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9:20am PP4-FrM-5 Multifunctional Nanocomposite Coatings: Aerosol 
Assisted Plasma Deposition, Alexis Aussonne [alexis.aussonne@lcc-
toulouse.fr], LCC, Laplace, France 

Amorphous carbon thin coatings are widely used to protect surfaces due to 
their high hardness and their chemical resistance1. They can be deposited 
by various PVD methods such as ion beams2, magnetron sputtering3 or by 
PECVD4 by injection a gaseous precursor into a plasma. PECVD allow to 
control the structure of the carbon coating by choosing the precursor. 
However, the continuous injection of gas does not allow to work with 
complex precursors such as mixtures, solutions containing reactive 
molecules or colloidal solutions. 

An alternative way to inject the precursor in the plasma chamber would be 
by directly injecting a liquid as an aerosol in a pulsed manner. This would 
allow to work with liquids of a much more complex composition and thus 
reaching interesting coatings. Furthermore, by injecting colloids it is 
possible to deposit various nanocomposite5 coating encapsulating various 
kind of nanoparticles ( metallic, oxide, sulfide). 

Herein we report the carbon deposition by a low pressure RF plasma with 
pulsed injection of a pentane aerosol. Carbon layers were characterized by 
Raman and Infrared spectroscopies. Additionally, colloidal solutions of 
MoS2 nanoparticles stabilized in pentane were injected to deposit 
nanocomposite thin films. 
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9:40am PP4-FrM-6 Amorphous Carbon Thin Films for Electron 
Multipacting Mitigation in the Large Hadron Collider Vacuum System, 
Valentine Petit [valentine.petit@cern.ch], Pedro Costa Pinto, Mathias 
Gegg, Christos Kouzios, Giovanni Marinaro, Andrea Rocchi, Guillaume 
Rosaz, European Organization for Nuclear Research, Switzerland 

In modern particle accelerators with high intensity and positively charged 
beams, electron multipacting due to the exponential multiplication of 
electrons in the vacuum beam pipes results in the build-up of so-called 
electron clouds. In the Large Hadron Collider (LHC) at CERN, electron clouds 
lead to beam quality degradation, pressure rises and heat loads to the 
cryogenic sections hosting the superconducting magnets. Electron clouds 
are recognized as a critical limitation to reach the very high beam intensity 
required for the High-Luminosity upgrade of the LHC (HL-LHC). 

To tackle this phenomenon, several mitigation approaches have been 
developed in the last decades, including clearing electrodes, confinement 
of electrons by solenoids or lowering of the Secondary Electron Yield (SEY) 
of the beam pipe surface, the quantity governing the multiplication of 
electrons. This last approach has been successfully implemented by coating 
the beam pipes with amorphous carbon thin films, which exhibit an SEY 
close to unity. 

This contribution presents the development and prototyping phases 
towards the implementation of a coating technology to deposit amorphous 
carbon along several kilometers of narrow beam lines in-situ, i.e., without 
removing the superconducting magnets from their positions in the LHC 
tunnel, located 100 meters underground. The films are deposited by 
sputtering, using a tandem of 4 mobile targets, powered in HiPIMS mode, 
that are displaced along the beamlines. We report on the design of the 
coating system, on the characterization of the coatings, particularly under 

electron irradiation at 15 K, and on the optimization of the process 
parameters, considering the constraints for upscaling the technology to 
kilometers of vacuum pipes within the geometrical constraints of the LHC 
cryo-magnets. 

10:00am PP4-FrM-7 With Carbon Coatings towards CO2 Neutrality - 
Industrialization in Electrochemical and Tribological Applications, Martin 
Kopte [kopte.martin@vonardenne.com], VON ARDENNE GmbH, Dresden, 
Germany INVITED 

To date the global mining of fossil fuels continues to increase. As those 
resources are an integral part of almost any production value chain the 
CO2-equivalent of products needs to be accounted for in a clean balance 
sheet in every single production step and all the materials involved. The 
medium-term self-amortization of the CO2-equivalent of “active” products, 
that e.g. can replace fossil energy sources, is a desirable goal towards CO2-
neutrality. Whereas “passive” products are required to be fabricated in the 
most efficient and sustainable manner, to keep the footprint as low as 
possible. 

With PVD methods products can be refined to greatly increase in 
performance efficiency, self-amortization rate and sustainability. Typically, 
the additional effort of coating is already justified by the functionalization 
of the product itself. More and more the coating technologies must 
withstand a thorough review not only for the sake of cost effectiveness but 
also in terms of its contribution to the CO2-equivalent. 

Carbon – inherently a good material choice – comes in wide variety of 
modifications with adjustable properties (e.g. electrical and mechanical) 
and hence can not only be used in a wide spectrum of electrochemical and 
tribological applications and thus targeting the scope of sustainable carbon-
dioxide-free energy and energy saving solutions. 

Paving the way to CO2-efficient industrialization of PVD-carbon coating 
equipment involves a careful consideration of many variables. This work 
touches on the challenges when it comes to the best choice of optimized 
materials, processes, methods etc. for engineering and scaling of 
competitive and efficient coating tools. 
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