
Accepted Manuscript

New technologies for ammonium dinitramide based monopropellant thrusters – The
project RHEFORM

Michele Negri, Marius Wilhelm, Christian Hendrich, Niklas Wingborg, Linus
Gediminas, Leif Adelöw, Corentin Maleix, Pierre Chabernaud, Rachid Brahmi,
Romain Beauchet, Yann Batonneau, Charles Kappenstein, Robert-Jan Koopmans,
Sebastian Schuh, Tobias Bartok, Carsten Scharlemann, Ulrich Gotzig, Martin
Schwentenwein

PII: S0094-5765(17)30940-2

DOI: 10.1016/j.actaastro.2017.11.016

Reference: AA 6547

To appear in: Acta Astronautica

Received Date: 11 July 2017

Revised Date: 13 November 2017

Accepted Date: 17 November 2017

Please cite this article as: M. Negri, M. Wilhelm, C. Hendrich, N. Wingborg, L. Gediminas, L. Adelöw,
C. Maleix, P. Chabernaud, R. Brahmi, R. Beauchet, Y. Batonneau, C. Kappenstein, R.-J. Koopmans,
S. Schuh, T. Bartok, C. Scharlemann, U. Gotzig, M. Schwentenwein, New technologies for ammonium
dinitramide based monopropellant thrusters – The project RHEFORM, Acta Astronautica (2017), doi:
10.1016/j.actaastro.2017.11.016.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.actaastro.2017.11.016


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 

New Technologies for Ammonium Dinitramide Based 
Monopropellant Thrusters – The Project RHEFORM 

Michele Negri1, Marius Wilhelm 1, Christian Hendrich1,  
 
Niklas Wingborg2, Linus Gediminas2, Leif Adelöw2, 
 
Corentin Maleix3, Pierre Chabernaud 3, Rachid Brahmi3, Romain Beauchet3, Yann Batonneau3, Charles 
Kappenstein3,  
 
Robert-Jan Koopmans4, Sebastian Schuh4, Tobias Bartok4  
 
Carsten Scharlemann5 
 

Ulrich Gotzig7 
 

Martin Schwentenwein8 
 

1 DLR, German Aerospace Center, Institute of Space Propulsion, Lampoldshausen, Langer Grund, 74239 
Hardthausen, Germany  
2 FOI, Swedish Defence Research Agency, SE-14725 Tumba, Sweden 
3 IC2MP, CNRS-UMR 7285, University of Poitiers, 4 rue Michel Brunet, bâtiment B27, TSA 51106, 86073 
Poitiers Cedex 9, France 
4 FOTEC Forschungs- und Technologietransfer GmbH, Viktor Kaplan-Straße 2, 2700 Wiener Neustadt, Austria 
5 Fachhochschule Wiener Neustadt, Johannes Gutenberg-Straße 3, 2700 Wiener Neustadt, Austria 
7 Airbus Safran Launchers, Langer Grund, 74239 Hardthausen, Germany  
8 Lithoz GmbH, Mollardgasse 85a/2/64-69, 1060 Vienna, Austria 
 

Abstract 
New technologies are developed in the project RHEFORM to enable the replacement of hydrazine with liquid 
propellants based on ammonium dinitramide (ADN). The replacement of hydrazine with green propellants will 
make space propulsion more sustainable and better suitable for the requirements of future missions. In the 
RHEFORM project investigation on the composition of the propellants are conducted to enable the use of 
materials for catalysts and combustion chambers which are not subject to the International Traffic in Arms 
Regulations (ITAR).. New igniters are under development aiming at a reduction of required energy and a more 
prompt ignition. Two different types of igniters are considered: improved catalytic igniters and thermal igniters. 
The technologies developed in RHEFORM will be implemented in two thruster demonstrators, aiming at a 
technology readiness level (TRL) of 5. In the present work the results obtained in the first half of the project are 
presented. 
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1 Introduction  
The goal of the EU Horizon2020 project RHEFORM is to develop technological solutions to overcome some of 
the limitations of the recently developed ionic liquids in general and ADN monopropellant blends in particular. 
RHEFORM started in 2015 and will run until the end of 2017 [1]. 
Monopropellant systems are used when simplicity, reliability and low cost are priorities and the required total 
impulse is low (in ref. [2] is shown that monopropellant systems are lighter than bipropellants when the total 
impulse is smaller than 45 000 N-s). The proposed paper is focused on monopropellants; therefore green 
bipropellants are considered beyond the scope of the paper. The standard monopropellant for spacecraft since the 
1960s is hydrazine. Therefore, propulsion systems based on hydrazine have large heritage. However, this 
propellant is highly toxic and carcinogenic, increasing the complexity and cost of testing, shipping, handling and 
launch preparation. In 2011 hydrazine was added to the candidate list of substances of very high concern 
(SVHC) by European Union under the Registration Evaluation Authorisation and Restriction of Chemicals 
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