Introductory Lecture
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Committee
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3Materials Research Group, Faculty of Engineering and the Environment, University of Southampton, Southampton,
UK

The 7th International Conference on Nanomaterials by Severe Plastic Deformation (NanoSPD7) is hosted
by the University of Sydney (Australia) following a series of earlier conferences: in Moscow (1999),
Vienna (2002), Fukuoka (2005), Goslar (2008), Nanjing (2011) and Metz (2014). This introductory lecture
reports on several major developments in NanoSPD activities as well as on very recent NanoSPD citation
data which illustrate the growth and expansion of this important research area. Close attention is given
to topics of nanostructuring of metals by SPD processing for advanced properties and on new trends in
developing SPD techniques for practical applications. A special concern of the committee is the
appropriate terminology that will be used in this new field of science and engineering as well as the
innovation potential of recent applied studies and developments.

Biography:

Prof. Ruslan.Z/aliev's is Director of Institute of Physics of Advanced Materials, Ufa State Aviation

Technical University, Ufa, Russia and concurrently supervisor of the Laboratory for Mechanics of

Advanced Bulk Nanomaterials for Innovative Engineering Applicatains P&tersburg State University,
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and his ceworkers have made pioneer works on processing ultrafiaeged metals and alloys by severe
plasticdeformation (SPD). These works have attracted high interest and intensive developing in many
countries. His main present research interests comprise studies of unigue mechanical and functional
properties of SPD produced nanomaterials. He is one of thelifgumembers and Chairman of the

International NanoSPD Steering Committee.

Prof. Terence G. Langdon has considerable experience in the processing of metals through the
application of severe plastic deformation. He was one of the authors on the fitstrmpaper on SPD
published in Journal of Materials Research in 1993. Since then he has published a large number of
papers on SPD including review articles on ECAP and HPT. He is one of the Founding Members of the
International NanoSPD Steering Committee



Monday Morning Keynote Presentation

New insights into the design of nanoscale microstructure via atom
probe microscopy

Simon Ringer
The University of Sydney, Australia

The atom probe microscope provides an increasingly flexible platform for high resolution mass
spectrometry, field desorption microscopy, field ion microscopy and atom probe tomography.
Significantly, by combining information from these modalities, it has recently become possible to discern
local crystallographic information at very high resolution. This innovation changes the way that we use
the instrument—from a tool that was primarily for microanalysis to one that serves as an holistic
microscope. This lecture will present recent developments and applications in understanding severe
plastic deformation where it is essential to combine local chemical and crystallographic information. A
particular focus is on understanding solute engineering where controlled solute segregation to grain
boundaries, coupled with intragranular solute clustering and second phase precipitation can be
combined with nanostructured grain size to produce materials with exceptional properties.

Biography:
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Director of the Sydney Nanoscience Hub, which is the flagship building of the Australian Institute for
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School of Aerospace, Mechanical & Mechatronidrieaging. Professor Ringer's research is about

atomic-scale materials design. He studies how small groups of atoms in special architectioresc

clusterg can create materials with remarkable properties. New combinations of electronic, magnetic,
chemicaland mechanical properties are being discovered with applications in semiconductors for

photovoltaics and communications, catalysis and lightweight metals including aluminium alloys and

advanced structural steels.

He has used SPD extensively as a key ggingetool, and his research using atom probe microscopy has
pioneered the frontiers of the hierarchical nanoscale microstructures in SPD materials, revealing new
levels of complexity and opportunity.

He has worked in Sweden, Japan, the USA and Austiradidnolds patents in the design of steels and
nanomaterials. He has published over 300 papers and serves a materials engineering consultant to local
and international industry. Professor Ringer is a Chartered Materials Professional and a Fellow of the
Inditution of Engineers Australia.



Monday 1.1 - Microstructures and deformation mechanisms

Microstructures and solute nanostructures of AA7075 alloy processed
by high-pressure torsion

Mr Yidong Zhang?, Dr. Patrick Trimby?, Prof Xiaozhou Liao3, Prof Maxim Murashkin®, Prof Ruslan Valiev?,
Prof. Julie Cairney?, Prof. Simon Ringer?, Professor Gang Sha

Herbert Gleiter Institute of Nanoscience, Nanjing University of Science and Technology, Nanjing, China,
2Austraian Centre of Microscopy and Microanalysig, Thiversiy of Sydney, Sydney, Australia

3School of Aerospace,Mechanical and Mechatronic Engineering, The UnigE8ydney, Sydney, Australia
4Institute of Physics of advanced Materials, Ufa State Aviation Technical Universit, Ufa, Russia

Microstructures of AA7075 processed by high-pressure torsion (HPT) after different revolutions at room
temperature and 200C have comprehensively characterized by transmission Kikuchi diffraction(TKD) and
atom probe tomography(APT). The processing temperature and number of revolution applied have
complicated effects on grain size, shape, number density of geometrical necessary dislocations and
solute nanostructures. Room temperature processing leads to a significant grain refinement after 2-turn
processing, but the average grain size did not show any significant further refinement by further
increasing in the revolution number up to 10 turns, but the grain shapes became more equi-axed with
increasing in the number of revolutions. Interestingly, the room temperature processing did not cause
any significant decomposition of the alloy. In contrast, a high temperature processing at 200EC lead to
the significant grain refinement after 2-revolutions HPT processing, but the alloy decomposed
significantly with increasing in the number of revolutions by formation of eta phase particles at grain
boundary and inner grains and grain coarsening was observed with increasing in number of revolutions.
The mechanisms dominating the microstructural formation in the alloy by HPT processing have been
discussed comprehensively in this research.

Biography:

He is a leading expert on atom probe tomography (APT), and has done pioneer research on wrought Al
alloys (including 7xxx, 6xxx and 2xxx series Al alloys) in automotive asgamr@pplications. His

research has a focus on developing deep scientific understanding about metals in order to provide
essential knowledge for the design and development of new alloys with tailored nanostructures and
exceptional properties for new apgditions. He has been an author of over 85 publications in
international leading journals, and received over 1770 citations with a h index of 23. He currently is a
full-time professor at Nanjing University of Science and Technology, and lead the ChimesefCe
Excellence for Atom Probe Tomography.



Monday 1.1 - Microstructures and deformation mechanisms

Deformation-induced rapid grain refinement in a titanium alloy with a
nano-scale concentration modulation

Professor Yulin Hdo
Unstitute of Metal Research, Chinese Academy of Sciences, Shenyang, China

A multifunctional titanium alloy, Ti2448 (Ti-24Nb-4Zr-8Sn wt.%), has been developed for intention of
biomedical applications. It possesses good biomechanical compatibility with human bone, in terms of
high strength and elastic modulus approaching that of the hard tissue human body, as well as
biochemical compatibility resulting from its non-toxic and non-allergic alloying elements. The alloy
exhibits a large scale nonlinear elastic deformation and a highly-localized plastic deformation. The
former results in high strength, low elastic modulus, large recoverable strain and high damping capacity
while the later leads to easy grain refinement to tens nanometers by the conventional cold processing.
Recent 3D atomic probe tomography (APT) analyses revealed that the cooling from the high
temperature single phase field leads to a nano-scale heterogeneity in composition via an isostructural
spinodal decomposition. This creates a nano-scale Nb modulation consisting of the interpenetrating Nb-
rich and Nb-lean domains that are 2~3 nm in size and are approximately equiaxed in shape. The finding
demonstrates that the decomposition type metallic materials have great potential for grain refinement
by the plastic deformation. Here also gives a brief summary on the NS and UFG Ti2448 alloy with high
strength, good ductility and excellent strain-controlled fatigue properties.

Biography:

RESEARCH INTERESTS (biomedical titanium alloys)

Development of multifunctionditanium alloys for biomedical applications, fabrication of porous

titanium alloys, bioactive surface treatments of titanium alloys, design of implant devices and
biomechanical evaluation

CONTRIBUTIONS (biomedical titanium alloys)

A new way to design titaum alloys with high strength and low elastic modulus was proposed. Ti2448
biomedical titanium alloy (24Nb4Zr8Sn in weight percent, abbreviated as Ti2448) with ultralow

elastic modulus matching that of human bone has been developed. The alloywealsaasmplant
certification by SFDA of China in Feb 2008 while the implant devices made of the alloy have completed
clinical trials in qualified hospitals of China.The processiiegostructureproperties relationship dd-

type biomedical titanium alloyisas been investigated extensively. A rapid grain refinement mechanism
through highly localized plastic deformation was found in Ti2448 alloy through which thesizaxo

grains can be easily achieved by conventional cold processing (Appl. Phys. L8G58042906). Based

on the findings of muclveakened chemical bonding of atoms in the crystal, a mechanism of easy crystal
distortion was proposed to interpret the origin of peculiar elastic and plastic deformation behaviour of
Ti2448 alloy. (Phys. RevittLLe2007, 98: 216405). In a modified Ti2448 alloy, thsitin high resolution

TEM analysis found three reversible deformation mechanisms, nanodisturbance, dislocation loops and
martensitic transformation, which was triggered in turn with increasing apgmiress. The experiments

also revealed the evolution of the dislocation loops to disclination dipoles that cause severe local lattice
rotation. (Phys. Rev. Lett., 102 (2009), 045503).



Monday 1.1 - Microstructures and deformation mechanisms

Deformation-induced supersaturation of immiscible binary systems

Dr Karoline S. KormotitPradipta Ghosh?, Andrea Bachmaier?, Reinhard Pippan'
1Erich Schmid Institute of Materials Science, Austrian Asgaé Sciences, Leoben, Austria

Metals immiscible in thermodynamic equilibrium can be forced into a metastable supersaturated state
through plastic deformation as evidenced in numerous studies. Despite detailed investigations in the
last decades, the underlying processes and the key parameters controlling deformation-induced
supersaturation are still a controversial issue. To understand how deformation-induced supersaturation
is realized the fundamental deformation behaviors in immiscible composites need to be known. In
contrast to single-phase materials many system-related characteristics such as hardness level, volume
fraction and geometrical arrangement of the constituent phases can influence the complex deformation
processes.

In order to study the deformation behavior and related supersaturation processes a systematic variation
of the important parameters, such as processing temperature and applied strain, during high-pressure
torsion is conducted on two different immiscible systems. Cu-Ag and Ag-Ni were chosen because they
coincide concerning lattice structures and positive heat of mixing, but differ in their saturation hardness
levels of the constituent phases. Samples were produced by a powder route to easily vary the
composition. The degree of supersaturation was determined by synchrotron X-Ray measurements and
correlated in detail to microstructural changes by scanning and transmission electron microscopy. The
present results unravel a clear correlation between the dominating deformation mechanisms and strain-
induced supersaturation.



Monday 1.2 — Processing

Enhanced Mechanical and Functional Properties of Nanolaminates
Processed by Accumulative Roll Bonding

Professor Mathias GokeénDr Heinz Werner Héppel*
IFriedrichAlexandetUniversity Erlangeitrnberg, Erlangen, Germany

The accumulative roll bonding (ARB) process allows to produce laminated metal composites (LMCs) with
layer thicknesses in the range of a few micrometers down to some tens of nanometers in large
qguantities. Many different metallic materials can be combined in such nanolaminates to tailor the
mechanical properties and achieve optimum performance in terms of mechanical and functional
properties. For example, it has been shown that the fatigue properties can be strongly enhanced by
layered interfaces. Fatigue cracks approaching the interface towards the harder layer are retarded and
then grow parallel to the interface, leading to a higher fatigue life. The mechanical properties can also
be tuned without compromising functional properties as for example electrical conductivity or oxidation
resistance.

The presentation will focus on the material combinations of Al and steels, Al and Ti, and Al and Cu,
which are promising candidates to achieve interesting combinations of the mechanical and functional
properties and to gain a better understanding of the deformation mechanisms in nanolaminates. The
mechanical properties have been investigated in terms of strength, fatigue properties and influences
from the local strain rate sensitivity by nanoindentation measurements. The achieved properties will be
discussed based on the stacking sequence of the sheets.

Biography:
Professor at the FriedriehlexanderUniversity Erlangedirnberg



Monday 1.2 — Processing

Stress-Assisted and strain-induced martensites formed by cryogenic
ultrasonic shot peening

Professor Thierry Grosdidiér
lUniversity ot orraine, Metz, France

As failure is often initiated from the surface, surface treatments involving severe plastic deformation of
the outer part of a work piece are being developed. Mechanical surface treatment techniques, deriving
from the traditional pre-strain shot peening but involving much longer treatment durations, have been
developed for which the shots are set in motion within a confined chamber and have a wide variety of
incidence angles when colliding onto the surface. They are found in the literature under different names
such as Surface Mechanical Attrition Treatment (SMAT) or Ultrasonic Shot Peening (USP).

The action of the shots leads to a grain size refinement - down to the sub-micrometer range - and
substantial hardening of the surface and the subsurface. While the effect of using cryonenic
temperature (CT) has been used to reduce further the grain sizes on Cu or carbon steels, this
presentation focusses on the effect of CT in metals susceptible to form martensite : austenitic stainless
steels and beta-metastable Ti alloys. It will be shown that the use of cryogenic temperature did not
increase the surface hardness significantly but greatly increased the subsurface hardness and, in some
cases, changed the martensitic phase transformation sequences.

Biography:

Prof. Thierry Grosdidier is an expert in metallurgy, working mostly in microstrugiumeerties

relationships taking into account texture and processing conditions (thermal spraying, SPS, extrusion,
etc). He received his Ph.D. dagin Material Science from InstieiNational Polytechnique de Lorraine

Ecole des Mines de Nancy (France) in 1993 and carried on his research career at the University of Surrey
(UK). Head of the federative research group GI2M from 2006 to 2012 inrdityide Metz (France), he is

now lecturing at University de Lorraine (France}aGor of about 130 scientific publicationsirdex

34 (google scholar), his current topics of interest are (i) powder metallurgy, (ii) surface modifications and
(iii) sevee plastic deformation.

He was deputy director of the Scientific Federation GI2M in Metz (5 laboratories, 250 people)}skyd sea
Professor at Dalian University of Technology (China). He is known a scientific expert at the "Advanced
Light Metal InnovatiorCenter"- Shanghai Jiao Tong University (China). He is also VP of the commission
"Poudres et matériaux frittés" of the French Material and Metallurgy Society (SF2M).



Monday 1.2 — Processing

Scientific and technological foundations for scaling production of
nanostructured metals

Professor Terry LoweCasey Davis?, Peter Rovira', Mathew Hayne!, Gordon Campbell®, Joel Grzenia?,
Paige Stock?, Rilee Meagher?, Professor Henry Rack?

1Colorado Schoolftines, Golden, United States

2Clemson University, Clemson, United States

Severe Plastic Deformation (SPD) has been explored in a wide range of metals and alloys. However,
there are only a few industrial scale implementations of SPD for commercial alloys. To demonstrate and
evolve technology for producing ultrafine grain metals by SPD, a Nanostructured Metals Manufacturing
Testbed (NMMT) has been established in Golden, Colorado. Machines for research scale and pilot scale
Equal Channel Angular Pressing-Conform (ECAP-C) technology have been configured in the NMMT to
systematically evaluate and evolve SPD processing and advance the foundational science and
technology for manufacturing. We highlight the scientific and technological areas that are critical for
scale up of continuous SPD of aluminum, copper, magnesium, titanium, and iron-based alloys. Key areas
that we will address in this presentation include the need for comprehensive analysis of starting
microstructures, data on operating deformation mechanisms, high pressure thermodynamics and phase
transformation kinetics, tribological behaviors, temperature dependence of lubricant properties,
adaptation of tolerances and shear intensity to match viscoplastic behaviors, real-time process
monitoring, and mechanics of billet/tooling interactions.

Biography:

t NPT P [ 2 ¢ Seordpais haliddIadratdry research and management, entrepreneurship,
leadership in the nanomaterials industry, and university research and teaching. After earning his Ph.D. in
Materials Science and Engineering/Applied Mechanics from Stanford Unyiversierved as a Staff

Scientist at Sandia National Laboratories from 1982 to 1990 developing msitagdke computational

models of polycrystal plasticity and metallurgical processes to simulate metal forming. Subsequently he
served in leadership roles labs Alamos National Laboratory (LANL) as Deputy Director of the Materials
Science and Technology Division and later as Program Director for Science and Technology Base
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many relationships with universities worldwide. Dr. Lowe shifted into the private sector in 2000 to serve
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He subsequently eélmunded and served &EO of the nanostructured metals company, METALLICUM

INC. Today METALLICUM is a wholly owned subsidiary of MANHATTAN SCIENTIFICS (OTC: MHTX). In
2012 Lowe shifted his acumen in technical innovation and leadership to university research, teaching,
and provding institutionatlevel service to higher education at New Mexico Tech. There he designed and
launched the Biomaterials Engineering curriculum. Recognizing the-vadihg reputation of the

Colorado School of Mines, and the economic vibrancy of theeDesgion, Dr. Lowe relocated to

Golden, CO in July of 2013 joining the renowned Department of Metallurgical and Materials Engineering
as a Research Professor. Today he is demonstrating the virtues of a new generation of nanostructured
materials, along wh novel methods to manufacture them for medical, energy, and transportation
applications.



Monday 1.3 - Mechanical properties

Mechanical behavior and fracture toughness of the ultra-fine grained
Ti-6Al-4V alloy processed by ECAP

Dr Irina Semenova Phd Alexander Polyakov?, Prof Gennady Klevtsov?, student Yulia Modina®, Roman
Valiev!

1Ufa State Aviation Technical Unisity, Ufa, Russian Federation

Togliatti State University, TogliattRussian Federation

The mechanical behavior and fracture toughness of the Ti-6Al-4V alloy in the coarse-grained (CG) state
and in the ultrafine-grained (UFG) state, produced by equal-channel angular pressing (ECAP) are studied.
It is shown that a refinement of a-grains (less than 0.3 nm) 1 a high dislocation density in the alloy by
ECAP leads to high strength, but lower values of uniform elongation, impact toughness and crack growth
resistance. It was shown, that an additional thermo-mechanical treatment of UFG alloy ensures a good
balance of high strength, ductility and fracture toughness via the ultrafine-grained structure consisting
of equiaxed a-grains (a mean size of 0.8 um), having high-angle misorientations and a reduced
dislocation density, as a result of the processes of recovery and dynamic recrystallization occurring
during isothermal upsetting. In the report the character and mechanisms of the failure of the alloy Ti-
6Al-4V with CG and UFG structure after mechanical testing are discussed.

Biography:

Education: The Urals state technical university, Yekaterinburg, Russia, majoriag3ni  f & OA Sy OS
GKSNXYIFE GNBFGYSy®D2F YSilIfaédao OMPT C

1981-1989¢ the engineer, 1982001- head of the nonferrous alloys laboratory on the ISC Ufa Engine
building Production Assaociation.

1999¢ PhD

2002-2011 Senior Researcher (at the Inst. ofdRisyof Advanced Materials), Ufa State Aviation Technical
University.

2011¢ Dr. Sci. (Material Science)

2011- up to present Leading Researcher (at the Inst. of Physics of Advanced Materials).




Monday 1.3 - Mechanical properties

Anisotropic strength differential effects and bauschinger effects after
ECAP of iron and aluminum

Mr Markus Hartet, Dr. Philipp Frint?, Prof. Martin F.-X. Wagner*
ITU Chemnitz, Chemnitz, Germany

Severe plastic deformation processes such as Equal-Channel Angular Pressing (ECAP) lead to metastable
microstructures with an increased dislocation density. This high defect density influences the plastic
behavior of metals and can lead to different yield stresses under tension vs. compression. In this study,
we analyze the yield behavior of commercially pure aluminum and pure iron as a function of the
orientation of samples taken from an ECAP billet. We compare stress-strain curves from tension and
compression experiments, observing a strength differential effect: The yield strength for most directions
is higher under compression compared to that under tension. We also study samples that have been
deformed in compression after a load-reversal from earlier tensile deformation up to different stages
(0.5% and 1 %). The pre-deformation leads to a decrease of the yield strength in compression. This
well-known Bauschinger Effect is clearly related to the interaction of dislocations in the strongly cold-
worked microstructures. In this presentation, we consider synchrotron diffraction experiments as well as
TEM and EBSD investigations on the microstructures at different stages of loading, which allows to
rationalize both strength differential and Bauschinger effects on the basis of fundamental
microstructural processes.

Biography:
Scientific assistant at TU Chemnitz since 04/2012



Monday 1.3 - Mechanical properties

Warm temperature deformation behaviour of UFG CP-Titanium
produced by I-ECAP

Mr Muhammad Jawad QarniDr. Andrzej RosochowskiZ, Dr. Sonia Boczkal®

IAdvanced Forming Research Centre (AFRC), University of StratRelgftewshire, United Kingdom

°Design Manufacture and Engineering Management (DMEM), University of Syaah Glasgow, United Kingdom
3Institute of NorFerrous Metals in Gliwice, Light Metals, Division, ul. Pilsudskiego I%@B3kawina, Poland

The objective of the present study is to investigate the deformation behaviour of Ultrafine-grain (UFG)
commercial purity Titanium (CP-Ti) at warm temperatures. Firstly, CP-Ti billets were processed through
six passes of incremental equal channel angular pressing (I-ECAP) at 300° C using a die channel angle (®)
of 120°. Uniaxial compression tests were then performed under isothermal conditions on cylindrical
samples obtained from the UFG CP-Ti billets. A series of these tests were conducted at different
temperatures of 400, 500 and 600 °C and at varying strain rates of 0.01, 0.1 and 1.0 s-1. In each test, the
original height of the sample was deformed by ~50% of its original value. The true stress-strain curves
obtained, revealed that the flow stress was sensitive to both temperature and strain rate. In general, the
flow stress was higher for lower temperatures and higher strain rates. Tests conducted at 400 and 500
°C, the flow stress quickly reaches a peak value, beyond which it exhibits a steady state response where
there is no appreciable change in flow stress with increasing strain. The 600 °C tests however shows a
strain hardening behaviour. Microstructure of the sample deformed at 600 °C and 0.01 s-1, exhibited
significant grain growth.

Biography:

Muhammad Jawad Qarni, is currently studying for a PhD at the Advanced Forming Research Centre
(AFRC) affiliated with University of Strathclyde, UK. Hmschanical engineering by profession and his
expertise are in materials processing, manufacturing and finite element analysis. Prior to joining AFRC he
was working as a research associate in Pakistan. He has also worked as a CAD/CAM engineer in the
automotive industry in the beginning of his career.



Monday 1.3 - Mechanical properties

Balance between strength and ductility of A6061 aluminum alloy pre-
deformed by cold-rolling or accumulative roll-bonding and
subsequently annealed

A/Prof Daisuke TeradaMr Junichi Kawabuchi?, Prof. Zenji Horita?, Prof. Kenji Matsuda?, Prof. Shoichi
Hirosawa*

IChiba Institute of TechnolggTsudanuma, Narashino, Japan

2Kyushu Univsity, Motooka, Nishku, Japan

SUnivesity of Toyama, Gofuku, Japan

“Yokohama National University, Tokiwadai, Hgapa-ku, Yokohama, Japan

Before aging, solution-treated A6061 aluminum alloy sheets were pre-deformed by cold-rolling with
reductions ranging from 10% to 80% or deformed by accumulative roll-bonding (ARB) process. The pre-
deformed sheets were aged at 170°C or 100°C with various aging time. Change in strength and ductility
of the sheets during aging was measured by tensile test. After 170°C aging, the strength increased and
ductility decreased with increasing aging time in the sheets pre-deformed by cold-rolling with reduction
below 50%. In other words, strength and ductility of the sheets showed trade-off relationship. On the
other hand, in the sheets pre-deformed by cold-rolling with reduction above 50% and pre-deformed by
ARB process, both strength and ductility increased during aging. Thus, the strength and ductility were
related to positive correlation. In case of 100°C aging, strength and ductility showed trade-off
relationship in the sheets pre-deformed with reduction below 10% and positive correlation in the sheets
pre-deformed with reduction above 20%. The results indicated that balance between strength and
ductility depend on strain of pre-deformation and aging temperature. Additionally, it was found that
high strength and good ductility could be obtained by severe pre-deformation and low temperature

aging.

Biography:

Prof. Daisuke Terada is an associate professor of Chiba Institute of Technology, Japan. He studies on
mechanical properties and microstructure of ultiee grained magrials fabricated by SPD processes,
especially accumulative rdibnding (ARB) process.



Monday Afternoon Keynote Presentation

Grain boundaries in severely deformed materials: structure, properties
and thermal evolution

Dr Sergiy Divinski
lnstitute of Materials Physics, UniversityMdinster, Miinster, Germany

Recent advances in investigation of structure and properties of interfaces in severe plastically deformed
(SPD) materials are reviewed. The results are critically analyzed as a function of the type of SPD
treatment, induced defects and the deformation parameters (temperature, total strain and strain rate)
for pure metals and alloys. A multi-level hierarchy of short-circuit diffusion paths is shown to be formed
in ultrafine grained materials produced by SPD treatment. The key properties of deformation-modified
grain boundaries, such as interface width, diffusion rate, extra free volume, are analyzed in detail. A
model of the deformation-modified grain boundary state is presented. The interphase boundaries in
severe plastically deformed Cu/Ni and Cu/Ta laminates are investigated with an emphasize on the effect
of deformation-induced mixing of elements.

Biography:
Dr. Sergiy Divinski is a Praladzent at the Institute of Materials Physics, University of Minster,
Germany, where hieads the radiotracer laboratory which represents one of the most reputed and

internationally recognized diffusion schools. He teaches graduate and postgraduate courses on Diffusion

in Solids, Numerical methods in Material Science and different aspédtderials Science. He has-co

authored more than 160 articles in various international journals, several book chapters in the field of
Diffusion in Solids, and a textbook titled Thermodynamics, Diffusion and the Kirkendall Effect in Solids.

Major researchiélds include diffusion in disordered and ordered intermetallics, diffusion and
segregation at grain boundaries, effects of external fields on structure, kinetic and thermodynamic
properties of metallic materials.



Monday 2.1: Microstructures and deformation mechanisms

Microstructure evolution and deformation behavior of severe
plastically deformed lamellar Cu-Ag metallic composite

Dr Pradipta Ghosh Dr. Karoline Kourmout?, Dr. Ulirch Lienert?, Prof. Jozef Keckes?, Prof. Reinhard
Pippant!

1Erich Schmithstitute of Matrials Science, Leoben, Austria

°Deutsches ElektroneSynchrotron, Hamburg, Germany

SMontan University, Leoben, Austria

Of the various available techniques for synthesis of nanocrystalline (nc) materials severe plastic
deformation (SPD) is most attractive due to its capability for producing bulk and impurity free products.
However, studies over past few decades have shown that the grain size in monolithic pure metals
usually saturates at 50-200 nm, depending on temperature and strain path. In addition, monolithic nc
metals exhibit poor ductility and thermal stability. One way out of this constraint is to use immiscible
bimetallic systems, where the size of individual phases can be reduced to few tens of nanometers and
below.

In this study, Copper (Cu)-Silver (Ag) nanocomposite is synthesized by High Pressure Torsion (HPT) of
cast Cu-Ag eutectic. The microstructure (SEM, TEM) and X-ray diffraction analysis of deformed
composites show gradual refinement of Cu and Ag phase in lamellar regions. Further, the compression
tests show clear anisotropy in deformation. The possible consequences of such anisotropic deformation
characteristics will be further discussed in view of texture evolution and methods for improving the
synthesis and ductility of such materials.

Biography:

BENational Institute of Technology, Durgapur, India
ME-Indian Institute of Science, Bengaluru, India
PhDIndian Institute of Science, Bengaluru, India



Monday 2.1: Microstructures and deformation mechanisms

Multiscale architectured Cu-Cr-Zr alloy with high strength, electrical
conductivity and thermal stability

Dr Jizi Lijy Mr Ningning Liang?, Prof. Jing Tao Wang?, Prof. Yonghao Zhao?, Prof. Yuntian Zhu'?
INanjing University of Secieand Technologyanjing, China
°North Carolina State University, Raleigh, USA

Multifunctional materials with more than two excellent properties are widely required in modern
industries. However, some properties are often trade-off with each other by single microstructural
designation. For example, nanostructured materials have high strength, but low ductility, thermal
stability and electrical conductivity. Here by means of equal-channel-angular pressing (ECAP) and
subsequent aging, we synthesized multi-scale hierarchical Cu-Cr-Zr alloy with nano-scale twins within
ultrafine grained matrix and nano-precipitates surrounded at grain boundaries. A superior combination
of high strength, high electrical conductivity and good thermal stability was obtained, which avoided the
trade-off among these important properties of electric conductive materials. This provides insight
understanding on the mechanisms for strengthening and stabilization of high conductive materials, and
could help the development of high-performance electrical conductors.

Biography:

Jizi Liu obtained a PhD degree in Materials Science and Engineering, Hunan University in 2014. During his
PhD, he worked as a Research Fellow at Hunan University. After graduation, he served as Lecturer at
Herbert Gleiter Institutef Nanoscience (HGI), Nanjing University of Science and Technology. He has a
solid background to understanding the structym®perty relation in metals and alloys by means of

S/TEM. He is good at atomic imaging, by which he revisited the processega@ditibrium phase

change in AlZnMg system and contributed to the theory of precipitation. Now he focuses on the
multiscale coupling mechanism of microstructures from atoms to grains from severe plastic deformation.
Also, he is interested in new charactatian techniques or combine of them. He has published more

than twenty journal articles, including Nature communications, Acta materialia, Scripta materialia and

SO on.



Monday 2.1: Microstructures and deformation mechanisms

The formation mechanism of intermetallics at the interface of ultrafine
grained Al/Mg bi-layered disks processed by high pressure torsion at
room temperature

Dr Xiaoguang QidpMr Xingyu Zhang?, Miss Wanting Sun?, Prof Mingyi Zheng?, Dr Nong Gao?, Prof
Marco J Starink?

1School of Materials Science and Engineering, Hémbtitute of Technology, Harbin, China

2Materials Research Group, Faculty of Engineering and the Enénminbmiversity of SouthamptoSouthanpton
SO171BJJK

Mg/Al bi-layered disks are fabricated by high pressure torsion (HPT) at room temperature. High
resolution transmission electron microscopy was used to characterize the interface. A thin layer of
intermetallic of 0.26 um in thickness forms at the main interface of Mg/Al disks, which is identified as y-
Mgl7Al12. The Al and Mg layer tend to flow into their counter layers and many sub-interfaces are
formed. An amorphous layer is formed at the sub-interface, thickness of which is about 20 nm. The
mechanisms of enhanced formation of intermetallics at the interface are as follows. First, the high
pressure and large strain increase the diffusion rate of Al in Mg and increase the solubility of Al in Mg.
Second, the hexagonally close packed structure of Mg solid solution transforms to amorphous structure.
Third, the amorphous layer crystallizes to y-Mg17Al12 with increasing HPT strain and time. These
mechanisms are consistent with the thermodynamics of the phases. The hardness at the interface is
much higher than the Al layer and the Mg layer, which is attributed to the presence of the intermetallics
and the amorphous layer.

Biography:

Dr Xiaoguang Qiao is a Lecturer of School of Materials Science and Engineering at Harbin Institute of
Technology, China. Dr Qiao obtained his Bftemg Dalian Institute of Railway in China in 2002, M.Eng
from Harbin Institute of Technology in 2004 and Ph.D. in 2010 from the University of Southampton, UK.
He subsequently did a pedbctoral research at University of Southampton sponsored by EPSREnHe
joined Harbin Institute of Technology in 2011.

His research interests centre on grain refinement, precipitation, phase transformation and strengthening
mechanism of light metals including Mg and Al processed by high pressure torsion as well géndevelo
novel Mg alloys with high strength.



Monday 2.2: Microstructure and texture evolution

Effect of post-cryoroll thermal treatment on microstructural evolution,
texture and anisotropic behavior in cryorolled A356 alloy

Mr R.J. Immanué] Dr. S.K. Panigrahi*
lndian Institute offechnology Madras, Departmentt echanical Engineering, IT Madras, India

Cryorolling is found to enhance the mechanical and wear properties of Al-Si alloy, A356 significantly. For
sheet metal applications, the material should possess excellent formability along with its good strength
and ductility. Anisotropy in the mechanical behavior of the material shows negative effect on its
formability and hence it is very much essential to study the material’s anisotropic behavior for better
understanding on its formability. In the present research work, cast A356 ingot is subjected to
cryorolling to produce ultrafine grained (UFG) sheets. Tensile tests are done at different angles with
respect to the rolling directing in order to study the material’s anisotropy. The anisotropic behavior of
the material is correlated with the crystallographic texture obtained from electron backscattered
diffraction (EBSD). The cryorolled material is then subjected to post-cryoroll annealing at various
temperature for 1 hour. Annealing treatment leads to formation of recrystallized grains with high angle
grain boundaries by consuming the deformed microstructure which has a significant impact on the
material’s texture. The evolution of crystallographic texture with annealing temperature and its impact
on the material’s anisotropy is studied in detail.

Biography:

Right after my graduation, | Joined IIT Madras in Jan 2013 as an M.S scholar and later on upgraded to
Ph.D and currently pursuing my doctoral research under the gegdaf Dr. S.K. Panigrahi. Our prime
research focus is to understand the effect of severe plastic deformation on various mechanical and
metallurgical properties of different types of Aluminium alloys. My present research interest includes
materials procesag, microstructural characterization, structumgoperty correlation, metallurgical
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Monday 2.2: Microstructure and texture evolution

Effect of equal channel angular pressing on the thermal-annealing-
induced microstructure and texture evolution of cold-rolled copper

Mr Zening Magd, Mr Ruicong Gu', Mr Fan Liu%, Dr Ying Liu®, Professor Xiaozhou Liao?, Professor Jingtao
Wang!

INanjing University of Scienaad Technology, Nanjing, Chin

°The University of Sydney, Sydney, Australia

The effect of equal channel angular pressing (ECAP) on the recrystallization-induced microstructure and
texture evolution of cold-rolled (CR) pure copper was investigated. Compared with the CR copper, ECAP
+ CR copper has finer recrystallized grains because the large stored energy introduced by ECAP led to a
higher nucleation rate for the recrystallization. While preferred nucleation with the formation of
nucleation site bands and preferred growth along the rolling direction occurred in CR copper, much
more uniform nucleation and equiaxed growth of recrystallized grains occurred in ECAP + CR copper.
Different from the annealed CR copper in which a weak retained rolling texture was observed, the
annealed ECAP + CR copper presented a strong cube texture after recrystallization. Mechanisms of the
texture evolution are discussed.

Biography:

Zening Mao is a PHD student in Nanjing University of Science and Technology, he majors in following
areas:1, the microstructe and texture evolution of ultrafingrained FCC metals during

recrystallization; 2, grain size effect of dynamic behaviour of ultrafiagned FCC metals and the
deformationinduced surface roughness evolution. He studied in the University of Sydndyldrao

Sept in 2016 for Joint training program supported by Nanjing University of Science and Technology. His
work has been published in Materials Science and Engineering.



Monday 2.2: Microstructure and texture evolution

Stable and unstable plastic flow during equal-channel angular pressing

Dr. Philipp Frint, Prof. Dr. Martin F.-X. Wagner?
IChemnitz University of Technology, Chemnitz, Germany

We report on the plastic flow behavior during ECAP of a commercial 6000 series aluminum alloy. Stable
homogeneous or unstable heterogeneous plastic flow can take place, depending on different pre-ECAP
material conditions of the same alloy. A visio-plastic method, where local deformation is studied by
analyzing the distortion of equi-axed grids of micro-indents, helps to understand the plastic flow of the
material and the formation of shear bands. From XRD measurements, pre-ECAP texture is found to be a
key factor for the onset of strain localization. Interestingly, the directional (anisotropic) strain hardening
prior to ECAP (introduced by cold extrusion) hardly affects shear banding. We furthermore analyze the
local mechanical behavior of individual bands by small scale tensile and shear testing. The shear bands
exhibit a considerably higher tensile strength compared to the surrounding matrix — but their shear-
strength is lower. Moreover, a local Bauschinger effect in the shear bands under shear loading can be
documented. Since this locally anisotropic material behavior strongly affects macroscopic deformation
of the as-ECAPed material, we consider local vs. global behavior and discuss the roles of texture, local
strain rate sensitivity, and load path-dependent behavior, which contributes towards a detailed
understanding of the post-ECAP deformation behavior.

Biography:

PhD in 2015 (Strain localizatiphenomena during combined SPpicessing of a 606feries aluminum
alloy)

Group Leader "UFMaterials and SP{processing" at chair of Materials Science in Chemnitz since 2014



Monday 2.3: Corrosion properties

Electrochemical polarization and corrosion behavior of ultrafine grained
copper by simple shear extrusion

Dr Muhammad Rifdj Prof Hiroyuki Miyamoto?, Prof Motohiro Yuasa®, Mr Genki Yamamoto?, Dr Ebad
Bagherpour?

Department of Science and Engineering, Doshighiversity, Kyotanabe, Japan

°Graduate School of Science dmyineering, DoshiahUniversity, Kyotanabe, Japan

SFaculty of Metallurgical and Materials ineering, Semnan Universityan

The effects of deformation by simple shear extrusion (SSE) on the corrosion rate of ultrafine grained
(UFG) copper was investigated by immersion tests and anodic polarization in mainly Livingston’s type
dislocation etchant. It is found that with increasing SSE passes, weight loss after immersions test
increased until UFG formation but decreased after eight or twelves passes. Change in the corrosion
currents obtained by Tafel extrapolation methods corresponded with the that of weight loss in the
immersion tests, and this change was caused by change of cathodic currents while anodic current was
little affected. Lower corrosion rates by further SSE deformation after UFG formation can be interpreted
in terms of grain boundary structural evolution. Namely transformation from non-equilibrium to
equilibrium structures and resultant lowers stress field of cathode sites, and reduce the rate of hydrogen
evolution in grain interior. Stability of passive films were evaluated by anodic polarization methods in
several solutions such as Livingston’s, NaCl and H,SO4, and the effect of SSE passes have very small
influence on it.

Biography:
I didmy research at metallic material laboratory of Doshisha University. My research topic is about
corrosion behavior of ultrafine grained metallic materials.



Monday 2.3: Corrosion properties

The effect of chromium content on corrosion behavior of ultrafine-
grained iron chromium alloy by equal channel angular pressing

Dr Muhammad Rifdj Fujiro Okada?, Prof Motohiro Yuasa®, Prof Hiroyuki Miyamoto*

Department of Mechanical Engineering, Faculty of Science and Engineering, Doshisha UKiyetaitgpe,
Japan

°Graduate School of Science and Engineering, Doshisha University, Kyoto, Japan

The effect of chromium content on corrosion behavior of ultrafine-grained (UFG) iron chromium alloy by
equal channel angular (ECAP) pressing have been evaluated by immersion and pitting resistance test and
discussed in terms of deformation structure. The immersion tests were performed in several the acidic
solutions. The weight loss in the immersion tests increased with increasing chromium contents in 10%
sulphuric acid and 10% hydrochloric acid, and decreased in 10% nitric acid. UFG structure material
showed lower weight loss than coarse grain material. Pitting resistance measurements were carried out
with a three-electrode cell to examine pitting potential. Pitting potential in 1 M NaCl solution exhibited
higher in UFG structure material. The high pitting potential of UFG structure material is related with
passive film formed on the surface with high grain boundaries and dislocation density. UFG structure
and non-equilibrium grain boundaries observation was examined by a field-emission transmission
electron microscope. UFG with non-equilibrium grain boundaries may become very fast diffusion path of
chromium, and may promote stabilized passivation film, which may lead to enhanced corrosion
resistance.

Biography:
I am working as assistant at Faculty of Science and Engineering, Doshisha University. My research topics
is about corrosion and mechanical behavior on ultrafine grain of iron chromium.



Monday 2.3: Corrosion properties

Effect of ultrasonic shot peening on hot corrosion and LCF behavior of
the Alloy Ti-6Al-4V

Dr Kausik ChattopadhyayMr Sanjeev Kumar?, Dr Vakil Singh?
lndian Institute of Technology (BHU), Varanasi, India

The effects of ultrasonic shot peening (USSP), a novel technique of severe plastic deformation, with hard
steel balls of 3 mm diameter and 5 minute of shot peening have been studied on hot corrosion and low
cycle fatigue (LCF) behaviour of Ti-6Al-4V alloy. The microstructural modification was characterized
using optical, TEM and XRD. Hot corrosion study was carried out under 100 wt.% NaCl salt at 600 2C
under cyclic heating and cooling for 100h. XRD, SEM and EDS were used to characterize the oxidation
and corrosion products. Corrosion rate was found to be less in the USSPed condition than that in the
non-USSPed one.

Further, strain controlled LCF tests were conducted on the non-USSPed, USSPed and USSPed+SR
samples, at total strain amplitude of £1.0%, £0.80%, +0.90% and +0.70%, at strain rate of 5x10-1s-1.
Fatigue life of the USSPed sample at the lowest total strain amplitude of £0.70% was enhanced by 2.5
times that of the non-USSPed one. It is due to the presence of compressive residual stress and grain
refinement. The enhanced fatigue life of the USSPed samples was reduced following the stress relieving
treatment (400 °C for 1h) but was higher than that of the non-USSPed one.

Biography:

Qualification: PhD (2008)

Teaching Experience: 08 Years

Research Experience: 08 Years + 04 (for PhD)

Latest Researchrea: Fatigue and Fracture, Severe Plastic Deformation, Oxidation and Corrosion
No. of M.Tech.: 18 (completed), 05 (in progress)

No. of PhD: 07 (In progress)

Total no of Publications: 22 (Peer reviewed), 14 (conf. proceedings)

Research Projects: 06 (comtgld: 03 and ongoing: 03)



Monday 3.1: Microstructure and texture evolution

Different processing routes involving SPD or extensive plastic
deformation to produce Mg, Mg alloys and Mg-based composites for
hydrogen storage

Professor Walter Bott Dr. Juliano Soyama?, Prof. Ricardo Floriano?, Prof. Alberto Moreira Jorge
Junior?, Prof. Tomaz Ishikawa?, Prof. Claudemiro Bolfarinil, Prof. Claudio Kiminami?, Prof. Daniel Leiva®
IUniversidade Federal de Saal6s, Sao Carlos, Brazil

2Universidade Estadual de Campin@smpinas, Brazil

Different processing routes involving severe plastic deformation or extensive plastic deformation can be
used to produce nanostructured Mg (commercial grade), Mg alloys (ZK60 with 2.5 wt.% Mm addition) or
Mg-based composites (Mg-TiFe mixtures), with attractive combination of properties for hydrogen
storage. The present work reviews the microstructure evolution and hydrogen storage properties of
these ultra-fine grained Mg-based hydrides forming systems produced both by non-conventional routes
such as melt-spinning (MS), high-pressure torsion, equal-channel angular pressing (ECAP) or by
conventional cold rolling and cold forging, combined in some cases, with high energy ball milling.
Depending on the processing routes and parameters, ultrafine structures with the appropriate [0002]
fibre type texture were produced. Structural characterization was carried out by X-ray diffraction and
scanning and transmission electron microscopy. H-absorption / desorption kinetics were measured in a
Sievert’s-type apparatus and by differential scanning calorimetry coupled with thermogravimetric
analysis and mass spectrometry. For all the systems, the results concerning hydrogen storage can be
justified in terms of available surfaces and interfaces, grain boundaries, presence of additives and
crystallographic texture. Of particular interest was the significant improvement in the hydrogen storage
capacity, and in the absorption kinetics, of the Mg alloys processed by MS and ECAP.

Biography:

Professor at Materials Engineering Refament (DEMa), Federal University of Sdo Carlos (UFSCar),
Brazil;

Editorin-Chief of the journal, Materials Researdberac-American Journal of Materials; Coordinator of
the Graduate Program in Materials Science and Engineering UFSCar. Presentréiskelsr ci:
Development and characterisation of materials with +sgyuilibrium microstructures, such as
amorphous and nanostructured materials.Microstructural characterisation of advanced and
conventional materials by electron microscopy



Monday 3.1: Microstructure and texture evolution

Texture and microstructural refinement of AA1050 aluminum during
accumulative asymmetric roll bonding

Renan P. de Godoi?, Prof. Dr. Raul E. Bolmaro?, Professor Andrea MKliaugéa

IUniversidade Federal de Sao Carlbkaterials SciencBepartment, Sdo Carlos, Brazil

2Universidade Federal de S&o Caslbkaterials Science Post Graduation ghaom (PPGCM), Sorocaba, Brazil
SInstituto de Fisica de RosaritFIR, Rosario, Argentina

Producing a fine grain structures by severe plastic deformation (SPD) requires equivalent strain levels
higher than four for high recovering rate materials, thus processes that allow multiple deformation steps
are usually applied. Those with a high level of shear and non - conservative deformation path produce
more random crystallographic distribution and lower anisotropy in mechanical properties. Accumulative
roll bonding (ARB) alone induces the same texture as rolling. An alternative for modifying the
crystallographic orientation is the association of the asymmetric rolling technique to the ARB process,
here named AARB (accumulative asymmetric roll bonding). The AARB was performed in a laboratory
rolling mill with diameters ratio of 1.5. A fully annealed AA1050 aluminum was AARB 4 to 8 times with
intermediate annealing treatments at 350 oC for 5 min. The microstructure was characterized by EBSD,
TEM and x-ray diffraction; hardness and tensile properties were also evaluated. After 8 passes the grain
size achieved the equilibrium size for severe plastic deformed aluminum and hardness and yield stress
reached the saturation level. The analysis of the fracture surface showed the bonding process was
efficient. The overall texture intensity decreased at each AARB step, a weak {111}// ND texture was
achieved in this condition.

Biography:

Graduated as metallurgical engineer at S&o Paulo University USP in 1989, obtained the master's degree
at the same institution in 1991 and the PlaDthe Materials Institut from the Ruhr Universitat Bochum
in1997. Has experience on structural characterization of Metals and Alloys. Fields of interest are diffusion
bonding, semsolid processing, severe plastic deformation and texture analysis.2Bid@grofessor at

the Federal University of Sdo Carlos in Brazil.



Monday 3.1: Microstructure and texture evolution

The effect of pre-annealing on defects, microstructure and
recrystallization of ultra-fine grained Al produced by high-pressure
torsion

Dr. Mehrnoosh Naderi*, Dr. Martin Peterlechner?, PD Dr. Sergiy Divinski', A/Prof Gerhard Wildé
IUniversity of Muenster, Muenster, Germany

The defect accumulation, thermal expansion, microhardness and microstructure are investigated for
severely plastically deformed technically pure Al (Al-base alloy of the 1050 series) as a function of initial
state and post-deformation annealing treatments. Coarse grained as-cast and heat-treated states are
deformed via high-pressure torsion. The excess volume release upon subsequent annealing is measured
by dilatometry employing a constant heating rate and two characteristic and unexpected sub-stages are
revealed. The dilatometric length changes of ultrafine grained Al under annealing are related to the
formation of Fe-rich precipitates as well as to the annihilation of deformation-induced defects. The
corresponding microstructure changes are further investigated by transmission electron microscopy. A
strong impact of the initial state on the microstructure and the properties of ultrafine grained Al is
established.

Biography:
Director, Institute of Materials Physics, Uni Muenster, Germany



Monday 3.1: Microstructure and texture evolution

Development of Texture in Ultrafine-Grained Low Carbon Steel
Processed through Equal-Channel Angular Pressing

Mr. Raj Bahadur Singh?, Dr. D. Verma?, Prof. N. K. Mukhopadhyay?, Prof. G. V. S. Sastry?, A/Prof R.
Manna
lindian Institute offechnologyBanarasHindu University), Varanasi, India

Development of microstructures and texture are investigated for a low carbon steel deformed by equal-
channel angular pressing (ECAP) at room temperature for equivalent strain (evm) of 16.8. ECAP of the
steel at evm=0.6 reduces grain size by two orders of magnitude. With increasing strain grain size reduces
and high angle grain boundary (HAGB) fraction improves by grain subdivision and its change in
orientation. ECAP upto evm = 16.8 can produce ultrafine grains of 0.2 um size with high HAGB fraction
of 82%. The as-received steel has low texture index. It increases with equivalent strain as grain
subdivision continues. Texture index continuously increases even after saturation in grain refinement.
On ECAP weak components of both a (FB, J6 and J’8) and y (D16, D26, EB) fibres are developed though
all of them are deviated from their ideal positions. With increasing strain intensity of FB, J6 and J’'©
increase upto evm=3. There after the a fibore components get reduced. At higher strain evm>3 the y fibre
components (D16, D26, EB) are strengthened and the component (EB) reaches highest intensity of =17
at evm=12.

Keywords: Equal-Channel Angular Pressing, Low Carbon Steel, Ultrafine-Grained Materials, Bulk texture,
EBSD, Transmission Electron Microscopy.

Biography:

Areas of research /interests

Processing and characterisation of ultrafigiained and nanostructured materials including steels by
severe plastic deformations, phase transformations and electropulsing.

Educationafjualifications/major achievements/awards
B. E., m.e. ph. D. In metallurgical engg.

Teaching experience of ug and pg level for 14 years
Industrial experiencé years.
26 publications

rmanna.met@iitbhu.ac.in
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Monday 3.1: Microstructure and texture evolution

Thermal behaviour and texture of commercial purity nickel sheets by
accumulative roll bonding

Michael Ferry?, Zakaria Quadir?, Jiagi Duah
IUniversity of Nevsouth WalesAustralia
2Curtin UniversityAustralia

Polycrystalline Ni of 99.8% purity is processed by accumulative roll bonding up to ten cycles at room
temperature. Lamellar bands (LB) with an average spacing of ~78 nm is generated, and overall
orientation distribution is characterized by typical deformation texture components (S, Copper, and
Brass). The deformed sheets are isochronally annealed for 1 h at temperatures from 150 to 7003 , and
Vickers hardness is carried out on each annealed sample. Results show the hardness decreases slowly
blow 350 3 , followed by a dramatic decrease at the temperatures ranging from 350 to 6003 . Above
6003 , the decrease becomes negligible. EBSD imaging reveals ultra-fine LBs remain when annealing
temperature is below 350 3 . At intermediate temperatures, structural coarsening of LBs occurs and
large equiaxed grains form, which indicates a transition from continuous to discontinuous
recrystallization takes place. Further increasing the temperature leads to the full recrystallization
throughout the whole sheet. Texture after low temperature annealing is similar to the rolling texture;
however, Cube becomes dominant at higher temperatures due to its growth advantage.

Biography:

Dr. Jiagi Duan is currently a research fellow at UNSW, Sydney. He received Bachelor degreerflom Cent
South University in China in 2010, and obtained Ph.D. degree in Materials Science and Engineering from
UNSW in 2016. His research interest is recovery/recrystallization mechanisms in severely deformed
metals.



Monday 3.2: Grain refinement and deformation mechanisms

Realizing Ultrafine Grained Steel by Simple Hot Deformation Using
Dynamic Transformation and Subsequent Dynamic Recrystallization
Mechanisms

Dr. Lijia Zhao'?, Prof. Nokeun Park’?3, Prof. Yanzhong Tian'4, Prof. Akinobu Shibata?, Prof. Nobuhiro
Tsujt

IKyoto University, Kyoto, Japan

2ColoradaSchool of Mines, Golden, U.S.

SYeungnan University, Gyeongsan, Korea

4Institute of Metal Research, CAS, Shengyang, China

We have found a new strategy for ultra-grain refinement without high-strain deformation by combining
dynamic transformation (DT) and dynamic recrystallization (DRX) mechanisms. Through simple
thermomechanical processes using a total plastic strain of 0.92 at elevated temperatures, fully ultrafine
microstructures having a mean grain size down to 0.35 microns could be obtained in a 10Ni-0.1C steel.
DRX phenomenon occurring in the dynamically transformed ferrite significantly reduced the strain
necessary for the formation of ultrafine grains. The DRX of DT ferrite showed an unconventional
temperature dependence, which suggested an optimal condition for grain refinement. The obtained
UFG steel exhibited superior mechanical properties, for example, the tensile strength of 970 MPa and
the total elongation over 20% at the same time.

Biography:

Nobuhiro Tsuiji received the B.S. degree (1989), an M.S. degree (1991), and a Ph.D. degree (1994) all from
Kyoto University, Japan. After obtaining his Ph.D. degree, he joined Osaka University, Osaka, Japan, in
1994,and since 2000 he has been an Associate Professor at the Department of Adaptive Machine
Systems, Graduate School of Engineering, Osaka University. In March 2009, he moved from Osaka
University to Kyoto University and has worked as a Professor at the Dot Materials Science &
Engineering, Kyoto University, Japan. He has been studying physical metallurgy and mechanical
metallurgy of structural metallic materials involving both steels and nonferrous alloys. Especially, he has
developed accumulative tddonding (ARB) process, which is a kind of severe plastic deformation process
using rolling deformation, and has energetically studied the ultrafine grained and nanostructured metals
fabricated by ARB and other processes.



Monday 3.2: Grain refinement and deformation mechanisms

Zener-Hollomon effect on microstructure evolution during
reciprocating sliding

Dr Xiang ChehDr Christian Greiner, Prof Peter Gumbsch
IKarlsruhe Institute of Technology (KIT), Inggifior Applied Materials (IAMGermany

Understanding and controlling the microstructure evolution under the sliding contact is key for
designing materials with low friction and wear. Recent investigations demostrate that Zener—Hollomon
parameter has a significant influnence on grain refinement mechanism under compression. The grain
refinement is dominated by dislocation activities in low-Z processes, while deformation twinning plays a
dominant role in high-Z deformation. However, the effects of Z on sliding induced microstructure
evolution and tribological properties have never been reported due to the complexity of sliding contact.
Here, in this talk, we use the Zener—Hollomon parameter in a large range to demonstrate the combined
effects of strain rate and temperature on the microstructure evolution during sliding of metals. Novel
deformation behavior and grain refinement mechanism during reciprocating sliding will be discussed.

Biography:

Dr. Xiang ChenisapeRt2 O I G GKS YI NI aNHzKS LyaidAaAdlddblusehT ¢ SOKY:
the friction mechanism and worn subsurfae microstructure of nanostrcutured metals including

nanograined and gradient nanograined structures. He obtained his PhD degree in 2016 at the Institute of

Metal Research, Chinese Academy of Sciences.



Monday 3.2: Grain refinement and deformation mechanisms

Strain-induced microstructure refinement in pure Al below 100 nm in
size

Dr Xiaochun LiYy Dr Wei Xu?, Prof Ke Lu®
Unstitute of Metal Research, Chinese Academy of Sciences, Shenyang, China

Strain-induced grain refinement generally leads to substantial strengthening in metals and alloys.
However, this strengthening strategy has been found less effective for Al and its dilute alloys, due to the
mechanical instability caused by the dynamic migration of high angle grain boundaries when the
structural size is reduced to sub-microsized scale. Here we present an approach to suppress grain
boundary migration by introducing high density stable boundaries with small misorientation. Through
the manipulation of the deformation parameters, we produced ultra-fine and nano-sized laminates with
tunable structural size and boundary characters in pure Al. With the combination of low temperature
and high strain rate and strain gradient, the nanolaminated (NL) structure in Al has been fabricated with
a size of 68 nm, and a large fraction (>60%) of low angle grain boundaries (LAGBs). NL Al exhibits a
record high hardness of ~800 MPa, which has its origins in the capability of accommodating high density
dislocations (~2x10'® /m?) in the form of LAGBs. The findings in this study demonstrate the importance
of low angle grain boundaries on structural refinement as well as strengthening at the finer scale below
the traditional refinement limits.

Biography:

2005.92009.6- B.S. in Materials Science and Engineering, School of Materials, Central South University,
Changsha, Hunan, China

2009.92015.6- Ph.D. in Materials Science, University of Chinese Academy of Sciences, Institute of Metal
Research, Shenyangadning, China

2015.7 Assistant professorinstitute of Metal Research, Chinese Academy of Sciences



Monday 3.2: Grain refinement and deformation mechanisms

Textures and microstructures in Al, Cu and Mg under High Pressure
Tube Twisting

Dr Cai Chelt, Laszlo S. Toth'?, Benoit Beausir*?, Jean-Jacques Fundenberger?, Satyam Suwas?

T1FT02NXri2ANB RQ9(GdzZRS RS& aAONR&GNHZOGdzZNBa SiG RS aSOl yAld
Lorraine, F57045 Metz, France

2Laboratory of Excellence on Design of Alloy Metals fonié#\ss Structres (DAMAS),

Univesity of Lorraine, Metz, France

3Department of materials Engineering, India Institute of Science, Bangalore 560 012, India

In present work, the recently developed SPD technique, namely, the High-Pressure Tube Twisting (HPTT,
Toth et al. Scripta Materialia, 60, 2009, 175—-177) was applied on different metallic tube samples at room
temperature. The fragmentation of the microstructure and the crystallographic texture were
investigated by electron backscattered diffraction, transmission electron microscopy, transmission
Kikuchi diffraction and by X-ray diffraction. Pure Al (AA1050), solid solution alloy Al-4%Mg (AA5086),
pure copper, Brass (Cu30%Zn) and pure Magnesium were deformed to extreme large strains, up to the
steady state of the microstructure. The final grain sizes in the steady state for these different materials
produced by HPTT were 700 nm, 100 nm, 150 nm, 400 nm, 900 nm, respectively. The shear strain
gradient existing across the wall of the HPTT deformed tubes sample were evaluated by a local shear
measurement method. This shear strain gradient induces some inhomogeneities in the microstructures.
Based on the measured disorientation distribution functions in HPTT deformed Al, a new technique was
proposed to evaluate the local shear strain.

Biography:

Dr. Cai CHEN is currently a postdoc researcher at laboratory LEM3 of lorraine university. He joined SPD
research area since 2012 when he began his thesis work with professor Laszlo TOTH in lorraine
university. He got the PHD degree€2016 The main topic of his research is the microstructure and

texture evolution of metallic materials processed by SPD in high strain level. The relevant materials are
Al,Cu,Mg and the their alloy. The SPD process is high pressure tube twisting (&ylid gxpansion

extrusion (CEE)fin extrusion and high pressure sliding (HPS).



Monday 3.3: Steel

Process-microstructure-property relation of a strong and dutile
nanotwinned steel

A/Prof M.X. Huang Dr P. Zhou!
tUniversity of Hong Kongrlong Kong

An ultra-strong and ductile nanotwinned steel was fabricated by a simple thermomechanical treatment
consisting of cold rolling and recovery annealing. Different to other lab-scale methods making nano-
structured materials, the present simple thermomechnical treatment is suitable for large-scale
production in the steel industry using existing facilities, which makes the present steel being an
attractive structure material. The nanotwinned steel achieved a high yield strength (1450 MPa), high
ultimate tensile strength (1600 MPa) and considerable uniform tensile elongation (20%). The process-
microstructure-property relation of this nanotwinned steel is investigated. The recovery,
recrystallizaiton and phase transformation during annealling are studied. Furthermore, the deformation
mechanism of the present nanotwinned steel is investigated by synchrotron X-ray diffraction,
transmission electron microscopy, nanoindentation and electrical resistivity, illustrating that the
dislocation density increases dramatically with strain while the volume fraction of nanotwins remains
constant.

Biography:

Dr. Huang received his BSc and MSc from Shanghai Jiao Tong University (SJTU) in 2002 and 2004,
respectively, and his PhD in Materials Science in 2008 from Delft Universithiodldgy (TU Delft), The
Netherlands. From 2008 to 2010, he worked as a research engineer at ArcelorMittal in Migzgieres

Metz, France. Dr. Huang joined University of Hong Kong in 2010 as an Assistant Professor and was
promoted to Associate ProfessorytdzNE RO ® 5 NI | dzZ y3Qa NBASEFNOK AyidSNE
fundamentals of microstructurproperty relationship and phase transformation of advanced steels, and

(2) development of lightweight materials for automotive applications. Dr. Huang is amiaidioard

member of Materials Science and Technology and the Key Reader for Metallurgical and Materials
Transactions A. Dr. Huang has given invited talks in international conference such as PTM 2015,
THERMEC, TMS and MRS etc. Being the first or corragpanthor, Dr. Huang has published ~ 60SCI
papers in international journals such as Acta Materialia, Scripta Materialia, Journal of Mechanics and
Physics of Solids, etc. Dr. Huang received Outstanding reviewer award for Scripta Materialia in 2015 and
2016



Monday 3.3: Steel

Comparison of the effects of shot peening, surface mechanical attrition
treatment and laser shock peening on a 316L stainless steel

A/Prof Gwenaelle Proust Mr Donato Gallitelli?, Prof Delphine Retraint?, E Rouhaud?, P Peyre?

The University of Sydney, School of Eiwjineering, Sydney, Australia

°Charles Delaunay Institute, LASMIS, UMR STMR CNRS 6281, Universitploigyeafifroyes, Troyes, France
SProcesses and Engineering in Mechanics and Materials Laboralieiyl(FCNRENSAM Paristech, Paris, France

Conventional shot peening (SP), Surface Mechanical Attrition Treatment (SMAT) and laser shock peening
(LSP) are three processes that are widely used to induce prestresses at the surface of materials in order
to improve their hardness, wear resistance and fatigue life. SP and SMAT are quite similar since, in both
treatments, the specimen is hit by shots with the aim to induce severe plastic deformation. The main
differences reside in the size, velocity and impact direction of the shots. In LSP the surface of the treated
part is modified with shock waves. These waves propagate into the material and induce local plastic
deformations. In this study, we are comparing the effects that these three treatments have on the
hardness, residual stresses and microstructure of a 316L stainless steel. Experimental investigations
have been conducted to determine the micro-hardness profiles, to measure the in-depth residual stress
fields using X-ray diffraction and the hole drilling method and to characterise the microstructure of the
specimens after treatment using electron backscatter diffraction (EBSD) and Transmission Kikuchi
Diffraction (TKD).

Biography:

Gwenaelle Proust is an Associate Professor in the school of Civil Engiaethe University of Sydney.

Her research interests focus on the relationships between microstructure and properties of materials,
with particular emphasis on metals. She specialises in characterisation techniques, in particular electron
backscatter dfraction, to study materials microstructures and in crystal plasticity modelling to predict

the mechanical behaviour of metals.



Monday 3.3: Steel

Simultaneously increasing the strength and ductility of nanostructured
steels with nanotwins and precipitates

Dr Baobing Zhantj Prof. Fengkai Yan?, Prof. Mingjiu Zhao?, Prof. Nairong Tao?, Prof. Ke Lu*
lnstitute of Metal Research, Chineseademyof Science, Shenyang, China

A bulk nanostructured iron based superalloy consisting of nanotwins and dislocation structures was
synthesized by means of dynamic plastic deformation (DPD) with high strain rates. The nanotwins
constitute 50% in volume with the twin/matrix lamella thickness of 20 nm. The sample exhibits a yield
strength as high as 1130 MPa but without notable uniform ductility. Subsequent peak aging treatment
at 700°C for 60 min results in the precipitation of nanosized gamma prime phase with random
distribution within the nanotwins and deformed matrix. Those dispersed nanoprecipitates significantly
raise the strength of DPD samples to 1420 MPa. Attractively, the uniform elongation increased to 3.1%
simultaneously. Such a remarkable tensile ductility originates from the intrinsic plasticity of the
nanotwins with a reduced dislocation density during thermal annealing. This work provides a new
strategy to simultaneously increase the strength and ductility of materials based on the combination of
nanotwins and nanoprecipitates.

Biography:

I am a Ph. D. student from Prof. K Lu's group at institute of Metal Res€&dnickese Academy of Science.
My research mainly focuses on the combination of nanotwin and precipitates strengthening: synthesis,
mechanical and electrical properties and mechanisms.



Monday 3.3: Steel

Microstructural evolution and strengthening mechanisms of an Al-Cu-
Mg alloy reversed deformed using high-pressure torsion

Dr Ying ChehDr Nan Hu?, Professor Gang Sha3, Professor Nong Gao?, Professor Marco Starink?
IXiamen Universjtof Technology, Xiamen, China

2University & Southampton, Southampton, UK

SNanjing University of Science and Technology, Nanjing, China

In high-pressure torsion (HPT) processes, a very high number of dislocations were induced by shear
deformation. As shear strains were induced along the opposite direction, the microstructures of
materials became ultrafine and inhomogeneous, leading to nano-scale grain gradient. Prior to
microhardness measurement, samples were processed by cycle-deformed HPT. A sample was rotated
clockwise a quarter turn and turned back to the original position; which was noted as one cycle. It
presents the hardness reversed as rotations inversed within 1 turn. The microstructures of an Al-Cu-Mg
alloy were characterized using scanning transmission electron microscopy (STEM) and atom probe
tomography (APT). Solute clusters Cu-Mg were segregated to grain boundaries. Cu and Si were
segregated in Mn-rich particles, while Mg were absented. X-ray diffraction (XRD) was used to measure
the dislocation densities in different regions of HPT samples. The dislocation densities showed a reversal
trend as well, which was consistent with their mircohardness evolutions. This phenomenon was
explained by multi-mechanistic strengthening model.

Key words: Cycle deformed, high-pressure torsion (HPT), scanning transmission electron microscopy
(STEM), atom probe tomography (APT), and strengthening mechanism.

Biography:

Ying Chen completed her PhD study under the supervision of Prof. Marco J Starink and Dr. Nong Gao, and
graduated from University of Southampton in 2014. In 2015, she gdéttrer position in Xiamen

University of Technology. She is interested in solute clusters segregation arstniaiare

strengthening. She has published some good journal paper in 'Acta Materialia' and 'Materials Science

and Engineering: A'.



Monday 3.3: Steel

Extremely high strength steel due to decomposition of austenite at
nano-scale

Professor Aidang Sham/Prof. Liming Fu?, Dr Lifeng LV*
1School of Materials Science and Enginee@hgnghai Jiao Tong UniversiGhina

The grain size of parent austenite has a profound effect on the subsequent phase transformation during
cooling. In this paper, the high strength steel with UTS of about 2800MPa was fabricated by a thermo-
mechanical process consisting of heavily warm-rolling and the subsequent heat-treating. It was found
the extremely high strength is mainly associated with the nano-structured and ultrafine-grained
austenite (UFG) decomposition. The Nano/UFG parent austenite was then transformed into a nano-scale
martensitic or multiphase structures during the subsequent cooling. A systematic study is carried out to
reveal the nano-scale austenite decomposition behavior in steels. The difference of phase
transformation between CG and UFG is discussed. The obtained nano-crystalline steel exhibits extremely
high strength, high ductility and the enhanced work hardening ability. Typical microstructures of the
ultrahigh-strength steel are characterized by nano-lath and nano-twin structured marteniste
transformation from metasable Nano/UFG austenite by heavily deformation. The excellent ductility and
higher work-hardening ability for the ultrahigh strength steel is closely associated with the nano-scale
retained austenite. Such process to produce nano-scaled steels is carried out by rolling and annealing,
which is the most suitable way to produce large-sized sheets and has a potential for actual applications,
as compared with other SPD techniques.

Keywords: Ultrafine grained (UFG) austenite; Nano-structured steel; Phase transformation; Nano-scale
austenite decomposition; Microstructures and Properties

Biography:
Nano or UFG material development and applicatlditra-high strength steelDeformation of Nbased
superalloys



Tuesday Morning Keynote Presentation

History-independent cyclic response of polycrystalline Cu with highly
oriented nanosclae twins

Professor Lei lu
Unstittute of Metal Research, Chinese Academy of Sci€éheryang, China

Nearly 90% of service failures of metallic components and structures are caused by fatigue at cyclic
stress amplitudes much lower than the tensile strength of the materials involved. A long-standing
obstacle to developing better materials has been that metals typically suffer from large, accumulative,
irreversible damages in microstructure during cyclic deformation, leading to history-dependent and
unstable cyclic responses. In this study, through both experiments and atomistic simulations, we report
a history-independent and stable fatigue response in a bulk polycrystalline Cu sample containing highly
oriented nanoscale twins under sequences of stepwise increasing/decreasing plastic strain amplitudes.
The results demonstrate that this unusual behavior is governed by a type of highly correlated necklace
dislocations formed in the nanotwinned metal under cyclic loading. This unique fatigue mechanism is
fundamentally distinct from traditional strain-localizing fatigue mechanisms associated with irreversible
microstructural damage.

Biography:

Dr. Lei Lu is a professor in Institute of Metal Research, Chinese Academy of Sciences, where she received
KSNJ t Ko5d RSIANBS AYy wHnnnod [dzQad AyiSNBadG FT20dzaSR 2
mechanical proerties of nanostructured metallic materials, including nanograined, nanotwinned and

gradient nanograined structures. She is the member of International Community of Nanostructured

Materials and serving Acta Materialia & Scripta Materialia journals as &n ed



Tuesday 1.1: Gradient structures

Friction behaviors of Cu alloys with a gradient nanostructured surface
layer

Dr Xiang Chen?, A/Prof Zhong Han?, Professor Xiuyan LiProfessor Ke Lu?
IShenyang National Laboratory for Materials Sciemestitute of Metal Researclghinese Academy of Sciences,
Shenyang 110016, China

Plastic deformation during sliding contact induces surface roughening and formation of surface
tribolayer on metals, causing high coefficient of friction (COF) of metals. Decreasing COF of metals is
challenging as formation and evolution of the tribolayer seems insensitive to the original microstructure
of metals. Refining metals’ grains to the nanoscale is unable to reduce COF although hardness is
elevated by many times. In this work, by using surface mechanical grinding treatment we prepared a
gradient nano-grained (GNG) surface layer in a Cu-Ag alloy. Such a gradient nanostructured layer
enables a significant reduction in COF under high-load dry sliding, from 0.64 (coarse-grained samples) to
0.29. The lower COF originates from effective suppression of sliding-induced surface roughening and
formation of tribolayer, thanks to the stable gradient nanostructures that can accommodate large
plastic strains under repeated sliding for more than 30000 cycles.

Biography:
Major research field: Surface deformation



Tuesday 1.1: Gradient structures

Effect of strain rate on grain refinement of copper during surface
mechanical grinding treatment

Mr Xin Zhod, Professor Xiuyan Li%, Professor Ke Lu®
IShenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China

Strain rate is an important processing parameter for grain refinement due to its effect on generation
and interaction of dislocations. The strain rate effect on grain refinement is experimentally investigated
on a pure Cu (99.97%) subjected to surface mechanical grinding treatment (SMGT). It is found that
grains can be refined to submicrometer scale (averagely about 150 nm) under a low strain rate (10~10?
s-1) deformation, which remains unchanged with increasing strains at the same strain rate. Adding
another SMGT pass at a high strain rate (~103 s-1) can reduce the grain size to about 62 nm. Copious
deformation twins were observed in the treated sample with a high strain rate. Deformation twinning
was found to provide an additional mechanism to facilitate grain refinement besides the dislocation
activity.

Biography:
Research field: Surface defmation



Tuesday 1.1: Gradient structures

Microstructural and superficial modification in a Cu-Al-Be shape
memory alloy due to superficial severe plastic deformation under
sliding wear conditions

Dr Carlos FiguerdaDr Nestor Garcia?, Professor Victor Jacobo?, Professor Jacinto Cortes?, Professor
Rafael Schouwenaars?

ICentro Tecnoldgico Aragdn, Facultad de Estudios Superiores Aragdn, Universidad Nacional Autééxita de
Nezahualcoyotl, México

’Departamento de Materiales y Manufactura, Facultad de Ingenieria, Uniadrbldcional Auténoma de México,
Mexico City, México

Stress induced martensitic transformation in copper-based shape memory alloys has been studied
mainly in monocrystals. This limits the use of such results for practical applications as most engineering
applications use polycristals. In the present work, a coaxial tribometer developed by the authors was
used to characterise the tribological behaviour of polycrystalline Cu-11.5%AI-0.5%Be shape memory
alloy in contact with AISI 9840 steel under sliding wear conditions. The surface and microstructure
characterization of the worn material was conducted by polarized light microscopy, conventional
scanning electron microscopy and atomic force microscopy, while the mechanical properties along the
transversal section were measured by means of nano-hardness testing. A strong microstructural
gradient is observed with an ultrafine microstructure in the top layers, induced by severe plastic
deformation, which gradually changes to the original size in unaffected material. Effects of mechanically
induced martensitic transformation are pronounced in the transition zone of intermediate plastic
deformation. This gradient structure is well-suited for tribological applications, as a high strength top
layer is supported by a coarse-grained substrate which provides damage tolerance through its ductility.
The martensitic transformation is an additional mechanism which allows absorbing mechanical energy
associated to wear phenomena without inducing damage at the microstructure level.

Biography:

In 2009 obtained the Mechanical Engineer title in the Universidad Nacional Autbnoma de México, in
Hamm 3F20 GKS alaGdSNI5S3INBS FYyR Ay uwnanmc (KS t K5
modification by sliding contact inductile m& NA | t € ® CNRY HamT Aa | t2aid
university.
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Tuesday 1.2: Microstructures and deformation mechanisms

Tensile deformation of nanotwinned steels with recrystallized grains

A/Prof Nairong. Tad
Institute of Metal Research, CAShina

The nanotwinned steels consisting of nanotwins in bundles and recrystallized coarse grains were
prepared by using dynamic plastic deformation and subsequent annealing. At a small tensile strain, the
nanotwins can co-deform homogeneously with surrounding recrystallized grains without generating
notable strain localization at the interfaces. At a high strain, a strain gradient is developed in the
recrystallized grains as a function of distance from the interface. Meanwhile, various deformation
mechanisms of nanotwins including interactions of dislocations with twin boundaries, generation of
stacking faults and strain-induced martensitic transformation occur depending upon stacking fault
energies and material natures. The occurrence of stacking faults and strain-induced martensitic
transformation within nanotwin area, as well as strain gradient in the surrounding recrystallized grains,
constrains dynamic recovery of dislocations and deformation localization, contributing significantly to
the work hardening and ductility of the whole material. Hence, tailoring microstructures by means of
strain-induced nanotwins might be a potential approach to raise strength and keep good ductility.

Biography:

Dr. Nairong Tao is a professor at Institute of Metal Research, Chinese Academy of Sciences, where he got
his Ph.D. degree in 2003. His research interest focuses on the processing, microstructure characteristic
and mechanical properties of bulk and gradient nanostructured/twinned materials. email:

nrtao@imr.ac.cn
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Tuesday 1.2: Microstructures and deformation mechanisms

Evolution of heterogeneous nano structure in 316LN austenitic stainless
steel by heavily cold-rolling

Dr Chihiro Watanabg Dr Yoshiteru Aoyagi?, Dr Yoshikazu Todaka3, Dr Masakazu Kobayashi?, Prof.
Hiromi Miura®

Kanazava University, Kanazawa, Japan

2Tohoku University, Sendai, Jap&rgyohashi University of Technology, Toyohashi, Japan

The evolution mechanisms of the heterogeneous nanostructure in a 316LN stainless steel during heavy
cold-rolling have been precisely investigated. Transmission electron microscopic observations of the
specimen cold-rolled to 50% reduction revealed that the coarse initial grains were drastically subdivided
by {111}-<211> deformation twins, while half of the area was still composed of high density of
dislocations and stacking faults. After cold-rolling up to 80% reduction, almost all grains were uniformly
subdivided by the dense mechanical twins. Shear bands also developed in numerous grains. It was found
that the shear bands efficiently contributed to subdivide the long lamellar deformation twins to form
rhombic twin domains. Further rolling up to 92% reduction resulted in the development of the typical
heterogeneous nanostructure mainly composed of the rhombic twin domains surrounded by shear
bands, and further they were embedded in the conventional lamellar structure. The twining plane in the
twin domains was nearly parallel to the RD. The average twin spacing was 20~70 nm. The direction of
the lamellar was also nearly parallel to the RD, and the average boundary-spacing was about 100 nm.
Heterogeneous nanostructure could be successfully fabricated by simple heavy cold rolling employing
mechanical twinning.

Biography:

[Education]

2002 PHD

Tokyoalnstitute of Technology

Tokyo, Japan

Dissertation Title: "Cyclic Deformation Behavior and Dislocation Structure of Cu and Cu Alloy Single
Crystals"

[Professional Positions]

2008- present Associate professor

Natural Science and Technology, Kanazbneversity
2006-2008 Lecturer

National Science and Technology, Kanazawa University
2003-2006 Research associate

Natural Science and Technology, Kanazawa University
2002-2003 Research associate

Faculty of Mechanical Engineering, Kanazawa University



Tuesday 1.2: Microstructures and deformation mechanisms

Microstructure of Al-Si-Fe alloys processed by high pressure torsion

Dr Jittraporn WongsaNgant, Miss Penpisut Nimdet!, Dr Chakkrist Phongphisutthinan?, Professor
Terence G. Langdon?®

IFaculty of Engineering, King Mongkut's Institutd e€hnology.adkrabang, Bangkok, Thailand

°National Metal and Materials Technology Center, National Science and Technology DewelAgency,
Bangkok, Thailand

3Materials Research Group, Faculty of Engineering and the Environment, University of South&optteaimpton,
UK

In the present research, Al-7%Si with 2%Fe and 8%Fe were deformed by high-pressure torsion at room
temperature with different numbers of turns or imposed strains in order to investigate microstructural
evolutions. Microstructures were characterized by optical microscopy (OM) and scanning electron
microscopy (SEM). The effect of high-pressure torsion on the Fe intermetallic compounds in Al-Si alloy
were also investigated. It was found that the intermetallic particles decreased in size with increasing
imposed strains.

Biography:
Dr. Jittraporn Wongshlgam
E-mail: jittraporn.wo@kmitl.ac.th, Tel. +66909292451

Position: Lecturer in Department of Mechanical Engineering, Faculty of Engineering, King Mongkut's
Institute of Technology Ladkrabang

Education: Ph.DMechanical Engineering, University of Southern California, Los Angeles, California, USA

Research interests: Severe Plastic Deformation, Material Characteristics, Mechanical Properties, Fracture
Mechanics, Nowlestructive testing



Tuesday 1.3: Young Researcher Session

Incremental ECAP as a method of producing UFG plates with low
anisotropy and good formability

MSc. Eng. Marta Ciemior&kPhD Witold Chrominski?, PhD Lech Olejnik?, Professor Andrzej
Rosochowski?, Professor Malgorzata Lewnadowska®

WWarsaw Universitpf Technology, Warsaw, Poland

2Institute of Manufacturing Processes, Warsaw Univeiffechnology, Warsaw, Poland

3Design, Manufacture and Engineering Management, University of Strathclyde, Glasgow, United Kingdom

In Incremental ECAP, a plastic strain is applied in a series of small deformation increments, which are
based on a simple shear. The separation of feeding and deformation steps reduces the friction during
feeding, which enables the processing of very long or even continuous billets. However, in the present
work the rectangular plates of technically pure aluminium 1050 were processed by this method to
enable the sample rotation around Z axis and change the deformation direction. The applied processing
route led to a significant grain size reduction, acquiring uniform UFG structure in plane and through
plate thickness. Texture evaluation showed that it randomizes as the number of passes increase. Tensile
tests confirmed that mechanical properties become significantly improved and independent on the
testing direction unlike in the billets obtained via usual severe plastic deformation techniques. Based on
the tensile test results drawability of the plates was determined using Lankford coefficient with the
conclusion that despite significant strengthening by grain refinement the ability of further processing of
the plates via deep drawing has not been lost. It is shown that the Incremental ECAP process allows to
obtain microstructure which is more suitable for further industrial treatment than any other ECAP
variation.

Biography:

Marta Ciemiorek is currently a PhD student at the Faculty of Materials Science and Engineering at
Warsaw University of Technology. She is interested in characterization of the mategjizited by

Severe Plastic Deformation methods. More specifically, her work focuses on aluminium processed by
Incremental Equal Channel Angular Pressing, a novel technique developed at the Faculty of Material
Processing at her home Institution.



Tuesday 1.3: Young Researcher Session

Ultrafine grained aluminium plates obtained by the ECAP-PC process
with subsequent upsetting

Miss Marta Lipinsk3 Lech Olejnik, Andrzej Rosochowski, Matgorzata Lewandowska
Warsaw Uiversity of Technology FacufyMaterials Science and Engineering, Poland

Recently, the hybrids processes have been developed as a way to achieve even more pronounced grain
refinement and superior properties in ultrafine grained materials. In the present study, such an
approach was used to obtain plate samples of aluminium AA1350. The bar samples with dimensions
26x26x130 mm were first deformed using a modified Equal Channel Angular Pressing (ECAP) with
parallel channels (ECAP-PC). The processing was conducted using a die with channel’s angles of 90°, four
passes of route C were applied. Subsequently, the flattening was performed by multi-stage upsetting
using smooth anvils till 3 mm in thickness was achieved. Also, the flattening of initial bar was conducted
in order to reveal the differences between all stages of plastic deformation.

The evolution of microstructure was determined using Transmission Electron Microscopy observations
and Electron Backscatter Diffraction on Scanning Electron Microscope. The results have shown a
significant grain refinement, but only by implementing hybrid processes the microstructure with a
significant fraction of 70-80% of HAGBs was achieved. The mechanical properties were evaluated by
tensile tests using mini samples. The results have shown that the hybrid processes results in a low
anisotropy of tensile properties with the UTS close to 200 MPa.

Biography:

| am a student at Warsaw University of Technology, Faculty of Materials Science and Engineering. |
graduated Master degree at 2013. Tégbject of my thesis was: The electrical conductivity of
nanometals. The same year | have started the PhD studies. My scientific interest concerns ultrafine
grained materials and joining them using FSW method.



Tuesday 1.3: Young Researcher Session

Fabrication of high-strength Al-2%Fe alloy through grain refinement by
High-Pressure Torsion using upsized ring samples

Mr Takahiro Masud&? Prof Zenji Horita'?
IKywshu University, Fukuoka, Japan
2WPH2CNER, Fukuoka, Japan

The method of high-pressure torsion (HPT) was applied for grain refinement to an Al-2%Fe alloy. To
introduce homogeneous shear strain throughout the samples, upsized ring samples with 100mm outer
diameter and 94mm inner diameter were processed by HPT under a pressure of 2 GPa or 3 GPa.
Microstructural observation revealed that the initial eutectic structure was broken by introducing large
shear strain and mixed homogeneously. The average grain size of the matrix was reduced to 170 nm
even after only 1 turn. Vickers microhardness was increased up to 160 Huv. It is noteworthy that the Fe
content in the matrix after HPT processing was increased with increasing the number of the turns. After
HPT processing for 1 turn, the dissolution of Fe was increased up to 0.8 wt.%. Tensile tests showed that
the ultimate tensile strength reached 600 MPa with a total elongation of 10%. By conducting the post-
HPT aging, the ultimate tensile strength was increased to 690 MPa.

Biography:
Graduate student, the first year of the doctoral program



Tuesday 1.3: Young Researcher Session

Hardening and thermal stability of a nanocrystalline CoCrFeNiMnTi0.1
high-entropy alloy processed by high-pressure torsion

Dr Hamed Shahmir, Prof. Mahmoud Nili-Ahmadabadi®?, Mr. Ahad Shafiee?, Prof. Terence G. Langdon?
1School of Metallurgy and Materials, College of Engineeringetsity of Tehran, Tehran, Iran

°Materials Research Group, Faculty of Engineering and the Environment, UniigBsititttampton, Southampton,
UK

3Center of Excellence for High Performance Materials, School of Metallurgy and Materials, University of Tehran
Tehran, Iran

A CoCrFeNiMnTi0.1 high-entropy alloy (HEA) was subjected to high-pressure torsion (HPT) processing
under 6.0 GPa pressure up to 10 turns. XRD results reveal that the initial and HPT-processed
microstructures consist of a single fcc phase and there is no evidence for creating a new phase and the
occurrence of a phase transformation during HPT processing. It is shown that there is a gradual
evolution in hardness with increasing numbers of turns but full homogeneity is not achieved even after
10 turns. Microhardness measurements reveal that the material reaches a saturation hardness value of
Hv=460 which is approximately three times higher than for the homogenized alloy. The nanostructured
HEA was subjected to post-deformation annealing (PDA) at 473-1173 K and it is shown that the hardness
increases slightly up to Hv=550 at 773 K due to a phase decomposition and the formation of new
precipitates and then decreases to the hardness of the homogenized sample (Hv=140) at 1173 K due to
a combination of recrystallization, grain growth and dissolution of the precipitates. The results reveal
that an addition of only 2 at.% Ti could improve the hardness and thermal stability of the CoCrFeNiMn
HEA by formation of Ti-rich precipitates.

Biography:

| am Dr. Hamed Shahmind | was graduated from University of Tehran, Iran, under supervision of Prof.
Nili and Prof. Langdon in 2015. | was a Research Fellow at University of Southampton, UK, under
supervision of Prof. Terence G. Langdon for two years. Now, | am a ResearchtRéfiiversity of

Tehran, Iran, under supervision of Prof. Nili. My fields of interest are physical metallurgy and phase
transformation in metals and alloys. During my PhD, | focused on study of the effect of severe plastic
deformation (Higkpressure tor®n and Equathannel angular pressing methods) on NiTi shape memory
alloys and | published 7 ISI papers based on my results. In Southampton, | focused on microstructural
evolution and mechanical behaviour of-OPTi6AFY and CoCrFeNiMn higintropy aloys after sever
plastic deformation. Now, | am working on microstructural evolution and mechanical behaviour of
CoCrFeNiMnTi0.1 higintropy alloys after sever plastic deformation.



Tuesday 2.1: Gradient structures

Grain boundary stability governs hardening and softening in extremely
fine nanograined metals

Professor K. Lu
IShenyang National Lab for Mater. Science, Inst. Metal Research, Chinese Academy of Sciences, Shenyang, China

Conventional metals become harder with decreasing grain sizes, following the classical Hall-Petch
relationship. However, this relationship fails and softening occurs at some grain sizes in the nanometer
regime for some alloys. In this talk, | will report a study on plastic deformation mechanism of extremely
fine nano-grained metals. The electrodeposited nano-grained nickel-molybdenum (Ni-Mo) samples
become softened for grain sizes below 10 nm because of GB-mediated processes. With GB stabilization
through relaxation and Mo segregation, ultrahigh hardness (above 11 GPa) is achieved in the nano-
grained samples with a plastic deformation mechanism dominated by generation of extended partial
dislocations. Grain boundary stability provides an alternative dimension, in addition to grain size, for
producing novel nano-grained metals with extraordinary properties.

Biography:

Ke LU is a professor and director of Shenyang National Laboratory for Materials Science, Institute of
Metal Research of CAS. His research interests concentrate on nanostructured metals and alloys, including
those with nanegrained, nanetwinned, nanelaminated, and gradient nangrained structures. His

study deals with synthesis and processing, structure characterization, phase transformation, and
mechanical properties of nanostructured metals.



Tuesday 2.1: Gradient structures

Heterogeneous structures: a new paradigm for designing super strong
and tough materials

Professor Yuntian Zft#, Professor Xiaolei Wu?

INanjing University of Scienaad Technology, Nanjing, China
2Institute of Mechanics, Beijing, China

SNorth Carolina State University, Raleigh, United States

Recently, heterogeneous structure is found to produce unprecedented strength and ductility that are
considered impossible from our textbook knowledge and materials history. In this talk, we will present
the deformation mechanisms of heterogeneous structure, and how such mechanisms can lead to
superior mechanical properties. Specifically, a hitherto largely ignored and not-well-understood
mechanism, back stress hardening, can be used to produce high strength and high ductility. The back
stress is produced by geometrically necessary dislocations (GNDs) such as those in a dislocation pileup.
GNDs are needed to accommodate strain gradient near the interfaces of heterogeneous domains. We
will discuss how the new conception can be used to design the next generation of strong and tough
metals and alloys. Importantly, heterogeneous materials can be produced by currently available
industrial facilities at low cost, which avoids the common obstacle in the commercialization of most new
materials.

Biography:

Ldzy ALY %Kdz A4 | RAAGAY3IdzA KSR LINRPFS&a2NJ d b2NIK
has focused on heterogeneous materials, nano/ultragreined materials, and synthesis an@pessing

of carbon nanotube and CNT composites. He recently received the 2012 TMS SMD Distinguished
Scientist/Engineer Award, the NCSU Alumni Distinguished Research Award, and ASM International Albert
Sauveur Award. TMS Leadership Award, and the IUMR$&58ward. He was also elected Fellows of

TMS, ASM International, APS and AAAS. He is among Highly Cited Researchers 2016 by Thomson Reuters.
More information can be found &ittp://www.mse.ncsu.edu/zhu/
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Tuesday 2.1: Gradient structures

Strength-ductility synergy in a gradient structure

Prof Xiaolei W4, Prof Yuntian T Zhu?
lnstitute Of Mechanics, Chinese AcadenfioiencesBeijing, China
2Department of Materials Science and Engineering, North Carolina State UnivgSsty,

Strong or ductile? For centuries engineers have been forced to choose one of them, not both as they
would like to. This is because a material is either strong or ductile but rarely both at the same time. Here
we report a grain size gradient structure in IF steel that can produce an unprecedented property
combination. It is observed that the gradient structure increases the yield strength and maintain the
large uniform elongation comparable to that of the coarse-grained counterpart. These superior
mechanical properties were produced by high back stress, load transfer, and strong strain partitioning
where the soft layers carried much higher plastic strain than hard layers. The strain hardening due to
back stresses makes up for deficiencies of common forest hardening. Even with the presence of the
yield-peak, the hardening rate due to back stresses up-turns in the transient to obtain large uniform
elongation. Gradient structures exhibit a unique anti-banana-type yield strength vs ductility synergy.



Tuesday 2.1: Gradient structures

Microstructures and mechanical properties of gradient structured 5052
Al alloy

A/Prof YushengLi, L. Z. Li%, Pro Y. H. Zhao', ProY.T. Zhu'?

INano Structural Materials Center, School of Materials Science and Engineering, Nanjingtyofv@csénce and
TechnologyChina

’Department of Materials Science and EngineerirarfiNCarolina State UniversjtySA

Microstructural evolution and mechanical properties of 5052 Al alloy processed by rotationally
accelerated shot peening (RASP) were investigated. Nano-sized grains, ultra-fined grains and elongated
sub-grains were formed along the cross-section with the variation of depth to the surface, showing a
typical grain size gradient in RASP-ed 5052 Al alloy. The dislocation configurations in different depth
were discussed and the nano-grain formation mechanism was elaborated. Micro-hardness tests showed
a micro-hardness gradient with 115Hv in the topmost surface when compared to 65Hv in the coarse-
grained (CG) counterpart. The yield strength of the gradient structured 5052 Al alloy was 168MPa, 139%
higher than that of the as-received CG sample, while keep 12.6% uniform elongation. The good strength-
ductility synergy was attributed to the mechanical incompatibility in gradient structures.

Biography:

As an associate professor, Y.S. Li works in Nanjing University of Science and Engineering. Focused on
microstructures and mechanical properties of ngmained and/or gradient structured metallic

materials, especially interested in commerizialg these kinds of materials. More than 10 papers have
been published on Acta Mater, Scripta Mater, APL, JACS etc.



Tuesday 2.2: Emerging SPD techniques

Challenges for scaling up of severe plastic deformation process under
high pressure

Professor Zenji Horita
IKyushu Universitfsukuoka, Japan

The process of severe plastic deformation (SPD) extends its applicability to hard and brittle materials
when it is conducted under high pressure as high-pressure torsion (HPT) and high-pressure sliding (HPS).
However, an important issue is how the HPT and HPS processes can be scaled up. This presentation
introduces our recent challenges for scaling up both HPT and HPS processes to a capacity of 500 ton.

For the HPT process, disks of an AZ61 Mg alloy with 30mm diameter and 1mm thickness were processed
under 6 GPa at room temperature for 2 and 10 turns. For the HPS process, sheet samples with 10-30mm
width, 100mm length and 1mm thickness were processed under a pressure in the range of 1.5-5 GPa at
room temperature with high-strength Al alloys (A2024 and A7075), a Ti alloy (F1295) and a Ni-based
superalloy (Inconel718) including the AZ61 Mg alloy. Tensile testing confirmed that all processed
samples exhibited superplasticity with total elongations more than 400%.

It should be noted that the introduction of large plastic strain was feasible without breaking the samples
despite processing at room temperature and this is due to the application of high applied pressure
during the processing.

Biography:

4/2001-6/2009:

Professor, Department daterials Science and Engineering, Kyushu University, Fukuoka, Japan
3/2003-5/2005

Program Officer, Ministry of Education, Culture, Sports, Science and Technology, Japan
7/2009-present

Distinguished Professor, Kyushu University

12/2010-present

Principalinvestigator, International Institute for Carbdteutral Energy Research (\WRCNER), Kyushu
University



Tuesday 2.2: Emerging SPD techniques

Microstructures and mechanical properties of ultrafine grained
materials prepared by friction stir processing

A/Prof Peng Xug Professor Zongyi Ma?, Professor Bolyu Xiao*
Unstitute of Metal Research, Chinese Academy of Sciences, Shenyang, China

Ultrafine grained (UFG) materials have attracted considerable attention owing to their unique
microstructural and mechanical properties. However, the extremely non-uniformed microstructure with
high dislocation density and strong texture usually lead to low tensile ductility and fatigue strength. In
this work, via a simple friction stir processing (FSP) technique, we prepared various UFG materials with
good mechanical properties. FSP materials exhibit uniform equiaxed UFG structure with low dislocation
density and high fraction of high-angle grain boundaries, which can be regarded as ideal model materials
to investigate intrinsic mechanical behaviors of UFG material. It is found that enhanced tensile ductility
and fatigue limit can be achieved in FSP UFG material. Instead of traditional large-scale shear bands,
protrusion was found to be the main surface damage morphology for FSP Cu during high cycle fatigue
deformation. This work provides a strategy for designing UFG materials with superior mechanical
properties.

Biography:

Peng Xue is an associate professor at Shenyang National Laboratory foiaMaeience at the Institute

of Metal Research, Chinese Academy of Sciences. His research focuses on the friction stir welding and
processing, and the mechanical properties of ultrafine grained materials.



Tuesday 2.2: Emerging SPD techniques

Cryo rolling of ultrafine grain tantalum

Dr Sunkulp GoéJ Mr. Y. Wang?, Mr. Y.M. Zhu?, Mr H. Yuan?, DrY. Liu?, Prof. J.T. Wang?
Herbert Gleiter Institute of Nanoscience, Nanjing Universisgiehce and technologianjing, @ina
’Department of material science and engineeringnjiey university of science and technology, Nanjing, China

In the present work cryo rolling of UFG tantalum has been performed upto 90%. Microstructural and
mechanical behavior is studied using SEM/EBSD, TEM and tensile testing. Tantalum is rolled at cryo
temperature by dipping the sample for 15 minutes in liquid nitrogen prior to each pass. A reduction of
0.2 mm is applied over the sample in each pass. A sheet of 1.2 mm with no edge crack is obtained after
cryo rolling. EBSD microstructure reveals lamellar grains with an average lamella spacing less than 150
nm. The fraction of high angle misorientation increased after cryo rolling revealing dynamic recovery at
cryo temperature. TEM microstructure also reveals bulk ultrafine grain formation with lamellar
morphology. Tensile strength reached above 800 MPa with ductility to 12% till break.

Biography:
The author has completed his Ph.D from Department of Metallurgical and materials Engineering, Indian
Institute of technology, Roorkee, India in 2015.



Tuesday 2.2: Emerging SPD techniques

Structural modification of AA1050 aluminium alloy using pure shear
extrusion

Mr Mohammad Naeimi, Dr Ali Reza Eivani', Dr Seyed Mohammad Ali Boutorabi, Dr Hamid Reza
Jafarian!
Yran University of Science & Technology, Tehran, Iran

Pure shear extrusion (PSE) has been recently introduced as a potential severe plastic deformation (SPD)
technique to achieve bulk nano-structured materials. In this study, effects of multiple passes of PSE on
structural modification of AA1050 aluminium alloy is investigated. Samples were subjected to 1, 2 and 4
passes PSE using two different routes. In route A, the samples were extruded with no rotation between
successive deformation passes while 900 rotation was applied between the passes via route B. EBSD
analysis revealed that route B is more effective for grain refinement. Indeed, by application of route B, a
finer and more uniform grain structure, i.e. more equiaxed, smaller average cell size and less variety in
grain size distribution, was achieved.

Biography:
Dr. Ali Reza Eivani is an Assistant professor at Iran University of Science & Technology. He is expert in
metals deformation mechanisms.



Tuesday 2.2: Emerging SPD techniques

Tribological and Geometrical Analysis of the Friction Forces of
Continuous Severe Plastic Deformation.

A/ Prof Tibor Doni ¢
UVAGSNEAGE 2F ¢AfAYL S oATAYES {t20F 1AL

Tibor Doni¢, University of Zilina, Research Centre, Zilina, Slovak Republic.
Georgii Raab, Institute for Physics of Advanced Materials, Ufa State Aviation Technical University, Ufa,
Russia.

In the article are presented the methodological and analytical procedures adaptation of a conventional
rolling mill for Duo-system processes SPD-Representative, which is a method ECAR. They were specified
in detail technical requirements which new design solutions were implemented. They are presented in
detail mechanical load drive shafts, as well as the calculation of compression forces with consideration
of friction forces. Also detailed are presented in geometric analysis of localization positions of the outlet
channel in terms of size and orientation of the dominant shear plane.

Biography:

1 34200 LINPTSa42NE 5N 9y3Id ¢A062NI 52yA6T ! RRNBaay
Europe, Telephone: +421 415 132 774, Mobile: +421 905 824-#&8l; Bbor.donic@gmail.com,

Nationality: Slovak, Slovak Republic.Principal subjesztapational skills covered plastic deformation of
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activities and respaibilities are oriented on teaching and research work.The investigation of the

mechanical properties of metalic and composites modeling strain hardening, 1ditlingy fatigue

problems ceramics and special composites materials, study of fatigue prepErtieagnesi alloys and

special composites, study prepare ultrafine grain materials structure by equal channel angular extrusion
methodECAP procedure with back pressure and ultrasonic energy up to 4 kW, superplastic deformation,
mechanical properties ofituafine-grained and nano metallic metarials, dynamic plastometric analyses

of construction materialbigh strain rate dynamic tensile and compression test. Scope another scientific
activity is oriented on acoustoplasticity, classic plasticity, metal #feteht types of powders forming.
Constitutive equations, micro and macro modeiitigjocation density and crystal plasticity models,

ultrasonic assisted manufacturing procestRSECAP, URpsetting,UDeep drawing, different types of

forward extrusion opowders mixture.



Tuesday 2.2: Emerging SPD techniques

Texture evolution and grain refinement of Al-1050 during incremental
ECAP

Mr Mohammad Salamatj Dr Saeed Tamimi', Mr Muhammad Jawad Qarni?, Dr Shanmukha Moturu?, Dr
Giribaskar Sivaswamy?, Dr Andrzej Rosochowski?

IAdvanced=orming Research Centre, University of Stlstle, Glasgow, United Kingdom

°Design, Manufacturing and Engineering Management, University of Strathclyde, Glasgow, United Kingdom

Incremental ECAP is a new method of ECAP process. The severe shear deformation is incrementally
applied onto the billet resulting in grain refinement and new texture development. The fundamental
objective of the present work is to observe the effects of the number of I-ECAP passes on the
microstructure and texture evolution of the Al1050 billet. To that end, 8 pass of I-ECAP have been
carried out using Bc route and texture evolution have been studied using EBSD and grain refinement
tracked using TEM. Polycrystal simulations (the viscoplastic self-consistent model) were also employed
to study the texture evolutions of the billets deformed by different passes of I-ECAP being validated by
experimental observations. The EBSD analyse indicates that I-ECAP is as capable as conventional ECAP to
grain-refinements and a UFG structure is resulted after I-ECAP cycles. Additionally, the results show that
shear texture developed during initial steps of I-ECAP and following steps of I-ECAP increased the
intensities of shear components. It is shown that there is a good qualitative agreement between
predicted texture using crystal plasticity simulation and experimental results. The UFGed billets were
then extruded to produce stronger micro-needles and their final microstructure is compared to needles
produced using annealed Al1050.

Biography:

Mohammad Salamati is a Manufacturing Engineer and Knowledge exchange associate at the Advanced

Forming Research Centre in the University of Strathclyde. As well as working at the AFRC, Mohammad is

also completing an Engineering Doctorate in Medical Devices at the biomedical engineering department

at the University of Strathclyde. Combining 12 years of practical industrial experience and strong

theoretical knowledge with his multi-disciplinary background, Mohammad leads and contributes

extensively to the successful completion of projects at the AFRC. Working closely with industrial

partners such as Boeing, Rolls Royce and Timet for both the forming team and the material

characterisation team, Mohammad has delivered an array or research projects and industrial solutions.
Research interests include: Advanced metal forming technics, material processing and characterisation,
designing components for aerospace applications, medical device production using novel manufacturing
technics.



Tuesday 2.3: Young Researcher Session

Achieving maximum strength in bulk metallic metals using multiple
strengthening mechanisms

Mr Jung Gi Kirh Dr. Nariman Enikeev??, Ms Marina Abramova?, Prof. Marina Karavaeva?, Dr. Jae-Bok

Seol*, Prof. Chan-Gyeong Park?, Prof. Ruslan Valiev?3, Prof. Hyoung Seop Kim'®

Pohang University of Science and Tetbgy, Pohang, South Korea

2Ufa State Aviation Tahnical University, Ufa, Russia

3Saint Petersburg Univaity, Saint Petersburg, Russia

4National Institute of Nano Technology, Pohang, South Ké@smter for High Ermpy Alloys, Pohang, South Korea

The conventional strengthening mechanisms, including grain refinement, work hardening, and
precipitation, are confronted by the ‘glass ceiling of strength’. Here, by combining the temperature and
severe plastic deformation technique, we propose the combination of cutting edge of strengthening
mechanisms, i.e., nano-twins, solute-segregation, and dislocation pinning to the nanocrystalline
material. By conducting with the advanced characterization techniques, i.e., transmission electron
microscopy and atom probe tomography, we found the strengthening mechanisms are evolved
following a stepwise deformation stages. Owing to the multiple strengthening mechanisms, the tensile
strength of nanocrystalline metallic material reached 2.6 GPa which is recorded to the maximum
strength of bulk metallic material field. Combining the temperature and high straining is a new strategy
to activate complex strengthening mechanisms which can break the ‘glass ceiling of strength’ of
traditional materials.

Biography:

2009. 03¢ 2012. 08 B.S.

Department of Advanced Materials Science and Engineering,
Sungkyunkwan University

2013. 03¢ Present M.S. / Ph.D. Integrated Program
Department of Materials Science and Engineering,

Pohang University of Scieremed Technology

(POSTECH)



Tuesday 2.3: Young Researcher Session

Neutron diffraction and finite element analysis of the residual stress
distribution of copper processed by equal-channel angular pressing

Mr Hak Hyeon Lee Prof Kyung-Tae Park?, Dr Wanchuck Woo3, Prof Hyoung Seop Kim**
Pohang University of Science and Technology (FEp§TEohang, Republic of Korea
°Hanbat National Univensi, Daejeon, Republic of Korea

3Neutron Science Division, Korea Atomic Energy Researchténsdiaigjeon Republic of Korea
4Center for High Entropy Alloys, Pohang, Republic of Korea

Because the cross-sectional dimension of an initial workpiece is preserved after the processing, the
ECAP process can produce bulk nanostructured materials with a strong potential for the industrialization
of the SPD processes. However, residual stress remaining after the ECAP process, like any other metal
forming processes, can affect the physical and functional behaviors of materials. Indeed, such a residual
stress is generally detrimental to performance and reliability of the deformation-processed workpieces.
In this study, the residual stress of pure copper processed by ECAP was investigated using the neutron
diffraction analysis and the finite element method (FEM). The residual stress distributions simulated
using the FEM showed a good agreement with the results measured using the neutron diffraction
analysis. The circular rod workpiece had a heterogeneous distribution of residual stresses from the
bottom to the top region of the workpiece. The axial residual stress was highly tensile in the top region,
whereas slightly tensile in the bottom region. On the other hand, the radial and hoop residual stresses
were tensile in the bottom while compressive in the top region. This presentation can shed light on the
systematic approach to deal with the residual stress in SPD for an application to engineering parts.

Biography:
B.S. 20122016 Pohang University of Science and Technology (POSTECH)
Integrated Ph.D. course 20pBesentPohang University of Science and Technology (POSTECH)



Tuesday 2.3: Young Researcher Session

Effect of sample orientation on the dynamic recrystallization of an AZ31
Mg alloy during high strain-rate deformation

Mr Peng Gab
The University of Sydnefustralia

Mg alloys are very promising engineering materials due to their lightweight and high specific strength.
However, their applications are largely restricted by their poor formability. Recent investigations suggest
that deformation of Mg alloys at a relatively high strain rate promotes dynamic recrystallization (DRX),
which prominently improves their formability. On the other hand, crystalline orientation affects
significantly plastic deformation and consequently DRX. In this study, we conduct high strain-rate
deformation at 300 °C and explore the effect of sample orientation on the DRX of an AZ31 Mg alloy.
Textured samples with three sample orientations are used in this investigation. Our results show that,
while a very high strain rate does not further improve DRX compared to a relatively high strain rate,
sample orientation has significant effect on the DRX and flow stress of the textured samples.
Mechanisms behind the dynamic behaviour are discussed based on the observed microstructural
evolution.

Biography:

Mr. Peng Gao received his Master degree of material science from Beijing University of Technology in
2007. From 2007 to 2015, he used to work as a mechanical engineer in China and Australia. He is now an
MPhil student in the School of Aerospace, Meatal and Mechatronic Engineering, at the University of
Sydney. He applies advanced techniques to investigate microstructural evolutions and mechanical
responses of Mg alloys during high strain rate deformation.



Tuesday 2.3: Young Researcher Session

Micro-mechanical testing and EBSD investigation of graded
strengthened hyper-deformed surfaces

Dr. David Tumbajoy Spinel, Dr. Xavier Maeder?, Dr. Sylvie Descartes?, Pr. Jean-Michel Bergheau?, Dr.

Johann Michler?, Pr. Guillaume Kermouche?

IUniversité de Lyon, INSAon, LaMCoS, UMRS CNRS,-69621 Villeurbanne;rance

2Université de Lyon, Ecole des Mines de S#irhne, LGF, UMR 5BCNRS -#2023 Saint Etienn&rance

SEmpa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Mechanics of Materials
and Nanostructures, Feuemrkerstrasse 39, GB602 ThunSwitzerland

4Université de Lyon, ENISE, LTDS, UNIRGBERS /42023 Saint Etienné&rance.

The mechanical surface treatments confer better local mechanical properties against wear or fatigue
service conditions. In the case of impact-based treatments, the material is exposed to repeated
mechanical loadings, producing a severe plastic deformation in the near-surface. It leads to a local and
progressive refinement of the microstructure over a few tens of microns, commonly known as
Tribologically Transformed Surface (TTS). Two impact-based treatments are used in a model material (a-
iron): (i) shot-peening and (ii) micro-percussion.

The resulting surfaces are characterized by a mechanical property gradient as a consequence of the
microstructural transformation. Nowadays, some of the significant challenges are the precise
guantification of mechanical gradients in-depth and the understanding of several microstructural effects
involved on the surface strengthening. For this purpose, two micro-mechanical tests are considered: (i)
nano-indentation and (ii) micro-pillar compression.

The main issue is to characterize the transformed surfaces and correlate the mechanical properties
gradients with the local microstructural evolutions. Three main goals are considered: (i) quantify the
mechanical and microstructural gradients induced by the surface treatments, (ii) correlate the gradients
obtained with both mechanical testing methods and (iii) investigate, by the means of EBSD, the
influence of several microstructural effects (Hall-Petch effect, dislocation hardening, ...).

Biography:

David Tumbajoy Spinel did his PhD in materials science at Université de Lyon (Ecole des Mines de Saint
Etienne). The main topic of his @stigation concerns the characterization of mechanically transformed
surfaces using several miemgechanical testing technigues and electron microscopy methods. Nowadays
he is doing a Postoc at Université de Lyon (INByon) on the characterization ofrtact materials

used on cars and train brakes.



Tuesday 2.3: Young Researcher Session

EBSD Data Analytics for Quantification of UFG Microstructures

Dr Marat LatypoV Dr Laszlo Toth?, Dr Surya Kalidindi?
!Labex DAMAS, Metz, France

°Georda Tech Lorraine, Metz, France

3Georgialnstitute of Technology, Atlanta, USA

Quantification of microstructures is the key to establishing processing--structure--property (PSP)
relationships in materials. Average grain size is the simplest and one of the most widely used
microstructure descriptors for polycrystalline materials. In this talk, we will discuss the limitations of
such simple microstructure metrics and how these limitations can be overcome with the aid of higher-
order statistical descriptions (e.g. n-point correlation functions or chord length distribution). Specifically,
it will be shown that these statistical descriptions in combination with dimensionality reduction
techniques allow for rigorous quantification of microstructures and thus facilitate establishing
guantitative PSP relationships. Interactive visualization of large collections of microstructure datasets
will be also demonstrated as an application of the proposed framework for microstructure
guantification.

Biography:

Marat Latypov is a postdoc fellow in Labex DAMASGawrgia Tech Lorraine. He received his PhD from
Pohang University of Science and Technology in 2014 andriipdlegree from Ufa State Aviation

Technical University in 2011. His research interests include multiscale modeling, materials data science,
ultrafine-grained materials, and advanced steels.



Tuesday 2.3: Young Researcher Session

Bulk metallic glass composites: High Pressure Torsion for producing and
modifying its properties

Ms Lisa Krameér Dr Karoline Kormout?, Dr Verena Maier-Kiener?, Prof. Yannick Champion?, Prof.
Reinhard Pippant

Erich Schmid Institute of Materialsi&ce (OEAW), Leoben, Austria

’Department Physical Metallurgy and Materials Testing, Montanunivasitaoben, Leoben, Austria
3CNRS, SIMAP, Grenoble, France

Metallic glasses are one of the hot topics in material sciences in the last years. They show superior
properties as high strength, high corrosion resistivity and high elastic energy storage, but present also
some obstacle as low ductility and small feasible dimension of the produced material.

Therefore, in this work high pressure torsion is used to produce bulk metallic glasses (BMGs) and bulk
metallic glass composites (BMGCs) from different amorphous and crystalline powders. The obtained
microstructures were investigated by SEM, TEM and XRD and for analyzing the mechanical properties,
microhardness was measured and in-situ TEM picoindentation, in-situ SEM micropillar compression
tests and nanoindentation were performed.

By changing the ratio of the mixed powders and the applied strain, different microstructures can be
obtained: It can be varied from a single-phase BMG to a lamellar BMGC (with different lamellae
thickness down to nanometers). After very high applied strains, a full dissolving of the crystalline phase
into the amorphous phase can be achieved, which facilitates the adjustment of the chemical
composition of the BMG over a wide range. The different microstructure show naturally different
mechanical properties, e.g. an increase in hardness as the dimensions of the microstructure decreases.

Biography:

Lisa Kramer received her master in material science at the Montanuniversitae Leoben, Austia, in 2014.
Since then she works on her PhD thesis at Erich Schmid Institute of Materials Science, Leoben, Austria.
This thesis investigates butietallic glasses and bulk metallic glass composites produced via HPT
including the microstructural evolution during HPT and the corresponding mechanical properties.



Tuesday 2.3: Young Researcher Session

Effect of severe cold-rolling and annealing on microstructure and
tensile properties of AlICoCrFeNi2.1 eutectic high entropy alloy

Mr Irfan Wanit, Dr Tilak Bhattacharjee®, Mr Saad Sheikh?, Dr Yiping Lu®, Dr Subhradeep Chatterjee?, Dr
Sheng Guo?, Dr Pinaki Bhattacharjee?, Dr Nobuhiro Tsuji%®

Department of Materials Science ahtktallurgical Engineering, IIT Hyderabad, India

’Department of Materials Science aRdgineering, Kyoto University, Japan

SMaterials and Manufacturing Technology, Chalmers Universitgciifiology, Gothenburg, Sweden

4Key Laboratory of Solidification Cmitand Digital Preparation Technology (Liaoning Province), School of
Materials Science and EngineeringliBn University of Technologg€hina

SElements Strategy Initiative for Structural MatdsigESISM), Kyoto Universitgpan

The possibility of microstructural refinement and improvement of mechanical properties by severe cold-
rolling was investigated in an AlICoCrFeNi2.1 lamellar eutectic high entropy alloy (EHEA). The as-cast
alloy revealed fine scale eutectic mixture of L12 (ordered FCC) and B2 (ordered BCC) phases. During
severe cold-rolling up to 90% reduction in thickness the B2 phase maintained the ordered structure,
while the L12 phase showed the evolution of a nanocrystalline structure and progressive disordering.
Annealing of the severely cold-rolled material resulted in the formation of duplex microstructures
composed of two different phases with equiaxed morphologies and significant resistance to grain
growth up to 1200°C. Annealing at 1000°C resulted in an optimum strength-ductility balance with the
tensile strength of 1175 MPa and the total elongation of 23%. The present results showed that severe
cold-rolling and annealing can impart very attractive mechanical properties in complex EHEAs.

Keywords: high entropy alloys; severe cold-rolling; recrystallization; tensile properties

Biography:

Mr. Irfan Samad Wani is a Phsludent working under the supervision of Dr. Pinaki Prasad

Bhattacharjee in Department of Materials Science and Metallurgical Engineering at IIT Hyderabad, India.
His research area is Thermomechanical processing of multiphase high entropy alloys nelsitgdiso

the development of microstructure, texture and mechanical properties during deformation and
subsequent annealing.

He has four publication from his Ph.D work so far published in reputed Journals.

He has received the Best Paper Award in fivetgonal Symposium for Research Scholars (ISRS 2016)"
held at IIT Madras, India.



Tuesday Afternoon Keynote Presentation

Fabrication of hybrid metal systems through the application of high-
pressure torsion

A/Prof Megumi Kawasakj Prof Jae-il Jang®, Prof Terence Langdon?
IHanyangUniversity, Seoul, South Korea
2University of Southampton, Southampton, U.K.

The synthesis of new materials is now driven by technological issues combined with the restrictions
imposed by ecological considerations in a variety of industrial applications. Light-weight metals are
conventional structural metals having excellent physical and mechanical properties and with good
strength-to-weight ratios in the finished products. Nevertheless, there may be an upper limit on the
enhancement in mechanical properties when the processing is conducted directly on the alloy.
Moreover, the fabrication of high-strength metals generally involves long-term processing conducted
under extreme conditions using special facilities. Accordingly, this presentation demonstrates a simple
and very rapid synthesis of metal matrix nanocomposites (MMNCs) in several Al hybrid systems which
are achieved by processing stacked disks of the two pure metals by high-pressure torsion (HPT) at
ambient temperature. These synthesized hybrid systems exhibit exceptionally high specific strength
through rapid deformation-induced diffusion and the simultaneous formation of limited different
intermetallic compounds. The experiments also show further improvement in mechanical properties is
available by increasing the numbers of HPT turns and additional short-term annealing. These new
experimental findings suggest a potential for simply and expeditiously fabricating a wide range of
MMNCs through HPT.

Biography:

Megumi is currently an Associate Rrsgor in Materials Science & Engineering at Hanyang University,
Korea. She obtained her B.Eng. degree in Metallurgy & Materials Science from Osaka Prefecture
University in 2002, an M.S. degree in 2004 and an Ph.D. degree in 2007 in Materials ScieneesitlyUni
of Southern California.



Tuesday 3.1: Grain refinement and deformation mechanisms

Influence of stacking fault energy and solid solution strengthening in
Cu-X alloys processed by ECAP and HPT

Dr Enrico Brudéy Prof Karsten Durst!
!Physical MetallurgyTU Darmstadt, Darmstadt, Germany

The microstructural refinement of metals during SPD strongly depends on the stacking fault energy
(SFE), which not only affects the deformation mechanisms but also the dynamic recovery behavior and
storage of dislocations. Cu based solid solutions are good model materials to study these effects, as the
SFE can be reduced significantly by adding Zn or Al. However, aside from a change in SFE, alloying also
results in solid solution strengthening which can also affect the microstructural response during SPD.
To investigate the effect of SFE and solid solution strengthening on the grain refinement and strength of
Cu-X alloys, three alloys with 5% Zn, 30% Zn and 5% Sn were subjected to SPD via ECAP and HPT.
Microstructural investigations show that a low SFE (CuZn30) as well as strong solid solution
strengthening (CuSn5) lead to deformation twinning and increase the grain refinement rate with
imposed strain. Regarding the mechanical properties after SPD, CuSn5 exhibits the highest hardness
among all three UFG alloys in spite of neither having the lowest grain size nor the lowest SFE, i.e.
dislocation mobility. This effect will be discussed in terms of strengthening mechanisms in UFG and CG
alloys.

Biography:

- Studied Materials Science at TU Darmstadt (2001-2007)

- PhD at TU Darmstadt under supervision of Clemens Miiller and Horst Hahn on the thermal stability and
mechanical properties of UFG gradient microstructures (2007-2011)

- Currently working as a Research Associate in tlysi€d Metallurgy Group at TU Darmstadt on SPD
processing and microstructure property relationships in UFG metals



Tuesday 3.1: Grain refinement and deformation mechanisms

Characterization of microstructure and mechanical property of pure
titanium with different Fe addition processed by severe plastic
deformation and subsequent annealing

Dr Ruixiao Zheng?, Prof. Nobuhiro Tsuji2, Dr. Yu Bai'?, Dr Tilak Bhattacharjee?, Dr Yan Chong?, Prof.

Akinobu Shibata®?, Dr Guanyu Den
Departmentof Materials Science arigngineering, Kyoto Universitjapan
’Elements Strategy Initiative for Structural Madggs (ESISM), Kyoto Universitgpan

Titanium and Ti-alloys are widely used in the marine, aerospace, and biomedical industries due to their
high strength to weight ratio, excellent corrosion resistance, and biocompatibility. Increasing the
strength level of pure Ti via grain refinement without a considerable decrease in ductility is an attractive
approach. Fabrication of nanostructured or ultrafine grained (UFG) metals using severe plastic
deformation (SPD) techniques has attracted a lot of interest in the last two decades. The main purpose
of the present study is to systematically explore the influence of Fe addition in pure Ti having fully-
recrystallized UFG structures. As-cast Ti with four different levels of Fe addition was firstly deformed by
high pressure torsion (HPT) by 10 rotations at room temperature, and then annealed in a vacuum at
temperatures ranging from 100 °C to 700 °C for half an hour. Detailed microstructures were
characterized by transmission electron microscopy (TEM) and electron backscatter diffraction (EBSD),
and mechanical property was examined by micro-tensile test with a help of digital image correlation
(DIC) technique.

Biography:

Dr. Deng has been working in the field of SPD since 2008 when he started his PhD study at University of
Wollongong in Australia. He has been working on modelling and experimental study of aluminium alloys
and magnesium alloys during SPD andtgprocessing. In 2015, he has joined Kyoto University as a
research fellow, and working on the grain refinement and deformation mechanism of pure titanium and
titanium alloy.



Tuesday 3.2: Processing techniques

Microstructures and tensile mechanical properties of ultrafine grained
Al alloy and cu matrix nanocomposites fabricated by powder metallurgy
route

Professor Deliang Zhahgdr Dengshan Zhou?, Dr Xun Yao?, Dr Jiamiao Liang?, Dr Charlie Kong?, Dr M. Z.
Quadir?, Professor Paul Munroe?, A/Prof. Sam L. |. Chan?

INortheastern University, 8hyang, China, Shenyang, China

2Shanghai Jiao Tig University, Shanghai, China

SUniversity of NevBouth Wales, Sydney, Australia

4Curtin University of Technology, Perth, Australia

Ultrafine grained AA6061-(1, 5, 10)vol.%SiC and Cu-5vol.%AlI203 nanocomposite samples have been
fabricated by thermomechanical consolidation of compacts of nanostructured powders produced by
high energy mechanical milling of mixtures of metallic powders and SiC or Al203 nanopowder. The
microstructures, tensile mechanical properties and fracture behaviour of the samples are studied in
details using various materials characterisation and testing techniques. Despite the ceramic
nanoparticles are effective in enhancing the thermal stability of the nanostructure during heat
treatment, recrystallization and grain growth of the nanocrystalline metal matrices and coarsening of
the ceramic nanoparticles occur during the thermomechanical consolidation process due to the high
thermodynamic driving force. Increasing the volume fraction and reducing the rate of coarsening of the
ceramic nanoparticles reduce the rate of grain growth. Grain boundary strengthening plays a dominant
role in raising the strength of the ultrafine grained metal matrix nanocomposites to a level which is 2-3
times of that of the corresponding coarse grained metallic materials. There are several factors including
the bonding strength of the interparticle boundaries and the flow stress and strain hardening rate during
plastic deformation which can affect the tensile ductility of the ultrafine metal matrix nanocomposites.
This is a subject which deserves further research.

Biography:

DPhil from Universty of Oxford, UK. Postodoctoral researdmigersity of Oxford, UK and Carnegie

Mellon Universiy, USA. Worked at University of Queensland, Australia, The University of Waikato, New
Zealand, Shanghai Jiao Tong University, China. Currently a Chair Professor at Northeastern University,
China. Seleed into the National "One Southand Talents" Plan of China in 2010. Member of the
International Committee of Nanostructured Materials.



Tuesday 3.3: Young Researcher Session

Microstructure characterization and irradiation resistance of
nanostructured low activation steel produced by surface mechanical
attrition treatment

Dr Wenbo Lidj Dr Xiao Jin?, Dr Pengcheng Song?, Dr Di Yun?, Dr Chaohui He!
IXi'an Jiatong University, XI'an, China

2Suzhou Nuclear Power Rasch Institute, Suzhou, China

3Nuclear Power Institute of China, Chengdu, China

Surface mechanical attrition treatment (SMAT) was used to produce a nanocrystalline layer on the
surface of reduced activation ferrite/martensite (RAFM) steel. X-ray diffraction (XRD), Transmission
Electron Microscopy (TEM) and Electron Backscattered Diffraction (EBSD) were used to characterize the
microstructure in the surface layer before and after SMAT. Both cross-sectional TEM images and EBSD
maps indicated that nanocrystalline grains were produced by SMAT on the surface of RAFM steel, and
the grain size decreased gradually with increasing deformation strain and strain rate during SMAT.
Cross-sectional EBSD maps of samples before and after SMAT showed that the depth of the deformation
layer during SMAT is about 200m, and analysis of the misorientation angles after SMAT showed that
there are more grain boundaries (GBs) with misorientation angles smaller than 5 degree in the surface
layer. Orientation distribution of the {111} plane was also analyzed, and the results showed that the
distribution in the surface layer is not uniform, compared with that in the inner area. Changes of Vickers
hardness along depth from the topmost surface after SMAT was also measured and analyzed.
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Tuesday 3.3: Young Researcher Session

Unusual effects of cryogenic high-pressure torsion of
Co20Cr26Fe20Mn20Ni14 high-entropy alloy on microstructure and
mechanical characteristics

Mr Jongun MooR? Mr Yuanshen Qi, Dr. Elena Tabachnikova®, Dr. Yuri Estrin®°, Dr. Soo-Hyun Joo®, Dr.
Aleksey Podolskiy*, Dr. Mikhail Tikhonovsky?, Dr. Hyoung Seop Kim'2

Department ofMaterials Science and Engineering, Pohang University of Science and Technology (POSTECH),
Pohang South Korea

2Center for High Entropy Alloys, Pohang University of Science and TecRQSFECH), Pohang, South Korea
SDepartment of Materials Science aRdgineering, Monasbiniversity, Clayton, Australia

“4B. Verkin Institute for Low Temperature Rbgsand Engineering of Nationatademy of Sciers of Ukraine,
Kharkov, Ukraine

SLaboratory of Hybrid Nanostructured Materials, Matal University of ScieneadTeK y 2f 23é dalL{ L{ €% a2
Russia

SInstitute of Materials Research, Tohoku UniverSgndai, Japan

"National Science Center «Kharkov Institute of Physics and TechnofddgtionalAcademy of Sciences of

Ukraine, Kharkov, Ukraine

The microstructure and mechanical characteristics of Co20Cr26Fe20Mn20Ni14 high-entropy alloy with a
low-stacking fault energy processed by cryogenic (77 K) and room temperature (300 K) high-pressure
torsion (HPT) were studied. X-ray diffraction, scanning electron microscopy, and transmission electron
microscopy analyses were performed to identify the variations in phase composition and
microstructure. Evidence of a deformation-induced phase transformation was found for the alloy
processed by cryogenic HPT. In addition, the mechanical properties were characterized by Vickers
hardness measurements and tensile testing. A remarkable specific observation was that the mechanical
strength of the alloy after processing by cryogenic HPT was lower than that after room temperature
HPT. The observed effects and mechanisms will be reported.

Biography:
B.S. 2002015 Sungkyunkwan University (SKKU), Integrated Ph.D. courspr2ég&bt Pohang
University of Science and Technology (POSTECH)
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The applicability of grain boundary engineering on ultrafine grained Cu-
Ni alloys

Ms Friederike EmetsDr. Martin Peterlechner?, Dr. Harald Raisner?, PD Dr. Sergiy V. Divinski*, Prof. Dr.
Gerhard Wilde?

tUniversityOf Muenster, MUENSTER, Germany

2Institute of Materials Physicklniversity of Muenster, Muenster, Germany

Grain boundary engineering (GBE) is a concept used to design a thermal stable microstructure by the
introduction of special grain boundaries (1£3-, 1£9-GBs) and their conjunctions. Due to the poor thermal
stability of severely deformed materials, GBE is of interest to design an ultrafine grained and thermally
stable microstructure with retained enhanced properties. In the present investigation, GBE is applied to
severely deformed Cu-Ni alloys (including the pure end-members). Copper and nickel are completely
miscible in the liquid and the solid state and thus the stacking fault energy (SFE) of the solid solutions
also varies strongly and systematically for the different alloy compositions. The SFE is related to the
tendency to undergo twinning (€3 GB). The annealing-induced microstructure evolution of the severely
deformed Cu-Ni alloys is analyzed. Most of the concepts describing the microstructural behavior are
only valid for pure materials. For the alloys, the concurrent effects from SFE and solid solution need to
be considered. The data on the development of the GB structure and grain size lead to the conclusion
that not only a small SFE but a second mechanism is important to prevent grain growth and to achieve a
high fraction of suitable GBs. For Cu50Ni50 and Cu65Ni35 the microstructure was optimized.

Biography:
Ph.D. student in the working group of Prof. Dr. Gerhard Wilde since 2015
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Superior pre-osteoblast cell response of etched ultrafine-grained
titanium with a controlled crystallographic orientation

Miss Seung Mi BaékMr Myeong Hwan Shin?, Mr Jongun Moon?, Dr Ho Sang Jung?, Mr See Am Lee?,
Prof Woon-Bong Hwang?, Dr Jong Taek Yeom?, Prof Sei Kwang Hahn?, Prof Hyoung Seop Kim?
IPOSECH, PohandRepublic of Korea

’Korea Institute of Materials SciesyocChangwon, Republic of Korea

Ultrafine grained Ti for improved mechanical performance as well as its surface modification enhancing
biofunctions has attracted much attention in medical industries. Most of the studies on the surface
etching of metallic biomaterials have focused on surface topography and wettability but not
crystallographic orientation, i.e., texture, which influences the chemical as well as the physical
properties. The influences of texture and grain size on roughness, wettability, and pre-osteoblast cell
response were investigated in vitro after HF etching treatment. The surface characteristics and cell
behaviors of ultrafine, fine, and coarse-grained Ti were examined after the HF etching. The surface
roughness during the etching treatment was significantly increased as the orientation angle from the
basal pole was increased. The cell adhesion tendency of the rough surface was promoted. The UFG Ti
substrate exhibited a higher texture energy state, rougher surface, enhanced hydrophilic wettability,
and better cell adhesion and proliferation behaviors after etching than those of the coarse- and fine-
grained Ti substrates.

Biography:
B.S. 201015 Pohang University of Science and Teldgy (POSTECH) Integrated Ph.D. course 2015
present Pohang University of Science and Technology (POSTECH)
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Unusual deformation behavior of harmonic structure designed
materials

Professor Kei AmeyampaAssistant Professor Mie Ota®
IRitsumeikarUniversity, Kusatsu, Japan

In general, homogeneous (Homo) and ultra-fine grain (UFG) structure materials do not, usually, satisfy
the need to be both strong and ductile, due to the plastic instability in the early stage of the
deformation. As opposed to such a “Homo and UFG“ microstructure, “Harmonic Structure (HS)” has a
heterogeneous microstructure consisting of bimodal grain size together with a controlled and specific
topological distribution of fine and coarse grains. In other words, the HS is heterogeneous on nano- and
micro- but homogeneous on macro-scales. In the present work, the HS design has been applied to pure
metals and alloys, Ti, Fe, Ni, Cu, Ti-6Al-4V, SUS304L, etc., via a powder metallurgy route consisting of
controlled surface SPD of the corresponding powders, and subsequent consolidation. At a macro-scale,
the HS materials exhibited superior combination of strength and ductility as compared to their
homogeneous microstructure counterparts. This behavior was essentially related to the ability of the HS
to promote the uniform distribution of strain during plastic deformation, leading to improved ductility
by avoiding or delaying plastic instability. In addition, noteworthy is that the HS materials indicated
anomalous large strain hardening in the early stage of deformation.
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Effect of pressure on the microstructural evolution of copper during
high-pressure torsion process

Dr Dong Jun LégDr Eun Yoo Yoon?, Dr Dong-Hyun Ahn?, Prof Hyoung Seop Kim?, Dr Yong-Nam Kwon'
IKorea Institute of Materials Scies(¢<IMS), Changwon, South Korea

2Pohang University of ®rice and Technology (POSTER#&hang, Solit Korea

SKorea Atomic Energy Research Institute, Deajeon, South Korea

In this study, the role of hydrostatic pressure in microstructural evolution of copper during high-
pressure torsion (HPT) was investigated. The different pressures were applied to the HPT process. The
microstructural evolution was evaluated by means of hardness testing, synchrotron X-Ray diffraction
analyses and electron backscattered diffraction measurement. During the evolution of microstructure in
terms of grain refinement, dislocation cell structures were formed with edge dislocations in cell walls
and screw dislocations in cell interior. The arrangements of dislocations were getting stronger with an
increase in equivalent strain. As grain refinement proceeded, the cell walls changed to low and high
angle grain boundaries. The greater pressure leads to the acceleration of grain refinement process by
the reduction of the annihilation process in the cell walls and the increase in dislocation energy. The
high pressure decreases the self-diffusivity in crystals and decelerates the climb of edge dislocations in
cell walls, which can be controlled by vacancy diffusion. The increase in the interaction energy of
dislocations governed by the increase in shear modulus can accelerate the formation of dislocation cell
structure during plastic deformation.

Biography:

1984 born in South Korea

2003 entered Department of Materials Science and Engineering, Hanyang University
2010 entered POSTECH as a graduate student
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Microstructures and mechanical properties of Ni-based powder
metallurgy superalloy after high-pressure torsion

Dr Eun Yoo YodnDr Dong Jun Lee?, Dr Youngseon Lee?, Prof Hyoung Seop Kim?, Dr Hong-Kyu Kim3
IKorea Institute of Materials Scies(¢<IMS), Changwon, South Korea

°POSTECH, Pohang, South Korea

3Agency for Defense Development(ADD), Daejeon, South Korea

Nickel-base superalloys are the material for the gas turbine engines in the harshest operating
conditions, specifically the turbine discs. On the early seventies, the powder processed Ni-based
superalloys were developed for using in high performance aero engine discs due to more uniform
composition, phase distribution, finer grain size, higher strength, reduced carbide segregation, and
increased flexibility in alloy design. Ni-based superalloy powders are first consolidated into fully dense
compacts by hot isostatic pressing (HIP). In order to obtain improved properties of the Ni-based
superalloy, as-consolidated compacts can also be further processed by high temperature forging or
extrusion.

The intent of this work is to remove prior particle boundaries (PPB) after hot isostatic pressing and
improve the mechanical properties by additional process of high-pressure torsion (HPT). The resulting
prior particle boundaries were removed and microstructural size was decreased with increasing strain
by high-pressure torsion process. Moreover, the microhardness values and tensile strength were
enhanced.

Biography:

1982 born in South Korea,

2002 entered Department of Materials Science and Engineering, Chungnam National University,
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2009 got aMaster's Degree,

2009 entered POSTECH as a graduate student,

2013 got a Doctoral Degree,

2013 entered Korea Institute of Materials Science(KIMS) as senior researcher
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Local deformation behavior of an ultrafine grained ferrite steel with
strong rolling texture

Ms Laura Ahmels Dr Enrico Bruder?
IDarmstadt University of Technology, Darmstadt, Germany

The deformation behavior and mechanisms of materials at large strains have been investigated
intensively in a variety of fields such as cold forging, severe plastic deformation or tribology. During the
SPD-related forming process linear flow splitting a strongly elongated pancake UFG microstructure with
strong rolling texture is produced. Experimental investigations have shown that microstructural
refinement saturates at a certain stage (below typical saturation levels found in high pressure torsion)
even though the strain should nominally increase during further processing. To understand the
deformation behavior as well as the mechanisms behind the saturation in grain size in the linear flow
splitting process the local deformation behavior of the pancake microstructure under compression is of
high interest. In the present work, micropillars with a polished facet were FIB milled and compressed
inside an SEM using an in-situ nanoindenter with a diamond flat punch. The facet was used to observe of
the microstructure of the pillar during the compression as well as to perform EBSD before and after the
compression and thereby obtaining information about the grain orientation. This way, it is possible to
correlate the deformation behavior of grains to their shape and orientation.

Biography:

Master of Science in Materials Science at Darmstadt University of Technology in 2014, currently perusing
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Microstructure and deformation behavior of ultrafine-grained medium
Mn TRIP steel fabricated by heavily rolling

A/Prof Liming Fd Dr Lifeng Lv?, Dr Huanrong Wang?, Prof Wei Wang?, Professor Aidang Shan'
1School of Materials Science and Engineef@hgnghai Jiao Tong UniversiBhina
’Baosteel Research Instityt€hina

Fabrication of the Nano-grained(NG) and Ultrafine-grained (UFG) materials by severe plastic
deformation (SPD) has been attracting a great deal of attention of the materials research community
over the past half century. The NG and UFG metals possess much desired high strength but usually
disappointingly low ductility compared with their coarse-grained (CG) counterparts due to inability of
sustaining the high strain hardening rate to large strains, which severely limits their practical utility. In
this paper, the NG medium-Mn steel with average grain size less than 1um is successfully produced
through conventionally heavy cold-processing by combination of the asymmetric rolling (ASR) and
symmetric rolling (SR). The NG medium -Mn steel is then subsequently annealed at different
temperatures to achieve a series of fully recrystallized UFG steels with grain sizes below 500nm. The
tensile behaviors of these obtained NG and UFG steels with a wide grain size range from micrometer
down to nanometer scale are systematically studied. The results show that these nano-structured
medium-Mn steel exhibit high yield strength, good strain hardening and comparably large tensile
elongation. Generally, UFG materials show the poor ductility owing to the early plastic instability, which
is due to the lack of work hardening caused by their inability for small grains to accumulate dislocations
or saturation of dislocations, however, the present obtained UFG high-Mn steels exhibit relatively good
balance of strength and ductility. This should principally be attributed to the co-effect of the TWIP and
TRIP. Otherwise, UFG austenite stability and its effect on the deformation are also discussed in the

paper.

Biography:
Fabrication of Nano and UFG bulk materials; Microstructure and properties of the AHS; Deformation
mechanism of the steel.
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Architectured hybrid materials produced by rotational equal channel
angular pressing

Dr Andrey MolotnikoV, A/Prof Rimma Lapovok?, Prof Yuri Estrin®
IMonash UniversityDepartment of Materials Science &dineering, Clayton, Australia
2Deakin Universityinstitute for Frontier Materials, G TResearch, Geelong, Australia

Materials processed by severe plastic deformation (SPD) continue to attract considerable interest. In
recent times, the interest of the community is shifting towards using the existing SPD techniques or their
modification to not only obtain ultrafine grain materials, but also to synthesis hybrid materials which
benefit from a macroscopic arrangement of their constituents. In this work a novel way of producing
aluminium and copper hybrid material utilising a rotational equal channel angular pressing (RECAP) is
presented. REACP has a unique capability of fabricating helical structures which are commonly found in
Nature and could positively influence the strain-hardening behaviour. The present study focused on
numerical investigation of the deformation behavior of such composite structure. The geometrical
arrangement of the constituents as well as processing parameters are investigated in order to obtain a
favourable co-deformation mode. The microstructural evolution during deformation was simulated
using dislocation density based model of Kocks-Mecking-Estrin. The modeling results are validated by
comparing the predicted shape of the hybrid structure to experimental samples.

Biography:

Andrey Molotnikov completed an undergraduagree in Mathematics at Clausthal University of
Technology in Germany in 2005. From 20060 he studied at Monash University, Australia and was
awarded a PhD in the field of computational materials science in October 2010. He subsequently
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materials in ARC Centre for Light Metals, Melbourne from 2014 before his appointment as a
Lecturer in the Department of Materials Science and Engineering at MonashditgivAustralia in
January 2015.
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Role of shear in interface formation of Al-Steel and Cu-Steel
multilayered composite sheets

Dr Anibal Mende$? A/ Prof Rimma Lapovok?, Dr. llana Timokhina?, Dr. Andrey Molotnikov?, Prof. Peter
Hodgson'

1IFM- DeakinUniversity, Geelong, Australia

2Monash UniversityMelbourng Australia

Aluminium—Steel (Al/Fe) and Copper-Steel (Cu/Fe) hybrid sheets were fabricated via accumulative roll
bonding (ARB) and asymmetric accumulative roll bonding (AARB), which capitalises on additional shear
to enhance plastic deformation. Multi-layers of Al alloy (AA1050) and interstitial free (IF) steel and Cu
(99.5%) and IF free steel sheets were alternatively stacked and roll-bonded with roll diameter ratios (dr)
1 and 2, for up to two passes. Rolling, both asymmetric and symmetric, was carried out at 400°C with a
thickness reduction of 50%. Finite element simulation was used to evaluate the strain distribution in
both processes. Mechanical tests revealed that both tensile strength and ductility of the sheets increase
systematically with the AARB process in the Cu/Fe sheets. The microstructures and the Al/Fe and Cu/Fe
interfaces of the sheets were analysed in detail using TEM, SEM and APT techniques. It is shown that not
only does AARB lead to a more refined grain size of the Al and Cu but also it promotes the development
of a nanostructured surface layer on Fe that comprises crystallites of 50-100 nm in size, which is
otherwise absent in the case of symmetric. The AARB-processed sheets exhibit a larger thickness of the
interdiffusion layer at the Al/Fe and Al/Cu interfaces than the counterparts processed via the symmetric
ARB route, the difference being in excess of 15%. The effects and the implications of AARB processing on
mechanical behaviour and diffusion kinetics are discussed with respect to the microstructural
evolutions.

Biography:
Dr Anibal Mendes is a Researcher Fellow.
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Influence of shear strain and contact plane inclination on interface
formation in hybrid materials produced by severe plastic deformation

AssociateProfessor Rimma Lapovék
1Deakin University, Waurn Ponds, Geelong, Australia

Significant enhancement of the properties may be achieved through hybrid materials produced by newly
emerging techniques of shear mixing. It was shown that properties obtained by severe plastic co-
deformation of dissimilar metallic materials are far outside of expected properties of composite
materials due to several physical phenomena observed, such as extension of solid solubility in
immiscible metals, formation of non-equilibrium phases and reduction of grain size to range of 10-20 nm
near interface. This level of nanostructuring that is accessible in composites is shown to be unreachable
in single constituent materials.

The idea of manufacturing material hybrids with simultaneous nanostructuring by SPD is quite
appealing, but the importance of interface formation and possibility to optimise the width and
composition of intermixing zone, which define the properties of hybrid material, was not fully
understood. A study of influence of high shear deformation mode and high hydrostatic pressure on the
inter-diffusion and the physical mechanisms of interface formation was not performed.

A study of the influence of shear strain mode, hydrostatic pressure and inclination angle between shear
direction and the contact area in hybrid materials produced by severe plastic deformation methods is
presented in this talk.

Biography:

Rimma Lapovok is the Associate Professor (Research) in Institute for Frontier Materials, Deakin University
(Australia). She hagraduated in Solid Mechanics and completed her PhD in Metal Working Processes in
Russia.

From 1998, she works intensively in area of Severe Plastic Deformation and has published about 170
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Pressure Tube Shearing, HHEGAP and others. The novel approach in these processes is based on
fundamentals of mechaeos of materials.
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Equal channel angular pressing (ECAP) of hollow profiles made of
titanium

Dr Maciej Krystiah Dr Krzysztof Bryta?, Dr Jelena Horky?, Dr Bernhard Mingler
IAIT Austrian Institute of Techngp GmbH, Wr. Neustadt, Austria
2Institute of Technology, Krakéw, Poland

Cylindrical tubes made of commercially pure titanium (CP-Ti grade 2; 20mm outer diameter, 2mm wall
thickness, 120mm length) filled with various cores (metallic as well as non-metallic materials) were

processed by ECAP. Different temperatures (400°C down to room temperature), routes (Bc, B120) and

number of passes (1-6) were applied depending on the core material. For reasons of comparison bulk

bolts also made of CP-Ti grade 2 were processed at the same ECAP conditions (as far as practicable). The
mechanical properties of agceived as well as ECAP materials were characterised by hardness
mappings (in order to reveal the homogeneity) and tensile tests. The results can be summarised as
follows: i) It is feasible to peess tubes by ECAP; ii) ECAP can be performed at significantly lower
temperatures, even down to room temperature, as compared to bulk Ti; iii) Mechanical properties of
tubes are similar to those of bulk-TPin cases where the same ECAP conditions atiedpp) Tubes

after ECAP at low temperatures show even higher strength than what can be achieved in bulk material;
v) Excellent homogeneity of microhardness can be achieved at least when metallic cores and a sufficient
number of ECAP passes are used.
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Temperature dependent structural evolution in nickel/carbon nanotube
composites processed by high-pressure torsion

Mr Andreas KatzensteinérMrs Katherine Aristizabal?, Dr Sebastian Suarez?, Prof Reinhard Pippan?, Dr
Andrea Bachmaier?

1Erich Sciid Institute, Leoben, Austria

’Department of Materials Scienc®aarbriicken, Germany

Nickel/Carbon nanotube (CNT) composites with varying amounts of CNTs were processed at different
temperatures by high-pressure torsion (HPT) with the aim to optimize the process parameters to obtain
a homogenous dispersion of CNTs in the metallic matrix. As the CNT distribution has an enormous
influence on the composite properties, the structural evolution with increasing strain and the final
microstucture of the composites are investigated by scanning and transmission electron microscopy.
Microhardness measurements were additionally performed. Microhardness increases up to 800 Vickers
(HV) and the mean grain size decreases to an equivalent radius smaller than 40 nm for HPT at room
temperature (RT), while the CNTs form rather large agglomerates. HPT deformation at 200°C shows no
significant change in hardness, grain size and CNT agglomerate size. For HPT deformation at 300°C and
400°C grain sizes increase to 60 nm respectively 90 nm, microhardness decreases to 500 HV respectively
400 HV and the size of the CNT agglomerates decreases from more than 5 times the grain size at RT to
smaller than the grain size. It could be shown that the optimal HPT processing route to improve the CNT
distribution is a combination of deformation at 400°C with subsequent deformation at RT.

Biography:
BSc and MSc in Technical Physics at Graz University of Technologd0®05
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Deformation of martensitic carbon steels using high pressure torsion

Timo Muellef, Dr. Andrea Bachmaier?, Prof. Dr. Reinhard Pippan?
Erich Schmid Institute of Materials Science, Austrian Academy of Sciences, Leoben, Austria

It is well known that severe plastic deformation (SPD) can transform simple carbon steels into high
strength materials. Several studies have shown that martensitic starting materials significantly reduce
the amount of strain which is necessary to obtain such high strength. However, these studies mainly
focused on SPD at elevated temperatures since martensite is difficult to deform at ambient
temperature.

In this paper, we investigate SPD of martensitic carbon steels at room temperature. Using high pressure
torsion, the probability of failure during deformation is reduced due to the high hydrostatic pressure.
Three different steels, representing low-, medium- and high-carbon steels, are used as raw materials.
The structure and hardness evolutions during high pressure torsion are investigated with the main focus
on the final state of deformation, which is characterized by either a state of saturation or the maximum
deformability before failure. Finally, the hardness increase by tempering is compared for the as-
guenched and the deformed martensite.

Funding for this work has been provided by the European Research Council under ERC Grand Agreement
No. 340185 USMS.

Biography:
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Crack growth and fatigue life of ultrafine-grained laminated metal
composites produced by accumulative roll bonding

Mr Frank KUmmé] PD Dr.-Ing. habil. Heinz Werner Héppel*, Prof. Dr. rer. nat. Mathias Goken*
FriedrichAlexandeiUniversitat ErlangeiNurnberg; Materials Science & Engineering, Institute |, Erlangen,
Germany

In literature, different methods are discussed to enhance the fatigue properties of materials. Among
others, laminated structures offer a very promising opportunity. Another encouraging option are
ultrafine-grained (UFG) materials. The accumulative roll bonding process is a unique method that
enables the combination of these two approaches by production of UFG laminated sheet material. In
this work, the influence of layer interfaces on the fatigue properties has been studied by varying the
layer architecture (Al/Al or Al/steel) of UFG laminated metal composites. It was shown that it is possible
to further enhance the fatigue properties of ultrafine-grained materials by producing laminated
structures. The cracking behavior and thus also the fatigue life of the composites strongly depends on
the deformation behavior of the individual layers during cyclic loading. A high gradient in hardness
and/or Young’s modulus at the layer interface stops the fatigue crack propagation closely to the material
interface. Surprisingly, the cracks propagate within the softer layer parallel to both the interface and the
loading direction, leading to a significantly higher fatigue life of these composites. This behavior can be
explained by a deviation of the plastic zone in front of the crack tip when the crack approaches the layer
interfaces.

Biography:

Frank Kiimmel studied material science and engineering at the Unhyvar&irlangerNirnberg, where

he also completed with a master degree in 2013. He is now working as a scientific employee at the
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master thesis and nowoatinuing in his PhD, the focus of his work is the optimization of fatigue
properties of ultrafinegrained laminated metal composites by examining the influence of different layer
architectures, which can be designed in the accumulative roll bonding proces
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Strengthening and corrosion of Mg-Zn-Ca biodegradable alloy after
processing by HPT and heat treatment

Andrea Ojdanié, Erhard Schafler?, Jelena Horky?, Dmytro Orlov?, Michael Zehetbauer*
IUniversity of Vienna, Fagylof Physics, ViennAustria

2Center f. Health & Bioresourcegjs&rian Institute of Technology, 2700 Wr. Neustadstria
3Div. Mater. Engineering, Dep. Mechanical Engineering, Lund University, 223 65Wwaddn
“Materials Research Labdray, University of Nova Goric&0® Nova Gorica, Slovenia

This study investigates the evolution of intermetallic precipitates in the Mg-5Zn-0.3Ca (ZX50)
biodegradable alloy during HPT processing and long-term heat treatments. The aim is to produce c-axis
rod type, basal, and prismatic platelets as part of the alloy’s micro- and nanostructure. These
precipitates are to achieve both a strength increase and a decrease of corrosion rate. The latter is often
found as being too high in this alloy type to allow practical applications for biodegradable implants. The
thermomechanical procedure follows that of Orlov et al., 2014 applied to Mg-Zn-Zr alloy ZK60. The
strength increase was also studied with respect to vacancy clustering as the Zn atoms act as potential
trapping sites for vacancies. So far, overall increases of strength of up to 100 percent have been reached
while keeping the Young’s modulus unchanged, thus representing an attractive improvement of
mechanical properties for the actual alloy. This work is supported by projects J2-7157 of Slovenian
Research Agency ARRS, and 12815-N36 of Austrian Science Fund FWF.

Biography:
Andrea Ojdanic is a Phd Student in the group Physics of Nanostructured Materials at the Faculty of
Physics, University of Vienna, working on special biodegratiapkgloys for biomedical applications.



Tuesday 4.3: Young Researcher Session

Thermal stability and superplastic behaviour of an Al-Mg-Sc alloy
processed by ECAP and HPT at different temperatures.

Mr Pedro Henrigue Pereif&, Dr Yi Huang?, Prof Terence Langdon?

Materials Researc@roup, Faculty of Engineering and the Environment, University of SouthanSuatothampton,
United Kingdom

2CAPES Foundation, Ministry of Education of Brazil, Brasilia, Brazil

An Al-3%Mg-0.2%Sc alloy was processed by ECAP and HPT at different temperatures. Afterwards,
samples subjected to 10 turns of HPT at 300 and 450 K, 8 passes of ECAP at 300 K and 10 passes of ECAP
at 600 K were annealed for 1 hour at 523 K and their mechanical properties and microstructure were
examined using microhardness measurements and EBSD analysis. In addition, tensile specimens with
similar dimensions were machined from the HPT and ECAP processed materials and further tensile
tested at 523 K. The results demonstrate that the Al alloy processed by HPT at 450 K exhibits higher
microhardness values (~138 Hv) and a smaller average grain size (~0.28 um) after annealing at 523 K
among all SPD processing conditions. Accordingly, the material subjected to HPT at an elevated
temperature displays superior superplastic properties such that an elongation of ~1020 % was attained
after testing at 523 K at 1.0 x 1073 s™". Furthermore, detailed EBSD analysis revealed a significant fraction
of low-angle grain boundaries (LAGBs > 33 %) in the ECAP-processed material after annealing which may
be responsible for the inferior superplastic behaviour by comparison with the HPT-processed samples
(LAGBs < 13 %) tested at 523 K.

Biography:
Mr Pedro Henrique R. Pereira is a Postgraduate research student in engineering sciences at the
University of Sougimpton.
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Analytical and experimental investigation of process loads on
incremental severe plastic deformation

A/Prof Mehmet Okan Gortah
IHacettepe University, Ankara, Turkey

From the processing point of view, friction is a major problem in the severe plastic deformation (SPD)
using equal channel angular pressing (ECAP) process. Incremental ECAP can be used in order to optimize
frictional effects during SPD. A new incremental ECAP has been proposed recently. This new process
called as equal channel angular swaging (ECAS) combines the conventional ECAP and the incremental
bulk metal forming method rotary swaging. ECAS tool system consists of two dies with an angled
channel that contains two shear zones. During ECAS process, two forming tool halves, which are
concentrically arranged around the workpiece, perform high frequency radial movements with short
strokes, while samples are pushed through these. The oscillation direction nearly coincides with the
shearing direction in the workpiece. The most important advantages in comparison to conventional
ECAP are a significant reduction in the forces in material feeding direction plus the potential to be
extended to continuous processing. In the current study, the mechanics of the ECAS process is
investigated using slip line field approach. An analytical model is developed to predict process loads. The
proposed model is validated using experiments.

Biography:

Received his Bachelor's axidster's degrees from Istanbul Technical University in 2005 and 2008,
respectively (Istanbul/TURKEY)

Completed dostoral studies in 2014 at Technische Universitat Darmstadt at the Institute for Production
Engineering and Forming Machines (Darmstadt/Germany)

Working as an Assistant Professor at Hacettepe University since the beginning of 2015 (Ankara/Turkey)
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Wear properties of various Al hybrid metal systems processed by high-
pressure torsion

Mr JaeKyung Hah Mr Daekuen Han?, AProf Byungmin Ahn?, AProf Megumi Kawasaki?, Prof Terence
Langdon?

IHanyang University, South Korea

2Ajou University, Suwon 44319, South Korea

SUniversity of Southampton, Southampton SO17 1BJ, U.K.

Processing of metals through the application of high-pressure torsion (HPT) provides significant grain
refinement at ambient temperatures. The processed metals with small grain sizes often demonstrate
exceptional hardness and thus these metals after HPT are anticipated to show excellent wear resistance
which is generally proportional to the hardness of materials and the concentration of the hard particles.
Recent reports demonstrated the feasibility of using conventional HPT processing for the synthesis of
bulk hybrid metals. Accordingly, in the present study, several Al matrix hybrid systems were processed
by HPT at room temperature and the wear properties were examined for the processed nanostructured
metals. A sliding wear tester was used for measuring the friction coefficients under a dry condition and
wear resistance was evaluated through the wear scar analysis. The wear coefficients were calculated
through the Archard equation and the wear scar profiles were constructed by SEM and optical
interferometer so as to evaluate the dominant wear mechanism. The results showed there is a
significant increase in wear resistance because of the formation of intermetallic compounds in the Al
matrix hybrid systems processed through HPT.

Biography:

JaeKyung Han is currently a fresh graduate student for his Ph.D. degree in Materials &cience
Engineering at Hanyang University, Korea. His research interests lie in the area of the synthesis and
characterizing mechanical properties of numbers of UFG and nanostructured hybrid materials processed
by HPT



New opportunities in restructuring of materials by deformation

Professor Jing Tao Wahg
INanjing University of Science and Technology, Nanjing, China

NanoSPD --Bulk materials with stable grain and sub grain structures, typically at a scale in the range of
~50-500 nm, produced using Severe Plastic Deformation techniques—attracted extensive study in the
last over thirty decades, leads to accumulation of huge results on processing techniques, exceptional
grain refinement, and significantly enhanced the properties of materials as well as novel and/or unique
properties.

Meanwhile, in addition to microstructure refinement, such deformation processing brings new
opportunities for restructuring of materials at atomic scale, which makes it possible to produce new
materials (phases) with different lattice structure and chemical structure from their parent materials.
This is referred as Restructuring of Materials by Deformation (REMADE). New opportunities in REMADE
will be discussed in this talk, together with examples such as: deformation driven atomic transportation
that brings the formation of new phase in bulk metals, which is otherwise forbidden by slow
thermodynamic atomic diffusion; achieving atomic scale homogenization in bulk through deformation
mixing in sluggish diffusion alloy etc.

Biography:

Dr. Jing Tao WANG is a Professor in materials processing at Nanjing University of Science and
Technology. He graduated with a Bachelor degree in 1982 and obtaineddefte® in 1990, both from
Northeast Polytechnic Institute, China. He haauaithored the first paper on SPD outside of Russia in
1993, and another well cited paper on the principles of ECAP in 1996. He continued his research on
NanoSPD sincethen,and & R bl y2{t 5p G(23SGKSNJ gAGK tNRBFD ¢ DO
research interests focus on Restructuring of Materials by Deformation (REMADE) and novel materials
prepared to meet new challenges in extreme service environment. He recently developealcipie of

tube highpressure shearing-iPS) and explored new possibilities in REMADE, such-siepne

synthesis of multilayered structures, high strength bulk Haneellar materials, and achieving atomic
scale homogenization.



Investigations on formability of magnesium alloy AZ31B processed by
equal-channel angular pressing by analysis of processing maps

Mr. MS Arun®, Mr. NTBN Koundinya?, Dr Ravi Sankar Kottada®, Dr UdayChakkinga
lndianInstitute of Technology Madras, Chennai 600 036, India

Equal channel angular pressing (ECAP) is a well-known process that can be used to develop fine grained
microstructures. The aim of the study is to analyse the influence of ECAP on hot formability of AZ31B
magnesium alloy by experimental determination and analysis of processing maps. Cylindrical specimens
of AZ31 B were subjected to three passes of ECAP using a die with a die angle of 1200 through
processing route Bc. After ECAP, compression tests were carried out at strain rates in the range of 0.01 -
10s-1 and temperatures in the range of 250-400°C using a Gleeble-3800 thermal-mechanical system.
The true stress — true strain curves at different temperatures and strain rates were obtained from the
compression tests. Strain rate sensitivity (m), the efficiency of power dissipation (n) and flow instability
parameters were calculated from this data. Based on these parameters, processing maps of AZ31 after
ECAP were constructed. Regions of stable and unstable deformation were identified and these were
correlated with the observed microstructure. The range of optimum processing windows (in terms of
strain rates and temperatures) are discussed with respect to the finer microstructures obtained as a
result of ECAP.

Biography:

Prof. Uday Chakkingal is a Professor in the Department of Metallurgical and Materials Engineering at IIT

Madras. He obtained his Ph.D from Rensselaer Polytechnic Institute, NY, USA in 1994. He has

postdoctoral research experience at REAlAnd Monash University, Australia. His research interests

are in the areas of severe plastic deformation and metal forming.



Thermal stability of commercially pure Ti and Ti-6Al-7Nb alloy

J ana S mi% Kratinae/diclovoval, Pavel Zhanal', Petr Harcuba?, Josef Strasky?, Milo$ Janecek?,
Michal Héjek?, Veronika Polyakova?, Irina Semenova?

ICharles Univsity, Prague, Czech Republic

2Ufa State Aviation Technical University, Ufa, Russia

Microstructure changes and thermal stability of ultra-fine grained (UFG) commercially pure (CP) Ti and
Ti-6Al-7Nb produced by equal-channel angular pressing (ECAP) were investigated. In situ electrical
resistance was employed to detect recovery and recrystallization in the UFG materials. The electrical
resistance evolution of UFG and coarse-grained materials was compared. Thermal stability was further
investigated by scanning electron microscopy, microhardness measurements and x-ray diffraction. It
was observed that the recovery processes in CP Ti and Ti-6Al-7Nb occur in similar temperature ranges
and that both materials are stable up to 440°C.

Biography:

Wd ~YAfldZSSNRGt FTAYAAKSR KSNJt K5 adGdzRASa Ay Hnawmc
Department ofPhysics of Materials, Faculty of Mathematics and Physics, Charles University in Prague. In

KSNJ OF NESNE Wd ~YAf Ll dzSNR@Gt KIFa F20dzaSR 2y LXKI as$s
experience in a wide range of laboratory and synchrotromyxedniques.



Bending deformation behaviour of ultra-fine grained aluminium sheets
in micro-domain

Mr A. Dhal, Dr S.K. Panigrahit, Dr M.S. Shunmugam?
lIndian Institute of Technology Madras, Chennai, India

Microscale deformation study is necessary for improving the formability in micro forming and
superplastic forming processes. In micro regime, sheet thickness is comparable to grain size, leading to
deformation of ‘Tiffany structured’ sheet. This causes abnormal material response referred to as ‘size-
effect’. Thus forming potential of above mentioned processes deteriorate. One of the potential methods
to tackle this issue is by engineering ultra-fine grained (UFG) microstructure in the sheets. However,
deformation behavior of UFG sheet has not been explored fully.

In the present work, the deformation behaviour of conventional as well as UFG thin sheets was
investigated by means of three-point air bending test for different speeds. The deformation response
during bending of the material was observed by analysing their corresponding load-deformation curves.
Formability of the sheet was inferred by analysing these curves. In-depth postmortem analysis of the
bent samples was done by using scanning electron microscopy. Detailed investigation revealed a
significant difference in the flow behaviour between the UFG and coarse-grained materials. The
springback effect was found to be more prevalent in the coarse-grained material. This could be
attributed to the ‘size-effect’ related abnormalities.

Keywords: Microscale deformation, size-effect, ultra-fine grained material, three-point air bending
Biography:

Abhijeet Dhal is pursuing his PhD at Indian Institute of Technology Madras in the department of
mechanicakngineering. His area of research is micro forming of i@ grained material.



High strength and formable ultrafine grained steel wire suitable for
parts forming

Professor Shird orizuka
tUniversity of HyogaJapan

While uniform elongation is a measure of ductility of the material, reduction in area in tensile tests is
also an important measure of ductility. It was found that the reduction in area - tensile strength balance
is far better than the conventional ferrite+pearlite steels and even superior to martensitic and bainitic
steels. Formability of ultrafine-grained steel is examined by applying to form a M1.7 micro screw using
these ultrafine-grained steels. Screws are formed through the process of cold heading and rolling.
Relationship between cold heading, rolling, uniform elongation and reduction in area are investigated to
clarify the formability of ultrafine-grained steels.

Low-carbon ultrafine-grained steel has excellent cold headability and favorable rolling properties, i.e.,
excellent formability. Reduction in area is a measure to determine formability on cold heading. Ultrafine
grained steel wire with length of several hundred meter were developed with the technology of warm
continuous multi-directional rolling. This wire also have a good formability which can form microscrews.
High strength microscrew with ultrafine grained structure was obtained.



Microstructural characteristics of nano-structured Fe-28.5Ni steel by
means of sever plastic deformation (SPD)

Dr HashemMousavi Anijdan, H. R. Jafarian?, A. Bahrami®

Department of Materials Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
2School of Metallurgy and Material&ngineering, Iran University of Science and Technology (IUST), Tehran, Iran
SDepartment of Materials Engineering, Isfahan University of Technology, Isfahan, Iran

In this investigation, microstructural evolution together with mechanical properties change of a high
nickel content steel processed by various cycles of accumulative roll bonding (ARB) is explored. The
original structure of Fe-28.5Ni contained a dual phase of martensite and retain austenite characteristic.
Lack of any carbon in the composition would make welding properties of this steel an excellent one. It is
shown, by means of electron backscatter diffraction (EBSD) study that after successive roll bonding
processes a stabilized nano-structure is developed containing sufficient amount of ductility under sever
plastic deformation. A mean grain size of less than 150 nm was obtained after 6-cycle of ARB process
and more ARB cycle made the structure quite refined. Such analysis indicated that the starting material
is mainly coming from the transformation of martensite to retained austenite, particularly under high
temperature and high cycle of ARB process. This is an early indication of the stabilization of retained
austenite during the ARB process through grain refinement phenomenon. Uniaxial tensile test also
exhibited that yield strength significantly improves by only one-cycle of reverse transformation
compared with the starting material. Successive cycles of ARB process gradually increased the yield
strength and ultimate tensile strength at the expense of ductility. The main cause of substantial increase
in yield strength is discussed in terms of microstructural evolution occurring during the ARB process.
Remarkably high amount of ductility is still observed in a very high amount of deformation applied in the
6-cycle and 8-cycle ARB process.

Keywords: Sever plastic deformation; nano-structure; Accumulative roll bonding (ARB); ductility.



Enhanced fatigue properties of Ti-6Al-4V alloy turbine blades via
formation of ultra-fine grained structure and ion implantation surface

Dr Marina Smyslova?, Dr Irina Semenova Dr Konstantin Selivanov?, Alexey Smyslov*
1Ufa State Aviation Technical University, Ufa, Russian Federation

The work is dedicated to increasing the fatigue properties of the alloy Ti-6Al-4V, which is widely used for
the manufacture of rotor blades of steam and gas turbine power plants. An integrated approach to
enhancement of service properties of Ti alloys is in the basis Ti alloys based on the material
nanostructuring in the volume and surface layer. It has been shown that successive impact on the alloy
by severe plastic deformation, electrolytic-plasma polishing, and nitrogen ion implantation, increases
the resistance of the high-cycle fatigue of blades in extreme conditions due to the formation of
ultrafine-grained (UFG) structure and subsequent surface modification.

The results of dynamic testing special models that simulate the stress-strain state of blades, which
showed an increase on 36% of endurance limit of samples after the combination treatment compared to
samples with conventional coarse-grained microstructure. In the report the mechanisms of fatigue
behavior of UFG alloy subjected to ion implantation, in terms of the formation of the "barrier effect" by
creating a developed dislocation structure in the surface layer and the segregation of nano-sized nitride
precipitates is discussed.

Biography:

9RdzOF GA2YY ¢KS ! FI {GlIGS ' @AFLGA2yY ¢SOKYyAOlLt ! yAgSs
(19711976).

19761991 ¢ leader engineer and head of the nonferrous alloys laboratory on the ISC Ufa-Buifiimey

Production Association:

1995¢ PhD

1991 up to present: Senior Researcher, Ufa State Aviation Technical University.



Fracture behavior of nanostructured metals with nanoscale twins

Dr Zesheng YduProf. Lei Lu?

IHerbert Gleiter Institute of Nanoscience, Nanjing University of Scaac&echnology, Nanjing, China

2Shenyang National Laboratory for Materid@sience, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang, China

The damage tolerance is highly concerned in the engineering applications of high strength
nanostructured materials as structural components. However, compared with the extensive studies on
the strengthening and plastic deformation mechanisms of these materials, their fracture behavior has
still been scarcely explored. One important reason lies in the difficulty to accurately measure the
intrinsic fracture toughness. In this presentation, our recent attempts are addressed to determine the
fracture toughness of nanostructured metals with nanoscale twins using miniaturized samples in terms
of elastic-plastic fracture mechanics method. The toughening mechanism associated with nanoscale
twins are discussed, which represents a novel strategy to design tough nanostructured materials.

Biography:

Dr. Zesheng You currently works in Herbert Gleiter Institute of Nanoscience at Nanjing University of
Science and Technology. He reagivis Ph.D. degree from Institute of Metal Research, Chinese Academy
of Sciences in 2012. His current research interests include plastic deformation and fracture behavior of
nanostructured materials,-sFay tomography 3D characterization, and strain mapgiaged on digital

image correlation.



High Strength and Wear Resistance of Tantalum by Ultrasonic
Nanocrystalline Surface Modification Technique at High Temperatures

A/Prof Auezhan Amanoy Prof Young-Sik Pyun
1Sun Moon University, Asan, Korea

Enhancing the strength of materials is of great concern in that the failures such as wear, corrosion and
fatigue occur on the surface. A tantalum (Ta), which is a refractory metal, was subjected to severe
plastic deformation induced by ultrasonic nanocrystalline surface modification (UNSM) technique at
room- and high-temperatures of 2000C and 8000C. The mechanical properties and wear resistance of Ta
before and after UNSM treatment were characterized by X-ray diffraction (XRD), hardness tester, and
ball-on-disk tribometer, respectively. The UNSM treatment at 8000C led to the intensity reduction and
broadening, and the diffraction peaks were shifted to lower angles, which means the presence of
compressive residual stress and grain size refinement. The hardness of the UNSM-treated sample at
room temperature was higher than that of the untreated one, and it was further increased with
increasing the UNSM treatment temperature. In addition, the effect of UNSM treatment at high-
temperature on wear resistance was significant than that of the UNSM treatment at room-temperature.
We demonstrate the possibility of further increasing the mechanical properties and wear resistance of
Ta by UNSM treatment at high-temperatures in comparison with the untreated and UNSM-treatment at
room temperature, which would be beneficial for applications of Ta.

Biography:

Auezhan Amanov is an Assistant Professor of Mechanical Engineering and Tribology at Sun Moon
University. Member of the STLE, TMS, ASM societies of USA. Cinirerggarches focus on the

surface modification of materials including 3D printed metals, thin Si wafers, etc. through the application
of severe plastic deformation (SPD).



Effect of grain refinement on mechanical properties of martensitic steel

Professor Rinat IslamgaliéyM.A. Nikitina®, A.V. Ganeev?, M.V. Karavaeva'
1Ufa State Aviation Technical University, Ufa, Russian Federation

It is known that martensitic steels are hard-to-deform materials because of their complicated structure
containing various precipitates and martensitic laths. In this work the microstructure and strength of
commercial martensitic steel processed by equal channel angular pressing (ECAP) has been investigated
using transmission electron microscopy, X-ray diffraction and tensile tests. Application of ECAP led to
significant grain refinement to a grain size of 350 nm and precipitation of particles with a size of 60 nm.
Thermal stability and mechanical properties of ECAP samples were studied. The contribution of various
strengthening mechanisms to strength of steel was analyzed and discussed.

Biography:

Professor, Dr.Sci., R.K.Islamgaliev has been advisor of 5 PhD dissertations. He is author of more than 200
papers in peereviewed scientific journals, proceedéngf international conferences and patents. His

area of expertise is microstructure and mechanical properties of ultrgfimieaed materials processed by
severe plastic deformation. His scientific activity was supported by grants of INTAS, CRDF, 18A€, RFBR
RSF programs. The results obtained were presented at the following international conferences in the last
ten years:

TMS Annual Meeting, March 4113, 2006, Sa#\ntonio, USA;

ICSAM, June 2%, 2006, Chengdu, China;

TMS Annual Meetings, February@®larch 2, 2007, Orlando, USA;

Bulk Nanostructured Materials, August-18, 2007, Ufa, Russia;

NanoSPD4, August 22, 2008, Goslar, Germany

Bulk Nanostructured Materials, SeptemberZ®, 2009, Ufa, Russia;

NanoSPD5, March 225, 2011, Nanjing, China

Il International Conference on Materials for Energy, May1322013, Karlsruhe, Germany

NanoSPD6, June 8Quly 4, 2014, Metz, France.



Effect of creep and aging on the precipitation kinetics of an Al-Cu-Alloy
after ECAP

Professor Martin FranXaver Wagnef, Markus Hartel, Kevin G. Abstoss, Swetlana Wagner, Dr. Philipp
Frint, Prof. Peter Mayr
ITU Chemnitz, Chemnitz, Germany

Recent work has shown that severe plastic deformation processes such as ECAP or HPT considerably
accelerate the precipitation kinetics of Al-Cu-alloys. In this study, we analyze how a combination of
mechanical load, aging time and aging temperature affects the precipitation kinetics of an AA2017 alloy
after ECAP. After solution annealing, the material is processed by one pass of ECAP (120° channel angle)
at 140 °C. Compressive creep tests are performed for the initial condition and the ECAP-deformed
material. The resulting microstructures are studied in detail using electron microscopy. To investigate
the influence of mechanical loading, interrupted compressive creep tests are performed and compared
with aged samples (produced without any mechanical loading at the same temperature and after the
same amount of time). By keeping time and load constant in another set of interrupted compressive
creep tests, the influence of temperature is investigated. Our study shows that increasing mechanical
loading further accelerates the precipitation kinetics. Temperature accelerates the precipitation kinetics
as well, but results in coarser precipitates. Furthermore, we find that different creep times can lead to
the formation of two different regions in the microstructure: regions with only a few coarsened ©@-phase
precipitates, and regions with numerous finely dispersed precipitates.

Biography:

Prof. Martin Wagner is Full Professor, Chair of Materials Science, TU Chemnitz, and Speaker of the
Collaborative Research Ceng&#B 692 "Hlghktrength aluminurdbased lightweight materials for safety
applications™ one of TU Chemnitz's largest research projects, with a strong focus on SPD processes and
UFG materials. His research is focused microstructures and mechanical peopkeingineering

materials. The Chemnitz group has specialized in building ECAP dies that are optimized for homogeneous
deformation in a wide range of temperatures (including low temperature deformation) and both on the

lab and industrially relevant scale



The effect of ultra-fine grained microstructure on the phase
transformations in metastable beta Ti-15Mo alloy

Miss Kristina VaclavoVADr Josef Strasky?, Miss Anna Terynkova!, Mr. Pavel Zhanal®, Dr Jana
Smilauerova?, Dr Josef Vesely!, Dr Veronika Polyakova?, Dr Irina Semenova?, Prof Milo§ Janeéek!
ICharles UniversityPrague, Czech Republic

2Ufa Stde Aviation Technical Universityfa, Russia

The processing of metastable titanium alloys through severe plastic deformation provides an
opportunity to achieve exceptional grain refinement, enhanced strength and affect phase
transformations occurring during thermal treatment. The main aim of this study is to investigate the
effect of the ultra-fine grained (UFG) structure on the phase transformations in Ti-15Mo metastable B-Ti
alloy.Metastable B-Ti alloys are the most studied materials among titanium alloys nowadays with
potential use in medicine. Ti-15Mo alloy after solution treatment includes metastable B-phase. Upon
further annealing, metastable w-phase and stable a-phase precipitates form. Ti-15Mo alloy was
prepared by high pressure torsion and equal-channel angular pressing. Structure with grain size ~200
nm was achieved. In-situ differential scanning calorimetry and electrical resistivity measurements
showed significant changes in phase transformations’ sequence when compared to coarse grained (CG)
material. Scanning electron microscopy revealed heterogeneous precipitation of a-particles at grain
boundaries (GB). Due to high density of GBs in UFG structure, these precipitates are sub-micrometer and
equiaxed. X-ray diffraction proved limited formation of w-phase during annealing of UFG material when
compared to CG counterpart.

The study demonstrates that SPD is capable of enhancing mechanical properties due to grain
refinement, but also via affecting precipitation processes in metastable B-Ti alloys.

Biography:

| started working at the Department of Physics of Materials of Charles University already in 2012. |
successfully defended rbgchelor's thesis in 2013 and subsequently, in 2015, | finished my Master
studies by defending the diploma thesis titled: Microstructure and mechanical properties dindtra

grained titanium alloys.

Now | am a secongear PhD student at the Departmerftfhysics of Materials of Charles University. My
thesis focuses on the phase transformations in tfitta grained beta titanium alloys intended for

application in medicine and aerospace industry.

| actively participated at international conferences susfTaanium 2015 (San Diego, USA, August 2015),
TMS 2016 (Nashville, USA, February 2016) or MS&E (Darmstadt, Germany, September 2016).

Paper named Microstructure and microhardness of beta Ti alloys belongs into my main publication which
was published in Matrials Science and Engineering journal in January 2017. Besides that, | authored and
co-authored already 9 publications indexed in Scopus database including scientific publications in highly
respected journals such as Metallurgical Material TransactiomsMaterials Characterization.



ARB processing to develop composite microstructures and textures in
sheet metals

Dr Zakaria Quadit J.Q. Duan?, N. Najafzadeh?, O. Buhamad?, P. Munroe?, M Ferry?
Microscopy and Microanalysis Facility (MMF), Jo@h.aeter Centre (JdLC), Curtin University, Perth, Australia.
2School of Materials Science and Engineering, University of New South Wales, Sydney, Australia.

Accumulative roll bonding (ARB) is a severe plastic deformation (SPD) process. It t generates nano-
crystalline structures in metallic sheets. ARB is also capable to generate layered composite structures in
sheet metals. Via the later approach, the microstructures and crystallographic textures in the sheet
metals can be tailored for a given application. In this presentation, ARB processing of a large variety of
hybrid structures will be shown. Three broad approaches are undertaken for developing those
structures: (a) change the stacking sequence of the same metal, (b) roll bond dissimilar metals and (c)
roll bond different alloy grades of the same base-metal. These variables led to the generation of unique
composite structures. Consequently, unusual thermal restoration mechanisms take place during
recovery, recrystallization and grain growth annealings. In this presentation, it will also be shown how
various processing approaches are adopted for exploiting those phenomena for generating novel
composite structures in the ARB steels. Emphasis was also directed to control the sheet metal textures
for developing high formability. Effects of critical processing variables on the texture gradients and
microstructure formations are also studied. Overall, the combination of the textures and
microstructures are often unique and cannot be achieved through conventional thermomechanical
processing routes.

Key wards: Thermo-mechanical processing, Rolling, Accumulative Roll Bonding (ARB), Recrystallization
and grain growth.

Biography:

Dr. Quadir has contributed to the area of NanoSPD through his work on multilayered structures produced
by acumulated roll bonding and other related work, with a focus on texture studies and electron
microscopy characterisations.



Nitriding a nanostructured stainless steel - the effect of grain
boundaries on the layer formation and properties

Professor Malgorzata Lewandowsk@®r Agnieszka Krawczynska?, Dr Ryszard Sitek*
WWarsaw University of Technology, Warsaw, Poland

Three types of austenitic stainless steel 316LVM samples were nitrided in low-temperature plasma
assisted nitriding process, i.e. coarse grains and after hydrostatic extrusion (HE) at room and elevated
(900°C) temperature. The sample HE processed at room temperature with a true strain of 2.3 features
an uniformly refined microstructure consisting of nanotwins and shear bands on the cross section and a
fiber-like microstructure on the longitudinal section. The sample HE processed at elevated temperature
exhibits the microstructure with equiaxial subgrains. The nitriding process results in the formation of
nitride layer, whose thickness was significantly influenced by the substrate grain structure with the
thinnest layer formed on the sample processed by HE at room temperature. The results are discussed in
terms of the role different types of grain boundaries as fast diffusion paths as well as trapping sites for
diffusing nitrogen atoms. The properties such as corrosion and wear resistance were also evaluated and
attributed to specific features of the nitride layers.

Biography:

Malgorzata Lewandowska professor at the Faculty of Materials Science and Engineering of Warsaw
University of Technology. Her scientific interest is focused on ultrafine grained andrystadiine

metals. Her main achievements are related to the fabrication of these mateyialgdoostatic extrusion.

She combines experience in material processing with the expertise in materials characterization in nano
scale using advanced microscopic techniques.



Processing and characterization of Al-AI3Nb prepared by mechanical
alloying and equal channel angular pressing

Mr Prathap Chandrah Dr Ahmad Zafari*, Dr Edward W. Lui', Prof Kenong Xia*
1Department of mechanical engineering, The University of Melbourne, Melbourne, Australia

Mechanically alloyed Al with immiscible elements such as Nb can lead to a uniform distribution of
nanoscaled precipitates which are highly stable compared to conventional alloying and with excellent
interface, resulting in significant increase in strength without problems associated with nano ceramic
particles in metal matrix composites. Although immiscible, Nb can be alloyed with Al through
mechanical milling, forming trialuminide (AI3Nb), either directly or upon subsequent precipitation,
which possesses high strength, stiffness and stability at elevated temperatures. In the present study, Al-
5 at.% Nb supersaturated solid solution was achieved after prolonged ball milling and nano AI3Nb
precipitates were formed during subsequent ageing at 530 °C. The Al-AI3Nb powder was consolidated
by equal channel angular pressing (ECAP) at 400 °C, resulting in a fully dense material with a uniform
distribution of nanoscaled AI3Nb precipitates in the Al matrix.

Biography:

Prathap earned an M.Te¢RB011) in Metallurgy from Indian Institute of Technology Madras (IITM) and a

B.Tech (2009) in Mechanical Engineering from TKM College of engineering, Kollam. He worked as a
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research fellow later at ITM. He is currently pursuing his doctoral research in the Department of

mechanical engineering, University of Melbourne under the guidance of Prof Kenong Xia. His research is
focused on the development loigh strength Al alloys by mechanical alloying and severe plastic

deformation



Towards fabrication of nanostructured aluminium smaller than 100 nm
using equal channel angular pressing

Dr Ali Reza EivahiDr Hamid Reza Jafarian®
Yran Universiy of Science iad Technology, Tehran, Iran

Acquiring nanoscale materials within the size range of less than 500 nm using severe plastic deformation
has hardly been reported in the literature. In this research, a novel approach is proposed towards
fabrication of nanostructured AA6063 alloy within a size range of less than 100 nm using equal channel
angular pressing (ECAP). This includes application of a specially designed pre-deformation
thermomechanical processing after initial solution treatment. The pre-deformation treatment starts
with two passes deformation in ECAP followed by annealing at 500 °C for 10 sec and quenching in water.
An equiaxed nanostructured AA6063 alloy within the size range of less than 100 nm is obtained after 6
passes ECAP while more than 69 % of boundaries are high angle ones which indicates the microstructure
can be considered fully recrystallized.

Biography:

Dr. Ali Reza Eivani received his PhD degree from Delft University of Technology, the Netherlands, in 2010.
His topt was "Simulation of transient state recrystallization during hot extrusion of aluminum alloys".

Then, he joined University of Groningen (22002) for his postioc during which, he was busy with

"Flexibility of nanostructured hard diamoilile coatings"From 2012 till now, he has been working at

Iran University of Science and Technology, Tehran, Iran, as an assistant professor. His current research
activities are "Severe plastic deformation”, "modelling and simulation" and "plasticity at-raitio

nano-scales".



Fatigue crack growth of SPD-processed metals

Dr Anton Hohenwartet, Dr Thomas Leitner!
Department of Materials Physics, Leoben, Austria

The fatigue crack growth behavior of a various SPD-processed materials, ranging from pure metals (iron
and nickel) to industrially used alloys (austenitic steel, pearlitic steel and a shape memory alloy) was
examined. Different specimen orientations in respect to the deformation process allowed to account for
anisotropies in the fatigue crack growth behavior. The deteriorated fatigue crack growth behavior of
UFG and NC materials, often reported in literature, is attributed to a reduction of crack closure
contributions. Additionally, intergranular fracture, which is typical for the failure of many SPD metals
under cyclic loads, has a lower crack growth resistance than transgranular crack growth. However, at
high mean stresses crack closure contributions become weaker and grain refinement increases the
intrinsic fatigue crack growth resistance. This improvement is a result of the increased strength of the
material, but is only observed when the fracture mode is not changed. Dislocation patterns on the
fracture surfaces, as well as estimations of the fatigue crack growth rate from deformation based
models indicate that crack propagation is governed by a blunting and re-sharpening process along the
grain boundaries. Furthermore, it will be proven that the anisotropic fatigue crack growth behavior
originates from the typically elongated grain structure.

Biography:
Anton Hohenwarter is a researc assistant working at the Department of Materials Physics of the
university of Leoben. His research interests mainly focus on the mechanical propertiepafceB&ed

materials and their synthesis.



Precipitates studies in ultrafine-grained Al alloys with enhanced
strength and conductivity

Vil Sitdikov'?, Maxim Murashkin'?, Professor Ruslan Z Valie¥
1Ufa State Aviation Technical Unisity, Ufa, RussiaRederation
2Saint Petersburg State University, Saint Petersburg, Russian Federation

Over the last two decades it was well documented that the formation of ultrafine-grained (UFG)
structures with the grain sizes in submicron (< 1 um) or nanometer (< 100 nm) range in metallic
materials increases strength but typically also leads to decrease in ductility. However, recent studies
demonstrated that extraordinarily high strength and enhanced ductility can be obtained in the UFG
metals and alloys when it is possible to control not only grain sizes but also the formation of various
nanostructured elements, such as nanoparticles, nanotwins and grain boundary structures (states) by
means of severe plastic deformation (SPD) techniques. These new trends applied to different metallic
materials with superior strength and high ductility are considered and discussed in the present report.

Biography:

- Director of Institute of Physics of Advanced Materials, Ufa State Aviation Technical University, Ufa,
Russia

- Supervisor of the Laboratory for Mechanics of Advanced Bulk Nanomaterials for Innovative Engineering
Applications, Saint Petersburg State University, Saint Petersburg, Russia

Specialization of R.Z. Valiev lies in the area of materials science. Hisvdsedisaling with mechanisms

of superplasticity in HGRetals. Thereafter he continued the research of metals and alloys

superplasticity, focusing on structure changes and grain boundaries behavior during superplastic
deformation. Establishment of relatidoretween grain boundaries and properties of metals was the
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works on processing ultrafirgrained metals and alloys by severe plastic deformation (SPB3e Th

works have attracted high interest and intensive developing in many countries. His main present
research interests comprise studies of uniqgue mechanical and functional properties of SPD produced
nanomaterials.



Achieving high performance ultra-fine grained high nitrogen stainless
steel via friction stir processing

Mr Hao Zhang Dr Dong Wang?, Prof Zongyi Ma'
Unstitute of Metal Research, Chinese Academy of Sciences, Shenyang, China

High nitrogen stainless steel (HNS) with excellent properties have been considered a promising
advanced material. However, it is very difficult to obtain the combination of improved mechanical
properties and corrosion resistance at the same time. In this study, solid-solution state and cold-worked
HNS was subjected to friction stir processing (FSP) with additional cooling to improve both the
mechanical properties and corrosion resistance. Severe plastic deformation during FSP led to significant
microstructural changes, producing high density of dislocations and deformed twins within the ultra-fine
grains less than 900 nm. Ultra-high strength up to 2.1 GPa was successfully obtained in the FSP HNS with
the decrease of heat input, and the corrosion resistance of cold-worked HNS was improved through
submerged FSP without sacrificing strength. These results indicate that FSP is an effective method of
producing ultra-fine grained HNS with excellent comprehensive properties.

Biography:
Doctoral Candidate of Institute of Metal Research, Chinese Academy of Sdiajoe the friction stir
welding of steel.



Features of mechanical and electrical properties of Al-3.5 RE (Ce + La)
alloys after high pressure torsion and subsequent heat treatment

Mr Andrey Medvedev
1Deakin Universityhustralia

Research focuses on the effect of high pressure torsion (HPT) on mechanical and electrical properties of
AI-RE alloy. HPT leads to the formation on ultra-fine grained structure resulting from fragmentation of
intermetallic particles down to the nanoscale. High mechanical strength in deformed state, caused by
grain refinement and precipitation hardening, is demonstrated. The HPT also results in loss of electrical
conductivity, which is partially restored after annealing due to the reduction of dislocation density and
grain growth. Possibility of producing aluminium alloys with both high mechanical strength and
conductivity is shown.

Biography:
Author is a PhD student from Institute for Frontier Materials, Deakin University



Ductilisation of ECAP copper at cryogenic temperature

Sandra KauffmamWeiss] Alexander Kauffmann?, Jan Sas?, Tibor Kvackaj?, Jens Freudenberger?,

Bernhard Holzapfel?, Klaus-Peter Weiss?

1Karlsruhe Institute of Technology (KIT), Institute for Technical Physics (ITEP), Edgamstdishafen, Germany
2Karlsruhe Institute of Technology (KIT), Institute for Applied Materials\WKM Karlsruhe, Germany
3Technical University of Kosice (TUKE), Institute of Materials, Kosice, Slovakia

4|1FW Dresden, Institute for Metallic Materials, Dresd@armany

Advances in power supply, transport or magnet applications request progress in different fields of
materials science — especially the development of superconducting materials. Nevertheless, support
structures like shells or central formers for the typically ceramic superconductors are important. The
support framework for high temperature superconducting cables are usually based on conventional
metallic alloys and have to fulfil both structural requirements at the operating temperature (between
4.2 K and 77 K) as well as functional demands like high electrical conductivity in the case of failure of the
superconductor. Hence, these materials determine the overall performance of the cable.

Accordingly, the objective of the present study is the deformation behaviour and mechanical properties
of pure copper (OFHC) at cryogenic temperatures which mechanical properties were initially improved by
severe plastic deformation (SPD) using equal channel angular pressing (ECAP) at room temperature. The
evolution of microstructure and mechanical properties is systematically investigated as a function of ECAP
passes (up to six times) in order to obtain different degrees of grain refinement. The deformation
behaviour of the differently prepared Cu materials was investigated by means of tensile tests at
temperatures ranging from room temperature down to 4.2 K. The microstructure altered by deformation
was analysed by scanning electron microscopy (SEM) and electron backscatter diffraction (EBSD).
Depending on the degree of grain refinement by the ECAP process and the temperature of the
deformation test, different amounts of deformation twinning are observed. Thus, varying work hardening
behaviour is found as well. At 77 K and below, coarse grained copper exhibits deformation by twinning in
addition to dislocation slip. Hence, the onset of plasticity is only slightly altered by decreasing temperature
while ultimate tensile strength is significantly increased due to dynamic refinement of the microstructure
during deformation. In contrast, ECAP processed copper exhibits higher yield strength in the whole
temperature range in combination with unincisive work hardening.

Biography:

Dr. Sandra Kauffmann-Weiss is a research associate at ITEP at Karlsruhe Institute of Technology (KIT)
since 2014. She received her PhD degree in Material Science at TU Dresden in 2104. From 2010 - 2014
she worked on magnetically and thermal shape memory films at IFW Dresden. Her research interest lies
in structural and microstructural characterization of metallic materials.



Thursday Morning Keynote Presentation

Strength, corrosion resistance, and biocompatibility of ultrafine-grained
Mg alloys after different modes of severe plastic deformation

Professor Sergey Dobatkif

IA.A. Baikov Institute of Metallurgy and hgials Science, Russian Academy of Segmdoscow, Russian

Federation

2National University of Science and Technology "MISIS", Laboratory of Hybrid Nanostructured Materials, Moscow,
Russian Federation

The effect of different severe plastic deformation (SPD) techniques on the microstructure, mechanical
properties, corrosion resistance, and biocompatibility in vitro of the WE43 (Mg-Y-Nd-Zr) alloy has been
studied with the view of the improvement in its suitability for medical bioresorbable implant
applications. The alloy was deformed by rotary swaging (RS), equal channel angular pressing (ECAP), and
multiaxial deformation (MAD).

Microstructure examination showed that in all cases SPD led to the formation of ultrafine-grained (UFG)
structure (0.5-1 um) containing precipitates (~0.3 um). SPD resulted in a significant increase in strength.
ECAP and MAD also increase ductility, while RS provides the highest strength properties.

We investigated the corrosion properties (potentiodynamic test and tests for weight loss and hydrogen
evolution). The presented SPD techniques don’t affect the electrochemical corrosion of the alloy, but
significantly improves the chemical corrosion resistance.

Biocompatibility assays were performed in vitro upon incubation of the samples in erythrocyte
suspension (hemolysis assay), mononuclear lymphocytes (cytotoxicity assessment), and a culture of
multipotent mesenchymal stromal cells (cell proliferation assay). Evaluation of the biodegradation rate
in the fetal bovine serum was also studied.

The work was supported by the Ministry of Education and Science of the Russian Federation (14.A
12.31.0001).

Biography:

Prof Sergey Dobatkin graduated from Moscow Steel and Alloys Institute in 1975. He obtained a PhD

degree in 1979 and a DSci degiin 1990 from the same Institute. He is the head of the Laboratory of

Physical Metallurgy of NeRerrous and Light Alloys in the Baikov Institute of Metallurgy and Materials

Science of the Russian Academy of Sciences, a professor in the Departmesitaf Mieyallurgy and
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the Laboratory of Hybrid Nanostructured Materials led by Prof. Y. Estrin.

Prof S. Dobatkin participated in all NanoSPD ConfereHeewas a member of the Organizing

committee of the first NanoSPD in Moscow (1999), a plenary speaker in Moscow (1999), Fukuoka (2005)
and Nanjing (2011), and an invited speaker in Goslar (2008) and Metz (2014).

His research interests focus on the forroatof structural and phase states in ultrafine grained (UFG)
materials using different methods of severe plastic deformation for simultaneous increase of strength
and service properties. His work demonstrated the potential of these techniques for acfaeunadple
combinations of properties of various materials, including UFG copper alloys (electrical conductivity,
fatigue, wear resistance), magnesium alloys (corrosion resistance, biocompatibilitggrioon steels

(fatigue, cold resistance, fire resisce, wear resistance).



Thursday 1.1: SPD-induced phase transformations

Microstructural evolution and phase transformation in twinning-
induced plasticity steel induced by high-pressure torsion

Dr Xianghai Ab Dr Qingyun Lin!, Prof Gang Sha?, Dr Mingxing Huang?, Prof. Simon Ringer?, Prof.
Yuntian Zhu?, Prof. Xiaozhou Liao?!

1School of Aerospace, Mechanical and Mechatronic Engimugdrhe University of Sydnéyystralia
2School of Materials Science and Engineering, Nanjing UijvefSciencand TechnologyGhina
SDepartment of Mechanical Engineering, The ®rsity of Hong Kong, China

‘Department of Materials Science and EngineerirggtiNCarolina State UniversitySA

The microstructural evolution of twinning-induced plasticity (TWIP) steel during high-pressure torsion
(HPT) processing at 573 K was systematically explored in present investigation. Due to the high
processing temperature, the formation of a homogeneous nanostructure was primarily dominated by
complicated dislocation and grain boundary activities in lieu of deformation twinning. Apart from the
grain refinement process, phase transformation took place at late stages of deformation, resulting in the
microstructural fingerprint of equaxied nanograins with multiple phases in the steel. On account of
remarkable elemental redistribution, the diffusion-controlled nature of the transformation was
convincingly identified. During the transformation, although the cementite also initially formed,
austenite eventually decomposed into ferrite and Mn-riched M23C6 carbide, implying that Mn is the
pivotal alloying element for the transformation kinetics. Owing to the sluggish bulk diffusivity of Mn, it is
proposed that a high density of defects, nanostructures and the HPT processing play a crucial role in
promoting the elemental diffusion and segregation and in stimulating the phase transformation. Such
diffusional phase transformation may be employed to hierarchically manipulate the microstructures
through adjusting the processing conditions to design advanced steels with superior mechanical
properties.

Biography:

Xianghai An obtained a PhD degree in Materials Engineering, Institute of Metal Research, CAS in 2012.
He has worked as a Research Fellow at The University of Sydney since grathgatiomently is a

Discovery Early Career Researcher Awardee from Australian Research Council.



Thursday 1.1: SPD-induced phase transformations

Dynamic strain aging precipitation of Mg17AI12 Phase in AZ80
magnesium alloy during multi-directional forging process

A/Prof Qingfeng Zhty Dr Gaosong Wang, A/Prof Xiangjie Wang, Mr. Fanzheng Liu, Prof Chuyan Ban
IKey LaboratoryfcElectromagnetic ProcessingMaterials, Ministry & EducationCHINA

Dynamic aging precipitation of Mgl17AIl12 phases in AZ80 magnesium alloy was studied by multi-
directional forging (MDF) with decreasing temperatures from 410 to 300 a,,f. The results show that the
morphology of the dynamically precipitated 1>-Mg17Al12 phases (formed during forging process)
exhibited granular shape. During the multi-directional forging process, the inhomogeneous dynamic
precipitation of the -Mg17AI12 phases result in the coexistence of the fine grains (with many granular
Mg17Al12 phases) and coarse grains (without Mgl17Al12 phases) in the samples. The fine grains (with
many granular Mg17Al12 phases) area expands with the increasing accumulative strains and decreasing
temperature. The inhomogenous Al content distribution in the Mg matrix leads to the non-uniform
dynamic precipitation of the Mgl17AIl12 phase. These Mgl17Al12 phase retards the growth of the DRX
grains, which in turns results in the formation fine grains area during the during the MDF process with
temperature decreasing.



Thursday 1.2: Modelling

Effects of SPD on grain size and phase transition behavior of NiTi shape
memory alloys

Professor Qingping Sdn
Hong Kong University of Science and Technology, Hong Kong, China

We investigate the roles of internal microstructure length scales (grain size and grain boundary
thickness) produced by SPD on the stress-induced phase transition (PT) behaviors of nanostructured
superelastic shape memory alloys (SMAs) by using a Core-shell type “amorphous-crystallite composite
model. A non-dimensionalized length scale is identified as the governing parameter which is indicative
of the energy competition between the crystallite and the grain boundary phases. Through grain size
reduction, the energy of the elastic non-transformable grain boundary will gradually become dominant
in the PT process, and eventually bring fundamental changes of the stress-induced PT behaviors:
breakdown of two-phase coexistence and vanishing of superelastic hysteresis. Analytical solutions of a
reduced 1D model are presented and are supported by the experimental data of nanostructured NiTi
SMA:s.

”

Biography:

Professor of the Department of Mechanical and Aerospace Engineering at the Hong Kong University of
Science and Technology (HKUST). Research area of mechanics of phase transitions in shape memory
alloys. Renowned fdris contributions in modeling and experiment of the nanale phase transition

and mechanics of muiicaled processes with mdiigld coupling. Published over 130 papers in

prestigious journals in the fields of mechanics, solid state physics and rhatégizce. He received many
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from ISI (2001). He gave over 10 Plenary Lectures in international conferences.



Thursday 1.2: Modelling

Multiscale Crystal Plasticity Modeling Considering Nucleation of
Dislocations Based on Thermal Activation Process on Ultrafine-grained
Aluminum

A/Prof Yoshiteru Aoyadi
Tohoku university, Sendai, Japan

Ultrafine-grained (UFG) metals produced by severe plastic deformation have attracted interest as high-
strength materials. In this study, a crystal plasticity model expressing the behavior of the dislocation
source and the mobile dislocations is proposed by considering a thermal activation process of
dislocations. In order to predict the variation of critical resolved shear stress due to grain boundaries,
mobile dislocations, or dislocation sources, information on these crystal defects is introduced into a
hardening law of crystal plasticity. The crystal orientation and shape of UFG aluminum produced by
accumulative roll bonding processes are measured by electron backscatter diffraction (EBSD).
Mechanical properties of the UFG aluminum are estimated using tensile tests. Using results obtained by
EBSD, information on crystal orientation and shape are introduced into a computational model for
multiscale crystal plasticity simulation considering the effects of grain boundaries and dislocation
sources based on a thermal activation process of dislocations. Finite element simulation for polycrystal
of aluminum investigates the effects of dislocation behavior and crystal orientation on mechanical
properties of UFG aluminum.

Biography:

Yoshiteru Aoyagi received his PhD degree (2006) from Keio University, Jap&200&amn2009, he was

an assistant professor at the Department of Mechanical Engineering at Keio University. In 2009, he
moved to Nuclear Science and Engineering Directorate at Japan Atomic Energy Agency (JAEA) as a
researcher. In 2012, he moved to Departnof Finemechanics at Tohoku University as an associate
professor. His areas of specialty are simulation and modeling of plasticity on advanced materials such as
ultrafine-grained metals and fiber reinforced plastics.



Thursday 1.3: Functional properties

Characterization of bulk nanocrystalline RCo5 (R=Sm, Pr) permanent
magnets

Professor Ming Yue Dr Weigiang Liu*, Professor Dongtao Zhang*
1Beijng University of Technologghina

Bulk nanocrystalline RCo5 (R=Sm, Pr) permanent magnets are promising candidates for elevated
temperature application. Recently, we developed strong c-axis crystallographic texture in
nanocrystalline RCo5 magnets by severe deformation. However, mechanism of crystal texture
development during hot deformation is unknown. In this study, electron backscattered diffraction
(EBSD) has been applied to study the microstructure and crystallographic texture evolution in hot
deformed RCo5 magnets. Increase of height reduction rate of the magnets lead to formation of platelet
shape grains perpendicular to the press direction; correspondingly c-axis texture was gradually
enhanced. As a result, the remanence of the magnets increases substantially. It is observed that the
grain boundary planes are also textured in the magnet, so it is expected that the grain boundary (GB)
sliding and grain rotation are responsible for the plastic deformation. On the other hand, crystal texture
and magnetic property heterogeneity were observed in hot deformed magnet. In hot deformed PrCo5
magnets the remanence of the magnets decreases from central position to the edge position, while the
coercivity exhibits opposite variance behavior. Observation shows the central position of the magnets
has its grain size bigger than that in edge position, but its texture is weaker than the latter.

Biography:

Ming Yue became a Faculty Professor in the College of Materials Science and Engineering, Beijing
University of Technology (BJUT). He is also the leddalvanced Magnetic Materials Group (AMMG) in
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temperature magnetecaloric materials. He has been funded by many projects involving advanced
permanent magngc materials and magnetoaloric materials. He has more than 30 China Patents. He

has published more than 160 technical articles in ypeeiewed science and engineering journals. He is
currently the associate editor of RNN, the international editoriakrtdanember of JOM, and

International Advisory Committee member of REPM. Up to now, He has given 11 invited talks about hard
magnetic materials in international conference.



Thursday 1.3: Functional properties

Characterization of the thermomagnetic flow of multiferroic bismuth
ferrite based nanofluid for microfluidic application

Ms Upasana PanigrahiProfessor Shuichi Toriit
tAdvanced Mechanical System Departménaduate School of Science aadhnology, Kumamoto University,
Kumamado-shi, Japan

Functionalized nanofluids having suspended severe plastic deformation synthesized bismuth ferrite have
promising application in the various microfluidic devices namely MEMs, bio-sensors and hybrid micro-
solar cells. Bismuth ferrite pervoskite is single phase multiferroic material rendering the simultaneous
ordering of ferroelectric, ferroelastic and ferromagnetic properties and photosensitivity. In this
experiment, the nanofluidic bismuth ferrite in capillary tube, under suitably imposed magnetic and
temperature gradient, undergoes changes in its Kelvin body force and exhibits thermomagnetic flow.
Performance is analysed at various working conditions namely temperature parameters, nanofluid
properties and magnetic strength,which offer magnetic maneuverability and magnetic relaxation. The
thermomagnetic transport is characterized with aid of the governing electrodynamic, hydrodynamic
and scalar transport equation. This experiment helps to find the potential application in the field of
microelectronic devices.

Biography:

Currently, Upasana Panigrahi is pursuing Rh.Bdvanced Technology , at Adavanced Mechanical

Systems Department of Graduate School of Science and Technology , Kumamoto University, Kumamoto,
Japan.Her research study deals with MEMs application and severe plastic deformation of nanomaterials



Thursday 2.1: Mechanical properties

The limits of strength and toughness: A lesson from SPD pearlitic steels

Prof. Reinhard Pippak?, Dr. Pradipta Ghosh?, Dipl.Ing. Marlene Kapp?, Dr. Oliver Renk?, Dr. Thomas
Leitner?, Dipl.Ing. Katharina Schwarz?, Dr. Anton Hohenwarter?

1Erich Schmithstitute of Materials Science, Austrian Acagenfi Sciences, Leoben, Austria

2Department of Material Physics, Montanuniversitat, Leoben, Austria

The improvement of strength and toughness is a engineering requirement, hence this is one of the main
goals in materials science. However an increase in tensile strength of metallic materials is usually
associated with a decrease in ductility and fracture toughness. Both properties are contradictory.

In the last few years we performed extensive investigation of the mechanisms controlling the fracture
toughness of ultrafine grained and nanocrystalline metals. All these materials exhibit very high strength,
however a very large variation in the fracture toughness. Nanocrystalline and ultrafine grained metals
exhibit always a more or less pronounced grain shape anisotropy (shape texture) with an alignment of
the grains in a certain direction, this results in a pronounced anisotropy in fracture toughness, especially
pronounced is this anisotropy in SPD pearitic steels. One may assume that this anisotropy of the fracture
toughness is a drawback. However, this anisotropy delivers a microstructural design of materials with
ultra-high strength with one low fracture toughness for one loading direction but relatively high fracture
toughness for the other loading directions. It will be shown that this design concept permits to generate
materials with high fracture toughness even for materials and alloys with yield strength near the
theoretical limit.

Biography:

Reinhard Pippan is vice director and a group leader at the Erich Schmid Institute. He studied mechanical
engineering at a technical high school, then physics at the Technical University in Graz andhisceived
PhD degree in 1982 at the Montanuniversitat Leoben.His research activities are focused on mechanical
properties of metals, alloys and composites. The improvement of the basic understanding of the relations
between the mechanical behaviour, the defotioa processes, the fracture processes, and the micro

and nanestructure of the material is the aim.



Thursday 2.1: Mechanical properties

Strain hardening in severe plastic deformation

Prof Laszlo Toth
ILorraine University, METZ, France

Plastic deformation increases the flow stress of the material because of strain hardening. By severe
plastic deformation (SPD) one can reach the maximum possible strength of the material by strain
hardening. This lecture will discuss the role of statistical and geometrical dislocations (GND) and the
grain fragmentation process in the strain hardening response of metals during SPD. Stages IV, V and VI
will be discussed, VI being the steady state during which the flow stress and the average grain size
remains constant. A new physical interpretation of the power-law hardening stages is presented which
is based on self-similarity of the microstructure evolution. Particularly, it will be discussed why the GND
density is decreasing at extreme large strains. The strain hardening dependences on grain size will be
discussed from coarse grains to nano-crystals.

Biography:

Prof. Toth is an internationally known personality of the mechanics and materials scientific community
since about 1990. He earned his high rectigmithrough his broad knowledge in both mechanics and
materials which permits him to make the bridge between these two disciplines. His high standard
interdisciplinary activity made him an ideal collaborator in the best laboratories of several countries
where he spent long periods. Established now in France, his original scientific activity attracts many
excellent foreign scientists for joint research. The recent expertise of Prof. Toth is in the field of
experiments and mechanical modeling of textures mactostructures of SPD materials, especially on
guantitative modeling of grain refinement. Prof. Toth published 168 refereed papers, his h factor is 36.
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of Excellence on Design of Alloy Metals for-toss Structures (DAMAS') in 2012 of which he is
currently the director.



Thursday 2.1: Mechanical properties

Comparison of plastic strain fields and deformation mechanisms in
coarse grain and UFG Al 5083 alloy, based on high resolution digital
image correlation during tensile tests in a SEM and after creep tests

Anchal Goyal*, Dr Veronique Dogueét
ICNRS, Laboratoire de Mécanique des Solides, Ecole Polytechnique, UniverSiecRari®alaiseau, France

A two-scale surface patterning method based on electron beam lithography and vapor-assisted film
remodeling allowed us to measure the plastic strain fields in coarse grain (CG) and annealed UFG 5083
Al alloy, over 600*600 microns and 10*10microns areas, using high-resolution digital image correlation
(HR-DIC) during tensile tests run in a scanning electron microscope or after creep tests. At 20°C, strain
localization in the CG material is controlled by the distribution of coarse and brittle intermetallic
particles, while in the UFG material, in which these particles are fragmented, micro shear bands develop
at the interface between micron-sized grains and UFG grains. Within these bands, grain boundary sliding
(GBS) is revealed by discontinuities of the microgrids, and grain rotations are suggested by a high
gradient and a change in sign of the rigid-body rotation. GBS is also observed in the CG material after
creep at 200°C, but its contribution to the creep strain remains limited. Both materials exhibit serrated
flow, but the stress drops are much larger in the annealed UFG alloy, although smaller than in the as-
ECAPed alloy, which exhibits localization-induced slanted failure. The jerky rise in plastic strain
measured at various places also stems from dynamic strain aging.

Biography:

Anchal Goyal received her Master of Technology in Aerospace Engineering from the Indian Institute of
Technology, Kanpur, India and is now a 2nd year PhD student at the Laboratory of Solids Mechanics of
Ecole Polytechnique, uadsupervision of Véronique Doquet, senior CNRS researcher and head of the
Mechanics of Materials group of LMS



Thursday 2.1: Mechanical properties

Effects of stacking fault energy on ultrafine grain evolution and
mechanical properties of MDFed Cu-Al Alloys

Prof Hiromi Miurd, Mr. Yuu Iwama?, Prof. Masakazu Kobayashi*
Toyohashi Universityf Technology, TOYOHASHI, Japan
2UEC Tokydapan

Cu-Al alloys with different Al content (2, 5 and 7 mass%) were multi-directionally forged (MDFed) at
ambient temperature employing a pass strain of ”Ii = 0.4 up to cumulative strain of I£1”1p = 6.0 at
maximum. Coarse initial grains were fragmented gradually with increasing cumulative strain mainly by
mechanical twinning. Because twinning took place more frequently with increasing Al content, ultrafine
grain (UFG) evolution in the Cu-Alloys with higher content of Al was more rapid and significant.
Especially, UFGed structure with average grain size of about 5 nm was more obviously developed Cu-
7mass%Al alloy. The twin-boundary spacing, which is closely related to the rapid grain fragmentation
and achieved grain size, exhibited linear correlation with stacking fault energy rather than Al content.
Ultimate tensile strength (UTS) of the MDFed Cu-Al alloys increased with increasing Al content and
cumulative strain, and UTS of 900 MPa was achieved after MDFing to 1£1”1u=3.6 at best. The UTS slightly
decreased at further higher cumulative strain regions indicating a breakdown of Hall-Petch relation.

Biography:
1982 Tokyo 2014 Toyohashi Universityf echnology Working on microstructural control by thermo
mechanical processing. Started SPD researches from 1998 mainly employiutreutitinal forging.



Thursday 2.2: Modelling

High pressure torsion: from laminar flow to folds and turbulence

Dr Roman Kulagih Prof Yan Beygelzimer?, Dr Yulia Ivanisenko?, Dr Andrey Mazilkin3, Prof Horst Hahn?
Unstitute of Nanotechnology (INT), Karlsruhe Institute of TelolgydKIT), Karlsruhe, Germany

2Donetsk Institute for Physics and Engineering named after O.O. Gédkional Academy of Sciees of Ukraine,
Kiev, Ukraine

SInstitute of Solid State Physics, Russian Academy of Sciences, Chernogolovka, Russia

High Pressure Torsion (HPT) is used for producing the nanocrystalline structures in metals and alloys, as
well as for cold welding of powders. The result of the HPT treatment is determined by the flow
kinematics and the stress state of a material under deformation.

In his pioneering work, P. Bridgman suggested that the plastic flow at HPT is extremely complex.
Nevertheless, he proposed a simple model for the initial assessment of shear strain in the sample during
HPT. This model is based on the assumption of a circular laminar flow of material around the axis of
rotation of the movable anvil.

We analyzed experimentally and theoretically the deviations from this simple model. In that way we
propose that folds and vortex formation taking place at HPT in layered samples results from the non-
laminar flow during HPT, and show that the formation of such features is caused by local blocking of a
simple shear in the material under deformation.

It is demonstrated that non-laminar flow at HPT causes intensive mass transfer and mixing of the
deformed material. As an example, mechanical synthesis of the high entropy alloys from elemental
powders at HPT will be presented.

Biography:

Data and Place of Birth - 14 March 1983, Makeevka, Ukraine.

Education Donetsk institute for physics and engineering named after O.0. Galkin National academy of
sciences of Ukraine; PhD; 20P4ocesses and tools for metal forming.
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3D modelling of unconstrained HPT process: role of strain gradient on
high deformed microstructure formation

Dr Sylvie DescartésAsdin Aoufi?, Dr Sylvie Descartes?, Prof Christophe Desrayaud?
1INSA Lyon, VILLEBANNE, France
2EMSE, LGF / Univ Lyon, Saint Etienne, France

During tribological contact’s life, different deformation paths lead to the formation of high deformed
microstructure, in the near-surface layers of the bodies. The mechanical conditions (high pressure,
shear) occurring under contact, are reproduced through unconstrained High Pressure Torsion
configuration [1]. A 3D finite element model is developed to study the local deformation history leading
to high deformed microstructure. A numerical parametric study highlights the role of the imposed
parameters (friction coefficient at the interfaces anvils /sample, Pressure) on the stress/strain
distribution in the sample bulk (iron), with rotation angle. Then, a microstructural evolution model [2] is
enhanced by considering strain but also strain gradient. Low coupling between this microstructural
model and the FE model of HPT test is introduced through an iterative process. It is expected to
investigate in a sufficiently accurate way the strain paths, in relation with the developed microstructures
and their localization. Mechanical criteria of extremely deformed microstructures formation are
deduced from the coupling between experimental results (localization of high deformed microstructure)
to local strain (and strain gradient) and stress fields estimated by the numerical modeling of tests.

[1]S. Descartes et al, MSEA 528, 2011, 3666-3675
[2] S. Gourdet et al, Acta Mater. 51, 2003, 2685-2699
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Multi-scale modelling of dislocations behavior in bcc metals

Dr Sergey StarikdyDr Daria Smirnova®, Mr Vasiliy Tseplyaev?, Mr Nikita Serenko?
oint Institute for High Temperatures of RAS, Moscow, Russian Federation

Various types of computer simulation were performed for study of dislocations behavior in body-
centered cubic metals. We used three different models: development of an interatomic potential on the
basis of ab-initio calculations; molecular dynamics simulations; dislocation dynamics. Such multi-scale
approach allows us to investigate the dislocation properties in molybdenum and niobium and compare
the simulation results with the available experimental data. Particular attention is given to the link
between models at various scales and calculations of macroscopic features (like stress-strain curve).

Biography:

PhD in Condensed matter physics (12/2011), Moscow Institute of Physics and Technology, Russia.
Title of PhD thesis: "New interatomic potentials for study of phase transition mechanismsuatorst
changes in metals at extreme states"

EXPERIENCE:

(1) Senior researcher (2006- to present)
Joint Institute for High Temperatures of Russian Academy of Sciences, Moscow, Russia

(2) Assistant Professor (200®& present)
Moscow Institute for Physs and Technology, Moscow, Russia

(3) Visiting researcher(2010, 2011)
Argonne National Laboratory, IL, USA

Author of 40 peereviewed journal publications and more than 30 presentations at the top conferences.
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Influence of subgrain boundaries on coarsening of grain structures

Dr Dana Z6lin€ Prof Werner Skrotzkit
TU Dresden, Dresden, Germany

In the classical treatment of normal grain growth, the von Neumann-Mullins-law predicts the evolution
of individual grains. The area of a two-dimensional grain increases or decreases linearly with time solely
depending on the number of neighboring grains, n, such that few-edged grains (n < 6) shrink and many-
edged grains (n > 6) grow. However, this holds only under the assumption of ideal grain coarsening,
where all boundaries are of high angle type. Since severe plastic deformation introduces subgrain
boundaries that are of low angle type, the classical treatment of grain coarsening does no longer apply.

In the present work, we investigate the influence of subgrain boundaries on the coarsening kinetics of
individual grains embedded in an average environment as well as within a polycrystalline grain
structure. We find that a specific introduction of subgrain boundaries not only influences the speed with
which grains shrink or grow, but in contrast to the von Neumann-Mullins-law, a distinct manipulation of
the location of the subgrain boundaries allows even grains with few edges to grow, while grains with
many edges shrink. During these circumstances one thing stays the same: the area of the individual
grains is a linear function of annealing time as long as the environment does not change.

Biography:
Dana¥%| f f YSNJ NEOSAGPGSR KSNJt K5 AY Hnnc AY YFASNAIfa a
MacroL Y 1 SN} OGAz2ya Ay {GNUHzZOGdzNBR aSRAF FYyR t | NIAOES

Germany. Since then she has been working in different positiorsesrcher and lecturer focusing
mostly on microstructural evolution during deformation, recrystallization, and grain growth by
combining computer simulations, analytical theories and experimental measurements.

After her habilitation in 2015 she got the @thea Erxleben guest professorship at the University of
Magdeburg for the academic year 2015/2016 and got currently awarded the Dresden Research
Fellowship at the Technical University of Dresden, Germany.
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A mathematical model to predict the influence of processing
temperature on work-hardening potential of ultra-fine grained material

Mr B. Sriniva$ Dr. S.K. Panigrahi®
lIndian Institute of Technology Madras, Chennai, India

Material processed by severe plastic deformation (SPD) techniques possess extraordinary mechanical
strength. This is due to the presence of ultra-fine grained (UFG) microstructure in the material, which in
accordance to classic Hall-Petch relationship, undergoes greater degree of grain boundary
strengthening. But during SPD processing, the microstructure get laden with numerous defects such as
dislocation tangles and microtwins which reduces its ductility and work-hardening potential. For a given
material, the defect density is a function of the processing temperature. At higher temperature,
dynamic recovery occurs which leads to annihilation of stored dislocation and development of new and
defect free microstructures. The twin fraction also decreases due to increase in the inter-twin spacing.

In the present work, the influence of processing temperature on the work-hardening potential was
understood by developing mathematical equations based on Kocks—Mecking model. In this
investigation, SPDed copper processed at both cryogenic and room temperature was used. This model
was applied to understand different stages of work-hardening: (i) elastic-plastic transition (ii) twin
domination (iii) slip and dynamic recovery and (iv) work-hardening rate saturation. The model was
empirically validated by transmission electron microscopy, X-ray diffraction analysis and tensile testing.

Keywords: Severe plastic deformation, Work-hardening potential, Ultra-fine grained material, Kocks—
Mecking model

Biography:

Behera Srinivas is undergoing his PhD in the department of mechamgiaéering at Indian Institute of
Technology Madras. His area of research is "Modelling of deformation mechanism -dineltgaained
fcc materials processed by severe plastic deformation”.
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The potential for achieving superplasticity in high-entropy alloys
processed by severe plastic deformation

Dr. Hamed Shahmir®?, Professor Megumi Kawasaki?, Professor Terence G. Langdon
IUniversity of Southamptg Southampton, United Kingdom

2Universty of Tehran, Tehran, Iran

SHanyang University, Seo@puth Korea

High-entropy alloys (HEAs) are now becoming important because they offer unique combinations of
solid solution strengthening and good ductility at low temperatures. Only limited information is at
present available on the high temperature mechanical properties of these materials. Nevertheless, it is
evident that, as in conventional metallic alloys, processing through the application of severe plastic
deformation can reduce the grain size to the nanometer range and this provides a potential for
achieving good superplastic elongations. This paper examines the data available to date in this
important area and considers differences in the behaviour of HEAs compared with conventional alloys.

Biography:

Langdon has considerable experience inpgiteeessing of metals through the application of severe

plastic deformation. He was one of the authors on the first western paper on SPD published in Journal of
Materials Research in 1993. Since then he has published a large number of papers on $RPp includ
review articles on ECAP and HPT. He is one of the Founding Members of the International NanoSPD
Steering Committee.
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Achieving exceptional superplasticity in metallic materials via friction
stir processing

Professor Zongyi Ma
Unstitute of Metal Research, Chinese Academy of Sciences, Shenyang, China

Superplastic forming has been widely used to fabricate complex-shaped components. Fine and stable
microstructure is a prerequisite for achieving superplasticity. Various processing techniques were
developed to fabricate the fine-grained superplastic alloys. However, conventional fabrication
techniques for fine-grained materials are usually complicated (e.g. multi-pass rolling) and size- or shape-
limited (e.g. small size or sheet-type workpieces). Friction stir processing (FSP), a development from
friction stir welding, creates fine-grained structure in the stir zone due to dynamic recrystallization
resulting from severe plastic deformation and thermal exposure. Therefore, FSP has been developed to
be a novel method of producing superplastic materials.

In this study, superplastic deformation behavior and dominant mechanism of FSP aluminum alloys,
magnesium alloys and titanium alloys are addressed. It was indicated that excellent high strain rate
superplasticity and low temperature superplasticity could be achieved in FSP fine-grained/ultrafine-
grained metallic materials. Enhanced superplastic deforamtion kinetics was observed in FSP ultrafine-
grained aluminum alloys, attributed to high ratio of high angle grain boundaries (HAGBs). A modified
superplastic constitutive equation including HAGB fraction as a microstructural parameter was
established.

Biography:

Dr. Zongyi. Ma, Professor of Materials Scicanghe Institute of Metal Research, Chinese Academy of
Science, Shenyang, China. He received the B.Sc., M.Sc., and Ph.D. degrees from the Yanshan University,
Harbin Institute of Technology, City University of Hong Kong, in 1985, 1988 and 2000, respieetively
worked as a Postdoctoral Fellow in the University of Missouri, USA fror2081His main research
interests focus on friction stir welding and processing, metal matrix composites, ukgadiimed

materials, hightemperature deformation behavioif saterials. He has published 285 peeviewed

journal papers, with a total of over 8200 citations based on the Web of Science. Dr. Ma is an
internationally acknowledged leader in the area of friction stir welding/processining of materials. He has
written several highhcited review papers, including "Friction stir welding and processing", Materials
Science and Engineerigdreports, 2005, 50¢2), 1-78; and "Friction stir processing technolagy

review", Metallurgical and Materials Transaction A, 2088(3) 642658. Both review articles have

attracted a considerable attention as illustrated by 1879 and 278 citations, respectively, searched from
the Web of Science.
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Microstructural evolution and superplasticity of Ti-6Al-7Nb alloys with
different initial microstructures processed by High-Pressure Torsion

Dr. Jorge M. Cuber&esirt? Mr. Joaquin E. Gonzélez-Hernandez!, Ms. Elena Ulate-Kolitsky?, Dr. Kaveh
Edalati®**, Prof. Zenji Horita®*

!Escuela de Ciencia e Ingenieria de los Materialeg#tubostecnoldgico dedsta Rica, Cartago, Costa Rica
2Centro de Investigacion en Ciencia e Ingenieria de los Materiales (CIEMTEC), Instituto Tecnotimjac®ida,C
Cartago, Costa Rica

SDepartment of Materials Science and Engineering, Kyushu UnivErgitnka, Japan

“WPI, International Institute for Carbe¥eutral Energy Research (\WPCNER), Fukuoka, Japan

The objective of this work was to study the effect of the initial microstructure on the microstructural
evolution of Ti-6Al-7Nb alloy by High-Pressure Torsion (HPT). Discs with 10 mm in diameter were heat
treated at various transformation temperatures and later cooled in air or either quenched in water or
liquid nitrogen. The discs were subsequently processed by HPT at room temperature using a pressure of
P=6 GPa for N=1 and N=5 revolutions at 1 rpm. Micro-sized specimens were extracted from the discs to
perform tensile tests at 800 2C using an initial strain rate of 2 x 10-3 /s. Microstructural analyses were
performed by optical, scanning and transmission electron microscopy as well as phase analyses by X-Ray
Diffraction (XRD). Enhanced grain refinement in a martensitic a’ phase, as well as the highest elongation
to failure of ~600% was achieved after N=5 revolutions in the structures quenched from 1060 2C in
liquid nitrogen. TEM and EBSD analysis on the failed specimens with high superplasticity showed that
the metastable structure achieved by quenching transformed to a stable a+f structure after tensile
testing, but with a finer grain size near the fracture surface of the specimen with respect to the grip
part.

Biography:

Dr. Jorge M. CubetBesin obtained a bachelor's degree in Mechanical Engineering from the University of
Costa Rica, where he also earned the master's degree in mectengaatering, with emphasis on
manufacturing systems and materials. He holds a doctorate degree in materials physics and chemistry

from Kyushu University, Fukuoka, Japan. Dr. Cubero Sesin serves as Assistant Professor at the Costa Rica
Institute of Technalgy where he has taught courses in numerical methods, metallurgy, characterization

of materials, electron microscopy, thermal analysis amdyXdiffraction for engineering materials, as

well as the master of engineering in medical device engineeringtidxddiy, works in some research

projects related with application of the nanotechnology to biomaterials.
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Effect of equal-channel angular pressing on the mechanical behavior of
a Bi-Sn eutectic alloy

Dr Fariba Naghdj Dr. Roberto B. Figueiredo?, Prof. Terence G. Langdon*

Materials Research Group, Faculty of Engineering and the Environment, University of South&optioampton,
United Kingdom

’Department of Materials Engineering and Civil Construction, Universidade Federal de MinaB6lerais,
Horizonte, Brazil

Equal-channel angular pressing (ECAP) was performed on a Bi-42Sn eutectic alloy at room temperature
through route A for 1, 2, 4, and 8 passes. Tensile testing was then performed at room temperature
under initial strain rates in the range of 1.0 x 10-5 to 1.0 x 10-2 s-1. Processing by ECAP improved the
mechanical properties compared to the as-cast condition. ECAP-processed samples demonstrated
higher elongations to failures at lower strain rates. The sample processed by ECAP for 8 passes showed
the largest elongation to failure, ~1300%, at an initial strain rate of 1.0 x 10-5 s-1. Calculations showed
that the strain rate sensitivity, m, was ~0.3 in this case. This implies that grain boundary sliding (GBS) is
the major, but possibly not the only, operating mechanism during high temperature deformation of the
Bi—42Sn alloy.

Biography:

| am Dr. Fariba Naghdi and | graduated from University of Tehran, Iran, under supervision of Prof.
Mahmoudi in 2015. After graduation, | have been aaisit University of Southampton, UK, under
supervision of Prof. Terence G. Langdon for about two years. My fields of interest are physical
metallurgy, creep and high temperature mechanical properties in metals and alloys. During my PhD, |
focused on thetady of the mechanical properties and creep behavior of theZWGa based alloys

using localized mechanical testing methods, and | have published 5 ISI papers based on my results. In
Southampton, | focused on superplastic behavior of tHenBiutectic koy after processing by ECAP.
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Severe plastic deformation by caliber rolling and its effect on
superplastic behavior of Ti-6Al-4V

Mr Jagadeesh Babu S*Mr. S.V.S. Narayana Murty?, Professor N Prabhu?, Professor B.P. Kashyap*
lndianinstitute of Tehnology Bombay, MUMBAI, India
2Vikram Sarabhai Space Center, ISRO, Trivandrum, India

Caliber rolling of Ti-6Al-4V to 92% reduction in cross-section was done for grain refinement at constant
temperatures in the range 750-850 °C. This led to production of ultrafine grain size of 0.53 um at the
lowest caliber rolling temperature. Differential strain rate test was done at 850°C over the strain rate
range of 1 x 10-4 to 1 x 10-1 s-1 to explore the optimum condition for superplasticity. The maximum
value of strain rate sensitivity index was determined to be 0.51 in the lower strain rate regime.
Elongation of 600% was obtained in a constant initial strain rate tensile test at 1 x 10-3 s-1 at 850 °C.
Microstructure and electron back scatter diffraction study was made to understand the evolution in
alpha and beta phases in the course of deformation and their roles in the deformation mechanism and
in controlling the elongation during superplastic deformation. The stress-strain curve was found to
exhibit flow softening, which could be explained with the help of changes in grain morphology, from
initially elongated grains to equiaxed grains, and randomization of texture to varying degrees in the
alpha and beta phases.

Biography:

Ph.D. Continuing ithe Dept. of Metallurgical Engineering and Materials Science on the topic
"Microstructural evolution of TAl-x based alloys by Thermohydrogen and thermomechanical
processing"

M.Tech. In Materials Engineering

B.E in Mechanical Engineering

Researclinterest:

Mechanical Testing

Microstructure

Heat treatment

Material Characterization
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Characterization of UFG materials by X-ray and Neutron diffraction

Professor Tamas Unget
1Eotvos University Budage Hungary, Budapest, Hungary
2Materials Performance Centre, The University of Manchester, Manchester, UK, Manchester, United Kingdom

Grain size, subgrain size, microstrain, dislocation density and dislocation types and intergranular strains
determine the mechanical, chemical and other physical properties of submicron grain size materials
produced by large plastic deformation. Different electron microscopy procedures are straightforward
methods to determine the substructure features. However, dynamic properties, especially strains and
stresses and number densities of different substructure element can be supplemented by X-ray and
neutron diffraction methods. The synergy of electron microscopy and diffraction patterns provides a
more comprehensive characterization of the substructure and a better understanding of the
performance of ultra-fine-grain (UFG) materials. X-ray and neutron diffraction line profile analysis (LPA)
proved to be a powerful tool for determining the sub-structure of crystalline materials in terms of (i)
grain size or subgrain size, (ii) dislocation density and dislocation type, (iii) twinning and faulting and (iv)
other types of lattice defects. The LPA procedure is based on physically modeled profile functions of the
different microstructural elements and is available as a software package of convolutional multiple
whole profile (CMWP) method. Dislocations within grains and in grain boundaries, competition between
Taylor or Hall-Petch type strengthening and the inverse Hall-Petch behavior will be discussed in terms of
different experiments and modelling.

Biography:

T. Ungar graduated in physics in 1966, obtained PhD in 1974 at the E6tvds University Budapest in
Hungary. Was awarded the Humboldt stipend at the NedanckInstitute of Metallforschung in

Stuttgart Gemany. Worked in the group of M. Wilkens from 1980 to 82. Discovered asymmigyic X

line profiles related to long range internal stresses in dislocation cell structures together with H.
Mughrabi, a direct evidence for the composite model of heterogerndislacation structures. Developed

the dislocation model for strain anisotropy in diffraction line broadening and was given the Hanawalt
award by ICDD in 2007. Worked on stage IV work hardening and grain fragmentation together with the
group of M. ZehetbaueWithin the same collaboration showed that grain size or subgrain size in the
HallPetch concept alone cannot account for the mechanical properties of submicron grain size materials
without considering the effect of dislocations in the substructure. néeig line profile analysis to

neutron diffraction at spallation neutron sources with high flux and high angular resolution. Showed that
alfa in Taylor's equation changes with the dislocation arrangement. Published over 220 research papers
with more than 400 independent citations and H=43.



Thursday 3.1: Grain refinement and deformation mechanisms

Deformation behavior of severe plastically rolled Al-Mg alloy under
dynamic loading

Professor Toshiji Mukaj Mr. Yuki Ninomiya®, Dr. Naoko Ikeo?, Dr. Alok Singh?, Dr. Ivan Gutierrez-
Urrutia?, Dr. Yoshiaki Osawa?, Professor Koichi Tsuchiya?

1Kobe University, Kobe, Japan

°National Institute for Materials Science, Tsukuba, Japan

Severe plastic deformation (SPD) was shown to refine the grain structure of an Al-8 mass % Mg alloy
through caliber rolling. Microstructure observations by scanning electron microscopy, electron
backscatter diffraction, transmission electron microscopy, and electron channelling contrast imaging
revealed that an ultra-fine-grain (UFG) structure was produced by shear banding during SPD rolling. The
resultant microstructure contributed to increasing the yield strength to a value comparable to that of
the high-strength Al alloy 7075-T6 and to producing work hardening properties without losing tensile
ductility. Strain rate dependence of flow stress was characterized by using a universal testing machine
and a sprit Hopkinson pressure bar. The deformation mechanism was addressed by estimating the
activation volume in the UFG alloy.

Biography:

19931994: Department of Mechanical Engineering, Osaka Prefecture University, Research Associate
19942003: Osaka Municipal Technical Research Institute, Research Stuff

20032004: Research Center for Advanced Science and Engineering, University of Tokyo,

Visiting Associate Professor

2004-2010: National Institute for Materials Science, Group Leader and Chief Researcher
2010present: Kobe University, Department of Mechanical Engineering, Professor
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Microstructure and texture evolution of a friction stir processed
magnesium alloys

Mr F Khan MB Dr SK Panigrahi*
lIndian Institute of Technology Madras, Chennai, India

Magnesium (Mg) alloys are the potential candidates to replace the high-density materials like steel and
aluminium in aerospace and automobile industries due to its high strength to weight ratio. But the
hexagonal lattice of Mg limits in practicing Mg alloys in a wide range due to its comparatively low
strength, ductility and high tension-compression anisotropy at room temperature. Though the problem
of strength and tension-compression anisotropy can be overcome by refining the microstructure via
severe plastic deformation (SPD) processes, the question on ductility still remains unanswered. Recent
studies show that rare earth (RE) contained Mg alloys show better ductility due to formation of RE
texture during deformation. Further, the mechanism of RE texture formation in Mg-RE alloys is still
uncertain. Present work attempts to synergize the effect of SPD and RE element additions to address the
above-mentioned limitations. For this an Mg-RE alloy QE22 is subjected to friction stir processing (FSP)
and the mechanical behavior of the material at tension and compression is analyzed in correlation with
the deformation texture. In order to understand the mechanism of RE texture formation, the texture
evolution in QE22 alloy is studied and compared with AZ31 alloy subjected to similar FSP process.

Biography:
PhD research scholfrom Indian Institute of Technology Madras

Research interest are Deformation Behavior of Magnesium Rare Earth Alloys, Joining of lightweight
materials, Material Property Correlation, Texture etc.

Currently working on the development and deformati@havior of ultrafinegrain Magnesium rare
earth alloys.
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Simulation of phase transformations in Zr-based alloys

Dr Daria Smirnova Dr. Sergei Starikov?, Mr. llya Gordeev!
Joint institute for high temperatures of RAS, Moscow, Russian Federatio

We report a new attempt to study properties of Zr-Nb alloys for medical applications. For this purpose,
we constructed a new angular-dependent many-body interatomic potential. The potential functions
were fitted towards the ab initio data. We approve that the chosen potential fitting technique (so-called
“force-matching method”) is very helpful for study of metallic systems containing a variety of different
phases. The constructed model was applied for investigation of properties of different phases (alpha,
beta, omega) existing in Zr-Nb alloys, as well as for description of transformations between these
phases. We also performed molecular dynamic simulations illustrating that the created interatomic
potential can be applied for predictions dealing with self-diffusion in Zr and Zr-Nb alloys.

Biography:

Dr. Daria Smirnova graduated from Moscow institute of steel and alloys (MISIS) in 2010, with M.Sc.
degree in condensed matter. From 2010 works at Joint institute for high temperatures (Moscow). In 2014
received PhD degree in condensed matter physics. Research interests include physics of metals,
molecular dynamics, diffusion.
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Experimental and numerical analysis of HPTE on mechanical properties
of materials and strain distribution

Dr Roman Kulagin?, Professor Edgar Garcia Sanchez?, Dr Yulia Ivanisenko?, Mr Babak Omranpoufr?3
IUniversidad Autonoma de Nuevo Leom Slicolas De Los Garza, Mexico

2Institute of Nanotechnology, Karlsruhe InstituteTe@chnology, Karlsruh&ermany

SDepartment of Materials Engineering, Tallinn University of Technology, Tallinn, Estonia

High Pressure Torsion Extrusion (HPTE) is a novel technique which has been recently introduced to the
society of NANO-SPD researchers. HPTE exploits the deformation mechanics of HPT but in a larger scale
within rod-shape samples and is capable of applying high values of strain to materials in one pass. This
research aims to evaluate the effect of HPTE on mechanical properties of materials and also to study the
effect of geometry of HPTE die on strain distribution of deformed samples by using Finite Element
Method (FEM). Commercial pure Aluminium AA1050 was used for experimental work; and eccentric dies
with parallel-misaligned channels were developed for evaluation by numerical modelling. Results of this
research will help us better understand the effect of process parameters and also geometry of the die
on materials.

Biography:

- Post graduate researcher, Autonomous University of Nuevo Leon, M&Xlé&mnward
- Fellow researcher, Karlsruhe Institute of Technology, -20érd

- Fellow researcher, Tallinn University of Technology, Estonia;Q0d/ard

- Research assistant, University of Trento, Italy, 20045

- Lecturer, University of Applied Saerand Technology, IRAN, 220013
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Role of grain boundary sliding in texture evolution of ultrafine-grained
materials processed by severe plastic deformation

Dr Yajun Zhab
ILaboratoire d'Etude des Microstructures etMécanique des Matériaut EM3UMR 7239, CNRS / Université de

Lorraine, Metz, France

Grain boundary sliding (GBS) is an important deformation mechanism in superplastic forming, in powder
processing, and also in nano-polycrystalline materials. The tendency of GBS increasing with decreasing
grain size has gained general acceptance. Although GBS does not cause lattice rotation, it affects the
texture evolution because part of the imposed deformation is made by GBS, so less strain is producing
texture evolution. A new modeling frame is developed for introducing GBS into polycrystal plasticity
simulations, where GBS is modeled quantitatively by assigning flat grain boundaries (GBs) to the grains
which can slide under the effect of the macroscopic stress. Viscous plastic slip is assumed for the GBs
with Newtonian behavior, and the orientations of the GBs are followed during plastic strain with the
help of the imposed deformation gradient of the given deformation mode.

The model was applied to ultrafine-grained polycrystals processed by severe plastic deformation (SPD)
to explore the effects caused by GBS on the texture evolution at large strain. The main effects are the
following: i. the ideal orientations appear in rotated positions, ii. the texture strength is decreasing with
increasing contribution of GBS.

Biography:

Dr. Yajun Zhao, currently is a postdoctoral researcher working in the Laboratoire d'Etude des
Microstructures et de Mécanique des Matériaux (LEM3), Université de Lorraine, Metz, France. The
working topic of him is maiplon the microstructure and texture investigations including modelling work
of ultrafine-grained materials processed by the severe plastic deformation (SPD) methods.

Dr. ZHAO recieved his PhD degree in Feb. 2016, with the topic:Consolidation of Metas Bowdgh

Severe Plastic Deformatieiligh Pressure TorsieExperiments and Modeling. The work was conducted

in laboratory LEM3 under the direction of Prof. Laszlo S. Toth, and had focused on the SPD techniques for
metal powder consolidation, micrasgtture refinement and texture evolution of metals under plastic
deformation, and also FE simulations.
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The effect of severe plastic deformation on the microstructure and
mechanical properties of titanium matrix composites

Yuanfei Han?, Di Zhang?, Weijie Lyd
IState Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai, 200240, P.
R. China

Equal-channel angular pressing (ECAP) was successfully applied to in-situ synthesized particulate
reinforced titanium matrix composites. The results prove that the ultrafine-grained structure can be
effectively obtained in the titanium matrix composite by ECAP at different temperatures and passes.
Formation of homogenous TiB and TiC particles with ultrafine grains and sub-grains were obtained after
4 ECAP passes, which indicates that the reinforcement-induced ultrafine grains. The lamellar a phases
are also twisted obviously due to the shear stress, which can reduce the average thickness of lamellar a
phases to less than 1um. After ECAP at relatively low temperature, dislocation pile-ups, dislocation
tangling and plenty of cell structures with size of about 500nm can be observed in the matrix. While
many newly formed ultrafine grains with clear grain boundaries and size of 100~500 nanometers have
formed. The tensile test results show that the yield strength is improved by ECAP pressing and saturate
after 4 ECAP passes to a value of 1150MPa, and the ductility is much higher compared with the first
ECAP pass.

Biography:

Weijie Lyu is professor of the State Key Laboratory of Metal Matrix Composites in Shanghai Jiao Tong
University and vice director of Instiubf Composites. He is also the leader of the group of titanium

alloy. Professor Lyu graduated from Shanghai Jiao Tong University in 2000 and obtained Ph.D. He was a
senior visiting scholar in Department of Materials Science and Engineering, The Ohitniatsity,

USA. He made research on the titanium alloy and titanium matrix composites over twenty years

including the design, fabrication and the relationship between the microstructure and mechanical
properties. He published more than 150 papers.
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Nanocrystalline aluminium particles in ECAPed Mg-4Li-4Al-2RE
magnesium alloy

Dr Peter Minarik?, Dr Jozef Vesely?, Dr Jakub Cizek?, Dr Michaela Janovska?, Dr Petr Harcubj Dr Hanug
Seiner?, Dr Robert Kral*

IDepartment of Physics of Materials, Charles Univers®rague, Prague, Czech RepyBhepartment of Low
Temperature Physics, Charles University in Prague, Prague, Czech Rmsthlice of Thermomechanics,
Academy of SciencBrague, Czech Republic

Detailed microstructure characterization of ultra-fine grained LAE442 magnesium alloy processed by
Equal Channel Angular Pressing (ECAP) was performed by transmission electron microscopy and
positron annihilation spectroscopy. Formation of FCC aluminium particles in the magnesium matrix and
intensive segregation of aluminium at dislocations was observed. In situ annealing in a transmission
electron microscope together with analysis of the positron annihilation spectrum showed a limited
stability of Al particles and Al segregation at temperatures below the processing temperature. The effect
of dissolution of Al particles on elastic properties and internal friction of the ECAPed material was
measured during thermal cycling. It was suggested that the formation of observed Al nanoparticles is
caused by the synergic effect of high external stresses during ECAP and the presence of Li atoms
dissolved in the Mg matrix.

Biography:
2016- PhD on Department of Physics of Materials, Charlegeliiy in Prague, Faculty of Mathematics
and Physics;

Expert in scanning electron microscopy, EBSD, FIB



Thursday 4.1: High entropy alloys

Microstructural evolution of a FeCoCrNi high-entropy alloy introduced
by high-pressure torsion

Wengian Wu?, A/Prof Song Nj Prof. Min Song?, Prof. Xiaozhou Liao?
I1State Key Laboratory of Powder Metallurgy, Central Southetdity, China, Changsha, China
2School of Aerospace, Mechanical and Mechatronic Engineering, The ithive8ydneySydney, Australia

An equiatomic metastable FeCoCrNi high-entropy alloy with a face-centered cubic structure was
fabricated by a powder metallurgy route. The alloy was then processed by high-pressure torsion.
Detailed microscopy investigations revealed that grain refinement from coarse grains to nanocrystalline
grains occurred mainly via concurrent nanoband (NB) subdivision and deformation twinning. NB—NB,
twin—NB and twin—twin interactions contributed to the deformation process with HPT—-imposed shear
strain smaller than ~3.0. The twin—twin interactions resulted in severe lattice distortion and
accumulated high densities of dislocations in the interaction areas. With increasing strain, NB
subdivision and interactions between primary twins and inclined secondary stacking faults
(SFs)/nanotwins occurred. Secondary nanotwins divided the primary twins into many equiaxed parts,
leading to further grain refinement. The interactions between secondary SFs/nanotwins associated with
the presence of Shockley partials and primary twins also transformed the primary twin boundaries into
incoherent high-angle grain boundaries.

Biography:

Song Ni finished PhD study at the University of Sydney, Australia in 2012 and then joined Central South
University, China, as associate professor. More than 40 papers were publigtwuhals including Acta
Materialia, Physical Review B, Scirpta Materialia, et al.



Thursday 4.1: High entropy alloys

Cryogenic SPD of pure metals and high entropy alloys: microstructure
and mechanical properties

Dr. A.V. Podolskiy Dr. E.D. Tabachnikova?, Dr. M.A. Tikhonovsky?, Dr. D. Setman?, Prof. E. Schafler?,
Prof. M.J. Zehetbauer?

1B. Verkin Institute for Low Temperature Phy&i&ngineering, Kharkiv, Ukraine

Physics of Nanostructured Materials, Faculty of Physics, Universfigrofg Vienna, Austria

SNational Science Center, Kharkov Institute of Physics anddlegl,Kharkiv, Ukraine

The effects of cryogenic SPD processing (especially High Pressure Torsion - HPT) on the microstructure,
texture, density of dislocations and twins, crystallite size, phase distribution and low temperature
mechanical properties were studied for pure metals (Zr, Ti, Co) and for high entropy alloys like
CoCrFeNiMn. For pure metals, it was shown that HPT carried out at 77 K leads to average grain sizes
down to 70 nm (depending on HPT pressure), which is 1.5-2 times smaller in comparison with HPT done
at ambient temperature (300 K). More efficient grain refinement at cryogenic temperatures is related to
lower dynamic recovery and higher activity of twinning. Correspondingly, the samples after HPT at 77 K
have 10-20 % higher yield strength (microhardness) but also higher ductility in comparison with samples
after HPT at 300 K. HPT of CoCrFeNiMn high entropy alloy even leads to stronger irregularities: HPT
achieved at 77 K gives larger grain sizes and smaller strength in comparison with HPT at 300 K. Possible
reasons of the unusual effects are discussed.

Work supported within the framework of Scientific & Technological Cooperation Austria-Ukraine,
projects UA 12/2013 and UA 11/2017A

Biography:

Aleksey V. Podolskiy is Senior Research Associate at Institute for Low Temperature Physics and
Engineering, Kharkiv, Ukraine.

Education: Kharkov State University, Ukraine, Physical Department, Diploma, 1997.

Ph.Din Solid State Physics, 2001.

Research interests: Plasticity and physical mechanisms of plastic deformation in nanocrystalline, ultrafine
grained, amorphous and high entropy materials; properties of solids at low temperatures; role of
hydrostatic pressurand temperature in realization of ultrafine grained and/or nanocrystalline

structures in bulk metals by SPD; micromechanics of fracture.



Thursday 4.1: High entropy alloys

Microstructure and texture evolution during severe plastic deformation
of CrMnFeCoNi high-entropy alloy

Professor Werner SkrotzkiAurimas Pukenas?, Bertalan Joni?, Eva Odor?, Prof. Tamas Ungar?, Dr. Anton
Hohenwarter?, Prof. Reinhard Pippan?, Prof. Easo George*

Technische Univetat Dresden, Dresden, Germany

2Eo6tvosUniversity, Budapest, Hungary

SMontanunivesitat Leoben, Leoben, Austria

40Oak Ridge National Laboratory, Oak Ridge, United States of America

An equiatomic high-entropy alloy CrMnFeCoNi has been severely deformed at room temperature by
high pressure torsion upto shear strains of about 170. The microstructure and texture has been analyzed
by X-ray diffraction (X-ray line profile analysis and X-ray microdiffraction, respectively). It is shown that
at a shear strain of about 20 a steady state domain/grain size of 24 nm and a dislocation density of 3 x
10'® /m? is reached, while the twin density goes over a maximum of 2% at this strain. The texture
developed is typical for sheared face-centred cubic metals, but it is extremely weak. The results will be
discussed with regard to the mechanisms of deformation, like dislocation slip, twinning and grain
boundary sliding.

Biography:
Professor for Metal Physics at TU Dresden since 1993. Main research fields: Plasticity, recrystallization
and grain growth, phase transformations, microstructusxture



Thursday 4.1: High entropy alloys

Microstructure of nanocrystalline Al0.3CoCrFeNi high-entropy alloy
processed by high-pressure torsion

Professor Pingiandpai, Dr.Qunhua Tang?, Professor Xiaozhou Liao®
IFujian Universit of Technology, Fuzhou, China

2Puian UniversityPutian, China

SThe University of Sydney, SydnAystralia

Fully dense nanocrystalline Al0.3CoCrFeNi High-entropy alloy (HEA) with average grain size of ~30nm
has been obtained by high-pressure torsion (HPT) with 8 revolutions at room temperature. During HPT
procedure, the microstructure of this HEA remains unchanged, i. e. both coarse-grained and
nanocrystalline HEA exhibit face-centered cubic (fcc) structure. It is suggested that during HPT this HEA
shows excellent stability due to its intrinsic high entropy effect. Similar to some steels with low stacking
fault energy, grain refinement from micrometer scale to nanoscale is attributed to deformation twinning
mechanism.

Biography:
Pingaing Dai is Professor of materials science in Fujian Universitghwfology. He received his PhD
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metals, surface modification. He has published over 100-ee@wed journal articles.




Thursday 4.2: Mechanical properties

Creep in nanocrystals

Atul Chokshi
Dept of Materials Engndian Institute of Science

Creep processes can be classified broadly as intragranular or intergranular. The steady-state creep rate
is generally expressed as where D is the diffusion coefficient, d is the grain size, o is the imposed stress,
and p and n are the inverse grain size and stress exponent, respectively.

Intragranular dislocation creep by the motion of dislocations is independent of the grain size (p=0)
whereas intergranular diffusion creep or grain boundary sliding creep depends inversely on the grain
size with p>0. As these are independent creep processes, with the faster being rate controlling, it
follows that intergranular creep processes will become more important as the grain size is reduced to
the nanocrystalline regime.

In addition to conventional creep mechanisms, there have been several new models developed
specifically for nanocrystalline materials. Experimental studies have revealed a wide range of stress
exponents, with n ranging from ~1 to >10 under nominally similar conditions in nanocrystalline Ni.
Surprisingly, there is very little information available on the grain size dependence of creep in
nanocrystals (p). This report summarizes the available theoretical approaches and evaluates critically
the available experimental results on creep, including by indentation, to highlight current understanding
and areas needing further attention.



Thursday 4.2: Mechanical properties

Effect of severe plastic deformation on the physico-mechanical
behavior of UFG low-alloyed bronzes for electrical engineering
applications

Dr Georgy Raab?, Mr Denis Aksenov®?, Mr Rashid Asfandiyarov®?, Ms Guzel Isyandavletova?, Prof. Tibor
Dorfi ¢

lUfa State Aviation Technical University, \Raisian Federation

2Institute of Molecule and Crystal PhysicORAS, Ufa, Russian Federation
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This work reports on the studies of the physico-mechanical behavior of bronzes for electrical
engineering applications with different levels of alloying in the process of severe plastic deformation
(SPD) and subsequent aging (heat treatment - HT). Low-alloyed bronzes of the systems Cu-Cr, Cu-Cr-Zr,
Cu-Cr-Cd-Zr were selected for the investigation. The following SPD techniques were applied in the
investigation: high-pressure torsion (HPT) and equal-channel angular pressing (ECAP). The structure and
physico-mechanical properties were studied. On the basis of the obtained results, the most rational
regimes of thermomechanical treatment, leading to an enhanced level of functional properties, were
developed. The greatest increase, in comparison with the industrial level, is demonstrated by the
strength characteristics (up to 41% after HPT+HT and up to 27% after ECAP+HT), while electrical
conductivity is preserved at a high level — up to 80% IACS. Bronzes with an ultrafine-grained (UFG)
structure alloyed with zirconium exhibit a higher level of hot strength, and additional alloying with
cadmium leads to an increase in wear resistance.

Acknowledgements: Authors acknowledge support by the Ministry of Education and Science of Russian
Federation under Grant agreement No.14.586.21.0025 (RFMEFI58616X0025) and Ministry of Education,
Science, Research and Sport of Slovak Republic under Grant: N0.2015-19115/45693:1-15E0
SLOVENSKO-RUSKO 2016-2018.

Biography:

Dr.Sci. Georgy Raab is a Leading Researcher at the Institute of Physics of Advanced Materials, Ufa State
Aviation Technical University (Ufa, Russia). He is the Head of the Laborateydos Plastic

Deformation (SPD) Technologies at USATU and an inventor of such SPD processeS@y¥&@W\P

ECAP with parallel channels, MEB®CAFConform and others. The main area of his research activity is

the experimental study of the equethannelangular pressing process, aimed at fabrication of bulk
ultrafine-grained billets from ductile (Cu, Ni, Al) and htordleform (Ti alloys, tungsten, molybdenum)

metals and alloys.

Georgy Raab is the Principal Investigator in several Russian and interhegsgerch projects. In the

last 5 years, he has published over 100 papers and 1 monograph. His citation index is 1913, and his value
of hrindex is 19.



Thursday 4.2: Mechanical properties

Microstructure and mechanical behavior of FSP processed (TiC-
TiB2)/AZ91 in-situ hybrid composite

Mr Biranchi Narayan SahdpDr. Sushanta Kumar Panigrahit
lIndian Institute of Technology, Madras, Chennai, India

Magnesium (Mg) alloys receive significant attention in application of aerospace, automotive and
electronic industries. Its commercial applications are limited due to its low strength, high tension to
compression asymmetry and poor stiffness. Microstructural refinement by severe plastic deformation
(SPD) methods and adding ceramic particles in the material to form composites are two great solutions
to overcome these disadvantages. However, a synergetic effect of these techniques may lead to
enhance grain refinement by particle simulated nucleation and superior high temperature properties
because of the efficient grain boundary pinning by particles. Recent studies revealed that In-situ
composites are advantageous over ex-situ as they are capable of producing fine and homogeneously
dispersed ceramic reinforcements with cleaner reinforcement-matrix interfaces. In the present study, Ti-
B4C particles are added into the AZ91 alloy through friction stir processing (FSP) to produce in-situ TiC-
TiB2 reinforced composite with ultrafine grained (UFG) Mg matrix. The microstructural evolution and
mechanical behavior of UFGed TiC-TiB2/Mg composite is compared with that of UFGed Mg alloy without
reinforcement fabricated by similar FSP route. The prime objectives of the present work are to establish
the in-situ reaction mechanism and to understand the effect of TiC-TiB2 reinforcement on the
mechanical behavior of UFGed Mg alloy.

Biography:

Biranchi Narayan Sahoo is a PhD scholar at Indian Institute of Technology, Madaa€ulnently, he is
working on the development and fundamental behaviour of bulk ultrafine grairsitlimmagnesium
matrix composite.



Thursday 4.2: Mechanical properties

Strengthening of SPD nanometals using vacancy clusters

Dr Daria Setmah Peter Cengeri', Erhard Schafler?, Jelena Horky?, Katharina Werbach?, Michael
Zehetbauer!
IRG Physics of Nanostructured Materials, University Vienna, Vienna, Austria

Because of its ultrafine grained structure reached in SPD processing, metals exhibit markedly enhanced
strength levels, but due to the nanostructure left in the grain interiors there is still potential for further
improvements. Agglomerates of vacancies can lead to a significant sstrength increases, even if the
vacancies arise from plastic deformation [1]. We report on strength investigations in Cu, Ni and Mg after
High Pressure Torsion (HPT) and after subsequent heating. Strength was characterized by microhardness
and nanoindentation tests. In addition, DSC scans and X-ray Bragg profile analyses were done in order to
analyse the HPT-induced defects. All metals revealed vacancy agglomerate-induced strength increases.
Recent experiments applying HPT plus thermal treatment on dilute Mg-Zn-Ca biomedical alloys revealed
hardening effects of up to +60% [2, 3]. Additional quenching experiments together with theoretical
calculations support our former results, showing the significant role of vacancy clusters for the strength
of SPD nanomaterials.

Support by the Austrian Science Fund Projects T 512-N20 and 12815-N36 is gratefully acknowledged.
[1] M.Zehetbauer, Key Eng.Mater. 97-98, 287 (1994)

[2] J.Horky et.al Lecture at Int.Conf. NanoSPD6, Metz (France), July 2014, to be published
[3] A. Ojdanic, E. Schafler, J. Horky, D. Orlov, M. Zehetbauer, this conference
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Effect of Stress relieving treatment on Low Cycle Fatigue behavior of
USSP treated 7075 Aluminium Alloy

Mr Vaibhav Pandey Dr Kausik Chattopadhyay?, Prof N. C. Santhi Srinivas!, Prof Vakil Singh*
lindian Institute of Technology (Banaras Hindu University), Vardndi,

In the previous four decades high strength, peak-aged aluminium alloys have been widely used in
aircraft, automotive, marine and construction industries, due to their low cost, good weight/strength
ratio and high corrosion resistance. However, these alloys possess limited fracture toughness and
fatigue strength. Still there is possibility of improving fatigue resistance of these alloys through surface
modification. In the present investigation, the effect of ultrasonic shot peening (USSP) was studied on
low cycle fatigue (LCF) behavior of the aluminium alloy 7075 in retrogression and re-ageing condition.
LCF samples were subjected to USSP for 180 seconds and LCF tests were conducted at different total
strain amplitudes. The surface region of ultrasonically shot peened sample was found to develop
nanosize grains of ~20nm after USSP of 180 seconds. Significant improvement was observed in LCF life
of the USSP treated samples. The higher fatigue life resulting from USSP may be attributed to higher
resistance of the USSP sample against fatigue crack initiation from grain refinement and also the slower
rate of crack propagation due to compressive residual stress. The effect of stress relieving treatment on
LCF properties was also studied.

Biography:
I am working on the topic of the effect of surface nanocrystallization through Ultrasonic Shot Peening on
Mechanical and Electrochemical behavior of 7075 Aluminium Alloy.



Thursday 4.3: Characterisation techniques

Modern diffraction methods for the investigation of thermo-mechanical
processes

Professor KlauDieter Lis$
IANSTO, Lucas Heights, Australia
2University of Wollongong, Wollongong, Australia

In-situ neutron and synchrotron X-ray diffraction deliver unique and complementary insight into the
microstructural evolution of metals at high temperature, pressure and during plastic deformation.
Neutrons illuminate a larger bulk volume and reveal quantitative phase abundance, bulk texture, lattice
parameter changes and other ensemble averaged quantities. Applications are presented on phase
transformation and the defect kinetics in metals at high temperature. In contrast, fine-bundled high-
energy X-rays deliver reflections from a number of individual grains. For each constituting phase, their
statistics and behavior in time reveal information about grain growth or refinement, subgrain formation,
static and dynamic recovery and recrystallization, slip systems, twinning, etc. The concept of the
Materials Oscilloscope has been developed, where multi-dimensional diffraction patterns are streaked
in time, distinguishing such physical processes in a variety of metallic systems, undergoing room- and
high temperature plastic deformation, in co-existing phases and across phase changes. In particular,
examples are given related to metals processed by and related to severe plastic deformation.

Biography:

1990: Diploma in Physics, TU Muenchen

1995: PhD in Physics at RWTH Aachen

19942001: ESRF, Grenoble

2001-2004: GKSS/DESY, Germany

since 2004: ANSTO

2007-2010: Senior Research Fellowship, ANSTO
20132014: Senior Research Fellowship, JAEA, Japan
since 2013: honorary Professor, University of Wollongong



Thursday 4.3: Characterisation techniques

Electron microscopy of high-performance Aluminium alloys as industry
materials

Prof JianghuaCher, Prof Cuilan Wu?
Hunan UniversityChina

Developments of high-strength aluminum alloys have always faced a difficult problem: owing to their
small size, the early-stagestrengthening precipitates are difficult to characterize in terms of composition,
structure and evolution. Here we employ atomic-resolution TEM imaging and first-principles calculations
toaddress these problems. Recent years, we have investigated tens of high-strength aluminum alloys
with different compositions and thermal processes for their property-structure-process correlations.
Using advanced aberration-corrected HRTEM and aberration-corrected STEM, much of our attention has
been paid to revisiting the strengthening precipitates and clarifying the controversies left in the past
about their precipitation behaviors. Our study demonstrates the followings: Atomic-resolution imaging
in HAADF-STEM can provide straightforward structure models at the atomic-scale, whereas atomic-
resolution imaging in HRTEM with rapid quantitative image simulation analysis can provide the refined
structures with high precision beyond the resolution limitation of the microscope. The combination of
the two techniques can be more powerful in solving difficult structure problems in materials science.
Most of the early-stage precipitates are highly dynamic in composition and structure. Typically, having
their characteristic genetic skeletons to guide their evolution, these dynamic precipitates initiate,
mature and grow with thermal aging following characteristic evolution paths. The fine precipitation
scenarios revealed are different from previous understandings in the textbooks and literatures
published thus far.

Biography:

Prof. Chen is the Changjiang Scholar Chair Professor awardethégeMinistry of Education,
Distinguished experts awarded by the Organization Department of the Central Committee of the
Thousand Talents program, currently works as the dean of the College of Materials Science and
Engineering in Hunan University.



Thursday 4.3: Characterisation techniques

HRTEM observations of nanograined germanium produced by high-
pressure torsion

Dr Yoshifumi Ikom3 Kazuki Kumano?, Bumsoo Chon?, Dr Kaveh Edalati?, Dr Martha R. McCartney?, Dr
David J. Smith3, Dr Zenji Horital?

Department of Material$Science and Engineering, Klu University, Fukuoka, Japan

2WPI, International Institute for Carbe¥eutral Energy Research (\WPCNER), Kghu University, Fukuoka, Japan
SDepartment of Physics, Arizona State University, Tempe, USA

The formation of bulk nanograined semiconductor materials processed by severe plastic deformation
(SPD) is of great interest because of their unique optical properties. Recently, we have investigated
nanograined germanium (Ge) produced by SPD through high-pressure torsion (HPT) and found the
formation of a metastable Ge-lll phase having a tetragonal structure. The appearance of
photoluminescence was confirmed in the visible light region by annealing the HPT-processed samples at
573 K for 1 hour [1]. In this study, we have investigated lattice images of the nanograined structures
using high-resolution transmission microscopy for samples after HPT processing and successive
annealing.

Polycrystalline Ge having a purity of 99.999% was subjected to HPT processing under a nominal pressure
of 24 GPa at room temperature. Nanograins of diamond-cubic Ge-l and metastable Ge-lll coexisted in
the HPT-processed sample, which contained lattice defects such as dislocations, nanotwins, and stacking
faults. The nanograined structure was retained after annealing of the HPT-processed sample but with a
minor fraction of the metastable Ge-Ill. The results indicate that the optical properties of the HPT-
processed Ge are affected by the existence of Ge-l nanograins with a reduced fraction of lattice defects.
[1] Y. Ikoma et al., J. Mater. Sci. 51 (2016) 138.

Biography:

Dr. Yoshifumi Ikoma received a Doctor of Engineering degree from Kyushu University in1999. His
research interests focus on severe plastic deformation of semiconductor mateiigisHpyessure
torsion, optical properties of nanograined semiconductors, and phase transformations.



Friday Morning Keynote Presentation

Severe plastic deformation in the past

A/Prof Kaveh Edalatj Prof Zenji Horita*
IKyushu University, Fukuoka, Japan

Severe plastic deformation (SPD) is currently considered as a potential process to generate nanograins in
metallic and non-metallic materials. The new age of NanoSPD started in early 1990s when Russian
scientists reported that the nanograined materials produced by SPD show exceptional structural and
functional properties due to the large fraction of high-angle grin boundaries. The SPD process was
popular centuries ago to fabricate metallic tools with high strength and good ductility. There were also
interests in structural and microstructural evolutions of SPD-processed materials at least at the
beginning of last century. This talk reviews some of the old activities on the SPD and summarizes their
historical significance.

Biography:

Kaveh Edalati obtained a PhD degree in MateRdlgsics and Chemistry from Kyushu University,

Fukuoka, Japan, in 2010. He is currently an assistant professor in the Hydrogen Storage Research Division
of the International Institute for Carbeleutral Energy Research (I2CNER), Kyushu University. His main
research interests include severe plastic deformation (SPD), phase transformations, and energy

materials. He is the eauthor of ~60 papers on SPE&lated subjects.



Friday 1.1: Processing and mechanical properties

Effect of HPT processing on microstructure development in a Ni-50Ti
alloy

Mr Mehdi Valaei!, Dr Hamidreza JafaridnDr Ali Reza Eivani®, Dr Tilak Bhattacharjee?
Yran university of scierecand technology, Tehran, Iran
2Kyoto University, Kyoto, Japan

An equiatomic NiTi alloy processed by high pressure torsion (HPT). Microstructural evolution after HPT
process studied by Transmission Electron Microscopy (TEM) and micro indentation hardness were used
to evaluate the mechanical properties of the alloy. TEM micrographs showed that microstructure
contains nano size grains below 100 nm. Comparing x-ray diffraction results before and after HPT
process showed that martensite was eliminated during deformation induced by HPT process. Results
indicated that microhardness significantly increases after HPT process.

Biography:

Dr Hamdireza Jafarian is assistant professor at Iran university of science and technology. he obtained his
Ph.D. in material science and engineering from Kyoto university. His research interests are severe plastic
deformation, thermemechanical processing and martensite transformation.
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Microstructures and hardness of stir zone for friction stir processed and
post-processed heat treatment 7B04-0 aluminium alloy

Ph.D. student Yu Chen?, Professor Hua DirfgMr. Jizhong Li?
INortheasten University, Shenyang, China
2AVIC Beijing Aeronautical Manufacturing Technology Research Institute, Beijing, China

Friction stir processing (FSP) with different rotation speeds was conducted on 7B04-0O aluminium alloy
thin-sheet, then the post-processed heat treatment (PPHT) was carried out. The microstructures and
hardness of the stir zone (SZ) under as-processed (AP) and PPHT states were investigated. The result
showed that the hardness of the SZ was enhanced under the AP state, attributing to the grain
refinement. The effect of PPHT on the hardness of the material was different, compared with the AP
state, the hardness of the SZ with a low rotation speed under PPHT state was deteriorated while it was
enhanced when high rotation speed was adopted. When FSP was conducted on the O-temper base
metal (BM), the initial precipitates in the matrix were coarse and stable, reducing the dissolution rate of
the precipitates. High heat input was required in order to induce sufficient dissolution of the
precipitates, which was beneficial to elevating the impact of PPHT on hardness. The amount and
morphology of the precipitates played important roles in the SZ of improvement in hardness.

Biography:
Hua Dingthe professor of Northeastern University.
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Mechanical properties and microstructural evolution in ZK60
magnesium alloys processed by pre-heat treatment and ECAP

Dr Motohiro Yuasd Mr Shinya Mikami?, Dr Muhammad Rifai*, Mr Masaaki Ryo?, Dr Alexei
Vinogradov?3, Dr Hiroyuki Miyamoto?

Doshisha Universityapan

°Norwegian Univeiiy of Science and Technology, Norw&Agliatti State UniversityRussia

Magnesium alloys are attractive for light-weight structural applications because of their low density. In
contrast, their low strength and poor ductility are barriers to their practical applications. Sever plastic
deformation (SPD) such as equal channel angular pressing (ECAP) is one of the methods to improve both
strength and ductility. We investigated the mechanical properties and microstructural evolution in ZK60
Mg-—5.5%Zn—0.6%Zr (all in mass %) alloy processed by pre-heat treatment and ECAP. Two kinds of pre-
heat treatment were applied to extruded ZK60 alloys before ECAP: one is solution heat treatment, and
the other is aging heat treatment after solution treatment (T6). As the results, ECAP process after heat
treatment improved the strength and ductility of ZK60 alloys. The observed behavior is linked to a
combined effect of grain refinement, texture modification, and precipitations of fine particles dispersed
during SPD. After 4 passes of ECAP, the ultimate tensile strength and elongation to failure of T6-treated
alloy were 305 MPa and 41.5%, respectively and those of T4-treated alloy were 292 MPa and 37.7 %,
respectively. The T6-treated alloys exhibited lower texture intensity than the T4-treated alloys. This can
be responsible for the differences in mechanical properties between the T4- and T6-treated alloys.

Biography:

2016-presentassistant professor at Doshisha University

-mechanical and corrosion properties of metals and alloys processed by SPD

2012-2016 Researcher at National Institute of Advanced Industrial Science and Technology
- mechanical and corrosion propertiesnedgnesium alloys with alloy design

20092012 PhD candidate at Kyoto University (Ph. D)

- atomic and electronic studies of grain boundary and fracture in metals and alloys
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Effect of grain structure on charpy impact behavior of copper

Dr NingningLiand, Prof Yonghao Zhao?, Prof Jingtao Wang?, Prof Yuntian Zhu'?
INanjing University of Scienaad Technology, Nanjing, China
°North Carolina State University, Raleigh, USA

Nanostructured (NS) and ultrafine-grained (UFG) materials have high strength and relatively low
ductility. Their toughness has not been comprehensively investigated. Here we report the Charpy impact
behavior and the corresponding microstructural evolutions in UFG Cu with equi-axed and elongated
grains which were prepared by equal channel angular pressing (ECAP) for 2 and 16 passes at room
temperature. It is found that their impact toughness (48 J/cm2) is almost comparable to that of coarse
grained (CG) Cu: 55 J/cm2. The impacted crack section is also characterized and grain structure
evolution relating mechanisms of behavior during impaction is also discussed in this work.

Biography:
20062010, Bachelor in Nanjing University of Science and Technology (NUSTre2@hd, post
graduate in NUST
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Novel nanolaminated structure-break the grain refinement size limit
and the trade-off relationship between strength and thermal stability

Prof Hongwang ZhargDr. Xiaochun Liu?, Prof. Ke Lu?
Yyanshan University, China
2Institute of Metal Research, Shenyang, ChiGhina

Heavy plastic deformation can substantially refine the grain size of metals into submicron regime,
leading to UFG structures with high strength. However, further straining is unable to reduce the grain
size, while the structural stability decreases with an increase of strength. How to break the restriction of
saturation grain size and to simultaneously enhance strength and structural stability has been one of the
difficult technical problems for nanometals. A polycrystalline Ni (99.88 wt%) was subjected to surface
mechanical grinding treatment (SMGT). 2-dimensional nanolaminated (NL) structures were fabricated in
the surface layer. The NL structure shows a boundary spacing about 20 nm that is one order's smaller
than the UFG counterparts and mainly consists of low angle boundaries. The hardness of the NL
structures is 6.4 GPa that is two times UFG Ni. More interestingly, the coarsening of the NL structure
during post annealing takes place at a relatively lower rate and higher onset temperature of 5060C that
is 400C higher than that of the UFG Ni. The good combination of strength and stability breaks the
traditional trade-off of strength and thermal stability. The formation mechanism by plastic deformation
with high strain, high strain rate and high strain gradient was analyzed. A new generation of
nanostructure with high performance was proposed.

Biography:

Prof. Hongwang Zhang has concentrated on the deformation induced ultrafine grained or
nanostructured metals for over 15 years, aiming to understandtam refinment mechanism, develop
new processing method to fabricat novel nanostructure with high performance. Up to now, he has
published over 40 papers in this filed, including 1 Science, 5 Acta Materialia, 6 Scripta Materialia etc.
These publicationsave been cited over 1200 times.
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Effect of severe plastic deformation on the structure and properties of
Ni-Cu alloys

Professor Vladimir PopdyDr. Sci. Elena Popova?, PhD Alexey Stolbovsky*!
IM.N. Miheev Institute of Metal Physics of Ural Branch of Russian Academy of Sciences, Ekaterinburg, Russian
Federation

The structure of Ni-Cu alloys after high-pressure torsion (HPT) has been studied by transmission electron
microscopy and microhardness measurements.

In Cu-rich alloys the increase of Ni content results in appreciable structure refinement and
microhardness increase. In this composition range the determining role in modification of the structure
and microhardness is played by the lowering of homological temperature with increasing Ni content.

In Ni-rich alloys the situation is absolutely different, namely, up to 34 at. % of Cu, crystallite sizes and
microhardness almost do not change, which is obviously due to an effect of two factors compensating
each other: increasing of homological temperature and decreasing of stacking fault energy (SFE).

Analysis of concentration dependences of average crystallite sizes and microhardness shows that the
former is smaller and the latter is higher than could be expected from the rule of mixtures. It is
suggested that it is due to a considerable effect of SFE changing with composition of alloys.

The work has been done in the framework of the State program “Spin” (No. 01201463330), with partial
support of Program of Fundamental Investigations of UB of RAS (project No. 15-9-2-44) and RFBR
(project No. 15-03-03103).

Biography:

Vladimir Popov received the MS degree in physics of metals, and the Ph.D. and Doctor of Technical
Sciences degrees in metallurgy dnegt treatment of metals from the Ural Polytechnic Institute,
Ekaterinburg, Russia, in 1973, 1977 and 1992, respectively. He is currently a Professor and the Head of
Laboratory of Diffusion at the M. N. Miheev Institute of Metal Physics, UB of RAS.dt¢hoasd seven
monographs and over 200 papers. His research interests include the study of structure and properties of
various functional materials with special properties, metals and alloys nanostructured by various
methods of severe plastic deformatiatiffusion, phase transformations, and Mossbauer spectroscopy.



Friday 1.2: Grain refinement and deformation

Grain refinement in a severely deformed beta titanium alloy at
different strains and strain rates

Dr Ahmad Zafatj Professor Kenong Xia*
1Department of Mechanical Engineeringdpiversity of Melbourne, Melbourne, Parkville, Australia

High pressure torsion (HPT) and shear punch (SP) were performed on a Ti-5553 metastable {8 alloy.
Careful transmission electron microscopy (TEM) was performed to study grain refinement of the alloy at
different strains and strain rates. It was revealed that a stress induced martensitic transformation,
leading to the formation of martensitic a”, and an a” to B reverse transformation played a key role in
achieving B grains of < 50 nm, much finer than those obtainable in stable B Ti alloys. Further, it was
shown by SP investigation that the grain refinement was optimal at a critical strain rate while at very
high strain rates no nano-grained structure was attained.

Biography:
Ahmad has got his PhD deg in Oct 2016 and currently work as a research assistant in a materials
research group at the University of Melbourne.



Friday 1.2: Grain refinement and deformation

Change of deformation mechanisms in ultrafine grained Mg-Zn-Zr-Ca
alloy

Dr. Ruixiao ZhengDr. Tilak Bhattacharjee®?, Prof. Akinobu Shibata?, Dr. Taisuke Sasaki?, Prof. Kazuhiro
Hono?, Prof. Nobuhiro Tsuji?

Department of Materials Science and Engineering, Kyoto University, Yoshida HonalgaHiuSKyoto 6063501,
Japan

°Elements Strategy Initiative for Structubdterials (ESISM), Kyoto Univigrs

SNational Institute for Materials Science241 Sengen, Tsukuba 30847, Japan

In this study, a fully recrystallized ultrafine grained (UFG) Mg-Zn-Zr-Ca alloy was successfully fabricated
by a process including high pressure torsion (HPT) and subsequent rapid annealing. Room temperature
tensile test revealed that the UFG Mg alloy with a mean grain size of 0.98 um exhibited simultaneously
enhanced strength and ductility compared to those of the coarse-grained counterpart (grain size 56
um). Observation of deformation microstructures revealed that {10-12} deformation twinning and basal
slip are the dominant deformation mechanisms in the coarse-grained specimen, while deformation
twinning was significantly inhibited and non-basal slip systems were activated in the UFG specimen. The
reason for the enhanced mechanical properties in the UFG specimen was discussed based on the change
of deformation mechanisms observed.

Biography:

Dr. Ruixiao Zheng got his PhD degree from Beihang University (BUAA) in 2015. After that, he started to
work as a postdoctoral researcher in Kyoto University uotil. iHis research interest is physical and
mechanical metallurgy and processimgcrostructureproperty correlations in advanced structural

metallic materials. Currently, he focuses on the processing bulk nanostructured metals and investigating
their mechatcal properties.
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Thermal softening as the dominate softening mechanism for the
adiabatic shear failure

Dr Jiejian Liu*, A/Prof Tao Sub
INorthwestern Polytechnical University, XI AN, China

There are two widely accepted softening factors that will result in shear failure, namely thermal
softening and dynamic recrystallization. For different materials, it is very difficult to elucidate the
dominate softening mechanism because of the strong thermomechanical couple. This paper reports the
observation that the very generation of adiabatic shear band in ultrafine-grained(UFG) interstitial free
steel(IF) specimens after four passes equal channel angular pressing almost results from thermal
softening, and no dynamic recrystallization grain has been founded inside the adiabatic shear band. This
observation indicates that it is the thermal softening that leads to localized material softening instead of
the dynamic recrystallization.

Biography:
Suo Tao is a Professor in the School of Aeronautics, Naettwéolytechnical University (NPU) in
| KAYylLFo® 1'S 200FAYSR KA& .| OKSt2NRa RS3INBS Ay CfAIK

in Solid Mechanics from NPU in 2009. Subsequently, he worked as a lecturer at NPU and became an
Associate Profesr in 2010 and Professor in 2013. In the year 2012, he worked as a visiting professor at
The Johns Hopkins University in USA. His current research interests include mechanical behavior of
advanced materials, dynamic behavior and failure evolution of naseunder impact loading, and

analysis, design and verification of aircraft structures under impact loading. He coauthored more than 90
papers in peer reviewed international journals. His research accomplishments are recognized through the
Young Yangtzeiver Scholar from Chinese Ministry of Education, New Century Excellent Talent Award
from Chinese Ministry of Education, Award for Excellent Young Scholar from National Science Foundation
of China. He is now a committeeman of Experimental Mechanics Commithinese Society of

Mechanics, committeeman of Structure and Strength in Chinese Society of Aeronautics, and editors of
two Chinese journals.



Friday 1.3: Structural evolution and structural stability

Microstructure and texture evolution in a high-manganese twinning-
induced plasticity steel during equal-channel angular pressing

Dr Christian Haas€, Robert Allen®*, Oliver Kremer?, Dr. Weiping Hu?, Tobias Ingendahl?, Prof. Rimma
Lapovok®, Prof. Dmitri A. Molodov?, Prof. Laszlo S. T6th*®

1Department of Ferrous Metallurgy, RWTH AachuniversityAachen, Germany

2Institute of Physical Metallurgy and Metal Physics, RWTHekadhiversity, Aachen, Germany

SDepartment of Mechanical Engineering, Mississippi State University, Seark@iA

4Laboratoire d'Etude des Microstructures et de Mécanique dagfiaux (LEM3), Univsité de Lorraine, Metz,
France

SInstitute for Frontier Materials, Deakliniversity, Geelong, Australia

SLaboratory of Excellence on Design of Alloy Metals forrhéws Structures (DAMAS), Université de Lorraine,
Metz, France

TWinning-Induced Plasticity (TWIP) steels have gained increased commercial and scientific interest
during the past decades due to their outstanding mechanical properties. In this work, an Fe-23Mn-1.5Al-
0.3C TWIP steel was subjected to plastic shear deformation using Equal-Channel Angular Pressing (ECAP)
at 300 °C following route Bc. The microstructure and texture evolution were investigated and the results
will be presented in this talk. During ECAP the successive grain refinement was promoted by two parallel
mechanisms, namely dislocation-driven grain fragmentation and twin fragmentation, and accounted for
the ultra-high strength. However, due to the relatively low volume fraction of deformation twins after
ECAP at 300 °C, further contribution of deformation twinning during room temperature tensile testing
allowed for additional work-hardening capacity and elongation. The crystallographic texture after 1, 2,
and 4 ECAP passes can be described as a transition texture with the characteristic texture components
of both high- and low-SFE materials and developed due to the contribution of deformation twinning and
dislocation slip. Furthermore, VPSC simulations were performed to calculate the texture evolution
during ECAP. The focus was put on the contribution of deformation twinning to the ECAP texture and
will be discussed.

Biography:

Dr Haase received his PhD from the Institute of Physical Metallurgy and Metal Physics, RWTH Aachen
University in 2015. Since 2016 he is postdoc at the Department of Ferrous Met&WfGi, Aachen
University.
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Thermal stability and mechanical properties of HPT processed CP-Ti

Dr Yi Huang§ Miss Sarah Mortier?, Mr Pedro Pereira’, Dr Piotr Bazarnik?, Professor Malgorzata
Lewandowska?, Professor Terence G. Langdon'

IUniversity of Southamptg Southampton, United Kingdom

Polytech Matpellier, Montpellier, France

SWarsaw University of Technology, Warsaw, Poland

Commercial grade 2 pure titanium was processed by high-pressure torsion (HPT) at room temperature
to 10 turns. X-ray analysis showed that w phase formed during HPT processing but disappeared
immediately during post-HPT short term annealing (10 minutes) even at very low temperature 473 K.
The thermal stability of HPT processed microstructural evolution was studied by electron backscatter
diffraction (EBSD). After short term annealing at lower temperature 473 and 673 K, disk centre had
relative higher hardness value than the edge area, and it was found that disk centre kept the feature of
deformed microstructure whereas the edge showed the recovery of the microstructure. Short term
annealing at higher temperature 873 and 973 K, there existed almost uniformly distributed hardness
and microstructures in disk centre and edge areas. Tensile properties after short term annealing were
evaluated at room temperature. The yield strength and UTS decreased with the increased short-term
annealing temperature, but elongations did not show significant difference over different short-term
annealing temperatures.

Biography:

Dr Yi Huang is interested in microstructure evolution and materials mechanical behavior during
deformation processes, which include Ultrafgrained maerials processing using severe plastic
deformation techniques (ECAP, HPT etc.);

Superplasticity of metallic materials; Constitutive modeling using Artificial Neural Networks.
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Structural stability of ultra-fine grained magnesium alloys processed by
equal channel angular pressing

Pr of ess or  Mbr.lTan&s Krdjrakh, &/Rraf. kakub Cizek?, Dr. Peter Minarik?, Dr. lJitka Straska?,
Dr. Josef Strasky?

ICharles University, Dept. of Physics of Materials, Prague, Czech Republic

°Charles Universi, Dept. of Low Temperature Physics, Prague, Czech Republic

Structure stability of two magnesium alloys AZ31 (MgAlZn) and AX41 (MgAICa) processed by equal
channel angular pressing is investigated. The mechanical properties, microstructure evolution and
dislocation density were studied by microhardness, electron back scatter diffraction and positron
annihilation spectroscopy, respectively. The loss of microstructure stability at high temperatures and the
coarsening of the ultrafine-grained structure as a result of isochronal annealing is accompanied by the
sharp decrease of microhardness and the decrease of dislocation density. The grain growth kinetics was
analyzed by the general equation for grain growth and the Arrhenius equation. The activation energy for
grain growth in different temperature regions was determined from this analysis. The differences in the
activation energies in both alloys were related to their microstructure differences. The microstructure
and phase composition of both alloys was characterized by scanning electron microscopy and energy
dispersive X-ray spectroscopy. Microscopic mechanisms controlling the structure stability of both alloys
are discussed in detail.

Biography:

Professor at the Department of Physics of Materials, Charles University, Prague, Czech Republic.

Areas of interest: Microstructure and properties of UFG materials, transmission electron microscopy,
materials for biomedical applications, phase transformations in Ti alloys
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Effect of post-heat treatment processing on microstructural stability
and microhardness of a UFG Al-Zn-Mg alloy processed by ECAP

A/Prof Ying Chun WarigMohamed A. Afifil, Pedro Henrique R. Pereira?, Xingya Feng?, Jinxu Liu?,

Professor Shukui Li, Professor Terence G. Langdon?

1School of Materials Science and Engineerieging Institute of Technology, Beijing, China

°Materials Research Group, Faculty of Engineering and the Environment, University of Southampton, Southampton,
UK

An ultrafine-grained (UFG) Al-Zn-Mg alloy with a grain size of ~200 nm was obtained after processing by
equal-channel angular pressing (ECAP) for 4 passes and then heat treated at temperatures of 393, 423
and 473 K for 5-20 h. The results show that a limited grain growth is dominant accompanied by a
transformation of the non-equilibrium boundaries into equilibrium boundaries during post-heat
treatments up to 473 K for no more than 20 h. Precipitation of fine n' and GP zone transformation to n’
occurred at 393 K which leads to the microhardness increasing gradually with holding times from 5 to 20
h. Increasing the temperatures to 423 and 473 K accelerates the precipitation process and consequently
microhardness in 5 h, and then with the holding time increasing from 5 to 20 h the hardness value
decreases due to the transformation of n’ to n phase and subsequent n growth.

Biography:

Dr. Yingchun Wang is an Associate Professor in School of Materials Science and Engineering at Beijing
Institute of Technology. She graduated with a Bachelor degree in 1@82vfanshan University and
200FAYSR I t K5 RS3INBS Ay Hnannc FNBY .SA2Ay3 LyadaAi
research interests focus on microstructure characterization, dynamic behaviors of metals and alloys. In

the dynamic behaviors of matials, the unifying theme is the high rate at which events occur. Since

2010, She starts research on microstructure evolution, strain rate and temperature dependences of

dynamic behaviors in ultrafirgrained materials processed by severe plastic defdomaincluding

ECAP and HPT.
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The effect of Cu-based core-sheath configurations on the processing of
Nd-Fe-B-based permanent magnets via equal channel angular pressing

Mr Luke Beslely; Dr Hao Zhang?, Dr Andrey Molotnikov?, Dr Hidefumi Kishimoto?, Dr Akira Kato?,
Professor Chris Davies?, Professor Kiyonori Suzuki'

IMonash University, Melbourne, Australia

°Toyota Motor Corporation, Susono, Japan

Equal Channel Angular Pressing (ECAP) has been used as an alternative manufacturing route for
preparation of Nd2Fe14B-based anisotropic magnets, facilitating processing temperatures much lower
than conventional die upsetting. While this method can produce a suitable texture and microstructure in
permanent magnetic materials, it still remains novel; involving extremely high pressures which present a
high risk of both process failure and die and tooling damage.

Powder metallurgical processes frequently incorporate an external layer of secondary material
(commonly an outer foil layer or can) for separation between the primary material and die as well as the
control of surface effects such as friction through appropriate choice of secondary material. This work
implements such modifications to this manufacturing route by incorporation of an outer layer of Cu foil,
the addition of which negatively affected both the powder compaction and strength of texture
produced via ECAP. Also investigated was the incorporation of solid Cu bar as part of the sample cross
section. This modification facilitated processing without any compromise on observed magnetic
properties, whilst also reducing damage to both the die and tooling.

This type of methodology may aid in improving the reliability of producing bulk anisotropic permanent
magnets via ECAP.

Biography:

Luke Besley is a PhD Candidate at Monash University. Graduating with a Bachelor of Engineering
(honours) and a Bachelor of Arts in 2014, Luke's current research topic is the investigation of
thermomechanicabasedprocessing methods for bulk scale production of nanocomposite permanent
magnetic materials.
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Severe plastic deformation of metals by high pressure sliding using a
three-axis ECAP machine

Dr Roxane Massion?, Dr Cai CHENDr Jean-Jacques FUNDENBERGER?, Prof Laszlo TOTH?, Dr Yajun
ZHAQ?, Viet Vu QUOC!
1LEM 3 Université de Lorraine, Metz, France

The recently SPD technique, High Pressure Sliding, (Fujioka and Horita, Materials Transactions, 50, 2009,
930-933) was adopted on our three-axis ECAP machine for testing different metals. The sample is a 20
mm x 16 mm plate of 1 mm thickness which is sheared parallel to its plane surface by large amount of
shear in a single operation (typically shear of 4) in our T-shape channel three-axis ECAP machine. The
sample is subjected to high pressure normal to its upper surface by a punch while its bottom part is
displaced by the two horizontal punches. The deformation is friction driven, which is provided by the
large pressure induced friction. By moving the sample back and forth, extreme large shear can be
achieved. Testing were carried out on Al, Al alloy, Cu, Mg and Inconel 625 samples. The microstructure
analyses revealed that the saturation stage of grain refinement can be readily reached with our testing
machine. Results of texture, microstructure, and mechanical properties will be presented and discussed.

Biography:
| am associate professor in LEM3 (Laboratoire d'Etudes des Microstructures et de Meanique des
Materiaux) at University of Lorraine in Metz sir2896.
| received my PhD in 2004 under the guidance of Prof. Laszlo S. TOTH.
| was ceorganizer of the "NanoSDP6" conference in 2014.
My main research activity is:
- in Severe Plastic Deformation processes (ECAP, HPTT, HPT, HPS) on bulk materials and powder
- mechanical properties
- study of the evolution of textures and microstructures
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Evolution behavior of y—AI3.5FeSi in Mg melt and a separation method
of Fe from the intermetallic phase

Dr Tong Gah Zenggiang Li?, Yaoxian Zhang?, Xiangfa Liu®
1Key Laboratory for Liqui@olid Structural Evolution and Processing of Materials, Ministry of Educ@kiangdong
University, Jinan, China

The recycling of high Fe—content Al-Si alloys is a green industry. Eliminating the harmful effect of Fe,
achieving the separation of Al and Fe is one of the key problems. Different from traditional methods for
iron—removal, a novel method using magnesium melt to separate Al and Fe is proposed. By introducing
Al-14Si-5Fe alloy into Mg melt, it was found that the y—Al3.5FeSi phase evolves to Al3SiFe3.5 and
Al5Fe2 through the melting and solidification process. Compared with the primary Al-rich y—AI3.5FeSi
phase, the formation of Fe—rich AlI3SiFe3.5 is quite beneficial for the separation of Al and Fe. Mg—Si—Al
alloy was obtained by cooling the top of the melt while Mg—Si—Fe alloy formed at the bottom. The
results in this study provide meaningful suggestions for recycling scrap Al-Si—Fe materials.

Biography:

Tong Gao researches on the melting technolagjgrostructure control, novel alloy design of Al and Mg
materials. In the past years, he focused on developing new piston alloys;Si€&iposites, AIN/Mg
composites, etc. He has published 30 papers in ACS Applied Materials & Interfaces, JourgialafdAll
Compounds, Materials Science and Engineering A etc.
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Wear properties of an Al-Cu hybrid material processed by high-pressure
torsion

Mr Daekuen Hah Mr Jae-Kyung Han?, A.Prof Byungmin Ahn?, A.Prof Megumi Kawasaki?, Prof Terence
Langdon3

Hanyang Univesity, SEOUL, REPUBLIC OF KOREA

2Ajou Universit, Seoul, Republic South Korea

SUniversity of Southampton, Southampton, U.K

High-pressure torsion (HPT) is one of the most attractive severe plastic deformation (SPD) techniques for
achieving significant grain refinement in bulk solids at ambient temperature. It is well known that
materials with small grain sizes exhibit exceptional hardness. Moreover, wear resistance of metal solids
is generally proportional to hardness. Accordingly, the improvement in wear resistance with changes in
microstructure was studied using an Al-Cu hybrid system which was synthesized through the application
of HPT. In practice, two commercial metal disks of pure copper and an Al-1050 alloy were processed by
HPT at room temperature under a compressive pressure of 6.0 GPa with increasing numbers of HPT
turns up to 60. Microstructure and the phase compositions were analyzed by transmission electron
microscopy and an X-ray diffraction technique, respectively. Wear properties were investigated by using
a sliding test facility through measuring the friction coefficients and evaluating the worn surfaces under
a dry sliding condition. Specifically, the wear coefficients were calculated using the Archard equation
and the worn surface morphology was analyzed using an optical interferometer and scanning electron
microscope. This study shows that the intermetallic compounds formed during processing improve the
wear properties.

Biography:

Daekuen Han is currently a 2nd year student in his Ph.D. degree program in Materials Science &
Engineering at Hanyang University, Korea. His research interests involve in the area of the synthesis and
characterization of mechanical properties in numbers of UFG and nanostructured hybrid materials
processed by HPT.
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The effect of repetitive corrugation and straightening by rolling (RCSR)
process on microstructure and mechanical behavior of AISI 316L
austenitic Stainless steel

Dr Hamid Reza JafaridrMir shahriar Hashemipour?
lindependenttehran, Iran
2Iran Univesity of Science and Technologyan

A sheet of austenitic stainless steel (316L) was processed by novel technique of severe plastic
deformation repetitive corrugation and straightening by rolling (RCSR) at room temperature.

For phase mapping and microstructure characterization, X-ray Diffraction and Electron Backscattered
Diffraction (EBSD) were used. The result proved that during RCSR process metastable austenite
transformed to e-martensite in the early step and eventually changed to a’-martensite.

Mechanical Properties Investigated by Uniaxial Tensile test and microstructure test performed to
measure increase of strength. Tensile test showed taht the yield stress increases from 343 to 902 Mpa
and the micro hardness on cross section of the specimens increased from 190HV to 340HV by 40-cycle
of RCSR.

Biography:
born on 9 aug 1987, Msc student of Iran University of Science and Technology.currently working on
effect of severe plastic deformation on microstructure and mechapétevior of stainless steels
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Deformation behavior of Nb nanowires in TiNiCu shape memory alloy
matrix

A/Prof Dagiang JiangProf Lishan Cui', Prof Yinong Liu?
IChina Uniersity of Petroleum, Beijin@hina
°The Uiiversity of Western Australi®ustralia

An in-situ nanowire Nb/TiNiCu composite is fabricated based on the concept of strain under-matching
between a phase transforming matrix and high strength nanomaterials. The deformation behavior of the
Nb nanowire was investigated by means of in-situ synchrotron X-ray diffraction when the TiNiCu matrix
underwent different deformation modes. The maximum lattice strain of the Nb nanowires was about 5%
when the matrix deformed via martensitic transformation or 1% when deforming plastically by
dislocation slip. The Nb nanowires showed a lattice strain of 3.5% when the matrix deformed in the
mixed mode of plastic deformation and martensitic transformation, which means that the occurrence of
plastic deformation does not impede load transfer from the matrix to the nanowires.

Biography:

China University of Petroleum, Beijin@.E. 9.19996.2003
China University of Petroleum, Beijiné?hD. 9.200%.2009
The Uniersity of Western Australia RA 2@D46

Research experiences

(1) Smart irsitu metal matrixnano composites.

(2) Shape memory alloys.

(3) Electron Microscopy and Microanalysis Laboratory for Energy Materials.
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Improving hydro-formability of stainless steel tubes by tube channel
pressing

Mr. Yuki Kitand, Prof. Hiroyuki Miyamoto?, Prof. Motohiro Yuasa?, Prof. Mohammad Farshidi?
1Graduate School of Science and Engineering, Doshisha University, Kyethindapa

2Department of Mechanical Engineering, Doshishivé&lsity, Kyotanabshi, Japan

3Department of Materials Engineeringerdowsi University of Mashhad, Mashhad, Iran

Ferritic stainless steel has high corrosion resistance, heat resistance and press workability. However,
rimple-like defects which is the so-called ridging appear parallel to rolling direction when the materials
are subjected to hydro-forming. The ridging deteriorates formability and surface appearance, and
therefore limit its application. Ridging is caused by plastic anisotropy of the so-called colony with similar
crystallographic orientations and is a feature of ferritic stainless steel. Therefore, it is important to
promote recrystallization and randomize the texture to alleviate ridging. In our previous study, we
demonstrated that the ridging can be alleviated and the formability is enhanced in ferritic stainless steel
sheets by ECAP, which is one of severe plastic deformation (SPD). In this study, we applied the similar
approach modified for the tubes, which is called tube channel pressing (TCP). It was demonstrated that
the formability of the tubes for hydroforming is improved by deleting ridging and controlling crystal
orientation.
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Microstructure, accumulated strain and mechanical behavior of AA6061
Al alloy severely deformed at cryogenic temperatures

PhD Student Danielle Magalh3es?, ProfessorAndrea Kliaug§ Prof. Dr. Maurizio Ferrante?, Prof. Dr Vitor
Sordi?
lUniversidade Federal de Sao Carlbaterials Engineering Department, Sdo Carlos, Brazil

The combination of Severe Plastic Deformation (SPD) and cryogenic temperatures can be an efficient
way to obtain metals and alloys with very refined microstructure and thus optimize the strength-
ductility pair. However, there is still a lack of studies on cryogenic SPD process and their effects on
microstructure and mechanical properties, especially in precipitation-hardenable aluminum alloys. This
study describes the effect of low temperature processing on microstructure, aging kinetic and tensile
properties of AA6061 Al alloy after cryo-SPD. Samples of AA6061 Al alloy in the solutionized state was
processed by Equal-channel angular presssing (ECAP) at 77 K and 298 K, up to accumulate true strains up
to 4.2. Results indicated that the aging kinetic is accelerated and the microstructure is more refined
when deformation is performed at cryogenic temperature, dislocation density measurement by x-ray
and diffraction analysis at TEM achieved a saturation level of 2x 10717 m-2 by ECAP at 298K and
5x10715 m-2 after cryogenic ECAP plus precipitation hardening. The same level of yield strength was
observed in both deformation procedures but an improvement in uniform elongation was achieved by
cryogenic ECAP followed by a T6 treatment.

Biography:

Graduated as metalurgical enginner at Sao Paulo University USP in 1989, obtained the master's degree
at the samanstitution in 1991 and the Ph.D at the Materials Institut from the Ruhr Universitat Bochum
in1997. Has experience on the structural characterization of metals and alloys. Fields of interest are
difusion bonding, sensolid processing severe plastic defation and texture analysis. Since 2009
professot at the Federal University of Sdo Carlos
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Cryomilled and spark plasma sintered titanium: the evolution of
microstructure

Mr  J i I losefiStoagky?, Pekr Harcubal, Hanka Becker?, Ilja Ibragimov?, Milo Janecéek!
ICharles University, Department of Physics ofdvlals, Prague, Czech Republic
°TU Bergakademie Freiberg, Freiberg, Germany

Bulk ultra-fine grained commercially pure Ti was prepared via cryogenic milling technique in liquid argon
and subsequent spark plasma sintering (SPS). During cryogenic milling, individual powder particles are
repetitively intensively deformed by attrition forces. Powder particles were not significantly refined, but
due to intensive repetitive plastic deformation, ultra-fine grained microstructure emerges within each
powder particle. Cryogenic milling can be therefore considered as a specific SPD method.

Compactization of cryomilled powder by SPS technique (also known as field assisted sintering technique
— FAST) requires significantly lower sintering temperatures and shorter sintering times for successful
compaction when compared to any other sintering technique. This is crucial for maintaining UFG
microstructure due to its limited thermal stability.

Several specimens were prepared by varying processing parameters, namely sintering temperature.
Microstructure of powders and compacted samples was observed by SEM. Increased sintering
temperature results in recovery and grain growth. A trade-off relationship between density of
compacted material and grain size was identified. Microhardness of the material was found to depend
on residual porosity rather than grain size.

This contribution presents cryogenic milling and spark plasma sintering as a viable alternative for
achieving UFG microstructure in commercially pure Ti.

Biography:
Master's student of Physics of Materials at Faculty of Mathematics and Physics, Charles University.
Scientific activities: titanium and its alloys, powder metallurgy, i8Phods.
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Microstructural evolution and mechanical improvement of AZ31 bulk
rod via multi-pass caliber-rolling process

Prof Taekyung LeéeDr Jeong Hun Lee?, Prof Sung Hyuk Park?, Prof Chong Soo Lee*
IKumamdo University, Kumamoto, Japan

2Korealnstitute of Industrial Technology (IEKTH), Ulsan, Republic of Korea

SKyungpook National Univsity, Daegu, Republic of Korea

4Pohang University of Science and Technology (POSTECH), Pohang, Republic of Korea

Mg alloys have attracted many interests for lightweight structural applications nowadays. A number of
studies have been performed to overcome the low mechanical strength of Mg alloys that limits their
wider industrial uses. In this work, we applied a multi-pass caliber-rolling process to AZ31 Mg alloy in
order to manufacture fine-grained bulk metallic rods with improved mechanical strength. The changes
in grain structure, texture, and tensile properties were tracked with the increasing number of caliber-
rolling passes. In contrast to typical severe plastic deformation processes, the present caliber-rolling did
not accompany the loss of ductility; some samples even achieved simultaneous strength-ductility
improvement compared to the as-received AZ31 alloy. The final material after the 8-pass deformation
was fabricated in the form of bulk rod with ~1 m length exhibiting the doubled strength with nearly
preserved elongation in comparison to its counterpart. Such mechanical improvements were
interpreted in terms of texture change, dynamic recovery, and grain-boundary sliding.

Biography:

Dr. Taekyung Lee received a Ph.D. degree from POSTECH, Korea in 2014 with the thesisadiecaliber
Ti alloys. He then worked in Center for Advanced Aerospace Materials, Korea and Northwestern
University, USA as a postrdoral researcher. In 2016, Dr. Lee became an assistant professor in
Kumamoto University, Japan, and started research projects related to ultgafimeed Mg alloys.
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Low temperature stable 6’-Al2Cu obtained at aluminium-copper
bimetallic interface via severe plastic deformation

Mr Zheng LY Mr Hao Yuan?, Mr. Kui Lin?, Prof. Jing Tao Wang?
INanjing University of Scienaad Technology, Nanjing, China
’Herbert Gleiter Institut@f Nanoscience, Nanjing, China

Al/Cu hybrids were prepared by tube high-pressure shearing (t-HPS) using the ABAB type Al/Cu
bimetallic tube at ambient temperature under a pressure of 4 GPa. Layered even interlocking structures
with complex nature are visible, providing a detailed statement about the complexity of the practical
deformation during t-HPS processing. High-resolution transmission electron microscopy confirms the
formation of an intermetallic phase 6’ Al2Cu at Al/Cu interfaces. In Al alloys with supersaturated solute
atoms of Cu, 8’-Al2Cu is a well-known precursory intermediate phase that forms as part of the classic
decomposition sequence. But, to date, no reports have been published on the formation of 6’ phase at
Al/Cu interfaces. Here we investigated, for the first time, the morphology and lattice structure of it. The
formation of 6’ phase at Al/Cu interfaces is quite different from the thermal diffusion controlled
processing, during which five most possible equilibrium IMCs, predicted by the equilibrium Al-Cu phase
diagram, such as Al2Cu (8), AlCu (n2), Al3Cu4 (22), Al2Cu3 (6) and Al4Cu9 (y2) phases could be generated
between Al and Cu. The effect of deformation on the solid-state phase transition and the accelerated
atomic mixing under severe plastic deformation at low homologous temperature were discussed.

Biography:
Zheng Li, Doctoral student in College of Materials Science and Engineering, Nanjing University of Science
and Technology
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Influence of nano-scale oxide layer on sintering and mechanical
properties of Ti binary alloy powders by pulsed current activated
sintering

JaeWon Lim!, N.W Lim?, J.M Oh?
IDivision of Advanced Materials Engineering and Research Center for Advanced Materials Development, Chonbuk
National University

The maximum solubility of oxygen is approximately 33 at.% in titanium and dissolved oxygen largely
affects the physical, mechanical and electrical properties of titanium. Thus, there have been active
researches on reducing the oxygen in titanium. In effort to overcome the limitation in deoxidation above
the melting point of Ca in the DeOxidation in Solid State (DOSS) process, a new non-contact deoxidation
pot was developed to maximize the deoxidation effect and to obtain low oxygen Ti powder with < 1000
ppm. Moreover, we tried to investigate the influence of nano-scale oxide layer on the sintering and
mechanical properties of Ti binary alloy powders with a different oxide layer. The surface oxide layer of
the deoxidized Ti-30Ni alloy powder reduced to 6.2 nm from 18 nm of the raw powder after the
deoxidation. On the other hand, the oxide layer of the deoxidized Ti-20V alloy powder decreased to 3.8
nm from 7 nm of the raw powder. Detailed results concerning the effect of nano-scale oxide layer on
sintering and mechanical properties of the Ti binary alloy powders by pulsed current activated sintering
will be announced at the conference.

Keywords: Titanium, Sintering, Deoxidation, Oxygen removal
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Elucidation of the mechanism of strength-ductility enhancement by Mn
in 0.1C-2Si-5%Mn fresh martensite steel with synchrotron radiation

Mr Akihiro Maeda
LUniversity of Hyogo, the Graduate School of Engineering, Japan

It is very difficult to emerge a steel which has an excellent total balance of high strength, high ductility
with both uniform elongation and local elongation, and high toughness (Charpy impact energy). That is
because these properties are in the trade-off relation. Tensile strength (TS) increases, total elongation
(TE) decreases. Therefore, TSXTE =20000MPa% is said to be limit of the balance. Development of the
steel with TSXTE>30000MPa% is a common target for researchers in the field.

Quenching process is very simple but effective process for obtaining ultrafine or nanosized
microstructure. As-quenched martensite is one of the finest microstructure among SPD processed
materials. Especially, as- quenched martensite of 0.1%C-2%Si-5%Mn steel have a very fine
microstructure with fine block widths and high dislocation density. A high tensile strength of more than
1400MPa and a high total elongation of 15% were obtained in this material. However, the mechanism
of the excellent tensile strength and ductility balance is not clarified. To investigate the mechanism,
transformation behavior and work hardening behavior were examined by synchrotron radiation.

Biography:

| am Akihiro Maeda from Japan.

| received a bachelor's degree in material engineering from University of Hyogo in 2016.
| am currently a student of the master's program of the University of Hyogo.

| am studying the next generation autona steel sheet.
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Effect of Ca on microstructure and mechanical properties of the Mg-Zn-
Ca alloys processed by high pressure torsion

Dr. Olga Kulyasova®?, Dr.Sci. Rinat IslamgaliévDr.Sci. Ruslan Valiev*?
IUfa State Aviation Ténicall Yy A 9SNEAGE&E | FI £ _omm vy
2Saint Petersburg State University, Saint Petersburg, Russian Federation

There is a great interest for medical applications of magnesium and its alloys, since they possess a
number of advantages in comparison to other materials. In particular, magnesium is a biodegradable
material and has an elastic modulus close to that of bone. In addition, magnesium as a chemical element
is vital for the human body. In this connection, the microstructure and mechanical properties of the Mg-
1Zn-XCa alloys processed by HPT have been investigated in this work using transition electron
microscopy, microhardness measurements and tensile tests. Special attention was paid to study of grain
size and formation of fine particles in the HPT samples with various content of Ca from 0,005% to 0,2%.
Correlation between microstructural features and mechanical properties of ultrafine grained Mg-1Zn-
XCa is discussed.

Biography:

Aug. 1995 —Jul. 2001  Ufa State Aviation Technical University, Ufa, Russia - Master degree;

Oct. 2001 — Nov. 2004 Institute of Physics of Advanced Materials, Ufa State Aviation Technical
University, Ufa, Russia - PhD Student;

Aug. 2000 — present Institute of Physics of Advanced Materials, Ufa State Aviation Technical University,
Ufa, Russia

Senior researcher since Feb. 2014
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Twin-twin interaction induced localized solid-state amorphization in
FeCoCrNi high-entropy alloy

Miss Wengian Wu?, Associate Professor Song Ni*, Professor Yong Liu*, Professor Min Song
ICentral Souttuniversity, Changsha, China

We report for the first time the localized solid-state amorphization in a thermally stable FeCoCrNi high-
entropy alloy induced by high-pressure torsion. The amorphous phase nucleated and grew at twin-twin
interacted regions, while its expansion was restricted by the interacted twin boundaries. We show direct
experimental evidence that the amorphization in FeCoCrNi high-entropy alloy was driven from the
defects accumulation under high pressure and shear stress. These observations provide new insight into
the twin-twin interaction and deformation mechanism of high-entropy alloy.

Biography:

Min Song joined the Faculty of the Powder Metallurgy Research Institute at Central South University in
2005. Song has published about Z@{pers and has given more than 50 presentations at conferences,
universities and to industry. His research interests include mechanical behavior of bulk nanomaterials,
metal matrix composites and higgntropy alloys.
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Altered ageing behavior of a nanostructured Mg-8.2Gd-3.8Y-1.0Zn-
0.4Zr alloy processed by high pressure torsion

Miss Wanting Sub Mr XiaoGuang Qiao*, Mr MingYi Zheng?, Mr Nong Gao?, Mr Marco J. Starink?
IHarbin Institute of Technologiarbin, China
2University of Southamptg SouthamptonUnited Kingdom

In this study, the ageing behavior of nanostructured Mg-8.2Gd-3.8Y-1.0Zn-0.4Zr (wt%) supersaturated
solid solution produced by solution treatment followed by high pressure torsion (HPT) was
systematically investigated. The HPT-deformed Mg-Gd-Y-Zn-Zr alloy exhibited an ageing response that
produced a higher peak-aged hardness at lower temperature and shorter ageing time as compared to
the alloy aged after conventional thermomechanical processing. The main structure causing hardening
for peak-aged samples were segregations of solute atoms formed along grain boundaries, rather than
the B’ phase precipitates formed in conventionally processed Mg-Gd-Y-Zn-Zr alloy sample. This was
attributed to the numerous grain boundaries and high defects density introduced by HPT, leading to
enhanced diffusion of solutes. The formation of solute segregations also acted as nanostructure
stabilizer by controlling the grain growth. This work provides a new understanding of ageing behavior in
nanostructured Mg alloys.

Biography:

Wanting Sun is a PHD student in Harbin Institute of Technology. Her research work focused on HPT of
LPS&ontaining MgRE alloys, which is very important to develop ultrahigh strength Mg alloys by
through microstructure combl.

zhenghe@hit.edu.cn

Tel.: +86 451 86402291
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The new plastic flow machining process

Mr Viet Q VU, Laszlo S. Toth?, Cai Chen!?, Yan Beygelzimer?, Jean-Jacques Fundenberger!, Roman
Kulagin?
ILem3Laboratory, Lorraine University, Metz, France, Metz, France

Plastic Flow Machining (PFM) is a new SPD process patented in Metz, France in 2015. In this process
metal sheets or strips can be produced by separating the top layer part of a bulk workpiece via lateral
extrusion driven by locally high hydrostatic pressure at an intersection of two extrusion channels. The
sheet or strip products present fine grain structures and good formability due to the high imposed shear
strain. The process was applied on Al 1050 bulk metal at laboratory scale to produce sheets. High shear
strain and simple shear textures were found in the produced sheets with the shear plane close to the
plane of the sheet. Such textures are favorable to improve the formability of metallic sheets, especially
of aluminum alloys that exhibit low Lankford values.

Biography:
Viet Q. VU is undertaking his PhD study in the fied of Severe Plastic Deformation (SPD) under the
supervision of Professor Laszlo TOTH at Lem3 laboratory, Lorraine YniMes, France.
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Deformation and recrystallization behavior of super high-purity
niobium for SRF cavity

Mr Yuta Yamaguchi Mr Hayato Doryo?, Prof. Motohiro Yuasa?, Prof. Hiroyuki Miyamoto?, Prof. Masashi

Yamanaka?®

! Graduate School of Sciende andjieeering, Doshisha Universitiapan
’Department of Mechanical Eirgeering, Doshisha Universitigpan

SMechanical Engineering Center, High AccelarR@search Organization(KEK)pan

Pure niobium exhibits ductility as high as pure iron but insufficient formability for bulging formation to
fabrication of superconducting radio frequency (SRF) cavities. This is partially due to the deformation
microstructure and texture of pure niobium. Thus, we investigated the texture formation of super high-
purity niobium after the cold rolling and annealing. The hardening rate of pure niobium was lower
compared with that of pure iron. Furthermore, in post-deformation annealing, the hardness of niobium
decreased monotonously with an increase of temperature, and the typical sharp drop by
recrystallization was not evident. This softening behavior was contrasted with the high-purity iron. It is
suggested that niobium exhibit the so-called in-situ recrystallization possibly because of low elastic
modulus and low accumulative plastic strain energy in spite of high melting temperature. Equal-channel
angular pressing (ECAP) was proposed as a method to introduce plastic strain energy and enhance the
recrystallization and resulting texture preferable for hydroforming.
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Microstructure and deformation behavior of Fe nanoparticle reinforced
CuZnAl composite

A/Prof Feng YangProf Lishan Cuit
IChina University of PetroleuBeijing, Beijng, China

A Fe particle reinforced CuZnAl composite was prepared by means of friction stir processing and wire
drawing. The microstructure of composite was studied by using of SEM, TEM and XRD. Reinforcing effect
of the Fe particle and deformation behavior in the composite were investigated by means of in-situ
synchrotron X-ray diffraction. The maximum elastic strain of the Fe particle achieved was 0.7%, implying
a component stress of 140 MPa on the particles. The Fe particles, with a volume fraction of 10%, carried
30% of stress fraction during tensile deformation.

Biography:
Associate Professor, Department of Materials Science and Engineering, China University of Petroleum
Beijing.
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Micro-alloying induced simultaneous high thermal stability and
hardness in ultra-fine grained copper alloy

Mr Jing Hao Wang?, A/Prof Yao Jiantj Pro Jing Tao Wang?
INanjing University of Science and Technology, Nanjing, China

To improve the thermal stability of ultra-fine grained (UFG) pure copper, zirconium micro-alloying was
proposed in present work. The effect of micro-alloying on the microstructure refinement during equal
channel angular pressing (ECAP) was investigated by EBSD. At the same time, the corresponding
mechanical properties, thermal stability were characterized by tensile, micro-hardness and isothermal
heat treatment, respectively. The zirconium micro-alloying exhibited little influence on the deformation
mechanism and microstructure refinement during ECAP, as the grain size was about 570 nm after ECAP
8 passes as well as no obvoius deformation twinning. The microstructure characterization also showed
high thermal stability without recrystallization even after annealed at 4000C for 1 h. However, the
micro-hardness was increased from 130 HV to 160 HV, indicating the aging hardening during the
subsequent isothermal heat treatment. Furthermore, the results demonstrated that superior electrical
conductivity (90%ICAS) of the UFG Zr micro-alloyed copper was achieved.

Biography:
Yao Jiang and Jing Tao Wasdgtie correspondinguthors for this research paper.



