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SPANG

SPANG refersto "Spark Ablation for Nanotube Growth". The goal of the project isto
develop low-price synthetic routes for high-quality single-walled carbon nanotubes. The
benchmark method for producing high-quality carbon nanotubesis laser ablation: graphiteis
evaporated in alaser beam, and using the right catalyst and the right process conditions, the
carbon plasma condensesto fairly long, nearly defect-free single-walled carbon nanotubes
and asmall amount of by-products (amorphous carbon and graphitic particles). In the spark
ablation method the laser beam is replaced by an electron beam form a spark discharge, which
in much less expensive. Alternatively, high-quality nanotubes can be produced by evaporating
graphite in an electric arc. The Arc-Jet method injects a hydrocarbon gas into the arc and thus
provides similar gas flow conditions as the laser ablation method. Furthermore it can be set up
as a continuous process (as opposed to batch processes in conventiona nanotube synthesis).

In the SPANG project nanotubes are produced by three methods: Laser Ablation, Spark
Ablation, and Arc-Jet.

To control the quality of nanotubes a procedure has been standardized involving the
combination of electron microscopy, Raman spectroscopy, optical absorption, X-ray
diffraction, thermal gravimetry and electrical measurements. Based on the nanotubes
produced and characterized in the project, devices have been prepared and their use in printed
circuit bards has been studied (leads, resistors, capacitors).
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Project Execution

As examples of generators for nanotube production in this project we show photographs of
the spark ablation device (Fig.1) and the Arc-Jet device (Fig.2). Both methods have been
developed up to the stage of production, but the cost issues have not yet been evaluated due to
the till small market demand of nanotubes, which makes large-scale production not very
sensible at the time being.



Fig. 1 Generator for producing single-walled carbon nanotubes by the Channel Spark
Ablation Method.

Fig. 2 Generator for producing single-walled carbon nanotubes by the Arc-Jet® method.

The key part of the standardized quality control procedure is optical absorption on nanotube
suspensions prepared by following a detailed prescription. Fig.3 shows the overall absorption
spectrum. There is more or less a continuous background with some wiggles. These wiggles
are caused by Van Hove singularitiesin the electronic density of states of the nanotubes and
are fingerprints of single-walled nanotubes. The nanotube concentration is determined by
properly subtracting a baseline and integrating over the spectrum, asindicated in Fig.4.



Fig. 3 Absorption spectrum of a carbon nanotube sample containing nanotubes and other
carbonaceous components (amorphous carbon, graphitic particles). Wiggles are fingerprints
of single-walled nanotube (coming from Van Hove singularities in the electronic density of

states).
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Fig. 4 Evaluating nanotube concentration from absorption spectra. Large green peak indicated

a high concentration.
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If nanotubes are used on alarge scale, thiswill very likely be in the form of a composite.
During the project intensive studies on polymers loaded with nanotubes to various
concentrations have been carried out (electrical, mechanical, and thermal properties). The
electrical surface conductivity is shown in Fig. 5.
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Fig. 5 Change of electrical conductivity of various polymers (polycarbonate, Plexiglas) upon
loading with carbon nanotubes. The abrupt change is at the percolation threshold. Low
thresholds and high end conductivities are desired. The threshold islow for long and thin

filler particles.
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Fig. 6 Surface resistance of thin nanotube films plotted as a function of optical transparency.



A specia outcome of these investigations are thin transparent conducting films, such as
needed for cover layers of solar cells and light emitting devices. Relevant data are
summarized in Fig. 6. The benchmark material of today isindium-tin-oxide (ITO). We do not

yet beat this material but films based on laser ablation single-walled carbon nanotubes come
already pretty close.
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Fig. 8 Capacitors based on carbon nanotube networks.

For use in printed circuit boards resistors have been prepared from nanotube networks. AFM
images of these networks are shown in Fig. 7. The resistance of nanotube networks has been

carefully studied and a model for charge transport in nanotube networks has been devel oped.
These investigations have lead to several publications.



A further use of nanotube in printed circuits would be nanotube-based capacitors. Fig. 8
shows schematically the first steps towards capacitor fabrication. So far a 1mm thick stack of
nanotube nets (1cm? area) would lead to a capacitance of about 10nF.

Dissemination and Use

The new nanotube production methods (Spark Ablation and Arc-Jet) are ready for use and
large-scal e production can start, as soon as further development of nanotube application will
have created a sufficient market volume. Then Spark Ablation will be marketed by the partner
Organic Spintronics and Arc-Jet by Sineurop. Arc-Jet has also been protected by a patent.

While waiting for that larger market, Laser Ablation nanotubes will be sold into niche markets.
Our present estimate is that several hundred grams could be sold per year. The partners
Danubia and Sineurop will closely cooperate in this respect and they have decided to build
new laser ablation generators, both in Bratislava and in Stuttgart. These generators will be
identical, so that spare parts can be shared and reliable nanotube supply is guaranteed.

The standardized nanotube control procedure has been presented at many conferences
throughout the world (Europe, USA, China, Korea) and on request copies of the "Quality
Control Protocol" are send to nanotube producers and users. For copies ask the partners
Danubia, Sineurop, and Y angtze.

Commercialisation of nanotube applications on printed circuit boards still needs considerable
development work. But on the way there, transparent conducting films and absorbers for

el ectromagnetic radiation were devel oped. Some steps in respective material preparation have
been patented. Negotiations with large companies to place these materials on the market are
ongoing.
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Further information
on the project and on the future development of the topic can be obtained from the homepages
of the partners:
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