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This section of Materials Letters deals with the important topic of nanomaterials and especially with the mechanics and physics of gradient nanomaterials.  This topic has grown out of earlier research on the fundamental characteristics of ultrafine-grained materials and the processing and properties of these materials when using processing techniques based on the application of severe plastic deformation.  Many of the early contributions in this research field were made by Alexander Zhilyaev working initially from his laboratory in Ufa and later in his capacity as Director of the Laboratory of Mechanics of Gradient Nanomaterials at Nosov Magnitogorsk State Technical University.  Unfortunately, our friend and colleague Professor Zhilyaev passed away on 20 November, 2020, leaving a major gap in the materials research community and a deep loss for all of us.  This section of the journal is therefore dedicated to the memory of Alexander Zhilyaev with a series of papers written by some of his closer friends and colleagues.  
Alexander Zhilyaev was born in 1959 in the small town of Ishimbay in the Republic of Bashkortostan, Russia.  Like many of his age, he went to high school at the age of seven. He studied well and was especially interested in mathematics and physics. In those years, parents strove to give their children a higher education and the efforts of school teachers were aimed primarily at raising the educational level of society. In fact, the exceptionally high level of Russian education in the Soviet period is still a topic for discussion.  Needless to say, Alexander proved this point.  After graduating from school with a gold medal in 1976, Alexander entered the Bashkir State University (BSU) and chose physics as a major.  While studying at the university, inquisitive Alexander very quickly mastered new knowledge and skills. He was one of the first among his class-mates to learn how to make calculations on computers, even though computers were very few at that time.  He chose "Theoretical Physics" as a major for the third year and joined in scientific activities encouraged by his teachers whom he later remembered with great respect. These teachers included the Head of the Department of Theoretical Physics, Professor M.M. Farztdinov and Associate Professor R.M. Sabitov. After graduation, Alexander continued as a researcher at BSU. That was his first step into large-scale science and a life-long career of creative research lay ahead.
In those years one of the most active scientific centers in Ufa, and recognized all over the world, was the school led by Professor Oskar A. Kaibyshev. At that time in the 1980s, Kaibyshev was an outstanding scientist specializing in the science-based and promising field of the superplasticity of metallic materials and he had established an academic research institute in Ufa with support from the scientific community and the Russian government. This center was known as the Institute for Metals Superplasticity Problems of the Russian Academy of Sciences, now known as IMSP RAS, and it was a dynamically developing new institute which attracted young scientists like a magnet. In 1986 Alexander became one of the active participants in this scientific institute. Thus, his first scientific works were devoted to theoretical studies of an important and unsolved problem of the relationship between texture and the spectrum of misorientations of grain boundaries in metals. Alexander, together with A. Pshenichnyuk, brilliantly solved this problem, and in 1992, on the basis of these studies, Alexander defended his Ph.D. thesis entitled "Investigation of the relationship between misorientations of grains and textures in fcc polycrystals." The further growth of Alexander as a scientist took place with many national and international cooperations over a period of many years.
One of his first internships was a long-term stay at McGill University in Montreal, Canada, where he had the opportunity to improve his English language, conduct research at the world level and meet leading scientists in the field of superplasticity and nanomaterials. This was followed by work in the laboratory of Professor Amiya Mukherjee at the University of California at Davis, USA. where he grew to become an internationally renowned researcher with publications in the highest category journals. Later he worked and collaborated with scientists at research centers in the USA, Spain, United Kingdom and Japan and in this period he made many good acquaintances and friends.
The next step in Alexander's professional growth was the defense of a doctoral thesis entitled "Ensembles of grain boundaries in ultrafine-grained materials" in 2002. This scientific work was done in an active period in the development of a new direction in physical materials science involving nanostructured and ultrafine-grained materials and their processing techniques. For example, such promising processing techniques included the application of severe plastic deformation (SPD) most notably in the procedure now known as high-pressure torsion (HPT). In this respect, the main vector of his subsequent research was concentrated on the development of this type of processing and the results of these studies are reflected in his numerous published monographs [1-7]. 
It is important to note also that Alexander made many first and important contributions to our understanding of the processing of metals by HPT. For example, he was the first to recognize that, since the strain varies across a disk when processing by HPT, this will lead to a variation in the measured hardness values across a disk diameter.  Measurements of this type were first published by Alexander and his colleagues in 2001 based on experiments conducted using high purity nickel [8] and later Alexander significantly improved the presentation of experimental data by developing three-dimensional representations of the hardness measurements [9].  Although the procedures of taking and documenting hardness measurements are now well established in research on materials subjected to HPT, these basic procedures were first developed in Alexander’s pioneering work at the beginning of this century.     
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[bookmark: _Hlk75164714]The most important of Aexander’s recent achievements was winning a prestigious competition held in accordance with Resolution 220 of the Ministry of Science and Education of Russia. As part of this competition, Alexander was invited as a visiting scientist to Nosov Magnitogorsk State Technical University to create a laboratory entitled Mechanics of Gradient Nanomaterials. This laboratory was established within the framework of an international cooperation program between Russian universities and scientific organizations with world-class scientists. 
During his scientific career, Alexander conducted important research in the field of physics of grain boundaries in metals, superplasticity, severe plastic deformation and nanostructured materials.  He published more than 170  papers in journals indexed in the world databases of Web of Science and Scopus publishing in both Russian and international publishing houses. In 2015 he  received the title of Honored Scientist of the Republic of Bashkortostan (Russia). He also received scientific grants from The Foundation for Biomedical Research of the Ramón y Cajal University in Spain (2006), the US National Research Center (2004) and two personal presidential scholarships of the Republic of Bashkortostan, Russia (1999,2000).
Alexander actively cooperated and published with many distinguished Russian and foreign scientists including A. Pshenichnyuk, Yu.R. Kolobov, R.Z. Valiev, S.V.  Dobatkin (Russia), T.G. Langdon (United Kingdom), H.-M. Cabrera (Spain), M. Kawasaki and T.R. McNelley (United States), H.-S. Kim (South Korea) and others and he made a significant personal contribution to the development of theoretical and methodological approaches to the physics of grain boundaries in metals, superplastic flow and processing by severe plastic deformation.
To improve the research procedures applied to study ultrafine-grained structures, Alexander presented the following proposals.
First, to analyze individual grain boundaries (GBs) in a monoclinic lattice, it is fruitful to use a generalized criterion of “specialty” of GBs, obtained on the basis of calculations based on a coincidense site lattice (CSL) in a monoclinic lattice (for example, ZrO2) and analysis of known experimental data. According to this criterion, grain boundaries which have the maximum density of coincident sites in their plane are special;
  	Second, to reconstruct the spectrum of GB misorientations by texture, it is necessary and sufficient to know two main parameters: the orientation distribution function (ODF) and the type of correlation in the orientations of neighboring grains. This approach was developed and made it possible to simulate GB spectra in ultrafine-grained and nanocrystalline materials.
Alexander also discovered a unique phenomenon of the existence of GB clusters consisting of only twin boundaries in ZrO2 films by high-resolution electron microscopy and geometric analysis which makes it possible to simulate a spectrum of grain boundaries in these materials. The information obtained permits an evaluation of the kinetics of diffusion and oxidation processes and provides recommendations for the formation of protective properties in materials.
In studies of a relationship between the misorientations of grains and textures in fcc polycrystals, Alexander obtained a number of interesting and pioneering results. For example, using transmission electron microscopy the experimental accuracy of determining the orientation and misorientation of neighboring grains was statistically investigated from Kikuchi patterns obtained both by diffraction from a selected region and by diffraction in a converging beam. The optimal conditions for obtaining the maximum achievable accuracy with a modern level of experimental technology were formulated. The necessary and sufficient conditions for unambiguous reconstruction of a spectrum of grain boundary misorientations from texture data was also formulated. The computer model of a polycrystal developed on this basis and the algorithm for specifying a set on the basis in it makes it possible to evaluate real spectra of grain boundary misorientations by ODF. Finally, an express method for assessing the real grain boundary misorientation spectrum based on the data of texture analysis in fcc polycrystals was developed.
In general, the results of studies on the relationships between two statistical characteristics of a polycrystal, such as the grain boundary misorientation spectrum and the texture, make a significant contribution to the development of new approaches in producing materials with new or tailored properties by creating specific grain boundary misorientation spectra within them. Thus, the scientific activities of Alexander Zhilyaev were connected with research into fundamental problems of physics based on the strength and ductility of materials. He was in the elite of world scientists with a Hirsch index of 40 and there is no doubt that he will remain as a recognized specialist in the field of physical materials science.
Alexander’s most cited publications are listed as follows (with citation numbers taken from Google Scholar):
· A.P. Zhilyaev, T.G. Langdon, Using high-pressure torsion for metal processing: Fundamentals and applications, Progress in Materials Science, 53 (2008) 893-979 (2777 citations).
· S.X. McFadden, R.S. Mishra, R.Z. Valiev, A.P. Zhilyaev, A.K. Mukherjee, Low-temperature superplasticity in nanostructured nickel and metal alloys, Nature, 398 (1999) 684–686 (1322 citations).
· A.P Zhilyaev, G.V. Nurislamova, B.-K. Kim, M.D. Baró, J.A. Szpunar, T.G. Langdon, Experimental parameters influencing grain refinement and microstructural evolution during high-pressure torsion, Acta Materialia, 51 (2003) 753-765 (852 citations).
· R.Z. Valiev, A.P. Zhilyaev, T.G. Langdon, Bulk nanostructured materials: fundamentals and applications, Wiley/TMS, Hoboken, NJ, USA (2014) (512 citations) 
· A.P. Zhilyaev, S. Lee, G.V. Nurislamova, R.Z. Valiev, T.G. Langdon, Microhardness and microstructural evolution in pure nickel during high-pressure torsion, Scripta Materialia, 44 (2001) 2753-2758 (362 citations)
· A.P.Zhilyaev, B.-K. Kim, G.V. Nurislamova, M.D. Baró, J.A. Szpunar, T.G. Langdon, Orientation imaging microscopy of ultrafine-grained nickel, Scripta Materialia, 46 (2002) 575-580 (266 citations).




References:
1. Zhilyaev A.P., Pshenichnyuk A.I., Utyashev F.Z., Raab G.I. Superplasticity and Grain Boundaries in Ultrafine-Grained Materials, Elsevier, Second Edition, USA (2020) 440 р.	
2. Valiev RZ, Zhilyaev AP, Langdon TG. Bulk Nanostructured Materials: Fundamentals and Applications. Saint-Petersburg, Russia, Eco-Vector, (2017) 480 p. (in Russian)
3. Valiev RZ, Zhilyaev AP, Langdon TG. Bulk nanostructured materials: Fundamentals and applications. Hoboken, New Jersey, Wiley/TMS (2014) 450 p.
4. Zhilyaev AP, Pshenichnyuk AI. Superplasticity and grain boundaries in ultrafine-grained materials (in Russian). Moscow, Nauka-FizMatLit publisher (2008) 320 p. Translated and published by CISP: Zhilyaev AP, Pshenichnyuk AI. Superplasticity and grain boundaries in ultrafine-grained materials. Cambridge: Cambridge Intern. Sci. Publ. (2010) 330 p.
5. McNelley TR, Zhilyaev AP, Swaminathan S, Su J, Menon E S. Application of EBSD methods to severe plastic deformation (SPD) and related processing methods. Chapter 20 (pp. 277-288): In: Schwartz AJ, Kumar M, Adams BL, Field DP (Eds.). Electron Backscatter Diffraction in Materials Science. Pergamon Materials Series. Springer (2009) 406 p.
6. McNelley TR, Oh-Ishi K, Zhilyaev AP. Microstructure and properties of copper alloys after friction stir welding/processing. Chapter 8 (pp. 157-177) In: Mishra RS, Mahoney MW (Eds.). Friction Stir Welding and Processing. Materials Park, Ohio, USA: ASM International (2007) 360 p.
7. Kolobov YR, Valiev RZ, Grabovetskaya GP, Zhilyaev AP, Dudarev EF, Ivanov KV, Ivanov MB, Kashin OA, Naidenkin EV. Grain boundary diffusion and properties of nanostructured materials (in Russian), Novosibirsk: Nauka (2001) 282 p. Translated and published by CISP: Kolobov YR, Valiev RZ, Grabovetskaya GP, Zhilyaev AP, Dudarev EF, Ivanov KV, Ivanov MB, Kashin OA, Naidenkin EV. Grain boundary diffusion and properties of nanostructured materials. Cambridge: Cambridge Int. Sci. Publ. (2007) 250 p.
[8] Zhilyaev AP, Lee S, Nurislamova GV, Valiev RZ, Langdon TG, Microhardness and microstructural evolution in pure nickel during high-pressure torsion, Scripta Materialia, 44 (2001) 2753-2758 (
[9] Zhilyaev AP, Nurislamova GV, Kim B-K, Baró MD, Szpunar JA, Langdon TG, Experimental parameters influencing grain refinement and microstructural evolution during high-pressure torsion, Acta Materialia, 51 (2003) 753-765



Acknowledgments:
The authors are grateful to the family of Alexander P. Zhilyaev and to Prof. A.A. Nazarov (IMSP) and Prof. A.M. Pesin (Nosov MSTU) for contributions to this article. For G.I. Raab 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 (Сontract No. 075-15-2019-869 from May 12, 2019).

image1.jpeg




image2.jpeg




