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In recent decades nanotechnology has developed into a highly multidisciplinary topic, 
drawing from a number of fields such as physics, materials science, biomedicine, and 
different engineering disciplines. The success of nanoscience- and nanotechnology-related 
research and products is connected with the technological exploitation of size effects in 
structures and materials and is, therefore, related to its impact on the society of the future.

This most recent trend has been taken up here and represents the main focus of this 
book applied to carbon-based materials, including nanocrystalline diamond, aerogels, 
and carbon nanotubes. The book compiles and details cutting-edge research, and several 
applications are described within the field of energy, microelectronics, and biomedicine. 
Beyond that, a perspective is given including a diversity of industrial applications and 
market opportunities for C-based nanoscale materials and devices in the future.
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Carbon-based materials date centuries back in their synthesis and 
usage and comprise a whole realm of different crystallographic 
structures, chemical bonds and geometries, such as natural and 
synthetic diamond, different variations of graphite, carbon fibers, 
and their composites. Over the past few years however, the controlled 
reduction of sample size into the range of a few nanometers at least 
in one dimension has received growing interest and a renaissance 
of the field.
 Diamond is renowned as a material with superlative physical 
qualities, most of which originate from the strong covalent bonding 
between its atoms. Diamond has the highest hardness and highest 
thermal conductivity of any bulk material and those properties 
determine the major industrial applications of diamond in cutting 
and polishing tools, windows, heat spreaders, and the scientific 
applications in diamond knives, diamond anvil cells, and as an 
optical detector material. Although diamond is thermodynamically 
less stable than graphite, the conversion rate from diamond to 
graphite is negligible at standard conditions. 
 Graphite generally can be considered as a well-ordered kind 
of coal and represents an electrical conductor, a semimetal that is 
mechanically rather soft due to its weak Van der Waals interlayer 
bonds and thus forms a two-dimensional structure. The basic unit of 
graphite is one layer of carbon, which is called graphene.
 Furthermore, carbon nanotube or generally carbon fiber is 
a material consisting of fibers typically 5–10 μm in diameter. To 
produce carbon fiber, the carbon atoms are bonded together in 
crystals that are more or less aligned parallel to the long axis of 
the fiber. This alignment gives a high strength-to-volume ratio with 
carbon fibers exhibiting furthermore high stiffness, high tensile 
strength, low weight, high chemical resistance, and low thermal 
expansion. Carbon fibers are usually combined with other materials 
to form a composite. When combined with a plastic resin, it forms 
a carbon fiber–reinforced polymer that has a very high strength-
to-weight ratio, is lightweight, and is extremely rigid although 
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somewhat brittle with an abundance of applications in aerospace, 
automotive, and civil engineering; motorsports; and others.
 Considering more recent developments, the miniaturization 
of material dimensions, components, and structures nowadays is 
reaching dimensions of a few nanometers—a development which 
generally is termed nanotechnology. In general, most materials 
properties are changed dramatically when reaching nanometer 
sizes and thus nanoscaled materials can be engineered through the 
controlled and size-selective synthesis of nanoscale building block 
with tunable and improved physical and chemical properties. 
 This trend over the last decades has been taken up here 
and represents the main focus of the present book applied to 
C-based materials. Nano-sized C-based materials include several 
modifications and geometries, such as nanocrystalline diamond, 
amorphous diamond-like carbon (DLC), C-based aerogels, and carbon 
nanotubes (CNTs), while some other new developments including 
fullerenes and graphene are still in their infancy. The book compiles 
and details cutting-edge research, and several applications are 
described within the fields of energy, microelectronics, biomedicine, 
and beyond. Furthermore, a perspective is given, including a 
diversity of industrial applications and market opportunities for 
C-based nanoscale materials and devices in the future.
 With eight chapters contributed by world-class scientists and 
engineers, this book covers most recent developments in the science 
and technology of C-based nanomaterials for a number of industrial 
applications. It addresses both academia and industry research and 
engineering in this fast-developing field.

Hans-Jörg Fecht
Kai Brühne

Peter Gluche
Spring 2014
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