46th EPS Conference on Plasma Physics

I2.103

Nitrogen transport, inventory evolution and ammonia formation in
N2-seeded discharges on ASDEX Upgrade and JET
A. Drenik1, D. Alegre2, L. Bock1, A. Bortolon3, S. Brezinsek4, P. David1, T. Dittmar4, M.
Dunne1, I. Jepu5,6, J. Likonen7,U. Kruezi8, T. Loarer9, R. Lunsford3, R. Maingi3, R.
McDermott1, R. Neu1, E. Pawelec10, R. Pitts8, V. Rohde1, T. Reichbauer1, K. Schmid1, G. De
Temmerman8, A. Widdowson6, R. Zaplotnik11, the ASDEX Upgrade team*, the
EUROfusion MST1 team**, and the JET contributors***
1

Max-Planck-Institut für Plasmaphysik, 85748 Garching b. München, Germany, 2Laboratorio
Nacional de Fusión, CIEMAT, Avda Complutense 40, 28040 Madrid, Spain, 3Princeton Plasma
Physics Lab., 100 Stellarator Rd, PO Box 241, Princeton, NJ 08543 USA, 4Forschungszentrum Jülich
GmbH, IEK - Plasmaphysik, 52425 Jülich, Germany, 5National Institute for Laser Plasma and
Radiation Physics, Magurele 077125, Romania, 6Culham Centre for Fusion Energy, Abingdon,
Oxon, OX14 3DB, United Kingdom, 7VTT Technical Research Centre of Finland, P.O.Box 1000,
FIN-02044 VTT, Finland, 8ITER Organization, Route de Vinon-sur-Verdon, CS 90 046, 13067 St
Paul Lez Durance Cedex, France, 9CEA IRFM, EURATOM Assoc, F-13108 St Paul Les Durance,
France, 10University of Opole, Institute of Physics, Oleska 48, Opole, Poland, 11Jožef Stefan Institute,
Jamova 39, SI-1000 Ljubljana, Slovenia, *See the author list of “A. Kallenbach et al, 2017 Nucl.
Fusion 57 102015”, **See the author list "H. Meyer et al 2017 Nucl. Fusion 57 102014", ***See the
author list of “X. Litaudon et al 2017 Nucl. Fusion 57 102001”

To prevent damage to the divertor target plates, impurity seeding will be unavoidable in
ITER. Among the tested impurities, nitrogen (N) is the most likely candidate impurity.
Besides promoting the radiation in the plasma edge, nitrogen seeding also provides improved
confinement in existing tokamaks. The drawback of using N is the related ammonia
formation which could act as a mechanism of in-vessel tritium retention during the active
phase of ITER operation.
Ammonia formation was studied both in dedicated experiments with stable discharge
conditions and as piggy back data analysis with significantly larger variation of discharge
parameters. Formation of ammonia was observed through measuring its concentration in the
neutral gas and the emission of the ND radical. Both diagnostics showed same global trends
as well as a consistent spatial distribution which showed that the dominant contribution to
ammonia formation comes from surface reactions on plasma-shaded surfaces surrounding
the divertor.
Amount of detected ammonia was proportional to the N density in the core, as detected with
charge exchange spectroscopy, and this relation dominated over the impact of any other
discharge parameter. The N density itself strongly was impacted by recycling, governed by
the nitrogen wall inventory, which is related to the implementation of N into W and Be. As a
consequence, variations of factor of 2 were detected in the N density in the core and edge at
the same N2 seeding rates. In both datasets, the N was injected into the divertor area, which
resulted in a very low seeding efficiency.
The seeding efficiency was vastly improved with alternative injection locations (top and
midplane), and the impact of the wall inventory was reduced, while keeping the same
beneficial effects on the plasma. In discharges where N2 seeding was replaced with BN
powder injections neither N2 nor ammonia was detected in the neutral gas, while the core N
concentration was relatively high. However, the radiation pattern also diverged from the
desired distribution around the X-point. Nevertheless, these results demonstrate that the N
distribution in the plasma, and the resulting ammonia formation can be strongly affected with
the choice of N source.

