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PRIPRAVA A ANALYZA POVLAKOV NITRIDOV CHROMU NA
NASTROJOVEJ OCELI LEDEBURITICKEHO TYPU

SYNTHESIS AND ANALYSIS OF CHROMIUM NITRIDE FILMS
ON LEDEBURITIC TOOL STEEL

Miroslav Béger, Peter Jurdi, Peter Grga¢, Svatopluk Meciar, Martin Kusy
Faculty of Materials and Technology of the STU, Trnava, Paulinska 16, 917 24 Trnava, Slovak
Republic, p.jurci@seznam.cz

Chromium nitride coatings were deposited by reactive magnetron sputtering onto substrates made from Cr-
ledeburitic steel 1.2379. The microstructure, the phase constitution and the mechanical properties of CrN-
coatings were investigated. It has been found that the deposition at given combination of parameters gave
dense, fine grained coatings, having columnar structure. The microstructure of the films was modified due to
changed negative substrate bias and/or reactive gas composition, but, there is not doubtless tendency of the
structural development available. The coatings were formed from Cr,N when low N,:Ar ratio has been used
while they contained CrN at higher nitrogen input into the processing chamber. The Young modulus of the
coatings was influenced only slightly by the deposition conditions. On the other hand, the hardness of the
CrN was, rather surprisingly, higher than that of the Cr,N.
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TRIBOLOGICKE VLASTNOSTI TENKYCH FILMU CrAgN

TRIBOLOGICAL PROPERTIES OF CrAgN THIN FILMS

Peter Jurdi
Department of Materials, Faculty of Materials and Technology of the STU, Trnava, Paulinska 16,
917 24 Trnava, Slovak Republic, p.jurci@seznam.cz

CrN and CrAgN thin films were magnetron sputtered onto the substrate made from Vanadis 6 cold work tool
steel. The films were examined on tribological properties using a high temperature Pin-on-disc tribometer.
Obtained results show that there is almost no effect of Ag addition on the friction coefficient when tested at a
room temperature against alumina. The testing against the same counterpart at higher temperature gave
positive effect of the silver addition on the u. The testing against 100Cr6 ball bearing steel gave higher
friction coefficient than that against alumina while the testing against CuSn6-bronze led to much lower
p. When tested at a room temperature, the wear performance of the films was positively affected only in the
case of the CrAg3N film developed at 500 °C. On the other hand, addition of 3 wt% Ag into the CrN
increased the wear performance at elevated temperatures while the addition of 15 wt% Ag has made the film
too soft and sensitive to wear.

Keywords: Vanadis 6 cold work steel, PVD, chromium nitride, silver addition, tribological investigations
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CHARAKTER ZMENY PODPOVRCHOVE VRSTVY
AUSTENITICKE OCELI PO TiN POVLAKOVANI

CHANGES OF SUBSURFACE LAYER OF AUSTENITIC STEEL
AFTER TiN COATING

Stanislav Krum
Department of Materials, Faculty of Materials and Technology of the STU, Trnava, Paulinska 16,
917 24 Trnava, Slovak Republic, p.jurci@seznam.cz

Prace se zabyva studiem mikrostruktury povrchové a podpovrchové vrstvy CrNi oceli po naneseni TiN
povlaku, ktera byla vystavena vysokym pracovnim teplotam a zatizeni. Jedna se o soucasti pro sklaisky
pramysl, které jsou v pfimém kontaktu s roztavenou sklovinou o teploté pohybujici se kolem 900 °C. Po
dlouhodobém provozu za vysokych teplot zstava povlak TiN neménny, ale velké nebezpeci lezi v tvorbe
oxidické vrstvy vznikajici mezi povlakem a zakladnim materidlem. Tato vrstva ma porézni charakter, tudiz
pii vétsim mechanickém zatizeni povlaku muize dochazet k jeho prolomeni. Iniciatorem poruseni
povlakovanych aktivnich ploch bude pfipadny vyskyt karbidu ¢i jinych intermediarnich fazi zptsobujicich
nerovnost jak povrchu, tak i samotného povlaku. Oxidicka vrstva a jeji vznik byla zkouména metalograficky
a pomoci fadkovaci elektronové mikroskopie. Mechanické vlastnosti byly hodnoceny zkouskou tvrdosti a
zkouskou razem v ohybu.

The paper aims to describe the microstructure of surface and subsurface layer of TiN coated CrNi steel,
which was subjected to high working temperatures and loads. The samples are components used during glass
manufacture, which are in direct contact with the molten glass of temperature around 900 °C. After
prolonged operation times at high temperature TiN coating stays undamaged, but the great risk lies within
the formation of oxide layer formed between the coating and the base material. This layer has a porous
character therefore higher mechanical loads can cause the failure of the coating. Failure initiation of the
coated active surfaces will be caused by possible presence of carbides or other intermediary phases causing
roughness of both the surface and the coating. Oxide layer and its formation were examined
metallographically and using scanning electron microscopy. Mechanical properties were evaluated by
hardness test and impact test.
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MULTIFUNKCNI KlIc TEST PRO STANOVENI ROZDILNYCH
VLASTNOSTI NASTROJOVE A RYCHLOREZNE OCELI

MULTI-FUNCTIONAL Klc-TEST SPECIMEN FOR ASSESSMENT
OF DIFFERENT TOOL AND HIGH-SPEED STEEL PROPERTIES

Vojteh LeskovSek, Bojan Podgornik
Institute of Metals and Technology, Lepi pot 11, 1000 Ljubljana, Slovenia.

Depending on the differences in the balanced alloy composition and steel processing technology, properties
of tool and high-speed steel, like temper resistance, hot yield strength, ductility and toughness, thermal
fatigue and shock resistance, as well as wear resistance can differ considerably among the same type of steel.
High hot-yield strength, a high temper resistance and a good ductility tend to result in a high resistance to
thermal fatigue, while resistance to mechanical and thermal shocks depends on the ductility and toughness.
However, properties of tool and high-speed steels depend also on the final vacuum-heat-treatment process.
Normally, hardness and fracture toughness are used to determine the influence of vacuum-heat-treatment
parameters and to optimize it for the specific operating conditions of the tool. However, there are also other
tool properties which are equally important and need to be taken into consideration. To determine such a
wide range of properties different test procedures and different test specimens are required since none of the
standard tests alone is capable of providing relevant properties completely. Currently the best overall
appraisal of tool and high-speed steel applicability seems to be a combination of fracture toughness, bending
or compression testing and in specific cases of impact or small-punch creep test. The aim of the paper is to
show the possibility of using a single Klc-test specimen for determination of such a wide range of properties
being important for tool and high-speed steels. Beside that usability of Klc-test specimen for assessment of
technological properties such as nitridability, machinability, wear resistance etc. was confirmed.

Key words: Tool steel, vacuum heat treatment, characterization, fracture toughness
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NEDESTRUKTIVNI MERENI POVRCHOVE TVRDOSTI A
HLOUBKY CEMENTACE PODLE SKODA AUTO A.S.

NON-DESTRUCTIVE MEASUREMENT OF SURFACE
HARDNESS AND CASE-HARDENING DEPTH BY SKODA AUTO
AS.

Martin RuZovi&®, Michal RuZovit®, Petr Stastny®, Josef Podkovi&ak®,

David Holda®

23R Technics Slovakia s.r.o., Meéikova 54, 841 07 Bratislava, SK, mar@3r-technics.com

b3R Technics Slovakia s.r.0., Mecikova 54, 841 07 Bratislava, SK, mir@3r-technics.com

°SKODA AUTO a.s., T#. Vdclava Klementa 869, 29360 Mladd Boleslav, CZ,
petr.stastny@skoda-auto.cz

ISKODA AUTO a.s., T# Vdclava Klementa 869, 29360 Mladd Boleslav, CZ,
josef.podkovicak@skoda-auto.cz

*FOERSTER TECOM, s.r.0., U Tvrze 13/30, 108 00 Praha 10, CZ, foerster@foerster.cz

Toto meranie bolo realizované pomocou 3R AMI systému od firmy 3R Technics na baze metoédy virivych
pradov vybudovanom na hardvére Magnatest D od firmy Forster a bolo integrované do rovnacky u firmy
Skoda Auto a.s. Paralélne bolo resp. je mozné merat’ povrchova tvrdost’ a hibku cementéacie pripadne aj
dalSie parametre kvality. Vzhladom na to, Ze sa jedna o nedeStrukéni metodu, je tymto sposobom
zabezpecena 100%-4 kontrola kvatity tepelného spracovania hriadelov do prevodoviek, ¢o klasickymi
metddami nie je mozné. Rovnakym alebo podobnym spdsobom je mozné kontrolovat’ samozrejme aj iné
suciastky. Pretoze ¢as potrebny na rovnanie niekol'’konasobne prevysuje ¢as potrebny na kontrolu tepelného
spracovania (ca. 0.6s pripadne aj menej), je mozné toto meranie vykonat' aj viackrat v jednom cykle
rovnania. Opakované meranie zvySuje dodatocne, tak ako u vSetkych merani, spolahlivost’ a stabilitu
merania. DalSou vyhodou nedestrukénej metddy je uspora materialu a nakladov s tym spojenych na skasané
vzorky / stciastky, ktoré su zni¢ené pri konvenénych skuskach.

3R AMI systém resp. 3R TQC umoziiuje okrem kontroly tepel'ného spracovania, kontrolovat’ aj iné
mechnické vlastnosti kontrolovanej suciastky s vysokou presnostou, citlivostou a spolahlivostou. Toto
zabezpecuje multifrekvenéné meranie a z toho vyplyvajlice viacparametrické nelinearne vyhodnocovanie. Na
to st pouZzivané specialne na tento ucel vyvinuté viacparametrické nelinedrne matematické modely, ktoré st
srdcom tohoto systému. Suciastky moézu byt rdoznych tvarov a kontrola modze byt tak staticka, ako aj
dynamicka. Tento systém je mozné integrovat’ do linky, alebo priamo do zariadenia, a tym kontrolovat’
vyrobny proces a vyrobné zariadenie, a tym zabezpecit' preventivnu udrzbu, ktora je zdrojom znaénych
uspor.

This measurement was realized with the help of 3R AMI system from 3R Technics company. This system is
based on eddy-current method built in a Magnatest D hardware from Forster company and it was integrated
into the straightener at Skoda Auto a.s., company. It is/was possible to measure in a parallel way surface
hardness and case-hardening depth, as well as other quality parameters. Given the fact that this is a non-
destructive method, 100% quality control of gear shaft heat processing is secured which is not possible with
traditional methods. Of course, in the same or similar way it is possible to control other components as well.
Time required for straightening is several times bigger that time needed for heat processing hardening
control (about 0.6s or less), thereby this measurement can be performed several times in one straightening
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cycle. As with any other measurement, repeated measurements, subsequently, increase the reliability and
measurement stability. Another advantage of such non-destructive method is material saving and cost
savings associated with components/ samples testing destroyed by conventional tests.

3R AMI system or 3R TQC enable not only heat treatment testing but also testing of mechanical properties
of tested component with high accuracy, sensitivity and reliability. All of this is ensured by multi-frequency
measurement and multi-parametric nonlinear evaluation related to that. Specially for this purpose developed
multi-parametric nonlinear mathematical models, the core of this system, are used. Components can be of
different shape and control can be as well as static as dynamic. You can integrate this system into the line, or
directly to the device so you can control manufacturing process and manufacturing equipment. Thereby
preventive maintenance, source of significant cost savings, is ensured.

Notes:
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VAKUOVE TEPELNE SPRACOVANIE OCELE PRE TVARNENIE
ZA STUDENA V PRUDE DUSIKA

VACUUM HEAT TREATMENT OF STEEL FOR COLD
WORKING IN NITROGEN GAS-STREAM

Rudolf Kvaétan ) )
MINCOVNA KREMNICA S.P., Stefanikovo namestie 25/24, 697 01 Kremnica, Slovenska republika,
rudolf.kastan@gmail.com

V prispevku je rozobratd problematika vakuového tepelného spracovania pri pretlaku do 6 barov s
chladiacim médiom vzduchom. Ocele pre pracu za studena: kaliteI'nej na vzduchu (W.-Nr.: 1.2721) ako aj
ocele kalitelnej v oleji (W.-Nr.: 1.2550) vhodnej na vyrobu naradia pre razbu minci. Odsledovanie naradia
Vo vyrobnom procese.

In the paper there is analysed the problems of vacuum heat treatment with pressure under 6 barrs with air
cooling medium. Steel for cold processing: air-hardening steel (W.-Nr.: 1.2721) and also oil-hardening steel
(W.-Nr.: 1.2550) which is appropriate to make instruments of coining. Monitoring of instruments in
production process.
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ZPRACOVANI LEDEBURITICKE NASTROJOVE OCELI P/M
VANADIS 6 METODU SUB-ZERO

SUB-ZERO TREATMENT OF P/M VANADIS 6 LEDEBURITIC
TOOL STEEL

Peter Jurti', Jana Sobotova® Petra Salabova®, Otakar Prikner®, Borivoj Suitarsic’,
Darja Jenko*

YFaculty of Material Sciences and Technology in Trnava, Paulinskd 16, 917 24 Trnava, Slovakia
2Czech Technical University in Prague, Faculty of Mechanical Engineering, Karlovo nam. 13,

121 35 Prague 2, Czech Republic

3Prikner - tepelné zpracovani kovii, Martinkovice 279, 550 01, Czech Republic

*Institute of Metals and Technology, Lepi pot 11, 1000 Ljubljana, Slovenia

The Cr-V ledeburitic steel Vanadis 6 was vacuum austenitized, nitrogen gas quenched and double tempered
at various combinations of regimes. For selected samples, a sub-zero period was inserted between quenching
and tempering. The obtained results infer that: 1) as-quenched microstructure consisted of martensite,
retained austenite and undissolved carbides, Il) sub-zero processing reduced the amount of the retained
austenite and increased the tetragonality of the martensitic lattice, 111) as-quenched hardness of the steel was
higher by 2 — 3 HRC due to sub-zero processing, IV) as-tempered hardness increased with increasing
austenitizing temperature but it decreased slightly with the sub-zero period, V) no negative impact of sub-
zero processing on toughness was recorded, V1) wear resistance increased with sub-zero period when 100Cr6
steel has been used as a counterpart.
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OPTIMALNI TECHNOLOGIE TEPELNEHO ZPRACOVANI PRO
CEMENTACI DIiLU PRO VETRNOU ENERGETIKU

OPTIMAL HEAT TREATMENT TECHNOLOGY FOR CASE
HARDENING OF WIND INDUSTRY COMPONENTS

M.PrzygonskKi
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MAGNETICKA DIAGNOSTIKA ODUHLICENI SOUBORU OCELI

MAGNETIC DIAGNOSTICS OF DECARBURIZATION OF SET
OF STEELS

Bretislav Skrbek, Martin Petera
Technical university of Liberec, Studentska 2, 461 17 Liberec 1, bretislav.skrbek@tul.cz

Tato prace se zabyvd méfenim a hodnocenim oduhli¢enych vrstev na souboru rtznych tfid oceli. Pro
nedestruktivni testovani je zde vyuzita metoda magnetické skvrny a metoda hmotnostnich zmén pfti expozici
v oduhli¢ujicim prostiedi. Testovany soubor tvoii tycky 4x4x100mm

Kli¢ova slova: Ocel, oduhli¢eni, nedestruktivni zkouSeni materialu

This paper is focused on measurement and evaluating of decarburized layers of set of different grades of
steel. There is used non-destructive testing by magnetic spot method and also evaluating of relation between
decarburization and weight changes by heat processing. Testing set consists from bars of square section

4x4mm and length 100mm.

Key words: Steels, decarburization, non-destructive testing.
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VLIV MIKROSTRUKTURY NA ROZLOZENI LOMOVE
HOUZEVNATOSTI

EFFECT OF MICROSTRUCTURE ON FRACTURE TOUGHNESS
SCATTER

Bojan Podgornik, Vojteh Leskovsek
Institute of Metals and Technology, Lepi pot 11, SI-1000 Ljubljana, Slovenia

Dies and tools used in hot metal forming (extrusion, forging, rolling, etc.) are exposed to elevated
temperatures and high contact pressures, and therefore to wear and mechanical and thermal fatigue. Fracture
toughness is thus one of the main material properties used when selecting and optimizing heat treatment of
tools and dies. However, fracture toughness data alone is not sufficient and need to be supported by other
material properties and features. The aim of the present research work was to correlate fracture toughness
properties of hot work tool steel, especially its scatter to the local microstructure, microhardness and
composition and to establish methodology for proper evaluation of tool steel’s fracture toughness. Research
was performed on non-standard, circumferentially notched and fatigue-precracked tensile-test specimens
from H11 type hot work tool steel, with fatigue precrack formed under rotating-bending loading before the
final heat treatment. Specimens heat treated under the same conditions but displaying greatly different
fracture toughness were further examined in terms of fractured surface microscopy, microstructure, and
distribution of alloying elements and microhardness over the fractured surface. Paper presents method for
successive examination of fractured surface, which allows variations in fracture toughness to be correlated to
the local changes in microstructure. Results show that presence of any weak point, either in a form of non-
metallic inclusions, large undissolved eutectic carbide clusters and bands, or their combination, especially if
located in the region of positive segregation and close to the fatigue crack tip will lead to considerable
reduction in fracture toughness.

Keywords: hot work tool steel, fracture toughness, microstructure, microhardness
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VPLYV PODMIENOK INTERKRITICKEHO ZIHANIA NA
MOZNOST PREDIKCIE TAHOVYCH VLASTNOSTI OCELI Z
NAMERANYCH HODNOT TVRDOSTI

THE INFLUENCE OF CONDITIONS OF

INTERCRITICAL ANNEALING ON ABILITY TO PREDICT
TENSILE PROPERTIES OF STEELS FROM MEASURED
VALUES OF HARDNESS

Gejza Rosenberg?, Iveta Sinaiova®, Martin Gasko?, Cubo$ Juhar®

AUstav materidlového vyskumu, SAV Kosice, Watsonova 47, 043 53 Kosice, Slovensko,
grosenberg@imr.saske.sk

® U.S. Steel Kosice, s. r. 0., Utvar GM pre vyskum a vyvoj, Vstupny areal U. S. Steel Kosice, 044
54 Kosice, Slovensko, LJuhar@sk.uss.com

Hlavnym cielom prispevku bolo posudit moznosti aplikacie korelacného vztahu medzi tvrdostou a
pevnostou ocelovych plechov s feriticko-martenzitickou Struktirou s objemovym podielom martenzitu
Vv rozsahu 19 az 88 % (korelacia zahriovala priblizne 250 udajov typu Rm-HV5). V prispevku je diskutovana
moznost’ predikcie medze pevnosti a inavovej odolnosti oceli vystavenych réznym rezimom interkritického
zihania na zaklade nameranych hodndt tvrdosti.

Main goal of the article was to determine the possibility to apply correlation relation between hardness and
strength of steels sheets with ferrite-martensite structure with volume fractions of martensite ranging 19-88%
(the correlation includes ca. 250 data, type Rm-HV5). In the article, possibility to predict ultimate tensile
strength and fatigue resistance of steels exposed to different regimes of intercritical annealing is discussed by
measured values of hardness.
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MECHANICKE VLASTNOSTI POVRCHOVYCH A
PODPOVRCHOVYCH VRSTIEV OCELOVYCH PLECHOV

MECHANICAL PROPERTIES OF SURFACE AND SUBSURFACE
LAYERS OF STEEL SHEETS

Gejza Rosenberg?, Iveta Sinaiova®, Martin Gasko?, Cubo$ Juhar®

AUstav materidlového vyskumu, SAV Kosice, Watsonova 47, 043 53 Kosice, Slovensko,
grosenberg@imr.saske.sk

® U.S. Steel Kosice, s. r. 0., Utvar GM pre vyskum a vyvoj, Vstupny areal U. S. Steel Kosice, 044
54 Kosice, Slovensko, LJuhar@sk.uss.com

V prispevku su uvedené vysledky analyzy Strukturnej heterogenity po hribke ocelového plechu po
aplikovani réznych rezimov interkritického kalenia. Cielom experimentov bolo stanovit zavislost’
mechanickych vlastnosti na stave mikrostruktary v podpovrchovej a v stredovej oblasti plechu (pévodna
hrabka 9 mm). Za tym G¢elom boli z tychto oblasti vyfrézované a obrusené skuSobné vzorky s hribkou 1,5
23,0 mm, ktoré boli nasledne podrobené skuskam vrubovej huzevnatosti a skiSkam odolnosti voci
cyklickym zat'azeniam.

In the article, there are stated results of analysis of structural heterogeneity along the thickness of steel sheet
after application of different regimes of intercritical annealing. The goal of the experiments was to determine
the dependence of mechanical properties on the state of microstructure in the subsurface and middle area of
steel plate (initial thickness 9mm). Therefore, samples with thickness 1,5 and 3,0mm were milled and
grinded from these areas and subsequently tested by tests of impact toughness and tests of resistance against
cyclic loading.
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ZRYCHLENE OCHLAZOVANiI VELKYCH PRUMERU C-Mn
OCELI VE VODE, KALENI NEBO NORMALIZACE?

ACCELARATED COOLING OF LARGE DIAMETER C-Mn
STEELS IN WATER, QUENCHING OR NORMALIZING?

Josef Barta®, Radek Sztefek”

AWITKOVICE HEAVY MACHINERY a.s., Ruské  2887/101, 706 02  Ostrava,
josef.barta@vitkovice.cz

by$B — TU OSTRAVA, 17 listopadu 15, 708 33 Ostrava, radek.sztefek.st@vsb.cz

Pro dosazeni pozadovanych vlastnosti u velkych primér z C-Mn oceli je nutné zajistit rychlost ochlazovani,
kterda umozni ziskani jemnozrnné feriticko-perlitické struktury. Pti zrychleném ochlazovani velkych priméra
ve vodé je dosahovano stejné struktury jako pfi ochlazovani menSich pramért na vzduchu. Podle znamych
definic pojmt z tepelného zpracovani se v prvém piipad¢ jedna o kaleni a v druhém ptipadé o normalizaci.
Pfejimaci spoleCnosti vyzaduji striktni dodrzovani téchto definic, coz v pfipadé normalizace velkych
praméru je v rozporu s pozadavky na normované nebo i zvySené hodnoty mechanickych vlastnosti tohoto
typt oceli.

To achieve the required properties for large diameters of C-Mn steels it is necessary to provide cooling rate
which enables obtaining of fine-grain ferrite-pearlite structure. With accelerated cooling of large diameters in
water there is possible to achieve the same structure as with cooling of smaller diameters by air. According
to the known definitions of heat treatment terms the first case means quenching, the second one normalizing.
Classification societies ask for strict observance of these definitions, which in case of large diameters
normalization is in conflict with requirements for standardized or even increased values of mechanical
properties of these steel types.
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VLIV RYCHLOSTI OCH’LAZOVAI,\Ii NA RAZOVOU PEVNOST
NASTROJOVYCH OCELI PRO PRACI ZA TEPLA PRI TEPLOTE
OKOLI A PRI 200 °C

INFLUENCE OF COOLING RATE DURING QUENCHING ON
IMPACT TOUGHNESS OF A HOT-WORK TOOL STEEL AT
AMBIENT TEMPERATURE AND AT 200 °C

Henrik Jesperson®
4Uddeholms AB, SE-683 85 Hagfors, Sweden, henrik.jesperson@uddeholm.se

Gross cracking of die-casting dies with inferior toughness sometimes occurs through too low preheating
temperature and/or too slow cooling during quenching. This study aimed to clarify the influence of cooling
rate on the toughness of the hot-work tool steel grade Uddeholm Vidar Superior at ambient temperature and
at 200 °C, a typical preheating temperature for aluminium die-casting dies. Toughness was measured through
instrumented Charpy V-notch impact testing.

The decrease in energy absorption with increasing cooling time between 800°C and 500°C both at both
ambient temperature and 200 °C was pronounced. At ambient temperature, the decrease in total energy was a
consequence of a decrease in initiation energy whereas, at 200 °C, the decrease in total energy was due to a
decrease in propagation energy. The present investigation does not explain the decrease in toughness with
increasing cooling time between 800 °C and 500 °C. This can only be revealed by studying the
metallographic structure by light microscope, scanning electron microscope, and transmission electron
microscope.
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PROBLEMATIKA DEFORMACi’ RQZMF:RNYCH OZUBENYCH
KOL PO TEPELNEM ZPRACOVANI

QUESTIONS OF GEAR WHEEL DEFORMATION AFTER HEAT
TREATMENT

Pavel Stolar )
ECOSOND s.r.0., K Vodarne 531, 257 22 Cercany, Czech Republic, stolar@ecosond.cz

Zmény rozméru a tvaru jsou jednim ze zasadnich problémi pfi vyrobé a tepelném zpracovani ozubenych kol
i jinych soucasti a vyzaduji neustalou pozornost pti navrhu technologie vyroby. O deformaci ozubenych kol
je v soucasnosti k dispozici cela fada publikaci popisujici vlivy jednotlivych krokii vyroby od hutni produkce
az po zavéreéné obrabéci operace. Clanek si klade za cil podat struény piehled vlivii jednotlivych krokli na
vysledné zmény tvaru a rozméru kol, uvést vybrané ptiklady a upozornit na moznosti a metody jejich
minimalizace.

Shape and size changes are one of the essential problems in production of gear wheels and require constant
attention when designing the production technology. Currently, there is an number of publications on the
distortion of gear wheels describing the influence of individual production steps starting with the
metallurgical production and ending with the final machining operations. The aim of the paper is to provide a
brief summary of influences of the individual steps on the resulting shape and size changes of the wheels and
draw attention to the possibilities and methods of their minimizing.
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VLIV ROZDILNOSTI KVALITY OCELI 18CrNiMo 7-6 NA
DEFORMACE PO CEMENTOVANI

VARIATION IN 18CrNiMo 7-6 STEEL QUALITY AND ITS
IMPACT ON DISTORTION IN CARBURIZING

Antonin K¥i7®, Luka$ Fiedler®

4University of West Bohemia, Faculty of Mechanical Engineering, Univerzitni 22, Plzeii 30614,
Czech Republic, kriz@kmm.zcu.cz

bUniversity of West Bohemia, Faculty of Mechanical Engineering, Univerzitni 22, Plzen 30614,
Czech Republic, fiedlerl@kmm.zcu.cz

Tento ¢lanek pojednava o kvalité ocelil 8CrNiMo7-6 v souvislosti s dodavateli. Tato pozornost je vénovana
v souvislosti s deformaci po tepelném zpracovani. 18CrNiMo7-6 ocel se pouziva pro vysoce namahanych
cementovanych strojnich soucasti, zejména ozubenych kol a hiideli. Kvalita oceli vyrazné zavisi na
dodavateli - vyrobci. Ac¢koliv pro vSechny dodavatele plati stejné dodaci podminky, byly zjistény vyrazné
rozdily v metalografické kvalité . Pro minimalizaci deformaci je zapotiebi zajistit homogenni strukturu s
jemnou zrnitosti a vysokou Cistotou. Ve clanku je uveden zplsob a vysledky z hodnoceni metalurgické
kvality, v ramci které byla posuzovana mikrostruktura, velikost zrna, tvrdost, Cistota a rozlozeni feritu a
perlitu.

This article is concerned with manufacturer-related variation in the quality of 18CrNiMo7-6 steel and with
its impact on distortion in heat treated parts. The 18CrNiMo7-6 steel grade is used for making heavy duty
carburized machine components, particularly for gears and shafts. The metallurgical quality of steel greatly
depends on the manufacturer. Despite identical specifications, a single steel producer can supply steel of
varying quality, which certainly affects the material’s distortion upon heat treatment. For minimizing such
distortion, homogeneous microstructure, fine grain size and high purity are important. Metallurgical quality
of steel samples ordered with identical specifications was evaluated with respect to their microstructure,
grain size, hardness, inclusion content and distribution of ferrite and pearlite areas.
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VYUZITI NUMERICKEHO MODELOVANI PRI OPTIMALIZACI
OHREVU OZUBENEHO KOLA S DURAZEM NA DEFORMACI

OPTIMIZATION OF HEATING OF GEAR WHEEL USING
NUMERICAL MODELING

Soiia BeneSova®, Antonin K¥iz’

&University of West Bohemia, Faculty of Mechanical Engineering, Univerzitni 22, Plzeii 30614,
Czech Republic, shenesov@kmm.zcu.cz

bUniversity of West Bohemia, Faculty of Mechanical Engineering, Univerzitni 22, Plzen 30614,
Czech Republic, kriz@kmm.zcu.cz

Pfi tepelném zpracovani a cementaci ozubenych kol pro pievodovky vétrnych elektraren je nutné
minimalizovat plastickou deformaci. Numerické simulace v softwaru DEFORM byly zaméfeny na sledovani
vlivu podlozky, na niz spociva ozubené kolo béhem zpracovani, za predpokladu homogenniho ohfevu v peci.
Bylo zjisténo, ze z diivodu tvaru a objemu podlozky dochazi k rychlejsimu ohievu podlozky, ktera se
predevsim v prvni fazi ohfevu zasouva pod kolo a nasledné zabranuje jeho volnému roztahovani, coz vede az
ke vzniku plastické¢ deformace. Na zdkladé téchto poznatkli byly navrzeny nové zptuisoby ohievu s cilem
minimalizovat tento jev, takze plastickd deformace ozubeného kola by méla byt snizena k zanedbatelnym
hodnotam. Ptispévek predklada ukazku praktického vyuziti numerickych simulaci v softwaru Deform.

Kli¢ova slova: chemicko-tepelné zpracovani, ozubené kolo, simulaéni vypodty

Successful heat treating and carburizing of gear wheels for wind turbine gear boxes requires that plastic
deformation in the wheel is minimized. Numerical modeling using the DEFORM software was aimed at
exploring the effects of the base, on which the gear wheel rests during heating, on the heating process.
Homogeneous heating was assumed. It was found that the base heats up more quickly than the workpiece. It
is the consequence of the base's shape and volume. As a result, the base expands and slides against the
wheel, predominantly at the first heating stage. Later on, it prevents the gear wheel from expanding, causing
plastic deformation in the wheel. The findings were used for designing new heating schedules to minimize
these undesirable interactions and to reduce the plastic deformation to a negligible magnitude. In addition,
this paper presents an example of a practical use of numerical modeling in the DEFORM software.

Keywords: heat treatment, gear, simulation calculations
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QTSteel - PROGRAM PRO_POCITACOVOU SIMULACI
PROCESU KALENI A POPOUSTENI OCELI

QTSteel — SOFTWARE FOR COMPUTER SIMULATION OF
HEAT TREATMENT RESPONSE OF CARBON AND ALLOY
STEELS

Pavel Sime&ek®, Ron Scott”
8ITA Ltd., Martinska 6,709 00 Ostrava, Czech Republic, pavel.simecek@ita-tech.cz
PMETALTECH Ltd., Consett, DH8 9HU, United Kingdom, rs@metaltech.co.uk

Piispévek seznamuje s funkcionalitou nové verze programu QTSteel 3.2, jejiz vyvoj byl ukonéen v zafi
2012. Nova verze programu ma fadu vylepSeni a to jak v oblasti vypoctd ochlazovacich kiivek, tak i
Vv oblasti metalurgie. Teplotni 2D MKP modul byl rozsifen o nesymetrické ochlazovani valct a prstenct, pii
ochlazovani vnitini stény trubek mtize byt teplota vzduchu zavisla na aktualni teploté vnitiniho povrchu. Pfi
ochlazovani téles v lazni Ize do vypoctu zahrnout i ohfev ochlazovaciho média. Nové je k dispozici i vypocet
teplotni bilance, tedy ¢asové zavislosti tepelného vykonu a tepelné energie ochlazovaciho procesu. V oblasti
legované chromem, niklem a molybdenem. V ramci vyvoje nové verze prob&hlo ladéni modultl pro vypocet
tvrdosti po kaleni a mechanickych vlastnosti po popousténi, kdy byly predikované hodnoty porovnavany
S namétenymi, které byly ziskany jak z realnych provozil, tak i z dostupné literatury. Vysledky téchto
srovnavacich analyz jsou rovnéz soucasti piispévku.

This paper introduces the functionality of a new version of the software QTSteel 3.2, the development of
which was completed in October 2012. The new version has many improvements both in the computation of
cooling curves as well as in the field of metallurgy. The 2D FEM temperature module has been extended to
non-symmetrical cooling of cylinders and rings. The temperature of the air during cooling of the inner side
of the tube can be dependent on the actual temperature of the inner surface. When a part is cooled in a
guenchant the temperature calculation can take into account the temperature of the cooling media. A new
feature available in the software is the thermal balance calculation, which ensures the time dependence of
heating power and energy during the cooling process. The metallurgical modules for predicting CCT
diagrams were tuned in order to be more representative of industrial heat treatment procedures especially for
chromium, nickel and molybdenum alloyed steels. Within the development of the new version, modules for
calculating as quenched hardness and for the prediction of as tempered mechanical properties were also
tuned. Predicted values have been compared with measured data, both from process measurements and
available literature. The results of some of this comparative work have been presented in the paper.
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POUZITI KOVANYCH ZARUVZDORNYCH SLITIN NA
APLIKACE TEPELNEHO ZPRACOVANI

THE USE OF WROUGHT HEAT RESISTING ALLOYS IN HEAT
TREATMENT APPLICATIONS

Bryan Peters
Rolled Alloys Ltd., Walker Industrial Park, BB1 2 QE Guide Blackburn, Lancashire, England,
bpeters@rolledalloys.co.uk

Spolecnost Rolled Alloys, svétova jednicka v dodavkach nerezovych oceli a specialnich slitin, s vice nez 50
lety zkuSenosti s prostfedim vysokych teplot, zavedla v roce 1953 slitinu RA 330. RA 330 je stéZejni slitinou
pro prumysl tepelného zpracovani jako vysledek svého vysokého vykonu - vysoké odolnosti vici oxidaci a
karburaci, metalurgické stabilit€¢ a pevnosti za tepla a odolnosti proti zménam teploty.

Po celé roky spolecnost Rolled Alloys dodava desky, plechy, tyCe, potrubi a tvarovky, svafovaci spotifebni
material a ufiznuté dily pro vyrobu dili, mufli, vypalovaci pece, retorty, upinaci piipravky, ventilatory,
tyCové kose, zatiCe, kalici zafizeni, solné nadoby atd. RA 330 se ve velké mife pouziva v aplikacich, kde se
vyzaduje vysoka odolnost proti zménam teploty, jako jsou napt. kose, v dilech vysokych peci, jako jsou napf.
fetézy, koliky fement a ve vyménnych licich panvich, zafi¢ich atd. Nase obsahla schopnost zpracovani nam
umoznuje nabizet k tomuto zpracovani pfidanou hodnotu, jako napf. precizni laserové fezani, stiihani, fezani
vodnim paprskem, fezani pilou, fezani a zpracovani plazmou.

Nase skupina odbornikd, sestavena z 11 technikidl se zaméfenim na metalurgii, korozi a aplikace, poskytuje
nasim slitinam podporu v riiznych aplikacich na celém svété. Nase metalurgické laboratofe umisténé ve VB
a USA nam pomahaji poskytovat naSim zdkazniklm lepsi sluzby v technickych zalezitostech, vybéru
materialu, koroznich zkouskach, zkoumani a analyze vad. Radi Vas uvitime na naSich webovych strankach
http://www.rolledalloys.com

Rolled Alloys, a global supplier of stainless steels and specialty alloys, with over 50 years’ experience in the
high temperature environment introduced RA 330 in 1953. RA 330 has been the workhorse alloy for the heat
treat industry as a result of its super performance- high oxidation resistance, carburization resistance,
metallurgical stability, and hot strength and thermal fatigue resistance.

Over the years, Rolled Alloys has supplied plate, sheet, bar, pipe and fittings, welding consumables and cut
pieces for the fabrication of parts, muffles, calciners, retorts, jigs, fans, bar baskets, radiant tubes, quenching,
salt pots, etc. RA 330 has been widely used in high thermal fatigue applications like baskets, in furnace parts
as chains, belt pins and in replacing castings trays, radiant tubes, etc. Our extensive processing capability
positions us to be able to offer value added processing such as precision laser cutting, shearing, Waterjet,
sawing, plasma cuttings and gauer processing.

Our technical expertise, consisting of 11 metallurgical, corrosion and application engineers support our
alloys into diverse applications all over the world. Our metallurgical laboratories located in the UK and the
USA helps us to serve our customers better in technical matters; material selection, corrosion testing, failure
investigation and analysis. Kindly visit us at http://www.rolledalloys.com
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MICRONESS: Pg‘fJVODNi CESKY N’AS’TROJ PRO
AUTOMATICKE VYHODNOCOVANI MERENI
MIKROTVRDOSTI

MICRONESS: ORIGINAL CZECH TOOL FOR
MICROHARDNESS MEASUREMENT PROCESSING

Ing. Jan Siroky

Energocentrum Plus s.r.o., Technicka 1902/2, 166 27 Praha 6

Tel. +420 224 352 322, fax +420 233 330 425, email public@energocentrum.cz
Ing. Libor Keller, CSc.

TSI System s.r.o., Marianské nam. 1, 617 00 Brno

Tel. +420 545 129 462, fax +420 545 129 467, email info@tsisystem.cz

Meg¢ieni mikrotvrdosti patii k zakladnim metodam vyhodnocovani vlastnosti kovovych konstrukénich
materiald. Optické vyhodnocovani vtiskil podle Vickerse nebo Knoopa je vzdy zatizené chybami, které maji
puvod v individudlnim posouzeni vtisku operatorem. Pokrok v oblasti automatického zpracovani obrazu,
dosazeny v poslednich letech, umoznil automatizaci vyhodnoceni provedenych zkouSek. Automatické
vyhodnoceni je vsak ztizeno vadami v obrazu vtisku. Vyhodou nového plivodniho algoritmu je jeho odolnost
proti poskozeni obrazu vtisku. Popsany algoritmus je implementovan v nové verzi programu pro
vyhodnocovani tvrdosti Microness, ktery nachazi Siroké uplatnéni v primyslové praxi. Umoziiuje nejen
spolehlivé automatické vyhodnoceni vtiskt, ale i jejich dokumentaci a archivaci. Program Microness, véetné
algoritmu automatického rozpoznéavani vtisku, je pivodni cesky produkt.

Microhardness testing ranks among basic material properties evaluation methods applied to structural metal
materials. Optical evaluation of indentations by Vickers or Knoop test method is always affected by errors
originating in individual assessment of indentation by the operator. Test results can be evaluated
automatically thanks to the recent development in the field of image processing. However, automated
evaluation may be affected by defects in the indentation image. The advantage of the new original algorithm
is its stability towards damage to indentation image. The described algorithm is implemented in a new
version of hardness evaluation software named Microness which offers a wide industrial application
potential. It provides reliable automated indentation evaluations as well as their documenting and archiving.
The Microness software, incl. automated indentation recognition algorithm is an original Czech product.
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VYROBA PRIPRAVKU PRO TEPELNE ZPRACOVANI
V PODMINKACH NOVYCH TECHNOLOGII

PRODUCTION OF HEAT TREATMENT FIXTURES UNDER
CONDITIONS OF THE NEW TECHNOLOGIES

Ing. Stanislav Palka
AFE CRONITE CZ, Skrobdrenskd 484/8, 617 00

Tepelné zpracovani je nedilnou soucdsti mnoha odvétvi strojirenstvi. PredevS§im pak automobilového
pramyslu. Ten dlouhodobé klade diraz na vyuziti nejmoderngjSich pracovnich postupli a zafizeni
V soucinnosti s pozadavkem na co nejlepsi efektivitu procesu. Zavedeni procest jako naptiklad nizkotlaké
nauhlicovani (LPC) vyustilo k mnoha zménam v dosavadni praxi konstrukce piipravkd pro tepelné
zpracovani (TZ). Prvni zménou je masivni nahrazovani béznych austenitickych oceli niklovymi
superslitinami. Dale doslo ke zménam v konstrukci ptipravki predevsim s diirazem na co nejvétsi snizeni
jejich hmotnosti coz vede hlavné k vyssimu vyuziti pece. Uzka spoluprace konstrukéniho a vyvojového
oddéleni se v minulosti ukazala jako klicova pro Gspéch v tomto inovativnim prostredi.

Heat treatment is inseparable part of many industrial branches. Especially automotive which emphasis on
using the newest work procedures and devices parallel with requirement to the best possible process
effectiveness. Set up of processes like low pressure carburization led to many changes in previous design of
the heat treatment fixtures. The first change is the replacement of common austenitic steels by nickel based
superalloys. Also design of the fixtures was changed with a view to lowest possible weight leading to much
better effectiveness of the furnace. Close cooperation of design and research department was in past the key
of success in such innovative field.
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NOVE MERICI A KONTROLNI TECHNIKY PRO ODHAD
VYSLEDKU FERITICKE KARBONITRIDACE

NEW MEASUREMENT AND CONTROL TECHNIQUES FOR
PREDICTABLE RESULTS IN FERRITIC NITROCARBURIZING

Jens Baumann
Process Electronic GmbH, Heiningen Germany

Control of compound layer in the ferritic nitrocarburizing process has traditionally been accomplished by
fixed flow of process gasses. Inherent difficulty of measuring the process by extractive sampling or the lack
of in-situ sensor technology has eliminated the possibility of closed loop control, as well as documentation of
the process that would aid in compliance to specifications such as CQI-9, and SAE AMS 2759/12. This
presentation paper will explore a modern approach that will improve compound layer control as well as
provide accurate process documentation.
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ENERGETICKA UCINNOST SYSTEMU CENTRALNIHO
ZASOBOVANI ENDOPLYNEM S RIZENYM PRUTOKEM

ENERGY EFFICIENT CENTRAL ENDOTHERMIC GAS SUPPLY
SYSTEM WITH FLOW MANAGEMENT CONTROLS

Helmut Eqger
IVA Industrial Furnaces GmbH, Zum Lonnenhohl 23, 44319 Dortmund, Germany
HEgger@iva-online.com

Conventional endothermic gas supply systems for a variety of processes ( e. g. gaseous carburizing &
carbonitriding, neutral hardening, nitrocarburizing) and industrial furnaces are still independently operated,
manually adjusted and do not have flow control management.

As a result, produced flow quantities frequently exceed combined flow requirements of the various heat
treatment furnaces with the excess flow quantity produced being burned off.

The system introduced and promoted by IVA now is characterized by:
e Energy efficient heating systems, available electrically heated or gas heated via recuperated
burners
e Automated flow control management with interface to furnace process controls
Quantity produced exactly matches the summary of flow rates, required by all connected heat
treatment furnaces with NO excess capacity, burned off.
Instantaneous reaction to changed flow requirements
New concept with post cracking reaction outside catalyst tube, resulting into sootless operation
Automatic turn down ratio in between 20 — 100% of nominal capacity
e Best available cost efficiency
Very competitive to nitrogen-methanol based atmosphere
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PLASMOVA NITRIDACE VYSOKOLEGOVANYCH OCELI

PLASMA NITRIDING OF HIGH-ALLOY STEELS

JiFi Stanislav

Bodycote HT s.r.0., Tanvaldska 345, Liberec 30, Ceska republika, jiri.stanislav@bodycote.com
Vladimir Prochazka

Bodycote HT s.r.o., Tanvaldska 345, Liberec 30, Ceskad republika,
vladimir.prochazka@bodycote.com

Petr Brejsa

Bodycote HT s.r.0., Krizova 1018, Praha 5, Ceskd republika,

petr.brejsa@bodycote.com

Plasmova nitridace je v mnoha ptipadech jedna z mala cest jak zvySit odolnost povrchu proti opotiebeni u
oceli s vysokym legovanim. Jedn4 se jak o oceli pro praci za tepla, rychlofezné oceli, jedna se ale pfedevSim
o celou skupinu nerezovych oceli s obsahem chromu nad 12%, kdy kromé pozadavku na zvySeni tvrdosti
povrchu je soucasné kladen pozadavek na zajiSténi dostatecné korozni odolnosti. V praci jsou popsany
nekteré aspekty tohoto procesu, vliv procesnich parametrd, a zplsoby, které umoziuji vést tyto procesy
bezpectné k pozadovanym vysledktim.

Plasma nitriding is often one of few ways how to improve surface resistance against wear and tear on high-
alloy steels. These are steels for high temperature applications and high-speed steels but, above all, they are
an entire class of stainless steels with chromium content above 12% with which, besides the requirement for
surface hardening, there is also a requirement to provide sufficient resistance to corrosion. This paper deals
with some aspects of this process, effects by process parameters, and methods that allow control such
processes safely towards required results.


mailto:jiri.stanislav@bodycote.com
mailto:vladimir.prochazka@bodycote.com
mailto:petr.brejsa@bodycote.com

Z]:a..la UJI!EZ“MLZ). 27 — 29 November 2012, Jihlava, Czech Republic

25 St/Wed 9:20

TEPELNE ZPRACOVANI CASTI OZUBENYCH KOL -
MOZNOSTI USPORY CASU A NAKLADU

HEAT TREATMENT OF GEAR PARTS - POSSIBILITIES OF
TIME AND COST SAVINGS

Herwig Altena
Aichelin Holding GmbH, 2340 Médling, Austria, herwig.altena@aichelin.com

Conventional atmospherical furnaces are “state of the art” for case hardening of transmission gear parts for
the automotive industry. Many customers appreciate the advantages of atmospherical furnaces, like low heat
treatment costs, high availability of the furnace, good reproducibility of the heat treatment results, process
control via oxygen probe, etc. Increased demands concerning the reduction of process time, reduced heat
treatment costs and improved energy efficiency can be met by technical and technological innovations. This
paper shows different aspects of time and cost savings for heat treatment of gear parts.
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KONTROLOVANA NITRIDACE V PLYNU - RIZENI PROCESU
KARBONITRIDACE A MOZNOSTI PREDBEZNE KALKULACE

CONTROLLED GAS NITRIDING / NITROCARBURIZING
PROCESS CONTROL AND PRE-CALCULATION POSSIBILITIES

Stefan Heineck, Frank Theisen
STANGE Elektronik GmbH, Wandersleber Strasse 1b, 991 92, Apfelstidt, Deutschland,
www.stange-elektronik.de, sheineck@stange-elektronik.de

Controlled gas nitriding is recognized as optimization of component properties by creating nitrided layers
with a defined layer structure corresponding to the demands. Requirements are:

. Knowledge about the optimal layer structure for a given component stress that enables specifications
about the structure stress-related surface layer.

. Knowledge about the behaviour of components during nitriding depending on material and nitriding
conditions as basis for material selection and the selection of technological parameters.

. The measurement and control of nitriding conditions, especially the nitriding potential as basis for a
controlled process control.

Based on the relationship between structure and nitriding layer properties is now given an overview about
the state of knowledge to pre-calculate target-oriented parameters like nitriding hardness depth (NHD),
compound layer thickness (CLT) and surface hardness (RH) for controlled gas nitriding.

Controlled gas nitriding is defined as component properties optimization by creating nitrided layers with a
defined layer structure corresponding to the demands.
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ENERGETICKA UCINNOST NITRIDACE A KARBONITRIDACE
V MODERNICH RETORTOVYCH PECICH

ENERGY EFFICIENT NITRIDING AND NITROCARBURISING
IN MODERN RETORT FURNACES

Peter Haase
IVA Industrial Furnaces GmbH, Zum Lonnenhohl 23, 44319 Dortmund, Germany
HEgger@iva-online.com

There are many requirements on modern heat treatment equipment. In addition to high operational reliability,
reproducible material quality and maximum productivity there are also requirements for high energy
efficiency which have to be realized by sophisticated technical solutions.
The primary focus is on the main energy consumers like heating energy and process media.
The presentation shows different technical measures to achieve minimum energy and process media
consumption on evacuable retort furnaces for nitriding and nitrocarburising:

e modern recuperative gas burners

e optimized flow conditions in the heating chamber

e direct cooling system

e modern sensor technology

o controlled heat treatment for nitriding and oxidising with new mass flow controllers
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VLIV POVRCHOVEHO CISTENI NA VYSLEDKY TEPELNEHO
ZPRACOVANI

EFFECT OF SURFACE CLEANING ON HEAT TREATMENT
RESULTS

Briqgitte Haase
Hochschule Bremerhaven

A cleaning process is not only required subsequent to quenching of heat-treated parts for the removal of
guenching medium residues from the components' surfaces, but also prior to heat treatment, for the removal
of residues from metal working, anti-corrosives or soil from storage an transport. Surface condition and
cleanliness affect the heat treatment result, especially in thermochemical processes which require active
surfaces, free from passive films or diffusion barriers.

Lubricants used in metalworking, water-based cleaning agents and their chemical components have been
researched for their ability to hinder or prevent the formation of hard layers in a thermochemical diffusion
process like gas nitriding. Specimens were gas nitrided after applying a layer of contaminants. Analytical
tools were hardness measurement, microscopy, and surface analysis, combined to reveal kinds of interaction
between manufacturing residues and heat treatment processes.

Based on general demands on workpieces' cleanliness and on specifications by heat treatment, cleaning
processes, agents and components of cleaning plants are discussed. General demands refer to the residue-free
removal of contaminants, even from complex geometries, comprising cleaning agent residues and water
ingredients with respect to the type of water (e.g., water hardness). In addition, the cleaning agent itself must
not leave any residues on the surfaces after the cleaning process is finished.



Z]:a..la UJI!EZ“MLZ). 27 — 29 November 2012, Jihlava, Czech Republic

29 St/Wed 11:10

POUZITIi POLYMERNICH KALICICH PROSTREDKU V PRAXI

SUBSTITUTION OF QUENCHING OILS BY WATERBASED
POLYMER QUENCHANTS - QUENCHING WITHOUT FLAMES
AND FUMES

Thorsten Beitz*
PETROFER CHEMIE, Hildesheim, Germany
Presented in Czech Republic by: Ladislav Bartos TECHOIL s.r.0.

The practice of using large open tanks filled with oil for heat treatment can be consigned to history thanks to
the development of new technology. Today Feroquench 2000, a water-based polymer quenchant, is widely
used to replace open oil quench tanks and this trend is accelerating. Comprehensive practical experience is
now available to prove that a waterbased polymer quenchant with oil-like quenching properties is capable of
providing excellent performance over many years of service. In many cases the conversion of an oil-
guenching system is straightforward, although high water containing quenchants always require good
agitation due to the lower boiling temperature of these fluids compared with oil. The quenching properties of
water-based polymer quenchants are much more influenced by the bath-temperature than those of oils.
Therefore the temperature has to be controlled to reach constant and homogenous cooling properties. The
paper details properties of water-based quenchants together with application parameters and examples of
working systems.
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ZKUSNOSTI S APLIKACI OBJEMOVYCH LAZNI KALICIiCH
POLYMERU

EXPERIENCE IN POLYMER IMMERSION BATH QUENCHING

Juda Cizkovsky )
ECOSOND s.r.0., K Vodarne 531, 257 22 Cercany, Czech Republic, cizkovsky@ecosond.cz

Kalici lazn€ tvotené vodnym roztokem polymeru stile Castéji nahrazuji oleje v kaleni ocelovych dila.
Polymerni kalici lazné vSak ve srovnani s olejovymi vykazuji odlisna specifika. Nabizeji jiné moznosti a
vyzaduji odlisné nakladani. Prispévek se zabyva typickymi vlastnostmi polymernich kalicich 1azni pro
objemov¢ kaleni, porovnanim s oleji a ptiklady pouziti v primyslové praxi.

Quenching baths based od poylmer solution in water are more and more common in wuenching the steel
parts. In comparison with oil-based, the polymer guenching baths exhibit specifics characteristics. They
allow different ways and require different treatment. This paper is focused on characteristics of polymer
guenching baths, comparison with oil based ones and examples from industry usage.
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NEJNOVEJSI KONSTRUKCE VAKUOVYCH PECI S TOPNOU
KOMOROU 1 KALiCiM SYSTEMEM UCELOVE
PRIZPUSOBENYMI RUZNYM APLIKACIM KALENI

LATEST PURPOSE-DIRECTED HOTZONE AND COOLING-
GASSTREAM DESIGN OF VACUUM FURNACES FOR
DIFFERENT HARDENING APPLICATIONS

B. Zieger, A.Dappa
SCHMETZ Vakuumofen GmbH, Holzener Strasse 39, 58708 Menden, Deutschland,

www.schmetz.de

The heat-treatment processes of various components and loads have most different requirements reg.
uniform components cooling as well as for high quenching speed.

Rectangular hot zone design with large scale gas through-streaming is still and again for many standard and
also for special loads recommendable.

In this way gas through-streaming, which corresponds to load plain, can even take place from various
directions and with flow reversal.

Round hot zones design with nozzle cooling can offer, however, advantages through higher cooling capacity
for hardening processes of big volume components.
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VAKUOVA CEMENTACE A KALENI VPRETLAKU PLYNU -
ZKUSENOSTI V SERIOVE VYROBE

VACUUM CARBURIZING AND HIGH PRESSURE GAS
QUENCHING — EXPERIENCE IN THE MASS PRODUCTION

Josef Podkovi¢ik ? Karl Ritter °

& SKODA AUTO a.s., Tr. Viclava Klementa 869, 293 60 Mlada Boleslav, Ceskd republika,
josef.podkovicak@skoda-auto.cz

b ALD Vacuum Technologies GmbH, Wilhelm-Rohn-Strasse 35, 63450 Hanau, Germany,
karl.ritter@ald-vt.de

Most of the modern gearboxes in passenger cars are heat treated with vacuum carburizing and high pressure
gas quenching. In this presentation basic process information as well as information regarding furnace
technology, such as ModulTherm and SyncroTherm, is shown. Furthermore the installation and start of
production of a ModulTherm system, in the gearbox production of SCODA AUTO in Mlada Boleslav, will
be part of this presentation. The ModulTherm line, with pre washing, pre oxidation- and tempering furnace,
consists of 9 treatment chambers for vacuum carburizing process and a quenching module with 20 bar
Helium quench including recycling system. The ModulTherm was installed in the first step with 6 treatment
chambers and it was ready for production beginning of 2011. In the second step 3 additional treatment
chambers have been installed and start of production was in February 2012 for parts of the new gearbox type
MQZ100. The production volume since June 2012 is about 1200 gearboxes per day.
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VLIV  IZOTERMICKEHO A TERMOMECHANICKEHO
TEPELNEHO ZPRACOVANI NA PRECIPITACI FAZI A
KOROZNI VLASTNOSTI SLITINY 926

EFFECT OF ISOTHERMAL AND THERMO-MECHANICAL
HEAT TREATMENTON PHASE PRECIPITATION AND
CORROSION PROPERTIES OF ALLOY 926

Roland Lackner®, Gregor Mori', Manuel Prohaska?, Guido Tischler®

'CD Laboratory of Localized Corrosion, Montanuniversitaet Leoben, Franz Josef Strasse 18, A-
8700 Leoben Austria, mori@unileoben.ac.at

’BHDT GmbH, Werk-VI-Strasse 52, A-8605 Kapfenberg, Austria

Svoestalpine Grobblech GmbH, voestalpine-Strasse 3, A-4020 Linz, Austria

Alloy 926 is a highly alloyed, molybdenum-bearing stainless steel and is used in various industrial fields. For
instance, this material is employed as a cladding material for high-diameter pipes in oil and gas industry. One
possibility for the production of cladded pipes is the application of a thermo-mechanical rolling process.
Recent studies have shown that end rolling at 950 °C with subsequent water cooling is the most promising
process route for Alloy 926. In that case, the resulting corrosion properties are comparable with a solution
annealed material. In the initial phase of the present work, the impact of two subsequent annealing and
guenching and tempering processes on corrosion properties was determined. After evaluating the
microstructure with SEM, the elemental depletion zones adjacent grain boundary precipitates were
investigated by means of TEM-EDX linescans. It was found that the size and the extent of elemental
depletion zones are corresponding to the degree of sensitization (DOS). The elemental depletion zones of
two long-term isothermally annealed conditions were obtained quantitatively and compared with thermo-
mechanically rolled samples. After isothermal annealing the chromium as well as the molybdenum depletion
adjacent grain boundaries is much stronger than after thermo-mechanical rolling. Due to extensive phase
precipitation the matrix contains less molybdenum and chromium after long-term isothermal annealing. In
general, molybdenum depletion was found to be more distinctive than chromium depletion. This fact is
referred to the different atomic radii and diffusion coefficients of both elements.
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OPTIMALIZACE PARAMETRU INDUKCNIHO KALENI ZA
POMOCI NUMERICKE SIMULACE

OPTIMIZATION OF INDUCTION HARDENING PARAMETERS
THROUGH FEM SIMULATION

Ing. Pavel Suchmann®, Ing. Josef Hodek, Ph.D.? )
%COMTES FHT as., Primyslova 995, 334 41 Dobiany, Ceska  republika,
pavel.suchmann@comtesfht.cz , josef.hodek@comtesfht.cz

Indukéni kaleni s pribéznym ohievem je v prumyslovych podminkach nejcastéji vyuZivanou technologii
povrchového tepelného zpracovani. Vyuziva se pro zpracovani celé fady strojnich soucasti a nékterych typt
nastrojii. Pro dosazeni pozadovanych parametri zakalené vrstvy je rozhodujici sprdvna volba
technologickych parametrii kaleni, tj. frekvence a vykonu induktoru a rychlosti pohybu. Z téchto parametrii
vyplyva teplota ohfevu a hloubka austenitizované vrstvy a tedy i vlastnosti soucasti po zakaleni. V
pramyslovych provozech se nastaveni technologickych parametrti indukéniho kaleni provadi nejcastéji na
zaklade empiricky stanovenych vzorct a praktickych zkusSenosti.

V piispévku je popsana metodika modelovani procesu indukéniho kaleni vyvinuta spole¢nosti COMTES
FHT. Pomoci kone¢noprvkového softwaru DEFORM rozs§iteného o piidavny modul pro simulaci indukéniho
ohfevu byl predikovan vliv technologickych parametri kaleni (frekvence, rychlost posuvu) na tvrdost a
hloubku zakalné vrstvy u valcovych vzorkl o priméru 20 mm z oceli C45. Vysledky numerickych vypocti
byly porovnany s vlastnostmi naméfenymi na vzorcich zakalenych pomoci stfedofrekvencniho a
vysokofrekvencniho indukéniho ohfevu. Z porovnani vyplynula velmi dobra shoda vysledki vypocta a
praktickych zkouSek. Popsana metodika je od pocatku roku 2012 ve spolecnosti COMTES FHT vyuzivana
ke stanoveni optimalnich parametri indukéniho ohfevu pfi povrchovém kaleni.

Induction hardening with progressive heating is the most common industrial surface heat treatment method.
It is used for treating various engineering parts and some types of tools. Parameters which are decisive for
achieving the prescribed properties of the hardened surface layer include the frequency, power and the
velocity of the inductor. These govern the heating temperature, austenitizing depth and, consequently, the
properties of the hardened part. When prescribing the induction hardening parameters, industrial plants
typically rely on empirical formulas and their previous experience.

This paper describes a method of modeling induction hardening developed by the COMTES FHT company.
The influence of hardening parameters (frequency and velocity) on hardness and hardening depth in 20 mm-
diameter cylinders made of C45 steel was explored using the finite element method-based DEFORM
software with an additional module for modeling of induction heating. Results of numerical modeling were
compared with data measured on specimens hardened by means of medium-frequency induction heating
equipment. The comparison revealed a very good agreement between the calculation and real-world tests.
The present method has been used at COMTES FHT for finding optimum induction hardening parameters
since the beginning of 2012.
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NOVE ZPUSOBY A MATERIALOVE TECHNICKY VYVOJ
POVRCHOVEHO TEPELNEHO ZPRACOVANI POMOCI
VYSOKOVYKONOVYCH DIODOVYCH LASERU

NEW TECHNICAL AND MATERIALS ADVANCES OF SURFACE
HEAT TREATMENT BY WAY OF HIGH-POWER DIODE
LASERS

Berndt Brenner
Fraunhofer-Institut fiir Werkstoff- und Strahltechnik IWS
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MIKROSTRUKTURA A VLASTNOSTI POVRCHU PO KALENI
LITINY LASEREM

MICROSTRUCTURE AND PROPERTIES OF CAST IRON AFTER
LASER SURFACE HARDENING

Stanislav Némecek
MATEX PM s.r.o., Morseova 5, 301 00 Plzen, Czech Republic, nemecek@matexpm.com
LASER ARC, Libusinska 60, 301 00 Plzen, Czech Republic, laserarc@laserarc.com

Laserové kaleni litinovych povrchii neni jednoduché vinou heterogenity a hrubozrnnosti, zvlast¢ u hmotnych
odlitkd. Presto pravé kaleni mnohatunovych forem pro automobilovy primysl je zajimavou a vyhledavanou
aplikaci. V pfispévku jsou shrnuty poznatky shroméazdéné béhem néckolikaletého studia struktury a
povrchovych vlastnosti. Jsou popsany transformacni zmény v okoli grafitu i vznik martenzitickych a
karbidickych fazi, které vedou k tvrdostem nad 65HRC a vynikajici otéruvzdornosti pti vyrob¢ karosarskych
dilti v automobilovém primyslu.

Laser surface hardening of cast iron is not trivial due to the material’s heterogeneity and coarse-grained
microstructure, particularly in massive castings. Despite that, hardening of heavy moulds for automotive
industry is in high demand. The present paper summarises the findings collected over several years of study
of materials structure and surface properties. Phase transformations in the vicinity of graphite are described
using examples from production of body parts in automotive industry. The description relates to formation of
martensite and carbide-based phases, which leads to hardness values above 65 HRC and to excellent
abrasion resistance.
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ELEKTRONOVY PAPRSEK V TEPELNEM ZPRACOVANI

ELECTRON BEAM IN HEAT TREATMENT

Filip Vrablik )
ECOSOND s.r.0., K Vodarne 531, 257 22 Cercany, Czech Republic, vrablik@ecosond.cz

Elektronovy paprsek (EP) se dokazal v poslednich 20 letech prosadit v konkurenci ostatnich povrchovych
technologii. Pfispévek je zaméfen na technické moznosti vyuziti elektronového paprsku pro specifické
aplikace. V prispévku je shrnut technologicky a ekonomicky potencial technologie EP zaroven s vlivem na
design a vyrobni proces. Nové technologie jako automatické usmérnovani paprsku, pokrocilé sledovani
paprsku a systémy rychlého vychylovani EP adaptované pro rtizné typy zatizeni demonstruji flexibilitu a
efektivitu technologii vyuzivajicich EP obzvlasté pro technologie tepelného zpracovani povrchu soucasti.

Klicova slova: Tepelné zpracovani pomoci EP, specifickd feseni, souc¢asny vyvoj technologie, load lock
zafizeni, vicepaprskové technologie, rovnomérny magneticky ohfev

The paper presents the technical aspects of the utilization of the electron beam for specific customized
applications. Demonstrated is the technological and economic potential of the technology with effect on the
design and manufacturing process. New technologies like automatic beam alignment, advanced seam
tracking, fast beam deflection systems adapted to different machine concepts demonstrate the flexibility and
efficiency of EB-technology of surface treatment.

Key words: Electron beam heat treatment technology, customized solutions, present development of
technology, load-lock machines, multi beam technology, uniform magnetic heating
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TEPELNE OVLIVNENI OCELI PRI REZANI LASEREM
THERMAL EFFECTS ON STEELS AT LASER CUTTING

David Manas®, Martin Ovsik®, Miroslav Mamas®, Michal Stanék®, Martin Bednaiik®,
Petr Kratky®

qUniverzita Tomdse Bati ve Zliné, Fakulta technologickd, Nam. TGM 275, 76272 Zlin, Ceskd
republika, dmanas@ft.utb.cz

The submitted article describes the effects of a thermal separation of material on the properties of the surface
layers. The separation of material is an integral part of a preparation of all final products. During cutting the
surface layer of the separated material is effected, which then has an influence on the sequence of the
following operations. The method of thermal separation of material was selected for the experiment
described in the article a method of laser cutting. The material selected for the method was a common steels
CSN 411373,412050 which are industrially produced and processed. The effect on the material was shown
by measuring micro-hardness using the micro-hardness tester DM 2D.

Keywords: microhardness Vickers, laser cutting, thermal effect
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ZLEPSENI ODOLNOSTI PROTI OPOTREBENI U VYSOCE
NAMAHANYCH DIiLU POMOCI KOMBINOVANE UPRAVY
POVRCHU

IMPROVEMENT OF WEAR BEHAVIOUR OF HIGH LOADED
COMPONENTS AND TOOLS BY MULTI-COMBINED SURFACE
TREATMENT

Gundis Grumbt?, Rolf Zenker®®, Heinz-Joachim Spies?, Rainer Franke®, Ingrid Haase®
®TU Bergakademie Freiberg, Institute of Materials Engineering, Gustav-Zeuner-Str. 5,
D-09599 Freiberg

bZenker Consult, Johann-Sebastian-Bach-Str. 12, D-09648 Mittweida

‘IMA  Materialforschung und Anwendungstechnik GmbH, Wilhelmine-Reichard-Ring 4,
D-01109 Dresden

The contribution deals with current results on development of a novel multi-combined surface treatment
consisting of the single treatments plasma nitriding (PN), physical vapour deposition (PVD) and electron
beam hardening (EBH). Using graded surface layers produced by such combined surface treatment it is
possible to withstand the complex mechanical, tribological, thermal and chemical loads of components and
tools.

The base materials used for the investigations were 40CrMoV13-9 (1.8523) and X54CrMoVN17-1 (M340
Isoplast®). It is shown, that the sequences of treatment PN+EBH+PVD as well as EBH+PN+PVD are
purposeful.

These multi-combined surface treatments lead to a significant improvement of the load support for the hard
coating. Scratch tests with increasing load showed, that the critical loads of cohesive failure are tripled
compared to the single treatment PVD and at least 20% increased in comparison to the duplex treatments
EBH+PVD or PN+PVD.

The metallurgical compatibility of the single treatments is essential for the success of combined treatments.
Material specific limitations are defined, which exclude failure because of crack initiation, occurrence of
retained austenite and tempering effects.

Basing on the model wear test assembly block-on-cylinder it was proved, that the specific wear rate of multi-
combined treated specimen is reduced about 20-50% while wear of the counterpart is decreased as well. The
introduced triplex surface heat treatment opens up new prospects for high loaded components and tools.
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TECHNOLOGIE PAJENI VE VAKUOVE PECI

BRAZING TECHNOLOGY IN VACUUM FURNACE

Phillipe Lebigot
B.M.I. Fours Industriels, 65, rue du Ruisseau B.P.736, 38297 St Quentin-Fallavier, France
www.bmi-fours.com, plebigot@bmi-fours.com

Brazing, in general, is an assembly operation of mechanical components. This method is in particular an
alternative technology to bolting, riveting, gluing, welding etc. Arguments of choice for assembly by brazing
thus depend largely on materials and components required by the application properties (mechanical,
electrical, waterproofing, surface quality aspect, ...). Some arguments can thus be stated to describe the
advantages of brazing, always taking into account the properties required by the application, including, the
thermal and electrical conductivity between the components, the perfect gasket sealing to vacuum and
overpressure, the high stable and durable mechanical strength, the possibility to assemble materials of
different nature. We will describe in the presentation of the specificities of the high temperature brazing of
steel material parts and low temperature brazing for Aluminum parts and present the different special furnace
design solutions offered by BMI.
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NOVA PLUG AND PLAY INSTALACNI TECHNOLOGIE FIRMY
SECO/WARWICK PRO POVRCHOVE KALENI
KOROZIVZDORNYCH OCELI PRI PROCESECH ,,STiHLE
VYROBY*“ (EXPANITE)

NEW PLUG-AND-PLAY INSTALLATION TECHNOLOGY by
SECO/WARWICK FOR SURFACE HARDENING OF STAINLESS
STEEL IN LEAN PRODUCTION PROCESSES (EXPANITE)

Thomas Strabo?, Thomas Christiansen®, Marcel Somers?, Jozef Olejnik®, Wojciech
Modrzyk®, Maciej Korecki®, Thomas Kreuzaler®, Tomasz Przygonski®, Thomas
Wingens®

4 EXPANITE A/S, Diplomvej byg. 378, 2800 Kgs. Lyngby, Denmark, tsh@exanite.com
"SECO/WARWICK S.A., ul. Sobieskiego 8, Swiebodzin, Poland, j.olejnik@secowarwick.com.pl,
m.korecki@secowarwick.com.pl, w.modrzyk@secowarwick.com.pl

*SECO/WARWICK ThermAL S.A., ul. Swierczewskiego 76, Swiebodzin, Poland,
t.kreuzaler@secowarwick.com.pl, t.przygonski@secowarwick.com.pl,

dSECO/\NARWICK GmbH Heilbonner Str. 150, 70191 Stuttgart, Germany,
t.wingens@secowarwick.de

The surface hardening engineering firm Expanite has developed an advanced process for low temperature,
distortion free surface hardening of stainless steel. Austenitic, martensitic, duplex and PH steels can be
treated with the process that imparts the treated material with superior wear, scratch and corrosion resistance
including the prevention of galling. Furthermore the fatigue and load bearing capacity of stainless steel
components can be dramatically improved. The environmentally friendly gaseous process allows precise
control for accurate tailoring of to the materials’ properties and is designed for treatment of all types of
stainless steel applications. The Expanite technology is installed in tailored, state-of-the-art Seco/Warwick
furnace equipment and adapted and refined for the optimal user experience. The solution provided is
designed to operate directly in the customer production line. There is no additional heat treatment know-how
required. Share the experience of day-to-day processing, quality and delivery. The team of experts at
Expanite provides THE technology and guarantees positive results of the process. Explore the benefits of
keeping your technology in-house, independent and flexible. Perfect for experienced and inexperienced end-
users. We call it plug-and-play.
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PREHECAD TECHNOLOGII POVLAKOVANIA A POVLAKOV
VHODNYCH PRE NASTROJE NA RAZENIE MINCIi

OVERVIEW OF COATING TECHNOLOGY AND COATINGS
FOR TOOLS SUITABLE FOR COINAGE

Tomas Hanes

Technicka wuniverzita vo Zvolene, Fakulta environmentalnej a vyrobnej techniky, Katedra
mechaniky a strojnictva, Studentskd  ulica 26, 960 53 Zvolen, Slovenskd republika,
hanes@vsld.tuzvo.sk

Prispevok sa zaobera problematikou povlakovania v ramci technolégie razenia minci. Definuje podmienky
pre nastroje na razenie minci. Prinasa prehlad jednotlivych metdod povlakovania, ktoré st vhodné pre
nastroje na razenie minci z hl'adiska pouzitelnosti. Definuje obmedzenia pre pouzitie jednotlivych metod.
Prispevok tiez uvadza prehl'ad povlakov, ktoré su vhodné pre néstroje na razenie minci a jednotlivé povlaky
definuje a popisuje.

The paper deals with the coating within technology of coining scope. It defines the conditions for
instruments of coining. It provides an overview of various coating methods which are appropriate to
instruments of coining from the point of view of usability. It defines the limits for using of each method. The
paper also gives an overview of coatings that are suitable for instruments of coining and also defines and
describes coatings.
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VLIV TEPLOTY KRATKODOBEHO TEPELNEHO ZPRACOVANI
NA MECHANICKE VLASTNOSTI SLITINY NITI

INFLUENCE OF TEMPERATURE OF THE SHORT-PERIOD
HEAT TREATMENT ON MECHANICAL PROPERTIES OF THE
NITI ALLOY

Jaroslav Capek?, Jiii Kubasek®
4Department of Metals and Corrosion Engineering, Institute of Chemical Technology, Prague,
Technicka 5, 166 28 Prague 6, Czech Republic, capekj@vscht.cz

Ptiblizné ekvimolarni slitina niklu a titanu, znama pod jménem nitinol, se vyznacuje unikatnimi vlastnostmi,
jako jsou superelasticita, pseudoplasticita, tvarova pamét, dobrd korozni odolnost a dostatecna
biokompatibilita. Tepelnym zpracovanim, které za vhodnych podminek (teplota, Cas, prostiedi) vede k
precipitaci na nikl bohatych fazi, 1ze velmi pfesné ménit transforma¢ni a mechanické vlastnosti tohoto
materialu na pozadované hodnoty.

Cilem této prace bylo zjistit vliv teploty kratkodobého tepelného zpracovani v argonové atmosféie na
mechanické vlastnosti nitinolového dratu uréeného k vyrobé stentd.

The equiatomic alloy of nickel and titanium, known as nitinol, possesses unique properties such as
superelasticity, pseudoplasticity, shape memory, while maintaining good corrosion resistance and sufficient
biocompatibility. Therefore it is used for production of various devices including surgery implants. Heat
treatment of nickel-rich NiTi alloys can result in precipitation of nickel-rich phases, which strongly influence
tensile and fatigue behaviour of the material.

In this work we have studied influence of short-period heat treatment on tensile behaviour and fatigue life of
the NiTi (50.9 at. % Ni) wire intended for fabrication of surgery stents.
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TEPELNA STABILITA KVAZIKRYSTALU Al-Cu-Fe
PRIPRAVENYCH METODOU SHS

THERMAL STABILITY OF Al-Cu-Fe QUASICRYSTALS
PREPARED BY SHS METHOD

Pavel Novak, Alena Michalcova, Milena Vodérova, Ivo Marek, Dalibor Vojtéch
Institute of Chemical Technology, Prague, Department of Metals and Corrosion Engineering
Technicka 5, 166 28 Prague 6, Czech Republic, panovak@vscht.cz

Materialy obsahujici kvazikrystaly byvaji obvykle pfipravovany metodami extrémné rychlého chlazeni
taveniny (napf. melt spinning) nebo mechanickym legovanim. V této praci byl testovan postup vyuzivajici
exotermickych reakci mezi slisovanymi prasky kovi nazyvany SHS (z anglického Self-propagating High-
temperature Synthesis). Byla popsdana mikrostruktura a fazové slozeni produktu v zévislosti na rezimu
ochlazovani zreakcni teploty. Tepelna stabilita pripravenych kvazikrystald Al-Cu-Fe byla studovana
zihanim pfi teplotach 200 — 600 °C.

Quasicrystal-containing materials are usually prepared by rapid solidification of the melt (e.g. by melt
spinning) or mechanical alloying. In this work, the method using exothermic reactions between compressed
metallic powders called SHS (Self-propagating High-temperature Synthesis) was tested. The microstructure
and phase composition of the product was described in dependence on cooling regime from the reaction
temperature. Thermal stability of prepared Al-Cu-Fe quasicrystals was studied by annealing at the
temperatures of 300 and 500 °C.
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OCHRANNE VRSTVY ALUMINIDU NIKLU A ZELEZA
NA OCELI

PROTECTIVE LAYERS OF IRON AND NICKEL ALUMINIDES
ON STEEL

Milena Vodérova, Pavel Novak
VSCHT Praha, Technickad 5, 166 28 Praha 6, Ceskd republika, voderovm@vscht.cz, panovak@vscht.cz

Intermetalické faze NiAl a FeAl maji atraktivni vlastnosti jako napi. vybornou odolnost proti vysokoteplotni
oxidaci a relativné vysokou tvrdost. Diky uvedenym vlastnostem je 1ze povazovat za perspektivni materialy
jak pro vyuziti v podobé kompaktniho materialu, tak pro vytvotreni povrchové vrstvy na tepelné¢ namahanych
soucastkach. Cilem této prace bylo vytvorit na nizkolegované oceli galvanicky a bezproudové niklovou
vrstvu, a tu nasledné reakci s hlinikem pfevést na vrstvu aluminidi niklu, pfipadné niklu a Zeleza. Toho bylo
dosahovano ponorem poniklované oceli do taveniny hliniku o teplote 700 a 900 °C na dobu 30 — 240 s.
Svételnym mikroskopem byly porovnany rozdily ve struktute pfipravenych vrstev. Identifikace pfitomnych
fazi byla provedena pomoci analyzatoru EDS. Nasledn¢ byla zmétena mikrotvrdost fazi tvoticich vrstvu a
tloustka vzniklé vrstvy.

Intermediary phases Ni-Al and Fe-Al are promising materials due to their superior properties such as
hardness and good resistance against oxidation at high temperatures. Moreover, Fe-Al phases are resistant in
sulphur - containing atmospheres. Because of these characteristics, the above mentioned intermetallic phases
seem to be prospective for the use in many technical applications such as energetics, chemical or automotive
industry in a form of a bulk material or coatings. Presently, the protective aluminide layer is usually prepared
by thermal spraying. Nevertheless, this method is not suitable for complex-shaped components. Therefore,
the aim of this work was to find an alternative way to prepare layers consisting of nickel or iron aluminides
by other technique than thermal spraying. At first, carbon steel samples were coated using galvanic or
electroless nickel plating. Coated samples were subsequently submerged into molten aluminium at various
temperatures and process durations. The influence of the temperature and duration on the intermetallic phase
growth was studied by scanning electron and light microscopy. Thickness and microhardness of the
intermetallic layer was also measured.
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PSEUDOELASTICITA AJEV TVAROVE PAMETI VE
SLITINACH CoNiAl

THE PSEUDOELASTICITY AND THE SHAPE MEMORY
EFFECT IN CoNiAl ALLOYS

J. Kope&ek®, M. Jarosova®, K. Jurek®, O. Heczko?

% Institute of Physics AS CR, Na Slovance 2, Praha 8, 182 21, Czech Republic, kopecek@fzu.cz,
heczko@fzu.cz

® Institute of Physics AS CR, Cukrovarnicka 10/112, 162 00, Praha 6, Czech Republic,
jarosova@fzu.cz, jurek@fzu.cz

Kobaltové slitiny (pobliz stechiometrie CoNiAl) jsou pomérné malo znamym zastupcem kovil s tvarovou
paméti, kterd je dusledkem martenzitické transformace. Pseudoelasticitou pak rozumime napétove
indukovanou reversibilni martenzitickou transformaci, pfi niz dochazi k transformaci do nizkosymetrické
faze (martensitu) nad jeji rovnovaznou transformacni teplotou vlivem mechanického napéti. Po odlehceni se
material transformuje zpét do pocatecni kubické faze (austenitu). Ukazali jsme, Ze pseudoelastické chovani
muze byt vyvolano vysokoteplotnim zihanim. Byl vySetfovan vliv riznych teplot zZihani na pseudoelastické
chovani i mikrostrukturu.

The cobalt alloys (close to the CoNiAl stoichiometry) are the less known shape memory alloys. Such
behavior is consequence of the martensitic transformation. The pseudoelasticity is caused by the stress-
induced martensitic transformation above the equilibrium martensite start temperature from high temperature
cubic phase (austenite) to lower symmetry phase (martensite). In CoNiAl the pseudoelastic behavior can be
obtained by the high temperature annealing. In presented work the effect of the annealing temperature on
both pseudoelastic behavior and microstructure was investigated.
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OPTIMALIZACE PROCESU HOMOGENIZACNIHO ZiHANI
SLITINY AlZn5,5Mg2,5Cul,5

OPTIMIZATION PROCESSING OF HOMOGENIZING
ANNEALING FOR AlZn5,5M@2,5Cul,5 ALLOY

Viktorie Weiss?, Stefan Michna®, Elena Stiihavkova’

qUJEP, FVTM, Katedra technologii a materialového inZenyrstvi, Ceskad republika,
weiss@fvtm.ujep.cz

bUJEP, FVTM, Katedra technologii a materidlového inZenyrstvi, Ceskad republika,
michna@fvtm.ujep.cz

‘UJEP, FVTM, Katedra technologii a materidlového  inZenyrstvi, Ceskad republika,
strihavkova@fvtm.ujep.cz

Pii homogenizacnim Zihani kontinualn€ i nebo polokontinualné odlévanych hlinikovych slitin dochazi k
odstranovani chemické nehomogenity v ramci jednotlivych dendritickych bunék (krystalové segregaci).
Jedna se o diftzni proces pii teploté nejblizsi teploté likvidu daného materidlu, pfi kterém dochazi k
prechodu rozpustnych intermetalickych fazi a eutektik do tuhého roztoku a, pii cemz dochazi k podstatnému
potlaceni krystalové segregace. Velky vliv na proces homogenizace ma teplota, délka homogenizace a
velikost dendritickych buné€k, nebo-li délka difiznich drah. Cilem tohoto ¢lanku je optimalizace procesu
homogenizace z hlediska jeho délky a teploty homogeniza¢niho Zihani na strukturu a mechanické vlastnosti
slitiny AlZn5,5Mg2,5Cul,5.

In the course of homogenizing annealing of aluminum alloys being cast continually or semi-continually it
appears that chemical inhomogeneity takes off within separate dendritic cells (crystal segregation). It is
about a diffusional process that takes place at the temperature which approaches the liquid temperature of
the material. In that process the transition of soluble intermetallic compounds and eutectic to solid solution
occurs and it suppresses crystal segregation significantly. Temperature, homogenization time, the size of
dendritic cells and diffusion length influence homogenizing process. The article explores the optimization of
homogenizing process in terms of its time and homogenizing annealing temperature which influence
mechanical properties of AlZn5,5Mg2,5Cul,5 alloy.

Key words: homogenizing annealing, AlZn55Mg2,5Cul,5 alloy, Vickers micro-hardness test, crystal
segregation, EDX analysis
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NOVE SLITINY TYPU Al-Si-Mg S RUZNZM OBSAHEM Ca,
S OHLEDEM NA ZMENY V STRUKTURE A ZABIHAVOST

THE NEW TYPE OF ALLOY AIl-Si-Mg WITH DIFFERENT
CONTENS OF Ca, WITH RESPECT TO STRUCTURE AND
FLUIDITY

Elena Stfihavkova®, Stefan Michna®, Viktorie Weiss®

qUJEP, FVTM, Katedra technologii a materidlového inZenyrstvi, Ceskd republika,
strihavkova@fvtm.ujep.cz

bUJEP, FVTM, Katedra technologii a materialového inZenyrstvi, Ceskd republika,
michna@fvtm.ujep.cz

‘UJEP, FVTM, Katedra technologii a materialového  inZenyrstvi, Ceska republika,
weiss@fvtm.ujep.cz

Oblast pouziti hliniku a hlinikovych slitin je velice Sirok4 a budoucnost vyuziti hlinikovych slitin souvisi
s dalSim vyvojem novych slitin, ale pfedevsim s technologii vyroby a zpracovani. Vyznamnou moznosti pfi
modifikovani hlinikovych slitin je wvyuziti ptredpokladu modifikacniho U¢inku vapniku, ktery je
dlouhodobé&jsi nez je to u sodiku. Tento pfispévek se zabyvd zkoumédnim oblast vlivu Ca s riznym
mnozstvim ptidavaného vapniku, od 0,1%, maximalné¢ do obsahu 1% Ca a tim zjistit optimalni mnozstvi pro
dosazeni pozadovanych vlastnosti. U takto nové ptipravenych slitin provést vyzkum technologickych
vlastnosti — zabihavosti a obrobitelnosti, chemickych vlastnosti — odolnost vic¢i korozi a mechanickych
vlastnosti - mez pevnosti a prataznost, taznost, tvrdost. Dale provést celkovy strukturdlni rozbor a
identifikovat jednotlivé slozky struktury u nové vyrobenych slitin legovanych Ca.

Area of the use of aluminum and aluminum alloys is very wide and the future use of aluminum alloys is
related to the further development of new alloys, but primarily with the production technology and
processing. Important options for modifying the aluminum alloy is provided the use of effect modification of
calcium, which is longer than that of sodium. This contribution is being paid examines the area of influence
of Ca with varying amounts of added calcium, 0,1%, up to a 1% Ca, and thereby determine the optimum for
achieving the desired properties. In this new alloy prepared to research technological properties - and fluidity
to the overall structural analysis and identify individual components of the structure for the new alloy Ca by
EDX analysis, methods for black-white contrast and color contrast.
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49 Ct/Thu 10:20 Commercial lecture

VYROBA TEZKYCH KOVU (Mo, W, Ta, Nb ) METODOU
PRASKOVE METALURGIE A JEJICH APLIKACE PRO HOT
ZONY VAKUOVYCH PECI

POWDER METALURGY- PRODUCTION OF HEAVY METALLS
(Mo, W, Ta, Nb), USE AND APPLICATION FOR VACUUM
FURNACES HOT ZONES

Vaclav Prusa
PLANSEE, www.plansee.com, vaclav.prusa@plansee.com

Jedna se o metodu praskové metalurgie ( jsme svétovy lidr ), tj. presovani, sintrace a mechanické pracovani
téchto kovu a jejich slitin. — Mame zavod v zavodé na vyrobu hot zon a jejich ¢asti, dodavame bud’ olotovary
typu plechy, draty, tyCe, profily, trubky, atd, nebo celé zony a pfisluSenstvi na vykres. Jsme Engeneering
firma, tj. pe¢livé konsultujeme jednotlivé pripady se zakazniky, doporu¢ime nejlepsi feseni, podle piani
véetné vyhotoveni technické dokumentace.


http://www.plansee.com/
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50 Ct/Thu 10:40 Commercial lecture

MERENI ENERGIE A TECHNOLOGIE VEDOUCI KE SNiZENIi
ENERGETICKE SPOTREBY V TEPELNEM ZPRACOVANI

ENERGY MEASUREMENT AND TECHNOLOGY TO REDUCE
ENERGY CONSUMPTION IN HEAT TREATING

Damian Szarapanowski
Avion Central Europe Sp. Z o. 0., Poland, ds@avion-central-europe.eu

Every heat treatment plant manager or ovner knows that the main cost factors in conventional heat treatment
processes are media and energy costs. Energy costs are always increasing and price levels for heat treatment
works requested by customers are stable or decreasing.

The physical laws are unchangable, each proces needs certain energy to be proceed, but there is always a lot
of lost energy. We know this from may of our customers and together with our international partners we
have developed special application to save energy losses and reduce CO2 emission.

Most energy losses are created by:

(1) Atmosphere Losses: air leaks and poor atmosphere ratio control and atmosphere burn-off in endothermic
generators.

For each atmosphere application we follow Reduction Path consisting of theree basic steps:

Know your Basic Atmopshere

Know the Variables to Control

Know how to get more from Less!!!

How to know your atmopshere? Use best available measuring tools and automatic atmosphere control
systems.

How to save energy and gas during atmosphere production? Produce best available quality and only this
much as furnace(s) needs.

How to get more from less? Calculate your energy losses costs and think how you can reduce them or ask us
for solution.

(2 Energy Losses: burner tuning and design, insulation and heating loss areas.

(3) Cycle Time: atmosphere control see point (1), energy losses see point (2).

We will try to share with you our experience and present some real applcations to convice you that it is very
easy to Get more from less using your existing equipment. Most of our systems are easy for application in all
types of heat treatment furnaces working in heat tretment plants.
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51 Ct/Thu 11:00

TEPELNE ZPRACOVANi’MIKBOLEGOVANS:(CH
UHLIKOVYCH OCELI RiZENYM CHLAZENIM

THERMAL PROCESSING MICRO-ALOYED CARBON STEELS
WITH CONTROLLED COOLING

Stanislava Raskova
raskova.s@seznam.cz

Tepelné zpracovani vyuziva tepelné energie po kovani s fizenym chlazenim ziskat pozadované
transformace struktury.

Heat treatment utilizes thermal energy from forging with controlled cooling to receive required
transformation of structure.
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52 Ct/Thu 11:20

VYVOJOVE TENDENCE KALICICH OLEJU

DEVELOPMENT TRENDS OF QUENCHING OILS

Pavel Stolar )
ECOSOND s.r.0., K Vodarne 531, 257 22 Cercany, Czech Republic, stolar@ecosond.cz
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53 Ct/Thu 11:40

POZADAYKY SYSTEM}J ~ MANAGEMENTU VvV PROVOZU
TEPELNEHO ZPRACOVANI

THE MANAGEMENT  SYSTEM REQUIREMENTS IN
PRODUCTION OF THERMAL PROCESSING

Stanislava Raskova
raskova.s@seznam.cz

Stru¢ny prehled pozadavkd na provozy tepelného zpracovani, které jsou potfebné k prokazovani shody a
schopnosti plnit pozadavky zakaznikt.

Synopsis of requirements for the production of heat treatment, which are required to achieve compliance and
ability to meet the requirements of customers.
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