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EXOTRAIL France SME
FOTEC        Austria Research Center



This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 870506 6

NEMESIS ACHIEVEMENTS HIGHLIGHTS SUMMARY

- High quality material locally produced from abundant precursors easy to store/operate

- Deep research carried out in material characterization and in derived key design rules

- Several engineering model prototypes developed, successfully tested with Xe, Ar, Kr, I,
and NH3, coupled with HET thrusters, and reaching high performance figures of merit.

- Cumulated experience of thousands of hours in operation of C12A7:e- based cathodes

- IP rights protected for key inventions, grouped into 2 patents for operative convenience

- Wide know how generated through project teams members and dissemination actions

- Three follow on projects awarded and 2 industrial collaboration agreements signed

TRL4 achieved and technological understanding reached to proceed to qualify higher levels
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Achieved 100% purity in C12A7 ceramic
synthesis

Very high electron density levels (> 1021 cm-3)
reached in transformation into C12A7:e-

Multiple shapes and sizes in bulk or thin film depositions
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Long-term stability (> 2 years) with just a simple
plastic bag storage

European non-dependance

Cost effective local production
within Europe from abundant
unexpensive and locally
available precursors

Environment-friendly material

Non-toxic materials, neither
the electride, nor the ceramic
or precursors

Water-free production process
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• Techniques for cm-3 electron concentration calculation (mass gain after oxidation, powder colour,
electrical conductivity, XRD peaks shifts)
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• Techniques for cm-3 electron concentration calculation (mass gain after oxidation, powder colour,
electrical conductivity, XRD peaks shifts)

Extensive research performed in electride material characterization, and LaB6 comparisons …

… which has allowed to overcome all the issues coming up during cathode´s developments.

Characterization results, R&D issues, and worked out solutions details can be found in the
generated literature and also in project web site www.nemesis-space.eu

http://www.nemesis-space.eu/
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One of the most complex issues to solve was the emission barrier effect and the charge
accumulation caused by the thin dielectric layer present at material surface, which is randomly
released as sparks, causing instabilities and material damage.
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One of the most complex issues to solve was the emission barrier effect and the charge
accumulation caused by the thin dielectric layer present at material surface, which is randomly
released as sparks, causing instabilities and material damage.

Charge coupling
technique using a
pulsed operation
mode was verified
as the solution to
such sparks and
instabilities.

Performance test results without (left) and with (right) pulsed polarization mode
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anode to cathode current ratio.
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In addition, pulsed operation mode provides twice as much anode current, and a slightly better
anode to cathode current ratio.

I/V curves of pulsed (red) and not pulsed (blue) cathode polarization 

Patent for pulsed operation
mode for C12A7:e- based
cathodes has been granted to
ATD (ES-2897523), and its
worldwide extension is in
progress.

• Patent licensing conditions
can be requested through
the contact section of
NEMESIS project website
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Material fragility and emitter cracking under thermal /
electrical shock conditions was also an matter of concern
and solution was developed by deposition of emitting
C12A7:e- electride material on top of flexible unbreakable
substrates (carbon-cloth).
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Current emission comparison between an 
electride bulk and a deposition on carbon cloth

Material fragility and emitter cracking under thermal /
electrical shock conditions was also an matter of concern
and solution was developed by deposition of emitting
C12A7:e- electride material on top of flexible unbreakable
substrates (carbon-cloth).

Different binders are being tested to improve the rigidity of
the carbon cloth-based cathode,

This new cathode insert will support thermal shocks,
vibrations, pressures, tensions, and it is inert for a lot of
chemical interactions keeping the emission properties
comparable to bulk electride samples.

Patent has already been presented for those processes
and deposition techniques providing successful results. Deposition with binder on carbon fiber 

(left) and carbon paper (right)
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Different cathode architectures with several iterated
versions each of them.

ATD low power heater-less low temperature 
plasma discharge cathode prototypes version 
v16 (with igniter), v20, and v22 (with pulsed 

polarization generation box)

Side and front views of UPM HPD cathode 
prototype in operation

Heated planar insert 
cathode developed at JLU

JLU hollow cathode scheme Exotrail heated and heater less hollow cathodes
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cathode operating with three noble gases
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Performance tests of low power heater-less low temperature plasma discharge 
cathode operating with three noble gases 50 hour test of ATD cathode operated with NH3.

Exotrail hollow cathode operated with I



Several engineering model prototypes developed, successfully tested with Xe, Ar, Kr, I, 
and NH3, coupled with HET thrusters, and reaching high performance figures of merit.

This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 870506 43

Exotrail hollow cathode coupled with EXOMG-Nano thruster (50 W HET) Exotrail hollow cathode coupled with spaceware-micro 
thruster (150 W HET)
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Reaching performance ratios of up
to 10 mA/W, and losses at keeper
lower than 5% (Ianode/Icathode >
95%).

Some of them operated with
powers below 1 W in heater less
configurations reaching operating
temperatures < 200 ºC

and providing anode extracted
currents of some tenths of mA.

120 h tests run of ATD cathode operating with Ar
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Several endurance test
runs performed also at
JLU, one of them over
300 h of uninterrupted
operation with Kr.

300 h tests run of ATD cathode operating with Kr400 h tests run of ATD cathode operating with Ar
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8 inventions have been subject to IPR actions

45 claims grouped in two patents, one for mid-project and the other for end project inventions
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Awareness generation within european space industry about this new cathode technology

24 presentations at 9 international Conferences / Workshops
5 peer reviewed publications (see www.nemesis.space.eu) and 3 more under preparation:

• Performance of a C12A7:e- cold cathode based on charge coupling techniques
• Ramman spectroscopy characterization of C12A7:e-
• X-ray diffraction characterization of electride electron density

http://www.nemesis.space.eu/
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Awareness generation within european space industry about this new cathode technology

24 presentations at 9 international Conferences / Workshops
5 peer reviewed publications (see www.nemesis.space.eu) and 3 more under preparation:

• Performance of a C12A7:e- cold cathode based on charge coupling techniques
• Ramman spectroscopy characterization of C12A7:e-
• X-ray diffraction characterization of electride electron density

Additionally, a C12A7:e- workshop has been organized by JLU Giessen (04-05.10.2022), with the
participation and presentations from academic and industrial entities.

And two PhD thesis based on NEMESIS project activities
• M. Reitemeyer (JLU Giessen) on C12A7
• D. Zschätzsch (JLU Giessen) on Hollow cathodes and iodine in space

http://www.nemesis.space.eu/


Wide know how generated through project teams members and dissemination actions

This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 870506 60



Wide know how generated through project teams members and dissemination actions

This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 870506 61



This project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 870506 62

NEMESIS ACHIEVEMENTS HIGHLIGHTS SUMMARY

- High quality material locally produced from abundant precursors easy to store/operate

- Deep research carried out in material characterization and in derived key design rules

- Several engineering model prototypes developed, successfully tested with Xe, Ar, Kr, I,
and NH3, coupled with HET thrusters, and reaching high performance figures of merit.

- Cumulated experience of thousands of hours in operation of C12A7:e- based cathodes

- IP rights protected for key inventions, grouped into 2 patents for operative convenience

- Wide know how generated through project teams members and dissemination actions

- Three follow on projects awarded and 2 industrial collaboration agreements signed

TRL4 achieved and technological understanding reached to proceed to qualify higher levels
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3 projects awarded financing

1. ATARI: Construction and test of C12A7:e- neutralizers in planar geometry.
DLR funding.

2. ZEROeVTOL: Air transport decarbonization and autonomy increase for UAV vehicles.
Next Generation funds managed by Spanish Administration.

3. HIDRAM: Green Hydrogen storage through Green Ammonia generation for naval transport and
industries.

Next Generation funds managed by Spanish Administration.



Three follow on projects awarded and 2 industrial collaboration agreements signed
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Additionally, R&D on new configurations of C12A7:e- based cathodes is ongoing and will
continue beyond the NEMESIS project thanks to the Collaboration Agreements signed with
two European space industry companies.

New cathode design with ongoing development / test continuing beyond NEMESIS project
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TRL4 achieved and technological understanding reached to proceed to qualify 
higher levels
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A new multi-propellant cathode technology has been matured up to TRL 4 for different designs and
propellants in the NEMESIS project …
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A new multi-propellant cathode technology has been matured up to TRL 4 for different designs and
propellants in the NEMESIS project …

… and is now ready to take over the place of old LaB6 technology, and serve the European EP space
industry provifing snd preserving its non-dependance.
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THANK YOU
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