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Presentation Title:
Highly perfusive 3D scaffolds for thick tissue engineering

Abstract:

Tissue engineering (TE) and organogenesis have become a major focus of modern
therapeutic approaches not only as an alternative to organ transplantation, but also
as powerful instrument for the in vitro study of complex pathologies and physiological
processes .

TE is based on the use of controlled three-dimensional constructs, usually
denominated scaffolds, in which cells can be seeded before implantation and their
growth directed to the constitution of living architectures functionally, structurally and
mechanically equal to the tissue to be replaced .

To date, the lack of a vascular net and poor perfusion is what mostly prevents 3D
scaffolds from being used in organ repair, when reconstruction of thick tissues is
needed.

In the present work P!, scaffolds made of

poly(L-lactic acid) (PLLA) with an overall

porosity of 93% and interconnectivity over

90% were prepared by directional thermally

induced phase separation (dTIPS) (figure

right side). Mesenchymal (bone marrow

stromal) stem cells (MSC) were

vacuum-seeded down to scaffold thickness of

1 mm. Healthy, confluent proto-tissues were

reconstructed after 14 days in vitro (figure left

side) taking advantage of the highly-perfusive

porous microstructure of the engineered

scaffolds.
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Presentation Title:
Nanojoining techniques and interface engineering

Abstract:

The rapid development of nanomaterials research will only prove useful when the
materials synthesized, such as nanotubes, nanowires, nanostructured alloys and
nanocomposites, can form integrated parts of devices and components. For instance,
special joining techniques and methods are required to achieve nanoscale electronic
devices from CNTSs, to enable NEMS assembly, or to fabricate nanoscale sensing
devices with molecular sensitivity. We define nanojoining as joining involving
nanoscale joints or the joining of nanoscale materials. The industrial potential of
nanojoining is significant as it is foreseen as an enabling technology for fields such as
molecular electronics, conventional electronics and photonics, smart structures as
well as structural applications.

The research activities of our group address the main challenges associated with the
joining of nanomaterials. This involves studying the dependence of the most
important joining attributes, such as wetting, adhesion, melting point of joint media on
the length scale, the exploitation of mesoscale phenomena for new joining concepts,
understanding the joining processes at the nanoscale to achieve controllable and
consistent joints, and the development of novel mass production-friendly processes
that do not destroy carefully designed nanostructures at the end of the value-added
production chain.

More specifically, we are currently investigating the melting point suppression
properties of nanoparticles to significantly reduce the joining temperature and to
maximize thermal load during processes, the use of nanomaterials with higher
reaction rates and shorter diffusion distances to reduce the processing time of joining
processes, self-assembled joints using high surface area reactive nanopatrticles, the
use of nanocomposites multilayered materials to impart new functionalities to a joint,
the improved adhesion properties of nanostructures to form robust temporary joints,
and finally, the use of alternative energy sources for the joining of
nanostructure-based electronic devices.

Reference:
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White Paper, Ed. H.Dorsch, M.H. Van de Voorde, MPI, Stuttgart, 2009
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Presentation Title:
Microstructural non-homogeneity of fine grained metals and its importance to their
mechanical properties

Abstract:

Engineering materials are usually considered as homogenous. However, their
microstructures, which consist of such elements as grains, grain boundaries,
second-phase particles are inherently non-homogenous, when examined at
sufficiently low-length scale. In the past, the non-homogeneity of metals was
apparent at the scale of microns. With the recent advances in the refinement of
metals structure well below 1 micron, the non-homogeneity is evident at nano-metric
scale. This may have a profound effect on the mechanical properties of the
nano-metallic materials. The paper demonstrates various examples of
nano-structures in metals and describes methods and parameters for quantifying
their non-homogeneity. The effect of these parameters on mechanical properties is
evaluated experimentally by mechanical testing and modelled by numerical
simulations.
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Presentation Title:
Development of ordered nanoporous materials for electrochemical applications

Abstract:

Mesoporous materials have received
much attention due their large internal
surface area and pore volume, tunable
and narrow pore diameter [1], which
made them ideal for use in energy
conversion and storage devices. In
particular, ordered mesoporous carbons
are promising as supporting matrix for
catalysts in fuel cells, hydrogen storage
materials, electrochemical double-layer
capacitors, and electrode materials in
lithium batteries. The textural parameters .
of the nanoporous carbon materials are : el SiSh
critical in many industrial applications  Fig: HRSEM and TEM images of mesop
particularly, separation, adsorption and  €27ons

fuel cells.

However, a little attention has been given in the studies to the textural parameters
control of nanoporous carbon materials. The present study is focused on the
preparation of ordered nanoporous carbon using mesoporous silica or metallosilicates
as template and sucrose or glucose as a carbon source.

The carbon materials possess well ordered structure with regular particle size (Fig.).
The specific pore volume is in the range of 0.93-1.51 cm®g and pore diameter in the
range of 1.6-2.3 nm. The specific surface area of mesoporous carbons prepared using
glucose as a carbon source are in the range of 1384 m?/g to 2073 m?/g, which is higher
than nanoporous carbons prepared using sucrose as a carbon source. The results
indicate that the carbon source with a small molecular size is critical to achieve the
nanoporous carbon materials with excellent textural characteristics. The textural
parameters of nanoporous carbon samples can be finely controlled using glucose as a
carbon source. In addition, the electro catalytic activity of the carbon materials has been
studied. It has been found that the charge of hydrogen desorption is dependent on
weight% of Pt loaded and textural parameters of mesoporous carbon materials. It has
been found that mesoporous carbon shows superior electrochemical performance
compared with carbon black due to its large ordered pore channels which are
continuous connected with the large quantity of small pores in the carbon pore walls.

Reference:
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Presentation Title:
Theoretical investigation of Au(111) stepped surfaces: from structure to function

Abstract:

Metal surfaces might have a remarkably different structure with respect to the simple
bulk termination. Many of them might undergo reconstruction processes. For
example, Au(111) exhibits the so-called "herringbone" reconstruction that has been
experimentally observed and theoretically justified. It has recently been shown that
interesting reconstruction patterns arise in gold vicinals [1], where the usual
alternating disposition of hcp and fcc regions of the flat surface is lost in favour of a
more complex picture: the reconstruction lines are V-shaped, with hcp regions
shrinking close to the lower step edge and getting larger at the upper step rim. Such
reconstruction patterns have been recently used for controlling the growth of
molecular networks and metal assembly, partly exploiting the different selectivity of
the fcc and hcp termination towards adsorbates [2,3].

We are currently investigating Au(111) and its vicinals by means of computational
methods, such as classical molecular dynamics and density functional calculations.
The aim is to study the structure of the surfaces at the atomistic level and to extract
information on those electronic properties that are able to explain the different surface
reactivity of the hcp and fcc termination.

Finally the simulations will be compared to the experimental works that are already
available in literature or that are currently being done at Empa laboratories.
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Presentation Title:
Supramolecular magic: hand-operating nanotechnology

Abstract:

Functional materials have been wisely constructed via bottom-up approaches as
seen in preparation of molecular patterns and complexes,’® organized
nanostructures,**® and function materials.***?> However, novel concepts to bridge
nano (molecular) structures and bulk systems now becomes crucial in order to control
real nano and molecular functions from our visible worlds. Here we propose a novel
methodology “hand-operating nanotechnology” where molecular orientation,
organization and even functions in nanometer-scale can be operated by our bulk
(hand) operation. As shown in the following figure, this concept can be realized at
dynamic two-dimensional medium, the air-water interface because this medium
possess both features of bulk and molecular dimension. For example, we
successfully manipulated molecules at the air-water interface upon bulk (10-100 cm
size) motion of the entire monolayer and realized “capture and release” of aqueous
guest molecules using molecular machine, steroid cyclophane.®*** In addition,
mechanically controlled chiral recognition by the armed cyclen monolayer was
successfully demonstrated.’
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Presentation Title:
Surface and interface magnetism

Abstract:

Empa’s function as a bridge between the fundamental and applied aspects of
research received additional support in the area of magnetism since 2004 with the
activities of the Nanoscale Materials Science Laboratory. Some examples of work in
this area will highlight the potential of advanced magnetic force microscopy
techniques for making quantitative analysis of magnetic thin film systems. Services to
the industry- and research-examples will emphasize the applied side of our activities,
for instance with the magnetic characterization of nanoparticles for biomedical
applications. Technology transfer will be addressed with the example of a
development in our laboratory of a commercial instrument which expands the range
of conditions available to thin film characterization with scanning probe microscopy

techniques.
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Presentation Title:
Internal and external nanostructuring of thin metal films

Abstract:

This paper focuses on novel ways of manipulating both internal and external
geometries of thin metal films. The microstructure can be by tuned by high energy ion
bombardment, which in contrast to current believe not only leads to grain growth, but
also to selective grain growth (turning textured thin films into single - crystals) and
grain rotation resulting in texture tilt. With regards to geometry changes the
phenomena of controlled fracture for the fabrication of nanoplatelets, dewetting for
the formation of nanoparticles and dealloying for the creation of nanoporous metals

are addressed.
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Presentation Title:
New applications of the acoustic emission to monitoring of industrial installations

Abstract:

The Acoustic Emission (AE) measurement is potentially a very important technique,
from the group of non-destructive testing methods, for the future. The capability of the
computer processing providing the opportunity for monitoring the industrial
installations in the operating conditions. The AE testing covers a wide spectrum, from
monitoring the large pressure vessels, pipelines, storage tanks, and concrete
structures. In case of the AE testing during operating conditions, when is no
opportunity to increase the stress in the material, it is possible to execute the
long-term or periodic monitoring. The AE monitoring is possible due to changes of
flows, pressure, level of liquid and many others. The changes of the conditions
during the operating in many cases allow to activate the potential source of AE. The
application of AE to monitoring of industrial installations makes the possibility of
preliminary evaluation of material technical condition and periodic verification of
localized defect during normal operating conditions.
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Presentation Title:
Sacrificial passivation for microelectronics assembly
— engineering temporary diffusion barrier coatings

Abstract:

The aim of this work is to develop a joining technique with a nano-scale filler for
high-power electronics packaging. Such joining process would utilize number of
beneficial phenomena occurring at the nano-level, such as lowering the melting point,
or shortening the diffusion distance. Therefore, it would enable a low-temperature,
short-duration bonding method for the fabrication of high-temperature, high-
performance joints. These efforts are motivated by the joining requirements and
operational demands of wide band-gap semiconductor devices.

Engineering an intelligent thermally-temporary diffusion barrier coating, so called
Sacrificial Passivation would preclude solid-state interdiffusion at the interface, yet
allow the subsequent liquid phase reaction to proceed, once reaching the melting
point of the interlayer. A benefit of precluding this reaction is the reduction in the
requisite interlayer thickness even to the nano-scale. Using of the alloy constituents
as nano-scale powders and nano-multilayers profits from reduction in the relevant
diffusional length scale, and thus, the time required for homogenization.

The Sacrificial Passivation candidates have been selected and characterized for the
use in Cu-Sn system, with Sn being the interlayer. The fundamental objective of this
work is to identify both the intrinsic (material) and extrinsic (form and structure)
properties of the coatings, which influence its behavior as a passivating layer for TLP
system. The coating agents have been selected according to the decomposition
temperature, degradation or decomposition products, as well as their coatability of
the metallic surface. The samples were heated under protective atmosphere in the
Rapid Thermal Annealing furnace to observe the stages of the microstructural
evolution during heating. The solid state reaction and therefore a primary
effectiveness of passivation have been evaluated by means of Differential Scanning
Calorimetry.
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Presentation Title:
Development of new metallic membranes for hydrogen separation
with a high hydrogen flux and the perfect selectivity

Abstract:

The production of high purity hydrogen is an important technical issue, which is
related to future energy and environmental problems. Membranes of palladium alloys
have been used commercially for decades to provide high purity hydrogen mainly for
laboratory use and semiconductor manufacture. However, palladium alloys are too
costly for large-scale production of high purity hydrogen. Keeping such situations in
mind, we have developed some vanadium-based alloys for membrane materials to
purify hydrogen gas to replace palladium[1-2]. Our vanadium-based membranes
have acheived a high hydrogen permeation flux and the absolute separation
coefficient, at the same time. Analysis of permeated gas using H, + He gas mixture
revealed no sign of He gas pearmeation or leakage, which cannot be obtaind by nano
porous membranes because the kinetic diameter of H, and helium is very similar.
The vanadium alloys need thin palladium or palladium alloy films on surfaces to
protect from oxidation and to give catalytic activity to decompose hydrogen gas
molecules into atoms to permeate the alloys. So, our membranes have a sandwich-
type structure, which can be sometimes called metal-metal composite membranes.
The membranes contain interfaces between bulk alloys and surface films. For the use
at high temperatures such as 823 K, which is a typical operation temperature of
membrane reactors for methane reforming, interdiffusion of bulk alloys and surface
films can be a big problem. It is a common challenge for non-palladium based
membranes to be overcome for hydrogen purification/ separation. In this study, the
effects of crystal grain orientation of vanadium alloy substrate were investigated on
the interdiffusion of vanadium and palladium. The long term permeation tests at 673
K clearly revealed that crystal grain orientations strongly affected the interdiffusion of
vanadium substrate and paladium overlayer, suggesting a possible mitigation of
interdiffusion at higher temperatures.

References:
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Presentation Title:
Biomaterials for bone tissue engineering

Abstract:

One of the main challenges in tissue engineering is development of suitable
scaffolds. The scaffolds should mimic properties of natural tissue while providing a
temporary matrix for growth of cells and formation of the new tissue. In particular,
they should be characterized by high mechanical strength and 3D open porosity
providing the space and transportation avenues for new tissue growth and then
decay with the kinetics adjusted to new tissue formation and remodeling [1]. We
hypothesized that development of the optimal construct with suitable stiffness and
strength at each stage of new tissue formation requires use of different biomaterials
arranged in the volume of the porous scaffolds in non-homogeneous and specific
way.

The aim of the study was to develop a novel scaffolds, with honeycomb-like pattern,
fully interconnected channel network, and controllable porosity, which can be
fabricated in the form of layers of directionally aligned microfibres deposited via
computer-controlled extrusion process. This required development of a novel method
for optimization of the mechanical strength of biodegradable scaffolds against their
degradation rate in the case of complex, non-homogeneous scaffold architectures.
The results showed that, application of different biomaterials for scaffold fibres is an
efficient method of tuning up the mechanical properties and degradation rate of the
construct with a significant influence on new tissue formations. In addition to that, the
mechanical performance of the scaffolds may be also controlled by the lay-down
pattern of the fibres. The fluid flow analysis showed that continuous and
non-homogenous flow of the fluid through the designed scaffold can stimulate cell
seeding and tissue differentiation. The preliminary in vivo and in vitro study confirm
that the proposed 3D scaffolds fabricated using rapid prototyping method may be
promising bone tissue engineering product.

Reference:
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Presentation Title:

Development of stepwise biomimetic matrices for regulation of stem cell functions

Abstract:

Cellular microenvironment including extracellular matrices (ECM) is an important
factor to regulate stem cell differentiation. During tissue development, ECM are
remodelled dynamically to regulate stem cell differentiation in vivo. Here, we
developed a novel kind of “stepwise osteogenesis-mimicking matrices” that were
supposed to mimic the in vivo developmental ECM by decellularizing serially
differentiated mesenchymal stem cells (MSCs). The MSCs were cultured in
proliferation or osteogenic induction medium to control their osteogenic differentiation
at different levels. The ECM derived from non-differentiated, and differentiated MSCs
at early and late stages were referred as stem cell matrices, early stage matrices and
late stage matrices, respectively. The stepwise osteogenesis-mimicked matrices
were used for culture of MSCs to investigate their effects on osteogenic
differentiation. Alkaline phosphatase staining and gene expression analysis revealed
that the early stage matrix enhanced osteogenesis of MSCs. The result could be
explained by expression of osteogenesis-related transcription factors. MSCs cultured
on the early stage matrix and late stage matrix expressed a higher level of RUNX2
than did those on stem cell matrix, suggesting that the stem cell matrix might directly
inhibit the osteogenesis of MSCs. MSCs cultured on the late stage matrix expressed
a high level of PPARG, transcription factor for adipogenesis, suggesting that the late
stage matrix might suppress osteogenic differentiation by unexpected adipogenic
differentiation. In conclusion, the stepwise osteogenesis-mimicked matrices could
regulate osteogenic differentiation of MSC. They will provide a new model for the
exploration of ECM on osteogenesis and be useful for tissue engineering.
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Presentation Title:
Preparation of nanostructured autologous scaffolds for tissue engineering

Abstract:

Extracellular matrices (ECM) play a crucial role in controlling and regulating cell
behavior and function. Therefore, ECM and the ECM macromolecules have been
widely used as artificial implants and scaffolds for tissue engineering and
regenerative medicine. However, development of autologous extracellular matrix
scaffolds (auECM) has been a great challenge for in vivo implantation without
eliciting adverse inflammatory and immune responses due to the restricted
availability of autologous donor tissues. Here we report a novel method to prepare
auECM scaffolds by three-dimensional culture of cells in a removable porous
skeleton. The auECM was deposited by cultured autologous cells in a
three-dimensional porous template that could be selectively removed after ECM
formation. The ECM scaffolds exhibited a porous nano-fibrous structure and showed
excellent biocompatibility when being implanted. The auECM scaffolds are
supposed to be useful in tissue engineering.

References:
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Presentation Title:
Composites PLLA/MWNTs produced by twin-screw microcompounder

Abstract:

Carbon nanotubes (CNTs) have been attracting much attention due to their high
electrical, thermal and mechanical properties. The properties combined with a high
aspect ration made CNTs promising reinforcement of polymeric composites of high
electric conductivity.

Possible advantages of modification with CNTs strongly depend on the their
dispersion in the matrix. Proper dispersion of CNTs in the composite matrix is
essential for efficient mechanical load transfer and for high electrical conductivity.
Several methods have been used to achieve efficient dispersion: stimulation with
ultrasounds, melt blending at high temperature and shear forces; functionalization of
CNTs; application of surfactants; in situ polymerization.

CNTs offer especially interesting possibilities when used in combination with
biodegradable and biocompatible polymers. This is due to a large potential for
biomedical applications, especially in bone tissue engineering. It has been also
shown that CNT-reinforced biocompatible polymer composite can stimulate cell
growth and regeneration by transferring the electrical signals to the osteoblasts As a
result, electrical conductive scaffolds, CNTs/biocompatible polymer, in bone tissue
engineering might be a good solution to improve bone regeneration and physical
properties of the scaffold.

The objective of the study reported here is to develop a method to fabricate
PLLA/MWNTs nano-composites in a controllable process without toxic products
involved in other methods. Composites composed of the FDA-approved
biocompatible poly(L-lactide) (PLLA) and multi-walled carbon nanotubes (MWCNTS)
were fabricated by a melt blending process, using a DSM Xplore micro-compounder.
This apparatus is a micro-scale twin-screw compounder, mimicking the mixing
behavior of the large twin-screw extruders. The melting and blending in the
compounder was tested for 2 different mixing times. MWCNTSs content was 3 wt%.
The microstructure of the obtained materials was examined by High Resolution
Scanning Electron Microscopy. The size of nanofillers was analized with TEM. The
mechanical (tensile strength, Young modulus) and thermal (DSC, TGA) properties of
nanocomposites were also investigated. The mechanical and thermal properties of
the specimens have been correlated to their microstructure.




