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BNM-2019 oral session: New trends in nanoSPD processing
Chairmen: M. Zehetbauer & M. Alymov
Conference Hall 1

09.30-09.40

Welcome speech of a representative of the hosting University

09.40-10.00

Key-note report
Recent findings on paradoxes of severe plastic deformation
R.Z. Valiev a,b,1
a

Ufa State Aviation Technical University, 12 K. Marx street, Ufa, 450008 Russia
Saint Petersburg State University, Universitetskiy prospekt 28, Peterhof, St. Petersburg, 198504,
Russia
b

1

ruslan.valiev@ugatu.su

Recent studies in processing of metallic materials by severe plastic deformation (SPD) techniques clearly showed that intelligent
nanostructuring can result in their paradoxical properties that usually are not typical for the materials subjected to conventional
thermomechanical treatment. Such paradoxes constitute the combinations of high strength and ductility, demonstration of high
strength and electrical conductivity, increased thermal stability and other. Herein, unusual combinations of mechanical and
functional properties are reported following recent results and findings on a number of metallic materials processed by SPD as well
as the physical mechanisms that are key to their origin associated with various nanostructured features from grain refinement to
nanoscale and phase transformation. High innovation potential for application of these multifunctional materials in engineering and
medicine is considered and discussed.
Acknowledgment: This research was supported by the Ministry of Science and Higher Education of the Russian Federation under
grant agreement No. 14.586.21.0061 (unique project identifier RFMEFI58618X0061).

10.00-10.20

Key-note report
Nanoglasses and cluster-assembled glasses
H. Hahn a,b,1
a

Institute of Nanotechnology, Karlsruhe Institute of Technology, Germany
Herbert Gleiter Institute of Nanotechnology, Nanjing University of Science and Technology,
China
b

1

horst.hahn@kit.edu

Metallic glasses are typically prepared using rapid quenching from the molten state, by a variety of different techniques. Recently,
alternative routes to amorphous metallic alloys have been developed, leading to alternative structures and different mechanical and
functional properties. In particular, the room temperature compaction of amorphous nanoparticles in the size range of 10 nm has
been shown to yield metallic glasses with internal nanostructures on the length scale of the primary particle size. In addition, using
even smaller alloy clusters containing only a few hundred atoms each, it has been shown that their energetic impact onto an
appropriate substrate can also yield amorphous structures. The atomic structure and the resulting properties will be presented.
Acknowledgment: The author is grateful to the financial support by the Deutsche Forschungsgemeinschaft.

10.20-10.40

Key-note report
Recent progress in improving properties and processing of
functional materials by SPD
M.J. Zehetbauer a,1, G. Rogl a,b,c,2, P. Rogl b,c,3, P. Cengeri a,4, G.
Krexner d,5, A. Ojdanic a,6, J. Horky e,7, D. Orlov f,g,8, E. Schafler a,9
a

Physics of Nanostructured Materials, Faculty of Physics, University of Vienna, Boltzmanngasse
5, A-1090 Wien, Austria
b
Institute of Materials Chemistry, Faculty of Chemistry, University of Vienna, Währingerstr. 42,
A-1090 Wien, Austria
c
Christian Doppler Laboratory for Thermoelectricity, Wien, Austria
d
Physics of Functional Materials, Faculty of Physics, University of Vienna, Boltzmanngasse 5,
A-1090 Wien, Austria
e
Biomedical Systems, Center for Health & Bioresources, AIT Austrian Institute of Technology
GmbH, Viktor Kaplan Strasse 2, A-2700 Wr. Neustadt, Austria
f
Division of Materials Engineering, Department of Mechanical Engineering, LTH, Lund
University, P.O. Box 118, SE-221 00 Lund, Sweden
g
Materials Research Laboratory, University of Nova Gorica, Vipavska 11c, SI-5270 Ajdovšcina,
Slovenia
1

michael.zehetbauer@univie.ac.at, 2gerda.rogl@univie.ac.at, 3peter.franz.rogl@univie.ac.at,
peter.cengeri@univie.ac.at, 5gerhard.krexner@univie.ac.at, 6andrea.ojdanic@univie.ac.at
7
jelena.horky@ait.ac.at, 8dmytro.orlov@material.lth.se, 9erhard.schafler@univie.ac.at
4

In the last two years, our groups could significantly increase the potential of SPD-processing to enhance the properties of functional
materials: (i) The outstanding SPD-induced increases of thermoelectric efficiency in p- and n-type skutterudites could be approached
by direct hot SPD-processing from powder materials, thus making SPD a realistic tool for an economic production of thermoelectric
moduls, (ii) our findings that special SPD-induced lattice defects act as stabile nuclei for a highly reproducible hydrid formation in
Mg-alloys were confirmed by experiments with FSP (friction stir processing) which implied not too high deformation degrees but
strong strain gradients; (iii) very remarkable successes were reached by us in achieving biodegradable low-alloyed Mg- compounds
with either directly or indirectly SPD- plus heat-generated lattice defects. These mainly included vacancy agglomerates and special
precipitates, which both provide tunable increases in strength and ductility on the one hand, but not decrease the corrosion resistance
on the other hand, as this occurred with higher alloyed Mg-compounds in the past.
Acknowledgment: This work has been partially supported by projects J2-7157 of the Slovenian Research Agency ARRS, and
I2815-N36 of the Austrian Science Fund FWF.

10.40-11.00

Key-note report
Upscaling severe plastic deformation process under high pressure
Z. Horita a,b,1, Y. Takizawa c,2, Y. Tang a,b,3, T. Masuda a,b,4
a

Department of Materials Science and Engineering, Faculty of Engineering, Kyushu University,
Fukuoka 819-0395 Japan
b
WPI, International Institute for Carbon-Neutral Energy Research (WPI-I2CNER), Kyushu
University, Fukuoka 819-0395, Japan
c
Technology Department, Nagano Forging Co., Ltd, Nagano 380-0003, Japan
1

zenjihorita@gmail.com, 2ytakizawa@nsc-com.co.jp, 3tayopeng@gmail.com,
takahiromasuda0520@gmail.com

4

High-pressure torsion (HPT) and high-pressure sliding (HPS) are typical SPD processes under high pressure for significant grain
refinement. Whereas the HPT process uses a disk or ring for samples, the HPS process for a sheet, pipe, or rod. For both processes,
it is important to up-scale the sample size for practical application. This presentation shows how to achieve the upscaling of the
sample dimensions without increasing the machine capacity. We introduce an incremental feeding technique to the conventional
HPT and HPS processes, which we then call the incremental feeding HPT (IF-HPT) and the incremental feeding HPS (IF-HPS).
These processes were applied to a Ni-based superalloy (Inconel 718), a Ti-6Al-7Nb alloy (F1295), and some aluminum alloys.

11.00-11.30

Coffee-break and a photo session

11.30-11.50

Key-note report
Powder porous nanomaterials
M.I. Alymov a,1, V.A. Zelenskii
Seplyarskii a,4

b,2

, A.B. Ankudinov

b,3

, B.S.

a

Merzhanov Institute of Structural Macrokinetics and Materials Science of the Russian Academy
of Sciences (ISMAN), Chernogolovka, Moscow Region, Russia, 142432
b
Baikov Institute of Metallurgy and Materials Sciences of Russian Academy of Sciences (Baikov
IMET RAS), Leninsky prospect, 49, Moscow, Russia, 119334
1

alymov@ism.ac.ru, 2zelensky55@bk.ru, 3a-58@bk.ru, 4seplb1@mail.ru

Physical and chemical behaviour of synthesis and consolidation of metallic powder nanomaterials are discussed in this article.
Powder metallurgy of nanomaterials includes the manufacture of nanopowders and products from them. Powder nanomaterials and
nanotechnologies make it possible to obtain materials with unique properties: porosity, high hardness, refractoriness, special
tribological, electromagnetic and other properties. Highly porous permeable material based on a nickel nanopowder with a
pronounced hierarchical structure was synthesized for the first time by powder metallurgy methods in sintering–evaporation process,
which contained pores of three spatial scales: macropores, their connecting windows, and interparticle micropores in the walls of
macropores.
Acknowledgment: This work was supported by the Russian Science Foundation (grant number 16-13-00013).

11.50-12.10

Key-note report
Crafting microstructures in magnesium alloy AZ31 via high shear
deformation
T.C. Lowe a,1, C.F. Davis a,2, T. Ungár b,3
a

Colorado School of Mines, Golden, CO 80401 USA
Eötvös University, Budapest, H-1518, POB 32 Hungary

b

1

lowe@mines.edu, 2casdavis@mines.edu, 3ungar@ludens.elte.hu

Expanding applications of lightweight materials has spawned research on enhancing the properties of magnesium alloys. In this
work we explore the microstructures and properties created by isothermal and non-isothermal High Shear Deformation (HSD) via
Equal Channel Angular Pressing-Conform, a high-output method of producing high-strength alloys. Using Mg AZ31 as a model
material we measured the effects of strain path, strain rate, temperature, and alternative processing histories on dislocation density,
dislocation arrangement, activated slip systems, twinning, grain structure, crystallographic texture, and associated tensile properties.
Statistical correlation of the microstructural attributes showed that processing temperature and inter-pass billet rotations have the
most significant effects on evolution of microstructure. This work provides the foundation for selecting processing conditions to
optimize the microstructures of AZ family Mg alloys to achieve high levels of ductility, fatigue strength, fracture toughness, and
corrosion resistance.

12.10-12.30

Invited report
Ultra-severe plastic deformation
K. Edalati a, 1
a

WPI International Institute for Carbon-Neutral Energy Research (WPI-I2CNER), Kyushu
University, Fukuoka, Japan
1

kaveh.edalati@kyudai.jp

Ultra-severe plastic deformation (ultra-SPD) is defined as the SPD processes in which the shear strains over 1,000 are introduced
to a material. The behavior of materials at shear strains over 1,000 has received little attention because of a consensus that the
microstructural evolution saturates to the steady states at shear strains below 100. However, significant changes can still occur at
shear strains in the range of 1,000-100,000, especially for multiphase materials. In this talk, some major findings reported by the
application of ultra-SPD are reviewed. The appearance of new steady-state features, atomic-scale elemental mixing and formation
of new nanostructured phases are the main structural changes. Moreover, the materials processed by ultra-SPD exhibit some unique
properties for ultrahigh strength and high plasticity, room-temperature superplasticity, superconductivity and hydrogen storage.

12.30-14.00

Lunch time

14.00-15.30

BNM-2019 oral session: Grain-boundary engineering of UFG
materials
Chairmen: X. Sauvage & N. Enikeev
Conference Hall 1

14.00-14.20

Invited report
Grain boundary segregation, precipitation and GB sliding in Al:
Ab initio based and atomistic modeling
Yu.N. Gornostyrev a,b,1, L.E. Karkina a,2, I.N. Karkin a,3,
A.R. Kuznetsov a,4
a

Institute of Quantum Materials Science, 5 Konstruktorov Str., Yekaterinburg 620070, Russia
Institute of Metal Physics, Ural Branch RAS, 18, S. Kovalevskaya Str., Yekaterinburg 620108,
Russia
b

1

yug@imp.uran.ru, 2lidiya.karkina@imp.uran.ru, 3ilya@sitis.ru, 4a_kuznetsov@imp.uran.ru

Grain boundary (GB) segregation of alloying elements have a significant effect on many properties of polycrystals, especially in
ultrafine grained (UFG) materials. To reveal the fundamental mechanism of the segregation formation and plastic deformation of
fine grained polycrystalline, interaction between solute atoms (Mg, Si, Zn, Ti) and GB and the sliding in bicrystal of Al have been
investigated by using the large-scale molecular dynamics/Monte Carlo simulations and ab-initio calculations for several typical
symmetric tilt grain boundaries: Σ3(111), Σ5(012), Σ5(013) and Σ11(113). We show that, in agreement with experiment, the Zn
segregation reduces this barrier and promoting GB sliding while Mg increases the resistance for GB sliding.

14.20-14.40

Invited report
Grain refinement by HPS and HPT in a 7449 aluminum alloy:
impact on mechanical behavior and precipitation sequence
A. Duchaussoy a,1, X. Sauvage a,2, A. Deschamps b,3, F. De Geuser b,4,
G. Renou b,5 and Z. Horita c,d,6
Normandie Univ, UNIROUEN, INSA Rouen, CNRS, Groupe de Physique des Matériaux, 76000
Rouen, France
b
Univ. Grenoble Alpes, CNRS, Grenoble INP, SIMaP, F-38000 Grenoble, France
c
WPI, International Institute for Carbon-Neutral Energy Research (I2CNER), Kyushu University,
Fukuoka 819-0395, Japan
d
Department of Materials Science and Engineering, Faculty of Engineering, Kyushu University,
Fukuoka 819-0395, Japan
a

1

amandine.duchaussoy1@univ-rouen.fr, 2xavier.sauvage@univ-rouen.fr,
alexis.deschamps@grenoble-inp.fr, 4frederic.de-geuser@grenoble-inp.fr,
5
gilles.renou@grenoble-inp.fr, 6horita@zaiko.kyushu-u.ac.jp
3

Grain refinement by High Pressure Torsion (HPT) and High Pressure Sliding (HPS) has been carried out in a 7449 aluminum alloy.
Post-processing low temperature annealing treatments were also performed to achieve a good combination of high strength and
reasonable ductility thanks to a combination of grain boundary (Hall-Petch) and precipitate hardening. Microstructures have been
investigated by Transmission Electron Microscopy (TEM) and Atom Probe Tomography (APT), while mechanical properties were
evaluated thanks to hardness measurements and tensile tests. Ultrafine grain (UFG) structures resulting from HPS and HPT are
relatively similar, with grain boundary (GB) segregations of Mg, Zn and Cu, and a small number density of precipitates that have
nucleated during processing. The thermal stability and the precipitation sequence were investigated by Differential Scanning
Calorimetry (DSC) and Small Angle X-ray Scattering (SAXS). In agreement with earlier studies, it was found that precipitation is
shifted to lower temperatures as compared to the coarse grain alloy. Optimization of the post-processing aging treatment gave rise
to a yield stress up to 800 MPa and ductility of the order of 10% for both UFG alloys achieved by HPS or HPT.

14.40-15.00

Invited report
Microstructure and microtexture of FCC metals subjected to
asymmetric rolling
A.P. Zhilyaev a,b,1, Yu. Hailiang c, A.M. Pesin a, G. Nazyrova d,
M. Akimova d
a

Laboratory of Gradient Nanomaterials, Magnitogorsk State Technical University,
Magnitogorsk, 455000 Russia
b
Institute for Metals Superplasticity Problems of Russian Academy of Science, Ufa, 450001
Russia
c
College of Mechanical and Electrical Engineering, Central South University, China
d
College of Engineering, Bashkir State University, Ufa, 450078 Russia
1

alexz@anrb.ru

There is a considerable interest in developing metallic materials with ultrafine grains (UFG), directed towards structural applications
where exceptional mechanical properties are required. It is feasible to fulfill it successfully when processing metals and alloys,
under severe plastic deformation (SPD) techniques. One of the new method is based on generating a high-accumulated deformation
through asymmetric rolling (AR) was developed. The report presents recent results on microstructure and microtexture of FCC pure
metals (aluminum and copper) processed by this method. Comparison with known data on Al and Cu processed by traditional
techniques of severe plastic deformation (high-pressure torsion and equal channel angular pressing) is present.
Acknowledgement: The study was carried out within the framework of the implementation of the Resolution of the Government
of the Russian Federation of April 9, 2010 No. 220 (Contract No. 074-02-2018-329 from May 16, 2018).

15.00-15.15

Oral report
Grain boundary segregation and hardening by annealing of a
nanostructured 316 steel
N. Enikeev a,b,1
a

Ufa State Aviation Technical University, 12 K. Marx St., Ufa, 450008, Russia
Laboratory of Mechanics of Advanced Bulk Nanomaterials for Innovative Engineering
Applications, Saint Petersburg State University, Peterhof, St. Petersburg, 198504, Russia
b

1

nariman.enikeev@ugatu.su

An austenitic stainless steel 316 was nanostructured by high pressure torsion at different temperatures and subsequently annealed
up to 700 °C. It was shown that the refined microstucture with a grain size of about 40-100 nm demonstrated excellent thermal
stability in terms of strength and hardness – a notable decrease of these parameters was observed only after annealing at 650 °C. It
was also demonstrated that, despite increasing of dislocation density, the strength increased with annealing in the temperature range
of about 400-600 °C. This effect is discussed to be linked to formation of grain boundary segregations of alloying elements revealed
in the microstructure of nanostructured steel subjected to high temperature exposure.
Acknowledgment: This study was supported by Saint Petersburg State University via the grant Lot 3 Applied (id:26130576).

15.15-15.30

Oral report
Diffusion of solute atoms near grain boundaries of nanocrystals
Zs. Kovács a,1, Nguyen Q. Chinh a,2
Department of Materials Physics, Eötvös Loránd University, Budapest, P.O.B. 32, H-1518,
Hungary
a

1

kovacszs@metal.elte.hu, 2chinh@metal.elte.hu

On thermal or thermo-mechanical treatments, alloys containing solid solutions often show grain boundary related phenomena like
solute free zones, second phase formation or up-hill diffusion of the solute atoms along the grain boundaries. In this work, a solute
atom diffusion model was constructed based on a dislocation network taking into account stress induced inhomogeneous offset
distribution and grain boundary sliding. Results of the model is applied for different characteristic grain sizes and discussed for

ultra-fine grained alloys. Model based simulations explain irreversible evolution of a grain related residual stress component, solute
atom accumulation and formation of a thin, nearly two dimensional solute layer with variable thickness along grain boundaries.
Acknowledgment: The present research was supported by the Hungarian-Russian Bilateral Research program (TÉT) No. 20172.3.4-TÉT-RU-2017-00005. This work was financed partly by the Ministry of Human Capacities of Hungary within the ELTE
University Excellence program (1783-3/2018/FEKUTSRAT).
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Excursion
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09.00-09.20

Invited report
Diffusive and displacive phase transformations driven by the high
pressure torsion
B.B. Straumal a,b,c,1, A. Mazilkin a,c,2, B. Baretzky c,3,
A. Kilmametov c,2, A. Korneva d,5, P. Zięba d,6
a

Institute of Solid State Physics RAS, Chernogolovka, Russia
National University of Science and Technology «MISIS», Moscow, Russia
c
Karlsruhe Institute of Technology, Institute of Nanotechnology, Eggenstein-Leopoldshafen,
Germany
d
Institute of Metallurgy and Materials Science, Polish Academy of Sciences, 25 Reymonta Street,
30-059 Cracow, Poland
b

1
4

straumal@issp.ac.ru, 2mazilkin@issp.ac.ru, 3Brigitte.baretzky@kit.edu,
Askar.Kilmametov@kit.edu, 5A.korniewa@imim.pl, 6P.Zieba@imim.pl

It has been shown recently that severe plastic deformation (SPD) not only leads to the strong grain refinement and material
strengthening but also can drive the diffusive as well as diffusion-less (displacive) phase transformations. The influence of high
pressure torsion (HPT) on the diffusive and displacive phase transformations in Cu- and Ti-based nanocomposites has been studied.
In diluted Cu-based binary alloys the HPT drives the competition between deformation-driven precipitation and dissolution of
precipitates. The composition of Cu-matrix after HPT is equal to that which can be reached in after long annealing at a certain
temperature Teff. Teff in diluted Cu-based binary alloys increases with increasing activation enthalpy of diffusion of a second
component and its melting temperature Tm. In Cu–Al–Ni shape memory alloys HPT leads to the precipitation of α1-phase in the Alpoor alloy and to the precipitation of γ1-phase in the Al-rich one (as if they were annealed at an effective temperature Teff =
620±20°C). After HPT, both alloys contained mainly β'3 martensite with a certain amount of γ'3 martensite. Thus, the HPT-driven
diffusive transformations (precipitation of α1- and γ1-phase) influence the followed displacive (martensitic) transformation. The Ti–
Fe and Ti–Co alloys contained before HPT either the mixture of α and β phases or the mixture of α-phase and intermetallics (α+TiFe
or α+Ti2Co). During HPT the high-pressure ω-phase formed in all samples. The amount of ω-phase was higher when the initial
samples contained the α+β mixture then in the case of α+TiFe or α+Ti2Co mixture. Most probably, the martensitic β→ω
transformation occurs easier than the α→ω one.
Acknowledgment: The work was supported by the National Science Centre of Poland (grant OPUS, DEC-2017/27/B/ST8/01092),
by the Russian Foundation for Basic Research (grants 16-53-12007 and 18-03-00067), Deutsche Forschungsgemeinschaft (grants
FA999/1, IV 98/5, HA 1344/32, RA 1050/20) and Karlsruhe Nano Micro Facility. B.S. acknowledges the support of Ministry of
Education and Science of the Russian Federation in the framework of the Program to Increase the Competitiveness of NUST
“MISiS”.

09.20-09.40

Invited report
X-ray diffraction in situ studies of stress-induced transformation
mechanism in Ti-Ni shape memory alloy with grain size below 10
nm
S. Dubinskiy a,1, A. Korotitskiy a, V. Sheremetyev a,
A. Konopatsky a, S. Prokoshkin a,2, A. Glezer a, V. Brailovski b
National University of Science and Technology “MISIS”, 4, Leninskiy prosp., Moscow, 119049,
Russia
b
Ecole de technologie superieure, 1100, rue Notre-Dame West, Montreal, H3C 1K3, Canada
a

1

dubinskiy.sm@misis.ru, 2prokoshkin@tmo.misis.ru

It has already been shown that stress-induced transformation of B2-austenite to B19’-martensite in Ti-Ni shape memory alloys keeps
a “discrete” nature down to austenite grain size as small as 8 nm. This work is aimed to extend the previous study to grain sizes
below 8 nm. For this purpose, Ti-50.61 at.%Ni alloy wire was subjected to cold rolling with a true strain of e=1.7 and postdeformation annealing at 300 and 325 oC for 5 min followed by water-cooling. A TEM study showed that after these treatments, a
predominantly nanograined structure with an average grain size of 6 nm (325 oC annealing) and 5 nm (300 oC annealing) forms in
B2-austenite. Tracing the evolution of austenite and martensite X-ray lines across the entire path of stress-induced transformation
(up to 90-95% of the martensite fraction) unambiguously evidences a discrete (jump-like but not continuous) transformation of B2
into B19’ lattice parameters in the austenite with grain size down to 5 nm.

09.40-10.00

Invited report
Strengthening mechanisms and low-temperature superplasticity of
an ultrafine-grained Al-Zn-Mg-Zr alloy
N.Q. Chinh a,1, J. Gubiczaa, J.L. Lábár a,b, Zs. Kovács a,
J. Lendvai a, E.V. Bobruk c, M.Yu. Murashkin c and R.Z. Valiev c
Department of Materials Physics, Eötvös Loránd University, Budapest, P.O.B. 32, H-1518,
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Microstructure and mechanical properties of ultrafine-grained (UFG) Al-4.8%Zn-1.2%Mg-0.14%Zr (wt.%) alloy was studied by
using several methods such as transmission electron microscopy (TEM), X-ray diffraction (XRD), depth-sensing indentation (DSI),
differential scanning calorimetry (DSC), as well as tensile tests. The UFG microstructures were obtained by applying severe plastic
deformation (SPD) in equal channel angular pressing (ECAP) and also in high pressure torsion (HPT). Microstructures having
average grain size of about 260 and 176 nm were obtained by applying ECAP and HPT, respectively at room temperature. The
effect of artificial aging at 120 and 170 oC on the microstructures and hardness of both UFG states was investigated with focus on
the role of grain boundaries. Furthermore, the strength and ductility of the UFG samples were also studied at elevated temperatures.
Experimental results show that the investigated nanostructured AlZnMgZr alloy may have high strength at room temperature and
exhibits low-temperature superplasticity under 170 oC.
Acknowledgment: The present research was supported by the Hungarian-Russian Bilateral Research program (TÉT) No. 20172.3.4-TÉT-RU-2017-00005 (Hungarian group). This work was financed partly by the Ministry of Human Capacities of Hungary
within the ELTE University Excellence program (1783-3/2018/FEKUTSRAT) and by the Ministry of Science and Higher Education
of the Russian Federation under grant agreement No. 14.586.21.0061 (unique project identifier RFMEFI58618X0061) (Russian
group).
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In this work, fundamental aspects of abnormal grain growth, which typically occurs during annealing of friction-stir welded (FSW)
aluminum, were studied. To this end, crystallographic orientations of abnormally-coarse grains were systematically examined.
Statistical analysis showed that those were not random. Specifically, it was found that the abnormal grain growth resulted in
~20o<111> rotation of FSW-induced B/-B {112}<110> texture. Accordingly, the abnormal character of the grain growth was
interpreted in terms of increased mobility of 40o<111> boundaries.
Acknowledgment: The authors would like to acknowledge the financial support from the Russian Science Foundation, grant No.
19-49-02001.
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The electrodes have a crucial role in electrical discharge machining (EDM) performance because it affects geometrical accuracy,
machining efficiency and surface quality of the machined components. The present work proposes a new method for developing
pure copper electrodes processed by equal channel angular pressing (ECAP) and deep cryogenic treatment (DCT) to improve the
machining characteristics during EDM. The electrode wear rate (EWR), surface roughness (Ra), electrode corner wear (ECR) have
been studied. The results show that the electrode subjected to two ECAP passes and DCT (24h) treated can reduce the EWR and
ECR by 28.5% and 47%, respectively. Meanwhile, a relatively good surface quality is achieved after four ECAP passes and DCT
(24h). The performance of pure Cu electrodes by ECAP and DCT during EDM is evaluated and discussed.
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Mo2FeB2 based cermets with various Ni, Cr and C concentrations were prepared. The effect of Ni, Cr and C on the phase composition
and microstructure was investigated by scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDS) and X-ray
diffraction (XRD). Hardness (HRA) and fracture toughness (K1c) were also measured. It was found that nickel alloying leads to
formation of two-phase state represented by Mo2FeB2 boride and austenite. Chromium alloying results in austenite to ferrite
transformation and M23C6 and M6C carbide precipitation in the case of carbon doping. Also, it was found that chromium influences
the borides mean size. Observed changes in the phase composition and microstructure affect the hardness and fracture toughness of
investigated materials.
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The influence of structure-phase features of nanocrystalline and amorphous alloys and electric current modes on the electroplastic
effect under tension is investigated. Grain size refinement up to nanoscale, occurrence of the second phases, and amorphization in
alloys lead to decreases in or the full disappearance of the electroplastic effect. In nanocrystalline alloys with reverse thermoelastic
martensite transformation, the introduction of current pulses suppresses stress jumps downwards induced by the display of
electroplastic effect and causes active stress jumps upwards connected with the shape memory effect.
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A novel technique of severe plastic deformation referred to as rotational free bending was employed to produce gradient fine-grained
microsctructures in Cu and Ti polycrystals. A newly designed die allowing a continuous and repetitive movement of a workpiece
of the cross section of 10x10mm through a set of rollers in a channel bent by 90 degrees was employed to produce a series of billets
after different number of passes resulting in different strain imposed to the billet. Cu specimens were processed at room temperature
while cpTi ones at an elevated temperature of 300°C.
Microstructure evolution in both materials was observed by SEM. EBSD analysis revealed the continuous microstructure
fragmentation and the formation of heterogeneous fine grained structure in the material. Lattice defects, namely the variations in
dislocation density and vacancy concentration with strain imposed to the material by free bending were characterized in detail by
positron annihilation spectroscopy and complemented by X-ray diffraction. Microstructure evolution was correlated with
mechanical properties which were characterized by microhardness distribution along the cross section of individual billets.
Experimental results were compared with theoretical modelling of strain distribution by FEM.
Acknowledgment: Funding by the Ministry of Education Youth and Sports of the Czech Republic (project no. LTARF18010) and
by the Ministry of Science and Higher Education of the Russian Federation (grant agreement No. 14.586.21.0059, unique project
identifier RFMEFI58618X0059) is gratefully acknowledged.
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The scale in nanomechanics (10-10-10-9 m) has a fundamental physical meaning and can be considered as a control parameter when
considering qualitative changes in the properties of polycrystalline materials when the grain structure changes in a wide range of
load intensities. The existence of this parameter can lead to effects beyond the scale, which are traditionally considered in mechanics,
and are accompanied by the influence of quantum effects on the deformation properties and failure of materials. New ideas about

submicro-crystalline and nano-scale structure of materials achieved by the use of high-resolution methods (for example, synchrotron
tomography, soft X-rays, nanoindentation) have led to qualitative changes in approaches to the study and description of the
properties of materials, including biomaterials. This may provide new information on the processes of deformation and fracture at
the micro- and nano-scale level and lead to new approaches in the design and evaluation of the reliability.
Acknowledgment: Research was supported by the Russian Foundation of Basic Research (n.17-01=00867a).
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For the first time CoCrFeMnNi alloys have been processed directly by HPT-driven mechanical alloying of multicomponent mixtures
of elemental powders. The powders were prepared in equimolar proportions, and subsequently subjected to consolidation and HPT
deformation at 5 GPa using imposed shear strains up to equivalent of 100 rotations. Starting from the elemental mixtures, the
microstructure evolved into (FCC+BCC) based solid solutions and eventually to a FCC single phase with grain sizes in the range
of 50 nm. Approximately 5% of precipitates of chromium oxide in the size range of 7–10 nm were formed as well. The combination
of the hardening mechanisms resulted in exceptional values of the hardness of about 6700 MPa. HPT results in accelerated atomic
diffusivity that allows to save both time and energy (lower synthesis temperature) and obtain different types of HEA microstructures
for further studies of stability and mechanical properties.
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The microstructure evolutions of the cast rhenium contain nickel-based superalloy subjected thermomechanical treatment and severe
plastic deformation by high pressure torsion were investigated. Thermomechanical treatment led to formation a fine-grained
structure with γ grain size of about 6 μm and both large precipitates of the  phase with a size of 1-5 μm and dispersed precipitates
with a size of about 0.2 μm. Microstructure of superalloy subjected high pressure torsion on 5 turns was nanocrystalline with partly
dissolved of the dispersed  precipitates. The effect of different kinds of deformation and following annealing on microstructure,
grain boundaries and microhardness changes are also discussed.
Acknowledgment: The reported study was funded by the Russian Foundation for Basic Research according to the research project
№ 18-08-00997-а. Electron microscopic, experimental studies were carried out on the facilities of shared services center of the
Institute for Metals Superplasticity Problems of Russian Academy of Sciences «Structural and Physical-Mechanical Studies of
Materials».
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The mechanism of grain refinement in an Al-Mg-Sc-Zr alloy subjected to equal-channel angular pressing (ECAP) with a back
pressure (BP) for up to 12 passes via route BC at 573K is considered. A specific mechanism of continuous dynamic recrystallization
(CDRX) results in the formation of almost fully recrystallization structure. The main feature of CDRX mechanism is the key role
of deformation banding in the formation of 3D network of low-angle boundaries. Microshear bands (MSB) enclosed by a pair of
geometrically necessary boundaries (GNBs) evolve initially. Upon further deformation the transformation of the MB boundaries to
sub-boundaries occurs through rearrangement of intrinsic dislocation that relieves long-range internal stress fields. Next, the 2D
lamellar structure evolves to 3D crystallites through the intersection of primary MSBs by secondary MSBs. MSBs located along
different {111} planes appear due to sample rotation between ECAP passes. Transformation of sub-boundaries to high-angle
boundaries occurs with a relatively high rate. A new type of shear texture, which is an axial {112} texture of orientation around the
transverse direction evolves. This mechanism of CDRX is operative for initial grains with stable orientations belonging to -fibers,
in which coplanar dislocation slip takes place. No formation of MSBs occurs in initial grains with unstable orientation, in which the
multiple dislocation slip occurs.
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Structure change at cryogenic treatment was studied for amorphous-nanocrystalline Al-based alloys. Amorphous Al-Ni-Y and AlNi-Gd alloys prepared as ribbons (a thickness of 30-50 µm) were preliminary heated or deformed up to formation of partially
crystalline structure. Then the samples were subjected to cryothermocycling in the different temperature range (77 K - RT and 77 373 K), and the structure was studied by X-ray diffraction and transmission electron microscopy. It was found that cryogenic cycling
of partially crystalline samples of Al88Ni6Y6 and Al87Ni8Gd5 alloys leads to a decrease in a nanocrystalline phase fraction. After
cryogenic cycling of partially crystalline Al88Ni6Y6 alloy the amount of the nanocrystalline phase reduces and amorphous structure
can be restored completely after 100 treatment cycles in the temperature range of 77-293 K.
Acknowledgment: The research is carried out within the state task of ISSP.
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Distribution of mechanical properties around the shear bands in cold rolled amorphous Al87Ni8La5 alloy was studied by atomic
force microscopy (PeakForce QNM). The deformation value was 50 %. Numerous shear bands were observed by scanning electron
microscopy in the alloy samples after the rolling. It is shown that nonuniformity of the distribution of local properties arises in the
deformed sample. The inhomogeneities form a system of bands. The thickness of the bands is 10 – 250 nm. Location of the regions
of the low Young’s modulus correlates with location of the shear bands.
Acknowledgment: The research is carried out within the state task of ISSP RAS with the partial support of the RFBR (grant 1903-00355).
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As is well known, one of the most effective methods of severe plastic deformation for the formation of ultrafine-grained (UFG)
structure in metals and alloys is equal channel angular pressing (ECAP). The flow of materials during ECAP is a complex process
that comprises the components of shear and rotation strain. This paper presents a new approach for determining these components
and deformation mechanisms during ECAP and considers their role in the formation of the UFG structure. Using the concept of J.
Lagrange to describe the kinematics of the material particles along the physical trajectories of mass transfer in a deformable
continuum, the proposed formulas allow determining the total deformation and its components depending on the angle of channel
intersection and cross-sectional dimensions of the rods during ECAP. The efficiency of this approach for analyzing the high pressure
torsion as function of the rate of axial and rotation strains of thin disks is shown. The graphs of strain distribution within the cross
section of the samples are presented as well. The calculated results were compared with the available experimental data, overall
indicating a good agreement. The role of non-monotonic and non-stationary modes of deformation during the formation of ultrafine
grains was shown by means of experimental studies of microstructure refinement at large strains. The correlation dependences
between the distribution of deformation components and the size of grain refinement within the cross section of the samples, as well
as the angular misorientations of grain boundaries were revealed. The paper considers the possibilities of increasing the efficiency
of UFG structure formation in metals by using one-pass SPD methods combining shear and rotational deformation mechanisms.
Acknowledgment: The work was supported by the program of fundamental scientific researches of Governement Academy of
Sciences No. AAAA-A17-117041310215-4.
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Enhanced biocompatibility of orthopedic and dental implants can be achieved by the development of smart coatings following
biomimetic approach which implies imitation of mechanical, physical, chemical and biological properties of a human bone. On the

mechanical level, this is achieved by using nanostructured titanium providing unique strength. On the physical level, this is achieved
by the application of an inorganic coating via plasma electrolytic oxidation (PEO) which generates unique titania porous surface
layer and gradually changes the elasticity modulus from the metal to the bone. On the chemical level, this is achieved by the
introduction of biocompatible calcium phosphates into the coating pores thanks to the PEO process mechanism. On the biological
level, this is achieved by the application of peptide organic topcoat that can provide smart signaling sites for the cell attachment in
order to prevent the foreign body reaction. This paper presents the latest results in the development of such coatings for implant
applications.
Acknowledgment: Authors would like to acknowledge the support received from the Russian Science Foundation (RSF), Moscow,
Russia and the Department of Science & Technology (DST), New Delhi, India to carry out this work through the grant No. 19-4902003.
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Plasma electrolytic oxidation (PEO) is a is a relatively new and environmentally friendly process for development of thick and
adherent oxide coating on conventional and nanostructured metallic implant materials. The PEO process involves anodic oxidation
of metals or alloys in aqueous solutions at voltages higher than the breakdown voltage of the oxides present on its surfaces. Currently,
PEO process is gaining increased attention as a novel technique for the fabrication of corrosion resistant, bioactive and functionally
modulated composite coating on commercial pure titanium (Cp-Ti) and Ti based alloys for orthopedic and dental applications. PEO
process coupled with electrophoretic deposition (EPD) technique is used for the fabrication of TiO2/hydroxyapatite (HA) composite
coating on Cp-Ti implant material in a single step. This paper briefly reviews the properties of the coatings produced on Cp-Ti by
PEO and PEO coupled EPD processes.
Acknowledgment: Authors would like to acknowledge the support received from the Department of Science & Technology, New
Delhi, India through grant No DST/INT/RUS/RSF/P-35 dt. 1-7-2019 and the Russian Science Foundation (RSF), Moscow, Russia
through the grant No. 19-49-02003 to carry out this work.
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Plasma electrolytic polishing of medium carbon steel is performed under controlled hydrodynamic conditions with longitudinal
flow of sample with electrolyte. The circulation of the ammonium chloride solution is established to narrow the range of operating
voltages for polishing to 300–325 V. Surface roughness of steel 45 is decreased from Ra 1.0 μm in untreated sample to 0.19 μm
after polishing using 3% ammonium chloride solution (80 С) at 300 V for 5 min under force convection condition. In this case, a
rate of sample weight loss is 0.73 mg/s. No circulation of the ammonium sulphate solution (3%, 70 C) affects the steel surface
roughness which is 0.22 μm after polishing for 5 min with a rate of sample weight loss of 0.67 mg/s.
Acknowledgment: This work was financially supported by the Russian Science Foundation (Contract No. 18-79-10094) to the
Kostroma State University.
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Metastable Ni-free Ti-Zr-based shape memory alloys demonstrate a unique combination of low Young's modulus, superelastic
behavior, which is close to the behavior of bone, and contain only non-toxic elements in their chemical composition.In this study, a
novel combination of radial shear rolling and rotary forging operations at different temperatures was applied to Ti-18Zr-14Nb (at.
%) shape memory alloy with the objective of forming a long-length bar stock for spinal rods fabrication.
Combined hot TMT leads to the formation in the long-length bar stock of a dynamically polygonized substructure of β-phase, with
a homogeneous cross-sectional grain size distribution (d≈34-43 µm). In this structural state, the alloy demonstrates the best
combination of mechanical properties for implant applications: low Young’s modulus (E=41 GPa), superior functional fatigue
behavior and low level of accumulated strain.
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This research considers electrochemical impedance spectroscopy (EIS) results for Mg-1Ca biodegradable alloy, subjected to high
pressure torsion (HPT) providing the alloy nanostructuring. The impedance spectra feature two conjoined semicircles in the upper
half-plane of the complex plots, suggesting presence of two relaxation processes for both the coarse grain (CG) and nanostructured
samples. In the lower half-plane, the EIS spectra for the CG alloy exhibit an inductive response with a positive time constant; this
is well known for Mg alloys corrosion. However, nanostructured Mg-1Ca samples show unusual behaviour of the EIS spectra at the
lowest frequencies. Instead of decreasing, as for the CG samples, the impedance modulus increases, suggesting better corrosion
protection and negative time constant in the inductive response part. This paper presents current understanding of the corrosion
mechanism with respect to the grain size of nanostructured Mg-1Ca alloy for biodegradable implant applications.
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Numerous experimental studies have shown that bulk nanostructured materials (BNMs) processed by severe plastic deformation
(SPD) contain grain boundaries (GBs) with a nonequilibrium structure caused by the absorption of extrinsic grain boundary
dislocations (EGBDs), which play an important role in the properties of these materials. Until now, no results of molecular dynamics
studies of SPD processed BNMs were available. Using a special procedure of initial structure construction and molecular dynamics
simulations, we have studied the atomic structure of columnar nickel nanocrystals with GBs containing EGBDs. Atomic energy
maps are constructed, which show the existence of long-range stress fields in the nanograins typical for nonequilibrium GBs. Studies
of the behavior of nanocrystals under the influence of cyclic tension-compression stresses are carried out, which show that a
relaxation of the nonequilibrium GB structure occurs due to this treatment.
Acknowledgment: This research was supported by the Russian Science Foundation (grant # 16-19-10126)
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The paper presents the results of modeling and physical experiment of free and constrained transverse shear of round specimens of
steel 10 with an accumulated strain of e> 1. The stress-strain state using computer simulation and the degree of imperfection of the
emerging structures by metallographic methods were investigated. The laws governing the interrelation between the parameters
studied and the degree of imperfection of the structure during severe plastic shear deformation are established.
Acknowledgment: This research was supported by the Russian Foundation for Basic Research (Grant No. 17-08-00720/19).

15.55-16.10

Oral report
Multi-pass high-pressure sliding (MP-HPS) for grain refinement
and superplasticity in metallic pipes
Y. Tang a,b,1, K. Matsuda a,2, Y. Takizawa b,3, M. Yumoto b,4,
Y. Otagiri b,5, Z. Horita a,b,6
a

Department of Materials Science and Engineering, Faculty of Engineering, Kyushu University,
Fukuoka 819-0395 Japan
b
WPI, International Institute for Carbon-Neutral Energy Research (WPI-I2CNER), Kyushu
University, Fukuoka 819-0395, Japan
c
Technology Department, Nagano Forging Co., Ltd, Nagano 380-0003, Japan
1
4

tayopeng@gmail.com, 2nakagawa4matu@gmail.com, 3ytakizawa@nsc-com.co.jp,
m_yumoto@nagatan.co.jp, 5y_odagiri@nagatan.co.jp, 6zenjihorita@gmail.com

In this study, the multi-pass HPS (MP-HPS) process was applied for grain refinement of a pipe form of an Al-3wt%Mg-0.2wt%Sc
alloy. To achieve a homogeneous microstructure throughout the cross section of the pipe, the samples are rotated with an angle of
60o or 90o around the longitudinal axis (MP-HPS-R). The pipe after the MP-HPS-R processing exhibited superplasticity with total
elongations well more than 400%. A finite-element method (FEM) was used to simulate the evolution of strain by the MP-HPS-R
processing and demonstrated that the simulation well represents the experimental results.

16.10-16.25

Oral report
Study on the extrusion load during equal channel angular pressing
D. Zhang a,1, Y. Tong a,2, L. Li a,3, Y. Zheng b,4
a

Institute of Materials Processing and Intelligent Manufacturing, College of Materials Science
and Chemical Engineering, Harbin Engineering University, Harbin 150001, China
b
Department of Materials Science and Engineering, College of Engineering, Peking University,
Beijing 100871, China
1
4

zhangdiantao@hrbeu.edu.cn, 2tongyx@hrbeu.edu.cn, 3lili_heu@hrbeu.edu.cn,
yfzheng@pku.edu.cn

The equal channel angular pressing or extrusion technique, ECAP/ECAE, is a severe plastic deformation process employed to
produce bulk ultra-fine grained materials. In this work, the extrusion load for performing the ECAP process is studied. The resistance
includes deformation resistance and frictional resistance during ECAP processing. Base on the slip line method, upper bound
solution and finite element analysis, the formula of extrusion load is proposed. The calculated results of extrusion load are in a good
agreement with the experimentally measured curves. According to the formula, the influencing factors on the extrusion load are the
length of the samples, friction coefficient, geometric parameters of die, yield strength and work hardening coefficient of the
materials.
Acknowledgment: This study was supported by the National Natural Science Foundation of China (51701049) and the Fundamental
Research Funds for the Central Universities (HEUCMF180205).

16.25-16.40

Oral report
Contribution of structural factors to the specific electrical
resistance of nanostructured Cu-Cr-Zr alloys
R.G. Chembarisova a, 1, E.A. Sarkeeva a,b,2, I.V. Alexandrov a,b,3
a

Ufa State Aviation Technical University, Ufa, 450008, Russia
Sino-Russian Joint Laboratory of Functional Nanostructured Materials, Changzhou University,
Changzhou 213164, People's Republic of China
b

1

chroza@yandex.ru, 2sarkeeva.e@inbox.ru, 3igorvalexandrov@yandex.ru

The results of the analysis by the methods of analytical modeling of the specific resistance of the alloy Cu-1.8 wt.% Cr-0.8 wt.% Zr
are presented in order to identify conditions that are characterized by high electrical conductivity. It is shown that the segregation
of particles of secondary phases as a result of equal-channel angular pressing and an increase in their size during subsequent aging
at a temperature of 450 °C for 1 h, the release of small particles of secondary phases during heat treatment, accompanied by a
decrease in the atomic fraction of dissolved alloying atoms in the matrix, as well as a decrease in the misorientation angles and the
dislocation density in this case contribute to the achievement of high values of electrical conductivity.
Acknowledgment: Authors are grateful to be supported by the financial support of the Ministry of Education and Science within
the framework of the project No. 16.1969.2017/4.6.

16.40-16.55

Oral report
Atomic models of mechanical twinning and <110> reorientation
in bcc crystals
I.Yu. Litovchenko a,b,1, A.N. Tyumentsev a,b,2
a

Institute of Strength Physics and Materials Science SB RAS, pr. Akademicheskii, 2/4, Tomsk,
634055, Russia
b
National Research Tomsk State University, pr. Lenina, 36, Tomsk, 634050, Russia
1

litovchenko@spti.tsu.ru, 2tyuments@phys.tsu.ru

Models of deformation twins formation in the bcc lattice by bcc → fcc → bcc transformations with a change in the direction of the
reverse transformation shear to crystallographically equivalent with 60 degrees angle to the original direction and the orientation
relationships of Kurdyumov-Sachs are proposed. With the Nishiyama-Wasserman orientation relationships or the change in the
orientation relationships type during such a transformation, the reorientation vectors have the values θ = (60 or 60 ± 5.23) degrees
<110>. Various mechanisms of twinning and the formation of <110> reorientation bands in bcc metals based on the mechanism of
direct plus reverse transformations with a change in the direction of the reverse transformation shear and uniform deformation are
discussed. The proposed models can be applied to the description of twinning and the formation of high-angle <110> reorientations
in nanocrystals with a bcc lattice.
Acknowledgment: The work was supported by the Russian Science Foundation (Project No. 17-19-01374).

17.00-17.30

Transfer of the participants of the special honorary session to the
session venue

18.00-23.00

BNM-2019: Prof. R.Z. Valiev Honorary Session
Chairman: I. Alexandrov
Banqueting Hall “Gafuri” / Holiday Inn Hotel Ufa

18.00-18.10

Welcome speech of the Organizing Committee

18.10-18.30

Introductory report
In recognition of thirty years of collaboration and research (19892019): a tribute to Ruslan Z. Valiev
T.G. Langdon a,1
a

Materials Research Group, Department of Mechanical Engineering, University of Southampton,
Southampton SO17 1BJ, U.K.
1

langdon@soton.ac.uk

A visit to the Institute for Metals Superplasticity Problems in Ufa in 1989 initiated a cooperation and collaboration with Ruslan
Valiev that has continued for the last thirty years. This collaboration started with fundamental investigations of superplasticity,
such as the demonstration that intragranular slip is necessary to accommodate grain boundary sliding, but later it was extended to
demonstrate that extrinsic dislocations are formed in the non-equilibrium boundaries produced by severe plastic deformation and
the occurrence of high strain rate superplasticity in ultrafine-grained materials. Highlights included the publication of a first
comprehensive review of equal-channel angular pressing (now with more than 3600 citations on Google Scholar) and co-authoring
a textbook (Bulk Nanostructured Materials: Fundamentals and Applications, published by TMS/Wiley in 2014).
Acknowledgment: Preparation of this report was supported by the European Research Council under ERC Grant Agreement No.
267464-SPDMETALS.

18.30-19.00

Break for discussions

19.00-19.20

Invited report
Research of Ruslan Valiev in the field of superplasticity and severe
plastic deformation
G.A. Salishchev a,1
a

Laboratory of Bulk Nanostructured Materials, Belgorod State Research University, 85 Pobeda
Str., Belgorod, 308015, Russia
1

salishchev@bsu.edu.ru

R.Z. Valiev was invited to work at the Ufa State Aviation Technical University (in those years, the Ufa Aviation Institute) in 1974
by Professor O.A. Kaibyshev. In the first years of his work (1974-1985), he was the head of the electron microscopy laboratory at
the Department of General Technology and Metal Science, then the problem research laboratory of the USSR Ministry of Education,
then the department of the Special Design and Technology Bureau "Tantalum". The report considers the first scientific works of
R.Z. Valiev in the study of grain boundaries, which became the basis for a fundamental understanding of the mechanisms and
processes occurring during recrystallization, superplasticity, and severe plastic deformation.

19.20-20.00

Break for discussions

20.00-20.20

Invited report
Insight into the past, present and future of bulk nanomaterials
V.V. Stolyarov a,1
a

Mechanical Engineering Research Institute of RAS, Moscow, Russia

1

vlstol@mail.ru

The development and creation of methods for producing bulk nanostructured materials, as one of the scientific areas of physical
materials science, dates back to the 80s of the last century, is closely related to the phenomenon of superplasticity of metals and
with the world priority of the Russian scientific school headed by Prof. R.Z. Valiev. The past years have shown the promise of a
new direction, its deep scientific fundamentality and the possibility of wide practical application. The idea of nanostructuring
materials to obtain new properties or enhance the traditional characteristics of solids has been mastered by researchers and engineers
almost all over the world and has become a trend in the development of materials science.

20.20-21.00

Break for discussions

21.00-23.00

Social program

September 27, 2019
Friday
09.00-17.00

09.00-09.20

BNM-2019 oral session: Physical and mechanical properties of
nanomaterials
Chairmen: P. La & H.-S. Kim
Conference Hall 1
Invited report
Bulk-state reactions and improving the mechanical properties of
metals through high-pressure torsion
M. Kawasaki a,1, J.-K. Han a,2, T.G. Langdon b,3
a

School of Mechanical, Industrial and Manufacturing Engineering, Oregon State University,
Corvallis, OR 97331 U.S.A.
b
Materials Research Group, Department of Mechanical Engineering, University of Southampton,
Southampton SO17 1BJ, U.K.
1

megumi.kawasaki@oregonstate.edum 2hanja@oregonstate.edu, 3langdon@soton.ac.uk

This report presents recent studies on a bulk-state reaction involving mechanical bonding of two dissimilar engineering metals
through the application of high-pressure torsion (HPT) processing. This processing approach was developed by applying two
different metals of Al/Mg, Al/Cu, Al/Ti, Al/Fe and Mg-Cu to HPT processing for light-weighing and synthesizing hybrid alloy
systems. A microstructural evaluation confirmed the formation of heterostructures across the disk diameters in these processed alloy
systems. Hardness values together with density measurements demonstrated exceptional specific strengths in these alloy systems.
The bulk-state reaction by HPT demonstrates a considerable potential for the bonding of dissimilar metals and the fabrication of
unique metal systems.
Acknowledgment: This study was supported in part by the National Science Foundation of the United States under Grant No.
DMR-1810343 (MK & JK) and in part by the European Research Council under ERC Grant Agreement No. 267464-SPDMETALS
(TGL).

09.20-09.40

Invited report
Deformation methods of producing ultrafine-grained magnesium
materials with enhanced strength and improved in-service
properties
S. Dobatkin a,b,1, Y. Estrin d,c,2, N. Martynenko a,b,3,
E. Lukyanova a,b,4
a

A.A. Baikov Institute of Metallurgy and Materials Science of the RAS, 119334, Leninsky
prospect,49, Moscow, Russia
b
National University of Science and Technology "MISIS", 119049, Leninsky prospect,4, Moscow,
Russia
c
Department of Materials Science and Engineering, Monash University, Clayton, VIC 3800,
Melbourne, Australia
d
Department of Mechanical Engineering, The University of Western Australia, Nedlands, WA
6009, Australia
1

dobatkin.sergey@gmail.com, 2yuri.estrin@monash.edu, 3nataliasmartynenko@gmail.com,
helenelukyanova@gmail.com

4

In recent years, the possibility of imparting an ultrafine-grained (UFG) structure to various metals and alloys by severe plastic
deformation (SPD) techniques, such as high-pressure torsion and equal channel angular pressing, was demonstrated quite
convincingly. However, the SPD methods do not always successfully fit into the technological chain of industrial manufacturing.
In this regard, another group of processes based on severe shear deformation are of interest. In this talk, we will show that radialshear rolling and rotary swaging, which involve severe shear and are amenable to industry-scale manufacturing, lead to the formation
of a UFG structure of magnesium-based alloys. This results in an increase of their strength and in-service properties, including the
fatigue limit, the corrosion resistance, and biocompatibility. For comparison, the effect of multiaxial deformation – another SPD

process that is viable at industry manufacturing scale – on the microstructure and the characteristics of the processed magnesium
alloys will be considered.
Acknowledgment: Funding support of research reported was provided by the Russian Science Foundation (project #17-13-01488).

09.40-10.00

Invited report
Reverse gradient-structured copper sheet using single-roll
angular-rolling and subsequent annealing
H.H. Lee a,1, H.K. Park a,2, K.J. Hwang a,3, H.S. Kim a,b,c, 4
a

Department of Materials Science and Engineering, Pohang University of Science and
Technology (POSTECH), Pohang 37673, Republic of Korea
b
Department of Materials Science and Engineering, Pohang University of Science and
Technology (POSTECH), Pohang 37673, Republic of Korea
c
Graduate Institute of Ferrous Technology, Pohang University of Science and Technology
(POSTECH), Pohang 37673, Republic of Korea
1

mhoon1005@postech.ac.kr,
hskim@postech.ac.kr

2

hgpark1202@postech.ac.kr,

3

whang5853@postech.ac.kr,

4

In this presentation, we report on mechanical properties dependent on microstructural heterogeneity in a reverse gradient-structured
Cu sheet fabricated using a new continuous severe plastic deformation process called single-roll angular-rolling (SRAR). The
material consists of coarse-grained surface and fine-grained core regions of which the spatial arrangement is the opposite of
conventional gradient structures with fine-grained surface and coarse-grained core regions. The microstructure was diversified by
manipulating the subsequent annealing time after the 6th pass of SRAR, by which three kinds of heterogeneous structures were
manufactured. These consisted of a recrystallized fine-grained core, recrystallized coarse-grained surface, and non-recrystallized
region. All these materials commonly exhibited outstanding combinations of strength and ductility exceeding that of the initial
material due to back stress strengthening in addition to conventional strengthening mechanisms.
Acknowledgment: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP) (No. 2017R1A2A1A17069427).

10.00-10.20

Invited report
Structure and properties of copper alloys subjected to SPD
I.V. Alexandrov a,1, W. Wei b,2
a

Department of Physics, Ufa State Aviation Technical University, 12 K. Marx St., Ufa 450008,
Russia,
Sino-Russian Joint Laboratory of Functional Nanostructured Materials, Changzhou University,
Changzhou 213164, P.R. China
b
School of Materials Science and Engineering, Changzhou University, 1 Gehu Road,
Changzhou 213164, P. R. China,
Sino-Russian Joint Laboratory of Functional Nanostructured Materials, Changzhou University,
Changzhou 213164, P. R. China
1

IgorVAlexandrov@yandex.ru, 2benjamin.wwei@163.com

The results of research aimed at achieving high strength and electrical conductivity in bulk nanostructured copper alloys obtained
by the method of severe plastic deformation (SPD) are presented. The influence of the scheme, degree and temperature of
deformation, temperature and duration of aging on the character of the formed microstructure and the level of properties is analyzed.

10.20-10.40

Invited report
Effect of high-pressure torsion on hardness and electrical
conductivity of commercially pure Cu
A. Rijal a,1, S.P. Singh a,2, J.-K. Han b,3, M. Kawasaki b,4,
P. Kumar a,5
a

Department of Materials Engineering, Indian Institute of Science, Bangalore 560012, India
School of Mechanical, Industrial and Manufacturing Engineering, Oregon State University,
Corvallis, OR 97731, U.S.A
b

1
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4

Commercially pure Cu was processed through high-pressure torsion (HPT) at 6 GPa up to 50 turns and its effects on the
microstructure, electrical conductivity and micro-hardness of Cu were evaluated. Grain size decreased with increasing HPT turns
and became saturated at ~300 nm after an equivalent strain of ~50. While low-angle grain boundaries and twins were observed at
the beginning of HPT processing, their fraction decreased with continued HPT processing. Consistently, hardness increased with
HPT straining and attained a saturated value of 150 HV. On the other hand, with HPT processing the electrical resistivity of Cu
firstly increased rapidly, then decreased and finally became saturated at a value of ~2.2 × 10-8 Ωm, which is slightly higher than the
smallest value obtained. Structure-property-processing relationship is established for explaining the obtained results and an outlook
on using such processed materials for fabricating electrical connectors is provided.
Acknowledgment: This study was supported in part by Ministry of Human Resource and Development, Government of India (AR,
SPS & PK) and the National Science Foundation of the United States under Grant No. DMR-1810343 (MK & JK).

10.40-11.00

Invited report
The effect of heat treatment on the structure and mechanical
properties of additively manufactured stainless steel
G.F. Korznikova a,1, V.V. Smirnov b,2, D.V. Gunderov b,c,3
a

Institute for Metals Superplasticity Problems, Russian Academy of Sciences, 39 Khalturin st.,
Ufa 450001, Russia
b
Ufa State Aviation Technical University, 12 K. Marx St., Ufa 450008, Russia
4
Institute of Molecule and Crystal Physics - Subdivision of the Ufa Federal Research Centre of
the Russian Academy of Sciences, Prospekt Oktyabrya 151, Ufa, 450075, Russia
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gfkorznikova@gmail.com, 2vadim.v.smirnoff@gmail.com, 3dimagun@mail.ru

Selective laser sintering was used for additive manufacturing of stainless steel samples. It was found that the high temperature
gradients involved in selective laser sintering evolve non-equilibrium microstructures in the as fabricated state, e.g. retained
austenite in martensite, significant dislocation density and residual stresses. Additively manufactured samples have ultrafine-grained
structure with predominantly high angle grain boundaries and free of crystallographic texture and residual porosity. Ultimate tensile
strength of the as processed steel was σв = 960 MPa. Annealing at a temperature of 480 °C caused the disappearance of residual
austenite, but did not significantly affect the size and morphology of the grains. The ultimate strength after annealing increased
markedly while maintaining plasticity.
Acknowledgment: The present work was accomplished according to the state assignment of IMSP RAS.

11.00-11.15

Coffee-break

11.15-11.30

Oral report
Superplastic behavior in V-alloyed high-nitrogen steel
E.G. Astafurova a,1, S.V. Astafurov a, G.G. Maier a, E.V. Melnikova,
V.A. Moskvina a, M.Yu. Panchenko a, N.K. Galchenko a
a

Institute of Strength Physics and Materials Science, Siberian Branch Russian Academy of
Sciences, Tomsk, Russia
1

elena.g.astafurova@gmail.com

An experimental study on realization of superplastic flow in V-alloyed high-nitrogen steel Fe-19Cr-22Mn-1.5V-0.3C-0.6N (mass
%) was done. After multistage thermal-mechanical processing, specimens of the high-nitrogen steel show attributes of superplastic
flow (the sample elongation to failure exceeds 400%, the coefficient of strain-rate sensitivity of the stress exceeds 0.4) in the range
of strain rates of 10-4 – 10-3 s-1 and test temperatures from 850 to 1000°C. The maximum elongation of 900% is achieved at a
deformation rate of 4.2×10-4 s-1 and at temperature of 950°C. Microstructural analysis showed that proposed thermal-mechanical
treatment promotes refinement of precipitates and formation of a highly-defective austenitic structure, which when heated to a
deformation temperature, recrystallizes into a stable fine-grained structure (average grain size is about 1 µm). This structure
promotes grain-boundary sliding and demonstrates characteristics of superplastic flow.
Acknowledgment: This work was supported by the Russian Science Foundation (project No. 17-19-01197).

11.30-11.45

Oral report
High strength and high conductive copper based contact wires for
high speed railway lines – A review
B. Ravisankar a,1, K. Sivaprasad a,2, N. Ramesh Babu a,3,
G.I. Raab b,4 and R.Z. Valiev b,5
a

Department of Metallurgical and Materials Engineering, National Institute of Technology,
Tiruchirappalli – 620 015, India
b
Ufa State Aviation Technical University, 12 K. Marx St., Ufa 450008, Russia
1
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Development of high-speed railway lines, the requirements for contact wires of catenary become more essential. The contact wire
should be strong, thermal stability, wear resistant, fatigue resistant along with high electrical conductivity. At present copper alloyed
with cadmium wires are used. The replacement is more of a necessity since cadmium being a material hazardous to environment,
and already banned by several countries. Over the last several decades, growing attention has been focused on the development of
copper-based alloys with high strength and good electrical conductivity. Novel severe plastic deformation (SPD) procedure, namely
equal-channel angular pressing (ECAP), has been applied for obtaining ultrafine-grained (UFG) materials with high strength and
good electrical conductivity. This overview mainly focuses on the suitability of ECAPed copper and its alloys for contact wires in
high speed railway lines.

11.45-12.00

Oral report
Effect of high-pressure torsion on structure and properties of
Ti/TiB metal-matrix composite
S. Zherebtsov a,1, M. Ozerov a,2, N. Stepanov a,3, D. Klimenko a,4,
Yu. Ivanisenko b,5
a

Belgorod National Research University, Pobeda 85, Belgorod, Russia
Karlsruhe Institute of Technology, Institute of Nanotechnology, Karlsruhe 76021, Germany

b

1

zherebtsov@bsu.edu.ru, 2ozerov@bsu.edu.ru, 3stepanov@bsu.edu.ru, 4deniklim@mail.ru,
julia.ivanisenko@kit.edu

5

Microstructure and microhardness evolution of Ti-based metal-matrix composite reinforced by TiB whiskers was studied during
high-pressure torsion at 400 C. The composite was fabricated by spark plasma sintering. High-pressure torsion resulted in an
increase in dislocation density, a considerable decrease in a grain size in the bcc Ti matrix to 35-55 nm after 5 revolutions, and
breaking/rearrangement of the TiB whiskers. The microhardness increased with strain by 15-25% after 5 revolutions mainly due to
precipitation hardening caused by small debris of TiB whiskers.

12.00-12.15

Oral report
Corrosion resistance and stress corrosion cracking of ultrafinegrained titanium alloys
X. Li a,1, Y. Dong a,2, I.V. Alexandrov b,3
a

College of Materials Science and Engineering/Tech Institute for Advanced Materials, Nanjing
Tech University, Nanjing 211816, China
b
Department of Physics, Ufa State Aviation Technical University, Ufa 450008, Russia
1

xinge@njtech.edu.cn, 2dongyuecheng@njtech.edu.cn, 3igorvalexandrov@yandex.ru

Corrosion resistance and stress corrosion cracking of ultrafine-grained titanium alloys processed by equal channel angular pressing
(ECAP) was studied in simulated seawater environment. Grain size and grain boundary character distribution of samples was
observed and quantitatively analyzed by electron backscatter diffraction (EBSD). Results indicated that ultrafine-grained titanium
alloys show much lower corrosion rate and stress corrosion cracking sensitivity in comparison with coarse-grained state.

12.15-12.30

Oral report
Structure and mechanical properties of bulk copper rods produced by
High Pressure Torsion Extrusion
D. Nugmanov a,1, H. Hahn a, B. Baretzky a, Y. Ivanisenko a
a

Institute of Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany

1

dayan.nugmanov@kit.edu

Tensile strength properties of Cu samples processed by High Pressure Torsion Extrusion (HPTE) were considered. The strain
accumulated in a sample after one HPTE pass can be controlled by adjusting the velocities ratio of the translational and rotational
motions of the tools, and also is proportional to the radius of the sample. The presence of strain gradient at HPTE leads to the
appearance of two interesting effects. (i) After HPTE of Cu samples a gradient structure with coarse microstructure in the central
part and uniform ultrafine-grained (UFG) microstructure with equiaxial grains in the rest of the sample was formed. We show that
using different processing parameters at HPTE one can easily adjust the volume fraction of different kinds of structure and therefore
corresponding fraction of the material with low or high strengthening. (ii) Therefore, HPTE provides new exciting opportunities in
design of UFG materials with different combination of strength and uniform elongation, thus offering a highly desirable combination
of properties.
Acknowledgement: Funding support by DFG (grant IV98/8-1) and Allianz Industrie Forschung (grant 19838) is gratefully
acknowledged.

12.30-14.00

Lunch time

14.00-17.00

BNM-2019 oral session: Physical and mechanical properties of
nanomaterials
Chairmen: M. Kawasaki & S. Dobatkin
Conference Hall 1
Invited report
Nanostructured 2205 dual-phase stainless steel with superior
strength and ductility
Y. Shi a, K. Wang a, Y. Song a, P. La a,1

14.00-14.20

a

State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou
University of Technology, Lanzhou, Gansu province, P.R. China
1

pqla@lut.cn

Strength and ductility are mutually trade off usually in steels. Grain refinement to nanoscale can make the conventional steels several
times stronger, but invariably leads to poor ductility. Here we demonstrate a nanostructured lamellar dual-phase in 2205 stainless

steel (SS) synthesized by aluminothermic reaction and followed hot rolling that produced a superior yield strength of 780MPa,
ultimate tensile strength of 990 MPa and an elongation of 54.6% at room temperature with a ductile fracture morphology. The
elongation is the highest in the reported duplex stainless steels with that level of strength. The product of tensile strength and
elongation exceeds 50 GPa% and is the highest value that was reported in the literature. The steel consists of sub-micro crystalline
lamellar ferrite phase and micro/nanostructured and nano-twined lamellar austenitic phase. The high strength is attributed to
strengthening of high back stress arising from hierarchical and laminated dual-phase heterogeneous structure and distribution. The
unusual high ductility originates from back-stress hardening and cracks propagation resistance by the multiple lamellar interfaces.

14.20-14.40

Invited report
Influence of severe plastic deformation on the microstructure and
mechanical properties of high entropy alloys
Y. Ivanisenko a,1, Y. Lu a, H. Hahn a, N. Stepanov b, G. Salishchev b
a

Institute of Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
Department of Materials Science and Nanotechnology, Belgorod State University, Belgorod,
Russia
b

1

julia.ivanisenko@kit.edu

The influence of the alloying with carbon on the deformation mechanisms and microstructure formation during High Pressure
Torsion in high entropy Cantor-type alloy MnFeCoNiCr with reduced Cr content was analyzed. For that purpose, disk-shape
specimens of selected alloys were processed by HPT under pressure of 6 GPa for three rotations, and the resulting microstructures
were systematically investigated with a number of different methods (XRD, TEM (ACOM and HRTEM), APT, HRSEM with
EBSD). It was established that alloying and related increase of the stacking fault energy led to different degree of grain refinement
in alloys under the investigation, however in all alloys the grain size had been reduced to the nanometer range, and hardness and
tensile strength increased significantly.
Acknowledgement: authors acknowledge the use of Karlsruhe Nano and Micro Facility (KNMF) and YL is grateful to CSC (China)
for funding.

14.40-15.00

Invited report
The mechanical properties and thermal stability of ultrafinegrained near β titanium alloy
E.V. Naydenkin a,1, I.V. Ratochka a,2, O.N. Lykova a,3,
I.P. Mishin a,4
a

Institute of Strength Physics and Materials Science SB RAS, pr. Akademicheskii 2/4, Tomsk
634055, Russia
1
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In this work the effect of hour annealing in the temperature range of 773-1073K (0.4-0.55 Tm) on the structural-phase state,
deformation behavior and fracture of ultrafine-grained near β titanium alloy (Ti-5Al-5V-5Mo-1Cr-1Fe) was studied. It is shown
that with an increase in temperature the stages of primary and collective recrystallization are observed which accompanied by an
increase in volume fraction of β-phase. As a result, a micro-duplex α+β structure is formed inhibiting significant grain growth at
elevated temperatures (> 0.5 Tm). As a consequence, even after annealing at 1073 K the average grain size remains about 1 m.
Based on experimental data, estimate of grain growth activation energy was made indicating that the value is determined by the
activation energies of grain-boundary diffusion in α and β phases. The analysis of the deformation behavior and fracture as well as
calculation of Hall-Petch coefficient depending on structural-phase state of the alloy was carried out.
Acknowledgment: The work was financially supported by Russian Science Foundation (project No. 19-19-00033).
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An overview of recent studies on the relationship of ultrafine-grained (UFG) structure with the physicomechanical properties of
two-phase titanium alloys, achieving high mechanical and performance properties in them is presented. Particular attention is paid
to equal channel angular pressing and its modifications in combination with thermal and thermomechanical treatments. The results
of the study of the performance properties of UFG titanium alloys, including fatigue properties, impact strength and fracture
toughness are discussed.
Acknowledgment: This work was within the scope of the project part of the State Assignment No. 11.1235.2017.
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We report on the results on the influence of low temperature annealing and subsequent deformation on microstructure, strength and
ductility of commercially pure (CP) Al and Al-0.4Zr(wt.%) alloy in the ultrafine grained (UFG) states processed by HPT. Extremely
high increases in the yield stress and ultimate tensile strength were obtained by annealing of UFG Al for 1 h in the range 90–150
°C. Such increase was accompanied by a sharp drop in ductility up to 1%. Implementation of high ductility at the level of coarsegrained Al, while maintaining high strength of the HPT-processed sample was achieved by repeating the low temperature annealing
followed by subsequent additional HPT deformation. Kinetic parameters (the rate of hardening at different temperature and
activation energy) of hardening by annealing and the change in the average specific energy of GBs under annealing were determined.
The obtained results point to the key role of relaxation of non-equilibrium high-angle grain boundaries (GBs) in the strengthening
effect of UFG Al by annealing. Two theoretical models are suggested to explain the hardening by annealing and the implementation
of high ductility in UFG structures. Influence of microadditives of Zr on the hardening effect by annealing in the UFG state was
investigated and discussed.
Acknowledgement: This work was supported by the Russian Foundation for Basic Research (project No. 19-08-00474).
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Optimisation of room temperature formability limits of advanced
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Incremental sheet forming (ISF) is one of the most attractive cold sheet forming processes in use today. The greatest advantage of
ISF is that only basic tooling is required for forming operations. ISF is used successfully in automotive, railway, medical and
aerospace industries. However, there are several drawbacks such as the springback developed during the forming process and the
control of geometrical tolerance of the parts. One of the potential advantageous areas where ISF can be successfully applied is laserassisted ISF, which also minimises potential drawbacks. The combination of these two technologies helps to correct the ‘defects’
resulting from the process (inaccuracy in the obtained angles, radii, springback effect), shorten the duration of forming operations
and improve the part formability. The aim of this work is to evaluate the formability limits of materials such as titanium alloys and
understand evolution of the microstructure and mechanical properties during laser-assisted ISF.
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Our current results on the structure-property relationship in ultrafine grained (UFG) austenitic steels subjected to large strain
deformation under conditions of cold to warm working are critically reviewed. Commonly, the grain size and dislocation density
that evolve in UFG steels and alloys during large strain deformation depends sensitively on the processing conditions, i.e.,
temperature and strain rate. The grain size decreases with a decrease in deformation temperature and can be expressed by a powerlaw function of temperature-compensated strain rate (Z) with exponents of -0.1, while the dislocation density increases with Z from
power law with an exponent of 0.06 in the range of Z > 10 12 s-1 corresponding to cold to warm working conditions. Therefore, a
unique power-law relationship with a grain size exponent of -0.6 holds between the deformation grain size and the dislocation
density. A power-law function between the grain size and dislocation density remains in UFG steels even after annealing. Thus, the
yield strength of UFG steels can be expressed by a modified Hall-Petch-type relationship, which includes the dislocation
strengthening, by using the grain size or dislocation density as a unique variable.
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Influence of high-pressure torsion on mechanical behavior of Zrbased BMG
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The effect of high-pressure torsion (HPT) on the structure and mechanical properties of bulk metallic glasses (BMG) based on Zr
has been investigated. The structure of the BMG is significantly transformed after the HPT. In tensile tests BMG samples before
and after HPT are brittle at a stress of about 1700 MPa. For the first time the tests on three-point bending on BMG after HPT were
carried out. In tests for three-point bending of initial BMG and after HPT strength exceeds 3000 MPa and the plastic flow is
observed.
Acknowledgment: The authors acknowledge the support of RFBR grant No. 17-08-00974.
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Soft magnetic materials by high-pressure torsion
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We report of a novel technique to produce soft magnetic materials by top-down approach. Conventional powders are used as starting
materials. Investigated compositions consist of ferromagnetic (Fe or Co) and diamagnetic (Cu) components. These systems are
unstable in the thermodynamic equilibrium; therefore, high-pressure torsion is used to process nanocrystalline supersaturated solid
solutions at high homogeneity. A strong focus is on the correlation of the microstructure with the magnetic properties. The ratios
and distributions of diamagnetic and ferromagnetic phases strongly affect the magnetic properties, as Fe-Cu samples with low Fecontent indicate spin glass behavior and Co-Cu samples exhibit soft magnetic properties.
Acknowledgment: This project has received funding from the European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme (grant agreement No 757333).
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The aim of the study is the synthetization of hard magnetic non-rare-earth α-MnBi and SmCo based composites by severe plastic
deformation and to tune their magnetic properties by their microstructure. The composite magnets are prepared by high-pressure
torsion (HPT) deformation of powder mixtures of hard magnetic (SmCo, α-MnBi) and soft magnetic powders (Fe, Co), using 0-50
vol.% soft phase, with 10 vol.% increments as initial values to systematically change the phase fraction of each component. Major
processing challenges are the various crystal structures and the large differences of the mechanical properties between the magnetic
phases. Since the microstructure mainly influences good magnetic properties, the optimum HPT processing parameters are studied
to obtain a uniform nanoscale morphology. Preliminary measurements of magnetic properties of promising as-deformed
nanocomposites are presented.

Acknowledgment: This project has received funding from the European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme (grant agreement No 757333).
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Increased functional properties of nanostructured austenitic steel
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The paper discusses the hardening mechanisms in nanostructured steels obtained by methods of severe plastic deformation, and
their connection with nanostructural features that provide a significant increase in strength characteristics. The formation of grainboundary segregations during deformation at elevated temperatures or with additional annealing after deformation leads to
additional hardening of the material, which leads to the formation of superstrength state, exceeding the value predicted based on
the Hall-Petch ratio. Studies have also been carried out on the stability of the structure and functional properties of nanostructured
steels to external influences, such as the effects of temperature, the corrosive environment and the effects of radiation.
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Recrystallization processes and phase transformations in the
process of high-temperature severe deformation of low-alloyed
chromium bronze
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In this work, the peculiarities of the structure transformation in low-alloyed chromium bronze during high-temperature intensive
precipitation by 90% at a temperature of 800-850 °C and subsequent cooling in different environment (air, water, nitrogen) are
investigated. It has been established that low cooling rates of low-alloyed bronze after high-temperature severe deformation
contribute to post-dynamic recrystallization with the formation of a developed subgrain structure about 1 micron in size. Also,
using EBSD and TEM, it was found that a decrease in the cooling rate of the material leads to a decrease in the proportion of highangle (> 15 °) and an increase in the proportion of mid-angle boundaries (3-15 °).
Acknowledgment: The study was carried out under a grant from the Russian Science Foundation (project №19-19-00432).
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The study of the method of continuous free bending in the
process of multi-cycle alternating processing of long-length
metal billets
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The work is devoted to the study of the processing features of copper long billet using the method of continuous free bending. The
main research tool was finite element computer modeling in the software package Deform 3D. In the course of work, the stressstrain state and damage of the workpiece were determined, the analysis of thermal, speed, contact and power processing conditions
was performed. The obtained data will be used to develop rational modes for obtaining defect-free long-dimensional products with
increased strength.
Acknowledgment: This research was supported by the Ministry of Science and Higher Education of the Russian Federation under
grant agreement No. 14.586.21.0059 (unique project identifier RFMEFI58618X0059).
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Investigation of influence of thermal-mechanical processing
regime on superplastic properties of V-alloyed high-nitrogen
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The influence of thermal-mechanical processing regime on superplastic properties of V-alloyed high-nitrogen austenitic Fe-19Cr22Mn-1.5V-0.3C-0.6N (wt. %) steel was investigated. A multistage thermal-mechanical processing included multiple roomtemperature rolling to a total strain of 80% with one-hour intermediate anneals in temperature interval of 950-1050 °C. Treatment
leads to formation of heterophase misoriented austenitic structure with vanadium and chromium nitrides/carbonitrides (200-250
nm) and high density of deformation-induced defects. Obtained structures demonstrate superplastic properties (total elongation
more than 400% in a temperature range of 850-1000 °C). It is established that changing temperature of intermediate anneals allows
to change volume fraction of nitride/carbonitrides particles and to stabilize grain structure. This leads to widening of the temperature
interval of superplastic flow up to 800-1000 °C.
Acknowledgment: This work was supported by the Russian Science Foundation (project No. 17-19-01197).
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Analysis of the shear bands in Zr-based BMG after HPT
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Surface relief formed by shear bands in bulk metallic glasses (BMG) under various types of loading, including high-pressure torsion
(HPT) and three-points bending, has been investigated by the method of atomic force microscopy (AFM). AFM studies are
accompanied by scanning electron microscopy (SEM) imaging. The elements of the deformation relief and the shear bands has
been identified.
Acknowledgment: The authors acknowledge for support RFBR grant No. 17-08-00974.
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First-principle modeling of the chemical activity of new twodimensional nanomaterials and heterostructures
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During last decade many studies have been carried out on two-dimensional materials such as graphene, silicene and MoS2, due to
their extraordinary properties and successful applications in nanoelectronics, photonics and their fields. However, these materials
often have an extraordinary chemical activity being a problem for their practical implementation. Our studies had the aim to
investigate the influence of various factors, such as compressive strains, vacancies and environmental molecules on phosphorene
electronic properties and chemical stability. Another direction was to study the electronic properties of phosphorene, antimonene,
bismuthene and related heterostructures and consider the possibility of their control. The research was carried by means of density
functional theory with the use of first-principle calculation. The results obtained contribute to the formulation of methods for
controlling electronic properties and chemical activity of two-dimensional materials and reveal some opportunities for their
practical application.
Acknowledgment: The work was supported by Russian Foundation for Basic Research, grant No 18-32-20158 mol_a_ved.
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It is a common knowledge that the processes of the defect structure evolution is controlled by diffusion that is usually realized via
point defects. Vacancy migration is the main mechanism of thermally activated diffusion. Interstitial atoms have higher formation
energy and therefore their concentration in thermal equilibrium is much less than that of vacancies, however their role increases
significantly in nonequilibrium processes. Interstitial atoms can be stationary or mobile when they are located in closely packed
atomic rows; in the latter case they are called crowdions. Crowdions are characterized by low value of migration energy along
closely packed crystallographic directions together with high potential barrier of formation. Due to this fact, they contribute
considerably to the mass transfer in unequilibrium conditions. One can distinguish subsonic and supersonic crowdions according
to their velocity. It was earlier revealed that the propagation path of the crowdion can be considerably increased by involving more
than one atom in the crowdion motion. Features of crowdion type defects in different lattices are discussed focusing on the
effectiveness of the mass transfer.
Acknowledgment: The work was supported by the Council on grants of the President of the Russian Federation for state support
of young Russian scientists and on state support of leading scientific schools of the Russian Federation, grant No MD -3639.2019.2.
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Microstructure and ductility of UFG binary Al-Zn aluminum
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This work demonstrates that processing by SPD leads to the formation of UFG structure in the Al-Zn alloys and leads to improved
ductility. The supersaturated solid solution in alloys is decomposed during SPD processing resulting in nucleation and growth of a
secondary phase precipitates, formation of segregations of alloying elements. It is proposed that the atomic mobility could be
significantly enhanced during SPD especially thanks to the high vacancy concentration, solute drag by dislocations, pipe diffusion
along dislocations or grain boundary diffusion. We have systematically investigated such dynamic precipitation phenomena in Al–
Zn alloys with various Zn-content at different SPD processing regimes.
Acknowledgment: The authors gratefully acknowledge the financial support through the Ministry of Science and Higher Education
of the Russian Federation under grant agreement No. 14.586.21.0061 (unique project identifier RFMEFI58618X0061).
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Severe plastic deformation is a promising method for transformation of structural and mechanical properties of metallic glasses. In
this study various metallic glasses (in forms of melt-spun ribbons and bulk rods) were subjected to high-pressure torsion processing.
Structural investigations were performed using XRD, DSC, TEM. Mechanical testing was performed using nanoindentation,
uniaxial tensile tests. Experimental results show significant structural transformations which correlate with changes in mechanical
behavior.
Acknowledgment: The authors acknowledge Saint-Petersburg State University for a research grant 6.65.43.2017.
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The structural evolution and phase transformation of the economically alloyed aluminum alloy with the eutectic-forming elements
of Ni and Fe (Nikalin) were investigated under high pressure torsion. The mechanical properties of the alloy with different grain
size (from micrometers to nanometers) were determined at the wide strain rate range of 8 orders of magnitude (10 -3-105 s-1).
Structure-mechanical properties correlations were established. Thermal stability of submicrocrystalline and nanocrystalline
structures was investigated during post deformation aging at the temperature range from 373 to 773 K. According to EBSD analysis
results and microhardness measurements the character of the static recrystallization was determined in the alloy containing micronsizes eutectic Fe and Ni aluminides.
Acknowledgment: The results were obtained within the state assignment of Minobrnauki of Russia (theme “Structure” №ААААА18-118020190116-6) and in part within the RFBR grant (project №18-03-00102).
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The results of the analysis of the deformation behavior of nanostructured Cu-Zn alloys, obtained as a result of severe plastic
deformation, implemented by the equal-channel angular pressing method, are presented. The role of structural factors responsible
for increasing the strength characteristics and the degree of uniform deformation of the Cu-Zn alloys has been revealed.

Acknowledgment: Authors are grateful to be supported by the financial support of the Ministry of Education and Science within
the framework of the project No. 16.1969.2017/4.6.
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Features of the microstructure of the TiNi alloy in the ultrafinegrained state with multiple martensitic transformations and
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Alloys on the basis of nickel titanium are known functional materials with shape memory effects determined by thermoelastic
martensitic transformations. A cycle of “heating–cooling” martensitic transformations leads to the generation of dislocations in the
crystal lattice. The Ti49.15Ni50.85 alloy has a BCC lattice ordered by the B2 type (CsCl) and a Ti2Ni3 nickel-enriched phase; the
thermal cycling of the samples in different initial states was performed via successive immersion of the samples in liquid nitrogen
(–196°C) followed by heating to 150°C. To form an ultrafine-grained structure, the samples of TiNi alloys were subjected to eight
cycles of equal-channel angular pressing at 450°C. The studies of the influence of thermal cycling on aging showed that, in the
preliminarily thermally cycled state, aging particles are separated and distributed more uniformly in the structure, predominantly
at the grain boundaries and in the structural defects, namely, dislocations and martensite twins.
Acknowledgment: This work was partially supported by the Grant of the Bashkortostan Republic of Russian Federation to young
scientists (№28 GR from 07.03.2019).
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Nano-multilayers (NMLs) and nanocomposites (NCs) are functional nano-architectures, where at least one of the phase constituents
has a dimension in the nanometer range. This results in unique bulk functional properties governed by size-effects, as well as by
the atomic and chemical structure of the internal phase boundaries. NMLs, constituted of alternating nano-layers of immiscible
metals, can evolve upon thermal treatment in a NC (multilayer structure degradation) with tailored mechanical, electrical and/or
thermal properties. In the present work, the role of the individual Cu and W nano-layer thicknesses (3, 5, 10 nm) in Cu/W NMLs
on the final microstructure of the NC is systematically investigated. Cu surface outflow, internal Cu/W stresses and NML structure
degradation are discussed in relation to the initial Cu/W thickness ratio. Variation of a Cu/W thickness ratio results in the change
of annealing temperature sufficient for a NC formation (700–900°C at 100 min annealing).
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Ti-Nb-based shape memory alloys (SMA) are mainly known as highly biocompatible low-modulus metallic materials for loadbearing implant applications. Moreover, they demonstrate some particular features which may also be of practical interest. For
example, it was reported that Ti-Nb SMA doped with oxygen and severely plastically deformed to create a strain-glass condition
(a high density of crystal lattice defects, mainly dislocations) show elinvar behavior upon heating in the 77 to 500 K temperature
range. In the present work, the elinvar type behavior is observed in Ti-22Nb-6Zr (at.%) alloy with polygonized and recrystallized
structures of β-phase. Contrarily to the oxygen-doped alloys in which the elinvar effect is observed on heating, the studied alloy
exhibits this effect on cooling in the temperature range from 823 K to RT, which can be explained as a result of pre-martensitic
transformation lattice softening.
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Using the backscattered electron diffraction (EBSD) method, the evolution of the titanium structure was studied in detail and the
mechanisms responsible for the formation of the ultrafine-grained structure in titanium under severe plastic deformation were
analyzed. It is shown that during the severe plastic deformation of titanium, the process of formation of new boundaries of
deformation origin inside large grains develops heterogeneously in the grain volume. It has been established that the preferential
development of deformation boundaries in the border areas is associated with an increased activity of non-prismatic sliding systems
in these areas. On the contrary, a prismatic slip prevailed inside the grains, which led to a slow evolution of the structure. Such a
difference in the activity of the slip led to the predominant nucleation of ultrafine grains in the border areas.
Acknowledgment: This work was supported by the Ministry of Education and Science of the Russian Federation (Grant No.
16.7268.2017/8.9).
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Magnesium alloys, which can be used as a material for fabrication of biodegradable implants, attract a special attention by materials
science specialists. The main advantages of such materials are their biodegradability and biocompatibility. The problem of as-cast
magnesium alloys is that they have poor mechanical properties. Recent studies have demonstrated that structure refinement using
severe plastic deformation, leads to enhancement of strength properties in magnesium alloys. Such SPD technique as equal channel
angular pressing (ECAP) allow producing bulk billets with dimensions which allow producing medical articles. However, the
mechanical behavior of SPD alloys with HCP lattice can be defined not only by ultrafine-grained microstructure but also by
crystallographic texture. This study is aimed to determine the influence of the number of ECAP passes on the microstructure and
texture evolution in a medical Mg-Zn-Ca alloy and their effect on mechanical properties.

Acknowledgment: The work was supported by the Ministry of Science and High Education of the Russian Federation through a
grant in the field of basic research (No. 16.7268.2017/8.9).
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For steels with different carbon content, the effect of high-pressure torsion temperature on the formation of the UFG structure is
analyzed. The features of the grain structure and iron carbides in steels are determined by statistically reliable electron diffraction
methods (EBSD & ACOM). Atom probe tomography (APT) has been used to analyze grain-boundary segregations and carbon
clusters. The experimental data were compared with model concepts on the basis of which the mechanisms for the transfer of
carbon atoms during severe plastic deformation were calculated.
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Mechanical properties and microstructure for an Al-4.35Cu-0.46Mg-0.63Ag-0.36Mn-0.12Ti-0.04Fe (in wt. %) alloy have been
investigated after peak-ageing at temperatures of 150 and 190°C. Tensile tests show that the yield stresses (YS), ultimate tensile
strength and elongation-to-fracture reach to 455±10 MPa/440±10 MPa, 490±10 MPa/485±10 MPa and 6±2%/6.5±1.5% after peakageing for 2 h/24 h, respectively. The precipitate morphology (sizes, volume fraction, number density) in the alloy in peak-aging
states were characterized using transmission electron microscopy. Despite the close mechanical properties values, a significant
difference in the precipitate morphology has been found. For this reason, the effect of aging on YS values was analyzed in terms
of additive sum of different strengthening mechanisms contributions. Relations between heat treatment, precipitation behavior and
contributions of dispersion strengthening mechanism arising from the {111} Al plates of the Ω-phase are evaluated.
Acknowledgment: This work is financially supported by The Ministry of Education and Science and Council on grants of the
President of the Russian Federation (Grant No. 075-02-2018-164) and the Faculty of Natural Sciences at the Norwegian University
of Science and Technology [NTNU] (Project No. 81617879). The TEM work was carried out on the NORTEM infrastructure
(Grant 197405) at NTNU, Trondheim, Norway. The authors are grateful to the staff of the TEM Gemini Center at NTNU and the
Joint Research Center at Belgorod State University for their assistance with the structural and mechanical characterizations.
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The paper discusses the combined methods of severe plastic deformation (SPD), implemented both in a specific sequence at
different time intervals, and in one device in the same process. The developed and used SPD schemes are presented: extrusion with
screw pressing (ESP), equal-channel angular pressing (ECAP) and extrusion, extrusion and ECAP, and others. The data on the
mechanical properties and mechanisms of destruction of samples of metallic materials, subjected to the deformation influence by
different combinations of SPD methods are given.
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It has been demonstrated recently that severe plastic deformation frequently leads to unusual phase transformations in materials,
e.g. formation or decomposition of a supersaturated solid solution, disordering of ordered phases, amorphization of crystalline
phases, synthesis of the low-temperature, high-temperature or high-pressure allotropic modifications and so on. In the current work,
the fundamentals of α→ω and α+β→ω phase transformations induced by high pressure torsion in Ti based alloys with 2 and 4wt.%
of Co are studied. It should be noted that the ω-phase is a metastable high pressure phase which does not exist at the Ti – Co phase
equilibrium diagram. Scanning and transmission electron microscopy techniques were used for detailed analysis of microstructure
after deformation, and the differential scanning calorimetry was used for determination of phase transformations temperatures with
particular emphasis on thermal stability of the ω-phase.
Acknowledgment: This work is supported by the National Science Centre of Poland (grant OPUS 2017/27/B/ST8/01092), by the
Russian Foundation for Basic Research (grants 16-53-12007 and 18-03-00067), Deutsche Forschungsgemeinschaft (grants
FA999/1, IV 98/5, HA 1344/32, RA 1050/20) and Karlsruhe Nano Micro Facility. B.S. acknowledges the support of Ministry of
Education and Science of the Russian Federation in the framework of the Program to Increase the Competitiveness of NUST
“MISiS”.
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Magnesium alloys have great potential for use in traumatology as a material for temporary implants, as they are biodegradable and
completely biocompatible with the human body. The disadvantages of most magnesium alloys are not high enough strength and
rapid solubility in the human body. Therefore, recently much attention has been paid to the development of new biocompatible
magnesium alloy with enhanced strength and corrosion resistance. In the present work various coarse-grained, ultrafine-grained
and nanostructured samples were produced by severe plastic deformation in the Mg-1%Zn-0.2%Ca alloy. The influence of the
microstructure on strength of the alloy was investigated. The analysis of corrosion resistance in saline solution of various
microstructures was carried out.
Acknowledgment: The work was supported by the Ministry of Science and High Education of the Russian Federation through a
grant in the field of basic research (No. 16.7268.2017/8.9).
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The processes of formation of a gradient structure with SPD by drawing with shear, free torsion and active bending in alloys with
different lattices are modeled. A physical experiment was carried out on the SPD of these alloys and the compliance of the
simulation results with the physical experiment was established. The features of the obtained gradient structures in alloys with
different types of crystal structure, as well as their mechanical properties, are investigated. It is shown that the development of
plastic deformation in alloys begins with the activation of dislocation slip in the surface layers of the samples and develops at
various mesoscale levels of deformation.
Acknowledgment: The work was carried out with the financial support of the Russian Foundation for Basic Research, project No.
17-08-00720/19.
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Commercially pure Ti powder was cryomilled in liquid argon and subsequently consolidated by spark plasma sintering method to
a full density. Transmission electron backscatter diffraction (tEBSD) / transmission Kikuchi diffraction (TKD) method was used
for investigation of the powder microstructure. The observations revealed ultra-fine grains (< 100 nm) within the milled powder
particles. The particle texture exhibits rolling-like texture as a result of the deformation during milling. The microstructure of the
sintered samples was then investigated using conventional electron backscatter diffraction (EBSD). Surprisingly, a similar texture
is present also in the sintered samples, although the material underwent recrystallization during sintering. The possibility that the
texture is a result of a sintering mechanism was ruled out after subjecting an ECAPed material to the very same thermomechanical
processing, which yielded a different texture than for the sintered powder. We assume that the material underwent continuous static
recrystallization, which does not include nucleation of new grains and preserves the texture.
Acknowledgment: Czech Science Foundation project no. 17-20700Y is gratefully acknowledged. Partial financial support of
Charles University Grant Agency under the project no. 752119 is also gratefully acknowledged.
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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. However, conventional magnesium materials have rather weak mechanical properties. To improve the mechanical properties
by grain refinement the samples were subjected to the severe plastic deformation. Structure of samples was investigated by OM,
SEM and TEM. The dependence of mechanical properties on the structural features of the UFG Mg-Zn-Ca alloy are discussed.
Acknowledgment: The work was supported by the Ministry of Science and High Education of the Russian Federation through a
grant in the field of basic research (No. 16.7268.2017/8.9).
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The structure of Ti6Al4V alloy, its microhardness, surface roughness, and wear and corrosion resistance after anodic plasma
electrolytic saturation with nitrogen and oxidation of the surface were investigated. It was shown that the electrolyte containing
ammonia and ammonium chloride provided the saturation of alloy with nitrogen and oxygen and formation of TiO2 with rutile
structure and nitrogen solid solution in alloy. The treatment at 750 C during 5 min results in an increase in microhardness up to
690 HV and a decrease in surface roughness by 1.4 times owing to anode dissolution of titanium. Friction coefficient of samples
after treatment at 700 C can be 4 times reduced through sliding with speed of 0.49 m/s and load of 105 N. These regimes enable
to diminish wear rate of titanium alloy samples after their wear testing by 4 orders. Corrosion resistance in Ringer's solution does
not deteriorate after treatment at a low temperature, when a non-porous oxide layer forms on the surface.
Acknowledgment: The work was supported by the Council on grants of the President of the Russian Federation for state support
of young Russian scientists and on state support of leading scientific schools of the Russian Federation, grant No. MD-1021.2019.8.

P 026

Evaluation of microstructure parameters of an ultrafinegrained AISI 316 stainless steel by analysis of the automated
crystal orientation mapping data
D.N. Kuznetsova a,1, N.A. Enikeev a,b,2
a

Ufa State Aviation Technical University, Ufa, Russia
Saint Petersburg State University, Saint Petersburg, Russia

b

1

littlepikelet@gmail.com, 2nariman.enikeev@ugatu.su

Materials science community shows a growing interest in ultrafine-grained (UFG) materials due to their improved mechanical
properties achieved, in particular, by nanostructuring via techniques of severe plastic deformation. However, clear understanding
the “processing-structure-properties” relation requires a careful analysis of the microstructures formed in these materials. The
purpose of this work is to demonstrate the capabilities provided by the analysis of the data obtained using automated crystal
orientation mapping (ACOM) technique. An austenite 316 stainless steel nanostructured by high pressure torsion (HPT) at two
temperatures was chosen as an object of investigation. The produced UFG steels were characterized with extremely small grain
size (about 40-100 nm in a direction normal to the surface of an HPT disk) and high density of strain-induced defects. As a
consequence, conventional electron microscopy techniques (for example, by electron-backscattering diffraction) do not allow
obtaining reliable statistical data on their microstructure. ACOM-TEM provides a much more reliable quantitative evaluation of
such structures. We present the results of the statistical treatment of ACOM data collected for the transverse cross-sections of the
UFG steel disks and discuss them with respect of the previously reported studies. Experimental ACOM maps were kindly provided
by Dr. A. Mazilkin (Karlsruhe Institute of Technology), collaboration with Dr. X. Sauvage is greatly appreciated.
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Magnesium alloy Mg-1Zn-0.2Ca is a promising option for implant applications since it has relatively high strength so that it can
be used for biodegradable device design. However, high corrosion rate in human body fluids hinders application of this alloy as an
implant material because of large difference between standard potentials of Mg and Zn. This disadvantage can be overcome if the
implant is coated with a protective coating. In this research, the coating was obtained in two stages. At the first stage, plasma

electrolytic oxidation (PEO) was used to develop an inorganic coating sublayer. Various electrolyte systems were analyzed, and
the solution containing sodium hydroxide, sodium silicate and glycerol was identified as the most promising. At the second stage,
the samples with the PEO layer were coated with an organic biocompatible component – polylactic acid (PLA). The electrochemical
test results showed that the corrosion current density significantly decreased for the samples coated with PEO+PLA compared to
the uncoated samples.
Acknowledgment: This research is supported by Russian Science Foundation, grant No. 17-79-10144.
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Titanium alloy has extensive applications in the field of chemical, biomedical and marine engineering due to high specific strength
and excellent corrosion resistance. Ultrafine-grained (UFG) and nanocrystalline (NC) materials with unique properties processed
by severe plastic deformation are widely studied in recent decades. In comparison with large number of researches on mechanical
behavior of UFG/NC materials, corrosion resistance is rarely studied and results indicated inconsistent, even within the same alloy
system. In this work, ultrafine-grained pure Ti was fabricated by equal channel angular pressing (ECAP) with 3~4 passes. Grain
size, crystallographic texture and grain boundary character distribution of samples were characterized by EBSD. At the same time,
dynamic potential polarization and EIS methods were used to study corrosion resistance in simulated seawater. Results showed
that grain size and basal texture strength of pure Ti decreased after 2 ECAP passes, but the fraction of low angle grain boundary
(LAGB) increased drastically. With increasing of extrusion passes, grain size and the fraction of LAGB decreased for samples,
meanwhile, basal texture strength increased at first then decreased. Electrochemical experiments indicated that all UFG titanium
have better corrosion resistance than coarse one. On the other hand, it was founded that corrosion resistance didn’t increased
monotonously with the development of ECAP passes, and 3 ECAP passes displayed optimum. This could be attributed to the
interaction of grain size, basal texture and grain boundary character distribution, and basal texture strength occupied the domination.

P 029

Influence of grain size on the process of the void initiation
D.K. Magomedova a,1
a

Saint Petersburg State University, Russia, Saint Petersburg, Universitetsky pr., 28

1

magmedva.dasha@mail.ru

Experimental results and analysis of pore formation in 6101 Al alloy in various structural states are presented. Experiments on
tensile failure of samples of various geometries and different structural states of the commercial alloy Al-6101 were carried out.
The surface of longitudinal section was examined for pore presence.
Acknowledgment: The author would like to thank the Russian Science Foundation for financial support of this research by
Project 17-19-01311.
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We investigated the effect of post-deformation annealing (T=400-800 °C) on phase composition, microstructure and microhardness
of single crystals of high-manganese austenitic steels Fe-13Mn-1.3C, Fe-13Mn-2.7Al-1.3С, Fe-28Mn-2.7Al-1.3С (wt. %) with
different stacking-fault energies (SFE) subjected to high-pressure torsion (HPT, N=5, P=6GPa, room temperature). The different
SFEs in these steels governed their tendency to deformation by mechanical twinning and to γ→α(α') phase transformation (PT)
during HPT and post-HPT annealing. HPT decreases time for pearlite formation in Fe-13Mn-1.3C steel as compared to coarsegrained analogue. Alloying with Al additionally promotes γ→α(α') PT in HPT-processed steels, and the temperature interval of the
γ→α(α')→γ PT in Fe-13Mn-2.7Al-1.3C steel is wider than that for Fe-13Mn-1.3C steel. Increase in Mn concentration, which is

austenite stabilizer, reduces the tendency to γ-α(α') PT during annealing at temperatures higher than 500 °C. The values of
microhardness are strongly dependent on SFE of steel under HPT and post-deformation annealing.
Acknowledgment: This work was supported by the Russian Science Foundation (project No. 18-79-00149). The authors are
grateful to Professor Yu.I. Chumlyakov for providing the single crystals of the steels.
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In this work, sheets of Al-Mg-Si alloy were joined by double-side friction stir welding and tempered by standard post-weld artificial
aging. A combination of relatively high FSW tool rotation and welding speed with subsequent post-weld artificial aging led to
obtain the welds with high joint efficiency. However, high sensibility of joint efficiency from FSW tool rotation speed at constant
welding speed was found. In turns, the joint efficiency of the friction-stir welds for ultimate tensile strength was found to be 72%
at 800 rpm and 92% at 1100 rpm, respectively. Reasons of difference in mechanical properties of the welds are studied.
Acknowledgment: This work is supported by the Ministry of Education and Science of the Russian Federation under the agreement
№14.584.21.0023 (ID number RFMEFI58417X0023). The authors are grateful to the staff of the Joint Research Center,
«Technology and Materials» Belgorod State National Research University for their assistance with the mechanical and structural
characterizations.
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In this work, a standard T6 tempering (involving solution annealing followed by artificial aging) was employed to a fine-grained
Al-Mg-Si alloy produced by double-side friction-stir welding (FSW). The material was found to exhibit abnormal grain growth
thus demonstrating a relatively low thermal stability. The kinetics of the abnormal grain growth in the FSWed material was studied.
Acknowledgment: This study was financially supported by the Russian Science Foundation, grant No. 19-49-02001. The authors
are grateful to the staff of the Joint Research Center, «Technology and Materials» Belgorod State National Research University for
their assistance with the mechanical and structural characterizations.
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A new design of the welding tool for friction-stir welding (FSW) was proposed. The main idea was in using of a hemispherical
tool probe. Such a tool is very simple (and cost-effective) in fabrication and provides excellent material mixing during FSW, thus
avoiding welding defects. In this work, a feasibility of this tool for joining of Al-Mg-Mn-Zr alloy and its effect on microstructure
and mechanical properties of the produced welds were studied.
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The possibility of forming the required set of quality indicators of structural material by forming an ultra-fine grain structure in it
is considered in the article on the example of a two-phase BT6 titanium alloy. The results of comparative studies of mechanical
properties of BT6 titanium alloy with a standard equiaxed microcrystalline structure with a grain size of about 10 μm, a
homogeneous submicrocrystalline structure with grain size (fragments) of the order of 0.5 μm and a bimodal submicro-micronized
structure consisting of a matrix with an average grain size of 0.8-1.5 μm, and inclusion into it of α-phase grains of 5 μm in size are
analyzed. Based on BT6 titanium alloy, performed evaluation of mechanical properties allows to develop general recommendations
concerning the formation of possible quality indicators of the material of the component, depending on conditions of its loading,
the expected operating temperature by creating a microstructure of a certain type.
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The effect of severe plastic deformation (SPD), realized via multistep isothermal forging (MIF) with temperature decrease in the
range of 325-1750C, as well as its combination with further cold rolling and high pressure torsion, on the microstructure, tensile
and fatigue strength parameters of an ingot of non-age-hardenable commercial aluminum alloy 1570c (Al-5Mg-0.18Mn-0.2Sc0.08Zr) with nanosized aluminides of transition metals, was studied. It is shown that the most effective SPD processing to enhance
both the static and dynamic alloy strength, is the combination of MIF and cold rolling, leading to the formation of a work hardened
ultrafine-grained structure. The effect of treatment routes and role of precipitates of aluminides of transition metals in the alloy
structure and property control are discussed.
Acknowledgment: The work was supported by the Russian Science Foundation (grant No. 16-19-10152-P).
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Structure and mechanical properties of the homogenized and severely deformed ingots out of 2024 type commercial aluminum
alloys with differed heterogeneity of the initial structure were examined. The latter was resulted from substitution of Mn by Zr and
both Zr and Sc, and also from preliminary heat treatment. SPD was realized on 1 mm thick discs 20 mm in diameter via room
temperature high pressure torsion (HPT) (10 revolutions under pressure of 6GPa). Before HPT the alloys were (i) solution treated
and water quenched, and then (ii) artificially aged. In modified alloys instead of Mn-enriched quite coarse T-phases there were

presented coherent Al3(Sc,Zr) nanosized dispersoids. The states (ii) also contained nanoprecipitates of strengthening S′-phase. It
was found the development of mixed (sub)grain/cellular structures composed by both equiaxed and elongated crystallites,
predominantly separated by dislocation boundaries, in the pre-aged states, whereas more equiaxed fragment structure with more
equilibrium boundaries was formed in as-quenched conditions. HPT resulted also in superior alloys strengthening with the record
balance of strength (YS=1350 MPa, UTS=1425 MPa) and ductility (El=3 %) demonstrated by pre-quenched Zr modified alloy.
Acknowledgment: The work was supported by the Russian Science Foundation under grant №16-19-10152P.
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The kinetics of hardening by low-temperature annealing has been studied for commercial purity (CP) Al and Al-0.4Zr(wt.%) alloy
in ultrafine-grained (UFG) states processed by high pressure torsion. It was shown that in both materials the strength first increases
linearly with the duration of annealing and then reaches a saturation. The level of the saturation of hardening depends on the
annealing temperature. The temperature dependence of the rate of hardening by annealing was analyzed through an Arrhenius law,
and apparent activation energy was extracted for both materials. On the linear part of strength enhancement, the addition of Zr
results in the reduction of the average activation energy of annealing-induced hardening by ~2 times. Physical mechanisms
underlying the kinetics of hardening by annealing are discussed for UFG CP Al and UFG Al-Zr alloy.
Acknowledgment: This work was supported by the Russian Science Foundation (project No 17-19-01311) and the Russian
Foundation for Basic Research (project No. 19-08-00474).
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Effect of zirconium on the grain refinement and texture formation was studied in magnesium alloys containing rare-earth elements
(Mg-RE) processed by equal channel angular pressing. It is shown and explained that small zirconium addition significantly
increases intensity of dynamic recrystallization during severe plastic deformation of these alloys. Enhanced dynamic
recrystallization consequently decreases final grain size and suppresses texture formation in the ultrafine-grained material.
Therefore, the microstructure and the texture of Mg-RE alloys can be effectively tailored by small Zr additions. Positive effect of
this approach was proved by means of microhardness and uniaxial deformation tests.
Acknowledgment: This work was financially supported by the Czech Science Foundation under the project GA19-00270S. M.Z.
acknowledges financial support by the Charles University Grant Agency under the grant 1109816.
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This study is devoted to studying the relationship between the microstructure, mechanical properties and toughness of two-phase
titanium alloys Ti-6Al-4V and VT8M-1 (Ti-5.7Al-3.8Mo-1.2Zr-1.3Sn) in the ultrafine-grained state. UFG state was achieved by
two types of processing: equal channel angular pressing (ECAP) and rotary swaging (RS). It was shown that the structure of the
UFG structure with a finer grain size during RS was compared to the ECAP and the UFG alloy after the RS showed a higher
uniform elongation compared to samples obtained using ECAP. It is discussed in order to increase the impact rate of hardening
capacity.
Acknowledgment: This work was within the scope of the project part of the State Assignment No. 11.1235.2017.

P 040

Strengthening mechanisms of ultra fine grained copper alloys
A. Morozova a,1, R. Mishnev a,2, A. Belyakov a,3,
R. Kaibyshev a,4
a

Laboratory of Mechanical Properties of Nanostructured Materials and Superalloys,
Belgorod National Research University, Belgorod, Russia
1
morozova_ai@bsu.edu.ru, 2mishnev@bsu.edu.ru, 3belyakov@bsu.edu.ru,
4
rustam_kaibyshev@bsu.edu.ru
Cu-Cr-Zr alloys are characterized by an excellent combination of strength and electrical conductivity and are applied as structural
materials in various electrical / electronic devices. The microstructure design of Cu-Cr-Zr alloys, the effect of thermomechanical
treatment based on severe plastic deformation, physical mechanisms providing high strength and electrical conductivity are
investigated. The main structure-property relations of Cu-Cr-Zr alloys are considered. The dissolution of the dispersed particles
during severe plastic deformation and an increase in the dislocation density, as well as the effect of heat treatment after deformation
on the mechanical and electrical properties are discussed.
Acknowledgment: The authors are grateful to the personnel of the Joint Research Center, “Technology and Materials”, Belgorod
National Research University, for their assistance with instrumental analysis.
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Zirconium alloys are used in nuclear power plants for fuel cladding applications and for medical implants. There is a problem that
zirconium alloys suffer from corrosion and erosion during prolonged operation. We propose to protect the surface of the alloys
with a coating obtained by the plasma-electrolytic oxidation (PEO) method. PEO was carried out in the constant voltage mode,
pulsed unipolar and bipolar voltage modes in electrolytes of different composition. It was founded that coatings obtained in an
alkaline silicate-phosphate electrolyte in the pulse unipolar mode at the frequency range of 400-600 Hz, duty cycle 50% have the
best protective characteristics. Accelerated performance tests were carried out for the selected coatings. It was shown that the PEOcoated samples have 1.5 ... 1.8 fold less value of weight corrosion rate and 1.5 ... 1.7 fold less value of the hydride orientation
coefficient than the uncoated alloy Zr-1Nb samples.
Acknowledgment: The research is supported by RFBR-Indian DST grant № 16-53-48008.
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Improving the characteristics of superplasticity of alloys widely used in industry, such as Ti-6Al-4V titanium alloy, is an important
practical problem. Processing by the methods of severe plastic deformation can reduce the temperature of superplasticity. However,
during low-temperature superplasticity the material exhibits high flow stresses. In this work, we studied the effect of preliminary
ultrasonic treatment with the amplitude of oscillating tension-compression stresses of 100 MPa on the characteristics of
superplasticity of Ti-6Al-4V alloy processed by equal channel angular pressing. It is shown that the high-frequency oscillations
resulted in a reduction of the flow stress, increase of elongation and the strain rate sensitivity coefficient during tensile tests in the
conditions of superplasticity. The possible reasons for these changes of the properties are discussed.
Acknowledgment: This research was supported by the Russian Science Foundation (grant # 16-19-10126).
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Microstructure investigations and microhardness measurements have been comparatively performed for the nickel-based
superalloy Inconel 718 produced by selective laser melting (SLM) and by conventional technology in the wrought condition. It
was revealed that in contrast to the conventional wrought material, the superalloy produced by SLM had a finer γ grain size and a
developed dislocation substructure. High-pressure torsion of the superalloy led to the dissolution of dispersed precipitates, the
microstructure refinement and the microhardness increase in the both superalloy conditions. Annealing of the deformed superalloy
caused precipitating the  phase particles and an additional increase in microhardness. At that the microhardness of the material
obtained by SLM was higher than that of the conventional superalloy.
Acknowledgment: The work was accomplished according to the state assignment of IMSP RAS (AAAA-A17-117041310215-4).
Electron microscopic, experimental studies were carried out on the facilities of shared services center of the Institute for Metals
Superplasticity Problems of Russian Academy of Sciences «Structural and Physical-Mechanical Studies of Materials».
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Data on microstructural parameters of α-titanium alloy (Ti-5Al-2.5Sn) and -titanium alloy (Ti-11.4Mo-5.5Sn-4.2Zr) with various
hydrogen content subjected to warm deformation in the single - and -phase fields, respectively, are represented. EBSD technique
was applied for quantitative microstructure analysis. It was shown that continuous dynamic recrystallization occurred in those
alloys during deformation. The effect of hydrogen on the flow stress and the size of recrystallized grains of the -alloy was very
weak, but the fraction of recrystallized -grains increased with hydrogen addition. While for the -alloy, the flow stress
significantly increased, the size and fraction of recrystallized -grains decreased with increasing the hydrogen content. Obtained
results improve our understanding of the favorable effect of hydrogen on nanostructure formation in titanium alloys during warm
deformation.
Acknowledgment: The present work was accomplished according to the state assignment of IMSP RAS.
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The problem of fatigue failure of assemblies of parts and structures is relevant for modern materials science. One of the methods
for increasing fatigue endurance limit is the formation of ultrafine-grained structures that make it possible to increase the strength
characteristics of most industrially used metals and alloys. In ferrite/martensitic steels the presence of dispersed particles and hardto-deform martensitic laths complicates the possibility to produce defect-free integral billets with an ultrafine-grained structure. In
the present work it is shown that equal-channel angular pressing of ferrite/martensitic steel leads to an ultrafine-grained structure
with a mean grain size of 350 nm. As a result of ultrafine-grained structure formation, the ultimate tensile strength increased to
1100 MPa. In the ultrafine-grained samples, the fatigue endurance limit on the basis of 107 cycles has increased by 20%, from 472
MPa to 570 MPa, as compared with the coarse-grained sample.
Acknowledgment: The authors are grateful to be supported by RFBR according to the project №18-38-00649.
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In world practice, the methods directed to the improvement of explants biocompatibility by variation of their surface layer
architecture and composition are widely developed in order to provide to the devices the properties of bone tissue and cell
membranes; this is called biomimetic approach. Such simulation of surface properties is achieved both due to physical and chemical
methods of coating formation that approximate the phase composition and three-dimensional structure of the surface layer to the
mineral components and the morphology of the human bone, and due to the application of an organic matrix containing functional
fragments that actively interact with the proteins of the intercellular matrix and trigger the processes of metal devices
osseointegration into bone tissue. This report presents the latest achievements in the modeling of bioactive properties of titanium
implants surface using hybrid organic molecules and biopolymers.
Acknowledgment: The authors thank the Russian Foundation of Basic Research (Grant No. 17-03-01042a) for financial support.
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Ultrasonic consolidation of commercially pure copper plates in coarse-grained and nanostructured states was carried out. Copper
plates of 0.5 mm thickness in both states were joined by ultrasonic welding using the same route. Macro- and microstructures of
consolidated samples were studied in a section normal to the plane of plates and parallel to the oscillation direction. Regularities
of the macro- and microstructure formation of the consolidated materials were established and the effect of initial structure of plates
on the quality of weld joints was studied. It is shown that the ultrasonic consolidation is a perspective way of additive manufacturing
using the bulk nanostructured materials.
Acknowledgment: The present work was supported by the Russian Science Foundation (grant # 16-19-10126).
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The β-Ti alloy Ti-34Nb-4Ta-7Zr (TNTZ), owing to a low Young's modulus, is recommended for the application as a material for
implants that are used for inhibiting bone atrophy, as well as for remodeling and replacing damaged bone tissues. However, the
relatively low strength in the single-phase β-state, correlating with a low Young's modulus, strongly restricts its application.
It is possible to improve the physical and mechanical properties of the TNTZ alloy through its nanostructuring by severe plastic
deformation (SPD). This report presents the results from the studies of nanostructure formation in the TNTZ alloy by high-pressure
torsion at room temperature, shows the effect of the alloy's nanostructured state on the features of phase transformations, and
reveals the relationship between the structural and phase state of the material under study, on the one hand, and its physical and
mechanical properties, on the other hand.
Acknowledgements: This research was supported by the Russian Foundation for Basic Research under grant No. 18-32-00585.
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Metastable beta titanium alloy Ti-15Mo (wt.%) was subjected to severe plastic deformation by high pressure torsion (HPT) and
equal channel angular pressing (ECAP). Non-homogeneous and ultra-fine grained (UFG) material was achieved. In-situ electrical
resistance measurements showed significant changes in phase transformations' sequence when compared to the non-deformed
material. The microstructure after deformation and subsequent heating was thoroughly investigated by scanning and transmission
electron microscopy, X-ray diffraction and positron annihilation spectroscopy (PAS). It was revealed that phase transformations
kinetics is higher in the deformed material due to high density of lattice defects. It was further shown by microscopic observations
that a slight difference in chemical composition can result in a heterogeneous precipitation of the alpha phase. Finally, to accentuate
the phase transformations in UFG Ti-15Mo alloy, the changes in the phase composition were observed during in-situ heating using
high-energy X-ray diffraction measurement.
Acknowledgment: Czech Science Foundation, project no. 17-20700Y, Ministry of Education Youth and Sports of Czech Republic,
project no. LTARF18010. Grant Agency of Charles University: D. Preisler acknowledges project no. 1530217, A. Terynkova
acknowledges project no. 20119.
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The equal channel angular pressing (ECAP) technique allows refining structure of bulk samples of NiTi-based alloys and
significantly increasing their strength and shape memory effect parameters. However, for practical applications continuous ECAP"Conform" method is more promising technique. This approach allowing to receive a long-length semi-products such as rods.
Present work shows possibility of ultrafine-grained (UFG) structure formation with a grain size of about 300 nm in NiTi alloys
using ECAP-"Conform". The influence of ECAP-"Conform" processing on parameters of the microstructure, phase transformations
and mechanical properties of NiTi alloy have been investigated. Results of comparative pseudoelastic cycling of NiTi alloy in
coarse-grained and UFG states are presented and discussed.
Acknowledgment: Authors acknowledge financial support from Saint Petersburg State University, Event 3 project (id 26130576).
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Analysis of the continuous method of obtaining steel reinforcement screw profile, combining rolling and shear with forming. The
stress-strain state was investigated using computer simulation. Using the example of low carbon steel grade 10, the relationship
between processing parameters, the stress-strain state, strength properties and structure was evaluated. The results of a physical
experiment and simulation showed that after deformation, a gradient type of structure with a high complex of mechanical properties
that meets the requirements of GOST for construction fittings is formed in a billet with a screw profile.
Acknowledgment: The authors acknowledge gratefully financial support by the Russian Foundation Basic Research through
project № 17-08-00720.
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Influence of cold rolling (CR) and subsequent post-deformation processing on microstructure, mechanical properties and electrical
conductivity of Cu-0.5wt.%Cr alloy in coarse-grained state and in ultrafine-grained (UFG) state obtained by the equal-channel
angular pressing (ECAP) are presented. The conclusion on the role of different structural elements on the investigated properties
is drawn.
Acknowledgment: Authors are grateful to be supported by the financial support of the Ministry of Education and Science within
the framework of the project No. 16.1969.2017/4.6. W. Wei is grateful to be supported by the National Natural Science Foundation
of China under Grant No. 51561001 and the Science and Technology Project of Changzhou, P. R. China under grant
No.CZ20180016 and CE20170028.

P 053

Towards promising industrial application of nanoSPD materials
N. Sayapina a,1, Y. Bazhenova a,2
a

Institute of Physics of Advanced Materials, Ufa State Aviation Technical University,
12 K. Marx St., Ufa, 450008 Russia
1

tasha.sayapina@gmail.com, 2julia-ipam@mail.ru

Nowadays the world is facing a great innovative potential for bulk nanostructured materials (BNM). Markets for BNM appear to
exist in every product sector where superior mechanical and physical properties (in particular, high strength, good strength-toweight ratio, and excellent fatigue life) are critical. The developments of scientists from all over the world have made it attractive
to apply nanometals in various industries including aerospace, transportation, medical devices, sports products, electronics, etc.
Institute of Physics of Advanced Materials of the Ufa State Aviation Technical University (IPAM USATU) initiated activities on
fabrication of BNM by means of the severe plastic deformation technique in mid 90-s of the last century. The main materials for
the R&D work served titanium and its alloys, steels, copper alloys and light alloys. Since then the outstanding results have been
achieved and demonstrated, that is the basis for IPAM (www.nanospd.ru) to represent itself as one of the leading experts in
producing and investigation of BNM. In particular, a possibility of producing pilot batches of nanostructured titanium billets with
the UTS ≥ 1250 MPa and fabrication of aluminum alloys with very high strength and conductivity have been demonstrated. Novel
properties pave the way to innovative application of these materials. This report will demonstrate the most promising research lines
from the point of view of commercialization.
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Ultrasonic welding (USW) is one of efficient methods of joining thin sheets of metals. The interest to this method is increasing due
its use in the ultrasonic additive technology, or ultrasonic consolidation of materials. In order to increase the mechanical
characteristics of articles manufactured by ultrasonic consolidation, studies aimed at enhancing the quality of USW joints are
necessary. In the present work, studies of samples of commercially pure Ni consolidated by USW are carried out. Macro- and
microstructures of cross sections of the samples by optical, scanning electron microscopy and EBSD-analysis are carried out. The
studies demonstrate that pore-free consolidated samples can be obtained by USW.
Acknowledgment: This research was supported by the Russian Science Foundation (grant # 16-19-10126).
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Ultrasound is widely used in the treatment of metals and alloys to modify their microstructure or accelerate some processes
occurring in the materials (crystallization, phase transformations, etc.). Ultrasonic treatment (UST) can also be used for the grain
refinement or further processing of ultrafine grained metals obtained by other techniques. In order to understand the mechanisms
of the effect of UST on the properties of materials, one needs to study the regularities of microstructure evolution under ultrasound.
In the present work, microstructure and microhardness of a selected area in coarse-grained commercially pure nickel are studied
under the effect of UST with different amplitudes of the tension-compression stresses. By comparing the microstructures before
and after UST, the mechanisms of the defect structure evolution in the material as a function of the stress amplitude are discussed.
Acknowledgment: This research was supported by the Russian Science Foundation (grant # 16-19-10126).
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Mechanisms of fine grain formation in a cast alloy Al - 3% Cu during equal channel angular pressing (ECAP) to total strain 12 at
300°C were studied. After the first ECAP pass, microshear bands (MSBs) with moderate-to high angle misorientations contributed
significantly to the structural changes. The banded arrays appeared as planar structures oriented at ~20 or 45о regarding the pressing
direction. In subsequent ECAP, the boundaries of initial grains and evolved banded structures aligned to the pressing direction,
creating an unevenly distributed ribbon structure. The latter was fragmented by the newly introduced MSBs, resulting in formation
of 3-dimensional network of intercrystallite boundaries. The number and misorientation of the boundaries increased during ECAP,
promoting the development of the chains of new grains in the place of the ribbon structure. After e=12, the size and volume fraction
of new grains were about 5 m and 40%, respectively. The data testified that grain refinement took place in accordance with
continuous dynamic recrystallization. Note that the formation of new grain structure in the dilute Al-Cu alloy led to the lower
volume fraction of fine grains, than that observed at the same temperature in some commercial aluminum alloys, containing
nanoscale aluminides of transition metals. The role of dynamic/static restoration processes and stabilizing effect of dispersion
particles on new grain development during high-temperature ECAP are discussed.
Acknowledgment: The work was supported by the Ministry of Science and Higher Education of Russia under the state assignment
of IMSP RAS (№ АААА-А19-119021390107-8).
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With the use of computer simulation in the environment of the DEFORM-3D software we conducted a virtual full factorial
experiment for the processing by equal-channel angular pressing (ECAP) combined with Conform of a low-alloyed chromiumzirconium bronze, which evaluated the effect of independent parameters (speed of rotation of the working wheel, the friction factor
on the side surfaces of the working wheel and the factor of friction between the billet and the matrix). As a result of the experiment,
we obtained the regression equation and identified the most important individual factors and their mutual combinations that affect
the response parameter.
Acknowledgment: This research was supported by the Ministry of Education and Science of the Russian Federation under grant
agreement No. 14.586.21.0059 (unique project identifier RFMEFI58618X0059).
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The paper presents the results of a study of the tribological characteristics of the contact of the tool steel of composition Fe-18W4Cr-1.2V with a magnesium alloy of the Mg-Ca system, strengthened by severe plastic deformation (SPD) using the method of
equal-channel angular pressing (ECAP). It has been established that SPD processing of a magnesium alloy, due to an increase in
strength as a result of grinding the grain structure, makes it possible to significantly reduce the integral value of the friction
coefficient and wear rate at the moving friction contact. In addition, the SPD processing of the material under study leads to a
decrease in the molecular component of the friction coefficient.
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Increasingly high requirements are imposed on modern constructions of aircraft engines, in particular the material must have high
specific strength, increased fatigue properties, high heat resistance, etc. The bulk ultrafine-grained structure formation in metals
allow to improve many mechanical properties in them. However, the structure refinement often accompanies by a decrease of the
thermal stability material at elevated temperatures, that restricts their practice use. The aim of the work is analysis of the thermal
stability of two-phase (α+β) titanium alloy VT8M-1 (Ti-5.7Al-3.8Mo-1.2Zr-1.3Sn) after rotary swaging. It was determined, that
the microstructure is retained up to 500 hours of annealing at temperature 450C. The mechanical behavior change of the ultrafinegrained alloy VT8M-1 after long-term annealing was shown.
Acknowledgment: This work was supported by the Ministry of Education and Science of the Russian Federation under the grant
of the Russian Science Foundation No. 18-79-10158.
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Precipitation of α-phase particles is the key strengthening mechanism in metastable beta titanium alloys. α-phase particles are
known to precipitate preferentially at lattice defects such as grain boundaries and dislocations. Ti15Mo alloy was prepared by three
different deformation techniques: HPT, ECAP (both belonging to SPD methods) and conventional cold forging. Deformed
microstructure was thoroughly characterized by SEM, TEM and positron annihilation spectroscopy (PAS). Deformed material was
subsequently subjected to thermal treatments promoting the α-phase precipitation. It was found that the α-phase precipitation is
significantly enhanced during heating due to previous plastic deformation. Concurrently, ω-phase formation is suppressed due to

the competing α precipitation process. Achieved results suggest that the enhancement of the α-phase precipitation is caused by high
dislocation density rather than UFG microstructure.
Acknowledgment: Czech Science Foundation (project no. 17-20700Y) and Ministry of Education Youth and Sports of the Czech
Republic (project no. LTARF18010) are gratefully acknowledged.
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In compressors of modern gas-turbine engines (GTE), monowheels are widely used – working wheels, in which the blades and the
disk do not have mechanical fasteners, but constitute a single unity. The only commercially available method for producing such
joints is linear friction welding (LFW). This paper presents the results of a study of the microstructure of welded joints obtained in
samples of titanium alloys VT6 and VT8M-1 with a coarse-grained and ultrafine-grained structure using the LFW method. The
features of phase and structural transformations in the contact zones and the thermomechanical effect of welding, as well as the
distribution of microhardness over the width of the welded joint, are shown.
Acknowledgment: This work was within the scope of the project part of the State Assignment No. 11.1235.2017.
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The present work is focused on studying the effect of multiple forging at room temperature on the microstructure and mechanical
properties of two austenitic stainless steels. The microstructure of the first austenitic stainless steel, Fe-0.03C-22Cr-10Ni-0.36N6.2Mn-0.34Si-1.9Mo (all in wt.%), consisted of austenitic grains with a high dislocation density of 4.2×10 15 m-2 and the
deformation twins after multi-pass compressions to a total true strain of 2, leading to an increase in the yield strength in 1.7 times.
The plastic working of the second austenitic stainless steel, Fe-0.1C-0.12N-0.1Si-0.95Mn-18.4Cr-7.85Ni-3.2Cu-0.5Nb-0.01P0.006S, was accompanied by the strain-induced martensitic transformation. The multi-pass compressions to a total true strain of 4
resulted in the development of uniform microstructure with a grain size of 30 nm and a high dislocation density 4.5×10 15 m-2,
resulting in an increase in the yield strength in 2.5 times.

P 063

Adhesive strength of vacuum-plasma coatings on ultrafinegrained titanium alloy
R.R. Valiev a,b,1, K. S. Selivanov a, Yu. M. Dyblenko a, Yu. M.
Modina a, I. P. Semenova a
a

Institute of Physics of Advanced Materials, Ufa State Aviation Technical University,
12 K. Marx St., Ufa, 450008 Russia
b
Saint Petersburg State University, Russia, Saint Petersburg, Universitetsky pr., 28
1

rovaliev@gmail.com

In this work, a combined approach to the hardening of the VT6 alloy is used, which consists in the sequential impact of severe
plastic deformation in order to form a bulk UFG structure in the substrate, and then by sputtering a protective coating on the surface
with a vacuum-plasma method. In order to assess the adhesion strength of the coating, studies were conducted using the Rockwell
indenter-type scratching method on a Micro Scratch-test unit. An increase in the adhesive strength of the coating to the substrate
was established on the alloy with the UFG structure, and the nature of this phenomenon is discussed.

Acknowledgment: The author is grateful for the financial support provided by the Russian Science Foundation in the framework
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Powder metallurgy is an alternative way of material processing with many advantages such as cost reduction due to possibility of
near-net-shape processing or reduced machining. In this study, metastable β-Ti alloy Ti-15Mo appropriate for utilization in
biomedicine or aircraft industry was prepared by cryogenic milling and spark plasma sintering. Intensive cryogenic ball milling
induces severe plastic deformation into powder particles due to repetitive collisions; and the powder particles significantly changed
their shape. Both non-milled and milled powders were subsequently spark plasma sintered (SPS) at different processing conditions
– temperatures in range 750-850°C and times 1-3 min. Microstructure of resulting material was observed by SEM and phase content
analysed by XRD. Mechanical properties were determined using microhardness measurement. It was found out that the initial
powder reaches full density after sintering at 850°C for 3 minutes, while sintering at only 750°C for 3 min is sufficient for the
milled one. Maximum microhardness of 350 HV was reached, which is comparable to the microhardness of Ti-15Mo alloy in aged
condition prepared by standard methods.
Acknowledgment: This work was supported by Czech Science Foundation under project 19-11275S and by Grant Agency of
Charles University (GAUK), project No. 20119.
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It has been proposed that by using SPD on bulk metallic glasses it will be possible to generate amorphous structures comprise of
medium and short range ordering, that is, analogous to nanoglass materials a core-shell type amorphous structure. Vitreloy 105
BMG were deformed by using HPT to study the possible microstructural and compositional changes that can occurred after such
SPD. This presentation will highlight the results obtained by TEM and APT techniques, described the microstructural and chemical
changes at the shear band.
Acknowledgment: The authors are grateful to the Karlsruhe Nano Micro Facility (KNMF) for support and access to APT, FIB
and TEM facilities.
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The shear bands were observed by TEM in Cu-Zr and Zr-based metallic glasses processed by high-pressure torsion. Shear bands
are distributed non-uniformly in HPT-disk due to the deformation gradient along the specimen radius. FIB lamella preparation for
TEM may lead to a structural relaxation in amorphous alloys, resulted in annihilation of shear bands. Thus, it is necessary to find
optimal regimes of sample preparation for detailed studies of shear bands. Optimal regimes of FIB lamella preparation for shear
bands observation and investigation were found in the present study. In addition, the influence of various TEM sample preparation
methods on the structure of shear bands was investigated.
Acknowledgment: The authors acknowledge Saint-Petersburg State University for a research grant 6.65.43.2017. The scientific
investigations were performed at the Interdisciplinary Resource Centre for Nanotechnology of St. Petersburg State University.
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The influence of flat rolling on the evolution of the microstructure and mechanical properties of nanostructured Cu-Zn alloys,
possessing the different stacking fault energy and obtained by equal-channel-angular pressing (ECAP), is investigated. The
dependencies of the average size of structural elements, predominant type and density of dislocations, twin density, elastic
microstrains of the crystal lattice, the strength and ductility upon of the reduction degree of flat rolling are established. In the
framework of theoretical assessments based on the XRD and TEM results, the various hardening contributions related to the
different microstructure elements are estimated.
Acknowledgment: Authors are grateful to be supported by the financial support of the Ministry of Education and Science within
the framework of the project No. 16.1969.2017/4.6. W. Wei is grateful to be supported by the National Natural Science Foundation
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A single addition of the rare earth elements neodymium and yttrium has been made to magnesium alloys Mg-3Nd and Mg-3Y.
Both alloys were proceeded by hot extrusion and equal channel angular pressing (ECAP) for up to 8 passes using route B C in order
to investigate the microstructure evolution, work hardening processes and room temperature corrosion resistance. The initial asextruded grained structure of 20 μm was effectively refined down to a sub-micrometer scale of an average grain size of ~ 600 nm
after 8 passes through ECAP. The refining effect of ECAP was more intensive in the case of Mg-3Y. At the same time, further
ECAP process leads to massive precipitation and fragmentation of intermetallic particles only in the Mg-3Nd alloy. Whereas in the
alloy Mg-3Y distinct smaller volume fraction of equilibrium βe particles was observed. The grain refinement with a combination
of precipitation in the case of Mg-3Nd and solid solution hardening in the case of Mg-3Y strengthened alloys. The mechanical
properties were detected by microhardness tests which increased up to 30% at 8 passes in both alloys, compared to the initial
extruded condition. The presence of the intermetallic phases in the magnesium matrix had an accelerating effect during the initial
corrosion attack in the case of Mg-3Nd. However, in the case of Mg-3Y significant increase of corrosion resistance with the
increasing number of ECAP passes was measured.
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acknowledges the financial support from the Czech Science Foundation in the frame of project no. 18-19213Y.

P 069

Analysis of the microstructure and mechanical properties of the
blades of gas turbine engines, obtained by forging from ultrafinegrained alloy VT8M-1
T. Yakovleva a,1, G. Dyakonov a,2, A. Polyakov a,3,
I. Semenova a,4
a

Institute of Physics of Advanced Materials, Ufa State Aviation Technical University,
12 K. Marx St., Ufa, 450008 Russia
1

yakovleva_tatyana93@mail.ru, 2dgr84@mail.ru, 3alex-v.polyakov@mail.ru, 4semenovaip@mail.ru
This paper presents the results of studies of the microstructure and mechanical properties of compressor blades of a gas turbine
engine from VT8M-1 alloy, produced by volumetric isothermal stamping from ultrafine-grained (UFG) structures, obtained by
severe plastic deformation methods such as equal-channel angular pressing and rotary forging. It has been established that the use
of billets with a UFG structure makes it possible to reduce the stamping temperature by 160 ºС as compared with the serial
technology. The structure parameters (shape and size of the α- and β-phases), as well as the homogeneity of the UFG structure in
the feather and castle parts of the model blade, are analyzed. It is shown that the UFG structure of the model blade is characterized
by high uniformity. The strength properties in the feather and castle parts of the model blade are investigated. The interrelation of
the structural-phase state and mechanical properties of a model blade made from a UFG VT8M-1 alloy is discussed.
Acknowledgment: This work was supported by the Ministry of Education and Science of the Russian Federation in the scope of
the project part of the State Assignment No. 11.1235.2017.

