Ustav fyziky materiali AV CR, V. V. i.

Misto konani: Zizkova 22, Brno
Datum a doba oteweni: STREDA 12. 11., 8:30-15:00
Kontakt: doc. Ing. LuboS$ Nahlik, Ph.D., tel.: 532 290 3&8nail:nahlik@ipm.cz

Témata exkurzi

Laborato¥ lomowvé-mechanickych vlastnosti
zarizeni pro statické a dynamické mechanické zkousky

Laborato¥ vysokocyklové unavy

Laborato¥ nizkocyklové unavy
elektrohydraulické, pitacemtizené Unavove stroje MTS

Creepova laborata
creepové experimentyiizené sile a n&g na creepovych strojich

Rastrovaci elektronovy mikroskop

Transmisni elektronovy mikroskop

Opticka mikroskopie a jeji moznosti

Ukazky teoretickych vypattia a modelovani

Ukézka laboratori pro méieni magnetickych a elektrickych viastnosti

Prezentace CEITEC UFM

Témata prednasek

9:00-9:30 Maze se vesmirna sonda opalovacim krémem™Mg. Natalia Luptakova,
Ph.D.

Zni to moZné neudtiteln¢, ale oxid zinénaty — celkem nendpadny material — slouzi
jako vynikajici ochranaipd slunénim UV z&enim. Najdeme ho tedy jak v
opalovacim krému, tak v ochranné vistesmirnych sond. Oxid zitieaty je vSak i
klicovym materidlem UV LED obrazovek, solarnighnki, I&civych masti a ispel
také k historickému zakladu vyvoje faxu. N@g@nasce se dozvite

i dalSi zajimavosti a aplikace tohoto materialbpje nenapadnost se nila v
naprostou nepostradatelnost.



« 9:30-10:00 AZ se ucho utrhne — o Unématerialu a jinych patéliich — Ing. Jan
Klusak, Ph.D.
Muze se hlinik unavit i jinak nez cestou do HumpoldaR a pro vznikaji trhliny v
materialech? Promaji letadla kulata okénka? Co o Uaéavaterialu ¥déla uz vasSe
babitka a jaké metody pouzivame dnes?

. 10:15 a 11:15 Vystoupeni divadla UDiF
V UFM piedvede své pokusy spjaté s chovanim matevigispecialnich podminkéch
i Divadlo fyziky UDiF. Divadlo se s Ustavem spojilaby se Bfané doz¥ddli, jaka
Spikkova wda se v jejich reste déla. Prekvapivé experimenty ukazi, na caiieme
byt pravem hrdi.
Prijd’te se pobavit a zaZit s nami pocit pochopeni, peos®t je kraswjsi, kdyz vite,
jak funguje.

Vice informaci o Ustavu naleznete navww.ipm.cz

vice
Vyzkumné skupiny
Skupina creepu kovovych matefial

Skupina kehkého lomu

Skupina nizkocyklové unavy

Skupina pokrokovych vysokoteplotnich material

Skupina vysokocyklové unavy

Skupina elektrickych a magnetickych vlastnosti

Skupina struktury fazi a termodynamiky

Pokratilé kovové materidly a kompozity na bazi KofCEITEC UFM)

Transportni a magnetické vlastnosti (CEITEC UFM)

Ustav fyziky materiald
Skupina creepu kovovych materiali

Uvod

The work of the group is directed to an explanatbbasic mechanisms of high temperature
creep in metallic materials, relations between gteehaviour and microstructure and to a
transfer of obtained results to technical applarsi Theoretical investigations consist in
modelling of the microstructure processes. Expenis@clude conventional and non-
conventional creep tests and structure investigatibhe development of new testing



facilities and procedures has resulted in a unegepment of creep laboratories of the
Institute.
Following topics are investigated:

« constitutive description of creep behaviour

« constant structure creep

« creep in modern magnesium alloys and their fiorengthened composites

- creep in modern dispersion strengthened aluminilogsaand discontinuous metal
matrix composites

« creep in magnesium alloys and composites

« application of two phase model of the structurergep

- mechanisms of creep in metallic materials at vewy ¢reep rates

« small punch test method assessment for the detatiomof the residual creep life of
service exposed components (including welds)

« possibilities of small punch testing in investigas of mechanical behaviour of
metallic materials

Ustav fyziky materiald
Skupina krehkeho lomu

Uvod

Arising from the extensive long-term experiences previous fruitful and internationally
acknowledged activity in this field the group intigates the problems associated with
strength and fracture behaviour of engineering rmesdeading to explanation of physical
nature of phenomena observed. Major attentiorvisrgio quantitative assessment and
predictions of microstructure - property relatiopshin both the structural steels and the
advanced materials. For the recent research actithe group having theoretical,
computational and experimental nature the followimgn areas of interests are characteristic:
In the field ofexperimental fracture mechanics and brittle fracture of steelghe study of
phenomena is in focus of interests rather thanqodat steel itself:

« Micromechanisms of brittle failures, relationships to microstructural parameters.
Transition behaviour of fracture toughness charesties, the temperature and strain
rate effects.

- Micromechanical aspects of brittle fracture initiation. Accurate characterisation of
crack tip phenomena and their relations to macimsdoacture characteristics, the
crack tip constraint effects.

« Local approach (deterministic, stochastic) in the assessmentitifebfailures and
fracture toughness prediction. Cleavage (critiraljture stress, its physical nature
and role.

- Technological and operational degradationn low alloy (creep resistant) steels,
microstructural and micromechanical properties iimy the phenomenas.

- Fracture behaviour and naturetofighness of heterogeneous martensiie low
alloyed steels.

Fracture of advanced materials.New direction, currently based on grant projest$pcused
on study of new types of advanced materials witmgerdisciplinary approach. Materials and
their fracture behaviour are supposed to be thieeal topics in this field:



- Strain and fracture behaviour of an in situ compodies. Low temperature toughness
and fracture of duplex stainless steels, ageingstnaéh rate effects.

+ Brittleness and toughening mechanisms in ceramicBevelopment of advanced
methods for fracture toughness determination fittidmaterials.

« The failure micromechanisms and fracture charasttesi ofglass ceramics
reinforced by metal particles and/or SiC fibres.

Kratka videoprezentace na témdBudoucnost sklefnych a keramickych materigl

Ustav fyziky materiald
Skupina nizkocykloveé unavy

Uvod

Premature failure of components and structuregdedion the basis of monotonic and
traditional high cycle life curves has focused dlttention of design engineers and scientists to
the study ofow cycle fatigue of materials Low cycle fatigue fractures are connected with
the infrequent working cycles of equipment or instents which often result from start-up
and shut down operations or interruptions of theiction. Important subjects represent also
high temperature low cycle fatigue, thermal andrtf@mechanical fatigue and multiaxial
elastoplastic fatigue.

The research of low cycle fatigue started in IPMenthe leadership of the deceased Prof.
Mirko Klesnil in the sixties when two electrohydhauesting machines were designed and
assembled in the IPM using the components prodogeNOVA company. Later two
elecrohydraulic computer controlled machines wenelpased (see experimental facilities).
The present activities of the group concentratbéosystematic study of the fatigue behaviour
of the structural and advanced materials subjectegclic elastoplastic loading, mostly

under push-pull conditions.

The main subjects pursued:

« cyclic plastic straining the mechanisms, sources of the cyclic stresselatian to
the internal structure. Analysis of the hysterésip using statistical theory in terms
of the internal and effective stress, the relatibthe macroscopic response to the
internal dislocation structure.

- fatigue damage mechanismsthe mechanisms of cyclic slip localisation, dag
crack nucleation

- interaction of low cycle fatigue with creep at eleated temperatures structural
changes and damage evolution in high temperatumengyric and asymmetric
loading; nickel based superalloys

- fatigue of composite materials damage evolution, cracking and fatigue fractfre
laminate composites (GLARE, ARALL)

- effect of the coatings on the cyclic plasticity anéhtigue life of advanced materials
- effect of nitride and carbon layers and of theeotcoating procedures on the
individual stages of fatigue process and on thiguatlife.

- effect of depressed and elevated temperatures oretlearly fatigue damage study
of the surface relief evolution using high resauattechniques (AFM, FESEM,
EBSD, FIB) in austenitic, ferritic and austeniterfitic duplex stainless steels

« short crack growth kinetics in advanced steels duplex, Eurofer, effect of mean
stress

« study of fatigue damage in TiAl intermetallics



The most important results in the last five years:

« Quantitative description of short crack growth regime and its use for the fatigue life
prediction

« experimental documentation of fatigue damage evolidn in plastic strain
amplitude controlled one-step and two-step loading

« separation of the cyclic stress into internal andféective componentusing loop
shape analysis

« measurement of the effective stress and the distuittion of the internal critical
stressesdn stainless austenitic, ferritic and duplex seel

« application of the atomic force microscopy (AFM), Igh resolution scanning
electron microscopy (FESEM) and focused ion beam [B) to the study of surface
relief evolution and fatigue crack nucleation

« quantitative data on the extrusion and intrusion famation in stainless steel at
ambient, depressed and elevated temperatures

- theoretical description of the temperature dependere of the extrusion growthin
fatigued single and polycrystals

Ustav fyziky materiald
Skupina pokrokovych vysokoteplotnich materiali

Uvod

Experimentalni a teoreticky vyzkum je pro¥ad cilem ziskani novych poznat& vztahu
mezi mikrostrukturou a mechanickymi vlastnostmimskych materiah za zvySenych a
vysokych teplot, umatujicich zvysit provozni teploty komponent vysokdtepich zaizeni.
Probihajici vyzkum je sousitEn na popis mikrostrukturnich zm a identifikaci proces
deformace a poruSovanii greepu &chto material, poskytujicich moznost dalSiho vyvoje
novych materidl s vy$Simi Zarupevnymi charakteristikami. Zvla§tozornost je #énovana
predikci Zivotnosti exploatovanych matedial

Nasledujici problémy bylyi jsou studovany v poslednicktpletech:

« creepova pevnost pokifibych martenzitickych 9-12%Cr oceli,

- mikrostruktura, vlastnosti a aplikace gamma — Tiraérmetalik,

- creepove vlastnosti zirkoniovych slitin pro povlakarubky,

- vysokoteplotni creep superslitin na bazi niklu aaleu,

« vyzkum creepového chovani kompdzit kovovou matrici (MMCs),

- creepove chovani a mikrostruktura ultrajemnozrnri§@h a slitin @ipravenych
intenzivni plastickou deformaci (ECAP),

- modelovani mikrostrukturnich prodea vysokoteplotnich vliastnosti pokigch
Zarupevnych materid|

« popis mechanistncreepového porusovani a vyvoj metod predikce ane&givotnosti
materiati.



Ustav fyziky materiald
Skupina vysokocykloveé Unavy

Uvod

Védecko vyzkumna aktivita skupiny vysokocyklové Unavy je zaméfena na studium podstaty a
kvantitativniho popisu Unavového procesu ve vSech jeho stadiich. Hlavnim cilem vyzkumu je pfispivat
k lepSimu porozuméni projevu cyklické plasticity pfi nizkych Grovnich zatéZovani, procesu iniciace
trhlin, prahovym hodnotam pro Sifeni Unavovych trhlin a lomové-mechanickému popisu chovani
Unavovych trhlin. Experimentalni a teoretické studie se zaméfuji zejména na vztah mezi
mikrostrukturou, jejim vyvojem béhem cyklického zatéZzovani a makroskopickymi Gnavovymi a
creepovymi viastnostmi. DalSi dulezitou ¢asti vyzkumu je numerické modelovani lomového chovani a
stanoveni vypovidajicich lomovych parametra. Stale aktualnim tématem je hledani kriterii stability pro
nehomogenni materidly, vruby nebo vrstevnaté kompozity. Diky tomu dosSlo ke zna¢nému rozSifeni
spektra studovanych material(d. V souéasnosti jsou studovany mimo kovovych materialt i materialy
polymerni, kompozity s polymerni nebo keramickou matrici nebo pokrocilé stavebni materiély.

Nedilnou soucasti vyzkumu je aplikace dosazenych vysledkd v Gzké spolupraci s pramyslovymi
partnery. Zejména jde o stanoveni Zzivotnosti primyslovych komponent na zakladé numerického
modelovani a pokrogilych dnavovych testa.

Vyzkum v oblasti Gnavy se na Ustavu fyziky materiald (v té dobé& Laboratof pro studium vlastnosti
kovU) rozvinul v Sedesatych letech pod vedenim Prof. Mirko Klesnila. V osmdesatych letech se stal
vedoucim skupiny vysokocyklové Ginavy Doc. Petr LukdS. Tento uznavany odbornik vedl skupinu az
do roku 2010. Vypoctové a teoreticky zaméfena Cast skupiny vyrostla zejména pod vedenim Prof.
Zdenka Knésla, ktery se touto problematikou hloubéji zabyval od osmdesétych let. Souc¢asné slozeni
skupiny Ize najit zde.

Hlavni vyzkumné projekty feSené ve skupiné zahrnuji:

e Unavové a Unavoveé-creepové chovani krystalickych a polykrystalickych supersilitin,

* Unavové vlastnosti ultra-jemnozrnnych materiald,

» vliv stfedniho napéti na cyklickou napétové-deformacni odezvu a Unavovou Zivotnost,

e vliv vrubll (v€etné bi-materidlovych) a trhlin na Unavovou a Unavové-creepovou Zivotnost,

e vliv volného povrchu na chovani tnavovych trhlin,

* interpretace vlivu constraintu na Unavové chovani,

» vliv rozhranni mezi dvéma materialy na chovani trhliny nebo stabilitu vrubu,

» stanoveni zékladnich Gnavovych a lomovych charakteristik pokroc¢ilych stavebnich materiald,
» popis chovani trhliny v polymernich materidlech,

popis chovani trhliny v pokro€ilych kompozitnich materiélech.



Ustav fyziky materiald
Skupina elektrickych a magnetickych vliastnosti

Uvod
The activities of the group are focused on:

- theoretical studies of electronic and magnetic prigs of disordered alloys, epitaxial multéay, surfaces ar
interfaces as well as quantum-mechanical studiextehded defects in metallic materials

« experimental investigations of relations amongaitme and magnetic, transport and mechanical ptiegen
metallic materials

In the first topic the research encompasses setggriahl fields as e.g. surface magnetism, magmesibange
coupling and spin-dependent transport in multilagesystems, magnetic properties of amorphous rakesolute
segregation in bulk disordered alloys and at goaundaries and computer simulations of atomic gométions of
defects. Quantum-mechanical and quantum-statistietthods are applied to these problems, and madiestare
performed from the first principles.

The second of the mentioned topics is based ordl@wperimental macroscopic and micro- scopic ingatbns of
crystal structure in relation to electrical and metic properties, both integral and microscopied®minate amount
of results has been obtained from applications o$shauer spectroscopy. Crystalline, microcryswllin
nanocrystalline and amorphous materials have beasiigated. The main idea is to obtain a deepaenstanding of
relations between changes in crystalline strudtuckependence on heat and mechanical treatmengtlecitical and
magnetic properties.

The most important projects in the group within lad five years have been oriented on:

- first-principles investigations of two-dimensioralloy magnetism and electron transport in magnetic
multilayers

- first-principles studies of theoretical strengthape stability and magnetism in metals and inteahiet

« atomistic studies of grain boundaries in metallet@nials and development of relevant quantum-mechin
techniques

+ influence of method of preparation, heat and meichhtreatments on structure and properties of
nanocrystalline materials

« structure and properties of metallic and oxidic metiz materials prepared by non- traditional tedbgies

- role of defects in electrical, magnetic and mectamroperties of ordered intermetallic systems.

Posledni zrtna
17. 10. 2014

Ustav fyziky materiald
Skupina struktury fazi a termodynamiky

Uvod
Vyzkumneé aktivity skupiny jsou zaméieny na:

« Experimentéalni studium mikrostruktury v souvislasfazovymi transformacemi
« Termodynamické modelovéani vicesloZzkovych systénkinetiku fazovych
transformaci



« Studium difuznich procésv pevnych latkach a difuze vodiku ve vybranychktimch
materialech

Prvni téma zahrnuje aplikai@dkovaci i transmisni elektronové mikroskopie spéjs
analytickymi technikami (energi¢\wa vinow dispersni RTG analyza, difrakcechm:
odrazenych elektrar). Vyzkum je zamsien gredevsim na studium relace mezi
mikrostrukturou (fazové a chemické sloZeni, krystalstruktura a morfologie strukturnich
objekt1) a mechanickymi vlastnostmi Sirokého spektra moidérmaterial
(nanostrukturované materialy, legované oceli, ni&lsuperslitiny, higikové slitiny a
kompozity, bezolovnaté pajky). Druhé téma je zahavea aplikaci satasnych
termodynamickych modelpro vypdity fdzovych diagrari vicesloZkovych systéira pro
simulaci difiznich procés Treti téma je zagteno na studium objemové difuze a difuze
podél drah o vysoké difuziwt chemické difaze pod koncentram gradientem ve
vicefazovych materialech a svarech a na studiunspi@tnich charakteristik vodiku v
materialech na bazi k&iku, ucenych pro skladovani energie.

TémataieSena v pfibéhu poslednich f#ti let:

- Teoretické vypoty i experimentalni studium fazovych diagnaivezolovnatych pajek,
termodynamika a mikrostruktura nanopraskovych pagknych k Zivotnimu
prostedi

- Teoretické a experimentalni studium modelovychins(ial-Pd-Rh, Al-Pd-Fe, Ti-Al-
Ni, Ni-Al-Zn aj.) a termodynamicky popis fazovycbvnovah

« Vztah mezi mikrostrukturou a creepovym chovaninctipieacné zpevreénych slitin
pripravenych metodou ECAP

« Studium mikrostruktury chromovych oceli a jejickaswych spaj po dlouhodobém
creepu pi vysokych teplotach, termodynamické modelovano¥gzh diagram a
chovani precipitdit (Lavesova faze, faze 2)

- Difaze vodiku v Mg, ve slitinach MgNi, a ve slitinach Mg«Ni-yX modifikovanych
tretim elementem X (X = Zn, Ga, In, Si, Ge a Sn)

« Studium povrchu vybranych Ni slitin vystavenych damimu gisobeni roztavenych
halidovych soli

- Diftize uhliku v uhlikem fesycenych feritickych a austenitickych ocelich

- Kinetika desorpce vodiku v ktikovych slitinach modifikovanych vybranymi
intersticialnimi prvky

Patenty:

« Porézni materiél pro ukladani vodiku @gab jeho pipravy €. pat. 302464)

CEITEC - Ustav fyziky materiald
Pokrodilé kovové materidly a kompozity na bazi kovil

Uvod

Cilem vyzkumné skupiny Pokgité kovové materialy a kompozity na bazi kavude
vyzkum vlastnosti vybranych pokiitych material ve vztahu k jejich mikrostrukte,
studium mechanizindegradanich proces pokraiilych material v podminkach
stimulujicich podminky provozni, testovani aptikech moznosti pokgalych materiah a
navrhy novych materiéla predikce jejich Zivotnosti teoretickymi a vgetnimi metodami.



Na zéklad postupného prohlubovani poznéni vztahu mezi mikukgirou a vliastnostmi je
mozné optimalizovat jak mikrostrukturu, tak viastti@ konstruovat materialy zcela nové.
Vyzkum bude koncentrovan ¥ahto specialnich laborafch:

» Laborat® mechanickych vlastnosti za vysokych teplot

» Laborat® unavovych vlastnosti

» Laborat® kiehkého poruseni

» Laboratd difize a termodynamiky

» Laboratd struktury fazi

CEITEC - Ustav fyziky materiald
Transportni a magneticke vlastnosti

Uvod

Cinnost vyzkumné skupiny Transportni a magnetickétviosti je orientovana na studium
transportnich a magnetickych vlastnosti maténatavislosti na chemickém sloZeningpbu
piipravy, tepelném a mechanickém zpracovani. Cilgpozmani vztain mezi strukturou,
fazovym slozenim a vybranymi fyzikalnimi parametkpumanych material

Skupina se zabyva kipravou a analyzou nanopraskovych magnetickychnahtgpomoci
tepelré indukovanych procésv pevné fazi. Strukturni charakterizace nanoprdek
provadna s vyuzitim praskove rtg. difrakce, transmisekgbnové mikroskopie (TEM) a
rastrovaci elektronové mikroskopie (SEM). Postulpande uvedeno do provozu iizzeni
TEM s vysokym rozliSenim (HR-TEM). Pro studium f&&bo sloZeni a magnetického
charakteru materialna bazi Fe se vyuziva Mossbauerova spektroskdopdsS( CEMS).
Zakladni magnetické vlastnosti jsowovany pomaoci vibréniho magnetometru v teplotnim
rozsahu 80-1093 K.

V prabéhu projektu bude uvedeno do provoziizani umo#ujici studium magnetickych
vlastnosti (ve stejnostmych i stidavych mag. polich) a elektrickych transportnitastnosti
v teplotnim rozsahu 2—-300 K.



