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Magnesium Nanocomposites for Engineering/Biomedical Applications

pplications. These attributes make it suitable for mitigate global warming through the use in engine-

ering sectors (automobile, aerospace, space, sports, defense and electronics) and as a biomaterial to
reduce the medical costs as the temporary medical implants made from magnesium will not need a revision
surgery. One of the method to enhance practically all the properties of magnesium is through the judicious
use of reinforcements at nano-length scale. Accordingly, the present talk will focus on the amazing capabilities
of different types of nano-reinforcements in very small amount to enhance ambient temperature and elevated
temperature mechanical properties, machining, oxidation and electrochemical response of magnesium. A brief
glimpse of underlining mechanisms will be provided along with the future challenges for as materials

Magnesium 1s a non-toxic, sustainable and lightest metallic element that can be used in load bearing a-
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High CO Sensing Performance of Solid Electrolyte Gas Sensors

well as our daily life. In addition, low temperature operation is one of requisites for achieving high

performance of CO sensing. But, the room temperature (RT) operation of CO gas sensors in any types
is usually suffered from the problem associated with the interference from water vapor. Thus, the simultaneous
studies of CO gas sensing properties and cross-sensitivity to water vapor are absolutely necessary for the
development of CO gas sensors capable of operating at RT.

D etection of CO is of primary importance from the view point of safety in many industrial processes as

Recently, we have found that selective CO detection could be achieved by the design of electrode materials
used for solid electrolyte gas sensors at RT and/or at temperatures less than below the freezing point. The
first approach is the use of an Au-loaded metal oxide as an electrode material for the potentiometric sensor
fabricated with an anion-conducting polymer as an electrolyte. The important role of metal oxides, such as
Bi,0; and CeO,, added to the Pt sensing and reference electrodes of a potentiometric NASICON gas sensor
has been demonstrated in the second approach.

These two kinds of solid electrolyte sensors showed good CO sensing performance and then selectivity to CO
against H> at RT even in a humid environment. The potentiometric NASICON sensor showed good CO
sensing properties even at temperatures less than below the freezing point. More detailed CO sensing
performance and nossible CO sensing mechanism will be delivered at mv nresentation.
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Interfacial Modification in Nanocomposites to Tailor Functionalities

diverse applications in future technologies. For instance, the case of clay, carbon nanostructures (e.g.

nanotubes, graphene), metal oxides, bionanomaterials (cellulose, starch and chitin) will be used to highly-
light the challenges and progress. Several polymer systems will be considered such as rubbers, thermoplastics,
thermosets and their blends for the fabrication of functional polymer nanocomposites. The interfacial activity
of nanomaterials in compatibilising binary polymer blends will also be considered. Various self
assembled architectures of hybrid nanostructures can be made using relatively simple processes. Some of these
structures offer excellent opportunity to probe novel nanoscale behavior and can impart unusual macroscopic
end properties. The talk will comprise various applications of these materials, taking into account their
multifunctional properties. Some of the promising applications of clay, metal oxides, nanocellulose, chitin,
carbon nanomaterials and their hybrids will be reviewed. Finally the effect of dewetting upon solvent rinsing
of nanoscale thin films will also be discussed.

The talk will concentrate on various approaches being used to engineer materials at the nanoscale for
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Topological defects in nematic liquid crystals: playground of fundamental physics

transitions. They appear at all scales of physical systems, including particle physics, condensed
matter, and cosmology. Due to their topological origin, they display several universali-
ties that are independent of the systems’ microscopic details. For example, they might even explain the

stability of “fundamental particles” via topological protection if fields represent a fundamental entity of
nature.

T opological defects (TDs) are an unavoidable consequence of continuous symmetry breaking phase

The nematic liquid crystal (NLC) phase represents an ideal playground to study TDs owing to their
unique combination of optical anisotropy, fluidity, and softness. In them, various TDs could be relatively
easily created, observed, and manipulated. In the lecture, our theoretical and experimental study of TDs
in NLCs will be presented. We will demonstrate how a network of TDs forms due to the universal Kibble
mechanism and evolves with time after LC is quenched from the isotropic (ordinary liquid) to the nematic
phase. We illustrate that TDs could stabilize the glass phase in supercooled nematics. Furthermore, we
will show how different “charged” and “charge-less” TDs could be stabilized in confined nematics. In
particular, defect structures analogous to intriguing Majorana particles will be presented. The study of
such structures might give insight into open problems in the physics of neutrinos.
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Precise ML-aided design for cemented paste backfill materials

daunting challenge faced by the mining industry. The emergence of cemented paste backfill (CPB)

technology has the potential to substantially alter the way mine tailings are managed. However, the
current CPB design is highly experimental-based, which is time consuming and labor intensive. Towards this
end, a state-of-the-art concept for CPB design is proposed. In such a design framework, the influence of in-
situ mining conditions on strength and flowability requirements of CPB will be considered promptly. Based
on the strength and flowability requirements, the CPB mix design is optimized and in-situ backfill will proceed
using the optimized mix design. The ongoing backfill involves the change of in-situ mining conditions, which
will be considered once again. Therefore, this design framework is a ‘close-loop’ design system for CPB that
can consider in-situ mining conditions and make corresponding optimization almost in real-time. Precise
decision can be made for CPB materials considering the difference of each underground stope.

Mine tailings are inevitable by-products of hardrock mining and its disposal is possibly the most
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Will nanomaterials and stem cells give hope to unmet clinical need in medicine

when compared to healthcare, the diagnostic and treatment of diseases are still very poor, and surgery

has not changed significantly compared with 50 years ago.
There is plenty of news in academia/media that everything could be diagnosed and cured, but in reality, the
invention has been tested in rodents and has not moved to human. This is due to; the complexity of the medical
devices builds in a university research environment, the lack of difficulty taking devices to the clinical setting,
as well as the positive outcome obtained from in vitro and rodents may not transferable to human. Therefore,
need going back to the drawing table and rethink to build medical devices that; commercially feasible, reliable,
sensitive, repeatable and non-toxic and biocompatible.

T he world advancing rapidly in the field of technology, a simple example is our mobile phone. However,

The potential for using smart nanomaterial and consequent research to replace damaged tissues has also seen
a quantum leap in the last decade. In 2010, two scientists in the UK isolated a single layer of carbon atoms on
scotch tape. Graphene considers as a wonder material, it is the strongest material on the planet, an order of
100 times stronger than steel, super-elastic and conductive. The functionalized graphene oxide (FGO) is non-
toxic and antibacterial. FGO has been used for drug and gene delivery, development of biosensor or in
nanocomposite materials development of human organs. In my talk, I present and discuss our work on the
application of FGO in development of medical sensors, drug, gene and stem cells delivery, as well as the
development of human organs with stem cells technology. The FGO based materials can be fabricated to
human organs. The 3D scaffold from these materials is functionalized with bioactive molecules and stem cells
technology, for the development of human organs. The data for the development of organs using these
materials will be presented.
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Stereolithographic Additive Manufacturing of Practical Ceramic Components

components with micro geometric patterns. As an additive manufacturing technique, two dimensional

cross sections were created through dewaxing and sintering by UV laser drawing on spread resin paste
including ceramic nanoparticles, and three dimensional composite models were sterically printed by layer
laminations and interlayer joining. Ceramic particles of barium titanate or titanium dioxide with 300 nm in
average diameter were dispersed in to photo sensitive liquid resins at 50 % in volume fraction. The resin
paste was spread on a glass substrate at 50 um in layer thickness by a mechanically moved knife edge. An
ultraviolet laser beam of 355 nm in wavelength was adjusted at 10 pum in diameter and scanned on the surface.
Irradiation power was increased to 1 W for enough solidification depth. The half wavelength of the incident
ultraviolet ray should be comparable with the nanoparticles gaps in the resin paste, and electromagnetic field
can be resonated and concentrated through Anderson localization. After the layer lamination, the barium
titanate or titanium dioxide structures with about 99 % in volume fraction were successfully processed to
create thermoacoustic or electromagnetic devices for supersonic or terahertz waves modulations..

Vltraviolet laser lithography was newly developed as a direct forming process of fine ceramic
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Magnetism in 2D Flatlands

exploring new physical phenomena in the 2D limit. This new approach represents a substantial shift in

%= our ability to control and investigate nanoscale phases. Experimental studies have shown doping of di-
ssimilar atoms into transition metal dichalcogenides to create 2D dilute magnetic semiconductors, which are

a promising candidate for spintronics applications. The success of these previous attempts, however, was
fairly limited, resulting in either a Curie temperature well below room temperature or random local clustering
of magnetic precipitations, i.e., lacking uniformity for integration into devices. Here our work demonstrates
a 2D dilute magnetic semiconductor at room temperature via an in situ synthesis and characterization of Fe-
doped MoS, monolayers. We simultaneously achieve the in situ doping of Fe and the growth of MoS;
monolayers via low-pressure vapor deposition growth. Using advanced characterization techniques, we show
that Fe incorporates substitutionally into Mo lattice sites, and probe ferromagnetism at room temperature.
This new class of van der Waals ferromagnets finds critical applications, including on-chip magnetic
manipulation of quantum states or in spintronics.

The two-dimensional (2D) atomic crystals exhibiting magnetic properties provide an ideal platform for

Keywords— 2D materials, transition metal dichalcogenides, dilute magnetic semiconductors, 2D magnets,
room temperature spintronics
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Improving fatigue of mechanical system subjected to repetitive loads

and sample size equation were used in the development of a parametric accelerated life testing method

to assess the reliability quantitative test specifications (RQ) of mechanical systems subjected to repeti-
tive stresses. To calculate the acceleration factor of the mechanical system, a generalized life-stress failure

model with a new effort concept was derived and recommended. The new sample size equation with the
acceleration factor also enabled the parametric ALT to quickly evaluate the expected lifetime. This new
parametric ALT should help an engineer uncover the design parameters affecting reliability during the design
process of the mechanical system. Consequently, it should help companies improve product reliability and
avoid recalls due to the product failures in the field. As the improper design parameters in the design phase
are experimentally identified by this new reliability design method, the mechanical system should improve
in reliability as measured by the increase in lifetime, Lg, and the reduction in failure rate,A

T he basic reliability concepts - parametric ALT plan, failure mechanism and design, acceleration factor,
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Achievement of 3D Bioprinting in Situ in Regenerative Medicine could have Clinical
Implications during the COVID-19 Pandemic

and bioactive compounds to replace or repair damaged or diseased tissues. Despite the early success,

current technology is unable to fabricate reproducible tissue-engineered constructs with the structural
of 3D printing technology empowers the opportunities of developing bio functional complex tissue substitutes
via layer-by-layer fabrication of cell(s), biomaterial(s), and bioactive compound(s) in precision and the concept
of in situ 3D bioprinting in the lab to cut out the middle step of in vitro growing cells and just implanting cells
directly into the body for growth. Mesenchymal stem cells (MSCs) have been reported to be promising
treatments for lung diseases. 3D bioprinting of human MSCs with bioink hypothesize as a possible therapy for
lung damage. Human lungs have no regenerative capacity. Constructing artificial lung to replace diseased lung
is the only alternative to treat patients with severe lung diseases. 3D printing has helped fabricate lung tissue
analog. So, clinical progress in the use of 3D bioprinted MSCs as a cell therapy for acute respiratory distress
syndrome may have clinical implications during the COVID-19 pandemic. The development of 3D-printed
biological tissues for organ replacement hopes to offer a new solution for the patients on the waiting list. The
current development of fabricating tissue-engineered constructs using 3D bioprinting technology are essential
for potential biomedical applications such as tissue replacement therapy, personalized therapy, and in vitro 3D
modeling for drug discovery.

Tissue engineering techniques enable the fabrication of tissue substitutes integrating cells, biomaterials,
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Graphene Nanomaterial and its Promising Applications in Regenerative, Reconstructive and
Orthopedic Medicine

boosted further research and development for various types of applications from electronics to

biomedicine. During the last decade, graphene and several graphene-derived materials, such as grap-
henes and three-dimensional graphene foams, have been extensively explored as components of biosensors
or theranostics, or to remotely control cell-substrate interfaces, because of their remarkable electro-
conductivity. To date, despite the intensive progress in human stem cell research, only a few attempts to use
carbon nanotechnology in the stem cell field have been reported. Interestingly, most of the recent in vitro
studies indicate that graphene-based nanomaterials (i.e. mainly graphene, graphene oxide and carbon
nanotubes) promote stem cell adhesion, growth, expansion and differentiation. Although cell viability in
vitro is not affected, their potential nanocytoxicity (i.e. nanocompatibility and consequences of uncontrolled
nanobiodegradability) in a clinical setting using humans remains unknown. Therefore, rigorous
internationally standardized clinical studies in humans that would aim to assess their nanotoxicology are
requested. In this paper we report and discuss the recent and pertinent findings about graphene and
derivatives as valuable nanomaterials for stem cell research (i.e. culture, maintenance and differentiation)
and tissue engineering, as well as for regenerative, translational and personalized medicine (e.g. bone
reconstruction, neural regeneration). Also, from scarce nanotoxicological data, we also highlight the
importance of functionalizing graphene-based nanomaterials to minimize the cytotoxic effects, as well as
other critical safety parameters that remain important to take into consideration when developing
nanobionanomaterials.

The discovery of the interesting intrinsic properties of graphene, a two-dimensional nanomaterial, has
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Modification in properties of copper nanowires mesh for optoelectronic devices

nanowires (Cu-NWs) mesh by ions irradiation with different fluencies of 3.5 MeV Proton ions. The

Proton ions irradiations of Cu-N'Ws meshes are done at room temperature and beam fluencies of Prot-
cal are selected in the range ~1x10'* ions/cm? to ~1x10'® jons/cm?. Optical and electrical characterizations

of Cu-NWs meshes are done using ultraviolet-visible (UV-VIS) spectroscopy and four probe techniques.
Transmission electron microscopy (TEM) and x-ray diffraction (XRD) techniques are employed to describe
the structural changes in Cu-NWs meshes before and after irradiating with Proton ions. Optical transparency
is first decreased and then increased with increment in beam fluence of Proton ions. Initially at low beam
fluence of Proton ions, the electrical conductivity of Cu-NWs mesh decreases and after that increases with
increase in beam fluence. Ion beam irradiation technology is found to be a superb approach in order to modify
electrical conductivity and optical transparency of meshes of Cu-NWs for application as transparent
conducting electrodes.

r I Yhis contribution reports on modifications in optical transparency and electrical conductivity of copper
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