of temperature control, high pressure, vacuum and material behaviour.

We want to be where technological challenges of the future take place... because
our expertise can benefit all industrial thermal applications with high added value

Stand 6

PVA Industrial Vacuum Systems GmbH
www.plateg.de

“The PVA Industrial Vacuum Systems GmbH company is a worldwide leading
manufacturer of vacuum and high pressure heat treatment systems, as well as
plasma systems for different industrial applications. Our equipment for Diffusion
Bonding, Brazing, Tempering, Hardening, PlaTeG-PulsPlasma®Nitriding, Sintering,
Melting is manufactured in Wettenberg/Germany following the German quality
standards and international rules of ISO 9001 certification.”

Stand 7

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.

Stand 8

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

We offer a wide range of equipment and accessories for heat treatment of metals.
This is mostly the production of refractory baskets and jigs. We also supply
hardening foils, protective coatings; cementation, nitriding and boride powders,
and protective aids.

TAVENGINEERING

Moravské dratovny Libina

7=STANGE
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INDUKTIONSANLAGEN
~

Group

AFC-Holcroft | AICHELIN | BOSIO
EMA Indutec | NOXMAT | SAFED

Stand 9

TAVENGINEERING S.p.A.
www.tav-engineering.com

Since 1999 TAVEngineering is fully dedicated to provide technical assistance and
spare parts for the maintenance, renewal and repair of vacuum furnaces of any
type and brand. Routine maintenances and emergency services are performed on
site in the shortest possible time. TAVEngineering is a solid and reliable partner
which can count on a motivated and highly qualified staff of engineers and
technicians.

Stand 10

MDL s.r.o.

www.mdl.cz
The MDL company can offer you optimum wire cloth designed, welded mesh,
precrimped wire mesh and pressed mesh, filters, curouts and moldings, wire

baskets, fence parts, architecture, furniture, stitching wire, wires, insect mesh and
mesh fencing.

Stand 11

STANGE Electronik GmbH

www.stange-elektronik.com
The company was established in 1976. For more than three decades, we develop
and manufacture innovative products in the automation and process technology.

The product range has evolved from simple digital setpoint generators to today's
sophisticated regulation and control systems.

Stand 12

ITG Inductionsanlagen GmbH
www.itg-induktion.de

ITG Induktionsanlagen is one of the leading manufacturers of induction heating

systems. Our core competence lies in specifically converting individual customer
requirements into marketable solutions for induction heat treatment.

Stand 13

Aichelin GmbH
www.aichelin.com

AICHELIN Group is leading supplier of plants for thermal and thermochemical
treatment of metals.
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Stand 14

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

CODINA is a family business based in Barcelona area, Established more than one
century ago. CODINA manufactures Woven wire cloths, filters and conveyor belts
for all kind of processes and machinery applications.

Our commitment to the most modern technology and customer service, is always
our main motivation to maintain CODINA in a privileged position within the
European and even world-wide markets, exporting to more than fifty countries.

CODINA metal mesh belts are produced in several constructions and materials for
applications in a wide variety of fields.

For Heat treatment, our conveyor belts can work at temperatures up to 1200°C,
using metallic materials with high temperatures resistance as: AISI 314 (25/20 Ni /
Cr), AISI 330 (37/18 Ni/ Cr), 80 / 20, Inconel, etc ...

CODINA manufactures customized belts according to the needs for each Process
and each customer.

The Technical Department of CODINA will gladly attend any kind of request from
you.

Stand 15

Struers GmbH

www.struers.com

Today, 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 16
KATRING PLUS s.r.o.
www.katringplus.cz

More than 15 years in the heat treatment of metals by method carbo-nitro-
oxidation - technology ARCOR V

Carbo-nitriding in ionic liquid (salt bath carbo-nitriding)
The partner of the group TECHNIQUES SURFACE HOLDING (HEF Groupe)

Policy of quality ISO/TS 16949:2009

L Xemepszium

schick

GASE + TECHNIK + KALTE

1&] /system

Stand 17
ROTANEO s.r.o0. + KOMPOZITUM s.r.o.

www.rotaneo.sk

The company is a general supplier of spare parts for vacuum furnace hotzones. Our
portfolio includes graphite elements, graphite insulations, CFC parts, molybdenum
and ceramic parts. Besides serving the customers in heat treatment industry,
comprehensive production program of ROTANEO Ltd. includes also production of
technical ceramics, special silicium-carbide products and spare parts production for
mechanical seals.

www.kompozitum.sk

KOMPOZITUM Ltd. is a leading manufacturer of carbon and graphite products
including their impregnations by various mediums like resins and metals. By
manufacturing graphite parts - KOMPOZITUM focuses on all segments of heat-
treatment industry. As an exclusive graphite supplier to ROTANEO Ltd., we provide
our sister company with an advantage to cover competitively all the demands for
.graphite assembled heating chambers “.

Stand 18

Metalco Testing
www.metalco.cz

Company Metalco Testing s.r.o. is a direct representation on the Czech and

Slovak markets of major European manufacturers of scientific equipment: ATM

- metallographic instruments, ELTRA - chemical analysis instruments, EXAKT -
producer of precision band saws and grinders, dhs - solutions for image analysis.
With 15 years of experience in field of material testing and thanks to these brands,
the company Metalco Testing guarantees to their customers the highest quality

of application support, reliable testing solutions, accuracy and reproducibility of
results, quality and reliability of testing equipment with truth meaning of ,Made in
Germany”.
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Schick GmbH + Co. KG
www.schickgruppe.de

Schick Gruppe - For more than 90 years your competent partner in the field of
ammonia and ammonia supply systems. We offer innovative, safe and modern
solutions, tailored to your requirements from A such as ammonia to Z as
accessories.

Stand 20

TSI System s.r.o.

www.tsisystem.cz
- Non-contact temperature measurement
- Industrial diagnostics

- Material testing technique
- Non-destructive testing
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Ing. Ludmila Ludwigova Zwick Roell CZ

@~ = www.vakuove-pece.cz 2w kIR I www.zwick.cz
Our company was founded in 2004. The company's core business is the installation WIC oe Zwick Roell is the world's leading supplier of materials testing machines. Our
and repair of vacuum furnaces. During our existence, we have achieved materials testing machines are used worldwide in R&D and quality assurance in
thereputation of a reliable partner in the area of heattreatment with scope more than 20 industries.

throughout the Czech Republic.
For more than 160 years, Zwick Roell has stood for reliable test results, excellent
service, and quality and reliability in materials and components testing.

Stand 22
FOERSTER TECOM, s.r.0. stand 27
www.foerstergroup.cz REALISTIC a.s
Non-destructive Testing, Metal Detection, Magnetics - FOERSTER stands for . fe www.realistic.cz
FOERSTER highest quality standards. No ifs, ands or buts. For precision and performance. RBH_ZLS«[LE
For commitment and dependability. For the best and technologically most — Today the company is an important worldwide manufacturer of high-end industrial
advanced range of products. Our highest goal is the satisfaction of our customers - electric and gas furnaces.
worldwide.
The portfolio of its products are devices for the technology:

* heat treatment and chemical heat treatment of metals
Stand 23 + firing porcelain and ceramics

+ preheating before the forging and post processing
KNTL, a.s. + melting of nonferrous metals

* drying or special warmings.

IKNTL www.kntl.cz ying or sp g
KNTL a.s. is the official representative of KANTHAL® in Czech Republic and Slovak
Republic. Stand 28
KANTHAL® is a world-leading brand in the area of heating technology. Kanthal JUMO MéFeni a regulace S.r.o
® products are used in a variety of applications, primarily for generation, . e
KANTHAL measurement and control of heat. WWW.Jumo.cz
Part of Sandvik Group
JUMO is one of the leading manufacturers in the field of industrial sensor and

Stand 24 automation technology. Our innovative product range includes the entire

measuring chain from sensors to automation solutions for temperature, pressure,
liquid analysis, flow rate, filling level and humidity.

Linde Gas a.s.
JUMO always aims to provide our customers with the optimal solution for process

5. : n WWW'IInde'gaS'CZ reliability, energy efficiency and cost optimization.
The Linde Group is a world leading supplier of industrial, process and speciality

gases and is one of the most profitable engineering companies. Linde products and
services can be found in nearly every industry, in more than 100 countries.

Stand 25

LECO Instrumente Plzen, spol. s r.o.

— v WWW.cz.Ieco-europe.com
— .

a

Since 1936, customers around the world have trusted LECO to provide analytical
solutions for a variety of applications and markets. LECO is a leader in innovative
analytical instrumentation, mass spectrometers, metallography and optical
equipment, and consumables.
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€COSOND

SLUZBY V TEPELNEM ZPRACOVAN
HEAT TREATMENT SERVICES |

Regulaéni a mérici technika
Measurement and control engineering

Kalibracni laboratofr
Calibration laboratory

Pecni zafFizeni
Heat treatment furnaces

Kalici média a ochranné natéry
Quenchants and protective coatings

Ostatni sluzby
Other services

Jako specializovana firma zabyvajici se
sluZzbami v tepelném zpracovani, bychom
Vam radi predstavili nasledujici spektrum
vyrobk( a sluzeb urcenych pro kalirny

a ostatni provozy tepelného zpracovani.

As a professional company providing
services in the area of heat treatment, we
would like to introduce the following range
of products and services specially designed
for hardening workshops and other heat
treatment production plants.

www.ecosond.cz

Registered office: Place of business: y Tel.: (+420) 317 777 772-5
Krizova 1018, 150 00 Praha 5 K Vodarné 531, 257 22 Cercany E-mail: ecosond@ecosond.cz




