®WILEY-VCH

M. ]. Zehetbauer, R. Z. Valiev

Edited by

Nanomaterials
by Severe Plastic

Deformat

10N




VII

Content
I Reasons to Use Nanostrictured MAterials.. .. aiirosniessssssisnisssssssssssssersssessessesssnsssssssns 1
Unique Features and Properties of Nanostructured Materials ..ot 3

Hahn, H. Technische Universitdt Darmstadt, Institute of Materials Science,
Darmstadt (D)

Properties, Benefits and Application of Nanocrystalline Structres in Magetic Materials ......... 18
Grdssinger, R., Saio, R., Holzer, D., Dahlgren, M. Technische Universitit Wien,
Institut fiir Festkdrperphysik, Wien (A}

Formation of Nanostructures in Metals and Composites by Mechanical Means .......cocoevene..... 30
Fecht, H.-J. University of Ulm, Center for Micro-and Nanomaterials, Ulm (D}

Scale Levels of Plastic Flow and Mechanical Properties of Nanostructored Materials ............ 37
Panin, V. E., Panin, A. V,, Derevyagina, L. S. Institute of Strength Physics and

Materials Science, Tomsk (Rus); Kopylov, V. I. Physical-Technical Institute of

National Academy of Sciences of Belarus, Minsk, Belarus; Valiev, R. Z. Institute

of Physics of Advanced Materials associated with (USA)TU, Ufa (Rus)

Hydrogen-Induced Formation of Silver and Copper Nanoparticles in Soda-Lime

SHILCALE GLASSES ©euerevirireeririeter ettt ettt e e ee et e eeeae st e reb e st e b eatsreb et essen b eb st et easteebeme e eeereneeee e 44
Suszynska, M., Krajczyk, L., Macalik, B. Institute of Low Temperature and Structure Research,
Polish Academy of Sciences, Wroclaw (Pl)

IT Large Strain Cold Working and Microstructure ..o 53

Equivalent Strains in Severe Plastic Deformation..........c.o.ovcveesisrsiesiineccsreceseees e searenen 55
Stiiwe, H. F. Erich Schmidt Institute of Materials Science, Austrian Academy of
Sciences and Institute of Metal Physics, University of Leoben, Leoben (4)

Stage 1V: Microscopic Or Mesoscopic Bfect 7 ...cvvviiisncinisiscecinte e 65
Aldazabal, J., Alberdi, J. M., Sevillano, J. Gil CEIT (Centro de Estudios e

Investigaciones Técnicas de Guipiizcoa), and TECNUN (Technological Campus,

University of Navarra), San Sebastidn (E)

Deformation Substructure and Mechanical Properties of BCC - Polycrystals..........c..cee....... 72
Firstov, §. A. Francevych Institute for Problems of Materials Science, Kyiv {Ua)

Micro- and Nanostructures of Large Strain-SPD deformed L12 Intermetallics........cocovee....... 80
Rentenberger, C., Karnthaler, H. P. Institute of Materials Physics, University of

Vienna, Vienna (A); Valiev, R. Z. Institute of Physics of Advanced Materials,

Ufa State Aviation Technical University, Ufa {Rus).



VII

The Nature of the Stress-Strain Relationship in Aluminum and Copper over a

Wide Range of SIralll......ccoririimiriciiisiirsr e oo e

Chinh, N. Q. Edtvds University, Budapest (Hu); Horita, 7. Kyushu University,
Fukuoka (I); Langdon, T. G. University of Southern California, Los Angeles (USA).

Strain Hardening by Formation of Nanoplatelets ......vovvv e

Han, K., Xin, Y., Ishmaku, A. National High Magnetic Field Laboratory,
Florida State University, Talluhassee, FI (USA}

Modelling the Draw Hardening of a Nanolamellar Composite: A Multiscale

Transition MEthod. .. i r s e smre e sesasteeeamsmeesaneaes e eeesbeeaumnenanne

Krummeich-Brangier, R. Groupe de Physique des Matériaux-UMR CNRS 6634,
Urniversité de Rouen (F); Sabar, H., Berveiller, M. Laboratoire de Physique et
Mécanique des Matériaux-UMR CNRS 7554, Université de Metz (F)

III Unique Features of SPD — Microstructure and Properties

Paradoxes of Severe Plastic Deformation. ..o s sseeeieeie s e seesee e eeie s aee e

Valiev, R. Z. Institute of Physics of Advanced Materials, Ufa State Aviation
Technical University, Ufa (Rus}

Investigation of Phase Transformations in Nanostructured Materials Produced by

Severe Plastic Deformation......cociciiiirivr i eesiarie s srmree s s s rerrerssisransees s s ntnseresintsssessensrnsees

Sauvage, X., Guillet, A., Blavette, D. Groupe de Physique des matériaux,
UMR CNRS 6634, Université de Rouen, Saint Etienne du Rouvray (F)

Structure-Phase Transformations and Properties in Nanostructured Metastable Alloys

Processed by Severe Plastic Deformation........ciiiiiiniinm e

Stolyvarov, V. V, Valiev, R. Z. Institute of Physics of Advanced Materials,
Ufa Stare Aviation Technical University, Ufa (Rus)

On the Influence of Temperature and Strain Rate on the Flow Stress of ECAP Nickel .........

Hollang, L., Thiele, E., Holste, C. Institut fiir Physikalische Metallkunde,
Technische Universitit Dresden, Dresden (D); Brunner, D. Max-Planck-Institut
Jiir Metallforschung, Stuttgart (D}

The Effect of Second-Phase Particles on the Severe Deformation of Aluminium

Alloys during Equal Channel Angular EXTrusion. ...,

Apps, P. J. UMIST, Manchester (GB); Bowen, J. R. Risg National Labs (Dk};
Prangnell, P. B. UMIST, Manchester (GB)

Effects of ECAP Processing on Mechanical and Aging Behaviour of an AAGD82 Alloy .....

Bassani, P, Tasca, L., Vedani, M. Politecnico di Milano, Dipartimento di
Meccanica, Milarno (I)

107
109

118

125

131

138

145



IX

Influence of the Thermal Anisotropy Internal Stresses on Low Temperature

Mechanical Behavior of Polycrystalline and Nanostructured Ti.....oooviieincnncnecciciicnnce 151
Bengus, V. Z, Smirnov, 8. N. B. Verkin Inst. for Low Temperature Physics &

Engineering Ukraine Academy of Sciences, Kharkov (Ua)

Nano- and Submicrocrystalline Structure Formation During High Pressure Torsion

of Al-Sc and ALI-ME-S¢ ALLOYS oot e 158
Dobatkin, 8. V. Baikov Institute of Metallurgy and Material Science RAS,

Moscow (Rus); Zakharov, V. V., Rostova, T. D. All-Russia Institute of Light Alloys,

Moscow (Rus), Vinogradov, A. Yu. Osaka City University, Osaka (J); Valiev, R. Z.,

Krasilnikov, N. A. Ufa State Aviation Technical University, Ufa (Rus); Bastarash, E. N.,
Trubitsyna, I. B. Moscow State Steel and Alloys Institute (Technological University),

Moscow (Rus)

Phase Transformation in Crystalline and Amorphous Rapidly Quenched

Nd-Fe-B Alloys under SPD ..o ettt eme e e ee s et eeeas 165
Gunderov, D. V,, Stolyarov, V. V. Institute of Physics of Advanced Materials,

USATU, Ufa (Rus); Popov, A. G., Schegoleva, N. N. Institute of Physics of Metals,

UrD RAS, Ekaterinburg (Rus); Yavary, A. R. National Polytechnic Institute,

Grenoble (F)

Structure and Functional Properties of Ti-Ni-Based Shape Memory Alloys

Subjected to Severe Plastic Deformation............ccooiiriieei it 170
Khmelevskaya, I Yie., Trubitsyna, I B., Prokoshkin, 8. D. Moscow Steel and

Alloys Institute, Moscow (Rus); Dobatkin, S. V. Moscow Steel and Allovs Institute,

Moscow (Rus) and Baikov Institute of Metallurgy and Material Science, Russian

Academy of Science, Moscow (Rus); Stolvarov, V. V., Prokofjev, E. A. Ufa State

Aviation Techrical University, Ufa (Rus)

Formation of Submicrocrystalline Structure in The Hard Magnetic Alloy

Fe-15wt.%Co-25%Cr During Straining by Complex Loading.........cccovvecvenvnnncnncsiennn 177
Korznikova, G. F, Korneva, A. V. Institute of Metals Superplasticity Problems,

Russian Academy of Sciences, Ufa (Rus); Korznikov, A. V. Austrian Research

Centres, Seibersdorf Research GmbH and Institute of Metals Superplasticity

Problems, Russian Academy of Sciences, Ufa (Rus)

Experimental Investigations of the Al-Mg-Si Alloy Subjected to Equal-Channel

ANZUIAT PIESSINE .oovviniiiiiniiii it sb s ekt e bbb bbb e 183
Krallics, G., Szeles, Z. Budapest University of Technology and Econormics,

Budapest (Hu); Semenova, I. P., Dotsenko, T. V., Alexandrov, 1. V. Ufa

State Aviation Technical University, Ufa (Rus)



X

Mechanical Properties of AZ91 Alloy after Equal Channel Angular Pressing ................

Mdthis, K. Department of Metal Physics, Charles University, Prague (Cz) and
Department of General Physics, Edtvis University, Budapest (Hu); Trojanovd, Z.,
Lukdc, P. Department of Metal Physics, Charles University, Prague (Cz);
Lendvai, J. Department of General Physics, Edtvis University, Budapest (Hu);
Rauch, E., Mussi, A. Génie Physique et Mécanique des Matériaux, INP
Grenoble - ENSPG (F)

Influence of Microstructural Heterogeneity on the Mechanical Properties of

Nanocrystalline Materials Processed by Severe Plastic Deformation........c.cccocvcveve

FPakiela, Z., Sus-Ryszkowska, M. Faculty of Materials Science and
Engineering, Warsaw University of Technology, Warsaw (Pl)

Creep Behaviour of Pure Aluminivm Processed by Equal-Channel Angular Pressing

Sklenicka, V., Dvorak, J., Svoboda, M. Institute of Physics of Materials,
Academy of Sciences of the Czech Republic, Brno (Cz)

Low Temperature Strain Rate Sensitivity of some Nanostructured Metals ...

Tabachnikova, E. D., Bengus, V. Z., Natsik, V. D., Podolskii, A. V., Smirnov,

S. N. B. Verkin Inst. for Low Temperature Physics & Engineering (Ua)
Academy of Sciences, Kharkov (Ua); Valiev, R. Z., Stolyarov, V. V., Alexandrov,
L V. Institute of Physics of Advanced Materials, Ufa (Rus)

IV Modelling of SPD and Mechanical Properties of SPD Materials....ccciimennnes

Importance of Disclinatioin in Severe Plastically Deformed Materials ...

Romanov, A. E. Ioffe Physico-Technical Institute, St. Petersburg (Rus)

Disclination-Based Modelling of Grain Fragmentation during Cold Torsion and

ECAP in Aluminium Polycrystals ...

Seefeldt, M., Houtte, P Van K. U. Leuven, Heveriee (B)

Modeling of Deformation Behavior and Texture Development in Aluminium

under Equal Channel Angular Pressing ... s

Baik, S. C. Technical Research Labs., Pohang Iron & Steel Co. Ltd., Pohang
(ROK); Estrin, Y., Hellmig, R. J. IWW, TU Clausthal, Clausthai-Zellerfeld (D),
Kim, H. 8. Department of Metallurgical Engineering, Chungnam National
University, Daejeorn (ROK) and Technical Research Labs., Pohang Iron &

Steel Co. Ltd., Pohang (ROK)

Process Modeling of Equal Channel Angular Pressing .....oovveiioeccnnrcc e

Kim, H. 8., Hong, §. I, Lee, H. R., Chun, B. 8. Chungnam National University,
Daejeon (ROK)



Deformation Behaviour of ECAP Cu as described by a Dislocation-Based Model................ 245
Enikeev, N. A. Institute of Mechanics, Ufa Science Centre, RAS, Ufa (Rus};

Alexandrov, I. V. Institute for Physics of Advanced Materials (USA)TU, Ufa (Rus);

Hong, 8. I, Kim, H. 8. Chungnam National University, Taejon {ROK)

Severe Plastic Deformation by ECAP in an Acommercial Al-Mg-Mn-Alloy ... 251
Gonzdlez, P A., Luis, C. Departimento de Ingeniera Mecdnica, Energética y
Materiales, UPNA, Campus de Arrosadia, Pamplona (E)

Evolution of Mechanical and Microstructural Properties of ECAP Deformed Copper .......... 257
Hellmig, R. J., Estrin, Y. Technische Universitdt Clausthal, Clansthal-Zellerfeld

(D); Bowen, J. R, Juul Jensen, D. Center for Fundamental Research: Metal

Structures in Four Dimensions, Roskilde (Dk); Baik, S. C. Pohang Iron & Steel

Co. Ltd., Pohang (ROK); Kim, H. S., Seo, M. H. Chungnam National University,

Daejeon (ROK)

A Composite Grain Model of Strengthening for SPD Produced UFG Materials................. 263
Kozlov, E. V, Popova, N. A., Koneva, N. A. Tomsk State Universify of Architecture

and Building, Tomsk (Rus); Zhdanov, A. N. Altai State Technical University,

Barnaul (Rus}

Computer Simulation of Equal-Channel Angular Pressing of Tungsten by Means

of the Finite Blement Method ........oooviiiririnne s esensssesaesssanss e 271
Krallics, G. Budapest University of Technology and Economics, Budapest (Hu);

Budilov, I. N., Alexandrov, I V, Raab, G. I, Zhernakov, V. 8., Valiev, R. Z. Ufa

State Aviation Technical University, Ufa (Rus)

V Texture Evolution and Simulation During SPDu...isiisissmissisiiisisssssims 279

Texture Evolution in Severe Plastic Deformation by Equal Channel Angular Extrusion....... 281
Tdth, L. S. Laboratoire de Physique et Méchanique des Matériaux, Université

de Metz (F}; Rauch, E. F, Dupuy, L. Génie Physique et Mécanique des

Mutériaux (GPM2), Institut National Polytechnique de Grenoble ENSPG,

Saint-Martin d'Héres (F)

Textural Evolution during Equal Channel Angular Extrusion versus Planar

SIMPLE SHEAL ..o e et 297
Rauch, E. F. and Dupuy, L. Génie Physigue et Mécanique des Matériaux

(GPM2), Institut National Polytechnique de Grenoble ENSPG, Saint-Martin

d'Heres (F)

Grain Refinement and Texture Formation during High-Strain Torsion of NiAl........c.ccceenn. 303
Skrotzki, W., Kléden, B., Tamm, R., Oertel, C.-G. Institut fiir Strukturphysik,

Technische Universitdt Dresden, Dresden (D); Weislak, L. HASYLAB at DESY,

Hamburg (D), Rybacki, E. Geoforschungszentrum Potsdam, Potsdam (D)}



XII

Severely Plastically Deformed Ti from the Standpoint of Texture Changes.........oooveevevnnen. 309
Bonarski, J. Polish Academy of Sciences, Institute of Metallurgy and Materials

Science, Krakow (Pl); Alexandrov, 1. V. Ufa State Aviation Technical

University, Ufa (Rus)

Development of Crystallographic Texture and Microstructure in Cu and Ti, Subjected

to Equal-Channel Angular Pressing .........cvicrieieircrnioiee i eeeeeeen ettt s e e, 315
Bonarski, I, Tarkowski, L. Polish Academy of Sciences, Institute of Metallurgy

and Materials Science, Krakow (Pl); Alexandrov, I V. Ufa State Aviation Technical

University, Ufa (Rus)

VI Details of SPD Nanostructures as Investigated by Electron Microscopy......eessees. 321

Boundary Characteristics in Heavily Deformed Metals ........c.covecveeireeiis i e 323
Winter, G., Huang, X. Center for Fundamental Research: Metal Structures in 4D,
Risg Laboratory (Dk)

Quantitative Microstructural Analysis of IF Steel Processed by Equal Channel

ANZUIAE BXITUSION ....cooviitiiii ettt bbbt bttt en e 332
De Messemaceker, J., Verlinden, B., Van Humbeeck, J., Froyen, L. Katholieke

Universiteit Leuven, Leuven (B)

HRTEM Investigations of Amorphous and Nanocrystalline NiTi Alloys Processed

DY HPT .ocooooeeeceeeesisemmscossmsss e sssasss e oo eeesesess e ses s s seme st eeseraseeeees oo oeeeee 339
Waitz, T, Karnthaler, H. P. Institute of Materials Physics, University of Vienna,

Vienna (A); Valiev, R. Z. Institute of Physics of Advanced Materials, Ufa State

Aviation Technical University, Ufa (Rus)

Effect of Grain Size on Microstructure Development during Deformation in

POlycryStalling IFOM ..........o. it es ettt st en e e enen et 345
Kawasaki, K., Hidaka, H., Tsuchiyama, T., Takaki, S. Kyushu University,

Fukuoka (J)

Microstructure and Phase Transformations of HPT NiTi........cooocciscieviiiescne oo, 351
Waitz, T, Karnthaler, H. P, Institute of Marerials Physics, University of Vienna,

Wien (A); Kazykhanov, V. Institute of Physics of Advanced Materials, Ufa State

Aviation Technical University, Ufa (Rus)

Types of Grains and Boundaries, Joint Disclinations and Dislocation Structures of
SPD-produced UFG Materials........ccourieoiiimioie e sees e s e s esstsasresees s eeseneneenen 357
Koneva, N. A, Popova, N. A., Ignatenko, L. N., Pekarskaya, E. E., Kozlov, E. V.

Tomsk State University of Architecture and Building, Tomsk (Rus); Zhdanov, A. N.

Altai State Technical University, Barnaul (Rus)



X1

Microstructure Development of Copper Single Crystal Deformed by Equal

Channel AngUlar PreSSITIZ. ..o oo s e e se e e e sre e 363
Kovama, T., Mivamoto, H., Mimaki, T. Doshisha University, Kvotanabe (J);

Vinogradov, A., Hashimoto, S. Osaka City University, Osaka (J)

TEM Investigations of Ti Deformed by ECAP ... 369
Mingler, B., Zeipper, L., Karnthaler, H. P, Zehethauer, M. Institute of
Materials Physics, University of Vienra, Wien (A}

Microstructural Evolution during Severe Deformation in Austenitic Stainless

Steel with Second Phase Particles.... ... oo e 375
Miura, H., Hamaji, H., Sakai, T. Department of Mechanical Engineering

and Intelligent Systems, University of Electro-Communications, Chofu, Tokyo {J}

Structural Models and Mechanisms for the Formation of High-Energy

Nanostructures under Severe Plastic Deformation ..........cocoovii i 381
Tyumentsev, A. N., P. Pinzhin, Yu., Litovchenko, I Yu., Ovchinnikov, 5. V.

Institute of Strength Physics and Materials Technology, RAS, Tomsk (Rus);

Korotaev, A. D., Ditenberg, I. A., Surikova, N. 8., Shevchenko, N. V. Siberian

Physicotechnical Institute, Tomsk (Rus); Valiev, R. Z. Institute of Physics of

Advanced Materials Ufa State Aviation Technical University, Ufa (Rus)

Grain Refinement and Microstructural Evolution in Nickel During

High-Pressure TOSION ..ottt ana st eneees 387
Zhilyaev, A. P. Universitat Auténoma de Barcelona, Bellaterra (E);

Nurislamova, G. V. Institute for Physics of Advanced Materials, Ufa State

Aviation Technical University, Ufa (Rus); Kim, B.-K., Sgpunar, J. A. Department

of Metals and Materials Engineering, McGill University, Montreal (Cdn);

Bard, M. D. Universitai Autonoma de Barcelona, Bellaterra (E); Langdon, T. G. Departments
of Aerospace & Mechanical Engineering and Materials Science,

University of Southern California, Los Angeles, (USA)

VII Analyses of SPD Materials by Selected Physical Methods.........ccuuu.... .393

The Meaning of Size Obtained from Broadened X-ray Diffraction Peaks...........ocoooinae 395
Ungdr, T. Department of General Physics, Edtvds University, Budapest (Hu)

Ultra Fine Grained Copper Prepared by High Pressure Torsion: Spatial

Distribution of Defects from Positron Annihilation SpectrosCopy ... irricrisirsrcrennn 407
Cizek, J., Prochazka, 1., Kuzel, R., Cieslar, M. Charles University in Prague,

Faculty of Mathematics and Physics, Prague (Cz); Islamgaliev, R. K. Institute

of Physics of Advanced Materials, Ufa State Aviation Technical University,

Ufa (Rus); Anwand, W., Brouer, G. Institui fiir Ionenstrahlphysik und

Materialforschung, Forschungszentrum Rossendorf, Dresden (D)



XIV

Anelastjc Properties of Nanocrystalline Magnesium .........oocoeovirencoeniceeneen s

Trojanovd, Z., Lukdc, P, Stanek, M. Department of Metal Physics, Charles
University, Praha {Cz); Riehemann, W., Weidenfeller, B. Department of
Materials Engineering and Technology, Technical University Clausthal,
Clausthal-Zellerfeld (D)

X-ray Peak Profile Analysis on the Microstructure of Al-5.9%Mg-0.3%Sc-0.18%Zx

Alloy Deformed by High Pressure Torsion Straining............coeeeveveverecveeeeeverecireervsenievenens

Gubicza, J. Department of General Physics, Edtvds University, Budapest (Hx)

and Department of Solid State Physics, Edtvés University, Budapest (Hu); Fdtay, D.,
Nyilas, K., Ungdr, T. Depariment of General Physics, Edtvés University,

Budapesi (Hu); Bastarash, E., Dobatkin, S. Moscow State Steel and Alloys
Institute (Technological University), Moscow (Rus)

Evolution of Microstructure during Thermal Treatment in SPD Titanium .........cccoeeennnen,

Schafler, E. Institute of Materials Physics, University of Vienna (A} and Erich
Schmid Institute of Material Science, Leoben (A); Zeipper, L. Institute of
Materials Physics, Universify of Vienna (A) and ARC Seibersdorf Research
GMBH, Seibersdorf (A); Zehetbauer, M. J. Institute of Materials Physics,
University of Vienna {A)

VIII Influence of Deformation Parameters to SPD Nanostructures,..ueeseeesseness

The Role of Hydrostatic Pressure in Severe Plastic Deformation ..........ccocooovvivivsinvinnns

Zehetbauer, M. J., Schafler, E. Institute of Materials Physics, University of
Vienna, Vienna (A); Stiiwe, H. P, Vorhauer, A. Erich Schmid Institute of
Materials Science, Austrian Academy of Sciences, Leoben (A); Kohout, J.
Department of Physics, Military Academy Brno, Brno (Cz);

Influence of the Processing parameters at High Pressure Torsion ..o,

Hebesberger, T. Erich Schmid Institute of Materials Science Austrian

Academy of Sciences, Leoben (A), now Yoest-Alpine Stahl, GmbH,; Vorhauer, A.
Erich Schmid Institute of Materials Science Austrian Academy of Sciences,
Leoben (A); Stiiwe, H. P. Erich Schmidt Institute of Materials Science, Austrian
Academy of Sciences and Institute of Metal Physics, University of Leoben,
Leoben (A); Pippan, R. Erich Schimid Institute of Materials Science Austrian
Academy of Sciences, Leoben (A} and Christian Doppler Laboratory for Local
Analysis of Deformation and Fracture, Leoben (A)




XV

Mechanical Properties and Thermal Stability of Nano-Structured Armco

Iron Produced by High Pressure TOISION. .o e esnes 453
Ivanisenko, Yu., Minkow, A. Division of Materials, Ulm University, Ulm (D),

Sergueeva, A. V. Chemical Engineering and Material Science Department,

University of California, Davis (USA); Valiey, R. Z. Institute of Physics of

Advanced Materials, Ufa State Aviation Technical University, Ufa (Rus);

Fecht, H.-J. Division of Materials, Ulm University, Ulm (D) and Institute

of Nanotechnology, Research Center Karlsruhe, Karlsruhe (D)

Properties of Aluminum Alloys Processed by Equal Channel Angular Pressing

Using 8 60 Degrees DHE ..ot 459
Furukawa, M. Fukuoka University of Education, Munakata (J); Akamaisu, H.,

Horita, Z. Kyushu University, Fukuoka (J); Langdon, T. G. University of

Southern California, Los Angeles (USA)

Deformation Behaviour of Copper Subjected to High Pressure Torsion ..., 465
Dubravina, A, A. Instifute of Physics of Advanced Muaterials, Ufa State

Aviation Technical University, Ufa (Rus) and Department of Chemical

Engineering & Materials Science, University of California, Davis (USA);

Alexandrov, I V., Valiev, R. Z. Institute of Physics of Advanced Materials,

Ufa State Aviation Technical University, Ufa (Rus); Sergueeva, A. V. Department

of Chemical Engineering and Material Science, University of California, Davis (USA)

Features of Equal Channel Angular Pressing of Hard-to-Deform Materials.........ccoovciiinna. 471
Raab, G. I, Soshnikova, E. P Ufa State Aviation Technical University, Ufa (Rus)

IX New Methods of SPD .. ciiiniieessesimsecsmesisesssss sasssssnsessessnssnenss 477

ARB (Accumulative Roll-Bonding) and other new Techniques to Produce

Bulk Ultrafine Grained Materials ......coviericiiiniinccee s s 479
Tsuft, N., Saito, Y., Minamino, ¥. Osaka University, Suita (J); Lee, S-H

Mokpo National University, Mokpo (ROK)

Optimal SPD Processing of Plates by Constrained Groove Pressing (CGP)......coovciiicien, 491
Alkorta, I, Sevillano, J. G, Centro de Estudios ¢ Investigaciones Técnicas
de Guipiizcoa y Tecnun, University of Navarra, San Sebastian (E)

Comparative Study and Texture Modeling of Accumulative Roll Bonding
(ARB) processed AABDTI and CP-Al ... s 498
Heason, C. P, Prangnell, P. B. UMIST Manchester (GB)

Nanocrystallization in Carbon Steels by Various Severe Plastic Deformation

PrOCESEES 1o ret ettt ettt e d e b S ab e LS b bR TSR ar Rt 505
Todaka, Y., Umemoto, M., Tsuchiya, K. Department of Production System

Engineering, Toyohashi University of Technology, Toyohashi (J)



XVI

Severe Plastic Deformation by Twist EXIIUSION ......o.ociviiienicnsincceeccn st 511
Beygelzimer, Y., Varyukhin, V., Orlov, D., Synkov, S., Spuskanyuk, A.,
Pashinska, Y. Donetsk Phys&Tech. Institute, Donetsk (Ua)

SPD Structures Associated With Shear Bands in Cold-Rolled Low SFE Metals ................... 517
Higashida, K., Morikawa, T. Kyushu University, Fukuoka (J)

Feamures of Mechanical Behaviour and Structure Evolution of

Submicrocrystalline Titanium under Cold Defortmation ..o iseeereee e vere e eseees 523
Mironov, 8. Y., Salishchev, G. A, Institute of Metals Superplasticity

Problems, Russian Academy of Sciences, Ufa (Rus); Myshlyaev, M. M.

Baikov Institute of Metallurgy and Materials Science, Russian Academy of

Sciences, Moscow (Rus)

Ultra Grain Refinement of Fe-Based Alloys by Accurnulated Roll Bonding .........ccco........... 530
Reis, A. C. C., Tolleneer, L, Barbé, L., Kestens, L., Houbaert, ¥ Ghent

University, Depariment of Metallurgy and Materials Science, Ghent (B}

X SPD with Ball Milling and Powder Consolidation ........ceseomsesrosesessessresse 537

Mechanically Activated Powder Metallurgy : A Suitable Way To Dense

Nanostructured Materials. ... oottt ettt eeeeee e enerenseeas 539
Gaffet, E. UMR 5060 CNRS / UTBM, Sévenans, Belfort (F) and GFA, GdR

2391 CNRS, Dijon (F); Faris, 8., Bernard, F. LRRS UMR 5613 CNRS / Univ.

Bourgogne, Dijon (F) and GFA, GAR 2391 CNRS, Dijon (F)

Characterization and Mechanical Properties of Nanostructured Copper

Obtained by Powder MetalllIZY ..ottt e ee e ae e 545
Langlois, C., Hytch, M. I, Lartigue, S., Champion, Y. Centre d'Etudes de

Chimie Métallurgique CECM-CNRS, Vitry-sur-Seine (F); Langlois, P

Laboratoire d'Ingénierie des Matériaux et des Hautes Pressions

LIMHP-CNRS, Villetaneuse {F)

Densification of Magnesium Particles by ECAP with a Back-Pressure........oceevevvorvsreeneos 551
Lapovok, R. Ye., Thomson, P. F. CAST CRC, School of Physics and
Materials Engineering, Monash University, Melbourne (Aus)

Annealed Microstructures in Mechanically Milled Fe-0.6%0 PoWders.....ov.eeveveeevevrereessro, 558
Belyakov, A., Sakai, ¥, Hara, T., Kimura, Y., Tsuzaki, K. Steel Research
Centet, National Institute for Materials Science, Tsukuba (1)



XVII

Processing and Characterization of Nanocrystalline Aluminum obtained

by Hot Isostatic Pressing (HIP)........ooo s 564
Billard, §., Dirras, G., Fondere, J. P, Bacroix, B. Laboratoire des Propriétés

Mécaniques et Thermodynamigues des Matériaux (LPMTM) CNRS, Institut

Galilée Université Paris 13, Villetaneuse (F)

Characteristics of Nano Grain Structure in SPD-PM Processed AISI304L

Stainless StEel POWMET oo et sbeeaeea 5N
Inomoto, H. Ritsumeikar University, Kusatsu, Shiga (J); Fujiwara, .

Department of Environmental Systems Engineering, Kochi University of

Technology, Tosayamada, Kochi (J); Ameyama, K. Deptartment of

Mechanical Engineering, Ritsumeikan University, Kusatsu, Shiga (J)

Formation of Powder and Bulk Al-Cu-Fe Quasicrystals, and of Related

Phases During Mechanical Alloying and SIDENE ..o 579
Kaloshkin, S. D., Tcherdyntsev, V. Vi, Laptev, A. L, Shelekhov, E. V.

Moscow State Institute of Steel and Allovs, Moscow (Rus); Principi, G.,

Spataru, T. Settore Materiali and INFM, DIM, Padova (1)

Production and Consolidation of Nanocrystaliine Fe Based Alloy Powders ... 585
Rombouts, M., Froyen, L. Department of Metallurgy and Materials

Engineering (MTM), Katholieke Universiteit Leuven (B); C. Reis, A. C.,

Kestens, L. Department of Metallurgy, Ghent University (B}

Strain Measurement in the ECAP PIrOCEsS ... e 591
Werenskiold, J. C., Roven, H. J. Norwegian University of Science and
Technology, Trondheim (N)

XI Mechanical Properties and Thermostability of Nanocrystalline Stroctures ... 597

Atomistic Modeling of Strength of Nanocrystalline Metals. ..o 599
van Swygenhofen, H., Derlet, P. M., Hasnaoui, A. Paul Scherrer
Institute, Villigen (CH)

Multiscale Studies and Modeling of SPD Materials.......ccooovviiiisnn e 609
Alexandrov, 1 V. Ufa State Aviation Technical University, Ufa {Rus)

Microstructural Stability and Tensile Properties of Nanostructured

Low Carbon Steels Processed by ECAP . ..ot 616
Shin, D. H. Department of Metallurgy and Materials Science, Hanyang

University, Ansan (ROK); Park, K.-T. Division of Advanced Materials

Science & Engineering, Hanbat National University, Taejon (ROK)



XVIII

Microstructure and Mechanical Properties of Severely Deformed Al-3Mg

and its Evolution during subsequent Annealing Treatment.........cocoovvecvnrennvnnvnnen i 623
Morris-Muiioz, M. A., Garcia Oca, C., Gonzalez Doncel, G., Morris, D. G.

CENIM, CSIC, Madrid (E)

Dependence of Thermal Stability of Ultra Fine Grained Metals on Grain Size.......c.occoviine 630
Stulikovd, 1., Cieslar, M., Kuzel, R., Prochdzka, I, Cizek, J. Faculty

of Mathematics and Physics, Charles University, Prague, (Cz);

Islamgaliev, R. K. Institut of Physics of Advanced Materials, Ufa State

Aviation Technical University, Ufa (Rus)

Thermomechanical Properties of Electrodeposited Ultra Fine Grained

Cu-Foils for Printed Wiring BOArdS....ccciiricririe ettt s nnans 636
Betzwar-Kotas, A., Groger, V., Weiss, B., Wottle, I, Zimprich, P. Institute

of Material Physics, University of Vienna (A}; Khatibi, G. Institute of

Material Physics, University of Vienna (A) and Institute of Physical

Chemistry, Material Science, University of Vienna (A)

Effect of Grain Boundary Phase Transitions on the Superplasticity in the Al-Zn system ...... 642
Lopez, G. A., Gust, W, Mittemeijer, E. J. Max Planck Institute for Metals

Research and Institute of Physical Metallurgy, University of Stutigart,

Stuttgart (D}; Straumal, B. B. Max Planck Institute for Metals Research

and Institute of Physical Metallurgy, University of Stuttgart, Stuttgart (D)

and Institute of Solid State Physics RAS, Chernogolovka (Rus)

Microstructure and Thermal Stability of Tungsten based Materials after

Severe Plastic Deformation.... ... e e s 648
Vorhauer, A. Erich Schmid-Institute of Materials Science of the Austrian

Academy of Sciences, Leoben (A) and Christian Doppler Laboratory of

Local Analysis of Deformation and Fracture, Leoben (A); Pippan, R.

Erich Schmid-Institute of Materials Science of the Austrian Academy of

Sciences, Leoben (A) and Christian Doppler Laboratory of Local Analysis

of Deformation and Fracture, Leoben (A); Knabl, W. Plansee AG, Reutte (A)

Development of Microstructure and Thermal Stability of Nano-structured

Chromium Processed by Severe Plastic Deformation .........o.oocoeeeeiiiiecevcio e 654
Wadsack, R. Erich Schmid Institute for Materials Science of the Austrian

Academy of Sciences, Leoben (A); Pippan, R. Erich Schmid Institute for

Materials Science of the Austrian Academy of Sciences, Leoben (A) and

Christian Doppler Laboratory for Local Analysis of Deformation and

Fracture, Leoben (A}, Schedler, B. Plansee AG, Reutte (A)




XH Influence of Deformation Path to Properties of SPD Materials...eicaanioncnnnie. 661

Fatigue of Severely Deformed Metals ..o 663
Vinogradov, A., Hashimoto, S. Department of Intelligent Materials
Engineering, Osaka City University, Osaka (J)

Cyclic Deformation Behaviour and Possibilities for Enhancing the Fatigue

Properties of Ultrafine-Grained Metals ........ooooeiiinririniminsion e 677
Hippel, H. W, Kautz, M., Barta-Schreiber; N., Mughrabi, H.

Friedrich-Alexander-Universitiit Erlangen-Niirnberg, Erlangen (D); Xu, C.,

Langdon, T. G. University of Southern California, Los Angeles (USA)

The Influence of Type and Path of Deformation on the Microstructuzal

Evolution During Severe Plastic Deformation ... 684
Vorhauer, A., Pippan, R. Erich Schmid Institute for Materials Science of

the Austrian Academy of Sciences, Leoben (A) and Christian Doppler

Laboratory for Local Analysis of Deformation and Fracture, Leoben ()

Formation of a Submicrocrystalline Structure in Titanivm during Successive

Uniaxial Compression in Three Orthogonal Directions ........cc..oov v ervmiiemiesiesieeceieiee 691
Salishchev, G. A., Zherebtsov, S. V., Mironov, S. Yu. Institute for Metals

Superplasticity Problems, Ufa (Rus), Myshlayev, M. M. Baikov Instituie

of Metallurgy and Materials Science, Moscow {(Rus); Pippan, R. Institute of

Material Science, Leoben (A)

XIII Features and Mechanisms of Superelasticity in SPD Materials .....onscmmssssiernessanns 699

Achieving a Superplastic Forming Capability through Severe Plastic Deformation .............. 701
Xu, C., Langdon, T. G. University of Southern California, Los Angeles (USA);

Horita, Z. Kyushu University, Fukuoka (J), Furukawa, M. Fukuoka University

of Education, Munakara (J)

Production of Superplastic Mg Alloys Using Severe Plastic Deformation ... 711
Horita, 7., Matsubara, K., Miyahara, Y. Kvushu University, Fukuoka (J);
Langdon, T. G. University of Southern California, Los Angeles (USA)

High Strain Rate Superplasticity in an Micrometer-Grained Al-Li Alloy

Produced by Equal-Channel Angular EXIUSION. ... 717
Myshiyaev, M. M., Myshivaeva, M. M. Institute of Solid State Physics,

Russian Academy of Sciences, Chernogolovka (Rus); Kamalov, M. M.

Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka

{Rus) and Baikov Institute of Metallurgy and Material Science, Russian

Academy of Sciences, Moscow {Rus)



XX

Diffusion-Controfled Processes and Plasticity of Submicrocrystalline Materials.................. 722
R. Kolobov, Yu., lvanov, K. V., Grabovetskaya, G. P, Naidenkin, E. V.
Institute of Strength Physics and Materials Science, Tomsk (Rus)

Superplastic Behavior of Deformation Processed Cu-Ag Nanocomposites..........cooeveeveveenee.. 728
Hong, S. L, Kim, Y. 8., Kim, H. 5. Department of Metallurgical Engineering,
Chungnam National University, Taedok Science Town, Taejon (ROK)

Features of Microstructure and Phase State in an Al-Li Alloy after ECA

Pressing and High Strain Rate Superplastic FIow ... 734
Myshiyaev, M. M. Institute of Solid State Physics, Russian Acadeny

of Sciences, Chernogolovka (Rus) and Baikov Institute of Metallurgy and

Material Science, Russian Academy of Sciences, Moscow (Rus); Magilkin, A. A.,

Kamalov, M. M. Institute of Solid State Physics, Russian Academy of Sciences,

Chernogolovka (Rus)

Microstructure Refinement and Improvement of Mechanical Properties of a

Magnesium Alloy by Severe Plastic Deformation............oooooevieeiiiecciiicric e 740
Mussi, A., Blandin, J. J., Rauch, E. F. Génie Physique et Mécanigue des

Matériaux (GPM2) Saint-Martin d'Heres (F) and Institut National Polytechnigue

de Grenoble (INPG) Saint-Martin d'Héres (F)

Grain Refinement and Superplastic Properties of Cu-Zn Alloys Processed

by Equal-Channel Argular Pressing .. ..o 746
Neishi, K., Horita, Z. Kyushu University, Fukuoka (I}; Langdon, T. G.

University of Southern California, Los Angeles (USA)

XTIV Mechanisms of Diffusion Related Processes in Nanocrystalline Materials........c.u... 753

Diffusion in Nanocrystalline Metals and Alloys — A Status Report ......ccococoveeveeeinrorovnrirnan, 755
Wiirschum, R., Brossmann, U. Technische Universitit Graz, Institut fiir

Technische Physik, Graz (A); Herth, 8. Forschungszentrum Karlsruhe,

Institut filr Nanotechnologie, Karlsruhe (D)

Self-Diffusion of *’Nd in Nanocrystalline NdyFe B 767
Sprengel, W., Barbe, V., Herth, S., Wejrzanowski, T. Institut fiir

Theoretische und Angewandte Physik, Universitdt Stuttgart, Stuttgart (D)

and Faculty of Materials Science, Warsaw University of Technology, Warsaw

(Pl); Gutfleisch, Q. Leibniz-Institut fiir Festkdrper- und Werkstoffforschung

Dresden, Dresden (D); Eversheim, P. D. Helmholtz Institut fiir Strahlen- und

Kernphysik, Universitdt Bonn, Bonn (D}; Wiirschum, R. Institut fiir Technische

Physik, Technische Universitit Graz, Graz (A); Schaefer, H.-E. Institut fiir

Theoretische und Angewandte Physik, Universitdit Stuitgart, Stuttgart (D)




Theoretical Investigation of Nonequilibrium Grain Boundary Diffusion Properties .............. 773
Perevezenssev, V. N. Blagonravov Nizhni Novgorod Branch of Mechanical
Engineering Research Institute, Russian Academy of Sciences, Nizhny Novgorod (Rus)

On Annealing Mechanisms Operating in Ultra Fine Grained Alloys........cooooiniiiniiinnns T80
Sakai, T., Miura, H. Department of Mechanical Engineering and

Intelligent Systems, University of Electro-Communications, Chofu, Tokyo (J);

Belyakov, A., Tsuzaki, K. Steel Research Center, National Institute for

Materials Science, Tsukuba (J)

XV Application of SPD Materials .. iirecnmoimniiniimissis e s 787

Commercialization of Nanostructured Metals Produced by Severe Plastic
DEfOrMALION PrOCESSINE v eueevee et eeet et mee oo en oo e st b ab s s bbb s sb bbb 789
Lowe, T. C, Zhu, Y. T. Los Alamos National Laboratory, Los Alamos (USA)

The Main Directions in Applied Research and Developments of SPD

Nanomaterials in RUSSIa ... 798
Fokine, V. A. Editor of the Journal " Russia and World: Science and Technology”,

Director General of the F&F Consulting Co., Moscow (Rus)

Developing of Structure and Properties in Low-Carbon Steels During Warm

and Hot Equal Channel Angular Pressing ...t 804
Dobatkin, S. V. Batkov Institute of Metallurgy and Material Science, Russian

Academy of Sciences, Moscow (Rus) and Moscow State Steel and Alloys

Institute (Technological University), Moscow (Rus); Odessky, P. D. Institute

of Building Consiructions, Moscow (Rus); Pippan, R. Erich Schmid Institute

of Material Science, Austrian Academy of Sciences, Leoben (A); Raah, G. I,

Krasilnikov, N. A. Ufa State Aviation Technical University, Ufa (Rus);

Arsenkin, A. M. Moscow State Steel and Alloys Institute (Technological

University), Moscow (Rus)

Mechanical Properties of Severely Plastically Deformed Titanium........ccoooieierviiiiniiini, 810
Zeipper, L., Korb, G. ARC Seibersdorf Research GmbH, Seibersdorf (A);

Zehetbauer, M., Mingler, B., Schafler, E., Karnthaler, H. P. University of

Vienna, Vienna (A)

Ways to Improve Strength of Titanium Alloys by Means of Severe
Plastic TIefOTMAION ....cv.cverieiie it es et st s e et e e s b eb e e sas e 817
Popov, A. A. Ural State Technical University, UGTU-UPI, Ekaterinburg (Rus)

Structures, Properties, and Application of Nanostructured Shape Memory

TING-BASEA ALIOYS .. vieerieteie ettt ettt bems et ss s a s bbb 822
Pushin, V. G. Institute of Meral Physics, Ural Division of Russian Academy

of Sciences, Ekaterinburg (Rus}



XXII

Microstructure and Properties of a Low Carbon Steel after Equat Channel

ATZUIAT PLESSIIE 1t vvvivverieiriiecieeiser e e snsstes e enr e estesressa s beas s assestessasssat e e seamsensesnsentesessaseseseens
Wang, J., Wang, Y., Du, 7., Zhang, Z., Wang, L., Zhao, X. School of

Metallurgical Engineering, Xi'an Univ. of Arch. & Tech., Xi'an (VRC); Xu, C.,

Langdon, T. G. Depts. of Mech. Eng. and Mater. Sci., Univ. of Southern

California, Los Angeles (USA)

Formation of Submicrocrystalline Structure in Large-Scale Ti-6Al-4V Billets

during Warm Severe Plastic Deformation 182 ..o ceven e
Zherebtsov, 8. V., Salishchev, G. A., Galeyev, R. M., Valiakhmetov, O. R.

Institute for Metals Superplasticity Problems, Ufa (Rus); Semiatin, S. L. Air

Force Research Laboratory, Wright-Fatterson Air Force Base (USA}

AUTNOT TIARK oo b st s s st ket et e st enen e et neme s eesreventeesreenee

SUBJECT INABX ..ot et st aeb e e ar s



