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EuroMat 2003 : Lausanne, Switzerland, September 1-5, 2003

EuroMat is the biennial conference of the Federation of European Materials Societies (FEMS)(http://www.fems.org/) and is one of the premier and comprehensive events in European Materials Sciences.  FEMS consists of 24 member societies.  EuroMat had 1360 contributions submitted from over 50 countries with a strong European focus.  The conference was held at the Swiss Federal Institute of Technology (Ecole Polytechnique Fédérale de Lausanne or EPFL; see http://www.epfl.ch/Eindex.html).  

Fifteen congress topics were subdivided into over 47 parallel symposia.  The entire program is available on-line at http://www.euromat2003.fems.org/programme/ and many talk abstracts are included.  Obviously, no single observer can cover all these events and selected items are reported to give a flavor of the whole.  Preference was given to keynote and invited lectures since they seemed to be the best opportunity for hearing about significant advances from respected researchers.  Likewise plenary and US-researcher talks were discriminated against since these are most likely well known and are already interacting on an international scale.   Furthermore, materials issues of Naval importance were favored.  

For convenience in reviewing, synopses have been group by topic as listed below.  The authors’ abstracts, when available, have been included for convenience as well.  Notes on the talks are provided below the abstract.  An item of interest, importance, or impact is highlighted in the red.  The speaker’s contact information is also provide when available.   It will be easiest to navigate using the hyperlinks provided.

· Steel
· Joining
· Rapid prototyping
· Nanomaterials
· Polymers & Composites
· Polymer electronics 

· Biomaterials
· Superconductors
· Emerging technologies
EuroMat 2003 was a very advantageous and rewarding conference.  While future conference support is probably not necessary, more participation by Naval Research Establishment members is definitely justified.

Steel

Reducing Specific Weight of Steels
Fracture Modeling of TRIP Steels 

Strengthening of Ferritic/Martensitic 12% Cr Heat resistant steels by Laves phase precipitates
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	Reducing Specific Weight of Steels

	G. Frommeyer, Max Planck Inst. for Iron Research, Germany

	 

	Abstract:  none available

	Notes:  This was an excellent summary of work to date on lightweight steels.  These are alloys of typically Fe and Mn and may exhibit up to about 9% reduction in density.  It is remarkable that only a slight reduction in Youngs Modulus accompanies this reduction in density.  Three main types were introduced based upon deformation mechanisms: TRIP, TWIP, and SBIP steels.  TRIP steels exhibit transformation Induced plasticity, TWIP steel exhibits twinning induced plasticity, and SBIP steels exhibit enhanced shear band induced plasticity.  TRIPLEX steels are alloys containing Fe-Mn-(Al,Si)-C have been developed with yield strengths of 700-850 MPa and strains to failure of about 70% with low work hardening.  Nearly ideal elastic-plastic behavior can be created in some alloys. The most interesting claim is for the extraordinary specific energy absorption of these materials.  Charpy impacts are nearly constant with temperature.  TRIP/TWIP steels were claimed to be better than austenitic stainless steels.  Questions were raised as to whether the SBIP materials were prone to localization, but no excessive problems were noted.  Chromium additions for improved corrosion resistance may be possible.

	Speaker Contact Information:  G. Frommeyer, Max Planck Inst. for Iron Research, Düsseldorf, Germany (http://www.mpie.de/englisch/index_e.html)
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	Fracture Modelling of TRIP Steels

	S. Papaefthymiou (Sp), W. Bleck, U. Prahl, Aachen University (Germany); J. Sietsma, S. van der Zwaag, Delft University of Technology (Netherlands)

	 

	Abstract:  TRIP steels have interesting mechanical properties due to their excellent combination of strength and formability. Their advantageous properties are influenced by adjusting the type, the amount and the distribution of the different phases. These phases also play a significant role in the complex damage behaviour of TRIP steels.

The occurrence of the first crack in the microstructure and its development affect the final fracture and lead to a complex fracture behaviour that depends strongly on the local triaxiality. On the micro-scale, two failure types appear: cleavage and ductile fracture. The fracture mode depends on the stress-strain-condition, the internal cleanness, the volume fraction of the retained austenite and the position of the austenite and the martensite grains. If a martensite or austenite grain fails in the centre of a bainitic island, the crack develops rapidly and that leads to cleavage fracture. If the failure starts inside the ferritic matrix due to void initiation in hard phases, the emerged void causes ductile damage on the surrounding ferrite.

In order to investigate these different fracture mechanisms the multiphase microstructure is modelled within the framework of continuum mechanics by means of representative volume elements (RVE). Thus, the complex microstructure can be correlated with the local loading situation which helps to explain the complex fracture mechanisms. The first results of the microstructure modelling has shown that the RVE goes well with the macroscopic hardening behaviour of TRIP steel. Additionally, it has turned out that the strain level of the different TRIP phases at the point of fracture is different from what was expected. Ferrite can achieve the highest strains followed by bainite, austenite and martensite. 

Simulations on the failure mechanisms of the TRIP steels by using a cohesive zone model for the cleavage mode of fracture and a ductile damage model for the dimple fracture are in progress.

	Notes:  An interesting review of modeling work with a strong grounding in microstructural studies.  The most difficult task in this materials system is to capture the changing behavior of the (austenite, bainite, martensite, ferrite) microstructure as both cleavage and ductile dimple fracture are both present in varying amounts according to the level of constraint.  Cracks appear to start in the hard austenite phases and propagate outwards.  A 3D RVE FEM model was created with elements representing each type of material in a synthetic microstructure.  When experimentally determined constitutive equations for each material type were input, the RVE model could help explain the amount of cleavage fracture observed in different areas on a specimen fracture surface.

	Speaker Contact Information:  Dipl. –Ing. Spyros Papaefthymiou 

(spyros@iehk.rwth-aachen.de ) (tel:+49-(0)241-80-95800), 

Rheinsch-Westfalische Technische Hochschule Aachen (RWTH) 

(http://www.rwth-aachen.de/zentral/english_index.htm)
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	Strengthening of Ferritic/Martensitic 12%Cr Heat Resistant Steels by Laves Phase Precipitates

	V. Knezevic (Sp), G. Sauthoff, Max Planck Institute, Düsseldorf (Germany)

	 

	Abstract: The degradation of creep strength, as a result of pronounced microstructural changes during long-term exposure at elevated temperature, is the main problem for new ferritic/martensitic super creep resistant 12%Cr steels for 650°C Ultra Super Critical (USC) Power Plants. In particular, coarsening of the precipitates causes creep softening, as they become less efficient in blocking dislocation movement and subgrain coarsening. Therefore, different types of precipitates (M23C6, MX, Laves phase) with differing kinetics are used for hardening of the new steels to achieve sufficient creep resistance during the entire service life. In particular, Laves phase has been used, aiming at additional strengthening during coarsening and over-ageing of M23C6. So far, the effect of Laves phase particles on precipitation strengthening of this group of steels is not fully understood. Thus, the objective of the present study is to investigate precipitation kinetics of Laves phase and the effect of different alloying elements on precipitation behaviour and morphology of Laves phase in new 12%Cr heat resistant steels. The aim is to understand possible mechanisms of controlling precipitation reactions, in order to obtain uniformly distributed fine and stable Laves phase particles and provide enough precipitation strengthening. The Laves phase strengthening has been investigated in W bearing martensitic 12%Cr steels. Tantalum, as another Laves phase forming element, has been added, in order to investigate the effect of variation of Laves phase, besides the effect on precipitation of MX phase. Addition of Cu and precipitation of homogeneously distributed Cu particles, which may serve as nucleation sites for Laves phase formation, are also investigated. The results of microstructural investigations and mechanical testing are discussed in detail. Further research and optimisation of chemical composition is in progress.

	Notes:  For power generation, two issues are critical for ferritic/martensitic steels:  creep at 650°C and corrosion.  This talk review investigation on 3-4% W additions to 12% Cr steels for Laves phase precipitation and strengthening.  In addition, 0.2% V and 0.2% Ta were added for additional MX particle strengthening.  Best results were obtained for the Ta + 4 (wt.) % W alloys.  The 1000 hr rupture time a 100 MPa and 650°C was significantly improved and the alloy was rated as having a “high potential” for operations at that temperature.  Other conclusions were that the delta-ferrite had a negative effect, the Laves precipitates on the M23C6 particles, and the Cu nanoparticulates can form acicular phases. 

	Speaker Contact Information:  V. Knezevic, Max Planck Inst. for Iron Research, Düsseldorf, Germany (http://www.mpie.de/englisch/index_e.html)
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Modeling of heat and current flow during resistance spot welding of a novel ultra-light stainless sandwich sheet
Determination of local materials properties in welds as input for the numerical simulations of welded joints and welded components
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	Modelling of Heat and Current Flow during Resistance Spot Welding of a Novel Ultra-Light Stainless Steel Sandwich Sheet

	J.C. Tan (Sp), University of Cambridge (UK); S. Westgate, TWI, (); T.W. Clyne, University of Cambridge (UK)

	 

	Abstract: This work concerns the weldability of a novel ultra-light stainless steel sheet material, composed of twin stainless steel faceplates (~200 mm), separated by a stainless steel fibrous core and bonded by thin layers of structural adhesive. The overall thickness of the sandwich is of the order of 1 mm. There has been some previous work on numerical simulation of resistance spot welding for thin monolithic metallic sheets. However, there is little information in the literature on the weldability of sandwich sheets, concerning either experimental or theoretical aspects. The main practical objective in designing these novel sheets so as to ensure that they can be resistance welded is to ensure a sufficiently high through-thickness electrical conductance. An incrementally coupled electrical-thermal-mechanical finite element model has been developed to simulate resistance spot welding of sandwich sheets. Axial symmetry is assumed and the multilayered structure of the sheets is incorporated into the model. The thermo-mechanical analysis is performed to simulate the elasto-plastic deformation of the porous core structure under compression, in order to determine the sheet-electrode contact area and the pressure distribution at the electrode-workpiece and faying interfaces. A fully coupled electro-thermal analysis is then used to predict the electrical current distribution, Joule heating and the fusion zone development at different stages of the welding cycles. Non-linear, temperature-dependent mechanical and thermophysical properties have also been taken into account. The weld nugget diameters predicted by the numerical simulations are then compared with those obtained experimentally.

	Notes:  Mr. Tan is a student of Prof. Clyne, who is also a co-author of this work.  The subject of the presentation was a sandwich material (http://www.msm.cam.ac.uk/mmc/research/steelsheet/index.html) developed by Cambridge.  It is similar in some respects to lattice-block, and foam core sandwich panels.  Results were presented concerning measuring and finite element modeling spot-welding characteristics of these materials.  Key to accurate modeling will be the proper determination of the crushing behavior of the aligned-fiber core materials.  

	Speaker Contact Information:  Mr. Jin Chong Tan, University of Cambridge, Dept. of Mat. Sci. jct33@cam.ac.uk (tel.:+44 (0) 1223 334340
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	Determination of Local Material Properties in Welds as Input for the Numerical Simulation of Welded Joints and Welded Component Behaviour 

	V. Denner (Sp), S. Oeser, C. Veneziano, Fraunhofer Institute for Mechanics of Materials, Freiburg (Germany)

	 

	Abstract:  In general local material properties gradients in a weld can be easily evaluated qualitatively. For instance, hardness profiles give tendencies in strength mismatch. Quantitative evaluations of the stress and strain state in a weld after fabrication and during service supported by finite-element analyses however require full stress – strain curves of the individual material zones. 

For joints with material zones up to roundly 1 mm width, stress – strain curves can be measured on miniature tensile specimens. A specific technique was developed at Fraunhofer Institute for mechanics of materials to manufacture specimens with such dimensions. Testing equipment for specific tensile tests as tensile tests at high heating rates or high strain rates were adapted and enhanced for miniature specimens. 

In the case of insufficient material volume, the individual microstructures in the weld can be reproduced by weld thermal simulation (Gleeble simulator), provided the heating history during welding are known. Tensile specimens are then extracted from the weld simulated material.

Both procedures will be presented based on the examples of the material characterization for three studies: - the numerical simulation of residual stresses and distortion in an automotive welded component - the evaluation of the crash-worthiness of MIG-welds on extruded aluminium alloy profiles for rail vehicle structures - the assessment of the load carrying behaviour of electron-beam welds on high strength steel for space launcher structures

	Notes:  Dr. Denner gave a talk highlighting Fraunhofer’s activities on weld characterization.  They have extensive capabilities for extracting materials from welds for mini-tensile testing.  The cylindrical specimens are approximately 20 mm by 1 mm in diameter.  A testing rig is capable of tensile stress-strain measurements with heating and concurrent CCD imaging.   One issue is the stress relief which occurs when the material is liberated from the bulk sample.  

These capabilities have been applied to electron beam welds in 48CrNiMoV 4-10 steel alloys.  Fraunhofer has been performing local-global finite element modeling of its welding using the measured properties as inputs.  A software package known as SYSWELD (http://www.esi-group.com/Products/Welding/) has been used to study the deformations in the parts due to welds and processing.  

	Speaker Contact Information:  Dipl.-Ing. Valerie Denner, 

denner@iwm.fraunhofer.de , +49 (0) 7 61/51 42-237

Fraunhofer Institut Werkstoffmechanik, (http://www. iwm.fraunhofer.de/),

Freiburg, Germany
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Generation of Ceramic Products via Laser Sintering


Rapid Prototyping adapted to ceramics: examples of applications


Manufacture of Ceramic Components by Ink-Jet Printing
Rapid Microfabrication of Ceramics 

Ink-jet printing of ceramic organic suspensions  

New Materials for three-dimensional printing technologies  
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	Generation of Ceramic Products via Laser Annealing

	J. Günster, S. Engler, G. Ohlendorf, J.G. Heinrich (Sp), Technical University of Clausthal, Clausthal-Zellerfeld (Germany)

	 

	Abstract: In the last decade, the fast development of high power laser systems has stimulated a variety of industrial applications in which lasers act as well defined local energy sources. In this context, examples for the thermal processing of ceramic materials via laser will be introduced. The laser treatment of ceramic green parts, selective laser sintering for rapid prototyping and 3D-generation of components in transparent media will be described. Results will be presented on the basis of SiO2, porcelain, hydroxyapatite and preceramic polymers.

	Notes: Prof. Heinrich’s laboratory has three CO2 lasers and a NdYAG laser dedicated to rapid prototyping.  The CO2 lasers have been dedicated to manufacturing high purity (and graded) silica molds (in clean rooms for silicon processing).  The molds will allow for improved and flexible processing of silicon for electronics.  The NdYAG has been used to create Al-surfaces on AlN substrates ( to create bonding surfaces) and for layer slurry deposition (LSD).  In LSD, 100 μm layers can be formed and sintered to a density of about 65% (similar to slip casting).  In general, this group appears to be well advanced in these selected applications.  

This group has also applied for a German patent on a new process using two lasers to address the volume of material to be processed.  The additive energy deposited in the small volume of the part under consideration starts the desired reaction.  However, Prof. Heinrich was reluctant to release too much information before the patent has been issued.   

	Speaker Contact Information:  Prof. Dr.-Ing. Jürgen. G. Heinrich (heinrich@naw.tu-clausthal.de, TEL: +49-5323-72-2354), Institute for Nonmetallic Materials, Dept. of Enginnering Ceramics (http://www.naw.tuclausthal.de) Technical University of Clausthal, Clausthal-Zellerfeld, Germany.
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	Rapid Prototyping Adapted to Ceramics: Examples of Applications

	C. Chaput (Sp), F. Doreau, M. Loiseau, Ceramic Center, Limoges (F); T. Chartier, SPCTS, Limoges (F)

	 

	Abstract: Stereolithography (SL) is more and more used in ceramics. Three main technologies, Laser sintering, ink jet printing and SL, are in development today. CTTC began to work on SL in 1998 and after a long phase to obtain good microstructures, it began to work on different applications.

In this paper, we propose to explain the potential of SL in technical ceramics field, such as cranio and maxillo-facial surgery with custom made bioceramic implant obtained directly from CT scans, and telecommunication field, with the realisation of special LMDS antenna.

	Notes: A short talk on activities in Limoge concerning UV stereo lithography using a paste (not a liquid) precursor.  

	Speaker Contact Information:  C. Chaput, Ceramic Center, Limoges, France  or Thierry Chartier, t.chartier@ensci.fr,  Tel : (33) (0)5 55 45 22 25 

Fax : (33) (0)5 55 79 09 98  


Back 

	Manufacture of Ceramic Components by Ink-Jet Printing

	B. Derby (Sp), University of Manchester (UK)

	 

	Abstract: Ink-jet printing provides a method of manufacturing ceramic objects with a composition and spatial resolution defined by the droplet size generated by the printer. Current technology produces droplets in the size range 30 – 60 µm and resolution is further compromised by the degree of droplet spreading on impact. 

In order to build ceramic objects by ink-jet printing it is necessary to produce highly fluid suspensions of ceramic particles in a carrier fluid. These suspensions must have a viscosity lower than 40 mPa.s, yet contain as high as possible volume fraction solids. Suspensions have been developed for both alumina and PZT ceramics. The accurate fabrication of objects requires droplet size and velocity to be controlled. The effect of printing parameters on droplet size and velocity has been investigated and the differences in behaviour between different printed fluids will be discussed.

A number of structures have been printed and sintered. The influence of this printing based manufacturing technique on final sintered microstructure will be reported.

	Notes:  Prof. Derby gave an excellent review of the work he is performing, partially under ONR and ONRIFO funding, on ink-jet printing of ceramic parts.  Potentially more exciting was his announcement that he has been successful in printing both viable skin cells and osteoblasts.  He had published earlier results for collagen bio-materials.  

	Speaker Contact Information:  Prof. Brian Derby, Manchester Materials Centre, UK.
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	Rapid Microfabrication of Ceramics

	R. Knitter (Sp), Forschungszentrum Karlsruhe GmbH (Germany)

	 

	Abstract: During product development, prototypes and functional models play an important rule for design verification. This is especially true for microcomponents as design guidelines that might support the development process are so far lacking in microtechnology or are still based on experiences gained in the macro range. The high-pressure injection molding of ceramics has already been proved to be suited for microfabrication. Due to high tooling costs, however, it is not reasonable to use this technique for the fabrication of prototypes. On the other hand, most solid freeform fabrication techniques for ceramics still have a limited resolution or a restricted variety of processed materials. To bridge the gap and to benefit from rapid prototyping techniques a rapid prototyping process chain (RPPC) has been established. Within this RPPC different RP techniques in combination with the low-pressure injection molding of ceramics have successfully been used to fabricate microcomponents and micropatterned parts, ranging from functional models to pre-production lots. The paper will present examples of ceramic microcomponents for different applications with outer dimensions ranging from less than one millimeter to several centimeters and inner patterning details in the submillimeter range. The variety of materials includes alumina and zirconia, piezo- and dielectric as well as electroconductive ceramics. Emphasis will be placed on parameters that influence the molding and the quality of the ceramic parts like powder grain size, feedstock properties and the characteristics of the master model fabricated by rapid prototyping techniques.

	Notes:  Dr. Knitter gave an invited presentation on the ceramic microfabrication activities in Karlsruhe.  They have developed a hybrid rapid prototyping method combining RP approaches with low pressure injection molding.  First, rapid prototyping in used to create a master part, a silicone mold is made from the master, and subsequent parts are injection molded from the mold and then fired.  Molds last for about 100 parts and thus can make small lot fabrication economical.  Alumina, zirconia, PZT, and hydroxyappitate parts have all been synthesized by this method.  A zirconia microturbine approximately 3.5 mm in diameter with 15 μm details was displayed.  Typical green part density for ceramics was 62-70 % with fired densities of 95-99 %.  (PZT densities were lower with 58% and 96%, respectively.)  A point was made that since the parts were cast, no mechanical anisotropy was present.

Much of the work presented involved factors affecting final part resolution.  Two printing techniques and two stereolithographic techniques were investigated for master part production.  The printing techniques used a T66 Solidscape (USA) with drop size of 76 μm and a Thermojet 3D system with droplet size of 90 μm.  These techniques gave acceptable part with fair resolution.  However, some roughness and misalignment was present.  The stereo-lithographic techniques were produced better results.  A Perfactory by Envisiontec with 74 x 74 μm pixel size was shown and a new RMPD microTech (http://www.microtechweb.com) system with 10 μm layer height gave the best results.  

FZK has been working with Optel (http://www.optel.com.pl/index_en.htm) on innovative designs for ultrasonic PZT transducers for fingerprint scanners.  Two examples were shown consisting of PZT pillars in hexagonal or radial arrays.  The possibilities for specialty medical transducers were also mentioned.

	Speaker Contact Information:  Dr. Regina Knitter, regina.knitter@imf.fzk.de,  Tel: +49 (0)7247 82-2156,  Institute for Materials Research, Forschungszentrum Karlsruhe GmbH (Research Center Karlsruhe), Postfach 36 40, 76021 Karlsruhe, Germany


Back 

	Ink-Jet Printing of Ceramic Organic Suspensions

	M. Lejeune, G. Senlis, R. Noguera (Sp), T. Chartier, ENSCI, Limoges (France)

	 

	Abstract: Among the different prototyping techniques developed up to now for ceramic parts, the ink-jet printing one is very promising to build 3D fine-scale ceramic parts: in fact, a standard definition of 50µm could be reached and even improved down to 10µm. Moreover, this technique exhibits the additional capability to deposit different materials on a single layer via a multi-nozzle system. Therefore, ink-jet printing may be applied in particular to the production of sophisticated microelectronic devices integrating metallic connection network (packaging, micro-actuators or sensors...).
Different characteristics of the ceramic organic suspensions must be adjusted to optimize the definition of the deposit such as (i) the viscosity and the surface tension to control the size of the droplets just after ejection and after impact with the substrate (ii) the sedimentation to avoid heterogeneity. This contribution reports firstly the dependence of these fluid characteristics on different parameters relative to the organic/ceramic systems : (i) size distribution and morphology of the ceramic powders (ii) variation of the amount of the selected ionic dispersant around its maximum level of adsorption on the ceramic powder (iii) ceramic loading. Furthermore, the effect of some physical parameters, intrinsic to the equipment, on the size of ejected droplets and the corresponding spreading phenomena on the substrate is reported for these different suspensions: in particular, some trials have been carried out with variable driving conditions of the piezoelectric printing head (frequency, duration and amplitude of electric pulse) or for different temperatures of the suspensions. 

	Notes:  Another short talk on shaping of 1-3 ceramic-polymer composites by ink jet printing.  High definition (<50 μm) PZT ceramic pillar array parts are being fabricated a prototypes for medical probes.  

	Speaker Contact Information:  R. Noguera, ENSCI (http://www.ensci.fr/), Limoges, France  or Thierry Chartier, t.chartier@ensci.fr,  Tel : (33) (0)5 55 45 22 25   

Fax : (33) (0)5 55 79 09 98  
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	New Materials for Three-Dimensional Printing Technologies

	G. Maier (Sp), D.H. Wiese, polyMaterials AG, Kaufbeuren (Germany)

	 

	Abstract: Currently, the field of rapid prototyping technologies appears to develop into two different directions. On one side, there is the desire to improve quality and speed to establish rapid prototyping as a manufacturing tool for small series production. On the other side, there is a need for low cost systems, which can be operated in an office environment, not much more complicated than an ink-jet printer, and not requiring operation by specialists.
For low cost office systems, there is a relatively new technology, which is based on 3D-ink-jet printing using a liquid, preferably aqueous, bath for support. This eliminates the need for handling fine powder or acrylic based resins or expensive laser systems. It is not much more complicated than a 2D-ink-jet printer, and since the 3D-ink especially developed for this technology can be colored as desired, full color printing is possible.
The 3D-ink is based on a low viscosity monomeric formulation which hardens almost instantaneously on contact with the aqueous support bath, and its density is adjusted to allow printing of overhanging structures using only the aqueous liquid bath for support. The resolution and accuracy depend on the droplet size, and hence on the quality of the ink jet printing head.
The hardened material does not show cell toxicity in laboratory tests, and it is being evaluated currently for biodegradability and bioresorption for tissue engineering applications.
Additionally, the 3D-ink can also be used in conventional 3D-printing with certain powder materials such as hydroxy apatite or tricalcium phosphate. The structures obtained using this technology can be used as precursors for biodegradable ceramics.
PolyMaterials is currently developing this 3D-ink for further applications, including hard, soft and elastomeric materials. 

	Notes:  PolyMaterials is a specialty polymers company and not a rapid prototyping company.  However, they have developed, at the request of Genysis (spelling?) of Augsburg, Germany, a special ink-jet printable polymer which solidifies in water.  Genysis hopes to use this polymer in their patented process for and “office 3D printer.”  In other words, development of a rapid prototyping machine for business where ink-jet printing into a water bath produces parts which need no further processing and produce no harmful/toxic fumes.   The special low viscosity ink has a specific gravity similar to water and can accept many different dyes for color “printing.”  The polymer has no cytotoxicity and biodegradable versions may be possible.   A laboratory version of a printer has 64 nozzles per head and can print a piece 4 mm x 2 cm x 1.5 cm in about 1 hour.  Mean droplet size is 70 μm, layer thickness is 35 μm, and resolution is estimated at 100 μm.  Using the water bath as a support, bridges up to 3 cm long have been fabricated.  Parts are strong enough to survive a drop (mechanical properties are being measured) but decompose at approximately 120 ºC.  Estimated costs for the polymer are less than 200 €/kg.  One intended application is for customized medical implants.  This type of technology in combination with the proven capacity for ink-jet printing of biological cells (see the summary for Prof. Brian Derby), may significantly impact the development of this field.

	Speaker Contact Information:  Dr. Gerhard Maier, G.Maier@polymaterials.de, Tel: +49 8341 916702),  polyMaterials AG (www.polymaterials.de), Innovapark 20, 87600 Kaufbeuren, Germany.
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	Self-Assembly of Bio-Inspired Nanostructures

	B. Smarsly (Sp), Max Planck Institute of Colloids and Interfaces, Potsdam (Germany); C.J. Brinker, University of New Mexico, Albuquerque, NM(USA)

	 

	Abstract:  Nature combines hard and soft materials often in hierarchical architectures to get synergistic, optimized properties and combinations of properties with proven, complex functionalities. Emulating such natural material designs in robust engineering materials using efficient processing approaches represents a fundamental challenge to materials chemists. We are investigating efficient chemically- and mechanically-based self-assembly strategies to create nanocomposites in thin film and particulate forms. This presentation will first review our progress on evaporation-induced self-assembly to prepare porous thin film nanostructures of interest for low K dielectrics. I will then describe new work where we use surfactant self-assembly to simultaneously organize hydrophilic and hydrophobic precursors into hybrid (organic/silica or metal/silica) nanocomposites that are optically or chemically polymerizable, patternable, or adjustable. For example, the co-self-assembly of amphiphilic photoacid generators with silica precursors results in photosensitive thin film mesophases in which the pore size, pore volume, surface area, and refractive index may be continuously varied over a range depending on the UV exposure time. Incorporation of switchable hydrogel or azobenze moieties provides a means to create nanostructures exhibiting chemo-, thermo- or opto-mechanical actuation. Biocompatible self-assembly allows us to immobilize cells in a robust self-contained, self-sustaining environment of interest for stand-alone cell-based sensors. As a new direction, we have exploited mechanically-based self-assembly to create superhydrophobic, fractal surfaces mimicking those of the Lotus leaf and desert beetle. These surfaces are self-cleaning and fundamentally affect flow, making them of general interest for fluidic-based microsystems.

	Notes:  Presentation on NIPAMM-based layered nanostructures with interlayer distances that can be changed from about 2-7 nm with a change in temperature of 50-10 degrees C.  

	Speaker Contact Information:  B. Smarsly, mailto:smarsly@mpikg-golm.mpg.de 

Max Plank Inst. Of  Colloids and Interfaces, Potsdam, Germany  
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	Nanostructured Coatings: From Multilayers to Nanocomposites

	J. Patscheider (Sp), EMPA, Dübendorf (Switzerland)

	 

	Abstract:  Nanostructuring of hard coatings, which is achieved by combining two phases with atomically sharp interfaces, opens up new possibilities to improve conventional coatings with respect to their hardness, limited temperature stability and their frictional behavior. The best known combinations of well-separated phases for increased hardness are multilayered superlattices as well as nanocomposite coatings. Nanocomposite coatings proved successful in promoting hardness, oxidation resistance, improved wear behavior and other properties relevant for protective coatings. Such coatings are composed of nano-crystalline grains of transition metal nitrides or carbides, which are surrounded by amorphous hard matrices.
Most nanocomposite hard coatings show typically a maximum of the hardness, which can range from 30 GPa to values above 60 GPa, as the composition is changed from the pure crystalline phase (no amorphous component) to compositions dominated by the amorphous phase. At the hardness maximum the domain size of the nanocrystalline phase is below 10 nm and the amorphous layer separating the nanocrystals, is only a few atomic bond lengths thin. A comparison to hadness-enhanced superlattices show that the critical dimensions necessary to obtain this effect are of the same order, i.e. the domain size in hard nanocomposites and the single layer thickness in superlattices are both below 10 nm. Due to the absence of dislocation activity, deformation of nanocomposites will be only due to grain boundary sliding. This process requires more energy than deformation by dislocation movement, which is synonymous to increased hardness.
In some cases the amorphous phase can act as a solid lubricant (a-C or a-C:H) or as diffusion barriers (Si3N4) for improved thermal stability. The amorphous phases in nanocomposites thus cause, apart from the enhanced hardness, additional effects that are beneficial for the performance of these new wear-protective coatings. 

	Notes:  This talk was an excellent review of hard coatings and tried to answer the general question of why hardness increase were seen at length scales of 5-10 nm independent of whether the sample morphology was a multilayer or nanocomposite.  Working with TiN/Si3N4and TiN/NbC materials, he reviewed the necessity for clean interfaces, lattice mismatch, small interparticle or interlayer distances, and strong matrices.  He presented an interface model for the TiN-Si3N4 materials including an electrostatic potential hardening component (which is lost when materials are off-stoichiometry) and claimed that materials with friction coefficients of 0.3 at the maximum hardness values (about 50 GPa) could be fabricated.  This group works with researchers at Northwestern University.  

	Speaker Contact Information:  Dr. Joerg Patscheider, Joerg.Patscheider@empa.ch 

Tel:  +41 1 823 4365 , 

EMPA, Duebendorf, Switzerland
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	Design of Inorganic Materials Based on Dynamics of Soft Matter

	E. Prouzet (Sp), M. Tokumoto, M.A.U. Martines, E. Pena dos Santos, C. Boissière, A. Larbot, C.N.R.S., Montpellier Cedex 5 (France)

	 

	Abstract:  Since chemists were more and more interested by the surface properties of materials, they tried to develop new syntheses, especially those of "Chimie Douce" (Soft Chemistry), that are particularly well dedicated to this purpose. This led to new classes of materials, such as highly porous materials (zeolites, molecular sieves, "mesoporous" materials,…) as well as hierarchically structured materials... We expanded the approach based on the organization of inorganic matter through dynamics of soft matter, which allowed us to explore different ways that will be described: (i) Mesoporous silica was synthesized with the help of nonionic surfactants through a two-step synthesis involving the intermediary preparation of hybrid micelles. These micelles behave like usual micelles and their structure is sensitive to slight changes in the synthesis process. This helped to tune pore size as well as particle size and shape by only monitoring the synthesis condition. (ii) Sodium alginate is well known for its properties of gelation when mixed with divalent cations such as calcium. If alginate is added dropwise in such a solution, drops form pearls that are usually used as substrates for biological reactions. We used this property by mixing different inorganic precursors able to gelify (sodium silicate, boehmite…). This allowed us to prepare spherical monodisperse particles in the millimetric scale with a continous inorganic network. Depending on the precursors and the process, different microstructures, including highly opened with a honeycomb framework, were obtained. (iii) Hexagonal or cubic swollen liquid crystals (SLC) were developped to be used as reacting mediums. In that case, the centre of surfactants cylinders is swelled up to a diameter of 30 nm with an organic solvent whereas they are regularly spaced by a continous aqueous network. Examples of several syntheses, either in the inner cylinder organic phase or in the aqueous network, will be shown. The swelled liquid crystal acts as a mold and modifies the nanostructure of materials, compared with those prepared in bulk.

	Notes:  “Soft Materials” such as micelles, liquid crystals and gels exhibit interesting dynamic and self-organizing behaviors.   This talk gave an overview of some of the activities at IEM with a focus on tuneable self-organizing structures.  Examples included mesoporous silica with “3D wormhole porosity” and “Y-shaped” branch morphologies and “ribbon” morphologies.  Pore size was “tuneable from 2-5 nm .  A second example of 

“mineral pearls” by sodium alginate gelification was presented.  These materials can be dried to create honeycomb tubule structures.  Most interesting was their Swollen Liquid Crystal (SLC) methods.  SLCs may be used as nanoreactor vessels forming particles, rods, fibers and wires. Examples of UV polymerization of polydiacetylene into spheres and fibers, and nanograined zirconia whisker-like materials were presented.   



	Speaker Contact Information:  Eric Prouzet, mailto:prouzet@cit.enscm.fr , Institute European des Membranes (IEM), Montpellier, France
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	Alternating-Current Electrical Properties of Elastomer-Carbon Nanocomposites

	M. Knite (Sp), V. Teteris, Riga Technical University (Latvia); I. Aulika, A. Vitins, University of Latvia, Riga (Latvia); A. Fuith, University of Vienna (Austria)

	 

	Abstract:  Regardless to the wide technological use of polymer composites fundamental and applied studies of the materials are still of acute interest. Conductive polymers are obtained when particles of good conductors (carbon black, graphite powder, carbon fibre, micro-particles of metals) are implanted into an insulating polymer matrix. Most often such polymer composites are used as the so-called inactive materials in electric heating elements and resistors. Recently efforts have been made [1, 2] to obtain active polymer composites the conductivity of which would be strongly dependent on external thermodynamic parameters – pressure, temperature, and other. Such materials might set up basis for a new generation of cheap large-size sensors. In our earlier studies [2] reversible change of conductivity by more than four orders has been observed in a composite containing 10 mass parts of extra-conductive carbon black (ECB) nano-particles in a polyisoprene matrix. In other words, a giant tenso-resistive effect is observed in the nanocomposite. Presently reported is an analysis of conductivity and dielectric permittivity as functions of applied AC frequency revealing features displayed at percolation transition in polyisoprene-ECB composites at ECB concentrations providing the giant tenso-resistive effect [2]. The experimentally determined values of the power indices x = 0,70 ± 0.07 and y = 0,32 ± 0,05 describing dependence of conductivity G ~ f x and capacity C ~ f – y on AC frequency f in polyisoprene-extraconductive carbon composite in the vicinity of percolation threshold are consistent, within the accuracy of measurements, with the general scaling principle of the percolation theory x + y = 1. The obtained values of x and y are in agreement with the mechanism of interclaster polarisation. On the other hand the anomalous behavior of capacity above the percolation threshold were found. It may be explained due to special properties of nanosize ECB.

	Notes:  This talk reviewed efforts to produce low cost sensors for mechanical strain.  A review of past work indicated that high matrix elasticity, high particle aspect ratio and working near the percolation threshold would give the best results.  This work involves embedding carbon nanopowders (PRINTEX XE-2 with a mean particle diameter of 30 nm) into polyisoprene and forming sheets.  Various amounts of filler were added at concentrations below and above the percolation threshold (approximately 8 weight %).  A “giant tenso-resistance” effect was claimed where a 10,000x change in resistance was measured for an unknown amount of applied strain.  AC impedance measurements were presented and arguments given for a branched carbon cluster morphology.

	Speaker Contact Information:  M. Knite, Institute of Physics, Riga Technical University, Latvia
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	Focused Electron Beam Induced Deposition of Functional Three-Dimensional Nanostructures

	I. Utke, T. Bret, P. Hoffmann (Sp), EPFL Lausanne (Switzerland)

	 

	Abstract:  Focused electron beam (FEB) induced deposition and etching is an extremely flexible tool for prototyping devices with respect to material properties and three-dimensional (3D) shape. Control of deposit composition is achieved by varying the electron beam parameters and the choice of organic, metal-organic, and inorganic precursors. The nanostructure of metal containing deposits can be controlled within pure metal to nano-composite (i.e. nano-clusters dispersed in an embedding stabilizing matrix). The nano-composite deposits show unique magnetization and optical properties. Examples like functionalized high-resolution atomic force microscopy (AFM) tips (magnetic, conductive, super-hard), resolution enhanced scanning near field optical microscopy (SNOM), photonic crystals, and surface plasmons resonance structures for confined light fields will be presented.

	Notes:  Dr. Hoffman reported on focused electron beam (FEB) deposition of nanocomposite materials.  Simplified, working gases are introduced into an SEM and the energy provide by the electron beam initiates a chemical reaction at the point of focus.  He emphasizes that this reaction is not thermal decomposition. 

A key component of his work has been the deposition of extremely fine Co(CO)8 (?) rods on top of AFM tips for magnetic force microscopy (MFM).  These new points are extremely strong and survive being driven into specimen surfaces and continue to function.  Most significantly, using these modified tips MFM resolutions of 21 nm have been measured and they are currently working to establish a 10 nm resolution.

	Speaker Contact Information:  P. Hoffmann, Advanced Photonic Laboratory, EPFL, Lausanne, Switzerland.
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	Ti-Metal Matrix Composites: CSM Experience from the Design to the Prototype Manufacturing

	C. Testani (Sp), S. Argentero, Materials Centre Sviluppo S.p.A, Rom (Italy)

	 

	Abstract:  The present work describes the CSM experience in designing and manufacturing 3-D mechanical components in Ti metal matrix composites. Emphasis is devoted to the fabrication of long fibre reinforced titanium composites by hot pressing of plasma sprayed performs and fibre-foil technique. Several Ti matrices have been successfully sprayed : i.e.: near-beta Ti alloy: 15V 3Al 3Cr3Sn or near-alpha alloy Ti-6Al-2Sn-4Zr-2Mo-0.08Si, Ti6242S and Ti-4.5Al-3V-2Mo-2Fe, SP700) onto prearranged drum with silicon carbide continuous fibres. Multi-layer HIP-consolidated samples were characterized by microstructural investigation and tensile testing at room and high temperature (up to 800°C). Some typical defect arising form bad consolidation are shown and discussed, in particular the nature of the interface between the fibre and the matrix is described. The Hot Isostatic Pressing cycle was optimised in order to reduce any detectable porosity left from the previous layer boundaries and to optimise the samples tensile strength. Some technological demonstrators have been successfully manufactured and some potential application for 3-D components are outlined.

	Notes:  This talk focused on CSM’s Titanium metal matrix composite (TiMMC) activities.  They fabricate TiMMCs by tensioned filament winding on copper drums, high-pressure (3 bar) inert-gas plasma spraying, and hot isostatic pressing.   Emphasis is placed on selective reinforcement to reduce costs.  An example of a four-layer (approximately 10.6 vol. % globally) SiC reinforced SP700 Ti alloy part was shown.  A blisk with 50 layers of SiC in Ti 6242 was also highlighted.   CSM seems to believe that with controlled processing costs (through the reduced fiber usage plus perhaps laser welding) plus better high-temperature properties TiMMCs will offer a profitable alternative to today’s engine materials.  



	Speaker Contact Information:  C. Testani, Centro Sviluppo Materiali S. p. A., Roma, Italy (http://www.c-s-m.it/eng/home.htm)
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	Processing and properties of melt-processable Poly(tetrafluorethylene)

	Theo Tervoort, ETH, Zurich, Switzerland

	 

	Abstract:  none available

	Notes:  This talk reviewed PTFE processing.  They have been successful in reducing crystallization by the addition of FEP and PFA side groups and blends to gain extrudability.   PTFE-matrix composites have been fabricated 20 % carbon fibers, 10 wt. % TiO2 powders, and other high temperature dyes.  Composite mechanical properties are being measured but were not reported.  It was reported that melt spun fibers have been synthesized with an average diameter of 45 microns.  

	Speaker Contact Information:  Dr. Theo Tervoort
Department of Materials
Universitätstrasse 41
ETH-Zentrum, UNO C15
CH-8092 Zürich

Phone: +41 1 632 61 88

e-mail: tervoort@mat.ethz.ch
http://www.polytech.mat.ethz.ch/
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	In situ, real-time scanning probe microscopy of polymer processes

	Jamie Hobbs, University of Bristol, UK

	 

	Abstract:  none available

	Notes:  Dr. Hobbs gave a review of his work in the area of crystallization of polymer materials as observed in AFM.  Most interesting was the revelation that they are working with their spin-off company Infinitesima Ltd., UK, (http://www.infinitesima.com/) observing dynamic events in the SPM.  He presented a film clip taken at the rate of 60 frames per sec.  Eight sequential still images of high quality  (8.3 millisecond per frame) were also presented.  The technique is based on a proprietary resonance scanning technique.  Claims were made the less specimen damage was done at this high rate in contact mode than for more standard SPM.  Go to http://spm.phy.bris.ac.uk/ to view movies of polyethylene crystallization.  



	Speaker Contact Information:  mailto:jamie.hobbs@bristol.ac.uk
H.H. Wills Physics Laboratory, University of Bristol, Tyndall Avenue, Bristol, BS8 1TL, UK
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	Organic Light Emitting Devices Fabricated from Semiconducting Nanospheres

	E.J.W. List (Sp), T. Piok, C. Gadermeier, S. Gamerith, F. Wenzl, Technical University of Graz (Austria); R. Montenegro, Max Planck Institute for Colloids and Interfaces, Potsdam (Germany); U. Scherf, S. Patil, University of Wuppertal (Germany)

	 

	Abstract:  The trend towards nano-scale organic electronics raises a quest for novel materials and concepts which allow to control the deposition of the active material on the nano- to mesoscopic scale. Gaining control over the material at such a scale will enable the fabrication of novel as well as improved devices from organic semiconductors such as conjugated polymers in a cost-effective way. As demonstrated over the last decade, conjugated polymers can be utilized as the active medium in different organic electronic applications.
By adopting the so-called miniemulsion process one can combine the properties of semiconducting polymers with those of nanostructured matter, as has been shown recently. Semiconducting polymer nanospheres consisting of a conjugated polymer (methyl substituted ladder-type poly(para-phenylene); m-LPPP) dispersed in aqueous phase have been realized successfully utilizing the miniemulsion process [1]. 
We will present organic light emitting diodes [2] fabricated from organic semiconducting polymer nanospheres deposited from water based dispersions. Furthermore a detailed study of the basic optoelectronic and morphologic properties of the semiconducting polymer nanospheres are presented. 

[1] K. Landfester, Adv. Mater. 2001, 13, 765
[2] T. Piok, et al. Adv. Mater. 2003 (in print)

	Notes:  Prof. List’s specialty is conjugated polymers and his lab has focused on the fabrication of organic multilayers and polymer processing by means of “miniemulsions.”  Their long-term goal is to ink-jet print organic LEDs, FETs, solar cells, and lasers.  


This talk presented his team’s work on polymer nanospheres (with a mean diameter of approximately 80 nm) of  blue-green light-emitting polymer (m-LPPP) processed by their miniemulsion method.  Devices were manufactured by layering ITO, PEDOT, the m-LPPP nanospheres, and an Al electrode on glass substrates.  The devices were claimed to “work better than bulk m-LPPP” based upon operation at a lower bias voltage (about 3.5 vs. 7.5 volts).  However, lower overall brightness levels were achieved with the nanospheres.  Some results have been reported in T. Piok et al., Advanced Materials, 15 (2003), p. 800.  


	Speaker Contact Information:  Dr. Emil J. W. List 

e.list@tugraz.at , Tel: +43 699 2000 68 60

Advanced Functional Materials, Christian Doppler Laboratory, Technical University of Graz, (http://www.if.tugraz.at/cdl) Austria.
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	Progress in Science and Technology of Organic Metals (Polyaniline)

	B. Wessling (Sp), Ormecon GmbH, Ammersbek (Germany)

	 

	Abstract:  The key step of a successful technology involving Organic Metals / Conductive Polymers is preparation and "dispersion" of nano particles. It involves a nanoscale colloidal structure, the wetting of the nano particles by the medium and the processing of this dispersion to the final product. The Organic Metal Polyaniline (PAni) is commercially available in various dispersions: in organic solvents, water or non-conducting polymers. We have also demonstrated that it is transformed into a truly metallic state during a specific dispersion step in thermoplastic matrix, with no solvents involved. Recent progress has led to thermoplastic blends with a conductivity of 200 - 400 S/cm. The same PAni when deposited from a xylene dispersion by spin coating shows conductivity values up to 350 S/cm. 

Our nano particle dispersions display a broad variety of unique properties making them candidates for advanced and novel applications, such as in printed circuit boards, electroluminescence, polymer electronics and OlEDs.

	Notes:  OMERCON would like to expand their business in polyaniline solderable surface coatings for PCBs to OLEDS and organic FETs.  They have developed a Hole Injection Layer (HIL) to improve the contrast and brightness of organic LEDs which is applied to the ITO (see http://www.zipperling.de/Research/SPIE-2003/vortrag_posdorfer.htm).  Brightness values of up to 25000 cd/m2 at efficiencies of 10 cd/A were claimed.  A liscencee by the name of COVION may be incorporating this technology for automotive and other displays.  Organic FETs may be useful for intelligent labeling.  OMERCON claims to be able to make coatings in their labs for research purposes with conductivities as high as 300-1000 S/cm.  They claim that the work function of coatings may be tailored over a range from about 4.2-5.2 eV.  



	Speaker Contact Information:    B. Wessling 

ORMECON (http://www.zipperling.de/), Germany
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	The Beginning of Silk

	Dr. Ann Terry

	 

	Abstract:  none available 

	Notes:   This was a very interesting talk on investigations into how spiders (and even silk worms) create light but tough fibers.  As a physicist working in zoology, Dr. Terry brings a different perspective to the topic.  Silk is spun from an aqueous solution (“spinning dope”) held in glands in the spider, which flows into a sort of mixing chamber, and is finally expelled through the spinnerets.  Many factors affect its properties during synthesis including changes in water content, ions present, pH, protein confirmation, and shear and extensional flow fields.   There are many types of silk are manufactured by spiders (for draglines, prey, egg sacs, or “glue”) and silks vary from species to species and between individuals as well.  Most impressive were their rheological measurements on spinning dope extracted from spider and silkworm glands.  This group works with Prof. David Porter (Oxford) who is trying to model the gelation of the silk using Group Interaction modeling.  



	Speaker Contact Information:  Dr. Ann Terry (mailto:Ann.Terry@bristol.ac.uk), University of Bristol


Back

	An Equivalent to Biological Muscles

	V. Bouda (Sp), Czech Technical University, Prag (Czech Republic); L. Boudova, Charles University of Praha, Prag (Czech Republic); D. Haluzikova, Charles University of Prag (Czech Republic)

	 

	Abstract:  The universal actuator in the animal kingdom is the muscle. Despite numerous modifications, skeletal muscle has maintained a uniform construction and functionality. Skeletal muscles are built of micron-sized contractile units called sarcomeres. Myosin and actin protein filaments inside the sarcomere are recognized to play a central role in contraction.. Swinging of the myosin heads drives the actin filament toward the center of the sarcomere in the classical mechanism, thereby shortening the sarcomere and the muscle. Myosin heads convert the energy of ATP hydrolysis into their movement. The mechanism explains many known features of contraction and has therefore become broadly accepted. 
There are many reasons for considering the classical mechanism inadequate. The sarcomere contraction may be the result of the calcium induced phase transitions inside the actin and myosin filaments. However, we believe in the significant role of the phase transition in the system of myosin heads in the process of sarcomere contraction. A general equilibrium phase diagram of the colloidal clusters has been suggested. The possible phases of the system include liquid colloidal crystals and coagulated cluster of colloids. The effects of both van der Waals and repulsive electrostatic interactions of colloidal myosin heads have provided an effective interpretation of the behavior of the sarcomere. Interactions between the myosin heads are estimated by DLVO theory. 
The model can provide the engineer and physicist with a simple analogy to technical actuators of high performance. 

	Notes:  Dr. Bouda presented a model of the electrostatics and mechanics of the rotation of the myosin head connected to actin fiber in muscle fiber due to Ca and Mg migration.  Incorporating the attractive Van de Walls forces and the electrostatic repulsive forces of the myosin head into the model, allowed him to estimate the total force a muscle should theoretically be capable of applying.  Applying the model to the finger muscles, he calculated the correct order of magnitude (within a factor of two) for the total force (approximately 500 N versus 250 N measured).  The faculty appear to be starting a project on artificial muscles which might eventually involve trying to build prototype systems.  

	Speaker Contact Information:  Dr. Václav Bouda (bouda@fel.cvut.cz , TEL: +420 224 311 958, URL: http://volt.feld.cvut.cz/lide/bouda.htm), Faculty of Electrical Engineering, Department of Mechanics and Materials Science, Czech Technical University, Prague, Czech Republic.


Back 

	Magnetoresistive Detection of Biomolecules

	H. Brueckl (Sp), D. Brinkmann, J. Schotter, M. Brzeska, G. Reiss, P. Kamp-Bertram, A. Becker, A. Pühler, University of Bielefeld (Germany)

	 

	Abstract:  Compared to the established fluorescent labeling method, the use of magnetic markers in biochip sensors has important advantages with respect to the detection of biomolecules at low concentrations [1]. Additionally, the direct availability of an electronic signal allows the design of inexpensive integrated detection units. The magnetic markers are commercially available superparamagnetic microspheres. We already showed the principle applicability of Giant Magnetoresistance (GMR) sensors for detecting magnetic markers [2]. 
In this contribution, we present a direct comparison of the conventional fluorescent and the magnetoresistive method with 1 kb DNA synthesized from PCR products in the concentration range of 3,2 to 2.000 pg/ml. The biochip demonstrator contains 200 GMR spiral sensors which were patterned in Cu/NiFe multilayers at the second antiferromagnetic maximum. The evaluation covers both the dynamic range and sensitivity. At low concentrations, the signal to noise ratio of the magnetoresistive biosensor is superior to standard fluorescent detection.
Implementing magnetic tunnel junctions instead of GMR sensors can even reach the single molecule detection level due to their higher sensitivity and scaling ability. An in-plane detection scheme was applied to a model experiment in which the markers are simulated by a regular array of NiFe disks patterned on top of a TMR sensor. A large shift in the hysteresis loop is caused by their stray fields acting on the sense layer and depends on the total number of NiFe disks. This can be verified by simulations.

[1] M.M. Miller et al., J. MAGN. MAGN. MATER. 225, 138 (2001)
[2] J. Schotter et al., IEEE T. MAGN. 38 (5), 3365 (2002 )

	Notes:  The reviewer only caught the tail end of this talk so detailed notes are unavailable.  However, the use of the GMR and the demonstrated superiority to fluorescence was deemed interesting.  

	Speaker Contact Information:  


Back
Superconductors

Development of MgB2 superconducting tapes: present status and future perspectives  

Properties of thin sheet reinforced MgB2 wires 

Top of the Document
	Development of MgB2 Superconducting Tapes: Present Status and Future Perspectives

	G. Grasso (Sp), A. Malagoli, A. Tumino, C. Fanciulli, C. Ferdeghini, A.S. Siri, National Institute for the Physics of Matter, Genova (Italy); A. Laurenti, R. Marabotto, M. Modica, Ansaldo Superconduttori, Genova (Italy)

	 

	Abstract:  After about two years of experimental activity, MgB2 superconducting tapes manufactured by the PIT method have reached a promising level of development, both in terms of critical current density and of manufactured length. Short portions of Nickel-sheathed mono- and multifilamentary conductors reproducibly carry a self field transport critical current density of 0.1 MA/cm2 at 30 K and about 1 MA/cm2 at 4.2 K. Improved magnetic field behaviour of the critical current has been observed by means of high field transport measurements as a consequence of the efficiency of the mechanically induced defects in the MgB2 phase. Longer conductors of about 100 meters in length have been also realized and employed to fabricate model coils by the react and wind technique that have been successfully tested in liquid helium bath. Results will be discussed in terms of future perspectives for practical applications based on MgB2 conductors.

	Notes:  This group appears to be making high quality MgB2 superconducting tapes.  Estimated costs are one-tenth that of Bi-2223 tapes.  PIT stands for powder-in-tube.  Most interesting is that this group founded a spinoff company, Columbus Superconductor, earlier this year to market their wires.  (Columbus appears to be working with Ansaldo Superconduttori, as well, since the 100 m of wire was delivered to them.  No Web site is yet available for this company.)  A Jc of approximately 100 Amps at 4 Tesla and 4.2K was measured for the monocore wire.  Persistent mode operation appears favorable.  Due to a critical strain of 0.1% for the monocore which makes magnet winding difficult, multicore versions are being researched.  This group has been investigating the use of 10 micron thick Nb foil wrappers on up to as many as 30 filaments and achieved a critical strain of over 0.25%.  In other experiments, carbon doping for decreased anisotropy, and SiC nanoparticles have also been introduced to increase flux pinning.  

	Speaker Contact Information:  G. Grasso, National Institute for the Physics of Matter, Genoa, Italy

(Colombus Superconductor S.R.L., Corso F. Perrone 24, 16152 Genova, Italy, TEL:+39(0)10 65 98 784, FAX: +39 (0)10 65 98 732)
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	Properties of Thin Steel Reinforced MgB2 Wires

	S.I. Schlachter (Sp), W. Goldacker, B. Liu, B. Obst, Forschungszentrum Karlsruhe GmbH (Germany)

	 

	Abstract:  MgB2 wires and tapes are of technical interest for applications in low fields <1-2 T at an operation temperature between lHe and 20-25 K realized with cryocoolers or lNe. Steel reinforced 0.4 mm thick wires with round cross sections were developed for a current lead application in space technology (NASA research satellite) applying different preparation techniques, like the in-situ phase formation from Mg + B powder or use of reacted and optionally milled MgB2. The wires differ significantly in homogeneity, workability, chemical reactions with the sheath and the resulting superconducting transport properties. The results will be discussed in relation to the filament microstructure and the prospects for future much thinner filaments in multifilamentary composites. Current limitation effects due to insufficient thermal stabilisation and mechanical load (tensile stress and bending strains) were investigated, too.

	Notes:  This was a report by one of the team that made the current leads for the ASTRO E2 satellite for NASA Goddard Flight Center.  Requirements were 0.4 m leads to carry 3 Amps at 17 K.  Leads were made by in situ PIT reactions using amorphous B.  Thermal cycling and bending tests were performed.  An analysis of local composition variation on Cu -sheathed seven filament wires indicated reduced Jc due to increased cracking.  Microstructures must be improved for thin filaments.  

	Speaker Contact Information:  Sonja Schlachter, Research Center Karlsruhe, Germany

mailto:sonja.schlachter@itp.fzk.de
Forschungszentrum Karlsruhe, Institut für Technische Physik, P.O. Box 3640, 76021 Karlsruhe, Germany
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	Computing Fibers - Substrates for Smart Textiles 

	F. Clemens (Sp), EMPA Dübendorf (Switzerland); A. Mathewson, National Microelectronic Research Center, Cork (Ireland)

	 

	Abstract:  The vision of how to make the transition from a wearable computer to a fiber computer where digital processing power is integrated directly in fabrics and garments is presented in this paper. A brief overview of the state of the art in fiber material technology is first given. Integrated circuits on fiber substrates of three different classes of fiber substrates (Active, passive and intermediate) are discussed and some technologies for the manufacture of fibers are reviewed. It is shown here that with two of these techniques it is possible to develop new substrates for the semiconductor industry: Using an SOI process, polycrystalline silicon fibers with a length of 42 mm have been successfully produced at NMRC in Ireland. These fibers are of 35 micron wide 1 micron thick. Using ceramic extrusion, silicon carbide and silicon dioxide endless fibers (subsequently cut in to 20 cm lengths) have also been produced which after sintering yield polycrystalline silicon carbide fiber and pure amorphous silicon dioxide glass fibers. In the last part of this paper some ideas for weaving or knitting such computer fibers are discussed.

	Notes:  Dr. Clemens’ goals are to create transistors on fibers, connect them to perform logical functions, and ultimately create smart fabrics.  It was implied that this was an EU-funded program.  This talk focused on the first step in this chain; preparing suitable fiber substrates.  Dr. Clemens surveyed potential fiber materials in the market and determined that none met his criteria for smart textiles.  He has prepared both silica and silicon carbide-coated silica fibers which he considers ideal substrates for “computing fibers.”  The “silicon on insulator” (SOI) fiber has a diameter approximately 35 μm.  The SiC-coated SiO2 was prepared at NMRC in Ireland and the SiC layer was about 1 μm thick.  The length and quantity of fiber manufactured was not mentioned.  



	Speaker Contact Information:  Dr. Frank R. Clemens (frank.Clemens@empa.ch , TEL: +41 (0)1 823 55 11), Swiss Federal Laboratories for Materials Testing (Eidgenössische Materialsprüfungsund Forschungsanstalt or EMPA) (http://www.empa.ch) Dübendorf, Switzerland
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	Testing of Percolation Model for Polycrystalline Materials

	P. Volovitch (Sp), ENSAM, Aix en Provence (France); T. Baudin, University of Paris Sud, Orsay (France); V. Traskine, University Lomonossow, Moscow (Russian Federation); L. Barralier, ENSAM, Aix en Provence (France)

	 

	Abstract:  Low-angle, special and high-angle grain boundaries (GBs) are known to contribute in different ways to the mechanical, physical and chemical properties. This boundary-to-boundary variability for polycrystalline materials can be taken into account by using the percolation theory. To apply this theory, all boundaries should be classified into two distinct categories according to their energy (“high”- and “low”-energy). In this case the measure of GB cluster (number of elements it contains, radii, etc.) is determined only by concentration of forming cluster elements (low-energy or high-energy GBs). The length scale for selected physical or mechanical property is related to the measure of clusters formed by connecting all grains that share boundaries of the same type, or by connecting directly contacting GBs of the same type. Although the model is simple enough, its validity should be tested experimentally while, from one side, the successful application of percolation theory assumes that the free energy of selected GB is uncorrelated with energies of their neighboring GBs, and from the other side, the choice of the experimentally accessible variable for distinguishing low-energy or high-energy GBs is somewhat arbitrary. The most obvious test is to study the structure of real polycrystalline material and to compare the results with those predicted by percolation theory. We present here some results of theoretical and experimental study of the grain boundary network structure in polycrystalline zinc wetted by liquid gallium. Two binary classifications of grain boundaries (GBs) are used : one based on their misorientation angle values and another one based on their wetting behavior. The clusters have been studied by orientation imaging microscopy and by element mapping in SEM. The cluster structure was described using percolation theory. Some experimental observations of finite size effect on grain boundary wetting of polycrystalline zinc in comparison with numerical simulation are also presented.

	Notes:  This presentation put forth the interesting idea that mechanical properties might be understood as a percolation problem of grain-boundary types.  In other words, samples behave strong when there is a percolating (infinite) cluster of high angle grain boundaries in the microstructure across a specimen gage width.  With the expansion of ESBD data this should be easily testable.  Their access to EBSD data is unknown, but they had tried some “misorientation angle” data with no good results.  (This is odd since one needs five variables to determine the boundary.)  They relied on grain boundary energy data in two dimensions as determined from Ga-doped grain boundary wetting experiments.  Models were created with critical percolation threshold of 0.65 on a honeycomb lattice.  It was claimed that low angle boundaries formed a fractal network while high angle ones did not.  I think this work needs access to x-ray tomography data to be carried any further but may be useful for incorporating multiple length scales into texture and stress calculations

	Speaker Contact Information:  Dr. Polina Volovitch, mailto:polina.volovitch@aix.ensam.fr
Tel: (33) 4 42 93 81 14   Fax: (33) 4 42 93 81 15 

2, cours des Arts et Métiers 13617 Aix en Provence
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	Plasticity in MEMS: New Insights from Synchrotron Based X-Ray Techniques

	R. Spolenak (Sp), Max Planck Institute for Metals Research, Stuttgart (Germany)

	 

	Abstract:  When thin metallic films on substrates are heated to about two-thirds of their melting temperature, diffusional processes allow for the relaxation of intergranular stresses. However, upon cooling down, diffusional processes are frozen in, resulting in a broad stress distribution that reflects the variation in yield stress from grain to grain. 

X-ray microdiffraction revealed this phenomenon in textured Al thin films by resolving the 3D deviatoric strain tensor within single grains. Furthermore, the relatively complicated stress distribution in polycrystalline thin films will be compared to bicrystalline Cu and Al thin films of various thicknesses. The observations will be critically discussed with respect to necessary and sufficient prerequisites for local plasticity. 

The reduction of the degree of stress variation is crucial for MEMS and microelectronic applications, as this limits their reliability with regard to stress voiding, electromigration and fatigue. 

Nanoscale metals used as reflective coatings in MEMS are subjected to time-dependent deformation, namely creep. Because microdiffraction is not applicable below the micron length scale additional x-ray techniques will be presented to probe mechanical phenomena on the nanoscale.

	Notes:  The talk presented had little to do with the abstract listed and mostly emphasized the microdiffraction studies.  Co-authors from Lehigh, Stanford and Berkley were listed.  Lateral resolutions of 1 micron were claimed with the ability to measure absolute orientation and relative strain (deviatoric not dilational).  A strain resolution of 10-4 was noted.  In situ straining experiments on Al + 0.5% Cu alloys have measured the critical resolved shear stress vs. grain size.  See Spolenak et al., PRL (2003).  



	Speaker Contact Information:  Dr. Ralph Spolenak (spolenak@mf.mpg.de , TEL: +49 (0)711-689-3416), Max Plank Institute for Metals Research, Stuttgart, Germany
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	Multimaterials Selection in Design: A Systematic Approach

	Y. Bréchet (Sp), Universitaire de Grenoble, Saint Martin d'Hères (France)

	 

	Abstract:  Systematic methods and softwares for selecting materials and processes have been develloped over the last ten years. However, in many realistic situations, the set of requirements for a material often leads to situations where a single material in not available to fulfil all the request. This becomes even more crucial for multifunctionnal materials selection. Combination of materials, optimisation of shapes, development of internal architectures, are possible routes for this kind of optimisation problems. A systematic approach will be proposed , and illustrated on specific examples of multifunctionnal requirements

	Notes:  Prof. Brechet gave an overview of the current status of the Cambridge Materials Selector software, and reviewed his further work (funded by ONR and ONRIFO) on determining applications for new materials based on the mechanical and physical properties they exhibit.  Examples were given to illustrate the usefulness for hybrid or multifunction materials applications.  

	Speaker Contact Information:  Prof. Yves Brechet

yves.brechet@ltpcm.inpg.fr  Tel: +33 (0)4 76 82 66 10
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