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Personnal resume

Education:
	1976
	Ph. D.
	Physics, University Paris VI 
Thesis: “Microstructural Study of ordered oxydes derived from spinel or perovskite structures” 
(Supervisor Pr. Michel Fayard)


	1968
	M. Sc.
	Chemistry, University Paris VI (UPMC)


	1968
	Engineer
	Chemistry & Metallurgy, L'École Nationale Supérieure de Chimie de Paris  (Chimie ParisTech)


Profeesional Experiences:
	Emeritus Professor
	Chimie ParisTech
	2009– Present


	Eminent Scholar
	French National Center for Scientific Research 
(CNRS UMR 7045 laboratory)

	2006– Present


	Professor
	Chimie ParisTech (exceptional class)
Chimie ParisTech (1st class)
Chimie ParisTech (2nd class)
	2001–2009   
1991–2001   

1981–1990   



	Director
	Structural Metallurgy Laboratory (Chimie ParisTech)
	1981– 2009


	Adjunct Professor
	Laboratory of Chemical Metallurgy (CNRS CECM, Vitry)
	1981– 2004


	Royal Society Postdoctoral Fellow
	University of Cambridge
(High Resolution Microscopy, modulated structures in alloys, martensitic transformation, with Dr. W. M. Stobbs)

	1977 (9 months)

	Research Fellow
	French National Center for Scientific Research (CNRS)
	1976–1981


	Research Associate
	French National Center for Scientific Research (CNRS)
	1969–1976


	Research Assistant
	University Paris VI (UPMC)
	1968–1969



Professional Associations and Activities:
	President
	French Society for Electron microscopy (1994–1996)
CNRS Scientific Comitte (CEMES Toulouse, Mineral Chemistry, Paris, …)
International Conference of Electron Microscopy (1994)


	Chairman
	Master degree comitte in Metallurgy (for ENSCP and UMPC, 1985–2005)


	Vice president
	French National University Council (1984–1996)


	Board member
	French Metallurgical Society (1998–2001)
French National University Council (1988–1991)

	Senior Expert
	French National Agency for Research (ANR)


	Member
	French Society for Electron microscopy (1985–1994)
Administration and Scientific Councils (ENSCP) 
University Scientific Councils (Paris, Lille, Rouen, …)
International Advisory Committee of SMST-99 (1999)
New Materials and New Technologies for the new Millenium (2000)
XI internat. Conf on Electron Microscopy (2002)


	Organiser
	Convergent Beam Electron Diffraction (Liège, Belgium, 1983, Lille, 1988)

Quasi-crystal (French Metallurgical Society, Paris, 1987)

Convergent Beam Diffraction (with John Steeds) XV Intern. Conf. Of Crystallography, Bordeaux, 1990

Indo–French School on Electron Microscopy, New Dehli, India, 1990

Nano diffraction and High Resolution Microscopy, Barcelona, Spain, 1992

Phase transformations (ICEM XIII, Paris, 1994)


	Co-organiser, editor
	Belgian, Swiss and French Conference on Electron Microscopy (1995)
Spanish, Portuguese and French joint Conference on Electron Microscopy (1992)
Atomic Level Microstructure of Inorganic Solids and Their Surfaces (with Lars Kihilborg 1990)



Awards & Honors

- French decoration for services to education (academic palms)

- Honour Researcher of the Institute of Metal Physic, NASU (Kiev, Ukrain)

- St Georges medal « Honor-Glory-Labour » from the National Academy of Sciences of Ukraine

- Honour member of the French Society of Microscopy

- Personal interview on Journal du CNRS: “Richard Portier, the magician of metal”

Languages:
French, English

Current research efforts:
- Electron Microscopy (Defect Contrast, High Resolution, Convergent Beam Diffraction) 

- Electron Microscopy (Dynamical theory, Diffraction symmetry, Contrast symmetry properties)

- Electron Microscopy (Image Processing)

- Reconstructive Phase Transformations (Order-Disorder, Precipitation)

- Oxides and Nitrides (Enantiomorpous crystals, Short and Long Range Order, defects in spinels, homologuous series, 

- Displacive Phase Transformations (Martensitic transformation, Shape Memory Alloys, High temperature SMA, Ti-base, 

  CuAlNiX, CuAlZn, Ru-base, TiAu, HfPd, ZrPd alloys …)

- Complexe Metallic Structures (Commensurate and Incommensurate Modulated Structures, Quasicrystal, Approximant 

  Structures, Complex Intermetallics, Frank-Kasper phases)

- Metallic Glasses (multielementary alloys precursors for SMA, Ti-base alloys)

- Bicrystallography (Variants, Homophase and Heterophase interfaces, coincidence site locus, …)

- Action Group Theory for Phase Transformation and for Electron Microscopy

- Mechanical Properties (superelastic and superplastic properties, Mechanical Spectroscopy)

- Non conventional élaboration methods (rapid solidification)

- Genesis and Evolution of Microstructures

Teaching Activities: 
- General Chemistry

- Quantum Mechanic

- Chemical Bond

- Frontier Electrons and Orbitals Reactivity 

- Solid State Phase Transformations

- Mechanical Properties and Extended Defects

- Material Resistance

- Material Selection

- Diffraction and Electron Microscopy

- Solid State Physic 


documents for the students (in french):

Phase transformation (350 pages)

Mechanical properties and structural defects (330 pages)

Quantum mechanic, chemical bond reactivity (250 pages)

Solid state physic (300 pages)

Electron microscopy (200 pages)

Diffractions (200 pages)

PUBLICATIONS & PRESENTATIONS
Research activities have been undertaken within various areas in metallurgy, namely electron microscopy technics and theories; microstructural investigation of metallic/intermetallic materials, quasicrystals, shape memory alloys involving martensitic phase transformation and archeometallurgy. By the year of 2011, 246 scientific papers have been published on various journals and proceedings including Nature, Philos. Mag., Acta Cryst., Acta Mater., etc., 242 presentations with 50 invited conferences have been given all over the world, and 2 books are coming soon.
Books: 
Physical Chemistry (with A. Sevin, F. Brochard–Wyart, C. Dezarnaud–Dandine, S. Griveau and F. Volatron), ed. Dunod, to be published, 2012
High Energy Electron Interaction with Matter (with D. Gratias and P. Stadelmann), in preparation
Journal and proceeding publications:
A. Lefebvre, D. Michel, J.-C. Gilles, R. Collongues, R. Portier, M. Fayard et M. Huber. Etude des désordres partiels observés dans des phases de haute  température de quelques systèmes à base d’alumine. Etude des transformations cristallines à hautes températures (Ed. C.N.R.S.) 1971

C. Boulesteix, P. E. Caro, C. Loier et R. Portier. Détermination des éléments de macle pour les macles mécaniques des sesquioxydes de terres rares de structure monoclinique, Phys. Stat. Sol. (a) 11, 771, 1972

R. Portier, M. Fayard, C. Boulesteix et P. E. Caro. Mise en évidence par microscopie électronique de marches à la surface de cristaux minces de sesquioxydes de terres rares. Mat. Res. Bull. 8, 693, 1973

R. Portier, M. Fayard, A. Carpy et J. Galy. Etude par microscopie électronique de quelques termes de la série (Na,Ca)nNbnO3n+2. Mat. Res. Bull. 9, 371, 1974

P. E. Caro, G. Schiffmacher, C. Boulesteix, C. Loier et R. Portier. Defects and impurities influences on phases transformations in rare earth oxides. Defects and transport in oxides (Ed. M. S. Seltzer and R. Joffee.) 1974

C. Loier, P. E. Caro, R. Portier et M. Fayard. Etude par microscopie électronique des couches minces des sesquioxydes mixtes de terres rares Nd2O3 90% - Y2O3 10%. Mater. Res. Bull. 9, 1553, 1974

A. Carpy et R. Portier. Etude structurale par microscopie électronique d’un niobate de sodium et calcium NaCa8Nb9O31. C. R. Acad. Sc. Paris C 279, 691, 1974

A. Carpy, P. Amestoy et R. Portier. Etude par diffraction X et microscopie électronique de deux phases inédites de la série An+1BnO3n+1 (A= Na et Ca; B= Nb). C. R. Acad Sc. Paris C 278, 1255, 1974

S. Lefebvre, R. Portier et M. Fayard. Structure en domaines de l’oxyde non centrosymétrique LiFe5O8. Phys. Stat. Sol. (a) 24, 79, 1975

A. Carpy et R. Portier. Sur une extension de la notion de polytypisme dans la série (Na,Ca)nNbnO3n+2 : n= 4.20. C. R. Acad. Sc. Paris C 280, 313, 1975

M. Nanot, F. Queyroux, J.-C. Gilles, R. Portier et M. Fayard. Etude par diffraction X et microscopie électronique des composés inédits de formule An Bn O3n+2 dans les systèmes La2Ti2O7 - CaTiO3; Nd2Ti2O7 -CaTiO3; Ca2Nb2O7 - CaTiO3. Mat. Res. Bull. 10, 313, 1975

R. Portier, S. Lefebvre et M. Fayard. Enantiomorphous ordered domains in stoechiometric lithium aluminate LiAl5O8. Mat. Res. Bull. 10, 883, 1975

Y. Lecars, D. Gratias, R. Portier and J. Thery. Planar defects in -alumina. J. of Sol. State Chemistry 15, 218, 1975

R. Portier, A. Carpy, M. Fayard and J. Galy. Perovskite - like compounds ABO3+x. Electron microscopy survey on the (NaCa)n Nbn O3n+2 (4<n<4.5) homologous series. Phys. Stat. Sol (a) 30, 683, 1975

M. Guymont, D. Gratias, R. Portier and M. Fayard. Space group theoretical determination of twins and translation twins  boundaries in cell preserving phase transitions. Phys. Stat. Sol. (a) 38, 629, 1976

D. Gratias, M. Guymont, R. Portier and M. Fayard. General extinction criteria in multi beam electron microscopy for interfaces in homogeneous crystals. Phil. Mag. 35, 5, 1199, 1977

R. Portier, D. Gratias and M. Fayard. Electron microscopy study of enantiomorphous ordered structures, Phil. Mag. 36, 421, 1977

J. Galy, R. Portier, A. Carpy and M. Fayard. Planar defects and reactivity of perovskite like compounds ABO3+x: the series (Na,Ca)nNbnO3x+2 (n>4). Reactivity of solids (Plenum Press) 1977

M. Guymont, D. Gratias, R. Portier and M. Fayard. Space group theoretical determination of domain structures. J. de Physique, Colloque C7 supp. n° 12, L’ordre et le désordre dans les solides.  38, 47, 1977

R. Portier and M. Fayard. Structures à longues périodes dans les composés du type perovskite. J. Microsc. Spectros. Electron. 2, 481, 1977

D. Gratias and R. Portier. Conditions for equality of intensities of electron beams diffracted by.twinned crystals. Acta. Cryst. A, 34, 635, 1978

M. Fayard, D. Gratias, R. Portier and M. Guymont. Many beam diffraction contrast for two-dimensional defects in crystals: application to merohedral twins. Inst. Phys. Conf. Ser. Electron diffraction 1927-1977. 41, 391, 1978

M. Guymont, D. Gratias and R. Portier. Rational and irrational long period structure in ordered alloys. Modulated structure. American inst. of Physics, 244, 1979

M. Guymont, R. Portier and D. Gratias. Structure of long period ordered Ag3Mg modulated structure. American inst. of Physics, 256, 1979

W. M. Stobbs and R. Portier. A projected potential image of a defect in an ordered alloy? Nature 281, 5726, 52, 1979

R. Portier, D. Gratias and W. M. Stobbs. Electron microscopical observations of a thermoelastic Ni-Al alloy. ICOMAT 541, 179, 1979

D. Gratias and R. Portier. Consideration of symmetry for the thermoelastic martensitic transformation. ICOMAT 177, 1979

D. Gratias, R. Portier, M. Fayard and M. Guymont. Crystallographic description of coincidence site lattice interfaces in homogeneous crystals. Acta Crist. A35. 885, 1979

M. Fayard, D. Gratias et R. Portier. Modèle de défaut d’empilement dans la pyrite. Phil. Mag. A41, 1, 125, 1980

R. Portier, D. Gratias, M. Guymont and W. M. Stobbs. Characterisation of two different types of long period orderd alloys by high resolution electron microscopy. Acta Cryst. A36, 1, 90, 1980

R. Portier, D. Gratias, W. M. Stobbs and M. Fayard. Symmetry of high resolution image. Electron Microscopy 256, 1980

M. Fayard, D. Gratias and R. Portier. Symmetry of diffraction patterns and T.E.M. images in crystals and bicrystals. Electron Microscopy 248, 1980

R. Portier, D. Gratias, M. Guymont and W. M. Stobbs. The analysis of a defect in ordered Ag3Mg. J. of Microscopy 119, 1, 163, 1980

M. Guymont, R. Portier et D. Gratias. Etudes des phases ordonnées à longue période irrationnelle. Les alliages AuCu II et AuCu-Zn. Acta Cryst. A36, 792, 1980

D. Gratias and R. Portier. Principles of TEM contrast simulation of inclined interface in homogeneous crystals. J. of Microscopy 120, 2, 129, 1980

M. Nanot, F. Queyroux, J.-C. Gilles et R. Portier. Phases AnBnO3n+2 des systèmes La2Ti2O7-CaTiO3, Nb2Ti2O7-CaTiO3 et Ca2Nb2O7-CaTiO3. J. of Sol. State Chemistry 38, 74, 1981

R. Portier and D. Gratias. Diffraction symmetries for elastic scattering. Inst. Phys. Conf. n° 61, 275, 1981

D. Gratias and R. Portier. Unified description of the dynamical theory in the small angle scattering approximation. Inst. Phys. Conf. n° 61, 289, 1981

M. Guymont, R. Portier and D. Gratias. Incommensurate statistical structures among long period ordered alloys. Inst. Phys. Conf. n° 61, 387, 1981

R. Portier et D. Gratias. Cristallographie des transitions de phases. Les transformations de phases dans les solides minéraux, 1981

R. Portier, M; Guymont, D. Gratias et M. Fayard. Organisation microscopique de structures incommensurables et à longue période. Symmetries and broken symmetries in condensed matter physics. IDET Paris 223, 1981

M. Fayard, R. Portier et D. Gratias. Cristallographie des interfaces dans les solides homogènes. Symmetries and broken symmetries in condensed matter physics. IDET Paris 57, 1981

R. Portier and D. Gratias. Symmetrie and phase transformation. J. de Physique C4, 12,43,4, 1982

D. Michel, L. Mazerolles and R. Portier. Electron microscopic observation of the domain boundaries generated by the cubic - tetragonal transition in stabilized zirconia. Studies Inorganic Chem. Elsevier Amsterdam 3, 809, 1982

D. Gratias and R. Portier. General geometrical models of grain boundaries. J. de Physique C6, 12, 43, 6, 1982

D. Gratias et R. Portier. Sur la symmetrie des phénomènes de diffraction. Microscopie électronique en science des matériaux. (CNRS) 228, 1983

R. Portier et D. Gratias. Une description unifiée de la théorie dynamique de la diffraction élastique aux petits angles des électrons. Microscopie électronique en science des matériaux. (CNRS) 209, 1983

R. Portier et D. Gratias. Réduction de la matrice de diffraction par considération de symétrie. Microscopie électronique en science des matériaux. (CNRS) 566 1983

D. Gratias and R. Portier. Time-like perturbation method in high energy electron diffraction. Acta Cryst. A39, 576, 1983

A. Bourret et R. Portier. La microscopie électronique à haute résolution. La Recherche 14, 144, 1983

B. J. Thomas, R. Portier et M. Gandais. Introduction à la théorie et à la pratique de la diffraction électronique à faisceau convergent. J. Microsc. Spectrosc. Electron. 8, 343, 1983

P. Chemelle, A. Ribes, R. Portier et B. J. Thomas. Introduction à quelques applications de la diffraction à faisceau convergent. J. Microsc. Spectrosc. Electron. 8, 401, 1983

D. Michel, L. Mazerolles and R. Portier. Electron microscopy observation of the domain boundaries generated by the cubic-tetragonal transition of stabilized zirconia. Studies in Inorganic Chemistry, Vol. 3, 809-812, Ed.R. Metselaar, H.J.Heijligers and J. Schoonman, Elsevier, Amsterdam, 1983

D. Michel, L. Mazerolle, J.-P. Dallas, M. Stucky and R. Portier. Oriented eutectics Al2O3-ZrO2 (Y2O3) obtained from directionnal solidification. Phys. Chem. of Sol. State 397, 1984

A. Finel, D. Gratias et R. Portier. Applications de la théorie de la symétrie aux transitions ordre - désordre dans les alliages. Ordre-désordre dans les matériaux. Ed. de Physique, 1984

R. Portier, A. Thalal et D. Gratias. Description cristallographique et caractérisation des joints de grains. Les joints de grains dans les matériaux. Ed. de Physique 69, 1984

A. Thalal D. Gratias and R. Portier Electron microscopy of grain boundaries. Phys. Chem. of Solid state 271, 1984

A. Ben Lamine, R. Portier, J.-P. Sénateur et F. Reynaud. Application de la théorie de la symétrie à l’étude de la morphologie de précipités de V5Si3 dans une matrice de V3Si. Scripta Met. 19, 63, 1985

R. Portier, D. Shechtman, D. Gratias and J. W. Cahn. High resolution electron microscopy of the aluminium based quasiperiodic structure. J. Microsc. Spectrosc. Electron. 10, 2, 107, 1985

A. Loiseau, R. Portier, G. Van Tendeloo and F. Ducastelle. High resolution of long period structures in Ti1+xAl3-x alloys: a Devil's staircase. Inst. Phys. Conf. n° 78, 351, 1985

M. Cornier, R. Portier and D. Gratias. Dynamical calculation of quasiperiodic structures. Inst. Phys. Conf. n° 78, 91, 1985

R. Portier, D. Shechtman, D. Gratias, J. Bigot and J. W. Cahn. High resolution electron microscopy of aluminium-based icosahedral quasicrystals. Inst. Phys. Conf. n° 78, 317, 1985

A Loiseau, G. Van Tendeloo, R. Portier and F. Ducastelle. Long period structures in Ti1+xAl3-x alloys: experimental evidence of a Devil's staircase. J. de Physique 46, 595, 1985

L. Mazerolles, D. Michel and R. Portier. Interfaces in orienteed Al2O3-ZrO2 (Yb2O3) eutectics. J. Amer. Ceram. Soc. 69, 3, 252, 1986

L. Mazerolles, R. Portier, M. Cornier and D. Michel. HREM imaging of Interfaces between refractory oxydes. Proc. XIth Int. Cong. on Electron Microscopy, Kyoto 1315, 1986

M. Cornier, R. Portier and D. Gratias. Dynamical theory of quasicrystals. Proc. XIth Int. Cong. on Electron Microscopy, Kyoto 185, 1986

K. Zhang, J. Bigot, G. Martin, R. Portier and D. Gratias. Microstructures in rapidely quenched (Al,Mn) alloys. Proc. XIth Int. Cong. on Electron Microscopy, Kyoto 167, 1986

M. Cornier, K. Zhang, R. Portier and D. Gratias. High resolution electron microscopy of icosahedral phases. J. de Physique C3, 47, 447, 1986

A. Tomas, M. Guittard, J. Flahaut, M. Guymont, R. Portier and D. Gratias. Structural study of CdY2S4. Acta Cryst. B42, 364, 1986

D. Broddin, G. Van Tendeloo, J. Van Landuyt, S. Amelinckx, R. Portier, M. Guymont and A. Loiseau. Long period superstructures in Cu3+xPd. Phil. Mag. A, 543, 395, 1986

I. Denry, M. Guymont et R. Portier. Etude microstructurale des domaines ordonnés d’alliages dentaires précieux. J. Biomat. Dent. 2, 3, 197, 1986

G. Tremouilles, J.-L. Derep and R. Portier. Plasma coated metal zirconia interface. Advance in Thermal spraying. ITSC'86, Pergamon, 465, 1986

L. Mazerolles, D. Michel and R. Portier. Crystallographic features of interfaces in zirconia eutectics. Zirconia Ceramics 6. Uchida Rokakuho Publishing Co. 45, 1986

L. Mazerolles, D. Michel and R. Portier. Microstructure and mechanical behaviour of Al2O3-ZrO2(Y2O3) oriented eutectics. J. Phys.47, C1,335, 1986

L. Mazerolles, D. Michel, M. Cornier, R. Portier High resolution imaging of interfaces between refractory oxides J. Electron Microsc., 35, 1315, 1986

Y. Calvayrac, M. Harmelin, A. Quivy et R. Portier. Stabilité  et morphologie de la phase icosaédrique Al73Mn21Si6. Revue de Métall., 9,472, 1988

A. Traverse, L. Dumoulin, R. Portier P. Ceriani-Sebregondi, Y. Lachaud et P. Cohen Bastié. Resistivité d'alliages quasicristallins Al1-xMnx. Revue de Métall., 9, 472, 1988

M. Cornier, R. Portier et D. Gratias. Lien entre les structures périodiques et les défauts dans les quasicristaux. Revue de Métall. 9, 474, 1988

R. Portier, M. Cornier and D. Gratias. Complexe structure and Quasiperiodicity. Chem. Scripta. 28, 67, 1988

N. Yu, R. Portier, K. Yu-Zhang and J. Bigot. On the stable icosahedral phase in AlLiCu alloy. Phil. Mag. letters 57,1,35,1988

N. Yu, D. Gratias, K. Yu-Zhang, J. Bigot and R. Portier. AlLiCu, a stable icosahedral phase? Mat. Sci. Forum. 22-24, 579, 1988

L. Mazerolles, R. Portier, M. Cornier and D. Michel. Interfaces between zirconia and refractory oxides. Advances in Ceramics vol. 24 : Science and technology of zirconia III. 1988

D. Michel, L. Mazerolles and R. Portier. Oxide-Oxide interfaces: HREM observations and modelling. Sintering 87. Elsevier Applied Science Publishers, 429, 1988

K. Yu-Zhang, M. Harmelin, A. Quivy, J. Bigot and R. Portier. Thermal stability of the icosahedral phase in Al-Mn (Mn=4-15%) alloys prepared by planar flow casting. Mat. Science and Eng. 1988

L. Mazerolles, D. Michel et R. Portier. Observation des interfaces dans les composites oxyde-oxyde. Silicates industriels. 7-8,97, 1988

G. Tremouilles and R. Portier. TEM study of Zr02/Al interface. J. de Phys. C5, 10, 49, 299, 1988

K. Yu-Zhang, J.P. Chevalier, G. Martin, J. Bigot, D. Gratias and R. Portier, Dodecahedral precipitates in AlMn alloys. Phil. Mag.B, 58, 1, 1, 1988

G. Bouquet, J.M. Missika, M. Masse et R. Portier. Application odontologique d'un fil en alliage à mémoire de forme, J. Biomater. Dentaire. 3, 3, 207, 1987

D. Gratias, M. Cornier and R. Portier. Symmetries and beam reduction in the matrix formulation of the dynamical theory of fast electrons. Acta Cryst. A44, 789, 1988

R. Portier, D. Gratias and M. Guymont. Dark fields equivallencies. Phys. Stat. Sol., (a) 107, 739,1988

R. Portier, L. Mazerolles et D. Michel, Microscopie électronique haute résolution. Principe et application aux oxydes. Le vide, les couches minces Suppl. n° 243, 41, 1988

J. G. Perez-Ramirez, D. Michel and R. Portier, Enhancing of small isolated domains and superstructures in high resolution image of oxides, Mat. Res. Soc Symp. Proc. Vol 139, 321, 1989

J. G. Perez-Ramirez, J. Luo, D. Michel, R. Portier and M. Faudot. Characterization of the Bi3Sr3Ca3Cu4016+x oxide superconductor, Mexican Vacuum Society VIII Conf. 1988

H. Sidhom and R. Portier, An icosahedral phase in annealed austenitic stainless steel? Phil Mag. Letters 59, 3, 1989

E. Akhouary, A. Thalal, R. Portier et D. Gratias, Simulation du contraste d'image de joints de grains en microscopie électronique., Proc. Conf. marocaine sur l'état solide, Oujda 1989

H. Sidhom, S. Bonnet and R. Portier, Icosahedral precipitation in aged stainless steels, Proc. III Intern. conf. on quasicrystals and incommensurate structures. Vista Hermosa Mexique, 478 1989

D. Michel, L. Mazerolles and R. Portier, Directional solidification in the alumina-silica system, "Mullite and Mullite Matrix Composites", Ceramic Transitions, vol. 6, 435-448, Ed. S. Somiya, R.F. Davis, J.A. Pask,The American Ceramic Society, Westerville, 1990

P. Drillet, E. Gaffet, S. Hagege, M. Masse, D. Michel and R. Portier, Electrons Channeling Pattern determination of the preferential crystallographic orientations for the Ni-Al2O3 metal/ceramic interface, "Structural Ceramics - Processing, Microstructure and Properties", 243-248, Ed. J.J. Bentzen, J. B. Bilde-Sorensen, N. Christiansen, A. Horsewell, B. Ralph, Riso National Lab., Roskilde, 243, 1990

J. S. Luo, F. Faudot, J.-P. Chevalier, R. Portier and D. Michel, On the Peritectic Transformation in Bi4Sr3Ca3Cu4O16+x and its Role in the Formation of the Bi2Sr2Ca2Cu3O10 Phase, J. Solid State Chem., 89, 94-105, 1990

 P. Drillet, M. Masse and R. Portier, Experimental reconstruction of the Ni/Al2O3 interface by thermocompression, J. de Physique, Coll. de Phys. Supp.  au n°1,51,815, 1990

 D. Michel, L. Mazerolles and R. Portier, HRTEM studies on oxide ceramics, Microscopy, Microanalysis, Microstructures, 1, 433, 1990

 A. M. Aboki, M. Harmelin, G. Bouquet and R. Portier, Internal friction evolution during crystallization of Fe40Ni38Mo4B18  amorphous alloys, Scripta Met. 24, 1873 1990

 D. Michel, L. Mazerolles and R. Portier. Directionnal solidification in the alumina-silica system. Mullite and Mullite Matrix Composites, Ceramic Trans., 6, 435, 1990

 A. Kahn-Harari, S. Abolhassani, D. Michel, L. Mazerolles, R. Portier and J. G. Perez-Ramirez, Observation of ordering in silicon and germanium mullites, J. Solid State Chem., 90, 234, 1991

 D. Michel, L. Mazerolles, E. Bruneton, R. Portier and P. Colomban, Interfaces and microstructures in ceramic-ceramic composites, Ann. Chim., 487, 1991

 P. Drillet, M. Masse, S. Hagège, D. Michel and R. Portier, Stucture and crystallography of the Nickel alumina interface, Proc. de ECER'S 2, 1991

 J. Du, A. Traverse, R. Portier and S. Hagège, The copper-aluminium nitride interface in metal implanted and annealed ceramic matrix, Proc. de ECER'S 2, 1991

 J. P. Chevalier and R. Portier, Substrate effects on the ordering and microstructure of epitaxial layers, Int. Phys. Conf. ser. No 117, 7, 453, 1991

 L. Jordan-Benner, M. Masse, G. Bouquet, R. Portier, Caractérisation d'un alliage NiTiCo à mémoire de forme en vue d'applications odontologiques, J. de Biomat. Dent., 7, 25, 1992

 D. Carron, P. Chemelle, D. Michel, M.J. Hytch and R. Portier, Image Processing on Icosahedral Related Precipitation in  Steel , Proc. 10e Congrès Européen de Microscopie Electronique, Grenade (Espagne), 7-11 septembre 1992, Electron Microscopy 92, Vol. 2, 499, 1992

 D. Carron, P. Chemelle, D. Michel, M.J. Hytch and R. Portier, Icosahedral Related Precipitation at a Nanometric Scale in a Superferritic Steel, Journal of Non-Crystalline Solids, 153 & 154, 473, 1993

E. Ratovondrahona, G. Bouquet & R. Portier, Microstructural study of Metal-Metal composites elaborated by interdiffusion between pure nickel and devitrified Fe-Ni-Mo-B glasses, Scripta Met. & Mat. 29, 1571, 1993

 G.Y. Yang, E. Etchessahar, J.P. Bars, R. Portier, J. Debuigne, A miscibility gap in the FCC -Nitride region of the ternary system titanium-zirconium-nitrogen, Scripta metallurgica et materialia  31, 7, 903, 1994

 J. Pons, R. Portier, Analysis of antiphase boundaries in b and  Cu-Zn-Al shape memory alloys using high resolution electron microscopy , Electron microscopy 94 (Ed Physique) II, 505, 1994
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Main Research Achievements and Contributions: 
Oxides, Nitrides

- Infinitely adaptated structures by intergrowth of perovkite type sheets of 4 or 5 octaedra in width, one parameter up to 130 nm (TEM). Faults in the stacking sequence have been described (conservative or non conservative intra or extra sequential).

R. Portier, A. Carpy, M. Fayard and J. Galy. Perovskite - like compounds ABO3+x. Electron microscopy survey on the (NaCa)n Nbn O3n+2 (4<n<4.5) homologous series. Phys. Stat. Sol (a) 30, 683, 1975

- Absolute détermination (41 or 43 axes) of the domain structure of LiFe5O8 by comparison between observed and calculated electron diffraction intensities (the dynamical simulation code was written in the laboratory). Extinction of inversion boundaries have been established in the case of systematic rows in relation with the location of the inversion center.

R. Portier, D. Gratias and M. Fayard. Electron microscopy study of enantiomorphous ordered structures, Phil. Mag. 36, 421, 1977

- High resolution electron microscopy investigation of the semi-coherent interfaces between alumina and cubic zirconia.

D. Michel, L. Mazerolle, J.-P. Dallas, M. Stucky and R. Portier. Oriented eutectics Al2O3-ZrO2 (Y2O3) obtained from directionnal solidification. Phys. Chem. of Sol. State 397, 1984

- Investigation on rapidely elaborated films of high temperature super-conductors

J. S. Luo, F. Faudot, J.-P. Chevalier, R. Portier and D. Michel, On the Peritectic Transformation in Bi4Sr3Ca3Cu4O16+x and its role in the Formation of the Bi2Sr2Ca2Cu3O10 Phase, J. Solid State Chem., 89, 94-105, 1990

- High resolution electron microscopy investigation of the Short Range Order in mullites.

A. Kahn-Harari, S. Abolhassani, D. Michel, L. Mazerolles, R. Portier and J. G. Perez-Ramirez, Observation of ordering in silicon and germanium mullites, J. Solid State Chem., 90, 234, 1991

- A miscibility gap in the Zr-Ti-N system has been shown and studied by TEM and STEM (filtered elemental images).

G.Y. Yang, E. Etchessahar, J.P. Bars, R. Portier, J. Debuigne, A miscibility gap in the FCC -Nitride region of the ternary system titanium-zirconium-nitrogen, Scripta metallurgica et materialia  31, 7, 903, 1994

G. Y. Yang, E. Etchessahar, R. Portier & J. Debuigne, Microstructural study of long-range-ordered phase ’-TiN0,5 by transmission electron microscopy, Philos. Mag. A, 80, 7, 1495, 2000

Action Group Theory applied to Phase Transformation

- Group action theory applied for phase transformation on the spage group of parent and product phases, and taking into account the Curie’s law, the resulting morphology reflects the symmetry of the originating process: numbering of the variants, cosets associated to the operation which related two variants, notion of translatory twins, introduction of the bicrystallogarphy, morphology of the variants, symmetry dictated extrema, …

M. Guymont, D. Gratias, R. Portier and M. Fayard. Space group theoretical determination of twins and translation twins  boundaries in cell preserving phase transitions. Phys. Stat. Sol. (a) 38, 629, 1976

M. Guymont, D. Gratias, R. Portier and M. Fayard. Space group theoretical determination of domain structures. J. de Physique, Colloque C7 supp. n° 12, Order and disorder in solids.  38, 47, 1977

R. Portier and D. Gratias. Symmetrie and phase transformation. J. de Physique C4, 12,43,4, 1982

Dynamical Theory of High Energy Electron and diffraction symmetries

- The small angle approximation, associated to high energy electrons, encountered in the dynamical theory, leads to a transformation of the propagation-direction variable z into a time-like parameter and the 3-dim Schrödinger equation is approximated by à 2-dim “time”-dependant equation which can be solved by the standard time-perturbation technics of the quantum mechanic. The basic idea of this present approach consists in studying the evolution operator (causal evolution) instead of the wave function. All the well known methods can easily be derived from this formalism, including the case of the 3-dim crystal potential (Bloch wave, Howie and Whelan, Cowley and Moodie, phase object, …). It is also an excellent formalism for the writing of calcul codes. Finally, by symmetry considerations, the number of selected beams cam be reduced.

Diffraction symmetry is easily derived, without calculation (which must be the case for any symmetry property !), from this formalism. For a given direction of the incident beam z (“time-like” parameter), the active crystal point symmetry elements are those which leave z invariant (uninary operators) and have a normal action and those who reverse z (antiunitary operator = time reversal symmetry) and have a normal action followed by an inversion. All the symmetry properties for Convergent Beam Electron Diffraction are easily derived, like the extinction conditions (Gjonnes and Moodie lines), reciprocity theorem, …

D. Gratias and R. Portier. Time-like perturbation method in high energy electron diffraction. Acta Cryst. A39, 576, 1983

D. Gratias, M. Cornier and R. Portier. Symmetries and beam reduction in the matrix formulation of the dynamical theory of fast electrons. Acta Cryst. A44, 789, 1988

R. Portier and D. Gratias. Diffraction symmetries for elastic scattering. Inst. Phys. Conf. n° 61, 275, 1981

Action Group Theory applied to Electron Microscopy 

- Taking into account the space isotropy and the reciprocity theorem (time reversal symmetry), it is possible to derive without calculation the general extinction conditions, valid for X-Ray and neutrons (kinematical interaction), for electron (3 or 2-dim. dynamical interactions) and also for light (laser illumination on liquid crystal).

D. Gratias, M. Guymont, R. Portier and M. Fayard. General extinction criteria in multi beam electron microscopy for interfaces in homogeneous crystals. Phil. Mag. 35, 5, 1199, 1977

- With similar symmetry considerations, it is possible to derive conditions for electron microscopy observations, again without calculation: equality of diffracted intensities for twinned crystals (or variants), extinction of the fringe contrast at the level of an homophase general interface (decribed by a spatial isometry) without the restriction of the classical two-beam conditions, condition for the symmetry of the fringe profile of a general interface, the dark field equivalencies (for a non centrosymmetric crystal and a selected g-diffracted beam dark field, the information does not necessarily come from  – g).

D. Gratias and R. Portier. Conditions for equality of intensities of electron beams diffracted by twinned crystals. Acta. Cryst. A, 34, 635, 1978

M. Fayard, D. Gratias, R. Portier and M. Guymont. Many beam diffraction contrast for two-dimensional defects in crystals: application to merohedral twins. Inst. Phys. Conf. Ser. Electron diffraction 1927-1977. 41, 391, 1978

R. Portier, D. Gratias and M. Guymont. Dark fields equivalencies. Phys. Stat. Sol., (a) 107, 739,1988

HREM Images Processing

- Different Fourier filtering of HREM images and the application of the local phase method (width of fluctuating interfaces, strain field shape around a coherent G.-P. zone, self accommodation of matensite variants, nature of the interface with respect to the coherency …). 

R. Portier, Ph. Vermaut, A. Kotska, D . Stroz and M. Hÿtch, Fourier Spectroscopy of images in material science, Proceedings of the XIX Conference Applied Crystallography, Sept. 2003, Krakow, Poland, Eds. H. Morawiec & D. Stroz, World Scientific Publishing Co. Pte Ltd., London, 86-92, 2004
Modulated Structures in Alloys

- Modulated structures in ordered alloys are obtained by the action of a periodic occupancy step function on an ordered structure. If the wave length of the function is commensurate with respect to the periodicity in the modulation direction, the final structure is commensurate (Long Period Ordered Alloys –LPOA–, stacking of antiphased layers with planar antiphase boundaries, Ag3Mg, Cu3Pd, …), if not, it is non commensurate. If now there is a softening of the steps (limit = sin function) of the occupancy function, the resulting structure is always non commensurate even if the wave length is commensurate (Periodic Antiphases Alloys –PAP– with fluctuating antiphases boundaries, AuCu, Au3Cu, AuCu3, …). The first case is an low temperature behaviour, the second one is a high temperature behaviour. The Cu3Pd system exhibits a commensurate–non commensurate transition with composition or with temperature for a given composition. This is the same for the TiAl3 system but with a very interesting behaviour at medium temperature. A very large number of commensurate stacking are observed, for two of them, the ordered syntaxy of this two stackings is often observed. This behaviour can be described by a devil’s stairecase and explained by the ANNNI model (Ising model: short range competing interactions in one direction –Selke and Fischer–). Several structures have a period following with the approximant of the golden mean, at the limit (not observable) an aperiodic stacking can be expected.

The Nature paper is a discussion of the image interpretation with respect to the projected potential interpretation.

W. M. Stobbs and R. Portier. A projected potential image of a defect in an ordered alloy?, Nature 281, 5726, 52, 1979

M. Guymont, D. Gratias and R. Portier. Rational and irrational long period structure in ordered alloys. Modulated structure. American inst. of Physics, 244, 1979

R. Portier, D. Gratias, M. Guymont and W. M. Stobbs. Characterisation of two different types of long period orderd alloys by high resolution electron microscopy. Acta Cryst. A36, 1, 90, 1980

A Loiseau, G. Van Tendeloo, R. Portier and F. Ducastelle. Long period structures in Ti1+xAl3-x alloys: experimental evidence of a Devil's staircase. J. de Physique 46, 595, 1985

D. Broddin, G. Van Tendeloo, J. Van Landuyt, S. Amelinckx, R. Portier, M. Guymont and A. Loiseau. Long period superstructures in Cu3+xPd. Phil. Mag. A, 543, 395, 1986

Interfaces and Grain Boundaries

- With the formalism derived in the group leading to the bicrystallography and applied to Coincidense Site Lattice interface, the O–lattice by Bollmann has been transposed into a O–locus (the atoms which belong to the O–locus sit on the support of all the reducible space operations -associated translation equal to zero- of the associated coset of the interface). On the other hand, in a cristal, group theory considerations allow the determination of all the possible interface operations (operations which relate two homophase crystals) which leave a given sublattice invariant. Finally, the principles for the TEM contrast simulation of inclined interfaces in homogeneous crystals have been derived.

D. Gratias, R. Portier, M. Fayard and M. Guymont. Crystallographic description of coincidence site lattice interfaces in homogeneous crystals. Acta Crist. A35. 885, 1979

D. Gratias and R. Portier. Principles of TEM contrast simulation of inclined interface in homogeneous crystals. J. of Microscopy 120, 2, 129, 1980

D. Gratias and R. Portier. General geometrical models of grain boundaries. J. de Physique C6, 12, 43, 6, 1982

Quasicrystals

- This article is the first experimental evidence in direct space by HREM of the existence of icosahedral quasicrystals. The images have been confirmed by the geometrical projections along the [5], [2] and [3] directions of the 3–dim. quasilattice generated with the cut and projection method from the lattice of a cubic crystal in a 6–dim. hyperspace. 

R. Portier, D. Shechtman, D. Gratias and J. W. Cahn. High resolution electron microscopy of the aluminium based quasiperiodic structure. J. Microsc. Spectrosc. Electron. 10, 2, 107, 1985

- After the geometrical quasilattice, the multibeam dynamical simulation of a quasicrystal (an average atom at the nodes of the quasilattice). The anharmonic crystal potential has been used, so this method does not require the use of a supercell (like other authors) which is definitely contradictory with the essence of a quasicrystal.

M. Cornier, R. Portier and D. Gratias. Dynamical calculation of quasiperiodic structures. Inst. Phys. Conf. n° 78, 91, 1985

- the relations between quasicrystal and approximant periodic crystals have been established with the Cut and Projection method. The possible existence of a icosahedral phase in AlCuLi as an equilibrium state has been questionable.

R. Portier, M. Cornier and D. Gratias. Complexe structure and Quasiperiodicity. Chem. Scripta. 28, 67, 1988

N. Yu, R. Portier, K. Yu-Zhang and J. Bigot. On the stable icosahedral phase in AlLiCu alloy. Phil. Mag. letters 57,1,35,1988

Steels

- An icosahedral phase has been suspected (?) at the interface between the residual ferrite and the austenite in an austenitic stainless steel after annealing. After the production of an alloy with the composition of these precipitates, many Frank–Kasper type phases have been recognized (C14, C15, , …). The structures are built by the linkage of icoahedra columns which fulfilled the finite number of possible incidences proposed by Kuo. A disordered region exhibits a pattern (power spectrum obtained by Fourier transformation from a numerised HREM image) with Bragg spots at long distance with a [5]–fold symmetry and diffuse scattering at short distance in the reciprocal space. This [5]–fold symmetry is the consequence of the connections between the white dots of the image at the position of the icosahedral columns (confirmed by simulation) and which follow the Kuo’s incidences and give this hidden symmetry, the diffuse scattering results of the lack of Long Range Order.

H. Sidhom and R. Portier. An Icosahedral phase in annealed austenitic stainless steel ?, Philos.Mag. Letters, 59, 3, 131, 1989

D. Carron, P. Chemelle, D. Michel, M.J. Hytch and R. Portier, Icosahedral Related Precipitation at a Nanometric Scale in a Superferritic Steel, Journal of Non-Crystalline Solids, 153 & 154, 473, 1993

Shape Memory Alloys: microstructural investigations

- Many microstructures have been described using different TEM techniques and correlated to the thermomechanical treatments ot the alloys: the Burgers vector determination of dislocations by LACBED (Large Angle Convergent Beam Electron Diffraction) in CuZnAl, a very elastically anisotropic crystal ; Burger vector determination in NiTiCo of dislocations after deformation or after thermal cycling, the latter with an larger averaged vector length which induces a larger stored elastic energy responsible of the transformation temperatures decreasing during cycling ; analysis the difference between some multiple martensitic transformations obtained in SMA after mechanical deformation or from melt–spun ribbons (in the first case the two–step  transfrmation is due to the deformation dislocations walls, in the second case, it is due to the strain field around coherent precipitates, the shape of the strain field being determined from HREM images by the local phase method), small self–accommodating martensitic platelets around precipitates embedded in the martensite because the accommodation become difficult due to the transformation deformations, …

J. Pons, J.-P. Morniroli, R. Portier, Use of LACBED techniques for the characterisation of dislocations in Shape Memory Alloys, EM’96, 187, 1996

J. Pons, R. Portier, Accommodation of -phase precipitates in CuZnAl Shape Memory Alloys studied by High Resolution Electron Microscopy, Acta Mater., 45, 2109, 1997

J. Pons, C. Seguí, V. A. Chernenko, E. Cesari, R. Portier and P. Ochin, Transformation and ageing of melt spun Ni-Mn-Ga shape memory alloys, Mat. Sci. & Engn A273-275, 315, 1999

M. J. Hÿtch, Ph. Vermaut, J. Mallaria and R. Portier, Study of atomic displacement fields in shape memory alloys by high resolution electron microscopy, Mat. Sci. & Engn A273-275, 266, 1999

Ph. Vermaut, M. Larnicol, M. Hÿtch, P. Ochin and R. Portier, Multiple martensitic transformations induced by coherent precipitation in NiTiCo melt spun ribbons, J. Phys. IV, 11, 8-451, 2001

R. Portier, P. Vermaut and M. J. Hytch, Fourier spectroscopy of High Resolution Images of Shape Memory Alloys, Archives of Metallurgy and Materials Quarterly 49 (2004) 811-824

Shape Memory Alloys: mechanical properties

- Exhaustive investigation of orthodontic wires in conditions as losed as possible to the practical use.

M. P. Filleul, R. Portier and L. Jordan, Torsional properties of NiTi and CoNiTi orthodontic wires, J. Phys. IV, C5, 661, 1997

- Investigation of the Two–Way Shape Memory Effect on poly or single crystals of CuZnAl, induced by thermomechanical treatment cycling (effect of the training processed on the amount of memorised shape amplitude). A dedicated electrohydraulic testing machine able to work in a soft mode (force controlled) or in an hard mode (deformation controlled) has been designed and built in the laboratory. Study in compression of tensile educated crystals has been shown the aptitude of these specimens to produce work.

J. Pons, M. Masse and R. Portier, Thermomechanical cycling and Two-Way Memory Effect induced in Cu-Zn-Al, Mat. Sci. & Engn A273-275, 610, 1999

High Temperature Shape Memory Alloys (473 K)

- They is a real industrial need for SMA with transformation temperatures in the range [373   473] K. Unfortunately, If we know several systems which fit with this requirement, their lack of ductility leads to huge difficulties for their shaping. The Ni-Ti-Hf system has been investigated, after normal elaboration or by Twin–Roll Casting (microstructure versus thermechnical treatments, versus properties, including mechanical spectroscopy). This SMA shows mechanical peculiarities as compared to NiTi alloy. These are linked to (i) the distortion of the habit plane of the ternary alloy and (ii) to the observed (001) mechanical twinning which helps to accomodate plastic deformation in Ni49,8Ti42,2Hf8 and not in NiTi alloy. The distortion of the habit plane limits its mobility (Internal friction measurements), evidence of which being brought here by internal friction. The (001) mechanical twinning causes the appearance of a very thin microstructure in martensite laths deformed by tension. A model is proposed as a possible mechanism giving birth to this supplementary mechanical twinning : repeated slips by a/2 on (001) planes would create translative (001) micro-twins coherent with the observed microstructure. This micro-twins may be produced by the dissociation of dislocations with the Burgers vector a. 
F. Dalle, A. Pasko, P. Vermaut, V. Kolomytsev, P. Ochin and R. Portier, Melt-spun ribbons of the TiHfNiRe Shape Memory Alloys : first investigations, Scripta mater.,  43, 331, 2000

F. Dalle, E. Perrin, P. Vermaut, M. Masse, R. Portier, Interfaces mobility in Ni49,8Ti42,2Hf8 Shape Memory Alloy, Acta Mater. 50, 3557, 2002

F. Dalle , G. Despert, P. Vermaut, R. Portier, A. Dezellus, P. Plaindoux, P. Ochin, Ni49,8Ti42,2Hf8 Shape Memory Alloy strips production by the twin roll casting, Mater. Sc. & Engn. A346, 320, 2003

Shape Memory Alloys: Rapid Solidification Elaboration 

The thermoelastic martensitic transformation which gives remarkable functional properties to Shape Memory Alloys (SMA) is very sensitive to the chemistry of the alloys and to its microstructure. In many cases, especially for alloys with high transformation temperatures, applications are limited by the poor ductility. To overcome the brittleness of SMA, two approaches can be effective : i) modification of the alloy compositions to improve ductility, ii) development of non conventional production technologies for the direct production in one step of shape memory alloys in forms close to requirements of end-users. Ribbons have been prepared by Planar Flow Casting, wires by In Rotating Water Melt Spinning and strips by Twin Roll Casting. Microstructures and functional properties nave been examined in relation with the microstructures induced by the technique and compared with those obtained by conventional elaboration.

E. Cesari, P. Ochin, R. Portier, V. Kolomytsev, Yu. Koval, A. Pasko, V. Soolshenko, Structure and properties of Ti-Ni-Zr and Ti-Ni-Hf melt-spun ribbons, Mat. Sci. & Engn A273-275, 738, 1999

F. Dalle, V. Kolomytsev, P. Ochin and R. Portier, Melt-spun ribbons of Ti-Hf-Ni-Re Shape Memory Alloys : annealing above cristallisation temperature, Scripta mater., 44, 6, 929, 2001

Ph. Vermaut, M. Larnicol, M. Hÿtch, P. Ochin and R. Portier, Multiple martensitic transformation induced by coherent precipitation in NiTiCo melt spun ribbons, J. Phys. IV, 11, 8-451, 2001

J. Malarria, C. Elgoyen, P. Vermaut, P. Ochin, R. Portier, Shape memory properties of Cu-based thin tapes obtained by rapid solidification methods, Materials Science and Engineering A 438-440, 763-767, 2006
P. Ochin, A. Dezellus, P. Plaindoux, J. Pons, P. Vermaut, R. Portier, E. Cesari, Shape memory thin round wires produced by the rotating water melt-spinning technique, Acta Materialia 84, 1877-1885, 2006

R. Portier, P. Vermaut, F. Prima, P. Ochin, A. Pasko, V. Kolomytsev, A. Sezonenko, J. Pons, E. Cesari, J. Malarria, Characterisation and properties of shape memory alloys elaborated by non conventional techniques, Solid-to-solid phase transformations in inorganic materials, TMS publication (The Minerals, Metals & Materials Society) Vol. 2, 187-204, 2005

R. Portier, P. Vermaut, P. Ochin, T. Goryczka and J. Malarria, Preparation by Twin Roll Casting and Characterization of TiNi Shape Memory Alloys Strips, Solid State Phenomena 130, 121-126, 2007

Shape Memory Alloys: The Metallic Glass route 

- Shaping of some Shape Memory Alloys can be impossible by lack of ductility (mainly for High Temperature SMA). A new route has been investigated: the metallic glasses route. A metallic glasse being superplastic in the temperature domain of the metastable undercooled liquid (between the glass transition temperature and the crystallisation temperature), shaping is then possible. Then, after a controlled crystallisation process, the specimen can exhibit a martensitic transformation with superelastic properties. The alloys are multielementary for fullfilling the amorphisation requirements (Inoue). The composition window is very narrow because the martentic transformation must also be kept. Good results were obtained on melt–spun ribbons but, due to the two conditions, the production of bulk metallic glasses was extremely difficult.

A. Pasko, V. Kolomytsev, M. Babanly, A. Sezonenko, P. Ochin, R. Portier & Ph. Vermaut, Glass forming ability and thermodynamical properties of Ti(Zr, Hf)NiCu shape memory alloys, J. Phys. IV, 112, 1055, 2003

A. Sezonenko, V. Kolomytsev, M. Babanly, A. Pasko, P. Ochin, R. Portier, Ph. Vermaut, Mechanical and functional properties of quaternary  (Ti, Hf) (Ni, Cu)-based Shape Memory Alloys, J. Phys. IV, 112, 889, 2003

P. Ochin, V. I. Kolomytsev, A. Yu. Pasko, P. Vermaut,, F. Prima, Y. Moquay, R. Portier, Phase transformations in rapidly solidified (Ti-Zr)50(Ni-Cu-Sn)50 alloys, Materials Science and Engineering A 438-440, 630-633, 2006

P. Ochin, V. Kolomytsev, A. Pasko, A. Sezonenko, P. Vermaut, F. Prima, R. Portier, Amorphous multielementary alloys: A preparation route for shape memory alloys, Journal of Alloys and Compounds, Vol. 434-435, 268, 2007

Very High Temperature Shape Memory Alloys (< 1273 K)

- Among the different systems for high temperature shape memory alloys (SMA’s), equiatomic RuNb and RuTa alloys demonstrate both shape memory effect (SME) and MT temperatures above 800°C. These alloys would be very attractive for aeronautic applications. The monoclinic martensitic alloys at room temperature undergo two successive displacive transformations on cooling, starting from the high temperature β phase field: β (B2) ( β’ (tetragonal) ( β’’ (monoclinic). The tetragonal martensitic alloys exhibit a single transition from cubic to tetragonal. A multiple twinned microstructure can be found in all alloys. Transformation temperatures decrease with lower Ru content and with the addition of Fe. The β’ ( β transformation seems to be the main responsible for the SME. Compression tests performed in the martensitic phase give a quantitative result of the shape memory effect. In the binary alloys, the SME decreases with decreasing Ru content, which is in accordance with the evolution of the lattice parameters of martensites. A lower SME in the ternary alloys can also be linked to the lattice parameters and seems to be quite reliable to predict the evolution of the shape memory effect. The microstructures is completely unexpected but not described here (topic of the suggested conference).

Two other intermetallic systems, HfPd and TiAu alloys, have been also studied. They have a martensitic transformation at high temperature, above 600 K, but at a temperature which remain below or about the critical 0.5Tm (to avoid the évolution of the alloys). Microstructures have been described and the mechanical properties have been studied.
L. A. Bendersky, J. K. Stalik, R. Portier, R. M. Waterstrat, Cristallographic structures and phase transformation in ZrPd, J. of Alloys and Compounds, 236, 19, 1996
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Anna Manzoni, Karine Chastaing, Anne Denquin, Philippe Vermaut, Richard Portier, Phase transformation and shape memory effect in Ru-based high temperature shape memory alloys, Solid State Phenomena, Vols. 172-174, pp 43-48, 2011

A. Manzoni,. K. Chastaing, A. Denquin, P. Vermaut, J. van Humbeeck, and R. Portier, The effect of Fe additions on the shape memory properties of Ru-based alloys, Scripta Materialia 64, 1071–1074, 2011
C. Declairieux, P. Vermaut, R. Portier, P. Ochin, A. Denquin, Martensitic transformation and shape memory effect in Titanium-Gold compound, Solid State Phenomena, Vols. 172-174, pp 49-54, 2011
R. Portier, A. Manzoni, P. Ochin, C. Pauly, F. Mücklich, A. Denquin and P. Vermaut. Very High Temperatures Martensitic Transformations and Microstructure in Ru-based alloys. J. of alloys and compounds, accepted, 2012

P. Vermaut, C. Declairieux, P. Ochin, V. Kolomytsev, A. Pasko, G. Monastyrsky, A. Denquin and R. Portier, Martensitic transformation and shape Memory effects at very High tempertaures in HfPd and TiAu compounds, J. of alloys and compounds, accepted, 2012

Ti-base Alloys

- Titanium and its alloys are frequently used as dental and orthopaedic implants due to their high mechanical strength, low elastic modulus and biocompatibility. However, as these materials have a poor wear resistance, tribo-chemical reactions during use produce debris accumulation, resulting in adverse cellular responses. In that sense, amorphous based materials are potential candidates, considering their hardness and crack growth resistance. The as-quenched Ti45Zr38Ni17 alloy has been investigated. This system displays a duplex structure never mentioned before with a low dispersion of nanometric beta-phase particles in an amorphous matrix. Moreover, in order to explore the biocompatibility of such composite, primary osteoblasts cultures are used to analyse cell behaviour around and upon the metallic surface. Osteoblasts attach and proliferate on the material as demonstrated by scanning électron microscopy. Cell proliferation and bone nodule formation are also observed in cultures with Ti45Zr38Ni17 particles by phase contrast microscope. In addition, transmission électron microscopy reveals ultrastructural features very close A serie of Ti45Zr38Ni17 alloys, known to provide stable and well-ordered quasicrystals, was produced byplanar flow casting using different processing parameters. From structural characterization, it appears that, at high cooling rate, i.e. high wheel speeds, or for the highest temperature of the melt, the as-quenched sample exhibits a mixture of nanoscale β and amorphous phases. The icosahedral phase precipitates when decreasing the wheel speed, from lower temperatures of the melt or after annealing a crystallized amorphous matrix. The reproducible formation of quasicrystals, observed in the amorphous matrix containing β particles, corroborates the competition between icosahedral and bcc phases during the solidification process.
H. Lefaix, P. Vermaut, R. Portier, T. Gloriant, D. Janickovic, P. Svec, F. Prima, Processing and characterisation of rapidly quenched Ti-based amorphous /nanoquasicrystalline composites, Proceedings of the 11th World Conference on Titanium 2007, Kyoto, Japon, 717-720, 2007
H. Lefaix, A. Asselin, P. Vermaut, J. M. Sautier, A. Berdal, R. Portier, F. Prima, On the biocompatibility of a novel Ti-based amorphous composite: structural characterization and in-vitro osteoblasts response, Journal of Materials Science: Materials in Medicine, 19, 1861-1869, 2008

H. Lefaix, P. Vermaut, D. Janickovic, P. Svec, T. Gloriant, R. Portier, F. Prima, Unsusual devitrification behaviour in rapidly solidified Ti45Zr38Ni17, Journal of Alloys and Compounds, 460, 392-399, 2007
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Archeometallurgy

- By comparison between archeological bronze artefacts (celtic, Chinese, by Rodin) and new bronzes elaborated in the laboratory and after some controlled corrosion processes, the decuprification phenomena has been underlined. This result has a major importance for the authentification of an archeological artefact with the investigation of the corrosion layer (cross section SEM observations). 
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UNEXPECTED Constrained twin hierarchy in rU-based high temperature shape memory alloys martensite

Unexpected constrained twin hierarchy in Ru-based high temperature shape memory alloys

As a consequence of a structural phase transformation with a decrease of the symmetry between the parent phase and the martensite, a finite number of variants are generated in each grain of the parent phase. They can be counted using simple group theory argument and each of them has the same probability of nucleation (numbering of variants, associated coset for the interfaces between variants, determination of the genetated twins – simple arguments using stereographic projection help this determination–, bicrystallographic description). Each lost symmetry operation of the parent phase transforms one martensite variant into another one. In the case of martensitic transformation, because of the unit cell transformation, the self–accommodation of the variants is necessary for minimizing the deformation but the equiprobability of nucleation of the variants will lead to an equiprobability of the production of the self-accommodated group of martensite in each grain of the austenite grains (Ni-Ti, Cu-Al-Ni alloys). However, the situation can be different when the martensitic transformation is constrained by some structural or mechanical features.

RuNb and RuTa alloys exhibit martensitic transformations in a range of temperature above 1000K providing them an interesting high temperature shape memory effect and promising potential actuation applications in aeronautic industry. If equiatomic compounds undergo two successive martensitic transformations, β (B2) ( β’ (tetragonal) ( β’’ (monoclinic), out of stoechiometry alloys exhibit a single transition from cubic to tetragonal. In the case of two successive martensitic transformations, we expect to have a finer microstructure of the second martensite because it is supposed to develop inside the smallest twin elements of the former one. In equiatomic Ru-based alloys, if the first martensitic transformation is “normal”, the second one gives an unexpected microstructure with twins with a thickness which is larger than the average width of the twinned variants of the first martensite in certain cases.

In fact, the second martensitic transformation takes place in special conditions which resul of a: 

- geometrically constrained transformation (the very small thickness of the twin domains generated during the 1st  martensitic transformation)

- elastically constrained transformation (the stored elastic energy increases when temperature decreases in the temperature existence domain of the 1st martensite) 

- crystallographically constrained transformation (the twin planes induced during the 1st transformation are inherited by the second martensite and the twinning property is maintained).

DSC, X–Rays and neutron diffraction (versus temperature), SEM, TEM and EBSD technic, have permitted to understand this unexpected microstructure and allowed explaining some unexpected aspects of the shape recovery behaviour of equiatomic alloys
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